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(O The final goal of this study is to establish a new limit state of Ultra-high
performance concrete (hereafter called UHPC) in girder and strength calculation
method. In order to achieve the research achievement, we pursued the following
detailed research goals.

- The new strength limit states were proposed by performing studys on flange
buckling, lateral torsional buckling, and shear strength for UHPC girder which is
high strength material.

- The buckling limit and the buckling behavior were verified through experimental
study on the slender flanges and girders.

- This paper presents a method for estimating the strength of buckling limit in
girder and deck plating.

- Through the analysis and experimental study, the validity and suitability of the

Purpose & study results are verified.
Contents

(D Local buckling of compression flange and compression deck

- Since UHPC has high compressive strength, it is possible to construct the slender
section, but the cross section of the UHPC can cause buckling problem.

- Since the deck and flange of the girder can be made of a very thin plate
member, it is necessary to examine the local buckling problem.

- In this study, the behavior of local buckling problem of UHPC deck and
compression flange is verified experimentally and analytically.

- This study proposed a method for calculating the strength of the flange against
local buckling and build a reasonable and economical basis for UHPC plate

member design.

(@ Lateral-Torsional Buckling

- If upper flange of I-girder is subjected to compression by bending moment,

_5_



buckling is possible to be occurred in slender flange, but lateral displacement
occurs in major axis due to web under continuously flange support. In
conclusion, lateral and rotation displacement cause lateral-torsional buckling limit
state in the girder. Generally, lateral-torsional limit state is considered in steel
material. However, it is necessary to consider lateral-torsional limit state in
UHPC because UHPC material section is more slender than normal concrete.

In this study, experimental and analytical studies are carried out on the limit

state of unbraced lengths and a method of calculating the strength is presented.

@ Shear strength of web

- If UHPC girder is subjected to bending moment and shear, compression and

tension occur in the web at the same time. It is possible that buckling occur in
slender web by compression, Generally, failure by tension crack is easy to occur
in the UHPC girder before buckling by compression due to low tensile strength
of UHPC material. However, buckling failure can be dominant for web failure if
there is appropriate reinforcement for tension failure.

In this study, the shear strength of the web is analyzed through experimental
analytical studies. In addition, it was analyzed the possibility of reinforcement of

the girder against shear failure and investigated possibility of the shear buckling.

Results

Prove limit state of UHPC*s buckling
As an high strength material, UHPC girder should be known for its failure
mode accordance with specific element. Through this, in the design of high

strength material, design of limit state must be considered.

Propose method of strength estimation about limit state of UHPC

The buckling strength limits state were defined for UHPC plate and I girders
and estimating each strength limits state were presented.

Through this, it is possible to design a more effective and efficient sectional
design for UHPC girder considering design / construction / construction. And it
is possible to design more economical structural members by introducing design

guideline for slender members.

Expected

Contribution

Utilization plan

This research focuses on the new limit state and each strength under limit state
calculation method of the UHPC girders. Through active technology promotion,
following Results make possible to promote and focus the attention of national
and international technicians and it can inspire the essential point about the safe
design and construction.

Moreover, it will try to create an opportunity to reflect the results of this

research in ultra high performance concrete design guidelines.

(O Expectation effectiveness




[Technical performance expectations]

- This study can provide the new index for the availability of UHPC, it proposes

a new approach for the state of non-uniform strength material at the same
time. Because this field of study is not in progress yet, it is expected to bring
the promoting effect of utilization possibilities in UHPC and other materials.

In view of this study, through clarifying behavior of the strength of the UHPC
girder and high strength materials, it is expected to be laid the groundwork
about the ways to estimate the strength of a number of high-strength material in
any fields not only bridges and building structures but also other fields such as
ocean, aviation, tunnels.

In summary, the study of UHPC promotes availability of the next generation of
construction material, and it can be an opportunity to provide a new perspective

on high strength materials.

[Social and economic expectations]

As a high strength material, it needs less amount of UHPC than normal concrete
for designing a structure, which requires same strength. Therefore, UHPC can
reduce weight that is an advantage in seismic design. Moreover, in term of
global warming, it can reduce carbon dioxide emission that is another advantage
of using UPHC.

Beside steel and concrete, interesting in other construction materials is gradually
increasing. The next generation of construction’s trend is to use high strength,
high ductility of construction material and this study is staying of the stage of
material development.

This study is expected to provide an essential understanding of buckling, which
is easily occur due to the increase in strength.

Even though it is an essential study, it has not been performed by other
researcher yet. Researching on this subject, we expect to obtain advantage on
this study through technological competitiveness of civil sector and enhancement

of economic benefits output.

Keywords

. L Ultimate Experimental
buckling UHPC Limits state

strength test
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A A FAH(SHISCE, 2004), 5 DAfStBS] UHPC A 77]5(QF) (DAFStB, 2003), 7
=9 UHPC Z3YE AdY HAAA Wi (Park, 2003) 5o] 9o, Ztro]| @i UHPC
A =S T3 Q= Aowg FAuFEL)

n mFo A= 2000 ] UHPCZF =415 7] Al#bste], 2002 @58 FHWA(Federal Highway
Administration) © 2 F-&] UHPC®|| tgt A7} A|gtE gl om, o]t Ao ¢Jste] ot
st W EEo|LY, LZIMAE, ZTYPAEHAE Ay, ¥ uigy FOoF ekt
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a3 3.1.1. A AYeY I73AF FE (AASHTO 2014)

7L AME5E Zh= A AYe FHA] 84 HeE Ao BolEE IAR vay Zol
Aol 7hsshtt
km’E (t)2 R
== |- A (3.1.1)
T 121 4)\ b
7] A, k: g3 == Al
E: 'A<
v. 3olH]
A o] T
A

A7IA, B o] Fel ot FHuAl ke o] AAIXA wel A= AeEA 19
AW ZHA 9 Ag-oll= IAAAAAA 0.425, DFAAZAANA 1.2779] FH=ATE

A A A= o] Sl

B BAxAS AR s e 5589 ARHE deA ded, A A" A5l
(e}

T O ol AA o Sl
21 (3.1.2)

o171 A,

R tij N
kel

o %
ofr
= 4

~
)

o
)
io

A7, HEAF ko Hes AA EH#] AFEHIAE UEstER, 0.35~0.764F0] 2
S AYEE= AR ot (22w AAV|E, 2014)

=
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Bl ot eAAF=EATY A e o2 7Mesttk. (NASA  Technical
Reports, 1941)

L(mb\* | e C1(7Tb)2 } 62[04(7Tb)2 }
1 ,u—i-g(T) -1-5[77 + ¢y + ey +z C1BY + ¢ — pe;

21 (3.1.3)

2
1 CE  Cye

3 2(13 4a§

AZIA, k& H= AF
48p

; A X271 ot A4 (restrain coefficient)

UHPCY >ol5H] 0.25 2o ddste] F8hd, X AX 213 14 AX e st
HZAT k= 9F 0.487, 1.387% A& 4 Qi)

FaEr qEAA ANAA AL A4 ALAREA, TEER 484 HA45 R
LA E fral Btk A4REE frEa] ddadL 2aeE At AudEs}
A8 u 2AYEY AUl TAYE HIE WAL QAT B2 FRE AE
s |tk TaEs A2 FBol BAe] Aol Fe AIuE PN
S, A #HAZN ] T5%0lshE Aol Aol PRANE §E AT

zﬂ 3.1.291 ol FAF Ariel vheghgoltt ZuA o] HFo] WAk, UHPCY =t

HYE 0.00450 W2 M EA o] AT Zlojrh, & T AInl= A0S
ng, H2A 495 (,<0.00H) 2R AAE G e o R4S HAEIHRY,
AZeA FaatA g 497 28T F5

aYER, & ATelAs UHPC 33419 A=A HE Aostar, o5 @i Al 4
A5 Mg ¢ QRS AT APY Weks npEsleE A HF o7 Fu
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(b) Zujo] W& v}y RE H|W
1% 3.1.2. UHPC AY EAA9 3 A= 34 A FY
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= Aol s K-UHPCAEAA A s 3= (545 8 < 3 =
RS AREste] Alztd 19 Adel el AdAE Azl AEA Azt @A 72 vy
A st b= g FHAF AlES Ao olF Feto] dojxl =4A= FA A

°of o] =3t

7} A A A

AYAE 730~740mme] & zb= F Zo] 8.2me UHPC Ad AAAS ZAA F7
= TR Al FEAE 1600MPadl 15.2mme] A4S zke 740 1] H
o7 A AN AY ©@Ho tFHA HHE BYAL F UEFH
et & AL E Es é?ﬂlﬂ‘}i ™, 14~16709 ZAdE o ZFdA o Adskad.
I E AaAs A9 F JAEE 160mme FAS AW, AFHY et 4%
=2 dAXE s A,
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HAEES A9 FEw BPge 20mmt FAA AARNAYT 72 ARA Ade 19
3.1.3 — 4, 3& 3.1.1° YeRASIT.

730 © 730 740
N S &
70 70 80
0 o ol
]
o o & © o o o ’L:EI §
490 490 500
(a) Specimen #1 (b) Specimen #2 (c) Specimen #3
9 3.1.3. 48 94
Section: B Section: A
[EHZ]
740 M 740 M
[etez] H] g
[BRE]
1% 3.1.4. A3A) = (Specimen #3)
¥ 3.1.1. 284 A4
bf tf D, Rebar Py Prest H] 3
Specimen
41 730 27.5 587.5 015.2 16EA 0.0141 0.0167
Speci
PECIMEN | 230 | 25 | 585 | SWPCT | 955 | 14EA | 00132 | 0.0148
Sveci
pe;;men 730 | 22 | 582 @152 | 14EA | 0012 | 0015

o As A9

& A FAIAE 100x100X100mme F5HA FAAZ AZEa, FAgA A=
100X100x400mm¢] AS5HA FAAZ A=Ak A FAA oAAl= 18 3.1.59 &
=
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(@) 4=43

(b #FAZ 4%

% 3.1.5 ASAH
E 3.1.28 24 &5 AlEAA doxl Am A olth. &A= K-UHPCAA #H 9
tet $H-WEE A5 10~40%73lA Zhz 3k & F4 S FHssiow, I g4
At =t 58 = et St
E 3.1.2. 4F TAA AY A7
Specimen Specimen Specimen Specimen Specimen Specimen
Average
#C1 #C2 #C3 #C4 #C5 #C6
Y
axumum 160.7 158.8 168.0 145.5 175.1 165.3 162.3
Stress
S t
ecan 49,137 52,425 47,261 37,426 48,965 47,784 47,166
Modulus
Tangent
41971 33,949 46,598 - 43,126 39,056 40,940
Modulus
Possion'
OSSION'S 021 0.25 0.22 0.20 0.24 0.20 0.22
ratio
ol AdAe w=XHo= ExtensometerE AFE3e] Crack Mouth Opening
Displacement (CMOD) & =74 3}l t}.
E 3.1.2. 93y g3 F A FAAY A5 EAFH
A A TELE NG} T =3 ¢ Sh7 A 9
#M1 14 16 0.171 6.325
#M2 14 16 0.171 6.325
#M3 14.5 15.25 0.064 5.93
#M4 10 15 0.3 8
#MS5 11 15 0.3 6
#M6 10.5 14.5 0.3 6
Hat 12.33 15.29 0.22 6.43
Recommendation 9.5 13 0.3 53
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% 3.1.6 3% -CMODI#H =9 A/ A% vla
K-UHPCAA 7oA 2146 2IYES AF dgq4ds v S84, HAd
4ge aela Q1ggeol 0o] s AFe oz vehdth ofe] me} sy ozRE o
o7 7+ A@Ae] BAAE % 3.1.20 YEha, FEe K-UHPCS A% A7 @3t vl
Wt Ay fARsE AR A AERT b Ee] AUt yErsth

o Ad A

B oo 23 RUES FH FUE M o7 o]l AitE . FHEWHE 7
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¢
Cross Strain Siress
Section Distribution Distribution

a9 3.1.7 57HAAE S$EEEE o8 ¥ EHE A& ALY

4540 AWF olgde 3F A4EE AT & Utk B ATAHE AF o 05
2 7Hgstaeh

M, = fubex S et afblh—c)+ Af, (d—c) SICARD
olgA Atstd S RUEE FHe rlE Bd 24 F UE 7MY 2 F Uk dE 5
of AlgAle] =3 ZHE M7F M BT 2, 5 ZWA e F3 WP Ee] 0.0048 T 2
B 1 AEE ERA AR Ao T 5 vk
AAAY st bR AHRE %—"%@% st 7p g A, Adel & TS v
4wk skE JHE R ARFE AEZYE AASIh 3, F gt shso] 7
H7 YaAlAE WS FEFof FtEE Jped HAEZE 9Zdi XS o] gdte] I
HOE &SI A e SYHE WA A stES 43 A6k FEE
AststRAaL, ats AstAH Y] WHS HAETOR 7Hsto] st RulE Ex44E7F A
g 2= 9 u= g} olgst Ald wele] thd oS 1% 3.1.8¢ JER

:EXXNXE

1000mm 1000mm

BMD

a9 3.1.8. A¥ Mex
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L/3 L/3 L/3

L/3 L/3 L/3

: Longitudinal strain gage

: Transverse strain gage
= : |ongitudinal strain gage

(@ EWA AFE AolA HAXA (b) EF# HFPE AolA A

1% 3.1.10. A8A HIE Ao|A Ax YX

FEHE B AEA #12 7P ZdA FAVE FAe AdAR 45Ed
A 95 B8 Adda vt FAle] Bgsglon, AEA #29 #32 AEHZWA
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Specimen #1

800

Specimen #2

700
600

Specimen #3

= 500

400

e

3 300

200

100

60 80 100

40
Vertical Displacement (mm)

20

Hr

@A

I% 3.1.11.

