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ABSTRACT

The objective of thisstudy is_to develop a system identification scheme for
reinforced concrete arch dams._based-on=sitesmeasurements of seismic ground
acceleration and dynamic “structural responses. “of the dam. Dynamic
characteristics such as natural frequencies-and damping ratios are to be identified,
and the effects of water storage depth and the accumulated mud depth in the
reservoir on natural frequencies of the arch dam investigated. The information
will be served as the basis for diagnosis of structural safety of the dam. There are
two reinforced concrete arch dams in Taiwan, namely the Fei-Tsui and Techi
dams, while only the Fei-Tsui dam is well instrumented with complete sets of
seismic records available for system identification analysis. Based on the seismic
data of the Fei-Tsui dam over the years, results indicate that the identified natural

frequencies and modal shapes of the dam agree very well with the analytical



predictions of the original design. Moreover, the vibration frequency becomes
lower as the water storage level or the accumulated mud depth increases. The
results, with compensation of storage level effect, are also consistent with those
obtained by Loh using the seismic records in 1994, implying no damage of the
dam after the earthquakes in the past years, in particular the 1999 Ji-Ji earthquake.
In addition, this study also conducts static and dynamic analyses of the Fei-Tsui
dam using ANSYS. Dynamic characteristics by the analytical model are
compared with those identified from the measured data to verify adequacy of the
analytical modeling by ANSYS. The stress distributions in the dam under both
the working loads (hydraulic pressure and soil‘pressure) and earthquake are then

investigated.

Keywords: system identification-~ reinforced concreteé arch dam -~ Fei-Tsui

Reservoir ~ ANSYS
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48 (2.14) ) ARX A7 i — 477 &
y(k) =y (k)0 +e(k) (2.19)
He ,
v (K)=[-y(k=1--=y(k—n,),u(k)---u(k—n,)] (2.20)
0= [al a, (2.21)
FhE -

Y1 (k)

k

viig=| Y (2.22)

Y (K)
He
Yo == Yn(k=2)--=y, (k=n,)] (2.23a)
u(k) =[u(k)---u(k =n,)] (2.23b)

T

0 — |:al"'ana’b10"'blnb’bZO"'b2nb""’bm0"'bmnb:| (2.23c)



58 (219 o T 6 seI 2 R 5T

frmk
T
wﬁg
=
Eo

y(k,0) =y (k) (2.24)

B ARUBLI W y(k,0) K A S Ara h A RHc T AR B A o MR BRI

v
1

o

£ %3
e(k,0) =y (k) —y(k,0) (2.25)

Fasuld k. kB0 >0 Ble(k,0)=e(k) -

S gt Sl T 2 H R I E a2 BRI AL G
1 k
V(k,0) :Ey(k)ZB(k,S)az(s,e) (2.26)
s=1

2o B(k,s) & At F]SF o y(k) B 5 B(k,s) 2 It 21 F]+ (normalization factor) »

R
k
v(k)D B(ks) =1 (2.27)
FARGAERFRERET £ A BTG L 1o g Ap g T ) o ¥

R Am 3 0 R RS T LB SRR R R fIRTERE K D
FTAATREA EE g~ o ERHIpRART



B(k,s)=Ar(k)B(k-1,9) (2.28)

Hoe o,
Bk, k) =1 (2.29)
AK) = A h(k —1) +1— 2, (2.30)

AHE % @ % F]+ (forgetting factor) » i ¥ 4 * %,=0.99 > A(0)=0.95 - & ¥ 4

LS FlRea A KPR T

iR R EL T S

E[V (k,6)]=0 (2.31)
£(2.31)7 124 | S~

(k) = O(k —1) (2.32)
P L =1

8(k) = 0(k 1)+ Ly () v (K)8(k -1 (2.33)
Ad

0= oGPt D90 239
P(K) Ple 1) (2.35)

T MK) + T (K) Pk —D)w(K)

¥ E A4S0 P0)=10° ~10" 11 4o if H T aciE B o
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MG REFHREESEZ ﬁﬁﬂ#fl“*ﬂi‘“’%’*?iﬁﬂf\ﬁ B e g
2k %s-\(%]%%%igtr BB m) > TP (222) 8 T i - B e
(5 8% £HD)

)
£

\

v k) u, k) e ou (k)]

Wity = |70 w0 o 236)

VoK) u k) - u (k)

(2.37a)

(2.37b)

0= [al"'ana’(blo "'blnb' e )1 (010 "'blnb \bog ...b2nb b "'brnb)2

T
(blO "'blnb 'b20 "'b2nb ""'brO "'brnb)r]

(2.37¢)

