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The Effect of Shear Tab Connections 

on Tubular Column Strengths 

By 

Stephen Michael Herlache 

The University of Wisconsin - Milwaukee, 1989 

Under the Supervision of Donald R. Sherman 

Single plate framing connections, also known as shear 

tabs, are becoming popular in the steel building industry 

due to their savings in fabrication and erection costs. 

These shear tabs are readily accepted by engineers when used 

with I-shaped columns under light loads due to design recom-

mendations suggested by recent research. However, the 

capacity of tubular columns has been questioned if shear 

tabs are welded to their walls, causing local distortions. 

At the University of Wisconsin - Milwaukee a pilot 

study of four full-scale column tests was conducted to see 

how tubular columns behave with shear tabs welded to their 

walls. The test specimens of this investigation consisted 

of two control columns and two test columns. The control 

group was comprised of two rectangular-tubular columns with 

through plate connections that have the erection advantages 

of the shear tab but also reinforce the wall. The through 

plate connection is often specified by designers in place of 
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the shear tab due to uncertainties of their effect on tubu-

lar column strength. The test group consisted of rectan­

gular-tubular columns with shear tabs welded to the walls. 

Furthermore, in one o f the spec imens in each group, the 

bolts were snug-tight and in the other pair, they were f ully 

tightened as in a slip control connection. 

The results of the four t ests indicated the following: 

(1) the capacity of rectangular-tubular columns with shear 

tabs welded to its walls were within 4 percent of the capa-

cities for the tubular columns with the through plate conn-

ection, (2) based on beam-line theory the shear tab conn-

ection performed as a simple "Type 2" connection even with 

the through plate connection , and (3) there was a sig-

nificant increase in transverse strain in the tubular col-

umns with shear tabs in comparison with the tubular columns 

with through plates. 

Major Professor Date 
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1. INTRODUCTION 

1.1 General 

The use of hollow structural sections, circular or 

rectangular, in the building industry has increased in 

recent years due to the advantages that they have over other 

structural shapes . Hollow structural sections have: a 

high resistance to lateral-torsional buckling; a high 

torsional strength; and low maintenance requirements when 

used for exposed structures. More important, hollow 

structural sections are primarily used as compression 

members due to their closely matched moments of inertia 

about the principal axes. 

A major concern when using hollow structural sections 

as column elements is with the intermediate framing 

connections that are used to attach I-shaped beams to their 

walls as in multistory framing systems . Due to the 

inaccessible interior of tubular columns these connections 

may become complex even for simple "Type 2" connections. 

However , recent research (1) has demonstrated that 

single plate framing connections are adequate in the design 

of simple "Type 2 " connections when welded in line with the 

web of I-shaped columns. This connection consists of a 

plate, with pre-punched holes, welded to the flange of an 1-

shaped column as shown in Figure 1.1 . The single p l ate 

framing connection, also known as the shear tab connection, 

provides most of its flexibility through the distorti on of 

1 



the bolt holes in the connection plate and/or the beam web. 

The primary advantage of this connection is that field-bolt 

erection can be used without coping framing beams. Design 

procedures have been developed to limit the bending in the 

tab that exists due to the load pattern. 

However, the use of shear tab connections in 

conjunction with tubular columns has been questioned since 

the capacity of the column may be reduced due to the local 

wall distortion that exists when I-shaped beams are 

connected to its face through this narrow connection. An 

expensive through plate connection is often specified to 

reinforce the walls of the tubular column. Although this 

problem has been of concern for the past decade, there has 

not been any full-scale testing conducted to determine if 

the column capacity is in fact reduced. Therefore, it is 

necessary to determine the effect of shear tab connections 

on tubular column strengths. 

1.2 Objectives 

The primary objective of this investigation is to 

determ.ine if the capacity of rectangular-tubular columns is 

greatly affected when shear tabs are used to connect I-beams 

to their walls. When loaded, shear tabs produce a local 

distortion in the wall of tubular columns because the load 

is delivered to the center of the face of the column instead 

of near its sidewalls. The severity of this distortion may 

or may not affect the capacity of these columns. 

2 



In addition to the column study, a connection 

investigation was sought to obtain the moment-rotation 

characteristics of shear tabs that are welded to tubular 

columns. With the use of beam lines the flexibility of the 

connection can be compared to the moment-rotation 

characteristics of simple "Type 2 " connections. 

1.3 Scope 

Due to the availability of funding, this investigation 

is considered as a limited pilot study. The test program 

consisted of four rectangular-tubular columns with a nominal 

yield strength of 46 ksi. The specimens chosen were 

selected to best represent the size of tubular columns that 

are used in the building industry and to conform with the 

limits of the testing facility. 

This paper presents and discusses the results of the 

four tests that were conducted at the University of 

Wisconsin-Milwaukee. The test data for each of the four 

tests is tabulated in Appendix E of this paper for further 

consultation. 

3 
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Figure 1.1: Shear Tab Connection 



2. RELEVANT STRUCTURAL THEORY 

2.1 Basic Column Strength 

2.1.1 Elastic Buckling Theory 

In order to determine the elastic strength of an 

"ideal" column the following conditions are assumed: the 

section is homogeneous and prismatic; small deflection 

theory is valid; the column is initially straight; the load 

resultant acts through the centroidal axis of the column 

until bending due to buckling occurs; twisting or cross 

section distortion does not occur; no internal residual 

stresses are present in the section; the end conditions are 

determinant; and the material remains elastic. With these 

assumptions, Euler buckling theory determines that the 

critical buckling load of an "ideal" column can be expressed 

as 

( 2.1) 

and the average critical stress in the section is 

Fcr = Pc/All 

= 1t2E/(L/r)2 ( 2 .2) 

where All = gross area of the section, 

I = moment of inertia of the section, 

E = Young's modulus of elasticity, and 

L/r = slenderness ratio. 

5 



Euler's buckling equation primarily governs the compressive 

strength of members with large slenderness ratios. However, 

for shorter columns, the compressive strength is less than 

that computed using Eqn . 2.2. Columns of this sort tend to 

fail inelastically(2,3,4,5,6]. 

2 . 1.2 Inelastic Buckling Theory 

For long columns the applied axial load reaches the 

Euler buckling load before the axial stress exceeds the 

proportional limit of the material. However, for short 

columns the axial stress may exceed the proportional limit 

before the applied axial load reaches the Euler buckling 

load. Therefore, an inelastic approach should be used to 

determine the buckling strength of short columns. 

One of the approaches used to predict the behavior of 

columns in the inelastic range is the tangent-modulus 

method. The basic assumptions in the tangent-modulus method 

are that the applied axial load increases during the 

transition from stable equilibrium to neutral equilibrium 

and that there is no strain reversal in the section on the 

convex side of the slightly deformed column. Therefore, the 

compressive stress increases for all fibers in the cross 

section and the stress-strain relationship is governed by 

the tangent modulus. With this in mind, the critical 

buckling load at which the column is slightly bent is 

expressed as 

6 



(2.3) 

and the average critical stress is 

( 2 .4) 

where E< = tangent modulus. 

However, Eqns. 2.3 and 2.4 cannot be used to determine 

the inelastic buckling strength of steel columns if the 

stress-strain relationship is obtained from a small coupon 

cut from the cross section. The coupon is relatively free 

of residual stress which results in a linear stress-strain 

relationship up to yielding. The stress-strain relationship 

of the cross section depends on the yield strength of the 

material and the magnitude and distribution of residual 

stresses. 

The magnitude and distribution of residual stresses in 

hot-rolled shapes depend on the shape of the cross section, 

the initial rolling temperature, the cooling conditions, and 

the material properties. The residual stress distribution 

for a particular shape can be determined by the method of 

sections or it can be estimated from the results of a stub-

column test. 

The influence of residual stress on the stress-strain 

curve of a stub column is shown by the solid line in Figure 

2.1. Also shown in this figure is the stress-strain curve 

of a small coupon cut from the cross section. Local 

7 
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yielding of the cross section will occur if the stub column 

is loaded in a manner at which the applied axial stress is 

equal to the yield stress minus the maximum compressive 

residual stress. As the section is loaded further the 

stress-strain curve is no longer proportional as shown in 

Figure 2.1. The slope of a tangent line at any pOint along 

this portion of the curve is known as the tangent modulus. 