M,

M,

0.598

0.563

0.665

M, (kNm)

1,103.2

1,005.3

1,111.6

M, (kNm)

1,843.5

1,784.9

1,672.4

ptest

0.0167

0.0148

0.015

maximum

longitudinal Strain at

ultimate strength

0.00205

0.00283

0.0022

tf(mm)
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25
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(a) Specimen #1 A|¥A I E=
FHAG+4EZEA =37)

(b) Specimen #2 A3 A FJyrnc= (c) Specimen #3 A¥A Yy

(FEAA &= 39) FEAA &5 I9)
a9 3.1.12. A%A v RE

800 700

FU-1
FU-3
FU-2 700 600
FU-4 600 500 FU-5
= FU-6 = R
2 >00 Z 400 FU-7
5 U8 400 S FU-9
3 FU-10 300 §3%
200 200
100 100
0 0
-4000 -3000 -2000 -1000 0 0 1000 2000 3000
Strain(x10-6) Strain(x10-6)
(@) Ao HYE X (b) AT HYE £X

7% 3.1.13 Specimen #1 ¢4EZAUA HYF X
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700 700

FU-1
FU-2 600 600 Fu3
_
z FU-4 \ \ 500 Z 500 FUS
< EB—S \ 400 < 400 FU-7
o i o FU-9
= FU-10 \ 300 S 300
% 200 % 200
100 100
0 0
-4000 -3000 -2000 -1000 0 0 1000 2000 3000
Strain(x10-6) Strain(x10-6)
(a) 4ol & ¥ E ¥ (b) AT HPE £ X
1% 3.1.14 Specimen #2 4ZZ WX HPYE EX
fU 700 800 U
FU-2 600 700
FU-5
z FU-4 500 z 600
T e % w00
3 - 3 FU-9
= FU-10 300 r__u 300
x
< 200 < 200
100 100
0 0
-4000 -3000 -2000 -1000 0 0 1000 2000 3000
Strain(x10-6) Strain(x10-6)
(a) Ao HIYE £ (b) AT HPE X
I3 3.1.15 Specimen #3 ¢FZ9X HIYE FX
4, T-Z34

A AY EaAY WY A2 A

ARbA o ® A AW A5, EWAS} BEHRe] e ago] EWRA HAEF AT IFE
A= Zo® dEA Stk olYd I8 Al A FFFFe]| B YT HES
71 flste], Aol gt WA & S tid 3xd 3= A (LFA @l
NS SR a4 TRIaWE ABAQUS 6.130] AgEH o ZaA 9 BRe 33t
A 4 QA(S4R)E o] &3ste] R IT A ABAXRAS deAAZAS AL
o, ZWA | FRES S Astatr] flste], AT SFete] RUESHES Astett

ATl E vst @ 23S WEgEte] A S s, olE EWAS Fyae
Ao Agol EWA A FAHFFo| vA = TS AESFuA k. ;A A (
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be=500mm

; % t{18 cases)

H=1000mm t, (7 cases)

I¥ 3.1.16 &4 5= 4 249 dd A

¥3.1.4 3 =249 dd A

bf(mm) Dw(mm) tf(mm) tw(mm) A f )\w
5-33.3 5-50 7.5-50 20-200
500 1000
(18cases) (7cases) (18cases) (7cases)
1,000 k=0.425(Hinged Flange)
= 900 k=1.277(Fixed flange)
& Aw=200
o 800 Aw=100
> Aw=90
e 700 Aw=80
2 AwW=60
IS 600 Aw=40
= aw=20
§ E% 500
En L 400
g 300
=
2 200
&
= 100
0
0 10 20 30 40 50 60

Slenderness ratio (A=b./2t,)
29 3.1.17 B39 0 SAX Y Aol BE @4 B2 4 A3

&k Q A3l A éﬂr‘? EdE Z:dA4 A 19} S Aol w42
= vebdo =%, siqdatel g 9l IAAA " ZdA ] o

Mlmdsh, B AR (\)7h 200 W 2Ud Afele nYAAzAY ole
E(=1.277% WSk FASHA BrERom, Brwe] ARt AdeS 2P A3
Wb o ekt oleld A FEFRIelN £d HAT F k.

Be) A7} 80, 90, 100, 20007 A3 ZAA 9] AAH|7L 200]8h% H& 750
L oBeg g BFo) Aol old mel o] BAQ EFA FNAI FE nup AL 1F

gt Hol7l =t
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B 12(1—M2)(bf/2tf)2Fcr,FEA 2315

E

FEA

o WYY FAA GARZAF () % 4 1.6 23] 7]
W BARTAS () FRwe Aol mek ek Aokg 14 @ AAAA 204

AG7E Aok A5 HEAGAE A AAFHQO, T wkolel Byke] A
FAAFE H@AFE HopAs e & 5 Yck Leh AISCH 4 2500 28] A
WAHTASG vnd A BAA AGoE 750 99 Brwel 9 sl Bl
o] ® HEAF 042500 A7 AHE A9E AISHE, AISC Aol @ BFASE S
B0 P7Ew Yok

4
R, B A ok

& , ZWA ] AHE ZWA] A=A Tl FFE 1 H
v AoZ YEwth EWA e A8 7SS 1 AA 21 kA, EWA G
AL e dA) 2ol SHAL. ol Byl @ FTAAY Azl 7
LAEAA, HFF Y Ague g3s W e AS gulsty, dgF o R e R
FFES wAA Aok
b AISC 2] 9] A f-els Wz ZdX]9 An|7E eyl QA gormz ZWA| 9
Agnlef Adaglo] HEe] Mgl disiA vt B J=Z A7 GebA Al "o mebaA] B
Aol Anrt £59 5 vt
= 2 k=0.425(Hinge)
g k=1.277(Fixed)
z 1.8 Kke(AISC)
Z 16 M
S M=12.5
&0 14 M=15
= M=17.5
212 =20
5 - M=22.5
22 1 M=25
= M=27.5
2 08 =30
o M=32.5
2 0.6 =35
= M=37.5
= 04 M=40
2 M=42.5
2 =45
é" 0.2 M=47.5
0 =50
0 50 100 150 200 250 300

A,(Dy/t,)
a9 3118 BBy AFu] BE @Y FAA TRRZ A5 W
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19 3.1.18&

_T__LE:
H7y Srveee s g

Ao A e whet @A H=AFE ekl 1otk Z/A 9 Al

AN A %A (k=1.277)°] FHst, —E—%Hxlfﬂ A7 FAEeE 917

71 (k=0.425)°l FHst= AS & 5 Avh w13 ZAA Y ARIZF Fas A, Bl
AN 7F SRS A 2A 0 A FdFAFRY BA H71E I

Elastic flange local buckling coefficient
)
.

k=0.425(Hinged flange)
k=1.277(Fixed flange)
Aw=200

Aw=100

Aw=90

Aw=80

Aw=60

Aw=40

Aw=20

Flange local buckling

0.5 1 1.5 2

Flange to web slenderness ratio

(/1)

29 3.1.19 TAX-EEG AguEle] 4e @4 F2 A% B

a9 3.1.19% s date] o3t @A S R=AT (kpg) = WA FH32 Agn]
A

LA/ el whet =gk Asporck, Aguiul (A /Aol wet shte] FHow FyEH:= 4
W7F e o, Sd8A @A f=Alee WA e 530 AAnElel A1 dwe] 3l

= Aow W
24 Al #H= B

AgRIEIZE oF 191 A%l

7 elstel Aol
o wYHEAS =
20% e,

o= TUA L} &

=l g9 Ugehl= Aol el A4y

REZ $9E 5 9 E
= o oate] wAAAZARL Aol 77, Al
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k=23.9(Hinged web)

Flange local buckling .
k=39.6(Fixed web)

50 —_——— —
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—>—w=80
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20 Aw=20

Elastic web-bend buckling coefficient

Flange to web slenderness ratio
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500
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Elastic flange local buckling strength
(o, MPa)

Slenderness ratio (A=b,/2t;)

Aw=200 Aw=149 —3—Aw=100
Aw=80 —{— Aw=60 —O0— Aw=40
Aw=20 ————hinged(UHPC) fixed(UHPC)
hinged(Steel) fixed(Steel)

I 3.1.22 EARA Aol mE @Y E9A A2 A=

U, Magnitude U, Magnitude
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ODB: t10.0.0db  Abaqus/Standard 6.13-1 Tue Apr 19 21:16:47 GMT+09:00 2016 OBE: t33:3/0dh; AbaqusfStandard 6:13-1. TTuaApr 19:21:47:23/GMT+09:00.2016

: Step-1
L Step: Step-1 X Step: Step-1 ~
X bode 1: EigenValue = 4.40169E+08 L"?ﬂe i Elsenvﬂ_‘ued— 6.05170E+09
Primary Var: U, Magnitude rimary Var: U, Magnitude
! X Deformed Var: U Deformation Scale Factor: +3.000e+02
Deformed Var: U Deformation Scale Factor: +3.000e+02

@ Fd4 74 fH=2 (), =200, A\, =50) (b) %% 3 F2(\, =200, \,=15)
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(ocr, MPa)
=
=

0 10 20 30 40 50 60

Slenderness ratio (A=bg/2t;)
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40 ~ Af40 40 Af40
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Rotation angle(radian) Rotation angle(radian)
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Sw5-MN
Sw5-GMN
Sw10-GMN
Sw10-MN
Sw15-GMN
Sw15-MN
SW20-GMN
Sw20-MN

O D> » O €& % X
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Slenderness ratio (Af)

a9 3.1.32. WA AR mE 4F ZAA Y F2 $Y v

S, Max. Principal

Multiple section points

(Avg: 75%)
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+0.000e-+00

Length = 5600
ODB: GMN_Sw5Sf5.0db  Abaqus/Standard 6.13-1  Sun Jul 30 23:31:26 GMT+09:00 2017
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Y
Step: step-1
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X Primary Var: S, Max. Principal

p
Deformed Var: U Deformation Scale Factor: +1.000e+00
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Sw5-MN (ps=0)
Sw5-GMN (ps=0)
SwW5-MN (ps=0.5)
SwW5-GMN (ps=0.5)
Presented Eq.

O ¢ % X

20 30 40 50
Slenderness ratio (Af)

TI% 3.1.35. Wiy d2or RAE TAAY RAHA 2 EAAY AF A= Hn

S, Max. Principal

Multiple section points

(Avg: 75%)
+1.451e+01

z Length = 5600

B Length = 5600
ODB: GMN_Sw5Sf5.0db  Abaqus/Standard 6.13-1  Sun Jul 30 23:31:26 GMT+09:00 2017 ODB: GMN_Sw5Sf5.0db  Abaqus/Standard 6.13-1 Wed Aug 02 21:45:22 GMT+09:00 2017

z
Y
Step: step-1
ngth = 5.001 Increment  100; Arc Length = 5,182
incipal V2

Primary Var: S, Max. X' Primary Var: s, Max. Principal
Deformed Var: U Deformation Scale Factor: +1.0002+00 Deformed Var: U Deformation Scale Factor: +1.000e+00
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_43_



A22 FWEH = A

1. &
ZAYES} AAlE AF AREAN de AFE Ha glov, AgF SN SIYEE A
wdol, A RAow dyA Qo BE &
[e)

= 458 gt FA=o] FHAFS Arst
AYES QAAEE IMPa 5507, A4 42 &4
o

7} ol Eel AEE zte FxE AMA ZAld] vlE AlErt 9535 wol AlgHTh FH
A M52 B4R 784 el g Anjdnts A AVetd, S2aYE A9
e HEEve wdolv 4 e ga AR EE Zo] BEEE & 7 Ak whebA
g RA FA-nEY BaEd F2 A FREA thFoA g

H IR/ A5 =l digh shEe] o] Folx, 180MPaclde] YHAEE Zhe 1L
As#Z38 E (Ultra High Performance Concrete; UHPC)ol thdh #Ao] Holxa it}
o] =

20MPacl 7V7he QABAEE AU Qg ¥ ofu, dAE EF 0.2~08% FEO
=, 71E8 ZAEC v ws 2714 Asdes =
Ao AFEE 7hset ek, FxRE Awe ALAYIE @ AvEd aabA Tige

(e}
AN
i
I
0 F
S
=
oX,
olr
Ry
krtl
1o
>
ofo
¢

Ty M AT mkel o] AR Bl Sl A H=AEe] s AA
E

AL 5 oglol, A ZANE PEE AL A holgkd FHAQ SAAY AR}
29T 5 Uk ot WAF FAYE B ohet 4E 1YL TRAR TH nefde @
Aol AAZEA FEi AT AAEA skoprh

V53 e, ZalAAE A9

R N e R R S Sy

19 3.2.1. Stability Failure of 2.3m deep
precast prestressed concrete girders in
Pennsylvania

%9 3.2.2. Stability failure of AASHTO
Type V bridge girders in Arizona
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"""m'r = H.-I-s rumed
T = > 3
Monlinear Analyss
Caleulate Depih of Crack 3 ——Grosshres
for Comesponding = . \ —— Suggested
M £ 2
Adgicried “:—‘ c
= =
- * i =15
Calculate the Iy, for — =
Minor Axis Bending = 4
¥
Calculate M, by Using | 0.5
;E.rll'
” 0 3000 G000 9000 12000
Unbraced Length [mm)
Use¢ M. as Linear
Buckling Strength
I9 3.2.34. BEEY A% a% 3.2.35. A WA AF
¥ 3.27. 9H2EAES) AYVHHE JE
Length Gross Area Effective  Area
(mm) (mm4) (kNm) (mm4) (kNm)
2500 808.641 4,597,595 486.992
3000 673.868 4,663,242 408.714
3500 577.601 4,728,077 325.753
4000 505.401 4,792,040 310.740
4500 449.245 4,855,222 278.028
5000 404.320 4,917,686 251.830
5500 367.564 4,979,404 230.369
6000 336.934 5,040,448 212.462
6500 12,676,463 311.016 5,100,853 197.290
7000 288.800 5,161,023 184.285
7500 269.547 5,219,859 172.968
8000 252.700 5,278,449 163.065
8500 237.835 5,336,492 154.314
9000 224.622 5,393,924 146.523
9500 212.800 5,450,899 139.543
10000 202.160 5,507,356 133.250
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N\ —s— Nonlinear :\\ —a— Nonlinear
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wdoMe fo d3E vtgo R AREE e A e A (3.2.23) 9 o] At

M, =M, for /M,/M, <08

| M, M,
—0.75 % . +1.6= A for 0.8 < M,/M, <12 N(3.223)
GG
%:%w:@,/ﬂeﬁxa{q for 1.2 < /M /M,
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(b) Saint Pierre La Cour Bridge, France

(a) Grade Separation, France (2005) (2005)

_ (¢ ) Fedral Highway Administration Bridge, USA (2005)
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3. AA7]

7F 23AYE F27]5(2012)
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P, 29 3.3.7(a) 9 7
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TAYE F27]
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JYE A< A

(3.3.1) ~ (3.3.4)% Zt. &

A, 181

Al
a

(3.3.1)

Al
ol

V,=V.AV,+Y,

(3.3.2)

