-02

R8D / 20CTAP-C151892

2SS EH S (11-B552989-000359-01)

HCO ), BIBHC ),
2021. 01. 11.

1IFAIE Ml 2x HE 2T HaM

[ e T

urn §
[=)

/

(o

x

oA ( O)

I.

il

lNe&

H

()
S

b |
EW

o
i)

E|
ol

— —

Ld

S

7 ==
ol o]
ool
30 30 —~
R0 &1 Kb
~ ~
Tl il
~ ~
- r
3l 8l G.
md WO wr
K- M0 oF

3 E

ol
fofo
Kl

ol
e .



SELNSHET | =8E 3}

UR AERD Z2AE ZFRE BE #E8 2EH XFolx| F=E W (AT 2|7
2019. D4. ~ 2020. 12.) 2HAIe| EEE DM 1088 HSELC)

2021. 01. 11,

FEATI|LE : IE AT sistn Ayl

HSUTI| Y 1 IE D Mg

sty de : (F) gt 2xE (o)
FooiTy| 2R o &l 8
Bsoly|maex: 5 X &
oetol | pelx: = B ¢

TENSFAE APNUAIY 2YFHE M29xo| wet HELITA Lt
=efghct.




HE =

SELEAE7 | =H/E A5t

A AERT ZE|AE FH2|E ES HE 2El XZolx| 3=

ZHE (Ao 2|24
2019, 04, ~ 2020. 12,) M| 2| £ EEDM 1058 H &8}

TEATI| Y : I8 FHIHT | g0 Stn Metye
SSUTZ|2Y : I8 YU Em sEEEet

ST B (F) 3

Fpoi Ty gM Rl o
SEETI|Bdex: 3§ A ¢
PRI MM ARy x 2

SEDNSFA0 AP UMY 297E Hog=ol w2t HER2 DA Lzt

=
i
2 gt




H

SEDEIT|ST A5

HO

£

R £EEI zZEFfLAE E3JC|E E] HE 2SS XJolE| F=E ER(AHFME 72k

2019. 04. ~ 2020. 12.) ZA|2| HEZTDM 1

07 & HEach

2021 01. 11,
FuedTolug : 3T 24TVITIe0AT MaHmst oME  (2)
ZEeTolng : 3T AYHED MEHmE dm= (2
g TrlEg  (F) B G P

FaoTo| B,
S| BH AL
o 77| mbaK o x}

P& e
o or 1A
ne e ot

=
= =

ZEMESLD ATHLAIY SHTE H2oZof| ma} HEE A o
[=)

| gt




M 22M

- siet o 2020. 01. ~ 2AHA =
A% Do WS 20CTAP off A 020. 0 T _F =
(C151892-02 oA 7|zt 2020. 12. | 2RtA =
Al Y ZEDET|EEFATAIY
oA TRl E
Ml At -
o 24 -
AT Gone | 2M AERI ERjAE 232E 25 28 252 XFobA
A'”_I_'I‘}'x-”c> ?‘_7.:_ 7|‘| HEF
M5 206,000 M
51209 o7k X 2
= < < sl Ce == ==
) 0H0|_|'7:” LH'j:'— 20%‘ OHon_}'ﬁI 73'—'?'—9| 7—3_9_.__]
Eojoi el % o H| §
ol 0 W ATy = el
3 _ A1 206,000 M@
of & ol K} ob%! 3| -
M5 370,000 M
=- [n] a|Z}: M2l
& dqolz | B2 _
i W& 228 | & odqy| MR el
Eojoinel 4 §
olg: 09 N 2l
A1 370,000 M
Ay|ay o | Agas|arstn Zof7|gdy: siEels
L% By E=Zsta}
IHBET | AR sgelS ATH R | sEels
o|Etod ART|EY: (F) M3 of Lol xp: xRk
% 2 - 2o sl B ATIMLAHE Mo JME HEoR T
o o1 5t A4 L ol ok opx|
ijﬂf;’ﬁ.'l 2 Atde, BHo] Zofsts Aol oo FEMS Hoto| chekst Iﬁ%% o
e | TAE0l 2 odTatao] BT Hois RS0 S2Xtel AT F2dh 2ol
m 2 23 £ JUTE o stE2 etz Hotsgs MAE
orf M1t S=.7|EtHS
MRt MEZS
e o = 5 HIOM | AFAM | J]|ER2% | AZE siste
= T = o= . xH x4 ° 2reE PELE] o= o
2= 2| SIS o o ey e Al
5=.7
2 H_@' 45) 2 - - - 1 - - - - -
2L S BB HBAI AR S25 HTAIM - T HE
o1 T A A 7 TUA el bl NTIS
| i 2 | (=] |
TEE L muy (eme) TP THEERE ma)  (may (wmma) s3ws

7l& xZotal Pxo} ulmstol AlZN 2 oS4 S JMslm JETEE BRI HE

2 Mt Zx AEZD TEfAE EZIEE E2 2 2EZ XS0

TxE J|E N flslo ZajAE BIBIE 25 ALl 47| Y

S goleh X7 My EAMg S8 YrMS g8, px celol xst 3 95 HOA
MmO i, #E N2 AY U SFE Aot AES S8 PEX

SEMT S S48 YIS




o
ol
04

il
N gl Jjo o
K1 = [ ~ =
W KA iy Ao Al Rl
R - 00 < Kl 33
[e) — o i = 0{0
] ol e
Ko i~ o = )
K Ko s K il
i} K —_— - N
I —_ H < — 0 _ = oo
™ - - ok ol 1 ilof
H __:mz ol g i ™ Foar
IH o ) - o] = m) K oy
oo o ol M g F N 10 A M-
ol <0 <V = = - N0
X0 W ' < o E 0
< - —_ e O_H Yo} o
o mow & wm = T b = = N
m o~ i3 T D I s 0 N -
™ T ol =L H 20 ey W = -
A X0 Hr 0J < H ujo d — K 700 or = =
u| W mw e X e W= W
5 9 3 ~ KoOKON W w8 |
W I =W T L = o o H 0B <
T : [ + SV~ m™
o R K - K ) ] o
Now X E W W L - L ) voTR Al
K [=] T [0} - — —_
3 X om w ow W Kio = oo w O® I
™ TS J = = = Ko kK — Lo a4 <
o Ko K] = < - K - k3 a ol Ho - v
=] E|_ = - ® K o T _ K 9 Kq wo Kl =< R
- n n K O o .A_._u T Kfo = n_lu.n_ .m.Ll 3 =3 ©
Hoomoum K W WO w N or oW TRz KO T
m W H o S = A I Uy
| Klo H., K1 K K . rHo ol ™ _ o e o
<] w ow = T S Sy o = KB @K o o 3 H
J0 < K w — ol > 2 < - oo rE
¥ =R = W d K K F > o o@m 3 LU
o ~ ™~ m —_ AN | 0 Kl - —_ — |
0 ~ o o) ] =] n A o) uw nl _
Noowoowmow X K K S H ¥ 5 g3 £ 3
S §E zeky wfziiesz of
K AR Al K 3 = T
o 0 O moE T DA K K 5 T
o O O O O O = K K B Ko =
O 0O O O O = B3
0{0 2 _
o 0 a
o = = — o
T L » A =
il T EIR s =
T = o= 1 °
= %D N
L




< SUMMARY >

Development of modular underground arch system using
steel strip and precast concrete blocks

O Evaluation of structural performance of connection element for precast

Purpose &
concrete block
Contents
O Seismic reliability analysis of precast concrete modular underground arch
O Examination of structural optimization and safety for structural member and
section of underground arch system
O Development of modular underground arch system using steel strip and precast
concrete blocks
O Securement of seismic performance for underground arch system from seismic
reliability analysis
Results
O Construction cost reduction from the sectional optimization of underground
arch system
O Evaluation of structural safety from the sectional optimization of
underground arch system
O Applications for cut-and-cover underground culverts, underground road ways
and eco—corridors for 30m or less width
O Applications for arch bridges, large span spatial structures and rainwater
tanks etc. and maintenance - free for various applications
Expected Advanced technology of underground arch system in the world

Contribution

Application for tunnel lining and architectural structures
Construction without traffic flow interference

Providing eco-friendly view from underground construction

o O O O O

Construction cost reduction by 30% (22.5 billion won/year approximately)

- market size: 150 billion won/year / market share: 50%

Keywords

Optimization of )
Underground Seismic
Modular arch Precast panel structural )
arch system behaviors
member
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Disp. at Crack stress by Ultimate Disp. at ultimate
Crack load (kN) crack load crack load flexural load flexural load
(mm) (MPa) (kN) (mm)
PP-1 10.29 0.19 345 30.39 0.60
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PP-3 11.43 0.23 3.84 24.63 0.63
Avg. 11.16 0.23 3.75 27.32 0.63
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Max: +5.252e-01

Node: NORMBLOCK4-7.336
Min: -5.348e-01

Node: NORMBLOCK4-22.155

Max: +5.249¢-01
Node: NORMBLOCK4-7.336

Min: -5.345e-01
Node: NORMBLOCK4-22.155

Max: +0.000e+00
Node: ENDBLOCK-1.146.
Min: -1.293e+00

Node: NORMBLOCK3-13.389

Max: +0.000e+00
Node: ENDBLOCK-1.146
Min: -1.293e+00

Node: NORMBLOCK3-13.389

e

- 21



Max +52506-001
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ol 5 XMzl wot Sofl thistod HESH| fIst0{ Z2|FHAE Y o35 AZM Hot MEA
£ HMZEeIS. Ago ALEE Z2|IHAE Y o|SF HZAN "It A™AM= =0| 120mm,
Zo| s00mme| ¢, = ZZ|IHAE mde2 1x==2 HMZE5t% o], olx| Mx| o|F satnt ZHol
oF 3= 3MBIUS. OlF V-strip2 HZst 0|3FE Helst & &3 28 €S & UL
£ o3 S 0|85t0{ == HElZ HMESI¥S. olgF M2l WASZ+&= Type ADE 7HHS
Fend, Type ASl 4 +38M T4 LM (MH), Type BE A AlE gh(XH), Type
Cel 4% <EEr M2[Z(0|FF), Type D 8 ZHA S (MH) + R E A22(H
H)o=z FE5t0] XM2| geokg oSS




