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EVALUATION OF FORCE TRANSFER AROUND OPENINGS =
AN EXPERIMENTAL AND ANALYTICAL STUDY

Final Report
USDAJoint Venture Agreement 09-11111133-117

EXECUTIVE SUMMARY

This report contains research results on one of the major design methods concerningwood structural panel (WSP)
sheathed shear walls with openings - force transfer around openings (FTAO). This study was undertaken by a joint
effort between APA — The Engineered Wood Association and the USDA Forest Products Laboratory (FPL), Madison, W1
under a joint venture agreement funded by both organizations. The University of British Columbia, Vancouver, BC,
provided technical supports and consultation on the computer shear wall model simulation and analysis.

The design method for force transfer around openingshas been the subject of interest by some engineeringgroups in
the U.S,, such as the Structural Engineers Association of California (SEAOC). Excellent examples of FTAQ targeted
to practitioners have been developed by a number of sources. However, very little test data are available to confirm
design assumptions. Among various techniques that are generally accepted as a rational analysis in practice, drag
strut, cantilever beam and Diekmann technique were examined in this study and a wide range of predicted forces
was noted. This variation in predicted forces results in some structures being either over-built or less reliable than the
intended performance objective.

This research was performed in two parts. Part 1was an experimental study conducted at APA and Part 2 was a
model analysis performed by the UBC based on the experimental study plan from Part 1. This report is presented
based on these two approaches. This is the first of a seriesof studies that are designed to look into this design method
in hope for a better characterization and understanding of the method.

This research was supported in part by funds provided by the USDA Forest Products Laboratory, which is acknowl-
edged and greatly appreciated by the project team.
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PART 1:
FULL-SCALE SHEAR WALL TESTS FOR
FORCE TRANSFER AROUND OPENINGS

Tom Skaggs, Ph.D., PE.
Borjen Yeh, Ph.D., P.E.
APA - The Engineered Wood Association

ABSTRACT

Wood structural panel (WSP) sheathed shear walls and diaphragms are the primary lateral-load-resistingelementsin
wood-frame construction. The historical performance of light-frame structures in North America is very good due,
in part, to model building codes that are designed to safeguard life safety. These model building codes have spawned
continual improvement and refinement of engineeringsolutions. There is also an inherent redundancy of wood-frame
construction using WSP shear walls and diaphragms. As wood-frame construction is continuously evolving, design-
ers in many parts of North America are optimizing design solutions that require the understanding of force transfer
between lateral load-resisting elements.

The North American building codes provide three solutions to walls with openings. The first solution is to ignore the
contribution of the wall segments above and below openings and only consider the full-height segments in resisting
lateral forces, often referred to as segmented shear wall method. The second approach, which is to account for the
effects of openingsin the walls using an empirical reduction factor, is known as the “perforated shear wall method.”
The final method, which has a long history of practical use, is the “force transfer around openings method.” This
method is codified and accepted as simply following “rational analysis.” Much engineering consideration has been
given to this topic (SEAOSC Seismology Committee, 2007) and excellent examples targeted to practitioners have been
developed by a number of sources (SEAOC, 2002, Breyer et al. 2007, Diekmann, 1998). However, unlike the perfo-
rated shear wall method, very little test data has been collected to verify various rational analyses. Typically walls that
are designed for force transfer around openings attempt to reinforce the wall with openings such that the wall per-
forms as if there was no opening. Generally increased nailing in the vertical and the horizontal directions as well as
blocking and strapping are common methods being utilized for this reinforcement around openings. The authors are
aware of at least three techniques which are generally accepted as rational analysis. For this paper, drag strut, canti-
lever beam and Diekmann technique were used to predict force transfer around openings. These techniquesresult in
wide ranges of predicted forces. This variation in predicted forces results in some structures being either over-built or
less reliable than the intended performance objective.

A joint research project of APA — The Engineered Wood Association, the University of British Columbia (UBC), and the
USDA Forest Products Laboratory (FPL) was initiated in 2009 to evaluate the variations of walls with pier widths that
meet code prescribed limitations. This study examines the internal forces generated during these tests and evaluates
the effects of size of openings, location of openings, size of full-height piers, and different construction techniques by
using the segmented method, the perforated shear wall method, and the force transfer around openings method. Full-
scale wall tests as well as analytical modeling were performed. The research results obtained from this study will be
used to support design methodologiesin estimatingthe forces around the openings. This report provides test results
from 8 feet x 12 feet full-scale wall configurations, which will be used in conjunction with the analytical results from
a computer model developed by the UBC to develop rational design methodologies for consideration by the U.S.
design codes and standards.
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1.1 INTRODUCTION

The North American building codes provide three solutions to walls with openings. The first solution is to ignore the
contribution of the wall segments above and below openings and only consider the full-height segments in resist-
ing lateral forces, often referred to as segmented shear wall method. This method could be considered the traditional
shear wall method. The second approach, which is to account for the effects of openings in the walls using an empiri-
cal reduction factor, is known as the “perforated shear wall method.” This method has tabulated empirical reduction
factors and a number of limitationson the method. In addition, there are a number of special detailing requirements
that are not required by the other two methods. The final method is codified and accepted as simply following “ratio-
nal analysis.” Much engineering consideration has been given to this topic (SEAOSC Seismology Committee, 2007)
and excellent examples targeted to practitioners have been developed by a number of sources (SEAOC, 2002, Breyer
et al. 2007, Diekmann, 1998). However, unlike the perforated shear wall method, very little test data has been col-
lected to verify various rational analyses. Typically walls that are designed for force transfer around openings attempt
to reinforce the wall with openings such that the wall performs as if there was no opening. Generally increased
nailing in the vertical and the horizontal directions as well as blocking and strapping are common methods being
utilized for this reinforcement around openings. The authors are aware of at least three techniques which are gener-
ally accepted as rational analysis. The “drag strut” technique is a relatively simple rational analysis which treats the
segments above and below the openings as “drag struts” (Martin, 2005). This analogy assumes that the shear loads
in the full-height segments are collected and concentrated into the sheathed segments above and below the openings.
The second simple technique s referred to as “cantileverbeam.” This technique treats the forces above and below the
openings as moment couples, which are sensitive to the height of the sheathed area above and below the openings.
A graphical representation of these two techniquesis given in Figure 1. The mathematical development of these two
techniquesis presented by Martin (2005).

FIGURE 1

REPRESENTATIONOF THE DRAG STRUT TECHNIQUE (LEFT) AND THE CANTILEVER BEAM TECHNIQUE (RIGHT) FOR
ESTIMATING FORCES AROUND WALL OPENINGS (MARTIN. 2005)
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Finally, the more rigorous mathematical technique is typically credited to a California structural engineer, Edward
Diekmann, and well documented in the wood design textbook by Breyer et al. (2007). This technique assumes that
the wall behaves as a monolith and internal forces are resolved by creating a series of free body diagrams as illus-
trated in Figure 2. This is a common technique used by many west coast engineers in North America. Although the
technique can be tedious for realistic walls with multiple openings, many design offices have developed spreadsheets
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based on either the Diekmann method or SEAOC (2002). A known limitation of this technique is that when the
height above opening is less than 12 inches, the resolved shear forces become quite large, resulting in the apparent
overstressing of the wood structural panel wall sheathing.

Of the three common techniques, the predicted internal forces can vary significantly, based on wall geometry. In
extreme cases discussed below, the differences in the predicted internal forces may vary by 800%. The purpose of
this research is to provide experimental data for comparison and perhaps improvementto the rational analyses.

FIGURE 2

REPRESENTATION OF THE DIEKMANN TECHNIQUE (1998) AND DRAWINGS FROM BREYER ETAL. (2007).
Global free body diaphragm of wall with openings (left), beam behaviour of various sheathed areas (center), and
horizontal and vertical cuts for establishing internal shears (right)
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1.2 TEST PLAN

In an effort to collect internal forces around openings of loaded walls, a series of twelve wall configurations were
tested, as shown in Figure 3. The left hand side of Figure 3 illustratesa framing plan, which also includes anchor
bolt and holddown location and additional details. On the right hand side of Figure 3, sheathing and strapping plan
is illustrated. This test series is based on the North American code permitted walls nailed with 10d common nails
(0.148 inches by 3 inches) at a nail spacing of 2 inches. The sheathingused in all cases was nominal 15/32-inch ori-
ented strand board (OSB) APA STR | Rated Sheathing. All walls were 12 feet long and 8 feet tall. The lumber used for
all of these tests was kiln-dried Douglas-fir, purchased from the open market, and was tested after conditioned to
indoor laboratory environments (i.e. dry conditions). Each individual 2x4 stud was nailed to the respective end plates
with two 16d common (0.162 inch by 3-1/2 inch) end nails. The headers were built-up double 2x12s with a 1/2-inch
wood structural panel spacer between the two pieces of lumber. In general, built-up 2x members were face-nailed to
each other with 10d common nails face-nailed at 8 inches on center.

The walls were attached to the steel test jig with 5/8-inch diameter anchor bolts with 3x3x0.229-inch square plate
washers. In some cases, 5/8-inch Strainsert calibrated bolts were substituted for the anchor bolts such that uplift
forces at the anchor bolts could be directly measured. Figure 3 illustrates anchor bolt location and where the cali-
brated bolts were located. The overturning of the walls was resisted by Simpson Strong-Tie HDQ8 Hold-downs,
attached to the double 2x4 end studs with 20 - 1/4-x3-inch SDS screws. These hold-downswere attached to the steel
test jig with 7/8-inch diameter bolts. In some cases, 7/8-inch calibrated bolts were substituted for the hold-down bolts
such that hold-down forces could be directly measured.

Wall 1 is based on the narrowest segmented wall (height-to-width ratio of 3.5:1) permitted by the code with over-
turning restraint (hold-downs) on each end of the full-height segments. Simpson Strong-Tie HDQ8 hold-downs were
used to resist the overturning restraint for the twelve wall configurations. The height of the window opening for Wall
1is common to many walls tested in this plan, at 3 feet. Walls 2 and 3 are based on the perforated shear wall method,
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G = 0.93. Hold-downs are located on the ends of the wall with no special detailing other than the compression
blocking on Wall 3. Wall 4 is a force transfer around openings wall which has identical geometry to Walls 1, 2 and 3,
and is used to compare the various methods for designing walls with openings.

Wall 5 has the same width of piers as the first four walls. However, the opening height was increased to 5 feet. Wall
6 was common to Wall 4 with the exception that the typical 4 feet x 8 feet sheathingwas “wrappedaround the wall
opening in “C” shaped pieces. This framing technique is commonly used in North America. It can be more time effi-
cient to sheath over openings at first and then remove the sheathing in the openings area via a hand power saw or
router.

Wall 7 is a segmented wall with height-to-width ratio of the full-height segments to 2:1. Wall 8 is a match to Wall 7,
but designed as a force transfer around openings wall. The window height in Wall 9 is increased from 3 feet to 5 feet
tall. Walls 10and 11 contain very narrow wall segments for use in large openingssuch as garage fronts. The two walls
are designed with openings on either side of pier and only on wall boundary, respectively. Finally, Wall 12 contains a
wall with two asymmetric openings.

Most walls were tested with a cyclic loading protocol following ASTM E 2126, Method C, CUREE Basic Loading
Protocol. The reference deformation, A, was set as 2.4 inches. The term a was 0.5, resulting in maximum displace-
ments applied to the wall of +/- 4.8 inches. This displacement level was based on APA’s past experience with cyclic
testing of WSP shear walls. The displacement-based protocol was applied to the wall at 0.5 Hz with the exception of
Wall 8b, which was loaded at 0.05 Hz. Two walls (Wall 4¢ and 5c) were tested following a monotonic test in accor-
dance with ASTM E 564.

Several different top plate boundary conditions were used for this series of tests. Table 1lists which load head was used
for the various tests. The first load head used was deemed the “short”load head. The load head was fabricated from
two commercial hold-downs, and attached to the top of the wall with a number of 1/4-inch diameter self-drilling, self-
tapping lag screws. The intent was that the short load head would not provide additional stiffness to the double wood
top plate of the wall. The racking loads were transferred into the first full-height pier, and the load head did not extend
to the header. However, as wall forces became larger, the load head resulted in a large concentrated force at the end of
the load head. Figure F1 shows a double top plate net section fracture, as related to the short load head.

An intermediate load head was also utilized in some of the tests. The intermediate load head was a longer channel
that was built up by welding two angles, toe-to-toe, together. The load head was directly connected to the top of the
wall with a number of 1/4-inch diameter self-drilling, self-tapping lag screws. This load head provided very little
additional stiffness to the double top plate of the wall. However, the length of the load head did not extend the entire
length of the 12-foot-longwalls, thus providing different top plate boundary conditionsover the two full-height piers.
There was also some concern that the internal forces on one end of the wall were being transferred through the load
head, and not through the straps. Figure F2 shows this load head.

A special cyclic “long”load head was fabricated that extended the entire length of the wall. This load head “floated
over the wall, making no direct continuous contact to the top of the wall, thus assuring all force continuity on the
walls intended for studying force transfer around openings was achieved via the straps. The racking forces were
transferred directly into the double top plates by end-grain bearing, for both the “push”and the “pull”cycle. Large
diameter bolts were installed in slotted holes (slots parallel to length of wall) into the full-heightpiers. The purpose of
these bolts and slotted holes was to eliminate racking forces from being transferred through the bolts, while providing
restraints that forced the wall to remain planar. Figure F3 shows this load head.
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Finally, monotonic racking tests were conducted with the load being transferred directly into the top plate; thus no
load head was utilized. The wall remained planar via structural tubes and low friction rub blocks directly bearing on
face and back side of wall. Figure F4 shows this setup.

For walls detailed as force transfer around openings, two Simpson Strong-Tie HTT22 hold-downsin line (facing seat-
to-seat) were fastened through the sheathing and into the flat blocking (Wall 4 in Figure 3, Figure 5, and Figure F12
in Appendix F illustrate this detail). The hold-downs were intended to provide similar force transfer as the typically
detailed flat strapping around openings. The hold-downs were connected via a 5/8-inch diameter calibrated tension
bolt for measuring tension forces.
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FIGURE 3
FRAMING PLANS (RIGHT)AND SHEATHING PLANS (LEFT) FOR VARIOUS FORCE TRANSFER AROUND OPENINGS
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FIGURE 3 (Continued)

FRAMING PLANS (RIGHT)AND SHEATHING PLANS (LEFT) FOR VARIOUS FORCE TRANSFER AROUND OPENINGS
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FIGURE 3 (Continued)

ASSEMBLIES

FRAMING PLANS (RIGHT)AND SHEATHING PLANS (LEFT) FOR VARIOUS FORCE TRANSFER AROUND OPENINGS

Wall 7

Objective:
Est. baseline case for 2:1
segmented wall.

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"'x0.229" P.W.

Wall 8

Objective:
Compare FTAO to wall 7.

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"x0.229" P.W.

Wall 9

Objective:

Compare FTAO fo walls 7 and
8. Collect FTAO data for wall
with larger opening.

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"x0.229" P.W.

10" w3

-0
-« §-0" —»‘

= 5

i
T F

B

1-0" 20"

AB's are placed 1-ft in from ends then
along length

Lo—._o:_.r.—.u.m-u s ot bt s 2t

i Jin \ Strainsert bol
A gr 1 nsert bolts
3lp zo e et

(2) 7/8" dia.

-8-0"

|
1

AB's are placed 1-ft in from ends the

W
g o)

g 2non

along length

L

3" 210" 1%0" Strainsert bolts
het evenly dstributed  (3) 5/8" dia.
(1) 7/8" dia.

AB's are placed 1-ft in from ends then somewhat evenly distributed
along length

o s b o —— o .-l.l\
l ! ' \ T’ Strainsert bolts
190" 2-0"  3-0" 20" 140 (3) 58" dia.
(1) 7/8" dia.

A total of (3) 5/8" dia. (A.B.) and
(2) 7/8" dia. Strainsert bolts (HD)
will be used to instrument forces
for this test.

A total of (7) 5/8" dia. (A.B., and
straps) and (1) 7/8" dia. Strainsert
bolts (HD) will be used to
instrument forces for this test.

A total of (7) 5/8" dia. (A.B., and
straps) and (1) 7/8" dia. Strainsert
bolts (HD) will be used to
instrument forces for this test.
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FIGURE 3 (Continued)

FRAMING PLANS (RIGHT)AND SHEATHING PLANS (LEFT) FOR VARIOUS FORCE TRANSFER AROUND OPENINGS
ASSEMBLIES

Wall 10

- 120" >
> 2O - —- 2" -

Objective:

FTOA for 3. 5:1 Aspect ratio
pier wall. No sheathing
below opening. Two hold
downs on pier (fixed case).

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"x0.229" P. W.

A total of {4) 5/8" dia. (A.B_,and straps) and
i
8" & (szi;'aﬂrals;e‘;tl:.ons (2) 7/8" dia. Strainsert bolts (HD) will be

I

[ 1

e ——a
A total of (4) 5/8" dia. (A.B.,and straps) and

(szt;a;am::m (1) 7/8" dia. Strainsert bolt (HD) will be

(1) 7/8" cla: used to instrument forces for this test.

Wall 11
I 120" -

Objective:

FTOA for 3.5:1 Aspect ratio
pier wall. No sheathing
below opening. One hold
down on pier (pinned case).

80"

7-o"

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"x0.229" P.W.

A

s

——

r—

i
v

40" — —p 20"

Objective: — 16" - 20" -  |e2-5"
FTOA for asymmetric
multiple pier wall. T I

HDQ 8 Hold Downs

5/8" Dia. AB.
3"x3"x0.229" P.W. T T T

24" 40"
- 8-0"

o 4 A Strainsertbolts A total of (12) 5/8" dia. and (2) 7/8" dia.
AB's are placed 1- in from ends then evenly distributed alang length (4) 5/8" dia. Strainsert bolts could be used to instrument
(2) 7/8" dia. forces for this test.
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13 RESULTS

Global Response

Cyclic hysteretic plots and various cyclic parameters of the individual walls are provided in Appendix A of this report.
Monotonic plots are provided in Appendix B, hold-down force plots are provided in Appendix C, and finally anchor
bolt forces plots are provided in Appendix D of this report. Figure 4 are hysteric plots of the applied load versus the
displacement of the walls. The response curves are representative for all walls tested. One can observe the relatively
increased stiffness of perforated shear walls (Wall 2) versus the segmented walls (Wall 1). However, the relatively brit-
tle nature of the perforated walls should be noted as the perforated shear walls resulted in sheathing tearing. As one
might expect, the walls detailed for force transfer around openings (Wall 4d and 5d) demonstrated increased stiffness
as well as strength over the segmented walls. In addition, the response of the walls was related to opening sizes with
the larger openings resultingin both lower stiffnessand lower strength.

FIGURE 4

HYSTERETIC BEHAVIOUR OF VARIOUS WALLS, TYPICAL OF THE CYCLIC TESTS
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Table 1 represents the maximum loads resisted by the various walls and calculated load factors. The expected wall
capacity is based on the code listed allowable unit shear multiplied by the effective length of the wall, as determined
by the sum of the lengths of the full-height piers. For the perforated shear walls, a further factor of C, was included.
Table 1also provides measured hold-down forces as observed when the wall was subjected to ASD unit shear, which
resisted overturning of the segments.

TABLE 1
GLOBAL RESPONSE OF TESTED WALLS
Effective Average Outboard Inboard
ASD Unit Wall Wall Applied Load Hold-down | Hold-down
Wall Shear®, V Length® Capacity® to Wall ASD Load Force Force Load
ID (plf) (ft) (Ibf) (Ibf) Factor® (Ibf) (Ibf) Head
Wall 1a 45 3,915 5,421 1.4 7,881 5,313 Short
Wall 1b 45 3,915 5,837 1.5 6,637 6,216 Short
Wall 2a 45 3631 7,296 1.9 2,216 Short
Wall 2b 45 3631 6,925 18 3,248 Long
Wall 3a 45 3631 10,370 2.6 2,602 Short
Wall 3b 45 3631 8,955 2.3 4,090 Long
Wall 4a 45 3,915 14,932 3.8 1,140 Short
Wall 4b 45 3,915 17,237 4.4 3,674 Intermediate
Wall 4c® 45 3,915 17,373 4.4 1,336 None
Wall 4d 4.5 3,915 15,328 3.9 1,598 Intermediate
Wall 5b 45 3,915 13,486 3.4 5,216 Intermediate
Wall 5¢® 45 3,915 11,887 3.0 4,795 None
Wall 5d 45 3,915 11,682 3.0 4,413 Long
Wall 6a 870 45 3915 11,948 3.1 1,573 Long
Wall 6b 45 3,915 13,582 35 1,285 Long
Wall 7a a 6,960 12,536 1.8 6,024 3,677 Short
Wall 7b a 6,960 10,893 1.6 6,577 3,844 Long
Wall 8a a 6,960 15,389 2.2 4,805 Long
Wall 8b ® a 6,960 15,520 2.2 5,548 Long
Wall 9a d 6,960 15,252 2.2 4,679 Long
Wall 9b d 6,960 16,647 2.4 5,212 Long
Wall 10a 4 3,480 7,473 2.1 5,311 5,690 Long
Wall 10b 4 3,480 6,976 2.0 4,252 3,731 Long
Wall 11a 4 3,480 6,480 1.9 6,449 Long
Wall 11b 4 3,480 5,669 1.6 5,843 Long
Wall 12a 6 5,220 16,034 3.1 2,856 Long
Wall 12b 6 5,220 15,009 2.9 3,458 Long

(1) Typical tabulated values are based on allowable stress design (ASD) unitshear.
(2) Based on sum of the lengths of the full-height segments of the wall.

(3) The shear capacity of the wall, V, is the sum of the full-height segments times the unit shear capacity. For ""perforated shear walls" (Walls 2 & 3), this
capacity was multiplied by C, = 0.93. No reduction was taken based on aspect ratio of the walls.

(4) Wall capacity divided by the average load applied to the wall.
(5) Monotonictest.
(6) Loading time increased by 10x.

In general, the segmented walls (Wall 1 and Wall 7) resulted in the lowest load factors of the walls tested. The perfo-
rated shear wall (Wall 2) also performed at a lower level than the walls specifically detailed with force transfer around
openings. Surprisingly, the compression blocking with no straps (Wall 3a) resulted in a significantly improved per-
formance over Wall 2. Another general observation is that the larger the wall opening, the lower the load factors. The
wall global behaviour seemed to be insensitive to the different loading rate (Walls 8a and 8b). In addition, the walls

[16]
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with typical window openings that are sheathed both above and below openings, and the walls with the narrow-
est piers (height-to-width ratios of 3.5:1) based on the minimum pier width permitted in the North American codes
(Walls 3, 4, 5 and 6) resulted in higher load factors than walls with full-width piers at a height-to-width ratio of 2:1
(Walls7,8and9).

