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i Key Seismic Design Parameters: Steel and Wood Light-Frame Shear Walls

PREFACE

The primary objective of this project was to compare the requirements for the use of the
overstrength factor, resistance and safety factors for seismic design and identify differences
between steel and wood framing in industry documents.

The primary purpose of the report was to provide the AISI Codes and Standards staff and
the Committee on Framing Standards with recommendations for the development of a road
map to achieve parity between wood and cold-formed steel framing in design standards. The
report may also be a useful reference for other researchers and for the development of design
aides, as it illustrates the application of the various regulations.
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Introduction
This report details current United States building standard requirements for seismic forces used
in design and detailing of steel and wood light-frame shear wall buildings. Building standards
considered are:
1. ASCE Minimum Design Loads for Buildings and other Structures, 2005 Edition with
Supplement 1 (ASCE 7-05),
2. AISI Standard for Cold Formed Steel Framing—Lateral Design, 2004 Edition (AISI Lateral
Standard), and
3. AF&PA 2005 Edition Supplement Special Design Provisions for Wind and Seismic (AF&PA
Wind and Seismic).
These standards are anticipated to be required under the 2006 International Building Code (IBC).
A comparison of steel and wood light-frame design requirements is presented as a step towards
identification of: differences, reasons for differences, and approaches to achieve parity where
appropriate.

For illustration of the design parameters and their impact, an example building has been
developed. It is a multi-family residential complex with stacked units (same plan at each story).
Included in Appendix A are details of the example building including plans, elevation, assembly
weights, building weights and base shears. A three-story version of this building is used to
illustrate collector and shear wall chord stud and anchorage design. Two and three story versions
are used in non-linear time-history analysis, presented in Appendix B.

I) Shear Wall Collectors and Top Chords

Comparison of Requirements

Under ASCE 7-05 Section 12.10.1.1, diaphragms and their collectors are designed using a
secondary vertical distribution that varies between the story shear in the top story and the story
weight times the base shear coefficient in the bottom story, as has been used in earlier ASCE 7
and UBC provisions. These diaphragm forces are used for collector design with load and
resistance factor design (LRFD) or allowable stress design (ASD) basic load combinations. Use
of overstrength, Q, factors is not required. The same force level would be required by ASCE 7
for splices in wall top chords (top tracks) that serve as an extension of the collector member.

There are two circumstances in which ASCE 7 requires forces for collectors to be modified.
First, in accordance with Plan Irregularity Table 12.3-1, where Irregularities 1 through 4 exist,
collectors, collector splices and collector connections to vertical elements are required to be
designed for 1.25 times the otherwise calculated force. This is per ASCE 7 Section 12.3.3.4, and
applies in Seismic Design Categories (SDC) D and up.

Second, ASCE 7 Section 12.10.2.1 requires that collectors, collector splices and collector
connections to vertical elements be designed using the load combinations with overstrength in
SDC C through F, however structures and portions thereof braced entirely by light-frame shear
walls are exempt from this requirement. This requirement is not triggered for the example
building, but would be if bracing systems such as braced frames or flat straps were introduced.
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For illustration of the impact of ASCE 7 collector requirements, the collector forces for the Line
B transverse shear wall are provided in Table 1, below. The Line B shear wall is designed to
take 37% of the story shear at each level. The maximum collector force occurs where the
collector beam meets the shear wall. The ASCE 7 LRFD force (Table 1, column 1) is calculated
as 37% of the F,x diaphragm force (Page A10) times the 17-foot collector length divided by the
25-foot building width. Note that horizontal forces are tabulated. If the collector also carries
gravity loads, the vertical reaction would need to be determined using appropriate load

combinations.
Table 1. Example Building Line B Collector Force (kips)
Column No. 1 2 3 4
ASCE 7 ASCE 7
ASCE 7 ASD | Overstrength | Overstrength
ASCE 7
. Force Force - LRFD| Force - ASD
Diaphragm Level LRF1D0FI;>rce 0.7E Combination | Combination
) 1) Q, Qe 0.7 Q, Qg
(2) (3)
ASCE 7 Section 2.3.2 2.4.1 12.4.3.2 12.4.3.2
ASCE 7 Equation 5 5 Strength 5 ASD 5
Roof 2.18 1.53 6.54 4.58
3rd Floor 2.49 1.74 7.47 5.23
2nd Floor 1.89 1.32 5.67 3.97
Notes:

1) Column 2 = Column 1 x 0.7.
2) Column 3 = Column 1 x System Overstrength Factor, (), (3.0 per ASCE 7 Table 12.2-1).
3) Column 4 = Column 2 x System Overstrength Factor, Q, (3.0 per ASCE 7 Table 12.2-1).

LRFD required strengths (Column 1 or 3) are compared to LRFD strengths. ASD forces
(Column 2 or 4) are compared to ASD allowable strengths. For the example building, under
ASCE 7 requirements only the Column 1 or 2 ASCE 7 basic load combination forces would be
required because the building is braced entirely by light-frame shear walls and has no plan
irregularities.

