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6.2.1 INTRODUCTION  

Girder bridges are structurally the simplest and the most commonly used on short to 
medium span bridges. Figure 6.2.1-1 shows the Central Viaduct in San Francisco. Steel 
I-section is the simplest and most effective solid section for resisting bending and shear. 
In this chapter, straight composite steel-concrete plate girder bridges are discussed. 
Design considerations for span and framing arrangement and section proportion are 
presented. A design example of the three span continuous composite plate girder bridge 
is given to illustrate the design procedure. For a more detailed discussion, reference may 
be made to texts by Chen and Duan (2014), Barker and Puckett (2013), FHWA (2015), 
and Taly (2014). 

 
Figure 6.2.1-1 Central Viaduct in San Francisco 

6.2.2 STRUCTURAL MATERIALS 

6.2.2.1 Structural Steel 

ASTM  A709 or AASHTO M 270 (Grades 36, 50, 50S, 50W, HPS 50W, HPS 70W and 
HPS 100W) structural steels are commonly used for bridge structures. Chapter 6.1 
provides a more detailed discussion. Caltrans Standard Specifications (Caltrans, 2018) 
55-1.02D(3) specifies that unless otherwise described, structural steel plates, shapes, 
and bars must comply with ASTM A709/A709M, Grade 50. When different grades are 
used for the project, they shall be shown clearly on the plans.  
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6.2.2.2 Concrete 

Concrete with 28-day compressive strength cf ′= 3.6 ksi is commonly used in concrete 
deck slab construction. Concrete deck slabs shall be designed and detailed in accordance 
with Structure Technical Policy (STP)  9.4 (Caltrans, 2020) and Bridge Design Memo 
(BDM) 9.4 (Caltrans, 2021a). The transformed area of concrete is used to calculate the 
composite section properties. For normal weight concrete of  cf ′= 3.6 ksi, the ratio of the 
modulus of elasticity of steel to that of concrete,  n = E/Ec  = 8, is recommended by 
AASHTO (2017).   
For unshored construction, the modular ratio n is used for transient loads applied to the 
short-term composite sections, and the modular ratio 3n is used for permanent loads 
applied to the long-term composite sections (Article 6.10.1.1.1.b).  

6.2.3 SPAN AND FRAMING ARRANGEMENT 

6.2.3.1 Span Configuration 

Span configuration plays an important role in the efficient and cost-effective use of steel. 
For cases where pier locations are flexible, designers should optimize the span 
arrangement. Two-span continuous girders/beams are not the most efficient system 
because of high negative moments. Three- and four-span continuous girders are 
preferable but may not always be possible. For multi-span continuous girders, a good 
span arrangement is to have the end span lengths approximately 70 to 80 percent of the 
interior span lengths. Equal interior span arrangements are also relatively economical. A 
span configuration with uplift due to live load plus impact should be avoided.  
The use of simply supported girders under construction load and continuous girders 
through steel reinforcement for the live load can be an economical framing method 
(Azizinamini, 2007). This type of framing presents possible advantages over continuous 
beam designs by eliminating costly splices and heavy lifts during girder erection. The 
potential drawbacks are that more section depth may be required, and the weight of steel 
per unit deck area may be higher. This framing method needs to be investigated on a 
case-by-case basis to determine whether it can be economically advantageous. This 
simple span for the dead load and continuous for the live load steel bridge system has 
gained popularity in low-hazard seismic regions. Its application in seismic regions is being 
studied (Taghinezhadbilondy, 2016), and seismic details have yet to be developed and 
codified. 
When simply supported span configurations are used, special attention should be given 
to seismic performance detailing. 
In a horizontally curved alignment,  two types of girder layout systems,  horizontally curved 
girders or continuous kinked (chorded) straight girders, are used. Horizontally curved 
girders are slightly simpler in girder layout and analysis and are generally understood to 
be more aesthetically pleasing than continuous kinked girders. The curved girders are 
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usually more time consuming to fabricate and erect, but their constant deck overhang can 
expedite the construction process. The kinked straight girders are faster to fabricate and 
erect, but their variable deck overhangs are less efficient to construct (Lewis, 2016). By 
placing kinks within low demand regions, the overall kinked girder system can be 
optimized, and the reduction of the primary tension member of cross frames that require 
Charpy V-notch testing is significant. For a small horizontal curve, the cost of required 
kinks to accommodate deck overhang or cross frame forces may be higher than the cost 
savings of fabrication and erection. Therefore, the girder system should be carefully 
selected by considering its unique sets of advantages and disadvantages to having a cost 
effective solution.  

6.2.3.2 Girder Spacing 

As a general rule, the most economical superstructure design can be achieved using 
girder spacing within the 10 ft to 14 ft range. For spans less than 140 ft, 10 ft to 12 ft 
spacing is preferred. For spans greater than 140 ft, 11 ft to 14 ft spacing is recommended. 
The use of stay-in-place metal form panels will limit the spacing to about 16 ft. Girder 
spacings over 16 ft. may require a transversely post-tensioned deck system. A parallel 
girder layout should be used wherever possible.   

6.2.3.3 Diaphragms and Cross Frames 

The terms diaphragm and cross frame are synonymous. Figure 6.2.3-1 shows typical 
types of diaphragms and cross frames used in I-shaped plate girder and rolled beam 
spans. The K-frames and X-frames usually include a top strut, as shown in Figure 6.2.3-
1. Intermediate cross frames provide bracing against lateral torsional buckling of 
compression flanges during erection and deck concrete placement, and for all loading 
stages in negative flexure regions. They also provide lateral bracing for wind loads. End 
cross frames or diaphragms at piers and abutments are provided to transmit lateral wind 
loads and seismic loads to the bearings.   

 6.2.3.3.1 Spacing 

An arbitrary 25 ft spacing limit for diaphragms and cross frames was specified in the 
AASHTO Standard Specifications for Highway Bridges (AASHTO, 2002) and the Caltrans 
Bridge Design Specifications (Caltrans, 2000). The AASHTO LRFD Bridge Design 
Specifications (AASHTO, 2017) no longer specify a limit on the cross frame spacing, but 
instead require rational analysis to investigate needs for all stages of assumed 
construction procedures and the final conditions. Spacing should be compatible with the 
transverse stiffeners. 
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Figure 6.2.3-1 Typical Diaphragm and Cross Frames 

6.2.3.3.2 Spacing Orientation 

Intermediate cross frames shall be placed parallel to the skew up to a 20o skew and 
normal to the girders for a skew angle larger than 20o (Article 6.7.4.2). On skewed bridges 
with cross frames placed normal to the girders, there may be situations where the cross 
frames are staggered or discontinuous across the width of the bridge. At these 
discontinuous cross frames, lateral flange bending stresses may be introduced into the 
girder flanges and should be considered. Install stiffeners on the back side of connection 
plates if staggered cross frames are used. Horizontally curved girders should always have 
cross frames placed on radial lines. 
A good economical design will minimize the number of diaphragms with varying 
geometries. Superelevation changes, vertical curves, different connection plate widths, 
and flaring girders all work against this goal. 

6.2.3.3.3 Connections 

Cross frames are typically connected to transverse stiffeners. The stiffeners shall have a 
positive connection to the girder flange and may either be bolted or welded, although 
welding is preferred. 
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For bridges built in stages or with larger skew angles, differential deflections between 
girders due to slab placement can be significant. If differential deflections are significant, 
slotted holes and hand tight erection bolts with jam nuts shall be provided during concrete 
placement, and permanent bolts fully tensioned, or field welded connections shall be 
installed after the barriers are placed. The bolt holes can be field drilled to ensure proper 
fit. Intermediate cross frames between stages shall be eliminated if possible. 

6.2.3.3.4 Design Guidelines 

• The diaphragm or cross frame shall be as deep as practicable to transfer lateral load 
and to provide lateral stability. They shall be at least 0.5 of the beam depth for rolled 
beams and 0.75 of the girder depth for plate girders (AASHTO 6.7.4.2).  

• Cross frames should be designed and detailed such that they can be erected as a 
single unit, and all welding during fabrication should be done from one side to minimize 
handling costs. As a minimum, cross frames shall be designed to resist lateral wind 
loads. A rational analysis is preferred to determine actual lateral forces.  

• End diaphragms and cross frames at bearings shall be designed to resist all lateral 
forces transmitted to the substructure. Unless they are detailed as ductile elements, 
the end diaphragms or cross frames shall be designed to resist the overstrength shear 
capacity of the substructures. Shear connectors should be provided to transfer lateral 
loads from the deck to the end diaphragm in accordance with the Caltrans Seismic 
Design Specifications for Steel Bridges (Caltrans, 2016). When an expansion joint 
occurs at the support, the end diaphragm shall be designed to resist truck wheel and 
impact loads.   

• Effective slenderness ratios (Kl/r) for compression diagonal braces shall be less than 
or equal to 120 for primary members in horizontally curved girders and 140 for 
secondary members in straight girders, respectively (Article 6.9.3). 

• Slenderness ratio (l/r) for tension diagonal braces shall be less than or equal to 200 
for primary members in horizontally curved girders and 240 for secondary members 
in straight girders, respectively (Article 6.8.4). 

• Cross frame members and gussets consisting of single angle or WT shapes should 
be designed for the eccentricity inherent at the gusset connections. Use rectangular 
gusset plates instead of multi-sided polygons. 

• Steel plate, I girder, and concrete diaphragms may be used at abutments and piers.  
The use of integral abutments, piers, and bents is encouraged. 

6.2.3.3.5 Proposed New Design Specifications 

For the design of cross frames, Article 6.7.4 (AASHTO, 2017) requires rational analysis 
to investigate the needs for all stages of assumed construction procedures and the final 
conditions. However, no detailed provisions are provided. NCHRP Project 12-113 
(Reichenbach et al., 2021) “Proposed Modification to AASHTO Cross-Frame Analysis 
and Design,” will be adopted in the future AASHTO LRFD Bridge Design Specifications.  
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6.2.3.4 Lateral Bracing 

Bottom chord lateral bracing should be avoided because the bracing creates fatigue-
sensitive details and is costly to fabricate, install, and maintain. Flange sizes should be 
sufficient to preclude the need for bottom flange lateral bracing. 

6.2.3.5 Field Splice Locations 

Field splices should preferably be located at points of the dead load contraflexure and 
points of section change. It is usually spaced more than 50 ft. apart. The splice locations 
are also dependent on shipping and fabrication limits. The length of a shipping piece is 
usually less than 125 ft. and the weight is less than 180 kip. It is not necessary to locate 
the splices at the exact contraflexure point, but they should be reasonably close. Field 
splices are sometimes required to be placed near points of the maximum moment in 
longer spans to meet erection requirements. Field splices should be bolted. Welded field 
splices should be avoided if possible.  Adjacent girders should be spliced in approximately 
the same location. 

6.2.3.6 Expansion Joints and Hinges 

In-span hinges are generally not recommended for steel bridges since there are not many 
acceptable solutions for the design of hinges to resist seismic loads. Steel bridges have 
been designed without expansion joints and hinges at lengths up to 1200 ft. When 
dropped cap bents are utilized, the superstructure may be separated from the 
substructure with expansion bearings to prevent undue temperature effects on the 
substructure.  

6.2.4 SECTION PROPORTION 

6.2.4.1 Depth to Span Ratios 

Figure 6.2.4-1 shows a typical portion of a composite I-girder bridge consisting of a 
concrete deck and built-up plate girder I-section with stiffeners and cross frames. The first 
step in the structural design of a plate girder bridge is to initially size the web and flanges.  
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Figure 6.2.4-1 Components of Typical I-Girder Bridge 

For straight girders, AASHTO Table 2.5.2.6.3-1 specifies the minimum ratio of the depth 
of steel girder portion to the span length is 0.033 for simply supported spans and 0.027 
for continuous spans. The minimum ratio of the overall depth (concrete slab plus steel 
girder) to span length is 0.04 for simply supported spans and 0.032 for continuous spans. 
Caltrans traditionally prefers that the minimum ratio of overall depth to span length is 
0.045 for simply supported spans and 0.04 for continuous spans, primary for live load 
deflection control. For horizontally curved girders, the minimum depth will more than likely 
need to be increased by 10 to 20%.   

6.2.4.2 Webs 

The web mainly provides shear strength for the girder. Since the web contributes little to 
the bending resistance, its thickness should be as small as practical to meet the web 
depth to thickness ratio limits D/tw ≤ 150 for webs without longitudinal stiffeners and D/tw 
≤ 300 for webs with longitudinal stiffeners, respectively (Article 6.10.2.1). It is preferable 
to have web depths in increments of 2 or 3 in. for convenience. Web depths greater than 
120 in. will require both longitudinal and vertical splices.   
The web thickness is preferred to be not less than ½ inch. A thinner plate is subject to 
excessive distortion from welding. The thickness should be sufficient to preclude the need 
for longitudinal stiffeners. Web thickness should be constant or with a limited number of 
changes. A reasonable target would be one or two web sizes for a continuous girder and 
one web size for a simple span.  Web thickness increments should be 1/16 in. or 1/8 in. 
for the plate thicknesses up to 1 inch and ¼ inch increments for plates greater than 1 
inch. 

6.2.4.3 Flanges 

The flanges provide bending strength. Flanges should be at least 12 in. wide. A constant 
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flange width for the entire length of the girder is preferred. If the flange area needs to be 
increased, it is preferable to change the flange thickness. If flange widths need to be 
changed, it is best to change the width at field splices only. Width increments should be 
in multiples of 2 or 3 inches. For horizontally curved girders, the flange width should be 
about one-fourth of the web depth. For straight girders, a flange width of approximately 
one-fifth to one-sixth of the web depth should be sufficient. 
For straight girders, the minimum flange thickness should be 3/4 inches. For curved 
girders, 1 in. thickness is a practical minimum. The desirable maximum flange thickness 
is 3 inches. Grade 50 and HPS 70W steels are not available in thicknesses greater than 
4 inches. Flange thickness increments should be 1/8 in. for thicknesses up to 1 in., 1/4 
in. from 1 to 3 in., and 1/2 in. from 3 to 4 inches. At the locations where the flange 
thickness is changed, the thicker flange should provide about 25 percent more area than 
the thinner flange. In addition, the thicker flange should be not greater than twice the 
thickness of the thinner flange.  
Both the compression and tension flanges shall meet the following proportion 
requirements (Article 6.10.2.2) as follows: 

    12
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where 

bf  =   full width of the flange (in.);  
tf   =   thickness of the flange (in.) 
Iyc  = moment of inertia of the compression flange about the vertical axis in the plane 

of the web, (in.4)   
Iyt  =  moment of inertia of the tension flange about the vertical axis in the plane of 

the web (in.4)   
D  =  web depth (in.) 

AASHTO Eq. 6.10.2.2-1 ensures the flange will not distort excessively when welded to 
the web. AASHTO Eq. 6.10.2.2-2 ensures that stiffened interior web panels can develop 
post-elastic buckling shear resistance by the tension field action. AASHTO Eq. 6.10.2.2-
3 ensures that flanges can provide some restraint and proper boundary conditions to 
resist web shear buckling. AASHTO  Eq. 6.10.2.2-4 ensures more efficient flange 
proportions and prevents the use of sections that may be difficult to handle during 
construction. It also ensures that the lateral torsional buckling formulas used in AASHTO 
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are valid. 

6.2.4.4 Stiffeners 

Intermediate transverse stiffeners together with the web are used to provide post-elastic 
shear buckling resistance by the tension field action and are usually placed near the 
supports and large concentrated loads. Stiffeners without connecting cross 
frames/diaphragms are typically welded to the girder web and shall be welded to the 
compression flange and fitted tightly to the tension flange (CA 6.10.11.1.1). Stiffener 
plates are preferred to have even inch widths from the flat bar stock sizes. To give a clean 
and pleasing appearance to the bridge, it is normal to have intermediate transverse 
stiffeners, at points rather than bearings on the interior face of the exterior girder. 
Bearing stiffeners are required at all bearing locations. Bearing stiffeners shall be welded 
or bolted to both sides of the web. Bearing stiffeners should be thick enough to preclude 
the need for multiple pairs of bearing stiffeners to avoid multiple-stiffener fabrication 
difficulties. Article 6.10.11.2 requires that the stiffeners shall extend the full depth of the 
web and as close as practical to the edge of the flanges.  
Longitudinal stiffeners are required to increase flexure resistance of the web by controlling 
lateral web deflection and preventing from the web bending buckling. They are, therefore, 
attached to the compression portion of the web. It is recommended that sufficient web 
thickness be used to eliminate the need for longitudinal stiffeners as they can cause 
difficulty in fabrication and create fatigue-prone details.  

6.2.5 STRUCTURAL MODELING AND ANALYSIS 

Steel girder bridges are commonly modeled as beam elements and analyzed as unshored 
construction. The flexural stiffness of the composite section is assumed over the entire 
bridge length, even though the negative moment regions may be designed as non-
composite for the section capacity. Longitudinal reinforcing steel in the top mat of the 
concrete deck within the effective deck width is generally not included in calculating 
section properties. 
In the preliminary analysis, a constant flexural stiffness may be assumed. In the final 
analysis of composite flexural members, the stiffness properties of the steel section alone 
for the loads applied to noncomposite sections, the stiffness properties of the long-term 
composite section for permanent loads applied to composite sections, and the stiffness 
properties of the short-term composite section properties for transient loads shall be used 
over the entire bridge length (Article 6.10.1.5).  
Dead loads are usually distributed to the girders based on the tributary area. Live loads 
distribution is dependent on the girder spacing S, the span length L, the concrete slab 
depth ts, the longitudinal stiffness parameter Kg, and the number of girders Nb (Article 
4.6.2.2.1). 
The refined analysis using the finite element method may be used in analyzing complex 
bridge systems such as skewed and horizontally curved bridges. 
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6.2.6 DESIGN LIMIT STATES AND PROCEDURES 

6.2.6.1 Design Limit States 

Steel girder bridges shall be designed to meet the requirements for all applicable limit 
states specified by AASHTO (2017) and the California Amendments (Caltrans 2019a), 
such as Strength I, Strength II, Service II, Fatigue I and II, and extreme events. 
Constructability (Article 6.10.3) must be considered. See Chapters 3, 4, and 6.1 for a 
more detailed discussion. 
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6.2.6.2 Design Procedure 

The steel girder design may follow the flowchart as shown in Figure 6.2.6-1.

 
Figure 6.2.6-1 Steel I-Girder Design Flowchart 

Start

Select girder layout, framing system, and 
sections

Perform load and structural analysis 

Determine LRFD load combinations
(CA Table 3.4.1-1)

Perform Flexure Design for the Limit States - Strength 
(AASHTO 6.10.6.2), Service (AASHTO 6.10.4), 

Fatigue (AASHTO 6.10.5.1), and 
Constructibility (AASHTO 6.10.3.2)

Girder Design 
Completed

Perform Shear Design for the Limit States -
Strength (AASHTO 6.10.6.3), Fatigue (AASHTO 

6.10.5.1), and Constructibility (AASHTO 6.10.3.3)

Perform Shear Connector Design (AASHTO 6.10.10)

Perform Bearing Stiffener Design (AASHTO 6.10.11.2)

Perform Cross Frame Design 

Perform Bolted Field Splices Design 
(AASHTO and CA 6.13.6)

Calculate Deflection and Camber
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6.2.7 DESIGN EXAMPLE – THREE-SPAN CONTINUOUS COMPOSITE 
PLATE GIRDER BRIDGE 

6.2.7.1 Steel Girder Bridge Data 

A three-span continuous composite plate girder bridge located in an urban area has 
spans of 110 ft – 165 ft – 125 ft. The superstructure is 58 ft wide. The elevation and plan 
are shown in Figure 6.2.7-1.  

  Structural steel: A709 Grade 50 for web, flanges and splice plates Fy = 50  ksi 
      A709 Grade 36 for cross frames and stiffeners, etc. Fy = 36  ksi 

Concrete:   cf ′ = 3600 psi;  modular ratio n = 8 

Deck:    Concrete deck slab thickness = 9.125 in.   
Construction:  Unshored construction 

 
(a) Elevation 

 
(b) Plan 

Figure 6.2.7-1 Three-span Continuous Steel Plate Girder Bridge 
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6.2.7.2   Design Requirements 

Perform the following design portions for an interior plate girder in accordance with the 
AASHTO LRFD Bridge Design Specifications, 8th Edition (AASHTO, 2017) with the 
California Amendments (Caltrans, 2019a). 

• Select Girder Layout and Sections 

• Perform Load and Structural Analysis 

• Calculate Live Load Distribution Factors 

• Determine Load and Resistance Factors and Load Combinations 

• Calculate Factored Moments and Shears – Strength Limit States 

• Calculate Factored Moments and Shears – Fatigue Limit States 

• Calculate Factored Moments – Service Limit State II 

• Design Composite Section in Positive Moment Region at 0.5 Point of Span 2 

• Design Noncomposite Section in Negative Moment Region at Bent 3  

• Design Shear Connectors for Span 2 

• Design Bearing Stiffeners at Bent 3 

• Design Intermediate Cross Frames  

• Design Bolted Field Splices  

• Calculate Camber and Plot Camber Diagram 

• Identify and Designate Steel Bridge Members and Components 

6.2.7.3   Select Girder Layout and Sections 

6.2.7.3.1  Select Girder Spacing 

A girder spacing of 12 ft is selected as shown in Figure 6.2.7-2a.  

6.2.7.3.2  Select Intermediate Cross Frame Spacing 

Cross frames at spacing of 27.5 ft and 25 ft are selected as shown in Figure 6.2.7-3 to 
accommodate transverse stiffener spacing for web design and to facilitate a reduction in 
the required flange thickness of the girder section at the bent. 
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842 

(a) Bridge Cross Section 

 
 

(b)  Interior Girder Section 
 

Figure 6.2.7-2 Typical Cross Sections 
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Figure 6.2.7-3 Framing Plan 
(Skew not Shown) 

 

For convenience in this example, the ends of the girder have been assumed 
to match the BB and EB locations. 

Figure 6.2.7-4 Elevation of Interior Girder  

6.2.7.3.3  Select Steel Girder Section for Positive Flexure Regions 

The cross section is usually proportioned based on past practice and proportion limits 
specified in Article 6.10.2. The interior girder section is shown in Figures 6.2.7-2b and 
6.2.7-4. Haunch depth should be carefully selected by considering road slope, top flange 
thickness, correction of sagging and cambers, and embedment of shear connectors as 
discussed in Bridge Design Details (BDD) 11.4 (Caltrans, 2019b).  
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Top Compression Flange 

The maximum transported length of a steel plate girder is generally limited to a length of 
about 125 ft and a weight of about 180 kips and may vary due to the locations. It is 
common practice that the unsupported length of each shipping piece divided by the 
minimum width of compression flange should be less than or equal to about 85 (Article 
C6.10.3.4.1). For a length of 120 ft, the width of the compression flange is preferably 
larger than (120×12)/85 = 17 in.   

Try top compression flange bfc × tfc = 18 × 1 (in. × in.).  

 Web  

AASHTO Table 2.5.2.6.3-1 specifies that for composite girders, the minimum ratio of the 
depth of steel girder portion to the length of the span is 0.033 for simple spans and 0.027 
for continuous spans. For this design example, the depth of the steel girder shall be larger 
than 0.027(165) = 4.46 ft. = 53.5 in.   

Try web D × tw = 78 × 0.625 (in. × in.).  

Bottom Tension Flange 

 Try bottom tension flange bft × tft  = 18 × 1.75  (in. × in.). 

Check Section Proportion Limits 

• Web without longitudinal stiffeners 

  78 124.8 150
0.625w

D
t

= = <  O.K.        (AASHTO 6.10.2.1.1-1) 

• Compression flange  

  
( )
18 9 12

2 2 1.0
fc

fc

b
t

= = <   O.K.           (AASHTO 6.10.2.2-1)

 7818 in.  13 in.
6 6fc
Db = > = =    O.K.           (AASHTO 6.10.2.2-2) 

  ( )1.0 in. 1.1 1.1 0.625 0.69 in.fc wt t= > = =    OK.       (AASHTO 6.10.2.2-3) 

• Tension flange 

  
( )
18 5.14 12

2 2 1.75
ft

ft

b
t

= = <   O.K.             (AASHTO 6.10.2.2-1) 
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  7818 in. 13 in.
6 6ft
Db = > = =    O.K.            (AASHTO 6.10.2.2-2) 

  ( )1.75 in. 1.1 1.1 0.625 0.69 in.ft wt t= > = =    O.K.      (AASHTO 6.10.2.2-3) 

• Flanges Ratio 

The flange shall meet the requirement of 0.1 ≤ Iyc/Iyt ≤ 10,  where Iyc and Iyt are 
the moment of inertia of the compression flange and the tension flange about 
the vertical axis in the plane of the web, respectively. This limit ensures more 
efficient flange proportions and prevents the use of sections that may be difficult 
to handle during construction. It also ensures that the lateral torsional buckling 
formulas are valid. 

  ( )( )
( )( )

3

3
1 18 / 12

0.1 0.57 10
1.75 18 / 12

yc

yt

I
I

< = = <   O.K    (AASHTO 6.10.2.2-4) 

6.2.7.3.4  Select Steel Girder Section for Negative Flexure Regions 

Flanges 

In the negative moment region, a non-composite symmetric steel section is generally 
used. 

Try flange plate bf  × tf  =  18 × 2 (in. × in.). 

Web  

It is more cost effective to use one thickness plate for the web through the whole bridge. 

Try web D × tw  =  78 × 0.625 (in. × in.).  

Check Section Proportion Limits   

• Web without longitudinal stiffeners: 

 78 124.8 150
0.625w

D
t

= = <  O.K.        (AASHTO 6.10.2.1.1-1) 

• Compression and tension flanges 

 
( )
18 4.5 12

2 2 2.0
f

f

b
t

= = <   O.K.            (AASHTO 6.10.2.2-1) 

 7818 in. 13 in.
6 6f
Db = > = =   O.K.            (AASHTO 6.10.2.2-2) 



   Bridge Design Practice 6.2 •  October 2022  

6.2-20  Chapter 6.2 Steel Plate Girders 

 ( )2.0 in. 1.1 1.1 0.625 0.69 in.f wt t= > = =   O.K.  (AASHTO 6.10.2.2-3) 

• Flange ratio 

 ( )( )
( )( )

3

3
2 18 / 12

0.1 1.0 10
2 18 / 12

yc

yt

I
I

< = = <    O.K. (AASHTO 6.10.2.2-4) 

6.2.7.3.5  Select Transverse Stiffeners 

It is normal to use stiffener width of 7.5 in. to provide allowances for gusset plate 
connections of cross frames.  

