W @

ANIPB

SAFE —hosctr GAST

General
Meeting

Marcia Gongalves
Barros Viegas
Romeu Reguengo
Filipe Saraiva
Daniela Finizza

Ema Coelho
Alfredo Campos Costal
Paulo Candeias
Marta Mateus

Athens
27t-28t Sep. 2010

Project Technical Committee (PTC) Meeting

WP2 - Experimental activity on
new and existing connections

W 6

ANIPB

SAFE —hosctr GAST

General
Meeting

Marcia Gongalves
Barros Viegas
Romeu Reguengo
Filipe Saraiva
Daniela Finizza

Ema Coelho

Alfredo Campos Costal
Paulo Candeias

Marta Mateus

Athidrens

227D PBESERATI0

SAFECAST Project— General Meeting

WP2 — Experimental activity on hew and existing
connections (Cladding-to-structure connections)

Summary:
* Review of the experimental tests the 3D
Frame Model (Task 4)

* Description of the experimental results
and analysis methods

* Presentation of the analysis results
* Conclusions

27-01-2012



WP2 — Experimental activity on news tin
connections(Cladding-tofstructtre connections) ™=

2w €@

a

SHFE oo CAST

General
Meeting

Marcia Gongalves
Barros Viegas
Romeu Reguengo
Filipe Saraiva
Daniela Finizza

Ema Coelho

Alfredo Campos Costal
Paulo Candeias

Marta Mateus

Athens
27th-28 Sep. 2010

SAFECAST Project— General Meeting

WP2 — Experimental activity on hew and existing
connections (Cladding-to-structure connections)

Review of the experimental tests the 3D Frame Model
(Task 4):

Q Connection

27-01-2012



General
Meeting

Marcia Gongalves
Barros Viegas
Romeu Reguengo
Filipe Saraiva
Daniela Finizza

Ema Coelho

Alfredo Campos Costal
Paulo Candeias

Marta Mateus

Athens
27th-28t Sep. 2010

SAFECAST Project— General Meeting

WP2 — Experimental activity on hew and existing
connections(Cladding-to-structure connections)

Review of the experimental tests the 3D Frame Model
(Task 4):

Q Connection

Calha HTA 40/22

\ Parafuso cabega de martelo

M16x50 ¢/ porca e anilha
Esquadro_metdlico (e=8mm

Parafuso cabega de martelo
M16x50 ¢/ porca e anilha

\ Parafuso cabega de martelo
Caha HTA 40/22 M16x50 ¢/ porca ¢ aniha
Esquadro metdlico (e=8mm
Parafuso cabega de martelo

M16x50 ¢/ porca e anilha
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Review of the experimental tests the 3D Frame Model
(Task 4):

U Two Types of Angles tested

® Cold-formed ST37
(fy=235MPa) steel angles
(8mm thickness)

® Hot-rolled steel equal
angles (L120x10)
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Review of the experimental tests the 3D Frame Model
(Task 4):

O Two Types of Angles tested

» These types of galvanized cold formed
steel plates (ST37). The bending process
provokes internal stresses and
galvanization makes the steel even more
fragile.

» These connections were replaced by hot
rolled steel equal angles, where no
galvanization and no bending.
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Review of the experimental tests the 3D Frame Model
(Task 4):

Q Connection
HTA 40/22 ® HALFEN HTA 40/22

channels (hot rolled)
embedded in both

columns and cladding
m panels

racte.
o % ® HALFEN T-head bolts
M12x50
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Review of the experimental tests the 3D Frame Model
(Task 4):

Q Seismic Loading

Portuguese 2010 National Annex:

0,8
>Zone 1.1 07
>Tgp =475 years 06
>a, = 2.5m/s?, S=1.35, a, = 3.4m/s%
[¢] [¢] H 0,5
. B 0,4'
EC8 pseudo-acceleration response & g3
spectrum compatible accelerogram: g 02
>Soil type B 0.1
>Horizontal component only 0
>Importance class I 0 05 1 15 2 25 3 35
Period [s]
—TR=475years
—TR=225years
“Bare frame” mode
—“Panel” mode
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(Task 4):

