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SEISMIC BEHAVIOR OF STRUCTURAL SYSTEMS COMPOSED OF CAST IN SITU CONCRETE WALLS

PRESENTATION LAYOUT

Construction system

Scientific background related to sandwich panels

Experimental tests performed during the years and their interpretation

Shaking table tests

Design

Transportation phase

Tests

Preliminary interpretation of the results of the shaking-table tests
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ERIES

E PECULARITIES
STRUCTURAL SY

1. Squat Wall

2. Cellular Behaviour

3. Sandw

*h w

2) eatoom
3) 14112, Lstinterfioors 1 20cm
4) standard mesh 92 S5x5cm
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PREVIOUS EXPERIMENTAL TESTS
TO SERIES PROJECT
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SERIES

e Uniaxial compression tests

UNIBO in LAPS lab

e  Diagonal compression tests (BOLOGNA)
2002-2003

e Slip tests between the two r.c. layers

e Qut-of-plane bending test

—

UNIBO in

EUCENTRE lab
e Pseudo-static tests with horizontal loads (PAVIA)

2005-2008

e Shaking table test (december 2011) SERIES
PROJECT

Istambul (TR). - February 8-9, 2012
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GOAL

To study the uniaxial behaviour of single cast in situ sandwich
squat concrete wall and to evaluate the effect of a prescribed
eccentricity

Istambul (TR). - February 8-9, 2012
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UNIAXIAL TESTS

Panel reinforcement Test layout
290 cm Caricojcentrato
Futpe 30 .
. V=" . T ! T
: 4 ==
o é/& & ﬁ.ﬁ}w ! ‘ ! Carnico efcentrico
. : ! Eccerftricita
— § ' I [ [
i T M .
i L § !
— B4 ‘ 1 M—e+ I
: bl ] 4.1 |
S — ‘ | 3 |
o 150 | Ll
N = 1 H=; ‘ % 8 I
— 1] } [ ‘ ! E |
I = o r!~ 2 | o |l 1L sl g |
]| s o | i
— = N _|-:|4-L|.:a_ E Jiﬁ_v
i ‘ - O
| Stattess /15" 20 i i a| 3 i
Y e | 1
— | —4— 0 -
@'Ll; I S'Q g ) 24+2Mm2 46 " | 6.3 | nm.| l
B =l | ! I LT e
| - J SEZIONE B-B . —
e ?ﬁw = — — — | |
—4 = 1120

SEZIONE A-A

Istambul (TR). - February 8-9, 2012



SEISMIC BEHAVIOR OF STRUCTURAL SYSTEMS COMPOSED OF CAST IN SITU CONCRETE WALLS

UNIAXIAL TESTS:
COMPARISON OF THE RESULTS

4

o y
\¢ 1400 kN~ D 771
L ;. 1200 4—— 7f

i e=25 mm

The eccentricity strongly influences both: T e T

F - the failure load

max

. e=50 mm

V., 2 the maximum deflection of the
panel at the middle length section

Carico verticale [kN]
B & 2 8 B B B 8
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Out-of plane bending test

Novembr 2003

e W
of

Ll L2 13 14
%N w_x / / \1

H$ g 14
= s A Al

yaN B E3 & D 12
5 L6 L7 ‘ E / /L\ ~P1(4+10+4)
: & 10 —P2(4+6+4
95 cm 45 cm 45 cm 95 ecm i A/ - // /\

280 cm

Spostamento [mm]
Analtyical-experimental correlations

e Ec = 300000 kg/cm?

 Ultimate strengths My, [ Mo | My
* | | | 2 [kNm] | [kNm] | [kNm]
B2 / ‘ /ﬁ :: / P et Parete P1 (4+10+4) 744 1150 19.45
. g =T
. / | Parete P2 (4+6+4) 558 862 11.85

1 1 /_/ —Towildi:\hn VR_.act [kN_l p;xp [kN]

Parete P1 (4+10+4) 20.59 2125

14 1
\/ 7 12 T
6 1 f | oV ] I n : é’“’ |
4 Lo I i / Taglio resistente teorico, | Taglio resistente sperimentale,
f// a3 en I
g

L] 20 30 40 50 60 70

Spostamento [mm] Spostamento [mm]
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PSEUDO-STATIC TESTS WITH CYCLIC

HORIZONTAL LOADS
SINGLE WALLS

GOAL
Obtaining a full characterization of the pseudo-static
behaviour under cyclic horizontal loads of single cast in situ
sandwich squat concrete wall.

