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SI* (MODERN METRIC) CONVERSION FACTORS 
APPROXIMATE CONVERSIONS TO SI UNITS 

Symbol When You Know Multiply By To Find Symbol 

LENGTH 
in. inches 25.4 millimeters  mm 

ft feet 0.305 meters  m 

yd yards  0.914 meters  m 
mi miles  1.61 kilometers km 

AREA 
in2 square inches 645.2 square millimeters mm2 

ft2 square feet  0.093 square meters  m2 
yd2 square yard  0.836 square meters  m2 

ac acres  0.405 hectares  ha 
mi2 square miles  2.59 square kilometers  km2 

VOLUME 
fl oz fluid ounces 29.57 milliliters  mL 

gal gallons  3.785 liters  L 
ft3 cubic feet 0.028 cubic meters m3 

yd3 cubic yards 0.765 cubic meters m3 

NOTE: volumes greater than 1,000 L shall be shown in m3 
MASS 

oz ounces 28.35 grams  g 

lb pounds 0.454 kilograms kg 
T short ton (2,000 lb) 0.907 megagrams (or “metric ton”) Mg (or "t")  

TEMPERATURE (exact degrees) 

°F  Fahrenheit  
5(F-32)/9 

or (F-32)/1.8 
Celsius  °C  

ILLUMINATION 
fc foot-candles  10.76 lux lx 

fl foot-Lamberts 3.426 candela per square meter cd/m2 

FORCE & PRESSURE or STRESS 
lbf poundforce  4.45 newtons  N 

lbf/in2 poundforce per square inch 6.89 kilopascals  kPa 

APPROXIMATE CONVERSIONS FROM SI UNITS 
Symbol When You Know Multiply By To Find Symbol 

LENGTH 
mm millimeters  0.039 inches in. 

m meters  3.28 feet ft 
m meters  1.09 yards  yd 

km kilometers 0.621 miles  mi 

AREA 
mm2 square millimeters 0.0016 square inches in2 
m2 square meters  10.764 square feet  ft2 

m2 square meters  1.195 square yard  yd2 

ha hectares  2.47 acres  ac 
km2 square kilometers  0.386 square miles  mi2 

VOLUME 
mL milliliter  0.034 fluid ounces fl oz 
L liters  0.264 gallons  gal 

m3 cubic meters 35.314 cubic feet ft3 

m3 cubic meters 1.307 cubic yards yd3 

MASS 
g grams  0.035 ounces oz 

kg kilograms 2.202 pounds lb 
Mg (or "t")  megagrams (or “metric ton”) 1.103 short ton (2,000 lb) T 

TEMPERATURE (exact degrees) 
°C  Celsius  1.8C+32 Fahrenheit  °F  

ILLUMINATION 
lx lux 0.0929 foot-candles  fc 

cd/m2 candela per square meter  0.2919 foot-Lamberts fl 

FORCE & PRESSURE or STRESS 
N newtons  0.225 poundforce  lbf 
kPa kilopascals  0.145 poundforce per square inch lbf/in2 

*SI is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380. 
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1 INTRODUCTION 

1.1 Background 

In 2009, researchers at the Midwest Roadside Safety Facility (MwRSF) developed, crash 

tested, and evaluated a low-height, glue-laminated (glulam) timber bridge railing system that was 

attached to a transverse, nail-laminated deck [1-2]. This study was conducted for the West Virginia 

Department of Transportation (WVDOT) using the Test Level 1 (TL-1) impact conditions found 

in the American Association of State Highway and Transportation Officials (AASHTO) Manual 

for Assessing Safety Hardware (MASH) [3]. For this nail-laminated deck, individual 2-in. x 6-in. 

dimensional lumber boards were nailed together and anchored to steel stringers until the full-length 

of the bridge was covered using onsite, fabrication methods. This construction process was labor 

intensive as it required thousands of nails to be inserted into the deck boards using a special rotating 

nailing pattern and epoxy adhesive lines at the outer ends of transverse boards. Further, the 

individual boards can often warp, lift, and create an uneven roadway surface or uneven board 

contact on the stringers. 

While the WVDOT TL-1 low-height, glulam timber bridge railing installed on a nail-

laminated deck was deemed crashworthy, other user agencies may desire to use this bridge railing 

system on alternative timber deck types, such as on transverse, glue-laminated (glulam) timber 

decks. The United States Department of Agriculture (USDA) – Forest Service (FS), National 

Technology and Development Program desired to utilize this MASH TL-1 bridge railing on timber 

deck types that are more commonly used on their transportation network. However, there existed 

questions as to whether the low-height, glulam timber bridge railing would be crashworthy under 

TL-1 impact conditions and provide sufficient structurally adequacy when installed on alternative, 

thin, transverse, glulam timber decks. As a result, the USDA-FS, National Technology and 

Development Program requested assistance to adapt the TL-1 low-height, glulam timber bridge 

railing system over for use on transverse, glulam timber decks and verify that it would provide 

equal to greater safety performance and structural adequacy as compared to that behavior observed 

when it was installed on a transverse, nail-laminated deck. 

1.2 Objective 

The objectives for this project included (1) the development of the necessary details to 

adapt the 2009 AASHTO Manual for Assessing Safety Hardware (MASH) [3] WVDOT TL-1 

low-height bridge railing system for use on a typical USDA-FS transverse, glulam timber deck 

[1-2] and (2) demonstration that the TL-1 low-height, bridge rail would meet the 2016 MASH TL-

1 impact safety standards by proving equivalent or greater lateral stiffness and strength when 

installed on the transverse, glulam deck as compared to its performance observed when installed 

on the as-tested, nail-laminated deck [4]. 

1.3 Research Approach 

To begin this project, a literature review was conducted to identify prior research on the 

development, crash testing, and evaluation of low-height, bridge railings and containment barriers. 

Further, the investigation also focused on those systems that were attached to timber decks as well 

as concrete foundations. Researchers also acquired and reviewed relevant bridge railings and deck 

system details used across the road network within the National Technology and Development 
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Program, which included the applicable design charts and manuals for configuring typical 

transverse glulam deck systems, laying out glulam girders and diaphragms, and detailing the 

various connections. Using the noted information along with sponsor feedback, MwRSF 

configured 3-D test plans and CAD details for constructing one surrogate glulam bridge deck 

system and one surrogate nail-laminated bridge deck system. Each bridge system had two short 

glulam rail segments supported and anchored to the deck using two scupper blocks. One static and 

one dynamic component test was conducted on each deck type and analyzed to compare lateral 

stiffness, strength, energy dissipation, and overall performance between deck types. Finally, the 

component test results were compared to one another, and conclusions were drawn regarding the 

performance and crashworthiness of the low-height, glulam bridge rail installed on both transverse 

glulam and transverse nail-lam bridge decks. 
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2 LITERATURE REVIEW 

2.1 Introduction 

For this project, an in-depth study was conducted in order to identify previously-developed 

low-height, bridge railings and barriers as well as end treatments that would inform the adaptation 

process involving the WVDOT TL-1 low-height, glulam timber guardrail and end terminal system 

utilized in this study. Within the literature review, details specifically pertaining to relevant bridge 

railings and barriers as well as end treatments have been separated into Sections 2.2 and 2.3, 

respectively. 

Further, relevant bridge design manuals that are used by the Missoula Technology and 

Development Division were reviewed to assist with the design, layout, and configuration of the 

surrogate glulam timber deck system. This deck system was later constructed for use in the testing 

and evaluation program involving the glulam bridge rail segment supported by scupper blocks. 

Discussion of the relevant design manuals was also provided in Section 2.4. Further, the Missoula 

Technology and Development Division personnel were queried on occasion to answer questions, 

provide additional details, assist with design guidance, help with the selection of a representative 

glulam timber deck system, and finalize the surrogate glulam timber bridge deck system. 

2.2 Low-Height Timber Bridge Rails 

2.2.1 Low-Height, Sawn Timber Bridge Railing [5-11] 

In 1993, MwRSF researchers designed a low-height, curb type, timber bridge railing for 

the United States Department of Agriculture – Forests Service – Forest Products Lab (USDA-FS-

FPL). The project fulfilled a need to provide a low cost, low performance, bridge rail system for 

use on bridge decks found on low-volume roadways. As part of this study, three solid, sawn timber 

railing shapes were developed. These rail shapes included (1) an 8-in. x 8-in. square cross section, 

(2) a 9-in. x 8-in. trapezoidal cross section, and (3) a 4-in x 12-in. rectangular cross section. From 

the three cross sectional options, the square shape was selected to be mounted on solid sawn timber 

scupper blocks, thereby comprising the timber bridge railing. The selected square bridge rail 

supported on scupper blocks was then attached to a longitudinal glulam timber deck for full-scale 

crash testing. The remaining two cross sectional shapes were not examined with full-scale crash 

tests but rather R&D live-driver testing. However, researchers reported that the behavior of all 

three barrier shapes would likely perform similarly if subjected to the same full-scale crash test. 

The three timber bridge rail shapes are shown in Figure 1, including details for the 

mounting hardware and solid sawn timber scupper blocks. Additional pictures of the crash tested 

timber deck and railing system have been provided in Figure 2. The bridge railing system was 

attached to a 10¾-in. thick longitudinal glulam timber deck system. 

The 12-in. tall, low-height, sawn timber bridge railing was subjected to one full-scale crash 

test involving a 4406-lb pickup truck impacting at a speed of 14.4 mph and at an impact angle of 

15 degrees. The crash test results indicated that the barrier was adequate for containing passenger 

vehicles sub-TL-1 impact conditions found in the NCHRP Report No. 350 impact safety standards 

[12]. 
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(a) 8-in. x 8-in. Square Railing 

 

(b) 9-in. x 8-in. Trapezoidal Railing 

 

(c) 4-in x 12-in. Rectangular Railing 

Figure 1. Design Details for NCHRP 350 Sub-TL-1 Low-Height, Timber Bridge Railing [5]  



September 13, 2023 
MwRSF Report No. TRP-03-467-23-R1 

5 

 

(a) Front View 

 

(b) Lap Splice Connection 

Figure 2. Low-Height, Timber Bridge Railing - 12-in. Tall, Square Rail Shape [5]
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2.2.2 Low-Height, Glulam Timber Bridge Railing [7-14] 

In 1995, MwRSF researchers and USDA-FS-FPL personnel collaborated on the 

development of a low-height, glulam timber bridge rail for use on low volume roads. The bridge 

rail consisted of two solid sawn scupper blocks stacked on top of one another with a rectangular, 

glulam timber railing mounted on top of the scupper blocks. The top scupper block measured 7½ 

in. tall x 9½ in. wide x 23 in. long, and the bottom scupper block measured 5½ in. tall x 9½ in. 

wide x 23 in. long. Both scupper blocks were fabricated from S4S Grade No.1 Douglas Fir material 

and were treated with creosote. The rail segments were 19 ft - 11½ in. long and measured 6¾ in. 

tall x 10½ in. wide. The material selected for the rail segments was Combination No. 2 West Coast 

Douglas Fir and was treated with pentachlorophenol in heavy oil. Design drawings and 

photographs of the crash tested bridge railing system are provided Figures 3 and 4, respectively. 

The bridge railing system was attached to a 10¾-in. thick longitudinal glulam timber deck system. 

The 17¾-in. tall, low-height, glulam timber bridge railing was subjected to one full-scale 

crash test involving a 4435-lb pickup truck impacting at a speed of 31.6 mph and at an impact 

angle of 24.3 degrees. The bridge railing system was found to satisfactorily meet the TL-1 impact 

conditions found in NCHRP Report No. 350 [12]. 

Note that this bridge railing system was later modified to meet MASH TL-1 impact 

conditions when anchored to a nail-laminated timber bridge deck for the WVDOT. Discussion of 

this follow-on investigation is provided in much greater detail in Section 2.2.3 of this report. 

 

(a) Side View                                                                 (b) Back View 

Figure 3. Schematic of NCHRP 350 TL-1 Low-Height, Glulam Timber Bridge Railing – (a) Side 

View and (b) Back View [13] 
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(a) Scupper Block and Glulam Rail Connection 

 

(b) Upstream End View 

Figure 4. NCHRP 350 TL-1 Low-Height, Glulam Timber Bridge Railing – (a) Scupper Block 

and Glulam Rail Connection and (b) Upstream End View [13] 
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2.2.3 WVDOT Low-Height, Glulam Timber Bridge Railing [1-3] 

In 2009, MwRSF developed a MASH TL-1 low-height, timber glulam bridge railing for 

use on a transverse, nail-laminated timber bridge deck with a sloped end treatment for the 

WVDOT. The bridge rail consisted of two sawn timber scupper blocks stacked on top of one 

another with a rectangular, glulam timber railing mounted on top of the scupper blocks. The top 

scupper block measured 7½ in. tall x 9½ in. wide x 23 in. long, and the bottom scupper block 

measured 7½ in. tall x 9½ wide x 23 in. long. Both scupper blocks were fabricated from S4S Grade 

No.1 Southern Yellow Pine material and were treated with pentachlorophenol in heavy oil. The 

rail segments were 19 ft – 11¼ in. long and measured 6¾ in. tall x 12⅜ in. wide. The material 

selected for the rail segments was Combination No. 48 Southern Yellow Pine and was treated with 

pentachlorophenol in heavy oil. The bridge railing system was attached to a 5½-in. thick 

transverse, nail-laminated timber deck system that was configured using 2-in. x 6 in. dimensional 

lumber. 

For the research and development program, five static component tests were conducted on 

individual post setups that were configured using a 23-in. long segment of the glulam timber rail 

supported by two scupper blocks, one stacked on top of the other. The rail segment and two scupper 

blocks were connected to the transverse, nail-laminated timber deck using four ¾-in. diameter x 

30-in. long ASTM A307 timber bolts. Component details, dimensions, and material properties for 

the static testing program are provided in Table 1. Figure 5 provides a schematic for the static 

testing components that were anchored to the transverse, nail-laminated timber deck. 

Table 1 Bridge Railing Components and Parameters - Static Testing Program 

Component Parameter Value 

Scupper Blocks 

Length (in.) 23 

Width (in.) 9.5 

Height (in.) 7.5 

Grade, Species No. 1, SYP 

Rail Segment 

Length (in.) 23 

Width (in.) 12.375 

Height (in.) 6.75 

Grade, Species Combination 48, SYP 

Vertical Timber Bolts 

Length (in.) 30 

Grade/Specification ASTM A307 

Bolt Diameter (in.) 0.75 
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Figure 5. Bridge Railing Schematic - WVDOT Static Testing Program – Side View and Front 

View [1] 

For test nos. WVS-1 and WVS-4, vertical timber bolts were used to connect the 

components. For test nos. WVS-2, WVS-3, and WVS-5, vertical timber bolts were used with either 

split rings or shear plates at the various interfaces. The connection details for the different post 

configurations are provided in Table 2. The lateral force versus deflection curves from the five 

static component tests were over-plotted and are shown in Figure 6. Note that Figure 6 provides 

two curves for test no. WVS-1. During test no. WVS-1 (1st portion), instrumentation issues 

occurred during the initial static loading process. As such, the static test was stopped to modify the 

testing apparatus. Then, test no. WVS-1 (2nd portion) was restarted to obtain the necessary results. 

Table 2. Static Testing Plan and Connection Details 

Test No. Scupper Block Shear Connection Details 

WVS-1 Timber bolts through both scupper blocks and rail segment 

WVS-2 

Timber bolts through both scupper blocks and rail segment, split rings 

between scupper blocks, bottom scupper blocks and deck, & top scupper 

blocks and rail segment 

WVS-3 

Timber bolts through both scupper blocks and rail segment, shear plates 

between scupper blocks, bottom scupper blocks and deck, & top scupper 

blocks and rail segment 

WVS-4 Timber bolts through both scupper blocks and rail segment 

WVS-5 
Timber bolts through both scupper blocks and rail segment, & split rings 

between bottom scupper blocks & deck 
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After completing the static component testing program, MwRSF and WVDOT personnel 

determined that the rail segment and scupper block connection detail utilized in test nos. WVS-1 

and WVS-4 was satisfactory, cost effective, and should be subjected to a full-scale crash testing 

and evaluation program.  

