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Pozicija OZoD u konstruk
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Timber layer
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Metode potresnoga inzenjerstva

* Force based design (FBD) — normiran
» Displacement based design (N 2) - hormiran
» Performance based design (PBD) - hormiran
« Time history analysis (THA) - hormirana
* Nonlinear time history analysis (NLTHA) - hormirana
 Direct displacement based design (DDBD) — normiran u NZ

* Performance based seismic engineering (PBSE) - nije normiran

* Rocking - nNije normiran
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PBSE — indeks ostecenja
(Damage Index DI)

Bazira se na realnom mehanickom modelu analizirane strukture
Zahtjeva NLTHA, sto podrazumijeva i skaliranje realnih potresnih zapisa

Zahtjeva odredivanje indeksa ostecenja (Dl)

A B <1.0
__ “potres
= e Ty us 'jdE =1.0 Park & Ang (1985)
’ ' >1.0
Omogucuje (pr)ocjenu troskova sanacije
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Postupak u definiranju

Single Fastener Testing

POKUSI

Single Fastener Response

konstitutivhoga modela OZoD

== ==

Single Wall Element Response of the Single Wall Element to
Testing/Modelling \ the Monotonic and Cyclic Loading
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Force [N]

Mehanicki model spojnica
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Mehanicki model OZoD

SIA 265/1, Ziffer 8.3.1.2 & 8.3.1.4 Ry 4;= Ry - 2 =773 .22 = 185.5 [kN]
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Mehanicki model OZoD

SIA 265/1, Ziffer 8.3.1.2 & 8.3.1.4 R, ;= Ry -2 =773 .22 = 185.5 [kN]
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PBSD — indeks ostecenja

-+_| rezultat analize za djelovanje
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PBSD — indeks o
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PBSD — indeks ostecenja

Tab. 5.5: Estimation of coefficient Sp; from the CASHEW hysteretic and static pushover analygig of
shear walls sheathed with GFB /—\

GPB Ly Bagii B, Breprsn Brespus [JOEtip [dlPass Brsg Biis / Bpr \
1 [m] [mm] [kN] [mm] [mm] [kNm] [kNm] -] -] ’ ] ‘
1 24 29.75 47.71 21.25 22.52 10.038 8.85 0.038 0.039 | 0.039
2 31.25 85.74 26.25 22.8 15.98 17.92 0.027 0.04 | 0.033
1 3.0 31.06 60.75 21.5 22.23 11.79 10.92 0.049 0.049 | 0.049
2 3952 1192 2871 28.65 1683 1155 0077 0112 | 0.095
1 a8 333 701 20.65 21.5 17.8 12.48 0.05 0.066 | 0.058
2 3831 140.5 222 2667 2596 1863 0.087 0.0878 |(0.087)
T 42 312 8792 20165 2286 1592 1397 U053 U053 (0053
2 293 167.9 2413 2493  37.32 2853 0023 0.026 |0.024
1 4.8 39.88 95.62 21.25 24.08 20.53 15.16 0.087 0.099 093
2 37.53 179.1 27.41 26.62 34.9 26.58 0.052 0.074 x Uﬁ3/
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Korelacija IDR 1 DI

Tab. 4.6: Damage Index Estimation for a three-storey structure. Constitutive wall element of length 3.6
m with displacement capacity A, o = 38.8[mm], yield force F,, = 140.5[kN] and parameter 3p; = 0.087
for an earthquake sute scaled in such way to produce average IDR of 0.45%, 0.65%, 0.85% and 1.1%
corresponding to the [0, LS and CP limit states

EQ IDR 0.45% IDR 0.65% IDR 0.85% IDR 1.1%
Doesy [AdE DU Wousy [dE DI Ay [dE DI| Ayey [dE DI
No. [mm] [kNm| [ [mm] [kNm] [-] [mm] [kNm] [] | [mm] [kNm] []
1 1836 19.11 0.77 R2.07 3.56 062 987 353 0.31] 1848 6.67 0.58
2 1585 8.12 054 |631 1.22 0.18 36.66 16.59 1.20] 21.74 19.1 0.87
3 10.76 1.49 030 |13.2 545 043 2444 1057 0.80| 1543 15.16 0.64
4 12.41 4.9 040 (261 3.22 038 2236 15.12 0.82] 19.51 6.06 0.60
5 11.27 4.75 037 R7.42 835 0.84 13.87 996 0.52] 26.201 6.05 0.77
6 11.29 5.75 038 B3.17 3787 146 4391 28.18 1.58] 41.05 9.48 1.21
7 12.72 496 041 [12.98 594 043 18.46 1347 0.69] 93.83 27.14 > 2.85
8 9.95 271 030 [14.82 6.651 0.49 20.03 23.37 0.89| 26.82 2168 1.04
9 150 6.85 050 R7.78 40.25 136 18.98 10.09 0.65] 19.56 8§.82 0.64
10 1032 324 032 [13.15 792 046 25.66 2046 099]| 1856 1148 0.66
average 12.79 6.19 18.35 12.04 23.42 15.13 30.12 13.17
Average Damage Indem 3 @ 0.85 0.99
N—oF N4
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Ve ri fi ka C ij a ETHzurich
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Verifikacija

