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Fig. 1. Employed frames with details
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ehaned Fotation

‘l clastic beam-column element

/f plastic hinge rotational springs
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Fig. 2. Nonlinear modeling of structural elements

GbV Y sl JS Slasie ) Jyds

model T(sec) W(ton) Vaesign (KN) R Q
3 Story 0.49 89.99 88.2 503

3
7 Story 0.99 234 127.6

Table.1. General specifications of 3 and 7 story structures.
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Corrosion  percentage reduction in  percentage percentage percentage reduction in
scenario  cross-sectional area reduction in f;,  reduction in E;  concrete compressive strength
1 0% 0% 0% 0%
2 10% 12.4% 7.5% 21.15%
3 20% 24.8% 15% 44%

Table.2. corrosion scenarios and its negative effects.
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ID. No Earthquake Record station
M year Name

1 6.7 1994 Northridge Beverly Hills-Mulhol
2 6.7 1994 Northridge Canyon Country-WLC
3 7.1 1999 Duzce, Turkey Bolu

4 7.1 1999 Hector Mine Hector

5 6.5 1979 Imperial Valley Delta

6 6.5 1979 Imperial Valley El Centro Array #11
7 6.9 1995 Kobe, Japan Nishi-Akashi

8 6.9 1995 Kobe, Japan Shin-Osaka

9 7.5 1999 Kocaeli, Turkey Duzce

10 7.5 1999 Kocaeli, Turkey Arcelik

11 7.3 1992 Landers Yermo Fire Station
12 7.3 1992 Landers Coolwater

13 6.9 1989 Loma Prieta Capitola

14 6.9 1989 Loma Prieta Gilroy Array #3
15 7.4 1990 Manyjil, Iran Abbar

16 6.5 1987 Superstition Hills El Centro Imp.Co
17 6.5 1987 Superstition Hills Poe Road(temp)
18 7 1992 Cape Mendocino Rio Dell Overpass
19 7.6 1999 Chi-Chi, Taiwan CHY101
20 7.6 1999 Chi-Chi, Taiwan TCU045
21 6.6 1971 San Fernando LA-Hollywood Stor
22 6.5 1976 Friuli, Italy Tolmezzo

Table.3. Ground motion records
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Fig.4. Capacity curve for 3-storey structure under
different corrosion scenarios.
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Fig.3. Capacity curve for 3-storey structure under
different corrosion scenarios.
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scenario in fragility curves.



Y44 JL.»/Y {)L&.ﬁl/r——:ﬂmﬁ 092

eode Olas puige (olp g5 = pelo alzes

aib i osle pwgl ail 5 7VN0 dib 4 ol o]

el il 2alS YA,
2 MY SIMCE s 53 4l ¥ oole ol > Jlas| -V
1Y Soyem = 3 7800 4 Sayt Osb -
e 3 meS ol Jlazl ol Olomas Js sl s

x| il Vool 3 Ll .l (£V9)glasl sl s
LY e 5l Ss, /Y Co MCE s s ol >
ol ol ol dleasl ol ol ol anl 05l VY
53 03k 5 ol 0l (1)) gl sl o loma Slis 5l 2o

315 ol 4 3L 5 b e sl e Ll 2l

&y -1

[1] Li, Q., Wang, C. and Ellingwood, B.R., 2015.
Time-dependent reliability of aging structures
in the presence of non-stationary loads and
degradation. Structural Safety, 52, pp.132-
141.

[2] Yalciner, H., Sensoy, S. and Eren, O., 2012.
Time-dependent seismic performance
assessment of a single-degree-of-freedom
frame subject to corrosion. Engineering
Failure Analysis, 19, pp.109-122.

[3] Malumbela, G., Alexander, M. and Moyo, P.,
2009. Steel corrosion on RC structures under
sustained  service  loads—A  critical
review. Engineering Structures, 31(11),
pp-2518-2525.

[4] Ghanooni-Bagha, M., Shayanfar, M.A.,
Shirzadi-Javid, A.A. and Ziaadiny, H., 2016.
Corrosion-induced reduction in compressive
strength  of  self-compacting  concretes
containing mineral admixtures. Construction
and Building Materials, 113, pp.221-228.

