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CHAPTER II

EXPERIMENTAL INVESTIGATION

2.1 SCOPE OF TESTING

The objective of this research is to determine the force distribution between the

column web and stiffener when the column flanges are subjected to tension loading as

caused by a welded beam-to-column moment connection. To this end, tests to simulate a

beam-to-column connection with column stiffening were conducted.  Two separate

specimens with different limit states were tested to determine the percentage of load

resisted by the stiffener.  Only W-shape column sections were considered in this

investigation.  Each specimen was subjected to tensile forces simulating beam flange

loading.

Two W-sections with different limit states controlling the stiffener design were

chosen as test specimens.  The material used for both column sections and the stiffener

plates was A36 steel.  Both specimens were tested in tension only to simulate a gravity

type loading from the top flange of the beam.  Test 1 was performed using a W16x45

column section with two full depth stiffeners.  The controlling limit state for this column

section alone was local flange bending.  Test 2 used a W8x48 column section also with

two full depth stiffeners.  Web yielding was the controlling limit state for this test.  The

limit states were calculated using the design criteria in the 1994 AISC LRFD

Specifications, Chapter K (Specifications 1994).

2.2 TEST DETAILS

2.2.1 Test 1 Geometry and Design

A W16x45 column section was used in Test 1.  The geometry of the specimen is

shown in Figure 2.1.  The column length was chosen to be adequate enough to avoid

bending of the section.  A transition piece, simulating the beam tensile flange, was used

to allow the test specimen to fit into the testing machine.  The universal testing machine

was then used to apply load to the system at the stiffener location.
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Figure 2.1 Test 1 Specimen Geometry
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Coupon tests were performed on both the flange and web material of the W16x45

section.  From these tests, the flange yield stress was determined to be 47.2 ksi and the

web yield stress to be 50.7 ksi.  These yield values were used in the LRFD calculations to

accurately represent the strength of the section.  Local flange bending was determined to

be the controlling column side limit state with a resistance of Rn = 94.1 kips.  The local

web yielding resistance was Rn = 130.5 kips.

The two stiffeners used were 3/4x3x15 in. plates and extended the full depth of

the column.  The stiffeners were welded to the column flanges (7/16 in. fillet welds) and

web (5/16 in. fillet welds) to allow for full transfer of the load from the column to the

stiffener.  The tension yield stress of the stiffeners was determined to be 38.6 ksi (yield

strength of 86.7 k).

2.2.2 Test 2 Geometry and Design

Test 2 used a W8x48 column section.  The geometry of this specimen is shown in

Figure 2.2.  The length of the column is sufficient in preventing bending of the column

section.

Coupon tests were performed on both the flange and web material to determine

the accurate strength of the section.  From these tests, the flange yield stress was

determined to be 45.2 ksi and the web yield stress to be 46.8 ksi.  These yield values were

used in the LRFD calculations.  The controlling column side limit state was found to be

column web yielding with a resistance Rn = 125.1 kips.  The local flange bending

resistance was Rn = 132.9 kips.

Two 3/8x3x7-1/8 in. plates extending the full depth of the column were used.  The

stiffeners in this case were also welded to the column flanges (1/4 in. fillet welds) and

web (3/16 in. fillet welds) to allow for full transfer of the load from the column to the

stiffener.  The tensile yield stress of the stiffener plates was determined to be 54.0 ksi

(yield strength of 60.75 k per stiffener).

2.3 INSTRUMENTATION

Three strain gages were placed on both sides of each stiffener to determine the

strain distribution along the width (from the column web to the stiffener edge) for both
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tests.  In the subsequent discussion of test results the locations are referred to as “Inner”,

“Middle” and “Outer.”  For Test 1, the gages were located on both ends of the stiffener

(near the column flanges) to assure the load was consistent through the depth of the

stiffener.  Once this was shown, only one end of the stiffener was gauged for Test 2.  The

strain gage locations are shown in Figure 2.3.  Test Specimen 2 also had strain gages on

the column web to verify that the full load was being distributed between the column web

and the two stiffeners.  Gages on the web were placed at 1-in. increments starting at the

stiffener and extend 5 in. in each direction from the stiffener.

