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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 21581 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. ‘Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 165, Timber stfuctures.
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Introduction

Evaluation of the structural performance of shear walls intended to resist forces generated during wind and
seismic actions is based on static or reversed cyclic load testing in some regulatory jurisdictions. The objective
of this International Standard is to provide test methods appropriate for static and cyclic lateral loading as a
basis for determining the characteristics of shear walls for use in wind and seismic design. The cyclic
displacement schedule in ISO 16670, which was developed in consultation with a group of international
expefts, was also used in this International Standard.

Supplementary information is given in Annex A to provide the rationale behind the ‘cyclic flisplacement
scheqlule, recommendations for cases for which a modified schedule would be more-appropriate and typical
test results obtained on a shear wall specimen by following this International Standard.
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INTERNATIONAL STANDARD

ISO 21581:2010(E)

Timber structures — Static and cyclic lateral load test methods
for shear walls

1

This

resisfing parameters which are required in the wind and seismic design of shear wallsin‘timber b
International Standard does not include criteria for parameters which are, at times; stipulate
ards or building codes. This International Standard can be used to determine those parameters under
the fgllowing conditions:

stand

a)

b)

This

curvgs) for shear walls subjected to a static or a cyclic'displacement schedule.

2

The

refergnces, only the edition cited tapplies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO

ISO

cope

nternational Standard specifies static and cyclic test methods as a basis for the derivation ¢

Method I: the boundary conditions are designed to produce mainly<the shear response of
g¢nsure that the full shear capacity of the wall is achieved;

Method II: the boundary conditions are designed to producedmainly the rocking (rigid body r
jpints connecting the wall to bottom and top boundaries.

International Standard specifies procedures to ascertain the envelope curves (backbone

Normative references

following referenced documents ‘are indispensable for the application of this documen

%54, Standard atmospheres for conditioning and/or testing — Specifications

3131, Wood — Determination of density for physical and mechanical tests

f lateral load
Lildings. This
J in national

the wall and

btation of the

wall) or combined shear-rocking response of the wall reflecting the intended actual construcfion details of

or skeleton

t. For dated
b referenced

3 Pymbols and units

F Applied lateral load, in newtons

Frhax Maximum lateral load, in newtons (for definition, see Figure 3)
F,  Applied vertical load, in newtons

H Height of wall specimen, in millimetres

K Displacement modulus, in newtons per millimetre

~

Horizontal displacement of wall, in millimetres

Ultimate horizontal displacement of wall, in millimetres (for definition, see Figure 3)

© 1SO 2010 — All rights reserved
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4 Test specimens

4.1

Conditioning

The specimens shall be conditioned at the controlled environment of (20 £2) °C and (65 + 5) % relative
humidity in accordance with ISO 554 as far as possible. The test laboratory shall normally be maintained at
the controlled environment, but when other conditions apply, they shall be reported.

The density of the wood members in the wall specimen shall be determined in accordance with ISO 3131.

4.2 Form

The dimensi
time betwee
be represent

Where pane
dimensions.

Some wall ¢
in test specin

and dimension

bns (e.g. height and length), configuration (e.g. openings) and fabrication details (e.g; els
h the fabrication and test, tolerances, and conditioning details before and after fabrication)
htive of the intended end use.

s are used, the wall specimen shall consist of a single or multiple panels of the represen

pbnfigurations can have joints between wall units. Those joints should lseconsidered for incl
nens.

4.3 Sam

Sampling s
covering an

The number

5 Appar:;

5.1 Gene

The test apq
Methods | an

NOTE 1 Fq

ing

psed
shall

fative

Lision

Il provide for selection of representative test material>on an objective and unbiased basis,

ppropriate range of physical and mechanical properties*

pf replicates should be selected to achieve the specific objectives and desired reliability.

atus

al

aratus (Figure 1) shall be capable of producing the boundary conditions that are intend
d Il

r further information, see A.2.

The testing

accuracy of 31 %

Where the lateral loads, #, are applied along with the vertical loads, F), the test apparatus shall be capa
controlling the verticalloads and the lateral loads separately.

