'06 4 A7 |=SMAIY ZIER TN

GOVP1201010362

[ R&D / 0684 8ADLL |

HMAZTZ | 8 SELESE S6t
Az %"% A AL JHE

2010. 3

H

A7 |2 [ StRMT | ST A
7|E/ (F) eI =t
oi37|2 / 2{cista
reged i L]

d0 2 )
of

I

J

rok Hli
A
Iy
ix
El
O 2
N
y
T
N
I 41




oH

H

E1% :
Lo HF :
=B TAE A
<34y
1=

o] i1

2010.03

T
B

._OT_
ﬁo

L
ol

o
B/

i

Lo
G2

B

(FIRETeD

\WO
%

A7

o
BE

.mo
ol

p—

0
N

B!
on



06743 &) % & A| 200806.17 | 33
FA s S b= A g 7el Y
D14 A T 7] 7H| ~ 2009.12.16 33hd
A AN &S ALY
ST = A ¢ 7\ <
A FAHE
AATEARS BEA BRTEHE 5@ 494 o
EHEZ}—X{]UC:} T H "] = A T 5} -
SEERE: Fg Ad A2 A
| 532} A
3 oF % : o8 g H <
sﬁ'o oA 5 . 28 3H%h1;_}'7-ﬂ A5 273,000;1(:]_ A
o B2 184 o 714 : 279,0003 9
v Q) 2= = o |- . =] ©
dza9| n4s _O&%LLT o7 1 109 A 552,000 ¢
AL = : 689 AX 450004
o WE 489 | FAFH] | 71 - 5350008 ¢
AFLSE | dF 201 A : 985,0004 ¢
A77#7 9 |dFA&ATFd A
TR FAVNEDTL A g am (@ anea
2% %A 4T
FAFTEAT |4 F R AT 89
g o ST AR S AFALA TR A et
ST g agem anga A% (ZAr o)

6_‘}
[9F BIXHSF 274

ATe 3ahdedd ZA ZAE FH ofXY AAFHY UFE T3 +24, 4

11]751 FEAS AR AELE FHY EIF=E At (Concrete-Filled and Tied
Steel Tubular Arch Girder; CFTA Girder) Al2®9] H&3E HITHREE 3o
CFTA AYe dA 2 A9 AY, CFTA Ave AERY % AAFE AgE
g A%, CFTA Adxe A4, AF, #A%Y 5 #4d A &=

¥ Z 5¢ A%A
Q AFEEZ ATt ATF/NE A%, CFTA Ade] 7239 i 2 A4
122 ARG, AANZEQD L AFAY/HARY AREQD) 5 AEHE
s e vhasts

Moo | E| GATE @Y AU, oM, deluoh], Telned s

Composite Structure, Bridge, Girder, Arch, Tied Arch,

(ZF 570 o) | 9 o
Prestress




kO
12
Mo

& AY Al=" g

AL
(A
-
BN
)
tl
o
ko
o
B
e
E.%
-4
N
ot
e
ol
ot
2
o
Jz
0&‘#

LAl B3 % By

AEA BEEEok H&o] ARHI e AR, FAAE 5L o882 FE AY A =F 4 A
e 7ihE v o] A& H ol YA A 857 ofF g Aotk WA V€ FEAEY S
S8 4 e 3 L ASWMAE B3l V1€ FABEL wF] S Hags, 724, A

& ol WFE AT o] 2 THT.

Zek2 AT, PSC ¥t AN § 719 $47439 1% B¢ T2/ AZSFS A8 I ¥
Bl wE gy, AT Rx3), FUF TY EAVE JoH, SFug e AHaFe] 35 vl &
EE&HQ FAVE 2T "ty £ AT E E32YE W BT E(CFT 7=, Concrete
Filled Steel Tubular Structure), ©FX|7Z(arch structure), ZEEHXZE F-Z(prestressed
structure)®] £& 7 7238 B3 AFFY F7B A7} 7ot FEAH AR ¢4
wokopel fFA#E S AEAHE FIANZE & don, AojF7n g9 a9 FaT) of §-23 4
HR ARE VT F Je ME2E ZFE FIAT AL AEs FH02 3.

2
r,op
ffo
oX,
=
2
£
L
_vi
o

[
u
ft
Q‘L
3
=
Y
i
U
N
oo

Il eiigel g % "ol

B dFe3dded 24 £aE 34 XY FAFEY WS T3 723, BAH 2E84E
FF A7 N 2E P4 9] BT F Al (Concrete-Filled and Tied Steel Tubular Arch Girder; CFTA
Girder) Al2®l o] 2838 HFERE 3o CFTA AW AA 2 AW FH, CFTA At A

TEY R AR A¥s $3 24T, CFTA ATy 24, AlE, FA#Y 5 3 AN =5 55
AFEH AT ERZ 3, AxE AFAE &2 o3 2o



<1xpdE>
» CFTA At &4 71247
o FAAT Y 4

o CFTA AW 2152 a14 2 4771 7|
o FEHOZ A& Ho|T AAH ATy AT
o AY A2HY A5 ASAY

> CFTA AH & A4 vl

LA E>
> CFTA Z g At 2] 47 4 A2
o 2 4FA A & A%
o N EHe] AFE AT 2PLY
o CFTA At|e] BAxZZ 13 /|
o RPATY A FeAE AZS 5 A3wd Y o
> CFTA Atl ] 4432 2AE 39
o FAE AAE NP ALH wde) HEH AR
> CFTA At 9] ¢+44 %7}
o CFTA At 9] ¢tx A Pty g+

<3zPdE>

> CFTA 2 & 2379 Astay |
o AAWHS H3le| WE 3 CFTA AY A2 &2
o AE ZYPHAYPA A2
o AN E A AL AR AETRAY
o CFTA At 8] A& 2 A7 HHAY £2

»CFTA AG Y GA R AE 2 Az 17 /)
o CFTA At e A 2 AAA HE

m
=~

%

olN



o CITA At AAlZz=2 14 B¢
o FAFE AT EL TEESATE
o AR S B AHY HAF

» CFTA AYl] A /A F /A2 A (e N
o AA, A F, FA#E AR () A4

o FAR HAE AT HAAAR A4

e
re
1
=/
1122
o
b
ofN
)
r (o]
Ja
=]
o
N
sl
—
>
Al
lo
1
oo
[
fil
£
S
of
w
34
T
ol
2
i
2
Q
—
>
M
anj
Lo
fol

J

#E 3k

1ol A E CFTA Atie] 44 §42 2937 98 A7 £9she] &= 0l0 v)
2170 CFTA AW S 842 2HSGT, CFTA AW AT 8 2 2AE LS Fh37 98 7]

Ae, 12459 2745 v o2 CFTA AY Y HF A A1z AAMH S 34
Aol whe} 25 me] RPw S AR YA FLS CFTA AT AlF
A& 22371 95t A" ATyl whet A #st R o,
FANARE THEA FERENAFLEAN AT A
AR BHUFE o] 83t B - FHAY R S4E ZAME AAANAE S FHAoH,
A3 AAZHE CFTA At A%l 44 4 FFass oA 458 Aast FALSHA AF S
S ATToEM AA e A28 At A7 F424 " CFTA A9 A28 ¢
A4 BAle #AsHA g the AM S g8t
3RAPEAME, 1,230d 5] A7 ERE Hlg o2 HEHQ A7 HA Y BEXU L3S 9%
F3Q 97 E FAIAG 3AIEA = BHE AANHIG ATl whet AERY AFA|
128t A A ALY 2 FAAFEE S A3t CFTA AT A3, 723 ¢33, 27
AZToEZN CFTA A7} Au o] $£3] 4871538 J.-§H o2 A% 72
gs AT B 53 At A HE], 1IAAERE FP3-L CFTA Aol s -5
o U ANHA HEE GEYon, AEZAAZRH F& T F2FA AR FA7}
F3tFel o3 TR FAE gle A Z HRIHATH CFTA Ati 9] 48315 93] A4

>
o
o
o
Y
olN

ol
ob

=
r-'-' ﬂ-Lu
o

kl
ri
H
mt
o H
it
2
&
)
tlo
B
52
0

.

i
J

ooX
£ B

(o)

o

L

3

[l

juiA
o
JE

r
o,

A
lo
)

°]



o} FAE ARFHR AFZA, o} A7t A W3 AA V|FE0) YlE BA ol ne} FH 3 E 7
o] AedZ A g BAZ|EE A ALH 17 AR g AP E HAFIA £33
FA M= 4838 A% FFFA ATFEA VE/LCC ¥4& 53 CFTA A BAAALE &
Aslgom, B4 A7 ZRE CFTA AYr/t 247 23] AAHolx u]H oz 543 tigte) &
T ATE A& FASA. FrAD 2 2, CFTA AW 9] A L AT tigt dZ5FE F2L &

B3] Astel AAZZE) R ANB/AR/fABE AWERHE AHFHFOH, <
38 Hg0.2 CFTA AW %78 HEVDE E2390.

R
3
©
2
Y
)

V. doig e E2EAHE

CFTA AH ¢ 2&38E A8ty & 3xdxe 24 #3889 A7/MLE T3t A Y FA4, A4
AT AY, AR R AAAL L AF, AAZISQ) B AE/ AR/ FARE AR (’hY
4T ATE 2 AT B AFNEERE SAE A7 AT AA R ATl #dE =3

= CFTA At E & A&l oA 2o g 71exd A dd &8 Aotk 53], & I+
HFHY 53| CFTA A9 483 HF 2uFol 837 A7 7igA % =8¢ 71&

w o

_iv._



Summary

| . Title

The development of new type of bridge girder system taking advantage of the efficiently

composite structurizing of structural construction materials

II. Objectives and Necessity of Research

The development of bridge girder system by adopting new material or composite material
which is attempted to newly apply to construction field is hardly adopted to wide and efficient
application in near future. Therefore, it is natural that the development of bridge girder system
which can minimize the weak points of existing mid-long span bridges by maximizing the strong
points of existing structural material in terms of shape or material arrangement should be needed.
In addition, new type of bridge girder system which has structural, economic, and aesthetic
efficiency and easy maintenance is needed as well.

In case of existing mid-long span bridge such as steel box girder bridge or PSC box girder
bridge, problems occur in terms of the efficiency of material and construction progress, the
harmony of landscape, oppressive feeling, and etc. by increasing span length. Otherwise, in case
of special or very long span bridge, problems also occur with respect to cost elevation.

Therefore, in this study, new type of bridge which can maximize the structural efficiency by
combining the concrete filled steel tubular structure, Arch Structure, and prestressed structure is
presented to make long span with light weight, structural stébility with small amount of material,
and maintenance efficiency with easy method possible. Besides, the additional objective of this
study is to develop bridge type which can reduce life cycle cost and harmonize bridge and

landscape.



lll. Contents and Scope of Research

The final goal of this study is the practical use of new type of girder, Concrete-Filled and Tied
Steel Tubular Arch Girder (hereinafter CFTA Girder), which can improve structural and
economic efficiency by way of prestressing concrete filled steel arch girder within 3 year study.
The detailed goals of study is the establishment of design and construction method of CFTA
girder, the actual proof through the full scale test and particular test of CFTA girder and the
deduction of related manuals in terms of design, construction, and maintenance in CFTA girder.

The following are the detail objectives and major contents of this study in each yeaf:

< 1st year>
> Basic study on the CFTA girder
0 Collection and analysis on the related design and construction material of
composite girder
© Establishment of the design method which can satisfy existing design code
o Study on the analysis model considering the characteristics of constitution
material and shape
» Study on the design and construction method of CFTA girder
o Development of the reasonable analysis and design technique with repect to
CFTA girder
© Study on the structurally efficient and economic construction method
O Performance test on the CFTA girder system

» Analysis on the economic efficiency of CFTA girder

< 2nd year>
» Design and construction of CFTA girder models
© Design and production of models
© Model experiments for the verification of interpretative effects
© Development of design program for the CFTA girder

O Establishment of construction methods and verification through the

_Vi._



production of model girders for each construction phase
> Establishment of detailed design methods for the CFTA girder
o Examination of the applicability of practical models for detailed design
> Safety assessment of CFTA girder bridges

© Research on the safety assessment methods for CFTA girder

< 3rd year>
» Experimental test using real-scale CFTA girder specimen
0 Deduction of the optimal CFTA girder system
0 Design and costruction of the real-scale CFTA girder specimen
0 Experimental test to verify the structural safety
0 Deduction of improvements of CFTA girder in design and construction
» Study on the detail of design and development of desgin program
0 Safety assessment and VE/LCC assessment
© Compensation of design program
© Experimental test on the detail of design -
O Verification of safety through the analysis for the detail of design
» Establishment of the special manual for design, construction, maintenance
o Establishment of the special manual for design, construction, maintenance
0O Establishment of the design example
0 Establishment of the standard section of CFTA girder

V. Result of Research

For the practical use of CFTA (Concrete-Filled Tubular tied-Arch) Girder which is the final goal

of this study, this study has been conducted for 3 years in order to improve the effectiveness and

safety of this girder.

In the 1st year of this study, the shape of CFTA Girder improving the effectiveness and

aesthetics has been determined. And, the foundational study for establishing the design method

(scheme) and construction procedure as well.

- vii -



In the 2nd year of this study, on the basis of the result of the 1st year of study, the final design
method (scheme) and the construction procedure have been established, and the girder specimen
having 25 m span length has been designed by using the established design method. The girder
specimen has been fabricated by the established construction procedure in ordre to confirm the
‘constructability and to find the improvements in the construction, and the found problems in the
construction have been resolved by improving the structure of CFTA Girder. A static load test,
vibration test, the test reproducing the damage of the cable in CFTA Girder have been conducted
by using the girder specimen. From the results of the tests, the reliability of the design has been
verified by confirming the similarity among the behaviors of the girder specimen, the frame
analysis model for design, and the finite element model. And, the safey of CFTA girder having a
damage of the cable has been validated from the result of the test reproducing the damage of the
cable.

In the 3rd year as the final year of this study, on the basis on the results of the studies in the 1st
year and the 2nd year, the final study for the practical use of CFTA girder has been conducted. By
verifying the structability, structural safety, and the validity of the design for the CFTA girder, it
has been confirmed that the CFTA girder can be applied on the real bridge and it’s safety can be
guaranteed in the view of the static behavior and dynamic behavior. From the results of the
dynamic safety assessment completed this year which has been carried out from the 1st year of
this study, it is stated that the possibility of the resonance by the excitation of traffic is negligible.
As a study on the detail of the design for the practical use of CFTA girder, a design scheme for
the shear connector has been proposed. And, the safety of the anchorage for the cable has been
checked as well. As the final study for the practical use, the VE.LCC assessment has been
conducted. From the results of the VE/LCC assement, it is stated that the CFTA girder can be the
economic and aesthetic alternative for the middle-span-length (50 m ~ 70 m) bridges. As the final
result, "Special design specification for CFTA girder’ and ’Special manual for the construction,
fabrication, maintenance of CFTA girder’ has been established. It is expected that these design
specification and manual will contribute to make sure of the quality of CFTA girder when this

girder is applied on the real bridges.
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V. Application of Research Restults

Through the 3-year study conducted for the practical use of the CFTA girder, the final goals of
this study such as the optimal shape of CFTA girder, establishment of design method and
construction procedure, confirmation of structural safety and economical efficiency, and
estéblishment of 'Special design specification for CFTA girder’ and ’Special manual for the
construction, fabrication, maintenance of CFTA girder’ have been achieved. The results of this
study and the know-hows for the design and construction of CFTA girder will be applied on the

technical support for the practical use of CFTA girder.
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RHEe
F Ry 4 ¥ % ¥, TR 3 R, AWR
M=
< 0.5 mm ‘5 <
/‘ / 4~6 mm /(
# 3213 FHEZA G HHEFIE] (mm)
498 % wE
T4 i’o‘xﬂfj 553 $5400 SM490Y SM570
AHE @ T F A SM400 SM490 SM520
SMA400 SMA520 SMA570
10 1,520 1,300 1,230 1,100
11 1,672 1,430 1,353 1,210
23 7 7 _% ’ 7 7 7
FREAAZE G 12 1,824 1,560 1,476 1,320
13 1,976 1,690 1,599 1,430
10 2,560 2,200 2,090 1,880
- ) 11 2816 2,420 2,299 2,068
23 1 7 ﬂ-_% A g / d % Y
TREA 19S A W) 3,072 2,640 2 508 2,256
13 3,328 2,860 2,717 2,444
10 3,100 3,100 2,940 2,620
- 1 3,410 3,410 3,234 2,882
2= B 7}k oo A 3} ’ ’ ’ 7
TREAA 22E AT W, 3,720 3,720 3,528 3,144
13 4,030 4,030 3,822 3,406

(W) FRRFA AA

FHREZAE [ - A 3861 FHRAAY ), [£ - 4 3862 £HRAA ZE], [ - 4
3.8.6.3 FH R 7} 7] 9] Hz]—l:l]—tﬁ] =il (= - A 3864 53R 7}A 2] BE]e 7 FRAL HEHEE A7
=
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1}, CFTA AYe 4A 9
1) ZFAL
AAY Aol He aFe 23z ZY4L A= 15F9Y 52 0E 22109 m, 93 50.6 mo)

.

