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Foreword

ISO (the International 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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procgdures used to develop this document and those intended for its further maintenance, are
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-for the
different fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document mayybe the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS{ list of patent declarations received (see www.iso.org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitutg an endorsement.

For an ejplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiops related to conformity assessment, as well as ihformation about ISO's adherence|to
the World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.¢rg/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 165, Timber structures.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete |isting of these bodies can be found at www.iso.org/members.html.
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Introduction

:2022(E)

Timber shows generally brittle failure in tension and bending. This characteristic of wood may cause
serious damage to buildings due to the lack of energy dissipation during an earthquake. To avoid such
damage, it is expected that the joints connecting wooden members dissipate seismic energy instead
of the members themselves. Ductility of a structure is one of the most important factors in dissipating
seismic energy. In this technical report, the definitions of yield point, ultimate characteristics and
ductility factor used in various test standards are reviewed and methods of determining these
characteristics from quasi-static and reversed-cyclic loading test data are compared.

Be
arq
to
ass
st

Lter fits to envelope curves derived from testing, such as more detailed piecewise_ lin
e permissible, and indeed desirable for whole building design. The derived load-deflect
structural analysis programs of the various structural elements are only applicable to t
essing the maximum connection forces under earthquake loading and providemo guarar
ucture will remain stable beyond the ultimate strength of the system.

barization
on inputs
he case of
tee that a
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Timber structures — Timber connections and assemblies
— Determination of yield and ultimate characteristics and
ductility from test data

1

T
ch
in
me

These parameters are applied for determining the seismic performance of timber struct

do
ass

2

Thiere are no normative references in this document.

Fo
I1S(

Scope

purpose of this document is to extract the methods for determining the yield!and
hracteristics and ductility of joints and assemblies from test data by reviewing existing
Europe, North America and Far East Asia and to provide the basic data for unifying the ¢
thods of parameters by clarifying their similarities and differences.

fument deals with the method for determining the mechanical propetties of individual
emblies, and it does not refer to the seismic performance of the entire\structure.

Normative references

Terms and definitions
" the purposes of this document, the followingiterms and definitions apply.
and IEC maintain terminology databases-for use in standardization at the following addr¢

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

elope curve

ultimate
standards
rvaluation

ires. This
oints and

PSSES:

y for the
load and
b case of a

measured

3.3

elastic range
stress range in which a material, upon unloading, will recover the deformation caused by the application
of a stress or force

3.4
yield point
point at which a joint or an assembly begins to deform plastically

©lI
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3.5

yield load and displacement

F, V.

loadyand displacement corresponding to the yield point (3.4) (see 7.1)

3.6

maximum load

F

max

maximum value of the load recorded in a quasi-static test or the maximum value of the load on the
average envelope curve (3.1) in a reversed-cyclic test or the absolute maximum values of the load

recorded

3.7
ultimate
failure li
state at
80 % of t

.. 1 L. q- L -
II'PpUSILIVE dIU TIT54dLIVE UIT'TCLIUILS

limit state

it state
ich a joint or an assembly undergoes a sudden load drop or the load decreases gradually]

he maximum load (3.6), F,,,

ax’

(see 8.1 afpd 8.2)

3.8
ultimate
Vu

failure dif
displacem

3.9

displacement

placement
ent corresponding to the ultimate limit state (3.7) (see 8.1}

equivalent energy elastic-plastic curve

EEEP
ideal elast

between the origin, the ultimate displacement (3.8), V,{/and the displacement axis (see 8.3)

3.10

equivalent energy elastic-plastic load

F

eee
load corrg

3.11

ductility
ability of
substanti

3.12
ductility

u
ratio betw

sponding to the upper limit of the’equivalent energy elastic-plastic curve, EEEP, (3.9)

oints or assemblies toyundergo large amplitude displacement in the plastic range withou
] reduction of strength

factor

reen ultimate displacement (3.8), V,,, and yield displacement, V,, (see Clause 9).

3.13

ic-plastic curve circumscribing an area equalito the area enclosed by the envelope curve (3.1

to

or an excessive deformation (displacement ofr|rotation) occurs

equivale
Heeep

- 1 o 1 PRI | prlie € -
ILCIICT g Y TIAdSUIUTPIASUIC UUCLLITILY 1dULUlI

ratio between ultimate displacement (3.8), V,, and EEEP displacement, V.., (see Clause 9).

4 Symbols and abbreviated terms

The following symbols and units apply.

F, F,
F

eeep

any load within the elastic range of the curve, expressed in Newtons

equivalent energy elastic-plastic (EEEP) load, expressed in Newtons

© IS0 2022 - All rights reserved
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Foep equivalent energy bilinear ultimate load, expressed in Newtons
max maximum load, expressed in Newtons
F yield load, expressed in Newtons
F, ultimate (failure) load, expressed in Newtons
K, elastic stiffness, expressed in Newtons per millimetre
Ke 5 nquivalnnf energy elastic plqctip stiffness; nvprnccnd in Newtonsper millimetre
ViV, displacement corresponding to F;, F, within the elastic range, expressed in millim¢tres
Vedep equivalent energy elastic-plastic yield displacement, expressed in millimetres
vy yield displacement, expressed in millimetres
V, ultimate (failure) displacement, expressed in millimetres
u ductility factor
Hedep equivalent energy elastic-plastic ductility factor
5 | Determination of envelope curves
Thie initial envelope curve for the reversed-cyclic tests is established by connecting the peak lpbads and/
or [the peak displacements from the first cycle ofieach phase of the cyclic loading, whicheyer better
represents the backbone shape of the hysteretic response. The points on the hysteresis loops where the
abgolute value of the displacement at the peak'doad is less than that in the previous phase ar¢ replaced

wi

Lh points that better represent the hysteretic response.

Thie envelope curves for the second-and subsequent reversed cycles of each phase maly be also

est

If4
ab
ea

Fo
an

NO
(p§
dif]
loo

ablished if necessary.

he load-displacement relatioitis’(point) symmetric, envelope curve may be obtained by ave
bolute values of load and displacement of the corresponding positive and negative envelope
th cycle (see examples i B.1, B.5, B.6 and B.7).

hlysed separatel§fsee examples B.2, B.3, and B.4).

ak) load or displacement in the positive hysteresis loops in each phase up to the ultimate displa
fer morethan 20 % from the absolute value of those obtained from the corresponding negative

ps.

raging the
points for

" joints and assemblies producing asymmetric response, the positive and negative env¢lopes are

TE In An¥ex B, positive and negative envelope curves are obtained separately if the values off maximum

fement, V,,
hysteresis

6

Ini

Determination of elastic stiffness

tial stiffness of joints or assemblies, K, is determined by the line (a) in Figures 1 a) to 1.d).

