
102 TRANSPORTATION RESEARCH RECORD 1500 

Performance Level 2 and Test Level 4 
Bridge Railings for Timber Decks 

BARRY T. ROSSON, RONALD K. FALLER, AND MICHAEL A. RITTER 

The Midwest Roadside Safety Facility, in cooperation with the Federal 
Highway Administration and U.S. Department of Agriculture Forest 
Service, Forest Products Laboratory, developed and tested two bridge 
railings for use on longitudinal timber bridge decks: (a) a steel railing 
system (TBC-8000) and (b) a glulam timber railing system (GC-8000). 
The test for the TBC-8000 was conducted according to Performance 
Level 2 as specified in the AASHTO Guide Specifications for Bridge 
Railings (1989). The tests for the GC-8000 were conducted according 
to Test Level 4 as specified in NCHRP Report 350. The safety perfor­
mance of each of the bridge railings was acceptable according to each 
applicable crash test criterion. Both railings provide aesthetically pleas­
ing and economical alternatives for use on higher-service-level timber 
bridges. 

Most crashworthy bridge railing systems have been developed 
using materials such as concrete, steel, and aluminum. In addition, 
most of these railing systems have been constructed on reinforced 
concrete decks. However, many of the existing bridge railings have 
not been adapted for use on timber decks. The demand for crash­
worthy railing systems on timber decks has become increasingly 
important with the increased use of timber bridges on local roads 
and secondary highways. 

Only recently have researchers begun to develop crashworthy 
railing systems for timber bridge decks. Further, all of these railing 
systems were designed for low-to-medium service-level bridges. 
For timber to be a viable material in the new construction of higher 
service-level bridges, additional bridge railing systems must be 
developed and crash-tested for timber bridges. 

LITERATURE REVIEW 

In 1988, the Texas Transportation Institute (TTI) conducted a safety 
performance evaluation of the Missouri thrie-beam bridge rail sys­
tem and transition for the Missouri Highway and Transportation 
Department (J). The bridge rail consisted of W6 X 20 steel posts 
spaced on 1.90 m (6 ft 3 in.) centers and mounted to the surface of 
a reinforced concrete bridge deck. A 10-gauge thrie-beam rail was 
mounted to the traffic-side face of the posts without spacer blocks. 
To further strengthen the rail, a C8 X 11.5 structural steel channel 
was mounted to the top of the steel posts at a height of 77 .8 cm (2 

·ft 6Ys in.). Two full-scale crash tests were conducted on the bridge 
rail according to NCHRP Report 230 (2). The first test was per­
formed with a 823-kg (1,815-lb) minicompact with impact condi­
tions of 95.9 km/hr (59.6 mph) and 15.0 degrees. The second test 
was performed with a 2,039-kg (4,495-lb) sedan with impact con-
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ditions of 98.0 km/hr (60.9 mph) and 24.0 degrees. According to 
TTI researchers, the Missouri thrie-beam bridge rail was acceptable 
according to NCHRP Report 230 criteria (2). 

In 1988, Southwest Research Institute (SwRI) performed an eval­
uation of a longitudinal glulam timber and sawed lumber curb rail­
ing system attached to a longitudinal spike-laminated timber deck 
(3). The system evaluated at SwRI was constructed and tested with 
sawed lumber post 20.3 cm (8 in.) wide X 30.5 cm (12 in.) deep. 
The system also had been constructed with a nonstandard-size glu­
lam rail 15.2 cm (6 in.) X 27.3 cm (10% in.). The curb rail had 
dimensions of 15.2 cm (6 in.) X 30.5 cm (12 in.) and was attached 
to the deck with four 1.9-cm (3/4-in.)-diameter ASTM A325 bolts. 
Two crash tests were conducted according to the AASHTO Guide 
Specifications for Bridge Railings (4): the first was a PLl test using 
a 2,383-kg (5,254-lb) pickup traveling at a speed of 76.4 km/hr 
( 4 7 .5 mph) and at an angle of 20 degrees; the second was a PL2 test 
using an 825-kg ( 1,818-lb) mini compact traveling at a speed of 95 .3 
km/hr (59.2 mph) and at an angle of 20 degrees. Although the sys­
tem met AASHTO PLl requirements, delamination of several of 
the deck timbers and minor pull-out of several spikes was observed. 
Although this system was widely used, and was the only available 
crash-tested railing for timber bridges, the demand continued for 
crashworthy bridge railings that would not damage the timber decks 
and that would be adaptable for use on other timber decks. 

In the early 1990s, Forest Product Laboratory and Midwest Road­
side Safety Facility (MwRSF) researchers developed and tested three 
PLl bridge railings (two glulam timber railing systems and one steel 
railing system) for use on longitudinal timber decks (5,6). This 
research effort provided several aesthetically pleasing and econom­
ical bridge railings for timber bridge decks on low-to-medium 
service-level highways. The geometry of the PLl thrie-beam "steel 
system" railing was essentially unchanged from the previously tested 
California thrie-beam bridge rail (7). Therefore, it was considered 
unnecessary to perform a test with the minicompact sedan (which 
was successfully tested during the California development) because 
there was no potential for wheel snagging or concern for occupant 
risk. Because the basic geometry of the PL 1 glulam timber "curb sys­
tem" railing was unchanged from the timber system tested by SwRI 
(3), it was deemed unnecessary to perform the test with a minicom­
pact sedan as well. However, the structural components and load 
transfer mechanisms for both railings were significantly modified, 
thus requiring crash testing with a 2,449-kg (5,400-lb) pickup truck. 

RESEARCH OBJECTIVES 

Following the successful development of the three MwRSF PL-I 
bridge railings on longitudinal timber decks, a research project was 
planned to further develop aesthetic and economical bridge railings 
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for timber bridges on higher service-level roadways. The Midwest 
Roadside Safety Facility in cooperation with the USDA Forest Ser­
vice, Forest Products Laboratory, and the Federal Highway Admin­
istration, developed a PL2 (2) thrie-beam railing and a TL-4 (8) glu­
lam timber railing that would be compatible with the existing types 
of longitudinal timber bridge decks. The first bridge railing was a 
steel system constructed using thrie-beam with a channel attached 
above spacer blocks (TBC-8000). The second railing was con­
structed using a glulam timber rail with a curb mounted on scupper 
blocks (GC-8000). 

