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I INT RODUCTION 

1.1 Background 

For many years, the Missouri Depanment of Transportation (MoDOn constructed a tbrie 

beam and steel channel bridge railing system on bridges located on their highways. Although this 

bridge railing system had perfonned acceptably in the field. no full-scale vehicle crash tests had been 

conducted on the system to evaluate its safety perfonnanee. During the early 1980's. full-scale 

vehicle crash testing became reeognized as a more appropriate and reliable method of evaluating the 

acceptabili ty of a longitudinal barrier system. 

In 1988. the Texas TranspoMtion Institute (TTl). in cooperation with the MoDOT and the 

Federal Highway Administration (FHW A), conducted a safety perfonnanee evaluation of both this 

bridge railing system and an approach guardrail transition U). Three full-scale vehicle crash tests­

two on the bridge railing and one on the tnmsition - were perfonned according to the criteria 

provided in the National Cooperative High"'"lIY Research Program (NCHRP) Report No. 230, 

Recommended Proceduresfor the Safety Performance Evaluation of Highway Appurtenances (2). 

Following an analysis of the test results, the researchers reported that the bridge railing system 

generally met the requirements set forth in NCHRP Report No. 230, although some of the criteria 

were met only marginally. In addition. the approach guardrail transition attached to the bridge railing 

system perfonned unsatisfactorily and did not meet the requirements set forth in NCHRP Report No. 

230. 

Following the unacceptable perfonnance oflhe transition system, MoDOT officials replaced 

the approach guardrail tnmsition system attached to the tbrie beam and channel bridge rail with a 

new configuration Q). The new approach guardrail transition system was similar to a transition 



system, attached to a New Jersey concrete safety shape end section, which was successfully crash 

tested by the Southwest Research Institute (SwRI) in 1989 (f). Although the system crash tested by 

SwRl met the NCHRP Repon No. 230 impact safety standards, SwRI researchers and the FHW A 

recommended that MoDOT construct the transition system with one additional post located upstream 

from the concrete end se<:tion to improve system perfonnance. 

In 199), the Midwest Roadside Safety Facility (MwRSF) crash tested a transition design 

attached to a New Jersey concrete safety shape end section for MoDOT according to NCHR? Repon 

No. 230 safety standards (~). This transition system was similar to that tested previously by SwRl; 

however. it included the additional post recommended by FlIW A and incorporated one 3.42-mm 

thick single thrie beam rail instead of two 2.66-mm thick nested thrie beam. The transition system 

tested by MwRSF was detennined to be unacceptable according to the NCHRP Rcpon No. 230 

critcria. Whcel sllllgging on the concrete end se<:tion occurred, resulting in excessive occupant 

companment defonnations. 

1.2 Problem Statement 

Following a review of the unacceptable test results on Missouri's transition to a concrete 

safety shape end section (2), MwRSF researchers reasoned that similar \Cst results would have been 

obtained for a sedan impact with the transition configuration provided in Drawing No. 606.230 (l). 

Based on this fact, the need existed to develop a new approach guardrail transition that could be 

adapted to the thrie beam and channel bridge miling. In addition, the new design must be developed 

according to current impact safety standards which aTe based on crash tests with pickup trucks rather 

than passenger-size sedans. 
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1.3 Resean.-h Objeclive 

The obje>:tive of the research project was to develop a new approach guardrail transition 

attached to Missouri's thrie beam and channel bridge railing. The transition system must be 

designed such that it mcets the Test Level 3 (TL-3) safety perfonnance criteria set forth in NCHRP 

Report No. 350. Recommended Procedure~"/()r Ihe Saftly Performance Evalualion of lfighway 

FeOlUres (2) . 

1.4 Scope 

The research objective was accomplished with a series of tasks. First, a I iterature search was 

performed to review the approach guardrail transition designs previously evaluated according to the 

NCHRP Repon No. 350 safety standards. Second, an analysis and design phase ""'as undenaken to 

detennine the best method for attaching the flexible guardrail system to the more rigid bridge railing 

system. After final design and sUhsequem fabrication, two full-scale vehiele crash tests were 

perfonnedaecording tothe TL-3 impact conditionsofNCHRP Report No. 350. Thecrash tests were 

perfonned with 'I.-ton pickup trucks, weighing approximately 2,000 kg. with a target impact speed 

and angle of 100 kmIhr and 25 degrees. respectively. Finally, thc test results were analyzed, 

evaluated. and documented. Conclusions and recommendations were then made that penain to the 

safcty perfonnance of the newly developed approach guardrail transition. 

3 



2 LITERATURE REVI EW 

Since the inception of the NCHRP Report 350 guidelines. a limited number of research 

studies have been perfonned to develop. test. and evaluate thrie beam approach guardrail transitions 

attached to rigid bridge railing systems according to the TL-3 criteria. 

In 1994, researchers at the MwRSF. in cooperation with the Midwest States Regional Pooled 

Fund Program. successfully developed and tested an approach guardrail transition for use with the 

single-slope concrete median barrier (l:ID. The transition was constructed with 3 .42-mm thick thric 

beam rails and was supported by nine W152x13.5 steel posts. Post spacings consisted of one at 292 

mm, five at 476 mm, and three at 952 mm. Specially designed steel structural tube blockouts were 

used to connect the thrie beam rail to the steel posts. 

In 1997. MwRSF researchers successfully developed and tested two approach guardrail 

transition designs for use with concrete safety shape parapets and. once again. in cooperation with 

the Midwest States Regional Pooled Fund Program!"2:1Q). Both transition designs .... 1:fC constructed 

with two nested thrie beam rails. measuring 2.66-mm thick. The first transition design was 

supported by nine W152x13.5 steel posts. while the second transition design was supported by nine 

152-mm x 20)-mm wood posts. For both systems, post spacings consisted of one at 292 mm. five 

at 476 mm. and three at 952 mm. A triangular-shape concrete curb was constructed below the thrie 

bean! rail on each approach guardrail transition system. 

Also in 1997. MwRSF developed and tested another approach guardrail transition for use 

with a vertical concrete parapet and a redesigned tapered end section according to TL-3 ofNCHRP 

Report No. 350 (ll). The transition design was constructed with two nested thrie beam rails. 

measuring 2.66-mm thick. and was supported by two W152x37.2 steel posts and four W152x22.3 

4 



steel posts. Post spacings consisted of one at 1.879 mm. four at 952.5 mm. and one at 1.905 mm. 

During the impact. the pickup truck was contained and redirected in a stable manner. However, the 

wheel assembly collapsed and extended under the defoffiled thrie beam in a unique manner. 

contacting the upstream end of the tapered concrete section. This wheel contact led to significant 

occupant compartment defonnations as well as the test being judged a failure. 

An approach guardrail transition for use with the New Jersey safety shape barrier was tested 

according to TL-3 ofNCHRP Report No. 350 by SwRI in 1994 (12). During the impact, the pickup 

truck was contained but after redirection the vehicle rolled onto its side. Thus. the test failed 

NCHRP Report No. 350 requirements. The transition was constructed with two 2.66·mm thick 

nested thrie beam rails and was supported by eight 152 mm x 203 mm timber posts. Post spacings 

consisted of onc at 292 mm. three at 476 mm. and four at 952 mm. 

In \994. researchers at TIl successfully designed and tested an approach guardrail transition 

for use with a concrete safety shape barrier according 10 tbe TL-3 ofNCHRP Report No. 350 ill). 

The transition was constructed with a 3,43·mm thick thrie beam rail, two nested 3,43·mm thick w_ 

beam to thrie beam transition sections, and was supported by six 178·mm diameter timber posts. 

Post spacings consisted of four at 476 mm. one at 952 mm, and one at 1.905 mm. The cylindrical 

wood posts made this transition unacceptable for the MoDOT. 
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA 

3.1 Test Requiremenu 

Longitudinal barriers, such as approach guardrail transitions. must satisfY the requirements 

provided in NCHRP Report No. 350 to be accepted for usc on new construction projects or as a 

replacement for existing transition designs not meeting current safety standards. According to Test 

Level 3 (11.-3) ofNCHRP Report No. 350, approach guardrail transitions must be subje<:ted to two 

full-scale vehicle crash tests: (I) a 2.000-kg pickup truck impacting at a speed of 100.0 kmIhr and 

at an angle of25 degrees; and (2) an 820-kg small car impacting at a speed of 100.0 kmIhr and at an 

angle of20 degrees. However, thrie beam barriers struck by small cars have been shov.n to meet 

safety performance standards and to be essentially rigid (14-16), with no significant potential for 

occupant risk problems arising from wheel snagging on the posts. Therefore. the 820-kg small car 

crash test was deemed unnecessary for this project. 

3.2 Evaluation Criteria 

Evaluation criteria for full-seale vehicle crash testing are based on three appraisal areas: ( I) 

structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the barrier to contain, redirect. or allow 

controlled vehicle penetration in a predictable marmer. Occupant risk evaluates the degree of hazard 

to occupants in the impacting vehicle. V chicle trajectory after collision is a mcasure ofthe potential 

for the post-impact trajectory of the vehicle to cause subsequent multi -vehicle accidents. It is also 

an indicator for the potential safety hazard for the occupants of other vehicles or the occupants of 

the impacting vehicle whcn subjected to secondary collisions with other fixed objects. These three 

evaluation criteria are defined in Table I. The full-scale vehicle crash tests were conducted and 
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I'l:ported in accordance with the procedures provided in NCHRY Report No. 350. 

Table I. NCHRP Report 350 Evaluation Criteria for 2000P Pickup Truck Crash Test. 

Structural 
A. Test article should contain and redirect the vehicle; the vehicle should not 

Adequacy 
penetrate, underride, or override the installation although controlled lateral 
deneetion of the test article is acceptable. 

D. Detached clements. fragments or other debris from the test article should not 
penetrate or show potential for penetrating the occupant compartment, or 
present an undue hazard to other traffic . pedestrians, or personnel in a work 

Occupant zone. Deformations of. or intrusions into, the occupant compartment that 
Risk could cause serious injuries should not be permitted. 

F. The vehicle should remain upright during and after collision although 
moderate roll. pitching, and yawing are acceplable. 

K. After collision il is preferable that the vehicle's trajectory nOI intrude into 
adjacent traffic lanes. 

L The occupant impact velocity in the longi tudinal direction should not 
Vehicle exceed 12 mlsec and the occupant ridedown acceleration in the longitudinal 

Trajectory direction should not exceed 20 G·s. 

