a9 R - (sole alzo
C W yd—o (3 o

WWAY 5ol ¥ oyl (e, 0590

s cuwtloal

SBUYgy 4 (o JI9 9 o Sk (lai )l S Wl S auwslio
S 9 599

"<l t ool “L;J,\sl L, fzé\gl.n.a KV 90
Dlghol Slidos 5 phe Aoty odhal 15T oIS Ol o urdige 5 8 =)

‘L')ljgj o&ils ‘Q\Jw e o dSES]s (s L;Laa)&.i.ll: oS -y

S_maadani@yahoo.com

QYY) B dy '@,u

AN il s fu sl

L s alin avdin bl o dls 5 5 ad e 5l S ol 55 b 5o Selys Olaascin (yhagsy wlﬁ-@u\ﬁf—?
.C,_.u.c.x_i4._.«.\'.:\.:“}w)ﬂQT@u}cMC.ﬁ;w\hsh@&bﬁ)\&;_ujiwxg-C@\Q(Q}L&hd@w;djf@\ﬁ
Jﬂm’jilgdb}_au:.{l._,eﬂ(al_.?dl)‘\yl;-@l;d&asﬂu.g.ﬁ\a.ud;\.b—le'b‘-;))ébe.uw)ﬁkguﬁélqﬂjhw

sdS aad e dlalas ba b cpl 5l S (Sels oS sy, e 3 Ol i plef g 5 Wl g, O35

Ol 0dE ey Oy o 0oy 5 (Kt Oleg i Sosline oy o3 55 3 cConl atu sy s 4 O glawl

b, ol gla plals da b & gl el a4 ad e s Jlasl ‘5uJ§;ﬂ;:“§)i>,:§ Olen (6556 dumlin skt
gM:w UL-:«J c.LZrl:u‘ éuw)j. )‘ J«él}- C_LTJ :).\.Zw wwg.};ﬁd.hbjéj;c)‘k\ MiL_vﬂLvJLaJ‘JN)JA pgéf B

j.gl._; (g oseVl GlaSidl s> s b s S 5wl 4 ad o Jlall iwst Cudo dile) 2l e saalfasS 55 (65,0 sl

O 53 Laal 00d (8 fpmaman 03 domn 5 iast ol Slasse ohy 0 ojle lasse L3l OS5 s 55 o 55 LB

.:}J@U'Lw dlﬂﬁ:mﬁéﬁiﬁcglmzjJ;u)lduuglsgﬁamﬁﬁuamz%y};

s G b el asme Lib ) (Solus Slasie (SOl OB 319

ol s el Konp 0T 6k Sl ol b ad e
B L e P e
Ollles ol Jl- s s e oile  Salys Olasiis
Do past 55l b o a5 i
3l Slodas iz aS Cl as S Do e b Sols
Olasein js il Sl oy an by e Olallae ol
Slalas sl e el Slael S e

YAQ

dordo —)
Lo gl s (b 5o i S 51 S
LSS 5 Shes o35 4 0T (Sals 3 Shas S50
e oSS o SIS 53 5550 el il Loy
b s 4 Sl iy Caenl baal s A S o
2 (Cade) (6158 Ol o pate fos
s gy YLl 5 Lasl ST ps ~lb Ol 5o el



\yay }:.lL; /Y bJL@.& grhb)LG;; 092

LY Ol oe wﬁ.h}};—w.kﬁdm

2t ooy 58 ey nl Ol (S (Seles Slaiie i
Loy cnl s (Soolus sla0sa3T ool S5 4 p3Y
b S Oy ase Slal ) dlsge Jilesl 3 b«
350 loddalis gy i, opl 4l sbawl 4y Col
A3l el ol Sonlos 5 o wtigs Olanasi
Laios o=l g el pd o o103 50 B e DS
3525 (AN ol o e Sl (sounis SNl 5 S e

