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PREFACE

The North American Standard for Cold-Formed Steel Framing - Lateral Design, AISI 5213-07,
provides design provisions for cold-formed steel framed shear walls with steel sheet sheathing.
However, options are limited to 18-mil and 27-mil steel sheet sheathing.

Phase 1 of this project was successfully completed and a final report, Steel Sheet Sheathing
Options for Cold-Formed Steel Framed Shear Wall Assemblies Providing Shear Resistance, dated
October 31, 2007 has been issued. The primary objective of Phase 1 was to add values to AISI
5213 for 30-mil and 33-mil sheet steel shear walls with 2:1 and 4:1 aspect ratios and 6”7, 4”7, 3”
and 2” fastener spacing at panel edges, and 27-mil sheet steel shear walls with 2:1 aspect ratio
and 67, 4”7, 3” and 2” fastener spacing at panel edges. A further objective of Phase 1 was to
verify the deflection equations in AISI S213 and develop new equations, if needed. An apparent
discrepancy in the test results of Phase 1 when compared to previous work by other researchers
necessitated this Phase 2 project.

The objective of Phase 2 was to verify and, if warranted, propose revised values in AISI
5213 for 18-mil sheet steel shear walls with 2:1 aspect ratio and 6” fastener spacing at panel
edges; and 27-mil sheet steel shear walls with 4:1 aspect ratio and 67, 4”, 3” and 2” fastener
spacing at panel edges. A further objective of Phase 2 was to determine special seismic detailing
requirements, if any, needed to assure satisfactory performance of a 6’-wide sheet steel shear
wall with a 2’-wide and a 4’-wide panel. Presented in this report are the findings from the
monotonic and cyclic testing program that was conducted at the University of North Texas.

It is anticipated that the results of this study will be incorporated in future standards

developed by the AISI Committee on Framing Standards and design aids developed by the
Cold-Formed Steel Engineers Institute.
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ABSTRACT

Monotonic and cyclic tests on cold-formed steel shear walls sheathed with steel sheets on
one side were conducted to (1) verify the published nominal shear strength for 18-mil and
27-mil steel sheets; and (2) investigate the behavior of 6-ft. wide shear walls with
multiple steel sheets. This project is the continuation of a completed project titled “Steel
Sheet Sheathing Options for Cold-Formed Steel Framed Shear Wall Assemblies
Providing Shear Resistance” by Yu (2007). This Phase 2 project confirms the
discrepancy in the published nominal strength of 27-mil sheets discovered by the Phase 1
project, and proposes new values. The project also finds disagreement on the nominal
strength of 18-mil sheets for seismic design, which requires further research. For the 6-ft.
wide shear walls, this project indentifies special seismic detailing to prevent potential
damage on studs while improving the strength and ductility of the shear walls. This report
provides detailed information on the test setup, test results, and analyses.
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BACKGROUND AND OBJECTIVES

The American Iron and Steel Institute (AISI) “North American Standard for Cold-
Formed Steel Framing — Lateral Design 2007 Edition” (AISI S213, 2007) provides shear
strengths for a limited range of options of the sheathing thickness and the wall aspect
ratio for cold-formed steel framed walls with steel sheet sheathing. Therefore, in 2007 Yu
performed a research project titled “Steel Sheet Sheathing Options for Cold-Formed Steel
Framed Shear Wall Assemblies Providing Shear Resistance” (Phase 1). The main
objective of Phase 1 research was to determine the nominal shear strength for 30-mil and
33-mil steel sheet sheathed shear walls with 2:1 and 4:1 aspect ratios and 6, 4, 3”, and
2” fastener spacing at panel edges, and 27-mil steel sheet sheathed shear walls with 2:1
aspect ratio and 6, 4”, 3”, and 2” fastener spacing at panel edges.

The test results of Phase 1 on 27-mil sheet steel shear walls demonstrated different than
the ones published in AISI S213 (2007). Although the AISI values were for walls with an
aspect ratio of 4:1 while the Phase 1 tests were on walls with a ratio of 2:1, the Phase 1
work indicted that walls with 4:1 and 2:1 aspect ratio yield close shear resistance per unit
width. AISI S213 values were based on Serrette (1997). Serrette (2002) also conducted
cyclic tests on 27-mil sheet steel shear walls with simple lap connected sheathing. Tables
1 and 2 summarize the test results of Serrette (1997, 2002). Table 3 summarizes the test
results of Phase 1 research (Yu 2007).

Table 1 Test matrix and results of steel sheet shear walls in Serrette 1997

Monotonic Tests
Sheathing . Wall Aspect Nominal
. . #8 Screw Spacing .
Configuration Thickness st (R Ratio Shear
(in.) & ) ) (h:w) Strength (plf)
0.018 6/12 4:1 (8 ft x 2 ft) 491
0.018 6/12 2:1 (8 ft x 4 ft) 483
0.027 4/12 4:1 (8 ft x 2 ft) 990
Cyclic Tests
1 0.018 6/12 2:1 (8 ft x 4 ft) 392
2 0.027 4/12 4:1 (8 ft x 2 ft) 1003
3 0.027 2/12 4:1 (8 ft x 2 ft) 1171
All specimens used nominal 33 ksi yield strength material, SSMA 350S162-33 studs, SSMA 350T125-
33 track, and No.8 x Y-inch self-drilling screws. Two identical tests were conducted for each
configuration, the average values are reported here.