Al
2

V.= (029X /f 4 +0.3f,.)b,d

A, f ; (sinar+ cosa)d
S

(3.3.3)
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o714, X = ZAYE AEAF

foo = 23AYE ¢FAE

foe = @9 =AY ZyPAEG R 3 HEEH
bw = 553 5

d = ¥ fraol

A, = AT BRAS WA

fp = AunPAe FERPT

e} = A BAA7} 1o =uaky) o] 2= 7bn

S = AYRZA wjx 7+A

P, = AFAC Age F 04

a, = FUF 0ZAL} FAF Apele] Fn

LA

ZAYE F27)F2012) 5 ZYAEHAS GFE g FHEE Ve 9
EAeA e TEAEHA $FEH 03f,F V.ol Fristel nelsta vk T AEHA
FojYl o]& (Moar’ s Circle Theory)
2] PSC Roldi 19 3.3.8(h) g o

i r?} o

Ao TZYREH 2o G G5l FrhE. 7 3.3.8(b) < S HAH
Astebd 2% 3.3.8(c) gk ol HEd 4 vk 29 3.3.7(c) sk 2% 3.3.8(c)F MlaLst
kil |2 458

=

LV e
(%)Z_F( 5 ) - 5 =f =/ 2] (3.3.5)
g1 Aol A v, ® s,
Ucw :ft 1+ ?c }—\1 (336)
t

ZAYES JAAAE f,5 029./f, 2 HH,
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e
=029/ f (1 +—F—— 2] (3.3.7
mu 0 29\/7 -1 ( )

Qo] A& zA}H o7 el

Vo = 0.29/f ;. +0.37,, 2] (3.3.8)
HEANOR TYPYAEYA B ZIAYE A ZIAYE AWAE Ve S} o] vhE
9o glon AP ETZFQ012)E v 4S Adstar ok

=(0.29/f 1, +0.3f,.)b,d 2] (3.3.9)
U, 2145 Z38E K-UHPC +2AAAHE(2012)

K—UHPC T2AAXZA(2012) A #AAetz Q&= A7 E AA2LS JSCE(2005)E &
Stk 71EARl JiEe ZAYE 7] (2012)9 AAARD 24 (3.3.1)
(3.3.4) &} FA3Y, AR A (V) 2 A S
QA V.o VT Fe e AMEEth E, UHPCE S92 E ¥4 o) Fo AdF9 7w
aYE A A tigt F7HAd AdEo] WA] witel, AAFIT EHEE T

}‘ﬂl fd ] T7]_Q04r4_

Ve = 0-84f23sin (28, )b,d 2] (3.3.10)
V I/r‘p(d—i_v}d—’_v +V;)ed /'\“I] (3311)
Tpcd =0.184/f . 0,d 2l (3.3.12)
V}, _( 71d/tanﬁu) w® é} (3.3.13)
A [ palsineg + cosay
V= ol : '>d 2 (3.3.14)
I/Zued:PedSinap é} (3.3.15)
oA7IM,  fa = AAGFAE
B, = HWE AT wWel WA g
foa = ZAHT QA=
1 1 W
= — o(w)dw
f w, 0
2 = 4EHeEY ¥y 480N 2RY ABBA BRAAY A
FAR (2012 ML 214% Adwd og 9o oA A8 Ans =han
F7rskitt. K-UHPC =

g 4 i
AAAR Q012N E TerEese o o] da f,2
B 29 25 489 A% 4% THE AN S4Y, TAL=AL GRE9S 2
A Zsto] AAAel wHHA e 9l

d
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4, T-Z34
7}, UHPC Alznd 9 32w

A T

2 AFors F3te A &4 21 Abaqus 6.132 AFESte] AeA Ty T A
das RR7 @ 2345 [F A9 ddxt=s 7bsAel dist fteidd A4E 53
At FAYEE GFAEY AT °E AREA AREL wet @A Aot Aol
sHAl YERdTE Abaqus 6.13914+= 23 E Am EAX ] dsiA  CDP(Concrete
Damaged Plasticity)® CSC(Concrete Smeared Crack) X9 A3tz +=d,

gt

Linfeng Chen et al.(2010)& CSCR R CDPRE o] ] AdAne ZHsiths A28
EE5A T wEbA, B AdFo A= CDPEES AFE-3le] (324 S 35t CDP
ndo ATEA z+S ¥ 3.3.17 o] Abaqus 6.13°)4 A|&dt= 7| EZES ALt

n A §ae 2EAS 2277 Y8 w=0.00001 AL}

¥ 3.3.1. CDP A5 44

Material Property Sign Value

Dilation Angle P 36°

Flow Potential Eccentricity € 0.1

Ratio of Compressive Yield Stress Ubo/ o 1.16

Ratio of Tensile Meridian to Compressive Meridian K, 0.667
Viscosity Parameter o 0.00001

K-UHPC FZAAAH(2012) M= 21T A8 ES AFgxH -

3.3.10(0)) S &Y —1dE 34 (2 3.3.10b)2HH s7HE% MdS 483
Fodeh w2 ARSA BF JIRGS T 29 2o ANFL UOH, FAURL,)
& 2 (3.3.16)F AREste] APgstEs stal ok fe s A RN ZAYES
2 Y SH-HEE 42 F 3.3.29 @ A8ste] 19 3.3.10(@ <9k 19 3.3.10(c)
2 AgaYn, A % 149 SE-uNE FHS IE ofF AWF UL FAHE
b etAA 29 (Perfect Elasto—Plastic Model) & AF&-3Fith. a4 w2 A5 v]A
BT o LA o]F AT A&t AdAss BUFehr] flste] A= - 7k vAE S AL
Fast
V, =(0.29+/f,,+0.3f,)b,d 4] (3.3.16)
A7, Byeg= B2 0, I, = AR 5ddolo|th
¥ 3.3.2. UHPC Ag EAX
Destination Sign Value Unit
Compressive Strength S 180 MPa
Crack Strength Sk 9.5 MPa
Tensile Strength Sin 13 MPa
Modulus of Elasticity £, 45000 MPa
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Crack Width(Ultimate) w,, 0.3 mm

Crack Width(Limit) Wy 53 mm
Characteristic Length L, 10100 mm
0.850.f cr
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0.850.fc/E. 0.004
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{’lio \\ % / .
g Sy 5! / L
o \\ / N
\ / &, =0, feri/Ec+ WM/L,,,’ \:‘\“
\ . .
Wu Wiim Eer = Pcferu/ Ec Eiim = Ocfern/Ec + w”m/l-eq
#EE(mm) HsE
(b) VFHLH ) QAN H)

I% 3.3.10. K-UHPC ¥¥-HYPE T1YyP=
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1394+ “Rebar” ¢ “Embedded
5 st 4= 3l 7o =Z AASEa =,
o XEEO Q= AAAY dHAS FAS S HHE e A

o
gale] AHgshs 7IWo® F2 Shell 249 AFE-E™,  “Embedded
A

Region” & A 2t w=& 43 ZACEY vt Adste] A{fEE 58k B
e Agsls 7IWo® F2 Solid 840 AFEET. B HSATolME Shell BEo
“Rebar” 7S AE£3t3, Solid Edo] Beam L£4% Jd3t ZFAXAS  “Embedded
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¥ 3.3.10. ZYAEH X o AAFE IR AET)

Speci sh St (V) Shear Stress Strength Prestress Centroid
ecimen .
P car Strength( Strength(7) Engancement Compressive Stress
Case 1 293.95kN 14.41MPa
0.6MPa 2.38MPa
Case 2 306.26kN 15.01MPa
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vt foa =0.4f, =10.8 MPa foa =0.4f, =T72MPa
ZYPAE 2
[ =28 MPa [ =126 MPa
=9 A : ?
- 38 @ 458H - 38 3 458H
T AEYA 0.55f,; = 17.6 MPa 0.55f,; = 69.3 MPa
PSC =4 A5 - 5§ F d9F3sH - 88 3 9%eH
k= 0.50/f,; = 2.65 MPa 0.50+/f,; = 5.61 MPa
- 58 o 45SH: _ &g 3 o=od
A 8k 0.4f,. =16 MPa 0.4f . =72MPa
28 Al - 88 2 JIsE: - 88 3 dFeH:
0.50/f,.= 3.2 MPa 0.50/f .= 6.71 MPa
- SRAE(f,,) 1900 MPa
- FEAE(f,,) : 1600 MPa
i 38 Hd 184
- 0.9f, = 1440 MPa
PS A Ton
i) A& A5 Gl 54
- 0.7f,, = 1330 MPa
iii) &Aool dojt § ARgStE -4
- 0.8f,, = 1280 MPa
© dAAF
ARE PSC L THF UHPC 1%
Eja= E, = 27,804 MPa E, = 45,000 MPa
ZAE
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a#ste], 160mm=E A AT

ARk
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UHPC PSC AY wz

< 0.240 m O.K.

vlekg S 240mm 160mm
M = 60.748 kNm M = 59.69 kNm
CELE e e u u
s (23.396 : AH&-31F) (23.11 : AHE-&HE)
e 3 AE
3 e M, = 81.589 kNm OK. M, = 69.29 kNm OX.
1.2(S+3)/30 = 0.156 m 1.2(5+3)/30 = 0.156 m
A HE

< 0.160 m O.K.

4 (0)=0.183mm

319 7Y€ % (wa): 0.253mm

T4 Z(0)=0.091mm

314 7<% (wa): 0.253mm

O.K. O.K.
f, =63.7 MPa f, =80.7 MPa
I Z AR
< 150MPa O.K. < 150MPa O.K.
3.4.42 PSC A9 A7
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o e o A 2= FIYE 259 (MPa) PS7FA A
28 o RS PSC At PSHAA o
(kNm) (m4) ¥l Ci s | wa9A | mpa)
0.313224 5.86
AY A} 1837.0 0.327971 -5.60
0.369583 4.97
57 0.322482 6.43
A e 2072.9 0.365113 -3.68
eelhs 0.413618 -5.01 -32.45
1.015084 0.73
SEA] &
G 1126 1.476486 0.50
T A= 0.529609 -1.40
0.572382 -1.30 -8.40
1.015084 2.36
. 1.476486 1.62
g% 2394.1
sk 39 0.529609 452
0.572382 4.18 27.08
Al 7046.6 3.09 14.42 -17.20 -15.46 -67.92
() ", () HF
@ UHPC PSC AH 9 zg &9
ZAYE ¥E-5Y (MPa) AR D
vaE | wwAs - CHaR PSeat
Sa BASR PSC 7t PSTEAM | o
(kNm) (m4) AFol Al 3l =93] (MPa)
0.112 9.23
AYAE 1035.9 0.166 -6.25
0.199 -5.20 23.10
i 0.116 12.08
94 1395.2 0.190 7.33
AT ' : -
0.232 -6.01 26.72
0.508 1.46
s 0.672 1.10
me 742.6
13t 0.295 252
0.327 2.27 -10.10
0.508 4.72
0.672 3.56
&3sts 2394.1
0.295 8.12
0.327 7.32 3255
Al 5567.8 6.18 25.98 2421 20.81 92.47
() : SV, (D) F=F
. Ak A8A1Y HeY HE
- ¥k PSC AY
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(2] : MPa)
A

IYAEYA Y A F A A 5528 A
i:— ==
?—v‘i— Eﬂ ~ %§ Eﬂ o) 0]’?
AY Az Al (LA 8= - Al
AEH A AEYA ) =
23l3)
PSC A -6.72 5.86 -0.86 -5.56 14.42 8.86
A k< 22.43 -5.60 16.83 18.55 -17.20 1.35
PS EIYE
e -141 < A < 17.60 OK. -3.16 < Al < 16.00 O.K.
5859
e s - - | 3.09 3.09
v 238 E
e - -0.68 < Al < 10.8 O.K.
51839
() @ LV, ()
- UHPC A4
(&¢] : MPa)
IYAEY A £ X A A 8t 2 &4
i:‘ ==
an g _ 48 =g ke
AY A5 Al (3= - Al
FEF A AEYA I
&43t%)
*J
o -10.79 9.23 -1.55 -6.986 25.98 18.99
PSC At f}
[e}
o 32.44 -6.25 26.20 21.008 2421 -3.20
PS Z3YE
2561 < Al < 69.30 O.K. -6.71 < Al < 72.00 O.K.
5] -85
i - - | 618 6.18
HhEd A E
- -0.68 < Al < 10.8 OK.
51859
() L, (D
ok & =3k ol HE

ddk PSC AY wH

UHPC PSC At &

oM, =15,432.8
> M, = 11195.6 kNm OK.

OM, =17,548.6
> M, =9,273.2 kNm OK.

dM, = 14665.6 kNm

> 1.2M, = 11843.3 kNm O.K.

oM, = 12,663.1 kNm

> 1.2, = 8,538.8 kNm OK.

