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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 ñmetric tonò) 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 ñmetric tonò) 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 Problem Statement 

In 2016, the Nebraska State Legislature passed bill LB960 to adopt the Transportation 

Innovation Act. A portion of this act created a voluntary county bridge match assistance program 

intended to aid Nebraska counties in replacing deteriorated bridges. This program was targeted for 

the numerous bridges located on rural, low-volume roadways that needed immediate attention. 

With the replacement of these bridges, new bridge rails and approach guardrail systems were also 

necessary to ensure the safety of the motoring public.  

Due to the large number of deficient bridges slated for replacement, these new bridges 

needed to be constructed in a timely and cost-efficient manner. It was also desired that the 

associated bridge railings be optimized to minimize costs while satisfying current safety standards. 

Additionally, side-mounted bridge rails were desired to maximize the traversable width of the 

bridge, and the bridge railings needed to prevent damage to the deck during an impact event to 

prevent costly repairs. For convenience, one bridge rail design was desired to treat all future 

installation sites for these rural bridges. Due to the low traffic volume associated with these bridges 

(50 ï 500 average daily traffic (ADT)), a bridge railing that satisfied the Test Level 2 (TL-2) 

performance criteria of the 2016 edition of the Manual for Assessing Safety Hardware (MASH 

2016) [1] was warranted rather than using more expensive TL-3 systems typically used on higher-

speed, higher-volume roadways. Thus, a new MASH 2016 TL-2 bridge rail was desired to provide 

an economical treatment for rural, low volume roads. 

1.2 Background 

National Cooperative Highway Research Program (NCHRP) project 22-12(03) recently 

provided guidelines for the selection of bridge rails based on roadway characteristics such as traffic 

volume, percentage of heavy trucks, speed, lane width, curvature, and perceived risk of a railing 

failure [2]. In general terms, it was found that a TL-2 system would be warranted for nearly all 

roadways with a traffic volume less than 1,000 vehicles per day due to the low risk of vehicle 

encroachment. TL-1 barriers were not considered in the NCHRP analysis. However, the cost 

difference between a TL-1 and a TL-2 system is often minimal. Thus, bridges located on rural, 

low-volume roadways would likely warrant a TL-2 bridge railing.  

Two W-beam bridge rails have previously been designed for use on low volume roads that 

satisfy MASH TL-2 and TL-3 safety standards. Both systems utilized a 31-in. tall W-beam rail 

supported by S3x5.7 weak posts, thereby limiting both the loads transferred to the bridge deck and 

the associated risk for deck damage. The first system, the Midwest Guardrail System (MGS) 

Bridge Rail, was a MASH TL-3 side-mounted system that was supported by steel sockets placed 

adjacent to the side of the deck [3], as shown in Figure 1. The system utilized a 37.5-in. post 

spacing, and the sockets were attached to the bridge deck with a 1-in. diameter bolt that went 

through the thickness of the deck. A steel angle was mounted below the deck to provide additional 

length for the force couple which resisted post bending. The system was full -scale crash tested 

according to MASH test designation nos. 3-10 and 3-11 with a small car and pickup truck, 

respectively. 
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Figure 1. MGS Bridge Rail Test Installation [3] 

Texas Department of Transportationôs (TxDOT) T631 bridge rail was mounted to the top 

of the bridge deck with a ȩ-in. thick base plate bolted to the top of the bridge deck with four ȩ-

in. diameter bolts [4-5], as shown in Figure 2. The posts were welded to the base plates with 

continuous ¼-in. thick fillet welds. The system satisfied MASH TL-2 criteria and was successfully 

tested under MASH test designation nos. 2-10 and 2-11 with a 75-in. post spacing. A modified 

version of the system with a 37.5-in. post spacing was also crash tested and satisfied MASH TL-3 

criteria. MASH test designation no. 3-11 was conducted on the system with a 75-in. post spacing, 

but the test resulted in failure due to rail tearing. Thus, the 75-in. post spacing is only crashworthy 

at MASH TL-2. 
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Figure 2. TxDOT T631 Test Installation [4-5] 

These existing systems required attachment hardware on the top surface of the bridge deck. 

