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1 INTRODUCTION  

1.1 Background 

Historically, the District Offices of the West Virginia Department of Transportation, 

Division of Highways, have been responsible for the construction, maintenance, and repair of 

many bridges that utilize transverse, timber, nail-laminated deck systems placed on steel wide-

flange girders. Although many of these bridges have standard roadway widths of 32 ft (9.8 m) or 

more, some bridges are configured with widths of only 12 to 14 ft (3.7 to 4.3 m), as measured curb 

to curb. Since several narrow bridges exist, there has been a need to use a low-profile railing system 

in order to allow for the passage of large trucks and house trailers across these bridges. 

According to Section 3.2.2 of the West Virginia Bridge Design Manual, all new or 

replacement bridge barriers shall meet or exceed current crash testing criteria. Unfortunately, no 

crashworthy, curb-type bridge railing systems have been developed for use on transverse, timber, 

nail-laminated bridge decks. However, several low-height, curb-type bridge railings have been 

developed for longitudinal glue-laminated, timber bridge decks [1-4]. One of these railings 

developed at the Midwest Roadside Safety Facility (MwRSF) was successfully crash tested to 

meet the Test Level 1 (TL-1) safety performance criteria found in the National Cooperative 

Highway Research Program (NCHRP) Report No. 350, Recommended Procedures for the Safety 

Performance Evaluation of Highway Features [5]. It was believed that this curb-type bridge railing 

could be modified to satisfy the TL-1 safety performance criteria established in the proposed 

Update to NCHRP Report No. 350, now referred to as the Manual for Assessing Safety Hardware 

2008 (MASH-08) [6].
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1.2 Research Objective 

For this project, the research objective was to adapt an existing, crashworthy, TL-1 curb-

type bridge railing for use on transverse, timber, nail-laminated bridge decks supported by steel 

wide-flange beams. The railing system was redesigned to meet the TL-1 impact safety standards 

set forth by MASH-08. 

1.3 Research Approach 

This project began with an analysis of the prior TL-1, curb-type timber bridge rail. Since 

the new railing was designed to satisfy the TL-1 safety criteria of MASH-08, design modifications 

were incorporated in order to improve railing geometry, increase vehicle containment, as well as 

to increase the structural adequacy of the bridge rail. These changes were made in order to 

accommodate the larger and heavier vehicles. Then, a static testing program was conducted on 

five separate scupper block post assemblies. These static tests were used to ensure that the bridge 

rail posts would provide adequate strength as well as to determine the appropriate use for timber 

shear connectors in the post-to-deck and post-to-rail connections. Upon completion of the static 

testing program, the bridge rail design was finalized, and an appropriate safety end treatment was 

configured. A 120-ft (36.6-m) long section of bridge rail was constructed on top of a transverse, 

nail-laminated, timber bridge deck equipped with a 35-ft (10.7-m) long, end treatment on the 

upstream end. Next, a full-scale vehicle crash test was conducted adhering to the impact conditions 

of test designation no. 1-11 of MASH-08. Finally, the test results were analyzed, and conclusions 

were made pertaining to the safety performance of the timber bridge rail attached to a transverse, 

nail-laminated, timber bridge deck.
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2 LITERATURE REVIEW  

In 1993, researchers at the Midwest Roadside Safety Facility (MwRSF) developed 

three low-height, timber curb-type railings for longitudinal, glue-laminated (glulam), 

timber deck bridges according to test conditions below published impact safety standards 

[1-2]. For this effort, the curb railings were developed for low-volume roads and were crash 

tested with a 4,400-lb (2,000-kg) pickup truck impacting at approximately 15 mph (24 

km/h) and 15 degrees. Square, rectangular, and trapezoidal rail shapes constructed out of 

sawn lumber were used and had mounting heights of 12, 12, and 14 in. (305, 305, and 356 

mm), respectively. 

In 1995, MwRSF researchers developed a fourth low-height, timber, curb-type 

railing system [3-4]. This bridge rail system was also designed for longitudinal, glulam, 

timber deck bridges. For this design, a 6 ¾-in. by 10 ½-in. (171 x 267 mm) rectangular, 

glulam beam was supported by scupper blocks using a top rail mounting height of 17 ¾ in. 

(451 mm). Steel splice plates were used to connect adjacent rail elements end-to-end, while 

steel split rings and vertical bolts were utilized to transfer the impact loads from the rail, 

through the wooden support blocks, and into the deck. During the testing program, the 

bridge railing system safely redirected a 3/4-ton pickup truck impacting at 31.6 mph (50.9 

km/h) and 24.3 degrees. This crash testing and evaluation program was conducted 

according to the TL-1 impact conditions found in NCHRP Report No. 350 [5]. This TL-1 

railing system formed the basis for design work completed in this project. Design drawings 

for this TL-1 curb-type railing system are shown in Figure 1. 
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Figure 1. TL-1 Bridge Railing for Longitudinal Glue -Laminated Timber Decks [3-4] 
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3 TIMBER RAIL DESIGN AND MODIFICATIONS  

3.1 Introduction  

MwRSFôs curb-type, timber bridge rail system, as shown previously in Figure 1, was 

successfully crash tested to the TL-1 safety performance criteria found in NCHRP Report No. 350. 