Try a pair of stiffeners bt  × tp = 7.5 × 0.5 (in. × in.) 

6.2.7.3.6  Select Bolted Splice Locations  

For flexural members, splices shall preferably be made at or near points of dead load 
contraflexure in continuous spans and at points of the section change. As shown in Figure 
6.2.7-3, splice locations for Spans 1 and 3 are selected approximately at the 0.7 and the 
0.3 points, respectively, and for Span 2 are selected approximately at the 0.3 and the 0.7 
points. 

6.2.7.4  Perform Load and Structural Analysis 

6.2.7.4.1  Calculate Permanent Loads for an Interior Girder 

The permanent load or dead load of an interior girder includes DC and DW. DC is dead 
load of structural components and nonstructural attachments. DW is dead load of wearing 
surface. For design purposes, the two parts of DC are defined as, DC1, structural dead 
load, acting on the non-composite section, and DC2, nonstructural dead load, acting on 
the long-term composite section.  
DC1 usually consists of deck slab concrete (unit weight 150 lbs/ft3), and steel girders 
including bracing systems and details (estimated weight 460 lbs/ft for each girder). 
California Amendment (CA) Article 3.5.1 (Caltrans, 2019a) specifies that dead load, DC, 
of cast-in-place concrete decks between precast concrete and steel girder flange edges 
shall be increased by 10 percent to compensate for the use of permanent steel deck 
forms. An approximate top flange thickness of 1.5 in. and DC1 are assumed to be 
distributed to each girder by the tributary area. The tributary width for the interior girder is 
12 feet. 

 
( )( )( ) ( )( ) ( )1 1.1 9.125 / 12 12 1.5 1.5 13.25 1.5 / 12 0.15 0.46 2.0 kip/ft DC  = − + − + =   

DC2 usually consists of the barrier rails and specified utility. Type 842 Concrete Barriers 
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(0.64 kip/ft and bottom width = 1.75 ft) are used and no utility is considered for this bridge. 
DC2 is assumed to be distributed equally to each girder. 

( )( )2 2 0.64 / 5 0.256 kip/ftDC = =  

DW, a future wearing surface 35 psf as specified in CA 3.5.1 (Caltrans 2019a), is 
assumed to be distributed equally to each girder. 

 ( )( )
( ) ( )

   deck width - barrier width wearing surface weight / 5
         58  2 1.75  0.035 / 5  0.382 kip/ft 
DW =

= −   =
   

6.2.7.4.2  Determine Live Load and Dynamic Load Allowance 

The design live load LL is the AASHTO HL-93 (ARTICLE 3.6.1.2) and Caltrans P15 
vehicular live loads (CA 3.6.1.8). To consider the wheel-load impact from moving 
vehicles, the dynamic load allowance IM = 33% for the Strength I limit state, 25% for the 
Strength II limit state, and 15% for the Fatigue limit states are used (CA Table 3.6.2.1-1). 

6.2.7.4.3  Perform Structural Analysis 

Structural analysis for three-span continuous beams shall be performed to obtain 
moments and shear effects due to dead loads and live loads, including impact. In the 
preliminary analysis, a constant flexural stiffness may be assumed. In the final analysis 
of composite flexural members, the stiffness properties of the steel section alone for the 
loads applied to noncomposite sections, the stiffness properties of the long-term 
composite section for permanent loads applied to composite sections, and the stiffness 
properties of the short-term composite section properties for transient loads shall be used 
over the entire bridge length (Article 6.10.1.5). In this design example, the analysis is 
performed by the CT-Bridge computer program and checked by the CSiBridge program. 
A constant flexural stiffness is assumed for simplicity.  
Unfactored dead load for an interior girder and live load moments, shears, and support 
forces for one lane loaded are listed in Tables 6.2.7-1, 6.2.7-2, and 6.2.7-3, respectively. 
Unfactored moment and shear envelopes for one lane loaded in Span 2 are plotted in 
Figures 6.2.7-5 and 6.2.7-6, respectively.  
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Table 6.2.7-1  Unfactored Dead and Live Load Moments 

 

  
Span Point

DC1 DC2 DW
x/L M DC1 M DC2 M DW  +M (LL+IM)HL-93 -M (LL+IM)HL-93  +M (LL+IM)P15 -M (LL+IM)P15

(kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
0.0 0 0 0 0 0 0 0
0.1 693 89 135 1143 -249 1937 -576
0.2 1144 147 223 1960 -498 3236 -1152
0.3 1353 173 264 2465 -747 4118 -1728
0.4 1329 169 258 2713 -996 4564 -2304

1 0.5 1045 134 204 2702 -1245 4473 -2880
0.6 528 67 103 2470 -1495 4092 -3457
0.7 -231 -30 -45 1995 -2104 3136 -4033
0.8 -1232 -158 -240 1317 -2404 1758 -4609
0.9 -2474 -317 -483 585 -2796 931 -5185
1.0 -3959 -507 -772 489 -3426 1035 -5782
0.0 -3959 -507 -772 489 -3426 1035 -5782
0.1 -1555 -200 -303 638 -1802 623 -2877
0.2 304 39 59 1585 -961 2442 -1857
0.3 1619 208 316 2586 -838 4883 -1537
0.4 2389 306 466 3236 -751 6316 -1216

2 0.5 2615 336 510 3455 -727 6897 -1218
0.6 2297 293 448 3274 -886 6410 -1669
0.7 1434 194 280 2660 -1045 5021 -2119
0.8 26 3 5 1663 -1220 2661 -2570
0.9 -1926 -247 -376 643 -1998 687 -3075
1.0 -4422 -567 -862 360 -3563 705 -5981
0.0 -4422 -567 -862 360 -3563 705 -5981
0.1 -2574 -329 -502 574 -2663 635 -4821
0.2 -1038 -133 -202 1417 -2237 2058 -4285
0.3 186 23 36 2245 -1623 3814 -3750
0.4 1097 140 214 2832 -1391 5068 -3214

3 0.5 1695 217 331 3136 -1159 5723 -2678
0.6 1981 253 386 3168 -927 5737 -2143
0.7 1955 250 381 2893 -696 5167 -1607
0.8 1616 208 315 2303 -464 4112 -1071
0.9 964 123 188 1344 -232 2419 -536
1.0 0 0 0 0 0 0 0

(Interior Girder)
Dead Load Live Load 

(One Lane)
(LL+IM)P15(LL+IM)HL-93
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Table 6.2.7-2  Unfactored Dead and Live Load Shears 

 

  
Span Point

DC1 DC2 DW
x/L V DC1 V DC2 V DW  +V (LL+IM )HL-93 -V (LL+IM)HL-93  +V (LL+IM)P15 -V (LL+IM)P15

(kip) (kip) (kip) (kip) (kip) (kip) (kip)
0.0 74.0 9.5 14.4 116.2 -22.6 210.2 -52.4
0.1 52.0 6.7 10.1 100.8 -23.1 176.1 -52.4
0.2 30.0 3.9 5.9 83.8 -25.6 137.8 -52.4
0.3 8.0 1.1 1.6 67.9 -37.9 105.3 -62.9
0.4 -14.0 -1.7 -2.7 53.4 -52.0 77.4 -83.7

1 0.5 -36.0 -4.7 -7.0 38.2 -66.7 50.0 -109.2
0.6 -58.0 -7.5 -11.3 28.6 -81.2 35.7 -138.5
0.7 -80.0 -10.3 -15.6 18.5 -96.0 21.0 -170.9
0.8 -102.0 -13.1 -19.9 10.7 -110.6 10.8 -200.1
0.9 -124.0 -15.9 -24.2 5.2 -124.9 9.4 -227.7
1.0 -146.0 -18.7 -28.5 4.5 -136.8 9.4 -262.5
0.0 162.2 20.8 31.6 147.1 -12.9 325.5 -27.3
0.1 129.2 16.5 25.2 130.7 -13.3 279.2 -27.4
0.2 96.2 12.3 18.8 112.0 -16.4 225.5 -27.3
0.3 63.2 8.1 12.3 93.2 -27.7 173.9 -33.5
0.4 30.2 3.9 5.9 74.8 -41.4 127.8 -57.2

2 0.5 -2.8 -0.3 -0.5 55.5 -57.2 86.5 -88.2
0.6 -35.8 -4.5 -7.0 41.4 -74.4 58.5 -124.0
0.7 -68.8 -8.7 -13.4 27.4 -92.7 34.2 -169.5
0.8 -101.8 -13.0 -19.9 15.8 -111.7 19.4 -220.6
0.9 -134.8 -17.3 -26.3 10.3 -130.5 19.4 -274.3
1.0 -167.8 -21.5 -32.7 9.9 -147.2 19.4 -321.0
0.0 160.4 20.6 31.3 141.9 -2.9 290.1 -5.6
0.1 135.4 17.3 26.4 129.3 -4.5 249.7 -5.6
0.2 110.4 14.2 21.5 114.2 -10.0 205.7 -11.1
0.3 85.4 10.9 16.6 98.9 -18.3 175.3 -21.8
0.4 60.4 7.8 11.8 83.4 -28.6 142.1 -37.5

3 0.5 35.4 4.5 6.9 65.9 -40.7 103.5 -58.1
0.6 10.4 1.4 2.0 52.9 -54.3 78.9 -83.4
0.7 -14.6 -1.9 -2.9 38.3 -69.5 56.4 -114.4
0.8 -39.6 -5.0 -7.7 24.6 -86.1 42.9 -151.3
0.9 -64.6 -8.3 -12.6 19.0 -104.1 42.9 -193.5
1.0 -89.6 -11.4 -17.5 18.6 -120.8 42.9 -233.7

(One Lane)
(LL+IM )HL-93 (LL+IM )P15

(Interior Girder)
Dead Load Live Load

 
Table 6.2.7-3  Unfactored Support Forces 

     

  
Location

DC1 DC2 DW
R DC1 R DC2 R DW

(kip) (kip) (kip)
Abutment 1 74.0 9.5 14.4
Bent 2 308.2 39.5 60.1
Bent 3 328.2 42.1 64.0
Abutment 4 89.6 11.4 17.5

(One Lane)
(LL+IM)HL-93 (LL+IM)P15

Dead Load Live Load
(Interior Girder)

+R (LL+IM)HL-93  -R( LL+IM ) P15

(kip) (kip)
116.2 210.2

120.8 233.7
249.2
244.5 445.3

447.0
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Figure 6.2.7-5 Unfactored Moment Envelopes for Span 2 
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6.2.7.5 Calculate Live Load Distribution Factors 

6.2.7.5.1  Check Ranges of Applicability of Live Load Distribution Factors 

For beam-slab bridges, the distribution of live load is dependent on the girder spacing S, 
span length L, the concrete slab depth ts, the longitudinal stiffness parameter Kg, and the 
number of girders Nb. This example is categorized as Type “a” (AASHTO Table 4.6.2.2.1-
1). 
The preliminary section shown in Table 6.2.7-4 is assumed to estimate the longitudinal 
stiffness parameter, Kg  (AASHTO 4.6.2.2.1-1), for the positive moment region in Span 2. 

Table 6.2.7-4 Preliminary Section Properties for Positive Moment Region 

Component 

 

Ai 

(in.2) 

yi 

(in.) 

Aiyi 

(in.3) 

yi - yNCb 

(in.) 

Ai(yi – yNCb)2 

(in.4) 

Io 

(in.4) 

Top flange 18 × 1 18.00 80.25 1,444.5 45.05 36,531 1.5 

Web  78 × 0.625 48.75 40.75 1,986.6 5.55 1,502 24,716 

Bottom flange  
18 × 1.75 

31.50 0.875 27.6 -34.325 37,113 8.04 

Σ 98.25 - 3,458.7 - 75,146 24,726 

       
( )1.75 78 1 35.2 45.55 in.NCty = + + − =  

3,458.7 35.2 in.
98.25

i i
NCb

i

A y
y

A
= = =∑
∑

      

( )2
424,726 75,146 99,872 in.

NC o i i NCbI I A y y= + −

= + =

∑ ∑   

9.12545.55 1.0 13.25 53.24 in.
2ge = − + − =       

( ) ( )( )22 48 99,872 98.25 53.24 3,026,891 in.g NC gK n I Ae  = + = + =  
     

   

                                                             

                                                          

                                                                                                                            

 

 

Check ranges of applicability of AASHTO Tables 4.6.2.2.2b-1 and 4.6.2.2.3a-1 for Type 
“a” structure.    

Girder spacing:  3.5 ft < S  = 12 ft  < 16 ft 

Span length:   20 ft  < L = (110, 165 and 125 ) ft < 240 ft 
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Concrete deck:  4.5 in. < ts = 9.125 in. < 12.0 in. 

Number of girders:  Nb = 5 > 4 

Stiffness parameter:  10,000 in.4  <   Kg  =  3,026,891 in.4  <  7,000,000 in.4 

It is seen that the girder satisfies the limitation of ranges of applicability of the approximate 
live load distribution factors specified in AASHTO Tables 4.6.2.2.2b-1 and 4.6.2.2.3a-1.  
Section type “a” (AASHTO Table 4.6.2.2.1-1) will be used. 
Although the Kg term varies slightly along the span and between spans, the distribution 
factor is typically not sensitive to the value of Kg. For simplicity, the Kg of Span 2 is used 
for all spans of this example.    

6.2.7.5.2  Determine Span Length for Use in Live Load Distribution Equations 

AASHTO Table 4.6.2.2.1-2 recommends the L for use in live load distribution equations, 
as shown in Table 6.2.7-5. 

Table 6.2.7-5 Span Length for Use in Live Load Distribution Equations 

Force Effects L (ft) 

• Positive Moment  
• Negative Moment—Other than near interior 

supports of continuous spans 
• Shear 
• Exterior Reaction 

The length of the span for 
which moment/shear/reaction 
is being calculated 

• Negative Moment—Near interior supports of 
continuous spans from point of contraflexure to 
point of contraflexure under a uniform load on 
all spans 

• Interior Reaction of Continuous Span 

The average length of the two 
adjacent spans 

6.2.7.5.3  Calculate Live Load Distribution Factors 

Live load distribution factors are calculated and listed in Tables 6.2.7-6 and 6.2.7-7 in 
accordance with AASHTO Tables 4.6.2.2.2b-1 and 4.6.2.2.3a-1. 

  One design lane loaded 

   
0.10.4 0.3

30.06
14 12

g
m

s

KS SDF
L Lt

    = +            
;           0.36

25v
SDF = +  

 Two or more design lanes loaded  

       
0.10.6 0.2

30.075
9.5 12

g
m

s

KS SDF
L Lt

    = +            
;       

2

0.2
12 35v
S SDF  = + −  

 
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      Kg =  3,026,891 in.4 
        S  =  12 ft 
     ts  =  9.125 in. 

Table 6.2.7-6 Live Load Distribution Factors for Interior Girder 
for Strength Limit State 

  Moment  DFm   (Lane) Shear DFv  (Lane) 

Span Lane loaded One Two or More One Two or More 

1* L = 110 ft 0.600 0.900 0.840 1.082 

1 & 2** L = 137.5 ft 0.554 0.846 0.840 1.082 

2* L = 165 ft 0.519 0.805 0.840 1.082 

2 & 3** L = 145 ft 0.544 0.834 0.840 1.082 

3* L = 125 ft 0.573 0.869 0.840 1.082 

Note: 
*   The span length for which moment is being calculated for positive 
      moment, negative moment—other than near interior supports of continuous 
      spans, shear, and exterior reaction. 
**  Average span length for the  negative moment—near interior supports of 
      continuous spans from point of contraflexure to point of contraflexure under 
      a uniform load on all spans, and interior reaction of continuous spans.  
 
Multiple lane presence factors have been included in the above live load 
distribution factors. 

It is seen that live load distribution factors for the case of two or more lanes loaded control 
the strength and service limit states. For the fatigue limit states, since live load is one HL-
93 truck or one P9 truck as specified CA 3.6.1.4.1, a multiple lane presence factor of 1.2 
should be removed from the above factors for the case of one lane loaded (AASHTO 
3.6.1.1.2). 
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Table 6.2.7-7 Live Load Distribution Factors for Interior Girder 
for Fatigue Limit State 

  Moment  DFm   (Lane) Shear DFv  (Lane) 

Span Lane loaded One One 

1* L = 110 ft 0.500 0.700 

1 & 2** L = 137.5 ft 0.462 0.700 

2* L = 165 ft 0.433 0.700 

2 & 3** L = 145 ft 0.453 0.700 

3* L = 125 ft 0.478 0.700 

Note: 
*   The span length for which moment is being calculated for positive 
      moment, negative moment—other than near interior supports of continuous 
      spans, shear, and exterior reaction. 
**  Average span length for negative moment—near interior supports of 
      continuous spans from point of contraflexure to point of contraflexure under 
       a uniform load on all spans, and interior reaction of continuous spans.  

6.2.7.6 Determine Load and Resistance Factors and Load 
Combinations  

A steel girder bridge is usually designed for the Strength limit state and checked for the 
Fatigue limit state, Service limit state II, and Constructability.   

6.2.7.6.1   Determine Design Equation 

Article 1.3.2.1 requires that the following design equation shall be satisfied for all limit 
states: 

 i i i n rQ R Rη γ ≤ φ =∑                (AASHTO 1.3.2.1-1) 

where  γi is load factor and φ  is resistance factor; Qi represents force effect; Rn is nominal 
resistance; ηi is load modifier factor related to ductility, redundancy, and operational 
importance and is defined as follows when a maximum value of γi  is used: 

   0.95i D R Iη = η η η ≥              (AASHTO 1.3.2.1-2) 

where  ηD, ηR, and ηI  are ductility and redundancy and operational factors, respectively. 
CA 1.3.3, 1.3.4 and 1.3.5 specify that they are all taken to 1.0 for all limit states. Therefore, 
ηi = 1.0. For this example, the design equation becomes: 

   i i n rQ R Rγ ≤ φ =∑       (6.2.7.2.6-1) 
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6.2.7.6.2   Determine Applicable Load Factors and Load Combinations  

According to CA Table 3.4.1-1, considering live load distribution factors for the interior 
girder and denoting (LL+IM) as unfactored force effect due to one design lane loaded, the 
following load combinations are obtained as: 

Strength I: 1.25(DC) + 1.5(DW) + 1.75(DF)(LL+IM)HL-93 
Strength II 1.25(DC) + 1.5(DW) + 1.35(DF)(LL+IM)P15 

Service II: 1.0(DC) + 1.0(DW) + 1.30(DF)(LL+IM)HL-93 
Fatigue I: 1.75(DF)(LL+IM)HL-93 
Fatigue II: 1.0(DF)(LL+IM)P9 
where DF is the live load distribution factor.  

6.2.7.6.3   Determine Applicable Resistance Factors 

According to Article 6.5.4.2, the following resistance factors are used for the strength limit 
states in this example. 

For flexure      φf  = 1.00    

For shear     φv =  1.00 

For axial compression   φc =  0.90 

For tension, fracture in net section φu  =  0.80 

For tension, yielding in gross section φy  =  0.95 

For bearing on milled surfaces  φb =  1.00 

For bolts bearing on material  φbb =  0.80 

For shear connector    φsc =  0.85 

For block shear    φbs   =  0.80 

For ASTM F3125 bolts in shear  φs    =  0.80 
For weld metal in fillet weld 

 – shear in throat of weld metal          φe2   =  0.80 

6.2.7.7   Calculate Factored Moments and Shears – Strength Limit 
States 

Using live load distribution factors in Table 6.2.7-6, factored moments, shears, and 
support forces for strength limit states I and II are calculated and listed in Tables 6.2.7-8, 
6.2.7-9, and 6.2.7-10, respectively. 
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Strength I:         1.25(DC) + 1.5(DW) + 1.75(DF)(LL+IM)HL-93 

Strength II:        1.25(DC) + 1.5(DW) + 1.35(DF)(LL+IM)P15 

Table 6.2.7-8 Factored Moment Envelopes for Interior Girder 

 

  

  
Span Point DC1 DC2 DW

x/L 1.25M DC1 1.25M DC2 1.5M DW +M -M +M -M +M u -M u +M u -M u

(kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
0.0 0 0 0 0 0 0 0 0 0 0 0
0.1 866 111 203 1800 -392 2354 -700 2980 788 3534 480
0.2 1430 184 335 3087 -784 3932 -1400 5035 1164 5880 548
0.3 1691 216 396 3882 -1177 5004 -2100 6186 1127 7307 204
0.4 1661 211 387 4273 -1569 5545 -2800 6532 691 7805 -540

1 0.5 1306 168 306 4256 -1961 5434 -3500 6035 -181 7214 -1720
0.6 660 84 155 3890 -2355 4972 -4200 4789 -1456 5870 -3301
0.7 -289 -38 -68 3142 -3115 3811 -4606 2748 -3509 3417 -4999
0.8 -1540 -198 -360 2074 -3559 2136 -5264 -23 -5657 39 -7361
0.9 -3093 -396 -725 921 -4139 1131 -5922 -3292 -8353 -3082 -10135
1.0 -4949 -634 -1158 770 -5072 1257 -6604 -5970 -11813 -5483 -13344
0.0 -4949 -634 -1158 689 -5072 1124 -6604 -6052 -11813 -5616 -13344
0.1 -1944 -250 -455 899 -2668 677 -3286 -1749 -5316 -1972 -5934
0.2 380 49 89 2233 -1354 2654 -2018 2750 -837 3171 -1501
0.3 2024 260 474 3643 -1181 5307 -1670 6401 1577 8065 1088
0.4 2986 383 699 4559 -1058 6864 -1322 8626 3010 10932 2746

2 0.5 3269 420 765 4867 -1024 7495 -1324 9321 3430 11949 3130
0.6 2871 366 672 4612 -1248 6966 -1814 8522 2661 10876 2096
0.7 1793 243 420 3747 -1472 5456 -2303 6202 983 7911 152
0.8 33 4 8 2343 -1719 2891 -2793 2387 -1675 2935 -2749
0.9 -2408 -309 -564 906 -2916 747 -3462 -2374 -6196 -2533 -6742
1.0 -5528 -709 -1293 507 -5200 767 -6734 -7022 -12729 -6763 -14263
0.0 -5528 -709 -1293 547 -5200 828 -6734 -6982 -12729 -6702 -14263
0.1 -3218 -411 -753 873 -3887 745 -5428 -3509 -8268 -3637 -9810
0.2 -1298 -166 -303 2155 -3265 2414 -4825 388 -5032 648 -6592
0.3 233 29 54 3414 -2468 4475 -4399 3729 -2153 4790 -4084
0.4 1371 175 321 4307 -2115 5946 -3771 6174 -248 7813 -1903

3 0.5 2119 271 497 4769 -1763 6714 -3142 7656 1124 9601 -256
0.6 2476 316 579 4818 -1410 6730 -2514 8189 1962 10102 858
0.7 2444 313 572 4400 -1058 6061 -1885 7727 2269 9389 1442
0.8 2020 260 473 3502 -706 4824 -1257 6255 2047 7576 1496
0.9 1205 154 282 2044 -353 2838 -628 3685 1288 4479 1012
1.0 0 0 0 0 0 0 0 0 0 0 0

Dead Load
1.75DF(LL+IM)HL-93 1.35DF (LL+IM )P15

Load Combination
Strength I Strength II

Live Load
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Table 6.2.7-9 Factored Shear Envelopes for Interior Girder 

 

  
Span Point DC1 DC2 DW

x/L 1.25V DC1 1.25VDC2 1.5V DW +V -V +V -V +V u -V u +V u -V u

(kip) (kip) (kip) (kip) (kip) (kip) (kip) (kip) (kip) (kip) (kip)
0.0 92.5 11.9 21.6 220.0 -42.8 307.0 -76.5 346.0 83.2 433.0 49.5
0.1 65.0 8.4 15.2 190.9 -43.7 257.2 -76.5 279.4 44.8 345.8 12.0
0.2 37.5 4.9 8.9 158.7 -48.5 201.3 -76.5 209.9 2.8 252.5 -25.3
0.3 10.0 1.4 2.4 128.6 -71.8 153.8 -91.9 142.3 -58.0 167.6 -78.1
0.4 -17.5 -2.1 -4.1 101.1 -98.5 113.1 -122.2 77.4 -122.1 89.4 -145.9

1 0.5 -45.0 -5.9 -10.5 72.3 -126.3 73.1 -159.5 11.0 -187.7 11.7 -220.9
0.6 -72.5 -9.4 -17.0 54.2 -153.8 52.1 -202.3 -44.7 -252.6 -46.7 -301.2
0.7 -100.0 -12.9 -23.4 35.0 -181.8 30.7 -249.7 -101.2 -318.1 -105.6 -386.0
0.8 -127.5 -16.4 -29.9 20.3 -209.4 15.7 -292.3 -153.5 -383.1 -158.0 -466.0
0.9 -155.0 -19.9 -36.3 9.8 -236.5 13.7 -332.6 -201.3 -447.7 -197.4 -543.8
1.0 -182.5 -23.4 -42.8 8.5 -259.0 13.7 -383.5 -240.1 -507.7 -234.9 -632.1
0.0 202.8 26.0 47.4 278.5 -24.4 475.5 -39.9 554.7 251.7 751.6 236.3
0.1 161.5 20.6 37.8 247.5 -25.2 407.8 -40.0 467.4 194.7 627.8 179.9
0.2 120.3 15.4 28.2 212.1 -31.1 329.3 -39.9 375.9 132.8 493.1 123.9
0.3 79.0 10.1 18.5 176.5 -52.4 254.0 -48.9 284.0 55.1 361.6 58.7
0.4 37.8 4.9 8.9 141.6 -78.4 186.7 -83.5 193.1 -26.9 238.2 -32.0

2 0.5 -3.5 -0.4 -0.8 105.1 -108.3 126.4 -128.9 100.5 -112.9 121.7 -133.5
0.6 -44.8 -5.6 -10.5 78.4 -140.9 85.5 -181.2 17.5 -201.8 24.6 -242.1
0.7 -86.0 -10.9 -20.1 51.9 -175.5 49.9 -247.5 -65.1 -292.5 -67.1 -364.5
0.8 -127.3 -16.3 -29.9 29.9 -211.5 28.4 -322.2 -143.4 -384.9 -145.0 -495.5
0.9 -168.5 -21.6 -39.5 19.5 -247.1 28.4 -400.7 -210.1 -476.7 -201.2 -630.3
1.0 -209.8 -26.9 -49.1 18.7 -278.7 28.4 -468.9 -266.9 -564.4 -257.3 -754.6
0.0 200.5 25.8 47.0 268.7 -5.5 423.8 -8.2 541.9 267.7 697.0 265.0
0.1 169.3 21.6 39.6 244.8 -8.5 364.7 -8.2 475.3 222.0 595.1 222.2
0.2 138.0 17.8 32.3 216.2 -18.9 300.4 -16.3 404.2 169.1 488.4 171.7
0.3 106.8 13.6 24.9 187.3 -34.7 256.0 -31.8 332.5 110.6 401.3 113.5
0.4 75.5 9.8 17.7 157.9 -54.2 207.5 -54.8 260.9 48.8 310.4 48.1

3 0.5 44.3 5.6 10.4 124.8 -77.1 151.1 -84.9 185.0 -16.8 211.3 -24.7
0.6 13.0 1.8 3.0 100.2 -102.8 115.3 -121.8 117.9 -85.1 133.0 -104.1
0.7 -18.3 -2.4 -4.4 72.5 -131.6 82.4 -167.1 47.5 -156.6 57.4 -192.0
0.8 -49.5 -6.3 -11.6 46.6 -163.0 62.6 -221.1 -20.7 -230.3 -4.7 -288.4
0.9 -80.8 -10.4 -18.9 36.0 -197.1 62.6 -282.7 -74.0 -307.1 -47.4 -392.7
1.0 -112.0 -14.3 -26.3 35.2 -228.7 62.6 -341.3 -117.3 -381.2 -89.9 -493.8

1.35DF (LL+IM )P15
Load CombinationDead Load Live Load

Strength I Strength II1.75DF(LL+IM)HL-93

Table 6.2.7-10 Factored Support Forces for Interior Girder 

 

  
Location

1.25R DC1 1.25R DC2 1.5R DW

(kip) (kip) (kip)
Abutment 1 92.5 11.9 21.6
Bent 2 385.3 49.4 90.2
Bent 3 410.3 52.6 96.0
Abutment 4 112.0 14.3 26.3

433.0
1175.2
1211.8
493.9

346.0
987.8
1030.8
381.2

307.0
650.4
652.9
341.4

220.0
463.0
471.9
228.7

(kip) (kip) (kip) (kip)
+R +R +R u +R u

Strength II(Interior Gider) 1.75DF(LL+IM)HL-93 1.35DF (LL+IM )P15 Strength I
 Load CombinationDead Load Live Load 
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6.2.7.8  Calculate Factored Moments and Shears – Fatigue Limit States 

For load-induced fatigue consideration (CA Table 3.4.1-1), the fatigue moment and shear 
force ranges are caused by live load only and are calculated by the following equations: 

 Fatigue I (HL-93 Truck):   γ(∆F)  =   1.75 (DF)(LL+IM)HL-93 

 Fatigue II (P-9 Truck):       γ(∆F)  =   1.0(DF)(LL+IM)P9 
Using live load distribution factors in Table 6.2.7-7, fatigue limit moment and shear ranges 
for an interior girder are calculated and listed in Tables 6.2.7-11 and 6.2.7-12. Vu, shear 
due to the unfactored dead load plus the factored fatigue load (Fatigue I) is also calculated 
for checking the special fatigue requirement for webs as required by AASHTO 6.10.5.3. 

