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ABSTRACT: In this paper, the seismic response of base-isolated and fixed-base concrete structures
with soil-structure-interaction effect was investigated. The structures with 4, 8, and 12 stories with lead
rubber bearing isolators on three types of soils including soft, medium, and firm soils as well as on
rigid foundation modeled using OpenSees software V. 2.5.0. The ACI 318-02 code was used to design
RC intermediate moment frames. The incremental dynamic analysis was performed to determine the

structural response under six near-field and six far-field earthquakes recorded with the same seismic

parameters but with different stations. The inter-story drift ratio and failure probability for each level  Keywords:

of damage (slight, moderate, extensive, and complete) were calculated and the fragility curves for o e 0
maximum inter-story drift in different levels of PGA were drawn. The results indicated that considering .

. . . . Ida Analysis

the soil-structure-interaction decreased the structural damage on both isolated and fixed base structures.

Softening the soil under isolated structures resulted in increasing the median fragility acceleration in Lrb Isolator

each level of damage. Furthermore, considering the soil-structure-interaction effect in the low-rise ~Fragility Curve
to medium-rise structures (4 and 8 story buildings) has a more significant effect on median fragility = Far-Field
accelerations than high-rise buildings. While the effect of the base shear on the 12-story frame was more  Near-Field

considerable.

1- Introduction

Base isolation is a seismic-resistant approach designed
to reduce the seismic demands instead of increasing the
capacity of structural members. This technology improves
the behavior of structures during large earthquakes, mainly
remain in the elastic range [1-3].

In the seismic design of buildings using isolators, it is
often assumed that the structures are on rigid foundations,
thus the effect of soil-structure interaction is neglected. It
seems reasonable to some researchers [4, 5], but some studies
believe that assuming the rigid foundation is not always
reliable [6, 7]. So, many studies have been done on isolators
and the effect of soil-structure interaction. However, more
comprehensive studies are needed to study the behavior
of different soils and different isolated structures with a
large number of scaled records in near-field and far-field
earthquakes.

In this paper, the seismic response of base-isolated and
fixed-base concrete moment frame structures with soil-
structure-interaction (SSI) effect was investigated. For this
purpose, three models with four-, eight-, and twelve-story 2-D
frames with and without LRB isolators on rigid, soft, medium,
and hard soils were modeled in OpenSees V. 2.5.0 software.
Six near-field records and six far-field records with the same
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components but different stations were selected, scaled in
15 steps, and applied to each of the modeled frames (Fig.
1). Finally, by receiving the relevant answers and presenting
those on the incremental dynamic analysis curves, fragility
curves, etc., the necessary comparisons were performed.

2- Methodology

In this study, 15 models of 4, 8, and 12 story concrete
frames with and without SSI were modeled in OpenSees
software (Fig. 2). Isolators designed for different structures
[8] and the elastomeric bearing element is used in this paper
to model a lead rubber bearing (LRB) isolator in OpenSees
software [9].

To consider the effect of soil-structure interaction, the
beam on nonlinear Winkler foundation (BNWF) based on
Raychowdhury work has been used.

Six near-field records and six far-field records that had the
same components but different stations were selected, then
each of them was scaled in 15 steps and individually applied
to 4, 8, and 12 frames.

Verification in this study has been done in two ways. First,
by comparing the analytical 1% modal period of 4, §, and 12
story frames obtained from Sap2000 software with the period
obtained from OpenSees software (Table 1), the accuracy of
the modeling in OpenSees software was investigated.
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Fig. 2. Boundary conditions applied in the

numerical model of the present study

Table 1. Comparison of the 1st modal period of modeled Frames

Period (s)

Difference Sap2000 OpenSees Model
11% 0.792 0.669 4 Story
6% 1.338 1.26 8 Story
8% 1.94 1.77 12 Story

By comparing the difference in period obtained from the
two software, it can be concluded that the modeling has been
done correctly.

