




Iy = Moment of inertia of a steel section about the vertical axis in the 
plane of its web; moment of inertia about the axis perpendicular to 
the bending axis (in4) 

Iyc = Moment of inertia of a compression flange about the vertical axis in 
the plane of the web (in4) 

1M: = Dynamic load allowance 
J = Torsional constant (in4) 
K Effective length factor in the plane of buckling 
KL/r Slenderness ratio 
k = Shear buckling coefficient; plate buckling coefficient 
L = Span length; length of a member (ft); length of a connection (in) 
Lb = Unbraced length; distance to the first brace point adjacent to a 

section required to sustain plastic rotations (in) 
LRFD = Load and resistance factor design 
I = Unbraced member length (in) 
m = Multiple presence factor 
Mmax Maximum flexural resistance (k-in) 
Mn = Nominal flexural resistance (k-in) 
Mnp = Nominal flexural resistance at an interior support (k-in) 
Mp = Plastic moment resistance (k-in) 
Mr Factored flexural resistance (k-in) 
Mu = Factored flexural �m�o�m�e�n�t�~� maximum panel moment due to factored 

loads (k-in) 
My = Yield moment resistance (k-in) 
N = Number of cycles of stress range 
n = Number of cycles per truck passage; ratio of the modulus of 

elasticity of steel to that of concrete; number of shear connectors in 
a cross-section or, the number of shear connectors required 
between the section of maximum positive moment and the adjacent 
point of 0.0 moment, or between the pier and the adjacent point of 
0.0 moment; number of bolts 

Pn Nominal resistance (kip); nominal bearing resistance; nominal 
compressive resistance 

Pnu = Nominal tensile resistance for fracture in net section (kip) 
Pny = Nominal tensile resistance for yielding in gross section (kip) 
Pr = Factored axial tensile or compressive resistance (kip) 
Pu = Factored applied axial force; direct tension or shear force per bolt 

due to factored loading (kip) 

P = Pitch of shear connectors along the longitudinal axis (in) 
Q = First moment of the transformed short-term slab area about the 

neutral axis of the short-term composite section in positive bending 
regions, or the first moment of the area of the longitudinal 
reinforcement about the neutral axis of the composite section in 
negative bending regions (in3) 

Qn = Nominal shear strength of one shear connector (kip) 
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Qr Factored resistance of shear connectors (kip) 
Rf"Rh = Flange-stress reduction factors 
Rn = Nominal resistance of bolt, connection or connected 

material (kip) or (ksi) 
Rr = Factored resistance of a bolted or welded connection at the strength 

limit state (kip) 
r = Minimum radius of gyration (in) 
rs = Radius of gyration of a structural steel shape about the plane of 

buckling (in) 
rt Minimum radius of gyration of the compression flange of a steel 

section plus one third of the web in compression, about the vertical 
axis in the plane of the web between brace points (in) 

ry = Minimum radius of gyration of a steel section with respect to the 
vertical axis in the plane of the web between brace points (in) 

S = Elastic section modulus (in3) 
t = Plate thickness (in); thickness of the compression flange (in) 
tb = Compression flange thickness (in) 
tc = Thickness offlange of member to be stiffened (in) 
tf Flange thickness (in) 
th = Thickness of concrete haunch above the top flange of the steel 

beam (in) 

tp = Thickness of a stiffener; thickness of transversely loaded plate; 
thickness of the projecting element of a stiffener (in) 

ts = Thickness of a concrete slab; thickness of a stiffener plate (in) 
tt = Thickness of the tension flange of a steel section (in) 

tw = Web thickness (in) 
Vh = Total horizontal shear force carried by shear connectors (kip) 
Vn = Nominal shear resistance (kip) 

Vp = Plastic shear capacity (kip) 

Vr = Factored shear resistance (kip) 

Vsr = Shear force range (kip) 
Vu = Shear due to factored loading (kip) 
Z = Plastic section modulus (in3) 
Zr = Shear fatigue strength of a shear connector (kip) 
"( = Load factor 
A = Normalized column slenderness factor 

11 = Load modifier based on ductility, redundancy, and importance 

<Pb = Resistance factor for bearing 

<Pbb = Resistance factor for bearing bolts on material 

<Pbc = Resistance factor for block shear 

<Pc = Resistance factor for compression 

<Pe2 = Resistance factor for weld metal in fillet welds 

<pr = Resistance factor for flexure 

~s = Resistance factor for shear in bolts 

<Psc = Resistance factor for shear connectors 
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= 

= 
= 
= 

Resistance factor for tension in high-strength bolts 
Resistance factor for fracture of tension members 
Resistance factor for shear 
Resistance factor for yielding of tension members 
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1.1 GENERAL 

CHAPTER I 

INTRODUCTION 

The use of plate girders is a common practice in bridge design. Plate girders are 

simply deep beams which have been built up with plates to achieve more efficient and 

economical sections than can be achieved with rolled sections. Plate girders usually use 

either bolted or welded connections. The most common form being designed consists of 

two flange plates welded to a relatively slender web plate. The most distinguishing 

feature of plate girders is the use of transverse stiffeners. An explanation of their purpose 

is included in the following paragraphs. Figure 1. 1 shows the basic elements of a plate 

girder. 

The advantage of using plate girders over rolled beams is the ability to change 

sections to make them more cost efficient. That is, the size and strength of the plates can 

be proportioned as shear and bending moment dictate. This is usually only economical in 

designing bridges with long spans. Typically for simple spans of 70 feet to 150 feet and 

continuous spans of 90 feet or more, plate girders are primarily used. The width and 

thickness of the flanges may be changed at desired locations. The thickness of the web is 

generally kept constant. 

A typical plate girder is subjected to both shear and bending moment. In 

Figure 1.1, panels 1 and 6, which are near the supports, carry mostly shear while panels 3 

and 4, near mid span, carry mostly bending moments. The primary function of the top 

and bottom flanges is to resist axial compressive and tensile forces which are created from 

the bending moment. The primary function of the web is to resist shear forces. It is 

common practice to use a deep slender web to save weight. A reduction in web thickness 

leads to local buckling of the web. However, there is a post buckling strength that enables 

the web to carry excess shear loads after first buckling. Common practice is to use 
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FIGURE 1.1 

BASIC ELEMENTS OF A PLATE GIRDER 
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transverse stiffeners to assist the web with these shear loads. The web and the stiffeners 

act much like a truss. The web between stiffeners, a panel, carries the tensile forces while 

the stiffeners carry the compressive forces. The truss like action is commonly known as 

tension field action. Figure 1.2 illustrates this phenomenon. 

1.2 STATEMENT OF PROBLEM 

The purpose of this project is to design the superstructure of a multi-span plate 

girder bridge using LRFD bridge specifications. The design will be composite in both 

negative and positive moment regions. The subject structure is composed of three 

continuous spans with lengths of 100, 120, and 100 feet, respectively. The roadway width 

is 44 feet and the girders are spaced at 8 feet center to center. 

1.3 SCOPE 

F or the design and analysis of bridges, stringent AASHTO specifications must be 

met. At the present time the current AASHTO specifications are being changed using 

LRFD specifications. This report will include a review of the loading criteria for the new 

specifications which are relevant to this project. The topics will include the new live load 

model, dead loads, wind loads, load combinations, and load factors. The paper also 

includes an analysis of moment and shear envelopes. Finally the design in accordance with 

the new AASHTOILRFD specifications will be presented along with drawings and 

conclusions. 
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2.1 GENERAL 

CHAPTER II 

LOADS 

The first step in designing a bridge is to determine the dimensions including span 

lengths, roadway widths, and girder spacing. A three span bridge with spans of 100'-120'-

100' is to be designed to carry interstate traffic over a relatively wide river. For this design 

the roadway width of 441-0" and the girder spacing of 8'·0" are based on a deck design by 

Professor Barker for a prestressed concrete girder bridge. The next step is to determine 

the loads which will be applied to the bridge. There are six different permanent loads and 

nineteen distinct transient loads which may be applied to the structure. However, the 

different loads can not all be combined. Certain combinations exist and these will be 

discussed in the section on load combinations. The loads which are of interest to this 

particular design are live, dead, and wind loads. Each will be discussed in a separate 

section. Load factors and dynamic load allowance will also be discussed. In each section 

a comparison will be made between the new AASHTOILRFD specifications (AASHTO, 

1993) and the current 1992 AASHTO specifications (AASHTO, 1992). For convenience 

these will be referred to, in the discussions that follow, as LRFD and AASHTO, 

respectively. 

2.2 LIVE LOADING 

The LRFD vehicular live loading is explained in Article 3.6. It consists of one of 

the following combinations: 

a. The design truck with variable axle spacing combined with the 

design lane load 

b. The design tandem combined with the design lane load 

c. For negative moment and the reaction at interior piers of 

continuous superstructures only, 90% of the effect of two design 
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trucks spaced a minimum of 50 feet between the lead axle of one 

truck and the rear axle of the other truck, combined with 90% of 

the effect of the design lane load: the distance between the 32 kip 

axles of each truck is taken as 14 feet. This is referred to as a truck 

train. 

The larger combination is the extreme force effect for which the engineer must 

design. The design truck is a three axle truck as shown in Figure 2.1. The spacing for the 

middle and rear axles should be between 14 and 30 feet to produce maximum stresses. 

An impact factor shall be applied to the shear and bending moments which the design 

truck produces. Impact is 33% when designing girders as can be seen in Table 2.1. It is 

the designer'S responsibility to investigate articles in the specifications where the spacing is 

not to be varied, such as fatigue where the spacing is to be fixed at 30 feet. It is also the 

designer's responsibility to consider situations in which modifications should be made to 

the design truck, such as overload vehicles that require special permits. 

The current AASHTO specifications include four standard classes of highway 

loading. They are H20, H 15, HS 20, and HS 15. Any of these are acceptable in design 

although the HS 20-44 loading is the minimum for bridges carrying interstate highways. 

The axle weights and spacing of the HS 20-44 truck is identical to that of the design truck 

for the LRFD specifications. It seems that the LRFD specifications have eliminated the 

other possibilities and used the minimum loading for design. Once again, the designer 

must recognize situations in which the minimum loading is not sufficient. 

An interesting difference between LRFD and AASHTO specifications is that of 

impact. The AASHTO specifications use the following formula: 

I =50/(L+125) (2.1) 
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FIGURE 2.1 STANDARD TRUCK 

(AASHTO FIGURE 3.6.1.2.2-1) 
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TABLE 2.1 

DYNAMIC LOAD ALLOWANCE 

(AASHTO TABLE 3.6.1.1.2-1) 

Component 

Deck Joints - All Limit States 

All Other Components 

• Fatigue and Fracture Limit State 

• All Other Limit States 

8 

1M 

75% 

15% 

33% 



where I is the impact and L is the length of the span in feet that is loaded. The maximum 

impact percentage was 30%. As stated earlier LRFD has simplified the impact by making 

it 33%. 

The LRFD design tandem, representing an extremely heavy axle assembly, 

consists of two 25 kip concentrated loads, 4 feet apart and placed on each lane to 

produce extreme force effects. The transverse spacing of the wheels is taken as 6 feet. 

The design tandem is illustrated in Figure 2.2. The AASHTO specifications refer to the 

tandem loading as military loading and uses two 24 kip concentrated loads at the same 

spacing. A dynamic load allowance is also applied to the tandem loading. It is also 33% 

as shown in Table 2.1. 

The LRFD train loading has been explained earlier in this section. Again, it should 

be noted that the train load is applicable for negative moment and interior reactions at 

piers only. 

The LRFD lane loading consists of a 0.64 kip/foot uniform load applied in the 

longitudinal direction. It is to be applied over a transverse width of 10 feet. No impact 

factor is applied to the lane loading. Figure 2.3 illustrates the design lane loading. The 

difference here from AASHTO specifications is that no additional concentrated loads are 

applied with the lane loading. In the case of the AASHTO specification a single 

concentrated load for shear is to be applied at the point in the loaded span to produce 

maximum stresses. For bending moments, a concentrated load is applied to all loaded 

spans to produce maximum stresses. TIns is done to facilitate truck loading with lane 

loading. In the AASHTO specifications no combination of truck or tandem and lane 

loading takes place. Each is examined on its own and the one which results in extreme 

force effects is used. 
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FIGURE 2.2 

DESIGN TANDEM 

0.64 k/ft 

FIGURE 2.3 

DESIGN LANE LOADING 
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2.3 DEAD LOADS 

Dead loads consist of the weight of the components, appurtenances, wearing 

surface, utilities, and anything else that is a permanent loading on the structure. The dead 

loads are broken up into two different loads in the specifications. DC represents the dead 

load of the structural components and attachments, and DW represents the dead load from 

the future wearing surfaces. It should be noted that when designing compositely, the 

loads must be categorized as either acting on the composite or non-composite sections. 

For this design DC was split into two different loads. Dl represents the loads of the 

superstructure which must be carried by the steel girder alone. D3 represents the loads 

applied to the composite section. D3 will represent only the load of the barriers for this 

design which are assumed to be distributed equally among the interior and exterior girders. 

Finally, D2 will represent DW. The only difference from LRFD and AASHTO is the load 

factors which are applied to the various dead loads. These load factors will be discussed 

in Section 2.4. 

2.4 WIND LOADS 

For load combinations which do not involve wind loading on the vehicles the base 

wind pressure on the structure is 50 psi This wind is applied horizontally against the 

structure to produce maximum stresses. The designation for this wind load is WS. In this 

design the wind load was used to design the cross frame bracing. 

2.5 LOAD FACTORS AND COMBINATIONS 

From LRFD Article 3.4 the total factored load is taken as: 

Q= ri2:.yq (2.2) 

where: " = load modifier based on ductility, redundancy, and importance 
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q 

y 

= 

= 

loads (live, dead, wind, etc.) 

load factors from Tables 2.2 and 2.3 

As can be seen with the Tables 2.2 and 2.3, many load combinations exist. Each 

combination represents the forces that a structure may be exposed to and must be 

examined for the specific limit state. Of importance to this project were load combinations 

involving live loads (LL) and dead loads (DC,DW). The letters DC represent the dead 

load of structural components and their attachments and DW represents the dead load of 

wearing surfaces. When examining the strength limit state, for example, the load 

combination that results in maximum force effects is desired. F or this project only 

Strength Limit State I needed to be examined because only dead loads and live loads are 

used. However, if other loads such as wind had been used then other strength limit states 

would need to be examined. The same is true of the other limit states. F or this design, 

Service I and Service II limit states and Fatigue were evaluated. The purpose of using 

load factors and load combinations is to obtain realistic extreme effects. Different loads 

will occur simultaneously and the bridge must be designed to withstand these loading 

combinations. 
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TABLE 2.2 

LOAD COMBINATIONS AND LOAD FACTORS 

DC 
DO 

(AASHTO TABLE 3.4.1-1) 

TU I TG 
CR 

LL : WA I WS I' WL 
1M '. ! 

Sr: 

0.75 

TABLE 2.3 

LOAD FACTORS FOR PERMANENT LOADS, y 

(AASHTO TABLE 3~4.1-2) 

Load Factor 

Maximum Minimum Type of Load 
I!~====================~~======~====--~I 
II ;:::C: Comocnent and ,:l.ttac:1ments 1.25 0.90 

il 00' Downcrag 1. so 0.45 

1.50 0.35 1, DW: Wearing Si.Jrfa~...;.e...;..s _an_C_' __ 'ti_lit_ie_s ---':'~ _______ -"-;I 

'J ::H: ricr:zantal:::. .r; Pressure 
• Active 1.5C 0.90 

• At-Rest 1.35 0.90 

=-/: Vertical :2rth Pressure 
• Retaining Structure 1.35 1.00 

• P,igid 8une<j Structure 1.35 0.90 

• ~L;:c P"ar7":~s 1.35 0.90 
1.7:J 0.90 

~ ,50' 0.75 
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3.1 GENERAL 

CHAPTERllI 

ANALYSIS 

In order for an engineer to design a bridge structure, an analysis of the bridge 

loading must be made. The desired result of this analysis is the shear and moment 

envelopes of the structure. The designer will use these envelopes to design the 

superstructure of the bridge. The following steps are needed to acquire the shear and 

moment envelopes: 

1. Selection of load modifiers based on ductility, redundancy, and importance. 

2. Select applicable load combinations and load factors. 

a. Strength Limit State 

b. Service Limit State 

c. Fatigue and Fracture Limit State 

3. Calculate live load force effects 

a. Select Live Loads and Number of Lanes 

b. Examine Multiple Presence 

c. Determine Dynamic Load Allowance 

d. Determine Distribution Factor for Moment 

1. Interior Beams 

2. Exterior Beams 

e. Determine Distribution Factor for Shear 

1. Interior Beams 

2. Exterior Beams 

f. Determine the Maximum Positive and Negative Values for Moment 

and Shear for the Design Truck, Design Tandem, and Design Lane 

Loading at the Tenth Points along the Spans 

g. Apply Impact to the Maximum of the Truck or Tandem Loads 

14 



h. Add Maximum of Truck or Tandem Loads to the Lane Loads 

1. Calculate the Truck Train in the Negative Moment Region 

J. Determine Total Live Load at the Tenth Points by Using the 

Maximum of either Step h or Step i 

k. Apply Distribution Factors to the Total Live Load 

4. Calculate Force Effects from Other Loads 

a. Dead Load Applied to Interior Girders 

b. Dead Load Applied to Exterior Girders 

5. Apply Appropriate Load Factors to Live Loads and Dead Loads 

6. Sum the Dead Loads and Live Loads 

7. Apply Load Modifier Calculated in Step 1 

The final values for maximum positive and negative moment and shear, at the tenth 

points, form the envelopes for which an engineer will design. A large portion of the above 

outline is taken from Appendix B of the LRFD specifications. The appendix provides a 

complete outline of the basic steps for designing a steel bridge superstructure. This 

outline was very beneficial in performing the design and analysis of this project. 

3.2 PROJECT ANALYSIS 

3.2.1 LOAD MODIFIERS 

Ductility: 

11D = 

11D = 
Redundancy: 

11R = 

11R = 

Importance: 

0.95 for Ductile Components and Connections for the 

Strength Limit State 

1.0 for All Other Limit States 

0.95 for Redundant Members for Strength Limit State 

1.00 for All Other Limit States 
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111 1.05 if Bridge is of Operational Importance and is used for 

the Strength and Extreme Event Limit States Only 

The welded plate girder is considered to be ductile. The multiple girders and 

continuity of the bridge provide redundancy. The carrying of interstate traffic makes it 

important. Therefore the load modifier for the Strength Limit State is: 

TJ= TJD X TJR X TJ[ =(0.95)(0.95)(1.05) = 0.95 (3.1) 

3.2.2 LOAD COMBINATIONS AND LOAD FACTORS 

The load combinations and load factors applicable to this design are taken from 

Tables 2.2 and 2.3. 

F or the Strength Limit State: 

Strength I u = 1.25DC + 1.50DW + 1.75(LL+rM) 

For the Service Limit State: 

Service I 

Service II 

U = l.O(DC + DW) + l.O(LL + 1M) + 0.3 WS 

U = 1.0(DC + DW) + 1.3(LL + rM) 

For the Fatigue Limit State: 

Fatigue U = 0.75(LL + rM) 

3.2.3 LIVE LOAD FORCE EFFECTS 

3.2.3.1 Number of Lanes 

(3.2) 

(3.3) 

(3.4) 

(3.5) 

The number of design lanes shall be determined by the integer portion of the 

equation w/12, where w is the clear width of roadway between barriers. 

w 44 
N =-=-~3 

L 12 12 
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TABLE 3.1 

MULTIPLE PRESENCE FACTOR Umtt 

(AASHTO TABLE 3.6.1.1.2-1) 

Number of Multiple Presence 

Loaded Lanes Factors "m" 

1 1.20 

2 1.00 

3 0.85 

>3 0.65 
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3.2.3.2 Multiple Presence 

See Table 3.1 

3.2.3.3 Dynamic Load Allowance 

From Table 2.1 use 33% 

3.2.3.4 Distribution Factors for Moment 

3.2.3.4.1 Interior Girders 

The distribution factors for live loads in Article 4.6.2.2.2b may be used if the 

following criteria are met: 

3.5~ S~16.0 

4S ~ Is ~ 12.0 

20~ L ~240 

Nb~4 

where: S 

L 

ts 

Nb 

Distribution Factors 

= 

= 

= 

= 

One Design Lane Loaded: 

Spacing of Girders (FT) 

S pan of Girders (FT) 

Depth of Concrete Slab (IN) 

Number of Girders 

mgSI = 0.5 0.12+ - - g 3 [ ( S )0.4(S)O.3( K )0.1] 
2.5 L 12Lts 

Two or More Design Lanes Loaded: 
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[ ( S )0.6(S)O.2( Kg )0.1] 
mgMI = 0.5 0.15+ - - 3 

3.0 L 12Lts 
(3.8) 

for which: 

(3.7) 

where: m = Multiple Presence Factor 

g = Distribution Factor 

Kg = Longitudinal Stiffuess Parameter 

I = Moment of inertia of beam (in4) 

n = Modular ratio between beam and deck materials 

eg = Distance between the centers of gravity of the basic 

beam and deck (in) 

The multiple presence factors are already incorporated into the equations. For 

preliminary design ( Kg 3 )is taken as unity. However, after designing the superstructure 
12Lts 

in Chapter 4 this value was changed and reevaluated for the given span. The value for Kg 

is different in the positive and negative moment regions since the section properties are 

different. 

Negative Flexural Section: 

where: A = 

I = 

57.75 in2 from Table 4.1 

37,562.9 in4 from Section 4.2.2.3 
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= 

= 

34.125 in from Section 4.2.2.3 

8 for /; equal to 4500 psi 

Positive Flexural Section: 

Kg = 8{23147 +(43.75)( 40.28)2) = 753,043 

where: A = 43.75 in2 from Table 4.1 

I = 23,147 in4 from Section 4.2.2.3 

eg = 40.28 in from Section 4.2.2.3 

n = 8 for f; equal to 4500 psi 

For the 100 Foot Spans, Negative Flexure: 

8 0.4 8 0.3 838510 

[ ( )
0.1] 

mg
Sl 

=0.5 0.12+C.5) Coo) 12(100)(8)3 =0.44 

8 0.6 8 0.2 838510 

[ ( )
0.1] 

mgMl =0.5 0.15+(3) Coo) 12(100)(8)' = 0.62 

For the 100 Foot Spans, Positive Flexure: 

8 0.4 8 0.3 753043 

[ ( )
0.1] 

mg
Sl 

= 0.5 0.12+(2.5) Coo) 12(100)(8)' = 0.44 

8 0.6 8 0.2 753043 

[ ( )
0.1] 

mgMl = 0.5 0.15+(3) Coo) 12(100)(8)' = 0.62 
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For the 120 Foot Spans, Negative Flexure: 

SI 8 0.4 8 0.3 838510 
m =05 012+ - -[ ( )

0.1] 
g . . C.5) C20) 12(120)(8)' 0.43 

M1 [ (8)O.6( 8 )O'2( 838510 )0.1] 
mg = 0.5 0.15+"3 120 12(120)(8r = 0.61 

For the 120 Foot Spans, Positive Flexure: 

SI 8 0.4 8 0.3 753043 

[ ( )
0.1] 

mg =0.5 0.12+(2.5") C20) 12(120)(8)' =0.42 

M1 8 0.6 8 0.2 753043 

[ ( )
0.1] 

mg =0.5 0.15+(3) C20) 12(120)(8)' = 0.60 

Because there is little difference between the maximum values, use a distribution 

factor of 0.62 for moment for interior girders for both spans. 

3.2.3.4.2 Exterior Girders 

The distribution factors for live loads in Article 4.6.2.2.2d may be used if the 

following criteria are met: 

-1.0 ~de ~ 5.5 
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where: de = distance between exterior beam and the 

interior edge barrier (FT) 

Distribution Factors 

One Design Lane Loaded: (independent of span) 

Use the Lever Rule to determine mgSI, where m = 1.2 . 

. Hinge 

I 
8'-0" 

R 

LMHinge = 0 P = 2w 

R = W(l + 2.0) = 1.25w = 0.625P 
8.0 

mgSI = 1.2 x 0.625 = 0.75 

Two or More Design Lanes Loaded: 

MI mg =e xgint 

e= 7+tL ~1.0 
9.1 

7+2 
e = --= 0.98 ~ 1.0 therefore use 1.0 

9.1 
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g = 1.0 x 0.62 = 0.62 

mgMI =0.62 

Use distribution factor of 0.75 for moment for all exterior girders 

3.2.3.5 Distribution Factors for Shear 

3.2.3.5.1 Interior Girders 

The distribution factors for live loads in Article 4.6.2.2.3a may be used if the 

following criteria are met: 

3.5~ S ~ 16.0 

20~ L ~240 

4.5 ~ Is ~ 12.0 

10, 000 ~ Kg ~ 7,000,000 

Nb~4 

Distribution Factors 

One Design Lane Loaded: (independent of span) 

mg
Sl 

= ( 0.36 + :5) 

mgSl = (0.36+ ;5)= 0.68 

Two or More Design Lanes Loaded: 

23 

(3.9) 

(3.10) 



Use distribution factor of 0.82 for shear for interior girders. 

3.2.3.5.2 Exterior Girders 

The distribution factors for live loads in Article 4.6.2.2.3b may be used if the 

following criteria are met: 

-1. 0 ::; de ::; 5.5 

Distribution Factors 

One Design Lane Loaded: 

Use the Lever Rule as before, therefore mgSl = 0.75 

Two or More Design Lanes Loaded: 

Ml_ 
mg - e x ginterior 

e= 6+tL = 6+2 =0.8 
10 10 

g = 0.8 x 0.82 = 0.66 

mgMl =0.66 

(3.11) 

Therefore, use distribution factor of 0.75 for shear for exterior girders 
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3,2.3.6 Maximum Moment and Shear Values due to Live Load 

The next step in the process is to detennine the maximum positive and negative 

values for moment and shear for the design truck, design tandem, and the design lane 

loading. These values will be calculated at the tenth points along the spans. Tables have 

been created for these values. Professor Jay Puckett generated the values for a 1001-120'-

100' continuous bridge and Tables 3.2, 3.3., and 3.4 summarize his results (Class Notes 

CE 5484). The values in the chart were checked using influence lines at important 

locations, such as points of maximum moment and shear. An example of the moment 

and shear checks are shown below. The influence ordinates were taken from Table 3.5 

which was also created by Professor Puckett. When using the Influence functions table it 

is important to recognize the notes at the bottom. 

M(205) = Moment at mid span of the 120 foot span 

Ie Span 1 I, Span 2 I, Span 3 Ic 
1 'I 't '1 Influence Line M(205} 

Area Span 1 = (-0.02232)(100)2 = -223. 2ft 2 

Area Span 2 = (0.10286)(100Y = 1028. 6ft 2 

Area Span 3 = (-o.02232)(IOOY = -223. 2ft 2 

Design Truck: Maximum moment occurs when the design truck is placed as 

follows on the 1201 span. Using a spacing of 141 between the 

32 k axle loads results in the maximum moment. 
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TABLE 3.2 

MOMENTS DUE TO LIVE LOAD 

(Moments) (100. 120. 100 ttl t Po", .. o Momoo. ft ki", Negative Moment. ft kiQS 
I Location Truck Tandem EE Truck ... Tandem er.tlcal [TruCk Tandem ILane Train Truck ... 

