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FOREWORD NCHRP Report 153, "Recommended Procedure for Vehicle Crash Testing 
of Highway Appurtenances", published in 1974, provided testing and research 
agencies with recommended procedures to vehicle crash test highway appurte
nances. These procedures represented technical input from over 70 individuals 
and agencies and the results of extensive deliberation of a special ad hoc panel. 
It was recognized then that several areas of the procedures were based on ade
quate experience or research. It was decided however to retain coverage of these 
areas in order to provide a more complete testing procedure. 

It is expected that the "Procedures" will be revised, expanded and republished 
by 1980 by a follow-up NCHRP project now getting underway. The scope may 
be broadened to include testing with trucks and buses. In addition, evaluation 
criteria for impact severity will be reviewed carefully with reference to research 
results from studies now underway and special highway appurtenances such as 
construction barriers probably will be addressed. 

In the interim, there is a need to make limited changes in the "Procedures". 
A majority of these consist of expanded discussions of certain provisions and 
problem areas and the addition of more detailed guidelines. For ease in identi
fying changes, the entire NCHRP Report 153 is presented with material to be 
deleted lined out and new material entered in different type. 

Transportation Research Board Committee on Safety Appurtenances accepted 
responsibility for updating NCHRP Report 153, and a subcommittee was ap
pointed to review suggestions and incorporate appropriate revisions. A draft of 
this document was forwarded for review to members of committee and to 75 
other individuals and agencies known to have an interest in the subject matter. 

Special recognition for this circular is extended to members of the subcom
mittee, Malcolm D. Graham, Eric F. Nordlin, and John G. Viner and especially 
to Jarvis D. Michie who served as chairman. 



SUMMARY 

3 

RECOMMENDED PROCEDURES FOR 
VEHICLE CRASH TESTING OF 
HIGHWAY APPURTENANCES 

Procedures are presented for conducting passenger vehicle crash tests of roadside 
appurtenances. Appurtenances covered by these procedures are (I) longitudinal 
barriers such as bridge rails, guardrails, median barriers, transitions, and terminals; 
(2) crash cushions; and (3) breakaway or yielding supports for signs and luminaires. 
The purpose of the procedures is to promote the uniform testing of roadside ap
purtenances so that highway engineers may confidently compare safety performance 
of two or more designs that are tested by different agencies. The procedures are 
guidelines that describe how an appurtenance should be tested and evaluated. The 
procedures are directed to only the safety or dynamic performance of an ap
purtenance; other service requirements of economics and aesthetics are not con
sidered in the evaluation. 

These procedures are devised to subject highway appurtenances to severe or worst 
passenger vehicle impact conditions rather than to "typical" or the more 
predominant highway situations. Appurtenances developed for these conditions are 
believed to provide a moderate level of protection to occupants of large vehicles. 
Although the innumerable highway site and appurtenance layout conditions that 
exist are recognized, it is impractical or impossible to duplicate these in a limited 
number of standardized tests. Hence, the approach has been to normalize test 
conditions: straight longitudinal barriers are tested although curved installations 
exist; flat grade is recommended even though installations are sometimes situated on 
sloped shoulders and behind curbs; an idealized soil is specified although ap
purtenances are often founded in poor soil or frozen ground. These normalized 
factors have significant effect on an appurtenance but become secondary in im
portance if the major goal of a test is to permit the comparison of results of two or 
more systems. 

Guidelines are presented for evaluating safety performance. Three appraisal 
factors are (a) structural adequacy, (b) impact severity, and (c) vehicle trajectory 
hazard. Depending on the appurtenance's function, it should contain, redirect, and 
or permit penetration of the impacting vehicle in a predictable manner to satisfy 
structural adequacy requirements. Impact severity relates to the degree of hazard to 
which occupants of the impacting vehicle would be subjected and is measured in 
terms of vehicle accelerations and momentum changes. Vehicle trajectory hazard 
relates to the probable involvement of other traffic because of the postcrash path or 
position of the impacting car. 

The highway engineer should be aware that vehicle crash tests are complex ex
periments and are difficult to replicate due to imprecise control of critical test 
conditions and the sometimes random and unstable behavior of dynamic crush and 
fracture mechanisms. Accordingly, he should recognize the limitations of the tests 
and exercise care in interpreting the results. 
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PART I. RECOMMENDED PROCEDURES 

I. SCOPE 

A. Purpose 

The procedures recommended herein deal with testing 
and evaluating the safety of roadside appurtenances by 
crashing passenger vehicles into them. Safety per
formance of the test article is primarily evaluated ac
cording to the degree of hazard that occupants of the 
impacting vehicle would be subjected to and the 
probable involvement of other nearby traffic. Other 
service requirements of the appurtenance, such as 
economics and aesthetics, are beyond the scope of these 
procedures. 

B. Appurtenances 
These procedures are applicable to the following 

highway appurtenances: 
• Longitudinal barriers, including guardrails, 

median barriers, bridge railings, transitions, and 
terminals. 

• Crash cushions. 
• Breakaway or yielding supports, including those 

for signs, luminaires, and other purposes. 

C. Previous Recommendations 

These procedures are intended to update recom
mendations outlined in NCHRP Report 153 published 
in 1974 and by the Highway Research Board Com
mittee on Guardrail and Guideposts in HRB Circular 
482 (]). 

II. TESTING FACILITY 

A. Area 

In addition to the space required to accelerate the 
vehicle to speed, the facility shall have a sufficient, 
relatively flat and unobstructed area to provide for an 
unrestricted postcrash trajectory of the vehicle. In the 
impact zone, the surface adjacent to the test installation 
shall simulate a highway shoulder , a bridge deck, or 
another highway feature as appropriate for the ap
purtenance being tested. The surface shall be flat , with 
no curbs, dikes, or ditches in front of the installation 
except when test conditions specify such features. 

B.Soil 

For both longitudinal barriers employing soil
embedded posts and breakaway or yielding structures, 
the embedment soil shall be a low-cohesive, well-graded 
crushed stone or broken gravel with particle size 
distribution given in Table 1. For localized use of the 

recommended soil, the depth and surface radius of the 
embedment material shall be a minimum of 1.5 times 
the device or post embedment length, with a maximum 
depth and surface radius of 6 ft (1.8 m). The fflf:JtcriBI 
shall be eefflf}eered ,witiell~~ eRd the disttNbed fflBte."iB,1 

roefJfflf}BCtcd beMefffl tes ts, BCC6/'dirtg re AASIJTO T99 
70, Method Co, D. A crtJ3h te3t 5flot:Jfd not be pt!i fo,med 
wheR the efflbeeiFRCRt seti! is Sf:JMYJted with fflBisttJre tJr 
the f]ff}l:JFl<i is f.HneFI. The material shall be compacted 
initially, and the disturbed material recompacted 
between tests to a density of not less than 95 
percent maximum dry density; the maximum dry 
density may be determined by AASHTO T99-70, 
Method C or D and the field density may be 
determined by an appropriate method. A crash test 
should not be performed when the embedment soil 
is saturated with moisture or the ground is frozen. 

C. Embedment Practice 

The method used in embedding test articles shall be 
typical of highway construction practice. Preferably, 
barrier posts and base bending supports shall be driven, 
although inserting these articles in drilled holes and 
backfilling is permitted. The footings for breakaway 
supports shall be representative of highway design 
practice and shall be sized for minimum wind loading; 
the footing is considered an integral part of the test 
article. 

D. Special Structure 

A structure simulating a bridge deck shall be used as a 
foundation for a bridge rail test. 

TABLE I. 

RECOMMENDED SOIL* FOUNDATION FOR 
LONGITUDINAL BARRIER POSTS AND BREAKAWAY 
OR YIELDING SUPPORTS 

U.S. Bur. of 
S tds. Sieve Size 

l-3/4 in. (4.4 cm) 

7 /8 in. (2. 2 cm) 
3/8 in. (1.0 cm) 

No. 4 
No. 40 

Maximum plastic index:/10 

*Crushed stone or broken gravel. 

Retained on 
Sieve (%) 

0 
10-35 
30-50 
45-65 
70-85 



Ill. TEST ARTICLE 

A. General 

1. Materials 

Materials used in the test article (highway ap
purtenance) fabrication or assembly that will be stressed 
to near yield or ultimate or that must fracture in a 
prescribed manner for proper impact behavior of the 
appurtenance shall be randomly sampled and tested to 
assure conformance with material specifications. 
Special processing of critical elements (such as heat 
treatment of metallic components) shall be reported. 

2. Erection 

The test article shall be constructed and erected in a 
manner representative of installations in actual service 
and shall conform to the specifications and drawings of 
the manufacturer or designer. To assure uniformity and 
integrity of structural connections, current American 
Welding Society specifications for highway bridges and 
American Institute of Steel Construction bolting 
procedures should be used. A deviation from 
fabrication, specification, or erection details shall be 
delineated in the test report. 

B. Appurtenances 

1. Longitudinal Barriers 

For tests examining performance of the length-of
need section, the rails or barrier elements shall be in
stalled straight and level and anchored. Horizontally 
curved installations, sloped shoulders, embankments, 
dikes, and curbs shall be avoided for general per
formance tests; when used, the nonstandard features 
shall be reported. Length of the test section excluding 
terminals shall be at least three times the length in which 
deformation is predicted, but not less than 75 ft (23 m) 
for bridge rails and 100 ft (30 m) for guardrail and 
median barriers. The type of end anchorages or ter
minals used shall be reported. 

When testing terminals for longitudinal barriers, the 
test article shall be erected on level grade. A 100-ft (30-
m) length-of-need barrier section shall be attached to 
the terminal. 

For tests of a transition joining two barrier systems, 
the more flexible system (in lateral direction) shall be 
installed in the upstream position. A minimum of 50 ft 
(15 m) of each of the two barrier systems shall be used. 

2. Crash Cushions 

A rigid, nonyielding backup structure (such as a 
concrete pier) shall be used to simulate a highway 
feature (such as a bridge pier, elevated gore, or bridge 
end) when appropriate. The crash cushion shall be 
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anchored as required by specifications or drawings. 

3. Breakaway and Yielding Supports 

The breakaway or yielding segment shall be oriented 
in the least preferred impact direction (i.e., the direction 
that theoretically produces the maximum resistance 
force or energy) consistent with reasonably expected 
traffic situations. The supports shall be full-height 
structures, including sign, call box, or mast arm; an 
equivalent weight may be substituted for the luminaire. 