This timber bridge rail system served as the basis for the new timber bridge rail design. However, 

the railing for this project was required to meet the TL-1 safety performance criteria provided in 

MASH-08. Therefore, modifications were made to the previous system in order to accommodate 

the increased impact severity and increased vehicle height, resulting from the 2270P vehicle 

provided in the MASH-08 guidelines. These changes are described throughout the remainder of 

this chapter. 

3.2 Glulam Timber Rail  

For MASH-08, the strength test utilizes a 5,000-lb (2268-kg) pickup truck vehicle, while a 

4,409-lb (2,000-kg) pickup truck is used for the strength test in NCHRP Report No. 350. As a 

result of the increased vehicle mass, the target impact severity was increased by 13.4 percent. Due 

to the increased impact severity and expected increase in impact forces, it was necessary to increase 

the size and strength of the 6 ¾-in. by 10 ½-in. (171-mm x 267-mm) Combination No. 2 Douglas 

Fir rectangular beam. Also, it was desired to select beam sizes that would provide adequate 

strength for both Southern Yellow Pine and Douglas Fir timber species. Thus, the project engineer 

could select a timber species based on material cost and availability for a given location. After 

analyzing multiple beams for both strength and cost, the two selected options were: (1) a 6 ¾-in. 

by 12-in. (171-mm x 305-mm) Combination No. 2 Douglas Fir (DF) glulam beam and (2) a 6 ¾-

in. by 12 Ȩ-in. (171-mm x 314-mm) Combination No. 48 Southern Yellow Pine (SYP) glulam 

beam. Both rail options would utilize 20-ft (6.1-m) segment lengths. The Southern Yellow Pine 
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beam was selected for full-scale crash testing since it was the weaker of the two beams. Thus, 

either the SYP or DF glulam beams could be used in the bridge railing system if a successful 

outcome was observed during the crash test into the SYP curb-type railing system. Final design 

details for the glulam rail segments are provided in Chapter 5. 

3.3 Railing Height 

The prior curb-type railing system had a top rail height of 17 ¾ in. (451 mm) and allowed 

the right-front tire to override the rail during the full-scale crash test. The 2000P test vehicle 

eventually came to a stop with its front axle on top of the rail. Recall, both the height to the center 

of mass and the overall vehicle mass for the 2270P vehicle were increased over that provided by 

the 2000P vehicle. Accordingly, it was determined that the railing height needed to be increased 

in order to prevent the vehicle from overriding the barrier. Therefore, the railing height was 

increased by 2 in. (51 mm) to obtain a new height of 19 ¾ in. (502 mm), as measured from the top 

of the wearing surface to the top of the curb rail. This change in height was achieved by increasing 

the height of the lower scupper block from 5 ½ in. (140 mm) to 7 ½ in. (191 mm). This modification 

not only provided the desired rail height, but it also allowed for the lower and upper scupper blocks 

to utilize the same dimensions. Thus, it was only necessary to utilize one size for all of the timber 

scupper blocks within the bridge railing system. 

Similar to the rail, it was desired to allow the use for either Southern Yellow Pine or 

Douglas Fir timber materials for fabricating the sawn scupper blocks. Grade No. 1 Southern 

Yellow Pine was selected for use in the static and dynamic testing programs for this project since 

SYP has a lower strength than that provided by Grade No. 1 Douglas Fir. Upon the successful 

completion of the full-scale crash test on the railing system using SYP scupper blocks, it would be 
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deemed appropriate to allow the use for either SYP or DF scupper blocks. Final design details for 

the scupper blocks are provided in Chapter 5. 

3.4 Rail Splice 

Since the strength of the rail segments was increased, a similar increase in strength was 

required for the rail splices using two modifications. First, the thickness of the splice plates was 

increased from 3/16 in. (5 mm) to Ȩ in. (10 mm). Second, a steel plate was welded orthogonal to, 

and at the midpoints of, the two outer steel splice plates in order to create an H-shaped connection 

assembly. These modifications greatly strengthened the rail splice by preventing deformations 

within the steel plates as well as any relative displacements between rail ends at splice locations 

during impact loading. Final design details for the splice plate assembly are provided in Chapter 

5. 

For the original curb-type, bridge railing system, the timber rails were joined together at 

the mid-span location of the scupper blocks using two outer steel plates and 12 structural bolts. 

For the new, curb-type, bridge railing system, the timber rails to joined together near the quarter-

span location of the scupper blocks in order to reduce the bending loads imparted to the rail splice, 

decrease the loads transferred to the splice bolts, and maintain the number of splice bolts in the 

rail-to-rail connection at 12. 