T'~~ i I Lane Lane M ... Lane Lal" 
111Oi5I. 0.0 00 0.0 nla 00 00 00 00 0.0 0.0 nla O. o 0.0 O. 
1 10111 5488 4254 259.4 nla 808.2 684.8 8082 -72.4 -51.8 -4g.4 nla -121.8 -101.2 -121.8 

.021 925.6 728.6 454.8 nia 1380.4 1183.4 1380.4 -144.6 -103,4 -98.S nla -243,4 -%02.2 -243.4 
I 

103 1142.0 914.4 586.4 nla 1728,4 1500.8 1728.4 -217.0 -155.2 -148.2 nla -365.2 -303.4 -365.41 i 

I, 
104 1236.8 990.4 653.8 nla 1890.13 1644.2 1890.6 -289.2 -206.8 -197.4 nla -488.6 -404.2 -488.6 
105 1212'4 9736 657.2 nla 1869.6 1630.8 1889.6 -361.6 -258.6 -246.8 nla -608.4 -505.4 -608.4 

II 

106 1090.2 8770 596.6 nla 1686.8 14nS 1686.8 -433.6 -310.4 -296. nla -730.0 -606.6 -730.0 
107 857.4 706.6 472.0 nla 1329.4 1178.6 1329.4 -506.0 -362.0 -345. nla -851.6 -107.6 -851.6 
108 1 542.8 481.0 283.4 nla 8262 764.4 826.2 -578.4 -413.8 -395. nla -973,4 -8088 -97 3.4 
109 169.4 221.8 136.8 nla 306.2 358.6 356.6j -650.6 -465.4 -550. nla -1200.8 -"156 -12"08 

i~ 1786 128.6 107.21 nla 285.8 235.8 285.8 -723.0 -517.2 -886.6IH'3~:60 -1609.6 -1403.8 ... .J,.25.,.t,e 
200 1786 1286 1072 n/a 285.8 235.8 285~ -723.0 -5172 -888:~r \310,,, .. • -1609.6 -1103.8 J;l-S(t.J 
201 222.4 261.2 1112 n/a 333.6 372.4 372.4 -5714 -411.6 -476. n/a -10474 -aS7.6 -1047.4 
202 632.4 548.6 2520 n/a 884 4 800.6 8844

1 

-488.0 -351.6 -294.2 n/a -782.2 -i45.8 -7822 
203 953.6 777 6 474.0 n/a 1427.6 1251.6 1427.6 -404.6 -291.6 -285.6 n/a -690.2 -5772 -6902 
204 11512 9228 6122 n/a 1763.4 1535.0 1753.41 -321.4 -231.6 -285,6 nla -607.0 -5172 -6070 
205 1206.8 969.0 658.4 nla 1865.2 1627.4 1865.2 -238.0 -171.5 -285.5 nla -523.6 -<\572 -5:!3.6 
206 1151.2 922.8 612.2 nla 1763.4 1535.0 1763.4! -321.4 -231.6 -285.6 nla -607.0 -5172 -607.0 
207, 953.6 777.6 474.0 o/a 1427.6 1251.6 

•• 
276

1 
-404.6 -291.6 -285.6 nla -690.2 -577.2 -690.2 

2081 632.4 548.6 25~~ nla 8844 800.6 884.4 -468.0 -351.6 -294.2 nla -782.2 -645.8 -782.2 
209 222.4 261.2 111 nla 333.6 372.4 37;:4 -571.4 -411.6 -47~:~ nla -1047.4 -987.6 -1~l; 210 1786 128.6 107. o/a 285.8 235.8 285.8 ·723.0 -517.2 -886 '-1",(:6'.0 -1609.6 -1403.8 -..2J. 
300 1786 1286 107.2 nla 285.8 235.8 285.8/ -723.0 -517.2 -8S6.6 -13b),/b' -1609.6 -l.of03.8 -~J.S':l,;;J 
301 169.4 221.8 1368 n/a 306.2 3586 358.6 -650.5 -4654 -550.2 n/a -1200.8 -1Q15.6 -1200.8 
302 542.8 481.0 2834

1 

n/a 826.2 764.4 826.2 -578.4 -413.8 -3950 nla -9734 -to88 -973.4 
303 8574 706.6 4720 nia 1329.4 1178.6 1329.4 -506.0 -362.0 -345.6 nla -851.6 -107.6 -851.6 
304 10902 8770 5966 ola 15868 1473.6 168E.8 -433.8 -310.4 -296.2 n/a -730.0 -e06.6 -730.0 
205 12124 9736 6572 Iliill 18696 1630.8 lB6!;' G ·361.6 ·2586 -246.8 n/a -60B.4 -5054 -6084 
306 12368 9904 6538 nla 18906 16442 189CJil -289.2 -206.8 -197.4 n/e -486.6 -4042 ·4866 
307 11420 914.4 586.4 ilia 1728.4 1500.8 1721:"; -217.0 -1552 -14B.2 ola -365.2 -303.4 -365.2 
308 925.6 7286 454.8 nla 1380.4 1183.4 138C.41 -144.6 -103.4 -98.8 n/a -243.4 -202.2 -243.4 

309 548.8 425.4 259.4 nla 808.2 684.8 8oe~1 -72.4 -51.8 '49~ nla -121.8 -101.2 -121 a 
310 0.0 0.0 0.0 nla 0.0 0,0 C. 0.0 0.0 O. nla 0.0 00 Oc.O 
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TABLE 3.3 

SHEAR DUE TO LIVE LOAD 

(Shears) (100, 12;), 100 ttl 

l!-_._"""T'""" __ -.....P.-,;O:..;:S.-,;it;..;,IV.;;;.c....;S:....h_e.;;;.ar_k.-'-~s::.--__ .--__ ....--__ .+_ Negative Shear, kl)5 -,]1 
LocatIOn i TrUCk Tandem Lane T~ndem Cntlcal ,.'ruck Tandem Lane Tram Truck + Tanrlem Coheal I 

~e V+ Lane Lane V- I 

100 63.6 48.8 29." n1a 928 78.0 92~1 -72 -52 -50 nfa -122 -10,2 -1221! 
101 S48 42.6 23 .. 4 nfa 78.2 660 78.2 1j 72 -52 -54 nfa -12.6 ·10.6 -'126

11 

102 462 364 182 nfa 64.4 54.6 64 ~I -102 -11 2 -6.6 nfa -16.8 -178 -17 81 

103, 38.0 304 13.8 nfa 518 442 51.311 -182 -172 -86 1 nfa -268 -258 -268!1 
1041 302 248 100 nfa 40.2 348 40 21 -26.8 -23 a -11.4' nfa -382 344 -382

1 

1051 22.81 19.4 70 n/a 29,8 26.4 29 31 -35.0 -286 -143 nfa -498 -434 ... '9.B

I 

1061 160 144 4.6 nfa 20.6 19.0 20.,11 -43.0 -338 -19 a nfa -62.0 -52.8 -li20 

107! 1001 9.8 3.0 nfa 130 128 13 )t! -50.2 -384 -238 nfa -740 -62.2 -740 
1081 50 58 18 nfa 6 B 76 7 "Ii -56 B -42.8 -292 n/a ·86,0 ·72.0 .. 360 1 
109 18 2.2 12 nfa 3.0 34 3~il -626 ·464 -350 nfa -976

1 

81.4 -~761 
110 1 8 12 t 0 nfa 28 2.2 2 ~' ·672 ·49.2 ·406 nfa -107.8 89.8 -10781 r=~~==~#===~t~==~====~====~~~i 
200 672 492 42.2 nla 1094 914 109~1 ·7.0 -5.0 -42 n/a ·112 ·9.2 ·112 
201 61 4 456 354 nfa 96 8 81.0 9631j .70 -SO ·44 n/a -11.4 -94 ·11 4 
202 542 41.0 28.6 n/a 82.8 696 82~:1 -70 .74 ·5.4 n/a ·124 ·12.8 ·128 
203 462 35.6 226 o/a 688 582 683!i -13.6 ·12.6 ·70 n/a -20.6 -19.6 -20.6 
204 378 30 a 17 4 n/a 552 474 55211 ·21 2 -182 ·9.6 nfa -308 -278 -30.8 
205 294 240 13.0 nla 424 370 424;1 -294 -240 ·130 n~~l ·42.4 ·37.0 -42.4 
206 212 182 96 n/a 308 278 303!.1 -378 -30.0 ·,74 11'd ·55.2 ·47,4 ·55.2 
207 136 126 70 n/a 20.6 196 20 3; -46.2 ·35.6 -22.6 n/a -65.8 -58.2 ·68.6 

208 70 74 5.4 nla 124 12.8 123!1 -54.2 -41.0 -28.6 nfa -82.8 -696 -8
96

2(8)'1' 
2091 7 0 i 5 0 4.4 n/a 114 9.4 11 ~j -61.4 -456 -354 n/a -96 8 ·81.0 -
2101 70 50 42 nfa 11 2 9.2 11 21 ·672 ·49.2 ·422 nfa -109.4 -91.4 -109.4

1 

300 672 492 40.6 nfa 107.8 89.8 1073i ·18 -1.2 -10\ nta -2.8 -2.2 -281! 
301 626 464 350 nta 976 81 4 97.5: ·1 8 ·22 -12 nfa -30 ·3.4 _3.::

1 

302 568 428 29.2 n/a 86.0 720 86J: -50 ·58 -'1.8 n/a ·t.8 -7.6 .7t: 
303 50 2 384 238 nta 74.0 62.2 740; ·10.0 -98 -3.0 n/a -13 0 ·128 ·13 C 
304[ 430' 338 19 a nla 62.0 52.8 62 o:i ·160 .144 -4.6 nta ·206 ·190 -206 
lc)5j' '1<;oi IS 148 Il/ii 498 434 4ygi -228 194 -70 Tli31 ·298 -26<1 ,296, 

I 30EII 26 8 i ~~ ~I 11 4 nta 382 344 382:: ·302 ·248 ·100 nla ·402 -348 40,j I ::07il 182 II':' 6 ilia 268 258 268 1 ,38.0 -304 ·138 n/a -518 .442 518j; 

1~====~=~=·~~1====1;=2;~1==~1~~~~~1==~~~~~1====~~~~':~==~=~~:~~~=~=~.~~~==i~~~.~~~i·= ==~6=:~~.=~~=~=:~~=:~~~~1~~~·~26==~~;~'~~li==~~~~~~·~~==~6=::~~o~I~:~1 
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TABLEl.4 

REACTIONS DUE TO LIVE LOAD 

(R~actions) ·10e. t20. 10:) ft) 

P(·sitive Reaction. k.ips Negative Reaction. kips 
Location Truck Tandem lane Train Truck + Tandem Critical iTruck Tandem ILane Train TrucK + Tandem Critical 

Lane lane R+ lane lane R-

100.0 636 48.8 29.2 nla 92.8 78.0 92.8 -7.2 -5.2 -5.0 nla -12.2 -10.2 -12.2 
110/200 71.0 50.0 83.4 160.4 154.4 133.4 16C.4 -8.8 -6.2 -5.2 n/a -14.0 -11.4 -14.0 
210/300 71.0 50.0 83.4 1504 154.4 133.4 160.4 -S.8 -6.2 -5.2 nla -14.0 -11.4 -14.0 

310.0 63.6 48.8 29.2 n/a 92.8 78.0 92.8 -7.2 -5.2 -5.0 n/a -12.2 -10.2 -12.2 
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TABLE 3.5 

INFLUENCE COEFFICIENTS 

Mf2001 MI2051 VflOOl Vll041 Vl110) Vl2001 

f) 0C0X1 :> ~ t CXXXXl O'~ O. !l.~ 
~0243 a ~.C<:J83.Il 087~ ~. 1243' .:J.1243t\ O,0257~ 0.0257 

1.10i 144 .1.Q47" !I .o.C17~., 1).7~ ~.247' .0.24714 O.osooa o.05(XXj 

'J.15319 ';)0243~ 05329~ ~.3679 .oJ61~ 0.071~ a.or I a.:; 
,).20700 ~.C82sa ~.CJOO:.l J.517sq 0.S~7sq .09 0.08750 J.0875q 

'J. !631~ ~).092"'~ .).~ :J.4079~ O.4079a .0'3 O.097~ O.097~ 
'001 ).12229 -vQ94~ ~.QJ.4~ 0.30571i 0305711 ~594 C.100Qq O.l~ 
,e?i lQ84~ ~087'Y.:1 ;) 0311\71 0212."44/ 0.2123-41~. O.0929n 0.09291 

losl ~.OSI7;1 .;).07e7'1 ~.0257;i 0,'29~ O"29~ -:;8707'1 O.07soct O.07'5OQ 

1~ ______ ~'09_ .. ===--.C=~~2~11~ __ ~~.C~4_1~~~. ___ ~~.O~IS_zn~ __ ~==~ ___ o~.~~~I+I ___ ~~·~.~~1~~~ __ ~O~.~~53~t __ ~ 
"O:lf 2OO~oco:x1 ·:uxxx:a :).()(')C(Xj O. 1.000CXl oooocx:l 

~,I .)020371 .;).0%" 0.02529 .).0509lj .0.05091 0.92700 ~.07300 
202; ,)(,3.1J.lI ,)08::': 0.05829 .J083311 ')C83311 ·108331 0.8.3600 .Jl~l 
2""......:!~ -J 33996 -J::J9'o::J C09SOO -vJ)999() -J.rmgQ -v~ O.7315a -J 2585Ci 

.).:c;;..::~ 0.;474.,) -).103371 oj 1033~ ~1033n O.61ecd -).382OCl1 

:-cal 
2C91 

PO's ..vea Soan 11 

Neg. Area Soan ~I 
"os. Area Soan ;;; , 

. Area Soan;J 

. Area Soan j 

Total Pos . ..ve~t 

'iotai Neo .J.Je~i 

Usage 

t 
!\jet Areal 

-JOJzrl 

·);::2~ 

·;015051 

-: 007411 

::.Q1O~ 

J.ol004i 
1 

~~ 
J.007311 

:.0051':< 

J.OO26S 

J.ro:x:xl 

J.071~ 

.;J~J .:]<.'964.1 ~.~ .l~ Osco:xl Jsro:ril 
-I I i 

-):8'- :~7~3 .:; 0811 .)0811 ,)08177\ J.38200 J.::.a200i 

-}J€;;:") J.C99'..Q .<J0621d ..J06219 -v0621~ Q26S5CC J . .2685Gi 
.J.04C": J.05329 .;).040111 ..J C401 11' -o.04011[ O.l~ ~. ;54OCi 

·)OI~..s· ').02529 ")01851/ ':JOl851 .. )01851 o.oncd :;C73oo! 

:).011~5 .J.015271 O.0114~ -O,~53 -o.()'w'SJi 

J.Olg~ .)0257~1 ~.o7scd -J.0i5001 

·J.0257'I 

J.02S!'1 

J.022,5.J 

.')018'<:3 

J.0167~ 

.J. !3853 

-0.031 ~ -0.092971 -V.0929~1 
.JQ.3.:~ -o.l~ .'1 'cxxx.:! 

~.:: ~::~ i'::I' 
.J.oZ~37t -o.071cJ ,,).071~ 

) lC2S€1 

.;)c.;~ 

)378211 

o.roxq 
~.0771J 
O.OI67~ 

O~ 
O.Ol67~ 
-v.~ 

~.osocq ·jC5OOJ1 

-0.0257$ -o.0257!! 
I 

O.!XXXXl 'lC<XlOO 

o.~ 
O.OOOCXl 

o,~ 

-o.0651d 

O.6COOCl 

',4ulliPty !l'Itlue~ce Or::,-.l:es Dy lengm 01 SOail 1 tor Moment 

Mult'OIIi Areas OV "e!';-:" ::1 Span:'c for Moment 

MultlOly Areas Oy le!'~ :It Soan ' 'or Shear 

"-loles' 

Ate. Mf2051 + 'or Soan ;; s 0.1030, :1.;052. iI.Nl C.1029 for trapezoidal. Simpson s ana exact ;meqranon, resoec::uvety, 

~·eas '. '2051· ana '.':;:::5' 'Of Soan::' were comouted Ov Simoson s lnleqrauon 
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32k 32k 8k 

(LS 111 ~} 
~ 1<4\;-4\ ~ 46' 46· L , ., " ., ., 

MN = [(32)( 0.20357 + 0.13036) +(8)(0.13936)]100 

MN = 1208.8kjt which compares with the value of 1206.8 kft in Table 3.2 

Design Tandem: Maximum moment occurs when the design tandem loading 

is placed on the 120 foot span as foHows. 

25k 25k 

( ~~~ -ss-,_.....I:'--}'&"L, -6-0'-~~ J 
, ., 1r , 

MN = [25(0.20357 +0.18486)]100 

MN = 971.1kft which compares with the value of969 kft in Table 3.2 

Design Lane Loading: Maximum moment values occur when the 0.64 klft uniform 

load is applied to the center span. The area under the 

influence line is 1028.6ft2 for the center span. 

( 

O.64k/ ft) 
k.li------\k ......... ~ _~"__Jl ______ .L --.,1 --::III;! 

120' L , 

MN = (0.64)(1028.6) 

MN = 658.3kft which compares with the value of 658.4 kft in Table 3.2 
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V(205) = Shear at mid span of the 120 foot span 

L. Span 1 I. Span 2 L Span 3 l-
t 'I '1 '1 Influence Line for V(205) 

Area Span 1 = (0.06510)(100) = 6.51/t 2 

Positive Area Span 2 = (0.1365)(100) = 13.65ft2 

Negative Area Span 2 = (-0.1365)(100) = -13.6Sft2 

Area Span 3 = (-0.06510)(100) = -6.51ft2 

Design Truck: Maximum shear occurs when the design truck is place as follows 

on the 120' span. Using a spacing of 14 feet between the 32k 

axles results in maximum shear values. 

32k 32k 8k 

( .£SO 
111 ~) 

Ie 60' ~14' Ie 14\ 32' L 
"1 '1 'I '1 , 

V M4X = 32(0.5 + 0.3631) + 8(.23367) 

V M4X = 29.5k which compares with the value of29.4 k from Table 3.3 

Design Tandem: Maximum shear occurs when the design tandem loading is 

placed on the 120 foot span as follows. 
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25k 25k 

(6 ~~ ~) 
56' ~4\ 60' I. L , , '1 , 

VMAX =25(0.5+0.461) 

V MAX = 24k which compares with the value of24 k from Table 3.3 

Design Lane Loading: Maximum shear values occur when the 0.64 klft unifbrm 

load is applied to the first span and the right half of the 

center span (see influence line). The area under the 

influence line is 20.16 ft 2 for the center span. 

L. 100 I Ie 60 I L 60' I. 100' L 
'( 1 '1 if '1 

V MAX = (0.64)( 6.51 + 13.65) 

V MAX = 12.9k which compares with the value of 13 k from Table 3.3 

The maximum positive and negative moments and shears due to live load are 

tabulated in Table 3.6 and Table 3.13, respectively. 

3.2.3.7 Application of Impact Factor to Trucklfandem Load 

Apply an impact factor of 33%, from Table 2.1, to the maximum of the truck or 

tandem loads. 
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3.2.3.8 Summation of Truckffandem Load and Lane Load 

The next step is to add the truck or tandem loads, which have been multiplied by 

an impact factor, and the lane loads. This is referred to as "Critical LL+IM" in Table 3.6 

and Table 3 .13 for moment and shear, respectively. 

3.2.3.9 Truck Train in Negative Moment Region 

The truck train is referred to in Section 2.2 for the live loading. It is applicable in 

the negative moment regions and for the reactions at the interior supports of continuous 

superstructures. The truck train is composed of 90% of the effect of two design trucks 

spaced a minimum of 50 feet between the rear axle of one and the front axle of the other, 

combined with 90% of the design lane loading. The spacing between the 32 kip axles on 

each truck is taken as 14 feet. It should be noted that the impact factor of 33% is only 

applied to the combined truck load. The following demonstrates the derivation of the 

values for the truck train in Table 3.6. 

8K 32K 32K 8K 32K 32K 

100' 120' 100' L 
1 

M(200) Truck Train 

MN = [32( 0.09429 + 0.08824 + 0.10337 +0.09713) + 8( 0.0808 + 0.09398)]100 

MN = M Trucks = 1365.6kft 

MLan4 = 886.5/ift from Table 3.6 
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1.33MT11Icb = 1.33(1365.6) = 1816.2kft 

O.9MT11Icks +0.9MLane = 0.9(1816.2) +0.9(886.5) = 2432.5kft 

3.2.3.10 Total Live Load 

The total live load at the tenth points is detennined by using the maximum of either 

Section 3.2.3.8 or Section 3.2.3.2. Section 3.2.3.9 is only maximum for negative moment 

over the support. This section is referred to as "Critical LL+IM" in Tables 3.6 and 3.13 

for moment and shear, respectively. 

3.2.3.11 Application or Distribution Factors 

The final step for the live loads is to apply the distribution factors which were 

calculated in Section 3.2.3.4 and Section 3.2.3.5. These values are also tabulated in 

Tables 3.7 and 3.14 for moment and shear, respectively. 

3.2.4 FORCE EFFECTS FROM OTHER LOADS 

Calculating the force effects from other loads must also be performed. F or this 

design only dead loads are considered. Dead load applied both interior and exterior beams 

must be examined. Initially, it is helpful to use a uniform load of unity to obtain the basic 

shear and moment diagrams for the structure. The moment and shear diagrams for the 

actual dead loads are simply multiples of these values. Moment distribution is the simplest 

method of obtaining the shear and moment diagrams. An illustration follows: 

l , 
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FEMAB = -FEMBA = (l~}l.O)(IOOY = 833.33kft 

FEMBC = (1~}l.O)(120Y = 1200kft 

K =(3EI)=(3EI)=O.03EI 
BA LIDO 

Sum = 0.063EI 

1 

DF. = 0.03 = 0.47 
BA 0.063 

DF. = 0.033 = 0.53 
Be 0.063 

Moment Distribution 

0.47 0.53 

833.33 -833.33 1200 

-833.33 -416.67 
23.5 26.5 

-13.25 

6.23 7.02 

-3.51 
1.65 1.86 

~0.93 

0.44 0.49 

-1218.2 1218.2 

0.53 

-1200 

-26.5 

13.25 

-7.02 

3.51 
-1.86 

0.93 

-0.49 

-1218.2 
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0.47 1 

833.33 -833.33 

416.67 833.33 

-23.5 

-6.23 

-1.65 

-0.44 

1218.2 

OF 

FE M 

Bal ance 

stribution 
rry Over 

Oi 
Ca 

0 

CO 
D 

CO 

0 

SU M 



Shear 

1 klft 1218.2 kft 1 klft 

~ I J; I I f) ( j I I I I l J 1218.2kft 100' 120' 

37.SJ2k e2.1e~ 60k 60k 

Moment 

1 klft 1 klft 

~) 1.1(104) 1218.2 kft( ~) 1.1(205) 

37.82k 60k 

M(104) ~ (37.82)(40)-G)1.0)(40Y = 712.8kft 

M(205) ~ (60)( 60) -G )1.0)( 60)' -1218.2 ~ 581.8kft 

Calculate the effective span lengt~ which is defined as the distance between points 

of permanent load inflection for continuous spans: 

37.82k x = leff =Effective Span Length 

M = 0 = 37.82X-G)(I.0)x
2 
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£ill.x

klft 

" 
1218.2 kft ~ ) 

60k ·x = lelf = Effective Span Length 

x2 

M = 0= 60x---121S.2 
2 

x2 -120x + 1218.2 = 0 

x = 1l.2/1, 10S.Sft 

[elf = 10S.S -11.2 = 97. 6ft 

Points of inflection are points where zero moment occurs. The points of inflection 

due to dead load are important because it is at these locations that the flange plate 

transitions occur. The shear and moment values for the uniform unit load were calculated 

at the tenth points and tabulated in Tables 3.S and 3.15 for moment and shear, 

respectively. The next step is to simply calculate actual dead loads for the interior and 

exterior girders. 

3.2.4.1 Dead Loads for Interior Girders 

Compute the dead loads for the interior girders. For interior girders, three 

separate dead loads must be calculated. The first is the dead load of the structural 

components and their attachments, D 1, acting on the non-composite section. The second 

type of dead load is D2 which represents the future wearing surface. The third load is 

caused by the barriers, D3. F or this design it was assumed that the barrier loads were 

distributed equally among the interior and exterior girders. The initial cross-section 

consists of a 3/S" x 58" web and 1 114" x 16" top and bottom flanges. These values were 

chosen assuming the actual section would be composed of smaller plates in both the 

positive and negative moment regions, thus making the loads these plates contribute 
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conservative. The girder spacing is 8f-0", a 2IJx12" average concrete haunch at each 

girder is used to accommodate for camber and un shored construction is assumed. The 

density of the concrete and steel are taken as 150 pcf and 490 pcf, respectively. 

Dl = DC = Slab + Haunch + Plates 

Dl = (1~)8 0)(0.15) +( 1~)O.l5)(1)+G)58)( 1~4) 0.49) 

+(2)(1.25)(16)(_1_)(0.49) = l.035k 1ft 
144 

The density of the 3" bituminous future wearing surface (FWS) is taken as 140 pcf 

D2 = C~}0.14)(8.0) = 0.28k / ft 

The load caused by the two barriers is divided equally among the four interior and 

two exterior girders. Each barrier provides a load of 0.32 klft. 

D3 = 2(0.32) = 0.107k 1ft 
6 

Multiplying these unifonn loads by the values for unit uniform loading, the shear 

and moment values in Tables 3.8 and 3.15 for moment and shear, respectively, are 

obtained. 
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3.2.4.2 Dead Loads for Exterior Girders 

Computing the loads for the exterior girders was based on tributary areas. This 

approach gives smaller loads on an exterior girder than from a consideration of the deck as 

a continuous beam with an overhang and finding the reaction at the exterior support. 

DI = Overhang + Slab + Girder 

DI = 0.366+0.400+0.235 = I.OOk / ft 

D2 = FWS U2)O.14)(6.0) = O.21k / ft 

D3 = Ba"iers= 0.107k / jt 

Multiplying these uniform loads by the values for unit uniform loading, the shear 

and moment values in Tables 3.8 and 3.15 for moment and shear, respectively, are 

obtained. 