Figure 1 a) shows an idealized case where the load-displacement (or envelope) curve starts at the origin
and is linear in the elastic range. The load, F;, and the corresponding displacement, V;, can be taken
anywhere within the elastic range of the curve (see examples in B.1.2 and B.3.2).

Figure 1 b) shows schematically a case of a load-displacement (or envelope) curve with initial slip
(horizontal offset) due to slack in the joint or assembly, due to load delay or other reasons. Depending
on the reasons, the initial slip may be neglected in the determination of the initial stiffness, as shown
in Figure 1 b). However, if the slack is inherent to the performance of the joint or assembly, it is
recommended to not neglect it (see example B.2.2).

©lI
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Figure 1.C shows schematically a case of a load-displacement (or envelope) curve with an infinite initial
stiffness (vertical offset) due to preload or initial friction in the joint or assembly or other reasons.
Depending on the reasons, the offset may be neglected in the determination of the initial stiffness, as
shown in Figure 1 c). However, if the high initial stiffness is inherent to the performance of the joint or
assembly, it is recommended to not neglect it (see example B.4.2).

Figure 1 d) shows schematically a case of a load-displacement (or envelope) curve without distinct
linear portion in the elastic range. In this case, the initial stiffness may be approximated by the slope
of a straight line connecting the points between 0,1 and 0,4 times the maximum load, F,,,. Linear
regression may be used to determine the slope of the line (see example in B.6.2).

ax*

NOTE1 [If the straight line connecting the points between 0,1 and 0,4 F,,,, does not fit the load-displacémpnt
(or envelope) curve, this range is not appropriate. Some joints (e.g., with multiple fasteners) produce-Sishape
load-displgcement (or envelope) curves where linear regression in the range 0,1 to 0,4 F,,,, is not appropriate,
because the initial take-off can go beyond 0,1 F,,, and the maximum stiffness (the steepest slope)\is achieyed
beyond 0,4 F,,.,. Also, the 0,4 F_ ., limit is not appropriate when the initial yielding starts below.0;4 F, ... It ¢an
be observdd either in joints with multiple fasteners or where the yield mode is overridden-by another failfire

mode (e.g.|tear-through or head pull through). In these cases, ranges other than 0,1 to 0,4 can be appropriate.

NOTE 2 |Stiffness for determination of the equivalent energy elastic-plastic curve{f..,) can be determined
differently|(see 8.3).

NOTE 3 [ISO 6891 will be referred to determine the elastic stiffness in case ofthe quasi static test.

A . A .

/
/
/
/
/
/
/
’:l —_— FZ ______

|

|

|

I Ke=Fi/V,

|

|

|

| Fy
|

|

>
0 v, 0
a) ldealised stiffness b) Stiffness with initial slip
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F2 = 0,4Fmax

2022(E)

Figure 1 — Examples of elastic stiffness

7 | Determination of yield point

7.1 Determination of yield load

F1 = 0,1Fmax
|
> /1 >
0V, v,
c¢) Stiffness with initial friction d) Stiffness without linear pgrt

Yigld load, Fy, is determined by one of the following methods according to the relevant standard.

M¢thod A1 [EN 12512]: When the load-displacement (or envelope) curve presents two we
linpar parts, the yield load, Fy, is detérmined by the intersection of these two lines (lines (a)
Figure 2 a)).

M¢thod A2 [EN 12512]: When the load-displacement (or envelope) curve does not present we
ar parts, the yield load, ,F,, is determined by the intersection of two straight lines: the
copnecting the points between 0,1 and 0,4 times the maximum load, F,,,, and the second li
the tangent of a slopelefi1/6 of the first line (lines (a) and (d) in Figure 2 b)) (see Figures B.2 a

NOTE1 EN 12512 intends to apply this method to determine the yield load for timber joints. It ha
confirmed if thisdmethod is applicable to determine the yield load of assemblies such as shear walls.
givie a highepvalue than JIS A1414-2 in cases of wood-based shear walls (see Figures B.14 c) and B.20

11-defined
and (c) in

11-defined
first line-

ne having
d B.8).

s not been
It tends to

Dk

NOQTE 2 {»~The determined yield load is affected by the slope of the first line as the slope of the seg
defermined also according to the slope of the first line. This tendency is more significant when the {

ond line is
lope of the

firgt line is low and the envelope curve is convexly rounded after the vielding (see Figure B.5 d)).

Method A3 [JIS A1414-2]: When the load-displacement (or envelope) curve does not present well-
defined linear parts, the yield load, F,, is determined by the intersection of two straight lines: the first
line connecting the points between 0,1 and 0,4 times the maximum load, F,,, (line (a) in Figure 2 ¢)) and

the second line (line (f) in Figure 2 c)) determined as a tangent to the load-displacement (or

envelope)

curve and parallel to the line connecting two points corresponding to 0,4 and 0,9 times the maximum

load (F,,,,) (line (e) in Figure 2 c)) (see Figure B.20 b)).

NOTE1 ]IS A1414-2 intends to apply this method to determine the yield load of shear walls. However, this

method is applied also to determine the yield load of timber joints.

© IS0 2022 - All rights reserved
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NOTE 2  If the load-displacement (or envelope) curve is concavely curved and there is no appropriate
intersection of lines (a) and (f), the ranges 0,1 to 0,4 and 0,4 to 0,9 times the maximum load, F,,,,, are not
appropriate.

ax’

Method A4 [ASTM D5652]: For joints with dowel-type fasteners, the yield load, F, is determined
as follows. Fit a straight line to the initial linear part of the load-displacement (or envelope) curve,
offset this line by a displacement equal to 5 % of the nominal fastener diameter (or the measured
fastener diameter if the nominal diameter is not determined), and select the load at which the offset
line intersects the load-displacement curve (see line (a') in Figure 2 d)). If the initial part of the load-

displacement (or envelope) curve is nonlinear, use the straight line connecting the points between 0,1

and 0’4 timesthe maximum ]narl’ F'max’ (Cnn Ficures B4 and B 11 r‘))

NOTE1 [ASTM D5652 intends to apply this method to determine the yield point of a single-bolt joint, This
method is ppplicable to joints with other types of single dowels such as nails and screws, but it doesnet apply
directly to| other types of joints and assemblies such as shear walls. However, it can be appliedhif the offlset
criterion i agreed upon.