41 7% (2.33)5% 3 (2.35)5% 2 vhiw FEPIIE L 2 TP R A B0 o e f T B
2. p ARARFHE 5 ((2.10)2 (2.11)70) -
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2321 n R RAREKER AR

R EREIR TR F *E 3 AEm)
SD1 SV355T +1g 162.5
SD2 SV355T +1g 94.9
SD3 SV355T +1g 57.5
Sb4 SV355T +1g 97.5
SD5 SV355T +1g 162.5
SD6 SV355T +1g 115
SD7 SV355T +1g 115
SD8 SV355T +1g 115
SDA SV355T +1g 151
SbB SV355T +1g 151
sbc SV355T +1g 151

%3221 FRLR LW B RZ B Blheid B @

Nl
s Al sp1 | SD2 1°SD3 | SD4 | SD5 + SDA | SDB | SDC

%:‘
92002/03/31 | 28.24 22.5-15:1°[720.1°| 19.7 | 71.8 | 94.7 | 79.4
92002/05/15 | 18.7 | 12.3 | 16.5 | 14.8 | 8.7 [ 52.7 | 77.7 | 43.8
92002/09/07 | 4.9 | 3.9 | 3.9 | 4.0 | 3.2 | 15.6 | 22.4 | 21.5
2002/11/10 | 3.4 | 2.8 | 2.5 | 3.0 | 2.8 | 9.5 | 13.5| 8.2
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2 3222 FRREF P AR EF A2 E-RE3 RHERL

pRFH k=% & (m)
2002/03/31 144. 29
2002/05/15 127.25
2002709707 145. 13
2002/11/10 150. 75

3223 FRRAEH P RE AL 5K PR Ep R4S LR

LU 5 F&é]/‘f

-~

PRFE himgA (m) F = =4 (Hz) FELR BL
2002/05/15 127.25 3.6 1. 0%
2002/03/31 144.29 2.9 6. 7%
2002/09/07 145.13 2.8 5. 6%
2002/11/10 150. 75 2.6 3. 1%

40



23231 FR KR L8 B RLB R hERYE B

s\ | SDI | SD2 | SD3 | SD4 | SD5 | SDA | SDB | SDC

2000/09/10 | 5.7 5.5 3.6 3.7 2.9 | 19.0 | 29.3 | 27.0

2001/12/18 | 5.2 3.8 3.6 3.7 2.8 4 13.4 | 19.1 | 15.7

2002/01/08 | 0.9 1.0 |l 1.3 1.3 7.0 | 16.0 | 5.9

2003/12/10 | 1.6 1.2 1.7 1.3 1.4 7.5 8.8 5.9

2004/05/09 | 3.5 2.2 1.8 2.4 2.4 9.8 | 10.4 | 8.6

Unit:gal
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%3232 FH KA FF RECF AP ETREFREHRZ AR R
pEFE k=% A (m) Pk % R (m)
2000/09/10 160. 33 87. 64
2001/12/18 159. 94 88. 89

2002/01/08 90. 49
2003/12/10™ 4 87.98
88.55
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# 3233 KEME B RGP RIFHFAFZ LR 2 BT

i:dj ="
“Hl T = 12000/09/10 | 2003/12/10 | 2004/05/09 | 2001/12/18 | 2002/01/08
PR
& 87. 64 87.98 88. 55 88. 89 90. 49
(m)
‘— e
ke 2.64 2.54 2.49 2.40 2.35
(Hz)
FeRove (%) 4.2 3.6 2.6 2.3 1.8
%= R4E
! 3. . 62 3.51 3. 40
(iz) 38 70 3
FeRove (%) 11.6 9.4 9.3 9.2 8.2
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% 4.3.5-1 FR KR SHEIIF S84

FEBAR L
Sy L SOLID45 SOLID45
P thik 2.9E10 N/m’ 2.85E10 N/m’
AR 2600 kg/m’ 2400 kg/m’
Bprt 0.3 0.167
FREL L) (0) 100 60

% 4.4.1-1 8 ki ANSYS H07147 AR < e [14] 20

5 (17 ANSYS)

< f% [14] (417 SAPIV)

¥ - =3 (Hz)

2.02 2.09
% = =4 (Hz) 2.21 2.15
¥ = 3=4F (Hz) 2.32 2.83
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% 4.4.21-1 %2

L SlFy Ko
¥R l-sing
AL EF 1.0-2.0
ok 5 @ kL4 2.0-6.0
5 R R 3 1.0-4.0

FLERY 0.5

5w L.0-1.5

# 442125 20 55 A IR T R 2 B E

e N R #F A FRERE
I T = 0. 001H
2 2 l - iﬁ@? 0. 001H
W = # ¥ 0. 05H

S O S ) B
I T = 0. 004H
T ) A S 30 Y

W —~
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2 4422-1 3% o XY T 2 g4 225~ B2 ] BEAH4

