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Dynamics of Highway Guardrails: Laboratory 
Experiments (II) 

R O B E R T S . A Y R E and 

M I L T O N A . H I L G E R 

Structural Dynamics Laboratory, Civil Engineering Department, 
The John Hopkins University, Baltimore 18, Maryland 

This is the third report in a series dealing with small-scale model experiments on the 
effect of vehicle impact against guardrails. The variables include \-ehic'le impact speed 
and direction, impact location, initial static tension in the cable, post spacing, and co
efficient of sUding friction between wheels and ground. Additional variables introduced 
into this phase of the investigation include yielding of the post foundations, yielding 
of the end anchorage, use of a "tension spring" in series with the cable, and use of elas
tic supports between the cable and the posts. Among the recorded quantities are maxi
mum dynamic cable tension, speed and direction of the vehicle after impact, and post 
displacement. A correlation has been made between the kinetic energy lost by the 
vehicle as a result of the impact, and the work done by the frictional forces, by the dis
placement of the posts, and by the displacement of the end anchorage. A limited 
investigation of beam-type guardrails has been included. A l l of the results are pre
sented in terms of full-scale values. General conclusions have been drawn. 

# T H I S is the third report in a series on 
the scale model investigation of the dynamics 
of vehicle impact against highway guardrails. 
The first report {1) discusses the basic ideas 
underlying the investigation and includes the 
model analysis, the model to prototype scaling 
relationships, a general description of the 
experimental methods, and the bibliography. 
The second report {2) describes the revised 
form of the laboratory apparatus and dis
cusses the results of the first group of tests 
on cable-type guardrail supported l)y " r ig id" 
posts, including the effects of varying the 
coefficient of transverse sliding friction be
tween the wheels and the ground. 

This report includes the following: 
(a) principal symbols and constants; 
(b) general conclusions for the entire series 

of investigations; 
(c) a list of recommendations based on the 

results and on general observation of 
the model tests; 

(d) some suggestions for full-scale experi
mentation and collection of informa
tion f rom actual field conditions; 

(e) a tabulated index of the test conditions 
and results; 

(f) graphs of the detailed results of the 
second group of tests showing the 
effects of yielding of the end anchorage 
and of the posts, the use of cable tension 
springs and of elastic cable offset brack
ets, and a limited comparison of beam-
type and cable-tj'pe guardrails; 

(g) details of the experimental apparatus; 
(h) suggestions for further application of 

small-scale model tests. 
A complete final report (S) covering the 

first two reports, this report [excepting parts 
(c), (d), and (h) listed above], and many de
tails of the experimental methods not other
wise published, has been prepared for limited 
distribution. 

PRINCIPAL SYMBOLS AND CONSTANTS 

The basic characteristics of the prototype 
are as'follows: 

Vehicle 

"Design" vehicle shown by E. R. Ricker 
(4), overall length 216 inches, overall width 
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76 inches, wheel base 127 inches, assumed 
weight, 4000 pounds. 

Cable-Type Guardrail 

Three % inch-parallel steel cables, 135 feet 
long. 

1NITUL VELOCITY Ot VEHICLt 
FINAL VtLOCITT Of VtMICU 
miTI*L *Ni;i£ OF IHMCT 
FIN»L ANCLt OF IB«CT 

OlSF'HCC OF IHMCT fOINT FROM FOST AHCAQ 
INITIAL CAlLt TENSION 
UAXIWUH C«8l^ TENSION 0UNIN6 lUFKT 

Figure 1. Schematic plan view of vehicle path and 
guardrail. Ya = In i t i a l velocity of vehicle; Vf = Final 
velocity of vehicle; a = In i t i a l angle of impact; ^ = Final 
angle of impact; d = Post spacing; dt = Distance of 
impact point from post ahead; To = In i t i a l cable ten
sion; Tmax = Maximum cable tension during impact. 