A variety of failure modes were observed, as shown in Appendix F. In general, lumber failure was not a significant
limit state with the exception of the wall shown in Figure F1. The more typical failure modes were related to wood
panel tearing around the openings, as illustrated in Figures F5 through F8, and F12. The traditional shear walls
(Walls 1and 7) showed more classic failure modes. Figure F9 illustrates a typical failure mode of nail head pulling
out of the side of the panel. Nail head pullout was also a common failure mode, as illustratedin Figure F10.

Table 1also lists the average outboard hold-down response of the walls, when the walls were subjected to the ASD
design load. The data is not conclusive on the effect of the load head length on the overturning hold-down forces.
The repeatability of the hold-down forces was not as good as the overall global response of the walls. Wall 4b had
relatively high hold-down forces, but did not match well with the other hold-down forces observations on Wall 4.
Given the lack of conclusive data, only observations can be provided. Based on comparisons of Walls 5¢ and 5d, the
difference between no load head and the long load head appears to be relatively minor. In general, the long load head
appears to lead to relatively higher hold-down forces as compared to the short load head (Wall 2a vs 2b and Wall 7a
vs 7b). As a recommendation for future tests on force transfer around openings, the load head should not be in direct
contact with the top of the wall so that the top plate is not stiffened by the load head, and more importantly, avoiding
a parallel force transfer load path via the load head. Cyclic hysteretic plots and various cyclic parameters of the indi-
vidual walls are provided in Appendix A of this report. The backbone curves and the equivalent energy elastic-plastic
curves were analyzed by an Excel spreadsheet, which follows the procedures outlined in ASTM E2126. Monotonic
plots are provided in Appendix B,

Hold-down, Anchor Bolt and Strap Force Responses

The hold-down force plots are provided in Appendix C of this report. The internal forces around openingswere mea-
sured with calibrated tension bolts, as discussed in the test plan above (also see Figures F12 and F13). The anchor
bolt uplift force plots are provided in Appendix D. Finally, the strap forces plots are presented in Appendix E. Figure
5 illustratesthe notation of the force gages as well as a typical response curve of wall load versus internal force around
opening. The response curves show hysteretic behaviour, which is likely due to cumulative damage of the wall as
well as the orientation of the bolt recording tension forces as may be influenced by the differential displacement of
the hold-down seats in the vertical direction. Deflection measurements may potentially be used to correct the load
to “pure horizontal tension.” However, in the range of the wall ASD values, the internal load response was relatively
linear elastic.
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Table 2 provides a summary of the predicted forces based on the various techniques. Table 3 provides a comparison
of the measured internal forces at the wall at the allowable value to the predicted strap forces. The measured internal
forceswere taken at the cycle in which the walls were loaded to the allowable design value.

FIGURE 5
NOTATION OF INTERNAL FORCE GAGES (TOP FIGURE), AND TYPICAL RESPONSE CURVE (BOTTOM FIGURE)

Wall 5d

12,000
= —Top East
= —Top West
5 10,000 ——Bottom West
'E %000 ——Bottom East
8 '’
B
6,000 |
3
<
; 4,000
1
a 2,000
2
“n
o}
-2,000
-15,000 -10,000 -5,000 0 5,000 10,000 15,000

Applied Top of Wall Load (Ibf)

TABLE 2
PREDICTED STRAP FORCES AT THE ASD DESIGN CAPACITY OF THE WALLS
Predicted Strap Forces at ASD Capacity (Ibf)
Diekmann
Drag Strut Technique Cantilever Beam Technique Technique

Wall ID Top Bottom Top Bottom Top/Bottom
Wall 4 1,223 1,223 4,474 2,724 1,958
Wall 5 1,223 1,223 6,151 4,627 3,263
Wall 6 1,223 1,223 4,474 2,724 1,958
wall 8 1,160 1,160 7,953 4,842 1,856
Wall 9 1,160 1,160 7,953 6,328 3,093
Wall 10 1,160 n.a.® 7,830 n.a.® n.a.w
Wallll 1,160 na.® 7,830 na.® na.®
Wall 12 653 1,088 4,784 4,040 1,491

(1) Notapplicable.
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TABLE 3

INTERNAL FORCES OF TESTED WALLS AT THE ASD DESIGN CAPACITY AS COMPARED TO VARIOUS PREDICTED STRAP
FORCES

Errori?} for Predicted Strap Forces at the ASD Design Value

Measured Strap Diekmann

Forces (Ibf) Drag Strut Technique Cantilever Beam Technique | Technique

Wall ID Top Bottom Top Bottom Top Bottom Top/Bottom
Wall 40 687 1,485 178% 82% 652% 183% 132%
Wall 4b 560 1,477 219% 83% 800% 184% 133%
Wall 4¢3 668 1,316 183% 93% 670% 207% 149%
Wall 4d 1,006 1,665 122% 73% 445% 164% 118%
Wall 5b 1,883 1,809 65% 68% 327% 256% 173%
Wall 5¢3 1,611 1,744 76% 70% 382% 265% 187%
Wall 5d 1,633 2,307 75% 53% 377% 201% 141%
Wall 6a 421 477 291% 256% 1,063% 571% 410%
Wall 6b 609 614 201% 199% 735% 444% 319%
Wall 8a 985 1,347 118% 86% 808% 359% 138%
Wall 8b# 1,493 1,079 78% 108% 533% 449% 124%
Wall 9a 1,675 1,653 69% 70% 475% 383% 185%
Wall 9b 1,671 1,594 69% 73% 476% 397% 185%
Wall 10a 1,580 n.a.® 73% n.a.® 496% n.a.® n.a.®
Wall 10b 2,002 n.a.l® 58% n.a.® 391% n.a.® n.a.®
Wall 11a 2,466 n.a.® 47% n.a.b 318% n.a.B n.a.®
Wall 11b 3,062 n.a.® 38% n.a® 256% n.a.B n.a.®
Wall 120 807 1,163 81% 94% 593% 348% 128%
Wall 12b 1,083 1,002 60% 109% 442% 403% 138%

(1) Reported strap forces were based on the mean of the "“East" and "West" recorded forces at the capacity of the walls as tabulated in Table 1.

(2) Error based on ratio of predicted forces to mean measured strap forces. For Diekmann method, the larger of the top and bottom strap forceswas used
for calculation. Highlighted errors represent non-conservative predictions and significant ultra-conservative prediction (arbitrarily assigned as 300%).

(3)Monotonic test.
(4) Loading time increased by 10x.
(5) Not applicable.

As shown in Table 3, the measured strap forces were based on the mean east and west strap forces for the top and
bottom of the opening. As demonstrated in Figure 5, the strap forces were symmetric about the y-axis, thus averaging
strap forceswas justifiable.

Model Comparisonsto Experimental Strap Forces

Table 2 provides the predicted strap forces at the wall ASD value for the three techniques discussed above. The calcu-
lation of these forces is beyond the scope of this paper. However, Martin (2005) covers the drag strut and cantilever
beam calculations, and Breyer (2007) covers the Diekmann calculations.

The Diekmann technique assumes symmetric forces at the top and bottom of the window opening to wall interface;
hence the maximum of the two measured strap forces was used for the error calculation in Table 3. Also included in
Table 2 is the error, in percent, of the calculated strap forces. There is shading for predictions that fall below 100%of
the observed strap forces, which would be considered non-conservative. The errors are also shaded when the predic-
tions exceed the measured forces by three times (300%), which are considered excessively conservative.

Several items may be observed from the test results reported in Table 2. The measured strap forces for Wall 6 were
smaller than that for the matching wall, Wall 4. This is due to the fact that the forces were transferred through the
wrap-around OSB sheathing in Wall 6, thus less demand was placed on the straps. Also, as one would expect, as the
openingsin the walls increased, the strap forces increased. In addition, as the width of the full-height pier decreased,
the relative magnitude of the strap forces increased. The largest strap forces, relative to the applied load, were

[
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observed for the large garage-type openings, Walls 10and 11. Other observations are that the strap forces are reason-
ably repeatable and that the strap forces are relatively insensitive to loading rate (Walls 8a and 8b) and cyclic versus
monotonic loading (Walls4c and 5c).

Several observations can also be made about the three methods for predicting strap forces. First, the drag strut tech-
nique, arguably the simplest method for estimating strap forces, resulted in predicted strap forces that were less than
the observed strap forces for nearly every wall. The cantilever beam technique was, by far, the most conservative
method. For every wall tested, the cantilever beam technique over-predicted at least one of the strap forces by more
than 300 percent. It should also be noted that although the cantilever beam technique decouples the strap forces at
the top and the bottom of the window, it always predicted the strap forces at the top of the wall as higher than the
bottom of the wall, which is based on the underlying assumption of the moment couples, since the height of the
sheathed area above the wall was consistently less than the height of the sheathing below the opening for the walls
tested.

Finally the Diekmann technique provided reasonable predicted results (within 190 percent) for all walls with the
exception of Wall 6. As discussed above, Wall 6 was an atypical wall since the sheathing wrapped around the open-
ing, thus the forces were transferred through the sheathingas opposed to the strap forces. It is important to note that
even though the Diekmann technique provides reasonable prediction, it is still quite crude and extremely conserva-
tive in some cases. Improved force transfer around openings design procedures could result in more efficient sizing of
straps, blocking, and nailing to transfer forces around openings.

14 SUMMARY AND CONCLUSION

Twelve different wall configurations were tested to study the effects of openings on both the global and local
responses of walls. The replications showed good agreement between each other, even when test duration was
extended to ten times greater the original duration. In terms of the global response, the segmented wall approach
resulted in walls with the lowest load factors (based on observed global load divided by allowable capacity of the
walls), followed by walls built as perforated shear walls (i.e., no special detailing for forces around openings), and
finally the walls specifically detailed for force transfer around openings. In general, as opening sizes were increased,
the wall strength and stiffness values were negatively impacted. An unexpected observation was that for walls with
typical window openings, the walls with the narrowest piers based on the minimum pier width permitted in the
North American codes resulted in higher load factors than walls with full-width piers (height-to-width ratio of 2:1).

