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Narrow overpasses and bridges likewise present some imposing barriers which
have a high accident frequency. We, in Texas, have long believed that all strue-
tures should be wide enough to accommeodate the full width of approach roadway
and shoulders. A crown width bridge does, of course, cost more than does a
restricted width structure ; however, considering the length of time the structure
will be in service, it is an exercise in false economy to permit the initial cost to
dictate design. Traffic safety and operation are enhanced by the wider roadway.
The driver is more comfortable on a wide structure. In the event of an emergency
stop, the wide structure can accommodate the parked vehicle without obstructing
a traffic lane. Studies have indicated that emergency stops along a conventional
facility occur each 10,000 to 12,000 vehicle miles which means approximately
eighty million stops per year on the Nation’s highways. If we are willing to spend
millions of dollars to construct parking shoulders on the highways in between
bridges, why should we shrink at spending a little more to extend this refuge
area across our structures?

When guardrail is required on the approaches to a structure, it should be con-
tinuous across the structure, anchored securely to the bridge and at the end of the
rail. The bridge should not have any curbs if there are none on the approaches.
In particular, construction of a so called “Safety Walkway” should be avoided.
‘While on the subject, I might offer the observation that altogether too much
curbing has been used in the past along our highways. As a general rule, curbs
should be used only where required for drainage and, in such cases, should be
easily mounted by traffic. An acceptable curb would be a laydown type with a
suggested rise of three inches in a width of twelve to eighteen inches. Any higher
curb can throw a vehicle out of control or impart a dynamic action that tends to
project the vehicle onto or over a protective rail.

Bridge parapets and rails should be designed so as to provide unimpeded sight
distances to side roads or ramps beyond the structure. On many of our existing
facilities, we have discovered that traffic on an exit ramp or frontage road,
stopped at the intersection, cannot see a through vehicle on the crossroad strue-
ture until they pull out into the intersection. As a result, a number of collisions,
several involving fatalities, have resulted. These existing situations can only be
gorli:ected by altering the traffic patterns or, at great expense, modifying the

esign.
DRAINAGE STRUCTURES

Our highway cross sections are replete with death traps for the unwary or
errant driver. Among the most common are our installations for handling surface
or cross drainage. Openings in medians and outer separations, between culverts,
are prevalent in all areas of the Nation. If the culvert is continuous, any number
of drop inlet designs with raised covers are encountered. Such hazards can be
rather easily eliminated by extension of the culverts and installation of flush in-
lets. Admittedly, a flush inlet is a maintenance headache since it is susceptible to
being plugged by loose brush, debris or even a newspaper ; however, a raised inlet
or an open ditch is an even greater headache to anyone unfortunate enough to run
into it. The only exception to the use of flush inlets would be where they are
located thirty feet or more away from the edge of pavement.

. Curb inlets also present a hazard to drivers if they are located adjacent to the
travel way. As a general rule, the use of curb inlets should be avoided ; however,
where they are absolutely necessary, they should be located on the back side of
the curb.

The ends of culverts, headwalls and headwall curbs, ete., should be located well
beyond the shoulder edge and behind protective guardrail rather than adjacent
to or projecting into the roadway. Again, the guardrail should be of sufficient
length, with anchored ends, in order to enable it to develop full ribbon strength
if it is struck by a vehicle, Too often, a short length of rail, usuvally 12’
6’ is installed at culverts. These short rails cannot contain a vehicle. Thus the
only purpose they serve is to delineate the hazard ; however, they are a hazard in
themselves.

TREES

For the past several years we and the highway industry have been maligned
both publicly and privately for our lack of appreciation of nature’s beauty. We
have been accused of willfully and unfeelingly wreaking havoc on areas of natural
beauty by construction of highways which disfigure the landscape.

Unfortunately, there have been cases where overzealous engineers have disre-
garded the amenities; however, I do not agree that this is the case rather than
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the exception. A modern, well designed highway is a thing of beauty. By judicious
planting and landscaping it can be adapted to the terrain and natural foliage so.
that it complements rather than detracts from the scenic grandeur. What we
must guard against, however, is becoming too overzealous in our beautification
efforts.

Aside from their ability to enhance a highway’s appearance, trees are still
a deadly menace to high speed traffic. Drivers and their unfortunate passengers
are still being daily maimed and killed by trees on our highway system. In Texas,

last year alone we recorded 788 accidents on our rural system involving trees
and shrubs.

In no case should safety ever be compromised in the interests of beautification.
No trees should be planted or permitted to remain within thirty feet of a main-
lane shoulder or within twenty feet of a ramp. No trees should be planted or
permitted to remain within medians less than seventy-five feet in width. Since
over twenty-five per cent of highway fatalities result from vehicles leaving the
road, trees should be removed on the outside within the limits of horizontal
curves. Inside the curves, they should be removed or set back a sufficient dis-
tance so that they do not limit sight distance.

‘We have developed break-away mounts for our highway signs and illumina-
tion standards. Until such time as an artificial break-away tree is developed,
they must be considered one of our major roadside hazards.

ABUTMENTS AND RETAINING WALLS

Since abutments and retaining walls must by their very nature be closer than
thirty feet to the roadway, they must be continuous with no protruding features
subject to collision. Desirably, they should be at least twenty feet from the
roadway. If a closer location is required, protective guardrail should be installed.
Retaining walls or abutments should not impair sight distance to ramp gores or
signs, Retaining walls should, of course, be avoided if at all possible, thus
resulting in a much more open, pleasing and safer facility.

UTILITIES

Utility installations are the nemesis of many highway engineers. They con-
tribute nothing to the appearance, operation or maintenance of our system. The
tangle of utility lines along many of our highways severely detracts from their
appearance and they are a constant headache to our comnstruction and mainte-
nance personnel. Nevertheless, we must live with them, hence we must establish
some basic housekeeping rules.

All overhead lines constitute a hazard by virtue of their supporting poles.
Due to the massive size of H-frames and towers, they should be kept completely
off the right of way except at extremely wide sections where they can be placed
beyond any reasonable possibility of danger to traffic. Ideally, overhead lines
should span the entire right of way with poles adjacent to or just outside the
right of way line; however, if a compromise arrangement must be accepted,
utility poles should be no closer than thirty feet to the main lane shoulders
or twenty feet to the ramp shoulders. Electrical transmission lines, of course,
pose the greatest danger to traffic since any accident resulting in a pole knock-
down or damage could drop a ‘hot line” across the highway. Telephone lines do
not pose this danger; however, because telephone lines cannot normally span as
great a distance as power lines, their pole placement is a principal consideration.

Railroad signal devices such as gates, flashing lights, crossbuck signs, ete., con-
stitute a menace to traffic due to their usual proximity to the highway at railroad-
highway crossings. I might mention that Texas is currently engaged in a coopera-
tive research study involving at-grade railroad crossings. If is our intent to try
and develop a hazard rating of different types of crossings as well as determine
whether railroad crossing signs and signals should be brought back into the
family highway signs.

In municipalities, fire plugs and traffic signals can be quite hazardous. Most
street sections are necessarily constructed on very restricted right of way with
fire plugs, traffe signals, illumination standards, etc., located between the curb
and sidewalk. AN such installations should be located as far away from the road-
way as possible, preferably beyond the sidewalk area.
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SUMMARY

In closing I would like to express my own philosophy with regard to the role of
the highway engineer in the general field of safety. A highway accident, we must
agree, has to be caused by one or a combination of three circumstances ; namely
(1) the driver, (2) the motor vehicle, (3) the highway.

Under present laws the ability of the driver can range all the way from a
physical or a mental weakling with low IQ, poor eyes, slow reaction time, etc., to
a perfect physical specimen with high mentality, Nearly every state permits
vehicles on its highways ranging all the way from one with poor steering
apparatus, slick tires, etc., to perfectly operating machines. The driver and the
automobile cannot, and it is my prediction will not, ever come under the purview
or jurisdiction of the highway designer or traffic engineer. However, there is
something we can do to improve the design and operational characteristics of all
highways. It is believed that such meetings as this can provide the very best
forum for an exchange of views among experts in this field. We are obligated to
not only be sure that the facilities we are now constructing are designed as
safely as possible, but we are further obligated to ceaselessly point out to admin-
istrators in our field the need to take corrective measures on the many, many
miles of highways now in use which are just as backward as the driver with low
mentality or the automobile with poor steering apparatus and slick tires. We
should carefully study all accident reports and design features to determine
whether they may have been the cause of accidents. Only in this way can we
elil'tzxinate-vbhose highway design features which contribute to our rising accident
rate.

Mr. ConsTanpy. Mr. Wilkes.

Mr. WiLkes. Some of my remarks will repeat comments made be-
fore. The highways we saw would meet the existing design standards,
and the bridges could comply with the governing specifications. I think
I can make this statement safely.

This would then suggest that either our standards need revising or
they need to be expanged to cover the deficiencies that we observed and.
were so apparent. However, I believe there is a greater need for high-
way engineers at all levels, the designers, supervisors, construction men,
maintenance men, inspectors, to be made aware of the need for their re-
spective responsibilities to produce the highway facility that will pro-
vide maximum safety by the elimination of these hazards.

This can only be done by the chief administrative officer of each
State. He must impress on all employees the importance and the high
priority for producing this total gesrgn for highway safety.

'We have seen in this presentation evidence of the lack of attention
to details of design and construction which are necessary to produce
this safest environment for the users of the Interstate Highway Sys-
tem.

In many cases the deficiency could be corrected with little or no in-
crease in construction costs. In other cases, the initial cost may be sub-
stantially increased. However, as Mr. Constandy has pointed out, if
consideration is given to the total cost, the initial construction, the
maintenance, the accidents, the tragic loss of life and limb, the addi-
tional expenditure and money may well be justified.

The greatest deterrent to the correction of existing deficiency of
bridge width and the inadequate side clearance is the lack of adequate
financing. I am confident that future designs will incorporate the sev-
cra] features that have been found to provide the maximum safety to
the highway users. The efforts made with the AASHO traffic com-
mittee and the expressions of genuine concern at all levels of govern-
ment, and especially the hearings held by this special subcommittee,
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have focused the attention of all responsible highway officials on this
national problem.

We do appreciate the time and attention that the members of this
House committee have given to this subject, and I feel that you have
made a major contribution to the advancement of highway safety by
dispelling the apathy among highway organizations throughout the
country on this national problem.

Mr. Consranpy. Thank you very much, Mr. Wilkes. Very fine state-
ment. Mr. Ricker?

Mr. Ricker. It is of course difficult to be the last one to summarize
after five summaries, such as you have just heard.

Perhaps I will be forgiven for going back and being a little more -
philosophical rather than re;;leating what has been said.

Our ordinary highways, the older ones in particular, are lined with
hazards such as trees, rocks, utility poles, and so on, and in general
we seem to drive them fairly safely without too many contacts.

Starting I guess with the construction of the Pennsylvania Turn-
pike we provided a new driving environment. It has been said that
the Pennsylvania Turnpike was the first highway to be designed ahead
of the vehicle that would operate on it. Certainly since that time the
vehicles have been capable of higher speeds and seemingly the drivers
are using higher speeds.

We are in the era now where we are building many new freeways,
limited access highways, according to the knowledge available from
the older roads. Apparently what 1s happening is that as we eliminate
the hazards of crossroads, railroads, trees, and so on, near the right-
of-way, near the pavement, we are moving into a new operating en-
vironment where the drivers are perhaps more relaxed, less alert if
an animal runs out in front of them or a tire blows or something else.
And because they are more relaxed, they are more apt to leave the
pavement and go into the adjacent areas.

Therefore, these areas should be, as Mr. Wilson expresses it, more
forgiving. I believe what we have seen in the slides these past several
days indicate ways that we can improve this environment and make
it more forgiving, and I certainly feel that we should all move toward
that.

It must be a continuing program. We cannot design safety into the
road and then go away and leave it. We have to make maximum use
of observations as the traffic uses the road, talking to the police who
patrol it, talking to maintenance men who repair the damaged guard
rail, talking to the traffic engineers who are out observing the actual
operation of the highway. And as Mr. Wilkes says, it will be fairly
easy to incorporate these improvements in new products.

To go back and correct the others is quite a bit more difficult, par-
ticularly when right-of-way is limited, when the structures are already
built.

It has been implied by some of the Congressmen at this series of
hearings that maybe we can get some more money to correct the older
deficiencies. T am sure that when I go back to Pennsylvania this will
be the first question asked me: Are we going to get more money to doit?

Mr. Constanpy. Thank you, Mr. Ricker.

Mr. Chairman, I would like to personally thank the members of the
panel. I think they have made an important contribution to the effort
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we are making, which incidentally is to define a problem. I do not
think you need to worry about design standards coming out of the
committee. I think that will be left, and properly should be, to the
people who are professionally qualified to do it.

I think they can be helped in the attention to the problem the com-
mittee will give, the definition of that problem.

I want to thank you very much for your cooperation. It has been
a strain, I realize—as an example—Mr. Ricker gave up his vacation
to be here with us, and we are most grateful.

Mr. McCarraY. On behalf of Chairman Blatnik, and the chairman
of the full committee, Mr. Fallon, I would like to express the thanks
of the committee to Mr. Ricker, who gave up his vacation, and to Mr.
Wilson, Mr. Prisk, Mr. Skeels, Mr. gHuﬁ', and Mr. Wilson. I think
you certainly made a major contribution to the future saving of a
lot of American lives.

‘When we took up the highway safety bill last year, it was brought
out—of course we are all concerned about Vietnam—it was brought out
that since we have been in Vietnam three times as many American
servicemen have been killed on our highways in the United States
during that time, as died in battle and we are now killing more than
50,000 people a year. So this is certainly a major problem that affects
the vehicle and affects the highway and relates to all aspects of it.

. I think that this testimony is going to accomplish a lot, and I think
your suggestions are very valuable. We will be poring over them,
and nobody has the answers as yet.

We would not be here in this hearing if we had all the answers.

Some of the suggestions made convince me, from my own ex-
perience in industry especially, that this should be a top management
function. I think it should start with the Governor, and certainly
his highway director, and I think that there is value in having a
member of the top management team, the first echelon, right under the
director of highways, who would be the director of safety. I think
there is some value in that.

I know there are also safety review teams that some of the States
have; but that is a different sort of responsibility.

If you had one top-level safety engineer who is part of the top
management team in the States, I think—at least from my experience
with a big company with over 70 plants—it showed that where we had
one man in eacll)l operation who was in charge of safety, but with the
ultimailsg responsibility falling on top management, this seemed
to work.

Also I think it would be a mistake for Washington to try to
dream up all the answers and impose them on the States. :

The longer I am here, the more I see danger in some people who
think, well, they have all the answers. That just it not so.

I think the States could enter into a very healthy competition to
geteflmine which would be the most effective in cutting the number of

eaths.

Out in the field will be many, many valuable and important an-
swers developed that could then be incorporated by the other States
as one of you suggested.

One thing the staff has discovered, and the members of the commit-
tee, 1s that too often these admonitions that have gone out have gone
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unheeded, despite the good sense they made from a safety point of
view. Many of the suggestions were disregarded by the design people
who seem to justify continued error by observing that “we have always
done it this way.”

Chairman Blatnik is sorry he cannot be here to bring today’s ses-
sion of the hearings to a close. As you know, one of the biggest problems
confronting Members of Congress is time. We often do not have enough
time to do everything that we want to do, due to conflicting demands
and duties. However, I do have his statement and I would like to read
it here into the record :

As we bring to a close this discussion by a panel of witnesses, each of whom
is distinguished and nationally known in his field, the Chair wishes to thank
each of the panel members for the fine service he has rendered to his country,
the highway program, and the cause of greater safety to be designed and built
into our new roads. You are to be commended for giving of your time and your
knowledge as you have done, and I want the record to show that the Chair ex-
presses, in behalf of our entire subcommittee, the gratitude and appreciation that
is your due.

During the opening days of our public hearings we heard testimony from
early witnesses, documented by scores of photographic slides, that all was not
well in the design-safety area of our highways. Roadside and gore areas cluttered
with sturdy, overdesigned or unnecessary fixed objects such as heavy-duty steel
poles or sign supports, elevated concrete bases and similar roadside hardware
unprotected or too close to the traveled way were shown to be commonplace,
even on our newer roads. So were other unsafe design features which so abound
in the record by now that it would serve no purpose to recite them in full at
this point.

To establish whether these conditions were limited geographically, we broad-
ened the scope of our inquiry. This was done by taking a representative sampling
of the whole Interstate System, utilizing for the purpose an inspection of the
most recently opened Interstate projeet in each of the nine regions administered
by the Bureau of Public Roads. Each region was visited, and the projects in-
spected by a representative of our staff accompanied by an eminent respected
and experienced highway engineer, Mr. Charles W. Prisk, who is currently on
loan to us from the Bureau of Public Roads. Mr. Prisk’s excellent credentials
are well known throughout highway circles and require no further comment.

The results of this sampling are now apparent to us all. They are consistent
with ‘the testimony that has been previously incorporated into the record at
these public hearings. The evidence has unfolded before our eyes as photograph
after photograph has been thrown onto the screen to document with overwhelm-
ing persuasion the testimony of the witnesses as to what they found and observed
on newly opened Interstate projects all around the country.

As a result, for several days this distingunished panel has seen slide after
slide upon our screen, depicting built-in roadside hazards in these newest of
projects. The opinions and observations of our panel members have confirmed
our own impressions from the evidence to date. There is little question but that
the design of these, our newest and most modern highways, has failed to take
advantage of the available results of experience and research.

The knowledge is at hand. Safe highway design is advocated and taught by
leaders in the highway design and traffic engineering fields such as the gentlemen
who have constituted our fine panel at this hearing. It is set forth in bulletins and
publications that have issued over a period of years from the Bureau of Public
Roads and from AASHO, the American Association of State Highway Officials.
But somewhere along the line there has been a failure of communication with
those who design and construct the actual roads.

Possibly this situation has come about, in part, by a tendency on the part of
State highway departments to regard themselves as “constructing agencies,”
whose chief function is to press forward as rapidly as possible under our great
highway building programs. This attitude too frequently displaces what should
be the concept of a highway department, namely that of managing the highway
system as an operating physical plant, which is what it actually is. The highway
is a live “going concern,” which grows and changes with conditions, not a mere
stretch of pavement which, once completed and opened to traffic, may then be
abandoned except for the necessary maintenance-crew attention.
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The Chair expects that out of these hearings will come, among other things,
a greater realization that the design and construction of highways should be
the beginning, and not the end of sound highway practice and operational
efficiency.

With the close of this week’s sessions we have achieved a recognition of the
scope of the problems we face in the area of safe highway design.

We will try to find the answers to some of the problems that have been identi-
fied thus far, when the subcommittee meets again to resume these public hear-
ings on safe highway design and operating efficiency.

Mr. McCarray. The committee will stand adjourned until 10 a.m.
Tuesday, June 27.

Whereupon, at 12 :30 p.m., the hearing was adjourned, to reconvene
at 10 a.m., Tuesday, June 27, 1967.)
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HouseE oF REPRESENTATIVES,
SPECIAL SUBCOMMITTEE ON THE
FepErar-Aip Hicaway PRrogram
oF THE ComMrIrree oN PusLic WORKS,
Washington, D.C.

The subcommittee met, pursuant to adjournment, at 10:10 a.m., in
room 2167, Rayburn Bulding, Hon. Robert C. McEwen (acting
chairman) presiding.

Present: Messrs. Wright, Clark, McCarthy, Cramer, McEwen,
Schadeberg, Zion, and Mc%)onald.

Staff present: Same as previous days.

Mr. McEwen. The Special Sugcommittee on the Federal-Aid
Highway Program will come to order.

The subcommittee heard testimony last Friday by a panel of experts
in the field of highway design and traffic engineering to analyze and
discuss design safety features found in recently opened Interstate
projects in all regions of the country.

These gentlemen, after viewing numerous photographic slides de-

icting design conditions found gy our staff and by Lfr. Charles W.

risk of the Bureau of Public Roads at each of the projects visited,
were asked for the benefit of their observations and opinions. Their
testimony confirmed our own impressions from the evidence received
earlier in these hearings. The testimony left little doubt that the design
of these, our very newest highways, too often failed to incorporate and
put into practical use the results of knowledge available from past
experience and research. -

The failure appears to be one of communication. Somewhere along
the line the peop{)e who design and build the roads have failed to re-
ceive the knowledge about safety design which is at hand and have

one about the design of new projetes without incorporating safety
eatures which reserach has demonstrated are both pra.ctica%le and
efficient. : ‘

Today and tomorrow we will hear testimony from people who are
leaders 1n the field of research and development. These witnesses will
describe to us some of the tools that are available in our endeavor to
create safer and more efficient highways.

‘We are pleased this morning to have Mr. Kenneth A. Stonex, Execu-
tive Engineer, General Motors Corp., Detroit, Mich.; and Louis C.
Lundstrom, Director, Automotive Safety Engineering, General Motors
engineering staff.
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Gentlemen, you will both be sworn at this time. .

Do you solemnly swear that the testimony you are about to give
before this subcommitte will be the truth, the whole truth, and nothing
but the truth, so help you God ¢

Mr. Stonex. Ido.

Mr. LunpstroM. I do.

Mr. McEwen. Gentlemen, you may be seated.

Mr. Constanpy. Will you each give your name and address,
please?

TESTIMONY OF KENNETH A. STONEX, EXECUTIVE ENGINEER,
GENERAL MOTORS CORP., DETROIT, MICH.; AND LOUIS C. LUND-
STROM, DIRECTOR, AUTOMOTIVE SAFETY ENGINEERING, GEN-
ERAL MOTORS ENGINEERING STAFF

Mr. Lu~pstrom. I am Louis Lundstrom, Warren, Mich.

Mr. Stonex. I am Kenneth A. Stonex, Executive Engineer, automo-
tive safety engineering, General Motors engineering staff.

Mr. Constanpy. Mr. Lundstrom, will you begin by telling us about
the General Motors proving grouné, please? _

Mr. Lunpstrom.  Yes. I would like to tell you a little bit about the
history and scope of our proving ground, and to identify some of the
safety problems we have found on our roadways and to discuss the
solutions as they evolve.

The General Motors proving ground near Milford, Mich., covers
some 4,000 acres of rolling countryside. On this proving ground we
have some 75 miles of road system that is used for all types of automo-
tive test work. This involves the typical passenger cars, small trucks,
large trucks, buses, earthmoving equipment, and military equipment.
‘Would you like me to continue?

Mr. gONSTANDY. Yes, sir, please.

Mr. LonpstroM. In the conduct of our work over the years, we have
encountered numerous safety problems. These problems include road-
side obstacles, such as trees, stones, culvert headwalls, bridge abut-
ments, roadside drainage ditches, the slope of roadside fill sections and
the evaluation of theoretical approaches to these problems.

Included in our work was the development of guardrails that were
required for roadside obstacles which could not be eliminated.

The problems of roadside signs, sign posts, were with us as they are
in the public highway. The problems of light poles and their solution
were encountered as well as the problems of bridge rails or parapets.

As solutions to these problems evolved or appeared to evolve, we
presented the results of our work in a number of technical papers at
formal meetings of professional or technical societies with highway
orientation. We will later summarize the highlights of a few o% these
papers which we think are significant to the formal record of these
proceedings.

To provide a graphic demonstration of some of the developments
of the General Motors proving ground program and highway safety,
we propose to show several motion picture sequences. The first two of
these, “Safer Roadsides” and “Guardrail Testing for Safety,” are part
of the General Motors Public Relations Film Library available to the
public. This composite film has been shown to more than 1,200,000
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people during the last 214 years. The other sequences we will show are
of our current views of roadsides, performance of breakaway light
poles and bridge parapet designs.

Mr. Consranpy. You mentioned the film had been shown to
1,200,000 people. What kind of people were these, engineers or what ?

Mr. Lonostrom. This film is often used, probably most frequently
used by service clubs. It is also used frequently by high school groups,
by even the Boy Scouts in their programs of safety. It is also fre-
quently shown to highway officials, city officials, anyone who might
find reference to this road film library.

Mr. Constanpy. Fine. Tell us a little bit more about what use is
made of the proving ground ?

Mr. Lunpstrom. The proving ground is used by all of the divisions
of our corporation. Mr. Stonex and I represent the engineering staff
who operate the proving ground, but it is open for use by every one of
our divisions.

The original purpose, obviously, was to have a private road system
where testing would not be subject to the traffic encountered on normal
public roads.

We have at our proving ground then a total employment of about
1,500 people.

Mr. Constanpy. When was this established ?

Mr. Lunpstrom. The proving ground was established in 1924.

Now, the proving ground is utilized very extensively by these operat-
ing divisions. We have accumulated 337 million test miles during our
operations. The current daily mileage runs between 70,000 and 80,000
miles. This is done on a three-shift basis, typically 6 days per week.

Mr. ConsTanpy. So it is used in all types of weather, too?

Mr. LunpstroMm. Day and night, year-round; the proving ground
actually never closes.

‘We have typical maintenance equipment, obviously, so that if there
be a heavy snowstorm, we would clear our roads as you would on the
public highway to conduct the scheduled tests. Nonscheduled tests
under adverse conditions would, of course, be run as weather conditions
would require.

Mr. Constanpy. Yes. We want to make this point, the traffic which
you have on your road system is fairly typical of the traffic and the
traffic conditions you then find on public highways.

Mr. Lunpstrom. Very much so. The purpose of the proving ground
as far as automotive testing is concerned is to find the problems be-
fore the vehicles are released to the customer. So we must have opera-
tions on the proving ground that are typical of conditions throughout
the country.

Mr. Constanpy. Fine. When did you take over the proving ground ¢

Mr. Lunpstrom. I came to the proving ground myself in 1939, but
I was advanced to director of the proving ground in 1956.

Mr. ConsTanpy. What problems did you have then?

Mr. Lunpstrom. Well, gentlemen, the director of a proving ground
or the manager of any plant in General Motors is responsible for the
safety of the people under his jurisdiction. This is a cardinal rule in
any of our industrial operations, and so it became my responsibility
to have safety foremost in my mind and obviously then we had to be
very careful about the safety of the operation on the road system.
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We had been drilled over the years in plant safety and the extension
of this concept to the road system was natural for us to take.

Mr. Consranpy. Yes. I think it is kind of interesting, your efforts
along this line were motivated as an industrial safety project, this
particular plant being the road system.

Mr. Lonpstrom. That is correct. We could not tolerate injury on
our control road system any more than we could tolerate injury from
some careless practice in the plant itself.

Mr. Constanpy. Could you continue then ?

Mr. Luxpstrom. All right. In describing the proving ground then,
as we saw 1t in perhaps 1956, the general layout of the road system
was somewhat unique in that all of the major operations had been one-
way traffic. Let me repeat again, as early as 1924, the men who laid out
the proving ground recognized the importance of one-way traffic and
all of the major roads from that time until now have been one-way
traveled.

. Mr. CgNSTANDY. That is an important feature in your safety record,
1s 1t not?

Mr. Luxpsrroy. I am positive this is perhaps the most important
feature that we have had over the operation from 1924 to the present
time.

Now in 1956, or thereabouts, we discovered to our dismay that our
roads were lacking in roadside safety. They had been built much as
were the roads throughout the States and the country road systems;
they lacked the wide shoulders that are known today to be important;
they did have obstructions along the roadside; they had deep ditches in
places that were thought to be necessary to remove surface water; they
had steep backslopes or cuts throughxgills. In general these were the
problems confronting us in 1956 and it was quite obvious in studyin
the accidents, one by one, that our most severe problem was rela
to these roadside hazards.

Early computations or early studies of accident statistics indicated
that approximately 70 percent of our accidents were of this single-car-
running-off-the-road type.

The proving ground, as I indicated earlier, is typical rolling coun-
try. There is nothing different about it than any State or country road
you might see in Michigan—curves, hills, lakes, level country, very
ordinary type of operation, very ordinary type of environment.

But we did, again in studying accident records, find that our test
drivers, try as we may, would leave the test road about once every
250,000 miles of operation. In other words, this is a vehicle out control.
And then what might happen to this vehicle out of control would
depend very importantly on what the condition of the roadside was.
And in that year 1956 or thereabouts, we admittedly had these hazards
as are so often encountered on the public highway.

Mr. Constanpy. At what speeds are the vehicles operated ?

Mr. Luxpstrom. The proving ground system operates over all of
the speed ranges encountered on public highways and a considerable
number of tests beyond the legal speed limits. This is necessary so that
we do go beyond what the customer will demand of his car in normal
service.

We also use higher speeds as a way of accelerating the test of a car.
So we do run typically many miles at speeds over legal speed limits.
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For example, from perhaps the 1940’s until this time, all of the
durability cars that were run on the proving ground had 90-mile-per-
hour tests on the test track as a part of their normal endurance
schedule. In other words, a driver every 80 minutes would be driving
90 miles per hour. So we were encountering these speeds that were
considerably above normal highway practice, but for the reasons given.

Mr. ConsTanpy. At the same time, though, a good portion of the
mileage is at typical highway speeds? )

Mr. LunpstroM. There are many, many tests at not only highway
speeds, but at city speeds. We have stop-and-go traffic in certain areas
where the cars never reach more than 30 or 35 miles per hour. Some
of the cars stay on the city schedules entirely.

Mr. McDo~awp. I would like to say I %ave had the privilege of
going through your facilities there. I have seen cars traveling up to
the speed of 130 miles an hour on your big track about 2 years ago
when you had a display out there with some super automobile.

I would like to say this is the most modern and well-developed track
and test proving ground in America, not only for the safety of the
vehicle but for highway safety. I think you are being a bit modest in
your description of the proving ground. It is a tremendous thing
and General Motors should be commended for the work they have done
in the proving ground for vehicular safety as well as driver and high-
way safety. )

Mr. Lonpstrom. Well, thank you. I hope the continued discussion
here this morning will emphasize what you have offered. .

Mr. McDonarp. I say that because, as a contractor before entering
the Federal service, I was a subcontractor in many of your projects
out there, so I feel I have had a hand in developing your facility.

Mr. Lunpstrom. Thank you.

Mr. Constanpy. You will notice, as it became obvious to us, there
is a potential for an accident when a high-speed vehicle impacts a solid
object. The simple solution is to remove the obstacle. That cannot be
overemphasized, can it ?

(At this point, Mr. Clark assumed the chair.)

Mr. Lonpstrom. No. That is a very obvious thing we neglect to
say. Many of these obstacles are no match for a car or a car is no
match for these obstacles.

A tree of even 6, 8, or 10 inches in diameter can virtually destroy a
car.

Mr. ConsTanpy. And the occupants.

Mr. LuxpstroMm. And the occupants. Correct.

Mr. ConsTanpy. So in 1956, did you begin a renovation of the physi-
cal plant to enhancethe roadside safety ?

Mr. LunpstroMm. Yes. We started developing the new designs, new
facilities we were constructing, to higher standards; and in 1958 we
started a very intensive effort to redo or modify the existing road
system.

I believe the first work of this nature was done in 1958 and it was
the result of studies of accidents that had involved personal injury
unnecessarily.
~ When we looked into any case and tried to find why was this man
injured, we often came back to the fact, well, his car ran through some
roadside obstacle; and I remember very well a rather shallow ditch
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that caused some personal injury. They questioned why did the ditch
have to be there ; and it did not have to be. ,

Mr. ConsTanpy. You know, this thing ought to concern more peo-
ple; in this field of highway safety you hear a variety of opinions.
Usually the opinion is there was a nut behind the wheel or he was
drunk. People seem to be looking for some defect in the driver’s be-
havior. But frequently, in the final analysis, when you look at where
the automobile stopped, it stopped suddenly against some object that
did not have to be there. ,

At the scene of the accident more people should be concerned over
the signpost or the obstacle that did ultimately stop the vehicle. I
think that way we may have more progress toward improvement of
the roadway. .

Mr. LunpstroM. Well, this work that you mention and the removal
of these obstacles was continued then, and by 1962 all of the major
roads on our proving ground had been regraded and the roadside ob-
stacles removed as necessary.

Mr. ConsTanpy. Before you began this undertaking, did you re-
search the existing design standards and current practices as followed
by highway departmentsand toll roads?

Mr. Luxpstrom. Yes. We do have at our proving ground a plant
engineering department fully responsible for the design of our road-
ways and we gid ask them to review the practices that were bein
used throughout the country to determine whether or not we coul
find suggestions for improvements of our road systems.

Now, I remember quite well that they reported to us the construction
techniques and the design characteristics that we were using were
typical of State roads throughout the country.

In looking at some of the design guidebooks, I do recall seeing the
statements made that roads built to minimum standards are not the
safest roads. And there was strong evidence that too often roads were
built to minimum standards.

Mr. ConsTanpy. And hence not the safest roads?

Mr. Lunpstrom. Correct. And herein lies part of the problem. So
it was simply a matter of the proving ground deciding to build con-
siderably above minimum standards.

Mr. Consranpy. Did you survey existing roads and turnpikes in the
hope of finding a model safe highway ?

Mr. LonpstromM. We surveyed many miles of roads, sent men on
cross-country trips to look at what practices were being used. I would
not say that we were looking-for a model, but we were looking for new
ideas. And we did not find too much of benefit. We could identify the
same problems on the public highway system as we were finding on
the proving ground itself.

Mr. Consranpy. And were you able to find a single mile of the
Interstate System or any toll facilities which did not have obstacles,
ditches, which could be potentially lethal if a car should run off the
road at legal operating speed ?

Mr. Luxpstrom. No. We had challenged our people to find this,
a piece of public road that was free of all roadside hazards 1 mile
in length, £nd to this date my men have never reported to me, and
I have never personally found, a road of this type.

Mr. Constanpy. Thank you.
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Mr. Lonpstrom. Now, I might continue by sagmg that in a little
bit different way: The object of removing roadside hazards is to pro-
vide traversable roadsides, to give a driver time to recover, time to re-
gain control of his car, either stop it or direct it back to the road. This
1s a rather simple statement, but a very important concept.

Now, we were very enthusiastic “about this straightforward ap-
proach to this problem. And the early experience on these regraded
roads justified this enthusiasm. The early results were good.

The drivers cooperated very well and it was difficult to keep ahead
of their suggestivns for roadside improvement. This again is perhaps
a very significant point, that the drivers, once they understand tﬁe
problem or once they understand what you are trying to do for them,
will offer many suggestions and come in with their own comments,
and again let me say it was difficult in those days to provide the im-
provements as fast as the drivers would ask for them.

They fully recognized it was for their own benefit, their own safety,
and it was very encouraging to have their sup&;ort as well as the sup-
port of our engineers who were designing and modifying these road
systems.

Now we believed that this same approach could be applied to the
public highways with equal effectiveness and we did begin then in
1958 to call attention to these improvements to those responsible for
highway engineering throughout the country.

On our proving ground, as well as on public highways, there are
some places where it is virtually impossible to remove obstacles. This
could be a river or a drainage system. These things cannot be moved.
And we do then have construction elements, such as bridge abutments;
we must have high roadside fills in places where it is 1mpossible to
flatten the slopes, and things of this nature.

It was therefore necessary to develop systems such as guardrails to
protect the occupants of cars in the areas where no other protection
is feasible. In other words, if you cannot provide a clear, safe roadside,
you have to provide a substitute and this is what we typically call high-
way guardrail,

Mr. ConsTanpy. Yes.

Mr. LunpstroM. Now, later in our discussion this morning, we will
show motion picture sequences of a project which had the objective
of developing adequate guardrail protection.

Back in 1958 we found that the materials currently available could
be used to provide adequate control if properly installed and properly
built. We did find, though, that the installations typically made on the
State highways were rather minimum in strength and we found ways
of improving them, ways of strengthening the installations to go be-
yond the minimum standards.

Probably the most serious problem in standard guardrail installa-
tions was that the end of the guardrail was exposed, and I think you
have already reviewed some of this work, knowing 1f the automobile
strikes the rail dead center so that the motor mass strikes the guard-
rail, the deceleration of the car is very high and the guardrail itself
becomes a formidable obstacle. If the car strikes off center, the guard-
rail may and frequently does impale the car.
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We have in our files, as I am certain you have in your files, photo-
graphs of cases where the guardrail has threaded through the car
interior, creating injury and death. '

Now the second problem on typical installations of guardrail is
that the posts are separated by too large a spacing. Frequently it is
found that the guardrail beam is weak enough to deflect so that when
a collision is between the posts, the car is trap and stopped at a
high deceleration rate or it simply travels over the rail.

Now in the consideration of roadside obstacles along our highway
network, utility poles, and particularly lamp poles for roadway light-
ing, are prominent. Early in the pro ground program we demon-
strated the feasibility of using a tripod Jamp pole constructed of thin
wall tubing with flush mounted base plates having low shear resist-
. ance. By thus distributing the inertia and minimizing resistance at
the base, we were able to collide with a prototype breakaway pole,
producing only very minor sheet metal damage and almost no possi-
bility of injury to the occupants.

Later in the testimony we will show a record of this early work and
demonstrate the current status. This early design was considered to
be too expensive and so recently we have gone into additional tests
which we will describe later in our program this morning,

Early in the proving ground program we recognized that ordinary
traffic signs, mounted then at a height of 42 inches, could be significant
hazards. The problem with this installation is that, at normal traffic
speeds, collision with the sign support bends it away near ground
level ; the inertia of the sign is high enough that the mounting bolts
are pulled apart or through the sign, and the sign starts to fall. Be-
fore it falls far enough, the car runs into it at windshield level. Some
of the standard signs weigh as much as 25 pounds and the sign will
usually break the windshield and sometimes penetrate it.

The proving ground demonstrated conclusively that if the sign is
mounted 60 inches or more above the road, the car will pass below the
sign before it falls far enough to be struck by the windshield.

his concept was recognized in the 1961 edition of the Manual on
Uniform Traffic Control Devices, where a minimum height of 5 feet,
6 inches on expressways is prescribed.

Now, extensive development of guardrail designs induced a grow-
ing feeling that current bridge rail design are inadequate. Reports of
increasing numbers of failures in the field as the construction of the
Interstate System proceeded substantiated this feeling.

During the planning of access to a new circular test track facility
in 1961 and 1962, increasing emphasis was placed on the development
of a bridge parapet that would be impenetrable to any type of vehicle,
that would produce minimum injury to occupants and minimum dam-
age to the vehicle, and that would redirect the vehicle in the direction
of the roadway. .

Later in the day we will show some film on this where we are
changing from the concept of the flexible beam guardrail on_the
highway to a rigid beam that is needed on the bridge rail where there
can be no possibility of the vehicle penetrating the guardrail. )

Mr. ConsTaNpy. That parapet is most impressive. I think the movies
you have will clearly show it.

Is it not also possible to use that parapet design as a median barrier?
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Mr. Lunpstrom. Yes. There have been some sample installations
made, one of them right in Detroit, and we are encouraged by the
results, not only on our proving ground. We believe this design will be
beneficial as a median barrier. ’

But the im%ortant thing to remember is that this is a rigid barrier,
not a flexible barrier, as is used on the open highway.

Mr. CoxsTanpy. Yes. I wonder if you could give us some of the acci-
dent statistics of the proving ground.

Mr. Lunpstrom: Yes. I would very quickly like to say that in
addition to the elements I have just described this morning, and
I would repeat by reminding you that we are talking about a one-
way road system, we are talking now about a road system that is
used over the entire speed range of automobiles; we are talking
about ‘day-night operation, winter-summer; we are talking about
improved roadsides. And in addition to this, we are talking about
a system where we can be rather selective of who drives on this
system. We are talking about a system where we can train the
drivers better than you can train the public on the highway system.
We are talking about a system that involves vehicle inspection. We
are, therefore, talking about control of the roadway, the driver, and
the vehicle.

Mr. Consranpy. This is about as close as you can get to an opti-
mum situation, is it not?

Mr. Lunpstrom. Well, this is our attempt, obviously. We are trg-
ing to take all possible improvements into account and this can be
done on this private road system.

Now, we have no way of breaking out the significance of each one
of these elements. All T can tell you in answer to your question is
that when you take the total system operating under these condi-
tions, we have an accident record that is 25 times better than the
public highway system.

This is 2,500 percent better. It is hard to visualize, because today
people are searching for 200 percent improvement, perhaps, in
accidents represented on public highways. We are talking today
about 2,500 percent improvement.

Ttisa fact, it is proof that it can be done.

Mr.ngONs'rANDY. Have you had any fatalities on the proving

round ?
£ Mr. LunpstruM. Since 1924 there have been two fatal accidents
on the proving ground, each involving two men. '

The last fatal accident was in 1942. Since that time we have run
225 million miles without a fatal accident.

Mr. Constanpy. It is worth recognizing that the fatalities you have
had, as few as they have been— v

Mr. LunpstroMm. I would like to have you understand very clearly
the method I am using in comparing proving ground with the public
highway. The number of fatalities does not make it possible for us
to draw a good comparison with highway practice. }S)o we have to
drop to the next level of accident severity. This is in terms then of
temporary disabling injury accidents. And it is this basis that I am
using in talking about a 25-to-1 improvement.
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Mr. Constanpy. Yes. I think it is worth keeping in mind that you
cannot be concerned only with fatal accidents. The line that separates
the two types is sometimes very thin.

The accidents that you did have that were fatal, however, were they
run-off-the-road-type accidents?

Mr. LoxpstroM. Both of them were. One of them involved a special
car that ran off the top of our test track through a rather weak barrier
and involved the death of two men. :

The second accident involved a truck that, again, ran off a curve
that was unprotected ; it was a rollover accident into a poorly prepared
roadside and again there were two fatalities.

Mr. Constanpy. Since your roadside improvement program you
have had none, both of these happened under the old design?

Mr. LunpstroM. Both of them on the old designs, correct.

Since we started working on the roadside improvement program
we have had, I believe, 219 cars off the roadway unintentionally. An
there has been one temporarily disabling injury accident in 219 times.

These statistics are significant. I would challenge you to look at the
roadways that you drive every day and see if you could drive off the
road 219 times without getting injured.

Mr. Consranpy. I would like to avoid doing it once.

Earlier you mentioned that the results of your work were given in
a series of technical papers before technical groups. I wonder, Mr.
Stonex, if you could summarize those papers, at least the more signif-
icant ones.

Mr. StoNex. Yes. Our first reference to the roadside as a practical
approach to highway safety appeared in a paper which I gave at the
Highway Research Board annual meeting in 1954. '

Mr. ConsTanpy. In 1954?

Mr. Stonex. Yes, 1954.

Mr. Consranpy. Thirteen years ago?

Mr. Stonex. Yes. I would like to quote a part of that.

I said—

Many fatal accidents are a result of a too sudden stop. As highway designers,
your concern is with the obstacle that caused the sudden stop and not with the
obvious fact that the driver was driving too fast for conditions. As long as ob-
stacles exist, some drivers will hit them. And the safety of a highway design
should be in direct proportion to the time the driver has available between making
his error and striking the obstacle.

Mr. Consranpy. That is your whole basic premise, is it not?

Mr. Stonex. Yes. Then I continued to point out that higher design
standards have been adpoted for all components of the highway.
However, we still have—and this was 1954—

We still have hundreds of thousands of miles of two-lane highways where
opposing traffic stream of units with hundreds of thousands of foot-pounds of
kinetic energy pass within a few inches of each other. We have shoulders which
are narrow, rough, soft when wet, obstructed by culvert headwalls, stones,
trees; we have highways where the curves are short and sharp, sight distances
so short that almost no opportunity for safe passing is provided, traffic lanes
which are very narrow, deep roadside ditches, traffic types mixed from transport
vehicles to pedestrians, and far too few roads to carry the traffic volume. It is
no wonder the traffic accident record is as bad as it is.

Our next paper discussing roadsides is a fundamental paper given
by Mr. Lundstrom at the SAE summer meeting in 1958. And among
the things that Mr. Lundstrom stated was—
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The importance of the vehicle-road relationship to the utility and safety of the
highway system is often overshadowed by the individual problems of the vehicle
manufacturer and the highway builder. With the accelerated highway program
becoming a reality, a new objective look at the vehicle-road relationship is
necessary. * * * Projecting requirements of vehicles and roads ahead nearly 20
years and combining them into an orderly and safe transportation system is an
enormous undertaking. This paper can only suggest typical problems for addi-
tional study.

He also said—

Of greatest prominence—in a complete study—are the new interstate high-
ways, but of equal importance to the public is the safe use of primary, secondary,
and urban roads.

And in this paper, he called our attention to the fact that Mr.
Harlow H. Curtice, who was then chairman of the President’s Com-
mittee for Highway Safety, had stated that the—

Nation’s highway traffic toll could be cut in half within a relatively short
time if present knowledge of highway safety problems were effectively applied
on a nationwide basis. Our fundamental problem is not ignorance of what to
do; it is failure to get it done on a sustained nationwide basis. We should con-
centrate more intensively on putting our knowledge to work instead of casting
about for revolutionary, new approaches in a mistaken belief that present meas-
ures are futile.

Mr. Constanpy. There is not much that can be said which would be
more pertinent than that.

Your own experience shows that. you people have proved there are
ways to improve highway safety, to improve design. You have been
able to show the results of it. The knowledge is available; it is a matter
of implementing it.

Mr. Stonex. Right. '

Mr. ConsTanDpY. The paper you mentioned is dated 1954, which was
13 years ago, 2 years before the Interstate System was provided for by
law. Again 2 years after it was begun, and in the years since, you have
been proclaiming the things that you have found in your own efforts
at the proving ground. Yet we have seen examples too frequently here
of that know egge not having been applied, the result being that the
roadside is not as safe as it might have been.

Mr. Stonex. This is right.

Mr. ConsTanpy. Will you continue?

Mr. Stonex. Mr. Lundstrom also referred to a cooperative project
conducted by the proving ground and the Pennsylvania Turnpike and
reported in 1940 in the proceedings of the Highway Research Board,
which was done by myself and Mr. C. N. Noble. This paper had an
interesting item in that we reported the details of some tests conducted
on the Pennsylvania Turnpike, before it was opened, at speeds in
excess of 100 miles an hour using a production 1940 car with production
1940 tires. '

Now this, I think, is relevant because of the possible current interest
in what has been spoken of as a “Century Highway” in the northeast
corridor.

Mr. Constanpy. Century Highway is a road that would be designed
to accommodate traffic at speeds of 100 miles an hour.

Mr. Stonex. One hundred or higher, depending on who is discussing
the proposal.

Mr. Constanpy. Or higher. This research was done in 1940?

Mr. Stonex. Yes.

Mr. ConsTanpy. Continue, please.
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Mr. Stonex. By the time of the 39th annual meeting of the High-
way Research Board in January of 1960, we had advanced the develop-
ment of the roadsides at the proving ground to the point where we
could report a theoretical analysis and validation by experiments,
which makes it possible to predict the severity of operation through
ditch cross sections. We also related the characteristics of the automo-
bile, such as tread width and center of gravity height, to the effect of
increasing the steepness of the slope on fill sections toward inducing
car rollover.

Now, we recognize that it would not be possible to submit these
points of view and concepts to the highway engineering profession
without an engineering approach. And this paper does develop this.
It appears in the paper and we won’t proceed to discuss it at the
moment.

However, auother thing we felt would be necessary would be to get
some practical estimate of the width of the traversable roadside which
would be required.

I have a slide which summarized the distribution of the distances
from the edge of the pavement that we have found on our proving
ground roadside system.

If T may go over, Mr. Chairman, I can-describe it a little more
accurately.

This covers 211 cases where drivers had left our roads from 1958 to
the conclusion of 1966.

This curvature shows 10-mile distribution, distance from the edge
of the road. You will note at about 100 feet we had probably about
one incident of the driver going as far as 100 feet from the edge of the
road. And as we go back closer to the road, we accumulate just a few
more, two or three more cases probably. -
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Finally we go back, we find that at 30 feet we had 20 percent of the
drivers who had gone more than 30 feet. Actually about 28 feet. And so
we conclude that if in our modern highway designs we had a travers-
able corridor beside the road 30 feet or so, that at least 80 percent of
the accidents would be eliminated.

: MIZ' ConsTaNDpy. Mr. Stonex, these people did not hit anything, did
they?

Mr. Stonex. No. This is traversable roadside.

Mr. Constanpy. Frequently you hear a comment that the man who
hit the tree at 20 feet off the road would have hit something else if the
tree had not been there.

Mr. Stonex. On our roadside, no.

Now I would like to show the distribution on several highways
where they did hit things. ‘

Mr. Constanpy. Before you leave that, that 30 feet is the distance
from the edge of the pavement?

Mr. Sronex. This 1s the distance from the edge of the pavement.

Mr. Constanpy. When you say “pavement,” is that the traveled
way or the shoulder?

Mr. Stonex. This is the traveled way. In some cases this is the
traveled road, but it is the edge of the traveled way. Pavement on a
paved road; on the gravel road it is the portion on which the man
1s supposed to ride.

Mr. Constanpy. Eighty percent of the cars did not go more than
20 feet from the ege of the shoulder?

Mr. Stonex. This is right.

The next slide repeats the proving ground history. We have here an
example of a small number of cases from the Cornell automotive en-
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gineering research program, showing distance where the cars left the
road where people were injured or killed. We have recently reported
a study on Route 66, a seven-State study of injury and fatal accidents,
and this curve shows the distance where these people went off the
existing highways. And we have another 70—we have this dashed
line which was recorded, a study by Hutchinson, on median encroach-
ment. A particular type of divided highway, the number of instances
where the people have gone into the median, leaving the road on the
left side, and we found distribution like this.

Now there was no record as to whether there were injuries. There
were cases where a number of these vehicles did strike obstacles in the
median. Fifteen percent of the cases went over on the opposite con-
crete line, across the median line.

Ial all cases, on the proving ground, it was where obstacles were in the
road.

S Mr. (gONSTANDY. Could you make some conclusions from that, Mr.
tonex ¢ :

Mr. Stonex. We conclude that if there had been no obstacles along
any of these other roadsides, that probably these people would have
followed a distribution somewhat like our proving ground drivers did.
; M@r ConsTanpy. Would this suggest clear roadsides of at least 30

eet ¢

Mr. Stonex. We think 30 feet is a very practical measurement; it
would be safe for a very great proportion of the accidents and the
cost is reasonable. ‘

Mr. ConsTanpY. You would not object to more than 30 feet?

Mr. Stonex. Not at all. The more the better.

Mr. ConsTanpy. As a matter of fact, you relate back to something
Mr. Lundstrom said, that if we are speaking of 30 feet, might we not
be speaking in terms of minimums?

Mr. StoNEx. Yes, certainly.