  ( )( )( )1 2 931.75u DC DC DW v HLV V V V DF LL IM
−

= + + + +  

Table 6.2.7-11 Fatigue I Limit State - Moment and Shears for Interior Girder 

 

 
Span Point

x/L +M -M +M -M M_sr +V -V +V -V V_sr +V_u -V_u
(kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip) (kip) (kip) (kip) (kip) (kip) (kip)

0.0 0 0 0 0 0 64.6 -11.1 79.2 -13.6 92.8 173.7 80.9
0.1 624 -122 546 -107 653 56.7 -11.1 69.4 -13.6 83.1 135.8 52.8
0.2 1081 -245 946 -214 1160 47.3 -11.1 57.9 -13.6 71.5 96.3 24.8
0.3 1306 -367 1143 -321 1464 38.3 -15.2 46.9 -18.6 65.4 57.2 -8.3
0.4 1397 -489 1222 -428 1650 29.8 -23.1 36.4 -28.3 64.7 18.6 -46.1

1 0.5 1358 -611 1189 -535 1724 20.5 -32.6 25.1 -40.0 65.1 -20.9 -86.0
0.6 1264 -734 1106 -642 1748 14.7 -41.8 18.0 -51.2 69.1 -56.1 -125.3
0.7 1016 -856 889 -692 1581 9.2 -50.5 11.3 -61.8 73.1 -90.9 -164.0
0.8 640 -978 560 -791 1351 5.5 -58.5 6.7 -71.7 78.4 -123.6 -202.0
0.9 246 -1101 216 -890 1105 2.3 -66.0 2.9 -80.8 83.7 -155.5 -239.2
1.0 257 -1223 224 -989 1213 2.3 -71.5 2.9 -87.5 90.4 -183.6 -274.0
0.0 257 -1223 194 -989 1183 74.8 -6.8 91.6 -8.3 99.9 298.7 198.8
0.1 303 -596 229 -482 712 68.3 -6.8 83.7 -8.3 92.0 248.7 156.7
0.2 843 -509 639 -385 1024 59.9 -6.8 73.3 -8.3 81.6 196.2 114.6
0.3 1338 -421 1014 -319 1333 50.6 -12.8 62.0 -15.7 77.7 142.7 65.0
0.4 1638 -333 1241 -252 1494 40.9 -21.1 50.1 -25.8 75.9 88.7 12.8

2 0.5 1715 -302 1299 -229 1528 30.0 -30.2 36.8 -37.0 73.8 33.3 -40.5
0.6 1656 -413 1255 -313 1568 21.9 -39.9 26.8 -48.9 75.7 -18.9 -94.6
0.7 1375 -525 1042 -398 1440 13.4 -49.6 16.5 -60.8 77.2 -71.3 -148.6
0.8 891 -637 675 -482 1157 6.9 -59.0 8.4 -72.3 80.7 -121.6 -202.3
0.9 323 -748 245 -593 838 5.3 -67.7 6.5 -82.9 89.4 -165.7 -255.1
1.0 193 -1139 147 -903 1049 5.3 -74.4 6.5 -91.1 97.6 -207.8 -305.4
0.0 193 -1139 162 -903 1065 73.4 -1.6 89.9 -1.9 91.8 294.8 203.0
0.1 267 -1025 223 -813 1036 68.0 -2.2 83.3 -2.7 86.0 256.2 170.2
0.2 719 -911 601 -722 1324 60.7 -5.4 74.4 -6.6 81.0 215.4 134.4
0.3 1156 -797 967 -667 1634 52.8 -9.2 64.6 -11.3 75.9 173.6 97.7
0.4 1456 -683 1218 -572 1790 44.1 -15.4 54.1 -18.9 72.9 131.3 58.3

3 0.5 1586 -569 1327 -476 1803 33.5 -22.7 41.1 -27.8 68.9 86.3 17.4
0.6 1628 -456 1362 -381 1743 25.4 -30.7 31.1 -37.7 68.8 44.4 -24.4
0.7 1525 -342 1276 -286 1561 16.1 -39.4 19.8 -48.3 68.0 1.1 -67.0
0.8 1215 -228 1017 -191 1207 10.0 -48.6 12.3 -59.5 71.8 -38.2 -110.0
0.9 728 -114 609 -95 704 9.1 -58.2 11.2 -71.3 82.5 -71.3 -153.8
1.0 0 0 0 0 0 9.1 -66.6 11.2 -81.5 92.7 -103.2 -195.9

(LL+IM)HL-93 Factored (LL+IM)HL-93 (LL+IM)HL -93
Fatigue Moment Fatigue Shear

Factored (LL+IM)HL-93
(Interior Girder) (One Lane) (Interior Girder)(One Lane)
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Table 6.2.7-12 Fatigue II Limit State - Moment and Shears for Interior Girder  

 
  

 
Span Point

x/L +M -M +M -M M_sr +V -V +V -V V_sr
(kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip) (kip) (kip) (kip) (kip)

0.0 0 0 0 0 0 178.6 -35.4 125.0 -24.8 149.8
0.1 1686 -390 843 -195 1038 153.2 -35.4 107.3 -24.8 132.1
0.2 2749 -779 1375 -390 1764 123.7 -35.4 86.6 -24.8 111.4
0.3 3579 -1169 1789 -584 2374 96.0 -35.4 67.2 -24.8 92.0
0.4 3904 -1558 1952 -779 2731 71.2 -52.6 49.9 -36.8 86.7

1 0.5 3885 -1948 1942 -974 2916 46.0 -74.7 32.2 -52.3 84.5
0.6 3476 -2337 1738 -1169 2907 32.8 -102.9 23.0 -72.0 95.0
0.7 2725 -2727 1363 -1260 2622 19.3 -131.6 13.5 -92.1 105.6
0.8 1542 -3116 771 -1440 2211 9.9 -160.8 6.9 -112.5 119.5
0.9 714 -3506 357 -1620 1977 7.2 -188.1 5.0 -131.7 136.7
1.0 793 -3895 397 -1800 2196 7.2 -208.9 5.0 -146.2 151.3
0.0 793 -3895 344 -1800 2143 229.2 -20.9 160.4 -14.7 175.1
0.1 531 -1796 230 -830 1060 205.0 -20.9 143.5 -14.7 158.2
0.2 2188 -1532 948 -663 1611 174.9 -20.9 122.4 -14.7 137.1
0.3 3793 -1267 1642 -549 2191 143.1 -28.7 100.2 -20.1 120.3
0.4 4795 -1003 2076 -434 2511 111.1 -50.4 77.8 -35.3 113.1

2 0.5 5144 -933 2228 -404 2632 76.7 -77.5 53.7 -54.3 108.0
0.6 4857 -1279 2103 -554 2657 52.5 -108.0 36.7 -75.6 112.3
0.7 3909 -1624 1693 -703 2396 30.1 -139.9 21.1 -97.9 119.0
0.8 2339 -1970 1013 -853 1866 16.0 -171.8 11.2 -120.3 131.5
0.9 599 -2315 259 -1049 1308 16.0 -202.4 11.2 -141.7 152.9
1.0 582 -3626 252 -1643 1895 16.0 -227.2 11.2 -159.0 170.2
0.0 582 -3626 278 -1643 1921 220.3 -4.7 154.2 -3.3 157.5
0.1 524 -3264 250 -1478 1729 199.7 -4.7 139.8 -3.3 143.1
0.2 1792 -2901 857 -1314 2171 173.0 -10.2 121.1 -7.2 128.3
0.3 3189 -2538 1524 -1213 2738 144.2 -20.0 100.9 -14.0 115.0
0.4 4119 -2176 1969 -1040 3009 113.6 -34.5 79.5 -24.2 103.7

3 0.5 4639 -1813 2217 -867 3084 80.0 -53.5 56.0 -37.4 93.4
0.6 4689 -1450 2242 -693 2935 57.7 -76.3 40.4 -53.4 93.8
0.7 4305 -1088 2058 -520 2578 35.4 -102.8 24.8 -71.9 96.8
0.8 3330 -725 1592 -347 1938 29.0 -131.4 20.3 -92.0 112.3
0.9 2023 -363 967 -173 1140 29.0 -161.9 20.3 -113.3 133.6
1.0 0 0 0 0 0 29.0 -188.6 20.3 -132.0 152.4

Fatigue Shear
Factored (LL+IM)P9

(Interior Girder)(One Lane) (Interior Girder) (One Lane)
(LL+IM)P9 Factored (LL+IM)P9 (LL+IM)P9 

Fatigue Moment
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6.2.7.9  Calculate Factored Moments – Service II Limit State 

Using live load distribution factors in Table 6.2.7-6, factored moments for an interior girder 
at the Service II limit state are calculated and listed in Table 6.2.7-13. 

Service II: 1.0(DC) + 1.0(DW) + 1.30(DF)(LL+IM)HL-93 

Table 6.2.7-13 Factored Moments for Interior Girder – Service II Limit State 
  

DC1 DC2 DW
Span Point 1.0M DC1 1.0M DC2 1.0M DW +M -M

x/L (kip-ft) (kip-ft) (kip-ft) (kip-ft) (kip-ft)
0.0 0 0 0 0 0
0.1 693 89 135 1337 -291
0.2 1144 147 223 2293 -583
0.3 1353 173 264 2884 -874
0.4 1329 169 258 3174 -1165

1 0.5 1045 134 204 3161 -1457
0.6 528 67 103 2890 -1749
0.7 -231 -30 -45 2334 -2314
0.8 -1232 -158 -240 1541 -2644
0.9 -2474 -317 -483 684 -3075
1.0 -3959 -507 -772 572 -3768
0.0 -3959 -507 -772 512 -3768
0.1 -1555 -200 -303 668 -1982
0.2 304 39 59 1659 -1006
0.3 1619 208 316 2706 -877
0.4 2389 306 466 3386 -786

2 0.5 2615 336 510 3616 -761
0.6 2297 293 448 3426 -927
0.7 1434 194 280 2784 -1094
0.8 26 3 5 1740 -1277
0.9 -1926 -247 -376 673 -2166
1.0 -4422 -567 -862 377 -3863
0.0 -4422 -567 -862 407 -3863
0.1 -2574 -329 -502 648 -2887
0.2 -1038 -133 -202 1601 -2425
0.3 186 23 36 2536 -1834
0.4 1097 140 214 3199 -1571

3 0.5 1695 217 331 3543 -1309
0.6 1981 253 386 3579 -1047
0.7 1955 250 381 3268 -786
0.8 1616 208 315 2602 -524
0.9 964 123 188 1518 -262
1.0 0 0 0 0 0

1.3 DF(LL+IM)HL-93
Dead Load Live Load 
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6.2.7.10  Design Composite Section in Positive Moment Region at 0.5 
Point of Span 2 

For midspan sections, design is normally governed by bending moments. In the following, 
only the flexural design for the 0.5 Point Section is illustrated. A similar shear design 
procedure is shown in Section 6.2.7.11. 

6.2.7.10.1 Illustrate Calculations of Factored Moments – Strength Limit States    

Factored force effects are calculated and summarized in Section 6.2.7.7. Table 6.2.7-14 
illustrates detailed calculations for factored moments at the 0.5 Point of Span 2. 

Table 6.2.7-14 Factored Moments at 0.5 Point of Span 2  

Load 
Type 

Unfactored 
Moment 
(kip-ft) 

Factored Moment 
(kip-ft) 

DC1 2,615 MDC1 = 1.25(2,615) = 3,269 

(applied to steel section alone) 

DC2 215 MDC2 = 1.25(336) =420 

(applied to long-term composite section 3n = 24) 

DW 510 

 

MDW = 1.5(510) = 765 

(applied to long-term composite section 3n = 24) 

(LL+IM)HL-93 

 

3,455 

(one lane) 

M(LL+IM)HL-93 = 1.75(0.805)(3,455) = 4,867 

(applied to short-term composite section n = 8) 

(LL+IM)P15 

 

6,897 

(one lane) 

M(LL+IM)P15 = 1.35(0.805)(6,897) = 7,495 

(applied to short-term composite section n = 8) 

Controlling 
DC+DW+(LL+IM) 

 Mu = 3,269+ 420 + 765 + 7,495 = 11,949  

Strength I:                    1.25(DC) + 1.5(DW) + 1.75(DF)(LL+IM)HL-93 

Strength II:           1.25(DC) + 1.5(DW) + 1.35(DF)(LL+IM)P15 

6.2.7.10.2 Calculate Elastic Section Properties 

Determine Effective Flange Width  

According to Articles 4.6.2.6.1 and C4.6.2.6.1, the effective flange width may be taken as 
the tributary width perpendicular to the axis of the member when the girder span to the 
spacing ratio (L/S) is larger than 3.1. In this design example, S = 12 ft and L = 165 ft.  For 
the interior girder in Span 2, the effective flange width is as: 
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/ 165 / 12 13.75 3.1

12 ft 144 in. eff

L S
b b

= = >
∴ = = =


              (AASHTO 4.6.2.6.1) 

 Calculate Elastic Section Properties 

Elastic section properties for the steel section alone, the steel section and deck slab 
longitudinal reinforcement, the short-term composite section (n = 8), and the long-term 
composite section (3n = 24) are calculated and shown in Tables 6.2.7-15 to 6.2.7-18.  

Table 6.2.7-15 Properties of Steel Section Alone 

 

Component 

Ai 

(in.2) 

yi 

(in.) 

Aiyi 

(in.3) 

yi - yNCb 

(in.) 

Ai(yi – yNCb)2 

(in.4) 

Io 

(in.4) 

Top flange 18 × 1 18.00 80.25 1,444.5 45.05 36,531 1.5 

Web  78 × 0.625 48.75 40.75 1,986.6 5.55 1,502 24,716 

Bottom flange 18 × 1.75 31.50 0.875 27.6 -34.325 37,113 8.04 

Σ 98.25 - 3,458.7 - 75,146 24,726 

                                                                 3,458.7 35.2 in.
98.25

i i
NCb

i

A y
y

A
= = =∑
∑

       

( )1.75 78 1 35.2 45.55 in.NCty = + + − =       

( )2
424,726 75,146 99,872 in.

NC o i i NCbI I A y y= + −

= + =

∑ ∑            

399,872 2,837 in.
35.2

NC
NCb

NCb

I
S

y
= = =            

399,872 2,193 in.
45.55

NC
NCt

NCt

I
S

y
= = =  
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Properties of the steel section alone may be conservatively used for calculating stresses 
under negative moments. In this example, properties of the steel section and deck slab 
longitudinal reinforcement are used for calculating stresses due to negative moments 
(AASHTO 6.10.1.1.1c). Assume the total area of longitudinal reinforcement in the deck 
slab is 1% of the concrete deck slab area; we have As:  

( ) ( ) 20.01 12 12 9.125 13.14 in.sA = × =  

Table 6.2.7-16 Properties of Steel Section and Deck Slab Reinforcement 

 

Component 

 

Ai 

(in.2) 

yi 

(in.) 

 Aiyi 

(in.3) 

yi - yNSb 

(in.) 

Ai(yi – yNSb)2 

(in.4) 

Io 

(in.4) 

Top  
Reinforcement 

13.14 88.44  1162.1 46.96 28,977 0 

Steel section 98.25 35.2  3,458.4 -6.28 3,875 99,872 

Σ 111.39 -  4,620.5 - 32,852 99,872 

                                                       
                                                                           

                                                                      

3132,724 3,200 in.
41.48

NS
NSb

NSb

I
S

y
= = =            

3132,724 3,380 in.
39.27

NS
NSt

NSt

I
S

y
= = =  

3132,724 2,826 in.
46.96

NS
NSrb

NSrb

I
S

y
= = =  

 

  

( )1 78 1.75 41.48 39.27 in.NSty = + + − =

4,620.5 41.48 in.
111.39

i i
NSb

i

A y
y

A
= = =∑
∑

88.44 41.48 46.96 in.NSrby = − =
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Table 6.2.7-17 Properties of Short-term Composite Section (n = 8) 
 

Component 
Ai 

(in.2) 
yi 

(in.) 
Aiyi 

(in.3) 
yi - ySTb 

(in.) 
Ai(yi – ySTb)2 

(in.4) 
Io 

(in.4) 
Steel section 98.25 35.2 3,458.4 -33.31 109,014 99,872 

Concrete Slab 
144/8  ×  9.125 

 
164.25 

 
88.44 

 
14,526.3 

 
19.93 

 
65,241 

 
1,140 

Σ 262.5 - 17,984.7 - 174,255 101,012 

17,984.7 68.51 in.
262.5

i i
STb

i

A y
y

A
= = =∑
∑

      

( )1.75 78 1 68.51 12.24 in.STty = + + − =       

( )2
4101,012 174,255 275,267 in.

ST o i i STbI I A y y= + −

= + =

∑ ∑       

3275,267 4,018 in.
68.51

ST
STb

STb

I
S

y
= = =  

3275,267 22,489 in.
12.24

ST
STt

STt

I
S

y
= = =  

                         

                                                             

                                                  

Table 6.2.7-18 Properties of Long-term Composite Section (3n = 24) 

 

Component 

Ai 

(in.2) 

yi 

(in.) 

Aiyi 

(in.3) 

yi - yLTb 

(in.) 

Ai(yi – yLTb)2 

(in.4) 

Io 

(in.4) 

Steel section 98.25 35.2 3,458.4 -19.05 35,655 99,872 

Concrete Slab 

144/24  ×  9.125 

 

54.75 

 

88.44 

 

4,842.1 

 

34.19 

 

64,000 

 

380 

Σ 153 - 8,300.5 - 99,655 100,252 

8,300.5 54.25 in.
153

i i
LTb

i

A y
y

A
= = =∑
∑

                

( )1.75 78 1 54.25 26.5 in.LTty = + + − =  

  ( )2
4100,252 99,655 199,907 in.

LT o i i LTbI I A y y= + −

= + =

∑ ∑               

                                              3199,907 3,685 in.
54.25

LT
LTb

LTb

I
S

y
= = =  

                                                 3199,907 7,544 in.
26.5

LT
LTt

LTt

I
S

y
= = =  

                                         

                                  

It should be pointed out that the concrete haunch is ignored in calculating composite 
section properties. 
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6.2.7.10.3 Design for Flexure – Strength Limit State  

General Requirement  

At the strength limit state, the composite compact section in positive moment regions shall 
satisfy the requirement as follows: 

 1
3u l xt f nM f S M+ ≤ φ            (AASHTO 6.10.7.1.1-1) 

In this example of the straight bridge, flange lateral bending stress for interior girders fl = 
0. The design equation, therefore, is simplified as follows: 

 u f nM M≤ φ                  (6.2.7.10.3-1) 

Check Section Compactness  

For composite sections in the positive moment region, it is usually assumed that the top 
flange is adequately braced by the hardened concrete deck. There is no requirement for 
the compression flange slenderness and bracing for compact composite sections at the 
strength limit state. Three requirements (Article 6.10.6.2.2) for a compact composite 
section in straight bridges are checked as follows: 

 Specified minimum yield strength of flanges: 
  50 ksi 70 ksiyfF = <     O.K.               (AASHTO 6.10.6.2.2) 

  Web:    

124.8 150
w

D
t

= <               O.K.          (AASHTO 6.10.2.1.1-1) 

 Section:   

2
3.76cp

w yc

D E
t F

≤                   (AASHTO 6.10.6.2.2-1) 

where Dcp is the depth of the web in compression at the plastic moment state and 
is determined in the following. 

  Compressive force in the concrete slab:  

          ( )( )( )0.85 0.85 3.6 144 9.125 4,021 kips c eff sP f b t′= = =  

  in which ts is the thickness of the concrete slab 

 Yield force in the top compression flange: 
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             ( )( )18 1 50 900 kipc fc ycP A F= = × =  

 Yield force in the web: 

            ( )( )78 0.625 50 2,438 kipw w ywP A F= = × =   

  Yield force in the bottom tension flange: 

            ( )( )18×1.75 50 1,575 kipt ft ytP A F= = =   

           4,021 + 900 4,921 kip   2,438 +1,575 4,013 kips c w tP P P P+ = = > + = =  

∴ The plastic neutral axis is within the top compression flange (AASHTO Table 
D6.1-1), and Dcp is equal to zero.  

  
2

0.0 3.76cp

w yc

D E
t F

= <        O.K.     (AASHTO 6.10.6.2.2-1) 

When the plastic neutral axis is within the web, Dcp can be calculated in accordance 
with AASHTO Tables D6.1-1 or D6.1-2. 
The section meets the requirements for the composite compact section in positive 
flexure. The nominal flexural resistance, Mn, is, therefore, calculated in accordance 
with Article 6.10.7.1.2 (AASHTO, 2017; Caltrans, 2019a). 

Calculate Plastic Moment Mp 

At the plastic moment state, the compressive stress in the concrete slab of a composite 
section is assumed equal to 0.85 cf ′  , and tensile stress in the concrete slab is neglected. 
The stress in the reinforcement and the steel girder section is assumed equal to Fy. The 
reinforcement in the concrete slab is neglected in this example. The plastic moment Mp 
is determined using equilibrium equations and is the first moment of all forces about the 
plastic neutral axis (Article D6.1). 

• Determine Location of Plastic Neutral Axis (PNA) 

As calculated above, the plastic neutral axis (PNA) is within the top flange of the 
steel girder. Denote that y  is the distance from the top of the compression flange 
to the PNA as shown in Figure 6.2.7-7, we obtain: 

 1 2s c c w tP P P P P+ = + +              

 where 

 1c fc ycP y b F=  



   Bridge Design Practice 6.2 •  October 2022 

Chapter 6.2 Steel Plate Girders  6.2-41 

 ( )2c fc fc ycP t y b F= −  

In which bfc and tfc are the width and the thickness of the top flange of the steel 
section, respectively; Fyc is the yield strength of the top compression flange of the 
steel section.  

Substituting the above expressions into the equilibrium equation for y obtain 

 1
2
fc w t s

c

t P P Py
P

 + −
= + 

 
                         

 1 2,438 + 1,575 -4,021 + 1 0.496 in. < = 1.0 in.
2 900 fcy t = = 
 

 O.K. 

 

Figure 6.2.7-7 Plastic Moment Capacity State 

• Calculate  Plastic Moment  M p 
Summing all forces about the PNA, obtain: 

 ( ) ( )

1 2

2 2

2 2

2

cf
p PNA s s c c w w t t

cf
s s fc yc w w t t

t yyM M P d P P P d P d

y t y
P d b F P d P d

   −
= = + + + +       

 + − = + + +  
 

∑
       

where 

 9.125 4.125 1 0.496 8.18 in.
2sd = + − + =  
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 78 + 1 - 0.496 = 39.50 in.
2wd =  

 1.75 + 78 + 1 - 0.496 = 79.38 in.
2td =   

  

( )( ) ( )( ) ( )

( )( ) ( )( )

2 20.496 1 0.496
4,021 8.18 18 50

2

2,438 39.5 1,575 79.38
254,441 kip-in. = 21,203 kip-ft       

pM
 + −

= +   
 

+ +

=

 

Calculate Yield Moment My   

The yield moment M y corresponds to the first yielding of either steel flange. It is obtained 
by the following formula (AASHTO D6.2): 

  1 2y D D ADM M M M= + +       (AASHTO D6.2.2-2) 

From Section 6.2.7.10.1, factored moments, MD1 and MD2 are as follows:  

  1 1 3,269 kip-ftD DCM M= =  

   2 2 420 765 1,185 kip-ftD DC DWM M M= + = + =  

Using section moduli SNC, SST, and SLT as shown in Section 6.2.7.10.2 for the non-
composite steel, the short-term and the long-term composite section, we have:  

   1 2D D
AD ST y

NC LT

M MM S F
S S

 
= − − 

 
          

For the top flange: 

  
( ) ( ) ( )3,269 12 1,185 12
22,489 50

2,193 7,544
679,780 kip-in. = 56,565 kip-ft 

ADM
 

= − − 
 

=

 

For the bottom flange: 

  
( ) ( ) ( )3,269 12 1,185 12
4,018 50

2,837 3,685
129,837 kip-in. = 10,820 kip-ft 

ADM
 

= − − 
 

=

         (Control) 
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  3,269 1,185 10,820 15,274 kip-ftyM∴ = + + =   

Calculate Flexural Resistance 

In this example, it is assumed that the adjacent interior-bent sections are non-compact 
non-composite sections that do not satisfy the requirements of AASHTO B6.2. The 
nominal flexural resistance of the composite compact section in positive flexure is 
calculated in accordance with AASHTO and CA 6.10.7.1.2: 

                         for 0.1

min / 0.1
1 1 for 0.1

0.32

p p t

n y p t
p p t

p

M D D

M M D D
M D D

M

≤
  =   − 

− − >          

 

(AASHTO and CA 6.10.7.1.2-1,2) 

For a continuous span: 

M 1.3 n h yR M≤           (AASHTO 6.10.7.1.2- 3) 

where Rh is a hybrid factor (AASHTO 6.10.1.10.1) and is equal to 1.0 for this example; 
Dp is the depth from the top of the concrete deck to the PNA; Dt is the total depth of the 
composite section.  