Of the twelve wall configurations tested, internal forces were collected on eight of the configurations. For the walls
tested, the measured forces at the bottom of the windows were greater than the measured forces at the top of the win-
dow. Also, as expected, as the window opening was increased and as the pier width was decreased, the strap forces
was increased relative to the global applied force to the wall. Of these eight configurations, it could be concluded that
the drag strut technique consistently underestimated the strap forces, and the cantilever beam technique consistently
overestimated the strap forces. The Diekmann technique, the most computationally intensive technique, seemed to
provide reasonable strap force predictions for the walls with window type openings.
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APPENDIX A T CYCLIC TESTS, GLOBAL WALL DATA
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[Specimen 1a For fotal lengih  [Specimen la Per umif length  [Specimen 1a For foial length
CUREE cvclic rest I__ CUREE cyclic test CUREE cvelic rest
fve wall length 96in | 24m |Effective wall length O6in. | 244m |Effective wall length W | 244m
ate: Time: Date: Time: cycle | ave diplacement avg. load [ workpercwcle [ < Iative work | line
[ EEEP Parameters | umifs nifial | EEEP Paramefers units inifial il | = | mm Tips | KN | Kipht | Khm | Riph | Ehm | I
Paak foad ¥ s 5431 TS Kipft. 0673 0 0 ] 0 [i 0 [ [ 13
% Froa EN un | e m 0388 1 0.082 2320 0415 1846 0.003 0.005 0.003 0.005 B
i foud, i 3400 | poe N i 3.400 7 0142 3608 0578 2570 0.004 2:008 0.025 0.035 693
DB ok oM g T 8650 M PR Apek [ o 8650 14 0103 4910 0708 3140 0008 0013 0058 007 1306
Vil ioad Kips. e L T Eipfi. 0.630 1 0403 1035 123 5440 0.032 0.043 0.1 0168 2007
el foad, P KN | nang | Dedmitbodve, [ENm | ol 2 0614 15600 1701 7565 0062 0085 0233 0315 2407
: s n 1935 . w 1935 29 0525 20060 2153 9575 0.003 2133 0415 0564 2897
Drift at yield Ioad, Aies [= S0 4p1g |Dnftacyieldioad i P 4916 3 1452 36887 384 15676 0309 ga1s oSl 1.100 3197
Proportional limit, Eps. 2168 Proportional limiz, | Kapiy, | 0.271 35 2060 51319 4514 20076 0,555 0753 1583 21147 3497
04F KN 0,644 047, EN'm 3055 38 2012 73056 3200 23532 1.196 1621 3168 4203 3707
Drift at prop. Lmit, m 0832 Diift at prop. Limit, i 0832 41 3674 100951 5333 23720 1.527 2407 5428 7330 4008
G0 AF e um 2114 A0 4Vpt mm 2114 44 0303 7680 0247 1099 0.007 0.010 6.497 8 808 4400
Ba Kips. 4336 | Unitloadatfailw=or [ Kipht 0542
sl O e VRN | isoms 08,y KNm | 7910
. n 3254 . m 3254
Drift a1 fadhure, Ay, wa 3385 Drift at failurs, Ajgpey oy 365
Elastic stiffness, K, | Kipfin 2605 Shearmodulus, ¢ [THKipam. | 2.605
GOAF e ENmm | 0456 @0 AF i ENmm | 0455
Work il foiture. [KBN| 6497 | Workuonl faiwre per [TV 0512
ENm 2503 it lecath ENmm | 3.612
Loadi 32in s 1018 Unitload @ 32m m 0.127 cycle | Negatmestroke |  Positwestroke |  Nesativestroke |  Positvestroke | Area, Kip-in. | Unitload, KN/im
{8.13 nm) EN 4528 (8.13 nm) EN'm 1857 mifal | wm | Fops | w | faps | mm | BN | [ R | nesaave | postve | Dezamwe | posinve
Load @ 48 iz Kips 1389 Unitload @ 48 | Kipe® | 0175 0 0 ] 0 0 0 0 [ ] 0 0
(12,18 mm) EN 6223 (£2.19 mm) ENm 1352 1 4091 0415 0082 0418 2314 1840 1852 0.019 0.019 0755 0.760
Load @ 96 iz Kips. 2449 Unitload @ 96 | Kipslle | 0305 7 Q140 039 0144 067 3551 2351 2788 0.023 0.027 0964 1143
{24.38 mm) KN 10.805 (24 383 mm) EN'm 4468 ¥l 0185 0626 0201 070 708 -2.785 3513 0.025 0.040 21141 1441
Load 1 61z Eips: 3768 Unitload @ 160 [FEigel| 0471 n 0397 -LI08 0400 1338 -10.086 4930 5940 0.1 2021 2440
(40.64 mum) EN 16.762 (40 64 tam) ENm 6.874 25 4604 1631 0624 LT -15349 1355 7875 0.335 2875 3200
Dustility factor 158 [T 0.143 9 0813 2131 0837 20653 D484 0.667 0420 3830 3064
3 1436 3387 1460 36467 -15957 15394 1780 554 313
imitial 35 2039 5696 2081 SL788  -20389 19.264 2334 8567 7.900
| EEEP Parameters umifs | mezanve  positive s an 5366 1051 0427 23867 23.196 44620 2738 2513
F s 534 4870 41 3004 5100 4045 90157 23086 100746 24354 5316 D458 29038
o EN 23193 21652 4 2274 0013 0332 £.040 0.065 3423 1133 11056 0,027 0.875
5 Kpsi| 0652 0.600
Vit Bm | 9512 8884
i 1901 1878
B mn | 5057 477
n 3004
o mm o0 16
te umits negative  positive  average
4 - T Eps | S366 34755 541
@ e EN -23.868 24353 24112
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ISF‘m 1b For total length Specimen 1b Per nmit length Specimen 1t For total lensth
CUREE cvlic test CUREE cvclic test CUREE cvclic test
Effective wall length O6in. | 244m  [Effective wall length 96in. | 2144m [Effective wall length Ofin 244m
Date: Time: [Date: Time: cycle | ave displacement ave. load | workpercydle | cumulafivework | cychicstiffness [ dampinz fine
| ELEP Parameters | unit | EEEP Parameters | uoits mitial mifal | = | mm Kps | KN | Kipgf | ENm | Kpit Kvm | Epm | ENmm | rate b
-y Kips = 7 ‘Rip@. | 0730 ] [ 0 0 0 0 [ [ 13
Peskload Py EN Peak it load. ¥pow  [Monim | 10648 1 0.102 1595 0361 1604 0.002 0.003 0.002 0.003 3534 0618 0114 103
Dt io i 5 - m | 4068 T 0137 3080 0487 2213 0.004 0.006 0014 0.022 3178 0557 0.100 705
D Al S [ AR AP, S [ | 10333 14 0210 5333 0620 2760 0007 000 0039 0052 2954  0S17 0107 1405
- Kips. A . [TEpEa| o687 21 0420 10805 1040 4625 0.003 0038 0.021 0134 2425 0425 0.120 2105
FHMLIoNL 2 KN fieiduntload Ve [Tevm | 1008 25 0645 16389 1442 §424 0057 G078 0192 0260 2239 0302 0118 2505
s n . m 2.436 20 0859 21821 1900 8403 0,003 0126 0374 0.508 213 0380 0,109 2008
Drif 2t yied ted, Ages ™ aim Detfturyieiood. dps S | G182 | @ 1508 38307 3499 15563 0285 0385 0755 104 2319 0406 0103 3205
Proporconal Limit, Kips Proportional limit, Kpt || 0202 35 2138 54314 4479 10825 0301 0.801 1.601 2170 2.005 0367 0118 3505
04F KN 0.4%,. KENm 4259 38 3179 5498 24455 1.263 1.713 3317 4407 1.729 0303 0.138 3805
Drift at prop. Limir, in Drift 2t prop. limit, in 1.038 41 4063 28 5837 25.065 1.7 2402 3034 3.045 1435 0251 0.142 4106
AG0.5F mm ABO AV me 2635 4 0311 7804 0208 1327 0.011 0.014 7106 2634 0.870 0170 0.220 4424
i = Kips Unst load 2t faibwre or [ “Ripiy | 0.584
i e 08v, ENm | 8519
i ; S 3175
Drift at fadhare, Apne o nft at faihre, A g 8310
Elastic siffness, K, | Kiphe Shearmodulus, G [DEapamy| 2251
@04 e ENmm (@0AF KN/mm 0.304
- : Kip-ft. Woek uunl failure per [TRopfi | 0.883
Woek mid fakae: | P Y ENmm | 3051
Load@ 32m Kips Unitload @ 32m Kps 0.10+ cycle | Negativestroke | Posifvestroke |  Nezafivestroke |  Posifivestroke |  Area Kipm. | TUmitlead. KN'm
(8.13 ) EN (8.13 nmm) ENm 1516 | jmitml | = | Feps | @ | Kips | mm | KN | mm | KN | negave | posove | megamwve | posigwe |
Load @ 48 in Kips. Unitload @ 48m | Kipsie | 0.142 0 0 ] 0 ] 0 ] 0 0 0 0 0
(12,18 mm) N {12.10 mm) ENm 2.071 1 0102 0451 0302 0230 2586 2184 2,603 1023 0.025 0.012 089 0420
Load @ 96 in Kips. Unitload@ 26m | Kipsft || 0269 T 0156 0662 0157 0333 3067  -2845 3993 1481 0.031 0.015 -1208 0.507
(24,38 am) KN (24 38 mm) ENm 3831 14 0210 07 0210 0451 538 513 53% 2,007 0.039 0.021 1441 0823
Load@ 16in Kips Unitload @ 1.6in  [FEipshit | 0455 n 0428 <1207 0430 0873 -10859 5367 10932 3.882 0.7 0146 2201 1502
(40.64 ma) EN (4064 mum) ENm 6.643 1 0643 <1607 0647 1281 -16345 050 16434 5.607 0.304 0233 2932 21336
Ductiliny factor. oy @Vpeu 0.142 2 0857 -1978 0861 L1841 21773 §798 21869 8.187 0.383 0334 -3.608 3358
3 <1505 -3079 L5110 3918 38235 -13696 38370 17429 1.639 1572 5617 7.148
mitial 3 213 4027 2141 4932 5437 -17912 5438 21937 2238 2790 7346 8.996
| EEEP Parameters units 2ati posifive 38 3177 5274 3182 5721 80688 23457 80828 25453 4343 5544 2620 10,438
E ips. 4861 5132 a1 4071 -5767 4064 5008 -103431 25650 103226 26277 4043 5128 -10520 1077
e KN 30 B v 4 0313 0045 0307 0550 014 -0.206 7795 247 -10819  -12131 00 1004
. Kipsit || -0.c0g 0.766
" ENm 8867 11185
in 221 2658
St mm 5624 67.52
in 407 4064
o mm 10343 10313
3 unifs Za i positive  average
Xaps 5767 508 3837
KN 26278 25966
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|Specimen a For fotal lenzth  [Specimen la Per umit length | Specimen a For total lenzth
CUREE cvdlic test P CUREE cyvclic test CUREE cvclic test
flective wall length i [ 244m [Effective wall length 96in_ 244m  |Effective wall length D6m. 2.44m
ate: Time: Date: Time: cycle | ave. displacement avg. lead workpercycle | cumulagvework | cyclcstiffuess | damping Hne
[ EEEP Parametert unifs iitial _| EEEP Paramefers units Tnigal mital | m | mm Wips | EN Kpft | ENm | Epn | FNm | Epm | ENmm | rate b
| : 7106 z s i I 0.012 0 0 0 ¢ ] 0 1] o 13
Rkt S ?? 32450 Sl et Joad Yy g: 13308 1 0.0e7 1451 1.168 5.196 0,004 0.008 000 0008 12537 2195 0.087 0
. i 1.280 i ol 1.280 7 0,140 3797 1355 6017 0.012 0.016 0.044 0050 10445 1820 0.005 703
Duftatpeskload, A *Nam | 3257 | DOREROY A FNn | 382 1 0168 503 1919 853 0019 002 0101 0137 9M8 1700 0085 1402
i - KEip 6212 o a - - Eph {1 Bejr) 1 0403 10.237 3237 14,398 0.07= £.100 0.138 6333 7008 1401 0108 2101
Tt Tre ng’ rien | VMATREIN. B N | 11336 P 0612 15551 4427 19692 0141 Q191 0485 0657 783 1260 0083 2501
s in 0.77 , = 0.770 9 20780 5386 230858 0217 0204 0.004 1226 6355 114 0.003 2000
Driftat yield oad, Aga S50 | 1955 | DrRaryeldload A P 1935 2 3252 706 32450 0682 0925 1796 2435 5752 1007 0140 3200
Proportional Lomit, Kips 2018 Proportional bimit, [T BapiL | 0365 35 39595 6647  20.564 1419 3315 4495 4305 0.754 0193 3501
ﬂ."?,.... EN 12980 0.41',.‘ EN'm 5313 38 §7.511 5.865 26,085 2074 5351 T 400 23215 (388 0.187 3801
Drift at prop. kimit, ﬁ, 0362 Drift at prop. bimit, Com 0362 41 24738 4.76a 21.191 2370 210 11.212 1287 0225 0180 4101
AGO AF g mm Q18 LTI | mm 419 44 34204 4722 21.002 0024 10 468 28.021 1420 0228 0.083 4510
Kips 5336 | Untleadmiritweor [T EapEL | 0730 47 61883 4525 20127 1184 11620 15754 1383 0326 0.152 7545
Faflniond D'SF"—' KK?; 25060 O.E\'}_. ENm 18,646 50 81.080 3282 14507 1.108 15975 21.658 1019 0178 0.143 8146
: 2455 < R 2455
Drift at failure. Ay ;:- ga3g | DAftetfmilve s :m it
Elastic siffness, K, [ Kipim || 5110 Shesr modulus, G Epmm | 8110
G0AF g ENmm | 1420 (G0 AF e ENom | 1420
ot Kopft. 1115 Work unnl failure per m 041=
Work vatl failure rml.'m 4495 upitlerzth | ENmm | 1843
Load@ 32ic. | Kips 2676 Unitload @ 32m | Kips 0335 cycle | Negativestroke | Posifive stroke Negzativestroke | Posifivestroke |  Area Kip-n. [ Usitlead KNim
(8.13 mm) KN 11.904 {8.13 mm) ENm 4582 mmitml | = | Fops | i | Xaps mm | KN | mm | KN | megedve | posuve | megeive | posive |
Load @ 48in Kips 31.638 Unitload @ 43m | Kipst 0.455 0 0 [ [} 0 [} 0 0 [} i [}
{1219 mm) KN 16.184 (12,19 mm) ENm | 6637 1 2120 0073 1046 3045 5740 1357 4652 007 0038 2354 1908
Load @ 96iz. Eips 5064 | Unitlomd@ 96 | Kipst || 0745 7 0170 0120 1387 4318 -7.665 3377 6.170 0075 o068 314 2530
(24.38 mm) KX 20526 (2438 mm) EN'm 10879 14 0224 0.173 LT3 -5.679 -0.451 4389 7619 0103 0068 -3.876 3.125
Load 1 6. Kips 6643 | Unitloedl6m |FEipsill| 0830 21 0427 365 0379 280 -10846 16247 0629 12540 0.588 0468  -6.663 5.146
(40.64 mm) EN 19 548 (4064 mm) RNm 12.1i8 15 - 638 -5.161 0.387 3603 -16.200 -12.936 14902 16428 0629 0676 -0 4i4 6.737
Druillivy factor. 321 Ca @‘\’m 0.140 29 0842 -5.337 0.764 4435 -21.394 -13.188 20.165 16,727 1176 0842 -11.560 8.090
a1 117 747 1300 M2 20741 33267 35303 31633 1270 3441 -13643 12073
mitial 3 1601 5456 2060 56M 41041 BT1 52545 25016 362 4333 LT 1023
| FEEP Paramefers | umis | uezative  positive 38 2856 6007 2439 5721 72355 672 62466 25450 7366 2216 -10058 10437
F ] Kw -5.464 5964 41 -3914 4308 1545 5220 98422 -19.163 90033 231219 5456 5837 -785% 2521
i KN 28754 26528
" Rpsil| -om08 0746
an ENm | -11.702 10879
£ 0.807
Fres rm 2049
i o 2030
pam 5179
umifs ative ositive AVETAFE
7 = —gg_—mz £ 112 i:ca_g
e i EN 316335 32452
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|Specimen b For total length  [Specimen b Per upit lenzth  [Specimen b For total length
CUREE cvclic test CUREE cvclic test CUREE cvclic test
Effective wall length 9in. | T4dm [Effective wall length O6im. | 24im  [Effective wall length O6m. 14im
Date: Time: Date: Time: cycle | ave displacement avg. load workpercycle |  cumulativework | cychestiffness | dampinz fime
" EEEP Parameters umits inidal | EEEP Paramefers unifs Wmifml | = | mm Rip: | EN Kipft | KNm | Epft | ENm | Fopm | ANmm | ratie b
Eips 6.61= o z Kipfi. 1] 1] 1] 0 1] 0 0 0 13
Tl . Frea EN 10220 Pkl vaut oMk Yous IL‘-I'm 1 0.0e7 2360 1.238 5.500 0.008 0011 0.008 G011 12787 22% 0.130 197
: m LI2 . ; i 7 0152 3865 LE8 137S 0.014 LN 0.057 0078 10897 1908 0.106 1401
el e Ll e 14 020+ 5194 2068 910 003 0031 0130 016 10095 L7 0l 2601
ria Kps 5.808 Aiald v < Kipft n 0,407 10342 3.728 16583 0.082 QL 0288 $391 9.155 1.603 0.103 4201
TG 1000 Ty EN | asgs | Doovba v [ eNm 2 0613 15566 4987 2384 0164 022 0568 0771 8137 142 ol 5001
s e i 0.602 — i % 0816 20716 5860 26065 0256 0347 1.050 1423 7.185 1258 0102 5801
Duift atyield lowd, Apue S50 1509 | Dt yieidload Ay P 2 1220 30088 6925 30800 0817  LI08 2106 285 3765 1000 0182 6401
Proportional limit, Kips. 2645 Proportional limiz, [ Bapis. 35 46364 5843 25090 0.074 1.320 1538 4797 3.101 0559 0174 7001
¢ 45,.. EN 11.768 0.4-\',.. EN'm ] 247 §2.868 5192 23.103 1411 1913 5327 7493 4123 0372 0.211 7601
Drift 2t prop. Limit, il. 0272 Daft at prop. Licait, in. 41 2431 §1.730 3542 15.763 0473 0.650 6514 £834 1.458 0255 0.105 3e00
A SF mm 697 20 s mm 1ixn 84367 2176 9.681 0.389 0.541 0160 12418 0.45= 0115 0.105 4310
. % 5.361 Uzt load a1 faibre or Kipft
Faitre lowdor 035, (AR B3R 087, KN
Dt a1 Sk, Apgson :ﬂ 3::2 Drift at Fiike, Apaes :jn
Elastic siffness, K, |VEKipaa| 0717 Shearmodulus, G | Bapim
@0AF g ENmm | 1702 @0 AF EN'mm
Work wntl faiture. [N 5327 | Work nrl faifure per [TESpRIL |
ENm 7423 et lenzth Einmm
Load@ 32in = 3012 Toitled@ 32m | Kd cycle | Negativestroke |  Posiave stroke Nezativestroke | Posifivestroke | Area, Kip-n. [ Usitload, KNim
(2.13 mm) EN 13307 (5.13 mm) ENm mitml | = | Fops | m | Kps ™ | [T mm | EN | oegetve | postve | megative | posive |
Loada A%in Eps 4173 Uit load @ 48 in Eipst 0 0 ] 0 0 0 0 0 [ 0 [} 0
{1218 mam) EN 18 (12.19 mam) KNm 1 0097 1280 0007  L19T  2461 56 2459 531 0.062 0058 -1333 2183
Load @ 96 1in Kips 5. Unitload @ 96 | Epsft 7 0152 1660 0052 L64T 3866 7426 3363 734 0.082 0070 3MS 3.004
(24,38 mm) KN 26. (24,38 mm) ENm 14 0202 -2.085 0.7 2033 -5.141 9320 3248 S04l 0.0es 0.100 -3822 3.708
Loadi 16in Eips 6.1 Umtlosd @i 1.6m | Kipsiit. n 0408 3749 0405 3707  -10373 16677 10315 16490  0.602 0.573 -6.83¢ 6.763
(40,64 mm) EN (440.64 mm) ENm 15 5601 4564 0.625 5111 -15.358 -11.636 15875 21733 0.828 0865 -B.873 4323
Ducriliny factor. u l;.,@\f,... pi £.791 -5.605 0.840 6.025 -20.089 -15332 11344 26.798 1.004 1.19% -10.389 10520
3 1465 4971 1433 753 37203 -1 36401 33500 3503 4010 D068 13742
nitial 35 1767  -5056 1888 6631 44870 22487 47840 20494 1315 3102 9211 120986
EEEP Parameters | umils | neganve  postive 8 2640 4605 3348 4557 47280 20884 85031 20271 4300 8180 -3s&4 8313
B Kips -5.033 §.583
s EN 22388 20282
- Kipsft | -0.620 0.823
e ENm | -8.182 12008
m 0408 0707
Sy mm | 1284 1795
i FY 22640 2310
£ mm 6728 3368
Ultimate pa; units nezative  positive  average
@ = Tips 6316 1534 6025
= S EN 28003 33511 30.302
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[Specimen Ja For total lenzth  [Specimen Ja Per unit lengfh  |Specimen 3a For total length
CUREE cvdlic test |7 CUREE cvclac test CUREE cvclic test
ective wall length 96in. [ I44m [Effective wall length O6in. | 244m [Effective wall length 96m. 244m
ate: Time: Date: Time: cycle | ave displacement ave. load [ workpercycle [ cumulagvework | Bne
[ EEEP Parameters | unifs mifial | EEEP Paramefers | units Tmitial imifal | m | mm Tips | K | Kipm | Ehm | Kpi | ENm | b
Eips 10370 : . 1306 0 ] 0 0 0 0 0 [ 12
Pask 104, ¥ EN dips | ot v 18916 i 0.085 1535 0.003 0.011 0003 0.011 01 102
? B 2126 . ; 1125 7 0148 2111 0.017 0023 0.063 0.086 0. 704
Drift Io Drift a: ?
M paakload. S [ e 54.00 ALt 14 0,109 2,620 0028 0038 0148 0200 0.1 1403
Yiskd 1o E Kips 0551 | sueios s 1 0401 4343 0.100 3135 0341 0462 0 2102
TR0 F e KX | 4 LR Yy 2 0.603 5,845 0184 0250 0671 0910 0.1 2501
s e n 0,585 ey m 2 0508 7355 0.284 0.385 1122 1.657 0 2001
Driftat yield load, s 50| 47 | DRRmyeldload i PR 27 2 1345 10256 0.967 312 2488 3346 01 3201
Proportional limiz, Eips 4148 Proportional lmit, [ Rapat. | 0.518 35 1741 10292 1.607 2178 4744 6432 0 3502
04F KN 18.450 04, ENm 7.564 as 1679 10121 2675 3626 5430 11441 i 01 3800
Drift at prop. Lmit, n 0384 Dsift at prop. Limit, m 0382 41 3335 7068 1458 3333 12368 16760 2427 03m 0.157 4100
AG0 4Fpuy £ 975 A0 4y mm 275 4 3315 4702 0,682 0824 0668 280N 1.420 0240 0.083 4320
it < 903 | Untloadarfaibrzor [ Kipht 1130 47 2436 4525 0.873 1184 11620 15754 1.863 0326 0.152 7545
Ruli lond ox 000 s [0 40.182 0.8v 0 ENm | 16483 0 3203 31182 0.818 1109 15975 21.658 1.019 0178 0143 8146
Desft at S i 3100 | peaad m 3y
R [ | R [ EEBNE a [ y 5451
Elastic stiffnecs, K, (K| 10324 Shearmodulus, G [[EGDARL| 10824
GO0AF, ., KNmm | 1385 @0 AF ENmm | 1805
o Epf | 12369 | Workuanl failweper [[RpRME| 1546
Work vt faikire ENm | 16768 it lezzdh ENmm | 6377
Toad@ 3210 s 1641 Umtload @ 32m || K8 045 cycle | Negatwestroke | Posbwestroke |  Nezaovestoke | Posifivestroke | Area Kip-n, |  Unmitlead KNm
(813 mm) KN 16.198 (2.13 mm) EN'm 6643 imitial | @m [ Kps | wm | Kips [ mm | mm | megagve | positve | nes | posiove
Load @ 48 iz Kips 4026 Unitload @ 480 | Kipslt | 0614 0 0 0 0 0 ¢ 0 o [ 0 0
(12.19 mm) KN 21910 (12.19 mem) KN 5085 1 Q114 1346 0078 LSM 22901 6876 1981 6778 0088 0.058 2780
Load @ 96 ic Kips 8163 Unitload @ 96 || Epsit | 1.0m 7 Q164 2060 0132 216 4158 0.8 3358 9616 0.089 0.100 3944
{24.38 mm) EN 36333 (2438 mm) ENm | 14900 14 D214 2590 0183 2640 5448 11531 4641 11782 0118 o121 4831
Load @ 1.6 e Kips 10101 | Umtload@ l6m |DEKipsgl| 126 1 4410 2452 0302 4235 -1041¢ -19302 0082 18838 0.688 0.72L 7725
{40.64 mm) i 44930 (40 64 mm) KNm | 18426 5 0607 6021 0509 5660 -13428 26784 15222 25217 1.034 1026 10342
Derility factor, 377 Caq @V 0.160 9 0812 7421 0805 7280 20612 33008 20437 32423 1IN 1330 13297
3 21280 9712 1411 10.801 32515 43007 35830 48043 4014 5.45L 19.703
mitial EH 1987 0388 2006 9887 -50.482 42428 53238 43070 6825 7.090 18.036
[ EEEP Parameters | umits | nesatve  positive 8 2385 213 2972 11028 60589 40981 75404 40053 3.740 0163 0117
E Eips 8913 10194 41 4089 5633 3582 10303 103856 25054 90980 45827 1264 §.503 18.734
P EN 30646 43342
. Epft | -1114 1274
B KNm | 16259 18595
‘m 0,804 0965
A mm | 2042 2451
i - 3.4m 3582
o mm 7804 20.08
te umits e posifive  average
2 £ K3 9712 11028 1037%
@ i KN 43199 49055 46.127
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For total lengih |5M b Per umt length M b For total lensth
CUREE cvdic fest CUREE cvclic test CUREE cxlic test
96in. | 244m |Effective wall length O6in. | 24dm [Effective wall length 96m. 2 44m
Time: Date: Time: cycle | ave displacement ave. load |  workpercycle |  cumulativework | cyclicstiffuess | damping Hoe
umits wital | EEEP Parameters wnits wwitial miml | = | =m Kips | KN | Kips | ENm | Kpft | ENm | Kipm | KNmm | ratie | number
Kaps §.055 = Kipa, 1119 0 0 0 o 0 0 0 0 13
Mlmd Fros KX ey | Delbumtiod v, EN'm 16335 1 0.008 1498 1321 6765 0.008 0.011 0008 0.011 15.460 2707 0.102 1n
- . n 1335 . i 1338 7 0.149 3782 2085 9276 0.015 0.022 0.081 0.082 14.005 2453 0.003 1400
Dl sl gask el e 1™ a0 Tl et e ) 33.01 14 0202 5123 2360 11420 0027 0036 0142 0102 1270 2331 0008 2800
. Kips 7541 S . TEpE | oo 21 0410 10427 4172 18355 0.007 0131 0320 0446 10.161 1.779 0.108 4192
Tite load B xg yisq | Tedumtlod Ve, [ CNm | 13755 2% 0614 15503 5519 5 0.248 0.653 0.883 8084 1573 0.103 5000
T in 0,700 S i 0.700 9 0817 20743 6508 0381 LI 1615 8.067 1413 0,060 5800
Drift at yiel boad, 8.uae % o iy |Drftatyieldioud, dey B rm 1 2 1336 33013 §055 1401 2407 3385 6712 1175 0168 £302
hpommi Lommit, ‘Eaips 3582 Proportional kmit, R/, 0,448 35 1927 48033 7.082 1.613 4183 5.672 3674 0.643 0.166 6290
AF EN 15933 041, EXNm 6.534 L 3043 77287 6273 2077 6.359 8.621 2046 0358 0.152 7
Dirift at prop. Emit, i 0332 Drift at prop. Limir, in 0332 41 4078 103580 6732 2718 9.0 12483 1652 0230 0.140 8201
A0 £F s mm 8.4 A0 Wi mm 844 44 3239 82281 3877 0.896 13774 18673 1226 0215 0.088 4310
i : 7.164 Unitload at filure or | Kiphfit 0.885
SN 2 Ot r::\? 31865 080,y ENm | 13068