IV. TEST VEHICLE 

The >Jehicfe shall be in good conditien end free ef 
mej6t body dam9ge aRd FRiseiRg swetu."81 13arts 
(,:e., dooi3, h 1,ndshield, htJod, etc.}. Any fflfffltJffJeltJ.-e, 
if'fstelled e(ftlipffleRt (pewer brakes aRfi stem:iRg, 
Bi;- ctJRditkmif'fg, etc.} is penRitted se l9Rfl as #le 
efftJipFReRt is eeRtaf.Red withiR #le b9dy 6':lell. TR8 ~t8hi 
ele she!! MW! a fffmt metJRted eRg.iRe, aRd the type SRd 
me of e,:,gif'fe fN tf<JRSR'tissieR is t>Rspeeified. 
The WJhielc btffflfJ<N SRall be stamlaffl Cffl:lipffleRt aRfi 
tJf'ffflBdified ffJf #le test; its eeRfigt:1ratieR aRfi 
-height ebrne gnuie sh8/I be ffl{JtJf'tcd. "fhe model yea,r et 
the test vehicle shetJld be w#WR fel:lf )'eaFS ef 
#le yeaF ef test, with a mmffmlHR age of six }~a.rs l:JR!6ss 
eth<YWise specified. 

A. Description 

The vehicle shall be either a sedan of standard 
size (4500 lbs, 2040 kg ) or sub-compact (2250 lbs, 
1020 kg ) in good condition and free of major body 
damage and missing structural parts (i.e., doors, 
windshield, hood, etc.). Special purpose vehicles are 
not acceptable since they do not possess suspen
sion and handling characteristics found in typical 
vehicles. Any manufacturer-installed equipment 
(power brakes and steering, air conditioning, etc.) is 
permitted so long as the equipment is contained 
within the body shell. The vehicle fuel tank should 
either be removed or purged and the battery re
moved for non-driven tests to reduce exposure to 
needless hazards. The vehicle shall have a front
mounted engine, and the type and size of engine or 
transmission is unspecified. The vehicle bumper 
shall be standard equipment and unmodified for the 
test; its configuration and height above grade shall 
be reported. The model year of the test vehicle 
should be within four years of the year of test, with 
a maximum age of six years unless otherwise 
specified. 

B. Mass 

Vehicle mass is the gross mass of the car, ballast, and 
equipment at time of test and is specified in the ap-



6 

propriate test condition matrix. If required, ballast shall 
be contained within the passenger compartment and 
securely attached to the vehicle structure. When addi
tional ballast is required, sandbags or dummies should 
be stationed in the four primary occupant positions and 
secured by lapbelts. With the exceptions of seats, spare 
tire, and optional equipment, components shall not be 
removed from the vehicle. 

C. Speed and Braking 

The vehicle may be pushed, towed, or self-powered to 
the programmed test speed. If pushed or towed, the 
prime mover shall be disengaged prior to impact, per
mitting the vehicle to be "free-wheeling" during and 
after the collision; for self-powered vehicles, the igni
tion shall be turned off just prior to impact. Application 
of brakes shall be delayed as long as safely feasible to 
establish the unbraked runout trajectory; however, 
brakes shall not be applied until the vehicle has moved 
at least two car lengths from the point of last contact 
with · the test article or anticipated final location of 
breakaway devices. Vehicle position at time of brake 
application shall be reported for each test. 

D.Guidance 

The method of guidance of the vehicle prior to impact 
is optional providing the guidance system or its com
ponents do not effect significant changes in the vehicle 
dynamics during and immediately after the impact. The 
steering wheel shall not be constrained unless 
essential for test safety purposes; if the steering 
wheel is to be constrained the nature of this con
straint shall be clearly documented. 

V. TEST CONDITIONS 

A. Test Matrix 

The test article shall be evaluated for dynamic per
formance according to conditions specified in Table 2. 
The matrix of tests indicated for each appurtenance is 
considered a minimum; additional tests at other an 
ticipated critical test conditions may be useful. 

B. Vehicle Mass/Speed Adjustment 

Vehicle mass is either 2,250 or 4,500 lb (1,020 or 
2,040 kg) with an allowed variance of 200 lb (90 kg). 
To bring the vehicle mass within this range, ballast of up 
to 500 lb (225 kg) may be added to the vehicle. Although 
an impact speed is specified for the nominal vehicle 
mass, the impact speed shall be adjusted to maintain im
pact kinetic energy when the vehicle mass differs from 
the nominal. 

C. Impact Points 

For specific selection of impact points, the ap
purtenance shall be examined and impacted at the most 
vulnerable sites. Sites such as connections and potential 
snag points may be identified by visual inspection or 
review of drawings. 

VI. DATA ACQUISITION SYSTEMS 

A. Typical Parameters 

Parameters to be measured before, during, and after 
impact are delineated in Table 3 together with measure
ment accuracies and techniques. Also given are optional 
parameters that may be monitored. 

1. Pretest 

In the pretest phase, the chief objective of the data 
acquisition systems is to document the as-built, 
pretested appurtenance and vehicle. Use of 
photography is suggested. 

2. Test 

In the test phase, vehicle impact speed, approach 
angle, and accelerations are the most important 
parameters. Test article dynamic deformation, dynamic 
strains, and trajectory of the vehicle may be factors of 
importance. 

3. Posttest 

After the test, the deformation and damage of both 
test article and vehicle shall be documented. Both 
Traffic Accident Scale (TAD) (2) and Vehicle Damage 
Index (VDT) (3) shall be determined; -

B. Additional Requirements 

The parameters cited in paragraph VI.A.2 and the 
data acquisition systems shall not be considered in
clusive. Other parameters peculiar to an appurtenance 
or to its expected application may entail additional 
techniques. 

VII. PERFORMANCE EVALUATION 

A. Appraisal Factors 

Safety performance of highway appurtenances as 
evaluated for test conditions presented in Section V 
shall be appraised as to dynamic performance according 
to the recommended criteria given in Table 4. The three 
appraisal factors are (a) structural adequacy, (b) impact 
severity, and (c) vehicle trajectory hazard. Costs (i.e., 
installation, maintenance, damage repair, etc.), 
aesthetics, and other service requirements are not 
evaluated. 



TABLE 2. 

CRASH TEST CONDITIONS FOR MINIMUM MATRIX 

Appurtenance 

I. Longitudinal Barriera 
A. Length-of-need 

Test 1 

Test 2 
B. Transition 

Test 1 
C. Terminal 

Test 1 
Test 2 
Test 3 
Test 4 

II , Crash Cushionsb 
Test 1 
Test 2 
Test 3m 

Test 4 

Test Vehicle 
Mass,d 
lb (kg) 

4500 (2040) 

2250 (1020) 

4500 (2040) 

4500 (2040) 
4500 (2040) 
2250 (1020) 
2250 (1020) 

4500 (2040) 
2250 (1020) 
4500 (2040) 
4500 (2040) 

Speed 
mph (m/s) 

60 (26.8) 

60 (26.8) 

60 (26.8) 

60 (26.8) 
60 (26 .8) 
30 (13.4) 
60 (26.8) 

60 (26 .8) . 
60 (26.8) 1 

60 (26.8) 
60 (26.8) 

Angle 
(deg)e 

25f 

15f 

25f 

of 
25f 

of 
15f 

og 
og 

20g 
10-15g 

Target Vehicle 
Kinetic Energyh 
l 000 ft-lb (kJ) 

540 ± 40 (733) 

2 70 ± 20 (366) 

540 ± 40 (733) 

540 ± 40 (733) 
540 ± 40 (733) 

68 ± 9 (92) 

270 ± 20 (366) 

540 ± 40 (733) 
270 ± 20 (366) 
540 ± 40 (733) 
540 ± 40 (733) 

Impact Pointk 

For post and beam system, midway 
between posts. 

Same as Test 1 

15 ft (4_.5 m) upstream of second system. 

Center of nose device. 
At beginning of length-of-need section. 
Center nose of device. 
Midway between nose and beginning of 

length-of-need. 

Center nose of device. 
Center nose of device. 
Alongside, midlength. 
0-3 ft (0-1 m) offset from center of nose 

of the device. 

III. Breakaway or Yielding 
Supportsc 
~ ,SJ(}() i294{}f- 49 fl ?-.9j + 240 1 2:5 ~2'1-f 
~ 225() (1()2()) 29 ,'-8.9) -;- JO 14 (40} 
Test 11 2250 (1020) 20 (8.9) j 30±4(40) Center of bumper0 

Test 21 2250 (1020) 60 (26.8) j 270 ± 20 (366) Center of bumper n,o 

Notes : 
aJnclude guardrail, median barrier and bridge rail. 
bJnclude devices such as water cells, sand containers, steel drums, etc. 
CJ nclude sign, luminaire, and signal box supports. 
d:t 200 lb (90 kg). 
e± 2 degrees. 
fFrom centerline of highway. 
gfrom line of symmetry of device. 

!1Kinetic Energy {KE) = (W/2g)V2 where W = vehicle mass in pounds and Vis vehicle impact speed in fps; see Part II, Section V.B. 
1For devices that produce fairly co nstant or slowly varying vehicle deceleration ; an additional tc tat 30 mph (13.4 m/s) or less is rec
ommended for staged devices, those devices that produce a sequence of individual vehicle deceleration pulses (i.e., "lumpy" device) 
and/or those devices comprised of massive components that are displaced during dynamic performance (see Commentary) . 
jTest article shall be oriented with respect to the vehicle approach path to a position that will theoretically produce the maximum 
vehicle velocity c hange; the orientafion shal l be c n i tent with reasonably expected traffic situations. 
kPoint on appurtennnce where initial vehicle c ntac t is made. 
1sec Part II Commentary Section VII Performance Evaluation. 
msee Part II Commentary, Section V. Test Conditions for devices which are not intended to redirect vehicles when impacted on the 
side on the device. 
nfor base-bending devices, the impact point on the bumper should be offset LS in. (0.38 m) from centerline of vehicle. 
Ofor multiple supports, align vehicle so that the maximum number of supports are contacted assuming the vehicle departs from the 
highway with an angle from O to 30 deg. 

7 
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TABLE 3. 

