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The U.S. Department of Agriculture (USDA) Forest Ser­
vice, Forest Products Laboratory (FPL) and Headquarters 
Engineering Staff, in cooperation with the Midwest Road­
side Safety Facility undertook the task of developing bridge 
railing systems for roads with low traffic volumes and low 
speeds. Two low-cost bridge railing systems were devel­
oped and successful full-scale crash tests were conducted 
for their use on timber bridge decks using longitudinal lum­
ber laminations. A curb-type timber railing system was de­
signed to redirect a 3/4-ton pickup truck hitting at a speed 
of 24 km/hr (15 mph) and an angle of 15 degrees. The curb­
type rail system used square, trapezoidal, or rectangular rail 
shapes. A flexible railing system consisting of steel W-beam 
supported by breakaway timber posts was designed to re­
direct a 3/4-ton pickup truck hitting at a speed of 50 km/ 
hr (31 mph) and an angle of 25 degrees. The flexible railing 
system was developed according to Test Level 1 of NCHRP 
Report 350, Recommended Procedure for the Safety Per­
formance Evaluation of Highway Features. 

H istorically, bridge railing systems have not 
been developed for use on low-speed, low­
volume roads; however, many U.S. Forest Ser­

vice and National Forest utility and service roads often 
carry very low traffic volumes at operating speeds of 24 

to 32 km/hr (15 to 20 mph) or less. These roads are 
often narrow, generally incorporating one- or two-lane 
timber bridges with span lengths between 4.6 and 10.7 
m (15 and 35 ft). The bridge rails that have been de­
signed for high-speed facilities may be too expensive for 
low-volume roads. In recognition of the need to develop 
bridge railings for this very low service level, the U.S. 
Department of Agriculture (USDA) Forest Service, For­
est Products Laboratory (FPL) and Headquarters En­
gineering Staff, in cooperation with the Midwest Road­
side Safety Facility (MwRSF), undertook the task of 
developing two bridge railing systems. 

OBJECTIVE 

The objective of this research project was to develop 
two low-cost bridge railing systems for use on longitu- . 
dinal timber bridge decks with low traffic volumes and 
speeds. A longitudinal glulam timber deck was selected 
for use in the development of the bridge railings because 
it is the weakest type of longitudinal timber deck for 
resisting transverse railing loads currently in use. Thus, 
any bridge railing not damaging the longitudinal glulam 
deck could be easily adapted to other, stronger, timber 
deck systems. 
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Curb--type railing systems were chosen as the basic 
design for the first bridge railing. A top-mounted curb­
type railing is shown in Figure l(a). Although curb bar­
riers generally offer limited redirective capability at 
higher impact speeds, curb barriers can be very effective 
during low-speed impacts. A flexible railing with a 
breakaway post system was selected as the basic design 
for the second bridge railing. A side-mounted flexible 
railing is shown in Figure l(b). 

EVALUATION CRITERIA 

Background 

Currently, bridge railings are usually designed to satisfy 
the requirements provided in AASHTO's Guide Speci­
fications for Bridge Railings ( 1). More specificaiiy, 
bridge railings should be designed according to the ap-

(a) 

(b) 

FIGURE 1 (a) Curb-type bridge railing and (b) flexible 
bridge railing. 

propriate performance level of the roadway, based upon 
a number of factors such as design speed, average daily 
traffic (ADT), percentage of trucks, bridge rail offset, 
and number of lanes. These guide specifications include 
three performance levels, shown in Table 1, which pro­
vide criteria for evaluating the safety performance of 
bridge railings. 

The recently published NCHRP Report 350, Rec­
ommended Procedure for the Safety Performance Eval­
uation of Highway Features (2), provides for six test 
levels, shown in Table 1, for evaluating longitudinal 
barriers. Although this document does not contain ob­
jective criteria for selecting test level, safety hardware 
developed to meet the lower test levels is generally in­
tended for use on lower-service-level roadways, and 
higher-test-level hardware is intended for use on higher­
service-level roadways. The lowest performance level, 
Test Level 1, is suitable for applications on low-volume, 

operating speeds on these facilities are typically in the 
range of 48 km/hr (30 mph) or approximately twice as 
high as operating speeds on Forest Service utility roads. 
Thus, test impact conditions from Test Level 1 were 
deemed too severe for the low-cost curb-type bridge 
railing system envisioned. The second bridge railing, or 
flexible railing, was designed to meet Test Level 1 im­
pact conditions because the increase in performance 
level could be achieved with little increase in cost. 

Crash Test Conditions 

Design impact conditions tor narrow, low-volume util­
ity roads were selected by the Furesl Products Labora­
tory (FPL) of the USDA Forest Service in consultation 
with engineers of the Headquarters Engineering Staff. 
Reasonable design impact conditions for the curb-type 
bridge railings were estimated to involve a 3/4-ton 
pickup truck hitting at a speed of 24 km/hr (15 mph) 
and an angle of 15 degrees. The design impact condi­
tions for the flexible bridge railing involved a 3/4-ton 
_;_J ____ •-·--'· L; •• ;_- -• - ____ ,.1 -• er. 1.-IL- /'J1 --L\ !11' .... 1\..Ul' L.lU\....1\.. llllllllt, dl ct ;:o,pc;1.:u U.l JV .l\..HUJ.11. \J.J. 111_1l11/ 

and an angle of 25 degrees according to Test Level 1 in 
NCHRP Report 350 (2). It is noted that a research 
study is in progress to develop a curb-type bridge railing 
to meet Test Level 1 of NCHRP Report 350 (2). 