However, it was believed that a similar system could be developed with the posts and attachment 

hardware only on the side of the deck, such that the top surface of the deck remained clear of 

obstructions.  

1.3 Objective 

The research objectives for this project included the development and full-scale crash 

testing of a TL-2 bridge railing for use on rural, low-volume roadways. The bridge railing was to 

be compatible with both 7-in. thick cast-in-place (CIP) decks and 12-in. thick precast beam slabs, 

and the system needed to limit damage to the bridge deck during impact events. A railing 

incorporating side-mounted posts was desired to limit encroachment of the system over the bridge 

deck and maximize the traversable width of the bridge. A detailed analysis of the required length 

of need was required to identify the minimum length of the guardrail adjacent to the bridge and 

limit the total installation costs. All crash testing was to be conducted and reported according to 

the TL-2 safety requirements found in MASH 2016. 

1.4 Scope 

The development of the optimized MASH 2016 TL-2 bridge rail began with a literature 

review of previous crash-tested W-beam bridge rails evaluated according to MASH TL-2 and TL-

3 were reviewed. The performance of various post attachment designs and anchorage to concrete 

bridge decks were a focus of this review.  
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Following this review, multiple design concepts were developed for attaching guardrail 

support posts to the concrete bridge decks. Efforts were made to mount the posts to the side of the 

bridge deck, leaving the top surface of the deck clear of any attachment hardware. Several design 

concepts were then selected for evaluation through dynamic component testing. Simulated bridge 

decks were constructed, and guardrail posts were mounted to the simulated deck utilizing the 

selected attachment designs. Each attachment design was subjected to both lateral and longitudinal 

impacts from a bogie vehicle to evaluate both the strong- and weak-axis performance of the post 

and anchorage assembly. Evaluations focused on both the strength of the post assembly as well as 

the damage imparted to the deck. Results from the dynamic bogie testing guided the selection of a 

bridge rail concept for further evaluation through full-scale crash testing in accordance with 

MASH TL-2 criteria. 

Although MASH 2016 specifies two full-scale crash tests to satisfy TL-2 safety criteria, 

the greater mass of the 2270P pickup truck was expected to produce higher rail loads and system 

deflections than the 1100C small car. Additionally, two similar systems had previously been 

successfully crash tested with the 1100C vehicle, as discussed in Section 1.2. Therefore, test 

designation no. 2-10 with the small car was not considered critical, and only test designation no. 

2-11 was conducted to evaluate the MASH TL-2 bridge rail. 

In order to minimize the cost of barrier installations, the run-out-length of the guardrail 

adjacent to the bridge must also be optimized. After the bridge rail system was proven crashworthy 

to MASH TL-2, an analysis was conducted to evaluate whether a stiffness transition was necessary 

between the bridge rail and the adjacent roadside guardrail. Additionally, an analysis was 

conducted to calculate the minimum length of MGS required adjacent to the bridge railing based 

on anchorage requirements and guardrail terminal characteristics. 
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2 POST-TO-DECK CONNECTION  DESIGNS 

2.1 Deck Configurations 

Historically, bridges on rural, low-volume roads in the state of Nebraska were built with 

CIP decks. However, the use of precast, prestressed beam slabs has become popular in recent years 

as they allow for rapid construction of the bridge. Thus, the Nebraska Department of 

Transportation (NDOT) desired the new bridge railing to be compatible with both deck types. 

CIP decks in Nebraska are typically 7 to 8 in. thick and are reinforced with upper and lower 

steel rebar mats. These decks are supported by wide-flange steel girders, and the exterior girders 

are commonly placed directly below the edges of the deck. As such, there are no overhang or 

cantilevered portions of deck along the sides of the bridge. Steel channels are commonly placed 

along the edges of the deck. These channels are tack welded to the tops of the exterior girders and 

serve as formwork while pouring the deck. Additionally, the channels provided a steel surface 

along the edge of the deck where bridge rail posts could be welded onto the bridge. Rebar are 

welded to the inside face of the channel and tied to both the top and bottom steel mats to anchor 

the channels to the side of the deck. Example details from a typical CIP bridge deck are shown in 

Figure 3.  