3.5 Timber Shear Connectors 

For the prior, curb-type, bridge railing, shear connectors were utilized at each wood 

interface and at every vertical bolt location. Thus, a total of 24 shear plates (or split rings) were 

used for each post assembly, which quickly increased the cost of the railing system. For this study, 

MwRSF researchers, in agreement with WVDOT engineers, conducted static component testing 

in order to determine whether the timber shear connectors were necessary for configuring the rail-
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to-post and post-to-deck connections. From this testing, several types and quantities of timber 

shear connectors were evaluated, as described in Chapter 4. Design details for the bridge railing 

posts (i.e., scupper blocks) were finalized at the conclusion of the static testing program and are 

provided in Chapter 5. 

3.6 Transverse Timber Deck 

For this project, a transverse, nail-laminated, timber bridge deck was planned for use 

consisting of 2-in. x 6-in. (51-mm x 152-mm) dimensional lumber covered by a 2-in. (51-mm) 

thick, wearing surface. Although fabrication details existed for fastening the lumber boards 

together at interior locations, no installation procedures were available for nailing the boards 

together at exterior (or end) locations. Therefore, it was deemed necessary to determine a nailing 

pattern for use at both exterior and interior deck locations. The nail pattern had to ensure the 

following: (1) the boards were securely fastened to one another; (2) the nails would not be driven 

into other nails during the assembly of the deck; (3) the nails were not located where vertical holes 

would be drilled through the deck for use in attaching the rail segments and scupper blocks; and 

(4) the region of nail-laminated deck near scupper block locations would provide adequate 

punching shear resistance and load transfer to adjacent boards, thus reducing the potential for the 

fracture of individual boards. 

To satisfy the criteria noted above, MwRSF researchers, in cooperation with WVDOT 

engineers, developed a nailing pattern which repeated every forth board. For interior regions, this 

pattern spaced the nails approximately 18 in. (457 mm) apart, alternating above and below the 

mid-planes of the boards, as shown in Chapter 5. Special care was also given to the nail pattern 

near the edge of the deck. The exterior nail pattern formed two tight squares, one at 3 in. (76 mm) 

and one at 8 ½ in. (216 mm) away from the deck edge, as depicted in Chapter 5. This end pattern 
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ensured that the vertical bolt holes, located 6 ¼ in. (159 mm) away from the deck edge, would not 

coincide with the horizontal deck nails. It also ensured that at least one nail was located between 

the vertical bolt holes and the edge of the deck in order to provide adequate shear resistance. Also, 

during deck assembly, two beads of Liquid Nails adhesive were applied to the sides of each board 

and over the outer 3 ft (0.9 m) of deck. The adhesive was used to provide improved shear transfer 

between boards and prevent the end of a single board from pulling out of the deck. 

3.7 End Treatment 

For the bridge railing system, a safety treatment was needed to prevent blunt-end impacts 

into the bridge end. Full-scale crash testing was planned for the bridge railing system but not for 

the sloped-end treatment. As such, the research team planned to design a sloped-end terminal using 

the timber, curb-type railing and an acceptable geometry comparable to prior-approved, sloped-

end terminals. 

In 1998, the Texas Transportation Institute (TTI) successfully evaluated a sloped-end 

treatment for use with a low-profile concrete barrier system according to the TL-2 safety 

performance criteria found in NCHRP Report No. 350 [7]. The 15-ft (4.6-m) long, sloped-end 

treatment was constructed with a finished top height of 20 in. (508 mm) and starting top height of 

4 in. (102 mm). 

As noted in Section 3.3, a top railing height of 19 ¾ in. (502 mm) was selected for the curb-

type, timber bridge rail, thus resulting in a barrier height that was only ¼ in. (6 mm) shorter than 

the TTI barrier. The timber, curb-type, sloped end section was prescribed for the end treatment. A 

15-ft (4.57-m) long, glulam rail segment was attached to the upstream end of the curb-type, bridge 

rail and sloped down to a height of 4 in. (102 mm). Thus, the end of the sloped glulam rail was 

partially buried underground. The glulam rail segments used within the end treatment were 
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supported by 6-ft (1,829-mm) long, W6x15 (W152x22.3) steel posts bolted to the bottom of the 

rail. These posts were placed in compacted, coarse, crushed limestone material that met Grading 

B of AASHTO M147-95 (1990), as found in MASH 08. With this configuration, the slope for the 

glulam rail was nearly identical to TTIôs crashworthy, sloped-end treatment used with the low-

profile concrete barrier. Therefore, the sloped, curb-type, timber rail end treatment should provide 

similar crashworthiness to that provided by the sloped concrete end treatment. Final design details 

for the sloped, curb-type, timber rail end treatment are shown in Chapter 5. 
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4 STATIC POST TESTING 

4.1 Static Testing Setup 

Static testing was conducted on multiple bridge railing posts in order to determine the 

lateral force versus deflection characteristics for the built-up posts and various connections 

between the glulam rail, scupper blocks, and timber bridge deck. For the original curb-type bridge 

railing system, the timber posts were statically tested and found to have an average maximum 

strength of 14 kips (62 kN) when loaded through the middle of the rail [4]. Thus, the new bridge 

railing posts should provide similar lateral resistance under static loading in order for the barrier 

system to be capable of redirecting the 5,000-lb (2,268-kg) pickup truck at the TL-1 impact 

condition. 

