
















































longitudinal deck that are perpendicular to the grain. 

4.3 Design No. 1 

A preliminary design of the bridge rail (Design No. 1) was made using the lateral design 

force derived in Section 4.1 and the design considerations discussed in Section 4.2. As shown 

in Figure 2 , a 6%-in. by l0 1/2-in. (171-mm by 267-mm) timber glulam rail is supported by 

timber scupper blocks spaced on 10-ft (3048-mm) centers and attached to the surface of the 

timber bridge deck using five %-in. (19-mm) diameter ASTM A307 bolts. All bolted 

connections between two timber elements are made using either split rings or shear plates. The 

height from the top of the glulam rail to the top of the asphalt wearing surface is 17% in. ( 451 

mm). 
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5 DEVELOPMENTAL TESTING- PHASE I 

5.1 Static Testing 

Static testing was used to determine the force-deflection characteristics and the structural 

capacity of the bolted connection between the glulam rail, scupper blocks, and deck, as shown 

in Figure 2. The test results could then be used to identity any potential changes in the railing 

configuration (i.e., reduction in size or quantity of bolts). 

The static testing apparatus, as shown in Figure 3, was configured to simulate the bolted 

connection between the glulam rail, scupper blocks, and bridge deck. A 'h-in. (13-mm) thick 

steel plate was bolted to a concrete foundation and was positioned above the concrete foundation 

to provide adequate clearance for the heads of the vertical bolts. The scupper blocks and glulam 

rail were then placed on the vertical bolts using shear plates on each timber surface, except on 

the top of the glulam rail where malleable iron washers and nuts were used instead. 

The static load was applied to the mid-height of the glulam rail 's back-side surface using 

two cables, a steel bar, and a steel bearing plate. A 20-in. (508-mm) stroke, hydraulic ram 

combined with 1:2 cable pulley system were used to generate the static load, as shown in Figure 

3. During testing, a 10,000-lb (44,500-N) capacity, tension load cell and an 80-in. (2032-mm) 

capacity, string potentiometer were used to measure the load and displacement readings, 

respectively. The load cell was placed on one side of the pulley and was used to measure one­

half of the applied load. A total of three static tests were performed and are described below. 

5.1.1 Test No. 1 

Test no. 1 was conducted on a configuration consisting of a 6 3A-in. (171-mm) high 

glulam rail supported by two scupper blocks - one 7 1h-in. (190-mm) high and one 5 V2-in. (140-
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mm) high., as shown in Figure 4. Five bolts were placed along the 28-in. (711-mm) long blocks 

using shear plates at all available locations. Photographs of the deflected configuration are also 

shown in Figure 4. The force-deflection curve for test no. 1 is provided in Figure 5. The 

maximum load applied to the system was 15,400 lbs (68,500 N) which corresponded with a rail 

deflection of 4.9 in. (124 mm) , as measured at the top of the glulam rail. Significant rail 

deformations occurred due to rotations caused by both the compaction of wood fibers in the 

compression regions and the formation of gaps betweens timber blocks in the tension regions, 

as shown in Figure 4. 

5.1.2 Test No. 2 

Test no. 2 was conducted on a configuration consisting of a 6% -in. (171-mm) high 

glulam rail supported by two 7 1/z-in. (190-mm) high scupper blocks, as shown in Figure 6. Five 

bolts were again placed along the 28-in. (711-mm) long blocks using shear plates at all available 

locations. A photograph of the deflected position is also shown in Figure 6. Technical difficulties 

were encountered with the hydraulic ram during test no. 2, and therefore a force-deflection curve 

was not obtained. From voltmeter readings of the load cell and string potentiometer, the 

maximum load was approximated to be 15,400 lbs (68,500 N) at a rail deflection of 

approximately 6 in. (152 mm). Significant rail deformations also occurred due to rotations 

caused by the compaction of wood fibers in the compression regions and the formation of gaps 

betweens timber blocks in the tension regions, as shown in Figure 6. 

5.1.3 Test No. 3 

Since technical difficulties were encountered with the hydraulic ram during test no. 2, 

test no. 3 was performed as a repeat of the railing configuration used in test no. 2, as shown in 
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Figure 6. Test No. 2 Configuration and Deflected Position 
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Figure 7. Photographs of the deflected position are also shown in Figure 7. The force-deflection 

curve for test no. 3 is provided in Figure 5. The maximum load applied to the system was 

17,400 lbs (77,400 N) which corresponded with a rail deflection of 5.7 in. (145 mrn). Test no. 