=4 XY T2 3 4
X3 o iE YO ot iE B B -
0.006533(m) 0.001028(m) 1. 40E+06(Pa) -94540(Pa)
CEEA ) AL w4 ek e 1
141 97 44 32
)@‘_4
X sdht it X~ do) i Y hdot i Yo o do|
1. 45E+05(Pa) -1. 60E+05(Pa) 1.43E+06(Pa) -1. 36E+06(Pa)
Gl 2 G ) #* 4 a8k G a)
23 32 44 27
% 4.43-1 353 & 5 4 4 47 et
— = =4 | &4 (t=30(sec))
() X rf:a" = # (max)(mm) 6.5 19.3
Y # 4% (max)(mm) 1.1 1.4
X » B4 (nax)(MPa) 12.8 84. 3
FRAHAF 4 Y o B &4 (max)(MPa) 23.3 86. 3
Y o3&+ (nax)(MPa) 7.4 40
X BE4 (nax)(MPa) 0.16 0.2
5 4 X w3 &4 (max)(MPa) 0.145 0.2
Y o B & 4 (max)(MPa) 1.36 1.74
Y o+ &4 (max)(MPa) 1.43 1.88
Y XY T a4 (BE )H)MPa)] 0.09 0.1
‘ XY 5ot (R4 )H(MPa)| 1.4 1. 88
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| Pick & menu item ox enter an ANSYS Command (FREFT) [mat=2 [ type=t [ real=l [esys=0 [seen=1 |

Bl 4.3.4-5 kK BiE = iz
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I ELIST Command

File

]

2861
2862
2863
2864
2865
20866
2867
2068
2069
2878
2871
2872
2873
2874
2875
2876

MMM MMM DN N MNMNND®MNDNDNDMNDDWN

T e o e S S

S S S O S S =S =S

a3 & & EEE & E6E @ 65 68 68 83

ELEM MAT TYP REL ESY SEC

581
1438
576
56

1424
1427
1427
1432
1434
1434
23
1423
1438
1423
836

e o O A T

NODES

582
1338
1339

15
1381
1335

831

835
1434
1436
1435
1424
1382
1423
1382

858

1322
118
521
848

1308

1336

1335

1335

1338

1437

1321

1299

13681
111

1339
835

1322
118
521
848

1388

1336

1335

1335

1338

1437

1321

1299

1381
111

133%
835

418
111
338
1335
1336
1299
39
831
L8
849
1338
1335
1337
118
338
1335

418
111
338
1335
1336
1299
37
831
58
849
1338
1335
1337
118
338
1335

418
111
338
1335
1336
1299
37
831
58
849
1338
1335
1337
118
338
1335

Egl Z1'-3.4‘6 §F§ 1%; 5§;<§% 3?? ﬂﬁi'%ﬁ, E? H%]

418
111
338
1335
1336
1299
37
831
58
849
1338
1335
1337
118
338
1335

AR

TYPE HUM

)
ROT

B 4.35-1 HAg 7 %
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EMEEHE

—o/o &

r o?/t &
o —o—o@ %
0 T A T
(a) EfEHEEEYE BhE (b) AR LAt

7

() RENAB{LAEIZAER o) WEEZHERER

B 4.4.1-2 "5 PE2 HoRL T 7B
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e mi—
| i Modal Analysis
| [AODOPT] Mode extraction method

i Block Lanczos

{* Subspace

No. of modes to extract

{must be specified for all methods except the Reduced method)

" Powerdymamics
" Reduced

7 Tnsymmme tric
" Damped

" QF Damped

o — |

EPANTD]
Expand mode shapes

v Yes

NMODE HNo. of modes to expand

< i

Elcale Caleulate elem resnlts?

[~ Ho

[LUMPIA] Usze humped mass approx? ™ No
-For Powerdymamics lumped mass approx will be vsed

[FETRER] Incl prestress effects? ™ No

[MEAVE] Mermomr save ™ No

-only applies if the PowerDsmamics method 1= selected

(014

Cancel

B 4.4.1-3 W5 A 45 Bk &

Help

™

1

INDEX OF DATA SETS ON RESULTS FILE s

TIME~FREQ LOAD STEP
2.8216 i
2_.2136
2_.3224
2.5361
2_6626
2_7226
2.74891
27684
2_.9145
2_2188

i
2
3
4
L=
[
7z
2
o

HoHEHE KRR RR

[y
=

SUBSTEP

CUMULATIVUE
i i

=B~ B (= B 1 QY Sy LI .
-~ I B I - LB 1 (RN FU R L

[
=
[y

B 4414 HfE AT 5452
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DISPLACEMENT

