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SUMMARY
I. Title

The Capacity evaluation and design method research of truss half prestress slab system

II. Objective and Necessity of Study
There are two ways to build the slab in construction site. One is the in-situ concrete
method to place the concrete at site directly. Another is the precast method to
They use generally in-situ concrete method to assemble part or whole slab that
manufactured as suitable size at factory or site.
Recently precast method is remarkably used as bridge slab construction method because
it 1s more easy to control the quality and to increase productivity.
Full precast slab system has weakness at joint, half precast slab system has
disadvantage in low precast ratio but has advantages that is easy to transport because
of light weight and need no complex joint because in—situ placing concrete makes slab
continuous.
Traditional half precast panel has thin thickness of around 70mm~120mm, low stiffness
limit length of panel within 4.0m
In this research, our aim is to develop truss half precast panel which can be applied
long span slab system without drastical thickness increase, to examine practicality of
bridge slab system which has joint structure to make possible superstructure work

without supporting.

II. Contents and Scope of Study
To examine practicality of truss half precast slab system, we will research following
contents.
1. Design truss half precast panel specimens
(1) Design longitudinal joint structure between panels using loop reinforcement
(2) Design transverse joint structure between cantilever panel and central panel

(3) Design specimens

2. Manufacture truss half precast panel specimens
(1) Design and manufacture steel mold for central precast panel

(2) Manufacture truss half precast panels

3. Test truss half precast panel specimens

(1) Erection loading test on cantilever panel



(2) Measure long term deformation of central precast panel
(3) Static loading test on truss half precast slab system with longitudinal joint
(4) Static loading test on truss half precast slab system without longitudinal joint

4. Analysis test results and propose design method

(1) Decide initial camber of cantilever panel

(2) Review validity of longitudinal joint and transverse joint

(3) Review long term deformation of central precast slab

(4) Review structural capacity of truss half precast slab system

(5) Design method of truss half precast slab system

IV. Study Development Result
1. Design for truss half precast panel specimens
(1) Design for longitudinal joint structure between panels using loop reinforcement
Design for longitudinal joint between panels using loop rebar is performed to procure
longitudinal continuity of truss half precast slab system according to the Korean
CODE.
(2) Design transverse joint structure between cantilever panel and central panel
Design for transverse joint between cantilever precast panel and central precast panel
1s performed to construct without supporting and cast.
(3) Design specimens
Design for specimens is performed to examine capacity and stability at the erection

state and service state.

2. Manufacture truss half precast panel specimens

(1) Design and manufacture steel mold for central precast panel
Steel mold for central precast panel was designed and manufactured which makes
possible to product large quantities and to introduce pre-tesion.

(2) Manufacture truss half precast panels

3 set of precast panels were manufactured for several tests.

3. Test truss half precast panel specimens

(1) Erection loading test on cantilever panel
To examine transverse joint between cantilever panel and central panel, erection
loading test on cantilever panel was performed. Elastic deflection and chamber were
also measured.

(2) Measure long term deformation of central precast panel



When applied in site, central precast panels are stored during long period. Central
panel deformations were measured during 2 months stored in the yard.

(3) Static loading test on truss half precast slab system with longitudinal joint
For estimate negative moment capacity and positive moment capacity of truss half
precast slab system with longitudinal joint, static loading test was performed.

(4) Static loading test on truss half precast slab system without longitudinal joint
For estimate negative moment capacity and positive moment capacity of truss half

precast slab system without longitudinal joint, static loading test was performed.

4. Analysis test results and propose design method

(1) Decide initial camber of cantilever panel
Based on test results, 40mm~50mm camber i1s suitable for initial camber of cantilever
panel

(2) Review validity of longitudinal joint and transverse joint
Construction possibility and stability of transverse joint were verified by erection
loading test on cantilever panel.
Static loading test on truss half precast slab system with longitudinal joint showed in
a body motion.

(3) Review long term deformation of central precast slab
Deformation amount of central precast panel was 4.123mm on upper direction during 2
months storing in the yard.

(4) Review structural capacity of truss half precast slab system
In static loading test on truss half precast slab system with longitudinal joint, test
capacity of negative bending moment was 11726 by design nominal bending moment
and test capacity of positive bending moment was 181%.
In static loading test on truss half precast slab system without longitudinal joint, test
capacity of negative bending moment was 13096 by design nominal bending moment
and test capacity of positive bending moment was 127%.

(5) Design method of truss half precast slab system
We propose design method of truss half precast slab system considering test results

and satisfying Korean Code.

V. The Applicable Plan of Study Result

1. Stratege for market entry

Firstly, we aim to apply truss half precast slab system to PCT girder bridge
(Prestressed Composite Truss Girder bridge) which is the patent technology of Girder

mnnovation forever Co., Ltd. Later, with additional development and supplementation,



truss half precast slab system will be applied to other bridge structure widely

2. Application plan of reearch reault

(1) Rapid slab construction using truss girder upper chord at in-situ arrangement of
rebar

(2) application to transverse grade of bridge

(3) Construction floor of underground road that it is difficult to ban on vehicle traffic
during long period

(4) Application to mixed prestressed concrete construction method of building

construction

3. Necessity of further research
It is necessary to verify of fatigue durability to wheel load, to research for extension to

other bridge type and to research of joint between panel and girder.
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H% 7 (250%x250x9x14) =7 = 0.754kN/mx*2.2m = 1.593 kN
dEEd 23E S ks ==
1.593 kN + 6.489 kN = 8.082 kN
(2) Adsts 571 st =%
2hd 8k = 3kN/m'x2.2mx0.77m = 5.082 kN
2gets 571 st 55 = 0.128m*23.5kN/m*2.2mx0.77m = 5.096 kN
Q) davyMets 57t sts =%
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daguyssts 571 a5 &5 = (1Imx0471m-0.09mx0.31mx2EA)x23.5kN/mx0.77m = 7.513 kN
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23] Adgstlon Ao Aozl HolH= th=ef % 3-13%

2o

% 31 AEdH R Zg2E gid ZFAsk 243 9 dolHy
. A Egxgold (m)

CASE (13170 (cm) Al Bl A2 B2
1-1 41 20.60 101.1868 101.1906 100.9982 101.0820
1-2 251 23.70 101.1510 101.1520 100.9932 101.0746
1-3 T2 21.40 101.1786 101.1812 100.9934 101.0764
1-4 70 16.40 101.2290 101.2302 100.9954 101.0772
1-5 A2 19.40 101.1988 101.1988 100.9904 101.0710

L A2 EgxgolAd  (m)

CASE (23] #}) (cm) Al - A2 -
2-1 31 20.50 101.1876 101.1892 100.9996 101.0814
2-2 Az1 23.70 101.1518 101.1486 100.9964 101.0742
2-3 T2 21.00 101.1826 101.1824 100.9958 101.0762
2-4 74w 16.00 101.2324 101.2334 100.9882 101.0762
2-5 A2 18.60 101.2062 101.2044 100.9874 101.0722

7 3ol 19 AHE VlFoR 3 B9 E mm 2 Tdsd F 3-29

A g Ak oA ()9 #e AA stEE YEE G #he A A
Uhebuich
¥ 32 ALAMR TaAsE AY AFAS A FA ol
. Ay Eg2gHold (mm)

CASE (13 #}) () N Bl A B
1-1 31 0.0 0.0 0.0 0.0 0.0
1-2 A1 -31.0 -35.8 -38.6 -5.0 =74
1-3 T2 -8.0 -8.2 -94 -4.8 -5.6
1-4 74w 42.0 42.2 39.6 -2.8 -4.8
1-5 A2 12.0 12.0 8.2 -7.8 -11.0

o A Eg2gold  (mm)

CASE (2517 (mm) Al B1 A2 B2
2-1 41 0.0 0.0 0.0 0.0 0.0
2-2 A51 -32.0 -35.8 -40.6 -3.2 =72
2-3 T2 -5.0 -5.0 -6.8 -3.8 -5.2
2-4 70 45.0 44.8 44.2 -114 -5.2
2-5 252 19.0 18.6 15.2 -12.2 -9.2
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Hold Aze At
C el Al e A WalEe Ageta, Edsdeld %
o] W @ 339 2.

