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i Additional Shear Wall Values for Light Weight Steel Framing

PREFACE

This report presents the results of 16 monotonic and 28 cyclic tests of flat strap X-braced
walls, steel sheathed shear walls, high aspect ratio shear walls and shear walls framed with 54-
mil and 43-mil studs.

The findings provided a basis for continued research and development efforts, leading to
the establishment of provisions for cold-formed steel-framed diagonal strap braced walls and
Type I shear walls.
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1. INTRODUCTION

1.1 General

AISI sponsored research at Santa Clara University (Serrette, 1996) led to the development of
shear values for plywood, oriented strand board (OSB), and gypsum wallboard (GWB) sheathed
light weight steel framed wall assemblies. The scope of the 1996 work was, however, limited to
plywood, OSB. and GWB on 0.033 in. (20 gauge) framing. To provide a wider range of design
options and clarify some of the values from the 1996 test program. a new test program was
initiated. The new program included the following wall assemblies: flat strap X-braced walls,
steel sheathed walls. high aspect ratio walls, and walls framed with 0.054 in. and 0.043 in. (16
gauge and 18 gauge, respectively) studs. As in the 1996 test program, the new assemblies were

tested under static and cyclic loading.

For each wall assembly configuration tested in the current program, the applied load, lateral
displacement (at the top plate), slip, uplift, and mode of failure were monitored and recorded.
Based on the test results, maximum loads (and corresponding displacements) were interpreted for

design.

1.2 Scope

The test program was broken out into five phases based on the desired project goals. The scope
of each phase is summarized below:

Light Gauge Sweel Research Group
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PHASE 1: Investigate the performance of 4 ft. x 8 ft. 15/32-in. plywood and
7/16-in. OSB wall assemblies framed with 0.033 in. (20 gauge) studs, except for
the chords. The chords comprised 0.043 in. (18 gauge) studs. The sheathing was
attached to the frame with fasteners at 3 in./12 in. and 2 in./12 in. (perimeter

schedule/field schedule).

PHASE 2: Establish the limit on framing members thickness (up to 0.054 in. (16
gauge)) for sheathing attached with No. 8 screws. At what thickness does the

behavior of the shear wall system change?

PHASE 3: Investigate the performance of 0.033-in. (20 gauge) flat strap X-braced

walls framed with 0.033 in. (20 gauge) and 0.043 in. (18 gauge) studs.

PHASE 4: Investigate the performance of 0.027 in. and 0,018 in. (22 and 25

gauge) steel sheath shear wall assemblies.

PHASE 5: Investigate the behavior of sheathed high aspect ratio (4:1) walls.

A total of 44 wall assemblies were tested in this program: 28 cyclic tests and 16 static tests.

Detailed descriptions of the tests (including nominal dimensions of the framing members and

fasteners) are given in Tables 1 and 2.
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2. TEST PROGRAM

2.1 Test Setup

The configurations of the 2 ft. x 8 {i. and 4 fi. x 8 fi. frames are illustrated in Figures la and 1b,
and details of the stud and track sizes. and the framing screws used are given in Tables 1 and 2.
Similar setups were used for the cyclic and static tests. as illustrated in Figure 2. Load was
applied along the length of the top track via structural channel. Between the load channel and the
top track, a full length, 3-1/2-in. wide. 3/4-in. thick aluminum plate was securely installed to

permit relative displacement between the frame and attached sheathing.

Overturning resistance and shear transfer at the base of the wall was accomplished with the use
of separate anchor systems, as illustrated in Figure 2. Specifically, for overturning, commercial
hold-downs rated at 29,000 Ib, (ultimate) were used at each end of the wall. Shear transfer was
developed with 7/8-in. or 3/4-in. bolts which attached the bottom track (plate) to the floor of the
test frame via a full length 3-1/2-in. aluminum plate. In all tests, the assemblies were braced

against out-of-plane displacement along the top loading channel.

For each test, the following measurements were monitored and recorded: slip at the bottom of the
wall; displacement at the top of the wall; uplifi of the chord studs (both ends for the cyclic tests):

and total load applied at the top of the wall.