(2 @973
AYe 9 A3 ALEH A5 BAGES S 2o] 7P AYY dtgRe 23 EEA
< n Fol7t Halsle Ao 2 /A3 Al 5o EA 71235 58388 A

X 3214 AAnFe @A A

ol A FREAA | FFEHA | A FA
A ) (m) B(m) A | £ mm) | $A@mm) | (mm) ol
0.00 2.00 2.800 12 12 10 o
0.30 2.00 2.800 12 12 10 A FA
250 2.00 2.800 12 12 10 ”
3.00 2.00 2.728 12 12 10 ”
5.00 2.00 2.455 12 12 10 st &4
7.00 2.00 2.207 12 12 10 ”
9.00 2.00 1.985 16 16 10 "
11.00 2.00 1.788 16 16 10 ”
13.00 2.00 1.616 16 24 10 ”
15.00 2.00 1.470 16 24 10 A A
17.10 2.00 1.344 24 24 10 ”
19.20 2.00 1.246 24 24 10 ”
21.30 2.00 1.176 24 24 10 ”
23.40 2.00 1.134 24 24 10 ”
25.50 2.00 1.120 24 24 10 95
27.40 2.00 1.134 24 24 10 AA FA
29.50 2.00 1.176 24 24 10 ”
31.60 2.00 1.246 24 24 10 ”
33.70 2.00 1.344 24 24 10 ”
35.80 2.00 1.470 16 24 10 ”
37.80 2.00 1.616 16 24 10 st &3
39.80 2.00 1.788 16 16 10 ”
41.80 2.00 1.985 16 16 10 ”
43.80 2.00 2.207 12 12 10 ”
45.80 2.00 2.455 12 12 10 ”
47 80 2.00 2.728 12 12 10 ”
48.30 2.00 2.800 12 12 10 AA &3
50.30 2.00 2.800 12 12 10 ”
50.60 2.00 2.800 12 12 10 o
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b ISYH HE

- ZATY
& % | PN | M (KN-m) | fi,, (MPa) | fy,, (MPa) | f, (MPa) | f,, (MPa)
AgAE -0.450 20,072.040 | -189.454 183.231 -190 190
PS1a} 7183 | -11,400.450 | -2,997.000 1.279 -54.367 -190 190
NAERAXNZT | 211414570 | -2,951.290 0.814 -53.984 190 190
SHBEPA | -12,936.580 | 1995.110 -49.479 -12.435 -190 190
PS23t 71835 | -15,880.640 | 843.020 -45.580 -29.927 190 190
23 1A E = -14,244.690 | 1,984.730 -52.480 -15.629 -190 190
g5t | Vo | -11,431430 | 3,914.680 -64.031 8.654 -190 190
HUA | M. | -11,430.820 | 4,243.120 -67.130 11.654 -190 190
g3t | Viax | -14,267.830 | 1,970.920 -52.405 -15.810 -190 190
HE2A | M, | 14267220 | 2239590 -54.939 -13.356 -190 190
- Z3¥E AY
3% & | PNy | M (KNm) | f,, (MPa) | f,; (MPa) | f, (MPa) | [, (MPa)
AYA= -0.450 20,072.040 | -25.924 25.035 -16.000 3.984
PS1x} 2143 | -11,400450 | -2,997.000 0.012 -7.596 -16.000 3.984
ZF2RAXZF | -11,414.570 | -2,951.290 -0.051 -7.544 -16.000 3.984
SUWBEAEA | -12936.580 | 1,995.110 -6.955 -1.890 -16.000 3.984
PS23} 714% | -15880.640 | 843.020 -6.463 -4.323 -16.000 3.984
2231 A 5E -14,244.690 | 1,984.730 -7.384 2.346 -16.000 3.984
512 | Voax | -11,431.430 | 3,914.680 -8.925 1.014 -16.000 3.984
HWA | M, | -11,430.820 | 4,243.120 9.349 1.424 -16.000 3.984
ga12 | Vaux | -14,267.830 | 1,970.920 7374 2371 -16.000 3.984
H2A | M, | 14267220 | 2,239.590 -7.721 -2.035 -16.000 3.984

P AT IHAE

85 o= 7 (MPa T (MPa)
AV AZF 134.230 6.261 110
PS1x+ 1% 133.560 6.229 110
72 RAX 134.120 6.256 110
<P BEFA A 185.310 8.643 110
PS2af 14§ 184.160 8.590 110
221 A 3% 201.210 9.385 110
a5z 290 Vinax 230.360 10.744 | 110
M, .. 48.150 2.246 110
esE HaA Viax 201.900 9.417 110
M, 19.690 0.918 110
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P PSR S AE
- 12 2137 2>‘<}:?_217&zﬂ/ ,
P (kN) f (MPa) f, (MPa) P (kN) f (MPa) f, (MPa)
AYAF(FHF)
PS1xt 1UAF 5,700.000 733.855 1,330 0.000 0.000 1,330
72 RAX% 5,707.060 734.764 1,330 0.000 0.000 1,330
EYHEFAE A 6,467.985 832.731 1,330 0.000 0.000 1,330
Ps2zk 3§ 5,982.118 770.177 1,280 850.000 612.833 1,280
23} A E = 6,182.515 795.977 1,280 885.798 638.643 1,280
3t5 FHiA 6,495.867 836.320 1,280 941.758 678.989 1,280
g3z HAA 6,179.458 795.584 1,280 885.253 638.250 1,280
psHESEH HE
G = P N) | M EN-m) | fi, (MP) | fiy (MPa) | f,, (MPa) | f;, (MPa)
Ps2at 1A% 1,760.265 -16.405 2412 1.500 -10.800 2.598
23} 1A & -385.715 -5.295 -0.281 -0.576 -10.800 2.598
g3l Vinax -357.225 -5.565 -0.242 -0.552 -10.800 2.598
F 2] M, .. -357.225 -37.505 0.645 -1.439 -10.800 2.598
g3z Vnax | -4,000.155 -23.815 -3.783 -5.106 -10.800 2.598
FH A M,.. | -4,000.155 -53.045 2971 -5.918 -10.800 2.598
b AR HE
< Girder 1 >
(2% : mm)
AFENO.| 1 2 3 4 5 6 7 8 9 10
A A | -0.018 | 0.000 | -5.106 | -6.383 | -6.383 | -11.594 | -16.765 | -21.851 | -26.791 | -31.504
AZNO.| 11 12 13 | 14 15 16 :
2 A | -35.890 | -39.953 | -43.392 | -46.049 | -47.747 | -48.359
@ 3 &AIF
A7t 2] L = 50400 m
§1 = 48.359 mm < Sa = L/1,000 = 50.000 mm O.K
< Girder 2 >
(Z9 : mm)
FANO.| 1 2 3 | 4 5 6 7 8 9 10
A A =¥ -0.018 | 0000 | -5125 | -6.407 | -6.407 | -11.634 | -16.820 | -21.922 | -26.878 | -31.608
AFNO.| 11 12 1B | 11 | 1 16
A A 2| -36.010 | -40.089 | -43.551 | -46.228 | -47.940 | -48.560
& HEARAF

A7+ 4do] L = 50.400 m
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81 = 48560 mm < 8a = L/1,000 = 50.000 mm OK

< Girder 3 >

(&% : mm)
HAENO.| 1 | 2 3 4 5 67 Ay 8 | 9 | 10
% A #%| -0017 | 0000 | 5130 | -6.414 | -6.414 | -11.653 | -16.855 | -21.973 | -26.942 | -31.685
AANO.| 11 12 13 14 15 16 | :
% A 2| -36.100 | -40.191 | -43.656 | -46.335 | -48.050 | -48.674
& HEXAF

A7t Aol L = 50400 m
81 = 48674 mm < &a = L/1,000 = 50.000 mm OK

A -] o}x] 4w F A7t o] R Elol= o} X HHE R3Fo) Ul 1A =5
S7IR25FH &) B Ao AF A S8 AT 4EHE =AU A Y 9FsE e AL
A7E 4TS gt gr)o) FrlE 138 L =95 213 93 AA

St A AAISE A F DAY WEW, AYr} vt FduHe
HeR 78} o) FFE otk nigdo] AT Y A 7|7 AR W VIEL R B A F
gt ZHENZL FA @ ige As € F AT FEA vieE ASel 98 Y/ EHE
AF Zotsol A% S /EHE e $A7 R Z4TH o] AL AYst vteER FEHEA
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o
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Jo
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T

B SHFE g Y ol Ede ArY B o] O FAHA
o= ARA7 Be 3¢ RHAES Sh, Arle) Bl FeAE FHFAE AU B

& ¥Rt 1FAL AEHFOE HUY 5 HE FAF Qo pud

FAE CFT 449 399 447122 AN 3
g =% A5 BB YA/ oH HANF o

H AA7E ol Foi A1 Qe o] @AoTh. B CFTA AH o] 4AE, 71& ] CET
F2E 2 P4AY $49 SCP HAAT L CET AW} 2ol, AP 129 AR A3te] %
39 gag e g3 AA/1E% PSC AT L BE AAVEL FE5] AAE FARES
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ofh
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AA 71 BAE CFTA AT Y B3 AR At BAAR F71E olol4 AL E
ol dlol HH, CFT &7} 2te 724 A & AEdte de) dvh CFT 28 Zhe
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ol T £0]9 40% 2 ZAHE AL 2 34t
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gatzol o A Y F A2 A HA Haste BFE BYow, AY wolg ¥E
Z 20%0 thake] 318207383 thEl o 200% 9] M3hE Yt At E3tF AJL Ad &ol7t F
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260.0% 2600 e 100.00%
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= o oo = g% 2350 b o P - 9000% o
ole D40 o e _E_‘ﬁ - - -10.0% ™ 2300 o oo ; B /8 R S R - 88.00% Olo
0.60 op (MPa) . -15.0% g’£ 2250 e e oo o e i e+ 86.00% %
080 : a0 20.0% 2.200 : ; : 84.00%
-1 : : -25.0%
100 3.0% 85% 90% 95% 100% 105% 110% 115%
85% 95% 105% 115%
SHIE 06 HE IS 06)
O > (o] >
a9 328 Avxoe] WEHIE vs. 13} 29 329 Atz HEFHE vs. 23}
[e]
AZA AYZAYE FAEY - Case 1 UFA vigd 3y FIIE FAEE - Case 1
515 HEA Ao 32| £ sH S0 It 313 NAe Ha}
. 51.000 T : T - 102.00%
8.000 H 250.0% = 50500 b R : - +X{§:(mm) - 101.00% é
7.000 R e 50.000 - 100.00%
; - 200.0% _ : ~Gu 206 .
5 6w v ] 200.0% o 2z w9500 | S , 99.00% g
g s NN L 1500% T £ 19000 | ok 08 00%
€ 4000 bowennnn =) 48500 |- S e 97.00% T
T 3000 oo oo i R - 1000% o T 4000 |- R - 96.00% KO
olo 47500 |- i. A ) 95.00% ¥
2000 i-| —B-fot(MPa) o T 50.0% o 47000 |- i e g < 94.00% oo
1000 |-| —em : Xg. ... o0V oe N ! H e
: ) 5 46500 » 93.00%
0.000 : 0.0%
° BS%% 90% 95% 100% 105% 110% 115%
85% 95% 105% 115%
| HE B (%) HEHIE 0
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INRA A 232 49ge| He} 2% ITA| PSR 233|E Meig o WSt
5.00 . 150.0% 2650 102.00%
100 | —E-fop@iPay | o 2,600 100.00% <
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£ 331 1FZA9 AT AL
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as | A B c | oD | E oF | G H o] n X
51 | 70 15 45 2 | 70 80 | 9% - 10 2 9%
53 | 115 | 20 50 9 | 190 | 130 | 150 ; 10 3 155
54 | 130 | 20 50 95 | 190 | 160 | 150 |51/54| 10 3 180
57 | 175 | 25 55 | 110 | 190 | 205 | 200 |51/54| 13 4 | 235
127 | 512 | 20 | 35 60 | 150 | 370 | 285 | 250 | 63/66 | 16 5 305
mm | 519 | 200 | 40 75 | 180 | 470 | 365 | 300 | 84/87 | 16 6 385
05y | 522 | 315 | 45 85 | 190 | 480 | 395 | 360 |87/90 | 19 6 | 415
531 | 370 | 55 95 | 230 | 550 | 470 | 400 |100/103| 19 8 | 49
537 | 405 | 60 ) i 570 | 510 | 420 - 19 7 | s35
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655 | 580 | 90 ; ; 950 | 740 | 630 ; 25 9 780
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1. EAe] dA

o HERFAHES CFTA Al Mg A A7 HTHA AQoZAN HE HAIAE U
o2 AFA, A Bt B 7RI A E AF[H) A8 AASHA B AE S s FA
30 m, X% Z 10.9 m2| 155 (DB-24, DL-24) =2 wo) th3t AA e ¢|2 AGE 7F 02 YA
71&3 AAE A e AFAE GASAT. CFTA AR AAA Add $39e E39E9
vheg 232 E 9 AAI71E A= 747 40 MPa®} 27 MPag A 83190 H, vigde] F7= 0.24

=

i
&
g
52
o

ARA S AAE ) ZH < (frame) A& FHFI oM, ZH D A S A Zd<a™E 3
A wietdF} ofA B (F-ZIHUE FAEAT)E W(beam)LE H &I PSAYE Ex

(truss) 8.4 2 &34}

a9 341 =YY A vd

CFTA At A8 B2 A9 Fol, 44, &, A2 T4 9 PSAAF3 2148 & 2A3)
£ Aol ATk AA A7, CFTA AW 324L 3m, AYY L 2 me AFHAAT <E 341>&
CFTA At 9] 4AE 53 =28 2 FA 9 A& AT Rolvh <& 341> H-F CFTA A9
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¥ 341 AERY AFA 9 ALY

A % 20 m
At Fo e 1.75 m
kN 0.58 m
ugd 8% 35 m
AREWA 18 mm
ki SHE-E WA 18 mm
A 57 =<
Lo =h 10 mm
1= 213 SWPC 7B ¢15.2 mm 197}5 x 2 ducts
PS7 A .
2z 113 SWPC 7B ¢15.2 mm 127}9 x 2 ducts
12 2% (1 duct Z 2,150 kN (0.43
Zl’é}?il ]- J-( uc 0) ( fpu)
23 7213 (1 duct 3) 700 kN (0.22f,,)

>

AAE GRS V1E 02 AT BAEE AEA Y FIF 94 Zgae o
A3E o2 HE|etd <& 34.2>9 2t} CFTA AH7} Elo]= o) o] § 2]

g 93 CFTA Aol £ RUET} FA o 28844 =1, 218271 X=X &2 AH
of &3t A A5 YA RlER] B EA Bt <F 34.2>E <¥ 343> ¢ g

S 25H 7 9 fX A TAstE §& Atstd A Zlolth <& 343>9 $YHO 2 HE
% =1

o 1m
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[\

s
T

At 2 EY AAZF o= &3l5 o] FEdle A-¢ vjad QG- o] ity g g do o2
HE BolAe g AL ¢ 4+ AT
¥ 342 A|FEAE dHg
At LIa=gs %A
12k 23} u 9]
A Z A Ag3t% ¥ | 2dE | 39 | 2AE | A4 | %A
(kN) | (kN-m) | (kN) | (kN-m) | €I | ¢
(kN) (kN)
AR 0 3,930.3 - - - - -133.3
12} 2% 12 7139 -4,300 | -5,387.9 - - 4,300 - 176.8
A 7k -4,300 | -1,457.6 - - 4,300 - 43.4
IRA=g s -4959 | 2,087.0 - - 496.0 - -70.0
whete ehad = 1%
A%k -4,7959 | 6294 - - 4,796 - -26.6
- 22 2148 | 29450 | -648.0 | 17501 | -319 | -2051 | 1,400 225
= A 3k 27,7409 | -186 | 1,750.1 | -31.9 | 45909 | 1,400 4.1
oo .. | DB-24, DL-24 | 2,898.3 | 10494 | -3,297.6 | 55.7 236.4 149.3 -39.8
&35 A3t -
F2 gk 48426 | 1,0308 | -15475| 238 | 48273 | 1,5493 | -43.9
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% 343 AlFEAE &Y
AR Bk ACEZYE 5)R=5 1=} 23}
. 5 5 173A
Nz gz | BF | A% | AR ax | AR 474 A
]o\_ﬁ] —}‘g‘d’? %i’ﬂ % %a _g_e_:]' %a % %a
(kN) (KN) | (kN) | (kN) (kN) (kN) (kN)
AR -1186 | 1134 -15.9 15.1 - - -
12 2% 12 2129 1444 | -173.6 19.2 -23.4 - 764.6 -
FAZk 25.8 -60.2 3.3 83 - 764.6 -
Betg 33 -65.0 58.2 -8.7 7.8 - 94.1 -
et gl
A &% -39.2 2.0 54 -0.5 - 858.7 -
23 1A 7.163 2311 0.9 43 3.0 38.9 420.6
27 %
AR R4S 232,037 | -33.1 4.5 48 3.0 897.6 420.6
. | DB-24, DL-24 | -195 425 25 5.8 5.6 449 449
g3tF A3
A gk -51.537 9.4 7.0 1.0 2.6 9425 465.5
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2 2] % o) A ak A A) 3=
27 =2 ij/fn% %1\21?;7 et
LIa=ps 235 25,000 0.167
et A2 8.00 200,000 0.3
A 7.85 210,000 0.3
ZAYEFAA 2.35 29,000 0.167
7R 8.00 200,000 0.3

=g £ 3500 mm, ¥°] 240 mm, Z°] 30,600 mmE 2 P on, 82=8-Y SAA

A HE3 AT vgd 2L truss 84 A FE 2w, Zo] 30,600 mm, BHZ 198.6 mm?
olth, A= Al EFYUEEZE AR Jon, 3D ShellZ2 FA3A T FAS AL W) AL&3
Ee ZHEE AT 9 AL AY HRE V2o 4t ARl E2YE 29 S 3D Shell
2 ARG 5, SUA FEE FA At AAFH FHE&E 8 4F 487 Shell 8.4
A &3l th AY 2 EE vig iy oA/ R 838 AH SHA 845 &Y. IZ A
T3 FA3H trussQaE 2 Y ZolE 30,600 mmo] W, AT F¢Fo] X3 2709 70
A 12 207349 v 242} 2,635.3 mm?ol 2, A 2o 9 X3 2749 23} 1A A o] &
W 2.2 247} 1,664.4 mm?o] T},

v ZIYE g FHE FAZEY B A5 Y2 concrete damaged plasticity S
ol &3ttt e FAYE W FHE TAYUE E A Ao v E A8 A= CEB-FIP
Model Code 1990(CEB, 1993)& B} & 2.2 of2f o} o] H &3} 0.

o

¥ 3.4.6 HAE FA EAA

Member Yield stress, o, (MPa) Inelastic strain, €,

3924 0

Steel plate 392.4 0.0180392

539.55 0.167304
1,700 0

1,920 0.00214067

Tendon 2,050 0.00955148

2,100 0.0192966

2,150 00390418
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¥ 347 WA¥ F=8E 24X (CEB-FIP 1990)

Compressed behavior Tensile behavior
Member Yield stress, o, ) ) Yield Stress, o, Cracking strain,
Inelastic strain, €, y
(MPa) (MPa) €or
17.229 0
23.71 8.2E-005
28.695 0.000218
32.218 0.000407
Slab 34.309 0.000648 2.715 0
Concrete 35 0.000939 0.40719 0.064192
34.28 0.001289 0.02715 0.24393
3214 0.001691
28.61 0.002143
23.721 0.002644
17.5 0.003194
32.345 0
37.54 6.2E-005
41.846 0.000152
45133 0.000276
47.247 0.000437
48 0.000643
47.245 0.000886
Concrete 44.81 0.001184 3.528 0
40.393 0.001546
0.52917 0.061618
33.617 0.001985 0.03528 0234147
24 0.002515 ) ’
9.029 0.003664
4.996 0.004454
3.227 0.005173
2.74 0.005865
1.694 0.006545

13 AF3H 7HgskFol 718 A 7] A 27138 RAEHBE, A 27] $8 & =93}
o 74et L, 148 =e] TR HE AIFAAM NAA A S == §Eo] AN AZH S0 5
=5 stk AFAH 2 13 WY o] =Y E F 14 174 A) ol = 816 MPac], 23t 7138 o] =9l €

27 214 A o & 481 MPa2] &8 ¢] H| =5 35 th. FEM 314 A 27 £ S3EZ 7A4E A
A Fod G dFn TS, ARG FA Y oA (T2 ALE AT, FoE
Gl Rge QoA AFE 2 o, 2HIIEEE 9,800 mm/s>S AHE3IYTE €Y B AF L
TEEI}FTOE H &3t

ZIAYEV TEE 9o Fox FAYEV} RE3Y d1F0) ZAR AgH o F2E WA 9
Aol A FIHeHA B AL 2 433, T o5 A%S AEIV Y3 e A 7}
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g 515 FUt e A e uAY N E BPsAth vAE A

BojA ztzt 3 mA o] Ad A oA ztz} 350,000 mm?2e] HE o] FEFE 522 0 kNEH 1,000
KN7HA] 100 kN4 5712 7121719 7H 8t Aok 7he & 4
71 uiA e 2 RoEA e, 1G] o, FRE wF o] dojd AFA M o] LA
A 2.