Table 2 Test matrix and results of steel sheet shear walls in Serrette 2002
Cyclic Tests

. . Wall aspect Nominal
. Sheathing #8 Screw spacing .
Configuration felnees () | efe () iEadtn) ratio shear strength
' ' ' (h:w) (plH)
1 0.027 2/12 2:1 (8 ft x4 ft) 787

All specimens used nominal 33 ksi yield strength material, SSMA 350S162-33 studs, SSMA 350T125-
33 track, and No.8 x Y-inch self-drilling screws. Two identical tests were conducted for each
configuration, the average values are reported here. 1.5 in. lap joint at wall mid height with single line of
fasteners.

Table 3 Test matrix and results of 27-mil steel sheet shear walls in Phase 1

Clffimmziton Sheathing #8 Sc'rew spacipg Walrlailisopect Nominal shear
thickness (in.) | edge (in.)/field(in.) (h:w) strength (plf)
Monotonic Tests

1 0.027 2/12 2:1 (8 ftx4ft) 836

0.027 4/12 2:1 (8 ftx4ft) 684

0.027 6/12 2:1 (8 ftx4ft) 626

Cyclic Tests

1 0.027 2/12 2:1 (8 ft x4 ft) 845

2 0.027 4/12 2:1 (8 ft x4 ft) 710

3 0.027 6/12 2:1 (8 ft x4 ft) 647

All specimens used nominal 33 ksi yield strength material, SSMA 350S162-33 studs, SSMA 350T150-33
track, and No.8 x s-inch self-drilling screws. Two identical tests were conducted for each configuration,
the average values are reported here.

Tables 1, 2, and 3 show that differences in the nominal shear strength of 27-mil steel
sheet shear walls are as large as 29% between Phase 1 tests and AISI values (Table 1) as
the reference. Therefore, these differences between 27-mil sheet steel shear wall
strengths should be investigated and the published nominal shear strength values in
current AISI S213 (2007) verified.

The existing experimental studies of cold-formed steel shear walls (Serrette 1996, 1997,
2002; Yu 2007) have been focused on wall aspect ratios 2:1 and 4:1, in which one sheet
of sheathing was usually installed, and one or no interior stud was used. However in the
actual application, shear walls with a larger aspect ratio less than 2:1 are frequently used.
For those wider shear walls, multiple sheets of sheathing will be installed and more than
one interior studs will be used to support the gravity loads and other demands. Therefore
consideration shall be given to the sheathing joint and the framing details to ensure
satisfactory performance of the shear walls in the events of earthquakes and strong winds.




The objective of the Phase 2 research is (1) to verify and if warranted, propose revised
shear strength values in AISI S213 for 18-mil sheet steel walls with 2:1 aspect ratio and
6” fastener spacing at panel edges; and 27-mil sheet steels shear walls with 4:1 aspect
ratio and 67, 47, 3”, and 2” fastener spacing at panel edges; (2) to determine seismic
detailing requirements to assure satisfactory performance of a 6’-wide steel shear wall
with a 2°-wide and a 4’-wide steel sheet sheathing.

TEST PROGRAM

The test program was carried out from September 2008 to July 2009 in the
NUCONSTEEL Materials Testing Laboratory at the University of North Texas, Denton
Texas. The research completed two tasks. Task 1 verified the published nominal shear
strength of 27-mil and 18-mil sheet steel shear walls and if discrepancy was warranted,
proposed revised nominal strength. Task 2 investigated the behavior and identified
required detailing to achieve satisfactory performance of 6-ft. wide steel sheet shear walls
in seismic loads.

Test Setup

The monotonic tests and the cyclic tests were performed on a 16-ft. span, 12-ft. high
adaptable structural steel testing frame. Figure 1 shows the front view of the testing frame
with an 8-ft. x 4-ft. steel shear wall installed. All the shear wall specimens were
assembled in a horizontal position and then installed vertically in the testing frame. The
wall is bolted to the base beam and loaded horizontally at the top. For shear walls using
3.5-in. framing members, a 5-in. x 5-in. x Y-in. structural steel tubing was used for the
base beam. For shear walls using 6-in. framing members, 10-in. x 5-in. x Ys-in. structural
steel tubing was used for the base beam. The base beam was attached to a W16x67
structural steel beam that was attached to the concrete floor slab with 3/4-in. anchor bolts
at 24-in. in the center. The web of the structural steel tubing base beam was cut-out in
several locations on one side to provide access to anchor bolts in the shear walls.