DAT A ACQUISITION METHODS 

Phase Parameter Measurement 
Acceptable Techniques Remarks Accuracy 

Pretest Test article installation ±0.02 ft (6.0 mm) General surveying equip- Post spacing, rail heights, alignment, orientation, 
ment. Photography etc. , are critical items. 

Vehicle mass ±20 lb (':I kg) Commercial scales Gross mass and distribution (four wheels) as 
tested 

Test Impact speed3 ±0.2 mph (0.09 m/s) (a) Contact switches speed 
trap 

(b) High-speed cine Minimum film speed of T5fJ- 500 fps . 
(c)Radar 
(d) Fifth wheel 

Vehicle accelerations Longitudinal (a) Accelerometers Lateral and longitudinal (and preferably vertical) 
Barriers and accelerometers attached to a common mounting 
Crash Cushions block and the block attached to the vehicle floor 
±0_20 g structure on vehicle centerline at center of vehicle 

gross weight distribution (longitudinal). A second 
Breakaway and set of accelerometers is a desirable option. Com-
Yielding Supports plete data system responsive to 0-min. 500 Hz 
±0.10 g signal. Raw data recorded on magnetic tape and 

maintained as permanent record. Data may be 
filtered for visual presentation according to SAE 

(b) High speed cine b 
J2J I a Cha11110I Class 60. 
Minimum film speed of 500 fps. Internal or exter-
nal timing device; stationary references located in 
field of view of at least two cameras positioned 
90 deg apart. Layout and coordinates of refer-
ences, camera positions, and impact point should 
be reported. Two vehicle references are to be 
located on the vehicle roof, one positioned directly 
above the vehicle center of mass and the second 
5.0 ft (1.5 m) to the rear for the standard car and 
4.0 ft (1.2 m) for the small car. Instant of impact 
shoulcl he denoted hy ~ flash unit placed in view 
of data cameras. The instant of impact should also 
be recorded on magnetic tape or oscillograph. 

Vehicle traJeclory and ±0.5 ft (0.15 Ill)/ ( a) High-speed cine Minimum film speed of 200 fps. Overhead and end 
roll pitch, and yaw +0.5 de_g views of installation preferred. 
0 ccu pant response ± 1.0 g's Dummy ,'1,•11/i/'Qf)(m1et,ii; mm111w, J{)ll+-µefeei~ 
(Optional) ±100 lb (45 kg) tfftt'<!f {Jl;ii;{/i .. N. 011b,;,,1t,J t)(JNleffi- WH+HH-HHH+HHf--

ftl~(UU/4)[..61--fps with 11iew of s11bjtJ<;I /rp111 1'111#'-, 

~J~~~Hfl--61.' l'l!SffllilleQ 

b;,-JnfN111d-iJ11o1u/(/11r-4Rsl/.l;,--IJ1,mmy ,md bl.'lt 
~Ill& •ml.I' iJG u1&Jl'UIH-4-</C60rdb1g 19 

~fe+y-Swm!ltH·e W8. 
Anthropomorphic dummy, 50th percentile male, 
conforming to Part 572 of Title 49 of the Code of 
Federal Regulations. Dummy in driver position 
should be restrained by lap and shoulder belts. 
Second dummy, if available, in right front pas.~cn-
ger position should be unrestrained or restrained, 
with a lap belt only. Dummy and belt restraints 
should be instrnmcn ted according to Federal 
Motor Vehicle Safoly Standard 208. Onboard 
camera ~hould have minimum l'ilm speed of 64 fp~ 
with view of dummies from rear over inside 
shoulders. 

Test article dynamic ±100 µin.fin. Resistance strain gage System responsive to 0-min. 300 Hz. Data recorded 
strain (Optional) by oscillograph or on magnetic tape. 
Test article dynamic ±0.08 ft (24 mm) High-speed cine Overhead camera view; minimum film speed of 
deformation 200 fos. 

Posttest Test article permanent :+-0.02 ft (6 mm) (;enernl surveying equip- Location of significant debris reported. 
deformation/final mcnt 
oosition 
Test article/vehicle Visual inspection, YDI and TAD standard photographs should be shown in 
damage TAD report. 

aSpeed measured during vehicle approach at a maximum j(} ft (9. J m) 15 ft (4.6 m) from point of impact. 
byo he used only as a backup or secondary system due to uncertainty in data processing attributed to a double differentiation calculation. 



B. Structural Adequacy 

The appurtenance shall perform successfully ac
cording to all requirements of structural adequacy 
(Table 4). Otherwise, the appurtenance may present a 
more severe and unpredictable roadside hazard than the 
roadway without the appurtenance. Depending on its 
intended function, the appurtenance may satisfy 
structural adequacy by redirecting or stopping the 
vehicle or permitting the vehicle to break through the 
device. Moreover, the appurtenance shall remain 
essentially intact during collision without fragmenting 
into debris that could penetrate the passenger com
partment or present undue hazard to other traffic. 

C. Impact Severity 

A number of factors (such as vehicle compartment 
geometry, padding, and occupant restraints) are outside 
the control of highway engineers. To remove the 
variability of these factors from appurtenance design, 
impact severity is appraised according to either vehicle 
accelerations or momentum change as these indices are 
functions of only the appurtenance design and vehicle 
external structure. Whereas the highway engineer is 
ultimately concerned with safety of the vehicle oc
cupants, the impact severity criteria (Table 4) shall be 
considered as the guidelines for generally acceptable 
dynamic performance. These criteria are not valid, 
however, for use in predicting occupant injury in real or 
hypothetical accidents. If the optional use of an
thropomorphic dummies is exercised, the dummy in 
the driver position shall be fully restrained by both lap 
and shoulder belts to minimize its interactions with the 
passenger compartment interior. A second dummy if 
used should be either unrestrained or lap belted 
only to simulate such likely restraint conditions. It is 
suggested that procedures and evaluation criteria of 
FMVSS 208 (5) be used, although highway ap
purtenance crash testing is beyond the stated purpose of 
FMVSS 208. 

D. Vehicle Trajectory Hazard 

Vehicle trajectory hazard (Table 4) is a measure of the 
potential of a redirected car causing a subsequent multi
vehicle collision; this is an important consideration for 
appurtenances at high-density traffic locations. It is 
preferred for the vehicle to remain near the installation 
and away from other traffic. A subjective appraisal 
shall be made by the test engineer as to the trajectory 
hazard, based on vehicle exit speed and angle, 
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maximum intrusion into a traffic lane or lanes during 
trajectory, and postcrash controllability of the vehiclt:. 

VIII. REPORT 

A report shall include, but not be limited to, the 
following section: 

A. Appurtenance Description 

The test article shall be fully described, with engineer 
ing drawings and material specification. Reference shall 
be made to revisions in the design evaluated in the 
earlier tests. Ofpeai-e1:1,18,r ifflfJ6Ttffflce is the delmeetifJrt of 
9f}Ceial fae,icati6R fJRti ift!Jtel.'eliefl procedt:Jres (st1eh es 
heat treetmeRt Bflti v1ei'dffleRtsJ tf1tJt fflO>" mfltJence the 
<iyRaFRie seh-a-.•ie.-. Of particular importance is the 
delineation of special fabrication and installation 
procedures (such as heat treatment, weldments, 
and bolt tension, galvanizing in critical stressed 
areas, etc.I that may influence the dynamic 
behavior. 

B. Test Procedures 

A complete description of the test facility and 
associated equipment shall be contained in the report. 
When appropriate, soil properties and conditions shall 
be reported. The data acquisition systems shall be fully 
described, together with the procedures used in 
calibrating and processing the data. 

C. Findings 

To facilitate comparison of findings from two or 
more testing agencies, a findings presentation format as 
shown in Table 5 is recommended. As a part of the 
report, a 16-mm color movie shall be prepared that will 
include before and after documentary coverage of the 
test article and vehicle, high-speed data views of the im
pact (both profile and overhead), and a title block iden
tifying the test and test conditions. 

D. Evaluation 

The dynamic performance of the test article shall be 
discussed with regard to the three evaluation factors: 
structural adequacy, impact severity, and vehicle 
trajectory hazard. A conclusion may be presented as to 
acceptability of the dynamic performance of the ap
purtenance. Recommendations may be offered as to 
modifications that may improve the article and to 
situations where the article may be applicable. 
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TABLE 4. 

SAFETY EVALUATION GUIDELINES 

Dynamic 
Applicable Criteria for Appurtenance 

Performance Evaluation Criteria 
Longitudinal 13 arriers 

Crash Breakaway or 
Factors 

Length-of-Need 
Terminals Cushions Yielding Supports 

and Transitions 

I. Structural Adequacy A. The test article shall redirect the vehicle; • hence, the vehicle shall not penetrate or vault 
over the installation. 

B. The test article shall not pocket or snag the 
vehicle causing abrupt deceleration or spinout 
or shall not cause the vehicle to rollover. The 
vehicle shall remain upnght dunng and after 
impact although moderate roll and pitching • • • • is acceptable. The integrity of passenger 
compartment must be maintained. There shall 
be no loose elements, fragments or other 
debris that could penetrate the passenger 
compartment or present undue hazard to 
other traffic. 

C. Acceptable test article performance may be • • by redirection, containment, or con trolled 
penetration by the vehicle. 

D. The terminal shall develop tensile and/or • flexural strength of the length-of-need. 
11. Impact Severity A. Where test article functions by redirecting 

(See Section VII vehicle, maximum vehicle acceleration (50 msec 
of Commentary for ms avg) measured near the center of mass 
discussion and should be less than the following values: 
limitation of guide-
line values) Maximum Vehicle Accelerations (g's) 

Lateral Longitud inal Total Remarks • • • 3 .'i (i Preferred 
5 10 12 Acceptable 

These rigid body accelerations apply to 
impact tests at 15 deg or less. 

B. ((}ptionat). Antiuopmnorphrc dummy-responses -
should be less than those specified by FMVSS 208 
(e.g., resultant chest acceleration of 60 g, Head 

0 0 0 0 Injury Criterion of 1000, UJ9() 11b f{} /i.1"'1 
si,atdtie:, .i/R,H1e1r.,· u,·1(i i@B{) ih (;;;; ,;; hi'ii :s/:ai 
~. femur force of 1400 lb (6.2 kN). 