2.4 TESTING PROCEDURE

The test specimen was loaded in tension using a Satec Universal Testing machine.

Each specimen was loaded from 0 to 260 kips of tension in 5 kip increments (at 2

kips/min).   Load and strain values were recorded at each increment.  The specimens in

both tests were loaded to 260 kips but not to failure due to the limitations of the testing

machine.  Using the strain data obtained from the tests, the load supported by the stiffener

and web was determined.

2.5 TEST RESULTS

2.5.1 General

The strain gage readings at the same locations on the stiffener (one on each side)

were averaged to eliminate possible local bending effects.  Each stiffener was considered

separately to account for unequal distribution of load (one stiffener supporting a greater

load than the other).  Averages were taken in a similar manner for the strain gage

readings on the column web of Test 2.  Again, the web readings on each side of the

stiffener were considered separately.  The linear load/strain relationships of the

experimental data provided in the following subsections shows that only minor yielding

of the test specimens occurred starting at about 250 kips.

2.5.2 Test 1

Figure 2.4 graphically shows the measured load verses strain relationship on the

stiffeners in Test 1.  The relationships were determined from the average strain readings
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Figure 2.4 Test 1 (W16x45) – Load vs. Micro-strain
Results for Stiffeners R and L
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obtained during testing.  The graphs show that the strain gages provided consistent

measurements with no irregularities or inconsistent readings.  The inner strain data was

that obtained from the gage closest to the column web.  Similarly, the outer strain data

represents the strain from the gage furthest from the column web and the middle strain

data is from the gage between the two.  It can be seen from Figure 2.4 that the stiffeners

take load as soon as it is applied to the test specimen.  As stated previously, this is in

contrast with the AISC assumptions made about the behavior of the column/stiffener

system.

Figures 2.5 and 2.6 show the strain distribution of each stiffener at loads of 95 and

170 kips.  The strain at each load is plotted as it varies with distance across the width of

the stiffener, from the column web to the free edge of the stiffener.  Using the area under

the curve, the thickness of the stiffener, and a modulus of elasticity of 29,000 ksi, the

force resisted by each stiffener is:

Ps = E A ts (2.1)

where Ps is the force in the stiffener, A is the area under the curve and ts is the stiffener

thickness.

Table 2.1 gives force resisted by the stiffeners and column web for applied loads

of 95 kips and 170 kips.  The stiffener forces were obtained using Equation 2.1.  The web

force is the difference between the applied load and the calculated stiffener force.  For

Test 1, the stiffener forces were 64% of the applied load with the web resisting the

remaining 36%.  Strain gages were not applied to the column web for Test 1.  The total

web force was therefore calculated by subtracting the stiffener load determined from the

experiment from the applied load.

Table 2.1 Force Distribution - Test 1 (W16x45)

Applied Load
(kips)

Total Stiffener Force
(Ps)

Total Web Force
(Pw)

% Stiffener
Load

95 60.8 34.2 64

170 109.15 60.85 64
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Figure 2.5 Test 1 (W16x45) – Strain vs. Distance
Results for Stiffener R

Figure 2.6 Test 1 (W16x45) – Strain vs. Distance
Results for Stiffener L
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2.5.3 Test 2

The loads vs. strain relationships for the stiffeners in Test 2 are shown graphically

in Figure 2.7.  These relationships were again determined from the averages in the strain

gage readings at the same locations.  The strain gages provided linear measurements to

260 kips except for the outer gage location on Stiffener R where yielding started at about

250 kips.  Figure 2.7 shows that the strain gages for stiffener L provided consistent

measurements with no irregularities or inconsistent readings for the full range of the

loading.  As seen from Figure 2.7, it is again apparent that the stiffeners take load as soon

as it is applied to the test specimen.