5,ls

dfllao 3590 B (Ao -Y
30bL —olgial ol 55 Olgdol G5 (6 20 kS YY s
S Ui s ss 3 gyl wbiasy So
il 15 sG55 g dls s S ad s
o wlas b o8 ol wlas 5 glyls s | ol 51 S
ol gl s b ol 5 S el 0L Lol
Alae b 5o 530 I8 L5 Caan 4 C3y s j3 &S
S e 53 3 Jo A Al el s L
s ol 53 01 51 5 cul ol axtlu o3l pwen 3
(1) IS 53 o8 @350k 50 a0l " 1" el
3 3l i a3 b 4 el 0l esls LS
SVl GlaslSass S 4 aS sl ol dlas
S Lol el a5 515 oy il 5 5 S 6,
Sy 53 o ymadt dm (S5 S ISt Sl a
Sl Oy an Aol o e Bl glag s
) LS 5 al b b pmald ann gy LS b aie g
SR o Cl sl atle (I8 SB Slas o 50
Gl 53 o sl 53 AT byl 3 5 sl S
I cnl gl S cndse 5 0SS wlas J b
Slasin () K8 5 Ll L owds Slasiia (V)

‘4.

wlas aw wd LSS sy (Y00V) OLKes 5 Mertlich
03 S oS 4 S das e LA (e3Vsh 5 Ak e L
|y il gl S 3 Wl e bl esles (glaolSasS
OIS s Fayyadh [V]das —oxd doys YE a i
S35 = g Shlasl slonil 5 aadllas Ly 53 (Y01Y)
Al 2o 0 S el eSS éL‘“‘ Slasis
o S 35 Caale e lad e (S 5 &S
Ol 5 SUb [Vl LaelSa ST e O oss
2 SV sladl S S5 s LS (YY)
Y158 o by AL b S (Salys Slasin
GlacSadl a4 als e OLES a0l axlllas =l
J= b Gl S 5 s ok Csl S (e ml
Shs a0y e sa 3 S A sl
5 Carvajal A3 sdalice o33 10 L5 250l ool Laol
e il gl sesl plomil L 5 (Y+29) 0llSs
BEYSCTS PR P S WP PR I P R T
Sl Al e Ly ol e S 5 03 as il s
B e STk L1 R Epp R BN
(S8 Ol ol e Ol s Jols e Loyl 2
SLa LS b sy OF L 5 Lo ol a3
Gl ol 55155 (63550 Clalllae &y s s b fy b
sdpll S5 LS 51 (S w015 e WOT s S
oLl (Y++9) 0,L_Sea 5 Magalhdies galvy 4
[o]s 8
Al eSoalgs slad gl plol SGS & andllae ol 5o
35 = e e (Sl Slasiin 53 A8 Ll 2
Salaie (63, sl i 5 LSS s (glyls a5 alas
o @ 5 S5 s 2 se (el RS 4
b il piman ol ods 5158 Wl pl s e

_)—’(Ji ‘U__li d_}ﬁ\ﬂi uT)W r.\&/)_’—.&) 43[}'3}) OJ}.’



0‘)@}&.‘#-\:&“

e U RUY IV LIS TR VIUC-NS | PR Iy Py PR UL 3 [P PO L g P )

03580 =135 1650 1 1650
vl “o o _ T
! ' ! H ! ! ! st | g
i i oo i LR 2=
| :
' 1 i T ' ' ' U T e
e R 290 ~8047 A
g ¥ 7 S =
225}23\5.:5 i PRE SLAR iPkE SLAE EPRE %:203 %:E}Eﬁgﬁi PRE Slﬂﬁi FRE SL%%{E?}EZS&@ 5—130 Z%DAHQ) - =
r
e A aE L o
S 20
£
T T 5 T —
40

