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SHEAR RESISTANCE OF STEEL-STUD WALL PANELS
by Thomas S. Tarpy, Jr.1
Introduction
An experimental investigation is currently being conducted for determining
the in-plane shear resistance of framed wall panels constructed with steel studs
and different sheathing or diaphragm materials such as gypsum wallboard and
cement plaster.
The framed wall assembly is shown in Figure la.
This
investigation is a continuation of earlier research for determining the effect of
aspect ratio (length/height) on the shear resistance of framed steel-stud wall
panels (8).
The earliest known extensive research project involving steel-stud shear wall
partitions was conducted by John A. Blume and Associates beginning in the midsixties. They developed and conducted a test program for nonstructural wall panels
subjected to racking loads (2, 3, 4, 5). Several 8 ft. high by 8 ft. long wall panels
with both wood studs and 26 gage (base metal thickness of 0.179 inches) nonstructural metal studs were tested. The majority of the panels were constructed
with gypsum wallboard, but plaster, plywood, concrete block and combination
plywood and gypsum wallboards were also tested.
Pop-rivets and friction
connections (i.e. the stud is not attached to the track) were used. Both static
loading and cyclic load reversals were considered.
Additional small-scale shear rigidity tests involving steel-stud/gypsum
wallboard part i tions were performed at Cornell University to study the behavior of
steel-stud wall diaphragms (II). Results of these tests indicate that the shear
rigidity of commonly used wallboard significantly increases the axial load-carrying
capacity of the steel studs.
Several design codes (10, 12, 15) currently permit the use of wood-framed
shear walls with various types of sheathing or plaster to resist horizontal loads
parallel to and in the plane of the walls. These codes specify maximum heightlength ratios and allowable shear values per lineal foot for a range of different
types of wall construction. The maximum height-length ratio and allowable shear
values for a given wall construction are a function of the various types of sheathing
or plaster, the sheathing thicknesses, and the nail spacing used to attach the
sheathing material to the wood-stud frame. The available shear values for plywood
sheathed wood-stud walls are fairly extensive (9). The allowable shear value is a
function of nail spacing and placement of the plywood which may be applied directly
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to the framing studs or over 1/2 inch gypsum wallboard nailed to the studs. The
allowable lateral in-plane deflection for wood-framed shear walls is not accurately
defined and is controlled by the maximum height-length limitations. Reference
(10) also specifies typical tie-down construction details to be used to resist wall
uplift or overturning forces produced by forces parallel to the shear wall.
Vertical steel-stud shear walls with sheathing or plaster are not currently
permissible by design codes for resisting horizontal in-plane forces unless some
form of lateral bracing is used. According to Reference 10, this bracing usually
consists of 1/8 inch x I inch steel straps used as x-bracing with a maximum angle
of 60 degrees to the horizontal. The maximum allowable horizontal load which can
be resisted is 1,000 pounds for each brace. The steel-studs are further specified to
be a minimum of 16 gage (base metal thickness of 0.0598 inches) and located at a
maximum stud spacing of 16 inches on centers.
This paper presents the results of an experimental test program for
determining the shear resistance of framed steel-stud wall panels with different
construction details and different sheathing or plaster materials without the use of
the diagonal x-bracing. Wall panels were constructed with load bearing structural
studs using similar types of sheathing and plaster construction as for wood-stud
walls. The purpose of the test program was to define similar allowable shear
values and deflection limits for steel-stud shear walls as currently exist for woodstud shear walls.
The objective of the test program was: (I) to determine the effect of
different construction techniques (fastener types, spacing, sheathing, etc.) and
anchorage details (bolts, nails, etc.) on the in-plane shear resistance of steel-stud
shear walls with different types of sheathing or plaster, (2) to determine the
thresholds for damage of the walls due to lateral in-plane displacement, and (3) to
determine the effect of cyclic loading versus static unidirectional loading on the
shear resistance.
Test Program
The test program consisted of nine different types of wall panel construction
and anchorage techniques using static loading procedures. Four of the same wall
~ypes we~e also tested using cyclic loading procedures. The number of actual tests
Included In each wall type was a function of the requirements of ASTM E 564 - 76
(I). ASTM E564 - 76 is a static test method for determining the shear resistance of
framed walls for buildings. Basically, this method requires that if the results of
t'"":o differ~nt tests for a given wall type construction differ by more than 10%, a
third test IS run and the shear resistance of the wall type is the mean of the lower
two values obtained from the three test results.
The actual wall construction and anchorage details for each wall type, as well
as the type of loading condition, are shown in Table I. The parameters considered
in this study are:
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(I)