M. Theexit angle from the test anicle preferably should be less than 60 percent 
of lest impact angle. measured at time of vehicle loss of contact ".,i th test 
devise. 
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4 DESIGN CONSIDERATIONS 

Missouri's bridge railing system was configured using a 3 .42-mm thick single thrie beam rail 

which attached to front face ofW152x29.8 stcel posts spaccd 1,905 mm on center. It is noted that 

no blockouts wcre used between the posts and thrie beam rail. A C203x17.1 steel channel was also 

mounted to the top orthe steel bridge posts and placed slightly below the top height of the thrie beam 

rail. The base of each post ,"vas welded to a stee! plate which was rigidly attached to the concrete 

deck surface with six anchor bolts. 

As discussed previously in Section 1.1, the thrie bream and channel bridge railing system was 

successfully crash tested according to the guidelines provided in NCHRP Report No. 230 U). The 

bridge railing system was evaluated using two crash tests- an 901-kg small car impacting at a speed 

of95.9 kmlb.r and an angle of 15.0 degrees and a 2.041-kg sedan impacting at an speed of98.0 kmlhr 

and an angle of24.0 degrees. Although no NCHRP Report No. 350 crash tests had been perfonned 

on the bridge nliling system, FHW A later provided an equivalent TL-3 rating for this bridge railing 

system (.11). 

Following a review oftbe TIl test results, MwRSF researchers believed that the potential 

existed for wheel snagging to occur on the bridge posts when impacted by a pickup truck at the TL·) 

test conditions ofNCHRP Report No. 350. However. this wheel snagging potential could be greatly 

reduced with the addition of spacers to block the thric beam rail a",ay from the front face of the 

bridge posts. Consequently, this approach was met with reluctance by MoDOT officials for two 

basic reasons. First, the concern for providing adequate roadway width is always an issue. Spacers 

incorporated into the railing system on each side of the roadway would decrease the available 

roadway width by approximately 304 mm. It should be noted that this lost roadway width likely 

8 



could be recovered by modifying the post-to-deck attaciunent detail. Second, the thric beam and 

channel bridge railing system was satisfactorily crash tested according to the NCHRP Repon No. 

230 criteria and subsequently providedaequivalent TL-3 rating by FHW A. Therefore, the approach 

guardrail transition would be developed for use with a thrie beam and channel bridge railing system 

where the thrie beam attached directly to the bridge posts without the use of spacers. 

Since rail spacers would not be used in the bridge railing system, the potential for wheel 

snagging on the first bridge post still remained. This wheel snag potential exists for the scenario of 

a pickup truck impacting the transition region at the critical impact location (CIP). Therefore, the 

design of Missouri's approach guardrail transition must incorporate a means by which wheel 

snagging on the first bridge post will be eliminated. Historically, the common method for preventing 

wheel snagging in anapproach guardrail transition system involved the placement ora rubrail below 

the main guardrail member and attached to the front face of the transition posts. Typically, the 

rubrail overlapped and was rigidly attached to the base of the rigid bridge railing system where 

snagging was likely to occur. This method has worked well in the past. as documented by the many 

successful crash tests on transition designs using passenger-size sedans. 

A review was conducted on approach guardrail transitions developed for the TL-3 impact 

conditions to detennine if any features ofthose designs could be implemented into the new transition 

configuration. Following this review, MwRSF researchers sele<:ted a transition system designed in 

1997 for the Midwest States Regional Pooled Fund Program to fonn the basis of the transition design 

(9-10). Although this previously tested transition was used, modifications to Ihis system would be 

necessary to account for the differences in bridge railing geometries as well as to eliminate the 

potential for wheel snagging. 
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5 APPROACH GUARDRAIL TRANSITION - DESIGN NO.1 

The total length of the installation was 26.67 m. Design details of the approach guardrail 

transition and bridge railing systems an: provided in Figures I through 6. Photographs of the 

approach guardrail transition and bridge railing systems are shown in Figures 7 and 8. The test 

installation consisted offive major structural components: (1) two nested 3.81 O·mm long thrie beam 

rail sections (2.66 mm); (2) a CIS2x12.2 steel channel rubrai\; (3) an 1,90S-mm long W-beam to 

thrie beam transition section (2.66 mm): (4) a IS,240-mm long W-beam rai l section (2.66 mm) 

attached to a simulated anchorage device; and (5) a 3,SIO-mm long thrie beam and channcl bridge 

railing system with an attached simulated anchorage device. 

The approach guardrailtransilion system was constructed with seventeen guardrail posts. as 

shown in Figures I through 4. Post nos. 1 through 7 consisted of galvanized, ASTM A36 steel 

WIS2x13.S sections measuring 1,980-mm long. Post nos. 8 through 15 were also WIS2x13.5 steel 

sections but measured 1 ,830-mm long. Post nos. 16 and 17 were timber posts measuring 140-mm 

wide x 190-mm deep x 1.080-mm long and were placed in steel foundation tubes. The timber posts 

and foundation tubes were pan of an ancborage system used to develop the required tensi le capacity 

of the guardrail at the upstream end of the system. Lap-splice connections between the rail sections 

were configured to reduce vehicle snagging atlhe spl ice during the crash tests. 

Forposl nos_ I through 7, a wood spacer blockout, developed previously at MwRSF (2), was 

chosen for use with the thTie beam guardrail. as shown in Figures I through 3, and 8. The wood 

block spacer was selected since it eliminates probkms associated with the torsional collapse 

commonly observed to occur wilh wide-flanged blockouts. Al post no. 8, wood spacer blockouts 

measuringl52-mm wide x 203-mm deep x 455-mm long were used, as shown in Figure 3. As shown 
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in Figure 4. routed wood spacer blockoUls measuring 152-mm wide x 203-mm deep x 360-mm long 

were used at post nos. 9 through 15. 

The soil embedment depths for post nos. I through 7. 8, and 9 through 15 were 1.245 mm. 

1,052 mm. and 1,100 mm, respectively, as shown in Figures 3 and 4. The steel posts were placed 

in a compacted coarse, crushed limestone material that met Grading B of AASIITO M 14 7 -65 (1990) 

as found in NCHRP Rcport No. 350. 

A CI 52x12.2 steel channel rubrail was placed below the thrie beam rail and shielded the 

traffic-side face oftransition post nos. 1 through 4,as ,ho"ll in Figures 1 through 2. 4, and 7 through 

8. The rubrail was rigidly attached to transition post nos. 2 and 4 and extended onto the bridge 

railing where it bolted to the last two bridge posts located al the end of the bridge railing system. 

The thrie beam and channel bridge railing system was rigidly attached to theeoncrete tarmac 

located at the MwRSF's outdoor test site, as shown in Figures 5 and 7 through 8. All construction 

details for the bridge railing system are provided in Figures 5 through 6. As shov.1! in Figure 7, a 

steel anchorage device "'<IS attached to the downstream end of the bridge railing to simulate a full­

length bridge and to develop the required tensile capacity of the bridgc railing system. 

II 



I 
t---'-' =r.:..-='~-r---'-' ==-='-----j-~_r~1! 

.. .. .. .. .. .. .. .. , • • • • • • • , II> 

Figure I. Installalion La),oul. Design No.1 

.. .. 



o 0, -.... --~ ---

, , , , 

• • 

--­,_ ... . , .. ---

-'------+-

, , , , , , , , , , , , , , , , , , , , , , , , , , , , , 

• , , 

" 

Figun! 2. Installation Layout and lksign Details. Design No_ ] 

1 , 

_ _ (loo.] 

• " 



.,,,,.u -

-- --

I --

. _1EAW'0 _ ..... 
..0-..0$1 t_ .... I) 

--
• • , 
" • • • • • • , 

--

-

I ---

Figure 3. Design Details. Design No. I 

[h --
• 

I' 
--

&-= --­"'_ ...... _ .. .. _- ,-. ", .. __ . _.­-,OJ __ _ _ 

--

--

J4 

~ --' • 
;-~ p - I> 

f- -
• • • • • 

." 

.... _...J 

r [) 

;-j m -
• • • • • • 

-



I 
•• 

... 

l .. 

--

--

~­Cl~. \2.2 

(C6.3.2) 

Figure 4. Design Details, Design No.1 (Continued) 

15 

w-8£I,W _ OE, ... S 

• • • : 
• • • • • • • • • 

' W 

: -- - -------' 



----. -. --. , . - --
Bridge Connector 
&: Post Assembly 

SIDE VIEW 

,---

Figure j. lluie Beam and ChannclOridge Rail Design Details. Design No. I 

TOP VIEW 
(.......- 000l0, .. ) 

FRONT VIEW 
{~_..ol 



" T 

o o 

o 
l'II _ . _ (I) 

Br~. Plot. 
306 ........ • JS6 ........ • J2 mm 

~IJO I 

-"' _ .......... . 
so ....... " ..... . .. -

.,:'::,'-irrHHr-" 
" 0 0 
.L....:c.~ 

I 1-... --1 

" 

11n9'. Clips 

, 
o 

89 ........ . 89 .... . 8 ........ 

--~ -! -;;;;.-_.- _._ .. -_.- _._ .. _ .. -- _ .. _ .. _ .. -_.-_ .. _ .. _ .. -_.;;;;'.! -;;;;--_.- ---_.- _.---._.--_.-- ------ _.- _.-----.- -.--_ .. ;;;;'-! -~--

~ I -l+"4:'= ~= =:= .,:",j"", - .. "".1 .. )."................ .... ""···~······~····~·····~·····~····4····L ··~·····~·····~·····~······~·····9··· ~~~~ 
-"I- "-- '0.1- '-" .... .. ....... __ 

Bridge eop Roil 
C200. 17 

{e8.'1 .5j 

Figure 6. Thrie Ikarn and Channel Bridge Rail Design Details. Design No. I (Continued) 

[ 



00 

Figure 7. Approach Guardrail Transition, Design No. 1 



, , 

Figure 8. Approach Guardrail Transition, Design No. 1 (Continued) 

19 

... 



6 TEST CONDITIONS 

6.1 Test Facility 

The testing facility is located at the Lincoln Air-Park on the NW end of the Lincoln 

Municipal Airport and is approximately 8.0 krn NW of the University of Nebraska-Lincoln. The site 

is protected by an 2.44-m high chain-link security fence. 