CuRB-TYPE BRIDGE llAILINGS 

Design Considerations 

Timber was selected for use in the curb-type bridge rail­
ing designs on the basis of aesthetics and material avail­
ability. Further, curb railings were identified as a low-
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TABLE 1 AASHTO Crash Test Conditions for Bridge Railings and NCHRP Report 350 Crash Test 
Conditions for Longitudinal Barriers 

AASHTO 
Perfonnance 

Small Car Pickup Truck 
Level W 

(816 kg) (2,449 kg) 

1 80.5 km/h and 20 deg 72 .4 km/h and 20 deg 

2 96.6 km/h and 20 deg 96.6 km/h and 20 deg 

3 96.6 km/h and 20 deg 96.6 km/h and 20 deg 

NCHRP 350 
Test Level (I) Small Car Pickup Truck 

(820 kg) (2,000 kg) 

1 50 km/h & 20 deg 50 km/h & 25 deg 

2 70 km/h & 20 deg 70 km/h & 25 deg 

3 100 km/h & 20 deg 100 km/h & 25 deg 
(Basic Level) 

4 100 km/h & 20 deg 100 km/h & 25 deg 

5 100 km/h & 20 deg 100 km/h & 25 deg 

6 100 km/h & 20 deg 100 km/h & 25 deg 

cost railing system and the most easily constructed 
design alternative for these low-service-level applica­
tions. Since most economical timber curb systems in­
corporate top-mounted single-railing designs, this type 
of structure was used for the new bridge rails. 

Analysis of vehicular impacts with concrete and tim­
ber curbs revealed that the shape of the curb face could 
affect the redirective capacity of curb systems. A num­
ber of curb shape configurations were included in the 
design process. Each curb configuration was evaluated 
at different heights in order to determine the minimum 
height required to meet the selected performance crite­
ria. Based on full-scale vehicle crash tests of curb sys­
tems 50.8 cm (20 in.) high (6) and a limited study of 
impacts with shorter curbs (unpublished research) using 
HVOSM computer simulation modeling (7), the re­
searchers estimated that curbs 20.3 to 35.6 cm (8 to 14 
in.) high should be able to meet the desired performance 
standard. 

Peak lateral forces imparted to the curb railing were 
estimated to be approximately 9.5 kN (2.1 kips) using 
the procedures described by the NCHRP report, the 
AASHTO Guide, and Ritter et al. (3-5). Based on these 
findings, it was concluded that timber curb railings may 
be capable of withstanding design impact conditions 
without significant damage to the barrier or the timber 

Impact Conditions 

Medium Van-Type 
Single-Unit Truck Tractor-Trailer 

(8,165 kg) (22,680 kg) 

80.5 km/h and 15 deg 

80.5 km/h and 15 deg 

Impact Conditions 

Single-Unit Tractor Nan Tractor/Tank 
Van Truck Trailer Trailer 
(8,000 kg) (36,000 kg) (36,000 kg) 

80 km/h & 15 deg 

80 km/h & 15 deg 

80 km/h & 15 deg 

deck. Each railing was analyzed as a simply supported 
beam with pin connections at each end. Three rail 
shapes and sizes-a 20.3-cm (8-in.) by 20.3-cm (8-in.) 
square, a 20.3-cm (8-in.) by 22.9-cm (9-in.) trapezoid 
with a negative slope on the traffic-side face, and a 
10.2-cm (4-in.) by 30.5-cm (12-in.) rectangle-were se­
lected for a preliminary evaluation. A developmental 
testing program was then undertaken to evaluate the 
safety performance and height requirements for each of 
these curb rails. 

Design Details 

The basic curb design incorporated 6.10-m (20-ft) long 
rail sections mounted on scupper blocks. The rail ele­
ments, scupper blocks, and bridge deck were attached 
to each other with two 1.6-cm (5/8-in.) diameter ASTM 
A307 galvanized bolts placed 15.2 cm (6 in.) apart at 
each end and in the middle of each rail element. A 
bolted lap splice was also incorporated to attach the 
ends of adjacent rail elements. The 11.9-m (39-ft) long 
curb rails were constructed from two 6.10-m (20-ft) 
long rail sections and a 0.30-m (1-ft) long lap splice. 
Two sizes of timber scupper blocks were used to mount 
the curb rail elements on the timber deck. The curb rail 
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sections and scupper blocks were constructed from No. 
1 Grade Douglas fir using rough-sawn and SIS specifi­
cations, respectively. Timber curb rail and scupper ma­
terials were treated to meet AWPA Standard C14 with 
192.22 kg/m3 (12 pcf) creosote (8). Schematics of both 
a typical curb rail section mounted on the deck surface 
and a curb railing splice are shown in Figure 2. 

The curb railings were attached to a longitudinal glu­
lam timber deck supported by concrete abutments. The 
concrete abutments and the longitudinal glulam timber 
deck were the same as those used in the development 
of previously tested AASHTO PL-1 and PL-2 railing 

systems (9-11). In addition, a 5.1-cm (2-in.) asphalt 
surface was placed on the top of the timber deck in 
order to represent actual field conditions. 

Developmental Testing, Phase I 

Developmental testing was used to determine critical 
heights for the three different curb shapes. The devel­
opmental testing used a 1985 Ford F-250 3/4-ton 
pickup truck with test inertial and gross static weighls 
of 1999 kg (4,406 lb) and 2078 kg (4,581 lb), respec-

~ 
15.2 Cl'l 

FIGURE 2 Typical curb section mounted to deck surface and curb railing splice. 
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tively. A pickup truck was driven into the rails at speeds 
of 24 and 32 km/hr (15 and 20 mph) and an angle of 
15 degrees. No steering or braking inputs were applied 
to the vehicle during impact or until the vehicle had 
traveled an adequate distance downstream from the end 
of the rails. 

