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Abstract

Seismic equivalency parameters for drift capacity, com-

ponent overstrength, and ductility for woodframe wood

structural panel shear walls have previously been defined

using a collection of 48 different walls tested with the

CUREE cyclic load protocol (Waltz et al. 2008). When estab-

lishing minimum seismic performance parameters for new

lateral force resisting systems to prove equivalence to

woodframe wood structural panel shear walls, this initial

reference database was viewed as being representative and

sufficient. In the work summarized by this paper, 32 addi-

tional shear walls were tested to compare with and supple-

ment the reference database. The new wall tests cover the

practical extremes in nail diameter, panel thickness, and

nail spacing for woodframe wood structural panel shear

wall construction as defined by 2005 Special Design Provi-

sions for Wind and Seismic (2005 Wind and Seismic) AF&PA

2005) and the 2006 International Building Code (2006 IBC)

(ICC 2006). The seismic equivalency parameters developed

using the new 32 wall test set aligned very well with the dis-

tributions observed in the original 48 wall database. When

data from the current study and the reference database are

combined, the new database consists of 80 cyclic wall tests

from four different laboratories that encompass a broad

range of woodframe shear wall configurations. The average

drift capacity, component overstrength, and ductility per-

formance parameters for the combined data set were within

3 percent of the original estimates. The seismic equivalency

criteria that would be derived using the combined database

were also within 3 percent of those originally developed.

Introduction

Woodframe shear wall drift capacity, component over-

strength, and ductility have previously been summarized

for 48 walls tested using the CUREE cyclic load protocol

(Waltz et al. 2008). The purpose of the original analysis was

to provide criteria that could be used to establish seismic

equivalency parameters that define performance of wood

structural panel shear walls framed with wood studs. The

original 48 wall tests were collected by an independent Task

Group working to provide a means for the International

Code Council Evaluation Service (ICC-ES) to evaluate seis-

mic performance of new products. When coupled with a

specific allowable load derivation procedure and qualita-

tive assessment of degradation in the wall’s ability to carry

gravity load, non-listed products and systems (e.g., those

not defined in Minimum Design Loads for Buildings and

Other Structures, ASCE 7) capable of meeting the target pa-

rameter performance levels established by the Task Group

would be judged to be seismically equivalent. As seismically

“equivalent” products, they would be assigned the same

seismic design coefficients as woodframe wall systems

sheathed with wood structural panels.

The original database of 48 walls covered a variety of

shear wall aspect ratios, design capacities, sheathing panel

thicknesses, nail sizes, and nail spacings. The database was

a collection of wall tests conducted at three different labs

for a variety of purposes using the CUREE cyclic test proto-

col (ASTM 2007) with realistic anchorage and boundary

conditions. But, it did not cover the extremes of nail size,

sheathing thickness, and nail spacings in shear wall design

tables provided in references such as the 2005 Wind and

Seismic standard and the 2006 IBC. In the work summarized

by this paper, cyclic in-plane shear testing of two replicates

of 16 different engineered shear wall configurations were

completed to bracket the practical extremes of the shear

wall design tables based on nail size, spacing, and sheathing

thickness. The broader range of configurations in this study

is compared to the 48 wall database used to develop the

original equivalency targets.

The shear wall testing summarized in this paper was un-

dertaken as part of a collaborative effort between American

Forest & Paper Association, Weyerhaeuser, and APA–The

Engineered Wood Association in the Spring of 2008.

Test Method

The 16 wood-frame wood structural panel shear wall

configurations detailed in Table 1 were tested to determine

their in-plane shear performance in general accordance
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with provisions of ASTM E 2126-07 Standard Test Methods

for Cyclic (Reversed) Load Test for Shear Resistance of Walls

for Buildings (ASTM 2007). Loading was undertaken using

the Method C (CUREE) protocol as defined by the standard.

A minimum of two tests were conducted for each shear wall

configuration.

This test program was developed to cover the range of

nail size, nail spacing, and sheathing thickness for shear

wall configurations defined by the 2005 Wind and Seismic

standard and 2006 IBC. Given that 5/16-in.-thick sheathing

is not commonly available, Test Groups A–D were selected

to represent the highest unit shear capacity configurations

that could be constructed with a small nail (6d common)

and thinnest practical square edge sheathing (3/8 in.). Test

Groups I–L were chosen to represent the highest unit shear

capacity configurations that could be constructed using a

large nail (10d common) and thick sheathing (19/32 in.).