Istambul (TR). - February 8-9, 2012
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PSEUD

J

LOADS

A total of 6 tests, on two different typology of
walls, were performed:

4 tests for wall type A:3mx3m
square wall with no openings;

2 tests for wall type B:3mx3m
square wall with a 1 m x 1m square

central opening;
Three different values of the vertical loads '-
applied: }

SO kN; ll!llll'd.:

100 kN; l'; "w

O
(f)
]
>
—
O
—
m
W
—
W
=
—

250 kN;
3 complete cycles applied at each step,
increasing levels of imposed horizontal
deformations for a given constant vertical

i Vertical | Specimen
load, have been applied Specimen poc
Test| Date Load Weight
Typology
[kN] [kN]
1 22-12-05 | A 50 20
2 20-01-06 | A 100 20
3 02-02-06 | B 50 20
4 08-02-06 | B 100 20
5 09-02-07 | A 100 20
Istambul (TR). - February 8-9, 2012 [EERER2ZEFN 250 20
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Reinforcement for Wall 1Y€ A\~ Wall without opening
B Relnforced concrete beam
— v % 5
A % a
210115 HEAN2+2216
@8/50cm .~ === 1T —
&
= &
3 S
A‘T / 1} | 1 — 1 1 1 i 1 ! YA E
@8/30cm g{-" |
wd i
28/50 'H- 230 I
em 7 LA \_@1210 (i 9+9016
N @12 ___ | b |
o A ‘[ ]/ .
v 1]
N - _
< /]Lz 170 ¥
L 360 L
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Reinforcement for Wall Type B - wall with opening

_13_ Relnforced concrete beam
f'f —+
7 o
=
_‘.—’
@8/50em /_/_ e L H
5410 b N -
r ‘Il AR ,':‘.__:"
Y 4 r o ‘ \
m
0
= [ =
= o) =
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TYPE A:

WALLS WITHOUT OPENINGS
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500

400

WALL TYPE A: RESULTS

CYCLIC RESPONSE

300

500 I

400

N =100 kN

200

Z' 100

300

200

Z' 100

ciisplacement o [mm]

I I
LL LL
-300 -300
-400 1 -400
-50 SH -50
%o -40 -30 -20 -10 10 20 30 40 50 %o 40
isplacement & [mm]
500 N — 100 k 500;

400

300

N =250 k

-300

-400

50




WALL TYPE A: RESULTS

SEISMIC BEHAVIOR OF STRUCTURAL SYSTEMS COMPOSED OF CAST IN SITU CONCRETE WALLS

TEST 1 TEST 2 TEST 3
N=50 kN N=100 kN N=250 kN
Drift FTmaX FCmaX FMmax FTmax FCmax FMmaX FTmax FCmax FMmax
[Y0] [kN] [kN] [kN] [kN] [kN] [kN] [kN] [kN] [kN]
0.10 125.6 154.3 139.9 128.5 141.2 134.9 138.1 152.3 145.1
0.20 197.1 232.8 214.9 199.1 204.5 201.8 221.8 231.2 226.5
0.40 288.4 286.6 287.4 270.2 279.6 274.9 304.5 316.1 310.3
0.60 289 285.3 287.1 327.2 326.1 326.7 354.2 359.6 356.9
0.75 253.7 291.4 272.5 339.2 334.1 336.7 371.5 360.9 366.2
1.00 294.5 291.7 293.1 336.7 301.2 319.0 371.7 335.5 353.6
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WALL A: STIFFNESS
KO ctuatorf]
(kN) theory, theory, tangent ) ‘
uncracked fully cracked o ——
(initial) _
50 1.04 0.11 014 |
100 1.04 0.12 0.16 ’
100 1.04 0.12 0.14
200 1.04 0.12 0.15

* Ky is completely different from (much lower than) the K yqony uncracked
* Ky is closer to the Kyeony uly cracked  Father than to the K ooy uncracked

* KO IS Iarger than Ktheory,fully cracked

Istambul (TR). - February 8-9, 2012
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Test 3 (N =50 kN)
= I

0.4%

e

ID0.4% ! ;

1D0.29

1D0.2% D% !