< Type B > < Type C > < Type D >
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- (0|38 AZ&M "I ¥ U7A
Typeol| 2} o|S&
a4 0|25 2=xlo

olgsel o4zt
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% 2 O ob Y 4r
Y ool rir o
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+

el

< 0|25 M2l et >

stEdglot AE Zo) ol2F M2 wete| ¥E o|F Z42to

HE H 55 A E 2ASAZ. Type A T4 T4 g2
FHIE &5 HEE7| oz{fE2z2 & AL o|FFol HFSAU
S22 Q5] F57F LYSIUS. Type B Y AEQ| 4= 0lF
YR|StA 2L, Mot X|Sotx| A|AEel EMA V-strip 2EE

Of HolX|Z1 2E AHZAF fA|oM 22 HFE 557 24
HEM HeEoM M8 Type C R2E A2[E (0|2F)e 4=
de2[ 20| H23| M0 F dAte| HFE LAEIN2H, &5
A=Z. Type D +EH T UpA et P E HEZS SA HE
5ol <faE d2[Zo] 523 =0l & LA EHF2H
Mot X|Sotx| AlAEel 2 XE Fx=2 FAZ2IL o2 H
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- Ox] X12H Y 0] M9 - WY EY M gl
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Qutrigger rib
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Outrigger rib /
P — .Y /R
Hegh pVA in w10 A A ARV
‘-. Precast panel

/: 1 Assemble gap

Span length

Step 3: OFR| AIABIC| M%|H 918 014 91%] 4%

- 47 OfX] HHSE HEt 2JOE x| H (2 points, 4 points or more
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- QLA quide rope (H3 WE, 29l £)9 Zo| 2H

Ex)

Step 4: Otx| H Bt Ofx| HAIE 8 £ W HY

= H2 OIX| HehE 2Ha17| Yo S0 By 2
- QUatE OfR| AlARS HAI

\ e

_ = — T F 7 Forming design
Guide rope T ' i arch shape

= = length | i |
I|I lrfll"\\ (D/ﬂ ’ g ’ Lateral disp. ) ‘
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V2% x;._cx N N

X ; 4
Lifting location Ji—r,'.— :"}A =L Installation of arch system 3
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wsto] 4 9 $=x BQl= ZtZE 6mm, 7mme| E[CH HH{7} Moo, Zt
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60MPa O[ufi, V-stripel @< 20MPa O|LHZ LIE(} B Ztzte|l X ZE ZEet H|Wsto] of <
e £Fo2 LIEE WS
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N
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2,800

Design model
T tg It (Set-up stat No.§ _NeJ  No.10
2,400 — est result (Set-up status) | No_ 7 - = = _ No.11
No. 6w X disp. = 3.19 mm »._ No.12
~ 2,000 — Y disp. =-7.22 mm
g ° No. 5 _* P " No. 13
g 1,600 N @
s 0.4 L R No. 14
= X disp. = 0.55 mm X disp. = 6.02 mm
o0 4 Y disp. =-1.7 mm Y disp. =-3.54 mm N
S 1200 No.3 No. 15
ST ANy
< 7 bt SN N
2 800 — No. 2 AV No. 16
7 A}
400 “No
0- X disp. = 0mm X disp. = Omm No. 17
0 @ Y disp. = Omm Y disp. = Omm
I I T I T T T T I I I I
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500
Arch span length (mm)
< Ofx| AJARY 2 Gl 5 Hel >
1 1
Final status
A
0 P ‘ b 3 Data loss Data loss
= H S
: g
= =
@ Precast panel stress @»
2 Cpl—@— Cp8Dataloss ]
Cp2 m Cp7 ® A
C.p3 Dataloss Cp6 4 -
s Cp4 A Cp5 A
400 900 1,150 1,400 1,650 1,900 2,150 2,400 2,500 FS 1 2 3 4 5 6 7 3
Lifting height (mm) Measurement location of precast panel
< ZZ|IFHAE oY 28 Hs > < zE ZIHAE mfd SH >
70 4
@®  Point4 & 5 (Upper and lower part) Final status
60 B Point 6 & 7 (Upper and lower part) . - N BT < op.8
- Y 2 . 4(Upper)  Op. 7(Upper)-12
‘E s B ¥ E 2 Op. 5(Lower) Op. 6(Lower)
=S » 2 ? 21
g4 ® ' = ‘
8 TSR, : o - wr
g 30 [ 3 ®  0p.4,5 Op.6,7 2% [ 3 Op. 1 Op. 10
£ u (Upper & (Upper & = -1
3 2 lower part)  lower part) E
] S 2
10 ¢ 3
|
0 -4
400 900 1,150 1,400 1,650 1,900 2,150 2,400 2,500 FS 1 ) 3 4 7 3 9 10
Lifting height (mm) Measurement location of outrigger
<otRelA =& 38 AS >
40 40
20
20
= : : =
z % A ] £
s § ——a— 8 g
Z 0 ey * * . 2
= & -4 ) 2 g
@ - @\
V-strip stress * ’ * !
20 point] @  Point8 @ * 20
Point2 M Point 7 — Il Final status
Point3 — 4 Point6 4
Poini4 & Points A Outside[l]  tnside [l
40 -40
400 900 1,150 1,400 1,650 1,900 2,150 2,400 2,500 FS 1 2 3 4 5 6 7 8
Lifting height (mm) Measurement location of V-strip
. o - .
< V-strip 88 H& > < #HZ& V-strip 88 >
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U, Magnitude

+2.496e+02
+0.000e+00

s, 511
$POS, (fraction = 1.0)
(Avg: 75%)

-3.243e+02
-3.249e+02

2,800 20
Test result (Set-up status) N No. 9 —O— Horizontal disp. (Test) —— Vertical disp. (Test)
. 0.8 No. 10 . . - . . o
2,400 | —®— FE analysis (Set-up status)y, 7 No. 11 - -@- - Horizontal disp. (FEA) - -H- - Vertical disp. (FEA) 15

No. 6, X disp. =3.49 mm

~ 2,000 Y disp. =2.47 mm o
g =
é 1,600 "%
e X disp. =7.06 mm X disp. = 0.03 mm No. 14 3
,%0 1,200 Nos Y disp. =-2.99 mm Y disp. = -4.73 mm §
<= 2
E 5
5 800 2
=
400
No. |} X disp. = 0mm X disp. = 0mm No. 17 .15
0 Y disp. = 0mm Y disp. = Omm Horizontal value (%) = (Test result - FEA result) / Arch width x 100
Vertical _ value (%) = (Testresult - FEA resull / Arch height x 100
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 1 5 9 13 17
Arch width (mm) Precast panel number
< olah 3l MY At gotes fMAn 8 >
- (RElesiNe S8 YN AEY U TeJfAE 2= B8 XBo HE ME 2A) Fot
X|Zotx| AABe] ME HE EME fIstod X|vt =mHs xetst X|Sotx|e] X|7HzEre| w3t
of e HE2 &g, XZt=e 6, 8, 1mz Hstsl9 0], 2lo|= H|E 0.58 XM &3}
o HE A =HE S5l M85t X|7hEe| watol| mE X|Sobx| A|AR S| MAH A
ol ofxl HEDt S MEIE HOIBUS

Arch rise
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(b) Final construction

(a) Arch self-weight
2 gl {5 s Al (scale factor:50) >

< X|ZHE 6m OFx| A|AEIel 3 =

(a) Arch self-weight (b) Final construction

< X|ZFZF 8m ofx| A|AHEISl 821 2 B{E AL (scale factor:50) >

o o o

(b) Final construction

A8lol 33 3 HE YA (scale factor:50) >
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St= A3 V-stripot ¢1Z0| dA=AS W2l ofx| ASH S MEfE &elsiU=

Coupling

Non-constraint

Multipoint constraints &
Surface to Surface

<@EjAE BIRlE 22 ZE Mg 29>

(a) Arch self-weight (b) Final construction

< OfxX| F2t2 oY 7Y YMA 83 2 HEy A (scale factor:50) >

(b) Final construction

(a) Arch self-weight

< MA oY Y 2MAl 3 3 HE A (scale factor:50) >

o

o2
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(a) Arch self-weight

ALALA

< ofx| F2t2F & 4

(b) Final construction
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(scale factor:50) >
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(b) Final construction
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Strain ()

< X|SOobx| A[AE Al

Okl

A >

12

—{+— PanelNo.1 ——(—— PanelNo.2 —>— Panel No. 5
——8— Panel No. 15 —@—— Panel No. 14 + Panel No. 11

A

Horizontal displacement (mm)

-3 I T T I \
0 Self-weight  1st back-fill ~ 2nd back-fill ~ 3rd back-fill
Construction step
(a) =& H<
3

—<>— Panel No. 5 —[Jl}— Panel No. 8 —@p— Panel No. 11

Vertical displacement (mm)

I I I I
Self-weight Ist back-fill ~ 2nd back-fill ~ 3rd back-fill
Construction step

(b) == <

x|
< AIZobx| AlA” £ U A WSl >

1,000 mm 1,500 mm 1,750 mm Installation Installation st back-fill 2nd back-fill  3rd back-fill
Maximum:  -24.98 -43.24 -47.09 -63.43 Maximum: ~ -63.43 -75.93 -130.74 -268.24
. . . Data Loss
—_
-100 C
=
< £
| [+
> S
=
7]
S~ A
200 \ 7
& >,
N .
)/ s
- Lifting height and construction step Construction step
[ 1,000 mm (Lv.2) [l 1,500 mm (Lv.4) [] 1,750 mm (Lv.5) []] Installation [ Installation [l 1t back-fill [] 2nd back-fill (] 3rd back-fill
-300 T T T T T T T T -300 T T T T
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Measurement location of precast panel Measurement location of precast panel
O|A} Ol Mx| 1 % o T
(a) & & i oty (b) EAl AlS 2HE