Mr. ConsTanpy. Minimum values from design standards, but rela-
tively safe highways.

Mr. Stonex. Yes. That is right.

Mr. Constanpy. Do you want to add something, Mr. Lundstrom, at
this point?

Mr. LunpstroM. Well, typically T would say use the right-of-way,
at least if available. And on the Interstate System, we do have, {%ener-
ally speaking, enough right-of-way to go beyond the 30-foot figure.
And obviously it is on these roads where we have a higher speed traffic
and the need for greater roadway width.

On lower speed roads, where the traffic might be 85 miles per hour,
proportionately narrower escape routes would have been adequate. But
the thing that the designer needs to look at is what is available to him
to work with to make maximum use of his resources.

Mr. Constanpy. Yes. And we may even question the level of service
which is desirable. We may desire greater right-of-way widths within
which to work.

Do you want to continue, Mr. Stonex?

Mr. Stonex. We have reported additional development of this con-
cept from time to time which I will not go into in the interest of time
this morning. However, I would like to discuss a paper which I pre-
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sented at the Society of Automotive Engineers national meeting in
January 1964. In this paper, the particular significance is that we
showed and developed the dynamic energy considerations of collision
between an automo%ile and a solid object. We show, for example, that
in these solid and direct impacts at suburban and urban traffic speeds,
peak horsepower from 5,000 to 6,000 will be developed. We ran a higher
speed test, collision test, on a public hi%hwa outside of the proving
ground, 64 miles per hour, and we developed a peak of almost 14,000
horsepower.

And the purpose of this analysis was to make it clear that it is the
collision horsepower that injures and kills people and the analysis then
puts the consideration of the rated horespower of the engine into
proper perspective.

Now, this will be the opening scene of one of the pictures we are
going to show you in a few minutes.

Mr. Constanpy. What was the title of that?

Mr. Stonex. “Single-Car Accident Problem.”

Mr. Constanpy. That was in 1964 ¢

Mr. Stonex. In 1964, yes. We have had the opportunity to discuss
these concepts with a great many people and a great many audiences.

For example, we have been invited to present the material at the
highway division or highway department conferences on 43 separate
occasions, from 1958 until and including the current year.

Mr. Lundstrom showed it to the executive committee of the American
Association of State Highway Officials in November of 1958.

‘We have made similar presentations to regional design committee
meetings, that is the AASHO Design Committee meetings. For exam-
ple, in Boise, Boston, Madison, and Tampa. Mr. Lundstrom has shown
it at at least two staff metings of the Bureau of Public Roads, the first
time in October 1958.

‘We have also presented the material before meetings of the Canadian
Good Roads Association and the Canadaian Highway Traffic Associa-
tion, and at staff meetings of the National Safety Council and the Auto-
motive Safety Foundation.

‘We have shown it to the staff's of the Indiana, Ohio, and New Jersey
Turnpike Commissions; The Port of New York Authority; and at
meetings of the American Bridge, Tunnel, & Turnpike Association.

We have also appeared on programs of many technical and pro-
fessional associations and we have a total of 91 listings in our records.
In this visit, Mr. Lundstrom, for example, has gone from San Fran-
cisco to Boston to Atlanta. I have gone from Winnipeg to Miami or
Quebec City to Tucson, with intermediate places.

And we have also made this available for many civic organiza-
tions, such as service clubs, church groups, and the communities around
Milford and Detroit. We have a listing of 105 presentations to these
groups.

Our colleague, Mr. Meyer, who is with us, has kept a record of the
people to whom he has talked, and it numbers more than 4,000 people.

Mr. Constanpy. You made a very sincere effort to try to bring
before the people the knowledge that you have gained from the efforts
you made at the proving ground.

Mr. StonEx. Yes.

Mr. ConsTanpy. You have not tried to keep it a secret, I know.



1020

Mr. Stonex. We have done the best we could to make it available.
We thought that it was a very good investment to get it as broadly
understood as possible.

Mr. Constanpy. I would assume, or at least ho;})le, that the lessons
learned by you people might be incorporated in the design and con-
struction of our public highways.

Mr. Stonex. We would sincerely hope so. B}

Mr. Consranpy. Before we %et to the movie, you have a paper which
you gave, if I can find it, entitled “Roadside Design for Safety.” What
was the date of that paper? ,

Mr. Stonex. That was 1960.

Mr. Constanpy. Mr. Chairman, that was an award-winning paper
and we have a copy of it here. I would like to ask that it be made
exhibit No. 10 and, if space permits, it be printed in the transcript; if
not, to be retained in the files.

I would further like to ask that the slides be made exhibits 11 and 12.

Mr. Crarg. Without objection, so ordered. .

(Exhibits Nos. 10, 11, and 12 were marked and are retained in sub-
committee files.)

Mr. ScaapesEre. Mr. Chairman, going back to the last few slides,
I am not clear in my mind as to what the situation was when you
ta%ked about the number of feet off of the highway which would be
safe.

Now, these cars that went off the highway; did these hit an object or
did they not hit an object ?

Mr. Stonex. In each of the distributions, these are the distances that
the cars departed from the pavement. In other words, the maximum
excursion.

On our proving ground road system, this is where the driver
regained control and either stopped the car or turned back. In the
other cases, in most cases, also in the Cornell and Route 66 studies,
these were injury accidents and this is the distance they went out before
striking an obstacle, before causing an injury or fatality.

Mr. %CHADEBERG. Was there any evidence as to why they went off
the Toad, was it because they fell asleep or because they lost control
of the car? Why did they leave the road ?

Mr. Stonex. There is very, very little evidence. In the case of our
drivers, where the accidents are investigated, occasionally it was pure
carelessness. We have cases where a man reached over to pick up a
Eackage of cigarettes which had fallen off the seat onto the floor. We

ave another case where a driver reached over to pick up a data clip
board which had fallen off the seat. We have numerous cases where
they fell asleep and many cases where they do not even know why
they left the road.

Mr. ScuapeBerG. Would there have been any help if there had
been some sort of rumble in the road that would have awakened them
or at least called attention to the fact that they were off the road?

Mr. Stonex. It is quite probable this would help in some cases. On
the other hand, we did experiment for nearly 2 years in trying to
devise some way of alerting people before they really got off the road,
and this we concluded was not successful and would not be effective.

Mr. ScHaDEBERG. I see.

Mr. Stonex. We find when people fall asleep, they frequently leave
the road before their head even drops.
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Mr. Lunpstrom. I might add to that just a little bit. A rumble
strip would hopefully awaken a person who was subject to going off
the road for this reason. But this is only one of many reason that
cars leave the roadway. And so we have no way, at the moment, of
keeping a driver from suddenly swerving off the roadway to avoid
something ahead of him. It might be an animal, it might be a stalled
car, or something he comes upon unexpectedly, so he drives off the
road to avoid the obstacle, Other times, snow and ice conditions cause
people to go off the road, probably for driving too fast, but the fact
remains that you and I and the general public do drive too fast on
the snow and ice and even on wet roads, so cars will go off the roadway
and rumble strips have no effect on these cases.

So it is correct that a rumble strip might pick up a few cases, but
I think the other reasons are so important that they overshadow the
gains to be obtained from a rumble strip.

Mr. Scuapesere. Thank you very much.

Mr. McCartay. Mr. Chalrman.

Mr. Crarr. Yes, Mr. McCarthy.

Mr. McCarray. I wonder if we could underline this particular
point. The other day we heard about the Bureau of Public Roads
study of the last 6 months of last year showing that 65 percent. of the
accidents on the Interstate System were where the vehicle left the
right-of-way.

ow, we hear from General Motors where they have trained drivers,
70 percent of the accidents are where the vehicle leaves the right-of-
way, the traveled way.

Now, I think what we can conclude from this, no matter what the
reason—~fatigue, alcohol, swerving, animal, falling aslesp—whatever
it is, and these are all causes I think should be explored, but I think
the statistics point out that no matter what, drivers are going to leave
the traveled way.

I think that these statistics show that no matter what, there are
going to be cars leaving the right-of-way.

Now, before, I think there was sort of the attitude we picked up in
these hearings, well, if they leave the right-of-way, that is their prob-
lem. And we put these signs in and put them in steel and concrete and
protect the sign rather than the driver.

Now, what I would hope we would see is a change of attitude here
to realize that whether it was the driver’s fault or not, a certain per-
centage of the cars are going to go off. And this idea that you are pro-

sing of a 30-foot traversable corridor cutting 80 percent of the acci-

ents. I think, is an excellent idea. And I just would like to underline
that point right here in the record. .

Mr. Stonex. We have felt that falling asleep and leaving the high-
way really should not merit capital punishment.

Mr. ConsTanpy. As someone remarked earlier here at the hearing,
there has to be some forgiveness built into the highway. I think it is
very appropriate. . . .

I think it might be worth mentioning, since we discussed 30 feet,
that you would not advocate a fixed figure, would you, Mr. Lundstrom.

Mr. Lunpstrom. No. As T mentioned earlier, the necessary travers-
able roadside depends, importantly, upon the operating characteris-
tics. For example, you need a wider right-of-way along the outside

87-757 0—68——65
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of a curve than inside. You need wider traversable roadsides for
higher speed operation, and so forth. So you are correct that the 30
feet is a nominal figure, but it is not one to be fixed for every road
in the country. ‘

Mr. ConsTanpY. You have to be very careful with minimum values,
apparently. The sign manual suggests that signs should be placed at
the minimum of 2 feet from the shoulder, and throughout the country
they are placed just 2 feet. They could just as well, very frequently, be
placed at some greater distance than 2 feet.

If the people who set standards were to adopt the minimum and it
were blindly followed, you may have another problem later to over-
come.

We have seen situations where States have adopted some figure
for a clear roadside, say 20 feet, and at 21 feet there would be a row
of very heavy trees. Depending upon the circumstances, judgment
must be exercised as to what would be appropriate for that highway
for that speed limit at that particular place; what is the clear road
width that you used on the proving ground ?

(At this point Mr. McCarthy assumed the chair.)

Mr. Lunpstrom. We use as much as 100 feet, if possible.

Mr. Constanpy. Yes, building safe highway and using 100 feet,
you minimize the problem of the single-car-run-off-the-road type of
situation.

Mr. Lu~npstrOM. Yes.

Mr. Coxstanpy. I think it is worth pointing out, too, you count
every vehicle which leaves the traveled roadway as an aceident, do
you not? ‘

Mr. Stonex. That is right.

Mr. Constanpy. Whether it hits anything or not ?

Mr. Sronex. Right.

Mr. Constanpy. The driver is obliged to report back to you each
instance when he leaves the highway?

Mr. Sronex. Yes.

Mr. Constanpy. Before we get on to the movie, is there something,
Mzr. Stonex, you would say relative to slopes and the condition causing
rollover?

Mr. Stonex. It is described, Mr. Chairman, in the film. I could say
that we have concluded that the 6-to-1 slope ought to be about the
steepest which should be used on a road. We have no slopes steeper
than that.

Mr. Consranpy. That would be what you would consider a mini-
mum ?

Mr. Stonex. That is a minimum, yes. :

Mr. ConsTanpy. In those circumstances where drainage permits a
slope that flat?

Mr. Sroxex. We would not permit one steeper than 6 to 1, and where
possible we would like to have them flatter.

Mr. Coxstanpy. 8to 17

Mr. Stonex. 810 1,10 to 1, again depending on circumstances.

The flatter it is, the less problem you have with erosion, the easier
itisto mow it; so all is in favor of the flattest slope possible. ]

Mr. Constanpy. Yes. I suggested that at times you may find it
necessary to have something less than 6 to 1, say 4 to 1; if it were
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mountainous terrain, physically impossible, going along a river edge
or other topographical situation which may force you to adopt some-
thing less desirable than that. But when feasible, a lot can be said
about what is feasible, 6 to 1 should be a minimum? v

Mr. Stonex. This is right. We should be very careful about any-
thing steeper than that. And we should know what is being done.
Consciously. ,

Mr. Constanpy. Yes. I think that there are studies that have been
made which would indicate that frequently obtaining a 6-to-1 or even
8-to-1 slope, with the price of dirt being what it is on that project, is
cheaper than installation of a guardrail. v

Mr. Stonex. Thisis right. Yes. ,

Mr. Constanpy. A preliminary study exploring that possibility
could result in flatter slopes and safer roadways.

Mr. Stonex. This is right. Yes.

Mr. ConsTanpy. Do you want to present the film now ?

Mr. Stonex. We have the first film, entitled “Safer Roadsides,”
which is self-explanatory, I think. _ »

Mr. CoxsTanpy. Mr. Chairman, the gentleman has been kind enough
to furnish us with a script of the film and I would like to ask that the
seript of this film, “Safer Roadsides” be made exhibit No. 13 and
printed in the record at this time.

Mr. McCartaY. So ordered.

(Script of film, “Safer Roadsides,” follow as exhibit 13.)

NaArraTOR.—Each year, off-road accidents claim the lives of more than 13,000
people, and account for approximately one-third of the national highway death
toll. In severity and frequency, these accidents are second only to car-to-car
collisions as virtually every mile of roadside in the nation is studded with
obstacles that can cause serious or fatal accidents.

While many of these accidents occur on secondary and rural roads, residential
streets and even our newest freeways contribute to the grim statistics, for vir-
tually every obstacle at the roadside is a hazard that can cause a serious or
fatal accident.

But perhaps the most alarming fact is that most of these accidents, and
most of the more than 13,000 deaths that result, could be prevented ! The validity
of this statement has been proved by actual experience at the General Motors
Proving Ground, where driving hazards have been systematically eliminated
over the years. : '

Here, more than 60,000 miles are driven daily to test the performance, dura-
bility, comfort, and safety of GM cars on 75 miles of specially engineered roads
that comprise a cross-section of American highways. The tests are severe, the
speeds often high and the maneuvers extreme . . . yet records prove that the
General Motors Proving Ground is probably the safest place in the world to
drive—more than twenty-five times safer than public highways!

The principal reason is the fundamental concern for driver safety that has
guided the Proving Ground since its origination in 1924—the application of one-
way traffic, median dividers, grade-separated intersections, and limited access
high-speed roads.

Then there’s the drivers themselves. Each applicant is carefully screened,
then he must pass a thorough physical examination, safety indoctrination, and
several days of on-the-job training with other test drivers before he is allowed
on the road system alone.

But—despite well-trained drivers and the application of all known safe-
guards—accidents occasionally occur. Human fallibility, slippery roads, un-
expected traffic situations, and occasionally mechnical troubles are ever-pres-
ent conditions that cause accidents; even under the most closely controlled
conditions. )

In the six years between 1952 and 1958—a period covering 65 million miles
of test driving—the Proving Ground experienced property damage accidents at
the rate of one every 240,000 miles.
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Surprisingly, the majority of these accidents—approximately 809 —were one-
car off-road accidents, not two-car collisions!

In these accidents the drivers involved lost a total of 64 days due to injuries.

The cause of these statistics became evident in a review of the 1958 road
system. While the road surfaces were wide and safe, the immediate roadsides
were laden with obstacles as the test roads had been built to the same stand-
ards as our public roads. Accordingly, many trees were left at the edges of the
roads, and steep banks and grades were left untouched. In addition to these
natural obstacles, it became apparent that sign posts. bridge abutments, and
other man-made structures also presented severe hazards.

Since emergencies sometimes cause vehicles to leave the road, it was determined
that accident-producing hazards should be eliminated t¢ create a wide, safe
emergency lane.

Trees are one of the most common obstacles along roads of all types, and
while beautiful, they are among the most dangerous, even in residential areas
where speeds are low. The extreme danger of tree impacts is further illustrated
by this 45-mile per hour test.

(Show a remotely controlled car occupied by life-sized test dummies not re-
strained by seat belts.)

Thousands of motorists are killed each year in tree impacts such as this,
and even speeds as low as 25 miles per hour can easily result in serious passenger
injury.

Despite knowledge of their deadly potential, trees are still planted at the
sides of many of our newest highways and will soon become hazards.

Along major thoroughfares, the obvious solution is tree removal, and with
modern equipment, the cost is moderate. Once the site is regraded and seeded
in grass, this section of once-dangerous roadside will be safely traversible and
will blend nicely with the surrounding terrain.

The addition of small shrubs and bushes creates a still more pleasing ap-
pearance and illustrates that a safe roadside can be attractive without trees.
The Proving Ground has hired landscape architects to develop roadside plantings
that will provide maximum beauty and safety.

Additional benefits of the clear roadside are a more open appearance and
increased visibility at drives and cross streets.

While tree removal is the most practical, the Proving Ground does not advocate
the destruction of century-old landmarks such as this. To preserve the tree and
yet safeguard the motorist, a section of guardrail is probably the best answer.
and this correction has been used in some locations on the Proving Ground.

Although tree-lined streets enhance the beauty and value of any residential
area, they are dangerous and some means should be developed to provide the
protection necessary without adversely affecting the appearance of the street.

Broken lamp posts are a common sight along our roadways and are mute re-
minders of the thousands of serious and fatal accidents they cause yearly.
Massive light and utility poles should be eliminated or set back from the road-
side substantially. On depressed roadways such as this, relocating the posts well
up the slope would eliminate the problem.

Another solution possible is to change the design of the poles to a light, tubular
construction that will shear-off when impacted. This unit was designed and
built by GM engineers to test the practicality of this approach.

By minimizing deceleration at impact, poles of this type could reduce the
severity of these accidents.

Large sign posts and similar roadside markers are also very dangerous, and
these, like trees, should be eliminated from the roadside.

Signs that are essential on highways should be protected by heavily rein-
forced guardrail. )

Small signs at the roadside are also hazards. Observe the results of a 40-mile-
per-hour impact into the common 42-inch high sign.

At 40 mph, the xign pierces the windshield and showers the front seat occupants
with glass! At higher speeds, the danger may be greater.

Increasing the sign height to 60 inches proved safer.

At 40 miles per hour, the car passes safely beneath the sign. As an added
margin of safety, all Proving Ground signs are now mounted at a minimum
height of 66 inches.

Irregular surfaces beside the road can be nearly as dangerous as projecting
obstructions, as skidding into a deep ditch or hitting a steep bank can cause se-
vere damage and injury.
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The danger potential of a clear roadside is directly related to the slope of the
terrain ; the more gentle the slope, the safer the roadside.

The angle of a slope is most commonly expressed as a proportion, two-to-one,
six-to-one, and so forth.

For example, this is a two-to-one upslope—quite a steep grade.

This means that in two feet measured horizontally, the height increases one
foot. :

Accordingly, a four-to-one slope increases one foot in four, and an eight-to-one
slope one foot in eight. . -

Downslopes are described in the same manner, but the heights are, of course,
diminishing.

This test illustrates the danger of impacting a two-to-one upslope at 35 mp!l.

A similar test on a four-to-one slope produced better results, but even this
grade could produce injury or damage at higher vehicle speeds.

On the Proving Ground, maximum upslopes of six-to-one are applied, as these
are safely traversible, even at 60 miles per hour. This grade produces the needed
safety for high-speed roads and could be applied generally on most public high-
ways. If steeper slopes are necessary, they must be well rounded.

The contour of the ditch bottom and road shoulder are as important for safety
as the slope itself, for it is obvious that a car can travel over gently rounded
contours with far greater safety than thru the sharp angles of the traditional
V ditch. This design is not only safer, it is easier to maintain as erosion is re-
duced and mowing machines can operate without difficulty.

When the roadside slopes downward, the possibility of roll-over increases as
shown on this four-to-one grade. . : )

With the downslope reduced to six-to-one, the car tends to spin, rather than roll
on firm soil. From these and other tests, it was concluded that the maximum
safe grade for any road is six-to-one, but preferably flatter. From the stand-
point of safety, the less grade, the better! . A

A sloped roadside should also be free of surface irregularities to be really
safe—eroded surfaces that could upset a vehicle skidding laterally can be
smoothed and seeded at a nominal cost and, with proper grading, small parallel
ditches could be eliminated in favor of gently rounded depressions a safe dis-
tance from the roadway.

Where drainage requirements are such that deep parallel ditches are needed,
underground drain systems should be considered because of the extreme hazard
presented by these excavations and this same correction must be applied to
transverse drainage systems, including small creeks and culverts. This need is
absolute to eliminate dangerous headwalls and bridge abutments. While under-
ground drains increase the cost, the end result is well worthwhile as this creates
a safe roadside, completely free of obstacles. :

While a clear roadside is the ideal, many natural and man-made obstacles can-
not be eliminated. In dangerous areas, the only solution is to install some form
of guardrail. .

Unfortunately, there is no such thing as a perfect guardrail—any guardrail in
itself is a hazard as any impact produces some degree of risk and damage. For
those reasons, guardrails and barriers should be installed only at those places
where hazards cannot be eliminated.

For example, guardrails are absolutely needed on bridge approaches to pro-
tect an out-of-control vehicle from the steep embankments, and against the possi-
bility of hitting the bridge abutment.

The guardrail should be firmly attached to the inside of the bridgerail to pro-
tect against this possibility.

Lakeshores and other natural obstacles also require guardrail. Guardrails are
used only at those locations where roadside hazards cannot be eliminated, and
this same practice should be applied on our public roads.

At the Proving Ground, the result of the roadside hazard studies have now
been in effect six full years.

Roads that were once lined with trees close to the pavement have now been
cleared for a distance of 100 feet on each side, and all other obstacles have been
eliminated. In their place, shrubs and bushes are being planted to further en-
‘hance the beauty of the site.

Dangerous parallel ditches have been eliminated from the roadside and all side
slopes are now as flat as possible, with none steeper than six-to-one. All grade con-
tours and ditch bottoms are gently rounded. Our records and other cost studies
show that ditch and grading improvements can be made reasonably, and that this
cost is amply justified in accidents prevented.
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‘While the elimination of small bridges and cross drains is more costly, these
have now been encased below grade on the Proving Ground for a distance of 100
feet on each side of the road to eliminate dangerous headwalls and bridge abut-
ments wherever possible. And, where it was not possible to eliminate the hazard,
carefully constructed guardrails have been installed, built to the exacting speci-
fications derived from the Proving Ground’s guardrail test program.

Today a vehicle leaving the road is an incident; six years ago this could have
been a serious accident.

Today if a driver loses control he knows that he has room to bring the vehicle
under control—without fear of hitting an obstacle or turning over.

And today, statistics prove more vividly than demonstrations that obstacles
removed are accidents prevented !

In the six years that the Proving Ground’s roadsides have been improved, not
a single vehicle has traveled beyond the 100 foot clearance, even though incident
speeds ranged as high as 80 mph.

In fact, a large percentage of the vehicles stopped within 25 feet of the road-
side!

This leads to the conclusion that any increase in roadside clearance will pro-
duce a substantial increase in safety on roads handling 30 to 45 mile-per-hour
traffic, 25 foot side clearances would be reasonable safe, but on super highways
and other roads where speeds approach 80 miles per hour, a full 100-foot side
clearance is needed. Side clearance should be related to speed, but the wider, the
better!

However, the most convincing proof that clear roadsides increase safety is
provided by a comparison of injury accident statistics, before and after improve-
ment.

Before roadside clearance and improvements, in the six years between 1952 and
1958, the Proving Ground experienced damage accidents at the rate of one every
240,000 miles, and 809 of these occurred off-road. Sixty-four days of injury time
were sustained in those accidents.

Between 1958 and 1964, the six years following roadside clearance, the number
of off-road accidents was approximately the same—759 of the Proving Ground’s
total—and the frequency remained about the same—one accident every 258,000
miles!

The important improvement occurred in the area of driver safety. Where 64
days of driver injury had resulted before roadside improvement, in the six years
after improvement, there was not a single lost time injury accident on improved
roads! Despite 153 off-road incidents, not one day of lost time in the entire six
year period! As the record shows, it was still not possible to prevent drivers
from leaving the road, but when the roadside is clear the injury possibility is
practically eliminated.

These statistics are working proof that roadsides need not be deadly—that
roads like these with wide, clear rights-of-way are a practical, effective means
of reducing injuries and saving lives—a means of accident prevention that can
be applied today—not only on the Proving Ground—but on all roads throughout
the Nation.

Mr. Constanpy. That film was revised in 1964, was it not?

Mr. Lu~pstronm. This is the 1964 versxon and we have not had a
major revision since that tlme.

Mr. Constanpy. I was curious as to when you made the first film of
thistype.

Mr. LunpstroM. 1958 was the first time we had a film very much
similar to it.

Mr. Coxstanpy. This film then, has been made available to the
public, to highway officials, since 1958 ?

Mr. Luxpstron. Correct. We did show early versions of this film in
1958 and improvements have been made and modifications put into the
film as conditions made it possible to do so.

In 1964, we had occasion to produce three films, as mdlcated in the
title to this particular film, one on “Safer Roadsides,” one on “Guard-
rail,” and one on safety tests of vehicles themselves. These three films
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were put together into a single 30-minute film, that was put in our film
library and as indicated, has been shown to some 1,200,000 people.

Now copies of the film that you have just seen and a copy of the
“Guardrail” film that we hope to be able to show in a little bit, have
been donated to various organizations, among these, the Bureau of -
Public Roads, in sufficient quantity to send to their district offices.

Mzr. Constanpy. Yes. The point I want to make is that basically the
1958 film is the same as this 1964 version as far as the points shown.
You improved the picture itself; the basic features of the film are the
same.

Mr. LunpstroM. Correct. I believe all of the elements were identified
in the 1958 film ; right.

Mr. Constanpy. So for 9 years this has been shown and has been
available to be exhibited, showing suggested improvements in the
areas that you have covered and with which this hearing has been
concerned ?

Mr. LunpstroM. Yes, correct.

b Mff 9Comsmmnr. The second film you have, can you explain that
riefly ?

Mrs.’ Lu~pstrom. Yes. Gentlemen, obviously, one of the major prob-
lems that we have is the landscaping of a road system. We have many
groups in the country rightfully concerned about the beauty of our
roads. And we, too, are very conscious of this, and whenever we come to
a meeting such as this, and propose removal of trees close to the road-
way, we immediately have many people much against this procedure.

I have property myself, where we have tree-lined roads and so I
would object to a highway department cutting trees in my front yard.
The film, though, was carefu? to explain that we have the option of
protecting the driver by use of guardrail, treating the tree hazard
much the same as you would treat a deep-fill section or some other
hazard that you did not see fit to remove. :

But I would like to show a short film and while doing so, comment
particularly on landscaping, because safe roads are really beautiful
roads. I would call your attention—and many of you have driven the
New Jersey Garden State Parkway-—this is a road that I believe was
built as a parkway, I hope that they had safety in mind, but I believe
that the landscape people had an important part in the design char-
acteristics of the roadside itself. So I believe they started with thae
goal of having a beautiful road and in so doing, they have a very safe
road. I believe accident statistics show that that is one of the safest
highways in the country.

So I would now like to show some brief recent views of the proving
ground, showing how we are attempting to bring back the shrubbery
and the elements that do make a beautiful road out of a safe road.

Could we have the film, please. There is no commentary on this. I
will identify the scenes as they appear.

[Narrating film:] This is an overview of the proving ground. This
is 4,000 acres of property, some 75 miles of road. Now this is simply to
show the removal of the trees through wooded area so we do have this
100 feet of green belt along each side of the roadway.

Each of these views will show—well in this particular case, the
attempt to produce irregular cut lines. There is no need to cut a straight
slash through a wooded area. This is more pleasing and architects will
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certainly tell you to make irregular lines. I think you can see rather
clea(;'ly that the green belt does persist along the side of each of the
roads.

The other elements that I could call attention to at the appropriate
time, you see a ribbon of guardrail on one side; that is the width of
the underground culvert, and it shows that there is no need for a
wall adjoining the road itself.

Now, here are irregular tree lines, shrubs have been planted back on
the right side.

Here we had to have a minor drain structure to eliminate erosion.
This is an 18-percent grade that you just do not have on a public
highway but these elements have been moved back far enough to elim-
inate the hazard.

Here we are bringing in the small shrubs and trees back away from
the roadway, where they are out of the escape route of the cars. Cars
have gone off this curve summer and winter with no injury.

Now among other elements, here again is an extension of a culvert.
There is no headwall. The guardrail simply indicates the extreme
edge of the drainage system.

Along here we have some shrubbery planted in front of the guard-
rail. Some people say guardrails are not pleasant. Now there are multi-
flora roses hiding the guardrail. Just an experiment to see what can be
done in the interest of beauty.

Here is the edge of the lake, which has an irregular shoreline, very
beautiful. Here is a wooden section with the trees removed in an irreg-
ular pattern, again in the interest of beauty.

Notice the clean, uninterrupted slopes that can be had. There is no
erosion. Actually in much of this area we have installed underground
drainage systems. It is unnecessary to have exposed ditches in all cases.

This is one of the older roads, perhaps built back in 1924. We had
to move the trees back, we had to remove the ditches, flatten them out.

Here is new shrubbery going in, a safe distance back from the road.

Generally speaking, the safe road is a beautiful road. These are
young trees now but in 2 years they will be up and greatly enhance the
appearance.

roper landscaping of the slopes make for a park-like appearance.

These roads are perfectly safe. As we indicate, we have many, many
cars that accidently go off the roads at all speeds for all reasons and
we have had only one temporarily disabling injury accident in some
219 cases.

There are no local distractions. It is actually the safest place in the
world to drive.

(End of film.)

Mr. McCarrrY. Do you have any billboards there ?

Mr. Lu~xpstroM. Noj I know your problem. I know your interest.
I would simply say that fortunately we do not have any.

Mr. Constanpy. Mr. Stonex, will you tell us what you have done
with the guardrail, the development of it as a safety system.

Mr. Stonex. Mr. Chairman, as Mr. Lundstrom has indicated, we
did have places on the proving ground were it was impossible or not
feasible at least to eliminate the obstacles. In fact, in 1958 we had
something like 18 miles of guardrail. We didn’t know how good it was.
We searched the literature to see if we could find anything about the



1029

dynamic testing of guardrails. This was done in 1958. We found that
there had been no effective dynamic tests conducted or reported for
more than 25 years, and that there was no really good research liter-
ature which would demonstrate what an effective guardrail installa-
tion is.

Accordingly, we began some dynamic tests, and we found very
rapidly that our existing guardrail structures were not adequate. The
posts were rotted, the guardrail section itself was found to have in-
sufficient beaming strength. During the course of this, we consulted
with the Highway Research Board Committee on Guardrails and
Guideposts. We took advantage of the research which Mr. Beaton of
California had conducted and we have reported progress to the com-
mittee throughout the course of this development, and have given to
the committee all of the film footage of the tests which were conducted.

Mr. Lundstrom and Mr. Skeels made a report, a preliminary report,
to the Highway Research Board in January of 1959, a paper entitled
“Full-Scale Appraisals of Guardrail Installations by Car Impact
Tests,” and demonstrated certain conclusions. One, that good beaming
strength is essential and that the 12-gage W-section steel rail mounted
on posts spaced at 6 feet does provide adequate strentgh.

The end of the rail must be anchored securely. At that time we
concluded that a mounting height of 18 inches at the center of the rail
appeared to be satisfactory. Later research, I believe, suggested that
21 inches to the center is probably a better minimal value.

We found that 6 by 8 pressure-treated wood posts gave a very
satisfactory performance. We found that the guardrail ends present
a dangerous obstacle and we developed means to control that.

The second and more comprehensive report was made at the 40th
annual meeting of the Highway Research Board in January 1961.
This is entitled “Guardrail Installations—Appraisal by Proving
Ground Car Impact and Laboratory Tests.”

It was written by W. G. Cichowski, P. C. Skeels, and W. R. Haw-
kins. This shows the results of more than 60 tests at speeds from 30
to nearly 70 miles per hour and at angles of impact ranging from zero
to 33 degrees. We had some additional conclusions, in addition to those
that were presented before, that 1,000 pounds per inch spring brackets
with 4-inch travel could be used as a mounting bracket to space the rail
out from the pecst and reduce impact intensity at lower speeds.

We found, very importantly, that reinforcing washers are required
on the beam mounting bolts to prevent the bolt head from pulling
through; and that reinforcing sections are required under the beam-
center mounting to the post. The ends must be ramped to avoid the
end obstacle and they must be anchored. :

Now, we found that the reduction in the spacing of the posts from
the standard 1214 feet to 614 feet approximately doubled the beaming
strength and that the use of the reinforcing washer increased the
strength of the attachment to the post by three times.

_Sc we have made results of this test available to many of the State
highway departments in the 43 conferences we have attended, which
I reported just a few minutes ago.

Now, we have a motion picture which summarizes this and I would
like to show that now.
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Mr. Constanpy. Mr. Chairman, I would like to ask that the seript
from the movie entitled “Guardrail Crash Tests—for Safety,” dated
July 1964, be made exhibit No. 14, and printed in the record at this
point.

Mr. McCarruy. Without objection, so ordered.

(Script of film, “Guardrail Crash Tests—for Safety,” follows as
exhibit 14:

NaRrraTOR: “Guardrails . . . and bridgerails used throughout the country vary
widely in appearance and design, and yet each has the same basic function—
to demark areas of roadside hazards, and to deflect an out-of-control vehicle away
from those areas, with minimum damage and the least possible injury to the
occupants.

“But how safe are guardrails? Will they re-direct a straying vehicle or col-
lapse under the impact? Are common design criteria needed for all installations,
or are variations needed for different highway conditions?

“To answer these and a wealth of other questions, the General Motors Proving
Ground has conducted an extensive program. In the interest of highway safety,
this film presents ‘Guardrail Crash Tests—For Safcty!

“The investigation of guardrail and bridgerail designs at the General Motors
Proving Ground was initiated in 1958 for several reasons. First, several guard-
rail failures had been experienced during the preceding months, and it was
mandatory that the causes for these failures be determined and corrected for
driver safety. Second, the Proving Ground was being enlarged and existing roads
improved. This construction and renovation would require miles of new guard--
rail, built to the safest possible specifications. And third, the ‘W’ section, beam-
type rail had recently been introduced and was being suggested for national use.
While laboratory tests had been made, no actual impact performance data were
available regarding this new material.

“The guardrail situation was reviewed in detail, and proving ground manage-
ment endorsed a study of current guardrail installations, with fullsscale crash
tests on those designs that appeared to provide the greatest safety potential.
The results of this program would dictate the improvements to be made on the
proving ground, and would provide valuable information to state and national
highway planners. -

“The following criteria were established for evaluating the various guard-
rail and bridgerail designs:

“(1) The rail must prevent the vehicle from leaving the roadway and going
into a roadside hazard.

“(2) It must be flexible enough or of such design that it will defiect a vehicle
at a rate of deceleration tolerable by its occupants.

“(8) It should deflect the vehicle parallel to the rail-—not back onto the road-
way so as to become a hazard to other traffic.

“(4) Finally, the guardrail should inflict a minimum amount of damage to
the vehicle.

“It was further agreed that initial crash tests would be made at 35 mph at
angles up to 20 degrees as this severity would reveal the better designs to be
tested at higher speeds.

“With the parameters of the test program established, the work of gathering,
evaluating, and testing began.

“Following physical tests four types of guardrail were selected for full-scale
impacts and these would be tested with different mountings, on different post
materials, spaced at various intervals.

“One of the earliest tests was made in June of 1958, on a section of convex
ribbon guardrail, mounted to 6 by 8 inch wood posts spaced at 10-foot intervals.
The ear speed was 35 mph, and the impact angle was 18 decrees.

“A subsequent 35 mile-per-hour, 20-degree test with the same rail mounted
on posts spaced at 5 feet produced almost the same results. The installation
failed to turn the car properly, and both the rail and the car were damaged
considerably. This and other tests indicated that the convex ribbon had insuffi-
cient beam strength even with five-foot post spacing.

“The ‘W’ section steel beam rail proved more satisfactory. Even with 1215-foot
post intervals, the beam ribbon deflected this 37-mile-per-hour, 20-degree impact
with only moderate lateral deceleration and some defiection back onto the
pavement.
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“The car was only slightly damaged, and deceleration records indi.calted that
its occupanis would have experienced nothing worse than minor injuries and,
while sprung slightly, the rail and wood posts would be repaired inexpensively.

“Similar successful tests from the standpoint of passenger safety were run
with the “W” section beam ribbon mounted on steel and reinforced concrete
posts. These tests were also made at 35 miles per hour and 20 degrees.

“Ribbon mounted on steel ‘I’ beam posts remained intaet, with only slight
deformation and post damage and the reinforced concrete post installation
fared almost as well, with the major post and ribbon damage occurring at the
point of impact. . -

“The next installation tested was a standard four steel cable design mounted
on steel ‘I’ beams spaced at 12%4-foot intervals. This test is a 20-degree impact
at 41 miles per hour.

“Thle passenger hazard on any guardrail impact is well illustrated by this
slow-motion sequence. Observe the reactions of the unrestrained dummies during
impact. The cable installations tend to snare the car, but in so doing, create ex-
tensive vehicle damage. )

“The next test of 4-cable guardrail was from 60 mph and 20-degree angle.
Two of the four cables failed completely, allowing excessive penetration by the
test vehicle. Because of the initial success with the ‘W’-beam rail, tests were
made at higher speeds to evaluate post materials and spacing.

“These are 40-mile-per-hour, 20-degree impacts into ‘W’-section, beam rail,
mounted directly to reinforced concrete posts, spaced at 1214 feet. Under these
conditions, the reinforced concrete posts failed almost completely, and the
damage inflicted on the vehicles is mute testimony of the deceleration and pas-
senger danger that results because of post characteristics. Further tests at
higher speeds were run with other types of reinforced concrete posts, but none
provided the strength and shock resistance needed.

“This is a test of steel ‘I’ beam posts at 12%%-foot intervals. While the impact
is from 30 degrees, at 45 miles per hour, this and other tests produced similar
results, moderately severe pocketing, with substantial vehicle damage and
presumed passenger. danger, despite the fact that deceleration effects were re-
duced by the vehicle climbing onto the rail. . .

“Tests with 6 by 8 inch wood posts continued to produce good results. The
addition of spring brackets between post and rail improved over-all perform-
ance. Ribbon and post damage was minor, and vehicle damage was slight, con-
sidering the 19-degree impact angle, and 45 mph speed. Further tests would now
be made at higher speeds. :

“This test proved that post material alone was not the answer at higher
speeds.

“At 65 miles per hour and 20 degrees, wood posts spaced at 1214 feet deflected
the cars, but produced severe pocketing and high decelerations. The resulting
damage was clear evidence that greater structural strength was needed to de-
flect a car safely at turnpike speeds. By reducing the post interval to 61 feet,
pocketing is virtually eliminated and deceleration is reduced to a reasonable
level, even at impact speeds of 65 miles per hour and 20 degree impact angle.

“Notice the minor damage to the guardrail and moderate vehicle damage sus-
tained from the high speed impact. This test is proof that the installation can
deflect almost any vehicle at highway speed.

“The full impact of this 50-mile-per hour, 20-degree test is better illustrated
by this black-and-white high speed sequence. Considering the angle, velocity and
16,000 - pound weight of the vehicle, damage to the guardrail and truck are
slight. This test is vivid testimony that W-beam rail and 614-foot post intervals
will safely deflect almost any vehicle.

“Even with concrete posts, this installation satisfactorily restrained and de-
flected this heavy bus from 15 degrees and 40 miles per hour. With the problem
of glancing impacts resolved, other tests were conducted to explore the problem
of end impacts. :

“The extreme danger of the common end treatment is vividly illustrated by
these results. Actually, this 30-mile-per-hour test was mild when compared to
some of the serious accidents that have resulted on the public highways. To elimi-
nate these hazards and to improve the uniformity and strength of the structure,
a variety of sloped end treatments were tried. While these tests verified that it
was considerably safer to impact a modified end treatment due to the lower
deceleration and lessened damage, GM engineers determined that the safest
treatment was to anchor the guardrail in this manner so as to absolutely prevent
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any possibility of end impact. The concrete anchor also provides full strength in
the end section. Tests have proved this to be the least hazardous, although in any
ramped-end impact, there is always the possibility of vaulting.

“This 60-mile-per-hour test was made on the proving ground’s oval test track
to provide baseline information on the existing guardrail. Failure was principally
in the flat steel brackets used to mount the rail over the track.

“The violent nature of this test re-emphasized the absolute need to upgrade
rail and post designs to meet present day conditions. Later, a complete section
of the track was equipped with W-beam rail, spring-mounted on specially devel-
oped brackets spaced at 6-foot intervals. This test and others with heavy cars
illustrate the success of the new installation under a 60-mile-per-hour impact.
Both the guardrail and the car were virtually undamaged by this 16-degree
impact.

“Another high speed guardrail tested was this combination chain-link cable
design developed and used in California as a median barrier on high volume
freeways. The 36-inch fencing and double steel cable are supported by ‘H’ section
steel posts spaced at 8-foot intervals. Turnbuckles are used at frequent intervals
to maintain cable tension.

“his lightweight barrier is purposely designed to ensnare any impacting ve-
hicle, to prevent its deflection back into a high density traffic stream. The
installation was tested at 65 miles per hour and 71, degrees.

“The severity of the deceleration, measured at a peak of 34 G’s, is indicated by
the extreme damage to the vehicle, and the 4-foot square concrete anchor that
was jerked from the ground. However, reviewing the slow-motion footage and
instrument recordings of this test, it was noted that the deceleration was very
moderate to this point (indicating). Here, the car was snagged by a cable-turn-
buckle, and the deceleration increased tremendously. Later designs eliminate the
turnbuckle between anchor points.

“This 65-mile-per-hour, 17-degree impact shows how the installation responds
with the relocated turnbuckles. Again, the dummies are unbelted. As shown from
this car-mounted camera, deceleration during impact is moderate. But because
of the possibility of extensive damage to prototype vehicles—this design was not
adopted by the proving ground ; however, the installation would appear to have
application on high volume highways as the maximum deceleration recorded
was 5 G's and the mean was a low 1.6 G’s.

“Attention shifted to the subject of bridgerails in 1962 as construction began
on two new overpasses. ‘Since no commercially available bridgerails embodied the
safety and strength deemed essential, proving ground engineers designed and
‘built this bridgerail to prevent any possibility of vehicle penetration. The base is
reinforced concrete, angled to present a sloping surface. The toprail is heavy-
gauge galvanized steel pipe, mounted on cast steel brackets.

“During low speed, low angle impacts, the sloped surface deflects most pas-
senger cars with no sheet metal contact or driver injury, but the success of the
design is best illustrated by this 50-mile-per-hour, 12-degree impact. The wheel
rides up the sloped surface banking the car as it is turned back along the road-
way. Sheet metal contact is minor and deceleration values are moderate.

“The bridgerail also proved capable of deflecting a 16,000-pound truck at 50
miles per hour and 20 degrees. The impact is best observed in slow motion . . .
note how the contact between the front fender and the steel rail helps deflect
the truck with its higher center of gravity.

“Summarizing the results of the more than 60 guardrail crash tests already
conducted, the following points became apparent:

“While no one guardrail design fully meets all objectives, 12-gauge W-beam
rail spring-mounted on 6’’x8’’ wood posts proved the best of those tested.

“The ribbon should be mounted a minimum of 5 inches away from the post to
prevent snagging, and ideally on a spring bracket to cushion low angle or mod-
erate speed impacts. Heavy washers should also be added to prevent bolt pull-
through on impact.

“Because uniform strength is required to deflect a vehicle safely, the ends
of the ribbons should be sloped and anchored in concrete. This need is especially
critical on short installations. The anchored end treatment prevents pocketing
and dangerous end-impacts.

“On roads where speeds are kept below 50 mph, post intervals of 121, feet
appear adequate.

“On freeways and other roads where speeds above 50 mph are permissible, the
interval should be reduced to 614 feet. At the added posts, short sections of ribbon
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should be used to provide the same double thickness strength that results where

the ribbon is overlapped. . . L
“A test conducted on a duplication of this typical signpost barrier 1llustrate$

these needs beyond question.
“The boxes in this test set-up simulate the concrete sign bases. As on the free-

way, the test speed is 65 mph and the impact angle is 25 degrees. These results
are graphic proof that many of our present sign barriers are inadequate for pres-

ent conditions. .
“Bridgerails of this or similar design should be considered wherever possible

in new construction, as their smooth surface prevents snagging, and their strength
with the steel upper rail will safely deflect even large trucks.

“And finally, the approach sections of W-beam guardrail should be firmly
attached to a flaired abutment at the end of the bridgerail. This provides a con-
tinuity of support and prevents the possibility of impacting the bridge-end.

“Highway safety tests are a continuing program at the General Motors Proving
Ground, and their results to date prove that substantial improvements in guard-
rail safety can be made on existing and future installations using currently
available materials and knowledge. : .

“Details of the Proving Ground tests and guardrail installations are available.
For published materials, write to the Director of the General Motors Proving
Ground, Milford, Michigan.” :

Mr. Constanpy. Some of the things which you have shown here
were commented on during the slide presentation last week. There
was some discussion relative to the merits, or the necessity, of block-
ing out the guardrail from the post. I have noticed here you used a
spring mount. I wonder whether you had any thoughts relative to
it versus a wooden blockout section or steel blockout section.

Mr. Lunpstrom. We have put our emphasis on the spring bracket,
actually, We drive these tests now, we find that the shallow angle
impacts are very easy on the occupants of the car, very little sheet
metal damage. So we believe this additional cushioning is the proper
benefit to be obtained from the spring bracket that you cannot get
from the simple wood blockout. So we prefer it. It probably costs a
little bit more. ’

Mr. McCarray. Mr. Lundstrom, do you know of any States that
have adopted the results of your research? :

Mr. Lunpstrom. Yes; we have obviously worked most closely with
our own Michigan Highway Department. In the past few years they
have been running their own experiments based on the suggestions
we have given them. They have been to our proving ground several
times to see for themselves what can be done and I know that they
have done very good experiments on roadside slopes. They have been
experimenting with improved guardrail, with burying the ends of
the guardrail now and most recently we have conducted a series of
experiments in cooperation with them on lampposts.

Now, the turnpike authorities have visited us. The median guard-
rail installed on the Pennsylvania Turnpike utilizes some of the find-
ings that we have developed at the proving ground. We have had
this bridge parapet installed in sample section on one of the Detroit
freeways. We have had other States. Ohio has perhaps been another
leader in the utilization of the clean roadsides and extended guard-
rail programs. And please believe me, we are not the only ones who
have done research. California has done a very considerable amount
of resetarch in guardrail and in roadsides and they have applied
many of these suggestions. '

So while it has seemed to us to be slow in developing, we are very
much encouraged by the approach of the States, in more recent years,
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to picking up various elements of these programs, finding out for
themselves how to incorporate these features into their own design
requirements.

Mr. McCartaY. Why would you say they were slow in recognizing
the value of what you are doing ¢

Mr. LonpstroM. I am not able to answer your question in any
amount of detail. I would simply throw out one comment, that has
come to me repeatedly. The State designer and men in charge must
decide how to spend the dollars that are available to them. And in
many cases, they have chosen to build more miles of roads to a mere
minimum standard rather than building a lesser mileage of roads
at some higher standard that is going to be somewhat more expensive.

Now, I am not here to criticize them in their judgment, but this
is one of the items that has come to my attention and it is debatable
but a real issue. I am sorry that I can’t go beyond that point.

Mr. ConsTanpy. Would you agree many of the features about which
one could be critical in desigin and construction of our new high-
ways, wouldn’t cost any more money? You showed a picture of the
transition of the guardrail to the bridge rail section, and I have to
say that it is the only time I have seen one which would appear to
be appropriate. We had pictures of the installations in nine States last
week and in all of them there were guardrails which were installed
up to the bridge parapet, and then ended with no overlap at all.

There were attempts in two places, Utah and Oklahoma, to carry
the guardrail on to the bridge parapet and I take it from what was
said, that the conclusion was reached by the panel that it was in-
adequate. However, none of them were doing what would be sug-
gested by your testimony and your film.

There are other features similar to that where the cost would be
no more, or at times be only slightly more. I make reference to the
washer. The price that has been quoted to us for washers installed
on a section of guardrail is 12 to 25 cents, varying in different loca-
tions, and I think that in a mile of guardrail the cost would be mini-
mal when we consider the cost of guardrail itself.

I mention the washer, not because it is the most significant ele-
ment in the design of the guardrail, but simply because it is one of
the cheapest elements, and 1t is one that can be corrected and installed
gery late during the construction had it been omitted earlier in the

esign.
r. LuNpstroM. Correct.

Mr. McCartry. Too, Mr. Lundstrom, the States have an incentive
to adopt the results of your research and those of other institutions,
since they get 90 percent of the cost of the construction of these facil-
ities, but they have to pay 100 percent of the cost of the maintenance.
And your research certainly shows that by building it with the guard-
rail properly installed, setting the signs back, and so forth, the main-
tenance costs are sharply reduced.

So that from their point of view, I think it is clear that they are
better off to build the better facility from the beginning, and they are
going to cut their maintenance costs, of which they pay 100 percent.

Mr. Lunpstron. I believe their own studies and experience with these
suggestions will bring out the point that you speak of. I believe it is a
real good suggestion that they will come to that conclusion correctly.
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Mr. Stonex. May I offer a comment. The problems between the con-
nection of the guardrail and the bridge structure sometimes occur be-
cause the responsibility for design lies in two different groups. The
bridge engineer is responsible for the bridge and the bridge rail and
some other design group is responsible for the guardrail and they don’t
communicate as well as they might. .

Mr. Consranpy. I think it is very true. We had a picture last week
of a bridge under construction. The guardrail was already installed
up to the point where the parapet would exist after it is built, but the
bridge has not yet been finished. The design of the bridge seems to be
an area in which no one else but a bridge engineer can offer construc-
tive criticism about the operation of the vehicle upon it, or approach-
Ing 1t.

These things are changing. I think that we would be quick to agree
to that. It is a question of time and how long we can tolerate the death
toll in this country at the rate it is. It reminds me of the Aunt Jemima
commercial—“What took you so long #”” These things have been known
for some years and many major improvements could be brought about
at either no cost or slight additional cost, sometimes even at a sub-
stantial saving. As example, the installation of sign bridges when
the sign can frequently be placed on a structure for little money. It
isn’t always a matter of cost. That is one of the first things people
bring up when you talk in terms of improved safety design.

You have another film, do you not ?

Mr. Lo~pstroM. I think I would like to just add this conclusion to
your remarks, sir, if I could. It is cost benefit that we are looking at
actually, and there are times when the designer must take into account
the expected performance to be obtained from some change of design.