Furthermore, the point at which the section begins to yield 

is known as the effective proportional limit and is defined 

as 

where Fp = effective proportional limit, 

Fy = yield stress, and 

(2.5) 

Fr. = maximum compressive residual stress. 

Stress-strain curves can be calculated for doubly-

symmetric columns for an assumed symmetrical residual stress 

distribution and yield stress if stub-column test results 

are not available. Assuming a uniform yield strength and 

strain hardening is neglected the tangent modulus can be 

defined as 

E
t 

= dF/de = E(A/A) (2.6) 

where E
t 

= tangent modulus, 

F = average stress, 

8 
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e = strain, 

E = elastic modulus, 

A = gross area, and 

A. = area that has not yielded . 

When a portion of the stub column has yielded the average 

stress in the section is 

(2.7) 

By selecting values of A fA between zero and one E
t 

and F . -
can be determined from Eqns. 2.6 and 2 . 7. From the values 

of E
t 

and Fa. slenderness ratios can be determined from Eqn. 

2 . 4 for a pinned column. The column strength curve for the 

cross section can then be generated from the slenderness 

ratios and average stresses determined above. 

The magnitude of residual stress does not need to be 

known in the determination of the theoretical column curve 

since yielding of the cross section is dependent on the A fA • 
ratio in Eqns. 2 . 6 and 2.7 . However , the residual stress 

distribution is necessary to determine the function of A.fA 

in the cross section. Therefore, the magnitude of the 

residual stress does not need to be known if for every shape 

there is a column curve for a particular residual stress 

distribution and yield strength. 

Another factor that affects the column curve is the 

initial out-of-straightness of the column. As with residual 

9 
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stresses, initial out-of-straightness also reduces the 

capacity of short columns. The affects of residual stress 

and initial out-of-straightness on the column curve differ 

for various sections. However, column curves can be 

obtained experimentally or by computer simulation for an 

assumed residual stress distribution, yield strength, and 

initial out-of-straightness. Design curves are somewhat 

arbitrary averages of several column curves[2,3,4,S,6j. 

2.1.3 Effective Length Factor 

In order to predict the strength of columns with other 

than pinned ends an effective length factor, K, must be 

determined. The effective length factor is defined as the 

ratio of the distance between the pOints of inflection and 

the actual length of the member. For example, a pinned-end 

column has an effective length factor of 1.0 while a fixed­

end column has theoretical effective length factor of 0.5. 

In general, the effective length factor for columns in 

framing systems is dependent on whether the frame is braced 

or unbraced. The effective length factor for columns in 

braced frames is less than one and greater than one in 

unbraced frames. 

The effective length factor of a braced frame can be 

determined for columns with constant axial load and 

determinant end conditions such as a one-story column. 

However, the problem is more complex for continuous columns 

10 



that have intermediate framing connections along their 

length which produce different axial forces in the segments 

as in a two-story column. As a result, an elastic 

instability exists in the column that depends on the end 

restraints of each segment; the ratio of top axial load to 

the intermediate applied axial load; the ratio of the 

lengths of each segment; and the moment of inertia of each 

segment. The effective length factor for a continuous two-

story column can be determined by performing a column 

stability analysis using flexural stiffness functions 

modified by an axial force. In this analysis , a stiffness 

matrix can be constructed for the system as shown in Figure 

2.2 . The effective length factor of each segment is 

obtained when the determinant of the stiffness matrix 

approaches zero[7]. Through a trial and error procedure 

effective length factors can be determined for various 

loading conditions. Appendix B contains the procedures used 

i n the determination of the theoretical effective length 

factors incurred in this investigation. 

Effective length factors can also be determined for 

test columns by using Southwell Plots . A Southwell Plot is 

the graph of the ratio of center displacement to axial load 

versus center displacement , 5/P versus 5, as shown in Figure 

2 . 3. The equation for the straight line is: 

5/P = 5/Q + (a, )/Q (2.8) 

11 



where Q = Euler buckling load, 

P = axially applied load, 

6 = center displacement, and 

a , = initial central crookedness[B]. 

The effective length factor of the column can be determined 

by substituting the Euler buckling load, Q, in the place of 

Pcr in Eqn. 2.1 and solving for K if a an effective length, 

KL, is used in place of L. Refer to Appendix C for the 

derivation of Eqn. 2.B and the calculation of the 

experimental effective length factors for each of the four 

tests. 

2.1.4 AISC Design Equations 

The American Institute of Steel Construction, AISC, 

adopted its column strength equations from the basic 

strength suggested by the Structural Stability Research 

Council, SSRC (formerly the Column Research Counci l , CRC ) 

[3] . 

The SSRC column strength curve is based on the 

parabolic equation proposed by Bleich[9] using a maximum 

compressive-residual stress of one half of the yield 

strength, F rc = O.SFy. After substituting F with O. SF , rc y 

Bleich's equation then becomes 

( 2 • 9) 

12 
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where Fe = column strength, 

Fy = yield strength, 

KL/r = effective slenderness ratio, and 

K = effective length factor. 

Based on residual stress tests conducted on five wide-

flanged sections, cited in Reference 2, the average maximum 

compressive-residual stress is approximately 0.3Fy for ASTM 

A36 steel. The maximum compressive-residual stress of O.SFy 

was used in Bleich's equation so that a smooth transition 

from Euler's buckling equation and Bleich's equation would 

occur. 

In the AISC Specification, the allowable compressive 

stress used in the design of axially loaded columns with 

slenderness ratios in the inelastic range is 

(2.10) 

where F. = allowable axial stress, 

Ce = ~ 21t'E/Fy ' and 

FS = 5/3 + .37S(KL/r)/Ce - .125 (KL/rCe ) 1 . 

This is AISC Equation (1.5-1) for slenderness ratios less 

than Ce • The term Ce is the slenderness ratio that 

corresponds to the upper limit of elastic buckling, O.sFy' 

suggested by SSRC. In other words, the upper limit of 

13 



elastic buckling in where AISC Equation (1.5-1) i s tangent 

to Euler's elastic buckling equation . 

The allowable compressive stress used in the design of 

axially loaded columns with slenderness ratios greater than 

C. is 

F. = 1t2E/[(KL/r) 2(FS)] (2 . 11) 

where FS = 23/12 . 

Thi s is AISC Equation (1.5-2) which is the elastic buckling 

strength according to Euler theory as presented in Eqn. 

2.2[3,4]. Euler's buckling equation, Eqn. 2.2, is modified 

by the effective length factor , K, for columns with other 

than pinned ends . 

It should be noted that the equations adopted by AISC 

are the strength curves suggested by SSRC . However, 

numerous column strength curves can be generated depending 

upon the expected residual stress distribution, the shape of 

the section , the axis of bending when the column buckles, 

and the initial out-of-straightness. The design equations 

used by SSRC are a selected average of several column stress 

curves for various residual stress distributions. 

2 . 1.5 Buckling Eguations for Rectangular-Tubular Columns 

Figure 2.4, reprinted from Reference 10, is a plot of 

test data for several axially loaded rectangular tubes. I n 

this fiqure there are two column strength curves, Class A 

14 
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and Class B, which designate the leve l of residual stress 

that can be expected from the manufacturing process. Class 

A columns are continuously welded tubular sections that are 

hot formed into final shape or continuously welded cold-

formed tubular sections that are stress relieved. On the 

other hand, Class B columns are continuously welded tubular 

sections that are cold-formed into final shape. The 

equation for the curve that represents the data points for 

Class A tubular columns is 

(2.12) 

where Ce = ~ 2n2E/F y 

= 7561« 

FS = 5/3 + . 375 (KL/r) ICe - (KL/r) ' laCe' . 