C. For direct-on impacts or test article, where 
vehicle is decelerated to a stop and where 
lateral accelerations are minimum, the pre-
ferred maximum vehicle acceleration average • • ll"8F SO nu is 6 to 8 g's and the maximum 
average permissible vehicle deceleration is 
12 gas calculated from vehicle impact speed 
and passenger compartment stopping 
disiance. * 

D. fl'-im1,1,•11 mm1Hwlllm eJ.·111,i•e 9{ ihe 1·£•/+iele-
i/.11r:i•1gi111paci&J.i~~ 
+hisis·e.ll~l:J>~~ 
HH'#fJ/l(;{J/J.!1& It:> l,91/.i :Cf#Ju ,! ,md J. 
Maximum momentum change of the vehicle • during impact shall be 1100 lb-s (4892 Ns), 
and preferably less than 750 lb-s (3336 Ns). 
(See Part II Commentary, VII Performance 
Evaluation). 

III. Vehicle Trajectory A. After impact, the vehicle trajectory and final • • • Hazard stopping position shall intrude a minimum • distance into adiacent traffic lanes. 
B. Vehicle trajectory behind the terminal is 

acceptable. • 
*See !'art II Commentary, Section Vil, for details. 
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TABLE 5. 

FINDINGS FORMAT 

Item Description Format 
Scale (units/ in.) 

Ordinate Abscissa 

Photography 
Still Before and after test of vehicle and installation Photographs 
Movie Sequence (4 to 8 frames) during impact Photographs 

Acceleration 
Vehicle Lateral and longitudinal; filtered (see Sec. VI) Plotsa 10 gb 100 ms 
Dummyc Chest and head x, y, and z; filtered (SAE J211a) Plots 20 g lOOms 

Forcec 

Seat Belt Lap and shoulder harness Plots 1000 lb ( 4448 N) lOOms 
Femur Femur force cells Plots 1000 lb ( 4448 N) lOOms 

Dynamic Strainc Strain gage data from critical appurtenance points Plots 500 µ. in.fin. lOOms 
Drawing showing strain gage locations Drawing 

Deformation 
Permanent Profile of deformation Table 
Dynamic Maximum deformation of test article Text 

Damage Estimate Appurtenance length, elements or components Description 
required to restore installation. Vehicle exterior Photographs 
and passenger compartment deformation VOi Scale 

TAD Scale 

Notes: 
aData from film analysis may be presented in tabular form. 
bfor base-bending signs, the ordinate should be 2 g/in. 
CQptionaL 
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I. SCOPE 

A. Purpose 

The primary purpose of the recommended procedures 
is to promote uniform testing practices whereby 
highway design engineers may have a basis for com
paring the relative merits of two or more candidate 
appurtenances based on test results. The highway 
designer should be aware that vehicle crash testing is a 
method for developing and screening new ap
purtenances and that the final merit of an appurtenance 
must be based on in-service performance. 

Vehicle crash tests are complex experiments and are 
difficult to replicate due to imprecise controls of critical 
test conditions (i .e., impact speed, angle, etc.) and the 
sometimes random and unstable behavior of dynamic 
crush and fracture mechanisms. The testing procedures 
are intended to enhance the precision of these ex
periments while at the same time maintaining their costs 
within acceptable bounds. The highway engineer should 
recognize the limitations of these tests and exercise care 
in interpreting the results. 

B. Severe Standards 

These testing procedures for passenger vehicle im
pacts art: <lt:vised lo subject highway appurtenances to 
severe or worst conditions with pa~senger vehicles 
rather than to "typical" or the more predominant 
highway situations. By use of this approach, which was 
first advanced by procedures of HRB Circular 482 
[4,000-lb (1,814-kg)car, 60 mph (26.8 mis), 25 deg] (1), 
longitudinal barriers have been developed that function 
acceptably over a wide range of impact conditions that 
encompass most of the present highway traffic. Barriers 
developed under this &BfRewhat 69R69PJa#'il'8 approach 
are only marginally more expensive than those that will 
perform under less severe [i.e., 4,000-lb (1,814-kg) car, 
60 mph (26.8 mis), 15 deg] conditions. 

C. Idealized Conditions 

If one considers the innumerable highway site and 
appurtenance layout conditions that exist, it is im
practical or impossible to duplicate these in a limited 
number of standardized tests. Accordingly, the aim of 
the procedures is to normalize or idealize test con
ditions. Hence, straight longitudinal barriers are tested, 
although curved installations exist; a flat grade is 
recommended, even though installations are sometimes 
situated on sloped shoulders and behind curbs; an 
idealized soil is specified, although guardrails are often 

PART II. COMMENTARY 

installed in poor soil or frozen ground. These normaliz
ed factors have significant effect on a barrier's per
formance, but become secondary in importance when 
comparing results of two or more systems. Moreover, 
the normalized conditions are more easily duplicated by 
testing agencies than, say, a unique feature; consequent
ly, they should promote correlation of results from dif
ferent groups. Nevertheless, when the highway engineer 
requires the performance of a system for specified site 
conditions (such as a unique soil or curb layout) or the 
performance of an appurtenance is suspected of be
ing unacceptable under some likely conditions these 
conditions should be used instead of or in addition to 
the idealized conditions. 

The f),"8eedtHes a."e iRleR<Jefi fer /:/Se with f)83SeRgerc 
vt!hicles in the mass I t1ngc of 2,{:)SfJ to 4, 7(}() lb (930 to 
2,131 kg). 8eet1t:JSe there-is-limited expe.ience on which 
16 bese tes#ffg-ftf'()cedt:h"CS, testi·ng ~v'it-h latge am:J--t!lrw
tiet1!oted vehicles is be'f'(JRd the sct:Jpe tJ f this-dtJcument. 
Howell'ef', 1 esee,"Chers and testing agencies p~ fotming 
ftJl'gc ~ehicie test$ a, e encotJ>"tJgcd to follol/11 these 
proGBlhiffJs whtJA afJfJl9f}fiat9 aRd t8 .~9rt d8•,4atieR&. 

D. Passenger Cars Only 

The procedures are intended for use with 
passenger vehicles in the mass range of 2,050 to 
4,700 lb (930 to 2,131 kg); guidelines for testing with 
other size vehicles is beyond the present scope. 
Regulations on new car fleet fuel economy will in
crease the percentage of vehicles with curb weight 
less than the 2050 lb (930 kg) vehicle. It is anticipated 
that the next updating of this report will ac
commodate this trend. Tests are being conducted 
by some agencies to develop barriers for heavier 
vehicles such as 23,000 lb (10,430 kg) school buses, 
40,000 lb (18,140 kg) intercity buses, and 80,000 lb 
(36,280 kg) articulated trucks. Experience to date 
suggests that test outcome may be very sensitive to 
test vehicle properties. Thus, it is important that pro
perties such as location and height of center of 
gravity and mass moments of inertia be measured 
and reported. 

rltese preeetitJres 9ff! RBt iflteRflefi w ff!/3/oee ether 
type tests (st1eh f1S those pe,·liJ.-med in f1 f)emit11'tlm 
feei!i,r}. Pfeee£i.t:Jres lfJr p&.<er1r:ti-ng ether tyf)es el op 
f)UFleRaRG9 test-& 81'9 99y9Rd tR9 669{}9 9f t/:iis 9'J61:JfR9Rt. 

E. Permanent Appurtenances 

These procedures are intended for use with 
highway appurtenances which will be permanently 
installed along the highway. However, the efficacy 
of barricades and barriers used in construction 



zones or other temporary locations should be 
validated by tests conducted in accordance with 
these procedures but adjusted for the conditions of 
impact speed and angle expected. For example, 
vehicle impact tests have shown that timber bar
ricades could generate hazardous flying debris at 
speeds of 35 mph (13.0 m/s). Even some designs of 
portable precast concrete median barriers have pro
ven unsafe when subjected to Test 1 conditions for 
longitudinal barriers. Limited testing has been con
ducted on portable crash cushions including vehicle 
mounted attenuators which may be useful in con
struction zones. 

F. Complementary Techniques 

These procedures are not intended to replace 
vehicle barrier impact computer simulations or 
other tests such as those performed in a pendulum 
facility. Computer simulations are useful in describ
ing the complex interaction of vehicle appurtenance 
and for evaluating these appurtenances for a wide 
range of impact conditions. Pendulum tests have 
proved to be useful in evaluating luminaire supports 
and in certain studies of barrier components of cer
tain full assemblies. The discussion and role of com
puter simulations and procedures for performing 
other types of appurtenance tests are beyond the 
scope of this document. 

G. Definitions 

Longitudinal (6) traffic barriers are devices that 
perform by redirecting errant vehicles away from 
roadside hazards; examples of longitudinal barriers are 
guardrail, bridge rail, and median barrier installations. 
Elements of a typical longitudinal barrier are length-of
need, terminals, and transitions. The length-of-need 
segment (or midsegment of a longitudinal barrier) is 
established such that practically all errant vehicles that 
may strike the hazard being shielded are intercepted. 
Upstream and downstream terminals develop the 
redirective properties of the length-of-need segment 
through tensile and/ or flexural anchorage. Transitions 
occur in longitudinal barrier installations where two 
systems of different lateral flexibility are joined (i.e., 
cable to W-beam or W-beam to concrete rail); generally, 
a transition is critical only in going from a flexible to a 
less flexible system, in which case vehicle pocketing may 
occur. 

Crash cushions (6), also called impact attenuators, 
have a prime purpose of safely stopping errant 
vehicles. A crash cushion may or may not have 
redirective capability for side impacts. Examples of 
crash cushions with redirective capability are water cells 
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(with fenders) and steel drums (with 
fenders); examples of crash cushions without redirective 
capability are sand containers and an en
trapment net. 

Breakaway and yielding supports (7) are devices that 
are designed to readily disengage, fracture , or 
bend away from impacting vehicles. Such supports are 
used for signs, luminaires, and other selected 
highway appurtenances. 

II. TESTING FACILITY 

As discussed previously,features of the impact zone 
are idealized for the general performance type 
of test. That is, the surface should be flat, with no 
curbs, dikes, or ditches in front of the installation. 

The recommended soil is a well-graded gravel 
material that should be readily available to most 
testing agencies . The low-cohesive material with 
minimum fine particles should exhibit minimum sen
sitivity to moisture content and thixotropy; hence, the 
material will be readily amenable for rapid 
recompaction between tests to the referenced condition. 