For example, it is possible to eliminate piers on overpasses, at some
additional cost. And statistics do show you how often these piers are
likely to be contacted on any particular roadway. So you should be
able to figure out in advance whether or not it is feasible to remove
or to change the design to eliminate the piers.

In the bridges that we talked about in this film, we did have to
make a decision like this. For $20,000 we could put more money into
the bridge span and eliminate a center pier. We decided that this cost
was nominal and would be less than one accident in the next hundred
years, perhaps, from striking that bridge pier. So we elected then to
put the additional money into the span and eliminate the pier and
possibility of accidents forall times.

So it isa decision of cost benefits which must be made.

We have one final film. Mr. Stonex will comment on this and it does
give a little more up-to-date information on lamp posts. Are you
ready ? ,

Mr. Stonex. I am ready.

Mr. ConsTanpy. We Izad testimony last week to the effect that in
some instances in the construction of a bridge, eliminating the shoulder
plers, if begun early enough in design, added nothing to the cost.

Mr. Lu~pstroM. That is possible also ; yes, sir.

Mr. Consranpy. We also had the problem portrayed last week in-
volving twin structures with the narrow median. We saw examples
of twin bridges, where the space between them was about 6 to 10 feet
and there again, at no additional cost, perhaps a saving, hazards
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could have been eliminated by paving the spaces between the struc-
ture.

Mr. Stonex. [Narrating film:] At General Motors, we think that
our circular track is one of the safest high speed roads in the world.
One of the problems involved was the illumination of the track en-
trance and the exit. The commercially available lamp poles were rigid
and would have been hazardous. These scenes of impacted lamp poles
were obtained on a day’s drive through the city of Detroit. The city
officials indicate that there are about 300 of these poles knocked down
during a year’s time, or about one a day. Here is a scene that you have
seen before.

Here is the tripod-type lamp pole which is not practical particular-
ly ; however, it was very effective, damage to the car very slight.

This will be a test of a standard steel lamp pole of standard installa-
tion. You get some impression of the severity of the impact and the
damage to the vehicle which is caused by this pole.

Through our mutual interest in highway safety, Texas A. & M.
University disclosed to us a design of a breakaway slip base for sign
%osts that they were testing in conjunction with the Texas Highway

epartment and the Bureau of Public Roads. Taking the lead from
them, they had a bidirectional slip base and we arrived at this one
which is omnidirectional. The top of the mounting plate is attached
to the base of the pole. This is attached to the ground anchor by four
bolts and spacers.

And this will be a test of the pole of the omnidirectional break-

away.
Tﬁis is an aluminum %ole. The State of Michigan requested that we
evaluate steel posts with the omnidirectional breakaway because of
some difference in the initial cost. This is a steel pole with the rigid
base, the standard installation at the moment throughout much of
the country. They figure in serious and costly accidents, as you can see.

Here is an installation with the breakaway base, slip base. The
damage to the pole and to the automobile are minimal.

I might say that this standard is approved by the Michigan State
Highway Department presently.

(%n our test track, we elected to keep the poles 30 feet from the
edge of the pavement, so that we get the double safety of remoteness
from the edge of the pavement and the slipaway bases.

Mr. ConsTanpy. We have approximately 5 more minutes. I think
you have one more film, do you not ?

Mr. LuxnpstroM. No; we would like to not show the other film of
the bridge parapet. I would like to call your attention to the rigid
parapet though, that was shown in the guardrail film.

There are many features that are not obvious to you on initial view-
ing. First of all, vehicles that strike this new bridge parapet, vehi-
cles that strike at rather flat angles, are redirected by tire contact and
there is no sheet metal damage at all. For sharper angles of impact
or for higher speeds, the tire climbs the bridge rail and the car banks
into a turn. It is this fine turn and bank that gives this quadrail
advantages over other structures. This performs so well that we now
are driving these tests, rather than running the cars by remote control.

If your committee is able to come to Detroit at any time, you can
personally ride in cars being driven into these bridge rails about 40
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miles an hour with 10 degrees and you will have no difficulty surviv-
ing this experience. All you will be required to use is a seat belt. I
believe you have experienced this, sir. . .

Mr. Constanpy. That is a good word; yes, I have experienced this.
It was an exhilarating experience and very satisfying. ]

Incidentally, I believe we went at 45 miles an hour at the time.

Mr. LuxpstroM. Yes. The only thing T would like to say in closing
our part of your investigation, 1s that we have had an unusual capa-
bility of being able to test new designs in dynamic experiments and
we fully appreciate this advantage that we have had. The highway
departments have not had this kind of an opportunity. There has
been nothing set up for them to run this kind of experiment. Be-
cause of our unique ability to do this kind of work, I would urge that
they be supported in their need for facilities to run dynamic tests, to
determine what actually happens on the highway at highway speeds
with commercially avaif,able cars, trucks, buses, and so forth. It is only
through this kind of experimentation that you can have safe high-
ways and safe highway structures developed. . )

We have appreciated very much the opportunity of being with
you this morning. If you are able to come to Detroit and look at our
facilities firsthand, we would be most pleased to have you. Thank

ou.
Y Mr. McCartuy. Before you finish, Mr. Lundstrom, have you made
any computations on the number of the 13,000 deaths in off-the-road-
side accidents that could be reduced by the utilization of the im-
provements that you have shown us here today ?

Mr. LunpstroM. I am not one to try to predict with too little in-
formation; the number of cases seems very important to us and it
would seem very important gains could be made. I am not able to
predict percentagewise what this would do on a public highway. It
would be very significant but I would not like to put it in any per-
centage points.

Mr. McCarrry. I believe you did say that 80 percent of the acci-
dents could be eliminated by the 30-foot removal of fixed objects off
the traffic way.

Mr. Lu~npstroM. This appears to be correct, that the experience we
have had on the proving ground would indicate that 75 to 80 percent
of the accidents would %e eliminated by clearing 30 feet of roadway.

Mr. Stonex. I think we could probably express that as a potential
for saving lives. And in this sense, we could save all 13,000 if every-
body did a 100 percent job on every mile of roadside in the country.
Then there would be some accidental accidents, which we would miss
a little, but I mean there is a potential of this number.

Mr. Consranpy. I think it is agreed it would be an appreciable
reduction if some of the basic principles which you have shown today
were incorporated into our highways.

I want to thank you, Mr. Lundstrom and Mr. Stonex. You have
been very helpful and cooperative. We appreciate that.

Mr. McCarrry. Thank you very much, gentlemen. I think it should
be pointed out that General Motors has been getting somewhat un-
favorable publicity lately. However, they have been devoting many
years to this effort to save lives and I hope that this will get exposure,
too. I doubt if it will because—and I speak as a former newspaper

87-757 0—68——66
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reporter—the unfavorable gets a wider circulation. But I think that
General Motors has made a great contribution to the country by hav-
ing this facility and making the results available.
he committee will adjourn now until 10 a.m. tomorrow.
(Whereupon, at 12:40 p.m., the committee was recessed, to recon-
vene Wednesday morning, June 28,1967, at 10 a.m.)
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HoUSE OF REPRESENTATIVES,
SPECIAL SUBCOMMITTEE ON THE
FepERAL-A1D HiGHEWAY PROGRAM OF THE
ComumrrTEE ON PuBLIC WORKS,
Washington, D.C.

The subcommittee met, pursuant to adjournment, at 10:08 a.m., in
room 2167, Rayburn Building, Hon. John A. Blatnik (chairman)
presiding.

Present : Messrs. Blatnik, Wright, Everett, McCarthy, Cleveland,
MecDonald, and Duncan.

Staff present: Same as previous days.

Mr. Brarnik. The Special Subcommittee on the Federal-Aid High-
way Program of the Committee on Public Works will please come
to order.

Today we will continue to hear testimony from witnesses who are
knowledgeable in the field of highway engineering research and
development.

Our first witnesses will be a group of gentlemen who are affiliated
with Texas A. & M. University College of Engineering and the Texas
Transportation Institute, of College Station, Tex. They and the out-
standing work they have been doing in the work of highway related
engineering research will be further identified by counsel. )

Our panel for this morning are Dr. Fred J. Benson, dean of the
College of Engineering and director of Texas Engineering Experiment
Station, Texas A. & M. University; Dr. Charles J. Keese, executive
officer, Texas Transportation Institute, Texas A. & M. University;
Dr. Neilon Rowan, project supervisor, Texas Transportation Institute,
College Station, Tex.; and Dr. T. J. Hirsch, head of the Structural
Research Department, Texas Transportation Institute.

We want to welcome you gentlemen on behalf of the committee and
express our true appreciation for the cooperation and special assistance
you have given our staff in what we consider will turn out to be most
helpful and significant hearings to further advance the cause of pro-
tecting the motorists on the highway system.

Gentlemen, as is customary, we administer the oath to all witnesses.
I would like to ask you four to stand and raise your right hands. Do
you solemnly swear the testimony you will give before the subcommit-
tee will be the truth, the whole truth, and nothing but the truth, so
help you God.

Messrs. BeExsoN, Keese, Hirscr, and Rowaw. I do.

(1039)
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Mr. BraTNik. Gentlemen, please be seated. All right, Mr. May.

Mr. W. May. Mr. Chairman, the staff of the institute prepared a
detailed report concerning research objectives and accomplishments
of the institute. I ask that that be marked “Exhibit 15.”

Mr. Brarnix. Without objection, so ordered.

(Exhibit 15 is retained in subcommittee files.) .

Mr. W. May. Dean Benson, perhaps for the benefit of the commit-
tee, you can begin by describing the institute and its objectives.

TESTIMONY OF DR. FRED J. BENSON, DEAN, COLLEGE OF ENGINEER-
ING, DIRECTOR, TEXAS ENGINEERING EXPERIMENT STATION,
TEXAS A. & M. UNIVERSITY; DR. CHARLES J. KEESE, EXECUTIVE
OFFICER, TEXAS TRANSPORTATION INSTITUTE, TEXAS A, & M.
UNIVERSITY; DR. NEILON J. ROWAN, PROJECT SUPERVISOR,
TEXAS TRANSPORTATION INSTITUTE; AND DR. T. J. HIRSCH,
HEAD, STRUCTURAL RESEARCH DEPARTMENT, TEXAS TRANS-
PORTATION INSTITUTE, COLLEGE STATION, TEX.

Dr. Benson. Thank you.

Mr. Chairman and Congressmen of the subcommittee, it is a very
distinct pleasure for us to be here today, to appear before the Special
Subcommittee on the Federal-Aid Highway Program. :

Since the mid-1910’s, Texas A. & M. University has been active in
the training of highway engineers and in research dedicated to a
better system of highways for our State and Nation.

Following World War II, Mr. Gibb Gilchrist, chancellor of the
Texas A. & M. University ; Mr. Thomas H. McDonald, chief and later
commissioner of the Bureau of Public Roads; and Mr. D. C. Greer,
State highway engineer of Texas, conceived and brought into being
the Texas Transportation Institute dedicated to research important
to all forms of transportation. In 1953, Chief McDonald came to Texas
A. &M. to head the program and bring the institute to fruition.

A major portion of the Transportation Institute program has been
the cooperative program with the Texas Highway Department and in
more recent years including also the U.S. Bureau of Public Roads.
This portion of our program has been dedicated to the solution of long-
range problems involving the transportation system on the highways.

In the period 1948-52, Prof. C. J. Keese and I started a modest effort
in safety research, beginning first with the idea that major achieve-
ments could be had through improvement in driver attitude and driver
skills. We found this to be rather discouraging, probably because
neither of us was well-qualified for work in this area. In 1956-57, under
my direction, Mr. Robert Schleider, a graduate student, made a study of
the accidents on Texas Highway No. 6 between College Station, Tex.,
and Navasota, Tex., a distance of 22 miles. This study indicated that
most of the fatal accidents and serious injury accidents involved cars
leaving the highway and striking trees or culvert headwalls in the
right-of-way and at some distance from the shoulder line. Actually,
we were astonished at the number of accidents which involved striking
off-the-road obstacles.
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This particular section of the highway, was built in the mid-1930’s
and incorporated many of the features advocated by the General
Motors engineering staff.

Mr. BrarNik. Mr. Cleveland.

Mr. CreveLanp. I just want to ask, did you have any breakdown as
to how many accidents were caused by trees and how many other ob-
stacles off the highway?

Dr. Benson. Mr. Congressman, it is in the report. I do not have it
with me. We could send it to you.

Mr. Creveranp. Thank you. '

Dr. Benson. This particular section of highway was built in the
1930’s, and incorporated many of the features advocated by the General
Motors engineering staff at the hearing of yesterday, June 27. The
roadway had high shoulders, flat ditch slopes, and wide flat ditch.
Drivers leaving the roadway had an excellent opportunity to regain
control of the vehicle when an obstruction was not encountered. Texas
has been using the flat slopes and wide rounded ditches advocated by
the General Motors staff for some 30 years.

Mr. Gilchrist inaugurated these practices during his term as State
highway engineer prior to 1937. Many of the trees involved in the
accidents were more—and I repeat, “more”—than 30 feet from the
pavement edge.

A later study, which was supported by the Automotive Safety Foun-
dation, and covering the years 1954-58, was made of approximately
10,000 accidents on 54 miles of freeway in the cities of Dallas, Houston,
Fort Worth, San Antonio, and Austin. Prof. C. J. Keese and B. F. K.
Mullins were the investigators. This study also showed that collisions
with fixed objects along the roadway, particularly at night, were re-
sponsible for many of the fatalities and serious injuries. Whereas only
12 percent of the accidents studied were of this type, they caused 38
percent of the injuries and 65 percent of the fatalities. This study was
completed in 1960.

It seemed evident to us that studies were needed of ways and means
of avoiding such accidents or of reducing their severity. The general
principle was obvious—the edges of the roadway should be kept as free
as possible of fixed objects. Because of the severity of the accidents
involving vehicles striking heavy sign supports, the 1dea was advanced
that such supports could be built to fail under vehicle impact. The
first formal proposal was developed in 1960 but lacked external sup-
port, so the work was carried on until 1963, with limited funds pro-
vided by the university and the institute. ‘ :

In 1963, the program became a part of our cooperative research
effort with the Texas Highway Department. The first field installa-
tion of “breakaway” signs was made beginning in September 1965 in
Orange, Jefferson, and Chambers Counties of the Beaumont district.
The first sign was struck on November 4, 1965, without injury to the
driver and with only minor damage to the vehicle.

After 1963, the program was extended to include breakaway design
for lighting standards and this problem we think has been success-
fully solved. Currently we are working on procedures for providing
impact attenuation devices of fixed objects for which the breakaway
principle cannot be used.
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Al of this work that T have discussed has been carried on under the
direction of C. J. Keese with Dr. T. J. Hirsch, Dr. R. M. Olson, and
Dr. N. J. Rowan as the principal investigators. Professors Keese,
Hirsch, and Rowan will discuss these programs in detail when I
conclude.

One matter which we would like to bring to the attention of the com-
mittee with regard to highway research in general is the tendency de-
veloping over the past 2 years to ask research organizations to perform
large dollar research programs in short-time intervals. We seriously
doubt the wisdom of this approach since it has been our experience
crash programs are wasteful in time and money and often unreward-
ing in useful results. Most effective research rests on “trial and error”
procedures and it is difficult to speed such processes up.

We have one of the larger research organizations in universities in
this country and, frankly, several of the projects which we have been
asked to quote on recently we do not have the staff to do.

It is now my pleasure to turn the microphone over to Prof. C. J.
Keese, who with his colleagues, will provide a more detailed report
of our highway safety research in the areas of breakaway signs, break-
away lighting standards, new concepts for highway lighting, and im-
pact attenuation systems. But before I do, I would like to state in
summary that it is our opinion that the two principles involved in re-
ducing the number and severity of accidents involving collision with
roadside obstructions are these:

First, limitation of the number of fixed objects in the right-of-way
to the minimum. I think this should be from right-of-way line to
right-of-way line;

Second, provide protection for the driver of the vehicle at those
fixed objects that are necessary.

Thank you, Mr. Chairman. C

Mr. Brarni. Thank you, Dean Benson. Professor Keese, would
you proceed ?

Dr. Keese. Mr. Chairman, since about 1956, the Texas Transporta-
tion Institute has conducted and reported or now has underway some
29 major studies in the field of traffic and highway safety. These have
been in the general areas of traffic accidents, including the breakaway
sign and attenuation studies, illumination or highway lighting includ-
ing the breakaway light poles, channelization and delineation, signing,
speeds, freeway design O}Jeration and safety, eﬁgneml highway design
operation and safety including city street medians.

A partial list of these studies furnished to the staff of the subcom-
mittee will be available to you. .

Gentlemen, probably because of the results of our cooperative re-
search program with the Texas Highway Department, the institute
has a long-established philosophy that research has little or no inven-
tory value, that it should be put to work as rapidly as possible if we
are going to catch up with the demands of transportation today. _

We have a philosophy throughout most of our research programs
which is based on developing a theory, evaluating that theory through
experimentation, and further evaluating it through practical applica-
tion. ‘

This brings together on each project an advisory committee com-
posed of highly qualified engineers and others from the sponsoring
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agencies, from the research staff, and appropriate disciplines wherever
we can find this advice.

The institute research team usually works as an interdisciplinary
group. This interdisciplinary research has during the years provided
successful solutions to many transportation problems.

Our philosthy with regard to safety is that safety is a byproduct
of efficiency ; that angthing we can do to increase the efficiency of any
element of the road-driver-vehicle system will result in safer highway
transportation.

Now, this philosophy is based in part upon the philosophy of Chief
McDonald, and if I might paraphrase his quotation back in 1948, he
felt that we had reached the point in our knowledge of the way people
use the highways to be able to coordinate highway design and traffic
operation. He said that the degree to which this philosophy is accepted
aillpdhapplied would determine the safety and efficiency of our future

ighways.
or many years in freeway design and operstion and parallel studies
in freeway accidents we have substantiated this philosophy that de-
sign and operational improvements that create more ei%cient traffic
operation result in a reduction of freeway traffic operation, or traffic
accidents.

Now, for several years, as Dean Benson mentioned, we have been
conducting or had conducted traffic accident studies in the conven-
tional manner. These post mortem studies were disappointing and
discouraging.

Our present philosophy, present approach, is to use accident fre-
quency as a symptom of inefficiency and then to apply the diagnostic
approach to improve the efficiency and thus improve the safety.

As Dean Benson mentioned, we learned quite early that roadside
hazards were a problem. And as more and more miles of freeways were
completed, and more signs installed, it was recognized that the large
signs that required these massive supports would constitute a hazard
to vehicles leaving the roadway. The personnel of the Texas Highway
Department and the Texas Transportation Institute became con-
cerned with this problem and began developing a research study aimed
at minimizing tl?ese hazards. But accident experience was more ser-
ious than anticipated and we found a need for more immediate solu-
tions and that this was a matter of urgency.

So we changed our normal research approach and developed the
approach of finding through experimentation an acceptable answer,
then applying these solutions experimentally along the roadways, and
finally going back and doing a more extensive study to find the best
answer to the problem. .

I might just add, before turning it over here to Dr. Hirsch, the
importance of bringing together the research staff and the operating
engineers. This has the advantage of stimulating a broad view of the
problem which exposes the impractical divisions of responsibility and
brings back about a closer understanding, a mutual understanding
and respect for each other. And this I think more than any other
thing has caused the implementation of this research as rapidly as it
has.

I would like to turn this over to Dr. Hirsch now to describe to you
our work in the breakaway sign research project.
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Dr. Hirscr. Thank you, Mr. Keese. I will speak principally on the
breakaway sign and the research that we have done in this area. To
start first, we need a little feel of why this problem of rigid sign
supports only came to our attention in recent years. We started our
first research in this area in September 1963. I think to give you a
little background on our modern freeway and Interstate Highway
Systems, they are multilane and the speed limit has been increased up
to about 70 miles an hour, and that a vehicle operator traveling on
these modern facilities at legal speeds now must make more decisions
as to changing lanes, what entrance ramp to select, what exit ramp,
and so forth. Consequently, the number of these roadside signs has
increased.

Also, with the higher speeds, 60 and 70 miles an hour, the size of
the signs required has increased in recent years—they are up to very
large size, on the order of 8 feet by 16 feef—the messages are larger;
larger letters are used so the operator can see it farther down the road
and have sufficient response time so that he can make a decision as to
what to do.

Consequently, due to this increased size of the sign background these
signs are designed by structural engineers. Angn this refers to the
division of responsibility between the geometric designer and struc-
tural designer—there is a need to design and hold these signs up with
the wind loads on the larger backgrounds. Larger structural sup-
Eorts have resulted, similar to the sample on the table here, where we

ave 8-inch wide ﬁange beams weighing 20 to 35 pounds per foot.
On some of these large signs, the size of these beams is 10 inches, and
more.

Because of this, in about 1963, engineers with the Texas Highway
Department and the Texas Transportation Institute realized that we
had a lethal obstacle in the roadway. In some cases these were as close
as 2 feet to the roadway.

‘We looked into the statistics and found that in Texas alone in 1963,
there were 867 vehicular accidents with roadside signs. These accidents
resulted in 264 injuries and 15 fatalities.

In 1964, 1 year later, these figures in essence have doubled. There
were 1,201 accidents, 400 injuries and 31 fatalities.

Mr. W. May. These are sign accidents?

Dr. Hirsca. These are sign accidents in the State of Texas.

I am sure we do not have the figures for 1965 and 1966, but the num-
bers have increased, not only in the State of Texas, but in the Nation.

In September 1963, we started on this cooperative project with
the Texas Highway Department and the Bureau of Public Roads.
On this project the research engineers were working with highway
engineers, and one principally, Leon Hawkins, who was in charge
of designing structural supports, and we started out with this ap-
proach that Mr. Keese mentioned. We were in a hurry and we
more or less followed a cut and dried procedure.

We had a hypothesis when we started. We realized the severity of
impact to signs was due to probably three things: the massive posts,
the stiffness of the posts, and the fixity of the base of the post to a
rigid concrete foundation.

As the research proceeded, it turned out that probably the most
significant factor here rather than size or stiffness of the post was the
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rigidity of the base connection of the steel post to the concrete founda-
tion. Consequently, our breakaway concept was developed. We worked
on structural details to accomplish this.

And I must say to arrive at the details, which you can see illustrated
here and which will be illustrated in the movie which we will show in
just a minute, required very close coordination between researchers
and practicing highway engineers familiar with highway design in-
stallation and maintenance of these devices. Too frequently research-
ers In a university operate in an “ivory tower” situation, and while
they work experimentally, they are uneconomical or impractical from
some practical standpoint. So consequently the design we are about to
show has come fourth.

The immediate attention was placed on a means, and the reason
we arrived at a sign similar to the one you will see and will first see
in the movie, is because there were a large number of these two- and
three-post supports, steel I-beams, and what we call cantilever design,

in existence.

Our immediate objective was to find a solution which could quickly
be applied to go out and modify these existing hazards, as well as look
at new concepts and maybe more efficient, more economical solutions
to the problem. Consequently, A-frames, signs with timber supports,
signs with supports of aluminum, and other concepts were investigated.

I think probably this would be a good time to show the movie.

Mr. W. May. Just before we start, another statistic. According to
the Bureau of Public Roads, there were 6,163 accidents involving ve-
hicles in collision with fixed objects which occurred on Texas high-
ways in 1964. The 1,201 figure you mentioned represents about 20
percent.

Dr. Hirscu. Yes. They were signs. Some of the others were light
poles which I think Dr. Rowan will comment on later.

Mr. W. May. T see.

Dr. HirscH. And possibly trees and culvert wall.

Mr. BoatNik. Mr. Wright.

Mr. WrigaT. Mr. Chairman, I want to ask one or two questions at
this point, if I may. First, let me congratulate Dr. Benson and his
colleagues for the fine work in Texas they have been doing. It is for-
ward-Tooking work. ;

One figure he has mentioned that was particularly interesting to
me—your studies seem to coincide with others that have been made.
We had some yesterday relating to the incidence of accidents and fa-
talities resulting from a car going off the highway and striking a
fixed object along the right-of-way. I believe you said 65 percent of
the fatalities in the group of accidents studied by your institute re-
sulted from this type of obstacle.

Do you have any figures that would tell us relatively how many of
those resulted from cars veering off to the right and, how many might
have resulted in cars veering into a median strip to the left ?

Dr. Keese. Mr. Wright, quite early in our studies, one of the things
involved was a study of highway medians, and the encroachment of
vehicles onto that median and the development of the median guard-
rail to prevent the vehicle from going into the opposing traffic lanes.

I do not have the report with me that indicates the number of these
that did cross the roadway, but since these were urban studies, I would
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say that relatively few were able to cross the roadway and hit a fixed
object. Generally those that cross the median and go into the opposing
lanes would be in conflict enough that they would be involved in 2
collision with other vehicles.

Mr. WricaT. Well, we have in Fort Worth a highway that goes
from east to west with which all of you, I think, may be familiar. The
highway department has erected various types of guardrail from time
to time between the westbound and eastﬁound traffic. And yet fre-
quently when I am down there I will discover a place where a car has
plunged right into this protective device and seemed headed for the
oncoming traffic, though 1t is a divided highway.

This brings up one other question. Last year, when we had our
hearings, Mr. Chairman, you will recall that there was quite a bit
of discussion—I viewed it very hopefully—to the effect that we could
reduce the incidence of accidents on our highways by planting in the
median strip either trees or shrubs, or something of this type, to
take up some of the brightness of the lights from the oncoming vehicles.

I thought this was a great development. It sounded fine to me. I
am wondering now if this is good or if it is bad. I would like to
think it is good, but are we inadvertently creating hazards in the
median area, for example, when we plant trees and things of this
type, with the very best intention?

Dr. Keese. Cahfornia has done a considerable amount of study in
this and Mr. John Beaton, I believe, will testify before this group later
and can probably furnish a great deal more information on this than I.

We are still quite interested in the median planting, the planting of
shrubs at various hazard points for attenuation of the vehicle, plusthe
elimination of glare, and esthetics. But certainly not those things that
would constitute a hazard if struck.

Mr. WricHT. So some type of vegetation that would reduce the
glare but not be as sturdy in its trunk as a tree might be a solution.
A shrub or some type of growing thing that would absorb the impact
of the car and have the tendency to slow it down and stop it without
shattering it with a sudden impact. Do you think that is probably
the direction in which we should be moving?

Dr. Keese. I think that is the direction in which we should do
further investigation, very definitely.

Mr. WricaT. About glare, have you done any research on the in-
cidence of fatalities resulting from glare from oncoming headlights?

Dr. Keese. We have attempted to do some. But this, because of the
complexity of these situations, is almost impossible, as I mentioned
earlier. It is almost impossible to do these accident studies from post
mortems of the accident and fo isolate any particular variable.

Now, we realize that glare of opposing headlights is a problem
and the Texas Highway Department has done a considerable amount
of work using wire screen and other devices to eliminate the glare
from opposin% headlights very effectively. There is additional work
gOiIll) on at the present time around the country on this particular

roblem.
P Mr. WricHT. I suppose it would be very difficult to identify that as
the cause, if a driver tragically loses hisr{ife in an accident. You can
identify the fact he ran into a fixed object, but you cannot identify
that he was caused to do it from the glare of oncoming headlights or
necessarily from any other problem that bothered him.



1047

Dr. Kuese. Right.

Mr. WrigaT. ’%hank you, Mr. Chairman.

Mr. Brar§ig. Do you have a film to show now, Professor?

Dr. HirscH. Yes, f,do. Before I start, I might make one comment
on this film.

Initially our research on the breakaway sign was sponsored by the
Texas Highway Department and the Bureau of Public Roads and this
research was conducted from September 1963 to August 1965. And
before this, the first signs that were developed, the breakaway concept,
‘were being installed on Texas highways, beginning in August 1965. At
present there are something like 1,500 breakaway signs installed in
the State of Texas, and 69 collisions with these have resulted. Mr.
Keese will comment on this later.

At the present time, we are working on a project sponsored by 13
States and the District of Columbia, and this film has resulted from
this further study of this problem, which is a study in depth to de-
termine more specific design criteria. The theory has been developed
through mathematical simulation, so that we can extrapolate this to
different sizes of signs, different materials, aluminum or wood, and
different concepts. I just wanted to clear this up because this film will
indicate the 13 States to which I have referred. Unfortunately the
District of Columbia has been omitted from this filmstrip.

Mr. Brarnix. May we have the lights out?

(The subcommittee requested the text of the film be transcribed,
as follows:)

FinMm ENTITLED “SAFE ROADSIDE S16N8,” PRODUCED BY THE TEXAS TRANSPORTATION
INSTITUTE IN COOPERATION WITH THE U.S. DEPARTMENT OF COMMERCE, BUREAU
oF PUBLIC R0ADS, SPONSORED BY ALABAMA, CALIFORNIA, ILLINOIS, KANBSAS,
LoulstaAnA, MINNESOTA, MISSISSIPPI, NEBRASKA, NORTH DAKOTA, OKALAHOMA,
SouTH DAKOTA, TENNESSEE, AND TEXAS

(The opinions, findings and conclusions expressed in this film are not neces-
sarily those of the Bureau of Public Roads.)

Voice. This is a roadside sign typical of those used along our Interstate high-
ways. Many factors have been considered in the design of the sign and its supports.

The supports generally consist of two vertical wide flange beams which are
strong and stable when subjected to wind forces.

The posts have aesthetic quality, support a readable sign, are easily maintained,
and are located adjacent to the roadway.

In short, the sign supports are excellent— ( crash )—but lethal.

It is this last characteristic that has motivated research engineers to develop
safer sign support designs. :

There is no doubt that rigid nonyielding sign supports constitute a safety
hazard.

Pictorial evidence is readily available from accident files. In Texas, two dead.

In Louisiana, one dead. :

In Kansas, one dead. .

Highway sign accidents have increased significantly as Interstate highways
have been completed. Recognizing this problem as early as 1963, The Texas
Highway Department sponsored research conducted by the Texas Transporta-
tion Institute to develop safer sign supports. ’ .

The Texas breakaway design evolved from that research. In 1965, the research
effort was increased and several state highway departments joined in sponsor-
ing the research in cooperation with the Bureau of Public Roads.

As a result of the research conducted by the Texas Transportation Institute,
the Project Policy Committee has recommended that certain roadside sign sup-
port design concepts be considered for use in providing a safer roadside
environment.



1048

The Texas breakaway design utilizes a wide flange or I-beam section as the
cantilevered support post. The safety features incorporated in the design are
a slip base and a hinge joint. )

The sign can be attached to the post in several ways. This sign employs a ply-
wood background with aluminum wind beams bolted to the plywood and clamped
to the posts,

. The slip base is designed in such a manner that a shear plane is created at
the base of the post. The base connection is fabricated by bolting the base of
the post to the foundation stub and thus providing resistance to overturmng
from wind forces. The shear plane consists of slots rather than holes in the base
of the post and the foundation stub.

The hinge joint is a weakened plane, approximately 7 feet above the base.
Its purpose it to permit upward rotation of the post after impact.

- To form the hinge joint, the front flange and the web of the post are severed
and reconnected with a bolted fuseplate that shps or fractures to permit rota-
tion of the post to clear the colliding vehicle.

The Texas breakaway design functions as follows:

As impact occurs, energy is absorbed by the post and the automobile until the
impact force is sufficient to cause the base to slip. After the base slips, the fuse
breaks. Energy that was stored in the vehicle and the post results in the post
being thrown clear of the automobile. Acceleration of the lower portion of the
po;t causes it to continue in its upward swing and the automobile passes through
safely.

Now, observe this behavior in one of the slow motion erash test films taken
at 1,000 pictures per second.

Dr. HirscH (interpolating). The change in velocity of the vehicle is on the
order of 1 to 2 miles an hour.

Mr. BLaTNIEK. Would you repeat that?

Dr. HirscH. The change in velocity of the vehicle is on the order of 1 to 2
miles an hour.

Mr. BrATNIK. The deceleration?

Dr. HmrscH. Yes

VoiceE (continuing). Note how little damage was done to the vehicle.

Another design recommended by the Policy Committee is the Minnesota de-
forming post, A-frame design. The post braces and wind beams are all made of
U-section rail steel prepunched for easy assembly.

The posts can be driven in the ground, usually to a depth of four feet or more,
or they may be set in concrete, dependent upon the soil conditions.

The Minnesota deforming post. A-frame design, functions as follows:

As unpact oceurs, energy is absorbed by the vehicle and the post until the
force is sufficient to shear the post below the bumper level. The impact energy
results in bending of the slender post member and twisting the sign.

As the collision progresses, the vehicle eollides with the brace member, deform-
ing it, and causing shear failure in the bolted connection.

A secondary collision may normally be expected as the vertical post member
strikes the vehicle above the windshield.

Now observe this behavior in a continuous run of the slow-motion crash test
film.

In crash testings of this design, the vehicles have sustained only minor prop-
erty damage.

Another design recommended by the Policy Committee is the joint failure. A-
frame design. The sign support is an A-frame structure with features of a truss.
The joints of the various members are made of a frangible material which will
fracture upon impact. The individual members are tubular in shape and deform
upon-impact.

Extruded aluminum panels are used for the sign background. The panels clamp
directlv to the vertical post member.

The joint failure A-frame de~ign funections as follows:

As the colliding vehicle strikes the unright member. the member deforms
and the frangible foundation fitting breaks. As the collision progresses, the
member is bent. caucing a nlane of failure near the sien face.

As the vehicle strikes the two brace members, deformation ocecurs in the first
member, and the frangible foundation connection breaks.

As the connection breaks. members are rotated upward by the impact foree,
the sign background is twisted, and the upper connections break.
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The vehicle passes on through the support safely but the tortional effects on the
sign cause failure of the other support and the sign collapses.

Now observe this behavior without interruption.

Again note that damage to the vehicle was minor.

Dr. Hirsci (interpolating). Obviously the maintenance of that
sign would be quite high.

Voice (continuing). Has been adopted as design standards in the State of
Texas.

The first signs of this type were installed in 1965. Since that time they have
been installed on several hundred miles of the Interstate System.

Not only have lives been saved by adopting the breakaway sign, but this has
been accomplished without additional cost to the public.

These sign supports cost no more than fixed base supports.

Modification of an existing sign in Texas costs something about $150.

Vorce (continuing). The deforming A-frame design is now being used in Min-
resota. It is very economical and accident experience has indicated satisfactory
performance.

The joint failure A-design is commercially available.

As a result of this research, the Policy Committee of the highway sign suppo'ljt
research project recommends that the sign support designs presented in this
film be considered for use as a means of making our highways safer.

(Printed :) This film was produced from the Highway Sign Support Research
Project HPR-2(104) sponsored by Alabama, California, Illinois, Kansas, Loui-
siana, Minnesota, Mississippi, Nebraska, North Dakota, Oklahoma, South Dakota,
Tennessee, and Texas, in cooperation with the U.S. Department of Commerce,
Bureau of Public Roads.

(End of film.)

Dr. HirscH. Just as a few comments, this principle is also used on
smaller signs, such single-post signs, or where the two posts are very
close together and the vehicle can strike both posts at the same time.

And I mentioned before, one of the desirable things, we think, about
the cantilever post is that it can easily be applied to modify existing
sign supports.

Mr. Brarnix. Would you repeat that, Professor? You say this tech-
nique, shear-type or breakaway supports, can easily be applied to exist-
ing installations.

Dr. Hirscr. The existing signs, that is right.

This has been done in Texas and the cost experience data to modify
one of these roadside signs is approximately $150. It depends on the
size of the sign, whether it is a small one or big one, but it is in this
neighborhood.

Mr. W. May. Do I understand, Doctor, the Texas Highway Depart-
ment has underway a program of going back and modifying some of
the existing rigid supports? ‘

Dr. Hirscu. Yes. A number of the districts are going back and
modifying them. Some of them had modified all the existing signs in
several stretches of the Interstate System. On Interstate 10 between
Houston and Beaumont, all of the existing signs have been modified,
and of course all the new signs are the breakaway concept. They also
have a policy, where any of the existing signs with rigid supports are
struck by a vehicle, when they go out and maintain it or repair it,
they install the breakaway concept.

. Mr.W. May. Would the Northern States have to worry about freez-
ing conditions or rusting?

Dr. HirscH. This question has been brought up by the policy com-
mittee from States like Minnesota. We feel that the corrosion problem,
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if there is any increased resistance, is so minor that the breakaway
action will still be had.

One other comment in this project, and it was not covered in the
film, is that we had a study in depth to develop this mathematical
model so that it could easily be extended to other types of materials
and other types of sign configuration. I will not go into that at this
time because it is a liftle bit too detailed.

I might point out, as far as the deceleration levels I commented on
with the breakaway concept, with the Minnesota deforming A-frame
cantilever post, the change in velocity of the vehicle is 1 to 2 miles an
hour, more usually 1 mile per hour. The g. forces on the vehicle are
on the order of 7 to 8 g. for a short period of time, something like
0.03 second.

As far as the driver himself is concerned, the g. levels on our simu-
lations and model studies indicate that he would only get one-quarter
to one-half the g., something like one or two g., for a very short
period of time. End according to existing impact and survival data
developed by people at Hollomon Air Force Base, this is well below
surviving or accidents that should create any injuries.

Mr. BrarNig. Professor, your testimony is truly most enlightening;
Dean, all of you witnesses have provided most enlightening informa-
tion. What really disturbs me—am I not correct that all the informa-
tion we have seen as to deceleration, the dissipation of impact forces
and energy, has been long known? It is quite common knowledge in
the engineering field, is it not ?

Dr. Hirscu. Essentially, yes.

Mr. Brarnig. What puzzles me is that the Interstate program itself
is the most modern highway system in the history of mankind. It is 11
years old. I find it absolutely incredible if not appalling, for 11 lon,
years we have put in literally millions of signs that were known an
should have been known to be lethal all the time, and only within the
last 2 years are those in charge of the construction of the roads utilizing
information that is standarg and simple as far as engineering knowl-
edge is concerned. Is that not true?

o you want to comment ?

Dr. Benson. Well, Mr. Chairman——

Mr. BraTnig. Those who should have been utilizing information,
our engineers and professors and researchers such as yourself have
long known of it and it was available had anyone sought the informa-
tion.

Dr. Benson. The profession did not think it was as simple as that.
I think I pointed out in my testimony that we actually started,
Professor Keese and I, with this concept in 1960. Tt took us 3 years to
get it funded. The reason we could not get it funded, I think, was that
most people believed we could not do it. They did not think it was
possible for us to build, particularly the cantilever type support, that
would carry the windloads and which could be made to fail under
the impact of traffic.

So we had to prove to the profession that this could be done; that
this was a practical possibility.

Mr. BraTNIE. Someone is living in the age of darkness then. I am
talking about those who should be utilizing scientific knowledge. We
can decelerate a human being from 15,000 miles in outer space and
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bring him alive back to earth, with all gravitational forces and tre-
mendous velocities. To say they did not think it was possible to provide
for absorbing forces for vehicles traveling 65 or 75 miles an hour—it
is absolutely incredible. But that is a problem we will have to wrestle
out with others who will appear later on.

I want to commend you for your most impressive presentation. I
well know the methods of painstaking, detailed work and effort that
had to go into the production of such findings. It looks simple on the
surface. How many months did the whole project take, Dean Benson?

Dr. Benson. Well, the actual project, the real work on this began
in September of 1963, so we have been about 314 years at it now, I
guess. It was about 2 years from the time we started the project until
the first signs were installed on the Texas highway system, which
from past experience is a very short time.

Ordinarily you cannot go from an idea to practice in that period of
time. So really in some respects this idea has been picked up faster
than lots of other ideas.

Mr. Bratnig. You say “picked up,” Dean. Is that the State of
Texas? Have all the other States who participated in this research—
are they utlizing the findings? .

Dr. Bexson. Mr. Chairman, I do not know what the situation is
in the rest of the country.

Mr. Bratnig. Counsel, do you have information later on, Bureau
of Public Roads? .

Mr. W. Mavy. It is of interest, Mr. Chairman, Texas installed their
first breakaway sign support in September of 1965. Last week we had
an analysis of nine brand new State projects from various regions of
the country and on only one project did John Constandy and Mr.
Prisk find a breakaway sign. So on eight of the projects in various
regions of the country, brand new, no breakaway sign.

Mr. Brarnig. Brand new—you are talking of the time span of a
year to 8 months.

Mr. W. May. Opened in the last part of 1966 and some in 1967,
representing the latest thinking. It is just not being used. We rode over
700 miles from here before we found a breakaway sign support.

Dr. Keese. Mr. Chairman, it might be appropriate to comment at
this time, and I would like to dwell on it in more detail later, that
today’s traffic facilities are becoming so complex that it is necessary
to bring together disciplines of technology that were formerly not
associated with the highway development ‘program.

The implementation of research, I feel, depends a great deal on the
mutual respect and understanding of the people and the disciplines
involved, and I feel that the success in this project, both with the Texas
work done with the other 13 States and the District of Columbia, was
due to bringing together the operating engineers and the research
team, to bring about this mutual respect and understanding between
the various discipline groups involved in seeking out the solution.

Mr. W. May. What discipline group ?

Dr. Keese. Structures, and traffic, and maintenance, and computers,
and scientists, and mathematicians, and economists, I do not know
whether I can list the whole array of them. There are quite a number
of different disciplines involved, and there is specialization within the
disciplines.

Mr. W. May. How are we working toward that end right now ?
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Dr. Keese. We are working on this cooperative research with the
Texas Highway Department and with this other group through these
advisory committees, which bring together these representatives of
these discipline groups, from the highway profession along with the
research group. Through their advice and counsel, by keeping our
heads out of the clouds and our feet on the ground, and through our
exchange of conversation and technology with them, I think both
parties benefit a great deal.

Now they pick these up, and implement them quite often; in the 29
projects that T mentioned we have done, I would say that practically
everyone of those have been implemented before we were able to write
a research report.

Mr. W. Max. You must be disappointed when you leave Texas and
ride some of the new highways around the country, especially on the
Interstate System, and find rigid sign supports close by the shoulder
of the road.

Dr. Kzese. I just wish we could find a way to disseminate this
technology.

Mr. Brarvig. You must be disappointed, you must be alarmed—
your level of anxiety must be quite high as you flash by this lethal
situation at 60 miles an hour.

Dr. Kzesk. I think rather than disappointment, sir, you would call
it challenge, challenge to find an answer.

Mr. Buatnix. Mr. May.

Mr. W. May. What do we have next ?

Dr. Hirscu. Mr. Keese will come back a little later and give a little
experience report from Texas on the breakaway signs.

At this time, I would like to turn the presentation over to Dr. Rowan,
who is associate research engineer, associate professor of the driving
research department.

Mr. BoarNig. Dr. Rowan.

Dr. Rowan. Thank you. Mr. Chairman, I would like to talk this
morning on a specific research project dealing with highway illumina-
tion and lighting.

This research has been conducted in three specific areas. The first
is concerned with the impact behavior of lighting poles.

This project was begun in 1964 as a cooperative project with the
Texas Highway Department and the Bureau of Public Roads. And
at this time I would like to restate or reemphasize something that Mr.
Keese mentioned; that is, that research is most beneficial whenever
it is conducted in a cooperative effort. In other words, an equally co-
operative effort between the researcher and the people who will put
the research to work in application. '

In 1965, I suppose it was, the highway department was very much
concerned about the hazards of lighting poles along our Interstate
highways. At that time they were beginning to install lighting in the
urban areas along these Interstate highways, and some very serious
accidents had occurred and they were very much concerned over this.
‘We included at that time—it was not an objective of the reséarch,
but there was included at that time a study of the state of the art of
lighting poles.

In other words, what is the impact behavior of the poles that we
can buy and put along our highways?
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Following that, we did some—or we are currently engaged in some
experimental research with a slip base lighting pole which is a take-
off or a continuation from our breakaway sign support.

Now, we have a film this morning which is a series of excerpts from
some of our test films. It is not narrated. I will provide the narration
myself. But it will be developed further into a narrated film, with its
purpose being to disseminate information concerning the impact be-
havior of lighting poles.

If T can have that film now, we will proceed.

(An untitled film was shown with Dr. Rowan providing the nar-
ration.

This)ﬁrst scene is an installation which caused real concern. This
is a steel transformer base, the red object under the pole is a steel
transformer base weighing something on the order of 150 pounds.
On top of it is a 40-foot steel pole which meets the current desi
standards of the Texas Highway Department. This is indeed a lethal
object. It isnonyielding, is the best way to describe it.

When we get over these long scenes, we will see exactly what it can
do to an automobile. I might mention, these are no longer installed in
Texas on the State highways.

The penetration of the front of the automobile in this scene was
approximately 8 feet. This pushed the engine back up into the driver’s
lap or within the front seat. The seat mountings were broken, the
steering wheel was pushed up near the top of the automobile.

This is a high-speed film shot at 1,000 pictures per second. The clock
is turning at 30 revolutions per second. That will give you some idea
of tlllf speed. The speed of the vehicle was between 35 and 40 miles
per hour.

This would indicate falsity of the normal assumption that speeds on
an urban street are safe. At 35 miles per hour, I think this is a good
indication that there is considerable hazard in fixed objects in urban
areas where your speeds are lower.

I would like to emphasize that point, that we have problems in
urban areas the same as we do on highways where our speed limits
are on the order of 60 to 70. It is not an isolated problems by any
means.

This, gentlemen, is a light base that is now included as a standard
design in the State of Texas on Interstate highways. This is a cast
aluminum base. It weighs approximately 50 pounds.

We have the same steel pole atop this base. Here you will see a com-
pact vehicle weighing 2,100 pounds striking the pole at 45 miles per
hour, and with good results.

This vehicle traveled some 300 to 400 feet beyond the pole and finally
became entangled in a fence.

The speed reduction was something on the order of 1 to 3 miles
per hour. Now. note whenever the vehicle strikes, you will see the base
break diagonally. It functions in two ways. You get, on one side, a
breakage due to the frangible nature of this cast aluminum. Then on
the other side of the base you get the slip action which we have in our
sign supports.

When the pole comes down, you will note that the top of the pole
lands approximately at the foundation. The pole itself goes in the
direction of the automobile.

87-757 0—68——67
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Now, this should allay fears that I have heard expressed by high-
way engineers that this pole may fall in the traffic stream and create
another hazard.

But our experience has been that the pole stays in the same region
and goes in the same direction as the automobile.

So the only time that you would have a pole falling back into the
roadway is when a vehicle has left the roadway and is coming back on
and strikes the lighting pole.

Another thing that I would like to point out, Which is the lesser of
two evils, when you have a pole tumbling about that a vehicle can
strike or have a vehicle strike a fixed object? If it strikes a fixed ob-
ject, there is no doubt as to what is going to happen. When a pole is
loose, there may not even be a vehicle there. If there is, at least he is
hitting an object that is movable.

Now, this 1s a test of remedial design. I guess that is the best way
to describe it. This is the steel transformer base we saw earlier. And
the highway department was interested in something that would im-
prove the safety aspects of this design.

They designed a cast aluminum insert to go under this steel base.
Now this particular base weight is about 120 pounds. The cast alumi-
num insert here is 6 inches in height. It is placed under a pole which
is 80 feet in height. And as I will s%)ow, these have been installed in two
installations in Texas. :

This is to modify existing installations. Due to the mass of the base,
we get more penetration in front of the automobile, but it is not really
too serious. We have had three accidents with this design, and all of
them have been satisfactory.

(At this point Mr. Wri;l{t assumed the chair.)

Dr. Rowan. Now, this is an aluminum pole and is in what we call a
flange mounting. The flange on the bottom of the pole is bolted directly
to the concrete f undation.

Now, I would like to express an opinion, my opinion. I was led to
believe and many other engineers have been led to believe that an
aluminum pole, because of 1its flexible characteristic, is safe. But I
would not personally volunteer to ride in this vehicle that is about to
strike the pole. Now, that is my opinion. There is too much rigidity.
The action depends on one tearing the pole loose from the flange or
breaking the flange. This requires an excessive amount of impact
energy and this energy can be transmitted to the driver and in such
a case it could be fairly serious.

We have by no means shown all of our tests in this film. We have
conducted tests of the steel pole in a flange mounting which is serious.
It is not quite as serious as the steel transformer base, yet it does pose
a problem, a serious problem.

‘We have also conducted both the steel pole and the aluminum pole
on cast aluminum bases. Both of them perform satisfactorily. The
difference in them is merely cost. The aluminum pole will cost more
than a steel pole.

That was an aerial shot of the aluminum pole we saw just a moment
ago, but back to the comparison of these the most desirable design
that we have found is the cast aluminum base, and it is incidental as
to whether you put a steel pole on it or aluminum pole on it, from an
impact standpoint.

Mr. W. Mav. It is a transformer base, is it ¢
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Dr. Rowan. It is a transformer base, and I would like to mention
this fact that we no longer put transformers for li hting in this base.
This is strictly a safety feature. Nowadays a transformer is put in the
aluminum housing.

Now this is our experimental design of a slip base. It is similar to
the sign support except it is in a triangular shape, a round base, but
the bolts create a triangular shape.

The deceleration here was negligible, something on the order of
1 mile per hour. Now the reason for this triangular shape is to make
the pole multidirectional in behavior. In other words, you can hit this
pole from any direction and it will perform essentially the same.

Now, gentlemen, consider this is a 400-pound pole bein put into
motion by this vehicle with very little penetration of the energy
absorbing portions of the automobile, and with virtually no effect on
the driver. If you will notice the date, this test was conducted May 10.
This was the second of a series of tests. This has not been put into
practice yet. We do expect to prepare a researcher’s report on the
results of this design, and it will be presented to the sponsoring agen-
cies by September 1 of this year. The reason the trunk lid is up is not
the result of a crash but we have our instrumentation devices in the
tru(rixk, and they were removing them at the time when this picture was
made.

This is a film strip obtained from a television station in San Antonio.
A lady was reportedly crowded off the road, went into a skid, and hit
a steel transformer base, the first crash that you saw, sideways. It is
completely locked, as you can see. They are having to pull it off the
pole, force it off in order to get her out. She was killed. This is one of
several such instances. No more than 2 months ago, two people were
killed in Dallas in a similar accident in which they skidded sideways
into a pole on a steel transformer base.

I would like to commend the Texas Highway Department in their
efforts to improve the safety as related to lighting poles along their
highways. They make every effort to influence design, to establish
standards, to make this changeover as rapidly as possible. Two weeks
ago I was in the Beaumont district down in southeast Texas. I ob-
served that they were cleaning out several hundred poles from a flange
mounting base to the cast aluminum transformer base. This was 2
weeks ago. By now they do not have a pole on a state highway which
is not a breakaway type.