Section C5.2 of the AISI Lateral Standard incorporates requirements for shear wall design that
are in addition to the ASCE 7 requirements. The AISI requirement applies when the R-factor
(seismic response modification coefficient) is taken as greater than three, and would be
applicable to the example building with an R-factor of 6.5. These requirements are specific to
connections, not members. Either the nominal tensile strength of the member or the overstrength
force (Column 3 or 4 of Table 1 above) needs to be used for design of the following:

e Connections in shear wall top chord (top track) splices, and

e Connections in shear wall collectors

The wording used in the AISI Lateral Standard is not completely parallel to ASCE 7, in that
consideration of overstrength is not specifically required for “collector connections to vertical
elements.” AISI is less stringent than ASCE 7 in that overstrength forces are not required for
collector members. If the ASCE 7 requirement is triggered, checking of both collector members
and connections to vertical elements for overstrength forces is required in addition to AISI C5.2.
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The AF&PA Wind & Seismic Supplement makes no modification to the ASCE 7 requirements.

Conclusions: For buildings and portions thereof braced entirely by light-frame shear walls, the
AISI Lateral Standard currently imposes more restrictive requirements than wood design. For
other buildings, ASCE 7 requirements will govern and design will be roughly equivalent for both
wood and steel buildings. See Section IV of this report for recommendations.

Areas for Discussion: In addition to Section IV of this report, discussion of the following is
suggested:

e ASCE 7-05 Section 12.4.3.2 includes both LRFD (strength) and ASD load
combinations for use with the overstrength, €, forces. As stated in AISI Lateral
Standard Section C.5.2, the required strength for connections is the lesser of the
nominal tensile strength of the member or the amplified seismic load. Following
definitions in Section A.2, the design strength (nominal strength times resistance
factor) must equal or exceed the required strength. This means that a phi factor is
required for this provision, where it is not required for shear wall boundary
members in Section C5.3. It should be confirmed that there is a specific reason for
differentiation between C5.2 and C5.3 requirements.

e [t should be decided whether use of either ASCE 7 LRFD or ASD overstrength load
combinations should be acceptable for steel design. If use of ASCE 7 ASD
overstrength load combinations is acceptable, it should be decided whether use of
the ASCE 7 1.2 allowable strength increase is acceptable. If the 1.2 factor is not
acceptable, a recommendation to ASCE 7 to delete the factor should be considered.

e ASCE 7 requirements differ from AISI in that 1) design of collector member using
overstrength forces is required by ASCE 7 and not AISI, and 2) ASCE 7 uses the
wording “...collectors and their connections to vertical elements...” Both of these
differences should be confirmed and, if appropriate, clarification made to the AISI
Lateral Standard. Connection to vertical elements may not be an issue where the
collector is the shear wall top chord (top track), but could be an issue in more
complex shear transfer connections such as a ledger on the side of a wall.

e AISI Lateral Standard Section C5.2 currently requires amplified seismic loads be
used for connections for “boundary members.” This is interpreted by some
designers to be shear wall chord stud connections. Recommend striking or
clarifying this term, as shear wall chord stud connections are already covered in
Section C5.3.

e The AISI Lateral Standard should consider referencing use of overstrength load
combinations (ASCE 7 or code) when using overstrength factors, to provide clarity
for the designer.

Background Collector and Top Chord Requirements

Use of overstrength factors for design of collector members, splices, and their connections to
vertical elements was first introduced into the 1997 UBC, with SEAOC Seismology as the
proponent. Observations of damage to a hot-rolled steel frame building in the Northridge
earthquake initiated the discussion. The building had a significant in-plane offset in bracing
between stories (Vertical Irregularity 4) and suffered collector damage in the load path between
upper and lower elements. This concern evolved into a broader concept of wanting to ensure that
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collectors to vertical elements are not the weak link in lateral force resisting systems. The
exemption of light-frame shear wall construction was on the basis that 1) collectors in light-
frame systems were less critical due to more bracing lines and smaller areas being supported, and
2) that use of the overstrength factors was going to significantly change wood light-frame
detailing, construction complication, and cost without evidence of this being a weak link in this
building type. It was also pointed out during development of these provisions that steel light-
frame requirements already required the overstrength factor, and it should not be imposed twice.

The ASCE 7 requirement for collector members comes from Section 4.6.2.2 of the 2003 NEHRP
Provisions. There is no corresponding NEHRP commentary. This requirement is in Section
108.2.6 of the SEAOC Blue Book (SEAOC, 1999). The commentary to this Blue Book section
notes the intent to ensure that inelastic energy dissipation occurs in the vertical elements rather
than the collector and collection connections.

II) Shear Wall Boundary Members (Chord Studs)

Comparison of Requirements

For light-frame shear wall systems designed under ASCE 7-05, the only time that overstrength
forces are required is for elements supporting discontinued shear walls (Section 12.3.3.3). The
overstrength factors apply to the beams and columns supporting the discontinued shear walls and
their interconnection. Applicability to the anchorage of the discontinued wall boundary member
to the supporting system is the subject of interpretation; those interested are referred to the
SEAOC Seismology web site for discussion. ASCE 7 does not require application of
overstrength forces to boundary members of light-frame shear walls.