Where the Igteral loads are applied along with the vertical loads, it is recommended that the frictional f
be taken into consideration. Vertical load should not produce horizontal component.

achine shall be capable of applying and continuously recording load and displacement

of the estimates of F, ., and /, or better.

ed in

fo an

ble of

prces

In Method |, the full shear capacity of the wall specimen is achieved through application of sufficient vertical
loads and adequate vertical restraints (e.g. hold-down connectors) or tie-down rods (at both ends of the wall
specimen in the cyclic test).

Where hold-down connectors are used, they shall be attached in such a way that they are effective primarily in
resisting the up-lift forces, and the additional resistance that the wall gains due to hold-down connectors shall
be determined.

Method | is intended to result in shear failure in the wall specimen. It is therefore recommended that, if so
desired, the end members be designed in such a way as to avoid crushing and buckling failures. It is also
recommended that hold-down connectors be used at the top of the wall if separation of horizontal and vertical
members is not desired. Where tie-down rods are used, the frictional forces should be taken into account.

© 1SO 2010 — All rights reserved
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In Method I, the wall specimen shall be tested with representative boundary conditions (e.g. anchorage, hold-
down connector details) and the vertical (compressive or tensile) loads that are expected in actual
construction.

NOTE 2  Method Il can result in failure in the wall or in anchorage or vertical restraints (hold-down connectors).

Measuring point A should be as close to the top of the wall as practicable.

7 1 8 7, 7,
s = R
< ! . i ]
9 | A
?\\\\_‘
R o
b
5 b . £ j
4 D4 i Cl 2l e = 4
'- T + AN / / % 7 %
V. ///51<// 7 O /
3
a) Example with end restraints b) Example with tie-down rogls
zy F, 2z %z vz F, 2y A7
F vl v iy ET Fo__ Al a i T[gj
<—> : : ] - : : ]
— +—
A A
Ry o I ™
b b
B B
D A Cr D, + ci
% Z Z %A % Z Z %A
c)| Example .with combined compressive load d) Example with combined tensile load
Key
1 atenal restraint a  distance between points A and B
2 wall specimen b  distance between points C and D
3 anchor bolt F lateral load
4 horizontal restraint F,, applied vertical load
5 base beam H  height of wall
6  vertical restraint
7  loading beam
8 roller
9 tie-down rod

Figure 1 — Examples of test apparatus
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5.2 Base of test frame and loading beam

The base of the test frame shall provide a level foundation for the test specimen and shall be relatively stiff,
such that its deflections are negligible. A rigid datum (independent of the test frame) shall be provided for the
measurement of the deformation of the wall specimen.

The loading beam, if applicable, shall be firmly attached to the top of the wall specimen to ensure uniform
distribution of lateral load. The actuator that is attached to the loading beam to apply the lateral load shall be
installed in such a way that does not restrain up-lift. In all cases, the stiffness and the mass of the loading
beam shall be determined. The cross-sectional dimensions and position of the beam shall allow the free
movement of the panels during the test, unless otherwise specified by the test objectives.

A rigid or fle
beam shall b
construction.

5.3 Moun

The wall sps
according to

In Method |,
allow the wa

Lateral restraints shall be provided through the loading beam such that the top of the wall specimen de

only in the pl

6 Testp

6.1 Static

The lateral |
movement reg

rate of loading shall be (0,000 8H + 0,000'2H) mm per min (H: height of wall) . For loading above 0,4

(estimated),
The procedu

The displacs
deformations
C and D sha

The mean value (where applicable) of the ultimate displacement [, of the static tests will be determin

king of wall specimen

ible loading beam may be used depending on the intended end use. In Method |, a rigid\o
e used. In Method I, stiffness of loading beam may be chosen according to the intended 4

cimen shall be connected to the base of the test frame with anchor belts or other conne
the actual end use in structures.

hinchor bolts and vertical restraints (hold-down connectors) shall\be designed in such a way

| to fail in shear.

hne of the wall.

focedure

(monotonic) test

lated to the displacement at gauge A. For loading and unloading up to 0,4 F,,,,, (estimated

he rate of loading shall be selected to achieve ultimate displacement between 5 min and 3(
re for the application of the lateral load is shown in Figure 2.

ments of the wall-specimen shall be monitored at points A, B, C and D (see Figure 1)

» lre;» Shall be taken as the displacement at A minus the displacement at B. The displaceme
| be reported separately.

definition of /, in Figure 3.

ading
ctual

ctors

as to

flects

bad, F, shall be applied as shown-in Figure 1. The load shall be applied at a constant rate of

, the
Fmax
min.