Test Groups E–H and M–P were selected to provide some

data with an intermediate unit shear capacity using rela-

tively common choices for nail size (8d common) and

sheathing thickness (3/8 in. and 7/16 in.). For each nail and

sheathing thickness combination, both a 2 in. and 6 in. on

center (o.c.) edge boundary nail spacing were tested. For

each nail and sheathing thickness combination, two aspect

ratios were tested: 1:1 and 2:1. A 1:1 aspect ratio was tested

to include a vertical butted joint between adjacent sheath-

ing panels and to correspond with standard specimen size

used in wood structural panel product evaluation tests. The

2:1 aspect ratio walls represent the maximum aspect ratio

for seismic design applications permitted without taking a

design strength reduction.

Specimens

Shear wall size, sheathing, framing, fastening, anchor-

age, and connections were in accordance with Table 1 and

Figure 1.

All framing was “standard” grade 2 by 4 nominal Doug-

las-fir material spaced at 24 in. o.c. Multiple plies of this

same stud material were used at the end posts and adjoin-

ing panel edge framing where an increased thickness was

required. Multiple plies were joined using self-drilling 1/4

in. diameter by 3 in. screws for (2) 2x framing and self-drill-

ing 1/4 in. diameter by 4-1/2 in. screws for (3) 2x framing.

A single commercial “low deformation” hold down type was

used for all testing. The number of screws in the hold down

varied such that the ASD design capacity of the hold

down-to-post connection was only slightly greater than the

calculated ASD shear wall overturning forces.

All of the wall sheathing was oriented strandboard

(OSB) sheathing produced in accordance with Performance

Standard for Wood-Based Structural Use Panels (DOC-NIST,

PS2-2004). Panel edge distance for the sheathing nails was

a 3/8 in. minimum for all configurations. Sheathing nailing

was staggered at panel edges for 2 in. o.c. edge nail spacing

in accordance with 2005 Wind and Seismic. Per 2006 IBC re-

quirements for high seismic areas, 3 in. square by 0.229 in.

thick plate washers were used at anchor bolts for walls hav-

ing 2 in. o.c. sheathing nail spacing at panel edges. Stan-

dard round washers, 1-3/4 in. diameter by 1/8 in. thick,

were used at anchor bolts for walls having 6 in. o.c. spacing

at panel edges.

The test specimens were detailed to provide wall designs

that were in accordance with 2005 Wind and Seismic and

the 2007 Supplements to the 2006 IBC. The framing, fram-

Table 1.—Shear wall test specimen configurations.

Test

group

H by L

(ft.)

OSB thickness

and grade

Sheathing nails

A307 anchor

bolts

Hold downa

Common nail

size

Spacing

(edge/field) No. of screws

ASD capacity

(lbf)

A 8 by 8 3/8 in. Struc I 6d 6 in./6 in. (2) 5/8 in. 8 2,286

B 8 by 4

C 8 by 8 2 in./6 in. (4) 5/8 in. 18 5,143

D 8 by 4 (2) 5/8 in. 20 5,715

E 8 by 8 7/16 in.

Sheathing

8d 6 in./6 in. (2) 5/8 in. 8 2,286

F 8 by 4

G 8 by 8 2 in./6 in. (4) 5/8 in. 14 4,000

H 8 by 4 (2) 5/8 in. 18 5,143

I 8 by 8 19/32 in.

Sheathing

10d 6 in./12 in. (2) 5/8 in. 12 3,429

J 8 by 4

K 8 by 8 2 in./12 in. (4) 3/4 in. 20 9,230

L 8 by 4 (2) 3/4 in.

M 8 by 8 3/8 in. Struct I 8d 6 in./6 in. (2) 5/8 in. 8 2,286

N 8 by 4

O 8 by 8 2 in./6 in. (4) 5/8 in. 20 5,715

P 8 by 4 (2) 5/8 in.

a All end posts were built-up (2) 2x members except for Test Groups K and L where (3) 2x members were used to meet minimum wood thickness

recommendations for the hold down device.
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ing connection, and anchorage details were matched as

closely as could practically be accomplished to allowable

in-plane design capacity and minimum code requirements

for a given wall configuration in a high seismic application.

Care was taken in detailing so that framing, connections,

and anchorage were not over-designed.

Test Results

Table 2 summarizes the test results. The cyclic test data

was analyzed consistent with methods used to analyze the

reference database (Waltz et al. 2008). The positive and

negative backbone curves for each dataset were obtained as

described in ASTM E2126. The positive and negative curves

were then combined to produce an average backbone curve

that was used to determine the test results summarized in

Table 2. An example load displacement hysterisis curve is

shown in Figure 2. An example averaged backbone curve is

shown in Figure 3. Each line of Table 2 represents the aver-

age of two test replicates.

The reported drift capacity, component overstrength,

and ductility contained within Table 2 are defined as

follows:

• Drift Capacity: The “ultimate” displacement defined by

Section 3.2.12 of ASTM E2126. This parameter is ex-

pressed as a percentage of the wall height.

Table 2.—Shear wall test results – Averages of two replicates.

