




















2 FuLL-SCALE TEsT CONDITJONS 

2 . 1 SYSTEM 

2.1.1 J<SWIJ.J (SfNOL£ W-BEAM AND 6FT - 3 IN. POST SPACING) 

An overall layout of the installation for Test KSWB- 1 is shown in Figure I , with design 

details shown in Figure 2. '111e test installation consisted of 175 ft (seven· 25 ft sections) of single 

12 gauge W-beam guardrail. The total installation was oonstmcted with twenty-nine steel posts. 

The post spacing over the entire length of the installation wa• 6ft - 3 in. on center. Post Nos. 3 

through 27 consisted of W6 x 9 by 6-ft long steel posts with W6 x 9 steel spacer blocks, while 

Post Nos. I, 2, 28, and 29 consisted of 5'h -in. x 7'.4-in. x 3-ft 6'1>-iJ>. timber breakaway posts. 

The guardrail had a top mounting height of2 ft - 3 in. The W·beam guardrail was anchored on 

each end with a pair of anchor rubes. a groundline strut, and a cable anchor assembly. This 

anchorage system was identical to that used in a BCr, but there was no flare in this system. S teel 

backup plates were placed between the guardrail and the posts at all non-splice locations. 

The standard breakaway poS1s were inserted into a tube and had a 2 3/8-in. diameter hole 25-

in. below the top of the post and parallel to the roadway. AU of the posts were installed by 

augering holes and backfilling wiO> native silty-clay topsoil material. The soil was tamped around 

the posts with approximate 6-12 in. l.il1s throughout the entire embedment depth of 44.4 in. Prior 

to full-scale crash teS1ing, the soil conditions, from a visual inspection, were found to be dry and 

crumbly at a d<.-pth of I to 2 ft below the surface. The soil was not in conformance with either the 

strong soil (S-1) or the weak soil (S-2) defined in NCHRP 230 (1), in order to evaluate the 

appu.rcenance under typicaJ soil conditions encountered in the state of Kansas. 
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2.1 .2 KSWB-2 (NESTED W-BEMi AND 6 FT - 3 LV. Posr SrACLVO) 

An overall layout of the instaUation for Test KSWB-2 is shown in Figure 3. with design 

delails shown in Figure 4. The test installation consisted of 175 ft (twelve - 25 ft sections) of 

nested 12 gauge W-beam guardrail. The two end 25 ft sections of the inslailation consisted of a 

s ingle layer of W-beam, and the live inner sections were nested. The total installation was 

constructed with twenty-nine posts. The po>1 spacing over the entire length of the installation was 

6ft - 3 in. on center. Post installation and other details are tl>e same as previously discussed for 

KSWB-1. Steel backup plates were placed between the guardrail and posts at all non-splice and 

non-nested locations. 

6 



1- 28 spoces @ 6'-3 .. = 175' ·I 
21 20 19 18 17 16 15 '" 13 12 11 10 g 8 7 6 5 4 J 2 29 28 27 26 2S 24 23 

I 25· I---"2'"-'L-5· -·+~25'--+-1·~25'--+-•~25_' -1--.J..>/_-+--~2 5,__· --I 
r i2 - GuogeT Nested .. .. Nested • .. Nested Nested Nested , 2-Guoge 

W-Beom 12- Guoge 12 -Guoge 12-Guoge 12-Guoge 12-Guoge W- Beom 
W- Beom W-Beom W- Beom W-Beom W-Beom 

BCT 
11 .65' 

Figure 3. Guardrail Installation Layout, KSWB-2 



4 @ &' - 3' 

<nE?stE?ct> 

ASTM A36 ---...._ 
1,16x9 x l' - 1!' block 

ASI M A36 -----... 
1,16x9 x 6' -0' post 

Figure 4. Guardrail Installation Details, KSWB-2 

8 



2.1.3 KSW8·3 (SI/>"<;L£ W-BW f AIID3 FT- 1 'h IN. POST SPACP,-<;) 

."ul overall layout of the installation for Test KSWB-3 is shown in Figure 5, with design 

details shown in Figure 6. The teSt installation consisted of 175 ft (seven- 25 ft sections) of single 

12 gauge W·beam guardrnil. The to!al installation was constructed with forty-nine posts. The post 

spacing over the inner five sections was 3 ft - 1 'h in. and the two end sections contained 6 It · 3 

in. spacing on cenler. Post Nos. 3 through 47 consisted of W6 x 9 by 6-ft long steel posts with 

W6 x 9 stccl spacer blocks, while Post Nos. I, 2, 48, and 49 consisted of 5'h-in. x 7\h-in. x 3-ft 

6'h·in. timber breakaway posts. Steel bacl,1lp plates were placed between the guardrail and the 

posts at all non-splice locations. All other pertinent details are the same as previously discussed . 
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2.1.4 KSWB-4 (NESTED W-BEAM AND3 FT- l'h IN. Posr SPACING) 

An overall layout of the installation for Test KSWB-4 is shown in Figure 7, with design 

details sltown iJt Figure 8. The test installation consisted of 175 ft (twelve - 25 ft sections) of 

nested 12 gauge W-beam guardrail. The two end 25ft se<:tions of the installation consisted of a 

single layer of W-beam and the five inner sections we.re nested. Steel backup plate.< were placed 

between the guardrail and posts at all non-splice and non-nested locations. All other details, 

includiJtg post details, are the same as discussed for KSWB-3. 
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2.2 TF.sT VEliJCLES 

The vehicles used in this testing program are summarized in Table I. Photographs of 

these vehicles and all dimensions and other pertinent information arc located in Appendix A. 

Table !. Test Vehicles 

Test No. Vehicle Test Inertial Weight (lbs} 

KSWB-1 1985 Ford LTD 4399 

KSWB-2 1984 Ford LTD 4486 

K$WJ3..3 1985 Mercury Grand Marquis 4486 

KSWB·4 1985 Mercury Grand Marquis 4501 

The front wheels of the test vehicles were aligned for camber) caster, and tcx. .... in values 

of :zero so that the vehicle would track properly along the guide cable. Two SB flash bulbs, fired 

by a pressure tape sv.itch on the front bumper, were mounted on the roof of the vehicle to 

establish the time of impact on the high-speed fdn1. 

The Elevated Axle Method <a) was used to determine the vertical component of the 

center of gravity of each of the vehicles. This method converts mea$ured wheel weights at 

different elevations to the location of the vertical component of the center of grnvity. The 

longitudinal component of the center of grnvity was determined using the measured axle weights. 

Ballist consisted of steel plates rigidly attached to the floor near the vertical ceJlter of grnvity of 

the vehicle. 
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2.3 DATAACQliJSlnON SYSTEMS 

Vellicle reactions during lbe full-scale testing program were monitored through video and 

high·speed photography, accelerom&ers, rate gyro, and tape pressure switches. Each of these 

components of the data acquisition system are described below. 