Egxdgold  (mm)
A
CASE (13]x}) ¢ dlolH e W9l BA
(mm)
Al B1 A2 B2 Al1-A2 B1-B2
221 - 31 -31.0 -35.8 -386 -5.0 -74 -30.8 -31.2
A2 - 74H -30.0 -30.2 -31.4 -5.0 -6.2 -25.2 -25.2
Egxdgold  (mm)
A g
CASE (23] #}) (mm) 2 dlo]H A W9l BA
mm
Al B1 A2 B2 A1-A2 B1-B2
251 - 31 -32.0 -35.8 -40.6 -3.2 -7.2 -32.6 -33.4
A2 - 74n -26.0 -26.2 -29.0 -0.8 -4.0 -25.4 -25.0

=
oA HEd 2FL AdsIS W 3lmm~33mme] AZA sF A"y @
50mm FAHE HE&3 AHdA Hd 2FS AdtelF S W 26mm A= A2
W7k wAste] A8 JFOoR mmAEY ANE HuF Jevtn BuY 5 9

o,

SRl AFS A A5 ANUAIA AFS Asthe 43 9= W
7k 6~7mm Aol7t WATE A FHAEBe Lo Waetn puRh UL
A wu AL W EaEe] Dot Msmmdl Ado] AWE Agae A5
GH2E g AR ol Fe] ofzh WAste]l YHiE Y Aol ofyh B A HE
g o W] sl AFe] oI5 Ax Wt @ ws He Ao ARdn

() AP ZelAsE A SE A 4

Eds sz xAAE vgwe] HAUANA NEALYSE o ¥ BAF F
ZEYE AAR T ougw G4 AF AdEd 2aES AFSA B 154
G ol GRE BT YU FRANA AL HFe dFBUITAAE B3,
AqatE, BasA B35 Solth B ARAME odd Tl AdHUe W P&
Al gL Festat sk

g el TRAS FAS] Astel WHALYF ol gel BYS By
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ALg Bl VEHAEE SbMPasi e, B Al e AFS 95k 50mm<50mm x50
B S Az

2 gAd 59 3 3709 FA A o]
7} 39.3MPa, 39.4MPa, 349MPa® Z=A ¥ HiFzke 37.9MPac|t}. 7HE A &)
o A &atr] e ZLd ZAYES d=7EE= 5MPa ©]

& & 7 du o F AE2EHIE AAsler, s
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il
o

B oof AN

gk A skslct.
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(a) 3= A8t A

(c) #{lstzs 7t st Ast

A 3-8 ZpARAN akF Ast

(d) "a23yM &5 57t

F 3-4 LAWY ZeAE dd Ast 29 - HelH

a5 Ast
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I Eg2gHold  (m)
CASE
(cm) Al Bl A2 B2
1 245 26.65 101.0664 101.0670 100.8586 100.9434
2 H-beam 26.45 101.0684 101.0690 100.8588 100.9434
3 H-beam+ & E} 26.75 101.0654 101.0662 100.8586 100.9434
4 H-beam+& E}+2} ¢ 27.00 101.0632 101.0638 100.8586 100.9436
5 H-beam+ 3 E} 26.80 101.0652 101.0656 100.8586 100.9436
6 H-beam+3# E}+H 2 27.35 101.0598 101.0604 100.8584 100.9436
7 H-beam+3# E} 26.85 101.0646 101.0652 100.8586 100.9434
8 H-beam 26.55 101.0676 101.0682 100.8586 100.9432
9 A 26.45 101.0684 101.0690 100.8586 100.9432
ZF FAA AT AEE Vo R stal B9E mm 2 FYsH i 3-59F o] A
A 5 Atk Tl SO0 R A FFE Urhis H)el ke A7 B
Lhehuie.
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B edgold  (mm)
CASE AT Al Bl
N A A REE
SAK TS I zan | se |zaw| s | A2 B
el #o ol

1 25 0.0 - 0.0 - 0.0 - 0.0 0.0
2 H-beam 2.0 2.0 2.0 2.0 2.0 2.0 0.2 0.0
3 H-beam+3# E} -1.0 -3.0 -1.0 -3.0 -0.8 -2.8 0.0 0.0
4 H-beam+ & E}+ 2} 4 -3.5 -25 -3.2 -2.2 -3.2 -2.4 0.0 0.2
5 H-beam+3& E} -15 2.0 -1.2 2.0 -14 1.8 0.0 0.2
6 H-beam+3& E}+ | =L =7.0 -5.5 -6.6 -5.4 -6.6 -5.2 -0.2 0.2
7 H-beam+ ¥ E} -2.0 5.0 -1.8 4.8 -1.8 4.8 0.0 0.0
8 H-beam 1.0 3.0 1.2 3.0 1.2 3.0 0.0 -0.2
9 2 2.0 1.0 2.0 0.8 2.0 0.8 0.0 -0.2

deolHE Ay wd Aol s @47 d49S AAstd o o Al
M =mEol dAHS AHsH] Wil A2, B2 A AelM el A= W= Ao wstst
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el A 497 Wkzke 25mm, 4@7el A 597 Wk 20mmE 05mm 7ol 7k
A W3kt 55mm, 6TAll A 59 Al WS SmmE w7 HA|
I 05mm #Fo]7} vrh weEld mEwrek ol eR= gl e LAV b sEo] o %
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Y. F4R TeA2E dd B Ay 23

Evs FE TPALE B wpagel A FHY TALE Ade wud g =
PAzE AR TedAY g ofs) ZeliEd st BYE @ 1
HolA Q7] W] AmsAw, FAG sl B 21 FRAICh Amel g
e ZALE ALE BE U5 AFse] AN FA A Aol of 4F Az 5
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[ [
i N7 \NWANANWANWANWAY | \NWANWANVANY VAN i §
@‘ﬂ l\‘\ ﬁ‘é*% A éi‘% xt élé‘% x /‘,I }"W
m\ HE a2 E 2 (30000 500)
oo | | oo |
99 317 F9% ZAAE dd o] g 24 29 Ae
AZe A T 6Q, 1224, 1894, 2947, 60D Ae] SHstdom 2 87w} 2
3] S48t FS AT 2 ASHUS 25 A A= 2 FAA 71E=gkel o &
gto = FaAstejof s, Z2t A3 SAHA = 694 FAHFAS Ve 0= st ¥E
Fa AT WE o]l F)e ;) AF dA HFor Wsloly F(-)¢ e
A% AAard waks ey
X 36 FIF A FV] Wy ASH
642 54 7l A %11 =% A1 %2
13] 54.090 110.380 76.550 56.200
23] 54.010 110.380 76.560 56.220
SRy 54.050 110.380 76.555 56.210
71E#e] At 0.000 56.330 22.505 2.160
1294 &4 7] & A 71 <% A 712
13] 63.190 119.670 34.430 65.190
23] 63.150 119.680 84.390 65.190
o5t 63.170 119.675 34.410 65.190
7172l 2b 0.000 56.505 21.240 2.020
0.000 -0.175 1.265 0.140
642t iy HEF A1, AR 2 Btk -0.018
AR AU G Aol | 1.283
18dx =4 7% A %11 T A1 %2
13] 26.300 82.350 46.590 28.490
23] 26.290 82.350 46.450 28.490
SRy 26.295 82.350 46.520 28.490
71E#e] At 0.000 56.055 20.225 2.195
0.000 0.275 2.280 -0.035
642k i e A1, AA 2 Bes 0.120
AR B TGl 2ol 2.160
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294 =4 71 A 31 =% A1 32
13] 35.520 91.290 54.520 39.375
23] 35.520 91.390 54.470 39.375
3t 35.520 91.340 54.495 39.375
7= A} 0.000 55.820 18.975 3.855
0.000 0.510 3.930 -1.695
642k i WE AR 1, AR 2 Fetgk -0.592
AR gk T g Aol 4.123
6092 =4 715 A3 X A2
13] 32.500 87.890 52.700
23] 32.510 87.830 52.710
3t 32.505 87.860 52.705
7= A} 0.000 90.355 20.200
0.000 0.975 2.305
644k th] W5 F A1, A 2 Bargk 0.975
A7 Bt gkt T atae] Aol 1.330