(Cladding-to-structure connections)

Review of the experimental tests the 3D Frame Model

O Seismic Loading —
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Tegt i— Stage 5

Cold-formed ST37
(fy=235MPa) steel
angles (8mm
thickness)

(video)

Cladding-to-structure connections)
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v
Test 6 - Stage 8 |-

Hot-rolled steel
equal angles
(L120x10)

(video)
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Description of the experimental results and analysis
methods:

U Data processing
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Description of the experimental results and analysis
methods:

U Data processing

Frequency Response Function

The estimation of the
h modal parameters was
based on the frequency

Gain Factar [48]

- frequencies w,,
W - modal damping ¢, and
v - modal shape of the

model
JMMMMM WWW .. were identified.
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Description of the experimental results and analysis
methods:

Q Data processing

FRF Gain Factor

P The estimation of the

: : modal parameters was
based on the frequency
. response function (FRF):
- frequencies w,,

. - modal damping ¢, and
E - modal shape of the

. model

’ were identified.

s Factor (1]

e e T T
Fresuency [Hz)
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Description of the experimental results and analysis
methods:

U Data processing

The estimation of the
modal parameters was
based on the frequency

- frequencies w,,

- modal damping ¢, and

- modal shape of the
model

were identified.

response function (FRF):
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Description of the experimental results and analysis
methods:

Q Structural Vibration Frequency Analysis for
determining the frequence of the panel

w,=(8,)7 £l

-
4
il T — = P AL
|
f

B,: represents the initial constraints of the
=B beam;
T E : Young’s Modulus;
| : Moment of Inertia;
[ p : Density
sin A : Area of the transversal section;
& L : Length of the beam;
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connections (Cladding-to-structure connections)

Description of the experimental results and analysis

methods:

Q Structural Vibration Frequency Analysis for
determining the frequence of the panel

Frequency Response Function

Gain Factor [1]
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Frequency response function for the Panel 3 in the center.
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test

Test PGA
Stage 1 Pink Noise #1 -
Stage 2 Seismic #1 0.17g
Stage 3 Seismic #2 0.19g Stagel | Stage5 Var
Stage 4 Seismic #3 0.27g f1[Hz] 205 195 5%
Stage 5 Pink Noise #2 - 12 [He] 11.38 10.94 4%
Stage 6 Seismic #4 0368 13 [Hz] 17.77 16.00 10%
Stage 7 Seismic #5 043g §1%] 3.40 3.40 no var
Column and Panel
=0 E Clumn NE a9
E fh Jil Panel3E [
: IR | R m
T 100 ] Y R TS YT A T |
£ JBIEITARR AR,
£ 100y 1
g i WA AT
Yoo Yy
L
E !
SO0 e e o IR EEEEEEEEE IR
22.063715 2. 249 2 26 27 28.4131
Time: [s]
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test

LEVEL [m]

"
S

-03
0.00

First mode shape

0.50 1.00
DISPLACEMENT NORMALIZED

~+~COLUMN NW -#-COLUMN NE

COLUMN SW =<COLUMN SE

150

LEVEL [m]

—~—COLUMN SE

= Panel E

Second mode shape

N

37

-03

+ Panel W

~-COLUMNNW  -=-COLUMN NE

-150 -100 -050 000 050 100 150
DISPLACEMENT NORMALIZED

~+-COLUMN SW
® Panel Central

Normalized displacements — Mode shapes (stage 1 — pink noise)
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test

LEVEL [m]

0.00

First mode shape

0.50 1.00

DISPLACEMENT NORMALIZED

—+COLUMN NW-=-COLUMN NE

+-COLUMN SW ——COLUMN SE

Second mode shape

o

3
E
@
2
o
4
17
o
-03
-1.50 -100 -0.50 000 050 100 150
DISPLACEMENT NORMALIZED
~+-COLUMNNW  -=-COLUMN NE ~4-COLUMN swW
~<COLUMN SE Panel W ® Panel Central
= Panel E