2. 3. 1 HIGH SPEED PHOTOGIW'HY 

Four ttigh-speed 16-mm cameras (500 frames/sec), one 16-mm documentary camera (64 

frames/sec), two documentary VHS cameras, and a ttigh speed 35-mm camera were used to record 

the full-scale tests. sc.hematics of the camera layouts are shown in Figures 9 through 12. A Red 

Lake Locam with a 12.5 mm lens was placed above the test installation to provide a field of view 

perpendicular to the ground. Another Red Lake Locam with a 76-mm lens was placed downstream 

from !he impact point and had a field of view parallel to the guardrail. A Photec fV, wilh an 8(}­

mm lens, was also placed downstream from the impact point. A Photec IV. with a 55-mm lens, 

was placed on the traffic side of !he guardrail and had a field of view perpendicular to the barrier. 

The documentary 16-mm camera was used to provide a panning view of the tests. Visible 

reference systems were placed in the fields of view to usc in !he analysis of the ttigh-speed fum. 

The film was analyzed using a Vanguard Motion Analyzer, and all eamern divergence effects were 

proper} y aocounled for. 

2.3.2 ACC£L£f<OMETER.S 

Endevco triaxia.l piewresistive accelerometers (Model 7264) with a range of ± 200 g's 

were used to measure the accelerations in the longitudinal, lateral, and vertical directions of the 

test vehicle. 
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2.3.3 RATE GYRO 

A Humphrey 3-axis rate transducer with a range of 250 deg/sec in each of the three 

directions (pitch, roll and yaw) was used to measure the rotational rateS of the test vehicle. 

Both U.e accelerometers and rate gyro transducers were rigidly attached to the vehicle near 

the center of gravity of the test vehicle. Signals from the tr.~nsduccrs were received and 

conditioned by an onboard Melraplex unit where the signals were multiplexed and then transmi«ed 

by radio telemetry to a Honeywell (101) Analog Tape Recorder in the control van. The data 

acquisition flowchart is shown in Figure 13. S tate-of-the-art computer software, "En.hanced 

Graphics Acquisition and Analysis" (EGAA) (2) was t•sed tO acquire tl>e rate gyro dara and •oara 

Analysis and Display Software• (DADISP) (l!l} was to analyze and plot the data. The software 

was also used to conduct low pass filtering and smoothing operations to eliminate high frequency 

noise from the experimental data. Vehicle rotations become coupled in the presence of h.igh 

rotation rates, therefore the uncoupled angular velocities were reported where applicable. 

2.3.4 TAI'Ii PRESSURE SwrrCHEs 

Tape pressure sv.itches spaced at 5 ft intervals were used to determine the actual speed of 

the vehicle before impact. Each tape switch triggered a strobe light located near each switch as 

the left-front tire of the test vehicle passed over it. The average speed of the test vehicle between 

the tape switches was determined by knowing the distance between the rape switches, the 

calibrated camera speed, and tl>e number of franles beTween flashes from the high-speed film. Tile 

average speed was also dere.rmined from electronic timing mark data wltich was Lransmined 

through f1ber optic cable and recorded on oscilloscope software. 
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2.4 VEIUCLE TOW AND Gl}IDANCE SYSTEM 

A reverse cable tow system with a 1:2 mechanical advantage was used to propel the test 

vehicle. The distance traveled and the Speed of the tow vehicle are one-half that of the test vehicle. 

The test vehicle was released from the tow cable before i mpact with the bridge rail. A fifth wheel, 

built by tile Nucleus Corporation , was used in conjunction .,.,;th a digital speedometer to increase 

the accuracy of the teSt veh.icle impact speed. 

A vehicle guidance system developed by Hinch 05) wa.s used to steer the test vehicle. The 

guide-flag, anached to the front-left wheel and the guide cable, was sheared off before impact. 

The 3/&·in . dia.meter guide cable was tensioned to approximately 3,000 lbs, and supported 

laterally and vertically every 100 ft by hinged SUU\chions. The vehicle guidance cable was 

approximately 1,500-fl long. 

2 .5 IMPACt' LOCATION 

11>e impact point for all four of the tests was located 11 ft - & in. upstream from the center 

of the instaJJations. This impact point was determined using methods describe<l in tlle update to 

NCHRP Report 230 (Z), NCHRP Report 350 (ll). 
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3 l'ERFORJIL-1-NCE EV ALUA'tiON CRITERIA 

Longitudinal guardr.ill installations must satisfy the requiremems provided in NCHRP 

Report No. 230 (1) in order to be accepted for use on new consrmction projecL< or a< a 

replacement for existing installations. This criteria consists of two full-scale vehicle crash tests, 

lhe fust of which is an in1pact wilh a small car at fiJ mph and 15 degrees to evaluate tl1e geometry 

of the system and identify any potential for snagging. The second test specified is conducted wilh 

a fu1J·si7.e sedan impacting lhe barrier at fiJ mph and 25 degrees. This test evaluates the strength 

of the barrier, and provides engineers with maximum dynam.ic deflecti_on values to use in 

determining where the installations should be plaeed. Tilis is the test which was performed in this 

project. The criteria used to evaluate these tests are shown in Table I. The full-scale crash tests 

were conducted and reported in accordance with the procedures provided in NCH.RP 230. The 

vehicle damage was assessed by the traffic accidem scale (TAD) (12) and the vehicle damage 

index (VDI) (U). 
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Table 2. NCHRP Report No. 230 Test Designation 10 Evaluation Criteria 

A. Test article shaU smoothly redirect the vehicle~ the vehide shaJI not 
peoetrat.e or go over the installation altbough oontroUed lateral 

Structural deflection of the teSt article is acceotable. 

Adequocy D. Detacbed elements, fragments or other debris from tbe test article 
shall O()t penetr.ue or show pOtential for peoetrating the passenger 
compartment or present undue hazard to other traffic. 

E. Tbe veh.ictc sOO:IJ remain uprigbt during aod after collision although 

Occupanl Risk 
moderate roll, pitching and yawing are acceptable. Integrity of the 
p.'I.SSengel:' compartment must be maintai.ncd v.ith essentially no 
defonnation or intrusion. 

H. After ooUision, .. ·ehide tnljectory a!ld fwl stopping position shall 
intrude a minimum diSI3nce if at all into ad'acent traffic Janes. 

I. In t.e.~ ..... i.ere the vehicle is judged to be redirec.ted into ot stopped 
Vehicle wbile in adjacc.nt traffic l~ocs. vehicle Speed change during te.~ 

Trajectory article collision shQuJd be less than 15 mph and me exit angle from 
the ~'t article should be less than 60 percent of the teSt jmpact angle, 
both measured at time of vehicle loss of contact v.itb teSt devjce. 
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4 TEsT RESULTS 

4.1 TFSJ:KSWB-1 (4399LBS, 6!.9 MPR, 25.1 DEG) 

Test KSWB· l was conducted with a 1985 Ford LTD weighing 4,399-lbs at an impact 

S}=l of 61.9 mph and impact angle of 25.1 degrees. The impact location was approximately l2 

ft. upstream of post No. 15. The lest instillation was G4(1S) system consisting of single 12-gauge 

W·beam and 6ft - 3 in. post spacing. A summary of the teSt results and sequential photographs 

are presente<t in Figure 14. Additional sequential photographs are shown iJ> Figure 15. 