< ZajAE WY 33 >
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Stress (MPa)

Stress (MPa)

400

400 C 1000mm 1500 mm 1,750 mn Installation Installation Istback-fill 2nd back-fill 3rd back-fll
Maximum: 26630 27000 | 26533 244 Maximum: 244,24 226.09 22335 300.67
200 L— 1,000 200 1,000
0 e s T / T~ 0 s = 0 o X . > 0 s
T . 3 E # wd [ S
. Upper part Ubperpart) - _g ] Upperp?n <2 S _ Upper part @
-200 2 -1,000 @ 200 f : -1,000
400 Lifting height and construction step 2,000 -400 Construction step 2,000
[71 1,000 mm (Lv.2) [l 1.500 mm (Lv.4)[ "] 1,750 mm (Lv.5) [ Installation : [ Installation [l 1st back-fill || 2nd back-fill [] 3rd back-fill ’
T T T T T T T T
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Measurement location of outrigger Measurement location of outrigger
(a) ¢lat & dx| oty (b) EA AlE Hd
o o
<otze|lH 3¢ >
1,000 mm 1,500 mm 1,750 mm Installation Installation Ist back-fill 2nd back-fill 3rd back-fill
Maximum: ~ 14.45 16.01 16.01 L Maximum:  -8.78 -10.74 -0.39 76.60 L
80 — 400 80 400
4 200w F 40 200
: £ 2 s g
| = » \;g Data Loss Data Loss =
o~ @ ) o~
OE&EiiE.E‘OEéO‘ EI!.OE,
-40 Lifting height and construction step 2200 -40 Construction step =200
[71 1,000 mm (Lv.2) [l 1,500 mm (Lv.4) || 1,750 mm (Lv.5) [ Installation [ Installation [l 1st back-fill || 2nd back-fill [T 3rd back-fill
T T T T
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Measurement location of V-strip Measurement location of V-strip
(a) ¢l&t & dx| oty (b) EA AlE 1Hd
: o
< V-strip 83 »>
= = = = = = = i = o|sL s
- (BT MBN MEA TEsHA) Mok xIZokx AlAHC HE MBAM HIIE 93 HE NS
=z = = = = o 5 = o = —_ =
o HEME FxoiAstod A Aol EtELDt ot e =HelSUS. FERHMAME HE
(=) = = ru = = o= o|= o o= o
HEM Ay SUs AlZ 2 5E M E5H7| fI5+0d Model change 7Is& X ESIUZ.
x o = = = = o =
HE =4 & A =2 Het X[Sotx| Al2H e FME HE SHS I35t Surface to
: . f . — o o= o == o
surface, Multi-point constraint, Coupling &2 7ls2 MIs5t¥Us. st& = A< Z
o] = = o = o = = o = o o=
2tol M= Gt SO mE XAEFS D5, 52 ME 5S4 2 HMPEME HEsSt
H =|= = = = A= = o = =
Hetz 2|5 stSo|l EMsHA] genz g= & o|5te] 30| LEL Fo| vjdddol 1

HE[X| EUAS.

3D FE analysis model

Unit mass: 1,913 kg/m*
* Elastic modulus: 10-40 MPa
*+ Poisson’s ratio: 0.33

Internal friction angle: 25°
Material cohesion: 0.03 kg/m’

Backfill property

Merge on part (Grout effect)

End Precast panel & foundation * Poisson’s ratio: 0.16

Wing-wall property

« Compressive strength: 24 MPa
¢ Unit mass: 2,400 kg/m*
* Elastic modulus: 29,778 MPa

Al

A2 7

ste A

Interaction set-up

Surface and Surface

- Precast panel, Aluminum, Soil and Wing-wall
Multipoint constraints (MPCs)

- V-strip and Precast panel

* Coupling

- Vastrip and Outrigger rib
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Arch height (mm)

Arch height (mm)

— — o = = ols ~ - 0|5
- (TxolA Zo) ZeHAE midel §H2 oixl matol °lsto X|HFollAM 3.9MPa 0|5t
= o A= oloo St
ofx g8 £z2 LIELHon, M AlZ DPHolM LIELFE 28 £Zo0| Ax| 222 g
_ = S ALEl A= Hi S T2 Llelljolon Eo
Ol5I S . HE AEjol A AMEHI | FAE £FECZ HEH HES2 LEHIYSH, E9)
= = o
_ s A= s HIMS= 742 slolst £~ 9l=2 o
5'% Alg_ %E é,"EHO-IlA‘I,_ 7'|9-| %OEI?_F TT'__SE |_:|°o:IO| = °|' ANE T = T AMA§.E |
_ - =2 5lo|
- = o slo|sk A& olo o A|AHIO| olM M =
£ S50} ME ZHolol EIYMS EHelE £ Aoni, Mo XFokxl AlAE oMM g el
Sk A oloie
= T AT
s, 811
: 75%)
= S)ﬁl (Avgﬂ.s:«;ewo
(Augy 73%) +5.000e-01
+5.000e-01 +1.299e-01
+1.299e-01 -2.403e-01
-2.403e-01 -6.104e-01
-6.104e-01 -9.806e-01
-9.806e-01 -1.351e+00
-1.351e+00 -1.721e+00
-1.721e+00 -2.091e+00
-2.091e+00 -2.461e+00
-2.461e+00 -2.831e+00
-2.831e+00 -3.201e+00
-3.201e+00 -3.572e+00
-3.572e+00 -32.342e+00
-3.942e+00
= o C i M2A 22 HE >
< Ol'?(l X"% )<\3I-EH SE—1 74% > < 1._"7:” baCkf| | | ) | o -Io
s, 511 S8t
) Avg: 75%
(Avg: 759%) ( vg+7.52;e-01
+1.050e+00 +5.000e-01
+5.000e-01 +1.299e-01
+1.299e-01 -2.403e-01
-2.403e-01 -6.104e-01
-6.10de-01 -9.806e-01
-9.806e-01 -1.351e+00
-1.351e+00 -1.721e+00
-1.721e+00 -2.091e+00
-2.091e+00 -2.461e+00
-2.461e+00 -2.831e+00
-2.831e+00 -3.201e+00
it
-3.9422+00 -3.942e+00
. o o4 o=
; Al = = Cf7 HEA 28 HEs >
< 2B backfill MEAl 88 HE > < 3CHA| backfill HEAl S
12
—O— Horizontal disp. (Test) —{}— Vertical disp. (Test)
2,000 Nos - -@- - Horizontal disp. (FEA) - Bl- - Vertcal disp. (FEA)
g
1,500 4 3B
8
0
1,000 2
=
N —4 5
No2 : No.14 o E
500 Self-weight (Deformed shape : scale factor 25) u 5
®  Initial shape )
v 12 lue (%) = (Test result - FEA result) / Arch width x 100
—<>— Deformed shape with self-weight (Field test) No.15 Horiz. va .
No.l —}— Deformed shape with self-weight (FE analysis) b Ver. value (%) = (Test result - FEA result) / Arch height x 100 12
0 Lod
-3,000 -2,000 -1,000 0 1,000 2,000 3,000 1 3 5 7 9 11 13 15
A 8 . T
Arch width (mm) Precast panel numbe
- o
< Ox| AtE AEf - He| =W >
12
—QO— Horizontal disp. (Test) —{}— Vertical disp. (Test)
2,000 - -@- - Horizontal disp. (FEA) - -lll- - Vertical disp. (FEA)
=)
1,500 4 38
2
o
0
1,000 g
eI o 21 4 B
Sde-1, é
500 1st back-fill (Deformed shape : scale factor 25) .
/4 ®  Initial shape A\ . .
g ~{>— Deformed shape with st backfill (Field test) No.15 \ Horiz. value (%) = (Test result - FEA result) / Arch \w.dlhx 100
No.1 —{J— Deformed shape with 1st backfill (FE analysis) o) Ver. value (%) = (Test result - FEA result) / Arch height x 100 "
0
-3,000 -2,000 -1,000 0 1,000 2,000 3,000 1 3 5 7 9 11 13 15
i : . C T
Arch width (mm) Precast panel numbe
. [=3 o
< 1&HA| backfill & - ¥l Hlu >
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2,000

T 1500
£
g
=
)
2 1,000
=
=
=3
£
< 500
0
2,000
_
= 1500
£
g
=
)
2 1,000
=
=
=4
15%
< 500
0