VWALL | YFE b-RESUL 1S
CRACKING PATTERNS
Test 4 (N =100 kN)
| r,'
0? IDD-4% . D0.4% |
i ID0.4%
A% |
po, 1D0.2%
| 5
| -40
: 1D0.2% | I[m [l ,‘E
/ ; Dol

SERIES

1D0.4% _

ID0.45

0.4°
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OBSERVATIONS DESUMED FORM THE RESULTS

Test 1 (actuator)
T

500 T T T

The results obtained from the pseudo-static tests with «©N=B50kN|
cyclic horizontal load upon six 2-dimensional (3.0 m b
3.0 m) elements with and without opening, have
shown that the tested walls are characterized by:

N e e

é ,,,,,,,,,,,,,
- - - LL 7777777777777777777
« absence of areal and authentic failure:*virtual ¢ =~ _————7/7>7 . .
collapse”=>no real collapse of the specimenhas = __—— . /777~ / . .
been reached, but a visible lateral strength | v | | o
reduction of the specimen has been observed; 2 N S )
. . . . 400~~~ b N —— o b e
« residual bearing capacity with respect to the | | | | —
vertical load S; '50-%‘0 -4‘0 -3‘0 -26 fo 6 fo 2‘0 3‘0 40 55

* high values (about 300 kN) of the maximum
norizontal load applied to the specimens;

e cracking patterns indicating a typical “bending”
mode of failure;

 amaximum lateral force which is not significantly
influenced by the vertical load applied;

* no significant differences between the walls with
and without opening.

Test 1 (N = 50 kN)

Istambul (TR). - February 8-9, 2012
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H-SHAPED STRUCTURE
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THE H-SHAPED STRUCTURE

@8/30
L=170 cm
12
E“ J’ - 336 - - 275 —
& NGB 5757 L s v
2 | IR ]
] —
@6/30 . . .
L=360 cm / @2.5/5x5 \ @2.5/5x5
vy 20912 DI O% 2012 o SIDXS |
5 =360 cm it L=360 cm it
@8/30 — —]
L=170 cm P I
Lo
12 |® Y 5 I _ [
=1 WA A o Y U AR
3 |
o2/ i U S —
E L=380 cm @2.5/5x5 L=380 cm — . @2.5/5x5
@8/30 cm
L=240 cm E— —
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SERIES

THE H-SHAPED STRUCTURE

brza F [KN] Provan. 7 (attuatore)

Vertical load
30t

Ciclic horizontal load:
50t

Istambul (TR). - February 8-9, 2012
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experimental,

\|I|‘I [
- ’-"""Ir\“ﬂ'|f'\‘lr'|f\‘.r\-—

SERIES

theory, theory, tangent
uncracked fully cracked _
(initial)
kN/m kKN/m kKN/m

342376

20338

36242

+-—0101% —

: — inviluppi
S I

30 40 50

1.05

0.06

0.11

I
-10 o 10 2‘0
spostarmento & [mm]

Ko is completely different from (much lower than) the K ycory uncracked

Ko is closer to the Kyeon sully cracked  Father than to the K y,eqry uncracked

K, is larger than K

Istambul (TR). - February 8-9, 2012
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SERIES

THE H-SHAPED STRUCTURE: STRENGTHS

RM_}E‘E{IIE A R{l?:tﬂ}ﬁm} mean Rexpen'm ental
[KN] [kN] [kN]
design values mean values
Forza di primo F._, =174 kN F._ =236kN F.,. =21TkN
snervamento ¥ Y- Yo L8RP
Forza ultima F,, =367 kN F, ., =471KN F, ., =465.8 kN
Flessione M,,=1679 kKNm M, .. =2159KkNm | M, ~=2273kNm
Taglio V,, =448.1 kKN Vaoe =607.0 KN Vp wp =465.8 kN
Scorrimento alla base Sy, =442.6 kN S =535.1KN Sy e = 465.8 KN
Scnm?ntg deue SRd CONe S0 = 556 m SR act, conness o - ?40 ]{N SD 8x - 4658 m
connessiont : -, exp

—

detalis given in next slide

Istambul (TR). - February 8-9, 2012
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THE H-SHAPED STRUCTURE: 7
ANALITYCAL STRENGTHS OF THE SINGLE WALLS

Parallel wall — First yielding for bending in the floor

2
b b{h-— f
Mylz(p Yyi fymj'(ﬂ_yylj"'{ ( yyl) ym},(D+ﬁj+&,catenafym(h_zc):125tm

2 2 3 2y, n [l6 3

Parallel wall — Ultimate strength for bending in the floor

Mg, pae s = Fym 270" yu’sb)-(g— y“;b j+( o 'b-0,8(h— yugsb))-(0,1h+0,4yugsb)+ A caena fym (N—2€) =153 t m
Parallel wall — Shear strength in the wall

Tog =min(Tgy, Ty ) =61t  Tp, =0,9-d % fom-(cot@+cota)-sina T, =0,9-d-b-a,-f 'cm-(c((itf;ff;;[)
Perpendicular wall — Shear strength Omax = 12 kg/cm?

e 1 = O 04,1 20 for *““steel-concrete” material considering a
diffuse reinforcement of 1+14? 5/5cm

<7 Maximum admissible strength (for traction)

Parallel wall — Base shear strength ai =

f m
Sraaraer = H Neo + Ao =758 2683800esss0tessesasorets!