The curb shapes were attached to a continuous con­
crete slab, as shown in Figure 3, with two 1.6-cm (5/8 
in.) diameter ASTM A307 bolts spaced on 2.90-m (9-
ft 6-in.) centers. If necessary, timber scupper blocks 
were placed below the rail shapes in order to mount the 
curb rails 20.3, 25.4, and 30.5 cm (8, 10, and 12 in.) 
above the surface. 

Impact tests were performed on the three curb shapes 
mounted at three different heights for a total of nine 
curb configurations. The developmental testing phase 
consisted of 19 impact tests on the rail attached to the 
concrete slab, as shown in Table 2. For impacts at 24 
km/hr (15 mph) and 15 degrees, the trapezoidal and 
rectangular shapes with a 20.3-cm (8-in.) mounting 
height successfully redirected the test vehicle with no 
tendency for the vehicle to climb. However, for the same 
impact conditions, the square shape with a 20.3-cm (8-
in.) mounting height allowed the vehicle to climb over 
the top of the rail. Following these tests, it was deter­
mined that one full-scale vehicle crash test would be 
performed on one of the two successful curb shapes at­
tached to the longitudinal timber deck. The trapezoidal 
shape with a 20.3-cm (8-in.) mounting height was se­
lected for this crash testing because it appeared to pro­
vide a higher redirective capacity than the rectangular 
shape. 

Full-Scale Crash Testing, Phase I 

Full-scale crash testing used the same 3/4-ton pickup 
truck but with a test inertial and gross static weight of 
1999 kg (4,406 lb), an impact speed of 24 km/hr (15 
mph), and an angle of 15 degrees. The test vehicle was 
towed using a cable tow and guidance system and 
struck the rails attached to the longitudinal timber deck. 

Originally, only one full-scale crash test was to be 
conducted on a 20.3-cm (8-in.) by 22.9-cm (9-in.) trap­
ezoidal shape with 20.3-cm (8-in.) mounting height. 
However, because this test failed, two additional tests 
were conducted on the trapezoidal shape, one at the 
20.3-cm (8-in.) mounting height and one at the 25.4-
cm (10-in.) mounting height. 

In Test LVCT-la the vehicle struck the curb rail ap­
proximately 3.35 m (11 ft) from the upstream end of 
the 11.9-m (39-ft) long installation. During impact, the 
vehicle's right front tire climbed over the top of the 
curb. The vehicle came to rest on top of the curb at the 
end of the installation. In Test LVCT-lb the vehicle 

struck the curb rail at the same location as in Test 
LVCT-la. The vehicle's right front tire again climbed 
over the curb with little or no vehicle redirection. Fol­
lowing the two unsuccessful tests on the trapezoidal 
shape with a 20.3-cm (8-in.) mounting height, a third 
test was conducted on the trapezoidal shape with a 
25.4-cm (10-in.) mounting height. The impact point for 
Test LVCT-lc was the same as that for the previous two 
tests. The vehicle's right front tire again climbed over 

FIGURE 3 Square curb rail attached to concrete apron, 
three views. 
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TABLE 2 Summary of Curb-Type Bridge Railing Development, Phase I 

Rail Type Rail Height Test 
(cm x cm) (cm) No. 

Square - 20.3 x 20.3 20:3 1 

Square - 20.3 x 20.3 25.4 2a 
2b 

Trapezoid - 20.3 x 22.9 25.4 3a 
3b 
3c 
3d 

Trapezoid - 20.3 x 22.9 20.3 4a 
4b 
4c 

Trapezoid - 20. 3 x 22. 9 30.5 5 

Square - 20.3 x 20.3 30.5 6a 
6b 

Rectangle - 10.2 x 30.5 30.5 7a 
7b 

Rectangle - 10.2 x 30.5 25.4 8a 
8b 

Rectangle - 10. 2 x 30. 5 20.3 9a 
9b 

the top of the curb, which allowed the tire to go over 
the side of the bridge rail. The vehicle came to rest on 
top of the curb at the end of the installation. 

Results of these tests were inconsistent with the pre­
vious findings from the developmental testing program. 
Factors that may have aifecred the resuits include the 
following: (a) air temperatures were much warmer when 
testing on the timber deck than during developmental 
testing on the concrete slab (average daily temperatures 
during developmental testing, Phase I, and full-scale 
crash testing, Phase I, were - 2.2°C (28°F) and 17°C 
(63°F), respectively); (b) the trapezoidal curb rail was 
coated with a latex water-based paint to aid in photog­
raphy and documentation of tests; and (c) creosote on 
thP c11rfarP of thP trP"tPrl timbn m"y h""P rlried anrl 

increased friction levels between the tires and timber rail. 

Developmental Testing, Phase II 

Following three unsuccessful full-scale vehicle crash 
tests on the longitudinal deck with the trapezoidal curb 
rail, developmental testing was once again conducted 
on the concrete slab to determine the critical mounting 
heights for the three different curb shapes. The curb 
shapes were attached to the concrete in the same man­
ner as during the first phase of the developmental test­
ing program. The 3/4-ton pickup truck was again 

Speed Results 
(km/h) 

24 

24 
24 

24 
24 
32 
32 

24 
24 
32 

24 

24 
24 

24 
24 

24 
24 

24 
24 

Failed - vehicle over top of curb 

Passed - right front tire briefly hopped onto curb 
Passed - right front tire popped into air 

Passed - no climbing tendency 
Passed - no climbing tendency 
Passed - right-front tire popped into air 
Passed - right-front tire briefly hopped onto curb 

Passed - no climbing tendency 
Passed - no climbing tendency 
Failed - vehicle over top of curb 

Passed - no climbing tendency 

Passed - no climbing tendency 
Passed - no climbing tendency 

Passed - no climbing tendency 
Passed - no climbing tendency 

Passed - no climbing tendency 
Passed - no climbing tendency 

Passed - no climbing tendency 
Passed - no climbing tendency 

driven into the curb railings at a speed of 24 km/hr (15 
mph) and an angle of 15 degrees. The trapezoidal shape 
rail was tested with the same coating of paint used dur­
ing the full-scale crash tests and creosote that may have 
dried on the timber rail surface. 

