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Extended Abstract
Introduction

Structural Health Monitoring (SHM) has emerged as a critical technology in civil engineering for assessing the perfor-
mance of vital infrastructure such as concrete dams. Given the importance of dams in water supply networks and the
catastrophic consequences of their failure, developing non-destructive and accurate monitoring methods is essential. This
study focuses on concrete dams, examining modern SHM techniques and their applications in detecting both visible and
hidden structural damage. The discussed methods include modal analysis, neural networks, pattern recognition, Kalman
filtering, statistical approaches, and signal processing, each evaluated for their accuracy, advantages, and limitations. The
primary objective is to propose solutions for reducing maintenance costs, anticipating potential hazards, and minimizing
human and financial losses through intelligent monitoring systems. As a case study, the health monitoring system for the
Baghan Jam Roller-Compacted Concrete (RCC) Dam was designed and analyzed.

Materials and Methods

This research first introduced and compared various damage detection methods for concrete dams, including modal
analysis, neural networks, pattern recognition, Kalman filtering, statistical methods, and signal processing. Subsequently,
as a case study, the SHM system for the Baghan Jam RCC Dam was designed using the finite element method. To assess
the site effect, three different soil-layer models (single-layer, two-layer, and three-layer) were examined. Sensor placement
criteria were based on von Mises stress (exceeding 1.5 MPa) and displacement (exceeding 1 cm). To evaluate the system's
performance under seismic loads, three earthquake records with varying hazard levels—Bam (PGA=0.8), Koina
(PGA=0.6), and El Centro (PGA=0.35)—were utilized. Data from these records were extracted from the Pacific Earth-
quake Engineering Research (PEER) Center and imported into ABAQUS software. Dynamic analyses were conducted to
identify critical areas and optimize sensor placement.

Results and Discussion

The results demonstrated that the number and location of required sensors depend on seismic hazard intensity. For high
hazard levels (PGA>0.7), 18 sensors (8 stress sensors and 10 displacement sensors) were recommended; for moderate
levels (0.4<PGA<0.7), 14 sensors (6 stress sensors and 8 displacement sensors); and for low levels (PGA<0.4), 9 sensors
(4 stress sensors and 5 displacement sensors). Stress and displacement analyses revealed that areas with high tensile stress
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and significant displacement are critical for sensor installation. Comparative evaluation of SHM methods indicated that
combining modal analysis with neural networks significantly improves damage detection accuracy. The Hilbert-Huang
transform was confirmed as an effective method for identifying instantaneous damage in concrete structures.

Conclusion

This study underscores the importance of continuous monitoring for concrete dams, particularly in seismic-prone regions,
and demonstrates that intelligent monitoring systems can enhance safety and extend the service life of critical infrastruc-
ture. The findings suggest that optimizing SHM systems by considering seismic hazard levels and stress/displacement
criteria can reduce maintenance costs and prevent catastrophic failures. Future research should explore hybrid methods,
such as integrating machine learning with wireless sensor networks, to improve monitoring precision and efficiency.
Additionally, non-contact techniques like Digital Image Correlation (DIC) and drone-based monitoring could complement
traditional sensors.

Keywords: Structural health monitoring (SHM), Concrete Dams, Non-destructive methods, Modal analysis, Smart
sensors, Baghan Jam Dam

Conflicts of interest

The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data availability statement

The datasets are available upon a reasonable request to the corresponding author.

Authors’ contribution

Seyed Shahab Emamzadeh: Writing, Methodology, Investigation & Data Collection, Software, Analysis; Mostafa
Heidari: Supervision, Text Editing, Data Collection & Completion.