Through discussions with NDOT, a 7-in. thick deck reinforced with #4 lateral rebar at 6-

in. spacings and #4 longitudinal rebar at 12-in. spacings in both the upper and lower steel mats 

was selected as a critical CIP deck for use in the development and evaluation of the new bridge 

railing. This configuration represented the thinnest CIP deck and utilized typical reinforcing steel. 

A C7x9.8 channel was selected for use along the deck edge as it was the weakest of the standard 

7-in. C-channels. 

Precast, pre-stressed, beam-slabs can be fabricated in a variety of sizes and configurations, 

but they have a minimum thickness of 12 in. and are typically around 3 ft to 4 ft wide. Similar to 

the CIP decks, steel channels are embedded into the sides of the precast beam-slabs to provide a 

steel surface for the attachment of bridge rail posts. However, since the channels are not needed as 

formwork, the side channels in beam-slab may be continuous along the edge or used intermittently 

only at post locations. Example details from a typical beam-slab bridge are shown in Figure 4, 

while pictures of short channel segments used in a recent bridge deck are shown in Figure 5. 

Through discussions with NDOT, a 12-in. thick beam-slab reinforced with #3 stirrups at 5-in. 

spacings, three #4 longitudinal rebar at the top, a combination of prestressing strands and rebar at 

the bottom, and a C12x20.7 side channel was selected as the critically small/weak beam-slab 

configuration for use in development and evaluation of the new bridge rail. 
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Figure 3. Example Details for 7-in. Thick CIP Deck 
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Figure 4. Example Details for 12-in. Thick Precast Beam-Slab Deck 
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Figure 5. Short Channel Segments Used Within a 12-in. Thick Beam-Slab Deck 
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2.2 Socket and Post Sections 

It was desired for the new bridge rail to be a side-mounted, weak-post system with a 

socketed post-to-deck attachment. As such, the same steel post and socket sections used in the 

previously developed, MASH TL-3, MGS bridge rail were selected for use in the new system. The 

posts were S3x5.7 sections and the sockets consisted of HSS4x4xȨ sections, as shown in Figure 

6. The post standoffs, or shims, welded to the sides of the post within the socket were desired for 

use in the new bridge railing as well. These standoffs created a tighter fit for the post within the 

socket and prevented posts from leaning to the side. Additionally, the welded connections of the 

standoffs to the post create a stress concentrator that causes the post flanges to tear when a vehicle 

bumper impacts a post and bends it over longitudinally, as shown in Figure 7. With the flanges 

torn, a post will bend over easily and will not spring back upward to contact and potentially tear 

the vehicle floor pan, as observed in previous tests with S3x5.7 posts.   

The socket assembly from the MGS bridge rail was to be reconfigured for use on the 

selected bridge decks. The only components that were to remain the same were the HSS square 

tube section and the keeper bolt that ran longitudinally through the center of the postôs web to 

prevent the post from pulling out of the socket during impact events. In previous socketed systems 

utilizing S3x5.7 posts, like the MGS bridge rail and weak-post MGS attachments to concrete 

culverts [3, 6-7], the sockets extended 2 in. above the deck/ground surface. However, the CIP 

decks discussed in Section 2.1 are often poured with the paver running on top of the C-channel 

and extending off the edge of the deck. Thus, the top of the socket was desired to be slightly below 

the surface of the deck to prevent interference with this construction technique. Subsequently, all 

sockets designed and evaluated herein stopped Ȩ in. below the surface of the deck. 