Wk PSC AY w &

gk

S8 AT

L 29.1 X 10°
= %00 - s o604 mm
0=78mm <6, ; OK

UHPC PSC AY w&
- 5E AA
L 29.1 x 10°
0, = 00 <00 = 36.4 mm
0=126 mm <6, ,; OK
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p= 2 A (3.1.3)

AZIM, k' FH=F Al
48p

)

A Zz7A thgt A4 (restrain coefficient)

AlRb2lell UHPCE] 3obEH] 0.25 Aol whfletol Fatd, A AA A3 14 A4
of th3t F=FA S k= oF 0.487, 1.387= Ak st &= 9t}

Ao = A (3.1.3) 0% FIR BARZALE o)Ly, -
o tjdt 8- =+ A Al A (3.1.7) ¢ AL3st] A BAFEHPEE

re ri re

A< T7.114, f, =0.7f, =128MPa 2 (3.1.5)
7.114 £ A < 45.72, fo =677.07x X~ *%7 2 (3.1.6)
;o= kn’E
45.72 < A, 12— ) b, \’ 2 (3.1.7)
2 Q—tf
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1% 3.2.1. Stability Failure of 2.3m dee .. )
Y P 9 3.2.2. Stability failure of AASHTO
precast prestressed concrete girders in . . . .
. Type V bridge girders in Arizona
Pennsylvania
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Fibre-Reinforced Concretes,” Recommandations provisoires, France.
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M, =12X M,+1.2xX M, +1.2 X M, =40.334 kNm (9.061 : AF&3}%)
" M, = 60.748 kNm (23.396 @ A}&-3}%)

@ @ 2A
b FAe

fu =21 MPa, f,= 400 MPa, M, = 60.748 kNm

u

b = 1000 mm, d = 180 mm, d = 60 mm, ¢ = 0.85, k, = 0.85
M,=M,/¢=085xbxdxa—1/2x0.85f,xXbxa °l

0.425 « f,Xbxa>—0.85X f, xXbxXdxa+M/p=0
11,475a” — 4,131,000a + 71,468,235 = 0 : (acll ™3t 22} LA 2)
a = 18.223 mm
FRATLH A, =085 (f,/f,) X axb= 1,046 mm’
HAaHTF 0 A, = (14/ f,) X bxd= 630 mm’
AR T A, = 1,433 mm? H19 X 5EA (CTC 200 mm)

]|

-

NZel WS 9lste] H19 F g 200 mm FAA R Absto] 24w

M, =0.85" X f, xd xXbx (d—d'/2) < d = 24.967 mm

= 81.580 kNm > M, = 60.748 kNm . OK
27 600
= 0.75 X 0.85 X ——— X (.85 X ———
Prna = 05 400 600 + 400

= 0.0219
Pin = 14/ f, = 0.0035 < p=0.0080 < p,_. = 0.0219
uhoeE A
FAT ek wiE Ao vE (o)

Py = 3% = \/1(% =1265% > p,.. =67%
“op=67.0%
HeATH ¢ A, = A, <0.67 = 1,046 X 0.67 = 701 mm
2 W ARFS g A2 ovkgd ¢l 0.2 %
Ao AT ¢ A, = 1,000 X 240 x0.002 = 480 mm”
AR A, = 794 mm? H16 X 4EA (CTC 250 mm)
o Ay wbeae) ohy A TRel o] Ade s nigdelA de

QAT ¢ A = 1,046 X 2 = 2,092 mm’

AFEE T A, = 2,865 mm? H19 X 10EA (CTC 100 mm)

A HE
P s e
- 122 -
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FHTo] A AW F] s Azl wFEdE - 1.2(5+3)/30
1.2(5+3)/30 =1.2(0.900 +3)/30 = 0.156 m < 0.240 m .. OK

o el "E HE

S

M, = 23.918 kNm, p = 0.0080, n = = = 7.193
k= —np+ V(np)* + 2np = 0.287
x = kd = 51.660 mm
fi= A_(d—z/3)
B 23.918 x 10°
1433 % (180.0 — 51.66/3)
=102.5 MPa < 0.6, =240 MPa - OK

A=2xyxb/HATF =2x60x1000/5 = 24000 mm?
R=d,/d, = 188.533/128.533 = 1.467
T2 E(w)

w=1.08 % RX fsx /(dcx A) x10°
= 1.08 X 1.467 < 102.5 x /(60 % 24000) > 10~ °

= 0.183 mm < w, = 0.005 X t, = 0.253 mm .. OK

t YEHE

SD 400& A2 &M S7F 150MPaclsted A-g-of ¥ 25 aefshA] edobw d.

M= 14.857 kNm

M
fe = A a3

=63.7 MPa®] 2.2 3| Z o] tfdlo] <k},

1.3 PSC AY <9 AA

- 123 -
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200 (<41 : mm)
@ o 1w
NA @ % %
@ 220/
® 23]
2300 230
70 T
. 660
(9 : m)
H 5 b h A y A xy y’ A x y? Iy
@ 0.700 0.180 0.126 0.090 0.011340 0951 0.113955 | 0.000340
0.250 0.100 0.0250 0.213 0.005333 0.828 0.017127 | 0.000014
©) 0.200 1.590 0.318 0.975 0.310050 0.066 0.001385 | 0.066995
0.230 0.220 0.0506 1.697 0.085853 -0.656 0.021755 | 0.000136
® 0.660 0.230 0.1518 1.885 0.86143 0.844 0.108133 | 0.000669
Al 0.6714 0.698719 0.262355 | 0.068154
M(Axy)  0.698719
= = — =1. DAY Ao A EATER o]~
Ysi ST 0.6714 1.041 m : AY Adelx =479 A
Yy = 1.041 — 2.000 = —0.959 m TAZ A AY et e A
1, = Z([()+AXy’2)
= 0.068154 + 0.262355
= 0.330509 m’
L,y 0.330509 5
Ztl — yﬂ — W — 0317492 m
L, 0.330509
Z, =L = 2= — .34 ’
= Cosg = 0344639 m
0.330509
2 _ _ 2
"= 06714 0.492268 m
@ o] sk G4 A A2 ALt




700
200

B T

50 ZEU‘
|

-

NA

[ B

-0

230, 230
T od
660

L

. 180
1007
7
i
-
220
230

2.000

(&5

: mm)

HAA 066 X 4EA (A =0.0137 m?) ; stelAe] AXNAE = 0.110 m

Ha s A y A Xy y’ A x y? Iy
Zod 0.6714 1.041 0.698927 20.018 0.000218 | 0.330509
BpN 20.0137 1.890 20.025893 20.867 20.010298
A 0.6577 0.673034 20.010081 | 0.330509
YUxy) 0673034
— _ -1 At Ao Al T A Z7hx] ] 7
EAFAA AY st 7A 9 A

Yo = 1.023 — 2.000 = —0.977 m

L, = Z([()"'A Xy/Q)
= 0.330509 — 0.01008

= (.320428 m*
Ly, 0.320428
7, =—= =2 —(.313224 m°
2T T oy Uolsdm
A .
b 0.320428 0327971

Z = ———
2y 0.977
e,y = 0.977 = 0.110 = 0.867 m

_0.320428

Zpr = 0.867

= (0.369583 m>

PS7FAMd gt o &t

o Al Ao A

2
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700

20
250 1250

100

N.A

1590
2.000

220

.230'200_230, s
ol (¥ : mm)
USE @12.7 X 12EA =98.71 X 10" %% 12 = 0.001185 m>
E, )
n,=— = O?’OOO = 6.474
L, 8,500 3/40 + 8
A = 0.001185 X 4EA X 6.474 = 0.0307 m>
(F$ - m)
T+ A y Axy y A Xy~ Lo
s 0.6577 1.023 0.672827 0.039 0.001000 0.320428
pS7ted A 0.0307 1.890 0.058023 -0.828 0.021047
Al 0.6884 0.730850 0.022048 0.320428
A xy) 0730850 ]
Yi3 S Sosal — 062 m 1 kel A =7kA1 2] A
Yy = 1.062 — 2.000 = —0.938 m D 2SO AY stk e A
Ls= Z%"’A Xy/Z)
= (0.320428 + 0.022048
= (.342476 m*
L.s  0.342476 ;
Ly 0.342476 f
Gy =—— = ———— =(.365113 m*
e NES 0.365113 m
e,3 = 0.938 — 0.110 = 0.828 m
0.342476 5
= 22770 = 0.41361
T Tosas A0S
st sk ©d A A=) AAE
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1.580
2.000

_23%00.230'_
660 (H$] : mm)
8,5004/27 + 8
n, = - = 0.900
8,500 /40 + 8
7t 215 A
b, =1.250 4+ 0.1 = 1.350 m
+a% A
(o2 Uwl ZWA T2 6
HH) =6 x 0.240 + 1.350 =2790 m — 2o 7 A}
(B2 AZHe] 1/12) + by =29.100 / 12 + 1350 =3775 m - &
4 mefe]l S A 12) +
:; ) ) ) 0550 /241350 - 265 m - (2625 m)
1
ek ©hE A 0 4 = 0.240 X 2.625 < 0.900 = 0.567 m?
(&9 : m)
T B A y A Xy y A x y? Iy
PS7}el A
Sabehed 0.6884 1.302 0.896297 -0.534 0.196301 | 0.342476
vt 0.5670 0.120 0.068040 0.648 0.238086 | 0.002722
%l 1.2554 0.964337 0.434387 | 0.345198
NUxy) 0964337 ]
= = = 0. R =1 = vt N = s 3 e ==/ S =)
Yyt S Lorpg — 0768 m Fett Aol A =4S4 8] A=

Y4 = 0.768 — 0.240 = 0.528 m
Yy = 0.768 — 2.240 = —1.472 m

44:2([0‘*—A><y/2)

= (.345198 + 0.434387
= (0.779585 m*
L, 0.779585
7, =" = 2 1015084 m®
= 768 015084 m
L,  0.779585 A
7, =20 = 00— 1 476486 m?
sy, 0528 76486 m

127 -
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L, 0.779585 ,
7, =— = """ —1.015084 m*
T 0.768 m

L, 0779585

_ = — 3
Zy = o I 0.529609 m
e, = 1.472 — 0.110 = 1.362 m
0779585 .
1= ~T3ep — 0-572382m
G waAd e
N 3] = v TR
- TTd PS7FAd 3HAL = = =
v ° J= 9=
A 0.6577 0.6884 1.2824 1.2554
Vot 0.755 0.768
Vi 1.023 1.062 0.515 0.528
Vb -0.977 -0.938 -1.485 -1.472
I, 0.320428 0.342476 0.790818 0.779585
Zy 1.047442 1.015084
Z, 0.313224 0.322482 1.535570 1.476486
Z 0.327971 0.365113 0.532538 0.529609
e 0.867 0.828 1.375 1.362
Z, 0.369583 0.413618 0.575141 0.572382
A @4 A (m?) Zy ekl el ot 9 Al (m)
Vst e AHE~E4 5 (m) Z, AY el st SEASF (md)
Vi AY AHE~E4F (m) Z, AY shdef dist dHE AL (md)
Yo EAF~AY 34 (m) e TAEPSFAM =4 (m)
L @ 23 RHE (mh) Z, A A digt dHAS (m))
(2) 14sts 2 Zetw A
@© 1gets A 2 skl e dhE AR
7t g skE AR
h AY 5%
s
wl = 0.6714 < 25.0 = 16.785 kN/m
- TH

w2 = 16.785 + (1.590 + 1.270) /2 < 0.230 < 25.0 X 2EA = 33.230 kN/m
7R R L JAA R
h = (0.520 + 0.420)/2 = 0.470 m
W= 0.300 X 0.250 X 0.470 X 25.0 X 2EA + (0.230 < 0.250)/2 < 0.470 X 25.0 X 4FA = 3.114 kN
W) 7I2R SF
- UES A (FSHE) ¢ w = 0.700 X 2.090 X 0.300 X 25.0 = 10.973 kN
- 9= AY (FSE) Cw=10973/2 =5.487 kN

(th WY 5%
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4450
|, 230

-

L 120
a0 Ta
B o
B [
= 0! =
¥ @ E*
ki +
gl _
: = (24 : mm)
g
TE A X A x X
0.248 0.305 0.0758
@) 0.051 0.161 0.0082
0.035 0.066 0.0023
Al 0.335 0.0863
T 9A
x = 0.0863/0.335 = 0.258 m
e
w = 0.335 X 25.0 = 8.365 kN/m
. stz ost dg Ay
oh AY A5
33.230 kN/m 3.114 kN
T 16785 kN/m 5 1
" 1 1 L T 1 | ) f 1 1 | 1 L] L
1 2 3 4 5 6 7 8 9
0.200, 3.400 | 21.900 | 3.400 [D.200

A F . 8@ 3.638 - 20.100
7SR 8% : 2 @ 14.550 - 29.100

V, = 16.785 %< 29.100 /2 + 16.445 > 0.200 + 16.445 /2 X 3.400 + 3.114 < 0.5 EA = 277.0 kN
V, = 277.0 — (16.785 X 3.638 + 16.445 > 0.200 + 0.5 < 16.445 < 3.400) = 184.7 kN kN

Vy = 277.0 — (16.785 X 7.275 + 16.445 > 0.200 + 0.5 < 16.445 > 3.400) = 123.7 kN kN

V, = 277.0 — (16.785 > 10.913 + 16.445 > 0.200 + 0.5 < 16.445 x< 3.400) = 62.6 kN

V, = 277.0 — (16.785 > 14.550 + 16.445 > 0.200 + 0.5 < 16.445 %< 3.400) = 1.6 kN

M, = 277.0 < 3.638 — (16.785 < 3.638%/2 + 16.445 X 0.200 X 3.538 + 0.5 < 16.445 < 3.400 X 2.304)
= 820.6 kNm

My = 277.0 < 7.275 — (16.785 < 7.275% /2 + 16.445 X 0.200 X 7.175 + 0.5 X 16.445 X 3.400 X 5.942)
= 1,381.5 kNm
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M, = 277.0 X 10.913 — (16.785 X 10.913% /2 + 16.445 X 0.200 X 10.813 + 0.5 X 16.445 < 3.400
% 9.579) = 1,720.3 kNm

M, = 277.0 X 14.550 — (16.785 X 14.550? / 2 + 16.445 % 0.200 X 14.450 + 0.5 X 16.445 X 3.400
% 13.217) = 1,836.61 kNm

W 4 A 2ZAs

@ 9% At
RRRRRARE
g 8§ —

il —
oy .