[5] Shayanfar, M.A., Ghanooni-bagha, M., Asgarani,
S. 2017. Influence of effective parameters
variations on chloride corrosion initiation. Journal
of Modares Civil Engineering, 17 (3), 69-76. (In
Persian)

[6] Moarefzadeh, M.R., 2016. Reliability of
Marine Steel Structures Against
Corrosion. Modares  Civil  Engineering
journal, 16(3), pp.203-215. (In Persian)

[7] Karapetrou, S.T., Fotopoulou, S.D. and
Pitilakis, K.D., 2017. Seismic Vulnerability of

AN

asl bl bosle ol = Jlaasl Soje Jilpl b =Y
(;}))5- djv\-l CA“P‘)J@VG)L&)}‘\J‘}N 6\)J C,wv‘
SIY i a olie ol bV ssle gl 5 el 4,07
L;J))} J“u_‘)ﬁ‘ LJ w 4w o)l.w DL U”\JJL‘J MLJA \Y/
444?}5[4_90))4/\' ﬂ.) J\f JL@.T;-‘ QLQM‘/Y' G
L5';L «J’""i\ a)'Lw (Jls 0 BE VA V) Ls\“bu:‘.’j JL>:A 03 gd>=s
i Jlaiml S, il L aib Voesle s Ll b e
C‘-ik’,) LQ‘ML d’i’J )bu o3 gde 9 39, _).7\).9 AR 3

S 5 4oxui -0

Grlioas! 5 Suls Sboyl Guas b oadlas ol 3
(S Sl s asylon et OB glasile o))
BT s 031 b5 (S35 55 plail 5 S 550 ke
dloes (5l 3 gm ge ARLLST Lailgy 5 (Sosp ke
Sl 5 (S5 A s Sl S e LT
ool aib V5T aa)lon i OB ol 53 das sl
St e BT 5 cl o (g3lie S ae azzadl
iy Jeolie 4 Slosle slael Ohss = K e
sl Lol Jue slaosle o osly olast] o
(IDA) V53l (Soobus Jaa, LAY 5700 v So, et
@u.mc\;m\m)p;mww}&u
TSR S RSP R L

Cow baojle Jipos b oks DA Les s -
aib aw ojle 53 Wiged gl .l al alS S,
Al oS Sk Y08 s b okl dle L
o3l 53 5 dey o Y008 s £ /Y Sa, (gl
SMis 4 (Ss 5 Ok Sl 3 1,08 e Sl ek s
ey o 1Y Sy Sl 5\ 08

S Ao aab VY el s el 4l Y

il Yy Sy s dsad )y el 4Bl Al



Y44 JLw/Y {)LAJ/M 092

eode Olas puige (olp g5 = pelo alzes

reinforcement corrosion. International
journal of fracture, 157(1-2), pp.81-88.

[12] Hosseinpour, F. and Abdelnaby, A.E., 2017.
Fragility curves for RC frames under multiple
earthquakes. Soil Dynamics and Earthquake
Engineering, 98, pp.222-234.

[13] Haselton, C.B. and Pacific Earthquake
Engineering Research Center, 2008. Beam-
column element model calibrated for
predicting flexural response leading to global
collapse of RC frame buildings. Pacific
Earthquake Engineering Research Center.

[14] Ibarra, L.F., Medina, R.A. and Krawinkler,
H., 2005. Hysteretic models that incorporate
strength and stiffness
deterioration. Earthquake engineering &
structural dynamics, 34(12), pp.1489-1511.

[15] ATC, FEMA- P695, 2009, Quantification of
Building Seismic Performance Factors.

[16] Zentner, 1., Giindel, M. and Bonfils, N.,

2017. Fragility analysis methods: Review of

existing approaches and application. Nuclear
Engineering and Design, 323, pp.245-258

AY

RC Buildings under the Effect of
Aging. Procedia environmental sciences, 38,
pp-461-468.

[8] Torgal, F.P., Miraldo, S., Labrincha, J.A. and
De Brito, J., 2012. An overview on concrete
carbonation in the context of eco-efficient
construction: Evaluation, use of SCMs and/or
RAC. Construction and Building
Materials, 36, pp.141-150.