Two different socket-to-deck attachment methods were to be explored: (1) a welded 

attachment with the socket welded directly to the deckôs side C-channel, and (2) a bolted 

attachment with the socket assembly bolted to the side of the deck. These attachment methods and 

their corresponding socket assemblies are discussed in the following sections. 
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Figure 6. Post Assembly and Socket Tube from the MGS Bridge Rail [3] 

    
 

Figure 7. Post Flange Tearing adjacent to Post Standoffs [3] 

2.3 Welded Socket Attachments 

A welded attachment of the tube socket to the side channel of the deck was an option 

explored for use in the new bridge railing design. Directly welding the socket to the channel, as 

shown in Figure 8, minimized the number of components in the socket assembly by eliminating 

the need for an attachment plate. Also, many of the installers that work on rural bridges have 

experience with welding posts to deck edges. Thus, a welded attachment would provide a simple 

and cost-efficient mechanism for attaching the sockets to the bridge deck. 
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Figure 8. Socket Welded Directly to a 7-in. CIP Deck 

A few concerns were identified with field welding the sockets. First, field welds require 

black, or galvanized, steel components. As such, both the socket and the side channel could not be 

galvanized and would be susceptible to rusting. Second, field welding would take longer to 

assemble the bridge railing compared to a bolted attachment. Finally, a welded attachment results 

in all of the impact load being transferred to the side channel of the deck. Even though the new 

bridge rail system used weak S3x5.7 posts, the impact loads could pry the top flange of the channel 

away from the bridge deck if the channel was not sufficiently anchored to the deck. This concern 

is illustrated in Figure 9. 

 
 

Figure 9. Channel Flange Prying off Deck During Loading 
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To mitigate the concerns of the channel being pried from the side of the bridge deck during 

impacts, multiple reinforcement configurations were developed to anchor the side channel to the 

deck. These anchorage configurations are shown in Figure 10. The first anchorage option utilized 

straight #4 rebar segments welded to the inside face of the channel that extended into the deck and 

tied into the upper and lower steel mats. ASTM A615 steel is the most common steel material used 

for rebar, but there were concerns that the butt welds at the end of the rebar to the channel would 

not fully develop the strength of the rebar. Thus, ASTM A706 steel rebar was also investigated for 

use in the channel anchorage as its chemical properties were designed to enhance weldability. 

The second anchorage option utilized a #5 U-bar with its base located at the upper corner 

of the channel and its legs extending diagonally down and into the deck. Flare-bevel welds would 

be used to attach the base of the U-bar to the flange and web of the channel. This welded connection 

has significantly increased strength over the butt welds form the previous anchorage option and 

would be more likely to develop the full capacity of the U-bar.  A few straight #4 rebar were also 

used in this anchorage option to help further anchor the channel and tie into the deck reinforcing 

steel. 

The third anchorage option used gusset plates to reinforce the top flange and web of the 

channel, and #4 rebar were welded to the gussets using the stronger flare-bevel welds. The interior 

ends of the rebar were hooked down at 90 degrees to increase the anchorage capacity of the bars. 

A few straight #4 rebar were still used at the bottom of the channel to tie in with the lower steel 

mat of the deck. This anchorage design was considered the strongest of the options and would only 

be used if the other options failed to adequately anchor the channel to the edge of the deck. 
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Figure 10. Welded Socket Attachment with (a) Straight Bar Anchorage, (b) U-bar Anchorage, and (c) Gussets and Hook Bar 

Anchorage 
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2.4 Bolted Socket Attachments 

A bolted socket-to-deck attachment was desired to address many of the concerns raised 

with a welded attachment. Bolted attachments can use all galvanized components, thereby 

minimizing the risk of rusting. To create a bolted socket-to-deck attachment, the socket had to first 

be welded to a mounting plate. However, this socket assembly could be welded in the shop and 

galvanized prior to installation. Bolted attachments can also be assembled quickly on site and do 

not require the skilled/certified labor or extra equipment associated with welding. Finally, 

damaged components are much easier to replace in a bolted attachment in comparison to welded 

joints. 

One of the objectives of the project was that the deck edge remained smooth without any 

hardware extending outward that would interfere with formwork. Thus, the socket assembly had 

to be bolted on from the outside with an internally threaded component cast within the deck. To 

satisfy these constraints, a new post-to-deck attachment method was developed using coupling 

nuts and threaded rods. Coupling nuts are commonly used to connect the ends of threaded hardware 

and directly transfer loads from one component to the other. For the new bolted attachment, holes 

were drilled in the web of the channel and coupling nuts were placed on the inside surface of the 

channel. Threaded rods were partially inserted into the coupling nuts and extended into the deck. 