NOTE 2 [In the case where the offset line does not intersect the load-displacement (or_enyelope) curve, the
yield load ils not determined.

A A

Fmax

y F,
I
I 0;4Fmax
I
I
| 0,1Fmax
I
: >

0 |Vy 0 v,
a) Detdrmination of yield load by lines (a) b) Determination of yield load by lines (a) and
and (c) (d)

Fmax

c¢) Determination of yield load by lines (a) d) Determination of yield load by line (a')
and (f)

6 © IS0 2022 - All rights reserved
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Key

a

5 % off-set of bolt diameter.

Figure 2 — Determination of yield load

7.2 Determination of yield displacement

Yield displacement, V,, is determined as the displacement at the intersection point of two lines

determined for Method A1l or Methad A2 (cnn 2) (piﬁnroc 2 a) and l‘\))

Yigld displacement, V,, is determined as the displacement corresponding to the yield doad, |F,, on the
lodd-displacement (or envelope) curve for Method A3 or Method A4 (see 7.1) (Figures 2)c)’and ﬁ)).

8 | Determination of ultimate limit state

8.1 Ultimate (failure) displacement

Ulfimate (failure) displacement, V, is determined as one of the folloWing, whichever occur{ first (see
Figure 3):

Cape (1): displacement corresponding to the ultimate limit state*caused by a sudden load drojp.

Cape (2): displacement corresponding to the ultimate limit'state caused by a gradual decreas¢ of load to
0,4F,,. after the maximum load, F,,,, is achieved.

Cape (3): displacement 30 mm for joints and rotationor shear deformation angle 1/15 rad. for dssemblies
(e.g., moment resisting joints, shear walls, etc.),

8.2 Ultimate (failure) load

Ulfimate (failure) load, F,, is determined as one of the following, whichever occurs first (see Higure 3):
Cape (1): load recorded at the peint immediately preceding the load drop (F,,, 2 F, 2 0,8F .,

Cape (2): 0,8 times maximuny'load, F,,,,, in case of a gradual load decrease after the maximum load
(Ff=0,8F,,)-

Cape (3): load corresponding to the ultimate displacement 30 mm for joints and rotatior} or shear
deformation angle~l/15 rad. for assemblies in case of an excessive deformation.

©1S0 2022 - All rights reserved 7
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FA

Fomaxfp oo _

Folm e — N
O,8Fmax ________________________

C

|
|
|
I!
|
|
|
|
I
|
|
|

-
-

V(@) Vu(@) V)Y v

Key

a  Case ().
b Case (P).
¢ Case (B).

d (30 mor 1/15 rad.).

Figure 3 — Definition of ultimatedisplacement, /,

8.3 Equivalent energy elastic-plastic load and‘stiffness

energy elastic-plastic (EEEP) curve iscdetermined by equating the area, 4, under the load-
displacemjent (or envelope) curve up to thecultimate displacement, V,, and the area limited by the
straight lfnes: line (b) representing the equivalent energy elastic-plastic stiffness, K

ccery and line [g)
representfng the equivalent energy elastic-plastic load up to the ultimate displacement, V,, (see

, Feeep'

Equivalenft energy elastic-plastic load, F.,, is calculated using Formula (1):

2 2A
Feeep =|:Vu - Vu _—]Keeep (1)
eeep
2 A . .
If V< i it iS\permitted to take Foqop, = 0,85F .
eeep
Equivaler1t efiergy elastic-plastic stiffness, K., is determined using one of the following methods.

Method B1 [ASTM E2126]: The equivalent energy elastic-plastic stiffness, K is determined by a

eeep’
straight line passing through the origin and 0,4F,,,, on the load-displacement (or envelope) curve (see

Figures 4 a) and B.18 a)).

Method B2 [JIS A1414-2]: The equivalent energy elastic-plastic stiffness, K., is determined by a
straight line passing through the origin and the yield point on the load-displacement (or envelope)
curve determined using Method A3 (see 7.1) (see Figures 4 b) and B.18 b)).

NOTE1 Method B1 tends to give smaller V,

and consequently larger o, than Method B2(see examples in
B.5.3,B.6.3 and B.7.3).

eep

8 © IS0 2022 - All rights reserved
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NOTE 2  If the equivalent energy elastic-plastic model does not produce satisfactory results, an equivalent
energy bi-linear model can be applied. In this case, the equivalent energy bilinear ultimate load, F,.,can be
determined so that the area limited by the bi-linear curve up to the ultimate displacement equals the area limited
by the load-displacement (or envelope) curve (see example in A.2).

Fmax [~

eeep

\

0,4Fmax [

|
|
|
|
|
|
|
|
|
|
|

> >
0 ceep Vu 0 Vy Veeep Vu
a) Determination of the EEEP stiffness b) Determination of the EEEP stiffnesfs (K, ..,)
(Keeep)(line (b)) and the EEEP load (Fp,) (line (b))and the EEEP load (F,.¢,) (line (g))p

(line (g))

Figure 4 — Determination‘of'the EEEP stiffness

9 [ Determination of ductility factor
Ductility factor is determined using one of.the following methods.

M¢thod C1 [EN 12512]: Ductility fagter, y, is calculated from Formula 2 as the ratio of the¢ ultimate
digplacement, V,,, (see 8.1) to the yield displacement, V), (see 7.2)(see Figure A.1).

uEW, /V, (2)
M(Ithod C2 [ASTM E2126, JIS A1414-2]: Equivalent energy elastic-plastic ductility factof, uecep, is

calculated from Formiula 3 as the ratio of the ultimate displacement, V,, (see8.1) to the ¢quivalent
engrgy elastic-plastic yield displacement, V., (see Figures 4 a) and 4 b)).

:ueeepEM Y, eeep (3)

where; Ve, is the displacement at the intersection of lines (b) and (g) in Figure 4.

NOEES Therelationshin-betweenH-aid-H—IiS-eXBresse d-asfollows:
FE elationship-betweentand ,Aeeep is-expressed-astoHews:
-y
Heeep =H F
eeep

Examples of determination of the elastic stiffness, yield point, ultimate characteristics and ductility
factor for joints and assemblies are shown in Annex B.

Determination method of impairment of strength (strength degradation) and energy dissipation in
connections and assemblies are shown in Annex C.