Diraft at failire, A e :;;. 2'5? Daft at failure, Apgpes :;1 3:;?
Elastic siffness, X, | Kipin 10.779 Shexr modulus, G | Kipam. | 10779
@0 4F g ENmm | 1383 @0AF g KNmm | 1888
e lipf 6359 | Workuotl fulweper [THEpRMET| 0.795
Worwel e [STERN SO0 ait lengtn | 5a
Loadj@ 3210 Kips 3476 Unitload i@ 52m | KipsiL | 0435 tycle |  Negative stroke Posifivestroke |  Negafivestroke |  Positivestroke |  Area, Kipn. |  Unmitload KNim
(8.13 ) EN 15.462 (8.3 mum) ENm 6.341 imitlal | = | Fops m | fops | mm | BN | mm | KN | nesagve | posnve | Desauwve | posiove |
Load @ 48in. Kips 46238 Unitload @ 48 m. Kips/ft. 0.579 0 0 0 0 0 0 0 0 0 0 0
{12.16 mm) EN 20,587 (12.19 mam) ENm 5443 1 090 457 0.087 1471 -6.988 2476 6.541 0078 0.072 2866 2683
Load @ 96in Kips 7.240 Unitlosd i 96 | Kipsdt | 0905 7 4{.140 2078 0040 2003 7 0244 3.787 9308 0.020 0.002 3791 3817
(24.38 ) KN 3230 24 38 mm) ENm | 13208 14 0200 2561 0203 2578 5000 -11383 5156 11465 0.120 0.126 467 4702
Load@ L6 Eips 8117 Unitlosd i 1.6 |Eel| 1.015 21 0408 4056 0413 4287  -10358 -13041 10495  10.070 0.686 0721 7390 7.821
(40.64 mm) KN 36.106 (40.64 mm) ENm | 14807 25 £.598 5212 0630 5826 -15.087 23084 15900 25816 0881 1086 2508 10.628
Dgrility factor. 332 g @V 0.168 29 0785 5074 0849 7123 19826 27015 21560 31684 1083 1417 -1L079 12094
k) 1340 £367 13} 9543 34IMm A;. 27 33553 12,446 4078 3035  -15263 17407
mitial 3 1911 46167 1042 7001 48527 27874 49330 35146 4.106 5431 -3 14413
[ EEEF Parameters units ative  positive 38 2002 4987 3183 7558  -BTIE -2184 80856 33621 5581 2501 2098 13.788
E Kips || -1.038 [T 41 4110 6051 4046 7413 -104394 26916 102766 32975 6.666 6457  -1L038 1353
et KN 31304 35778
. Kol )| 0880 1005
i Em -12838 146713
n £.651 0.748
O mm | 1652 1902
o in -L796 2910
mm 4563 7381
te umits negative  positive  average
“ = Eaps | 8367 9543 8055
7 Ty EN 37210 42448 39833
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For total lenzth 4a Per umit length Specimen 4a For total lenzth
CUREE cylic test CUREE cwclic test CUREE cvchic test
O6in. | 2.44m [Effective wall length 9in. | 244m |Effective wall length [ 244m
Date: Time: Date: Time: oycle | ave displacement ave. load |  workpercvcle |  cumolaivework | cyehic stiffness | damping Hze
| EEEP Parameters | unils il | EEEP Paramefers | umfs | minal il | 2w | mm Kips | EN | Ripit | KN'm | Kipit | KNm | Kipm | KNmm |  ratie number
o | xw [£932 i 0 o 0 0 0 0 13
LT FF. KN 65418 e, Frew 1 0,098 6.795 0.008 0.010 0.008 0010 16598 2907 0.008 101
. - it 1.722 5 i 7 0,145 &.go0 0014 0.021 0.05= 0.07. 15124 24648 0005 702
Dottt peak 1088, St ™o | 4375 | DOACIRAY. s 14 0168 N66 007 0036 0126 017 147 136 oos2 1400
- m 12989 T g . 21 0.400 22828 0.102 0.138 0.308 418 12882 2256 0,085 2100
Yield load, Fruy KN | sima | Tiedueitload v, 2 0.507 32210 0205 0278 0671 0800 12156 2120 0081 2500
¥ < in L0 29 0.782 20307 0.335 0434 1301 1.763 11457 1006 0089 2000
Dulft eyl Wl s [ | a4z |DERery o Ay a 1386 8673 L3l 153 2747 3mS 9s19 167 018 320
Proportional limit, Kips 5973 Proportional Lmit, 35 L2 66418 2051 2753 5.565 75435 §.666 1518 0.150 3500
04F EN 26,567 DAv, 38 2132 40713 1.786 2433 §.623 11.680 3140 0200 0.136 3798
Dnift at prop. Limt, i 0480 Dirift at prop. bmait, 41 3442 53 826 4.168 5651 19.101 25896 3.530 0618 0182 4104
3!&?[0.4?,... mm 1218 A0 AV pt 44 3315 21002 0.682 0924 20.568 28000 1420 0240 0.083 4320
=& Kips [25844 Unat Joad a1 faikure or 7 2436 20127 0873 1184 11.620 15.354 1.563 0326 0.152 7545
an!“dﬂ&s;m EN §7.128 08y, a0 3228 14597 0s18 1108 15975 21.658 1.019 0178 0.148 2148
: n 2111 i
Drift ar failare, Ajges BT 363 Drift at fadlure, Agee
Elastic stffasss, Eiph | 12535 |  Shermoduus, G
@OAF g ENwmm | 2195 @04F g
A S Eip-fi. 8623 Work until faiture per
Worknmtil failure  [Wpem | 11690 it lenzth
Load @ 31 in i 42334 Unit Joad @ 32 m. cycle | Negatvestroke | Positivestroke | Nezativestroke | Posifivestroke | Area Kip-m. [ Tmitload, KNim
(#.13 rm) KN 18835 (8.13 mm) imifial | =™ | Keps | m | Fips | mm | KN | mm | KN | mazanva | posnve | nasamwe | posiove
Load @@ 48 in. an i 6.002 Unitload @ 48 0 0 0 0 Q ] o 0 1] Q 0
(12.1% mm) EN 26.605 (12.19 mm) 1 4118 0078 1503 -3.035 -5.504 1.930 7.085 0.087 0061 -2.667 2006
Loadar S6in. m i 10231 Uit load i@ &6 7 0165 0.131 1442 =181 -8.519 3332 10861 0.075 0.111 -3494 4454
(2238 mm) EN 45.507 (24 38 mm) 14 0215 0.181 3221 -5.453 -11.066 4587 14326 0.110 0140 4538 54875
Loadue 1.6in. m 14314 Unitload i@ 16m 21 0411 0383 3.575 -10430 -20.860 9.865 24.796 0.7+ 0o14 -8.555 10.169
(4064 mm) KN 63 670 (40 64 mm) 25 <0 608 0586 7870 -15.441 -9 419 14 B87 35.008 i3 1328 -12.069 14357
Dhuiity factor, 205 G Vi 19 <0800 0.783 2.462 -20.315 -37.4638 12808 42977 147 1.730 -13433 17.625
n -1387 -12.652 1.382 13.729 -35.232 -36278 35164 §1.067 6.200 7020 -23.080 15044
imitial 35 -1 645 -14085 176 15779 -62 630 45,662 T0.186 3453 6116 -25.693 28784
EEEP Parameters units nezafive  posifive 38 -1.722 -7.83= 1342 14419 -35202 6= 567 §4.137 0.845 11220 -1447+ 26303
F Eips | -11827 14.050
il EN 53052 62406
Koot || 190 1756
i KN | 21757 25630
in -1.074 1006
o m 2738 25.55
n -1 681 2,542
S mm | 4069 6457
it unifs negative  posifive  average
“ Fas I'“: -14.085 15.7'.'9 14832
el EN -52.653 70.180 65421
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[specimen 4b For fotal lengih  [Specimen 4p Per unit length | Specimen 4b For tofal length
CUREE cvclic test I_ CUREE cyclic test CUREE cvclic test
Effective wall length Odin. 244m [Effective wall lenzth o6in. | 244m [Effective wall length 96in. 244m
Date: Time: Date: Time: cicle | ave displacement avg. load | workpercvde [ cumal work | cychic shiffness lamping ] Hze
| EEEP Parameters unifs inifial | EEEP Parameters wuils il | mital | @ | mm Xips | KN | Kpk | KNm | Kiph KRm | Rpm | KNmm |  ratio b
B 17237 - . Kip# 2155 0 [} 0 [ ] [ i 0 12
P T i‘f g7 | TOETRIOM Y Fhum | 31443 1 0.103 2814 19817 8527 0,009 0.013 0.009 0.013 18.794 3201 0,002 102
! i 1962 L S 1,062 7 0.153 3806 1643 11780 0020 0027 0.075 0.102 17328 3.034 0,003 704
bl coionl T s o || DBy Ay T 7523 1 0208 5270 3346 14834 0033 004 0175 0237 16120 2823 0090 1404
. 1587 =5 . Eioh 1084 21 0421 10687 5061 26517 01X 0.173 0.411 0.557 14.171 2482 0,087 2103
ekl T xlgs Toses | Viedmitload vy FREUR | 28951 25 0.628 §418 37445 0,255 0.346 0.855 1160 13408 2348 0.082 2504
- ., i 1.150 ) T 1.150 29 0535 10590 47104 0411 0557 1631 2211 12588 122 0089 2004
Drift at yield Joad, Apes (550 0 207 |Dufiatyieldioad s 2021 a2 1451 15543 60036 1386 1879 3400 4600 10714 1876 0117 3204
Proportional lintit, Eips. 6893 Proportonal limir, [T EdpiE | 0.862 s 2057 16518 T34T1 2382 3229 6.724 9116 5051 1410 0134 3504
0.4E EN 30568 04t ENm | 12577 kS 2962 17237 76670 4342 5.887 12563 17032 5819 1018 016 3804
Drift at prop. Lmit, w 0499 Drift 2t prop. mit, i 0409 41 349 12101 53826 4168 5.651 19301 25886 1330 0618 0102 4104
A@E0.AF i mm A0 At mm 1269 44 2315 472 21002 0,682 0924 0568 2802 1.420 0240 0,083 4320
i ‘Kips. 4311 | Uritload at faitwe or [ KIpR. 1.789 47 2436 4525 20127 0873 1134 11620 15754 1.863 0326 0152 7545
B ks x L K}\? 63553 08y, ENm | 26104 0 3208 3282 14597 0318 1108 15975 21658 1019 0178 0148 8146
m 1 1 5
Drifat fule, Ape [P 333 pritrar fatie, spm [N 3238
Elastic sdffness, K, Kipie. 13.805 Shear modulus, G Kipiin. 13805
€0 4F e KNmm | 2417 @0AF g KNmm | 2417
Work vacl fairge | 19301 | Workuon! faire per [THGFERNE| 2383
ENm | 25806 nit Jacath ENmm | 10620
Toada 32 Kips 372 Unitlosd @ 32m | Kipst || 0560 cycle | Nezativestroke | Positivestroke |  Nesahvesooke | Poubvestroke | Area Kipn. | Umitload KWim
(8.13 mm) KN 21.010 (.13 mm) KNm 8616 mitml | = | Kps | m | Kps [Dommol KN mny EN | nepanve | postve | negative | positive
Load @ 48 in Kips 6664 | Unitload@ 43 | Eipst | 0833 [ ] [ [ 0 o 0 0 0 0 0 ]
(12.10 mam) KN 29.642 (12.19 mm) ENm | 12136 1 L1088 -1656 0098 2178 A8 7368 2.489 9 636 0.089 o107 3022 3971
Load @ 96 in ‘Eips. 11597 | Unitload@ 96 | Ripeit | 1450 7 £157 2314 0150 2973 3903 -10335 3300 13.235 0.088 0133 4230 5424
(24.38 mm) RN 51585 (2438 mm}) ENm | 21155 u £210 3004 0206 3480 5330 -13360 510 16400 014 0186 547 6720
Loadi 161 Kips. 15815 | Unitlosd@l6m |FEipsil| 19077 n D421 5650 0419 6273 10710 25130 10655 27004 0916 L0866 10306 11443
(40.64 oun) KN 70.347 (40.64 mm) KNm | 28850 5 0627 8072 0629  B76S  -15831  -35905 15968 38985 1408 1573 -4725 15988
Ductilicy factor, u 136 Gy Vs 0162 2 0836  -10318 0833 10862 21237 45885 11163 48313 1021 2007 18822 18813
3 1460 15348 1440 15730 -3TA20 68266 36586 T0.006 8024 076 27086 28710
imitial s 2123 15592 1992 17444 -53019 69351 50509 77590 10232 9153 28441 31810
[ EEEP Parameters umifs ezati pocitive s 2853 16415 20971 18050 74099 33015 75471 80334 13281 17382 20844 32841
: D Eps | 15182 16580 41 3490 8713 3384 15480 38638 38757 86215 88894 6747 7005 15894 28254
e EN A7440 0 73950
: Epeit || 1305 2073
T Eom | 27657 30045
i 1154 1146
Ayt mn | 930 2011
e m 3182 3304
mam 8031 8522
Ultimate umits ezati positive  average
z 5. Eips | 16415 18050 17237
7 EN 73010 $0328 75674
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[Specimen 4d For total length  [Specimen id Per umit length Specimen 4d For total length
CUREE cylic test CUREE cyclic test CUREE cyclic test
five wall lengih O§in. | 214dm [Effective wall lengfh 96in. | 144m |Effective wall length % | 24dm
ate: Time: Date: Time: cycle | ave duplacement ave. load | workperevcle | ¢ work | cyche shffness | damping Hae
EEEP Parameters | umts | el | EEEP Parameters | umbs | mmfal | matal | = | wm | R [ B | Fapf | Khvm | Kpf | Ehw | fopm | ENmm | ratio | oumber
15328 e N Eipfi. 101§ 0 0 0 0 1] a 0 9 13
Rl Toac, T x!‘g' 68.178 Rl it Cont Vit ENm 17960 1 0.062 1.624 1.506 6.701 0.004 ¢.008 0.008 0.008 13347 4123 0118 66
. in 1891 - i 1801 T 0153 3880 1834 12607 0022 0030 aa7e 0108 18550 3248 0.000 467
i o ram Ay, [ A [T ami 7343 u 0207 5257 3395 15100 0040 0055 0195 0265 16318 2875 0110 35
. 3 13.782 ) ) Ep L 1.723 21 0.420 5434 4171 0.145 0197 0462 0.634 12951 1258 0112 1401
Tieki kond. Fos KKT glaps | Tiedwmitload v, I Nm | 25141 25 0,637 7344 32665 0.267 0.361 0959 1300 11532 1019 0109 1667
FA— m 1120 S m 1120 2 0852 ; $080 30044 0.560 1.765 2393 10.536 1845 0.103 1834
Drift aryield Ioad. & [550 7 14 | Driftaryiekdioad. sp 550 2645 31 1402 37899 12443 56236 1753 3445 4670 8475 1434 0131 134
Proportional Limit, Kips 6131 Proportional limit, [ EapaL. | 0.766 EH 2104 53444 14758 65.642 1816 6471 874 7014 1228 0133 2334
04F KN 27271 0.4, ENm | 11184 38 2801 73431 15328 68178 5.597 12017 16202 5341 0035 0178 2534
Daft 2t prop. limit, i 0428 Drift at prop. limit. in 0493 41 1.560 90435 13467 60.790 6.668 19.172 25.002 3.862 0.676 0103 1734
A0 ATF oy mm i 20000 A mm £ 3315 84204 4722 21.002 0824 10.668 28.021 1.420 0220 0.083 4320
i ] 13.667 Uzt Joad at fadlrs or Kipft 47 21436 61.883 43525 0127 1154 11.620 15.754 1863 0326 0152 7545
b Kos e 00050k i‘?e. 60.700 0.8v, ENm 50 3122 $1.980 3282 14,397 1.108 15975 21.658 1019 178 0.148 8146
Drrift at fadhure, Apey :.1:': ;,;:E Dirift at faibwe, Appe, :;1
Elastic stffoess. K, [Haphm | 12359 Shearmodules, G [ Kipan |
@0AF ENmm | 2164 80 AF i
o Kipfe | 19172 | Wosk watil faihure per
Wosk el e KNm 25002 seit laneth
Load @ 32 Kips 4470 Uit load @ 321 cycle |  Negatmestroke | Positivestroke |  Negaovestroke |  Positivestroke |  Area Kipn. | Unitload. KNim
(8.13 pmy) N 19924 (8.13 mm) ipitial. | B [ EKps | in | Kips [mm RN mm BN | nepadve | positive | negamve | posicwe
Load @ 48 in Eips 5064 Unit load @ 48 i 0 ] 0 [ 0 0 [ ] [ 0 0 0
(12.19 mm) EN 24.526 (12.19 mm) 1 00468 -1.616 0.060 1307 -1.732 -7.188 1.516 6213 0.055 0042 2548
Loadip 96 in Kips 9602 Unitload @ 96 m 7 0150 2747 0155 29 3818  -12218 3842 12885 0.179 0206 5320
(24.38 mm) EN 42708 (2438 mm) 4 0211 -3287 0203 3403 -5 340 -14 666 5.164 15.335 0.182 0154 637
Load @ 1 6in Kips 13012 | Unitloed@ 1.6 N 435 5285 0415 5583 -10792 23510 10533 24831 0520 0859 10183
(40.64 mm) RN 57910 (4064 mm) 25 0634 TE4T 0640 754l -16096 31783 16251 33541 1.208 1477 13755
Ductilicy factor. u 3in Gy @V 29 0845 8841 0859 9120 21468 39323 21828 40564 1.691 1.829 16636
a2 1480 -12857 1505 12429 37582 57087 38217 55285 6882 6952 22673
imitial 38 -2104 1521 2104 14294 -53.452 -67.704 33.437 ] 8172 B.006 26074
_EEEP Parameters umits Dezative  pasifive 38 -1.687 -15822 3,005 14.834 -68.222 -70.376 78.621 5.08L 0.038 14440 27.059
E Eips -14.199 13366 41 -3336 -14112 1785 13222 -84.737 -62.768 05134 58.811 0719 9.672 24110
e EN 43155 59453
- Epsit | -1775 1.671
i KNm | 25800 24382
i 1216 1025
A mm | 3088 2604
o in -3336 3785
mm 8474 26.13
i umits gzati positive  average
A Fas Eips -13.822 14434 15318
= EN -70.379 55084 63.182
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E‘M & For total lenzth Speci &b Per unit lengih Specimen ib For total length
CUREE cvdlic test CUREE cyclic test CUREE cyclic fest
Effective wall length 96in. | 244m |Effective wall length Oin. | 244m |Effective wall length Odim. 24dm
Date: Time: Date: Timme: cycle | ave displacement avz. load |  werkpercvcle | cumulabivework | cychic stiffmess ] d Hze
| EEEP Parameters unils | imfial | EEEP Parameters | umifs Tmihal mital |  m mm Rips | EN Ripft | KNm | Kipx | ENm | Kpm | ANmm | ratie b
Taps 13485 . Kip'#. 1.685 0 0 0 ) 0 0 ] 0 13
T 1088, P EN sogpy | Pekmitbad v, FoNm | 24601 1 0.101 1577 1250 0.008 01 0008 0Ol 12317 2157 019 102
. in 3.65 . i 3625 1 0.136 3070 1696 0.01% 0.020 0.057 0077 10825 1896 0.105 704
DRt ek Joad, Ay P oo | DmMcmay duy PN 0200 14 0200 5302 2085 5023 003 0128 6173 10015 17 0100 1403
. K| 1178 . . [TEp®E 1474 n 0.424 10766 3312 0.081 0.110 0285 0388 282 1450 0.104 2103
Wil Jouc, P KN 5436 | Tiedumitload vey [N | 21504 % 0.636 16166 48 0.151 0205 0355 0753 7580 1337 (.ood 2502
. . i 1615 |, ) i 1615 9 0833 21667 6046 0.240 0.325 1019 138 7.089 1241 0.089 2002
Drftaryieldload, S (S50 | 4103 [ Drifiatyieidioad ae PN 0] 4103 3 1499 38085 9156 0785 064 2035 2759 6108 1070 0409 320
Proportional Lmi, ‘EKips 5305 Proportional Emit, Epm | 0674 3 2134 54103 11198 1.402 1001 3005 5416 3249 0919 a2 3502
02F EN 23905 Ddv,, KNm | 0840 38 3107 78010 13167 2502 3.020 7.841 10631 4238 0742 0.133 3803
Drift 2t prop. kmit, i 0.739 Disift at prop. b, T a 3704 96356 13296 3.700 5130 13266 17085 3527 0618 0143 0
A0 $Fps mm 18.77 A0 Ay mm I 3315 4304 4702 0.682 0924 20668 2801 1420 0240 0.083 32
1 Kips || 13206 | Umtlosdafaibwe or [THipE 1 b 2436 61883 4525 0.873 L1s4 11620 15754 1863 0326 0152 7545
Bl 1008 0 0 AF s EN 359139 08%,., KNm | 24253 0 3113 81980 3282 0.818 1108 15975 21658 1019 0178 0148 8145
o n 3,704 i T 3.704
Diraft 2t fadlure, Ajuses ey 06 35 Dirift an fxilare, Amees e 06 35
Elastic siffness, K, | Kiphe || 7331 Skex modils, ¢ [TKiphE| 733
@OAF o ENmm | 1284 @0.AF s ENpan | 1282
. . Eipf)| 15266 | Workwol fuweper [[ESpRumy| 1658
Workumll aitrs.  [Uem | 17.985 it length Bemm | 7
Load @ 321 3 1815 Ut load in 32 m Kips/t cycle Negal | Positivestroke |  Nesativestoke |  Positivestroke | Area, Kip-n. [ Unitload. KN'm
(8.13 mm) 12572 (8.13 mm) EN'm imital | @ | m | Kps | mm | EN | mm | EN | negatwe | postve | mesmiwe | positive
Load@ 48in 3.857 Unitload @ 43 | Kipsfe | 0482 0 0 ¢ 0 0 0 0 0 ] 0 0
(12.18 pam) 17157 (12.19 mm} EN'm 7.035 1 2112 0081 1117 2847 6147 2306 4970 0077 0051 2sn 2038
Losd@ S6in 6562 | Unitlad@ $6m | Kigs | 0820 1 0166 0147 15 4304 $283 1736 6803 0.087 2.075 3307 2,790
(2438 pam) 20187 (2438 mm) ENm | 11970 14 2219 01 102 5550 -10128 5055 8.503 0.110 0.080 4153 3438
Load 16in 9478 | Unitlosd@lsm |FEiges| 1185 n 0420 0419 3315 -10686  -16454 10645 14780 0428 0576 6748 5.065
(40,64 mm) 42157 (40.64 nm) KNm | 17289 5 0630 0643 4619  -15097 1235 16335 20546 0878 0890 9164 8426
Dugctility facior, 233 Gy @V 0130 19 0849 0857 5795 21362 28005 77 5777 140 1113 -11485 10571
1 -1.490 1500 8T 37 42540 38331 388090 5080 4733 17487 15816
imitial 3 2134 2134 10890 -54196 51185 4101 48437 670 6124 001 10864
EEEP Parameters | umits | uezanve  pommve 38 3107 3096 12830 79160 39622 78451 57512 12247 11469 24451 23586
= R | 11685 118: 4 3453 413 13568 87700 57926 105004 60353 4442 13746 23756 24751
il EN 51974 s280
X Kipest | -1461 1487
e KNm | 21315 21693
i -1.499 1732
St mm 3808 4308
N n -3.453 4134
i e $771 10500
|Ultimate paramefers units negafive  posifive  average |
- & Egs | 13404 13368 13486
7 RE EN -50.625 60356 39.901
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[Specimen 5d For total length  [Specimen 5d Perunitlength  [Specimen §d For total length
I_ CUREE cvclic test CUREE cychic test CUREE cyclic test
Effective wall length 96in. | 2.44m [Effective wall length 96in. | 244m [Effective wall length S 1dim
Date: Time: Diate: Time: cycle | ave. displacement avg. load workpercycle | cumulafivework |  cychcstiffness | damping Hne
[~ EEEP Parameters | umits imitial | EEEP Paramsiers | umis mitial | mital | = | mm Fps | EN Kpht | KNm | Kpkt | ENm | Kpm | KNmm | ratie b
Peak 1024, F,., Kaps 882 | ooy umitlosd v, | opg | 1460 [ 0 0 N 0 1 0 o _ N 13
N 51939 " ENm | 21300 1 0.043 Ll 07 3207 0.002 2.003 0.002 0.003 16434 2813 0137 200
n 3485 : . 3405 b 0.142 3500 1608 75%2 0.013 a0l 0.037 0.030 11.984 2099 0104 1403
Dofupekiond &t [om | 8376 [ DRHOPI A Uon ] s276 14 0100 481 217 0414 0020 007 0100 0136 11152 195 005 2802
> Kips 10295 a2 . Kiph. 1287 b | 0.382 0707 3534 1571 0.068 0.003 0.235 031 9243 1619 0.087 0
Vield load, P EN ssoy | Viedustload vy o 12780 5 0.575 14600 4760 21173 0.133 0180 0473 0.641 £270 1448 0.082 5003
S i 1237 i m 1.237 b1l 0.761 19340 5815 25000 0.20 0284 0.877 1180 7636 1337 0.080 803
Drift at yield boad, Apas (S50 ) 314 |Deifiatyieldload s S50 a4 3 1335 33914 8358 II5 0658 0893 1741 236 6248 1094 0112 8403
Proportional Limit, Kips 4473 Proportional Lmiz, [T Eapiar. 0584 s 1585 47012 10058 44737 1129 1531 31372 4512 5324 003 0.113 7004
04F,, EN 20,784 047, ENm 8524 8 1777 70,542 11407 51140 1340 3.036 6437 8726 4.135 0.7 0.134 7605
Drift at prop. limit, m 0.361 Drift at prop. limit, S 0.561 a 3.405 88762 11682 51859 1724 3.603 10572 14334 3341 0.585 0.1%7 8208
A0 4F e mm 1435 AE0. MVt mm 14.26 4“ 0.332 2430 0401 1784 0.019 Q026 19974 2707 1026 0120 0217 8806
Exiture load or 0.85 Kips 11682 | Uustioad at failure or [ Kipit 1460 47 2436 61883 4325 20127 0.873 1184 11620 15754 1363 0326 0.152 7545
bl I <] 51959 08v,., ENwm | 21300 50 3118 81080 3282 14597 0.318 1109 15975 21658 1019 017 0.148 8146
Drift at faihare, Apunes :ﬂ ;;2: Drift at fadlure, Siues :I'::L g;::
Elastic siffness, K, | Kiplim 8313 Shear modulus, G Tom 8313
@0 AF ENmm | 1455 (@0 AF e ENmm | 1436
Work vt fawre | WARN| 10572 | Workund fuitweper (TREpRG)| 132
& ENm 12334 it langth KNnm 5878
Tosd@ 320 ops 3072 Toitlosd @ 32 | Ripeit [k cycle | Negafive stroke Posifive siroke Negative shoke | Posifivestroke | Area, Kip-n. | Usitload KH/m
(8.13 mm) KN 13.663 (8.13 mmy) KNm 5.603 imifml | = | m | Kips mm | [ mm | negadve | postve | Desaime | posinve
Load @ 4% in Kps 4145 Unitload @ 48 | Kipst 0518 0 [1] 0 0 0 0 0 0 ] 0
(1218 mm) KN 18444 (12.19 pam) KNm 7564 1 0042 0.045 1074 <3430 1133 2983 0.015 0015 -1407 1223
Load @ 96 in Kops 6.603 Unitlosd @ 06 | Kipgflt | 0837 T L0138 0.145 3513 7443 1683 7630 0117 0.120 -3.083 3141
(24 38 ram) EN 20.760 (2438 ram) Km | 12200 14 013 0.108 4610 0013 5.032 2815 0.080 0104 -3.696 4025
Load @ 1.6in Kips 9.176 Unitload @ 1.6in | Kipsie L4 1 0382 0.402 ; 9201 -14703 10211 16739 0432 0600 -6.030 865
(40,64 am) KN 40313 (40,64 mm) ENim 16738 5 5542 D508 5148 -13750  -19442 15441 22004 0,689 0518 7473 9393
Dugility factor, s 281 G @V 0117 b 0710 0804 6338 -18263 23628 20417 28100 0358 1125 2690 11361
i -1250 1411 0110  -31689  -33830 35839 40520 3.490 4600  -138T 16617
imitial s -1803 1970 10827 45786 41314 50038 48160 4388 5572 -16843 19751
| EFEP Parameters umifs | negative  postive 8 2662 2893 12295 67605 47593 73480 54.607 8585 10670  -19518 22438
5 Eips 2470 11111 4a -3262 3737 12331 82862 48181 Q4461 55737 6.467 10351 -18759 22858
e EN 42163 20422
Vioat Hpst | 1185 1388
ENm | -17.291 20269
i -1171 1302
Sy mm | 974 3308
s m 3262 377
mm -82.86 266
Ultimate parameters units 2afi osifive  avera
- = i BTEEN Fu.ss; 11.6‘3?_‘
£l ot EN 28184 55740 519682
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[Specimen 6a Tor total lenzih  [Specimen 6a Per unit length  |Specimen fia For total lensth