L ey /
e
7 7 7 -
5
0 250 250 ‘ 230 230
1100
Graostbo aslal) wus | wdis Slasein (V) S
T - 910 1 i 1650 1650
p— AR
Lq 50 é % llllllllllllll R o e e e
i =140 *
B L gl e z
E g IIIIIIIIIIII
l‘ i o i S i o e e L e e
840 ‘
(e

e sl s b pwds Clasiine (F) S

Y



\yay J'.ﬁL; /Y GJM srﬁé)l.e;: 092

u"‘)"‘\“.ﬂ}“’ w:-a}}g}—ggo.l;n\lm

;

= - -

I\
.'I\JIII[J\IJ[I\II[lI|I[J[I\JIl\llI[IIINH/IJI|I[J[I\III'lllI[JII\I'I\JII|[1II\IJ\I‘

el bl ) o8 s o 55 n dlage Ghlesl pladl (S8 5 b Sl Oledy (8) JS5

Doz b gwlol —Y-¥

Seslus la o3l el ol SBlal yasiie 5b o
Clasie alis )3 OlpS oo ) Al J 4l e )
035 (b Sl (e oD 5 A ey (Sl
Sl aalas 503l Sulus Slasiin i 55 albtsg,
o ol an el S slaelSasS s o5l a8l
5305 ey ade 6o el sl pl e s S
Silesl pll b Olesen Jsl alm o 3 0y D g0 i e
ﬁj-_gu:iujp;u}f.urt_?awu&_éw,
s S 35 S ey Wbt gy & Sy plnil il
Vol el 53 s g el Ol elss ( (Si Jlu
A aslid ad e b a s (gladl e e el sae
S oo w S 5 bl Slbl s ad e oS bl
S35 3 L Sl S ol s el |2
DL, Bl el BLE w5l 505 bd S 5wl
Al s La0l (5)l,8 (S8 5 a2 e 5l 65 3l
Sledr (S5 5 Jlasl ol oo (0) S
5 &ujiﬁr@| Jsb s das e ol |y b S
el e S Ol 4 (0) ot S

\ay

l.asuf.glojT plxil Ol > -
NS b haleT -y
Al o s ol 3 eddan § L s Olial 4 a5 L
sy Si Oy 3 o5 Jlsge ST el Ul
S i 20l alta g,y Ol opl 5o i dy el
Slaol s 5 cils 1,5 JlaKas Lad 53 b
ooy 355 i 31 e Ve ) o ol a s )
AV olSaws G 31T pbnil Sl Al e cnl s 3y
L sladl e gmmmoled 312 0Y 5 (Salys LIS T
$l— (8) JS—2 silhae a S eslin W1 £0.001 g <35
A eslazal c.wul:..z sde Nl alas s e Sl
2 e yat 4 gl ol pS e 5o B Al L
Ol ;o 55 (615 b sad Oloy ke (il (sla SIS )3
ERRL NI

5l s Slals )l el gl b bl ol s
B> Sl e 5 o G Sl (6 S sk
Sialesl 0ley codie Jsb 3 sds e 58 Yoo JUIS
oo Jm 3l o 4l s oS > s

RGN PR g - S TRT- g o1 . S P VP NG SR W



OLKer 5 (Sdas dons 225 oS s s dls g sl Sl eSS 5 s lie

dB | Frequency Domain Decomposition - Peak Acking B | Frequency Domain Decomposition - Peak Ficking
Average of the Normalized Singular Values of Average of the Normalized Singular Values of
Spectral Density Matrices of all Data Sets. Spectral Density Matrices of all Data Sets.
18 T 10 T T T T

- | Il Il Il
150 5 10 15 20 25

Frequency [Hz] Frequency [Hz]
Olginl Caans 3 ol Glas &0 b g o o i Coos) e B s Sl e a4 bgy e ui.il.aﬂ slaosls oled ilS )5 4 Sls s (V) K3