For Class B tubular columns the equation i s 

( 2 .13 ) 

where Ce = ~ 3n2E/F y 

= 925/« 

FS = 513 + (KL/r) 14Ce . 
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Equations 2.12 and 2.13 are valid when the flat width to 

thickness ratio of the longest side does not exceed 238/{Fy 

and the effective slenderness ratio, KL/r, does not exceed 

Ce' When KL/r exceeds Ce but does not exceed 200, the 

modified form of Euler's elastic buckling equation, Eqn. 

2.11, governs. Furthermore, if the flat width to thickness 

ratio of any side exceeds 238/{Fyl then Appendix C of the 

AISC Specification should be used in conjunction with Eqns. 

2.11 and 2.12 or 2.13 to determine the allowable compressive 

axial stress. Appendix C of the AISC Specification contains 

the reduction factors for slender compression elements in 

the column section[3,101. 

2.2 Shear Tab Theory 

The shear tab connection is a flexible connection that 

is economical in both the fabrication and erection of steel 

buildings. The shear tab shown in Figure 1.1 consists of a 

single plate, with pre-punched holes, that is welded to the 

supporting element. Shear tabs may also be used to connect 

beams to the web of a supporting beam. 

In the analysis of this connection the bolts are 

assumed to carry equal shear and a relatively free rotation 

occurs between the end of the beam and the supporting 

element. Shear tabs are considered as simple "Type 2" 

connections due to the rotation that occurs between the end 

of the beam and the supporting element. It achieves this 

rotation from: the bolt deformation in shear, the hole 

16 



distortion in the plate and/or the beam web, bolt slippage 

if the bolts are not in bearing at the time of initial 

loading , and the flexibility of the supporting element. 

However, due to the rigidity of the plate and the supporting 

element, the shear tab can develop moments in the end of the 

beam and the supporting member. This moment depends on: the 

number , size , and configuration of the bolt pattern ; the 

thickness of the plate and/or the beam web; the beam span to 

depth ratio; the loading; and the relative flexibility of 

the supporting element. 

Recent research [1] investigated the shear tab that was 

welded to a stiff supporting element such as an I-shaped 

column. This investigation consisted of: a series of 

single bolt shear tests for several bolt diameters and plate 

thicknesses; the generation of a finite element model to 

analyze the behavior of the shear tab connection; moment-

rotation curves that were obtained through finite element 

modeling and small-scale testing; and a series of full-scale 

tests that were conducted to verify the adequacy of the 

analytical results. From this investigation, a procedure 

was recommended for the design and selection of shear-tab 

connections. The following steps, generalized from 

Reference 11 , outline the procedure for the design of shear 

tabs that are welded to I-shaped columns as shown in Figure 

1.1. This procedure is greatly simplified in the form of 

tables in Reference 11. 

17 
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Step 1: Determine the length of the beam to the depth 

of the beam ratio. 

lid limitations: 

noncomposite beams, Fy = 36 ksi : lid i 36 

noncomposite beams, Fy = 5 0 ksi : lid i 24 

Beams that exceed these limits should be 

checked for excessive end rotation. 

Step 2: Determine the number of bolts required based 

upon the allowable bolt shear. 

Step 3: e(S) o., = h(e/h) ro' · n/N .(Sro') o .• , where 

(e/h) '"' = 0.06(l/d) - 0.15 when lid ~ 6 

= 0 . 035(l/d) when lid < 6, 

h = distance between center lines of 

top and bottom bolts in inche s, 

n = number of bolts, 

N = 5 for 3/4-in. and 7/8-in. ~ bolts 

= 7 for I-in . ~ bolts, and 

Sro' = 100 for 3/4-in. ~ bolts 

= 175 for 7/8-in. ~ bolts 

= 450 for l-in. ~ bolts. 

Step 4: e = [e(S) o·,]/(S) o. " where 5 in (5) °" i s 

the section modulus of the beam. 

Step 5: M = R(e + a); where 
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M = moment in the connection plate, 

R = shear in the beam, 

a = distance from the centerline of the bolt 

hole to the face of the column, and 

e = as stated in Step 4. 

Step 6: Size the A36 plate for stress and a minimum 

edge distance of 2 times the bolt diameter. 

Step 7: Size the weld for combined shear and bending. 

Step S: Check to make sure the maximum plate 

thickness in the shear tab or the beam web is 

less than the following: 

A325 3/4-in. </> bolts: t i 3/S in. 

7IS-in. </> bolts: t i 7/16 in. 

I-in. <P bolts: t i 9/16 in. 

A490 3/4-in. <P bolts: t i 1/2 in. 

7IS-in. </> bolts: t i 5/S in. 

I-in. </> bolts: t i 11/16 in. 

The procedure listed above is for beams that are uniformly 

loaded along the entire length. Eccentricity coefficients 

are listed in References 1 and 11 for several concentrated 

load configurations. As stated in the preceding paragraphs 

this design procedure is for shear tabs welded to stiff 

supporting elements. Appropriate factors of safety should 

be sought for flexible supporting elements[I,11]. 
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2.3 Beam-line Theory 

Beam lines are plots of end moment versus end rotation 

of a beam for a fixed load pattern and span. Beam lines are 

linear for constant magnitudes of load as shown in Figure 

2.5. The vertical axis intercept in this figure is the 

fixed-end moment of the beam for the given load pattern and 

span while the horizontal axis intercept in this figure is 

the simple-span-end rotation of the beam. The intersection 

of a moment-rotation curve for a connection and the beam 

line results in the moment-rotation characteristic of the 

connection at the load increment in question. Generally, 

rigid "Type 1" connections carry approximately 90% or more 

of the fixed-end moment, whereas simple "Type 2" connections 

carry 20% or less of the fixed-end moment capacity. The 

region between these two curves is moment-rotation 

characteristics for the semi-rigid "Type 3" connection(4). 

Beam-line plots can be useful in the design of 

connections if their moment-rotation characteristics are 

known. The strength, M" of the connection can be designed 

so that the end rotation, 9" of the joint is compatible 

with the rotation that results from a particular load 

pattern. 
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3. TEST PROGRAM 

3.1 Test Description 

In this investigation four column tests were conducted 

to evaluate the behavior of rectangular-tubular columns with 

shear tabs welded to their walls as shown in Figure 3.1. 

The test specimens of this investigation were subdivided 

into two groups: the control group and the test group. The 

control-group specimens consisted of two rectangular tubes 

with through plates welded at mid-height. This type of 

connection is often specified in place of the shear tab in 

order to reinforce the tube wall. The test-group specimens 

consisted of two rectangular tubes with shear tabs welded at 

mid-height. Figure 3.2 shows the two connections used in 

this investigation. 

In one pair of specimens, a control column and a test 

column, the bolts were snug tightened while in the other 

pair, they were fully tightened as in a slip control 

connection. Snug-tight bolts were used in one pair of 

specimens to determine if this new method of bolt tightening 

would affect the column capacity in comparison with fully­

tightened bolts. The concern is that with limited 

rotational restraint (hinges) at the face of the tube and at 

the bolt line, a mechanism could form that would greatly 

increase the wall distortion. 
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3.2 Test Design 

3.2.1 Column Selection 

At the University of Wisconsin-Milwaukee's structural 

testing facility, the maximum compressive load that can be 

applied to long columns is approximately 200 kips. The 

maximum length that the column can be is approximately 26 

feet. As a result, a 20-foot column length was selected to 

achieve story heights of 10 feet. Due to the availability 

and the small number of specimens needed, a 6 X 3 X 5/16 

inch rectangular tube with a nominal yield strength of 46 

ksi was selected for the column specimens. 

3.2 . 2 Beam Selection 

Generally, in building design , beams are designed for 

uniformly applied loads or for multiple concentrated loads. 

However, uniform or multiple concentrated loads are 

difficult to apply to the test beam because they would 

require additional loading mechanisms that are not 

available . With this in mind, a single concentrated load 

was placed at a point on the beam to achieve the reaction 

and the end rotation that would result from a uniformly 

loaded beam of the same length for a load of 125 pounds per 

square foot (See Figure 3.3). As a result, a concentrated 

load of 40 kips at a distance of 4.5 feet from the 

centerline of the column (12.5 feet from the far end of the 

beam) was used to design the beams. The selection of this 

load pattern was based on the available locations that the 
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concentrated load could be applied to the beams by the 

loading system. Prom this load pattern, a W12 X 53 section 

of A36 steel was selected for the framing beams due to the 

availability of materials in the Milwaukee area. 