©1S0 2022 - All rights reserved 9
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Annex A
(informative)

Examples of modelling of envelope curves

A.1 Elagtic-pliasticmodet

Most envdlope curves can be modelled generally by elastic-plastic model as shown in Figure-A:1” This
model determines the ratio, R, of the linear force response, F, to the ultimate capacity of the joints
or assemblies, F,..,, which has the equivalent energy dissipation in elastic-plastic modelyas shown in
Figure A.]. The value of Reeep 1s the ratio of the linear seismic response to non-linear response gnd
expressed as follows by using equivalent energy elastic-plastic ductility factor, fieegp,

b _ 5 ——
Reeep F F =\ 2Hleeep —1

eeep

The ratio) Ry, defined by the ratio F, to F), is determined by using the ductility factor, x4, and strength
ratio, r,,.

y=F =N (Zﬂ_ru)

Vy 1y =Feeep /' Fy

=)
|
e |
=

=
1l
:<
-~ <

where F Is the maximum linear force response.

Fn L)
° 7
/|
/ |
a
/o
b// |
/ |
/ |
/ |
g
Feeep ___ZL |
/ | |
F |
ViR | I
/ I I | |
N I |
0 Vy Veeep Vu

Figure A.1 — Linear response and response by elastic-plastic model

A.2 Bi-linear model

In case the envelope curve is modelled by bi-linear model, the inclination of the second line (g) is
determined so that the area surrounded by the lines (b), (g), (h) and displacement axis equals to the
area surrounded by the envelope curves as shown in Figure A.2. This model determines the ratio, Ry,
defined by the ratio of the linear force response, F, to the yield strength, F, of the joints or assemblies

10 © IS0 2022 - All rights reserved
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which has the equivalent energy dissipation in bi-linear model. The value of R, is expressed as follows

by using ductility factor, u, and strength ratio, r,,.

Fo
Ry=2-= (ry+1) -u-r,
y
where, Ty :Feebl /Fy (Feebl = Fmax)

where

Faepp 15 UIC CqUIVAICTIL clICTgy DIFIINEdT UILHTI4te 1044,

F,  isthe maximum linear force response.

Fmax
Feebl
h
FY
0 % Vy

Figure A.2 — Example of modeling by bilinear model

© IS0 2022 - All rights reserved
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B.1 Ge

Yield and |ultimate characteristics and ductility of several joints and assemblies are determjned fr

test data
provided

Annex B
(informative)

Examples of test data

nerat

with different evaluation methods presented in this technical report. These examples 3
for understanding the effect of the determination methods on a particular load-displacem

pm
ire
ent

relation. These examples do not intend to evaluate the performance of the specific joints.and assemblijies

by compalring the evaluation methods. They are evaluated by producing an averagesenvelope cut

except fo

separately and the average of positive and negative values are taken. Tests in examples B.2, B.3,B.4 a
B.5 are based on ISO 16670 tests and examples B.6, B7 and B.8 are based ondS0°21581 tests.

B.2 Plywood-to-wood nailed joints

B.2.1 L

An exam

Figure B.1. Yield point and ultimate characteristics are determined from the average envelope curve

X
Key
X displacement(min)
Y load| (kN)
Foax L17|kN
Viax  9,95Lmm

il examples in B.3, B.4 and B.5 in which positive and negative envelopg; cutrves are produgd

Iad displacement relation

le of load-displacement relation in reversed cyclic shear test of nailed joint is shown

Y

o]
Z

-40 -302% - 10 20 30 4P

l
[\'¥]

ve
ed
nd

Figure B.1 — Example of load-displacement relation in plywood-to-wood nailed joint (9 mm

thick plywood with CN50 nails, loading parallel to the grain)

B.2.2 Determination of yield load

Envelope curve and yield load, F;, determined by Methods A2, A3 and A4 (see 7.1) are shown in
Figures B.2, B.3 and B.4, respectively. Comparison of yield loads, F|, determined by each method is

shown in

12

Figure B.5 and Table B.1.
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Y Y
14 1,4
1 AI 4 /__ 1 l/ g /M_—
I 7 : P —=
08 | I —1 08 | 4t )]
] | // ! | //// 4_
06 | 0,6 ’(}4
2 AT 2
dz f 02 |f
( 0
0 2 4 6 X 0 2 " 6 X
a) Yield load by Method A2 b) Yield load by.Method A3
Y Y
14 1,4
12 1,2
: " — | 1
II ’Il A /1
48 1 08
I
Q0,6 06 3
| 2 4
04 F 0,4 \
[| >3 | 2
q,2 1 0,2
" 0
0 2 4 6y X 0 2 4 6 X
c) Yield load by Method A4 d) Comparison of the yield loads
Key
a)foc) d)
X | displacement (mm) X  displacement (mm)
Y | load (kN) Y load (kN)
1 | envelope curve(avy 1 envelope curve(av.)
2 | F, 2 F,_A2(EN)
3 | 0,4Fmax 3 F,A3(JIS)
4 | 0,9Fmag 4 F, A4(ASTM)
Figure B.2 — Examples of yield load
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Table B.1 — Comparison of yield point and maximum values

Method A2 Method A3 Method A4
(see 7.1) (see 7.1) (see 7.1)
K, (kN/mm) 1,81 1,81 1,81
F, (kN) 0,57 0,64 0,62
v, (mm) 0,32 0,54 0,49
Fy/Vy (kN/mm) 1,81 1,18 1,27
F,/F nax 0,49 0,54 0,53
NOTE1 Yipld loads, F,, determined by Methods A3 and A4 show close agreement and that determined by MethodA7 is
approximately 10 % lower.
NOTE 2 Yipld displacement, V, determined by Method A4 is approximately 10 % smaller than that determined By Method
A3.Yield djsplacement, V, determmed by Method A2 is 40 % and 35 % smaller than those determined py\Methods [A3
and A4, regpectively. ThlS result is caused by the difference of the definition of yield point: whether it is*based on the
intersection of two lines or the corresponding point on the envelope curve.
NOTE 3 Yifldloads, F), determined by Methods A2, A3 and A4 are approximately half of the maximum load, F,,,,, regardlgss
of the deterjmination method
B.2.3 Determination of ultimate characteristics
Ultimate ¢haracteristics determined by Methods B1 and B2 (see 8.3) are)shown in Figures B.3 a) qnd
B.3 b), respectively.
Y Y
1,5 15
1 1
e SV e ~0 A oSV e ~0
14 ~ | \ ~
' \ : 2 \i\
(] =
0,5 / | 0,5 :
A | 3 |
3 I !
0 O 0 O
0 5 10 15 30 25 X 0 5 10 15 20 25 X
a) Determination of EEEP.model by Method B1 b) Determination of EEEP model by Methpd
- average-énvelope B2 - average envelope
Key
a) b)
X  displafement{imm) X  displacement (mm)
Y load (kN) Y load (kN)
1 envelope curve(av.) 1 envelope curve(av.)
2  EEEP Model_B1(ASTM) 2 EEEP Model_B2(]IS)
3  0,4Fmax 3 Fy

Figure B.3 — Determination of EEEP model

B.2.4 Comparison of methods

Comparison of ultimate characteristics and ductility determined by each method are shown in Table B.2.