1250, 2.750
A (A) = 1/2 x (1.250 + 2.750) X 1.455 = 2.910 m?

wheb S8 w, = 0.240 X 2.910 X 25.0 = 17.460 kN/m
FA T ovtEd S 1092 FHAA
w, = 17.460 X 0.1 = 1.746 kN/m
7tRE S w, = 5.487 kN/m

We = 5487 kN
WS+ wg
1 19.206 kN/m
1 1 1 1 1 1 ! 1 L L L 1 ! r 1 1
1 2 ] 4 3 6 7 8 9

B @ 3.638 - 20.100

- dE A
V, = 19.206 X 29.100/2 4 5.487 X 0.5 EA = 282.2 kN
V, = 282.191 — (19.206 X 3.638) = 212.3 kN
V, = 282.191 — (19.206 x< 7.275) = 142.5 kN
V, = 282.191 — (19.206 < 10.913) = 72.6 kN
V, = 282.191 — (19.206 < 14.550) =2.7 kN
M, = 282.191 x 3.638 — (19.206 x< 3.638°/2) = 899.4 kNin
M, = 282.191 < 7.275 — (19.206 < 7.275°/2) = 1,544.7 kNm

M, = 282.191 % 10.913 — (19.206 > 10.913*/2) = 1,935.9 kNm
M, = 282.191 X 14.550 — (19.206 x< 14.550°/2) = 2072.9 kNm

S EF FH w, = 0.080 X (10.750 — 0.450 X 2EA) X 23.0 = 18.124 kN/m
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)

Y3u % w, = 8.365 kN/m

A w= (w, X2+ w, —7FJFE) /Ao 4

i

= 8.365 X 2+ 18.124 — (1.650 X 2 + 1.746 < 2) /4 = 7.016 kN/m

w = 7016 KkNm
1 L | ! L ' ! ! I ! ! L ! !
1 2 3 4 5 6 7 9
| 8 @ 3.638 = 29.100 |
a )\ 7(
V, = 7.016 %< 29.100 < 1/2 =102.1 kN
V, = 102.076 — (7.016 X 3.638) = 76.6 kN
V, = 102.076 — (7.016 < 7.275) =51.1 kN
V, = 102.076 — (7.016 < 10.913) =25.5 kN
V, = 102.076 — (7.016 > 14.550) = 0.0 kN
M, = 102.076 x 3.638 — (7.016 x 3.638°/2) = 324.9 kNm
M, = 102.076 < 7.275 — (7.016 X 7.275°/2) = 557.0 kNm
M, = 102.076 X 10.913 — (7.016 < 10.913°/2) = 696.2 kNm
M, = 102.076 x 14.550 — (7.016 x< 14.550°/2) = 742.6 kNm
@ ZstFol o3 Ay 9l mHE
7y SAAS
15 15 o
= 0TI - a0toop ~027<03 o T=0217
9= AY
7hH B2 Al
0,450 . 1.800 1.150,
s I .
= FEWAT = 1.073 + 0.418 = 1.491
3o 491 X 96 X 1.217 = 174.197 kN

¥1 = 1073
12501 2 750 I y2 = 0.418

(4

:m)

P =1
P
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I/l:

[/2:

I/'Bz

I/:l:

[/E):

5
fo

][[2:

]\13:

4.200 4.200

fpr yer P
:-v,;:—,:- ]_ -v
8 @ 3.638 - 29.100

+ +

(174.197 %< 29.100 + 174.197 x 24.900 + 43.549 < 20.700)/29.100 = 354.2 kN
, 3638 4200 . 4200

VFr YPr I Pr

2
8 @ 3.638 - 29,100

-

(174.197 X 25.463 + 174.197 < 21.263 + 43.549 X< 17.063) /29.100 = 305.2 kN

7275, 4200 , 4.200

1Pr TPr 1Pf
3

8 @ 3.638 = 29.100

* +

(174.197 < 21.825 + 174.197 < 17.625 + 43.549 < 13.425)/29.100 = 256.2 kN

10,913 4.200 4.200

Y Pr V1Pbr VEf
4 ;v:';;'
8 @ 3.638 = 20.100

w +

(174.197 < 18.188 + 174.197 < 13.988 + 43.549 % 9.788)/29.100 = 207.3 kN

. 14550 L 4200 | 4200

| Pr 1 Br VBf

o 5 Fned

8 @ 3.638 = 29.100

- +

(174.197 X 14.550 + 174.197 < 10.350 + 43.549 X 6.150) /29.100 = 158.3 kN

o,
ful
>
ot

L 3638 . 4200 0 4200 |

fpr JPr  VDf
2

8 @ 3.638 - 29.100

305.237 < 3.638 = 1,110.3 ENm

7.275 4.200 4.200

3 mEm
B @ 3.638 = 29.100

- .

256.245 X 7.275 = 1,864.2 ENm

- 132 -



6.713

| Pr

- d-‘zm -

4200

1Pr | Pf

M, = (40.549 X< 22.388 + 174.197 X 18.188 + 174.197 X 13.988) /29.100 X 10.913 — 43.549 X< 4.200

= 2,284.5 kNm

10.350

. 4200

4
8 @ 3.638 = 29.100

4.200

VFr I Pr T PP

T

-

M, = (43.549 % 18.750 4 174.197 X 14.550 + 174.197 < 10.350) / 29.100 < 14.550 — 43.549 X 4.200

= 2,394.1 kNm

s A

5
B @ 3.638 = 29.100

an a3 1 2 3 4 5
I 7 e 0.000 3.638 7.275 10.913 14.550
AY A5 277.0 184.7 123.7 62.6 1.6
A A
l 282.2 212.3 142.5 72.6 2.7
e R= s a3t
e R RS
(kN) ] 102.1 76.6 51.0 25.5 0.0
NI e
9_4 &35}% 354.2 305.2 256.2 207.3 158.3
= A 1015.5 778.8 573.4 368.0 162.6
7 AY A5 0.0 820.6 1381.5 1720.3 1837.0
A
= o 0.0 899.4 1544.7 1935.9 2072.9
o E 1T
- R e
(kNm) ] 0.0 324.9 557.0 696.2 742.6
NI e
&35}% 0.0 1110.3 1864.2 2284.5 2394.1
Al 0.0 3155.2 5347.3 6636.8 7046.6

whekst 9 pSCAY £ =
Z
- M F
AR Pt _n -5
PSOL_L_ f Z y E
@ 915 Ad

2.0 X 10°
. 30.831 x 10°

=6.474
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ZA8E 89 (MP PS7 A
vHE | wdA s - = B MPa) 5%
T ) HhER 3 PSC 7t PS7FAAd o9
(kNm) () el & sl | =994 | (Mmpa
0.313224 5.86
A Az 1837.0 0.327971 -5.60
0.369583 -4.97
514 4 0.322482 6.43
B 2072.9 0.365113 3.68
S 0.413618 -5.01 -32.45
o 1.015084 0.73
R R 406 1.476486 0.50
A s : 0.529609 -1.40
0.572382 -1.30 -8.40
1.015084 2.36
o 1.476486 1.62
D 23941 10520609 452
0.572382 4.18 27.08
A 7046.6 3.09 14.42 -17.20 -15.46 -67.92
ORI A
(4) ZYAEH A 93 8 At
@ whEel e 1A $1x 44
PS7FA Al ujx]
{/ ¥
) H E:
|
15 I = 29.600 15_0
29,900
(41 : m)
PS7AAMS ZEXA Fo g uix
(&9 : m)
AR
_ Hena Hiniddte H 1 a @ (rad) L
HE
1 1.500 0.200 1.300 29.600 | 0.00593499 | 0.17390 29.751
2 1.086 0.080 1.006 29.600 | 0.00459277 | 0.13512 29.691
3 0.700 0.080 0.620 29.600 | 0.00283053 | 0.08359 29.635
4 0.294 0.080 0.214 29.600 | 0.00097699 | 0.02891 29.604
Al 118.400 0.42152 118.681
3+t 29.600 0.10538 29.670
- AY A ZHEEH AP E AY stk FAXAATIA Y FolE A=
y —a °* $2 + 0»08 (701‘(?_:1)1\:]_ @,@,)
=q+ 224020 (FAH @
(] : m)
AR S I 0.000 3.638 7.275 10.913 14.800
1 0.200 0.279 0.514 0.907 1.500
2 0.080 0.141 0.323 0.627 1.086
3 0.080 0.117 0.230 0.417 0.700
4 0.080 0.093 0.132 0.196 0.294

- 134 -



A M DA 18 (kN) 17853 (MPa)
1 1 1606.0 1355.27
2 2 1564.0 1319.83
3 3 1518.0 1281.01
4 4 1470.0 1240.51
Bt 1539.5 1299.16
@ TP AEHAY SAEA 9 G 276 AH
7b PSZEAA T f 2 Afo] o mhie] o9k EAF
x=1L/2=29670/2=14.835m @ FAATFNAN A FHA7A L ZFAM F o]

J =

=5 ub2ASE 4= 0.25 (1/rad)
g vHEAS k= 0.005(1/m)
KX @+ p X o = 0.005 X 14.835 + 0.25 X 0.10538 = 0.10052
VL= Fn (e ) = 1209.16 % (1 — e *102) =

O AR ] oja
PS 701-(3171\_37,]— _’H_/_\_ /\]-o]oﬂ U].;‘é]—o] %% 7{)}%
Al = AEP

A, X E,

AR i Arp
|“ ;

hi

hi
Y
h

B,

14.835 m

124.24 MPa

~— __Ps

upke] ok &AL AMow wettha hy stk
P, =1299.16 < 0.001185 % 4 < 10* = 6158.0 kN

Py = (1299.16 — 124.24) X 0.001185 x 4 x 10° = 5569.1 kN

AP, = P, — P, = 6158.0 — 5569.1 = 588.9 k/V
l,: h, = 14.835 : 588.9, h, = [, X 588.9/14.835
1
Agp = 5 X1, X hy X2EA
588. 9 N E
= id ;

14.875
588.9

=11.986 m < 14.835 m

\/6880><

AEgR ) BE A% o] FJURAL JFL

.

i

=%

i

HdrFel 9

=
b

A) ao]:

=
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(=8500%/f, + 8 =8500%/32+ 8 = 29,070 MPa)

fo @ ZEAAENA 9] A% A n4eEy =

o3t
E

(]

EelAe] Fa2E B d5H
fag @ AN ZHAEG 2 93
Fag = 70 Aol o8k PSAAM mAISNACA 9 &

oo = Four = oo — [ps = 1299.16 — 124.24 — 0 = 1174.92 MPa

P, = f, X A x N=1174.92 X 0.001185 X 4 x 10* = 5569.1 kN

P/ Pl Xep 55601 <107° | 5569.10.867 > 10°°

fag = A, Z, 0.6577 0.369583
M;  1837.0x10°?
= S =00 = —4.97 MPa (%
Jun =7 0.369583 o (59
(M, =AY Azl e d45 59 BHE)
N—1 3
Fur = gt Fag = ¥ 2153 = 4.97 = 1118 MPa
“ fou=05X% £  f = 0.5 2000 18 — 3846 MPa
’ pel . Eci cir . 29’ 070 : .

gf PSAIA S 271 1SH

= 21.53 MPa (&%)

Foo = Forr = Fop = Fos = fo = 1209.16 — 124.24 — 0.00 — 38.46 = 1136.46 MPa

mEaEdne) AH] e 9 0EA Y fEeY A4
7h ZAPE Az 23t &
E Afpm” =12 ><fcir1 _7fcds

(fegs * ZHAREUAAE 7HE A EA8te 14 sts= A9l

£ PSHAA B4lelM e FaYE Hit ¢S
= Ad
P, = 1136.46 < 0.00185 x 4 X 10° = 5386.8 kN
Pt Pf ><€p2 j”d
fcirl - 7 + 7

c P2 Zp2
_ 5386.8 x10° | 5386.8 < 1077 < 0.867  1837.0 x 10" *
0.6577 0.369583 0.369583

=8.19 + 12.64 — 4.97 = 15.86 MPa
fue =501+ 1.30 =631 MPa (358 &%)
L Af,, =12 15.86 — 7 < 6.31 = 146.16 MPa
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(H @ 99
= 0.8 X (119—1.05 X 70) = 36.40 MPa

07 X Afpf —0.1X Afpel —0.05 X (AprT + Afpsh)
s AR 077, olsteld vl 9% ¢ Ao

R =
Af,, + 2AE SYFE 9§ £
hvA

- 91% Ay
“ Af,. = 35—0.07x124.24 — 0.1 X 38.46 — 0.05 X (146.16 + 36.40) = 13.24 MPa

2. psAAM Fasy
b 9= A

- PSAFAAY FEARSH

f pe = pt - Af per - Af psh - Af pr
= 1136.46 — 146.16 — 36.40 — 13.24 = 940.18 MPa
REAS
Jpe 93898
= = = 0.826
fpt 1136.46
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P+ Py
Al — X ZFdd o]
A < E
p p
ZFAx Aol
TS IRE ) PAR TS P, (kN) P, (kN) Al (m)
(L/2, m)
1 1 1606.0 1458.8 14.876 0.192
2 2 1564.0 1416.8 14.846 0.187
3 3 1518.0 1370.8 14.818 0.181
4 4 1470.0 1322.8 14.802 0.174
T rEHAY JFE nH S AstaAE S AL
7h ZEAEH A B9 AR FAYE &Y
ZYAE A o3t ZAYE &
P, = f,, X A, X< N=1136.46 < 0.001185 < 4 x 10° = 5386.8 kN
P B Xe 5386.8 X 10°°  5386.8 < 10~ ° < 0.867
Adew) = LTt — = —6.72 MP:
faBEEH) A Z, 0.6577 0.313224 0:72 MPa
P P Xe 5386.8 X 1077 5386.8 < 10”* < 0.867
Solow)— L _ Tt — = 22.43 MP:
fo(SrAE=) A Z, 0.6577 0.327971 !




AW Az o 2AYE ¢

=

M, 1837.0 X 10 °
fo,daee) 2 03321 5.86 MPa

M —3

—= = = —5.60 MP
Z, 0.327971 “

TIAEHA B9 FF ZAYE &4
[, (FASE) = —6.72 + 586 = —0.86 MPa
f.,(3F152) = 22.43 — 5.60 = 16.83 MPa

A4
f,3968) =nx f, =0827 X —6.72 = —5.56 MPa
1, @ASE) =5 x £, = 0.827 X 22.43 = 18.55 MPa

(LY AEg se] o3 ZAYE 8)

. AAEE 48 2o

= A4
(9] : MPa)
IYAEY A £ AL A A &z 2 -G A]
_ o 3tz
TR g - fra xy G
e~ AY A5 Al PRI (J——";é) 5t Al
- 2l
A
PSC o -6.72 5.86 -0.86 -5.56 14.42 8.86
A9 Sf
o 22.43 -5.60 16.83 18.55 -17.20 1.35
PS ZIYE
-1.41 < A < 17.60 -3.16 < Al < 16.00
61 [e) o ‘_l
vkt | 309 | 3.09
IR=gvy
A E -0.68 < Al < 10.8
5] 859

() 9, () S

Hhl

3x (QIAET) +2.15 < (Y, &35
3 % (1.837.0 +2.072.9 + 742.6) + 2.1 5><23941—111956kNm

@ AT FATEE AL
7k IS AH
B=2625m
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b, =0.200 m @ HE F7

d = 2.000 + 0.240 — 0.110 = 2.130 m : B}tz AekelA ZFdd =47 A
A, =4x0.001185 = 0.004740 m* : PSZAA Fd 2]

Jpe = 9402 MPa : PSEANY] Fadide9

Toe _ 9402 0.495 < 0.5

Jou  1900.00
Jpe = 0.93 X f = 0.93 1900 = 1767.00 MPa (7}4 )
A, o [, =085 ¢ f, 085z« B A

_ 0.00474 < 1767
0.85 > 0.85 X 27 X 2.625

= 0.164 m

a=0.85+2=0.85x0.164 = 0.140 m < 0.240 m .. AA}Z}S EAQ=2 FHF
d—zx
€, = . . ecu+ep€
A7NA, €, ZAYE dFADAA HAYHFE (=0.003)
2.130—0.164
€ = % % 0.003 4+ 0.0047 = 0.0407 > 0.015
Se o )
(fi < 0.5 Ao o] FAY AEE AL u PSHAAAY S$H-HIFS A=
pu