Istambul (TR). - February 8-9, 2012
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THE H-SHAPED STRUCTURE:
ANALITYCAL STRENGTHS OF THE SINGLE WALLS

M =N h, =64 tm

y1,structure Rd, parete L )

M =N h, +M =217 tm

u,structure Rd, parete L ) u,parete //

T

u.structure T =61t

Rd, parete//

S =S =751t

u,structure Rd, parete//

Istambul (TR). - February 8-9, 2012
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THE 3-STOREY BUILDING
AND
THE SHAKING-TABLE TESTS

Istambul (TR). - February 8-9, 2012
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SERIES

EUCENTRE

Centro Europeo di Formazione e Ricerca in Ingegneria Sismica

e Shaking table: a single degree-of-freedom

e Rigid platform: 5.6mx7.0 m

e Payload range between 700 to 1400 kN
DES I G N P HASE e Peak acceleration with a maximum payload: 1.8g.

e Maximum force is 2100 kN and the

e Maximum overturning moment: 4000 kNm.

e Maximum admissible height: 9 m.

Istambul (TR). - February 8-9, 2012



SEISMIC BEHAVIOR OF STRUCTURAL SYSTEMS COMPOSED OF CAST IN SITU CONCRETE WALLS

DIMENSIONS OF THE 3-STOREY BUILDING

5.92m

8.20m

A

2.75m

2.75 m

> €

L 100 60

15

100, @1

114

. B0 241

1000s 100 6O
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____Solaio di Copertura gERIES
I NAQ d Q Permanenti 235 kg/m FY— 21 m*
—r R Extra 285 kg/m® Wiaperurs 10.9 t
_—Seleia di Piano Secondo
Permanenti 329 kgf'mz\ Aingz 19 m’
Balcone 212 kg/m* ’ Apsicone giano 2 1.93 m°
Extra 204 kg/m*  / Woano 2 10.9 t
_~— solatedi Piano Primo
2 2
Permanenti 329 kg/m \ F.N— 19 m
Balcone 215 kg/m* ' Azicons gano 2 1.86 m°
Extra 224 kg/m® Woigno 10.9 t

Structure weight
» Elevation weight during the transportation phase (only elevation without extra):

W =51t

elevazione nuda

» Total weight of the structure during the transportation phase (elevation without extra +
foundation):

Wstruttura nuda 5 1 + 14 @

» Elevation weight during the test (elevation with extra):
W

elevazione in fase di prova ~
» Total weight of the structure during the test (elevation with extra + foundation):
W =66+14

struttura in fase di prova
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Additional loads

Eall Ji0 30 150, 200 Ji50
44 7544 ¢

20

Ji50

Top floor:

/7 Two 3 t-mass in r.c.

i85

1200

frincam o

-

-

4840

i —

PR ]

1200 J000

=2h

Moy Bid

150

250

Massa totale x pianc INTERMEDIO pari a 4257kg Massa totale x solaic COPERTURA pari a 6000kg masse CA In copertura perl a 6000kg masse CA in copertura
11.824 mq util, pari a 224 kgimq massa prefabbricata in CA dim. 200x120x50 om -

massa in getto CA C15/20H15 cm peso 3000 kg / CAD

it
S
L
Ei
(I

plano parl a 4257kg geto CAX piTno par
Intermediate floors: =l ,,mg,mmm wncaxpopptass | _
Shot-crete in concrete "
(s=15cm) . ¢

:

Istambul (TR). - February 8-9, 2012 ’




SEISMIC BEHAVIOR OF STRUCTURAL SYSTEMS COMPOSED OF CAST IN SITU CONCRETE WALLS

v WALLS: C25/30 concrete applied as “spritz beton”; (shotcrete)

v FLOORS: C25/30 concrete applied with a traditional concreting;

v INTEGRATIVE REINFORCEMENT: B450C steel;

v REINFORCEMENT IN THE PANELS : zinc-plated steel with the same

characteristics of B450C.