A structure simulating a bridge is suggested for bridge 
rail tests for two reasons. First, the 
behavior of the bridge deck during impact can be 
observed; second, the vehicle trajectory during 
redirection can be monitored to observe if a wheel drops 
below deck level and is trapped. 

Ill. TEST ARTICLE 

A. Construction Details 

Failure or adverse performance of a highway ap
purtenance during crash testing can often be at
tributed to seemingly insignificant design or con
struction details. For this reason, it is most important 
to assure that the test article has been properly 
assembled and erected and that critical materials have 
the specified design properties. Materials of most 
concern are those that are highly stressed (such as 
anchor cables, cable connections, and concrete 
footings) or those that must fracture or tear away 
during impact (such as transformer bases or weakened 
barrier posts). Compressive tests of concrete 
cylinders, proof tests of cable assemblies, and tensile 
tests of metal coupons, should be performed on 
a random sample of the test article elements. It should 
be noted that well-defined material specifica
tions and appropriate fracture modes are not developed 
at this time for the specific appurtenances in 
this report. 

B. Installation Length 

The test engineer must exercise proper judgment in 
establishing test installation length. In specify-
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ing minimum length of longitudinal barrier installation, 
the intent is to mm1m1ze influence of ter
minals and thereby simulate a long barrier. Also to be 
considered is the possible need to extend the 
barrier installation to observe a second collision bet
ween vehicle and barrier. 

C. Complete Test Article 

For breakaway and yielding appurtenances, the 
detached elements represent a potential hazard to 
other traffic; consequently, the full-height structure 
shall be employed as the test article in order that 
a realistic detached element trajectory may be observed. 
Also, it is recognized that the mast arms and 
luminaire (i.e., mass) may affect the fracture 
mechanism of the yielding or frangible part due to dead 
load; therefore, these components are required to 
promote an acceptable correlation between tests 
and service experience. The luminaire may be simulated 
by an equivalent mass. 

D. Orientation 

The energy or force required to fracture a breakaway 
device is sometimes sensitive to orientation of 
the device with respect to direction of impact. For 
example, pendulum tests have indicated that a 
breakaway transformer base breaks more readily when 
struck on a corner than on a flat side. Because 
errant vehicles may approach a breakaway device at 
angles ranging from O to 30 deg or more, it is 
suggested that the device be tested assuming the most 
severe direction of vehicle approach consistent 
with expected traffic conditions. For instance, the 
transformer base should be oriented so the vehicle 
strikes a flat side. Moreover, because the energy 
required to fracture a device can be increased due to 
buckling of the support at the point of contact with the 
vehicle, the handhole in the luminaire shaft 
should be positioned during a test so that probability of 
local collapse of the shaft is maximized (7). 

E. Foundation Details 

Displacement and/ or rotation of the footing during 
vehicle impact with a breakaway device may adversely 
affect the fracture mechanism. Inspection of in-service 
breakaway structures has revealed foundation or soil 
conditions that do not properly fix the breakaway 
device. In recognizing that the breakaway device and 
footing must function as a system, the procedures 
specify that the appurtenance details include the footing 
structure. Fixity of the breakaway device is provided by 
footing inertia (mass) and passive soil resistance. The 
footing for use in testing a breakaway device should be 
designed for minimum wind conditions, thus yielding a 

minimum footing mass and size; a larger footing will 
yield a greater breakaway device fixity and, hence, is 
less critical. The soil should be compacted around the 
footing, thus assuring full passive soil resistance; a gap 
(not simulated in the test) between the soil and footing 
of in-service devices caused by soil shrinkage or 
wallowing caused by wind is believed to adversely affect 
breakaway performance. 

F. Realistic Site Conditions 

Conditions for testing crash cushions should be in 
keeping with expected use of the device. That is, th9 
Gf:16f:iieR i<Ray f'8(11Ji.<B •.1alidatim:, kJr sid6 r9diuJ<;tim:, as w,9/1 

es end BR tffl(Jaets. Hewever, eertaJR dewees havfJ Re 
;•cflir.ee#ve e8f:}ability, heRee eRly the eRd 6R deeelfH'atieR 
festtne is Bf interest {i.e., e,~9gRet}. That is, while the 
cushion requires validation for side impacts as well 
as for end-on impacts, certain devices do not fit the 
general pattern of site conditions, and special con
siderations must be given for these situations. For 
example, the dragnet does not have an exposed 
side (in some applications) which can be impacted 
by traffic; however, there may be support posts 
which may present a hazard if not properly design
ed, located and/or shielded. Such details require 
careful consideration in devising the test layout and 
matrix. Also, potential sites for a cushion may be sen
sitive to debris (i.e., elevated gore) whereas at other sites 
(i.e., roadside fixed object) the scattering of debris is a 
minimum hazard to other traffic. These factors should 
be considered in devising the test article layout. 

IV. TEST VEHICLE 

A. Features 

Vehicle design and its condition at the time of test can 
have major influence on the dynamic performance of an 
appurtenance. Vehicle bumper height, configuration, 
and stiffness; vehicle mass distribution and suspension 
system; and vehicle structure, are the more important 
parameters. In establishing the recommended 
procedures, consideration was given to specifying a 
standard bogie or to selecting a specific make and model 
of domestic car as the test vehicle. However, the concept 
of using late-model passenger vehicles without 
specifying manufacturer is used because it provides for 
the more general evaluation of an appurtenance; 
otherwise, appurtenances could be developed that are 
singularly tuned to a bogie or a standard test car . .J.t..is
eeRjeetlHed that ew:rBRt auto1¥19b.i/9 d9sigr:i tu1r:ids to 
-61andardi29 bu1¥1pi.r t,~l:,t ar:id ir¥JPact perlor.maoce alld 
te .'FRfJ,"9Ve geRe1ai era&l-lvlerthiR9&s ef the Gar 14ef.lJ 
~~ the 1r,,tide range of dytlamic performaoce arooog 
WNi91:16 \<tmil;/Bs 1Atf:ifll'1 i-Rtsra,t-8d with a h.igf:iwav ap
purt9RaRG~ 



B. Condition 

The test vehicle should be in sound structural shape 
without major sheet metal damage. Use of a vehicle for 
more than one crash test should be avoided, as vehicle 
damage in an initial test may effect an artificial per
formance behavior in later tests. This is particularly 
important in evaluating appurtenances such as a 
breakaway support, where vehicle crush significantly 
affects the fracture mechanism. 

C. Sizes 

Two vehicle sizes are suggested by mass: a standard
size sedan [4,500-lb (2,040-kg)] and a subcompact 
[2,250-lb (1,020-kg)]. To adjust a test vehicle mass 
within the allowable 200-lb (90-kg) variance of these 
target values, a ballast of 500 lb (225 kg) may be added 
to the car. The added ballast may be thought of as four 
125-lb (57-kg) passengers. To minimize any unusual 
changes in the vehicle weight distribution and mass 
moments of inertia, the ballast should be contained 
within the passenger compartment and around the 
center-of-mass and should be securely attached to the 
vehicle structure. Sandbags or dummies, stationed in 
the four primary occupant positions and secured with 
lapbelts, would satisfy these requirements. 

D. Special Properties 

For special tests. such as when the vehicle will 
interact with a curb or dike. it may be desirable to 
provide a more comprehensive description of the 
vehicle properties, such as wheel spring constants 
and mass moments of inertia. These data will in
fluence test outcome and in addition are important 
input for computer simulation studies. 

E. Guidance 

A number of systems have been used by testing 
agencies in guiding the unmanned vehicle; these include 
(a) telemetry/steering wheel control, (b) channel 
guiderail for vehicle wheels, (c) cable and guide bracket 
mounted on the vehicle front wheel, and (d) steering 
linkage guide shoe set on center guiderail. Although the 
forces introduced in the vehicle by the guidance system 
are small compared to the appurtenance impact forces, 
the vehicle guidance should be terminated prior to 
impact. 

F. Brake Application 

Because vehicle front wheels frequently are detached 
during impacts, especially with longitudinal barriers, 
remotely actuated brakes are generally applied to the 
rear wheels only. This braking mode may cause in
stability (i.e., spin) of the car during posttest trajectory. 
For this reason, braking should be delayed as long as 
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safely feasible so that the unbraked posttest trajectory 
can be observed. Vehicle position at the time of brake 
application should be noted in the report. 

V. TEST CONDITIONS 

A. Practical Limitations 

Errant vehicles of all classes and mass leave the 
pavement and strike highway appurtenances with a wide 
range of speeds, angles, and attitudes. It is a goal of 
highway engineers to design appurtenances that will 
satisfactorily perform for this range of impact con
ditions. Combinations of vehicle speed, mass, and 
approach angle that occur are unlimited. But the impact 
conditions must be reduced to a finite number in order 
to keep an evaluation test series within economic and 
practical bounds. The approach used in formulating the 
recommended test conditions is to evaluate the devices 
for cases which are very severe, yet practical. 

The number of tests recommended for each ap
purtenance should be considered a minimum. Ad
ditional tests at other impact conditions are suggested to 
further establish performance of an appurtenance. 
Specific impact conditions should be devised in order 
that potentially critical elements of a test article are 
examined; generally, it is anticipated that impact 
conditions of the additional tests will be within the 
range of conditions of the recommended tests. 

B. Target Conditions 

Vehicle kinetic energy at impact is presented as a test 
control 

w 
K.E.=-V2 

64.4 

in which Wis vehicle mass in pounds, and Vis vehicle 
speed in fps. As a 200-lb (90~kg) variance in test vehicle 
mass is permitted, it is recommended that the target im
pact speed be adjusted to attain the suggested kinetic 
energy level. For example, a test vehicle mass with the 
maximum allowable 500-lb (225-kg) ballast is 4,300 lb 
(1,950 kg) instead of 4,500 lb (2,040 kg); to attain the 
540,000-ft-lb (733-kJ) kinetic energy level, the vehicle 
speed should be targeted at 61.4 (27 .4 mis) instead of 60 
mph (26.8 m/s). In a similar manner, if the vehicle mass 
is 4,700 lb (2,131 kg), the target impact speed should be 
reduced from 60 mph (26.8 m/s) to 58.7 mph 
(26.2 mis). 