EVALUATION CRITERIA 

Throughout the development of the TBC-8000, crash test criteria of 
the 1989 AASHTO Guide Specifications for Bridge Railings ( 4) 
were used. To be considered an AASHTO PL2 bridge railing, the 
railing must satisfy the safety requirements from three full-scale 
vehicle crash tests. The required PL2 tests are: 

1. An 816-kg (l ,800-lb) minicompact traveling at 96.6 km/hr (60 
mph) and 20 degrees; 

2. A 2,449-kg (5,400-lb) pickup traveling at 96.6 km/hr (60 
mph) and 20 degrees; and 

3. An 8, 165-kg (18,000-lb) single-unit truck traveling at 80.5 
km/hr (50 mph) and 15 degrees. The guide specifications require 
that the full-scale crash tests be conducted and reported in accor­
dance with NCH RP Report 230: Recommended Procedures for the 
Safety Performance Evaluation of Highway Appurtenances (2). 

NCH RP Report 350: Recommended Procedures for the Safety Per­
formance Evaluation of Highway Features (8) was published and 
adopted by the FHW A while the GC-8000 was being developed. 
Consequently, the GC-8000 railing was evaluated using the TL4 
crash test criteria. The required TL4 tests are: 

1. An 820-kg (1,808-lb) minicompact traveling at 100 km/hr 
(62.1 mph) and 20 degrees; 

2. A 2,000-kg (44,409-lb) pickup traveling at 100 km/hr (62. l 
mph) and 25 degrees; and 

3. An 8,000-kg (17,637-lb) single-unit truck traveling at 80 
km/hr (49.7 mph) and 15 degrees. 

TBC-8000 SYSTEMS 

System Development 

The previously accepted AASHTO PU "steel system" for timber 
decks (5,6) was selected as the basis for the design of the AASHTO 
PL2 steel bridge railing. Because the Missouri combination steel rail­
ing system successfully met the NCHRP Report 230 safety perfor­
mance evaluation, and would likely meet the AASHTO PL2 pickup 
truck crash test criteria as well, concepts from the Missouri railing 
were used in the design of the new PL2 railing for timber bridge decks. 

The minicompact vehicle test conducted on the Missouri thrie­
beam bridge railing was performed at 15 degrees, as the NCHRP 
Report 230 evaluation criteria require (2). Thus, the test results 
would have been similar if the Missouri railing system had been 
conducted at 20 degrees, because there was no observable tendency 
for the vehicle to snag or underride the bridge railing. Also, because 
the Missouri bridge railing successfully met the NCHRP Report 230 
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strength test using a 2,039-kg (4,495-lb) sedan at 98.0 km/hr (60.9 
mph) and 24.0 degrees, the AASHTO PL2 strength test (with a 
2,449-kg (5,400-lb) pickup traveling at 96.6 km/hr (60 mph) and 20 
degrees) would have yielded similar results to the sedan strength 
test because the impact severity of the sedan crash test was deter­
mined to be 132 kJ (97 k-ft), whereas the impact severity for the 
pickup test was only 103 kJ (76 k-ft). Although the center of mass 
of the pickup is higher than that of the sedan and would produce 
slightly higher bending moments in the posts if the impact severi­
ties were the same, the actual lower impact force of the pickup test, 
even when applied at a slightly higher level, would not produce 
moments of sufficient magnitude to overcome the difference in 
severity levels. Therefore, with the TBC-8000 consisting of similar 
structural members as the Missouri railing, only the 8, 165-kg 
(18,000-lb) single-unit truck crash test would have to be conducted 
for the new railing to meet PL2 crash test criteria. 

It was concluded that the PLI steel system design should be stiff­
ened to meet AASHTO PL2 standards since three of the posts had 
significant deformation from the PLI pickup test (5,6). In addition, 
the Missouri thrie-beam railing had 15.9 cm (6.25 in.) of permanent 
set deflection when hit by the sedan (1). Therefore, a C8 X 11.5 steel 
channel was mounted above the spacer block of the PLl steel sys­
tem (Figure 1) to strengthen the bridge rail and meet PL2 strength 
standards. The top of the steel channel section has a mounting height 
of 84.5 cm (2 ft 9Y4 in.) to provide clearance above the thrie-beam. 
This provides vertical support for the bottom of the truck box during 
impact, thus reducing the amount of roll motion of the truck box. 

Design Details 

The TBC-8000 bridge railing consists of four major components: 
(a) structural steel posts and spacer blocks; (b) steel thrie-beam rail; 
(c) structural steel channel rail; and (d) structural steel mounting 
plates. An illustration of the TBC-8000 bridge railing is shown in 
Figure 1. 

Fifteen galvanized ASTM A36 W6 X 15 structural steel posts 
93.3 cm (3 ft 3/4 in.) long were used to support the steel railing. The 
steel posts were attached to the longitudinal glulam timber deck 
with ASTM A36 structural steel mounting plates. Fifteen steel 
mounting plates 1.9 cm (3/4 in.) thick, 27.3 cm (10% in.) deep, and 
61.0 cm (24 in.) long were attached to the deck with two ASTM 
A722 high-strength bars 2.5 cm (1 in.) in diameter and 1.37 m (4 ft 
6 in.) long, spaced at 40.6 cm (16 in.) and located 7.6 cm (3 in.) 
below the top surface of the deck. Design details for the bearing 
plates located at the other end of the rods are included in a study by 
Ritter et al. (6). Each steel post was bolted to a steel mounting plate 
with four 2.2 cm (7/8 in.) diameter ASTM A325 galvanized hex 
head bolts. Four recessed holes were cut into the edge of the timber 
deck so the steel mounting plates would bolt flush against the ver­
tical deck surface. The lower rail consisted of a 10-gauge thrie­
beam mounted 78.4 cm (2 ft 6% in.) above the timber deck surface. 
The thrie-beam rail was offset 15.2 cm (6 in.) away from the posts 
with galvanized ASTM A36 W6 X 15 structural steel spacer blocks 
58.7 cm (1 ft l lYs in.) long. The upper rail consisted of galvanized 
ASTM A36 C8 X 11.5 structural steel channel sections attached to 
the top of the steel spacer blocks. The top of the channel rail was 
84.5 cm (2 ft 9Y4 in.) above the asphalt surface. The channel rail 
sections were attached to the spacer blocks with 3Y2 X 3Y2 X Yi6 
ASTM A36 structural steel angles. Each channel rail section was 
spliced together with ASTM A36 structural steel splice plates. 
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1.6cm 0 ASTM A307 Bolts (At Rail Splice Locations: 8 per post; 