Section C5.3 of the AISI Lateral Standard requires that studs or other vertical shear wall
boundary members and their anchorage shall have the nominal strength to resist amplified
seismic loads (€2, overstrength loads), but need not be greater than the force the system can
deliver. This requirement applies when the R-factor (seismic response modification coefficient)
is taken as greater than three, and would be applicable to the example building with an R-factor
of 6.5. Definitions indicate that the amplified seismic load is the horizontal component of seismic
load E multiplied by the overstrength factor €. Because use of the ASCE 7 overstrength load
combinations is not referenced, implications for other loads acting concurrently are not clear.
The three-story stacked shear wall at Line B of the example building is used to illustrate the
impact of overstrength factors on boundary member forces and design. The shear wall length is
eight feet. The design unit shears for the shear walls are in a moderate range for this type of
construction. The unit shears at the three stories and sheathing and fastening requirements are
summarized in Table 2. See Appendix A for plans and an elevation of the Line B wall.
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Table 2. Example Line B Shear Wall
Shear Wall | Shear Wall Steel Shear Wall" 2 Wood Shear Wall
Story ASD Force | ASD Unit
(kips) Shear (plf) | Sheathing Studs Fastening | Sheathing | Fastening
3rd 2.42 280 7/16 OSB 33 mil No.8 @ 4" ] 7/16 OSB 8d @ 4"
2nd 4.18 520 7/16 OSB 54 mil No.8 @ 3" ]15/32 STRI| 10d @ 3"
1st 5.11 640 7/16 OSB 54 mil No.8 @ 2" | 15/32 STR 1| 10d @ 2"
Notes:

1) Nominal strength (pounds per foot) from AISI Lateral Standard Table C2.1-3 must be greater than or equal
to the Shear Wall ASD Unit Shear (plf) multiplied by 2.5.
2) Use of thicker steel framing members may permit greater fastener spacing. (Later in Table 4, thicker
members are indeed selected to resist boundary forces.)

Table 3 illustrates design uplift and downward forces for the boundary members (chord studs).
Downward forces are tabulated first without the beam reaction at Lines B and 1.4, and second
with the beam reaction (The “beam reaction” is concentrated dead plus live load from the Line B
beam spanning between Lines 1.4 and 2). ASCE 7 load combinations have been used for Table 3
forces. Spreadsheets detailing force calculations are included in Appendix A.

The LRFD overstrength load combination (Column 3) is the preferred method for meeting this
requirement, because AISI Section C5.3 permits the LRFD overstrength load combination to be
compared to nominal strength (use of a phi factor is not required). ASCE 7 Section 12.4.3.2 also
includes ASD overstrength load combinations and permits use of a 1.2 increase in strength
(shown here as a decrease in demand to permit comparison with other demands) when using
ASD design procedures. AISI Section C5.3 does not address what strength is to be used with
ASD overstrength load combinations. These combinations are shown in columns 4 and 5 of

Table 3, but are not recommended for use with the AISI Lateral Standard.
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Table 3. Shear Wall Boundary Member Forces, ASCE 7-05
Column No. | 1 [ 2 | 3 4 5
Uplift Force (kips)
Overstrength Overstrength
LRFD Force Force - LRFD SR Force - ASD
Story (1) ASD Force (2) Combination Il 2 Combination /
Combination (4)
(3) 1.2 (5)
3rd 3.93 2.79 13.5 9.5 7.9
2nd 10.27 7.28 34.8 24.5 20.4
1st 18.27 12.92 61.1 42.9 35.8
Downward Force (kips)
Without Beam Reaction
Overstrength Overstrength
LRFD Force Force - LRFD | Overstrength | b e _ASD
Story (6) ASD Forcs () ¢ bination | . Forc® =480 | o mbination /
Combination (9)
(8) 1.2 (10)
3rd 6.56 4.79 16.2 11.5 9.6
2nd 17.32 11.85 41.9 29.0 24.2
1st 29.74 20.08 72.5 50.0 41.7
Downward Force (kips)
With Beam Reaction
Overstrength Overstrength
LRFD Force Force - LRFD | Overstrength | b e _AsD
Story (6) ASD Force (7) Combination FEIal 2 Combination /
Combination (9)
(8) 1.2 (10)
3rd 8.71 7.34 18.3 13.3 11.1
2nd 25.06 20.48 49.6 33.6 28.0
1st 43.05 34.49 85.9 57.5 47.9

Notes:

1) LRFD basic load combination, ASCE 7 Section 2.3.2, Combination 7: 0.9D +1.0E.

2) ASD basic load combination, ASCE 7 Section 2.4.1, Combination 8:0.6D + 0.7E.

