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Fig. 1. Types of corrosion [1]

3 Sl sbele pal Gl sl shig Sas
b wpn s & o by 6l ol 5l (Sla gt
Dok (S dmes 53V WL J g ootle Slpgu 5 oS
b D 3l jer sl Sop ldg S G 25l
Ny ple Caslie wase Ol ARLLT mls Y]
SABL N0 Sl e 3N sk 03 (S35 55 Olie 45 55050
03 odd o3, sae Cwslie (gl edddl 5 5 S slie
L8] ol 5208 sdmza VU (slas sl

3 G S (Sl gl ad b S, Ol I3l

S o Dl bl [0] b e el g5 50 Wl s b
o s dlal Gl YY) Jl s 0LKas 5 Ky b B S
Ol Gae Yor b 50 &) 4 O Dlasilo LS O
Oeomed 5 e e 4 Ol Cwlis 5 VE Il Cwelis (Y
s FYA Olr Gas AVO JL 5 0 Ooygo 4 L0 SDlasin
ol oSG Say95 Oljas sl 1o s V Ol Calies 5 V) U
L sl Coslie 5 wdd Canslis Ol 5 5 4 2 she TIY

[V e SRS 7YY S AYAY Ol o

st 5 s (ool o3 ) 51y 5 g8 Jlent B0

spms e el (S ) e S Sose 4 S
ol L s Lol 4 s asds sl el glls oS 550
Sl ol o33 Ol s sl ST e igls |y oSl
Jle dids 5 e A V] o i 0aeB ) 5 = AL e

S s b iy 0 8, Les ) e 0V (l5 1S5 5 YD

1 Wang


http://dx.doi.org/ 10.22034/24.1.69
https://mcej.modares.ac.ir/article-16-66504-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-12-01 ]

10.22034/24.1.69 ]

[ DOI:

\f,'Y’dL.«/\ A)Lwi/r)%}%w}:

oote Ol jos pwdige lagh = ede doe

w\j‘&ASCM\ ol 4.7;'-\);4 a)')mjul‘é\ Aj)‘) ‘g}f))}ﬁ-

diban Olale Slb o3 Y K

& ® 6 o &
sm " 5m) ) 5m) ) 5m)

Fig. 2. Floor plan of three-story buildings
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column
1-A, 1-B, 1-C, 1-D, 1-
Beam Beam E column
/ }(/:glor ():/olor 3A 3D 3-B,3C,3D
4-A, 4-B, 4-C, 4-D, 4-
E
1 20*18*1  20*16*0.8 27*%27*1 22%22*1
2 20*18*1  20*16*0.8 25*25*0.8 20*%20*0.8
3 20*18*1  20*16*0.8 25*25*0.8 20*%20*0.8