0.84f,,°13tel
M= 00l A B s8] k=
0.93f,,2!
Zo® 1 Atol= AAdnleets sow 7HEE)
fps = 093X f, = 1767.00 MPa = A3
A GEAE
oM, = ¢p{A, X f,, < (d—a/2)}
= 0.85 % 0.00474 < 1767 < 10® x (2.130—0.140/2) = 14665.6 kNm
oM, > M, = 11195.6 kNm

* fpe/fpﬂ} 0.58T IAY Ao =2 udA7|F uet o3 o] A&3s 5= 9t}
fp.s: pu (ryp/ﬁl ><pp><(«fpu/f )

)
s

o%, WMEFE 0.015 o)elAe PSHAALEY Hug

Pt

A71A, v, =028 : PSA el wE Al (B BA ol A
B, = 0.850
pp =4,/ (bxd) = 2.6250%0(()21.12%1?)i%.110) = 0-00085
/,, = 1862.60 MPa
A, [, =085 f, *as B A
o= 2D XERD a7 m < 0240m . AN BAE AT

0.85 X 27 X 2.625

=
fos :
§= % 7 1 AR welAe) AR
1862.
= 0.00085 X 2(75 Ogo
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=0.059 < 0.36 < 3, = 0.306 (AT E == AHTFHEA)

upebA, St YR E
oM, = ¢p{A, < f,, < (d,—a/2)}

= 0.85 % 0.00474 X 1862.6 X 10° X (2.130 — 0.147/2)
= 15432.8 kNm

¢M, > M, =11195.6 kNm . OK

Jou [t fo = 172041855 — 0529609
= —0.63140 = —3.98
M, = (1.35 + 3.98) < 0.529609 < 10° = 2822.8 kNm
" M, = 7046.6 + 2822.8 = 9869.4 kNm
M, = 14665.6 kNm > 1.2M, = 11843.3 kNm .~ OK

5o DX M L*
A8 X B, X T
L @ AA Az = 29.100 m
Ec @ Ad 9 &A= =8500%/f,+8 = 30891 MPa
[ dd 22 ZE (&9, PSAAA gitdd 9 vigat gAakdd)
5T WS+
=R M I ) M I S
(kKNm) (mm*) (mm) (kNm) (mm*) (mm)
PSC 71t 1837.0 0.320428 16.4 1837.0 0.320428 16.4
A
* 2072.9 0.342476 17.3 2001.0 0.342476 16.7
133t
5
_ 742.6 0.779585 2.7 361.0 0.790818 2.7
135
Al 36.4 35.8
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10.350 4.200 4.200 10.350

| |

1Pr TPr  IPf
2 o o
| 8 @ 3,638 - 29,100 |

b 9= AH

P xL? 174.2 % 29.100° < 10°
A8 X E, X I, 48 % 30891 x 10° < 0.779585

7 mm

0y

8y (3 L?* > 10.350 — 4 x 10.350%)

T ASXE X1,
5
48 X E, X I,
_ 174.2 < 10°
48 % 30891 X 10° X 0.779585
43.5 < 10° y
48 < 30891 x 10% x 0.779585 {

= 4.1 mm

{3 x 12 x (I — 8.400 — 10.350) —4 < (I — 8.400 — 10.350)*}

(3 % 29.100% < 10.350 — 4 x 10.350%)

3 % 29.1002 X (29.100 — 8.400 — 10.350)}
—4 % (29.100 — 8.400 — 10.350)*

L 0=61+6,=37+41=78 mm

© gsts AFAE

= e
L 29.1 %< 10°
0, = 00 00 = 36.4 mm
- 915 A
y=78mm <, ; OK

PSC 7o) A3aAE e
4 A7) 5 ABAY el M E Jg wisth PSC ¥
Qo] Frka sk, oF 2748 Fol uleigto] epusle] $y g

2% AFE 3.8, 248 T W, 9% Al E ATUAE 4P ke

I AEYA TOA
§g = 16.4 —42.4 = —26.0 mm (43
- utg g BRES (Aol 2, AxeFe) dF 23
§gp = 16.4 — 4244+ 16.7 + (3.8 — 2.4) < (16.4 — 42.4) = —45.7 mm ()
- ARgskE ZEA (HF)
0g3 = 16.4 — 0.826 X 42.4 + 16.7 + 2.7 + (3.8 — 2.4)(16.4 — 42.4)
+2.4 % (16.4 — 0.826 X 42.4 + 16.7 + 2.7)

= —13.1 mm
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2. UHPCATY A

2.1 AAZxA 274 42 dd 714

(D) AAx 2%

© w7 A

— @2 PSC A H
TE 1o (AFFAE)
> 2@30=60m

1 10.75m

1275 m

(02

El

[
DU 15 =
e ol oft

@ AHEA =

7F 239 E

) Bfet

— fck = 180MPa
ii) PSC #AH

— fck = 180MPa

L= AR

i) wr=hg SD400

ii) PSC At

— SD300

— SWPC7B 15.2mm 74, Ad@Aold A
- $~ 066 AHE

@ #H859

- & B 45 0.55f,=69.3MPa
o 0.504/f,=5.61MPa
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0.50

D sg A 13s
— 0.9/, = 1440 MPa
i) A AF PRI

— 0.7f,, = 1330 MPa

i) &40] Sdolut F ALgeE

— 0.8f,, = 1280 MPa

T

SIE

®

AT

Y E

E, = 45,000 MPa (v}Ehst)
E, = 45,000 MPa (PSCAHYH)
— A 9l PSAA

E,=2.0x10° MPa

(2) wd 714

0.4f, =T2MPa

f . =6.71MPa

- 1900 MPa

- PSAA (A A Aol A
)
) : 1600 MPa

O B 94 Fddx (F9imm)
2@30.000-60.000
50 400 14.200 300 400400 300 14.200 400 50
2 T 14.200 ﬂﬂﬂ l4.200H
E F—————C - -~ 7 L - ==——1) uN’:
T :_ == :*_*_*_*_*_*_*_*_*_*_*_*_q‘ ‘F_i‘ —_ _} F\L: :_ | %l | S S o o oo === _} :J D
i o
'EJ A (- == :::::::::::::J‘ E, - \WJ L— C’:*J E:::::i:i:i::: === - \7 ﬁ.
8 8 % L "_i —== :::::::::::i:q‘ ‘F* — —l :JL: ‘F — e === _} JH 5”0
o~ - - — - - - [
s 2 % | A T~ B
g 3
1 i 32
= o,
g =
~ —
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50 400 14.200 300 400400 300 14
2 14.200 ﬂoﬂ 14.200
8 8= ,
g 578 T IO

‘FH an 1an

an 1nn

10.750

450 9.850 450

¢ =2 244
Zo}n olAFE XA

AARE | F9H S
1/_;3 _S5~20%

aon

3@2.750=8.250 I1.250 |

160

2.2 npebgke] A
(1) Z7F vpetse] A7
AEA AAY AL g dAxd AR
7F AA A S0l ZAYER H AT
U FA8EZ @ BHAEEHL F& 4
o =AY ZAAF] dAA 9} %
nrggke] T 7F 4t
gt vhg FA O] st Faxzke] w7k 6 o] 15 o] s}
FAaXIE / vigs 57 = 2.050 / 0.16 = 12.82
“ 6 ~ 15 & W9l 9lerr OK
nb FaA el £F A2Z 3.6m ©|3f
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S-&AZF = 2.750 — 0.700 = 2.050 m

~ OK
up ulere] 4], vhed

S93 s AES A v

o] HaFAZE 0.240 m o4
Ab AR e Aolrh WIS ket e 5] o el A, AE o] o)k WS vt
BRI
3uf oldelal FEAoR ALK FAYE PI A FAo] W B¢
ez S 77k AL 5 el = 1250 m (A SO

Z5He A

) A1 1 180 < 1,000 = 180,000 mm?
?‘—7:4_—2
— SHF-ATEH
FI4E vl GH e 0.4% = 640 mm?
AFEATE A, =794 mm’  H16 X 4 EA (CTC 250 mm)
— ARAETH

AHEE T A = T94 mm2 H16 X 4 EA (CTC 250 mm)
ohoaiE "

- SFETE

ZAYE vig® @] 0.3% = 540 mm?

AFEA T A, =993 mm®  H16 x 5 EA (CTC 200 mm)
— AFETE

A2 E vig® @l 0.3% = 720 mm’

AR T A, = 993 mm®

H16 x 5 EA (CTC 200 mm)

7F g e H}EU*J 7<17P (aLgstzel 23 L=0.900 m

(&3st=9] 938 L=0.900— 0.3 —0.450 = 0.150 m
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=]
&~ e
) 3
) E_f
S
(42l : mm)
G T EuE
7 7 = A (m o] (m 7o) (m
7 m (m) (kN/m’) =< m (KNm)
EIRS s 0.160 0.900 25.00 0.450 1.62
X % 0.080 0.450 23.00 0.225 0.186
05 () 1.080 0.230 25.00 0.755 4.689
. (@) 0.730 0.070 25.00 0.611 0.781
K (&) 0.293 0.120 25.00 0.516 0.453
>Md 7.73

v}, &3t= (Live Load) : DB—24, P =96.0 kN

-z AAF (D

_ 15 _ 15
40+ L 40+ 0.150

. I1=10.300
- &t BEE (B)

E=08 Xz +1.14 =1.260 m

I =0.374 > 0.3

(47141, x =0.900 — 0.3 — 0.45 = 0.150 ©| =2, z = 0.150%)

M= P (1+i)z/E = 96.0 x(1+0.3)>0.150/1.260

= 14.857 kNm
th o] Ak TEdS
AA7NF45% V=100.0 km/hr
V\2
M, = |5 ) X 75+ 25 = 23.333 kNim
- A TR M= M) el AWEEo® 10 kN/m, A 77 20 kN/mE 4§
M, = P> h = 10.000 X1.080 = 10.800 kNm (& 1)
M, = 23.333 kNm

= 3.000 kN/mm?
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"M, =wXhXx[=3.000 X1.000 X 0.580 = 1.740 kNm

oh. Z% ahE (M) 9 M ALRaEdA FEEFLe A, FaEe dBE 30%F 1

& 3
M, = 1.3 X M, +2.15 < M, = 42.0 kNm (22.59 : A}8-3}%)
M, =13 M,+1.3x M, =12.31 kNm (8.251 : AM&3%)

M, = 1.3 X M+ 1.3 X M; +0.650 X M, = 30.49 kNm (23.11 @ A}-&-3t%)
M, = 13X M,+1.3xXM+1.3 <M, =59.69 kNm (22.59 : At-&3}%)
M,=12XM,+1.2xX M, +1.2x M, =39.36 kNm (8.25 : AF-&3}%)

M, =59.69 kNm (23.11 : AH8-3H%)

@ =3 A2
7} Faz
S = 180 MPa, f, = 400 MPa, M, =59.69 kNm
b = 1000 mm, d = 140 mm, d = 20 mm, ¢ = 0.85, k, = 0.65
M, =M/¢=085xbxdxa—1/2x0.85f, xXbxd o)A
0.425 « f

C

L X bXa?— 085X fu xXbXdxXa+ M/[/p=0
76,5000 — 21,420,000a + 70,074,118 = 0 : (a°] thdt 2} WA A)

“oa=3.32mm

FRATH 1 A, =085 X (f,/f,) X axb=1,269.9 mm’

ﬂ f

>
oo B
o
rgrl

F A, =14/ f,) X bx d= 455 mm’

& A, = 1,433 mm® H19 X 5EA (CTC 200 mm)
AlFel AAE 9kl H19 A3S 200 mm TAAC R Ashde] A4 wix
M, =0.85> X f,, X d Xbx (d—d'/2) < d = 3.746 mm
=69.29 kNm > M, =59.69 kNm .. OK
180 600
= 0.70 X 0.80 X —— X0.00 X ———
Prna = 0-75 2 085 755 %065 05— 100

=0.124
Pin = 14/ f,=0.0035 < p=0.009 < p,, =0.124
uhoeiE A
Tzl st g Ae] W& (o)

120 120
= = =126.5% > =67%
P T Voso DT ma TR0
p=67.0%

HQATH ¢ A, = A, < 0.67 = 1,270 X 0.67 = 851 mm®
AzxrFol udt A% @ npga Wﬂ&l 0.2 %

5,(]:993mm2 H16 x 5EA (CTC 200 mm)
o AdEy v o HAw o del o] e vherael A

doATT A = 1,270 X 2 = 2,540 mm®
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AREA T L A, = 2,865 mm? H19 x 10EA (CTC 100 mm)

7} ;‘q;d 745
FH o] x=F ZHFSke| kst AL A bl wEESgB 0 1.2(S+3)/30
1.2(5+3)/30=1.2(0.9+3)/30 = 0.156m < 0.16m ..OK

U f el dE e

£, 0.44
= =0.

C

M, = 23.11 kENm, p= 0.009, n=

ser

k=—np+ V(np)*+2np= 0.246

z=kd= 34.44mm

ser

L= A d—af3)

23.11 < 10° .
T La33x(10—3a4d/3) AT MPa < 06f,= 2400Pa 0K

A=2xyxb/AIF = 2x20x1,000/5 = 8,000mm?

R, =d,/d, = 156.254/126.754 = 1.233

2 F (w)

w=1.08 X RX f, X {dex Ax10"° = 0.091mm < w, =0.005xt, =0.253mm 0K

o Y E2HE
SD00& A+l S <7 150MPaclsl A5 W28 melshx @olw Hrk.
M=14,857TkNm

M

fs :m:80.7MPa O]EE 34% Deogkoi 91'78_3]":]’.