Strength in the design phase:

= Average compression stength in concrete : fen =30 MPa

= Average yielding strength in steel: f,m =500 MPa

= Average yielding strength in zinc-plated steel: fyn =500 MPa

Istambul (TR). - February 8-9, 2012
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Analytical evaluation of the accelerations corresponding to

possible collapse mechanisms of the structure

To evaluate the spectral accelerations of the different collapse mechanisms of the model
building it has been determined:

*The actions (i.e. demand) in the walls (parallel and perpendicular) following the application of a
spectral acceleration equal to S, = 1g and

*The corresponding rstrength (i.e. capacity).

Comparing the actions due to 1g with the corresponding strength, it has been possible to find the
sequence of all the possible collapse mechanisms of the structure.

Hypotheses

2 | X

TIII T 113

Istambul (TR). - February 8-9, 2012
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Seismic loads due to Sa = 1g )
A
F,
TTot, base TEd - mstruttura ) lg =66-1=66t
MTot, base M Ed :TTot, base yH = 66 ‘ 64 = 420 tm B
In the hypothesis of:

L inear-elastic behavior
*Plane sections after the deformation
*Orthigonal walls are perfectly connected i

IsT: TIc 1:

J 2.22
p=Tm= 22031 5 30% My, , =0.30-M,, =0.30-420 =130 tm
Tot *
M =0.70-M_, =0.70-420=291 tm
p=2 2P 60 S 70% o .
RS 0.30-M,, 0.30-420
Tot N\L I\/IEd, parete // = 2 = 2 = 65 tm
M A M 291
/j Parallel NEd, sismico, parete | - = — — 53 t
- walls ¢, 5.52
Perpendicular / T, 66 13
walls g Ed, parete // ~ 7 - 7 o t
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Ct+rannth
JLICTI |UL||

2

Parallel wall — Strength of first yielding for bending in the floor

2
by h ¥ ) [B(h=Y) f | (B LY
Mylz(waym}.(E_ 3“]+ r, Y < 3“ + A catena Tym (N—2€) =149 tm

Parallel wall — Ultimate strength for bending in the floor

h Yus
MRd,parete// :( fym pb yu,sb).[E_ y2,b j—i_( fcm b098(h_ yu’sb))'(0,1h+0,4yu’sb)+ &,catena fym(h—2C) :181 tm
Parallel wall — Shear strength in the floor

. t0+ cot
T =i (T Ty ) =60 € Tog =0.9-0- 22 1 (cotg+cota) sina Ty, =09-0-b-a, 11, 7]

s ot 0)
Perpendicular wall — Tensile strength Omax = 6 kgl/ecm?
& Te Maximum admissible strength (in traction)
Nea, parete 1 @ L EY ' for “steel-concrete” material considering
a diffuse reinforcement of 1+1¢2.5/10cm
i
Parallel wall — Shear strength at the base oi T ‘
| !
S

_ ym
Rd,parete// — H- NEd + As riprese // \/_ =75t '
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Perpendicular wall — Tensile strength vs. Tensile action

N Rd, parete L + N Ed, statico, parete L. 20 + 12
N Ed, sismico, parete L 53

Parallel wall — First yielding strength for bending in the floor vs. bending action in the floor

M . parcte _ 149

M Ed, parete // 65

Parallel wall — Ultimate strength for bending in the floor vs. bending action in the floor
Mg purce 181

M Ed, parete / 65

Parallel wall — Shear strength in the floor vs. shear action in the floor
Se =220 _y Jmtpeer 60t

TEd, parete // 33t
Parallel wall — Shear strength at the base vs. shear action
T

Rd, parete / 75 t
TEd, parete // 33 t
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1. Tensile yielding of the
perpendicular walls

=p S,=0.61g PGA=0.24¢g
/ / FS, =32 FS, =74
— M
3. Ultimate bending 2. Yielding in the plane of the
conditions (in the plane) parallel walls
of the parallel walls - S, =1.13g PGA=0.45g
5, =1.28¢ PGA=0.51g . % FS, =18 FS, =1.4
FSF — 15 FSM - 1.1 IBIBAIABH/H) N [6755/8/8/4/8,
g /&\\\\\\ g; CARUUUUTT
4. Shear collapse (in the 5. Base displacement of the
plane) of the parallel = parallel walls
walls N S, =2.28g PGA=0.91
S, =1.82g PGA=0.73g ﬁ
COOOOR0 ,;:*"!j;- FSF =0.9 0.5

FS. =1.1 FS, =0.7:

VAVUVUN

N
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ACTUAL STRENGTHS OF THE MATERIALS USED FOR THE
CONSTRUCTION OF THE BUILDING

Zinc-plated steel

Tabella 1: parametri caratteristici tratti dai test di trazione dei {ili di diametro 2.5 mm

campione |owal A | Fo | | F ﬂ o | [ A ]m] 5 Test: 550 MPa
2 o,
mm | mm N Mpa N Mpa mm mm % | — .
Trafilcoop -1.1 25] 491 [ 218250 | 4445 | 2746.2 [[542.3 || 100 [ +185 | 185 | 1.22 Desin g ned . 500 MPa
Trafilcoop -1.2 25| 491 [ 221834 | 4518 | 2662.2 [/ 5422 || 100 | 118.0 18 1.20
Trafilcaop -1.3 25| 4.91 [ 2249.76 | 458.2 | 272210 || 554.4 100 | 1185 | 185 | 1.21
Trafilcaop -1 medie 2216.87 | 451.5 |2710.16 | 546.3 18.3 | 1.21
Trafilcoop -2.1 2.5 | 491 | 2186.17 | 4453 27781 565.9 100 119.5 19.5 1.27
Trafilcoop 2.2 25| 491 [2088.06 | 466.0 |2791.33| 5685 | 100 | 1185 | 185 | 1.22
UNI EIY 1DV 1D03U-1)
Trafilcoop -2.3 25| 491 | 2247.80 | 457.8 | 2764.82| 563.1 100 | 120.0 Diametro | Lunghezza | Diametro | Sezione | Tolleranza | Massa : TRAZIONE ALLUNG. | Fi Warchio
Trafilcoop -2 medie 2240.67 456.4 2778.08 565.8 N nominale barra Ifaarra (mm?) seij:ne :g:uni:‘é S af ento Rotftura o A . d:. Identificazione
Trafilcoop -3.1 25| 491 | 2168.89 | 4417 |2758.25|| 561.9 | 100 | 120.0 )| m) - eavbesante | o) | oy | ] ey | sa
Trafilcoop -3.2 25| 491 | 221556 | 451.35 | 2661.7 \ 5422 100 118.0 1 8 500 :,84 50,73 10: o,sgg [/ gg; \\ ggﬁ 1,;: ”; :E a: ztezna ?ZgiﬁA
X 2 8 500 ,05 50,9 3 0,40 s R a: Stefana 04: A
Tr p-3.3 2.5 | 4.91 |2310.84 | 470.76 2701.7 \550'4 l 100 118.5 3 8 500 8,05 50,85 1,21 0,399 540 | 695 1,29 12,3 SF a; Stefana 042/08-CA
Trafilcoop -3 medie 2281.83 | 464.85 | 2685.0 | \547.0] 4] 10 500 998 | 7811 | 049 | 0613 540 653 121 | 68 SF__a: Feralpi Sid. 022/10-CA
5] 10 500 995 | 77,73 | -099 | 0,610 543 644 119 | 69 SF__|a: Feralpi Sid. 022/10-CA
6] 10 500 998 | 7814 | -046 | 0,613 540 640 19 [ 7.4 SF__|a: Feralpi Sid. 022/10-CA
7] 12 500 1199 | 112,84 | 018 | 0,886 548 661 1,21 8.3 SF__|a: Feralpi Sid. 022/10-CA
8| 12 500 1202 | 11332 | 025 | 0,890 554 641 1,16 | 85 SF__|a: Feralpi Sid. 022/10-CA
9] 12 500 12,00 | 112,99 | 0,04 | 0887 564 660 117 | 78 SF___[a: Feralpi Sid. 022/10-CA
. . 0] 14 500 1401 | 15417 | 0,20 | 1,210 522 || 617 1,18 | 104 SF__|a Feralpi Sid. 022110-CA
Concrete CUbIC SpeC|menS 1] 14 500 1400 | 15391 | 0,03 1,208 \\ 510 /[ 606 1,19 8,9 SF__ |a: Feralpi Sid. 022/10-CA
2] 14 500 14,02 | 154,19 | 0,21 1,210 528 617 117 | 93 SF__|a Feralpi Sid. 022/10-CA
13] 16 500 16,00 | 200,99 | 0,02 1578 |\ 547 // 620 1,13 12,0 SF_ |a: Alfa Acciai 007/08-CA
7 oni 14|16 500 16,00 | 201,04 | 004 | 1578 | \ 551 625 143 | 114 SF__|a: AlfaAccial 007/08-CA
. Dimensioni Mas.sa Massfa Car 15[ 16 500 16,00 | 20099 | 002 1,578 \ 542/ 615 114 | 126 SF__|a: Alfa Acciai 007/08-CA
N° Contrassegno del provino (mm) provine { volumica | mass....= - - ~
Lung.|Larg.| Altez.| kg kg/m® kN I)Jmmz roftura
1 lintonaco p.terra 06/05/11 150 | 150 [ 150 | 7,150 | 2.119 638] /28,34 | s . H .
2 lintonaco p.terra 06/05/11 150 | 150 | 150 | 7,200 | 2.133 618| 27,47 || s Test: 25 MPa (Cl Iyn d rlcal)
3 |getto solaio 11/05/11 150 | 150 | 150 | 7,890 2.338 687| | 30,52 S .
4 |getio solaio 11/05/11 150 | 150 | 150 | 7.820 | 2.317 687 3052 || s Desingned: 30 MPa
5 [tavola vib. 1° passaia 13/05/11 150 | 150 | 150 | 7,410 2.196 755 33,57 S
6 |tavola vib. 2° passata 14/05/11 150 | 150 | 150 | 7,220 2.160 667 29,65 S
7 |tavola vib. 1° passata 28/05/11 150 | 150 | 150 | 7,300 2.163 677 30,08 ]
8 |tavola vib. 1° passata 20/05111 | 150 | 150 | 150 | 7,340 | 2.175 736| 3270 || s
9 |intonaco 2° mano P.T. 09/06/11 | 150 | 150 [ 150 | 7,160 | 2.121 657 \2921 / s
10 _lintonaco 2° mano P.T. 09/06/11 | 150 | 150 | 150 | 7,230 | 2.142 657 2921/ s
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TRANSPORTATION PHASES

