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* why do we need ductility
» warning before failure (large displacements)

* redistribution of loads

» redistribution of stresses
* energy dissipation for earthquake design

* robustness

B | Zurich - May 26, 2011



B |Coost

=48
ST-lR » why do we need ductility
« member ductility

* hard to achieve (only in compression)

TU/e )
©  brittle

arctan(E,, ~ E,
&

SC
arctan(E > E,

\/

ductile 3
©

B | Zoich- May 26, 2011



B oot

[N
SNl

* why do we need ductility
» member ductility
* hard to achieve (only in compression)

(2]
L

TU/e

brittle
fi
arctan(E,, ~ E,
€ &
arctan(E_ = E * : . b .
( o)~ e . serviceability | ultimate limit state
f | |
X — | cross section | | 2.2 “real” approximation
ductile A | Ome | = &
b { €c me | 2 o €cu Omc;u Omc;u;d
1 8 £ v
| §0 @ /_r
R
e 8 Nilnaw
7

|
|
S o S
|
\\ﬁ
N
Il
I|
;

|
ﬂh\ui
Il

| H
|

|
[
[
[
I
Lot SR
1 /
|
|
I
l
l

| / I : / Illl 1’/
: €t Omt €tu Omt;u Omt:u:d
- strain stress strain stress stress

B | Zuich - May 26, 2011 5



B oot

N,
N\

=4dn
SHR
compression
TU/e
e o
. e o /
tension T
reinforcement (glued) glued-in reinforcement
a | ,
. serviceability | ultimate limit state
F | .
cross section | 2 -z “real” approximation
. | €c Omc | 5 = €cu Omcu Omc;u;d
s S | o = i
; g | .© 5 / ‘
Zi 5 /
7N 25 5
T / I = 8 N //
— — t ——+—— -.—,/_.._ cmnn v e v s s el ot o amm—
. | ;7/_ e il
' é
| pd

NN

'-\\
\\
N\
N~\\

o -

VILE S Soigntl toal)
|
|
i f
|
| 1 ‘
| €t Omt €t:u Omt;u Omtu;d

- strain stress strain stress stress

B | Zuich - May 26, 2011 c I




I
A

2
A

TU/e

CcoskE
* why do we need ductility

* connections
* EYM: yield model

load F

» member ductility: only in compression

———> ductile

only obtained when no or limited tension perpendicular

to the grain 1s developed:

slip

* single dowel type fastener connections
» multiple nail or staple connections
» toothed plate connections

* bearing
e reinforced
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* why do we need ductility

* connections
* EYM: yield model

» member ductility: only in compression

———> ductile

Capacity Based Design
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Load slip analyses (static ductility)

n fasteners

grain_[S43> S, load
direction .\ direction

\—“dowel” diameter d

< h >

—t<—
—> t,<—
d=10,65- 11,75 mm
d<t, <4d
2d<t, <6d
h=6d
a;=7d
(3d)5d<a, <11d

10<n<20
N~ 1000

R, , according to EYM
R, 05 and R, .5 based on tests
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Load slip analyses (static ductility)
t; [mm] t,[mm]  d[mm] n a;[mm] F., [N] F 005 [N] F 095 [N] Yan Yse TRd N
12 24 11,75 7142 6393 8536 0.90 1.34 1.20 25
60 15198 12428 24102 0.82 1.94 1.59 10
84 16532 13998 25674 0.85 1.83 1.55 10
132 18510 18448 21754 1.00 1.18 1.18 10
5 60 24069 19363 33346 0.80 1.72 1.39 20
84 26181 27038 36394 1.03 1.35 1.39 20
132 29313 29794 40430 1.02 1.36 1.38 20
9 60 40851 41487 69400 1.02 1.67 1.70 20
84 44436 36106 73207 0.81 2.03 1.65 20
24 48 10,65 8624 10779 13032 1.25 1.21 1.51 25
11,25 60 20221 30574 36386 1.51 1.19 1.80 10
84 21995 30574 36386 1.39 1.19 1.65 10
132 24626 31568 35028 1.28 1.11 1.42 10
11,75 5 60 33939 41455 57286 1.22 1.38 1.69 20
84 36917 51415 60337 1.39 1.17 1.63 20
132 41333 52189 60793 1.26 1.16 1.47 20
9 60 57602 82933 106391 1.44 1.28 1.85 20
84 62657 93689 107971 1.50 1.15 1.72 20
132 70153 93668 113854 1.34 1.22 1.62 10
36 48 10,65 1 9846 11351 11645 1.15 1.03 1.18 10
5 84 36988 47880 57465 1.29 1.20 1.55 20
59 72 11,75 1 14754 15403 22184 1.04 1.44 1.50 20
10,65 3 60 27808 34668 47994 1.25 1.38 1.73 10
84 30249 38690 51298 1.28 1.33 1.70 10
132 33867 44261 51391 1.31 1.16 1.52 10
11,75 5 60 49718 55022 74471 1.11 1.35 1.50 20
84 54081 60543 87346 1.12 1.44 1.62 20
9 60 84384 102186 132747 1.21 1.30 1.57 20
84 91789 113628 148372 1.24 1.31 1.62 20
132 91031 149074 187003 1.64 1.25 2.05 10
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* why do we need ductility