(QL@.@\W}\(U; wlas 4y by e oo iCoul) S

ARTeMIS " I 3lp 15 (gelows 4y 48 s 53 g el ol (55 Sialesl alie 5 baesls o S8

SLaS 5L 5wl 4 ulo &) 50 [4] "Extractor 3.43 Aty eilesl 53 5 bl Olos 53 ol S3a p3Y s
A bzl Lo s Loys VUV L (gladais Vo VE 030lS S Sl 01 Ko (6l 5 55 05 (13 0 g0 S50
ISzl 5 mlasl ol 5l ol Jlsge (glacaS o s S e A ey yae b gas il Jse b a S
V) 2 5 () stz 53 o5 4 Lol b blise (535
3Bl 5 3 eslial Ly caalsl 3 el add sl Ll S9uxe (Sl Sl w9 311 -
5 awdin ool b opl 5sdme gl Je ("SAP2000" d9uxo (Sl == (Gl S 9 Sulboil b —1-¢
A g b et 5y ke s el R TUN
JSE 5 () sl 53 spdime il Jis Jolos s 70300 b (B3 i lasliged (U 5 il

sl ol 0313 OLES (N) J@); ol L ble 6540 B SSE Slp s ) Y Ji ool sla

Vay



VWA Sl /¥ ojled conssler 6595 e Ol (a g — oede Al

oo s L ssdoe glial Je 5 dlsge LlesT 5l Lol Salus clasein (V) Jodr

Olgdnal oo 315l ilas la3loleinl o Sl s las Jrolas] 850 OMastl | s lS 3 =W

3400, B A}AJQ::

(Hz) -8 3 %) 2o (Hz) .18 5 %) ol e (%) Silas] =5 5[HD) 3 s 5l Jd
Jsl 550 Y/YAO 0/0EA /oY £/0VA V/AY VAo et 35m d]
£33 350 4/48Y Y/v4 4/4Aq YVo —/y /YA o 330 o)
pw 0 \A/E Y/VEQ YV/AY Y/ -Y/04 RZatts i 356 e g3

e
R L C L >
Jal s £33 Lle
o 252
D e e e >
Jil atas {3 4

o bt 5l el e sy ol @ bt e a3l SIS Sl el (535e JSIIHY) S

B PLOPoN pss 3 pa 2

o s sdoms (gl Jke ol S sdal oy (6350 JEI (A) IS5

dB | Frequency Domain Decomposition - Peak Ficking  dB | Frequency Domain Decomposition - Peak Picking
Average of the Normalized Singular Values of Average of the Normalized Singular Values of
Spectral Density Matrices of all Data Sets. Spectral Density Matrices of all Data Sets.
10 T T T T

10 15 20 25
Frequency [Hz] Frequency [Hz]

lsgy ol 0l o il (G wlbtag, [Kast ol cails (il

|
5

Lt b by se il slaesls peled wdlS 5 4 5ol gal () S

03 ey e QL L SialesT slaesls 5 S9uxo (S Sl Jom 9 &lo)T e -r-¢
Sl 5l g S B SSE ke 4 50 e 5 0l EYEC 2 )
el 0l o3lital Sl san Ao s VUYL (gladais Vo YE s slajlasel 5l ol 85 glads (1) IS

1a¥



O‘JK&A}&M.\:M

S5 9608 S B, 4 s g S b s Sl sl LS Al

Sl b s sdoms Sl e 5 s g JilesT 51 Jols  Salys Slaseie (V) Jsi

Wby, (S 0ley s phlasllabes gy ol Olos 53 rleslsl il 3 Odesdute 53 (WIS 3 bl Slasl s 350 S

5}» a;l.«.f- -

(Hz) I8 3 %) 2l | (Hz) (6563 | (%) ol |(%0) (aabesl Cu (Hz) 3 gdes (gl 5] el Je
Jsl 50 AAANY 0/04A 4/ AY A/EVO AVARY YARY: s g0 )
p33 34 V+/00 /AN VoA VY YVEA 4/AL0 s 350 sl
p w250 \AVAAY \/VEV VY Y/OAV Y/0YV Y /AYY S 338 a9
ol 25 \Y/0 \/AYY YA Y/0AL /A Y /AAY sz D48 (e s