3.2.3 Connection Selection 

The shear tabs used in this investigation were designed 

in accordance with the procedures and recommendations of 

References 1 and 11 with the assumption that the 

eccentricity in the connection occurs at the bolt line due 

to the flexibility of the tube wall. The connections were 

designed for a vertical reaction of approximately 40 kips. 

However, the connections were only loaded to a vertical 

reaction of 30 kips during each test. Three standard A325-X 

bolts of 3/4-inch diameter were required to resist the 40-

kip reaction. Prom the provisions in Reference 1 and the 

above information, a 9 X 4.5 X 5/16 inch plate was used as 

the shear tabs as shown in Figure 3.4 . The through plates 

were identical to the shear tabs except that they were 

continuous over the 12 inch length . 

The procedure that was used from Reference 1 was 

developed for shear tabs connected to the flanges of 1-

shaped columns. However, this design method with modified 

eccentricity was used because it is the only one that was 

available. The connection design for the shear tabs 

incurred in this investigation is provided in Appendix A. 
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4. TEST PROCEDURE 

4.1 Loading system 

Figures 4.1 to 4.4 illustrate the components of the 

loading system that were used in this investigation. The 

loads applied to the system are shown in Figure 4.1. 

The axial load that was applied to the top of the 

tubular columns was produced by two hydraulic jacks. These 

jacks were centered upside down in a 30-foot loading tower, 

thereby producing two compressive concentrated loads as 

shown in Figure 4.2. These concentrated loads were applied 

to the column through a hinged plate that was welded to the 

top of the column while a similar hinged plate was welded to 

the bottom. These plates allow the ends of the column to 

rotate thereby functioning as pinned ends. 

The concentrated loads that were applied to the framing 

beams were produced by a threaded rod that passed through 

the ram of a hydraulic jack that was mounted in a Gravity 

Load Simulator (GLS). The GLS is a mechanism that remains 

stable only under a tensile load that is produced in the rod 

with the rod passing through the intersection of the lines 

of action of the two side tension bars. As a result, 

vertical alignment of the loading rod is maintained at all 

times. The other end of the loading rod was attached to a 

hinged-plate assembly which bears directly on the framing 

beam at the point of loading while maintaining vertical 

alignment. These fixtures were previously used in Reference 
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12 and converted to meet the needs of this investigation as 

shown in Figure 4.3. 

The reactions at the far ends of the framing beams were 

obtained by using two more gravity load simulators and 

hinged-plate assembly systems. However, this reaction 

system was mounted upside down in a l6-foot tower that was 

anchored to the floor as shown in Figure 4.4. Again a 

loading rod was used to connect the GLS to the hinged-plate 

assembly. The end of beams rested on the hinged plate of 

this assembly. To produce a braced frame, a cable and 

turnbuckle system was used to provide an axial brace in 

these beams to prevent the column from lateral movement at 

the connection. 

4.2 Instrumentation 

As stated previously, there were two types of tests 

conducted for each specimen: a connection test and a column 

test . For these tests several items of instrumentation were 

used to measure loads, displacements, strains, and rotations 

as shown in Figure 4.5. Each piece of instrumentation was 

calibrated prior to test setup or each test run. 

For both tests, the loads on the floorbeams as well as 

the beam reactions were measured by strain-gaged loading 

rods. These rods were used to attach the GLS to the hinged-

plate assembly as described in the previous section . The 

axial loads that were applied to the top of the column were 

measured by two strain-gaged load cells that were attached 
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to the hydraulic rams positioned in the 30-foot loading 

tower. 

Lateral deflections were measured at three locations 

along the length of the column during each test; at the 

middle of each segment and at the connection. These 

deflection were achieved by placing linear-voltage­

displacement transducers (LVDT) at the three locations as 

shown in Figure 4.5. LVDT's produce a voltage change for a 

given change in movement which is then converted to a 

displacement in a data acquisition system. 

In the testing of the connection, two linear strain 

gages were mounted approximately 8.75 inches apart on each 

connecting plate top and bottom edges near the tube wall. 

These gages were used to validate the moment that was 

produced in the connection near the face of the column. 

Furthermore, a Tee-strain gage was mounted approximately one 

inch below the connection plate on each side of the column. 

These strain gages were used to compare the effects that the 

two types of connections had on the load transfer mechanism 

and on column behavior. 

Rotations were measured at the bolt line of the beam­

column connection to check the flexibility of the 

connection. These rotational measurements were made by a 

pendulum device that produced a calibrated motion in a LVDT. 

These so called "slope indicators" are very sensitive to 

motion and may not be reliable for small rotations. 
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However, they were used to roughly verify the rotations 

calculated by beam-line theory. 

4.3 Data Acquisition 

With all of this instrumentation being used, a data 

acquisition system was highly desirable. All of the 

instrumentation was connected to a 32 Channel Kaye III 

Digistrip Datalogger by way of transducer conditioner boxes. 

A printout of the instrumentation parameters was obtained 

during each test. 

In addition to the datalogger, a personal computer was 

used to store the test data on a floppy disk. The values 

stored on this disk were voltages obtained from the 

conditioner boxes and the instrumentation. With the aid of 

spread sheet software, these values were converted to loads, 

strains, displacements, and rotations knowing the 

calibration numbers of the instrumentation. 

4.4 Test Procedure 

The following identification system was used in order 

to distinguish among the connection configurations for the 

tests: 

1. PT = the through plate connection with tight 

bolts. 

2. TT = the shear tab connection with tight bolts. 

3. PS = the through plate connection with snug-tight 

bolts. 
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4. TS = the shear tab connection with snug-tight 

bolts. 

The identification system shown above is also listed in the 

order in which the specimens were tested. 

4.4.1 Connection Test 

After zero readings were recorded, axial load was 

applied to the column until a 10-kip reading was obtained, 5 

kips in each load cell. The 10-kip load was used to 

stabilize the frame system. While the 10-kip reading was 

maintained, the North beam was loaded to 5, 10, and 20 kips. 

While the 20-kip North beam load and the 10-kip column load 

were maintained, the South beam was loaded in the same 

manner as the North beam until a balanced load condition was 

achieved. After the balanced load condition was achieved, 

the North beam load was unloaded to 10 kips and to zero load 

while maintaining the 20-kip South beam load and the 10-kip 

column load. Next the South beam load was unloaded to zero 

in the same manner. Finally, the column load was brought to 

zero load. Loads, displacements, strains, and rotations 

were recorded after each load increment. Zero load readings 

were taken again to see if all the readings returned to 

zero. 

The connection tests were conducted in order to achieve 

the behavior of these connections under service loads. It 

is not the intent of this investigation to load the 
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connections to failure. Therefore, the connection tests are 

incomplete. 

4.4.2 Column Test 

After the zero readings were recorded, load was applied 

to the column until a 10-kip reading was obtained as in the 

connection test stated above. While this column load was 

maintained, both beams were loaded simultaneously in 

increments of 10 kips until the maximum designed load of 40 

kips was obtained. While the beam loads were maintained at 

40 kips, more column load was applied in 20-kip increments. 

This loading increment was adhered to until near failure was 

reached. After severe buckling and 1055 of load occurred 

the test was terminated. 

4.5 Material Properties 

4.5.1 Tension Tests 

In order to obtain the yield strength of the material 

one tensile coupon was cut from the upper end of two of the 

tubular columns and milled down to the specifications of the 

ASTM A370. 

These tensile coupons were tested at a slow rate in a 

tension testing machine that plotted a graph that contained 

the load versus strain for the particular specimen. 
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4.5.2 Stub Column Test 

A stub column test was conducted to determine the 

average compressive strength of the cross section. The stub 

column consisted of a 20-in. long section that was cut from 

the top of one of the test columns that were not used for 

the tensile coupons. This stub column was prepared 

according to the recommendations outlined in Reference 2. 