Light Gauge Steel Research Group
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2.2 Test Procedure

Similar to the 1996 test program, the walls were loaded using displacement control. The loading

sequences for the static and cyclic tests are described below.

STATIC TEST LOADING SEQUENCE:

The loading procedure for the static test proceeded as follows:
- The top of the wall was displaced at a rate of 0.10 in. per min, up to a deflection
of 0.5 in.
- After reaching (.5 in. of lateral deflection, the load was released and the wall
allowed to recover.
- The wall was then reloaded to a top of wall deflection of 1.5 in.
- After reaching 1.5 in. of lateral deflection. the load was released and the wall
allowed to recover.
- Finally, the wall was loaded until failure—decreasing capacity with increasing

displacement.

Measurements of displacement and load were recorded every 2 seconds using a Helios Plus data

acquisition system.

Light Gauge Steel Research Group
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CYCLIC TEST LOADING SEQUENCE:

For the cyclic tests, a sequential phase displacement protocol was used. In the 1996 AISI
shear wall test program the loading frequency was 0.67 Hz (or 1.5 seconds per cyelic). In
this test program, the cyclic rate of displacement was set at 1.0 Hz. The displacement
input history for the evelic test program is summarized in Figure 3. Measurements of load
and displacements were monitored at a rate of 100 samples per second and recorded at a

rate of 50 samples per second using a special purposed data acquisition and control

system.

2.3 Instrumentation

The instrumentation used in the static and cyclic tests are illustrated in Figure 2. In the static
tests, three electronic displacement transducers measured slip, uplift at the bottom of the wall,
and lateral deflection at the top of the wall. The total applied load at the top of the wall was
measured using a 20 kip electronic load cell. Similar measurements were recorded in the

cyelic test, except that uplift was measured on both ends of the wall.

3. TEST RESULTS

The following discussion of the test results is presented in terms of the 5 phases of the project

discussed in Section 1.2. In general, there were no unexpected behaviors of the tested wall

Light Gauge Steel Research Group
Santa Clara University, Santa Clara, CA 930353 page 5




assemblies. For more specific comparisons, detailed descriptions of the behavior of the wall

assemblies are given in Tables 3 and 4.

PHASE 1: Cyclic Tests—The back-to-back 0.043 in. studs were sufficient to
prevent local buckling in the chords. The assemblies failed as a result of the screw
heads pulling through the plywood and OSB sheathing. As a result. the sheathing
became unzipped along the bottom and vertical edges at the bottom of the wall

assembly.

PHASE 2: Cyelic Tests—Installation of the No. 8 sharp point screws in the 0.054
in. (16 gauge) studs was not possible without predrilling. The predrilled hole
diameter was 7/64 in. In the tests with the 18 gauge studs. failure generally
resulted from a combination of the screw heads pulling through the sheathing and
the screws pulling out of the bottom track or along the chords (bottom half of the
wall assembly). Failure in the 16 gauge framed assemblies resulted from shearing

of the screws and the screw heads pulling through the sheathing.

PHASE 3: Static Tests—Failure in the assemblies with the 4-1/2-in. wide strap
resulted from local buckling of the compression chord stud. In the tests with the 7-
1/2-in. wide straps, failure resulted from local buckling of the top chord track due
to out-of-plane track bending. Cyclic Tests—For the assemblies with the 4-1/2-in.
wide strap, failure was identical to that observed in the static tests (local buckling
in the chord studs). In the 7-1/2-in. strap assemblies failure resulted from local

Light Gauge Steel Research Group
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buckling in the top track when the track was pulled out of the plane of the wall

and local buckling in the chord stud.

PHASE 4: Static Tesis—All static tests with metal sheathing were on high aspect
ratio wall assemblies (2 fi. x 8 fi.). For the 22 gauge sheathing attached with
fasteners at 6 in./12 in., there was significant deformation of the sheathing and
failure resulted from unzipping of the sheathing due to rupture at the sheathing
edges. When the screw schedule was reduced to 4 in./12 in,, the sheathing
unzipped at the corners as a result of rupture of the sheathing and there was local
buckling in the chord studs. Cyelic Tests—In all cases. failure involved a
combination of the screw fasteners pulling out of the framing, rupture of the edges

of the sheathing, and in some cases local buckling of the chord studs.