Using the preferred rail and scupper block configuration from test nos. WVS-1 and WVS-

4, one full-scale vehicle crash test was conducted on a 19¾-in. tall, low-height, glulam timber 

bridge railing anchored to a full-size, transverse, nail-laminated bridge deck system supported by 

steel stringers. The crash test was performed according to the MASH TL-1 impact conditions using 

a 2270P pickup truck [1-3]. During the crash test, the bridge railing was subjected to a lateral 

dynamic deflection (D.D.) of 6.1 in. and a lateral permanent set (P.S.) of 2.4 in. Photographs of 

the bridge railing and deck system for the full-scale crash test are provided in Figure 7. After an 

analysis of the test results, it was concluded that the low-height, glulam timber bridge railing 

installed on a transverse, nail-laminated deck adequately met the AASHTO MASH TL-1 impact 

safety standards [3]. 
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(a) Front View 

 

(b) Back View 

Figure 7. MASH TL-1 Low-Height, Glulam Timber Bridge Railing on Transverse, Nail-

Laminated Deck – (a) Front View and (b) Back View [1] 
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2.3 Sloped End Treatments for Low-Height Barriers 

2.3.1 TTI Concrete End Treatment [15-16] 

In 1998, the Texas A&M Transportation Institute (TTI) developed a sloped concrete end 

treatment for use with a low-height, concrete work-zone barrier [15]. The sloped end treatment 

had an upstream end configured with a 4-in. tall blunt end measuring 14.4 in. wide, while its 

downstream end measured 20 in. tall and 28 in. wide. Additionally, the overall length of the 

treatment was 15 ft. The concrete end treatment was anchored to the road surface using seven steel 

pins spaced 24 in. apart from one another and inserted through the segment and road surface at its 

centerline. The end treatment was crash tested using four small cars and three pickup trucks in 

accordance with Test Level 2 safety performance criteria found in the NCHRP Report No. 350 

impact safety standards [12]. The seven crash test designation nos. and associated impact 

conditions used for the concrete end treatment are provided in Table 3. Following the completion 

of the full-scale crash testing program, the concrete end treatment was deemed crashworthy 

according to the TL-2 impact conditions published in the NCHRP Report No. 350 impact safety 

standards. Photographs of the TTI low-height, sloped concrete end treatment are provided in 

Figure 8. 

In 2013, TTI researchers modified the sloped concrete end treatment by removing the seven 

steel drop pins that were used to anchor the end section [16]. TTI then subjected the free-standing 

sloped concrete end treatment to two full-scale crash tests using the MASH TL-2 impact safety 

standards with a small car and a pickup truck, as summarized in Table 3 [4]. Following the 

completion of the full-scale crash testing program, the modified, sloped concrete end treatment 

was deemed crashworthy according to the MASH TL-2 impact safety standards. 

Table 3. TTI Crash Tests on Low-Height, Sloped Concrete End Treatment 

Reference 
Vehicle 

Type 

Crash Test 

Designation 

No. 

Target 

Impact 

Angle 

(degrees) 

Target 

Impact 

Speed 

(mph) 

Location of Impact 

1998 TTI 

[15] 

Small Car 

350 2-30 0 43.5 End of Terminal 

350 2-32 15 43.5 End of Terminal 

350 2-34 15 43.5 Critical Impact Point 

Pickup 

Truck 

350 2-31 0 43.5 End of Terminal 

350 2-33 15 43.5 End of Terminal 

350 2-35 20 43.5 Beginning of Length of Need 

350 2-39 20 43.5 Mid Length of Terminal 

2013 TTI 

[16] 

Small Car MASH 2-34 15 44 Critical Impact Point 

Pickup 

Truck 
MASH 2-35 25 44 Beginning of Length of Need 
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Figure 8. Low-Height, Sloped Concrete End Treatment [15] 
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2.3.2 Test Level 2, Low-Profile, Concrete Bridge Railing with Sloped End 

Treatment [17] 

In 2002, MwRSF researchers completed a Midwest Pooled Fund Program (MPFP) study 

to develop, test, and evaluate a low-height, reinforced concrete bridge railing to meet TL-2 impact 

safety standards published in NCHRP Report No. 350 [12, 17]. The 20-in. tall bridge railing was 

configured with a top width of 14 in. and base width of 11 in., as depicted in Figure 10. The bridge 

railing utilized a rectangular shape as the upper beam and a narrow, lower vertical wall to support 

the beam. Overall, the bridge railing generally appeared to be an upside-down “L” shape with the 

top section extending forward from the vertical wall, which was intended to reduce wheel climb 

during impact events. The concrete bridge rail was subjected to one full-scale crash test with 2000P 

pickup truck and resulted in satisfactory safety performance according to the TL-2 criteria found 

in NCHRP Report No. 350. 

For the end treatment, the 20-in. tall reinforced-concrete bridge railing was configured to 

slope downward to the roadway surface using the same vertical slope that was utilized for the TTI 

sloped concrete end treatment [15-16]. The sloped, reinforced-concrete end treatment was 15 ft 

long with an upstream height of 4 in. and width of 14 in., as shown in Figure 10. Using the noted 

configuration and geometry, MwRSF researchers deemed it unnecessary to conduct additional 

crash testing on the sloped concrete end treatment beyond that testing already conducted by TTI 

researchers [15]. 

 

Figure 9. Original MPFP Bridge Rail with Sloped Concrete End Treatment [17] 

2.3.3 USDA-FS-MT&D TL-1 Low-Profile, Concrete Bridge Railing with Sloped End 

Treatment [18] 

In 2020, USDA-FS-MT&D contracted with MwRSF to develop a MASH TL-1 version of 

the prior MPFP NCHRP Report No. 350 TL-2 low-height, reinforced concrete bridge railing with 

sloped concrete end section [17] without the need for full-scale vehicle crash testing. During the 

recent R&D effort [18], the width of the bridge railing was reduced by 4 in. The longitudinal and 

vertical steel reinforcement in the bridge rail was also modified. Due to the minor modifications 
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made to the bridge rail, no full-scale or component crash testing was required when considering 

that the system would only need to meet MASH TL-1 and be configured with a 20-in. top rail 

height. 

The original sloped end treatment that was connected to the bridge rail was also modified. 

The width of the end treatment was also reduced by 4 in., and the steel reinforcement was modified 

slightly. Since the changes to the end treatment were minor, no full-scale crash testing was deemed 

necessary. Figure 10 provides a schematic of the adapted concrete, low-height, sloped end 

treatment [18]. 

 

Figure 10. USDA-FS-MT&D Bridge Rail with Sloped Concrete End Treatment [18] 

2.3.4 WVDOT Timber Sloped End Terminal [1-2] 

In the West Virginia DOT study [1-2], a timber sloped end terminal was developed to 

properly treat the end of the bridge railing system. The geometry of the timber sloped end terminal 

was largely based on the geometry used in TTI’s crash-tested system [15-16], which later adapted 

to treat the end of the low-height, concrete bridge railing [17]. The timber end treatment utilized a 

35-ft long glulam rail segment that attached to the upstream end of the 19¾-in. tall, low-height, 

timber bridge rail. The last 15 ft of glulam timber rail was sloped downward toward the ground to 

create a top rail height of 4 in. above grade at the end of the treatment. To support the timber sloped 

end terminal beyond the bridge deck, four 6-ft long, W6x15 steel posts were attached to the 

underside of the glulam rail and embedded into the soil. Since this sloped end terminal was similar 

to the previously crash-tested TTI terminal, no crash testing was performed. Figure 11 provides 

multiple views of the timber sloped end terminal.  



September 13, 2023 

MwRSF Report No. TRP-03-467-23-R1 

17 

 

(a) Back Face 

 

(b) Front Face 

Figure 11. WVDOT Timber, Sloped End Terminal - (a) Back Face and (b) Front Face [1]  
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2.3.5 Comparison of Sloped End Terminals 

 In 1998, TTI researchers developed and successfully crash tested a concrete sloped end 

terminal under NCHRP Report 350 TL-2 impact conditions. Later, TTI’s sloped end terminal was 

adapted for use on several different barriers and bridge railings. In each of the adapted versions, 

changes to TTI’s original design were deemed to be minimal; therefore, researchers believed that 

additional crash testing was unnecessary. A comparison of the general geometries for the sloped 

end terminals is provided in Table 4. Other system details are available in references [1-2, 15-18]. 

Table 4. Comparison of Sloped End Terminals 

System 

Parameter 

1998  

350 TL-2  

TTI Concrete 

Treatment [15] 

20021 

350 TL-2 

NDOT Concrete 

Treatment [17] 

2013 

MASH TL-2 

TTI Concrete 

Treatment [16] 

20091 

MASH TL-1 

WVDOT Timber 

Treatment [1-2] 

20221 

MASH TL-1 

USDA-FS-

NTDP Concrete 

Treatment [18] 

Barrier Height 

(in.) 
20 20 20 19¾ 20 

Top Barrier Width 

(in.) 
28 14 28 12⅜ 10 

Lower Sloped 

End Height 

(in.) 

4 4 4 42 4 

Lower Sloped 

End Width 

(in.) 

14.4 14 14.4 12⅜ 10 

Sloped End 

Section Length 

(ft) 

15 15 15 15 15 

NTDP – National Technology & Development Program 
1 Crash testing not performed as system geometry deemed to be similar to prior systems. 
2 Sloped end is partially buried with height above grade varying between 19/16 in. and 4 in. 

 

2.4 Standard Plans for Timber Bridge Superstructures 

To adapt the TL-1 low-height, glulam bridge railing system for use on standard USDA-FS-

NTDP transverse, glulam timber decks, a thorough review was performed on standard plans 

pertaining to timber bridge superstructures, as developed by the USDA-FS-FPL, and on other 

MwRSF bridge railing development projects involving transverse, glulam timber decks. 

The USDA-FS-FPL published a standard plan document in 2001, Standard Plans for 

Timber Superstructures [19]. This document contains information on several typical timber deck 

bridge types utilized by the Forest Service, including transverse, glulam deck systems. Other 

information includes guidelines for design loadings, component dimensions, material grades and 

specifications, and construction procedures. Tables provide guidance on girder sizes based on span 

lengths for different bridge configurations. Further information covers attachment techniques used 

to connect glulam deck panels to glulam or steel girders, girders to bents and abutments, and 

addresses diaphragm spacing and connections. In 2019, an updated standard plan document was 

published by the Forest Service, Standard Plans for Glued-Laminated Timber Bridge 

Superstructures [20], which contains updated guidance on the same topics in regard to the 

transverse, glulam timber bridges that were included in the 2001 standard plan document [19].
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3 STATIC AND DYNAMIC TEST PLAN DEVELOPMENT 

3.1 Test Plan Requirements 

For this project, it was necessary to demonstrate that the previously-developed, low-height, 

bridge railing system would provide adequate strength when implemented on a transverse, glulam 

timber deck. As part of this effort, static testing and dynamic testing were planned on surrogate 

bridge rail sections that were supported by scupper blocks and anchored the two deck types. This 

testing layout would be similar to that used in the static testing program for the original bridge 

railing development [1-3]. Thus, the research team developed a series of requirements to ensure 

that adequate and reliable data would be acquired to observe the necessary behaviors to compare 

deck systems and show that the bridge rail could also be used on transverse, glulam timber decks. 

The testing program needed to replicate the original research and development effort by 

using the same materials for all components and constructing the surrogate rail and scupper block 

system in the same manner. For tests conducted on the transverse, nail-laminated, timber deck, the 

deck construction process was identical to that used in the prior study. The deck superstructure 

included the same girders, girder spacing, overhang length, attachment mechanism for the girder-

to-deck connection, and nailing pattern within the deck. For tests conducted on the transverse, 

glulam timber deck, a worst-case design scenario was necessary to ensure that the minimum or 

critical system strengths would be obtained and compared to the system strengths observed when 

implemented on a transverse, nail-laminated timber deck, as previously configured. To obtain this 

scenario, typical Forest Service glulam decks were reviewed, and critical design factors were 

considered, such as minimum deck thickness and weakest connection mechanism between girders 

and deck panels. 

A full size, bridge railing system was not needed for this component testing program. Thus, 

the length of bridge system for each deck type only needed to account for the length of deck that 

would experience the distributed load and resulting deflections, which was likely dependent on the 

connection between adjacent deck members and the connection between the deck and girders. 

Therefore, video data from the full-scale crash test [1-2] was reviewed to determine the length of 

transverse, nail-laminated, timber deck assuming an estimated load distribution with associated 

deformations. Next, the length of transverse, glulam timber deck that was required for the 

component testing program was based on the number of tests, the load distribution within deck 

panels, and the space required to conduct impact tests with a surrogate vehicle. The final design 

details for each testing program are discussed in subsequent sections.
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4 TRANSVERSE, NAIL-LAMINATED TIMBER DECK AND RAIL 

4.1 Design Decisions 

As noted previously, the deck details utilized in the WVDOT study were replicated for this 

study. The only design modification pertained to the length of the transverse, nail-laminated, 

timber deck. Since no full-scale crash testing was to be performed, a shorter bridge length was 

acceptable. A 10-ft centerline distance between scupper blocks was maintained. The length of the 

deck from each scupper block to the end of deck was determined to be at least 8 ft, thus resulting 

in an initial deck length of 26 ft instead of 120 ft, as used in the crash testing program. Although 

26 ft was initially planned, the final constructed length of deck was 31 ft. For discussion on the 

construction process that resulted in the deck length increasing from 26 to 31 ft as well as its shifted 

position, Appendix B. 

4.2 Superstructure and Substructure 

The transverse. nail-laminated, timber bridge deck had a width of approximately 14 ft and 

a spanning length of 31 ft. Additionally, the nail-laminated deck had an overhang length of 50⅟16 

in., as measured from the edge of the deck to the vertical centerline of the exterior-most girder. 

The deck surface was constructed utilizing 2-in. x 6-in. x 14-ft long, grade No. 1 Southern Yellow 

Pine (SYP), dimensional lumber boards. For the component testing on the nail-laminated deck, the 

boards were treated with 0.15 lb/ft3 of micronized copper azole. However, it is recommended that 

0.60 lb/ft3 of pentachlorophenol in heavy oil, or other similar treatment, be used to preserve the 

lumber boards comprising this deck type. The boards were all placed on end and were then nailed 

together using 20d or 20 penny “common” nails. The 20d nails were inserted perpendicular to, and 

through the wide face of the boards. The construction process for the transverse, nail-laminated, 

timber deck is shown in Figure 12. In addition, Figures 13 through 37 provide the plan drawings 

for the nail-laminated, timber deck. Since each board was nailed to adjacent boards, the deck was 

considered to be structurally continuous. A specific nail pattern was developed and repeated every 

four boards to prevent the nails inserted in one board from hitting the nails in adjacent boards. The 

special nail pattern also considered the location of vertical bolts that were used to anchor the 

scupper blocks to prevent nails from contacting timber bolts. The nailing pattern for the boards is 

shown below in Figures 19 and 20. The boards were further connected to one another using a 

minimum of two beads of liquid nails at the outer 3 ft of the 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 to improve load transfer between boards [1]. 

Steel anchor brackets were utilized to anchor the deck to the girders. The anchor brackets 

were placed between two adjacent boards and were connected to the boards using two 20d nails. 

To connect the brackets to the girders supporting the deck, the anchor brackets were slotted over 

either side of the inner most top flange girder, and over the inside facing top flange of the exterior 

facing girder. For more details on the anchor bracket pattern used, see Figures 23 and 24. The 

brackets were manufactured from 11-gauge, ASTM A653 G90 galvanized steel sheet. The anchor 

brackets were cut directly from this sheet to the dimensions shown in Figure 23. 

Once the nail-laminated deck was fully assembled and anchored to the steel girders, a 2-

in. thick, surrogate wearing surface was placed over the timber deck. For testing purposes, two 

sheets of plywood with spacer boards were laid on top of one another and placed over the deck. 
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This surrogate wearing surface was placed on the timber deck for the testing and evaluation 

program to reduce construction costs. For the long-term use of the bridge system, it is 

recommended that a permanent, durable material (i.e., asphalt) be used to surface and protect the 

timber deck. 