In order to obtain a stress-strain curve of the cross 

section, Tee-strain gages were mounted on each side of the 

stub column at its mid-height. From these readings and the 

load obtained from the testing machine a load versus strain 

plot was constructed. With this in mind, one of the strain 

gages and the load from the testing machine were connected 

to an X-Y plotter to monitor the progress of the test. 

After zero readings were recorded in the automatic data 

logger, the stub column was loaded in increments of 20 kips 

until the proportional limit was clearly defined on the 

curve produced by the X-Y plotter. After the proportional 

limit was achieved the column was then loaded in increments 

of 10 kips until the test was terminated. The test was 

terminated after a load of 330 kips was achieved since the 

axial load was hard to stabilize on the testing machine. 

However, the test was long enough to achieve enough data 

pOints in the plastic range to determine the yield strength 

of the material. 
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4.6 Data Reduction 

During each test several items of data were recorded by 

the data acquisition system. For this investigation a 

personal computer was utilized for the purpose of automatic 

data acquisition onto a floppy disk. The information on 

this disk is the loads, strains, displacements, and 

rotations that are recorded by the data logger for each load 

increment. Along with computer software, this information 

was converted to the final form that is listed in the test 

results. The rest of this section presents the equations 

that were used to achieve the desired results of this 

investigation. 

4.6 .1 Eccentricity Analysis 

The eccentricity in the connection can be generalized 

as the moment in the connection divided by the shear at the 

end of the beam. The moment in the connection at the tube 

wall is as follows: 

= .0612(E t - Eb ) (4.1) 

where Meonn = connection moment, in. -kip 

E
t 

= strain in top of plate, ~in./in. 

Eb = strain in bottom of plate, ~in./in. 

Spl = section modulus of plate, 4.22 in.) 

E = 29000 ksi 
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Now the eccentricity in the connection is 

(4.2) 

where V ____ = P ~ 
~ be ... - "'be&m' 

~ = beam reaction 

The constant of 2.375 subtracted in Eqn. 4.2 is the average 

distance from the center of the bolt line to the center of 

the linear strain gages. Therefore, the eccentricity is 

measured with respect to the bolt line. 

4.6.2 Beam-Line Analysis 

The information required for the construction of a 

beam-line plot are: the fixed-end moment for each load 

increment; the simple-span-end rotation for each load 

increment: and the experimental moment in the connection. 

The fixed-end moment in the beam is 

M 1 = P1 (a) [L2 - a 2 ]/2L2 

= 33.85 Pi (in-kips) 

and the simple-span rotation is 

8 1 = P 1 (a) [L2 - a2]/6LEI 

= .000185 P i (radians) 

where P = beam load 
1 

a = 150 in. 

(4.3) 

(4.4) 

L = beam length to face of tube, 202.5 in. 

E = 29000 ksi 

I = moment of inertia, 425 in.' 
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Refer to Eqn. 4.1 for the experimental moment in the 

connection. 

4.6.3 Elastic Stresses in the Tube Wall 

The elastic stresses in the tube wall were computed 

using the equation of biaxial stress in terms of strains. 

The stresses are: 

where 

F lon• = E*(E 1OO• + vE u .. )/(l - v') 

= 31868 [E 10 •• + 0.3Eu •• l 

Fu .. = E*(Eu .. + VE 1o .. )/( 1 - v ' ) 

= 31868 [Eu .. + 0.3E l on.l 

F long = longitudinal stress, ksi 

Fu .. = transverse stress, ksi 

E 10D9 = longitudinal strain, in./in. 

Eu .. = transverse strain, in./in. 

E = 29000 ksi 

v '" 0.3 

(4 .5) 

(4.6) 

The strains, longitudinal and transverse, are recorded in 

the tables of Appendix E for each of the four tests. 
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5. GENERAL TEST RESULTS 

5.1 Individual Test Results 

The detailed results of each of the four tests are 

contained in Appendix E of this paper. The following 

information is provided for each of the individual tests: 

1. Data tables consisting of loads, displacements, 

and strains obtained during each connection test 

and each column test. 

2. Plots of load versus lateral displacement of the 

lower column. 

3. A plot and photo of the buckled shape. 

Some of the information presented in Appendix E was not 

used directly in the evaluation of the column or connection 

behavior. However, it has been retained to provide 

additional information for any secondary factors affecting 

the test results. 

5.2. Material Properties 

Figure 5.1 contains the stress-strain curves for the 

two tension tests that were conducted to determine the yield 

strength of the material. Using the 0.2 percent offset 

method, the yield strengths for the two tensile coupons are 

65 and 71 ksi. However, the mill test report that 

accompanied the test specimens indicates that the yield 

strength of the material is 57.3 ksi, well below that 

obtained from the tension tests. For this reason, a stub 
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column test was conducted to obtain an average yield 

strength over the entire cross-section. 

The stress-strain curve for the stub column test is 

shown in Figure 5.2. Again, using the 0.2 percent offset 

method, the average yield strength of the cross section is 

approximately 65 ksi. The strain information that was used 

in this curve was obtained from four strain gages that were 

mounted on the 20-inch long stub column at its midheight. 

The strain readings plotted are an average of the four 

readings. 
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6. CONNECTION BEHAVIOR 

6.1 Experimental Results 

Figures 6.1 and 6.2 are plots of beam load versus load 

eccentricity in the connection. Figure 6.1 contains the 

plots for each of the four tests for an unbalanced load 

condition. The unbalanced load condition is the loading 

sequence where one beam was loaded while the other beam was 

held at zero load during the connection test. The straight 

plateaus at the 20-kip load represent the loading of the 

South beam until a balanced load condition was reached. In 

addition, Figure 6.2 represents the plots of beam load 

versus load eccentricity in the connection for each of the 

four tests under a balanced load condition. The balanced 

load condition is the loading sequence where both beams were 

loaded simultaneously until the 40-kip load was reached 

during the column test. 

In addition to the beam load versus eccentricity plots, 

Table 6.1 is a list of the load eccentricities for each test 

for a 30-kip reaction under a balanced load condition. Also 

listed in this table is the theoretical load eccentricity 

for the shear tab connected to a very stiff supporting 

element. The theoretical eccentricity was determined using 

the procedure that is outlined in Section 2.2 of thi s paper. 

The eccentricities listed in Table 6.1 are measured with 

respect to the bolt line. 
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Figures 6.3 and 6.4 are beam-line plots for the tests 

and data under concentrated loads of 0 to 40 kips. For 

clarity the data for PT and TS specimens were only plotted 

in Figure 6.3. However, Figure 6.4 is a beam-line plot 

containing data points for the four tests with the vertical 

axis enlarged. 

The stresses in the tube wall are shown in Figure 6.5 

for a balanced 30-kip reaction for each of the four tests. 

The elastic stresses were obtained from the T-strain gages 

that were mounted one-inch below the connection plates. The 

longitudinal and transverse stresses shown in Figure 6.5 

were computed using the equation of biaxial stress in terms 

of strain and Hooke's law assuming an elastic modulus of 

29000 ksi and a poisson's ratio of 0.3. 

Figures 6.6 to 6.9 are plots of beam load versus strain 

in the tube wall, one-inch below the connection plates, for 

each of the four tests. Figures 6.6 and 6.7 are beam load 

versus longitudinal strain plots for unbalanced and balanced 

load conditions, respectively. Figures 6.8 and 6.9 are beam 

load versus transverse strain plots for unbalanced and 

balanced load conditions, respectively. The data for the 

unbalanced load condition was obtained from the connection 

tests while the data for the balanced load condition was 

obtained from the column tests. The data used in these 

plots are taken directly from the tables listed in Appendix 

E for each of the four tests. 
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6.2 Discussion of Results 

The experimental load eccentricities in the end of the 

beam under a reaction of 30 kips range from 1.13 inches to 

4.08 inches from the bolt line as shown in Table 6.1. 

However, the theoretical load eccentricity is 3 . 83 inches 

from the bolt line according to the procedure outlined in 

Section 2.2 of this paper. For the most part, the 

experimental load eccentricities are less than the 

theoretical value. The variation in these eccentricities is 

primarily due to the difference in flexibility of the 

supporting elements for the tests specimens and the design 

procedure. 