STEP=1

SUB =1
FREQ=2.022
LMx =.992E-04

AN

MAY 13 2007
LR LRI

Bl 4.4.1-5 # % -l 5.~ Boii (2.02Hz)

N

DISPLACEMENT

STEF=1

SUE =2
FRE(Q=2.214
DM =.244E-05

AN

MaY 13 z007
17:14:18

B 4.4.1-6 FH K E % - #4E

na

113

(2.21Hz)




DISPLACEMENT AN

STEP=1 MAY 13 2007

SUB =3 17:23:03
FREQ=2. 322

LMx =.116E-04

Bl 4407 3 foi 5.2 W05 (2.32H2)

N

Mode 1 13.17 rad/sec

Mode 2 13.48 rad/sec

Mode 3  17.8 rad/sec

Mode 4 21.16 rad/sec \
Mode 6 27.68 radfse:xhxxwx\\\\\

Mode 5 25.14 rad/sec

B 4.4.1-8 # % -k & SAPIV H i H]
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I ansvs)

|Ei]5 Select List Plot PlotCtls WorkPlane Papemeters Macro Megu%

EECEEEREE %
—

ANBTS Toolbar

SAYE_DB| RESUM_DE| QUIT| POWRGEEH|

SFGRAD
SFGRAD,PRES,0,,0,-1000
SFE,E,3FRE,01200

ANETE Main Menm

E

nces
-ess0T
n
¥sis Type
ne Loads
:ttings
rrly
| Structural
Displacement
Force/Moment
] Pressure
A On Lines
21 On Areas
A On Nodes
A On Hode Components
e
A On Element Componer
From Fluid Analy
A On Beams
Temperature
Inertia
Pretnsn Sectn
Gen Plane Strain
Other
1 Field Yolume Intr
1 Initial Condit'n
1 Load Yector
| Functions
elete
perate
| Sten Nnte

S G

®

=

ELEMENTS Pick & menm item or enter an AN;

Cormmend (BEGIN)

Apply PRES on elems
[EFE] Apply PRES on elems as &

LEEY Load key, usvally face no.

If Comstant value then:
TALUE Load FRES value

(Oiptional PRE® at other face nodes
(lesve blank for wnifoom FRES )
VALZ Load PRES at 2nd node

TALZ Load PRES at 3rd node

VAL4 Load PRES at dth node

104973

elalsslolole ool

[ Pick = menu ttem v enter an ANEYE Commend SOLUTION] mat=2 [tope=t real=1 [cars=tl

| seen=]

B'4.4.2.1-1 ANSYS 5 4R R 4 2L ¥

I

-

e RN

H

i

(a) e # (b)%&

1))

Y e

Bl 4421232 542 #
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\., [TrEn
TE=ET
(a)

(b)

TR

(c)

B 4.4.2.1-3 1 R4 & 55350 & B

A

File  Select List Plot FPlotCtds  WorkPlane

PW}S Help

C[El%

EEFEPEEEHE

SRCITM,PRES,ADD, 1,1

ANSYS Mein Menn ®|

nces
£550T
o
¥sis Type
ne Loads
stings
pply
1 Structaral
Displacement
Force/Moment
B Pressure
A On Lines
A On Areas
2 0n Nodes
21 On Node Components
A
21 On Element Compone:
From Fluid Analy
21 On Beams
Temperature
Inertia
Pretnsn Sectn
Gen Plane Strain
Other
1 Field Yolume Intr
1 Initial Condit'n
1 Load Yector
1 Functions
elete
erate
|11ﬂlnn Nimte j

S —]

SRGRAD,PRES,1,V,0,-753 52
(SFE,P,3,PRES, 13683 56

| [SFE] Pick ox enter elements for e loading

ANSTS Toolbar N { i @
SFORADFRES,0,Y,0,-L000
SAVE_DE| RESUM DB| QUIT| POWRGRPH e

[EFE] Apply Surface Load on Elements
Lab  Type of suface oad

EVAL  Film coeff or bulk temp?

- for convection loading
VALL Load value at lst nods

FALZ  Load value at 2od node
VALZ  Load value at 2 node

FAL4  Load value at 4th node

LEEY Load key, vsually face no

OK

wls]s [t ool lo]p]a

| Pick & menu ttem or enter an ANSYS Comumand EOLUTION) [ mat=2 [ bype=1 [ real=1 [l [ en=l [

B 4.4.2.1-4 ANSYS »5 4e ™k 2 R4 LT
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ANSYS Multiphysics Ttility Menn (arch dam) X

File Select List Flot FlotChls WorkFlane Papmetrs Moo MepuChds  Help

2= TRl ) | Sl
ANSYS Toolbar
SAVE_DE| RESUM_DB| QUIT| FOWRGRPH|

®

ANSTS Main Menu @ T

Preferences ELEMENTS
Preprocessor
Solution
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
[E Session Editor
E Finish