3.2.5 LOAD FACTORS 

The next step in the analysis process is to apply the approptiate load factors to the 

dead and live loads for the desired limit state. The load factors for the limit state Strength 

I are as follows: 

For Dl the Load Factor is 1.25 

For D2 the Load Factor is 1.50 

For D3 the Load Factor is 1.25 

For LL+IM the Load Factor is 1.75 

39 



The results from applying the load factors for moment are summarized in Tables 

3.9 and 3.10 for the interior and exterior girders, respectively. The results from applying 

the load factors for shear are summarized in Tables 3.16 and 3.17 for the interior and 

exterior girders, respectively. 

3.2.6 SUMMATION OF LOADS 

The next step is to sum the dead and live loads based on the applicable load 

combinations. The strength limit state combination is used for the tables. 

3.2.7 APPLICATION OF LOAD MODIFIER 

Finally, the final step in the analysis process is to apply the load modifier of 0.95 

which was calculated in Section 3.2.1. The maximum values for moment are tabulated in 

Tables 3.11 and 3.12 for the interior and exterior girders, respectively. The maximum 

values for shear are tabulated in Tables 3.18 and 3.19 for the interior and exterior girders, 

respectively. Final evaluation shows that the exterior girder controls for moment and the 

interior girder controls for shear. The moment envelope in Figure 3.1 is created from the 

values in Table 3.12 for the exterior girder. The shear envelope in Figure 3.2 is created 

from the values in Table 3.18 for the interior girder. The values from these tables are the 

values for which the following design is based. 
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TABLE 3.6 

MOMENT VALUES 100'-120'-100' 

UNFACTORED LIVE LOAD 

MOMENT VALUES 100-120-100 

UNFACTORED LIVE LOAD 

+--------+-------------------------+--------------------------------------+ 
LOCATION I POSITIVE MOMENT, KFT INEGATIVE MOMENT, KFT I 

FROM 
LEFT 
FEET 

+--------+-------+--------+--------+--------+---------+----------+ 
TRUCK/ 
TANDEM 

LANE 
CRITICAL CRITICAL 

LL+IM TRUCK/ LANE LL + 1M 
IM=0.33 TANDEM TRAIN IM = 0.33 

+--------+--------+-------+--------+--------+--------+---------+----------+ 
0.00 0.00 0.00 0.00 0.00 0.00 N/A 0.00 

10.00 548.80 259.40 989.30 -72.40 -49.40 N/A -145.69 
20.00 925.60 454.80 1685.85 -144.60 -98.80 N/A -291.12 
30.00 1142.00 586.40 2105.26 -217.00 -148.20 N/A -436.81 
37.82 1216.10 639.10 2256.51 -273.50 -186.70 N/A -550.46 
40.00 1236.80 653.80 2298.74 -289.20 -197.40 N/A -582.04 
50.00 1212.40 657.20 2269.69 -361.60 -246.80 N/A -727.73 
60.00 1090.20 596.60 2046.57 -433.80 -296.20 N/A -873.15 
70.00 857.40 472.00 1612.34 -506.00 -345.60 N/A -1018.58 
80.00 542.80 283.40 1005.32 -578.40 -395.00 N/A -1164.27 
90.00 221.80 136.80 431.79 -650.60 -550.20 N/A -1415.50 

100.00 178.60 107.20 344.74 -723.00 -886.60 -1365.60 -2432.50 
100.00 178.60 107.20 344.74 -723.00 -886.60 -1365.60 -2432.50 
112.00 261.20 111.20 458.60 -571.40 -476.00 N/A -1235.96 
124.00 632.40 252.00 1093.09 -488.00 -294.20 N/A -943.24 
136.00 953.60 474.00 1742.29 -404.60 -285.60 N/A -823.72 
148.00 1151.20 612.20 2143.30 -321.40 -285.60 N/A -713.06 
160.00 1206.80 658.40 2263.44 -238.00 -285.60 N/A -602.14 
172.00 1151.20 612.20 2143.30 -321.40 -285.60 N/A -713.06 
184.00 953.60 474.00 1742.29 -404.60 -285.60 N/A -823.72 
196.00 632.40 252.00 1093.09 -488.00 -294.20 N/A -943.24 
208.00 261.40 111.20 458.86 -571.40 -476.00 N/A -1235.96 
220.00 178.60 107.20 344.74 -723.00 -886.60 -1365.60 -2432.50 
220.00 178.60 107.20 344.74 -723.00 -886.60 -1365.60 -2432.50 
230.00 221.80 136.80 431.79 -650.60 -550.20 N/A -1415.50 
240.00 542.80 283.40 1005.32 -578.40 -395.00 N/A -1164.27 
250.00 857.40 472.00 1612.34 -506.00 -345.60 N/A -1018.58 
260.00 1090.20 596.60 2046.57 -433.80 -296.20 N/A -873.15 
270.00 1212.40 657.20 2269.69 -361.60 -246.80 N/A -727.73 
280.00 1236.80 653.80 2298.74 -289.20 -197.40 N/A -582.04 
282.18 1216.10 639.10 2256.51 -273.50 -186.70 N/A -550.46 
290.00 1142.00 586.40 2105.26 -217.00 -148.20 N/A -436.81 
300.00 925.60 454.80 1685.85 -144.60 -98.80 N/A -291.12 
310.00 548.80 259.40 989.30 -72.40 -49.40 N/A -145.69 
320.00 0.00 0.00 0.00 0.00 0.00 N/A 0.00 

+--------+--------+-------+--------+--------+--------+---------+----------+ 
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TABLE 3.7 

MOMENT VALUES 100'-120'-100' 

LIVE LOAD WITH DISTRIBUTION FACTORS 

MOMENT V_~LTJES 100-170-100 

LIVE LOAD WITH DISTRIBUTION FACTORS 
+----------+----------+------------+----------+------------+ 

LOCATION 
FROM 
LEFT 
FEET 

POS LL+IM 
WI DISTR. 
DF = 0.62 

INTERIOR 

NEG LL+IM 
WI DISTR. 
DF = 0.62 

INTERIOR 

POS LL+IM 
WI DISTR. 
DF = 0.75 

EXTERIOR 

NEG. LL+IM 
WI DISTR. 
OF = 0.75 

EXTERIOR 
+----------+----------+------------+----------+------------+ 

0.00 
10.00 
20.00 
30.00 
37.82 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
148.00 
160.00 
172.00 
184.00 
196.00 
208.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
282.18 
290.00 
300.00 
310.00 
320.00 

0.00 
613.37 

1045.23 
1305.26 
1399.04 
1425.22 
1407.21 
1268.87 

999.65 
623.30 
267.71 
213.74 
213.74 
284.33 
677.72 

1080.22 
1328.84 
1403.34 
1328.84 
1080.22 

677.72 
284.49 
213.74 
213.74 
267.71 
623.30 
999.65 

1268.87 
1407.21 
1425.22 
1399.04 
1305.26 
1045.23 

613.37 
0.00 

0.00 
-90.33 

-180.49 
-270.82 
-341.28 
-360.86 
-451.19 
-541.36 
-631.52 
-721.85 
-877.61 

-1508.15 
-1508.15 
-766.30 
-584.81 
-510.71 
-442.10 
-373.33 
-442.10 
-510.71 
-584.81 
-766.30 

-1508.15 
-1508.15 
-877.61 
-721.85 
-631.52 
-541.36 
-451.19 
-360.86 
-341.28 
-270.82 
-180.49 

-90.33 
0.00 

0.00 
741.98 

1264.39 
1578.95 
1692.38 
1724.06 
1702.27 
1534.92 
1209.26 

753.99 
323.85 
258.55 
258.55 
343.95 
819.82 

1306.72 
1607.47 
1697.58 
1607.47 
1306.72 
819.82 
344.15 
258.55 
258.55 
323.85 
753.99 

1209.26 
1534.92 
1702.27 
1724.06 
1692.38 
1578.95 
1264.39 

741.98 
0.00 

0.00 
-109.27 
-218.34 
-327.61 
-412.84 
-436.53 
-545.80 
-654.87 
-763.94 
-873.20 

-1061.62 
-1824.38 
-1824.38 
-926.97 
-707.43 
-617.79 
-534.80 
-451.61 
-534.80 
-617.79 
-707.43 
-926.97 

-1824.38 
-1824.38 
-1061.62 
-873.20 
-763.94 
-654.87 
-545.80 
-436.53 
-412.84 
-327.61 
-218.34 
-109.27 

0.00 
+----------+----------+------------+----------+------------+ 
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TABLE 3.8 

MOMENT VALUES 100'-120'-100' 
; 

UNFACTORED DEAD LOADS 

MOMENT VALUES 100-120-100 

UNFACTORED DEAD LOADS 

+--------+---------+----------+---------+---------+---------+-_._-------+ 
D3,BARRIER 

LOCATION Dl D2,FWS D1 D2,FWS INTERIOR & 
FROM DEAD IQAD INTERIOR INTERIOR EXTERIOR EXTERIOR EXTERIOR 
LEFT UNIT LOAD 1.035K/FT 0.28K/FT 1.00K/FT 0.2IK/FT 0.106K/FT 
FEET 'KFT KFT KFT KFT KFT KFT 

+--------+---------+----------+---------+---------+---------+----------+ 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 

10.00 328.22 339.66 91.95 325.82 68.43 33.54 
20.00 556.42 575.82 155.84 554.02 116.36 57.05 
30.00 684.62 708.50 191.74 682.22 143.28 70.25 
37.82 715.20 740.14 200.30 712.80 149.70 73.40 
40.00 712.82 737.68 199.63 710.42 149.20 73.16 
50.00 641.02 663.38 179.53 638.62 134.12 65.76 
60.00 469.22 485.58 131.43 466.82 98.04 48.06 
70.00 197.42 204.29 55.32 195.02 40.97 20.07 
80.00 -174.38 -180.48 -48.78 -176.78 -37.11 -18.23 
90.00 -646.18 -668.75 -180.89 -648.58 -136.19 -66.82 

100.00 -1218.20 -1260.80 -341.00 -1218.20 -255.80 -125.50 
100.00 -1218.20 -1260.80 -341.00 -1218.20 -255.80 -125.50 
112.00 -570.20 -590.12 -159.56 -570.20 -119.72 -58.76 
124.00 -66.20 -68.48 -18.44 -66.20 -13.88 -6.84 
136.00 293.80 304.12 82.36 293.80 61.72 30.24 
148.00 509.80 527.68 142.84 509.80 107.08 52.48 
160.00 581.80 602.20 163.00 581.80 122.20 59.90 
172.00 509.80 527.68 142.84 509.80 107.08 52.48 
184.00 293.80 304.12 82.36 293.80 61.72 30.24 
196.00 -66.20 -68.48 -18.44 -66.20 -13.88 -6.84 
208.00 -570.20 -590.12 -159.56 -570.20 -119.72 -58.76 
220.00 -1218.20 -1260.80 -341.00 -1218.20 -255.80 -125.50 
220.00 -1218.20 -1260.80 -341.00 -1218.20 -255.80 -125.50 
230.00 -646.18 -668.88 -180.89 -648.58 -136.19 -66.82 
240.00 -174.38 -180.57 -48.78 -176.78 -37.11 -18.23 
250.00 197.42 204.24 55.32 195.02 40.97 20.07 
260.00 469.22 485.55 131.43 466.82 98.04 48.06 
270.00 641.02 663.37 179.53 638.62 134.12 65.76 
280.00 712.82 737.68 199.63 710.42 149.20 73.16 
282.18 715.20 740.14 200.30 712.80 149.70 73.40 
290.00 684.62 708.49 191.74 682.22 143.28 70.25 
300.00 556.42 575.81 155.84 554.02 116.36 57.05 
310.00 328.22 339.62 91.95 325.82 68.43 33.54 
320.00 0.00 0.00 0.00 0.00 0.00 0.00 

+--------+---------+----------+---------+---------+---------+----------+ 
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TABLE 3.9 

MOMENT VALUES 100'-120'-100' 

FACTORED MOMENTS (INTERIOR GIRDER) 

MOMENT VALUES 100-120-100 

FACTORED MOMENTS (INTERIOR GIRDERS) 
+----------+---------+--------+--------+-------------+-------------+ 

LOCATION POSITIVE NEGATIVE 
FROM MOMENT MOMENT 
LEFT D1*L.F. 02*L.F. D3*L.F. (LL+IM)*L.F. (LL+IM)*L.F. 
FEET 01*1.25 02*1.50 D3*1.25 (LL+IM) *1.75 (LL+IM) *1.75 

+----------+---------+--------+--------+-------------+-------------+ 
0.00 0.00 0.00 0.00 0.00 0.00 

10.00 424.57 137.92 41.93 1073.39 -158.08 
20.00 719.78 233.76 71.31 1829.15 -315.86 
30.00 885.62 287.61 87.81 2284.21 -473.94 
37.82 925.18 300.45 91.75 2448.32 -597.24 
40.00 922.10 299.45 91.44 2494.14 -631.51 
50.00 829.22 269.30 82.20 2462.62 -789.58 
60.00 606.97 197.14 60.08 2220.52 -947.37 
70.00 255.37 82.98 25.09 1749.39 -1105.16 
80.00 -225.60 -73.17 -22.78 1090.78 -1263.24 
90.00 -835.94 -271.33 -83.53 468.50 -1535.82 

100.00 -1576.00 -511.50 -156.88 374.04 -2639.26 
100.00 -1576.00 -511.50 -156.88 374.04 -2639.26 
112.00 -737.65 -239.34 -73.45 497.58 -1341.02 
124.00 -85.60 -27.66 -8.55 1186.00 -1023.42 
136.00 380.15 123.54 37.80 1890.38 -893.73 
148.00 659.60 214.26 65.61 2325.48 -773.67 
160.00 752.75 244.50 74.88 2455.84 -653.32 
172.00 659.60 214.26 65.61 2325.48 -773.67 
184.00 380.15 123.54 37.80 1890.38 -893.73 
196.00 -85.60 -27.66 -8.55 1186.00 -1023.42 
208.00 -737.65 -239.34 -73.45 497.87 -1341.02 
220.00 -1576.00 -511.50 -156.88 374.04 -2639.26 
220.00 -1576.00 -511.50 -156.88 374.04 -2639.26 
230.00 -836.11 -271.33 -83.53 468.50 -1535.82 
240.00 -225.71 -73.17 -22.78 1090.78 -1263.24 
250.00 255.30 82.98 25.09 1749.39 -1105.16 
260.00 606.94 197.14 60.08 2220.52 -947.37 
270.00 829.21 269.30 82.20 2462.62 -789.58 
280.00 922.10 299.45 91.44 2494.14 -631.51 
282.18 925.18 300.45 91.75 2448.32 -597.24 
290.00 885.62 287.61 87.81 2284.21 -473.94 
300.00 719.76 233.76 71.31 1829.15 -315.86 
310.00 424.52 137.92 41.93 1073.39 -158.08 
320.00 0.00 0.00 0.00 0.00 0.00 

+----------+---------+--------+--------+-------------+-------------+ 
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TABLE 3.10 

MOMENT VALUES 100'-120'-100' 

FACTORED MOMENTS (EXTERIOR GIRDER) 

MOMENT V~ .. LUES 100-J.20-100 

FACTORED MOMENTS (EXTERIOR GIRDERS) 
+--------+---------+--------+--------+-------------+-------------+ 

LOCATION POSITIVE NEGATIVE 
FROM MOMENT IrfOMENT 
LEFT D1*L.F. D2*L.F. D3*L.F. (LL+IM)*L.F. (LL+IM)*L.F. 
FEET 01*1.25 02*1.50 03*1.25 (LL+IM) *1.75 (LL+IM) *1.75 

+--------+---------+--------+--------+-------------+-------------+ 
0.00 

10.00 
20.00 
30.00 
37.82 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
148.00 
160.00 
172.00 
184.00 
196.00 
208.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
282.18 
290.00 
300.00 
310.00 
320.00 

0.00 
407.28 
692.53 
852.78 
891.00 
888.03 
798.28 
583.53 
243.78 

-220.97 
-810.72 

-1522.75 
-1522.75 
-712.75 
-82.75 
367.25 
637.25 
727.25 
637.25 
367.25 
-82.75 

-712.75 
-1522.75 
-1522.75 

-810.72 
-220.97 

243.78 
583.53 
798.28 
888.03 
891.00 
852.78 
692.53 
407.28 

0.00 

0.00 
102.65 
174.54 
214.92 
224.55 
223.80 
201.18 
147.07 

61.45 
-55.67 

-204.28 
-383.70 
-383.70 
-179.58 
-20.82 

92.58 
160.62 
183.30 
160.62 

92.58 
-20.82 

-179.58 
-383.70 
-383.70 
-204.28 
-55.67 

61.45 
147.07 
201.18 
223.80 
224.55 
214.92 
174.54 
102.65 

0.00 

I 0.00 
I 41.93 

71.31 
87.81 
91.75 
91.44 
82.20 
60.08 
25.09 

-22.78 
-83.53 

-156.88 
-156.88 
-73.45 
-8.55 
37.80 
65.61 
74.88 
65.61 
37.80 
-8.55 

-73.45 
-156.88 
-156.88 
-83.53 
-22.78 

25.09 
60.08 
82.20 
91.44 
91.75 
87.81 
71.31 
41.93 

0.00 

0.00 
1298.46 
2212.68 
2763.15 
2961.67 
3017.10 
2978.97 
2686.12 
2116.20 
1319.49 

566.73 
452.47 
452.47 
601.91 

1434.68 
2286.75 
2813.08 
2970.77 
2813.08 
2286.75 
1434.68 

602.26 
452.47 
452.47 
566.73 

1319.49 
2116.20 
2686.12 
2978.97 
3017.10 
2961.67 
2763.15 
2212.68 
1298.46 

0.00 

0.00 
-191.22 
-382.09 
-573.31 
-722.47 
-763.92 
-955.14 

-1146.01 
-1336.89 
-1528.11 
-1857.84 
-3192.66 
-3192.66 
-1622.20 
-1238.00 
-1081.13 
-935.89 
-790.31 
-935.89 

-1081.13 
-1238.00 
-1622.20 
-3192.66 
-3192.66 
-1857.84 
-1528.11 
-1336.89 
-1146.01 
-955.14 
-763.92 
-722.47 
-573.31 
-382.09 
-191.22 

0.00 
+--------+---------+--------+--------+-------------+-------------+ 
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TABLE 3.11 

MOMENT VALUES 100' ... 120'·100' 

MAXIMUM MOMENTS (INTERIOR GIRDER) 

MOMENT VALUES 100-120-100 

MAXIMUM MOMENTS (INTERIOR GIRDERS) 
+----------+----------+----------+ 

LOCATION 
FROM 
LEFT 
FEET 

MAXIMUM MAXIMUM 
POSITIVE NEGATIVE 

MOMENT MOMENT 
SUM *ETA SUM * ETA 

ETA = 0.95 ETA = 0.95 
+----------+----------+----------+ 

0.00 
10.00 
20.00 
30.00 
37.82 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
148.00 
160.00 
172.00 
184.00 
196.00 
208.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
282.18 
290.00 
300.00 
310.00 
320.00 

0.00 
1593.92 
2711.30 
3367.99 
3577.41 
3616.78 
3461.16 
2930.48 
2007.19 

730.76 
-686.18 

-1776.82 
-1776.82 
-525.22 
1010.98 
2310.27 
3101.69 
3351.56 
3101.69 
2310.27 
1010.98 
-524.94 

-1776.82 
-1776.82 
-686.34 
730.65 

2007.13 
2930.45 
3461.16 
3616.78 
3577.41 
3367.98 
2711.28 
1593.88 

0.00 

0.00 
424.03 
673.54 
747.75 
684.12 
647.41 
371.57 
-79.02 

-704.64 
-1505.55 
-2590.28 
-4639.46 
-4639.46 
-2271.88 
-1087.97 

-334.64 
157.50 
397.86 
157.50 

-334.64 
-1087.97 
-2271.88 
-4639.46 
-4639.46 
-2590.44 
-1505.66 
-704.70 
-79.05 
371.56 
647.41 
684.12 
747.74 
673.52 
423.98 

0.00 
+----------+----------+----------+ 
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TABLE 3.12 

MOMENT VALUES 100'-120'-100' 

MAXIl\1UM MOMENTS (EXTERIOR GIRDER) 

MOMENT VALUES 100-120-100 

MAXIMUM MOMENTS (EXTERIOR GIRDERS) 
+----------+----------+----------+ 

MAXIMUM MAXIMUM 
LOCATION POSITIVE NEGATIVE 

FROM MOMENT MOMENT 
LEFT SUM * ETA SUM * ETA 
FEET ETA = 0.95 ETA = 0.95 

+----------+----------+----------+ 
0.00 

10.00 
20.00 
30.00 
37.S2 
40.00 
50.00 
60.00 
70.00 
SO.OO 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
14S.00 
160.00 
172.00 
184.00 
196.00 
20S.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
282.18 
290.00 
300.00 
310.00 
320.00 

0.00 
1757.80 
2993.50 
3722.73 
3960.52 
4009.36 
3857.60 
3302.96 
2324.19 

969.06 
-505.21 

-1530.31 
-1530.31 

-345.67 
1256.43 
2645.16 
3492.72 
3758.39 
3492.72 
2645.16 
1256.43 
-345.34 

-1530.31 
-1530.31 
-505.21 

969.06 
2324.19 
3302.96 
3857.60 
4009.36 
3960.52 
3722.73 
2993.50 
1757.80 

0.00 

0.00 
342.61 
528.47 
553.09 
460.59 
417.39 
120.20 

-337.57 
-956.24 

-1736.15 
-2808.55 
-4993.18 
-4993.18 
-2458.58 
-1282.62 

-554.33 
-68.80 
185.36 
-68.80 

-554.33 
-1282.62 
-2458.58 
-4993.18 
-4993.18 
-2808.55 
-1736.15 

-956.24 
-337.57 

120.20 
417.39 
460.59 
553.09 
528.47 
342.61 

0.00 

+----------+----------+----------+ 
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TABLE 3.13 

SHEAR VALUES 100' .. 120'·100' 

UNFACTORED LIVE LOAD 

SHEAR VALUES 100-120-100 

UNFACTORED LIVE LOAD 
+--------+--------------------------+--------------------------+ 

LOCATIONIPOSITIVE SHEAR, KIPS INEGATIVE SHEAR, KIPS I 
FROM 
LEFT 
FEET 

+--------+--------+--------+--------+--------+--------+ 
TRUCKI 
TANDEM 

LANE 
CRITICAL CRITICAL 
LL + IM TRUCKI LANE LL + IM 
IM = 0.3 TANDEM IM = 0.3 

+--------+--------+--------+--------+--------+--------+--------+ 
0.00 

10.00 
20.00 
30.00 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
148.00 
160.00 
172.00 
184.00 
196.00 
208.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
290.00 
300.00 
310.00 
320.00 

63.60 
54.80 
46.20 
38.00 
30.20 
22.80 
16.00 
10.00 

5.80 
2.20 
1.80 

67.20 
61.40 
54.20 
46.20 
37.80 
29.40 
21.20 
13.60 

7.40 
7.00 
7.00 

67.20 
62.60 
56.80 
50.20 
43.00 
35.00 
26.80 
18.20 
11.20 

7.20 
7.20 

29.20 
23.40 
18.20 
13.80 
10.00 
7.00 
4.60 
3.00 
1.80 
1.20 
1.00 

42.20 
35.40 
28.60 
22.60 
17.40 
13.00 
9.60 
7.00 
5.40 
4.40 
4.20 

40.60 
35.00 
29.20 
23.80 
19.00 
14.80 
11.40 
8.60 
6.60 
5.40 
5.00 

113.79 
96.28 
79.65 
64.34 
50.17 
37.32 
25.88 
16.30 
9.51 
4.13 
3.39 

131.58 
117.06 
100.69 

84.05 
67.67 
52.10 
37.80 
25.09 
15.24 
13.71 
13.51 

129.98 
118.26 
104.74 

90.57 
76.19 
61.35 
47.04 
32.81 
21.50 
14.98 
14.58 

-7.20 
-7.20 

-11.20 
-18.20 
-26.80 
-35.00 
-43.00 
-50.20 
-56.80 
-62.60 
-67.20 
-7.00 
-7.00 
-7.40 

-13.60 
-21.20 
-29.40 
-37.80 
-46.20 
-54.20 
-61.40 
-67.20 
-1.80 
-2.20 
-5.80 

-10.00 
-16.00 
-22.80 
-30.20 
-38.00 
-46.20 
-54.80 
-63.60 

-5.00 -14.58 
-5.40 -14.98 
-6.60 -21.50 
-8.60 -32.81 

-11.40 -47.04 
-14.80 -61.35 
-19.00 -76.19 
-23.80 -90.57 
-29.20 -104.74 
-35.00 -118.26 
-40.60 -129.98 
-4.20 -13.51 
-4.40 -13.71 
-5.40 -15.24 
-7.00 -25.09 
-9.60 -37.80 

-13.00 -52.10 
-17.40 -67.67 
-22.60 -84.05 
-28.60 -100.69 
-35.40 -117.06 
-42.20 -131.58 
-1.00 -3.39 
-1.20 -4.13 
-1.80 -9.51 
-3.00 -16.30 
-4.60 -25.88 
-7.00 -37.32 

-10.00 -50.17 
-13.80 -64.34 
-18.20 -79.65 
-23.40 -96.28 
-29.20 -113.79 

+--------+--------+--------+--------+--------+--------+--------+ 
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TABLEl.14 

SHEAR VALUES 100t-120'-100' 

LIVE LOAD WITH DISTRIBUTION FACTORS 

3H:EAR VALU!!:£ 1~~·120-1~C 
LIVE LOAD WITH DISTRIBUTION FACTORS 

+--------+---------+---------+---------+---------+ 
LOCATION POS. LL+I NEG. LL+I POSe LL+I NEG. LL+I 

FROM WI DISTR. WI OISTR. WI DISTR. WI DISTR. 
LEFT DF = 0.82 OF = 0.82 OF = 0.75 DF = 0.75 
FEET INTERIOR INTERIOR EXTERIOR EXTERIOR 

+--------+---------+---------+---------+---------+ 
0.00 
10.00 
20.00 
30.00 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
148.00 
160.00 
172.00 
184.00 
196.00 
208.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
290.00 
300.00 
310.00 
320.00 

93.31 
78.95 
65.31 
52.76 
41.14 
30.61 
21.22 
13.37 

7.80 
3.38 
2.78 

107.89 
95.99 
82.56 
68.92 
55.49 
42.72 
30.99 
20.57 
12.50 
11.24 
11.08 

106.58 
96.97 
85.89 
74.26 
62.48 
50.31 
38.58 
26.90 
17.63 
12.28 
11.95 

-11.95 
-12.28 
-17.63 
-26.90 
-38.58 
-50.31 
-62.48 
-74.26 
-85.89 
-96.97 

-106.58 
-11.08 
-11.24 
-12.50 
-20.57 
-30.99 
-42.72 
-55.49 
-68.92 
-82.56 
-95.99 