3) LRFD overstrength load Combination, ASCE 7 Section 12.4.3.2, Combination 7: (0.9-0.2 Sps) D + Q, Qg,
Q,=3.0.
ASD overstrength load combination, ASCE 7 Section 12.4.3.2, Combination 8: (0.6-0.14 Sps) D + 0.7 Q,
QE, Q, = 3.0. This method is NOT recommended.
Column 4 divided by 1.2 based on ASCE 7 Section 12.4.3.2 strength increase when using ASD load
combinations. This method is NOT recommended
LRFD basic load combination, ASCE 7 Section 2.3.2, Combination 5: 1.2D + 1.0E + 0.5L.
ASD basic load combination, ASCE 7 Section 2.4.1, most critical of Combination 5: D + 0.7E and
Combination 6: D +0.75 (0.7 E)+0.75L+0.75L..
LRFD overstrength load combination, ASCE 7 Section 12.4.3.2, Combination 5: (1.2 + 0.2 Sps) D + Q, Qg
+0.5L, Q,=3.0.
ASD overstrength load combination, ASCE 7 Section 12.4.3.2, most critical of Combination 5: (1.0 + 0.14
Sps) D + 0.7 Q, Qg and Combination 6: (1.0 + 0.105 Spg) D + 0.525 Q, Q¢ + 0.75 L +0.75 L,, Q, = 3.0.
Column 4 divided by 1.2 based on ASCE 7 Section 12.4.3.2 strength increase when using ASD load
combinations. This method is NOT recommended

4)
5)

6)
7)

8)
9)

10)

Table 4A includes possible tie-down devices, wood posts and steel studs needed to carry the
design forces for boundary members for the different ASD load combinations. This is done to
give the reader a feel for the construction implied by the force levels. Note that the ASD
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overstrength load combinations are not the recommended approach for boundary member chord
studs. Stud requirements for LRFD overstrength load combinations are given in Table 4B.

For steel shear walls, where Tables 4A and 4B indicate multiple pairs of studs, it is relatively
common for cold-formed tubular sections to be used. AISI Lateral Standard Table C2.1-3,
Footnote 5, prohibits increasing steel stud thickness beyond that specified in Table 2. See Areas
for Discussion below.

For wood shear walls a significant amount of shear wall length will be taken up by the required
number of posts and tie-down devices noted in Table 4A if the overstrength load combinations
are used. Use of the E,, forces is not current design practice, and at lower stories of the example
building, construction fitting in the required hardware is not feasible. LRFD values are not
currently available for tie-down devices; if available, use of LRFD methodology could
potentially reduce the number of required tie-down devices. Otherwise, use of another bracing
system (such as steel braced frame) at lower stories would be a likely consequence.

Table 4A. Shear Wall Boundary Member Forces "ASD" ASCE 7-05

Uplift Force (kips)

Story ASD Force Em ASD E., ASD Force /1.2
Force
ASCE 7 Sec. 2.4.1 Post Tie-Down 12.4.3.2 Post Tie-Down
ASCE 7 Equ. 8 DF-L No. 2 ASD 8 DF-L No. 2
3rd 2.79 2-2x4 PHD2 9.5 7.9 4x4 2-PHD5
2nd 7.28 4x4 2-PHD5 24.5 20.4 2-4x4 4-HDQ8
1st 12.92 4x4 2-HDQ8 42.9 35.8 3-4x4 5-HDQ8

Downward Force (kips)
Without Beam Reaction
Em ASD

Story ASD Force Force E,, ASD Force / 1.2
ASCE 7 Sec. 2.4.1 Post Stud (No-Mils), 12.4.3.2 Post Stud
ASCE 7 Equ. 5 DF-L No. 2 3508162 ASD 5 DF-L No. 2 3508162
3rd 4.79 2-2x4 2-43 11.5 9.6 2-4x4 3-54
2nd 11.85 2-4x6 4-54 29.0 24.2 3-4x6 5-68
1st 20.08 3-4x6 5-68 50.0 41.7 5-4x6 10-68

Downward Force (kips)
With Beam Reaction
Em ASD

Story ASD Force Force E,, ASD Force / 1.2
ASCE 7 Sec. 2.4.1 Post Stud (No-Mils), 12.4.3.2 Post Stud (No-Mils),
ASCE 7 Equ. 5&6 DF-L No. 2 3508162 ASD 5 DF-L No. 2 3505162
3rd 7.34 4x6 2-54 13.3 11.1 2-4x4 3-68
2nd 20.48 3-4x6 5-68 33.6 28.0 4-4x6 6-68
1st 24.49 4-4x6 8-68 57.5 47.9 6-4x6 10-68

Notes:
1) Increasing steel stud thickness to resist boundary forces, versus steel stud thickness selected in Table 2 is
prohibited by AISI Lateral Standard Table C2.1-3, Footnote 5.
2) Steel stud ASD capacities were determined using tables from ICBO ER-4943P (SSMA, 2001). For 9 foot
stud height, ASD allowable compression loads are: 1.95 k for 33mil, 2.66 k for 43 mil, 3.83 k for 54 mil,
and 4.80 k for 68 mil.
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Table 4B. Shear Wall §oundary Member Forces "LRFD" ASCE 7-05
Uplift Force (kips)

Story LRFD Force Em LRFD Force
ASCE 7 Sec. 2.3.2 Studs 12.4.3.2 Studs
ASCE 7 Equ. 7 3505162 7 3505162

3rd 4.72 2-33 15.9 2-33
2nd 12.31 2-43 40.9 4-43
1st 21.82 2-54 71.7 6-68
Downward Force (kips)
Without Beam Reaction

Story LRFD Force Em LRFD Force
ASCE 7 Sec. 2.3.2 Studs 12.4.3.2 Studs
ASCE 7 Equ. 5 3505162 5 3505162

3rd 7.34 2-43 18.4 2-68
2nd 19.35 2-43 48.0 6-68
1st 33.29 4-43 83.2 8-68
Downward Force (kips)
With Beam Reaction

Story LRFD Force Em LRFD Force
ASCE 7 Sec. 2.3.2 Studs 12.4.3.2 Studs
ASCE 7 Equ. 5 3505162 5 35058162

3rd 9.5 2-43 20.7 2-68

2nd 271 4-43 55.7 6-68

1st 46.6 4-54 96.5 10-68

The AF&PA Wind & Seismic Supplement makes no modification to the ASCE 7 requirements.