CUREE cvdlic test CUREE cyclic test CUREE cyclic test
Effective wall length Déin. 144m |Effective wall length Din. 244m  |Effective wall length tin. 244m
Date: Time: Date: Time: cycke | ave displacement avg. load |  workpercycle | cumulativework | cychicstiffness | dampimg line
EEEP Parameters units mitial Paramefers ugits mitial dpitial | = | mm : | EN | Kpf | ENm | Epft | ENm | Epm | ENmm ratio number
Desk load. F Kips N0 | pogy Epi | 1472 0 ] [] 0 ] 0 0 0 13
Poak ot T EN sp306 | Tewmetbadve eNm | 2148 1 0.006 0652 0839 3733 0.002 0.002 0.002 0.002 33270 6702 112
: i 1372 s i 2372 ] 0113 2851 2780 12367 0015 0.020 0043 0.058 24543 4208 870
Dt 4 padk oo S ™ G026 | DURMCPAC. s FUL 5026 14 0152 3870 3513 15627 05 0034 0120 016 297 4015 1744
= Kips 10.67 e Kph. 1335 21 0.321 8147 3074 26372 0006 0.130 0301 0407 18.547 3248 2618
Siektlond, Ty KN | 4n4ps | Dedmmtlod v, FRoNm | 1947 25 0503 12769 7862 34968 0274 068 0873 15588 2730 3118
e m 0333 s m 0533 29 0658 17480 9201 40926 0.456 1257 1704 13335 2335 3618
Drift at yield boad. Sy (=g 1353 | PriRaryieldioad, S Moy 1353 EY) LOSS 27050 10296 45798 1560 2705 3667 9976 L1747 3903
Proportional limit, Kips 4712 Proportional Limit, Kipht 0589 3 1905 48377 11286 50201 2077 4383 6620 5014 1036 4368
04F o KN 20958 AV, KN'm 8.585 38 2406 63401 11948 53126 3 676 8391 11647 4833 0.846 4743
Drift at prop. Limiz, in 0.2135 Dirift a1 prop. limiz, Y 0235 4 3630 92434 11246 50.024 4313 1327 18.002 3,103 0.543 5118
A@0 SF un 596 200 ATyt m 596 44 0332 8430 0401 L1784 0.026 19974 2707 1.026 0.150 8806
Eaituze Joad or 0.8E. Kips 11246 | Unitloadatfaibweor [T Ripht 1406 47 2436 61883 4325 20127 1184 11620 15754 1.863 0326 7545
S o 50024 081, ENm | 20515 0 1me 81080 3282 14597 1108 15975 21.658 1.019 0178 8146
. in 1639 s Sy n 3639
Direfit at fathure, A poses 43 Drift at fadhure, Appey o 943
Elastic siffoess, K, | Epim | 20019 Shearmodulus, G [T Rdpamy | 20018
@0AF ENom | 3306 (@0AF g ENmm | 3506
i = Bt | 13279 | Workwotl falwe per [[RIpIOEE]| 1.660
Work mtll b |SFr 0| 18.002 it length Eimm | 738
Loadi 3lin Kips 52 Unitload i@ 32m. Kips'ft 0740 cycle | Negatvestroke | Positwestroke |  Nezativestroke | Positivestroke | Area Kip-m. | Umitload. KNim
(813 1) EN 2343 .13 mm) ENm | 10803 | imitml | = | Fps | m | Kips | mm | KN | wmm | KN | nepaqve | postive | meganwe | poainve
Load i 48 in Kips 7615 Unitload @ 43im | Kipsft | 00952 0 0 ] 0 0 0 0 0 [ 0 0 0
{1219 e} EN 33370 (12,19 mam) ENm | 13800 1 0034 0757 0017 0In 0874 3388 0420 4009 0.013 0.008 1331 1.631
Load @ 96 in Kips 9635 Unitload @ 06 | Kmst || 1.205 " 0108 2200 0117 3260 271 10186 2082 14538 0112 0211 4131 5961
(24.38 mm) N 42361 {2438 mm) ENwm | 17578 14 0144 2061 0161 4066 3645 13160 4004 12,085 0.004 2161 -5.401 7417
Load 16 iz Kips 10583 | Unitld@lém |DEKpdi| 1323 n 0301 5187 0330 6751 7481 23115 8613 30.000 0.648 0.862 9480 12315
(40.64 mm) KN 47.073 (40.64 mm) RNm | 18305 15 0470 6960 0535 876 -1L83E  -30958 13508 38570 1.019 1523 -126%6 15985
Ductility factor. p 683 Ly @i 0153 29 0637  8I00 0740 10211 16167 36431 18783 35420 1.261 1840  -14841 18627
3 A1216 9502 1412 10635 30894 2263 35865 47304 510 7005 -17332 19400
mitial 3 1827 -10258 1982 12314 46416 45620 50338 S40T4 £.038 6518 -18713 22463
| EEEP Parameters units Zative  positive 38 -2209 9804 2617 13301 73894 44008 74087 50162 10900 11980  -18048 24283
E Kips 2 11738 4 3738 0007 3340 123586 94040 42068 99910 55080 8.204 8067 -18073 22058
il TS E
XN 52211
. Eipstt. ! 1467
Sy KNm | -17585 21412
in £.527 0530
A mm -13.38 13.69
E 3 3738 3540
Ay mm | 9494 8993
umits -zt positive  average
P = Hips | -10596 13301 11048
2 =3 KN 7131 500165 53140
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Specimen Ta For total lensth  [Specimen Ta Per unit length  |Specimen Ta For total length
CUREE cyolic fest |__ CUREE cyclic test CUREE cyclic test
|Effective wall lengtn 96in. | 244m |Effecave wall length o6 | Effective wall lensth 96m. | 244m
Date: Time. Date: Time: cyle | ave displacement avg, load [ workpercyele | work | cychicstffness | damping ] bme
| EEEP Parameters unifs mibal | EEEP Paramefers | umis mitml | = | mm Tips | RN | Ripit | RNm | Kipkt | Khm | Kipm | Rimm | ratie b
5 12536 : : Kip# 0 ] 0 [ 0 0 0 0 13
P lonl Fo xg; ss2e | POSTRBM Ve T ENin 1 0083 2487 2422 10773 0014 0030 0014 0020 28312 4608 0115 101
n 2.245 , : R T 0.151 3831 3138 4404 Q.26 0.036 0.104 0141 2068 3847 0.102 703
it b e s70p | DR O, Ay 14 020: 5171 3955 17500 0042 0057 038 031 1966 3443 009 1401
o Epa| 11046 i . 21 0415 10554 6411 28515 0470 2.231 0.556 0.754 154907 2714 0In 2100
s xlgs a3y | Vedwmtioad v S m 5 0.629 15066 8198 36465 0.343 0.466 1.145 1.552 13082 2201 0.127 2500
: _ m 0,643 i 9 0815 20954 9206 41350 0498 0.675 2868 11303 1895 011 2900
Briftatyuhd loed, dyve 1™ it 1645 | Dl eryield load A ST a2 1208 30693 10726 47710 1145 1552 5116 9383 1683 0164 3100
Proportional limiz, Eips 5.015 Proportional Limit, Epf s 1839 46460 11830 suen 1811 2500 8960 6644 1183 0.167 3499
0.5F, oy EN 22305 04w, ENm s 2,501 53535 12230 54355 3534 4701 11486 15586 4026 0853 01m 3708
Dirift a1 prop. kimit, m 0282 | Daftatprop limit, [0 a1 2385 60643 8453 373509 1884 3910 16342 2155 39% 0.692 0282 4008
@0 AF e 147 A0 Mt mm 747 u 3275 B39 3312 TR 036 0.008 16711 22656 1016 0.178 0.130 2352
Faifure Joad ar 0.4F ‘Kips. 10029 | Uitloadatfailweor [TEiDH. 1254 7 2436 61883 4525 20127 08T 1134 11620 1575 1.863 0326 0.152 7545
== ["EN 44610 08v,., ENm | 18295 50 3218 81980 3282 14507 0818 1108 15075 21658 1019 0.178 0148 8146
Drift e, Agae [N 252 | Dt at faire, s, [MSRR 2504
Elastic suffess, K, ['Kiphn || 17057 Shear modulus, G [ Rapim | 17057
@0AF g KNmm | 2087 @04F s KNmm | 2987
. . #0| 16342 | Work wnl faitureper [EEpEEL)| 2043
Tk Ul Sallnce gm 12155 gt Jength i ENmm | 0085
Toada 32m Kips $318 Tnitlosd @ 32m || Bipsit )| 0.665 cycle |  Negafivestroke |  Posiovestroke | Nesadvestroke | Posfivestroke | Avea, Kip-n. | Unitload, KNim
(8.13 nm) EN 23548 (8.13 mm) ENm | 9.698 mitml | @m | FKps | m | Kips [ mmoo [0 KN0 |0 mm [0 EN) | negaive | positive | megative | postive
Load @ 43im Kips 6971 Unitload @ 43 | Kipsift' 0871 0 ] 0 [} 0 0 [ 0 [ 0 ) [}
(1210 am) EN 31.007 (12,19 mm) ENm | 12716 1 2183 2477 31m L1017 1852 10520 0152 0086 4518 4318
Load @ Séin ‘Kips 9844 | Unitled@ 96m | Kips | 1231 7 Q177 3305 4508 15002 3135 13705 0.160 0140 6103 5621
(2438 tam) EN 43787 (2438 mm) KNm | 17957 e 5233 41 5013 18451 4430 163532 0210 0.171 7640 6.780
Load@ 161 Kips 11688 | Unitlosd@lém |IEigeENl| 1461 n 0451 6654 37 T -ll481 0508 0427 27aR 1.189 011 -12038 11250
(4064 mm) KN 51988 (40.64 mm) KNm | 21321 5 0672 8301 0585  BO0S 17084 37322 I4B69 35607 1653 1463 -15306 14603
Ducrility factor, u 46 g @V 0.184 29 0828 9661 072 8831  -33581 42073 I8326 36726 2316 1153 17683 16202
a1 1551 -ILT0 0865 0662 30408 .52l OTP 42078 6683 1337 21506  17.6%
imitial s 2165 12205 1483 11365 55004 58480 37935 50554 7394 5605 22408 20732
| EEEP Parameters umifs | nezanve  posifive s 2678 -11662 2323 12778 68011 51874 50040 56835 6.134 10030 21274 23308
¥ Eips | 11007 11085 a1 4234 2868 3764 7231 -M7.533 12757 95585 31142 11305 14308 13120
e EN 48058 40306
; Kpsit || -1376 1386
T ENm | -20078 20221
i 0.866 0631
S mm | -1600 1602
e m -3.001 2987
e 71622 75.88
afe units nezafive  posifive  average
4 = 5 12295 1377 12536
d = EN -54.601 56838 55.765
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§2gcjm b For total lenzgth | b Per unit length &m b For total length
CUREE cydlic test I_ CUREE cyclac fest CUREE cyclic test
[Effective wall length 96in. | 244m |Effective wall length O6in. | 244m |Effective wall length O6im. 144m
Date: Tizme: Date: Time: cyde | ave displ ave. load |  workpercvde [ cumul work | cvclic stiffuess | damping Eme
| EEEP Parameters units iifial | EEEP Paramelers unils mitial mitml | = | mm Rips | RN | Ripfht | ENm | Kipit | Khm | Fipm | KMmm | rate b
s | 10393 = 7 Kpr | 1382 0 0 0 0 0 0 0 0 13
P 1036, Frew EN 4gq5) | Pekmitbad v, ovm | 19870 1 0.001 0015 0133 0594 0.000 0.000 0.000 0000 403570 70674 0238 3
i s in 1.848 : L i 1848 T 0.108 1733 2634 ILTI6 0018 0.004 0.031 0.041 4280 1y
Pt ek Joad: dy i sg9q | Drftatcapsciy g TR 4604 u 0103 4003 3042 17534 004 0060 068 0227 3575 1528
; ‘Kips OBY (| e . Tk 1223 n 0397 10089 6183 27501 0159 031 0478 0.648 2723 3027
b lomd, T BN 43504 | Yiewumitload. vy SO0 | 17849 15 0504 15083 7716 34323 0303 041l 1015 1376 2275 4177
. : S osie | T 0319 2 0704 20178 8884 0,462 0630 1915 3 506 1856 3527
Duftaryisidload, Sy P50 | 131 [ DrEtevieldoad 0 PV ] 1308 2 1324 3640 10738 357 180 376 5037 1424 6127
Proportional Limi, Kips 4357 Proportional mit, [ RdpiEE | 0.545 s 1848 26937 10393 1972 1674 6.623 8.950 19032 6727
0= EN 19380 Ddv,, ENm | 7.048 33 3421 6101 9.083 2798 3794 04T 43T 3 0.667 7377
Drift at prop. hmis, o 0.231 Drift at prop. bnus, | 0231 a 1440 87365 6.940 272 3688 15157 20550 2001 0350 7928
A0 4F mm 5.36 A@0 MWy mm 586 “ 0319 8091 0.449 0.022 0030 16733 2685 1258 0220 8551
T Kips £.714 Uit load 2t fadlure or Kipfi. 1.089
Fukreload or 035 P58 | 38261 08y, KNm | 1539
Dirft 21 F2r2, Aeme ::n i?ii Driftar failwte, Sgien [ f_osn:
Elastc siffoess, K, [PRET| 15974 | Shewmoddws & [TEGEEL| 18874
@04F g ENmm | 3305 @O AF g ENpam | 3308
Work sl faifure Kﬁ!-ﬂ. 1(? ri 7 U.nckl:ulnl failure per =
EN-m 14.570 undt lepgth
Load @ 321 5336 Uritload @ 32m | Negativestroke | Posifivestroke [ Nezafivestroke | Posifivestroke [ Area, Kip-n. | Taitload, KN/im
(8.13 mm) s 23.735 (8.13 mm) | = | Rps | m | Kips |cmmal] [ mm [ KN | negatve | postve | negan
Load @ 43 Kpall| 5529 | Unitlosdi@ 48in 0 ] o o 0 0 0 0 [ 0 [ ]
{12.19 fam) KN 30373 (12,19 mm) 0.001 0132 0000 0133 0025 0587 0.005 o.601 0.000 0.000 0.241 0246
Load@ S6ic Kips 9476 | Unitleed@ 96 0108 2557 0106 2T 2764 11375 2703 12058 0133 0.151 4685 4945
(2438 tam) EN 42149 (2438 mam) 0191 3744 0205 4140 4862 -16653 4845 18415 0260 0300 6820 759
Load@ 1.6in ‘Kips 10817 | Unitlosd@ 162 0303 5098 0401 6368 0982 26677 10186 28326 0982 1036  -10840 11616
{40 64 mm) EN 48113 (4064 mm) 0581 7458 0807 7974  -14757 33176 15408 35470  §.265 1472 -13606 14546
Dugctility factor, u 583 C @Vpa 0763 8570 0836 0108  -10370 38110 209085 20811 1455 1885 -15633 16778
1220 10204 D428 ILISY 31001 45790 36270 4073 4319 6135  -187® 20307
mitial 21853 10452 182 11333 47076 46402 46797 30411 6365 4662 -10067 20674
|_EEEP Umits | uezanve  posifive 2842 9907 3330 6028 72194 44066 84328 26815 10067 12827 18072 10997
F Kips 2598 9972 3616 247 4424 4138 01844 37461 112333 18408 7.090 5615 15363 7548
Yl KN 2600 24357 0275 0040 0362 0838  -6903  .0180 .02 3815 4135 -l048 007 1.564
. Kpsl| 1200 1247
Vs Km | 17508 18191
i 0520 0500
Ay mn | 1344 1202
" o 3591 2474
e m 01.04 5283
|Cltimate parameters uaits safive  positive  average
= - Eips | 10452 11337 10893
E S EN 46404 50412 48434
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[Specimen 8a For total lensth  [Specimen 8a Per upit length  [Specimen 8a For total length
CUREE cyclic test CUREE cyche test CUREE cychic test
Effecave wall length 96in. | 244m |[Effectve wall length 9in. 244m |Effective wall length i 244m
Date: Time: (Date: Time: cycle | ave. displacement avg. load | workpercycle | ¢ lative work lime
"EEEP Parameters unifs initial EEEP Paramelers unifs initial imitisl’ | = | mm Kips | RN | Kipft | KN'm | EKpft | ENm b
BT 15380 e z Kipf 1024 0 0 [ ¢ 0 0 0 0 13
PO, Erg Fadh GHit M Wit ENm | 28071 1 0.062 1563 2289 10180 0.013 0.017 0.013 0.017 42 124
e . iR T 0102 1597 3156 14040 0.004 0.032 0.002 0123 a2 875
e s DR RESDACHY. S [ 53.00 1 0140 3564 3837 17066 0038 0052 020 0285 M 1751
ot FiTan - Eip/ft. 1.738 n 0.303 701 62 27691 0.135 0183 0.472 0.630 21.003 3.67 2625
ekl Jond, P Vieldumtload ¥Yuus S khim | 25364 15 0473 12002 8447 3750 0260 0353 0822 1250 18157 3180 314
: o m 0.674 EY 0.67 b1 16387 10383 46133 0418 0.566 1.695 2298 16.120 2823 3624
e o y71p | Driftoryieldioad. Ay S50 17.12 By 20835 12066 1409 1910 3477 474 12100 219 3099
Proportional Limic, Egs Proportional limir, [T Bpie | 0.769 £ 45046 15286 2339 3172 6.780 2193 3658 1516 4374
04F o, KN 7 047,y ENim 11228 38 50968 15220 4186 5673 12595 17075 6367 1115 4740
Drift 2t prop. limit, m 0208 Drift at prop. lizus, o 0298 a1 88133 11405 4215 5715 19305 26173 37 0574 5124
A0 AF mm 157 A0 gt mm 157
; : 12314 | Utstload 2t faibwe or [ RGP 1.539
Falhwe o ar 087, R e 08w, KN | 22463
3.344 1 %44
Driftat e, Agen [PORS] 221 | it e, s [SRN|  224
Elastic siffness, K, | Kipam | 21008 Shear moduls, G |1 ipiim 11008
@0 4F g ENmm | 3605 @OAF ENmm | 3695
- > K| 19305 | Workunrl fitwreper [TEipiin | 2413
Work il faihre gm 2%6.173 agit Janzth = Rimm | 107
Toad@ 30 T 5403 Umtlosd @ 32m | Ripsit 0812 cycle | Negatie siroke Posifive stroke | Negabivestroke | Positve stroke Area, Kip-n, | Unitload, KHIm
(8.13 mm) EN 28880 (8.13 mm) ENm 11345 | imitil mn | Kps m | Kps [Lmm O END[omm [ EN = [ positve | megaive | positve
Load @ 4% in. Kips 8.495 Ugitload @ 48in || Kipsiit 1.062 0 0 0 0 0 0 0 0 0 0 0 0
(1216 mp) EN 37785 (12.19 ram) ENm 15405 1 0053 2093 0070 2485 1356 9308 1.770 11.053 0,055 0.087 3817 4533
Load @ S6in Kips 12615 | Unitload@ %6 | Kipsile | 1577 T 0087 2912 DRl 3400 2200 -12954 2002 15125 0,083 0142 -5313 6203
(2438 mm) EN 56.113 (24 38 ) KN'm | 23012 0116 3574 0065 4100 29841 -15805 4186 15236 0,024 0.176 -6.510 7470
Load 161 “Kips 14972 | Unitload@16m |FEipsit 1812 n 0252 6013 0354 6438 6413 24746 8089 28 637 0.655 0996  -10860 11744
(40,64 mm) KN 65 596 (40,64 mm) KNm | 2731l 15 0400 8122 0345 BTl -i0206  -36128 13838 39012 1.055 1452 -14816 15599
Ductility factor, u 485 . T 0.191 2 0560 0941 0744 10826 14270 4216 18905 48153 1445 1953 18132 10748
3 1030 -13521 1319 14611 26165 60130 33505 64.008 5403 7310 24663 26652
mitial 35 21630 -14010 1915 15662  -£1412 66318 48670 60663 83533 9042 27198 28569
EEEP Parameters | units | pegative  positive 18 1187 -14573 2614 15BEE 55547 64810 66388 7057 8204 10001 26384 28045
P Kips 13300 14410 41 3297 -10110 3642 12701 83746 44068 02510 56493 13701 14605 -18442 23168
e EN 50557 64137
- Empsst | -1674 1,802
g ENm 24425 26303
i 0.561 0.787
e froe 1434 20.00
n 2845 3642
A faire 2 R A
mm =722 92352
Ultimate umits -2 positive _avera
P = Kips 14810 15868 15389
7 B EN 66321 70580  68.45)
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sCimen b For total length Specimen 8h Per unit leagth S_,m 8b For total length
CUREE cydlic feil CUREE cyclic teit CUREE cyclic fest
[Effective wall length 96in. | 244m |Effective wall length O6in. | 244m |Effective wall length O6im. 244m
Date: Time: Date: Time: crcde | ave displacement ave. load |  workpercvcle | cumulaivework | cychic stiffness | damping Hae
| EEEP Parameiers | umis minal EEEP Paramefers | units ininial mitml | = | mm Rips | EN | Riph | EKNm | Kpk | KWN'm | FKipm | KNmm | raie b
Kaag| 15520 . Wpe | 1040 0 0 0 ) 0 0 0 0 13
Dotk 1o, EN @iy | Pemmilad v Toom | 22310 1 0.083 22313 281 12546 0016 0.022 0015 002 3439 6017 012 109
e - n 2897 . i 1507 ) 0132 3400 3866 17328 0.031 0,042 0124 0168 20027 5083 0113 m
DR PO, et ™= i sy | DEEECDAC A D 7359 14 0182 4623 470 20096 0052 007 0287 0300 25945 458 0115 1551
. Kl 1397 | v ) EpR | 1683 21 0367 6314 703 ALWT 0202 0.274 0,664 0501 19175 3338 0.149 328
TieWlont, Ty EN sogop | Tiedumitioad vy R | 24565 5 0561 14237 888 30516 0364 0403 1322 1M 15857 271 043 177
. ., i 0.655 | .. w 0.655 9 0730 10785 10344 26011 0540 0.733 2304 3245 1364 2389 0.131 3217
Driftat yield load. &y [FSom | 1663 [ DR viedboad A FRUP™1 168 2 1352 34351 13228 SB841  LSS6 2109 4467 6056 9812 1718 0165 3550
Proportional Limit, Eps | 520 Proporticaal kmit, Kpe | 077 s 1907 50719 14676 65279 238 30 7036 10750 7349 1287 0.155 3183
04F 0y KN 27513 Ddv,, ENm | 1134 33 2807 73586 15520 60032 4348 5804 13909 18070 5355 0238 0182 217
Drift 2t prop. b, n 0302 | Dsftstprop limt, i 0302 a 3408 88852 14602 64540 4814 6526 19070 25867  4.1%0 0732 0.180 8199
20 Fpea mm 7.67 A@0 AVt mm .
Eaid Kips. 15520 | Urttloadat failure or | Kipify. 1940
Fuilwedoad o 03 P8 | G003 08v,., ENm | 28310
SR i 28907 : . in 1807
Dirift a7 fadlure, Ajwees o 750 Drift at faibare, it ez 73.50
Elastic stffness, K, | Bighnt )| 20630 | Shewrmodhs, & [THGpam| 20630
(@0AF ENmm | 3613 @0AF g ENmm | 3613
- N Kip | 13900 | Wodk wanl fhweper [[EpRAL| 1750
Workumil fitwe  [Fivn | 18979 it leczth KNmm | 778
Load@ 32 Kips. 5451 Uit fozd @ 32 Spsit 0.506 ode [ N stroke | Posiivestroke |  Neganvestroke [  Posifivestroke |  Area Kip-n. | Unitload KNim
(8.13 mm) KN 28692 (8.13 mm) KNm 11767 [ mmitl | = | Feps | m | Fps | omm | KN | mm | KN | oegaive | posinve | megatwe | posive |
1oad@ A8 in Hpsl| 5102 | Unitlosd@ 43 |PEipws| 1013 a ] 0 ? 0 0 0 0 0 0 [ ]
(1219 tam) KN 36037 (1210 mm) ENm | 14779 1 0112 2928 0065 1714 2847 13023 1618 0164 0086  -534 4950
Load @ 96in Kips || 11347 | Unitloed@a 96 | Kipse || 1.418 T Q13 38303 0137 3988 3340 16917 3477 0.083 0243 6038 7275
(2438 tam) KN 3047 (2438 ram) KNm | 2069 el 0175 -23%6 0180 4884 4453 20266 4700 2TH 0183 029 831 2910
Load @ 1.6in Eipsll| 13753 | Unitlesd@lém [EpEEN| 1710 1 0347 -680¢ 0387 M2 380 30262 980  R211 097 1.2 2410 13210
{40.64 tmm) KN 61 175 (40.64 mm) KNm | 25088 5 0533 8518 0588 9350  -13531 -37888 14943 41143 -15538 16873
Ductility factor, p 44 L @V 0.184 29 0717 -10008 0801 10670  -18214 44510 20356  47.500 18250 10480
2 21258 12004 1447 13553 31058 57308 3644 60284 23530 47
mitial 35 193  -1417 2058 15074 40164 63066 52273 67402 25864 2760
| EEEP Parameters | umifs | nesanve  posifive 38 2747 -14579 3048 16460 69764 64847 T4 T3217 26594 30007
i Eips | -12005 14028 4 3087 15875
i EN 57401 62396
. Epsit || -1613 1.753
Vs ENm | 23341 25580
'ii‘. 20,603 0.706
S mm | 133 1793
a i 24T 3.087
it mm 076 1017
mate parameters umits | mezative  positive  average |
" = Kpao)| 14579 16461 15520
G e KN 54850 T3IN 69.033
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[Specimen 9a For total length  [Specimen [ Per unit length  [Specimen 9a For total lensth
CUREE cvclic test CUREE cyclic test CUREE cvclic test
Effective wall lenzih 96im | 244m |Effectve wall length O6in. | 244m |Effective wall length 96 | 244m
Date: Time: Date: Time: cycle | ave displacement avg. load | workpercce | cumulafivework | cychicstiffness | damping line
[ EEEP Parameters | umits | wmbal | EEEP Paramelers | umis | il | amifal |  &m | men | Kips | BN | Kipk | ENm | Rp& | KNm | Fapm | RNmm | ratie b
Kps 14362 o Tipft, 1.862 0 0 0 0 i 0 0 ) 13
Pk . T EN soqp | TRl Ve TeNm | 2766 1 0.059 1404 1804 302 0.008 0.011 0.008 0.011 5382 0,149 m
- o in [ — in 2210 7 0.009 2515 1387 11507 0009 0.025 0,065 0.080 4501 0.139 77
s il saie | DRAMEICE. f [T | 5614 1 041 35T 3203 4646 0031 0041 0156 0211 340 4115 0126 1554
Yiekiload B Kips 13004 |y g Kipft | 1.626 2 0310 7865 3632 25050 0117 0.150 0376 0510 18271 3200 0129 2331
edload T [FURN ] saa | VMmladve FRNm | mm | 2 0488 12305 7571 33677 0248 0330 0799 1083 1567 276 0426 27
S n 0735 m 0735 b1 0669 16989 9207 40852 0377 0511 2083 13388 1432 01 3219
Dt at yiekd load, S == om0 1g57 | Dmftatyieidioad, A, ST 1667 a 1242 31352 12721 s6s8L 129 1653 4210 10341 1811 0048 35:2
Proportional Limir, Kips. 5957 Droportional limiz, [ BdpaL | 0.743 a5 1815 46107 14484 83318 1988 21605 592 8034 §.155 1428 0.143 3885
04F EN 25,406 04ty KNm | 10366 38 210 53000 150356  66.048 2,041 3088 10225 13.863 7.130 1250 017§ 4230
Drift at prop. Limit, i 0337 Drift 2t prop. Limit, i 0337 41 2804 73505 13403 50608 3407 4741 15237 20658 4343 0.848 0.176 4554
A0 4 jeu £am 8.56 L0 W mm 856
; Eips 13443 | Unitload at failwe or [ Wipift 1.680
Faiture 16ad or 0.8F s [F55N | 50.708 08y, KNm | 2452
in 2733 . . 2733
Drft ar faihre, Ao o Gaay | Dmftarfbue A iy 5042
Elnstic siffness, K Kiphn | 17.604 Shearmodulus, & [T Kipim | 17694
@0AF e ENmm | 3009 @0AF g ENmm | 3089
e Epfl| 10225 | Workndl faihweper [Ropfin)| 1278
2 A KNm | 13363 it length ENwmm | 5685
Toad@ 320 ops 5.737 Usitlosd @ 32m | K=t 0920 cycle | Negatnestroke | Positivestroke |  Nezatveshoke |  Positivestroke | Area Kip-n. | Umitload, KMim
(8.13 mm) KN 15,607 (8.13 mm) KNm 10502 mitml | =m [ Kps | m | Kips [Dmm KN e KN | mematve | posove | negative | positve