& (mm)

I+

g S

.50

.00

.50

.50

4
4
3
3.00
2
2

.00

1.50
1.00 ?(

0:50 /

o g7 Wge melsedy 0%
AT BaEnE dAde] ARge AhE &
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8 7 140 140 175 37.00 17.28 17.98 36.80
9 8 140 140 175 40.00 17.76 18.65 39.82 gAY
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¥ 310 TEWF olLHsk 9 ARA HE Ak A
A 8} 3h = A=EE
S S B e e e 2 e 2

b | by | ®) | ® | ® | ® | @
0 0 0 0 0.0 0.00 0.00 0.00 0.00
1 0 40 20 14 2.38 1.44 1.07 2.26
2 0 60 40 2.9 493 2.36 2.20 4.66
3 0 80 60 4.3 7.31 3.12 3.86 7.10
4 0 100 80 5.8 9.86 4.40 4.80 9.66

5 1 120 100 72 14.79 5.16 6.39 14.60 LA
5+ 6 2 140 120 8.7 14.79 6.40 7.06 14.60
= 7 3 160 140 10.1 17.17 7.64 8.79 16.92
il 8 4 200 160 116 19.72 9.48 9.99 19.58
A 9 5 220 180 13.0 22.10 10.44 11.52 21.86
3k 10 6 260 200 14.4 24.48 11.96 13.59 24.22
11 7 300 220 15.9 27.03 13.60 14.52 26.82
12 8 340 240 17.3 29.41 15.56 15.45 29.24
13 9 360 260 18.8 31.96 16.76 17.12 31.78
14 10 400 280 20.2 34.34 18.48 18.12 34.10
15 11 420 300 21.7 36.89 19.72 19.98 36.66
16 12 440 320 23.1 39.27 20.60 21.58 39.10
17 13 440 320 23.1 43.00 21.08 22.31 42.72

18 14 440 320 23.1 47.00 21.56 23.18 46.68 T E A
19 15 440 320 23.1 51.00 21.96 23.84 50.74
20 16 440 320 23.1 55.00 22.24 24.58 54.84
21 17 440 320 23.1 59.00 22.52 25.51 58.74
22 18 440 320 23.1 63.00 22.88 26.44 62.82
2 23 19 440 320 23.1 67.00 23.24 21.37 66.86
o 24 20 440 320 23.1 71.00 23.60 28.44 70.86
| 25 21 440 320 23.1 75.00 23.92 29.57 74.72
E 26 22 440 320 23.1 79.00 24.24 30.64 78.80
?H 27 23 440 320 23.1 83.00 24.52 31.63 82.82
o 28 24 440 320 23.1 87.00 24.60 32.43 86.82
29 25 440 320 23.1 91.00 24.80 32.90 90.82
30 26 440 320 23.1 91.58 24.80 33.03 91.90
31 27 440 320 23.1 92.86 24.80 33.17 92.84
32 28 440 320 23.1 92.72 24.84 33.30 93.76
33 29 440 320 23.1 92.72 24.60 32.97 92.76
34 30 440 320 23.1 92.72 24.36 32.70 91.76
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. ArEEA (SWPC7B 12.7 mm )
Ay = 98.71 mn? N, = 12 EA fou = 1900 MPa
i = 1425 WPa P; = 140662 N
. Besy
E = 210000  MPa B = 1 [Cli=32E5))
L = 2711 mm wER=ZZO| ¢ = 2711 mm
. EEAE ZE ;. SM520
220 T -channel ( 380 x 100 X 13 X 20 )
100 100 A= 871 m’
l,, = 176000000 mp*
—Sis LA ( 2200 X 180 X 40 )
g ; A = 7200
I $ 8 1 = 960000  mm?
d = 210 mm
ZD l,, = 318480000 mn*
180 SUMMATION (=& 2EA, EZHE 2EA)
I, = (Ixc + Ixr)X2 = (176000000+318480000) X 2
= 988960000 mn*
HE 2 S A = 15771 pp?
fo=M-y /I y = 380/2 + 40 = 230 mm
i a b M 8 nax f.
! (mm) (mm) (N - mm) (mm) (MPa)
1 2075.5 635.5  44695350.5 0.186 10.395
2 1955.5| 755.5 | 53135070.5 0.214 12.357
3 1835.5 875.5  61574790.5 0.237 14.320
4 1715.5  995.5  70014510.5 0.256 16.283
5 1595.5  1115.5 78454230.5 0.270 18.246
6 1435.5  1275.5 89707190.5 0.280 20.863
7 1435.5  1275.5 89707190.5 0.280 20.863
8 1595.5  1115.5 78454230.5 0.270 18.246
9 1715.5  995.5  70014510.5 0.256 16.283
10 1835.5 875.5  61574790.5 0.237 14.320
11 1955.5  755.5 53135070.5 0.214 12.357 =7 = 20+40 = 60 mm
12 2075.5| 635.5  44695350.5 0.186 10.395
sum 795162286 2.886 184.928 < 200.0 MPa 0.K
92.46%
(YEZx|7} 232|E i@ Sof 2Y DFE U= E2 o
stag chol, nd etelnt Zo| 2ol Yojupy| ofde F)
EHX FH H4E
b/ 16 =877 16 = 5.4 < t = 20 0.K



SLE A
=20 45
b = 340 mm t = 13 mm Aw = 8840 mm
EX| A y = 380/2 + 40 = 230  mm
S&EAEE y =380/2 - 20 = 170 mm
f, = 184.928 / 230 X 170 = 136.686 MPa
f, = -136.686 MPa
¢ = (f - f, )/f, = (136.686-(-136.686)) / 136.686 = 2
i =0.65(d)2 +0.13(p) + 1.0
= 0.650  x ( 2.0 ) + 0.130  x ( 2.0 ) +
i SEFUAH= b: S
f, ,f. : B2JE T 2Ho S
(&, fi = f, 0l =88 F(+H)2=2 &)
SR S 4=
b/ (80 1) =340 / (80 - 3.86) = 1.1 < = 13
b / 220 = 340 / 220 = 1.5 < = 13
b / (46 - i) = 340 / (46 - 3.86) = 1.9 < t = 13
r = sqrt(ly / A)= 250.415 mm
2/r = 10.826 fcag = 210.0 MPa =223=2
o EFUe
t = b/(32.4-i) 0|22 fcal = 210.0 MPa =2Z=0
fcao = 210.0 MPa 22322
zf si8x
fca = fcag - fcal / fcao = 210.0 MPa Do ESYE
f = f = 136.686 MPa < 210.0 MPa 0.K
HMotdE
v=V/Av="Pi-Np/ 2/ Aw = 140662 - 12 / 2 / 8840 = 95.472  MPa

- (=]

1.0 =
~0.K
n0.K
n0.K
DSk 2e
EEE
VERCEEE
D25 e
SRIE EE
JSEEE

va =
< 120 MPa

79.6%

3.860

~ 0.K



SUAFHIHEZS LA FE
5. AHE 4E
201
PL-201x200x20
’,:7 E E | 3§|:
o ota—— N o N | M~
S N Wl e e fr o s e s a e ~ R ~
S spe— = — —
- o o H F ] B o o o o o o o o |
1)701“)701
) 15.5/|| 70 || 70 || |15.5
‘ 120 160 120 ‘ 10 10 10
& GtHo| B2 "ok e & . SM520
R =P - N/272 = 140662X%12 / 2 / 2 = 421986 N
A, = 201 X 13 = 2613 mme
A, = 77 x 10 X 3 EA = 2310 2
A+ A = 4923 mm? > 3927 mm? = 1.
= A = 3927 mm?
Ae = Ac - Ay = 1617 e, Be = 124 mm
A | d A - d™2 Iy
SR 1612 22702.33333 16.5 438867 | 461569.3333
TR H AR 2310 1141332.5 61.5 8736997.5 9878330
A 3922 10339899.33
r, = sqrt(l, / A)= 51.346  mm
£ = (880-20x2)/2= 170 mm (E=Zol= =FE £0[2 1/2)
£ /r, = 170 / 51.346 = 3.3
SESYE =24
le/r = 3.300 = fcag = 210.0 MPa 1 RSB E DHOHK %2 JssdE AdE3SY
b/10.7 =t = fcal = 210.0 MPa : RHZ0 UE IEs8E
fcao = 210.0 MPa I2HN=2 Dok 22 2l JEsseE &5
fca = fcag - fcal / fcao = 210.0 MPa : JERYY A=Y
f = R/A= 107.595 MPa < 210.0 MPa 0.K

7 .