The static testing matrix and components are provided in Figures 2 through 6. For this 

testing, a 23-in. (584-mm) long, timber glulam rail segment was supported by two timber scupper 

blocks and bolted to the nail-laminated, timber bridge deck using four ¾-in. (19-mm) diameter 

bolts. A lateral load was applied to each built-up post through a Ȫ-in. (22-mm) diameter, steel rod 

placed through the center of the glulam rail segment. An eye nut was attached to the bolt on the 

back side of the rail, while a ½-in. (13-mm) thick plate washer was used to distribute the load to 

the front face of the rail segment. 

The static tests were also used to guide the selection of the appropriate shear connector 

configuration for the final bridge railing design. Each of the static tests utilized various types and 

quantities of shear connectors (i.e. shear plates, split rings, or none) for each bolt location at the 

timber interfaces. The test matrix shown in Figure 2 lists the number of static tests, the shear 

connector type, as well as the location for the shear connectors. For test nos. WVS-1 and WVS-4, 

no shear connectors were utilized, as shown in Figure 3. For test no. WVS-2, and as depicted in 
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Figure 4, split rings were used at each timber interface: (1) deck to scupper; (2) scupper to scupper; 

and (3) scupper to rail. Test no. WVS-3 utilized shear plates at every timber interface, as shown in 

Figure 5. Finally, test no. WVS-5 was configured with split rings located only between the top 

deck surface and the bottom of the lower scupper block, as shown in Figure 6. 

For static test no. WVS-1, the load was applied to the test component with a 9,000-lb 

(40,000-N) capacity Dayton winch combined with a 2:1 pulley system. The winch was fastened to 

a 7,000-lb (3,175-kg) pickup truck, and the truck was anchored to a 25,000-lb (11,300-kg) Hyster 

to ensure that the pickup truck and winch remained stationary during testing. A 50,000-lb 

(222,000-N) capacity tension load cell and a string potentiometer were used to measure the load 

and displacement, respectively. The load cell was attached between the 2:1 cable pulley and the 

eye nut on the rear face of the glulam rail segment. The string potentiometer was anchored to a 

heavy block located directly in front of the glulam rail segment and tied to the front face of the rail 

segment. The static test setup is shown in Figure 7. 

During test no. WVS-1, the winch reached its maximum load before the test component 

failed. As such, the method for applying the load required modification. The winch and 2:1 cable 

pulley system were replaced by a 50,000-lb (222,000-N) capacity hydraulic ram. The ram was 

attached to a steel anchor frame which was bolted down to the tarmac. The locations for the load 

cell and string potentiometer remained the same. This modified static test setup, as shown in Figure 

8, was utilized to finish test no. WVS-1 as well as for static test nos. 2 through 5. 
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Figure 2. Static Testing Matrix and Setup 
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Figure 3. Static Test Component Details, Test Nos. WVS-1 and 4 
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Figure 4. Static Test Component Details, Test No. WVS-2 
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Figure 5. Static Test Component Details, Test No. WVS-3 
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Figure 6. Static Test Component Details, Test No. WVS-5 
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Figure 7. Static Test Setup - Test No. WVS-1 

 

 
Figure 8. Modified Static Test Setup - Test Nos. WVS-1 through 5 
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4.2 Static Testing Results 

4.2.1 Test No. WVS-1 ï No Shear Connectors 

As previously stated, test no. WVS-1 began with the use of the winch and a 2:1 cable pulley 

system, but it was completed using a hydraulic ram to load the test component to failure. During 

the test, the post assembly leaned backward, thus opening a gap between the front of the lower 

scupper block and the bridge deck. At the same time, the edge of the deck deflected downward. A 

maximum lateral force of 17.9 kips (79.7 kN) was observed at 14.9 in. (378 mm) of deflection. 

The force versus displacement curve for test no. WVS-1 is shown in Figure 9, while photographs 

for the deflected post are shown in Figure 10.   

Damage to the post assembly and bridge deck was minimal, as shown in Figures 10 and 

11. The back edge of the lower scupper block was compressed, thus causing some fibers to splinter 

off. The top-back edge of the rail segment was partially removed as a result of the loading to the 

steel rod near the conclusion of the test. All four of the connection bolts were bent near the scupper-

deck interface, and all four of the malleable iron washers on the underside of the deck had 

fractured. It was later revealed that the washers were placed upside-down. The transverse boards 

in the deck were pulled laterally approximately 1 in. (25 mm) at the post location, and the vertical 

bolt holes drilled through the deck were elongated due to bearing-type failures in the timber deck. 