6.2 Vehicle Tow and Guidance System 

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

vehicles. 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 impact with the approach guardrail 

transition. A digital speedometer, located on the tow vehicle, was used to increase the accuracy of 

the test vehicle impact speed. 

A vehicle guidance system developed by Hinch ill) was used to steer the test vehicle. A 

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

9.5-mm diameter guide cable was tensioned to approximately 13.3 kN, and supported by hinged 

stanchions in the lateral and vertical directions and spaced every 30.48 m initially and at 15.24 m 

toward the end of the guidance system. The hinged stanchions stood upright while holding up the 

guide cable, but as the vehicle was towed down the line, the guide-flag struck and knocked each 

stanchion to the ground. 

6.3 Test Vehicles 

For test MST -1, a 1992 GMC 2500 'I.-ton pickup truck was used as the test vehicle. The test 

inertial and gross static weights were 1,991 kg. The test vehicle is shown in Figure 9, and vehicle 

dimensions are shown in Figure 10. 
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Figure 9. Test Vehicle, Test MST-1 
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Date: _----"'6+-1 .... 2:r,4/-/9""8""--_ 

Make: __ ----'GzrM"'C"'-__ 

Test N umber: _----'M"'S .... TL-::....Ll __ Medel: __ --"2.>15""0""0'----__ 

Vehicle I.D.#: lGDGC24K1NE541321 

TIre Size: LT245/75R16 Year: __ .... 1 ""-9,,,,-9 ... 2 __ 

-(All Measurements Refer to. Impacting Side) 

T I 
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--t-----e f 
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0. 

Wheel 

Wheel 

Wheel 

Wheel 

Odemeter: __ .... 1 5 .... 5 ........ 8l.>o3 .... 9'--_ 

Vehicle Geemetry - mm 

0. 1867 

c 5550 

e _""-3,,,,-32 ... 7"--_ 

9 _..L7",,-,38",--_ 

445 

k _ ...... 6""Q""3'---_ 

M 16Q3 

0. lQ67 

q 752 

s __ 4 ... 8""3'---_ 

Center Height Frent 

Center Height Rear 

Well Clearance (FR) 

Well Clearance (RR) 

b 1854 

d 1314 

f_ .... 9 ... 5""-3_ 

h _.L:14:<.>O.ul_ 

J _-"'6+-73'"'---_ 

800 

n 1626 

p_~9 ... 5'--_ 

r _...:4:r:4I.1L-_ 

t 1867 

368 

381 

902 

956 

Engine Type Y-8 Gas 

Engine Size 5.7 L 

Transmissien Type: 

(Autematic) or Manual 

FWD er (RWD) or 4WD 

Nete any damage prier to. test: no back window, patches on box corners 

Figure 10. Vehicle Dimensions, Test MST-I 
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For test MST-2, a 1993 Chevrolet C-2500 'I.-ton pickup truck was used as the test vehicle. 

The test inertial and gross static weights were 2,042 kg. The test vehicle is shown in Figure II, and 

vehicle dimensions are shown in Figure 12. 

The Suspension Method (12) was used to determine the vertical component of the center of 

gravity for the test vehicles. This method is based on the principle that the center of gravity of any 

freely suspended body is in the vertical plane through the point of suspension. The vehicle was 

suspended successively in three positions, and the respective planes containing the center of gravity 

were established. The intersection of these planes pinpointed the location of the center of gravity. 

The longitudinal component of the center of gravity was determined using the measured axle 

weights. The location of the final centers of gravity are shown in Figures 10 through 12. 

Square, black and white-checkered targets were placed on the vehicle to aid in the analysis 

of the high-speed film, as shown in Figures 9 through 14. One target was placed on the center of 

gravity on the driver's side door, the passenger' s side door, and on the roof of the vehicle. The 

remaining targets were located for reference so that they could be viewed from the high-speed 

cameras for film analysis . 

The front wheels of the test vehicle were aligned for camber, caster, and toe-in values of zero 

so that the vehicles would track properly along the guide cable. Two 58 flash bulbs were mounted 

on both the hood and roof of the vehicles to pinpoint the time of impact with the approach guardrail 

transition on the high-speed film. The flash bulbs were fired by a pressure tape switch mounted on 

the front face of the bumper. A remote controlled brake system was installed in the test vehicle so 

the vehicle could be brought safely to a stop after the test. 
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Dote: lU1i98 , Test Number: MSI-2 Model: ____ 2""'5""0""0'--__ 

Make: Cheyrolet Vehicle 1.0.# : 1 GCGC31K6PE251719 

TIre Size: LI215a5~16 Year: 1993 Odometer: __ .Ll ... 9",0...,7CJ,6LJ1,--_ 

"(All Measurements Refer to Impacting Side) 
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Note any damage prior to test: dent by passenger door hinge 

Figure 12. Vehicle Dimensions, Test MST-2 
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Figure 13. Vehicle Target Locations, Test MST-l 
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Figure 14. Vehicle Target Locations, Test MST-2 
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6.4 Data Acquisition Systems 

6.4.1 Accelerometers 

One triaxial piezoresistive accelerometer system with a range of ±200 G's was used to 

measure the acceleration in the longitudinal, lateral , and vertical directions at a sample rate of 1 0,000 

Hz. The environmental shock and vibration sensor/recorder system, Model EDR-4M6, was 

developed by Instrumented Sensor Technology (1ST) of Okemos, Michigan and includes three 

differential channels as well as three single-ended channels. The EDR-4 was configured with 6 Mb 

of RAM memory and a 1,500 Hz lowpass filter. Computer software, "DynaMax 1 (DM-l)" and 

"DADiSP" were used to digitize, analyze, and plot the accelerometer data. 

A backup triaxial piezoresistive accelerometer system with a range of±200 G's was also used 

to measure the acceleration in the longitudinal, lateral , and vertical directions at a sample rate of 

3,200 Hz. The environmental shock and vibration sensor/recorder system, Model EDR-3, was 

developed by Instrumented Sensor Technology (1ST) of Okemos, Michigan. The EDR-3 was 

configured with 256 Kb of RAM memory and ai , 120 Hz lowpass filter. Computer software, 

"DynaMax 1 (DM-l)" and "DADiSP" were used to digiti ze, analyze, and plot the accelerometer data. 

6.4.2 Rate Transducer 

A Humphrey 3-axis rate transducer with a range of250 deg/sec in each of the three directions 

(pitch, roll, and yaw) was used to measure the rates of motion of the test vehicle. The rate 

transducer was rigidly attached to the vehicles near the center of gravity of the test vehicle. Rate 

transducer signals, excited by a 28 volt DC power source, were received through the three single­

ended channels located externally on the EDR-4M6 and stored in the internal memory. The raw data 

measurements were then downloaded for analysis and plotting. Computer software, "DynaMax I 
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(DM-I)" and "DADiSP" were used to digitize, analyze, and plot the rate transducer data. 

6.4.3 High-Speed Photography 

For test MST -I, six high-speed 16-mm Red Lake Locam cameras, with operating speeds of 

approximately 500 frames/sec, were used to film the crash test. A Locam, with a wide-angle 12.5-

mm lens, was placed above the test installation to provide a field of view perpendicular to the 

ground. A Locam with a zoom lens, a SVHS video camera, and a 35-mm still camera were placed 

downstream from the impact point and had a field of view parallel to the barrier. A Locam, with a 

zoom lens, and a SVHS video camera were placed on the traffic side of the barrier and had a field 

of view perpendicular to the barrier. A Locam, with a 12.5-mm lens, was placed upstream and 

behind the barrier. A Locam and a SVHS video camera were placed downstream and behind the 

barrier. Another Locam was placed downstream and behind the barrier but closer to the system. A 

schematic of all ten camera locations for test MST-I is shown in Figure 15. 

For test MST-2, five high-speed 16-mm Red Lake Locam cameras, with operating speeds 

of approximately 500 frames/sec, were used to film the crash test. A Locam ,with a wide-angle 12.5-

mm lens, was placed above the test installation to provide a field of view perpendicular to the 

ground. A Locam, with a zoom lens, a SVHS video camera, and a 35-mm still camera were placed 

downstream from the impact point and had a field of view parallel to the barrier. A Locam, with a 

zoom lens, and a SVHS video camera were placed on the traffic side of the barrier and had a field 

of view perpendicular to the barrier. A Locam, with a 12.5-mm lens, was placed downstream and 

behind the barrier. Another Locam was placed downstream and behind the barrier but closer to the 

system. A schematic of all eight camera locations for test MST-2 is shown in Figure 16. The film 

was analyzed using the Vanguard Motion Analyzer. Actual camera speed and camera divergence 
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factors were considered in the analysis of the high-speed film. 

6.4.4 Pressure Tape Switches 

For both crash tests, five pressure-activated tape switches, spaced at 2-m intervals, were used 

to determine the speed of the vehicle before impact. Each tape switch fired a strobe light which sent 

an electronic timing signal to the data acquisition system as the left front tire of the test vehicle 

passed over it. Test vehicle speeds were determined from electronic timing mark data recorded on 

"Test Point" software. Strobe lights and high-speed film analysis are used only as a backup in the 

event that vehicle speeds cannot be determined from the electronic data. 
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7 COMPUTER SIMULATION - DESIGN NO.1 

7.1 Background 

Computer simulation modeling with BARRIER VII @) was performed to analyze and 

predict the dynamic performance of an approach guardrail transition design attached to Missouri's 

thrie beam and channel rail bridge railing prior to full·scale vehicle crash testing. The simulations 

were conducted modeling a 2000-kg pickup truck impacting at a speed of 100.0 km/hr and at an 

angle of 25 degrees. Typical computer simulation input data files are shown in Appendix A. 

Computer simulation was also used to determine the critical impact point (CIP) for the 

approach guardrail transition. The CIP was based upon the impact condition which produced the 

greatest potential for wheel-assembly snagging on the upstream side of the first bridge post and 

occurring in combination with the maximum lateral dynamic rail deflection. The researchers believe 

that wheel snag distances in excess of 51 mm, for the outer tire or steel rim, results in an increased 

potential for snagging and contact on the front flange of the first bridge post. As previously 

discussed, the bridge posts were not blocked away from the back of the thrie beam rail. Therefore, 

a steel channel rubrail was added to the system in order to reduce the potential for wheel snagging 

on the first bridge post. 

7.2 Design Option 

BARRIER VII computer simulation modeling was performed on only one design option. 