The transport of the complex structure-foundation Shaking
is as in the following: 71 Table

1.The complex structure-foundation is uploaded in
position 1 with four actuator;

2.The complex structure-foundation is positioned
on some sliders and pulled with chains up to
position 2;

3.in position 2 the complex structure-foundation is
lowered and then re-uploaded;

4.The complex structure-foundation is positioned
on some sliders and pulled with chains up to the
shaking table (position 3).

Istambul (TR). - February 8-9, 2012
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The uploading and lowering system

UPN 40 upo T L5770 mm

| T = Points of uploading
- § R R R R R R }m&wm@m&w@wmﬁm R
) h | ~
NS | -
gﬁ‘{? Stru cture _ e ]
" Foundation M 4%
] I
. System of =
= N\ Points of :
R oadi uploading and \ Squat slabs
. uploading lowering I -
\
x \BLL
@Wﬁ%ﬁ?f@%@% \ = . £
“E fa ‘@' ﬁ\ J'T:. wn lb:l M2_5p.25 '\ smsren tipo M1_sp 25
et = — e |
Anchoring plates squat slabs / S =l
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Vol liv

! S ! _:M
et i

T -
gwtﬁa&gi HH S11 = 3 kg/cm? | i

LT T == H
e T
'\L !\U ,I == [ — s as 0w E
pllyy Reinforcement of the base \/arti~

1+1 post-tensioned cables (N=40 t)

- s
Omax — 6kg/cm2 \: # i H

MaX|mum admissible
strenght (in tension) “Effect arch”

for the “steel- S22 =5 kg/cm?
concrete” material”
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System for fixing the cables

Cables to avoid
the arch effect

Reinforcement
at the base

s Hydraulic
- _ ! Actuator

EUCENTRE"
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13 14

1y '\\ [ i
|
|
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| T L L
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Wall n. 1

outside inside
e u
56 &7
27 128 63 64
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a5 719 50" 51
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+ at Te o
30 3 32" "33
Wall n. 3
outside inside
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- m 88 79
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spettro di risposta delle pseudoaccelerazioni - £ = 5%