The compact and noncompact sections shall satisfy the following ductility requirement to 
ensure that the tension flange of the steel section reaches significant yielding before the 
crushing strain is reached at the top of the concrete deck. 

  0.42p tD D≤                                            (AASHTO  6.10.7.3-1) 

  13.25 - 1 + 0.496 = 12.75 in.pD =  

  1.75 + 78 +13.25 = 93 in.tD =  

  ( )12.75 in. 0.42 0.42 93 = 39.06 in.p tD D= < =        O.K. 

            12.75 in. 0.1 9.3 in.p tD D= > =  

( )

( )( )( )

/ 0.1
1 1

0.32

15,274 12.75 / 93 0.11 1 21,203 20,516 kip-ft
21,203 0.32

1.3 1.3 1.0 15,274 19,856 kip-ft

y p t
n p

p

h y

M D D
M M

M

R M

   − 
= − −        
 −  = − − =      

> = =

 

    Use Mn = 19,856  kip-ft 
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Check Design Requirement  

( )( )11,949 kip-ft 1.0 19,856 19,856 kip-ftu f nM M= < φ = =  O.K.  (6.2.7.10.3-1) 

6.2.7.10.4  Illustrate Calculations of Fatigue Moment Ranges  

Fatigue moment ranges are calculated and summarized in Section 6.2.7.8. For the 0.5 
Point of Span 2, using the live load distribution factor DFm = 0.433 (Table 6.2.7.7), fatigue 
moment ranges are as follows: 

 Fatigue I:  

  ( )( ) ( )( )( ) 931.75 0.433m HL HLM DF LL IM LL IM
−

= γ + = +   

( )( )( )  1.75 0.433 1,715   1,299 kip-ftM+ = =  

  ( )( )( )   1.75 0.433 302    229 kip-ft              M = − = −      

 Fatigue II:  

  ( )( ) ( )( )( )9 91.0 0.433m P PM DF LL IM LL IM= γ + = +   

( )( )( )  1.0 0.433 5,144   2,227 kip-ftM+ = =      

( )( )( )   1.0 0.433 933    404 kip-ft   M− = − = −     

6.2.7.10.5  Check Typical Girder Details – Fatigue Limit States 

For load-induced fatigue consideration, the most common types of details in a typical 
plate girder are (AASHTO Table 6.6.1.2.3-1) listed in Table 6.1.8-1, and nominal fatigue 
resistances for those typical details are shown in Table 6.1.8-2 in Chapter 6.1.  
For a section in the positive moment region within mid-span, such as the section at the 
0.5 Point of Span 2, flexural behavior usually dominates the design. Positive live load 
moments are applied to the short-term composite section, and negative live load 
moments are applied to the steel section and deck slab longitudinal reinforcement 
(AASHTO 6.10.1.1.1c). Fatigue stress ranges at the bottom flanges, and the top flanges 
are checked as follows: 

 Fatigue I  - HL-93 Truck for Infinite Life: 

 Flexural fatigue stress ranges at the bottom flange:  

( ) ( ) ( )1,299 12 229 12
+

4,018 3,200
12.0 ksi O.K.  for Category C

3.88 + 0.86 = 4.74 ksi
  16.0  ksi  O.K. for Category B

STb NCb

M Mf
S S
+ −

γ ∆ = + =

′<
=

<
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 Flexural fatigue stress ranges at the top flange:  

 

( ) ( ) ( )1,299 12 229 12
+

22,489 3,380
10.0 ksi O.K.  for Category C

0.69 + 0.81 = 1.50 ksi 12.0 ksi O.K.  for Category C
  16.0  ksi  O.K. for Category B

STt NCt

M Mf
S S
+ −

γ ∆ = + =

<
′= <

<

 

Fatigue II  - P-9 Truck for Finite Life: 

 Flexural fatigue stress ranges at the bottom flange:  

  
( ) ( ) ( )2,227 12 404 12

+
4,018 3,200

21.58 ksi O.K.  for Category C
6.65 + 1.52 = 8.17 ksi

  30.15  ksi  O.K. for Category B

STb NCb

M Mf
S S
+ −

γ ∆ = + =

′<
=

<

 

 Flexural fatigue stress ranges at the top flange:  

  

( ) ( ) ( )2,227 12 404 12
+

22,489 3,380
21.58 ksi O.K.  for Category C

1.19 + 1.43 = 2.62 ksi 21.58 ksi O.K.  for Category C
  30.15  ksi  O.K. for Category B

STt NCt

M Mf
S S
+ −

γ ∆ = + =

<
′= <

<

 

6.2.7.10.6 Check Requirements - Service II Limit State 

General Requirements 

Service II limit state is to control the elastic, and permanent deflections under the design 
live load HL-93 (AASHTO 6.10.4). The live load deflection ∆ may not exceed L/800 
(AASHTO 2.5.2.6.2) and is calculated and checked in Section 6.2.7.16. 

Illustrate Calculations of Factored Moments - Service II Limit State  

It is noted that for unshored construction, DC1, DC2+DW, and live load are applied to the 
non-composite (steel section alone), long-term, and short-term composite sections, 
respectively. Factored moments at the Service II limit state are calculated and 
summarized in Table 6.2.7-13. The calculations of factored moments for the 0.5 Point of 
Span 2 are illustrated as follows: 

1  2,615 kip-ft  DCM =                          (applied to steel section alone)  
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2   336 + 510  846 kip-ft DC DWM M+ = =     (applied to long-term composite section) 

  ( ) ( )( )( )93  1.3 0.805 3,455  

= 3,616 kip-ft
LL IM HLM + − =

          (applied to short-term composite section)  

Check Flange Stresses  

In this example, fl  =  0 for this interior girder. The requirement becomes: 

( )( )

( ) 931 2 0.95

0.95 1.0 50 47.5 ksi

LL IM HLDC DC DW
f h yf

NC LT ST

MM M Mf R F
S S S

+ −+
= + + ≤

= =
 

For the top flange of the composite section 

( )( ) ( )( ) ( )( )2615 12 846 12 3,616 12
2,193 7,544 22,489

14.31 1.35 1.93 17.59 ksi 47.5 ksi

ff = + +

= + + = <

  O.K. (AASHTO 6.10.4.2.2-1) 

For the bottom flange of the composite section 

( )( ) ( )( ) ( )( )2615 12 846 12 3,616 12
2,837 3,685 4,018

11.06 3.08 10.80 24.94 ksi 47.5 ksi

ff = + +

= + + = <

  O.K. (AASHTO 6.10.4.2.2-2) 

Article 6.10.4.2.2 states that except for composite sections in positive flexure in which the 
web satisfies the requirement of Article 6.10.2.1.1, i.e., D/tw < 150, all sections shall also 
satisfy the AASHTO Eq. 6.10.4.2.2-4. In this example, 

  78 =124.8 < 150
0.625w

D
t

=                    (AASHTO 6.10.2.1.1-1) 

        ∴  The compression flange check of AASHTO Eq. 6.10.4.2.2-4 is not required. 

Check Concrete Deck Stresses  

Article 6.10.4.2.2 specifies that for compact composite sections in positive flexure utilized 
in shored construction, the longitudinal compressive stress in the concrete deck due to 
the Service II loads shall not exceed 0.6 cf ′ .  Since unshored construction is assumed in 
this example, there is no need to check compressive stress in the concrete deck. 
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6.2.7.10.7   Check Requirements - Constructability  

General Requirements 

At construction stages, steel girders of Span 2 with an unbraced compression flange 
length Lb = 330 in. carry out the construction load, including dead load (self-weight of steel 
girders and concrete deck slab) and other loads acting on the structure during 
construction. To prevent nominal yielding or reliance on post-buckling resistance of the 
steel girder during critical stages of construction, the following Article 6.10.3 requirements 
for flexural stresses are checked. For the 0.5 Point Section, shear effects are very small, 
and the shear strength check is not illustrated. A similar design procedure is shown in 
Section 6.2.7.11. 

Calculate Factored Moment – Constructability 

In the constructability check, all loads shall be factored as specified in Article 3.4.2. In this 
example, no other construction load is assumed, and only factored dead loads are applied 
on the noncomposite section. The compression flange is discretely braced with an 
unbraced length Lb = 330 in. within Span 2. The factored moment at the 0.5 Point of Span 
2 is: 

   ( )1  1 .25 2,615  = 3,269  kip-ftu DCM M= =   

Check Compression Flange 

• Web Compactness 

 Limiting slenderness ratio for a noncompact web: 

  29,0005.7 5.7 137.3
50rw

yc

E
F

λ = = =       (AASHTO 6.10.1.10.2-4) 

          45.55 - 1.0 = 44.55  in.c NCt fcD y t= − =                (See Table 6.2.7-15) 

     ( )
( )

2 44.552 142.6 137.3
0.625

c
rw

w

D
t

= = > λ =
 

The web is slender, and AASHTO Equations 6.10.3.2.1-2 and 6.10.3.2.1-3 
shall be checked. 

• Calculate Flange-Strength Reduction Factors Rh and Rb 

Since homogenous plate girder sections are used for this example, hybrid 
factor Rh  is taken as 1.0 (AASHTO 6.10.1.10.1). 
When checking constructability according to AASHTO 6.10.3.2, the web load-
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shedding factor, Rb, is taken as 1.0  (AASHTO  6.10.1.10.2). 

• Calculate Flexural Resistance  

The nominal flexural resistance of the compression flange is the smaller of the 
local buckling resistance (AASHTO 6.10.8.2.2) and the lateral torsional 
buckling resistance (AASHTO 6.10.8.2.3) 

 Local buckling resistance 

           
( )

18 29,000= 9 0.38 0.38 9.15
2 2 1 50

fc
f pf

fc yc

b E
t F

λ = = < λ = = =  

 ( ) ( )( )( )1.0 1.0 50 50 ksib h ycnc FLBF R R F= = =        (AASHTO 6.10.8.2.2-1) 

Lateral torsional buckling resistance 

    
( )( )

( )( )

18 4.22 in.
44.55 0.6251 112 1 12 1

3 3 18 1.0

fc
t

c w

fc fc

br
D t
b t

= = =
   
+ +       

  

             (AASHTO 6.10.8.2.3-9) 

 ( )( ) 29,0001.0 1.0 4.22 101.6 in.
50p t

yc

EL r
F

= = =  

 
( )( )0.7 0.7 50

smaller 35 ksi  0.5 25  ksi
50

yc
yr yc

yw

F
F F

F

 = = = > = 
=  

 

 Use   Fyr  = 35  ksi 

 ( )( ) 29,0004.22 381.6 in.
35r t

yr

EL r
F

= π = π =     (AASHTO 6.10.8.2.3-5) 

 101.6 in.  330 in. 381.6 in.p b rL L L= < = < =  
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( )

( ) ( )( ) ( )( )( )

( )( )( )

1 1

35 330 101.61.0 1 1 1.0 1.0 50
1.0 50 381.6 101.6

37.8 ksi 1.0 1.0 50 50 ksi

yr b p
b b h ycnc LTB

h yc r p

b h yc

F L L
F C R R F

R F L L

R R F

   −
= − −     −    

   −
= − −     −    
= < = =

  

        (AASHTO 6.10.8.2.3-2) 

 Use Fnc(LTB) = 37.8  ksi 

It should be pointed out that Cb factor is taken as 1.0 conservatively for the 
0.5 Point of Span 2. The nominal flexural resistance of the compression 
flange is: 

  ( ) ( )( ) ( )min , min 50, 37.8 37.8 ksinc nc FLB nc LTBF F F= = =  

( )3,269 12
17.9 ksi

2,193
37.8 ksi

u
bu

NCt

f nc

Mf
S

F

= = =

< φ =

O.K.       (AASHTO 6.10.3.2.1-2) 

Calculate Web Bend-buckling Resistance 

 
2 2789 =9 =27.59

44.55c

Dk
D

   =    
  

        (AASHTO 6.10.1.9.1-2) 

     

( )( )

( )( )

2 2
0.9 29,000 27.590.9 46.2 ksi

78
0.625

1.0 50 50 ksi
smaller 50ksi

/ 0.7 50 / 0.7 71.4ksi

crw

w

h yc

yw

E kF
D
t

R F

F

= = =
   

     
 = = < = 

= =  

 (AASHTO 6.10.1.9.1-1) 

 Use Fcrw =  46.2  ksi     

 17.9 ksi 46.2 ksibu f crwf F= < φ =     O.K.       (AASHTO 6.10.3.2.1-3) 

Check Tension Flange  

 ( )3,269 12
13.8 ksi 50 ksi

2,837
u

bu f h yt
NCb

Mf R F
S

= = = < φ =  

       O.K.       (AASHTO 6.10.3.2.2-1) 
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6.2.7.11 Design Noncomposite Section in Negative Moment Region at 
Bent 3  

In this example, steel girder sections in negative moment regions are designed as 
noncomposite sections.  When shear connectors are provided in negative moment 
regions according to Article 6.10.10, sections are considered as composite sections.  

6.2.7.11.1 Illustrate Calculations of Factored Moments and Shears – Strength 
Limit States 

Factored moments and shears are calculated and summarized in Section 6.2.7.7. Tables 
6.2.7-19 and 6.2.7-20 illustrate detailed calculations for the section at Bent 3. 

Table 6.2.7-19 Factored Moments at Section of Bent 3 

Load Type Unfactored 
Moment 
(kip-ft) 

Factored Moment 
(kip-ft) 

DC1 -4,422 MDC1 = 1.25(-4,422) = -5,527.5 

DC2 -363 MDC2 = 1.25(-567) = -708.8 

DW -862 MDW = 1.5(-862) = -1,293.0 

(LL+IM)HL-93 
 

-3,563 
(one lane) 

M(LL+IM)HL-93 =1.75(0.834)(-3,563)  
                     = -5,200.2 

(LL+IM)P15 
 

-5,981 
(one lane) 

M(LL+IM)P15 = 1.35(0.834)(-5,981) = -6,734.0 

Controlling 
DC+DW+(LL+IM) 

 Mu = -5,527.5 +(- 708.8)+(-1,293.0)+( -6,734.0)  
      = -14,263  

     Strength I:    1.25(DC) + 1.5(DW) + 1.75(DF)(LL+IM)HL-93 
     Strength II:         1.25(DC) + 1.5(DW) + 1.35(DF)(LL+IM)P15 
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Table 6.2.7-20 Factored Shears at Section of Bent 3 

Load 
Type 

Unfactored 
Shear (kip) 

Factored Shear 
(kip) 

DC1 -167.8 VDC1 = 1.25(-167.8) = -209.75 

DC2 -13.8 VDC2 = 1.25(-21.5) = -26.88 

DW -32.7 VDW = 1.5(-32.7) = -49.05 
(LL+IM)HL-93 

 
-147.2 

(one lane) 
V(LL+IM)HL-93 = 1.75(1.082)(-147.2) = -278.72 

(LL+IM)P15 
 

-321.0 
(one lane) 

V(LL+IM)P15 = 1.35(1.082)(-321.0) = -468.89 

Controlling 
DC+DW+(LL+IM) 

 Vu = -209.75 +(-26.88)+( - 49.05)+( - 468.89) 
     = -754.6 

6.2.7.11.2  Calculate Elastic Section Properties  

In order to calculate the stresses, deflection, and camber for this continuous composite 
girder, the elastic section properties for the steel section alone, the steel section and the 
deck slab longitudinal reinforcement, the short-term composite section, and the long-term 
composite section are calculated in Tables 6.2.7-21, 6.2.7-22, 6.2.7-23, and 6.2.7-24, 
respectively. 

Table 6.2.7-21 Properties of Steel Section Alone 
 

Component 
Ai 

(in.2) 
yi 

(in.) 
Aiyi 

(in.3) 
yi - yNCb 

(in.) 
Ai(yi – yNCb)2 

(in.4) 
Io 

(in.4) 
Top flange 18 × 2 36.0 81.0 2,916.0 40.0 57,600 12 
Web  78  × 0.625 48.75 41.0 1,998.75 0 0 24,716 

Bottom flange 
18 × 2 

36.0 1.0 36.0 -40.0 57,600 12 

Σ 120.75 - 4,950.75 - 115,200 24,740 

                                                                                  
4,950.75 41.0 in.
120.75

i i
NCb

i

A y
y

A
= = =∑
∑

 

                           ( )2 +78 +2 - 41.0 = 41.0 in.NCty =         

( )2
424,740 + 115,200 = 139,940 in.

NC o i i NCbI I A y y= + −

=

∑ ∑  

                                                                         
3139,940 = 3,413 in.

41.0
NC

NCb
NCb

I
S

y
= =  

                                                                                   3139,940 = 3,413 in.
41.0

NC
NCt

NCt

I
S

y
= =  

                                                                           

    

Assuming the total area of longitudinal reinforcement is 1% of the concrete area at the 
interior supports, As = 0.01(12 × 12)(9.125) = 13.14 in.2, elastic section properties of the 
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steel section and deck slab longitudinal reinforcement are calculated in Table 6.2.7-22 as 
follows. 

Table 6.2.7-22 Properties of Steel Section and Deck Slab Reinforcement 
 

Component 
Ai 

(in.2) 
yi 

(in.) 
Aiyi 

(in.3) 
yi - yNSb 

(in.) 
Ai(yi – yNSb)2 

(in.4) 
Io 

(in.4) 
Top 

reinforcement 
13.14 88.69 1,165.4 43.01 24,307 0 

Steel section 120.75 41.0 4,950.8 -4.68 2,645 139,940 
Σ 133.89 - 6,116.12 - 26,952 139,940 

6,116.12 45.68 in.
133.89

i i
NSb

i

A y
y

A
= = =∑
∑

( )2 78 2 45.68 36.32 in.NSty = + + − =  

88.69 45.68 43.01 in.NSrby = − =            
( )2

4139,940 26,952 166,892 in.
NS o i i NSbI I A y y= + −

= + =

∑ ∑       

3166,892 3,654 in.
45.68

NS
NSb

NSb

I
S

y
= = =            

3166,892 4,595 in.
36.32

NS
NSt

NSt

I
S

y
= = =  

3166,892 3,880 in.
43.01

NS
NSrb

NSrb

I
S

y
= = =  

     

                                                       

                                                                    

                                                     

Table 6.2.7-23 Properties of Short-term Composite Section (n = 8) 
 

Component 
Ai 

(in.2) 
yi 

(in.) 
Aiyi 

(in.3) 
yi - ySTb 

(in.) 
Ai (yi - ySTb)2  

(in.4) 

Io 
(in.4) 

Steel section 120.75 41.0 4,950.8 -27.48 91,184 139,940 
Concrete slab 

144/8  ×    9.125 
 

164.25 
 

88.69 
 

14,567.3 
 

20.21 
 

67,087 
 

1,140 
Σ 285.0 - 19,518.1 - 158,271 141,080 

  19,518.1 68.48 in.
285.0

i i
STb

i

A y
y

A
= = =∑
∑

 

                                            ( )2 78 2 68.48 13.52 in.STty = + + − =                  

( )2
4141,080 158,271 299,351 in.

ST o i i STbI I A y y= + −

= + =

∑ ∑       

3299,351 4,371 in.
68.48

ST
STb

STb

I
S

y
= = =  

  3299,351 22,141 in.
13.52

ST
STt

STt

I
S

y
= = =  
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Table 6.2.7-24 Properties of Long-term Composite Section (3n = 24) 
 

Component 
Ai 

(in.2) 
yi 

(in.) 
Aiyi 

(in.3) 
yi – yLTb 

(in.) 
Ai(yi – yLTb)2 

(in.4) 

Io 
(in.4) 

Steel section 120.75 41 4,950.8 -14.88 26,736 139,940 
Concrete slab 

144/24  ×   9.125 
 

54.75 
 

88.69 
 

4,855.8 
 

32.81 
 

58,938 
 

380 
Σ 175.5 - 9.806.6 - 85,674 140,320 

9,806.6 55.88 in.
175.5

i i
LTb

i

A y
y

A
= = =∑
∑

 

( )2 78 2 55.88 26.12 in.LTty = + + − =  

( )2

140,320 85,674 225,994 in
ST o i i LTbI I A y y= + −

= + =

∑ ∑

3225,994 4,044 in.
55.88

LT
LTb

LTb

I
S

y
= = =       

3225,994 8,652 in.
26.12

LT
LTt

LTt

I
S

y
= = =  

     

                                                                       

It should be pointed out that the concrete haunch is ignored in calculating 
composite section properties. 

6.2.7.11.3  Design for Flexure - Strength Limit States  

General Requirements  

For composite I-sections in negative flexure and non-composite I-sections with compact 
or non-compact webs in straight bridges, it is strongly recommended to use provisions in 
AASHTO Appendix A6. In this example of the straight bridge, flange lateral bending stress 
for interior girders fl = 0. The design equations, therefore, are simplified as follows: 

       u f ncM M≤ φ                           (6.2.7.11.3-1) 
      u f ntM M≤ φ                  (6.2.7.11.3-2) 

Check Section Compactness 

 Three requirements for noncompact sections are checked as follows: 

 Specified minimum yield strength of the flanges and web: 

   70 ksiyF ≤             (AASHTO A6.1) 

 Web:  
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2 78 29,000124.8 5.7 5.7 137.3
0.625 50

c
rw

w yc

D E
t F

= = < λ = = =  (AASHTO A6.1-1)       

 Flange ratio:  ( )( )
( )( )

3

3
2 18 / 12

1.0 0.3
2 18 / 12

yc

yt

I
I

= = >     (AASHTO A6.1-2) 

Since the section at Bent 3 is noncompact, the nominal flexural resistance of the I-section 
is calculated in accordance with AASHTO Appendix A6. It is the smaller of the local 
buckling resistance (AASHTO A6.3.2) and the lateral torsional buckling resistance 
(AASHTO A6.3.3). 

Calculate Flange-Strength Reduction Factors Rh and Rb 

Since homogenous plate girder sections are used for this example, hybrid factor Rh is 
taken as 1.0 (AASHTO 6.10.1.10.1).  As shown above, the web is noncompact, and web 
load-shedding factor Rb is taken as 1.0 (AASHTO 6.10.1.10.2). 

Calculate Flexural Resistance – Based on Compression Flange 

The nominal flexural resistance based on the compression flange is smaller of the local 
buckling resistance (AASHTO A6.3.2) and the lateral torsional buckling resistance 
(AASHTO A6.3.3). 

• Calculate Local Buckling Resistance 

( )
18 29,0004.5 0.38 0.38 9.15

2 2 2 50
fc

f pf
fc yc

b E
t F

λ = = = < λ = = =  

( ) pc ycnc FLBM R M=                 (AASHTO A6.3.2-1) 

( )( )( ) ( )( )( )18 2 50 40 39 0.625 50 19.5

,

2

191,531kip-in.  = 15 961kip-ft
pM x x =  +

=
   

  ( )( )3,413 50 170,650 kip-in. 14,221kip-ftyc x yfM S F= = = =  

Dcp   = Dc  =  39  in.  (Section is symmetric about the neutral axis) 

29,0005.7 5.7 137.3
50rw

yc

E
F

λ = = =  
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( )

( )( )

2

29,000
50 90.43 137.3

15,9610.54 0.09
1.0 14,221

cp
rwpw Dcp c

D
D

 
λ = = < λ = 

   
−  

 

 

  ( )( )
( )

2 2 39
124.8 90.43

0.625
cp

pw Dcpw

D
t

= = > λ =
   (AASHTO A6.2.1-1) 

  and       124.8 137.3w rwλ λ= < =         (AASHTO A6.2.2-1) 

Therefore, for a symmetric section in this example, the web is non-compact, 
and the web plastification factor is calculated as follows: 

  ( ) ( ) 90.43 137.3c
rwpw D pw Dc cp cp

D
D

 
λ =λ = < λ =  

 
            (AASHTO A6.2.2-6) 

             

( )

( )

( )( )

1 1

1.0 14,221 124.8 90.43 15,9611 1
15,961 137.3 90.43 14,221

1.033

w pw Dh yc pc
pc

p rw ycpw Dc

R M M
R

M M

  λ −λ 
  = − −   λ −λ    
   −

= − −   −    
=

    (AASHTO A6.2.2-4) 

  ( ) ( )( )1.033 14,221 14,690 kip-ftpc ycnc FLBM R M= = =      (AASHTO A6.3.2-1) 

• Calculate Lateral Torsional Buckling Resistance 

In negative moment regions, the bottom compression flange is braced by the 
cross frame with a spacing of Lb = 330 in. at Span 2 side.  

  h   =   depth between centerline of flanges = (1.0 + 78 + 1.0) = 80 in. 