ﬁp - SN

’ “ Pl e - -

Jﬁk&w)ﬁu:iuj&gtj\ ol 4 e (6350 IS (V1) IS

Ly sdeee Sl Jde s 51 ol (6550 IS (V) IS

Sl Joumo 9 s bo3T s (Kot -F-¢
394

Sydses Sl Jde S35 oy 8l (V) alasly U illas
Uye sz Sl @315 3 5 Shalesl s 5 5L s
dis b 5 bl 31 ol (5390 sla S8 Saman
(MAC) ' (63 50 Olizabl sdiamtlis jlns 3l 3 pdme (515
I ]S eslizad

|{(P}Ei {<P}Fj |2

M
[{o}Ei{o}e: | % |{(P}Ej{(P}F]' |

MACG,j) =

1- Modal Assurance Criterion (MAC)

RN

e e s bilesl ol plmil 31 ol (g3de s
U:;’)J a MJ[:'—JJJ Lﬁjfl E) ujl.w&.&;— QLA) 93 > e
o age g Blas ol pslie 5 S5 05 3 4 S
(V) Jsdr 0o anblispgy iS5 o) 5o a2 S
S5l deol o5 ISl 50 (V) IS Ll s 431
yle 5 5 eslinal Ly calsl s das o OLES Sialesl
maid el by ol s st sl Je ('SAP2000"
sl 5 635 JKITONY) S S 4y b la

s e 0L 1y g3ledde cpl 51 ol ol (T)



\yay }:.ll.; /Y bJL@.& grhb)Ld;; 092

e Ol (a g — oede Al

Sl i ol s 5 s SKees SIS
ks Blod 4 o ds 5l alas e oS el 0 KL
(3 Jl 5 4, LS s pllas Caslis ol
(1) Jsdr s e ol 05 wlas L sl [l
b Sla LS B slie s Sl LI 1 OLS
33 esls o ol ssdses gl e 5 ilesT 5l Lol
Juce 5 bl =l Ol OVl ity o as
Blas 3 b 5l o s A Sl eSO 3 5dee 5152
Sl Jioe 5l ool (6350 SIS (F) Jsdr b U
@L:;J_gé_,.la;»uﬁ‘\'\jlg;ﬁw.\_ét}_éww
alis SLS 53 g dge ol adls 5o ol OF bl
sl glaalas  Solus Slasiin s sl Solus
Sl bl byl s clie ks SO ol 3 5
Eoe S Ol o e 3 el (AL
@il ol B s s s Sl ans SO i CidS
Foalas o e slie s sladaSe BB Ol s
NGO PR
5 onbasl mls @ by e « (V) Jsitr ol alio
o83 slie cdas e QLS Conl i | s Joe
b slaais 3l an S as i ol s gl Je
S ol s b adsl glasse o3 o st 4wl O
S S8 @l wlize g ls e bl sesl el
d 53 390 gl de 5 Jtlesl il Ol SM
Sy o ga 53 5 A3 VBT G g cnl Al 2
Aol el = (7)) Jss C,u Sl Aoy VY pL@—?
3 ool s350 o IS5 Ole pslis 3olla3 as e 0L
el S5 b opl 3sdes gl o die 5 el
03 el o3 AY 51 i Bl ol S oS gl0 S @
dice 5 bl s 85 Slasita s &3l

4o (835 Olaabl slie LS 53 i | s sdeee (gl

Va8

S ol o IS el s {0 adaly 0l o
e Sl ol (9050 S0l 1o = {0de 5 ol
CF ol ol 0B kil .ol 550 gl
e palae (F) Jsds syl o Lol s gdme l| Jos
Ly dodr 5 el o 6l 25 Oluabl jlrs
M aslas o3 glyls el | ol S5 w (U'Y s e
Olsn (F) Jsir 3 splate ol a5 ol SuSC
SASG L ol bl 51 ool (5350 JISCE (Saas