A Ede] AAZA-L pin-roller 70|, A &Ho]A 200 mm ol Y X o)A pin XH,
roller A1 2.2 747} 2 &8ttt pin2 & I HAF A & A28t & HAE 75302 H, roller
ARE AN}, LT AAE A3t ZE HYE F&3

AE A 718 v AR, AR A" Y A 78 84 T F 42451 7 olH, Z4zhe] R4 9
SX4L ol B9 20 FYF 24 RO AL AEE 95t BHup 245 848 283}
At

O{N
flo
N

ox

ol

¥ 348 AF A A B3 249} B EA

FREA =7 (mm) BAEA axr F 82 8¢
et 30,600x3,500x240 Solid 13,664 C3D8
Z3YJE FAA 30,600x2,000x1,750 Solid 17,448 C3D8
73 A 30,600x2,000x1,750 Shell 10,900 S4
Length : 30,600
23R Area : 2,635.3 mm? Truss 235 T3D2
1,664.4 mm?
Length : 30,600
o P
Soloful + Area - 1986 mm? Truss 204 T3D2

7 $AE e 228 AT, YAATE & 5 =S e T SHA vEw B2 e
gk o] W 2Elo] 0B 2, ‘embed )% o] §3e] uhet® EaelE ol N whetg 2217
E9} IAASE HES S

. Ay
AAA ) ATE B fste] AP A Y AlF A8 ZE st GAE W] dide £33
At step 1914 = ZAFE, A0 S2YE 2 14 IFAZ 74" Bl 13 17E S =UA

Atk 1 3, step 20| X ZAHES ZA & AT S AEAA 12 o] A5 H FH el =
901, step 3 ME LUK 35S £3k] nietw Bhd 98 A1) AE7t HEE shgleh step

S

=






(2) Step 2. &4 3F : ZIYE FAAS FAY AF

Step 2914 = Case 1] LT Ed oA 12} 21F A & 2148 who] &gt iteha AveE A=
A 8, FA e} FR7F AR L, 3RS 4SS v Bk Step 20 A9} X0 wE W), WHE,
$¥L& ths E9 2h

¥ 3.4.10 Step 291419 CFTA At 2de W9, HaE, 38

PE T
A HWY 5 -2 (MPa)
sggE An 5.73E-005 157273
Kk 3p3 -0.00022 -6.16384
An 5.81E-005 12.2881
AZ

SR -0.00022 -46.7539

14 9 (mm) 37.94

12k 173 A 775.9

u{ B P ARSI KTAMOABE W bt B B

S, RIS BAR N | ag mwn wem v & op
E = TR £ B S L O

1% 3.4.39 Step 29 X A

(3) Step 3. && 3 F : €UYX 3F

Step 39 A= Step 1, 2914 A€ FAYE SAA G} ZA, 12 DA %, F7HE 71 440 2
2} 2176 23 B ARl 9 53 E WA ey ] B R 5o 7ha) A& A o]
o AAZ B vigge] X e AL ol stFRte] 7R = AolBE X2 Step 29+ 2

& 2oty B vig ] AFuto] A8EA HEZ ArE ol 2 HAA HAH, T8 FR
7t 45, sHTE A4S A "t Case 191419 91X & W9, A¥E, S S X9 2

o
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5.

i
oo

B A% 2N

A

7t BAANAE
1) AFeAE 4¥A e A%

ARAE ARGEA 72 AR F) AR 2GA o DA AAH WYL A=t A
A A7 2 fReis A Aot LA = AUAE 15 1% A, vE B g 22
3} FA ol 24 BAE R A28 ARE Gt 2o},

p!

<19 3446>F <1 3447> 13 1AL AN AN APA A BAeE £25H HPES
AA R Frassidd o3 2o vlaste] vEld Aojnt. 12k 217 @A oA A Aol TYJ

0.60 :
—&— Specimen
H 050 1 = = -~ Design v
£ - |
s — 040 |- FEM b
e

g § 030
= Specimen | 020 sl
& o/ ---Design |

"’ Ev 0.10

i--FEM
B ™ 0.00 .
0 5 10 15 20 25 30 4000 -300.0 -2000 -1000 0.0 1000 2000
Distance (m) Strain (micro)
19 3446 12 7FO Qg &5 12 3447 13} 7190 o8 Zopre] WAE
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(b v B |
<Y 3448>F <19 3449>2 vt BHIA) vheb S Aol oF A@A ) TAE A

£ A7 2 FR228 40 o F 2ot vl wate] Yebd Rolth vhetd ebE S g AT
2 upeta gt 2% AT AFE HES] 5t AFHY AAHE AdA 1H =S 33
Ak, Qe /=2 A a5 Adt AF AN AFHY AAH S AW 23t &g HP o
AZEA R AT, 13 DFA] AT e Aol AN Y g FX] 9} A AF S R o
ol AgA ] AL AA A AS5T A} T3 A AN /A AT vietd R3] <
3 A8 A9 AL 702 mmst G o, §3 a4 A0 A3 AaE oF 65 mmE EFG
ot vhetg Aol et AA B2 FR LA AT A 13 01 DA O HlE 24 A 2
Astod, HEE £33 FASHA A shs A2 YEET.

!‘_E,

Displacement by Deck Casting Strain Distribution by Deck Casting
0 § - : - A 0.60 :
.| —B—Specimen
2 40 £ o
- R % 020 -
a
010 -
_?0 —
80 : : 4.00 - ;
0 5 10 15 20 25 30 -400.0 -200.0 00 200.0 400.0
0.10 f
Distance (m) Strain (micre)
29 3448 BlE® Azl o3 AA % 3449 vigH AkFd 3 WY E

(th 24 2%

<1¥ 34.50>3 <19 3.4.51>2 23 2140 o) APA o TAsE 5 R HFES A Z
fFreta s A o3 Ao} viuste] Vel Aotk 23 148 A 13 0F DA ¢ vt 2
AANA S8 BFR Shol AT SATF W) &4o] A Bt ARH o= g e] o
A BT 02 HuEH, AEEA =YY AFH g3 vid FR ZAFES FRAHA T
go] AT Ao Yetgth 2 27 A4 4% A ES F WP ELS <2H 3451>7 2o

A R FEaL oA QS5 A vl A e
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Displacement by 2nd-PS Strain Distribution by 2Znd-PS
30 0.60
= 0.30
£
g - 040
= g
s ¢
g iﬁ 0.30
g ]
= T 020
a
0.10
o of  mmmm— % 0.00
0 5 10 15 20 25 30 2000 -1500 -1000 560 00 560 1000
Distance (m) Strain (micro)
19 3450 23 714 93 £L 1% 3451 234 13 9 LR A¥E
Load-Displacement (225 kN)
350 0.60
0.50
—_ — 040
B E
= bt
= £, 030
= _|[-=—Load(N % 020
{|=<4--Desi;
&t 0.10
0.00 X
0 10 20 30 40 50 2000 -1000 00 1000 2000 3000
Displacement (mm) Strain (micro)

2% 3452 A3EtEel A3 AR - AT 27 3453 Al 93 HAE - AASE
) AstsltFel g dAA AF

h @ASE el AT

<TIY 3450> ~ <Y 3453> AARFO] hF S7HY ASSF o oa) AR BAFHE 7

2 FFRAM A F T4 DA A ELS dehd otk AGA Y AL 23 21 GA e
A ke R AR SR T A8 A % fBass oA oS3 gl Hla) Tha
27 BASE Ao UehdAR, Aol aA $e AL & Ak AstalE) o8 FAE ww
o AtE WYBANE FhH o2 2 P AFo] AT AL FAY F Ak AT, AT 7
Bo] ST ARWHL AA @ 42NN A2 %3 FASA Yt AASE el
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)
<19 3454> ~ <Y 34.55>= A S o) F APA Y ST A

sts< AstatEA A=
FARAG W Y, B TEF AR R TR DM WBES YEd Zoinh 48A
AR AL ol TUetEA A H o s AL e de TR WY AFHE AL ¢ F
RoH, F3stT Fejol A W ol FFH = Aol FIsHA YERth ol BT TR &
9 7o) A x RIS T @R A ZAYE st RS T FFHAN WE
Ao 2 AET. ST /A A Fejol M @A FHE A2 BFT A7, vieHo|
W5 oA AT RS ALY AL olu FRY ofX2H Ao A= LA F&
A2 RAHNT. <27 3455>004 FAHEL] @2 A8 oF 1.8 vl 3 F3t= o 400

456>9] ZHLEH Ae1Fo] 1%l e} AY 227
o

Deformed Shape of Specimen (1369 kN) Load-Displacement (1369 kN)
00 : : 1600 : : : :
1000 N St bl
E
é i
- 2600 S
g
£ 3000 Hg-z0sxN X
g ——399KN |
T A000 | a—1006kN |
——1369kN |
500.0 ’ : ' :
0 5 10 15 20 25 30 0.0 100.0 2000 3000 4000 5000
Distance (m) Displacement (mm)
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Strain Distribution (1369 kN)
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Increament of Displ. (All Cases)
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Longitudinal Distance (m)

Cumulative Displ. (All Cases)
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Load-Displ. (All Cases) Load-Displ. (Loss00 vs. Loss12)
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AAD A AskstFel % ABA BT FFT wHo] SAE WY
Hlated el Zolth. &4 58 AsHarEel &)@ 4P
9ol Lhehd 3o} U 27 Holt AL 84U 5 ATk
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Height-Strain (Loss00 vs. Loss12)

Height-Strain (All Cases)
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Strain Distribution of BF {(All Cases) Strain Distribution of TF (All Cases)
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2 E=ASF F3 4 ,
CFTA At sl A EE B39 1, FHAE do|HE ©] &34 CFTA AW Y 5354
@EHAES, #H¥, R=3IHe BHAT FREY FHERE EHEE 2

CFM(Circle-Fit Method), PAM(Peak Amplitude Method), Inverse Method, Residuals,

rf

CEM(Complex Exponential Method), FDD(Frequency Domain Decomposition), SSI(Stochastic
subspace identification) 5°| 121, o] & thFo k3] FE st £ A7 < 7HF Iuby
% 2 92 AH8-5 = FDD¥ CEME ©]8-31% CFTA AH 9] $4 54 & #4433

(71 Circle-Fit Method (CEM)

1A EA 9] F3rSF T Nyquist 5€ 93 3 ZdE Jehll Ay 39 wtet A

g3 o] Hrx 3o &, FERZAH(structural damping)?] 9ol receptance, 74
(viscous damping) ¢l 73 -4l = mobility ¢} Nyquist =7} &3 A& Jepd ). Circle-fit *H-2
olZ g FAE o] &F AL g, FRrSEITY FIFH FH #E Nyquist =9 IF &
2 3t o] &I M & AR ete A& FI REASFE

A AA @A 2 Modal Circleg 74 35= WL o3 2ot

TFZA S 727t 834 (viscous damping)Ql AF- £E8HE FH4EHTTRA mobility

(V) T3 2ok,

i
(k— &@’m)+i(awc)

Y(w)=

_ @’c+io(k—o’m)

(k- @'m)? +(wc) (3.4.1)
R
Re(Y) = 2 C022C 2 Im(Y) = 60(5 —502771) 2
(k—o"m)” +(wc)” , (k— o m)” +(wc) (34.2)
ojth. o714
1
) (Re(y)“ycj , V' =(m®) (3.43)

21 3, g 23 o] AR E FLREL ¥ 0] 1/2¢% ¥ (modal circle)S ©]F A H .
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2 ((k mo’)? +(wc))' ( )
2c

Ul+V:=
ac((k-mo*Y +@ )] (3.4.4)

F1E F27HH(structural damping)e] 7A-$-olv HWHESHY F353E G2 receptance?)
A9l sjFREo] A& o] FA Hrt
T WA DA Z modal circleS FAI3 &, REAFE FH = WS o9 2o

w? [l - {2] + in,}
o, (3.4.5)

I YA w7t YA B A2 Z715) B2 Nyquist AEE 9349 B AL 2
HEZ Uehba, RAATFE 2 340 718 2 3, 5, ool LU 09 Wzt go] 713 2 Fol o
g,

A E oS oz Ry 78 4 gtk

2 2

w, —,

a

7, =
| (tan(gz )Han(%n | - | (3.4.6)
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&4 A 4~ (loss factor)7} 2 ~ 3% ©| 3t = 7 H| 7} 22

2w, —w,)

o[ (o om( %)

U=

AAZA A RaulE e A3 2

2
W, — ,

20, (coa tan( N J+ W, tan[%’-D

A E7F2~ 3% o8kl B-%- o] 4L HE3 2ow,

LN

25" =

N |

0, 0,=90° 2 A$ oS BA XS A=
— a)a _a)b
2 20,
o2 18L& circle-fitiHH & 0] &3 9 & BAFTh

3500 9 4e the) ol & &

At

(34.7)

(3.4.8)

(3.4.9)

(3.4.10)

(3.411)



Reloc)

fc)

588

livi A ‘ 592 | 4.

tii} 5 9{' Lﬁ",s 896 Hz
qt =0 015

(a) circle-fitting, (b) AT F(w,)d ZF, (C) IFAEF o2 A9, (d) AA
1% 3.4.72 Circle-Fit Method& ©]&3} 4

(\}) Peak Amplitude Method(PAM; =2 ZZ by

A& Fue SHTFERH ALYE dYdte B U, AxHe] FAFoFE
ME 2 H 0 A M(damping)ﬂ A Fe W, Fo5 $EF5 Yehtes 93 u 2R
A&dle) 54& sishs WS 23 Peak-picking ' (PPM) 0| 2t = &}, F3h= 8|3
oA I IAE Fohh L o] Ho FAFE LRHAEF(v,)2 2R TTh F9Y7t o 2 HolX= 39
TFE A7 w, % 0,7 F oW O H o2 Ful(¢)E TR

f — wa_a)b
=T -

20

19 3.4.73 Peak Amplitude Method

A
ey | @ P
o

- 118 -



(*h) Inverse Method
o] ML EAFHEAAN Yo E Yehde 59 J4e JHe R veidts AHdd 7123
Aol Frt. circle-fit

WM ST volE o 7HE 2 dAskE 9& Fohe AAH o] e EA2B Y A v
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g
_1)4

(@) = (k a;zmz - zh2

(k—o*m)* +h (34.12)
L =(k—o'm)+ih
a(w) (3-4.13)

-8 13 -& Inverse Method 2] o & B o Ft},

i e )
P S ”‘{%) (0 ke K
Lt 1 [+ 200

(@) Receptance, (b) Inverse Receptance
1% 3.4.74 Receptance®} Inverse Receptance®] Nyquistdl=

() Residuals
REATE
Ay FatrE 9 ol EA5e B2 A FaeE 9] Yl A SRl G v A7 W o] IF
133817 YA E residual & T oF 3ttt ResidualdS £ U3A Fa34H Y Yol A<
%ﬂ?%%@—?(mobility)—é oS3 2t

o
ol
ol
N
1o
N
i)
B
oo
zfl
1%
-
i
e
oX
ok
2
M
¥
1)
¥
0E
Ao
rr
2
o
)
=2
52
vl
i

i & i A~k iw
Y, ()2 ————+ ot +
(@) o’ M, Z,,,:l(wf-a)zﬂnra)fj K, (3.4.14)
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|

A7V M T K& residual mass$} residual stiffnessZ A ©] 5L ¥ 35l ghe N Fulrr

R FAEUAE FE TR EARE REo) %S YEAT Residual S o] 88

Measured
————— Synthesized

Magnitude{m/N)

15
Fraquency{Hz}

38 3475 4AFEAL REAF FR A residual &) G

("h) Complex Exponential Method
Complex Exponential Method+ o &3 <1 A| 7}

off
18
g
=
do
jd
[
R
iy
it
o
o
ol
rir
ol
i
o
i
>
12 ofw

SEEELEL LRERE BN
FREE 79 985}l 79 2489 P5E 0 43 2ol Yehdn,

2N
_ s,

r=1 4

(3.4.15)

reFstA Gehl 7] 918t 4,8 4,2, % = V.2 JE W 2] (34.15) e 3} 2}
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2N
h(t)=)> Ae*
® Z:l: e (3.4.16)

utal A F S22 - A sample] t3le] ohg A& A=t

2N

=S 4V

l le o (34.17)
9 A& ¢7h 9 sampledl] ate] Fo] 21 The3} 2},

hy = A+4,+-+4,,

hl = V1A1+VzA2+'”+V2NA2N

hz = V12A1+I/22AZ+”'+V22NA2N

By = VAV Ayt Vi dy @415)

A Aol prony & H&3tAd v, v, & F& F vk 28E V,2RH 5. & 7, 5, ZF
H 1AAEFd ZHHE 7o AR GO ZRE] 4,4, -, 4y S THOERN EZE X
EAFE FIA g o] e AHE St REAFE 78 A5 WA B= #E 7H St o) 3o

= ol gt 99 2L A AXRM REAFE FAH 8L, o]l REAFEHEH FRFE &
g3t 53 FRES} Bl 3th BE & W3l A|AZY o] A& vhE3te F FRE7F 714 2
2 v o] A5 H 3

(8h) Frequency Domain Decémpositioﬁ(-f—ﬁ}-f‘% a FaH)
Fuotrd Y RAYEDD)NME, FE2EH Y(eR™)S) PSD AE 5,(®) (eR™ )& O3} 2

o] Eo]zt B3)(SVD)sl E(@), U(w) o} V(w) & 2 B-3f i},

Syy ((0) = U(w)T E(CO)V(C()) ( Y= diag(o'l’o-z’.. .,a'N) e RN'"XN"' and U’V e RNm"Nm )
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71X, U, VE 3z U'U=UU" =1, VIV=VV' =1 & ©& 3= F U E 2] 3 E(unitary matrix)$]
), $,(@) YHo] YW Hold U=V} At} 39, 2 & Solgoz AP AgAdy, 2t &
o) Zk (@)X FHo] BAFE FHFE) FEAY LFAFFE DL, o] FHFE A U@)

o QWS AYOEN BEPYES 7T 5 Atk B4 o9 Sz @ Fo] A 24
0(0) & AH§- Bk,

(A} Stochastic subspace identification(FA &2 HF7+ FHH)
FAER BRI FEYUESS) S SEF AAPPL e 42 7} E PAPP L SVDFo R
A REASGE FRste WHoE, dAYPP S TS Wyol wiel SSI-BR (Balanced

Realization) 7 SSI-CVA (Canonical Variate Analysis)Z W& 4= Jt}h ¢4 A &4 o] A el uh3
A2 a3 2ol 35S WA TREINFT o2 18T B8 I T o,

)
fr
e

z2(k +1) = Az(k) + w(k)
y(k) = Cz(k)+ v(k)

ol2RE A5 AYL(RO)E 7o g 43 2ok
R(k) = E[y(k + m)y(m)" = CA* ' E[z(m +1)y(m)" ] = CA*'G

4714, GO Ela(m+Dy(m] o] m, wik) o} v(k) & 22k N2 ABBA7 9 AY AFEE 5%
W) o} BE o] 0P ol Zu 0|tk o A%} R AsAVAYE 247 e BE

(extended controllability matrix)2 &3 & 4 A& & F Y3, ole FAPE L QR E3NF2=

A ART 3.
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R, -+ R, CG e CA™'G
ss_ : : : " :

CA™ G .- CA"™7G

Loy oy -1
I C
=l ¢ [[G - A"'G]=0,c~
_CAn,—l
C
o0 : , C¥O[G - A™G]
o 7]1A, CA™! ot}

SST

& o) B2 PAYY (W) R4 Bed go] GuPo] 7F5d 7151 BY W W & 28

FAPH ] Ao 3 F, o] & SVDS}HH of g o} 2,

ny,ny 0 0 ZT
.0, =W Ux"”

WHY w =[U, U L 0 v ~UX VI o WO C*W,
1 2_[1 z] V~111<:>ln1n22

HEAog, & Ao BAE ol&std, Oy YoM 27 o}l Y2 § B2 Wl Yeix) B2

.
Ori 9} Oo 238 A 29 98 A S oo} 2ol 78+ 2, 1 A2 RE 2/4AES, REZ

2jH] @ R =9 E} & ERAC A 9} Zo] 78 & gl

0,,=0, A
CA C
CA’ CA
o0 . |, o.0
0%7]A-]/ CA'Ir-l CAni-Z
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A Z I/ZUTHERA (I)VU—I/Z
B =X’V/E,
C=ElUzx”

iR H o g, oA Aol thE T fF e, RERAN], BEFY T REAFE A2H

FE A EREH G go) 7T

5
0.
J

AY =MY¥ M =diag(y,,-,py)eR"™ and ¥=[y, - wy,]eR™)

Hebd A&AUERA ] DA (A), THAFR()S REZHN(5) 2 AZSAFEAAY

AA BEWE(%)E ofel st 2ol 78 % k.