the effect of wall panel anchorage details - wall Types A, B, E and G

(2)

the effect of gypsum wallboard thickness - wall Types G and H

(3)

the effect of different sheathing materials - wall Types G, H and I

(4)

the effect of static versus cyclic loading conditions - wall Types B D E
and G
' ,

(5)

the effect of gypsum wallboard attachment spacing - wall Types A C
D and F
' ,

(6)

the effect of a diagonal corner brace - wall Types A and F

These conditions were considered to have the most significant influence on the wall
performance based on previous research results (6, 7, 14). The wall panel elevation
and construction details are shown in Figures 2 thru 5.
The wall panels were constructed of 3-1/2 inch web by 1-1/2 inch flange by
1/2 inch lip structural steel "C" studs with a base metal thickness of 0.0359 inches
(nominal 20 gage). The steel-studs were spaced 24 inches on centers and attached
to 3-5/8 inch web by 1-1/2 inch flange structural steel-runner track with a
base metal thickness of 0.0359 inches (nominal 20 gage) with til 0 x 1/2 inch Low
Profile Head Screws. The measured yield strength of the studs for three coupons
cut longitudinally from the web ranged from 42 ksi to 51 ksi with a mean value of
48 ksi (33 ksi minimum yield).
The diaphragm material was attached to both sides of the stud frame as
noted in Table I and detailed in Figures 2, 3, and 4. The gypsum wallboard seams
were caulked and taped to complete the construction of the wall panel. The panel
caulking was allowed to cure at least 24 hours before the wall panel was moved.
The plaster construction procedure followed for wall Type I was a three coat
process recommended by the Uniform Building Code (15).
Clip angles were used to attach the wall panel to the test frame at the base
for wall Types A, C, D and F. 'Nail Type E was selected to determine if the same
shear resistance could be obtained without the added cost associated with clip
angles at the base. For this case, 5/8 inch diameter x 3 inch long zinc plated Hex
Head Bolts and I inch outside diameter zinc plated washers located at four feet
centers were used to attach the wall panel to the test frame. Wall type B
construction was the same as wall Type E except that clip angles were included
only at the corners of the wall to resist uplift at the end vertical studs.
Wall Types G through I were included to determine if the in-plane shear
resistance of the wall panels would be affected by using powder-actuated
fasteners.
A reinforced concrete beam was used as a shim to simulate the
concrete floor in actual construction. The concrete beam was anchored to the test
frame by 5/8 inch diameter expansion bolts at four feet centers along the base.
This detail is shown in Figures 3 and 4.
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Test Set-up
A load bearing block and structural steel-joist member was attached along
the top of the wall panels at the point of loading to uniformly distribute the load
along the wall and to prevent localized failure of the panel at the point of loading.
This detail is shown in Figure S. It was felt that by attaching the steel joist to the
wall panels in this manner the laboratory conditions would represent as closely as
possible actual field installation and loading conditions.
Prior to starting a test, displacement indicating dials were mounted on the
test frame at locations shown in Figure lb. The dial gage at the lower right, Gage
4, and the dial gage at the lower left, Gage 3, measured the slippage of the wall
panel in the test frame. Gage 2, shown at the point of loading on the upper left of
the figure was used as a backup for Gage I on the static loading conditions, and for
measuring the panel deformation opposite the load point on the right for cyclic
loading.
Test Procedure
a) Static Loading
The loading sequence consisted of applying an initial load to the top of the
wall panel of approximately ten-percent of the estimated ultimate load carrying
capacity of the wall panel using a hydraulic jack/load cell/digital strain indicator
combination. This load was held for two-minutes to set the wall panel connections
and was then removed. The wall panel was allowed to fully recover and the dial
gages set to Zero to begin the test at this zero load-deflection condition. The load
was then applied incrementally to the wall panel, and displacement measurements
recorded at each interval following a two-minute hold period. At load levels of
approximately one-third and two-thirds of the estimated ultimate load carrying
capacity of the wall panel, the load was fully removed, and the wall panel recovery
was recorded after a five-minute hold period. The load was then re-applied to the
next higher increment above the back-off load. Loading continued in this manner
until the wall panel was no longer capable of holding additional load. The last load,
held for two minutes with displacement measurements recorded, was defined as the
ultimate load.
b) Cyclic Loading
The cyclic loading sequence consisted of applying an initial load to the wall
panel of approximately ten-percent of the estimated ultimate load carrying
~apacity of the. wall panel in one direction (positive direction) using a hydraulic
Jack/load ceil/digital strain indicator combination. This load was held for two
minutes to set the wall pone I connections and was then removed. The wall panel
was allowed to fully recover before beginning the test at this zero load-deflection
c?ndition. The load was then applied incrementally to the right or positive
direction, in the direction of preload, to a previously determined load interval.
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Displacement measurements were recorded immediately upon reaching the interval
load value. After recording the displacements, the load was released and the wall
allowed to fully recover at which time another set of displacement readings were
obtained. The load was then applied to the left, in the opposite or negative
direction from before, until the same load level was obtained. Displocement
measurements were recorded and the load fully relE'Osed. At this zero load,
additional displacement measurements were obtained. This process completed one
full cycle of the test for a given load interval. The loading sequence continued as
before for four additional cycles at the same load interval; the only difference was
that the zero load-displacement measurements were not recQrded.
Upon
completion of the fifth cycle, the load was applied in the positive direction to the
next higher load interval and the previously described loading sequence repeated
for five full cycles. Loading continued in this manner for increasing load intervals
until the wall panel was no langer capable of holding additional load. The ultimate
load was the last load for which at least one complete cycle was obtained with
complete displacement measurements.
The time duration ~f loading was
about ten seconds for each load interval.
Analysis of Test Results
The information obtained from the test data are load-deflection curves,
ultimate shear strength, shear stiffness, and damage threshold load level. The
load-deflection curves are plots of the applied load versus the measured total p<J'le1
deflection.
The total panel deflection, llT is defined as either:

