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Structural Indentification: Analytical Aspects
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2 2dof CH3t Tj2to|Ef &3 (Aktan et al. (1998)2] Table 1)

Nominal FEM with

Parameter Nominal value improved BC and € Calibrated FE model
(n (2) . (4)
(3)
(a) Material properties o
Conerete | B and G,
Deck Stab Span 1, GPa tksi) 28(4.067) 11111.564) 28(4.067) . 11(1,564) 28(4,067) 1 11(1,564)
Deck Slab Span 2. GPa (ksi) 2840671 11(1.564) 284067 11(1.564) 28{4.067) 11111 ,564)
Deck Slab Span 3, GPa (ksi) 2844.067) 1 11(1.564) 28(4,067) .11 (1.564) 28(4.067) . 11(1,564)
Steel
Modutus of elasticity. E., GPa {ksi) 200290000 2004249.000) 200(29,000
Shear modulus, G, GPa tksi) 78 (11.154) 78 (11,154) 78 (11.154)
(b} Boundary and continuity conditions
Abutments
Xdir trans., kN/mkips/in.) Fixed 1.76E9 (1ET) Fixed
X—dir trans., kN/m (kips/in.) Fixed 1.70E9(1ET) Fixed
Z~dir trans., kN/m (kips/in.) Figed L7bET (115) 1.78E7 (1E6)
Y =lir rotat., kNm/rad (kips-in./rad) Free 0.11E3(ES) 0.11E90ED
Y=dir rotat. at the end of girder, Fixed 04E9 (3689 (.4E9(3.6849)
kNm/rad tkips-in. /rad)
Pier hases
7-dir trans., KN/mikips/in.) Fixed 17BET(1ED) 1.75E7 (1E5)
Y =dir rotat., kNm/rad (kips-in./rad) Fixed O.11E9(TEY) Fixed
Bearing pad element
Axal stiffness, AE/L. kN /m (kips/in.} 4.8E5(2,750) 16ES, 16F5, 1685917, 917, 917) | [5.78, 57.8, 57816 (3.3, 38.3,

(nominal mode! has one, others have
three elements)
Rigid link

33]E

A em*lin®) Lo Lo J.entlin 9 6.5F9, 42110, 4.2E10, 4.2E10{ 6589, 42810, 42810, 4.2E10, 9857, 6.218, 6218, 6.288
(10F8) {TOES) (0.15E8)
() Geometry
Deck slab(shell element!
Thickness, ¢m(in.) 21.6(8.0) 216(8.5) 21.685)

Mass density, ke/n®(kips/in?)
Steel girder (heam element) end spans

(W36 X 150)

AL e (ingd)

o Lo major/minor, en*tin.®)

J.oem*(in®

Mass/unir length, ke/m (kips/in)
Midspan (W36 X 170)

A mting®)

Lo Loy, cm*(in®)

J,emt(in

Mass/unit length, kg/m (kips/in)

285 (44
380 (9,
420(10.1

4.4E7
628 (1
(1655 (S

6.2(2.246E-7)

2)

040) 1 1.1E41270)
}
0.58(3.20E-5

«}:5)

500) 11.384 (3209

2(2.2465E-7)

285144.2)
3.8ED19.040)
42000.1
1158 (3.20E-5)

LIE4270)

323(50)

445005
628(15.1)
0.605 (3.7

00) 11,384 (320)

E-5)

6.2(2.2465E-7)

285144.2)

3.8E5(9,040) 11.1E4270)
420(0.1)

.58 (3.20E-5)

323150)
4.4£5110,500) 11.3k4 (320)
698(15

55 (3.7E-5)
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Nominal w /BC.CC Calibrated FE Nominal "/BC cC Calibrated FE

—*—Mode 1
—&—Mode 2
~+—Mode 3
—~Mode 4
~*—Mode 5
—*—Mode 6
—Mode 7
-—~—Mode 8
—=—Mode 9
—+- Mode 10
—&— Mode 11
—+— Mode 12
—»— Mode 13
—=— Mode 14
—o- Mode 15
—— Mode 16
-—— Mode 17
—— Mode 18

28

201 - - <
————

Modal Frequency (Hz)
Modal Frequency (Hz)