Documentary photographs of the crash test are shown in Figures 16 and 17. 

After the initial impact with the W-bearo guardJail, the vehicle began to redirect coinciding 

with the first post after iJnpact (Post No. 14) at approximately 70 mscc. At 150 msec after impact 

the right front wheel contacted Post No. 15, disengaging it from the system and causing the right 

front tire to blow out. At 230 msec proceeding impact the vehicle was approximately parallel to 

the guardcail. The maximum dynamic lateral deflection of the system was 29.7 in. and occurred 

at approximately 270 msec after impact. The vehicle exited the guardJail at approximately 604 

msec with an exit spoed and angle of 40.1 mph and 14.5 deg re.<pectively. As shown in Figure 

14, the vehicle came to rest approximately 128 ft downstream from impact and had a maximum 

rebound disUtnce of approximately 17ft. 

Vehicle damage is shown in Figure 18, and consisted primarily of right front comer crush, 

including tire blowout and rim damage, and passenger side W-bcam interlock damage. There was 

no interior occupant compartment damage detected. The guardrail damage is shown in Figure 19. 

Guardrail damage was mcdcrate and consisted of defonmation of the impacted 25-ft beam section. 
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The measured contact length was between the vehicle and the rail was 24 ft. The maximum 

pennanent set deflection of 22.0 in. ()CCUJTed at Post No. 15 and the maximum dynamic deflection 

of the system (29.7 in.) ocamed in the rail midway between Post Nos. 15 and 16. Maximum 

deDoctions (permanent set and dynantic) of the system at the post and midspan locations are shown 

in Figure 20. Post Nos. 15 and 16 were disengaged from the system and Post No. 15 was 

permanently twisted. A small tear occurred in the lower portion of tlte rai.l at Post No. IS. 

The normalized longitudinal and lateral occupant impact veloc.ities were determined to be 

2 1.3 fps and 17.7 fps, respectively. The highest 10-msec average occupant ridedown decelerations 

in the longitudinal and lateral directions were 8.8 g's and 11.9 g's, r"'peclivcly. The results of 

the occupanl risk assessment, detennined from accelerometer dataJ arc summari.zed in fjgure 14. 

The results are also shown graphically in Appendix B. Angular rates and displacements are also 

shown graphically in Appendix B. 

This te$t passed all of the required criteria set forth in NCHRP Report 230 (2) for the full­

size sedan redircctional test. 
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N 
00 

Impact 150 msec 230 msec 270 msec 370 msec 

29 ,.. Zf 11 25 24 23 12 21 X. 19 UJ t1 18 IS 14 1J 1.2 

Test Number . .... . . ..... . . . .. . ..... .. .... ... KSWB·l 
Dato . . . . . . . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . 5121193 
!nstoU•tion . . . . . . . . . . . . . . . . . . . Single 12-Gauge W·Beam with 

6 ft·3 in. Post Spocing 
!nstallotion Length . . . • • • . • • • • • . . . . • . . • . . • . . • . . . • . 175 ft 
Post 

Size ... ... . ... • .. ..• . ... •• ... . •• ... ... ... W6x9 
Length •...•........ .. .. •. . .. ....••. .• ••.•. 6ft 

Gu•rdreil 
M•teri•l . .. ... . • . ... 7 • 25 ft sections of 12 gauge W-berun 

Post Spocing . .................. .. .... .. .. .. . 6 ft • 3 in. 
End Treotments . . . . . . . . . . . Br .. kaway Coble Tenninal With Stmt 
Test Vehicle . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1985 Ford LTD 

Test Inertial Weight . . . . . . . . . . . . . . . . . . . . . . . . 4399 lbs 
Gross Static Weight . . . . . . . . . . • . . . . . . • . . . . . . 4399 lbs 

Figure 14. Summary of Test Results, KSWB-1 

Test: KSWB - I 
1399 lbs 
61 9 mph 

lmpoct Spe«i . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . 61.9 mph 
lmpoct Angle . .... • . . . .••.. .... . .... . ........ 25.1 dog 
lmpoet Location .... . ........ . 11.7 ft Upstream of Post No. 15 
Exit Speed . . . . . . . . . • . . • . . • . . • . . . • . . . . . . • . . • 40.1 mph 
Exit Angle . .. ..... .. ... ... . .. . .... .. .... .. .. 14.5 deg 
Nonnalizod OccupaDt lropoct Velocity 

Longitudinal . . . . . . . . . . . . . . . . • . . . . . . • . . . . . 21.3 fps 
Lateml .. ..... . ..... . ... .. .... . ... , . . . . . 17.7 fps 

Occupont Ridedown Docelenuion 
Longitudinal . .. . .... ... ... . . • ....... • ... .. 8.8 g's 
Lateral . . . . . . . • . . . . . • . . . . . . . . . . . . . . . . . . . 11.9 g's 

Vehicle Dornage 
TAD ... . .. .. .... . ........... .. .. I-RFQ·3, 1-RD-2 
VDI .............. . ....... . .......... . 01RDES2 

MAximum Permanent Set Deflection . ... ... 22.0 in.@ Post No. IS 
Maximum Dynrunic Deflection .. ... 29.7 in. btwn Post Nos. 15 & 16 
W-Beam ContAct Length . . . . . . . . . • . . • . . . . . . . . . . • . . . 24ft 



Impact 

70 msec 

150 msec 

230 msec 

270 msec 

370 msec 

Figure 15. Sequential Photographs, KSWB-1 
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Figure 16. Full-Scale Crash Test, KSWB-1 
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Figure 17. Full-Scale Crash Test (continued), KSWB-1 
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Figure 18. Test Vehicle Damage, KSWB-1 
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Figure 19. Installation Damage, KSWB-1 
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4.2 TEST KSWB-2 (4486 LBS, 60.5 Ml'l.l, 25.4 OEG) 

Test KSWB-2 .,.,. ex>nBle!ed with a 1984 Focd LTD weighing 4,486-lbs at an impact speed 

of 60.S mph and impact angle of 25.4 ~grees. The impact location was approximately 12 ft. 

upstte:.m of post No. 15. The'"-" inslllllation was a G4(1S) system con.slsting of nested 12-gauge 

W-beam and 6 ft - 3 in. post spacin~. A summary of the test results and sequential photographs are 

presented in Figure 2 1. Additional sequential photographs are shown in Figure 22. Documentary 

photOif:lphs of lhc ctaSh rest are shown in Figures 23 and 24. 