—QO— Horizontal disp. (Test) —{}— Vertical disp. (Test)
- -@- - Horizontal disp. (FEA) - - - Vertical disp. (FEA)

le-1

g
4 3B
I~y
(<]
[£]
0o 2
rrrrrrrrrr o
=3
No2 No.14 4 5
2nd back-fill (Deformed shape : scale factor 25) et
®  Initial shape -8
Nod —{— Deformed shape with 2nd backfll (Field test) No.I5 &3 Horiz. value (%) = (Test result - FEA result) / Arch width x 100
[ Deformed shape with 2nd backfill (FE analysis) Ver. _value %) = (Test result - FEA result)/ Arch height x 100
3,000 2,000 -1,000 0 1,000 2,000 3,000 1 3 5 7 9 113 15
Arch width (mm) Precast panel number
H (=]
< 2CHA| backfill M& - B2 dH|W >
12
No.8 —O— Horizontal disp. (Test) —{_}— Vertical disp. (Test)
- -@- - Horizontal disp. (FEA) - -lll- - Vertical disp. (FEA)
le-1 8e2 o
4 Z
I~y
(<]
«Q
0o 3
o
2
EnEaRaR el . .| 4 35
No2 — - T g
3rd back-fill (Deformed shape : scale factor 25) 2e-1 ~
®  Initial shape 2e-1 4e-1 -8
No.l —<>— Deformed shape with final construction (Field test) No.l5 Horiz. value (%) = (Test resul ulp/ Arch width x 100
[ Deformed shape with final construction (FE analysis) Ver._value (%)= (Test result - FEA result)/ Arch heightx 100
-3,000 -2,000 -1,000 0 1,000 2,000 3,000 1 3 5 7 9 11 13 15
Arch width (mm) Precast panel number
< 3CHA| backfill M& - #i9| H|1 >
=L= = = = = =lL= = = T = o 5 =
(ot= st A&) Mot X[Sotx| A|AHS] MX stE Z1lof| wWE otx| HS EME &elst
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7| -r| °|'O4 °|‘6 XH °|‘ %' %4.5 %'M OF%E °|‘6 RJ—”‘: O|‘ | S%F—r, ED._# ES%I'T, XIE‘TE
=== Re: K=} =|=o0| % = =220 359 sSl=o =5
SHE 12sIUS. 4Ze| stEfxlo AYE Z232E 255 #8510 552 Mot
=== = IS E=] = o =] = == AXO ==
2M stEMot AEHES HASUS. ofx| AP HMEE SHE FE2 2F 120kNO|H, SHE
= = = = =2 o = e~ o
Mot mpHolA LVDT & AEEQ HOIXIE S5t #Hel ¥ HEES EHSIUS
Load Load Load 1 layer weight
case 3 case2 case 1 about 20 kN
Support
1 1 block "3
| | |
=| = = =
< otE Mt MY Y >
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T 150

Load case - 1
{}— No4 —_— No.6 —&— No.8 (Center) —&— No.l10 #— No.12

Load case - 1
—C—No2 —— No4 —C— No.6 —4— No.l0 —&— No.l2 —e— No.l4

Load (kN)

120 | :
|
) o o] an
il z i
| ] -~ L
R \
L‘[ S 60 > Lf
Il - N
&~ - l/‘ l 5 Adw:s’!m:m & < /
Y ‘N 4 o /‘/ 30 «\\'\ Nod ) No.2 /';7 1 /I
(5, No. | V“' o <
Lt / A 2 \ |
ol 0 Pal 1l
T T T T T T T I T T
-1.5 -1 -0.5 0 0.5 1 15 2 -8 -6 -4 -2 0 2
Lateral displacement (mm) Vertical displacement (mm)

< Load case 1 - =4 & =27 Hig| >
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Load (kN)

2,000 X disp.: -0.67 mm X disp.: 0.70 mm
Y disp.: -0.87 Y disp.: 0.92 mm
X disp.: -1.44 mm .
fé\ 1,500 Y disp.: 1.84 mm _ X disp.: 1.43 mm
g Y disp.: -6.61 mm Y disp.: -2.24 mm
N~
5
5 1000
=
=
3]
<
500 —
X disp.: -0.29 mm X disp.: 0.36 mm
Load case 1(Deformed shape : scale factor 50)
@  Initial shape —— Deformed shape with full loading
0 |
] i T T T >
-3,000 -2,000 -1,000 0 1,000 2,000 3,000
Arch width (mm)
< Load case 1 - #H& &4 (scale factor: 50) >
I I
150 Load case 1 150 Load case 1
—/— No.3 —ll— No.10 ——— No.I2 —{ll—— No.l4 —#A— No9 —4@— Noll —fll— Nol3 —@— Nol5
—&@— No9 —@—— No.ll —4@—— No.13 —@—— No.I5 1
120 4 120 4
‘\EJ 90 — ir N é 90
3 0% 3
S 60 — No.8 3 60 -
No.11
30 | No.13
0 0
T T T T T
-200 100 200 -200 200
Bottom surface precast panel strain ()
< Load case 1 - Z2|FAE mj4d
Outrigger strain (W) V-strip strain (p)
200 -100 0 100 200 200 -100 0 100 200
1 | | i | 1 | Il i L
150 — Load case 1 150 ’ Load case 1
2 No.9 (bot) —4— No.ll —A— No9 49— Nol0 —— Noll —@— No.l2
—A— No.9 (top) —— Nol3 B
120 - 3¢ - Nominal stress (No.9) —@— No.15 120
Z 90 2 90+
= =) g
g S e
< < ] %
S 60| S 60 No.9 —— “@No.i2
No.11¢]
/7
30 - 30 - "
0 0
T T T T
-40 20 20 40
Outrigger stress (MPa) V-strip stress (MPa)
< Load case 1 - otRe|7H & V-strip 8 >
150 . 150 |
Load case - 2 ‘ Load case - 2
1|—>—DNo2 —f+—No4 —_— No6 —4— Nol0 —%— Nol2 —e— No.l4 1 ~—{+—No4 —_— No6 —& — No.8(Center) —— No.l0 —=— No.l12
120 120 — /\
90 | —~ 90— L
] z | i
k=)
60 S 60| K
3 L
pees ﬂ,& J&Ew
30 — 30 o < No.6 Nodo & *
S Nod Nn.\{ N
i b
£ \,
0 0 >
T T T T T T T I T T
2 15 1 05 0 05 1 L5 2 g % -4 2 0 7
Lateral displacement (mm) Vertical displacement (mm)
< Load case 2 - T4 & X #el >




Load (kN)

2,000 —

Arch height (mm)

W
(=3
[=]

1,000 —

500

X disp.: 1.13 mm
Y disp.: 0.61 mm

Y disp.: -1.83 mm
X disp.: 0.69 mm

X disp.: -1.60 mm Y disp.: 1.09 mm

Y disp.: -4.65 mm

X disp.: -0.16 mm
Y disp.: -1.68 mm

X disp.: 0.31 mm

Load case 2(Deformed shape : scale factor 50)
@  Initial shape —<@— Deformed shape with full loading

‘ ‘ ! v
23,000 22,000 -1,000 0 1,000 2,000 3,000

Arch width (mm)

< Load case 2 - B8 & & (scale factor: 50) >

[ [
150 — Load case 2 150 ~ Load case 2
—/x—— No8 —fll— No.10 ———— No.12 —{l— No.14 —A— No9 —@— Noll —fl— Nol3 —@— Nol§
— 49— No9 —@— Noll —4@— Nol3 —@— Nol§
120 120 |
Z 90
)
=
<
S 60|
30 -
0 0
T T T T
100 200 -200 200
Bottom surface precast panel strain ()
< Load case 2 - ZE|FHAE m4d
Outrigger strain (W) V-strip strain (p)
-200 -100 0 100 200 -200 -100 0 100 200
1 | | | | 1 | Il i L
1
150 Load case 2 . 150 — Load case 2
45— No.9 (bot) —0— Noll —A— No9 — 44— Nolo —fl— Noll —@— Nol2
—A— No (10p) —— Nol3
- 9 - Nominal stress (No.9) —@— No.15
120 — 120 —
~
2 90 2 90| /
= 2 | b
9 ] ] 7\ fvf‘/\ )
S = —
S 60| S 60 No9 —— %No.12
No.112¢7
<7
30 30 A7) I8
0 0
1 T T T 1 1
-40 -20 0 20 40 -40 -20 0 20 40
Outrigger stress (MPa) V-strip stress (MPa)
o [m] H o
< Load case 2 - otRe|7H & V-strip 8 >
150 | 150
Load case - 3 Load case - 3
71|—+—No2 —+—No4 —_ —Nob6 —4— Nol0 —=— Nol2 —e— Nold ] —+—No4 —C— No6 —@— No8(Center) —4— Nol0 —&— No.I2
120 — 120 —|
90 — —~ 90—
] g |
&
=
60 S 60|
3
30 — 30 - /
] &
~m
0 0
1 T T
2 L5 -1 05 0 0.5 1 L5 2 = 2

Lateral displacement (mm)

< Load case 3 - =4 gl =
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2,000 —

Ty disp.: 0.18 mm

X disp.: 0.47 mm

Y disp.: 0.53 mm

S
g 1500 " Xdisp.: 1.00 mm X disp.: 0.23 mm
g ra ’ Y disp.: -0.75 mm Y disp.: 0.36 mm
= e
%ﬂ //’X disp.: 1.05 mm
5 1,000 e Y disp.: -2.06 mm
2 P
<
z
500 — :
X disp.: 0.27 mm X disp.: 0.13 mm
Load case 3(Deformed shape : scale factor 50)
@ Initial shape —©— Deformed shape with full loading
0
T T
-3,000 2,000 -1,000 0 1,000 2,000 3,000
Arch width (mm)
< Load case 3 - ¥ia &4 (scale factor: 50) >
I i
150 Load case 3 150 — ‘ Load case 3
—/— Nos8 » No.10 ——&—— No.12 —ll—— No.14 —A— No9 49— Noll —fl— Nol3 —@— Nol5
—4@— No9 —@— Noll —@— No.l3 —@— No.I5
120 + 120 +
LA
= A&
Z 90+ Z 90+ )
L | N < o o«
kS ofte? /o1 kS N, N
S 60— Nos ‘@ A SR ] » N
“{No.13 < )Y
No.12 @27) . Nod o 44 = y
30 | 30 - r /
No.14 2 15 No.13 2\ =~
= No1sV e | J
0 — 0
T T T T T T
-200 -100 0 100 200 -200 -100 0 100 200
Bottom surface precast panel strain (p) Right side precast panel strain (p)
< Load case 3 - ZZ|HAE T{d HYE >
Outrigger strain (1) V-strip strain (p)
200 -100 0 100 200 200 -100 0 100 200
| 1 | | | | | | |
150 - Load case 3 150 Load case 3
= No.9 (bot) 94— No.ll —4A— No9 — 44— Nol0 —fl— Noll —@— Nol2
—A— No (top) & Noa3
120 - 3¢ - Nominal stress (No.9) —@— No.15 120
Z 90— Z 90—
Z g
2 2
S 60 S 60
30 30 |
0 0
T T T T T
-40 20 0 20 40 40
Outrigger stress (MPa) V-strip stress (MPa)
< Load case 3 - otRe|7H & V-strip 8 >
- (8t& M3t A F=xsHA) Hoh X|Sobx| A|AESl MR stE &ofol| mE okx| AS =
M stolg glstol AAE BE Mst A AnE HE| Astd PxAMS MABIRS.
st Mot AEA FERAMME HE HEM MYEAH FxoiAM I ME S8 ¥ HE
U HH = S2 SUA MEIUS. 55 ol Fe 23zl 252 IS 4=
2dssto AHESE HESIS
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Interaction set-up 3D FE analysis model for load case