Load@ 48 in. Hips 7.509 Usitload @ 43 |Eipsi| 0939 [ 0 0 0 0 0 0 0 0 0 [ 0
(12,19 mm) N 33401 (12,19 pm) ENm | 13808 1 0.061 1766 0057 18482 1542 -7854 1445 8193 0.054 0052 3021 3 360
Loadd@ 06in. Kips 11062 | Uditlad@ S6m | Kipsft | 1.383 b £0.003 2565 0005 2608 236 -l1416 2687 11500 0.070 0107 4532 4757
(2438 mm) KN 49202 (2438 mam) KNm | 20178 14 £132 3281 0340 3305 3348 -14504 37 14.690 0.113 0132 5985 6008
Loadi L6in. Kips 139088 | Unitlosd@lém |IKipsie | 1742 i | 0287 -5365 0333 5800 7285 4753 8446 23347 0.686 0824  -10051 10398
(40.64 mm) KN 62217 (44 64 mam) ENm | 25515 5 0446 7551 0330 7S -1E331 33386 13458 33969 1.045 1512 -1397% 13849
Ductitiy facior. u an G @i 0159 b1 4607 9232 0731 9181 15415 41063 18562 40.842 1.349 1685  -16840 16749
- k3] L1266 -12864 1358 12578 28611 57217 34403 55.046 5730 6824 23465 o
imitial 3 1654 -14875 1067 14493 42263 65163 49950 64466 7.455 8238 2734 26438
_EEEP Parameters unifs | begative  positive 38 1923 -14898 3092 11374 40355 66270 78532 50589 4156 455 21177 20747
E Eps | 13606 12403 41 2454 15201 3334 11515 6233 68015 84676 512N 7714 2768 27893 21006
i EN 40518 55167
: Epsdt | -1701 1550
ki ENm | -24819 22624
in 0736 0733
Bt mm -18.70 18.62
n 2454 3012
S mm 6213 7651
i umifs tive  posifive  average
@ EgEy| 1521 13J13 15232
F. e
i =) EN 68018 67660 67844
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[Specimen [ For ioial lensth  [Specimen [ Perunitlength  [Specimen b For total length
CUREE cvclic test CUREE cyelic test CUREE cyclic test
Effecave wall length 96in. 2.44m |Effective wall length 9bin. 244m |Effective wall length 96im. 244m
Date: Time: (Diate: Time: cycle | ave. displacement avg. load | workpercycle | ¢ lative work | cyehic stffness | damp line
| EEEP Parameters | units inifial | EEEP Paramelers umifs mibal | mitml | = | aom Tp: | RN | Kipn | ENm | Kpa | Khm | Fpm | FWmm | ratie 1
Ry EON| 197 | peyoumsiadv., |POSPEE| 2081 0 0 0 o 0 0 o 0 13
7t EN 74048 . ENm | 30367 1 0.087 2215 2 978l 0.013 0.018 0.013 0.018 15383 4445 0.135 107
2 i 2.686 . i e 2.686 T 0.135 3437 3013 13426 0.025 0.034 0.008 0133 12310 3010 0.117 1400
Dottt peakload. et (™ o 6p2¢ | DUACRY A [T 1 ggs 1 0185 4666 3676 16353 0041 0055 026 0307 20016 3505 0115 270
. Egs 473 g o Ripi | 1540 1 0363 9351 6011 26781 0.138 0184 0.509 0.690 16355 2864 0.117 4108
ek Jond, P EN gsago | edusitoad v, 1FNm | 26854 25 0343 13780 7884  35.068 0.250 0338 0.060 1302 14537 1546 0111 4908
: e i 0845 m 0945 b1 0.737 1870 9615 £ 0393 03533 1.707 2314 13071 2230 0.108 5797
Drift at yield load, Apua (S50 ) |Dufmyieldioad Aot FRST] 2400 EY) 1316 33431 13330 59380 72 3379 4581 10377 11 0142 8397
Proportional Limit, Egs 6.659 Proportional lini, pE | 0832 kS 1897 48185 15420 68628 2898 6384 3.653 8.141 1426 0.139 6998
04F EN 20519 047,y ENm | 12147 38 2,685 63235 16647 74048 5632 11951 16203 620 1086 0.177 7508
Drift at prop. Lmit, m 0427 Drift st prop. linut, o 0427 a1 3403 88852 14800 64040 6526 1907¢ 25867 4.180 0732 0180 8100
A0 A mm 10.85 200 Mt mm 10.86
- - 14602 Uzt load at faibure or Kip'ft. 1815
Faelondar 085, |SREE (00 08w, ENm | 26836
Dirift 2t faihare, Aguien ; ;;gi Drift at fliTe, Ao ::n g; g?
Elastic stiffness, K, Kipin Dt = 15577 Shear moduius, G | Kipim 15577
@0 AF oy ENmm | 2728 @OAF e ENmm | 2728
; > | 19079 | Workunrl failwre per [TRepauEL | 2.385
Work el faihre !gm 25 367 it Janzth Rimm | 10408
Load @ 32in - Eips 5410 Unitload @ 32m. M 0.676 cvcle | Negative stroke Positive stroke | Nesativestroke | Posifive stroke | Area, Kip-n, | Uit load, KNim
(8.13 mm) KN 24.062 (5.13 mm) ENm 0.868 imifinl | = | Emps m | EKps | mm | EN | mm | KN | sesagve | postive | megatwe | positive
Load@ ARin Kips 7.220 Unitlosd @ 43 |/ Migefe | 0003 0 0 0 [ 0 0 ] 0 0 0 0 0
(12,18 mm) EN 3216 (12.19 mm) EN'm 13171 1 £096 2197 0079 2188 2433 0772 1996 0.105 0.086 4007 3291
Load @ 96in Kips 11081 | Unitload@ 96in | Kipsie 1385 T 0138 296 0132 3075 3510 -13077 3363 0.109 0142 -5404
(24.38 mm) EN 42289 (24 38 ram) KNm | 20213 14 0185 3650 082 303 4710 16135 4620 0.155 2168 -6.658
Load @ 161 Kps 14366 | Umtlead@lém | Kipsie 1.706 n 0350 5868 0378 6174 Q106 25103 0.506 0523 0967  -10.703
(40 64 mm) KN 63902 {40 64 mm) ENm | 26307 25 952 7669 0562  BO9%  -13270 34112 14280 1il2 1316 -13990
Ductilisy factor, p 3.70 [N 0177 bl 0604 9344 0780 2888 -17617 41562 198n 1453 1062 -17.043
k3] 21225 -0 1406 134678 3L135 57021 35TIT 5047 734 23754
infial 35 1815 -15130 1080 1527 46001 67300 502®2 8204 3430 27600
| EEEP Parameters umifs | negative  positive 38 2615 -16611 2758 16684 66413 73883 70038 12698 12618  -30300
F Eips 4707 14736 41 3600 -14363 3306 14841 01440 63888 84263 15258 10056  -26200
i EXN 455416 65544
" Kipsgt | -183% 1842
S ENm | 26827 26880
) 2950 0.940
e mm | 2414 238
e m -3.600 3306
nm 0144 8526
Ultimate parameters uits negafive  posifive  average
s = BS 16611 Joo6er 16647
Z B EX 73887 74316 74951
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For total length |Szm 10a Per unil length M 10a For iotal length
CUREE cyohe tesl CUREE cychc et CUREE cyclic terd
96in. | 244m [Effective wall length O6in. | 244m |Effective wall length 6. 2.44m
Time: Date: Time: cpcle | ave displacement ave. load | workpercycde |  cumulativewerk | cychicstffuess | dampingz Hae
unifs EEEP Paramelers wmits inal initial_ | = | mm Kips | EN | Kipm | ENm | Kpk | KNm | Kipm | KNmm | rate b
Taps. . z KR | 0954 0 0 0 0 0 0 0 )
EN Podk uitload. View [T | 13622 1 0008 2470 0810 3604 0005 0006 0004 0006  $209 1453 00% 12
= i . 3 i 1552 T 0151 384 1132 5037 0008  0O0IL 0031 0041 747 1308 0080 0
A S e Dottt capmcty. Ak [~ om 90.21 1 0.203 5156 1300 6183 0013 0.087 0070 0005 6.850 1200 0087 1558
" Kips s EpE | 07 n 0410 10408 2241 9968 0047 0064 0061 0218 5467 0957 000 2336
Fmket o B KN Vield umitload. v 0N | 11521 15 0613 15557 2050 13121 000¢ Q17 0323 0438 4815 0843 009 1731
: e ) 131 2 0810 20808 3574 15890 0146 0108 0600 0814 4362 0764 0005 3235
Delftat yield load, Ayjs I Drfta yiald load, S S5 | 3358 3 1458 37029 5065 23528 0466 061 1208 1638 3473 0608 0120 3550
Proportional limir, Eips. Droporvional Lmir, [ EIREL|  0.374 3 2.051 2104 6105 27154 0786 1066 2332 3161 2976 052 00 3892
0.4F,, EN 0474 ENm | 3453 38 3071 78007 7308 31063 1580 2143 4475 6067 2347 041l 0136 4226
Drift at prop. lamit, i Drftatprop livur, |1 in 0,525 a 3607 93911 7460 33186 21435 2906 7604 10310 2026 0355 0147 4560
@0 4Fpuu mm A0 AV mm 1589 4 0200 7601 073  3M4 0032 0046 22060 20008 2102 0368 0248 8808
i ‘Eips. Unit load 21 failure or Eipft 08933
PRI R N 08y, ENm | 13609
. i o T 3.697
Drift ar falhirz, Apess — Drift ar faibae, Apeees — 03 81
Elastic stiffness, K, || Kiplin. Skearmodils, G [ Eapamny| 4777
@A,y ENom | 0 @0AF, KNmm | 0837
e Eipfe | 7.60¢ | Workumi futwe per [EOPREC| 0951
Workumil fubwee. e | 10310 uLit length Kimm | 4238
Load @ 321n. 1873 Uit load @ 321 : 0232 cycle | Nepativestroke | Positivestroke | Nesadvestoke |  Posifivestroke [ Area Kip-n. [ Twmitlead, KN/m
(3,13 pm) KN 8331 (@13 mm) ENw | 347 il | ®m ] B | ® | s [ mm [ BN [ mm [ H% [ vemme | posne | megewe | peste
Load @ 48in. Eos 2487 Unitload @ 48 | Kipsi | 0311 [} [ o ] 0 0 0 0 0 0
(12.19 zzm) KN 11061 (12.16 am) KNm | 4536 1 0007 0083 0851 2461 3423 2497 3785 0037 0042 1552
Load@ 96in Kps | 3003 | Ustlod@ 95m | Kipsd | osss 7 0147 0156 1203 3736 4678 3955 5306 0046 0050 2213
(24.38 mm) KN 17360 (2438 ram) ENw | 7.0 14 2190 L 0306 1487 5067 570 5232 6616 0061 0068 2713
Load @ 16in Kips | 5316 | Untled@lsm | K| o6 1 0400 21 0419 2334 -I0070 9552 10645 10383 0345 0.407 4258
(40.64 mm) KN 23645 (40 64 mm) KNm | 967 25 0596 2835 0629 3065  -15146 12610 15969 13632 D488 0566 5591
Ductliny fecter, 279 Cay @V 0.142 20 0802 3436 0836 3712 20378 15285 21237 16513 0646 0703 6772
EY 1420 4883 1404 547 36100 718 37950 23337 1576 2048 8571
nitial as 2004 -5936 2008 6274 -5DS0D 26402 53280 27806 3152 348l 10444
EEEP Parameters | _umi; | uegzafive  posifive a8 3020 7006 IR 741l -I6703 31062 79311 32864 6571 7.007 13519
v T i | s0M 660 4 3311 6980 4083 7941 34104 31048 10378 35320 2038 7376 14485
i EN 226394 20780
Eponll| 071 0837
- KNm | 1084 12217
o 1243 1401
Bt fum 3157 3518
" i 3311 4083
i mm 810 187
i umifs 23l positive  average
= = EEER| 006 7941 4%
7 s EN | 3L163 35327 3242
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Specimen 100 For total lengih Per unit lengih M 16k For total length
CUREE cyche test CUREE cvchic el CUREE cyche fost
Effective wall langth Oim. | 24dm Oin. | 24%4m |Effective wall length Ofin. 144m
Date: Time: Time: cycle | ave displacement ave. load |  workpercvcde |  cumulativework | cychic stiffoess | d Hme
P Paramefers unifs Tmiial EEEF Parame unifs mifal imitisl | = | Kips | RN | Ripft | ENm | Kipft | KENm | Epm | KNmm | ratie number
Kis 6076 = ) EpR | 0872 ] 0 0 0 0 0 0 13
Potklord, Frus EN 31031 Peak unkt L, Yot ENm 12726 1 0.089 1.075 0.004 0008 0.006 0.008 10.820 1.895 198
" m 187 P e i 1373 7 0152 1482 () B8 0015 0.045 0.062 0422 1.682 1402
Dot peak ] o mm N Bt shin Ve By mm 7107 14 0.204 1.7718 (U] 4 0025 0.105 0142 2635 1512 1802
= Eips 5.009 o , m V. 0.741 n Q.4l= 2721 0.085 0.088 0.236 G310 6.563 1.14% 4202
el o, R KN | 2637 | Tedwmithed v, w0816 % 0.615 142 0116 0158 0451 061l S488 096l 5001
- - i 0922 . n 0922 i 0.241 4003 0.1 0:237 0.801 1.086 4760 0834 5801
Drifi syied load. s ™| g [DEfuyRbML &G PN0e | nag | 22 1401 5373 0519 0704 1484 2005 383 0631 6402
Proportional limit, Eips 1791 Proportional Limt, Eipft s 2125 6.261 0.836 1.133 2m 3675 1.045 ¢.516 7002
0.4F KN 12412 Dy I i3 2873 6974 1.653 1241 4078 G748 1443 428 TEn2
Drift at prop. Lmur, in 0.435 Dnft at prop. Limuz, 41 3.700 6.200 2153 1319 8190 11104 1.681 0296 8205
Al AF pu mem 110+ L0 Ay 44 0209 0.723 003+ 0046 12 060 29908 2102 0368 8808
Fail E Kips 6.200 Uit load 21 failure or
Failure load or 0.5F,, N 41576 08y,
S ‘i 3.700 K
Drift ar falure, Apwses s 0308 Duft ar Flure. Apeies
Elastic stiffness, K, Kipiin 413 Shear modulus, G
@0 4F g ENmm | 1123 BOAF
. " Epfi | 8190 | Work vosl faiture per
Wk vl Gl [ BNam | 11904 it lepzih
Load@ 32in Kip: 2283 Unitload @ 32 cycle | Negativestroke | Fositivestroke [  Nesadvestroke | Posifivestroke [ Area, Kipn. [ TUnillead, <Nim
(8.13 mm) KN 10.201 (8,13 num) initial | = [ Eps [ m | Kps | mm EN | mm negative | positive we | positve
Loadi 431z xw 2.942 Unitload i 48 a 1] 0 ¢ 0 0 0 0 1] ¥} 1] /]
{12.19 mm) KN 13083 (12.19 mm) 1 =100 -1.088 0,039 1.062 -1530 -4 838 23517 4725 0,052 0.053 -1884 1938
Load O6in Eips 4152 Unitload @ 860 7 £.156 -1.431 0.152 1408 -3.870 -6.363 1.868 6.662 0,071 0068 -2.610 2732
(2438 mm) KN 18922 (2438 mm) u £.208 -L718 0.20< 1.338 -3.283 -7.640 5179 2173 0.081 C.086 -3133 3332
Ioadgléin Eips 5.525 Unitload @ 1.4 m. 11 041l -2.600 0413 2842 -10442 -11.563 10.612 12643 0,438 0.501 471 5.1%85
(40.64 mm) Kiv 24 577 (43 64 mu) 15 -3.621 -3.285 0629 3565 -15.763 -4 643 15972 15.856 0.617 G676 -6 008 6.503
Ductility factor. 201 b 1% -0.823 -3.845 0.838 4161 -20.604 -17.104 31.803 18510 0.722 0.887 -T014 7591
iz -1.457 5177 1514 5.568 -37.174 -23.028 33245 4.767 1007 3187 2444 10.157
mitial as -2.106 5058 114 64565 53435 -15944 2268 28754 31587 3705 -11.050 11.792
EEEP Parameters uuits megative  postive a8 -1.535 -§.485 321 7438 -§4.37 -25.388 §1.534 33174 2,689 7424 -11.847 13.605
F Eips -5.703 6.155 11 -34870 -5.901 3421 6408 -101072 26249 86.896 28.003 £.052 1467 -10.765 11.853
ot EN 25367 27370
Ripeit || 0713 0769
it ENm | -10403 11238
in 3002 0047
At mm -21.90 2405
A m -3497% 3411
o tm -10L07 8690
i umits megafive  posifive  average
“ E KEips -6.405 7438 6.976
il i KN -28.830 33.176 31.032
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|Specimen 11a For totallensth  [Specimen 1la Per umitlength  [Specimen 11a For total length a
CUREE cvlic test CUREE cvclic test CUREE cvclic test a
Effective wall length 96in. | 144m [Effective wall length 96im. | 244m [Effective wall length S6m 24dm t'-_lf
Date: Time: Date: Time: cycle | ave displacement avg. load |  workpercycle | cumulaivework | cycHcstffness [ damping hine >
'EEEP Parameters umits mifial | EEEP Parameters nnifs mital | mitml |  m | mm ps | KW | Kpa | KNm | Kipfe | ENm | Fpm | RNmm | rate b g
< 6,480 = ) x:ipﬂ. Y 0210 [ 1] 0 i i} i) 1] ¢ i3
Rk Jad. FP" xl\g? 382 Bosk gt laad, Vo K..‘I‘-!r_ 11.820 1 0.0ea 1516 0560 1034 0.00= 0.005 0.00= 0005 1171 0117 i1l g.
. = 3.768 . . T 1768 7 0153 3801 0887 3044 0007 000 0030 0040 1015 010 780 [o)
e v (5 W (il N v BT 14 0208  S21 1103 4806 0011 0015 008 0089 0040 0083 1557 ]
o Kops 5540 Wriatd , Kipft. 06682 i | 0419 10645 1871 8312 0.038 0.052 0142 0195 0.782 00 1335 3,
Tl S EN | 24ge0 | To0TrRMTe Pogm | tot0s | 2 e 2562 1137 0077 Ol4 02 0379 gT0e 0091 27 a
o n 1.336 . o 1385 b3 0545 3151 14015 0023 Q16T 0516 0.699 0651 0088 313 @
Drift ar yield boad, Ay (S50 | 3521 | Deiftatyieldload Ay PSR 352 R 1460 3498 20006 0398 0540 1036 1405 053 0115 3557 !
Proportional Lmit, E x"s 2.582 Proportional lamiz, 5 E 0324 35 104= 5.205 23.553 0,580 0923 2.007 2721 2454 0.120 3890 51
34.\-‘,.. EN 11528 0-4\’,.‘ EN'm 4728 -] 3118 6.210 27.622 1.324 L7935 1302 5154 1348 0,131 4124 o
Dsift at prop. Emit, m 0,649 Daft at prop. Limit, m 0.643 41 1768 6480 28.821 1.735 1,352 6,335 $.588 1.723 0302 0,135 4538 5
AGO Sy i 1549 A0 Ay mm 1649 u 0200 073 334 003 0046 MOS0 28008 2102 0368 0248 8808 a
=t o Ky 6480 | Unitloadaifaibweor [[DEipiL| 0810 2
Faihe loud or 035, [CAEE SSE 08v,., KN | 11820 g
- - [=]
Dreft ot fashre, Apgss ;ﬂ ;;_ﬁ Dirift a1 £231012, Aupue ;“m :; _Ef 3
Elstcsiffess K, | Eipdn | 4010 | Shermoduws G [ Emam | 4010 >
@0.4F g ENmm | 0702 @0 4F g KNma | 0702 2
. e Epfi| 6335 | Workunnlfailwre per [[Eapfile | 0.792 <
e O o T unitlerzth ENmm | 352 %‘
Toad@ 3% E@s | 1512 | Umtled@ 3im | Kipsit | 0189 | e | Negafvestroke | Foufveswoks |  Nezadvestoke | Posivestroke | Ares, Kipn. | Unitlead KNm =
(2.3 mm) KN 6.736 (8.13 mm) ~KNim 2763 mitisl | = | Feps | m | Eps | omm | | mm [ EN | negadve | postive | Desstive | posive | -5"
Load@ 48 Kps || 2068 | Untloed@ 45 |PEipsfE | 0258 0 ] o 0 o 0 0 0 ] 0 0 0 a
(1218 tm) KN 9.107 (1219 pom) KN n 1 0105 0650 0093 0670 670 2880 2362 2978 0034 0031 1185 1221 a
Load i Tipe | 3396 | Uwtld@ 96w |(Eipem| 0424 T 0156 0858 0150 0915 -39 3818 380 4071 0038 0045 1566 1689 =
(24,38 mm) EN 15.104 (24.38 mm) EN'm g§.184 14 0207 -1.067 0202 1138 -5.258 -4 748 5.187 5064 0,049 0.055 -1847 2077
Loada 16 Kips | a6t0 | Untled@lsim | Ewest | 0585 n 0418 184 0420 1938 0617 8025 10673 8618 0303 0332 3291  35M
(48,64 mm} KN 2 8l5 {440.64 mm) ENm §.536 s {623 -1.445 0,642 1670 -15.828 -10877 16307 1617 0436 0512 4461 4887
Ducriliy factor. p 2m I;._‘@VF. 0.138 19 0820 -2.087 086= 3304 -21.062 -13.332 21938 14698 0.561 0.663 -5467 6.028
2 1445 4300 1493 4694 36700 -19135 37925 20877 2247 2517 7847 8562
mitial e 208 5165 206 5436 -52377 22973 51468 A3 2001 2608 041 9897
[ EEEF Pamameters | unit: | nezaive positive 8 3060 6125 3167 6205 77950 27244 80432 28000 5683 6683 11173 11483
F : x“ -5.576 5.503 4 -3879 5635 3357 6324 -101.06% -19514 90348 28.128 5806 2463 -12.104 11.535
e EN 24801 24470
G Kpadt | -0se7  osss
e ENm | -10171 10039
™ 1473 1200
O m 3741 3300
o = 391 3557
mm -101 .06 2035
Ultimate umits nezative  positive  average
o = . -5.833 6324 6480
7 o EN -20.516 28120 1851
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For total length IM 11b Per unit length 11b For total length
CUREE cyclic test I_ CUREE cyclic test CUREE cych test
96in. | 244m |Effective wall length 96in. | 144m [Effective wall length 6in. 2.44m
Time: Date: Time: cycle | ave displacement ave. load | workpercycle | cumul work | cychic stiffuess | d Hze
unifs mitial EEEF Paramefers | units utnal imitml_ | @ | mm Rips | RN | Kipkt | EN'm | Kipkt | Khm | EKipm | RNmm | ratie number
Kips. 5.659 s Hipift 0.709 0 0 0 0 i [ 0 [ 13
EN asqpy | Peskmitload v, ENm | 10340 1 0.100 254 0856  3.810 0.004 $.006 0.004 0.006 8570 1.501 0065 168
o n 3.162 g . n 3162 7 0.155 3847  LI73 5218 0.008 011 0.033 0.045 7.351 132 0.085 1401
et puk it 4 o [ i s03y | Drftatcapacy dng TR 2032 1 0.206 524 1417 6303 0013 0018 0076 0104 6870 1203 0087 ag01
= Kips 4897 | s . 3 0612 1 0413 9.613 2.063 0.170 0230 5170 0.903 0.068 4200
ik koud By KN agg | Yiedmitoad v, N | 8932 2% 0.634 11 ¢117 0326 0443 4301 0753 0005 5000
s e m 0,097 . m 0,867 29 0842 14.196 0170 0585 0.703 3700 0664 0,084 5800
Driftat yield load, 5 S| 253z | DnRaryeldload A M0 | 2532 3 1502 19190 0548 1117 154 2873 0503 0119 6400
Proporional limr, Kips 2267 Proportional limsit, | Bapii 0.283 3 21 21340 663 0.809 2.061 179 1338 0.400 0.117 000
0.4 EN 10.085 04y, ENm 4.136 3 3162 25113 L. 1.767 3602 5182 1,703 0314 0139 7600
Drift at prop. limiz, m 0451 Drift at prop. ki, n 0.461 41 3.630 22684 1.645 2232 6.195 8398 1412 0247 0.167 8201
AGD A pe mm 1171 A0 AVt mnm 1. 44 0299 3214 0.03% 0.046 0060 20808 2102 0.368 0248 8608
- = Eips 4099 Vet Joad a1 failure or Eipft || 0.625
Fahmeload o 0.8 P50 | 12234 08t ENm | 918
o m 4.152 ol I 4152
Dirifr a1 T2, Ajgiens = 10545 Drift ar faibire, Avetes — 105.45
Elastic siffness, K, | Kipin | 4945 Shear moduls, G Tipiin. | 4945
@O0.AF ENmm | 0865 @0AF g ENmm | 0866
el i Epf 6195 | Workuntl falueper [TEERMEE)| 0.774
Workumil faifwe  [Fonen | 308 it leagth Kvmm | 3444
Load i 32in Kps | 1816 Uit foad @ 32 m ; 0.217 cyide | Negatvestroke [ Posifivestroke | Neganvestoke [ Posifivestroke | Area Kip-n. [ Tnitload KNim
(8.13 mm) KN £.080 (8.13 mm) ENm 3313 il | @m [ Kps | wm [ Kps [ mm | mm [ KN | negatve | postve | meganwe | posinve
Load @ 48 in Kips 2323 Unitload @ 48 | Kips® | 0290 0 0 ] 0 0 0 0 0 ] 0 0 0
(12.10 mm) KN 10334 (12.19 pamm) EN'm 4238 1 <0107 0806 0093 0817 ans 3.984 2.367 3636 0.048 0.038 1634 1491
Load@ 96 i Eips 3301 Unitload @ 96 | Kmpait | 0424 7 20150 : 0152 L1& 4.031 -5.268 3.363 5168 0,054 0.058 2160 2118
{24.38 rm) EN 15.084 (24 38 mm) EN'm 6.186 " 0210 1430 0203 1404 5314 -6.360 5.156 5246 0.067 0.063 2608 2562
Load @ 1.6 in Kips 4418 Unitload @ 1.6 ; 0.552 n 0419 2188 0413 2135 -10630  -0.730 10.607 2.496 0378 0380 3890 3.804
(40.64 mm) KN 19.651 (40 64 mm) KNm 5.059 25 0626 2754 0641 2696  -15898 -12249 (6264 11993 0512 0541 -5023 4318
Dustility facior, 47 g @V 0.139 29 0835 0850 3183 2101 -14235 21580 14157 0522 0.612 5.838 5.806
31 1473 1531 4400 37407 -18811 38877 10570 2.370 2582 2714 026
imitial EH 211 21 5207 -53.600 21521 55502 23059 2.802 3144 8826 9408
[ EFEP Parameters | umifs | nezafive  positive 38 3178 3 5,809 80752 24189 79891 26138 5491 5332 2920 10.760
E Eips ET] 5138 41 4247 4, 5.647  -107.874  -18932 105092 25117 5176 5.750 1764 10301
i KN 20610 21843
. Kpast || 0570 0645
Vs Rim | 8456 0409
n D885 1.109
Ayt mn | 24T 2316
A n 4182 4141
— mm 10571 10519
e units negative  positive average
-1 B Eips 5438 5890 5.660
e A EN 4000 26240 15215
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[Specimen 12b For total lenzth  |Specimen 12b Per unit length Specimen 12b For total lenzth
CUREE cvclic test CUREE cychic test CUREE cvclic test
Effective wall lenzth 96in. | 244m [Effective walllength 9éin. 244m |Effective wall length 96in_ 24dm
Date: Time: (Date: Time: cycle | ave. displacement avg. load | workpercycle | ¢ ] work | cychc stffoess | damping Hne
| EEEP Parmmeters | unibs inifial | EEEP Parameters uails Tnitial il | o | mm Wip: | KN | Ripet | Khm | Kph | Fhme | Spm | RVom | ratie b
Peak load, Kips 5000 | o o = Eipft 1.876 0 0 0 0 0 i [ [ 13
R EN £6.758 Wit oM. S [T rNwm | 27378 1 0.000 2287 2376 10571 0.014 0.019 0.014 01 26,408 4625 0.125 195
= i 3422 . e 3422 T 0143 3627 3239 14405 0.006 0.035 0.102 0130 12 687 3873 0.106 1309
£ rift v,
DER PO IO Ot [ | 3601 | TEERER A [ 8691 4 D101 4858 3067 17647 0042 0057 0238 033 2070 364 0106 2709
vi B Kips 3035 | wrgaocis o Epf 1.629 1 0385 0780 6111 27238 0.147 0.199 0338 072 15.902 2785 0.119 4199
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APPENDIX B =~ MONOTONIC TESTS, GLOBAL WALL DATA
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APPENDIX C = HOLD-DOWN FORCES
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APPENDIX D = ANCHOR BOLT FORCES
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APPENDIX E = STRAP FORCES AROUND OPENINGS
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APPENDIX F = PHOTOS