Impact tests were performed on the three curb shapes 
mounted at heights ranging from 20.3 to 35.6 cm (8 to 
14 in.) A total of eight curb configurations were eval­
uated with 15 crash tests, as shown in Table 3. For 
impacts at 24 km/hr (15 mph) and 15 degrees, a 30.5-
cm (12-in.) mounting height successfully redirected the 
test vehicle for both the square and rectangular shapes 
with no Lendency for vehicle climbing. However, for the 
same impact conditions, a 35.6-cm (14-in.) mounting 
height vvas required to successfully redirect the vehicle 
for the trapezoidal shape. The trapezoidal shape with a 
30.5-cm (12-in.) mounting height allowed the tire to 
climb up and over the curb. These tests indicated that 
inconsistencies in the previous testing were not caused 
by paint applied to the trapezoidal rail but may have 
been a result of the drying creosote or the temperature 
changes mentioned previously. Following these tests, it 
was determined that one full-scale -vehicle crash test 
would be performed on one of the successful curb 
shapes. The square shape with a 30.5-cm (12 in.) 
mounting height was selected for full-scale vehicle crash 
testing because it offered the most cost-effective design 
alternative. 
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TABLE 3 Summary of Curb-Type Bridge Railing Development, Phase II 

Rail Type Rail Height Test 
(cm x cm) (cm) No. 

Trapezoid -20.3 x 22.9 20.3 !Oa 
!Ob 
\Oc 

Rectangle - 10.2 x 30.5 20.3 II 

Rectangle - 10.2 x 30.5 25.4 12 

Rectangle - 10.2 x 30.5 30. 5 13a 
13b 

Trapezoid - 20.3 x 22.9 30.5 14a 
14b 
14c 

Trapezoid - 20. 3 x 22. 9 35.6 15a 
15b 

Square - 20.3 x 20.3 35.6 16 

Square - 20.3 x 20.3 30.5 17a 
17b 

Full-Scale Crash Testing, Phase II 

One full-scale crash test (LVCS-4) was conducted on the 
20.3- by 20.3-cm (8- by 8-in.) square shape with a 30.5-
cm (12-in.) mounting height attached to the longitudi­
nal timber deck. In Test LVCS-4 the vehicle hit the curb 
rail at a speed of 23.2 km/hr (14.4 mph) and an angle 
of 15 degrees. Impact occurred approximately 3.35 m 
(11 ft) from the upstream end of the 11.9-m (39-ft) long 
installation, as shown in Figure 4. The square shape 
with a 30.5-cm (12-in.) mounting height successfully re­
directed the vehicle, which came to rest approximately 
22.0 m (72 ft) downstream from the impact, as shown 
in Figure 4. A summary of the test results and the se­
quential photographs are presented in Figure 5. 

Except for minor scuff marks on the right-side tires, 
there was no visible vehicle damage, as shown in Figure 
4. No damage occurred to the curb rail or steel hard­
ware. In addition, the glulam timber deck was not 
damaged. 

The curb-type bridge rail contained and redirected 
the test vehicle without penetrating or overriding the 
bridge rail. Detached elements, fragments, or other de­
bris from the bridge rail did not penetrate or show po­
tential for penetrating the occupant compartment and 
would not present any hazard to other traffic or pedes­
trians. The integrity of the occupant compartment was 
maintained with no intrusion or deformation. The ve­
hicle remained upright during and after collision, and 
the vehicle's trajectory did not intrude into adjacent 

Speed Results 
(km/h) 

24 Failed - vehicle over top of curb 
24 Failed - vehicle over top of curb 
24 Failed - vehicle over top of curb 

24 Failed - vehicle over top of curb 

24 Failed - vehicle over top of curb 

24 Passed - right-front tire briefly popped into air 
24 Passed - right-front tire briefly popped into air 

24 Passed - minor vehicle uplift action 
24 Passed - right-front tire climbed onto curb 
24 Failed - vehicle over top of curb 

24 Passed - no climbing tendency 
24 Passed - no climbing tendency 

24 Passed - no climbing tendency 

24 Passed - no climbing tendency 
24 Passed - no climbing tendency 

traffic lanes. The vehicle exit angle of approximately 0 
degrees was less than 60 percent of the impact angle or 
9 degrees. 

The curb bridge railing successfully redirected a 
1999-kg (4,406-lb) pickup truck driven at a speed of 
23.2 km/hr (14.4 mph) and an angle of 15 degrees. The 
curb bridge railing met the performance evaluation cri­
teria (i.e., structural adequacy, occupant risk, and ve­
hicle trajectory) for crash testing bridge railings (1,2) 
but at the reduced impact conditions of 24 km/hr (15 
mph) and 15 degrees. 

BREAKAWAY BRIDGE RAILING 

Design Considerations 

A steel W-beam railing with timber bridge posts was 
selected for use in the flexible bridge railing design 
based on previously crash-tested metal beam bridge rail­
ings (12-14), economics, and material availability. 
Breakaway posts rather than stiff posts were chosen in 
order to keep material costs below $33/m ($10/ft) by 
reducing the required structural capacity of the post-to­
deck attachment. The post-to-deck attachment was de­
signed so that no damage would occur to the timber 
deck or connection hardware. A side-mounted post-to­
deck attachment with no rail or post blockouts was se­
lected in order to reduce the required minimum width 
of timber deck. 
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FIGURE 4 Impact location, vehicle trajectory, and vehicle 
damage, Test LVCS-4. 