Citation:

Emamzadeh, S. S., & Heydari, M. (2024). Structural health monitoring of concrete dams using modern methods (Case
study: Baghan Jam Dam). Technical Strategies in Water Systems, 2(4): 315-327.
https://doi.org/10.30486/TSWS.2024.1122688

Publisher: Islamic Azad University, [sfahan Branch

1


https://sanad.iau.ir/journal/tsws
https://doi.org/10.30486/TSWS.2024.1122688

GaT sabls ;o S8 o sl alxo
https://sanad.iau.ir/journal/tsws

VAM-VPFA 1 g sl L

FYV-Y1D Fo,loid 09 0,95 P Y lius
https://doi.org/10.30486/TSWS.2024.1122688

29 S g 3l ealiil b (i (gl (glojlu Cuodlw Hiuly

(o> L w6390 axtllae)

T 63902 (shluan oo solol ol

Ol el e s0ioled ol ¢ pwdige g (8 0 Sl (ylpas wdige 0g)S .Y
ol e (S sly oDl ST oKiisly LY

shemamzadeh@Khu.ac.ir : Jstus oo g5 Juos!
© The Author (s) 2025

AAEAZATAR R E AR (AR R VIR Y IAEAVARTARS :Lg).iB)'le \\“Y’/J\/W:;&L}.)o
oS>

Y

21 gsey cnl o)l g asle sy i sleaws 35505 b SHM) ol codls il (g5 slaghs,y ow)n 4 addllas ()l
A smas eSS (Jloge Jelo ol cms 3550 lahy, iS00 Jelo slosle ey 5 ST slacen] (i
ol s wleads obj )l beasgame ¢ bl wwds Jlate 51 Sy ,a a5 ol JuKow Julow 5 (5bl sla s, cyledlS jild oS!
Slos Sl ol (alf 5 bl 5l (Tt ()NS5 end laainse (Rl 4 Wi oo Loy (il a5 45 a0 0
odd (b sguze izl by, 5l esliinl b e el (SElE R s Sl (Al e (5390 anlllae (lgieay 09d et
b K> cead gl lxs 0l sy (Y 4w 5 Y 90 AYSE) S gana¥ b calidee Jow aw oSl Sl Jdos gl .col
loy ) s whaw dw lp @S 3,5 e Getile ) 5l ) (2bmlr 5 (JBblRe V1O Sl i) sule (392 (25 oll
A) S YA (PGAS0.7) ol jhas mlaws 1 ylas ot b cenliie 5Ls 390 (sla S slaws a5 sl (yLas (o5 5 Lawgio b))
chw (oglrlr A g grogiss #) Kua)F (0.4<PGASD.7) thawste Jlas s (gimplnle Vv 5 g i S
o398 Wons yotns iy Copatl yy gy (ol S o0 e (st 0 5 @ie i T) ;5 (PGA<0.4) 15 s

e yoe 38l g el Sgups 4 wilgl oo Lol dieligr lagian | oolaiwl 45T was oo lid g 5l oSk 503, bl 4o
wles Sl S8 Sl sbvojles

o= 0Ll s wiedign slo g (JIoge Judow v Py s g, s sladw ojlh cdle Lol 1goals slaeilg

OLL s (68,50 asdllas) (g sbo by, sl eolaiwl b s sl (glojle cuadls Lol (VFY) Lo (g 00z g 0y o woolplal :obicuwl
https://doi.org/10.30486/TSWS.2024.1122688.¥YY-Y1 «(F)Y « ol sleailels ;o 8 slas pal) (o

(OEuly55) Hleaol axly ol ol3T oliils : pil

Y\Vv


https://sanad.iau.ir/journal/tsws
mailto:shemamzadeh@khu.ac.ir

..... 9 g, il eolaiwl b (S (gbdaww glo jlw ceodlw Sl Soe> 9 00l jolol

dodde =)