[9] Rodriguez, J., Ortega, L.M. and Casal, J.,
1994, June. Corrosion of reinforcing bars and
service life of reinforced concrete structures:
corrosion and bond deterioration.
In International conference on concrete
across borders, Odense, Denmark (Vol. 2, pp.
315-326).

[10] Simioni, P., 2009. Seismic response of
reinforced concrete structures affected by
reinforcement corrosion (Doctoral
dissertation, Technische Universitat
Braunschweig).

[11] Lee, H.S. and Cho, Y.S., 2009. Evaluation of
the mechanical properties of  steel
reinforcement embedded in  concrete
specimen as a function of the degree of



T8 Il /T o jlod /s 553 e Ol s pwdige iags = els aloe

Evaluation of Seismic Fragility and Collapse Margin Ratio
of Reinforced Concrete Moment Resisting Frame under
Steel Reinforcement Corrosion

Ali Khodam'”, Reza Kameli?, Mohammad Ghanooni-Bagha®, Mohsenali Shayanfar*

1. Assistant Professor, Department of Civil and Geomatics Engineering, Arak University of Technology
2.Graduate Student, School of Civil Engineering, Iran University of Science and Technology
3.Assisstant Professor, Department of Civil Engineering, East Tehran Branch, Islamic Azad University
4.Associate Professor, School of Civil Engineering, Iran University of Science and Technology

Abstract

One of the most concerns about design and maintenance of structures in civil engineering is the safety
of structures in the events of natural disasters, including earthquakes, which requires adequate resistance
and providing expected performance of structures. Different factors can have an impact on the
occurrence of damage and the damage content in structures and, consequently, the loss of economic
assets as well as human health and life safety during earthquakes. Normally, high alkaline property of
concrete, PH about 13, forms a protective oxide layer on the reinforcement steel surface. The Carbon
dioxide in the atmosphere or the chloride ion in the concrete environment especially in the coastal zone,
along with the moisture and the oxygen can penetrate through the concrete pores and micro-cracks and
can reach the rebar surface. Then, they cause rebar corrosion inside the concrete by destroying the
protective oxide layer on the steel surface. Chloride ions reach the passive layer according to the
explained pattern and they begin to react in the passive layer when the amount of chloride ions exceed
the critical value and cause the perforation corrosion. Therefore, the performance of deteriorating
structures can be different from the desirable performance of pristine structures. Corrosion of steel
reinforcement in reinforced concrete (RC) structures is one of the main factors in increasing the
vulnerability of RC structures. Due to corrosion, mechanical properties of steel involving yield and
ultimate stresses, their corresponding strains, and elasticity modulus of steel will be changed. Also the
cross-sectional area of steel reinforcement decreases. Furthermore, after cracking, the mechanical
properties of concrete will change. In this study, in order to investigate the seismic fragility and
vulnerability of RC structures due to steel reinforcement corrosion, two buildings involving a 3-storey
and a 7-storey RC moment frame are modeled based on the lumped plasticity model for considering
nonlinearity. Two corrosion scenarios of 10 and 20 percent reduction of steel reinforcement cross section
and their effects applied to the structural members of these RC frames. Then, seismic performance and
the fragility of these two RC frames are investigated using nonlinear static analysis (pushover analysis)
and incremental dynamic analysis. Fragility analysis results show that the probability of failure and
seismic fragility of RC structures increased due to reinforcement corrosion. Therefore, fragility curves
shifted to the left due to corrosion, illustrating the increase in the probability of damage at different
spectral accelerations. The safety margin of the collapse of the 3 and 7-storey structures also decreased
due to corrosion. For example, as a result of 20 percent corrosion scenario, safety margin of three-storey
structure decreased by 16.5 percent and the safety margin of seven-story structure decreased by 28
percent. Results also illustrate that the collapse margin ratios of both structures (CMR) are reduced for
10 percent corrosion scenario. Although the probability of failure increased for 3-storey RC frame, it
remains below 10 percent. However, for 7-storey RC frame, the probability of failure exceeds 10%
(allowable failure probability adopted by the code) and the frame needs to be rehabilitated.
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