At Continuous Rail Locations: 4 per post) 

Steel Plate ft 0.8cm x 15.2cm x 30.5cm (Roil Splice Locations Only) 

W6x15 Steel Spacer Block --

5.1cm =i 

20.3cm 

25.lcm 
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,---- CB x 11.5 Steel Channel 

~~Steel Angles 8.9cm x 8.9cm x O.Bcm Y ond 11.7cm Long (Both Sides) 

1 .6cm 0 ASTM A307 Bolts 

r- W6x15 Steel Post (93.3cm Long) 

- --- Four 1.6cm 0 ASTM A307 Bolts 

93.3cm 

,.--- 1 .Ocm x 13.Bcm Plate Stiffeners 

1
/; Welded to Both Sides of Web With 

Coped Corners and 1 .3cm Cope 

l f 7.6cmI' 

, 7 r~1 ____ L.....L.....L-.L......L......i......&... .............. .....L...-.L.....L-J'--'-.............. ...__._ ............................. _.__._ ........... ,~...__._.1......L..J~---"--'-
t----------- 1.22m ______ \_,__ __ 

Notes: ( 1) All structural steel hordwore 
shall conform to ASTM A36. 

(2) All structural steel hardware 
shall be welded prior to 
galvanizing. 

Two 2.Scm 0 ASTM A722 High-Strength Bors~ (3) Post spocing 1.90m. 

(4) Many details have been omitted, 
refer to reference (9 ). 1.9cm x 27.3cm x 61 .Ocm Steel Bearing Plate 

FIGURE 1 Thrie-beam with channel bridge railing (TBC-8000). 

An approach guardrail transition was constructed on the up­
stream end of the TBC-8000 bridge railing. Details of the approach 
guardrail transition can be found in the Forest Product Laboratory 
Report on the TBC-8000 (9). 

The rail was attached to a longitudinal glulam timber deck sup­
ported by concrete abutments. A full-size simulated timber bridge 
system was constructed at the Midwest Roadside Safety Facility to 
simulate an actual timber bridge installation. The inner three con­
crete bridge supports had center-to-center spacings of 5.71 m (18 ft 
9 in.), and the outer two spacings were 5.56 m (18 ft 3 in.). The lon­
gitudinal glulam timber deck consisted of 10 rectangular panels 
measuring 1.22 m (3 ft l lYs in.) wide, 5.70 m (18 ft 8Y2 in.) long, 
and 27.3 cm (10% in.) thick. It was constructed so that two panels 
formed the width and five panels formed the length of the installa­
tion. The longitudinal glulam timber deck was fabricated with Com­
bination No. 2 West Coast Douglas Fir and treated with pen­
tachlorophenol in heavy oil to a minimum net retention of 9.61 
kg/m3 (0.6 lb/ft3

) as specified in American Wood-Preservers' Asso­
ciation Standard C 14 (I 0). At each longitudinal midspan location of 
the panels, stiffener beams were bolted transversely across the bot­
tom of the deck per AASHTO bridge design requirements. The 
stiffener beams measured 13.0 cm (5Ys in.) wide, 15.2 cm (6 in.) 
thick, and 2.44 m (8 ft) long. The timber deck had a 5.1-cm (2-in.) 
asphalt surface on top to represent actual field conditions. 

Computer Simulation 

After the preliminary design of the TBC-8000, computer simulation 
modeling with BARRIER VII ( 11) was performed to analyze the 
dynamic performance of the bridge railing before full-scale crash test-

ing. The simulation was conducted modeling a 8, 165-kg (18,000-lb) 
single-unit truck striking the rail at 80.5 km/hr (50 mph) and 15 degrees. 

The simulation results indicated that the TBC-8000 bridge railing 
would successfully redirect the 8, 165-kg (18,000-lb) single-unit 
truck. In addition, the modeling indicated that all structural hardware 
would remain functional during the impact. The maximum dynamic 
deflections of the C-rail and thrie-beam were 34.8 cm (13.7 in.) and 
29.2 cm (11.5 in.), respectively. The maximum permanent set deflec­
tions of the C-rail and thrie-beam were 17.8 cm (7.0 in.) and 15.2 cm 
(6.0 in.), respectively. The maximum 0.010-sec average lateral and 
longitudinal decelerations were 2.7 and 2.0 g, respectively. The peak 
0.050-sec average impact force perpendicular to the bridge railing 
was approximately 222 kN (50 kips). The truck became parallel to 
the bridge railing at 0.350 sec. At 0.680 sec, the truck exited the 
bridge railing at an angle of 11.4 degrees. 

Full-Scale Crash Test 

Test FSTC-1 [8,165-kg (18,000-lb), 76.3 km/hr (47.4 mph), 16.l 
degrees] struck the bridge railing at Post No. 4 (Figure 2). A sum­
mary of the test results and the sequential photographs is presented 
in Figure 3. 

After the initial impact with the bridge railing, the right-front cor­
ner of the bumper and quarter panel crushed inward. The truck 
became parallel with the rail at 0.399 sec with a velocity of 66.6 
km/hr (41.4 mph). At 0.523 sec, the front-end of the truck began to 
yaw away from the rail, and at 0.622 sec, the truck box reached a 
maximum clockwise roll angle of approximately 18 degrees. The 
truck exited the bridge rail at approximately 1.504 sec and 1.8 de­
grees. The effective coefficient of friction was determined to be 0.31. 
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FIGURE 2 Impact location, vehicle damage, and bridge rail 
damage, Test FSTC-1. 

Vehkle damage was relatively minor and was limited to the 
right-front corner of the truck cab, box, and front bumper (Figure 
2). The bridge rail damage was moderate, consisting mostly of 
deformed thrie-beam sections, C-rail sections, and steel posts (Fig­
ure 2). Examination of the top and bottom surfaces of the timber 
deck laminations revealed no physical damage or separation. 

The length of vehicle contact along the top of the C-rail was 
approximately 11.4 m (37 ft 6 in.). Physical evidence revealed that 
lateral buckling of the C-rail occurred between Post Nos. 4 and 5 
(Figure 2). The physical damage to the thrie-beam rail revealed that 
approximately 7 .6 m (25 ft) of rail was damaged. The maximum 
permanent set deflections of the C-rail and thrie-beam rail were 19.3 
cm (7.6 in.) and 20.8 cm (8.2 in.), respectively. 