Ml Lisbl g 5 Ul Ll jae rdige Sl 5 Sl o el 512l S gl A3 o3l bl 0
Sope oile medle (b L glaslnl 5 b b gl e oskie 4 il gla fasn o Glaass > 8
o=k Sl 4 o G ed e Slacs b et Sl 1 SIS slaars s WVl aslana g la,ysiS 5 ool ad p 0y
—ao s Al caad 55 5l AT R 4 mie Ll ol 51 eslizal 45 ol i Lol o8 s 5,8 o s o5l Cdl
Sloslo Slacpl Cheo 5 5 lcamdsn olalis Cgr ilins Glabs, 358 Sl O 2alS 5 oIS 5 e sl
5385 WS oo o3l Soalud 5 IS 2515 saes L5 6055 33 51 paseie Jsb 4 osbe SRk la by Lols 3
5,555 93 ololp biejle el 2L (Balageas et al., 2010) &S o ol 1) e Jids JEKw 5305, Ol ol
o bes (s 3,85 55 s sl e Oles o35 cpl 5o Zd iy LB 5 age i el Dl S R 5 asdS
LS o 515 eslial 350 sl o s (U ke 4 o site bl Ygame 331 5 o e b bl labs, Olen
0556 2,8 o)Ll sk g slse Sl eslital 5 55 e e SR oS S5 sl Km0 0155 o 0T 0 Fpge o 51 S
- S S 5U Ol 5,50 s (Hill et al,, 1987) e Olse 4 ol 4 5 &) s ains opl L3 Sl Sliios
Sl s Sl SUL Sl 5 ekl (UMK 5 rand ot sladuza 5 ST bl aBT iy 5 K0 53 SR
23S Gy ez

e slanal ol 2 asis gl glosle 5 (SO Glagtees LSl Slasie ol x5l (Doebling et al., 1996)
ges oslizad dib an e OB SO gl glacanl jasis gl Kls —o s i, 5l (Raufi & Bahar, 2010)
s ol GahtS Lo 5 Sl S e OB lee S 0lss oS 5l 0L g

S35 2 st i3S ealtal el spdoms sl 10 5 L SO gsled e (Zarafshan & Ansari, 2013)
S50 b g g andllan sm (sla s sl sldas sl 13 bl 350 1 Al Sl gyl OLELT 3 0l i 5 s L
A3 Aops Ve LT s sl il g 3505 gl Ao s pite e VVAE B e AY 51 L0 i e sk S
o Gl b e (255 ke B oS 350 Oy Ol e 0Ll AKELST 5 (658 addllas bt amglis A3 w3 S
NGIUM | WHLE| WIE S UPS Sy

b sl Gl o glada 51 23l 65, slaesls 5 3 sdms Oll Lo s i asllas (Robbe et al., 2017)
s gallUYo U, Selos Gl e Sl Ll e O3 = o — s S, 385 (g5ludde o8 als 0L

o besle Glos ) b g b LIS 5o 1 JW, slade codle Ll slapis (Oliveira & Alegre, 2019)
Sl andlas ool s ged ST Conl Gais oy olle sla il b ()lSes ) slaosls plesl omal gl ki3 S
Al sl sladn s am i, L 6uw ans s 6l

S S5 6l alping e L3ls L1 S slade (b 55 Sl 5 B slags,sTs (Oliveira et al., 2022)
ol o Gz ) (610eSS ladusa o3 Y malS &S sy ookl 5 slag ) sl S

6 313 0L Bl rags Ls S Ly 1y diedipn b Glapieew 51 eslizal b lade el oo e (Ma et al,, 2023)

Aas sl e By st s e S5 WleE e Jliaes sladde b K glaesls (aLbsl

A



fo)'.o.w <99 6,99 A\‘oY’uL.w.o) @i 6'.044LOLw J° ‘503 6&&)&&‘) M

ol ol 8 il s il Sl 5 Skl slaghlel mal s sme ol Wl s, basy ST
Sledb| “ )L;.’ U’:"“'Lr' 6‘}’" LS\J" 4054_5) UJ»‘ BE .ol ¢L>u‘ ‘-;j.:é JJU! dl"?‘“‘b‘ b \) g_f‘j" MJ d\}SL;a el Lgﬂfe)‘.b\