These components would be embedded into the bridge deck when the concrete is poured. This 

allows the socket assemblies to be easily attached to the edge of the deck by bolting through the 

mounting plate and side channel and into the coupling nut, as shown in Figure 11.  

During an impact, this new post-to-deck attachment design directly transfers the tensile 

loads from the attachment bolts through the coupling nuts and into the threaded rod anchors. The 

impact loads are never transferred to the channels (except for compression as part of the force 

couple resisting the moment created from post bending), so there would be minimal risk of damage 

to the side channels or the deck.  Finally, the coupling nuts, threaded rods, and bolts would all be 

standard hardware, so only the socket assembly would need to be fabricated as part of the socket-

to-deck attachment. 

 



September 3, 2020  
MwRSF Report No. TRP-03-407-20 

 

15 

 
 

 
 

Figure 11. Coupling Nut and Threaded Rod Attachment of Socket Assembly to Deck  

Mounting Plate 

Socket Assembly 

Coupling Nut 

HSS Tube Socket 

Threaded Rod 



September 3, 2020  

MwRSF Report No. TRP-03-407-20 

16 

3 COMPONENT TESTING CONDITIONS  

3.1 Purpose 

Several side-mounted, post-to-deck connections were evaluated with dynamic component 

tests in order to evaluate the strength and behavior of the connections as well as potential damage 

to both deck types during an impact event. 

3.2 Scope 

Six dynamic component tests were conducted on S3x5.7 steel posts mounted to the side of 

simulated bridge decks with various socket-to-deck attachment designs. The socket-to-deck 

attachments consisted of the welded and bolted options discussed in Sections 2.3 and 2.4, 

respectively. A total of eight different socket-to-deck attachment designs were constructed on two 

simulated bridge decks, and each design, or location on the simulated decks, was denoted with a 

letter, as shown in Figures 12 through 35. Designs A through F were located on a simulated 7-in. 

thick, CIP deck and spaced at 51-in. intervals, on-center. Designs G and H were located on a 

simulated 12-in. thick, precast concrete beam-slab and were spaced 48 in. apart. Each of the socket-

to-deck attachment designs had a unique combination of deck type, socket welds, bolt and threaded 

rod diameter, and internal reinforcement welded to the inside of the channel. Differences in the 

socket and post length were only due to the thickness of the deck and not necessarily a design 

feature desired for evaluation. 

All of the socket-to-deck attachments were constructed on short channel segments 

embedded into the simulated decks. The short segments were utilized instead of a continuous 

channel so that any damage to a particular attachment location would not affect the adjacent 

locations. Additionally, testing short channel segments was seen as a worst-case scenario for 

anchoring the channel to the deck as a continuous channel should have increased strength and 

resistance to damage. Thus, if the component tests were successful with short channel segments, 

designs with continuous channels along the deck edge would also be acceptable. 

Although eight test installations were constructed, only six dynamic component tests were 

conducted. Testing was conducted using an iterative approach where the design selected for 

evaluation in a specific test was based on the results of the previous tests. Eight different designs 

were constructed so that the researchers had design options available for continued testing without 

having to construct new test articles. Thus, the extra test articles provided multiple testing 

possibilities and a construction time savings at minimal additional installation costs.  

Two different impact conditions were used. The first involved a lateral impact (90-degree 

impact angle) on the post at a height of 25 in. subjecting it to strong-axis bending. These impact 

conditions were selected to match the height to the center of the W-beam rail and represent 

maximum lateral loading into the guardrail system. Similar impact conditions are routinely used 

to observe the performance of guardrail posts installed in soil. The second critical test condition 

involved a longitudinal impact (0-degree impact angle) where a post was subjected to weak-axis 

bending. The longitudinal impacts were conducted with a load height of 12 in. to simulate a small 

car bumper impacting posts during a redirection. This second impact was deemed critical because 

it induces high shear loads into the socket and may cause the socket to rotate. The target impact 

speed for both test conditions was 20 mph. These two critical impact conditions have previously 
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been used to evaluate socket attachments to culverts for weak-post MGS installations [6-7]. Table 

1 shows the design/location and impact conditions for each of the six dynamic component tests 

conducted during the study. 