Also last September the highway district in the Austin-San Antonio
area installed these cast aluminum inserts under steel transformer
bases, some 300 of them, in the San Marcos area ; and on Ranch Road 1
near Johnson City.

Mr. W. May. How long did it take to convert the pole into a break-
away type pole?

Dr. Rowan. Approximately 20 minutes with a crew of five men.

Mr. W. May. How much money ?

Dr. Rowan. Within $35. The cost of the insert was $19, I think, and
20 minutes of labor for five men and a lift truck. Now I have some
slides on that. I would like to show you their procedure, if I may.

Mr. W. May. You were talking about San Marcos?

Dr. Rowan. San Marcos and Ranch Road 1. Now, this is a remedial
design, I would like to point that out. It is considered only as a re-
medial design where you have existing steel transformer bases. This is
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not new design. In new design they are using the cast aluminum base
which is better.

Mr, May. To convert the pole to the steel transformer base of the
breakaway type, you pick the pole up with a cherry picker and reset it
in the other type base ?

Dr. Rowan. Yes, sir, I have about five or six slides here that will il-
lustrate the procedure and how they did it.

There is the pole before modification, the steel transformer base and
a 30-foot pole. They are spaced about 150 feet apart, so you can appre-
ciate the continuous hazard.
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Dr. Rowan. Here is the cherry picker lifting the pole from the foun-
dation.




1059

Dr. Rowan. Here the men are installing the insert, bolting it down
to the foundation.

Dr. Rowan. Here it is being set on top of the insert and the bolts
laying at the side will be used to connect the two together.
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Dr. Rowan. Here is the finished product.
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Dr. Rowan. Then a view off from some distance, showing that it
is practically the same as it was except it is 6 inches higher and now

1t 1s safe.
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There have have been three accidents. One of them was a Volks-
wagen that brushed the side of one of these and knocked it over. In
one of them, the people were hurt seriously. They had gone on through,
rolled over down an embankment, and their injury was due to the roll
rather than striking the pole, because the area in which the vehicle
struck—the area the vehicle had struck the pole would not indicate
sfmy major severity. The other one was a truck, and it has been satis-

actory.

This picture was made on a recent trip to South Dakota. They have
installed a number of signs, 55 feet from the edge of the roadway.
Gentlemen, in this dimension that we are dealing with, 55 feet is fairly
small. There is something else about the characteristics of the road-
way.

Mr. May. This points up the fact we should not worship that 30 feet?

Dr. Rowan. We should not worship any particular dimension. Let
us not permit anything become holy on this. There are many things
that enter into this problem. For instance, here we have a continuous
down slope over to that sign. This would naturally pull the vehicle in
that direction. It would take a concerted effort to redirect it. My only
comment at this point is why should we consider a philosophy, that 1t
is all right to install a fixed object at a greater distance from the road-
way when we can install a safe object at that distance?

Mr. May. Yes. Why should we plant a tree 31 feet from the roadway
instead of 30 feet ?

Dr. Rowax. That is right. There is nothing sacred about any par-
ticular distance. The happenings in an accident are so complex that
no two can be depended upon to be the same. Anything can happen
when a vehicle goes out of control. The only thing is, we should be real
careful about our fixed figures and criteria for design. There is noth-
ing that will surpass good commonsense and engineering judgment.
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Now I would like to move on very briefly in the interest of time and
talk just briefly about our lighting program. The remaining portions
of our lighting research have two phases. First is continuous lighting;
that is, lighting along our Interstate facilities so that you have a con-
tinuously lighted area. The Texas Highway Department was much
concerned a few years ago over the existing standards for lighting.
They felt that they were insufficient, so we entered into this research
to arrive at a satisfactory and safe nighttime driving environment.
The first phase was to investigate and to develop criteria for a more
functional and economical lighting design.

(Mr. Blatnik assumed the chair.)

Dr. Rowan. This research resulted in increasing the mounting
heights of Iuminaires from 30 to 40 feet and in some cases to 50 feet,
where we used 1,000-watt luminaires. This was a new innovation, the
use of higher intensity sources to provide better lighting.

Now the result of increasing this mounting height was to obtain
better uniformity of light distribution—you know, the better the uni-
formity, the less work the eye has to do.

A second feature that was improved was reduction of glare. Reduc-
tion of glare improves visibility.

The third was to increase the longitudinal spacing between these
poles mainly in the interest of safety, but a byproduct was economy; a
reduction in the cost.

There have been several installations of this new design. Inciden-
tally, Texas adopted our research findings as standard design for il-
lumination. Several of these have been installed and already they feel
that they have paid for the research several fold.

Mr. May. How high are the poles?

Dr. Rowan. For a 400-watt luminaire, it is 40 feet. For a 1,000-
watt luminaire, it is 50 feet; or 60 feet where maintenance can service
them.

Mr. May. And those poles can also be breakaway types?

Dr. Rowan. Yes, sir; you saw in the film 40-foot poles. Well, the
addition of 10 more is incidental.

Mr. May. Thank you.

Dr. Rowax. Now the third phase of lighting deals with the lighting
of interchanges. One of the big problems in lighting interchanges,
where you have several turning roadways, is the number of poles—
I will put it as “the forest of poles” in order to light them in the
conventional manner. This represents an unsafe condition, so what
we are currently working with is a concept by, which we can create a
panoramic view in our interchange area, one which closely approxi-
mates that of daylight driving conditions. If the driver can see the
entire interchange area, he can make his decisions in a systematic and
orderly manner and will naturally conduct his driving in a safer
manner.

Now, the way that we are attempting to obtain this driving environ-
ment is by fewer poles, and from 100 to 150 feet in height, each
supporting a cluster of floodlights. They will light the area in low
intensity condition, but the driver will be able to see the entire inter-
change in an appproach. We have facilities for mounting these, and
are studying the photometrics and so on. There are four experimental
installations that are now in the design stage. These will be completed
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and installed within a year; one at San Antonio, Tex.; one at Tex-
arkana, Tex.; one at Sioux Falls,, S. Dak.; and one at Rapid City,
S. Dak. This will permit us to make a positive evaluation of the relative
merits of this design.

Our overall objective in this research, as I say, is to develop sound
criteria for a safe and satisfactory nighttime driving environment.
Thank you.

Mr. May. Thank you. Dr. Keese?

Mr. Chairman, if I may have the other group of slides there. With
the cooperation of the Texas Highway Department, we have been
attempting to document all of the crashes with the breakaway sign
supports and breakaway luminaire supports, and are now attempting
to do the same thing with the various States involved in this larger

roject.
P Just to start out, I have shown a slide here of atypical nonbreakaway
type support.
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Dr. Keese. This is a third one. This one has only one person in it,
I believe, and of course resulted in a fatality. I think you have seen
enough of these.
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This happens to be a picture of the first sign that was hit after they
started installation of these along the highway, and it just happens
that this particular sign was put 1n or the installation was completed
at 5 o’clock one afterncon. The driver struck this sign at 6:30 the next
morning, and this is a picture or view of the front of the vehicle after

impact.

Dr. Keese. The Texas Highway Department contacted this individ-
ual and asked him what the effect of hitting the sign was, and he
replied it was about like hitting a chuckhole in the road. He also

said:
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Many thanks for the new sign. If it had been one of the old type, we undoubt-
edly would have gone through the windshield or turned over. As it was, no in-
Jjury resulted to my self or friend.

The automobile received only $500 damage, and by the way, most
of this was caused by hitting a 2-inch pipe in a secondary collision.

This is a sign that was impacted in a hit-and-run accident. You
will note that the angle of departure from the roadway to the sign
caused it to strike the outside leg of the support.

This is an accident showing the inside leg of the support struck by
a truck. This particular driver went to sleep. There were no injuries
or injury, type C. This was “no visible sign of injury,” but there was
complaint of pain. One hundred and fifty dollars’ damage to the truck,
$125 damage to the sign.




1068

This is another picture of an outside post being hit. The driver
went to sleep, and I might point out that that post is approximately
25 feet from the edge of the travelway. At that point I might read, if
I may, from some of the accident reports. We now have 69 of them
documented.

Accident No. 69, the last one we documented, says—

The vehicle left the road 425 feet in advance of the sign, struck the support
and returned to the pavement 150 feet beyond the sign.
There was no report of the accident. The maintenance people found

the sign in a damaged condition and repaired it.
No. 59—

Leaving the roadway, the vehicle struck the right support at a 15° to 20° angle.
Tracks continued diagonally across the ditch and onto the frontage road.

No. 58—

The vehicle was returning to the roadway at a 15° to 20° angle and struck the
left support of the sign.
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Here is another where the sign was struck at a 29° angle.

One item of interest might be that in accident No. 45, the vehicle
struck the right support of a heavy roadside sign similar to this one,
at 70 miles an hour, proceeded up an embankment, and diagonally
across the frontage road, through a ditch, and through a fence, strik-
ing and shearing two braced corner Ii)OStS 8 to 10 inches in diameter.

The sign was hit at 8 :45 p.m., repaired by noon. )

We could go on and on through the 69 signs of various types along
the road.

These have been hit from every conceivable angle practically and
they have been caused by skidding on wet pavement, or skidding be-
cause of something on the pavement, such as a rock, or the driver
ﬁoing to sleep. In one case the driver was drunk. In another, the ve-

icle out of control. In another, skidding on dry pavement. Also, miss-
ing a sharp curve. Skidding while passing. And secondary collisions,
or having been in collision with another vehicle first.

Mr. May. Dr. Keese, if a vehicle struck a breakaway sign at a 90°
angle, it probably would not break away too easily; would it?

Dr. Kegse. The sign would not function as it was designed ; that is
correct,

Mr. May. But experience shows that a very remote possibility.

Dr. Keese. Because of the weakness created by bolting this thing
down, and we are now looking at the possibility of using the tri-
angular or circular support similar to the one developed for the
luminaires. We were of the opinion it was almost impossible for a
vehicle to hit these things at right angle, going down the roadway
longitudinally. We find this is not the case. In a skidding accident,
they hit over against the median and come back across the road-
way, and in some cases go off an embankment and hit a sign.

87-757 0—68——68



1070

Mr. May. Have there been cases of people backing into these?

Dr. Kerse. They have hit them at every angle you can think of.
They have sideswiped them, backed into them, front quarter, back
quarter, every other way. In one instance, a woman with two children
in the car sideswiped, knocked both supports out from under it, and
there was no injury. Minor damage to the vehicle.

This is a typical base of the breakaway type of sign. I put it in here
to show and emphasize 52 percent, over half the accidents in the 69
cases we have documented, have not been reported as accidents. The
maintenance people go out and find these signs and supports in this
condition, pull the sign back into place, rebolt it, and the sign is back
in business.

Mr. May. Do you find you have more hits in the gore areas than at
other locations?

Dr. Keese. The gore area exit signs have been hit in slightly less
than half the cases, 31 out of 69 cases; the exit ramp areas, I would
say by and large, are the scenes of the majority of cases. However,
there have been some 18 typical roadside signs away from any inter-
section or anything like tgat, and several others such as speed signs,
warning signs, city limit signs, and things like that not associated
with a decision point at all.

Mr. Brarvig. May I ask one question? I notice your circular con-
crete base is flush with the ground level. For years a similar type of
support in concrete bases in many instances was quite a bit above
the ground, 2 feet above the ground. Is there any conceivable reason
for raising a concrete structure or base like that any distance at all
above the ground? Does it improve the strength or what does it do?

Dr. Keese. The reason for it, I think, sir, was to prevent corrosion
of the metal, to prevent the soil and so forth from coming into con-
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tact with the base of the sign and causing corrosion, I think, is the
principal reason for that.

Mr. BrarNis. Am I correct, counsel, that some of these concrete
bases are at least 2 feet above the ground ¢

Mr. May. More than that, Mr. Chairman.

Mr. Brarnik. The installation was made in order to have the metal
parts above ground level to avoid corrosion ?

Dr. Keese. With the galvanized metal I do not believe we have a
corrosion problem. It might be of interest, sir, if you like, I have a few
slides showing the conversion where the Texas Highway Department
has gone back and reduced the level of these concrete bases to ground
level, before they put on these breakaway devices.

. Mr. Brarnik. Please proceed. I did not mean to interrupt you too
ong.

Dr. Kzegse. This is a typical sign that was hit. In this particular
case, the sign worked properly so far as protection of the precious
cargo of the vehicle is concerned, but the post broke loose and caused
a little more damage to the sign.
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In this particular case it was knocked completely down. This has
been experienced in several of them, particularly on the narrow two-
post supports.
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This begins a series of pictures of the breakaway luminairethat was
struck by a vehicle; to compare the type of accident that you get here
with that picture that Dr. Rowan showed a moment ago.
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This is the base of the support.

This vehicle hit the luminaire almost exactly the same way as the
fatal accident that Dr. Rowan showed. It hit broadside and as you
will notice, at such speed that the pole came over the top, but there
was no injury to the occupants or the driver.
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I have a series of slides showing the conversion of these.




1076

d, the post taken down

is remove

1Zn

Thes

And the concrete base lowered.
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The sign is modified with the hinged joint—and the base is cut off
of the post—and it is welded to the lowered base. He is welding it to
what is left of the bolt sticking out of the concrete.
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Then the sign is re-erected and bolted on the top of it. As I men-
tioned, T have a whole series of those but I do think these will suffice.

Mr. May. Do we have a problem with the large overhead bridge
signs we have seen with real massive supports?

Dr. Keesk. Yes, sir, I think we definitely have a problem there. They
must either be protected or made breakaway. We feel and have pro-
posed that they be made breakaway, and we are hopeful of doing a
project that will permit them to be designed in this manner. It is
completely feasible to do this.

Mr. May. Youend up with a series of supports?

Dr. Keese. There are several different concepts that could be used.
It would require multiple supports at the end, so that the entire end
of the sign support would not be knocked out.

Dr. Benson. Mr. Chairman, with regard to the question that you
asked regarding projections from the ground up. By and large I think
most of these, practically all of them, are unnecessary. In highway
design it is my personal opinion that we should try to keep every-

- thing as nearly as we can, flush with the ground, and certainly not
extend it more than an inch or two above it, so the vehicle always has
a chance to pass over this without coming into collision with it.

I think there are many changes that could be made to eliminate some
of the hazards that we have today, just by cleaning up our designs
to provide that we do not have obstructions above the ground. ,

Mr. Bratnik. I appreciate that comment because I never did get
an answer to why those concrete foundation supports, those obstruc-
tions, should be left that far above the ground. Commonsense would
indicate if it were needed, 2 inches would be sufficient to prevent cor-



1079

rosion that might exist. As you indicated, you see no reason why,
whatsoever.

Dr. Kgese. No, sir.

Mr. BraTNig. Mr. May.

Mr. May. Mr. Chairman, we have here a list of research projects
Ilzrresiagtly in progress at the institute and we will make this exhibit

0.16.

Mr. Bratnig. Without objection, so ordered.

(Exhibit No. 16 is retained in subcommittee files.)

Dr. Keese. Mr. Chairman, we have one other matter that we had
planned to discuss very briefly, and this is a matter of attenuation
gevjces. ‘We have conducted a feasibility study on these attenuation

evices. ‘

Mr. May. Mr. Keese, will you proceed to describe that?

Dr. Kzgsk. I will ask Dr. Hirsch to describe that briefly, if he will.

Dr. Hirscu. The area I want to cover is impact attenuation or en-
ergy absorbing barriers which can be placed around fixed obstacles.

* Mr. BratNik. Just for the record, Doctor, and also for our benefit,
what is @ more precise definition of the word “attenuation”?

Dr. HirscH. Attenuation is an attempt to stop a speeding vehicle
out of control, before it hits a rigid obstacle, and bring him to a con-
trolled stop with controlled deceleration or gravity forces below the
level which would result in injury or death or fatalities.

Mr. Brarnik. That is important. Controlled deceleration, rather
than the secondary point of impact ?

Dr. HirscH. Right. That is right.

Mr. Brarnik. They may have a wooden support or something frang-
ible so a lesser impact might not cause as much damage as the more
severe point of impact, such as rigid steel supports embedded in
concrete ?

Dr. Hirscr. That is right. That is correct.

Mr. May. Are you going to use visual aids, Doctor?

Dr. Hirscu. I have a few slides. Just to introduce this problem,
though, we have talked about the breakaway sign concept and the
breakaway light pole. There are other obstacles in the roadway such
as bridge piers which are in the median, wing walls, bridge abut-
ments, supports of large overhead sign bridges, utility poles of vari-
ous types which still present a problem which at the present time we
cannot solve with the breakaway concept.

Some guardrail installations have been installed to protect these
obstacles. In general, we feel that guardrails as presently designed
and installed are not impact attenuators. They have the primary func-
tion of restraining the vehicle from leaving the roadway and to re-
direct it.

We conducted a feasibility study on the possibility of bringing these
out-of-control vehicles to a controlled stop. In certain of these rigid
obstacles, guardrail installations are placed around them, guardrails
required to be 50, 75, or 100 feet long which in effect is enlarging the
target and the probability that the vehicle will have an accident with
the guardrail, probably much more frequently than if the guardrail
had not been there at all, so in this line we have been looking at impact
attenuation devices.
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In this particular sign shown up there, there is a series of 3 posts,
another row of 3 posts, and 2 posts. That is 8 posts. In effect, this is a
form of impact attenuation device or energy absorbing barrier. In this
particular case, however, these posts were not, I do not think, really
designed, considering the kinetic energy of a vehicle. This particular
system would probably stop, with satisfactory deceleration levels, a
vehicle going 25 miles an hour and would probably be satisfactory in
an urban area. However, when you get out on the highway and the
vehicle speeds go up to 50, 60 miles per hours, 70 miles per hour, in
effect the number of posts required there would have to go up in the
order of 4 times. When you double the velocity, you quadruple the
kinetic energy.

Dr. Hirscu. This is another form of impact attenuation device
which would probably work up to speeds of 25 miles per hour. Under a
present contract we are working under with the Bureau of Public
Roads, we are conducting tests and evaluations of various systems
to bring out-of-control vehicles to a controlled stop, and incidentally,
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a vehicle going 60 miles per hour, a 4,000-pound vehicle has something
over 400,000 foot pounds of kinetic energy. This vehicle can be brought
toa stop in 12 feet of stopping distance witha decelerating force on the
vehicle the equivalent of 10 g.

I use the figure 10 g. You have heard aviators and pilots going into
a 9-g. dive. This means the weight of their bodies is the equivalent of
9 times the weight of ours, sitting in the chair. Colonel Stapp at Hollo-
man Air Force Base has withstood deceleration levels up to 45 g. with
no serious effect, so if you can control the magnitude of the decelera-
tion force and the stopping distance, it is possible and feasible to bring
a speeding vehicle to a controlled stop at a distance of 10 feet, even as
low as 6 feet; if you stop him at 6 feet at 60 miles per hour, you will
have 20 g.’s on the driver, which we believe at this time to be a fairly
high level.

Mr. Barnixk. It is high but it is tolerable ?

Dr. Hirscr. It is tolerable, if the driver is properly restrained by
~ seatbelts in a safe automobile that is protected from secondary colli-
s%lons with the windshield, dashboard, doorknobs and this sort of
thing.

BS FLOAM. & 3 FT HIGH

FIRURE| POSSIBLE EMPLOYMENT OF ENERGY
ABSORBING MATERIALS SUCH AS POLYURETHANE
FOAM PLASTIC TO ATTENUATE VEMICLE IMPACT

WITH FIXED ROADWAY OBSTACLE.
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Dr. Hirscn. This is a possible system which will be tested and eval-
nated. The rigid pole there is to represent a fixed obstacle and around
such a system you could put in this case a polyurethane foam material,
either materials of foam, plastic, foam glass which has a crush strength
which you can control, and apply force through a distance which in
effect is absorbing the kinetic energy of the vehicle.

Dr. HirscH. Another such system employs foam glass or poly-
urethane or foam plastic or other frangible materials which would be
right adjacent to the post, or series of wooden posts, except much
larger in number than what we had around the sign. Theoretically it
calculates you need about 20 to 24 posts to stop a vehicle going 60 miles
an hour, a 4,000-pound vehicle.
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Dr. Hirscr. This is an example of one called Platt’s sand-filled can.
Mr. Platt is an engineer with Ford Motor Co., who has devised a little
can filled with sand to absorb energy of a vehicle on an urban street
up to 20 to 25 miles an hour, preventing him from hitting a fixed obsta-
cle and, as I understand, Mr. Platt has had several of these installed.

PLATT'S SAND FILL CAN
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Dr. Hirsca. Another possible system developed by Rich of Sacra-
mento, Calif., is a system of plastic cells 6 inches in diameter, about
3 feet high. The plastic cells are of wall thickness about a quarter-inch,
are filled with water, and when the vehicle hits, it is like squeezing a
tube of toothpaste or squeezing the water up in the air, which absorbs
kinetic energy. Mr. Rich has tested the system up to 35 miles an
hour in Sacramento and has installations in California which work
satisfactorily.

The idea 1s, Can this concept be extended to 60 or 70 miles an hour ?
But just basically, we are working on this problem and will expect to
test a number of the systems of the type illustrated on these slides this
summer under contract with the Bureau of Public Roads and Depart-
ment of Transportation.

RICH MULTIPLE PLASTIC CELLS
FILLED WITH WATER

FIGURE 4 POSSIBLE EMPLOYMENT OF RICH'S
PLASTIC CELL FILLED WITH WATER.
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- Dr. Benson. Mr. Chairman, that completes our presentation and if
there are any other questions, we would be most pleased to try to an-
swer them, : :

Mr. BrarNig. An excellent presentation, Dean Benson. Thank you,
all of you gentlemen, for the very orderly and concise manner in
which you obviously gave a very thorough, representative sampling
of the very intensive work you have done in this field. Mr. May, have
you any questions on the presentation ¢ -

Mr. May. Mr. Chairman, I would like to express our appreciation
to these gentlemen who have taken a lot of time over the past several
months, and we would hope to maintain contact with them.

Thank you very much.

Mr. Brarnik. Before you leave, Dean Benson, I am very interested
mn the joint cooperative effort between research institutions such as
yours, Texas A. & M. University and Texas Transportation Institute,
and operational agencies such as the Texas Highway Department and
with the Federal Bureau of Public Roads.

The reason I raise that point is that apparently for years, day in
and day out, over and over and over, all across the country, personnel
in State highway departments themselves would see things happening.
For instance, they would observe that certain signs were being hit
much more frequently than others, but no one reported it, or perhaps
it was reported and maybe it was not. At any rate, no one assessed
or exaluated the situation as to why this was happening. The prob-
abilities for impact were much higher, and since they were higher, even
if they did not know why, in view of just the fact they knew the prob-
ability was very much higher, why was not something done about it ?.

We have seen that guardrails inadequately protected the driver from
a concrete bridge abutment. A fter several accidents, some of which were
fatal, the guardrails were reconstructed in exactly the same configura-
tion as the original design called for. Someone was not learning.

Do you have any comment, any one of you gentlemen, from your
experience? Obviously you have done much advanced work. What can
or ought to be done to improve the lines of communication, which
exist to some degree, and how do you go about creating them where
they do not exist? How can you get your information, your knowl-
edge out into the field and into practice and use?

r. Keese. Well, Mr. Chairman, I would like to comment on that.
I would like to preface my comments by the fact this year the Texas
Highway Department will celebrate its 50th anniversary, and if you
recall the progress that has been made in this 50 years, and the
tremendous amount of demand that has been placed on them to keep
up with the transportation facilities that are required for today’s
living, it is understandable that the responsibilities for the various
parts of this system are going to be distributed and be segmented and
played further and further down the line. :

This has probably been our greatest challenge, to bring together
the people who are responsible for the various segments of the problem
and to try to bring about this mutual respect and understanding, and
to find ways to disseminate information regardless of where it is
developed across the country, disseminate this information to these
people in such a manner that it can be and will be used.

87-767 0—68——69
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Now we have used all of the methods conceivable, I think, or many
of them, except the comic books. We have not gone to the comic book
fashion yet of disseminating the information in written form, and
probably the best that we have found have been two systems: First,
our highway short course which brings these people together and
creates a forum in which they can discuss their various problems from
their vantage point, with the other people, and secondly, our movies,
our motion pictures have done a tremendous job of dissemination of
information and have been used quite widely across the country, but
this is a terrific challenge to us to disseminate the information to the
man who is going to have an opportunity to apply it.

Mr. BraTNIk. %-Iow would that dissemination be initiated? Do you
have to wait until someone sort of so-called invites you to the dance?
Do you have to wait until an agency or State bureau, highway depart-
ment, some high official seeks you out, asks for your findings, and
your recommendations and advice?

Dr. Keese. Well, we try to get on every program that we can, where
groups of people who are interested in the subject are meeting. We
prepare and I have furnished to the staff, copies of our “Texas Trans-
portation Researcher,” which is written in more or less news form,
which we hope will attract people only to the point that something
has been done. It does not include generally any real technology, but
it does tie into these reports which they can write for.

We present summary reports, very few pages in length, which we
hope that a person will have time to read.

ur highway short course, Highway Research Board meeting,
A ASHO meetings, short courses and conferences of other States and
just every opportunity that we get, we tell the story. Dean Benson,
having been longer at this than I, could probably tell a better story
on this than I can.

Dr. Benson. Mr. Chairman, engineers are pretty conservative and
it is difficult to get them to change. I think probably the most effec-
tive procedure we have had is to try to get our people to spend at
least the minimal amount of their time in the field, actually talking
to the folks who are daily faced with these problems and if we can
do this, I think this is one of the most effective ways of getting our
people to adopt new ideas or to bring to us their problems, which
1S just as-important, because we do not know what all of them are.
But how this is going to be done nationwide, I do not know. We
have not successfully resolved it in our State. All T can say is we
are trying, and personal contact certainly is very important. If you
can talk to the man on the job, then you have a chance to get him
to adopt new ideas.

Mr. BratNir. The reason I asked the question is because, obviously,
from the testimony you have heard so far, in the actual construc-
tion of the highway system there are rather elementary situations or
errors that are, you know, quite obvious, and where it would require
o;:ly good judgment, just p%ain common sense, to avoid or eliminate
them.

These errors have been repeated over and over again and carried
over into our most modern Interstate highways and freeways. The.re
seems to exist a sort of barrier against new ideas, new concepts, new
technologies.
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Dr. Benson. Well, unfortunately, standard designs have a tendency
to be very difficult to change, and once you get one adopted, it may
have faults in it but people will continue to use it over and over
again because this is.an adopted standard. I do not know what the
answer is. I think that some way or other we need to impress on
peogle more of the idea that maybe a little more change is for the

ood.
g Another problem I think we have is that quite commonly no one
really looks at the entire design when it is finished. No one really
sits down with these plans, with all of the installations that are going
into the highway indicated on these plans, and takes a look at the
complete picture. The signing is on one set of plans, the roadway is
on another set of plans, the structures are on another set of plans.

Somebody needs to take a look at this whole ball of wax from the
standpoint that we built into the design conditions which are a hazard
to the driver of the vehicle, and I frankly do not think that we take
a look at it very often from this point of view, and in some way or
other we need to have people whose sole job it may be to look at the
plan from this standpoint : “Have we done things in this design which
will be hazardous that we can avoid?” .= - . .

I go back to what I said in the beginning, I do not think we should
put anything in the highway right-of-way that we do not need there.
I think everything we put into the highway right-of-way we must
look at from the point of view of can this be made not a hazard to
the driver of the vehicle, on the roadway or off the roadway.

Mr. Brarnik. One of the most pertinent points made today is
that apparently no one takes a look at the whole three-dimensional
picture when it is completed in all its aspects and all of its functions.
It seems to me that the whole thing is quite rigidly compartmentalized
and some compartments do an excellent job, such as the repair and
installation of lighting fixtures that were knocked down.

I am thinking of the story told about a certain gore area where a
sign was established—this is a true story—and an evolution took place
over about a 3-year period. To see the actual picture, you have a si
on two wooden sticks as temporary, improvised. Six months later the
maintenance crew says in effect—I am making this up—“Holy smoke !
This sign has been knocked down 14 times in the last 6 months. We
have to do something about it.”

From that point on, the direction which the train of thinking takes—
this is what Intrigues me—the immediate thought should have been,
“There is something wrong here. There is a frequency of impact. We
would like to know why. Let us do something about it.” But instead
the train of thought goes in the other direction. “We have to do some-
thing about this sign. Instead of wooden posts, we will have new steel
posts put in.” Now, the sign is still being hit with the same frequency,

erhaps increasing now, with more traffic coming along. “Holy smoke !

t has been knocked down 18 times the last 6 months.” Meanwhile
there is a little more damage to the impacting vehicles. Nobody thinks
about that.

You have steel pipes and that is not strong enough. So now let us
get two heavy-duty steel I-beams, mounted on a concrete support
which rises 2 feet above the ground. “Now let them try to knock
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this one down. This is here to stay,” and by gosh it does stay. But
the frequency of impact continues and in fact increases because more
traffic has been generated.

Suddenly, 2 years later, someone says, “Look. It is still being hit;
in fact, it’s been hit 14 or 15 times in the last 6 or 8 months. We have
killed eight people during that time.” All of a sudden it dawns on them
that we are’killing people with the sign.

First of all, maybe the sign should not have been there in the first
lace. It is sometimes not necessary, not that important. Or we have
ound instances where to further protect the sign, a wooden cross-

beam on concrete supports is created, for deceleration support which
is not adequate at all. In fact, it merely added another impact point.
At this stage, someone finally realizes that we are killing people here,
so either they remove the sign or go back to the stick or maybe now
adopts what you suggest, a breakaway type of support. It took 2
years to make a full circle and come right back to the original notion,
where obviously, initially, a breakaway type of structure was indi-
cated. Why that was not realized or awareness was not somehow even
reached as experience unfolded, the right information was slow to
reach the right people who should have been doing something about
it.

We thank you gentlemen very much for a splendid contribution. We
are indebted to you for your presentation. We thank you very much
and we will close the hearings for this morning.

We announce for tomorrow, Mr. George McAlpin, New York De-
partment of Public Works; Malcolm D. Graham, director of the Bu-
reau of Physical Research, New York Department of Public Works;
and Mr. John Beaton, materials and research engineer, California Di-
vision of Highways. I am sorry we cannot continue this afternoon. If
you gentlemen will be available tomorrow morning, we will appreci-
ate it.

Again, thank you very much, gentlemen. This will close the hear-
ings for today, and we will adjourn until 10 o’clock tomorrow
morning.

(Whereupon, the hearing was adjourned at 12:15 p.m., to be recon-
vened at 10 a.m. the following day, Thursday, June 29, 1967.)
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SPECIAL SUBCOMMITTEE ON THE
Frperar-Amp Hiecaway Program
oF THE CoMMITTEE ON PuBLic WORKS, -
v Washington, D.C.

The special subcommittee met, pursuant to notice, at 10:10 a.m., in
room di‘?ﬂ(ﬁ, Rayburn Building, Hon. John A. Blatnik (chairman)
presiding. :

Presexﬁ:: Messrs. Blatnik, Cleveland, Duncan, Edmondson, Howard,
McCarthy, McEwen, and Zion. - ‘

Staff present: Same as previous day.

Mr. Bratnig. The Special Subcommittee on the Federal-Aid High-
way Program will please come to order, resuming public hearings on
de;ign aspects of the Federal-aid highway program, as it pertains to
safety. . S o

Ou{- first witness this morning is Mr. John L. Beaton, materials and
research engineer in the California Division of Highways, Sacra-
mento, Calif. E - : :

Mr. Beaton, we welcome you, certainly, and more than that, we
thank you for staying over for at least 24 hours to be available. The
session started early yesterday, a long session, and we were unable
to have the afternoon hearings which we had anticipated. Mr. Beaton,
as is customary, would you please stand and take the oath. Do you sol-
emnly swear that the testimony you are about to give before this
special subcommittee will be the truth, the whole truth, and nothing
but the truth, so help you God ¢ : ’

Mr. BeaTon. I do.

Mr. BrATNIK. Please be seated, Mr. Beaton.

Mr. Constanpy. Would you identify yourself for the record, please.

TESTIMONY OF JOHN L. BEATON, MATERIALS AND RESEARCH
ENGINEER, CALIFORNIA DIVISION OF HIGHWAYS, SACRAMENTO,
CALIF. ' :

Mr. BeaToN. I am a materials and research engineer with the Cali-
fornia Division of Highways. My name is John L. Beaton.
- Mr. Consranpy. I would just like to say, Mr. Chairman, we are
very fortunate in having Mr. Beaton with us. There is probably no
one else in the country who has done as much research in this area
about which we are concerned, guardrails and median barriers, as Mr.
Beaton has, as we will see through his testimony. '

(1089)
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He has had considerable experience in live testing of barrier de-
signs with full-size automobiles in quite a number of them. Mr. Bea-
ton’s testimony will be most informative.

- If you would, give your background, Mr. Beaton.

Mr. BeaTon. I am a graduate, with a Bachelor of Science in civil en-
gineering, from the University of California in 1937. I have been with
the California Division of Highways ever since then.

Mr. Brarnie. The PA system is not an elaborate one. It is im-
pressive looking, but is not a very good sounding one. If you would .
speak a little more loudly we could hear better and the stenographer
would have a better opportunity to keep up.

Do not hesitate to use the ashtray or water, shift the microphone,
and be more comfortable. We are looking forward with anticipation
to your presentation.

Mr. Bearon. We have been engaged in testing—dynamic testing of
these traffic barriers for some 15 years—the last 15 years of my expe-
rience. Before that time, I was engaged in a variety of engineering and
management duties with the California Division of Highways.

Today, I would like to outline the testing program thaf has been
conducted by the division in developing various types of traffic bar-
rier railings. These barriers, as the committee I am sure is aware, are
used on the outside edges of bridges and highways, and in median
areas, and also to deflect vehicles away from contact with various ob-
jects along the roadside.

We in %alifornia have been.engaged in dynamic testing of traffic
barriers since 1952. Since that time to present, we have conducted ap-
p£%ximawly 150 full-scale-collision tests at a cost slightly in excess
of $500,000.

Mr. Coxsranpy. That is 150 automobiles which have been run into
the different designs of guardrail barriers; is that right.

Mr. Bearon. Thisisright.

Mr. ConsTanpy. Ata costof $500,000¢

Mr. BeaTon. Right.

Mr. Constanpy. Roughly a little more than $3,000 per test ?

Mr. BeaTon. Yes; that is the average cost. And it is that low when
you consider all of the tests because many of these vehicles were not
wrecked and many of the tests were made several in 1 day. If you
are considering a smaller number of tests, then we consider this costs
us, say $5,000, on the average to run a test. Some tests, when we are
considering only one or two tests, will run near $8,000.

Our tra%c barrier program in general has not only benefited from
our work but it has also benefited from the work of several others,
starting back with the Missouri Highway Department dynamic tests
in the early 1930’s, and current work by the New York Highway De-
partment, Cornell University, General Motors, New Jersey Highway
Department, and others. The Texas Highway Department, as was
evidenced yesterday, has done work that has contributed to our work.

It first became apparent to our highway and bridge engineers dur-
ing the late forties and the early fifties that the traffic barriers that we
were then using were not functioning as we had anticipated. The struc-
tural capacity as well as the dimensions of such items up to that time
had been designed by the application of statically developed criteria.
We, therefore, felt that in order to fully understand the problems
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involved in such designs it would be necessary to perform a series of
full-scale-collision tests so as to determine the dynamics involved.

Mr. Constanpy. That would be 1952 or thereabouts?

Mr. Beaton. Westarted in 1952; right. : :

Mr. Constanpy. We had testimony from the gentleman from Gen-
eral Motors to the effect that when they began'in 1958 to upgrade
their proving ground they searched for research which had been done.
I am not sure whether they mentioned being aware then of what you
had done in 1952, but they had come to the conclusion there had been
virtually little testing of guardrail median barriers for some 25 years.
Did you find that to be true? . B

Mr. Bearon. This is true. We in 1952 started testing bridge curbs
and rails and we worked on bridge structures almost entirely through
the mid-1950’s, and about the same time as General Motors started
in 1958, we started testing and developing median barriers and did
test some guardrails at that time. But that had been the first testing
that we found in the literature since Missouri did their rather early,
very early tests, in the 1930’s. . .

_ Mr. Constanpy. So the standard for guardrail and median design
in the early 1950’s was not very high ?

Mr. Bearon. That isright. - S

Mr. Constanpy. You found that what had been used as a standard

" was not effective ? ' :

Mr. BeaTon. Right. ) ; o

Mr. ConstanDY. Mr. Beaton has a movie to show us at this point, Mr.
Chairman. It is a sound picture. Do you want to say anything about it
before we show it ? . . .

Mr. BeatoN. Only that this picture is the latest picture we have
developed and is on guardrails. This picture outlines the program that
developed our present standard of guardrail that we are now using.
It also includes some median barriers. ,

(Script of movie prepared by the State of California Transporta-
tion Agency, Division of Highways, Materials and Research Depart-
ment, is as follows:) ;

Full seale dynamic impaect tesbs such as this to develop and prove various
highway barrier designs have been performed by the California Division of High-
ways since 1952 as a part of the continuing effort to improve the safety of Cali-
fornia’s highways. This film report presents the results of a recent series of
tests performed to observe the effects that would result from certain proposed
geometric and material modifications to the standard. California beam type
median barrier and guard railing designs. The comparative results of eight full
scale impact tests are shown. Four tests involve the median barrier design and
four tests involve the guard railing design.

In the median barrier portion of this test series, the first test was conducted on
the current standard double blocked-out beam design composed of a 12 gauge
steel “W” section beam mounted 30 inches above the ground and a 6 inch struce-
tural steel channel centered 12 inches above the ground.

This initial test served as a performance base to compare the results of the
modifications made in the succeeding three tests which include one test where
the steel “W” section beam was retained but where a 12 gauge steel roll, formed
“hat” section was substituted for the structural steel channel and two tests
to determine the feasibility of using aluminum alloy members as alternates to
the steel. Two thicknesses, 0.125 inches and 0.156 inches, of aluminum alloy “W”
section beams were tested in designs utilizing a 6-inch structural aluminum alloy
channel as an alternate lower rubbing rail.

This is our current standard beam-type median barrier, designed and tested in
a dynamic -test series conducted in 1958. This blocked-out design is used in
medians less than 22 feet in width when warranted by traffic conditions.
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Here is the standard median barrier design erected on the test site. In this
test series, all median barrier and guard railing installations were constructed
on this simulated, flat, paved median, and were impacted from this 25 degree ap
proach line. The impact speeds were approximately 68 mph for the median bar-
riers and 60 mph for the guard railings.

The standard California beam type median barrier installed for the first test
utilizes 8’ x 8’ treated Douglas fir posts and blocks at 6’-3’’ centers. The 12-
gauge galvanized steel “W’” beams are mounted 30 inches above the pavement
and the 6-inch, 8.2 1b. galvanized structural steel channel rubbing rail is centered
12 inches above the pavement.

This is the standard median barrier installation ready for impact Test #1.
(Sound track of crash.) This view from the tower camera shows the 25-degree
approach angle at 69 mph. Here is another tower view showing the 15-degree exit
angle. Note the tendency for the car to roll slightly away from the rail rather
than into it. The damage sustained was typical of that we have observed from
operating experience on our freeways.

The rail was permanently deflected up, presenting a barrier more than a foot
above the center of gravity of the average passenger vehicle. The vehicle was a
total loss.

The same post and block system was retained for the second test. However, in
Test #2, aluminum beams and rail were substituted for the steel members used
in Test #1. The 0.125 inch thick beams were alloy 2024-T3, and the 6-inch, 3 1b.
channel rubbing rails were alloy 6061-T6. These elements were mounted at the
same heights above the ground as was used in Test #1.

This is the aluminum median barrier installation ready for impact Test #2.
In this test, the splice of the aluminum rubbing rail was made the same as for
the steel rail in Test #1. (Sound track of crash.)

The 25 degree approach angle at 68 mph. Notice that the beam fails first, then
the aluminum channel rubbing rail fails at the splice. A majority of the flying
debris is fragments of the aluminum beam.

This is a view from the data camera mounted above the back seat showing the
kinematies of Sam during this roll-over. Again, flying debris is fragments of
aluminum rail.

It was determined from the data film that the failure of the aluminum rubbing
rail splice did not materially affect the results of this test. However, this splice
was redesigned to provide more edge distance in subsequent tests.

Again the vehicle is a total loss.

For Test No. 3, the same aluminum channel rubbing rail was retained, but the
thickness of the aluminum alloy “W” section beam was increased from 0125
inches to 0.156 inches.

This is the barrier as constructed for Test No. 3, and here is the strengthened
rubbing rail splice. (Sound track of crash.) The same 25 degree approach angle
at 68 mph as for the previous tests.

Note the similarity in vehicle reaction between this test and Test No. 1 on the
steel barrier. Barrier damage was also similar to that sustained in Test No. 1.
However, this single successful retention of the vehicle was not conclusive based
on the results of subsequent tests made cn the same 0.156 thick aluminum “W”
section beam in a single beam guard railing design.

Again the vehicle is a total loss.

For this fourth test we returned to the standard 30’’ high steel beam design
used in Test No. 1 and substituted a 12 guage galvanized steel roll-formed “hat”
section rubbing rail for the 6’/ structural steel channel.

Here is the barrier as constructed for Test No. 4 with the roll-formed “hat”
section rubbing rail centered 12’’ above the pavement.

At the same approach angle of 25 degrees at 68 mph, there was more vehicle
rebound with this hat section design than with the struetural channel rubbing
rail design. Note the flying wood fragments from the crushed timber blocks.

Energy absorbed during the crushing of the timber blocks adds to the resiliency
of this semi-rigid barrier system.

Although this design gave a passable performance, there was more of a
tendency to pocket under these high speed test conditions than was shown by the
channel rubbing rails in Tests No. 1 or No. 3.

Again the vehicle was a total loss.

The second phase of this research project consisted of four tests conducted on
guard railing. Developed in 1960, this California standard blocked-out guard
railing is placed for the motorists’ protection-on steep embankments. This design
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is also used to protect a vehicle from impacting bridge abutments, bridge piers
at structures, sign posts on freeway shoulders and sign structures at exit ramps.

In the guard railing portion of this test series, the first test was conducted on
the 1960 standard blocked-out beam design. This 12 guage steel “W”’ section beam
is mounted 24 inches above the ground on posts spaced at 12’6’/ centers.

Modifications in the succeeding tests included halving the post spacing to
6’ 3’’, determining the feasibility of using aluminum alloy as an alternate for the
steel in the “W” section beam, and testing the 6’ 3’’ post spacing with the steel
beam mounted at 24 inches and 27 inches above the ground.

The 1960 standard California beam type installed for the first guard railing
test utilizes 8’ x 8’’ treated timber posts and blocks at 12’ 6’’ centers. The
12 gauge galvanized steel “W” beam was mounted 24’’ above the pavement.

This is the 1960 standard guard railing ready for impact Test No. 5.

This initial test was designed to serve as a performance base to compare the
results of the succeeding three guard railing tests. It also was the first proof test
of this design under a 25 degree angle, 60 mph impact from a late model vehicle.
(Sound track of crash.)

The impact speed was reduced from 68 to 60 mph for the guard railing tests.

Typical of the sloped back bumpers on American-made cars from the past four
years is the bumper on this 1962 Chrysler that strikes the barrier at the center of
rotation of the beam. This high point of impact on the beam combined with the
sloped-back bumper design increases the possibility of vaulting. During a later
test it is found that by halving the post spacing, there was sufficient resistance to
beam rotation to successfully redirect the vehicle.

The first step in preventing vehicle vaulting as experienced in Test No. 5 was to
increase the height of the beam from 24 to 27 inches and decrease the post spacing
from 12 ft. 6 in. to 6 ft. 3 in.

This is the revised guard railing design with a 12 gauge galvanized steel “W”

section beam at a 27 in. height on posts spaced 6 ft. 3 in. apart. (Sound track of
crash.) Again, a 6 mph impact speed at 25 degrees. The 6 ft. 3 in. post spacing
combined with the added 3 in. in beam height eliminated any tendency to vault.
The 27 in. beam height places the beam well above the average sloped back
bumper and minimizes the tendency for the vehicle to roll.
" Damage was understandably more severe with a single beam guard railing
than was noted during the earlier tests on double beam median barrier designs.
When the beam is mounted this high, the post is exposed to potential wheel
entrapment. This 27 in. beam height is considered maximum for barriers without
rubbing rails.

For this third test on guard railing we retained the 6 ft. 3 in. post spacing from
the previous test and dropped the steel beam back to the original 24 in. design
height.

The purpose of Test No. 7 was to determine the most effective and economical
modification that could be made to the 1960 24 in. high guard railing design to
provide a more protective barrier. (Sound track of crash.) )

The additional posts, even with the beam at the original 24 inch height added
sufficient rlgldxty to the system to effectively redirect the vehicle. At this reduced
height, there is a slight tendency for the car to roll.

The steel beam of this guard rail eystem withstood severe deformation and
extremely high stress concentrations in the immediate 1mpact area with no evi-
dence of failure. Again, much of the energy was absorbed in crushing the blocks.

For this last guard railing test in the series, the 24 inch beam helght and 6 ft.
3 in. post spacing were retained from the previous test, and a 0.156 in. thick alu-
minum alloy “W?” section beam was substituted for the 12 gauge steel.

This is the installation for Test #8. The 0.156 in. thick aluminum beam is
the same that performed satisfactorily in the double beam median barrier
design. (Sound track of crash.)

Again, the sam'e 60 mph at 25 degrees as for the previous guard railing tests.

An objectionable characteristic of the alloy 2024 aluminum beam revealed
in this test is its unpredictable behavior during the extreme meact loading
imposed by the vehicle.

‘While being redirected in the usual manner, the vehicle is suddenly and vio-
lently ejected from the barrier.

The difference in performance between the steel and aluminum appears to
stem from the difference in stress-strain relationships and the ductility of the
two materials. Of most significance is the difference in impact resistance of
the two materials. Laboratory tests indicated that the steel beam could with-
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stand approximately 8 times the impact loading as this aluminum alloy beam.

The first penetration of the rail element into the car was through the left
front wheel well.

In summary, the blocked-out steel beam concept has been supported con-
sistently by satisfactory operational performances of field median barrier
installations such as this. Investigations of in-service barriers at accident loca-
tions revealed barrier behavior patterns, almost identical to those exhibited
by successful barrier tests. :

Although the type of barrier tested in this series is referred to as a beam
barrier, the beam itself must be capable of withstanding extremely high axial
stresses if it is to function safely.

The ability of steel to withstand these stresses was well substantiated by
the performance of the steel beams used in this test series.

‘When the imposed axial and tensile stresses cannot be resisted by the beam
member, we can expect results such as this: aluminum beam failures generally
occur at posts, either through reduced sections at splice holes or at points of
high stress concentration. In comparing the ability of aluminum beams to with-
stand severe impact loading with that of steel, it is apparent that aluminum
alloy 2024-T3 in 0.125 inch thickness is an unacceptable alternate for 12 gauge
steel beams for use on median barriers or guard railing.

The 0.156 in. thick aluminum in the same alloy is also an unacceptable sub-
stitute for steel in guard railing and is marginal for use in double beam median
barriers.

Because of the tendency to pocket, the performance of this 12 gauge steel “hat”
section rubbing rail is considered marginal and in this form would not be con-
sidered an acceptable alternate to the standard 6'’ 8.2 pound structural steel
channel.

The 27 in. beam height is considered maximum for the blocked-out guard
railing. Because of the tendency for wheel entrapment, a barrier with the beam
placed any higher than 27 in. would require 2 lower rubbing rail as does the
30 in. high median barrier design.

Guard railing beams mounted 24 in. above the ground on 6 ft. 3 in. post spacing
will give acceptable performance in most locations. However, to increase fhe
margin of safety over possible failure from impact by late model cars, it is
concluded that for all new guard railing construction the minimum beam height
should be increased from 24 to 27 in. above the ground, and the post spacing
decreased from 12 ft.-6 in. to 6 ft. 8 inches.

This study was made by the California Division of Highways in cooperation
with the United States Department of Commerce, Bureau of Public Roads. (End
of film.)

(At this point Mr. Edmondson assumed the chair.)

Mr. ConsTanpy. Very good, Mr. Beaton. I think it says a lot.

Mr. Beaton. Thank you.

Mr. Constanpy. These are the current standards in the median bar-
rier and guardrails? :

Mr. Beaton. These are the current standards we are using as of
now.

Mr. Constanpy. I think if might be worth pointing out it appears
there is no washer used on the installation of the guardrail. Is it not
true that California, instead of a washer, uses the acceptable alternate,
the wide headed bolt ?

Mr. Beaton. This is right. ,

Mr. Constanpy. There should be something there, more than a
standard bolt head ?

Mr. BeaTton. Sufficient width to hold the barrier to the block.

Mr. Consranpy. Can you briefly outline your testing program ?

Mr. Braron. Yes, I would like to. Our program in general rotates
entirely around dynamic testing, so I thought it might be well if T out-
lined our general procedure before I went into the full development of
our program.
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When we started out, we used retired highway division cars which
are lighter cars, in the Ford and Chevrolet class, and they are 4 or 5
years old. Later, and now, as you saw in this picture, we used retired
highway patrol cars, which are only slightly over a year old when we
get them. They are heavier, they are higher powered than the average
vehicle on the road and therefor we feel that they put our barriers to
somewhat more severe tests than actually occur in the field. These
cars are driven into collision under their own power through a radio
remote control by a driver in the following car, as you probably noted.
The driver’s seat is occupied by an anthropometric dummy who has
become very dear to our hearts and we call him Sam because he has been
through so much.

He is instrumented with accelerometers in his chest cavity. In almost
all tests he is merely retained by a seat belt. However, we have tested
practically every other type of restraining device, primarily in co-
operation with our highway patrol. Actually, we rely almost entirely
on high-speed photographic coverage to obtain our technical data as
well as our documentary information for these pictures.

Mr. Consranpy. What speed and angle of impact do you use in your
live tests? E

Mr. Beaton. We use the approach angles and the speeds recom-
mended by the highway research board for testing of guardrails, ex-
cept that for highway barriers, such as median barriers and bridge
rails, our final testing will usually be at a 25° angle of approach and
speeds ranging around 65 to 70 and some as high as 80 miles per hour.
The HRB standards are two approach angles of 7° and 25° and speeds
not in excess of 60 miles per hour. Our tests are all performed on an
unused airstrip located near Sacramento. ‘

Mr. Constanpy. Could you tell us the evolution of the barriers and
guardrails currently used ?