or
II
T

Where ll"

112' 113 and 114 are measured deflections (in) at dial gages I, 2, 3, and

4 as shown in Figure Ib. The subscrip.t .TR ~nd TL indi~a.tes the direc~ion o! loa~ing
from the zero load-deflection condition In the positive or negative direction,
respectively, at noted in Figure lb.
The ultimate shear strength, S ,of the wall pooel is defined as:
u

5u = P uIb

(2)
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where Puis the ultimate load carrying capacity of the wall panel (lb) (i.e. the
largest load held for two minutes and gage measurements recorded for the static
loading condition or for which one full cycle was completed and gage
measurements recorded for the cyclic loading condition), and b is the length of the
wall panel (ft.).

T'

The total shear stiffness, G
is determined from the load-deflection curve
at a value less than the proportional limit. A suggested reference load level by
ASTM is 0.33 P. If the selected load level is beyond the proportional limit, a
u
reduced value is chosen. The total shear stiffness for deflection to the right and
left is defined as:

a (P

Dr

)

TR
and

(3)

=a

(P

b -

)

t. TL
where P is the load (Ib); and ~R and t.TL are the corresponding total deflections
(in) at one-third Pu for displacement in the positive and negative direction,
respectively, a is the height of the wall panel (ft) and b is the wall panel length (ft).
The damage threshold load level, pI, is a visual observation and is defined as
the load level at which damage to the sheathing material occurred. As such, the
values are based on the general observations of several individuals involved in the
testing.
Discussion of Results
The experimental results for a particular wall type construction and loading
condition are summarized in Table 2. The results in Table 2 are plotted in Figures
6 through 8 along with the results of previous research (8) conducted with wall
Type A constr.uction and varying aspect ratios (length/height) between 1.0 and 3.0.
For the cyclic loading condition, the mean values reported are based on the
average values of the last three cycles. The cyclic loading values are identified by
the wall type "primed".
.
AII.wall types tested experienced the same basic type of failure. The initial
slg". of dl.stress ~as the wall base runner tracks deforming around the anchorage
deVice (either clip angle, powder actuated fastener, or washers) at the tension or
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uplift corner of the wall identified at Gage 3 for position displacement and Gage
4 for negative displacement. As the load was increased, cracking of the gypsum
wallboard occurred at the same locations from the corner fasteners to the edge of
the wallboard.
This process continued with increased track deformation and
increased tearing of the wallboard until the wall panel was no longer able to carry
additional load. The plaster wall panels experienced the same general behavior as
the gypsum wallboard panels, except surface cracking of the plaster was not
noticed throughout the test.
Wall Type A is used as the base reference in the following discussion of the
effect of various parameters on the shear resistance of the wall panel where
possible. This reference is due to the extensive amount of data on wall Type A
with variable aspect ratios.
a)

Effect of Wall Panel Anchorage

The wall panel anchorage effect on the shear strength is seen by comparing
wall Types A, B, E and G. The elimination of the clip angles at the interior
locations (Type B) had little effect on the shear strength or stiffness. This was due
to the stiffening effect the corner angles furnish to the runner track and end
vertical stud against local bending and shear deformations. A 24% decrease in