0l0

Jo



6. XIYE SH #E ( 201  x 200 x 20 ) A = 40200 2
S=%Z 89 w = P/A=Pi XNp/2/A = 20.994  MPa
) = 77 mm 45 - SM520
M = w- £72/2 = 20.994 - 777"2/2 = 62236.713 N - mm/mm f. = 210.0 MPa
"2 > 6-M/ fa=6-62236.713 / 210 = 1778
t > 42.2 mm t = 20 mm O|2Z2 N.G
= X|gEo| ey H¥ejel s e Zo| oty HEZ 23T HEot ULEE
X tek 20mm, HEZ S E 20mm ALS
7. WA= T HE
N — —
(o] ' (Q\} AN
S ©) S 9
— -
il
2d = 42 mm a1 = 26 mm Lzd2 = 15.2 mm
A = 1203.984 mn? FAH ot = 45 mm
SEEX 89 w = P/A=Pi /A = 116.83  MPa
L = 13.4 mm 45 - SM520
M = w- £72/2 = 116.83 - 13.472/2 = 10488.997 N - mm/mm f, = 200.0 MPa
"2 > 6-M/ fa=6-10488.997 / 200 = 315
t > 17.7 mm t = 45 mm 0|22 0.K
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ol
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T H4E

=96 / 16

ZE

270  mm

L
LE

o = (f - f, )/f, = (123.931-(123.931)) / 123.931
i =0.65()% + 0.13(9) + 1.0

= 0.650 x ( 0.0 »)?
i 1 SEFA=
f, ,f, : BZE B LAHO
(&, = f, 0l4
=85 £ HE
b/ (80-1) =270/ (80-1)
b / 220 = 270 / 220
b/ (56-1) =270/ (56 - 1)
r = sqrt(l, /7 A)= 86.868 mm
L/r = 9
t = b/(39.6 i) O|[2&
fca = fcag - fcal / fcao =
f = f, = 123.931 MPa

A5l |
= 14 . 0.K
mm Av = 2430 mm
= 123.931 MPa
= 123.931 MPa
= 0
+  0.130 x ( 0.0 ) +
o: S M
=882 FH)2=2 stih.)
= 3.4 < = 9
= 1.2 < = 9
= 4.8 = t = 9
fcag = 140.0 MPa =222
o S5 aek
fcal = 140.0 MPa =220
fcao = 140.0 MPa 223x=22
ZH SHEF
140.0 MPa o EsgE
< 140.0 MPa 0.K

~ 0.K
~ 0.K

- 0.K
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00 &2 0l0
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@ NME0 HAF HEE 0.112 x 5.660 X 0.005 X 78.5 KkN/m3 = 248.814 N
0.800 = 35.168 N
@ &AL ROD 8 EA L- 30 x 30 X 3 L = 0.112 m w = 13.6 N/m
0.112 x 13.600 X 8 EA = 12.186 N
® =4 ROD 8 EA L- 30 x 30 x 3 L = 0.400 m w = 13.6 N/m
0.4 x13.600 X 8 EA = 43.520 N
@ HAM T 0.080 x 0.080 x 0.01 x 78.5 kKN/m3 X 8 EA = 40.192 N
1 =% ROD - HAME 42 EE ZHE
A ER XX ROD VY S (8 ) 7.075
0.1413428
( 248.814 + 12.186 + 43.52 ) / 8 0.125 = 38.065 N
EECHEX™ (M 6 ) T X 62 /4 = 28.274 m2
Mete8 v =V / A= 38.065 / 28.274 = 1.346 MPa
8 HE
Fadol | B2FM s a=s/N 2| Ae=ax ! f=P/Ae
Z Al ROD 248.814 / 7.08 = 35.168 N 112 3 2.121  237.552 0.148 |MPa
=4 ROD 261.000 / 7.08 = 36.89 N 30 3 2.121 | 63.63 0.58 |MPa
A T 344.712 / 7.08 = 48.723 N 80 5 3.536  282.88 0.172 |MPa
7 2EE AE
90.874
PIL = 35.168 + 12.186 = 47.354 N dl = 0.365 m ML = 17.284 N-nm
P2 = 43.520 N d2 = 0.345 n M2 = 15.014 N-m
P = 807.466 N d = 0.040 m SUM = 32.299 N-m
RL = -876.580 N
R2 = 785.706 N 33.246 N -m
-90.874 N
D = 6 mm A = 28.274 mm2
v = -31.003 MPa K PNE=

S B 1002 SZ=E°| s&AXIE 6mm, 2T 8
% C

.8
2T 800MPa, =32 640MPa, =T THEE 640/(3V 3) = 369.5 MPa

o



HAAE HdE

cheiE s

AME x5

0.176 X 0.150

ML = 0912 N-m
MI = 33.246 N-m P1
ML = 12.813 N-m
SUM = 46.971 N-m
I = 2.813E-06 m4
y = 0.075 m
f = 1.253 MPa
EHEE
E
== s 0.006
#ESFM a 0.004
I = 2.386E-06 m4
y = 0.075 m
f = 1.476 MPa
fa= 140
f/fa)~2  0.0001112

X 0.01

90.874

=
m

90.874 +

X 78.5 kN/m3

N

(v/va)r2 =

20.724

111.598
0.001
87.680

110.000

0.635

= 20.724
d = 0.088
= 0.045
= 0.096
N
m
MPa
MPa
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tHH AZEE XS A48

1. PIECE A

@ PLATE

® L-50X50X%X 4

@ L-45X45X%X4

® L-30x30x3

2. PIECE B

@ PLATE

@ L-50X50x4

® L-45X 45X 4

® L-30X30X%X3

3. PIECE C

@ PLATE

1.94
1.52

1.94

1.94
1.52

X 2.120
X 0.200

1.94
1.74

1.64

1.94
0.3

X 2.120
X 0.000

1.94

1.94

X 2.120
X 0.200

X 0.005 X 78.5 KkN/m3
X 0.005 x 78.5 KkN/m3
X 2 X 30.6 N/m
X 4 X 30.6 N/m
X 1 X 27.4 N/m
X 2 X 13.6 N/m

