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CHAPTER IV

DEVELOPMENT OF A DESIGN MODEL

4.1 DEVELOPMENT OF EFFECTIVE LENGTH

In the experimental and analytical investigations, there was a difference in the

proportion of load distributed to the stiffeners due to the differences in geometry between

the three column sections.  The load distribution was therefore determined to be

dependent upon the geometry of the column sections and their respective stiffeners.  The

column area that supports the loading, or the area affected by the applied load, was

determined from the data obtained from experimental and analytical results.

From the experimental and analytical results, an effective length (the distance

along the length of the column web that the applied load was distributed) was determined

for each test specimen.  Figure 4.1 graphically shows how the applied load is distributed

along the column length.  The effective column length from the ABAQUS analysis for

the W14x311 section is shown in Figure 4.2 and displays the element forces for each

element.  It can be seen that the load is distributed a prescribed distance across the flange

width at the application of the load and along the length of the web in a definite pattern.

As shown in Figure 4.3 for the W12x120 and W14x90 sections, the load is distributed at

a 45-degree angle along the length of the web from the point of load application.  The

effective length (le) includes all elements that contain reaction force values.  Using this

total distance (le), the column area affected by the loading was determined.  The total area

affected will therefore include this column area and the area of the two stiffeners.  Based

on a ratio of the stiffener area to the total calculated area, the percentage of load received

by the stiffener can be calculated.

Based on experimental and finite element results, the effective length was

determined to be 8.2k1 where k1 is the distance from the center of the web to the end of

the fillet radius connecting the column web to the flange.  From on the plot in Figure 4.2

for the W14x311 column section, le was determined by finding the length across the

elements containing element forces and found to be 11.78 inches.  Using the equation
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Figure 4.2 Plot of Element Stresses
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Figure 4.3 Equivalent Column Web Load Distribution
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le = 8.2(k1), the value for the effective length is 10.76 inches.  The value obtained from

the contour plot is larger because of the element sizes.  If the elements were smaller, the

effective length would approach this value of 10.76 inches.  The same is true for the

W12x120 and W14x90 sections shown in Figure 3.3.  Values for effective length were

calculated for all sections included in this research and are summarized in Table 4.1.

Table 4.1 Effective Lengths

Test k1 (in.) Calculated le (in.)
le = 8.2(k1)

Test 1 – W16x45 13/16 6.66
Test 2 – W8x48 5/8 5.13

W14x311 1-5/16 10.76
W12x120 1 8.20
W14x500 1-3/4 14.35
W14x90 7/8 7.18

The column area affected by the applied load can now be calculated and the distribution

of load between columns and stiffeners can be determined for all W-shaped column

sections.

4.2 LOAD DISTRIBUTION BETWEEN COLUMN AND STIFFENER

Load will be distributed along the column web and radiate a distance, le, from the

location where the load is applied.  The column is then assumed to be affected through an

area of the effective length times the thickness (tw) of column web.  The total area,

including the area of the stiffeners, can be calculated as follows:

Atot = Acol + Astiff

Atot = le(tw) + 2(ts)(ws)

Atot = 8.2(k1)(tw) + 2(ts)(ws) (4.1)

where ts is the thickness of the stiffener and ws is the stiffener width.  Table 4.2

summarizes these values for each column section.

The distribution of load between the column and stiffener can be estimated by

using the ratio of the stiffener area to the effective column area.  This ratio will provide

load values for the stiffener for any given applied force.  It assumes, therefore, that the
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Table 4.2 Effective Area Values

Section Stiffeners
2 Plates

Astiff

(in.2)
8.2k1

(in.)
tw

(in.)
Aeffect

(in.2)
Atot

(in.2)
Astiff/Atot

W16x45 3/4x3 4.50 6.66 0.345 2.30 6.80 0.66
W8x48 3/8x3 2.26 5.13 0.400 2.05 4.31 0.52

W14x311 7/8x7 12.25 1.41 1.410 15.18 27.43 0.45
W12x120 1/2x5 5.00 8.20 0.710 5.82 10.82 0.46
W14x500 1-3/4x7 24.50 14.35 2.190 31.43 55.93 0.44

W14x90 (a) 3/8x5 3.75 7.18 0.440 3.16 6.91 0.54
W14x90 (b) 1/4x6 3.00 7.18 0.440 3.16 6.16 0.49
W14x90 (c) 3/8x4-1/2 3.38 7.18 0.440 3.16 6.54 0.52

stiffener does receive load before the column reaches a limit state. This equation is

consistent with the data obtained from testing and is contrary to the assumption made in

the LRFD Manual that the stiffener does not support any load until the column has

reached its limit state.  The equation can be written as follows:

Ps = (Astiff/Atot)(Papplied) (4.2)

This equation provides stiffener loads that follow the behavior of the connection and

therefore allows for the development of a more accurate design procedure.  The ratios of

Ps/Papplied are compared in Table 4.3 for the experimental investigation, finite element

analysis, and the calculated values based on equations 4.1 and 4.2 for each section.

Table 4.3 Comparison of Results

Ps/PappliedSection Astiff/Atot

Equation 4.1 Experimental Finite Element
W16x45 0.66 0.64 0.65
W8x48 0.52 0.53 0.56

W14x311 0.45 N/A 0.45
W12x120 0.46 N/A 0.49
W14x500 0.44 N/A 0.43

W14x90 (a) 0.54 N/A 0.53
W14x90 (b) 0.49 N/A 0.53
W14x90 (c) 0.52 N/A 0.50
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Based on the consistency of the results obtained in the experimental and analytical

investigations, the new stiffener design procedure can be used to accurately predict load

distribution between the stiffener and column web.  The Area Design Method is based on

the effective areas of the column and the stiffeners as calculated from Equation 4.1.

Using Equation 4.2, the load distributed to the stiffeners can be determined for any

applied load.  The steps necessary for stiffener design using the Area Method will be

develop and provided in Chapter 5.