However, the analysis was repeated using two different post capacities to determine a potential range 

in performance. The transition design was constructed with two nested thrie beam rails, measuring 

2.66-mm thick, and supported by nine WI52x13.5 steel posts. Post spacings consisted of six at 476 

mm and three at 952 mm. Post nos. 1 through 7 were 1 ,980-mm long with a 1 ,245-mm embedment 
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depth. It is noted that the C152x12.2 steel channel rubrail was not included in the model; since, a 

member of this particular size and orientation does not significantly effect the dynamic performance 

of the approach guardrail transition system. 

7.3 BARRIER VII Results 

Eleven computer simulation runs were performed on one design option but with two different 

post capacities and at different impact locations. The computer simulation results, as shown in Table 

2, indicated that the potential for wheel snagging on the first bridge post would not occur if I 52-mm 

deep spacer blocks were incorporated into the bridge railing system. As shown in Table 2, the 

maximum tire or rim overlap distance was found to be 88 mm which is considerably less than 

the I 52-mm distance a blocked-out post would be positioned away from the back of the guardrail. 

However, since the MoDOT chose not to use spacer blocks in the bridge railing, a rubrail was 

required in the transition system to eliminate the potential for wheel snagging. The ClP was also 

determined to occur with an impact between post nos. 4 and 5 or 2,143 mm upstream from the 

centerline of the first bridge post. For the ClP, the predicted maximum lateral dynamic thrie beam 

rail deflection ranged between 136 and 151 mm, as measured to the center height of the rail. 

34 



...., 
V> 

Table 2. Computer Simulation Test Matrix and Results - Design No. 1 

, 

Transition Maximum Maximum Lateral Wheel-Assembly 

Post Impact Maximum 
Dbamic Permanent Set Snag Potential' 

Run Impact Yield Distance' Tensile Force Rail eflection Rail Deflection No. Node Moment (mm) @ ThrieBeam (Center Height) (Center Height) Tire Contact Rim Contact 

(kN-mm) (kN) (mm) (mm) Distance Distance 
(mm) (mm) 

AO 25 47454 2858 292.60 150 68 28 NA 

Al 26 47454 2619 321.83 151 66 50 19 

A2 27 47454 2381 336. 11 145 70 69 31 

A3 28 47454 2153 348.92 136 72 78 39 

A4 29 47454 1905 297.54 124 64 79 44 

A5 30 47454 1667 224.23 107 57 75 49 

A6 3 1 47454 1429 146.08 88 52 64 42 

B2 27 38010 2381 397.36 164 9 1 80 39 

B3 28 38010 2153 402.70 lSI 92 87 47 

B4 29 380 10 1905 337.66 135 82 88 51 

B5 30 38010 1667 251.90 11 5 69 82 53 

Longitudinal distance measured from the impact location to the centerline of the first bridge post. 
Lateral distance of wheel-assembly measured behind original location of thrie beam rail. This lateral distance is measured when the longitud inal 
position of the outer tire or steel rim reaches the front flange of the first bridge post. 



8 CRASH TEST NO. I 

8.1 Test MST-I 

The I ,99 1-kg pickup truck impacted the approach guardrail transition at a speed of 101.4 

kmIhr and an angle of27.5 degrees. A summary of the test results and the sequential photographs 

are shown in Figure 17. Additional sequential photographs are shown in Figures 18 through 19. 

Documentary photographs of the crash test are shown in Figures 20 and 21. 

8.2 Test Description 

Initial impact occurred between post nos. 4 and 5 or 238-mrn downstream from the center 

of post no. 5, as shown in Figure 22. At 0.014 sec after impact, the left-front comer of the vehicle 

was at post no. 4, and the guardrail was crushing the front bumper and left-front comer of the vehicle 

inward toward the engine compartment. At 0.028 sec, the vehicle's left-front comer was at post no. 

3 and later began to override the rail between post nos. 3 and 4. At this same time, the right side of 

the engine hood popped open. At 0.038 sec, post no. 3 rotated backward, and the left-front comer 

of the vehicle contacted the wood blockout at post no. 3. At 0.042 sec, the left-front comer of the 

vehicle was at post no. 2, and the vehicle was overriding the rail between post nos. 2 and 4. At 0.048 

sec, the left-front comer of the vehicle contacted the top of the wood blockout at post no. 2 as post 

no. 2 rotated backward. At 0.052 sec, the front of the vehicle was at post no. I, and the vehicle had 

not been redirected away from its original yaw orientation. At 0.068 sec, the front of the vehicle was 

at bridge post no. B3, and the vehicle was overriding the guardrail between post nos. B3 and 4. At 

this same time, the top of the left-side door separated from the top of the cab. At 0.077 sec, post no. 

I rotated backward as the blockout at post no. I fractured. At 0.104 sec, the front of the vehicle was 

at the midspan between bridge post nos. B2 and B3, and the vehicle began to roll counter-clockwise 
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(CCW). At this same time, the left-side door was deforming around the rail, and the left-side 

window shattered. At 0.120 sec, the right-front tire became airborne. At 0.130 sec, the vehicle was 

redirecting with the left-rear side of the cab in contact with the system. At 0.154 sec, the front of the 

vehicle was at bridge post no. B2. At 0.198 sec, the left-front corner of the vehicle was at the 

midspan between bridge post nos. Bland B2. At 0.242 sec, the vehicle rolled CCW, allowing the 

right-rear tire to become airborne. At 0.272 sec, the vehicle continued to be redirected when it 

yawed CW with the left-rear comer of the vehicle contacting the system. At 0.278 sec after impact, 

the vehicle pitched forward. At 0.320 sec, the left-front tire bent under the vehicle. At 0.354 sec 

after impact, the vehicle became parallel to the barrier with a velocity of 67.7 kmIhr as the vehicle 

rolled CCW. At 0.485 sec after impact, the vehicle, which continued to roll CCW, exited the 

guardrail at an angle of 1.9 degrees and a speed of 66.5 kmlhr. At 0.582 sec, the left-front corner 

of the vehicle impacted the ground. At 0.802 sec, the vehicle slid along the ground with the left­

front corner in contact with the ground. At 1.352 sec after impact, the left-side door contacted the 

ground as the vehicle rolled CCW onto its side. The vehicle's post-impact trajectory is shown in 

Figures 17 and 23. The vehicle came to rest 39.62 m downstream from impact and 7.47 m away 

from the traffic-side face of the rail, as shown in Figures 17 and 23. 

8.3 Barrier Damage 

Damage to the barrier was moderate, as shown in Figures 24 through 25. Barrier damage 

consisted mostly of deformed thrie beam, contact marks on the thrie beam, top channel, rubrail, and 

bridge post base plate, and damaged spacer blocks. The thrie beam damage consisted of moderate 

deformation and flattening of the impacted section between post nos. 5 and B3. Contact marks were 

found on the thrie beam between post nos. 5 and B2. Contact marks were also found on the rubrail 
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from the centerline of post no. 3 to 330 mm downstream of bridge post no. 83. Superficial contact 

marks were found on the top face of the upper channel and the base plate of bridge post no. 83. The 

wooden spacer blocks of post nos. I through 3 were contacted by the thrie beam rail and were 

damaged. No significant damaged occurred to the posts, the W -beam, nor the W-beam to thrie beam 

transition rails. 

The permanent set of the guardrail and posts is shown in Figure 25. The maximum lateral 

permanent set thrie beam rail, post, and channel rail deflections were approximately 58 mm at the 

center line of post no. 2, 57 mm at post no. 2, and 16 mm at bridge post no. 83, respectively, as 

measured in the field. The maximum lateral dynamic thrie beam rail, post, and channel rail 

deflections were 152 mm at the centerline of post no. 3, 141 mm at post no. 4, and 54 mm at bridge 

post no. 83 , respectively, as determined from the high-speed film analysis. 

8.4 Vehicle Damage 

Exterior and interior vehicle damage was extensive and occurred at several body locations, 

as shown in Figures 26 through 28. The left-front quarter, including the fender, bumper, wheel 

assembly, and suspension components were crushed inward toward the engine compartment. The 

left-front upper control arm was disengaged, and the tire rod was ripped off. The perimeter of the 

left-rear steel rim had minor damage, and the tire was flat. The left-rear leaf spring shackle was 

disengaged. Scrape marks were found along the left side. Major damage occurred to the left door, 

including a rip in the lower rear of the door, outward buckling of the top of the door, and a shattered 

window. The hood popped open, and the right door was ajar. Minor cracking occurred to the 

windshield and the dash was also buckled. The floorboard of the occupant compartment also 

sustained significant plastic deformations due to the severe impact with the barrier as well as from 
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vehicle rollover. The right-door and rear windows remained undamaged. 

8.5 Occupant Risk Values 

The normalized longitudinal and lateral occupant impact velocities were determined to be 

6.16 m1sec and 6.78 m1sec, respectively. The maximum O.OIO-sec average occupant ridedown 

decelerations in the longitudinal and lateral directions were 14.28 g's and 20.98 g's (not required), 

respectively. It is noted that the occupant impact velocities (orV) and occupant ridedown 

decelerations (ORD) were within the suggested limits provided in NCHRP Report No. 350. The 

results of the occupant risk, determined from accelerometer data, are summarized in Figure 17. 

Results are shown graphically in Appendix B. The results from the rate transducer are shown 

graphically in Appendix C. 

8.6 Discussion 

The analysis of the test results for test MST -I showed that the barrier satisfactorily contained 

the vehicle but inadequately redirected the vehicle since the vehicle did not remain upright after 

collision with the approach guardrail transition. Detached elements, fragments, or other debris from 

the test article did not penetrate or show potential for penetrating the occupant compartment, or 

present undue hazard to other traffic. Major deformations to the occupant compartment were evident 

and were considered excessive enough to cause serious injuries to the occupants. After collision, 

the vehicle's trajectory intruded into adjacent traffic lanes. Therefore, test MST-I conducted on the 

approach guardrail transition was determined to be unacceptable according to the NCHRP Report 

No. 350 criteria. 
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• Teu Number .............. . 
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• Appun ... an« ............... . 

• Toeal Length ................ . 
• St«1 Th';" lleam (Nested) 

Thk~"esl ........ . 
T.", Moo,mtinlj; Ilei&l>t ...... . 

• St«1 POSit 
Post Nos. I _ 7 ..... ...... . 
PostNos. 8-IS .......... . 