Finally, six of the transverse deck boards had longitudinal cracks near the edge of the deck. 

However, none of the deck boards had completely fractured. 
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Figure 9. Force vs. Deflection Curve, Test No. WVS-1 
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Figure 10. Component Damage and Permanent Set Deflection, Test No. WVS-1 
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Figure 11. Bridge Deck Damage, Test No. WVS-1 
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4.2.2 Test No. WVS-2 ï Split Rings in Each Interface 

During test no. WVS-2, the post assembly leaned backward, thus opening a gap between 

the front of the lower scupper block and the bridge deck. At the same time, the edge of the deck 

deflected downward. A maximum force of 14.7 kips (65.4 kN) was observed at 15.5 in. (394 mm) 

of deflection. The force versus displacement curve for test no. WVS-2 is shown in Figure 12, while 

photographs for the deflected post are shown in Figure 13.  

Damage to the post assembly and bridge deck was minimal, as shown in Figures 13 and 

14.  The back edge of the lower scupper block was compressed, and the top-back edge of the 

glulam rail segment was partially removed as a result of the loading to the steel rod near the 

conclusion of the test. All four of the connection bolts were bent near the scupper-deck interface, 

and three malleable iron washers on the underside of the deck had fractured. The transverse boards 

in the deck were pulled slightly outward, and three of the deck boards had longitudinal cracks at 

the deck edge. Two deck boards were fractured near the bolt line. Finally, wood pieces had chipped 

away from the deck surface between the bolt holes and the split ring grooves. 

 
Figure 12. Force vs. Deflection Plot, Test No. WVS-2 
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Figure 13. Component Damage and Permanent Set Deflection, Test No. WVS-2 
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Figure 14. Bridge Deck Damage, Test No. WVS-2 
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4.2.3 Test No. WVS-3 ï Shear Plates in Each Interface 

During test no. WVS-3, the post assembly leaned backward, thus opening a gap between 

the front of the lower scupper block and the bridge deck. At the same time, the edge of the deck 

deflected downward. A maximum force of 17.1 kips (76.1 kN) was observed at 19.3 in. (490 mm) 

of deflection. The force versus displacement curve for test no. WVS-3 is shown in Figure 15, while 

photographs for the deflected post are shown in Figure 16.   

Damage to the post assembly and bridge deck was minimal, as shown in Figures 16 and 

17. The back edge of the lower scupper block was compressed, thus resulting in deformation and 

cracking of the block. The top-back edge of the rail segment was partially removed as a result of 

the loading to the steel rod near the conclusion of the test. All four of the connection bolts were 

bent near the scupper-deck interface, and one of the malleable iron washers on the underside of 

the deck fractured. Eight of the transverse deck boards had longitudinal cracks at the deck edge, 

and five of the deck boards appeared to be fractured near the bolt line. Finally, wood pieces had 

chipped off of the deck surface between the bolt holes and the shear plate grooves. 

 
Figure 15. Force vs. Deflection Plot, Test No. WVS-3
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Figure 16. Component Damage and Permanent Set Deflection, Test No. WVS-3 
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Figure 17. Bridge Deck Damage, Test No. WVS-3 
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4.2.4 Test No. WVS-4 ï No Shear Connectors 

During test no. WVS-4, the post assembly leaned backward, thus opening a gap between 

the front of the lower scupper block and the bridge deck. At the same time, the edge of the deck 

deflected downward. A maximum force of 16.8 kips (74.8 kN) was observed at 22.5 in. (572 mm) 

of deflection. The force versus displacement curve for test no. WVS-4 is shown in Figure 18, while 

photographs for the deflected post are shown in Figure 19.   

Damage to the post assembly and bridge deck was minimal, as shown in Figures 19 and 

20. The back edge of the lower scupper block was compressed, and the top-back edge of the rail 

segment was partially removed as a result of the loading to the steel rod near the conclusion of the 

test. All four of the connection bolts were bent near the scupper-deck interface, and two of the 

malleable iron washers on the underside of the deck fractured. The transverse boards in the deck 

were pulled slightly outward, and six of the boards had longitudinal cracks at the deck edge. Two 

of the deck boards appeared to be fractured near the bolt line. 

 
Figure 18. Force vs. Deflection Plot, Test No. WVS-4 
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Figure 19. Component Damage and Permanent Set Deflection, Test No. WVS-4 
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Figure 20. Bridge Deck Damage, Test No. WVS-4 
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4.2.5 Test No. WVS-5 ï Split Rings in Lower Interface Only 

During test no. WVS-5, the post assembly leaned backward, thus opening a gap between 

the front of the lower scupper block and the bridge deck. At the same time, the edge of the deck 

deflected downward. A maximum force of 13.4 kips (59.6 kN) was observed at 17.0 in. (432 mm) 

of deflection. The force versus displacement curve for test no. WVS-5 is shown in Figure 21, while 

photographs of the deflected post are shown in Figure 22.   