RISID POSTS 
SYSTEM A 

RIOID POSTS WITH TENSION SPRINO 
SYSTEM B 

31 
YIELOINS POSTS 

SYSTEM C 

i l l all 
YIELDINC POSTS WITH TENSION SPRINO 

SYSTEM 0 

YIELDINS POSTS WITH TENSION SPRING 
AND YIELDINS DEADMAN 

SYSTEM E 

SCHEMATIC OF CABLE TYPE GUARD RAIL SYSTEMS 
Figure 2. Schematic of cable-type guardrail systems. 

Beam-Type Guardrail 

Continuous steel beam having properties 
similar to an "average" of the guardrail beams 
of several manufacturers. Further details have 
been given in Table 1. 

Diagrams showing the geometry of the 
vehicle impact path, the meanings of the 
symbols, and the main variations in the cable-
type guardrail model wi l l be found in Figures 
1 and 2. 

G E N E R A L C O N C L U S I O N S F O R T H E E N T I R E 
S E R I E S O F I N V E S T I G A T I O N S 

I n evaluating the results i t should be kept 
in mind that the purpose of the investigation 
has been to determine the general pattern of 
response of the vehicle and guardrail for a 
wide range of variables. This has been done 
by carrying out six series of tests, each series 
comparing, in a systematic manner, the effects 
of variation in a particular parameter or group 
of parameters. 

Many compromises have been made in the 
construction of the model, including the use 
of a mechanical device, rather than soil, to 
allow movement of the posts and end anchor; 
the representation of the ground surface as a 
smooth, non-deforming material in a hori
zontal plane; the representation of the vehicle 
as a free-running rigid body mounted without 
springs on fixed-direction wheels; and the 
complete omission of the effect of human 
driver reaction. 

I n full-scale testing i t is necessary to make 
compromises also, mainly in the great reduc
tion of the allowable number of tests. Further
more, in full-scale testing the number of 
parameters is often so large tl iat i t becomes 
very difficult to control the tests and to relate 
cause to effect. 

I n the ideal combination of full-scale field 
—and model-scale laboratory—experimenta
tion the relatively inexpensive and easily 
controlled model tests are used to determine 
the general pattern of response, while the 
field tests are employed to check selected 
portions of the model tests, thus tying the 
latter to reality, and to investigate the varia
tion of the parameters that cannot well be 
included in the model testing. 

The model test conditions and results have 
been indexed in Table 1. The first five series 
relate to cable-type guardrail, the first four 
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being without offset brackets, and the first two 
without tension springs and with rigid anchors 
and posts. The parameters varied in each 
series were as follows, other than impact 
angle and impact speed Vo which were varied 
in all series: 

1. In i t ia l cable tension, post spacing, im
pact location. 

2. Coefficient of transverse sliding friction 
between wheels and ground surface; initial 
cable tension. 

3. Various combinations of guardrail com
ponents, including tension spring, yielding 
anchor, and yielding posts. 

4. Yield point of post foundation ("soil"). 
5. Use of elastic offset brackets. 
6. Comparison of beam-type and cable-

type guardrails. 
The graphs of results generally show the 

maximum dynamic increment of total cable 
tension (Tmax — To), the final speed V/ , and 
the reflection angle /3 of the vehicle path, 
plotted against the impact speed Vo • 

Cable-Type Guardrail—Conclusions 

Maximum cable tension and final speed of 
the vehicle are considerably more predictable 
in magnitude than the reflection angle of the 
vehicle path. 

Impact Speed. Maximum dynamic incre
ment of cable tension and final speed of the 
vehicle both tend to increase approximately 
linearly wi th increase in the impact speed of 
the vehicle. The reflection angle generally 
increases when the impact speed is increased, 
although under some conditions i t may de
crease with further increase of the impact 
speed. 

Impact Angle. Maximum dynamic incre
ment of cable tension increases non-linearly 
as the impact angle is increased, a change in 
a f rom 15 to 22.5 degrees resulting sometimes 
in an increase of as much as 100 percent in 
maximum cable tension, while a change from 
22.5 to 30 degrees usually resulted in a rela
tively small increase in cable tension. The 
final velocity decreases as the impact angle 
is increased, the change in velocity being 
very roughly linear over the range tested. The 
reflection angle generally increases as the 
impact angle is increased, but in a rather 
erratic manner; at high impact speeds the 
reverse may be true. 