The
nts at

ed by

following the
NOTE St
4

gtic{monotonic) test procedure s adopted-fromm EN-594-

© ISO 2010 — All rights re;
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YA
40
1 s
| 39 Y4 Fmax
= 38
| 37,
= 36
| 35
04 04 14
AT 34
| 03 13 23 300s
| 0. 12 22
01 B2 o (1 21
0 0 (020 o
YY) 800: —
/a /b /c x st
. X
Key Key
X  [ime, in seconds X  deformation, in millimetres
F F
Y |— Y ——
Fmax,est Fmax,est
a8  [Stabilizing load cycle.
b [Stiffness load cycle.
¢ Strength test.
a) Lateral load versus time b):-Typical lateral load versus defdrmation

Figure 2 — Static'tests procedure

2 3

i 1 |

0,8F max

X
X  displacement; /
Y Ipad, R
F ..~/ (case a, case b)
2  displacement at failure
3 Fpax (casec)

a8 ], (case a), displacement at failure.
b [, (case b), displacement for 0,8 ...
¢ [, (case c), displacement = H/15.

Definition of ultimate displacement: /, corresponds to displacement at failure (case a), displacement at
0,8 F,,5x in the descending portion of the load-displacement curve (case b), or displacement reaching to H/15
(case c), whichever occurs first in the test.

Figure 3 — Ultimate displacement
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6.2 Cyclic test schedule

The cyclic displacement test schedule shall produce

a) data that sufficiently describe the elastic and inelastic cyclic properties of the wall specimen, and

b) demands representative of those imposed on the walls by earthquakes.

The cyclic displacement schedule given in Figure 4 shall be followed with a rate of displacement to achieve
ultimate displacement between 1 min and 30 min. The amplitudes of the reversed cycles are a function of the

mean value (where applicable) of the ultimate displacement, /,, obtained in the static (monotonic) test. Table 1
shows the amptitudesasapercentage of the ultmmate disptacement:

Y4
150

—

—

—
-<5_

100 A \
oLt
it |
|

’—__-_’
XV

-100

-150

Key
X  time, in spconds
Y  displacement, in percent /,

NOTE An alternative cyclic displacement schedule (either velocity- or frequency-based) that satisfies the principles
given above cpn also be employed to achieve the test objectives. Methods A and C in ASTM E2126 satisfy the prirciples
(ISO protocol (s included in Method'B-ef ASTM E2126).

Figure 4 — Cyclic displacement schedule

6 © 1SO 2010 — All rights reserved
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Table 1 — Amplitudes of the reversed cycles

Step No. of cycles Amplitude

1 1 1,25 % of [,

2 1 2,5 % of [,

3 1 5% of [,

4 1 7,5 % of [,

5 1 10 % of [,

6 3 20 % of Iu

7 3 40 % of [,

8 3 60 % of [,

9 3 80 % of f;

10 3 100, % of [,

11 3 Increments of 20 % of /,
NOTE Some of the initial steps (1,25 % [, to 10 % /) can be omitted or repeated (or new steps), dependifig on
the stiffness of the walls or accuracy of the measurement system, as long(as the principles given in 6. are
satisfied. A.4 identifies cases where modification of the standard cyclic displacement schedule can be warrantdd.

7 Testresults

7.1 | Hysteresis data

The ¢omplete hysteretical response data (load-displacement) shall be plotted and stored for eac
organizing raw data (whether tabulated on paper or stored in a computer file),

— time,

— ipput displacement,

— Ineasured load, and

— 1neasured displacement

shall pe included

7.2 | Envelope curves

N test wall. In

s (] N (] Il £ ) - o 4 L 1l - Jorls Il ('} -
The HroL, STLUNU artia i CTivelope CUTVES TOUT UTE LYUIU 1ESLS STidll UE E5ldUISTTIEU Uy CUTITIEUUTT

the points of

maximum load in the hysteresis plot in each displacement level in the first, second and third reversed cycles,
respectively. The maximum load values and their associated displacements obtained in the first five single

reversed cycles shall be taken to be the same for all envelope curves.

NOTE For an example, see Figure A.1.

7.3 Properties of wall specimen

The maximum loads and ultimate displacements (both defined in Figure 3 and in both direction
the three envelope curves) shall be reported in tabular form in case of reversed cyclic test.