Te t FSTC-1 was evaluated according to the AASHTO PL2 cri­
teria. The TBC-8000 bridge rail contained and smoothly redirected 
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the test vehicle with controlled lateral deflection of the bridge rail. 
There were no detached element or fragments that showed poten­
tial for penetrating the occupant compartment or that presented 
undue hazard to other traffic. The test vehicle did not penetrate or 
ride over the bridge rail, and it remained upright during and after the 
era h. The occupant compartment wa not damaged. The effective 
coefficient of friction, µ = 0.31, was fair (0.26 ::; µ s 0.35). The 
occupant risk values for occupant impact velocities and ridedown 
decelerations were satisfactory. The vehicle's trajectory revealed 
minimum intrusion into adjacent traffic lanes. The vehicle's exit 
angle from the bridge railing was less than 12 degrees. 

GC-8000 SYSTEM 

System Development 

. After the successful development and full-scale vehicle crash test­
ing of the AASHTO PLl curb y tern (5,6), it was determined that 
the PLl bridge railing had adequate structural capacity and could be 
modified to meet a higher performance level. Therefore the 
AASHTO PLl "curb system" was used as the basis for the design 
of the NCHRP Report 350 TL4 glularn railing. 

The glulam rail previously tested at SwRI (3) was crash-te ted 
using an 825-kg (1,818-lb) rninicompact at 95.3 km/hr (59.2 mph) 
and 20 degrees and a 2,383-kg (5,254-lb) pickup at 76.4 km/hr (47.5 
mph) and 20 degrees. Because the basic geometry of the PL I curb 
system and the newly developed GC-8000 were essentially the 
same as the system tested at SwRI, repeating the minicompact sedan 
test was deemed unnecessary. However, to meet TL4 criteria, the 
2,000-kg (4,409-lb) unballasted pickup test at 100 km/hr (62. l mph) 
and 25 degrees and the 8,000-kg (17 637-lb) single-unit truck test 
at 80 km/hr (49.7 mph) and 15 degree would have to be conducted. 

Development of the GC-8000 consi ted of re-sizing the structural 
components previously used with the AASHTO PL-1 curb system 
to withstand the higher impact forces generated from the TL4 era h 
test conditions. The components changed included the timber glu­
lam rail, lumber posts, spacer and scupper blocks, and structural 
steel hardware. The PLI curb system was constructed with sawed 
lumber Douglas Fir posts 20.3 cm (8 in.) wide and 20.3 cm (8 in.) 
deep, and the glulam rail was 17.1 cm (6% in.) wide and 26.7 cm 
(10Y2 in.) deep. However, computer simulation modeling indicated 
that the GC-8000 bridge rail posts needed to be 20.3 cm (8 in .) wide 
and 25.4 cm (10 in.) deep, and the glulam rail needed to be 17.1 cm 
(6% in.) wide and 34.3 cm (13 Vi in.) deep. The scupper blocks, used 
to support the sawed lumber curb rail and transfer the impact forces 
into the timber deck, were increased in length from 0.91 to 1.22 m 
(3 to 4 ft) and in depth from 14.0 to 19.1 cm (5Y2 to 7Vi in.). The 
increase in length of the scupper blocks was required to accommo­
date the six ASTM A307 1.9 cm (3/4 in.) diameter bolts needed to 
carry the increased impact forces into the deck. The increase in 
depth of the scupper blocks was used to accommodate a 5.1-cm 
(2-in.) asphalt-wearing surface placed on the timber deck. 

Design Details 

The GC-8000 consisted of five major components: (a) awed lumber 
scupper blocks; (b) sawed lumber curb rail; (c) sawed lumber posts; 
(d) longitudinal glulam timber rail; and (e) timber spacer blocks. An 
illustration of the GC-8000 bridge railing is shown in Figure 4. 

One timber scupper block was bolted to the timber deck at each 
post location with six ASTM A307 1.9 cm (3/4 in.) diameter, 66.0 
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Tell Number . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . FSTC-1 
Date . . . . . • . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . 1219/92 

0.341 sec 

Bridge Rail lnltallation . • . • . . . . . . . . • . . . . . . . . . . . • Steel Thrie and Channel Bridge Rail 
Toca! Lcnatb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.S7 m 
Steel Thrie Beam Rail 

Size • • • . . • . • • . . . . • . • . . • • • • . . . . . . . 10 Gauge (AASHTO M180) 
Top Mountina Height . • . • . . . . . • . . . . . . • . 78.4 cm 

Steel Channel Rail (C-nil) 
Size . . . . • • . . . . . • . • . • • . . . • . . . . . . . . CB x 11.S (A36) 
Top Mouotlng Height . . • . . • • . • • . . • . . • . . 84.S cm 

Steel Po.u (No. 1 through 15) . . . . . . . • . . . • • • • . • . . . W6 x IS (A36) 
Lcoith . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 .3 cm 

Steel Spacer Blocb (No. I through IS) . . . . . • . . . . • . . . W6 x IS (A36) 
Leflllh . . . . . . . . . . . . . . . . . . . . . . . . . . . . S8.7 cm 

Vehicle Model . • . . . . • • . • . . • . • • • . . . . • . . . . . • . . 1986 GMC 7000 Scriea Straight TNC:lt 
Tell lnel1ial Weight . . . • . • • . • . . . . . • . . . . 8,16S kg 
Gron Static Weight . . . . . • . • . • . . . . • . • • • 8,16S kg 

Vehicle Speed 
Impact • • . • • • . • • • • . . • • • . • . • . . . . . . . . 76.3 ltmlhr 
Exit . . . • . • . . . . . . . • . • • . • . . . . • • • • . • Not Available 

FIGURE 3 Summary of test results and sequential photographs, Test FSTC-1. 

