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CHAPTER 1. INTRODUCTION 
 
 
BACKGROUND 
 

Several new truss bridges are planned throughout the state.  Currently, the bridge railing 
proposed for these structures consists of a standard Texas Department of Transportation 
(TxDOT) railing, the T101, which is supported by a cast-in-place concrete deck.  TxDOT would 
prefer to have the option to support a bridge rail system from the truss members in lieu of 
supporting the railing from the concrete deck.  The primary advantage of using a truss-supported 
bridge rail is to allow alternate types of deck.  One disadvantage to using a truss-supported 
bridge rail is the bridge structure must be adequately designed to resist the crash loads imparted 
from the bridge rail directly to the truss members.  A truss-mounted bridge railing system will 
provide the bridge designer with more options and greater flexibility in designing steel truss 
bridges.  

 
 

OBJECTIVES/SCOPE OF RESEARCH 
 

The purpose of this research was to develop a truss-mounted bridge railing system that 
meets the strength requirements of National Cooperative Highway Research Program (NCHRP) 
Report 350 Test Level 3 (TL-3) (1).  In addition, the railing system should be designed to 
minimize the force imparted to supporting truss members and be acceptable for varying span 
lengths up to 20 ft between supporting truss members.  In addition to developing a new rail 
design, another objective of this research was to develop design forces from TL-3 crash loads on 
the railing system that can be used by the bridge designer to design the steel truss bridge. 
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CHAPTER 2. DEVELOPMENT OF BRIDGE RAIL DESIGN FOR NEW 
TRUSS BRIDGES 

 
 

On February 23, 2004, the Texas Transportation Institute (TTI) and TxDOT personnel 
met to discuss and establish requirements and guidelines for the design of a truss-mounted bridge 
rail for new truss bridges.  The typical new truss is assumed to be a Warren-type or Pratt-type 
pony truss with vertical truss web members at each panel point.  The new bridge rail design 
should meet the requirements of NCHRP Report 350 TL-3 and be supported by vertical truss 
web members and end posts only.  The loading conditions for TL-3 consist of a 54-kip force 
distributed over 4 ft along the railing system.  For a 2-rail bridge rail system, this 54-kip force is 
divided evenly for each rail element, or 27-kip force distributed over 4 ft per rail element.  The 
new design should also incorporate the use of crushable blockouts that limit concentrated forces 
applied to supporting truss members.  Magnitude of the reactions applied to the truss members 
from the crushable blockouts were to be defined and will be used by the bridge designer to 
design the bridge truss members.  The new design should be suitable for attachment to vertical 
truss members spaced up to 20 ft. 

 
For this project, finite element modeling was performed on several sizes of crushable 

pipe blockouts using the computer modeling program LS-DYNA.  The blocks were loaded with 
diametrically opposing plate loads.  The crushable pipe blockouts analyzed for this project 
ranged in size from 6-inch diameter Schedule 40 pipe to 10-inch diameter Schedule 80 pipe.  
Seven different crushable pipe blockouts were analyzed.  Five of the seven blockouts were 
6 inches in length and the remaining two were 8 inches in length.  A summary of the force versus 
crush distance for each pipe blockout type is shown in the calculations in the appendix.   

 
Structural analyses of several different rails using the results obtained from the crushable 

pipe blockouts were performed using STAAD Pro.  Test Level 3 conditions require that the 
bridge rail system resist 54 kips of transverse load distributed over a 4-ft longitudinal distance.  
For the two-rail system considered, the load was divided equally between the two rail elements, 
i.e., 27 kips applied to each rail element.  Analyses were performed on several different 
combinations of rail sizes and crushable pipe blockout types using five continuous spans with 
span lengths ranging from 10 ft to 20 ft.  The crushable pipe blockouts were modeled as multi-
linear springs with spring constants, “k” (force/crush), used to approximate the graphs shown on 
page seven of the calculations in the Appendix.  Analyses were performed on each rail/crushable 
pipe combination with the 27 kips distributed over 4 ft located at:   

 
• mid-span;  
• centered over a crushable pipe support (vertical truss member support); and  
• at the end of the rail element.   