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. To laterally brace the steel girders between the concrete supports, C-channel beams were 

utilized at intervals of approximately 12.5 ft along the length of the girders. As noted in Section 

5.1, the transverse, nail-laminated, timber deck was utilized in a prior MwRSF research project 

that was conducted for the WVDOT. Since the girders, bents, and abutments from this previous 

study were still installed and in good condition, they were reused for this project’s component 

testing program. In the previous study, a deck length of 120 ft was used to conduct a full-scale, 

MASH TL-1 crash test. However, only 26 ft of deck was needed for the necessary component 

testing program. Initially, the 26-ft long deck was center in a 40 ft span of the 120-ft long bridge 

system. Appendix B, the 26-ft long deck required an additional 5 ft and was shifted slightly. The 

modifications to the deck span are shown in Figure 13. 



 

 

2
2
 

S
ep

tem
b

er 1
3
, 2

0
2
3
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
6
7
-2

3
-R

1
 

        
(a) Construction of Nail-Laminated Deck                     (b) Anchor Brackets on Underside of Nail-Laminated Deck 

        
                     (c) Side View of Nail-Laminated Deck                                         (d) Back View of Nail-Laminated Deck 

Figure 12. Construction of Transverse, Nail-Laminated, Timber Deck
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Figure 13. Transverse, Nail-Laminated, Timber Deck and Test Nos. MGTR-1S and MGTR-1D System Layout 
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Figure 14. Test Plan and Layout, Test Nos. MGTR-1S and MGTR-1D 
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Figure 15. Testing Layout, Test No. MGTR-1S 
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Figure 16. Testing Layout, Test No. MGTR-1D 
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Figure 17. Scupper Assembly Details, Test No. MGTR-1S 
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Figure 18. Scupper Assembly Details, Test No. MGTR-1D 
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Figure 19. Exterior Nail Pattern for Timber Deck, Test Nos. MGTR-1S and MGTR-1D 
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Figure 20. Interior Nail Pattern for Timber Deck, Test Nos. MGTR-1S and MGTR-1D 
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Figure 21. Rail Components, Test Nos. MGTR-1S and MGTR-1D 
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Figure 22. Nail-Laminated, Timber Bridge Deck Lumber Details, Test Nos. MGTR-1S and MGTR-1D 
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Figure 23. Deck Anchor Bracket Details, Test Nos. MGTR-1S and MGTR-1D 
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Figure 24. Bridge Pit Superstructure, Substructure, and Deck Anchor Bracket Layout, Test Nos. MGTR-1S and MGTR-1D 
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Figure 25. Bridge Pit Superstructure and Substructure, Test Nos. MGTR-1S and MGTR-1D 
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Figure 26. Bridge Superstructure and Substructure, Test Nos. MGTR-1S and MGTR-1D 
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Figure 27. Crossmember Attachment Details, Test Nos. MGTR-1S and MGTR-1D 
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Figure 28. Bridge Abutment Assembly, Test Nos. MGTR-1S and MGTR-1D 
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Figure 29. Bridge Pier Assembly Test Nos. MGTR-1S and MGTR-1D 
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Figure 30. Cross Member Details, Test Nos. MGTR-1S and MGTR-1D 
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Figure 31. Cross Member Attachment Brackets, Test Nos. MGTR-1S and MGTR-1D 
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Figure 32. Bridge Substructure Hardware, Test Nos. MGTR-1S and MGTR-1D 
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Figure 33. Existing Concrete Supports, Test Nos. MGTR-1S and MGTR-1D 
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Figure 34. Rebar Details, Test Nos. MGTR-1S and MGTR-1D 
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Figure 35. Hardware, Test Nos. MGTR-1S and MGTR-1D 
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Figure 36. Bill of Materials, Test Nos. MGTR-1S and MGTR-1D 
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Figure 37. Bill of Materials, Cont., Test Nos. MGTR-1S and MGTR-1D 
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5 TRANSVERSE, GLULAM TIMBER DECK AND RAIL 

5.1 Design Decisions 

As noted previously, the USDA-FS-FPL standard plans and USDA-FS-NTDP bridge rails, 

transverse glulam timber decks, and superstructures plans and details were reviewed. After 

completing this task, a general questionnaire was prepared and sent to the sponsor to gather 

additional information to better understand typical layouts and design procedures. The 

questionnaire responses and additional discussion were used to develop the layout for the 

transverse, glulam, timber deck and its supporting elements that would be used in the component 

testing program. The questionnaire, responses, and additional discussion points, are provided in 

Appendix A. 

5.2 Superstructure and Substructure 

First, the research team concluded that a surrogate bridge system could be used to complete 

the investigation, which could be performed utilizing smaller girder sizes to reduce construction 

costs, when available. The sponsor indicated that all girder sizes are used and depend on the 

constraints of each real-world project. With this information, a test plan was created utilizing a 20-

ft long bridge segment for performing the static and dynamic component tests. Utilizing the tables 

provided in FPL-GTR-125 [19], which was the currently-utilized standard plan document for the 

USDA-FS-NTDP, the suggested girder size for 20-ft long beams spanning 19 ft was 6¾-in. wide 

by 16½-in. tall. This suggested girder size corresponds to a DF Glulam Combination No. 24F-V4 

beam. This beam type has been used in the past research and development programs at MwRSF. 

Based on information from the tables and sponsor, a 4-ft wide center-to-center spacing between 

girders was selected along with a 2-ft long exterior cantilever or overhang distance. A three girder 

system created a surrogate bridge deck with symmetry, where the deck panels extended 2 ft from 

the centerline of the outer girders. The girders were connected to the concrete supports using 

guidance provided in FPL-GTR-125 [19],which denoted the use of ½-in. thick steel plate members 

and a ¾-in. thick elastomeric bearing pad under the girder. 

A 20-ft long surrogate bridge system was also based on typical sizing of transverse, glulam 

timber deck panels, as shown in Figure 39. The sponsor indicated that a typical transverse deck 

panel measures 4 ft wide, which corresponds to the longitudinal direction of the bridge. Thus, the 

bridge system required the use five (5) panels. The transverse, glulam timber deck panels would 

measure 5⅛ in. thick by 12 ft long by 4 ft wide, fabricated from DF Glulam Combination No. 2. 

From the questionnaire, it was determined that the Forest Service does not always provide a 

connection between consecutive transverse deck panels. Without a mechanism connecting 

adjacent panels to one another, the distribution of forces and deflections from one panel to the next 

panel was initially assumed to be minimal. This assumption allowed for the two rail segments 

supported by scupper blocks to be tested on separate glulam deck panels with a reduced risk of 

one test setup significantly affecting the other test setup. For this reason, one component test setup 

was expected to be placed on the second panel from one end of the bridge system, while the second 

component test setup was placed on the fourth panel from the same end of the bridge system. The 

component test setups were planned to be centered across the width of the second and fourth 

panels, which assumed that only one panel would provide resistance and result in a worst-case 

scenario for testing and evaluation. 
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When using glulam girders in this type of bridge system, glulam diaphragms are also 

utilized. FPL-GTR-125 [19] provides guidance on typical sizes and spacings for diaphragms based 

on girder length. Further, guidance is provided on methods used to connect the diaphragms to the 

girders. For a 20-ft long bridge system, two diaphragms are used between each set of girders, 

spaced 14 ft apart. Each line of diaphragms is placed 3 ft from the end of the girder, but the 

diaphragms are offset from this line, as shown in Figure 134 [19]. Although an offset of 6 in. 

typical due to interference between the tie rods that connect the diaphragms to the girders and the 

lag screws that connect the deck panels to the girders, an offset of 9 in. was used. 

 

Figure 38. Typical Glulam Diaphragm Layout [19] 

Per guidance from FPL-GTR-125 [19], glulam diaphragms are suggested to be 5⅛-in. 

thick, 8 in. shorter than the height of the girder, and ⅛ in. less than the clear span between girders. 

The diaphragms should be connected to the girders using two tie rods routed through the center of 

the diaphragm and anchored with malleable iron washers and nuts of the opposite sides of each 

girder. The diameter of the tie rods can be either ¾ or ⅞ in. The tie rod routes are typically centered 

on the diaphragm width and placed at the third glue line from the top and bottom surfaces [19]. 

For the previously-discussed girder configuration, the diaphragms would measure 5⅛ in. thick by 

8½ in. tall by 41⅛ in. long. If an 8½-in. tall diaphragm were used, there would not be enough 

laminations to place two routes through the diaphragm, as this size only contains 5⅔ laminations. 

In order to adequately provide space for the tie rod connections within the diaphragms, a 12-in. 

tall diaphragm should be utilized, and the routes should be made at the second glue line from the 

top and bottom surfaces of each diaphragm for ¾-in. diameter tie rods. 
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For the final test bridge, each transverse, glulam timber deck panel measured 5⅛ in. thick 

by 4 ft wide by 12 ft long, spanned 20 ft (five 4-ft wide panels), and extended 2 ft beyond the 

vertical centerline of the two exterior girders. The deck panels were constructed from Combination 

No. 2 Douglas Fir (DF) and were treated using 0.60 lb/ft3 of pentachlorophenol in heavy oil. To 

anchor the timber deck panels to the glulam girders, ¾-in. diameter x 11-in. long steel lag bolts 

were anchored into each of the three glulam girders using a longitudinal spacing of 12 in. As an 

alternative attachment mechanism, steel anchor brackets could have been used to attached to the 

underside of the deck and then connected to the sides of the glulam girders. However, lag bolts 

were utilized to test the most critical design. For further discussion on the connection design 

decisions for the glulam timber deck, see Appendix A. The heads of the lag bolts were countersunk 

into the deck panels. Again, the deck panels were placed directly adjacent to one another but were 

not inter-connected. The lines of holes to recess lag bolts for making the deck-to-girder connection 

is shown in Figure 39(d). 

Once the glulam deck was anchored to the glulam girders, a 2-in. thick, surrogate wearing 

surface was placed over the timber deck. For testing purposes, two sheets of plywood with spacer 

boards were laid on top of one another and placed over the deck. This surrogate wearing surface 

was placed on the timber deck for the testing and evaluation program to reduce construction costs. 

For the long-term use of the bridge system, it is recommended that a permanent, durable material 

(i.e., asphalt) be used to surface and protect the timber deck. 

Overall, the support for the transverse, glulam timber bridge deck system consisted of two 

concrete bents and three glulam girders. Glulam diaphragms provided bracing for the glulam 

girders, which were placed between the three girders at a longitudinal spacing of 15½ ft. The 

glulam girders were made from Combination No. 48 Southern Yellow Pine (SYP) material, and 

the diaphragm members were constructed from Combination No 2 Douglas Fir (DF) material. 

Additionally, all glulam members were treated with 0.60 lb/ft3 of pentachlorophenol in heavy oil. 

For construction photographs documenting the installation of the glulam timber deck, see in Figure 

39. For design and CAD details for the glulam test bridge and substructure, see Figures 40 through 

58.
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(a) Connection Details Between Bent to Glulam Girder                            (b) 2-in. Thick Surrogate Wearing Surface on Glulam Deck 

                          

 (c) Construction of Glulam Girders and Diaphragms                                (d) Layout of Glulam Panels on Deck 

Figure 39. Construction of Transverse, Glulam Timber Deck 
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Figure 40. Transverse, Glulam Timber Deck and Test Nos. MGTD–1S and MGTD-1D System Layout 
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Figure 41. Test Plan and Layout, Test Nos. MGTD–1S and MGTD-1D 
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Figure 42. Testing Layout, Test No. MGTD-1S 
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Figure 43. Testing Layout, Test No. MGTD-1D 
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Figure 44. Scupper Assembly Details, Test No. MGTD–1S 
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Figure 45. Scupper Assembly Details, Test No. MGTD-1D 
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Figure 46. Diaphragms and Girders Spacing Details, Test Nos. MGTD-1S and MGTD-1D 
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Figure 47. Detail View of Girder Connection, Test Nos. MGTD-1S and MGTD-1D 
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Figure 48. Steel Plate Bearing Shoe to Concrete Attachment Assembly, Test Nos. MGTD-1S and MGTD-1D 
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Figure 49. Concrete Casting Details and Parts, Test Nos. MGTD-1S and MGTD-1D 



 

 

6
2
 

S
ep

tem
b

er 1
3
, 2

0
2
3
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
6
7
-2

3
-R

1
 

 

Figure 50. Rebar Details, Test Nos. MGTD-1S and MGTD-1D 
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Figure 51. Steel Plate Bearing Shoe Assembly, Test Nos. MGTD-1S and MGTD-1D 
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Figure 52. Steel Plate Bearing Shoe Components, Test Nos. MGTD-1S and MGTD-1D 
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Figure 53. Rail Components, Test Nos. MGTD-1S and MGTD-1D 
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Figure 54. Girder Details, Test Nos. MGTD-1S and MGTD-1D 
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Figure 55. Diaphragm and Deck Part Details, Test Nos. MGTD-1S and MGTD-1D 
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Figure 56. Deck Part Details, Test Nos. MGTD-1S and MGTD-1D 
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Figure 57. Hardware, Test Nos. MGTD-1S and MGTD-1D 
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Figure 58. Bill of Materials, Test Nos. MGTD-1S and MGTD-1D 
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6 COMPONENT TESTING PROGRAM 

6.1 Plan 

For this study, the research team was tasked with demonstrating that the MASH TL-1 low-

height, glulam bridge railing system would perform in an acceptable matter when adapted from 

transverse, nail-laminated timber bridge decks to transverse, glulam timber bridge decks. To 

perform this effort, dynamic and static component tests were planned to demonstrate that the 

bridge railing system provides equivalent or greater lateral stiffness, strength, and energy 

dissipation, when installed on transverse, glulam decks as compared to transverse, nail-laminated 

decks. 

Thus, the research team configured 3-D test plans and CAD details for constructing one 

surrogate glulam bridge deck system and one surrogate nail-laminated bridge deck system. Each 

bridge system had two short glulam rail segments supported and anchored to the deck using two 

scupper blocks. One static and one dynamic component test was conducted on each deck type and 

analyzed to compare lateral stiffness, strength, energy dissipation, and overall performance 

between deck types. Upon completion of the component tests, the test results would be compared 

to one another, and conclusions would be made regarding the performance and crashworthiness of 

the low-height, glulam bridge rail installed on both transverse glulam and transverse nail-lam 

bridge decks. 

6.2 Dynamic Testing Setup 

Two dynamic component tests were planned on short sections of the bridge rail where the 

rail segment was supported by two scupper blocks and anchored to the timber decks. The first 

dynamic test was planned for the nail-laminated, timber deck, and the second dynamic test was 

planned for the glulam timber deck. The short rail section consisted of a 23-in. long, timber glulam 

rail segment, which was supported by two glulam scupper blocks. The rail segment was fabricated 

using the originally-requested Combination No. 48 SYP timber. Originally, the scupper block 

material for the dynamic component testing program was to be manufactured using Grade No. 1 

SYP. However, due to supply chain issues, the scupper block material was replaced with a glulam 

substitute. The scupper blocks and rail segments were treated with 0.60 lb/ft3 of pentachlorophenol 

in heavy oil. The scupper blocks and rail segments were connected and anchored to each deck type 

using four ¾-in. diameter x 10 UNC by 30-in. long ASTM A307 Grade A timber bolts. The top 

railing height was 21¾ in. above the timber deck and 19¾ in. above the surrogate wearing surface. 

The timber bolts were then fastened to the bottom of each deck type using ¾-in. diameter, 

malleable iron washers with nuts. 