The lateral force was applied to the shear wall top via a load beam made of structural
steel T shape. The T shape was attached to the top track of the shear wall by 2 - No. 12 x
1-1/2-in. hex washer head (HWH) self-drilling tapping screws placed every 3-in. on
center. The out-of-plane displacement of the wall was prevented by a series of steel
rollers on each side of the T shape. A gap of approximately 1/8-in. was provided between
the rollers and the T shape to avoid significant friction in the test. The anchorage system
for monotonic tests consisted of ASTM A490 5/8-in. diameter shear anchor bolts with
standard cut washers (ASME B18.22.1 (1998)) and one Simpson Strong-Tie® S/HD10
hold-down with one ASTM A490 5/8-in. diameter anchor bolt. For the cyclic tests, the
anchorage system included ASTM A490 5/8-in. diameter shear anchor bolts and one
Simpson Strong-Tie® S/HD10 hold-down with a 5/8-in. diameter ASTM A490 anchor
bolt at each end of the shear wall.
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The testing frame was equipped with one MTS® 35-kip hydraulic actuator with +5-in.
stroke. A MTS® 407 controller and a 20-GPM MTS® hydraulic power unit were
employed to support the loading system. A 20-kip TRANSDUCER TECHNIQUES®
SWO universal compression/tension load cell was placed to pin-connect the actuator rod
to the T shape. Five NOVOTECHNIC® position transducers were employed to measure
the horizontal displacement at the top of wall, and the vertical and horizontal
displacements of the bottoms of the two boundary studs. The data acquisition system
consisted of a National Instruments® unit (including a PCI6225 DAQ card, a SCXI1100
chassis with SCXI1520 load cell sensor module and SCXI11540 LVDT input module) and
an IBM® desktop. The applied force and the five displacements were measured and
recorded instantaneously during the test.



Test Procedure

Both the monotonic and the cyclic tests were conducted in a displacement control mode.
The procedure of the monotonic tests was in accordance with ASTM E564 (2006)
“Standard Practice for Static Load Test for Shear Resistance of Framed Walls for
Buildings.” A preload of approximately 10% of the estimated ultimate load was applied
first to the specimen and held for 5 minutes to seat all connections. After the preload was
removed, the incremental loading procedure followed until structural failure was
achieved using a load increment of 1/3 of the estimated ultimate load.

Two protocols were used for the cyclic tests as specified in Tables 4 and 5: (1) Sequential
Phased Displacement, SPD, protocol used in Serrette (1997), and (2) The CUREE
protocol, in accordance with the method C in ASTM E2126 (2007) “Standard Test
Methods for Cyclic (Reversed) Load Test for Shear Resistance of Vertical Elements of
the Lateral Force Resisting Systems for Buildings.” Table 4 and Figure 3 illustrate the
basic displacement history of the SPD protocol with 0.2-Hz loading frequency. The SPD
protocol used in Serrette (1997) includes 54 cycles.

Table 4 SPD basic displacement history used by Serrette (1997)

Input It
Displacement, Displacement,
No. of Cyeles in. No. ol Cyeles in,

El 0.2 3 1.f
3 1.4 1 10
3 1.6 I 1.5
3 0.8 1 L
1 1.0 1 0.5
[ 0.75 3 2.0
1 0.50 1 14
1 025 1 1.8
3 1.0 ] 12
1 12 ] 0.6
1 0.9 3 24
I i.& 1 18
I 0.3 1 2.1
3 1.2 1 1.4
[ l.6 ] n.7
1 1.2 3 18
1 0.8
1 0.4
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Figure 3 SPD basic loading history (0.2 Hz)

The CUREE protocol was chosen for the majority of cyclic tests in the Phase 2 research.
The CUREE basic loading history shown in Figure 4 includes 40 cycles with specific
displacement amplitudes, which are listed in Table 5. The specified displacement
amplitudes are based on a percentage of the ultimate displacement capacity determined
from the monotonic tests. If the panel has not failed at the end of the 40 cycles of Table 5,
then additional cycles shall be added. Each progressive primary cycle added shall include
an increase of 50% over the previous primary cycle. Two trailing cycles shall follow each
primary cycle with an added magnitude of 75% of the primary cycle.

For both the SPD and the CUREE protocols, a constant cycling frequency of 0.2 Hz for
the loading history was adopted in the Phase 2 tests.



Table 5 CUREE basic loading history

%A

15
15
100
75
130
113
113

75

CYCLE NO.

21
22
23
24
23
26
27
28
32
34
33
36
7
38
39
40

oA

5.0
2.0
2.0
5.0
5.0
2.0
2.6
2.6
5.6
5.6
5.6
7.5
7.5
7.5
7.5
75
7.5

CYCLE NO.

10
11
12
13
15
16
17
18
19
20

CUREE Protocol
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-100} - - - -
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Figure 4 CUREE basic loading history (0.2 Hz)



Test Specimens

Test Specimens for Task 1

The test specimen configurations for Task 1 are listed in Table 6. Task 1 was to verify the
published shear strength values for 27-mil and 18-mil sheet steel shear walls in AISI
S213 (2007), and propose revised shear strength if discrepancy was observed and
confirmed. In order to make direct comparison with the test results of Serrette (1997), the
same cyclic test protocol — SPD was used for one 27 mil sheet shear wall with a 4:1
aspect ratio. The majority of the cyclic tests in Table 6 used the CUREE protocol and all
the monotonic tests used ASTM E564 (2006), which was same as the Phase 1 research