• St«1 Spac .... 61<xk s 
Post Nos. I - 8 ..... .... . 
PostNos. 9- IS .......... . 

• Soil Tn .. ......... . 
• Vellkle Model ....... . 

Curb .............. . 
Tesllnenill ..........•.... 
Gross Statk ...........•.•• 

• Vellkle SJ-d 
Impac! ............. . 
Exit .................... . 

• 
MST-I 
6124/98 
Al'I""'*h G....-dnil T""".ilion to a • 
Thne Beam and Channel Bridge Railing 
26.67 m • • 
2.66 mm • 
804mm 

WI 52. U.5 by 1.980-mm long • 
WI52.l l.5 by 1.8JQ-mm long 
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W152x201 by 160-mm long 
Gradina B· AASHTO M 147-65 (1990) 
1992GMC2WD • 
2.(l9) k, 
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101 .HmIhr 
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Figure 17. Summary of Test Resulu and Sequenlial Photographs. Test MST-I 

Vehide Anile ~ 
Impaot ............ . ......... 27.S ~ 
Exit .................. .. 1.9 drgrtt< 
Vellicl< Snaging ..... . .. Minor conlaCl "" t.", 

of spacer bloeks 
Vehkle I'<Xketing . .. ............. None 
Vellkle SUbilit)' ................. Vellkle rollover 
Occupant Ridedown Ot«kration (10 rn_ .VI.) 
Longitudinal. . ............... 14.IO <20G'. 
ute",1 (oot ~uiml) ........... 21.62 
Occupant ImJX>C1 Vel<xity 
Longitudinal.... ... . .......... 7.26 < 12 mJl 
LIIIe",1 (oot ~ui~) ............ 7.76 
Vehkle Damage ...... .... Extensive 
TAD" ......................... NA 
SAEtI ............. . .. NA 
Vehicle Slopping DistanCe ........ 39.62 m dow,ntream 

7.47 m traffIC-side face 
Barrier Damage ....... .. Mode"'te 
Maximum o.llections 
Pamanerll Set - 11Ine Beam . ,. mm 

ChlnMI R.il ...... 16 mm 
Dy ...... ic - 11Ine 0...... .. . ........ I S2 mm 

Ctoannc-I Rail ... .•• S4 mm 



0.000 sec 

-
0.048 sec 

0.102 sec 

Figure 18. Additional Sequential Photographs. Test MST-I 
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0.320 sec 

Figure 19. Additional Sequential Photographs. Test MST·l 
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Figlln' 20. Documenwy PholOgniplis. Test MST·\ 
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Figurt: 21 . Documentary Photographs, Test MST-1 
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Figure 22. Impact Location. Test MST·] 
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Figure 23. Final Vehicle Position. Test MST-l 
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Figure: 24. Approach Guardmi) Transilion Damage. Test MST. I 
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Figure 25, Permanent Set Deflections, Test MST-\ 
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Figure 26. Vehicle Damage, Test MST-l 
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Figllre 27. Vehicle Damage, Test MST-! 
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9 DISCUSSION AND MODIFICATIONS (DESIGN NO.2) 

Following thc unsuccessful crash tcst of Design No. I, it was ne<;essary to determinc the 

cause of the poor barricr performance and subsequent vehicle rollover so that dcsign modifications 

could be made to the system. A careful examination ofthc damaged barricr systcm and an analysis 

of the test results revealed that the vchicle contactcd the transition system and cxitcd the system with 

barrier deflections Ihat' .... e:re within those predicted by computcr simulation. As thc vchicle was 

redirected, cxccssive roll and yaw motions wcre cxperienced in conjunction with the left-front wheel 

assembly collapsing into a hori71)ntal position. As previously discussed. the approach guardrail 

transition incolJlOrates a rubrail to prevcnt wheel snagging on thc first bridge post; since. the bridgc 

railing does not incolJlOrate a blockoutto position the thric beam away from thc face of the bridge 

posts. Thcrefore. it is believcd that thccontact between the wheel assembly and the rubrail may have 

influenced the angular motions ofthc vehicle enough to cause thc vehicle to roll onto its side upon 

redirection. 

Aftcr this invcstigation, the researehcrs belicved that the safety performance of the approach 

guardrail transition could be significantly improved .... 'th a reduction in lateral rai I deflections and 

minimize the cffect of the wheel and rubrail interaction. Several alternatives were investigated to 

improve the safety performance oflhe approach guardrail transition. These alternatives include the 

following: (I) incrca>ing the: stiffncss ofthc trWl5ition region in ordcr to reduce: thc effect of thc 

contact betwcen the rubrail and wheel assembly; (2) eliminating the rubrail completely; and (3) 

configuring the bridge railing with blockouts and removing the rubrail. Based on a review by 

MoDOT - Bridge Division, it was recommended that we proceed with the first alternative. 

The modifications made to the approach guardrail transition system were as follows. The 
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length of post nos. 1 through 7 were increased by 305 mm, resulting in a total length of2,135 mm. 

The embedment depths for post nos. I through 4 and 5 through 7 were increased by 99 mm and 63 

mm. respectively. resulting in total embedment depths of 1 ,344 mm and 1.308 mm. respectively. 

The length ofthc wood blockout for post nos. I through 4 was reduced by 99 mm, resulting in a total 

length of356 mm. The venical positioning of the wooden blockout as well as the post embedment 

dcpth for post nos. 1 through 7 were also modified. A channel cap rail was added to the transition 

region between post nos. 1 and 4. Design details ofthc modified approach guardrail transition and 

bridge railing systems are provided in Figures 29through 35. PhOlographsofthe modified approach 

guardrail transition and bridge railing systems are shown in Figures 36 and 37. 
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Figure 29. Instalhuion Layout. Do:sign No.2 
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J.' igure 30. Installalion Layoot and Design DcUlils. Design No.2 
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Figure 32. Design Details, Design No.2 (Continued) 
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Figure 33. Design Details. Design No. 2 (Continued) 
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Figure 34. Thrie Beam and Channel Bridge Rail Design Details, Design No.2 
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Figure 36. Approach Guardrail Transition, Design No. 2 
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10 COMI'UT ER SIM ULATION - DESIGN NO. 2 

10.1 Design Option 

BARRIER VII computer simulation modeling was performed on only one modified approach 

guardrail transition design option with the SlIme post capacities. The transition design ""'liS constructed 

with two nested thrie beam ra.ils. measuring 2.66-mm thick. and supported by nine WI52x13.5 steel 

posts. Post spacings consisted of six at 476 mm and three at 952 mm. Post nos. I through 4 were 

2,134-mm long with a I ,343-mm embedment depth. Post nos. 5 through 7 were 2.1J4·mm long with 

a I ,307·mm embedment depth. It is noted that the C152x12,2 steel channel rubmil was not included 

in the model; since, a member of this particular size and oriemation does not significantly effect the 

dynamic performance of the approach guardra.iltransition system. 

10,2 BARRIER VII Ru ults 

Five computer simulation runs were performed on one design option with the SlIme post 

capacities but at different impact l('>C1ltions. Once again. a lypical computer simulation input data file 

is shown in Appendix D. The computer simulation results, as shown in Table), indicated that tbe 

potential for wheel snagging on the first bridge post would not occur if spacer blocks were incorporated 

into the bridge railing system: since. the ma!limum tire or rim overlap distance was found to be 68 mm. 

However. since the MoDOT chose not to use spacer blocks in the bridge railing, a rubrail was required 

in the transition system to eliminate the potential for wheel snagging. The CIP was also determined to 

occur with an impact between post nos. 3 and 4 or 1.667 mm upstream from the centerline of the first 

bridge post. For the CII'. wheel snag distances for the OUler tire and inner steel rim were calculated to 

be approximately 68 mm and 71 mm. respectively. For the CII', the predicted maximum lateral 

dynamic thrie beam rail deflection was 78 mm. as measured to the center height of the rail. 
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Table 3. Computer Simulotion Test Matrix and Resullll- Design No.2. 

, 

Transition Maximum Maximum Maximum uteral WiIoeI-As.sembly 

R". 1m"", .... Impact ~amic 
Dynamic Permanent SeI Snag ~ential ' 

Yield DisllInce' Rail flection TopChannel Rail Deflection No N"" Moment (mm) (Center Height) Deflect ion (Center .Ieight) TIre Contact Rim ConUICt 
(kN·mm) (mm) (Center Height) (mm) Distance Distance 

(mm) (mm) (mm) 

D2 27 4745) 2)81 tOJ I" OS JO " 
OJ " 47453 214) " lJJ .. " 27 

'" " 4745) I"" ... l2J OS .. " 
DS Jl 47~S) "" 78 III 71 " 71 

D6 JJ 4745) "" 7J 106 " " " 
Longitudinal distarn,:e measured from the impactlocatioo to the centerline o flhe first bridge post. 
Laleral diSllInce of " hcd.assembly musul"l'd behind original location of Ihrie beam rail. Thi5 lateral distance is measured "hen the loogitudinal 
position of lhe OUler tilll or stul rim Illaches the front flange of the first bridge post. 



II CRASH TEST NO.2 

11.1 Test MST-2 

The 2,042-kg pickup truck impacted the approach guardrai l transition at a speed of 99.5 

kmfhr and an angle of27.9 degrees. A summary of the test results and the sequential photographs 

are shown in Figure 38. Additional sequential photographs are shown in Figures 39 and 40. 

Documentary photographs of the crash test are shown in Figures 41 and 42. 

11.2 Test Description 

Initial impact occurred between JXlst nos. 3 and 4 or 238-mm downstream from the center 

ofJXlst no. 4. as shown in Figure 43. At 0.Q16 sec, the left-front corner of the vehicle was at post 

no. 2 and was deforming inward toward the engine compartment. At 0.028 sec, the vehiclc's left­

front comer was at post no. 1. and the top of the left-front corner was overriding the barrier. At 

0.044 sec, the front of the vehicle was at bridge JXlst no. 83. At this same time. the left-front corner 

of the vehicle was overriding the rail between JXlst nos. 83 and 3. At 0.056 sec, the left-side parking 

light disengaged from the vehicle. At 0.061 sec. the left-side door JXlpped open. At 0.075 sec, the 

front of the vehicle was at the midspan between post nos. 82 and B3. At 0.117 sec, the front of the 

truck was at bridge post no. B2. At this same time, the left-door was open and the cab rol led 

counter-clockwise (CCW) toward the barrier. At 0.123 sec. the right-front tire became airborne and 

the left-side door deformed around the guardrai l. At 0.153 sec, the vehicle began to redirect while 

the left-front quarter panel and door deformed around the guardrail and contacted the top of the cap 

rail. At 0.163 sec, the right-rear tire became airborne. At 0.228 sec after impact, the vehicle became 

parallel to the guardrail with a vclocity of 74. I kmfhr. At this same time, the hood JXlpped open. 

