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ABSTRACT

Shear wall panel as one of the primary lateral load resisting components, has been
extensively used in lightweight framing of low and mid-rise residential constructions. In this
paper, the shear resistance of cold formed steel stud walls with single sided steel sheathing
has been investigated under monotonic loading by finite element analysis. The numerical
modelling of shear wall taking into account geometric large deformation and material
nonlinearity has been conducted using finite element method .The results obtained from
FEM have been verified against the available experimental results. Using finite element
analysis, parametric study is carried out considering height-width ratio of wall, stud and
sheathing thickness and screw spacing in order to obtain the shear carrying capacity of the
wall. The numerical results have shown the good seismic performance of cold formed steel
stud walls with steel sheathing.

Keywords: Shear resistance; cold formed steel; shear wall; steel sheathing; finite element
analysis

1. INTRODUCTION

Cold-formed steel (CFS) framed shear wall is a practical lateral force resisting system in
buildings [1]. In general, CFS wall panels consist of CFS studs (lipped channel section), top
and bottom tracks (plain channel section) and blockings covered by boards on interior and
exterior faces. Gypsum, plywood, profiled metal sheets, steel sheets, sandwich panels and
oriental strand boards are used as face sheathings. The concept of using cold-formed steel
sheathing, however, is relatively new [2]. The bottom tracks of the wall panels are attached
to the ground supported slab by anchor bolts. Figure 1 shows a typical cold-formed steel
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Figure 1. CFS shear wall

Studies on CFS wall panels sheathed with gypsum or wood based boards have been
carried out by many researchers such as Fulop and Dubina [3,4], Branston et a. [5], Serrette
et al. [6], Fiorino et al.[7,8], Xuhong et al. [9].

Regarding the steel sheathed shear walls, tests have only been carried out in the US by
Serrette [6], Yu et a. [1,10] and Ellis[11]. The tests performed by Serrette [6], at the Santa
Clara University, were limited to 2:1, 1220x2440mm, and 4:1, 610x2440mm, shear walls
using 0.84mm CFS framing with nominal sheathing thicknesses of 0.46mm and 0.68mm .
Yu et al. [1], at the University of North Texas, expanded the test program for steel sheathed
shear walls by including specimens constructed with 0.76mm and 0.84mm nominally thick
sheathing. Balh [2] Carried out tests on single-storey cold-formed steel frame/steel sheathed
shear walls constructed from various framing and sheathing thicknesses to develop a
Canadian design method for steel sheathed shear walls.

The aims of this paper are asfollows:

To study the shear resistance of sted sheathed CFS shear walls and,;
To investigate into the effects of some parameters on the shear resistance of CFS shear
walls.

2. FINITE ELEMENT MODELLING

Different approaches are available to estimate the lateral response of sheathed CFS shear
walls: experimental, analytical and humerical methodologies. The experimental approach is
based on full scale tests carried out on typical walls and it is frequently used. In fact,
nominal shear strength design values provided by building codes [12] in tabulated form are
based on the experimental test results. Due to the required large number of tests, it is clear
that this approach is the most expensive one and, in addition, it can be used only when the
wall characteristics (geometry and material) are within the range of experimental results. In
order to overcome the limitations of the experimental approach, finite element procedures
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can be used to evaluate the shear response of sheathed CFS shear walls. Numerical models
are usualy calibrated using available experimental results and they can be used to simulate
the structural response of walls having characteristics different from tested walls[8].

In order to employ proper FE models to analyze and study the performance of the CFS
shear walls, the first step is to model CFS shear wall considering geometric and material
nonlinearities. The commercialy available software package ABAQUS/Standard [13],
version 6.9-2, was used to develop the FE models.