0 X ; ; :
PIED TIETD) TIEF05 VIEG5  T1E+07  1IE409 0

. . CRE+02  18E400  18E+04  1GE405  1BE406  1BE+07  1BE+0B
HOEX00)  (0E+02)  (OERON  (10E+0B}  (10E+08)  {1OEHIO) NOE+00) (10E401) (10E+02) (1.0E+03) (10E+04 (10E+05) (1.0E+08)

Rotationai Stiffness of the Spring At the Abutment, kN-m.radtkips n/rad) Vertical Spring Stiffness at Bearing Pad kN/m (kips/in |

(a) el A= vEg A% kN-m/rad () Aetutel ] FA~zale] AL kKN/m

Calibrated FE Nominal w /BC.CC Ca\.br?ed FE Nominal w/BC.CC

. ——Mode 1
. - Mode 2
N —=—Mode 3

— Mode 4
~=— Mode 5
—e—Mode 6
—— Mode 7
—=— Mode 8
—— Mode 9
—— Mode 10
—*— Mode 11
—*— Mode 12
[~ Mode 13
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Callbration Sequence Purpose

Procedure

Global Callbration In

Modal Space(Update Frequency QOrder of
Boundary and "_" Analysis to Experiment

Continuity Conditions)

Change Limited Number

of Parameters. use
several global modes
and frequencies
for reference

Flexibility Space{Update
Stiftness at Local 1
Levels)

Experimental —
Flexibility

T
Futher Calibration in To Minimize f,qugﬂe;gs(;zﬁ;gsces
Modal Space(Update Frequency Difference H seiect loca parameters
Stifiness at Local and | |  between Experiment from sensitivity analysts to
Global Levels) and Analysis maich freauencies. MAC
MSF COMAC. COMSF
+
r—'_'ﬁ
Local Calbration in ToMatch and Use correlation and

sensitivity analysis to
match ULS

v

To Verify All Critical
Check Completeness of Mechnaisms are

the Analysis Model H Simufated in the
Analytical Model

Use local measured
respones, and
kinematics at critical
reglons. Use heuristics.

BAA 2UHY AL ol
dEE A

59
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8 7 R3eeRdel SZHXNMEH(Aktan et al
F

MAC, MSF,
* (correlation

F REZGA

ols] MY HuHe ZAsH, MSFE F AP

mang et al. (1982)]
o4 A¥E A

[e]
BE f5" nefdwr) 78sty 3o 8

A 4= (kernel index) & A}8-= 9T}

.
X
Z ™ (uniform load surface ; ULS) 3}2] kel

A e REfdse HdE

&3t Aol dstdon, olze] AlRgol
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7] fsted AMRE T ULSE
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HA, FAZI ol 4 HARYY 7lz% A FFY FAHoRRE FI DHAFSF
27 §BR4RWE & 19 A28 2ok® A Ald AelE Hassgith o] WA, F7}
s goh gAwAel ngdsAel Avked g A sebE (53, AAZAY A%zde o
167) m=e] meAEaolA 669% a7t B ®ahiz Axyge BHEe B 54
o & 5 2ol RGAESAAM HE 105% A ES AHATF L3 Zady 74z 4
o] a7} s AEASAT Aol MAC Moz desdn
ghel WREAE 098elgion], ol BEH A 4 wEel RfAEFE 153 (un-scaled) X
oji 0228 ATMAHG Hol= ot} ZAgue el dauAE ddde A ’}E}Dﬂﬁ*‘%
AAH o8 943 2y|udo|Yon o] wuy) o] Boze FEEUL oyt FAHE S
A diate] Lulzd AAE AL oujsi). BERE HESHAE] AlAE T, olz2RE BY R

2k A5 =W E (unit-mass-normal modal vectors)

5.2 Zynde) AARAN gLz A 7b AE s, ol &8s MSFitEe] Alitsn

w3 Y roweel Fad % (participation level)

FA o] 9lojA] mWr AMAH (encasement o it #fAlo I o] 2ol Fr}. MSFE& AlTHoA =] %
beam) & AfF20] FArlstrial 7F FH AR 5 2 AMgsled YW 2How 2AE prwMEYde
IR EHEFEFol 4" Aoz Bgrh A 4 9lojon, Moz wYL THARFo]
(£ 19 A29). A$-71, A4 (bearing pads) ot HAas 95E 2eHT)