FIGURE F1
DOUBLE TOP PLATE FAILURE FOR WALL 4A, USING "SHORT" LOAD HEAD)

FIGURE F2
WALL 5A, WITH "INTERMEDIATE' LOAD HEAD (PAINTED GRAY
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FIGURE F3
WALL 7B, WITH "LONG" LOAD HEAD (unpainted steel)

FIGURE F4
WALL 5C, WITH NO LOAD HEAD (Actuator is pushing directly on double top plate)
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FIGURE F5
WALL 6A, SHEATHING TEARING, TOP EAST STRAP

FIGURE F6
WALL 6A, SHEATHING TEARING, TOP WEST STRAP
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FIGURE F7
WALL 6A, SHEATHING TEARING, BOTTOMWEST STRAP

FIGURE F8
WALL 6A, SHEATHING TEARING, BOTTOM EAST STRAP
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FIGURE F9

WALL 7B, NAIL HEAD PULL-OUT FROM BOTTOM OF PANEL
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FIGURE F10
WALL 9B, NAIL WITHDRAWAL
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FIGURE F11
WALL 12B, SHEATHING TEARING

FIGURE F12
WALL 6A, SHOWING STRAPS AND DISPLACEMENT GAGES
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FIGURE F13

WALL 10B, SHOWING INSTRUMENTED HOLD DOWNSAND ANCHOR BOLTS
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PART 2: MODELING FORCE TRANSFER AROUND SHEAR WALL
OPENINGS

Frank Lam, Ph.D., P.Eng
Minghao Li, Ph.D.
University of British Columbia, Vancouver, BC

ABSTRACT

A nonlinear finite element based structural analysis program Wall2D has been developed to model the force transfer
around openings of perforated shear walls. The kernel of Wall2D is the model of the nonlinear load-slip response of
the frame to sheathing wall connectors. Model predictionswere compared with the test results. Since the perforated
shear walls encountered failure modes such as tearing and buckling of sheathing panels, failure of framing members
and connections, the load path within the wall systems changed once such failure modes were encountered. As a
result, Wall2D over predicted the ultimate capacity of the perforated shear walls and can only be used to consider
the response up to the design capacity. Comparisons of maximum force transfer around openings (FTAO) at the
wall design capacity from the test results, WALL2D model and simplified analogs are presented. The prediction error
range of the computer model at the wall design capacityis from —15.4%to +4.3%.

The Drag Strut method can either under predict or over predict the maximum FTAO. The Cantilevered Beam,
Coupled Beam, and Diekmann’s methods on the other hand are very conservative. When compared to the test data,
using Diekmann’s method as a base, a reduction correction factor of 1.2to 1.3might be considered to account for the
contribution of the framing and nail elements within the wall system. Diekmann’s method however is not suitable to
predict the FTAO in cases when the wall segment below the opening is not available as in the case of a garage door
opening. Future studies are needed to fine tune the computer model to consider the currently ignored nonlinearity
and failure modes.

1.2 INTRODUCTION

The current design codes provide three solutions to wood shear walls with openings. The first one considers only full-
height wall segments and ignores the contribution of wall segments above and below openings. The second one takes
into account the wall segments with openings using an empirical reduction factor. The last solution is the “forcetrans-
fer around openings” (FTAO) method in which shear walls are designed for the forces transferred around openings.
And nails, metal straps, blocking members may be required to reinforce the corners of openings. In the last solution,
rational structural analyses are needed to obtain the amount of forces transferred around openings.

Martin (2005) provided a detailed review of the common design methods of wood shear wall with openings: tradi-
tional segmented shear wall approach, drag strut method, and cantilevered beam analog. Depending on the geometry
of a perforated shear wall, the drag strut and cantilevered beam methods can yield very different estimates of the
forces around the openings. Diekmann (2005) provided a discussion on Martin’s article and presented a method he
proposed (1997) based on Vierendeel truss analog. Kolba (2000) performed a detailed experimental study on perfo-
rated wood shear walls focusing on the applicability of Diekmann’s method. Although the results were inconclusive,
detailed explanations of the assumptions of Diekmann’s method were provided. Robertson (2004) discussed differ-
ent methodologies available to an engineer for analyzing and designing force transfer around openingsin plywood
sheathed shear walls. He discussed building codes requirements and analyzed examples of several perforated shear
wall configurations using the drag strut method, cantilevered beam method, and coupled beam analogy (a varia-
tion of Diekmann’s method but seems to lack some equilibrium rigor). Large differences in estimated force transfer
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around opening were found. Lam (2010) also reviewed four commonly used “rational”design methods (Drag Strut,
Cantilevered Beam, Coupled Beam, and Diekmann’s method) and compared the estimations of maximum trans-
fer forces of five cases of shear wall with openings. The results indicated that depending which “rational”analysis
method is used the results can vary significantly. This reinforces the need to study the FTAO problem carefully to
enhance our understanding.

In this study, a finite element model “WALL2D” has been used to estimate the FTAQ in twelve different types of shear
walls with different sizes of opening, widths of full-heightwall piers and construction techniques, as shown in Figure
1. Monotonic loading was applied on the top of each wall and internal forces in the FTAO metal straps, hold-downs,
and anchor bolts were obtained. The modeling predictions were compared with the shear wall test results provided
by the APA laboratory for the model verification.

22 WALL 2D = SHEAR WALL MODEL

The WALL2D model was developed at the University of British Columbia (UBC) to study the behavior of panel-
sheathed wood shear walls under monotonic loads and cyclic loads. It was compiled in Intel Visual Fortran Compiler
V10.1 (Intel, 2005). This original version of the WALL2D model consists of linear elastic beam elements for the fram-
ing members, orthotropic plate elements for the sheathing panels, linear springs for framing connections, and ori-
ented nonlinear springs for panel-frame nailed connections. A special feature of this wall model is the implementation
of a mechanics-based nail connection model, called HYST, to account for the nonlinear springs connectingthe fram-
ing members to the sheathing panels. The current version of the HYST model can fully address strength and stiffness
degradation as well as the pinching effect in a typical hysteresis of a panel-frame nail connection. In this project, to
study the FTAO in the shear walls, two types of spring elements have been added. One is the tension-only springs for
hold-downs, anchor bolts, and metal straps around the wall openings; the other one is the compression-onlysprings
to account for contacts between wood members and contacts between sill plates and the foundation.

The detailed introduction of the WALL2D model as well as the HYST model can be found in a research paper submit-
ted to Journal of Structural Engineering for publication (Li et al. 2011).
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FIGURE 1 (Continued)

SHEAR WALL CONFIGURATIONS AND INSTRUMENTATIONS
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FIGURE 1 (Continued)

SHEAR WALL CONFIGURATIONS AND INSTRUMENTATIONS
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mwd%ﬂhmmmmMMMym (2) 718" dia.

A total of (6) 5/8" dia. (A.B., and
straps) and (1) 7/8" dia. Strainsert
bolts (HD) will be used to
instrument forces for this test.

5/8" Strainsert
bolt to measure
tension force

——

S AR S

A total of (6) 5/8" dia. (A.B., and
straps) and (1) 7/8" dia. Strainsert
bolts (HD) will be used to
instrument forces for this test.

A total of (3) 5/8" dia. (A.B.) and
(2) 7/8" dia. Strainsert bolts (HD)
will be used to instrument forces
for this test.
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FIGURE 1 (Continued)

SHEAR WALL CONFIGURATIONS AND INSTRUMENTATIONS

Wall 8

Objective:
Compare FTAQ to wall 7.

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"x0.229" P.W.

Wall 9

Objective:

Compare FTAO to walls 7 and
8. Collect FTAQO data for wall
with larger opening.

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"x0.229" P.W.

Wall 10

- 120"

—

——

=

-
I
\

10" 250" 30" 2:0" 10"
AB's are placed 1-ft in from avanly
along length

-« 40—

l l - q.
1-0" 20" 3-0"
AB's are placed 1-ft in from

along length

Objective:

120" >

- — 20"

-

FTOA for 3. 5:1 Aspect ratio

pier wall. No sheathing
below opening. Two hold
downs on pier (fixed case).

HDQ 8 Hold Downs

5/8" Dia. A.B.
3"x3"'x0.229" P. W.

70"

AB's are evenly distributed along length (8" fram end, typ.)

8-0"

Strainsert bolts
(2) 5/8" dia.
(2) 7/8" dia.

(3) 5/8" dia.
(1) 7/8" dia.

(3) 5/8" dia.
(1) 7/8" dia.

A total of (7) 5/8" dia. (A.B., and
straps) and (1) 7/8" dia. Strainsert
bolts (HD) will be used to
instrument forces for this test.

A total of (7) 5/8" dia. (A.B., and
straps) and (1) 7/8" dia. Strainsert
bolts (HD) will be used to
instrument forces for this test.

| |

b d

A total of (4) 5/8" dia. (A.B.,and straps) and
(2) 7/8" dia. Strainsert bolts (HD) will be
used to instrument forces for this test.
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FIGURE 1 (Continued)
SHEAR WALL CONFIGURATIONS AND INSTRUMENTATIONS

Wall 11

- 12'-0" >

- 20" - —» 20" -
Objective:
FTOA for 3.5:1 Aspect ratio
pier wall. No sheathing
below opening. One hold

down on pier (pinned case).
5 3

HDQ 8 Hold Downs b

5/8" Dia. AB.

3"x3"x0.229" P.W. = - ;

L LI t_in ]
A total of (4) 5/8" dia. (A.B.,and straps) and
;‘i';"’s}‘;‘g:""’ (1) 7/8" dia. Strainsert bolt (HD) will be

Wall 12
Objective:
FTOA for asymmetric
multiple pier wall.