14
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Table B.2 — Comparison of ultimate characteristics and ductility

B.B Wood-to-wood bolted joints

B.B.1 Load displacement relation

An|
Fig

see 8.2 Method B2 Method B1
= (see 8.3) (see 8.3)

Fpep (KN) — 1,07 1,06

Voeep (m) — 091 0,58
F, (kN) 0,94 — —

V, (mm) 20,63 20,63 20,63

u(V,/V,) 64,46 38,20 42,10

Heeep(Vu/ Veeep) — 22,67 35,56

NOTE 1 EEEP loads, F, determined by Methods B1 and B2 show similar values.

» Ueeep,

NOTE 2 EEEP displacement, V., determined by Method B1 is 36 % smaller than that deterniined p

Method B2. Consequently, EEEP ductility factor, y,c.p,, determined by Method B1 is 57 % latger than that

determined by Method B2.

NOTE 3 Ductility factors, u, determined using V, determined by Method A3 and Method A4 shqw
comparatively similar values. When the ductility i lS high, the difference between/these two methodsl|is

not relevant.

NOTE 4 Determined EEEP ductility factors, pg.ep, are 22,7 and 35,6. Ductility factor, p, is 64,5 whe
determined using V, determined by 8.2. These extremely large ductility~factors result from the sma

yield displacement, V in nailed joints. In this case the ultimate displacements, V,, will be a mofe

important indicator than the ductility factor, p.

y

n
11

example of load-displacement relation incfeversed cyclic shear test of bolted joint is
ure B.4. Yield point and ultimate characteristics are determined separately from the po
negative envelope curves.

© IS0 2022 - All rights reserved
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@)
D

[N
[en)

N
[en)

\\
NN N

Key
X  displacement (mm)
Y load (kN)
positive enyelope curve
Fpox 41,40[kN
Vihax 14,82mm
negative erjvelope curve
F._.. 44,61[kN
Viax 14,99mm
Figure B.4 — Example of load-displacement relation ef wood-to-wood joint (105 mm thick Suji
lumber with 16 mm diameter bolts,loading parallel to the grain)

B.3.2 Determination of yield load
Envelope [curves and yield load, Fy, determined by Methods A2, A3 and A4 (see 7.1) are shown|in
Figures B|5 a), B.5 b) and B.5 c), respectively. Comparison of yield loads by each method is shown| in
Figure B.j d) and Table B.3

Y Y

50 50

/// ] -
"; 40 = -7 -
40 2 A — > 1
,/’ij” / /////
30 TR 30 = \
- // ________ % /4/_/_
20 / 20 e
/( /://{g -
10 10 /X
3 3
0 0 !
0 3 6 9 12 15 X 0 5 10 15 X
a) Yield load by Method A2 - positive envelope b) Yield load by Method A3 - positive enve-
lope

16
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Y Y
50 50
40 40 P s
v =
/L /{ 3 - - /{
/ -
30 A 30 S
el 4.
/ 2 / 5
20 20 .
/ /
A Va
10 / 4 10 //
// 3 //
0 d 0 k=
0 3 6 9 12 15 X 0 3 6 9 12 15 X
c] Yield load by Method A4 positive envelope d) Comparison of yield lead - positive and
negative envelope'and average values
Key
a)toc) d)
X | displacement (mm) X  displacement (mm)
Y | load (kN) Y load (k)
1 | envelope curve(+) 1 envelope curve(+)
2 | Fy 2 envelope curve(-)
3 | 0,4Fmax 3 *Fy_A2(EN)
4 | 0,9Fmax 4> Fy_A3(JIS)
5 Fy_A4(ASTM)
Figure B.5— Examples of yield load
Table B.3 — Coniparison of yield point and maximum values
Method A2 Method A3 Method A4
(see 7.1) (see 7.1) (see 7.1)
Positive | Negative | Positive | Negative | Positive | Negatjve
K, (kN/mni) 6,60 7,80 6,60 7,80 6,60 7,8(
F, (RN} 32,43 33,79 23,53 25,94 26,98 29,8p
F,, (kN).from average 33,58 2509 28,62
envelope curve
F, (kN) average of
positive and negative 33,11 24,74 28,44
curves
V, (mm) 6,02 4,88 4,81 4,33 5,99 5,18
F,/V, (kN/mm) 5,39 6,92 4,89 5,99 4,50 577
F,/F nax 0,78 0,76 0,57 0,58 0,65 0,67
NOTE1 Yield load, F), determined by Method A4 shows approximately 15 % greater value than that
determined by Method A3, and that determined by A2 shows 34 % and 16 % greater values than those
determined by Methods A3 and A4, respectively.
NOTE 2 Yield displacement, V,, determined by Method A4 is 22 % larger than that determined by Method A3.
NOTE 3 Yield loads, F,, determined by Methods A3 and A4 are approximately 58 % and 66 % of the maximum
load, F,,,, and that determined by Method A2 are approximately 77 % of the maximum load, F,,..
NOTE 4 Yield loads, F,, determined from the average envelope are close to the average of positive and
negative values.

© IS0 2022 - All rights reserved
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B.3.3 Determination of ultimate characteristics

Ultimate characteristics determined by Methods B1 and B2 (see 8.3) are shown in Figures B.6 a) and
B.6 b), respectively.

Y Y
50 50
1 1
)\ S"
40 I — 40 ]
7T 0

|
30 ~ \ T 30 7 =
/ 2 /
i
I

N\

/

N
e | 1Y)

20 // 20 A
Al /3
10 10 7
, 3 J /
/ /
0 O 0
0 5 10 15 20 25 X 0 5 10 A% 20 25 X
a) Determination of EEEP model by Method B1 b) Determination ofEEEP model by Methqd
- positive envelope B2 - positive envelope
Key
a) b)

displafement (mm)
load (kN)

X displacement (mm)
Y

1 enveldpe curve(+)

2

3

load (kN)
envelope curve(+)
EEEP Model_B2(]JIS)

Fy

EEEP Model B1(ASTM)
0,4Fmpx

W N P =< X

Figure B.6 — Determination of EEEP model — Positive envelope

B.3.4 Comparison of methods

Comparispn of ultimate characteristics and ductility by each method are shown in Table B.4.