The simulated concrete decks were designed to replicate typical CIP and pre-stressed 

concrete beam-slabs used on rural Nebraska roadways. Note, the simulated concrete beam-slab 

was not pre-stressed and only utilized standard rebar reinforcement. This change saved on 

installation costs without affecting the results of the component tests. Both concrete decks had a 

targeted minimum compressive strength of 6,000 psi. The actual concrete compressive strength 

was 5,660 psi. Design details for the test installations are shown in Figures 12 through 35, and 

installation photographs are shown in Figure 36. Material specifications, mill certifications, and 

certificates of conformity for the simulated decks, posts, and attachment hardware used for the 

component tests are shown in Appendix A. 
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Table 1. Component Testing Details   

Test No. 

Target 

Impact Speed 

mph 

Impact 

Angle 

degrees 

Impact 

Height 

in. 

Deck  
Deck 

Location 

Attachment 

Type 

Attachment 

Details 

C-Channel 

Section 

C-Channel 

Assembly 

N2B-1 20 90 25 7ò CIP A Bolted 
1-in. diameter 

fasteners 
C7x9.8 A 

N2B-2 20 90 25 
12ò Precast 

Beam-Slab 
G Bolted 

¾-in. diameter 

fasteners 
C12x20.7 F 

N2B-3 20 90 25 7ò CIP B Welded 
Straight A706 

rebar 
C7x9.8 B 

N2B-4 20 90 25 7ò CIP E Welded #5 U-bar C7x9.8 D 

N2B-5 20 0 12 
12ò Precast 

Beam-Slab 
G Bolted 

¾-in. diameter 

fasteners 
C12x20.7 F 

N2B-6 20 0 12 7ò CIP C Welded 
Straight A615 

rebar 
C7x9.8 B 
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Figure 12. Bogie Testing Matrix and Setup, 7-in. Thick Deck System Overview 
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Figure 13. Bogie Testing Matrix and Setup, 7-in. Thick Concrete Deck in Ground Details 
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Figure 14. Bogie Testing Matrix and Setup, 12-in. Thick Deck System Overview 
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Figure 15. Bogie Testing Matrix and Setup, 12-in. Thick Concrete Deck in Ground Details 
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Figure 16. Bogie Testing Matrix and Setup, 7-in. Thick Deck Reinforcement 
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Figure 17. Bogie Testing Matrix and Setup, 12-in. Thick Deck Reinforcement 



 

 

S
e
p

te
m

b
e
r 3, 2

0
2

0  

M
w

R
S

F
 R

e
p
o

rt N
o
. TR

P
-0

3-4
0
7-2

0 

2
5 

 
Figure 18. Bogie Testing Matrix and Setup, Location ñAò Deck Section and C-Channel Assembly A 
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Figure 19. Bogie Testing Matrix and Setup, Locations ñBò and ñCò Deck Section and C-Channel Assembly B 
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Figure 20. Bogie Testing Matrix and Setup, Location ñDò Deck Section and C-Channel Assembly C 
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Figure 21. Bogie Testing Matrix and Setup, Location ñEò Deck Section and C-Channel Assembly D 
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Figure 22. Bogie Testing Matrix and Setup, Location ñFò Deck Section and C-Channel Assembly E 
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Figure 23. Bogie Testing Matrix and Setup, Location ñGò Deck Section and C-Channel Assembly F 
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Figure 24. Bogie Testing Matrix and Setup, Location ñHò Deck Section and C-Channel Assembly G 
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Figure 25. Bogie Testing Matrix and Setup, C-Channel Assembly Components 
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Figure 26. Bogie Testing Matrix and Setup, C-Channel Assembly Components 
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Figure 27. Bogie Testing Matrix and Setup, Post Assembly Details 




































































































































































































































































































































































































































































































































