Damage to the post assembly and bridge deck was minimal, as shown in Figures 22 and 

23. The back edge of the lower scupper block was compressed, and the top-back edge of the rail 

segment was partially removed as a result of the loading to the steel rod near the conclusion of the 

test. All four of the connection bolts were bent near the scupper-deck interface. The transverse 

boards in the deck were pulled slightly outward at the post location, and four of the deck boards 

appeared to be fractured near the bolt line. Finally, wood pieces had chipped away from the deck 

surface between the bolt holes and the timber split ring groves. 

 
Figure 21. Force vs. Deflection Plot, Test No. WVS-5 
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Figure 22. Component Damage and Permanent Set Deflection, Test No. WVS-5 
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Figure 23. Bridge Deck Damage, Test No. WVS-5 
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4.3 Static Testing Summary and Conclusions 

As noted previously, it was desired that the modified bridge posts be capable of resisting a 

lateral static load of approximately 14 kips (62 kN) or greater. As shown in Figure 24, only one 

post test resulted in maximum lateral load capacity below the targeted value. In static test no. 

WVS-5, or the system utilizing split rings between the lower scupper block and the bridge deck, a 

lateral static capacity of 13.4 kips (59.6 kN) was observed, or only 0.6 kips (2.7 kN) below the 

targeted value. For the remaining four static tests, the maximum lateral load capacities ranged 

between 14.7 and 17.9 kips (65.4 to 79.6 kN). 

When comparing split rings usage, a 9.7 percent increase in lateral load capacity was 

observed for split rings used at all interfaces as compared only placed at the lower interface. 

However, the increase in lateral load capacity ranged between 25.4 to 33.6 percent for the case of 

not using shear connectors as compared to the use of split rings at the lower interface only. The 

option for using shear plates at all interfaces provided an increase in lateral load capacity of 

approximately 27.6 percent as compared to split rings placed at only the lower interface. Finally, 

it was observed that the no shear connector option [16.8 to 17.9 kips (74.8 to 79.6 kN)] provided 

a comparable maximum lateral load capacity to that provided by the option for using shear plates 

at all interfaces [17.1 kips (76.1 kN)]. 

Further, the initial stiffness observed for each of the static tests was very similar, and the 

variance in the force versus deflection curves occurred only in the plastic region. Thus, the use of 

shear connectors had little to no effect on the strength of the post assemblies. In fact, the static 

testing of post assemblies configured without shear connectors, test nos. WVS-1 and 4, recorded 

the 1st and 3rd highest lateral capacities. 
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The use of shear connectors did affect the damage observed during the static tests. 

Although the post assembly damage in each test was observed to be very similar, the deck damage 

in each test was substantially different. When shear connectors were placed between the deck and 

the lower scupper block, grooves had to be cut into the deck surface to accommodate the 

connectors. These grooves weakened the strength of the deck boards and led to chipping away of 

pieces between the grooves and the bolt holes as well as the partial fracture of multiple boards 

through this weakened cross section. As a result, it was determined more deck damage was 

observed in static tests configured with shear connectors as compared to static tests not involving 

shear connectors.  

From the static testing program, the research team determined that shear connectors: (1) 

provided no or only limited increased lateral strength for the post assemblies; (2) correlated with 

an increased amount of deck damage; and (3) increased the labor and materials costs for the railing 

system. Therefore, it was concluded that no shear connectors would be specified for the timber 

bridge railing system. 
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Figure 24. Force vs. Deflection Comparison for All Five Static Tests
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5 DESIGN DETAILS  

5.1 System Overview 

The test installation consisted of three major sub-systems: (1) a 120-ft (36.6-m) long, nail-

laminated, timber bridge deck placed on wide-flange, steel girders; (2) a curb-type, timber bridge 

railing system; and (3) a 35-ft (10.7-m) long, sloped, safety treatment located on the upstream end 

of the bridge railing. The total length of the test installation was 155 ft (47.2 m). Final design 

details are provided in Figures 25 through 56. Photographs of the test installation are also shown 

in Figures 57 through 60. 

5.2 Timber , Curb-Type Bridge Railing 

The bridge railing system consisted of three major structural components: (1) a 

longitudinal, glulam timber rail; (2) steel H-splice plates; and (3) post assemblies consisting of 

sawn lumber scupper blocks. The assembled bridge railing is shown in Figures 25 through 27 and 

Figure 57. 

The timber rail consisted of 19.9-ft (6.08-m) long, glulam rail segments with a 6 ¾ in. x 12 

Ȩ in. (171 mm x 314 mm) cross section, as shown in Figure 36. The glulam rails were 

manufactured from Combination No. 48 Southern Yellow Pine and were treated with 

pentachlorophenol in heavy oil to a minimum net retention of 0.60 lbs/ft3 (9.61 kg/m3) conforming 

to the American Wood Preserverôs Association (AWPA) use category UC4A [8]. The ends of each 

rail segment were narrowed to a width of 11 ȩ in. (295 mm) in order to accept the steel H-splice 

plates and allow the outer plate surface to be flush with the gross rail section. 