@
3|

g
g
g
5
z

lof Elo |2 |s

bl blpklpbkpaaee|

104973

| Pick o menu item o1 enter an ANSYS Command (BEGIN) [mat=2 [type=1 [real=l [es=0 [seen=1 [

Bl 4.4.2:1-5 3F R85 4 4 B2 KRBT R BI(H £ %7 B)

ANSYS Multiphysics Utility Menu (arch dam) ) [=]E

File  Select Lit Plot PlofChls  WorkPlane Papameters Macro  MenoCtils  Help

D= a5 8 & 7| =i - Ea
ANSYS Toolbar @
SAVE_DB| RESUM_DB| QUIT| POWRGRPH|

ANSTS Main M =
wswswan @I =l &
E Preferences ELEMENTS

Preprocessor M @ @

General Postproc
imeHist Postpro

Topelogical Opt
ROM Tool
Design Opt
Prob Design
Radiation Opt
Run-Time Stats
Session Editor
Finish

alolsslokleblsa

104973

FPick a menn item or enter an ANSYS Command (BEGIN) hat=2 ‘ type=1 real=1 ‘ ooyl ‘ secn=1

B 4.4.2.1-6 354 2 B EZ KR T R BI(E 3 SAET B)

117



L) ANSYS Multiphysics Uity enn Grchdom) __ LEX

File  Zelect List Plot PlotChls WorkPlane Pepemeters Macro MepuChls  Help

0|z 40| s & 2] & BIEE

ANZTE Toolbar ANETE Commeand Prompt @

SAYE_DB| RESUM_DB| QUIT| POWRGRPH|

ANSYS Wain Men ®| . = &
Preferences ELEMENTS
Preprocessor AT @ ®

Solution
General Postproc
TimeHist Postpro
Topological Opt
ROM Tool
Design Opt

Prob Design
Radiation Opt
Run-Time Stats
E] Session Editor
[ Finish

elofefzlolelzlolee

| Pick & menu item or enter an ANSYS Command (BEGIN) [ mat=2 [ bype=1 [ real=1 [l [en=l [

DISPLACEMENT AN

S MAY 20 2007
SRt 21:59:12
TIME=1

DML =.00655

B 4.4.2.2-1 % 27 & B
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FA\PRESOL Command

NODE
1882
1883
1813
1814
1815
1816
1817
1818
1837
1838
18372
1844
1841
1842
1843
1852
1857
1858
1863

FX
-8.58306E+B6
-A.56721E+@6
-8.1585%2E+87
-A.24346E+@7
-8.14278E+07
-A.23710E+@7
—-8.14553E+87
-A.22538E+@7
-8.36282E+07
-A.12823E+A8
-8.74262E+07
-A.45048E+@7
-8.57582E+07
-A.77895E+@7
-8.83872E+07
-A.86146E+@7
-8.43315E+87
-A.93901E+@7
-8.37813E+87

1864

-A.12833E+A8

1865
1866
1867

-8.75%882E+87
-8.57925E+07
-8.77816E+B7

B 44222 FRWAH2Z X3k 2F 4 (BRE4)
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lW\\PRRSOL Command

NODE
1848
1841
1842
1843
1857

FY
-A.1266BE+A8
-A.92829E+@7
-A.13418E+88
-A.15740E+88
-A.11613E+88

1858

-A.23318E+88

1863
1866
1867
1868
1875
187
1877
1878
1159
1162
1163
1164
11'1
1172
1173
1174
1175
1176
1177

-8.34033E+@87
-A.92451 E+@7
-A.13478E+88
-A.15959E+88
—A.45487E+@7
-A.22464E+88
-A.18697E+A8
-A.12648E+88
-A.21A6AE+A7
—-a.45587E+@?
-A.58571E+@?
—-A.4496BE+@7
—A.64456E+86
-A.14776E+@7
—-A.2@587E+@?
-A.12049E+@7
—-A.78418E+86
-A.2991BE+86
-a.274A1 E+@7

B 44223 FWAHZ Y 32 F 4 (BRE4)
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[\ PRRSOL Command X
File
PRINT FY  REACTION SOLUTIONS PER NODE ~

wexx POST1 TOTAL REACTION SOLUTION LISTING »oeswx

LOAD STEP= 1 SUBSTEP= 1
TIME= 1.88488 LOAD CASE= a

THE FOLLOWING H.Y.Z SOLUTIONS ARE IN THE GLOBAL
COORDINATE SYSTEM

NODE Y
233 A, 11626E+A7

234 @.73557E+07 I

235 @.25794E+07

236 ©.34875E+B7

237 B.49708E+B7

238 B.69423E+87

257 B.22238E+B7

263  B.49784E+07

264 B.62798E+B7

269 B.56839E+06

278 B.11206E+B7

271 B.11202E+87 2

B 44223 FWAH2Z Y 2o x k4 (R?)
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DISFLACEMENT ‘ u ‘