Initial Cable Tension. I t was found early in 

the investigation that the maximum dynamic 
increment of cable tension and the final speed 
of the vehicle are both nearly independent of 
the initial static cable tension. However, the 
reflection angle may be affected considerably 
by the initial tension, the reflection angle 
tending to decrease as the init ial tension is 
increased. The maximum cable tension may 
be estimated by adding the initial cable ten
sion to the maximum dynamic increment. 

Post Spacing. The maximum dynamic in 
crement of cable tension and the final velocity 
are relatively independent of the post spacing. 
However, the reflection angle was found to be 
con.siderably affected by post spacing, but in 
a rather unpredictable manner. These con
clusions are based on only two spacings: 16 
and 24 feet. Smaller spacings were not in
vestigated because i t is felt that they are 
undesirable. From the viewpoint of statistics 
alone, i t can be said that the smaller the spac
ing the more liable the vehicle is to strike a 
post. 

Impact Location. The maximum dynamic 
increment of cable tension decreases and the 
final velocity shows a tendency to increase as 
the distance from the point of impact to the 
first post ahead of the vehicle is increased, 
that is, as the impact location ratio do/d is 
increased. The reflection angle is also influ
enced by the impact location but not in a 
definite manner. The above conclusions are 
based on only two values of do/d: l-i and 

The most important conclusion, relative to 
impact location, is that the smaller the value 
of do/d the more liable the vehicle is to collide 
with the post ahead in a secondary impact. 
The maximum impact velocities obtained in 
the tests were limited by the occurrence of 
secondary impacts with the posts, or by cable 
breakage, and not by any limitation imposed 
by the vehicle accelerating device. I n the 
prototype there is of course no possibility of 
control over the impact location. Tlie d i f f i 
culty found in the model tests in avoiding 
secondary impacts indicates the importance 
of providing suitable offset brackets on the 
posts of prototype cable guardrails. 

Coefficient of Transverse Sliding Friction be
tween Wheels and Ground. The final velocity 
decreases slightly and the reflection angle 
generally may decrease greatly as the result 
of an increase in the coefficient of fr ict ion. A t 
high impact speeds and large impact angles, 
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however, there is a tendency for the reflection 
angle to increase rather than to decrease. The 
variation in maximum dj-namic increment of 
cable tension follows a rather unpredictable 
pattern, the lowest tension maxima being 
associated with the intermediate value of the 
friction coefficient. However, this is not en-
tirel}' uni-easonable when one considers the 
highly non-linear nature of the system. 

Yield Point of Post Foundation ("Soil"). 
The general trend is for the final velocity and 
the reflection angle to decrease when the post 
foundations are made more yielding, that is, 
when their ability to dissipate energy is in
creased. Under some conditions, however, the 
opposite was true of the reflection angle. The 
variation of the cable tension was less definite; 
however, the trend was generally to increase 
when the posts w'ere allowed to yield. By far 
the largest variations occurred in the reflec
tion angle. 

Comparison of Various Combinations of 
Guardrail Components. Comparative tests 
were run on the five different types of systems 
shown in Figure 2. The lowest maximum 
dynamic increments of cable tension were 
found in the systems containing a tension 
spring, and the highest occurred in the system 
having yielding posts and no tension spring. 
The use of a yielding end anchor shows a 
definite tendency, as expected, to place an 
upper l imit on the maximum cable tension 
and thus to act as a sort of "safety valve." 

The highest energy losses, and hence the 
lowest final velocities, occurred, as expected, 
with the systems having energy absorption 
elements in the form of yielding posts and 
yielding end anchor. Furthermore, the pres
ence of the tension spring in conjunction wi th 
the former elements allows greater displace
ment of the posts, hence greater absorption 
of energy, and consequently a further lowering 
of the final velocity. 

No definite trends were found in the varia
tion of the reflection angle. 

17se of Elastic Offset Brackets. The use of 
cable offset brackets on the posts does not 
reveal, in the laboratory', an explainable ad
vantage over the sj'stem without brackets. 
However, i t is felt that properly designed 
brackets are desirable on the prototype in 
helping to prevent the vehicle f rom coming 
into direct contact with the post. 