-107.89 
-2.78 
-3.38 
-7.80 

-13.37 
-21.22 
-30.61 
-41.14 
-52.76 
-65.31 
-78.95 
-93.31 

85.34 
72.21 
59.73 
48.26 
37.62 
27.99 
19.41 
12.23 

7.14 
3.09 
2.55 

98.68 
87.80 
75.51 
63.03 
50.76 
39.08 
28.35 
18.82 
11.43 
10.28 
10.13 
97.48 
88.69 
78.56 
67.92 
57.14 
46.01 
35.28 
24.60 
16.12 
11.23 
10.93 

-10.93 
-11.23 
-16.12 
-24.60 
-35.28 
-46.01 
-57.14 
-67.92 
-78.56 
-88.69 
-97.48 
-10.13 
-10.28 
-11.43 
-18.82 
-28.35 
-39.08 
-50.76 
-63.03 
-75.51 
-87.80 
-98.68 
-2.55 
-3.09 
-7.14 

-12.23 
-19.41 
-27.99 
-37.62 
-48.26 
-59.73 
-72.21 
-85.34 

+--------+---------+---------+---------+---------+ 
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TABLE 3.15 

SHEAR VALUES 100'-120'-100' 

UNFACTORED DEAD LOADS 

SHEAR VALUES 100-120-100 
UNFACTu~u DEAD LOA=S 

+--------+---------+----------+---------+---------+---------+----------+ 
D3,BARRIER 

LOCATION D1 D2, FWS D1 D2, FWS INTERIOR & 
FROM DEAD LOAD INTERIOR INTERIOR EXTERIOR EXTERIOR EXTERIOR 
LEFT UNIT LOAD l.035K/FT O.2SK/FT l.00K/FT O.21K/FT O.106K/FT 
FEET KIPS KIPS KIPS . KIPS KIPS KIPS 

+--------+---------+----------+---------+---------+---------+----------+ 
0.00 37.82 39.14 10.59 37.82 7.94 3.90 
10.00 27.S2 28.79 7.79 27.S2 5.84 2.87 
20.00 17.82 18.44 4.99 17.82 3.74 1.84 
30.00 7.82 8.09 2.19 7.82 1.64 0.81 
40.00 -2.18 -2.26 -0.61 -2.18 -0.46 -0.22 
50.00 -12.18 -12.61 -3.41 -12.18 -2.56 -1.25 
60.00 -22.18 -22.96 -6.21 -22.18 -4.66 -2.28 
70.00 -32.18 -33.31 -9.01 -32.18 -6.76 -3.31 
80.00 -42.18 -43.66 -11.81 -42.18 -8.86 -4.34 
90.00 -52.18 -54.01 -14.61 -52.18 -10.96 -5.37 

100.00 -62.1S -64.36 -17.41 -62.18 -13.06 -6.40 
100.00 60.00 62.10 16.80 60.00 12.60 6.18 
112.00 48.00 49.68 13.44 48.00 10.0S 4.94 
124.00 36.00 37.26 10.08 36.00 7.56 3.71 
136.00 24.00 24.84 6.72 24.00 5.04 2.47 
14S.00 12.00 12.42 3.36 12.00 2.52 1.24 
160.00 0.00 0.00 -0.00 0.00 0.00 0.00 
172.00 -12.00 -12.42 -3.36 -12.00 -2.52 -1.24 
184.00 -24.00 -24.84 -6.72 -24.00 -5.04 -2.47 
196.00 -36.00 -37.26 -10.08 -36.00 -7.56 -3.71 
208.00 -48.00 -49.68 -13.44 -48.00 -10.08 -4.94 
220.00 -60.00 -62.10 -16.80 -60.00 -12.60 -6.18 
220.00 62.18 64.36 17.41 62.18 13.06 6.40 
230.00 52.18 54.01 14.61 52 .. 1S 10.96 5.37 
240.00 42.18 43.66 11.S1 42.1S 8.86 4.34 
250.00 32.18 33.31 9.01 32.18 6.76 3.31 
260.00 22.18 22.96 6.21 22.18 4.66 2.28 
270.00 12.1S 12.61 3.41 12.1S 2.56 1.25 
280.00 2.18 2.26 0.61 2.18 0.46 0.22 
290.00 -7.S2 -S.09 -2.19 -7.S2 -1.64 -O.Sl 
300.00 -17.82 -lS.44 -4.99 -17.82 -3.74 -1.84 
310.00 -27.S2 -2S.79 -7.79 -27.82 -5.S4 -2.S7 
320.00 -37.82 -39.14 -10.59 -37.82 -7.94 -3.90 

+--------+---------+----------+---------+---------+---------+----------+ 
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TABLE 3.16 

SHEAR VALUES 100'-120'-100' 

FACTORED SHEARS (INTERIOR GIRDER) 

SHEAR VALUES 100-120-100 
FACTORED SHEARS (INTERIOR GIRDERS) 
+--------+-------+-------+------+------------+------------+ 

LOCATION POSITIVE NEGATIVE 
FROM SHEAR SHEAR 
LEFT Dl*L.F. D2*I ... F. D3*L.F (LL+IM)*L.F (LL+IM)*L.F 
FEET Dl*1.25 D2*1.50 D3*1.2 (LL+I!tf) *1.7 (LL+IM) *1.7 

+--------+-------+-------+------+------------+------------+ 
0.00 48.93 15.89 4.87 163.29 -20.92 
10.00 35.99 11.69 3.58 138.17 -21.49 
20.00 23.05 7.49 2.29 114.29 -30.85 
30.00 10.11 3.28 1.01 92.33 -47.08 
40.00 -2.82 -0.92 -0.28 71.99 -67.51 
50.00 -15.76 -5.12 -1.57 53.56 -88.04 
60.00 -28.70 -9.32 -2.86 37.14 -109.33 
70.00 -41.64 -13.52 -4.14 23.39 -129.96 
80.00 -54.58 -17.72 -5.43 13.65 -150.31 
90.00 -67.51 -21.92 -6.72 5.92 -169.70 

100.00 -80.45 -26.12 -8.01 4.87 -186.52 
100.00 77.63 25.20 7.73 188.81 -19.39 
112.00 62.10 20.16 6.18 167.98 -19.67 
124.00 46.58 15.12 4.64 144.48 -21.87 
136.00 31.05 10.08 3.09 120.61 -36.00 
148.00 15.53 5.04 1.55 97.11 -54.24 
160.00 0.00 -0.00 0.00 74.77 -74.77 
172.00 -15.52 -5.04 -1.55 54.24 -97.11 
184.00 -31.05 -10.08 -3.09 36.00 -120.61 
196.00 -46.57 -15.12 -4.64 21.87 -144.48 
208.00 -62.10 -20.16 -6.18 19.67 -167.98 
220.00 -77.62 -25.20 -7.73 19.39 -188.81 
220.00 80.45 26.12 8.01 186.52 -4.87 
230.00 67.51 21.92 6.72 169.70 -5.92 
240.00 54.58 17.71 5.43 150.31 -13.65 
250.00 41.64 13.52 4.14 129.96 -23.39 
260.00 28.70 9.31 2.86 109.33 -37.14 
270.00 15.76 5.11 1.57 88.04 -53.56 
280.00 2.83 0.91 0.28 67.51 -71.99 
290.00 -10.11 -3.29 -1.01 47.08 -92.33 
300.00 -23.05 -7.49 -2.29 30.85 -114.29 
310.00 -35.99 -11.69 -3.58 21.49 -138.17 
320.00 -48.92 -15.89 -4.87 20.92 -163.29 

+--------+-------+-------+------+------------+------------+ 
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TABLE 3.17 

SHEAR VALUES 100'-120·-100' 

FACTORED SHEARS (EXTERIOR GIRDER) 

SHEAR VALUES 100-120-100 
FACTORED SHEARS (EXTERIOR GIRDERS) 
+--------+-------+-------+------+------------+------------+ 

LOCATION POSITIVE NEGATIVE 
FROM SHEAR SHEAR 
LEFT 01*L.F. 02*L.F. 03*L.F (LL+IM)*L.F (LL+IM)*L.F 
FEET 01*1.25 02*1.50 03*1.2 (LL+I) *1.75 (LL+I) *1.75 

+--------+-------+-------+------+------------+------------+ 
0.00 47.28 11.91 4.87 149.35 -19.13 
10.00 34.78 8.76 3.58 126.37 -19.66 
20.00 22.28 5.61 2.29 104.54 -28.21 
30.00 9.78 2.46 1.01 84.45 -43.06 
40.00 -2.73 -0.69 -0.28 65.84 -61.75 
50.00 -15.23 -3.84 -1.57 48.99 -80.52 
60.00 -27.73 -6.99 -2.86 33.97 -100.00 
70.00 -40.23 -10.14 -4.14 21.39 -118.87 
80.00 -52.73 -13.29 -5.43 12.49 -137.48 
90.00 -65.23 -16.44 -6.72 5.42 -155.21 

100.00 -77.73 -19.59 -8.01 4.45 -170.59 
100.00 75.00 18.90 7.73 172.69 -17.73 
112.00 60.00 15.12 6.18 153.64 -17.99 
124.00 45.00 11.34 4.64 132.15 -20.01 
136.00 30.00 7.56 3.09 110.31 -32.93 
148.00 15.00 3.78 1.55 88.82 -49.61 
160.00 0.00 0.00 0.00 68.38 -68.38 
172.00 -15.00 -3.78 -1.55 49.61 -88.82 
184.00 -30.00 -7.56 -3.09 32.93 -110.31 
196.00 -45.00 -11.34 -4.64 20.01 -132.15 
208.00 -60.00 -15.12 -6.18 17.99 -153.64 
220.00 -75.00 -18.90 -7.73 17.73 -172.69 
220.00 77.73 19.59 8.01 170.59 -4.45 
230.00 65.23 16.44 6.72 155.21 -5.42 
240.00 52.73 13.29 5.43 137.48 -12.49 
250.00 40.23 10.14 4.14 118.87 -21.39 
260.00 27.73 6.99 2.86 100.00 -33.97 
270.00 15.23 3.84 1.57 80.52 -48.99 
280.00 2.73 0.69 0.28 61.75 -65.84 
290.00 -9.78 -2.46 -1.01 43.06 -84.45 
300.00 -22.28 -5.61 -2.29 28.21 -104.54 
310.00 -34.78 -8.76 -3.58 19.66 -126.37 
320.00 -47.28 -11.91 -4.87 19.13 -149.35 

+--------+-------+-------+------+------------+------------+ 
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TABLE 3.18 

SHEAR VALUES 100'-120'-100' 

MAXIMUM SHEARS (INTERIOR GIRDER) 

SHEAR VALUES 100-120-100 
MAXIMUM SHEARS (INTERIOR GIRDERS) 
+--------+----------+----------+ 

MAXIMUM MAXIMUM 
LOCATION POSITIVE NEGATIVE 

FROM SHEAR SHEAR 
LEFT SUM * ETA SUM * ETA 
FEET ETA = 0.95 ETA = 0.95 

+--------+----------+----------+ 
0.00 
10.00 
20.00 
30.00 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
148.00 
160.00 
172.00 
184.00 
196.00 
208.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
290.00 
300.00 
310.00 
320.00 

221.32 
179.95 
139.77 
101.40 

64.57 
29.56 
-3.55 

-34.11 
-60.86 
-85.71 

-104.22 
284.39 
243.60 
200.27 
156.58 
113.26 

71.03 
30.52 
-7.81 

-42.23 
-65.33 
-86.60 
286.03 
252.55 
216.63 
179.79 
142.69 
104.96 

67.95 
31.04 
-1.88 

-28.28 
-46.32 

46.32 
28.28 

1.88 
-31.04 
-67.95 

-104.96 
-142.69 
-179.79 
-216.63 
-252.55 
-286.03 

86.60 
65.33 
42.23 
7.81 

-30.52 
-71.03 

-113.26 
-156.58 
-200.27 
-243.60 
-284.39 

104.22 
85.71 
60.86 
34.11 

3.55 
-29.56 
-64.57 

-101.40 
-139.77 
-179.95 
-221.32 

+--------+----------+----------+ 
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TABLE 3.19 

SHEAR VALUES 100'-120'-100' 

MAXIMUM SHEARS (EXTERIOR GIRDER) 

SHEAR VALUES 100-120-100 
MAXIMUM SHEARS (EXTERIOR GIRDERS) 
+--------+----------+----------+ 

MAXIMUM MAXIMUM 
LOCATION POSITIVE NEGATIVE 

FROM SHEAR SHEAR 
LEFT SUM * ETA SUM * ETA 
FEET ETA = 0.95 ETA = 0.95 

+--------+----------+----------+ 
0.00 
10.00 
20.00 
30.00 
40.00 
50.00 
60.00 
70.00 
80.00 
90.00 

100.00 
100.00 
112.00 
124.00 
136.00 
148.00 
160.00 
172.00 
184.00 
196.00 
208.00 
220.00 
220.00 
230.00 
240.00 
250.00 
260.00 
270.00 
280.00 
290 .. 00 
300.00 
310.00 
320.00 

202.73 
164.82 
127.98 

92.81 
59.04 
26.94 
-3.42 

-31.46 
-56.01 
-78.82 
-95.82 
260.60 
223.20 
183.47 
143.41 
103.69 

64.96 
27.82 
-7.34 

-38.92 
-60.14 
-79.70 
262.12 
231.41 
198.47 
164.70 
130.69 
96.09 
62.17 
28.32 
-1.87 

-26.09 
-42.68 

42.68 
26.09 
1.87 

-28.32 
-62.17 
-96.09 

-130.69 
-164.70 
-198.47 
-231.41 
-262.12 

79.70 
60.14 
38.92 

7.34 
-27.82 
-64.96 

-103.69 
-143.41 
-183.47 
-223.20 
-260.60 

95.82 
78.82 
56.01 
31.46 
3.42 

-26.94 
-59.04 
-92.81 

-127.98 
-164.82 
-202.73 

+--------+----------+----------+ 
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4.1 GENERAL 

CHAPTER 4 

DESIGN 

After an analysis of the bridge is complete an engineer can begin designing the 

required sections. The following is an outline of the steps required in designing the 

superstructure of a plate girder bridge. The bulk of the outline is taken from Appendix B 

of the LRFD steel design specifications. The outline was developed for the design of an 1-

Girder. However, by applying a few modifications and including extra steps the outline is 

very useful in designing plate girders. The following steps will be followed in the design 

presented in this chapter. 

A. Design Reinforced Concrete Deck 

B. Design Section for Flexure in Negative-Moment Region 

1. Consider Sequence of Loading and Pouring Sequence 

2. Determine Effective Flange Width 

3. Calculate Section Properties for Steel Girder Alone and Composite 

Section 

4. Check Member Proportions 

5. Check Dj1w for Fatigue Induced by Web Flexure 

6. Calculate Stresses 

7. Determine if Section is Compact or Non-Compact 

a. Flexural Resistance for Compact Sections: 

(1) Web Slenderness 

(2) Flange Slenderness 

(3) Flange Bracing 

(4) Calculate Flexural Resistance 

(5) Check Positive Flexure Ductility 
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b. Flexural Stress Limits for Non-Compact Sections: 

(1) Web Slenderness 

(2) Flange Slenderness 

(3) Flange Bracing 

(4) Load Shedding Factor 

(5) Calculate Resistance 

C. Design Section for Flexure in Positive Moment Region 

1. Follow Steps Outlined for the Negative Moment Region 

D. Determine Transition Points 

E. Shear Design 

1. Stiffened Web 

a. Minimum Requirements for Handling 

b. Homogeneous Section 

(1) End panels 

(2) Interior Panels of Compact Sections 

(3) Interior Panels of Non-Compact Sections 

(4) Check D!fw for Shear 

2. Stiffener Design 

a. Transverse Intermediate Stiffeners 

(1) Single Plate 

(a) Projecting Width 

(b) Moment of Inertia 

(c) Area 

(2) Two Plates 

(a) Repeat Steps for Part (1) 

b. Bearing Stiffeners at Abutments 

(1) Projecting Width 
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(2) Bearing Resistance 

(3) Axial Resistance 

(a) Effective Section 

(b) Slenderness 

(c) Nominal Compressive Resistance 

c. Bearing Stiffeners at Supports 

(1) Repeat Steps of Part b 

3. Shear Connectors 

a. Types 

b. Pitch 

c. Transverse Spacing 

d. Cover and Penetration 

e. Fatigue Resistance 

f Strength Limit State 

F. Dimension and Detail Requirements 

1. Diaphragms and Cross-Frames 

2. Welded Details 

a. Flange to Web welds 

b. Stiffener to Web welds 

3. Splices 

4.2 PROJECT DESIGN 

Before beginning the design of the superstructure for the plate girder bridge, some 

basic design criteria is established. 

1. The bridge is composed of three spans, 100'-120'-100'. 

2. The roadway width is 44'-0". 

3. The girders are spaced at 8'-0". 
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4. Concrete strength is 4500 psi and A572 Gr50 steel is used except where 

noted. 

5. The bridge is composite in both the positive and negative regions and 

continuous throughout. 

6. Homogeneous sections are to be used and the depth of the web is constant. 

7. Only one flange plate transition is used. 

8. Longitudinal stiffeners are not used. 

9. Minimum thickness of steel is 0.3125 in, specified in Article 6.7.3 

10. Deflection is not a concern. 

4.2.1 DESIGN REINFORCED CONCRETE DECK 

The first step in the design process is designing the reinforced concrete deck. As 

stated before, the deck was designed by Professor Barker for a prestressed concrete girder 

bridge. The following design uses this deck and it is illustrated in Figure 4.1. 

4.2.2 DESIGN SECTION FOR NEGATIVE FLEXURE 

The plate girder is initially designed for flexural requirements. The negative 

moment region is designed first to set the overall controlling proportions for the girder 

section. Following this step, the section is designed for maximum positive moment. An 

initial section is chosen based on similar designs. The final section for both the negative 

and positive moment regions is arrived at through iterations. Although, a number of 

sections are investigated, only the final design of the section is illustrated herein. 

As stated before in Section 3.2.4, the initial cross-section for the maximum 

negative moment region consists of a 3/8" web and 1 114" x 16" top and bottom flanges. 

These proportions provide a conservative dead load when compared with the final 

proportions of the section. The final section for the negative moment region is composed 

of a 3/8" x 58" web and 1 1/8 tt x 16" top and bottom flanges. Cross-sectional properties 
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I ' , ' 

FIGURE 4.1 

REINFORCED CONCRETE DECK 
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are computed for the steel girder alone and for the composite section. In the negative 

moment regions of continuous spans, the composite section is composed of the steel 

girder and the longitudinal reinforcement within an effective width of the slab. The 

concrete is neglected since it is considered cracked under tensile stress. At the interior 

support, stresses are checked at the top and bottom of the steel girder and in the 

reinforcing bars using factored moments. The steel girder alone resists moment due to 

D 1. The composite section resists the moments due to D2, D3 and LL + IM. 

4.2.2.1 Sequence of Loading 

Consider the sequence of loading as specified in Article 6. 10.5.1.1. This article 

states that at any location on the composite section the elastic stress due to the applied 

loads shall be the sum of the stresses from the loads applied separately to: 

a. Steel Girder 

b. Long Term Composite Section 

c. Short Term Composite Section 

Permanent load that is applied before the slab reaches 75% off'c shall be carried by 

the steel girder alone. Any permanent load and live load applied after the slab reaches 

75% off'c shall be carried by the composite section. 

4.2.2.2 Effective Flange Width 

Determine the effective flange width which is specified in Article 4.6.2.6. For 

interior girders the effective flange width is the least of: 

a. One-quarter of the average span length 
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b. 12 times the average thickness of the slab, plus the greater of the 

web thickness or one half the width of the top flange of the girder 

c. Average spacing of adjacent girders 

1(.25)(97.6)(12) = 292.81t 

h, = min.!(12)( 7.5) + ~6 = 98" 

1(8)(12) = 9611 Therefore bi = 96" 

For exterior girders the effective flange width may be taken as one half the 

effective width of the adjacent interior girder, plus the least of: 

a. One eighth the effective span length 

b. 6 times the average thickness of the slab, plus the greater of half 

the web thickness or one quarter of the width of the top flange of 

the basic girder 

c. The width of the overhang 

/(.125)(97.6)(12) = 146.4" 

be - bi 
::; I( 6)( 7. 5) + (.25)( 16) = 49" 

2 

\(3.25)(12) = 39" 

4.2.2.3 Section Properties 

96 
Therefor be = 39 + - = 87" 

2 

Calculate the section properties for the steel girder alone and the composite 

section. Figure 4.2 i11ustrates the dimensions of the section. From Table 4.2 the following 

section properties were calculated for the steel section alone. 
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87" 

6-#4 Bars @16" Top, 8-#4 Bars @12" Bottom 

3/8" x 58" Web 

1 1/8" x 16" Flange 

FIGURE 4.2 

CROSS-SECTION IN 

NEGATIVE MOMENT REGION 
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Ay 
YC=A=O 

D 
YTopoftteel = 2 + t 1 - Y c 

58 
-+1.125-0 30.125in 
2 

D 58 . 
YBottomoftteel = + t 1 + Yc = - + 1.125 + 0 = 30.1251n 

2 2 

S = INA = 37562.94 = 1246. 90in3 

Topoftteel YT 30.125 

S 
INA 37562.94 . 3 

Bottomoftteel = - = = 1246.901n 
YB 30.125 

From Table 4.2 the following section properties were calculated for the composite 

section. 

= Ay = 95.65 = 1.58" 
Yc A 60.55 

INA = I (Yc xL Ay) = 40685. 48in4 

D 
YTopofReinf. = 2+ 11 + Haunch + Cover - Yc 

YTopo!R.W = 5
2
8 + 1.125+ 1 +4.75-1.58 = 34.30in 

Y Bonomo! Row. = 5; + 1.125 + 1 + 1. 75- I. 5 8 = 31.30in 

STopojReinf. = 1186.33in
3 

SBottomolReinf. = 1300.05in
3 
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TABLE 4.1 

STEEL SECTION PROPERTIES (NEGATIVE FLEXURE) 

Component A(in2) y(in) Ay Ay2 10(in4) IOn4) 

Top Flange 18.00 29.56 532.13 15730.95 1.90 15732.84 

1 1/8" x 16" 

Web 21.75 6097.25 6097.25 

3/S" x 5S" 

Bot. Flange lS.00 -29.56 -532.13 15730.95 1.90 15732.84 

1 l/S" x 16" 

Total 57.75 0 37562.94 

TABLE 4.2 

COMPOSITE SECTION PROPERTIES (NEGATIVE FLEXURE) 

Component A(in2) y(in) Ay Ay2 lo(in4) l(in4) 

Top Flange 18.00 29.56 532.13 15730.95 1.90 15732.84 

1 1/8" x 16" 

Web 21.75 6097.25 6097.25 

3/8" x 58" 

Bot. Flange 18.00 -29.56 -532.13 15730.95 1.90 15732.84 

1 1/8" x 16" 

Top Reinf 1.2 35.875 43.05 1544.42 1544.42 

(6 No. 4's) 

Bot. Reinf 1.6 32.875 52.60 1729.23 1729.23 

(8 No. 4's) 

Total 60.55 95.65 40836.58 
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D 58 
YTopoftteel =-+tl -Y" =-+1.125-1.58=28.54in 

2 2 

D 
Y Bottcmoftteel = 2 + t 1 + Y c 

58 . -+ 1.125 + 1.58 = 31. 70ln 
2 

s = INA = 40685.48 = 1425.30in3 
Topoftteel Y T 28.54 

S 
INA 40685.48 . 3 

Bottomoftteel = - = = 1283.261n 
YB 31. 70 

4.2.2.4 Member Proportions 

Check the member proportions as specified in Article 6.10.1.1. The article states 

that flexural components are to be proportioned to meet the following requirement: 

(4.1) 

where: I,. = Moment of inertia of the steel section about the 

= 

vertical axis of the plane of the web (in4) 

Moment of inertia of the compression flange of the 

steel section about the vertical axis in the plane of 

the web (in4) 

1.125(i6)3 1.125(16r 58(0.375Y 
I = + + 768. 25in4 

y 12 12 12 

lye 
1.125(16)3 4' 4 
----=38 In 

12 
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I 
.....:E.. = 0.5 therefore the section is adequate 
Iy 

4.2.2.5 Check of Dc/tw 

Check Dc!'tw for fatigue induced by web flexure as specified in Article 6.10.4.3 for 

webs without longitudinal stiffeners. The purpose of this section is to control out-of-plane 

flexing of the web due to flexure. The requirement involves calculating the maximum 

compressive elastic flexural stress in the compression flange, fef. This value is indicative of 

the maximum flexural stress in the web. 

2D 2(30.58) 
_c = =163.1 

tw 0.375 

6.43{ E = 6.43~29000 = 154.85 
Fyc 50 

where: fef = 

(4.2) 

Maximum compressive elastic flexural stress in the 

compression flange due to unfactored permanent 

load from Table 3.8 and the fatigue loading. The 

fatigue loading is taken as twice that calculated 

using the fatigue load combination in Table 2.2. The 

unfactored values for the fatigue loading at the 

critical points is summarized in Table 4.3A. The 

factored values with impact applied for the fatigue 

limit state are tabulated in Table 4.3B. This stress is 
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SHEAR 

POSITIVE 

NEGATIVE 

MOMENT 

POSITIVE 

NEGATIVE 

TABLE4.3A 

UNFACTORED SHEAR AND MOMENT DUE TO 

FATIGUE LOADS AT CRITICAL POINTS 

V(IOO) V(104) V(lIO) V(200) 

56.04 24.16 1.61 62.33 

-6.67 -19.42 -62.43 -6.28 

M{IOO) M{104} M(110) M(200) 

0.0 1040.1 161.4 161.4 

0.0 -266.8 -667.1 -667.1 
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V(205) 

23.75 

-23.75 

M(205) 

1014.6 

-215.21 



TABLE4.3B 

FACTORED MOMENTS FOR 

FATIGUE LIMIT STATE 

MOMENT VALUES 100-120-100 

FATIGUE LIMIT STATE 
EXTERIOR GIRDER CRITICAL FOR MOMENT 
+--------+--------------------------------+--------------------------------+ 

LOCATION I POSITIVE MOMENT,KFT INEGATIVE MOMENT,KFT I 
FROM 
LEFT 
FEET 

0.00 
40.00 

100.00 
160.00 

+---------+----------+-----------+---------+----------+-----------+ 
CRITICAL LL+IM LL+IM CRITICAL LL+IM LL+IM 
LL+1M W/D1STR. W/LOAD LL+IM W/D1STR. W/LOAD 
1M = 0.15 D.F.=0.75 FACTOR=0.75 1M = 0.15 D.F.=0.75 FACTOR=0.75 

0.00 0.00 0.00 0.00 0.00 0.00 
1196.12 897.09 672.82 -306.82 -230.12 -172.59 

185.61 139.21 104.41 -767.17 -575.38 -431.53 
1166.79 875.09 656.32 -247.48 -185.61 -139.21 

+--------+---------+----------+-----------+---------+----------+-----------+ 
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= 

also indicative of the maximum flexural stress in the 

web (ksi) 

Depth of web in compression (in) 

Yb - tf= 31. 70" - 1.125" = 30.58" 

Flange stress reduction factor, taken as 1.0 

( J
2 

0.375 . Icf ~ (28.9)(1.0)(29000) ( ) = 31.5ksl 
2 30.58 

The allowable stress of 31.5 ksi is greater than the maximum calculated stress of 

23.35 ksi from Table 4.4, therefore the section is adequate. 