The 4-node 4R shell element with reduced integration was selected for the modeling of
shear walls. This element has three translational and three rotational degrees of freedom at
each node. The element accounts for finite membrane strains and arbitrarily large rotations.
Therefore, it is suitable for large- strain analyses and geometrically nonlinear problems. The
screw connections were modelled by mesh independent fasteners. Using of mesh-
independent fastener is a convenient method to define a point-to-point connection between
two or more surfaces. These connections may be in the form of spot welds, rivets, screws,
bolts, or other types of fastening mechanisms. The fastener can be located anywhere
between the parts that are to be connected regardless of the mesh. In other words, the
location of the fastener can be independent of the location of the nodes on the surfaces to be
connected. Each layer connects two fastening points using connector element [13]. In Figure
2 fastener configuration has been shown.
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Figure 2.Typical one-layer and two-layer fastener configuration

In the nonlinear analysis carried out in the present study, the input of the material stress-
strain response is required in the form of true stress versus true plastic strain. The true stress
(oye ) and true strain ( &, ) were converted from the engineering stresses (o ) and

engineering strains ( ¢ ) using the following equation [14]:

Gtrue

=o(l+¢)

1)

O,
e =IN(L+6) -2

The displacements along the X, Y and Z-directions and rotations along Y and Z-
directions of bottom track were restrained and the top track was assumed to have no
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displacement and rotation along the Y and Z-directions. The displacement controlled loading
process was used and the lateral displacement was applied on the top track nodes.

2.1 Verification of the Finite Element Modeling

Experimental results on the steel sheathed CFS shear walls tested by Nisreen Balh [2] were
used to evaluate the validity and accuracy of the numerical model. The characteristics of the
models tested by Nisreen Balh are given in the following.

Nominal dimensions of the steel studs were 92.1mm for web, 41.3mm for flange and
12.7mm for lip. Nominal dimensions of the steel tracks were 92.1mm for web and 31.8mm
for flange. Except for 610mm long walls, afield stud was placed at a spacing of 610mm on-
centre in the 1220mm long walls. The sheathing was then placed on the frame, marked, and
installed with No.8 gauge 19.1mm pan head screws according to the fastener schedule in
Table 1. The sheathing was fastened around the perimeter of the wall specimen along the
tracks and the chord studs at an edge distance of 9.5mm and aong the field stud, if
available. The section structural material properties are shown in Table 2. Figure 3 shows
wall specimen before test and Figure 4 shows the finite element models of CFS shear walls

12].

Table 1: Test matrix [2]

. . Sheathing . Fastener Framing
Confégr;]u rati thickness Wa(lrlnlslr;gth Wa(lrlnr:s;ght spacing thickness
(mm) (mm) (mm)
Model 5 0.76 1220 2440 100/300 1.09
Model 6 0.76 1220 2440 50/300 1.09
Model 8 0.76 610 2440 100 1.09
Mode 9 0.76 610 2440 50 1.09

Figure 3. Wall specimen before test [2]
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Table 2: Material properties[2]

Specimen Member Base metal Yield stress, F,  Tensile stress,
thickness (mm) thickness (mm) (Mpa) Fu, (Mpa)
0.76 sheathing 0.76 284 373
1.09 stud/track 114 346 496

@ © @
Figure 4. Finite element model. (a) Frame; (b) Sheathing; (c) Screws; (d) Meshing

L oad-displacement curves of cold-formed steel stud walls have been shown in Figure 5.
Comparison of the numerical results with the test results indicated that the numerical results
were close to those of tests (as shown in Figure 5).
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Figure 5. Comparisons of numerical and experimental results for: (a) Model 5, (b) Model 6,
(c) Model 8, (d) Model 9

Therefore, it has been found that the finite element modeling is reliable enough to be used
to undertake a parametric study for investigating into the effects of some parameters on the
behaviour of CFS steel sheathed shear walls.

