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These girders are usually fabricated from welded plates and thus are

called "Plate Girders". Plate girders may be defined as structural

members that resist loads primarily in bending and shear. Although

shaped similarly to the commonly used hot-rolled steel I-beams, plate

girders differ from them in that they are fabricated from plates, and

sometimes angles, that are joined together to form I-shapes. Typically

plate girder with its stiffener is shown in Fig. 1.

Introduction
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Fig. 1 Typically of plate girder 

Introduction (cont’d) 

Several cross sections may be used for plate girders as shown in Fig.

2. Early plate girders were fabricated by riveting, Fig. 2(a). Their

flanges consisted of two angles riveted to the web ends and cover

plates riveted to the outstanding legs of the angles. Structural welding,

which began to be widely used in the 1950s, has significantly

simplified the fabrication of plate girders. Modern plate girders are

normally fabricated by welding together two flange plates and a web

plate as shown in Fig. 2(b), other variations are possible as shown in

Fig. 2(c).

Introduction (cont’d) 
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Fig. 2 Cross sections of plate girders 

Introduction (cont’d) 

In common, section used for plate girders are shown in Fig. 2. It

shows the simplest form of plate girder, Fig. 2(a). In case, the simple

section cannot take the load. Sufficient flange material, additional

plates are riveted to outstanding legs of angles as shown in Fig. 2(b)

and 2(c). When number of cover plates become excess then the

section of plate girder is modified. In such cases, sections shown in

Fig. 2(d) and 2(e) are used in which two or more webs are provided.

These are called “Box Girders”.

Introduction (cont’d) 
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Fig. 3 Common section of plate girders

Introduction (cont’d) 

(a) (b) (c)

(d) (e)

Because a plate girder is fabricated from individual elements that

constitute its flanges and web, a significant advantage offered by a

plate girder is the freedom a designer can have in proportioning the

flange and web plates to achieve maximum economy through more

efficient arrangement of material than is possible with rolled beams.

This freedom gives a considerable scope for variation of the cross-

section in the longitudinal direction. For example, a designer can

reduce the flange width or thickness in a zone of low applied moment

as shown in Fig. 4.

Introduction (cont’d) 
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Fig. 4 Transition of flange plate width and thickness

Introduction (cont’d) 

Furthermore, the designer has the freedom to use different grades of

steel for different parts of the girder. For example, higher-grade steel

St. 52 might be used for zones of high applied moments while

standard grade steel St. 37 would be used elsewhere. Also, “hybrid

girders” with high strength steel in the flange plates and low strength

steel in the web offer another possible means of more closely

matching resistance to requirements. More unusual variations are

adopted in special circumstances, e.g., girders with variable depth as

shown in Fig. 5.

Introduction (cont’d) 
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Fig. 5 Plate girder bridge with variable depth

Introduction (cont’d) 

Advantages of plate girders:

 Easier to fabricate.

 Easier to handle in shop.

 Bounces not required.

 Fewer field splice bolts since bottom flange is narrower than for a
box girder.

 Lower unit price.

 Lighter piece weight erection where crane capacity is a concern.

Plate Girders versus Box Girders
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Advantages of box girders plate girders:

 More efficient load distribution due to high torsional stiffness.

 Efficient where girder depth must be minimized.

 Efficient for curved alignments.

 Less area exposed to airborne road salts.

 Less horizontal surface onto which corrosion products can deposit.

 Fewer bearings possible with multiple box girders.

 Fewer pieces to erect.

 Improved aesthetics.

A typical of box girder in bridge application is shown in Fig. 6.

Plate Girders versus Box Girders (cont’d) 

Fig. 6 Box girder bridge

Plate Girders versus Box Girders (cont’d) 
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Any cross-section of a plate girder is normally subjected to a

combination of shear force and bending moment. The primary

function of the top and bottom flange plates of the girder is to resist

the axial compressive and tensile forces arising from the applied

bending moment. The primary function of the web plate is to resist

the applied shear force. Under static loading, bending and shear

strength requirements will normally govern most plate girder design,

with serviceability requirements such as deflection or vibration being

less critical. A common types of plate girder in bridge application is

shown in Fig. 7.

Plate Girder Design

Fig. 7 Common types of plate girder bridge 

Plate Girder Design (cont’d) 
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The first step in the design of plate girder section is to select the

value of the web depth, D. For railway bridges, the girder depth will

usually be in the range Lo/12 to Lo/8, where Lo is the length between

points of zero moment. However, for plate girder roadway bridges

the range may be extended to approximately Lo/20 for non-composite

plate girders and to Lo/25 for composite plate girders. Flange width,

2b: D/4  2b  D/3, flange thickness, T: b/12  T  b/5, and web

thickness, t: t  D/125.