Mr. Beaton. Yes; I would like to.

I will follow my presentation with a short filmstrip or excerpts from
various moving pictures that we have made during our various tests
that will depict some of the comprehensive work we have done in this
field. That will illustrate the good points as well as the problems in-
volved in most current barrier designs. I am sure the committee realizes
the perfect barrier has not yet been designed and that there is no sub-

stitute for a great deal of open space. :
~ We started our program in 1952 by making a series of tests of con-
crete bridge curbs of various shapes and heights. This series was rather
rudimentary in character in that we used a live test driver and for that
reason were limited as to severity of collision. This series did prove,
however, that an undercut. curb was the most efficient and also fur-
nished basic information as to the effect of curbs on vehicle response.

This we followed by a series of tests in 1955 to develop the most
efficient height and contour for bridge curbs and the lowest effective
height for bridge rails both when they were mounted on curbs and not.
We also found that if it was necessary to set a curb in front of a rail,
then the lowest effective height of the rail was directly related to its
setback until a maximum height of 4 feet above the curb was reached.

Mr. Constanpy. Four feet?

Mr. Beaton. Four feet. ‘ .

Mr. Constanpy. Versus your norm, which is 27 inches?
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Mr. BraTon. That is right. A little over 2 feet. This is because of
the jump of the car as it goes over the curb, or dynamic response.

Mr. ConsTanDY. Quite a significant thing, then.

Mr. Beaton. Yes, it is. Actually, we found later that the additional
height need not be added as long as the barrier was set back no more
than about a foot from the face of the curb. This is because of the
dynamics of the suspension system of most automobiles which I will
illustrate in the movies later.

This work finished for a time our development of bridge curbs and
rails and we turned to the median barrier problem in 1958. Here the
rapidly increasing volumes of traffic on our various freeways were
starting to result in many severe cross-median head-on collisions. A
two-pronged attack was initiated on this problem—one by our traffic
department to determine the parameters of the overall problem, and
one by ourselves using the dynamic information gathered during our
bridge rail studies to attempt to develop median barriers if they were
found to be needed.

We felt that a median barrier should, No. 1, prevent crossovers. This
was its first duty.

No. 2, it should minimize possible injury to the occupants of col-
liding cars.

No. 8, it should minimize the possibility of secondary collisions re- .
sulting from cars careening from the barriers.

Mr. Constanpy. Just to restate that, you initially want to prevent
penetration of the automobile into the opposing lane of traffic.

Mr. Beaton. Right.

Mr. ConsTanpy. You want to reduce the forces of deceleration to
those humans within the cars.

Mr. Beaton. Right.

Mr. Constanpy. And you want to redirect the vehicle on a path
parallel to the road so that it does not go back into the adjacent lane
of traffic and cause another accident.

Mr. Beaton. That is right; yes. :

From their studies, the traffic department determined that the
occurrences of cross-median headon collisions were directly related to
the volume of traffic and that median barriers could save lives if prop-
erly placed ; however, it was emphasized that the placement of median
barriers would cause an increase in accidents. In other words, there
were many out-of-control cars which invaded the median area without
becoming involved in an accident. ‘

Mr. Constanpy. Could you explain that a little bit?

Mr. BeaTton. Well, if you have a median area with no obstructions
in it, in other words, it is absolutely clear, then the car may have a
chance of recovery and come back to the traveled way. However, as
soon as you install median barrier, then there is an object that can be
struck. In other words, you have cut down the evasive area, let’s call
it, the defensive area, in half, so they fight off to strike the barrier
and then they become an accident victim. ' ‘

Mr. ConsTaNDY. I see. ,

Mr. BraTon. Years of experience have proven these findings to be
accurate. The fact that the accident rate would be increased by the
placement of median barriers even though lives would be saved made
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it even more important that we develop median barriers that would
minimize injuries to the occupants of colliding vehicles.

Qur work, therefore, was to develop devices that would serve as
positive barriers and yet minimize secondary effects on the occupant.
This we did by developing a cable barrier for wide medians and a
blocked out metal beam barrier for narrower medians. Within a year—
1959-60—we had installed more than 100 miles of the cable barrier and
50 miles of the metal beam barrier in the most critical areas of the
State, and since that time another 800 miles of median barrier has been
added. Operational studies of both types of barriers indicated that the
blocked-out beam barrier was serving as designed ; however, the cable
barrier at first needed refinement as to details and in addition had
created certain unanticipated operational problems.

A series of additional tests was then started so as to improve design
details of the barrier itself and in addition to determine the effects of
the geometry of various roadsides on the action of the cars as they
approached the barrier. The effect of these tests was to more clearly
define the design considerations for each type of barrier. The flexible
barrier system consisting of a cable on light collapsible posts and with
a chain-link fence or expanded metal mesh to act as a glare screen
proved itself to be remarkably efficient in both stopping an invading
car and in minimizing possible injury to the occupants of such a

* vehicle.

Unfortunately, however, due to its flexible character it proved to
be sensitive to the variety of changes in the geometry of the approach
roadway and shoulders or to dikes or curbs placed in front of it. In
other words, any excessive irregularity of the surface approaching
such a barrier could result in the vehicle striking the cable too high or
too low which would result in penetration. ~

‘Another problem that developed was that the slightest contact with
the barrier caused damage which had to be repaired. Maintenance
repair trucks positioned to perform these repairs often made it nec-
essary to close the high-speed lanes. This results not only in a loss in
efficiency of the freeway but also causes accidents. We have, tlierefore,
found it necessary to restrict this type of barrier to medians that
are relatively flat between the adjacent roadways and also where we
have a width of at least 22 feet so as to allow sufficient room to park
the truck and utilize thisequipment during the repair.

The blocked out metal %eam has shown no problem so far as place-
ment is concerned and due to the fact that repairs are necessary only
after a very heavy collision, closure of lanes during repairs can be
held to a minimum. During our testing program, while it was evident
sustained decelerations on the occupants of vehicles colliding with the
blocked out metal beam were relatively low, we were concerned that
the disorientation of the driver due to a rapid change in direction of
travel could result in severe secondary collisions. Interestingly, this
problem has not developed. In all, our overall median barrier program

has been quite successful.

i Mr. ConsTanpy. Relative to that program, you have a paper given
recentlyzby Mr. J. C. Womack, California State highway engineer, do
you not ¢ , '
‘Mr. Beatox. Yes; I have.
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Mr. Constanpy. In the interest of saving time, Mr. Chairman, I
would ask that the statement of Mr. Womack be printed in the record
at this point.

Mr. EpMonDsoN. So ordered.

Mr. ConsTanpy. It is a very fine statement, and as a matter of fact
adds another dimension to the question of installing guardrails. It is
something to which careful consideration should be given. They find
that you increase the incident of injury if the median barriers are
installed at the wrong place.

Mr. BeaTon. Thisisright.

Mr. Constanpy. I ask the paper be printed at this point in the
transcript.

Mr. Epmonpson. It will be printed.

Mr. Constanpy. Thank you. ' ,

(The statement, “Median Barriers and Accident Prevention,” by
J. C. Womack, State highway engineer, is as follows:)

Median barriers were conceived and are installed to prevent cross-median
head-on accidents. Accident data show that median barriers are very effective
in aceomplishing their purpose.

Back in the late 1950’s, before the median barrier program was initiated in
‘California, cross-median head-on accidents accounted for approximately 20 per
cent of the freeway fatal accidents. At present, with 400 miles of median barrier
in place on 2,000 miles of freeways, only one-twentieth of the total freeway
fatal accidents are of this type. The 400 miles of median barrier were installed
first at locations where accident records and traffic conditions indicated they
would do the most good in preventing cross-median accidents, and subsequently
have been installed on all freeways where the median is less than 46 feet wide
and average daily traffic exceeds 40,000 vehicles, and on all freeways with nar-
row medians (less than 12 feet) where the average daily traffic exceeds 20,000.

Since the barriers have proved their effectiveness in preventing one of the
most vicious types of accident that takes place on California highways, the
question quite naturally arises as to why they are not installed everywhere,
and this question is very forcibly brought to the attention of highway officials
whenever an accident of this type oeccurs and is reported in the press.

Highway officials are just as concerned—probably much more concerned than
most people—by reports of fatal cross-median accidents. Here in California
and throughout the nation they have given careful research and study to this
most serious matter. The study, based on years of experience, shows that the
solution is not as simple as it first seems to be.

The problem is that the installation of such barriers causes approximately
a 25 per cent increase in injury accidents and can most definitely cause fatalities.

In 1965 there were 3,800 head-on accidents on California State highways. Of
these, only 33 were fatal accidents caused by cars crossing over the center divid-
ing strip on freeways. Thirty-three such accidents are too many, but they also
must be viewed in perspective by those in charge of State highways in Califor-
nia who are confronted with a yearly toll of more than 100,000 accidents and
more than 2,000 persons killed. In the light of this, the State Highway Engi-
neer must decide whether an all-out program designed to prevent such a small
fraction of all fatal accidents is worth the cost, not in dollars, but in the in-
creased suffering caused by accidents that would not otherwise occur, as well
as a reduction in other safety programs designed to prevent a much larger num-
ber of accidents.

The general increase in total accidents as a result of median barrier installa-
tion is due to the fact that the barrier cuts in half the space available for emer-
gency maneuvers in the median. Drivers who might use the median to avoid
an accident in an emergency have less room ; they may strike the barrier or they
may strike another car. In either event they have an accident, often involving
“innocent bystanders” on the same side of the freeway. These accidents that
might never have happened also cause injuries and deaths.

A median barrier or guardrail can prove just as deadly as another vehicle if
you run into it with enough force. One hundred sixty-nine fatal accidents oc-
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curred in 1964 and 1965 on California freeways in which vehicles struck some
kind of guardrail. Included in this category are 41 where the guardrail was a
median barrier. ’

The dilemma persists. In order to solve it, the probability of a few cross-
median accidents must be weighed against the certainty of many accidents of
other types, and therefore barriers are only placed when the probability of their
doing more good than harm can be demonstrated. !

In general, when traffic volume is very high, the number of potential head-on
accidents is high enough that their prevention outweighs the negative aspects.
But at low traffic volumes and where the divider strip is wide, the chance for a
cross-median accident is so small that the added accidents the barriers cause
are considered to be too high a price to pay. As traffic volume increases, more
barriers will be installed. California motorists may be sure that proven safety
devices and safer design standards will be adopted for the California Highway
System as fast as they are developed.

Mzr. Constanpy. Will you continue then, Mr. Beaton.

Mr. Bearon. Our median barrier program testing new ideas and
refinements of old went on through 1964. However, during the early
part of this project and as a supplementary program we determined
that our then 1958 standard guardrail was not as effective as desired.
We therefore changed from the curved beam type to a W-section beam
on blocked out posts. :

Improved bridge rail designs was our next objective. Testing was
started in this area in 1965. As I stated earlier, our 1955 program had
developed effective concrete bridge rails that were topped with a metal
tubular railing. Tests in 1963 further refined these designs and im-
proved the strength of the metal posts and rails. In addition to these
concrete bridge rails, we found that we had a need for a railing that
would improve visibility, be self-cleaning, and esthetically acceptable.
Based on past dynamic studies, our bridge department therefore de-
signed an all steel bridge barrier railing consisting of two horizontal
rails mounted on steel posts. This railing proved to be both pleasing
in appearance and very effective in redirecting colliding vehicles. It is
of special value on interchange structures where visibility of approach-
ing traffic is very important.

Its use, however, is otherwise limited, in that it is important in the
normal structure of any length that the driver not be distracted by
objects along the side, such as boats and so forth, and also that the rail
be somewhat substantial looking so as to give the driver every confi-
dence in the world in them. '

Concurrent with our bridge railing studies, we were also conducting
a program on guardrailing. This was started in 1964. Our traffic de-
partment had observed during their continuing accident studies that
the then current standard design of metal beam guardrail was dimin-
ishing in its effectiveness due apparently to the higher speeds and
heavier weights of the modern vehicle. During this project we there-
fore studied the effect of various modifications to the metal beam type
of guardrail. You have already seen the picture, and we changed our
standards, we raised the beam and we cut down the post spacing.

During this time and still underway, we are testing short sections
of guardrailing which are used to deflect vehicles away from collision
» with various objects along the side of the road. Our tests confirmed
the findings of others that guardrailing less than 100 feet in length
is ineffective unless adequately anchored. We are not satisfied with
any of the current anchoring systems and are therefore attempting to
develop a better system. ‘
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Mr. Constanpy. That is an area which is to a large extent ignored
by many highway departments in the representative samples sve have
been shown.

Mr. Beaton. This is an area that needs a great deal of work, ac-
tually, because you are working in relatively small areas with very
short deceleration distances. So 1t is a real problem.

At the present time, we are considering the use of the New York
box beam median barrier and also the New Jersey design of concrete
median barrier for us in areas where each would be especially effective,
and we have tested both of these designs so as to obtain firsthand dy-
namic knowledge to supplement the information that we have already
obtained from the other States.

At this time, I would like to show another picture, which indicates
some of the design features that we had been concerned with and have
tested. This is a silent film which I will narrate as we go along.

(Narrating film.)

The first series of clips I am going to show here indicate the four
general classes of median barriers. This first is what we call a flexible
system. These terms, by the way, are our own, they are not accepted
by any national body. This flexible system is a cable barrier with an
expanded metal light screen, or glare screen, in this particular case.

Here is the New York box beam which we termed as a semiflexible
system. Tt is a steel box beam on collapsible posts.

We term our blocked-out metal beam as a semirigid system. This is
our standard median barrier design.

This is one of our new bridge rails and we term it also as a semirigid
system. And this we term as a rigid system, and it is the same as any
other concrete wall barrier.

Here we are testing at 90-mile-an-hour speed our flexible system
cable barrier.

Mr. Constanpy. Ninety miles an hour?

Mr. Beaton. Ninety miles an hour.
~ [Narration continued:] Here we are riding Sam through the 90-
mile-an-hour collision. You note the energy Is eaten up by the col-
lapse of the posts and stripping of the cable. You can see the posts go-
ing down in the front of the car, starting pretty soon. We are just
now out of the full arc of the deflection and now we are coming back
and you can see the posts going down in front of the car.

Mr. ConsTanpy. You were satisfied with the result itself?

Mr. Beaton. Yes. The decelerations on Sam are very low down,
in the 1- to 3-g range. There is little or no rebound from this. The
car stays in the median area. Damage to the car, actually, is rela-
tively slight, amounting primarily to the cutting up of the sheet
metal. :

[Still narrating:] Here is a test on semiflexible system, the New
York box beam as you can see, the deflection is somewhat less. This
is at 65 miles an hour, by the way, and the rest of the tests will be
at 65 miles per hour and 25° angle collision. The deflection is 6 feet.
There is low exit angle, only 5°. '

In all of the interior shots you will see of Sam going through these
tests he has a seat belt on. You can see his sideward movement and
rebounds somewhat heavier than it was as we went through the cable
or flexible system tests.
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Damage to the car was a little greater but not too much.

Now here is our semirigid system. That would be blocked-out metal
beam. Here at this same 65 miles an hour and 25° angle of collision,
you will notice there is little tendency for the car to roll, because of
the blocked-out feature. The exit angle is about 15°. . )

Here the side thrust on Sam is somewhat greater than it was in the
last test.

The deceleration on Sam was 7 to 12 g’s in this case, which we con-
sidered to be tolerable, however, quite high.

As you can see in the impact, the energy was divided between the
railing and the automobile. Here again is a semirigid system. How-
ever, this has a little more stiffness in it than the blocked-out metal
beam.

Mr. Constanpy. Isthisa bridge rail? ,

Mr. BeaTown. This is a bridge rail, right, used primarily on inter-
change structures. _

[Narration continued:] Acceleration here is a little higher. The
reflection angle was somewhat greater; it was 25°. The early decelera-
tions on Sam are greater, as you can see.

Mr. ConsTaNDY. More energy is taken up in damage to the car.

Mr. Bearon (continuing). Here is a test of several bridge rails,
all the scenes from now on are some of our earlier bridge rail tests.
Here we were trying to determine the proper designs, proper height.
This happens to be a very lightly designed straight wall, on which
we were attempting to find out further information.

This was our early standard design. It was a massive-looking bridge
rail. You can see we went right on through it. This shows an experi-
I&r%nt(ail ballister design, which while it tested out all right, we never

1d adopt.

This 1s one of our standard bridge rails we use at present, whenever
we want a safety walkway. This is the same design, however, without
a walkway in front of it. ‘

This is the New Jersey median barrier developed for use in narrow
medians, and we tested it in our latest series. ’

This concrete rail failed because it was too low. The punch of the
car is concentrated too close to the unsupported edge, and there is
insufficient strength to retain this height and it went straight through.

This is lightly designed concrete wall, It failed and the car rolled
off of it and rolled over. And this is typical of any barrier that allows
the car to roll into it.

Now, in the next shot I will show what happens when you do not
block out'a wall and you allow the wall to deflect and allow the car
to roll into the wall. ' ,

This is a very typical roll. That is why we block out our median
barriers, '

This is our current design of solid bridge rail. Lateral decelerations
are relatively high any time you use a rigid barrier. However, rigid
barrier is necessary when you do not have space on the other side to
* aceept the deflections of other types of barriers.

Sam lost his head in this one, but this was not primarily due to the
type of collision. He had a helmet on and it tripped up on high an-
tenna; Sam has a very limited lateral movement in his neck, so it
trapped and it was not necessarily indicative of the crash. ‘

87-757 0—68——70
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This is the New Jersey design of flat-angle high-speed collision. You
can see here practically no damage to the car, a slight amount. A great
deal of energy was eaten up in raising the car, rather than in crushing
the car. Decelerations on Sam were very low, even though this was a
65-mile-an-hour collision, at 7°.

Now this is at 25°, same speed. You will notice now the reaction of
this is just like any other rigid barrier; that is, that it is very severe,
very light, all the energy absorbed in the car. Accelerations on Sam
were quite high.

No damage to the barrier, however ; most of the deceleration energy
was absorbed by the car.

This is our standard bridge rail with a safety walkway in front of it.
You will notice as the wheel of the car went over the walkway, there
was little or no change in elevation of the car. This is due to the spring
system of most American automobiles. :

If the rail were farther back, then the rebound or the spring system
would start to raise the car.

This is a back view of the same accident. The tire blew out as it went
over.

A series of tests now showing our test of curbs. We determined the
most effective height and design. Our early studies showed that under-
cut to be quite effective, but even the best curb, high speed, low angle,
you would go over them; you go over curbs at low speeds, this is only,
5-miles-an-hour collision at 30°.

We wanted to know what kind of jump we would get going over a
curb and that happened to be a 60-mile-an-hour collision.

‘We did find that in the first part of the jump, a great deal of the
jump was absorbed by springing system. Here this is going over only
a 6-mch high curb you can see the soft spring system did not affect
the car at all at first but a little bit later it started to impart a jump.

Now here is 2 hard sprung sports car going over the same height,
same speed. As you can see because of the hard springing, the jump
is quite a bit more than over the soft sprung.

Mr. Constanpy. You are not enthusiastic for curbs, are you?

Mr. Beatown. No, sir, not enthusiastic at all.

Mr. Constanpy. You would prefer that they were not used?

Mr. Bearon. I do not think curbs should be used unless they are
absolutely necessary.

[Narration continued:] Here is a sports car going into our cable
barrier over a 6-inch height curb. In this case, the barrier is close
enough so that the car was not jumping too.much before it was caught.

Here we are going to test a series of geometric configurations ap-
proaching our cable barrier. This is a typical sawtooth. You will see
as the car comes up underneath, a sports car, low anyway, it will
penetrate the barrier. We had problems with this at first, and have
no longer any use for it in this type of a location.

Here is a car approaching on the high side of the superelevation on
a curb. This gives a high-speed car sufficient jump to clear the barrier.
Again, we had to recognize this fact in our designs and placement of
such barriers.

This is a 66-mile-an-hour collision with precast concrete median
barrier that we attempted to develop because it was cheap. We have
never used this, needless to say. However, it is a good example, I think,
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of the difficulty of trying to make a light unit out of a brittle material.
It just does not work with light materials or in dynamics.

You saw this picture in the other group, but it is to illustrate exactly
the same thing that I just mentioned, that it is necessary that the
beams be properly designed so as to keep a car away from collision
with hard posts. The failure, as you can see, is catastrophic. - v

This is merely to show that if properly designed this type of barrier
works real well, prevents the car from rotating, tipping over.

This is our standard design. This is a typical damage on the road
from a hard collision; as you can see it more or less duplicates our
test findings.

One beauty of this particular barrier design is that light dents do
not need repairs. : ‘

This is typical damage of our cable barrier and as you can well
imagine, with trucks out there to repair this barrier in a relatively
narrow median, requiring the closure of the high-speed lane, we no
longer use it in such locations. This is the typical location in which we
use it. In places where it is relatively flat, we have plenty of room to
get out and repair any damage that may occur.

Whenever we have to place ditches for drainage, we either try to
get them 6 feet away from the cable barrier or right up within a foot
of the barrier. ,

_ Any flexible system or semiflexible system, we feel that some space
is needed to get our repair trucks in to repair any damage that might
oCCur.

In a semirigid system, we need less space, we can use it in the nar-
rower medians, need less repair, we do not have to stop the traffic at all.

. We use this rail in interchange structures, or bridges, where we need
sight distance. In other words, where cars are coming up from the
side, both the car on the freeway and the approaching car needs to
be able to see the approaching traffic. This is the New Jersey concrete
barrier. We feel that there is a place for using this barrier in very
narrow medians, where repairs should be held to a minimum and
interference with traffic held to a minimum. This is our standard
bridge rail we use in most locations, throughout the State of Cali-
fornia. (End of film.) :

(At this point Mr. Blatnik resumed the chair.)

Mr. ConsTanpy. We have a third film, Mr. Chairman, if we have
an opportunity at the end of the other witnesses’ presentation to see
it. It relates to short section of guardrails and the necessity for them
to be anchored.

There are a couple of things that come to mind. Do you use the chain
link fence I believe you developed ?

Mr. Beaton. Yes.

Mr. Consranpy. Initially, did you have some difficulty with the
turnbuckles?

Mr. Beaton. We had difficulties with the early turnbuckles because
they were large and bulky and they snagged the car. We, therefore,
went through a series of tests, redesigned these to the same size of the
cable by using high strength steel, a pipe type.

Mr. Constanpy. I think that you also initially had two heights of
cable, did you not?
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- Mr. Beaton. We had two cables. We had problems with the lower
cable tending to raise the car and give it an initial impetus upward.
So we removed this cable and found by testing that the barrier system
ismore efficient with it off. )

. Mr. Consranpy. It raises some concern inasmuch as last week we had
pictures from the nine States and two of them were using the original
design chain link fence median barrier you developed. Apparently
both of them used your original design, because as I recollect in both
instances, they do have a turnbuckle of the type you initially had
which, as you found, presents a severe hazard. A

And they also both used the low cable which you have since aban-
doned. Since they are on brand new projects, it would seem to suggest
both the States that adopted your idea have adopted the early design
in which you found some defects. It is hoped that both of those States
become aware of it and perhaps make the necessary modifications be-
fore they have to learn, as you people did, that there are improvements
tobe made in the original design. ;

There were a couple of other items there. I think we should mention
your film sug%%ted the necessity of coordination between the design
of the automobile and the design of the highway. The design of auto-
motive devices such as the slope of the bumper permitted the car to
raise up above the guardrail and in effect defeated its purpose.

Mr. Beaton. We agree with this 100 percent. We feel that there
needs to be a correlation between the vehicle and the road. This is
a very significant area and very fruitful area in which to do a great
deal of work. :

Mzr. Constanpy. It would be a shame to have people in the highway
field developing a facility for safety at considerable public investment
which thereafter would be diminished in its value, if not negated, as
a result of changes in automobile design.

Mr. Beaton: Thisis right. '

Mr. Constanpy. Did you have something that you care to state
relative to smaller vehicles, sports car type machines, and as your
protective devices relate to them ?

Mr. Beaton. Well we found, especially with the cable barrier, that
the low profile sports car gave us many problems of penetration, gave
other safety problems that are very difficult to take care of, especially
with a flexible system. : '

Mr. ConsTanpy. Without diminishing values as relates to the stand-
ard size car? '

Mpr, Brarown. This is right. They are a majority of the cars that are
on the roadway.

Mr. Constanpy. In your opinion, do roadside protective devices
then leave the operator of a small sports type car less protected than
he would be in a standard car ?

" Mr. Beaton. Yes; I think this is true. Of course, I think that any-
body in a sports car is less protected from almost anything. ,

Mr. Constanpy. Perhaps they need to do what they did with cig-
arettes; have an imprint on the side that the use of this machine may
be injurious to-your health.

Mr. Beaton. It would be well to be cautious.

Mr. Constanpy. If you would not mind standing by, we may be
able to show the other film in the event we do not conclude. We would
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like to thank you for your considerable cooperation and the hours that
you have spent with us out in California showing us many, many pic-
tures of the type you showed here today. Your own thoughts have been
very helpful and we appreciate it.

Mr. Bearton. Thank you very much.

Mr. Constanpy. You have made a vital contribution in the field of
highway safety and you have certainly helped us at this hearing.

Mr. Brarnix. The Chair and all of the members of the committee
express our appreciation for your excellent and very, very impressive
presentation which you have made here this morning.

Mr. Beaton, we are impressed with your dramatic and well-engi-
neered, carefully laid out test crashes and the scientific and engineering
data that you have gathered and carefully collated and evaluated.
What use is made of 1t besides the use within your own State of Cali-
fornia Division of Highways?

Mr. Beaton. We prepared and distributed written reports to all of
the States, both through the Bureau of Public Roads and also through
presentation of the Highway Research Board, and I feel that several
States have used this work. I have no way of knowing, of course,
which ones have and which ones have not.

Mr. Brarnie. What I am trying to get at, without getting you to
. pass judgment, is how it should be handled. You say several States

have used it. Would you have any suggestions to make as to how we
would get this to all of the States so that they would at least be aware
of thisinformation ?

Is that your responsibility, or the Federal bureau, the safety section
of the Federal bureau ?

Mr. Braron. It could be. In other words, they could have the
machinery to disseminate this type of information. I think that every-
body has to take this information and study it and make sure they can
or cannot apply it in their particular situation.

Mr. BraTNik. You may have stated it earlier. Were any Federal
funds involved in this research ?

Mr. Beaton. None of our earlier work but all of our later work has
been funded by Federal money.

Mr. Brarnix. All that information would be available to the Fed-
eral bureau then, and it would be their responsibility to see that the
States got what was pertinent and significant. It ought to be made
availab%e to the States, either in the form of recommended designs,
or directives instructing them. : ‘

We have thousands of miles of guardrail. Do you have any idea
at all how many in the country are inadequate or deficient in some
respect, such as being too low, iImproper spacing of posts, support of
posts, things such as that?

Mr. Beaton. I could not even guess as to that, sir. It would be very
difficult to make an intelligent guess.

Mr. Brar~Nig. The reason I ask the question, in narrating an earlier
reel you said this was standard guardrail design and you showed some
structures in the period around 1958. You showed and described great

~weaknesses in it and reported great improvements in subsequent modi-
fications. I am getting at all of the standard designs of that time.
There was a considerable amount of that being installed. Do you think
it is still in existence ?
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Mr. Beaton. Oh, yes. We have old standards in existence in our
own State. There is a problem, of course, of availability of funds to
correct and replace and update the highway system insofar as all
of its features are concerned, and this is one of them that we updated
and corrected as fast as we could. But you just cannot keep up with it.
~ Mr. Bratnix. For instance, you found the 24-inch height to be
inadequate. Yet I understand many of our guardrails now in existence
are only 20 inches; is that correct?

Mr. Beaton. We don’t have any in our State. This may be true.

Mr. BraTnig. But there are quite a few at 24-inch height which
you found to be inadequate in your tests?

" Mr. Beaton. Right. o

Mr. Brarnig. Those are to be replaced by the 27-inch guardrail,
with the additional improvements, such as closer spacing of the posts,
and your rub rail.

Is that cost borne entirely by the State? Is there any cost of replace-
ment of guardrail shared by the Federal funds?

Mr. BeaTon. I think it would depend upon the project. I am sure
that there are on certain highways, Federal highways, I am sure there
could be a portion of the money. I am not an authority on the financing.
I do not know. ,

Mr. Brarnik. Mr. Beaton, we certainly thank you again, very very
much, for a most impressive contribution to our hearings. ‘

Mr. Beaton. Thank you, sir.

Mr. Brarnik. From the New York Department of Public Works
we have George McAlpin, deputy chief engineer for technical services,
and Malcolm D. Graham, director, bureau of physical research.

Before you gentlemen sit down, would you please raise your right
hands. Do you solemnly swear that the testimony you are about to
give before this subcommittee will be the truth, the whole truth, and
nothing but the truth, so help you God?

Mr. McArrin. I do. (

Mr. GraBam. I do.

Mr. Bratnik. For the record, and purposes of identification to the
committee members, will you please give your full name and official
title or capacity to the reporter?

TESTIMONY OF GEORGE McALPIN, DEPUTY CHIEF ENGINEER FOR
TECHNICAL SERVICES, AND MALCOLM D. GRAHAM, DIRECTOR,
BUREAU OF PHYSICAL RESEARCH, NEW YORK DEPARTMENT OF
PUBLIC WORKS, ALBANY, N.Y.

Mr. McAvrpin. I am George W. McAlpin, Deputy Chief Engineer,
New York State Department of Public Works.

Mr. Graram. I am Malcolm D. Graham, Director, Bureau of Physi-
cal Research, New York State Department of Public Works.

Mr. Brarnix. May I at the outset welcome you gentlemen and
thank you for laying over 24 to 48 hours to be available at the com-
mittee’s convenience. The hearings ran lon%er than we expected and
the session yesterday also was called earlier than expected. ;

Mr. W. May. Mr. Chairman, we are interested in New York’s re-
search and development of new concepts in highway barrier design.
Mr. McAlpin, will you begin?
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Mr. McAvein. Yes. We would like to present to you the results of
our barrier research. We would like to give you a few introductory
remarks concerning the substance of this research program. We have
a copy of our most recent movie and then, if acceptable, we would
like to follow that with a brief statement with regard to performance
of our new barriers, on the basis of accident data that have been ac-
cumulated. Then a brief statement on the general subject of implemen-
tation of research findings, as they apply to our barrier work.

If that is acceptable, Mr. Graham will give our introductory ve-
marks concerning the research project and we will follow that “with
the movie, Mr. Chairman.

Mr. Grazam. Our research program has extended over a period of
7 years. It has resulted in the complete revision of standard desigas
for guardrail, median barrier, and bridge railing, as specified by the
New York State Department of Public Works.

Our project started in 1959, and we more or less built upon the
prior work that had been done principally in the State of California.
In all, we have run 48 full-scale tests, but in the beginning of our
project we wanted to approach it a little bit differently. We wanted
to analyze mathematically the barrier vehicle reaction. We tried to
write an equation as to what happens when a barrier strikes a ve-
. hicle. By doing this, we were convinced that we could minimize the
amount of full-scale testing required.

Our full-scale testing program would first of all assist us in de-
veloping these equations, and then finally would verify the equations
that were developed.

This mathematical program was successful. We were able to write
these equations, which are solved on a computer and they have been
very useful in assisting us in our barrier deveﬁ)opment. ’

The first 14 full-scale tests and the mathematical analysis were
formed by Cornell Aeronautic Laboratory of Buffalo under contract
to our department. During this time the {urea.u of physical research
of the public works department performed tests, full-scale tests, on
the various posts used in guardrail systems.

Finally, after the Cornell contract, the bureau of physical research
took over the entire program, and ran the remaining 29 full-scale tests
and completed verification with the mathematical models. Throughout
our program we have been firmly convinced that the objectives of a
guardrail or median barrier could best be fulfilled by a system that
yields and, in yielding, absorbs some of the energy of the system, and
cushions the impact of the vehicle.

So our entire program is directed toward yielding systems.

One of the most difficult aspects of the barrier design is the posts.
With stout posts as you form the rail, you catch the wheel on the
first post it comes to and if this is a stout post you get a violent de-
celeration and possibly a pitching and rolling of the car. There are
two ways zou can get around this. One is to offset the rail from the
posts, so that the wheel does not contact it, as you have seen in the
California tests. The other is to make the posts small enough so that
when the car does strike it, it can bend it down without these violent
decelerations. '

All of our work has been directed toward the use of a lightweight
post. It gives us sufficient strength in the lateral direction to support
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the rail and absorb some of the energy ~{ the car, but yet it is weak
enough in the longitudinal direction te e pushed down by the vehicle
‘without violent deceleration.

In order to optimize our posts, to find a post that would do this for
us, we ran quite a series of full-scale impact tests on posts alone in a
variety of soils. We wanted to get, as I said, this sufficient lateral re-
sistance, we wanted to get a minimum longitudinal resistance and we
wanted a post that Wou%d react the same in all kinds of soils, whether
they be loose, frozen, dense, or what have you. We were able to accom-
plish this with a 3-inch I-beam post, weighing 5.7 pounds per foot.
We were able to equalize the reactions regardless of the type of soil
by welding a plate under the bottom of the post, a 6- by 24-inch plate.
So when this is driven, regardless of the type of soil, whether it is
frozen, freshly thawed or normal, we get a predictable and uniform
resistance.

Once the post problem was settled, the barrier design evolved around
a rail which is of sufficient strength to limit the decelerations to what
you would like to have, and this led to the development of our box
beam system. For use in areas where deflection must be minimized
we were able, with the heavier box, to limit the deflections to approxi-
mately 2 feet, under an impact of 60 miles an hour and 25°.

For situations where a greater deflection could be tolerated, we have
developed a W-beam system, again on the same lightweight posts and
we have a cable system for side rails also on lightweight posts.

We have two median barriers, one with the box beam and we have
another one using W-beams placed on each side of the lightweight
posts.

So in all, we have five guiderail and median barrier systems and we
have also developed a bridge rail system which at the present time is
not used. The lightweight post is.

‘We had to restrict the deflection even more on the bridge, so there
is a heavier weight post but using the box beam railings.

T believe that is all the introduction unless there are some questions.

Mr. W. May. Will you run the film now. .

(The filmscript, “New Highway Barriers, Practical Application of
Theoretical Design,” follows:)

FruMscrRIPT, NEW HIGHWAY BARRIERS, PRACTICAL APPLICATION OF THEORETI-
cAL DEesieN, PREPARED BY H & H PRODUCTIONS FOR THE BUREAU OF
PHYSICAL RESEARCH, NEw YORK STATE DEPARTMENT OF PUBLIC WORKS

In the United States, each year, fifty thousand-people die in automobile acci-
dents. Nearly one fourth of the automobile fatalities are caused by collisions
with fixed objects, including barriers. This fatality rate approaches the popula-
tion of a town the size of Bennington, Vermont. Some accidents cannot be pre-
vented, but many can be minimized by providing safer driving conditions.

Properly designed highway barriers delineate roadway limits and denote
hazardous conditions. They must also redirect a colliding vehicle to limit lethal
decelerations and to minimize danger to other vehicles. Our film shows high-
lights of a research program that has resulted in a complete revision of New
York State guiderail, median, and bridge barriers. From this project, we have
developed analytical procedures for predicting vehicle reaction during a col-
lision, and, for determining optimum characteristies of barriers for use in
different applications.

At the beginning of this program, three goals were set: to evaluate existing
barriers ; to develop analytical procedures; and to design new barriers. A barrier
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must prevent a vehicle from passing through or over it ; reduce deceleration foreces
on the vehicle and it occupants; redirect the car to minimize danger to following
and adjacent traffic. :

Let us examine the criteria of retention, deceleration and redirection; they
are the basic requirements barriers must fulfill. In a test of a cable barrier
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designed during this program, deceleration forces are limited to the extent that
they should cause only minor injury. The car is redirected parallel and close
to the barrier, and it can be maneuvered after impact and redirection.

A rigid barrier, such as a concrete wall or an unyielding rail, does not absorb
energy, and can cause fatal deceleration forces. For these reasons, we concen-
trated on developing barriers that not only contain the car but yield to control
deceleration.

Initial deceleration is reduced by crushing of the car; however, to keep the
deceleration to a tolerable level of less than ten times gravity, or ten g’s, the
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majority of the impact must be absorbed by the barrier as it deflects within the
space available.

Our analysis and testing began with the cable guiderail, which produces lateral
resistance through tension during impact. Next we analyzed and tested a W
section guiderail, which produces lateral resistance through both tension and
bending. .

AL R

After analyzing these barriers, we evolved a new concept : a box beam rail that
produces resistance primarily through bending. This barrier, a hollow section,
supported on light posts, absorbs energy by yielding as it deflects. By changing
section strength and post spacing, we have successfully tested the box beam at
deflections from one foot to five feet. )

As a result of our analysis, four mathematical models have been developed
and programmed for solution on a digital computer. One model computes vehicle
trajectory, the others compute the force deflecting characteristics for the three
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classes of barriers. Vehicle position is computed for each millisecond of collision
until the corresponding barrier deflections agree. The computer then prints out
vehicle position, speed and deceleration, and barrier deflection. With this mathe-
matical approach, the effects on vehicle reaction can be predicted when rail and
post strengths, post:spacing and impact conditions are changed.

This curve (illustrated) represents the measured trajectory of the vehicle
center of gravity as the car hit the barrier and was redirected. This blue, dotted
line was the trajectory predicted before the test. :

Vehicle center of gravity decelerations are plotted in this curve. The predicted
decelerations agree with those measured within one g..

Because we could not predict the reaction of posts in soil, we conducted dynamie
tests on all eight types then in use. Test conditions simulated a car striking a
barrier at fifty miles an hour and twenty-five degrees. None of the existing posts
consistently provided the desired reactions. They were, therefore, unsatisfactory
for our use. We then tested new designs.

Our new post has nearly the same resistance in all soils and under all impact
conditions. Yielding occurs at ground level, and post reaction can be predicted.

The imbalance of post strength and barrier rail is shown in this first of forty-
eight tests we conducted. The barrier, a then standard cable design, was sup-
ported on heavy 6B8.5 posts spaced ten feet apart. The car hit the barrier at
forty miles an hour apd thirty-five degrees. With little redirection, it continued
into the barrier twelve feet, knocked one post over, cut into one cable, and |
separated the second cable at a splice. The splice caught in a post offset, and
stopped the car abruptly, causing a violent pitch, and yaw. The car stopped, or
pocketed, within the barrier, astride the posts which had not yielded under.
impact.

An improved cable design, using our light posts and end anchors, was tested
seven times. In the guiderail finally developed, posts are spaced sixteen feet
apart, and cable are supported, by 14 inch J bolts. These bolts release the cables
as the posts are pushed down. The cables thus maintain contact with the vehicle
as they deflect to absorb the impact. The car hit the barrier at forty-five miles
an hour and twenty-five degrees, deflected ten feet, and was redirected and
returned to the roadway. When released from the posts, the cables bunched
together to control redirection. Average deceleration during impact was only
2 gs. Posts were replaced and the barrier was used in a subsequent test.

This recent installation of our box beam and cable barriers shows the effective
use of the two, evidently so placed because of differing allowable deflections.
This end treatment of the box beam shows how it is turned away from the road-
way. The cable and anchor was designed to eliminate the severe impact that
would be caused by an anchored end post. Our new cable barrier is designed for
deflections up to twelve feet. The cable barrier should be used only where
there are no fixed objects or hazards within the twelve feet of allowable deflection.

The second test in our series was performed on a conventional W section
barrier, a ten gauge rail supported on 6B8.5 posts spaced twelve and one half-
feet apart. Impact conditions were fifty-five miles an hour and twenty degrees.
The car deflected the barrier six feet, pocketed within the barrier, and stopped
twenty feet from the point of impact. The high deceleration, in addition to the
violent pitching and rotation would probably have been fatal for driver and
passengers. The performance of this barrier illustrates the need to have all
barrier components operate as a system.
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In this test of our design of the W section, the twelve gauge rail is anchored
and bolted to light posts spaced twelve and one half feet apart. The car hit the
barrier at fifty-five miles an hour and twenty-five degrees, deflected the barrier
seven feet, and was returned to the roadway. Peak deceleration was less
than 3 gs.

In another test, the car hit the W section at high speed and low angle to
simulate a brushing accident. The barrier deflected less than one foot, provided
excellent redirection, and limited deceleration to one g. )

The end anchor bolted to a flared section of a recently installed W section
barrier is the same anchor used with the cable barrier. It provides sufficient
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restraint to develop the ultimate tensile strength of the rail and minimizes the
severity of an end impact. The W sections are attached to the light posts with
14 inch bolts. Thus, when the posts are pushed down, the 4 inch bolts fail and
release the rail so that it remains at a constant elevation to prevent the car from
rolling. The W section is designed for deflections up to eight feet.

. In this test of a box beam designed as a median barrier, several views are
shown to indicate the way the box beam reacts to absorb the impact and limit
deceleration. The rail is a hollow, structural section 8 by 6 by % inch, and is
supported on light posts spaced six feet apart. The car impacted the barrier at
fifty-five miles an hour and twenty-five degrees, and was redirected parallel to
the barrier. In another test the car impacted the median barrier at forty-five
miles an hour and thirty-five degrees. In both tests deflection was limited to five
feet ; this deflection was greater than desired. However the post/rail connection
and rail splices were redesigned to provide the desired two foot deflection.

This recent installation of a box beam median barrier shows an effective
end treatment. The barrier rail is not attached directly to the posts, but rests on
paddles or plates bolted to the posts. These plates are inserted into the tube
through slots in the bottom of the rail, and allow the posts to bend down when
impaced directly by a colliding vehicle. Without a mechanical connection to
the post, the rail remains at the desired elevation to prevent the car from rolling.

Median barriers have been de51gned for allowable deflections of as little as

two feet.




PN

The box beam guiderail is shown in these scenes. An end treatment that
provides additional protection sweeps up to the roadway. In this test the car
hit the box beam guiderail at fifty miles an hour and twenty-five degrees. The
rail remains at the same elevation as it is released by connecting bolts. De-
celeration was limited to six gs, a reasonable force within the allowable de-
flection. The car was redirected at thirty-two miles an hour and eleven degrees,
then brushed against the barrier and stopped. After impact and redirection, the
car was driven away.

The closely spaced posts and splicing arrangement of this newly installed
box beam guide rail can be seen. The design allows deflection of up to four
feet. (See figure 6-6). On this same roadway, there are some interesting features
that show the versatility of the box beam. It has been welded and shaped to
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form a protective barrier at all four corners of this intersection. In this scene,
the end treatment indicates the way the barrier can be swept away from the
road to avoid an unnecessary hazard for the motorist.

Although a major portion of our testing was concerned with median barriers
and guiderails, we also performed twenty-two tests on bridge rails. -

The guide track, in which the car is moving at fifty-five miles an hour, is
set for an impact angle of twenty-five degrees. The test barrier, one of several
experimental barriers tested, was designed to meet requirements of the Amer-
ican Association of Highway Officials. This AASHO barrier consists of rigid
rails offset on rigid posts. Redirection was satisfactory, and a deceleration of
twelve gs was measured during the impaect. .

A transition to a recently installed AASHO bridge rail is provided by a box
beam guiderail. Of interest to safety engineers is the use of additional bridge
rails to enclose the open space between the two roadways to prevent an auto-
mobile from dropping on the road beneath the bridge.

In this bridge rail, a prototype box beam consists of strong rails and light,
closely spaced posts. After an impact of sixty miles an hour and twenty-five de-




1117

grees, the car was redirected properly and front wheel damage kept the car in
a hard right turn. Peak vehicle deceleration was about nine gs:

These sequences show an early test of the box beam bridge rail. This school
bus, loaded with sand bags and weighing 14,000 pounds, hit the barrier at
thirty miles an hour and twenty degrees. Redirection was excellent, and peak

87-7567 0—68——T1
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deceleration was limited to four gs. This test enabled us to verify the mathe-
matical model of vehicle trajectory when it was extrapolated to represent a
larger vehicle than a passenger car.

This box beam median barrier is the first installation of our design. It was
installed along this section of an expressway two years ago, after we had made
several successful tests of the box beam during the initial phases of our pro-
gram. Posts have been damaged on six separate occasions, and three have been

straightened. No additional maintenance has been reported, and none of the
rails has been replaced. Significantly, no collisions have been reported, indicating
that there have been no serious injuries. Experience with this installation, in
addition to the success of our dynamic testing, justifies the design concepts
originated during the project.

As a result of this research program, the New York State Department of
Public Works has adopted new standards for guiderail, median and bridge rails
which we are confident will result in a marked reduction in the severity of
barrier accidents. i

The department is pleased to have been able to contribute so significantly to
the safety of the motoring public. :

Mr. W. May. Mr. Graham, while we have the lights off, I would
like to show some photographs taken of some of the installations of
this box beam in New York. I notice from the film, to function prop-
erly, it should be firmly anchored at both ends. Is that correct?

Mr. Gramam. No, sir; it does not need to be anchored. We are at-
taching the ends, since the early designs; we are now attaching the ends
to the ground. But to function properly, it does not need to be
anchored. '

Mr. W. May. Would that function properly as shown here ?
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Mr. Gramam. No; I did not realize that is what you meant by
anchoring the ends. That should be attached to the bridge rail.

Mr. W. May. I believe that again shows the problem of communica-
tion and education down to the people who make the installations of
these new systems. Is that not true? :

e

Mr. Gramawm. Yes, sir; it is.

Mr. W. May. Somebody installed this improperly. ‘

Mr. Gramam. May I suggest that not knowing the installation, this
is complete, except for the transition section, and is it possible that
the transition has just not been erected at the time you took the photo?
I am not familiar with the circumstances at all.

Mr. W. May. It probably was open. Do you recall whether it
was open ? v

Mr. KopeckyY. Yes; it was opened in November 1966.

Mr. W. May. I notice in the photograph here there is a section of
guiderail, running at a 90° angle to the shoulder guiderail. Is that
designed to prevent people from going down into the space between
the twin structures? .

I was just wondering if that would function properly. Can you see
the left end of the photograph? \

Mr. Grazam. Yes. We have never tested it at 90°. I am not
sure that anything would prevent a vehicle going fast enough from
g}(lattinﬁ down in there. This, I would think, would be a credible job
though.

MIg W. May. Do we have another slide? Is this a proper installa-
tion ? That is another location. - :
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Mr. Granawm. Is the red spot symbolic?

Mr. W. May. Well, I suppose. It seems that we could make a better
transition from the end of this box beam.

Mr. Graram. Yes, sir; we have a transition section.

Mr. W. May. Yes. And that curb also presents problems.

Mr. Gramam. We are now sweeping the curb away on a shallow
angle and it passes under the approach barrier.

Mr. McEwex. Mr. Chairman, I would like to ask Mr. Graham a
question. Should that reflector post be located inside of the traveled
portion of the highway and inside of that guardrail?

Mr. Gramanm. I believe it would be preferable, sir, to put it on the
opposite side. It is lightweight and would probably not present a
particular hazard, but I would say it should be on the other side
of the rail.

Mr. McEwex. In your work in the Bureau of of Physical Research,
you test these materials. Do you develop also the standards for apply-
ing them and how they are to be installed ?

Mr. Gramad. Yes, sir; we assisted with the standard section, stand-
ard design sections, for these barriers.

Mr. McEwen. Now, are there any directives in regard to a situa-
tion like that, whether that reflector should be inside or outside of the
guardrail ? :

Mr. GragaM. May I refer the question to Mr. McAlpin? I do not
know.

Mr. McAcrpin. I do not believe that there are instructions that are
that specific for this particular installation. I would not agree that
there should not be, but as existing today, I do not believe there is.

Mr. McEwen. Mr. McAlpin, you would agree there is some degree
of a hazard to that inside the box beam ?
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Mr. McArpin. Inasmuch as it is a fixed object, it could be considered
a hazard. There is some disadvantage for an installation of this type,
where we still have the butt end of the curb there. This is being revised
on our new standards, and as a matter of fact we have a remedial pro-
gram to fix up these situations. You might, however, say it is in an
advantageous place here because of the delineation it affords. This
shows the extent the motorist should go before he perhaps would
collide with the butt end of that existing curb. So I would say that
this is an area where it might be preferable to put it outside, from
the fixed object point of view. Certainly within the realm of our cur-
rent knowledge, we should require engineering judgment for local-
ized installations. ' :

Mr. McCarrrYy. Mr. Chairman.

. Mr. BrarNig. Mr. McCarthy. :

Mr. McCarTrY. Gentlemen, I see by your report here that in New
York State between 700 and 800 people had been killed in collisions
with fixed objects. You mention your new guidelines, as a result of
your research, which I think is very valuable. Now, since we have been
mainly concerned here with the Interstate System, I assume these
deaths are on all highways in our State; is that. correct ?

Mr. McAcrein. That is correct, Congressman. : ,

Mr. McCarray. My question -is, has the New York Thruway
Authority adopted your new standard ?

‘Mr. McAvrrin. The thruway authority has recently, as perhaps you
are aware, undertaken a major contract for the installation of me-
dian barriers. Mr. Graham and his group worked very closely with the
thuway in the design of these, and they have fully adopted our new
concept for these installations. ‘ - ‘

This does not mean that they have gone back and changed all exist-
ing guardrails on the entire 500 miles of the thruway system. But in
their new installations and medians, they have fully adopted our
concept. ‘ : poo T

Mr. W. May. Mr. McAlpin, I understand New York has underway
a program for guiderail alterations amounting to $15 million. As [
understand, that is underway at the present time. Do you know about
that, Mr. McAlpin? . ‘ N

Mr. McAvrriN. You are speaking of a remedial program that is a
program designed to make corrections in existing installations?

Mr. W. May. Yes, sir. , i

Mr. McAvrein. I apologize, I cannot frame this exactly in the $15
million category. We have issued directives to each of our districts, to
survey all locations in which the extent of protection currently being
provided by guiderail is considered inadequate. There has been a tend-
ency through the years to install guiderail and stop it too soon for
adequate protection of a fixed object or other hazard. Instructions have
been issued that all such cases should:be fixed. :

We have also issued instructions that we will afford remedial work
on the end sections of all existing guiderails at hazardous points in the
State. These will be flared, grounded, and anchored in accordance with
our new concepts, even though the remaining portion of the existing
guiderail would remain under the old standards. The total cost of this
is somewhere in the vicinity of a $15 million program, although I be-
lieve this perhaps includes our bridge rail program in addition.
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Mr. W. May. Yes, I have in front of me a paper sent to us by the de-
partment. It says “Summary of Projects for Guiderail Alterations
Program,” lists the districts, and the total sum is $15,058,000. i

r. McArpIN. We have underway a $47 million remedial treatment
under the safety improvement program, This is underway, fully pro-
gramed ; this encompasses the results of our survey of all hazardous
situations that can be classified as spot improvements, other than
rebuilding the roadway.