Static Post Testing 

Static post testing was used to determine the force­
deflection characteristics of two dimensions of lumber 
post sizes, 10.2-cm (4-in.) by 10.2-cm (4-in.) and 10.2-
cm (4-in.) by 15.2-cm (6-in.) nominal. The cantilevered 
posts were bolted between two steel angles and attached 
to a rigid plate. Various angle sizes were used during 

the testing in order to determine the optimum angle di­
mensions. Thirteen static tests were performed. A 10.2-
cm (4-in.) by 15.2-cm (6-in.) lumber post measuring 
83.8 cm (33 in.) long with steel angles measuring 12. 7 
cm (5 in.) by 12.7 cm (5 in.) by 1.0 cm (3/8 in.) was 
selected for the original design. The maximum static 
force for this post size was 10.7 kN (2.4 kips). The post 
and angle sizes were selected based on a maximum force 
level that would not damage the post-to-deck attach­
ment hardware or the deck. 

Following the failure of the first full-scale crash test, 
24 additional static tests that included increasing the 
post height and placing saw cuts in the compression 
zone, tension zone, and combinations thereof were per­
formed. A 10.2-cm (4-in.) by 15.2-cm (6-in.) lumber 
post measuring 93.3 cm (36.75 in.) long with steel an­
gles measuring 12.7 cm (5 in.) by 12.7 cm (5 in.) by 1.0 
cm ( 3/8 in.) was selected for the modified design. The 
modified post~ al~o included a 2.5 -cm (1--in.) horizontal 
saw cut placed on the tension side of the post 7.6 cm 
(3 in.) from the base of the post. The maximum static 
force for this post size was 5.8 kN (1.3 kips). Ritter et. 
al (15) provide additional details for the static post 
testing. 

Design Details 

A standard 12-gauge VI-beam rail was selected for the 
rail element with a 61.0-cm (24-in.) top mounting 
hf'ight_ Hnwf'vf'r, ::iftn f:1ii11rf' nf thf' hr.~t f111l-~c:1lf' cr:1d1 

test, the raii height was modified to 55.0 cm (21.65 in.j 
as measured from the top of the asphalt surface to the 
center of the rail. This provided a new rail top mount­
ing height of approximately 70.6 cm (27.78 in.). In ad­
dition, the flat washer located under the head of the 
W-beam bolt was removed. The bridge rail was sup­
ported by 15 posts spaced on 1.90-m ( 6- ft 3-in.) centers. 
Th,. chrrnncitPcl n,pper cir'-'PncitP (r.r.A) trPcitPcl lllrnhPr 

posts measured 10.2-cm (4-in.) by 15.2-cm (6-in.) nom-
:~~1 ~~ Q O ~m /?. c;: :~ \ 1-. .. 1,1 (l ~m IC:: c;: :~ \ ~~.-.. ~1 
J.lJ.Q.J_ VJ. U./-'-.,.1.l.l \.JoJ-.L.Uo/ LI] .J.loV-\,,.,.lJ.J. \Jo.J-.111.o/ Q.\,,.,LUQ..l 

dressed size. The lumber posts were manufactured using 
Douglas fir Grade No. 2 or better. A 1.6-cm 
(5/8-in.) diameter by 17.8-cm (7-in.) long ASTM A307 
galvanized hex head bolt attached the rail to each post. 
Each post was placed between two 12.7-cm (5-in.) by 
12.7-cm (5-in.) by 1.0-cm (3/8-in.) by 15.2-cm (6-in.) 
long ASTM A36 galvanized steel angles. Two 1.6-cm 
(5/8-in.) diameter by 14.0-cm (5 1/2-in.) long ASTM 
A325 galvanized hex head bolts attached the post be­
tween the angles. Each post with attached angles was 
rigidly fixed to the outside vertical surface of the timber 
deck with two 1.9-cm (3/4-in.) diameter by 30.5-cm 
(12-in.) long ASTM A307 galvanized lag screws. A 



0.000 sec 0.064 sec 

Test Number .. .... . . .. ... ..... . .... .. LVCS-4 
Date . . .. . .. . ... . .. . ... ... .. .... .. . 5/12/93 
Bridge Rail Installation . .. . . .. .... .. . . .. . . Low-Volume Curb Bridge Rail 
Length . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11.89 m 
Timber Curb Rail 

Size . . ... . .. . .. ............ . Square 20.3 cm x 20.3 cm 
Top Mounting Height .. .. ... . . . .. 30.5 cm 
Material . . . . . . . . . . . . . . . . . . . . . Douglas Fir 
Grade ........... ..... . .. . . . No. 1 
Preservative Treatment ... . ... . . . . . Creosote 

Timber Scupper Block 
Size . .. ... . ... .. . . ... . .. .•. . 10.2 cm x 20.3 cm x 30.5 cm 
Material . . . . . . . . . . . . . . . . . . . . . Douglas Fir 
Grade . . . .. .. .. ..... . ..... .. No. 1 
Preservative Treatment . .......... . Creosote 

Anchorage Bolts 
Type . ... .... . ..... . .. . . .... ASTM A307, Galvanized 
Size . . . . . . . . . . . . , , . . . . ..... . Two 1.6-cm t/> Bolts Per Location 
Length . . ... .. . . ......• . . . .. . 71.1 cm 
Spacing . .. .. . .... . . ....... .. 2.90-m ~enters 

FIGURE 5 Summary of test results and sequential photographs, Test LVCS-4. 