Test

group n

ASD EEEP yield Peak Ultimate

Drift

capacity

(%h)

Com-

ponent

over-

strength Ductility

Gravity

load

intact

Primary

failure

modea
Load

(lbf)

Disp.

(in.)

Load

(lbf)

Disp.

(in.)

Load

(lbf)

Disp.

(in.)

Load

(lbf)

Disp.

(in.)

A 1,780 0.107 3,897 0.241 4,427 1.670 3,542 2.683 2.8 2.5 25.0 Yes W

B 890 0.114 2,240 0.300 2,485 2.359 1,988 3.552 3.7 2.8 31.2 Yes W, P

C 4,530 0.202 11,237 0.537 12,779 2.379 10,223 3.117 3.2 2.8 17.0 Yes W

D 2,265 0.252 5,591 0.657 6,317 2.945 5,054 3.896 4.1 2.8 16.3 Yes W, P

E 1,920 0.088 5,364 0.242 6,012 1.655 4,809 2.660 2.8 3.1 30.4 Yes W, P, T

F 960 0.138 2,674 0.435 3,097 2.358 2,370 3.714 3.9 3.2 27.8 Yes W

G 4,680 0.180 14,049 0.661 16,202 2.361 12,962 2.653 2.8 3.5 15.1 Yes W, Ob

H 2 2,340 0.306 6,329 0.842 7,087 2.786 5,670 3.051 3.2 3.0 10.0 Yes W, P, Oc

I 2,720 0.142 5,916 0.316 6,714 2.018 5,371 2.970 3.1 2.5 21.2 Yes P

J 1,360 0.213 2,936 0.450 3,320 2.325 2,656 3.612 3.8 2.4 17.0 Yes W, P

K 6,960 0.257 14,890 0.533 16,909 2.301 13,528 3.317 3.5 2.4 12.9 Yes W, P

L 3,480 0.410 6,627 0.735 7,433 2.342 5,947 3.537 3.7 2.1 8.7 Yes W, Od

M 1,840 0.086 4,994 0.233 5,630 1.648 4,504 2.543 2.6 3.1 29.9 Yes P, T

N 920 0.106 2,469 0.309 2,803 1.642 2,243 2.787 2.9 3.0 26.1 Yes W, P

O 4,880 0.198 13,506 0.614 15,250 2.337 12,199 2.980 3.1 3.1 15.2 Yes W, P

P 2,440 0.248 6,350 0.690 7,027 2.379 5,622 3.388 3.5 2.9 13.8 Yes P
a Failure codes: W – sheathing nail withdrawal; P – sheathing nail head pull-through at panel; T – sheathing nail edge tearout of panel; and O –

other.
b One replicate failed when the screws used to stitch the center stud failed in fatigue.
c One out of two plies in one chord of one replicate failed in tension during the later stages of the test.
d One chord of one replicate failed in tension during the later stages of the test.

Figure 1.—Shear wall specimens.
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• Component Overstrength: The peak load capacity of the

wall divided by the allowable stress design load. This pa-

rameter is unitless.

• Ductility: The “ultimate” displacement divided by the

displacement at the allowable stress design load. This

parameter is unitless.

The primary failure modes observed in these wall tests

were nail withdrawal from the framing, the nail head pull-

ing through the thickness of the sheathing (commonly re-

ferred to as “nail head pull through”), and sheathing edge

tear-out. Observed failures often involved a combination of

modes that led to loss of shear capacity in the test speci-

mens. In some cases, splitting of framing or partial tension

rupture of the end post framing was observed as noted in

Table 2. For one specimen only, wall G1, the failure was at

least partially attributed to fatigue of the “stitch” screws

that laminated together the two-ply stud at the adjoining

panel edge. In 30 out of 32 tests, all of the stud framing

members were judged to be intact at the conclusion of the

test. In 2 out of 32 tests, one or two plies of one end post

within the wall experienced a tension failure. Overall, the

wall studs that carry gravity loads in this test program were

judged to be intact at the conclusion of these lateral load

tests.

Comparison to Reference Data

Summary statistics for the three quantitative equiva-

lency parameters for all of the walls in the current study are

shown in Table 3. (The assessment of the fourth parameter,

the ability to support gravity loads, is qualitative when

based upon a standard shear wall test without an applied

vertical load). Table 3 also includes a comparison to the

previous 48 wall database developed by the Task Group and

used to set equivalency parameters in the ICC-ES arena

(Waltz et al. 2008). This previous data is identified in the ta-

ble as “reference data.”