Conclusion: The AISI Lateral Standard currently imposes requirements that are more restrictive

than in wood design. See Section IV of this report for recommendations.

Areas for Discussion: In addition to Section IV of this report, discussion of the following is
suggested:
Design of shear wall boundary member studs for compression will generally either
require use of thicker studs (increased mils) or use of more than two studs if the
thickness is maintained. This is true for design using both ASD and overstrength forces.
Footnote 5 of AISI Table C2.1-3 prohibits use of a greater stud thickness than
tabulated, making the use of groups of studs mandatory. Footnote 5 is likely an
appropriate limitation because the change in fastener load deflection behavior in thicker
studs suggests that premature failure would possibly result. Current design practice
needs to be identified, and appropriate guidance given for selection of boundary
member studs. Testing of shear wall configurations that meet boundary member design
requirements may be appropriate.
It has been suggested that the use of ASCE 7 LRFD overstrength load combinations
should be recommended by AISI, and the use of ASCE 7 ASD overstrength load
combinations and the ASCE 7 ASD capacity increase of 1.2 should be prohibited. If
true, this needs to be made clear in the AISI provisions.
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e The AISI Lateral Standard should consider referencing use of overstrength load
combinations (ASCE 7 or code) when using overstrength factors, to provide clarity for
the designer.

Background on Shear Wall Boundary Member Requirements

Application of overstrength factors to the design of boundary members in wood light-frame
shear walls has been discussed at length within the NEHRP wood subcommittee, and provisions
are included in the 2003 NEHRP Provisions and commentary (BSSC, 2004). NEHRP Section
12.2.3.11 includes the following requirement: “Nominal strength of tie-down assemblies [device
plus post] shall be equal or greater than the forces resulting from the nominal strength of the
wall.” The commentary to this section states: “The capacity-based nominal strength has been
introduced primarily as a statement of design philosophy, with the intent of forcing the sheathing
nailing to be the controlling failure mechanism. The complexity of load paths in wood frame
buildings suggests that additional study is needed to achieve reliable development of desired
failure mechanisms.” Based on this being a statement of philosophy, this NEHRP requirement
has not yet been moved forward into the AF&PA Wind and Seismic Supplement, ASCE 7 or the
IBC. Alluded to in the commentary language is the great complexity of applying this provision to
shear wall systems with both in-plane and out of plane offsets. Also considered was the cost and
complexity of construction introduced (see Table 4 for example) and whether the added cost
would realistically result in reasonable gains in building performance.

Further discussion considered what overturning forces are actually experienced by light-frame
buildings. As one reference point from the CUREE-Caltech woodframe project, the tie-downs in
the two-story house tested at UC San Diego (Filiatrault et Al., 2002) only went slightly above
ASD design forces, while the base shear went well above 1g. This behavior was attributed to the
structure behaving as a monolithic box rather than a series of individual shear walls and the
stiffness of finish materials. It must be imagined that for larger light-frame buildings the finish
materials will play a much smaller role in building behavior, and overstrength boundary member
forces could potentially develop. There is little information at this time to determine at what
building size or design the behavior might change.

Also raised as an issue was the varying level of overstrength that would need to be considered,
not only in the wood structural panel shear walls themselves (factors of up to 5.8 reported by
APA), but also with the influence of finish materials (up to 1.6g base shears seen in CUREE
shake table testing for a building designed at approximately 0.18g).

There are other significant issues that have come up recently regarding design of wood shear
wall boundary members and their connections. Prominent among them is tie-down eccentricity,
and to what point this influences the stresses, deformations, and failure modes of tie-down posts.
Limited testing and analytical studies have been conducted on this topic; however no specific
design requirements have been put forward. It is difficult to address overstrength factors for
wood boundary members without also considering the design effect of tie-down eccentricity.
Similar eccentricity issues exist where steel or wood studs are connected from story to story
using a strap on one face; this could have a significant impact on design for overstrength forces,
but is not commonly considered in design calculations.
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IIT) Comparison of Shear Wall Sheathing Design Values

Comparison of Design Values

Both the AISI Lateral Standard and the AF&PA Wind and Seismic Supplement tabulate wood
structural panel shear wall values in terms of nominal shear strength. For seismic forces, AISI
Section C2.1 specifies division by a safety factor, Q, of 2.5 to determine available strength for
ASD, OR multiplication by a resistance factor, @, of 0.6 to determine available strength for
LRFD. Similarly Section 4.3.3 of the 2005 AF&PA wind and seismic supplement specifies
dividing by a reduction factor of 2.0 for ASD OR multiplying by a resistance factor of 0.80 for
LRFD. Comparison of design values and actual factors of safety is much more complex than
simply comparing these factors because the tabulated nominal values have very different origins
and built in assumptions. The most direct way to compare the parity of design values for wood
and steel light-frame shear wall systems is to compare the ratio of design values to test values.
Table 5 provides a comparison of selected shear wall assemblies from available testing.