OZoD s jednostranom oblogom
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No cracking visible

Sudden cracking onset in the Cracking onset in the right ~ Cracking in the GB panel corner
GB panel corner GB panel corner and zipper effect
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Verifikacija

OZoD s dvostranom oblogom

Point 1 Point 2 Point 3
Displacement 22.6 [mm] Displacement 29.4 [mm)] Displacement 38.8 [mm]
IDR=0.83 IDR =1.09 IDR = 1.43

150

LFTW - both side sheathed with GFB
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Prijedlog DI za grani¢na stanja 10, LS i CP

Tab. 5.8: Performance Expectations Proposal for Light Frame Shear Timber Walls Sheathed with GFB

|
Design ECS Selsmic Return Performance Expert;’tiuns
level nomenclature hazard Period | Inter-stored Non-exceedance Damage
Poll Drift Limit Probabaility Index
(8] Damage 50% in 50Y T2¥ < 0.5% 0%
control
The structure is lightly damaged. The structural
Description elements preservel their strength and stiffness. < (.5
The damages are geparable in ah economic way.
LS Life 10% in 50Y  475Y | (0.5 - 0.8)% 50%
safety
The structure is moderate to signfficantly damaged.
Description Moderate perthanent drifts fjare present. 0.5< DI <£0.8
The damages gre likely to ble reparable.
CP Collapse 2% in 50Y 2475V | (0.8 - 1.1)% 505%
prevention
The structure is heavily dlamaged.

Description

Large perms
The damages ar
The structure could

earthquake, e

likely not to

robably not

nent drifts age present.

be reparahble.

survive an another

en of moderafe intensity.

N8 DI<1.0

[0 - Immediate Occupancy
LF - Life Safety
CP - Collapse Prevention

PoE - Probability of Exceedance

Force [kN]

Pushover Curve for 1storey wall sheathed with GB
of Lw=3.6 [m]; Storey height 2.8 [m]
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Modeliranje u OPENSEES

* 10-parametarska histereza kao SAWS—materijal u OPENSEES
« element sa zadanim svojstvima je koncentriran u jednoj toCci
(tzv. zero length element)

A
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o 8, DU
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§ Kp = SO[(FO/S0)/6max]ALPHA
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Modeliranje u OPENSEES
L

Od SDOFS do MDOFS

Smax = BETA dun




Modeliranje u OPENSEES
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Modeliranje u OPENSEES

I-Farametrical Model_wv3 #

#

| Cancel

* 5 duljina zida

* 4 potresne zone

« 3 kategorije tla

* U prosjeku 6.5 katova

» 2 razliCite obloge (OSB i GFB)

=Y 780 proracuna

bl @ Editor - C\Usershperic\Dropbox\Ljupko\1-Parametrical Model_v3\5hearWall_Ma & v
| Shearwall Mainm = | + |
—_ FO [KN]
1 Tgu v2 % Ljupko Peric .
7 % ] - -
3 FI [KN]
4 % Description: lunch Print *=3'_;_1:L.24.04
i clear
| close all i
7 228
8 %% Insert Inpot parameters———————-———————— 1 S0 [KMimm]
e prooptl ={ 'Wall Height [mm]",... 11.38
10 'Wall Eength [mm]',
11 1 R1H
yEe} 0082
i: R2{
0218
15 Tt ; :
16 ) R3]
3 e n def = {"280C tAyE, N N EL L N YA 1
1= results = inputdlg{promptd, 'Frame Properties', ]
Vs A Hw = str2double (resulcs{1,1}): = FR“‘I
20 -  Lw = str2double (results{2,1}); g 0048
o R MassKN = str2double{results{3,1}); % II?_'H_"I'_}
F= N floors = strZdouble (resulcs{4,1}}; £ 3 0.95
23 - Zone = char{results{5,1}): £ 4
A — Ground Type = char(results{€,1}); % ._bF'_T.{‘}
25 — FactorTopFloor = str2double (results{7,1}); % {105
26 3
27 %% Damage Index parameters—--————-——————————————4
s B prompt0l ={ '
249 YL
30 'Beta LA
3l }:
32
83— n def = 'a ;
| 34— results = inputdlg(prompt0l, 'Damage Index Parameters'
L Delta ust = str2double (results{l,1});
36 — F v singlewall = strZdouble (results{Z,1});
il e Beta DI = str2double(results{3,1}):
38
B promptl ={ 'FQ [EM]',...