(Huang et al., 2003) sls el o2 s Ul oo o5 DeMBI L 5 s o5l 51 LS
S Gl ple s 2L ol 51 0T S bl oS des Lot (Gl il SlaeSs s g sla bl 3 S
)S)}} J:‘il'i Ba L;.L.A JK )}} 4 gfjj.: LSLAJ\..«J M\ JJZS 9 C,.ij.iu\.d e)}f‘ (Sheykhall et al, 2020) CAM‘ )\))}7-]:
(Oliveira ol Wesls 875 = Jlas @jc@ (S o3Il (g5t o 2T Sl eslizad L (SSHMY) (glosle 5 sl ) ol
@il Wl ol G, 8L Cowl s ee sk 5o o e &S A e 0L Sl mk & Alegre, 2020)
9w 60)'[.« bj.iw L;:L“o))\ LS\J" Lo Q)Ué.'s M &. S4 9 I ¢(Emam2adeh, 2022) J;d‘ )\J.; )BJ.:\ 4& gdb).la
U:AS Lo e slade s ehga s S S 3479 ey o j}a.: 4 Sog e whildl Lis e e
Sl Al seen 5 A5 Al gl Sl 3 A ol conlio 3 Ses 5l Oliabl 5 U gens (GIUES 5 rens Slaai 5o
Shas dzen Laoslo Sl 0 S5 55 5 Ladipa (Slagtnn o 4 &S > edkasOLi Al Sladlas s daler SLL
Sl > AV Oleabl ClB 5 s a4 glaws gl i b iy A5l 5 e S (Eaas ies
adllas ol 3l o lader adl (il gla i, s p ol Eash ol Ga o aiS e eslizad glosle (glacand

.v\ibﬁf‘}ﬁj@&‘}ﬁ@&{.,\.\AL.,<.’:‘é‘ﬂﬂkﬂdkﬁbtﬂMﬁb}@é‘?‘f})}'\m

Lhuﬁ:‘” 9 :|y -y
el s (slae g (5 yme —\-Y

A O by ol G G 3 35 el il 5 el £ 50 4 08 e b ol G bt
sty 4 3 il Sl tas (adse Sy O pde JoS adse Sope weile 5 e plals ol
e 5 e O ol 5 el LS woojle gl ) Slis st 3 i 0l b a5l I el 350
oo o3l (S8 Sl g 1 b Sliasiie nl & Lz s03l ol g385 51 A0 Wl e o3l (Salys Slasite
Slasie Sl 4l ool jasis sl SSUS sl iy, (Sohn etal, 2003) woes e 5 ol o>
S G RLL b s 2 oslpar o3lu 5 ghoals g wl  Olg e b Lo tss cnl il sdal 325 ko5l (Sl
ol Sl 4 OlS e Jbe Ulse 4 58 hualh S 0 Dose saeiS Ol 4 6 Ly b s sphe s Sesll
wl o S e Gla i) (mas laald Gl sl i o Sl Slaois e Shas s gl el L3 Ol i
L besle s ol Gasets Gla i, 3l glasdsr (V) Jsdor 3 gad o5l JUSm (3515 35 5 sobel o) 0L s

s e olEs

! Seismic and Structural Health Monitoring

ARRY



..... 9 g, il eolaiwl b (S (gbdaww glo jlw ceodlw Sl Soe> 9 00l jolol

d‘ay J'..J’”“ P 6\.@‘;.,,—\—\—'(

4 S dlose oyl Osr dien ple ol 5 05s IS (b G0 3 Jald sl G0 dlsse slazell
s esle ol (b gl Slals ) re gl i 31 S 1 dlsse BT 015 e cdites oo o3l 3 Sl oS
Ol s 83l G Sl 5 ol gy rb (sla 5 iile s ge sla el 03551 s w4 (sla sy ) S
ol sl Sl Gl S, Jry il sade lats, Sl eslinal COSe (28 8 0 e lsse LT 555 )
alae sla bl 5l plas a8 Ll s 4 S s 0 dslas Clgzr 5 A5 0 = g3de s w0 | wlele il )
Sl 5IUT 5o ol o3 8 b 1y ISie cpl = b dlsge BT 5, pd o 1) 51 OVoles UL S i
Olen wlaws ol 35 olie S Ll o s (g8 sl as dolre oy K Slis Jlasl b byl SV¥sle
s et by ojle e Olg e Wl Ble b Sl 3 L ol gla il 5 dnlis ) s anb sla IS b