4.2.2.6 Stresses 

This step involves calculating the stresses in the top and bottom of the girder for 

the Strength Limit State. The exterior girder moments govern the flexural design. The 

stresses are based on factored loads from Table 3.7 and Table 3.8.. Tables 4.5 and 4.6 

summarize the maximum stresses in the tension and compression flanges. 

4.2.2.7 Determination if Compact or Non-Compact 

In this step the engineer will determine if the section is compact or non-compact. 

Initially, the section is assumed to be compact and is evaluated to determine if the 

assumption is correct. 

4.2.2.7.1 Flexural Resistance for Compact Sections 

Check flexural resistance for compact sections uSing Article 6.10.5.2.3 for 

negative flexure. 
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Load MDt 

D1 1218.2 

D2 

D3 

LL+IM 

Total 

TABLE 4.4 

MAXIMUM FLEXURAL STRESS IN THE WEB 

FOR NEGATIVE FLEXURE 

MD2 MD3 MLL+IM Sh Steel Sh Comp. 

1246.9 

255.8 1283.3 

125.5 1283.3 

863.2 1283.3 
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Stress,ksi 

11.72 

2.39 

l.17 

8.07 

23.35 



Load 

Dl 

D2 

D3 

LL+IM 

Total 

Load 

Dl 

D2 

D3 

LL+IM 

Total 

TABLE 4.5 

STRESS IN TOP OF STEEL GIRDER (TENSION) 

FOR NEGATIVE FLEXURE DUE TO FACTORED LOADING 

MDt MD2 MD3 MLL+IM St Steel St Compo 

1522.75 1246.9 

383.7 1425.3 

156.88 1425.3 

3192.66 1425.3 

TABLE 4.6 

STRESS IN BOTTOM OF STEEL GIRDER (COMPRESSION) 

FOR NEGATIVE FLEXURE DUE TO FACTORED LOADING 

MDt MD2 MD3 MLL+IM Sh Steel Sh Compo 

1522.75 1246.9 

383.7 1283.3 

156.88 1283.3 

3192.66 1283.3 
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Stress,ksi 

14.65 

3.23 

1.32 

26.88 

46.08 

Stress,ksi 

14.65 

3.59 

1.47 

29.85 

49.56 



4.2.2.7.1.1 Web slenderness 

Check web slenderness as specified in Article 6.10.5.2.3b 

(4.3) 

where: Dcp = Depth of web in compression calculated in 

accordance with Article 6.10.5.1.4b 

= Minimum yield strength of the compression 

flange 

If the web slenderness exceeds the limit then the nominal flexural resistance shall 

be determined as specified in Article 6.10.5.3.3 for non-compact sections. 

From Article 6.1 0.5.1.4b for sections in negative flexure, where the plastic neutral 

axis is in the web: 

where: Aw = 

~ = 

~ = 

Ac = 

~ 

Fyt 

(4.4) 

Area of the web 

Area of the slab 

Area of the tension flange 

Area of the compression flange 

Area of the longitudinal reinforcement included in 

the section 

Minimum yield strength of tension flange 

Minimum yield strength of compression flange 
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Fyr = Minimum yield strength of the longitudinal 

reinforcement included in the section 

For all other sections in negative flexure, Dcp shall be taken as equal to D. 

Find the location of the plastic neutral axis using LRFD Appendix A of Section 6. 

The diagrams in Figure 4.3 illustrate the dimensions of the section and the plastic forces. 

The diagrams were taken from Appendix A. 

a. Plastic Forces: 

Top Reinf., Prt = FytAt = (60)(6)(.2) = 72k 

Bot. Reinf, Prb = ~bArb = (60)(8)(.2) = 96k 

Tension Fig., ~ ~tbttt = (50)(16)(1.125) = 900k 

Compo FIg., ~ = ~cbic = (50)(16)(1.125) = 900k 

Web, Pw = FywDtw = (50)(58)(.375) = 1087.5k 

b. Plastic Neutral Axis: C = T 

Case 1 Conditions: In Web 

900+ 1087.5 = 1987.5 ~ 900+ 96+ 72 = 1068 

Therefore PNA in the web 

D = (58 ) [900 + 1087.5 + 96 + 72 - 900] = 33.48in 
cp 2 1087.5 

2Dcp 2(33.48) 
--= =178.6 

tw 0.375 
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-Pt 
~ 

PNA 
r= y y 
t t 

- Pw 
PNA 

D 

r-' ---- Pc 
L: t be ~ CASE I CASE I I 

FIGURE 4.3 

PLASTIC FORCES FOR NEGATIVE FLEXURE 
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3.76~ E =3.76129000 =90.6 
Fyc 50 

178.6 ~ 90.6 therefore the section is non-compact 

Refer to Article 6.10.5.3.3. for non-compact sections in negative flexure. 

4.2.2.7.2 Flexural Resistance for Non-Compact Sections 

Check flexural resistance for non-compact sections using Article 6. 10.5.3 .3 for 

negative flexure. 

4.2.2.7.2.1 Web Slenderness 

The web slenderness limit state for non-compact sections is Article 6.10.5.3.3b. 

The requirements are as follows: 

(4.4) 

where: fc = Stress in the compression flange due to the factored 

loading 

= 49.56 ksi from Table 4.6 

2Dc = 2(30.575) = 163 
tw 0.375 

6.77 fK::: 6.77 29000::: 163.8 ~ 163 O.K. VI. 49.56 
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4.2.2.7.2.2 Compression flange slenderness 

Check compression flange slenderness as specified in Article 6.10.5.3.3c. 

(4.5) 

hi = 16 =7.11 
211 2( 1.125) 

1 38 E 1 38 29000 = 9. 33 ~ 7.11 . fct~c =. 49.56J163.8 

Therefore the section is adequate. 

4.2.2.7.2.3 Compression flange bracing 

Check compression flange bracing as specified in Article 6.10.5.3.3d. 

(4.6) 

where: ~ = Distance between points bracing the compression 

flange 

Minimum radius of gyration of the compression 

flange of the steel section, plus one-third of the web 

in compression taken about the vertical axis (in) 
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I = (10.19)(0.375)3 + (1. 125)(16r 
y 12 12 

A = 10.19(0.375)+1.125(16) = 21. 82in2 

H&84 
r. = -- =4.19in 

t 21.82 

Minimum L" ~ 1.76( 4.19 )~29000 = 177.2" = 14.7' 
50 

Consider section in positive moment region before specifying diaphragm spacing. 

As long as the compression flange is braced at a distance less than 14.7 feet, lateral 

torsional buckling will not be a problem. 

4.2.2.7.2.4 Load shedding factor 

Determine the load shedding factor, Rn, for the compression and tension flanges as 

specified in Article 6.10.5.4.2. This factor accounts for the nonlinear variation of stresses 

caused by local buckling of slender webs subjected to flexural stresses. For the tension 

flange the load shedding factor is taken as 1.0. The requirement for the compression flange 

is as follows: 

(4.7) 
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where: Ab 5.76 for members with a compression flange area 

equal to or greater than the tension flange area 

Ab [K = 5.76 29000 = 139.33 vi. 49.56 

The requirement is not satisfied therefore R" is taken as: 

(4.8) 

2(30.575)( 0.375) 
ar = ()( ) = 1. 274 16 1.125 

~ = 1-( 1.274 )(163-139.33) 0.98 
1200 + 300(1.274) 

Therefore the load shedding factor for the compression flange is 0.98. 

4.2.2.7.2.5 Flexural Resistance 

The final step in designing the section for the negative moment region is to 

calculate the resistance of the section and compare the values to the maximum stresses 

from Section 4.2.2.6. For a non-compact section the resistance of each flange is in terms 
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of stress. This is specified in Article 6.10.5.3.3a. The nominal flexural resistance is as 

follows: 

where: R., and ~ 

Rb 

F or the tension flange: 

R., 

~ 

Fyf 

= 

= 

= 

F" = (1.0)(1.0)(50) = 50ksi 

F;. = t/J IF" = 1. O( 50) = 50ksi 

Flange stress reduction factors 

0.98 for compression flanges 

1.0 for tension flanges 

1.0 for homogeneous sections 

Specified minimum yield strength of 

the flange 

(4.9) 

This value is greater than the maximum stress of 46.1 ksi from Table 4.5, therefore 

the section is adequate. 

For the compression flange: 

F" = (0.98)(1. 0)(50) = 49ksi 
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This value is less than the maximum stress of 49.56 ksi from Table 4.5B; however, 

this is overstressed by only 1 % and will be accepted. 

All the requirements for flexure have been satisfied. Therefore use a section 

consisting ofa 3/8 11 x 58" web, and 1 1/8" x 16" flanges for the negative moment region. 

4.2.3 DESIGN SECTION FOR POSITIVE FLEXURE 

F or the positive moment region, a steel section consisting of a 112" x 12" top 

flange, 3/8" x 58" web, and 1 II X 16" bottom flange is used. As stated earlier, the cross­

section of the web remained constant. The section is smaller due to the additional strength 

provided by the concrete. Section properties are computed for the steel section alone, the 

short term composite section with 11 equal to 8, and the long term composite section with 

311 equal to 24, where 11 is the modular ratio. The composite section consists of the steel 

section and a transformed area of an effective width of concrete slab which is referred to 

in Article 6.10.5.1.1b for positive flexure. The value of 11 is taken from this article which 

states that for normal weight concrete, the modular ratio for 3.6 :::; fie:::; 4.6 is taken as 8. 

Stresses are computed at the top and bottom of the steel girder and in the concrete using 

factored moments. The steel girder alone resists moments due to D 1. The short term 

composite section resists moments due to LL +IM and the long term composite section 

resists moments due to D2 and D3. The sequence of loading and the effective flange 

width are identical to that determined for the negative moment region in Section 4.2.2.1 

and Section 4.2.2.2, respectively. The moments for the exterior girders control the 

positive moment region also. Therefore, the effective width used is be equal to 87". 
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b = 81" 

1" Haunch 

3/8" x 58" Web 

1" x 16" Flange 

FIGURE 4.4 

CROSS-SECTION IN 

POSITIVE MOMENT REGION 
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4.2.3.1 Section Properties 

Calculate the Section Properties for the steel girder alone and the short term and 

long term composite sections. Figure 4.4 illustrates the dimensions of the section. From 

Table 4.7 the following section properties were calculated for the steel section alone. 

= Ay = -296.5 = -6.78 
Yc A 43.75 

D 58 
YTopofsteel = -+tl - Yo = -+0.5+6.78 36.28in 

2 2 

Y Bottomofsteel = D + t f + Yo = 58 + 1.0 - 6.78 = 23. 22in 
2 2 

s = INA = 23146.66 = 638. 05in3 

Topofsteel YT 36.28 

S 
INA 23146.66 . 3 

Bottomofsteel = - = = 996. 721n 
YB 23.22 

From Table 4.8 the following section properties were calculated for the short term 

composite section, where" equals 8. 

Ay 2705 () 
Yo =A= 130.75 20.69 INA =1 - Yo x LAy 73209. 88in

4 
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TABLE 4.7 

STEEL SECTION PROPERTIES (pOSITIVE FLEXURE) 

Component A(in2) y(in) Ay Ay2 10(in4) l(in4) 

Top Flange 6.00 29.25 175.5 5133.38 0.125 5133.5 

1/2" x 12" 

Web 21.75 6097.25 6097.25 

3/8" x 58" 
i 

Bot. Flange 16.00 -29.50 -472 13924 1.33 13925.33 

I II x 1611 

Total 43.75 -296.5 25156.08 

TABLE 4.8 

SHORT TERM COMPOSITE SECTION 

PROPERTIES, Tl = 8 (POSITIVE FLEXURE) 

Component A(in2) y(in) Ay Ay2 10(in4) I(in4) 

Top Flange 6.00 29.25 175.5 5133.38 0.125 5133.5 

I 112" x 12" 

Web 21.75 6097.25 6097.25 

3/8t! x 58" 

Bot. Flange 16.00 -29.50 -472 13924 1.33 13925.33 

I" x 1611 

Concrete 87 34.5 3001.5 10355l.8 464 104015.8 

(be x t~/ll) 

Total 130.75 2705 129171.8 
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S = INA = 73209.88 = 8308 29' 3 
Topofsteel . In 

YT 8.81 

s - INA = 73209.88 1444.31in3 

Bottomofsteel - YB 50.69 

D 
YTopojConcrete =-+1/ +Haunch+ts - Yc 

2 

YTopojConcrele = 58 +0.5+1+8-20.69 = 17.81in 
2 

S 
- INA _ 73209.88 _ . 3 

TopojConcrete - - - - 4110. 221n 
YT 17.81 

From Table 4.9 the following section properties were calculated for the long term 

composite section, where 3" equals 24. 

= Ay = 704 = 9. 68in 
Yc A 72.75 

D 58 
YTopo/steel = '2+t/ - Yc = 2+0.5 9.67 = 19.82in 

YBotwmof"'" = ~ +tf + Yc = 5; + 1.0+9.67 = 39. 68in 

s = INA = 53015.41 = 2674. 44in3 

Topofsteel Y T 19.82 

s = INA = 53015.41 = 1336.18in3 

Bottomofsteel Y B 39. 68 
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TABLE 4.9 

LONG TERM COMPOSITE SECTION, 3" = 24 

PROPERTIES, 3" =24 (POSITIVE FLEXURE) 

Component A(in2) y(in) Ay Ay2 In(in4) I(in4) 

Top Flange 6.00 29.25 175.5 5133.38 0.125 5133.5 

112" x 12" 

Web 21.75 6097.25 6097.25 

3/8" x 58" 

Bot. Flange 16.00 -29.50 -472 13924 1.33 13925.33 

I" x 161t 

Concrete 29 34.5 1000.5 34517.25 154.67 34671.92 

(be x ~~/3'l1) 

Total 72.75 704 59828 
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4.2.3.2 Member Proportions 

Check the member proportions as specified in Article 6.10.1.1. The article states 

that flexural components are to be proportioned to meet the following requirement: 

0.5(12r 1.0(16)3 58(0.375r . 4 
Iy = + + = 411581n 

12 12 12 

I = 0.S(12Y = 72in4 
yc 12 

= 0.17 therefore the section is adequate 
Iy 

4.2.3.3 Check DcL!w 

Check Dj~ for fatigue induced by web flexure as specified in Article 6.10.4.3 for 

webs without longitudinal stiffeners. 

= 2(35.78) = 190.9 
tw 0.375 

6.43~ E =6.43F9000 = 154.85 
Fyc 50 

If 2Dc > 6.43 ~ E , Then: f if 5, 28. 9 R"E(~)2 
~ ~ 2~ 

(4.11 ) 

Dc = Yb - tf= 36.28" - 0.5 11 = 35.78" 
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( J
2 

0.375 . f if 5 (28.9)( 1. 0)(29000) ( ) = 23ksl 
2 35.78 

The allowable stress of 23 ksi is greater than the maximum calculated stress of 

16.31 ksi from Table 4.10, therefore the section is adequate. The stresses calculated in 

Table 4.10 are based on the unfactored permanent loads and the fatigue loading described 

in Section 4.2.2.5 .. 

4.2.3.4 STRESSES 

This step involves calculating the stresses in the top and bottom of the girder for 

the Strength Limit State. The exterior girder moments govern the flexural design. The 

stresses are based on the unfactored loads from Table 3.7 and Table 3.8. Tables 4.11 and 

4.12 summarize the maximum stresses in the tension and compression flanges. 

4_2.3.5 Determination if Compact or Non-Compact Section 

In this step the engineer will determine if the section is compact or non-compact. 

Initially, the section is assumed to be compact and is evaluated to determine if the 

assumption is correct. 

4.2.3.5.1 Flexural Resistance for Compact Sections 

Check flexural resistance for compact sections using Article 6.10.5.2.2 for positive 

flexure. 

4.2.3.5.1.1 Web slenderness 

Check web slenderness as specified in Article 6.10.5.2.2c. 

2Dcp ~ --53.76 -
tw Fyc 
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Load MD1 

Dl 712.8 

D2 

D3 

LL+IM 

Total 

TABLE 4.10 

MAXIMUM FLEXURAL STRESS IN THE WEB 

FOR POSITIVE FLEXURE 

MD2 MD3 MLL+IM St Steel St Cornp. 

638.1 

149.7 2674.44 

73.4 2674.44 

1312.65 8308.29 

90 

Stress,ksi 

13.41 

0.67 

0.33 

1.90 

16.31 



Load 

D1 

D2 

D3 

LL+IM 

Total 

Load 

D1 

D2 

D3 

LL+IM 

Total 

TABLE 4.11 

STRESS IN TOP OF STEEL GIRDER (COMPRESSION) 

FOR POSITIVE FLEXURE DUE TO FACTORED LOADING 

MDI MD2 MD3 MLL+IM St Steel St Comp. 

891 638.1 

224.55 2674.44 

91.75 2674.44 

3017.1 8308.29 

TABLE 4.12 

STRESS IN BOTTOM OF STEEL GIRDER (TENSION) 

FOR POSITIVE FLEXURE DUE TO FACTORED LOADING 

MDI MD2 MD3 MLL+IM Sh Steel Sh Comp. 

891 996.7 

224.55 1336.18 

91.75 1336.18 

3017.1 1444.32 

91 

Stress,ksi 

16.76 

l.00 

0.41 

4.36 

22.53 

Stress,ksi 

10.73 

2.02 

0.82 

25.07 

38.64 



From Article 6.10.S.1.4b for sections in positive flexure, where the plastic neutral 

axis is in the web: 

(4.12) 

For all other sections in positive flexure, Dcp shall be taken equal to 0 and the web 

slenderness requirement is considered satisfied. 

Find the location of the plastic neutral axis using Appendix A of Section 6 of the 

LRFD specifications. Figure 4.S illustrates the dimensions of the section and the plastic 

forces. The diagrams were taken from Appendix A. 

a. Plastic Forces: 

Top Reinf., Prt = FytAt = (60)(6)(.2) = 72k 

Cone. Slab, ~ = 0.8Sf'cabe = 0.8S(4.S)(87)a 

Ps = 332.78a 

Bot. Reinf, Prb = FybArb = (60)(S)(.2) = 96k 

Tension FIg., ~ = F;,tbt1t = (50)(16)(1.0) = SOOk 

Compo FIg., ~ = Fycbclc = (SO)(12)( O.S) = 300k 

Web, Pw = FywD1w = (50)(S8)(.375) = 1087.5k 

b. Plastic Neutral Axis: C = T 

Assume plastic neutral axis is in the slab between the reinforcement. 

332.78a+72 = 96+300+800+ 1087.5 
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bs 
Arc r 

...c.?rt ., . y 
.: ... : _Ps 

L?rb 
L? c y 

0 
_?w 

tw 

tt - -- F't 

~ bot ~ CASE J CASE II CASE III. IV, V 

FIGURE 4.5 

PLASTIC FORCES FOR POSITIVE FLEXURE 
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Therefore a = 6.64" 

c =: ~ =: 6.64 =: 8.05"> Crb =: 6.25" 
B} 0.825 

Crb is the distance from the top of the concrete slab to the bott?m 

reinforcement. Therefore recalculate with plastic neutral axis below bottom 

reinforcement. 

332. 78a+ 72 +96 =: 300+800+ 1087.5 

Therefore a = 6.07" 

c=:~=: 6.07 =:7.36">Crb=:6.25" O.K. 
B} 0.825 

~ =: 0.85(4.5)(87)(6.07) =: 2020k 

Case 3 Condition: P .N.A in slab below P rb 

(
6.25) 800+1087.5+300~ -8- 2020+96+72 

2187.5~1745.8 O.K. 
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The plastic neutral axis is in the slab below the bottom reinforcement, therefore D cp 

is equal to zero. The web slenderness requirement is considered to be satisfied and 

the section is compact. 

Calculate ~: 

y=c=7.36 11 

where: drt = 4.1 lin 
drb = 1.1lin 

d...., = 31.14in 

dt = 60. 64in 

de = L89in 

Mp = 90, 18Skin = 751Skjt ~ Mu 4009kjt from Table 3.12 

Therefore, the section is adequate. 

4.2.3.5.1.2 Compression flange slenderness 

(4.13) 

Check compression flange slenderness as specified in Article 6.10.S.2.3c. There is 

no strength limit state requirement for compact sections in positive flexure. 

4.2.3.5.1.3 Compression flange bracing 

Check compression flange bracing as specified in Article 6.10.S.2.3d. There is no 

strength limit state requirement for compact sections in positive flexure. However, the 
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engineer should understand that during the deck pour the section will be non-composite 

and unbraced. Therefore a maximum unbraced length is calculated in Section 4.2.5.1. 

4.2.3.5.1.4 Flexural resistance 

Calculate the flexural resistance provided by the section as specified in Article 

6.10.5.2.2a. For continuous spans with non-compact interior support sections, the 

nominal flexural resistance of the section is computed by the following equation: 

where: ~ = 

~ = 

(4.14) 

1.0 

yield moment of the critical flange, tension flange in 

this case 

Referring to Appendix A6.2, the yield moment of a composite section is calculated 

below. 

First calculate the additional stress required to cause yielding in the tension flange: 

where: Fy 

fOl 

= 

( 4.15) 

the minimum yield strength of the tension flange 

The stress caused by the permanent load before the 

concrete attains 75% of its 28 day strength applied 

to the steel section alone, calculated in Table 4.12. 

Stresses obtained from applying the remaining 

permanent loads to the long term composite section, 

calculated in Table 4.12. 
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fAD = 50 - (10.73 + 2. 02 + 0.82) = 36. 43kYi 

which corresponds to an additional moment: 

where: SST = The section modulus for the short term composite 

section, where 11 equals 8. 

M 
(36.43)(1444.31) kfi 

AD = = 4384.7 t 
12 

My 891+224.6+91.8+4384.7 = 5592.1kft 

Mn < Mp = 7515kft therefore Mn = 7269.7kft 

Mr > Mu = 4009kft from Table 3.12, therefore, the section provides 

adequate flexural strength. 

4.2.3.5.1.5 Positive flexure ductility 

The final step is to check the ductility requirement for compact composite sections 

in positive flexure using Article 6.10.5.2.2h. The purpose of this requirement is to make 
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sure that the tension flange of the steel section will reach strain hardening before the 

concrete in the slab crushes. This article only applies if the moment due to the factored 

loads results in a flange stress which exceeds the yield strength of the flange. If the stress 

due to the moments does not exceed the yield strength, then the section is considered 

adequate. The reason being that there will not be enough strain in the steel at or below the 

yield strength for crushing of the concrete to occur in the slab. From Table 4.12 it is 

shown that the flange stress in the tension flange is less than the yield strength of the 

flange, 50 ksi, therefore the section is adequate. 

All the requirements for flexure have been satisfied. Therefore use a section 

consisting of a 1/2" x 12" top flange, a 3/8" x 58" web, and a 1" x 16" bottom flange for 

the positive moment region. 

4.2.3.6 Transition Points 

Transition points from the sections in positive moment regions to the sections in 

negative moment regions shall take place at the dead load inflection points. These 

locations are chosen because composite action is not considered to be developed. 

The inflection points were determined when the effective lengths were calculated 

in Section 3.2.4. Going from left to the right of the bridge, inflection points exist at the 

following locations: 

x = 75.5', Ill', 209', 244.5' 

The web size is a constant throughout the bridge. Only, the flange size changes at 

the inflection points. 
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4.2.4 SHEAR DESIGN 

In general the factored shear resistance of a girder, V'r' is taken as follows: 

(4.16) 

where: Vn = Nominal shear resistance for the stiffened web 

Resistance factor for shear = 1.0 

4.2.4.1 Stiffened Web 

Interior web panels of homogeneous girders without longitudinal stiffeners and 

with a transverse stiffener spacing not exceeding 3D, are considered stiffened. 

3D = 3(58) = 174" 

The nominal resistance of stiffened webs is referred to in Article 6.10.7.3.2. 

4.2.4.1.1 Handling Requirements 

For web panels without longitudinal stiffeners, transverse stiffeners are required if: 

D 
->150 
Iw 

~ = 154.7> 150 therefore transverse stiffeners required 
0.375 

Maximum spacing of the transverse stiffeners is: 
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(4.18) 

4.2.4.1.2 Homogeneous Sections 

The article covering the requirements for homogeneous sections is Article 

6.10.7.3.3. The purpose of this section is to determine the maximum spacing of the 

stiffeners while maintaining adequate shear strength within the paneL Three separate 

sections must be examined. 

a. End panels 

b. Interior panels for the composite section in the positive moment 

region 

c. Interior panels for the non-composite section in the negative 

moment region 

From analysis, the interior girders receive the largest shear force values. A 

spreadsheet was used to maximize the spacing of the panels using these values. The 

calculations for the final values are included in Sections 4.2.4.1.2.1, Section 4.2.4.1.2.2, 

and Section 4.2.4.1.2.3. Section 4.2.4.1.2.4 checks the shear requirement ofD!1w. 

4.2.4.1.2.1 End panels 

In end panels tension field action is not permitted to be used. Only buckling 

strength is available in end panels. The nominal shear resistance of an end panel is 

confined to either the shear yield or shear buckling force. 

(4.19) 
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for which: 

Vp = 0.58F ywDtw = 0.58(50)(58)(0.375) 630.75k (4.20) 

where: C = Ratio of the shear buckling stress to the shear yield 

strength 

k = Shear buckling coefficient 

The ratio, C, is detennined as follows: 

D ~Ek If - < 1.10 - then C = 1.0 
tw Fyw 

~Ek D ~Ek If 1.10 -:::;-:::;1.38 - then: 
Fyw tw Fyw 

(4.21) 

D JEk If - > 1.38 - then: 
tw Fyw 

(4.22) 

for which: 

101 



k=5+_5~ 

(~)' 
(4.23) 

For the end panels Vu equals 22l.3 kips, taken from Table 3.18. 

D JEk 1.52 (Ek) 
Assume tw > 1.38 Fyw therefore C= (~)' Fyw 

k . = (221.3)(50) (~)2 = 952 
mIn 1.52( 630.75)(29000) 0.375 . 

k = 5+ 5 2 therefore maximum do = 61.1" 

(~) 

Initially, the first intermediate stiffener was place at 66" from the end 

bearing stiffener. However, after reviewing the design a mistake had been made. Because 

the rest of the design was complete it was decided to simply use two stiffeners in the 66" 

spacing. Therefore, place the first intermediate stiffener at 2.5 feet from end bearing 

stiffener and the second 3 feet from the first intermediate stiffener. This spacing provides 

more than enough capacity for the end panels. 
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4.2.4.1.2.2 Interior panels of compact sections 

F or this design, this section applies to the positive moment region only. The 

region considered shall be the effective lengths for the uniform unit load. These effective 

lengths were determined in Section 3.2.4. First, consider the 100' span. 