g_,.w\ [ AM.;LE.A

o sla s sl (MAC) (6350 Oluabl astli palie (F) g

e
Sl s aglie | et Uil s = /8A
r}bﬁ&b}d)\«ihb Lf:“’v"ﬁ.d-"J}A: v /49
;3 ui_lbﬂ@tjwuﬂ et gl 350 = +/AA
4[5 dmn il S 5 Ul o] oy Ul 50 = 281
Sl b alie | e sl 3= /8
:;Jwébe-‘d.\.&}(sjbdl.ﬂ:md}‘:y='/q\/
_ ,_\.n..o}'" 'J)‘:y='/q\/
. SRl el el
- ,_\.n..o}'" 'C)>>y='/q-\
A' b_g.)omd‘}a—‘d.)w_g J
3 oy ol age =0 /AT
(B, SKaz 0l )
st psd 2= /AL

&6 =i -0
b e 5 sl s @ by e 5 (V) ol s
93 o (Sl Slaseia (s o 0L Col a8
S sl S 4l KuS and jles a0 B L wlas
¥/08 Laosl Olie sdsl s dr onslS 5 Vet iin
6l edal Cans ol e o Cpimmen L Cenl Ao
b ol sy 00wl bl 4l e ) Glas
3 ol 835 IS cdins s OLES (1) S gl

L deo s QA 51 i e las 5 Il wilas (hlesT s



&‘Jm‘,"é.\m.\g«v

S5 9608 S B, 4 s g S b s Sl sl LS Al

RGIUY I Vo | IS 2 0°
e SIS o 3 Oly SRy oS S5 0kes
Laad S 5 aly Suas 3 oy 00 sl 5 el IS5 L6
sl ol L a1 S BaSS wlie gl
Sk s 50 5SS e e K5 3 (0) JSG Gillas
s (alas Jpb o3 0) s Sl AT Aol « (s wly
05 54l S e sl (aslas Jsb ds )31 0) (6, Y/EY
S Gliml 5l e YV Aol ey S sy
CEs b e 5l BlE l 5 b s el 13 e
i S S (1) IS s
o=l 03 aS A S0k s o Sl ot | o8
SOy Al 4 S Jool s o 5 e e J
ol o L s S Il K s o 4
ol b ¢l o oS 168 il ol 35
e 033 5 Jul 3se oy 55 (6555 3 BTl s s
Lasge olod 5o ol 55ein st £33 330 et
Sl Sl e U 0l S Ol 54Tl S
LSS 58 e 3l e Sl AY x50 S
Aol 5l aS gl S an b oo Rl o5 4 0L
S5 et e od e Sl &l S e 5% TIEY
53 s e Wlas Gl ppam Sy OB wlie o
P o3 et glrals SO 5 LA S (o pas
wlin ies pd 5 sl Glasse )3 o e 4 8eSS
e s ge ol 3 sl 1 LS Jlal G oS
Slas ;a Glos pym s bt LA b ad e SO 08
OLS o lamn las e o s s Ll o) & slise
Jlall &8 > 5 G (5508 Calid Ll S 55 eddnd
Slse alie IS j5boas syl gk S s 1,8
a0 QLIS (F Jodzr) o | 6l (6350 Ol

Loy ialesl Galows & &S L opl ad e by SIS >

Y4y

L ol sl Jal b Bl SOl ol s
Ll b sladls
Sl @350 IS 5 (1) 5 () sl el eeli
e dasl 5 ST s o OLES 5 s sla
Ji el slasse Ll ool sline Jy 55 ad e AT
Ao a el DL Olas a s i b e
Sl s 4 (6 50 S ) N (§3U8 A lie
S b gl Ll iy 53 BT kil 12 55
plms sLasse 53 Laol Ols il 5 Codket Lol b
S O iy S sl S 4ol Al LB
Laol das Jsl 350 3 eedd 5 Ld b Ol il
el Ao p3 YY/AY il aly Jlde ) 5 sl 0ols oo
il LS 3 e 55 i sl 358 o s o
S o el LS 5l s s VENYY i
et S sy Ll a5 bl 2
OF adye il 05 5 oo 4 sl el 2ty
S G Ay a8 olie clidr s 4 s
s dsb s asri Lgsdse il 5 Sl 8
3l el e il s 4 mi el g 0L
LG g ooy Sl o3l 53 550 Ll 5 0 ules
5> B oyl e g o s b mald slal O3
S amlie b iomen S dal o il WS 5 sl
oS aSlts gy ol s S ol 3 03 (Y) Jsas
£ ad> o ys Ayl gla ils b uslie oy S s
ol A3 ¥ 3 (s ol 0le3) Shlesl
ol al (Wl St 0ley) gl o je 4
53 ORI s e s b e ples s (5131 )
(L33 0Y) st Jgl 550 53 05ug a ol ol e olie
Sbl s o STt e B e Sl ol e