The calculation of the theoretical load eccentricity is 

based on the research of shear tabs that are welded to stiff 

supporting elements[l). The shear tabs in this research are 

welded to the flange of an I-shaped column in line with the 

web. However, the joint configuration for the shear tabs in 

this investigation have connection plates welded to the 

walls of the tubular column. Since the shear tabs are 

welded in the middle of the tube wall a rotational 

distortion occurs when the connection is loaded. This 

rotation results in a smaller load eccentricity in the 

connection depending on the relative stiffness of the tube 

wall. Therefore, the experimental load eccentricity is 

smaller than the theoretical load eccentricity. 

The experimental eccentricities for the through plate 

connection would be expected to be somewhat closer to the 

51 



theoretical eccentricity. However, three o f the four 

experimental load eccentricities for the PT and PS specimens 

are still less than the theoretical load eccentricity (See 

Table 6.1). If the depth of the through plate were 

substantially larger, the experimental eccentricities would 

be expected to approach the theoretical values. 

The beam load versus eccentricity plots for the 

unbalanced load condition, Figure 6 . 1, indicate that the 

loading sequence greatly affects the eccentricity in the 

connection. This is evident by the difference between load 

eccentricities for each side of the column at the 20-kip 

load in Figure 6.1. 

The investigation of the shear tab connected to a stiff 

supporting element [1] verified that the shear tab 

connection functions as a simple "Type 2" connection. As 

one might expect, the shear tab welded to rectangular-

tubular columns, as they are in this investigation, also 

functioned in the range considered as simple "Type 2 " 

connections as shown in Figures 6.3 and 6.4. However, the 

rotation that occurs from a particular load increment cannot 

exceed the end rotation of an ideally simply supported beam 

for the same load pattern and span. The maximum end 

rotation in the beam with a 30-kip reaction is 0.0074 

radians (shown as the horizontal axis intercept in Figures 

6.3 and 6 . 4). More important, the local distortion in the 

tube wall that is generated by a simply supported beam 
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cannot exceed this rotation. Therefore, the rotation in the 

connection can be considered as self-limiting. 

The elastic stresses in the tube wall under a beam 

reaction of 30 kips, shown in Figure 6 . 5, indicate that 

there is a difference in the way the loads are transferred 

to the column. For instance, the longitudinal stresses in 

the tube wall for the TT and TS specimens are more than 

twice those of the PT and PS specimens. More important is 

the dramatic increase in transverse stress in the tube wall 

for the TT and TS specimens as compared to the PT and PS 

specimens. This variation is primarily due to the 

difference in load transfer mechanisms for the two types of 

connecting elements. 

The load transfer mechanism for the through plate is 

guite simple. The shear in the connection is resisted by 

the tube wall through the welds along the sides of the 

connecting plate. The moment in the connection that results 

from the eccentric load in the beam is resisted by both the 

tube wall and the through plate. The majority of the moment 

in the connection, under a balanced load condition, is 

resisted by the through plate which is evident by the small 

transverse stresses in the PT and TT specimens in Figure 

6.5. However, the amount of moment that is resisted by the 

through plate and the tube wall is indeterminate. 

The load transfer mechanism for the shear tab is 

similar to that of the through plate except that all of the 

loads in the connection are resisted by the tube wall. The 
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shear in the connection is resisted by tube wall as stated 

abov e for the through plate connection. However, the 

applied moment is resisted solely by the tube wall. This 

would account for the very large increase in transverse 

stress for the shear tabs in comparison with the through 

plates . 

In short, the primary difference between the shear tab 

connection and the through plate connection i s their l oad 

transfer mechanisms. The load eccentricity, the tube wall 

stresses , the end rotation, and the strains are all 

dependent on the load transfer mechanisms of the two 

connections. 

The variables that affect the behavior of the shear tab 

welded to rectangular-tubular columns are the flat width to 

thickness ratio, wit, and the stiffness of the framing 

beams . The wit ratio of the longest side of the t ubular 

columns used in this investigation i s 19. A rectangular-

tubular column with a s maller wit ratio would tend to have a 

stiffer tube wall which would resist more rotational 

d istortion t han the columns of t his i nvestigation. As a 

result, the end rotation will decrease while the load 

eccentricity will increase . On the other hand, the wall of 

a tubular column with a larger wit ratio will become more 

f lexible than the test specimens in this investigation. The 

l ocal distortion of the tube wall for this situation will be 

s omewhat greater than in this investigation, but still 

limited. Since the tube wall is more flexible, the end 
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rotation will increase and the load eccentricity in the 

connection will decrease. 

The other variable that affects the behavior of the 

shear tab connection is the flexural stiffness of the 

framing beam. Increasing the beam stiffness from that of 

the test beams, but having the same column section, will 

result in a decrease the end rotation of the beam and in 

load eccentricity in the connection. Similarly, the end 

rotation and the load eccentricity will increase for a 

reduction in the beam stiffness. 

The magnitudes of the changes in the load eccentricity 

and the end rotation for various beam sizes and column sizes 

requires further investigation. 
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Specimen Enort.h Eaouth Ethaor 

PT 1. 37" 4.0S" 

TT 1. 49" 1.13" 

PS 1. 51" 2.99" 

TS 1. 54" 2.66" 

Ave 1. 4S" 2.71" 3 . S3" 

Table 6.1: Connection Eccentricities at 30 kip Reaction 
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7. COLUMN BEHAVIOR 

7.1 Experimental Results 

The load versus displacement plots of the four tests 

are shown in Figures 7.1, 7 . 2, and 7.3. These figures are 

column load versus lateral displacement plots at the middle 

of each segment and at the connection. Also listed in 

Figure 7.1 are the ultimate loads for each of the four 

tests. 

Table 7.1 is a list of the theoretical and the 

experimental effective length factors for the four tests. 

The experimental effective length factors were determined 

from Southwell Plots for each of the four tests. The slope 

of the Southwell plot is defined as l/Q, where Q is the 

Euler buckling load. From Eqn. 2.1 and the Euler buckling 

loads obtained from the Southwell Plots the experimental 

effective length factors were determined. The theoretical 

effective length factors were determined by performing a 

column stability analysis as presented in Section 2.1.3 of 

this paper. Here the effective length factors were 

determined for the ratio of connection load to the load 

applied at the top of the column(the term a in Table 7.1). 

Refer to Appendices Band C for the procedures used in the 

determination of the theoretical and experimental effective 

length factors used in this investigation. 

In addition to the information listed above, Figures 

7.4 to 7.7 are column load versus strain plots for each of 
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the four tests. Figures 7.4 and 7.5 are plots of column 

load in the lower segment versus longitudinal strain that 

occurred in the tube wall one-inch below the connection 

plates for the North and South sides, respectively. Figures 

7.6 and 7.7 are plots of column load in the lower segment 

versus transverse strain in the tube wall one-inch below the 

connection plates for the North and South sides, 

respectively. 

7.2 Discussion of Results 

The experimental column capacities of the four tests 

range from 160 to 170 kips as presented in Figure 7.1. 

However, the capacity based on deSign Eqn. 2.10 for the test 

specimens is 152 kips using an average yield strength of 65 

ksi and an average effective length factor of .896. The 

experimental capacities are well above the theoretical 

capacity which indicates that there is some conservatism in 

the design equation. However, normal scatter in data can be 

expected since the design equation is a selected average of 

the several column curves. 

The experimental capacities for the PT and TT specimens 

in comparison with the PS and TS specimens indicate that the 

use of the shear tab connection does not significantly 

affect the capacity of tubular columns in comparison with 

the through plate connection. The capacities for the PT and 

TT specimens are 170 and 166 kips, respectively and the 

capacities for the PS and TS specimens are 161 and 160 kips, 
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respectively. More important, the specimens with tight 

bolts , PT and TT, achieved somewhat higher capacities than 

the specimens with snug-tight bolts, PS and TS . Therefore, 

the method of bolt tightening has more of an impact on the 

column capacity of tubular columns than the use of the shear 

tab connection. 