PHASE 5: Static Tests—In the high aspect ratio tests, failure (characterized by
chord stud buckling) was most evident in assemblies with 2 in./12 in. screw
schedules and it occurred at a top of wall lateral deflection in excess of 2.0 in. In
the walls with less tight screw schedules, the plywood and OSB sheathing
remained intact during the entire test. Cyelic Tests—The same behaviors observed

in the static tests were observed here.

The capacities and corresponding displacements of the tested wall assemblies are summarized
in Tables 5 through 8. For the cyclic tests, the maximum positive (+ve) and maximum

negative (-ve) loads were taken at the peak of the second loop of the last set of stable

Light Gauge Stee]l Research Group
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hysteretic loops. Detailed load-deflection curves for all the tested assemblies are given

Appendices A and B.

4. DISCUSSION OF TEST RESULTS

The following discussion is presented in terms of the different phases of the test program

which were desenibed in Section 1.2.

PHASE 1: In the 4 ft. x 8 ft. plywood and O5B assemblies tests, the use of back-
to-back 0.043 mm (18 gauge) chord studs permitted the assembly to develop the
capacity of the sheathing. The plywood walls were found to be stronger and more

ductile (larger displacement at maximum load) than the OSB walls.

PHASE 2: No. 8 screws behaved well in 0.043 in. (18 gauge) studs but fractured
in shear when 0.054 in. (16 gauge) studs were used. Based on these results, it is

recommended that larger diameter screws be used for shear wall applications with

0.054 in. studs.

PHASE 3: Based on the test results, it appears that two important effects the
engineer must be concerned with when designing X-braced walls are (1) the
actual vield strength of the strap and (2) the eccentricity resulting from straps on
one side only. Strap yield strengths in excess of the specified value may result in
connection or chord stud failure since both are designed based on the yield

Light Gauge Steel Research Group
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strength of the strap. Under high loads, the eccentricity produced by straps on one
side only has a tendency to put both the chord stud and track in strong axis
bending. These two behaviors “pull” the track out of plane resulting in premature

failure of the wall assembly before development of the strap capacity.

PHASE 4: As indicated above, failure of the steel sheathed wall assemblies
resulted from a combination of bearing in the sheet steel along the edges and
pullout of screws from the studs. No tension field action (formation of a diagonal

tension strap) was evident in these tests.

PHASE 5: As stated above, except for the steel sheathed and OSB sheathed (2
in./12 in.) wall assemblies, no strength failure of the 4:1 aspect ratio walls was
observed. Retesting of the plywood and OSB 4:1 walls after full application of
the test protocol showed that the wall was capable of developing its previous
strength, but there was a significant loss of hysteretic energy dissipation. In
particular, on the retest the wall had no strength until the induced displacement

reached the previous highest displacement.

Light Gauge Steel Research Group
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5. CONCLUSION and RECOMMENDATIONS

5.1 Conclusions

A series of 28 cyelic and 16 static racking tests were performed on sheathed and X-braced
light gauge steel framed wall assemblies to investigate the behavior of these systems and the

develop strength values for design. The main conclusions of the test program are highlighted

below:

- The capacity of plywood and OSB sheathed walls can be developed for 3 in./12 in.
and 2 in./12 in. screws schedules provided the chord studs are designed to exceed the
shear capacity of the sheathing. Two optiens for providing adequate chord capacity
are (1) using thicker studs or (2) using multiple (built-up chords). The designer must

exercise caution with the maximum stud thickness used.

- No. § sharp point screws in 15/32-in. plywood and 7/16-in. OSB wall assemblies
should be limited to 0.043 in. (18 gauge) framing. There are two drawbacks when No.
8 sharp point screws are used on 0.054 in. (16 gauge) framing: screws do not penetrate

steel without predrilling and No. 8 screws fracture in the shear.

- In the design of X-braced walls with bracing on one side only, the designer must

check that eccentricity of the shear load at the connection does not induce failure in

Light Gauge Steel Research Group
Santa Clara University, Santa Clara, CA 93053 page 10




the chord or top track due to combined bending and axial load. This is particularly

important for heavily loaded walls,

- The steel sheathed wall assemblies behaved well. Using thicker steel sheathing
provides higher design capacities, but the mode of failure moves from rupture at the

edge of the sheathing to screw pullout from the framing.