Normalized displacements — Mode shapes (stage 5 — pink noise)
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test
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180
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Amplitude along the length of the panel for the three levels

stage 1 (a) — stage 5 (b)
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Presentation of the analysis results:

[ B
y Q First test: Configuration 1 — Out of plane test
.
m PGA0.17g
SAFE —foorir - CAST Height | Timemax | MaxP3 | MaxP2 | MaxP1
[m] [sec] fmm] | [mm] | (mm]
570 26.27 3417 | 3415 | 2839
General 370 2417 | 2427 | 2276
Column NW
Meeting 170 31.44 1461 | 1477 | 1692
0.00 0.00 0.00 0.00
Marcia Gongalves
Barros Viegas
Romeu Reguengo
Filipe Saraiva
Daniela Finizza
Ema Coelho -
Alfredo Campos Costal
Paulo Candeias
Marta Mateus
Athens
27t-28 Sep. 2010
@ SAFECAST Project— General Meeting
WP2 - Experimental activity on new and existing
:?5 connections (Cladding-to-structure connections)
-
ANIPB Presentation of the analysis results:
[ B . . .
y Q First test: Configuration 1 — Out of plane test
pi PGA0.17g
" Height Time
Height | i MaxP3 | MaxP2 | MaxP1
SFE i GAST [Er'f]‘ "‘[‘;;’]‘“ [:::“] [:::“] [:1’;“] Displacement m] |max [sec] Max P3 | Max P2 | Max Pl
5.70 26.27 3417 | 3415 | 2839 5.70, X 76.38| 7634  76.34|
3.70 26.26 2417 24.27 22.76 3.70; 26.03| 53.17] 53.19) 53.19)
General Column NW 170 31.44 14.61 14.77 16.92 Column NW 1.70 26.03] 32.53] 32.69] 32.69
Meetin g 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.00)
570
5.70
Marcia Gongalves 470
. 4.70
Barros Viegas
Romeu Reguengo
- h 370
Filipe Saraiva - 3.70
Daniela Finizza £ —a-maxp3 =
Y ——maxp2 = Bl
Ema Coelho T S P E"EJD —+e—max p2
Alfredo Campos Costal —#—max pl
Paulo Candeias 170 170
Marta Mateus
070 50
1030000 1000 2000 3000 40.00 200.60 50.00 100.00
Athens Displacemnt [mm] o2 Displacemnt [mm]

27t-28 Sep. 2010
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test

agys for event
B
s
3 ~-PGA0.17g
'__E' -=-PGA 0.19g
3 PGA0.27g
3 ~-PGA 0.36g
2 —~-PGA 0.43g
1
o
o 01 0.2 03 04 05
g
agys responses of the test model along the height
ams[g] for ams[g] for  ams[g] for  arms[g] for  ams[g] for
Element PGA=0.17g  PGA=0.19g PGA=0.27g PGA=0.36g PGA=0.43g
Panel 3 0.114 0.166 0.197 0.272 0.406
Panel 2 0.091 0.125 0.180 0.209 0311
Panel 1 0.063 0.088 0.123 0.141 0.213
Ground 0.040 0.052 0.063 0.082 0.122

27t-28 Sep. 2010

arus amplitude increased until
0.122g (ground value)

For the first two stages agys
values increase with the height

After that aryg increases more
at the first and second level
respect to the third one
(corresponding to an inelastic
behavior of the connection in
this levels)

After fastening the connection
(PGA=0.369) the increase of
agys is the same of the first two
stages.
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test

[Hz]

Frequency
2.00
1.95 L 2
1.90
* e
185 * PGAO.43g
1.80
*
175 T
1.65 W
160 failure -
155
017 0.19 0.27 036 043
PGA/g
Stage 2 Stage 3 Stage 4 Stage 6
f 1.95 1.87 1.86 1.78
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Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test
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SAFECAST Project— General Meeting