When comparing the results of different shear wall tests it is important to acknowledge that the
test procedure can greatly influence the test results. One significant influence is the protocol used
for load or displacement history imposed on the shear wall. Variables include single direction
monotonic loading versus reverse cycling. Also important are the number and magnitude of
cycles imposed. Loading protocol is a detailed area of study that is beyond the scope of this
discussion; those interested are referred to Gatto and Uang (2002) and Cobeen, Russell and
Dolan (2004).

In the Table 5 data, adjustments for loading history suggested by Gatto and Uang (2002) have
been used to normalize the peak test capacities to the SPD protocol. SPD protocol was chosen as
the basis only because the majority of tabulated values had used this protocol; use of the SPD
protocol as a basis of comparison is not intended to reflect preference for this or any other
protocol. To adjust to anticipated SPD protocol results, peak capacities for APA and Serrette
monotonic loading are multiplied by 0.78 and peak capacities for Gatto & Uang CUREE loading
are multiplied by 0.75. Cyclic test results from CoL A and Serrette are not adjusted, as these used
an SPD protocol. The SPD protocol was observed by Gatto and Uang to be the most punishing,
resulting in both lower peak capacities and lower displacement at peak capacity. The adjustments
must be recognized as approximate because of the small data sample Gatto & Uang had to work
with, but gives some basis for direct comparison of the test results. Some variations also occur
due to the number and type of displacement cycles imposed within the SPD protocol; however
these variations are not significant relative to the variations between SPD, monotonic and
CUREE loading.

Also important are boundary conditions on the specimen being tested. Included are the uplift
anchorages, the stiffness and attachment of the loading beam and the ability for sheathing
materials to slide past the framing or bear on perpendicular construction or the test jig. All of
these are important variables that can result in a range of test results. There are no right or wrong
conditions since all boundary conditions occur in the range of possible behavior, however the
effect of using upper or lower bound boundary conditions should be kept in mind when using the
results.
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Some variations also occur in the methodology for design values assigned based on test data. The
SPD protocol test values given in Table 5 are actual peak capacities read off of hysteresis loops
where those were available, and reported “strength limit state” values for CoLA testing (also
peak capacity). Consistent use of peak capacities normalizes the comparison made in Table 5.

The peak capacities reported in Table 5 differ in some cases from capacity values reported in
research reports. In particular, Serrette (1996) Table 6 reports the nominal load capacity as the
average of the negative and positive strengths using the lowest of the last complete set of stable
hysteretic loops. Serrette (2002) Tables 9 & 10 report capacity based on the peak capacity from
the second cycle envelope. The CoL A report (2001) went through a complex process of
identifying a “yield” condition in order to assign recommended design values. The method used
to recommend design values does not have an effect on the comparison made in Table 5.

The ratios of average tested value to assigned ASD value vary between 2.08 and 3.22 for wood
and between 2.59 and 3.57 for steel. The value of 1.69 for wood is ignored since the tested
configuration is not permitted to be built. Similarly steel test data that involved compression
chord buckling failures have not been included, as these configurations are not permitted to be
built. Overall there is not a tremendous difference between the ranges of assigned values,
especially considered in light of all of the variations in test protocol that might be contributing to
reported differences; however, the overall ratio of average tested value to assigned ASD value
for the steel systems is higher by approximately 20%. A change in the phi factor for wood shear
walls between 0.65 for the 2001 AF&PA Wind and Seismic Supplement and 0.80 for the 2005
AF&PA standard will widen the separation slightly when LRFD is used.
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Table 5. Comparison of Wood Structural Panel Sheathed Shear Walls to ASD Design Values