’1*=E‘““k £ =—Re(h)/| 4| » @ =—Im(A)/1-& , ¢, =Cy,

SSI 3 22 AZtdd e A, AEd e HA4HE (minimum order realization)& 3]
Al 2¥) o} -3 Af<p(system order)F A stoof gt whef A7 nQl Al d o] B2
A9 Z7E ol Aot 2y VAL 2 E] A AAle T AFEE VAL JloE
2, 4SR5 2A%A TR guigle AR Y A4 2] e - AR Ee
sttt A =7 &3] nolx, ASAR kol27t TFHA| G2 B, BAPE Y st
SVDE sti& W, 72 & A|&F A 2n BT & So|ghd 55 0] frh

0,20,2::20,,>0,,,=0,,,="=0

S ASARG kol =s} E5HE0] Q& Ao, Cuu ol Bolghe AT 0L ohR
g, o, o Hlafe] o} F & 7k 7HAA Bk,
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whEba] 919k 22 ARG AZ A AR A (4 E Fohe Aol Fhs st Y AA FEE
o PR E 99 PSS AMESEEE §ol3te FAT AolE Hole A&’ A
Aol A2 9 2H4(SVDI A L 2] A4S F7F

28] o) St wet BH AR E X2

(p)
éjp > gnoise_cr

A7NA, &7 N2k A58 P2 ZHAS o, J M ZES) 22 H|0]B, buie o & O] ZRE
2 Bear) 99 AR ¥, mo| 2R EY} ol RESH tato] Thea 2o A2™ 245

E PE 1AL Yo REAFY p+12 1YL WY REAFE B, 2HFIE,

f(p) f(p+1)
( Afstable _er
f p)
é:(_p) — g(pﬂ)
’ 5( P) Aéstab:’e cr
J
(») (p+1)
o - I

<A¢r bl
R R

AN, Moatie_or, Dbsatic or, Do o & 242t LHF 5447, ZHa]H], RED ] e AARE 9]
Atk ol e LW E AeAte] ofalo] 2AEW, F2EY Fr) D ASARY VAL 5 2
H3le ARFo N =22 AHE AL 5 Yut
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o
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32
o
NS
o
E
[

ASH Fradsjdoz 3 =S vudtgod, nlud & A4S & F drh <
34.79>] 8 Ao E T3 CFTA A € 59 o n =gy vlwst g th. CFTA A
A
2

& 9lvh <

b

T &
3.415>9 <19 34.80>°] oAz I AR {FF BE IHAFTFG REPAS
YeEt A 99 {571 1752 Ak vl X @l vls] R=3/de Wl wXe
FeZe AL ¢ F ATt ol ddo] A AP AX FUIA B E FVHAY GEL
AB Y FH AHY AHHA FAEE Yedle =34 gt e & %S FA & R

B I EF(He) 28 (%)
1 2.2461 1764
2 8.2031 0.5113
3 17.6758 0.349

7& | ASE 17355 (Hz) A E T HHE5(Hz) Freq. Errors(%)
1 2.2461 2.077 7.50
2 8.2031 8.589 -4.70
3 17.6758 19.50 -103
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Amplitude

Amplitude

2% ddo] g A ddo] gt A4
1 1.838 2.077
2 8.567 8.589
3 19.468 19.500

Freg = 2.2461Hz; Dampiﬁg =1.764% 05 Freq = 8.2031Hz; Damping = 0.51132% o5 Freq = 17.6758Hz; Damping = 0.349%
05
0.4
03
02
-
2 o1
&
0
0.4}
0.
0.3
—0-51 2 3 P 5 s 7 25 2 3 4 5 s 7 04y 2 3 ] 5 6 7
Sensor No. Sensor No. Sensor No.
b 1A R= (W 2z BRE (th 3z 2=
a¥ 3476 AZE AU R=FAY
o J
ol EXD
L0.2 R
i
0.4 :g 3
s B
£ £-
-0.8
-1 e
i 2 3 4 5 6 7 2 3 4 5 6 7 1 2 3 4 5 & 7
Sensor No. Sensor No. Sensor No.
oh 12 2= W} 23 RE (th 33 ==

a9 3477 AZE AYe AFsE 2=y
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09 g mx FEM !
- 0.8
02 N TETEE 06
@ ;" © N 0.4
5 0.4 'Q, -5 £ 0.2
= D = % £ g
gﬂ_g . ..f.\..... ..l‘.!... g g_&z
W 0.4
0.8 oo T R S -0.6
\“\ 038
4 - i 4
1 2 3 4 5 6 7 1 2 3 4 5 & 7 1 2 3 3 5 5 7
Sensor No. Sensor No. Sensor No.
oh 1% 2= () 23 =& (th 33 ==
39 3478 ASH FtesdfMoR 7o REFAL v
1~ Pt 1 R
o <<t < Simple beam - Smple beam 0.8 broemvemmemmnenne e L R
02 N\.TE—cmEM /) e CFTA_FEM 0.6
VA A 0.5 04
% D4 A § % 0.2
£ £ 04 ¥ 5 0 R AR 3
g -0.6 - E E 0.2 4
0.4
B R T GADEELICIRTREE 0.5 0.6 . IO SO
0.8 .‘.,x-..,’, meimplebeam B\ ¥ £
1 ) 4 g CFTA_FEM bvd
I R ¥4 -1 % SR
i 2 3 4 5 & 7 1 2 3 4 5 6 7 i 2 3 4 s & 7
Sensor No. Sensor No. Sensor No,
b 13 = (W 2z 2= (th 3% ==
a9Y 3479 F¥eLE oz 73 CFTA Ay ¥ $9d TeRe T=gy vln
0 & 1
o oo« FEM _W/O tendons 1 s
o2 L\ —e—FEM withtendons /| o
0.5 0:4
g-{)ﬁ . N RN RN AP _§ go’z
5 £ 04 - Z 04
[JE X SO WIS A — £ £ .02
< < < 04
Y JE IS, VSN AU B L oo |05 i i
-1 £ -
12 3 a4 s 6 7
1 2 3 Sens:t No. 5 & 7 Sensor No. ! 2 3 Sens:r No. > & !
hH 13 BE= W) 23 2= (th 33 =
2% 3480 8Lz F3 EHlPe R ©E T A HW
@ 22
CFTA At S] 54 542 2437 Aste] AN 9433 A4AFLP L FYstg.0on, A
de 4405 A FFNL e} BHYFOE F1H 02 AN ASEAE AHgsked A
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St
FHAYL T AST HolHE 1% YW Ye) ASHE BEASSF W FODH
CEME ¢35t ATS SASH(LAAES, 44u), BEY R FAstgon, 242AE 5

i

A} ASH FHasies TR REFY HuH F AAFS & F AAT
f3 8 Ao g T3 CFTA AY Y REyA L Sud te R o] R e yata ¥ wdle, CFTA

it

Ad el Aol F= EaAHol AFH Yons $UW wend v 2R ol JhHoE
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H 5 CFTA 7{Ce] AANR HE

1, HEIFY HE

i

CFTA Ad < ZAZ AZE ofX e H i 2 EIIEE FH3= d42 Agolitt. ¢
WA F-22E GHTRAN FAS 2 ES] FAE YL AvAo] Suke oo} 3
,ARARE 4B NEAY PHo 2 A ADAZAY} Aok ADARAE AA % 22 E
£ 5HARY0) AGst] AW WYL ANAA Z-2AE FHTRo] S

O

L H
a3
f.
2
e
o
ol

o B R AFHES S /)5S Btk o)n) PAs 2AYEY AWe] TARE FRATYL
A 2aE FYF Aol qF ARAH WP Folo| A HIEHEH, 2AIES A7}
Se8 Feje) FHTRANE EIYEY FREH FA FPF0) A9 2L Folo] EASA
5ol 9% 830l &3 FRAGH S 433 vuistA FAA Aot FAW, Ax5E3 o] 9
ge oA g A AR S o BASE WP Aol2 As) FH AR o] LA
317) W 2o] AuAZA ] e 227} SloloF & Aol

SAYANZANE 2HE AR DA Ul g5
A Ak A, o] H871Ee FAsh Aol T L) E vhtBe B F1F0] 7] HE
o CFTA Atist 2ol #e ZAle WHE F2o2 54

ek B AT HE CFTA Ad s 2ol ZA 9 72 2227} g48
& FEAHA RFATABA) YA SRS A5, FAs B2 EAES FAD 94
Hrzol AE 87127 /2L rlde LA 22 2aEe A
Pstgon, 49 AE Gz 8717 % BEEL AdSAT

7b. 2HE A9 92 R4 T Push-out VY

(1) Push-out ¥ A A3

£8 sgon, B2 22 ES AEs] APAE AR
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150

130

150

4(1‘35

agl4n

<MW BEE >

510

1l 10

150

200

95

340

250

250

60

560
5600

0

4 [=)

'p)

200

1950

200

<MW FHHT >

1% 3.5.1 Push-out 23 A9 ¢3

<HEH FHEHT >

FAYEQ Fxd AL

2 4HA UL B AFNME 7| AU ES e E 2 A geH, Al 71A| getu B E o)
3 2HE AGAZ R 58 A9y @ A5 FEFS £43817] 9319 <& 351>¢ 2& A o]
250 g AAAE AZe At AF Ao vt A2 e FFHA A73E LU 93t
o Z Aol ER 5719 AFAE A
X 3.5.1 Push-out 239 £/ % <
2HE 27 (mm) 16 19 o2 o
2B E %] (mm) | 80 120 | 150 80 | 150 80 150
25 5 5 5 o ' 15
T 35 5 5 5 5 5 5 5" 35
(MPa) S :
] 5 | 5 5 5 15
A 15 | 15 15 5 5 5 5 65
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FYohe AR BF fABD) 2850l £29E 8A7Z FE) HE SeuE B4l 91 2
& 1t gie,

¥ 352 ZAYE AAIE FE 25 MPad] 3 Push-out 28 A7}

.| 2HE 7 A= Ao
fe A3 =] ’é‘é_zﬂ (kN) Aoy o) B3 me
(MPa) | (mm) | (mm) | WE aaq | =4 (mm)
1 86.3 78.5 3.95 Concrete R-Crack
2 106.9 78.5 6.10 Concrete S-Crack
80 3 106.9 78.5 8.57 Concrete R-Crack
4 116.1 78.5 9.36 Concrete R&S-Crack
5 | 1059 | 785 8.18 Concrete R-Crack
1 93.5 78.5 6.68 Concrete R&S-Crack
2 104.8 78.5 8.20 Concrete R-Crack
25 16 120 3 114.9 78.5 11.04 Not Confirmed
4 112.4 78.5 9.15 Concrete R&S-Crack
5 105.9 78.5 9.00 Concrete S-Crack
1 118.8 78.5 11.40 Concrete S-Crack
2 121.0 78.5 11.64 Not Confirmed
150 3 108.1 78.5 7.28 Concrete S-Crack
4 102.9 78.5 6.08 Concrete S-Crack
5 1144 78.5 9.90 Concrete S-Crack
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% 353 Z3TE MA7FE FE 35 MPaol U3 Push-out A8 ZAH

.| SHE B A= ) _
for 273 F o) ”é%‘_ﬂ] (KN) Aol 3 mE
(MPa) | (mm) | (mm) | WE —— -
A9H | =4 (mm)
1 123.1 82.4 7.28 Concrete R-Crack
2 133.9 824 8.38 Concrete S-Crack
80 3 128.0 82.4 - Concrete R-Crack
4 133.7 82.4 9.68 Concrete S-Crack
5 112.0 82.4 5.88 Concrete R&S-Crack
1 101.7 324 7.39 Concrete R&S-Crack
2 136.5 824 12.11 Not Confirmed
16 120 3 132.8 824 12.41 Stud Failure
4 137.3 824 10.61 Stud Failure
5 1249 824 8.14 Stud Failure
1 109.3 824 9.74 Stud Failure
2 119.6 824 5.87 Concrete S-Crack
150 3 122.6 824 8.41 Concrete S-Crack
4 120.0 824 10.21 Stud Failure
5 116.1 82.4 9.38 Concrete R-Crack, Stud Failure
1 122.3 116.2 2.84 Concrete R&S-Crack
2 138.0 116.2 5.20 Concrete R&S-Crack
35 80 3 141.0 116.2 7.74 Concrete R&S-Crack
4 150.3 116.2 6.42 Concrete R&S-Crack
5 139.8 116.2 597 Concrete R&S-Crack
19 1 137.0 116.2 4.74 Concrete R-Crack, Stud Failure
2 133.6 116.2 435 Concrete R&S-Crack
150 3 153.0 116.2 8.23 Concrete S-Crack
4 143.7 116.2 5.63 Concrete R&S-Crack
5 133.6 116.2 4.35 Stud Failure (?)
1 126.2 | 1559 1.60 Concrete R&S-Crack
2 155.8 155.9 2.58 Concrete R-Crack
80 3 145.8 1559 2.02 Concrete R-Crack
4 146.5 155.9 2.31 Concrete R&S-Crack
5 1403 | 1559 | - Concrete R&S-Crack
2 1 148.7 155.9 3.39 Concrete S-Crack
2 152.5 155.9 - 2.81 Concrete R&S-Crack
150 3 180.1 156.2 7.21 Concrete R&S-Crack -
4 1445 | 156.6 2.50 Concrete S-Crack
5 160.5 157.0 2.99 Concrete R&S-Crack
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% 354 E23FYE HAFE BE 45 MPaol B3 Push-out 23 A7

AR s o) ==
(MPa) | (). | mm) | M2 T e | ()
1 122.0 83.2 8.34 Concrete R-Crack
2 126.6 83.4 712 Concrete R-Crack
80 3 119.7 83.6 6.92 Concrete R-Crack
4 130.5 83.8 9.23 Concrete R&S-Crack
5 137.4 84.0 8.45 Concrete R&S-Crack
1 130.2 84.2 7.36 Concrete S-Crack
2 131.7 84.4 8.49 Stud Failure
45 16 120 3 137.8 84.6 7.50 Not Confirmed
4 127.2 84.8 8.70 Not Confirmed
5 135.2 85.0 10.16 Stud Failure
1 131.8 85.3 9.41 Stud Failure
2 111.8 85.5 442 Concrete S-Crack
150 3 137.0 85.7 8.58 Not Confirmed
4 128.9 85.9 8.05 Not Confirmed
5 133.8 86.1 10.28 Stud Failure

o] 4P ARZREH E AN TR LE ARE BY3Y] 9dt] FLF 2HE JA 7

Eol & 2t AYAE ol mstel £ AT o)A 9 Push-out PN Uehd AGAAE 7
59} 748 € 240k H1T 4ol ) Push-out FAE 28 = 7 0] 16 mmo] 1 %ol 7}

120 mm&l A A o]tk <F 355> £ AT 53§38 Push-out A ZHAE H 3 Aolx, <F
35.6>c oA AP AREE HYF Aot

o] A AR A%, AR FALES 7} BF fALSH 2dE o) 238 E FEol U e}
HE #40] o] R AN Gt F, G2 AYHAD 22 E AALEHEE 202 0] &5
de EAZ A7 W&l SZYE FZAAVE(FF S ETF, 2007)o A A Aste EFHE
o9 BEUE FHE o Fotel RaE UAYZFEE FHse] B40 ol §3HeATh <4 351>
£33 E FRAA/NZANA AASE SaE ZERd THoln, o] Ao T HE 28U HFUYE
AEE <A 35253 go] AN & Utk AutH o2 FadE AAYSAEE 8Y FEYSAE
g o] 832 ZIHE AAYSHEE 289 AAGEAEQ Ao 2 AL34r)
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fo®)=B.t)f 5 (3.5.1)

feu ()
Fos = 0 (35.2)
¥ 355 F3HYE ZFxE AHE T A - E A9
far 47 | ol | 494 | 2€9= 3 3=
(MPa) | (mm) (mm) ME (KN)
1 93.5
2 104.8
25 16 120 3 1149
4 1124
5 105.9
1 101.7
2 136.5
35 16 120 3 132.8
4 137.3
5 124.9
1 130.2
2 131.7
45 16 120 3 137.8
4 127.2
5 135.2
® 356 23YE Zx¥ 2HE 7 Z% - o]d 4IAE
fo f.,(60) fa=f) | AR xo| | 4¥A | 28 @ #=
B,.(60) :
(MPa) | (MPa) (MPa) (mm) (mm) Az (kN)
1 58.9
30 43.8 43.8 429 16 120 ) 68.7
1 66.8
35 458 45.8 429 16 120 2 69.5
3 69.3
1 58.9
40 46.4 46 .4 429 16 120 2 68.5
3 67.9

EERAAVERAALEE, 20059 ARAAR LAy € FAPEE JF, o Hdste
Aoz RdF ] Yot WA <H 355>9 <E 356>9] AHE HL AtE N AN 3%
F2 18dd FARAES sl B AF Ao thd A} A DA S-S F3A T
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160.0

o myEul

1400 | =
= o oFuEFY ﬁ
g 1200 . . =
=2 190 AN -2 yEEY g/
H 1000 4 =mmms B4 - DI 28 2D YL
&0
B 00 y=20655x 7
Ul 600 — 2
[ N T
< 400 ST ETOETR

20.0

0.0

0.00 2.00 4,00 6.00 8.00
ffck

2% 3.5.9 Push-out A& gt 3 A

<1¥Y 35.9>=<H 355> <H 35.6>2] 279 ALY AHE eI AHolth. <218 35.9>F
BE B A7 o]A A7 A7 AR Y 7€ 7]E 742 20.6559 101872 FAHEH Y o.H, o]
A2 Ry B AY A7 g3 FE A8 493% 2 AXE YT <E 357>~ <E 359>F A