WP2 — Experimental activity on new and existing
connections (Cladding-to-structure connections)

Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test
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WP2 — Experimental activity on nhew and existing

connections (Cladding-to-structure connections)

Presentation of the analysis results:

Q First test: Configuration 1 — Out of plane test

Aceeleration [ma]

Panels

12000
E Panel 3

R

L\ Fanel |
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Presentation of the analysis results:

O Comparison of 1st, 2nd and 31 tests (Configuration 1 — Out

of plane test)

27t-28% Sep. 2010

Stage 1 Stage 5 Var P
f1 [Hz] 2.05 1.95 5% Stage2 [ Stage3) Stage4  Stage6
2 [Hz] 11.38 10.94 4% f1[Hz) 1.95 \ 1.87 / 1.86 1.78
£3 [Hz] 17.77 16.00 10% ~—
§[%] 3.40 3.40 no var
Connections were fastened
Stage 1 | Stage 5 Var
:: [:l] 122'13 1128 ?://“ Stage2 Stage3 Stage4d
[He] : - e fl[Hz] 187 187 186
f3[Hz] | 17.23 | 166 4%
L%l | 373 4.5 20%
Connections were fastened
Stage 1 Wedges were introduced in the 4corners
f1[Hz] | 2.05 7N\
f2[Hz) | 11.93 Stage 2 (Stage 3\
f3H) | 1731 filHz] 2.0 \ifz//
Cl%] | 5.07
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Presentation of the analysis results:

QO Fourth test: Configuration 1 — In plane test
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Presentation of the analysis results:
Q Fifth test: Configuration 1 — Out of plane test

Test PGA
Stage 1 Pink Noise #1 o Stage 1 | Stage 4 | Stage 7
Stage 2 Seismic #1 0.20g 1 [Hz) 2.05 2 1.86
Stage 3 Seismic#2  0.29g f2[Hz] | 12.45 | 1245 | 10.28
Stage 4 Pink Noise #2 - f3[Hz] | 19.33 | 1934 | 16.89
Stage 5 Seismic #3 0.25g L [%] 4.15 4.99 5.95
Stage 6 Seismic #4 0.38g

Stage 7 Pink Noise #3

Stage 2 Stage3 Stage5 Stage6

fl 1.87 1.83 1.83 1.77

NEW ANGLES WERE USED!!
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Q Fifth test: Configuration 1 — Out of plane test
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O Sixth test: Configuration 2 — Bi-directional test
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Presentation of the analysis results:

Q Sixth test: Configuration 2 — Bi-directional test

Test PGA(long) PGA(transv)
Stage 1 Pink Noise #1 - -
Stage 2 Seismic #1 0.08g 0.07g Remarks (Stage 6)
Stage 3 Seismic #2 0.10g 0.10g N
Stage 4 Seismic #3 0.14g 0.14g ° FaStemr_]g Of the
connections in panel 3E

Stage 5 Seismic #4 0.22g 0.22g
Stage 6 Pink Noise #2 - -
Stage 7 Pink Noise #3

(North side) and panel 2S

Stage 8 Pink Noise #4 - - (WeSt Slde),
Stage 9 Seismic #5 0.26g 0.31g
Stege  PinkMoise 5 - - + Change of the anchoring
Stage  Seismic 6 0.38g 0.43¢ position in panels 1S and 2S
11 H
Stage Pink Noise #6 - - (WeSt Slde)
12
Stage Seismic #6 0.52g 0.48g
13
Stage Pink Noise #5
14
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Presentation of the analysis results:

Q Sixth test: Configuration 2 — Bi-directional test
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Conclusions:

+ Six test runs with peak base accelerations ranging from
0.17g to 1.6g.