| B

Command Window

(¥
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Pregled konacnih rezultata

Tab. A.T: Results of the parameter study of a

LFTW with a length of 3.0 [m| sheathed on both sides

with GFB

T —— P ——
Zone | Masq ' IDA WModal analysis Pushover analysis ( NLTH amdw
ag m &qu:k L1 1 ] Ay o o Ay g HD force oy DR DI
ol | sl L Loanl LNL Ll Lol [ [mm] [ [
1- storey structure
0.6 J173.0 83 1.0 1.0 1737 1196 1.52 40.66 123.16  25.0 0.86 0.80
1.0 | 78.5 v 055 0.64 1.77 128.8  26.67 [0.92 0.80
1.3 | 50.0 v 045 0.50 1.9 130.0  27.54 0.95 0.80
1.6 § 37.5 v 039 043 1.76 130.3  27.64 [0.95 0.80
2- storey structure
0.6 (1200 v 115 1.27 1181 2553 118.1 1.57 53.01 183.6 3341 081 0.80
1.0 }52.5 v LT6 1.14 1.74 2075 39.92 092 0.80
1.3 [ 30.5 v 059 0.64 1.73 208.5  40.82 095 08
1.6 20.0 v 047 05 208.5 40.39 0.95 0.8
3- storey structure
0.6 [92.0 v 146 1.60 1.25 38.17 115.1 1.39 64.6 207.0  41.21 0.75 0.80
1.0 [45.5 v o LO03 1.12 1.64 273.6  56.18 0.87 0.80
1.3 285 v 0.8 0.89 1.70 300.7  59.82 0.87 08
1.6 | 16.5 v o062 0.67 1.58 277.1 55.14 [0.86 0.69
4- storey structure
0.6 |[60.0 v L60 LT0 1295 54.6 116.4 1.08 8941 2122 4244 0.53 0.57
1.0 1 32.0 v 117 1.25 1.3 286.0  61.09 0.79 0.71
1.3 [25.0 v LO03 L1D 1.5 3510  TRA42 0.82 0.79
1.6 [ 185 v 088 0.9 1.59 339.60 73.44 0.81 0.77
5- storey structure
0.6 | 36.5 v L6101 L70 1.331 7595 116.1 1.0 1196 2088 4425 0.44 0.44
1.0 [36.5 v L6l LT0 1.32 333.2 7996 0.70 0.66
1.3 |26.5 v 13T 1.44 1.46 284.0 9488 0.81 08
1.6 [17.5 v Ll LT 1.46 388,58 9.5 0.97 0.79
- storey structure
0.6 [123.75 v o1 .70 .06 1049.4 116.1 L Ladl) 195.6 46.0 [0.38 0.35
L0 2375 v 164 1.70 1.0 326.0  THOR 0.63 (.52
1.3 2375 v 164 L.70 1.29 389.5 107.9 0.78 0.78
1.6 | 14.0 v 126 1.31 1.22 419.1 111.2 [0.77 0.78
Ljupko Peri¢

Acceleration [g]

Zone 22
Soil Conditions E

2
Period [s]

Fig. A.11: Resultant average of 10 earthquake records selected and scaled to the hazard level of Zone

Z?2 for soil conditions E superimposed on elastic RS..

200 -+
150 | Mass [t/storey] Wall length 3.0 m
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00 o —— 0.6 m/s2
0 147 —t—1.0 m/s2
1.3 M/52
100 -
=y 92 1.6 M/s2
80 -
60 -
“ 36.5 23.75
1 \ 23.75
20 - 37.5 2315
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0 T T T T f ! '
0 1 2 3 4 5 6 n_storey ’

Fig. A.15: Outcome of the parameter study of the LETW sheathed on both sides with GFB with a

length of 3.0 [m], see also Table A.7
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Rezultati
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Hvala na pozornosti
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Mehanicki model OZoD

bi

3600

SIA 265/1, Ziffer 8.3.1.2 & 8.3.1.4 Ry q;=Rq -~ =773 222 = 1855 [kN]

Force [KN]

4-katnica

Ljupko Peri¢

Displacement [mm]
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Force [N]