Framing |Sheathing| Fastening|Edge Dist| Studs Code Assigned Value (plf) Tested Value plf) Adjusted | Average
Nominal Adjusted to APA Uang Pardoen| CoLA Serrette Serrette | Adjusted| Tested / Tested /
ASD E72 CUREE | CUREE SPD Monotonic SPD to SPD ASD ASD
440 220 600 468 2.127
3/8 Rated | 8dc at 6 3/8 240 530 764 595 5709 2.418
3/8 Rated | 8dc at 4 3/8 640 320 964 752 2.350 2.350
760 380 1090 818 2.151
3/8 Rated | 8db at 4 3/8 =60 380 1130 YT 5530 2.191
" 1060 530 938 732 1.380
3/8 Rated | 8dc at 2 3/8 1060 230 1363 1063 5006 1.693
7/16 Rated| 8dc at 3 3/8 900 450 1860 1451 3.224 3.224
760 380 916 916 2.411
7/16 Rated| 8dc at 4 1/2 760 380 718 718 1.889 2.075
Wood 760 380 731 731 1.924
680 340 818 818 2.406
15/32 STR | 10dc at 6 680 340 799 799 2.350 2.474
680 340 906 906 2.665
1020 510 1211 1211 2.375
15/32 STR | 10dc at 4 1020 510 1164 1164 2.282 2.248
1020 510 1065 1065 2.088
15/32 STR | 10dc at 3 1330 665 2026 1580 2.376 2.376
1740 870 1874 1874 2.154
15/32 STR | 10dc at 2 1740 870 1951 1951 2.243 2.196
1740 870 1907 1907 2.192
700 280 776 776 2.771
7/16 OSB | No.8 at 6 1/2 700 280 720 720 2.571 2.624
700 280 708 708 2.529
915 366 1070 1070 2.923
7/16 OSB | No. 8 at 4 1/2 915 366 1120 1120 3.060 2.883
915 366 975 975 2.664
1625 650 1990 1990 3.062
7/16 OSB | No. 8 at 2 1/2 1625 650 1956 1956 3.009 3.062
1625 650 2024 2024 3.114
. 700 280 846 660 2.357
Steel |7/16 OSB | No. 8 at 6 33 mil =00 280 875 683 5438 2.397
. 915 366 1473 1149 3.139
7/16 OSB | No. 8 at 4 33 mil 515 366 1350 1053 5877 3.008
7/16 OSB | No. 8 at 6 33 mil 700 280 1000 1000 3.571 3.571
. 915 366 1300 1300 3.552
7/16 OSB | No. 8 at 4 33 mil 915 366 1550 1550 3415 3.484
. 2350 940 2500 2500 2.660
7/16 OSB | No. 8 at 2 54 mil 5350 540 5500 3500 5660 2.660
. 3080 1232 3000 3000 2.435
7/16 OSB |No. 10 at 2 68 mil 3080 1535 3400 3400 5760 2.597
*Tested without 3x stud now required at adjoining panel edges.
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Background on Design Values

The background for wood structural panel shear walls in wood light-frame construction going
back to values in the 1955 UBC are document by APA (1999). Original ASD design values were
determined by a combination of calculation using nail values and testing to verify adequate
factors of safety. Testing was not conducted for all of the cells in the shear wall table.
Construction was adjusted in the several cases where the factor of safety was not judged to be
adequate. As a result, to this day, testing does not exist for every cell in the wood shear wall
tables. Also, test-based nominal strength tables do not exist. Current nominal strength tables are
soft-conversions of previous ASD tables. Original testing was conducted using single direction
monotonic testing with heavy tie-down rods in accordance with the ASTM E72 procedure. This
has been supplemented by a number of cyclic tests with realistic tie-down conditions in recent
years. Testing conducted by APA is summarized in Appendix A of the APA report. Ratios of test
strength to ASD design range up to 5.8 in the APA report, while most fall between 2.5 and 4. It
should be noted that the wide range of overstrength is an impediment to predicting maximum
capacity for use with overstrength design. Cyclic testing since has confirmed that notable
variation is commonly seen in test capacities for wood shear walls. Table 5 shows similar
variability in ratios for steel shear walls.

IV) Discussion and Recommendations

Background

Parts I through III of this report describe a series of differences in design requirements between
wood and steel light-frame shear wall buildings. The basis of current differences is largely a
function of the different time and level of code scrutiny at the time the provisions were adopted.
At this time, acceptance of wood light-frame construction is based primarily on a long history of
generally good performance for one to three story buildings, with a few configurations that have
shown to be vulnerable. The primary focus for wood design has been on understanding of the
vulnerable configurations rather than introduction of overstrength requirements.

The steel provisions were introduced into the codes at a time when a great deal of attention was
focused on the use of overstrength forces to allow development of a planned, stable weak link in
the structural system. The introduction of overstrength factors was a logical design methodology
at that point in time. This is still the currently accepted direction for development of seismic-
resistant systems and design procedures, and would be anticipated for a system being introduced
today.

The goal of design procedures should be acceptable performance, and the approach to acceptable
performance should be similar for wood and steel shear wall construction because of their similar
behavior. Wood and steel light-frame shear wall buildings are recently being extended to four,
five and more stories, expand significantly beyond our knowledge of performance based on past
earthquakes. At this time it is appropriate to consider the need for and benefit of design for
overstrength forces for wood and steel light-frame shear wall buildings of all sizes. The issues
suggested as key in this consideration are 1) whether and when use of design for overstrength
forces contributes to building seismic performance and 2) if use of overstrength forces is the
appropriate approach to developing reliable energy dissipation for wood and steel light-frame
shear wall buildings.
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As discussed in Part 11, discussion within the NEHRP wood subcommittee has been that it is
desirable for the design of boundary members to support the sheathing to framing connection as
the primary source of non-linear activity and energy dissipation. The same mode has been
identified as desirable by the AISI Lateral Standard developers. Countering this is 1) the
variability in overstrength for wood shear walls (Part III) further increased by the strength
contribution of finish materials, 2) the increased complication of detailing, and 3) the question of
whether use of overstrength forces contributes to building performance based on observations
from testing and analysis.