shear strength resulted with the substitution of bolt and washers (Type E) in place
of the corner angles. The use of powder actuated fasteners (Type G) had a similar
restraining effect as the angle for Types A and B because of the spread of the
fasteners to as close to the edge of the wall as possible, thus, eliminating the track
bending around the anchoring devices. This restraining effect existed as long as
the fastener embedment was sufficient against pullout.
The type of interior
anchorage had little effect on the shear resistance.
The shear stiffness appears to be highly dependent upon the corner anchorage
of the wall. The use of corner angles for wall Types A and B resulted in essentially
the same value for shear stiffness. The elimination of the angles resulted in a 58%
decrease for Type E and a 52% decrease for Type G. This was because of the
larger wall panel rotation when the corner angles are removed.
The influence of corner anchorage is also apparent in the damage threshold
load level. The bolt and washer anchorage resulted in a 17% decrease in load level.
The use of powder actuated fasteners or corner clip angles resulted in a negligible
increase in load level
b)

Effect of Gypsum Wallboard Thickness

The effect of using two layers of 5/8 inch gypsum wallboard instead of one layer
of 1/2 inch gypsum wallboard for the same base anchorage is seen by comparing wall
Types G and H. The use of two layers resulted in an increase of 16% in shear
strength and a 13% decrease in shear stiffness. The increase in shear strength is
attributed to the additional fasteners used to attach the second layer of wallboard
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over the first layer. The decrease in shear stiffness is of little importance in that
the one-third load reference point for computation of shear stiffness is at a point
with a slight increase in total deflection for a similar load level. A 32% increase in
damage threshold load level resulted from the use of two layers of wallboard over
that with one layer.
c)

Effect of Different Sheathing Material

The effect of different sheathing materials is noted by comparing wall Types
G, H, and I for the same anchorage. A 16% increase in ultimate shear strength was
obtained by using either cement plaster or two layers of gypsum wallboard over a
single layer of wallboard. An increase difference of 177% in shear stiffness was
obtained for the plaster walls over the gypsum wallboard. This large increase in
shear stiffness is due to the increase in strength of the cement plaster over that of
gypsum.
The damage threshold load level is highly dependent upon the exterior
sheathing. The use of cement plaster resulted in a rigid wall system without
noticeable cracking of the plaster surface.
d)

Effect of Static Versus Cyclic Loading

The effect of the type of loading on the wall panels is seen by comparing wall
Types B, D, E and G. In all cases the ultimate shear strength was less than or equal
to the value obtained for static loading. This decrease was 33% for type D, 8% for
Type E, and 19% for Type G. The shear strength was independent of loading for
Type B. The corresponding effect on shear stiffness was a 147% increase for Type
B. 97% for Type D, 51 % for Type E and 72% for Type G. This increase was
apparently due to the smaller total deflections recorded for the cyclic loading
condition than for the static loading condition. The stiffening effect of the corner
angles was still apparent for Type B independent of loading.
Cyclic loading had a weakening effect on the wall panels in all cases. This
resulted in a decrease in the damage threshold load level. The decreased load
levels ranged from 32% for Type G to only 5% for Type B. The range of load levels
appears to be related to the degree of corner anchorage rigidity.
e)