(Yu 2007).
Table 6 Test matrix for Task 1
. Wall‘ Nomipal Nomi.nal Egztceirrllegr
Test label dln;lil’l;lon iﬁieci:ﬂlezf t}flriiﬁgfs at ganel Test protocol

(ft. x ft.) (in.) (in.) e(irglgs
8x2x350-33x27-2-C1 8x2 0.027 0.033 2 Cyclic — SPD
8x2%350-33x27-6-M1 8x2 0.027 0.033 6 Monotonic-ASTM E564
8x2x350-33x27-6-M2 8x2 0.027 0.033 6 Monotonic-ASTM E564
8x2%350-33x27-6-C1 8x2 0.027 0.033 6 Cyclic — CUREE
8x2%350-33x27-6-C2 8x2 0.027 0.033 6 Cyclic — CUREE
8x4x350-33x18-6-M1 8x4 0.018 0.033 6 Monotonic-ASTM E564
8x4x350-33x18-6-M2 8x4 0.018 0.033 6 Monotonic-ASTM E564
8x4x350-33x18-6-C1 8x4 0.018 0.033 6 Cyclic — CUREE
8x4x350-33x18-6-C2 8x4 0.018 0.033 6 Cyclic — CUREE
8x2%350-33x27-2-M1 8x2 0.027 0.033 2 Monotonic-ASTM E564
8x2x350-33x27-2-M2 8x2 0.027 0.033 2 Monotonic-ASTM E564
8x2x350-33x27-2-M3 8x2 0.027 0.033 2 Monotonic-ASTM E564
8x2%350-33x27-2-C2 8x2 0.027 0.033 2 Cyclic — CUREE
8x2%350-33x27-2-C3 8x2 0.027 0.033 2 Cyclic — CUREE

Note:

No.8%18-1/2-in. modified truss head self-drilling tapping screws were used. Screw spacing was
12 in. in the field of sheathing for all tests.




The dimensions of the tested shear walls are shown in Figure 5 and 6. The studs were
placed 24-in. from the edge, in the center. Double back-to-back studs were used for the
boundary, and single stud was used for the interior. The steel sheet sheathing was
installed on one side of the wall by No. 8-18x1/2-in. modified truss head self-drilling
SCIews.

The details of the components of the proposed steel sheet walls are given as follows:

Studs:
e 350S162-33 SSMA structural stud, 0.033-in. 3-1/2-in. x 1-5/8-in. made of
Grade 33 steel, placed in 24-in. o. c.
Tracks:
e 350T150-33 SSMA structural track, 0.033-in. 3-1/2-in. x 1-1/2-in. made of
Grade 33 steel.
Sheathing:
e 0.027-in. thick Grade 33 steel.
e 0.018-in. thick Grade 33 steel.
o Steel sheet was installed on one side of the wall assembly.
Framing and Sheathing Screws:

e No. 8-18x1/2-in. modified truss head self-drilling tapping screws. Spacing at
panel edge is listed in Table 6. Spacing in the field of the sheathing is 12-in.
for all specimen configurations.

Hold-Downs:

e Simpson Strong-Tie® S/HD10 hold-downs with No. 10-16x1-in. HWH self-
drilling tapping screws, and with 5/8-in. diameter ASTM A490 anchor bolts.
Hold-downs were raised 1.5-in. above the edge of the track flange. One hold-
down was installed for each monotonic test, and two were used for each cyclic
test.

Shear Anchor Bolts:

e 5/8-in. diameter ASTM A490 anchor bolts with standard cut washers and nuts.
Four bolts were used for each wall assembly.
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The vertical gaps between the double boundary studs and the tracks were measured prior
to the testing. Figure 7 illustrates the locations of the measured gaps and Table 7 lists the
pretest gaps for the specimens for Task 1. The nominal length of the studs and the height
of the sheathing are the same, 8-ft., therefore the nominal distance between the sheathing
edge and the closest test frame edge is the thickness of the track member plus the gap
between the stud and the track at the location in question. The actual distances between
the sheathing edge and the test frame edge were not measured. However the test
specimens were inspected prior to testing to ensure the sheathing did not extend beyond
the framing.

Figure 7 Locations of the measured gaps

Table 7 Measured gaps between boundary studs and tracks of specimens for Task 1

Gap 1 Gap 2 Gap 3 Gap 4
Test label (il’Il).) (ir11).) (il’Il).) (ir11).)
8x2x350-33x27-2-C1 0.115 0.078 0.095 0.068
8x2x350-33%27-6-M1 0.056 0.043 0.056 0.030
8%x2x350-33%27-6-M2 0.105 0.078 0.095 0.068
8x2x350-33%27-6-C1 0.112 0.076 0.085 0.168
8x2x350-33%27-6-C2 0.095 0.074 0.068 0.045
8x4x350-33x18-6-M1 0 0.055 0.075 0.120
8x4x350-33x18-6-M2 0.069 0.055 0.093 0.043
8x4x350-33x18-6-C1 0.066 0.056 0.057 0.046
8x4x350-33x18-6-C2 0 0.099 0.136 0
8x2x350-33%27-2-M1 0 0.055 0.093 0
8%x2x350-33%27-2-M2 0.106 0.096 0.119 0.178
8%x2x350-33%27-2-M3 0.071 0.088 0.096 0.068
8x2x350-33%27-2-C2 0.161 0.092 0.060 0.075
8x2x350-33%27-2-C3 0.040 0.067 0.068 0.068