- High aspect ratio wall are capable of resisting high loads at relatively large

displacements, however, after large events, the wall has low to zero initial stiffness.

5.2 Recommendations

Based on the results obtained in this test program, the following recommendations are

suggested:

- Designers should consider designing chord studs and tracks for 150% of the yield

strength of the X-braced flat strap.

- Screw manufacturers should consider development of 1 in. No. 10 or greater self-
drilling screws for application of sheathing on 0.054 in. framing. Cyclic tests should
be performed with this application to verify that fracture in the screws is not a

governing mode of failure.
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- Research on the interpretation of the test data thus far should be initiated to develop
a rational procedure for establishing the nominal design load, safety factors (ASD),

and resistance factors (LRFD).
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Figure A.1. Load vs. total top of wall deflection for AISI-1
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Figure A.2. Load vs. total top of wall deflection for AISI-2
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Figure A.3. Load vs. total top of wall deflection for AISI-3
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Figure A.4. Load vs. total top of wall deflection for AISI-4
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Figure A.5. Load vs. total top of wall deflection for AISI-3
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Figure A.6. Load vs. total top of wall deflection for AISI-6
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Figure A.7. Load vs. total top of wall deflection for AISI-7
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Figure A.8. Load vs. total top of wall deflection for AISI-8
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Figure A.9. Load vs. total top of wall deflection for AISI-9
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Figure A.10. Load vs. total top of wall deflection for AISI-10
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Figure A.11. Load vs. total top of wall deflection for AISI-11
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Figure A.12. Load vs. total top of wall deflection for AISI-12

Light Grauge S1eel Research Group

Sonta Clara University, Santa Clara, CA 95053 page 4




2000

—
on
Lo ]
L]

1000

Applied load, Ib/ft.

500

3 T H :

s i = o AT

— i : : i

P e - a... --i.. i 1 ..? b i
H H

i

20 T et bt e el e s By |

0.5

1.0

1.5 2.0
Top deflection, in.

2.5 3.0

3.5

Figure A.13. Load vs. total top of wall deflection for AISI-13
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Figure A,14. Load vs. total top of wall deflection for AISI-14
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Figure A.15. Load vs. total top of wall deflection for AISI-15
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Figure A.16. Load vs. total top of wall deflection for AISI-16

Light Gauge Steel Rescarch Growp
Santa Clarn University, Santa Clara, CA 95033 page 42




APPENDIX B:

Load vs. Top of Wall Deflection--Cyclic Tests

Light Gauge Steel Research Group
Santa Clara University, Santa Claa, CA 95053 page 43




2000

1000

-1000

Applied load, Ibft.

-2000

2000

1000

-1000

Applied load, Ibft.

-2000

Figure B.2. Load vs. top of wall deflection for AISI-A2
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Figure B.3. Load vs. top of wall deflection for AISI-A3

3000

2000

1000

-1000

Applied load, Ibft.

-2000

-3000

Figure B.4. Load vs. top of wall deflection for AISI-A4
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Figure B.5. Load vs, top of wall deflection for AISI-AS

Figure B.6. Load vs. top of wall deflection for AISI-A6
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Figure B.8. Load vs. top of wall deflection for AISI-A8
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Figure B.10. Load vs. top of wall deflection for AISI-B2
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Figure B.12. Load vs. top of wall deflection for AISI-B4
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Figure B.14. Load vs. top of wall deflection for AISI-C2
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Figure B.15. Load vs. top of wall deflection for AISI-C3

Figure B.16. Load vs. top of wall deflection for AISI-C4
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Figure B.18. Load vs. top of wall deflection for AISI-D2
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Figure B.22. Load vs. top of wall deflection for AISI-E4
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Figure B.24. Load vs. top of wall deflection for AISI-E6
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Figure B.24. Load vs. top of wall deflection for AISI-E6
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Figure B.26. Load vs. top of wall deflection for AISI-F2
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Figure B.27. Load vs. top of wall deflection for AISI-F3

Figure B.28. Load vs. top of wall deflection for AISI-F4
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