0.702 aec 1.504 aec 

Vehicle Angle 
Impact . . • . . . . • . • . . . • • . • . • . • • 16.1 degree• 
Exit . . . • . • . . . • . . . • . • • • . • • • . 1.8 degnca 

Vehicle Snaggin& .. • .... •.. . . .•.• . .• ••. None 
Vehicle Stability ...• . ... • . • ...•• •• .. . .• Satiafactory 
Effective Coefficielll of Friction(,µ) •.•.. . .• .• • 0 .31 
Normalized Occupant Impact Velocity 

Longitudinal (Not ltequired) .• • ...•• 3.3 ml• (9.1 m/1) (4) 
Lateral (Not ltequired) •. . •.••• ..• . 4 .8 ml• (7 .6 m/1) (4) 

Occupant Ridedown Deceleration 
Looailudinal (Not ltequired) . •• . .•. • 1.8 g'a (IS 1'1) (4) 
Lateral (Not ltequired) .•.•.•...• • . 6 .1 g'a (15 1'1) (4) 

Vehicle Damage •• ••. • .• ••• •.• • • .• ... • . Minor 
TAD ••••.••• • •••. • • •• •.••• • 1-RFQ-2 
VDI ....•..•.. .... .•..... . . OIR.YEWI 

Bridge Rail Dama1e . . • . • • • • . • . . . . • . • . . • Moderate 
Maximum Vehicle Rebound DillllllCe .••...••.• 17.8 cm@ 40.S4 m 
Maximum Permanent Set Deflection 

C-R.ail .••••••• • •.• .•• . . . •• • . 19.3 cm 
Thrie Beam • • • • • • • • • • • • . • • • • • • 20.8 cm 
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Six 1.9cm ¢ ASTM A307 Bolts =-_/ 
I 

L Longitud inal Glulam Timber Deck 

FIGURE 4 Glulam timber with curb bridge railing (GC-8000). 
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cm (26 in.) long galvanized dome head bolts. The scupper blocks 
were fabricated with S4S No. 1 Grade Douglas Fir 19.0 cm (7 '/i in.) 
thick, 29.2 cm (l l Y2 in.) wide, and 1.22 m (4 ft) long. They were 
attached to the curb rail and timber deck surface with 10.2 cm (4 in.) 
diameter hear plate connectors. The curb rail wa fabricated with 
S4S No. 1 Grade Douglas Fir 14.0 cm (5 Y2 in.) deep and 29.2 cm 
(11 Y2 in.) wide, with the top of the curb rail positioned 28.0 cm 
(11 in .) above the asphalt-wearing surface. One ASTM A307 3.2 
cm (1 Y4 in.) diameter, 63.5 cm (25 in.) long dome head bolt was 
used to attach each of the 15 bridge po ts to the curb rail. Two 1.37 
m (4 ft 6 in.) long high-strength bar were placed 55.9 cm (22 in.) 
apart tran versely through the outer timber deck panel at each po t. 

Fifteen No. 1 Grade rough- awed lumber Dougla Fir po ts approx­
imately 20.3 cm (8 in.) wide, 25.4 cm (10 in.) deep, and 1.16 m (3 
ft 9% in.) long were used to support the upper glulam railing at a 
spacing of 1.90 m (6 ft 3 in.) on centers. The posts were treated to 
meet A WP A Standard C 14 with 192.22 kg/m3 (12 lb/ft2) creosote 
( 10). The longitudinal glularn rail was fabricated from Combination 
No. 2 West Coa t Douglas Fir and treated in the same manner as the 
timber deck. The glulam rail was 17.1 cm (6% in.) wide and 34.3 
cm (13 '/i in.) deep. The top mounting height of the glularn rail was 
83.8 cm (2 ft 9 in.) above the asphalt-wearing surface. The glulam 
rail was offset from the po ts with timber pacer block 12.1 cm 
(4:Y4 in.) thick, 20.3 cm (8 in.) wide, and 34.3 cm (13Y2 in.) deep. 
Two ASTM A307 1.6 cm (5/8 in.) diameter 61.0 cm (24 in.) long 
galvanized dome head bolts were used to attach the glulam rail to 
the timber posts. The rail was attached to a longitudinal glulam tim­
ber deck irnilar to the one used in the TBC-8000 era h te t. 

An approach guardrail transition wa constructed on the 
upstream end of the GC-8000 bridge railing and crash-tested with a 
2,041-kg (4,500-lb) sedan at 100.4 km/hr (62.4 mph) and 24.8 
degrees. The crash test was evaluated according to the safety per­
formance criteria provided in NCHRP Report 230 (2) and was 
acceptable. The sedan crash test was performed on the guardrail 
transition according to NCHRP Report 230 criteria because at the 
time the transition waste ted the GC-8000 was not intended to meet 
NCHRP Report 350 (8) TL4 criteria. Further details concerning the 
approach guardrail tran ition can be found in the Fore t Product 
Laboratory Report on the GC-8000 ( 12 ). 

Computer Simulation 

After the preliminary de ign of the GC-8000, computer simulation 
modeling with BARRIER VII ( 11 )) was performed to analyze the 
dynamic performance of the bridge railing before full-scale crash 
te ting. Computer imulations were conducted with an 8,165-kg 
(18,000-lb) single-unit truck hitting the rail at a speed of 80.5 km/hr 
(50 mph) and impact angle of 15 degrees, and with a 1,996-kg 
(4,400-lb) pickup truck traveling at a peed of 100 km/hr (62.1 mph) 
and having impact angle of 25 degrees. 

The imulation re ults indicated that the GC-8000 bridge railing 
would sati factorily redirect the 8 000-kg (17,637-lb) single-unit 
truck. In addition , all structural hardware would remain functional 
during the impact; the maximum dynamic and permanent et deflec­
tions of the glulam rail were 15.2 cm (6.0 in.) and 4.1 cm (l.6 in.), 
respectively. The maximum 0.010-sec average lateral and longitu­
dinal decelerations were 3.3 and 2.1 g, re pectively. The peak 
0.050-sec average impact force perpendicular to the bridge railing 
wa approximately 285 kN (64 kip ). The truck became parallel to 
the bridge railing at 0.323 sec. At 0.625 sec, the truck exited the 
bridge railing at an angle of 12.3 degrees. 
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The simulation results also indicated that the railing would sati -
factorily redirect the 2,000-kg (4,409-lb) pickup truck. In addition all 
tructural hardware would remain functional during the impact; the 

maximum permanent set and dynamic deflection of the glularn rail 
were 7.4 cm (2.9 in.) and 17.8 cm (7.0 in.), respectively. The maxi­
mum 0.010- ec average lateral and longitudinal deceleration were 
13.2 and 10.9 g, respectively. The peak 0.050- ec average impact force 
perpendicular to the bridge railing wa approximately 276 kN (62 
kip ). The truck became parallel to the bridge railing at 0.180 ec. At 
0.260 ec, the truck exited the bridge railing at an angle of 9.4 degrees. 