For the test specimens in this investigation, the use 

of the shear tab connection did not significantly affect the 

capacity of rectangular-tubular columns in comparison with 

the through plate connection. However, the capacity of 

tubular columns with different slenderness ratios and wit 

ratios than the specimens of this investigation may be 

affected by rotational distortion caused by the shear tab 

connection. The distortion in the tube wall that results 

from the shear tab connection may not significantly affect 

the capacity of long columns since they tend to fail 

elastically . On the other hand, the shear tab connection 

may reduce the capacity of short columns. Since the 

capacity of short columns is affected by geometric 

imperfections and residual stress , it is reasonable to 

assume that the local distortion caused by the shear tab may 

reduce their capacity . However, the effect of shear tab 

connections on tubular column strengths requires further 

study to determine if the capacities of other tubular 

sections are reduced. Therefore, the results obtained are 

limited to the specimens tested in this investigation . 
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Specimen K""p a=P.!P .. K theor 

PT .890 .542 .924 

TT .898 .564 .922 

PS .893 .611 .918 

TS .903 .603 .919 

Ave .896 .921 

Table 7.1 : Effective Length Factors 
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8. CONCLUSIONS AND RECOMMENDATIONS 

8 . 1 Conclusions 

Based on the results and test information contained in 

this paper the following conclusions are made : 

1. The shear tab connection does not significantly 

reduce the capacity of rectangular-tubular columns 

in comparison with that of the through plate 

connection. 

2. The method of bolt tightening had a greater affect 

on the column capacity than the use of the shear 

tab connection . 

3. The moment-rotation characteristics of the shear 

tab connection and the through plate connection 

indicate that they perform in the range considered 

as simple "Type 2" connections. 

4 . There was a significant increase in transverse 

strain in the tube wall of the columns with 

shear tab connections in comparison with the 

columns that have through plate connections. 

8.2 Recommendations 

Although the shear tab connection did not significantly 

reduce the capacities of the rectangular-tubular columns in 

this investigation, additional research is necessary to 

determine if the capacities of other tubular columns of 
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various slenderness ratios and wIt ratios are affected by 

this connection. 

Additional research is needed in order to obtain a 

design procedure for shear tabs welded to tubular columns. 

This procedure should take into consideration the affect of 

various wIt ratios; various beam sizes and spans; and the 

local bending of the tube wall. However, the design 

procedure for shear tabs welded to stiff supporting elements 

may be used in the design of shear tabs that are welded to 

tubular columns if the local bending of the tube wall is 

considered. This procedure will be conservative since the 

design moment in the shear tab will be greater than the 

actual moment in the connection due to the relative 

stiffness of the tube wall. Shear tabs should only be used 

in framing systems where the rotation in the connection is 

self-limiting. 
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APPENDIX A: CONNECTION DESIGN AND SELECTION 

In this appendix the design of the shear tab connection 

i s presented. With the assumption shown below and design 

aids from the publication "Engineering for Steel 

Construction[ll]" a connection was selected. Any tables 

and/or figures used from this publication are reprinted at 

t he end of this appendix. 

Maior assumption: Due to the flexibility o f the column wall 

the eccentricity will be assumed to occur at the bolt line, 

three inches from the face of the wall of the column. 

Given: R = 40 kips 

e = 3 inches 

bolts = 3/4 in. diam. A325-X 

Fy = 36 ksi 

F. = 58 ksi 

beam: W12 X 53 

Find: The size of plate and the weld thickness needed. 

Solution: 

1. No. of bolts: 

n = 40/13.3 

:: 3. USE 3 bolts 
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2. Beam requirements: 

a. minimum edge distance: 

= [2(40) 1/[ (3)(58)( .345) 1 

- 1.33 in. USE 1 = 1.5 in. 

b. minimum bolt spacing: 

= 1.33 + .375 

= 1.71 in. USE s = 3 in. 

3. Moment in shear tab at the face of the column: 

M = 40(3.0) 

= 120 in. kips 

4. Entering Table 3B of the AISC construction manual: 

For a moment of 120 inch-kips and a shear force 

of 40 kips, select a plate thickness of 5/16 inch 

and the fillet weld of 5/16 inch which has a 

shear capacity of 40 kips and a moment capacity 

of 152 inch-kips. 
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APPENDIX B: THEORETICAL COLUMN CAPACITY 

B.1 Effective Length Determination 

The effective length factor for a two-story continuous 

column can be determined by performing a column stability 

analysis using flexural stiffness functions modified by an 

axial force. This section of Appendix B illustrates the 

procedures used to determine the theoretical effective 

length factor for the column used in this investigation. 

Given: L =L =L= 10'= 120" 1 2 

1 2 3 
~ a P, ~ ~ 

P, = (1 + a)P, P, 
-A ;;:p;;: ;;p..-

l L, l L. l ;, ;, ;, 

From Figure 2.2 the stiffness matrix for the free degrees of 

freedom, S..,., is 

o 

o C7 

The column becomes unstable when the determinant of the 

stiffness matrix approaches zero. The critical loads of the 

column are determined by setting the determinant of the 

stiffness matrix equal to zero and solving for the unknowns. 

The determinant of the stiffness matrix is 

(B. 1) 
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where: C,=4S,/L
" 

C,=2S. / L
" 

C,=4S,/L2, C.=2S,/L2, 

S,l=T, [sin(T, l-T,COS(T, l ]/4~ " 

S41=T, [T,-sin(T, ) ]/2~ " S.,=T2[T2-sin(T2) ] / 2 ~2 ' 

S'2=T2[sin(T2)-T2coS(T2) ]/4~ 2 ' T,= (L, ) (P,I EI) o .• , 

T2=(L2) (P2/EI) o .• , ~ ,=2-2cos(T, )-T , sin(T, ), and 

11 2=2-2coS(T2)-T2sin(T2) . 

With the substitution of the terms listed above i nto Eqn. 

B.1, there are two unknowns T, and T2. Solving for T, a nd 

T2, axial loads P, and P2 can be determined at which the 

system becomes unstable. From these axial loads the 

effective length factors can be determined from Euler 

buckling theory using Eqn. 2.1 if the length, L, is replaced 

by the effective length, KL. However , there are two 

unknowns and one equation. Another equation must be 

obtained to solve for T, and T2. From compatibi l ity, 

T,= (L, ) [P/ EI] o.. ( B.2) 

and 

T2=(L2) [( l+a)P/EI] o .• (B. 3) 

By rearranging terms, 

T2=T, [l+a] o .• (B. 4 ) 

Now Eqn. B.1 can be sol ved by a trial and error procedure 

for values of T, and T2 f or which the column becomes 
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unstable . From Euler theory, Eqn. 2.1 using an effective 

length, 

K1=( l/L1 ) [n2El/Pd o .• 

and from Eqn. B.l 

Therefore, 

(B.5) 

(B.6) 

Elastic effective length factors were determined for alpha 

values ranging from 0 to 1.0 as shown below. 

a 

.0 1. 000 1. 000 

. 1 1.027 .979 

.2 1.052 .961 

.3 1. 080 .947 

.4 1.106 .935 

.5 1.134 .926 

.6 1.161 .918 

.7 1.190 .913 

.8 1. 215 .906 

.9 1. 242 .901 

1.0 1. 269 .898 

Ave. 1.134 .935 
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B.2 Theoretical Column Capacity 

The calculation of the expected column capacity of the 

test specimens is based on the information presented above 

and the equations presented in Section 2 of this paper. 

Given: Kay. = 0.935 

L = 10 ft . 

Fy = 57.3 ksi (Based on the mill report) 

ry = 1.18 in. 

A. = 4.98 sq. in. 

Solution : 

1. Flat width to thickness ratio: 

wit = 6/ . 3125 = 19.2 

238/~y = 238/457.3 = 31.4 

2. Slenderness ratio: 

KL/r = [(0.935)(10)(12)]/(1 . 18) = 94.6 

Co = 925/~y = 925/457 . 3 = 122.2 

Use Eqn. 2.3 from Section 2.1.5 for Class B tubes. 