Sources of Energy Loss. By far the greatest 

energy losses were found to occur in sliding 
friction between the vehicle and the cable. 
This appears to be the most important avail
able means of energy dissipation for reducing 
the velocity of the vehicle. 

Since i t was not thought feasible, we did 
not attempt to determine, by small-scale ex
perimentation, the energy dissipation that 
takes place in the deformation of the surface 
and structure of the vehicle. 

Beam-Type Guardrail—Conclusions 

Relatively few experiments were made on 
the beam-type model, partly because of lack 
of time and partly because i t is felt that many 
of the results of experiments made with the 
cable-type model—for example, the tests on 
yielding of the post foundations and on 
changes in the ground friction coefficient— 
are also applicable to the beam-type system. 

I n the small scale laboratory tests the final 
velocity of the vehicle is lower with the cable-
type guard than with the beam-type, probably 
due to lower frictional losses in sliding contact 
between the vehicle and beam than between 
the vehicle and cable. (A comparison of the 
friction coefficients in sliding contact between 
vehicle surface materials and various types of 
guardrail materials could readily be made 
with full-scale elements in a laboratory.) 

The small-scale laboratory tests show con
siderably smaller reflection angles occurring 
with the cable-type guard than with the 
beam-type, except in the case of the lowest 
impact angle (a = 15°) for which the reflec
tion angles for the two types of construction 
are approximately equal. I t should be recalled 
that the reflection angle has generally been 
found throughout the investigation to be the 
variable that is the most difficult to predict. 

RECOMMENDATIONS BASED ON T H E 
MODEL T E S T S 

The following recommendations are based 
on the general observation of the tests as well 
as on the quantitative results: 

1. Every effort should be made to reduce 
the probability of the vehicle striking a post. 
I t therefore seems desirable to make the post 
spacing as great as is compatible with the 
other requirements of the structure. However, 
too great a spacing may result in a weak struc
ture, in excessive flexibility and "pocketing" 
between posts, and in spreading of the cables. 
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A post spacing of about 16 feet for cable-
type guardrails seems reasonable. The 24-foot 
spacing, which was found to be more satis
factory in the model tests, is probably too 
great for practical use in the field. 

2. The use of smooth elastic offset brackets, 
deep enough to prevent the vehicle f rom com
ing into direct contact with the posts, seems 
highly desiraV>ie. I t is suggested that offset 
brackets maj ' also be desirable on beam-type 
guardrails. 

3. As far as possible all projections, or other 
conditions tending to "snag" the vehicle, 
should be eliminated. 

4. The init ial value of the cable tension 
does not appear to be critical. However, i t 
should be great enough to hold the cables in 
proper position without sag and to prevent 
excessive deflection of the system under im
pact. Tension springs are desirable. 

5. Excessively rigid post settings are 
dangerous. A significant amount of energy 
may be absorbed by the yielding of the posts 
in the soil. 

6. The end anchorage should be capable of 
developing a load no greater than the safe 
design tension of the cable. I t is suggested 
that the anchorage be designed so that i t can 
move in the soil when the impact tension in 
the cable reaches the design l imit , or that an 
adjustable yielding element be inserted in the 
cable at the anchor. 

7. I n the design of a yielding structure care 
must be taken that i t is not made so yielding 
as to result in the "pocketing" of the vehicle. 

8. The sliding friction between the vehicle 
and the guardrail is an important source of 
energy dissipation. Anything that can be done 
to increase the friction coefficient wil l be ad
vantageous. 

9. I n order to provide the driver of the ve
hicle wi th maximum opportunity to correct 
the path of the vehicle after impact with the 
guardrail, the clearance between the guardi'ail 
and the pavement should be the maximum 
possible and the surface should he maintained 
in a manner to minimize skidding. 

The above recommendations are probably 
not greatly different f rom conclusions that 
may be reached in the field. The authors wi l l 
be very much interested in any statistics that 
can be made available to them on accidents 
involving guardrails and on full-scale tests of 
vehicle-guardrail impact. 