In the second part of the validation, the results obtained
from OpenSees software are compared with the experimental
results obtained and reported by Frank ez al. [10]. Comparison
of the results shows the acceptable accuracy of the modeling
with the software (Fig. 3).
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3- Results and Discussion

Based on fragility curves shown in Figs. 4 to 6, the
probability of failure in isolated structures is more than the
fixed-base structures at peak ground accelerations (PGA).
However, as the damage increases and the soil changes from
hard to soft, this increase in PGA is continued. In other words,
considering the interaction of soil and structure has reduced
the damages to structures at the same accelerations.
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Fig. 5. Fragility curves for 8-story structures with and without SSI in failure states: a) high, b) medium, c) low
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Fig. 6. Fragility curves for 12-story structures with and without SSI in a) high, b) medium, and c) low failure states

As the soil softens at all levels of damage, the acceleration
associated with the median fragility increased, and the drift
ratio corresponding to the median fragility in all cases was
higher for near-field earthquakes than far-field earthquakes.
This can be related to the shock effect in the structures due to
near-field earthquakes.

Isolated structures had much higher acceleration in the
median fragility than structures with a fixed base, which
indicates a reduction in the vulnerability of isolated structures.

4. CONCLUSION

According to the obtained results and comparisons, it
can be said that it is necessary to consider the effect of soil-
structure interaction on isolated structures. Moreover, the
hard and medium soils are introduced as the best type of soil
for isolators.
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Fig. 5. Frames modeled in software, a) fixed base without SSI, b) isolated base without SSI, and c) isolated base with SSI
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Table 1. Designed sections used in the structure of (a) 4 floors, (with) 8 floors and (c) 12 floors
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Table 3. Parameters of three types of soft, medium and hard soils
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Table 4. Comparison of the 1st modal period of modeled Frames
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Fig. 10. Comparison of experimental concrete frame results and frame modeled in OpenSees software

Ql Q2 Q6
Al | L
! ! i
Near ' Near Near
Q7 Q8 QI2
el il —
Far Far Far
Tabas Bam Imperial Vally Manjil Loma prieta Kobe

ylite (ol 5 (sl sadlio b il (Q12-Q7) 595 059> 9,95 5 i 9 (Q6-QT) S35 0592 3,95 5 i (sl yl0505 1) JSCis

Fig. 11. Diagrams of six near-field records (Q1-Q6) and six selected far-field records (Q7-Q12) with the same components
and different stations

JoS S05 sladll; 6l patie alal plges G805k
alols o oad Cud Sla iz @ 3318 sobas Lol gl iy
Sl Wity osilS 5 (SidenS Jome 5l feskS V0 a8

g oo 48T S Suo

190 5 SUoY o) Cloliy oo3lge slayloges VY IS

IS ol po amo e lis i 0y5e a3y i 5 eas ol

U35 swoye, -7
Foallae cpl 10005 oonalinf 50 Jgu 0 a5 jebles
Oy sloadlse (glls a5 195 0592 5,55, 7 5 Suo3 055> 355,
LQQT )‘ s_i) PR e d.:b; ubw‘ FRRRTY ‘5)5LD..».A 6'.@0&.«“:‘ Lol
s A ¥ Gl 5 S a alllar ©jgo @y g (ulike 5710 0
ax 510508 Jleel Glizes el slajly o oas (gilulax VY



YW LYY daxbwo NF- JL“’ A O)Lo..w HY 0)9 ‘)A.AS).:AI ul)o.c uw.\...e(c du).mJ

p=D)=2 [(Si.zn(—]]

®
pe= D)= 2[-m()
—
P = JEZ“"‘-“F @
In(55) = aln(PGA) + b
)