Table B.4— Comparison of ultimate characteristics and ductility

see 8.2 Method B2 Method B1
— (see 8.3) (see 8.3)
Positive | Negative | Positive | Negative | Positive | Negativie

Fisep (KN) — — 37,15 40,81 37,96 40,33
Il (mm) — — 7,59 6,81 828 6,42

F, (kN) 39,33 41,94 — — — —
V, (mm) 19,77 19,98 19,77 19,98 19,77 19,98
u(V,/V,) 3,28 4,09 4,11 4,61 3,30 3,80

u(V,/V,) from average envelope 3,54 . 428 L 3,49 .

curve

NOTE 1 EEEP loads, F, determined by Methods B1 and B2 show similar values.

» Veeep’

NOTE 2 EEEP displacements, V,..,,, determined by Methods B1 and B2 both show about 7,3 mm in positive and negative
average. Consequently, EEEP ductility factors, ptq.p,, determined by Methods B1 and B2 are very close.

NOTE 3 The obtained EEEP ductility factors, pieeep by Methods B1 and B2 lie between 2.4 and 3.1. Ductility factor, g,
determined by 8.2 is close to that determined by Method B1. These results can be influenced by the initial slips which are
excluded to determine the strength but included for the determination of the displacement.
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Table B.4 (continued)
see 8.2 Method B2 Method B1
s (see 8.3) (see 8.3)
Positive | Negative | Positive | Negative | Positive | Negative
u(v,/v,) average of positive and 3,69 . 436 . 3,55 .
negative curves
Feeep(Vi/ Veeep) — — 2,60 2,93 2,39 3,11

NOTE 1 EEEP loads, F, determined by Methods B1 and B2 show similar values.

» Neeep’

2o E =R~ =T =T =1~k T 3 I 3 - 11 Adretd D~ PR VoNE | 2 2 3 oo . e .
NQTE2Z2—FEEEP UISPIACEHICILS, Vo oopn, UELETTIHIIEW DY MEUITOUS D 1 dIIU b4 DO SHOW dDUOUL /7, o THIITHHIT POSTUVE d ld negatlve

avprage. Consequently, EEEP ductility factors, fiy,p,, determined by Methods B1 and B2 are very close.

NUTE 3 The obtained EEEP ductility factors, piqq, by Methods B1 and B2 lie between 2.4 and 3.1-Ductility factor, g,
defermined by 8.2 is close to that determined by Method B1. These results can be influenced by the,initial slipp which are
exf¢luded to determine the strength but included for the determination of the displacement.

B.ft Steel-to-wood lag-screw joints

B.4.1 Load displacement relation

Anl example of load-displacement relation in reversed cyclic sheat test of lag-screw joint is[shown in
Figure B.7. Yield point and ultimate characteristics are determined separately from the pofitive and
negative envelope curves.

A0
TU
2N
[oAV) — —~—
7260
U
s A
38V |
L
:
|
Y . 10 20
N
—JIVU
A0

Key
X | displacement (mvm)
Y | load (kN)

pogitive envelepe curve
F )i 29,2kN

| 974\ mm

negative envelope curve
F..x 30,61 kN

max
V__.493 mm

max

Figure B.7 — Example of load-displacement relation in lag-screw joint (12 mm thick steel plate
and lumber with 12 mm diameter lagscrews, loading parallel to the grain)

B.4.2 Determination of yield load

Envelope curves and yield load, F,, determined by Methods A2, A3 and A4 (see 7.1) are shown in
Figures B.8 a), B.4.3 and B.4.4, respectively. Comparison of yield loads, F, by each method is shown in
Figure B.8 d) and Table B.5
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a) Yield[load by Method A2 - positive envelope b) Yield load by Melt;l:: A3 'positive enve-
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/ /
S 3 5
30 / — —_— 30 4 \ %;—{” =
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d) Comparison of yield loads - positive
c) Yieldload by Method A4 - positive.envelope and negative envelope curves and average
values
Key
a)toc) d)
X  displafement (mm) X  displacement (mm)
Y load (kN) Y load (kN)
1 enveldpe curve(+) 1 envelope curve(+)
2 F 2 envelope curve(-)
3  0,4Fmpx 3 F,_AZ(EN)
4  0,9Fmpx 4 Fy_ABUIS)
5 F, A4(ASTM)

Figure B.8 — Examples of yield load — Positive envelope
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Table B.5 — Comparison of yield point and maximum values

B./

Ul
res

Method A2 Method A3 Method A4
(see 7.1) (see 7.1) (see 7.1)
Positive | Negative | Positive | Negative | Positive | Negative
K, (kN/mm) 19,62 20,86 19,62 20,86 19,62 20,86
F, (kN) 24,37 26,32 20,58 23,70 26,40 28,44
Fy (kN) from average 25,35 22,06 2742
envelope curve
F (RN average of
positive and negative 25,35 22,14 27,42
curves
v, (mm) 1,26 1,27 1,10 1,17 1,96 1,98
Fy/Vy (kN/mm) 19,34 20,72 18,71 20,26 13,47 14,3p
F,/F nax 0,83 0,86 0,70 0,77 0,90 0,913
NOTE 1 Yield load, F,, determined by Method A4 shows 24 % higher value than thdtdetermined by Mefhod
A3, and the yield load, F), determined by Method A2 shows 14 % higher value than that determined by Mefhod
A3 and 8 % lower value than that determined by Method A4.
NOTE 2 Yield displacement, V,, determined by Method A4 is 74 % larger¢harthat determined by Methodl A3,
and the yield displacement, V,, determined by A2 shows 11 % larger valyejthan that determined by Method A3
and 36 % smaller value than that determined by Method A4.
NOTE 3 Yield loads, Fy, determined by Methods A2, A3 and A4 are 85 %, 74 % and 92 % of the maximum |oad,
F a0 respectively.

pectively.

Y

0

.

0 5 10

N\

15

20 X

B1 - positive envelope

Key

a)

X  displacement (mm)

Y load (kN)

1 envelope curve(+)

2 EEEP Model B1(ASTM)
3  0,4Fmax
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1.3 Determination of ultimate characteristics

Y
40

imate characteristics determined by Methods B1 and B2 are shown in Figures B.9 a) and B.9 b),

30

20

10

0

5

10

!