MaAY zZ0 2007
22:00:29

STEP=1
SUB =1
TIME=1
DI =.00655

Bl 4.4.2.2-4 HFRGSHE =5 B

DISPLACEMENT J u l

MAaY zZ0 z007

STEF=1 - -
St o1 22:40:55
TIME=1
DM =.00655

X

Rl 4.4.2.2-5

e
=
i
—_—t
e
K
X
=
~~
5
m
N
T
=l
N

122




-

NODAL SOLUTION AN

SRS MAY 20 2007
St o 22:01:59
TIME=1

mx [AVG)

RETS=0

DM =.00655

SMN =.155E-04

SMK =.006533

. 188E-04 -00l4es -Doz914 00436z -0o0581
- 743E-03 00219 - 003635 . 005086 -006533

[y

NODAL S0LUTION
Sy MAT 20 2007
i Z2:03:13
TIME=1

g (AVE)

RS¥a=0

DM =. 00655

SMI =-.564E-03

SMY =.00L028

-.569E-02 -.EZ10E-02 - lagE-032 -2F7E-02 SG51E-02
-.287E-02 -.2324E-04 .2EZ0E-02 LET4E-02 .0olozs

Bl 4.4.2.2-7 R H 53 AB(Y > w)
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NODAL 30OLUTION AN
s ws
SUB = e
TIME=1
X (AVE]
RE¥VS=0
DM« =.00655
SMN =.144E-03
SM =.006533
IZﬁX
. 144E-03 .001564 002983 . 004403 . 005823
.G54E-03 D0ZETS L 003693 005113 . 008533

B 44228 FE o 4 EFRB(X > w)

NODAL 30LUTION AN

s MAY 20 2007
G o 22:36:1 26
TIME=1
Lig [AVE)
R5TS=0
DI =.00655
SMN =-. 564E-03
MK =, 001015
E =
-.564E-02 -.213E-02 .128E-02 .459E-02 -540E-03
=_3§9E-02 =_277E-04 .213E-03 .EE4E-03 001015

B 44229 FHEE G =B85 FRB(Y > w)
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[

NODAL SOLUTION AN

SRSy MAY 20 Z007
eyl 2z:04:19
TIME=1

4 [AVG)

REYS=0

—164779 —895925 —&707z 41752 110635
—13035z —61495 7355 Tez08 145062

(X #h= w)

2

NODAL Z0LUTION

T MAY 20 2007
g 22:05:05
TIME=1

EY'e [AVE)

REYS=0

DM =.00655

SMN =-.137E+07

SMX =.143E+07

—.13TE+0T -T43450 -1lz3760 23TIED -11ZE+07
-_.10&E+07 -42d6210 137100 SO3EE0 - 142E+07

B 4.4.22-11 FERE 244 2 3 AB(Y 0 )
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NODAL S0LUTION

AN

STEP=1 MaY 2? 2?0?
gl 22:39:00
TIME=1
a7 [AVG)
REa3¥5=0
DM =.00655
SMN =-.,l38E+07
S =.143E4+07
I%__X
=-_12&EE+07 -T51501 —1lZ551& 293763 J11ZE+07
-.10EE+07 -4401&0 la2le? 06205 -142E+07
LA22-12 35 5 % 5 s 4. %
- /
B 4.4.2.2-12 3 e Au %

u
w
-

B ALBY po )
-

L 1

NODAL SOLUTION

ATEP=1

AUE =1

TIME=1

il (AW
DX =.00655
SMN =-94540
M = 144E+07

AN

JUN 19 2007
15:44: 12

-594540

246006

75733 416279

5865

53

756820

927099 - 1EZ7E+07

. 110E+07 . 144E+07

Bl 4.4.2.2-13 ARG B4

126
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NODAL Z0LUTION AN

T JUN 20 2007
g 14:06: 36
TIME=1

51 [AVE)

DM =.00655

SMN =-94540

SMY =. 144F+07

.
-94540 246006 586553 927099 .127E+07
75733 416279 756826 . 110E+07 . 144E+07

A

W 442.2-14 A0S R ) E B AF(KY T 5)

m Time History ¥amiables - ‘arch dam rst

File Help

H x| & B e =1 & vore EENE Real =
Variahle List ®|

Node Fesult Item

Mame Element

I Uy_3 =[nsol(162,1,7)