(Quek et al., 2003)

s $LaKd e g B, Y)Y

Sy edemy slajlitl s ol O 5 Ol 50 o Sl s eSS Sl el 4 gl p e 2 sladle s
S OlS e et e ledde 5 6,850 LUls Sl 58y Lashid s glaasls YU e b e ol anils
.(Doebling et al., 1996) s s o ;¢ 0 SUS 0 @ bades 2o b gl s, 0l

B padli p o gl b Y)Y

_5_<.” U'~’~\ g;"’)fl"‘;}"':’gf’ c)'L».u c..a\.: ngg‘)sﬂa.nw)ﬂ .3)5455.)\..2 dl;_}a QWMW}A a)'Lw).) Wiéﬁ}
BEl olalisel J:“'.’.li 9 a)Lw B WT W L" LS"))"’ (HOU et al., 2004) D e ‘-".‘.""“T SOl 9 Q&A cd\ﬁ) a d\j‘;@
jb‘)&ye)bcﬂlijzﬁmt;é)wy;w]tj}jJﬁeélbumﬁhfw\uij)w‘uMJ;J.Lé.\ALJ_JCMLZ
l&fiud)ﬂyiw_}jé»omujijb 6;(13 ui)) (QUEketa|,2003) b}a..: aJALiA CML“, CJ).)J Ji.)s..ﬁjé U\J;d‘ b QT
w5 ol bl &Sl I ey bl Coamler bels iss ) el ol slgdy 5o bl s iss b
.wlwgw;_,,,Jm.wwdu,ubgu@x}a;u@go;)jw;

Ol sy (e o iy, - Y-

sl ij Sl bl s S ‘;”Mf)b o3> J?Bu“ g p"i))in Sl s cl sl Joe e ol xls =23
oo 4 Ulgei s 2l 5 e 5 o Omes ol asis (6l 55 3550 (s it S e o3lind o] Lot
Q)ybuwg Uj’)) Juj.\:u&,a szse)lu\.a‘t}.a&)b e)L..u ul};}} L:jﬁ,&jw LQKA):C;G C«.NL." u—"jl&jﬁjs éjge)‘.b\v.:}:.\u
)‘ obu.Lw‘L.\) o)'l.w 6LAJSA\)L“ ﬁaLE.» U‘i’ﬁ) u_“:\ Jus‘jn ijd ol 655)‘.14‘ C":‘"k:’.‘\"‘) e)'L..u LEJ:A‘)L: ﬂaLE.a cC,SJ&- aJalxo

S o gy 2315 0l (S o3Il slie b aslie pens |y pslie ol olOT 503y e axddS (S5l 5 Seols Jke

¥Y.



fo)'.o.w <99 6,99 A\‘oY’uL.w.o) @i 6'.044LOLw J° ‘503 6&&)&&‘) M

Sl hg, —0-\-Y

L;%LSLo J..:.Ju.a AS J},&dn )L(.&T &LAQJ\} DL U’:}) U'i\ V.@,a éf?f g;.w\ o 6)\.)544“[:3 U'iff ui’:_}) QL:J.: Lfi’-}) U'i‘
bl opl 2 bl el S (Katafygiotis & Beck, 1995) daobb R e e ) &S el
)‘ Lf‘;b &Lﬁuw‘ rv\ﬁm&yf J:LMJ}CAP-LSJLAT U:)) tJ'i‘ .u\.;ln}; ;.Qijx.}' LAa)Lw L;:-ABL»: &E)W&L—@}
cle 4 BBL laesls 5 ooew Ol a4 e la el glacoales poe (oled e O 4&&)] 2L @L”J
(Ismail et al., 2011) il axv 55 555 Lol jam 035 5 K 35008

Ik oo 55, —#—\-Y
GDW\WTWWWQl}JLﬁﬂCMlOMTwJUb)bé})cwwéujiw)\abw‘bAsg;r.wli)‘
U oagdpe s 505 oism 4 I Ysems 10 3,8 J13 2i oy s Lo 554 Gl onl & Sl 5Ly 3
oslizal Lo Kom glaesls 51 cunl (gla S5 gl sl SHM) bl codles (51 53 03 28 sba a2y, ool