Effect of GyPsum Wallboard Attached Spacing

Comparing wall Types A, C, D, and F, it is noted from Figure 6 that the
ultimate shear strength is dependent upon the wallboard fastener spacing. A
decrease in the fastener spacing from 12 inches on centers (Type A) to 6 inches on
centers around the perimeter (Type C) resulted in a 63% increase in ultimate shear
strength. A 28% increase in ultimate shear strength was obtained by reducing the
fastener spacing to 6 inches on centers in the corners (Type D). The addition of the
corner braces in wall Type F only slightly increased the ultimate shear strength.

SHEAR RESISTANCE OF WALL PANELS

339

The damage threshold load level at initial cracking of the sheathing material
and the corresponding total deflection value are dependent upon wallboard fastener
spacing. These values are shown in Figure 8. A decrease in perimeter fastener
spacing helped restrain wall panel rotation and thus total deflection from that of
the bolt and washer anchorage. This resulted in an increase in the load level before
damage to the sheathing of 71 % and 38% for wall Types C and D, respectively,
over wall Type A.
f)

Effect of Corner Brace

The addition of the corner brace in wall Type F resulted in a 25% reduction in
load level at initial cracking from that of wall Type A due to concentration of
stresses around the perimeter defined by the brace and edge of the wall. The
increase in ultimate shear strength was negligible.
Conclusions
The results obtained from this investigation indicate that any of the wall
panels, framed with "C" shaped steel studs and gypsum wallboard material, and
constructed and anchored as reported herein are a feasible wall of resisting lateral
in-plane shear loads when used as vertical diaphragms in buildings. However, it is
the professional opinion of the writer that certain design and construction
recommendations should be followed. These recommendations are:
I.

An attachment should be designed to connect the wall panel to the floor
or roof framing systems if a resultant uplift force exists (i.e. the design
dead lood is not sufficient to prohibit overturning of the wall). This
attachment could be with the corner clip angle detail used herein or by
some equivalent means.

2.

The gypsum wallboord fastener spacing should not exceed 12 inches on
centers. This spacing may be reduced to 6 inches on centers around the
perimeter if larger shear strength values are required than those
obtained with wall Type A.

3.

The wall panel diaphragm or web material should possess at least the
shear modulus of the gypsum-paper/wallboard material used in wall
Type A.

4.

Cement plaster shear walls could be used if constructed as reported
herein.

5.

Finally, for design purposes, a minimum factor of safety of 2.0 is
recommended to determine the design shear strength from the ultimate
shear strength for steel-stud framed wall panels constructed as
reported herein. This minimum value results in a design load level
below the damaqe threshold lood level. The designer must also consider
deflection or serviceability requirements for a particular application.
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Appendix. -- Notation

A

Aspect Ratio (length/height)

a

Height of the wall panel (ft)

b

length of the wall panel (ft)
Shear stiffness based on total deflection (lb,in)
Shear stiffness based on total deflection in the negative direction (Ib/in)

G'TR

=

Shear stiffness based on total deflection in the positive direction (lb/in)

Pu

Ultimate load (Ib)

P'

Damage threshold load level at initial crocking (lb)

Su

Ultimate shear strength ((b/ft)

lI i

Deflection at gage i (in)

liT

Total deflection (in)

lITl

Total deflection in the negative direction (in)

lITR

Total deflection in the positive direction (in)
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1'·0

roll

II,.. Cypaurn

~-

8'.Q

I/B"C",,,,,,,

Two-Ply

Wollboard

Eoch Fer.

Heod Scrcws E~
Side Top tnd Bottom

IIO_I/Z" Low prom.
Heocf Screw. Eact.
SIde Tep a'Id Bo'I...,.

l/r Hu Head 801t.

S'-..d. «rid Trode

C-.lud
@21t·o.c..