(|)| | = =l

MAX | LN | 7 ‘ a ‘ 9 ‘ ! | CLEAR ‘
RCL
8TO | RERP | LOG | 4 ‘ 5 ‘ 5} ‘ e | bl ‘
IN: MEM S0RT
ABR | ATAN | i) | 1 ‘ 2 ‘ 3 ‘ = | E
INT1 IMAG Ij’l"I
NV | DERIV | RELL | 1} ‘ ‘ + | E

Bl 4.4.3-1 3R 48 AP 2 AR E(X b )

127



1
POSTZE AN
me 2 JUN =20 2007
- le:23:17
[xl0**-Z]

&

z.q

1.6

1.z

WALT e

o

-.4

LA L
-5
-l.z
1a z0 20 40 50
5 13 25 I3 43
TIHNE
1
POSTZE AN

v 4 JUN =20 2007
Ed 1o:54:38

[=lo**+-3]
L.,

1.

1.

VALTT

&

3

q

10

z0
15 5

TINE

a0

25

a0

&0
43

B 4.4.3-3 3

FHWEHY ph™ » =8 FRF 4 & (max=1.4mm)
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N\ PRRS0OL Command
File

THE FOLLOWING #.¥.Z SOLUTIONS ARE IN THE GLOBAL COORDINATE SYSTEM

NODE Fi

1882 -A.38149E+88
1883 -A.39553E+88
1813 -0.72023E+B8
1814 -A.71331E+88
1815 -8.77376E+B8
1816 -8.77989E+B8
1817 —A.81442FE+A8

— | 1918 -§_84355E+@8

1837 —@_17719E+88

1838 —A.74114E+@8

1839 —@.560292E+@8

1940 —A.42268E+@8

1841 —@.22794E+@8

1842 -A.38116E+@8

1843 —@.45407E+@8

1852 —@.45726E+@8

1857 —@.56926E+@8

1958 —@.37254E+@8 e

Bl 4.4.3-4 FREAEEZ X & % gk F (B4 =30 4)

|| L
i
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N PRESOL Command

File
e
s POST1 TOTAL REACTION SOLUTION LISTING sesescsse
LOAD STEP= @ SUBSTEP= a
TIME= 30.0008 LOAD CASE= @
THE FOLLOWING ¥.¥.Z SOLUTIONS ARE IN THE GLOBAL
COORDINATE SYSTEM
NODE FY
1848 —-B_52365E+B8
1841 —-B@_39439E+08
1842 —@_51210E+98
1843 —B_58604E+B8
1857 —@_6B858E+P8
1858 —@.79516E+B8
1863 —B.28202E+98
1866 —B.46381E+08
1867 —A_57548E+08
10868 —A_63238E+08
1875 —A.223R6E+A8
1876 —B.8636AAE+A% >
1877 —B.73906E+01
1878 —-A._54709E+08
1159 -B.18175E+08
1162 —-B.17216E+B8
1163 —-B.18411E+08
44 A A A"TOMRAT AT} V

Bl AA35FHMAHZ Y 3wk xF 4 (BES ;t=304F)
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M\ PRRSOL Command
File

PRINT FY REACTION SOLUTIONS PER NODE

e POST1 TOTAL REAGTION SOLUTION LISTIHG

| E-E-BE-SE-SE

LOAD STEP= A SUBSTEP= a
TIME= 38.8488 LOAD CASE= a

THE FOLLOWING H.Y¥.Z SOLUTIONS ARE IN THE
(GLOBAL COORDIMATE SYSTEM

FY
A.21597E+B8
A.23887E+Q8

A.40A3AE+QA8

A.32647E+Q8
A.25655E+08
A.28744E+Q8
-A.86970E+A7
—-A.92879E+@7
A.47d88E+A7
A.44855E+87
A.14774E+B8

Bl 443-65FWAH2Z Y 3 wdkxF 4 (R4 =30 F)
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NODAL Z0LUTION

TIME=30

3% [AVE)
RSTS=0

DM =.012004
SMN =-203307
SMX =196969

AN

JUN 20 2007
2l:53:14

203307

-25406 63544 152494

19089 108019 196369

» t=30 )

NODAL SOLUTION

TIME=30

Exg [AVE)
RSY5=0

DM =.012004
SMN =-.174E+07
8¢ =. 1BEE+07

AN

JUN 21 2007
14:34:21

=.17aE+07

—122027 E720032 - 123E+07

270485 - 103E+07 - 1&EE+07

Rl 4.4.3-8 W S

£ 3 SR(Y P > 3 1230 )
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NODAL SOLUTION AN