.b)l))".:..: S0 db};wi C,.:ALA ce)'Lw tyﬂ\;;.\..qkjl)) ubw\ Ju)";'da

o DL du AL dble 1 b -Y-Y

B gl e ) el ot 53l e Ol o Ol g 53 DUl Led b (5 ,kS VT3 o DL
atl Jo s sl 1 ez S ol 20 VIO 26 5 ,s = 2 ¥V 2B Jsb = 20 08 i Sl gLl 5 052 RCC
WY s Ao 5 S e dde o a5l w S b Y SO O s Sl Kes Ao 3 S sl Jie s ol sl
S Coslie op 5 gy oS ol ol a8 ki ss Y an pge e 3 el s Y 51 S a5 wY 5 e
ool @l b O g des ot 0 pdoee lil Sy 4 S0l SVslee - gl 0l o ss e 4 s
SLajm e V0 ol s e Ll ol aw spde o Ges (Y 5 JK8) Wl (ilwarnS Glamio [ S a5 ler
33 e o KA 4,5 55 A il 5wy 51100 s e plI s s sl s 38 S s ol
A s S s /Y Ol s s JSLLISS YY) etV Jade 5 caSle 2o p S5kS Yo J slls 0L A
Sl s B 0T Ol o 5 JSLLIKS Y 0T wataW) s a0 2 p SRS VU s i S IS

Ao S eslanad oy ol = Je

by Ol o 1 0,555 aw cpl Al a3 8 5 03 ba g SonBse bl (sl osline SLPGA L cilises adl 5o 5,555 4
s S b oS b= PGA<0.4 5 Lo ge lx 0.4<PGA<0.7 b3 s PGA>0.7 & ok codls st mlas ans @
las OLL do o&ale (gl 5 sl 3l 5 VAV Lo S Wd5 5 YooY - oK) 5 ol S 565 5 dw shaa ol (g S
S5l 53 5 gl PEERIAS; g Slalllas 55 50 ol 5l las, iS5l Slodbl s 4 8 i s (F) IS
il ok Slallas s WO 1 esliad 3,585 03 saete Jo SIS 55 bassS, bl posas sl 3ls esSU

el 035 e g a5 BB OUS

vy



Ry ey il sl b Loy sl slojlw cuodlw (sl

Sode> g 03l30bol

Losler 03 cnl Lasis gla s, 3l glaodt =) Jsir

Table 1. Summary of damage detection methods in structures

[FYSNEPRE VISPV

Ll Fas sl

H-:-‘-‘T u‘a"—u u:'}J

29 e Bl 5 g4 S0

b gl slaesls 4 5L

‘Lajf.w;-caé:s\.!;;mﬁb

53 Sk sl 335 Je w31

‘ﬁ'ﬁb LSLAQ""’LSJ'% BN J:‘:""

JlﬂW})}A‘J‘Q

Sl eadsl 335 Je 4 5L pae
Sle s IS Sl Lasis
wdome lodde Ul 5 b b S Sl
el gl S 33 asiis Wiﬁpéﬂg o bl
b S s ek s
b 53 S5 ble aile) o5l
(s

WT N

ot Slessssa ol ol Sla eyl angy (pmess

éuw 6.} wL.A 5\.&5};»‘_)[:1 )l oalail Lp <‘_$_l‘j:.a 4L;.".>=~« Ar)?)

2 sl b

J\J}»J.:L?J

2 s b

2 sl B

)<” “4 L

S sl gl gsluesly oS s
) Sl ol ngcfejl.ljl slaesls
e Ll (s p il -
w-\._ea:-: Ql.wubuau)\.:., ) ugﬁ&w rJ&J.:J:J Lg)bal 61-“‘&))
- ~ 3 Oty DB S 5 ecoalad
el bl Je 4 Sl s b SBL glaesls s ()
_ _ ) o3l el SIS s
‘azl.a'.:wl:)j.,:‘)i_xfjt‘,jﬂ\.!;;{:ﬁl) Ol o S sl sl el s ) Jels sl
_ _ i e (s has B
Lhﬁ}b\.,\:d)ﬂ};mwt.w.} ud&r&)bw‘ . d&?w
(&\}a
IS Jebos sla i, 51 slaweds =Y Js
Table 2. Summary of signal analysis methods
s bl CJ}E bl J:.l:u" 09> U’ZJJ
sl oledbl gsls s 5l c_ﬂ}ub o5 Lads a8 s
3l e S 55 b Sl 9o Sl jasis o8 -0k s s
Sllos Sty B Sl 5l sl e = 8 0l Kl = iken