  
( )( )
( )( )

18 4.7 in.
39 0.6251 112 1 12 1

3 3 18 2.0

fc
t

c w

fc fc

br
D t
b t

= = =
   
+ +       

  

  ( )( ) 29,0001.0 1.0 4.7 113.2 in.
50p t

yc

EL r
F

= = =  

    Ignoring rebar, from Table 6.2.7-21 we have  Sxc = Sxt = SNCb = SNCt = 3,413 in.3 
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( )( )

( )( )( )
0.7 0.7 50 35

smaller / 1.0 50 1.0 50 35 ksi 0.5 25ksi
50

yc

yr h yt xt xc yc

yw

F

F R F S S F

F

 = =
  = = = = > = 
 =  

   

                                                                                                         (AASHTO A6.3.3) 

  Use   Fyr  = 35  ksi 

  
( )( ) ( ) ( )( )

3 33

3 3
3

1 0.63 1 0.63
3 3 3

78 0.625 18 2 22 1 0.63 95.6 in.
3 3 18

fc fc fc ft ft ftw

fc ft

b t t b t tD tJ
b b

   
= + − + −   

   

 = + − = 
 

(AASHTO A6.3.3-9) 

  
2

1.95 1 1 6.76 yr xc
r t

yr xc

F S hE JL r
F S h E J

 
= + +  

 
 (AASHTO A6.3.3-5) 

( ) ( )( )
( )( )

( )

2
3,413 8029,000 95.6 351.95 4.7 1 1 6.76

35 3,413 80 29,000 95.6

449.7 in.

rL
 

= + +   
 

=

     

It is noted that a conservative Lr can be obtained by AASHTO Equation 
6.10.8.2.3-5 as follows: 

  ( )( ) 29,0004.7 425.0 in.
35r t

yr

EL r
F

= π = π =      (AASHTO 6.10.8.2.3-5) 

  In this example, Lr = 449.7 in. is used. 

Since Lb = 330 in. > Lp = 113.2 in., Cb, an equivalent uniform moment factor 
for lateral torsional buckling, which has a minimum value of 1.0 under the 
uniform moment condition, needs to be calculated. AASHTO Eq. 6.10.8.2.3-
7 is only applicable to linearly varying moment diagrams between the 
braced points. CA Eq. 6.10.8.2.3-7 provides a more accurate solution for 
unbraced lengths in which the moment diagram deviates substantially from 
a straight line. The use of the moment envelope values at both brace points 
will be conservative for both single and reverse curvature. The factored 
moment envelope for the unbraced segment at Bent 3, 0.9L, and 0.8L listed 
in Table 6.2.7-8 is shown in Figure 6.2.7-8.  
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Figure 6.2.7-8 Factored Moment Envelope at Bent 3 

In this example, the moments Mmax, MA, MB,  and MC are estimated from the 
factored moment envelope shown in Figure 6.2.7-8.  

From Figure 6.2.7-8, at the braced point with a distance of 27.5 ft. = 330 in. 
from Bent 3, we obtain: 

( ) ( )662749 6742 2749 4,080 kip-ft
198

M  = − + − + =− 
 

 

It is obvious that the absolute value of maximum moment in the unbraced 
segment is: 

max 14,263   kip-ftM =  

The absolute values of moments at  the quarter point, MA, at the centerline, 
MB, at the three-quarter point, MC, of the unbraced segment are calculated 
as follows:  

( ) ( )198 82.56742 14263 6742 11,129 kip-ft
198AM − = + − = 

 
 

( ) ( )198 1656742 14263 6742 7,996 kip-ft
198BM − = + − = 

 
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( ) ( )82.54080 6742 4080 5744 kip-ft
132CM  = + − = 

 
  

( )
( ) ( ) ( ) ( )

max

max

12.5
2.5 3 4 3

12.5 14263
2.5 14263 3 11129 4 7996 3 5744

1.51

b
A B C

MC
M M M M

=
+ + +

=
+ + +

=

      (CA 6.10.8.2.3-7) 

    113.2 in. 330 in. 449.7 in.p b rL L L= < = < =  

 

( )

( ) ( )( )
( )( )( ) ( )( )

1 1

35 3,413 330 113.21.51 1 1 1.033 14221
1.033 14221 12 449.7 113.2

17,459 kip -ft 14,690 kip-ft

yr xc b p
b pc ycnc LTB

pc yc r p

pc yc

F S L L
M C R M

R M L L

R M

   −
= − −     −    

   −
= − −     −    
= > =

 

                     (AASHTO A6.3.3-2) 

  Use Mnc(LTB) = 14,690    kip-ft 

• Determine Flexural Resistance   

  ( ) ( )( ) ( )min , min 14,690, 14,690 14,690 kip-ftnc nc FLB nc LTBM M M= = =  

Calculate Flexural Resistance – Based on Tension Flange 

  Since the section is symmetric, Rpt = Rpc,  Myt = Myc 

  ( )( )1.033 14,221 14,690 kip-ftnt pt ytM R M= = =         (AASHTO A6.4-1) 

Check Design Requirement 

At the Bent 3,  Mu = 14,263 kip-ft (Table 6.2.7-19). For both compression and 
tension flanges: 

  14,263 kip-ft 14,690 kip-ftu f nc f ntM M M= < φ = φ =          O.K.                   

                      (AASHTO A6.1.1-1 & A6.1.2-1) 
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6.2.7.11.4  Design for Shear – Strength Limit State 

Select Stiffener Spacing  

AASHTO C6.10.2.1.1 states that by limiting the slenderness of transversely-stiffened 
webs to D/tw ≤ 150, the maximum transverse stiffener spacing up to 3D is permitted. For 
end panels adjacent to simple supports, the stiffener spacing do shall not exceed 1.5D 
(AASHTO 6.10.9.3.3). 

Try interior stiffener spacing do = 165 in. < 3D = 3(78) = 234 in. and end panel stiffener 
spacing do = 110 in. (for Span 1) and 100 in. (for Span 3)   < 1.5D = 1.5(78) = 117 in.  

 Calculate Shear Resistance 

 Shear resistance for a stiffened interior web is as follows: 

 For  do  = 165 in.  

 
( ) ( )2 2

5 55 5 6.12
/ 165 / 78o

k
d D

= + = + =         (AASHTO  6.10.9.3.2-7) 

 ( ) ( )29,000 6.1278 124.8 1.4 1.4 83.41
0.625 50w yw

D Ek
t F

= = > = =   

( )
( )

2 2
29,000 6.121.57 1.57 0.358

50124.8/ yww

EkC
FD t

   
∴ = = =       

     (AASHTO  6.10.9.3.2-6) 

     ( )( )( )0.58 0.58 50 78 0.625 1,413.8 kipp yw wV F Dt= = =     (AASHTO  6.10.9.3.2-3) 

 ( )( )0.358 1,413.8 506.1  kipcr pV CV= = =      (AASHTO  6.10.11.1.3-9)  

  
( )

( )( )( )
( )
2 78 0.6252 1.35 2.5
18 2 18 2

w

fc fc ft ft

Dt
b t b t

= = ≤
+ × + ×

  (AASHTO  6.10.9.3.2-1) 

( )
( )

( )
( )2 2

0.87 1 0.87 1 0.358
1,413.8 0.358 843.6 kip

1 / 1 165 / 78
n p

o

C
V V C

d D

   − −   ∴ = + = + =
   + +      

 

     (AASHTO  6.10.9.3.2-2) 

Check Design Requirement 

 ( )( )v754.6 kip 1.0 843.6 843.6 kipu nV V= < φ = =  O.K.     (AASHTO  6.10.9.1-1) 
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It is noted that for a web end panel adjacent to the simple support, do, the first stiffener 
adjacent to the simple support shall not exceed 1.5D (Article 6.10.9.3.3). In order to 
provide an anchor for the tension field in adjacent interior panels, the nominal shear 
strength of a web end panel shall be taken as:  

 n cr pV V CV= =                     (AASHTO 6.10.9.3.3-1) 

Check Transverse Stiffener  

The transverse stiffeners consist of plates welded or bolted to either one or both sides of 
the web and are required to satisfy the following requirements as specified in Article 
6.10.11.1: 

• Projecting width 

 787.5 in. 2.0 2.0 4.6   in.
30 30t
Db = > + = + =     O.K.   (AASHTO 6.10.11.1.2-1) 

( )( )16 16 0.5 8 in. 7.5 in. / 4 18 / 4 4.5 in.p t ft b b= = > = > = =  O.K. 

    (AASHTO 6.10.11.1.2-2) 

• Moment of inertia  

For the web panels adjacent to Bent 3, Vu  = 745.1 kip > φvVcr = (1.0)(506.1) = 
506.1 kip, the web tension-field resistance is required in those panels.  The 
moment of inertia of the transverse stiffeners shall satisfy the limit specified in 
Article 6.10.11.1.3.   

  3
1  t wI b t J=          (AASHTO 6.10.11.1.3-3) 

  
1.54 1.3

2 40
ywt

t
FDI
E

 ρ
=  

 
        (AASHTO 6.10.11.1.3-4) 

where It is the moment of inertia for the transverse stiffener taken about the edge 
in contact with the web for single stiffeners and about the mid-thickness of the web 
for stiffener pairs;  b is the smaller of do and D; do is the smaller of the adjacent 
web panel widths. 

    
( )2

2.5 2.0 0.5
/o

J
d D

= − ≥         AASHTO 6.10.11.1.3-5) 

 ρt is the larger of Fyw /Fcrs and 1.0 
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( )2
0.31

/
crs ys

t p

EF F
b t

= ≤        (AASHTO 6.10.11.1.3-6)

 Fys is the specified minimum yield strength of the stiffener 

  
( )2

2.5 2.0 1.441 0.5 Use 0.5
165 / 78

J J= − = − < = 
 

  b = smaller (do = 165 in. and D = 78 in.) = 78 in. 

  
( )

( )2
0.31 29,000

39.96 ksi 36 ksi
7.5 / 0.5

crs ysF F= = > =       

Use Fcrs = 36 ksi 

  ρt  = larger (Fyw /Fcrs = 50/36  =  1.39;  1.0)   =  1.39 

  ( )( ) ( )33 4
1 78 0.625 0.5 9.52 in.t wI bt J= = =  

  
( ) ( )1.5 4 1.3 1.54 1.3

4
2

78 1.39 50 101.6 in.
40 40 29000

ywt
t

FDI
E

 ρ  = = =   
  

 

  
( ) ( )( )

23
47.5 0.5 0.6252 7.5 0.5 3.75 158.94 in.

12 2tI
  = + + =     

  

4 4
2 1101.6 in. 9.52 in.t tI I= > =  

  
( )

( )

4
1 2 1

4

158.94 in.

745.1-506.19.52 101.6 9.52 74.73 in.
843.6-506.1

u v cr
t t t t

v n v cr

V VI I I I
V V

 − ϕ
= > + −  ϕ − ϕ 

 = + − = 
 

 

        O.K.       (AASHTO 6.10.11.1.3-7) 

6.2.7.11.5  Illustrate Calculations of Fatigue Moments and Shears  

For bridge details, fatigue moment and shear ranges are calculated and summarized in 
Section 6.2.7.8. For the section at Bent 3, live load moments and shears are applied to 
the steel section only. Fatigue moment and shear ranges are as follows: 
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Fatigue I:  

( )( ) ( )( )( ) ( )1.75 0.478 0.837m HL HL HLM DF LL IM LL IM LL IM+ = γ + = + = +

 ( )( ) ( )( )( ) ( )1.75 0.453 0.793m HL HL HLM DF LL IM LL IM LL IM− = γ + = + = +  

  ( )( ) ( )( )( ) ( )1.75 0.7 1.225v HL HL HLV DF LL IM LL IM LL IM= γ + = + = +  

 +M  = (0.837)(193)  = 162 kip-ft        

 -M   = (0.793)(-1,139)   = -903 kip-ft  

 γ(∆M)  = 162 + 903  = 1065 kip-ft 

 γ(∆V)  = 1.225(74.4 + 5.3)  = 97.6 kips 

Fatigue II:  

 ( )( ) ( )( )( ) ( )9 9 91.0 0.478 0.478m P P PM DF LL IM LL IM LL IM+ = γ + = + = +  

        ( )( ) ( )( )( ) ( )9 9 91.0 0.453 0.453m P P PM DF LL IM LL IM LL IM− = γ + = + = +  

 ( )( ) ( )( )( ) ( )9 9 91.0 0.7 0.7v P P PV DF LL IM LL IM LL IM= γ + = + = +  

 +M  = (0.478)(582)  = 278  kip-ft     

 -M   = (0.453)(-3,626)   = -1,643 kip-ft  

 γ(∆M)  =  278 + 1,643  =  1,921  kip-ft 

 γ(∆V)  =  0.7(16  + 227.2)  =  170.2  kips 

For special fatigue requirement for the web, factored shear, Vu due to the unfactored dead 
loads plus the factored fatigue load of Fatigue I for infinite life is calculated as follows:  

 
( )( )( )

( )( )( )
1 2 1.75

167.8 13.8 32.7 1.75 0.7 74.4 305.4 kip
u dc dc dw v HLV V V V DF LL IM= + + + +

= − − − + − = −
 

6.2.7.11.6  Check Typical Girder Details and Web-Fatigue Limit States  

Check Typical Girder Details  

From CA Table 6.6.1.2.5-2, the number of stress-range cycles per truck passage for 
sections near interior support, n = 1.5 for Fatigue I and 1.2 for Fatigue II limit states. 
Nominal fatigue resistances are calculated in Table 6.2.7-25 as follows:  
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Fatigue I:   ADTT = 2,500;  N = (365)(75)(1.5)(0.8)(2,500) = 0.8213(10)8 > NTH     

    ( ) ( )n THF F∆ = ∆                                (AASHTO 6.6.1.2.5-1) 

Fatigue II:   ADTT = 20,  N = (365)(75)(1.2)(0.8)(20) = 525,600 < NTH   

        ( )
1
3

n
AF
N

 ∆ =  
 

                        (AASHTO 6.6.1.2.5-2)                   

The bending stress ranges for typical girder details Category B (Butt weld for tension 
flange and bolted gusset plate for lateral bracing) and Category C′ (Toe of weld for 
transverse stiffener) are checked as follows:   

Table 6.2.7-25 Nominal Fatigue Resistance 

Detail 
Category 

 

Constant –A 

(×  108 ) 

(ksi3) 

Fatigue II 

( )
1
3

n
AF
N

 ∆ =  
 

 (ksi) 

Fatigue I 

( ) ( )n THF F∆ = ∆  

(ksi) 
       B 120.0 28.37 16.0 

C 44.0 20.31 10.0 

C′ 44.0 20.31 12.0 

 Fatigue I  - HL-93 Truck for infinite life: 

        ( ) ( ) ( )1,065 12 12.0 ksi O.K.  for Category C
3.74

3,413    16.0  ksi  O.K. for Category BNC

M
f

S
′γ ∆ <

γ ∆ = = =
<

 

 Fatigue II  - P-9 Truck for finite life: 

  ( ) ( ) ( )1,921 12 20.31 ksi O.K.  for Category C
6.75

3,413    28.37  ksi  O.K. for Category BNC

M
f

S
′γ ∆ <

γ ∆ = = =
<

  

It should be pointed out that the above stresses are calculated at the extreme fiber of the 
top flange for Category B and can be conservatively used for Category C′. If the 
calculation is made at the toe of the weld for the transverse stiffeners (Category C′), the 
stress ranges will be smaller than the stress ranges calculated for Category B.  
AASHTO 6.10.11.1.1 states that the distance between the end of the web-to-stiffener 
weld and the near edge of the adjacent web-to-flange weld or longitudinal stiffener-to-
web weld shall not be less than 4tw, but not exceed the lesser of 6tw and 4.0 in. We take 
this distance = 4tw = 4(0.625) = 2.5 in. and assume web-to-flange weld size of 0.375 inch. 
The distance between the toe of the weld for the transverse stiffeners to the neutral axis 
is equal to (41 – 2 – 0.375 – 2.5) = 36.125 in.; therefore, stress ranges at the toe of the 
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weld are as follows: 

 Fatigue I - HL-93 Truck for infinite life: 

( ) ( ) ( )( )1,065 12 36.125
3.30 12.0 ksi O.K.  for Category C

139,940
toe

NC

M C
f

I
γ ∆

′γ ∆ = = = <  

Fatigue II  - P-9 Truck for finite life: 
   

( ) ( ) ( )( )1,921 12 36.125
5.95 20.31ksi O.K.  for Category C

139,940
toe

NC

M C
f

I
γ ∆

′γ ∆ = = = <  

Check Special Fatigue Requirement for Web 

 This requirement is to ensure that significant elastic flexing of the web due to shear is not 
to occur, and the member is able to sustain an infinite number of smaller loadings without 
fatigue cracking due to the shear. 

( )( )0.358 1,413.8 506.1 kip 305.4 kipcr p uV CV V= = = > =  O.K.     (AASHTO 6.10.5.3-1) 

6.2.7.11.7 Design Flange-to-Web Welds  

Typical flange-to-web welds shown in Figure 6.2.7-9 are designed for the Strength limit 
states.  The shear flow at the flange-to-web welds is: 

        ( )( )( )( )745.1 18 2 40
7.67 kip/in.

139,940
u

u
V Qs

I
= = =  

Q is the first moment of the steel flange about the neutral axis of the steel girder section.  
According to AASHTO Table 6.13.3.4-1, the minimum size of fillet weld for plate thickness 
larger than 3/4 in. is 5/16 in., but need not exceed the thickness of the thinner part jointed.  
Use two fillet welds tw  = 3/8  in.    
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Figure 6.2.7-9 Flange-to-Web Welds 

Shear resistance of fillet welds (AASHTO 6.13.3.2.4b) is 

 20.6r e exxR F= φ             (AASHTO 6.13.3.2.4b-1) 

Fexx is classification strength specified of the weld metal.  

Using E70XX weld metal, Fexx  = 70 ksi. 

 ( )( )( )20.6 0.6 0.8 70 33.6 ksir e exxR F= φ = =  

For two fillet welds t w  =  3/8  in., shear flow resistance is 

( ) ( )
( )( )( )( )
2 0.707

2 0.375 0.707 33.6 17.82 kip/in. 7.67kip/in.
r w r

u

s t R

s

=

= = > =
                         O.K. 

 ∴ Use two flange-to-web welds t w  = 3/8  in. 

Shear resistance of the base metal of the web is 

 0.58r v g yR A Fφ=                         (AASHTO 6.13.5.3-1) 

For web of  tw  =  0.625  in., shear flow resistance is 

 
( )

( )( )( )( )
0.58

0.625 0.58 1.0 50 18.13 kip/in. 7.67kip/in.
r w v y

u

s t F

s

= φ

= = > =
                  O.K. 
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6.2.7.11.8 Check Requirements – Service Limit State  

Calculate Moment at Service II  

For the section at Bent 3, dead load, DC1, DC2, DW, and live load are applied to the 
noncomposite section. The factored moments at Service II for Bent 3 are as follows: 

  1 4,422 kip-ftDCM = −   

  2 363 ( 862) 1,225 kip-ftDC DWM M+ =− + − =−   

 ( )( )( )( ) 1.3 0.834 3,563 3,863 kip-ftLL IMM + = − =−  

Calculate Web Bend-buckling Resistance 

  
2 2789 9 36

39c

Dk
D

   = = =   
  

         (AASHTO 6.10.1.9.1-2) 

 

( )( )

( )( )

2 2
0.9 29,000 360.9 60.3 ksi

78
0.625

1.0 50 50 ksi
smaller 50ksi

/ 0.7 50 / 0.7 71.4ksi

crw

w

h yc

yw

E kF
D
t

R F

F

= = =
   

     
 = = > = 

= =  

       (AASHTO 6.10.1.9.1-1) 

  Use Fcrw =  50  ksi     
Check Flange Stress  

In this example, fl  =  0 for this interior girder. The requirement becomes: 

         ( ) ( ) ( )1 2 ( ) 0.80 0.8 1.0 50 40.0 ksiDC DC Dw LL IM
f h yf

NC

M M M M
f R F

S
++ + +

= ≤ = =  

               (AASHTO 6.10.4.2.2-3) 
For both compression and tension flanges 

  ( )4,422 ( 1,225) ( 3,863)
12 33.4 ksi 40.0ksi

3,413ff
 − + − + −

= = < 
 

           O.K. 

For the compression flange  

      33.4 ksi 50.0 ksic crwf F= < =   O.K.         (AASHTO 6.10.4.2.2-4) 
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6.2.7.11.9  Check Requirements - Constructability  

Calculate Factored Moment and Shear - Constructability 

Factored moment and shear at the section of Bent 3 is as: 
  Mu  =   MDC1 = 1.25(-4,422) = -5,528    kip-ft    
  Vu =  VDC1 = 1.25(-167.8) = -209.8  kip 

Check Compression Flange 

• Check Web Compactness 

     
2 78 29,000124.8 5.7 5.7 137.3

0.625 50
c

rw
w yc

D E
t F

= = < λ = = =   

(AASHTO 6.10.1.10.2-4) 
The web is noncompact, and AASHTO Equations 6.10.3.2.1-1 and 
6.10.3.2.1-2 need to be satisfied.  

  Rh  = 1.0;  Rb  = 1.0   

• Calculate Flexural Resistance 
The nominal flexural resistance of the compression flange is the smaller of the 
local buckling resistance (AASHTO 6.10.8.2.2) and the lateral torsional 
buckling resistance (AASHTO 6.10.8.2.3). 

      (1) Local buckling resistance 

  
( )
18 29,0004.5 0.38 0.38 9.15

2 2 2 50
fc

f pf
fc yc

b E
t F

λ = = = < λ = = =  

  ( ) ( )( )( )1.0 1.0 50 50.0 ksib h ycnc FLBF R R F= = =        (AASHTO 6.10.8.2.2-1) 

       (2) Lateral torsional buckling resistance  
  From Section 6.2.7.11.3, we have 

  4.7 in.
112 1
3

fc
t

c w

fc fc

br
D t
b t

= =
 
+ 

 

        

  1.0 113.2 in.p t
yc

EL r
F

= =          

 (AASHTO 6.10.8.2.3-9) 

(AASHTO 6.10.8.2.3-4) 

  35 ksiyrF =  
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  425.0 in.r t
yr

EL r
F

= π =           (AASHTO 6.10.8.2.3-5) 

        113.2 in. 330 in. 425.0 in.p b rL L L= < = < =     

        ( ) 1 1 yr b p
b b h yc b h ycnc LTB

h yc r p

F L L
F C R R F R R F

R F L L

   −
= − − ≤    −   

    (AASHTO 6.10.8.2.3-2) 

( ) ( ) ( )( ) ( )( )( )35 330 113.21.0 1 1 1.0 1.0 50
1.0 50 425 113.2

39.6 ksi 50 ksi

nc LTB

b h yc

F

R R F

   −
= − −    −   

= ≤ =

  

Use Fnc(LTB) = 39.6 ksi 

It should be pointed out that the Cb factor is taken as 1.0 conservatively in 
the constructability check.  

(3) Nominal flexural resistance 

 ( ) ( )( ) ( )min , min 50.0, 39.6 39.6 ksinc nc FLB nc LTBF F F= = =  

 ( )5,528 12
19.4 ksi 39.6 ksi

3,413
u

bu f nc
NCb

Mf F
S

φ= = = < =   O.K.  (AASHTO 6.10.3.2.1-2) 

Calculate Web Bend-Buckling Resistance 

    
2 2789 9 36

39c

Dk
D

   = = =   
  

         (AASHTO  6.10.1.9.1-2) 

 

( )( )

( )( )

2 2
0.9 29,000 360.9 60.3 ksi

78
0.625

1.0 50 50 ksi
smaller 

/ 0.7 50 / 0.7 71.4ksi

crw

w

h yc

yw

E kF
D
t

R F

F

= = =
   

     
 = => 

= =

       (AASHTO  6.10.1.9.1-1) 

   Use Fcrw =  50  ksi     

    19.4 ksi 50 ksibu f crwf Fφ= < =             O.K.           (AASHTO 6.10.3.2.1-3) 
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Check Tension Flange  

 ( )5,528 12
19.4 ksi 50 ksi

3,413
u

bu f h yt
NCt

Mf R F
S

φ= = = < =  O.K.  (AASHTO 6.10.3.2.2-1) 

Check for Shear  

 From Section 6.2.7.11.4, we obtain: 
        C = 0.358,   Vp = 0.58FywDt = 1,413.8 kip  

 ( )( )0.358 1,413.8 506.1kipcr pV CV= = =  

 ( )( )209.8 kip 1.0 506.1 506.1kipu v crV V= < φ = =   O.K.   (AASHTO 6.10.3.3-1) 

6.2.7.12 Design Shear Connectors for Span 2 

The shear connectors are provided in the positive moment regions and are usually 
designed for fatigue and checked for strength.  

6.2.7.12.1  Design for Fatigue 

The range of horizontal shear flow, Vsr, is as follows:  

   f
sr

ST

V QV
I

=                 (6.2.7.12.1-1) 

where Vf is the factored fatigue vertical shear force range as calculated in Tables 6.2.7-
11 and 6.2.7-12, IST  is the moment of inertia of the transformed short-term composite 
section, and Q is the first moment of transformed short-term area of the concrete deck 
about the neutral axis of the short-term composite section.   

From Table 6.2.7-17,  IST = 275,267 in.4  

  ( )( ) ( )( ) 3/ 164.25 88.44 68.51 3,274 in.c c STbQ A n y y= − = − =  

  
3,274 0.012
275,267

f f
sr f

ST

V Q VV V
I

= = =  

Try d  = 7/8 inch diameter stud, 3 per row. The fatigue shear resistance of an individual 
stud shear connector, Zr is as follows: 

 Fatigue I: ADTTSL = p(ADTT) = (0.8)(2,500) = 2,000 > 960    

  ( )225.5 5.5 0.875 4.21kiprZ d= = =                        (AASHTO 6.10.10.2-1) 

Fatigue II:  (ADTT)SL = p(ADTT)  = (0.8)(20) = 16 
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N = (365)(75)(1.2)(16) = 525,600 

 ( )34.5 4.28log  34.5  4.28log 525,600 10.02Nα = − = − =      (AASHTO 6.10.10.2-3) 

  ( )22 10.02 0.875 7.67 kiprZ d=α = =                      (AASHTO 6.10.10.2-2) 

For 3 - d  = 7/8 inch diameter studs, the required pitch of shear connectors, p, is obtained 
as:  

   
3r r

sr sr

n Z Zp
V V

= =                       (AASHTO 6.10.10.1.2-1) 

For the positive moment region (0.2L to 0.8L) of Span 2, the detailed calculation is shown 
in Table 6.2.7-26. 

Table 6.2.7-26 Pitch of Shear Connectors for Span 2 

Select 3–7/8" diameter shear studs with Fu = 60 ksi (AASHTO 6.4.4) at a 
spacing of 12" for the positive moment regions and 24" for the negative moment 
regions, as shown in Figure 6.2.7-10. Total number of shear studs from 0.2L to 
0.8L Points in Span 2, n = (3)(99+1) = 300 are provided. 