1 13.6 N/m
X 0.005 x 78.5 KkN/m3

0 78.5 kN/m3
X 6 X 30.6 N/m

0 30.6 N/m
X 0 X 27.4 N/m

2 13.6 N/m
X 0 X 13.6 N/m

X 0.005 X 78.5 KkN/m3
X 0.005 x 78.5 KkN/m3

sub

sub

sub

sub

sub

sub

sub

sub

sub

total

total

total

total

TOTAL

total

total

total

total

TOTAL

total

1614.274
119.320
1494 .954

118.728
212.976
331.704

44936
44.936

52.768
4.080
56.848

1928.442

1614.274
0.000
1614.274

356.184
0.000
356.184

0.000
0.000

52.768
0.000
52.768

2023.226

1614.274
119.320
1733.594

= =

=

=

= =



SYFHINAHSIHAFE 11711

@ L-50%x50x%4 1.94 X 30.6 N/m = 118.728 N
2.14 X 4 X 30.6 N/m = 261.936 N
sub total = 380.664 N
(® L-45x45%4 1.64 X 1 X 27.4 N/m = 44.936 N
sub total = 44.936 N
@ L-30%X30%X3 1.94 X 2 X 13.6 N/m = 52.768 N
0.3 X 1 X 13.6 N/m = 4.080 N
sub total = 56.848 N
TOTAL = 2216.042 N
GRAND TOTAL = 6167.710 N
D ¢ladiz| HE
R=20
R=10
o o
I~ — i, 6 — i,
g ST S
~N o! of
— —
40 656
oleF 1E| AY st&E 2216.042 / 4  EA = 554.011 N
CHoo| MotsSE My 10 mm X 5 mm = 50.000 mm2
554.011 / 50.000 = 11.080 MPa
™ HE SEZo| 40 mm
S8 A 6 mm
SEZEA 4.243  mm
2 W 40 X 4.243 X 2 = 339.440 MPa
Meted 554.011 / 339.440 = 1.632 MPa
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o A W ST AAY
- m— — — Z3CE HAD(|E 4k - = 40MPa
EfA 5lZ ZTa|FHAE it MAMIE(3 230l 40715 25 s
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S =1:10 4 A s Z:08-24 D24
N O A .__ )
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°|F dld HZ A4
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= = o w A W
65 65
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2180 43 54 E 2% & 2 o ez | s 3 @ I
1 H22 2.725 5 13.625 ADD 3%
@ H22 1=2.725 N=5 @ H16 L=2.712 N=12
EN Al 13.625 3.040 0.041 0.042
4 H16 2.712 12 32.544 ADD 3%
@ H13 L=2.110 N=10 .
6 3.250 8 26.000
@ 6-1 " 1.034 2 2.068
H13 1=1.935 N=7
EN Al 60.612 1.560 0.095 0.097
2 H13 2.110 10 21.100 ADD 3%
5 " 1.935 7 13.545
E A 34.645 0.995 0.034 0.035
E Al 0’160 ol174
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&
- oz N3 EI % 5 2 o
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Q 7 1=4.008 N=10
1=1.034 N=2
= gHL
W oid

[CER]1S))

L= ol &M= AFA
15 oid H= a4 i ] Z o 7% 5 2 o ooy | & B o I
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2 il 31.650 3.040 0.096 0.099
c4 4 H16 4 2.840 4 28 79.520 ADD 3%
L
% gt H 79.520 1.560 0.124 0.128
c2 7 H13 7 5.640 7 10 56.400 ADD 3%
2 il 56.400 0.995 0.056 0.058
B Al 0l276 07285
@ H22 1=6.330 N=5 2.168
- - o5 = 2 o % & 5 2 o
@ Hi3 L=5.640 N=10 L=2.840 N=28 =z = i
3 7 12.040 10 120.400
PS AEUE 4 o A & 2 o EE
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12440

3075 3150 | 3150 | 3065

of upper flange iof girder &{ of upper flange

I\
30 EEEr
H% dzk\ d% dll\ S (%) D UEAH

1

B AVAVAVAVAWAY

T2 HAEHE(LE) (2=)
LE,L LI LER
‘ I I
1) AAAEZHE
Lgp = 2.584 (m) . 9|F EEPHAE HZEH(LSHE)
Legr = 2586 (m) :oF ZE|IHAE HZY(SY=ZEHE)
L, = 5470 (m) UWiE Z2IHAE Z2HE
2) HEEHE S
d = 0320 (m) :UHEHUHF Z dypin; = 0.2941 (m) ( OK )
d, = 0.445 (m) :MEH R = dw, = 03873 (m) ( 0K )
d; = 0.190 (m) HEX7|F 232 E T
3) s o SYLa(c] M i
T = gtSH Sz - A Am G Bz
Ay(m?) 0.322 0.241 }zz
X (m) 0.160 0.102 -
b, b,
hy(m) 1.050 1.320 ol =
by,(m) 0.420 0.320 (25) (=20)
4) mHEZ
Tusp. = 0.050 (m) :LMCXZZ

5) eI 271(S%)
S = 20~30 (%)



1.2 Z2|FHAE mjjdx| 2

NCESIE BxL = 2000 x 2.650 (m)
La | Lo 12
B A [
S !
12
T e
d -
32 T
@) 3 (- i
= =
o |
=
o
4»\,@) —
g @
= B L'A

[43

\./

\WAWAWAWA VAWAWAW

AU Vv v ey
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) CHEA 9 A s = 200 mm
F& h(m) AM) | Ye(m) | Iymd) L,(m) Xem) | v(m®) | WekN)
0.095 0.1673 | 0.0452 | 0.0001
CHHA-A | 0.255 04313 | 0.1238 | 0.0024 2080 0.887
0.244 04131 | 0.1184 | 0.0021 1.940 0.833 0.915 22.876
crot g |0 | 03000 - - 0.450 0.220
0.285 0.5700 - -
OA7IM, v, : WYSIClM 232|E TAEIR| S HRHZ|
I, : TAZ0| 3t Z32|E chodo| chHoAlRH E
X @ HHGEAe 2FACM 2232 E FHSMIX L =HHE|
s XM HHW E A™ (steh) 7kx12e] Az
L) ALBEZ
T D(mm) (Agmm’) | ZH=F(EA) [ yi(m) yi - m{EStHolM SR
Aotz (@ n 22 387.10 5 0.342 =M7bx|e] Azl
Epjaz | stet2 (@] B 13 126.70 10 0.207 N, : 2829 g%
2o (g ¢ 7 38.48 10 -
SN2 @| °H 16 198.60 12 0.038
Zursk 2 ®l H 16 198.60 10 0.054
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2) L =a BxL = 2000 x 5660 (m)

b S 4 E
35— — — — — — — — :‘ﬁ7<§: 2
15
U —— Sl
& 2 4
Fl BRI R
=L Ti 1T 1111 IR [ &4 U =1
18 \_A, Nrs@200 50 dy
=osg E{ AL
L

N@s = L-60

TE h,(m) Adm?) Yeg(m) Lo(m®) L(m) V(m?) W (kN)
THHA-A | 0.130 0.225 0.062 0.0003 5.660 1.274 31.838
O17|M, Y 4 5tctol A 232 E TAZ)HK| o] o1& 72
I SA=of st 232|E ThHO| CiH2XRH E
s Egja AFZA (= 200 mm)
L) ALESZR
2= D(mm) | Agmm?) | 7H=(EA) yi(m)
Atctz2 [c1| H 22 387.10 5 0.217 y; EgstHol M SHEEZ
ERjAZ | stz |C2| H 13 126.70 10 0.055 =Alkx 9] Az
222 |c3| o 7 38.48 10 - N, : 2520 oA
SeSEZ C4| H 16 198.60 28 0.038
PSAEHE SL| ¢ 127 98.71 12 0.055




2 S
g=12d (gf upper flange
(A&7 (L2t
3O MEHEZHX L HS2ACIE A3
of upper flange
4 &

0y

5 CJ : EAXID HIEE 223CIE Al

of upper flange

LMCEZ &
(t=50mm) q_ of girder

of upper flange
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14 MdAHZ|=

0.6~7.3m)

(L=

(£.M.3.6.1)

(kKN -m/m)

M, = (L+0.6)P,/9.6

kN
kN
kN

96
72
54

DB24

DB18

DB13.5

* HEEHEHO| 37H Of

L) e 8tE

(E.M.3.64)

(kN-m/m)
stE™oll M XIXIE 74K 2] A2 (m)

M, = P, X/E

017|M, X

(£.4.3.63)