11



Test Specimens for Task 2

The details of the test specimens for Task 2 are provided in Table 7. Task 2 was to
determine the seismic detailing for 8-ft. x 6-ft. CFS shear walls, therefore the majority of
the test specimens in this group were 8-ft. x 6-ft., however 8-ft. x 4-ft. and 8-ft. x 2-ft.
shear walls with special detailing were also investigated. Task 2 was focused on the
performance of shear walls subject to seismic loads, therefore two identical cyclic tests
with CUREE protocol for each specimen configuration were performed. In general, one
monotonic test was conducted prior to the cyclic tests. The purpose of the monotonic test
was to determine the ultimate displacement capacity which was used to define the
reference displacement for the CUREE protocol.

In order to determine the appropriate detailing in framing and the joint of sheathing, a
total of 4 wall configurations were used in the test program. Figure 8 shows the wall
configuration A. The sheathing consisted of one 8-ft. x 4-ft. and one 8-ft. x 2-ft. steel
sheet. The two sheets were butted and attached to the frame by single line of screws at the
perimeter and in the field. The studs were 24-in. apart, and double studs were used at the
boundary and the sheet joint. One 5/8-in. shear bolt was installed on the bottom trace in
each section of the frame. The wall configuration B, illustrated in Figure 9, is similar to
the configuration A except that one single stud was installed at the sheet joint.

The wall configuration C, illustrated in Figure 10, was developed from the configuration
B with additional special detailing which include the following.

e No. 10-16 X %-in. modified truss head self-drilling tapping screws were used for
sheathing and framing. The screws were in single line on tracks and in the stagger
pattern at boundary and sheathing joint studs.

e [-1/2-in. x 33 mil flat strap was installed at the mid height on both sides of the
frame. No. 8 x 1/2-in. screws were used to attach the strap to the stud and
blocking.

e Stud/track blocking with the same material as the framing members was installed
at the mid height in the two end sections of the frame. The strapping and blocking
details were in accordance with AISI S230 Standard for Cold-Formed Steel
Framing — Prescriptive Method for One and Two Family Dwellings (AISI S230,
2007) Section E, as shown in Figure 11.

The wall configuration C is also used for 8-ft. x 4-ft. and 8-ft. x 2-ft. walls in Task 2. The
blocking for the narrow walls is installed continuously along the whole width.

The wall configuration D adopted the same framing detail as configuration B, but used
three 8-ft. x 2-ft. steel sheets. The sheets were attached to the frame by single line of
screws at the panel edge.

12



Table 8 Test matrix for Task 2

Wall Nominal Norm‘nal Nominal | Framing | Fastener
. . framing . .
Test label (11mens19n stqel sheet web fr'amlng and. spacing at | Wall Tiestratioes]
heightxwidth thlqkness depth thickness | sheathing panel config.
(ft. x ft.) (in.) i) (in.) fastener | edges (in.)
8x6x350-43x30-2-C1-A 8x6 0.030 3.5 0.043 #8x1/2” 2 A Cyclic-CUREE
8x6x350-43x30-2-C1-B 8x6 0.030 3.5 0.043 #8x1/2” 2 B Cyclic-CUREE
8x6x350-43x33-2-M1-C 8x6 0.033 3.5 0.043 | #10x3/4” 2 C Monotonic-ASTM E564
8x6x350-43x33-2-C1-C 8x6 0.033 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x6x350-43x33-2-C2-C 8x6 0.033 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x6x350-43x30-2-M1-C 8x6 0.030 3.5 0.043 | #10x3/4” 2 C Monotonic-ASTM E564
8x6x350-43x30-2-C1-C 8x6 0.030 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x6x350-43x30-2-C2-C 8x6 0.030 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x6x600-43x33-2-M1-C 8x6 0.033 6 0.043 | #10x3/4” 2 C Monotonic-ASTM E564
8x6x600-43x33-2-C1-C 8x6 0.033 6 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x6x600-43x33-2-C2-C 8x6 0.033 6 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x6x350-54x33-2-M1-B 8x6 0.033 3.5 0.054 #8x1/2” 2 B Monotonic-ASTM E564
8x6x350-54x33-2-C1-B 8x6 0.033 3.5 0.054 #8x1/2” 2 B Cyclic-CUREE
8x6x350-54x33-2-C2-B 8x6 0.033 3.5 0.054 #8x1/2” 2 B Cyclic-CUREE
8x6x350-43x27-2-M1-D 8x6 0.027 3.5 0.043 | #10x3/4” 2 D Monotonic-ASTM E564
8x6x350-43x27-2-C1-D 8x6 0.027 3.5 0.043 | #10x3/4” 2 D Cyclic-CUREE
8x6x350-54x33-2-M1-C 8x6 0.033 3.5 0.054 | #10x3/4” 2 C Monotonic-ASTM E564
8x6x350-54x33-2-C1-C 8x6 0.033 3.5 0.054 | #10x3/4” 2 C Cyclic-CUREE
8x6x350-54x33-2-C2-C 8x6 0.033 3.5 0.054 | #10x3/4” 2 C Cyclic-CUREE
8x4x350-43x33-2-C1-C 8x4 0.033 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x4x350-43x33-2-C2-C 8x4 0.033 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x2x350-43x33-2-C1-C 8x2 0.033 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
8x2x350-43x33-2-C2-C 8x2 0.033 3.5 0.043 | #10x3/4” 2 C Cyclic-CUREE
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Figure 9 Dimensions of 8-ft. x 6-ft. wall assembly — Configuration B
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Figure 10 Dimensions of 8-ft. x 6-ft. wall assembly — Configuration C
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Figure 12 Dimensions of 8-ft. x 6-ft. wall assembly — Configuration D
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The details of the components of the shear walls in Task 2 are given as follows:

Studs:

e 350S162-43 SSMA structural stud, 0.043-in. 3-1/2-in. x 1-5/8-in. made of Grade 33
steel, placed in 24-in. o. c.

e 350S162-54 SSMA structural stud, 0.054-in. 3-1/2-in. x 1-5/8-in. made of Grade 50
steel, placed in 24-in. o. c.

e 600S162-43 SSMA structural stud, 0.043-in. 6-in. x 1-5/8-in. made of Grade 33 steel,
placed in 24-in. o. c.

Tracks:
e 350T150-43 SSMA structural track, 0.043-in. 3-1/2-in. x 1-1/2-in. made of Grade 33
steel.
e 350T150-54 SSMA structural track, 0.054-in. 3-1/2-in. x 1-1/2-in. made of Grade 50
steel.
e 600T125-43 SSMA structural track, 0.043-in. 6-in. x 1-1/4-in. made of Grade 33
steel.
Sheathing:

e (.027-in. thick Grade 33 steel.
e (.030-in. thick Grade 33 steel.
e (0.033-in. thick Grade 33 steel.

e Steel sheet was installed on one side of the wall assembly.

Framing and Sheathing Screws:

e No. 8-18%1/2-in. modified truss head self-drilling tapping screws. Spacing at panel
edge is listed in Table 8.

e Fastener spacing in the field of the sheathing is 12-in. for all specimen configurations.
Hold-Downs:

e Simpson Strong-Tie® S/HD10 hold-downs with No. 10-16x1-in. HWH self-drilling
tapping screws, and with }2-in. diameter ASTM A490 anchor bolts. Hold-downs were
raised 1.5-in. above the edge of the track flange. One hold-down was installed each
for monotonic test, and two were used for each cyclic test.

Shear Anchor Bolts:

e 5/8-in. diameter ASTM A490 anchor bolts with standard cut washers and nuts. Two
bolts were used for each wall assembly.
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The vertical gaps between the double boundary studs and the tracks were measured prior to the
testing. The location of the gap measurements are illustrated in Figure 7. Table 9 lists the pretest
gaps for the specimens in Task 2.

Table 9 Measured gaps between boundary studs and tracks of specimens for Task 2

Gap 1 Gap 2 Gap 3 Gap 4
Test label i IE) ) (ilf.) i 1? ) (ir?.)
8x6x350-43%x30-2-C1-A 0.084 0.102 0.094 0.036
8x6x350-43x30-2-C1-B 0.048 0.144 0.092 0.055
8x6x350-43x33-2-M1-C 0.033 0.088 0.052 0.037
8x6x350-43%x33-2-C1-C 0.097 0.048 0,070 0.085
8x6x350-43x33-2-C2-C 0.063 0.021 0.046 0.041
8%6x350-43x30-2-M1-C 0.050 0.061 0.077 0.083
8x6x350-43x30-2-C1-C 0.087 0.050 0.068 0.083
8x6x350-43x30-2-C2-C 0.065 0.075 0.063 0.076
8x6x600-43x33-2-M1-C 0.125 0.200 0.146 0.185
8x6x600-43%x33-2-C1-C 0.195 0.173 0.144 0.175
8x6x600-43x33-2-C2-C 0.177 0.142 0.145 0.155
8x6x350-54%x33-2-M1-B - - - -
8x6x350-54x33-2-C1-B 0.094 0.082 0.086 0.000
8x6x350-54x33-2-C2-B 0.138 0.136 0.071 0.138
8x6x350-43x27-2-M1-D 0.080 0.076 0.170 0.121
8x6x350-43x27-2-C1-D 0.074 0.078 0.108 0.068
8x6x350-54x33-2-M1-C 0.078 0.129 0.178 0.009
8x6x350-54x33-2-C1-C 0.036 0.056 0.077 0.092
8x6x350-54x33-2-C2-C 0.082 0.111 0.125 0.079
8x4x350-43x33-2-C1-C 0.030 0.044 0.077 0.032
8x4x350-43x33-2-C2-C 0.081 0.099 0.092 0.079
8x2x350-43x33-2-C1-C 0.023 0.055 0.085 0.102
8x2x350-43x33-2-C2-C 0.025 0.070 0.094 0.049
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Material Properties

Coupon tests were conducted according to the ASTM A370 (2006) “Standard Test Methods and
Definitions for Mechanical Testing of Steel Products” to obtain the actual properties of the test
materials in this project. The coupon test results are summarized in Table 10. The coating on the
steel was removed by hydrochloric acid prior to the coupon tests. The coupons tests were
conducted on the INSTRON® 4482 universal testing machine. An INSTRON® 2630-106
extensometer was employed to measure the tensile strain. The tests were conducted in
displacement control at a constant rate of 0.05 in./min. A total of four coupons were tested for
each member, and the average results are provided in Table 10.