 
A summary of the data obtained from the analyses on the different rail/crushable pipe blockout 
combinations are presented in the calculations in the Appendix.   
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SUMMARY OF RESEARCH 
 
A new bridge rail design was selected based on the results from the analyses.  This new 

bridge rail design consists of two railing members fabricated from HSS8x8x6 tubular members.  
The recommended height of the top and bottom rail members is 30 inches and 16 inches, 
respectively.  We recommend 10-inch diameter Schedule 80 (extra strong) A53, grade B pipe 
blockouts, 6 inches in length be used to support the rail at all vertical truss member locations.  
Considering the height and geometry of the rail elements, there is a low potential of vehicular 
interaction with the truss members based on Figures A13.1.1-2 and A13.1.1-3 in Section 13 of 
the American Association of State Highway and Transportation Officials (AASHTO) Load 
Resistance Factor Design (LRFD) Bridge Design Specifications (2).  Details of the 
recommended design are shown as Figures 1 and 2.  A graph of the force versus crush 
displacement of the selected 10-inch Schedule 80 pipe blockout is shown as Figure 3. 

 

ELEVATION

PLAN10-INCH SCH. 80 
A53 GRADE B PIPE BLOCKOUT
6 INCHES LONG
WELDED EACH SIDE TO
6"x12"x1/2" THK.
A36 PLATE AND BOLTED
TO TRUSS MEMBER W/
4~3/4-IN. DIA. A325 BOLTS
3 INCHES LONG

 
 
 
 

Figure 1.  Details of the Recommended Crushable Pipe Blockout. 
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10-INCH SCH. 80 
A53 GRADE B PIPE BLOCKOUT

6 INCHES LONG
WELDED EACH SIDE TO

6"x12"x1/2" THK.
A36 PLATE AND BOLTED

TO TRUSS MEMBER W/
4~3/4-IN. DIA. A325 BOLTS

3 INCHES LONG

ELEVATION VIEW

2~HSS8x8x6
A500 GRADE B 

BRIDGE RAILS WITH
7/8-IN. DIA. A325 WELDED

STUDS 2 INCHES LONG

PLAN VIEW

 
 
 

Figure 2.  Details of Recommended New Bridge Rail Design. 
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Figure 3.  Plot of Force (kips) vs. Crush Distance (inches) for 10-inch Schedule 80 Pipe 
Blockout, 6 inches in Length. 
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The new bridge rail design developed from this research meets the strength requirements 
of NCHRP Report 350, Test Level 3.  This railing is designed for mounting directly to Pratt-type 
or Warren-type trusses that have vertical truss members spaced 20 feet or less and rigidly 
connected to the transverse floorbeams.  A minimum clear space of 3 inches is recommended 
between the railing and any diagonal truss members that do not support the rail. The railing is 
designed for installation by bolted connection to vertical members.  The railing will meet 
NCHRP Report 350 TL-3 requirements provided that:   

 
1) the spacing between vertical members does not exceed 20 feet, and  
 
2) the truss members and all associated components are designed for the theoretical 

crash loads transmitted to the truss through the rail plus all dead load including the 
rail weight.   

 
The following tables provide recommended crash loads to be used in the design of the 

bridge structure.  Table 1 refers to crash loads applied to intermediate truss members (see 
Figure 4). Table 2 refers to the situation where crash loads are applied to the end of the bridge 
railing system connected to the end truss members.  These loads are applicable where the bridge 
railing system does not extend beyond the end of the truss (See Figure 5).  The loads presented in 
these tables should be used to analyze a 3-D model of the truss bridge and connections in 
conjunction with the dead load of the structure. The bridge designer should consider the 
application of these loads at the various locations along the truss to produce the highest stress in 
the truss members.  The designer should confirm that the capacities of the members exceed the 
maximum member force due to the loading.  For additional information, please refer to the 
calculations included in the appendix. 
 
 TxDOT anticipates that most new truss construction will be of the pre-fabricated, 
fabricator-designed type.  Implementation of the new rail system with this type of truss would 
require that the fabricator/designer could demonstrate that the truss has been designed for the 
crash rail impact load case.  
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Table 1:  Recommended Lateral Design Loads for Intermediate Steel Truss Members.  
 
Bridge Rail Type: 2~HSS8x8x6 Rails with 10-inch Schedule 80 A53 Pipe Blockouts,  
6 inches Long 
      

  Lateral Design Force Per Rail Element Lateral Design Force Per Rail Element 
Support Load at Support* Load at Adjacent Supports (X2) 
Spacing (Intermediate Truss Members) (Intermediate Truss Members)* 

(ft) (Force F1, kips) (Force F2, kips) 
10 12.5 9.0 
12 13.0 9.0 
14 13.5 9.0 
16 14.0 9.0 
18 14.5 8.5 
20 15.5 8.5 

 *  Load applied to Upper and Lower Rail  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Crash Loads at Intermediate Truss Members. 
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Table 2:  Recommended Lateral Design Loads at End Steel Truss Member  

and Adjacent Member.  
  