After lhe initial impatt with theW-beam guardcail. lhc vehicle began 10 redirect coinciding 

witll the first post after impact {Post No. 14) at approximately 70 msoc. Atl51 msec after impact 

the right front wheel coinci~d with 1'001 No. 15. At 211 msee J>rOCeeding impact the vehicle was 

approximately parallel to the guardrail. The maximum dynamic lateral deflection of the system "'as 

35.5 in .. which occurred approximately 262 msec after impact. The vehicle exited the guardcail at 

approximately 481 msec with an exit speed and angle of52.6 mph and 12.9 deg respectively. ,\s 

shown in Figure 21, the vehicle carne 10 rest approximately 265 ft downstream from impact and had 

a mu imum rebound distance of approximately 35ft. 

Vehicle damage is shown in f'igure 25, and consisted primarily of right front comer crush 

and passenger side W-beam interlock damage. There was no interior occupant cornparunent damage 

delCCted. The rear bumper was disengaacd and the right rear tire was blown during lllil slap impact 

with lhc rail. Guardrail damage is shown in Figure 26, and consisted of only moderate deformatioo 

and nauening oflhe lower portioo of lhc impacted 25-ft nested beam se<:tion. The mc.uured tont:!ct 

length between the vehicle and the roil was approximately 22 ft. The maximum permanent set 

deflection of24.8 in. occurred at Post No. 14, and the maximum dynamic defloction of 35.5 in. 
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occurred a1 lhe midspan berv....,n Pos1 Nos. 14 and 15. Maximum deOections (pennanenl SCI and 

dynamic) of bolh lhe posiS and miclspon locations are shown in Figure 27. None of the posiS were 

disena3icd from llle system, althouJh Pos1 No. 15 MIS permanen1ly IWistcd and contained visible 

markings resulting from contact with the veh.icle. 

The maximum dynamic deflection or the rail in this test was approximately 1_5% higher than 

that observed in the previous test with the: same post spacing and a sinalc W-bcam rail elenlent. 

This, of course. is contrary to the behavior which would be expected when the rail clement is 

:stifl'cncd. The main factor which contributed to this increase in the dynamic deflection is believed 

to be a difference in soil conditions. Despite attempts to control the soil conditions. rainfall 

occurri.ng between the tests resulted in lhc soil moisture content being hiahcr for Test KSWB-2. An 

increase in the soil moisture content reduces the rotational stiffness of the posts~ allowing the rail 

to deflect farther for a given load. 11-.c I"C$UltS of t.his test indicate that the soil moisture contenL has 

a larie influence on lhe behavior of auardrail sysiCmS. Under some conditions this effect even 

outweighs the benefits obtained by various .strengthening rechniques, as dcmonslrated in this rest. 

This behavior will be investigated in more detail in the second phase of ll1is sludy (U). 

'fhe normalized longitudinal and 1ateral occupant impact velocitie..~ were determined to be 

11.0 fps and 16.5 fps~ respectively. The highest 10 msec average occupant ddedown decelerations 

in lllc longiwdinal and lateral diroc1ions were 5. 7 g's and 14.3g's, respocli,·ely. The results of the 

occupant risk, determined from accelerometer data, are summarized in Figure 21. The resuiiS are 

shown xraphically in Appendix C. Angular rates and displacemeniS are also shown graphically in 

Appendix C. This test passed all or lllc required criteria set fonh in NCHRP Report 230 CZ) for the 

ful l-size sedan rcdircctional te.Cit. 
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Impact 151 msec 211 msec 262 rnsec 

2t z• 11 M u z• 2J 12 21 20 n 1a 11 16 •s ,. u u n 10 ' e 1 e s • J 1 t 

Test Number . ... . ..... • ..................... KSWB·2 
Date . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 6/16/93 
lrutallalion . ..........•....... Nested 12-0auge W-&am with 

6 ft.) in. Post Spacing 
Installation Length . . . . • . • . • . . • • . • . . . . . . . . . . . . . . . . 175 ft 
Post 

Sizo ............ • ..... • • ......... • ....... W6x9 
Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6ft 

Guardrail 
Material ........... 12 ·25ft sections of 12 gauge W-belun 

Post Spacing ............••....•.......•.••.. 6 ft • 3 in. 
End Treatments . . . . . . . . . . . Breakaway Cablo Terminal With Strut 
Test Vehicle ..•.......•..•..•.•.••..•.•. 1984 Ford LTD 

Test Inertial Weight .••....•.• , •• , .• , ••.••.• 4486 lbs 
Gross S!lltic Weight • • • . • . . • • • . . • . . . . . • . . . . . 4486 lbs 

Figure 21. Summary of Test Results, KSWB-2 

Test: KSWB- 2 
4486 tbs 
60.5 mph 

Impact Speed . . . • • . • • • . • • . . • . . . . . . . . • . • . . . . . 60.5 mph 
Impact Angle . • . • . . . . • • . . . . • • . . . . . , . . , • . . • . . • 2S .4 dog 
Impact Location . . . . . . . . . . . . . . 1 I .7ft Upstream of Post No. IS 
Exit Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 52.6 mph 
Exit Angle •..• . •. . •............•. , . . . • . . • . . • • . . NA 
Normalized Occupant Impact Velocity 

Longitudinal •......... ... .... , , . • . • . . • . . • 11.0 fps 
Lateral ........• ..••• .••• , ... , .• • • , .. , . . 16.5 fps 

Occupant Ridodown Deceleration 
Longitudinal .••....... , ......•..• • ••.••... 5.7 g's 
Lateral . . . . . . . . • • . . • • . . . . • . . . . . . . . • . . • . . 14.3 g's 

Vehicle Damage 
TAD ............................ 1-RFQ-3, I· RD-2 
VDI .................................. 01RDES2 

Maximum Permanent Set Denection ....... 24.8 in.@ Post No. 14 
Maximum Dynamjc Deflection . . . . 35.5 in. btwn. Post Nos. 14 & IS 
W-Beam Conlllct Le.ogth . . . . . . . . . . . . . . . . . . . . . . . . . . . 22ft 

312 msec 



Impact 

70 msec 

151 msec 

211 msec 

262 msec 

312 msec 

Figure 22. Sequential Photographs, KSWB-2 
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Figure 23. Full-Scale Crash Test, KSWB-2 
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Figure 24. Full-Scale Crash Test (continued), KSWB-2 
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Figure 25. Test Vehicle Damage, KSWB-2 
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Figure 26. Installation Damage, KSWB-2 
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Guardrail and Post Deflection 
KSWB-2 Nested W-Se.am & 6'-3" Pos1 Sp. 

40 ~-------------------------------------------, 

" 10 +---------~~--------------------------~~m. ---~ 
llil. 