Table 10 Coupon test results

Uncoated Yield Tensile Elongation
Member Thickness | Stress Fy, | Strength F, LV for 2 in. Gage

(in.) (ksi) (ksi) Length (%)
33 ksi 18 mil steel sheet 0.0189 51.0 55.0 1.08 21%
33 ksi 27mil steel sheet 0.0294 46.8 54.9 1.18 27%
33 ksi 30 mil steel sheet 0.0286 48.9 55.6 1.08 24%
33 ksi 33 mil steel sheet 0.0358 47.2 53.6 1.14 33%
33 ksi 33 mil stud 0.0341 49.8 58.1 1.17 35%
33 ksi 43 mil stud 0.0430 47.6 55.1 1.15 29%
50 ksi 54 mil stud 0.0535 55.4 73.8 1.33 20%
33 ksi 33 mil track 0.0339 67.5 87.5 1.30 16%
33 ksi 43 mil track 0.0420 43.1 55.6 1.29 25%
50 ksi 54 mil track 0.0534 62.3 82.3 1.32 20%

The test results indicate that the measured uncoated thickness of 30-mil sheet, 43 mil track, and
54 mil stud and track is less than the required minimum base metal (i.e., uncoated) thickness per
the AISI S201 Product Data (2007) Table B2-1. All the coupons meet the minimum ductility
requirement by North American Specification for Design of Cold-Formed Steel Structural
Members 2007 Edition (NASPEC 2007), which requires the tensile strength to yield strength
ratio greater than 1.08, and the elongation on a 2-in. gage length higher than 10%.
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TEST RESULTS AND DISCUSSION

Task 1 — Verifying nominal strength of 27-mil and 18-mil sheet steel shear walls

The test results for Task 1 are summarized in Table 11. The displacements in Table 11 represent
the lateral displacement of the wall top at the peak load. The ductility factor, D, is defined as the
ratio of the ultimate displacement (A,) and the yield displacement (Ayicig). The A, and Ay;eq are
determined in accordance with ASTM E2126 (2007). The observed failure mechanism is listed
in Table 12.

Table 11 Test results for Task 1

Peak Peak Average D Disp. Average Ductility
Test label +load P, -load | peak load P, (in.) i P. d,ISP' factor

(plf) P_(plf) (plf) (in.) (in.)
8x2x350-33%27-2-C1 824 826 825 2.60 2.08 2.34 -
8x2x350-33%x27-6-M1 529 - 529 1.95 - 1.95 3.09
8x2x350-33%27-6-M2 567 - 567 2.62 - 2.62 4.22
8x2x350-33%27-6-C1 602 728 665 2.87 2.32 2.59 -
8x2x350-33x27-6-C2 736 602 669 3.35 1.99 2.67 6.00
8x4x350-33x18-6-M1 427 - 427 2.10 - 2.10 4.29
8x4x350-33x18-6-M2 470 - 470 1.25 - 1.25 9.45
8x4%350-33x18-6-C1 489 484 487 1.15 1.40 1.27 10.52
8x4x350-33x18-6-C2 512 536 524 1.00 1.60 1.30 7.11
8x2x350-33%27-2-M1 856 - 856 2.15 - 2.15 2.60
8x2x350-33%x27-2-M2 | 1002 - 1002 2.81 - 2.81 -
8x2x350-33x27-2-M3 984 - 984 2.34 - 2.34 1.64
8x2x350-33%27-2-C2 894 804 849 2.55 2.37 2.46 -
8x2x350-33x27-2-C3 960 864 912 1.91 1.68 1.79 2.89

Table 12 Failure modes for Task 1

Test label

Failure mode

8x2x350-33x27-2-C1

Steel sheet buckled, the chord studs distorted in the outer flanges

8x2x350-33%27-6-M1

Steel sheet buckled, screw pulled off the frame along the bottom portion of
the chord studs

8x2x350-33%27-6-M2

Steel sheet buckled and screw pulled off the frame along the bottom portion
of the chord studs

8x2x350-33%27-6-C1

Steel sheet buckled and screw pulled off the frame along the bottom portion
of the chord studs

8x2x350-33x27-6-C2

Steel sheet buckled and screw pulled off the frame along the both bottom
portion of the chord studs and top of the chord stud.

8x4x350-33x18-6-M1

Steel sheet buckled, the chord studs distorted on the flange at top, the
interior stud distorted on flange at center.