S U G G E S T I O N S F O R F U L L - S C A L E 

E X P E R I M E N T A T I O N 

The authors would like to make the follow
ing suggestions: 

1. That all available information on fu l l -
scale tests and on recorded accidents involving 
guardrails be collected and analyzed, and that 
additional tests be made to fill the gaps in the 
information. I t is hoped that the results of 
the model tests wi l l assist i n interpreting the 
full-scale tests and in planning new tests. 

2. That a reporting system be instituted 
for gathering information on the performance 
of guardrails involved in future accidents. 

3. That for certain types of full-scale tests, 
a special rugged test vehicle, either catapulted 
or self-propelled, could be used. 

4. That comparative full-scale transverse 
loading tests be made on posts embedded i n 
soil under realistic conditions, using static 
loads as well as direct impact loads. 

5. That comparative full-scale loading 
(static as well as dynamic) tests be made on 
anchors, with particular attention being paid 
to developing the anchor as a "safety valve" 
for the cable and as a means for dissipating 
energy through movement of the anchor in 
the soil. The planning of these tests, as well 
as those suggested for the posts, could well be 
guided by preliminary, small-scale, laboratory 
tests. 

I N D E X O F M O D E L - T E S T C O N D I T I O N S 

. \ N D R E S U L T S 

Table 1 provides an index to the test con
ditions and results included in this report as 
well as in the preceding one (S) of the series. 

G R A P H S O F R E S U L T S O F T H E S E C O N D 

G R O U P o r M O D E L - T E S T S 

Use of Tension Spring, Yielding Posts and 
Yielding End Anchorage 

The five different types of systems have 
been shown schematically in Figure 2. 

Variation in Maximum Dynamic Increment 
of Cable Tension; Figure 3. ( r „ , a x - To) is 
shown plotted against To for five systems of 
guardrail fixity. X o very definite relationship 
among the different systems is apparent, ex
cept that those containing the tension spring 
(systems B , D , and E) generally show lower 
dynamic increments. The use of a yielding 
deadman (system E) shows a definite tendency 
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Figure 3. Maximum dynamic increment of total cable 
tension versus impact velocity of vehicle. Five varia

tions of cable-type guardrail. 

to l imi t the dynamic increment. This is to be 
expected because once the anchorage starts 
to slide the cable tension theoretically cannot 
be increased. System C, having yielding posts 
but no tension spring and no yielding of the 
anchorage, shows the highest dynamic incre
ment. 

Variation in Final Velocity Vf ; Figure 4. 
Systems C, D , and E , all of which include 
energy dissipation elements (yielding posts 
and yielding deadman), result in lower values 
of final velocity than systems A and B . This 

30 
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: j< 
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Figure 4. Final velocity of veliicle versus impact veloc
i ty . Five variations of cable-type guardrail. 

is particularly true for large values of the 
impact angle a. 

Variation in /3; Figure 5. When the angle of 
impact a is low, the family of curves is more 
uniform than at the high angles of impact. 
However, as we have found before, 13 is gen
erally much less predictable than either 
(^max — To) or 7 / , and there do not appear 
to be definite conclusions relative to the effect 
on /3 of changes in the cable-type guardrail 
structure. 
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Figure 5. Reflection angle of vehicle path versus Impact 
velocity. Five variations of cable-type guardrail. 

Yaviation in "Yield Point" of Posts 

Variation in (Tmax — To). Figure 6 shows 
the effect on the dynamic increment of vary
ing the foundation condition of the posts f rom 
"r ig id" to "very yielding." The impact criteria 
used in defining the conditions of yielding wi l l 
be given later. I t is interesting to note that 
both the " r ig id" and the "very yielding" 
foundation conditions result in generally lower 
dynamic increments of cable tension than the 
"intermediate yielding" condition. This is not 
unreasonable i f one considers the highly non
linear nature of the system. 