& AFEA AV ET o] BIERE AAH cE7g A HAY o]ojd N SHTE
e% RAGHIN )G fdmE W FH g g0 gy sossvgaiy A
22y o wHFE . R EA fg 27 Belo)dE ATE Alole] AmuAE AR5
o A (Aktans 1993 Oﬂfﬂ REEfdAzg BE th ULSY} 7% stzsielste] Wojso Adg w
TR oEEEA WAs pAReR AEFAIH  ggam ggdoln wadE Aol 2319 4
B 2Rt A depth ade azel A% 4499 DEA A Arh o] FgelMe) mHYe
g ARG BAATARARE DAV DA Giga we 4ug0n 29E A4
wdiet gETE-an HEYAAM FHEA o gagm nead sug ¢ Ao 922
Faw d7hEE dAAT of 22 CIRE o gaga g psn sxae 2A%d )
BAEAN A0 AW Bl e A0 0 o) g s dne +YRYe] Ba
2xgy dPgazZzygog $£H3le wdiel wzt s ULSSte] wglsleloma melo] AQ-m
el EFeste woh Aoebl ol BHNUL Ly oy soba 918 Ho2 Lok
chst s pler cap)Alolels MRS 22 g g, ma-gaagane A ws)
CE AR AgmHa B HALEN Ty awse gawAE 02 9 A magel
sl WA 3= FARE éi"é’c’fl Jdst & 5 Aober @SS 2hslt)

Atk 29 3ot Ao ARz YI HAEF

auzyo] ZAAEE EYASAEE TUad F9 & 5.3 gsarnde] wy Azt

A A ZAstd AT

A edgandd 3 AW HAS Es # 19 A2¥g - A4 e Aoasnd vz
AAZAT AxzAe At WA, 53 HE gtEel HelEdded, A28 FHxde
AT AHAZozRE 23 RESe Reg A, A3E e AA AN As&mde] HE 7
A7) A=E R s dhiel stetw e & S, A4Ee FEHEPo] FYPH o el A
A% (perturb) gt tigoz, AIAAZH 1 sotEl Auleltt, F 20 AFAA, AHAE H

Hatzzast mi2d M1z o 3 105



Az @ A&52AE Ze FARY, £5RF AEgASAaet nAd FRRde Zieel
g 29 alele] mEfA, HHESF, MAC 7 Age REeA, LRI FF, MAC, MSF ¥
MSFa 23 Ao 7t aor=ddn. 2% 88 ULS ®$le] ztzte] 739-o thaja] wh&zQ 2
271 1009 A&"E m=dAdEs ofd g3l M2 Btk FREHAMREe] mE 49 mz 17
T 24" 2P Ro¥NES HAFa > FuEgneaaA 29 a9 8o EFAIFNA
a9 9= ULSEExoA d¥H3y Lo fd=ER kot FE3, HEASRCQ mE 59 RE 6
e e wele) i FHS2EEH F o 747t M RE BE6n REhd Ajet
8t WMe] Alolg] ATB|AE BHFT T} gom, fIgarwdol LMy Huld RS