NOTE For an example, see Table A.1.

© 1SO 2010 — All rights reserved
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8 Testreport

The test report shall include:

a) specification of

b)

c)

d)

e)

f)
9)
h)

1) the global source (where appropriate), species, grades of wooden members and sheathing and other
materials,

2) the
3) the

a descri

dimensions and grade of steel and fasteners, and

Sampling and conditioning metnods;

ption of the fabrication details (e.g. elapsed time between fabrication and test);

a descr|ption of the wall specimen (e.g. dimensions and configuration of the wall{specimen

applicat
atestm

a descri

restraintp;

a descri

ion of sheathing panels) and the loading configuration;
htrix showing the number of replicates for each test group;

ption of the test apparatus and diagram of test set-up with location ef'\measuring devices an

ption of the cyclic displacement schedule, including the displacement rate;

a statenfent of any deviation from this International Standard;

report thie sampling speed for data collection;

a plot o
ultimate

the hysteresis data (load-displacement data) and tabulated envelope curves, maximum |
displacement, moisture content of the woegd’at the time of fabrication, and test and failure m

and

d any

bads,
pdes.

© 1SO 2010 — All rights reserved
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Annex A
(informative)

Additional information

Application of vertical loads

loading test. Compressive vertical loads act against overturning moment due to laterahloa
additjonal compressive demand, which may cause buckling or compression perpendicular to
partiqularly at the end of the wall specimen. Information about application of tensile wertical loa
latergl load test is limited.

Appl

A.2

ication of vertical load may follow the following scheme.

ertical compressive load applied should be applied first, then constant and static or cyclic
[seismic or wind).

ertical tensile load applied should be applied first, then constant and static lateral load (wing

ertical tensile load and static lateral load applied simultaneously. The proportion of vertical |
Ibad should be determined to simulate actual conditions’(wind).

Boundary conditions

Boundary conditions, such as the tightening of anchor bolts and the stiffness of the loadin
influgnce the results depending on the aspect ratio, wall configuration and the continuation of |

over

he discontinuity of the wall specimen.

In Method | these conditions ‘should be selected in such a way as to achieve full shear ca
gpecimen.

Ih Method Il boundacy_conditions should be selected to simulate actual conditions.

A guldeline national standard or european standard can be useful to define these conditions

AST

A3

a)

M E72, ASTM-E564, ASTM E2126 and JIS A1414-2).

Rationale behind the cyclic test schedule

International Standard allows application of compressive or tensile vertical loads durin(k; the lateral

, but cause
grain failure,
is during the

lateral loads

).

pad to lateral

g beam can
bading beam

pacity of wall

e.g. EN 594,

This International Standard also provides a cyclic test method to ascertain the envelope (backbone or

skeleton) curves for test walls subjected to a cyclic displacement schedule with a displace
that results in similar failure mode and energy dissipation as would occur under seismic actio

ment pattern
n.

The cyclic displacement schedule includes the application of reversed cycles in terms of percentage of

the wall's ultimate displacement from static test, a property which can be easily determined
defined with reasonable agreement throughout the world.

and which is

This method does not depend on a yield displacement. It is difficult to reach an agreement on its definition

because of differences in national standards. However, one can use the static (monotonic) a
results to determine the yield displacement according to any given definition.

© 1SO 2010 — All rights reserved
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b) This method generates suitable data in the elastic and inelastic ranges. In the elastic range, only one
cycle is applied for each of the displacement levels (1,25 %, 2,5 %, 5 %, 7,5 % and 10 % of ultimate
displacement). In the inelastic range, this method generates three envelope curves which are evenly
distributed along the displacement axis. These envelope curves may be used to determine impairment of
strength, ductility and yield displacement, according to the definitions adopted in different jurisdictions.

c) It is desirable to perform the reversed cyclic tests within a few minutes because earthquakes do not
generally last more than 1 min. This International Standard allows the cyclic test to be performed between
1 min and 30 min. A lower bound of 1 min was selected with the intention of avoiding dynamic effects to
the test specimen. An upper bound of 30 min was selected as the lowest rate to accommodate the use of
test equipment which has limitation in applying relatively high rates of displacements. This International

Standar allowwe for the vusa of valoecibhv—or fraauancyv-hased test nrotocols
—aTOWSHo e U5e-01- Y106y —oHegqueRGY-0aSeateStProto6ots:

A.4 Modification of ISO displacement schedule
The ISO disglacement schedule should be modified in cases where:

a) the behaviour of the wall is significantly different in two opposite directions. In this case, monotonic|tests
should ke performed in both directions. The ultimate displacement in the cyeclie' displacement schedule
should then be determined for each direction based on their respective ultimate displacement obtairjed in
static (monotonic) tests;

b) the wall pxhibits inelastic behaviour within five initial steps. In this case,

1) new single steps may be added to ensure a minimum of three steps for obtaining sufficienf] data
within the elastic range; and

2) initigl steps beyond the elastic range should be. fépeated three times to generate three envglope
curyes;

c) the amglitudes of the first and second steps-are too small (e.g. glued applications) to be accufately
applied. [In this case, the first and second steps may be omitted;

d) decreas|ng cycles are necessary (e.g.\to generate suitable data for calibration of hysteresis models). In
this case, the application of single(decreasing cycles before increasing to the next displacement [cycle
may be pdded to the displacement schedule;

e) specific parthquake effects.aré studied. For instance, to study near-fault, site-specific earthquake effects
or cumylative damage due)to multiple earthquakes, other cyclic displacement schedules can be [more
appropripte [e.g. near-fault cyclic schedule developed for Los Angeles, California, by the Consortidm of
Universifies for Research on Earthquake Engineering (CUREE)].

A.5 Comparison of test results with different test procedures

An earlier version of the ISO cyclic test schedule was applied to wood shear walls and the results were
compared with those obtained using the draft CEN and draft ASTM (which at that time only included the
sequential displacement method or “SPD”) schedules, and the calculated wall displacement response from
tests conducted using six earthquake records as the input displacement (see Reference [10]). Among other
results, it was observed that the energy demand of the draft ISO and CEN schedules was in the high end of
the range of values obtained from tests with six earthquakes, while the energy demand of the SPD schedule
was about two times that of draft ISO and CEN schedules. With the SPD schedule, a high number of nail
fatigue failures were observed. This type of failure has rarely been observed in damaged wood structures after
earthquakes. An appropriate test procedure is one that includes a failure mode in the specimen which is
similar to that observed under earthquake loading.

10 © 1SO 2010 — All rights reserved
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ISO 16670 was published in 2003. Background information on ISO 16670 is reported in Reference [11]. Its
cyclic displacement schedule is included in ASTM E2126 for cyclic (reversed) load testing for shear resistance
of walls for buildings. ASTM E2126 includes two other cyclic displacement schedules, one based on the
sequential-phased displacement (SPD) procedure and another based on the CUREE basic loading schedule
in Reference [12]. This is a positive step towards acceptance of results. Reference [9] reported that test
results on nailed shear walls with the ISO cyclic schedule were between those obtained with the CUREE basic
cyclic displacement schedule and the SPD schedule; the latter resulted in relatively low load-carrying
capacities due to excessive nail fatigue failures. These findings are consistent with those reported in this

clause.
A.6 [Properties of wall specimen
Properties, such as stiffness, yield displacement, ductility and impairment of strength, can-be)det
the ehvelope curves according to the definitions adopted in different jurisdictions.
Stiffness may be calculated by
e — 0,3 Finax

[40% Froay ~110% Foyay

for the static (monotonic) and first, second and third envelope curyes*of the cyclic test specime]

and
respe

In the

that purpose, it is recommended that data be stored preferably in digital form for complete desg

hyste
Horiz

embg
calcu

wher

(10 % Frax a@re the displacement values obtained at 40 %{and 10 % of the maximum
ctively, for the respective envelope curve.

future, there could be a need to determine some, additional properties, such as energy dis
resis loops, as described in 7.1.

ontal relative displacement, /., gross shear deformation angle, v, rotation angle due
dment at the end of the wall, v, ahd-true shear deformation angle, e, of wall spec
lated as follows:

rel =/an I8

lrel

a

rel =

_Ib-lc
rot b

true = Yrel — ot

=)
C

/g™ and I are the displacements at points A, B, C and D (see Figure 1);

ermined from

NS. 140 % Frnax
load, F

max’

sipation. For
ription of the

o up-lift and
men can be

aand b are the distances between points A and B, and points C and D.
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