Variation in F / ; Figure 7. As would be 
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Figure 6. Maximum dynamic increment of total cable 
tension versus Impact velocity. Variation i n yielding 
of post foundation. (See Figure 2 for diagrams of Sys

tem A and System C.) 

expected, the effect on T'/ , due to varying 
the foundation condition, is much more readily 
explainable than the effect on cable tension. 
As the post foundation is made more yielding, 
the ability of the system to absorb energy is 
increased. Consequently, we find a decrease in 
final velocity when the yield point is lowered. 

Variation in 13; Figure 8. The general 
tendency is for /3 to decrease when the yield 
point is lowered. However, there are notable 
exceptions i n the "intermediate yielding" 
case. 
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Figure 7. Final velocity of vehicle versus impact veloc
i ty . Variation i n yielding of post foundation. 

Variation in Maximum Attainable Vo. As 
has been pointed out before, the upper end 
points of the curves represent the maximum 
impact velocities attainable without the ve
hicle striking the "far" post. I t is evident that 
when the yield point is lowered, the "maxi
mum attainable" velocity is also lowered. 

Use of Elastic "Offset Brackets" 

A complete set of comparative tests was 
made on a cable-type guardrail model having 
elastic offset brackets and on one without 
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Figures. Reflection angle of vehicle path versus impact 
velocity. Variation In yielding of post foundation. 

brackets. The methods and results have been 
described in reference (S). No very significant 
differences were found in dynamic increment 
of cable tension, final velocity, and reflection 
angle. However, i t is felt that in the full-scale 
guardrail, offset brackets are of considerable 
importance in helping to keep the vehicle 
f rom coming into direct contact wi th the post. 

Energy Losses 
The total energy loss of the vehicle is equal 

to W{V(f — Vyi2g. There are various waj'S 
that the energy loss can be accounted for, 
namely, by sliding friction between the vehicle 
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and the cable, by transverse sliding fr ict ion 
between the vehicle tires and the ground, by 
the yielding of the posts in the soil, and by 
the yielding of the end anchorage. Since the 
model vehicle is a rigid body, the distortions 
of the front end and side have not been taken 
into account. Furthermore, as already pointed 
out, i t is assumed that the driving force and 
braking force are zero. The loss due to rolhng 
friction in the wheels has been neglected since 
i t is a very small quantity relative to the other 
losses. 

Figure 9 shows a graph of total energy loss 
in foot-pounds ( fu l l scale) versus the initial 
velocity Vo • The general trend is for the 
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Figure 9. Total energy loss versus Impact velocity. Five 
variations of cable-type guardrail. 

energy loss to increase as the angle of impact 
is increased and also for the differences in 
energy loss among the various systems to 
increase. The energy loss increases greatly as 
7o is increased. When the guardrail structure 
is made more yielding, the total energy loss 
increases. The least energy loss is found wi th 
the rigid post system, which is to be expected. 
Systems D and E, containing yielding posts 
and tension spring, and yielding posts, tension 
spring and yielding anchorage, respectively, 
generally result in the greatest energy losses. 
The foregoing conclusions are reasonable and 
could have been determined, indirectly, f rom 
Figure 4. 

Table 2 hsts five energy balance calcula
tions that have been made i n an attempt to 
account for the various parts of the total 
energy loss. A l l quantities are listed in foot
pounds of energy (ful l scale). The details of 
the calculations have been shown in reference 
(S). I n spite of apparent inaccuracies the re
sults show with little doubt that by far the 
greatest energy loss occurs in sliding frict ion 
between the vehicle and cable. 

Beam-Type Guardrail 

We wi l l make the following assumptions: 
(1) The weight of the beam is negligible in 
comparison wi th the weight of the vehicle; 
(2) the posts (beam supports) are rigid; (3) 
the beam is continuous across the supports; 
(4) the effect of direct tension is negligible. 
The beam model is a compromise that is 
similar in load-deflection properties to several 
steel guardrail beams that are on the market. 

No attempt was made to measure the stress 
in the model, although i t could be done 
readily enough by the use of wire-resistance 
strain gauges. Curves of /3 versus I ' o , and Vf 
versus Fo have been plotted and compared 
with the results of tests of the cable-type 
guardrail. The friction coefficient for sliding 
between the wheels and the ground surface 
was constant at a value of 0.33. 