0.275 sec 0.437 sec 

Bridge Deck Installation . . . . . . . . . . . . . . . . . . . . .... 

Panel Size . ... .. ... . .... ......... . . . 
Material 

Vehicle Model ......... . ... . .. ....... . . ...• . 
Test Inertial Mass 
Gross Static Mass . . . . . . . . . . . . . . . . . . . . . 

Vehicle Speed 
Impact . . ..... . ...... . . . .. . ... .. .. . 
Exit .. .. .. . ......... .. . ...... . ..•• 

Vehicle Angle 

1.229 sec 

T 11 
II 
II 
II 

" lU c" II 

I 
II 

II 
II 

" 1· 'I' 1• '"I' I' 
II 

I 
I 
I 

' ' I 
' I 
' 

Longitudinal Glulam Tunber 
Bridge Deck Panels 
27.3 cm x 1.22 m x 5.72 m 
Glulam Tunber Deck Comb. 
No. 2 
1985 Ford F-250 Pickup 
1,999 kg 
1,999 kg 

23.2 km/h 
Not Available 

Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 degrees 
Exit . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . 0 degrees 

Vehicle Snagging . . .. . ......... . . ..... . 
Vehicle Stability . .. . ......... . . .... . ... . •.... 
Maximum Vehicle Rebound Distance ... . . ... . . .. .. . . 
Bridge Rail Damage . . . . . . . . . . . . . . . . . . . . ..... . 
Vehicle Damage ..... . ........... . . . .. .. ... . . 
Vehicle Stopping Distance ........... .... . .. ... . 

None 
Satisfactory 
Not Applicable 
None 
None 
21.95 m 
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schematic of the modified breakaway bridge railing is 
shown in Figure 6. 

Approach guardrails were placed on each end of the 
bridge railing. The bridge railing with approach guard­
rails was 60.96 m (200 ft) long. Each W-beam approach 
guardrail was 15.24 m (50 ft long) and supported by 
15.2-cm (6-in.) by 20.3-cm (8-in.) timber posts spaced 
on 1.90-m (6-ft 3-in.) centers. Guardrail anchorage was 
provided at each end by a modified breakaway cable 
terminal (MBCT) with steel foundation tubes, bearing 
plates, and channel struts. 

The bridge railing was attached to a longitudinal glu­
lam timber deck supported by concrete abutments. The 
concrete abutments, longitudinal glulam timber deck, 
and asphalt surface were the same as those used in the 
development of the curb-type systems. 

Stondard \.I-Bear, ~ 

Roll (12 Gouge) ""' 

1.9 - cr, Ill x 30.5 - rn Long ASTM A307 
Galvonlzed Log Screws (Soop 
or Lubrlcote Screw Prior 
to lntolla tion) 

BituMlnous \./ea.ring Surfo.ce 

T 
27.3cn 

70.6CM 

55.0cM 

BARRIER VII Computer Simulation Modeling 

Following the preliminary design of the breakaway 
bridge railing, computer simulation modeling with 
BARRIER VII was performed to analyze the dynamic 
performance of the bridge railing before full-scale crash 
testing (16) . Computer simulation was conducted mod­
eling a 1996-kg (4,400-lb) pickup truck driven at 31 
mph (500 km/hr) and an angle of 25 degrees according 
to Test Level 1 of NCHRP Report 350 (2). 

The simulation results indicated that the original and 
modified breakaway bridge railing designs satisfactorily 
redirected the 1996-kg pickup truck. For the modified 
design, computer simulation predicted that eight break­
away lumber posts would be broken during impact, and 
the maximum permanent set and dynamic deflections 

T 
DIMenslonol Lur,ber Post 
10.2cM x 15.2cM (Nonlnal Size) 
x 93.3cr, Long 

18.0c ':).r-- 1.6-cM Ill x 17.8-cM Long ASTM A307 
/ Galvanized or Plated Hex Head Bolt, 

60.lCM 

Nut, ond \.lasher <Back-Side Only) 

12.7 CM x 12.7-cri x 1.0-cM by 15.2-cM Lun,J 
Golvonlzed ASTM A36 Steel Angles 

1.6-cr, iz! x 14.0-rn Long ASTM A325 
Golvonized or Ploted Hex 

l 
f--so,,a---j \_ 

1.9-cM Galvanized or Ploted Flot \.lasher 

Notes, 
(! \ 
(2) 
(3) 
(4) 

Longltudlnol GlulaM TiMber Deck 

Pric+ c:::.'n" r-lnr. 1 Q()M 
-~, ~t""~-·;:, -·~~· 

Su.wcu l in pos-t no-t shown. 
Muny de-tuils huve been or1;-t-ted. 
lln. = 2.54cM 

FIGURE 6 Modified breakaway bridge railing. 
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of the W-beam were predicted to be 56.1 cm (22.1 in.) 
and 82.5 cm (32.5 in.), respectively. In addition, the 
predicted peak 0.050-sec average impact force perpen­
dicular to the bridge railing was approximately 27 kN 
(6 kips). 

Full-Scale Crash Testing 

Two full-scale crash tests were performed with 3/4-ton 
pickup trucks on a breakaway bridge railing. The first 
test, LVBR-1, was conducted on a 61.0-cm (24-in.) high 
W-beam rail (original design), and the second test, 
LVBR-2, was conducted on a 70.6-cm (27.78-in.) high 
W-beam rail with a 2.5-cm (1-in.) saw cut on the ten­
sion side of the post (modified design). It was not nec­
essary to conduct a full-scale crash test with a 820-kg 
minicompact hitting at 50 km/hr (31 mph) and 20 de­
grees since there was no potential for occupant risk 
problems arising from wheel snagging caused by the 
weak timber posts and low impact speed. 