Peak platform Peak platform
acceleration i
Testrun (8) Test run acceleration (g)
0.17 02
1st out-of-plane 0.19 4th out-of-plane 0.29
north side 0.27 south side - new -
- steel angles 0.25
0.36 0.38
0.43 -
2nd out-of-plane 0.21 0.07
north side - new 0.21 01
position 0.3 0.14
0.22
5 Bidirectional - new
3rd out-of-plane 0.24 steel angles
north side - fastened 0.33
0.31
1.6 -
1stin-plane 0_35 0.43
south side-signal in 0‘22 .
tranverse direction . 0.48
0.18 -
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WP2 — Experimental activity on hew and existing
connections (Cladding-to-structure connections)

Conclusions:

» The decreasing of the frequencies shows that after the seismic
tests the structure was slightly damaged

+ Although the stiffness can be improved by fastening well the
connection

One direction tests

m In plane test
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Pink noise tests
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@ SAFECAST Project— General Meeting
WP2 — Experimental activity on new and existing
:_=“\- connections (Cladding-to-structure connections)
S
ANIPB Conclusions:
2 Rattling noise occurs when the connections are not well
fastened.
Improper fastening procedure can lead to an anticipated failure.
SAFE —boein GAST
General Pilar NW - P3 - TRANS
Meeting B0 ' | ’I | Plotd [
600-) |
- e
Marcia Gongalves ]
Barros Viegas E‘ 200° h fi bogo ok
oo 5 o [LILHELIEULL LR AP
EE AR A SIALRISINEY N HMVAIRTRIALIARY,
Ema coclho 2o TR AT R R B
AIfredoCampos Costal U T u i' i U i i !
Paulo Candeias 6007 |
Marta Mateus -
-gg[‘lﬁiz‘s'm‘z' Uy T E £ I W 37003
Time[s]
Athens
27th-28h Sep. 2010
@ SAFECAST Project— General Meeting
WP2 — Experimental activity on new and existing
:_=“\- connections (Cladding-to-structure connections)
\V Dampin,
ANIPB Conclusions: 7 P
7 Damping increases § TN
duringthe testrun £ Il v ™l
§ ; —————— Inplane test
SAFE —boein GAST 1
0
Gene.ral oo iink:\loisz Tesi e
Meeting Random test Frequency (Hz)  Damping %
Test run
Marcia qomawes 1st out-of-plane north side ::t :z:zz igi ;:
gf,;;imiiﬂ;go 2nd out-of-plane north side - Pink noise 2 3.73
Filipe Saraiva new position Pink noise 18 4.49
Daniela Finizza 3rd out-of-plane north side - DN 265 567
Ema Coelho fastened ’ ’
:Lflzrjg;admegis Costa 1st i‘n—plane south. side‘—signal Bk A A
Marta Mateus in tranverse direction
4th out-of-plane south side - I;:::z :Z::z 2'35 4';'5
new steel angles Pink noise 1.86 5.95

Athens
27t-28% Sep. 2010
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Conclusions:

« New steel angles introduced in the 5™ test do not reduce the
displacements, so they do not increase stiffness

 The displacements are higher in the 5™ test because the
structure is already with some damage

+ Fastening of the connection can increase stiffness

Comparing steel angles’ performance

110.00
100.00 o
90.00

70.00 ///4./
60.00 /
000 % —B—test 4-in plane

/ —s#—Test 5-new steel angles

—+—Test 1-weak steel angles

—8—Test 2-weak steel angles

—a—Test 3-weak steel angles

Displacemen at the top [mm]

40.00

30.00

20.00
0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.085
ground RMS [g]
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SAFECAST Project— General Meeting

WP2 — Experimental activity on hew and existing
connections (Cladding-to-structure connections)

Conclusions:

» Damage occurs in the connection and in the
surrounding concrete
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connections (Cladding-to-structure connections)

Conclusions:

First test stopped when the steel angles broke up in
the central and top panel. The failure occurred in
the bending zone of the angles.

Using the new angles, damage observed was at the
Cast-In Channels and the concrete surrounding
them.
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Conclusions:

The failure is fragile and happens when the
structure is still elastic and so it has not still used his
ductility capacity...

It is necessary use a better connection to prevent
fragile rupture.

For a right capacity design the connection should
not be the weakest part of the structure.
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Thank you
for your attention
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