Accelerogramma
3 \ ! !
' ' accelerogram
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TEST PROGRAM

n. Test

1 0.05 g test
0.15 g test
0.50 g test
1.00 g test

1.20 g first test

N DN | B~ W

1.20 g second test
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SERIES)|

EXPERIMENTAL - FREQUENCIES

Freq. Period
Hz S
Before 0.05 g test 10 0.100
11.7 0.085
Between 0.05 g and 0.15 g tests 10 0.100
11.7 0.085
Between 0.15 g and 0.50 g tests 10 0.100
11.7 0.085
Between 0.50 g and 1.00 g tests -
11 0.091
Between 1.00 g and the first 0.30 g white noises -
10.4 0.096
Between the 0.30 g white noises and the first 1.2 g test -
8.6 0.116
Between the first 1.20 g test and the 0.50 g white noises -
Between the 0.50 g white noises and the second 1.20 g test -
8.2 0.122
After the last 1.20 g test -
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FOUNDATION ACCELERATION AS FUNCTION OF TIME
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PERIODS AND FREQUENCIES

f _ SAP
\/ SAP
2
exXp fexp
ESAP 1:SAP
FEM analysis
Elasti
astic Period Frequency 2
Modulus [s] [Hz] ’ EeXp fexp
[kg/cm?] =
E =30 MPa 0.07 14 0. 1Ec fSAP
O.5E =15 MPa 0.095 10.5
O.1E =3 MPa 0.21 4.8

:l: Eexp 0.1 fexp
T V ' E. fSAP
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PERIOD - FREQUENCIES = "/ |

Test Experimental frequency (E,J)/ (EcJgross section) Which
As given by Simone Girello gives a numerical frequency =
experimental frequency

—
Before 0.05 g test 10.0 Hz 0.43
11.7 Hz 0.59
Between 0.05 g and 0.15 g tests 10.0 Hz 0.43
11.7 Hz 0.59
Between 0.15 g and 0.50 g tests 10.0 Hz 0.43 INDICATION ON
1.7Hz 0-59 GLOBAL STIFFNESS
Between 0.50 g and 1.00 g tests - -
11.0 Hz 0.52

different

> from the 0.15 values of
the single walls

Between 1.00 g and the first 0.30 g - -
white noises 10.4 Hz 0.47

Between the 0.30 g white noises and - - q
the first 1.2 g test 8.6 Hz 0.32 an
from the 0.11 values of

the H-shaped structure

Between the first 1.20 g test and the - -
0.50 g white noises

Between the 0.50 g white noises and - -
the second 1.20 g test 8.2 Hz 0.29

After the last 1.20 g test - -

—
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W

gross section
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3-STOREY STUCTURE: STIFFNESS

K gross section: -1
K 1 1

: +
gross section
K flex K

3E.J

. c v gross section
Kflex - 3
h
. GC Agross section
shear —
xh

shear

.1 - concrete

K

=J, +J,

J gross section

Agross section — Al T A2
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3-STOREY STUCTURE: STIFFNESS

K uncracked:

-1
< B 1 . 1 .1 - concrete
uncracked —
K flex Kshear 73 - steel
K _ 3 EC ‘Juncracked G
flex — h 3 =+
2 - cohcretew
K _ Gc Auncracked
shear — h
4 4 - steel’
‘]uncracked — ‘Jl + ‘JZ + 0N (‘]3 + J4)

Auncracked — AI + A2 +n(A3 + A4)
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3-STOREY STUCTURE: STIFFNESS

K fully cracked:

K 1
fully cracked —
Kflex Ks.hear
K _ 3EC‘]fully cracked
flex — h3
2b, x> b (h, =2b
GC Afully cracked 'qully cracked = ne oL ( L //) +
Kshear = )(h 3 12 2 2
b 2nA. ;h
+bl(hi_2b//).(x_%j +M+
‘ ' 2 12

h, Y b, Y
+ ZnAS,// Kg_ Xj + n(AS,J_ + A\:atena)(h// _TL_ Xj +

b, Y
+ n(AS,J_ + Acatena)(x_7)

Attty cracked =0y * X+ 20A, ;, +20A |+ 20A0n
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Accelerometers E =210000 MPa
S

!
. s M, (t)=> ma; (t)h

{EC =30000 MPa
P .

W

gross section

5 D - 1 ; l HP: Wuncracked
L NN - [ *‘Sil\ qully cracked
5 6 : - v
AR == i
: A A
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SIGMA-STRAIN CH. 59

HP) gross section Wall-n. 3 - outside

time window = 22.5s +23.0s

ch.59
10, ‘
| | |
60+ o it‘i?
1
S I 7777777 _ 571 58 158
{" =t = -
B = = =
4

l l l , 2
_ . =82000 kg/cm>

c_ [kg/cm
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I & ‘ 1' I
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ARY LU

PRELIMIR NCLUSIONS

 Solution adopted for brace the structure for the lifting and

transport phase is correct.
« The wall polystyrene-concrete system works correctly under

seismic loads

« The 3d building in more rigid and strong than the predicted by
the models (analytical and numerical) calibrated with the
results of cyclic tests.
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