".," &.!glc ~

20_

.10.1/2'" Low

C·,'ud.
, •• a.c.
wlbroce

Heod Screws Ecd!
Side Top crId Bottom

• AI" o.c. with
lIr He. H.od 801"

20_

,,0.1/2'" low profile
t-4eocf Sc,cwt £od\
Side Tap CIf"Id Bottom

'ott __

'IO.IIl"' Low Prell ..

"",... 1-"'-

Serews" 12'" a.c.

Sll"I9lc-PI,
(<<hFoe.

Wallboard

Heood Strew, Eoeh
Side Top end Bottom

110.1/1- Low

C-,I!AI
@It.·o.c.

SIuda end Trock

C

20_
C-Itud
@2'''o.c.

'hi" Bugle H.!ocf

Screw,. 12" o.c..

C-.lud

SI~J

@2"· • •Co

end Trock

20_

&o..-Pl, ".,.

prom.

• 1ft· o.c..

Heod Screws £~
SI. Top G'Id Bol1om

1/1" Pan Wowr 20 ....
Htod .'·J/.... o.c. C·s'ud
Studs a'Id Trodc
@2"·0.c.

Side Top end Benoni

Bugle Hrod Serews
@ ,,.. a.c. f'occ-Ply

,bl J/r Bugl.

C-Ilud

with I· Worlwt.

"'o.c.

L3dal/hl-I/.· LC

"",·.1.1/0·
P_dl'r ktuot.d

n'

'''o..c..

P~Actuol"

f'OI' ......,..

I ro..c..

Heood Sere ..... '@ Il"
e.t'. Stucb & Tractc

Slotic

1'·0

roll

lIr Cement

Thlee~oat

Plo.,er on
)" ·l/B" Rib
£.PO"~d Metol
Loth

Procell

,a.

Eoc:hFClCe

'/"'·.I.I/t-

110.1/2'" low Prefi'-'

~ScI"e'WtEac:h

Pow_ Acf'vote4
ra:atencn I ,- o..c.

TABU 1
SUMMARY OF TEST REsu. 15

Inittal Crock""

Wall

T",.

Loading
Condilian

A

Siotic

B

Static
C),clic

Wan

He.,..'
(1.'
roll
roll
roll
roll

C

Siotic

D

Static
Cyc:lic

I'.Q

Stotic
Cyc:lic

I'.Q

roll

F

Stotic

co

Stotic
Cyclic

H

StoHc

roll
roll
roll
roll
roll

Static

I'.Q

Wan

lMglh

UtI

Ultima'e
Load
(lbl

UII. Sheor
Strength

(lb/lll

Mu.. Totol
Orfl«ttGn
(in)

Load
L.,..I
(lbl

S>-

Tot"

Strength

Drflt't"ian

("/ltl

lin!

U.

',100

1'00

lOO

0.&0

0.51

12.100
l',&OO

J800

ll7
lOO

0.&0
Q.Il

I,"

'.'00

&100

SII

0.20

I,"
0,01

10,.00

&II
lOO

0.50
0.20
0.70

8'.Q

llOCl

&I)

'l'.Q
11'.Q

_500
0500

l7S

on

'"

ns

Toto' Shear
S,iff,...
(lbJ;."

)000

roll

SI50

".Q
".Q

0200
llllO

10,900

llOCl
:2<000

".Q
".Q

2500
2JOO

III
217

I.~

0,100

lOOO

o.lt

',100

,11)0

2lO
22S

roll
roll
roll

}£OO

oso

OM

',1000

1100

2n

O.lQ

lloo
2lOO

3BI
III

I...

',100

Q.S2

8,100

2lOO
1100

III
2.l

0."

roll
roll

}£OO

4lO

us

«1,100

llOCI

&II

'.1£

l600

oso

0,'"

1),000

IlS

150

O.lO

0.22
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Figure 2. Test Assembly Plan & Details - Wall Types A-F.
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Figure 3. Test Assembly Plan & Details - Wall Types G & H.
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Figure 5, Test Assembly Details.
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Figure 6. Shear Strength Versus Aspect Ratio.
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Figure 7. Ultimate Shear Stiffness Versus Aspect Ratio.
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Figure 8. Gypsum Threshold Load Level Versus Aspect Ratio.