A 12 B 13 C 14 D 15 E 
Post Number & Midspan 

--- Max Oynamic(Fitm) - Pem~ Set(Fietd) 

Figure 27. Guardrail and Post Maximum DeOections, KSWB-2 
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4.3 T'EsT KSWB-3 (4486 I.I!S, 59.7 MPH, 24.8 J>l!G) 

Test KSWB-3 was conducted with a 1985 Mercury Grand Marquis weiglting 4,486-lbs 

at an impact spccd of 59.7 mph and an angle or 24.8 degrees. The impact location was 

approx:imately 12 n. upsueam of post No. 25. The te5l i.nslallation v.-.s a G4(IS) system consisting 

of single 12-gauge W-beam and 3 ft - I 'h in. post spacing. A summary or the test resuiL< and 

sequential phocogn.phs are presented in Figure 28. Additional sequential phocogmphs are shown 

in Figure 29. Doc\lmentary phocogn.phs of lbe cn.sh =are shown in Figures 30 and 31. 

After the initial impact with the W·beam guardrail, the vehicle began to redirect coinciding 

wilb Post No. 24 at approximately tOt msec after impact. At 151 msec after iml)aCtthe right front 

wheel contacted Post No. 25, which caused tire blowout. At 201 msec proceeding impact the 

vehicle was approximately parallel to the guardrail. The maximum dynamic lateral deflection of 

Ote system of23.S in. occurrcd approximately 222 mscc after impact at Post No. 24. The vehicle 

CJ<ited the guardnill at approximately 504 msec with an exit spccd and angle of 46.1 mph and 9.6 

deg respectively. As shown in Ficurc 28, the vehicle came to nest approximately 169.5 fl 

downstream from impact and had a maximum rebound distance of approximately 14ft. 

Vehicle damage is shown in Figure 32, and consisted primarily or right-front comer cn1sh 

and passenger side W-bcam interlock damage. There was no interior occupant oompanment 

damage de<e<:ted. The right front tire was blown and discngagod from the rim, and the rim 

oontained excessive defonmuion. Guardrail damage is shown in Figure 33, a.nd consisted of only 

moderate defonrtarion and flauening of the lower portion of the impacted 25·fi beam section. The 

measured cont!Ot length be<ween the lldlicle and the rail was approximately 18 n. The maximum 

permanent set denection of20.3 in. a.nd the maximum dynamic de-flection of23.5 in. occurred 
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at Post No. 24. Maximum dcfleclions (permanent set and dyn3mic) of 1he system are shown in 

Figure 34. None of the posts were disengaged from the system, although Post Nos. 24 tluough 

26 contained permanent deformations and marks near the bonom of the posts resulting from 

contact with the vehicle. 

The normalized longirudinal and lall:Cal occupant impact velocities were determined to he 

16.9 fps and 18.8 fps, respectively. The hi&hest average occupant ridedown decelerations in the 

lon&itudinal and lateral dinx:tions were 9.8 g's and 11.7 g's, respectively. The results of the 

occupant risk, detennined from film analysis, an: su~ in Figure 28. The results are shown 

graphically in Appendix D. 

'Ill is test passed au of the required criteria set fo rth in NCHRP l~c')Xln 230 C[) for tlte full­

size sedan rcdirecrional test. 
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Impact lSI mscc 

Test Number •••..•..•.•• ••.••.• •.•. . . ..... .. l<SWB-3 
Dale . . . . . . . . . , . . . . . , . . . . . . . . . . . . . . . . . . . . . . 6129193 
lrutallation . . . . . . . . . . . • . . . . . . . Single 12-Gauge W-Beam with 

3 ft • I 'h in. Post Sl>ftCing 
Installation Length ................... , ...... , , . , , 175 ft 
Post 

Size . .. . ........... . ...... • ......•....... W6x9 
Length •.••..•..•..• .• ...••........... . .... 6ft 

Guardrail 
Material .••. • •. ...•. 7 - 25ft section' of 12 gauge W-beam 

Post Spacing ...•. , • . . • . . • . . . . . . . . . . . . . . • . • 3 ft - l 'h in. 
Bncl Treatments . . . . . . . . . . . Breakaway Cable Tem1inal With Stntl 
Test Vehicle . . . . . . . . . . . . . . . . . . . . . . . 1985 Mercury Marquis 

Test Inertial Weigbl . . . . . . • . . . . • . . . . . . . . . . . . 4486 lbs 
Gross Static Weight . . . . . . . . . . . . . . . . . . . • • . . . 4486 lbs 

Figure 28. Summary of Test Results, KSWB-3 

201 mscc 222msec 

Impact Speed .... . .. .. .............. . ....... 59.7 mph 
Impact Angle ........•.•..•...... . . . . .•.. , .•. 24.8 deg 
Impact Location . . . . . . • . . . . . . • I I. 7 ft Upstream of Post No. 25 
Exit Speed . . . . . • . . • . . . • . . . • . . • . . . . . . . . • . . . • 46.1 mph 
Exit Anglo ..... • .. . •. ..•.• • .. • .••.•. . .. • ... • , . . NA 
NomlRlited Occupant Impact Velocity 

Longitudinal ...... . ................. , . . . . 16.9 fps 
LAteral • • • • . • . . . . . . . . . . . . • . . • • . • • • • . . . . • 18.8 fps 

Occupant Ridedown Decelenllioo 
Longitudi.rutl . .. ............... • ....... , ... 9.8 g's 
Later•! ... . . . .. .. • ...... , .... • ........ , . 11.7 g's 

Vehicle Damoge 
TAD . .. .. .. .. ..... ..... . .. . ..... 1-RFQ-4, 1-RD-2 
VOl ..... . .................... . . ...... OIRDES2 

Maximum Pennanent Set Deflection ......• 20.3 in. @Post No. 24 
Maximum Dynamic Deflection . . . . • • . • • . • 23.5 in. @ Post No. 24 
W-Beam Contact Length . . . . . . . . . . . . . . . • . . . . . . . . . . . 18ft 

302 msec 



Impact 

101 msec 

.. 
151 msec 

-· 

201 msec 

222 msec 

302 msec 

Figure 29. Sequential Photographs, KSWB-3 
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Figure 30. Full-Scale Crash Test, KSWB-3 
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Figure 3 1. Full-Scale Crash Test (continued), KSWB-3 
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Figure 32. Test Vehicle Damage, KSWB-3 
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Figure 33. Installation Damage, KSWB-3 
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Guardrail and Post Deflection 
KSWB-3 Slnglo W-Bcam&3' .. 1112" Post Sp. 

25 ~-------------------------------------------, 

20 +------

Ll Post Location 

5 

0 ~~~--~~-r~.-----~~-r.-.-~. ~. ~ 
18 19 E 20 F 21 G 22 H 23 I 24 J 25 K 26 L 27 M 28 29 

Post Number & Midspan 

1-- MIX Dyn1mio(FIIm) -- Perm SE1(Fteld) 

Figure 34. Guardrail and Pos< Maximum Dcflcc<ions, KSWll-3 
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4.4 TesT KSWS-4 (4501 LBS, 60.4 MPU, 28.4 J>tG) 

Test KSWB-4 was cooducrl:d wilh a 1985 Mercury Grand MArquis weighing 4,501-lbs at 

an impact speed of 60.4 mph and impact angle of 28.4 degrees. The impact location was 

appro<imately 12 ft . upstream of post No. 25. The test installation was a G4(1$) system 

consisting of nested 12-gauge W-beam and 3 ft - I 'h in. post spacing. A summary of lhe test 

resulu and sequential photographs are presented in Figure 35. Additional sequential photographs 

are shovm in F.gwe 36. Documenwy photographs of the crash test :ue shown in Figures 37 and 

38. 