Ty JUN 21 2007
L (AVE) 14:31:16
Ra¥a=0
DMx =.011997
SMI =-.175E+07
SMH =, 186E4+07
=_175E+07 -JAETEE =1az787 EBEOLEE L 148E+07
=_125E+07 =544z72 ZEE633 - 106E+07 L 1&EE+0T
LA
@4439@»@ f@;“ ﬁ?}(Yﬁdv‘%-@,tC&Of/)
NODAL Z0LUTION AN
TIME=30 JUN 2% 2?0?
51 [AVE] 14:55:41

DM =.012004
SMN =-11Z2165
SMK =. 188E+07

-11Z165 331E36 FP4TET - 1ZZE+07 -1esE+07
103566 EEZ0E7 3364388 -144E+07 -122E+07

Rl 443-10 FMSH1 k4 ¥ 3 RBXY 6 ;=30 )
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NODAL SOLUTION

TIME=30

51 [AVE)

DM =.012004

SMN =-11Z185

3M =. 188E+07
-11Z165

103566

AN

JUN 21 2007
ld:46:06

[
e

331E96 774757 _1zZE+07 _1E&E+07
L53027 226488 - 144E+07 .132E+07

W 44,3000 AL b ¥ 5 RBIXY T 5 ;=30 £))
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.Li*"}? Ex? )i)_’ﬁ']ﬂi:? 'f'xE‘_f—r % 3‘_,;%&‘%!1/»\’}%’ 13-

&
FAEF SN A - REI LA BT

@

- N

AR o S
47 g = > 2

]

S
e ;;E&
I

A
ERE

1

C HIER P W - R R R(CR
ALl #07) s AT 5 )% JFRE L P30 B 2 5 B RS Bvid A PR IeeR I S
UL & Ao -H - g 2 AR HOSS RN E 4 2
fARESES YR BEARLTS FRIF S BF R R s B

2RI R SN D R T s RN e CL S A S R L (A
Mo d NIERIREE L TR R (Y ) B s T A 2 B 2 Rk

Y o (2T e )2 b Bde ik B PR IE ok SR {5 e

A2 £ 4 PR S A i u L 15

AR EP N LR AR R PR BT R LR A T S R
BB EEAcB A2-1()~ B A2-1(0)%77 » H4eif B B2 TR E-kd
Bdrd A2-1~ A2-2 75 o 424 & 3 BRFPEE FAEE A T 0 UL B FRRE B IR
B3 5Lz 4 5 (frequency content) - @ dE & 2 B AREGHEM)Z REIE S X
Frid o Ap s A 47 1 B FiE (7 & ;% 4 $ (Fourier Transform) » jpl =k + T 5% 2 4c
BRFRE S HAcR A2-2 97 0 HE ST o P mE P & 10Hz
PR R PR E R R TR A RN KRBT o d NI
Bird ot RIRFIEH2ZE BV PFFe 32 £ 2 WAL 2 Jrdip s 7

oo B I r koA w] 2 2 gk REF R K k2 @i S i (Transfer

135



Function) » ™ FrilIf R d w2 SRR 5 o

ié%ﬁ&ﬁ%%A#Mﬁ%*rﬁﬁxaﬁ—ﬁsz.ARawmiﬁ’u
R R4 R TSR T UEL ) SRR BER 60 0 d X RE 4
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Ko FRged A2-3 0 H S ET  FEREE BE 2 BuE S A
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24Hz~2.6Hz Ji 5 €42 2 1 B 4Rb BB (S0 5 2.65 HZ) > ot ¢t >
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LA X HEEM R 2 st 4

»REEH % & (gal)

2001/06/08 16.8

2001/07/09 24.0

2001/09/16 63.5

A LE 2001/11/21 17.3
% J}E 2002/04/22 18.3
2002/09/27 55. 8

2003/04/13 20.5

2003/08/03 8.5

3 A22 A e BE RSk A

BRET M k=% B(m)
2001406708 745. 9
2001/07/09 746. 2
2001/09/16 745. 9
2001/11/21 746. 1
2002/04/22 746. 3
2002/09/27 T47.9
2003/04/13 746. 0
2003/08/03 746. 5
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o A2-3 X e R R 22 muld %

»RFH 3 & (Hz) PR (%)
2001/06/08 2.9 17
2001/07/09 2.7 12
2001709716 2.9 17
2001/11/21 2.7 12
2002/04/22 N 10
2002/09/27 2.3 16
2003/04/13 2:4 14
2003/087403 2.6 10
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Acc(gal)
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Bl A2-1(a) = fafis Ri4ciE R PG AF(L T 2Fw)

140



Acc(gal)

Acc(gal)
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Acceleration Fourier Spectrum (gal/Hz)
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Pgase Angle(degree) Transfer Function

Pgase Angle(degree) Transfer Function
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Pgase Angle(degree) Transfer Function
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