Full-Scale Crash Tests 

Test FSCR-1 [8,165-kg (18,000-lb), 82.4 km/hr (51.2 mph), 16.8 
degrees] hit the bridge rail at approximately 45 .7 cm (1 ft 6 in.) 

FIGURE S Impact location, vehicle damage, and bridge rail 
damage, Test FSCR-1. 
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0.000 aec 0.124 aec 0.207 sec 0.649 IOC 
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Teat Number .. . . ... . .• .... . .......... FSClt-1 
Date . . •. ..... •. .....• . .. •. . • ...... 8/12193 
Bridge Rail lmtallation . . . . . • . . . . . . . . . . . • • Glulam T1mbcr Bridge Rail 

With Sawn Lumber Curb Rail 
1.coith . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28.57 m 
Upper Rail 

Width .. . . ... . . ••. .. • ...•. • . 17.l cm 
Depth . . • . . • • • . . . . . • • . . . . • . . 34.3 cm 
Top Mouoling Height .•..•... .• •. 83.8 cm 
Material • .. ..•..• . .. . .. ... ..• Glulam Rail-Comb. No. 2 

Lower Rail (CUrb) 
Width . • ... • ••••.•. • . •.. .... 29.2 cm 
Depth • • . ••• . . .•.•. . ........ 14.0 cm 
Top Mounting He~ht ..••...• • ... 27.9 cm 
Material •. • ..• .. •... ... . .. . . •. S4S No. l Grade Dou11a1 Fil" 

Polll (No. l lhrough 15) 
Size ..• . . • .•••••....•...... 20.3 cm x 25.4 cm x 116.2 cm 
Material • . • . • . • • • . . . • • . . . . . . . No. l Grade Rough Sawn Douglu Fil" 

Bridie Deck lmlallation • . • . • • . . . . • . • . . . . . LonaibJdinal Glulam Tunber 
Bridge Deck Pllncll 

Panel Size ......• • •. ... . ••• .. 27.3 cm x 1.22 m x 5.71 m 
Material • ••••.. . . . . . ..... ••.• Glulam Timber Deck Comb. No. 2 

Vehicle Model ... • . • • • ...•.. . . . .. ..• . • 1986 GMC 7000 Serie1 Single-Unit Truck 
Tell Inertial Weight •....•. ••. •.. 8,16S t, 
Grou Static Wei2ht ••.•. • . •.. ..• 8,l6S q 

Vehicle Speed 
Impact • . . . . . . . . . • . . • . . . . . . . . . . . . . • ll.4 bnlhr 
Exit . . . . . . . . . . . • . . . . . . . . . • . . • . • • • 66.5 km/hr 

Vehicle Anale 
Impact . . . • . • . . . • • . . . . • . . . . . . . . • . . . 16.8 depe1 
Exit . . . . . . . . . . . . . . • . • • . . . . . • • . • . • 0 deiree• 

Vehicle Snauing • • . • . . • . . . • . • . • • • . • . . . • . • • . • Truck Box on Top ofTamber PoD 
and Spacer Blockl 

Vehicle Stability • . . • . . • . • • • • . . • • • • • . . . • . . • • • • Sati1factory 
Eft'ective Coefficient of Friction (I') . • • . • • . . • • • . . . . . . 0.38 (M.arsinaI) 
Occupanl Impact Velocity - Normalized 

LongilUdinal (Not Required) . . • . • . . . • . . • . . 2.7 m/1 (9.1 m/1) (4) 
Lateral (Not 1le41u.ired) • • • • • • • • • • • • • • • • • . 2.1 m/1 (7 .6 m/1) (4) 

Occupant Ride4own Deceleration - l~maec: average 
LongilUdinal (Not Required) . • • . . . • . . . • • • • 1.0 G'1 (15 G'1) (4) 
Lateral (Not Required) • . • . • • • . . . • • • • . • • . 1.8 0'1 (IJ G'1) (4) 

Vehicle Damage • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Moderate 
TAD . . • . • . • • • • • • • • • . • • • • • • . . • • • • . l-RFQ-5 
VOi . • • . . . • • . . • • • • . . • • . • . . • . . . • . . 01RYEW3 

Vehicle Rebound Dilllanee • . ...•..•••...•. • ..... 0 m 
Bridie Rail Damap • . . • . . . . • • • . • • • . . . . . • . . • • . Moderate 
Maximum Poll or Midapan Rail Dctlection 

Pt:nnanelll Set . . . • . . . • • • • . . . • . • • . . • • • 3.0 cm 
Dynamic 16.5 cm 

FIGURE 6 Summary of test results and sequential photographs, Test FSCR-1. 

upstream from Post No. 4 (Figure 5). A summary of the te t results 
and the sequential photographs are presented in Figure 6. 

After the initial impact with the bridge rail , the right-front comer 
of the bumper and quarter panel crushed inward. At 0.103 sec, the 
maximum dynamic lateral deflections were measured at Post No. 5 
and the front end of the truck cab began to lift and roll clockwise 
toward the rail. At 0.124 sec, the longitudinal centerline of the truck 
cab and box remained parallel, and at 0.145 sec, the truck box began 
rotating toward the rail while the truck cab began rotating away 
from the rail. At 0.160 sec, the right-front comer of the truck box 
extended over the rail and the right-front tire was crushed inward 
under the engine. At 0.340 sec, the truck cab began rotating toward 
the rail. The left-rear tire lost contact with the ground at 0.400 sec. 
At 0.4 l 3 sec, the truck cab was approximately parallel to the bridge 
rail with a velocity of 69.8 km/hr (43.4 mph). The truck box 
achieved a maximum roll angle of approximately 31 degrees toward 
the rail at 0.649 sec. At the same time, the right-rear tire also lost 
contact with the ground. The truck cab achieved a maximum roll 
angle of approximately 23 degrees toward the rail at 0.739 sec. At 
l .500 sec, the truck box rolled away from the rail, and at 1. 739 sec, 
the left-front tire contacted the ground and the vehicle exited the 
bridge railing at a speed of approximately 66.5 km/hr (41.3 mph) 
and at a 0-degree angle. The effective coefficient of friction wa 
determined to be approximately 0.38. 