Following lhe initial impact with the W-beam guardrail, the vehicle began to rediteet 

coinciding with Post No. 24 at approxhnately l 12 msec after impact. AI 143 msec after impact 

the right-front wheel contacted Post No. 25. AI 194 msec proceeding impact the vehicle was 

approximately paral.lel 10 the guardrail. The maximum dynamic lateral deflection of 19.6 in. 

occurred approximately 225 msee after impaCI between Post Nos. 23 and 24. The vehicle exited 

the guardrail at approximately 429 m= with a speed and angle of 46.8 mph and 14.1 deg 

respectively. As shov.n in Figure 36, the vehicle came to rest approximately 163.5 ft downstream 

from impact and had a maximum rebound distance of approximately 14ft. 

Vehicle damage is shown in Figure 39, and consisted primarily of right front comer crush 

and passenger side W-beam interlock damage. There was minor interior oocupant damage to lhc 

right front floor board. Tbe right front tire was blown an4 the rim contained considerable 

deformation. Guandrail damage is shown in Figure 40, and consisted of only moderate 

deformation and flattening of lhe lower portion of lhe impacted 25 ft beam section . The measured 

contaCI length between the vehicle and 01e rail was approximately 15 ft. The maximum permanent 
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set deOection of 15.9 in. oo:umd at Post No. 2A. Maximum deOections (pcnnanent set and 

dynamic) are shov.n in Figure 41 . Po5t No. 24 was pulled away ftom the guardrail and Post Nos. 

2J through 25 contained pcnnanent deformations and marks near the bottom of the posts resulting 

from contact with the vehicle. 

The normalixed longirudinal and latc:ral occupant impact velocities were determined to be 

14.4 fps and 19.4 fps, respoetively. The highest average occupant ridedown decelerations in the 

longitudinal and lateral c!irccOOns were 5.9 g's and 9.9 g's, respectively. The results of the 

oec:tlJlCUll risk, deletmioed ftom film analysis, are sumrna.riud in Figure 46. The results are shown 

graphieally in Appendix E. 

nus test passed aU of the required criterill set forth in NCHRP Repon 230 (1) for the full­

size sedan redirec-tional test. 
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Impact 143 mscc 194 msec 225 mscc 419 msec 

... 48 47 46 .f5 ., .. ,
2
.,,

0
.39u J7l

6
l5l ~l J• 29 27 2~2 23

2 
21 19 17 15 1.3 11 o J,. $ 

~ 4 ~ 4 2 JO 28 26 4 2 20 lA 16 14 12 10 e ~ 
l 2 

TEST KSWB-4 
4501 lbs 
60.4 mph I· 163.5' ------------- -

Test Number •. ••. . • ••••.•.•••.•.• • •. • ..•..•. KSWB-4 
Date . . . . . . . . .. . • • • • • . . . • . • . • . • . • • . • . . . . . . . . 815193 
InstAllation .... • •..•..•.• •• .. . N .. ted 12-Gauge W-Beam with 

3 ft - l 'h in. Post Spacing 
Installation Length ... . • . . . .. • . ...•.••.. . . . .. . . ... 175 ft 
Post 

Size ...•.. • ... • ...... . •... • .•.... . ... • .•. W6x9 
Length •...•.••.....•..••.• . .• . .•.......... 6ft 

Guardrail 
Material . . . . . . . • . . . 12 - 2S ft sections of 12 gauge W-bearn 

Post Spacing • . . • . . • . • . . . . . . . . . . . . . • . . . . • . . 3 ft - l'h in. 
Eod Treatments . . . . . . . . . . . Breakllwny Cable Terminal With Stml 
Test Vehicle . . . . . . . . . . . . . . . . . . . . . . . 1985 Mercury Marquis 

Test Inertial Weight . . . . • . . . . • . . . . . . • . . . . . . . 450 I lbs 
Gross Static Weight • . . • . . • . . . • . . • . • • • • . • • . • 450 I lbs 

Figure 35. Summary of Test Results, KSWB-4 

Impact Speed . . . . . . . . . . . . . • . . • . . • . . • • . . • . . • . 60.4 mph 
Impact Angle .•....•.••...•..•..•.•••..•..•.. 28.4 deg 
Impact Location • . . • . • • • . . . • . . II. 7 ft Upstream of Post No. 2S 
Exit Speed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46.8 rupb 
Exit Angle .... . . . .. . •.......• .. • ... . . .•..•.. 14.1 deg 
Nonnalizod OCC11pant !nJpact Velocity 

Longitudinal . . • . . • • . . • • . . • . • • • . . • . . . • . • . . 14.4 fps 
Lateral •............. • .....• • ..•••• • .••. 19.4 fps 

Occupant Ridedown Dooeleration 
Longitudinal .....•.......•......... • •. • ... 5.9 g's 
Lateral ............ ..•• ...... . .•..•..•... 9.9 g 's 

Vehicle Damogo 
TAD .... . . . . ... . . . ..... .. ... .. .. 1-Rl'Q-4, I·RD·2 
VOl ........... .. ........ . . . .......... OIRDES2 

Maximum Pennanent Set Deflection .•.. . . . 15.9 in.@ Post No. 24 
Maximum Dynamic Deflection ..•. 23.5 in. btwn Post Nos. 23 and 24 
W-Beam Contact Length . . . . . . • . . . . . . • . . • . . • • . . • . . . 15ft 



-·- Impact 

! 
112 msec 

143 msec 

194 msec 

1 
225 msec 

419 msec 

Figure 36. Sequential Photographs, KSWB-4 

56 



. . - ..., - -· 

-

-

Figure 37. Full-Scale Crash Test, KSWB-4 
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Figure 38. Full-Scale Crash Test (continued}, KSWB-4 
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Figure 39. Test Vehicle Damage, KSWB-4 
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Figure 40. Installation Damage, KSWB-4 
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Guardrail and Post Deflection 
KSWB-4 Nested W-Beam&3"-1112" Post Sp. 