515 B X E(=0.8X+1.14)

Ok

=) i

HIE2M ChE 412 0|8

St

a0l i3

5 =
st F

(£.M.3.63)

b

A
(=]

a0

120/sqrt(L) 2t 67% & ZH2

ol g
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2. T AE md chelF @l

A;
e E— c.g. :ﬁ
ﬂ I | m:' /\\ /\\ \ y ‘
i J: ct
( I/./.\\.x. S - /P N P A N 'vkbj,ﬁlp
AC) IC
A, ZIEE chHe| chHA
I Z232|E ctHZAFo Ojst 232|E THe| CHH2AIRHE
Ixc = Ic + Ac(yc - be)/\z ('E_E-EI E E'n_l'Dn_:i)
= Ai(Yi- )2 (Z7Het)
21 HE S
1) X E&E
ERM A $=H|(n) = 7.00
—‘?'— Ai Yi AiIY1 Ic Ixc
(m’) (m) (m’) (m") (m")
Z32|E 0.4313 0.1238 0.0534 0.0024 0.00242
_ AbEL 0.0135 0.3420 0.0046 - 0.00061
EgAEZ
Shct 0.0076 0.2070 0.0016 - 0.00005
R e 0.0119 0.0540 0.0006 - 0.00007
SA=| 04644 | S(Ary)=]| 0.0602 >I.=| 0.0031
Yoo = 2(A7Y)/2(A) = 0.130  (m)
Yoo = hy-Yep = 0.125 (m)
YSt = Yi,top'YCb = 0212 (m)
2) NHFAM HHM ERfA HE P S22 X
EFMA $H|n) = 7.00
S A Yi Ayy; I I
(m’) (m) (m’) (m") (m")
Z32|E 0.4131 0.1184 0.0489 0.0021 0.00212
Abct 0.0135 0.3310 0.0045 - 0.00058
EpAdZ
Shet 0.0076 0.1960 0.0015 - 0.00004
Zlarsk 2 0.0119 0.0540 0.0006 - 0.00006
SA=| 04462 | Y(Aiyi)=| 0.0555 SIL.= 0.0028
Voo = S(AY)/ZA) = 0124 (m)
yct = hp'ch = 0120 (m)
Yst = Yitop™Yeg = 0.207 (m)
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EFMAHI(n) = 7.27
a2 A Yi Ayy; L L
(m’) (m) (m’) (m*) (m")
AZ32|E 0.2250 0.0623 0.0140 0.0003 | 0.00031
e Atek | 0.0141 0.2170 0.0031 - 0.00030
stek [ 0.0079 0.0550 0.0004 - 0.00000
PSAEZE 0.0074 0.0550 0.0004 - 0.00000
A=l 02545 | S(Ay)=]| 0.0179 SIe=| 0.00062
Yoo = 2(ArY)/2(A) 0.070 (m)
Yo = hyve = 0060 (m)
Vst = YitopYee = 0147  (m)
2) AHB SIS EHEA
ERM A $=H|(n) = 7.00
S A Yi Ayyi L. L
(m’) (m) (m’) (m*) (m*)
=Z32|E 0.2250 0.0623 0.0140 0.0003 | 0.00031
coyaxia Atck | 0.0135 0.2170 0.0029 - 0.00029
stek [ 0.0076 0.0550 0.0004 - 0.00000
PSAEZE 0.0071 0.0550 0.0004 - 0.00000
A=l 02533 | X(Ay)=| 00178 SL.=| 0.00061
Yo = 2(Ary)2(A) = 0070  (m)
Yoo = hp-Yep = 0.060  (m)
Yt = Yitop~Yeg = 0147 (m)
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O Z2|HAE {EXS

wi = 12500 kN/m  w, = 14.250 kN/m
e XX%T wy = 4183 KN/m W, = 10.783 KN/m
L w, = 10328 KN/m
a = 0450 m b = 2080 m
b = 1940 m
. = 0054 m ck = 0.056 m
Ly, = 2584 m Lig = 2586 m
Xy = 0220 m X, = 0887 m
Xp = 0833 m
Mai = 0.52(W;+W,) (X Tb+¢)+0.5b (Wytwy) (X te) Wy c"2/2 = -28.831 kN'm ( 15

EIe=
-28.876 kN'm (&%)
-24.726 kN'm (ZSHE)

=
I

0.53‘(W1+W2)*(Xg1 +b')+0.5b"(W3+W4')*Xg2

d A A, 2.000 m
(m) [ m) | @) A, = Bd

‘ A& 0285 | 0.570 | 0.167 W= (ArAYe
=7 10445 | 0.890 | 0.431
™ 10434 | 0.868 | 0.413

w
o8]
Il

w; = 10.068 kN/m W, = 11.468 kN/m
Ap w, = 11373 kKN/m
Xp = 1017 m Xy = 0950 m
Mg = 0.5b*(witwy)*(Xgte)tw,*ch2/2 = -24.014 kN'-m (Z2&HE)
= 24060 kNm (BEEHZ)
Mg = 0.5b™*(wytw,)*xp' = -19.764 kKN'm (HLSHZ)
® Ztl5tE
Wy, = 3.000 kN/m?
My = wy*B*(b+c)"2/2 M, = w,*B*b"2/2
= -13.662 kN-m (USHE) = -11.291 kN'm (LEHE)
= -13.687 kN'm (B2



® 4l 3= A
Py = 12.000 kN e = 158
M,, = -Pg*e = -19.008 kN-m
M,, = -Pg*(e-s) =  -16.608 kKN'm
2) LI EHZHE
® Z2|FHAE df XS
w, = 5625 kN/m L, =
My = w*L2/8 = 21.038 kN'm
@ sZ&=x|7| 232 E XS
| ) |
d
Mgp = wo*L2/8 = 38.804 kN'm
® &HHstE
w, = 3.000  kN/m?
M,; = w,*B*L/2/8 = 22.441 KN'm

@ HEHF HE2FE2 HEZ

=
[m

m

5.470

i > > oW
Il

<)
<}

2.000 m
0.320 m

0.640 m’> (=Bxd)

0.225 m?
10.375 kN/m

dg = 0212 (m) dy = 0147  (m)
S (AI231E)

My = Mg*Mp = -71.853 |[kN'm -52.845
-71.944 [kN'm -52.936

T = Mp/d =] 338510[kN 248.961
= | 338936 |kN 249.387

M, = -T*dy; =| -49.710 [kN-m -36.559
= -49.772 [kN'm -36.622

kN'm
kN-m
kN
kN
kN'm
kN'm

~ N AN N~

As,top

(

oM 0T o oZ
s s

o
—

oM 0

fol

fol

AT fol

1%

[}

—
=

i

1%

i)

Il
=

j[]

1%

j[]

Il
=

i)

~ O~ O~ O~

0.0019

IR\ )
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=1 S
chelmEete| chale ol
1) HE R F
O HsH I S0
F)bar
Xc
|‘E
!
Pbar = Ab * Ye =
My, = -Ppy * (LE - Xc) =
@=xF
Wpay, = L175  kN/m’
Mpav = 'Wpav*(LE'bb'0~03)A2/2
= - pav*(LE'be)/\Z/2
® B5tE
. &h5tE Af stAlof| CHal A 2k 11 2

" Mg,

pwind

= -H *(1.0+T g +h,/2)

8.050
6.025
-19.272
-14.966

m
4o K

wind

Ay = 0322 g (HEHEE)
= 0241 m? (BEUSH)
X, = 0190 m (HEHZ)
= 0102 m (BRUZ)
Ly = 2584 m (459
= 258 m (BEUZ)
kN/m (HEHE)
KN/m (BEUS)
kKN'm/m (Z3HE)
kKN'm/m (S2HE)
2675 kNm/m (Z3HE)
-3.017 kNm/m (BEE2U%)

= 1.500 kN/rn2

Il
—_
=
S
S

—~
o
-

= -1.013 kN'm/m (HEHE)
)

= -1.543 kN-m/m

(V/60)*x 7.5 +2.5
233 kN/m = 100 kN/m

EHHX| & R<200m@! =M Fof i M=

Ol A Al &ket gfef 2ulf 2 Btet.