5l Rl aa e Sl o Olye 4 L oslaal



\yay }ﬁb /Y bJL@.& grhb)Ld;; 092

LY Ol oe wﬁ.h}};—w.kﬁdm

J:)‘J'S/MJJOY www‘uﬂ)&))éw‘b\ﬁ
Ol spms aS b o O ol ol by ol ol
e S 555 Ul il baagly S

.J)Jc)'l.w)) S }&\ﬂﬁw‘ﬁ\

&l -1

[1] Mertlich, T.; Halling, M.; and Barr, P.; "Dynamic and
static behavior of a curved-girder bridge with varying
boundary  conditions"; Performance  Constructed
Facilities; 21(3), 2007, 185-192.

Fayyadh, M. M.; Abdul Razak, H.; and Khaleel, O. R.;
"Differential effects of support conditions on dynamic
parameters"; The Proceedings of the Twelfth East
Asia-Pacific Conference on Structural Engineering and
Construction, Procedia Engineering; 14, 2011, 177-
184.

Maalek, Sh.; Akbari, R.; and Ziaei-Rad, S.; "The
effects of the repair operations and replacement of the
elastomeric bearings on the modal characteristics of a
highway bridge"; Structure and Infrastructure
Engineering; 6(6), 2010, 753-765.

Carvajal, J. C.; Ventura, C. E.; and Huffman, S.;
"Ambient vibration testing of multi-span bridges with
integral deck-abutments"; Proceedings of the IMAC-
XXVII. February 9-12, 2009, Orlando, Florida USA.

—
w
—_

—
N
—

—
(9
—_

Magalhdes, F.; Cunha, A.; and Caetano, E.; "Online
automatic identification of the modal parameters of a
long span arch bridge"; Mechanical Systems and
Signal Processing; 23(2), 2009, 316-329.

[6] Wenzel, H.; "Health monitoring of bridges"; John
Wiley & Sons, Ltd. 2009.

[7] Ceravolo, R.; and Abbiati, G.; "Time domain
identification of structures: Comparative analysis of
output-only methods" Engineering Mechanics; 139(4),
2013, 537-544.

[8] Le, T.P.; and Paultre, P.; "Modal identification based
on the time—frequency domain decomposition of

unknown-input dynamic tests"; Mechanical Sciences;
71,2013, 41-50.

[9] Structural Vibrations Solutions; "ARTeMIS Extractor
Pro 3.43"; Denmark,1999-2004.

[10] Ewins D. J.; "Modal Testing: Theory, Practice and
Application"; England Research Studies Press LTD,
2000.

YaA

Slirl dids 53 ad e DS - L ool Gilled ol
o=l e sl e 3590 534S 5l4 g 3yl 5 5dses
o=l e slad g sy5e 53 5 o3 AY 1 s Slas
G5 Ll el o3 4 i L
Cl Lol 84S s g0 Ol Ol 5 e ol el slaansie