8x4x350-33x18-6-M2

Steel sheet buckled and screw pulled off the frame at the left top corner

8x4x350-33x18-6-C1

Steel sheet buckled and screw pulled off the frame along the both bottom
portion of the chord studs and at the center of the single stud

8x4x350-33x18-6-C2

Steel sheet buckled, screw pulled out from the top track and the mid-height
of the single stud

8x2x350-33%27-2-M1

Steel sheet buckled, boundary studs buckled on the compression side of the
wall
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Table 12 Failure modes for Task 1 (Continued)

Test label Failure mode
8x2x350-33x27-2-M?2 i,t;ﬁl sheet buckled, boundary studs buckled on the compression side of the
8x2x350-33x27-2-M3 i,t;ﬁl sheet buckled, boundary studs buckled on the compression side of the

8x2x350-33%x27-2-C2 | Steel sheet buckled, distortion on flanges of boundary studs
8x2x350-33%27-2-C3 | Steel sheet buckled, boundary studs buckled at bottom

The Task 1 work started with one cyclic test on one 8-ft.x2-ft. shear wall with 27-mil sheathing
and 2-in. / 12-in. screw spacing. The test protocol was the same as that in Serrette (1996, 1997).
Figure 13(a) shows the test hysteresis and Figure 13 (b) shows the specimen after the test.
Permanent deformation existed on the sheathing after testing, no screw failure was observed. The
peak load of the first test was 825 plf, which was close to the Phase 1 result (Yu 2007) on 27-mil
8-ft.x4-ft.shear wall (845 plf) and less than the result by Serrette (1997) on the same wall
configuration (1171 plf).

The first test confirmed the Phase 1 conclusion: the published nominal shear strength for 33-mil
framed shear walls sheathed with 27-mil steel sheets in AISI S213 (2007) is unconservative. In
order to propose revised nominal shear strength for both wind and seismic loads, monotonic and
cyclic tests on 27-mil sheet shear walls were performed in this research. No. 8 screws were used
and the screw spacing at panel edges was 2-in. and 6-in. Figure 14 shows the typical failure
mode for 27-mil sheet shear walls with 6-in. screw spacing. Screw pull-out from the bottom of
boundary studs was observed in both monotonic and cyclic tests. For walls with 2-in. screw
spacing, screw pull-out did not occur, the failure mode consisted of shear buckling of the
sheathing and local buckling of the boundary studs at bottom. Figure 15 shows the failure on the
boundary studs of a 27-mil sheet steel shear wall with 2-in. screw spacing on panel edges. On
average, the cyclic tests yielded 21.7% higher peak load than the monotonic tests for the 27-mil
sheet steel shear walls with 6-in. screw spacing. However for 27-mil sheet steel shear walls with
2-in. screw spacing, the monotonic and cyclic tests gave close peak loads.
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Based on the test results, the nominal shear strength for 27-mil sheet shear walls is established
and listed in Tables 13 and 14. The values for 4-in. and 3-in. fastener spacing configurations in
Tables 13 and 14 are determined by the linear interpolation of the values of 6-in. and 2-in.
fastener spacing configurations. Serrette (1996, 1997) and Yu (2007) have proven that a linear
relationship between the nominal shear strength and the fastener spacing at panel edges could be
presumed for CFS shear walls sheathed by steel sheets.

The nominal shear strengths for 6-in. and 2-in. fastener spacing confirmations in both Table 13
and 14 were initially determined by taking the average peak load of two identical tests, and then
adjusted per the North American Specification for the Design of Cold-Formed Steel Structural
Members Chapter F (NASPEC 2007). NASPEC (2007) requires the nominal strength established
from experimental results shall be adjusted according to the variation in the material thickness
and yield or tensile strength, whichever is the critical factor, between the design values and the
actual values in specimens. For the CFS shear wall assembly, the shear strength is most
influenced by the steel sheathing, therefore the variation in the steel sheets is considered to adjust
the test results.

The coupon tests indicate that the measured thickness for 27-mil sheet steel (0.0294-in) is greater
than the design value (0.0283-in.), therefore the adjustment factor for variation in material
thickness 1s 0.0283/0.0294 = 0.963. The differences between the measured and the specified
yield or tensile strength were also observed in the coupon tests for 27-mil steel sheet. Footnotes
to the Tables 13 and 14 state the minimum material strengths (for steel sheet sheathing) required
to use the tabulated nominal strength. The nominal strengths listed in Tables 13 and 14 are
adjusted by the thickness factor only (0.963), and those values are recommended for the new
version of the AISI Lateral Design Standards.

Table 13 Recommended nominal shear strength for wind loads for shear walls"?*
(Pounds Per Foot)
Aspect Fastener spacing at panel edges
Assembly description ratio (inches)
h:w)* | 6 4 3 >
0.027” steel sheet, one side 2:1 528 656 784 912

Note: (1) Screws in the field of panel shall be installed 12 in. o.c.

(2) Steel sheet sheathing, wall studs, tracks, and blocking shall be of ASTM A1003 Grade 33 Type H
Steel. Minimum yield strength, Fy, of 46 ksi and a minimum tensile strength, Fu, of 55 ksi are
required for steel sheet sheathing.

(3) Shear wall height to width aspect ratios (h/w) greater than 2:1, but not exceeding 4:1, shall be
permitted provided the tabulated nominal strength values are multiplied by 2w/h.

(4) Wall studs, tracks, and blocking shall be of 33 mils or