* connections
* EYM: yield model

« static ductility
* definitions
* load slip analyses

» member ductility: only in compression

———> ductile

Capacity Based Design
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Load slip analyses (static ductility)

u
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Load slip analyses (static ductility)
u
Fy 0,8 F, Df=;f D="
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* why do we need ductility

* EYM: yield model

« static ductility
 definitions

* load slip analyses

* dynamic ductility
* bridge design
« earthquake design

» member ductility: only in compression

» connections
———> ductile

Y Ra

Capacity Based Design
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* why do we need ductility
» member ductility: only in compression

» connections
———> ductile

* EYM: yield model

Capacity Based Design

« static ductility
* definitions
* load slip analyses Y ra

* dynamic ductility
* bridge design T————> reverse loading ————>> pinching / fatigue

« earthquake design

elastic analyses with F, =F, +%F 4 .min
overstrength only needed for ductility

when loaded excessive
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* connections
* EYM: yield model

« static ductility
* definitions
* load slip analys

* dynamic ductility
* bridge design

* why do we need ductility
» member ductility: only in compression

» earthquake design

———> (ductile

Capacity Based Design

Y Ra

CS

——>> reverse loading =——>> pinching/ fatigue

. : 1
elastic analyses with F, = F, +§Fd,min

overstrength only needed for ductility

V when loaded excessive

vibrations (serviceability limit state)
2« M
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* why do we need ductility
» member ductility: only in compression

» connections
———> ductile

* EYM: yield model

Capacity Based Design

« static ductility
* definitions
* load slip analyses Y ra

* dynamic ductility
* bridge design
» earthquake design ———>> behaviour factor (g)
real seismic action

design seismic action =
q
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* why do we need ductility
» member ductility: only in compression

» connections
———> ductile

* EYM: yield model

Capacity Based Design

« static ductility
* definitions
* load slip analyses Y ra

* dynamic ductility
* bridge design
» earthquake design ———>> behaviour factor (g)
real seismic action

design seismic action =
q

!

ductility
hysteresis analyses <(m—= energy dissipation
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* why do we need ductility
» member ductility: only in compression

» connections
———> ductile

* EYM: yield model

Capacity Based Design

« static ductility
* definitions
* load slip analyses Y ra

* dynamic ductility
* bridge design
» earthquake design ———>> behaviour factor (g)
real seismic action

design seismic action =
q

!

(static) ductility
hysteresis analyses <(m—= energy dissipation

load-slip analyses <(G——=  overstrength
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dynamic ductility

E,
v, =
1 4nk,

E =

py

A\

AN\

A\
AVAZAN

E, =1Fu/‘u , =potential energy to failure

1 : :
— F,u =elastic potential energy

* bridge design
« carthquake design ————> hysteresis analyses

E, = energy dissipated in a half hysteresiscycle

Energy dissipated per half cycle: E;

Available potential energy:E,

28
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plastic verses elastic analysis for a statically

indeterminate timber structure
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* If the connection in a statically indeterminate structure shows sufficient

rotational deformation capacity (ductility control), a non linear
elastic- perfectly plastic analyses can be used for load carrying capacity

analyses
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Conclusions
* If the connection in a statically indeterminate structure shows sufficient

rotational deformation capacity (ductility control), a non linear
elastic- perfectly plastic analyses can be used for load carrying capacity

analyses
* For achieving ductility a Capacity Based Design method, as defined in

the paper, has to be applied
* Overstrength factors for different types of connections have to

be developed to apply a Capacity Based Design method
 For the connections evaluated for this paper overstrength factor

1,2 <vypq< 2,0 was found. yg4 = 1,6 1s suggested to use in

practice.
» The behaviour factor q in seismic design is based on static ductility. However,
dynamic ductility based on energy dissipation ability is a more appropriate

bases.
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