The nominal shear resistance is taken as: 

v =V C+ 0.87(1-C) 

n p mY (4.24) 

V =RV C+ 0.87(1-C) ~CV 
n p Rff P 

(4.25) 

For which: 

(4.26) 
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where: Mu = Maximum moment in the panel under consideration 

due to the factored loads (kin) 

Vn = Nominal shear resistance (kip) 

Vp = Plastic shear force (kip) 

~ = Factored Flexural Resistance (kin) 

rPf = Resistance factor for flexure = 1.0 

My = Yield moment (kin) 

D = Web Depth (in) 

do = Stiffener spacing (in) 

C = Ratio of the shear buckling stress to the shear yield 

strength 

0.5rPf M p = 0.5(1.0)(7515) = 3757.5kft < Mu = 4009.4kft therefore: 

V =RV C+ 0.87(1-C) c.CV 

• p F® P 

Calculate the minimum spacing for the panels for the compact sections using the 

maximum shear values. For the 100 foot span the compact section exists for the first 75.5 

feet of the bridge. Since the first interior stiffener is 2.5 feet from the end of the bridge 

and the second is 3 feet from the first, stiffeners must be spaced equally across the 

remaining 70 feet. 

v" = 198.6k at 5.5 feet from the ends of the bridge 

My = 5592.1kft from Section 4.2.3.5.1.4 
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M,. = 7269.7 lift from Section 4.2.3.5.1.4 

R = [0.6+0.4( 7269. 7 -4009.4 )] = l.02 > 1.0 
7269.7- O. 7s( 1. 0)( 5592.1) 

therefore use R 1.0 

D ~Ek 1.52 (Ek) 
Assume t.:" > 1.38 Fyw therefore C = (~J Fyw 

Use spacing of 120" for equal spacing of stiffeners. 

5 
k = 5+ = 6.17 

C:~J 
c = 1.52 ((29000)(6.17)) = 0.23 

(~)2 50 
.375 

0.87(1-023) r: = 1. O( 630.75) 0.23 + . = 329k 

1+CS280J 

'vVn = 1.0(329) = 329k > v: = 198.6k O.K. 

Space transverse intermediate stiffeners at 10 feet from x = 5.5' to x = 75.5' along 

the 100 foot span. 
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Consider the 120 foot span for which a compact section exists from points x = Ill' 

to x 209' along the bridge. Therefore space transverse intermediate stiffeners equally 

along the 98 foot distance. 

O.5tjJfMp = 0.5(1.0)(7515) = 3757.5kjt < Mu = 3758.4kjt therefore: 

0.87(1-C) 

v;, = RVp C + ~l +(~)2 ? CVp 

v: = 255.4k at 11 feet from the interior supports 

My = 5592.1kft from Section 4.2.3.5.1.4 

Mr = 7269.7kft from Section 4.2.3.5.1.4 

R = [0 6 0 4( 7269. 7 - 3758. 4 J] 1 06 1 0 
. +. 7269.7-0.75(1.0)(5592.1) . >. 

therefore use R = 1.0 

Use spacing of 147" for equal spacing of stiffeners. 
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5 
k =5+ =5.78 e::J 
c = 1.52 ((29000)(5.78)) = 0.21 

(~)2 50 
.375 

Vn = 1.0(630.75) 0.21 + 0.87(1- 0.21) = 292k 

1+C5~J 

¢yVn = 1.0(292) = 292k > v: = 255.4k O.K. 

Space transverse intermediate stiffeners at 12.25 feet from x = Ill' to x = 209' 

along the 120 foot span. 

4.2.4.1.2.3 Interior pane1s of non-compact sections 

This section applies to the negative moment region only. The region considered 

shall be the effective lengths for the uniform unit load. These effective lengths were 

determined in Section 3.2.4. The non-compact section exists between x = 75.5' to 

x = Ill' and x = 209' to x = 245.5'. Therefore, there is 24.5 feet on the 100' span and 11 

feet on the 120' span from the bearing stiffener over the support to the inflection point. 

The nominal shear resistance is taken as: 
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v = V C+ 0.87(1-C) 

n p ~ 

V =RV C+ 0.87(1-C) ~CV 
n p ~ p 

For which: 

R = [0.6+0.4( F,. - fu )] ~ 1.0 
F,. O. 75¢J IF;, 

(4.27) 

where: t: = Maximum stress in the compression flange in the 

panel under consideration due to the factored 

loading (ksi) 

t: = 49.56 ksi from Table 4.6 

Fr = Factored flexural resistance of the compression 

flange for which t:. was determined 

Fr = 49 ksi from Section 4.2.2.7.5 

C = Ratio of shear buckling stress to the shear yield 

strength 
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The fact that Fr is 1% less than ~ was addressed in Section 4.2.2.7.5. For the 

calculation ofR the tenn (Fr - fJ shall be considered zero. Therefore R = 0.6. 

fu = 49.56> 0.75r/1f Fy = 0.75(1.0)(50) = 37.5 therefore: 

V = V C 0.87(1-C) >CV 

n R p + ~1+(~ J - p 

The stiffener spacing along 100' span was determined first. A spacing of 54" was 

used for the first stiffener from the bearing stiffener. From there a 60" spacing was used 

for the remaining 20 feet of length. Check the 60 ft spacing for adequacy. The 54" spacing 

will be adequate if the 60" spacing is. 

v" = 273.5k at location x = 96.5' 

D ~Ek Assume - > 1.38 - therefore 
tw Fyw 

5 
k=5+ =9.67 

G~)' 

C = 1.52 ((29000)(9.67)) 

(~)2 50 0.35 

.375 
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0.87(1- 0.35) 
V" =0.6(630.75) 0.35+ = 281.2k 

l+(~~J 

¢vv" = 1.0(281.2) = 281.2k > VII = 273.5k O.K. 

Space transverse intennediate stiffeners at 5 feet from x = 75.5' to x = 95.5' and 

4.5 feet from x = 95.5' to x = 100' along the 100 foot span. 

Determine stiffener spacing along 120' span. Space stiffeners equally along the 11' 

length from x = 100' to x = Ill', 

~ = 247k at location x = Ill' 

Assume ~ > l.38~ :~ therefore C = (~)2 (~ J 

Use spacing of 66" for equal spacing of stiffeners. 

5 
k =5+ =8.86 

(~:)2 

c = 1.52 ((29000)(8.86)) = 0.33 

(~)2 50 
.375 
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Vn = 0.6(630.75) 0.33 + 0.87(1- 0.33) = 270.5k 

l+(~~J 

t/Jv~ = 1.0(270.5) = 270.5k > ~ = 247k O.K. 

Space transverse intermediate stiffeners at 5.5 feet from x = 100' to x = Ill' along 

the 100 foot span. 

4.2.4.1.2.4 Check Ddtw for shear 

This section checks Djfw for fatigue induced by shear on the web. The 

requirement involves calculating the maximum elastic shear stress in the web and is 

specified in Article 6.10.4.4. The check on the requirement is performed at this time since 

the stiffener spacing is incorporated in calculating the shear stress. Since the same web 

section is used throughout the design, the shear stress is checked for the web over the 

supports only. The reason being that over the supports is the location of maximum shears 

and the stiffener spacing at the ends of the bridge is small enough to provide a 

considerable amount of strength at those locations. 

Vif = 0.58CFyw 

where: Fyw = 

c = 

= 

Yield strength of the web (ksi) 

Ratio of shear buckling stress to shear yield strength 

as specified in Article 6.10.7.3.3 

Maximum elastic shear stress in the web due to the 

unfactored permanent loads of Table 3.15 and the 
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fatigue loading. The fatigue loading is taken as 

twice that calculated using fatigue load combination 

in Table 2.2. The unfactored values for the fatigue 

loading at the critical points is summarized in Table 

4.3. The factored values with impact applied are 

tabulated in Table 4.13. It should be noted that the 

distribution factor used for the fatigue loading is that 

for single lane loaded, whether it is maximum or not. 

From Section 3.2.3.5.1 the distribution factor for 

single lane loaded was determined to be 0.68 for 

the interior girder. Therefore this value was used 

instead of the controlling value of 0.82 calculated 

for two or more lanes loaded. 

The maximum stiffener spacing at the supports is 66" determined in Section 

4.2.4.1.2.3. 

5 
k =5+ =8.86 

(~:)' 

D = ~= 154.7> 1.38 (29000)(8.86) = 98.9 
tw 0.375 50 

c = 1.52 ((29000)(8.86)) = 0.33 

(~)2 50 
0.375 
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TABLE 4.13 

FACTORED SHEARS FOR 

FATIGUE LIMIT STATE 

SHEAR VALUES J.00-120-100 

FATIGUE LIMIT STATE 
INTERIOR GIRDER CRITICAL FOR SHEAR 
+--------+-----------------------------+-----------------------------+ 

LOCATIONfpOSITIVE SHEAR,KIPS INEGATIVE SHEAR,KIPS I 
FROM 
LEFT 
FEET 

+--------+--------+-----------+--------+--------+-----------+ 
CRITICAL LL+IM LL+IM CRITICAL LL+IM LL+IM 
LL+IM W/DISTR. W/LOAD LL+IM W/DISTR. S/LOAD 
1M = 0.1 D.F.=0.6 FACTOR=0.75 1M = 0.1 D.F.=0.6 FACTOR=0.75 

+--------+--------+--------+-----------+--------+--------+-----------+ 
0.00 64.45 43.83 32.87 -7.67 -5.22 -3.91 

40.00 27.78 18.89 14.17 -22.33 -15.18 -11.39 
100.00 1.85 1.26 0.94 -71.79 -48.82 -36.61 
100.00 71.68 48.74 36.56 7.22 4.91 3.68 
160.00 27.31 18.57 13.93 -27.31 -18.57 -13.93 

+--------+--------+--------+-----------+--------+--------+-----------+ 
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Vcf ~ 0.58(0.33)(50) = 9. 57ksi which is greater than the maximum 

calculated stress of 7.42 ksi from Table 4.14, therefore, the section is adequate. 

4.2.4.2 Stiffener Design 

The LRFD specifications for stiffener design are located in Article 6.10.8. 

4.2.4.2.1 Transverse Intermediate Stiffeners 

Transverse intermediate stiffeners are composed of plates welded to either one or 

both sides of the web depending on the additional shear resistance the web needs. 

Transverse intermediate stiffeners used as connecting elements for diaphragms must 

extend the full depth of the web. If the stiffeners are not to be used as connecting elements 

they must be welded against the compression flange but are not to be welded to the 

tension flange. The allowable distance between the end of the stiffener and the tension 

flange is between 41w and 61w. Therefore, cut the transverse stiffeners 4tw or 1.5" from the 

tension flange. 

For this design, A36 steel is used for the stiffeners. In locations where diaphragms 

are to be used, a stiffener is used on each side of the web as a connecting element. For the 

other locations a single plate will be welded to one side of the web only. The stiffeners are 

designed as columns made up of either one or two plates and a centrally located strip of 

web. 

4.2.4.2.1.1 Single plate transverse stitTeners 

Single plate transverse intermediate stiffeners are used at locations where there are 

no connecting elements. F or this design they shall be designed based on the maximum 

shear for the positive and negative moment regions respectively. This is a conservative 

approach. The fact that the stiffeners will have more than the required strength in some 
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Load VDl 

DI 64.36 

D2 

D3 

LL+IM: 

Total 

TABLE 4.14 

MAXIMUM SHEAR STRESS 

IN THE WEB 

VD2 VD3 VLL+IM 

17.41 

6.40 

73.24 
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Aweb Stress,ksi 

21.75 2.96 

21.75 0.80 

21.75 0.29 

21.75 3.37 

7.42 



areas is negligible because the amount of steel saved by changing them would be small. 

The stiffener size detennined was 3/4" x 5 11211 for both regions. The following 

requirements demonstrate the adequacy of this section. 

4.2.4.2.1.1.1 Projecting width 

The projecting width requirement is checked to prevent local buckling of the 

transverse stiffeners. The width of each projecting stiffener must meet the following 

requirements. 

d J;f 2.0+-- '5: bt '5: 0.48tp -
30.0 F;,s 

and 

where: d = Steel section depth (in) 

tp = Thickness of projecting element (in) 

Fys = Minimum yield strength of the stiffener (ksi) 

bf = Full width of steel flange (in) 

For the positive moment regions: 

d = 58+0.5+1 = 59.5in 

tp = O. 75in 

F;,s = 36ksi 

bf = 12in 
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2.0+ 59.5 = 3.98":;; h, = 5.5":;; 0.48(0.75")p9000 = 10.22" O.K. 
3QO 36 

and 

16. O( 0.75) = 121f~ ht = 5.5" ~ 0.25(12) = 3" O.K. 

For the negative moment regions: 

d = 58 + 1.125 + L 125 = 60. 25in 

Ip = 0.75in 

F;,s = 36ksi 

hi = 16in 

2.0+ 60.25 = 4":;; h, = 5.5":;; 0.48( O. 75"lp9000 = 10.22" O.K. 
30.0 36 

and 

16.0(O.75)=12f1~bt =5.5"~O.25(16)=4" O.K. 

4.2.4.2.1.1.2 Moment of inertia 

The moment of inertia of all transverse stiffeners must meet the following 

requirement. 

(4.30) 

for which: 

117 



J = 2.s( ~: J -2.0 <! 0.5 (4.31) 

where: ~ = Moment of inertia of 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 (in4) 

Transverse stiffener spacing (in) 

Web depth for webs without longitudinal 

stiffeners (in) 

For the positive moment regions use do equal to 147" and for the negative moment 

region use do equal to 66". 

The moment of inertia for a single stiffener, 3/4" x 5 112", is shown below. 

1 = 10 +Ad 2 

hy 
nl 10.75" U 5.5" 

I 

It = 0.75(5.5)3 +0.7s(5.5)(2.75Y =4L6in4 

12 

For positive moment regions: 
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(
58 )2 J=2.5 - -2.0=-1.6<0.5 thereforeuseJ=O.5 
147 

It = 41.6 ~ (147)(.375Y(0.5) = 3.88 therefore section is adequate 

F or negative moment regions: 

(58)2 J = 2.5 - - 2:0 = 0 < 0.5 therefore use J = 0.5 
. 66 

It = 41. 6 ~ (66)(.375)3 ( 0.5) = 1. 74 therefore section is adequate 

4.2.4.2.1.1.3 Area 

The transverse stiffeners need to have enough area to resist the vertical component 

of the tension field. The following requirement applies: 

(4.32) 

where: Vr = Factored shear resistance calculated in Section 

4.2.4.1.2.2 for the compact sections and in Section 

4.2.4.1.2.3 for the non-compact sections (kip) 

Vu = Shear due to factored loads at the strength limit 

state taken from Table 3.18 (kip) 

= Stiffener area, total area for both stiffeners for 

pairs (in2) 

B = 1.0 for stiffener pairs 

119 



B = 2.4 for single plate stiffeners 

C = Ratio of shear buckling stress to the shear yield 

strength 

Fyw = Minimum yield strength of the web (ksi) 

Fys = Minimum yield strength of the stiffener (ksi) 

The following values were determined in Section 4.2.4.1.2.2 for compact sections 

in the positive moment regions, using maximum values. 

c = 0.21 

Vu = 255.4k 

v,. = 292k 

As = 0.75(5.5) = 4. 125in2 

[ 0.15(2.4)(0.375)(58)(1-0.21) 255.4 -18(0.375)2J 50 = 4.00in2 

292 36 

As = 4. 125in2 > 4. 00in2 therefore section is adequate 

The following values were determined in Section 4.2.4.1.2.3 for non-compact 

sections in the negative moment regions, using maximum values. 

C 0.35 

v:, = 273.5k 

Vr = 281.2k 

As = 0.75(5.5) = 4. 1 25in2 
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[ 0.lS{2.4)( 0.375)(58)(1- 0.35) 273.5 -18( 0.37S?] 50 = 3.3Sin2 

281.2 36 

As = 4. 1 25in2 > 3.35in2 therefore section is adequate 

Therefore, use 3/4" x 5 112" single plate transverse intermediate stiffeners where 

no connecting elements are present. 

4.2.4.2.1.2 Don hie plate transverse stiffeners 

Double plate transverse intermediate stiffeners are used at locations where 

connecting elements such as diaphragms are used. For this design they shall be designed 

based on the maximum shear for the positive and negative moment regions respectively. 

This is a conservative approach. The fact that the stiffeners will have more than the 

required strength in some areas is negligible because the amount of steel saved by 

changing them would be small. A pair of stiffeners, 112" x 4" was detennined for both 

regions. The following requirements demonstrate the adequacy of this section. 

4.2.4.2.1.2.1 Projecting width 

The projecting width requirement is checked to prevent local buckling of the 

transverse stiffeners. The width of each projecting stiffener must meet the following 

requirements. 

d P; 2.0 +--:s; bt ::; 0.481 p -
30.0 F;,s 

and 
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For the positive moment regions: 

d = 58+ 0.5+ 1 = 59. Sin 

Ip = 0.5in 

F;,s = 36ksi 

bf = 12in 

2.0+ 59.5 =3.98":;;b, =5.5":;;0.48(0.5")~29000 =6.81" O.K. 
30.0 36 

and 

16.0(0.5) = 8"~ bt = 5.51t~ 0.25(12) = 3" O.K. 

For the negative moment regions: 

d = 58 + 1.125 + 1.125 = 60.25in 

Ip = O.5in 

F;,s = 36ksi 

bf = 16in 

2.0+ 60.25 = 4":;; b, = 5.5":;; 0.48( 0.5")p9000 = 6.81" O.K. 
30.0 36 

and 

16.0( 0.5) = 8"~ bt = 5.5"~ 0.25(16) = 4" O.K. 
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4.2.4.2.1.1.2 Moment of inertia 

The moment of inertia of all transverse stiffeners must meet the following 

requirement. 

for which: 

J 2.s( ~:)' -2.0 ~ 0.5 

F or the positive moment regions use do equal to 147" and for the negative 

moment region use do equal to 66". 

The moment of inertia for a pair of stiffeners, 112" x 4", is shown below. 

1 =10 +Ad 2 

1/2" r:=J m r:=J 1/2" 
4" W 4" 

I 
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For positive moment regions: 

J = 2.5 - -2.0= -1.6 <0.5 therefore use J = 0.5 ( 
58 )2 
147 

It = 5.33 ~ (147)(.37S)3( 0.5) = 3.88 therefore section is adequate 

For negative moment regions: 

(58)2 
J = 2.5 66 - 2. a 0 < 0.5 therefore use J = 0.5 

It = 5.33 ~(66)(.375r(0.5) = 1. 74 therefore section is adequate 

4.2.4.2.1.1.3 Area 

The transverse stiffeners need to have enough area to resist the vertical component 

of the tension field. The following requirement applies: 

The following values were determined in Section 4.2.4.1.2.2 for compact sections 

in the positive moment regions, using maximum values. 

C = 0.21 

~ = 255.4k 

V,. = 292k 
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[ 0.15(1.0)( 0.375)(58)(1- 0.21) 255.4 18( 00375)2J 50 = -0.38 
292 36 

Because the value was negative the required area is zero. This implies that the 

web can resist the vertical component of the tension field by itself. Therefore the stiffener 

only has to meet the requirements for projecting width and moment of inertia, which have 

been satisfied. 

The following values were determined in Section 4.2.4.1.2.3 for non-compact 

sections in the negative moment regions, using maximum values. 

C = 0.35 

Vu = 273.5k 

~ = 281.2k 

As = 2( 0.5)(4) = 4in2 

[ 0.15(1.0)( 0.375)(58)(1- 0.35) 273.5 -18( 0.375)2J 50 -0. 65in2 

281.2 36 

Because the value was negative the required area is zero. This implies that the 

web can resist the vertical component of the tension field by itself. Therefore the stiffener 

only has to meet the requirements for projecting width and moment of inertia, which have 

been satisfied. 

Therefore, use two plates, 1/2" x 4", for transverse intermediate stiffeners where 

connecting elements are present. 
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4.2.4.2.2 Bearing Stiffeners at Abutments 

The requirements for bearing stiffeners is taken from Article 6.10.8.2 of the LRFD 

specifications. Bearing stiffeners are used at all bearing locations and at locations of 

concentrated loads where: 

( 4.33) 

where: (A = Resistance factor for bearing 

(A = 1.00 

Vn = Nominal shear resistance (kip) 

Vu = Shear due to factored loads (kip) 

The purpose of using bearing stiffeners is to transmit the full bearing force from 

the factored loads. They consist of one or more plates welded to each side of the web and 

extend the full length of the web. It is also desirable to extend them to the outer edges of 

the flanges. At the abutments the bearing stiffeners consist of one 3/4" x 5 3/4" plate on 

each side of the web. The following requirements demonstrate this sections adequacy. 

4.2.4.2.2.1 Projecting width 

In order to prevent local buckling of the bearing stiffener plates the width of each 

projecting element has to satisfy the following: 

(4.34) 

~29000 . ht = 5. 75in ~ 0.48( 0.75) = 10.221n therefore O.K. 
36 
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4.2.4.2.2.2 Bearing resistance 

In order to get the bearing stiffener tight against the flanges, a portion in the corner 

must be clipped. This is so the fillet welding of the flange and web plates can be done. By 

clipping the stiffener the bearing area of the stiffener is reduced. When determining the 

bearing resistance, this reduced bearing area must be used. The factored bearing 

resistance is calculated below. 

(4.35) 

where: ~n = The contact area of the stiffener on the flange 

.375" 

Apn = 2(4.25)(0.75) = 6. 375in2 

Br = (1.0)( 6.375)(36) = 229.5k > v;, 221.3k therefore O.K. 

4.2.4.2.2.3 Axial resistance of bearing stiffeners 

The factored axial resistance, P T' is to be determined from Article 6.9.2. L For 

components in compression, Pr is taken as: 

(4.36) 

where: tPc = Resistance factor for compression = 0.9 
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Nominal Compressive Resistance (kip) 

The nominal compressive resistance is calculated in Section 4.2.4.2.2.3.3. In order 

to calculate the nominal compressive resistance, the section properties must be 

determined. The radius of gyration is computed about the center of the web and the 

effective unbraced length is considered to be 0.75D, where D is the web depth. The 

reason the effective length is reduced is due to the end restraint provided by the flanges 

against column buckling. 

Effective Unbraced Length = / = O. 75D = 0.75(58) = 43.5in 

4.2.4 .. 2.2.3.1 Effective section 

For stiffeners welded to the web, the effective column section consists of the 

3/4" x 5 3/4" stiffeners. 

'

375t 0.75" c=::::J I c::=J 0.75" 
5.75" I 5.75" 

I 

The radius of gyration, rs, is computed from the values in Table 4.15A. 

1 = 10 + Ad 2 = 23.76+80.8 = 104.56in4 

r = IT =P04.56 = 3. 55in 
s VA 8.32 
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Part 

Stiffener 

Stiffener 

Total 

TABLE 4.1SA 

EFFECTIVE SECTION FOR BEARING STIFFENERS 

OVER THE ABUTMENTS 

A y Ay Ay2 

4.31 3.06 13.2 40.4 

4.31 -3.06 -13.2 40.4 

8.32 0 80.8 

129 

In 

11.88 

11.88 

23.76 



4.2.4.2.2.3.2 Slenderness 

The limiting width to thickness ratio for axial compression must be checked. This 

requirement is found in Article 6.9.4.2. The limiting value is as follows: 

For plates: 

(4.37) 

where: k Plate buckling coefficient from Table 4.16 

k = 0.56 

b = Width of plate as specified in Table 4.16 

b = 5.75" 

t = Plate thickness 

t = 0.75" 

b = 5.75 = 7.66 < O.56~29000 = 15.89 therefore O.K. 
t 0.75 36 

4.2.4.2.2.3.3 Nominal compressive resistance 

The nominal compressive resistance is taken from Article 6.9.4.1 since the 

stiffeners are non-composite members. The value ofP n is dependent upon A as follows: 

O.88F;,As 
If l> 2.25 then p,. = l 
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I 

II 

TABLE 4.14 

LIMITING WIDTH-THICKNESS RATIOS 

(AASHTO TABLE 6.9.4.2 .. 1) 

Plates Supported Along One Edge I k I b 

• Haff-flange width of I-sections 

• FuJI-flange width at channels 

• Distance betvveen free edge and 
Flanges and Projecting Legs or Plates 0.56 fir$t line at bolts or welds in 

plates 

• Full-width of an outstanding leg 
for pairs of angles in 
continuous contact 

Stems of Rolled Tees 0.75 • Full-depth of tee 

• Full-width of outstanding leg for 
Other Projecting Elements 0.45 single angJe strut or double 

angle strut with separator 

• Full projecting width for others 

Plates Supported Along Two Edges I k I b 

• Oear distance between webs 
minusinside corner radius on 
each side for box flanges 

Box Flanges and Cover Plates 1.40 
• Distance between lines of welds 

or bolts for flange cover plates 

• Clear distance between flanges 
minus fillet radii for webs of 

Webs and Other Plate Elements 1.49 rolled beams 

• Clear distance between edge 
supports for aJl others 

Perforated Cover Plates 1.86 • Clear distance between edge 
supports 
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where: ~ 

K 

= 

= 

Gross cross sectional area (in2) 

Effective length factor = 1.0 

Effective unbraced length (in) 

(4.40) 

= Radius of gyration about the plane of buckling (in) 

1. = (1.0(43.5))2 36 = 0.019 <2.25 
3.55;r 29000 

Pn = 0.66°·019(36)(2)( 0.75)(5.75) = 308k 

P,. = 0.9(307.8) = 277.3k > ~ = 221.3k therefore section is adequate 

For the bearing stiffeners at the abutments, use a pair of plates, 3/4" x 5 3/4". 

4.2.4.2.3 Bearing Stiffeners at the Supports 

The requirements that were specified for the bearing stiffeners at the abutments 

apply to this section also. At the supports the bearing stiffeners consist of two 

3/4" x 5 3/4" plate on each side of the web. The two plates are spaced 6'· apart to allow 

for welding. The following requirements demonstrate this sections adequacy. 

4.2.4.2.3.1 Projecting width 

In order to prevent local buckling of the bearing stiffener plates the width of each 

projecting element has to satisfy the following: 
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h, = 5. 7 5in ~ O.4S( O. 75) l29000 = 10. 22in therefore O.K. 
36 

4.2.4.2.3.2 Bearing resistance 

The factored bearing resistance is calculated below . 

. 375" 

Apn 4( 4.25)( 0.75) = 12. 75in2 

By = (1.0)(12.75)(36) = 459k > ~ = 388.5k therefore O.K. 

4.2.4.2.3.3 Axial resistance of bearing stiffeners 

F or components in compression, P r is taken as: 

The nominal compressive resistance is calculated in Section 4.2.4.2.3.3.3. The 

effective unbraced length was determined in Section 4.2.4.2.2.3 to be 43.5 inches. 
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4.2.4.2.3.3.1 Effective section 

F or stiffeners welded to the web, the effective column section consists of the 

stiffeners plus a centrally located strip of web extending 91w to each side of the stiffeners 

as shown in the figure below. 