Test LVBR-1 (Original Design) 

A 1984 Chevrolet C-20 pickup truck weighing 2041 kg 
(4,499 lb) struck the bridge rail at Post No. 7 at 50.2 
km/hr (31.2 mph) and 26.8 degrees. Upon impact, the 
vehicle's bumper was forced over the top of the 
W-beam rail. The vehicle's tires then climbed up the face 
of the W-beam and the vehicle vaulted over the bridge 
rail. Failure of the bridge rail was attributed to insuffi­
cient rail mounting height. Damage to the connection 
angles and lag screws was also noticed. 

Test LVBR-2 (Modified Design) 

A 1985 Chevrolet C-20 pickup truck weighing 2043 kg 
(4,504 lb) struck the bridge rail at Post No. 7 at 49.2 
km/hr (30.6 mph) and 24.9 degrees, as shown in Figure 
7. A summary of the test results and the sequential pho­
tographs are shown in Figure 8. The vehicle became 
parallel to the bridge railing at 0.652 sec with a velocity 
of 38.8 km/hr (24.1 mph). Although the vehicle was 
redirected, it did not exit the bridge railing. The vehicle 
came to rest 13.4 m (44 ft) downstream from impact 
with the vehicle's left-side tires and right-side undercar­
riage resting on the deck surface, as shown in Figure 7. 
At no time, during impact or at any time thereafter did 
the vehicle's right-side tires contact the ground. 

Vehicle damage was minor. Following the crash test, 
the vehicle's right-side tires were lifted onto the deck, 
and the vehicle was driven away. Damage on the right­
front quarter panel was caused by vehicle-rail contact, 
and damage to the right-side undercarriage was caused 
by contact with the outer top surface of the deck, as 

shown in Figure 7. Bridge rail damage was also mini­
mal, as shown in Figure 9. One 1.90-m (6-ft 3-in.) sec­
tion of W-beam rail was permanently damaged. Eleven 
posts, Nos. 4 through 14, fractured away from the deck 
attachment. Five steel angles were deformed down­
stream of impact because of contact between the angles 
and the undercarriage of the vehicle. 

The modified breakaway bridge rail contained and 
redirected the test vehicle without allowing it to pene­
trate or override the barrier. Detached elements, frag­
ments, or other debris from the bridge rail did not pene­
trate or show potential for penetrating the occupant 
compartment and would not present any hazard to 
other traffic or pedestrians. The integrity of the occu­
pant compartment was maintained with no intrusion or 
deformation. The vehicle remained upright during and 
after collision, and the vehicle's trajectory did not in­
trude into adjacent traffic lanes. Thus, the modified 
breakaway bridge railing successfully met all the 
evaluation criteria for Test Level 1 of NCHRP Report 
350 (2). 

CONCLUSIONS 

Curb-Type Bridge Railing 

The square-shaped bridge rail with a 30.5-cm (12-in) 
mounting height successfully redirected the pickup 
truck after an impact at a speed of 23.2 km/hr (14.4 
mph) and an angle of 15 degrees. This result is consis­
tent with the results from Phase II of the developmental 
testing program. Full-scale crash tests were not per­
formed on the trapezoidal and rectangular shapes with 
35.6-cm (14-in.) and 30.5-cm (12-in.) mounting 
heights, respectively. However, based on findings from 
the developmental testing program, it was reasoned that 
these shapes would behave similarly to the square­
shaped curb rail and did not require additional full­
scale crash testing. 

Thus, three curb-type bridge railings were developed 
for longitudinal timber decks located on low-volume 
roads, as shown in Figure 10. The top-mounted timber 
curb railings provide economic and aesthetically pleas­
ing bridge railing alternatives. Material costs for the 
three curb-type bridge railing systems are reasonably 
low. The rectangular-shaped railing system has the low­
est material costs at $39.60/m ($12.07/ft), and the 
trapezoidal-shaped railing system has the highest ma­
terial costs at $47.08/m ($14.35/ft). In addition, the 
curb-type railing system is easy to install and should 
have low construction labor costs. These railing systems 
could easily be adapted to other types of longitudinal 
timber decks. Finally, no bridge deck or railing damage 
was observed during testing on a longitudinal glulam 
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deck system. Thus, maintenance and repair costs asso­
ciated with the new curb designs should be very low. 

Modified Breakaway Bridge Railing 

A flexible railing with a breakaway post system was 
developed and successfully met the Test Level 1 crash 

FIGURE 7 Impact location, vehicle trajectory, and vehicle 
damage, Test LVBR-2. 

test conditions of NCHRP Report 350 (2). The 70.6-
cm (27.78-in.) high W-beam bridge rail successfully re­
directed a 3/4-ton pickup truck after an impact at 49 .2 
km/hr (30.6 mph) and an angle of 25 degrees. The side­
mounted railing provides an economic railing with 
readily available materials. Material costs for the bridge 
railing system are reasonably low at approximately 
$25.85/m ($7.88/ft). In addition, the breakaway railing 
system is easy to install and should have low construc­
tion labor costs. This railing system should also be 
adaptable to other types of longitudinal timber decks. 
In addition, no bridge deck damage was observed after 
testing; therefore, repair costs should also be kept to an 
absolute minimum. 