 
Figure 6.2.7-10 Pitch of Shear Studs 

 

x/L 

Fatigue I  - HL-93 Truck for 
infinite life 

Fatigue II  - P-9 Truck for 
finite life 

 Vf 

(kip) 

Vsr = 0.012 Vf 

(kip/in.) 

p 

(in.) 

Vf 

(kip) 

Vsr = 0.012 Vf 

(kip/in.) 

p 

(in.) 

0.2 81.6 0.98 12.9 137.1 1.65 14.0 

0.3 77.7 0.93 13.6 120.3 1.44 16.0 

0.4 75.9 0.91 13.9 113.1 1.36 16.9 

0.5 73.8 0.89 14.1 108.0 1.30 17.7 

0.6 75.7 0.91 13.9 112.3 1.35 17.0 

0.7 77.2 0.93 13.6 119.0 1.43 16.1 

0.8 80.7 0.97 13.0 131.5 1.58 14.6 
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AASHTO Table 6.6.1.2.3-1 requires that the base metal shall be checked for Category C 
when the shear studs are attached by fillet welds to the girders. From Section 6.2.7.10.5, 
it is seen that this requirement is satisfied.  

6.2.7.12.2  Check for Strength 

In this example of a straight bridge, the number of shear connectors between the point of 
the maximum positive moment and each adjacent point of zero moment shall satisfy the 
following requirement:  

 
r

Pn
Q

=                  (AASHTO 6.10.10.4.1-2) 

      
( )( )( )( )

( )( )
0.85 0.85 3.6 144 9.125 4,021

smaller 4,021kip
98.25 50 4,913

c s

s y

f b t
P

A F

′ = = = = 
= =  

  

                                               (AASHTO 6.10.10.4.2-2;  6.10.10.4.2-3)   

Using unit weight of concrete wc = 0.15 kcf and the correction factor for the source of 
aggregate, K1 = 1.0, the modulus of elasticity, Ec, is obtained as: 

( )
( )( ) ( )

0.332.0
1

2.0 0.33

120,000

120,000 1.0 0.15 3.6 4,120 ksi
c c cE K w f ′=

= =
   (AASHTO 5.4.2.4-1) 

The factored shear resistance of a single d = 7/8 in. shear stud connector is as: 

 

( ) ( )

( ) ( )

2

2

0.875
0.5 0.5 3.6 4120

4

36.6 kip 0.875 60 36.1kip
4

n sc c c

sc u

Q A f E

A F

π
′= =

π
= > = =

           (AASHTO 6.10.10.4.3-1) 

 Use Qn = 36.1 kip 

  ( )
300 4,021150 131.0

2 0.85 36.1sc n

Pn
Q

= = > = =
φ

            O.K. 

6.2.7.12.3 Determine Shear Connectors at Points of Contraflexure 

AASHTO 6.10.10.3 requires that for members that are noncomposite for negative 
moment regions in the final condition, additional connectors, nac shall be placed within a 
distance equal to one-third of the effective concrete deck width on each side of the point 
of permanent load contraflexure. 

  s sr
ac

r

A fn
Z

=               (AASHTO 6.10.10.3-1) 
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where fsr is fatigue stress range in the slab reinforcement over the interior support under 
the Fatigue I load combination for infinite fatigue life.   

As calculated in Section 6.2.7.11.5, factored Fatigue I moment range at Bent 3,  γ(∆M)  =  
1,065  kips-ft. Using the elastic section property of the steel section and deck slab 
reinforcement calculated in Table 6.2.7-22, we obtain: 

  ( ) ( )1,065 12
3.3 ksi

3,880sr
NSrb

M
f

S
γ ∆

= = =  

It is noted that fsr can be conservatively taken as the fatigue stress range in the top flange 
as calculated in Section 6.2.7.11.6. In the past AASHTO Standard Specifications, fsr was 
assumed as 10 ksi. 

 ( )13.14 3.3
10.3 studs;

4.21
s sr

ac
r

A fn
Z

= = =   Use 12 studs  

6.2.7.13  Design Bearing Stiffeners at Bent 3 

The bearing stiffeners consist of one or more plates welded to each side of the web and 
extended to the full height of the web. The purpose of bearing stiffeners is to transmit the 
full bearing forces from factored loads. The bearing stiffeners shall be designed for axial 
resistance of a concentrically loaded column (Article  6.10.11.2.4) and for bearing 
resistance (Article 6.10.11.2.3). 

6.2.7.13.1  Illustrate Calculations of Factored Support Forces at Bent 3  

Factored support forces for four supports at the strength limit states are summarized in 
Table 6.2.7-10. The calculations of factored support forces at Bent 3 are illustrated as 
follows:  

Dead Load  
  RDC1 =  1.25(328.2)  =  410.3 kip 
  RDC2 =  1.25(42.1)  =  49.4 kip 
   RDW =  1.5(64)  =  96.0 kip 

 Live Load  

  R(LL+IM)HL-93 =  1.75(1.082)(249.2)  =  471.9 kip 

  R(LL+IM)P15 =  1.35(1.082)(447)  =  652.9 kip 

 Controlling Support Force  

  Ru =   410.3 + 49.4 + 96.0 + 652.9  =  1,212 kip 
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6.2.7.13.2  Select Stiffeners 

For a short column, assume Pr = 0.85FysAst = 0.85(36)Ast = 30.6Ast and we obtain the 
initial effective column area as: 

 21,212 39.61 in.
30.6 30.6

u
st

RA = = =   

Try two stiffeners, 1.875"× 8" PL as shown in Figure 6.2.7-11. 

6.2.7.13.3  Check Projecting Width  

  ( )( ) 29,0008 in. 0.48 0.48 1.875 25.54 in.
36t p

ys

Eb t
F

= < = = O.K.  

    (AASHTO 6.10.11.2.2-1) 

6.2.7.13.4   Check Bearing Resistance  

Factored bearing resistance is as:  

( ) ( ) ( )( )1.0 1.4sb b sb pn ysr nR R A F= φ = (AASHTO 6.10.11.2.3-1 and 6.10.11.2.3-2) 

Assuming 1.5 in. cope on bearing stiffeners, the bearing area is: 

  ( )( )( ) 22 8 1.5 1.875 24.375 in.pnA = − =  

 ( ) ( )( )( )( )1.0 1.4 24.375 36 1,228.5 kip 1,212 kipsb urR R= = > =       O.K. 

 
Figure 6.2.7-11 Bearing Stiffeners 
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6.2.7.13.5  Check Axial Resistance  

According to Article 6.10.11.2.4b, for stiffeners welded to the web, the effective column 
section consists of stiffener plates and a centrally loaded strip of the web extending not 
more than 9tw on each side of the stiffeners. 

 Stiffener area:  Ast = (2)(8)(1.875) = 30 in.2   

 Web area:      
( ) ( )

( )( ) 2

18 18 0.625 1.875 0.625

13.125 0.625 8.20 in.
web w p wA t t t   = + = +  

= =
 

 Total effective column area:  230 8.20 38.2 in.gA = + =  

 ( )( )( ) ( ) ( )( ) 33
418 0.625 0.625 1.875 2 8 0.625

718 in.
12x xI −

 + + = =         

     718 4.34 in.
38.2

x x
s

g

Ir
A
−= = =  

 

Use effective length factor K = 0.75 for the weld end connection (Article 6.10.11.2.4a), 
unbraced length for the bearing stiffeners l = D = 78 in.   

 ( )0.75 78
13.5 120

4.34s

Kl
r

= = <     O.K.        (AASHTO 6.9.3) 

 Axial resistance is calculated in accordance with Article 6.9.4.1 as follows:  

 
( )
( )

( )
22

2 2
29,000

38.2 59,992.0 kip
13.5

e g

s

EP A
Kl
r

ππ
= = =
 
 
 

           (AASHTO 6.9.4.1.2-1) 

( )( )36 38.2 1,375.2  kipo ys gP F A= = =   

 
59,992.0 43.62 0.44
1,375.2

e

o

P
P

= = >  

 ( )
1,375.2

59,992.00.658 0.658 1,375.2 1,362.1  kip
Po
Pe

n oP P
      
   

   
   = = =
   

   

    

                          (AASHTO 6.9.4.1.1-1) 
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 ( )( )0.9 1362.1 1,225.9 kip 1,212  kipr c n uP P R=φ = = > =                  O.K. 

 ∴ Use two 1.875"× 8" PL bearing stiffeners 

6.2.7.13.6  Design Bearing Stiffener-to-Web Welds   

Fillet welds are usually used for bearing stiffener-to-web connections. According to 
AASHTO Table 6.13.3.4-1, the minimum size of fillet weld for thicker plate thickness 
joined larger than 3/4 in. is 5/16 in., but need not exceed the thickness of the thinner part 
joined.  Try two fillet welds tw = 5/16 in. on each stiffener.  

Shear resistance of fillet welds (Article 6.13.3.2.4) is 

  20.6r e exxR Fφ=                          (AASHTO 6.13.3.2.4-1) 

Using E70XX weld metal, Fexx  = 70 ksi. 

 ( )( )( )20.6 0.6 0.8 70 33.6 ksir e exxR F= φ = =  

The total length of welds, allowing 2.5 inches for clips at both the top and bottom of the 
stiffener, is: 
 L   =  78  - 2(2.5) =   73  in. 
The total shear resistance of welds connecting the bearing stiffeners to the web is: 

 
( )( )
( )( )( )( )( )
4 0.707

4 0.707 0.3125 73 33.6 2,168 kip 1,212 kip
r w r

u

V t LR

V

=

= = > =
              O.K. 

 ∴ Use two fillet welds tw  = 3/8  in. on each stiffener 

It should be noted that it is common practice to have the ¼” hold backs on the fillet welds 
of stiffeners as shown in Caltrans Bridge Standard  Details (XS),  xs1-410-2 and xs1-410-
3 (Caltrans, 2017).  
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6.2.7.14 Design Intermediate Cross Frames 

An intermediate cross frame consisting of single angles is selected, as shown in Figure 
6.2.7-12.   

Figure 6.2.7-12 A Typical Intermediate Cross Frame  

6.2.7.14.1 Calculate Wind Load   

Design wind pressure is determined as: 

 6 22.56 10Z z DP V K GC−= ×            (AASHTO 3.8.1.2.1-1) 

V = design 3-second gust wind speed = 110  mph (AASHTO Table 3.8.1.1.2-1)   
Since the bridge is located in an urban area, the ground surface roughness is B (Article 
3.8.1.1.4), and it is classified as Wind Exposure Category B (Article 3.8.1.1.5).  Assume 
the top of the superstructure is 45 ft above the ground, i.e.,  Z = 45 ft. 
The pressure exposure and elevation coefficient, KZ, for Strength III and Service IV load 
combinations is obtained: 

      ( )

2 2452.5ln 6.87 2.5ln 6.87
0.9834 0.9834 0.781

345.6 345.6Z

Z

K B

      + +            = = =   

                                                                                                          (AASHTO 3.8.1.2.1-2)  

The gust effect factor G is taken as 1.0 (AASHTO Table 3.8.1.2.1-1). The drag coefficient 
CD is taken as 1.3 (AASHTO Table 3.8.1.2.1-2). 

( ) ( )( )( )262.56 10 110 0.781 1.0 1.3 0.031ksfZP −= × =    (AASHTO 3.8.1.2.1-1) 

PZ 

11
′-1

″ 



   Bridge Design Practice 6.2 •  October 2022 

Chapter 6.2 Steel Plate Girders  6.2-77 

In this example, the midspan girder depth d = 80.75 in. = 6.73 ft  

Depth of deck and barrier = 12.25 + 42 = 54.25 in. = 4.52 ft.  

Wind load acting on the girder span is as: 

( ) ( )( )4.52 6.73 0.031 11.25 0.349kip/ftgirder ZWS P= + = =  

Wind load acting on the bottom flange is as: 

 ( )
( )

( )( )/ 2 0.349 6.73 / 2
0.104 kip/ft

4.52 6.73 11.25
girder

bf
WS d

WS = = =
+

 

Wind force acting on top flange (directly transmitted to the concrete deck) 

  0.349 -0.104 0.245 kip/fttfWS = =  

6.2.7.14.2  Check Flexural Resistance of Bottom Flange 

For cross frame spacing, Lb = 27.5 ft, wind induced moment applied on the bottom flange 
of the exterior girder is estimated as: 

 ( )( )22 0.104 27.5
7.87 kip-ft

10 10
bf b

WS
WS LM = = =              (AASHTO C4.6.2.7.1-2)  

   For the smaller bottom flange with tf = 1.75 in., wind induced lateral stress is: 

 
( )( )

( )( )2 2
7.87 12

1.0 ksi
/ 6 1.75 18 / 6

WS
l WS

f f

Mf
t b− = = =         

From CA Table 3.4.1, the load combinations Strength III and V are: 

For Strength III:     1.25DC + 1.5DW + 1.4WS 

 For Strength V:    1.25DC + 1.5DW + 1.35DF(LL+IM)HL-93 +0.4WS 

It is obvious that Strength V controls design. In this example, the section at the 0.5 
Point of Span 2 is checked. From Table 6.2.7-8, Factored moments about the 
major axis of the cross section are as follows:   

1.25MDC1 = 3,269 kip-ft;  1.5MDC2 = 420 kip-ft  

MDW =  765  kip-ft; M(LL+IM)HL-93 = 1.35(0.805)(3455) = 3,755 kip-ft 

Mu = 3269 + 420 + 765 + 3755  = 8,209  kip-ft  
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The factored lateral bending stress in the bottom flange due to wind load is:  

 ( ) ( )( )0.4 0.4 1.0 0.4 ksi 0.6 30 ksil l WS yff f F−= = = < = O.K.   (AASHTO 6.10.1.6-1) 

At the strength limit state, the composite compact section in positive moment regions shall 
satisfy the requirement as follows: 

 1
3u l xt f nM f S M+ ≤ φ                    (AASHTO 6.10.7.1.1-1) 

 where Sxt = Myt/Fyt 

  
From  Section 6.2.7.10.3, Myt  = 15,274  kip-ft and  Mn = 19,856  kip-ft    

( ) 315274 12
3,666 in.

50
yt

xt
yt

M
S

F
= = =   

( )1 1 36668209 0.4 8,250 kip-ft
3 3 12

19,856 kip-ft

u l xt

f n

M f S

M

+ = + =

≤ φ =
  O.K. 

6.2.7.14.3 Calculate Forces Acting on the Cross Frame 

In order to find forces acting in the cross frame members, a cross frame is treated like a 
truss with tension diagonals only and solved using statics. The wind force in the top strut 
is assumed to be zero because the diagonals will transfer the wind load directly into the 
deck slab. The horizontal wind forces applied to the brace points are assumed to be 
carried fully by the bottom strut in the exterior bays. Therefore, the bottom strut in all bays 
will be conservatively designed for this force.  

At Strength III limit state, the factored wind force acting on the bottom strut is: 

 ( )( )( )1.4 1.4 0.104 27.5 4.0 kipu bf bP WS L= = =   

Factored force acting on diagonals is: 

   
2 2

4.0 4.0  = 5.43 kip
6 5.5 6

uP = =
+φcos
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6.2.7.14.4  Design Bottom Strut 

Select Section  

 Try L 6×6×1/2 as shown in Figure 6.2.7-13.   

 Ag  = 5.77 in.2 ;   Ix = Iy = 19.9 in.4;   rx = ry = 1.86 in. 

x = y = 1.67  in.;  rz = 1.18 in. ;  Tan α  = 1.0 

 

Figure 6.2.7-13 Single Angle for Bottom Strut 

Check Limiting Effective Slenderness Ratio  

Article 6.9.3 requires that the effective slenderness ratio, KL/r shall not exceed 140 for 
compression bracing members. For buckling about the minor principal axis (Z-Z), using 
unbraced length Lz = 6 ft = 72 in. and effective length factor K = 1.0 for single angles 
regardless of end conditions (Article 4.6.2.5), the effective slenderness ratio is: 

 ( )1.0 (72)
   61  140

1.18
z

z

KL
r

= = <       O.K. 

For out-plane buckling about the vertical geometric axis (y-y), using unbraced length Ly   
=  12 ft = 144  in. and effective length factor K = 1.0, the effective slenderness ratio is:  

( )1.0 (144)
   77.4  140

1.86
y

y

KL
r

= = <      O.K. 

Check Member Strength 

Since a single angle member is connected through one leg only, the member is subjected 
to combined flexural moments about principal axes due to eccentrically applied axial load 
and axial compression. Article 6.9.4.4 states that single angles subjected to combined 
axial compression and flexure may be designed as axially loaded compression members 
in accordance with Articles 6.9.2.1, 6.9.4.1.1, and 6.9.4.1.2, as appropriate, using one of 
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the effective slenderness ratios specified by Article 6.9.4.4, provided that: (1) end 
connections are to a single leg of the angle, and are welded or use minimum two-bolt 
connections; (2) angles are loaded at the ends in compression through the same one leg; 
and (3) there are no intermediate transverse loads. It is obvious that the bottom strut 
meets those three conditions and can be designed in accordance with Article 6.9.4.4.  

• Determine Effective Slenderness Ratio 

 For equal-leg angles that are individual members, (144)   77  80
1.86x

L
r

= = <  

  ( ) 144 72 0.75   72 0.75 130
1.86xeff

KL L
r r

  = + = + = 
 

 (AASHTO 6.9.4.4-1) 

• Check Slenderness of  Element  

 
6 29,00012 0.45 12.8

0.5 36r
b
t
= = < λ = =            (AASHTO 6.9.4.2.1-1) 

  L 6×6×1/2  is a nonslender element cross section. 

• Determine Nominal Axial Compression Strength 

Axial resistance is calculated in accordance with AASHTO 6.9.4.1 as follows:  

 ( )
( )

( )
22

2 2
29,000

5.77 97.72 kip
130

e g

s eff

EP A
KL
r

ππ
= = =
 
 
 

         (AASHTO 6.9.4.1.2-1) 

 ( )( )36 5.77 207.72  kipo y gP F A= = =   

 
97.72 0.47 0.44
207.72

e

o

P
P

= = >  

 ( )
207.72
97.720.658 0.658 207.72 85.33  kip

Po
Pe

n oP P
      
   

   
   = = =
      

 (AASHTO 6.9.4.1.1-1) 

• Check Compressive Strength  

  ( )( )c4.0 kip 0.9 85.33 76.70 kipu nP P= < φ = =   O.K. 
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6.2.7.14.5  Design Diagonal 

Select Section 

  Try   L 4×4×5/16,  Ag = 2.4 in.2 ,  rmin = 0.781 in.   

   2 25.5 6 8.14 ft  = 98  in.L= + =  

Check Limiting Effective Slenderness Ratio 

  ( )( )
min

1.0 98
123.9 140

0.791
KL
r

= = <       O.K.      (AASHTO 6.9.3) 

Check Member Strength 

A separate calculation similar to the above bottom strut design shows that angle L 
4×4×5/16 meets specification requirements.  

6.2.7.14.6  Design Top Strut 

Since the force in the top strut is assumed to be zero, we select an angle L 6×6×1/2 to 
provide lateral stability to the top flange during construction and to design for 2 percent of 
the flange yield strength. The design calculation is similar to the above for the bottom strut 
and is not illustrated here.  

6.2.7.14.7 Design Connection of Bottom Strut 

Determine Design Load 

For end connections of diaphragms and cross frames in straight girder bridges, Article  
6.13.1 requires that they shall be designed for the calculated member forces. In this 
example, the connection of the bottom strut is designed for the calculated member load, 
Pu = 4.0 kip. 

Determine the Number of Bolts Required 

• Select Bolts 

Try ASTM F3125 Grade A325 high-strength 3/4 in. diameter bolt with threads 
excluded from the shear plane, with bolt spacing of 3 in. and edge distance of 1.75 in.  
For 3/4 in. diameter bolts, the minimum spacing of bolts is 3d = 2.25 in. (Article 
6.13.2.6.1), and the minimum edge distance is 1.0  in. (AASHTO Table 6.13.2.6.6-1).  

• Determine Nominal Resistance per Bolt 
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 Calculate nominal shear resistance in single shear 

  0.56n b ub sR A F N=               (AASHTO 6.13.2.7-1) 

  
2

20.75 0.442 in.
2bA  = π = 

 
 

  120 ksiubF =                                          (AASHTO 6.4.3) 

   Ns = 1 (for single shear) 

  ( )( )( )( )0.56 0.56 0.442 120 1 29.7 kipn b ub sR A F N= = =     (AASHTO 6.13.2.7-1) 

    Calculate the design bearing strength for each bolt on stiffener material 

Since the clear edge distance, Lc = 1.75 – (0.75 + 0.0625)/2 = 1.344 in. is less 
than 2d = 1.5 in. and stiffener material is A709 Grade 36, Fu = 58 ksi.  

  ( )( )( )1.2 1.2 1.344 0.5 58 46.8 kipn c uR L t F= = =          (AASHTO 6.13.2.9-2) 

• Determine design strength per bolt 

It is obvious that shear controls and nominal shear resistance per bolt, Rn = 29.7  kip. 

• Determine the Number of Bolts Required 

  The number of bolts required is: 

  
( )( )

4.0 0.17 bolts
0.8 29.7

u

s n

PN
R

= = =
φ

  

Use 2 bolts as shown in Figure 6.2.7-14. 
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Figure 6.2.7-14 Bottom Strut Connection 

6.2.7.15  Design Bolted Field Splices 

6.2.7.15.1   General Design Requirements  

For flexural members, splices shall preferably be made at or near points of dead load 
contraflexure in continuous spans and at points of the section change. Article 6.13.6.1.4a 
states that bolted splices for flexural members shall be designed using slip-critical 
connections as specified by Article 6.13.2.1.1. The general design requirements are: 

• Factored resistance of splices shall not be less than 100 percent of the smaller 
factored resistances of the section spliced at the strength limit state (CA 6.13.1). 

• Slip shall be prevented at the Service II limit state (Article 6.13.2.1.1) and during 
the erection of the steel girders, and during the casting or placing of the deck 
(Article 6.13.6.1.3a). 

• Base metal at the gross section shall be checked for Category B at the fatigue limit 
state (AASHTO Table 6.6.1.2.3-1).     

As shown in Figure 6.2.7-4, bolted field girder splices for Span 2 are located 
approximately at the 0.3 and the 0.7 Points. In the following, the design of a bolted splice 
(Figure 6.2.7-15) as a slip-critical connection at the 0.7 Point will be illustrated. Oversized 
or slotted holes shall not be used (Article 6.13.6.1.3a). The hole diameter used in the 
calculation shall be 1/16 in. larger than the nominal diameter as shown in AASHTO Table 
6.13.2.4.2-1. 
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Figure 6.2.7-15 Bolted Field Girder Splice 

6.2.7.15.2  Design Bottom Flange Splices 

Try one outer splice plate 1 in.  × 18 in., two inner plates 1-1/8 in. × 8 in. and one fill plate 
¼ in. × 18 in. as shown in Figure 6.2.7-16.  

Try Grade A325 high-strength d = 7/8 in. bolt threads excluded with a bolt spacing of 3 
in. and edge distance of 2 in. For 7/8 in. diameter bolts, the minimum spacing of bolts is 
3d = 2.625 in. (Article 6.13.2.6.1), and the minimum edge distance is 1.125 in. (AASHTO 
Table 6.13.2.6.6-1). The standard hole size for a d = 7/8 in. bolt is 0.9375 in. (AASHTO 
Table 6.13.2.4.2-1). 
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Φ = 0.9375″ 

Lc  =  1.41″  
Lc  =  2.625″ 

Figure 6.2.7-16 Bottom Flange Splice 

Determine Number of Bolts Required – Strength Limit States  

• Determine Design Forces 

  fy yf eP F A=                  (AASHTO 6.13.6.1.3b-1) 

where Ae is the smaller effective area for the flange on either side of the splice. 

  u u
e n g

y yf

FA A A
F

 φ
= ≤  φ 

        (AASHTO 6.13.6.1.3b-2) 

 Try  4 – 7/8 in. diameter/row for the flange splices. For smaller flange, we have:  

  ( )( ) ( ) 218 4 0.9375 1.75 24.94 in.nA  = − =   

  ( )( ) 218 1.75 31.5 in.gA = =   
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( )( )
( )( ) ( ) 2 20.8 65

24.94 27.30 in. 31.5 in.
0.95 50

u u
e n g

f yf

FA A A
F

   φ
= = = < =     φ   

  

  Use Ae = 27.30 in.2 

  ( )( )50 27.30 1,365.0 kipfy yf eP F A= = =      

• Determine Nominal Resistance per Bolt 

When the length between the extreme fasteners measured parallel to the line of 
action of the force is less than 50 in., the nominal shear resistance for a Grade 
A325  – 7/8 in. diameter bolt is:  

  0.56n b ub sR A F N=                         (AASHTO 6.13.2.7-1) 

  ( )2 20.875 / 2 0.6 in.bA = π =  

  120 ksiubF =                (AASHTO 6.4.3.1) 

   Ns = 2 (for double shear) 

  ( )( )( )( )0.56 0.6 120 2 80.6 kipnR = =    

Since the clear end distance Lc = 1.875 – 0.469 =1.41 in. < 2d = 1.75 in. (Figure 
6.2.7-16), the nominal bearing resistance for each bolt hole on flange material is:        

  1.2n c uR L t F=                          (AASHTO 6.13.2.9-2) 

  ( )( )( )( )1.2 1.41 1.75 65 192.5 kipnR = =  

It is obvious that shear resistance controls and design resistance per bolt, Rn = 
80.6 kip.  

• Evaluate Fill Plate Effects 

Article 6.13.6.1.4 specifies that fillers ¼ inch and thicker need not be extended and 
developed provided that the factored shear resistance of the bolts at the strength 
limit state is reduced by the reduction factor R. 

  1
1 2

R + γ
=

+ γ
                               (AASHTO 6.13.6.1.4-1) 
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  f

p

A
A

γ =  

Af    = sum of the area of the fillers on both sides of the connected plate 

Ap   = smaller of either the connected plate area or the sum of the splice plate 
areas on both sides of the connected plate 

  ( )( ) 20.25 18 4.5 in.fA = =  

  
( )( )
( )( ) ( )( )

2
2

2

1.75 18 31.5 in.
smaller of 31.5 in.

2 1.125 8 1 18 36.0 in.
pA

 = = = 
+ =  

 

  4.5 0.143
31.5

f

p

A
A

γ = = =  

( )( )
1 1 0.143 0.889

1 2 1 2 0.143
R + γ +

= = =
+ γ +

        (AASHTO 6.13.6.1.4-1) 

• Determine the Number of Bolts Required 

 The number of bolts required is: 

  
( )( )( )

1,365.0 23.81bolts
0.8 0.889 80.6

fy

s n

P
N

R R
= = =

φ
  

  Use 28 bolts as shown in Figure 6.2.7-16. 

