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What drove the damage?



Intensity
Lack of robustnhess

(detailing)



®
2
§§ 80%
EXe
S S 60%
S S
s ©
@g 40%
(D)
T 8
-
35 20%
S 5
X

0%

e (Government Survey
<& ACI-133 Survey

--------- Linear (Government Survey)
----- Linear (ACI-133 Survey)
R =-0.367
o0
o
o <>. <> '..:: ..... o
Co ® .2 R=0.2387
O @~
s o
% ® T O
Ry 80 °
0.0 0.5 1.0 1.5
PGA[q]

E. Sonmez, B. Koroglu



®
N
§§ 80%
ENe
S S 60%
S 5
= ©
=
ég 40%
(b
> 8
S L2
A5 20%
S 5
X
0%

R* =0.5046
oo ..-"..
o<> <>. ®
0 o> R 202223
,,,,,, &
oo
° ?" ® <>. <>
0.0 0.5 1.0 1.5 2.0
PGV [m/s]

E. Sonmez, B. Koroglu



ROOF DISP ~PGV X T
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Measured MSDR %
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PGV to reach 4% drift (m/s)
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Japan RCSW
structures, Kr = 22

Chile RCSW
structures, Kr =20
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A proxy to measure robustness
(Hassan and Sozen, 1997)



WALL INDEX =

Sum of RC Wall Area

Sum of Floor Area



COLUMN INDEX =

Sum of Column Area

2X Sum of Floor Area
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WALL INDEX %

1.25

0.75

0.5

0.25

0

TAIWAN

@)

0(6 o o

(ONN@)

Oooo 0 o
IEH8
ccﬁoooooo o

0.25 0.5 0.75
COLUMN INDEX %

1

1.25

Laughery et al.



1.25

1.00

o
3
ol

WALL INDEX %
o
o1
o

0.25

0.00

0.00

0.25

TURKEY

0.50 0.75
COLUMN INDEX %

1.00

1.25

ACI133



100%

2

80%

70%

60%

50%

40%

30%

20%

10%

% of Surveyed buildings with Severe Damage

o
&%

Turkey 2023

[~
Christchurchk 2011

Ecuador. 2016
Pohang 2017

Bingol 2003
45 00 .

@ Haitd 2010

Mepal Efl'Tﬂ,_ ¢
Pefu ﬁﬁiﬂ'cn 2017
© .., -~ Duzce 1999
@China 2008
] @ -Japan 1968
Taiwa'frzpm Py
® Erzincan 19'55:1'-,‘
@ Chile 1985 R1= 0.32
0.2 0.4 0.6 0.8

Average Piority Index

Pledger



100%

2

80%

70%

60%

50%

40%

30%

20%

10%

% of Surveyed buildings with Severe Damage

o
&%

Turkey 2023

[~
Christchurch 2011

Ecuador. 2016
PFohang 2007

Bihgol 2003
45 06 -

@ Haiti 2010

Mepal Efl'Tﬂ,_ ¢
Pefu ﬁﬁiﬂ'cn 2017
© .., -~ Duzce 1999
@China 2008
] @ -Japan 1968
Taiwa'frzpm Py
® Erzincan 19'55:1'-,‘
@ Chile 1985 R1= 0.32
0.2 0.4 0.6 0.8

Average Piority Index

100%

2

80%
70%
60%
50%
40%
30%
20%

10%

% of Surveyed buildings with Severe Damage

o
&%

Turkey 2023
L]
Christchisrch 2011
Ecuader 2016
Pohang 2017
" @ Bingol 2003
... ¢ Haiti 2010
Hepal 2015 . /'@
Peru 2007 . Mexico 2017
e o— Duzce 1999
® - China 2008
Japan 1968
Taiwan 2816 P
® Erzincan 1992
g Chile 1985 .-""‘-B.E_ﬂ'd?'
0.0 0.5 1.0 1.5 2.0

Average Piority Index / [PGV (m/s)]

Pledger 2023

2.5



1.25

OO0ther

(m]

B Severe

7% X3ANI TIVM

gOd

I OOm 0om- 00

v j

0.50 0.75 1.00 1.25
COLUMN INDEX %

0.25

0.00

Pledger




Seismic Evaluation of
Older Concrete Buildings

for Collapse Potential

FEMA P-2018 / December 2018
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ACI| 314R-16

Guide to Simplified
Design for Reinforced
Concrete Buildings

(For Buildings of Limited Size and Height,
based on ACI 318-14 and ACI IPS-1, “Essential
Requirements for Reinforced Concrete
Buildings”)

Reported by ACI Committee 314

( a Ci = American Concrete Institute
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0.2%<WI



0.2%<WI
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Intensity
Lack of robustnhess

(detailing)



Why can’t we limit period, WI, and or drift?



Do we know better?















We must have freedom (windows)
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What about $?
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Why can’t we limit period, WI, and or drift?






What about strength?
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