Mehanicki model cavla

‘Rapsw = Yw "Vt Ra
'=1.0-1.4-92-dY7 =773.2 [N]

157 %

ﬂ
\4

Ko 756.50
r1 0.040
r2 -0.040

r3 1.650
r4 0.010
Fo 800.68
Fi 133.45
§ 13.72
a 0.85

8 115

Fu 1215.72 —

Displacement t [mm]
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Acceleration [g]

Stvarno vs. racunsko ponasanje OZoD
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Postupak odredivanja mj. mase

INPUT: Check:

==+ Mass per storey4-—

B et LT

reduce storey mass

IDR < 2.5 (058

IDR = 0.B (GFE)

Mo m
—| iz decisive

increased

Yes

Mo
— pass |DA check
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regled koristenih analiza

e

3
_/'P_f.
J R e e )
X 18.38 J
Y319 gl i
3 et i
N i

A, |4

Ljupko Peri¢

NLTH Analysis

@- * *
i1 F, |E; G 1C,
.................... m | h”
‘ﬁmax 2
Mechanical Model e T Fpax "
of LFTW developed
in Chapter 3 r Aias Bgemel
SDOF i TN
' : ; Capacity Spectra
; Equivalent SDOF Pushover Analysis

| MCASHEW | From SDOF to MDOF Modal Analysis & Y Analysis |
1 1
: Y
)
1
: OPENSEES
1
: nm, I, a ,SPO
1
1
i Mo I e ;“;::::: e @f} Safeare mrﬁgﬁﬁ?ﬁﬁ\%mﬁm sclsme H [ A
: e EL S Ech bockbone paraneters s -.—.. - il g e
; ! J/‘ | w0 SER s S
E ,.'_ .\'=. g _-A.m NG , L
E SCALED GM : EreDac G j "/ N
: 0.15 T T M '_' \__' ? 3 3 / + o R b o e o R S S
! 0.1 I = = % aron b 2
: : i Base shear L _4E ol
I 1 == et - =

Fragity furve Teai. =
i % 0.05 : HD 9;:;;‘ u::sl;m Fractile 1A curves ) ) B BT el Sy (R | RSy e gt beiee
: % ms 5 [ m——— - é vl
! g o0 — IDR —_ " 5
bl 8 1 |z
i < -0.05 Arou,r et S
H I-cl-dr-ddl:(i?d EMZ_-::::I-'“'? 1 -

Y_ J T :"Mi.‘ a ,E
> -0.1 s — 7 e
=L . i B —
-0.15 3 3 - ; A 3 i [X] 2 03 [ y als EI7 (13
0 20 40(ime [0 80 101 ey LR

Verification by Incremental Dynamic Analysis (IDA)

HKIG 2020. Z2&
A

31



Parametri kojima se osigurava
Zeljeno ponasanje konstrukcije

Zahtjevana duktilnost u <3.0 za OZoD oblozene OSB panelima
Zahtjevana duktilnost u < 2.0 za OZoD oblozene GFB panelima
Period titranja T"<1.7s
Sile u temeljnoj spojnici < 725 kN

Relativni katni pomak (IDR) i

Indeks ostecenja py— Apotres n S j dE [ odreduju se
posebno za OZoD Aust  Fy-Byst
oblozene sa GFB i OSB

—
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PBS — indeks ostecenja
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6. Verhaltensgrenzen der HRW beplankt mit OSB

fiir den Fall eines Bemessungsbebens

Tab. 5.7: Performance expectations and drift limits for LFTW sheathed with OSB

ECs8

Seismic Return

Design Performance expectafions
level  nomenclature hazard Period | Inter-storey |Non-exceedance Damage
PoE Drift Limit Probabaility Index
10 Damage 50% in 50Y T2V 1% 50%
control
The structure is slightly damaged. |The structural
Description elements preserve [their strength hnd stiffness. <04
Damages are rephrable in an ec¢nomic way.
LS Life 10% in 50Y  475Y | (1.0 —2.5)% 50%
safety
The structure is moddrately to signiffcantly damaged.
Description Moderate pernjanent drifts arp present. 04< DI <07
Damages are| likely to be reparable.
CP Collapse 2% in 50Y  2475Y |(2.5 —3.25)% 50%
prevention
The structuye is heavily dajnaged.
Description Large permahent drifts are present. 0.7<DI<1.0
Damages dre likely irrepalable.

The structure could

earthquake, eve

1 of a moderat

probably not survive another

b intensity.
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8. Resultate
Vergleich der Ergebnisse fur eine HRW beplankt mit GFB und OSB

ETH:zurich
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