The steel H-splice plates were to be fabricated from three ASTM A572 Grade 42 steel 

plates that were welded to one another, as shown in Figures 38 and 39. Due to an oversight, the 

steel plates were not ordered with much advance notice prior to the scheduling of the full-scale 
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crash test. As such, MwRSF experienced difficulty in finding the original plate material on such 

short notice, thus requiring an adjustment to the design. Instead, the steel plates were fabricated 

from ASTM A656 Grade 50 Type 7 material. The two side plates were 34 ¾-in. long by 6 ¾-in. 

wide by Ȩ-in. thick (883 mm x 171 mm x 9.5 mm) with twelve 1 ȧ-in. (29-mm) diameter holes. 

For the H-splice, the center connecting plate was installed orthogonal to the outer two plates and 

measured 11 ȩ-in. long by 6 ¾-in. wide by Ȩ-in. thick (295 mm x 171 mm x 9.5 mm). The H-

splice plates connected adjacent glulam rail segments end to end using six 1-in. (25.4-mm) 

diameter by 14-in. (356-mm) long, ASTM A307 galvanized dome-head bolts in each rail end, as 

shown in Figure 31. A photograph of an assembled rail-to-rail connection with H-splice plate is 

shown in Figure 59. For the testing program, the H-splice plate assemblies were not galvanized. 

However, these splice plate assemblies must be galvanized when used in actual field installations. 

The bridge rail post assemblies consisted of two timber scupper blocks stacked on top of 

each other. Each scupper block was fabricated from Grade No. 1 Southern Yellow Pine sawn 

lumber and measured 23 in. long by 9 ½ in. wide, and 7 ½ in. tall (584 mm x 241 mm x 191 mm). 

Four 13/16-in. (21-mm) diameter, bolt holes were drilled in the scuppers at 5-in. (127-mm) spacing 

intervals, as shown in Figure 35. All wooden scupper blocks were treated with pentachlorophenol 

in heavy oil to a minimum net retention of 0.60 lbs/ft3 (9.61 kg/m3) satisfying AWPA U1, UC4A. 

The scupper block post assemblies were placed 1 in. (25 mm) from the outer edge of the 

bridge deck and spaced 10 ft (3.05 m) on centers, as shown in Figure 27. The glulam rail segments 

were placed on the scuppers such that the back of the rail was offset 1 in. (25 mm) from the back 

edge of the supper blocks, and the centerline of the joint between two adjacent rail ends was located 

35 Ȫ in. (911 mm) from the centerline of the nearest post. The height to the top of the bridge railing 

was 19 ¾ in. (502 mm) above the concrete wearing surface placed on the timber deck. Four 30-in. 
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(762-mm) long by ¾-in. (19.0-mm) diameter, ASTM A307 galvanized dome-head bolts were used 

to connect the glulam rail and scupper blocks to the bridge deck surface, as shown in Figures 27 

and 31. Galvanized, malleable iron washers were installed on the bottom side of the deck surface, 

as shown in Figure 44. Photographs of assembled posts are shown in Figure 58. 

5.3 End Treatment 

A rigid, end treatment was attached to the bridge rail system and consisted of two glulam 

rail segments, four steel posts, and an angled H-splice plate. The end treatment had a length of 35 

ft (10.7 m) and was attached to the upstream end of the curb-type, bridge railing system, as shown 

in Figure 32. Photographs of the end treatment are shown in Figure 60. 

The first glulam rail segment in the end treatment was exactly the same as the bridge rail 

segments described previously and was placed adjacent to the first bridge rail segment. The second 

glulam rail segment in the end treatment was similar to the first glulam rail and bridge rail 

segments, except for two changes. First, the downstream end of the second glulam rail segment 

was cut to an 85-degree angle so that the interior ends of the end treatment rails would be flush 

with one another. In addition, the second glulam rail segment in the end treatment was cut to a 

total length of 15 ft (4.6 m), as shown in Figure 37. All other dimensions, material properties, and 

preservative treatment were identical to that used for the glulam rail found in the bridge railing 

system. The sloped, end rail segment connected to the standard rail segment at a height of 19 ¾ in. 

(502 mm) and was sloped downward with the upstream end partially buried in the ground. The 

maximum height for the exposed upstream end of the sloped rail segment was 4 in. (102 mm) 

above grade. 

The two end treatment rail segments were supported by ASTM A36, steel W6x15 

(W152x22.3) posts with welded top mounting plates, as shown in Figures 41 and 42. For the testing 
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program, the post assemblies were not galvanized. However, these post assemblies must be 

galvanized when used in actual field installations. The four steel posts measured 6 ft (1,829 mm) 

long and were placed in compacted, coarse, crushed limestone material that met Grading B of 

AASHTO M147-95 (1990), as found in MASH 08. Two of the posts were cut at 85-degree angles 

at the top in order to match the slope of the end rail segment. The ASTM A36 steel top mounting 

plates were the same for all four posts and measured 19 in. long by 8 ½ in. wide by Ȩ in. thick 

(483 mm x 216 mm x 10 mm). Once again, four 13/16-in. (21-mm) diameter, bolt holes were placed 

in the plate at 5 in. (127 mm) intervals. The top of the posts were welded to the center of the plates, 

as shown in Figure 41. The rail segments were connected to the posts with four ¾-in. (19-mm) 

diameter by 10-in. (254-mm) long, ASTM A307 galvanized dome-head bolts, as shown in Figure 

34. 