At 0.250 sec, the vehicle continued to roll CCW. and the left-front lire became airborne. At 0.442 



se<:, the \'ehidee"iled the syslem al an angleof6.8 degrees and aspeed of74.0kmlhr. At 0.669 sec. 

the vehicle's left door contacted I~ ground as the vehiclerontinued 10 roll CCW. Atl.lSl sec, the 

truck slid along the ground on its left sidc. 'The vehicle's post-impacltraja:tory is sho .... n in Figure 

38. The vehicle came 10 rest 47.09 m do .... nstream from impael and 5.94 m away from the traffic­

side face of the rail, as shown in Figure 38. 

11 .3 Barrier Ihmage 

Damage to the barrier was modemlc. as sho"'ll in Figures 44 through 46. lIarrier damage 

consisted mostly of deformed Ihrie beam and Contacl marts on the thrie beam and rubrai1. 'The thrie 

beam damage consisted of moderate deformation and flauening of the impacted section of rail 

between post nos. 3 through 83. Contact marks were found on the thne beam between post nos. 3 

lind 112. Contact marks were also found on the rubrai l from the center linc of post no. 1 to the 

midpoint oflhe span bet"''een bridge post nos. 112 and 83. No significant damage occurred to the 

posts, wood blockouts. the W-bcam. nor the W-beam to thrie beam transition se<:tion. 

The ptl1l'lllJ'lent set of the guardrail and posts is shown in Figurt'$ 45 Ihrough 46. The 

maximum lateral permanent set thne beam rail. post. and channel rail defla:lions .... ere 

approximately 21 mm al the center line ofposl 00. 2, 22 mm at post 00. 1, and 25 mm PI bridge post 

no, B3, respectively, as measured in the field. The maximum lateral dynamic thrie beam rail, post. 

and channel rail def1eclions were 67 mm at the centerline of post no. 2. 55 mm al post no, 1,lInd 38 

mm lit bridge post 00. [D. respectively. as determined from the high-specd film analysis. 

11.4 Vthidt llamage 

Exterior and interior "ehicle damagc .... 'as extensi,e and occurred at 5e"eral body locations. 

as shown in Figures 47 through 49. Most oflhe "chicle damageoccum:d near the left-front comer 
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of the vehicle, consisting primarily of damage to the fender. hood. bumper, and door. This damage 

also included disengagement of the front wheel from the upper A~frame connection. disengagement 

of the tie rod end. and deformation ofthe lower A-frame. The rear of the cab was crushed on the left 

side. The engine hood ofthe vehicle buckled. and the windshield was cracked. The left-rear tire was 

deflated. The floorboard of the occupant compartment also sustained significant plastic 

deformations due to the severe impact with the barrier as 'well as from vehicle rollover. The right 

door. left door, and rear windows remained undamaged. 

I I .S Occupa nt Ri~k Values 

The normalized longitudinal and lateral occupant impact velocities were determined to be 

5.83 rnlscc and 7.02 rnlscc. respectively. The maximum O.OIO-sec average occupant ridedown 

decelerations in the longitudinal and lateral directions were il. 7i g's and I 1.48 g's. respectivcly. It 

is noted that the occupant impact velocities (OIV) and occupant ridedown decelerations (ORO) were 

within the suggested limits provided in NCHRP Repon No. 350. The results of the occupant risk, 

determined from accelerometer data, are summarized in Figure 38. Results are shown grdphically 

in Appendix E. The results from the rate transducer are sho\m graphically in Appendix F. 

11.6 [}iscuss ion 

The analysis of the test results for test MST·2 showed that the barrier satisfactorily contained 

the vehicle but inadequately redirected the vehicle since the vehicle did not remain upright after 

collision with Iheapproach guardrail transition. Detached elements. fragmems. orothcrdebris from 

the test article did not penetrate or show potential for penetrating the occupant compartment, or 

present undue hazard to other traffic. Majordeformations to the occupant compartment were evident 

and were considered excessive enough to cause serious injuries to the occupants. After collision. 
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[he vehicle's trajectory intruded into adjacent traffic lanes. Therefore. test MST-2 conducted on the 

approach guardrail transition was determined to be unacceptable according 10 the NCHRP Repon 

No. 350 criteria. 
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0.000 sec 0.028 sec 0.061 sec 0.117 sec 0.228 sec 

... ~~~~UW~MM"~~==::==========~~47~.:09~m~=--~~~~-------r--------~ 
5.94 m 

I 

• Test Number. . . . . . . . . . . . . . . .. MST-2 
• Date ............ ..... ...... 12/4/98 
• Appurtenance ....... . . .. . .... Approach Guardrail Transition to a 

Thrie Beam and Channel Bridge Railing 
• Total Length ....... ......... . 26.67 m 
• Steel Thrie Beam (Nested) 

Thickness ................ 2.66 mm 
Top Mounting Height. . . . 804 mm 

• Steel Posts 
Post Nos. I - 7 ............ W 152x 13.5 by 2, 135-mm long 
Post Nos. 8 - 15 ........... W 152x 13.5 by 1,830-mm long 

• Steel Spacer Blocks 
Post Nos. I - 4 ............ W I 52x203 by 356-mm long 
Post Nos. 5 - 8 ............ WI52x203 by 455-mm long 
Post Nos. 9 - 15 ........... WI52x203 by 360-mm long 

• Soil Type ................... Grading B - AASHTO M 147-65 (1990) 
• Vehicle Model ............... 1993 Chevrolet C-2500 2WD 

Curb ............ . . .. .... 2,205 kg 
Test Inertial ....... .... ... . 2,043 kg 
Gross Static. . . . . . . . . . . . . .. 2,043 kg 

• Vehicle Speed 
Impact .............•.. ... 99.5 kmlhr 
Exit .. .. ....... .. . . ...... 74.0 kmlhr 

• 

• 
• • • 

• 

• 

• 
• • 

Figure 38. Summary of Test Results and Sequential Photographs, Test MST-2 

Vehicle Angle 
Impact ............ .. ....... . ... 27.9 degrees 
Exit . . .. . . ................... . . 6.8 degrees 
Vehicle Snagging ........... ... .. Minor contact on top of bridge 

and transition channel caps 
Vehicle Pocketing ................ None 
Vehicle Stability ............ . .... Vehicle roHover 
Occupant Ridedown Deceleration (10 msec avg.) 
Longitudinal .................... 5.25 < 20 G's 
Lateral (not required) ............. 11.53 
Occupant Impact Velocity 
Longitudinal .................... 6.63 < 12 mls 
Lateral (not required) ............. 7.82 
Vehicle Damage ............. . ... Extensive 
TAD" .................. . .. . ... NA 
SAE" ......................... NA 
Vehicle Stopping Distance ........ 47.09 m downstream 

5.94 m traffic-side face 
Barrier Damage .......... .... ... Moderate 
Maximum Deflections 
Permanent Set - Thrie Beam . ...... 21 mm 

Channel Rail ....... 25 mm 
Dynamic - Thrie Beam ............ 67 mm 

Channel Rail ....... . .... 38 mm 



0.000 sec 0.000 sec 

, 

0.163 sec 

Figure 39. Additional Sequential Photographs, Test MST-2 
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0.250 sec 

Figure 40. Additional Sequential Photographs, Test MST-2 
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Figure 41. Documentary Photographs, Test MST-2 
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Figure 42. Docwnentary Photographs, Test MST-2 
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Figure 43. Impact Location, Test MST-2 
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Figure 44. Approach Guardrail Transition Damage, Test MST-2 
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Figure 45. Approach Guardrail Transition Damage and Permanent Set Deflections, Test MST-2 
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Figure 46. Permanent Set Deflections, Test MST-2 
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Figure 47. Vehicle Damage, Test MST-2 
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Figure 48. Vehicle Damage, Test MST-2 
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Figure 49. Occupant Compartment Deformations, Test MST-2 



12 SUMMARY ANI> CONCL USIONS 

An approach guardrail transition anachcd to a thrie beam and chaJUlel bridge rai ling .... '35 

developed and full-seale vehicle crash tested. Two full-seale vehicle crash tests were performed 

according to the TL-3 criteria found in NCHRP Repon No. 350. The first crash test. test no. MST-l. 

failed due to the vehicle rolling onto its side during redirtx:tion and major occupant companment 

deformations. This vehicle' s instability occurred as a result of excessive angular motions occurring 

during vehicle redirection as a result of the contact between the left-front whee! assembly and the 

rubrail. 

Based on knowledge gained from test no. MST-l. the approach guardrail transition system 

was redesigned to reduce the magnitude of the lateral rail deflections and minimize the effect of the 

wheel assembly/rubrail interaction. The primary changes included: lengthening the posts in the 

transition. increasing the embedment depths of the posts in the transition. shonening the wood 

blackouts in the transition. and extending the channel cap rail to the transition region. A second test. 

lest no. MST-2, was performed on the modified approach guardrail transition system. During 

vehicle redirection, the pickup truck once again rolled onto its side. and the test was determined to 

be unacceptable according to the safety performance criteria presented in NCHRP Repon No. 350. 

The vehicle's instability .... '3S anributed to the excessive angular motions of the vehicle which were 

experienced as the vehicle was redirected. The excessive vehicle motions were once again attributed 

to the inclusion of the rubrail. A summary of the safety performance evaluation is provided in Table 

4. 
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Table 4. Summary of Safety Performance Evalualion Resulis _ Long-Span Guardrail System 

Evaluation 
Evaluation Criteria 

Factors 

A. Test anicle should eonlain and redin.",t the "chicle; 
Structural ,", ,-chiclc sJ>ould "" rcnctratc, undcrride. " Adequacy mcrride the instal lation although controllc<llatcral 

deflection of the test anicle is acceptable_ 

D. Detached elements. fragments or other debris from 
the test anielc should not rcnetrate or show potentia) 
for rcnetrating the occupanl compartment. or present 
an undue ha,.aro to other traffic, pedcslrians. Or 

Occupant personnel in a work zone Defonnations of. or 

Risk inlrusions into. Ihc occupant compartment that could 
cau>c serious injuries should not l>c renn incd. 