Check Slip Resistance of Bolts – Service II Limit State and Constructability 

Articles 6.13.2.1.1 and 6.13.6.1.3a require that the bolted connections shall be 
proportioned to prevent slip at the Service II limit state and during the erection of the steel 
and during the casting or placing of the deck. 

• Determine Factored Moments 

For Service II, factored moment at the 0.7 Point of Span 2 is obtained from Table 
6.2.7-13. 

  1434 194 280 2784 4,692 kip-ftuM+ = + + + =       
  1434+ 194+280 -1094 = 814 kip-ftuM− =     

For constructability, factored dead load moment during the casting of the deck at 
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the 0.7 Point of Span 2 is obtained as: 

  ( ) ( )1.0 1434 1,434 kip-ftDLM = =    

  It is clear that the Service II moment governs the design.  

• Check Slip Resistance 

Assume a non-composite section conservatively at the splice location and use the 
smaller section property for the bottom flange SNCb = 2,837 in.3 (Table 6.2.7-15). 

( )4692 12 / 2837/ 19.85 ksi
1.0

u NCb
s

h

M Sf
R

= = =  

  ( )( )19.85 31.5 625.3 kipu s gR F A= = =     

  Nominal slip resistance per bolt is: 

  n h s s tR K K N P=                         (AASHTO 6.13.2.8-1) 

where Kh is the hole size factor and is equal to 1.0 for the standard hole 
(AASHTO Table 6.13.2.8-2); Ks is the surface condition factor and is taken 
at 0.5 for Class B surface condition (AASHTO Table 6.13.2.8-3); Pt is the 
minimum required bolt tension and is equal to 39 kips (AASHTO Table 
6.13.2.8-1).  According to Article 6.13.2.2, factored slip resistance of 28 
bolts is: 

  Rr = Rn = (1.0)(0.5)(2)(39)(28)= 1,092 kip > Ru = 625.3  kip  O.K. 

Check Tensile Resistance of Splice Plates 

Since areas of the inner and outer plates are the same, the flange design force is 
assumed to be divided equally to the inner and outer plates. In the following, splice plates 
are checked for yielding on the gross section, fracture on the net section, and block shear 
rupture (Article 6.13.4). 

• Yielding on Gross Section 

  ( )( ) ( )( )( ) 218 1.0 2 8 1.125 36 in.gA = + =  

  ( ) ( )( )0.95 36 50 1,710.0 kipr y g yfP A F=φ = =             (AASHTO 6.8.2.1-1) 

  1,710.0 kip 1,365.0 kipr fyP P= > =    O.K. 

• Fracture on Net Section  
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  Inner plates: 

  ( ) ( )( ) ( ) 22 8 2 0.9375 1.125 13.78 in.nA  = − =     

  ( ) ( )( )( )0.8 65 13.78 1.0 716.6 kipr u u nP F A U=φ = =        (AASHTO 6.8.2.1-2) 

  
1,365.0716.6 kip 682.5kip

2 2
fy

r
P

P = > = =   O.K. 

  Outer plate: 

  ( )( ) ( ) 218 4 0.9375 1.0 14.25 in.nA  = − =      

  ( ) ( )( )( )0.8 65 14.25 1.0 741.0kipr u u nP F A U=φ = =  (AASHTO 6.8.2.1-2) 

  741.0 kip 682.5 kip
2
fy

r
P

P = > =    O.K. 

• Block Shear Rupture  

Assume bolt holes are drilled full size, reduction factor for a hole, Rp is taken equal 
to 1.0 (Article 6.13.4). For flange splice plates, the reduction factor for block shear 
rupture, Ubs is taken equal to 1.0 (Article 6.13.4). Bolt pattern and block shear 
rupture failure planes on the inner and outer splice plates are shown in Figure 
6.2.7-17.   

  Inner plates: 

  ( ) ( ) 22 6 1.5 0.9375 1.125 10.34 in.tnA  = − =   

  ( ) ( ) 22 20 6.5 0.9375 1.125 31.29 in.vnA  = − =   

  ( )( ) 22 20 1.125 45.0 in.vgA = =  

  ( )( ) ( )( )65 31.29 2,033.9 kip   50 45.0 2,250.0 kipu vn y vgF A F A= = < = =  

  
( )

( ) ( )( )( ) ( )( )( )
0.58

0.8 1.0 0.58 65 31.29 1.0 65 10.34 1,481.4 kip
r bs p u vn bs u tnR R F A U F A=φ +

 = + = 
 

           (AASHTO 6.13.4-1) 

1,481.4 kip 682.5 kip
2
fy

r
P

R = > =   O.K. 

  Outer plate: 
  2 6 1.5 0.9375 1.0 9.19 in.tnA  = − =   ( ) ( ) 2
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  ( ) ( ) 22 20 6.5 0.9375 1.0 27.81 in.vnA  = − =   

  ( )( ) 22 20 1.0 40.0 in.vgA = =     (AASHTO 6.13.4-1) 

  ( )( ) ( )( )65 27.81 1,807.7 kip   50 40.0 2,000.0 kipu vn y vgF A F A= = < = =   

  
( )

( ) ( )( )( ) ( )( )( )
0.58

0.8 1.0 0.58 65 27.81 1.0 65 9.19 1,316.6 kip
r bs p u vn bs u tnR R F A U F A=φ +

 = + = 
 

               (AASHTO 6.13.4-1) 

 

1,316.6 kip 682.5 kip
2
fy

r
P

R = > =    O.K. 

Figure 6.2.7-17 Block Shear Rupture - Bottom Flange Splice Plates 

Check Fracture on Net Section and Block Shear Rupture for Flange 

• Fracture on Net Section  
Since the design force is actually based on fracture resistance on the net section, 
there is no need to check. 

• Block Shear Rupture  
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Bolt pattern and block shear rupture failure planes on the bottom flange are assumed 
in Figure 6.2.7-18. 

Figure 6.2.7-18 Block Shear Rupture – Bottom Flange 

 ( ) ( ) 22 6 1.5 0.9375 1.75 16.08 in.tnA  = − =   

 ( ) ( ) 22 19.875 6.5 0.9375 1.75 48.23 in.vnA  = − =   

  ( )( ) 22 19.875 1.75 69.56 in.vgA = =  

 
( )( ) ( )( )65 48.23 3,135.0 kip   50 69.56 3,478.0 kipu vn y vgF A F A= = < = =   

  
( )

( ) ( )( )( ) ( )( )( )
0.58

0.8 1.0 0.58 65 48.23 1.0 65 16.08 2,290.8 kip
r bs p u vn bs u tnR R F A U F A=φ +

 = + = 
 

              (AASHTO 6.13.4-1) 

 2,290.8 kip 1,365.0 kipr fyR P= > =  O.K. 

Check Fatigue for Splice Plates 

Fatigue stress ranges in base metal of the bottom flange splice plates adjacent to the slip-
critical connections are checked for Category B (AASHTO Table 6.6.1.2.3-1). Fatigue 
normally does not govern the design of splice plates when the combined area of inner 
and outer splice plates is larger than the area of the smaller flange spliced. The fatigue 
moment ranges at the 0.7 Point of Span 2 are obtained from Tables 6.2.7-11 and 6.2.7-
12. The nominal fatigue resistance is calculated in Table 6.1.8-2 in Chapter 6.1. The 
flexural stresses at the edges of the splice plates are assumed to be the same as the 
flexural stresses in the girder at those locations. The gross section of the smaller girder 
section is used to calculate the stresses. Properties of the steel section alone are used 
conservatively. For the smaller spliced section (Table 6.2.7-15), SNCb =  2,837 in.3 

 Fatigue I  - HL-93 Truck for infinite life: 
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  ( ) ( ) ( )1,440 12
2,837

6.09 ksi  16.0 ksi    O.K.  for Category B
NCb

M
f

S
γ ∆

γ ∆ = =

= <

 

 Fatigue II  - P-9 Truck for finite life:  

  ( ) ( ) ( )2,396 12
2,837

10.13 ksi  30.15 ksi    O.K.  for Category B
NCb

M
f

S
γ ∆

γ ∆ = =

= <

 

6.2.7.15.3  Design Top Flange Splices 

Try one outer splice plate 5/8 in. × 18 in., two inner plates 3/4 in. × 8 in., and one fill plate 
1 in. × 18 in. as shown in Figure 6.2.7-19. 

As the same as the bottom flange, try Grade A325 high-strength d = 7/8 in. bolt threads 
excluded with a bolt spacing of 3 in. and edge distance of 2 inches.  

Determine Number of Bolts Required – Strength Limit State 

• Determine Design Forces  

Try  4 – 7/8 in. diameter/row for the flange splices. For the smaller flange, we have:  

 ( )( ) ( ) 218 4 0.9375 1.0 14.25 in.nA  = − =   

 ( )( ) 218 1.0 18 in.gA = =   

( )( )
( )( ) ( ) 2 20.8 65

14.25 15.60 in. 18 in.
0.95 50

u u
e n g

y yt

FA A A
F

   φ
= = = < =     φ   

  

    (AASHTO 6.13.6.1.3b-2) 
 Use Ae = 15.60 in.2 

( )( )50 15.6 780.0 kipfy yf eP F A= = =        (AASHTO 6.13.6.1.3b-1) 
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Figure 6.2.7-19 Top Flange Splice 

• Determine Nominal Resistance per Bolt 

As calculated in Section 6.2.7.15.2, the nominal shear resistance per Grade A325 
– 7/8 in. diameter bolt in double shear is:  

  80.6 kipnR =  

 The nominal bearing resistance for each bolt hole on flange material is:        

  1.2n c uR L t F=                                      (AASHTO 6.13.2.9-2) 

  For exterior hole:  

1.875 0.469 1.41 in.cL = − =  

  ( )( )( )( )1.2 1.41 1.0 65 110.0 kipnR = =  

It is obvious that shear resistance controls and design resistance per bolt, Rn = 
80.6 kips. 

• Evaluate Fill Plate Effects 

Article 6.13.6.1.4 specifies that fillers ¼ inch and thicker need not be extended and 



   Bridge Design Practice 6.2 •  October 2022  

6.2-94  Chapter 6.2 Steel Plate Girders 

developed provided that the factored shear resistance of the bolts at the strength 
limit state is reduced by the reduction factor R. 

  ( )( ) 21.0 18 18 in.fA = =  

  
( )

( )( ) ( )( )

2
2

2

1.0 18 18in.
smaller of 18 in.

2 0.75 8 0.625 18 23.25 in.
pA

 = = = 
+ =  

 

18.0 1.0
18.0

f

p

A
A

γ = = =  

  
( )
( ) ( )( )

1 / 1 18 / 18 0.667
1 2 18 / 181 2 /

f p

f p

A A
R

A A

+ +
= = =

++
       (AASHTO 6.13.6.1.4-1) 

• Determine Number of Bolts Required 

 The number of bolts required is: 

  
( )( )( )

780.0 18.14 bolts
0.8 0.667 80.6

fy

s n

P
N

R R
= = =

φ
  

 Use of 20 bolts shown in Figure 6.2.7-19 is OK. 

Check Slip Resistance of Bolts – Service II Limit State and Constructability 

From Section 6.2.7.15.2, the moment at Service II is 4,692 kip-ft. Assume non-composite 
section conservatively at the splice location and use the smaller section property for the 
top flange SNCt = 2,193 in.3 (Table 6.2.7-15). Slip force is calculated as follows: 

 ( )4692 12
25.67 ksi

2193
u

s
NCt

Mf
S

= = =             

 ( )( )25.67 18 462.1 kipu s gR f A= = =     

The nominal slip resistance per bolt is:   

 n h s s tR K K N P=                          (AASHTO 6.13.2.8-1) 

Slip resistance of 20 bolts is: 

 ( )( )( )( )( )1.0 0.5 2 39 20 780.0 kip 462.1kipr n uR R R= = = > =   O.K. 
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Check Tensile Resistance of Splice Plates 

Since areas of the inner and outer plates differ by less than 10%, the flange design force 
is assumed to be divided equally to the inner and outer plates. In the following, splice 
plates are checked for yielding on the gross section, fracture on the net section, and block 
shear rupture (Article 6.13.4). 

• Yielding on Gross Section 

  ( )( ) ( )( )( ) 218 0.625 2 8 0.75 23.25 in.gA = + =  

  ( ) ( )( )0.95 23.25 50 1,104.4 kipr y g yfP A F=φ = =            (AASHTO 6.8.2.1-1) 
  1,104.4 kip > 780.0 kipr fyP P= =    O.K. 

• Fracture on Net Section  

  Inner plates: 

  ( ) ( )( ) ( ) 22 8 2 0.9375 0.75 9.19 in.nA  = − =       

  ( ) ( )( )( )0.8 65 9.19 1.0 477.9 kipr u u nP F A U=φ = =  (AASHTO 6.8.2.1-2) 

  
780.0477.9 kip 390.0 kip

2 2
fy

r
P

P = > = =   O.K 

  Outer plate: 

  ( )( ) ( ) 218 4 0.9375 0.625 8.91 in.nA  = − =      

  ( ) ( )( )( )0.8 65 8.91 1.0 463.3 kipr u u nP F A U=φ = =  (AASHTO 6.8.2.1-2)  

  463.3 kip 390.0 kip
2
fy

r
P

P = > =   O.K. 

• Block Shear Rupture  

The bolt pattern and block shear rupture failure planes on the inner and outer splice 
plates are assumed in Figure 6.2.7-20. 

  Inner Plates: 

  ( ) ( ) 22 6 1.5 0.9375 0.75 6.89 in.tnA  = − =   

  ( ) ( ) 22 14 4.5 0.9375 0.75 14.67 in.vnA  = − =   
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  ( )( ) 22 14 0.75 21.0 in.vgA = =  

  ( )( ) ( )( )65 14.67 953.6kip   50 21.0 1,050.0 kipu vn y vgF A F A= = < = =  

  
( )

( ) ( )( )( ) ( )( )( )
0.58

0.8 1.0 0.58 65 14.67 1.0 65 6.89 800.7 kip
r bs p u vn bs u tnR R F A U F A=φ +

 = + = 
 

                     (AASHTO 6.13.4-1)  

  800.7 kip 390.0 kip
2
fy

r
P

R = > =   O.K. 

   

Figure 6.2.7-20 Block Shear Rupture – Top Flange Splice Plates 

Outer plate: 

  ( ) ( ) 22 6 1.5 0.9375 0.625 5.74 in.tnA  = − =   

  ( ) ( ) 22 14 4.5 0.9375 0.625 12.23 in.vnA  = − =   

  ( )( ) 22 14 0.625 17.5 in.vgA = =  
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  ( )( ) ( )( )65 12.23 795.0 kip   50 17.5 875.0 kipu vn y vgF A F A= = < = =  

  
( )

( ) ( )( )( ) ( )( )( )
0.58

0.8 1.0 0.58 65 12.23 1.0 65 5.74 667.3 kip
r bs p u vn bs u tnR R F A U F A=φ +

 = + = 
  

                              (AASHTO 6.13.4-1)  

  667.3 kip 390.0 kip
2
fy

r
P

R = > =   O.K. 

Check Fracture on Net Section and Block Shear Rupture for Flange 

• Fracture on Net Section  

Since the design force is actually based on fracture resistance on the net section, 
there is no need to check. 

• Block Shear Rupture  

The bolt pattern and block shear rupture failure planes on the inner and outer splice 
plates are assumed in Figure 6.2.7-21 

. 

Figure 6.2.7-21 Block Shear Rupture – Top Flange 

  ( ) ( ) 22 6 1.5 0.9375 1.0 9.19 in.tnA  = − =   

  ( ) ( ) 22 13.875 4.5 0.9375 1.0 19.31 in.vnA  = − =   

  ( )( ) 22 14 1.0 28.0 in.vgA = =  

  ( )( ) ( )( )65 19.31 1,255.2 kip   50 28.0 1,400.0 kipu vn y vgF A F A= = < = =  
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( )

( ) ( )( )( ) ( )( )( )
0.58

0.8 1.0 0.58 65 19.31 1.0 65 9.19 1,060.3 kip
r bs p u vn bs u tnR R F A U F A=φ +

 = + = 
  

                     (AASHTO 6.13.4-1)  

  1,060.3 kip 780.0kipr fyR P= > =   O.K. 

Check Fatigue for Splice Plates 

Fatigue stress ranges in base metal of the top flange splice plates adjacent to the slip-
critical connections are checked for Category B (AASHTO Table 6.6.1.2.3-1). The fatigue 
moment ranges at the 0.7 Point are obtained from Tables 6.2.7-11 and 6.2.7-12. The 
nominal fatigue resistance is calculated in Table 6.1.8-2 in Chapter 6.1. The flexural 
stresses at the edges of the splice plates are assumed to be the same as the flexural 
stresses in the girder at those locations. The gross section of the smaller girder section 
is used to calculate the stresses. Properties of the steel section alone are used 
conservatively. For the smaller spliced section (Table 6.2.7-15), SNCt =  2,193 in.3.  
 Fatigue I  - HL-93 Truck for infinite life: 

   ( ) ( ) ( )1,440 12
2,193

7.88 ksi  16.0 ksi    O.K.  for Category B
NCt

M
f

S
γ ∆

γ ∆ = =

= <

 

 Fatigue II  - P-9 Truck for finite life:  

   ( ) ( ) ( )2,396 12
2,193

13.11ksi  30.15 ksi    O.K.  for Category B
NCb

M
f

S
γ ∆

γ ∆ = =

= <

 

6.2.7.15.4  Design Web Splices 

Try two 7/16 in. × 64 in. web splice plates and Grade A325 high-strength d = 7/8 in. bolt 
threads excluded with bolt spacing of 3 in. as shown in Figure 6.2.7-15.    

  ( )( )( ) 22 0.4375 64 56 in.gA = =  

Check Bolt Shear Resistance - Strength II Limit States 

• Calculate Design Forces (CA 6.13.6.1.3c) 
Case 1:  Factored shear resisted by the web 

The smaller factored shear resistance of the web at the point of splice is 
obtained from Section 6.2.7.11.4 as follows:  

843.6 kipuw v nV Vφ= =  

       Moment induced by eccentrically loaded shear is 
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   ( )( )843.6 6.5 5,483 kip-in.vw uwM V e= = =  

  Case I design forces are shown in Figure 6.2.7-22a. 

Case 2:  Factored plastic moment resisted by the web  

At the strength limit state, The portion of the smaller total factored plastic 
moment carried by the web is shown in Figure 6.2.7-22b. To determine the 
plastic moment, we need to calculate the location of the PNA as follows: 

Top flange:  tft  = 1.0 in.;  bft = 18 in.   

( )( )( )1.0 18 50 900 kipt ft ft fyP t b F= = =  

   Web:  tw = 0.625 in.;  D  = 78 in. 

( )( )( )0.625 78 50 2,437.5 kipw w fwP t DF= = =  

Bottom flange:  tfc  = 1.75 in.;  bfc = 18 in.   

( )( )( )1.75 18 50 1,575 kipc fc fc fyP t b F= = =  

Since 900   kip     1,575 kipt cP P= ≠ =

y  is the dist

, the plastic neutral axis (PNA) is within 

the web. Denote that ance from the top of the web to the PNA 
as shown in Figure 6.2.7-23, by the plastic force equilibrium, we obtain: 

    ( ) ( )t w yw c w ywP y t F P D y t F+ = + −   

    
( )( )

2437.5 1575 900 49.8 in.
2 2 0.625 50

w c t

w yw

P P Py
t F
+ − + −

= = =  

               78 49.8 10.8 in.
2 2o
Dy y= − = − = −        (CA  C6.13.6.1.3c-3) 
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The portion of the smaller total factored plastic moment carried by the web is: 

( )

( ) ( )( ) ( )( )( )

2 2

22

4
4

0.625 50
1.0 78 4 10.8

4
43,886 kip-in

w yw
uw f o

t F
M D yφ= −

= − −

=

     (CA  C6.13.6.1.3c-1) 

( )
( )( )( )( )( )

2

1.0 2 0.625 10.8 50 675 kip
uw f w o ywH t y F= φ

= − = −
    (CA  C6.13.6.1.3c-2) 

 

Case 1 – Factored Shear 
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(b) Case 2– Factored Plastic Moment 

Figure 6.2.7-22 Design Forces for Web Splices 

 

Figure 6.2.7-23 Plastic Moment State 

• Determine Nominal Resistance per Bolt 

As calculated in  Section 6.2.7.15.2, the nominal shear resistance per Grade A325 
– 7/8 in. diameter bolt in double shear is:  

  80.6 kipnR =  
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 The nominal bearing resistance for each bolt hole on web material is:        

  1.2n c uR L t F=               (AASHTO 6.13.2.9-2) 

 For exterior hole:  

1.875 0.469 1.41 in.cL = − =  

  ( )( )( )( )1.2 1.41 0.625 65 68.7 kipnR = =  

It is obvious that bearing resistance controls and nominal resistance per bolt is 
68.7 kip. It is noted that Article 6.13.2.7 specifies that the nominal shear resistance 
of a fastener in connections whose length between extreme fasteners measured 
parallel to the line of action of the force is greater than 38 in. in length shall be 
taken 0.83 times the value given by Articles 6.13.2.7-1 and 6.13.2.7-2. Since the 
resultant shear applied to the bolts is mainly induced by the horizontal force and 
the length between extreme fasteners in the horizontal direction is less than 38 in. 
shear resistance of the bolt is not reduced.  

• Calculate Polar Moment of Inertia Ip of Bolts with Respect to Neutral Axis of Web 
Section 

It can be seen that the upper and lower right corner bolts are the most highly 
stressed and will be investigated. The “Vector” method is used to calculate shear 
force R on the top right bolt. 

  ( )( )( )
( )( )( )

2 2

2 2 2 2 2 2 2 2 2 2

2 2 2

 

 2 4 30 27 24 21 18 15 12 9 6 3

2 21 4.5 1.5 28,665 in.

pI x y= +

= + + + + + + + + +

+ + =

∑ ∑
 

• Check Shear Resistance of Lower Right Corner Bolt  

  Case 1 – Factored shear resistance resisted by the web 

  Factored shear force applied on the lower right corner bolt is: 

  ( )5483 30
5.74 kip ( )

28665
vw

x
p

M yR
I

= = = →  

  ( )5483 4.5
0.86 kip ( )

28665
vw

y
p

M xR
I

= = = ↑  
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( )( )

843.6 10.04 kip ( )
4 21 84

uw
v

VR = = = ↑  

  0hR =  

  

( ) ( )
( ) ( )

( )( )

22

2 20 5.74 10.04 0.86

12.32 kip 0.8 68.7 54.96 kip

bolt h x v y

bb n

R R R R R

R

= + + +

= + + +

= < φ = =

                   

O.K.

 

   Case 2 - Factored plastic moment resisted by the web 

  Factored shear forces applied on the lower right corner bolt are: 

  ( )43886 30
45.93 kip ( )

28665
uw

x
p

M yR
I

= = = →  

  ( )43886 4.5
6.89 kip ( )

28665
uw

y
p

M xR
I

= = = ↓  

0vR =    

( )( ) ( )675 8.04 kip
4 21 84

uw
h

HR = = = →  

  

( ) ( )
( ) ( )

( )( )

22

2 28.04 45.93 0 6.89

54.41kip 0.8 68.7 54.96 kip

bolt h x v y

bb n

R R R R R

R

= + + +

= + + +

= < φ = =

       O.K.   

Check Slip of Bolts – Service II Limit State and Constructability 

• Calculate Design Forces  (CA 6.13.6.1.3c) 

Case 1 – Factored shear 

From Table 6.2.7-2, factored shear at the 0.7 Point of Span 2 at Service II 
is obtained 

  
( ) ( )

( ) ( ) ( ) ( )( )( )
1 2 931.3

68.8 8.7 13.4 1.3 1.082 92.7 221.3kip
u DC DC DW v HLV V V V DF LL IM

−
= + + + +

= − + − + − + − =−
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  Moment due to eccentrically loaded shear is: 

  ( )( )221.3 6.5 1,438.5 kip-in.vw uM V e= = =  

 Case 2 – Factored moment resisted by web  

From Section 6.2.7.15.2, factored moment at the 0.7 Point of Span 2 at 
Service II is: 

   1434 194 280 2784 4,692 kip-ftuM+ = + + + =  

Moment resisted by the web at Service II 

 
2

12
w

uw s os
t DM f f= −         (CA C6.13.6.1.3c-4) 

fs is larger flexural stress due to Service II at the inner fiber of the flange 
under consideration for the smaller section at the point of splice (positive for 
tension and negative for compression), and fos is flexural stress at the inner 
fiber of the other flange of the smaller section at the point of splice 
concurrent with fs (positive for tension and negative for compression). 

In this example, flexural stresses at the extreme fiber of the flange are used 
conservatively. 

   ( )4692 12
25.68 ksi

2193
u

s
NCt

Mf
S

= = =    (Compression)  

   ( )4692 12
19.85 ksi

2837
u

os
NCb

Mf
S

= = =     (Tension) 

   ( )( )

2

2
12

0.625 78
25.68 19.85

12
14,427.3 kip-in.

w
uw s os

t DM f f= −

= − −

=

  (CA C6.13.6.1.3c-4) 
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  Horizontal force at web 

   

( )

( )( ) ( )

2
0.625 78

25.68 19.85
2

142.1kip 

w
uw s os

t DH f f= +

= − +

= −

     (CA C6.13.6.1.3c-5) 

• Calculate Factored Shear Forces Applied on Upper Right Corner Bolt 

 Case 1 – Factored shear 

( )1438.5 30
1.51kip ( )

28665
vw

x
p

M yR
I

= = = ←  

  ( )1438.5 4.5
0.23 kip ( )

28665
vw

y
p

M xR
I

= = = ↑  

  
( )( )

221.3 2.63 kip ( )
4 21 84

uw
v

VR = = = ↑  

  0hR =  

  

( ) ( )
( ) ( )

22

2 20 1.51 2.63 0.23

3.23 kip

bolt h x v yR R R R R= + + +

= + + +

=

 

Case 2 – Factored moment resisted by web 

( )( )14427.3 30
15.10 kip ( )

28665
uw

x
p

M yR
I

= = = ←   

  ( )( )14427.3 4.5
2.26 kips ( )

28665
uw

y
p

M xR
I

= = = ↑  

  0vR =  

  
( )

142.1 1.69 kips ( )
4 21 84

uw
h

HR = = = ←  
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( ) ( )
( ) ( )

22

2 21.69 15.1 0 2.26

16.9 kip

bolt h x v yR R R R R= + + +

= + + +

=

  

• Check Slip Resistance 

  From Section 6.2.7.15.2, the slip resistance of one bolt is: 

  ( )( )( )( )1.0 0.5 2 39 39.0 kip 16.9 kipr n boltR R R= = = > =             O.K. 