15 20 X

1) -Determination of EEEP model by Method b)) Determination of EEEP model by Method

B2 - positive envelope

displacement (mm)
load (kN)

envelope curve(+)
EEEP Model_B2(]IS)

Fy

Figure B.9 — Determination of EEEP model — Positive envelope
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B.4.4 Comparison of methods

Comparison of ultimate characteristics and ductility determined by each method are shown in Table B.6

Table B.6 — Comparison of ultimate characteristics and ductility

see 8.2 Method B2 Method B1
= (see 8.3) (see 8.3)
Positive | Negative | Positive | Negative | Positive | Negative
Fosop (kN) — — 28,32 28,37 28,28 29,01
Veeep (mm) — — 1,52 2,09 1,48 2,49
F, (kN) 2711 28,55 — — — >
V, (mm) 14,76 9,90 14,76 9,90 14,76 9,90
y(Vu/Vy) 11,71 7,80 13,42 8,46 7,53 5,00
u(Vu/Vy) from average envelope 1010 1128 6.50
curve ’ ’ ’
u(Vu/Vy) hverage of positive and 976 1094 627
rjegative curves ’ ’ ’
teeep(Vu/Veeep) — — 9,71 4,74 9,97 3,98
NOTE1 EHEP loads, F, determined by Methods B1 and B2 show similar values.
NOTE 2 EHEP displacements, V,,,,, determined by Methods B1 and B2 show sintilar values. Consequently, EEEP ductillity
factors, ueefy,, determined by Methods B1 and B2 are very close.
NOTE 3 EHEP ductility factors, piee.,, determined by Methods B1 and B2 are’6.7 and 7.2 in positive and negative averages,
respectivelly and the ductility factor, 4 determined by Method A2 is 9.76¢
NOTE 4 Ductility factors, u, determined from the average envelope curves are slightly larger than average of positive and
negative values, although the differences are small.

B.5 Plywood-to-wood screw joints

B.5.1 LIad displacement relation

An exam

le of load-displacement rélation in reversed cyclic shear test of screw joint is shown

in

Figure B.10. Yield points and ultimate characteristics are determined separately from the positive and
negative gnvelope curves.

22
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Key
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Y | load (kN)

positive envelope curve
« L,72kN

| 8,50 mm

negative envelope curve
Fl, 1,76 kN

m
Vinhx 431 mm

m

Figure B.10 — Example of load-displacementirelation in plywood-to-wood screw joint (9 mm
thick plywood with 4,1 ¢-38 mm screw joints, loading parallel to the grain)

B.5.2 Determination of yield load

Enjelope curves and yield load, E, determined by Methods A2, A3 and A4 (see 7.1) are|shown in
Figures B.11 a), B.11 b) and B.11 ¢J, respectively. Comparison of yield load, F,, determinefd by each
mdthod is shown in Figure B.11'd) and Table B.7.

Y Y
1,6 — v 2 ;
| 4 ! -]
1,4 I % ! 7
/ -

1’2 ‘I v 1,5 } - = ///;X
il ,I /// s 1 I, _ ///// = ’////
0,8 2%/ Tl -1 4

’ 2 /[ N el
D,6 -~ N2

4 3 0:5 )
0,2
0 0

0 1 2 3 4 X 0 2 4 6 X
a) Yield load by Method A2 - positive enve- b) Yield load by Method A3 - positive enve-
lope lope
23
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d) Comparison of yield loads —'positive and

c) Yield load by Method A4 - positive enve-
negative envelope curves and)average valuges

lope
Key
a)toc) d)
X  displapement (mm) X  displacement (mm)
Y load (kN) Y load (kN)
1 enveldpe curve(+) 1 envelope curve(+)
2 F, 2 envelope curye(-)
3 0,4Fmpx 3 F,A2(EN)
4 0,9Fmpx 4 F,A3{IS)

5 F, A4(ASTM)

Figure B.11 — Examples of yield load — Positive envelope

Table B.7 — CompariSon of yield point and maximum values

Method A2 Method A3 Method A4
(see 7.1) (see 7.1) (see 7.1)
Positive | Negative | Positive | Negative | Positive | Negative
K, (kN/mm) 4,44 3,58 4,44 3,58 4,44 3,58
F, (kN) 0,74 1,01 0,96 1,06 0,92 1,15
Fy [kN) from average 0,91 1,02 1,04
envelope curve
H, (kN) average of
pofitive and negative 0,88 1,01 1,04
curves
v, (mm) 0,13 i 0,28 0,63 i 0,38 0,50 i 0,53

NOTE 1 Yieldloads, F,, determined by Methods A3 and A4 show similar values, and yield load (F,) determined
by Method A2 shows 1y3 % and 15 % lower values in positive and negative average than those cf,etermined by
Methods A3 and A4, respectively.
NOTE 2 Yield displacements, V,, determined by Methods A3 and A4 show similar values in positive and
negative average, and yield displacement, V,, determined by Method A2 is approximately 60 % smaller than
those determined by Methods A3 and A4.
NOTE 3 Yield loads, F,, determined by Methods A2, A3 and A4 are approximately 43-65 % of the maximum
load, F,,,,, respectively. Overall, this example illustrates that the yield point is determined more consistently
when the transition between the elastic and the plastic ranges is more distinct.

NOTE 4 Yield loads, F), determined from the average envelope are close to the average of positive and
negative values.
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Table B.7 (continued)
Method A2 Method A3 Method A4
(see 7.1) (see 7.1) (see 7.1)
Positive | Negative | Positive | Negative | Positive | Negative
F,/V, (kN/mm) 5,69 3,55 1,52 2,79 1,84 2,17
F/F ax 0,43 0,57 0,56 0,60 0,53 0,65

NOTE 1 Yieldloads, F,, determined by Methods A3 and A4 show similar values, and yield load (
by Method A2 shows {3 % and 15 % lower values in positive and negative average than those
Methods A3 and A4, respectively.

F,) determined
Jetermined by

negative values.

NOTE 2 Yield displacements, V,, determined by Methods A3 and A4 show similar values in positivel and
negative average, and yield displacement, V,, determined by Method A2 is approximately 60 % smaller fhan
those determined by Methods A3 and A4.

NOTE 3 Yield loads, F,, determined by Methods A2, A3 and A4 are approximately 43-65 %;of the maximum
load, F,,,,, respectively. Overall, this example illustrates that the yield point is determined\fore consist¢ntly
when the transition between the elastic and the plastic ranges is more distinct.