For the glulam deck, the target impact speed of the bogie was set for 11 mph at an impact 

angle of 90 degrees. For the nail-laminated deck, the target impact speed of the bogie was 13 mph 

at an impact angle of 90 degrees. The midpoint of the bogie’s rigid head was targeted to impact 

the centerline of the glulam rail at 16⅜ in. above the 2-in. thick, surrogate wearing surface. The 

test matrix for the two dynamic tests is shown in Table 5 and the test setup for the dynamic tests 

performed on the nail and glue laminated deck is shown in Figures 13 and 15 and Figures 41 and 

43 respectively. Additionally, material specifications, mill certifications, and certificates of 

conformity for the two bridge railing and deck systems are shown in Appendix C and Appendix 

D. 



September 13, 2023 

MwRSF Report No. TRP-03-467-23-R1 

72 

Table 5. Bogie Testing Matrix 

 

 

 

6.3 Dynamic Testing Equipment and Instrumentation 

Equipment and instrumentation utilized to collect and record data for the dynamic bogie 

tests included a bogie vehicle, a test jig, accelerometers, a retroreflective speed trap, high-speed 

and standard-speed digital video, and still cameras. 

6.3.1 Accelerometers 

Two accelerometer systems were mounted on the bogie vehicle near its center of gravity 

(c.g.) to measure the acceleration in the longitudinal, lateral, and vertical directions. However, only 

the longitudinal acceleration was processed and reported. 

The SLICE-1 and SLICE-2 units were modular data acquisition systems manufactured by 

Diversified Technical Systems, Inc. of Seal Beach, California. Triaxial acceleration and angular 

rate sensor modules were mounted inside the bodies of custom-built SLICE 6DX event data 

recorders equipped with 7GB of non-volatile flash memory and recorded data at 10,000 Hz to the 

onboard microprocessor. The accelerometers had a range of ±500g’s in each of three directions 

(longitudinal, lateral, and vertical) and a 1,650 Hz (CFC 1000) anti-aliasing filter. The SLICE 

MICRO Triax ARS had a range of 1,500 degrees/sec in each of three directions (roll, pitch, and 

yaw). The raw angular rate measurements were downloaded, converted to the proper Euler angles 

for analysis, and plotted. The “SLICEWare” computer software program and a customized 

Microsoft Excel worksheet were used to analyze and plot both the accelerometer and angular rate 

sensor data. 

6.3.2 Bogie Vehicle 

A rigid-frame bogie was used to impact the low-height, glulam timber rail and scupper 

blocks. The same impact head was used for both dynamic tests. The bogie head was constructed 

of 8-in. diameter, ½-in. thick standard steel pipe, with ¾-in. neoprene belting wrapped around the 

pipe to prevent local damage to the post from the impact. The impact head was bolted to the bogie 

vehicle, creating a rigid attachment with an impact height of 16⅜ in. for test nos. MGTD-1D and 

MGTR-1D. The bogie vehicle with impact head is shown in Figure 59. The weight of the bogie 

with the impact head and accelerometers was 5,220 lb for both test nos. MGTD-1D and 

MGTR-1D. 

The bogie tests were conducted using a steel corrugated beam guardrail to guide the tires 

of the bogie vehicle. A pickup truck was used to push the bogie vehicle to the required impact 

velocity. After reaching the target velocity, the push vehicle braked, allowing the bogie to be free 

rolling as it came off the track before impacting the bridge rail segment. A radio-controlled brake 

system was installed on the bogie, allowing it to be brought safely to rest after the test.  

Test No. Deck Type 
Target Impact 

Speed (mph) 

Impact Height 

(in.) 

MGTD-1D Glulam 11 16⅜ 

MGTR-1D Nail-Laminated 13 16⅜ 
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(a) Test No. MGTD-1D (Glulam) 

 
(b) Test No. MGTR-1D (Nail-Lam) 

Figure 59. Bogie Vehicle for Dynamic Component Tests – (a) Test No. MGTD-1D (Glulam) and 

(b) Test No. MGTR-1D (Nail-Lam) 
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6.3.3 Retroreflective Optic Speed Trap 

For tests nos. MGTD-1D and MGTR-1D, a retroreflective optic speed trap was used to 

determine the speed of the bogie vehicle before impact. In both tests, three retroreflective targets, 

spaced at approximately 18-in. intervals, were applied to the side of the bogie vehicle. When the 

emitted beam of light was reflected by the targets and returned to the Emitter/Receiver, a signal 

was sent to the data acquisition computer, recording at 10,000 Hz, as well as the external LED box 

activating the LED flashes. The speed was then calculated using the spacing between the 

retroreflective targets and the time between the signals. LED lights and high-speed digital video 

analysis are used as a backup if vehicle speeds cannot be determined from the electronic data. 

6.3.4 Digital Photography 

Three AOS high-speed digital video cameras, six GoPro digital video cameras, and three 

Panasonic digital cameras were used to document each test. The AOS high-speed cameras had a 

frame rate of 500 frames per second, the GoPro video cameras had a frame rate of 240 frames per 

second, and the Panasonic digital video cameras had a frame rate of 120 frames per second. The 

cameras were placed laterally from the post, with a view perpendicular to the bogie’s direction of 

travel. A digital still camera was also used to document pre and post-test conditions for all tests. 

6.4 Dynamic Testing End of Test Determination 

When the impact head initially contacts the test article, the force exerted by the bogie 

vehicle is directly perpendicular. However, as the post rotates, the bogie’s orientation and path 

move away from perpendicular. This behavior introduces two sources of error: (1) the contact 

force between the impact head and the post has a vertical component and (2) the impact head slides 

upward along the test article. Therefore, only the initial portion of the accelerometer trace should 

be used; since, variations in the data can be significant as the system rotates, and the bogie 

overrides the system. Additionally, guidelines were established to define the end of test time using 

the high-speed video of the impact. The first occurrence of either of the following events was used 

to determine the end of the test: (1) the test article fractured or (2) the bogie overrode or lost contact 

with the test article. 

6.5 Dynamic Testing Data Processing 

The electronic accelerometer data obtained in dynamic testing was filtered using the SAE 

Class 60 Butterworth filter conforming to the SAE J211/1 specification [21]. The pertinent 

acceleration signal was extracted from the bulk of the data signals. The processed acceleration data 

was then multiplied by the mass of the bogie to get the impact force using Newton’s Second Law. 

Next, the acceleration trace was integrated to find the change in velocity versus time. Initial 

velocity of the bogie, calculated from the retroreflective optic speed trap data, was then used to 

determine the bogie’s velocity and the calculated velocity trace was integrated to find the bogie’s 

displacement. This displacement is also the displacement of the post. Combining the previous 

results, a force versus deflection curve was plotted for each test. Finally, integration of the force 

versus deflection curve provided the energy versus deflection curve for each test. 



September 13, 2023 

MwRSF Report No. TRP-03-467-23-R1 

75 

6.6 Static Testing Setup 

Two static component tests were also planned on short sections of the bridge rail where the 

rail segment was supported by two scupper blocks and anchored to the timber decks. The first 

static test was planned for the nail-laminated, timber deck, and the second static test was planned 

for the glulam timber deck. The short rail section consisted of a 23-in. long, timber glulam rail 

segment, which was supported by two glulam scupper blocks. The rail segment was fabricated 

using the originally-requested Combination No. 48 SYP timber. Originally, the scupper block 

material for the dynamic component testing program was to be manufactured using Grade No. 1 

SYP. However, due to supply chain issues, the scupper block material was replaced with a glulam 

substitute. The scupper blocks and rail segments were treated with 0.60 lb/ft3 of pentachlorophenol 

in heavy oil. The scupper blocks and rail segments were connected and anchored to each deck type 

using four ¾-in. diameter x 10 UNC by 30-in. long ASTM A307 Grade A timber bolts. The top 

railing height was 21¾ in. above the timber deck and 19¾ in. above the surrogate wearing surface. 

The timber bolts were then fastened to the bottom of each deck type using ¾-in. diameter, 

malleable iron washers with nuts. 

The two rail section were loaded using a ⅞-in. diameter, steel rod that was transversely 

inserted through the mid-height of the glulam rail segment. An eye nut was attached to the bolt on 

the back side of the rail, and a ½-in. thick, 6¾-in. by 23-in. steel plate was used to distribute the 

load to the front face of the rail segment. The test matrix for the two static tests is shown in Table 

6. The static testing setup for the nail-laminated deck is shown in Figures 13 and 14 and the static 

testing for the glulam deck is shown in Figures 41 and 42. Additionally, material specifications, 

mill certifications, and certificates of conformity for the two bridge railing and deck systems are 

shown in Appendix C and Appendix D. 

Table 6. Static Testing Matrix 

Test No. Deck Type 

MGTD-1S Glulam 

MGTR-1S Nail-Laminated 

6.7 Static Testing Equipment and Instrumentation 

For static test nos. MGTD-1S and MGTR-1S, the eye nut attached to the back face of the 

rail segment was connected to a 50,000-lb capacity hydraulic ram. The hydraulic ram was attached 

to a steel anchor frame, which was bolted down to the concrete tarmac. To measure the load and 

displacement of the rail and scupper block system, two load cells were attached to the hydraulic 

ram, and a string potentiometer was connected to the front head of the ⅞-in. diameter steel bolt 

that was used to load the two rail and scupper block systems. 

It should be noted that the ⅞-in diameter, horizontal loading bolt fractured in static 

component test no. MGTR-1S at a tension load of approximately 11.7 kips. As a result, the static 

test was repeated as test no. MGTR-1SB. Before beginning this repeat test, the damaged malleable 

iron washers under the deck were replaced, and the vertical attachment bolts that anchored the rail 

and scupper blocks to the deck were re-tightened. The test setup for test nos. MGTD-1S and 

MGTR-1S are shown in Figures 60 and 61 respectively.  
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(a) Front View 

 

(b) Back View 

Figure 60. Setup of Static Component Test on Glulam Deck – (a) Front View and (b) Back View 
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(a) Front View 

 

(b) Back View 

Figure 61. Setup of Static Component Test on Nail-Laminated Deck – (a) Front View and (b) 

Back View  
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7 COMPONENT TESTING RESULTS AND DISCUSSION 

7.1 Dynamic Bogie Testing Results 

Two dynamic component tests were conducted with a bogie vehicle impacting the low-

profile, glulam timber railing system on two transverse timber deck types. A description and details 

for each test, including sequential and post-test photographs, are contained in the following 

sections. The accelerometer data for each test was processed to obtain acceleration, velocity, and 

deflection curves, as well as force versus deflection and energy versus deflection curves. Although 

the individual transducers produced similar results, the values reported herein were calculated from 

the SLICE-2 data curves to provide a common basis for comparing results from multiple tests. 

Test results for all transducers are provided in Appendix E. 

7.1.1 Test No. MGTD-1D (Transverse, Glulam Timber Deck) 

7.1.1.1 Force vs. Deflection and Energy vs. Deflection Responses 

Test No. MGTD-1D was conducted with a bogie impacting the low-profile, glulam timber 

railing system on a transverse, glulam timber deck at the height of 163/8 in. (measured from the top 

of the wearing surface to the bogie head centerline) and an angle of 90 degrees and a speed of 13.1 

mph. The impact caused rotational bending of the railing system and vertical deflection on the 

glulam timber deck. The lateral rail deflection reached approximately 10½ in. and occurred before 

tensile rupture of the glulam rail. 

Findings from this dynamic bogie impact test were in the form of experimental data that 

define the general behavior of the glulam timber railing system on a transverse, glulam timber 

deck subjected to lateral impact force. The most important results were plots of lateral resistive 

force as a function of lateral rail deflection and energy dissipated (work performed) as a function 

of lateral rail deflection. Force vs. deflection and energy vs. deflection curves were created from 

the SLICE-2 accelerometer data and are shown in Figure 62. Work performed by the low-profile, 

glulam rail, scupper blocks, and deck was equal to the change in kinetic energy of the bogie 

vehicle. Energy absorption or work done on the timber bridge railing and deck system was 

determined by integrating the lateral rail force vs. lateral rail deflection curve. The energy 

dissipation during lateral impacts into the bridge railing and-deck system can be elastic but may 

also be inelastic. For inelastic events, the bogie’s kinetic energy is transformed into other forms of 

energy, i.e., elastic strain-energy and non-recoverable plastic work. The transformation and 

dissipation of plastic work are related to permanent deformation and damage within the timber 

bridge railing system. 

The shape of the force vs. deflection curve is the result of the impact velocity. At higher 

impact speeds, the peak force is expected to be larger. Inertial effects resulted in a peak force of 

25.1 kips, which occurred at a deflection of 1.1 in., and an average force of 10.8 kips at 10 in. of 

rail deflection, as depicted in Figure 62. The average force was calculated by dividing energy by 

rail displacement at the impact height. At the rail’s maximum lateral rail deflection of 10½ in., the 

rail and scupper block assembly on a transverse, glulam timber deck absorbed 107.7 kip-in. of 

energy. Two typical characteristics of the lateral resistive force vs. lateral rail deflection curve are: 

(1) the inertial peak force caused by the momentum transfer from the impact bogie vehicle to the 

bridge rail and deck system and (2) a fluctuating impact force followed by a rapid decline caused 
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by the rail, scupper blocks, and deck system subjected to rotational bending resistance and 

propagation of a pre-existing crack in the bridge railing system. This crack continued to grow until 

approximately 7.5 in. of rail deflection. Time sequential and post-impact photographs are shown 

in Figure 63. Details regarding rail splitting is provided in Section 7.1.1.3. 

 
(a) 

 
(b) 

Figure 62. Test No. MGTD-1D Results for Transverse, Glulam Timber Deck: (a) Lateral Force 

vs. Lateral Deflection and (b) Energy vs. Lateral Deflection Responses 
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 IMPACT 

 
 0.01 sec 

 
 0.02 sec 

 
 0.03 sec 

 
 0.04 sec 

 
 0.05 sec 

Figure 63. Time-Sequential and Post-Impact Photographs, Test No. MGTD-1D  
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7.1.1.2 Dynamic Vertical Deck Deflection 

In order to obtain additional data for discerning the crashworthiness of the transverse, 

glulam timber deck with glulam bridge railing system for MASH TL-1 impact conditions, the 

vertical deck deflection at its outer edge was determined during the dynamic component testing 

program. Since determining the vertical deck deflection is not a standard analysis procedure 

performed for a typical dynamic component testing program, a brief discussion is provided herein 

regarding the procedure utilized to obtain the vertical deck deflection. 

Before plotting the vertical deck deflection against lateral resistive force or energy, the 

vertical deflection versus time was obtained from the analysis of video footage taken during the 

dynamic bogie test. An AOS studio software was utilized to determine the vertical deck deflection 

versus time plots. Within this software, the time was recorded in frames per second (fps). 

Therefore, the recording frame rate of the impact test was utilized to compute the time duration 

within that video. The objects in the video were scaled against the actual sizes of the objects used 

during the physical component test to determine the vertical deck deflection at various time states. 

The ratio between the objects in the video and the objects in the actual test could be determined 

using an object whose actual dimensions were known. This knowledge allowed the vertical deck 

deflection that occurred within the video to be scaled to the actual deflection during the physical 

impact test. 

After obtaining the plot between vertical deck deflection and time, the next step was to 

cross-plot the vertical deck deflection against the lateral rail deflection and the energy absorbed by 

the glulam rail, scupper blocks, and deck. The vertical deck deflection versus lateral rail deflection 

and energy absorbed by the glulam railing, scupper blocks, and deck system versus vertical deck 

deflection plots are provided in Figure 64. It should be noted that the times obtained from the plots 

of the rail’s lateral deflection and energy absorbed were matched up against the times associated 

with vertical deck deflections. 

The glulam timber deck did not experience any vertical deflection for the first 2 in. of 

lateral rail and scupper block deflection. The vertical deck deflection increased as lateral rail 

deflection increased. The deck experienced a maximum dynamic vertical defection of 1.1 in. This 

peak vertical deflection corresponded to a lateral rail deflection of 7.0 in., as measured at the 

impact height. It appeared that the correlation between the lateral rail deflection vs. vertical deck 

deflection as well as energy absorbed by the rail, scupper blocks, and deck system vs. vertical deck 

deflection were approximately linear after the first 2 in. of lateral rail deflection, as shown in Figure 

64. 