* Surface and Surface
- Precast panel, Aluminum, Soil and Wing-wall

* Multipoint constraints (MPCs) : V-strip and Precast panel

* Coupling : V-strip and Outrigger tib

Load case 3

Back-fill property
* Unit mass: 1,913 kg/m’

* Elastic modulus: 40 MPa
* Poisson’s ratio: 0.33

+ Internal fiction angle: 25 Load case 2

Wing-wall property
Compressive strength: 24 MPa
Unit mass: 2,400 kg/m’

Elastic modulus: 25811 MPa
Poisson’s ratio: 0.16

Load case 1

Merge on part (Grout effect)
- End Precast panel & foundation

- (T=oiA Z2o) ZE|HAE mfde| 2 24Ze| stE M3 fIxIF 2tA810] 5MPa O[Lf 2
5 SHo| LYSINUS. HY o & +F, 5 Hel HS2 g7 e 2ot o 7A
gt FEL ASES HEUHAS. 7ol 2ol 9 de Aot vlusto] Aoz A2
TESE LIEIRLLE, StE MSt chAlof wE FEAHe HSo| of FASHA HEHD A=
Ag 2elsto] AN stE M e Aol RadES 435S

S, 511
(Avg: 75%)

“1i1676+00
-1:5832+00

4.083e+00
4.500e+00
-4.580e+00

< load case 1 - 83 H& > < Load case 2 - 8 HS >

_
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s, 811
(Avg: 75%)
+1.404e+00
+5.000e-01
+8.333e-02
-3.333e-01
-7.500e-01
-1.167e+00
-1.583e+00
-2,000e+00
-2.4172+00
-2,833e+00
-2.250e+00

-4.641e+00

150
120
2" 2
= ] =
& <
k=] I k=)
g 60 g g
— Load case - 1 —
4| —0— No.2 (FEA) - <~ No.2 (Test) 4 Load case - 1
~7— Nod (FEA) - = Nod (Test) SO NadiFEA) SO st (e
307 o No6(FEA) - <-- No6 (Test) 30 | =0~ No6 (FEA) - -+ No6 (Test)
| —o— No.10 (FEA) -+ No.10 (Tesy ) o~ NoB(EA) - @-- Nos (Test)
# No.12 (FEA) - #  No.12 (Test) e —¢— NoOERA) - @~ No.[0(Test)
0| e No.14 (FEA) - & - No4 (Test 0~ —®— No.12 (FEA) - ® - No.12 (Test)
! ! ! T T T T T T
2 -15 -1 05 0 05 1 15 2 8 % 4 2 0
Lateral displacement (mm) Vertical displacement (mm)
PASKT: o 2 o
< Load case 1 - =% H¢e| > < Load case 1 - & #¢| >
150 150
120 < 1204 A
. bd —
] e ]
90 - e —~ 90 —
z z
<) ” =
E E
60 | 60 -
3 Load case - 2 __O]
i —O0— No2 (FEA) - - No2 (Test) i T ond e
—+ No.4 (FEA) No.4 (Test) —— No.4 (FEA) -+ No.d (Test)
30 | —— No6 (FEA) - <~ - No.6 (Test) 30 | > No.6 (FEA) - <-- No.6 (Test)
| —&— No.10 (FEA) - 4~ - No.10 (Test) 1| —e— No8(FEA) - @ - No8 (Test)
—#— No.12 (FEA) - ® - No.12 (Test) —4&— No.10 (FEA) - - - No.10 (Test)
0 —@— No.14 (FEA) - @ - No.14 (Test) 01 —#— No.12 (FEA) - & - No.12 (Test)
! ! T T T T T T T
2 15 ¥ 05 0 05 1 L5 2 -5 % 4 2, 0
Lateral displacement (mm) Vertical displacement (mm)
_ NI o _ AKX o
< Load case 2 - =% 2| > < Load case 2 - FZ& #He| >
150 150
VI~
DL PN £
S N4 No.i2
120 -| R 1 & )
* 1 &
= 90 - = 90 | q
= = ]
& <
=] k=)
S 60 S 60
— Load case - 3 -
No2 (FEA) - O~ No2 (Test) ] Load case - 3
— No (FEA) No.4 (Test) —— No4 (FEA) -~ Nod (Test)
30 —0— No.6 (FEA) - <~ No.6 (Test) 30| <~ No.6 (FEA) - <= - No.6 (Test)
—&— No.10 (FEA) - - No.10 (Test) || —®— No8(FEA) - @ Nos§ (Test)
—#— No.12 (FEA) - ® - No.12 (Test) —&— No.10 (FEA) - +- - No.10 (Test)
0 —&— No.14 (FEA) - & - No.14 (Test) 0~ —=— No.12 (FEA) - & - No.12 (Test)
T T T T T T
2 05 1 15 2 -8 % 4 2

< Load case 3 - ¥

Lateral displacement (mm)

o b

—

2 >

Vertical displacement (mm)

P

—

< Load case 3 - ¢

o
e

>
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Arch height (mm)

Arch height (mm)

Arch height (mm)

2,000

1,500
1,000 —

500 = Load case 1(Deformed shape : scale factor 50)

@  Initial shape
—— Deformed shape with full loading (FEA)
0 —<{>— Deformed shape with full loading (Test)
-3,000 -2,000 -1,000 0 1,000 2,000 3,000
Arch width (mm)
< Load case 1 - #Hd &4 3 #e| v|W >

2,000 Ni®

1,500 —

1,000 —

500 — Load case 2(Deformed shape : scale factor 50)

@  Initial shape
—<{>— Deformed shape with full loading (FEA)
—— Deformed shape with full loading (Test)
0 No.1 No.15
-3,000 -2,000 -1,000 0 1,000 2,000 3,000
Arch width (mm)
< Load case 2 - H& &AM 2 HQ d|lW >

2,000

1,500 —

1,000

500 Load case 3(Deformed shape : scale factor 50)
@  Initial shape
—<{>— Deformed shape with full loading (FEA)
0 —— Deformed shape with full loading (Test)
-3,000 2,000 -1,000 0 1,000 2,000 3,000
Arch width (mm)
< Load case 3 - & &AM 2 #Q d|lW >
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Right side precast panel strain (u) Right side precast panel strain (p)

-100 -50 0 50 100 -100 -50 0 50 100
| | | | | | | | | |
T T
150 - Load case 1 150 — Load case 2
—— No9(FEA) —4@— No.l1 (FEA) —ll— No.13 (FEA) —@— No.15 (FEA) — A — No9 (FEA) —@— No.ll (FEA) —l— No.13 (FEA) —@— No.15 (FEA)
1| - - & - - No.9 (Test) @ No.11 (Test) - - Il - - No.13 (Test) - - @ - - No.15 (Test) 7| --#-- No9(Test) --4 -- No.ll(Test) -- [l -- No.13 (Test) -- @ -- No.15 (Test)
120 - - ]\" row 120 -
RS _
. .d 90 —
£
S
<
S 60
d 30 -
_.-m
0
T T T T
-4 -2 0 2 4 -4 -2 0 2 4
Right side precast panel stress (MPa) Right side precast panel stress (MPa)
— o = o
< Load case 1 - mid &8 H|u > < Load case 2 - md S8 H|w >
Right side precast panel strain (j1)
-100 -50 0 50 100
I | | | |
150 - Load case 3
—— No9 (FEA) —@— No.ll (FEA) —Jll— No.13 (FEA) —@— No.15 (FEA)
| - - # - - No.9 (Test) - -4 -- No.ll(Test) -- [l -- No.13 (Test) -- @ -- No.15 (Test)
120 — 1 .
S 1 3
Z 90 —|
=] 3
= 7~
§ 60 | i‘ A 7F\/Z k
| No.9 g
No.11 7 r
30 No.13 "\« L
] No.15V =
0
I T
4 2 0 2 4
Right side precast panel stress (MPa)
7 o
< Load case 3 - M4 &3 dH|ul >
Outrigger strain (1) Outrigger strain (i)
-60 -40 20 0 20 40 60 -60 -40 20 0 20 40 60
| | | | | | | I L | | | | |
150 - Load case 1 150 - Load case 2
—3¢— Nominal stress (No.9, Test) —@— No.11 (Test) —ll— No.13 (Test) —@— No.15 (Test) ~3¢— Nominal stress (No.9, Test) —®— No.11 (Test) —ll— No.13 (Test) —@— No.15 (Test)
7 | = %€ - Nominal stress (No.9, FEA) - 4 - No.11 (FEA) - #l - No.13 (FEA) - @ - No.15 (FEA) 7| = %€ - Nominal stress (No.9, FEA) - 49 - No.11 (FEA) - - No.13 (FEA) - @ - No.15 (FEA)
120 120
Z 90 Z 90+
) < | No9
2 R
S 60 S 60/
— = Il 5 71 /l\\
i SO
v
30 30 |
0 0
T T T T
10 15 -15 -10 -5 0 5 10 15
Outrigger stress (MPa) Outrigger stress (MPa)
o o o o
< Load case 1 - ofR2|H &= dH|W > < Load case 2 - OtR2|H S8 H|W >
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Reaction force (kN)