Preliminary analysis of tests performed at several 
agencies indicates that tolerances on target impact 
energy presented in Table 2 while desirable are too 
restrictive in light of best current practice. It is 
anticipated that a more realistic and descriptive 
indicator of test adequacy will replace the kinetic 
energy guideline. Such an indicator would include 
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vehicle mass, yaw moment of inertia. impact speed 
and impact angle for tests involving redirectional 
impacts; for nondirectional impacts, the kinetic 
energy guideline could still suffice, but with 
modifications to the present tolerances. In the in
terim. it is recommended that the " + " tolerance of 
the 60 mph (26.8 m/sl be increased to 75 ft-kips (102 
kJ) for the 4500-lb (2040-kg) vehicle and to 40 
ft-kips (54 kJI for the 2250-lb (1020-kg) vehicle, and 
that the " - " tolerance of the 20 mph (8.9 m/sl be in
creased to 8 ft-kips (11 kJI for the 2250-lb (1020 kg) 
vehicle. Also, the"-" tolerance for the 30 mph (13.4 
m/sl test of the 2250-lb (1020-kgl vehicle should be 
increased from 9 to 13 ft-kips (12 to 17.6 kJ). Such 
changes are in the spirit of providing margin for test 
impact conditions inconsistencies on the side of 
overtesting the test device rather than undertesting. 

C. Longitudinal Barriers 

Test 1 ·[i.e., 4,500-lb (2,040-kg) vehicle/60 mph (26.8 
m/s)/25 deg] should be considered primarily 
a strength test of the installation in preventing the 
vehicle from penetrating or vaulting. The 25-deg 
approach angle is severe when compared to findings of 
Hutchinson (8) that show that 75 percent of 
vehicles leave the pavement at 15 deg or less. In con
trast, California Department of Transportation 
(9) reports that about 50 percent of the vehicles in an 
accident study in the Los Angeles area struck 
the barrier at 15 deg or more. Based on experience of 
systems evaluated at the Circular 482 (1) 
criteria, the systems perform well in service under a wiue 
range of layout conditions and road 
alignments. Test 1 should be considerecl. principally a 
strength test, and evaluation of vehicle redirec
tion severity as related to vehicle occupants is somewhat 
of a secondary consideration. Nevertheless, 
vehicle decelerations should be measured and reported. 

Conditions for Test 2 were established based on the 
following factors: 

1. The population of small cars is increasing. With 
other factors being equal, the redirection of a 
small car impacting a system where stiffness is 
dependent on deformed shape alone will be more 
severe than for a large car. Also, the small car has a 
shorter wheelbase and a narrower track, making 
it more vulnerable to rollover during redirection. 

2. The 60-mph (26.8 mis) and 15-deg impact 
represent an appropriately severe test for measuring 
redirection performance of the test article in terms of 
vehicle decelerations and vehicle damage. 

The vehicle should be in a driveable condition after 
Test 2. 

Only one test is suggested for evaluating transitions 

between longitudinal barriers of different 
lateral flexibility. Because the transition normally will 
be situated in a length-of-need, it should be 
evaluated according to the length-of-need strength test. 
The principal failure mode is for the vehicle 
to pocket or snag, with this occurring at transitions 
from flexible to rigid systems. Transitions from 
rigid to flexible systems are believed to be noncritical. 

Terminals should be evaluated for (I) end-on hits for 
large and small cars (Tests 1 and 3, respec
tively), (2) adequacy of the anchorage at the beginning 
of the length-of-need (Test 2), and (3) the 
redirective performance midpoint between the nose and 
the beginning of the length-of-need (Test 4); 
four tests are suggested. For the end-on hit, it is 
assumed that the terminal may perform as either a 
crash cushion, in which case the vehicle is brought to a 
controlled stop, or a deflective device that 
directs the vehicle back to the pavement or to a path 
behind the installation. In either instance, the 
device should be examined for the two vehicle sizes and 
two impact kinetic energy levels. The ade
quacy of the terminal anchorage function is demon
strated using Test 2. It is to be noted that the point 
of impact is specified as being at the beginning of the 
length-of-need; this point may fall within the 
terminal configuration and not necessarily at the 
beginning of the typical longitudinal barrier seg
ment. This impact point should be selected at the 
minimum distance from the terminal nose where 
full anchorage and redirective performance is achieved 
in oruer tu minimize lengths of in-service in
stallations, thereby reducing installation costs and 
iength of roadside hazards. The behavior of a 
vehicle striking within the terminal is demonstrated 
using Test 4; acceptable performance is by either 
redirection or controlled penetration by the vehicle. 

The test matrix for the longitudinal barrier is for
mulated mainly for high-speed conditions existing 
on primary highways. Whereas traffic speed may be 
lower for secondary highways and departure 
angles of vehicles leaving the pavement less for narrow 
dual-lane roads, the actual impact conditions 
may be similar to primary highways due to less stringent 
highway alignment requirements for secon
dary roads. For this reason, unless a study indicates that 
other procedures should be followed, it is 
suggested that barrier systems installed on primary or 
secondary highways should be evaluated for 
similar impact conditions . 

D. Crash Cushions 

Similar to a longitudinal barrier terminal, a crash 
cushion is expected to perform for a wide range of 



impact conditions. In addition to vehicle mass, speed, 
and angle of approach, the point of impact adds 
another dimension to the array of possible collision 
situations. Based on research experience and generally 
excellent accident experience (10) with the first
generation crash cushion designs, a minimum matrix of 
four tests has been devised that examine and demon
strate a device at four critical combinations of impact 
conditions. Because future-generation crash cushions 
may depart radically from current designs, the future 
designs should be examined carefully for other critical 
combinations of impact conditions. 

The test matrix evaluates a crash cushion for speeds 
to 60 mph (26.8 mis), and these devices are generally 
applicable to all classes of highways. For lower-speed 
highways, it may be appropriate to design special crash 
cushions for lower impact velocities. It is recommended 
that these lower impact velocity crash cushions be 
evaluated at 110 percent of the posted speed limit for the 
four tests instead of 60 mph (26.8 mis.) 

Four tests are recommended for evaluating a crash 
cushion: 

• Test 1: [4,500-lb (2,040 kg) vehicle/60 mph 
(26.8 mis)/ 0 deg into center nose of the device]. 
The objective of this test is to evaluate the energy
absorbing/ dissipation property of the test article 
for a severe set of impact conditions. Vehicle 
stability and deceleration intensity are chief 
concerns. 

• Test 2: [2,250-lb (1,020 kg) vehicle/60 mph 
(26.8 mis)! 0 deg into center nose of the device]. 
The primary purpose of this test is to demonstrate 
that vehicle deceleration, which is generally 
critical for the small car, is within acceptable 
limits. This test is sufficient for those devices that 
produce fairly constant or slowly varying vehicle 
decelerations. On the other hand, an additional 
test [2,250-lb (1,020-kg) vehicle/30 mph 
(13.4 mis) or less/0 deg into the center nose of the 
device] is recommended for staged devices - those 
devices that produce a sequence of individual vehi
cle deceleration pulses (i.e., "lumpy" devices) 
and/ or those devices comprised of massive com
ponents that are displaced during dynamic per
formance. The lower-speed test is considered more 
critical due to the relatively high initiation force 
required to mobilize such crash cushions - such 
as, cushions consisting of a field of timber posts or 
individual fragmenting structures. 

• Test 3: [4,500-lb (2,040-kg) vehicle/60 mph 
(26.8 m/s)/20 deg alongside of crash cushion]. 
This test is to evaluate crash cushions for redirec
tional performance capability. It is desirable to 
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have crash cushions that will perform at 60 mph 
(26.8 mis) and 25-deg angle; however, most of the 
present-generation devices lack this capability. 
Hence, until this capability is developed, the 20-
deg impact angle is considered as a minimum test 
criterion where redirectional performance is 
evaluated. The point of impact should be approx
imately at midlength along the crash cushion side 
but not more than 20-ft (6.0 m) upstream from the 
backup structure to assure that the vehicle is 
smoothly redirected and is not pocketed or snagg
ed at the crash cushion-backup structure connec
tion; the backup structure should simulate a 
bridge rail end. 

For crash cushions which do not redirect vehicles 
when struck on the side of the device such as for 
the Energite/Fibco/Sand Tire crash cushions, Test 3 
is modified as follows: the vehicle shall be 4500 lb 
(2040 kg), test speed of 60 mph (26.8 mis), an impact 
angle of 15 deg with the line of symmetry of the 
device, and the center of the vehicle shall be aligned 
on the corner of the test hazard. 

This Test 3 modification is new and accordingly 
acceptance criterion for this test has not yet been 
derived. However, it is recommended that the 
average vehicle acceleration prior to impact with 
the shielded test hazard be less than 12 g's. It is im
portant that the speed of the vehicle at contact with 
the shielded rigid object be reported in this test. The 
average acceleration of the vehicle after impact 
with the shielded rigid object should also be 
reported. It is recognized that the selected impact 
angle and point of impact represent a severe set of 
test conditions. Field data indicate that such colli
sions occur rarely with these devices (10). The data 
from this test are an important reference for com
paring transition zone designs. 

• Test 4: [4,500-lb (2,040-kg) vehicle/60 mph (26.8 
mis)] 10-15 deg impact angle 0-3 ft off-center 
from point of nose. This test evaluates the test 
article for unsymmetrical loading at the nose. 
Stability of the vehicle with respect to spinout, 
rollover, and pocketing is the primary concern of 
this test. Analysis of accident reports reveals that 
these· test conditions occur frequently. Whereas 
Tests 1, 2 and 3 have been used in developing first
generation crash cushions, Test 4 is a new test and 
should provide the highway engineer with insight 
into the crash cushion performance. The test 
engineer shall establish the exact test conditions 
within the specified limits so that test article 
failure is most likely to occur. 
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E. Breakaway or Yielding Supports 
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Two tests are suggested for this type of ap
purtenance with 2,250-lb (1,020-kg) vehicles; Test 1 
at 20 mph (8.9 m/s) and Test 2 at 60 mph (26.8 m/s). 
For breakaway supports, these two tests will satisfy 
the 20 to 60 mph (8.9 to 26.8 m/s) called for in the 
AASHTO Specifications (18) as shown in reference 
19. (For special cases that are described in Part II 
Commentary, Section VII, calculations may be used 
in lieu of Test 2.) For yielding or basebending sup
ports, the failure mechanism of the support during 
impact may differ as a function of impacting speed 
and no assurance can be given that some in
termediate speed may produce a higher change in 
vehicle momentum. Both tests are relatively new, 
and are known to be more stringent than past full
scale vehicle impact test conditions. Accordingly, 
no assurance can be given that breakaway or 

yielding supports which qualified under older less 
stringent requirements will meet the current 
AASHTO Specifications without subjecting these 
designs to the tests called for by these specifica
tions. 