3 was continued until the rail had deflected approximately 10 in. (254 mrn) or half of the stroke 

of the 20-in. (508-mrn) hydraulic ram. During that time, the load dropped off to approximately 

10, 100 lbs ( 44,900 N) at a rail deflection of approximately 6. 8 in. ( 173 mrn). Subsequent! y, the 

load increased linearly to 17,200 lbs (76,500 N) at a rail deflection of 9. 8 in. (249 mrn) , 

indicating that the increase in capacity is due to the bolts being placed in tension. The load was 

then released, resulting in a permanent set of approximately 6.1 in. (155 mrn). The rail 

deformations · occurred due to rotations caused by the compaction of wood fibers in the 

compression regions, the formation of gaps betweens timber blocks in the tension regions, and 

a combination of tension and shear failures of the lower scupper block propagating from the bolt 

line, as shown in Figure 7. 
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6 COMPUTER SilVIULATION MODELING - PHASE I 

6.1 Background 

Computer simulation modeling with BARRIER VII (18), was performed to analyze and 

predict the dynamic performance of the curb-type bridge railing as well as to determine the 

critical impact point (CIP) for the bridge railing. The simulations were conducted modeling a 

2,000-kg (4,409-lb) pickup truck impacting at a speed of 50 km/h (31.1 mph) and at an angle 

of 25 degrees. The BARRIER VII finite element model of the curb-type bridge railing and the 

idealized finite element, 2-dimensional vehicle model for the 2,000-kg pickup truck are shown 

in Appendix A. A typical computer simulation input datafile is given in Appendix B. 

6.2 BARRIER VII Results 

Six computer simulation runs were performed on the preliminary design at different 

impact locations. The impact location and results for each simulation are shown in Table 3. The 

results indicated that the maximum dynamic deflection was approximately 3.0 in. (76 mm) and 

occurred approximately 75 in. (1905 mm) downstream from the impact location. The maximum 

lateral post shear force was 10. 5 kips ( 46.7 kN) and occurred from a vehicle impacting the -rail 

75 in. (1905 mm) upstream from post no. 6, as shown in Figure A-1. The maximum rail 

bending moment was approximately 452 kip-in. (51.1 kN-m) and occurred from a vehicle 

impacting the rail 60 in. (1524 mm) upstream from the midspan rail location between post nos. 

5 and 6, as shown in Figure A-1. 

The analysis of the simulation results indicated that the posts and deck attachment were 

over-designed by approximately 20 to 33%. Therefore, the Design No. 1 was modified at each 

post location by reducing the number of vertical bolts from five to four, reducing the number 
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Table 3. Computer Simulation Test Matrix and Results - Phase I 

Test Impact Impact Point Maximum Post Maximum Beam Maximum Dynamic 
No. Node (inY Shear Along B-Axis Moment About C-Axis Rail Deflection 

(kips) · (kip-in.) (in.) 

1 16 135 8.80@ Node 25 441.31 @ Node 20 3.04@ Node 21 

2 17 120 9.58@ Node 25 452.27 @ Node 21 3.03@ Node 22 

3 18 105 10.11@ Node 25 436 .32 @ Node 22 3.00@ Node 23 

4 19 90 10.41 @ Node 25 401.37 @ Node 23 2. 96 @ Node 24 

5 20 75 10.48 @ Node 25 350.48 @ Node 24 2.94@ Node 25 

6 21 60 10.30@ Node 25 386.16 @ Node 27 2.95@ Node 26 

1 - Longitudinal distance measured upstream from post no. 6 (node 25) (i.e., post spacing equal to 120 in.). 

Post Parameters: 
Stiffness k8 = 3. 56 kips/ in. 
Yield Moment MA = 279.73 kip-in. 
Shear Failure Limit F8 = 20 kips 
Deflection Limit ~8 = 6 in. 

Stiffness kA = 10.00 kips/in. 
Yield Moment M8 = 409.38 kip-in. 
Shear Failure Limit FA = 30 kips 
Deflection Limit ~A = 1 in. 



of horizontal lag screws from four to three, and decreasing the length of the scupper blocks from 

28 to 23 in. (711 to 584 mm). In addition, the rail overhang distance on the traffic-side face was 

increased from 1 in. to 21,4 in. (25 to 57 nun) to prevent the vehicle 's front wheel from snagging. 

on the upstream face of the timber posts and to reduce the potential of the wheel contacting and 

climbing up the scupper blocks. 
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7 DEVELOPMENTAL TESTING - PHASE II 

7.1 Static Testing 

Following the analysis of the computer simulation results, design modifications were 

made to the Design No. 1, as discussed in Section 6.2. Static testing was again used to 

determine the force-deflection characteristics and the structural capacity of a four-bolt cormection 

between the glulam rail, scupper blocks, and deck. The static testing apparatus was the same as 

that used during the Developmental Testing - Phase I. Three additional static tests were 

performed and are described below. 