(Loads Based on Railing terminating at End Truss Member) 
Bridge Rail Type: 2~HSS8x8x6 Rails with 10-inch Schedule 80 A53 Pipe Blockouts,  
6 inches Long 
 

  Lateral Design Force Per Rail Element Lateral Design Force Per Rail Element 
Support  Load at End Support* Load at Adjacent Support* 
Spacing (Force F3, kips) (Force F4, kips) 

(ft)     
10 16.5 13.0 
12 17.5 13.0 
14 18.5 13.0 
16 19.0 12.5 
18 20.0 12.0 
20 21.0 10.0 

 *  Load applied to Upper & Lower Rail  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Crash Loads at End Truss Members. 
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CHAPTER 3.  APPLICATION TO DEER CREEK BRIDGE 
 
 

On July 1, 2003, TTI personnel received from TxDOT a set of fabrication drawings 
entitled “98' Truss Bridge, 28' Roadway Width, Deer Creek Bridge, Dewitt County, Texas” and 
dated March 7, 2002.  The Deer Creek Bridge is typical of new truss bridges used by TxDOT 
that are prefabricated and designed by the fabricator.  These drawings present details for a 98-ft 
long Warren Type Steel Pony Truss Bridge with verticals at panel points.  The total height of the 
steel trusses is 10 ft from the center of the bottom chords to the center of the top chords.  These 
drawings have been approved for construction.  This bridge will be constructed using a TxDOT 
Type T101 bridge rail supported by an 8-inch thick concrete deck.  TxDOT proposes to use 
several bridge structures of this type in the future for new bridge construction.  As part of this 
project, TTI has performed preliminary analyses to determine if the Deer Creek structure as 
designed is adequate to support crash loads from the railing design proposed for new truss 
bridges in the study reported herein.    

 
 

DETAILS OF CURRENT 98-FT DEER CREEK TRUSS BRIDGE 
 
 The current 98-ft long Deer Creek Steel Truss Bridge in Dewitt County, Texas, consists 
of two Warren Type Steel Pony Trusses with vertical and suspended floor beams.  The bridge 
trusses consist of 7 panels, with each panel 14 ft in length.  The center-to-center height between 
the top and bottom chords is 10 ft. The width of the bridge between the pony trusses is 
31 ft-8 inches.  W27x129 floor beams suspended below the bottom chord are supported at the 
panel points and are used to support five equally spaced W14x34 stringers.  These stringers are 
used to support an 8-inch thick concrete deck with a 2 percent cross-slope.  The concrete deck is 
30 ft-3 inches wide and is used to support a TxDOT Type T101 bridge rail on each side of the 
concrete deck.  The clear roadway width between the railings is 28 ft-0 inch.  The steel trusses 
consist of W12x26 diagonals and verticals.  The bottom chords of the trusses consist of two 
C12x30 structural shapes in the exterior panels and two MC12x40 structural shapes in the center 
panel.  The top chords in the trusses range in size from a W12x50 on the ends to a W12x87 in the 
center of the trusses.  Steel rods, 1-inch in diameter, are used as lateral cross bracing between the 
suspended floor beams.  All superstructure steel is designated as American Society for Testing 
and Materials (ASTM) A709, grade 50W (A588 weathering type) steel. 
 
 
ANALYSES OF CURRENT 98-FT DEER CREEK TRUSS BRIDGE 
 

Analyses of the current bridge design were performed using the three dimensional 
structural engineering program RISA-3D.  The loads used in the analysis consisted of the dead 
load weight of the structure plus the impact rail loads developed for this project for a truss-
mounted rail system.  The design dead loads used in the analysis consist of the self-weight of the 
steel members and the dead load of the 8-inch thick slab with the stay-in-place forms.  The 
distributed force of the slab and the pan forms total 135 pound-force per square foot (psf).  The 
impact loads used in the analysis consist of the loads developed for the design of the new truss-
mounted bridge rail supported by vertical truss members spaced 14 feet apart which were 
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developed for this project.  These loads consist of 13.5 kips located at a vertical support with 9.0 
kips on the adjacent vertical truss members per rail element.  A brief sketch of the imposed crash 
loads from the new truss-mounted rail is shown in Figure 6. 

 

 
Figure 6.  Superimposed Crash Loads from New Truss-Mounted Bridge Rail for Deer 

Creek Bridge Analysis. 
 