HDQ 8 Hold Downs

5/8" Dia. AB.
3"x3"x0.229" P.W.

BRI

j

U 20 A= Strainsertbolts A total of (12) 5/8" dia. and (2) 7/8" dia.
AB's are placed 1-ft in from ends then evenly distributed along length (4) 5/8" dia. Strainsert bolts could be used to instrument
(2) 7/8" dia. forces for this test.
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2.3 MODEL INPUT FIGURE 2

. . . SCHEMATICS OF NAIL TEST CONFIGURATION
To calibrate the HYST nail model parameters (Foschi et al.,

2010; Li et al., 2011) implemented in WALL2D model, nail con-
nection tests have been conducted at Timber Engineeringand  Loading force
Applied Mechanics Laboratory at UBC. In each nail connection,
a 10d common nail fastener was used to connect a piece of 2x4
Douglas-fir lumber and a piece of 1/2-in.-thick OSB sheathing
panel. A total of 15 specimens were tested under monotonic
loading and cyclic loading. The CUREE near-fault protocol and
the CUREE basic/standard protocol were used for the cyclic tests.
Figure 2 shows the test setup of the nail connections.

0SB panel

2¥4 lumber

Sy

Nail fastener
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Figure 3 shows the test results in terms of load-slip curves under monotonic loading and cyclic loading. The major
failure modes observed in these nail connectionswere the nail pull-through failures, as shown in Figure 4.
FIGURE 3

LOAD-SLIP CURVES OF NAIL CONNECTIONSTESTED UNDER MONOTONIC LOADSAND CYCLIC LOADS
(L mm =0.03937in.; 1 N = 0.2248 |bf)

Monotonic tests
3000 -
— M1
— M2
— M3
— M4
— M5
0 -F T T T T T 1
0 5 10 15 20 25 30
Slip (mm)
Reversed cyclic tests (CUREE near-fault)
3000 4
2000 - —N1
—nN2
= 1000 -
z N3
I _ —
-30 .20 g . ) 30 —ns
— AVE
-3000 -
Slip (mm)

Reversed cyclic tests (CUREE standard)

3000

-3

o E
Slip (mm)
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FIGURE 4

MAJOR FAILURE MODES OF THE NAIL CONNECTIONS

-—

The average backbone curve of the load-slip curves was used to calibrate the HYST nail model parameters (Foschi et
al., 2010; Li et al., 2011). Figure 5 shows the comparison between the calibrated HYST model predictionsand the test
results. The calibrated HYST models were then implemented in the WALL2D model to represent the load-slip hyster-
esis of the nailed panel-frame connections.

FIGURE 5

AVERAGE TEST LOOPS vs MODEL LOOPS OF THE NAILED CONNECTIONS (CUREE BASIC/STANDARD PROTOCOL)
(@ mm =0.03937in.; 1 N = 0.2248 bf)

DFir-OSB-10Dnail-test

DFIr\-%S&B-].IJDnaII-modEl

e —p—————

Load (kN)
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In this study, the modulus of elasticity for Douglas-fir lumber was assumed to be 1.45 x 10¢ psi (10 GPa) (CSA, 2005).
For the OSB sheathing panels, Young’s moduli E, and E, were assumed as 0.51 x 10¢ psi (3.5 GPa) and 0.29 x 10¢ psi
(2.0 GPa) along the major axis and the perpendicular axis, respectively; the shear-through-thickness rigidity G,, was
takenas 73 x 102 psi (0.5 GPa). Poisson ratios Y,y and Y, were 0.13 and 0.23 (Thomas, 2003).

HDQ8 hold-downs with allowable tension loads of 7,630 Ibf (33.9 kN) were used in these walls to resist shear wall
uplifting. HTT22 tension ties with allowable tension loads of 4,165 Ibf (18.5 kN) were used for to transfer the forces
around shear wall openings. At the allowable loads, the deflections of HDQ8 and HTT22 are estimated at 0.094 in.
(2.4 mm) and 0.152 in. (3.9 mm), respectively. In the wall model, the stiffness of the tension-only springs for the
HDQ8 hold-downs and HTT22 ties were assumed to be 81,170 Ibf/in. (14.2 kN/mm) and 27,401 Ibf/in. (4.8 kN/mm),
respectively. The technical information of HDQ8 and HTT22 was obtained from the website of the manufacturer
(SimpsonStrong-TieCo., Inc.,2010).

24 MODELING RESULTS

Figure 6 to Figure 41 show the comparisons between the modeling results and the test results in terms of the load-
drift curves and the relationship between applied wall loads and the internal forces of hold-downs, anchor bolts and
the metal straps for FTAO. In the computer modeling, these walls were loaded up to approximately 4 in. (100 mm)
monotonicallyin wall drift in a displacement control mode.

FIGURE 6
WALL #1 =WALL2D MODEL

APA-WALLI

** Framing Members ** ** Sheathing Panels ™

HD1

AB1
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FIGURE 7

WALL #1 -MODEL PREDICTED LOAD-DRIFT CURVES vs TEST RESULTS

BE

Load (Ibf)

-5

Wall 01a, 01b vs Model

10000 -
8000
6000

e Walll 012

e Wall 01b
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FIGURE 8

WALL #1 -MODEL PREDICTED INTERNAL FORCESvs TEST RESULTS

Internal force (Ibf)
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FIGURE 9
WALL #2 - WALL2D MODEL

APA-WALL#2Z
** Framing Members ** ** Sheathing Panels ™
/ HD1
t Wal f
AB2 AB1 o
FIGURE 10

WALL 2 - MODEL PREDICTED LOAD-DRIFT CURVESvs TEST RESULTS

Wall 02a, 02b vs Model
20000 -
——— wall 02a
—— wall 02b 15000 - e
=== model A

10000 - s

- -15000 -
Drift {in)
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FIGURE 11

WALL #2 = MODEL PREDICTED INTERNAL FORCESvs TEST RESULTS

Wall 02a

£0007 HD1-test == === HD1-model
AB1-test = == == AB1-model

6000 - AB2-test = = o= AB2-model

Internal force (lbf}

s
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=
-10000
-2000
Wall Load (Ibf)
Wall 02b
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AB1-test
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-2000
Wall Load (lIbf)

FIGURE 12
WALL #3 - WALL2D MODEL

** Framing Members **

** Sheathing Panels ™

HD1

rd

apt 7
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FIGURE 13

WALL #3 -MODELPREDICTED LOAD-DRIFT CURVES vs TEST RESULTS

FIGURE 14
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FIGURE 15

WALL #4 - WALL2D MODEL

APA-WALL#4

** Framing Members **

** Sheathing Panels ™

X

Top East

Bottom East Bottom West

Top West

HD1

AB2/i

agt 7

FIGURE 16
WALL #4 - MODEL PREDICTED LOAD-DRIFT CURVESvs TEST RESULTS
Wall 04b, 04d vs Model
20000 -
e Wall 04b
——— wall 04d 15000 1

-25000 -

Drift (in)
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FIGURE 17

WALL #4 - MODEL PREDICTED INTERNAL FORCESvs TEST RESULTS
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FIGURE 17 (Continued)
WALL #4 - MODEL PREDICTED INTERNAL FORCESvs TEST RESULTS
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FIGURE 18
WALL #5 — WALL2D MODEL

APA-WALL®S5

** Framing Members ** ** Sheathing Panels **

Top East Top West ~"

Bottom East Bottom West
X -

' 2’ aB1 7

FIGURE 19
WALL #5 -MODELPREDICTED LOAD-DRIFT CURVES vs TEST RESULTS

Wall 05b, 05d vs Model
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FIGURE 20

WALL #5 -MODELPREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 20 (Continued)

WALL #5 -MODELPREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 21
WALL #6 - WALL2D MODEL
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FIGURE 22

WALL #6 - MODEL PREDICTED LOAD-DRIFT CURVES vs TEST RESULTS
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FIGURE 23

WALL #6 - MODEL PREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 23 (Continued)

WALL #6 - MODEL PREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 24
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FIGURE 25

WALL #7 -MODELPREDICTED LOAD-DRIFT CURVES vs TEST RESULTS
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FIGURE 26

WALL #7 - MODEL PREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 27

WALL #8 - WALL2D MODEL
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FIGURE 28
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FIGURE 29

WALL #8 -MODELPREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 29 (Continued)

WALL #8 — MODELPREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 30

WALL #9 = MODEL PREDICTED LOAD-DRIFT CURVES vs TEST RESULTS
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FIGURE 31

WALL #9 - LOAD-DRIFT TEST RESULTS vs MODEL

FIGURE 32

WALL #9 - MODEL PREDICTED INTERNAL FORCES vs TEST RESULTS
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FIGURE 32 (Continued)

WALL #9 - MODEL PREDICTED INTERNAL FORCES vs TEST RESULTS

FIGURE 33
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FIGURE 34

WALL #10 - MODEL PREDICTED LOAD-DRIFT CURVESvs TEST RESULTS
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FIGURE 35 (Continued)

WALL #10 - MODEL PREDICTED INTERNAL FORCESvs TEST RESULTS
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FIGURE 37
WALL #11 -MODEL PREDICTED LOAD-DRIFT CURVESvs TEST RESULTS
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FIGURE 38 (Continued)

WALL #11 -MODEL PREDICTED INTERNAL FORCESvs TEST RESULTS
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FIGURE 40

WALL #12 - MODEL PREDICTED LOAD-DRIFT CURVESvs TEST RESULTS
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FIGURE 41 (Continued)

WALL #12 - MODEL PREDICTED INTERNAL FORCESvs TEST RESULTS
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2.6 SUMMARY AND DISCUSSIONS

The wood shear wall model WALL2D was developed to study the behavior of typical wood frame wall systems.
Currently, the wall model lacks the ability to consider the degradation in shear walls caused by other failure modes
except for the panel-frame nail connections. Such failure modes, including tearing and buckling of the sheathing
panels as well as failure of framingmembers and framing connections, are uncommon in typical non-perforated shear
walls under reverse cyclic loading. As observed in the perforated shear wall tests, these failures can indeed occur
during loading. With continued application of loads, the wall further weakens and the load path within the wall can
alter resulting in the changes of the measured hold down forcesand FTAQO. To take such behavior into consideration
requires additional failure criteria to be developed and new computational schemes to update the system stiffness
matrix during the load steps. As the current computer model could not recognize part of the wall has failed, it over
predicted the ultimate capacity of these perforated wall systems. Although the WALL2D program is capable of esti-
mating the behavior of shear walls under reversed cyclic loading, for the perforated shear wall cases we only ran the
program under monotonic loading schemes. The modeling results showed that when the drifts of the walls went up
to 4", the load-drift curves indicated high nonlinearity. In the shear wall tests, at this amount of wall deformation, sig-
nificant damage in the nail connections, sheathingpanels and some framing connectionshave occurred.

For design purpose, we are interested in the wall response at the wall design capacity. In the U.S., a wall capacity of
870 Ibf/ft (12.7 N/mm) is a typical tabulated value based on allowable stress design (Skaggs et al., 2010). Based on this
value, the design capacity of the walls considered in this study was established by multiplying this unit shear capac-
ity with the effective length of the wall (i.e., consideringthe walls with full-height segments). For wall 2 and wall 3,
which are perforated walls with only two hold-downs installed on the outermost ends of the walls, their shear wall
design capacity is further modified by an additional factor G, = 0.93. For the walls with FTAO metal straps, no G
adjustment is required. In this study, the model predicted hold-down forces and FTAO were compared against the
test results at the wall design capacity level.

Table 1 shows the comparisons between the predicted hold-down forces and the test results. The prediction error
range is from -20.6%to +48.7%. Out of the 12 cases, walls 1,2, and 9 have the prediction errors of -20.6%, +22.5%
and +19.0%,respectively. The case of wall 4 has a wide range of measured hold-down forces, which resulted in a pre-
diction error of 48.7%. The rest of the caseshad absolute prediction errors range 0.5%to 10.3%.

Table 2 shows the comparisons between the predicted metal strap forces around openings and the test results. The
prediction error range is from -38.2% to +44.2%. The case of wall 4 has a wide range of measured FTAO values,
which resulted in a prediction error of 44.2%. Given the relatively high variability in the test data and the simplifica-
tions/assumptions in the computer model, the predicted errors in most cases seem to be reasonable. In design prac-
tice, it is of interest to evaluate the maximum FTAO value for the different walls at the design load capacity level to
size the required hardware connection. Therefore, it is of interest to compare the test results with the computer model
and simplifiedanalog predictions.

Table 3 shows the maximum FTAO values from the test data in comparison with the values from the computer model
and four “rational”design methods (Drag Strut, Cantilevered Beam, Coupled Beam, and Diekmann’s method). The
prediction error range of the computer model is -15.4%to +4.3%. The Drag Strut method can both under predict and
over predict the maximum FTAO. The Cantilevered Beam, Coupled Beam, and Diekmann’s methods on the other
hand seem to be very conservative. Compared to test data and using the Diekmann’s method as a base, a reduction
correction factor of the order of 1.2to 1.3might be considered to account for the contribution of the framing and nail
elements within the wall system. Diekmann’s method however is not suitable to predict the FTAO in cases when the
wall segment below the openingis not available as in the case of garage door opening.
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It should be noted that the FTAO in Wall 6 with the wrapped around sheathing panel cannot be reasonable predicted
by the simplified analog even with the correction factor. The limitation of WALL2D model is that it considers only
the nonlinearity from panel-frame nail connectionsand does not consider the degradation caused by the nonlinear-
ity or failure in sheathing panels, framing members and framing connections. Therefore, WALL2D over predicted the
load-carryingcapacity for some walls where significantnonlinear deformation occurred in the components. The peak
load values predicted by WALL2D loaded up to the wall drift of 4" and the associated wall deformations are given in
Table 4. Furthermore, in the cases of perforated shear walls, the modulus of elasticity of framing members also plays
an important role in the distribution of internal forcesin the system.

Although WALL2D model considers the modulus of elasticity values of framing members, it would be more precise if
the modulus of elasticity of the framing members used in the wall tests can be non-destructively established apriori
for the model verification purpose. The complicated load application system and the force measurement devices also
created significant challenges in the modeling process. Overall, the WALL2D predictions of FTAO agreed reasonably
well with the test results at the shear wall design level. In future research, parametric studies can be further con-
ducted by this model to study the FTAO of various perforated walls with different opening sizes and different metal
hardware at the wall design level, providing more information for rational designs of perforated shear walls. Also,
WALLZ2D can be further extended to address the nonlinearities and failure mechanisms currently ignored in the anal-
ysis so that the FTAO behavior of such wall systems can be fully captured under high structural demands (high loads
and reversed cycles). With a fine tuned analysis model, studies can also be conducted to consider the FTAO behavior
of perforated wall systemsunder dynamic conditions.
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TABLE 1
MODEL PREDICTED HOLD-DOWN FORCESvs TEST RESULTS
Effective Wall Hold-Down Forces at Wall Design Capacity
ASD Length Wall Capacity
(plf) (F) (Ibf) Outboard (Ibf) Inboard (Ibf)
Wall 1a-test 870 4.5 3915 7881 5313
Wall 1b-test 870 4.5 3915 6637 6216
Wall 1 test avg 870 4.5 3915 7259 5765
Wall 1-model 870 4.5 3915 5765 5673
Error -20.6% +1.6%
Wall 2a-test 870 4.5 3631 2216 n/a
Wall 2b-test 870 4.5 3631 3248 n/a
Wall 2 test avg 870 4.5 3631 2732
Wall 2-model 870 4.5 3631 3347
Error +22.5%
Wall 3o-test 870 4.5 3631 2602 n/a
Wall 3b-test 870 4.5 3631 4090 n/a
Wall 3 test avg 870 4.5 3631 3346
Wall 3-model 870 4.5 3631 3202
Error —4.3%
Wall 4a-test 870 4.5 3915 1140 n/a
Wall 4b-test 870 4.5 3915 3674 n/a
Wall 4c-test 870 4.5 3915 1336 n/a
Wall 4d-test 870 4.5 3915 1598 n/a
Wall 4 test avg 870 4.5 3915 1937
Wall 4 model 870 4.5 3915 2882
Error 48.7%
Wall 5b-test 870 4.5 3915 5216 n/a
Wall 5c-test 870 4.5 3915 4795 n/a
Wall 5d-test 870 4.5 3915 4413 n/a
Wall 5 test avg 870 4.5 3915 4808
Wall 5 model 870 4.5 3915 4418
Error -8.1%
Wall 6a-test 870 4.5 3915 1573 n/a
Wall 6b-test 870 4.5 3915 1285 n/a
Wall 6 test avg 870 4.5 3915 1429
Wall 6 model 870 4.5 3915 1529
Error +7.0%
Wall 7a-test 870 8 6960 6024 3677
Wall 7b-test 870 8 6960 6577 3744
Wall 7 test avg 870 8 6960 6301 3761
Wall 7 model 870 8 6960 6093 5108
Error -10.3% +35.8%
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TABLE 1 (Continued)
MODEL PREDICTED HOLD-DOWN FORCES vs TEST RESULTS

Effective Wall Hold-Down Forces at Wall Design Capacity

ASD Length Wall Capacity

{plf) (£t) (Ibf) Outboard (Ibf) Inboard (Ibf)
Wall 8a-test 870 8 6960 4805 n/a
Wall 8b-test 870 8 6960 5548 n/a
Wall 8 test avg 870 8 6960 5176
Wall 8 model 870 8 6960 5149
Error 0.5%
Wall 9a-test 870 8 6960 4679 n/a
Wall 9b-test 870 8 6960 5212 n/a
Wall 9 test avg 870 8 6960 4945
Wall 9-model 870 8 6960 5887
Error +19.0%
Wall 100-test 870 4 3480 5311 5690
Wall 10b-test 870 4 3480 4252 3731
Wall 10 test avg 870 4 3480 4781 4710
Wall 10 model 870 4 3480 4870 4138
Error +1.9% -12.1%
Wall 11a-test 870 4 3480 6449 n/a
Wall 11b-test 870 4 3480 5843 n/a
Wall 11 test avg 870 4 3480 6146
Wall 11 model 870 4 3480 6441
Error +4.8%
Wall 120-test 870 6 5220 2856 n/a
Wall 12b-test 870 6 5220 3458 n/a
Wall 12 test avg 870 6 5220 3157
Wall 12 model 870 6 5220 3238
Error +2.6%
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TABLE 2
MODEL PREDICTED FTAO vs TEST RESULTS
Effective Wall FTAO at wall design capacity
ASD Length Wall Capacity
Wall (plf) (1) (Ibf) Top (Ibf) Bottom (Ibf})

Wall 4a-test 870 4.5 3915 687 1485
Wall 4b-test 870 4.5 3915 560 1477
Wall 4c-test 870 4.5 3915 668 1316
Wall 4d-test 870 4.5 3915 1006 1665
Wall 4 test avg 870 4.5 3915 730 1486
Wall 4 model 870 4.5 3915 1053 1401
Error 44.2% -5.7%
Wall 5b-test 870 4.5 3915 1883 1809
Wall 5¢c-test 870 4.5 3915 1611 1744
Wall 5d-test 870 4.5 3915 1633 2307
Wall 5 test avg 870 4.5 3915 1709 1953
Wall 5 model 870 4.5 3915 2038 1946
Error 19.2% -0.4%
Wall 6a-test 870 4.5 3915 421 477
Wall éb-test 870 4.5 3915 609 614
Wall 6 test avg 870 4.5 3915 515 546
Wall 6 model 870 4.5 3915 462 337
Error -10.3% -38.2%
Wall 8a-test 870 8 6960 985 1347
Wall 8b-test 870 8 6960 1493 1079
Wall 8 test avg 870 8 6960 1239 1213
Wall 8 model 870 8 6960 1292 1047
Error 4.3% -13.7%
Wall 9a-test 870 8 6960 1675 1653
Wall 9b-test 870 8 6960 1671 1594
Wall 9 test avg 870 8 6960 1673 1623
Wall 9-model 870 8 6960 1627 1228
Error -2.7% -24.3%
Wall 10a-test 870 4 3480 1580 n/a
Wall 10b-test 870 4 3480 2002 n/a
Wall 10 test avg 870 4 3480 1791 n/a
Wall 10 model 870 4 3480 1787 n/a
Error -0.2% n/a
Wall 11a-test 870 4 3480 2466 n/a
Wall 11b-test 870 4 3480 3062 nfa
Wall 11 test avg 870 4 3480 2764 n/a
Wall 11 model 870 4 3480 2700 n/a
Error -2.3% n/a
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TABLE 2 (Continued)
MODEL PREDICTED FTAO vs TEST RESULTS

Effective Wall FTAO at wall design capacity
ASD Length Wall Capacity
Wall (plf) (f) (Ibf) Top (Ibf) Bottom (Ibf)
Wall 12a-test 870 6 5220 807 1163
Wall 12b-test 870 6 5220 1083 1002
Wall 12 test avg 870 6 5220 945 1082
Wall 12 model 870 6 5220 824 966
Error -12.8% -10.7%
TABLE 3

COMPUTER MODEL AND SIMPLIFIED ANALOG PREDICTEDMAXIMUM FTAO vs TEST RESULTS

Max FTAO at Wall Capacity (Ibf)
Test Computer Drag Couple
Wall Results Model Strut Cantilever Beam Diekmann
4 1486 1401 1223 4474 2796 1958
-5.7% -17.7% 201.1% 88.2% 31.7%
5 1953 2038 1223 6152 3845 3263
4.4% -37.4% 215.0% 96.9% 67.1%
6 546 462 1223 4474 2796 3263
-15.4% 124.1% 719.5% 412.2% 497.5%
8 1239 1292 1160 7954 2651 1856
4.3% -6.4% 542.0% 114.0% 49.8%
9 1673 1627 1160 10937 3646 3093
-2.7% -30.7% 553.7% 117.9% 84.9%
10 1791 1787 1160 ~ - 9280
-0.2% -35.2% ~ - 418.1%
1 2764 2700 1160 - - 9280
-2.3% -58.0% - - 235.7%
12 1082 966 - - - -
-10.7% i = = =

TABLE 4
COMPUTER MODEL PREDICTED PEAK LOADSAND THE CORRESPONDING WALL DRIFTS
Wall Computer Model Peak load (Ibf) Wall drift at peak load (in.)
1 8029 4.0
2 14991 4.0
3 17049 4.0
4 18081 2.85
5 14017 4.0
6 21973 2.98
7 17761 3.11
8 25758 3.43
9 21823 3.50
10 9881 4.0
11 8018 4.0
12 19468 4.0
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