Table 1. Specifications of the beams and columns of the three-story structure
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Fig. 3. Reducing the thickness of the column
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Fig. 4. Details of the frame of the building plan and the frame selected for modeling in the laboratory [\v]
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Station name of . main the after
numb name type - main (km) after
main earthquake shock
er shock shock
shock
Chalfant Zack
1 Brothers I 6.19 0.447 758 7/21/1986 7/31/1986 5.44
valley
Ranch
2 Coalinga Oil-City I 577 0.464  8.46 7/22/1983 5/9/1983 5.09
g Northridg  SunValley- " goq 5604 100 11771004 312011094 528
e Roscoe Blvd 5
Imperial El Centro 125 10/15/197
4 Valley Array #11 1l 6.53 0.37 6 10/15/1979 9 5.01
. 14Th & Elm 10.7
5 Coalinga (Old CHP) 1l 5.77 0.84 8 7/22/1983 7/22/1983 4.89
g  Imperial Bonds Il 653 0776 266 107151979 0BT 54
Valley Corner 9
7 Mammoth Convict 05 0414 663  5/25/1980  5/27/1980  5.31
lakes Creek
Mammoth Fish & 12.3
8 lakes Game (FIS) I 594  0.376 9 5/25/1980 6/28/1980 4.85
g ~ Mammoth  Mammoth ., ga5 044 912 5251980  5/25/1980  5.69
lakes Lakes H. S
10 ~Managua- - Managua- gon 0371 406 12¢1201072 2297 5,
Nicaragua Esso 2
. Northridge -
11 NOMNS T ieas o eeo  oaso 20 amzncs  sponoos 528
Saticoy St
Northrid Canoga Park
12 o g - Topanga 1l 6.69 0.392 14.7 1/17/1994 3/20/1994 5.28
Can
Jensen Filter
13 Northridg Plant |,/ 660 0617 543  1/17/1994  3/20/1994  5.28
e Administrati
ve Building
Northrid La-
14 o g Sepulveda I 6.69 0.93 8.44 1/17/1994 3/20/1994 5.28
Va Hospital
15 Northridg  Newhall- =g 09 059 592 1171994 32001994 52
e Fire Sta
Northrid Rinaldi
16 o g Receiving 1l 6.69 0.87 6.5 1/17/1994 3/20/1994 5.28
Sta
Imperial El Centro 10/15/197
17 Valley Array #4 1l 6.53 0.48 7.05 10/15/1979 9 5.01
Imperial El Centro 10/15/197
18 Valley Array #5 1l 6.53 0.53 3.95 10/15/1979 9 5.01
Imperial El Centro 10/15/197
19 Valley Array #7 1l 6.53 0.57 0.56 1979 9 5.01
Imperial El Centro 10/15/197
20 Valley Array #8 1l 6.53 0.61 3.86 1979 9 5.01

Table 2. Characteristics of earthquake records
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Fig. 7. Accelerometer of the reported earthquake and aftershock of the Mammoth Lakes-Convict Creek

[Y+11S0O 9223 5 1kl ulusl 1 (g phmadl ol 52 (latas (g luazus ¥ J g

Corrosivity Corro Typical environments - Examples
category sivity
indoor Outdoor
C1 Very Heated spaces with low humidity and Dry or cold zone, atmospheric environment with
low insignificant pollution, e.g. offices, very low pollution and time of wetness, e.g. certain
schools, museums deserts, Central Arctic/Antarctica
c2 Low Unheated spaces with varying Temperate zone, atmospheric environment with low
temperature and relative humidity. pollution (SO2<5mg/m3), e.g. rural areas, small
Low frequency of condensation and towns
low pollution, e.g. storage, sport halls  Dry or cold zone, atmospheric environment with
short time of wetness, e.g. deserts, subarctic areas
C3 Medi  Spaces with moderate frequency of Temperate zone, atmospheric environment with low
um  condensation and moderate pollution pollution (SO2: 5mg/m3 to 30mg/m3) or some
from production process, e.g. food- effects of chlorides, e.g. urban area, coastal area with
processing plants, laundries, low deposition of chlorides
breweries, dairies Subtropical and tropical zone, atmosphere with low
pollution
C4 High Spaces with high frequency of Temperate zone, atmospheric environment with low
condensation and high pollution from  pollution (SO2: 30mg/m3 to 90mg/m3) or substantial
production processing plants, effect of chlorides, e.g. polluted urban area,
swimming pools industrial areas, costal area without spray of salt
water or exposure to strong effect of de-icing salts
Subtropical and tropical zone, atmosphere with
medium pollution
C5 Very Spaces with very high frequency of Temperate and subtropical zone, atmospheric
high  condensation and/or with high environment with very high pollution (SO2:
pollution from production process, 90mg/m3 to 250mg/m3) and/or significant effect of
e.g. mines, caverns for industrial chlorides, e.g. industrial area, costal area, sheltered
purposes, unventilated sheds in positions on coastline
subtropical and tropical zones
CX Extre Spaces with almost permanent Subtropical and tropical zone (very high time of
me  condensation or extensive humidity wetness), atmospheric environment with very high

effects and/or with high pollution
from production  process, e.g.
unventilated sheds in humid tropical
zones with penetration of outdoor
pollution including airborne chlorides
and corrosion-simulating particulate
matter