20 ~--------------------~---------------------. 

f!1l 
15 +-------------------,f------·C-~~----------

/ \, 0 . 
~ Post Location 

1
. ' ·-.! , 

~ \ 
g10 t---------------,L-~--------~·~--~------------~ " ' 

~ I 
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""'- ' 
m ~ _.7· "e.'""\ 

0 ~.~~2·~=-~--~-.~--.--., ~--7. --.-•. --r--.~------~~~~:~-~]-·aJ: 
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Post Number & Midspan 

--- Max Dynamic(Film) - ?e(m Sot(Fie:ld) 

Figure 41. Guardrail and Post Maximum Deflections, KSWB-4 
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4.5 Com>ARJSON or REsuLTS 

With the exception of Te-<t KSWB-2, where U>e rail deflection incrta$ed slightly, the 

increase in stiffness resulting from the nesting of the beam and/or the increase in post spacing 

resulted in a decrease in the permanent set and dynamic deflections, as shown in Figures 42 and 

43. The maximum lateral dynamic deflections, as well as other pertinent information from this 

testiJ>g is summarized in Table 3. 

Table 4 is oomprised of the results of previous resting which has been oonducted on similar 

systems. These results were used to provide comparisons or maximum lateral deflections berwoon 

similar sysrems and to compare the effects of strengU>ening the systems. 

Previous resting included one full-scale crash test conducted at the Southwest Research 

Institute (SwRI) on a G4(1S) system Q). This test resulted in excessive lateral deflections as a 

rcsulc of poor soil conditions, length of installation, and the method of anchoring the end of the 

rail. A second test which was used for comparison was conducted at the California Highway 

Department (CAI..TRANS) Q). This G4(1S) system was stiffer than the previous test conducted 

by SwRI, and provided much more reasonable results which compared favorably \1oith Test 

KSWB-1. 

Additiooal teSting used for comparison included a series of full-scale crash tests conducted 

at SwRI. This series or tests investigated lhe effects of soil conditions on the performance of 

standard G4(1S) systems ~). The first test (SPI-1) was a baseline te.<t used to evaluate lhc 

performance of theW-beam system with adequate soil conditions. The second test (SPI-2) was 

conducted to evaluate the effoets of subslandard ooil compaction effects, and test SPI-3 ~~o-as 

conducted to evaluate lhe behavior of the system with substandard soil strength. 
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The final series of tests used for eomparisons was conduCied at Analysis Group Inc. (H), 

usin& the NARD computer simulation model (U). The deflection I'C$ult.S obtaiJted in these 

computer simulations were presented in a FHW A technical memorandum (16) and are used 

nationwide to guide engineers in the placement of W-beam systems. Three of the computer 

simulations from this srudy were used for comparisons because of their test condition similarities. 

These teSts iJlclude: Run No.I (single W-beam with 6 ft - 3 in. post spo.ciJlg); Run No.4 (single 

W-beam with 3ft- 11h in. post spacing); and Run No. 6 (nesled W-bcam with 3 ft - I 'h in. post 

spacing). 

A comparison of these tests indicateS that the results obtained from the fuU-scale vehicle 

crash tests conducted during this research project are reasonable-. All dynamic deflection values 

are within 20% of the values obtained in previous studies, which is neao;onable given the variance 

in actual teSt conditions and compu!Cr simulation results. 
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Guardrail and Post Permanent Deflection 
KSWB·1 & KSWB·2 

=· 15 
c: 
0 

13 
"' 'iii 
0 

~ 
c: 

.Q 
Q 
S! 
q; 
0 

10 

0~~~~-,--r-~-T--~,-~--.-,--r~~ 
11 A 12 B 13 C 14 D 15 16 F 17 G 

40 

35 

30 

25 

20 

15 

10 

5 

Pos1 Number & Midspan 

Guardrail and·Post Dynamic Deflection 
KSWB·1 & KSWB·2 

o~~~~~r-~~~~~~~ 
11 A 12 B 13 C 14 0 15 E 16 F 17 G 

Post Number & Midspan 

Figure 42. Deflection Comparisons, KSWB-1 and KSWB-2 
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Table 3. Comparison of Test Results 

Te>t KSWlH KSWR-2 KSWR-3 KSWB-4 
Parameter (Sing.le W-beatn (Nes.cOOW-Mun (SUiglc W-Oeam (Dol.lble W4le~tm 

& 6'-3' P.$.) & 6' -3 ' P.S.) & 3'-n.~· P.S.) & J'.Jih: P.S.) 

Test Inertial 
Weight 4399 1b 44861b 4486lb 4501 lb 

Impact 
Speed 61.9 mph 60.5 mph 59.7 mph 60.4 mph 

Impact 
Angle 25. I deg 25.4 dcg 24.8 deg 28.4 deg 

Impact 
Severity 101.8 k-ft 101.3 k·ft 94.5 k·ft 124 .7 k·fl 

Exit 
Angle 14.5 deg 12.9 deg 9 .6 deg 14. 1 deg 

Exit 
Speed 40. 1 mph 52.6 mph 46.1 mph 46.8 mph 

Max Perm. 
Set Deflection 22.0 in. 24.8 in. 20.3 in. 15.9 in. 

Max Dynamic 
Deflection 29.7 in. 35.5 in. 23.5 in . 19.6 in. 

Longitudinal 
orv 21.3 fps 11.0 fps 16.9 fps 14.4 fps 

Lateral 
OIV 17 .7 fps 16.5 fps 18.8 fps 19.4 fps 

Longitudinal 
Deceleration 8.8 g's 5 .7 g 's 9.8 g's 5.9 g' s 

Lateral 
Deceleration 11.9 g' s 14.3 g's I 1.7 g's 9.9 g's 

Vehicle 
Rebound Dist. 17 ft 35ft 14 ft 14ft 
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TEST 
PARAMETER 

T~t Vt~hicle 

lnurtlnl Weig.Jit 
(I b) 

lrnp&'llt A.11glo 
(de&) 

........ 
~rio) 

IWI'I)po 
(12 p .) 

Pos11)110 
(SteeQ 

l)o)llt Sp~cing 

M ll)linwm 
O)•t•amio 
De-OocLion (w.) 

M&.llmUm 
~m\MitlltSd 
lf ... l_ 

1 SwRJ (2) 
'CAI.TRAN OJ 
, SwRI (!I) 

KSWS.l 

4399 

25. 1 

61.9 

SU.sJe 

W6:t9 

6'-3' 

29.7 

22.0 

' A"nly11i11 GI'(IUJ) Inc. (1!1) 
NA · Not Avmt••bl~ 

Table 4. Maximum G4(1S) Guardrail DeOoction Comparisons 

KSWB·2 KSWII-3 KSWB-4 SwRI1 CAL1 SPI· l' SPI-2' SPI-3, RUN l' RUN 4' RUN 6' 

4486 4486 450 1 3813 4900 4490 4490 4490 4500 4500 4500 

25.4 24.8 28.4 28.4 25.0 25.3 2M 23.1 25.0 25.0 25.0 

oo.s 59.7 60.4 SM 66.0 59.6 58.6 S9.6 00.0 60.0 60.0 

,.,.«1 S..,.le """" Sio&le Sio&le su.p. ~le Sin&le Sio&le Siocle """"" 
W61.9 W6•9 W6~ 6•3.S 6d.S 6d.S 6d.S 6x8.S 6d.S 6d.S 6d.S 