Check Splice Plates 

• Check Shear Resistance at the Strength Limit States 

  (1)Yielding on the gross section: 

  
( ) ( )( )( )( )0.58 1.0 0.58 2 0.4375 64 50

1,624 kip 843.6 kip
r v g yw

uw

V A F

V

= φ = × ×

= > =
 O.K. 

  (2) Fracture on net section: 

  ( ) ( ) 22 64 21 0.9375 0.4375 38.77 in.nA  = − =   

( ) ( )( )( )( )0.58 0.8 0.58 65 38.77
1,169.3 kip 843.6 kip

r u u n

uw

V F A
V

= φ =

= > =
   O.K. 

  (3) Block shear rupture  

The bolt pattern and block shear rupture failure planes on the inner and 
outer splice plates are assumed in Figure 6.2.7-24. 
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Figure 6.2.7-24 Block Shear Rupture – Web Splice Plates 

( ) ( ) 22 8 2.5 0.9375 0.4375 4.95 in.tnA  = − =   

  ( ) ( ) 22 62 20.5 0.9375 0.4375 37.43 in.vnA  = − =    

  ( )( ) 22 62 0.4375 54.25 in.vgA = =  

  ( )( ) ( )( )65 37.43 2,433.0kip   50 54.25 2,712.5kipu vn y vgF A F A= = < = =  

  
( )

( ) ( )( )( ) ( )( )( )
0.58

0.8 1.0 0.58 65 37.43 1.0 50 4.95 1,326.9 kip
r bs p u vn bs u tnR R F A U F A=ϕ +

 = + = 
 

                     (AASHTO 6.13.4-1)  

  1,326.9 kip 843.6 kipr uwR V= > =   O.K. 

• Check Flexural Resistance 

  Factored plastic moment resistance of the splice plates is  

   ( ) ( ) ( )
2(2)(0.4375)(64)1.0 1.0 50

4
44,800 kip-in. > 43,886 kip-in.

f n p

uw

M M

M

φ = =

= =
  O.K. 

Check Fatigue Stress Ranges  

From AASHTO  Table 6.6.1.2.3-1, Category B shall be used for base metal at the gross 
section of the high-strength bolted slip-critical resistant section. Similar assumptions used 
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for flange splices are used for the web splice plates. Flexural stress ranges at the web 
splice plates are induced by the positive-negative fatigue moments and moments due to 
the eccentricity of the fatigue shear forces from the centerline of the splices to the center 
of gravity of the web-splice bolt group. Positive moments are assumed to be applied to 
the short-term composite section, and negative moments are assumed to be applied to 
the steel section alone in the splice location. Eccentric moments of the fatigue shear 
forces are assumed to be applied to the gross section of the web splice plates.  For the 
smaller spliced section, INC  = 99,872 in.4 (Table 6.2.7-15), and IST  = 275,267  in.4 (Table 
6.2.7-17). For the web splice plates, as shown in Figure 6.2.7-22, the elastic section 
modulus for the short-term composite section, the steel section only, and the web splice 
plates are calculated as follows: 

  
( ) ( )

3275267 275267 4,606 in.
7 68.51 1.75 7

ST
ST wb

splice bot STb bf

IS
C y t−

−

= = = =
− − − −

 

 
( ) ( )

3275267 275267 64,921 in.
7 12.24 1.0 7

ST
ST wt

splice top STt tf

IS
C y t−

−

= = = =
− − − −

 
( ) ( )

399872 99872 3,776 in.
7 35.2 1.75 7

NC
NC wb

splice bot NCb bf

IS
C y t−

−

= = = =
− − − −

 

 
( ) ( )

399872 99872 2,660 in.
7 45.55 1.0 7

NC
NC wt

splice top NCT tf

IS
C y t−

−

= = = =
− − − −

 

( ) ( )( )2 30.4375 64
 2 597 in.

6w spliceS − = =  

It is seen that the bottom edge of the web splice plate obviously controls design and is, 
therefore, checked. Flexural stress ranges due to fatigue moments (Tables 6.2.7-11 and 
6.2.7-12) and eccentric moments of the fatigue shear forces (Tables 6.2.7-11 and 6.2.7-
12) are: 

 Fatigue I  - HL-93 Truck for infinite life: 

     

( ) ( ) ( )

( )( ) ( )( ) ( )( )1042 12 398 12 16.5 60.8 5
4606 3776 597

2.71 1.26 0.65 4.62 ksi     16.0 ksi   O.K.   for Category  B

ST wb NC wb w splice

V V eM Mf
S S S− − −

 + − −+ −  γ ∆ = + +

+
= + +

= + + = <
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 Fatigue II  - P-9 Truck for finite life:  

 

( ) ( ) ( )

( )( ) ( )( ) ( )( )1693 12 703 12 21.1 97.9 5
4606 3776 597

4.41 2.23 1.00 7.64 ksi     30.15  ksi      O.K.   for Category  B

ST wb NC wb w splice

V V eM Mf
S S S− − −

 + − −+ −  γ ∆ = + +

+
= + +

= + + = <

 

6.2.7.16  Calculate Deflection and Camber 

6.2.7.16.1  Determine Stiffness of Girders 

Article 2.5.2.6.2 specifies that for composite design, the stiffness of the design cross-
section used for the determination of deflection should include the entire width of the 
roadway and the structurally continuous portions of the railing, sidewalks, and median 
barriers. Article 6.10.1.5 states that the stiffness properties of the steel section alone for 
the loads applied to noncomposite sections, the stiffness properties of the long-term 
composite section for permanent loads applied to composite sections, and the stiffness 
properties of the short-term composite section properties for transient loads shall be used 
over the entire bridge length, respectively.    

In this example, section properties of the steel section alone, the short-term section, and 
the long-term composite sections are calculated in Tables 6.2.7-15 to 6.2.7-18, and 
Tables 6.2.7-21 to 6.2.7-24.   

6.2.7.16.2  Calculate Vehicular Load Deflections 

Article 2.5.2.6.2 specifies that the maximum absolute deflection of the straight girder 
systems should be based on all design lanes loaded by HL93, including dynamic load 
allowance (Service I load combination) and all supporting components deflected equally.  

 
( )

Number of Traffic Lanes = (Deck Width - Barrier Width)/12 
= 58 2 1.75 / 12 4.54− × =

 

  Number of design traffic lanes = 4   

For this five-girder bridge, each girder will carry 0.8 design traffic lane equally.  Assume 
that the exterior girders have the same section properties as the interior girders, and use 
properties of the short-term composite sections of interior girders, as shown in Tables 
6.2.7-17 and 6.2.7-18. Vehicular live load deflections are calculated and listed in Table 
6.2.7-27. Comparisons with Article 2.5.2.6.2 requirement of the vehicular load deflection 
limit L/800 are also made in Table 6.2.7-27.  
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Table 6.2.7-27 Live Load Deflections for Interior Girder 
Span L 

(ft) 
Vehicular Load 
Deflection (in.) 

AASHTO Deflection 
Limit  L/800 (in.)  

Check 

1 110 0.211 1.650 O.K. 

2 165 0.305 2.475 O.K. 

3 125 0.468 1.875 O.K. 

6.2.7.16.3  Calculate Camber 

For a steel-concrete composite girder, camber is the curvature/deformation induced by a 
fabrication process to achieve its designed deck profile grade under full dead load and 
normal temperature.  BDM 6.11 (Caltrans, 2021b) addresses camber components and 
camber diagrams for a steel-concrete composite girder. The screed camber and web 
camber diagrams, including individual components, are required to be shown on design 
plans.  
The screed camber is the recommended amount that the screed grade must be raised 
above the designed deck profile grade for the deck pours to achieve the designed grade. 
It includes components of deck dead load, deck shrinkage, and added dead load.  
The web camber is the adjustment to the girder geometry during fabrication in a horizontal 
or no-load condition. It includes all seven camber components of, deck dead load, deck 
shrinkage, added dead load, girder dead load, vertical curve, horizontal curve, and 
additional camber.  
Deck dead load and girder dead load deflections are due to the weight of the deck slab, 
stay-in-place deck form, and steel girder, respectively. For unshored construction, it is 
assumed that all deck concrete is placed at once, and deck slab dead load and steel 
girder dead load are applied to the steel girder section alone (Tables 6.2.7-15 and 6.2.7-
21). Deck shrinkage should be taken as 10 percent of the deflection due to the deck slab 
dead load per BDM 6.11 (Caltrans 2021b).  

Added Dead Load deflection is due to the weight of the curb, railing, utilities, and future 
AC overlay. Added dead load is applied to the long-term composite section girder (Tables 
6.2.7-18 and 6.2.7-24). 
BDM 6.11 requires that the screed camber and web camber diagrams, including 
individual components for each girder, be shown on design plans.  
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Figure 6.2.7-25 shows the camber diagram of the interior girder.  

 
 
 

   

 

Figure 6.2.7-25 Camber Diagram of Interior Girder 

6.2.7.17 Identify and Designate Steel Bridge Members and 
Components  

A new term, the System Redundant Member (SRM), is introduced in the AASHTO BDS, 
8th Edition (AASHTO, 2017). It is a member traditionally designated as an FCM for which 
the redundancy is not apparent by engineering judgment but is demonstrated to have 
redundancy through a refined analysis. At the design stage, a refined analysis to identify 
SRMs is not required per STP 6.1 (Caltrans, 2019c). 

It is the bridge designer’s responsibility to identify a bridge member as a Fracture Critical 
Member (FCM), a Primary Member, or a Secondary Member in designing a new steel 
bridge and to designate or tabulate them explicitly on the contract documents (plans 
and/or special provisions). STP 6.1 (Caltrans, 2019c) provides a policy for the 
identification of steel members for steel bridges. BDM 6.1 (Caltrans, 2021c) provides 
examples for showing steel bridge member designations on the plans.   

 1/4  1/2  3/4  1/4  1/2  3/4  1/4  1/2  3/4
1. Deck Dead Load 0.31 0.30 0.03 1.01 1.67 0.94 0.27 0.75 0.68
2. Deck Shrinkage 0.03 0.03 0.00 0.11 0.19 0.11 0.03 0.08 0.07
3. Added Dead Load 0.03 0.06 0.00 0.11 0.42 0.11 0.03 0.16 0.07
4. Girder Dead Load 0.12 0.11 0.02 0.41 0.70 0.38 0.10 0.31 0.28
5. Vertical Curve 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6. Horizontal Cuirve 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7. Additional Camber 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
SC = Sum of 1+2+3 0.37 0.39 0.03 1.23 2.28 1.16 0.33 0.99 0.82
WC = Sum of 1 Through 7 0.49 0.50 0.05 1.64 2.98 1.54 0.43 1.30 1.10

Camber Components (feet)

Interior 
Girder

Span 1 Span 2 Span 3

C  Abut 1 C  Abut 3C  Bent 2

4 Equal Spaces

C  Bent 2Bent 3 Abut 4

1/4 1/2 3/4
4 Equal Spaces

1/4 1/2 3/4
4 Equal Spaces

1/4 1/2 3/4
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Figure 6.2.7-26 shows the member designations of steel girders for this bridge.  

Notes:    

 T  –  Primary Tension Member (Non-Fracture Critical) 

 C  – Primary Compression Member 

T and C zones shown extend to the middle depth of the web. 

   Figure 6.2.7-26 Member Designations 
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NOTATION 

A  = fatigue detail category constant 
ADTT  = average daily truck traffic in one direction over the design life 
ADTTSL = single lane ADTT 
Ab   =  area of the bolt corresponding to the nominal diameter (in.2) 
Ac   =  cross section area of concrete deck slab (in.2) 
Ae   =  effective area (in.2)  
Af    = sum of area of the fillers on both sides of the connected plate  (in.2) 
Ag  = gross cross section area (in.2) 
Ai  = area of the component i (in.2) 
An  = net cross section area (in.2) 
Ap  = smaller of either the connected plate area or the sum of the splice 

plate areas on both sides of the connected plate (in.2) 
As   = reinforcement area; total area of longitudinal reinforcement over the 

interior support within the effective concrete deck width  (in.2) 
Asc   = cross-sectional area of a stud shear connector (in.2) 
Ast   = cross-sectional area of a stiffener (in.2) 
Atn       =   net area along the cut carrying tension stress in block shear (in.2) 
Avg       =   gross area along the cut carrying shear stress in block shear (in.2) 
Avn       =   net area along the cut carrying shear stress in block shear (in.2) 
Aweb   = web area of effective section of a bearing stiffener (in.2) 
beff  = effective flange width (in.) 
bf  = full width of the flange (in.) 
bfc  = full width of a compression flange (in.) 
bft   = full width of a tension flange (in.) 
bt   = width of the projecting stiffener element (in.) 
C  = ratio of the shear-buckling resistance to the shear yield strength; 
Cb  = moment gradient modifier 
CD  = drag coefficient 
CG = centroid of gravity 
CGNC = centroid of gravity axis of the noncomposite steel section 
D  = web depth (in.) 
Dc  = web depth in compression at the elastic range (in.) 
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Dcp  = web depth in compression at the plastic moment (in.)  
Dp    = distance from the top of the concrete deck to the neutral axis of the 

composite sections at the plastic moment (in.)  
Dt  =   total depth of the composite section (in.) 
d  =   total depth of the steel section; nominal diameter of the bolt (in.)  
ds    =    distance from plastic neutral axis to the midthickness of the concrete 

deck used to compute the plastic moment (in.) 
dt    =    distance from plastic neutral axis to the midthickness of the tension 

flange used to compute the plastic moment (in.) 
dw    =    distance from plastic neutral axis to the middepth of the web used to 

compute the plastic moment (in.) 
do  =    transverse stiffener spacing (in.) 
DC    =    dead load of structural components and nonstructural attachments 
DC1    =    structural dead load, acting on the non-composite section 
DC2    =    nonstructural dead load, acting on the long-term composite section 
DFm    =    live load distribution factor for moments 
DFv    =    live load distribution factor for shears 
DW    =    dead load of wearing surface 
E  =   modulus of elasticity of steel (ksi)  
Ec   = modulus of elasticity of concrete (ksi) 
eg = distance between CG of the concrete deck slab and CG of 

noncomposite section (in.) 
Fcrw =   nominal bend-buckling resistance of webs (ksi)  
Fexx =    classification strength specified of the weld metal (ksi) 
Fnc    =   nominal flexural resistance of the compression flange (ksi)  
Fnc(FLB)    =   nominal flexural resistance based on compression flange local 

buckling (kip-in.) 
Fnc(LTB)    =   nominal flexural resistance based on compression flange lateral 

torsional buckling (kip-in.) 
Fnt  =    nominal flexural resistance of the tension flange (ksi) 
Fu  =    specified minimum tensile strength of steel (ksi) 
Fub  =    specified minimum tensile strength of bolt (ksi) 
Fy  =    specified minimum yield strength of steel (ksi) 
Fyc  =    specified minimum yield strength of a compression flange (ksi) 
Fyf  =   specified minimum yield strength of a flange (ksi)  
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Fyr   =    compression-flange stress at the onset of nominal yielding including 
residual stress effects, taken as the smaller of 0.7Fyc and Fyw but not 
less than 0.5Fyc (ksi) 

Fys  =    specified minimum yield strength of a stiffener (ksi) 
Fyt    =    specified minimum yield strength of a tension flange (ksi) 
Fyw   =    specified minimum yield strength of a web (ksi) 

cf ′  =   specified minimum concrete strength (ksi) 

fbu    =    flange stress calculated without consideration of the flange lateral 
bending  (ksi) 

fc =    longitudinal compressive stress in concrete deck without considering 
flange lateral bending  (ksi) 

ff    =    stress in flanges and cover plates at the service II limit state (ksi) 
fl  =  flange lateral bending stress (ksi) 
fl-WS  =  wind load induced flange lateral stress (ksi) 
fos  =  flexural stress at the inner fiber of the other flange of the smaller 

section at the point of splice concurrent with fs (positive for tension 
and negative for compression) (ksi) 

fs =    larger flexural stress due to Service II at the inner fiber of the flange 
under consideration for the smaller section at the point of splice 
(positive for tension and negative for compression) (ksi) 

fsr    =    fatigue stress range (ksi) 
G    =    gust effect factor 
h    =    depth between centerline of flanges (in.) 
I  =    moment of inertia of a cross section (in.4) 
INC  =    moment inertia of the nomcomosite steel section (in.4) 
Io  =    moment inertia of a cross section about its CG (in.4) 
ILT =  moment of inertia of the transformed long-term composite section 

(in.4) 
IST =  moment of inertia of the transformed short-term composite section 

(in.4) 
It =   moment of inertia for the transverse stiffener taken about the edge 

in contact with the web for single stiffeners and about the mid-
thickness of the web for stiffener pairs (in.4) 

Ix =   moment of inertia of the section about the x-x axis (in.4) 
Ix-x =   moment of inertia of the section about the x-x axis (in.4) 
Iy =   moment of inertia of the section about the y-y axis (in.4) 
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Iyc =   moment of inertia of the compression flange about the vertical axis 
in the plane of web (in.4) 

Iyt =    moment of inertia of the tension flange about the vertical axis in the 
plane of web (in.4) 

IM =    dynamic load allowance 
 J =    St. Venant Torsional constant  (in.4); stiffener bending rigidity 

parameter 
K =    effective length factor of a compression member 
Ka  =  surface condition factor 
Kg  =  longitudinal stiffness parameter 
Kh  =  hole size factor 
KZ  =  pressure exposure and elevation coefficient 
KZ (B) =  pressure exposure and elevation coefficient for wind exposure 

Category B 
K1  =  correction factor for source of aggregate 
k  =  shear-buckling coefficient for webs 
L  =    span length; weld length; unbraced length (ft) 
Lb  =    unbraced length of compression flange (in.) 
Lp  =    limiting unbraced length to achieve RbRhFyc (in.) 
Lr  =    limiting unbraced length to onset of nominal yielding (in.) 
Ly  =    unbraced length about y-y axis (in.) 
Lz  =    unbraced length about z-z axis (in.) 
LL  =    live load 
l  =    unbraced length (ft) 
MA =    absolute values of moment at  quarter point of the unbraced 

segment (kip-in.) 
MAD =    additional live load moment to cause yielding in either steel flange 

applied to the short-term composite section (kip-in.) 
MB =    absolute values of moment at  centerline of the unbraced segment 

(kip-in.) 
MC =    absolute values of moment at  three-quarter point of the unbraced 

segment (kip-in.) 
MDC1 =    moment due to factored permanent load DC1 (kip-in.) 
MDC2 =    moment due to factored permanent load DC2 (kip-in.) 
MDW =    moment due to factored permanent load DW (kip-in.) 
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MD1 =    moment due to factored permanent loads applied to the steel 
section alone (kip-in.) 

MD2 =    moment due to factored permanent loads such as wearing surface 
and barriers applied to the long-term composite section (kip-in.) 

Mmax =    absolute values of the maximum moments of unbraced segment 
(kip-in.) 

M(LL+IM)HL-93  = moment due to factored live load HL-93 (kip-in.) 
M(LL+IM)P15    = moment due to factored live load  P15 (kip-in.) 
Mn  =    nominal flexural resistance of the section (kip-in.) 
Mp  =    plastic moment (kip-in.) 
Mu   =    moment due to the factored loads (kip-in.) 
MWS   =    wind load induced moment (kip-in.) 
My   =    yield moment (kip-in.) 
Myc   =    yield moment with respect to the compression flange (kip-in.) 
Myt   =    yield moment with respect to the tension flange (kip-in.) 
N   =  number of cycles of stress ranges; number of bolts 
Nb  =  number of girders 
NTH =    minimum number of stress cycles corresponding to constant-

amplitude fatigue threshold, (∆F)TH 
n =    number of stress-range cycles per truck passage; modulus ratio; 

number of shear studs 
nac =    number of additional shear connectors required in the regions of 

points of permanent load contraflexure for sections that are 
noncomposite in negative-flexure regions 

P  =  total nominal shear force (kip) 
Pc   =  plastic force in the compression flange used to compute the plastic 

moment (kip) 
Pc1   =  plastic compression force in the top portion of the compression 

flange used to compute the plastic moment (kip) 
Pc2   =  plastic tension force in the bottom portion of the compression flange 

used to compute the plastic moment (kip) 
Pr    =  factored tensile resistance (kip) 
Ps   =  plastic compressive force in the concrete deck used to compute the 

plastic moment (kip)  
Pt   =  plastic force in the tension flange used to compute the plastic 

moment; minimum required bolt tension (kip) 
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Pu   =  factored  force (kip) 
Pw   =  plastic force in the web used to compute the plastic moment (kip) 
PNA   =  plastic neutral axis 
Pz    =  design wind pressure (ksf) 
p  =    fraction of truck traffic in a single lane 
Q    =  first moment of transformed short-term area of the concrete deck 

about the neutral axis of the short-term composite section (in.3) 
Qi    =  force effect 
Qn   =  nominal shear resistance of  a shear connector (kip) 
Qr   =  factored shear resistance of a shear connector (kip) 
Rb  =    web load-shedding factor 
RDC1 =    support force due to the factored permanent load DC1 (kip) 
RDC2 =    support force due to the factored permanent load DC2 (kip) 
RDW =    support force due to the factored permanent load DW (kip) 
Rh  =    hybrid factor 
R(LL+IM)HL-93  = support force due to factored live load HL-93 (kip) 
R(LL+IM)P15    = support force due to factored live load  P15 (kip) 
Rn   = nominal resistance (kip) 
Rp   = reduction factor for hole 
Rpc   = web plastification factor 
Rr  = factored resistance (kip) 
Ru   = support force due to factored loads (kip) 
(Rsb)n  =  nominal bearing resistance for the fitted end of bearing stiffeners 

(kip) 
(Rsb)r   =  factored bearing resistance for the fitted end of bearing stiffeners 

(kip) 
r   = radius of gyration (in.) 
rmin   = minimum radius of gyration (in.) 
rs   = radius of gyration about the axis normal to the plan of the buckling 

(in.) 
rt   = effective radius of gyration for lateral torsional buckling (in.)   
rx  = radius of gyration about the x-x axis (in.) 
ry  = radius of gyration about the y-y axis (in.) 
rz  = radius of gyration about the z-z axis (in.) 
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S  = girder spacing (in.); elastic section modulus (in.3) 
SLT =    elastic section modulus for long-term composite sections, 

respectively   (in.3) 
SNC =    elastic section modulus for steel section alone (in.3) 
SST =    elastic section modulus for short-term composite section (in.3) 
Sxt =    elastic section modulus about the major axis of the section to the 

tension flange taken as Myt/Fyt   (in.3) 
sr =    shear flow resistance of the weld (kip/in.) 
su =    resultant force on the weld (kip/in.) 
tf  =    thickness of the flange (in.) 
tfc  =    thickness of a compression flange (in.) 
tft  =    thickness of a tension flange (in.) 
tp  =    thickness of a projecting stiffener element (in.) 
tw  =    thickness of web; weld size (in.) 
ts  =    thickness of concrete deck slab (in.) 
Ubs  =    reduction factor for block shear rupture 
U  =    reduction factor to account for shear lag 
V  =    design 3-second gust wind speed (mph) 
Vcr  =    shear-buckling resistance (kip) 
VDC1 =    shear due to the factored permanent load DC1 (kip) 
VDC2 =    shear due to the factored permanent load DC2 (kip) 
VDW =    shear due to the factored permanent load DW (kip) 
Vf   =    factored fatigue vertical shear force range (kip) 
V(LL+IM)HL-93  = shear due to factored live load HL-93 (kip) 
V(LL+IM)P15    = shear due to factored live load  P15 (kip) 
Vn  =    nominal shear resistance (kip) 
Vp  =    plastic shear force (kip) 
Vr  =    factored shear resistance of welds (kip) 
Vsr  =    range of horizontal shear flow (kip) 
Vu  =    shear due to the factored loads (kip) 
WS =    wind load on structures 
WSbf =    wind load acting on the bottom flange (kip/ft) 
WSgirder =    wind load acting on the girder span (kip/ft) 
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WStf =    wind load acting on the top flange (kip/ft) 
yc =    distance between the  bottom flange and CG of concrete deck slab 

(in.) 
yLTb =    distance between the  bottom flange and CG of long-term composite 

sections (in.) 
yLTt =    distance between the  top flange and CG of long-term composite 

sections (in.) 
yNCb =    distance between the  bottom flange and CG of noncomposite steel 

sections (in.) 
yNCt =    distance between the  top flange and CG of noncomposite steel 

sections (in.) 
ySTb =    distance between the  bottom flange and CG of short-term composite 

sections (in.) 
ySTt =    distance between the  top flange and CG of short-term composite 

sections (in.) 
yi =    distance between component CG and the bottom of the bottom 

flange (in.) 

Y  =  distance from the plastic neutral axis to the top of the element where 
the plastic neutral axis is located (in.) 

Zr =  shear fatigue resistance of an individual shear connector (kip) 

γ =  the ratio of Af to Ap for filler plate design 

 γi   = load factor    

 λpw(Dc)   =    limiting slenderness ratio for a compact web corresponding to 2Dc/tw 

 λpw(Dcp)   =    limiting slenderness ratio for a compact web corresponding to 2Dcp/tw 

λf  =    slenderness ratio for compression flange = bfc/2tfc 

λpf  =    limiting slenderness ratio for a compact flange 

λrf  =    limiting slenderness ratio for a noncompact flange 

λrw  =    limiting slenderness ratio for a noncompact web 

γi   = load factor 

ρt  = larger of Fyw/Fcrs and 1.0 

ηD  = ductility factor 

ηi  = load modifier factor 

ηR  = redundancy factor 

ηI  = operational factor 
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(∆F)TH =    constant-amplitude fatigue threshold (ksi) 

(∆F)n =    fatigue resistance (ksi) 

φb    = resistance factor for bearing on milled surfaces 

φbb    = resistance factor for bolt bearing on material 

φbs    = resistance factor for block shear rupture 

φc  =    resistance factor for axial compression 

φe2    = resistance factor for shear in throat of weld metal in fillet weld 

φf  =    resistance factor for flexure 

φs    = resistance factor for bolts in shear 

φsc    = resistance factor for shear connector 

φu  =    resistance factor for tension, fracture in net section 

φv  =    resistance factor for shear 

φy  =    resistance factor for tension, yielding in gross section 
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