4E AR e HETE R ADY 294E AT A

¥ 357 Z3adE AA7]FE ZE 25 MPad W3 Push-out A8 ZA}

AHE o+ 7 =
fu | A7 | wel |aga | TRLEEE ) A I
(MPa) | (mm) | (mm) | ME T TR | o)
1 425 78.5 3.95 Concrete R-Crack
2 52.7 78.5 6.10 Concrete S-Crack
80 3 52.7 785 8.57 Concrete R-Crack
4 57.3 78.5 9.36 Concrete R&S-Crack
5 52.3 78.5 8.18 Concrete R-Crack
1 46.1 78.5 6.68 Concrete R&S-Crack
2 51.7 785 8.20 Concrete R-Crack
25 16 120 3 56.7 78.5 11.04 Not Confirmed
4 55.4 78.5 9.15 Concrete R&S-Crack
5 52.2 78.5 9.00 Concrete S-Crack
1 58.6 78.5 11.40 Concrete S-Crack
2 59.7 785 11.64 Not Confirmed
150 3 53.3 785 7.28 Concrete S-Crack
4 50.7 78.5 6.08 Concrete S-Crack
5 56.4 78.5 9.90 Concrete S-Crack
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¥ 358 23T E AA7FE ZFE 35 MPao| 3} Push-out A3 Ax}

2HE 3 7% %
| @7 | sl |ana | TG s s mE
(MPa) | (mm) | (mm) | W& —— -
294 | =4 (mum)
1 60.7 824 7.28 Concrete R-Crack
2 66.0 824 8.38 Concrete S-Crack
80 3 63.1 824 - Concrete R-Crack
4 659 | 824 9.68 Concrete S-Crack
5 55.2 824 5.88 Concrete R&S-Crack
1 50.1 824 7.39 Concrete R&S-Crack
2 67.3 82.4 12.11 Not Confirmed
16 120 3 65.5 82.4 12.41 Stud Failure
4 67.7 824 10.61 Stud Failure
5 61.6 82.4 8.14 Stud Failure
1 53.9 824 9.74 Stud Failure
2 59.0 82.4 5.87 Concrete S-Crack
150 3 60.5 824 8.41 Concrete S-Crack
4 59.2 82.4 10.21 Stud Failure
5 57.3 824 9.38 Concrete R-Crack, Stud Failure
1 60.3 116.2 2.84 Concrete R&S-Crack
2 68.1 116.2 5.20 Concrete R&S-Crack
35 80 3 69.6 116.2 7.74 Concrete R&S-Crack
4 74.1 116.2 6.42 Concrete R&S-Crack
19 5 69.0 116.2 5.97 Concrete R&S-Crack
1 67.6 116.2 474 Concrete R-Crack, Stud Failure
2 65.9 116.2 4.35 Concrete R&S-Crack
150 3 754 116.2 8.23 Concrete S-Crack
4 70.9 116.2 5.63 Concrete R&S-Crack
5 65.9 116.2 4.35 Stud Failure (?)
1 62.2 155.9 1.60 Concrete R&S-Crack
2 76.9 155.9 2.58 Concrete R-Crack
80 3 71.9 155.9 2.02 Concrete R-Crack
4 72.2 155.9 231 Concrete R&S-Crack
9 5 69.2 1559 - Concrete R&S-Crack
1 733 155.9 3.39 Concrete S-Crack
. 2 75.2 155.9 2.81 Concrete R&S-Crack
150 3 88.8 | 156.2 7.21 Concrete R&S-Crack
4 71.3 156.6 2.50 Concrete S-Crack
5 79.2 157.0 299 Concrete R&S-Crack
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E 359 S3YE HAVE A= 45 MPad] 3 Push-out AF Al

AH o o >
fo | A3 | wal [awa | SRS TR A 4 me
(MPa) | (o) | (o) | U5 g [ wd | (o)
1 60.2 83.2 8.34 Concrete R-Crack
2 624 834 712 Concrete R-Crack
80 3 59.0 83.6 6.92 Concrete R-Crack
4 64.3 83.8 9.23 Concrete R&S-Crack
5 67.8 84.0 8.45 Concrete R&S-Crack
1 64.2 84.2 7.36 Concrete S-Crack
2 64.9 84.4 8.49 Stud Failure
45 16 120 3 68.0 84.6 7.50 Not Confirmed
4 62.7 84.8 8.70 Not Confirmed
5 66.7 85.0 10.16 Stud Failure
1 65.0 85.3 9.41 Stud Failure
2 55.1 85.5 442 Concrete S-Crack
150 3 67.6 85.7 8.58 Not Confirmed
4 63.6 85.9 8.05 Not Confirmed
5 66.0 86.1 10.28 Stud Failure

U 2HE Agg@ R g dAVE

CFTA AH ¢} 2Zo) o RAAE FZZANER THF Fel o T2 g WA AZA
o AA71EE vpdsl7] 9184, Push-out 43 Z2HAZ R ATAA R 3L498 4 S35
=

2 gFgons, 2HE AVAEA) B AVABR ) HEAVYE L FHPEE 227
B9 FQol ofste] W APATE P2 5o} FH AT

(1) 3E Aad 72 AY
E2RAANZAME 2HE ATGADA S HERGY Q& <2 353> <2 354>9) go] F
o} 1Tk,

Q, =958 \/f,. (H/d = 5.5) (3.5.3)
Q, =174dH\/f,  (H/d<55) (3.5.4)
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71X, de 2829 A (mm), H= 2H =9 ol(mm), f, £ 22 E] AALEZ =t
2B 29 L AGREE H/d7L 550 ALE NFLE F IR Ao g FAEH, ol Aaaz
Fo RIAREEF 7]ELE oA Fojth F, <4 353> FIAR=TF AGAZA Y Fed
Ao td Ao, <2 354> B Ryt FANEY #E<) Aol tid ot T2 w A

71EN A A A HEAESEHY 7FS ILAR(19%1)) AP A5 Evtgos AHH Ao FE
Avee Fgo BASE ALE FABES 2E S o see 2 FEHES AN Aot il
A(1961)& 2HES 3L AGH L FEYPEE IAE (FS.—B)Q_E el A A ghst gt

To ZAEY BS 2HE AGAZAY FdARET ZAYES ﬁ%OIEi, gGIRE= T

A

T2 H/dO) g3 RS T4 &3 9d Ao Astgtt T2 A A 71E A A ¢HEE &
LAV U v EE 282 A4 Bo] ¥ I E HAGE R ol wheba] A etat
2 ste SHE Aed2A) H819g o e detvHE & Al 7R st EC e S

Rl

<3 3510>c T €l 93t gAE AFA Y FEZTE FeT Aot} FEA = AFA =
E 2L 3528 FANAM 2719 AR 779 71&71E 0.2 mm 2 Z A (offset) A7 AT
St SR AP L VIELE ST Aot 2B E A ZAA Y HLATH A Y g g
e E 2337 Y3tH, <& 351059 AAE V|EO R dto] 2HES A, Fo] E FAYE A
ARSZE W FEFE ] Feg EA5ATh <218 35.10> ~ <1¥ 3513>= 2HES] A 7F

in)

d, 473 AF &, 2829 go| H L SANE AAVIERES AFZ i, o B 26= A
AAA ) FEAEY BFS dehd Aot 2 gerlel S @ 24 A3, 2H = Aad AR o
FEAEE 2= A7 4 4B AF & R ZANE AANELEY AFZ o WA

o Z7hehe Ao Uehgth B8, AHE 4740 AF £ Brke 269 A7 ao tiate] nr}
QYA BA A7he AL E BVET) A 26 E AuAdA ) 4990 BE vy
He 2HEe 27 do 222E AAGERE AFS [, 02 AHGAeH, B2 222 E
o e ~HE WRAAAY HeWVHL <4 35559 2& Frje) Aoz ARG <4
3555014 O 4ol

Q,=C-dvf, (3.5.5)
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% 3510 48 ZAd - 2HE 9

o
(MPa)

47
(mm)

0]

(mm)

AFA
HE

25

16

80

120

150

35

16

80

120

150

19

80

150

80

150

45

16

80

120

150

N[O [|[WINFR QR (WINR QNN =[O AW OT[WIN RO [N R O (WU N[O W N -
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Fy with D (fck = 35 MPa) Fy with D? (fck = 35 MPa)
: 60.0

@
<

L
=

B
R
o oo

400 o i
2 300 A e e

b
=3

©

Yielding Shear Strength, Fy (kN)
&
L omo o
Yielding Shear Strength, Fy (kN)

=1

[+ 5 0 15 20 23 ] 100 200 300 400 500 600
D (mm) D? (mm?)

1% 3510 2HE AR vs. FEAT 19 3511 28 HAZAY AF vs. FEZE

Fy with H (D-16 mm, fck = 35 MPa) Fy with Vfek (D = 16 mm)
2 45 . ] . . . 2 40 . Y
S ; \ ; < 5 S
Z . ?
: 20 £ 15
= 5 %10
o 10 g
£ s 3
3 =0 -
g o ——— >
4] 20 40 60 80 100 120 140 160 0 1o » 30 4 30
H (mm) ek
19 3512 2EHE Eo] vs. FEZE 1" 3513 /fy vs. ¥ELE

<¥3510>¢] ZH#2FH AHI ALY WY& o] &3l <2 355> AT 5 FAIAT. <&
3510>01 4 AL AXH L FEFEE AL (FS=3)0.2 o] A3t AFARA A3
B A &gl e AFE 11528 FHN LY, AT 7| el 4 2| 23
ZE 5%l AFst= AlFe %6322 FAHJT o2& ZHAZRE, T2 S E e 2H
= AGAdZAY H8AGH e 2HAFE 5%l B ATE H83 <2 356> 2o] 473

SR

Q, =96.3d+/f,, | - (35.6)
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<Od™ 3514>€ & A7A 4T 72 2 E U 2HE JADAZAAY FHEHDH R
A 23 2 =2 AAVIEY 81D Y 7|Fd g} ANE HEAGE S st bl A
olth. <Y 3514>3 Zo], F-E AF A £ AT NN ALstE <4 356> HEHTEH S
dom, & AT At 318 AGE L AT IE AlH IS UL E AAE =2 A
719 A& AG ) v ZAE F50% BEAA L FEJ A ¢ F Utk

—

Qa v.s. Results of the Push-outTest

w
=3

z © Paush-out Test ; : N R
£ 5 - i b
£ —Qa_ave : : :
% O Design Spec. ! ‘ : g
g 15 it ool o i s VPR 8 - 8 S ] o
: ; : -
= : ¢ -
@ 0 . 8 s¢ %
s riag
£ == '
0 : : : : : :
0 20 40 60 20 100 120 140 160
Dfck

19 3514 ARtE s&AGY J|E

@ AG Z= 7|EY AL
B A E0 U 28 s AGAZA Y SRR =) 3t getv| & AA 5] Y3, A
ZIEA A AA e 2HE AGAZAY ST 7IES AHEQT. =EaHAVER
AASHTO LRFD(AASHTO, 2004)ol A& 2B = A AZA Y SRAEE 47 <4 357>7 <2
3.5.8>3} Zo] A3t ZAASF ¢(=0.85)F H L} =F 53 021, Eurocode-4(CEN, 1997))) A

T 2HE AGAZAAN Y BAZTE <A 359> B <4 3510> F A 2L o2 A st At

V., =04d\Jf B, < A,f, (35.7)
Q,=054_/f,E. < A,f, (3.5.8)
2
p,, = 28T/ 359
Yo
Py = 0'29“di Vit (3.5.10)
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A71A, de 2HES AR mm), & S22 E AALEAEESY FEAE, MPa), B 22
2| E 9] B4A 5 (MPa), 4,,= AEAEA 9] @84 (mm?), f,= AGAEA Y AZZE(MPa), o
2B E9] Fol/F 7 Hd 28] ZAHE AF, 4,

<% 357>~ < 3510>4 & = ARl 24 HAZ|EAM AA8tL e 2HE FDGIZEA 9

rlr

FEUAAF(=1.25) ol

SAFEE 2EHES] @A 4, B 2HE AR AF &, TIHE ARSI =S AF2

fo B 2B BGAAF AFZ VE A A HA vl @A ok wEtA Agstnst o
= 2HE AEAZA SR = o HevlE g 4o A 7HA] st E S did 3de 24
Tt Z2A3 Tk £3 Eurocode-49] AZE FA A a7t 2HES] Fo] Aol )T o]
B2 gold fd 9= e A=A

<& 3511>& ol gst] a8 YA o) SAFEE FF Rolth 2HE ALGAZA
ST g getv|e S 2R3} Sste], <R 3511>9) BAE V1E0R 3 2HE JF, ¥
o], ZAUE AAYFZE X TAYES] GAAS F S =Y FFE A <2 H

o

3515>~ <1 3519>F 2HE AR AF &, 2E|=9] ¥o| H, ZIAHNE AA7ER= AF
2 Vi L EAIE GAAFY AF S JE A B 2HE FEAE FFS vebd Aolth 2
HetvHE ) B4 A3, 28 AGddAY FEFEE AHE JA AF £, 2IIE
AANEZE AFS Vf, R 2IEE SAASY AFS VE o nEstd Zlele Aoz
Uebsith =3, 28 = A4 AF & Bohe 289 JA do] st 2ok A8 HQ @A o 7}
e RO AGAT AL, FRHFFE AL 5159 AP0 BF7) 93l 2HE F A9
AT P& GEHE 28390

et 2HE ATddA) &40 6 g Helujele 2HE AR AF £, 22E A
ANEAES AFE f, R 2AE BAAF AFS VEOE 2o, B2 237
Ed) g3 2HE AVAZA Y FEFEE <4 351> 2L Felo Aoz AAsYTh <2
3511>00 4 O 4ol T,

v.=C-&\Jf,.E < A . 3.5.11
U ‘ ck™c so/ u
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£ 3511 43 237 - 2H= & S

f ck
(MPa)

[+

(MPa)

47

(mum)

=9l

(mm)

AHE ¥ SR, T,
(N)

25

23500

16

80

425

52.7

527

57.3

52.3

120

46.1

51.7

55.4

52.2

150

58.6

53.3

50.7

56.4

35

27223

16

80

53.3

66.0

65.9

55.2

120

50.1

150

59.0

60.5

57.3

19

80

60.3

68.1

69.6

74.1

69.0

150

67.6

65.9

754

70.9

80

62.2

76.9

71.9

72.2

69.2

150

73.3

75.2

88.8

713

79.2

45

29837

16

80

60.2

62.4

59.0

64.3

67.8

120

64.2

150

NHW»&WN#—‘U‘I%@ND—‘WH}-WNHrhU)I\Jr—‘U1.H>WNHmmMHm%NHW%WHWﬁNHmQWNH

55.1
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35 MPa)

Fu with D* (fck

th D (fck = 35 MPa)

wi

Fu

; i :
e e o e o
& &8 € § 8§ ¢

(N3 Ny “yduedyg deays szewny)

1460
1200

emo

@ e e e @ o 9
2§ 88 €28 8 R K

(N ng ‘wBuang Jeays speun

LY -

606

300

100

20

10

D2 (mm?)

D (mm)

18 3515 AHE AA vs.

16 mm)

Fa with Vfck (D

35 MPa)

Fu with H (D=16 mm, fck

140

8.00

7.00

108 2.00

0.00

160

40 20 100 120
H (mm)

26

owb o |
18

2 o e 9 o o o @ 9
2 B 8§ 8 § 28 § & ©
(N ny ‘yrdupng asoys apewnyn)

N
@ 9 < =3 0 (=3 m’ =)
g 8 8 8 & s & °
(N ng “Wdupns avays pewnin

fck

¥

VS.

fck

¥ 3518

H=

19 3517 &

16 mm)

Fu with VEc (D

000k ©

e ¢ e e o @ 9 ¢ o
<

g &8 8 R § &8 8§ 8 °

m

(N 0 ‘Ydudns Jesyg dyewnyy

156 200

100
VEc

a9 3519 \E, vs.

50
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<®E3511>9] ZHZRH AF ALY B S ol &3 <4 3511>9 45 CF FH3A A
FAATH DA BEHA SAE= e AFE 02282 FAHY oA, FRAE 71E ol 49
Aol 2985 95%0) AF3e AFE 01522 FHHUG 08T A2 RE, T 23 E
et 2HE AGAdZAY FIAZ=E 2HFE 95%9 D AFE F L8t <4 3512>9

2ol 245

V, =0.152d* \/f ,E. (35.12)

<3 3520>E B GFH $3F F2 EAYES) 9@ 2HE AGALAY FHPE} A
9 A7E vt Uehd Roln, <19 35200 2HE duddAe) FaREe} 2 4 7)E
o ok} A MY FHIEE vmste] thehd Aol <19 352153 Lol RE 4F AR B
AT A AFSHE <4 3512>9) FVPEES Yom, B A7l N ALsHe FAAEE 2E
JE nERe I 2 ANE 2 AVZY TR Hs) AT % 50% BEAA Re 53

A RE E 5 ek

Vu v.s. Results of the Push-outTest @Vu v.s. Desing Code
1200 . 110 :
¢ Push-outTest ; @V (average) @
1000 . — Vada N it e 120 4 = v (55%) S
i wo 4 % EwoCode-4 . y
80.0 - = Vu{95%) % LRFD

3
>

O Desiga Code {Korea))| o

a
k=]
<
A
{
A

re
<

)
e
©
A
AN

Ultimate Shear Strength, Vu (kN)
3
(=]
e

Ultimate Shear Strength, Vu (kN)

hed
o

©

0 160000 200000 300000 400000 360000 0 100000 200000 300000 4006000 300000

DW(LED DW(ILE)
1% 3520 AFE 2HE ARAZA L] S a9 3521 A¢E FIPE] vl

L= |

+ AolMe CFTA At ¢ 2o] 72 3 E} AA7F S48 e =0
SAEA S R AAE ER3Y] A5k, AR AEd A W EAVES AL,
CFTA AT} Zo] ZAZ A ZAFZEA WHFE T SIAYER FAT 729 B, &7 ZA
ST B FHFO) AL 2L A A AAZ = FRHAGH L Tl v
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N 4P Re FEOE DA AT, 2 B MAHE ADADA R vHED
AAZIES FAZ A ZATEH vigRG e} FEd A} 22 £E WF AGdE2AE W)
AzhE 2R AATE o1 FAA L Yok w2t B A7l A AtE 2E = JEAd A o 38
DI R AEVNES oIS TN, R ARAZAS 7S BYA ol F2)H 4
7t 7hsd Aelt
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2. Hapm UE

ZAYNE FEE B FAY IR FFaFol A& AY B3 Wt 34 e TelME
SHE Y weko] AT & (stress peak)S Yo 71A Bt ol T R HA FHFFL
TE, 9, 34 59 §& F28A @ PSC 22N E TR EIME AFRI EH9 IF

5 e FROE o Y ME BAW $Y RES HAT

rf

|

N

1) ZTIY2EFH2 wFe] JFR
7h) BHEY Y £X

e
Hi, o= 4 A E Holvoptt 13 £XE BHYUTh <28 359> F A JF3F) 7
88t B9l YoN FEH e EXE Yrhd Rolth T 2EY S Yol AEeE F FE ey e
TR AR dhANE ()t
(€% 2ol gct. AAw Aoz

13 3522 E*Eéﬂ’}ﬂ AERe 88 XY

e
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2 g9 #gwgko 2 & 9<¥-$- 8 (bursting stress)©] T ¢HZ F& Aol 2&3l3, FFH TX

A& & & Y-S (spatting stress) o] HAY gt

| =fos
m?w LE s
ot foui :
20 %4 \ 0
4 3523 X
b Fd Ivt 99
Autd oz FAEUA Ao HERE Sdo EXo| upat <1 3524537 2o] F e 99
.2 Yrth ZHLEHEE EUTH FA 2 4FSHo| B AF o] AURA S5
H(local zone)d FHFE WY Fo 4ol ) AF-gHo] A= FAUNFAA dvrgF

(general zone) 0.2 FE 30} I H G o AA A azlFojof & AMES & AeHIA AYLTHE
F7MA 71 AAS BAAA o ALEol &g Aoltt B vt H o AAA] e EojoF & AMEFS
Yo 5EE A UWRE sAWE JF Qo E Afsto] AZR9 A4 At 7
= Aoldte AT BAAS) 28FH AZAY AAA IH Y BARANA 5 RES 7
3}813 B4 ¥ /do]th(Breen, 1994).

o)

—_—
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b

P Fgtas ]
gy
o & f}; -
=

Principal
Comprassive
Slresses

19 3524 AR TR Ywrg o

<I1¥3525> FARY FAZ Y 2 F 45 &9 &8 A (contour plot) =& YEHN F=T

A7 el Al FPo 2 BET 4 ok

R 813 A8 vl ol S 2 4E5 e g,

@ HESY R FF LR o= A Woi 4 Yk QA o] BT,
% FAsEe Feo] o} TRA AL o] AR, 2 o] L A
=

e
EHe el dae QoA gt

AHTFEREH = AE AT E Holud dAAAE A ¥ E 329 714 st 4 §¢
= 438 7 el o) Agd £ vA 1 1@ E §¥ £XE BAFE &S FFF (anchorage
zone) 2} 0}, o] -2 Saint-Venant ¢ 2] o 2] &}
HHE AFT7E AT B Add A5 F /M & A58 A9 sk=, o] & Timoshenkod] 7
o 93t <1 § 3.512>F o] FHFA ] B Fo|et £ A A JAF3Fol 2T §Eol
U 2e 3719 BxstFol o3 8o 3% 2x W WM X FhE Abd el 2AE 4 At

29 3525 FEFRAA ] ¥
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BIdSHE TYAEFAE Fo FEusro Z QALH o g A o] ¢lE #Z& Agd F&
& 317 Atk <19 3526> AW AW R BA H 2o fIe el B XS
o 2PN B 5 50 28 BEE RA & wold FAwe Ay 2 JFL wET

Qo] 2717} BA) Bolol ws) 4245 FAgde AR 7P7ke ARAA Fh2 2T

= p= o,

op i

O4p K7,

o3p T 't

ol 191 o =2

o ¢l %&.c" ; K
P ! ﬂ ,96%;99 & .