F. The ,'ehicle should remain upright during and aller 
collision allhoogh moderate roll. pitching and yawing 
are acceplable. , After collision it is preferable Ihat the vehicle'. 
trajectory not intrude into adjacent traffic lanes . 

L The occupant impact ,-clocity in the 100,giludinal 

Vehicle direction Should ""' exceed " m/sec '"' ,", 
Trajectory occupant ridcdown acceleralion in Ihe longitudinal 

direction shou ld not exceed 20 G's. 

M. The ex it ang le from Ihe lesl anicle preferably shou ld 
l>c less than 60 rcrccnl oflesl impact angle. measured 
al lime of vehic Ie loss of cortlact "il" test devise. 

S _ (Satisfactory) 
M - (Marginal) 
U - (Unsalisfactory) 
NA - Not Available 

" 

Test Test 
MST-I MST-2 

U U 

S S 

U U 

U U 

S S 

S S 



13 PRO POSED APPROACH GUARDRAIL T RA NSITION SYSTEM 

Based on knowledge gained from test nos. MST-l and MST-2. it WD:!IIlC(:CSS81)' to redesign 

the approach guardrail transition system so as to minimize the effect of tile whccl8.S$Cmblylrubrail 

interaction. Following the failure of the previous two transition designs that included rubrails. 

di5(:ussions betweco MwRSF and MoDOT personnel resulted in Missouri reconsidering the 

placement of block outs on the bridge railing system. With this action, the COl1(cm for wheel snag 

on the fi lSt bridge post was essentially eliminated. allowing the removal of the rubOlil. Therefore, 

MwRSF researchers could once again considcT the adaptation of existing NCHRP Repon No. 350 

approved transi tion designs to the thrie beam and channel bridge railing system. 

Upon completion of a literature review of recently developed NCHRI' Repon No. 350 

transition designs. MwRSF researchers detennincd that a Test Level 4 (fL-4) thrie beam trunsition 

system. developed in coopc11ltion with the Forest Products Laboratory (FPL), could be modified 

slightly and easily adapted for usc with Missouri's thrie beam and channel bridgc railing system. 

The TL-4 lJllIlSition system "<IS originally developed for usc with a thrie beam and tube bridge 

railing system which was attached to a transvcrse, glue-laminated timbcTdeck. Dctailsofthe TL-4 

system are included in Appendix O. 

Modification o f the FPL TL-4thrie bewn transition for use with Missouri' s thrie bewn and 

channel bridge railing was r;lirly simple. The propoS<:d transition system would be ncarly identical 

to thc TL-4 system except for two features. First, the steel tube member. measuring 203-mm deep 

x 76-mm wide x S-mm thick. was replaced with the C203x17.1 steel cnanllCl section. This ehange 

was made sincc the Missouri bridge railing posts wcre spaced on I.90S-mm centcrs rather than the 

2.438·mm centers used in the FPL bridge rai ling system. Forthe FPL TL-4 bridgc railing design. 
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the structural tube was sele<:tcd over the channel to provide additional strength to resist latenal 

bucking which was unnecessary for II 1.905·nun post spacing. With regards to bending about the 

strong axis.. both sections provide relatively equal capacities wilh the channel providing a 10 pcn:ent 

increase: in section modulus over the tube. Setooo, the proposed transition design provides one 

additional reduced post spacing of thrie beam as compared to the FPl Tl-4 transition design. 

Design details forthe proposed approach guardmil trunsition for use with MiSIIQuri's thrie beam and 

channel bridge railing systems are provided in Figures 50 through 56. 

The approach guardmi l transition design was detailed ",ith eight guardrail posts.. as sbo .... 'J1 

in Figures 50 through 54. Post oos. I through 5 consist of galvanized, ASTM AJ6 steel WI52lt22.3 

sections measuring 2.134-mm long. Post nos. 6 through 8 use WI 52l\13.4 steel sectioru; measuring 

1.980·mm long. Lap-splice conne<:tions between the mil sections were configured to reduce vehicle 

snagging at the splices. 

Forpostno. I. a wood spacer blockout measuring 203-mm wide l\ 20J-mm deep x 380-mm 

long was used, as shown in Figure 52. As shown in Figures 52 and 53. a wood spacer blockout 

measuring 203-mm wide l\ 203-mm deep. but 48J-mrn 10ng .... 'IIS used for post nos. 2 through 5. At 

post no. 6. wood spacer blackout measuri ng 152-mm wide l\ 203-mm deep l\ 554-mm long ",'lIS used. 

&.! sho .... 'J1 in Figure 53. A 152'mm wide l\ 2QJ-mm deep It 48J-mm long wood spacer blockout wllS 

used at post 00. 7. &.! shown in Figure 54. At post no. 8. wood spacer blockout measuringl52·mm 

wide It 203·mm deep l\ 368-mm long was used. as shown in Figure 54. For bridge post 005. 01 

through B), ASTM A36 steel WI 52l\22.3 sections measuring 346-mm long were used, as sllown 

in Figures SO and 55. The soil embedment depths for post oos. I. 2 through S. 6. 7. and 8 wen: 1.403 

mm. 1.37S mm. 1.153 mm. 1.189 nun. and 1.2SO mm. respectively, as sho .... 'J1 in Figures 52 through 
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54. All construction details for the bridge railing system are provided in Figures 55 through 56. 
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Figun: 50. Proposed Design Installation LayOUt 
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Figure 51. Proposed Design Installation Layout and Design Details 
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14 RECOMMENDATIONS 

An approach guardrail transition for use: with Missouri's thrie beam and channel bridge 

railing system has been designed. This desigJl is based on the successful full ·scale vehicle crash 

testing on a NCHRP Repon No. 35011..+4 thrie beam transition desigJl previously developed for 

FPL. Based on similarities between the cras}Hested FPL TL4 thrie beam transition and the proposed 

transition system for Missouri. we believe Ihatthe proposed transition would meet the TI..-3 criteria 

ofNCHRP Repon No. 350. On April 19. 1999. a lener requesting approval of this transition desigJl 

without addi tional crash testi ng was forwarded to Mr. Richard PowersofFHWA, Washington. D.C. 

A copy of that letter. which included the documentation and supponing informal ion for the request. 

is provided in Appendill G. In response: to our request. on June 4. 1999. Mr. Dwight Home, 

Director. Office ofHigh .... -a)' Safety Infrastructure - FHW A. granted approval of the transition desigJl 

without additional testing. However. it should be noted Ihatthe approval is contingent on the use 

ora WIS2l122.3 steel blockout at each bridge post location. A copy of the leller is provided in 

Appendix H. 
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APPENDIX A 

Typical BARRIER VII Input Hie 

Note lhatthe example BARRIER VII input data files included in Appendix A correspond with the 
cri tical impact point for lest MST-I. 
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APPENDIX B 

Accelerometer Oata Analysis, Tes t l\1ST-I 

Figure 8 -1. Gr'<lph of Longitudinal De<:eleration. Test MST-l 

Figure B-2. Graph of Longitudinal Occupant Impact Velocity. Test MST·l 

Figure B-3. Graph of Longitudinal Occupant Displacement, Test MST-l 

Figure B-4. Graph of Lateral De<:elerution, Test MST-l 

Figure B-5. Graph ofL3IeraJ Occupant Impact Velocity. Test MST-I 

Figure 8-6. Graph ofLmcral Occupant Displaccmcnt. Test MST-l 
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Figure B-1. Graph ofLongiludinal Deceleration. Test MST-! 
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APPENDIX C 

Rale Transducer [)ala Anal)'s is, Tesl MST.l 

Figure C· l. Graph of Roll. Pitch. and Yaw Angular Displacements. Test MST·] 
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ArrENf)lX D 

Typical BARRIER VII Input File 

Note th3l thc example BARRIER VII input data file included in Appendix D correspond with the 
cri tical impact point for test MST-2. 
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APPENDIX E 

Accelerometer Data Analysis, Test 1\1ST-2 

Figure E- ). Graph of Longitudinal Decelerations. Test MST-2 

Figure E·2, Graph of Longitudinal Occupant Impact Velocity, Test MST·2 

Figure E·) , Graph of Longitudinal Occupant Displacement. Test MST·2 

Figure E4. Graph of Lateral Deceleration. Test MST-2 

Figure E·S. Gnlph of Lateral Occupant Impact Velocity. Test MST-2 

Figure E-6. Graph of Lateral Occupant Displacement, Test MST·2 
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Figure E-l. Graph or Longitudinal Deceleration, Test MST-2 
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APPENDIX F 

Rate Transducer Data Analys is, Test MST-2 

Figure F·l. Gntph of Roll, PilCh, and Yaw Angulllr Displucemenls, Test MST·2 
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W24: T H' MST-2 Uncoupled Angular Dis lacements 
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Mr. Richard I'ow'''. 
Fedeml il ighway Adminislraliun - lING- I 
400 71hSt=I,S,W, 
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During lhe IIlSI year, Ihe Midwesl Ro&dside SafelY Facilily (MwRSF) C<lll(]UCled a re",afch sludy 
10 ""velop and crash le~1 an al'l,.-oach guardrail lransilion for u", wilh Missouri's Ihrie ben", and 
chalUlc1 bridge miling .yslem. A schematic oftl", bridge railing syswn is shown in Auachment A. 
n>is bridge railing sysle", W3Il otig;naJly cra.h le~ed by Til in 1988 occording 10 lhe NClllU' 
Report No. 230 SIIfely I"'rfo.m.aJlCe guidelir>es. On May JO, 1997, Ihe Federal Highway 
Administrlllion (FHWA) published a Memorandum, e"lilled "Crash Testing of Bridge Railings"­
Par1 lJ, which provided an equivale.>1 "'ling ofTL-3 for lhe bridge railing according 10 Ihe Nel IRI' 
Report No. 350 gu;""I;ne •. 