NOTE 4 Yield loads, F,, determined from the average envelope are close to th€ average of positive|and

B.b.3 Determination of ultimate characteristics

Ulgimate characteristics determined by Methods B1 and B2 (see 8:3) are shown in Figures B

B.12 b), respectively.
Y
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b) Determination of EEEP model by|Method

Key

a) b)

X | displacement (mm) X  displacement (mm)
Y HeadtkNy Y—toad-tkN3

1 envelope curve(+) 1 envelope curve(+)

2 EEEP Model B1(ASTM) 2 EEEP Model_B2(]JIS)
3  0,4Fmax 3 Fy

Figure B.12 — Determination of ultimate EEEP model — Positive envelope

B.5.4 Comparison of methods

Comparison of ultimate characteristics and ductility determined by each method is shown in Table B.8.
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Table B.8 — Comparison of ultimate characteristics and ductility

see 8.2 Method B2 Method B1
= (see 8.3) (see 8.3)
Positive | Negative | Positive | Negative | Positive | Negative
Feeep (KN) — — 1,48 1,63 1,45 1,62
Veeep (Mm) — — 0,97 0,58 0,46 0,46
F, (kN) 1,38 1,41 — — — —
V, (mm) 11,00 11,40 11,00 11,40 11,00 11,40
w(V,/V,) 42,41 40,07 17,50 30,28 22,00 21,51
u(V,/V,)ffrom average envelope 41,39 23,49 22.06
curve
w(V,/v) pverage of positive and 41,24 23,89 276
rlegative curves
Lecep(Vi/ Veeep) — | — 11,29 19,73 23,89 24,86

Note1 EHEP loads (F,,,) determined by methods B1 and B2 show similar values.

Note 2 EREP displacements (V,.e,) determined by Method B2 is 68 % greater than that determined by Method B1.
Consequently, EEEP ductility factor (pc.,) determined by Method B2 is 36 % less than that determined by Method B1.

Note 3 Dyctility factors () determined using V, determined by Methods A3 and Adware 23,9 and 21,8 in positive and
negative avlerage and show similar values. The ductility factor (n) determined by Method A2 is 41,2 in positive and negat|ve
average andl is approximately twice the value of those determined by Method A3 dand Method A4.

Note 4 THhese extremely large ductility factors result from the small yield displacement (V,) in screwed joints. In this c3se
the ultimatp displacements (V) will be a more important indicator than the ductility factor ().

Note 5 Ductility factor (n) determined from the average envelope cufves are close to average of positive and negatjve
values.

B.6 Plywood-sheathed shear walls with nailed joints

B.6.1 L¢ad displacement relation

An examplle of load-displacement relation in reversed cyclic lateral loading test of a plywood sheathed
shear wall is shown in Figure B.13.
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Key
X | storey drift (mm)
Y | lateral load (kN)
Fply 18,96 kKN
Vinhk 70,20 mm

Figure B.13 — Example of load-displacement relation of plywood- sheathed shear w3ll with
nailed joints (9 mm thick plywoodwith CN50 nails)

B.6.2 Determination of yield load
Enpelope curves and modelling by Method A2 and“Method A3 (see 7.1) are shown in Figures B.14 a)

anfl B.14 b), respectively. Comparison of yield loads, F), by each method is shown in Figure B.14 c) and
Taple B.9.

Y Y
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c) Comparison of yield loads
Key
a), b) c)
X  storey|drift (mm) X storey drift (mm)
Y lateralload (kN) Y lateral load (kN)
1 enveldpe curve(av.) 1 envelope curve(av.)
2 F, 2 F,A2(EN)
3 04F,) 3 F,A3(JIS)
4 0,9Fmpx

Figure B.14 — Examples of yield load

Table B.9 — Comparison of yield point and maximum values

Method A2 Method A3
(see 7.1) (see 7.1)
K, (kN/mm) 0,97 0,97
F, (k\) 12,98 10,51
V, (@m) 13,25 12,29
F, /W, kN/mm) 0,98 0,86
F/F oo 0,68 0,55

NOTE 1 Yield load, F), determined by Method A2 is 24 % greater than

value than that determined by Method A3.

NOTE 2 Yield displacement, v, determined by Method A2 is 8 % larger

than that determined by method A3.

NOTE 3 Yield loads, F,, determined by Methods A2 and A3 are 68 % and

55 % of the maximum loads, F,

’ - max’

respectively.

B.6.3 Determination of ultimate characteristics

Ultimate characteristics determined by Methods B1 and B2 (see 8.3) are shown in Figures B.15 a) and

B.15 b), respectively.
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.0.4 Comparison of methods

Co

Figure B.15 — Determination of EEEP model

Table B.10 &~ \Comparison of ultimate characteristics and ductility

mparison of ultimate characteristics and ductility determined by each method is shown in [[able B.10

see 8.2 Method B2 Method B1
- (see 8.3) (see 8.3)

Fdep (KN) — 16,94 16,71

Veeep (mm) — 19,80 16,93
F, (kN) 15,17 — _

V, (mm) 110,8 110,8 110,8
u(v,/v,) 8,36 9,01 —

;’:eeep("’u/Veeep} 5, 59 6,':’1

NOTE 1 EEEP loads, F,

» Neeep’

determined by Method B2.

A2 and Method A3.

determined by Methods B1 and B2 show similar values.

NOTE 2 EEEP displacement, V,,.,, determined by Method B1 is 14 % smaller than that determined
by B2. Consequently, EEEP ductility factor, fiee., determined by Method B1 is 17 % greater than that

NOTE 3 Ductility factor, p, determined using V, determined by Method A2 is 7 % smaller than that
determined by Method A3. Some compatibility is supposed between the ductility factors, u, by Method
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B.7 Gypsum board-sheathed shear walls with screw joints

B.7.1 Load displacement relation

An example of load-displacement relation in reversed cyclic lateral loading test of a gypsum board-
sheathed shear wall is shown in Figure B.16.

Y

[UEY
D

€]
=3
N~
N
4

=L

uiy
D

X storey drift (mm)
Y latera) load (kN)
F. 7,92 KN

Vinax 18,98|mm

Figure(B.16 — Example of load-displacement relation of gypsum board-sheathed shear wal
(12,5 mm thick gypsum-boardaith 4,1 ¢-38 mm screws)

B.7.2 Degtermination of yield load
Envelope [curves and determined yield, load by Method A2 and Method A3 (see 7.1) are shown|in

Figures B{17 a) and B.17 b), respectively. Comparison of yield loads, F,, by each method is shown|in
Figure B.17 c) and Table B.11.

Y Y
10 ; > 10 g
8 /I ) e 8 / ////////
/ /// / 7 1
6 I/~ \W\ 6
A, 4
4 %’\ 4
2 U 2
W 3
0 0
0 20 40 60 X 0 10 20 30 X
a) Yield load by Method A2 b) Yield load by Method A3
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