It should be noted that the sample rate of the video data relative to the sample rate of the 

accelerometer data was much lower in magnitude. As a result, the number of lateral resistive force 

and energy-dissipated data points for cross-plotting was limited by the number of sampling points 

gathered from the video analysis. Because of this lower video sampling rate, the cross-plots 

between the vertical deck deflection and the lateral resistive force and energy-dissipated 

parameters should be deemed as approximate and largely used to show trends and make 

comparisons.
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(a) 

 
(b) 

Figure 64. Results from Test No. MGTD-1D: (a) Lateral Rail Deflection vs. Vertical Deck 

Deflection, and (b) Energy Absorbed by the Rail, Scupper blocks, and Deck System vs. 

Vertical Deck Deflection 
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7.1.1.3 Discussion on Rail Splitting 

As previously-stated, after the first peak force occurred, two slightly smaller peaks were 

developed over approximately 4 in. of lateral rail deflection, as measured at the impact height and 

shown in Figure 62. There was a noticeable decrease in impact force resisted by the railing system 

following the third peak force. This impact force decline occurred at lateral rail deflection of 

approximately 7½ in. A high-speed video analysis revealed that the decline in lateral resistive force 

correlated to the beginning of the splitting of the glulam rail system at the location of a pre-existing 

crack. This pre-existing crack most likely occurred during the manufacturing process of the rail 

segment, or possibly when the rail segment was being installed at the test site. Images of this pre-

existing crack on the rail and splitting that occurred during the impact event are provided in Figure 

65. The splitting, which originated on the right-side end of the glulam rail segment, quickly 

propagated over the length of the rail segment, resulting in the eventual tensile fracture of the rail 

component. Once the rail segment split off from the scupper blocks, the timber bolts could not 

properly connect the scupper blocks and damaged the rail segment to the deck, resulting in a 

significant decline in the lateral resistive force of the rail and scupper blocks that were anchored 

to the deck. 
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(a)  Split on Rail (Left-Side Face)                                                                           (b)  Zoomed-In Split on Rail 

                         
(b) Left-End View of Rail Splitting                                                   (d)  Right-End View of Rail Splitting 

Figure 65. Rail Segment Splitting from Pre-Existing Crack in Test No. MGTD-1D on Transverse, Glulam Timber Deck 
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7.1.2 Test No. MGTR-1D (Transverse, Nail-Lam Timber Deck) 

7.1.2.1 Force vs. Deflection and Energy vs. Deflection Responses 

Test No. MGTR-1D was conducted with a bogie impacting the low-profile, glulam timber 

railing system on a transverse, nail-laminated timber deck at the height of 16⅜ in. (measured from 

the top of the wearing surface to bogie head centerline) and an angle of 90 degrees, with a target 

speed of 13 mph. The target impact speed was adjusted from 11 mph to 13 mph to produce more 

comparable results with those of test MGTD-1D, which had an actual impact speed of 13.1 mph. 

The actual impact speed for test no. MGTR-1D was 13.7 mph. The impact caused rotational 

bending of the railing system and vertical deflection on the nail-laminated timber deck. The lateral 

rail deflection reached approximately 19.2 in. before the tensile rupture of the glulam rail. 

The lateral resistance force as a function of lateral rail deflection and energy dissipated as 

a function of lateral rail deflection were created from the impact test and are shown in Figure 66. 

Inertial effects resulted in a peak force of 20.1 kips, which occurred at a deflection of 1.0 in., and 

an average force of 11.6 kips at 10 in. of rail deflection, as depicted in Figure 66. The average 

force was calculated by dividing energy by rail displacement at the impact height. At the rail’s 

maximum lateral rail deflection of 19.2 in., the rail and scupper block assembly on a transverse, 

nail-laminated timber deck absorbed 209.0 kip-in. of energy. 

The response can be broken down into three phases. First, a rapid loading phase 

corresponding to the initial velocity increase of the glulam rail system. The first point (1) 

corresponds to the time when the glulam rail system’s velocity reached its maximum value. The 

second phase, i.e., the plastic phase, corresponds to the plastic bending of the glulam rail and 

scupper blocks. In this phase, the signal showed fluctuations or oscillations. The fluctuations were 

significantly irregular and occurred over short time scales in test no. MGTR-1D as compared to 

test no. MGTD-1D. Therefore, these fluctuations could be related to the timber deck type used 

during dynamic bogie testing (i.e., nail-laminated deck vs. glulam deck. The second point (2) 

corresponded to the time when the rail and scupper block’s velocity gradually decreased. The third 

point (3) corresponded to the time when the rail and scupper block’s deflection was maximum and 

the rail and scupper block’s velocity was at its minimum. In this phase, the rail and scupper block 

assembly failed (at approximately 19.2 in. of rail deflection) due to tensile rupture. Time sequential 

and post-impact photographs are shown in Figure 67. 
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 (a) 

 

(b) 

Figure 66. Test No. MGTR-1D Results for Transverse, Nail-Lam Timber Deck: (a) Lateral Force 

vs. Lateral Deflection and (b) Energy vs. Lateral Deflection Responses 
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 IMPACT 

 
 0.02 sec 

 
 0.04 sec 

 
 0.06 sec 

 
 0.08 sec 

 
 0.0966 sec 

Figure 67. Time-Sequential and Post-Impact Photographs, Test No. MGTR-1D 
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7.1.2.2 Dynamic Vertical Deck Deflection 

In order to obtain additional data for understanding the crashworthiness of the transverse, 

nail-laminated timber deck and glulam bridge rail system for MASH TL-1 impact conditions, the 

vertical deck deflection at its outer edge was determined during the dynamic component testing 

program using similar procedures to those outlined in Section 7.1.1.2. The vertical deck deflection 

vs. lateral rail deflection and energy absorbed by the rail, scupper blocks, and deck system vs. 

vertical deck deflection were plotted and are provided in Figure 68. 

The nail-laminated timber deck did not experience any vertical deck deflection for the first 

1 in. of lateral rail and scupper block deflection. The vertical deck deflection increased as lateral 

rail deflection increased. The deck experienced a maximum dynamic vertical defection of 2.3 in. 

This peak vertical deflection corresponded to a lateral rail deflection of 8.5 in., as measured at the 

impact height. It appeared that the correlation between the lateral rail deflection vs. vertical deck 

deflection as well as energy absorbed by the rail, scupper blocks, and deck system vs. vertical deck 

deflection were approximately linear after the first 1 in. of lateral rail deflection, as shown in Figure 

68.
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(a) 

 
(b) 

Figure 68. Results from Test No. MGTR-1D: (a) Lateral Rail Deflection vs. Vertical Deck 

Deflection, and (b) Energy Absorbed by the Rail, Scupper Blocks, and Deck System 

vs. Vertical Deck Deflection 
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7.2 Static Testing Results 

Static testing was conducted on two bridge rail and scupper block systems in order to 

determine the lateral rail force vs. lateral rail deflection response when connected to two transverse, 

timber deck types. For test no. MGTD-1S, a glue-laminated timber deck was utilized, while for 

test no. MGTR-1S, a nail-laminated timber deck was used. A description and details for each test, 

including analysis of the lateral force vs. lateral deflection, lateral force vs. vertical deck deflection, 

and lateral rail deflection vs. vertical deck deflection curves as well as system damages, are 

contained in the following sections. A tension load cell and a string potentiometer were used to 

measure the lateral load and lateral displacement, respectively. Load cell and sting potentiometer 

data for each static test are provided in Appendix F. 

7.2.1 Test No. MGTD-1S (Transverse, Glulam Timber Deck) 

7.2.1.1 Force vs. Deflection Response 

Test no. MGTD-1S began with the use of a 50,000-lb capacity hydraulic ram to apply 

lateral load to test components (i.e., the rail, scupper blocks, and deck system) to failure. As the 

lateral load was applied to the 23-in. long glulam rail segment, the rail and scupper blocks rotated 

backward, thus opening a gap between the front of the lower scupper block and the bridge deck. 

At the same time, the bridge deck system deflected downward. A maximum lateral force of 23.1 

kips was observed at 17.6 in. of lateral rail deflection. The lateral rail force versus lateral rail 

deflection curve for test no. MGTD-1S is shown in Figure 69. 

 
Figure 69. Lateral Rail Force vs. Lateral Rail Deflection Curve, Test No. MGTD-1S 
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7.2.1.2 Vertical Deck Deflection 

In order to obtain additional data for understanding the behavior of the glue-laminated deck 

and timber railing system during test no. MGTD-1S, the vertical deck deflection was determined 

using similar procedures outlined in Section 7.1.1.2. The lateral rail force versus vertical deck 

deflection and lateral rail deflection versus vertical deck deflection plots are provided in Figure 

70. 

The vertical deck deflection increased as lateral rail deflection and lateral rail force 

increased, as depicted in Figure 70. The glue-laminated timber deck experienced a maximum 

vertical deck deflection of approximately 0.7 in. This peak vertical deck deflection corresponded 

to a lateral rail deflection of 12.1 in. measured at the impact height. The initial linear stiffness of 

the rail, scupper blocks, and deck system was determined to be 6.2 kip/in. based on a load of 6.2 

kips and a lateral deflection of 1.0 in. The lateral rail deflection vs. vertical deck deflection 

behavior was nonlinear. The lateral rail force vs. vertical deck deflection behavior was 

approximately linear through the observed test deflection, as shown in Figure 70.
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(a) 

 
(b) 

Figure 70. Results from Static Component Test, Test No. MGTD-1S: (a) Lateral Rail Force vs. 

Vertical Deck Deflection and (b) Lateral Rail Deflection vs. Vertical Deck Deflection 
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7.2.1.3 System Damage 

Significant damage to the rail and scupper block assembly was sustained during the loading 

event. As the rail and scupper block system rotated backward during loading, the back face of the 

bottom scupper block began to crush against the glulam timber deck. At the top of the rail and 

scupper block assembly, the bolt heads began to bear into the rail segment, ultimately leading to 

the rail splitting along the length of the rail segment. The malleable iron washers that fastened the 

rail and scupper block assembly to the deck sustained no damage. Some of the washers did begin 

to bear into the deck’s underside. Images of the scupper block crush, rail segment splitting, and 

the condition of the washers after static test no. MGTD-1S can be seen in Figure 71. 
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       (a) Front View of Damaged Rail and Scupper Blocks                             (b) Left-End View of Damaged Rail and Scupper Blocks 

                     
  (c) Right-End View of Damaged Rail and Scupper Blocks                                        (d) Damage to Malleable Iron Washers 

Figure 71. Damage to Rail and Scupper Blocks on Glulam Timber Deck, Static Test No. MGTD-1S 



September 13, 2023 

MwRSF Report No. TRP-03-467-23-R1 

95 

7.2.1 Test No. MGTR-1S (Transverse, Nail-Lam Timber Deck) 

7.2.1.1 Force vs. Deflection Response 

Test no. MGTR-1S began with the use of a 50,000-lb capacity hydraulic ram to apply 

lateral load to test components (i.e., the rail, scupper blocks, and deck system) to failure. During 

test no. MGTR-1S, the lateral load was applied to the 23-in. long glulam rail segment, which 

caused the rail and scupper blocks to rotate backward, thus opening a gap between the front of the 

lower scupper block and the bridge deck. At the same time, the bridge deck system deflected 

downward. Before test no. MGTR-1S could be completed, the ⅞-in. diameter steel bolt that was 

used to load the assembly ruptured. Bolt rupture occurred when the rail segment had laterally 

deflected 11.7 in. due to an applied load of 17.1 kips. The lateral rail force versus lateral rail 

deflection curve for test no. MGTR-1S is shown in Figure 72. 

 

Figure 72. Lateral Rail Force vs. Lateral Rail Deflection Curve, Test No. MGTR-1S 
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scupper block assembly to the deck. During test no. MGTR-1S, the loading caused the timber bolts 

to plastically elongate and pull the washers and bolt heads into the wood, which resulted in a loose 

connection to the deck. As a result, prior to test no. MGTR-1SB, the rail and scupper blocks were 

fastened down tight against the deck using the vertical bolts, nuts, and washers. The lateral rail 

load vs. lateral rail deflection curve obtained from test no. MGTR-1SB was cross-plotted with 

lateral rail load vs. lateral rail deflection from test no. MGTR-1S, as shown in Figure 73. The 

maximum rail force observed during test no. MGTR-1SB was 20.5 kips, which corresponded to a 

lateral rail deflection of 14.7 in. 

 

Figure 73. Lateral Rail Force vs. Lateral Rail Deflection Curves, Test Nos. MGTR-1SB and 

MGTR-1S 

Following these tests, it was believed that the test results through the first 11.7 in. of lateral 
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deflection versus vertical deck deflection were not plotted for test no. MGTR-1SB. These plots 

were not included as all data pertinent to determining the adequacy of the rail and scupper blocks 

on a glulam deck was available from the evaluation of the nail-laminated deck in test no. MGTR-

1S. 

The vertical deck deflection increased as lateral rail deflection and lateral rail force 

increased, as depicted in Figure 74. The nail-laminated deck experienced a maximum vertical 

defection of 1.1 in, which corresponded to a 17.1-kip load that caused the horizontal load bolt 

rupture. This peak vertical deck deflection corresponded to a lateral rail deflection of 11.5 in. 

measured at the impact height. The lateral rail force versus vertical deck deflection and the lateral 

rail deflection vs. vertical deck deflection were approximately linear, as shown in Figure 74.
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(a) 

 
(b) 

Figure 74. Results from Static Component Test, Test No. MGTR-1S: (a) Lateral Rail Force vs. 

Vertical Deck Deflection and (b) Lateral Rail Deflection vs. Vertical Deck Deflection 
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7.2.1.3 System Damage 

Minimal damage to the rail and scupper block assembly was sustained during the loading 

event in test no. MGTR-1S, as shown in Figure 75. As the rail and scupper block system rotated 

backward during loading, the back face of the bottom scupper block began to crush against the 

nail-laminated deck. After the ⅞-in. diameter horizontal load bolt ruptured, slight damage from 

the bolt heads bearing into the top of the rail segment was observed. Damage to one out of the four 

malleable iron washers occurred. Wood bearing damage occurred around all four malleable 

washers as they were pressed into the underside of the deck during the static loading. 

In test no. MGTR-1SB, damage to the rail and scupper block assembly and timber deck 

was sustained as a result of the loading event, as shown in Figure 76. As the rail and scupper block 

system rotated backward during loading, the bottom scupper block's back face pressed against the 

deck's top surface. Similar to test nos. MGTD-1S and MGTR-1S, the bolt heads began to bear into 

the rail segment, resulting in splitting along the length of the rail segment. The nail-laminated deck 

and malleable iron washers also sustained significant damage. As the rail and scupper blocks 

rotated backward, the 2x6 boards comprising the nail-laminated deck began to crack and displace. 

Three of the four malleable iron washers fractured due to the loading event. After three of the four 

malleable iron washers fractured, the vertical steel timber bolts pulled up farther into the underside 

of the nail-laminated timber deck. This action resulted in the 2x6 boards directly surrounding the 

connection region to fracture away as the timber bolts pulled farther into the underside of the deck.
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(a) Damage Sustained to Rail and Scupper Blocks 

 
(b) Damage to Malleable Iron Washer and Deck 

 
(c) Ruptured Bolt Used to Load Rail and Scupper Blocks 

Figure 75. Component Damage, Test No. MGTR-1S  
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(a) Front View of Damaged Rail, Scupper Blocks, and Deck       (b) Left-End View of Damaged Rail, Scupper Blocks and Deck 

       
(c) Right-End View of Damaged Rail, Scupper Blocks, and Deck             (d) Damage to Malleable Iron Washers and Deck 

Figure 76. Damage to Rail and Scupper Blocks on Nail-Lam Deck, Static Test No. MGTR-1SB 
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7.3 Discussion and Comparison of Test Results 

7.3.1 Dynamic Component Testing 

The results from the bogie testing program are summarized in Table 7 and Table 8. The 

impact speeds for both dynamic bogie tests were relatively consistent as the speed only varied 

from 13.1 to 13.7 mph. The impact height of the bogie was 16⅜ in. for both tests. The lateral rail 

force vs. lateral rail deflection and energy absorbed vs. lateral rail deflection behaviors observed 

were similar through the first 7.5 in. of lateral rail deflection. After this deflection, the lateral 

resistive force for test no. MGTR-1D remained relatively constant, while the lateral resistive force 

for test no. MGTD-1D decreased significantly. Comparisons of the lateral rail force vs. lateral rail 

deflection and energy absorbed vs. lateral rail deflection for the two tests are provided in Figure 

77. 