The impact point should be centered on the vehi
cle bumper for both tests except Test 2 on baseben
ding signs. Research currently underway on 
basebending signs indicates that off-center impacts 
can be more severe than centered impacts for these 
supports (21 ); accordingly the suggested impact 
point for supports which can be ridden down by a 
vehicle is offset 15 in. (40 cm) from the vehicle's 
centerline. The criticality of off-center Test 2 im
pacts on other than basebending supports is 
unknown at this time; therefore, testing agencies 
should study latest research findings prior to 
establishing Test 2 bumper impact point. Multiple 
tests with the same vehicle in which vehicle 
bumper or front-end crush properties are changed 
shall be avoided. 

Research is currently underway to develop a 
pendulum or bogie test equivalent for Test 1. 

VI. DATA ACQUISITION SYSTEMS 

A. Specifications Purpose 

Dynamic performance of a highway appurtenance 
ultimately is judged by the degree of hazard to which the 
vehicle occupants are subjected during impact and to 
which other traffic is subjected as a result of the 
redirected vehicle and colfision eori~ data 
acquisition systems are specified to document the 
dynamics of the vehicle and lesl arlicle during and 
immediately after impact. 

B. Precision Specifications 

The limits of measurement precision given in Table 3 
were established based on two factors: the minimum 
variation in the parameters of current or near-future 
significance, and economical and technical feasibility. 
Precisions are presented in terms of absolute values, 
rather than the percentage of full scule, to promote 
proper selection of equipment. For instance, a I-percent 
precision would permit a tolerance of 5 g's for a 500-g 
accelerometer; this excessive tolerance could obscure 
significant vehicle response, which generally ranges 
below 15 g. 

C. Broad Band Recording 

It is recommended that signals from the vehicle ac
celerometers be recorded in broadband (i.e., 0-min 500 
Hz) on magnetic tape as a permanent record, although 
th~ data may be subsequently filtered according to SAE 
J2lla Channel Class 60 for reporting. Hence, the 



broadband data may be filtered to other channel class 
requirements to meet future needs. 

D. Accelerometers Calibration 

The complete accelerometer data acquisition system 
should be calibrated against a known standard as sug
gested in SAE 121 la (4). For example, the transducer 
should be physically exercised through the acceleration 
and frequency envelope and the signal conditioned and 
recorded through the acquisition system; deviation from 
the standard should be calculated for the envelope. Just 
prior to test, the acquisition system should be calibrated 
for at least one set of known conditions (i.e., accelera
tion intensity and frequency) by physically exercising 
the transducer; the recorded calibration signal will serve 
as a check for operation status of the complete system 
and a scaling function for data processing. Another 
calibration technique is to artificially produce an ac
celerometer signal by introducing a precise voltage 
change in the circuit and recording the conditioned 
signal; however, this technique is less preferred because 
the transducer mechanical mechanism is left unchecked. 
Posttest calibration of the complete accelerometer 
system is important and should be performed to ascer
tain operational status of the system and identify possi
ble measurement problems. 

E. Accelerometer Mounting 

Mounting on accelerometers in the vehicle should be 
performed with care so as to minimize local effects and 
structural ringing. A metal block of 1 x 5 x 5-in. or 
larger is suggested for combining the accelerometers on 
a common structure; the block can then be attached to a 
vehicle frame or pan member. A more elaborate 
technique is to span between the vehicle "B" pillars 
with a rigid steel beam (i.e., 10 plf or greater) and then 
attach the accelerometer block to the beam. Care 
should be taken to assure that one set of ac
celerometers is located on the vehicle centerline at 
the longitudinal center of gross vehicle mass 
distribution as any vehicle roll, pitch, or yaw during 
the test will result in changes in the accelerometer 
signals as a function of accelerometer locations. 
Thus, unless front/rear vehicle mass distribution is 
measured before the test and an accelerometer set 
location positioned accordingly, the desired 
standardization for comparability of test results will 
not be achieved for such tests. 

F. Sign Convention 

The sign convention for vehicle positivt: accelerations 
is shown in Figure 1. Positive acceleration occurs when 
the vehicle center-of-mass increases in velocity in the 
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forward, left, or upward directions with respect to the 
driver's attitude. 

G. Optional Data 

Although not required at this time, the testing 
agency is encouraged to develop capability to 
record the six basic accelerations of the vehicle: x, 
y, z, roll, pitch and yaw. These data, as well as 
corresponding velocities and displacements, should 
be shown in the report in plots or tables as a func
tion of time. 

H. High-Speed Cine 

As a backup system for determining vehicle 
accelerations and kinematics, high-speed cine has 
been used by at least one agency. Guidance for this 
secondary system would consist of (a) minimum 
film speed of 500 fps, (b} internal or external timing 
device, and (c} stationary references located in field 
of view of at least two cameras positioned 90 deg 
apart. Layout and coordinates of references, camera 
positions and impact point should be reported. Two 
vehicle references should be located on the vehicle 
roof, one positi.oned directly above the vehicle 
center of mass and the second 5.0 ft (1.5 m) to the 
rear for the standard car and 4.0 ft (1.2 m) for the 
small car. Instant of impact should be denoted by a 
flash unit placed in view of data cameras. The in
stant of impact should also be recorded on 
magnetic tape or oscillograph. 

I. Strain Gauges 

A discussion of the application of strain gauges is 
beyond the scope of this document. A most complete 
presentation of strain gauge technology has been 
compiled by Murray and Stein (16). Calibration 
procedures on bonded strain gauges are presented in 
ASTME251-67 (17). 

+Z 

Figure 1. Vehicle accelerations sign convention. 
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J. Anthropomorphic Dummies 
Use of anthropomorphic dummies is considered 

optional for evaluation of highway appurtenances. 
However, the testing agency is encouraged to use 
dummies. When fully instrumented dummies are us
ed, it is recommended that they be restrained in the 
following manner. The dummy in the driver position 
should be restrained by both lap and shoulder belts. 
Although the use of full restraints is practiced by a 
small percentage of the driving public, this idealized 
restraint condition is readily achieved. It greatly 
reduces the interaction of the dummy with the in
terior compartment of the vehicle. Hence, the dum
my responses are more a function of vehicle ac
celerations and restraint system and less a function 
of vehicle interior geometry and padding. If the use 
of airbags or other passive restraints is mandated 
for passenger vehicles before these guidelines are 
further revised, the testing agency should use them 
with an instrumented dummy in the driver position. 
Thus, the restraint condition for the dummy in the 
driver position would represent the best system 
available to the public and/or the system most likely 
to be installed in a majority of passenger vehicles by 
the time the appurtenance being tested was install 
ed in substantial quantities along the highway. It 
would be desirable as a second priority to place a se
cond instrumented dummy in the right front 
passenger position unrestrained or restrained with a 
lap belt only. This would represent the restraint 
usage practiced by a larger segment of the public. 
Use of an unrestrained dummy might be impractical 
in several of the standard tests due to the high cost 
of dummies and the chance of partial or total ejec
tion. 

Currently, computer programs are being 
developed to simulate the response of occupants in 

vehicles which impact highway appurtenances (221. 
When these programs are validated, they could be 
used to confirm and supplement data obtained from 
dummies. In order to utilize these programs being 
developed, the accelerations at the occupant's loca
tion must be known. The computer program is 
capable of transforming accelerations to the occu
pant's location from any point in the vehicle. Thus, 
the acquisition of yaw, pitch, and roll acceleration 
data at the vehicle floor structure on the vehicle 
centerline at the longitudinal center of vehicle gross 
weight distribution is recommended in addition to 
the accelerometer data called for in Table 3. This 
will allow future use of the test data with these oc
cupant injury programs. 

At this time dummies and computer programs 
can provide fairly reliable data for frontal impacts 
but are deficient for lateral impacts. Therefore, at 
this time the use of dummies or computer 
simulations has a more limited value in angle im
pacts of appurtenances. In no event should these 
data be used in any tests as the sole basis for ac
cepting or rejecting a design. 

K. Vehicle Damage Scales 

Both Traffic Accident Scale (TAD) and Vehicle 
Damage Index (VD/) are specified for the following 
reasons. First TAD has been in use for a number of 
years by various accident investigation agencies. 
and a considered bank of data exist relating TAD to 
occupant injuries. Hence. by not reporting TAD, the 
tie of future tests with this historical data would be 
lost. And second, the National Highway Safety Ad
ministration (l'JHTSA! has recently standardized on 
the VOi for its Multidisciplinary Accident Investiga
tions. Therefore VOi is needed to tie test vehicle 
damage (in which vehicle accelerations are 
measured) to real world accidents in which occu
pant injury is dooumented. 

VII. PERFORMANCE EVALUATION 

A. Screenin~ and Comparison 

The evaluation criteria presented in the recommended 
procedures are limited to appraising safety performance 
of highway appurtenances for idealized vehicle crash 
test conditions. As the purposes of the crash tests are to 
screen out those candidate systems with functional 
deficiencies and to compare the relative merit of two or 
more promising candidate appurtenances, the test 
results should not be used to project the performance of 
an appurtenance for in-service use or in a hypothetical 
collision situation. The final evaluation of an ap
pmte.nance must be based on carefully documented in
service use. The highway engineer may also give 



discretionary consideration to factors of cost and 
aesthetics in appraising the over-all performance of an 
appurtenance; guidelines for these two factors are 
beyond the scope of this document. 

B. Relative Safety 
In-service experience has indicated that vehicle 

collisions with even the best highway appurtenance have 
resulted in mJuries and fatalities. Accordingly, 
placement of an appurtenance close to the pavement 
[say 30 ft (9.1 m)] should, in general, be avoided. 
However, the placement of an appurtenance may be 
justified by (1) relative severity, in which case the ap
purtenance (such as a longitudinal barrier or crash 
cushion) lessens the probability of occupant injuries and 
fatalities when compared to permitting the errant, ran
off-the-road vehicle access to an unshielded roadside 
hazard; or (2) the benefit of an appurtenance (such as 
lighting or signing) in reducing the number of injury and 
fatality accidents. 