Plate Girder Design (cont’d) 

Having selected the web plate depth, the effective flange area to

resist the applied moment, M can be computed from the relation, see

Fig. 8(b).

M = FeAehe (Eq. 1)

where:

Fe = allowable bending stress at flange centroid

Ae = equivalent flange area

he = effective depth for flange

Plate Girder Design (cont’d) 
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Fig. 8 Proportioning of plate girder flanges 

Plate Girder Design (cont’d) 

Girders with laterally supported compression flanges can attain their

full elastic strength under load, i.e., Fb = 0.64Fy for compact sections

and Fb = 0.58Fy for non-compact sections. If the compression flange

is not supported laterally, then appropriate reduction in the allowable

bending stresses shall be applied to account for lateral torsional

buckling as set in the Code.

Plate Girder Design (cont’d) 
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The equivalent flange area Ae is made up of the actual area of one

flange, plus the part of the web area that contributes in resisting the

applied moment. The moment resistance Mw of the web can be

defined by Fig. 8(c):

Mw = (0.5Fw) (0.5Aw) (2hw/3)

= FwhwAw/6 (Eq. 2)

where:

Aw = area of web

Fw = maximum bending stress for web

hw = lever arm

Plate Girder Design (cont’d) 

From Eq. 2, it can be seen that one sixth of the total web area can be

considered as effective in resisting moment. Consequently, the area

required for each flange will be:

Af = Ae - Aw/6 (Eq. 3)

Substituting for Ae from Eq. 1 gives:

Af = (M/Fbd) - Aw/6 (Eq. 4)

Plate Girder Design (cont’d) 
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An optimum value of the plate girder depth d which results in a

minimum weight girder can be obtained as follows:

Express the total girder area as:

Ag = dtw + 2Af (Eq. 5)

The moment resistance of the girder can be expressed as:

M = FbZx (Eq. 6)

where:

Zx = the section modulus of the girder

Plate Girder Design (cont’d) 

Substituting from Eq. (6) into Eq. (4) gives:

Af = Zx/d - Aw/6 (Eq. 7)

Substituting from Eq. (7) into Eq. (5) gives:

Ag = 2Zx/d + 2Aw/3

= 2Zx/d + 2dtw/3 (Eq. 8)

By introducing a web slenderness ratio parameter, β= d/tw, Eq. (8)

can be expressed as:

Ag = 2Zx/d + 2d 2/3β (Eq. 9)

Plate Girder Design (cont’d) 
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Ag is minimum when ∂Ag/∂d = 0 which gives:

d 3 = 1.5β Zx (Eq. 10)

Substituting Zx = M/Fb, Eq. (10) gives:

(Eq. 11)

Plate Girder Design (cont’d) 

The value of β will normally lie in the range 100 to 150. With M

expressed in meter-ton units and F in t/cm2 units, the above equation

gives the optimum girder depth in meters as:

(Eq. 12)

For steel St. 52 with Fb = 0.58Fy this equation gives:

(Eq. 13)

Plate Girder Design (cont’d) 
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Depending on the type of cross section (compact or non-compact) the

variation of stress over the depth at failure varies. A compact section

can develop full plastic moment i.e. rectangular stress block as

shown in Fig. 9. Before the development of this full plastic moment,

local buckling of individual component plates should not occur. Thus

the compact section should possess minimum thickness of elements

on the compression zone such that they do not buckle locally before

the entire compression zone yields in compression.

Plate Girder Design (cont’d) 

Plate Girder Design (cont’d) 

Fig. 9 Shape limitation based on local buckling 
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typical bridge girder with a portion of the span, over which the

compression flange is laterally unrestrained, is shown in Fig. 10. This

girder is susceptible to lateral torsional buckling. Fig. 11 shows a

laterally buckled view of a portion of the span. The displacements at

mid span, where the beam is laterally restrained, will be only vertical.

Failure may then be governed by lateral torsional buckling. This type

of failure depends on the unrestrained length of compression flange,

the geometry of cross section, moment gradient, etc.

Plate Girder Design (cont’d) 

Plate Girder Design (cont’d) 

Fig. 10 Modes of instability of plate girders 
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Plate Girder Design (cont’d) 

Fig. 11 Buckling of a plate (aspect ratio of 3:1)
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