 
The bridge railing members used in the analysis consist of two (2) HSS8x8x6 tubes 

similar to the design shown in Figure 2.  The bridge rails were connected to the vertical truss 
members and extended beyond the exterior members and connected to simple pin-type 
connection beyond the exterior members to simulate the connection to a concrete parapet.  The 
height of the bridge rail above the pavement surface was approximately 30 inches.   
 

Based on the results from the analysis of the existing Deer Creek Bridge with the 
proposed rail loads shown in Figure 4, several design modifications are required.  The primary 
modifications required for the structure are increased moment resisting connections between the 
floor beams and the vertical truss members to resist the lateral crash loads.  Moment resisting 
connections are also required at the exterior truss members (chords).  If adequate moment 
resisting connections are provided at exterior chord members and at all connections between 
vertical truss members and bottom floor beams, some resizing of  the truss members will be 
required to meet the strength requirements of AASHTO’s LRFD Bridge Design Specifications.  
In addition, other changes will likely be required, such as resizing of gusset plates in the top 
chord member connections to adequately resist the crash loads.  The modifications presented in 

14 ft
14 ft

14 ft
14 ft
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this report pertain to the 98-ft Deer Creek Bridge structure and may or may not apply to other 
bridge structures similar in type, length, size and geometry.  
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CHAPTER 4. IMPLEMENTATION STATEMENT 
 
 

The new bridge rail design developed from this research meets the strength requirements 
of NCHRP Report 350, Test Level 3.  This railing is designed for mounting directly to Pratt-type 
or Warren-type trusses that have vertical truss members rigidly connected to transverse 
floorbeams.  A minimum clear space of 3 inches is recommended between the railing and any 
diagnonal truss members that do not support the rail.  The railing is designed for installation by 
bolted connection to the vertical members.  The railing will meet NCHRP Report 350 TL-3 
requirements provided that: 

 
1) the spacing between vertical members does not exceed 20 ft, and 
2) the truss members and all associated components are designed for the theoretical 

crash loads transmitted to the truss through the rail, plus all dead load including the 
rail weight.  

 
The following tables provide recommended crash loads to be used in the design of the 

bridge structure.  Table 3 refers to crash loads applied to intermediate truss members (see 
Figure 7).  Table 4 refers to the situation where crash loads are applied to the end of the bridge 
railing system connected to the end truss members.  These loads are applicable where the bridge 
railing system does not extend beyond the end of the truss (see Figure 8).  The loads presented in 
these tables should be used to analyze a 3-D model of the truss bridge and connections in 
conjunction with the dead load of the structure.  The designer should confirm that the capacities 
of the members exceed the maximum member force due to the loading. 
 

TxDOT anticipates that most new truss construction will be of the pre-fabricated, 
fabricator-designed type.  Implementation of the new rail system with this type of truss would 
require that the fabricator/designer could demonstrate that the truss has been designed for the 
crash rail impact load case. 
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Table 3.  Design Transverse Crash Loads for Intermediate Steel Truss Members.  

 
Bridge Rail Type 2~HSS8x8x6 Rails with 10-inch Schedule 80 A53 Pipe Blockouts, 
6 inches Long. 
      

  Lateral Design Force Per Rail Element Lateral Design Force Per Rail Element 
Support Load at Support* Load at Adjacent Supports (X2) 
Spacing (Intermediate Truss Members) (Intermediate Truss Members)* 

(ft) (Force F1) (Force F2) 
10 12.5 9.0 
12 13.0 9.0 
14 13.5 9.0 
16 14.0 9.0 
18 14.5 8.5 
20 15.5 8.5 

 *  Load applied to Upper and Lower Rail  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.  Configuration of Design Crash Loads at Intermediate Truss Members. 
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Table 4.  Design Transverse Crash Loads at End Steel Truss Member  

and Adjacent Member.  
 

(Loads based on railing terminating at end truss member) 
Bridge Rail Type: 2~HSS8x8x6 Rails with 10-inch Schedule 80 A53 Pipe Blockouts,  
6 inches Long 
 

  Lateral Design Force Per Rail Element Lateral Design Force Per Rail Element 
Support  Load at End Support* Load at Adjacent Support* 
Spacing (Force F3) (Force F4) 

(ft)     
10 16.5 13.0 
12 17.5 13.0 
14 18.5 13.0 
16 19.0 12.5 
18 20.0 12.0 
20 21.0 10.0 

 *  Load applied to Upper & Lower Rail  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8.  Configuration of Design Crash Loads at End Truss Members. 
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