14.25" 

____ ................. 3,75.. T 9(0.375'')=3.375" 

0.75" c::::J c=::::J0. 75" ~ 
5.75" 5.75" TEi" 

0.75" c::::J c=::::J O. 75" ~ 
5.75" 5.75" T _______ 19(0.375'')=3.375'' 

The radius of gyration, rs' is computed from the values in Table 4.15B. 

1=1
0 

+ Ad 2 = 47.6+ 161.6 = 209.2in4 

r = [T = ~209.2 = 3.04in 
s VA 22.58 

4.2.4.2.3.3.2 Slenderness 

The limiting width to thickness ratio for axial compression must be checked. This 

requirement is found in Article 6.9.4.2. The limiting value is as follows: 

For plates: 
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Part 

Web 

Stiffener 

Stiffener 

Stiffener 

Stiffener 

Total 

TABLE 4.1SB 

EFFECTIVE SECTION FOR BEARING STIFFENERS 

OVER THE SUPPORTS 

A y Ay Ay2 

5.34 - - -
4.31 3.06 13.2 40.4 

4.31 3.06 13.2 40.4 

4.31 -3.06 -13.2 40.4 

4.31 -3.06 -13.2 40.4 

22.58 161.6 
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11.9 

11.9 

11.9 

11.9 

47.6 



b 5.75 ~29000 -=--=7.7<0.56 =15.89 therefore O.K. 
t 0.75 36 

4.2.4.2.3.3.3 Nominal compressive resistance 

The nominal compressive resistance is taken from Article 6.9.4.1 since the 

stiffeners are non-composite members. The value of P n is dependent upon A. as follows: 

If It ~ 2.25 then Pn = O. 66A. F;,As 

0. 88FAs 
If It> 2.25 then p" = y 

It 

2=(1.0(43.5)J
2 

36 =0.026<2.25 
3.04n- 29000 

p" = 0.66°_026 (36)(4)(0.75)(5.75) = 614.3k 

P,. = 0.9(614.3) = 552.9k > ~ = 388.5k therefore section is adequate 

For the bearing stiffeners at the supports, use a two pairs of stiffener plates, 

3/4" x 5 3/4". 

4.2.4.3 Shear Connectors 

Design shear connectors as specified in Article 6.10.7.4. Stud shear connectors 

are to be provided at the interface between the concrete slab and the steel section. The 

purpose of the connectors is to resist the interface shear. In continuous composite 
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bridges, shear connectors are recommended throughout the length of the bridge including 

negative moment regions. Before designing, the designer must consider some general 

information including types of shear connectors, pitch, transverse spacing, and cover and 

penetration. 

4.2.4.3.1 Types of Shear Connectors 

The two primary type of connectors used are the stud and channel shear 

connectors. The connectors should be chosen so that the entire surface of the connector 

is in contact with the concrete so that it may resist any horizontal or vertical movements 

between the concrete and the steel section. F or this design stud shear connectors are used 

since it is a composite section. The ratio of the height to stud diameter is to be greater 

than 4.0. Consider 7/8" diameter studs for this design. 

4 
--=4.6>4 O.K. 
0.875 

4.2.4.3.2 Transverse Spacing 

Transverse spacing of the shear connectors is discussed in Article 6.10.7.4.1c. 

Shear connectors are place transversely along the top flange of the steel section. The 

center to center spacing of the connectors can not be closer than 4.0 in. The clear 

distance between the edge of the top flange and the edge of the nearest connector must be 

at least 1.0 in. 

4.2.4.3.3 Cover and Penetration 

Cover and penetration requirements are in Article 6.10.7.4.1d. Shear connectors 

should penetrate at least 2.0 inches into the concrete deck. Also, the clear cover between 
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the top of the deck and the tops of the connectors should be at least 2.0 inches. Consider 

a height of 4" for the shear studs. 

4.2.4.3.4 Fatigue Resistance 

Consider the fatigue resistance of shear connectors in composite sections, specified 

in Article 6.10.7.4.2. The fatigue resistance of an individual shear connector is as follows: 

for which: 

a= 34.5-4.28LogN 

where: d 

N 

= 

= 

(4.41) 

(4.42) 

Stud diameter 

Number of cycles specified in Article 6.6.1.2.5 

From Article 6.6.1.2.5, a design life of 75 years was assumed in the development 

of the specifications. Therefore, a design life of 75 years is assumed for the subject 

design. 

N = (365)(75)n(AD1T)SL (4.43) 

where: n = Number of stress range cycles per truck passage 

taken from Table 4.17. 

(ADTT)sL = Single lane daily truck traffic averaged over 

the design life as specified in Article 3.6.1.4. 
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(ADIT)SL =pxADIT (4.44) 

where: ADTT= The number of trucks per day in one direction 

averaged over the design life 

p 

p 

= 

= 

Fraction of truck traffic in a single lane taken 

from Table 4.18 

0.85 

When exact data is not provided the ADTT is determined using a fraction of the 

average daily traffic volume. The average daily traffic includes cars and trucks. Using the 

recommendations of Article 3.6.1.4.2 the ADT shall be considered to be 20,000 vehicles 

per lane per day. The ADTT is determined by applying the appropriate fraction from 

Table 4.19 to the ADT. Assuming urban interstate traffic the fraction of trucks is 15%. 

(ADIT)SL = 0.85(0.15)(20000) = 2550 trucks/day 

The number of stress range cycles per truck passage, 11, is taken from Table 4.17. 

F or continuous girders, a distance of one-tenth the span length of each side of an interior 

support is considered to be near the interior support. F or the positive moment region, 11 

equals 1.0. 

N = (365)(75)(1.0)(2550) = 69,806,250, say 70 x 106 cycles 

therefore: 

a= 34.5-4.28Log(70xl06
) = 1.16 
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TABLE 4.17 

CYCLES PER TRUCK PASSAGE, 11 

(AASHTO TABLE 6.6.1.2.5-2) 

Longitudinal Span Length 
Members 

> 40.0 FT ~ 40.0 FT 

Sirnple-Span 1.0 2.0 
Girders 

I 

I 
Continuous 1 I 
Girders 
!--'--- -----------------1 

1) near interior 1 1.5 2.0 
!--,sup~~__ _ _______________ ' 

2) elsewhere 1.0 2.0 

Cantilever 5.0 
Girders 

Trusses 1.0 

Spacing 

Transverse > 20.0 FT ~ 20.0 FT 
Members 

1.0 2.0 
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TABLE 4.18 

FRACTION OF TRUCK TRAFFIC IN A SINGLE LANE, P 

(AASHTO TABLE 3.6.1.4.2-1) 

Number of Lanes 

Available to Trucks p 

I 1.00 

2 0.85 

3 or more 0.80 

TABLE 4.19 

FRACTION OF TRUCKS IN TRAFFIC 

(AASHTO TABLE C3.6.1.4.2-1) 

Class of Fraction of 

Highway Trucks in Traffic 

Rural Interstate 0.20 

Urban Interstate 0.15 

Other Rural 0.15 

Other Urban 0.10 
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Zr = (1.16)(O.875Y =O.89<5.s(O.875Y =4.21k 

Therefore the fatigue resistance, Z" of an individual shear stud is 4.21 kips. 

4.2.4.3.5 Pitch 

The pitch of the shear connectors is specified in Article 6.10.7.4.1 b. The pitch is 

to be determined to satisfy the fatigue limit state. Furthermore, the resulting number of 

shear connectors must not be less than the number required for the strength limit state in 

Section 4.2.4.3.6. The minimum center to center pitch of the shear connectors is 

determined as follows: 

(4.45) 

6ds = 5.25"::;; p::;; 24" 

where: p = Pitch of shear connectors along the longitudinal axis 

n = Number of shear connectors in a cross-section 

I = Moment of inertia of the short-term composite 

section 

Q = First moment of the transformed area about the 

neutral axis of the short-term composite 

section (in3) 

Vsr Shear force range under LL + IM determined for the 

fatigue limit state 

Zr = Shear fatigue resistance of an individual shear 

connector 
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Shear stud diameter 

For the short-term composite section, the moment of inertia is 73,209.9 in4, from 

Section 4.2.3.1. The first moment of the transformed area about the neutral axis for the 

short-term composite section is determined below: 

8.81" 
y = 8.81"+1"+3.75" = 13.56" 

Q = Ay = (12)(7.5)(13.56) = 1220.4inl (4.46) 

For this design 3 shear connectors are used in a cross-section as shown below: 

f 4.5" * 4.5" ~ 
1.06" 1.06" 

Stud Spacing = 4.5" > 4" 

Clear Distance = 1.06" > 1" min. 

Therefore, the spacing requirements of Section 4.2.4.3.4 are satisfied. 
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The required shear connector spacing, the pitch, is computed at the tenth points 

along the spans using the shear range for the fatigue truck. The shear range and the pitch 

at the tenth points are tabulated in Table 4.20. The values in the pitch column are the 

maximum allowable spacing at a particular location. The required spacing is plotted on 

Figure 4.6. The spacing to be used is detennined from this graph. An example calculation 

of the pitch is performed below, for the shear range at the end of the bridge. 

3( 4.21)( 73209.9) . 
p = 53.96(1220) = 141n 

4.2.4.3.6 Strength Limit State 

The strength limit state for shear connectors is taken from Article 6.10.7.4.4. The 

factored shear resistance of an individual shear connector is as follows: 

where: Qn = 

<Pse = 

<Pse = 

where: A.c = 

= 

= 

= 

Nominal resistance of a shear connector (k) 

Resistance factor for shear connectors 

0.85 

Shear connector cross-sectional area (in2) 

Modulus of elasticity of concrete (ksi) 

(4.47) 

(4.48) 

Minimum tensile strength of a stud shear connector 

60 ksi 
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TABLE 4.20 

SHEAR RANGE FOR FATIGUE LOADING AND 

MINIMUM SHEAR CONNECTOR SPACING 

LOCATION SHEAR PITCH 

Fr. RANGE,K IN. 

0 53.96 14.05 

10 46.62 16.25 

20 40.61 18.66 

30 37.18 20.38 

40 37.49 20.22 

50 38.65 19.61 

60 40.48 18.72 

70 42.62 17.78 

75.5 43.98 17.23 

80 45.09 24 

90 50.21 24 

100 55.10 24 

100 59.02 24 

111 53.69 14.12 

112 53.21 14.24 

124 46.71 16.23 

136 42.54 17.82 

148 41.28 18.36 

160 40.86 18.55 
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Asc = ;r (0.875Y = 0.6in2 

4 
Ec = 57000.J4500 = 3824ksi 

Qn = 0.5(0.6)~(4.5)(3824) = 39.4k 

therefore: 

Qr = (0.85)(39.4) = 33.5k 

The number of shear connectors required depends on the section. Between 

sections of maximum positive moment and points of 0.0 moment to either side, the 

number of shear connectors required is as follows: 

( 4.49) 

for which the nominal horizontal shear force is the lesser of the following: 

or 

where: Vb = 

b = 

D = 

ts = 

Nominal horizontal shear force 

Effective slab width 

Web depth 

Slab thickness 
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(4.51) 



= 

= 

= 

Width of compression flange 

Width of tension flange 

Thickness of compression flange 

Thickness of tension flange 

Minimum yield strengths of the respective sections 

Vir == 0.85(4.5)(87)(7.5) == 2496k 

Vh = 50(58)( 0.375) + 50(16)(1. 0) + 50(12)( 0.5) = 2188k 

Therefore use a nominal horizontal shear force, Vh' of 2188 kips. Therefore the 

required number of shear connectors for this region is calculated below. 

n = 2188 = 65.3 
33.5 

Therefore a minimum of 66 shear connectors are required between points of 

maximum positive moment and points of 0.0 moment. From examination of Figure 4.6, 

the number of shear connectors to be used well exceeds the amount required from the 

strength limit state. 

F or composite sections which are continuous, the horizontal shear force between 

the centerline of a support and points of 0.0 moment, is determined by the reinforcement 

in the slab. The following calculation determines the horizontal shear force. 

(4.52) 
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where: ~ = 

Fyr = 

Vh = (2.8)( 60) = 168k 

Total area of longitudinal reinforcement in the 

effective width over the interior support (in2) 

Minimum yield strength of the longitudinal 

reinforcement 

Therefore the number of shear connectors required in this region is: 

n = 168 = 5 
33.5 

Five studs are required between the interior pier and the points of 0.0 moment. 

The 24 inch maximum allowable spacing provides considerably more than this number of 

connectors. 

Therefore use the shear connector spacing specified on Figure 4.6. 

4.2.5 DIMENSION AND DETAIL REQUIREMENTS 

4.2.5.1 Cross-Frame Design 

In this section, intennediate and end cross-frames are designed. Cross-frames 

serve three primary purposes: 

a. Lateral support of the compression flange during placement of the deck 

b. Transfer wind load on exterior girder to all girders 

c. Lateral distribution of wheel load 
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The requirements for cross-frame design are found in Article 6.7.4. The end 

cross-frames must transmit all the lateral forces to the bearings. All of the cross-frames 

must satisfY applicable slenderness requirements. The members which compose the cross­

frames were taken from similar designs and checked for adequacy for the subject design. 

The allowable unbraced length in the negative moment region was calculated in 

Section 4.2.2.7.2.3. This value was 14.7 feet or 177 inches. There was no compression 

flange requirement for sections in positive flexure. However, before the section becomes 

composite the compression flange requires bracing. Therefore, an allowable unbraced 

length must be calculated for that section. The allowable unbraced length for the section 

in positive flexure is determined by treating the section as a non-composite section. 

Article 6.10.6.3 refers to this type of section. For the compression flange bracing of non­

composite members in positive and negative flexure regions, the article refers to the 

requirements of the composite non-compact sections under negative flexure. The 

allowable unbraced length is calculated below: 

-4 ::;; 1.76r,~ E 
Fyc 

where: 4 

= 

Distance between compression flange brace points 

Minimum radius of gyration of the compression 

flange about the vertical axis 

I = (0.5)(12)3 = 72in4 
y 12 
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r, = t: = 3.46in 

L" $.1. 76(3.46)~29000 = 147in = 12.25ft 
50 

Therefore the maximum spacing between the cross-frames is 12.25 feet in the 

positive moment regions and 14.7 feet in the negative moment regions. Based on the 

stiffener spacing in Section 4.2.4.1.2 use the cross-frame spacing in Figure 4.13. 

The wind load acts primarily on the exterior girders. In bridges with composite 

decks, the wind force acting on the upper half of the girder, deck, barriers and vehicles is 

assumed to be transmitted directly to the deck. These forces are transferred to the 

supports through the deck. The wind force acting on the lower half of the girder is 

transmitted directly into the bottom flange. For this design the wind force, W, is applied 

to the bottom flange only since the top flange acts compositely with the deck. The wind 

force is calculated below. 

W= rPBd 
2 

where: W 

PB 

PB 

d 

y 

y 

= 

= 

= 

= 

= 

(4.53) 

Wind force per unit length applied to the 

flange (k/ft) 

Base horizontal wind pressure (ks£) 

0.05 ksffrom Article 3.8.1.2 

Depth of the member (ft) 

Load factor for the particular group loading 

combination from Table 2.2, for this case 

Strength ill applies 

1.4 
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Consider the negative moment region first since it provides a larger value for d. 

The calculated wind load will be conservative for the positive moment region. 

d = 58 + 2( 1.125) = 60. 25in = 5.02jt 

therefore: 

W = 1.4(0.05)(5.02) = 0.176k / jt = 1761b I jt 
2 

The load path taken by these forces is as follows: 

a. The forces in the bottom flange are transmitted to points where cross­

frames exist. 

b. The cross-frames transfer the forces into the deck 

c. The forces acting on the top half of the girder, deck, barriers, and 

vehicles is transmitted directly into the deck. 

d. The deck acts as a diaphragm transmitting the forces to the supports. 

For this load path the maximum moment in the flange due to the wind load is as 

follows: 

M =WL; 
w 10 

(4.54) 

where: Lb = Brace point spacing (ft) 
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Using the maximum unbraced length of 12.25 feet is conservative in most sections 

of the bridge. Therefore the maximum lateral moment in the flange due to the factored 

loading is: 

M 
(0.176)(12.25) kfi = = 0.216 t 

w 10 

The maximum horizontal wind force applied to each brace point is also determined 

using maximum spacing. Therefore, the values will be conservative in most regions of the 

bridge. 

Pw = WLb = (0.176)(12.25) = 2.156k 

The cross-frames must be designed to transfer all of the lateral forces to the 

bearings. Figure 4.7 illustrates the transmittal of forces. As stated before the forces acting 

on the deck, barrier, and upper half of the girder, Fl, are directly transmitted into the 

deck. These forces are transferred to all of the girders. The forces acting on the bottom 

half of the girder, F2, are transferred to the bottom flange. 

The wind force, W, was previously calculated for the bottom flange to be 176 plf. 

This force is referred to as F2 in Figure 4.8. Fl is calculated below. 

Fl = 1.4(50)(8.52) 176 = 421p/f 

4.2.5.1.1 Intermediate Cross-Frames 

The intermediate cross-frames are designed using X-bracing along with a 

diaphragm across the bottom flanges as shown in Figure 4.15 in the design drawings 

153 



50 PSF 

34" 

... Fl 
8.52' 

---'-- ( F2 

FIGURE 4.7 

TRANSMITIAL OF LATERAL WIND FORCES 

154 



section. Single angles are use for the braces and A36 steel is used. For the cross braces 

acting in tensio~ 3" x 3" x 5/16" angles are used. For the compression diaphragm, a 4" x 

4" x 5/16" angle is used. These sections were considered as practical minimums. The 

maximum forces in the flanges are as follows. 

Force in bottom flange: 

Pwb = 21561b 

Force in top flange: 

p = 421(12.25) 
wt 6girders 

8601b 

In order to find the forces acting in the cross-brace and the compression 

diaphragm, the section is treated like a truss and solved using statics. From this analysis it 

was determined that the cross-braces needed to be designed for a tensile force of 1009 

pounds. The diaphragm across the bottom flanges needed to be designed for a 

compressive force of 1296 pounds. 

Check the 3" x 3" x 5/16" cross-frame for tensile resistance as specified in Article 

6.8.2. 

The tensile force in the cross-frame is only about 1 kip. Therefore, the cross-frame 

obviously has adequate strength. 
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Check the limiting slenderness ratio of the cross-frame for tension members from 

Article 6.8.4. For bracing members the limiting slenderness ratio is: 

1 
-::; 240 
r 

where: I 

r 

= 

= 

The unbraced length of the cross-frame (in) 

Minimum radius of gyration of the cross-frame (in) 

112.6 

0.589 
191.5 < 240 O.K. 

Therefore use 3" x 3 11 x 5/16" cross-frames for the intermediate cross-frames. 

Check the 4" x 4ft x 5/16" diaphragm for compressive resistance as specified in 

Article 6.9.2.1. However, first check the member for the limiting width/thickness ratios 

for axial compression from Article 6.9.4.2. 

where: k = Plate buckling coefficient from Table 4.16 

k = 0.45 

b = Width of plate specified in Table 4.16 (in) 

b = Full width of outstanding leg for single angle 

t = Plate thickness (in) 
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4 = 12.8 S; 0.4SJ29000 = 12.8 O.K. 
0.3125 36 

The nominal compressive resistance, P T' is as follows: 

where: fJc 

fJc 

Pn 

= 

= 

= 

Resistance factor for axial compression, steel only 

0.90 

Nominal compressive resistance for non-composite 

members 

P n is dependent upon A. where: 

where: k = 

k 

= 

= 

rs = 

rs = 

Effective length factor from Article 4.6.2.5 

0.75 for welded or bolted connections at both ends 

for bracing 

U nbraced length of the diaphragm (in) 

96 in 

Radius of gyration about the plane of buckling (in) 

0.791 in 

A = (0. 75(96)J
2 

36 = 1.04 
0.7917l' 29000 
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p" = 0.661.04(36)(2.40) = 56k 

therefore: 

~ = 0.90(56) = 50.4k 

The compressive force in the diaphragm is only about 1.4 kips. Therefore, the 

diaphragm obviously has adequate strength. 

Check the limiting slenderness ratio of the diaphragm for compression members 

from Article 6.9.3. For bracing members the limiting slenderness ratio is: 

kl :::; 140 
r 

where: k 

k 

rs 

rs 

= 

= 

= 

= 

= 

= 

Effective length factor from Article 4.6.2.5 

0.75 for welded or bolted connections at both ends 

for bracing 

Unbraced length of the diaphragm (in) 

96 in 

Radius of gyration about the plane of buckling (in) 

0.73 in 

0.75(96) = 98.6 < 140 O.K. 
0.73 

158 



Therefore use 4" x 4" X 5116" diaphragms for the intermediate cross-frames. 

4.2.5.1.2 Cross-Frames over Supports 

The cross-frames over the supports are designed using X-bracing along with a 

diaphragm across the bottom flanges as shown in Figure 4. 16 in the design drawings 

section. Single angles are use for the braces and A36 steel is used. The sections used for 

the intermediate cross-frames are used for these sections also. For the cross braces acting 

in tension, 3" x 3 tf x 5/16" angles are used. For the compression diaphragm, a 4" x 4" x 

5/16" angle is used. The maximum forces in the flanges are as follows. 

Force in the bottom flange is taken out directly by the support. 

Force in top flange: 

p = 421{12.25) = 860Ib 
wt 6girders 

In order to find the forces acting In the cross-brace and the compression 

diaphragm, treat the section like a truss and solve using statics. From this analysis it was 

determined that the cross-frames needed to be designed for a tensile force of 1009 pounds. 

The diaphragm across the bottom flanges needed to be designed for a compressive force 

of 860 pounds. Since the largest actual spacing between cross-frames at the supports is 

11 feet, the forces above are less than or equal to the forces for the intermediate cross­

frames, and since the same members are used as for the intermediate cross-frames, it can 

be concluded that the chosen members are adequate. Therefore, use 3" x 3" x 5/16" 

angles for the cross-bracing, and a 4" x 4" x 5/16" diaphragm for the cross-frames over the 

supports. 
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4.2.5.1.3 Cross-Frames over Abutments 

The cross-frames over the abutments are designed using an inverted V-bracing 

along with diaphragms across the top and bottom flanges as shown in Figure 4.17 in the 

design drawings section. Single angles are use for the braces and A36 steel is used. For 

the cross braces acting in tensio~ 3tf x 3" x 5/16" angles are used. For the compression 

diaphragm across the top flanges, a W12x40 section is used. For the diaphragm across 

the bottom flanges a 4" x 4" X 5/16" angle is used. The unbraced length at the ends of the 

bridge are 5.5 feet. The maximum forces in the flanges are as follows. 

Force in the bottom flange is taken out directly by the support. 

Force in top flange: 

421{5.5} Ib 
P = = 386 

wt 6girders 

In order to find the forces acting in the cross-brace and the compression 

diaphragm, treat the section like a truss and solve using statics. From this analysis it was 

detennined that the cross-bracing and the diaphragm across the bottom flanges carry no 

load and are not required for strength purposes. The purpose for using these braces is to 

keep the section square. The diaphragm across the top flanges needed to be designed for 

a compressive force of 386 pounds. 

Check the W12x40 diaphragm for compressive resistance as specified in Article 

6.9.2.1. However, first check the member for the limiting width/thickness ratios for axial 

compression from Article 6.9.4.2. 
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where: k 

k 

b 

t 

= 

= 

= 

= 

Plate buckling coefficient from Table 4.16 

1.49 

Width of plate specified in Table 4.16 (in) 

Plate thickness (in) 

9.54 = 32.2 ~ 1.49)29000 = 42.3 OK 
0.295 36 

The nominal compressive resistance, P v is as follows: 

where: tPc 

tPc 

Pn 

= 

= 

= 

Resistance factor for axial compression, steel only 

0.90 

Nominal compressive resistance for non-composite 

members 

Pn is dependent upon A. where: 
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where: k 

k 

= Effective length factor from Article 4.6.2.5 

= 0.75 for welded or bolted connections at both ends 

for bracing 

= Unbraced length of the diaphragm (in) 

96 in 

= 

= 

Radius of gyration about the plane of buckling (in) 

1.93 in 

.it = (0.75(96))2 36 = 0.18 
l. 931f 29000 

P,. = 0.660.18(36)(1l.8) = 394.2k 

therefore: 

~ = 0.90(394.2) = 354.8k 

The compressive force in the diaphragm is only about 0.4 kips. Therefore, the 

diaphragm obviously has adequate strength. 

Check the limiting slenderness ratio of the diaphragm for compression members 

from Article 6.9.3. For bracing members the limiting slenderness ratio is: 

kl ::; 140 
r 
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where: k = Effective length factor from Article 4.6.2.5 

k = 0.75 for welded or bolted connections at both ends 

for bracing 

= Unbraced length of the diaphragms 

= 96 in. 

rs = Radius of gyration about the plane of buckling (in.) 

rs = 1.93 in. 

0.75(96) 
---=37.3<140 O.K. 

1.93 

Therefore use W12x40 diaphragms for the cross-frames over the abutments. 

4.2.5.2 Welded Connections 

The requirements for welded connections is covered in Article 6.13.3. The base 

metals, weld metal, and welding design details are to conform to ANSI! AASHTO/ A WS 

Welding Code D1.5. For this design, fillet welds are used for flange to web welds and for 

the welding of the stiffeners to the sections. Assumed shielded metal arc welding is used 

and the welding is continuous. 

The factored resistance, Ry. for fillet welds at the strength limit state is specified in 

Article 6.13.3.2.4. The effective area of the weld is specified in Article 6.13.3.3. The 

maximum and minimum sizes of the fillet weld are specified in Article 6.13.3.4. 
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4.2.5.2.1 Flange to Web Connection - Negative Moment Region 

In the negative moment region, the members being connected are a 3/8" x 58" web 

and 1 1/8" x 16" flanges. Flange to web fillet welded connections do not have to consider 

tension and compression forces which act parallel to the axis of the welds. However, 

resistance of the connection to shear forces must be checked. The welding must provide 

adequate strength to resist the horizontal shear flow, q, at the joint. The equation for 

shear flow is as follows: 

(4.55) 

where: Vu = Factored shear at section (k) 

= 388 k from Table 3.18 

Q Statical moment of flange area about neutral 

= Moment of inertia of section about x-axis (in4) 

= 37,562.9 in4 from Section 4.2.3.1 

Q = A (h + t f J = 1.125(16)(58 + 1.125) = 532. lin 3 

f 2 2 2 2 

therefore: 

= 388(532.1) = 5.5k / in 
q 37563 
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TABLE 4.21 

MINIMUM SIZE OF FILLET WELDS 

(AASHTO TABLE 6.13.3.4-1) 

Base Metal Thickness Minimum Size of 

of Thicker Part Joined (T) Fillet Weld 

IN IN 

T<3/4 1/4 

3/4<T 5/16 

165 



The minimum weld size is determined from Table 4.21. and is based on the 

thickness of the thicker part joined. For this region the thickest part is the flange thickness 

of 1 1/8". Therefore, from Table 4.21 the minimum size offillet weld is 5/1611
• 

The effective area is the effective weld length multiplied by the effective throat, teo 

The effective throat for shielded metal arc welding is the distance between the root of the 

weld to the hypotenuse of the right triangle. It is based on the fillet weld size, a. The 

following figure shows the effective throat and weld size. 