The re",ar<:h siudy was ;"ilial.d wilh a review of recenlly developed NC IIRI' 350 Iransilion designs, 
such Mi l'" Ihri" beallllransilion attached 10 a SIIfely .hape concrele parapet following Ihi . review, 
MwRS F ",,,,,ar<:hen believed Ihal lhe Ihrie booam I"'nsilion design, lesled wilh ITNJ-2 and ITNJ4 
by MwKSF, could be adapted for use wilh Missouri's Ihrie beam "nd chan",,1 bridge rniling sysl"m 
wilh only .Iighl modificalion . I to"",ve" wilh Ihe ""w lrans;lion design. lI",re remained 8 C<,HlCem 
for whed snagging On Ihe finl bridge poSI si'lCe blockouls were nOI included On Ihe bridge rniling 
SySt"fll Since Ihe Missouri ~p"r1m"nl ofT mnspurlalion (MoDOD waS unwiltiug 10 iflcorporn!e 
blockouls in Ihe bridge rniliug, MwRSI' c'lgiucen ~re re<juired 10 consider a ,neaflS for elimin.'ing 
Ihe wheel $n3g polenlial On Ihe flnl bridge pos!. 110e wheel snag pOlenlial was e\"elllually resolved 
by incorpomting " channel rubmil below 11", Ihrie beam and on lhe face of lhe "osIS. 

The fi rsl cmsh lesl, lest MST-I, was perfom>ed unsuccessfully on lhe Ihn" bealll lromsilio!! design 
Ihal ;'lClu<ied n n,b",it. A sehen",lic of1hi' Imnsilion sy.lem is shown in A lIachmenl IJ. 11 .. pickUp 
InlCk was redi.""led wilh signilicaul vehicular mOI;o"s, ('esulling;n rollover. fail",e oflhe Imnsilion 
system """S moinly 8liribuled 10 Ihe inclusion of Ihe rubroit. Following Ihe failed crash lesl, Ihe 
lransil io" sysle", was modified j" o.der 10 ",dflce laleml roil defleclions and ltIillililize Ihe err"", of 
II"" whttlln,bmil inleraclion. A "" I""malic of II"" redesigned trans;lion sysleltl is shown in 

. Allachn""nt C. SubseqllC"Uy. Ihe """ond crash Itsl, lesl MST ·2, "'" also pe, fonned u".uccessfuUy 
OIL II"" Ihrie beam and rubrair lransilion design. Once "&'lin, Ihe pickup truck .... "s redirecled wilh 
significanl vehicular "'Ol io'" ",I(] re.ull"d in vehicle mHovcr. F.ilure of 11", lransilion syslem ""'. 
again .lIribuled 10 Ihe inclusion of Ihe rub",it. r have enclosed a VI IS \are which shows II"" Iwo 
MST clUsh tesls 01\ Ihe Ihrie beam all(] chan"el rubrail" .. n,;tio" designs, 

...-...-,,_--..- ...-...-"' ___ .:- ...-...."' __ .. 0.... ....... "' __ ... _ 
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Following the failure of the previous two tran.ition ,Iesigns, discussions between MwRS I' and 
MoDOT personnel resulled in Missouri reconsidering Ibe plac."'enl of blockoulS on Ihe brid~e 
rniling system. With this 8ction. Ihe COnCern for wheel snag on the rorst brid~e I"'-'t was eS';elllially 
diminated . Therefore, MwRSF rese"rchers could once again consider the adaplation of c .islin~ 
NCIIRI' ]50 II1'IISilion desi~,,, 10 the thri. b. "", ."d channel bridlle rnil ille sysle",. 

Once again, MwHSF tcs<:archcrs revi ewed the recelllly devdored NClllll' J50 tmn,ilion design, 
UJIOn complelion of this lileralu,e review, MwKSF researchers delenni!led Ihal a TL·4 thrie beam 
lranSil ion syslem. develored in coupe'"tion with Ihe Forest I'rwuets Labomtory (FI'L), could be 
modified slighlly and easily adapted for uS<: with Missouri '. tluie beam and ehantlel hridge railing 
system, n", TL·4 transilion system was originally de. 'elored for use wilh a thrie bea'" and tube 
bridge railing system which WaS aUached to a transverse, glue-laminated timber deck, A schcmalic 
of Ihe TL·4 In",silion syste", is shown in Attachmenl D. Two cla.h leslS wue successfully 
perfo""ed on Ihe Iran,ilion sY'le'" • an 8000S single unillruck "nd "2OOOP pickup truck. II .. ve 
enclosed a VIIS lape which sllows the two STIR crnsh teslS On tl", TL4 thrie beam transilion 
design . 

Modification of II Ie I'I'L TL·4 Ihrie beam IrnllSilion for use wilh Missouri'. Ihrie beam and channel 
bridge tailing was fairly simple, The proJlOscd Irnnsition syslcl1I would be nearly identical 10 the TL· 

4 syste m except for IWO fealurcs , First, Ihe steel tube member, measuring 8xh3116, WlIs replaced 
with Ihe C8xll.5 steel channel section. n,;s change was made sine<: Ihe Missouri bridge railing 
JIO,t, were spaced on 6· ft J · in, <enlers mlher than the S· ft centers used in Ihe I'I' L bridge railing 
syslem. For II", FPL TL·4 brid~c railing design, Ihe slruclural tube was selecled over Ihe d .. nnel to 
"",vide .. ddilio"al slrenglh to resisl laleral buckling which was unnecessary for 8 6· fl ). i". JIOSI 
spacing, Wilh regards 10 bending aboul II"" strong axis, bolh seeliuns provide relalively equal 
CDpacil i.s wilh the channelpfOvidinB a I 0 percent iocrease in seclion modul".' over Ihe lube . Second. 
the pfOJIOsed transition design provides one additional ",duced POSl .pacing of thrie beam as 
compared 10 the I'I'L TL-4 tronsition design. Delails for Ihe proJlOsed Iransition design for use wilh 
Missouri's bridge railing syslem are induded in AUaclunenl E. 

Based on si"'ilarilies belw<:"n the crash· tested FI'L TL-4 tlui" beam trans;tion and the proposed 
transition syste", for Missu"ri, we believe Ihat Ihe proJlOsed lransit ion wo"ld meet II", TL· ] criteria 
ofNCURI' 350. "Illerefore, We request that FI-IW A slrongly consider tile proposed lransition design 
as an acceplable TL· J saf~ly feature and not require addilio, .. 1 crash testins . [f you agree wilh o"r 
assessmelll, please r.sJIOnd within two week •. If you have any questio"s or CO"''''''''I' ",g"rd;n~ Ihe 
enclosed info. malion, please fed free 10 cunlact me at (402) 472-6864, 

Sincere ly. 

Ronald K, FaileI'. Ph.D., I'.E. 
Research AssiOl',,1 l'mf=r 

x,c.: Dean t. Skki"ll. l'h,D., I' ,E., MwRSF Direclor and Associ"le 1'..,fcW)r 

126 



Auao;hmen'.: 
Allao;hlllen, A - Sche",a,ic .,r Mi~,i 's 'n ui<: (kant and a"'n"d Ibidll" lI.,ill"lI System 
AUachn'tn' Il - Schenwo\,e of.t Appooadt Guard ... i. Tran.ition - T""t MST. I 
AUac:hment C· Sche",atic <Jr." Al'fW')IOCh Guardrai l Transition _ Test MST-2 
AIlac:h",,,,,, D _ Sch"'"alic of 1'1'1.". Tl-4 APfJnlDCh Guard ... il Tm".ili(H, I).,,;i" _ T.,.' 
SITII.-) and Snlt-4 
Au""I""cnl E - Schem.tic or a I'rofl.>$ed ' .... ".itio" Desig" for Miuouri DoOT 

Encl"5ltreo: 
VIIS lafle <Jf MST-l ""d MST-2 cnIsh lests 
V liS lafIC or STrR-) ."..! S'n'lt-4 en",to te.'. 
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/IIHlchmenl A 

Sche",atic of MiS-'IOuri'J Thrie Ilea", and ChanncllJridge itai!ing Sysle", 
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54. All construction details for the bridge railing system are provided in Figures 55 through 56. 
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Ronald K. Fallet, Ph D. I' E, 
Mid .... est Roadside s.rety f acility 
1901 'Y' Sireet, DuildingC 
p 0 Bo~ 830601 
Lincoln. NE 611388-0601 

Dear Dr Faller-

OOO_ III. SW ... ..--.oc _ 

Refer to IIMHS 

In yoor April 191e1ler to Mr Richard Po~ army stlrr, you requested federail ligll ..... y 
Admini!<\ration ..:«fIt.nee of. guardrail-to-bridge r.iltransition dw8l' for uR with ,he 
Missouri Deparlmenl Ofnlnsporl.lion's Thrie-Beam and CIwmd Bridge Railing System 
Yoor deoign is. modifi~'lion or. transition design that you have su~sful1y telled lilhe 
National Coopenlive Highway Research Progrllll (NCIIRP) R~t 350 lesllevd 4 (TL-4). A 
videotape of the transition lests was included with )'OU1 originalldter and an advance copy of. 
paper detailing the tests was I'«:Ieived on June 3 in response 10 Mr 1'0_.' requal for 
additional information on I~ 2000.kjJ pickup lr\Iek and the 8000-kg single unit truck lest. you 
conducted 10 _ify • T\..-<I "ling for the Ofiginal design. 

The design for which you Isked acceptance diffen froln the design you letted to 11.-4 in two 
resJJe<ls: il uses In additional 190~·mm !leClion of 10 gaulle (or nested 12 IIftuge) w-bam 
making it 7620-nun long ft ,1d it ;1 stilfened with I C200~ 17 (cax 1l.5) steel chlnnel ill$lead of 
the IIxJxJ/16 Slructu(llwbe UJed;n the tested design. You .taled that the steel ehannellw a 
section modulus approximately 10 percent higher than the structural tube Details of the 
modified tansition lire eneIosed. We noted that lhe maximwn dynamic deflection of the 
tramition...-hen It lUCk by the pickup truck, ,,'Q reponed to he 143-mm and tbul concluded that 
itl pefformance would be equally satisfactOf)' 'I\,th the changes noted above 

Sased on our review of the information you !eIlt, we willllC«pt the modifitd transition design 
It NCIIRP Report HO test lev.13 (TL-3) witboul an additional test for u.e with the Missouri 
Thrie-S eam and Channel Sridge Railing when thllt r.iling is modified to include the UJ(! of I 
W150x22 (W6~15) l leel block at neh bridge rail PO" location. 

Si~ely yOllJl. 

{l",tl { /I-.. 
Dwight A Horne 
O;,ector, Woe<: ofHiglowlY Safety l"f"$Iruetur. 
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