Y'Yy



fo)Lo.w <99 6,99 ‘\\°~Y’QL-.°) @i 6LQdJLoLw J° ‘503 ‘SLEQ)*Q‘) M

O Goli iSRS s -) IS OB RS 5 eSS 5 e Y K
o, [
(o &5 petatoiame i a it [
Gof "7 777
-n
A Eo
/, ' '
, = g S,
Eo & . : . /,:
Bz i ol
’ & i 3 .LIE°E
3 ’ 1 g '
,,JH‘)E" ) ! JA-d)E [ ) A i
' i _—— :
2 el e € i E‘".,
e @ 1 =y - & &
Fig 1. Concrete compressive stress-strain diagram Fig 2. Concrete tensile stress and strain diagram
(Jsb adl sl )5 bl ls i —Y 1SS
A B
PGA=0.8) r o5 5 (PGA=0.6) L. 5 ,
[ o0&
0 . 04
a =
E ﬂj ‘é‘ 0.2 4
1 " ! E 0
¥ 3 024
Lo E 04
] -0.6 1
-08

DA T 0RDABYENHEDE RN TR DU B DS 002N R

e Time (Sec)

C
(PGA=0.35) , =0l 5

EL s2am0 Sanhiisks

azzesssation (g)

?;1 al F;,x 21
lire [Sac)
Fig 3. Earthquake acceleration diagram (longitudinal component). A: at Bam station (PGA=0.8); B at Koina

(PGA=0.6); C: at Elcentro (PGA=0.35)

Loy y s -7

\/O )‘wﬂudﬂﬁﬁﬁb))c&;&?ﬁ")‘wwlo@w;jb)JMe@bd\fd\o))Jb-cb.wm

)).MJL;G o.}\))|‘)—;c\.wu~u;)jwﬁju‘§4l.w \ )\dy&k}ul}- LS\JJWJ)JL;A oJ\))lJ:? )_W 4.\.&1[.’ dK.«lliKﬁ

Yy



..... 9 g, il eolaiwl b (S gldaww glo jlw codlw Sl Sy g 00l 3ol

sb)y s ch.a —(r-t A3 Jae =YY

ol &8 b BB @ a5 L 5 03 8 s 5 s S gl 5 5umle 08 25 5588 2 (8) JS3 Gk (Je 0l s
S5 S5 el Sl e 5 S A sl 55 V/0 MPa I NG 8ES 25 S glal 5o 5ol s (Sa S S
WA pgaze 53 & W38 slgly 55 mu A5 ) a0 e Wb Sl S B s s S gl
3 S sl e 8 S

L i b go -1 IS

A B
(50e /\)u,i;.T o5 sls (sae \')gil’&'l’.‘ 558 sl 5

Fig 4. Sensor positions based on the stress contour (A); based on displacement contour (B)

b gin s o —(Ly o5 d315) pys s —Y-F

i 1S o U8 s 45 b 5 3,5 o e 6k o 5 sle 035 25 58 g (0) U2 o Jte ool
S35 S 5 il e 4y s 5,5 o 3 10 MPA S| VL 23S 25 o sl 3 535 sy S5, 5
oSSV faeme 534S 03 8 sledy 55 me RS A il s e Wb bl 45 (B 3 e A sley

s S slet

L&) W‘ M" -~ .‘}A_o Jg.:
A B
Gae V) 2 5558 sl Gae A) ol 558 lue 5

+
- +
+
+
+
+
+
7%
+
T
+

\
L]

\
i
+

Fig 5. Sensor position based on the stress contour (A); based on displacement contour (B)
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Fig 6. Sensor position based on the stress contour (A); based on displacement contour (B)
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