Strain gages were attached to the column web for Test 2 to show the assumption

that the web receives the remainder of the load not supported by the stiffeners.  Figure 2.8

graphically shows the load vs. strain relationships for the column web on each side of the

stiffener.  It can be seen from the graph that the strain readings obtained on the column

web were also consistent with no irregular readings and that the web takes load as soon as

it is applied to the test specimen.  The 1-in. line represents the strain 1-in. away from the

stiffener.  The additional lines represent similar values for the strain at 2, 3, 4, and 5 in.

away from the stiffener along the column web.

The force resisted by the stiffeners was also determined at applied loads of 95 and

170 kips for Test 2.  The strain values at these loads are plotted in Figures 2.9 and 2.10

and vary with the distance along the width of the stiffener, from the column web to the

free edge of the stiffener. The force supported by each stiffener is calculated using

Equation 2.1 and the area under these curves.

Figure 2.11 shows the strain values along the web starting at the stiffener location

(at 0.0 inches) and extending 5 inches from the stiffener in each direction (Web R and

Web L reading).  The strain values decrease as the distance from the stiffener increases as

expected.  The force resisted by the column web is determined in the same manner as the

stiffener force (using Equation 2.1 for the column values).  The column web forces were

also determined for loads of 95 and 170 kips to confirm that the full load was being



22

Figure 2.7 Test 2 (W18x48) – Load vs. Micro-strain
Results for Stiffeners R and L
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Figure 2.8 Test 2 (W8x48) – Load vs. Micro-strain
Results for Web R and L
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Figure 2.9 Test 2 (W8x48) – Strain vs. Distance
Results for Stiffener R

Figure 2.10 Test 2 (W8x48) – Strain vs. Distance
Results for Stiffener L
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Figure 2.11 Test 2 (W8x48) – Strain vs. Distance
Results for Web R and L
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accounted for in the measurements.  When added, the forces obtained from the web and

stiffener measurements should equal the total load that is being applied.

Table 2.2 shows values for the force supported by the column web and stiffeners

for the specific applied loads.  It can be seen, however, that the total stiffener force and

total web force do not add up to the applied load.  These differences occur due to

assumptions and experimental variations.  Because a strain gage could not be placed at

the web-stiffener connection, the web strain value at the connection was estimated from

the stiffener and web gage readings nearest to the weld, which introduces possible error.

The strain values in the stiffener vary linearly along the width allowing the readings at

web to be more accurately estimated.  It is noted that the web strains, however, decrease

in a parabolic shape along the length of the web and the values could not be estimated as

easily.

Table 2.2 Force Distribution - Test 2 (W8x48)

Applied Load
(kips)

Total Stiffener Force
(Ps)

Total Web Force
(Pw)

% Total
Load

% Stiffener
Load

95 49.9 38.8 93.4 53.0

170 90.5 63.5 90.5 53.0

It was therefore assumed that the stiffeners receive the force values calculated

from the experiment and the web receives the remaining applied load because of the error

that occurs from the estimation of strain in the web.  For this test, the stiffeners resist

about 53% of the load for each of the load levels with the web resisting the remaining

47%.

2.6 SUMMARY OF EXPERIMENTAL RESULTS

It is evident from the test results that force is distributed to the column stiffeners

as well as the column web at the instant that force is applied at the connection.  If AISC

assumptions were accurate, yielding of the column would have occurred during the test

and the stiffener would not have taken any forces until the column limit state had been
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exceeded as shown in Figure 2.12.  Yielding of the column section, however, did not

occur during the experimental investigation due to the fact that the stiffeners received

load from the beginning of the test, before column failure.

Figure 2.12 Comparison of Stiffener Force Ratios
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0.05

0.15

0.25

0.35

0.45

0.55

0.65

0.75

0 50 100 150 200 250 300

Applied Flange Force

St
if

fe
ne

r 
F

or
ce

/A
pp

lie
d 

F
la

ng
e 

F
or

ce

Test 2

AISC