7.1.1 Test No. 4 

Test no. 4 was conducted on a configuration consisting of a 6%-in. (171-mm) high 

glulam rail supported by two scupper blocks- one 7 1/2- in. (190-mm) high and one 5 1/z-in. (140-

mm) high. , as shown in Figure 8. Four bolts were placed along the 23-in. (584-rrun) long blocks 

using shear plates at all available locations . Photographs of the deflected configuration are also 

shown in Figure 8. The force-deflection curve for test no. 4 is provided in Figure 9. The 

maximum load applied to the system was 14,300 lbs (63,600 N) which corresponded with a rail 

deflection of 9. 8 in. (249 mm), as measured at the top of the glulam rail. The load was then 

released , resulting in a permanent set of approximately 5.5 in. (140 mm). The rail deformations 

occurred due to rotations caused by the compaction of wood fibers in the compression regions, 

the formation of gaps betweens timber blocks in the tension regions, and a tension failure of the 

lower scupper block propagating from the bolt line, as shown in Figure 8. 

7.1.2 Test No. 5 

Test no. 5, as shown in Figure 10, was conducted on the same configuration as used for 
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test no. 4, except that no shear plates were used at any timber surface. Photographs of the 

deflected configuration are also shown in Figure 10. The force-deflection curve for test no. 5 

is provided in Figure 9. The maximum load applied to the system was 16,200 lbs (72, 100 N) 

which corresponded with a rail deflection of 9. 8 in. (249 mm), as measured at the top of the 

glulam rail. The load was then released, resulting in a permanent set of approximately 5.5 in. 

(140 mm). The rail deformations occurred due to rotations caused by the compaction of wood 

fibers in the compression regions, the formation of gaps betweens timber blocks in the tension 

regions, and a tension failure of the lower scupper block propagating from the bolt line, as 

shown in Figure 10. 

7.1.3 Test No. 6 

Test no. 6, as shown in Figure 11, was conducted on the same configuration as used for 

test no. 5, except that shear plates were used on the bottom surface of the lower scupper block. 

Photographs of the deflected configuration are also shown in Figure 11. The force-deflection 

curve for test no. 6 is provided in Figure 9. During the test, it was discovered that the cable and 

pulley assembly were not properly aligned, and the test was stopped. After releasing the load 

to repair the cable and pulley assembly, the test was continued. The maximum load applied to 

the system was 15,900 lbs (70, 700 N) which corresponded with a rail deflection of 8.5 in. (216 

mm), as measured at the top of the glulam rail. It is noted that the maximum load was measured 

at the time that the glulam rail fractured, as shown in Figure 11. The rail deformations occurred 

due to rotations caused by the compaction of wood fibers in the compression regions, the 

formation of gaps between the timber blocks in the tension regions, and a tension failure of the 

lower scupper block propagating from the bolt line, as shown in Figure 11. 
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8 COMPUTER SIMULATION MODELING- PHASE II 

8.1 Design Modifications 

Following the Developmental Testing - Phase II , it was determined that the four-bolt 

attachment between the glulam rail, scupper blocks, and deck could provide adequate structural 

capacity without damaging the bridge deck. Therefore, computer simulation modeling was again 

used to analyze and predict the dynamic performance of the bridge railing as well as to 

determine the CIP. 

8.2 BARRIER VII Results 

Six additional computer simulation runs were performed on the four-bolt design at 

different impact locations. The impact location and results for each simulation are shown in 

Table 4. The results indicated that the maximum dynamic deflection was approximately 2.8 in. 

(71 mm) and occurred approximately 75 in. (1905 mm) downstream from the impact location. 

The maximum lateral post shear force was 9. 9 kips ( 44.0 kN) and occurred from a vehicle 

impacting the rail 75 to 90 in. (1905 to 2286 mm) upstream from post no. 6, as shown in Figure 

A-1. The maximum rail bending moment was approximately 431 kip-in. (48.7 kN-m) and 

occurred from a vehicle impacting the rail 60 in. (1524 nun) upstream from the midspan rail 

location between post nos. 5 and 6, as shown in Figure A-1. 

The analysis of the simulation results indicated that the curb-type bridge railing with a 

four-bolt attachment between the glulam rail, scupper blocks, and deck could withstand the 

impact resulting from a 2, 000-kg ( 4, 409-lb) pickup truck impacting at a speed of 50 km/hr (31. 1 

mph) and an angle of 25 degrees. 
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Table 4. Computer Simulation Test Matrix and Results - Phase II 

Test Impact Impact Point Maximum Post Maximum Beam Maximum Dynamic 
No. Node (in.) 1 Shear Along B-Axis Moment About C-Axis Rail Deflection 

(kips) (k ip-in. ) (in .) 