= -27.417 kN'm/m
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@
EN)]
o
o

X, = 1834 m X, = 0.034 m (%"i )
e X, = 1964 m X, = 0164 m (EEUZ)
\LD—DJ | Pr = 96 KN (DB-24)
1 - = 03 (3"AS
o x ¥

M, = -P,X:(1+)/E (k'Nm/m)
Le 0{7|M, X : SHE™IM XX|™ 72| HE|(m)
E : 835% EXE(=0.8X+1.14)
e E(m) MI(kN-m/m)
| geEs | FEUS | weYs | R0
P, 2.607 2711  -87.789 |  -90.405
P, 1.167 1.271 3.635| -16.101
My = 91.424 | -106.506
)57
B2 E 2t BEX X 22 JtYsto] chtHE S MEE

| 3 3 |
pANE 7N
LE,L b, | by L b | by LE,R
? 9 o ?
L = 6300 m by = 0415 m
O s o 2
=gy gl ARl TS EIE T2fstof ZAHS08H 8
Mbar,L Mbar(T) Mbar@ Mbar@ Mbar,R
I:)barL Pbar,R
. |
Pbar,L = 8.050 kN/m b1 = 2394 m Mbar,L = -15.417 k'Nm/m
Ppur = 6.025 kN/m b, = 2484 m Mg = -11.973  k'Nm/m
“ My = -15.190 k-Nm/m
Mbar,@ = -13.695 k‘Nm/m

My = -12.200  k-Nm/m



@ =%
Wpav.
Y Y Y Y Y Y Y Y Y \i \i \
Mpav(Z) i
Mpav@ Mpav©
Wpy = LI175 kN/m’ b, = 2549 m b, = 2681
Ry = 6.632 kN/m
Mpym = -2.409  k'Nm/m
Mpav,@ = 1.809 k‘Nm/m
Mpav,@ = -2.761 k-Nm/m

LR
L = 5470 m

Pr = 96 kN (DB-24)
io= 03 (3AAN

Mpi = 0.8-(L+0.6) P-(1+i)/9.6

= 63.128 k' Nm/m
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y A A A A A
Yﬁ——/o R o G o\__yA
d"‘ 'LPS strand
OR= = E
) HIER e
Yiop 0.060 m Loanel 0.0006 m?* Zep = 00104 p
Yoot 0.070 m Apanel 0.2545 m? Zpse = 0.0088 m’
Y, = 0147 m n = 7.000 Z = 00042
L) 2 M (232 E £tH M E)
B = 2000 m Leom 0.0055 m* Zop = 00287 1’
d = 0320 m Zve = 0.0341 p?
@ ASEAE 33 (MPa)
(+H&F, 2
X2 31E RSN S e P e Mests Zgots | YWeH =% stE
) @ ® @ ® ® @ ®
M(kN-m) | 21.038 38.804 -36.591 -49.741 22.441 -27.390 3.619 126.256
2| Aod 2.02 3.72 -4.49 -6.10 2.15 0.95 -0.13 4.39
2| 5}od -2.39 -4.40 3.17 431 -2.54 0.80 -0.11 -3.70
NHASES 35t [t A U352 (MPa)
stz =gt fropt | Thoti
CASE1 O+@+3+® 341 | -6.16
CASE2 O+@+@+® 1.79 | -5.02
L) ALS5HES AEfollA el midol W7 = =t S
fops = DO+@+R+®+D+® = -2.31 (MPa)
foors = O+Q+B+®+D+® = -6.62 (MPa)
) EHR AEBMEZEAH A
AR (SWPC7TB 127 mm)
A, = 9871 mm’ N, = 12 EA d, = 0055 m
f; = 1425 MPa




L)AEME ZIFH Ity
- ZE|AER A 2AME VA loss = 143 %
- P = f,*A,%(1-loss/100) = 121 kN« 2AEH;H= 1Y
C)Zezzd 3
- e = 0015 m (BEHAHAZ)
Pog = -fhol(V/A ey Zy) = 1166 kN
- Neg = P /A, = 97 EBA < Nga = 12 (
3) ZE|AE A EAZAL
Af = SH+ES+CR+CRg
SH : Z3Z|EofdxaFof ot &4
ES : Etd=Fol ofet &4
CRc : E3F2|EQ| F2|=Zof ot &4
CRs : Z2|AEY ZA e 2l2tMolMdo o5 &4
N EIZE AxsHol os Al
RH = 70 %
SH = 119-105RH = 455 MPa
L) et =0 o5t &4
n = Ep/Eg = 7.27 (EFM A S=H])
M, = 2524 kN'm <« Zz|=Al0f 3% S5&A0| ot Hez Iy
fir = Pi/ApaneMp/Tpane) *(Yoor-dp)
= 7.06 MPa
ES = nf, = 51.35 MPa
C) 232 EQ| 2| =of ofet&4
Mype = 2325 kN'-m : HEHE MM 0™ 550 2| 5F thH
Mieo = -23.77 kN-m : HIEESHME = DX sE0| 2 5 ¢
fusne = -0.58 MPa fisco = 046 MPa
fas = fagne +  Tdsco = -0.12 MPa
CRe = 12%f,, - T*f = 83.89 MPa

=) Za| A A LAl YoMl ot &

CRgy = 35-0.1*ES-0.05*(SH+CR¢) = 23.39 MPa

O) REZAEYA
Af 204.14 MPa — Loss = 143 % (Z7|7F4% 143 %
fe £ - Af = 1221 MPa < f, = 1280 MPa (

)

0K

oK

)
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H SHEE
= 2a|=A|
f. = f,;*(1-0.03)-ES = 1331 MPa Hesy
P, = AN = 1576 kN f, =  0.00 MPa
M; = Pte, = 2430 kN-m £, = 21.60 MPa
o PY/Aane*M/Z = 38 MPa ( OK )
= 895 MPa ( OK )
2) HIEHE A S S (H| Bhad AEl)
® 23elE
f. = 1221 MPa
P. = AN = 1446 kN Hesx
M, = Pfe, = 2229 kN'm f, =  0.00 MPa
fopp = P/ApmetMyZyy, = 3.54 MPa f, = 1600 MPa
footp P/AyumerMy/Zoy = 821 MPa
fop = fopp T fiopi = 695 MPa ( OK )
for = Toorp + foors = 205 MPa ( OK )
@dEHZ
1) A R
S NEEE D, = 22 mm
e / et L, = 200 mm
S JANWAWAWAN r = 55 mm(-D4)
A= 052 [=(Un)*sqrt(f,/E)*(Lyr)]
f, = 400 MPa
L) SHAE
M = My + Mg + M, M, 45.69 kN-m
T = = -3389 kN
ftm = M*n/Z = 75.64 MPa
fir = T*0/Apm -9.32 MPa
f, = futfy = 66 MPa < f, = 180 MPa ( OK )
f./f, = 1.00 (L <0.2) f, = 331 MPa
f./f, = 1.109-0.545. = 0.83 (0.2<\A < 1.0) 195
fo/fy = 1.0/(0.773+1%) = 096 (1.0<k)
3) &st= A SHA|(BHAd AtEl) 51834
" fiop fiopp + Frops = 123 MPa ( OK )|f,= -3.16 MPa
footp + foots = 159 MPa ( OK )|f,= 1600 MPa




2) 2tx{st I E
LM, =

047 A,

ANB+SHTR I U LS B+ L SH+ZE = -13.67 kN'm

126.26 kN-m
1'3Md + 2.15 M(L+I) = 253.68 kN'm

OH[AE s 1-0.59%(p, ¥ /By + (d/d Y p*E/F00) )
+ Agefoda{ 1-0.59% (p*6, /. + (dy/d)*p,*Eo/ ) }]
58549 kN-m > 253.68 kN-m ( OXK )

4.4 HZ A psZA 2| H EhA M BHA)

1) Z/olf PSR 2

I =

2) 54 22
(an =
017| M,

Note: & EEHHO

(=0.90)

A, = 00012 n’ A, = 0.0013 p?

d, = 0265 m d = 0265 m

p, = 0.002 p = 0.002

f,o = 40 MPa

f, = 400 MPa (SD40)

f. = 1810 MPa

f. = 1900 MPa

Y, = 0280 (PSZAoll hE A=)