Exterior vehicle damage was moderate (Figure 5). Vehicle dam­
age occurred to several body locations, including the door and quar-

ter panels, engine hood, front bumper, right-side wheels and rims, 
front axle, engine hood, truck box and support frame, side-mounted 
foot steps, and fuel tank. The right-comer of the front bumper and 
the right-side door and quarter panels were crushed inward. The 
front axle, with attached tires and steel rims, became detached from 
the truck and came to rest under the left-side of the truck cab. The 
right-front and right-rear (outer dual) tires were deflated. 

The moderate bridge railing damage near the impact area is 
shown in Figure 5. The downstream end of the glulam rail adjacent 
to Post No. 4 was fractured on the lower part of the rail. The curb 
rail received significant gouging between Post Nos. 4 and 5. Deep 
gouges and scrapes occurred to the top of the glulam rail from Post 
Nos. 7-14. Nine timber bridge posts, Post Nos. 7-15, were damaged 
during the crash test, as shown in Figure 5. The glulam timber 
bridge deck received some superficial surface cracks near Post No. 
4. The crack width ranged between 1.6 to 3.2 mm (1/16 and l/8 in.). 

The maximum lateral permanent set deflections for midspan rail 
and post locations, as determined from field measurements in the 
impact region, were approximately 3.0 cm (1.2 in.) and 2.8 cm (1.1 
in.), respectively. The maximum dynamic lateral deflections for 
midspan rail and post locations (determined from high-speed film 
analysis) were 14.5 cm (5.7 in.) and 16.5 cm (6.5 in.), respectively. 

The GC-8000 bridge railing wa originally designed and was to 
be evaluated according to the AASHTO PL2 ( 4 )) guideline . How­
ever, following the successful 8, 165-kg ( 18,000-lb) single-unit 
truck test, it was determined that the bridge railing could potentially 
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meet the NCHRP Report 350 (8) pickup truck strength test. There­
fore, the 2,000-kg (4,409-lb) pickup test at 100 km/hr (62.1 mph) 
and 25 degrees was conducted instead of the 2,449-kg (5,400-lb) 
pickup test at 96.6 km/hr (60 mph) and 20 degrees. 

Test FSCR-4 [2,087-kg (4 600-lb), 98.0 km/hr (60.9 mph), 24.9 
degrees] impacted the bridge rail at approximately 1.76 m (5.77 ft) 
up tream from Post No. 8 (Figure 7). A ummary of the te t re ults 
and the equential photograph are pre ented in Figure 8. 

After the initial impact with the bridge rail, the right-front corner 
of the bumper and quarter panel crushed inward. At 0.054 sec, the 
right-front tire blew out due to contact with the sawed lumber curb 
rail. At 0.126 sec, maximum dynamic lateral deflections were 
observed at Post No. 8. The entire vehicle became airborne at 
approximately 0.2 17 sec. At 0.223 sec, the pickup truck was 
approximately parallel to the bridge rail with a velocity of 66.5 

FIGURE 7 Impact location, vehicle damage, and bridge rail 
damage, Test FSCR-4. 
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km/hr ( 41.3 mph) with a slight roll angle toward the bridge rail. At 
0.418 sec, the vehicle exited the bridge railing at a speed of approx­
imately 62.9 km/hr (39.1 mph) and angle of 10.4 degrees. The vehi­
cle's right-front tire contacted the ground at 0.512 ec, and its the 
left-front tire contacted the ground at 0.620 sec. The effective coef­
ficient of friction was determined to be approximately 0.54. 

Exterior vehicle damage wa moderate (see Figure 7). Vehicle 
damage occurred to several body location , including the door and 
quarter panels, front bumper, right- ide tires and rims, rear bumper, 
engine mount, and interior floorboard. The right-front tire wa 
deflated and partly removed from the rim. In addition, the right­
front tire, rim, and attached steering mechanism were pushed back­
ward, and the right-side engine mount was deformed toward the 
engine. Interior vehicle deformation to the occupant compartment 
was not sufficient to cause injury to the vehicle occupants. 

The minor bridge railing damage downstream from the impact 
location is shown in Figure 7. Scrapes and gouging occurred to the 
upper glulam timber and awed lumber curb rails. Significant tire 
and rim contact on the curb rail was evident from the downstream 
ide of Post No. 7 to the downstream side of Post No. 8. Longitudi­

nal cracking occurred toward the bottom traffic- ide face of the glu­
lam rail at Post No. 8. The downstream-side of the glulam rail splice 
located at Post No. 8 was fractured. The flexural failure occurred in 
the ten ion region of the glulam rail (or the backside of the vertical 
saw-cut section) and near the down tream end of the steel splice 
plate. No physical damage occurred to the timber bridge posts or 
spacer blocks. Additional curb rail damage con isted of cracking 
along a vertical plane through the longitudinal centerline of the 
bolts. The glulam timber bridge deck received some uperficial sur­
face cracks. The crack width ranged between 1.6 and 6.4 mm (1116 
and 1/4 in.) . 

The maximum lateral permanent set deflections for midspan rail 
and po t locations (determined from field measurements in the 
impact region) were approximately 5.3 cm (2.1 in.) and 4.8 cm (1.9 
in.), respectively. The maximum dynamic lateral deflections for 
midspan rail and post locations were 29.2 cm (11.5 in.) and 36.1 cm 
(14.2 in.), respectively. 

Te ts FSCR-1 and FSCR-4 were evaluated according to the 
AASHTO PL2 and NCHRP 350 TL4 criteria. The GC-8000 bridge 
rail contained and smoothly redirected the test vehicles. The test 
vehicles did not penetrate, underride, or override the bridge railing, 
although controlled lateral deflection of the bridge rail is acceptable. 
There were no detached elements, fragments , or other debris from 
the bridge railing that showed potential for penetrating the occupant 
compartment or that presented undue hazard to other traffic. Defor­
mation of, or intrusions into, the occupant compartment that could 
cause serious injuries did not occur. For Tests FSCR-1 and FSCR-
4, the effective coefficients of friction were marginal [µ = 0.38 and 
µ = 0.54 (µ>0.35)]. The test vehicles remained upright during and 
after collision. The occupant risk values for occupant impact veloc­
ities and ridedown decelerations were satisfactory. The vehicle tra­
jectories revealed no intrusion into adjacent traffic lanes. For Tests 
FSCR-1 and FSCR-4, the vehicle exit angles ofO and 10.4 degrees, 
respectively, were less than 60 percent of the impact angles of 15 
and 25 degrees. 