7 16 135 9.61 @Node 25 423.56@ Node 20 2.65 @ Node 21 

8 17 120 9.79@ Node 25 431.43 @ Node 21 2.65 @ Node 22 

9 18 105 9.81 @Node 25 420.64 @Node 22 2.67 @ Node 23 

10 19 90 9.85 @Node 25 394.72 @ Node 23 2.71 @Node 24 

11 20 75 9.85@ Node 25 353 .00 @ Node 24 2.75 @Node 25 

12 21 60 9.81 @ Node 25 377.55 @ Node 27 2.76 @ Node 26 

1 - Longitudinal distance measured upstream from post no. 6 (node 25) (i.e., post spacing equal to 120 in.). 

Post Parameters: 
Stiffness k8 = 4.53 kips/in. 
Yield Moment MA = 178.13 kip-in. 
Shear Failure Limit F8 = 15 kips 
Deflection Limit L18 = 6.5 in. 

Stiffness kA = 10.00 kips/ in. 
Yield Moment M8 = 409.38 kip-in. 
Shear Failure Limit FA = 30 kips 
Deflection Limit .LlA = 1 in. 



9 DESIGN NO. 2 DETAILS 

9.1 Timber Deck and Substructure 

A full-size simulated timber bridge system was constructed at the MwRSF. In order to 

simulate an actual timber bridge installation, the longitudinal glulam timber bridge deck was 

mounted on six reinforced-concrete bridge supports. The inner three concrete bridge supports 

had center-to-center spacings of 5.72 m (18ft 9 in.) whereas the outer two spacings were 5.56 

m (18 ft 3 in.). 

The longitudinal glulam timber deck consisted of ten rectangular panels. The panels 

measured 1.22-m (3-ft 1B1s-in.) wide by 5.70 m (18-ft 8V2-in.) long by 273-mm (10%-in) thick. 

The timber deck was constructed so that two panels formed the width of the deck and five panels 

formed the length of the deck. The longitudinal glulam timber deck was fabricated with West 

Coast Douglas Fir and treated with pentachlorophenol in heavy oil to a minimum net retention 

of 0. 6 lbs/ ft3 (9. 61 kg/m3
) as specified in A WP A Standard C 14 (12). At each longirudinal 

midspan location of the timber deck panels, stiffener beams were bolted transversely across the 

bottom side of the timber deck panels per AASHTO bridge design requirements. The stiffener 

beams measured 130-mm (5Vs-in.) wide by 152-mm (6-in.) thick by 2.44-m (8-ft) long. In 

addition, a 2-in. (51-mm) asphalt wearing surface was placed on the top of the timber deck in 

order to represent actual field conditions. 

9.2 Glulam Timber Curb Bridge Railing System 

The total length of the test installation was 100 ft (30.48 m), as shown in Figures 12 

through 14. The curb-type bridge railing consisted of three major structural components: (1) a 

longitudinal glulam timber rail; (2) sawn lumber scupper blocks; and (3) steel splice plates. 
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Figure 12. Curb-Type Bridge Railing System 
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Figure 14. Steel Splice Plate Connection for Glulam Rail 
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APPENDIX A - BARRIER VII COMPUTER MODEL 

Figure A-1. Finite Element Model of the Curb-Type Bridge Railing 

Figure A-2 . Idealized finite element, 2 dimensional vehicle model for the 2 ,000-kg pickup 
truck 
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APPENDIX B - BARRIER VII INPUT FILE 
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APPENDIX C- ACCELEROMETER DATA ANALYSIS 

ACCELEROMETER DATA ANALYSIS, CTBR-1 

Figure C-1. Graph of Longitudinal Deceleration, Test CTBR-1 

Figure C-2. Graph of Longitudinal Occupant Impact Velocity , Test CTBR-1 

Figure C-3. Graph of Longitudinal Occupant Displacement, Test CTBR-1 

Figure C-4. Graph of Lateral Deceleration, Test CTBR-1 

Figure C-5. Graph of Lateral Occupant Impact Velocity, Test CTBR-1 

Figure C-6. Graph of Lateral Occupant Displacement, Test CTBR-1 
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Figure C-1. Graph of Longitudinal Deceleration, Test CTBR-1 
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Figure C-2. Graph of Longitudinal Occupant Impact Velocity, Test CTBR-1 
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Figure C-3. Graph of Longitudinal Occupant Displacement, Test CTBR-1 
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Figure C-4. Graph of Lateral Deceleration, Test CTBR-1 
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Figure C-5. Graph of Lateral Occupant Impact Velocity, Test CTBR-1 
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Figure C-6. Graph of Lateral Occupant Displacement, Test CTBR-1 
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