fexp 494 Hz frE=492Hz

exp 928 Hz

Mode 6 ',"§~_

{exp: 12.01 Hz fFE: 11.44 Hz {exp: 13.34 Hz fFE: 12.76 Hz

2 8 AEAS Y RS £7| 1071 LEaAl(Aktan et al. (1998)°] Fig. 5)
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R e I B B e
E 2 Muznlel sfMADte| m=F7F AR (Aktan et al. (1998)2] Table 2)
Impact 3D FINITE ELEMENT MODEL
Mode Test Nominal (with/improved BC, CC) Madel Calibrated Model
number Freq, Freq, Y% freq, MAC MSF Freq. % freq. MAC MSF
e (Hz) (Hz) orro with exp. | with exp. (Hy) Crro with exp. | with exp.
(2) (3) 4) (H) (65) (7 (8) {9) (10)
1 4.94 52D 6.21 1).996 {).999 4.492 0.40 0.999 1.002
2 5.30 578 9.06 0.993 0.995 541 2.09 11,999 0.908
3 7.47 773 3.58 0.997 0.992 7.28 2.56 0.999 0.994
4 9.25 10.97 18.67 1).966 .966 8.83 4.5b 1.000 1.005
O 9.81 11.44 16.71 0.903 0.895 9.90 0.92 0.975 (,982
S 10.29 11.37 10.47 0.769 0.686 9.71 b4 0.983 0.974
7 10.58 11.63 9.95 0.720 0.805 10.45 1.23 00.995 1.004
8 11.58 12.67 9.43 0.959 1.966 11.21 3.21 0.997 ().989
12.01 12.89 7.35 (.408 0.997 11.44 478 0.996 ().988
10 13.54 13.63 2.18 0.993 0.997 12.76 4.35 1.000 1.992
11 14.56 11.78 1.56 0.581 0.596 14.37 1.28 (.902 0.970
12 14.90 14.96 0.37 0.739 0.763 14.26 4.29 0.926 0.861
13 15.71 16.49 4.95 0.965 1.002 15.42 1.84 0.989 0.989
14 16.49 17.64 6.98 .945H 1.210 15.72 4.66 (0.978 1.043
15 17.02 17.81 4.63 (1.964 0.971 16.06 5.66 0.996 0.990
16 19.79 20.04 1.29 (1976 1.008 18.62 5.92 (1.9949 0.984
Girder 1 o f
Girder 2 [[ [[
Girder 3 I [
Girder 4
Girder 5 [[—‘ ‘l[
Girder6 [ ya
-0.003TREF— -
g - S SR
E = :—Impam Test ——j/
& qost - ——L—f —— Nominal w/ac‘—cc‘].
1-." Calibrated FE
JGlrdeM ‘] Girder 2
-0.027
-0.0031 & L | -0.0076
g 4 R a _
TE R Sy el R X1 &
g r?—-lmpaa Test [
0.0157 7 ‘i-- Nominal w/BC.CC | T T — -0.038
. {re- CalioratedFE | \p 4 "
Glrder 4 Girder 5 ]ﬂler 6
-0.027 -0.069

3% 9 HAsE I HelFM(Aktan et

al. (1998)2| Fig. 6)
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2|

Holil gl k= ofel (A AIF AP %
ok st AE Bgade] S &dAe AUt

508

DISTANCE ALONG GIRDER 3

k>

=

Fig. 7)

P
ass

5.5 FF TRETe) Aty
e R AZE Arre WysE 24
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T 3 AXUZE Model #12} Model #2292 2=

27+ AT (Aktan et al. (1998)2] Table 3)

Modoe Modal Order Frequency MAC
number Maodel 1 Model 2 Exper. Model 1 % Error | Model 2 | % Error | Model 1 Model
(D 2) (3) 4) (5) (6) 0 (8) (9 (10
1 1.00 1.00 4.94 471 4.68% 4.83 2.25% .98 0.95
2 2.00 2.00 5.30 533 0.62% 5.38 1.569% 0.97 0.96
3 3.00 3.00 7.47 7.51 0.68% 7.41 0.77% 0.93 0.89
4 4.00 4.00 9.25 8.92 3.53% 9.05 2.20% (0L.97 (.86
5 6.00 5.00 9.81 10.04 2.34% 9.84 0.26% 0.91 0.94
6 5.00 6.00 10.29 9.92 3.58% 10.16 1.27% 0.92 0.84
7 7.00 7.00 10.68 11.02 4.13% 10.92 3.23% 0.92 0.93
8 8.00 8.0( 11.58 12.35 6.65% 11.57 0.08% 0.84 0.79
9 9.00 9.00 12.01 13.09 8.97% 12.48 3.91% .82 0.81
10 10.00 10.00 13.34 13.69 2.61% 13.42 0.57% 0.90 0.97
11 12.00 11.00 14.56 16.54 13.61% 13.94 4.27% (.68 0.80
12 11.00 12.00 14.90 15.44 3.64% 13.94 6.42%5 0.89 0.80
13 13.00 13.00 15.71 18.01 14.66% 15.95 1.54% 0.72 0.72
14 15.00 15.00 16.49 20.83 26.33% 17.71 7.39% 0.79 0.88
15 14.00 14.00 17.02 20.25 18.98%5 17.32 1.78% 0.74 (.86
16 16.00 16.00 19.79 22.34 12.89% 19.99 1.00% (.60 0.83
17 18.00 16.00 22.76 25.94 13.96% 19.99 12.18% 0.34 0.22
18 18.00 18.00 23.59 25.94 9.95% 24.75 4.91% 0.09 0.06
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