6'·3· l'- 1'/tp 3'·l'h. 6'-3" 6'·3" 6'·3' 6' •3' 6'·3' 6'•3' 3'-I'A" J' . f II' 

35.5 23.5 19.6 48.6 J 1.2 35.6 ,5. 1 29.6 3S.7 21.3 J?.Z 

lU 20,) 15.9 34.8 NA 27.) 27.3 2A.S NA "'" NA 



5 COiiCLUSIONS 

AU of llle full -scale tests eondu<:tcd during this research project satisfJCd the perfonnanre 

criteria set fo rth by NCHRP Report No. 230 CZ), and the tests have provided well e.~tablished 

denection distances resulting from the effects of nesting and half-post spacing. These tests 

indicate that soil moisture content can have a significant effect on the behavior of guardrail 

syStems. It was also evident that nesting W-beam does not affect the lateml dynamic deflection 

of the guardrail as signiflCanOy as half-post spacing does. These deOectioo results will be 

beneficial for the compo"" model calibration conducted in the second phase of this project (Jl), 

and will ultimately aid in decisions on the location of W~beam barrier placement. 
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TEsT VEHICLE lliFO~v.nON 
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• / 

Figure A-1. 4500 lb Test Vehicle, KSWB-1 
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Moke: Ford Tc~~t No.: KSWB I 

Model: llD Crown Victoria 1ire Size: P2l5-75R15 

Yecr: ...:1.::.9:o:8.:::5 ____ _ 

·t 
-C:=J 

l-Cl 

' ' 
- 1- (i:!:il 

• ., 

Weight ( lbs) 

WI 

W2 

Wtotc! 

'l 
J 

' 
r 

Cutb 

2265 

1445 

.3710 

VIN: 2FABP43G5FX172657 

"'' F 
-

1-
' 

-

• 

ll d 

11 I• 
.. , 

Test Cross 
Inertial Stoiic 
2533 25.33 

1866 1866 

4399 4399 

Vehicle Geometry 
Inches 

o- 76.75 b- 41.0 

c- 1 1•.0 d - 55.75 

e - 61 .0 f - 216.0 

<J - 22.0 h- 48.35 

J - 17.0 m- 8.0 

n - 6.5 o- 13.5 

p- 62.75 q- 62.0 

( - 27.0 s - 16.25 . 

t 
-.. -.> . . "' 

Enqine Size: _ _,3:_:5'-1'-!in~3:__ 

Transmission: outomotic. 

Oomoge pnor to test: __ .:.N::;o~n:_:e:__ _______________ _ 

Figure A-2. 4500 lb TO$t Vehicle Dimensions, KSWB-1 
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Figure A-3. 4500 lb Test Vehicle, KSWB-2 
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Mcke: ..!r.;o'"r;od _ ____ _ Test No.: _ _tK,_;. S~V:!J18;t-::£2 __ 

Model: LTO Cro•wf\ Victorio Tire 'Size: P215-70R15 

Yeor: _1:..;9~8,::4::.._ _ ___ _ VIN: 2FA6P43fXEX12 1970 

0 r= 
. 

"'c~: 

1- co - . 
_,___ -~c::::J ~~ ~ '--<, 

-·~-- !J:i:i! ./ '-..... 

9/H\ c~-0 '\.:Jd~ ' ;hl' ''-:J 
' 

• • ' ' • ... r ., 

we;ght (lbs) Curb Test Gross 
lnerliol Siotic 

Wi 2170 2286 2286 

W2 14 10 2200 2200 

Wtotol 3580 4486 4486 

Vehicle Geometry 
Inches 

"- 75.75 b - 41.0 

0
_ 114.0 d - 55.75 

·- 60.0 f - 2 15.0 

g- 22.0 h - 51.4 

J - '7.25 m-~ 

n- 6.5 0 - 13.25 

p - 62 .25 q - 62 .0 

r - 27.0 s- 16.25 

Engine Size: 302 io~ 

T ronsrnissiorl: outomotic 

Oomoge ptiol' to tesl: _ _:N.:.:o~n.:.;e;_ _ _________ ____ __ _ 

Figure A·4. 4500 lb Test Vehicle Dimensions, KSWB-2 
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Figure A-5. 4500 lb Test Vehicle, KSWB-3 
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~-~oke: Mercurv Test No.: _ _!KS~I':!!IB2,.=,,!.3 __ 

Model: Grond 1\<1.:~rquis Tire Size: P215-75R15 

y eor: -'1"9"'8::,:5 ____ _ VIN: 2MEBP95F1 FX658621 

• r= -

E ,.,r '----
.1...- 1-c::::J 

Weight (lbs) Curt Tes't Gross 
ll"" ertiol Stotic 

Wl 2190 2501 2501 

\V2 1420 1985 1985 

wtotol 3610 4486 4486 

Vehicle Geometry 
inches 

a _ 77.0 b - 44.25 

c - 11 4.0 d - 55.75 

e _ 55.75 f - 2 15.0 

g- 22.0 h - 50.45 

J - 17.0 m-~ 

n- 6.5 0 - 13.0 

p - 62.5 a- 62.0 . -
r - 27 .0 s - 16 .25 --
t .34.5 

t:n gin e Si z .c: _ _,.:;,o'-'2'--'i ne.'_ 

T ronsmission: outO"'lOi1c 

)cmcge pnor to test·---------------------

Figure A-6. 4500 lb Test Vehicle Dimensions, KSWB·3 
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' 

Figure A-7. 4500 lb Test Vehicle, KSWB-4 
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Mo ... e Mercurv 

~lode! Grano Mor<;vis 

y OC<: .:,1,:;98::;5::_ ___ _ 

• 
r -CJ [!,. 
t ~~ 

I I ..._ c:-

' , . 

\',e•gnt {lbs) Cu-t> 

W1 2220 

W2 1450 

Wtotol 3670 

o os: No. --'K~S~'l!!c;3;!.::-_::L __ 

Tire Size P215-75R15 
Venic • Ceornetry 

..,ches 

VIN: 2MEBP95<"1FX635 l62 0 - ..1J..S. 

c - .!2.::2 
b - ''4.25 

d - 55.75 

"!;::: -

~ • 
-

Test Gross 
lner1io1 Stot1c 
2519 2519 

1982 1982 

4~Q1 4501 

e _ 56 75 

g- ...nJ! 
. ,_ 
n - ____!& 

p - ..B:2 
( - ..1LQ 

I - ..1.U 

irc .. sm;,,,O"' 

r -215.0 

" - 50.2 

...,_ 8.0 

o - i J.C 

q- 62.0 

·- 16 25 

OU~O'""'lCtic 

OoMOge prior ~o ~est: __ ..!N!!o~nll•!......----------------

figure A·S. 4500 lb Test Vehicle Dimensions, KS~ 
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