300

200

100

-100

- (Bt &4 xIZokx| X2 ABEQ MM DRXEZE SF £9 LY HHUS 24) £
Al RZobxl TE MA BE [E B A, A8 90e TZS AT A0l Y o
ool AAztgom AMYM Uckn JPEstod Rankin £ 0|22 A B3RS, siX|et ofx| &
Aol YIHE ZP Rankin £2F 0|23 &g =90l ch2y| w20 vlmats 2ol ofz{g. I
4 x| Fobx| 2= S HFHUSES Eelsty| lstol £l ol s

Outrigger strain ()

-60 -40 -20 0 20 40 60
| | | | | | |
150 — Load case 3
—3— Nominal stress (No.9, Test) —#— No.11 (Test) —M— No.13 (Test) —@— No.15 (Test)
| = 3¢ - Nominal stress (No.9, FEA) - 4 - No.11 (FEA) - il - No.13 (FEA) - @ - No.15 (FEA)
120 — 2
| *
Z 90 ot
)
= 1 No.9 ¢
g vV ‘
60 LA *
] 7 No.13
b 4
N
304 <2\ No.15
| S
0 e
T T
15 -10 -5 15
Outrigger stress (MPa)

< Load case 3 - o}2z|H 3 H|W >

of &35t B 2

OFX| A[ARIol Bt EX ChFo| 2SI g g 2 =

CHE dhdo] A< ExX =0[9| &7tof wat g sFo| EItsts HESS LIEHADT,
A dtol d=2 1, 2t 0M= EA e gHnt RAR £F2 HEHD A2Lt 3
AHollM= 2 gtz 22t EA Aol wab ghdo| st HEE LIEHAS.

Eﬂ

ro

ol

[

' 4o
2 o
>

|0 -

600
Arch reaction force Soil reaction force
—{— Arch length_6m —O— Arch length_8m —O— Arch length_10m —{— Arch length_6m —— Arch length_8m —O— Arch length_10m

§ 400
Y
2
&
=

2 200
b1
5
S
&

0

0 Ist backfill 2nd backfill 3rd backfill 4th backfill 0 Ist backfill 2nd backfill 3rd backfill 4th backfill
Construction step Construction step
< oftx| X|® gk > < EX HE gk >
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- (HEQ &8Alel #x3 oty HAE) et ofx] AlAH0 HEO| 2E5t¥S W LEft=
HaE EME elsty| fI5t0] AZEME 27HX 2 FE5t0] 2o AlZ Ao w2 e A
EfE =elstdas. AlSTMe ofx] &=, fF0| HZol AlZste AlS3TA A2} ofx| ZFHof
M AIF OlF 2FE AlSste Al3TA BE 72510 Retea sHM S MASINS. 7ot
2 MM e= Fo =EAs Mz SMof weEt Fo| EFMATE BHEA|A Zh2te| Hel &4
g =elst o He|7F Lot =0 st XA oY g HAESIUS. wEtea iy
of M8& o EFMAST= 10, 20, 40MPaZ H3tsi o0, Fo| EtMAH It =totRof| w2}
Otx| H=29 Heo| AEez I LiEes HE #elsidls. 2ZE =AM =M 4
2 o HRATE 22 9.6mm, 4.6mmE AHHZ X2 £F2| He(It M= A2 &elst
¥, SHXE HERO| I ZEs5ts AlsTAM Be 49 M AlSodM= AE of|F CiEe
2 Qlstod He{T7F o I wdeg = A, ofF o|F F HE Al o|o] 2l HEO
2 FEX s & US. w2, HERYO| AIsiHEts UM st HeJF 3K ez F
ZHoz Mg =HESt UASS =Helsts. stk AM AlZdAM= Feof chE &3
S22 ¢lstol HER| 2ofst Higo| I LMY = UALLDE HEYJ0| FATHeR M E
T UEE ¥Fo FEES HUHF0 AI3sts HEHES MIok=s WOl FEHLE HEXMA A2
2 EeHE

7 back-fill 7 back-fill
5 back-fill N 6 back-fill 37 back-fill = 6 back-fill
3% back-fill sel;}vrvce?gm \ 47 back-fill 20 back-fill selﬁvrvce?ght 5t backfill

1%t back-fill Z 20 back-fill

< AlZ=AM A >

1% backfill S 4™ back-fill

< AlZ=AM B >

12 7.5
. Maximum displacement Pl Maximum displacement
g Minimum displacement 5" back-fill ek 4% backf = 5 Minimum displacement
= 1 back-ill 224 back-fill = Max: 2.42 mm (panel No. 11)
g 5 25 8
o 6 =} 8
2 o
= 9 (] a
5 g 0 i ¢ § 8
5 3 Max: 2.63 mm (panel No. 6) % s T
= = 25 Min: -1.49 mm (panel No. 6)
g B ™ backil
£ S i i | 8 i 2 s
= 0 o 5 back-ill 6" backfill
S > 5 Arch
et - 3 back-fill selfweight 4 backfill
Min: -0.97 mm (panel No. 2) I R bt
3 -7.5
Self weight 1 2 3 4 3 6 7 Self weight 1 2 3 4 5 6 7
Construction step Construction step
N I o AL (o]
(a) =8 He (b) == He
oA = A
< AlZEAM A (F2 EdZls 40MPa) >
12 7.5
s Maximum displacement T Maximum displacement
E Minimum displacement S backel een 6% backedll E 5 Minimum displacement
R 3" back-fill self-weight 4™ back-fill E Max: 3.16 mm (pi\nCI No. 1 1)
= 19 back-fill 2% back-fill e @
5] s 25
=] 5] 8
B 6 £
. Max: 3.89 mm (panel No. 6) 151 A .
= o8 8 8
5 3 @ & e
E S s
‘g g 8 g § e Min: -1.96 mm (panel No. 6)
2 0 E S 8 i 5 4 backent - e tacem
5 2 s Arch
et 3 back-fill self-weight 4 backfill
Min: -1.25 mm (panel No. 2) 1 back-fill 204 back-fill
3 -7.5
Self weight 1 2 3 4 5 6 7 Self weight 1 2 3 4 5 6 7
Construction step Construction step
AT o AKX o
(a) =9 9 (b) == #e|
S = A
< AIZEM A (&2 EFMAS 20MPa) >




Horizontal displacement (mm)

Horizontal displacement (mm)

12
- Maximum displacement o
g Minimum displacement Sk | A L
5 9 3 backfill /- self-weight \ 4% back-fill
b=l 1# back-fill | 2% back-fill
5 £ 4
E 6 Max: 5.60 mm (panel No. 5)
£ S
=3
2
T 3
s 8 8
4 o
£ 0 E D ° g 8
T 8
3 Min: -1.70 mm (panel No. 17)
- T T T T T T T T
Self weight 1 2 3 4 5 6 7
Construction step
PASNTr (o]
(a) =4 HH<
A =
<AIZEM A (F
12
—_ Maximum displacement
g Minimum displacement
E 9
|
5} S
g 3 backfil y R 6 backfill
§ 6 bk | A i VTV Max: 5.20 mm (panel No. 15)
a Phackl | g 4 back-
< s ! §
8 o o
g Q © g 8
s S 0
g0 S o o e
T .
Min: -0.97 mm (panel No. 2)

3

T T T T T T T T
Self weight 1 2 3 4 5 6 7
Construction step

“E el

< A

OH

=M B (

Maximum displacement
Minimum displacement

9
7% backetill Max: 7.11 mm (panel No. 15)
3 back-fll Pz ™. i 6" back-
6 4 Arch X :s
22 backfil self-weight O s pack
bk | 8 4% backiD)
3 ® o
° e 8 5
; i
0 o ° ° e
Min: -0.87 mm (panel No. 2)
-3
Self weight 1 2 3 4 5 6 7
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® T E=2M(Modal Analysis

)
- X[ Sotx|A| 2B 2 %ﬂﬂ%#% Molsly| Qs RERAM £=3
- ofgfoll Fx=E2 IREE HAS LIEMfASH, 1X}
15.112 Hz . 16.135 Hz 20.790 Hz

1t longitudinal mode 15t transversal mode

e
BEE f=15.11HzQl MZatst

18t torsion mode

25.448 Hz 31.484 Hz

13t vertical mode 18t bending mode

< K| SotxA|AH- S| DREE Y >

o X|Sotx|F=x=o| X[xFat Sdol thet g2 et X[
- ot2ff FE2} Z0| PGA/PGV H

A(ABAQUS ==273)

PGA/PGV [g/(m/s)]

Earthquake frequency content classification

PGA/PGV <0.8 Low
0.8 < PGA/PGV < 1.2 Intermediate

1.2 < PGA/PGV High
- 97ilel X|ZIA|Zto|e 2 MAESto] ot et &0l 3VIX| XX FusEM MERZ &7/
No. Earthquake Pﬁ;‘ 1;1?]/\;] PGA/PGV Heg::;?iﬁi;’;‘;e“t
1 1968 Hachinohe 0.154 0.731 0.21 Low
2 1983 Taiwan Smartl 0.013 0.018 0.72 Low
3 1979 Imperial Valley 0.327 0.428 0.76 Low
4 1983 Coalinga 0.076 0.076 1.00 Intermediate
5 New Madrid, MO 0.536 0.533 1.01 Intermediate
6 1978 Ofunato 0.154 0.142 1.09 Intermediate
7 1980 Anza 0.065 0.033 1.97 High
8 1980 Livermore 0.028 0.014 1.98 High
9 1976 Friuli 0.030 0.012 2.38 High
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KDS 14 20 01 ZIAREFE MA(ZEAAY) 2ABEAtE
KDS 14 20 10 FI2ETE Mt MA Az
KDS 14 20 20 ZI2ETx & ¢ &F HdAHIIE
KDS 14 20 22 I ET= Mo Y HIER MAT|E
KDS 14 20 30 ZIAZETZE ALEMH MAT|E
Zo|FHAE
25ae == KDS 14 20 40 ZIAET=E W7MH MAT|E
KDS 14 20 54 ZAZER WH HAY|E
KDS 14 20 62 Z2FHAE ZIAZEFE MAVIFE
KDS 14 20 64 Txg FZEI2E MAIIE
KDS 14 20 74 7|t 23|EFx MAT|E
KDS 14 20 80 FZ32E WZMAT|=E
KDS 14 31 05 LR MA LA (SHE X A A A -
Ux AEZ KDS 14 31 10 L3x BA MAI|Z(SHENMEATLEAY)
KDS 14 31 25 L3x AZ MAI|E(SHENMEATLEAY)
M MAY) 48 AERD Z27fAE 23