Variation in V f ; Figure 10. The final 
velocity of the vehicle after impact wi th the 
beam-type guardrail is higher than with the 
cable-type. I t is believed that the difference 
is due primarily to greater frictional losses 
l)etween the vehicle and cable than between 
the vehicle and beam. A t the low angles of 
impact a, the final velocity is not greatly 
different f rom the ini t ial velocity. As the angle 
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of impact is increased, the final velocity de
creases. 

Variation in fi; Figure 11. There is a definite 
tendency for the angle of reflection /3 to be 
rather large, considerably larger than the re
flection angle for the cable-type guardrail. As 
the impact angle is increased, /3 increases in a 
highly non-linear manner. There is a great 
vai'iation in /3 at low impact velocities and 
high impact angles. As the initial velocity is 
increased, fi reaches a maximum, and wi th 
large angles of impact starts to decrease as 
Vo is subject to further increase. 

I t should be recalled that the reflection angle 
has already been found, in the earlier phases 
of the investigation, to be the variable that is 
the most diflicult to predict. 

D E T A I L S OF T H E E X P E R I M E N T A L APPARATUS 

Figure 12 shows the general arrangement of 
the laboratory apparatus, and Figures 13 to 
16 show the details of the yielding post, the 
yielding anchor, and the beam-type guard-
i-ail. 

Yielding of the posts was provided for by 
mounting the posts on hinges and by connect
ing one end of each to a dry-friction device 
which would slip, i . e., yield, under a specified 
impact condition. For the "intermediate post 
setting" the "near post" was adjusted so as 
to yield when a > 22.5 degrees and Vo > 20 
mph. The conditions for the "very yielding" 
setting were a > 15 degrees and Vo > 15 
mph. I n both cases, the impact location was 
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Figure 12. Schematic diagram of laboratory apparatus. 
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Figure 13. "Yie lding post," consisting of liinged post 
and dry sliding friction device to represent yielding of 

|k» soil. 

Figure 14. "Yielding anchor," consisting of dry sl iding 
friction device to represent yielding of soil around 

anchor. Cable tension spring included. 

4> 4 f 4f 

Figure 16. Schematic diagram of beam-type guardrai l 
wi th rigid posts. 

given by do/d = The yielding end ancho 
is also a dry-friction device. More complete 
details may be found in reference (S). 

The modeling of the cable-type guardrail 
has already been described (1, 2). The model
ing of the beam requires the following addi
tional comments: 

The ratio of the flexural stiffness EI of the 
model beam to the EI of the prototype is 
equal to the force scale multiplied by the 
square of the length scale, thus, 

'Jv fp \ l p ) 

Figure 15. Vehicle striking beam-type guardrai l model. 

Making use of the already established scales 
for force (Mao) and for length {liz.h), letting 
the modulus of elasticity of the prototype 
beam (steel) be = 30 X lO" Vo.fm? and 
of the model beam (structural aluminum 
alloy), = 10.3 X 10« Ib./in.^, the relation 
between the moments of inertia of the cross-
sections of the model and prototype beams is 
given by 

Im/Jp = M e , 9 0 0 

Assuming that the prototype moment of 
inertia Ip — 2.52 inches'*, the desired moment 
of inertia of the model beam is given by = 
0.0000936 inches* 

The model beam was a standard, rectangu
lar cross-section, aluminum alloy bar, li inch 
by % inch (actual dimensions 0.126 inch by 
0.627 inch), having a moment of inertia of 
0.0001045 inches* in the most flexible direc
tion. 

SUGGESTIONS FGH FURTHEE APPLICATION OF 
SMALL-SCALE MODEL TESTS 

I t is suggested that small-scale tests, using 
apparatus of the general type employed in 
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this investigation, could also be used in the 
preliminary study and development of vehicle 
barriers designed for maximum energy ab
sorption by the barrier with minimum damage 
to the vehicle, and of various types of ligid 
deflecting surfaces designed for deflecting the 
path of the vehicle after a grazing impact. 
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