3. Stress equation: 

Fa = {1-(KL/r)/(1.5Co)}Fy 

= {1-(94.6)/[1.5(122.2)]}57.3 

= 27.73 ksi 
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4. Ultimate load: 

p = A F • • 
= 4.98(27.73) 

= 138 kips 

The ultimate load of the test specimens is 138 kips for a 

yield strength of 57.3 ksi and an average effective length 

factor of .935. 
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APPENDIX C: COLUMN CAPACITY ANALYSIS 

C.1 Effective Length Determination 

The actual effective length factor must be determined 

in order to evaluate the buckling behavior of the test 

specimens. A method of determining the effective length 

factor, K, is to graph Southwell plots for each of the four 

tests as explained in Section 2.2 of this paper. The 

Southwell Plots for the four tests are shown in Figures C.1 

to C.4 at the end of this appendix. The slope of the best 

fit line thro ugh t he data points is l/Q, where Q is the 

Euler buckling load o f the column . From this buckling load 

an elastic effective length factor was determined using 

Euler's elastic buckling equation using KL in place of L. 

The following table shows the effective length factors and 

the buckling loads for each of the four tests. 

specimen slope intercept 0 K 

PT .005720 .000103 175 .890 

TT . 005809 .000215 172 .898 

PS .005734 . 000283 174 .893 

TS .005876 .000281 170 .903 

Ave .005785 .000220 173 .896 
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C. 2 Column Capacity 

This section of Appendix C presents the calculation of 

the experimental column capacity using the information 

listed above and the equations from Section 2 of this paper . 

Given: Kav. = 0 . 896 

L = 10 feet 

Fy = 65 ksi 

ry = 1.18 in. 

A. = 4.98 sq. in. 

Solution : 

1 . Flat width to thickness ratio: 

wit = 6/.3125 

:: 19.2 

238/~y = 238/~65 

= 29.5 

2 . Slenderness ratio: 

KL/r = (.896)(10)(12)/1.18 

= 91 

Cc = 925U65 

= 114.7 
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3. Axial stress: 

F. = [1 - (KL/r)/1.5Cc ]F
y (2.13) 

= {l - 9l/[(1.5)(114.7)]}(65) 

= 30.57 ksi 

4. Axial load : 

P = A F g • 

= (4.98) (30.57) 

= 152 kips 

The axial load as determined by Eqn . 2.13 is 152 kips f or a 

yield strength of 65 ksi and an average effective length of 

.896. 

C.3 Initially Curved Column Behavior 

If the center line of a pinned column under an axial 

load P is defined by y(x) and having an init i al out-of-

straightness given by yo(x), 

the bending moment at x is 

M = Py 

where 

Py = -Eld' (y-yo) /dx2 

= _EI(d2y/dx2) + EI( d2Yo/dx2) 



therefore the differential equation is 

The form of y(x) is dependent on the form of y.(x). 

Assume yo(x) to have the form of 

Yo = [a. sin(nn:x/l) 

and 

y ~ [bnsin(nn:x/l) 

Substituting y(x) and y.(x) in the Eqn. C.l the 

differential equation becomes 

[[ (_n2n:2b/12) + k' b.lsin(nn:x/l) 

= [(-n2n:2a/12)sin(nn:x/l) 

(C. 1) 

(C. 2) 

where k = (P/EI) o.,. Eqn. C.2 applies for all x, therefore 

(b. - a. )n2n:' /12 = k' b. 

and 

b. = a. /(1_k21' /n2n:2) (C. 3) 

The first Euler load of the column is defined as 

Q = n: 2E I 1 I' . 

Therefore 

giving the ratio in which the initial shape a . sin(nn:x/l) 

is magnified by the axial force, P. As P approaches Q 

b/a, = 4/3, 
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b/a1 = 9/8, etc. 

The central deflection of t he column, x = 1/2, i s 

b = b, - b1 + b5 - b, + ... 

As P approaches Q, the terms after b , can be neglected, 

therefore 

b = b , = a,l (l-p/Q) 

provided that the curvature is small and yielding does not 

occur. The measured central deflection of test columns is 

6 = b - Yo 

= b a , 

= [a,/ (l-P/Q)) - a , . 

This equation reduces to 

6/P = 6/Q + a,lQ (C.4) 

The term a , /Q is constant for the column knowi ng the initial 

deflection of t he column at its midheight(8). A generalized 

plot of Eqn. C.4 i s shown in Figure 2.3. 
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APPENDIX 0: ECCENTRICITY ANALYSIS 

In this appendix a sample calculation for the load 

eccentricity is presented for a beam reaction of 30 kips. 

Also the theoretical eccentricity as determined by Reference 

1 is presented. The eccentricities determined in this 

appendix are measured with respect to the bolt line. 

0.1 Experimental Eccentricity 

The moment in the connection is determined by using the 

linear strain gages that were mounted to the connection 

plates as shown in Figure 4.5. 

(4.1) 

and 

(4.2) 

where: ET = strain in the top of plate, Ilin./in. 

E. = strain in bottom of plate, Ilin./in. 

v.,... = P.,... - R.,..., kips 

P.,... = beam load, kips 

R.,... = beam reaction, kips 



Example : Test 1 North Side 

Given: ET = 1176 l1in ./in. 

ED = -957 l1in ./in . 

p .... = 40.01 kips 

R,., .. = 9.87 kips 

a = 4.5 feet 

L = 17 feet 

Solution : 

1. The moment in the connection is 

Meono = .0612 [1176 - (-957) 1 

= 130.5 in. kips 

2. The shear in the connection is 

V .... = 40 . 01-9 . 87 

= 30.14 kips 

3. The eccentricity in the connection is 

eeono = 130.5/30 . 14 - 2.375 

= 1. 95 in. 

0.2 Theoretical Eccentricity 

This part of Appendix 0 is devoted to the calculation 

of the theoretical eccentricity as presented in Reference 1. 

Any figures used from this reference are reprinted for 

convenience. 
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o T, 

Given : Wl2Xs3 beam 

3-3/4 in. diam . A32s-x bolts 

L = 17 feet 

1. L/d = [(17)(12)]/[(12.06)] = 17 

2 . The number of bolts = 3 

3 . (e/h)r.' = 0.06(I/d) - 0 . 15 

= 0.06(17) 0.15 

= 0 . 87 

e(5)0., = h(e/h) .. , * n/N * (5 .. ,)°·, 
- 6(0.87) * 3/5 * 100°" 

= 19 . 76 

4 . e = [e(5)0·']/(5)0., 

= 19.76/(70.6)°·' 

= 3.60 in. 

This is the eccentricity for a uniformly loaded beam. 

Sa . Here the eccentricity for a uniformly loaded beam 

is modified to the eccentricity of the 

concentratedly loaded beam . The moment rotation 

curve of a beam is e s sentially flat when it is 

loaded to its first yield load. Therefore, the 

moment in the connection can be considered 

independent of rotation[l]. 
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5b. Eccentricity for a uniformly loaded beam: 

Assuming Wy is the first yield uniform l oad 

M"... - (1/8) (Wy)(L2) = (Fy)(S) 

and 

Therefore, 

5c. Eccentricity for a concentratedly loaded beam: 

Assuming Py is the first yield concentrated 

load 

and 

Therefore, 

5d. The eccentricity for the concentratedly loaded 

beam i n terms of the eccentricity for a uniformly 

loaded beam is 

e conc a/L 4.5/17 
----- = ------ = --------
e llllif 1/4 1/4 
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Now, 

e eone = 1.06 * e unH 

= (1.06) (3.61) 

= 3.B3 in. 

Therefore, the theoretical eccentricity is 3.B3 inches from 

the bolt line[l). 
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APPENDIX E: INDIVIDUAL TEST RESULTS 

In this appendix the individual test results is 

provided for each of the four tests. The following 

information is provided for each test : 

1. Data table consisting loads, displacements, and 

strains for the connection test and the column test. 

2. A plot of the column load versus lateral 

displacement of the lower segment of the column. 

3 . A plot and photo of the buckled shape. 
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