- (RIBotxl AlAE FEA o] MAS 9l 7@
2lE 22 88 252 XFokxl x| MY 2
(1) X2k 712 xIZbES 152 At
(2) =0l: A= Has|(£O0l/XIZHE) 0.57 HES %0
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<X|Sotx| 7|2 &>

<X|Zobx| AlAH ofH] MAE = F H>
o s obx| =
XIZFEH (L, m) | =0l (H, m) | AZ &6 | ofx| 7= £0| (H,,m) s A
10 5 0.5 4.80 0.48
15 7.5 0.5 7.37 0.49
20 9 0.5 9.95 0.50
- (X|Botx| ctH MA) 2 M2 EMS ZMstn HAHE AAlst] SHE HEHSEMN
MM golst
(1) M=: 232|E - LFUT 35MPa / 2 - SS450 (SH=ZT 450MPa)
(2) AECHH o
o Z2FHAE Z3I2IE £5F: Z(bb), XLF FH(tb1), M FH(tb2)
o LM AE™: E(bt/2, 1€9 X), FA(tt), 5 Hel(h)
s
bb
<X|=otx| o>
(3) ofid] A ghe
o X|ZtE 15m M= CHHMA = HSFO| FASIES X|ZHE 10m, 20m A A
e ZOZIE EE2 UY JdTYMES ZHZ StEZ JIsst s oHH AL
« MZME 2isto] 52| FL FA= 120mE AH
a. X Botx| AlAEES Mol ALE=s Rz JHE (EYSHET HE)
b. E¢ stE5AHF: ME & - 1.0, 2H4HAH - 1.35
c. 232I1E MARLZLE: ¢,(0.85f,/As/A;)A,
(232E MEAHS: ¢, =0.65)
d. Zx AE2 MAANMAET: ¢,P, (XZHMEAHZ, ¢, =0.90)




5000

10000

7500

10000 15000 20000

(a) L=10m (b) L=15m (c) L=20m
<38 1.x3 X[Sotx| A|AHE offd| MA &>
<X|BOtx| AlAE ofjd| MAHE HAE ©HH>
Z2|FfAE 232 E 2 Az
=5
X ZHE (m
(m) . M (mm) _ S (tt,
Z (pb, mm) Z (bt/2, mm) Azl (h, mm)
tbl | th2 mm)

10 2,000 70 120 120 8 310

15 2,000 70 120 200 12 310

20 2,000 110 170 260 18 335

(4) & 2=zt

o X|ZOtx| AlAH X|ZFEHE (10, 15, 20m) ZE2|IHAE Z32|E =5 % ZX AEF ¢

H =&
o X|Z0o}x| A|AH!I X|Z7HAHHE FEME AE: TZEI|AE EJEE EEo0 QlEHEH0| 2hM

SHA| REE MA HE

AVD S N jz /4 3 N\

20 \\\ 30 // \

(a) X[Z+EF 10mol| CHEE =AM (b) X|Z+ZH 15mof| CHsk =M

—

—

—

12.0

extrados

- thrust line intrados

« ~panel center

100

80

80
74 R
40
" 4 A\
20 r‘n’: \"ﬁ'
o LI - ‘ - i
-10 00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220
(c) X|ZF=F 20moll CHEF FadM
< X|Z0olx| A|AE] X|ZHEME FAM >
X|SOotx| A|AEH X|ZHAE FEX gl S HAE
Otx| MEMMX| ME Al =t} 22 2y
Z2PINAE E2F2E 25 X|ZHE 7| w2l ¢S So}
(X|ZFEF 15me| A MAIZT hH| 50% $=ZF2o| 28] uhA)

Ux AER: MAZET Od| o 75% =
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P = 4 N
. P ™ s . -,
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- ot | L S . ey .t
P s - LS o8 L =
L NS pe e

(5) MH A~AHE
o X|ZHEMH M Z 31|

a. X|Z+& 15m 0|5t Ss BHHe ZER[FHAE ZIEZE S5 AIE
b. XZHE 20m @ =2 Ee 2IBE 22 42 - HHM/AIZH Xt 28
.« ®F x|ZbE
a. X|ZHE 15m 0|512 = X|Zofx| AlAHle] Fo CjMom MHslf SUs £ =
Bl7jAE 22lE 22 AT AR

b. XZt& 16m =1 HE Al 2L WHE 2E30] 16m 0[5HE £ FX|

- (RIBobx| HXM MAE Z2OH W) 2 AL YW AEYD Zalas 23z|e
2= 28 2§52 xFokx TxEE Zejel 232E okx Y TEUW ofx| PEe ch2y
Zale 221 UM AER0| 2FMOZ MO USSR O/ S YEol MA £
TH0| Weste TaHAE BHelE 22 U YW AR CHS AEY 4 Us MAS
ZEIYS N
(1) 53

. BN 2 T2IS T2HAE 22 9 YN AEYS NS XBokx P22 M
Aslo| st Ze el

- 2 Z2IOOME ALBA JFYE ZaJjAE 22 2 UA AERS MU, 4% =
Mol M2 TEIO XJokxl PEE FAUMNEE XAESE TEHE 4 oo,
ZajAE 22 o YA AR wMsts S20| 2 2AxlolA AEE

. 0|2 Sl ALBXE X|Zolxl HAH EalAE 2= o ux A=gel Mes THE
o=M #HXe| xFokx MAHIF IHSE




(2) F2 7|5 (Z20Y Al H1=2)
. xZolxl Txe| Faisel xE Y 2=
. ZejfjaE 220 2} 9|xlo| LS 22
. 2A 2= 9lxlof WMsE S
. XEE e
o 1F QM Al RHE
Arch Barrel and Thrust Line = RS
20 ———thrust line
- extrados
intrados
50
50
a0
30
20
10 i
f
||l i
00 / ; - ; ; - ‘ : : : : i : ‘
1.0 o0 10 20 30 a0 50 BO 7o 80 9.0 100 110 120 130 140 150 16.0 170
10
(a) FHME
stress
(MPa)
Conc. Panel Outrigger A
6740 -32.457 —
6726| -a0428
5084  -35.080 e
s316]  -28.270
4988] 3179 -1.200 -
5308] 51601
6545 86037 -1.000 +
1 8186 -131.824
[ ] 9.807| -176.524 250
B 11191] 200671 o500
[ 11.673] -221.927 £
[ ] 11191 -200671 ol
| ] 9.807| -176.524
| ] 8186 -131.824 -0.200
ssas|  -seea7
s398] 51601 0.000
4986] 31798
5316| -28270) 200
50s4|  -35.080
0.400 -
6726] -40426
6740  -32.457
(b) 22X S8€xZ (c) el&h Al HHIE
<X|ZBotx| MHA Z2IY MY T Fo An=E>
(3) ZXMMA Al 12 Jts &=
o X|Zotx| Hak H chH A
e EA =4%
e EX =0
o EXT ZAL
« X Botx| & (52 58 A H|IFEYE TIs)
c TSEY HE
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bb
Dimension Strength
Stiffener Z{EHAH bt 200 mm =33= 5
ctiffener FH b4 12 mm EEELE
HE ZEH " 7.193 Young's Modulus
Conc g & bb 1000 mm Z3ZE e
Conc panel I 2E 55 tb1 70 mm JE EEAS
Conc panel A SH th2 120 mm Resistance Factor
Stiffener-Conc pang &It 43 h 310 mm Z32E XY HEAS
Section Praperties W UTEE HEAr
Stiffener THES At 2400 mm2  steel TR YTOE HEAe
Stiffener THATHER Ate 17263 mm2 conc Design Strength
Conc panel X} 2H3H THos Ab TFO000 mm2 conc o EHELE
EREEARILE 1) A 87263 mm2 conc Z32E 2RTLE=
A DHEZT
Edd SOFSE) yb 61 mm  from CL of Conc Panel
CHHZRIRAE XY E H12) [ 1.331E+00 mm4 conc
Sample
THE H = stiffenen Firs 744000 mm3 stesl QIYA| SHEHE
SHEH=={conc panel) b 21700000 mm3 conc Trnax
Wweight Stiffener 23
o SHHEY ps 785 kN/m3 Conc panel £
Conc THHERS pe 25 k/m3
connector-stiffener S&H| 30%
EUSIAYE DHEOT FF 625 Ki/m [ Z2us
THECE Y w 3245 Ki/m

<EA MY o BAR 2 el
Properties and Design Criteria
filling
friction angle of fill (phi) 35 deg
lateral earth pressure coefficient coef, index
at rest (Ko 043 r
active (Ka) 0.27 a
passive (Kp) 1.83 50% p
mobilization factor (m) 0.33
unit weight of fil 2.7 t/m’ 1.35
concrete voussior
unit weight of concrete 2.4 tjm;
strength 28 MPa
material partial factor (thrust zone) B5
material partial factor (average) 3
design strength (thrust zone) 1547 MPa
design strength (average) 7.14 MPa
<dA H dH shHs
(4) T2 Apguy
R
a. 2™ 2E& My ZF, 7
b. ZaIHAE 22 MY =, xgw TH, M A
c. ZE|7H2E =25 & ZX 2E& 7F AHE|
d. Mz 2= & etdA