220 B 8 i) %
) w3 s

anchoroge Zone /%2
a9 3526 R FJFF g
g8y ¥

compressive_©
;’”ﬁ

. A5 g3 fResRd

CFTA 9o AHg-¥ F&3-2 v} 2ok FEM3| 4o A 4 232 RIGIDZ 7} 83l 712 340
mm, Al £ 340 mm, 574 10 mmE 29 & 39}

19 3527 AEH
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Rl ¢ P ht

Pu ' Pu

_..x:L...,.{ i <+
‘:dhumt d .
—_— 2. 5dwm 2.5
<1.5h : <1.5hz
1
L <300mm, 2.4do

Provide bursting reinforcement in this region
with centroid ot doum

Y 3529 AASHTO 749 %9 32 w2 7%

T2 A 3E € grelgd g A QA W& AA e F5e a3 22 A7)
& AL YT FE S, 2003)
O F2EBA 2AdAE AR JFE Z2EFA P& BAAF) 7] Y3t F&Ro) &

ko] o] 1) A A of g,

@ PSC ¥t Aria el HaRo s HEg 717 e] sz I3 2o FIHEE FH
H A8 APE S e ZE o] dolojok frt. o F 2 BFA17]7] AA
FABEY 4F5AE 1F AT E2E) FA S U LEHE S 1.7 9] o] o] HA g
H otE e, E¥E FA0] QI8 AF BAY YA2AT FYF AEAA FBAZ AR G E
AYES AEH T} T W AR E 30 MPa, ZAEBA R 270 MPao] 2 w7}
ZaE P& 7H5HA gotof gt

o2
fir
N
5
>

(2) CFTASH U4k PSC AT 9 AR A} 29 Hx

CFTA At ¢ B35 FdAS Br18t7] 95ted Yuk PsCl oA o] 3 $3g mimsdrh
Ak PSC 1€ CFTA At 9} 2 Zo|&Z 306 mo|™ & 2m, £°] 1.75me] A FHE 7]1:{94-£35
m, ¥°] 024 me] YU E o] Fo)AYth. AR NE 22 E G| CFTAY) AHE8 F2 %
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E 391 1 AvhE <X 35.12>9) %E} Unk F3E H 7 CFTAS BF R SH & v ude o
dd o] 195 0] 31 400 m, 800 m, 1,200 m, 1,600 m A F A ¢] S8 & 20| & Holx| ekt
3tA gk 1 9]¢} o2 X Ho| M= CFTAS A48 o] Yk psCH BT} & $EE A= RAe gAY
¢ 5 A

¥ 3512 Uk PSC W3} CFTA Ade AR ¢8 vw

Stress, S11( MPa)
distance CFTA BEAM

0 -0.02426 -23.0356
200 -4.01465 -4.84882
400 3.06132 -3.81831
600 -7.76641 -10.2266
800 -20.7635 -19.7117
900 -15.0853 -16.2158
1000 -7.63887 -9.76368
1100 -15.0854 -16.2158
1200 -20.7635 -19.7117
1400 -7.76634 -10.2266
1600 -3.06132 -3.81832
1800 -4.01451 -4.84883
2000 -0.02428 -23.0356

s <1¥ 35.32>9 <1 3533>2 77 PSCHl o] A& 387} CFTASY A& 8-S 23
A7) B Foll Moz AT Aotk A7 Y HE AHAFAM e FEF 1FHA 93 A
) F-egol A& e <E 3.512>9 <% 35.34> ~ <1 3535594 FAF A
B AF o= & AolE BolA deth Al AHeE AR EY 58 4582 40 MPag]
of w3} FEFo)A FEetE 7Hg E $F 0] 207 MPa o] B Z G- 9f A3 o] thF A XA

1
iy

b
!
S
N

- 157 -












F A FR A E AR ote B AFARY 4 E S AU FAY g5 49D
TS XA R E A AR} BoT FPolle BT E BAstjor gtk AFAAE £
HE & vigsjA Fste 25 F 2 B F(dead anchor) 2 A AHE-8te F-5-oll< <219
3.5.36>9] F A} Zo] AR W W EE FAF P RAETE AT 2art U
<29 3537>S CFTA &R Fxo|H o7|d A7l 948 AaE S Aisla o) RAd

£
T ) T R
T 4 1 ?}}m M )
:’TMP e el G
IL L7y A% B
:zgwwi% 3y ol
P: zgseds § T BAY o ydee] 4rle O3Y
e: Zelagds Yo H4¥% T $4%d 47e 949
P @%? BaRe] Pol Ty %é“m* Ao M7le ¢3Y
R: e1%A e guri Tp o Eelasdgld o¢ %E’ﬂ%ﬁiﬁ 8
g UL §4x ?&% Arle Y
T

DR i oo WRARA 4 T O3A 2354 4vle 949
g A7e A ‘

% 3536 FEAF] AAH

-“wﬁg mz;a(wim S
W amlsE e

¥ 3537 CFTA Avle] AR 3=
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1) Bursting Force(Q33 (7, T})
P Vertical Direction
- ZA&He 77 a=0.35m
- AFR =7 H= 1.750m
g ARY  T,=0.25<X P, x(1—a/H)=0.25x5,900 % (1—0.35/1.750)
= 1,180kN
PR HEF A, =T,/ (08X f,)=1180/(0.8 X 400) X 1,000
=3,687.5mm’
P Horizontal Direction
- AFRe A7) o= 1.540m
- RF/R =7 H= 2.000m
W AFY T, =03xP,x(1—a/H)= 0.3x5,900 x (1—1.540/2.000)
='407.1kN
-Pe BEF A, =T/(08x%f,)=407.1/(0.8X400) X 1,000

=1,272.19mm?

2) Edge Tensile Force(173 2 T5)
P Vertical Direction

- Edge Tensile Force 73 = 0.04 X P, = 0.04 X< 5900 = 236kN

-ge Hog A= T,/ (0.8 x f,) =236/ (0.8 X 400) x 1,000

= 737.5 mm?
P Horizontal Direction

- Edge Tensile Force 73 = 0.04 X P,= 0.04 X 5,900 = 236kV

g FoF Ag= T3/(0.8x f,) =236/(0.8<400) x 1,000

= 737.5 mm?>
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3) Shear Friction(d &% 7))
A=A 2=08
-Ag et A p=14
U8 AITH Ay = P,J(®Xf,x u)= 5900/(0.8 <400 1.4) < 1,000
= 13,169 mm?®
4) Horizontal Anchoring Force (21733 T3)
- Anchoring Force 75 =0.25 X P, =0.25 X 5,900 = 1,475k V

-de Ao Ay = T/ (0.8 f,)= 1475/ (0.8 X 400) < 1,000

= 4,609.375mm>

" I E R=6.000m
AT JERE f, =400MPa
- T T, = P,/ R=5,900/6.000 = 983.33kN/m

-heHEEH Ay =T/(0.8Xf,) = 983.33/(0.8 X 400) < 1,000

= 3,072.917mm?

L |

AYe AAR AEE B3l T2ERM0] IR E APFY $3S At HAYS H7}
Atk WA FFAF Agse 1FHel o5 wAstE P et AHEgtor
CFTA Atlel & &3l HA) 7he g & Gt 9A S Z-&3h= ARl ha A%
Hg H718h7) fiste] gnt EAE PSC {3 AR S0 $898 HES 27 I 4584
207 MPa® 2 518 457 40 MPaklth 2B 2 by st BAshe IR AFSH S Jit 24
ZE WA RS theo e Zo] Ao WY AP )3 T2 Hajo] B <
A4L FAE}ATH ABAQUSE o] 48 FE 3142 S8t 228 E AP 22 2E 1,750 mmP o} 1
ARNAE B A7 2AstE A A48L 1786 MPaol™ Ho| 4382 5 MPac| B8 A&

o
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& AgHol WA B3¢ FANAG =, WO T PSC YHY

Aslg =), 442 CFTA Ao e 23 E FHE 2 AA)

HTBe Ao S Hle B FARE dRATT & 4 ook

i
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] g3t

1

4%

=

=

CFTA 7iH
353 ok oA meke] A

)

A
=]

o
=

=

H e &

=

o m M ﬂ,o.r e R _z_.a
'R - o T o N
> AR o W iy il
o o TR og o - 23 oy
s x La®Eq F <y 5
xlﬁ_xwr.L_L%@mM,w B o - =
R ax e o g o5 =
W= m e o %A T o oW g
Won oo R Mow T b oh W of
5y M 4 = o B T o
R N A Boge B e
wooE T T w B oF ﬂ‘d.‘.u Bo % =
TH oo R o B N M G B oo o
ST ¥esI i wmedIo T
W e m o FI G = T B 9 < <
oo o BT @ g 4 o i
oot w B oHME 4R o b |
T oo M .ow B o e X x
A L LI T Y Mwﬂoﬂmﬂmm 7
Fop R OB oy VW o oﬁw py W °
X & 9 X Wy W of- N = = 2 k!
of T -y o o cy 5o ,ME o %0 b iy
I S S O R I NI =
N z_.a i e ) —_—
TR R MaT T 4B B *
R R S A TR . 3
ool b w4y o F W T R
o o B oo o Q& ) =T N
X s W P m © 2 qggp  NF
%Eﬂ-..__,TOtLIMﬂP]l ‘._A.o,.&.hﬂﬁl_l_ml ,.ﬂ_oW ..W_
mml 9 T %o W B MW_ S pr Mo o n___m =0 e
X B UI S T qow N =W W o
PEzlewrT TARTESL M
o = R AR R e o woﬂ B Mt - ®
R oo T )
H X ol T T N T T = N o G-
o O Rw ) N T % TR T =
N S TR R B o
refrtiaREaail L
Wb e AR Ee TR < Fod Mo
S ST Qo XU U W W = X0 70 o T H o)
T g . S S Y U x
ok o woH W R o B o 1_._/l <
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£ A7 AE CFTA A9 |l 3 74 ¢ pitting corrosion©] #A gttt 7}
ATt F-2lo] AP ol w2t GHZH L SoEA Hed|, FH da ) FFE F
el AR (p), FHEW)S 722 AP (1), 22 2 F-4 AAANAH@E)IH. o] & ol & &dd
A g AL o 2o

ol
ofr
o
kd
B
=
ol i

n[D—2v(T—1t)?
§,c= 4

A 3.6.1)

o] 4-& ©]-&3 CFTA 7t] (9] @i # Wizl M) Wiy FAE()S 39 A (D), D)
2 ARSAL, A F4 WA A te B <E3.63>3 22 FA A H T Sl ER Y F-4
A1 £=19.193 A& A st 71 st o

# 363 874E A B4 AMAH AHA

TEEY] YA B AAAA ()
G R, 1.2=8[1—erf(7//4x0.616 <t )] 19.193
ARzE 1.2="7.1[1—erf(7/ V4 x0.616 <t )] 21.02
et 1.2=451—erf(7/ \/m )] 32.28
== 1.2=3.5[1—erf(7/ V4 x0.616 <t )| 44.219
A AR AF2 A HE 2 B 5(0) $7 i} ZHo] & 7HA AL 3leH, Ting(1989d)°ll 9

3) A tE BT F2E-L 100 m/yro] ™, Moris} Ellingwood’s(1994) ]l 2J3) 78 AFH A ¥
2 &2 50 ym/yr2 A<t Ting, Mori, Ellingwood?] 975 ulgoz HZo &L A
¥ (normal distribution) 2 t5 3 2-& F o3 E4Hgke 2EeTh

E 364 FAEY HoH ZFHA
(1) FFEH A 0) CcoVv
B2 5 89 5 0.056
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@) FHd A3 ALY <HFA Hol

CFTA 9733 "dl¥l& SWPC 7B PSHA o2 FAE ALZ T4 wet F 272 FA"H
CFTA Atje] A4 HA oA Wi 03} 7 0= 242t 13, 23 1FA = 283514 H2
ojujo] G AT 27 NFHLE ohF <X 365> 2oh. T, WRENAA S J7A D7 2302 ]

A7 DE SAdHOE AHFEXE 121 0.059 COVIS 2t

1o
W& 2137 A8 2FZA
oA A (mm?) 2,635.3 1,664.4
2 73 (mm) 57.93 46.03
%7171 8 (MPa) 816 481
A7 B 57.93 46.03
A7 COV 0.05 0.05
EFHA 2.8965 2.3015

Ay o= 2 (3.6.2)

o] 4 olg3te] AR AHE ] A AW, Z WEDZA D, T Ak 9)%04A) D, ¥ A 3
Ho] 913 gAY Waho] <4 362> AS2 WS D% D, 1213 v3hE BRERSE 714

ahe] 4R o} DA S AT

. _+\)]2 o —+\]2
Am:ﬂz[D1 20(T—1)] 1—2[1)2 2v(T—1)] 663

Bt+= 2o F-A/RAIHQ 19.193 o] At Folunz au7tA] e F4d o3 A o] HA3}A|
21 20d Fof X Fo] AR ET £ AFNME MY L dode 82o] By o3 A 3} Bo)
23 7} 83 Y3 ot
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@B) AT A N A H7}

ABAQUSE ©] &3t 24 93 AF HAZE €& A3} oS <F 3.6.6>7 2T
E 366 FHoALH Ao d CFTA AY TEH HF
Agag | Soae | MR gy g vn | Aa o 0
e (mm) ) (mm)
1 0.00 2,635.30 1,664.00 -3.18772
5 0.00 2,635.30 1,664.00 -3.18772
10 0.00 2,635.30 1,664.00 -3.18772
15 0.00 2,635.30 1,664.00 -3.18772
20 46.85 2,622.25 1,653.63 -3.64772 BAFNPA A A
25 334.21 2,542.09 1,590.10 -6.46772
30 616.60 2,463.18 1,527.82 -9.2772
35 894.02 2,385.51 1,466.78 -12.06772
40 1,166.45 2,309.08 1,406.99 -14.84772
45 1,433.91 2,233.90 1,34844 -17.60772
50 1,696.40 2,159.96 1,291.14 -20.33772
55 1,953.90 2,087.27 1,235.08 -23.05772
60 2,206.43 2,015.82 1,180.26 -25.74772
65 2,453.98 1,945.62 1,126.69 -28.42772
70 2,696.56 1,876.66 | 1,074.36 -31.06772
75 2,934.15 1,808.95 1,023.28 -33.68772
80 3,166.78 1,742.48 973.44 -36.28772
85 3,394.42 1,677.25 924.84 -38.84772
90 3,617.09 1,613.27 877.49 -41.38772
95 3,834.78 1,550.53 831.38 -43.89772
100 4,047 .49 1,489.03 786.52 -46.36772

S22 HH HPL

m o]5}9l A9 g <4 364>F BF

A

max

L

= 20,000/L

].

9\1‘:}
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B AA AY 2 A% AN mF

Zo]7} 10 m ©]/3 40

(3.6.4)



rie

AT A AHE3HE CFTA AH 2] magZolE 302 m ©]EE o] e <A 364> sty
_/,:

J
5> A FIa=

L

<33.