One steel H-splice plate was used to connect the two rail segments within the end treatment 

region and was modified for use in accepting the sloped end rail segment. The materials and 

dimensions for this modified H-splice plate was similar to those used with the bridge railing 

system, except for the addition of a 5 degree bend between the upstream and downstream end of 

the side plates. This bend matched the slope of the end rail segment, and the appropriate 

dimensions are shown in Figures 38 and 39. The adjacent rail ends were attached to the angled 

splice plates using six 1-in. (25-mm) diameter by 14-in. (356-mm) long, ASTM A307 galvanized 

dome-head bolts in each rail end. A photograph of the installed angled H-splice plate is shown in 

Figure 59. 

5.4 Transverse, Nail-Laminated Timber Deck 

For the test bridge, the timber deck measured approximately 14 ft (4.3 m) wide and 120 ft 

(36.6 m) long. The bridge deck was fabricated with 2-in. x 6-in. (51-mm x 152-mm) by 14-ft (4.3-
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m) long, dimensional lumber boards covered with a 2-in. (51-mm) thick, concrete wearing surface. 

The timber boards were manufactured from Grade No. 1 Southern Yellow Pine and treated with 

ACQ-D to a minimum net retention of 0.40 lbs/ft3 (6.41 kg/m3) satisfying AWPA U1, UC4A. For 

actual bridge installations, it is recommended that the dimensional lumber boards be treated to a 

net retention of 0.60 lbs/ft3 (9.61 kg/m3) satisfying AWPA U1, UC4B, as shown in Figure 40. The 

boards were placed on end and nailed together through and perpendicular to the wide face of the 

board using 20d or 20 penny ñcommonò nails. A specific nail pattern, which repeated every four 

boards, was used to ensure that a nail did not contact a previously driven nail. Special care was 

given to the nail pattern near the deck edge to ensure the nails did not occupy space where the 

vertical bolt holes for the bridge rail would later be drilled. During deck assembly, two beads of 

Liquid Nails Heavy Duty Construction Adhesive (Item No. LN-901) were applied to the sides of 

the boards and over the outer 3 ft (0.9 m) of deck. The adhesive was used to provide additional 

punching shear resistance in the deck as well as improved load transfer between boards. The 

nailing patterns are shown in Figures 29 and 30. 

Steel deck anchor brackets were sandwiched between adjacent deck boards and were used 

to attach the bridge deck to the steel girders. The deck anchor brackets were fabricated from 11-

gauge (3.04-mm thick), ASTM A36 G90 galvanized steel sheet and were cut to the dimensions 

shown in Figure 43. The anchor brackets hooked onto the top flange of the steel bridge girders and 

were nailed to the adjacent deck boards using two 20d or 20 penny common nails. The anchor 

brackets were installed on 1-ft (305-mm) centers on both girders. The brackets on the exterior 

girder were all placed on the top-inside flange, while the brackets on the interior girder alternated 

sides, as shown in Figure 46.
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5.5 Bridge Substructure 

The support structure for the bridge deck consisted of two rows of wide-flange, steel 

girders, four transverse concrete supports (two bents and two abutments), and lateral bracing 

between girders, as shown in Figures 46 through 55. The two rows of three girders were positioned 

along the entire length of the 120-ft (36.58-m) long, bridge deck. The girders were supported by 

simulated bridge abutments at each end and two simulated bridge piers spaced approximately 40 

ft (12.2 m) apart. In addition to these four rigid supports, three intermediate concrete platform 

supports with wood shim blocks were used to vertically support the steel girders at the midpoint 

of each 40 ft (12.2 m) span. Finally, steel C-channel diaphragms were used as lateral bracing for 

the girders and spaced at approximately 12.5-ft (3.8-m) intervals. 
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Figure 25. Test Installation Layout, Test No. WVBR-1 
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Figure 26. Test Installation and Substructure, Test No. WVBR-1 
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Figure 27. Curb-Type, Timber Bridge Rail  Cross Section, Test No. WVBR-1 
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Figure 28. Timber Bridge Rail, Top and Front Views, Test No. WVBR-1 
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Figure 29. Exterior Nail Pattern for Transverse, Nail-Laminated, Timber Bridge Deck 
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Figure 30. Nail Pattern for Transverse, Nail-Laminated, Timber Bridge Deck 
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Figure 31. Rail Connection Details, Test No. WVBR-1 












































































































































































