For both bogie tests, inertial effects were observed at the beginning of the impact events. 

As illustrated in Figure 77, the data recorded from each test showed a large force spike 

approximately over the first 1 in. of lateral rail deflection. When comparing the lateral rail force 

versus lateral rail deflection between the two deck types over the first 7.5 in. of lateral rail 

deflection, the glulam rail and scupper blocks attached to a glulam deck resisted more force and 

dissipated more energy than observed with the nail-laminated deck. After 7.5 in. of lateral rail 

deflection, the glulam rail and scupper blocks on glulam deck quickly began to lose its ability to 

resist lateral force from the bogie impact. However, the glulam rail and scupper blocks attached to 

the nail-laminated deck sustained approximately the same force from 7.5 in. of lateral deflection 

through 16 in. As discussed in Section 7.1.1, this early failure of the rail and scupper block 

assembly on a glulam deck was likely due to a pre-existing split in the rail segment. Thus, a 

comparison of dynamic results between the two deck types was limited to the first 7.5 in. of lateral 

rail deflection. For a more in-depth discussion of the pre-existing split on the rail segment, see 

Section 7.1.1. 

Figure 77 also compares the energy absorbed by both systems versus the lateral rail 

deflection. Similar to the lateral rail force versus lateral rail deflection results, the rail and scupper 

blocks attached to a glulam deck showed a higher capacity and energy dissipation during the first 

7.5 in. of lateral rail deflection than observed with the nail-laminated deck. Again, the comparison 

between the two energy curves was limited to approximately the first 7.5 in. of lateral rail 

deflection. 

The average lateral resistive forces of the rail and scupper blocks at 5 in. and 7.5 in. of 

lateral rail deflection were relatively higher for the glulam deck as compared to the nail-laminated 

deck, as shown in Table 7. Accordingly, the total energy absorbed through 7.5 in. of lateral 

deflection was also greater for the glulam deck as compared to the nail-laminated deck. As shown 

in Table 7, the initial linear stiffness for the rail and scupper blocks on the glulam deck was higher 

than observed for the system installed on the nail-laminated deck. A comparison of initial linear 

stiffness also indicated that the rail and scupper blocks attached to a glulam deck had relatively 

better performance as compared to the system attached to a nail-laminated deck. The peak lateral 

force was also higher for the glulam deck as compared to the nail-laminated deck. This difference 

in initial peak force was likely due to minor differences in the test setup; therefore, it is not the 

primary indicator of overall system performance between the two deck types. 
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The two deck types were also compared to one other using lateral rail displacement versus 

vertical deck deflection and energy absorbed versus vertical deck deflection. These plots are shown 

in Figure 78. Due to the limited number of data points, the graphical results should be deemed 

approximate and limited to providing general trends for comparing deck types. For lateral rail 

deflection versus vertical deck deflection, it can be observed that for the same lateral rail 

deflection, the vertical deflection was lower in the glulam deck as compared to the nail-laminated 

deck. A summary of lateral rail deflection versus vertical deck deflection results is provided in 

Table 8. 

A comparison of the energy absorbed by the rail, scupper blocks, and deck versus vertical 

deck deflection revealed greater energy dissipation for the glulam deck as compared to the nail-

lam deck for a given vertical deck deflection, as depicted in Figure 78. 

Table 7. Dynamic Bogie Testing Results: Peak Force, Average Force, Energy Absorbed, and 

Initial Linear Stiffness 

Test No. Deck Type 
Impact 

Angle 

Impact 

Speed 

(mph) 

Peak 

Force 

(kips) 

Rail/Scupper Average 

Lateral Force (kips) (@ 

Bogie Displacement)1 

Rail/Scupper Energy 

Absorbed (k-in.) (@ 

Bogie Displacement)1 

Initial 

Linear 

Stiffness 

kip/in. 
@ 5 in. @ 7.5 in. @ 5 in. @ 7.5 in. 

MGTD-1D Glulam 
90° 

(Lateral) 
13.1 25.1 11.2 12.6 55.9 94.2 25.0 

MGTR-1D Nail-Lam 
90° 

(Lateral) 
13.7 20.1 10.0 11.0 50.1 82.2 21.1 

17.5 in. of lateral rail deflection is location when glulam rail fully cracks 

Table 8. Dynamic Bogie Testing Results: Lateral Rail Defection and Vertical Deck Deflection  

Test No. Deck Type Impact Angle 
Impact Speed 

(mph) 

Peak Vertical 

Deflection 

(in.) 

Corresponding Lateral 

Rail Displacement1 

(in.) 

MGTD-1D Glulam 
90° 

(Lateral) 
13.1 1.1 6.98 

MGTR-1D Nail-Lam 
90° 

(Lateral) 
13.7 2.3 8.5 

1Lateral rail deflection measured at vertical impact height  
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(a) 

 
(b) 

Figure 77. Comparison of Dynamic Test Nos. MGTD-1D and MGTR-1D (a) Lateral Rail Force 

vs. Lateral Rail Deflection and (b) Energy Absorbed vs. Lateral Rail Deflection 
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(a) 

 
(b) 

Figure 78. Comparison of Test Nos. MGTD-1D and MGTR-1D (a) Lateral Rail Displacement vs. 

Vertical Deck Deflection and (b) Energy Absorbed vs. Vertical Deck Deflection 
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7.3.2 Static Component Testing 

Static testing was performed on rail and scupper block systems that were attached to glulam 

and nail-laminated timber decks. Test results were compared to one another to determine the 

relative system strength as a function of deck configuration. In the WVDOT study [1-2], two of 

the five static component tests on rail and scupper blocks attached to the nail-laminated deck had 

connection details identical to those tested during this study. As a result, these two rail and scupper 

block systems from the WVDOT study were also used for comparison purposes in this study. The 

static test results from the WVDOT study and the current study are summarized in Table 9. The 

force vs. deflection curves from the WVDOT study and this study are provided in Figure 79. The 

legend in Figure 79 denotes those two tests (test nos. WVS-1 & MGTR) were run twice. During 

test no. WVS-1, the original instrumentation and testing apparatus that was used to load the rail 

and scupper blocks did not provide sufficient force to adequately deflect the rail. As a result, the 

test was repeated using modified testing apparatus. The original test no. WVS-1 was designated 

WVS-1 (1st), and the second run was designated test no. WVS-1 (2nd). The decision to re-run test 

no. MGTR-1S was discussed in Section 7.2.1 of this report. Test no. WVS-4 was the other relevant 

static component test from the WVDOT study. 

In Figure 79, the curve plotted in orange provides the results for the only rail and scupper 

block system installed on the glulam timber deck. When comparing this orange curve (test no. 

MGTD-1S) to the other curves, it can be observed that this rail and scupper blocks on a glulam 

timber deck provided the highest initial linear stiffness. The blue (test no. MGTR-1S) and purple 

(test no. MGTR-1SB) curves provided the force versus deflection behavior for the rail and scupper 

blocks installed on the nail-laminated deck during this study. When determining the initial linear 

stiffness of the timber rail and scupper blocks on the nail-laminated deck under this study, the first 

loading event (test no. MGTR-1S) was utilized instead of the second loading event (test no. 

MGTR-1SB). The remaining relevant tests that were conducted on a nail-laminated deck during 

the WVDOT study showed lower initial linear stiffnesses. These differences were likely due to the 

differing scupper block materials and setup deviations. During the WVDOT component testing 

program, the scupper block was fabricated from Grade No.1 SYP. Initially, the scupper blocks that 

were planned for use on the nail-laminated deck in this study were to be fabricated from Grade 

No.1 SYP. However, due to the lack of availability of Grade No 1. SYP, the scupper block material 

was replaced with a glulam timber material by the supplier. 

For test nos. MGTR-1S, WVS-4, and WVS-1 (1st) on nail-laminated decks, the recent test 

(test no. MGTR-1S) using glulam versus sawn scupper blocks provided a slightly higher initial 

linear stiffness, as shown in Table 9. The load and deflection data shown in Table 9 were used to 

obtain the initial linear stiffness for the rail and scupper blocks in each test. Results from the second 

loading event for test no. MGTR-1SB on the nail-laminated deck are not included in Table 9. The 

initial linear stiffness for test no. MGTR-1SB was not considered due to the existing damage that 

occurred during the first static test (test no. MGTR-1S) on the nail-laminated deck under this study. 

Static test results have been graphically provided for lateral rail deflections exceeding 10 

in. or more. However, some of those graphical results beyond 10 in. of lateral rail deflection may 

not be as important for determining equivalency and adequacy of bridge rail performance when 

attached to alternative deck types. For the WVDOT full-scale crash test (test no. WVBR-1) on a 

glulam rail and scupper block assembly on a nail-laminated, timber deck, the dynamic lateral rail 
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deflection and permanent set deflection were 6.1 in. and 2.4 in., respectively. As such, comparison 

of strength, deflection, stiffness, and behavior were more valuable up to a lateral rail displacement 

of 10 in. 

For each deck type, the performance of the rail and scupper blocks were compared using 

lateral rail force versus vertical deck deflection and a lateral rail deflection versus vertical deck 

deflection, as shown in Figure 80. Due to the limited number of data points that were obtained to 

produce these plots, both comparisons are approximate and limited to providing general trends. As 

shown in Figure 80 and for the same vertical deck deflection, the rail and scupper blocks on the 

glulam deck resisted more lateral rail force than resisted by rail and scupper blocks on the nail-

laminated deck. This trend between lateral resistive forces and vertical deck deflections does 

exclude the first 0.15 in. of vertical deck deflection. For lateral rail deflections through 

approximately 2 in., vertical deck deflections were nearly identical for both deck types. For lateral 

rail deflections greater than 2 in., the nail-laminated deck produced greater deflections as compared 

to the glulam deck. A summary of results for lateral rail deflection versus vertical deck deflection 

is provided in Table 10. 

Table 9. Comparison of Static Tests 

1Load and deflection are used to obtain values in initial linear stiffness 

NA – Not Applicable 

Table 10. Static Testing Results: Lateral Rail Defection and Vertical Deck Deflection 

Test No. Deck Type 
Peak Vertical 

Deflection (in.) 

Corresponding Lateral 

Rail Displacement1 (in.) 

MGTD-1D Glulam  0.7 12.1 

MGTR-1D Nail-Lam  1.1 11.5 

1Lateral rail deflection measured at vertical impact height 

Component 

Test No. 
Deck Type 

Peak Static 

Load 

(kips) 

Lateral 

Load1 

(kips) 

Lateral 

Deflection1 

(in.) 

Initial Linear 

Rail/Scupper 

Block Stiffness 

(kip/in.) 

MGTD-S1 Glulam 23.1 6.2 1.0 6.2 

MGTR-S1 Nail-Lam 11.7 3.6 0.7 5.2 

WVS-4 Nail-Lam 16.8 3.5 0.7 4.9 

WVS-1 (1st) Nail-Lam 12.0 6.1 0.7 2.3 

WVS-1 (2nd) Nail-Lam 17.5 NA NA NA 
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Figure 79. Comparison of Lateral Resistive Force vs. Lateral Rail Deflection, Test Nos. WVS-1 (1st), WVS-1 (2nd), WVS-4, MGTD-

1S, MGTR-1S, MGTR-1SB 
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(a) 

 
(b) 

Figure 80. Comparison of Static Test Nos. MGTR-1S and MGTD-1S (a) Lateral Rail Force vs. 

Vertical Deck Deflection and (b) Lateral Rail Deflection vs. Vertical Deck Deflection 
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8 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

The objectives of this project were to: (1) develop the necessary details to adapt the 2009 

AASHTO MASH [3] WVDOT TL-1 low-height, glulam timber bridge railing system for use on a 

typical USDA-FS transverse, glulam timber bridge deck [1-2] and (2) demonstrate that the TL-1 

low-height, glulam timber bridge rail would meet the 2016 MASH [4] TL-1 impact safety 

standards by proving equivalent or greater lateral stiffness and strength when installed on the 

transverse, glulam deck as compared to its performance observed when installed on the as-tested, 

nail-laminated timber deck [1-2]. 

Several tasks were completed to accomplish these objectives. First, an in-depth literature 

review was conducted to identify previously-developed, low-height, bridge railings, barriers, and 

end treatments that would inform the adaptation process involving the WVDOT TL-1 low-height, 

glulam timber bridge rail and end terminal system that was utilized in this study. Within the 

literature review, details specifically pertaining to relevant bridge railings, barriers, and end 

treatments were documented. In addition, relevant bridge design manuals that were used by the 

Forest Service National Technology and Development Division were reviewed to assist with the 

design, layout, and configuration of the surrogate glulam timber deck system. This deck system 

was later constructed for use in the component testing and evaluation program involving the 

glulam bridge rail segment supported by scupper blocks. A discussion of the relevant design 

manuals was provided. Further, the Forest Service National Technology and Development 

Division personnel were queried on occasion to answer questions, provide additional details, assist 

with design guidance, help with selecting a representative glulam timber deck system, and finalize 

the surrogate glulam timber bridge deck system. 

Next, the research team was tasked with demonstrating that the MASH TL-1 low-height, 

glulam timber bridge railing system would perform in an acceptable matter when adapted from 

transverse, nail-laminated timber bridge decks to transverse, glulam timber bridge decks. In order 

to perform this effort, dynamic and static component tests were conducted to demonstrate that the 

bridge railing system provided equivalent or greater lateral stiffness, strength, and energy 

dissipation, when installed on transverse, glulam decks as compared to transverse, nail-laminated 

decks. The research team configured 3-D test plans and CAD details to construct one surrogate 

glulam bridge deck system and one surrogate nail-laminated bridge deck system. Each bridge 

system had two short glulam rail segments supported and anchored to the deck using two scupper 

blocks. One static and one dynamic component test was conducted on each deck type and analyzed 

to compare lateral stiffness, strength, energy dissipation, and overall performance between deck 

types. 

Upon completion of the component tests, the results were compared to one another. This 

comparison revealed that the glulam rail and scupper block system resisted more lateral force and 

absorbed more energy when installed on a glulam timber deck as compared to a nail-laminated 

deck. Additionally, the glulam rail and scupper block system had a higher initial linear stiffness 

when installed on a glulam timber deck as compared to a nail-laminated timber deck. 

These findings led to the following conclusions regarding the performance and 

crashworthiness of the low-height, glulam timber rail and scupper block system installed on the 

transverse, glue-laminated, timber bridge deck: 
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• The results from the component tests indicated that the MASH TL-1 glulam rail 

and scupper block on a transverse, glue-laminated, timber bridge deck would 

provide equal or greater performance by providing equivalent or greater lateral 

stiffness, strength, and energy dissipation as compared to the same glulam bridge 

rail installed on a transverse, nail-laminated, timber bridge deck, which was 

observed during one full-scale crash test [1-2]. 

• The component testing results demonstrated that the MASH TL-1 glulam timber 

bridge rail and scupper block system installed on a transverse, glue-laminated, 

timber bridge deck would laterally deflect by an equal or reduced amount as 

compared to the same glulam bridge rail installed on a transverse, nail-laminated 

timber deck when subjected to the same MASH TL-1 impact conditions. 

• Based on the higher performance in component testing of the glulam bridge rail 

installed on the transverse, glue-laminated, timber bridge deck versus installed on 

the transverse, nail-laminated, timber bridge deck, it was concluded that the low-

height, glulam timber rail and scupper block system installed on the glulam timber 

bridge deck would satisfactorily meet the 2016 AASHTO MASH TL-1 impact 

safety criteria. 