= ol

35 MPa
0 MPa

MPz
MPz

l.m

l.m
I

150
484
2016 MPa
&9 MPa

{55590) --> 58450 (K5 D 4503)

405 MPa
25 MPa (E|2H3
30132 tm

steel
conc
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0. MMstE
Trwiest k. eom - iy 1 W ¥ Copy Thrust Find an exmple of Thrust Lines [JPrsesura an ore 2ids
Design Paramsters - arch {c-fine) thrust fine thrust - arch center stress springing reacton | wheel |
(s dtr) - {m) {w/o F sety fm) {m) (MP3) 2 direct loading* | load (1
zpan [inner F Node X y x ¥ Ax Ay A Conc. Panel Cutrigger
rze (innerkne o 0001 0.001 0.00 C.000 3763
ne of voussoirs 1 1.169 1172
radus_inner 2 2306 2338
radiuz_center{pansl} 755 m 3 3384 3455
starting angls 4 4377 A4E8|
arc angle 5 5262 5268 1
arc length 6 6017 5783 1
arc increment 8.50 deg 7 6624 6041
8 7.068 6.148
depth of voussoir 010 m - 9 7.339 6210
lengh of voussoir 117 m € > 10 TA30 6231
waight per voussoir 0381 tonf n 7.339 6210
cover height [at crown} oOm 12 7068 6.148
road slope o 13 E624 £041
heght of fll 73 14 6017 5783
ocutrigging arm " e3im 15 5262 5268
16 4377 4468
iffing weight 17 3384 3459
moment 18 2303 2306 2338
tensian member force 12 67 1.168 1172
secton modulus-steel 20 0.0C 15.060 il 2001 0.000 0 {
section modudu—conc thrust fine shift at both ends (x1y1x2y2) 0@ g [ o
section arsa Passive rato
height of centroid Arch Barrel and Thrust Line - <l > sow
9.0
setting force > B0 S entradin :
load factor {sof weight) > 7 o Ty
factored strangth stes| - bl '
factorsd strength-cane 60 y
LY.} 4
)
a0 0
10 ?
20 :
10 v
00 - - - - - - - v .
10 a9 10 0 a0 4.0 5.0 60 0 an 24 10.0 1.0 12.0 110 140 150 160 17.0 )
> - — = =
<X|Zolx| MAH Tz ool MK 5tH>
AlSH] gl Sl
o A 3 =HZ
= A Ol
a. 245 #s 4
x| a1 AF Slo| gl = - ! E =g
b. 7|2 ofx| &4 &l & SAb: '"Copy Arc' HE 2&E
= 5 J= i I E =
c. 1t =4 =gfel Find an example of Thrust Lines' H{& Z&
o AE 22 g AEZ 221 slo
d. ZE2/l2E =5 2 24X A2EE 3% #el
e. Bhd =fol
ol o x| sdAF XX - = 1l Eolst %A sAlO KA ! !
f. 22 Al ofx| &&k =F - FHUI St A Fae=z2 TH: 'Copy thrust' B
E =2 = Al§ X kot =
£ 22 (s= Moz AN Yt x=H Jts)
o|A E 35lo o| A OF XF>x
g. & Al ZHIE =tol (1& olak Alojlgh & x)
F H{ =< S HFE Alsls NP IS of =—=
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(5) = =Xzt 2ty
« DHHS: 712 A =
- Ofx| AN XIZHE, Blol=), oY &, AER X
X2k 15m / 2t0|= 7.4m / =€ = 1000mm / AEB Z 100mm
ﬁizfg_Ell C

. AAw4 c obxl wel (232E WY U LA
- ald S, AER S, sid-AE 2+ A2
r

(2t 81 =3 2 He| 2 Al ehHe| ZHaT

<X|SOokx| AlAE M dAH Hap>

~E2 = oy = Zy-~Eg 2t A2
5 9| = o 9| 242 29| 242
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e
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=
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[
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— ZA AEZ S 12mm O A
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- 34X AEZ 38 #H Y3

- oid =2 110mm ol5t Al oY ¥ AEZ 3 M= =3}

— Z32|E oid T : 120mm o4 (M= L AlS Al HEE 80[)
c. Wgd-AE& 2zt Az

- Azl 240mm o|5t Al mid ¥ AER SH Hetx=A =31}

— gjd-AEZ 2+ H2|: 250mm O|&f

d. 48
- x4 A2EE FA 12mm / e FA 120mm / HE-AE& ZF AHE| 250mm
- Za X AEZ 38 HoxzH 25 oE

o

— #Zol

=
AE& FH 12mm / e FH 120mm
[ TE-AEZ ZF H2| 250mm

— '753 —



258 X|SotA|

==
=S

=
=

il

M

258 XSotx| Al

=
S

L

2 3
= =

il

M

252 X|Sotx| Al
15m(otx|Z 0| 22m) ZO| 20me| X|Hotx|T=

Sl
=S

=2
=

I
Wi

md

]
<l

H
£

ml
]|

<l

=
~NO

o &

=
=

—_—
1o

olo
B3

il
110

i

10

|

AR
AE AlS

Bl oj
Z

Obx|Hi &
H}

il

ol

(2) chAH

7ol
%0
<d

Pl

i

00
=

Bt X|Sotx| At & 27>

b

Z

E)

o

9l m}s

[=1]

<2 ATIHE DpA[ 2] X|SotA|

(a) = nHdle| X|Sotx| =g

= T
ol ot RO_
el HIT < < w0 =
M| 2= ook <0 0 +8
— = —n N
o 9 M o T oH il
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(b) El_gczjjc)I._E} (-|:||-7ﬁ:1 88590,

t=5.45, &&=34.5kg/m2)

7t M EEb (2 /m?) 15% A2 23 (2/m?)
EJIHE ZAIZHE (20204 9¥) 167,000 192,050
oo 7H S A7 2] 75% &AL 125,250 144,038
(c) ZIE} &I}
7E 33 il
HzZE23E 250 2l /m?
MES
glfal mj= Mx|l (A= 508 2l /m?
Egy 24l 4004 2l /3]
Mx 3z 2l(50&) 3,200 &/
Fta/d|A /ol 1,200 &4/
oAA Ofx[uf&H Z+ ZRAZ 100& & /3]
HESA|E M| 108 2 /m?
ke
Al2te =™ 10M 2 /m?
o ZZIZEH 1om(otx| EE Zo| 22m), Z0| 20m H=2o X|Zotx|et MejmEo = Tro| At
== H7tzE 15m(okx] EZ& Zo| 22m), Zo| 20mel H=Z2e| X|Eolx|E jaeZ 3}
0 2 X|Zolx|et myZEr ofx|e| ZSAMH|E H|WSIF e, & X[Hotxl= 2ol g
& CUIE 23590 mygdm ofxl= EVIEE SAVMEE £E86Is(Es ¥ MY
SAE A Q).
DA™ Il e Zhmk ofx| ofi”| 2F 30% SAM| EZE Jts (FZHE 10m: 27.4%, &
ZFEF 15m: 28.6%)
< X|Zotx| SAH| " (HZHE 10m, otx| & Zo| 15m, Z0| 20m 7|=) >
(B M)
ZE =2 X|Solx| obed ZHE oFx|«
T a5 SAHH| a5 SAH|
HaZFE| E(40m°) 10,000 HZZA2| E(40m®) 10,000
VES
e o= MX[(20m) 1,000 7|2 AZE HE AlS(20m) 3,000
I AER(20Y)
91V&i o Z 5 (8007H) 9,891
f g Et tHEe mZE (5.45t
=t | PCE'E 0.5m x 2m (300%) 13,999 2 ! (_ ) 43,200
440m°x15% AE =S
7|El ojd = 1,200
oy =& 3,000
Ed 24H(43]) 1,600 Ed 24H27]) 800
MX|
e (508) LHAX(1Y) 3,200 Fta/d| A/l (5Y) 6,000
oA ofx|ufE ZF AR AZ(103]) 1,000 - -
ST A E MR (105]) 3,000 AZE ZH(440m°) 3,000
A SHA| 47,890 SHA| 66,000
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MES
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E2 24t (535]) 2,000 E3 24t (39]) 1,200
A x|
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== A E M| 4,400 ARE =X 4,400
SHA| SHA| 62,799 SHA| 87,960
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o
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Me HEE SHAE AlEsts AHRIZE BA2n], “oZA| 2" 2l= Bz MAAHMA|
HAIZ S, T2 EX1D EHSI0d  “KS F 49217 2o 5. &0 Ads= Msol HMEst
0o stn{, Z232|E HiHo| x5 dh= dhAIZFo| ZX2 AlFYtdo| el HAALE AASH
I dbMol MHUEEAIAR S J|&E 52 Mss& =Est MEZE ALEsto{of &t

<XHE 2ol Yzl 2R (242, 2012)>
EEa
T AlEA 2 FAl
DEH 2 AFA =X A
S (4 con) HES (he'con) g R
HE wa [ Eous
/ /
Ly i ]
SH \ eante] nerad i s
Z5 44 .0mm E5H 42 5mm =5 2.5mm
AlE 4mm Z9t 2.5mm ZIE2Z10[ 4.0mm
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= _ Tat 2.5
+ 255 40mm + 255 40mm
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e MIOHE elold o= A, 3, SEAMZ 59 g4l e, AIES=HI
ZhojZdofl MEtstE & S JHX| = 092 JiX|e] #H S =Fsto] ALSE = US
e AY M=o M nFEAH, S8 IFA, FHE I1FAH So| Uen, UM 7
o, AN, S)M, AISM 50| 53 AS MEsto{ol &
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