Overstrength Forces and Story Drift

One possible approach to judging the benefit of design for overstrength forces is to look at story
drift as an indicator of deformation demand on the shear walls. Design for overstrength is very
likely to be of benefit where actual drift in a building or story is going to be in the range of the
peak shear wall capacity. In this case shear wall forces significantly above code design levels
would be anticipated, and shear wall collectors and boundary members would be anticipated to
see similar large forces. Conversely, story deflections in the range of 0.005 times the story and
less can be recognized as representing near-elastic behavior for most shear wall systems.
Somewhere between 0.005 and 0.02 times the story height, significant inelastic demands are
made on the shear wall system. Above approximately 0.02 times the story height, most
conventional shear wall systems have exceeded their peak capacity and are likely to exhibit
significant drops in both capacity and stiffness. Where maximum anticipated seismic drift can be
defined for buildings or classes of buildings, this could provide an appropriate trigger for
requiring use of overstrength forces.

Two important characteristics of building deformation were observed in the CUREE-Caltech
Woodframe Project results: 1) the contribution of finish materials and partitions was seen to
greatly reduce story drift in testing and analytical studies to the point that inclusion of these
materials was recommended for analysis for performance based design, and 2) concentration of
building drift in the first story of multi-story buildings was repeatedly seen in testing and
analysis. Discuss of these results can be found in Section B of Cobeen, Russell and Dolan
(2004). These results suggest that it may be possible to identify buildings or portions of buildings
where drift under design level earthquakes suggest that use of overstrength forces is not required
or of particular benefit.

The contribution of non-structural finishes and partitions were seen as contributing greatly to the
observed patterns of deformation demand. In order to identify buildings or portions of buildings
based on this contribution, however, a method of quantification is needed. Section B.9 of
Cobeen, Russell & Dolan proposes a method for prediction of story drift by dividing the total
supported roof and floor area by the linear feet of structural wall plus partition. The resulting
“area demand factor” is calculated in each direction at each story. Table B-6 in Section B.9
correlates the ratio to story drift from Woodframe Project testing analysis and field data. While
this approach provides a good correlation with observed drifts, it is broad-brush in that it does
not differentiate the strength and stiffness of varying materials. An alternate measure of
nonstructural contribution to strength and stiffness (Richards, 2005) is the sum of capacity of all
structural walls plus finishes divided by the sum of capacity of structural walls. This would again
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be repeated in each direction at each story. A high ratio of finish capacity to structural capacity
would suggest very little story drift might be expected. These are two of the possible approaches
that could be considered.

To increase the information available for anticipated story drift, an analytical study of the
example building is included in Appendix B. The analytical study used the SAWS computer
program (Folz & Filiatrault, 2002) to perform non-linear time-history analysis on models that
included shear walls, finish materials and partitions. This program was developed as part of the
CUREE-Caltech Woodframe Project and used for some of the Woodframe Project analytical
studies.

For the analytical study, building designs were developed in accordance with the ASCE 7-05, the
AISI Lateral Standard and the AF&PA Wind & Seismic Supplement. The designs were
developed for SDC D (Sps = 1.0) and using R=6.5 for wood structural panel shear walls. Shear
walls were selected in accordance with AISI and AF&PA. Descriptions of hysteretic behavior of
wall structural and finish material were developed. The earthquake time history used was a 1994
Northridge earthquake Canoga Park record, scaled to a peak ground acceleration of 0.40g,
anticipated to produce a short period spectral acceleration in the range of 1.0g.

Table 6 summarizes peak story drifts for two and three-story steel and wood shear wall buildings
using both upper and lower bound gypsum wallboard properties (based on variation in test
boundary conditions). The drift in the first story of the two-story building can be seen to be quite
modest, and average to 0.5 inches for the upper and lower bound models. The three-story
building has higher drifts, pushing towards peak capacity.

Table 6. Drift Results From Non-Linear Time-History Analysis |
_— . . Light Frame Peak Story Drift (in)
Building Configuration System 1st Story | 2nd Story| 3rd Story
2-Story -- Lower Bound Steel 0.65 0.39
Gypboard Wood 0.77 0.29
2-Story -- Upper Bound Steel 0.47 0.38
Gypboard Wood 0.48 0.30
3-Story -- Lower Bound Steel 0.85 0.53 0.66
Gypboard Wood 1.94 1.02 0.49
3-Story -- Upper Bound Steel 0.81 0.60 0.51
Gypboard Wood 1.75 1.21 0.43

The analysis results suggest that significant drift is likely to occur in the first story of the three-
story configuration. This is only one specific building configuration, and broader consideration is
needed before guidance can be given. Testing and analysis by Simpson Strong-Tie has suggested
that it may be possible to have peak drifts occur in other than first story walls. This behavior also
requires further study.

Other Issues Regarding Shear Wall Boundary Member, Chord and Collector Design

Test reports by Serrette (1996 and 2002) reported chord stud crippling (crushing at the tie-down
or at the web cut-out immediately above the tie-down). In review, the shear wall chord studs
used in testing did not meet ASD requirements for shear wall design, let alone overstrength
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