Based on the successful static and dynamic component testing of the low-height, glulam 

timber rail and scupper block system installed on both deck types and the prior successful MASH 

full-scale crash test, MwRSF researchers believe that the comparison of static and dynamic 

component tests provide a valid indicator of the safety and structural performance of the glulam 

rail and scupper block system installed on transverse, glulam timber decks. Thus, MwRSF 

researchers recommend that the 2009 AASHTO MASH WVDOT TL-1 low-height, bridge railing 

system can be adapted for use on typical USDA-FS-NTDP transverse, glulam timber deck bridges 

using the design details and provided herein, as shown in Figure 81 through Figure 106.
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Figure 81. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Sample System Layout 
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Figure 82. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Scupper and Rail Assembly with Bridge Pit Substructure 
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Figure 83. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Bridge Deck Details 
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Figure 84. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Scupper and Rail Assembly 



 

 

1
1
6
 

S
ep

tem
b

er 1
3
, 2

0
2
3
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
6
7
-2

3
-R

1
 

 
Figure 85. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Slopped End Treatment 
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Figure 86. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Glulam Timber Bridge Deck Section 
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Figure 87. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: End Rail Terminal Post Details 
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Figure 88. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Scupper Assembly and Rail Splice Details  
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Figure 89. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Deck Section, Scupper Block, and Diaphram Details 
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Figure 90. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Glulam Rail Section Details 
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Figure 91. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Glulam Girders 
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Figure 92. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Splice Plate Assembly Details 
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Figure 93. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Angled and Horizontal Splice Plate Connection Components 
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Figure 94. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Soil-Embedded Posts 
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Figure 95. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Soil-Embedded Post Components 
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Figure 96. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Steel Plate Bearing Shoe Assembly 
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Figure 97. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Steel Plate Bearing Shoe Components 



 

 

1
2
9
 

S
ep

tem
b

er 1
3
, 2

0
2
3
 

M
w

R
S

F
 R

ep
o

rt N
o
. T

R
P

-0
3

-4
6
7
-2

3
-R

1
 

 
Figure 98. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Bridge Pit Substructure 
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Figure 99. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Sample Bridge Substructure Cross-Member Details 
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Figure 100. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Sample Bridge Pit Substructure and Deck Anchor Bracket 
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Figure 101. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Sample Bridge Abutment Details (Laboratory Specimens 

Only) 
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Figure 102. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Sample Bridge Pier Details (Laboratory Specimens Only) 
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Figure 103. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Rebar Details 
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Figure 104. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Hardware Details 
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Figure 105. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Bill of Materials 
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Figure 106. USDA-FS-NTDP Low-Height, Glulam Timber Bridge Rail: Bill of Bars 
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Appendix A. Correspondence between NTDP-USDA and MwRSF 

In order to design the surrogate section of glulam deck for component testing, it was 

important that the design drawings matched closely with the decks used by MT-USFS. To meet 

this objective, a questionnaire was sent to the sponsor to gain their input on design details they 

wanted to have implemented on the glulam deck. The questions sent to the sponsors, and the 

sponsor’s responses have been provided below. 

Also included in this section of the report is a summary of the design decisions that went 

into selecting connection hardware to anchor the deck panels to the deck’s substructure. Typically, 

MT-USFS utilizes bolts and bracket plates to anchor their decks to the substructure. However, due 

to constructability issues, the connection hardware had to be modified. To design a suitable 

alternative discussion between MwRSF and NTDP-USFS occurred and has been documented 

below.  
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Questions and Clarifications 

 

Initial Response:  

Additional Background - Many recently-installed F.S. projects currently in-place have 

incorporated design aides available in FPL-GTR-125, which include features and details 

slightly divergent from the modern design aides of FPL-GTR-260 [19-20] referenced by the 

Railing Team.  The older aides are found here: 

https://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr125.pdf 

 

Further, the referred FPL-GTR-260 is not yet adopted by F.S. bridge programming. With the 

variability of modern practices and the presence of a wide array of pre-existing bridges 

installed according to obsolete design, which are due for barrier upgrades; it is the preferable 

objective for this study to consider the “weakest link” of design options and indicate the 

applicable-range of where the proposed barrier system would be acceptable for use based on 

a minimum criteria, or minimum characteristics, which accommodates the application. 

 

1. What is the shortest and typical range of bridge span lengths that will likely utilize the 

MASH TL-1 glulam timber curb system?   

 

Response:  

F.S. bridges range a wide array of spans, from less than 10 ft to over 100 ft or more. F.S. 

barrier selection is not based on span length but on traffic volume, traffic type, speed, and 

alignment. 

 

2. What is the most common glulam girder width that will be used with the transverse deck 

panels?   

 

Response:  

F.S. does not have a standard glulam girder width, and the design of girder members varies 

according to the distinct project design objectives, often ranging from approx. 6-in to nearly 

12-in. 

 

Comments:  

Shorter spans utilize smaller girders. We only need a short span for testing so the relatively 

small girders can be used in accordance with the standard plans. 

 

3. What is the typical connection system to attach glulam timber deck panels to glulam timber 

girders?   

a. Lag Screws – length and diameter 

b. Nails – Refer to Proposal Timber Bridge Drawing Set 

c. Brackets – Refer to FPL-GTR-260 Figure 3.37 

 

Response:  

F.S. has not adopted a standard connection method, and the design of connections is variable 

according to the distinct project design objectives.  Either connection method may be 

incorporated within the range of F.S. projects.  When used, lag screws are designed 

according to National Design Specifications from American Wood Council. 
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Comments:  

As an initial plan, we decided to proceed using the brackets as there are details for the 

brackets in the standard plans documents, and MwRSF has used them in the construction of 

similar decks in the past. Upon analysis and in an effort to minimize construction costs, we 

realized the brackets would require more excavation and that lag screws could potentially 

solve this issue. An analysis was done to compare the strength of the two connection types 

and will be discussed in a future meeting. 

 

4. Is it common to utilize shear transfer hardware between adjacent transverse, glulam timber 

deck panels within the exterior cantilevered region in order to better distribute vertical/lateral 

impact loading?  

a. Researchers may need to consider providing comparable behavior and strength 

between nail-laminated and glued-laminated panels. 

 

Response:  

F.S. has not adopted a standard connection method for exterior cantilevered regions. The 

exterior region is connected similarly to the interior regions of panels for the particular 

project. 

 

5. Is it common to utilize longitudinal stiffening beams between girders? Are these beams used 

for vertical shear transfer between panels?   

a. These beams are shown between girders, but not beyond the outer girder. Is this 

typical? Refer to FPL-GTR-260 Figure 3.30 

 

Response:  

F.S. has not adopted a standard for using stiffener beams, and the design of stiffeners is 

variable according to the distinct project design objectives.  When used, stiffener beams 

provide continuity of vertical shear between panels; alternatively, some installations include 

dowel inserts along the mid-height of each panel interface, and others do not include inter-

panel connection.  When used, stiffener beams are generally within the interior bays of 

girders, not along the cantilevered portion of panels. 

 

Comments:  

Because these stiffening beams and other shear transfer devices are not used on all bridges, 

for worst-case scenario testing, our surrogate bridge will not utilize such components. 

 

6. What is the typical range for deck overhang distance beyond the exterior glulam girder as 

measured the between centerline of the glulam girder to the edge of the deck?  

a. WVDOT MASH 2009 TL-1 Curb Railing System utilized 4 ft – 2 in. to the center of 

steel girder 

b. Proposal Timber Bridge Drawing Set shows 2 ft - 3 in. to the center of the glulam 

girder 

c. FPL-GTR-260 shows 1 ft - 11½ in. for a multilane bridge or 1 ft – 6 in. for single lane 

bridge (Figures 3.16 and 3.18), both to the center of glulam girder 
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Response:  

F.S. has not adopted standard criteria for deck overhang, and the design of overhang is 

variable according to the distinct project design objectives, influenced by travel width and 

girder- size, count, and spacing, often resulting in approx. 2-ft overhang; while the FPL-

GTR-260 has overhang up to 3-ft. 

 

7. When configuring a surrogate test bridge for the component testing program, is it acceptable 

to use FPL-GTR-260 Standard Plans for Glued-Laminated Timber Bridge Superstructures to 

estimate girder spacings?   

a. FPL-GTR-260 shows girders at 4 ft – 5 in. for multilane bridges or 3 ft – 8 in. for 

single-lane bridges (Figures 3.16 and 3.18) 

b. Proposal Timber Bridge Drawing Set shows girders at 3 ft – 10 in. 

 

Response:  

F.S. single-lane bridges are generally 14 ft inside-barrier-face (16-foot outer width) and 

assuming 4-girder lines, then a spacing of approx. 4 ft is a suitable simplifying assumption. 

 

8. What range of bridge/roadway widths, measured from barrier face to barrier face, should be 

considered for the MASH TL-1 glulam timber curb systems?   

a. A panel width of 4 ft (measured in the direction of traffic) is assumed. 

 

Response:  

F.S. bridges are generally 14 ft for single-lane bridges and 24 ft for double-lane, inside 

barrier faces; 4 ft panel width in the direction of travel is an acceptable assumption. 

 

Comments:  

As this is a surrogate bridge, we will utilize a layout that represents a portion of the roadway 

width, providing adequate decking to run the full testing program. 

 

9. For testing purposes, researchers will use a surrogate 2-in. thick, wearing service of either 

concrete, asphalt, or timber planking material? Is this selection acceptable?   

 

Response:  

A surrogate wearing surface thickness of 2 in. is acceptable. 

 

Comments:  

In the standard plans document FPL-GTR-125, the wearing surface is shown to be 3” thick at 

the center of the roadway with a minimum thickness of 1.5” at the face of the barrier. 

Discussion is needed to clarify if a 3” overlay needs to be considered, as this affects the 

effective height of the barrier and its  vehicle redirecting capacity. 
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Deck Panel to Substructure Connection Design 

 
In order to design the surrogate section of the glulam deck for this project, the guidance 

outlined in the MT USFS standard plans was followed closely. However, in certain instances, it 

was discovered that following the exact guidance of these standard plans would lead to 

complications in the surrogate deck design. One of the instances in which following the MT-USFS 

design guides was not practical occurred when designing the anchorage system needed to attach 

the glulam deck panels to the glulam girders. In the standard plans, bracket plates, and ⅝-in. bolts 

are typically used to attach the panels to the girders. However, after discussion with the design 

team, it was concluded that installing the bracket plates would pose significant constructability 

issues, leading to high construction costs. As a potential solution to the constructability concerns 

of the typical connection design used, an alternative lag screw connection type was investigated. 

In this alternate design, the lag screws were to be drilled into the glulam deck panels, and then 

attached to the girders supporting the deck. In order to confirm that lag screws could be used as a 

replacement option, the relative strength of the lag screw connection to the original bracket plate 

and bolt connection was analyzed. If the lag screw connection resulted in a stronger connection 

than the bracket plate and bolt connection, the component tests to be run on the glulam deck could 

potentially yield results overestimating the capabilities of the low-height bridge rail when installed 

on the glulam deck. Therefore, a brief investigation into the relative strengths of each connection 

type was performed. Results documenting this investigation are provided below. 

The tensile and shear capacities of ⅝-in. ASTM A307 bolts used in the bolt and bracket 

plate connection type were retrieved from Tables 7-1 and 7-2 in the 15th Edition of the AISC Steel 

Construction Manual [22] and checked with hand calculations. Bracket tear-out strength at the 

bolt hole and shear strength at the vertical plane are shown by the solid blue line and denoted A-

A in Figure A-1, and were also analyzed for strength. The brackets were assumed to be cast of 

aluminum alloy 356 with a yield stress, Fy of 24 ksi, and an ultimate stress, Fu of 33 ksi, as is 

standard per FPL-GTR-260 [20]. 

 

Figure A-1. Bracket Plate Used to Connect Deck Panels to Girder [20] 
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Figure A-2. Single Bolt Shear Failure Modes 

The tensile and shear capacities of ¾-in. ASTM A307 lag screws were determined by hand 

calculations using the cross-sectional area of the screws at the root diameter. Lag screw dimensions 

were retrieved from Table L2 of the 2018 NDS, assuming full-body diameter lag screws. The 

withdrawal and lateral strengths of a single screw were determined per the 2018 NDS, assuming 

Douglas Fir-Larch wood with a specific gravity, G, of 0.50, found in Table 12.3.3A. The lag 

screw's tensile and shear capacities and the screw's lateral failure and withdrawal limit states were 

determined utilizing these design guides. Each of the six failure modes shown in Figure A-2 was 

calculated based on the equations outlined in the 2018 NDS to determine lateral strength. It should 

be noted that in this figure, both single and double-shear failure modes are shown. For the 

connection type being utilized for this project, the single shear failure modes were the only failure 

types analyzed. Based on the analysis done, it was determined that failure mode IV controlled the 

design. The strength values associated with the lag screw have been tabulated in Table A-1. The 

capacities for the bolt and bracket plate connection were also calculated. These capacities include 

the bolt tensile and shear capacity and the horizontal and vertical bracket tear-out capacity. The 

capacities for this connection type have also been summarized in Table A-1. 
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Table A-1. Summary of Connection Hardware Strengths 

¾-in. Lag Screw Limit 

States(1) 
Value 

⅝-in. Bolt and Bracket Plate Limit 

States 
Value 

Tensile Capacity (kip/screw) 11.8 Bolt Tensile Capacity (kips/bolt) 10.4 

Shear Capacity (kip/screw) 7.11 Bolt Shear Capacity (kips/bolt) 6.23 

Lateral Failure (kip/screw) 2.37 
Horizontal Bracket Tearout 

(kips/bracket) 
15.7 

Withdrawal (kip/screw) 7.61 
Vertical Bracket Shear 

(kips/bracket) 
22.3 

(1) ASTM A307 Bolts and Lag Screws 

After determining the capacities of individual bolts, lag screws, and bracket plates, the 

deck-to-girder connections were analyzed to determine the critical connectors contributing to 

resisting the loads from vehicle impacts. Figure A-3(a) provides the bolt-hole layout used when 

implementing a combination of bolts and bracket plates onto a glulam panel. Figure A-3(b) 

provides the bolt-hole layout necessary when using lag screws only. 

 

(a) Bolt and Bracket Plate Connection Layout [20] 

 

(b) Lag Screw Connection Layout [20] 

Figure A-3. Connection Hardware Layout on Glulam Deck Panels 
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The connection design shown in Figure A-3(a) was analyzed first. This analysis concluded 

that on a single panel along each girder, two bolts and bracket plates would resist horizontal 

movement, and four bolts and bracket plates would resist vertical movement. After analyzing the 

scenario shown in Figure A-3(b), it was determined that the four lag screws used to anchor the 

panel to the girder would contribute to resisting vertical and horizontal movement from a vehicle 

impact. Upon determining which lag screws and bracket plates would contribute towards vertical 

and horizontal resistance, the strengths of the two connection types towards resisting vehicle 

impacts were determined. Their results were tabulated in Table A-2 and Table A-3. In addition to 

documenting the amount of strength resisted vertically and horizontally by the bolt and bracket 

plate connection type and the lag screw connection type, the number of critical connectors and the 

controlling limit state of each connection type towards vertical and horizontal loading are shown 

as well. Upon comparison of the results, it can be observed that the vertical and horizontal strengths 

of the deck are weaker when utilizing a lag screw connection over a bolt and bracket plate 

connection. Therefore, it was concluded that utilizing a lag screw connection for component testing 

would result in a conservative estimate of the performance of the low-height timber bridge rail 

when mounted on a glulam bridge rail. 