3. PARAMETRIC STUDY

3.1 Material Properties

Coupon tests were conducted to obtain the actual properties of the materials used in the
shear wall modelling. The testing procedure is conformed to the ASTM A370 [15]
“Standard Test Methods and Definitions for Mechanical Testing of Steel Products’. Test
sample has been shown in Figure 6. The stress-strain curve obtained from the coupon test is
provided in Figureure 7. The yield stress f,=347 MPa was obtained by using the 0.2%
nominal proof stress and the tensile stressis f,=400 MPa .
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Figure 6. Material tension testing. (a) Test sample. (b) Necking and failure of test sample
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The shear resistance of cold-formed steel stud walls is affected by many factors, such as
materials of studs and sheathing, screw spacing, height-width ratio of wall, stud & screw
spacing and so on. In the present study, a series of parametric analysis were undertaken to
study the effects of stud thickness, sheathing thickness, screw spacing, and wall height-
width ratio on the shear resistance of walls. In the following the results of parametric study
are given.

3.2 The Effects of Stud and Sheathing Thickness on the Shear Resistance of Walls

CFS shear walls with height-width ratios of 4 (height 2440mm and width 610 mm) and 2
(height 2440mm and width 1220 mm) and with stud thicknesses of 0.7mm, 1mm, 1.2mm
and 1.5mm and sheathing thicknesses varied between 0.5mm to 2mm were selected for
investigating into the effects of stud and sheathing thicknesses on the nominal shear capacity
of steel sheathed CFS shear walls. The characteristics of numerical models are provided in
Table 3.

Monotonic load with displacement control was applied to the top of shear walls and shear
behaviour of walls were investigated. Figure 8 illustrates the definitions of the notations
used in the analysis label.

Figure 9 and 10 illustrate the load-lateral displacement response for the CFS panels with
height-width ratio of 4 and 2, respectively.

0-st1-sh0.5

Panel width (mm) Sheathing thickness (mm)

Lud thickness (mm)

Figure 8. Definitions of analysis label
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Table 3: Characteristics of specimens

lateral load [N)

Panel stud sheathing Panel stud sheathing
width*height  thickness thickness  width*height  thickness  thickness
(mm) (mm) (mm) (mm) (mm) (mm)
05 05
0.7 0.7
1 1
0.7 12 0.7 12
15 15
2 2
05 05
0.7 0.7
1 1
1 12 ! 12
15 15
610x1220 -2 1220x2440 2
05 0.5
0.7 0.7
1 1
12 12 12 12
15 15
2 2
05 0.5
0.7 0.7
1 1
15 12 15 12
15 15
2 2
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Figure 9. Load- Lateral displacement response for the 610x1220 panels. (a) st=0.7; (b) st=1;
(o) st=1.2; (d) st=1.5
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Figure 10. Load-L ateral displacement response for the 1220x2440 panels. (a) st=1.2; (b)

st=1.5

The nominal shear strengths are calculated as the peak load of load-displacement curve
and are given in Table 4. Figure 11 aso illustrates the nominal shear strength per unit width
of walls. It can be seen that increasing the sheathing thickness, increases the nomina shear
capacity of walls. In the case of wall height-width ratio of 4, up to the 1.2mm sheathing
thickness, the nominal shear strength increases linearly, but for sheathing thickness greater
than 1.2mm, the nominal shear capacity remains amost constant. There is no significant
difference between nomina shear strength of the walls when the stud thickness increases
from 1.2mm to 1.5mm.

In the case of wall height-width ratio of 2, up to the 1.5mm sheathing thickness, the
nominal shear strength increases linearly with high slope, however, for sheathing thickness
greater than 1.5mm, the increasing rate of nominal shear capacity is less. Although
increasing the stud thickness from 1mm to 1.2 mm provides a significant increase in the
nominal shear strength of the wall, but there is no remarkable difference between nominal
shear strength of the wall with 1.2mm and 1.5mm stud thickness.
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These results indicate that the thicker steel sheets did not significantly increase the shear
resistance of CFS shear walls. This result has also been obtained in the experimental study,
carried out by Yu [10].
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Figure 11. Comparison of nominal shear strength for walls with different height-width ratios
and different thicknesses of stud and sheathing
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Table 4: Results of analyses
Nominal shear strength

Analysis label Drift ratio (%)

(N/mm)