Mr. W. May. Do you have another slide?

Mr. McEwexn. Mr. Chairman.

Mr. BraTnig. Mr. McEwen. '

Mr. McEweN. Before we pass this slide, what about the curb on thi
bridge; is that the present standard of design ?

Mr. MocAvrpin. That is current standard design. This is a safety walk,
I believe, 18-inch setback from edge of curb to railing.

Mr. McEwen. What is the railing there? Is that steel or aluminum ?

Mr. McAxrpin. I believe this is a steel railing, sir.

Mr. McEweN. Now, has that been tested by you people for stability
to retain and deflect vehicles?

Mr. McArriN. Yes, in our early work we tested all existing systems
being used in the State of New York, which would include our use of
aluminum rail, or our old standard aluminum, our old standard steels.
I believe this is a new standard steel rail which encompasses continuity
of railing throughout, rather than construction in sections. A little
difficult to tell from the slide, but perhaps counsel would know.

Mr. McEwex. In the films Mr. Beaton showed of the tests in Cali-
fornia, I believe on the New Jersey type structure they use, concrete
with the rail on top. Has that been tested in New York?

Mr. McAvrein. No; we have not tested this. New York uses very little
of parapet type of design for bridge rails. At the time we entered this
work in 1958, Mr. Beaton in California had already introduced a very
extensive series, concentrating in the early days, I believe, on bridge
rails. We followed this very closely, and not having a large usage of
parapet type of rails in New York, we did not enter the field of testing.

Mr. McEwex. Thank you.

Mr. McCarrry. Mr. Chairman.

Mr. BrarNik. Mr. McCarthy. ~

Mr. McCartHY. On that safety walk. Last week we had a panel of
experts, and the general agreement was that the term safety walk was
a misnomer, and that it could be a hazard. The general agreement of
that panel, as I remember it, Mr. Chairman, was that they would not
in the future build safety walks.

I am wondering if you had the experience with this and if you are
contemplating eliminating these so-called safety walks. ~

Mr. McAvrpin. I certainly would not contest the misnomer of the
term. This is under consideration by our bridge department. However,
the use of curbs, whether or not you call them safety or make them 18
inches wide as this case illustrates, offer a drainage feature on the
bridge itself. From this point of view, they deserve consideration in
the overall bridge structure design. o

‘We have, I believe, a major structure on the Interstate continuing
into Connecticut, in which we have eliminated curbs. But at the present
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time, the demands for drainage are considered to be sufficiently sig-
nificant so that we basically are staying with this. S

Mr. McCarTaY. Now, do you have an overseer of the plans of bridge
epgi}zleers? Is approval of your department required before construc-
tion

Mr. McAvrIN. In our department ?

Mr. McCarrHY. From the safety point of view.

Mr. McArrpin. If T understood the question, do I personally have re-
view and approval authority over bridge design ?

Mr. McCarray. The department. ' :

Mr. McAvrrin. The answer is “No.” Qur group is a technical service
group. Under the staff type of functioning, in many of these areas
we work extremely close with the bridge group. We have no authority
or veto power over their designs. However, I would say that it would
be a rare occasion where, if we had a firm and substantial recommenda-
tion, it would be ignored. :

Mr. McCarray. Thank you.

Mr. McEweN. Mr. Chairman.

Mr. BrarNig. Mr. McEwen.

Mr. McEwen. It appears, looking at this photograph, that a vehicle
which collided with that guiderail would be guided into that concrete
curb where the red dot is. Is there any reason why—you mention re-
tention of water—that that could not be sloped, rather than a sheer
abutment for the vehicle to strike?

Mr. McArrin. None whatsoever. As a matter of fact, this is exactly
the way we are doing it. The curb is being extended from the end of
the bridge and curved around so that it continues in behind the rail.
And the rail itself is being connected to the bridge rail. This gives
continuity in case of impact. The curb would be there, but it will be
flared around so it would not be the obstacle that it presents in this
case.

Mr. McEwen. Now as to the determination to use this type of rail,
rather than the parapet which we say that was developed by New Jer-
sey and shown in Mr. Beaton’s films. Was this rail selected from the
safety or esthetic standpoint ?

‘Mr. McArrpin. I do not really know. You are out of my area. If
you ask it another way, whether this rail is providing adequate safety,
the answer is “Yes.” :

We elected to do this because of the possible distraction of the at-
tention of the driver, and I am certain this would be a consideration. I
believe we are rather open aired in New York, and like the opportunity
for vision through rails rather than confinement. Thus, on major high-
level structures, we are using parapets. To give additional assurance
to drivers, or for the psychological feeling of security, we .are using
parapets. :

(At this point Mr. McCarthy assumed the chair.)

Mr. McEwenN. Do you consider this as safe as a concrete parapet,
from the deflection standpoint?

Mr. McAvrpiN. Yes.

Mr. McEwen. Thank you. :

Mr. McCarTHY. One more question on this approval from a safety
point of view. Does the New York State Department of Public Works
have a director of safety or someone of that type of capacity, who
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looks at all of these plans before they are put under construction; to
review them from a safety point of view?

Mr. McAvrrin. Yes, we do, Congressman. We have within the struc-
ture of our main office in Albany a unit titled “Bureau of Traffic En-
gineering.” This is the focal point for the entire department’s opera-
tions in regard to safety features, both design and operations. It has
review capacity, it recommends in regard to modifications of designs,
it has counterparts in each of our 10 district offices, which perform
the same functions.

Mr. McCarray. They review all of the plans from the safety point
of view?

Mr. McArpin. When you speak of review of all plans, I have to
back off just a little to say that with the volume of plans moving
through our main office group it undoubtedly does not review all plans.
However, their counterparts in the district offices where the plans
are originally develope??io review and participate in the design of
these, of all facilities.

Mr. McCarray. And part of their mission is safety; right?

Mr. McAxrein. This is their major issue. '

Mr. McCartry. Their major issue. Thank you.

Mr. W. May. Could we go to the nextslide ¢

This is just another view of that previous installation we saw. If that
were struck in the area that we see in the photograph, Mr. Graham,
that rail according to the concept would give way, being a weak post,
would it not?
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Mr. GraHAM. Yes, sir; it would.

Mr. W. May. Could we have another slide? This is a different in-
stallation. But, again, that seems to represent a hazardous area; is
that not so? e

Mr. Gramam. Yes; that is so. The pictures that you call to our atten-
tion primarily represent points of transition and these are extremely
critical and are receiving full attention, I assure you.

Mr. W. May. Could we have another slide ?
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That is the same scene, only on the right. Another transition point
that will have to be fixed ?

Mr. GraaAM. It most certainly will.

Mr. McEwen. Mr. Chairman.

Mr. McCarraY. Mr. McEwen.

Mr. McEwen. We have seen a number of slides showing abutments
in all of the States, including New York. The abutment that is behind
that reflector sign there appears to be a four-tiered concrete abutment.
Can you gentlemen enlighten us as to what structural purpose this
concrete abutment serves?
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We have seen scores and scores of photographs of automobiles
smasllllecgi into these big concrete abutments. Are these necessary struc-
turally ? :

Mr. McAvein. Absolutely not, Congressman. They have in the past
hooked up somewhat with tradition, I presume. This is a peculiarity
of this structure that bridge designers felt to be necessary; they are
hot necessary structures. They have been eliminated on all new designs

‘In the State of New York. Our remedial program, which is included
in the $47 million program underway at the present time, is to remove
all of these and provide continuity of transition between the approach
rails and the bridge rails. These are going, just as fast as we can pro-
vide contracts and forcesand funds to take them off.

Mr. McEwen. As we have sat through days of viewing pictures
similar to this, Mr. McAlpin, it seemed to some of us it took a while
to make the transition from horse and buggy, if you will, to the auto-
mobile. Now the esthetics of this tiered abutment had totally escaped
me as a motorist traveling the interstate at 65 miles an hour. I have
not enjoyed the beauty of these, and had not even noticed what they
were until we got these slides and looked at these objects and saw the
damage they had caused the vehicles. o i

I fail to appreciate, and I think our committee agrees what the
purpose of the esthetic design is when you are traveling at 65 miles
an hour. You do not have time to look at the beauty of an abutment.
It is a hazardous object when it is struck and T am delighted to know
tllx)e department is now embarking on a program of éliminating these
objects. '

Mr. McCarray. Mr. McAlpin, is the $47 million all State money?

Mr. McAvrrin. Noj; there is Federal participation on the basis of
type of Federal moneys involved. We have had on the safety improve-
ment program the opportunity to go in on Interstate and we have an
Interstate traffic formula on the A, B, C, or the regular systems. We
match under that formula. :

Mr. McCarray. What is the share, roughly in terms of Federal

funds and State funds, of that $47 million? - , '
. Mr. McArpix. I am sorry, I cannot tell you. A lot of it we are con-
centrating on our Interstates in light of new standards. There is a
great deal of regular 50-50 money. What this proportion is, I am
not prepared tosay. - _ :

‘Mr. McCarTay. So it would be over half Federal money ?

Mr. McAvrin. I cannot even say this, Congressman, I am sorry.
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Mr. W. May. Do we have another slide? Could that installation
be improved, Mr. Graham ?

Mr. GramaM. Yes; we would ramp that down and attach it at the
foundation.

Mr. W. May. Could we have another slide? T understand that is
another location but similar type installation.
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Could we have another slide ? )

Now there is an installation of your cable barrier that is designed
to deflect how far, Mr. Graham ? '

Mr. Grasam. Twelve feet under maximum impact,

Mr. W. May. Would that be an improper use of that cable barrier?

Mr. Gramam. Yes; it certainly appears so. I do not know how far
it is from the post to the face of the piers.
. Mr. W. May. Could we have another slide?

Ttisabout 10 inches. Lo e
Mr. Grazam. That would have to be changed.
Mr. McEwen. Mr. Chairman,

Mr. McCartrY. Mr. McEwWen.
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Mr. McEweN. A couple of the slides previous you had your new box
beam coming into that abutment. Is that not also a flexible barrier?

"~ Mr. Graram. With the box beam, and with posts at 4 feet, we can
restrict the deflection to about 2 feet. We do need 2 feet between the
abutment and the rail. ‘ :

Mg McEwen. Now are you using W-beams at all in New York
now?

Mr. GrauAM. Yes, sir. We need 8 feet but for a normal side road
installation, where we do not have fixed objects close to the roadway,
both the cable system and the W-beam system work very satisfactorily.

Mr. McEweN. Well, now, what would be the best type of guardrail
here, W-beam, box beam, or cable ? (refer fig. 6-26).

Mr. Gramanm. The box beam is the best thing we have for this type
of installation. I presume this is a fairly old highway, judging from
the type of abutment that is in there. And I believe the box beam was
installed to improve a bad situation to the greatest extent possible. Of
course, we are not building the abutments like that and we have not
for many, many years.

Mr. McEweN. Would that be considered also too short an installa-
tion now under your standard ?

Mr. Gramram. We would extend it all the way through, and we would
extend it back farther, and attach it down to the ground, to avoid any
possibility of striking the end.

Mr. McCarray. Is it fairly tricky to install this? I have a little
sample here. I think, from what we have seen here, the evidence will
indicate that this is the best system. But I am wondering if it requires
guite a Qbit of attention to see that it is installed properly. Would that

e true?

Mr. Grazam. No, sir; I would not say so, any more than any other
system. I have observed them putting it in. They drive their posts 6
feet normally. The little paddles that go on top of the posts are bolted
on, and the beam, of course, is fabricated in the shop and it is lowered
over the posts. Where there are splices, we must insure that those are
snug, otherwise we would get more deflection than we wanted. But I
would say by comparison with other types of barriers, it is not a diffi-
cult or tricky thing to install. ,

Mr. McCarray. Is it inspected before it is accepted by the State, by
a qualified inspector ?

Mr. McAvrpiN. As to structural soundness in conformance with ex-
isting plans and specifications; yes, in all cases.

Mr. McCarray. How about the application, do they check to see
that it is properly installed ? :

Mr. McArrin. I qualified my other statment to the effect that it
would be installed as the directions were indicated on the plans and
specifications. If you mean whether we have a review group that would
go out to check whether the original indicated design was correct, in
the early instances, certainly, as exhibited here with these slides, this
was not being done. We are paying considerable attention to this now,
and trying to bring our house in order, especially on these transition
situations.

Mr. W. Mav. I think that is the last photograph.

I think what we have seen here, Mr. McAlpin and Mr. Graham, is
a real excellent concept; a new concept, of highway barriers. There is
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no question but that the research people should certainly be com-
mended and so should New York for adopting the new concept. But
again it stresses the real problem we all have when it comes to com-
munication and education, particularly to the people who install it, to
see that it be done properly. Would you agree ? o

Mr. McArpIN. Yes; there is a continual communication problem in
our business, just as in any other business. This becomes more and more
severe each day. With the rapidity of technological changes we find
that there is much, much more to communicate. .

(Mr. Blatnik resumed the chair at this point.) . .

Mr. W. May. Again, pointing out the communications problem, we
on the staff have talked to highway officials in other States, and some
of them have mentioned the New Y ork box beam rail to us. So it shows
they have heard about it. But I recall one of them told us, “We will
never use it here because the maintenance cost will be so high.”

For the record, could you tell us about what the maintenance cost
has been ?

Mr. McAvreiN. We have introduced a continuing accident data col-
lection record on our new barriers, including old barriers for the sake
of comparison. These data are sort of limited in volume to date. How-
ever, they do indicate without serious question that the maintenance
costs on the new barriers are not in excess of what we have experienced
. in the past. This includes all of the four major design barriers, the
cable, the W-roadside, the box roadside, and the box median.

Mr. W. May. So that the thought that maintenance costs might be
extremely high is probably the wrong thought and should not deter
* them?

Mr. McAxpin. It is not in accordance with New York’s experience.

Mr. W. May. The film mentioned some experience that you had with
prototypes of this barrier. Do you have data along that line?

Mr. McAvrrin. Yes; I do. The data as of this date indicates that the
accidents on our new cables are considerably less severe than on our old
cable system. For example, there were no reported fatal accidents, or
any accidents requiring hospitalization on the new cable guiderails.
These categories represented 1 percent of the fatalities and 16 percent
of the hospitalizations with our old-type design.

Stating this as a ratio on our old cable rail design, the survey sug-
gests that one of every six accidents may result in Injury requiring
ﬁospitalization. ‘

. The data on the old-style W-beam fully supports our research find-
ings that these old designs, too, can result in personal injuries. On the
W-beam guiderail of old design at the roadside we recorded 261 hits,
resulting in six fatalities and 32 hospitalizations and 56 minor injuries.

On the old W-beam median barriers, we have 51 reported hits,
where two were fatalities and eight were hospital cases and seven were
minor injuries. . ’

‘We do have some examples in regard to the box-beam median bar-
riers. We have a continuous 2,700-foot length of this barrier, on a
New York City expressway. It was installed in January 1965. Prior
to this, the section had no barrier installed. Accident records for 1963
through 1964 indicated five cross-median collisions in the 2-year period.
Two of these accidents caused fatalities, two resulted in personal in-
jurles, and one caused only property damage. In all, two people were
killed and three people were injured.
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In the 2-year period since we installed the new design barrier, it has
been hit at least six times in major collisions but no personal injuries
at all have been reported. In three of these collisions one post was re-
moved each time and required replacement. In another, one post had
to be straightened. No maintenance has been required to the box-beam
rail itself.

On a State parkway, we have a 2-mile section of the box-beam
median that has been in service since 1966. Accidents on this section
during the period 1961-65, prior to the barrier installation, accounted
for four fatalities, 14 injuries, and seven property damage. connected
with cross-median accidents. In all, six people were killed and 42 were
injured. During the rather short period of the survey of 3 months since
the installation of the new barrier, there have been reported six sizable
accidents, and in none of these cases has there been any injuries, except
a reported bloody nose in one particular case.

In one accident of this group, there is a report from the operator of
the car, to this extent: He stated he was driving south at approxi-
mately 45 miles an hour, lost control of the vehicle, crossed the passing
lane, struck the center divider rail with the left front of the vehicle,
then brought the vehicle under control and continued south.

This type of performance we think verifies our rather substantial
research 1n this area. The general conclusion on the subject—we would
say that New York’s experience to date, with limited survey informa-
tion available, does not suggest excessive maintenance on any of these
types of barriers,and isa very pleasing and pleasant reaction in regard
to the severity of injuries to occupants. ‘

Mr. W. May. Very good. Thank you. Mr. Chairman, we on the staff
are personally aware of how adequate the New York Department of
Public Works has been in the highway safety field in the past several
months. There is great activity there. It has some very fine programs
and symbolic of their programs appears to be this letter of June 8,
1967, sent out by B. A. Lefeve, deputy chief engineer, to all of the
district engineers.

He refers here to the new way in which they will give attention to
guiderails, signs, light standards, utility poles, medians, interchanges,
piers, abutments, walls, rock cuts, trees, bridges, exit ramps, headwalls,
drop inlets, culverts and slopes.

T ask permission to have it printed in the record at this point.

Mr. Brarnig. Without objection, so ordered.

(Letter of June 8, 1967, from deputy chief engineer to all district
engineers, follows:)

DepuTy CHIEF ENGINEER GENERAL LETTER 67-55
SAFETY IMPROVEMENTS ON GOING PROJECTS

To All District Engineers:

We have been working on these safety improvements long enough so that by
now we should not be permitting jobs to progress with some of the recognized
hazards still being included. This is not only undesirable but it is costly. We'll
have to come along and correct them in the very near future.

So I'm asking you to once again look over going jobs as well as those going to
contract with old plans on old standards and to initiate changes now to bring
these jobs up to a reasonable standard of safety. The following things are to be
reviewed and done!
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1. Guide Rail .

Do not install any guide rail of the old type. Use one of the new types. No
more heavy posts are to be used. All ends are to be brought down near ground
level. Make sure approach end is properly located. Do not use short sections of
guide rail (2 or 3 lengths). . .

2. Signs

No heavy gore signs are to be placed. Use Breakaway type—wood or metal—
see new Standards. Also see new standards for other ground mounted break-
away signs. Heavy signs less than 30’ from pavement that cannot be changed
are to be protected by guide rail. Sign foundations are to be substantially flush
with the ground.

3. Light Standards

Use frangible base and light weight poles. Foundations are to be substantially
flush with the ground.

4. Utility Poles
Utility poles should be 30’ from the pavement on 50 M.P.H. roads. When re-
locating these utilities on contracts get them back.

5. Medians

Install median barrier where median is less than 36’ wide.

Slopes to the barrier should be generally 1 on 6 with 1 on 5 as steepest. You
will have to watch your drainage—maybe even underdrain if needed.

Barrier can be cable or W Beam as well as box beam where there is room for
deflection.

Where you have a narrow raised median (up to 12’) with curbs, reduce median
. width to 3’ curbed and use box beam median barrier or eliminate raised median
and use flush area plus box beam barrier.

6. Interchanges
Separate opposing ramps by box beam or double W as per Standard Sheets.
Install “Wrong Way” signs on “off” ramps. There is a standard for this.
If you have unusual problems at ramp ends, send in your suggested method

for review and approval.
Control access at crossroads for 300=% in accordance with instructions.

7. Piers, abutments, walls, rock cuts, etc.

For fixed objects of this kind less than 30’ from pavement on 504+ MPH
highways protect with guide rail. For speed zoned areas (under 50 MPH) use
your best judgment.

8. Trees

Trees over about 3’’ in diameter should be 30’ or more away from the edge
of the pavement on 504 MPH highways. This is a very critical, emotional,
hysterical and illogical problem. Do the best you can. And when you do remove
a tree—remove it fast and haul it away fast.

‘Where you can anticipate tree removal and can get the OK from property
owners, if needed, why not set up a landscape project to plant trees several years
ahead of the removal of the old trees?

When you plant trees, do not plant a tree that will mature at over 3’’ in
diameter closer to the pavement than 30’.

9. Bridges

Replace such bridge rails as are selected for replacement and approved
by the Bridge Subdivision.

Remove pylons from bridge ends.

Connect bridge rail to approach guide rail with positive and adequate con-
nection.

Flare safety walk or brush curb ends back and away to a point under and
beyond the guide rail where there is no approach curb.

10. Exit Ramp

The area beyond the gore area shall be so graded that if a vehicle goes through
the gore, it will be able to be controlled and brought to a stop. This means
elimination of the sharp “ravine” and replacement with negotiable slopes.
Drainage must be adjusted accordingly.

87-757 0—68——T72
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11. H eadwalls—Drop inlets—Culverts

Eliminate headwalls. Where an entrance structure is necessary on a culvert
it will be so designed and, if necessary, protected by guide rail. Culverts will be
extended to provide a safe recovery area. Large culverts are usually in high fills
that require guide rail. In those cases where there are large culvert open ends
that are not protected there is a potential hazard. However, guide rail placed
Jjust above the culvert end of a slope steeper than 1 on 5 is practically useless.
Therefore, any protection that you deem necessary for such a situation will have
to be substantially in the normal location for guide rail and so placed as to
intercept a car coming in either direction on a 2-lane highway or from just the
one direction on a divided highway with adequate median or median protection.

Drop inlet grates in medians and other such exposed locations must be flush,
with no raised portions, to permit free passage of a wheel of a vehicle. It is
suggested that you use a bar type grate with the bars parallel to the ditch.
Let the grate be rectangular with the long dimension along the ditch line.

12. Slopes

Flatten slopes wherever possible. You may be able to eliminate guide rail by
so doing. AIl other things being equdl and based only on relative damage to a
vehicle and passengers from striking the guide rail or going down the slope, the
following is a GUIDE for fill heights without guide rail :

. Ht. fill

Stope (feet)

lon2 10

lon3 — 20

lon4 - 40

lonb 50
1oné6

60

Remember this is a guide and must be so regarded. If there is a river or lake
at the bottom of the slope or other hazards or limiting factors such as trees,
houses, buildings, or other such fixed objects, this cannot apply. Also if the
alignment together with the fill produces a mental hazard or optical illusion or
if the curvature is too severe to be adequately marked by delineators, then you
must use your best judgment. I am sure you will not find many places where you
can spread out so much on high fills.

The determination as to which slopes to use is one based on R.0.W. geographic
features, neighborhood development, economics and aesthetics.

‘We expect that you will solve the problems listed in the “Dangerous Dozen”
by Orders on Contract and, if necessary, field change drawings. In any case do
it early in the contract—give the contractor a break. Try to get agreed prices on
any work for which there is no bid item. If these changes are initiated early
enough, the work can be done concurrently with the rest of the job and no
extensions of time should be required.

Mr. McEwen. What did Mr. Lefeve say about rock cuts? Is that
in the letter? Does he refer to rock cuts?

Mr. W. May. “For fixed objects of this kind less than 30 feet from
pavement on 50-mile-per-hour-plus highways, protect with guiderail.”
Mr. McEwen. What was the date of this letter? :

Mr. W. May. June 8, 1967.

Mr. McAvrrin. Counsel, if T might just add, this is of significance.
This concerns going projects.

Mr. McEweN. Mr. Chairman, the reason I ask this, I say to the
gentlemen here present, is that I recently traveled over a very good
primary four-lane highway, Route 12 running northeast from Alexan-
dria Bay. This road was opened just last fall. There are a number of
rock cuts in there, and at a number of exits the slopes appear to be
severe. :

There are new type guardrails at several places, but through none of
those rock cuts are there any guardrails. And the rock cuts are much
closer to the paved portion than the standard set forth in Mr. Lefeve’s
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letter. You, Mr. McAlpin, I think, or maybe Mr. Graham, one of you
referred to the directive now to do away with the short sections of
guardrail. , '

Again, on this highway, just open last fall, there are very short sec-
tions of guardrails where there are tributaries flowing into the St.
Lawrence River and in a number of these situations, some of them are
so short, in my opinion, the only thing they could guard against would
be a car, when it got to that bridge or culvert, doing an absolute right-
angle turn. They do not guard at all if you lost control; you would go
down the ravine into that gully.

This is why, Mr. Chairman, I wonder if the big problem here, when
we see the wonderful work these gentlemen are doing, is the lack of
communication—a, problem of how this gets down to the person at the
district level who is doing the job. .

For example, who is thinking of safety when that warning marker
is put inside of the guiderail, such as we have just seen? There just
seems to be no reason why these things are done. It would appear what
they are doing is with no thought at all of safety.

Mr. Brarnik. That is a good question. One of the objectives, the
end results, will be to find out why. : ‘

Mr. W. May. I would just like to make the physical research report
on “New Highway Barriers, The Practical Application of Theoretical
Design,” exhibit No. 17, Mr. Chairman. This is a most comprehensive
and worthwhile report and should be studied carefully by the highway
officials who have responsibilities in these areas. This report and other
data, may be obtained from Mr. McAlpin and Mr. Graham.

Mr. Brarnik. No. 17. Without objection, so ordered.

(Exhibit No. 17 is retained in subcommittee files.)

Mr. W. May. I would like to again express the appreciation of this
staff to Mr. McAlpin and Mr. Graham. Mr. Chairman, no one in this
country helps this staff any more than the highway personnel of
California and New York. For the past number of years, we have
spent many, many hours with them and they have given freely of
their time. We could not do without them.

Mr. McArrin. Might I make just one statement, Mr. Chairman ?

Mr. Brarnig. Mr. McAlpin. '

Mr. McAvrrin. I know you are stressing the very difficult problems,
and Congressman McEwen spoke of this matter of communications.
From the research standpoint, we think of this as implementation of
research findings. This is the problem; the gap between the research
finding and the implementation or inclusion of these in new designs
that become a reality. This is the dividend we are seeking.

I would like to say that there are instances in which this is done,
we think quite successfully. The report we are handing you today is
our final research report on New York’s barriers. It is dated May
1967. New York is fully implementing all of the recommendations in
this final research report. In many instances, we in research think of
completed research being the terminal point—represented by the date
of such report; that is the point at which implementation starts.

In New York, we feel we have successfully bridged this gap between
research and implementation to an enormous extent. Had we elected,
however, to delay implementation until all of the fine points had been
worked out, such as the rail transitions which we are awfully sorry
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about being there and which do present real hazards and were called
to our attention, then perhaps other problems would have been created.
I would say, due to our ability and good engineering judgment in the
Department of Public Works, as of this date of this final research
report we have let to contract over 740 miles of newly designed
barriers. . :

This has been accomplished prior to the date of a final summary of
all the research aspects. Further, we have issued orders to make reme-
dial improvements on all current projects to the maximum extent pos-
sible. Further, we have an active program of bridge rail and guardrail
replacement. -

We believe that we are making some real progress. As for commu-
nication between States, I might add for Mr. Beaton’s sake that in
the middle of our research, we adopted California’s median blocked-
out barrier in 1962 based on the results of California’s experience, as
an_interim before we moved into our new designs.

Mr. Brar~ig. The Chair on behalf of the entire committee thanks
Mr. McAlpin and Mr. Graham, for their excellent and most helpful
testimony and presentation. Thank you very much, gentlemen.

This concludes the hearing for this phase of the committee work.
I have a short closing statement. .

There is one thing that has been clearly established by the testimony
we have heard this week, and that is the vital importance of having
clear roadsides along our traveled highways.

We have seen demonstrated again and again what happens to the
vehicle that hurtles off the road and smashes against some massive,
rigid fixed object—which hindsight then often shows should not have
been there in the first place.

It is not reasonable to suppose, of course, that our roadsides can
ever be made 100 percent free of fixed objects. However, we have
learned that many of these pieces of highway hardware that are abso-
lutely necessary can be of a “breakaway” type that readily give way
when hit, causing only slight damage to the car, and leaving its occu-
pants uninjured. The difference between this result and what happens
when a car hits signs or other objects held by solid, heavy-duty, steel
I-beams or pipes mounted upon reinforced concrete bases, is a dramatic
one indeed.

If the necessary roadside object cannot be of breakaway construc-
tion, then it should be adequately protected by proper guardrail or
gther impact attenuation devices which will prevent or minimize the

amage.

Theg availability of breakaway and impact absorbing devices has
been well illustrated by the testimony we have heard this week from
people in the field of research and development. We have watched pic-
tures of speeding cars crashing against sign supports with no serious
damage resulting because the objects struck were not anchored in con-
crete, but readily “gave” or “spun” out of the way when hit. We have
seenand heard about whole new concepts in the field of highway design
and safety from these experienced and knowledgeable witnesses who
so badly need to be listened to and heeded by those in authority.

Some of the more important concepts in the field of safe highway
design are not new. The desirability of reasonably clear roadsides and
gore areas, for instance, has been known and repeatedly demonstrated
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by accident experience for many years. So has the proper and safe
installation of guardrail and other concepts that we have found being
honored in their breach more than in the use.

It is mainly in the failure to make application of these concepts that
the difficulties have arisen. The knowledge is there. We have seen it
and others have seen it. It is available upon request. The people in the
field of highway engineering research have done an impressive job,
which our witnesses these past 3 days have so capably shown. Yet the
testimony the previous week showed that some of the most basic con-
cepts of safe highway design had been disregarded in the design and
construction of some of our newest, most recently opened sections
of interstate highway in each of the nine regions of the United States
administered by the Bureau of Public Roads, which had been visited
by our staff on a sampling basis.

Naturally, having clearly established the conditions, we asked sim-
ple questions. The gentleman from New York, Mr. McEwen, just a
few minutes ago, asked the question “Why #” Can we dismiss the prob-
lem by observing that there has existed over the years a failure of
communication between the people at the top to those in the field who
actually make the installations? Hardly, since we realize that although
the installations, true enough, are made in the field, the design and
plans from which they flow originate and must be approved at re-
sponsible levels.

It is the responsibility and duty of this subcommittee to seek the
answers to the serious questions that have been raised by the testimony
we have heard thus far in these proceedings.

This we shall proceed to do when we resume and continue our public
hearings during the coming months.

There being no further witnesses scheduled for today the hearings
are adjourned. Further hearings will be held at the call of the Chair.

(Whereupon, at 12:50 p.m., the subcommittee was recessed, to re-
convene at the call of the Chair.) ‘






HIGHWAY SAFETY, DESIGN AND OPERATIONS
Roadside Hazards

TUESDAY, JULY 18, 196%

House oF REPRESENTATIVES,
SPECIAL SUBCOMMITTEE ON THE
Freperar-Ap Hieaway ProcrAM OF THE
CommrrrEE ON PUBLIC WORKS,
Washington, D.C.

The subcommittee met, pursuant to notice, at 10:08 a.m., in room
2167, Rayburn House Office Building, Hon. John A. Blatnik (chair-
man) presiding.

Present: Representatives Blatnik, McCarthy, Cleveland, Clausen,
Duncan, McDonald, McEwen, and Zion. '

Staff present: Same as previous days.

Mr. Brarnik. The meeting of the Special Subcommittee on the
Federal-Aid Highway Program will please come to order.

For a number of weeks we have been holding these public hearings
on the safety, design, and operational efficiency of our highways, roads,
and streets.

This opening phase of our hearings has been mainly concerned with
the problem of roadside hazards. The subcommittee’s investigation,
however, is a continuing one. And during the months ahead we plan
to examine other important areas in the field of highway design.

After further exhaustive in-depth investigation into the subject
matter has been completed by our staff, these hearings will be resumed.

Meanwhile, before we conclude this first phase of our hearings on
Thursday of this week, it is entirely fitting that we should hear from
representatives of AAéHO, the American Association of State High-
way Officials. Testimony by AASHO officials has been of considerable
help to our subcommittee in past hearings covering a number of years.
‘We not only appreciate but we welcome the comments and observations
of the gent{emen present with us this morning relative to the subject
matter of our current hearings on highway safety and design.

I also say further that close cooperation and coordinated efforts and
assistance will be received from AASHO, according to Mr. A. E.
Johnson, executive director, and my friend for many, many years.

Mr. Eugene Johnson, Chief Engineer, Mississippi State Highway
Department, chairman of AASHO’s design policy committee, we ap-
preciate your coming here with the distinguished and experienced
gentlemen with you. o

As is customary, we do have the witnesses take an oath; so if you
gentlemen will please stand and raise your right hands.

(1139)
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Do you solemnly swear that the testimony you are about to giv
before the committee will be the truth, the whole truth, and nothin
but the truth, so help you God ?

Mr. E. M. Jorxsox. I do.

Mr. A E. Jornson. Ido.

Mr. Ives. I do.

Mr. Sxiper. I do.

Mr. Goopman. I do.

Mr. Bratnik. Please be seated.

Mr. Johnson, would you please introduce your colleagues and as
sociates who accompany you, and would you please proceed ?

TESTIMONY OF EUGENE M. JOHNSON, CHIEF ENGINEER, MISSIS
SIPPI STATE HIGHWAY DEPARTMENT, CHATIRMAN, AASH
PLANNING AND DESIGN.COMMITTEE, AND PRESIDENT, AASHO
A. E. JOHNSON, EXECUTIVE DIRECTOR, AASHO, WASHINGTON
D.C.; HOWARD S. IVES, COMMISSIONER, CONNECTICUT STAT
HIGHWAY DEPARTMENT, CHAIRMAN AASHO COMMITTEE O
ROADSIDE DEVELOPMENT; MARVIN J. SNIDER, CHIEF ENGI-
NEER, MISSOURI STATE HIGHWAY COMMISSION, CHATRMAN
AASHO COMMITTEE ON CONSTRUCTION; AND WARD GOODMAN
CHIEF ENGINEER, ARKANSAS STATE HIGHWAY DEPARTMENT,
CHATIRMAN, AASHO COMMITTEE ON BRIDGES AND STRUCTURE

Mr. E. M. Jouxnson. Gentlemen of the committee, T am E. M. John
son, chief engineer, Mississippi State Highway Department, and
president of the American Association of State Highway Officials.

I am appearing in the latter capacity and am accompanied by Mr.
A. E. Johnson, executive director of AASHO, and several members of
the special AASHO Committee on Traffic and Safety.

I would like to introduce these please, Mr. Chairman. Mr. Ives of
Connecticut, who is chairman of the Roadside Development Commit-
tee of AASHO; Mr. Ward Goodman of Arkansas who is chairman of
the committee on bridges and structures; Mr. Marvin Snider, who is
chairman of the construction subcommittee. '

We understand that Mr. John Morton from New Hampshire, who
is ‘chairman of the traffic committee, is en route. There are two other
‘members who are unable to be here due to other commitments, Mr.
Prahl of Washington, who is chairman of the maintenance and equip-
ment subcommittee, and Mr. John Meyer, who is chairman of the
design committee. '

This special committee was created 3 years ago to emphasize traffic
safety and to coordinate the work of the various committees that have
primary responsibilities in that field.

It is made up of the chairmen of appropriate AASHO committees,
and originally included the committees on planning and design poli-
cies, design, maintenance and equipment, and traffic, with the presi-
dent of the association serving as the chairman because of the impor-
tance of the operation.
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This committee includes several specialized fields, inasmuch as traf-
fic safety transcends the interest of more than any one single commit-
tee. Recently, we added the chairman of the committees on roadside
development, construction, and bridges and structures to make the
special committee even more effective. : .

It was this special committee, together with four traffic engineers
assigned as special observers, that made an inspection trip and study
a year ago that resulted in the publication of the AASHO “Yellow
Book” entitled “Highway Design and Operation Practices Related
to Highway Safety.” . .

We are sure that you are familiar with this publication. It includes
the observations and recommendations of those who took part in the
study. It was not balloted upon as an AASHO standard, but was 1s-
sued as a committee report for the purpose of furnishing a checklist
or guide in coordinating safety design features and for improving op-
eration to enhance traffic safety. ‘

It has been used to speariead stepped-up activity in the safety

rogram.

T%‘ll:association has printed and distributed 20,000 copies. We made
these available, free of cost, to toll road authorities, consultin, engi-
neers, foreign governments, automobile clubs, county officials, city
officials, Federal agencies, and, of course, to all of the State highway
-gepartments and the Bureau of Public Roads in rather large num-

ers.

We might say, also, that for the past 6 years we have requested
that appropriate AASHO committees include at least one subject on
traffic safety in their programs at our annual meetings.

We, of AASHO, appreciate the opportunity o%s appearing before
your committee today. We are pleaseg that your committee has given
of its time and talents to study the whole matter of traffic safety.

Our statement is somewhat comprehensive and lengthy, but due to
the importance of the subject matter and the primary responsibility
that the State highway departments have in highway safety, we ask
your patience as we present it as we believe the information that we
have to present is important, and has not been presented by other
withesses.

We also wish to state, at this time, that not all roads and streets
in the United States are under the jurisdiction of the State highway
departments and, of course, we cannot accept the responsibility for
all highway mishaps, but are completely willing to be answerable
for those things that are our responsibility.

We feel that all too often there is a tendency, when traffic safety
matters are discussed, to automatically and immediately blame State
highway departments in large part.

There is without question emotion, hysteria, and sensationalism in
the safety field, but if these serve a useful purpose, then we have no
objection.

Thirty years ago, when there were only 30 percent as many motor
vehicles in the United States as now, almost 40,000 people were being
killed on the Nation’s streets and highways. Yet, the State highway
departments were unable to get any effective public support for a
comprehensive and continuing traffic safety program or to get people
to be very safety conscious, '
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Now, 30 years later, when some 50,000 people are being killed in
traffic accidents, the factor of emotion and sensationalism has been
injected and the lay public and officialdom are becoming aware of
the seriousness of the problem. : A

‘We hope that the matter will be kept in perspective and that the
wide interest will be turned into constructive channels and not result
in a destructive or critical attitude. .

We know that the work of your committee will be constructive
and there will be no tendency to condemn the State highway depart-
ments or the highway program. ‘

The expertise of professionals in. the State highway departments
constitutes one of this Nation’s most valuable resources. -

‘While we may be subject to some criticism for not anticipating or
recognizing certain problems that have arisen on the Interstate Sys-
tem regarding roadside obstructions, we do not think that we should
be severely criticized. Frankly, the limited amount of such roadside
appurtenances involved on the interstate, as compared to the multi-
plicity of these things that are a part of the conventional rural high-
way or the city street, appeared to involve a rather negligible mathe-
matical probability of being a causative factor of an accident.

The State highway departments first became safety-minded in the
mid-1920’s. In fact, an AASHO Committee on Standards was created
in 1914 to “standardize construction and design to be used in the -
hi%hwe’my development program to accomplish efficiency, economy, and
safety.”

Th{a’ association established a design committee in 1919, a bridge
committee in 1921, a construction committee in 1922, a traffic com-
" mittee in 1922, a roadside development committee in 1930, a mainte-
nance and equipment committee in 1933, and authorized its planning
and design policies committee in 1936. This latter committee is the
one that develops most of our major design policies and standards
and is composed entirely of chief engineering officers of member de-
partments. The advancement of traffic safety was an important part
of each of these committees’ activities.

In 1925, when we first started computing fatality rates of high-
ways and streets, there were only 21 million vehicles in the country.
Tblat year, the fatality rate was 17.5 per hundred million vehicle
miles.

In 1926, the State highway departments developed the U.S. num-
bered system, roadmap symbols, the route marker, and started high-
way signing and road maps as we know them today, all for the con-
venience of the public and to promote safer travel. -

In 1936, we started in-earnest on improving geometric designs and
layouts and on more effective highway signing to make our roads
more functional. Reflectorized highway signs started about this time
to make night travel safer.

Again, we found that the public was still apathetic to highway
safety, mostly because of the fierce competition for the dollar to ex-
tend the pavement and not to spend the money on other things. In
1936, the fatality rate was 15.5, and there were 80 million motor
vehicles.

Now, 30 years later, we find the fatality rate for the Nation to be
5.5, but for the Interstate it is 2.5, however, the roads it is replacing
have a rate of 8 or 9 persons killed per 100 million vehicle miles.
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As mentioned before, this can be enhanced even further by cor-
recting some relatively minor and inexpensive things such as im-
proving the design, use and placement of guardrail, protecting bridge
ends and bridge piers, moving sign assemblies further from the edge
of the shoulder, removing trees that are too close to the traveled way,
using breakaway sign supports and light standards, changing the
design of highway components, such as drop inlets, bridge turnouts
and culvert headwalls and, in general, carrying on a program of elimi-
nating or providing protection around obstructions that cannot be
eliminated or moved out of critical areas. .

We have found that cars going out of control on high-speed Inter-
state highways travel rather fantastic distances after they leave the
road and even though there are a relatively few obstructions on those
roads, as compared to older conventional highways, they can become
lethal, for a vehicle very often proceeds until it collides with one or
more of such objects. ‘ :

Substantial additional expenditures on the Interstate System could
fast reach the point of diminishing returns and such moneys could
better be spent, on the improvement of roads and streets ha.vm.% higher
fatality rates. I am talking about urban streets, the vast mileage of
our older rural primary highways and correcting “booby trap” situa-
tions on our secondary roads. :

We do believe, however, that the AASHO work in improving and
upgrading design standards and operational practices has been re-
sponsible to a marked degree for the dramatic decrease in highway fa-
tality rates during the past 30 years. ’

Much of our early highway practice was inherited from railroad
practice following the slowdown of the great railroad expansion pro-
grams. The first generation of highway engineers came from the rail-
roads so it is natural that the evolution of highway engineering started
from that point. It was during this time that much of our existin
highway system was constructed. The then current practice dictate:
the slopes, ditch sections, major and minor structure configuration and
right-of-way widths. .

It was also at a time when we had much less highway traffic, lower
speeds, and much smaller trucks to consider. In fact, very few people,
if any, anticipated the extend of the unprecedented growth that has
occurred in motor vehicle traffic. '

The high cost of moving earth and making rock excavations, together
with the relatively light traffic needs, dictated the grades, alinements,
sight distances, and the like. Consequently, these existing facilities are
incompatible with present-day traffic densities and speeds. We are
speaking of the typical rural two-lane highway yet in use and built
30 to 40 years ago on narrow rights-of-way. Extremely limited budgets,
limited bridge widths to very %ittle in excess of the width of the pave-
ment, and because of the continued shortage of funds, thousands of
these structures are still in service. '

The State highway departments could not get full support for in-
creasing the widths of right-of-way for many years. We encountered
strong resistance against moving any sizable trees along the roads
during construction or in maintenance operations, and during the great
expansions of the utility services many pole lines were constructed
along these highways in close proximity to the traveled way. In fact,
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you will find that these accumulated obstructions can occur as often
as 100 per mile on each side of many of these highways.

On arterial streets, you will find that light standards, utility poles,
trees, and fire hydrants make up a maze of roadside obstructions that
can be lethal, but became an accepted practice and a normal part of
the highway and street scene. . : v

For many years, the State highway departments got little public
support for even mowing highway rights-of-way or for moving utility
poles toward the right-of-way line. .

Asearly as 1950, the State highway departments, through A ASHO,
started developing design standards for the time that an Interstate
program might be authorized. We started with the then present state
of the art of freeway design as reflected in the few urban freeways
and some of the early toll road practices. The Pentagon network was
even studied in detail as one of the starting points for an evolutionary
and refinement process that continued until the program was started,
and the standards have been constantly reviewed and upgraded since
that time. : S .

Great emﬁhasis was placed on such things as widths of pavements,
widths of shoulders, controlling curves and grades, sight distances,
and the required geometry of interchange layouts.

The purpose was to give the most efficient and safe roadway that
could be devised..As stated previously, we were probably guilty at that
time of not giving enough thought to the roadside itself and the ob-
structions that might be placed upon them. : '

Very few people realize or appreciate the scientific basis used in de-
veloping highway standards, for instance, deceleration rates are based
on the coefficient of friction of a worn tire in contact with a wet pave-
ment for the particular design speed involved.

These coefficients of friction, of course, change with design speeds
and become lesser for faster speeds. By multiplying the coefficient of
friction by the acceleration of gravity, the deceleration rate in feet
per second is obtained, and this must be kept below that where small
children might slide out of the seats of the vehicle. This factor, con-
sidered along with the perception and reaction time of the driver
determines the stopping distance required.

‘We use the combined perception and reaction time of 214 seconds,
which includes the slowest reaction drivers on -our highways. It is
found that even an alert fast-reaction driver, under certain condi-
tions, while driving on the highway may have considerably slower
time than when tested in a laboratory and alerted to the test, so it is
desirable to include a substantial safety factor in the time consider-
ation. : ' -

In other words, a highway is designed with safety factors to pro-
vide an extra measure of safety for a driver who is giving reasonable
attention to hisdriving. . : .

In determining controlling vertical curvature, it must provide
enough sight distance for a driver to have sufficient time to stop be-
fore hitting any obstruction on the roadway 6 inches or more in
height. For this purpose, the driver’s eye is assumed to be 3.75 feet
above the pavement and, of course, must be based on the smaller cars
in use today. The larger vehicle provides some added safety factor
inthisregard.
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The vertical curve, therefore, must be adequate to permit a driver
to see such an obstruction over a hilltop and give ample time to stop
his car if it is traveling at design speed on a wet pavement and the
tires are worn. This does not mean smooth tires, a heavy water film
and a panic stop. Hydroplaning would result in such an instance.

Deceleration rates are used in developing the length of deceleration
lanes and the determination of exit ramp speeds.

Even the 12-foot lane width that is used universally in modern
highways is developed scientifically. It is not a function of the physi-
cal width of the vehicle, but it is an overall width plus lateral insula-
tion space that is needed to safely accommodate the natural weaving
of a vehicle traveling at the design speed, and it is for the purpose of
minimizing driver strain that can be a factor on narrow pavements.

The width of the right-hand shoulder of the Interstate System 1is
based on the physical width of the legal vehicle and it being able to
clear traffic on the traveled way, yet not apply loads closer than 2
feet to the shoulder line.

. It is difficult to maintain structural stability close to the shoulder
line because of weather and moisture conditions.

Even the limiting curvature on high-speed highways is based on
scientific facts. The curvature is limited by the allowable supereleva-
tion rate and the side friction factor of the pavement. The latter two
values are generally set at the coefficient of rubber tires and ice, so
vehicles will not slide off the pavement during icing conditions.

Highway location itself requires great talent and is an art that
relatively few people possess. A person must have a thorough knowl-
edge of design standards and visualize the manner in which the road
will fit into the topography when it is built. :

It is a continuous linear design which is entirely a different matter
than a spot location design, such as a small park or building location.
It involves the combining of controlling curves, sight distances and
grades, together with the accommodation of necessary appurtenances
to give a safe and functional operation, a pleasing appearance, cause
a minimum of disruption during construction and in the community,
and gives the most economical construction.

e find that often highway location and design is subject to criti-
cism by nonhighway people and especially after the road has been
completed. We believe if these critics were assigned the responsibility
of going out and actually locating and designing a highway, they
would develop a keen appreciation and respect for the ability of the
professional highway engineer.

After the location survey has been completed, a high degree of pro-
fessional competence is required in the design of the project. The lay-
ing of grade lines, the determination of the size, type and location
of minor drainage structures and the selection of bridge types and
the completion of their structural design involves large sums of pub-
lic funds and expert know-how is absolutely essential.

The design standards that we have developed have resulted in com-
pleted Interstate System sections that have no obstructions closer than
12 feet to the pavement edge. This is the first time that a highway sys-
tem has been provided that can make that claim.

The traveled way and shoulder design, together with the the control
of access feature, separation of grades, the dividing of roadways and
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appropriate signing, which is a requirement for complex highwa
layouts to be functional, are things that dropped the fatality rate o
these freeways to 2.5 per 100 million vehicle miles.

As we have admitted previously, the effects of roadside features hav
possibly been overlooked or at least underestimated, and this wa
becoming apparent to us some 3 years ago. We refer to the matter o
vehicles leaving the Interstate System and other highways and runnin
out of control.

This was one of the major reasons for the AASHO “Yellow Book.’

A freeway is the only type of highway where the necessary signin
and the sign locations can be predetermined and not subject to constan
change. As a result, sign supports, in many instances, were constructe
to be more or less permanent in nature. These have turned out to &
hazards in some instances.

The same is true of guardrail ends. No one at this time knows the bes

.way to start a guardrail installation, and we doubt if one can be abso
lutely hazard free. Both the flareout and grounding treatments hav
objections. : : : z

Before the Interstate program, major rural highway constructio
was limited to about $100,000 a mile. We are speaking of a primar
two-lane facility with high type pavement. Guardrail was not use
extensively because of its cost. It was used to delineate certain condi
tions or to serve as a warning that an embankment or a culvert or some
tlfling_fjmilar existed. In some States delineator posts were used instea
of railing.

In many instances, where the rustic design concept was embraced o
park or forest roads, large boulders were placed on the shoulders of th
road for this purpose.

Now, as we build the Interstate System and the budget is not quit
so restricted and a more liberal use of guardrail is indicated, it ha
raised some entirely new situations and design problems.

The cost of gnardrail versus flatter slopes, of course, is an economi
question that must be determined by the highway designer. Not onl
must the first cost be considered, but the continuing maintenance cost
of guardrail and the problems of mowing around it is a controllin
factor. : -

Of course, there are many places where the topography prevents
slopes flat enough to eliminate the need for guardrail.

The assignment given the AASHO Design Committee this yea
included a complete look at guardrail practice and design, as well as
a critical review of all highway components to make certain that they
perform their primary %unctlon, yet are attractive and, above all,
enhance traffic safety. This will involve a review of all minor drainage
structure configurations.

The bridge committee has been asked to study the matter of -bridge
railing. With extremely wide roadways, more vehicles are colliding
with the bridge curbs and rails at relatively high speeds and at angles
closer to 90 (%egrees. That creates a very difficult design and safety

roblem.
P It is entirely different than designing bridge rails for light angle
impact that has been past practice when the solution is to deflect the
vehicle instead of stopping it without serious injury to the occupants
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l())r_ 30 the bridge or to persons or property that might be under the
ridge.

Tgestop a typical automobile traveling 60 miles per hour involves
absorbing 500,000 foot-pounds of energy which presents a challenging
task to a designer. Of course, safe bridge design 1s further complicated
where pedestrian traffic is involved.

All in all, we are now completely cognizant of the roadside problem
and its seriousness and the roadside is becoming an engineered and
designed element of the highway facility, instead of a byproduct of
the grading and drainage operations.