Table A-2. Comparison of Total Vertical Strength between Connection Hardware 

Vertical Strength 

Connector 
Number of Critical 

Connectors 

Total Connection 

Strength (kips) 

Controlling Limit 

State 

Bolt and Bracket Plate 4 41.6 Bolt Tensile 

Lag Screw 4 30.4 Screw Withdrawal 

 

Table A-3. Comparison of Total Lateral Strength between Connection Hardware 

Horizontal Strength 

Connector 
Number of Critical 

Connectors 

Total Connection 

Strength (kips) 

Controlling Limit 

State 

Bolt and Bracket Plate 2 12.5 Bolt Shear 

Lag Screw 4 9.5 Screw Lateral Failure 
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Appendix B. Nail-Laminated Deck Design Modifications 

The boards were nailed together, starting at the south end of the deck and proceeding north 

to begin constructing the nail-laminated deck.. After approximately 19 ft of the deck had been 

assembled, the construction team observed that the boards on the north end, where new boards 

were being added, were warping significantly, and leaning onto one another, as shown in Figure 

B-1. As a result, the anchor brackets used to attach the deck to wide flange steel girders could not 

be installed in a manner that would satisfactorily secure the deck to the substructure. After the 

construction team discovered the deck warping, the techniques used to build and secure the deck 

to the girders were modified. By the time these changes to the construction methods were 

implemented, the affected north-end region of the deck was too far out of tolerance to continue 

construction. 

With 19 ft of the deck already constructed, an additional length of 7 ft was required to 

obtain a total length of 26 ft of nail-laminated deck span. Consequently, additional boards were 

attached to what was designed to be the south deck edge of the nail-laminated system. However, 

in an attempt to minimize the use of the north end of the deck, an additional 5 ft was added to the 

south end, allowing for the location of the posts on the deck to be shifted away from the north end 

by 5 ft. The addition of 5 ft at the south end of the deck resulted in a final deck span of 31 ft. 

Additionally, construction was halted 7 ft short of the originally planned north deck end, and the 

placement of the deck system relative to the bents and abutments supporting the deck was also 

shifted. Figure B-2 shows a plan view of the changes to the deck span length and the change in the 

deck’s location relative to the bents, over which the deck was to be centered.
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(a) Warping of Nail-Laminated Deck Off of the Girders 

 

(b) Leaning of Boards on Nail-Laminated Deck 

Figure B-1. Warping and Leaning of Boards during Construction of Nail-Laminated Deck 
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Figure B-2. Plan View Sketch of Modifications to Nail-Laminated Deck Length and Location
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Appendix C. Glulam Deck and Rail Material Specifications
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Table C-1. Bill of Materials, Glulam Deck and Rail, Test Nos. MGTD-1S and MGTD-1D 

Item  

No. 
Description Material Specification Reference 

a1 9½"x23"x7½" Scupper Block 
Grade No. 1 Southern 

Yellow Pine or Douglas Fir 

Bell Lumber 

R#153279 

a2 12⅜"x23"x6¾" Glulam Segment 
Southern Yellow Pine 

Combination No. 48 

Bell Lumber 

R#153279 

a3 23"x6¾"x¾" Static Test Plate ASTM A36 

H#RS3132, 

H#RS3610, 

H#RS3781, 

H#RS3825  

a4 12⅜"x23"x6¾" Glulam Segment 
Southern Yellow Pine 

Combination No. 48 

Bell Lumber 

R#153279 

b1 12"x16"x½" Steel Base Plate ASTM A36 H#A1A281  

b2 12"x10"x½" Side Plate ASTM A36 H#A1A281  

b3 
12"x6¼"x¾" Elastomeric Bearing 

Pad 

Neoprene - Min. 50 

Durameter 

McMaster Carr 

1370N412 

PO#E000869475 

b4 15"x30"x12' Concrete Support 
Min f'c = 4,000 psi NE mix 

47 BD 

Ticket #1275083, 

Benesch Project 

#00110546.00 

b5 #4 Rebar, 138" Long ASTM A615 Gr. 60 H#3600014740  

b6 #4 Rebar, 61⅞" Unbent Length 
 

ASTM A615 Gr. 60 H#3600014740  

c1 
16½"x6¾"x20' Long Outside 

Glulam Girder 
24F-V4 Douglas Fir 

Bell Lumber 

R#153279 

c2 
16½"x6¾"x20' Long Glulam 

Girder 
24F-V4 Douglas Fir 

Bell Lumber 

R#153279 

c3 
12"x5⅛"x41⅛" Long Glulam 

Diaphragms 
Comb. No. 2 Douglas Fir 

Bell Lumber 

R#153279 

c4 
5⅛"x4'x12' Long Glulam Deck 

Panel 
Comb. No. 2 Douglas Fir 

Bell Lumber 

R#153279 

c5 
5⅛"x4'x12' Long Glulam Deck 

Panel 
Comb. No. 2 Douglas Fir 

Bell Lumber 

R#153279 

d1 ⅞"-9 UNC x 15" Heavy Hex Bolt ASTM F3125 Gr. A325 H#3093334  

d2 
¾"-10 UNC x 30" Timber Bolt 

w/Nubs 
ASTM A307A 

Portland Bolt 

Order#142079 

H#1202025843  

d3 ¾"-10 UNC x 9½" Hex Bolt ASTM A307A 
COC P#91975 

C#120306283 

d4 
¾"-10 UNC x 8" on a 60" Long 

Tie Rod 

ASTM A307A or F1554 

Gr. 36 or SAE J429 Gr. 2 
H#1202027708  

d5 3/4"-10 UNC x 8" Threaded Rod 
ASTM A193 Gr. B7 or 

SAE J429 Gr. 5 

H#18B701615 

P#0186717  

C#935935-1 
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Table C-2. Bill of Materials, Glulam Deck and Rail, Cont., Test Nos. MGTD-1S and MGTD-1D 

Item  

No. 
Description Material Specification Reference 

d6 ¾"-4½ x 11" Lag Bolt ASTM A307A COC P#22492 

d7 ⅞" Flat Washer ASTM F844 

P#33187 

C#170089822 

L#1844804 Red 

Paint 

d8 ¾" Malleable Iron Washer ASTM A47 
H#2019112802 

P#0128540 

d9 ¾" Flat Washer ASTM F844 

L#2008905 

P#1133186 

C#210220089 

d10 ⅞"-9 UNC Eye Nut ASTM A325 
3274T51 McMaster 

Carr  

d11 ¾"-10 UNC Heavy Hex Nut ASTM A536A 

H#B19120832 

P#36716 

C#180198094 

e1 Epoxy Adhesive Hilti HIT RE-500 V3 COC 
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Figure C-1. Scupper Block, Glulam Rail, and Glulam Deck, Test Nos. MGTD-1S and MGTD-

1D (Item Nos. a1, a2, a4, c1, c2, c3, c4, and c5) 
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Figure C-2. 23-in. x 6¾-in. x ¾-in. Static Test Plate, Test No. MGTD-1S (Item No. a3) 
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Figure C-3. Steel Base Plates and Side Plates, Test Nos. MGTD-1S and MGTD-1D (Item Nos. b1 and b2) 
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Figure C-4. 12-in. x 6¼-in. x ¾-in. Elastomeric Bearing Pad, Test Nos. MGTD-1S and MGTD-

1D (Item No. b3)
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Figure C-5. Concrete Support, Test Nos. MGTD-1S and MGTD-1D (Item No. b4)  
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Figure C-6. Concrete Support, Test Nos. MGTD-1S and MGTD-1D (Item No. b4)  
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Figure C-7. Concrete Support, Test Nos. MGTD-1S and MGTD-1D (Item No. b4)  
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Figure C-8. Concrete Support, Test Nos. MGTD-1S and MGTD-1D (Item No. b4) 
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Figure C-9. Grade 60 No. 4 Bars, Test Nos. MGTD-1S and MGTD-1D (Item Nos. b5 and b6) 
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Figure C-10. Grade 60 No. 4 Bars, Test Nos. MGTD-1S and MGTD-1D (Item Nos. b5 and b6) 
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Figure C-11.  ⅞-in.- 9 UNC x 15-in. Heavy Hex Bolt, Test Nos. MGTD-1S, (Item No. d1) 
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Figure C-12. ¾-in.-10 UNC x 30-in. Timber Bolts with Nubs, Test Nos. MGTD-1S and MGTD-

1D (Item No. d2) 
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Figure C-13. ¾-in.-10 UNC x 9½-in. Hex Bolt, Test Nos. MGTD-1S, 1D (Item No. d3) 
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Figure C-14. ¾-in.-10 UNC x 8 on a 60-in. Long Tie Rod, Test Nos. MGTD-1S and MGTD-1D 

(Item No. d4) 
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Figure C-15. ¾-in.-10 UNC x 8-in. Threaded Rod, Test Nos. MGTD-1S and MGTD-1D (Item 

No. d5) 
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Figure C-16. ¾-in. x 4½-in. x 11-in. Lag Bolt, Test Nos. MGTD-1S and MGTD-1D (Item No. 

d6) 
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Figure C-17. ⅞-in. Flat Washer, Test No. MGTD-1S and MGTD-1D (Item No. d7) 
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Figure C-18. ¾-in. Malleable Iron Washer, Test Nos. MGTD-1S and MGTD-1D (Item No. d8) 
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Figure C-19. ¾-in. Flat Washer, Test Nos. MGTD-1S and MGTD-1D (Item No. d9) 
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Figure C-20. ⅞-in.-9 UNC Eye Nut, Test No. MGTD-1S (Item No. d10) 
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¾-in.-10 UNC Heavy Hex Nut, Test Nos. MGTD-1S and MGTD-1D (Item No. d11)
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Figure C-21. Hilti RE-500 V3 Adhesive Certificate of Conformance, Test Nos. MGTD-1S and 

MGTD-1D (Item No. e1)  
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Appendix D. Nail-Lam Deck and Rail Material Specifications 
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Table D-1. Bill of Materials, Nail-Laminated Deck and Rail, Test Nos. MGTR-1S and 

MGTR-1D 

Item  

No. 
Description Material Specification Reference 

a1 
9½"x23"x7½" Scupper 

Block 

Grade No. 1 Southern 

Yellow Pine or Douglas Fir 
Bell Lumber R#153279 

a2 
2"x6"x14' Long Treated, 

Dimensional Lumber 

Grade No. 1 Southern 

Yellow Pine 
Order #31470230 

a3 Deck Anchor Plate  H#41743950 

a4 
12⅜"x23"x6¾" Glulam Rail 

Segment 

Pentachorophenal- 0.6 

lb/cu. ft Retention 
Bell Lumber R#153279 

a5 
23"x6¾"x¾" Static Test 

Plate 
ASTM A36 

H#RS3132, H#RS3610, 

H#RS3781, H#RS3825  

a6 
12⅜"x23"x6¾" Glulam Rail 

Segment 

Southern Yellow Pine 

Combination No. 48 
Bell Lumber R#153279 

b1 Concrete Support 1 
Min f'c = 4,000 psi                                  

NE Mix 47 BD 
N/A 

b2 Concrete Support 2 
Min f'c = 4,000 psi                                  

NE Mix 47 BD 
N/A 

b3 Concrete Support 3 
Min f'c = 4,000 psi                                  

NE Mix 47 BD 
N/A 

c1 Bridge Abutment Assembly  
Min f'c = 4,000 psi                                  

NE Mix 47 BD 
N/A 

c2 
#4 Bent Rebar, 52¾” 

Unbent Length 
ASTM A615 Gr. 60 N/A 

c3 #5 Rebar 5'-6" Long ASTM A615 Gr. 60 N/A 

c4 #5 Rebar 12'-6" Long ASTM A325 N/A 

c5 #4 Rebar 12'-6" Long ASTM A615 Gr. 60 N/A 

c6 Bridge Pier Assembly 
Min f'c = 4,000 psi                                  

NE Mix 47 BD 
N/A 

c7 
#4 Bent Rebar, 52¼" 

Unbent Length 
ASTM A615 Gr. 60 N/A 

c8 
W27x94, 40' Long Steel 

Girder 
ASTM A36 N/A 

c9 L5x3.5x0.5, 18" Long ASTM A36 N/A 

c10 L5x3.5x0.5, 16" Long ASTM A36 N/A 

c11 305/16"x73/16"x⅜" Plate ASTM A36 N/A 

c12 305/16" x73/16"x⅜" Plate ASTM A36 N/A 

N/A – Material certification not available  
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Table D-2. Bill of Materials, Nail-Laminated Deck and Rail, Cont., Test Nos. MGTR-1S and 

MGTR-1D 

Item No Description 
Material 

Specification 
Reference 

c13 WT3x10, 42" Long ASTM A36 N/A 

c14 WT3x10, 66½" Long ASTM A36 N/A 

c15 C15x33.9, 42" Long ASTM A36 N/A 

c16 C15x33.9, 66½" Long ASTM A36 N/A 

c17 24"x9"x1½" Sole Plate ASTM A36 N/A 

c18 24"x9"x3/4" Sole Plate ASTM A36 N/A 

c19 Elastomeric Bearing Pad 
Neoprene - Min. 50 

Durometer 
N/A 

d1 
¾"-10 UNC, 2" Long Heavy 

Hex Bolt 
ASTM A563 Gr. 5 N/A 

d2 ¾"-10 UNC Heavy Hex Nut ASTM A563 N/A 

d3 1½"-6 UNC Heavy Hex Nut ASTM A563 Gr. 5 N/A 

d4 
1½" Dia. Epoxy Rod, 20" 

Long 
ASTM A615 Gr. 60 N/A 

d5 
¾"-10 UNC Timber Bolt, 

30" Long 
ASTM A307 Gr. A H#1202025843 

d6 ¾" Malleable Iron Washer  P#0128540 H#2019112802 

d7 
⅞"-9 UNC, 15" Long Heavy 

Hex Bolt 

ASTM F3125 Gr. 

A325 
H#3093334 

d8 ⅞" Dia. Plain Round Washer ASTM F844 
P#33187 C#170089822 

L#1844804 

d9 ⅞"-9 UNC Eye Nut ASTM A325 3274T51 McMaster Carr 

d10 20d Nails  97801A111 McMaster Carr 

d11 Liquid Nails  N/A 

N/A – Material certification not available  
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Figure D-1. Scupper Block and Glulam Rail, Test Nos. MGTR-1S and MGTR-1D (Item Nos. 

a1, a4, a6) 
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Figure D-2. 2-in. x 6-in. x 14-ft Long Treated, Dimensional Lumber, Test Nos. MGTR-1S and 

MGTR-1D (Item No. a3) 
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Figure D-3. Deck Anchor Plates, Test Nos. MGTR-1S and MGTR-1D (Item No. a3) 
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Figure D-4. Static Test Plates, Test Nos. MGTR-1S and MGTR-1D (Item No. a5) 
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Figure D-5. ¾-in.-10 UNC Timber Bolt, 30 in. Long, Test Nos. MGTR-1S and MGTR-1D (Item 

No. d5) 
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Figure D-6. ¾-in. Malleable Iron Washer, Test Nos. MGTR-1S and MGTR-1D (Item No. d6) 
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Figure D-7. ⅞-in.-9 UNC, 15-in. Long Heavy Hex Bolt, Test Nos. MGTR-1S and MGTR-1D 

(Item No. d7) 
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Figure D-8. ⅞-in. Dia. Plain Round Washer, Test Nos. MGTR-1S and MGTR-1D (Item No. d8) 
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Figure D-9. ⅞-in.-9 UNC Eye Nut and 20D Nails, Test Nos. MGTR-1S and MGTR-1D (Item 

Nos. d9 and d10) 
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Appendix E. Bogie Test Results 

The results of the recorded data from each accelerometer for every dynamic bogie test are 

provided in the summary sheets found in this appendix. Summary sheets include acceleration, 

velocity, and deflection versus time plots as well as force versus deflection and energy versus 

deflection plots.  
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Figure E-1. Test No. MGTD-1D Results (SLICE-2) 
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Figure E-2. Test No. MGTR-1D Results (SLICE-2)



September 13, 2023 

MwRSF Report No. TRP-03-467-23-R1 

193 

Appendix F. Load Cell and String Potentiometer Data – Static Testing Program 
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Figure F-1. Load Cell Data, Test No. MGTD-1S 
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Figure F-2. String Potentiometer Data, Test No. MGTD-1S 
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Figure F-3. Load Cell Data, Test No. MGTR-1S 
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Figure F-4. String Potentiometer Data, Test No. MGTR-1S 
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Figure F-5. Load Cell Data, Test No. MGTR-1SB 
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Figure F-6. String Potentiometer Data, Test No. MGTR-1SB
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