CONCLUSIONS AND RECOMMENDATIONS 

The safety performance evaluation of an AASHTO PL2 thrie­
beam with channel (TBC-8000) rail and an NCH RP Report No. 350 
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Teat Number ....•.•... .. . .. . . .....• .. FSCR-4 
Date • . . . . . . • . • . . . . . . . . . . • . . • • • . . . . 11/23/93 
Bridge Rail Inatallation . . . . . • . . . • . . . . . • • . . Olulam Tunber Bridge Rail 

With Sawn Lumber Curb Rail 
Leog1h •••.....•.•.••......••..•.... 28.S7 m 
Upper Rail 

Width .............. ••.•. ... 17.l cm 
Depth . • • . • • • . . • . . . . . . . • • . . . 34.3 cm 
Top Mountina Height ........ •... 83.8 cm 
Material ..•.• • . .............. Olulam Rail.Comb. No. 2 

Lower Rail (Curb) 
Width ...... . ... .. ..... . ... . 29.2 cm 
Depth ... •••..•. ....•.. .•... 14.0 cm 
Top Mountina Height ....•...•... 27.9 cm 
Material . . . • . . . . . . . . . . • . . • . . . S4S No. l Grade Douala• Fir 

Pou (No. l through IS) 
Size ..• ......•• .•. . .. ... . .. 20.3 cm x 2S.4 cm x 116.l cm 
Material • . . . . . . • . . . . . . . . • . . . . No. l Grade Rough Sawn DouaJu Fir 

Bridge Deck lllltallation . . . • • • . • . • . . . . • • . . Longitudinal Olulam Tunber 
Bridge Deck Panela 

Panel Size ... •. .•.•.......... 27.3 cm x 1.22 m x S.71 m 
Material •••...••.....•... .. .. Olulam Timber Deck Comb. No. 2 

Vehicle Model ... .•••••.•.••.. .. •.• . .• 1984 CUatom Deluxe 20 Pickup Truck 
Tell lnertW Weight .......•..... 2,087 ta 
Gr<>M Static Weight . . • . • • . • • . • . . 2,087 ta 
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0.175 sec 0.262 aec 

Vehicle Speed 
Impact • • . . . • . . • . . . • • . • . . • • . . . . • • . • 91.0 ltm/br 
Exit . • . . . . . . • • . . . • • . . . . . . . . . . . . . . 62.9 ltm/br 

Vehicle Angle 

0.418 ltlC 

Impact . . • . . . . . . . . . . • . • • • • . . . . . . • . . 24.9 degree• 
Exit . . . . . . . . • . . . . . • • • • . . . • . . . • . . . 10.4 degree• 

Vehicle Snagina • . . . . . • . . • . . . • • • • • . . . . . . . . • . None 
Vehicle Stability . . . • . . • • . . . • . . . • • . . . . • • • . . • . . Satiafactory 
Effective Coefficient of Friction (14) • • • • • • • • • • • • • • • • • O.S4 (MaririnaJ) 
Occupant ln1Jact Velocity - Nonnalized 

Longilud.inal (Preferred/Maxjmum) . • • . . . . • . • 8.2 m/1 (9 m/a/12 m/1) (B) 
Lateral . . • . . • . • . . . • • • • • • . • . . • • . . . . • 7.4 m/1 

OccupaDl Ridedown Deceleration - 10.m.aec averqe 
Longiludinal (Preferred/Maxi.mum) • . . . • . • • . . 10.0 0'1 (lS O'a/20 0'1) (B) 
Lateral . • • . . . . . . . • . . . • • . • . . . . • . • • . . 12.S 0•1 

Vehicle O.rnap . . . . . . . . . . . . . . . . . . . . . . . . . . • . . Moderate 
TAD . . . • • • • • . • . • . • • • • • • . • . . . • . . . . 1-.RFQ-S 
VDI . . . . . . . . . . • . . . . . . . . . . . . . . . . • . 01RYEW4 

Vehicle Lateral Rebound Di11anee (lliabi-.ide) • • . • • • • . • • 6.0 m 
Bridge Rail Damqe . • . • • . • . • . . • . . • • • . . • • . • . • • Minor 
Muimum Poat or Midapan Rail Deflection 

Permanent Set • • . . . • . . • . • • • • . . • • . • • • • S .3 cm 
Dynamic • • • • • . • • . . . • • • • • • • • • • • • • . . 36.1 cm 

FIGURE 8 Summary of test results and sequential photographs, Test FSCR-4. 

TL4 glulam rail with curb (GC-8000) were tested according to the 
applicable guidelines, and both were acceptable. The result is two 
new crashworthy bridge railings that are recommended for use on 
longitudinal timber bridge . Although the two rails were tested on 
a longitudinal glulam timber bridge deck, both could be adapted for 
use on other longitudinal timber bridge decks. 

The development of the TBC-8000 bridge railing satisfied the 
concern for economy while al o providing a crashworthy bridge 
railing sy tern for timber bridge deck on higher performance road­
ways. Although both railings performed similarly according to the 
evaluation factors of structural adequacy, occupant risk and vehicle 
trajectory, the vehicle damage to the 8,000-kg (17,637-lb) single­
unit truck was more extensive for the GC-8000 impact, and its 
repair costs also would be higher. 

The TBC-8000 was ea y to in tall; therefore it should have low 
construction costs. The material cost for the TBC-8000 was approx­
imately $174/m ($53/ft). The glulam curb sy tern (GC-8000) is aes­
thetically plea ing but more expensive than the thrie-beam with 
channel (TBC-8000) system. The material cost for the GC-8000 
was approximately $354/m ($108/ft). 

Further te ting should be conducted if it i deemed nece ary that 
both tran itions and the TBC-8000 railing meet NCH RP Report 350 
TL4 criteria. Further te ting will be required becau e no 8,000-kg 
(17,637-lb) single-unit truck test or 2,000-kg (4,409-lb) pickup 
truck test wa conducted on either tran ition. In addition, the TL4 

pickup truck test ha the potential for ignificant occupant com­
partment deformation and could cause the TBC-8000 railing to fail 
the NCHRP Report 350 TL-4 crash standards. 
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