With all of the appurtenances that are necessary for the functioning
and operation of a modern highway, which includes signs, guardrails,
light standards, headwalls, and many other items, it 1s essential that
these appurtenances not be planned and constructed independently, but
reviewed together and coordinated by a field review at the time of
construction.

It may be possible to move a light standard or a sign installation to
where a guardrail installation is already provided. If such is not
possible, then these necessary obstructions need to be relocated so as to
minimize hazard.

Almost every State has had some experience in having proposed
design rejected or reduced by so-called Bureau of Public Roads
frugality, because of the costs involved.

Full width bridges, the elimination of shoulder piers, additional
lanes, full width left-hand shoulders on six- and eight-lane freeways,
and the like, are examples.

‘We do not wish to make an issue of this and do not propose to offer it
as an excuse. It is our opinion that cost will continue to be a major
control factor in this and all other highway programs.

Even if there is considerable feeling of a liberalization in spending
at this time, by the time the next cost estimate for the Interstate pro-
gram is submitted, undoubtedly there will be a tendency to swing back
the other way and become extremely cost-conscious once again.

In 1958, AASHO was questioned by the Senate Public Works Com-
mittee as to the possibility that the States were overdesigning the In-
terstate facilities and using wider rights-of-way and median strips
than justified. ‘

Now, it is well known and accepted that such charges are not true,
and it indicates an evolution in official thinking.

We might add that we have encountered some minor conflicts be-
tween highway safety and highway beautification proponents. This is
not a serious problem, but it does take the attention and action of the
State highway administrators to correct. There is a tendency on the
part of landscapers to plant trees close to the shoulders and locate
shrubbery where sight distances are impaired.

We have heard some criticism of the highway signing on our high-
ways, and in particular, on the Interstate System. We have had more
experience in communicating with the public through signs than
anyone else.

It is very definite that with over 100 million registered drivers hav-
ing different levels of education, mental and physical reaction and
background, that the intended and proper use of highway signing
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cannot be instinctive to all of these drivers. What might be clear to
many, could be confusing to a few, or vice versa.

It is essential that drivers be taught how to use the signing and th
complex geometry of modern highways for as time goes on and traffi
increases, sueh things are not going to become any simpler. We alread
have 60 percent more vehicles on our highways than when the Inter
.state program was started. :

Signs must have target value day and night and be large enoug
to be legible and read at highway speeds. They must stand out but no
be unsightly and must not require more than a glance to be rea.
Smaller artistic or rustic offerings have no place on high-speed hig]
density arteries.

Highway safety involves three areas—the vehicle, the highway, an
the driver. In fact, it is a three-legged structure and for such a struc
ture to be stable, each support must be completely adequate.

We readily admit that some further progress in traffic safety ca
be made on even our most modern highway facilities, but the mos
fertile field for achieving traffic safety lies with the improvement o
the driver.

Highway administrators and engineers are firm in this position.

We see far too much hazardous and wasteful use of our highwa
space even though the average driver generally does a good job.

Some of the things you can see that contribute to accidents ar
driving when fatigued, driving when intoxicated, driving beyond con
ditions, aggressive driving, tailgating at high speed, driving too slow
driving with smooth tires, not planning a trip in advance as to prope
routes and exits, exiting from the wrong lanes, and not knowing how
to drive on a freeway. One of the most hazardous things on a twc
lane facility is passing on hills.

These things are entirely too prevalent and while we accept the re
sponsibility in the highway field of enhancing chances of survival i
case a vehicle goes out of control, to a large extent we are merely treat
ing the symptoms or the results and not correcting a major cause o
accidents.

Recently, at a national conference, we were advised by outstandin
motor vehicle administrators and State highway officials, that no les
than 10 percent of the drivers on our highways were operating wit
a revoked license or had no license at all. This further underscore
the rl;eeil for improving the quality of the person permitted to operate
a vehicle.

We admit that we have experienced some delay in getting improved
designs and applications incorporated into our highways. This is espe-
cially a problem when your personnel is involved in a very heavy and
continuing workload that is part of moving a big highway program.

Essential leadtime may cause design features to go into the pipe-
line 2 or 3 years before construction is started and construction may

uire 1 or 2 years. There is a tendency, under such conditions, to use
existing standard design sheets and not take time out to upgrade or
correct them, and to overlook making desirable changes during con-
struction by change order. '

The larger an organization, the more serious the problem of internal
communication and coordination between the various engineering of-
fices becomes. This is the responsibility of the chief engineering officer
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and the chief administrative official of a department to correct or to
accomplish. :

The highway departments are involved in a spot improvement pro-
gram that can enhance traffic safety and we intend to continue this
activity. .

. We are involved in research efforts. Some of these projects are car-
ried on through the national cooperative highway research program
financed with pooled funds E’i)m the several State ﬁig way
departments. : :

The program is administered through the Highway Research Board
of the National Academy of Sciences and the National Academy of
Engineering. Attached is a listing of research projects dealing with
safety that %ave been initiated since our research program was started
in 1963.

‘Groups of States have pooled funds or have worked individually
to research breakaway supports for highway signs and light stand-
ards, improve guardrail design and to determine wind loads on high-
way higns as they affect supporting structure design. Our committee
on bridges and structures is currently working on the matter of the
structural design of sign supports and adequacy, appearance, and
safety in mind. A

In many places, overhead sign structures are absolutely necessary.
Their supports must be located and protected to enhance safety, yet
they must be structurally dependable. If one were to collapse on a
high-speed highway, the results could be catastrophic.

It is our feeling that some of the industries supplying products have
lagged in their responsibility to develop safer highway elements.

Recently, when we appeared before your parent House Public Works
Committee on the matter of the next Federal-aid highway program,
we indicated that emphasis in the next program should be placed on
improving urban highway facilities, modernizing our vast rural pri-
mary network, and in improving our rural secondary system.

Just as we started the development of design standards for the inter-
state program some years in advance, we have already started our
appropriate committees on developing design standards for this next
program.

We assure you, however, as worthwhile improvements might be
evolved, that they will immediately be incorporated into current de-
sign work, and not wait until the next Federal-aid highway program
is authorized. :

At this time we make brief reference to the new highway safety
standards issued on June 27 by the Department of Transportation.
Only a week ago, most of the State highway departments had not yet
seen these standards, and could not comment on them.

As a result, we requested sufficient copies from the National High-
way Safety Bureau to send to the State highway departments.

In the original draft form, the safety standards made reference to
A ASHO design standards and policies as those to be used in the high-
ways safety program. We were surprised that the final standards
makes no reference to the AASHO material, but instead carried a
notation, “Standards applicable to the specific programs are those
issued or endorsed by the Federal Highway Administrator.”

87-767 0—68——173
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We believe that the standards and policies that will be used for high-
way design, construction, and maintenance operations in connection
with the safety program, as it applies to the State highway systems,
will be those developed by AASHO and submitted to the Federal
Highway Administrator for his official concurrence.

We are assuming that this will be the case, and it is the intention
of the State highway departments to continue in the field of develop-
ing such technical and engineering standards and specifications that
are used in the State highway departments’ operations. This is a
definite position.

AASHO standards are accepted worldwide and our procedure for
developing such things uses a vast reservoir of education and expe-
rience from all of the State highway departments that does not exist
anywhere else. It has resulted in the United States being the top aun-
thority in highway technology.

As we stugy the complex matter of accidents and their costs, we
find that some may defy diagnosis, but it is evident that we need to
know far more than is available of causative factors and how to cope
with them.

It is our feeling that the work that will be done by the National
Highway Safety Bureau and AASHO will be able to give far more
information than has been available up to the present time and will
help materially.

Facts and figures on the safety problem have been entirely inadequate
and we believe mostly because the public, to a large degree, has been
apathetic and disinterested in actively supporting any proposal that
might eventually inconvenience them individually. We believe this is
one reason that coping with the alcohol problem may be difficult.

Much of the current public interest in traffic safety is emotional and
has been cultivated to a considerable extent by sensational publicity
setting the number of people expected to be killed over a given holiday
or weekend period. This is a scare program and leaves the impression
that if one returns home safe and sound that he is indeed fortunate.

Actually, when one analyzes the mathematical frequency of traffic
accidents as compared to the exposure factor created by 100 million
motor vehicles operating on our highways, it is surprisingly low. How-
ever, the safety problem is extremely serious and one that must receive
the complete attention of everyone and be brought to an irreducible
minimum, whatever that might be, in the shortest possible time.

We appreciate the privilege of appearing here and will be happy
to answer any questions that you might have. The members of our
special traffic safety committee are here for the purpose of answering
questions pertaining to their own specialized fields.

Thank you very much, Mr. Chairman.

Mr. Brarnik. Thank you, Mr. Johnson.

Mr. John Morton, commissioner, Department of Public Works and
Highways from the State of New Hampshire has come into the room
with a member of our committee, Mr. Cleveland. Mr. Morton is also
chairman of the AASHO Traffic Committee.
~ Mr. Morton, I believe you have a statement with you. Please take the
chair. I hope you did not mind our going on.

We have already sworn the other witnesses. Would you raise your
right hand. Do you solemnly swear the testimony you are about to give
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before the subcommittee will be the truth, the whole truth, and noth-
ing but the truth, so help you God? ‘ ‘

M. Morron. I do. L

Mr. BraTnik. Please be seated.

Mr. Johnson, it would be proper perhaps just for the sake of con-
tinuity, since you have a very comprehensive and informative state-
ment which you have just presented, that we have Mr. Morton’s state-
ment follow; and then we will begin the interrogation or dialog be-
tween the staff and the members of the committee and your panel.

- Mr. Morton, give the reporter your full name and your official
caxa,city in the %ta,te of New Hampshire and also your capacity in
AASHO as chairman.

TESTIMONY OF JOHN 0. MORTON, COMMISSIONER, DEPARTMENT OF
PUBLIC WORKS AND HIGHWAYS, STATE OF NEW HAMPSHIRE,
CHAIRMAN, AASHO TRAFFIC COMMITTEE -

Mr. Morron. My name is John O. Morton. I am commissioner of the
New Hampshire Department of Public Works and Highways. I have
the honor and priviﬁge of serving as chairman of the AASHO Com-
mittee on Traffic and also serving as a member of the Special AASHO
Traffic Safety Committee. - o ‘

The statement that I have, Mr. Chairman, is rather brief. It is not
a particularly profound statement. I find that Mr. Johnson’s state-
ment has been most comprehensive covering the field. However, if you
have no objection, I would be pleased to read this. I think it might take
5 or 6 minutes. '

Mr. Brarnis. Either way. It will appear in full at this point in the
record ; or since it is a brief statement, you may wish to read it.
hJMr. Morrox. I would appreciate the chance and opportunity to read
this. '

Mr. BuaTNik. You may proceed. '

Mr. Morrow. In 1956 when construction of the Interstate Highway
System was provided for by an act of Congress, one of the strongest
items in support of this legislation was the fact that the building of a
41,000-mile network of interstate highways would save 8,000 lives a
year. Prior to the year 1956, the States and the Federal Government
were keenly aware of, and greatly disturbed by, the huge economic
losses, and the human suffering that was being sustained through
highway accidents. Records maintained by the States, by the Federal
Government, and by the National Safety Council have accurately
described the growth of traffic in this Nation. Statistical records have
been used to describe the percentage of fatal accidents in relation to
traffic growth. o

Over the past 15 years the New Hampshire Highway Department has
investigated and carefully evaluated every fatal accident occurrin
on the State’s highway system. The accuracy of the investigations ang
the use made of the information developed, is now much superior and
more intelligently employed than it was in the early years of this type
of activity.

It was 1 1959 the New Hampshire Department of Public Works and
Highways initiated a tree removal program. Since that date over
100,000 trees in close proximity to lines of travel on the State’s high-
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way system have been removed. This comment is made for it well dates
and illustrates the department’s concern with the removal of fixed
objects in close proximity to lines of highway travel.

In 1962 the Bureau of Public Roads established the position of
Director of Highway Safety. This position was established for the
pufrpose of expanding the Bureau’s operations in the field of highway
safety.

In}i964 a special AASHO Traffic Safety Committee was established
in cooperation with the Federal Highway Administrator and the
AASHO organization. It is this traffic safety committee that is ap-
pearing before you today.

In 1965 at the annual convention of AASHO in New York City, the
AASHO Committee on Traffic and Bureau personnel met with Joseph
Linko and viewed showings of his slides ngch depict accident-prone
locations on some of the New York expressways. At this same meeting,
many members of the AASHO Traffic Committee visited and studied
the highway locations that were identified in the Linko pictures.

At the 1966 summer meeting of the AASHO Committee on Traffic
we devoted two full-day sessions to highway safety. At these sessions
members of the committee presented informal reports concerning the
activities of their respective departments with reference to work being
performed in the field of highway safety. In addition, the committee
membership reported on what they believed to be some of the most
critical areas associated with highway designs, signing, pavement
marking, and operational features of expressways from a safety view-
point. The following statements briefly describe some of the reporting:

Virginia reported multifatal accidents involving trucks parked on
shoulders on Interstate highways.

Nebraska reported an increase in railroad-crossing accidents.

California stated that fixed objects cause 39 percent of fatal acci-
dents on freeways, that hydroplaning is a definite factor in wet road-
way accidents, also that only 40 percent of total accidents occur on
State highways.

Oklahoma also reported a large percentage of accidents are occur-
ring on local roads. In addition, Oklahoma encountered a problem with
U-turns on expressways.

Connecticut reported accident experience at left-hand off ramps,
short weaving distances and at signals. Of 50 high-accident locations,
47 were at signals.

Maryland reported that a compilation of locations with 10 or more
accidents showed all except one were at intersections, 71 percent of
which were equipped with standard signs and signals. Also, Maryland
reported that State police are tabulating and publishing a list of acci-
dents caused by drinking drivers.

New Hampshire reported that a high percentage of fatal accidents
involved drinking drivers.

In 1966, the special AASHO Traffic Committee visited the most
heavily populated areas of the Nation for the purpose of studying the
operation of traffic over both new and old expressways. This committee
took into consideration the design, signing, and pavement marking of
highways from a safety viewpoint. Of particular note was the fact that
this committee discussed with many of the law-enforcement agencies,
law enforcement as it relates to highway design and operation.



1153

At the annual convention of AASHO held in Wichita, Kans., in the
fall of 1966, four members of the AASHO Committee on Traffic had
served as observers to the special traffic safety committee, showed slides
and offered comments of the pictures they had taken during the studies
made by the special committee. Many of the pictures related to fixed
objects in close proximity to lines of travel on modern highways. -

The development of the report by the special AASHO Traffic Com-
mittee dated February 1967 is a condensation of the findings of the
special committee. It is extremely well done and its findings should be
used as a guide to better highway designs. It is my opinion that it is
impossible to develop a set of standards that can be made to function
effectively in all parts of the Nation. The great variances in climate
and terrain encountered in the various States must be treated with
commonsense and judgment from a design viewpoint. :

It is my personal belief that the greatest contribution toward in-
creased highway safety will come through the elimination of the
drunken driver from the stream of travel.

In New Hampshire we have analyzed the character of roadside litter
encountered on our highways and this analysis definitely emphasizes
that in the past 20 years the amount of liquor consumed while driving
on our highways has substantially increased. I have brought with me
three photographs that were taken in connection with our spring litter
cleanup in 1964. T hope the committee will have the opportunity to
view these photos and in doing so, will note the high percentage of
beer and whisky bottles that were gathered from an 11-mile section of
rural highways in my State. . :

I am appreciative of the opportunity to present this statement,
Mr. Chairman. Could I leave these photographs with you?

Mr. Bratnig. Thank you very much, Mr. Morton. This is an 11-mile
section [indicating on photograph] ?

Mr. Morron. Eleven-mile section of rural two-lane road taken in
the spring: of the year after the snow is gone.. .

Of interest to me is that fact that when we first started to analyze
roadside litter we found a very small percentage of beer cans or
whisky bottles; but now our roadside litter is predominantly made
up of that.

Mr. Brarnix. That is in the State of New Hampshire?

Mr. MorToN. Yes, it is. ' '

Mr. Creveranp, Mr. Chairman, I would like to comment if T may.

Mr. BraTnik. Just a moment and then I will yield.

It is an awful shame that we have people throwing cans, all kinds
of cans, beer cans, just cans, bottles, whisky bottles. What can be done
with something like this? What can be done to make the public more
aware of this? : ' :

Mr. Morton. There are all kinds of programs, antilitter programs,
keep America beautiful, and some of it is taught in schools.

We have laws, antilitter laws, where if they are apprehended dis-
carding litter on the roadside in our State it is a $50 fine. Still most of
this is deposited under the cover of darkness where it is hard to detect.

The costs are tremendous that are involved in removing this litter
from the roadside.

Mr. BraTnik. I just came back from some lovely Canadian-Minne-
sota boundary water areas, lovely area, and it would seem that any
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place human beings stay long enough it is going to get messed up.
Man has the capability and the capacity for littering and messin;l; up
anything that 1s lovely. Just give him a chance to stay there long
enough. Cans, junk, broken glass—go to any beach, any place that
people want to enjoy the scenery and beauty on the highways, picnic
places, the ball parks. Mr. Johnson?

Mr. A. E. Jounsox. Mr. Chairman, it is our understanding that
beer cans and whisky bottles are the predominant part of the material
that is being picked up out of the roadside ditches at this time. Several
States are spending more than a million dollars a year on this
operation. : :

If you were out on the Shirley Highway in the last couple days,
you would see a truck out there from the Virginia Department of
Highways where they are picking up litter. There is a sign on the
back of 1t: To Help Virginia Save $g00,000 a Year.

Mr. Brarnir. Mr. Cleveland.

Mr. Creveranp. I just wanted to comment, Mr. Chairman. You
may recall that when the Public Works Committee was having hear-
ings on the beautification bill, Mr. Morton appeared before this com-
mittee, and at that time I commented that he had long been a stanch
advocate of highway beautification. I suggest that these pictures that
were taken in 1964 be further proof of this statement. :

This was 1964, and the highway department was picking up these
cans and bottles. I want to remind the committee that Mr. Morton,
of the State of New Hampshire, has concerned himself with beautifi-
cation and did so early in the game.

I might add one other item of interest, that the garden clubs of New
Hampshire and the Boy Scouts every spring engage in a very active
cleanup program along our roads. This is another way to meet the
problem which so regrettably faces us.

Mr. BraT§ix. Any further questions? I would like to get into this
aspect of drunken driving. It 1s a little beyond this immediate phase
of our hearings, in which we are talking about design aspects and fixed
hazards; but it is definitely something that ought to be gone over very.
thoroughly:.

Some of us are quite familiar with what other countries have done—
Germany, Denmark, particularly in Sweden. I believe they are very
severe—I will not say harsh—but very strict to show the importance—
the emphasis they give to this important and difficult problem. Is not
Sweden very severe in its regulations or dealings with drivers that
are drunk, whether they are involved in accidents or not? Is that
not true?

Mr. Morron. Yes. I understand that if you are found guilty of
driving under the influence of liquor in Sweden, I guess you lose your
license for a good many years. I saw one article with reference to
Helsinki, Finland, where 1t said that the airport had been built by
prominent businessmen and industrialists and so forth, and they had
been found guilty of driving under the influence of liquor. When
they were found guilty, they were sentenced to labor on that nation’s
airport.
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- I am sure that all the Scandanavian countries apparently have a
very good record and are very stiff in their dealing with the drunken
driver or the drinking driver. : :

- Mr. Buarnik. It is a great disparity, is it not, in placing importance
on infractions? For instance, I know if you are caught hunting with-
out a license, they may take away all your hunting gear, expensive
rifle, and even the automobile. You can be drivingthe same automobile
without any permit or license to be driving in the first place, with or
without a rifle. They often do not do very much about it. It is very
interesting to consider at this time. . :

Mr. Crausen. Mr. Chairman.

Mr. Bratnik. Mr. Clausen. ' '

Mr. Crausen. Thank you, Mr. Chairman. I will not prolong this
very much.

In your statement, Mr. Morton, you brought out something interest-
ing, and I would like to have a little expansion on it. You said:

It was in 1959 that the New Hampshire Department of Public Works and
Highways initiated a tree removal program. Since that date over 100,000 trees
in close proximity to lines of travel on the State’s highway system have been
removed. . i .

This interests me: I would like to know what experience you have
had, and if you have any figures on the number of lives saved? Let
me say why I am asking this. We in California are somewhat on the
horns of a dilemma. You have heard a little bit about the redwood
controversy, and there are people that want to improve the highways,
and yet we have the other side, people who want to preserve all the
redwoods.

I know from personal experience that there are a number of people
who are killed every year as they piled into these redwoods that are
right next to the highway. . '

With that background, could you elaborate just-a little bit on the
experiences you have had in New Hampshire, how far back was your
setback arrangement on highways as far as cutting of these trees and
that sort of thing was concerned? .

Mr. Morron. Mr. Clausen, at the present time on our Interstate sys-
tem it is standard practice in our designs to clear back 30 feet from the
edge of the paved shoulder. Now on a primary and secondary road we
are not able to attain anywhere near that distance.

Many of our highways are in rather heavily wooded areas, and I
would say that if we are able to move the trees back maybe 10 or 15
feet from the line of travel we are doing exceptionally well. _

If we have isolated trees in open areas that are in close proximity
and are definite hazards, we try to remove the isolated trees first.

This program by no means is able to provide the degree of safety
that we should have. :

I do not have good statistical information, but I do know that a very
high percentage of our fatal accidents involve single cars striking
the fixed object, most usually a tree, and quite often involving a drink-
ing driver too. ' : o

Mr. Crausen. I was wondering if there would be a possibility of
your providing us with some of the statistical information for the
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record. Let me say this, I am keenly concerned about the objective of

the conservation programs, but there is a question here of balance be- .
tween conservation objectives and safety. I would like to know what

your experiences have been with the conservation organizations in your

State relating to the removal of some of these est%letic trees.

Mr. MorroN. Amazingly enough we have had very little interference
from the conservationists.

Mr. Cravsen. I see.

Mr. Morron. I think maybe that is because we have such a luxuri-
ous wooded growth that the removal of these trees does not show up
as much.

Mr. Crauvsen. Thank you, Mr. Chairman.

Mr. Cueveranp. Mr. Chairman.

Mr. Brarnig. Mr. Cleveland.

Mr. CLeveLanD, Mr. Chairman, I would just like to make one com-
ment that brings back many memories. I was in the State senate at the
time the legislation was enacted that I think launched this program
of the New Hampshire Department of Public Works to take down
some of the trees. I remember the debate we had at the time, whether
some of the trees were dead or decaying because of the salt that the
highway department was using on the roads. I am not sure that debate
has ended. It brings back many memories of that legislative debate.

Mr. CrauseN. I wonder if the gentleman from New Hampshire
could give me a copy of the debate. We have the same problem in
California.

Mr. BraTNie. Mr. May.

Mr. W. May. Mr. Eugene Johnson, your statement covers a number
of topics which we as a subcommittee will be looking into in the com-
ing months. We certainly appreciate your views concerning it.

However, today we will discuss for the most part in the time re-
maining, the roadside hazard problem.

Fil;(st, however, I go to your statements on page 3, paragraphs 6
and 7.

Mr. Bratnig. Page 8, paragraphs 6 and 7.

Mr. W. May. It is mentioned that the 1936 fatality rate was 15.5,
and we find the fatality rate for the Nation today to be 5.5 and the
interstate rate is 2.5.

Mr. Kopecky of the staff has brought together certain information
concerning statistics and rates which might be helpful to us. Mr. Ko-
pecky, would you begin?

Mr. Kopecky. Yes, Mr. May. T would like to make three points.
The first one is an analysis of deaths, motor vehicle deaths, and com-
pared with vehicle miles of travel. The second point will be discus-
sion of studies as to what points on or off the road were the scenes
of these fatal accident events. Third is an analysis of what type of
road system was involved.

With regard to the first point I would like to use these two charts.
The first one is this mimeographed chart of motor vehicle deaths, and
the other one is this chart behind Mr. Johnson.
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er}‘ Brarnik. Just a moment. What chart are we talking about
now? :

Mr. Korecky. These figures on this chart, Motor Vehicle Deaths
are taken from the data of the National Safety Council.

Motor vehicle deaths '
Year Total deaths Year Total deaths

1912 3, 100 | 1949 31, 701
1913-17 (average).o—ee—eoe_. 6, 800 | 1950 34, 763
1918-22 (average) —eeeo ... 12, 700 | 1951 36, 996
1923-27 (average) . __ 21, 800 | 1952 37, 794
1928-32 (average) e . 31,050 11953 37, 955
1933 31,363 | 1954 _ 35, 586
1934 36,101 | 1955 38, 426
1935 36, 369 (1956 39, 628
1936 e ———- 38,089 1957 . i 38, 702
1937 . - 89,643 11958 36, 981
1938 - 32, 582 11959 317,910
1939 .. 32,386 (1960 . 88,137
1940 34, 501 | 1961 38,001
1941 ___ _ 39,969 (1962 . 40, 804
1942 — 28, 309 11963 43, 564
1943 . __ - 23, 823 | 1964 47, 700
1944 _ 24,282 11965 - 49, 000
1945 - 28,07611966 __ _ 58, 000
1946 ____ 33,411 .

1947 32, 697 Total, 1900 through 1966.... 1, 613, 000
1948 32,259 ) .

Source : National Safety Council.

- It is interesting to note for calendar year 1966 there were 53,000

deaths. During the period from 1950 to 1961 the range is between
35,000 and 40,000 deaths. Then, for the first time the deaths go over the
40,000 mark in 1962 and they increase substantially each year there-
after until they reach the 53,000 mark in 1966.

The total from 1900 to 1966 of recorded deaths is 1,613,000 killed.

The other chart is titled “Motor Vehicle Deaths Compared to Total
Vehicle Miles Traveled.” The broken line shows the number of deaths
from 1937 through 1966, and the solid line is the billion vehicle miles
traveled. -

As is noted, for the 6-year period, 1961 through 1966, the travel in-
creased 28 percent and deaths increased 39 percent.

Mr. W. May. Mr. Kopecky, I am looking at that schedule you drew
up that says “Motor Vehicle Deaths.” I notice that in 1941 the total
deaths were 39,965. Twenty years later in 1961 it was 38,091. For each
succeeding year the number of deaths has increased; for example, in
1962, 40,804 ; 1963, 43,564 ; next year, 47,700; next year, 49,000; and
in 1966, 53,000. , :
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Mr. Korpecky. That is correct.

Mr. W. May. You say that the rate is increasing more than the
vehicle miles?

Mr. Kopecky. That is true. As indicated, during the 6-year period
of 1961 through 1966 the deaths have increased 39 percent, while the
vehicle milestraveled have increased 28 percent.

Mr. W. May. I might say that if any of the witnesses have any com-
ments, we will be glad to hear them.

Mr. E. M. Jouxson. May I make one comment ?

Mr. BraTnik. Mr. Eugene Johnson.

Mr. E. M. Jomunson. I'notice here on the chart that you are display-
ing that it is based on the deaths shown on the last tabulation attached,
which came from the National Safety Council. I notice on the other
tabulations of sheets showing fatal injuries, so forth, deaths, that the
source is the Bureau of Public Roads which came from the various
State tabulations. I also notice there is some difference in them.

Were you going into that ?

Mr. KoPECKY. Yes.

Mr. E. M. Jounson. Excuse me. '

Mr. Brarnir. At this point I should say that any changes or ques-
tions can be added on in the record later on. None of us can grasp the
full import of figures yet, table form or chart form, merely by
glancing. ’

If there are any questions as to discrepancies or validity, the record
will be open for quite some time for either further elaboration or
correction. ' ‘

Mr. Kopecky, Mr. Johnson, that is a good point, and I was going to
handle that. Aslong as the subject is up now, I will go into it.

The 51,032 as recorded by the Bureau of Public Roads covers those
deaths actually reported by individual States in 1966. The National
Safety Council figures include some other areas, namely, Guam, Vir-
gin Islands, Puerto Rico, which account for some of the difference.
In addition, the National Safety Council includes deaths which occur
anytime during the 12-month period following the accident itself. So
there were some accidents which took place in 1966, deaths will occur
in 1967, which will revert back to the 1966 accident.

Mr. W. May. Also this is a report of 46 States.

Mr. Kopecky. That is true. ’
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STATEWIDE FATAL INJURY ACCIDENTS, 1966 (46 STATES)

Total, all systems Interstate system
State Rate Rate Rate of
Total deaths  (per 100,000,000 | Deaths (per 100,000,000 total
vehicle-miles) vehicle-miles)
1,089 7.51 1) J 1
67 807 . (. ............ ( .) ___________ () ......
645 7.28 69 5.60 11
666 7.08 36 5.29 6
4,830 4.78 250 2.11 5
602 5.74 118 6.46 19
406 3.00 67 2.05 12
Delaware_.._.._.___ 125 4.83 2 1.00 2
Florida_._._._._.._. 1,819 5.84 53 2.13 3
1,601 7.00 73 3.06 ]
105 5.04 2 2.35 2
267 6.79 15 3.78 6
24522 5.19 124 1.90 5
1, 566 5.93 91 3.2 6
904 6.90 38 3.69 4
733 5.77 55 5.03 8
1,086 6.96 65 4,45 6
854 6.30 52 6.95 6
233 4.60 13 2.65 6
755 4.36 49 1.98 7
898 4.15 45 2,09 5
2,226 (0] 161 3.28 7
977 5.52 21 2.44 2
799 8.58 19 3.42 2
1,379 6.22 115 4.50 8
276 7.19 9 4.69 3
424 5.02 20 3.31 5
211 7.48 26 6.60 12
148 4,04 [ 1.63 4
1,127 3.26 43 2.33 4
431 7.23 58 7.02 13
2,806 4.86 167 2.21 6
1,709 7.59 54 3.68 3
209 6.01 9 3.4 4
2,602 5.39 156 2.5 6
796 5.43 51 3.03 7
678 6.13 72 4.03 11
Pennsylvania. 2,180 4,25 116 2.04 5
Rhode Island. 110 2.74 7 1.68 6
South Carolina 968 7.47 (0] (0] (O]
South Dakota 265 6.55 11 3.24 4
Tennessee 1,258 7.29 60 4,37 5
&xﬁs._ 3, ggg g ig (13)18 4&‘1)2 (9)
ah. ... N ()
Vermont. .. 123 6.80 7 3.582 6
Virginia...... 1,106 5,08 97 3.46 9
Washington__. 823 4,94 9 4.15 12
West Virginia_ 518 6.92 18 5.07 3
Wisconsin. ... - 1,126 5.69 57 3.68 5
Wyoming ... ... 153 6.0 30 8.09 19
District of Columbia...___...__.__ 97 3.73 6 3.37 12
Total .o ... 51,032 5.49 3,030 3.15 6

t Not available.
Source: BPR and State compilations; tables TA-1.

Mr. Brar~ig. Mr. Kopecky, I have a question at this point. It is a
very interesting chart. From 1942 all the way through to 1962, a 20-
year span, there is a good positive correlation between increase of ve-
hicle miles traveled and ti)xe percentage of deaths. It is a favorable
chart all the way up to that point, that 20-year period.

Could you give us now or could we obtain later the reason for the
sudden increase from 1961 through 1966 % There was a rapid accelera-
tion of the vehicle deaths in that 6-year period.

Mr. Korecky. That is what we are attempting to find out as a result
of these hearings, Mr. Chairman.
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Mr. Brarnik. And also I would like to know the nature of the deaths
and their location, whether Interstate, primary or secondary or on city
and urban streets.

Mr. Kopecky. That is what I will discuss in a few minutes; yes, sir.

Mr. Brarnix. All right.

Mr. CLeveLanp. Mr. Chairman.

Mr. Brarnig. Mr. Cleveland. |

Mr. CreveLanp. I would also like to inquire of Mr. Kopecky if he
is going to study the rather sharp decline in deaths that occurred in
1938, 1939, and 1940. There was a sharp decline during the war period,
and that 1s understandable, I suppose, because of people protecting
their tires, et cetera. But in that 1938, 1939, and 1940 period there was
a rather noticeable decline. .

Mr. Korecky. If you would like, we can inquire.

Mr. CreveLano. I think you should, just as you are going to inquire
as to why it increased in the last 6 years. It might shed some light on
the problem to find out why there was a sharp decrease in the 1938,
1939, and 1940 period. If any member of the panel has any ideas on
that subject, I think the committee would appreciateit.. - '

Mr. BuaTNix. Mr. Johnson ? ‘ :

Mr. A. E. Jounson. Mr. Chairman, I would like to make an obser-
vation at this time, that you are confronted with one of the problems
* that we have had over the years. That is the adequacy of the data and

whether or not it is actually good. :

For instance, in 1961 we know we had a fatality rate of 5.1 average,
which was the lowest we have ever had. Since that time we have been in
the neighborhood of 5.6 and 5.5.

So for that reason I can’t see the disparity in these two lines on this
chart. I cannot find it at all. I notice that they show 53,000 deaths. I
think the National Safety Council does as good a job as they can; but
I think they also use lots of round figures at the National Safety
Council. : . : v

I checked with the Bureau of Public Roads yesterday on what was
the fatality total in the United States in 1966, and it was their feeling

- that it was something over 51,000. '

Now you have got 51,000 there shown for a certain number of States.
It was their estimate yesterday that it was something less than 52,000
killed in the United States on highways. We got this information, too,
and that is that 54 percent of the fatalities occur on our State highway
systems compared to 68 percent of the travel—total travel that occurs
in the United States on the State highway systems—68 percent is on
the State highway systems. - : :

I would think that you are faced here with almost an impossible task
of being able to correlate these two curves because of the inadequacy
of the data that we have had in the past. : -

In 1941, I remember that period very well. That was when we first
began to have quite a step-up in highway use. In fact, we started on
another big highway program; and World War IT then terminated

- that. We did have a pretty decided growth in traffic, and we did have
an increase in the traffic fatalities. , , ,

But, as I remember, I cannot remember it being to the degree that
is shown on this dotted line. I know that many of the States were get-
ting revenues on an increasing, an almost uniform increasing amount,
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and they were planning highway programs. Actually, we picked up on
about the same curve after 1946 that we had started in the 1940°s up
to 1941.

This disparity, this 22-percent-travel increase, 39 percent fatalities,
I do not believe 1t is correct. ]

Mr. W. Mavy. Do you have any better figures?

Mr. A. E. Jounson. I doubt if figures are available, Mr. May; but
I do know the fatality rates we have at this time do not bear this dis-
parity out at all.

Mr. W. May. Maybe we can learn something as Mr. Kopecky pro-
gresses.

Mr. BrarNig. Mr. Kopecky ?

Mr. Kopecky. Yes. The second point we would like to discuss is
about those studies which have been made as to at what points, on or
off the road, these accidents took place. We have had some testimony
about these subjects, the Bureau of Public Roads, No. 1, conducted a
study of fatal accidents on certain sections of the completed Inter-
state System during the last 6 months of 1966.

In that study it was found that single vehicle “ran off the road”
accidents accounted for 57 percent of the total fatal accidents, and of
those 78 percent subsequently struck one or more fixed objects.

We noted in that study that guardrails, bridge elements, and signs
accounted for two-thirds of the fixed objects struck. '

Mr. W. May. May I interrupt there, Mr. Kopecky? I am reading
from the Bureau’s report. Guardrails were the first objects struck in a
third of the cases that might be expected since they constitute most
frequent targets of out-of-control vehicles. Later it says that bridge
or loverpass objects were the objects next most frequently struck ini-
tially.

As a matter of fact, guardrails were struck 33 percent of the time;
bridge element, 21 percent ; signs, 10 percent. That is important for the
record because the hearings do relate to roadside hazards, and you see
the significance of them.

Mr. Kopecky. In addition, in that study it was indicated that in 21
percent of the multiple-car fatal accidents vehicles then left the road,
and of those that did, 75 percent subsequently struck a fixed object.
These would add to the problem.

Another study that was made that shed some light on these situa-
tions, a number of studies, were made by the Ca.li%ornia Department
of Public Works in which they analyzed all freeway fatal accidents
for 4 years. The first study was 1961 and 1962. The second study was
1964 and 1965. These studies covered 1,700 fatal accidents involving
2,068 deaths. In these studies, single vehicle “ran off the road” type
accidents accounted for 50 percent of the total fatal accidents; of
those, 65 percent of the vehicles subsequently struck a fixed object. The
balance involved embankment slopes, ditches, or gore areas.

Another study made by California was of the 1965 fatal accidents
on the State highway system, 14,260 miles. This indicated that 53 per-
cent of the fatal accidents involved a single vehicle. Of those, 63 per-
cent subsequently struck fixed objects.

Still another analysis made by California, that of fatal accidents on
their freeway system, 1,788 miles in calendar year 1966, indicated that
63 percent were of the “ran off the road” type.
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Another study, and on which we had testimony by Dr. Donald
Huelke in and around Ann Arbor, Mich., disclosed 60 percent were
single-car “ran off the road” type accidents and that 72 percent of
those vehicles subsequently struck fixed objects. Those accidents took
place on all kind of roads. - S

Still another study, by the Connecticut State Highway Department,
disclosed that all fatal accidents on the State highway system in 1965
involved fixed objects to the degree of 43 percent. -

The third and last point I wanted to make related to the type of
highway administrative system on which the fatal accidents occurred.
The Bureau of Public Roads is now collecting some information from
the States, and we have had the opportunity to analyze that data.

In summary, it indicates that approximately 50 percent of the deaths
are occurring on the Federal-aid primary system. . "

Mr. W. May. That includes the Interstate System ?

Mr. Kopecky. That includes the Interstate System. The primary
system by definition is the principal highway system, the main high-
way system. It accounts for 7 percent of the total miles in the United
States. It totals approximately 270,000 miles, including the Interstate,
out of a total of 8.7 million miles of all roads and streets in the country..

For this discussion, I would like to use this pie chart and two charts:
which we have handed out. :

The first mimeographed chart is entitled “Statewide Fatal Injury
Accidents, 1966.” This compares deaths on the Interstate System with
the death total of all systems.

TOTAL MOTOR VEHICLE DEATHS COMPARED WITH
- DEATHS ON FEDERAL IAID PRIMARY SYSTEM

TOTAL ROADS, STREETS & HIGHWAYS IN U.S. = 3.7 MILLION MILES

ALL CTHER ROADS, STREETS & HIGHMW~YS
3,430, 600 AILES (93%) = 50% DEATHS

FIA PRIMARY SYSTER e
210.000 MILES = 50% 1%

OF DEATHS
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The other mimeographed chart is “Statewide Fatal Injury Acci-
dents.” This compares deaths on all systems with the deaths on Fed-
eral-aid primary system, including the Interstate.

STATEWIDE FATAL INJURY ACCIDENTS, 1966 (42 STATES)

Total, all systems F/A primary system (including interstate)
State Total Rate Rate Percent of total
deaths  (per 100,000,000 Deaths  (per 100,000,000

vehicle-miles) vehicle-miles)  Deaths Miles Traffic
1,089 7.51 (&) Q) (0] 8 52
67 8.07 48 12,34 72, 25 47
645 7.28 317 7.59 43 8 47
666 7.08 n -7.64 65 5 52
4,830 4.78 ® 0} ® 6 43
602 5.74 357 6.62 58 5 51
406 3.00 (0] o o 7 43
125 4.83 30 - 4.64 72 13 75
%, gé? ; (8)8 (1)728 (1)5' 70 (1)40 o 6 (1)41

1

105 5.04 78 6.44 62 15 50
267 6.79 159 7.53 60 6 54
2,522 5.19 1,260 5.17 50 9 50
1,566 5.93 6.29 83 6 50
904 6.90 545 6.90 60 9 60
733 5.77 364 6.05 50 6 47
1,086 6.96 547 7.42 [ 47
854 6.30 432 7.13 51 6 45
233 4.60 108 4,51 46 9 47
755 4.36 3 4.11 44 8 .47
898 4,15 o (O] (0] 9 46
2,226 (O] 87, 4,70 38 6 42
Minnesota_ 977 5.52 545 4.93 46 6 52
Mississippi- ... 799 8.58 491 8,94 61 9 59
Missouri 1,379 6.22 795 7.17 58 8 50
Montana 276 7.19 192 8.31 70 8 60
Nebraska 424 5.02 1 4.43 a4 6 50
Nevada__._____.__. R 211 7.48 134 8,08 64 .5 59
New Hampshire._._____._ 148 4,04 52 (0] 35 9 50
New Jersey__..__....___: 1,127 3.26 453 3.96 40 6 33
New Mexico....._.______ 431 7.23 254 7.30 59 6 59
New York_ ... __________ 2,806 4.8 927 3.46 33 11 46
North Carolina.._._______ 1,709 7.59 (O] ) (0] 5 38
North Daketa__..._....__ 209 6.01 109 6.08 52 4 52
00 e ieaaaas 2,602 5.39 1,143 5.41 44 7 44
Oklahoma. 79 5.43 458 5.63 58 7 85
Oregon. ..o 678 6.13 346 6.38 51 5 49
Pennsylvania. _ 2,180 4.25 1,013 4,76 46 7 41
Rhode Island. _ 110 2.74 49 2,62 45 10 46
South Carolina 968 7.47 w ) ) (O] 1
265 6.55 152 6.34 57 7 3
1,258 7.28 654 6.75 52 8 56
3,406 6.26 1,693 6.04 50 7 51
328 6.46 184 (12 56 11 54
123 6.80 64 5,21 52 10 €0
1,106 5.08 637 5.31 58 9 55
823 4,94 368 5.98 45 5 37
VB & W S S
Iyoming 153 6.0 129 7.59 5 g €6

District of Columbia___.._ 97 3,73 63 4.65 65 13 52
Total ... 51,032 5.49 18,74v ... 50 7 50

1 Not available.
Source: BPR and State compilations; tables TA-1.

The chart on the Interstate System shows the Bureau of Public
Roads figures as obtained from the States. These figures show that
for 46 States reporting there were 3,030 deaths on the Interstate Sys-
tem in 1966, and the combined average rate per hundred million
vehicle-miles, which is the method of reporting, is 3.15 deaths per
hundred million vehicle-miles of travel. .

Of the total of all deaths on all of the highway systems, the Inter-
state accounted for 6 percent. Understandably, there is a substantial
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range. The Interstate accounted for as much as 19 percent of the
deaths in one particular State in 1966. And the death rates ranged
from a low of 1.00 up to 6.95, 6.60, 7.02, 5.60, per hundred million
miles.

Mr. W. May. Excuse me, Mr. Kopecky. I wonder if any committee
members have any observations to make on that particular schedule?

Mr. A. E. Jounson. Has the staff checked to see whether multiple
fatalities in a single accident might be involved in some of those?

Mr. W. May. Not yet.

Mr. A. E. Jounson. Like a bus or something of that nature?

Mr. W. May. Not yet.

Mr. E. M. Jounson. Mr. May, in that Interstate report made by
the Bureau for the last 6 months of 1966, that information is given;
but I do not remember exactly how it came out. There are many more
fatalities than there were fatal accidents, which is to be expected.

Mr. W. May. That is true. But this is the same kind of data that
we use or whoever comes up with a national rate uses this same kind
of data.

Mr. E. M. Jounson. Right.

Mr. W. May. And No. 1, you have the 3.15 rate for the completed
Interstate System and in some States, the death rate is running higher
than the national average for all roads. For example, 8.09, 6.46. If
we look at where those rates apply, I wonder if we can learn any-
thing at all. Are they rural-type States? The reason the staff is having
great difficulty with rates, is that we are not quite so sure that the
rate is the real indication of whether or not a highway was designed
‘and built safely.

We are concerned because the beltway right here in Washington
had 30 people killed last year, and we have checked and during rush
hour from 6 to 9 in the morning and 4:30 to 6 :30 at night, no motorist
was killed. If we knew the rate, it would probably run about 2.5.

We just challenged the fact that somebody suggested a rate would
indicate whether or not the highway is safe. In rush hour nobody
was killed, the same highway ; and other hours, 30 people were killed.
We do this to suggest that nobody can be satisfied with a rate, par-
ticularly a national rate. Mr. Kopecky.

Mr. Korecky. Yes. Just to conclude with this interstate chart, we
noted that in two of the States the death rate per hundred million
vehicle-miles on the Interstate System was higher than for all of the
roads in those two particular States. Also, that in six States the death
rate per hundred million vehicle-miles was higher on the Interstate
System than the combined national average rate of 5.49 for all sys-
tems in all States.

Mr. W. May. Yes, sir.

Mr. Korecky. Further, the Bureau of Public Roads data as taken
from the individual States differentiates between urban and the rural
Interstate systems. And in that regard the death rate on rural Inter-
state was higher in 11 States than the combined national average rate
of 5.49, and 1t was higher on urban Interstate roads in seven States.

So, again, these are the observations that we obtained from our
analysis with Bureau data.

The last point we want to discuss is this other chart listing the
statewide fatal injury accidents on all systems, and as compared with
the Federal-aid primary system, including Interstate.

87-757 0—68——T4
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This material was obtained for 42 States that had such informa-
tion and were able to report to the Bureau for the Federal-aid pri-
mary system. And the chart indicates at the bottom that it accounts
for ; percent of the total miles in the United States, and it accounts
for 50 percent of the deaths and 50 percent of the traffic for the 42
States reporting. -

Mr. W. May. When we see the initial “NA,” what does that mean?

Mr. Korecky. NA would mean that is “not available,” and the
States at this particular point in time were unable to report this.

Mr. W. May. Thank you. -

Mr. Kopecky. Again, as Mr. Johnson noted, the first column on
this chart would show there were 51,032 deaths. That is what Mr.
Johnson referred to. The National Safety Council reports approxi-
mately 53,000 deaths. The difference is due to the fact that the Na-
tional Safety Council reports include Guam, Virgin Islands, and
Puerto Rico. In addition they also include a factor for those deaths
which take place in 1967 but involved an accident in 1966, and they
include the 12-month time period, if a person dies within that time
from the date of the original accident.

Mr. W. May. Mr. Chairman, I wonder if we may make that data
an exhibit, and insert the material in the record where appropriate—
motor vehicle deaths compared to total vehicle-miles exhibit 18; and
the pie chart exhibit 18A ; motor vehicle deaths, 18B; statewide fatal
injury accidents, Interstate, 18C; and the one referring to the pri-
mary system, 18D. May we do that, Mr. Chairman?

Mr. Brar~ix. Without ob1ectlon, so ordered.

(Exhibits Nos. 18, 18A, 18B, 18C, and 18D were marked and have
been incorporated at. the proper places in the record.)

Mr. W. May. Mr. Johnson, to get back to roadside hazards, I notice
in your statement on page 7, paragraph 3, you say—

As we have admitted previously, the effects of roadside features have pos
sibly been overlooked or at least underestlmated and this was becoming ap-
parent to us some three years ago.

The staff made a study. We reviewed various writings over the
years, and it seems to us that the roadside hazard problem is not new.
Itfha,s been spoken of by various people over the years. I mention just
a few

Back in 1917, a Mr. DuPont writing relative to road construction
and maintenance and safety of travel stated, “Construction should
tend to promote freedom from accidents. Overhangmg rocks and cul-
verts are conducive to recurrence of accidents. Where possible, these
defects should be obliterated and all new location work should avoid
them.” That was 1917.

In 1938 a report from a study of motor vehicle traffic conditions in
the United States made by the Bureau of Public Roads and submitted
to Congress in 1938 states in part 5, page 52:

Practically any road can be driven over without mishap, provided everyone
who uses it drives properly; but ample evidence demonstrates that everyone
does not drive properly and a safe highway must provide a factor of safety for

those who are forced off the surface by the faulty action of another driver or
who may because of momentary inattention slip over the edge of the pavement.

And we all remember WPA, back in 1939, September, Works Proj-
ect Administration, technical series, Circular No. 1, Survey of Traffic
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Obstructions, “Motor Vehicle collisions with fixed objects are reported
by the National Safety Council to have been the cause of 3,750 deaths
and 95,000 injuries during 1937. Deaths from this cause have increased
244 percent since 1927. The problem is significant enough to warrant
attention leading to possible improvement of the situation. Obstruc-
tions include bridge support columns, end posts of narrow bridges,
utility poles, pedestal types, stop and go signals and flashing beacons,”
and so forth.

In 1941, Maxwell Halsey in his book, “Traffic Accidents and Con-
estion,” stated, “Obstructions should be pushed back far enough
rom the roadway so that if a motorist is forced off the roadway, he
will have sufficient space in which to slow down and stop.”

We had testimony of Mr. Ken Stonex of General Motors during
these hearings. He was talking about these same matters, certainly
as early as the middle and late 1950s.

The staff is perplexed that it was only until recent times when high-
way people seemed to be giving their attention in a forceful way to
these roadside hazards. T wonder if you want to comment on that.

Mr. E. M. Jornson. Well, through the years, the geometrics of the
highways have been improved, standardwise, and there is no question
particularly on a rural primary even today, there are many, many
miles with inadequate length pavements and inadequate length shoul-
ders, and I think by virtue of these particular features being too nar-
row, that the tendency or the justification even for moving obstruc-
tions farther out was somewhat discouraged or not feasible or maybe
impossible to achieve really in view of what public reaction might be.

I am just commenting, as you suggested, because certainly as we
say in our statement, we have to assume the responsibility for obstruc-
tions being too close. But I don’t think that it could be said that they
have been entirely ignored through the years.

Now, if I am not mistaken, and you probably have the statistics on it,
this roadside obstruction matter has become much more critical with
the faster Interstate traffic. I am not sure that that statement is correct,
but I am under that impression. And the Interstate actually as we all
know in this room has greater lateral clearance than any other highway.

“Mr. W. May. Yes. I notice in your statement on page 7, first para-
graph, you say:

The design standards that we have developed have resulted in completed
Interstate System sections that have no obstructions closer than 12 feet to the
pavement edge. This is the first time that a highway system has been provided
that can make that claim.

I would suggest it is probably a claim because that might only apply
to the right side of many of our Interstate highways. If you have a
10-foot shoulder and you place the obstruction 2 feet from the shoul-
der, then you have 12 feet. If you have a 4-foot shoulder on the other
side, you have it very close, and it would not be 12 feet. Would it
apply on the right side when you come to narrow bridges where we
do not carry the shoulders through ?

Mr. E. M. Jounson. If you consider the bridge ends and bridge rail
as obstruction, and the bridge is not full roadway length, your state-
ment is correct. - _

Mr. W. May. We do consider that obstruction. Do you ?