Overall, Table 3 suggests a high degree of overlap for

each of the three parameter distributions between the re-

ported and reference databases. On average, Table 3 shows

that average values from the current study result in slightly

different estimates of drift capacity (–8%), component

overstrength (–8%), and ductility (–2%) when compared

with the reference data. At the average minus 1 standard

deviation level, shown as “Avg – 1 STD,” used by the Task

group to select equivalency targets, Table 3 suggests differ-

ences that are similar in magnitude.

Where all three of the quantitative equivalency parame-

ters are relatively variable properties with high coefficients

of variation, it seems reasonable to question whether the

observed differences between the new and reference data-

Table 3.—Comparison of reported data and reference data.

Test

groups Statistica

Data from this experiment Reference data

Ratio of current data to

reference data

Drift

capacity

(%h)

Component

over-

strength Ductility

Drift

capacity

(%h)

Component

over-

strength Ductility

Drift

capacity

(%h)

Component

over-

strength Ductility

All

walls

n 32 48 32/48

Maximum 4.2 3.5 33.3 5.5 5.4 43.4 0.76 0.65 0.77

Minimum 2.5 2.1 7.9 2.3 2.3 6.4 1.06 0.92 1.23

Average 3.3 2.8 19.8 3.6 3.1 20.3 0.92 0.92 0.98

COV 0.151 0.130 0.402 0.213 0.261 0.449 0.71 0.50 0.90

Avg + 1 STD 3.8 3.2 27.8 4.3 3.9 29.4 0.88 0.82 0.95

Avg – 1 STD 2.8 2.5 11.9 2.8 2.3 11.2 1.00 1.08 1.06
a COV = coefficient of variation; Avg + 1 STD = average plus 1 standard deviation; Avg – 1 STD = average minus 1 standard deviation.

Figure 3.—Example averaged backbone curve (Specimen E1).

Figure 2.—Example hysterisis curve (Specimen E1).
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base are statistically significant. Since a single parametric

distribution could not be used to define all of the matched

distributions to be paired, a non-parametric Mann-Whitney

test was consistently used to check for statistical differences

between databases for each of the three parameters. With

resulting p-values in excess of 0.15 in all three cases, the sta-

tistical analysis did not suggest a meaningful difference be-

tween the matched new and reference populations. Over-

all, this suggests that the best estimate for all three of these

parameters can likely be achieved by combining databases.

Combined Data

Summary statistics from the combined data, represent-

ing 80 wood structural panel/stud shear walls tested using

the CUREE cyclic load protocol, are shown in Table 4. An

itemized listing of the 80 wall tests forming the combined

data is provided in Appendix Table A.1.

Table 4 also provides a comparison between the newly

combined database and the original “reference” database

used by the Task Group. The combined data results in drift

capacity, component overstrength, and ductility estimates

that are similar to the values defined by the reference data

used to develop performance targets for woodframe wood

structural panel shear walls in the ICC-ES product evalua-

tion process. At the average minus 1 standard deviation

level, used in the ICC-ES process to define minimum perfor-

mance targets for equivalency, the combined data results in

a maximum 3 percent change compared to the reference

data. In other words, combining the new 32 wall database

that encompassed a broad range of shear wall configura-

tions with the original 48 wall reference database resulted

in no significant change to the target performance levels de-

veloped by the Task Group.

Summary

Performance parameters for woodframe shear walls test-

ed using the CUREE Protocol have previously been defined.

While the original data included 48 wall tests, additional

test data were added to the existing data to better represent

the extremes in nail diameter, panel thickness, and nail

spacing addressed in the 2005 Wind and Seismic standard

and the 2006 IBC. The combined data consists of 80 walls

total and addresses a broader range of wood frame shear

wall configurations. While representing approximately 40

percent of all walls in the combined data, the new data had

only a minor effect on drift capacity, shear strength ratio,

and ductility. Average values of these parameters decreased

a maximum of 3 percent. Values of these parameters at the

average minus 1 standard deviation level, used for estab-

lishing minimum performance targets for seismic equiva-

lency in some evaluation criteria, changed by 3 percent

maximum.
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Table 4.—Comparison of combined data and reference data.

Test groups Statistica

Combined data (reported and reference) Ratio of combined data to reference data

Drift capacity

(% h)

Component

over-strength Ductility

Drift capacity

(% h)

Component

over-strength Ductility

All walls n 80 80/48

Maximum 5.5 5.4 43.4 1.00 1.00 1.00

Minimum 2.3 2.1 6.4 1.00 0.92 1.00

Average 3.4 3.0 20.1 0.97 0.97 0.99

COV 0.196 0.226 0.429 0.92 0.87 0.96

Avg + 1 STD 4.1 3.7 28.8 0.96 0.94 0.98

Avg – 1 STD 2.8 2.3 11.5 0.99 1.01 1.03
a COV = coefficient of variation; Avg + 1 STD = average plus 1 standard deviation; Avg – 1 STD = average minus 1 standard deviation.
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