2.3 PSC Ag9 AA
(1) i A A A
@ FddAo] thek & A AT AA
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)
@
©) =
@
®
(9 m)
H b h A y A xy y’ A x y? Ip
0.300 0.200 0.060 0.100 0.006000 0.886 0.047147 | 0.000200
0.100 0.100 0.010 0.233 0.002333 0.753 0.005672 | 0.000006
(©) 0.100 1.190 0.119 0.795 0.094605 0.191 0.004361 | 0.014043
0.230 0.220 0.051 1.317 0.066623 | -0.330 | 0.005518 | 0.000136
® 0.560 0.230 0.129 1.505 0.193844 | -0.519 0.034634 | 0.000568
Al 0.3684 0.363406 0.097332 | 0.014952

D Axy) 03634
In A 0.3634

Yy = 0.986 — 1.620 = —0.634 m C EAZO A AY std A9 A

Ly = E(](J+A xy'?)
= 0.014952 + 0.097332

=0.986 m : At Ao TA7LH 9] A

=0.112 m*
Z, = ;i = % = 0.113828 m’
Z, = ;1 = % = 0.177229 m’
7= 0%161824 = 0.30479 m’
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A2~ 066 X 4EA (A= 0.0137 m?) ;

100{ 100_|100

1620

230|

stkel A el B = 0.110 m

T i A y A Xy y’ A X y’2 Io
il 0.368 0.986 0.363 -0.020 0.000151 0.112
A -0.014 1.510 -0.021 -0.544 -0.004051
Al 0.3547 0.342719 -0.003900 0.112285
M(Axy)  0.342719 ]
= = = =0. DAY Aol A=A 9] 7
Yo S 03547 0.966 m A Aol =574 2] A
Yy = 0.97 — 1.62 = —0.654 m TAZ A AY startA el Az

Ly = Z(I()+A xy'?)
= 0.112285 — 0.0039

= 0.108 m*
gtz 010838
2y, 0.966
P I,  0.10838
2y 0.654

=0.112 m®

= 0.166 m>

€, = 0.653779 — 0.110 = 0.544 m

_ 010838
72 0.5438

@ PSAAA ghaldro] o

=0.199 m?

ot
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100

100

|200

Jod

1620

O
O O O

230 %04 230

560

USE 9015.2 X 12EA =138.7 %10 % x 12 = 0.001664 m?>

E
s _ 200,000 —
E 45,000

C

A = 0.001664 X 4EA < 4.44 = 0.030 m?

np —

(&9 : m)
T 5 A y A xy y’ A x y’2 Io
Skl 0.3547 0.966 0.343 0.042 0.000622 0.108
PS7+d 0.030 1.510 0.045 -0.502 0.007454
%l 0.384289 0.387399 0.008076 0.108384
o = A, OBTL o paeld aE e Al

"~ 0.3843

A

Yz = 1.008 = 1.62 = —0.612 m

Ly=Y (L +Axy?)
= (0.108384 + 0.00808

=0.116 m*
Ly 0.116
J.=— =" =0.116 m°
By 1.008 i
Ly 0.116
., =— = """ =0.190 m®
B s 0612 "

e,3 = 0.612 —0.110 = 0.502 m

0116 _ ,
Zys= opp = 0-232m
o] tgk Wl Al A Ak

TAZF A AY A2 Az
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45,000

e T 45,000

=
=

|5 AY

O = 3¢
Fas% Ay

1.0

L, =1.250 + 0.1 = 1.350 m

80 120

(o2 vl EdA FA9 5
LEL B S < TS ) o I B ) R
ZAA FA)
(FHoz iyl EWA FAS 6
HH)
(H.o] A3+e] 1/12) + b, =
(A Beke] WS A9 1/2) +
by -
=> 3£0 7 Yul Z WA
O% J|EY FEE By A ffE Fow

|220|

oNe

1190

230

1620

230 LOJ 230

5 x 0.160 + 1.350

6 x 0.160 + 1.350
29.100 / 12 + 1.350
2.550 / 2 + 1.350

A

2.150 m

2310 m
3.775 m

2.625 m

L

#k

oo s

(2.625 m)

A

#Ha F5A8 7RG 22 g

A
(&9 : m)
T 5 A y A xy y’ A x y’2 Io
PS7+A A
384 1.1681 44 -0.5334 1094 11
Sabehed 0.3843 68 0.4489 0.533 0.109 0.1165
v}t 0.3440 0.0800 0.0275 0.5741 0.1134 0.0007
Al 0.7283 0.4764 0.2149 0.1172
YNUxy) 04764 ]
= = = =0. | tﬂ—i; }J—E%- X EAZ=7Lz] o] 7
Yt EA 0.7283 0.654 m ]——l IS Oﬂ 1 = ]' ]-/] %‘—ﬂ
y,, = 0.654 — 0.160 = 0.494 m Ao A TAZ71A] 9] AR

Yy = 0.654 —0.16—1.65 = —1.126 m

AY

=
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I,=Y+Axy?)
=0.1172 + 0.2149

=0.3321 m*
L, 0.3321 ;
7, =— = = 0.5077 m®
Ty, 0635 0-5077 m
L, 0.3321
Z,=— = = 0.6721 m®
W= T Toars  oerLm
L, 0.3321 (
Zy=— = =0.2 }
WS T s OO
e, = 1.126 — 0.110 = 1.016 m
03321 5
Zy=Torg = 03269 m

2 e PS7AM A SR
o=

A 0.3547 0.3843 0.7283

Vet 0.6541

Vi 0.9662 1.0081 0.4941

b -0.6538 -0.6119 -1.1259

I, 0.1084 0.1165 0.3321

Z 0.5077

Z, 0.1122 0.1155 0.6721

Zy 0.1658 0.1903 0.2950

e, 0.5438 0.5019 1.0159

Z, 0.1993 0.2320 0.3269

A A (m?) Zy vhekgk o] g A ASE (md)
Vst Hhebst AW~ E A (m) Z, A el st dEaASE (md)
Vi AY AH~EA5 (m) Zy AY shde] thdk G A (md)
Yo TAF~AY &4 (m) e TEAFPSEAA = (m)

L i 23 ZHE (mY) Z, 7 A e gk dEAS (m)

(2) 1Hsts 2 sl Y
O 1A sts AHY 42 A5kl
7b A sks A
h AY =%
A ey
wl = 0.3684 < 25.0 = 9.21 kN/m
. TrE
T

w2 = 9.21 + (1.590 + 1.270) /2 < 0.230 % 25.0 X 2FEA = 25.655 kN/m

ThER TR @A

h = (0.520 + 0.420)/2 = 0.470 m
W= 0.300 x 0.250 X 0.470 < 25.0 X 2EA + (0.230 < 0.250) /2 < 0.470 < 25.0 X 4EA = 3.114 kN

W 7t2r T

-UE AY (EYH) - w = 0.700 X 2.090 X 0.300 X 25.0 = 10.973 kN
- 9= AY (FYH) ¢ w=10.973/2 =5.487 kN

(th ¥=z9 TF
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700

1.000

160

T A X A X x
@) 0.248 0.305 0.0758
© 0.051 0.161 0.0082
©) 0.035 0.066 0.0023
A 0.335 0.0863

Z4 9
x = 0.0863/0.335 = 0.258 m
e R

w = 0.335 < 25.0 = 8.365 kN/m

o gkl od e A
b A" Az

25.655
9.21

V, = 9.21 X 29.100/ 2 + 16.445 > 0.200 + 16.445 /2 < 3.438 + 3.114 X 0.5 EA = 167.1 kN
V, = 167.1 — (9.21 X 3.638 + 16.445 < 0.200 + 0.5 X 16.445 X 3.438) = 102.1 kN

V, = 167.1 — (9.21 X 7.275 + 16.445 X 0.200 4 0.5 X 16.445 X 3.438) = 68.6 kN

V, = 167.1 — (9.21 X 10.913 + 16.445 < 0.200 + 0.5 X 16.445 x 3.438) = 35.1 kN

Vy, = 167.1 — (9.21 X< 14.550 + 16.445 < 0.200 + 0.5 X 16.445 X< 3.438) = 1.6 kN

M, = 167.1 X 3.638 — (9.21 X 3.638* /2 + 16.445 < 0.200 X 3.538 + 0.5 X 16.445 X 3.438 < 2.292)
= 470.5 kNm

My =167.1 X 7.275 — (9.21 X 7.275% /2 + 16.445 X 0.200 X 7.175 + 0.5 X 16.445 X 3.438 x 5.929)
= 780.9 kNm
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M, = 167.1 X 10.913 — (9.21 < 10.913% /2 + 16.445 < 0.200 < 10.813 + 0.5 X 16.445 X 3.438
X 9.567) = 969.3 kNm

M, = 167.1 X 14.550 — (9.21 X 14.550% /2 + 16.445 < 0.200 X 14.450 + 0.5 X 16.445 < 3.438
% 13.204) = 1,035.9 kNm

W 4 A 2ZAs

@ 9% At
T'I'I'*!.'llll
g 8§ —

il —
oy .

1250, 2.750
A (A) = 1/2 x (1.250 + 2.750) X 1.455 = 2.910 m?

(25 : m)
&t A
whebd S8 w, = 0.160 X 2.910 X 25.0 = 11.64 kN/m
AFA F2% 0 npgg 0] 10%2 F4 A4

w, = 11.64 < 0.1 = 1.164 kN/m
7tRE S w, = 5.487 kN/m

12.804

i R I o
V, = 12.804 % 29.100/2 4 5.487 X 0.5 EA = 189.04 kN
V, = 189.04 — (12.804 x 3.638) = 142.5 kN
V, = 189.04 — (12.804 < 7.275) =95.9 kN
V, = 189.04 — (12.804 x< 10.913) = 49.3 kN
V, = 189.04 — (12.804 > 14.550) =2.74 kN
M, = 189.04 < 3.638 — (12.804 x 3.638%/2) = 602.9 kNm
M, = 189.04 < 7.275 — (12.804 X 7.275%/ 2) = 1,036.4 kNm

M, = 189.04 < 10.913 — (12.804 x 10.913°/2) = 1,300.6 kNm
M, = 189.04 < 14.550 — (12.804 X 14.550°/2) = 1395.2 kNm

- X FTE w,=0.080 X (10.750 — 0.450 X 2EA4) X 23.0 = 18.124 kN/m
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- H FEF w, = 8365 kN/m

A w= (w, <2 +wp—7ﬁf—@%%k)/7%tw$
=8.365 %2+ 18124 — (1.11 X 2+ 1.164 X 2) /4 = 7.582 kN/m

7.582

8 @ 3.638 = 29.100

R

V, = 7.5815 % 29.100 < 1/2 =110.3 kN

V, = 110.3 — (7.582 x 3.638) = 82.7 kN

V, = 110.3 — (7.582 X 7.275) = 55.2 kN

V, = 110.3 — (7.582 < 10.913) = 27.6 kN

V. = 110.3 — (7.582 % 14.550) = 0.0 kN

M, = 110.3 x 3.638 — (7.582 x 3.638°/2) = 351.1 kNm
M, = 110.3 X 7.275 — (7.582 X 7.275° /2) = 601.9 kNm
M, = 110.3 < 10.913 — (7.582 %< 10.913° /2) = 752.4 kNm
M, = 110.03 X 14.550 — (7.582 < 14.550°/2) = 802.5 kNin

@ szl 93t Ay 4 2HE
7y, SAA S
15 15

= = =0217 <03 .. I=021
1= 30+7 " a0+29q1 02T S08 0217
R
7h F&w AF
0450 , 1.800 1150,
i R I ]
= = Ao A = 1.073 + 0418 = 1.491
w 8; E
5| - P, =1.491 < 96 X 1.217 = 174.197 kN
¥yl =L
-1-25”14 B L v2 o P, = 1.491 X 24 X 1.217 = 43.549 kN
(99 : m)

(b A A
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I/l:

[/2:

I/'Bz

I/:l:

[/E):

5
fo

][[2:

]\13:

4.200 4.200

fpr yer P
:-v,;:—,:- ]_ -v
8 @ 3.638 - 29.100

+ +

(174.197 %< 29.100 + 174.197 x 24.900 + 43.549 < 20.700)/29.100 = 354.2 kN
, 3638 4200 . 4200

VFr YPr I Pr

2
8 @ 3.638 - 29,100

-

(174.197 X 25.463 + 174.197 < 21.263 + 43.549 X< 17.063) /29.100 = 305.2 kN

7275, 4200 , 4.200

1Pr TPr 1Pf
3

8 @ 3.638 = 29.100

* +

(174.197 < 21.825 + 174.197 < 17.625 + 43.549 < 13.425)/29.100 = 256.2 kN

10,913 4.200 4.200

Y Pr V1Pbr VEf
4 ;v:';;'
8 @ 3.638 = 20.100

w +

(174.197 < 18.188 + 174.197 < 13.988 + 43.549 % 9.788)/29.100 = 207.3 kN

. 14550 L 4200 | 4200

| Pr 1 Br VBf

o 5 Fned

8 @ 3.638 = 29.100

- +

(174.197 X 14.550 + 174.197 < 10.350 + 43.549 X 6.150) /29.100 = 158.3 kN

o,
ful
>
ot

L 3638 . 4200 0 4200 |

fpr JPr  VDf
2

8 @ 3.638 - 29.100

305.237 < 3.638 = 1,110.3 ENm

7.275 4.200 4.200

3 mEm
B @ 3.638 = 29.100

- .

256.245 X 7.275 = 1,864.2 ENm
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6.713

| Pr

. 4200

. 4200 |

1Pr !