In(52) = aln(PGA) + b

Slyil fog D 3 Sl cindS g Jlaslp s g5k
bge 5y lre o cl> lavgin jlaie 5p Jb g o )& jLas
Sy dicion Hlade Xela Jdos S slaws NV sloj ) 5Ls jlade
alpo by a sl slo3 ) Lo jlade Lawgte g Julos )b 58 50
Cawd dy calizee ey loolid aciy o olib cay o iSls
Sowgn N Jgux 5o loj) Sl e awgte g slxe v Lawgie
Sl 00l 4311 (AN
Jly SY @i @ baye sloyell 5 (g Geend 5l o
mp‘}gbw]@awm)awdb‘ﬁmw;@
Lol 0ol aiSlo gy dado VY g A F gamge slo Jow sl ol
3 & Jlial 005 oo oaalice VE LY o S cwyp b
le Olis i j0 b Al 4 cad eals gilulax sl
).».».’.: 9 u_J)Lm.‘> u‘).uo L}")‘)s‘ L: g9 LJ"‘ l) Sl 001 C) ‘5).».....:4
Oz CLLs aicion Julidl plp i Cdl 4 Coew Cd 5l S
o3l 9 S S sl 28,8 Jlai o (o le 4 .l e anldl
03,5 OluS ld Sy o beojle 2 0)ly &)l el
3 ojle s SB Sl L8h OF S Gell  Geores el
Ll 1 sl 090 yog ol el (diko VY) il (gl

LSS WSy aileo -V-Y

Sl dwlxe b ;w sl gove (o5 oo &ly
@lidee Fohaw ;o CaSls izl doye 00 fles b (Sauss

S 0je> sysS) A barye Y jo a8 S 13 sl loges
293 0j9> WsyeS ) 4 barye b jo a5 18 Glajloges

RIS

S Sl gl S Y
CanSls 039050 g >l s -V

SVl SUj)l sl asie sl il 51 (Sausls sl s
Jlais] Fauss sl soie oS 4 il o o)l o>
037 el lie o 1, asetie o5 o o 5l cB3ST9
S (SIS Foe g sl 905 (oo e el 55
IDA Julos 5l a5 pwaigs sLolis sla ol )l sl Jloil @95
Sy w3l G ol 0 008 e eoliiul Wl e s 4
Gloyd o o,s8 ) o gl ojle Jow yo sl ouls oolaiul Jlo )i
o 5 8l 428 5 15 Lo 5,60 0.1 sl o5 L 1.5g & 0.1g)
33,5 cwyp ojle cwSs Jlei>! OpenSees lsls 5SS 4

sizie -OHAZUS-MH MR sl 2o 5l axllias ol 4o
Sl e vy Sl g conl oo ooliwl FEMA' Lug ouss
CaSs arls Gl a4 Olib cd s anie )l Sauss
-0HAZUS-MH MR Jealjgims 50 ol s0us,5 ooliaiul
ol 55 a5 eud iy ol [z ae] o slaesle sl
g aalllas 3,50 3L 5 g bawgie (52 U) o5 (2> mhaw v ek
Loy aaab VY g A F gleojle 5 el as 3 18 aslas
o 43,5 55 a5 jeail 5 Lasgie s yo oS slasl osie
ezl e ol o Cdl A e oligS sbeele sl ol
05,5 OBl [+ YYY g o/e e AV co/v 20 S 5 s ol g bawsie
oYY Cop Al peaids g lawgie ole gl polie ol
LYol ol o o/ NNV /e ¥Y /oo XO g /-1 0F o/ - OA

SIS (S adgi -V-Y

slp Yl @i Olge 4 Jboi Sol @ies 5l Ghagh 5o
4 hows sl oad solitul (FauSs sla e oy
Q) abal, ¢ [¥8] s lawgs onds slginy (A) abayl, 5l i Baa ()
il ooy ooliiwl [¥Y] S gy oo slgiien

1 FEDERAL EMERGENCY MANAGEMENT AGENCY



YWWF B Y)Y dxbo Yo - Jl.u) A b)l.e..m LY 0,93 ‘)....S).ml ul)o.c L;“’*\*@(" 4:)..“5

Lr 1
BRI
09 X 0.9
08 0.8
0]
o1} 207
< _g ~ 9
o6 | 206
205} 205 [
= ' —=—FB Rigid o P
= 03 £ - % -BI-Hard Soil 203 ‘.‘.-'x(/—/' -4+ BI-Rigid
2 02 7 - o= BI-Medium Soil 202 | O — 3% -Bl-Hard Soil
£ 01 —- - BI Soft Soil 2ol (75 ~ © = BI-Medium Soil
~ —- BI_Soft Soil
0 N N N N N N N N , 0 , , . . i - > i
0 015 03 045 06 075 09 105 12 135 15 0 015 03 045 06 075 09 105 12 135 LS
PGA PGA

1 r
09 } —=—FB Rigid

-+ BI-Rigid
0.8 F .