D1scuss10N ANu Rt:COMMENUA'rtuNS 

The curb and breakaway bridge railings described herein 
were developed for low-impact condition requirements. 
The developmental testing program indicated that the 
redirective capacity of the curb railings could be in­
creased by modifying the curb height and size, the rail­
lu-deck aLLachmeul, and Lhe capacily of Lhe rail splice 
connection. Curb railings should be able to meet the 
performance requirements of Test Levels 1 and 2 of 
NCHRP Report 350 (2). These higher-performance tim­
ber curb railings could be adapted for use in many d.if­
ferent barrier applications. As bridge railings, the curbs 
would provide an aesthetic and economic alternative to 
conventional steel and concrete railings on many low-
.. ~ 1 .. -n n<--nn<-n n~rl J..:~J..,nnnn ,.,;,-J.. :~--nnnnrl ,.1_;,rn_ 
VUJ.U.lJ.J.\..- .:"JLJ.t-..L-L.:"J <.11J.\..l .1.u.5u.vva.y.:, VV.LLL.l lJ.1\....LL-cl..:)L,\..l \..l.L.LV\..-1.. 

visibility. For flexible r;:i ilings with brea bway posts, 
the full-scale crash testing program indicates that ac­
ceptable impact performance is possible although large 
dynamic rail deflections can be expected. Therefore, 
flexible railings with a modified post-to-deck attach­
ment and stronger posts may be able to meet the per­
formance requirements of Test Levei 2 from NCHRP 
Report 350 (2). 

Thus, it is recommended that the research described 
herein be extended to develop higher-performance tim­
ber curb railings and barriers and flexible railings for 
timber bridge decks. 
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0.000 sec 0.316 sec 

Test Number ............... .... .. .... LVBR-2 
Date ................ · .. .... . ... . .. . 3/18/94 
Bridge Rail Installation ...... ...... . . . ... . Low-Volume Breakaway Bridge Rail 
Length ................. ........ . ... . 30.48 m 
Steel W-Beam Rail 

Size ............ ............ 12 Gauge 
Top Mounting Height ....... . ... . 70.6 cm 

Posts (No. 1 through 15) 
Size ........... .. , . . , , . , . , .. 8.9 cm x 14.0 cm x 93.3 cm 
Material . . . . . . . . . . . . . . . . . . . . . Dimension Lumber (CCA) 
Grade ......... ........ . .... No. 2 or Better 

Bridge Deck Installation . . . . . . . . . . . . . . . . . . Longitudinal Glulam Timber Bridge 
Deck Panels 

Panel Size .... , . ....... ...... . 27.3 cm x 1.22 m x 5.72 m 
Material ...... . . . ......... . .. Glulam Timber Deck Comb. No. 2 

Vehicle Model ........ .........•...... 1985 Chevrolet C-20 Pickup 
Test Inertial Mass . ...... .. .. .. .. 2,043 kg 
Gross Static Mass .... . . . .. .... . . 2,043 kg 

Vehicle Speed 
Impact ........ ... . .. . ... • ... 49.2 km/h 
Exit ........ . .. .. ...... . ... . NA 

FIGURE 8 Summary of test results and sequential photographs, Test LVBR-2. 

0.474 sec 0.652 sec 0.830 sec 

Vehicle Angle 
Impact . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24.9 degrees 
Exit ........................... ... NA 

Vehicle Snagging . . . . . . . . . . . . . . . . . . . . . . . . . . . . None 
Vehicle Stability . . . . . . . . . . . . . . . . . . . . . . . . . • . . . Satisfactory 
Effective Coefficient of Friction (µ) . . . . . . . . . . . . . . . . . 0.28 (Fair) 
Occupant Impact Velocity - normalized 

Longitudinal . . . . . . . . . . . . . . . . . . . . . . . . 2.2 mis (9 mis) (I) 
Lateral . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.9 mis (9 mis) (I) 

Occupant Ridedown Deceleration - 0.010-msec average 
Longitudinal . . . . . . . . . . . . . . . . . . . . . . . . 4.3 g's (15 g's) (I) 
Lateral . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.8 g's (15 g's) (I) 

Vehicle Damage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Minor 
TAD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-RFQ-l 
VDI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . OlRFEWl 

Maximum Vehicle Rebound Distance ......... , . . . . . . Not Applicable 
Bridge Rail Damage . . . . . . . . . . . . . . . . . . . . . . . . . . MinorRai!Deformationand 

Eleven Fractured Posts 
Maximum Dynamic Deflection . . . . . . . . . . . . . . . . . . . . 131.8 cm 
Maximum Permanent Set DefleGtion . . . . . . . . . . . . . . . . 115.3 cm 



FIGURE 9 Bridge rail damage, Test LVBR-2, three views. 



BltUrllnous \Jeoring 
Surfocl? 

5.1 CL h..,,-, ..... ~-,,,..J[_.-J,.-J..;,..,-,,-'f,,,.,:::M 

Mo.llPoble lron Vo.she,,,.. 

Longitudinal Glulo.r1 Tlrr,ber Deck 

Squo.re Sho.pe 
Tlr1ber Ro.II 

Tlrlber Scupper Block 

Tlrlber Spacer Block 

Two 1.6-rn ~ x 71.1-c"' Long ASTM 
A307 go.lvo.nlzed bolts 

TropE>ZOido.t Sha.pe 
Tir1ber Ro.ii 

Tlrr,ber Scupper Blocks 

Two 1.6-cri Ill x 76.2-Cl'l Long ASTM 
A307 golvon1zed bolts: 

,- Rectongultu· Sho.pe 
TiMbE"I~ Ro.it 

Tinbe,- Scuppe1· Blocks 

Two l.6-c1'l Ill )( 71.1-cr1 Long ASTM 
A307 golvonized bolts 

(a) 

(b) 

(c) 

FIGURE 10 (a) Square-shaped curb, (b) trapezoidal-shaped curb, (c) 
rectangular-shaped curb. 
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structure Research, University of Nebraska-Lincoln, 
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