()
]
tlo

30.2(m)
5 =
@ 920,000/30.2(m

Y= 0.046818(m) (3.6.5)

582 % 46.82 mmo ABAQUSE d-& Ao AP HFE Blusdted 1) =E 18A thg <L
3.6.6>% 2tk TN E & F 91%o] 1A S dHo] ATl et A e A o] AL A
Ao 2 At F8dF<0 100 ol e A -NME 4636 mme] M Fo] S EZ 584

%
B
Aol 2R AT

B 2 A I

0.008 0.0085 8008 {0075 0,007 0.0063 o006 {0055 0.003 8.0045 0004

o
e

0005

\ " 901
\\ 0135

\ 002
\ 9025

\\ o002
0035

J04

HEHE IE \

$.045

.05

A ¥ (m)

29 366 1ZA @9 W @E A HF

SHA AA a e B-ole A NX P E AAE A R &3S A-EE Ao ok
2t AY Al A2 0] Fo A FAZE AASHA HER A ARETG HL Aol BT Holr.
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AH& 712t e e 5213 A FZA

(Year) (MPa) "~ (MPa) (MPa) , (MPa)
15 -1.10753 -3.99224 932.439 478.338
20 -1.15449 -3.91204 933.137 479.003
40 -2.3076 -1.94252 950.272 495.326
65 -3.70508 0.444355 971.032 515.114
90 -5.03955 2.72364 990.855 534.011
100 -5.55218 3.59922 998.47 541.27

AHEE EaEe] AR 4E-EH9] 3432 35 MPaol i 317 148 9 Hd HE32 3175
MPao|t}. o] &8k 2t A H-&5 A gk= Ao 100 o] A F 2 E 35 83t <
-8 ¥ 3.599 MPa°] t}.
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A ZHyear}

Z}7Z} 998.47 MPa, 541.27 MPa 24 7134 ¢] &8 83 <2l 1,600 MPacl thsjA SE3 /A& &

83T ee &4 9k
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% 3610 144 £

. $9 &g &9 .
Z_]_ =] ];u'_'] [l | [
3 HE (MPa) (MPa) Time (s)
01 974.543 2,150 0.37501
02 1,660.18 2,150 0.400002
03 1,209.50 2,150 0.400002
04 1,171.08 2,150 0.375001
E 3611 10FA HIEE

A7 M5 HEYE 5§ HIE Time (s)

01 0.002066 0.0390418 0.37501

02 0.003211 0.0390418 0.400002

03 0.001065 0.0390418 0.400002

04 0.003002 0.0390418 0.37501

Z}ztel a3 38 8-S Bty Ao A B S o) 5839 2,150 MPa Bt}
ZAong AT T 5 Atk 7P E WP EL Tendon04) A T3, ojuf o} WP E-L 0.003
° 2 38 W3 F 003950 =53] e grolth 7187 2] W3S o] 0.002140670] W oW HE 7]
A= &4 98 $ 34 5=l Tendon02¢} Tendon047} &4 P EQ] FX & HoERE F 7]
A7 &4 W) ot & Avk VAR L W 70 EXAT S & HIEF
A Form g Ao

_4

ol
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£ ¢S JoAMR gouz AFY UAAE 25 g7} A

2 A F AZA &40 AT AY A HUL

=2 % CFTA Ats W5 2132 o vls] E3}ol] FHepstet. o F

WatE s HES o YA a2jstA] X3 Bty AF ol sl &4

34t 4 e AA = ok upgo] Y3 A F A A Z aa SMsAL et ayEE
AAANT F% 03 < GHHE 100%,50%, 0% 2 FolHA A& P Ath o] AAZ

AHEE S ARAT 202 o] FAAINLBE & W FoAA] &1 GAFHo R Fid AL

Z A7) otk 1 FA ] HEe 9FRE 1M ~ 4902 <] 3.6.12>9 21}
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N A= 29 213 21342 HHol7k 05 MPa ©13He AE F & & Qv o2 A & vl
3 AT BASRA G B & 5 glth kAW Ao WP o) YA gt AL AR
Hul7h Fo} A Fee] Qolrt 7] PR £ 5 9tk 298 AR H 45D Fe] U

7} &3] ¥& CFTA At aLd] 3t hdd 971E S33t A

v}, CFTA At e AA Fr7}
(1) 2AA &4 9% CFTA =H ¢AA Hr}
CFTA A e t& 283 o] AY 347 949 Zoko|th BEAXE 949
H AT Yt AA ZolE 506 m, TL 11.25 mo| T, I3t 71AH L W= 5,700 kN<} 850
kNojt}. w o] tAA S HIFslr] Y3l m#e A A= A n#o A= 58

< 915Gtk & 34 ol A& MIDAS CIVIL 20082 A}-&-3t A th.

a8 3614 17 713A] &4 AL

CFTA n 3ol Ab&-H &= 1A= 2+ Arol 4 /|4 F 12 /| ol th CFTA 3 A A& £7]

2%
E A 750 MPaz A 388892 1,600 MPad] ¢k 60%AE0)|BE ZIZEH & JFX&E 2t7) wj &
o 21ZA 7} A 7He AL 3 utsl x| g, 714 FH kg el ol thdk kA A S Hslr] Y8t 1%

A7t @R & A S8 AR5 A sh Tt
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AFA ] £A0] Y A9 Edo] Y AL TF FHEY AT s BAGE

amg Aoe et 2ot
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X 3613 AY =942 £9

27 A ZAYE AR | FIYE FF | sHB AR | €8 &y

= (MPa) (MPa) (MPa) (MPa)
F2=At -8.925 1.014 -0.242 -0.552

AA A HWEAtd -8.959 0.954 -0.278 -0.493
-3 At -9.863 0.049 -0.241 -0.550

FEAY -8914 1551 -0575 -0.732

17] 232 &2 W2AY -9.082 1.378 -0.729 -0.781
37t -10.034 0.420 0.719 -0.866

£ 3614 32 4o 93 70134 &
+SAY YEAY FSAT

) =] 3 )= h=] a3 ) =]

1A e T T T : T T L
AEA S5 MP) | g | oA | AR | %A | 2%A | 23R
170 72732 &4 841.201 679.273 841.760 679.146 843.251 679.624
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ARAT 27 o) BAAE ASE FAR 5 & AR AAD B ATAAE 127} 27) o
 BoAAE A%l HANE 38 AES FUste] Bekel B9 Y Aol A He ¢
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E 3615 7FA) &4 g H=E AY FYF S8
. ALg3E
gaze s | FETT | cuge | view | vhew | whed | o ex
3} 2-(MPa) 2.346 1.014 1551 18.707 36.599 37.095
<8 Z7}%(MPa) 3.360 3.897 21.053 38.945 39.441
!_,‘:_./\1 o) 7:5_]_. _Q_E'_j'
E:] °l o’ 71& 1.160 6.267 11.592 11.740
7} vl
<¥ 3.615>9 272 A EA 2 71344 &0 BAsE Ao FE P AFSHE Fof
MNe AL E F3d. 1389 &42 98 = A E HEle ol AlgAA Ha 22 A8 F

g

Z A9 Qo] HatA FAE o] AL 315 G g A FIHAAT o2 U HF AY

F3YE GHL 3§ &8 o 3L W Hu o) AL £ EAYEY I E vt} 47}

AL&3EtE o] ZH-&-3ke DA AN A Y - ArE

F YL <E 3615>FH 2T} oA 2] 1Y 93 SATYE 3T A He dEEH
DZA7F @t & £ e RUEES QA HAA Arle Aotk £40] gle 3¢9 23 23
&% AN AY FU 3-8 L 2346 MPao| 1, AHE-3H5 0] A5 E 7o 1.104 MPao]
B2 ALL8Fd] o8 718 13482 3.360 MPao] ©t}. 0] NFo g A4zt A$-E ALE-5E
3 H)& 2 B Ro) &40 9% 3 Frhuigou
AP A AHEH Aol Z_3}= AME8HEE 260 kKN H] A2 AP A3 J 1 8152
1,369 kNo| Q2 o] 2] At A% M I <a¥ 361550 2 & J&= AXH a8
AT7HE B ojyE 500 kN o] FRE] 49bet F4& 28le XA F-31F 1Y ZE BYTH

2
=

Load-Displacement (1369 kN)
1600
1400
1200
1000
z
E 800
5
8500
400
200
o
0.0 1000 200.0 2000 400.0 5Q00.0
Displacemnent {mm}
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(7}) Filled Concrete ’ (L} RC Slab

i

e
Y

(E}‘) Steel Plates (E]-) Tendons
19 3.6.17 CFTA AHY FA4FE 234 24

CFTA Atme] 54 A 9g cgsan
A ez 78 AN ARVFF} REFFL 457 20 TLE 2] 589 A
H3) CFTAS] 7%, o}x] 4oz Q3 Ave ZAF7}

r
;
ox
oY
fm
m[m
L
QL
£
r
2,
o
Ru)
kA
e
<l
i)
d
My
£
ok
2
>
1

2 q8 7229 2RATFIF AL
Z F7HE o] it FYPAFARS FPA] DA 75T FAWGE F U AFFH2Z ol F s
Ao HHETh FLE AP AFEH CFTA Avle] 22 FAWA AFEEE 243 km/hr(13}
X =), 464 km/hr(23} 5.E), 665 km/hr(33} 2.5 o}t

E 3616 AZH ¥ oz 73 AvY nHFIAEF

F& | ASE 15355 (He) HHE 1555 (Hz) Freq. Errors(%)
1 2.2461 2.077 7.50
2 8.2031 8.589 -4.70
3 17.6758 19.50 -10.3
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Freq = 2.2461Hz; Damping = 1.764% i . Freq = 8.2031Hz; Damping = 0.51132% Freq = 17.6758Hz; Damping = 0.349%

Amplitude

Sensor No. Sensor No. Sensor No.

b 1z 2= W 23 BE (T 3% ==
19 3618 AZH HHeE 1 A =y

2 AEAEY Bt

(b A=A 9 AT I

olFAF T N L nFE FAsIE AF BA S FYP&ro) ) o|FEF FF o2 X3P
st T2 A5 Jetd 5 A= E B3t sfolt) o) FatFol v A e 724 3
S 73he Green®] G W, Yoo v &A|Zt 2
717110 A3 & ASAIA T4 TEE 2T F A9 AEet AL 54 $EE 7R
A 7)€ Dirac®] SHETE ol &3t= B, AT & ol &= W, AL TFE o) &3l=
W Tl Atk o] F o] AFAE ol F 8T AYE AT "kl 84 W) AAHNAMY A
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%
2
o
o2
J
g
oo
0y
]
i
oxl
ot
ok
™
ot
o|o

- 186 -



60 km/hr, 80 km/hr, 100 km/hr] & =0 S Fsl= E A 58 A

AZkel Qe A& B3] P& wE CFTA A9 $8S A3 E X o tiste] AES}
Aok oS 2P Aztol g e A o] AH&-H 100 km/hr S thE A1 7H4<] & 24 CFTA AH
o] =Y FAM AF] Srof whek A& A)zke] tha T

0.5+

Function Value (N)

0.0
0.000  0.012  0.024  0.036  0.048
Time (sec)

1% 3620 EQRANE NS o (FPEE : 100 km/hr)

FY& s BHE 0P FAAFE WA Astel BAAR NN Y Ho) 2HAD L FRSE

2

wtel ZES T, 1 ARE o FYSE 02 FAAFE AT L F T4 35
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(G) £44d 2d# 2U|2de FHLAY A3 va
CFTA 7t] 544 92 =28 21429 s Bg G2 o) Ashs o}x] AYS PAA 7|2
EHES I/ HE2 B2 98 03 v A BA) 4R W L GAEE BAY
ZavtAdn.
& Q79X = CFTA At AMEE 7 03A ] &340 5 o3 2o] Fstn, 98103
A8 shEo 2 1% CFTA AW Y] 5467 S 435 X 84& 53 vin A3yt

1A S PSEA 37tg A
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& 3617 AH 1

A%4 H]

=

X
) %712 d(Hz) 32k & 2 (Hz)
1 2,077 2.026
2 8.589 8.585
3 19.500 19.494

=

—— 4~ intact_FEM
--l——Damaged FEM

= - frtact_FEM
wsdfpunee Bamiaged_FEM

o
n

Amplitude
[~

-0.5

OhH 13 2=

18 3.6.26 13}

¥ 3.618 A9 1{FF

2 73 CFTA AY ¢
3l 5 (7 fi#8E, resolution)®] SHAIZ 13, HIE| S &Fo =
FE& FE8H #3717 lH Aok ®EkA CFTA
o2 G NARDY AN EFFHol B F

$4 W -
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M

%2 7|29 (Hz)

12+ &34 8l (Hz)

2.2461

2.2461

8.2031

8.2031

18.2031

WIiIN | =

17.6758

17.6758

17.3334
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= AH§8 % itk o] H3 2 aoksha ket 2ok
A AT Fol8 9l 9§ (domain)& ASHE AT AR 03714 GGold AT,
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o o) SN A AAE AP HP AL Brhstolof Bk, | E Fol, UEHE RYYD
A%, AARY mde B A BUo] v JYHoR Ge AR S AABE, QPR
e = o] 2 AAlo) B md AurT o gest
2o RYRE FES WS UEhE A S 2450 o Bol, LRAFFY REFY
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Nid FARDY S e ASAEN THE 72EL) AR o 2. dHez AS
2 PR B4Rt AV BFEAH L WY =o]Z(random noise)9t A|EF] o=
(system noise) ¥/&-& UYEHA T 1135 ASHH E A3t A5 7719 B E o] 2 AA A

MY % 93, 07 BEY 7S 435 WaN s adE 0 E 2Y 5 o), A2d e
£ 4G R ZARA 57 2 APA A4 ) $IFYH Aol k. A T, AA A
o4 YU T 2AL JERRE AL WS o2 $uE, F5 Aol SRR T
AASAL Foh 7] 9138
urn o 2 AS§ AFFTIE FARD AT T2l vs) YF Pro2 AFS o] Yom
2 B9 53, Q5L ASTE WAL ABREe Y 2l AT B ASEE
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N
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E3, ASAEE R RD L AFE0) v FiH oz 2 AE AHANN ASHER
Egdsith o2 JAARFEEASHA o IR AFEE ASE F71 itk 03 A

29 REAEY F0H BHAYL Tej5] 9 REFY EE §8245Y 348 A8

TR 2L 9 Pl AHREH = Y2 SI9 thE ok W 4F7 (parameter estimation) ol AH&-F]
= BHEF dHol Utk SIe ASAEERE FAEA A9 F & 23 TAS AH3
o TEEY FARLE Z2Asd, 88 AFES HFEFAHE AHEE AR Aol #A4
(control problem)oll Al FAERDNLLE AZFFH FAl GANA o] F oA A on-line
construction), FX2F &N FED/NHL Ity o2 ASAAEE d2AY S 53 Ao
Z M o] Fo]Xth(off-line construction). °] 2§ FEFF3 A FAEINLAY EH L NHAE &
D& AbREt N EE 3k 20T B30 tisl] B &3 o5& 8] H el

ES4AE ASAEE ASEo)2E XY AF(EE, ank)7]' FE3 A=Y F S TE

o A2 EZAFE 7Y A& Mol FA S, B85 7] A FeEA FARDR M A
| &85 7] A &3ttt &34E 29 E] Y (extended Kalman filter method), = =4

& (modal perturbation method), ¥17 % (sensitivity method) &) 484 o]&¢| 7|2 & & 8

i
ek A
=H
oM
N,
i
o

-

5

=7 3+ ¥ (hard computing, calculus-based algorithm)ol H]3} e, ¥ 2] o] £ (fuzzy theory), 217 % 7]
¥ (neural network method), %2} 1 2] & (genetic algorithm), HF7}A] 28l (expert system) 5
9] A E 7 (soft computing, non calculus-based algorithm)-2 AF-&2}9] Q)30 A R} Azl 3k
AR EAS AFTIoE FH ol Aok o8 @ 71 AA, 714, B Y, At 59 g FEE ok A
AA EA A H LA ol ¢-Fstthe Ao] AFHPA 2ol FRFGRoIIMNE B A7)
P =31 drHe] A7 £, 1999).

DHHoE FARYALE £8H 24, 343 29 DB, 29 43, L NgE 3
W3t ol WEAHI AH3 B S kel WA WS E 2RAME AR FHLDIFE o8
Ak ole g PSS AR UENRY FUEL WESHD QA W, YA B F 7R g HghE
HE AUHA A 22 Utk AR GREY SR FE0) FRE AFEY W 57} 2
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Aol whet B ALAIZle] BRsta, due)F AA 7t $HH 0z BebPsted wakehE W}

FALDA D B A2 71HE HA FEE FE817] Ao Ao & o EAE] A
AAE T2EY B FU FH @99 8Lz 29y dn. I8 A5 FAZDRN B
ofveh, AF AA = ol EAth ojd) F2EL ¥ /A FEFEE o] T, ASFH
BEATFY SUANN ZF &0t o|HA N2 FERES AT de HFHLE =
AV ohe FAME o gt

FARDMANM 22t #EE AR AP} AS
A8 A frAosndE TS o, A L AP =
AE(mesh) o] AL & Fe]|F o2 A st o}

T2AE Aol o AP E2AL AT 2E F5AEE 1T ARG 2ZY o2 A
& mdgsd anEolth A4S 7IHE F RN S A2 AHEse] AfAEHN R 17
& A FE vHol 7t R ES st FA H3te2 AdE RE fEaand
€ IYE o] 8F 5 A7) W frd s A spgolet 2 4 ok 2y tR-Ee V&
HEL AT8ARD Y SRR H g2 duFE =)o} 317 g, Bl 248 7
A& g AusA mdgshd a0l YR Bete A @A os BVbssA k. e ¢
T F) BE /FTLE ARE W ASAE 275tRE 029 FuFe A, REYLAE
FAE e THF AAE] ZdY T QA Hr @ AA EAME FEARE S 7 o B2
Aol 288 F ke Re G5l Fol Folof gk E g A9l = setvEd g AS
2Ag mEstofol It AR W] FEEnFd JHH duFe ML N1HA =o)=F
7hate g H8etE, AS e 93¢ A= A= FHAE £ AUsol FAHMT

» &
E 5o o8] 24T & A H2o) @ A5t Dasioh
7487] Asted 417 A

oL
o
£
ofp
ok
£
El
m&‘
o

=
o
ol
of
R
;1
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574 S4e ven 2y
ZHAA NG 5 AL L 5
.