Pt

M, = (40.549 X< 22.388 + 174.197 X 18.188 + 174.197 X 13.988) /29.100 X 10.913 — 43.549 X< 4.200

= 2,284.5 kNm

10.350

4

8 @ 3.638 = 29.100

. 4200

4.200

1pr 1Pr

VPP

T

-

M, = (43.549 % 18.750 4 174.197 X 14.550 + 174.197 < 10.350) / 29.100 < 14.550 — 43.549 X 4.200

= 2,394.1 kNm

s A

5

B @ 3.638 = 29.100

B A7 1 2 3 4 5
v 7 €] 0 3.638 7.275 10.913 14.55
AY A5 167.1 102.1 68.6 35.1 1.6
A A
o 189.0 142.5 95.9 493 2.7
Ahe AL gt
e R RS
(kN) o 110.3 82.7 55.2 27.6 0.0
9 A5
- gal% 354.2 305.2 256.2 207.3 158.3
= A 820.7 632.5 475.9 319.2 162.6
7 AYAS 0.0 470.5 780.9 969.3 1035.9
SFA] A
E‘] H ot
o 0.0 602.9 1036.4 1300.6 1395.2
o E 1 5ts
- R e
(kNm) } 0.0 351.1 601.9 752.4 802.5
NI e
gal% 0.0 1110.3 1864.2 2284.5 2394.1
Al 0.0 2534.9 4283.4 5306.7 5627.8
(3) A3tz 2 stz o3t SHAA
M
et 9@ PSCAY f= -
o« M E, 20x10°
PS7el A = p=2= 4.44
° f Z E, 45 % 10°
@ 915 A9
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ZA8E 89 (MP PS7 A
vHE | wdA s - = B MPa) 5%
T ) HhER 3 PSC 7t PS7FAAd o9
(kNm) () el & sl | =994 | (Mmpa
0.112 9.23
AYAE 1035.9 0.166 -6.25
0.199 -5.20 -23.10
59 A 0.116 12.08
S, 1395.2 0.190 -7.33
S 0.232 6.01 26.72
0.508 1.46
SLA] &
wEF 26 0.672 1.10
A s 0.295 2.52
0.327 2.27 -10.10
0.508 4.72
o 0.672 3.56
D 2394.1 0.295 8.12
0.327 -7.32 -32.55
Al 5567.8 6.18 25.98 2421 20.81 92.47
() HEF
(4) ZTYPAEFH A 23 28 A
@ Tl el 134 §A4 44
PS7FeI A o] vl =]
{/ ¥
) H =
|
15 I = 29.600 15_0
29.900
(41 : m)
PSHAAXS LEA oz ujH
(&9 : m)
AL
_ Hena Hiniddte H 1 a @ (rad) L
HE
1 1.15 0.2 0.95 29.6 0.0043371 | 0.12768 29.751
2 1.086 0.08 1.006 29.6 0.0045928 | 0.135118 | 29.691
3 0.7 0.08 0.62 29.6 0.0028305 | 0.083589 | 29.635
4 0.294 0.08 0.214 29.6 0.0009770 | 0.028911 29.604
Al 118.4 0.375297 | 118.681
3+t 29.6 0.093824 | 29.670
- AY FHOERE A mE AY stdtelA FAMTA Y EolE AtE
y —a °* $2 + 0»08 (701‘(?_:1)1\:]_ @,@,)
=q+ 224020 (FAH @
(] : m)
AR S I 0.000 3.638 7.275 10.913 14.800
1 0.2 0.257 0.430 0.716 1.150
2 0.08 0.141 0.323 0.627 1.086
3 0.08 0.117 0.230 0.417 0.700
4 0.08 0.093 0.132 0.196 0.294
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@ 1Al 214 (Jacking) &5 7H4
A M VA5 A 2172 (kN) S (MPa)
1 1 1606.0 964.9
2 2 1564.0 939.7
3 3 1518.0 912.0
4 4 1470.0 883.2
B 1539.5 925.0

® ZAREYAC] FAIEA 9 70144 27)e8 A%
7b. PSR F 2 Apol 8] mpe] o sk &=AwF
r=1L/2=296/2=148 m : JFoAX Ar] THA7A 2 A HaAo]
I8 whEAST u=0.25 (1/rad)
A} whEAS k= 0.005 (1/m)
kX z+ X a=0.005x 14.8 + 0.25 < 0.0938 = 0.10052
VL= Fan (L—e Ty = 995 5 (1 — ¢ *MT0) = 85.89 MPa

G ARER B o £
o vhzo] gt B

R

AR i Arp
|“ ;

hi

~— __Ps

hi
Y

h
!

B4

14.835 m

upke] ok &AL AMow wettha hy stk
P, = 925.0 X 0.001664 < 4 X 10° = 6158.0 kN

Py = (925 — 85.9) X 0.001664 < 4 < 10* = 5586.2 kN
AP, = P,— Py =6,158.0 — 5,569.1 = 571.8 kN

l,: h, =14.8 : 571.82, h, =1, X 571.82/14.8

Agp = % X1, X hy X2EA
_ 571.82

< 2
14.8 L
14.8
ol = 4/7,980.1 X —— =144 m < 14.
L \/7 989 P18 m 8m
AagA o] GFof ot &Aoo ST s JFS A A ES.
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(= 45,000 MPa)

for @ ZEIAEHA 59 A% A uAgstsy ZPAEHA ol 9 A= 7
A
TAeA el FIYE FH 4F5H
fay @ =RHAA T AEH A O PS A mALA A S
Jaog 718 Aol o3t PSAAN =A9A oA ] &4
S = For = fop = fps = 925.0 = 85.9 — 0 = 839.1 MPa
P, = f, X A X N=839.1x0.001664 < 4 x 10° = 5586.2 kN
P/ P Xe, 5586.2x107°  5586.2 X 0.544 x 1077 )
=T = + = 30.99 MPa (3}5
Jai = 4 Z, 0.3547 0.199 a ()
M, 1035.9x 10 °
= - -7 " = _5. qle
(M, : AY Ao oJst dF 59 RHIE)
N—1 3
Jor = =7 Seg T Laog = 7 >30:99 =52 = 18.04 MPa
200,000
‘. = . =(0.5 X X . = .
Lol 7 S 0.5 15.000 18.04 = 40.10 MPa

2k PSS 7] 11454

Foo = Forr = Fop = Fou = Frr = 925.0 — 85.89 — 0.00 — 40.10 = 798.97 MPa

E Afpcr =12 X fczrl 7fcds

(fro @ ZEAEGAZ 713 FA] E2AGHE 1435 S A9 vE 133%
L pSHAN TAA e 2T E HF =
- 915 At

P, = T798.97 < 0.001664 < 4 X 10° = 5319.22 kN
P, Pixe, M,

2
fop = — + _r p
! Ac Zp2 Zp2
531922 10°°% | 5319.2x 1077 x0.54 10359 x 10" °
0.3547 0.199 0.2

=15+ 1451 — 5.2 = 24.31 MPa
fope = 6.01+2.27 =828 MPa (5% %)

L Af,, =12 X24.31 — 7 X 8.28 = 233.74 MPa

- 161 -

o <) gt



LAf,, =08 (119~ 1.05 < H,)

(H : 599 A9+ Adss, s F4 AdEE = 70%)
= 0.8 X (119—1.05 X 70) = 36.40 MPa

= 01X Af, = 0.05 X (Af,.,. + Af )

stoll A mhEEA ] T S HAT

LE

& £AY

1
Af,, © TAYE A= 011 ogh &7

- 915 AY

fpe:fpt_Afpcr_Afpsh_Afpr

Jpe  517.36

= = = 0.648
T T 98T

B
= X 7Fo o
Al YY) A |
AN 7o)
A WE 034 P, (kN) P, (kN) Al (m)
’ (L/2, m)
1 1 1606.0 1458.8 14.876 0.137
2 2 1564.0 1416.8 14.846 0.133
3 3 1518.0 1370.8 14.818 0.129
4 4 1470.0 1322.8 14.802 0.124
IYAEY ALY F&S 183 AstAAE S AL
b LY AEYA B9 A% ZIYE S
XY AREY A o3 2 E $¢
P, = f,, X A, X N=T79897 > 0.001664 X 4 X 10° = 5319.22 kN
P P Xe 5319.22 X 1072 5319.22 < 10~ 3 x0.54
Aodew)=_L ! P2 _ — = —10.79 MP.
faBREH) A Z, 0.3547 0.112 079 MPa
P P Xe 5319.22 X 107%  5319.22 < 10~ 2 x0.5471
slogomy_ t Tt — = 32.44 MP
fo(SrAE=) A Z, 0.35 0.166 !
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AY Al % 2aE ¢

M, 1035.9 < 103
Aojog)y— 4 _ OIA T g
f,0daee) Z, 1o 9.24 MPa
My 1035.9 x 107?
saagd) =L = =272 — 695 MP
fo(BrEE9) Z, 0.166 6.25 MPa
TYPAEYA Y FFo ZAYE &Y
f,(3968) = —10.79 + 9.24 = —1.55 MPa
1., (BrA-E8) = 32.44 — 6.25 = 26.20 MPa

U fa ZEAEYA

9= A
[, (03988) =y f, = 0.648 X —10.79 = —6.99 MPa
[ (8F88) = X f,, = 0.648 X 32.44 = 21.01 MPa

(ZEAEY X o ZAYE 9)

o AAlskE #EA19 26

915 AY
(2] : MPa)
IYAEHA B} FE A A 8h5 284
_ o o=
RN AY == Al PRI (1— o_oz?; Al
&bz
)g_
PSC o -10.79 9.23 -1.55 -6.986 25.98 18.99
A9 3}
o 32.44 -6.25 26.20 21.008 2421 -3.20
PS ZIYE
-5.61 < Al < 69.30 -6.71 < A < 72.00
5] -85
etk | 618 | 618
EIR=gvy
ZaYE -0.68 < A < 10.8
5] 859 )
() : A+ LEF
(6) & =3t kA HE
g oot Z35t RHlE Al
- 95 AY
M, =13 x () 3438s) +2.15 x (), &3t
= 1.3 % (1,035.0 + 1,395.2 + 742.6) + 215><23941_92732 ENm
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A, =4x0.001664 = 0.0067 m* : PSZFA
fpe = 5174 MPa : PSTFA/d 9] FaAdEH

S pe 517.4
= =0.272 < 0.
[ 1900.00 0272 < 05

Jpe = 093 f,, = 0.93 <1900 = 1767.00 MPa (7}+7gA])
A, fry =085 f, + 085« x« B A

_ 0.0067 < 1767
0.85 X 0.65 X0.7 <180 X 2.15

=0.079 m

=> F=FE PAGE HA FASE wEsh), AgxAgye] g Ar A g3E 183
gl 2 EQ FEE 70%%2 PR

a=0.85 ¢z =0.85x0079 = 00672 m < 0.160 m . AAZE FAZ HF
_d—=x
=7

A7NA, ¢, BANE dFATNN AYNGE (=0.0028 : $FHFES] 70% wel W
FET 1)

€eu + €pe

1.67—0.
€pe = % x0.0028 + 0.0026 = 0.0593 > 0.015
(§£<05ﬂ gl el BAY FmE ANT o PsEAM $H-EE WA
pu

0.84f,,°13tel
M= 0dMFE BAbEsles Ze®, WYE 0.015 oo+ PSAALEL FHdsHol
0.93f,,
RO R I Atol= AAdnlEets Ao ® 7HEE)
fps =093 f,, = 1767.00 MPa & A-8-3
oA YR E
oM, = p{A, < f,, < (d—a/2)}
= (.65 X 0.0067 X 1767 % 10° < (1.67—0.04/2) = 12,633.1 kNm
oM, > M, = 9,273.2 kNm
% [/ [t 058 AAY Zopd SR wAA | whel v o] AAEE 4 gl
Jos = Jpu X1 — (’yp/ﬁl)prX p,,/f )

A7IM, 7, =028 : PSAA Fel whE Al (D HA 1A ZHA)
B, = 0.850
0.001185 x 4
pp= A, (bxd) = 5o (2.240 —0.110) V008
f,, = 1862.60 MPa
A s f,, =085+ f, «a«B A
. X . - _
00666 < 1887.8 _  \oi6 i < 0160 m -~ AAZFE Bam #Ha

= 0.85 < 0.7 180 % 2.15

AP A=
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e
T

1887.8
180

= 0.00085 X<

R C RS B

=0.019 < 0.36 X 3, =0.306 (AT Z == ARFRA)

b, S A FEHE
oM, = p{A, < f,, < (d,—a/2)}

= (.85 < 0.0067 < 1887.8 < 10> x (1.67 — 0.0546/2)

= 17,548.6 kNm
oM, > M, =9,273.2 kNm .. OK

@ #dE
7t 915 AY
Faw + ot 1 = =063\
N7, fay @ Aol @ 9
Ea

f o EZIYAEY

[

Ak

f(:r, : &Oﬂo] HEL}‘gE]7] —?4?‘5]- _%7].75'40

=
M, @o] wAH] A% F7)

cr

cr

o+ fpe o' = —24204 2101 — o
= —0.63 /180 = —8.45

M, = (—3.21 +8.45) X 0.295 < 10° = 1,547.8 kNin

cr

5

M, = 5,567.8 + 1,547.84 = 7,115.7 kNm

OM, = 12,663.1 kNim > 1.2M,, = 8,538.8

(8) A At
1g3ts 9 Fekgel 9% A3 AL
7F A, A sksel o A A

5= 5 X Mx L*
R XEXT

L&A Az = 29.100 m

kNm

~ OK

9.1
Ec : AW &AA5 =85004/f,,.+8 = 30891 MPa

[ i 23 BHE (&dd, PSEAA Sabehd 2 wpeksd shibckd)
553
TR M I 5

(kNm) (mm®) (mm)
PSC AH 1035.9 0.108 17.31
A A sE 1395.2 0.116 21.70
ST 1SS 742.6 0.3320973 4.05
Al 43.07
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10.350 4.200 4.200 10.350

| |

1Pr TPr  IPf
2 o o
| 8 @ 3,638 - 29,100 |

b 9= AH

PX L7 174.2 % 29.100° X 10°

= = - = 5.98 mm
A8 X B, XL, 48 x 45 < 10° X 0.3321

0y

8y (3 L?* > 10.350 — 4 x 10.350%)

T ASXE X1,

P
f 2 3
—————— 13 X L X (L —8.400 — 10. —4 % (L — 8.400 — 10.
TR BT, {3 L? % (L — 8.400 — 10.350) —4 x (L — 8.400 — 10.350)°}
174.2 < 10° ,
= ! 3 . (3  29.100% < 10.350 — 4 x 10.350°)
48 %45 % 10° X 0.779585
43.5 % 10°
35 - 0 % [3 % 29.100% x (29.100—8.400 — 10.350)
48 X045 X 10° X 0.779585 |4 x (20.100 — 8.400 — 10.350)°
= 6.63 mm

L 0=90,+6d, =598+ 6.63 =12.6 mm

© gsts AFAE

38 A4
L 29.1 %< 10°
0, = 00 00 = 36.4 mm
- 915 A
0=126mm <4, ; OK

PSC 7o) A3aAE e
4 A7) 5 ABAY el M E Jg wisth PSC ¥
Qo] Frka sk, oF 2748 Fol uleigto] epusle] $y g

2% AFE 3.8, 248 T W, 9% Al E ATUAE 4P ke

CEPAEY A EYA]

0 = 187 —84.98 = —66.2 mm (FF)
cubgg B S (Aol 2, AxTFY 9% 23

§g = 18.7 — 84.98 + 23.48 + (3.8 — 2.4) X (18.7 — 84.98) = —135.51 mm (%)
- ARRSks AHEA (HF)

8¢ = 18.7 — 0.648 X 84.98 + 23.48 4+ 4.38 + (3.8 — 2.4)(18.7 — 84.98)

+ 2.4 % (18.7 — 0.648 < 84.98 + 23.5 + 4.38) +12.62
= —108.8 mm
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