SO2 pollution (higher than 250 mg/m3) including
accompanying and production factors and/or strong
effect of chlorides, e.g. extreme industrial areas,
costal and offshore areas, occasional contact with
salt spray

Table 3. Classification of atmospheric corrosive environments based on 1SO 9223 [18]
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[YV] 1SO 9224 5 skl bl 11 a5 Ko om0 (6 phmad| ciliins Jams Ll 5 (gl o S, 555 e f Jgdr

Exposure time

Metal c(::;rt(e)z]lc\nlrlily years

1 2 5 10 15 20

Cl 1.3 1.9 3 4.3 54 6.2

C2 25 36 58 83 103 120

Carbon C3 50 72 116 167 206 240
steel C4 80 115 186 267 330 383
C5 200 287 464 667 824 958
CX 700 1006 1624 2334 2885 3354

Table 4. The amount of corrosion for different atmospheric environmental conditions in micrometers based on the 1ISO 9224
standard [19]

[YY] HAZUS-MHMR-5 wel ol (ool ol 5 Cilisien = s (51 ood bl Oln 0 g

Building type Inter-Story Drift Ratio

Three story steel Slight damage Moderate damage Extensive damage Complete damage

moment frame
0.006 0.0104 0.0235 0.06

Table 5. The amount of relative displacement for different damage levels based on HAZUS-MHMR-5 regulations [Y Y]
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Abstract

An earthquake refers to a sudden slip on a fault and the resulting ground shaking and radiated seismic
energy caused by volcanic, magmatic activities, or other sudden stress changes in the earth. Earthquakes are
likely to occur worldwide and cause great life and financial losses. It is impossible to predict and prevent
earthquakes. However, its casualties can be minimized by designing and constructing safe structures and
detecting and improving unsafe buildings. Moderate and excessive earthquakes are usually accompanied by
aftershocks. Aftershocks in structures damaged by the main earthquake may cause extensive damage. On the
other hand, steel structures in humid regions are prone to corrosion. The standards used in this research to
check corrosion are 1ISO 9923 and 1SO 9224 standards for calculating the amount of corrosion according to
the life of the structure. The ISO 9223 standard examines the corrosion rate in the first year in different
atmospheric environments, and I1SO 9224 standard is used to calculate the corrosion rate for the following
years.

The simultaneous effect of corrosion, main earthquake, and aftershock can aggravate the damage, but in
the current regulations, the effect of aftershock and corrosion are not included in the calculations. In this
research, damage resulting from the combined effect of corrosion, aftershock, and the main earthquake is
investigated using fragility curves that determine the level of vulnerability of the structure. The three-story
steel moment structure was initially modeled using the design regulations, and then the corrosion
corresponding to 20 years was taken into account for the columns of the first floor, and it was subjected to
incremental IDA analysis under the record of the main earthquake and aftershock, and the maximum drift of
the floors was determined as the demand, and then in the following curves Fragility is drawn for the desired
structure. The seismic fragility curves were calculated for four damage levels by selecting the relative
displacement capacity at seismic performance levels of slight, moderate, extensive, and complete damage
from the US Hazus code. The analysis was done using structural reliability relationships and incremental
dynamic analysis (IDA) with the OpenSees software platform. According to the results, it can be seen that
the corroded structure corresponding to 20 years with aftershock has no significant effect on the structure in
the slight and moderate damage, but it increases by 32% in extensive damage levels, which shows that it has
the destructive effect of corrosion combined with the aftershock effect.

In the end, it can be stated that if the intensity of the earthquake is low, the presence of aftershocks and
corrosion corresponding to 20 years will not affect the performance of the structure, but if the intensity of the
earthquake is high, the presence of corrosion and aftershocks can have destructive effects on the structure
and even cause the complete collapse of the structure. Considering the mentioned cases and the seismicity of
Iran, there is a need to retrofit corroded metal structures.

Keywords: Corrosion, Main shock, Aftershock, Fragility Curve
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