- % -BI-Hard Soil
0.7 1 ~ ¢ = BI-Medium Soil
0.6 —- BI_Soft Soil

Probability of Exceedance
f=—)
~

0 015 03 045 06 075 09 105 12 135 15
PGA

o (0 awgio (@ ol (W 5 Gl 30 § ST (S il o385 i )3 cyai o9 b aib ¥ o jl (gl (TS glb oo NY S
Fig. 12. Fragility curves for 4-story structures with and without SSI in failure states a) low, b) medium, c) high
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Table 7. Drift values corresponding to the intermediate fragility at the medium failure level for a 4-story structure under
near and far field earthquakes

Sy 0 Sy ol
(98 Blowe) (S5 olase) 9]
0.009383 0.0107 0.38 FB-Rigid
0.007683 0.007717 0.81 BI-Rigid
0.0103 0.010667 1.04 BI-Hard Soil 4 Story
0.0103 0.010667 1.04  BI-Medium Soil
0.010883 0.011017 1.12 BI-Soft Soil

3999 S35 039> LI coxi il A o3l (5 bwgito i35 gelams 33 (S ailso b bliko Cuby 3o polio A Jguz
Table 8. Drift values corresponding to the intermediate fragility at the medium failure level for an 8-story structure under
near and far field earthquakes

Sy o Sy 0 ol
(99 &3loe) (S5 olawe) (€9)
0.006233 0.007383 0.35 FB-Rigid
0.00435 0.00565 0.66 BI-Rigid
0.00435 0.00565 0.66 BI-Hard Soil 8 Story
0.00485 0.006567 0.75 BI-Medium Soil
0.005383 0.008217 0.95 BI-Soft Soil
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Table 9. Drift values corresponding to the intermediate fragility at the medium failure level for a 12-story structure under
near and far field earthquakes
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Table 1-Appendix. Regression coefficients and coefficients used in the log- normal distribution function

@, Joe a b
Bsa Sc Bsa Sc Bsa Sc
1 4St - F.B. Rigid 1.0455 -3.7193 0.51812 0.22 0.51812 038 0.51812 0.96
2 4St - B.I. Rigid 0.7766  -4.5858 0.54780 0.40 0.54780 0.81 0.54780 >1.5
3 4St - B.I. Firm Soil 0.6372 -4.7655 0.57790 0.43 0.57790 1.00 0.57790 >1.5
4 4St - B.I. Medium Soil ~ 0.6362 -4.7647 0.50535 0.44 0.50535 1.05 0.50535 >1.5
5 4St - B.I. Soft Soil 0.6156 -4.8123 0.44044 0.45 0.44044 1.12 0.44044 >1.5
6 8St - F.B. Rigid 0.9840 -4.1224 0.47046 0.20 0.47046 0.35 047046 0.95
7 8St - B.I. Rigid 0.9292 -4.7606 0.68974 0.35 0.68974 0.64 0.68974 >1.5
8 8St - B.I. Firm Soil 0.9265 -4.7481 0.67297 0.35 0.67297 0.66 0.67297 >1.5
9 8St - B.I. Medium Soil  0.7858 -49119 0.62057 0.36 0.62057 0.74 0.62057 >1.5
10 8St - B.1. Soft Soil 0.6656 -5.1157 0.61613 0.40 0.61611 0.95 0.61611 >1.5
11 12St - F.B. Rigid 1.2030 -3.6020 0.62462 0.10 0.62462 021 0.62462 0.49
12 12St - B.I. Rigid 1.2767 -3.9689 1.13018 0.20 1.13018 0.3 1.13018 0.67
13 12St - B.I. Firm Soil 1.2870 -3.9315 1.16286 0.20 1.16286 0.3 1.16286  0.67
14 12St - B.I. Medium Soil  1.2462 -3.9880 1.03915 0.19 1.03915 0.31 1.03915 0.68
15 12St - B.I. Soft Soil 1.0134 42776 0.80269 0.18 0.80269 0.31 0.80269 0.84
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