610-st1-shl 13.18 1.98
610-st1-sh1.2 131 1.15
610-st1-sh1.5 13.31 1.16
610-st1-sh2 13.43 1.19
610-st1.2-shl 13.45 1.96
610-st1.2-sh1.2 13.75 214
610-st1.2-sh1.5 13.74 141
610-st1.2-sh2 13.75 14
610-st1.5-sh1 13.71 2

610-st1.5-sh1.2 14.06 1.99
610-st1.5-sh1.5 14 1.63
610-st1.5-sh2 14.01 1.63
1220-st1-shl 14.87 0.76
1220-st1-sh1.2 16.02 0.88
1220-st1-sh1.5 175 1.28
1220-st1-sh2 18 124
1220-st1.2-shl 16.17 1.14
1220-st1.2-sh1.2 18.25 144
1220-st1.2-sh1.5 19.56 131
1220-st1.2-sh2 19.77 1.36
1220-st1.5-shl 16.93 1.84
1220-st1.5-sh1.2 18.46 145
1220-st1.5-sh1.5 19.7 1.25

1220-st1.5-sh2 20.15 1.24
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In al the analysis, the in-plane shear force caused the buckling of the steel sheathing and
large out-of-plane deformation of the sheathing. Figure 12 shows the failure mode of a
610mm* 1220mm CFS wall with 1mm stud thickness and 0.5 mm sheathing thickness. It can
be seen that diagona buckling has occurred in the sheathing of wall. The buckling of the
steel sheathing and large out-of-plane deformation of the sheathing were the primary failure
modes for steel sheathed CFS shear walls. Distortional buckling of studsis also observed in
this case.

Figure 13 shows the observed failure modes for a 1220mm* 2440mm wall with 1mm stud

and sheathing thickness. Steel sheet buckling and distortional buckling of boundary studs
was the failure mode of thiswall.
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Figure 12. Result of analysis for 610-st1-sh0.5 wall. (a) Von-Mises stress. (b) Distortional
buckling of stud. (c) Out of plane displacement

@) (b) (©
Figure 13. Result of analysis for 1220-st1-sh1 wall. (a) Out of plane displacement; (b) Flange
buckling of stud; (c) Flange buckling of stud in experiment
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3.3 The Effects of Screw Spacing on the Shear Resistance of Steel Sheathed CFS Shear Wall

The strength and stiffness of the screw connections between CFS framing members and
sheathings play the key role in CFS wall panel behaviour. Most of the nonlinearity in the
load—deformation behaviour of the CFS wall panels under in-plane shear is due to the
nonlinear response of the screw connection between the CFS members and the boards [16].

In this section, the effects of screw spacing at the perimeter of the wall on the nominal
shear strength of CFS walls have been investigated. It should be noted that the screw
spacing at the field stud of the 1220mm width panel is 300mm. The characteristics of wall
panel analyzed for investigating into the effects of screw spacing is given in Table 5. The
lateral |oad-displacement responses of walls with different screw spacing at the perimeter of
the wall are shown in Figure 14. The notation “sc” in the analysis labdl indicates the screw
space. This figure illustrates that by reducing the screw spacing, the shear resistance of walls
was increased. Figure 15 present the plots of the nomina shear strength vs. the screw
spacing at panel edges.

Table 5. Characteristics of Specimens

Screw Screw space
Panel Panel
space(mm) (mm)
50 50
610-st1.2 100 1220-st1.2 100
-st1.2- -St1.2-
150 150
shl.2 shl.2
200 200
- 300
@
25000 - 25000
20000 - 20000
z —== =z
S 15000 - 5 15000
8 8
p e 1220-5t1 2-5h 7 = 4 e 1220-5t1.55h.7
% 10000 e 12205t 1. 2-sh1 % 10000 1 B e 1 220-5t1.5-sh1
= 1220-st1.2-sh1.2 = e 1220-5t1.5.5h1.2
5000 =—1220-st1.2-sh1 5 SN == 1220-5t1.5-sh1.5
—— 1220-st1.2-sh2 et 1220-5t1.5-5h2
0 T T T 1 0 T T T — 1
0 20 40 60 80 100 0 20 40 60 80 100
lateral displacement (mm) lateral displacement (mm)