S35y b elSasS 5 (gyls S

S 5 4o -0
Sl bl Sl Jol Sl Slasiia = amlis
=5 e 52 G = st Sl olede 5 Jls e
OLLSG wlas Jsb ol a5 s dls 5 0 ad e Lbalice
33 o ol Ol el Csline aBasS 5 (5,0 kil s
e U 5 Ll 5 s el ! Ll 1
3525 a0l > b glaaiis 5okl o) dcdin Ol 5
pload L3 s e DL 53 (6350 Oliabl Sl iolds )l
@szzjbuél}zlJm Ol WDMLLM)A
&ﬁ:}):ujpdi_ijmﬁw)ﬁ.:)lzsﬁjﬂuﬂ
02 el SLLI IOl S 5 4l 4 Jlail e
Lyl sl col s Sl s o1, S sl 5 e
LIS 48 et oy an Cnd i s 3 S
o3 YO L5 Yl il e Sl o3l o8aST
B il et slasse b sla 08 3 slis
ol oms las g ab sla O 5 g3 V0
b 55 55 dlsge Salesl 5l ol b iomes e
CVlal aS Lt by sy, ol 5 Six
DAL G s O 5wt g OF 52 S 5wl ad e
Sl 8 3 pslie o3 Y51 i Wl e O s Lawly
DM ol aS s (a5l el s slas g b



Modares Civil Engineering Journal (M.C.E.J) Vol. 14, No. 2, Summer 2014

(Research Note)

Comparison of the Vibrational Frequencies of RC Slab-on-
Girder Bridge via Theoretical and Experimental Methods

S. Maadanil*, R. Akbaril, Sh. Maalek’

1- Department of Civil Eng., Isfahan Science and Research Branch, Islamic Azad University, Isfahan, Iran
2- School of Civil Engineering, University of Tehran, Tehran, Iran

S _maadani@yahoo.com

Abstract:

In this paper, the dynamic characteristics of two highway bridges have been extracted via performing
several operational modal tests. The tests have been performed during the normal traffic passage and
ambient condition. The first bridge studied here, the "Ziar#1" Bridge built in 2003s in the road
between the cities of Isfahan and Ziar, is a two span reinforced concrete with cast in place slab-on-
rectangular girder superstructure system with the total length of 33 m. The deck is simply supported
over a wall type middle pier and two side abutments with closed type. The superstructure is supported
by the piers and abutments through elastomeric bearings. The second bridge, the "Ziar#2" Bridge built
in 2012s as the new line of that road, is a two span reinforced concrete with in-site slab-on-precast
girder superstructure system with similar length of the first bridge. The deck of this bridge is
continuous without middle or side expansion joints and is supported over a pier bent consisting of a
bent cap and three circular columns. The bridges, which pass over the "Zayandeh-Rood" river, are
structurally separate and a 50cm distance has been provided between them. Both the bridges have
similar geometry but different boundary conditions. The results of the modal tests have been also
compared with the results of supporting finite element models of the bridges and the effects of
boundary conditions on the dynamic characteristics of the bridges have been investigated.

At the time of the first phase experiments, the river was dry due to drought in recent years and the
level of underground water was sufficiently deep. It is predicted that presence of water current around
bridge piers, in which the superstructure have monolithic connection with piers and side abutments,
may change the dynamic properties of superstructure. In order to investigate to what extent the
presence of water current in the river may affect the dynamic characteristics of the bridges; additional
modal test has been performed on the second bridge, in which its deck is continuously connected to
the supporting elements. On the other hand, the seasonal effects of the water current in the river on the
dynamic characteristics of one of the bridges, as representative of reinforced concrete slab-on-girder
integral bridges, have been also studied. In order to realize to what extent the pier-superstructure
connection in this bridge is monolithic, the actual displacement pattern of the measurement points on
the superstructure at the pier location has been closely measured and compared with corresponding
results of the finite element model of the bridge. The results show that, as far as the boundary
conditions of the deck is concerned, it has significant effect on the dynamic behavior and
corresponding natural frequencies of the superstructure, especially in the first bending and the first
torsional modes. Also, it was found that the presence of water current around the piers of the bridge
leads to slightly increase in the natural frequency and the associated damping values of the bridge.
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