C. Evaluation Criteria 

Evaluation criteria are presented for three interrelated 
factors: structural adequacy, impact severity, and 
vehicle trajectory hazard. For structural adequacy, the 
appurtenance should perform its function of redirec
ting, containing, or permitting controlled penetration of 
the test vehicle in a predictable and safe manner. This 
implies that the vehicle remains relatively upright 
throughout impact, without excessive rolling or pit
ching, and is smoothly redirected or decelerated. Also, 
the collision debris from the appurtenance should not 
present an undue hazard to the passengers or to other 
traffic. 

D. Occupant Crash Tolerance 
Impact severity is evaluated according to vehicle 

responses of accelerations and change in momentum. 
This presumes that there is a relationship between 
vehicle dynamics and occupant safety. This relationship 
is tenuous, as it involves such important but widely 
varying factors as occupant physiology, size, seating 
position, attitude, and restraint, and vehicle interior 
geometry and padding. Although considerable effort 
has been devoted in recent years to exploring human 
tolerance to the crash environment, experimental 
conditions have been idealized to simple situations (e.g., 
young males subjected to single half sine or square wave 
deceleration pulse while restrained with lap and 
shoulder belts) (11, 12). Although findings from these 
efforts serve as a benchmark, they are not directly 
applicable to the complex highway collision. 

E. Data Processing 
The guidelines for impact severity presented in Table 

4 have evolved from several sources during the past 10 
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years (13). It is most important that these parameters be 
properly measured and processed; that is, the data 
acquisition system should conform to a recommended 
system and the raw data should be processed according 
to a proper filter class and numerically averaged over 
the designated time base. For example, accelerations 
from a redirected vehicle should be processed by a SAE 
J21 la Channel Class 60 device and then the signal 
should be examined for the maximum 50-ms average; 
using ~ time base longer than 50 ms 9/.ifRinatas 9#9Gts 9f 
IFeEftJBReie& a& !ew a& 20 #z fr9ffl the &igRa.' aRfi at 
t8n1,1;1tBS tf:19 maximt1m va.419 will result in a lower 
value of reported maximum average acceleration 
and thus will yield less conservative results. 

It should be noted that the recommendation given in 
Section II.A of Table 4 concerning acceleration levels 
computed by 50-ms average for 15-degree impacts on 
longitudinal barriers is a new guideline, as almost all 
tests to date have been conducted at 25 degrees. Thus, it 
is not known at this time if all tested traffic railings now 
in use for new construction would meet the guidelines 
given in this table. 

F. Crash Cushion Evaluation 
Appurtenances that are designed to stop the vehicle 

are evaluated on the basis of a computed average 
deceleration. Currently, two different methods are 
available for computing the average deceleration: the 
first is based on vehicle impact speed and stopping 
distance measured at the passenger compartment; the 
second averages the filtered vehicle acceleration record 
over the highest 50-ms interval. At present there is no 
concensus as to which of these two methods gives a bet
ter correlation with occupant injury probability. It is ex
pected that every effort will be made in design to ensure 
that deceleration is fairly uniform over the entire event. 
If this is the case, there should be no significant dif
ference in the results from either method. There may be 
cases in which the deceleration signal is not fairly cons
tant (e.g., impact involving an array of wooden posts). 
In such cases the maximum 50-ms method gives a more 
conservative result and is recommended. The desirable 
level of average acceleration is from 6 to 8 g's, which 
was shown to be obtainable in several available crash 
cushion and longitudinal barrier terminal designs. In all 
cases, however, the average acceleration shall be limited 
to 12 g's; existing evidence indicates that some injuries 
can be expected at this deceleration level but most of 
these will not be fatal. To aid in compar•~on of test 
results, the average acceleration values from both of the 
foregoing methods and the filtered acceleration signal 
should be reported for all cases. 

The "~1:1m ehaRge in mome,,tt,m" c,ite,it:m of 
1,100 lb see (4,892 Ns/ v..'8s det,e/oped foi b,eai\away 
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G. Breakaway and Yielding Supports 
Significant scatter in the change of momentum 

measured in a test with breakaway supports may 
occur owing to sample-to-sample variation in the 
base fracture energy of the test article. A suggested 
test/acceptance evaluation sequence is presented 
in Table 6. As a rule of thumb, supports weighing 
less than 500 lb (227 kg) will yield higher changes in 
vehicle momentum for Test 1 than for Test 2. 

Recent Test 2 experience with base-bending sup
ports and bumper impact point 15 in (0.38 ml off the 
centerline of the vehicle have resulted in the upset
ting and violent rollover of the vehicle.(21) This 
behavior is, of course, unacceptable even if the 
change of momentum is within recommended 
guidelines. 

The trajectory of the breakaway appurtenance 
should be reported. 

H. Duration of Event 

For yielding supports (such as base-bending signs) 
change in vehicle momentum to be used in the accep
tance criteria of this section shall be computed on the 
basis of time integration of the vehicle deceleration 
signal over a "duration of the event". This duration 
shall be defined as the lesser of the following: (1) time 
between incipient contact arid loss of contact between 
the vehicle and the yielding support, or (2) the time for a 
free missile to travel a distance of 24 in. starting from 
rest with the same magnitude of vehicle deceleration. 

i. Vehicle Trajectory 

Vehicle trajectory hazard is a concern as it relates to 

other traffic. Ob\liously, it is preferable to confine the 
ran-off,the-road vehicle without involving innocent 
traffic. A vehicle that is abruptly redirected back into 
the traffic stream poses a panic situation that may in
itiate subsequent multicar collisions. Although there are 
numerous reported collisions caused by the redirected 
vehicle, the significance of this performance factor with 
respect to other appurtenance performance factors is 
unknown because of incomplete accident data and 
analysis. In addition, test vehicle postcrash trajectory 
has been one of the least repeatable performance factors 
bt:caust: uf Lhe random nature of damage to vehicle 
suspension, tires, etc., which greatly alters the vehicle 
stability and path. Moreover, because driver response in 
avoiding secondary collisions is not simulated in the 
crash tests, it is inappropriate to predict in-service per
formance based on the test trajectory. Hence, for the 
present, the highway engineer should strive for ap
purtenance designs that provide for minimum vehicle 
postcrash trajectory interference with other traffic while 
maintaining acceptable structural adequacy and impact 
severity values. 

VIII. REPORT 

To facilitate the comparison of tests performed by 
different agencies, a uniform reporting format is sug
gested. The format lists the items to be reported and in
cludes recommendations for reporting findings. 

An example table of contents, shown in Figure 2, in
cludes major elements of a report. 

In presenting findings, at least two agencies are 
presently using a test summary plate that combines the 
most important features of a test on one page. An exam
ple of the summary plate is shown in Figure 3. The use 
of such a summary plate is encouraged to permit the 
reader to form a quick general impression of the test. 



TABLE 6. 

SUGGESTED TEST/ACCEPTANCE EVALUATION 
SEQUENCE FOR BREAKAWAY SUPPORTS 

Task* 
Change in Momentum 

lb-s (Ns) 

Test 1 0-7 50 (0-3340) 

750-1100 (3340-4890) 

>1100 (4890) 

Test 1 (Repeat) 0-1100 (0-4 890) 

>llOO (4890) 

Test 2t 0-1100 (0-4890) 

>1100 (4890) 

*See Table 2 for description of tests. 

Evaluation Direction 

Pass Go to Test 2 

Conditional Pass Go to Test I (Repeat) 

Fail Test Device Rejected 

Pass Go to Test 2 

Fail Test Device Rejected 

Pass Test Device Accepted 

Fail Test Device Rejected 

t For single pole breakaway supports, the following calculation may be used in lieu of Test 2 to predict performance 
at 60 mph (26.8 m/s) 19 ,20 

where: 

(AMV)H - computed change of momentum in pound-seconds (Ns) at the higher speed (60 mph (26.8 m/s)J. 

(.6.MV)L - measured change of momentum in pound-seconds (Ns) at the lower speed of Test 1 [ 20 mph 
(8.9 m/s)]. [If Test I was repeated, use the higher of the two values of measured change in 
momentum.] 

- impact velocity at the higher speed (88 fps (26.8 m/s)] in feet/sec (m/s). 

b 
. R' 

= 1.1 Mp R' D' 

- mass of support 

- distance from support impact point to support e.g. 

R - radius of gyration of the support about its center of gravity. 

This formula is not applicable for multi-legged or base-bending supports . A test article rejected by this calculation can 
be subsequently evaluated by Test 2 with the experimental results taking precedence. 
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Test No. 
Date 
Drawing 
Beam Rail 
Post 
Post Embedment 
Post Spacing 
Length of Installation 
Ground Conditions 

Beam Rail Deflection 
Max Dynamic 

California Blocked-Out Max Permanent 

"W"-Bearn Vehicle 

,- (\ 

.,....... l G ~:·.c 
.,.-U~• !' I <..:::.C,.;,_....,._ 
~ {\ ,.1 \ -- -- If) 

- --~ ... ~- ' ----- ---
po:sr ,o_/l l c:c wr-4 ,:: r ~._,, rH 

l!IAR ..q 1£ ,q, 

SwRI 103 
. 12/19/68 

. SwRI 2176-01 
12-ga Steel X 12.5 ft (3.8 m) 

. 8 X 8 M. (20 X 20 cm) S4SSYP X 5.33ft (1.6 m) 
. 36 in. (0.9 m) 

6.25 ft ( 1 .9 m) 
100 ft (30 m) 

..... Dry 

~6..TWE.E.N Posr 7 ~8 

Vehicle Mass 
(w/dummy & instrumentation) 

Dummy Restraint 
Impact Speed 

Impact Angle 
Exit Angle 
Exit Speed 
Vehicle Accel (max 50 ms avg) 

Lateral 

Longitudinal 
2.8 ft (0.85 m) Vertical 
2.4 ft (0.73 m) Vehicle Rebound Distance 

1963 Ford Country Sedan Vehicle Damage 

TAD 

Figure 3. Summary of results, full-scale crash test 103. VDI 

. 4120 lb (1868 kg) 
Lap & Shoulder Belts 
60.1 mph (26.9 m/s) 
. . . . . 22.2 deg 
. . . . . . 15 deg 
50.2 mph (22.4 m/s) 

- -6.5g 
. -3.2g 

15 ft (4.6 m) 

. 11 RFQ3 

. 11 YEW4 
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