¥ 3.619 /NAE CFTA Ay {38

2d=E 313 3/57F

FARDE

289 &3340 b5

= 2
o T

Az Azs
% Aoz B

vl o

=
o
T

3
T
N,

Nature of modes |Updated FE (Hz)| Test results (Hz) | Freq. Errors (%) | MAC values (%)
1st vertical 2.763 2929 -5.6 99.9
2nd vertical 10.569 10.741 -1.6 97.3
3rd vertical 22.714 22.459 -041 89.2

30 . ; ; ; . -
5 | Vel p
% s} o
& /'B/ s
E 15f 7 2
5 =
=

o
(=}
o

0 15 20 25
Frequency obtained from FEM (Hz2)

7h ASE 1/3FFe vl
a3 3630 A2E THAEXNT AAR

o] |
CFTA At 9] T4 %484 %
M 223 AEAHERB7TE
CFTA A 725

AHFHE A FEEY T4

%

7t B H L s St AAF
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H 7 8 CFTA 7{42] ZNHAM HE

7y BAAN B AL

=7t 3R E S AR E A B A E AE S AR V) B8 oty AAE ]t o
FT EEIHAE 223tz sk o] o] FolA L YTt o] 2 U3 AL HAAE ALE TH A4
=9 @ed AA 3 A B oty AL HH A E AR FT] T BT F A VIS =
HH 7HA & F2EY AA 2 AL DA o vt ste & A=t o] Foj A L gl

S7be o) 82 JPo] e A EE AR A 20059 /G E 1009 o4 7R AFS 7H
AAE A Al BtEA] nEsjord A Y BA F HE BI AP A TS AAFORA 7
A g =3 ek 34 Al Jlo] A HE #8 FEL Fa oo B AR
°] W& 21k LCC(Life-Cycle Cost Analysis)= VE(Value Engineering)& ¥ % & tt4:& #2]
NN AAR BAE SRS AP FR_AEA TEEL) AojF7E Sote] 1A H ol Aok
715 R AT i g B yoltt. B AN E CFTAS T8 u#3o] BAH 5§
B a13}7] $)she] Al g, A7) g BA AT

iy

N,
i

AR
to o2

3

SERENR- I E ESE ERSE

AurHoz HER FPPo] e FANTANEL AR EATE FL YTAH)EL
AREE 2712808, AR B3 AA - A7) GOz Gedth FEEY ST

o

B2 FE2E AMEA R, AW, AHE 8733 A7 F2 A e Fojof stk whebA AAGA
LCC E4L A - A7GANA 2 He Ao g Yt <2 3.7.1>2 FfF7] B¢ 2 @A
¥ LCC 74%E4 date vehd Relth. 1d8eA LCC 352 374 #2)F A vl-§(Agency
Cost) 3 2+ )& (Indirect Cost) 2 v th. #e] FA) H§oe 27] A48 &7 AR 0 &, 3
A 7] vlgol £FEM, HHE SN e 270 DA B E & FARE GA Lol £
ok £ A7olME CFTAY #2] F4) vl & 3 £4& FP8 % 2m, VE/LCC £4 & F34]
= ul Aol AFHQ BrHE A8z} st
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Y EEEYITE] e
=3 (Agency Cost) (Indirect Cost)
¥
o s AL Sxz2ASA
EDIEPICIE= ESETIEE= SAEDIBIE s et
AH =
OE(:H-;?I W8 sAslE B DEL AN TARS TR o8
EAEg ;gu[sc =2 Q HOH2 . 0E S20I2X 42 S20/8% HIE
et (B7], 3= YA HEE U8 (NAXIH S, g2y || (ANZX SR, 2y
wiiggﬁﬂg e, BB LHE = HIZ. ADHIE, #28I8).|] S.A120I8 S3HE)
s==Ts (2+22RH HE) PNEERTE=Y AB-ZRELUIE

=X 24 H & @4

a9 371 BAF7] ¢S &4 @AE LCC 748 F&

1) vl ngF A3

AL T 7|EF 7MY EFse AL 7EH Bl G (ctkictep.rekr)ol] ZASH, LT
B2 A-4071€9 Bl EETR EokilA A7|¢E A H AgE 20073 4€ A 457 9]
W, 2 7beH g8 A et B E 7)eL okg 9 2] SCP, IPC, MSP AH § 5 8122 g

St R 23 E] T 2E 82 (Pre-Stress; PS)S] 74 =4S 53 A5 & =58
I how, SCP AT 9| 733 PSC i AT s} frAR @3S 7HAEAN FAF R S2HES

TSI PSE EYShe TEE A3 Ak wEp QTGN T ob A FAT R, PSTRE
oA T2 2L T EFTEALH S o] F& B9 T CFTA(Concrete-Filled and Tied Steel
Tubular Arch) At ¢}t A FE) o] L FE Arle EASA G Aotk AT LCC #4&
38t CFTAS] 23} F-AHS PSC W& Avim et Zuts A, SCP AYRE vl nhAd B FS
A8t o, CFTA AY 9 ¥ H8A& J537] st U A4 8 4 v A% o

~
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¥ 371 vt} FF 342

4
PN
ofl
b
s it
(R

5 2

- P@o] 8 A HA &g 20~30 m AEY 93N 2
9Aa% Fxo HE

-20~30 m A% @A nF JHAEA FAHIIE AF s

7} o] 7+

ZH g0l A FREA Ax7t g

ZaYEZ} t7] Fol FFH =EFHEE dld B

-7 -3 ERAY BRHE0 J%l%?ip_i SHAFE
%LEME, Aoy, HEY 2l °ﬂ A&
5

Zrar s - 7330 AN RN = o ZHANNE H 60
Ads m7tA A& 7he
-] vwA Fzahy Awzel G wx FAT
Aol olat guFdol Wy
- Qs 2 AR 22 WA So) gt 2
- BAE AP EH ASZH APES BN
- 323 AN e =REH SAd Bz FUaE
278 & U8
e S ERR- I EER DR
_ FRA R BE v - A8} A5
S ABA AT ABE 59
- 50 m WejdMe AAEE B} 7t
- g30E 34 ¥ 7EE 9AA 3712 Add o)
94 Bolam IR AE WA
- CFTA AdYe HYwe A 82 YR Z3ZEE
23 FATE 9002 Ay Jue AR
. EolE AL FUE obx WS 23 9IS
crra | VR B¥ 1 CpTA AuE A2 Aesd Ansh 7 A s
- AY=m SAL FATE, oOIXFY, 4RIV FAL.

- A% Aol BashA ol AFA0] ANE By
Mg ZAY FERET 2aEd 97 B4
x4z P2 W] 2o

- kNG B4 0BG olgae] ARaFo| P
NFEHL B,

2 LFPAE VE F71E A8 HuygE A3

CFTA AY %} PSC ¥ AT, et AT I, SCP AH 1L § 9] 433 3§29 g VE Brt&

3l <& 372> Zo| Z4zo] Hla¥E-& HAS ) o] FEELS A&/} Jde oA dA

F7HE S 8) weislolol T AHY, FIEE $& 7122 TG




¥ 372 VE H71E 913 v|ugdE

3 5 Woe
o TAAFG A% T4 9 A4 FHoE AY - AFL JanT
Z s
N s E G R PR EE e
coT o x
N m a |° NBLAE A2HY S e A A} B A%
° F4o 288 /HAL § 9T, AR - AFo] Wo|FA AR
L |0 R R AATE TEP 95Y B FUIL A5EA AR
TR g9e gnza 3u 0 gAY} FRA o
BA - £2APE -PS A 59 YFA $9] e 2ER R
W T A o P2A §ABEY Mt JRBA =2 g AP ZEX
)=
N
o Z7ug mul ohet FARF LS Has T 5 deA
A A A 3
0 50 m o] AE ZE TN HES ALY F YEA o
o BAH AN o] HasEo BHLIL Y 5 YR g
#7234 i
AR ASg W 2348 AP WA § YA AR
|0 3 Awae) 23 2 A WAL A7} AA5RA o
LRYES B .
o AdA EAL U & Yt AHH 284S 2Ex o
UutE 02 VE H71E A5 48ste P 713N 44 2 53R fEANESRY &
R 7HE R o) B} 7 E g AHESAT
# 373 VE B7IE A% o I 71
AR 7Y B1% S
wH G Bopa A 7)Y H g ZH§ Eobs UAoE 43
SEANG
Cost to Worth 7]* H]-& 37} Worthe}e] x}o) Worths] A}%‘;&g_ﬂ s &AM
i MET A5 2PACE | AsHIELSE 54, AR
H| 845 H 7171 oo 8T, 27 Sol UL
_ EEE]EQ] £ we}
i A A4 &3, o1 - A
2R sqiiuy we na s | BHERE E‘r;}:}ﬂl A48 5
NENRS BRHAAE | BATY, SR, A% 5 B7le 2o Ex Hol
A7M 745 R FFLHL AFH S AFA =Y 2 L SFYE 98 <19 372>

o} <3 3.74> A AAE

HHE BT sl
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V2R (%
Total )
75 221
6.0 17.6
55 16.2
4.0 11.7
40 11.7
35 10.3
0.5 15
0.5 15
25 7.4
34 100
a9 372 WEYA FHriygd o3 7hFA 2R
£ 374 H5F AHAE A% 7E
HIMSF : 2 T5L 10949 272 g
10 Zledo® Jbed /) dgd] & A Ay /
F8n 87 Fa715 NA
9 VfeHo R 7ted /) ZEAE QA CG8E /
k7o) uj g3} oE 7)F3HA MM
8 NEeHLE JHed / AL vEH g 71FAJA AL
7 dzte] Z2AE W oFE / AATIE AU Fe JS
6 gt HE / 7hsd 2A Al
5 H-& Z2 / 71530 8F0A e &4
4 HelFTo g2
3 FFee PAF7E VR B
2 03 9d
1 T2 QTAR Y 9] 3
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3) 7] AL v &
27188 8( Cp)S AL, AN E, AVlesqdnl g, A-du§ 2 2 g Foz o
59 A3 Zo] YERE 4= o

CHTUX) = Cppy (X) + Cpps{ X) + Cre(X) + Copn(X) + Crg( X) (3.7.1)

xmil AHel AEAC AL, FELL T UTELAE TGP BY 9 A4ZD 53 W A
u AAES

<2 3.71>7 o] 27|48 8L 2 F A ()il S, BA(Cpp) B8, A7 Z=U( C yrzen)
8, AY(C o) HE T (Cppo) 1 & 5 iAo 2 mo] ST A7A A= M go
BEFA7 Hzol FASE 1RAA dANGFE u @t ol F EARRY AL/ HEAR

2 AT AS Folsol ¥ H& AANI Lo Zeul gL nBE A, mFe) AYRARNE, 2
5, W) Aol B), wFe 7 YR (B A, LA, BAA A, Yukx| oo mEA B 75}
, A& ol AAN S QI (YA, B 8A, FEA 5ol e} EFE ARE A}

Hohel vl E A3 )47 Aol FFssithe Aot |

CFTA @4 AtY AAA NS 98 2 2FP 8 A70go] Be 99 M3 2712404 2
A AR gew 2o TAN A2 ARH AAY BHLS 96 CFTA AW, 292 AYw
PSC 8t A e sl & 105 m, % 50 m A HF S 2 5 A3t ZHZho] A & A F-FA o
o) A& st

OPO K

103 . K 105
< 25 | 55
\ [

..‘.:[2&{3 [ E N X [ E R T
(a) CFTA At _ - (b) PSC gt Arw

n . 05 " '
058 | 9.4 T o7
- = P

() Bt Avia (d) SCP Adwm
2% 373 AAA B7b A mF
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& 375 LCC E4<5 93 & %I 27¥&RF =105 m )

W Zo] £ FE Z71H18-(H 9)
CFTA AYx 603.167
PSC ¥~ Arlxn 596,833
50 m
701411._/_\_ 7{\:—] kA 623,447
SCP At 603.378

2] VE/LCC B7+E 918te) CFTA At e} PSC Bt2 Ariw, 78k Ad 29} SCPRLH <)
7] ¥&& 1R 50m, E105m o tj st vl § A E F3 5tk PSC 8- AY R ES0m ZF
o FSM < 7H8ster, B w#Fe & W gl & 2R 0], =5-1], 3y a3 AF), 3

=8 T HEE TFE BA AS EUEAAWNIAN S uEeE B vl T
= S <& 3.75>9 o] 27IR| &S AT EF 2 Wt A4 WA E nigeg 7
et or, dF WA FALE & st H]-& xo]7t A7) Fio] dEd, ol Az 7
Bolut A e Ao Zpo] = FE FE A& AN A FrH 02 AL EHE EFo|YHIE 5
o o3 FA T 2788 A WP <X 3.7.6> ~ < 3.7.9>9 A H ot

o
2

#(171.4 tonf) 3 Bl 3}) CFTA AT el £ L 5%E 77 2(163.2 tonf) & °F 4.6% 2] A&

N2 ALE Ueitt. stA 9, CFTA A 9 Y7o FHE = E2EV} F713 02 @A) 314

AHIE BsA7)E 89l BeH, 1380 B73ta Al oA oF 3% A a a7} 3l

2 Yelgth Al 387 s E 998 CFTA Avm st ks A e A3 o] 2ho]
A BAA T Aol e RO E geH

e B —\;i
Lo 2
ofd

-|11

o

S
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¥ 376 CFTA AdYn 27]H1-& YIA
T % T+ 2| FF @3 SG7HE) A (D)
19-40-15 417688 | 78,720 32,880,401
I 19-24-15 161.211 | o 54,472 8,781,486
F2EAYERA 417.688 m 8,419 3,516,515
HIEIHYEERA 161.211 m' 10,954 1,765,905
AZR &9 33 27948 | m 21,297 5,952,086
% H g A 150.619 m 21,844 3,290,121
&I S A 555.9 ' 538 299,074
HZYMHIEY) 555.9 m 1,204 669,304
25 o] A F 3 555.9 m* 756 420,260
a3 37.78 tonf 430,889 16,278,986
Hahg 2 29 D13 mm 35.1354 | tonf 682,825 23,991,330
D16 mm ©]4 2.6446 | tonf 722,981 1,911,996
AT B3 AT By 163.208 | tonf | 1,734,376 283,064,241
AR 179.529 | tonf 70,026 12,571,692.8
CFTA At] &4
@AE 163.2089 | tonf 85,691 13,985,466.8
LU 3 3 6,361,262 19,083,787
RT 16 z 36,500 584,000
H] 5}z AA UT 2121339 | m 40,000 8,485,342
M.T 155215 | m 25,000 3,880,372
2 A %) 10.9 tonf 520,048 5,668,471
PC ZFAA =
Z4A 152 mm 10.9 tonf | 1,890,000 20,600,811
. PC7ad A=A 24 EA 256,208 6,148,992
PCE AN R&EAA 24 EA 933,776 22,410,624
PC7A 21724 FHF 12 EA 970,812 11,649,744
A2H Y 600 m 35,505 21,303,000
403 PCHAA HE&EAA 600 m 21,616 12,969,600
1z 1%, D=130/133 mm 3 EA 9,900 29,700
22t 2%, D=63/66 mm 3 EA 5,350 16,050
QT 12} 713, BC 6-31 6 EA 1,116,790 6,700,740
22 1%, BC 6-7 6 EA 149,240 895,440
N REZHEH) 1670.65 | m’ 22,624 37,796,767
DR AR 161571 | m' 7,045 11,382,682
=33 R ARAAEZ(TH) 114.73 m’ 8,615 988,436
R IAAER(ETR) 188.51 m 11,399 2,148,916
R AZAEHER) 54.93 m* 19,058 1,047,016
A 603,169,358
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¥ 37.7 PSC ¥& Avn 27]8]4 WA

3 = 7 7 w2 | T enw ()
19-40-15 468.000 m' 78,720 36,840,960

19-24-15 28.200 m’ 54,472 1,536,110

Z3FYE

FrEEagE 4.000 m’ 326,868 1,307,472

HAIEZIAYEE 500.200 ' 10,954 5,479,191

A F A 3 33 1649.160 m’ 21,297 35,122,161
v A AR, 1633.570 m 10,956 17,897,393
A 43 758.630 m’ 28,277 21,451,781

= u g B (LEFE) 567.499 m' 23,265 13,202,864
F&  (FSM) 6554.507 m’ 27,812 182,293,949

B YA FAA 525.000 m' 538 282,450

Z AR PE L TR 525.000 m' 1,204 632,100

25 o] A T ¥ 525.000 m' 756 396,900
PS7 A A=) FAU X (R A E) E3H 14.158 tonf | 2,424,062 34,319,870
22 9 BB Like's 149.750 | tonf | 430,889 64,525,628
23 nZHA= 149.750 | tonf 722,981 108,266,405
s HA2? =9 600 m 35,505 21,303,000
A psAdM R 600 m 21,616 12,969,600
1733 274 22 x 152 mm 32.000 EA 854,073 27,330,336
Fan 22T-0.5" 16.000 EA 729,706 11,675,296
A 596,833,464
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¥ 378 Zutx Avn 271814 WA
F = 7 £ % | 5 | WK FA(2)
19-40-15 184.453 m 78,720 14,520,140
I 19-24-15 38.976 m’ 54,472 2,123,101
RFEEEZIE 4.251 m' 326,868 1,389,516
AZEZ3gEEA 223.429 m’ 10,954 2,447,441
gt 33 259.362 ' 21,297 5,523,633
AFH T3 33+F I AFH 122.698 m 46,742 5,735,150
HZEHoE 195.917 m 40,100 7,856,272
& u g ARG, 151.696 m’ 21,844 3,313,647
S R A Al 475 m’ 538 255,550
HEZIYAEIZ 7] 475 m’ 1,204 571,900
F 9 520 m' 756 393,120
2ol A
T 3 237.867 m' 756 179,827
a% 37.78 tonf | 430,889 16,278,986
A27E 2 29 -
n1ZEEZ 35.1354 | tonf 722,981 25,402,227
7 3 A) 2 171426 | tonf | 2,061,737 353,435,327
ZuAz 4 7 AT 171.426 | tonf 500,000 85,713,000
ASTE | 171426 | tonf | 105,794 18,135,842
R.T 206 oj 35,000 7,210,000
H 7} 3 U.T 51.6 m 25,000 1,290,000
M.T 214 m 40,000 8,560,000
R = HF A 979.565 m' 21,689 21,245,785
AR =HEA) 903.946 | ' 7,246 6,549,993
WE=7HE ) 1369.708 | m' 19,034 26,071,022
Au =3 A= (ER) 3115253 | m 9,987 3,111,203
REE 9 AR 98.665 m' 23,748 2,343,096
Wrze g HAREHEHD 51.186 m* 9,255 473,726
FAAEZ(FTE) 301718 | m 10,997 3,317,993
ZA 623,447,498 .
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¥ 379 SCP Adi 2718 YA

: = 4 . 2| T e A1)
gagde 19-40-15 215 m’ 78,720 17,720,000
HAolZ2AZH AN 990.516 m 27,495 27,234,237
ARARHT 2A 40 SET 771,434 30,857,360
POST-TENSION A 2 20 e~ 442,459 8,849,180
A= L 990.516 m 6,596 6,533,444
23tolg 29 24 m 166,860 4,004,640
ARSI L)) 24.72 tonf 93,938 2,322,147
442 g 104 EA 57,309 5,960,136
H £aEgA 19-40-150 216.972 m 35,856 7,779,748
RT 16 3 36,500 584,000
vl 53] HAE UT 174.392 m 40,000 6,975,680
M.T 127.6 m 25,000 3,190,000
AR =F(FH) 1518.77 m’ 22,624 34,360,698
DL SGED) 1468.83 m' 7,045 10,347,893
=3% AR AZAAEZH(TH) 104.304 m' 8,615 898,579
R EAAEHZTA) 171.38 m' 11,399 1,953,561
AEAZAA=ZEA) 49.944 m 19,058 951,833
1-Ad A2 134.244 | tonf 1,293,721 173,674,282
i 144.785 | tonf 1,050,000 152,024,250
P.CZAA $152 mm 25956 | tonf | 1,890,000 49,056,840
3 E(Ss41) FB50 2.004 tonf 850,000 1,703,400
Ly % L-65x65X6 0.844 tonf 875,000 738,500
ANCHOR BAR D16 0.016 tonf 752,000 12,032
L =150 8196 EA 642 5,261,832
STUD($19) L=120 3228 EA 544 1,756,032
» L=60 5364 EA 414 2,220,696
13y BEE M22x75(S10T) 2408 EA 1,279 3,079,832
UBE 8 664 EA 847 562,408
SCPR AT b 3o enk 147.63 tonf 70,026 10,337,938
DA F 134.244 | tonf 85,691 11,503,503
&g bl 4 B 5,229,504 20,918,017
7 603,372,698
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@ A T 89§
#E|FA o 93] FEEHE FAFYH L2 AuE, A3 L AGH &3 T o] &44FH ] B,
B 2 3o 285 FARSFH L9 §e o9 <4 372>% F4 3 & 5 Qi)

K
CHUY (X t) = Cpppay (X, 1) + kzl [ Chvs (X, 8) + Chyas] (3.7.2)
k= 2% FHRA(TFRLA, HIT282)9 HAY Index
Coyar Cmng Coya = RS, B2 2 A, $ARSHS
X = ZF AH8E A7, FEeLMEE, F9, 7t2E, g1) 3 BTz ss@F, AFo)E, s
N, ARANA, ¥31, 94, F3EE), Ho%ai HE U7, SE¥Y HEIHE IIG B
F 2 fARSFEAZZ 53 #EY AR @5
f= 7105 5] 99 Azt '

NFLE FAHLE(TELS R BFERALEE Y S4FES 7HA oy, a9 nEt o
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