Figure 14. Lateral 1oad-displacement response of walls with different screw spacing. (a) panel
610x2440; (b) panel 1220x2440
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Figure 15. Nominal shear strength vs. the screw spacing at panel edges

Also, 610mmx1220mm CFS shear wall with stud and track thickness of 1.2mm was

selected for investigating into the effects of variable screw spacing at the tracks and studs on
the shear strength of the wall.
At first, the screw space of stud is considered 100mm and the screw space of track is
assumed variable between 50mm and 200mm as shown in Figureure 16. Table 6 also
indicates the characteristics of numerical models. The lateral 1oad-displacement responses of
the wall are given in Figure 17(a). This figure indicates that changing the distance between
the track screws, has considerable effect on the nominal shear strength of the wall. By
reducing the screw space from 200mm to 50mm, the nominal shear strength increases more
than 3000 N. It is worth noting that “sctr50” in Figureure 17(a) indicates that the screw
space of track is 50mm.

Then, the screw spacing at the track is considered 100mm and screw spacing at the studs
is assumed variable between 50mm and 200mm as shown in Table 6. Figure 17(b) shows
the lateral 1oad-displacement responses of the wall. It is found that, changing the screw
space of the stud from 50mm up to 200mm, while the screw space of track is fixed, have no
considerable effect on the nominal shear strength of the wall. It should be noted that
“scstud50” in Figureure 17(b) indicates that the screw space of stud is 50mm.

Table 6: characteristics of specimens

Screw space  Screw space Screw space

Screw space

Analysis label at track at stud Analysis label at track
at stud (mm)
(mm) (mm) (mm)
50 50
610-st1.2- 100 610-st1.2- 100
shl.2 100 150 shl.2 100 150

200 200
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Figure 17. Lateral load-displacement response of walls with different screw spacing on (a)
track; (b) stud

In Figure 18 the nomina shear strength per unit length of the wall for 610-st1.2-sh1.2
shear wall with different screw configurations is plotted. The curve with label “sc stud”
indicates the shear wall with track screw spacing of 100mm and variable stud screw spacing
between 50mm and 200mm. The curve with label “sc track” indicates the shear wall with
stud screw spacing of 100mm and variable track screw spacing between 50mm and 200mm.
The curve with label “sc-edge of panel” indicates the shear wall with variable stud and track
screw spacing between 50mm and 200mm.
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It can be seen that changing the screw space of the stud from 50mm to 200mm, without
changing the screw space of the track, has no considerable effect on the nominal shear
strength of the wall. But with decreasing the screw space of track, while the screw space of
stud is fixed, the nominal shear strength increases effectively. Also, this figure indicates that
the screw spacing of the track has determining effect on the behaviour of CFS shear wall.

o)
o

e 5 5TUC

\ ==l track

sc-edge of panel
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=
[#5]

=
P

Nominal shear strength (Nfmm)
IS &

=
o

0 50 100 150 200 250

screw space (mm)

Figure 18. Nominal shear strength vs. the screw spacing at pandl edges

5. CONCLUSION

In the present study, nonlinear monotonic analysis on the CFS framed walls with single
sided steel sheet sheathing was conducted. Based on the finite element modelling, several
parametric studies have been carried out for investigating into the effects of some
parameters on the behaviour of CFS stedl sheathed shear walls. The nominal shear strength
of the walls for monaotonic loading was obtained from the numerical results. It was shown
that the buckling of the steel sheathing, flange distortion of the boundary studs and pullout
of sheathing screws were the main failure modes of steel sheathed CFS shear walls. The
numerical results also indicated that the use of thicker steel sheet and thicker stud would not
improve effectively the nominal shear strength of the shear walls. It was also observed that
decreasing the screw spacing at the perimeter of the walls increases considerably the
nominal shear resistance of CFS shear wall and aso the screw spacing of the track has
determining effect on the behaviour of CFS shear wall.
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