On page 4 of your statement you say :



1168

Substantial expenditures on the Interstate System could fast reach the point
of diminishing returns and such monies could better be spent on the improve-
fent of roads and streets having higher fatality rates.

‘What could we suggest there?

(Mr. McCarthy -assumed the chair.) :

Mr. E. M. Jounsoxn. The fact that we had there, Mr. May, is that
in the first place that should be “substantial additional expenditures.”
And our feeling is that certainly there are many things which you
have pointed out, such as signs, and major obstructions as compared
to bridge piers, for example, bridge supports, that could and should be
moved with little additional expense. But it could be that in lengthen-
ing bridge spans or even eliminating intermediate bridge supports or
widening your bridges to full roadway width, all of them, it could be
that the expense involved there could not be justified in the reduction
of fatalities that would accrue as a result of those improvements.

Then, too—and, of course, I am mixing funds here, I realize that—
but some of the safety features, for instance, on primary—we will not
mix funds—some of the money that would be spent in moving back
roadside obstructions and particularly in lengthening bridge span and
in full roadway width bridges, might be better spent in improving
the geometrics of rural mileage, that is pavement widths and shoulders
and so forth. That was the thought that we had in that statement.

Mr. CLeveLanp. Mr. Chairman, may I inquire?

Mr. McCarray. Mr. Cleveland. ‘

Mr. Creveranp. Right on this point, Mr. May, can you tell me will
the Federal Bureau of Public Roads authorize 90-10 money for these
improvements that you are suggesting in the rearranging of obstruc-
tions; because as I read Mr. Johnson’s statement on page 2, he makes
it pretty clear that the expense factor here has been important and
it was not really until he got into the 90-10 situation that some of this
more elaborate safety designing could be taken from the drawing
boards and put on the ground. ‘

Now you are suggesting that these changes are going to be made—
my question is, If these changes that we feel are necessary are going to
be made, is this going to be at the rate of 90-10 and does the Bureau
have a position on that? ' : :

Mr. W. May. Yes, sir. When it comes to going back to our completed
sections of the Interstate and making this type of correction, generally
roadside hazards, guardrail, and signs and replacing them with break-
away supports and that type of matter, the Bureau has already partici-
pated in some States in 90-10.

Mr. CLevELanD. Are there examples of that for the record that they
have put up 90-10 money ? :

Mr. W. May. Yes, sir. -

- Mr. Creveranp. I would like to ask another question. Have there
been some States that have recommended some changes that the Bureau
said, “No, we do not feel they are necessary?” A ‘

Mr. E. M. Jounson. I will attempt to answer that, Mr. Cleveland.
In recent months, I do not know of any such refusal on the part of the
Bureau. But it has been and always has been, and this is not a critical
statement at all, a frugal attitude in design to provide what was
thought to be needed, but not to go much, if any, above minimums.
And T am sure there have been many cases in the past, and I am speak-
ing of, let’s say, a year or more ago, various States wanted wider
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bridges—and that I can think of in particular—and were not able to do
so on a participating basis with Federal funds paying the share of
that cost. .

Mr. Morroxn. Could I offer one comment here? There are various
instances, I think, that are disturbing, maybe if certain rules are
attempted to be promulgated here. And we have, for instance, a pri1-
mary road, primary Federal aid—this is on a 50-50 matching basis—
where we are occupying part of a river and valley on a rather high
embankment, Our road was designed with 24-foot pavement and then
a 10-foot paved shoulder on either side with the guardrail out at the
10-foot line.

‘We were asked to move the guardrail out and widen the shoulders to
12 feet. Well, we made some computations as to widening the shoulder
2 feet and setting the guardrail back 2 feet more. If I recall, to do a
mile of that widening was going to cost us maybe $70,000 or $80,000
more. And I am sure it was our feeling, and the feeling of our people,
that we were not buying 25 cents worth of safety for the expendi-
ture of $70,000 or $80,000.

There are expenses of that kind where I feel we need to use certain
judgments. We could spend a lot of money that would not be well
spent. -

Mr. W. Mavy. Yes. You are going to have great difficulty in putting
all the answers or directives in one book. You are going to have to
still use your judgment each time for each item or each project.

Mr. Morron. If I might go back one step here. In the earlier ques-
tion that you posed, that is these fixed objects. In my particular
State, we have several thousand miles of rural State highway system
that are bounded by stone walls in relatively close proxmity to lines
of travel. And certainly I mean you can view a stone wall to be as
much a fixed object as almost any other thing.

Now, we have lived with this type of wall, and we know that it
would be financially impossible for us to go in and take all of these
stone walls down. In fact, some of them are rather prize possessions
by the property owners. And so I feel that you learn to live with these
objects in close proximity and sometimes because of that, why you do
overlook other objects.

Mr. W. Mav. In the future on some roads you probably will still
end up having stone walls. On freeway type roads, there will not be
stone walls. What is relatively disturbing to the committee is having
looked at some relatively new projects, new Interstate projects out
through the country, and having found a series of this same type
hazard: Gore areas, signs too close, massive supports, and that type
of matter. And many, many times it would not have cost any more
money—sometimes less money—to have done it safely.

That statement you made relative to expenditures, together with
your mentioning that research is being done prompted me to go back
and review some of the writings we had. '

On December 12, 1950, an engineer addressed the Louisiana Safety
Association Conference down in New Orleans. And he said:

I gincerely believe that the accident rdte here in Louisiana or in any State
can be cut 25 per cent without our having to learn a single new fact about
designing for safety. What we must accomplish now will not come by research,

it  will only come by conscientious determination to give safety a better chance.
Streets and highways are expensive, so from the time the first design plans
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are begun, we start sniping at desirable standards to eut the cost estimates.
Right-of-way is costly, so we buy less than we should have and try to get alon;
cramping the cross-section design.

Out in the country the location plans show an isolated sharp curve, an
what do we do? Well, we decide it is not feasible to do anything, and the
curve is built, a sure accident trap for the inattentive driver. Shoulders tha
ought to be eight or ten feet wide, we design for six feet to save a little dirt and
money. This straying away from design standards is what we call being prac
tical .and -against this whittling of initial expenditures, we are deliberatel;
gambling with the safety of the next generation at least. We need to appl;
more of what we already know about safety and design. People ought to b
worth more than the pavement. . .

T will say that engineer was Mr. C. W. Prisk.

There is a philosophy here. There is a thinking that many time
we have an opportunity when we are building new projects to do ¢
fine job. We may not come back to it for a while. And I think that i
what is striking on the committee, as we progress with this phase o
the hearing, : ,

Perhaps we could do this, beginning at the left with Mr. Morton
each chairman of a particular AASHO committee might relate to th
subcommittee here how your particular committee fits into this overall
picture and what your observations might be as to what we can di
about the fixed object roadside hazard problem that is facing us. Mr.
Morton ?

Mr. Morron. I think from a traffic viewpoint, probably one of ou
difficulties in any organization is the difficulty of communication.
Surely at our traffic committee meetings we try to draw from the
traffic engineers of the respective States the hazards they are encounter-
in% and the methods they are employing to overcome them. :

feel that we have made substantial progress in recent years of
moving back the signposts. We have pretty well accepted now the
theory of using the breakaway sign or the sign with the signposts
with a weakness created in them so they are not a fixed object.

Mr. W. May. You mentioned the breakaway signs, which seem to
have such considerable merit. But in the nine new projects that were
analyzed, only one State used breakaway supports on the project, and
then only partially. Only one out of the nine. '

Mr. CLeveLanp. May I inquire at this point ?

Mr. McCarray. Yes.

Mr. CLeveLanD. Can you have any breakaway sign that supports a
sign that goes across the highway? A breakaway sign by its nature
has got to break away; and if you have a situation where you have
to have a sign all the way across the highway, it cannot be a breakaway
sign. Am I correct or false on that statement ?

Mr. A. E. Jounsow. You are right. :

Mr. W. Mavy. That may be true right as of this minute; but it is diffi-
cult for at least the staff to consider that we cannot develop a break-.
away overhead bridge sign. Texas A. & M. is about to work on it. They
have ideas about two supports to the side located in such a way that
you could not strike both supports at the same time. If you broke away
one, one could still hold up a sign.

Mr. CreveLanp. Is that feasible from an engineering standpoint to
have a sign where the impact of a car could break away one of the
supports and the other support would be strong enough to hold it ?

Mr. E. M. Jouxnson. It would have to be so designed to do that. As
Mr. May says, I certainly would not say that is an impossibility, but
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you are placing two additional roadside obstructions, but offsetting
that with the breakaway feature.

Mr. W. May. That 1s something that should be given real prompt
attention. :

Mr. A. E. JoansoN. Mr. Stonex with General Motors worked on a
breakaway support for overhead sign structures. But it did dump the
sign in the middle of the road. It let the car that hit it go through
safely, but it dumped the sign in the middle of the pavement.

Mr. W. May. We would not be anxious to do that. It is something
that we believe could be developed. Did you have anything else, Mr.
Morton?

Mr. Morron. Well, this question of signs, to me, is an extremely
difficult problem. I mean to know just exactly what the messages should
be on the signs.

In many instances, I think we oversign. Personally, my feelings go
along this way. If I am driving in New York State, New York City,
and I see a sign that says Franklin D. Roosevelt Highway, all of these
highway signs by name do not mean too much to me. They have no
significance.

I£1 drive in California, the various San Diego freeways, these names
are repeated time and time again, using up valuable space. As a strang-
er, they have no significance to me. I would much rather travel by route
number and work my route out and use an exit numbering system.
You can map your trip out and do it. I think our public should be
educated in this direction.

Mr. W. May. The problem of signing or indicating where the motor-
ist is heading is going to be enquired into during the next several
months. Perhaps we can do this. You people are at some disadvantage
in not having been able to observe some of the features that we found on
some of the projects. We will show you just a sampling of some of the
types of hazards that were found on these recently opened projects
around the country, and perhaps you will have some comments then.

Mr. Constandy ¢ '

Mr. Constanpy. Of course, we would not be able to show you the
632 slides which we used during the hearing. We did put together 17
slides that are not the worst situations. They are situations that seemed
to be typical.
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This is a section of a guardrail intended to protect the motoris
from the shoulder here on the right. The guardrail is 25 feet long an
supported by three steel posts.

You will notice that the approaching end of the guardrail is aime
directly at the car. There are a number of fatalities each year wher
the driver is pierced by such an approaching end.

The other end of the guardrail ends here at the pier and a ca
impacting the guardrail would in all probability bend the guardrai
back. This particular installation has no blocked-out feature to pre
vent the wheel of the automobile from catching at the post. It doe
not contain any washers to prevent the heads of the bolts that attac
it to the post from pulling through the guardrail.

This was a typical installation in the State in which we found i
which happened to be Indiana. We found in all nine States that eithe
the design or the installation of the guardrail left something to 1
desired. .

Would anyone care to comment about this photograph ?

Mr. E. M. JounsoN. Mr. Constandy, may I ask you a question ?

Mr. Constanpy. Please do. .

Mr. E. M. Jornson. In your studies, have you any comparison of th
safety value of an adequately flared guardrail as compared to th
buried-in-line guardrail? Your point, of course, that you make ther
is well taken. I 'am going a little further.

Mr. Coxstanpy. If you are asking for my personal judgment o
opinton, I have none. However, I am somewhat familiar with th
Special Report 81 of the Highway Research Board, which represente
at the time of publication in 1964, the composite knowledge of thos
people who conducted sufficient research into the matter to justif
having an opinion on this.

T think you will find that in Special Report 81, in reference to th
point you raised, they recommend that in all cases the guardrail b
anchored on the approach ends. They give two illustrations, one o
which shows the buried end parallel with the traveled roadway whil
the other shows an offset or flare from the travel way.

My recollection of it is that they recommend 4 to 10 feet flare an
they then recommend that before it comes back on a tangent that th
distance be some 10 to 15 times the amount of the offset. This latte
installation of being both anchored and flared was the recommende
design by the Highway Research Board Special Report 81.

They have recently come out with an additional publication whicl
perhaps puts in more perspective the problems involved in guardrai
nstallation. ,

In the course of our speaking to the people who have conducte
research, we found that there was much that could be said as to th
advisability of a washer and advisability of blocking out the guardrail

Mr. Beaton tested the guardrail in attempting to find out how short
a section would be effective. In the course of his study at one point th
test was approximately 90 feet, and the car tore it away. He concluded
a section could not be less than 100 feet and be effective, particularly
if it was not anchored. When Mr. Stonex testified, I believe he said
they use a length 500 feet in advance of a bridge. This is 25 feet, one
section.
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I think everyone would agree that this is not only inadequate, but
it presents additional hazards, at a cost of some $100 to $150, and only
increases the target area.

Mr. E. M. JounsoN. I am familiar with the Research Board
findings, but I just wondered if in your observations you had found
where a flared guardrail without being buried had caused a fatality due
to the end of the guardrail impaling the vehicle? '

Mr. Constanpy. Where the end was not buried? Not on any of the
projects that we looked at. We have to remember, however, that
those projects were only opened in late 1966 or 1967. So the amount of
traffic they have carried to date has not been significant enough to give
it experience. But we are acutely aware of a large number of accidents
of this type throughout the country. There was one in the Washington
area yesterday afternoon. ‘

Mr. E. M. JoansoN. Where it was flared sufficiently ¢

Mr. Constanpy. No. I misunderstood.

Mr. E. M. Jornson. I understood it was not flared. The point I
wanted to ask was that if you had made any observations in your
studies where flared guardrails without burying had been found to be
safe as compared to flared guardrail that is buried according to the
Highway Research Board study ?

Mr. Constanpy. No; we did not have anything on that.

This is a sign installation in Montana. It is one of three intersections
at Missoula. Of the three of them, this is the only one that had this type
of butterfly sign in the gore.
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. As you can see from the next photograph, the sign is substantial. It
is mounted on a concrete base. The nut there is 5 inches wide. This is
not a breakaway-type sign. :

AN

Lk . S A I P
EROME SR i T T VG VR S P AR

This is a twin bridge in Salt Lake City, Utah.

Mr. Zion. On the other slide, we presume it would be virtually im-
possible to make a breakaway sign that size?

Mr. Constanpy. I do not know if it is impossible. According to the
comments that were made by the panel that attended the hearings
earlier, perhaps one solution would be to post this type of sign in
advance of the point of decision along the right-hand shoulder behind
the guardrail or on an overhead bridge structure. In either case, it
should be in advance of that point.

This is, as I mentioned, in Salt Lake City. It is a twin bridge which
is unpaved. California’s experience would suggest that with a 24-foot
medium it would be possible to pave between t%le two structures at no
additional cost. I do not know if it would follow, then, where you have
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an opening which is 6 feet between the two structures, and something
in the area of 8 or 10 feet at the other end, it was not more expensive
to do it this way than to provide the additional safety, and to have the
area cleared.

This is a light standard on a project north of Atlanta, Ga., that is
mounted on a transformer base. Both the base and the pole are steel.
These are lethal when hit. o : :

This is an installation again in Salt Lake City which shows a combi-
nation of a chain-link fence combined with cable, and it approaches the
twin bridge, which in this case has been paved. The bridge engineer
has designed and constructed a concrete parapet between the two
roadways, which presented a problem in the transition from the chain-
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link fence to the concrete parapet. It necessitated the installation of a
third type of barrier, a W-beam, which is flared and buried here, but
it almost eliminates the shoulder on the left side.

It comes from within 2 feet of the traveled way. There is some
question as to the length of this section being too short.

You have a mixture of all three at one point, any one of which might
have been satisfactory had it been properly installed.

Here is a sign that is not untypical of the nine projects we visited.
The righ-hand leg is mounted on a concrete pedestal standing over 2
feet high. The sign support is 6-inch steel I-beams. It is 2 feet off the
shoulder, the edge of the sign. The sign is otherwise unpretected.

You will note the message suggests that particular sign did not
have to be located precisely at this point anyhow. :
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This is again typical of the Interstate route signs. In this case it was
nounted, in Montana, on 4-inch steel I-beam, laid in concrete founda-
tion, placed 2 feet off the shoulder. There is a variation. Some of them
1se two 4-inch I-beams, as Maryland does. Some of the other States
use one. One State mounted this, only a temporary installation, on a
piece of channel iron.
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Here are two merging traffic signs. And I think the one on the righ
was projected above the grade on a concrete foundation higher tha;
any we had seen. That is over 3 feet high.

Here is an installation in Montana where the guardrail is placed
directly off the inside shoulder in order to protect the driver from the
center pier. As you can see, it is not long enough. In this case, not being
long enough, it permits the driver to go behind it and still impact the
center pier. This condition is true, too, on both shoulder piers.
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Here is another installation in Salt Lake where the guardrail misses
coming to the end of the bridge by some 8 or 10 feet. It is enough to
drive between without touching either the bridge or the guardrail.

This is a concrete headwall and drainage structure placed directly
off the inside shoulder.
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This is an installation in Rhode Island where they have attempte
to duplicate what California initially conceived was a desirable media
barrier, utilizing the cable and chain-link fence on a weak post. Hov
ever, Mr. Beaton testified they would only use this on wider media
than is installed here, inasmuch as there is considerable deflectio
They would never use 1t with curb that close to it. After they installe
this, they found that the turnbuckle presents an additional hazar
They have eliminated the lower cable. What happened here is th:
Rhode Island has installed something California has alread

discarded.
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This is another photograph taken in Rhode Island which shows the
existence of a formidable piece of rock which was left off the right
shoulder at a distance of some 15 feet in an attempt to provide
esthetics, This was a common situation on that project.

87-757. 0—68——T5
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Here are the center piers on one of the projects where the guardrail
comes up and does make an attempt to protect the driver, and I guess
does from the first pier, but the next three are left exposed. You have
the paradox there of the guardrail with reflectorizing paint to show
they are a hazard.
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Mr. W. May. Perhaps since we have heard from Mr. Morton, Mr.
Snider, did you have some comments on some of- those features that
we just saw, and give us your observations as to how we can assure
ourselves that this type of feature will not be included in our new
projects.

Mr. Svier. I must say first that the pictures are very convincing
~ that we have not been going all out on the safety features. I will say
this, that in most of the States that I know of, most of these features or
the design, at least, have been changed ; and I will have to confess that
although you did not name my State, I saw one picture that I recog-
nized—the foundations for the signs were high. That has been discon-
tinued. It has been some time ago. Probably should have been dis-
continued sooner. :

There are some of these features that are questionable in our minds
at least. However, we are going on the guardrail in particular. The
buried end of the guardrail, I think, could possibly cause a different
type of accident, maybe not as serious. To my knowledge, we have not
had a case where the driver of an automobile has run directly into the
end of the rail.

However, we are burying our rails, and making the transition,
flaring it. We are doing it on construction jobs.

I think it is worthwhile so that the accident may not be as serious.

Now, going back to guardrails, we think that more flaring and
longer guardrails probably might be safer. We do not know. We do not
have figures on that yet, but we are trying to find out. )

Now, I want to comment just very briefly on those rocks in the
- backslope. We have some of that. That did not happen to be in our
State. It has made the biggest hit with the public of anything that I
know of in the way of esthetics. We received a letter:

Mr. W. May. Did you say hit?

Mr. Snmer. Yes, sir. We have received a letter just very recently on
a job on Route I-44, down the south part of the State, where we had
left some of those rocks out in the backslope. And I must say they do
look nice. : :

This lady said that “you have a heart of beauty. I do not see why
you do not do more of it.”

Now, I do not know that that is a good description. That is what she
said. ' : :

I was down there after we had been going over these safety items, I
was in that particular district recently, and I made mention to the
district engineer that it looked like we were going to have to quit that
and take such rocks as that out of the slope. And he let that word out,
some way or another, and well, I have had a lot of criticism on it since.
So it is a matter of education, I think. So are a lot of these items.

I think we can do a better job, and I assure you we are going to do
a better job. :

Mr. W. May. Thank you very much.

Mr. Goodman?

Mpr. Goopman. Thank you. I would like to tell you how much I ap-
preciate being here. Being chairman of a bridge committee, it puts a
severe responsibility on one’s extra curricular duties.

The bridge committee not only covers bridges per se, but we also
have the responsibility for the design of the sign supports, light sup-




1184

ports, the culverts and such as that. I am real happy to report that
most of the bad things I saw have been under discussion by the bridge
committee for some time.

To the best of my knowledge steps are being taken to correct them.
We are making a sincere effort to eliminate the curves and be sure that
there is no obstruction there for the car to hit. We are also looking at
our bridge rail design to be sure that we have a rail that is somewhere
between one that stops you so cold that you die and so weak that it lets
you go through so you die. There is a medium there someplace that we
are trying to achieve.

Our new sign manual will be out the latter part of this year. That
sign manual 1s being updated to incorporate all the latest safety fea-
tures that we can think of. It is very easy to alibi some of those
pictures.

The people who drew them and built them, I understand they were
building for permanence, and they wanted to place supports up out of
the ground so they would not rust. They wanted to make them strong
enough so they did not have to replace them. But in retrospect, maybe
we can see maybe they overdid it. Some of the critical faults I noted
were simply caused by the fact that the bridge spans were too short.
Some of the rails did not continue through and protect the inter-
mediate columns. To do so would have infringed on the very narrow
clear space that we were trying to achieve.

What we are going to have to do, and we are recommending to the
bridge committee, is that these spans be longer so there is plenty of
room for the guardrail, either being long enough to not require guard-
rail, or if we do have to require guardrail, for goodness sake, make
them long enough so the guardrail does not infringe on the safety
area.

We are doing this by a series of task subcommittees. It all goes back
to cost. Bridge engineers can design almost any type of bridge that is
required. He is always controlled by the amount of money.

We have an everlasting trying time to design a beautiful safe bridge
within the money we have. So to take care of these, we have some
subcommittees that are continuing to work on new materials, new de-
Eiggsg, in an effort to so we can build safer bridges and more beautiful

ridges.

It may be of some interest to know that there was a contest spon-
sored about a year ago—some bridge engineers were judges—and
they chose as a winner, not the most economical bridge or the bridge
with the cheapest span, but they chose as a winner the bridge which
did offer the most pleasing appearance and safety features.

I think that is a new trend in bridge engineers’ thinking. I was a
bridge engineer many years ago and grew up in the school of frugality.
And T am glad to say that some of the new schools are looking a little
further in the future and are trying to get new safer bridges for the
benefit of all.

Mr. W. May. Thank you very much.

Mr. McCarraY. Mr. McEwen.

Mr. McEwen. I would like to ask Mr. Goodman, as chairman of
AASHO Committes on Bridges and Structures, are you giving con-
sideration, Mr. Goodman, to the elimination of these large concrete
abutments on the ends of your bridge rails? We have had quite a few



1185

slides here and testimony relating to this. We found, and I noticed
myself, that in many of the photographs we have had, you can say
the abutments are esthetically rather attractive. There are three or
four levels tiered up. I said earlier in these hearings, personally goin,
by at 65 miles an hour on an Interstate highway, the esthetics esca

me until I saw it captured on a still slide on this screen. We have seen
photos of a number of accidents, where vehicles have either freely
gone into the abutment or have been guided there by guardrail. Is
there thought being given to eliminating these large ornamental con-
crete abutments? :

Mr. Goopman. Right. Traditionally many years ago when a bridge
was built it had to have some sort of elaborate monument to dedicate
it to someone or something. To my knowledge those have not been
built in a long time; and even the most conventional bridge abutments
are being replaced with just a flare turned down, so there is a straight
line to get in the bridge and not have to come in and meet some sort of
obstruction.

Mr. McEweN. One other feature on bridges has concerned some of
us, and that is, I believe, commonly referred to as the safety walk.

Mr. Goopman. We have differences of opinion about the safety walk.
In my statement I said in general that we are trying to eliminate
the 18-inch safety walk and merely have a flush curb. There are
some engineers who feel that the 18-inch curb is important on long
bridges for the benefit of maintenance people who are out there trying
to fix joints and such as that and paint the strip, as a place of refuge.
And then in some of the States, in spite of all our warnings and pre-
- cautionary. measures, there are some pedestrians. And although we
would like to keep them off of there, some bridge engineers feel that
the 18-inch walk is a good idea. ' :

I would say in general that most States have eliminated it and are
going to the flush curb. I would like to offer this comment.

I failed to say that another activity of the bridge committee is
that for 2 years we have been studying—both in the United States
and abroad—these large, wide joints in the bridge. We have had re-
ports of some of the small cars and motorcycles dropping down in
these joints and having some fatalities. We have had that on-our
agenda for 2 straight years, and we are trying to work out some series
of expansion device that would not require that kind of a joint.

‘Mr. McCarray. Thank you.

Mr. CreveLanp. Mr. Chairman, this is not really a question, but
it is a comment and an observation. I have noticed in New Hampshire,
and I am sure this is true in other parts of the country, when a rain
comes up, sudden rain, summer thunderstorm, under these bridges you
will find congregated various motorcycles and motorbike people. It
strikes me that this is an observation worth reminding ourselves of
because there is a great deal of talk here about keeping these wide
lanes under the bridges free of any obstruction, and there you have
the human element. '

I have seen as many as 20 or 30 motorcycles crowded under there
to get out of the weather.

Mr. Goopman. True.

Mr. Creveranp. I do not blame you for the designing of bridges on
there. It does show the human element does creep in despite the best
thought anybody can give.
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Mr. Goopmanw. It is quite common to see on some of our bridges,
under them, during the rainstorm, trucks of all kinds in addition to
motorcycles waiting for the rain to get over.

Mr. W. May. Then that becomes a fixed object.

Mr. Goopman. Right.

Mr. W. May. Mr. Ives, may we have your comment?

Mr. Ives. I would like to just discuss briefly this matter of road-
side obstacles. I think like every other highway department we are
working very zealously in order to correct all the deficiencies that
we have been made aware of and have been aware of for a long time in
the matter of roadside obstacles.

We have been talking primarily about our Interstate System. And
it has been brought out here several times that the secondary systems,
on our secondary roads, are where the greatest danger is in striking
objects. I think many of the States in common with ours have devel-
oped a crash program to find out where these obstacles are, what they
are, and what we can do about that.

For example, to cite Connecticut, which is necessary in this case,
we have charged each district engineer immediately with surveying
all of these obstacles within the right-of-way that we have been dis-
cussing as to clearances, no matter what they may be, with immediate
attention to high-speed highways, and we know that this will take
considerable length of time.

So the reports are coming in piecemeal, and we are deciding whether
to handle them by contract and remove corrective action or to do it
with our own forces.

I think this is most important to the effort to get right after this
situation. And I am sure many other States are doing it.

Mr. W. May. Thank you.

Mr. Eugene Johnson, you mentioned the Yellow Book in the first

e of your statement. You mentioned that it was not valid as an
AASHO standard. Why not?

Mr. E. M. Jornso~N. Well, I do not know of any particular reason
that it was not; but this tour and inspection was made, as you know,
last year. And this committee wrote that report. We were extremely
anxious to get it out as soon as possible, and the truth is that the
executive committee actually approved it without a draft in front of
us, as I remember. But it was approved by the executive committee to
be issued as a committee report. We issue a great many publications in
that manner.

I think that for all practical purposes, and particularly in view of
the fact that the Bureau has used it as a standard, that for all prac-
tical purposes, it is having the full effect of a standard adopted by
two-thirds vote of the association members.

Mr. W. May. You do not consider the effect would be any different
if 1t was adopted as an AASHO standard ? ‘

Mr. E. M. Jounson. In view of the fact that the Bureau had utilized
it as a standard, I do not believe it would make any difference now in
this particular case.

Mr. Creveranp. May I inquire?

Mr. McCartay. Mr. Cleveland.

Mr. CreveLanDp. When you adopt one of these things as standards, is
there not a tendency for it to become fixed ? Am I not correct in saying,
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as I understand your testimony, there are still some questions or areas
of doubt in this general area; so if this was adopted as a standard by
a vote, is there not a tendency for it to become fixed and people stop
thinking about it ? : o :

Mr. E. M. JornsoN. No, Mr. Cleveland ; I believe it is just the op-
posite way. I do not know of anything that we have put out, whether
it be a standard or policy or whether it be a committee report, that
does not receive virtually continuous consideration by the various
committees interested in those subjects. -

In fact, we have a great deal of trouble with so many revisions com-
ing in that it is difficult to handle them and keep the publications
current.

Mr. A. E. Jornson. The yellow book was issued as a committee re-
port very similar to many of our publications because it was made up
of comments and observations by a special committee. It was not a
matter worked on over a.short period of time, of a committee that had
members from all the State highway departments: It is something that
w?int E,hrough several years of study, development, study draft, and
redraft. o ' ’

Here is one of the very important policy publications that AASHO
puts out, which is called the blue book, which is the bible for rural de-
sign. That thing is a very detailed scientific thing that was probably
4 or 5 years in the development.

After it has been developed, then it is sent to the States and it is
}x;pt(}ald on as a policy, and it becomes actually the bible for designing
ighways.

There is a difference as to the type of report that is put out, the effort
that is put into it, the time, and how many States participated.

Mr. W. Mav. Is there anything particularly new in the yellow book?

Mr. E. M. Jounson. I do not think that this is particularly new;
but I think it has emphasized the various things you have emphasized
in your study and presentation.

Mr.re W. Mav. It is a compilation of those best thoughts and various
items?

(Mr. Blatnik assumed the chair.)

Mr. E. M. Jornson. It puts it in front of all the highway personnel,
I think, in a way that has not been heretofore achieved.

Mr. W. May. Thank you.

I have no further questions, Mr. Chairman, unless some of the wit-
nesses have additional comments to make.

Mr. E. M. Jounson. I would like to make one, if I may. -

Mr. Brarnig. Please. :

Mr. E. M. Jounson. I believe you are aware that we are as deeply
concerned about this situation as anyone and are taking actions to try
to correct these things. And I believe you will see many improvements
during the next few years, and we do appreciate the opportunity to
come here and discuss these things with you, sir.

Mr. Brarnik. I want you gentlemen to know, too, that we are cer-
tainly mindful of the enormity and complexity of this peacetime
public work project, the largest public works project ever undertaken
by anyone. I think we are all agreed, are we not, there is always room
for improvement.
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It does require tremendous effort and constant alertness, so as we
have gone through these hearings at no time were we trying to look
for any so-called whipping boy—the same thing you do on your own
staff. We have our respective offices. We travel back and forth from
home. We are always finding something we should have thought of in
advance,

. Again we thank you for your cooperation, for your appearance
ere.

If there are no further questions from the committee, this will con-
clude the hearings for today ; and we will resume on Thursday, July 20.
We will hear testimony from our final witnesses from this phase of
our inquiry.

The witnesses will be the Federal Highway Administrator, Lowell
K. Bridwell; F. C. Turner, from the Bureau of Public Roads; and
Dr. William Haddon, director of the National Highway Safety Bu-
reau of the U.S. Department of Transportation.

If there are no further questions or comments, we again thank you.
Gentlemen, the hearings for today are adjourned.

(Whereupon, at 12:30 p.m., the hearings were adjourned, to re-
convene at 10 a.m., Thursday, July 20, 1967.)



HIGHWAY SAFETY, DESIGN AND OPERATIONS
Roadside Hazards

THURSDAY, JULY 20, 1967

House or REPRESENTATIVES,
SPECIAL SUBCOMMITTEE ON THE
FeperaL-Amp Hicaway PROGRAM OF THE
CommrTTEE ON PUBLIC WoORKS,
Washington, D.C.

The subcommittee met, pursuant to notice, at 10:10 a.m., in room
216'{,d3ayburn House Office Building, Hon. Richard D. McCarthy
presiding.

Presengi.;: Representatives Blatnik (chairman), McCarth: , Johnson,
Cramer, Cleveland, Clausen, Duncan, McDonald, and Fallon.

Staff present : Same as previous days.

Mr. McCarray. The Special Subcommittee on the Federal-Aid
Highway Program of the Committee on Public Works is now in
session.

We have three distinguished witnesses: Lowell K. Bridwell, Ad-
ministrator, Federal Highway Administration; Frank C. Turner,
Director, Bureau of Public Roads; and Dr. William Haddon, Director,
National Highway Safety Bureau, Department of Transportation.

Gentlemen, if you would rise please and take the oath.

Do you solemnly swear that the testimony that you will give before
the subcommittee will be the truth, the whole truth, and nothing but
the truth, so help you God ?

Mzr. Briower. I do.

Mzr. Turner. I do.

Dr. Happonw. I do. _ ‘ o

Mr. McCartaY. Thank you, gentlemen, and we welcome you to the
committee. ,

Mr. May. Mr. Bridwell, you have a statement that you would like
to make at this time? ' '

TESTIMONY OF LOWELL K. BRIDWELL, ADMINISTRATOR, FEDERAL
HIGHWAY ADMINISTRATION; FRANK C. TURNER, DIRECTOR,
BUREAU OF PUBLIC ROADS; DR. WILLIAM HADDON, DIRECTOR,
NATIONAL HIGHWAY SAFETY BUREAU, DEPARTMENT OF
TRANSPORTATION T o

Mr. BRoweLL. Yes, Mr. May; Ido.

Before starting my statement, T would like to introduce to the com-
mittee Mr. Frank Turner, the Director of the Bureau of Public Roads,

(1189)
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who I am sure is well known to all members of the committee because
of his long association with the Federal-aid highway program and
working with the committee; and to my right Dr. William Haddon,
the Director of the National Highway Safety Bureau, and as you are
aware, he heads the Bureau which has responsibility for both the
Highway Safety Act of 1966—which was an excellent product of the
work of the House Public Works Committee—and also the Motor
Vehicle Traffic Safety Act of 1966 which the Congress enacted and the
%)mmittee work was handled by one of the other committees of the
ouse.

I will proceed with my statement at this time, if I may. Mr.
Chairman.

Mr. McCartaY. Please do, Mr. Bridwell.

Mr. Browerr. Mr. Chairman, members of the committee, I am
pleased to have this opportunity to appear before you. I have been
following the development of these hearings with great interest, not
only because of my own concern, but more importantly because of the
valuable contribution that the hearings are making to public under-
standing of the magnitude of the problems you have been studying.

There can be little disagreement that the single most important les-
son to be learned from the evidence presented so far is the importance
of thorough and detailed attention to the safety aspects of highway
design, construction, and maintenance.

The hearings and the information produced have made a valuable
contribution in the area of highway safety, and the highway program
isindebted for your efforts.

It is appropriate that these hearings are being held at this point in
time, when national needs in highway safety are being subjected to
concerted action. During the course of these hearings, the initial set of
standards for State and local highway safety programs was issued by
Secretary Boyd. And, shortly before, the report of the Special Traffic
Safety Committee of the American Association of State Highway
Officials was published, and its findings adopted by the Bureau of
Public Roads in all Federal-aid highway construction programs.
These actions were preceded by the promulgation of the initial motor
vehicle safety standards.

Taken together, these and other current governmental efforts repre-
sent a comprehensive offensive in the area of highway safety—an area
which encompasses the highway, the vehicle and the driver, and the
environment in one context, and in another the elements contributing
to the preaccident, accident, and postaccident problems.

In every facet of highway safety, we have set as our goal the rapid
and effective improvement of all factors which can contribute to the
reduction of deaths, injuries, and damage. :

‘No one will dispute the fact that the present toll of traffic deaths,
injuries, and property losses on our highways presents a grim picture.
T do not feel that it should be our role here today, any more than it has
been the role of this committee throughout these entire hearings, to
downgrade the accomplishments and advances already made in our
highway systems. Certainly our Interstate System attests to these
advances. On the other hand, so long as we are killing ourselves on our
highways at the rate of roughly 1,000 people per week, we can only
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conclude that we are not doing as good a job as we can—even with
present resources. :

I believe the committee may be interested to hear from us about
present and planned programs of the Federal Highway Administra-
tion in cooperation with State, county, and city officials, and other con-
cerned interests, to meaningfully and comprehensively reduce the inci-
dence of safety hazards highlighted by these hearings.

Mr.. Turner, Director of the Bureau of Public Roads, will under-
take to do this in some detail. He will discuss past, present, and con-
templated programs under the direct supervision of the Bureau of
Public Roads 1n its effort to reduce or eliminate hazards on Federal-
aid highways. :

Before Mr. Turner speaks-to you, I would like briefly to outline
some of the broad areas in which we will be working to achieve our
safety goals.

As a step in this direction, I have asked the Bureau of Public Roads
and the National Highway Safety Bureau to begin preparation of a
highway safety design manual—a comprehensive, all-inclusive hand-
book of highway design practice which will, in one volume or perhaps
in a series of volumes, integrate such disciplines as street and highway
design, traffic engineering, and maintenance and operations. I fully
expect this to be done in cooperation with State highway officials,
county engineers, city officials, professional organizations, and others
who have a contribution to make.

We do not intend that this manual will be a mere codification of
the hundreds of standards, criteria, guidelines, and suggested practices
that have been prepared over the years by official, quasi-official, and
private organizations. This will be only one of its functions.

But more importantly, the proposed manual will embody truly
up-to-date thinking in all areas of highway design, in a form
attractive for immediate use and quickly susceptible to improvement
as new information and advanced technology become available in the
future. Moreover, it should eliminate gaps in accepted criteria that
exist today.

Another area that is receiving our immediate attention is the matter
of safety research. Our Interstate highways are designed on a 20-year
future-needs basis as far as traffic volume capacity is concerned. It is
our belief that the same sort of forward vision must be applied to
research into highway safety design needs. Research in this area
frequently has been a matter of reaction to conditions already devel-
oped. Research is needed and has been started to make the driver-
vehicle-highway system more nearly compatible, and less subject
to failure in the accident situation. : :

We are looking forward to the planned hearings of the Roads Sub-
committee in a few weeks when we will have the opportunity of telling
the committee members of our progress in carrying out the Highway
Safety Act of 1966, including its authorizations for research.

There is no limit to the value of new knowledge which can contribute
to safer highway design, yet all too often there exists a great gulf
between research and application. Whether the gulf is due to lack of
communication or reluctance to accept new ideas, our responsibility
is to build a bridge across this gap. One means of accomplishing that
objective will be early incorporation of applicable research findings
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into the design manual that I mentioned earlier, at the earliest possible
time after these findings have been evaluated and proven to be valid
and feasible. ’

Also germane to your inquiry is the fact that all too often in the
past, engineering decisions have been weighted by first or capital cost
considerations. However, enlightened engineering practice now dic-
tates that although initial costs may play an important role in such
decisions, other factors must also be considered. More and more we
will be urging States to use the cost-effectiveness approach not only
for operational highway improvements, where it has already proven its
worth, but in broader areas of highway design affecting safety. This
approach has special implications with regard to safety items such
as guardrail, median barriers, signs, and lighting standards. Yard-
sticks are being developed by which relative safety effectiveness of one
design over another can be measured. We believe accident reduction
benefits, for example, can be measured on the basis of anticipated
deaths, injury, and property damage, through formulas which can be
employed equally well for determining either the area to be improved
or the method for improving it.

In addition, the other projections involving maintenance demands,
durability under actual service conditions, and flexibility to accom-
modate anticipated traffic growth can be applied to all highway proj-
ects in the future. I am convinced that such techniques, founded on
reliable cost-effectivness bases in conjunction with realistic engineer-
ing for safety, will reduce the extravagance of too frequent rebuilding
and at the same time will result in better, safer, and more economical
highways.

I believe it is important to note that the physical plant which is
our Nation’s highway network is one of the three major safety ele-
ments which is most susceptible to consistent and continuing public
control. No driver can be trained and policed to perform with the
predictability or reliability of a fixed engineered system. The ve-
hicle’s dependability is subject to variables not always susceptible to
constant and immediate correction. Thus, the highway itself will con-
tinue to be a fertile area for total highway safety progress.

Much effort in this direction has already been expended, and some
of it has begun to bear fruit. But much more attention needs to be
given to this pervasive problem, as well as to other elements of the
comprehensive national highway safety programs which the House
Public Works Committee helped launch.

We share with you, Mr. Chairman, your concern that “the mis-
takes of the past are not carried over into our new roads.” The con-
suming interest of this committee will make our work toward that goal
a great deal easier, and will stimulate much more vigorous action to-
ward the meaningful reduction of built-in hazards across the Nation's
highwav system. '

Mr. Chairman, that concludes my prepared statement. As I indi-
cated in my statement, Mr. Turner has a prepared statement which
deals in much greater depth and detail with some of the issues, most
of the policy issues that have been raised in the course of these hearings.

Mr. McCarrrY. Mr. Bridwell, before Mr. Turner commences with
his statement, I wonder if I could ask you a question.
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Now a number of things struck us. One was that the substance of our
findings had been known for a number of years. For instance, General
Motors, one organization that comes to mind, has had films pointing
out the deficiencies of our highways, particularly on roadside obstacles
for a number of years; and nobody—Ilet’s say few States incorporated
the indisputable findings of General Motors research into the con-
struction of their roads. And the staff selected nine States at random
with Interstate highways just built, and only one State had incorpo-
rated these findings that were well known. :

Now I am wondering why it is that when this information was so
widely available, it wasn’t incorporated in the engineering of brand-
new roads?

Mr. Briowern. Mr. McCarthy, there are a number of factors in-
volved here. First of all I think my statement and by the statement
that the committee will soon hear from Mr. Turner, we would agree
with you wholeheartedly that the findings of research, testing, and
analvsis, have not been as widely and as rapidly applied as they either
could be or should be.

I do not believe, however, that the situation is quite as dark as—here
isall of the information, why are you not doing it ¢

There are quite a number of factors that go into it. One is the fact
that highways that are actually being constructed today in many, man
instances were designed 3 or 4 or even 5 years ago on complicated proj-
ects. So that is a factor.

Another factor is that there is not a comprehensive manual in the
field, which has been highlighted by these hearings with such things
as the example of the guardrail in “Highway Research Bulletin No.
81.” So that the people in the field, the people who actually design and
are responsible for the construction of these projects, do not have
easily available to them a lot of material which is completely known
now to the committee because it has been presented to the committee.

It has nnt, been presented to these people in the field that have the
responsibility. .

-Another factor, of course, you referred to the General Motors re-
search specifically. One of the overall conclusions of the General Mo-
tors research has been the clear roadside concept which we have fol-
lowed without any question, at least to some extent, to a great extent.
There are cost factors involved in this because obviously if you have a
clear roadside and you have general clear slopes extending from the

“edge of the right-of-way for certain increments of distance, 30 feet is
the one that we generally talk about, then there are cost considerations
in the acquisition of right-of-way. .

There are cost considerations in the design and construction of the
proiject and earthwork and structures and quite a number of things.

So I cite these as factors, not as excuses, but only to point out that
it really is not quite as simple as just simply saying the knowledge
was there, why does it not show up on the highways?

Mr. McCartaY. You mentioned that some of these Interstate high-
ways were designed 3 and 4 years ago. Does that mean that we have to
wait 8 and 4 years before some of these concepts are incorporated in
the construction of future Interstate highways?

Mr. BRoweLL. No, sir. It will depend on the particular item or por-
tion or facet of a design project as to what point in time it can be
incorporated.
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If you are talking, for example, about such things as what we popu-
larly categorize as roadside construction, such as signs, guardrail, that
kind of thing, as a practical matter.these should be reviewed while the
construction is going on and change orders made in the design plans if
they are not being done properly. So that in that instance a correction
can be made as late as today.

However, in laying out the basic line and grade for a highway cer-
tain results flow from this. The extent of your fill, the depth of your
cuts, the location and length of major structures, once those designs
are accomplished, to go and redo those requires a complete reengineer-
ing of the whole project.

For example, one of the things that I am very interested in is the
extent to which we can have gentle slopes on a fill portion of a project.
One of the factors that is the result of recent research is the application
of photogrammetric procedures in which you can have a rapid and
complete%y accurate calculation of a number of design alternatives,
one of the results of which is a balancing of earthwork.

In other words, you take the dirt from the cut and put it in fill so
you do not have to borrow any or you do not have to waste any.

To the extent that a line or grade is changed, then you have to go
back and recalculate all of that earthwork, and this for all practical
purposes results in a complete redesign of the project.

Now in summary, the answer is on some items you can do it as late
as today. On other items it is a basic fundamental part of the design,
and once established it almost impossible to undo without starting
all over again.

Mr. McCarray. Thank you very much, Mr. Bridwell.

Mr. CreveLanp. Mr. Chairman.

Mr. McCartaY. Mr. Cleveland.

Mr. CLeveLanp. I just want to ask a question for the record. In con-

' nection with the construction by the State highways of the Interstate
System particularly, and also the other Federal-aid highway systems,
is it not a true statement that all of this highway design is done under
%angagds that have the stamp of approval by the Bureau of Public

oads?

Mr. BroweLr. Yes, sir. By statute, the standards applicable on
the Interstate System are those developed by the American Association
of State Highway Officials in cooperation with the Bureau of Public
Roads and are approved by the Secretary of Transportation.

Mr. Creveranp. And you certainly have the right to either change
or suggest changes or veto any of those standards that you people feel
might be conducive to unsafe highways, is that not correct?

Mr. BeoweLL. Yes, sir; that is correct. Because the statute gives the
Secretary final authority in this matter. He can accept and therefore,
presumably, modify or reject any standard that he wants to.

Mr. Creveranp. Thank you. That answers my question.

Mr. Jounsox. Mr. Chairman.

Mr. McCarteY. Mr. Johnson. :

Mr. JounsoN. Thank you, Mr. Chairman. I have just one or two
questions here for Mr. Bridwell.

As T understand it, all the money for highway safety that is pro-

vided for in your budget comes out of the general fund.
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Mr. BRoweLL. For the carrying out of the provisions for the High-
way Act of 1966; yes, sir. .

Mr. Jounson. Now was there enough money provided for in the
budget that was approved just recently in the House? As I understand
it there was a cutback in the committee and a further cutback on the
floor. Do you have enough money to carry out the highway safety pro-
gram? During these hearings it seems 1t was brought out there was
quite a deficiency and need for a lot of work in that direction.

Mr. BrowerL. In my opinion, no, sir. The amount of funds ap-
proved by the House are very substantially inadequate to carry out
the program as envisioned by the Highway Act of 1966, which in the
© final analysis was a product of the House Public Works Committee.

Mr. JonsoN. As I understand it, if there is any reconstruction of
the facilities that you build, that would come out of the trust fund on
your recommendation ? : S ;

~Mr. Bripwerr. Yes, sir. . :
M. Jornson. There is ample there to take care of immediate con-
struction that is necessary throughout the Interstate System ?

- Mr. Briowere. I will have to give you a qualified answer. In the
sense of, is the balance of funds in the trust fund adequate, the answer
is “Yes.” In the sense of, are funds adequate considering the cost of
completing the Interstate System by the present statutory deadline for
completion, the answer is “No.” :

r. JouNsoN. As I understand it, you could have used more money
to bring in the program of highway safety—— : '

Mr. BripweLL. Yes, sir, - -

Mr. Jornson. Thank you.

Mr. McCarrHY. I think it might be made clear that most of the
features that we dealt with in these hearings were bridges, design of
bridges, design of guardrail, breakaway signs and the like, and they
would come out of the trust fund.

Mr. Briowerr. That is correct.

. Mr. McCarrHY. Mr. Turner, would you like to deliver your state-
ment to the committee? . . S ‘

Mr. Turner. Thank you, Mr. McCarthy. .

As Mr. Bridwell has indicated in his statement, we believe your
hearings are making a significant contribution to the future safety of
highway travel. ; S S

The Bureau of Public Roads wants to contribute to that safer future
on the highway and in that capacity, representing the Bureau, I am
pleased to be here today. L o

As T understand your schedule, you have been directing your atten-
tion appropriately to the problem of roadside hazards largely on the
Interstate System. This is a serious problem, major in its importance,
because it concerns our principal highway network for interstate and
defense travel ; highways being designed and constructed for the high-
est quality of service to users. We in the Bureau are keenly aware of
and are giving appropriate recognition to the fact that structures
alongside the roadway must be given different treatment in future
design of our Interstate System. . o :

In a way, the situation is rather unique because all of the other
types of hazards are substantially less on the Interstate System than
on older roads. With most types of accidents eliminated or at least
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markedly reduced by the Interstate System design features, I sup-
pose we should not ﬁe too surprised to find that single-vehicle, run-
off-the-road type accidents are the major type of accident possibility
remaining on our Interstate highway facilities.

Obviously, something must be done, and we have no doubt that
something much better can be done than what you have seen here.
We already have taken the necessary actions in that direction.

During the course of these hearings you have observed, with con-
siderable repetition, examples of roadsids; features—signs, light poles,
bridge piers, guardrails and the like—which present serious hazards
to vehicles which leave the roadway out of control of the driver.

It is obvious that these items were not deliberately placed in such
a manner as to create hazards. ;

The rather large directional sign is designed specifically to convey
information to the high-speed passing motorist in a manner which will
reduce to a minimum his distraction from his driving chores and give
him information needed to safely maneuver his vehicle. Standards for
this particular type of signing have been developed only within the last
7 to 8 years. Prior to that time we did not use such large signs requiring
the heavier mounting poles and foundations which have been discussed
throughout this hearing.

The justification for lights is also premised on providing a safer
environment for the driver. However, the pole which supports the
light is necessarily, in many cases, an additional safety hazard and so
we may properly raise the question about whether the added safety
from a lighted roadway exceeds the hazard introduced by the pole
mounting,

The bridge piers and abutments support structures permitting the -
separation of cross traffic for the purpose of eliminating the hazards
of at-grade intersections; but while they eliminate one set of hazards,
their very presence at the same time introduced other hazards not
previously existing. ‘

‘Guardrail is one of the best safety devices we have to lessen the
chance of serious damage to a vehicle out of control and running off the
lpaved roadway and shoulder, but in its use, we often introduce another
hazard.

So while many of our newer design features have been introduced to
reduce major hazards, their very presence also produces a set of new
hazards of a different type, hopefully of a relatively lesser magnitude.
It is our purpose to reduce both sets of these hazards to the lowest pos-
sible level. I believe the measures we are now taking will do this. -

There is no simple answer to offer for the question you have asked as
to why these roadside obstacles have been erected as seen by you in
numerous pictures. The administrator has mentioned some of the
causes. The principal cause is clearly that our previous judgment in
designs dated 7 to 8 years ago did not anticipate the degree and
frequency with which drivers would run off these new roads. It took
some time to observe that a dismaying pattern of run-off-the-road
accidents was occurring and an equally long time to develop the appro-
priate corrective measures and to get these into the stream of planning
and construction. While some observed defects are still being included
in recent construction, I believe that the focus of attention on these
items by this subcommittee and the Bureau has served to force the