Ie = O.707a 

The factored resistance of the connection is taken as the lesser of the factored 

resistance of the connected material or the factored resistance of the weld metal. 

The design strength using 5/16" continuous welds on both sides of the web is: 

where: ¢e2 = 0.80 

F exx Shear strength of the weld metal 

= 70 ksi 

Rr = 2( 0.6)( 0.8)( 70)( 0.707)( 0.3125) = 14.85k / in 
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The design strength of the 3/8" base metal of the web is: 

where: Rr 

As 

'V 

'v 
Fy 

Fy 

= 

= 

= 

= 

Factored shear resistance (kip) 

Gross area of the connection area (in2) 

Resistance factor for shear 

1.00 

Yield strength of the connection element (ksi) 

50 ksi 

R, = (0.58)(1.00)(50)(0.375)(1) = 10.9k lin> 5.5 klin O.K. 

Therefore, use 5/16" fillet weld with E70 electrodes for the flange to web welds in 

the negative moment region. 

4.2.5.2.2 Flange to Web Connection - Positive Moment Region 

In the negative moment region the members being connected are a 3/8" x 58" web, 

a 1 It x 16" bottom flange, and a 112" x 12" top flange. Resistance of the connection to 

shear forces must be checked. The welding must provide adequate strength to resist the 

horizontal shear flow, q, at the joint. The equation for shear flow is as follows: 

where: Vu = Factored shear at section (k) 

= 246 k from Table 3.18 
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Q = 

= 

= 

Statical moment of flange area about neutral 

axis (in3) 

Moment of inertia of section about x-axis (in4) 

23,146.7 in4 from Section 4.2.3.1 

The statical moment of flange area about the neutral axis is different for the top 

and bottom flanges since there dimensions are different. However, only check the bottom 

flange. The weld strength will be adequate in the top flange connection if it is adequate in 

the bottom flange connection. This is because the shear flow is greater in the bottom 

flange to web connection. 

Q= A (h + If)= 1.0(16)(58 +~)=472in3 
f 2 2 2 2 

therefore: 

= 246(472) = 5.02k lin 
q 23146.7 

The minimum weld size is determined from Table 4.21. and is based on the 

thickness of the thicker part joined. For this region the thickest part is the flange thickness 

of L Therefore, from Table 4.21 the minimum size offillet weld is 5/16". 

Because the size of the weld and the base material is the same as in the negative 

moment region and because the shear flow is less in the positive moment region, the 

section is considered adequate. Therefore, use 5/16" fillet weld with E70 electrodes for 

the flange to web welds in the positive moment region. 
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4.2.5.2.3 Intermediate Stiffener Welding 

There is no LRFD shear flow requirement for the welding of stiffeners to the web. 

Salmon and Johnson recommend that intermediate stiffeners be designed to provide a 

shear flow strength, ~V' given by the following equation: 

(4.58) 

The minimum weld size is based on the maximum thickness of the members joined. 

For the intermediate stiffeners not used as connecting elements, the web is a 3/81t x 58" 

plate and the intermediate stiffener is a 5/8" x 5 1/2" plate. Therefore, the minimum 

thickness of the weld from Table 4.21 is 1/4". 

fnv = 0.054(58) rso = 6.5k lin 
V 29000 

Rr = 2( 0.8)(0.6)(70)( 0.707)( 0.25) = 11.88k lin O.K. 

Therefore, use a 1/4" fillet weld with E70 electrodes for the intermediate stiffener 

to web welding. The intermediate stiffeners used as connecting elements consist of two 

1/2" x 4" plates. Therefore the minimum weld would again be 1/4". Since there will be 

four lines of weld the value ofRr will double. Therefore, use a 1/4" fillet weld with E70 

electrodes for these stiffeners also. 

4.2.5.2.4 Bearing Stiffener Welding 

The shear flow in the welds of the bearing stiffener are direct result of the shear at 

that location. The required shear flow strength is determined by dividing the reaction at 
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the interior support by the nunlber of lines of fillet welds and their length. For bearing 

stiffeners the weld length will be the full depth of the web. Therefore the required shear 

flow strength is determined as follows: 

fnv = 3[88] = 1.67 k / in 
458 

The minimum weld size is based on the maximum thickness of the members joined. 

The web is a 3/8" x 58" plate and the intermediate stiffener is a 3/4" x 5 3/4" plate. 

Therefore, the minimum thickness of the weld from Table 4.21 is 5/16". The design 

strength, ~ for one line of continuous weld is: 

R,. = (0.8)( 0.6)( 70)( 0.707)( 0.3125) = 7.42k / in O.K. 

Therefore, use 5/16" fillet weld with E70 electrodes for the bearing stiffener to 

web welding. 

4.2.5.3 Bolted Splices 

Bolted splices are designed to meet the requirements in Article 6.13.1. Splices for 

main members are designed for the strength limit state. They are to be designed for not 

less than the larger of: 

a. The average of the flexural moment, shear or axial force due to the 

factored loading at the point of the splice and the factored flexural 

moment, shear, or axial resistance of the member at the same point. 
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b. 75% of the flexural moment, shear, or axial capacity of the net 

section 

4.2.5.3.1 Web Splices 

for: 

Web splice plates and there connections are designed for the strength limit state 

a. The portion of the design moments multiplied by the ratio of the net 

moment of inertia of the web to the net moment of inertia of the 

entire section. 

b. The design shear 

c. The moment due to the eccentricity of the design shear 

Web plates are spliced symmetrically by plates on both sides of the web. For shear, the 

splice plate is to run the entire height of the web. Also, there is to be at least two rows of 

bolts on each side of the joint being spliced. 

Maximum moment and shear values are taken from Table 3.12 and Table 3.18, 

respectively. The splice will use 7/8" diameter, high-strength bolts (ASTM A325). The 

minimum edge distance is 1 1/2" and the minimum bolt spacing is 3db which is 2.625". 

The splices will be made near the dead load inflection points since lower stresses exist at 

these locations and the lengths of the girder sections will be short enough to be 

transported. The locations chosen are at 70' from the ends of the bridge, and at 18' 

towards the center span from the interior girders. The inflection points were not chosen 

for splice locations since stiffeners and cross-frames are present at those locations. Also, 

the flange changes thickness at the inflection points and a flange plate splice with bolts 

would be difficult. The following figure shows the locations of the splices. 
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1 2 
X .0. X 

70' , , Ie 30'\, 18,( 84' 

2 1 
X.o. X 
L18t 30} ., , 70' 

Design splices at location 1 first. The maximum values for shear and moment at 

this location are as follows: 

Maximum Shear: VII = 179.8k 

Maximum Positive Moment: Mu = 2324. 2kft 

Maximum Negative Moment: Mil = -956.2kft 

The design uses 2 columns of 11 bolts on each side of the joint. The bolts are 

spaced at 5" center to center and the edge distance is 3.56". The nominal hole dimension 

is 15/16". In order to calculate the portion of the moment that the web carries, the 

moment of inertia of the web and flanges must be calculated. The moment of inertia of the 

web is decreased due to the bolt holes. 

Web hole dimension = ~)( ~ = O.352in2 
16 8 

Moment of inertia for the holes is Ad2 determined below: 

Moment of inertia of the 3/8" x 58" web: 1= 6097in4 
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Moment of inertia of the 1/2" x 12" top flange: 1= 5133in4 

Moment of inertia of the 1" x 16" bottom flange: 1= 13925in4 

therefore: 

[web = 6097 - 968 = 5129in4 

[flanges = 5133 + 13925 = 19,058in4 

[net = 5129 + 19058 = 24, 187in4 

The required moment and shear capacities of the splice are calculated below. 

75% of the flexural resistance: 

O.7SMr = O. 7S( 7269.7) = 5452kft (4.59) 

where: ~ = 7269.7 kft from Section 4.2.3.5.1.4 

The average of the flexural moment due to factored loading and the flexural 

resistance: 

M = 7269. 7 +2324.2 = 4797kft 
Ave 2 (4.60) 

Therefore the splice must be proportioned to carry a design moment of 5452 kft. 
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The splice must also carry the design shear and the moment due to the eccentricity 

of this design shear. Figure 4.8 shows the web splice plate used and its dimensions. 

Figure 4.9 shows the forces acting on the web splice plates. Using the eccentricity from 

Figure 4.8, the moment due to this eccentricity of the design shear, Mv, can be detennined. 

. DesignMoment 
DeslgnShear = FactoredShearx --""'----­

Factoredlv/oment 

. 5452 
DeslgnShear = 179.8 x = 421.8k 

2324.2 

M 
421.8(3.25) kfi 

= =114.2 t 
v 12 

(4.61) 

The portion of the factored moment carried by the web, ~ is calculated based on 

the moment of inertia's calculated earlier. 

M = 5452(5129) = 1156kft 
w 24187 

Therefore the total moment which must be resisted is the sum of Mv and Mw. 

M Total = 114.2+ 1156 = 1270.2kjt 

The moment of inertia for the bolts in the splice plate is: 

Ix_x = 2(2)(1375) = 5500in4 
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ITotal = 5500+49.5 = 5549.5in4 

Using A3 6 steel determine the web plate thickness required to prevent shear 

rupture along a net section is: 

therefore: 

A 179.8 646' 2 
ns = ( )( ) = . In 0.8 0.6 58 

Using 11 bolts, the required thickness of the two plates is: 

t= [ 6.4( )rOo067in 
2 58 11 ~ 

16 

(4.62) 

A thickness of 1/4" is considered as a practical minimum therefore use 2 plates 

1/4" X 58t!. 

The design strength for bolts in double shear with no threads in the shear plane is 

taken as: 

(4.63) 
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where: ¢s = 0.80 

Fb = Tensile strength of the bolt material u 

Fb = 120 ksi for A325 bolts 
II 

m Number of shear planes 

m = 2 for double shear 

An = Gross cross-sectional area of the unthreaded shank: 

of the bolt 

= 0.6 in2 for 718ft bolt diameter 

Rr = 0.8(0.6)(120)(2)(.6) = 69.3k 

Then, the number of bolts required for shear is: 

179.8 = 2.6 Say 3 
69.3 

The shear on the outermost bolt must be checked against the design strength, ~. 

The load per bolt due to shear is: 

p = 179.8 = 8.2kt 
s 22 

The load on the outermost bolt due to moment is: 

p = (25.04)(1270)(12) = 68.6k 
m 5549.5 

The vertical component of this load: 
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p = 68.6(1.5) = 4.1k J, 
v 25.04 

The horizontal component of this load: 

P. = 68.6(25) = 68.5k ~ 
h 25.04 

The total load on the outennost bolt is the resultant of: the following: 

Since the design strength of the bolt is 69.3 kips, the bolt is overstressed by less 

than a percent. Therefore the section is accepted and provides adequate strength. Use 2 -

1/4" x 58" plates with 2 vertical rows of 11 bolts each, each side of the joint for web splice 

number 1. 

Design splices at location 2. The maximum values for shear and moment at this 

location is as follows: 

Maximum Shear: Vu = 222k 

Maximum Positive Moment: Mu 455kft 

Maximum Negative Moment: Mu = -1 870kjt 

The splice plates for this location requires more bolts at a closer spacing. The 

design uses 2 columns of 14 bolts on each side of the joint. The bolts are spaced at 4 It 

center to center and the edge distance is 2.56". The nominal hole dimension is 15/16", 
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Web hole dimension = ~ x ~ = O.352in2 
16 8 

Moment of inertia for the holes is Ad2 determined below: 

Moment of inertia of the 3/8" x 58ft web: 1= 6097in4 

Moment of inertia of the 1/2" x 12" top flange: 1= 5133in4 

Moment of inertia of the I" x 16" bottom flange: 1= 13925in4 

therefore: 

I web = 6097 - 1820 = 4277in4 

I flanges = 5133 + 13925 = 19, 058in4 

l net = 4277 + 19058 = 23,335in4 

The required moment and shear capacities of the splice are calculated below. 

75% of the flexural resistance: 

where: ~ = 7269.7 kft from Section 4.2.3.5.1.4 
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O.75Mr = O. 75( 7269.7) = 5452kjt 

The average of the flexural moment due to factored loading and the flexural 

resistance: 

M = 7269.7 + 1870 = 4570kfit 
Ave 2 

Therefore the splice must be proportioned to carry a design moment of 5452 kft. 

The splice must also carry the design shear and the moment due to the eccentricity 

of this design shear. Figure 4.8 shows the web splice plate used and its dimensions. 

Figure 4.9 shows the forces acting on the web splice plates. Using the eccentricity from 

Figure 4.8, the moment due to this eccentricity of the design shear, ~ can be determined. 

. DesignMoment 
DeslgnShear = FactoredShearx --~---

FactoredNIoment 

. 5452 
DeslgnShear = 222 x --= 766k 

1870 

M 
766(3.25) kfi = = 207 t 

v 12 

The portion of the factored moment carried by the web, Mw, is calculated based on 

the moment ofinertia·s calculated earlier. 

M = 5452(4277) = 999.3kft 
w 23335 
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Therefore the total moment which must be resisted is the sum of~ and~. 

M Total = 207 +999.3 = 1200.3kft 

The moment of inertia for the bolts in the splice plate is: 

Ix_x = 2(2)(1820) = 7280in4 

I Total = 7280 + 63 = 7343in4 

Using A3 6 steel determine the web plate thickness required to prevent shear 

rupture along a net section is: 

therefore: 

A = 222 = 8in2 

n.s 0.8(0.6)(58) 

Using 14 bolts, the required thickness of the two plates is: 

t = [ 8 ( ) r O.09in 
2 58-14 ~ 

16 
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A thickness of 114" is considered as a practical minimum therefore use 2 plates 

1/4" x 58". 

The design strength for bolts in double shear with no threads in the shear plane is 

taken as: 

Rr = 0.8(0.6)(120)(2)(.6) = 69.3k 

Then, the number of bolts required for shear is: 

222 = 3.2 Say 4 
69.3 

The shear on the outermost bolt must be checked against the design strength, ~. 

The load per bolt due to shear is: 

p = 222 = 7.9kJ. 
s 28 

The load on the outermost bolt due to moment is: 

p = (26.04)(1200.3)(12) = 51.1k 
m 7343 

The vertical component of this load: 
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p = 51.1(1.5) 2.9kJ.. 
v 26.04 

The horizontal component of this load: 

p. - 51.1(26) - 5 k 
h - - 1 -4-

26.04 

The total load on the outermost bolt is the resultant of: the following: 

p = ~(7.9+2.9Y +512 = 52.1k < R,. = 69.3k 

Therefore the section provides adequate strength. Use 2 - 1/4" x 58" plates with 2 

vertical rows of 14 bolts each, each side of the joint for web splice number 2. 

4.2.5.3.2 Flange Splices 

Flange splice plates and their connections are designed for the strength limit state 

for the portion of the design moments multiplied by the ratio of the net moment of inertia 

of the flange to the net moment of inertia of the entire section. 

The plate connecting the top flange is designed as a compression member. Since 

the top flange of the girder is 12" wide, use a 12 f
• wide splice plate. The splice plate 

connecting the bottom flange is designed as a tension member and is 16" wide. The flange 

splice plates for splices 1 and 2 are designed separately. First design the splice plate for 

location 1. 

The required average moment capacity of the flange splice is: 
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M I = 5452 - M w = 5452 - 1156 = 4296kft 

Compressive and tensile forces in the flanges form a couple that supply this 

capacity. 

4296(12) 
~ = PI = 1 0.5 = 877. 5k 

58+ +-
2 2 

When determining the net section in bending members, any holes in the flange for 

high strength bolts may be neglected as long as the bolt diameter is less than 1.5 inches. 

Also, the area removed by the holes cannot exceed 15% of the flange area. If it does 

exceed 15%, then the amount over 15% is deducted from the gross area. 

The splice designed for axial tension is investigated for yield on the gross section 

and fracture on the net section. Block shear strength is not a problem but is checked for 

completeness. 

Yield on the gross section: 

(4.64) 

Fracture on the net section: 

(4.65) 

where: tPy = 0.95 
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= 0.80 

The reduction factor U is taken as 1.0 and the net area of the plate, ~, is not to be 

greater than 85% of the gross area of the plate. 

Required Ag: 

Required ~: 

A 877.5 18 9' 2 - - - In n - tPuF: - 0.8(58) - . 

Minimum~: 

A = 18.9 = 22.2in2 
g ,85 

Required t: 

18.9 137' 
t = (7 IJ =. In 

16-2 -+-
8 8 

The flange splice plate used in tension is a 1 3/8" x 16" plate. The minimum edge 

and end distances of 1 1/2" are used. Two rows of bolts are used at a 3" longitudinal 

spacing as shown in the figure below. 
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1.S"f 0 0 0 0 
13" > Pr 

0 0 0 0 
1.5" 

L ~ L , , 1 
1.5" 3" 

Block shear will not be a problem with a plate this thick. However, it is checked 

for completeness. In checking block shear the planes parallel to the applied force are 

considered to resist only shear stresses and the planes perpendicular to the applied force 

are considered to resist only tension stresses. 

If Am ~ O. 58~n then: 

(4.66) 

Otherwise: 

(4.67) 

where: Avg = Gross area along the plane resisting shear stress 

~ = Net area along the plane resisting shear stress 

~ = Gross area along the plane resisting tension stress 

Am = Net area along the plane resisting tension stress 

Fy = Minimum yield strength of the connected material 

Fu = Minimum tensile strength of the connected material 
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Determine the number of bolts required in the flange. The bolts are in single shear. 

Rr = O. 8( 0.6)( 120)( 1)( 0.6) = 34. 6k I Bolt 

Design strength in bearing on 1 3/8" plate is: 

R, = ¢J .. (2.4F"dt) = 0.8(2.4)(58)(:)1.375) = 134k I Bolt 

Number of bolts required: 

877.5 = 25.3 Say 26 Bolts 
34.7 

Use 2 rows of 13 bolts, each side of the joint spliced. 

Check block shear: 

0.58A"n = 0.58(70.9) = 41.1in2 > Am 

188 



therefore: 

Rr = 0.8[(0.58)(58)(70.9)+(36)(3)(1.375)] = 2027k > ~ = 877.5k 

Therefore the flange splice plate is adequate. Use a 1 3/8" x 16" splice plate for 

the tension flange with 2 rows of 13 bolts each side of the joint. 

The splice plate used for the compression flange is 12/1 wide. 

Required Ag: 

A =~= 888 =256in2 

g tPyF;, 0.95(36) . 

Required ~: 

A =~= 877.5 =189in2 

n tPuF" O. 8( 58) . 

MinimumAg: 

A = 18.9 = 22.2in2 
g .85 

Required t: 

18.9 193' 
t = (7 1) =. In 

12-2 -+-
8 8 
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The flange splice plate used in compression is a 2" x 12" plate. The number of 

bolts required remains 26 on each side of the joint. Therefore two rows of 13 bolts are 

used each side of the joint. The longitudinal spacing between the bolts is 3 inches. The 

minimum edge and end distances of 1 112 ff are used. 

Design the flange splice plates for location 2. The required average moment 

capacity of the flange splice is: 

M f = 5452-Mw =5452-999.3 = 4452.7kft 

Compressive and tensile forces in the flanges form a couple that supply this 

capacity. 

4452.1(12) 
P,. = Pf = 1 0.5 = 909.5k 

58+-+ 
2 2 

The splice designed for axial tension is investigated for yield on the gross section 

and fracture on the net section. Block shear strength is not a problem but is checked for 

completeness. 

Yield on the gross section: 

Fracture on the net section: 
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= 0.95 

= 0.80 

The reduction factor U is taken as 1.0 and the net area of the plate, ~, is not to be 

greater than 85% of the gross area of the plate. 

Required ~: 

A 909.5 26 6' 2 - - - In 
g - tPyFy - 0.95(36) - . 

Required ~: 

A =~= 909.5 =196in2 

n tPll~ 0.8(58) . 

Minimum~: 

A = 19.6 = 23.1in2 

g .85 

Required t: 

19.6 132' 
t = (7 1) =. In 

16-2 -+-
8 8 
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The flange splice plate used in tension is a 1 3/811 x 16" plate. The minimum edge 

and end distances of 1 1/2.1 are used. Two rows of bolts are used at a 3" longitudinal 

spacing as shown in the figure below. 

1'S"f 0 0 0 0 
13" > Pr 

0 0 0 0 
1.5" 

~ ~ I, , , 1 
1.5" 3" 

Block shear will not be a problem with a plate this thick. However, it is checked 

for completeness. In checking block shear the planes parallel to the applied force are 

considered to resist only shear stresses and the planes perpendicular to the applied force 

are considered to resist only tension stresses. 

If Am ~ O.58~ then: 

Otherwise: 

Determine the number of bolts required in the flange. The bolts are in single shear. 
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R,. == 0.8(0.6)(120)(1)(0.6) == 34.6k / Bolt 

Design strength in bearing on 1 3/8" plate is: 

R.. = ;bb(2.4F.dt) = 0.8(2.4)(58)(:)1.375) = 134k / Bolt 

Number of bolts required: 

909.5 == 26.2 Say 28 Bolts 
34.7 

Use 2 rows of 14 bolts, each side of the joint spliced. 

Check block shear: 

0.58Avn == 0.58( 76.6) == 44.4in2 > Am 

therefore: 

R,. == 0.8[(0.58)(58)(76.6) + (36)(3)(1.375)] == 2I80k > ~ == 909.5k 
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Therefore the flange splice plate is adequate. Use a 1 3/8 ft x 16" splice plate for 

the tension flange with 2 rows of 14 bolts each side of the joint. 

The splice plate used for the compression flange is 12ft wide. 

Required ~: 

Required 1\: 

An = ~ = 909.5 = 19.6in2 

;u~ 0.8(58) 

Minimum~: 

A - 19. 6 - 23 l' 2 ---- . In 
g .85 

Required t: 

19.6 2 00' 
t = (7 IJ = . In 

12-2 -+-
8 8 

The flange splice plate used in compression is a 2" x 12" plate. The number of 

bolts required remains 28 on each side of the joint. Therefore two rows of 14 bolts are 

used each side of the joint. The longitudinal spacing between the bolts is 3 inches. The 

minimum edge and end distances of 1 1/2" are used. 
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4.2.6 DESIGN DRAWINGS 

Drawings for the design are included in the following pages to illustrate 

dimensions of the members involved in the design. 
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FIGURE 4.17 
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CHAPTERS 

SUMMARY AND OBSERVATIONS 

S.1 SUMMARY 

The plate girder highway bridge was designed in accordance with the new 

AASHTOILRFD specifications. The 100'-120'-100' continuous span bridge was designed 

compositely in the positive and negative moment regions. The roadway width was 44 feet 

and the plate girders were spaced at 8 feet on center. An analysis was made of the 

permanent and live loads acting on the bridge. The results of the analysis were tabulated 

and moment and shear envelopes were developed. From the analysis, the required 

sections were designed and are summarized below. 

a. The section of the plate girder for negative flexure consists of a 

3/8" x 58" web and 1 1/8" x 16" top and bottom flange. 

b. The section of the plate girder for positive flexure consists of a 

3/8" x 58" web, a 112" x 12" top flange, and a 1" x 16" bottom 

flange. The transition points from the section in positive flexure to 

that in negative flexure is at the dead load inflection points since 

these points are considered to be non-composite. 

c. Single plate intermediate stiffeners were designed for locations 

where there were no connecting elements such as cross-frames. 

The member consists ofa 3/4" x 5 112" plate welded to one side of 

the web. The plate is flush with the compression flange but is cut 

1.5" from the tension flange. 

d. Double plate intermediate stiffeners were designed for locations 

where there were connecting elements. The member consists of 
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one 1/2" x 4" plates welded to each side of the web. These 

stiffeners are to run the entire height of the web between flanges. 

e. The bearing stiffeners over the supports consist of two 

3/4" x 5 3/4" plates welded to each side of the web. The plates run 

the entire height of the web. 

r The bearing stiffeners at the abutments consist of one 3/4" x 5 3/4" 

plate welded to each side of the web. The plates run the entire 

height of the web. 

g. The shear connectors used were 7/8" diameter shear studs with a 4" 

height. There are three per cross section and they are spaced 

longitudinally at the spacing specified in Figure 4.6. 

h. The intermediate cross-frames and the cross-frames over the 

supports consist of an X-bracing and a diaphragm across the 

bottom flanges. The X-bracing is made up of2 - 3" x 3 11 x 5/16" 

angles. The bottom diaphragm consists ofa 4" x 4" X 5116" angle. 

1. The cross-frames at the abutments consist of diaphragms across the 

top and bottom flanges and an inverted V-bracing. The inverted V­

bracing is composed of two 3" x 3" x 5/16" angles. The diaphragm 

along the bottom is a 4" x 411 x 5116" angle and the diaphragm 

across the top is a W12 x 40 section. 

The web and flange plate splices and the welded connections were also designed 

within the project. The design drawings in Section 4.2.6 provide the detailed dimensions 

of the superstructure. 
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5.2 OBSERVATIONS 

The design of the superstructure for the plate girder bridge uSing LRFD 

specifications proved to be a challenging task. During the analysis and design of the 

project some observations were made of the format and content of the LRFD 

specifications. Some of the observations follow: 

a. Having to use different load factors for the future wearing 

surface and the barriers is a problem. Since they are both 

considered to act on the composite section they are typically 

combined in determining shears and moments. However, since the 

load factors are different they had to be treated separately. 

b. Determining the distribution factor equations for interior girders 

moments is difficult because the equations include a longitudinal 

stiffness parameter. The longitudinal stiffness parameter is based 

on section properties. To get these section properties the section 

must be designed first. Therefore the designer must use a trial and 

error approach. 

c. The code combines strength requirements and constructability 

requirements together. It seems that addressing them in separate 

sections would be more appropriate. 

d. A fiustrating aspect of the code is the fact that it jumps around 

from article to article. Reference to other articles is used 

throughout the code. 

e. When checking the requirement for the composite section in the 

positive moment region, no requirement exists for the bracing of 

the compression flange. The code fails to inform the designer that 

during the deck placement, the section is non-composite and may 
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be unbraced. Therefore the determination of an allowable unbraced 

length is desired. 

£: When determining the spacing of the intermediate stiffeners and the 

strength of the panels a trial and error procedure must be used 

because the spacing of the stiffeners and the strength of the panels 

are dependent upon one another. The determination of these 

variables is very tedious although using a computer program would 

be less difficult. 

g. The commentary was very helpful in providing explanations for the 

code requirements. 
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