B = 0.766

fosr = £ [1-(vy/B) Py T/ fuH(A/d ) (pEy/£) )] = 1810 MPa

fso = (70L/D +2%f,/3) = 16412 MPa

Lx = 2830 mm

D = 12.7 mm

f. = 1221 MPa
p*h/fuc = 0.1011 < 0364, = 0.2758 ( OK )
585.49 kN-m > 1.2M, 366.18 kN-m ( OK )

My = (futfo)/Ze = 305.15 kN-m

f, = 3.98 MPa

foe = 643 MPa

Z, = 0.0341

LT (M7 2ol 2|5 St M EM,)2l 4/38ff 0| &2l A ?oll=

g ut=2Xx| gotk et (oM,/M, = 2.308

> 13333)

18 / 30
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1) SHHE A (K™ 7 £HH)
Yop = 0125 m Lt = 0.0031 Zop = 00251
Yoot = -0.130 m Apanel 0.4644  m? Zw = -0.0242
Y, = 0212 m n = 7.00 Z = 00148 1’
2) S
© chH=
M = My + My, + min(M,,;,M,,,) -71.944  kN-m
@ SHdE
232 E 58S
fiop 287 MPa > fj, -3.16 MPa ( OK ) f, = -3.16 MPa
foo = 297 MPa < f, = 1600 MPa ( OK ) f, = 16.00 MPa
L) dEEE (1 EF, - 20D
f, = Tca/Asiop -1751 MPa > f, = -180 MPa ( OK )
o714, Tea -338.9 kN CUHEE I X[™olM ERfA AEHE 2o W shs ol T
Asp = 0.0019 1m? EBA AMREHI0 & Cio A
46 EZHoISF de SHHE
1) SHHE M (XA F EHH)
t = 0.030 m I = 2.250E-06 m* zZ = 1.500E-04 m}
2) 44354
@© chHe
M = yHd-0*L,, /2 = 04669 kN-m dpx= 0445 m L= 0300 m
@ SHEE
fop = -311 MPa < f, = -316 MPa ( OK )
Note: YEX|7|F ZIAZEE sHHo| A|lSE d2oll= HEF migatedof v|uX 2 AFSHO|
aet sl F2tol F2E232(El @2 #otsloy 22| EE 2352 LI AlSE
> 1x 2HE|E x|7|A2] 0|
d = 0255 m M = 0.2531 kKN'm
fop = -169 MPa < f, = -316 MPa ( OK )



b .
A A
z M) PRI
[\ JA\ ﬂ“l ;;dl
51 MEHE = e
) AA=A (N)
- AEEZA)S 7 H19@ 120 — Ay = 286.6 mm* x 18 =
foo = 40 MPa b = 2000 m d = 038 m A, =
f, = 400 MPa h = 0445 m d, = 0342 m Ay, =
d = 0373 m A, = 00071 m
d = 085 B = 0.766
HMAEZHEM,) - (& 2m B
Mg = -88901 kNm :ZXN35}E50 ost&E2HE
Mpy = -213.012 kN'm : &5t50| e|stE2HE
M, = -54833 kN'm :&=550l 2stEZHE
M, = -3.086 kN'm :ZstSof 2ot E2HE
T8 st==8t . M, = -573.548 kN'm
CASE1 1.3Mg+2.15M; -573.548
CASE2 1.3M+1.3M . +1.3M,, -463.771
CASE3 1.3M+1.3M_,+0.65M,, -394.493
3) St g2 H E(pM,)
a = ASAKN0.85F,b) = 0.0417 m
dMn = ¢-Af(d-2/2) = 85002 kNm = M, = 573548 kN'm (
HAISEHIZHHEE
O FHLHEIZHEE
Asmin = (0.25Vfy /f,)bd = 0.0030 m*> < 0.0071 n’ ( OK )
Agmin = (L4/£)bd = 0.0026 m* < 0.0071 p? ( OK )
Agmin = 0.002-bd = 0.0015 m? < 0.0071 1y’ ( OK )
@ HEIHAE
p = AJ(bd) = 0.010 < Pmax = Agma/(bd) = 0029 ( OK )
¢ = 600d/(600+fy) = 0.2240 m a =PBc = 01716 m
C, = 0.85f,ab = 11666 kN A = 0.75T(=Cy)/f, = 0.0219 n?

0.0052
0.0052
0.0019

oK
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SHYAENE HE
C

[=]
@ CHetetH™

M MipartMpay tMying Mg -228.8 kN'm (2HSHZ)
= 2521 kNm (BEE0H%)
@ HIZSHEmw
ST 220 D(E A MTZ 2 FA|)
p = Ag/bd) = 0.0067 n = 7.0001
k = -nptsqrt((np)*2+2np) = 0.263
i = 1k3 = 0912
fimax = Mupad/(pbjd;*2) = 139 MPa < 06f, = 240 MPa ( OK )
@ TDUEHE
NS ERLEE
. = 0.005t, = 0.253 mm (t = 505 ) :YutstA
L) Eligdg =
W = L08R (deA)Px10° = 0189 mm < w, = 0253 mm ( OK )
R = 1/(1k) = 1.3567
d. = 60.0 mm
A = 2bd/N, = 13333 mm’
@ I=ZoHstdE
fimx = 118 MPa < 150 MPa — I|2E 12{5|X| 2olT =
52 52k ehe chedm-n

c2d® AY5tSn stEol of o ttHEo| oM A E(ES A &REZ2 FA)

1) AA=A

faa = 40 MPa b = 2000 m d, = 0260 m A, = 0.0052 2
f, = 400 MPa h = 0320 m d = 0217 m Ay = 0.0000 p?
SMRHEIANSI I 0 H19@ 120 - Ag= 2866 mm® x 18 = 0.0052 m’
d = 0260 m A, = 0.0052 (N,)
b = 085 B, = 0.766
HAEHAEZHEM,) - (B 2 m B
My = -3038 kN'm : @S=of /st g2 E
My, = -482  kNm :ZZof o|stEZHE
Miy = -1263 kNm #5150 st g2 HE
M, = 13Mg2.15M; - 31721 kNm
3) FEXEZH E(M,)
a = AAN085fyb) = 00303 m

dMn = A, (d-a2) = 429 KkNm = M, = 317 kNm ( OK )
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o dE
Asmin = (0.25f, /f,)bd = 0.0021 m® < 0.0052 1’ ( OK )
Agmin = (L4/£)bd = 0.0018 m? < 0.0052 p? ( OK )
Agmin = 0.002-bd = 0.0010 m?> < 0.0052 1’ ( OK )
@ HIUHZAE
p = AJ(bd) = 0.0099 < Pmax = Agma/(bd) = 00293 ( OK )
¢ = 600d/(600+fy) = 0.156 m a = P = 0.1195 m
C, = 0.85f,ab = 8125.7 kN Agmx = 0.75T(=Cy)/f, = 0.0152 p?
SHAMELNHAE
@ CHatchodad
Muax = Mgt Mpo M = -161.5 kN'm

S <P
= A/(bd) = 0.0099 n = 7.0001
= -nptsqrt((np)2+2np) = 0.310
i = 1kA3 = 0.897
fimax = Mpad/(pbjd;*2) = 13423 MPa < 0.6f, = 24000 MPa ( OK )
® DHEEUE
DEESEE
w, = 0.005t, = 0253 mm (t = 505 ) :ddistA
L) Z iR E =
W = L08R n(deA)Px10° = 0195 mm < w, = 0253 mm ( OK )
R = 1/(1k) = 1.4485
d. = 060.0 mm
A = 2bd/N, = 13333 mm?

@ HZostHE
ff, = 105 MPa < 150 MPa — I|2Z 12{5}X| Lot =



Ls
H AL E L
" | HEIA2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, /;-ﬂ\’””’l” > - - - - [ = -
// \A// NANWANRRSE
. Ci
! ! | d
5&/ VAL VARV el N
= A\ = 2\ = = 4
o | |
i A ' ; |
‘ ot A2 by steEa
HDAMZEAM
D A, r £, f, fou E r: S ™Mets
(mm) (mmz) (mm) | (MPa) | (MPa) | (MPa)| (MPa)
7.0 |38.485| 1.75 | 150 [ 300 K0ooO|A 200000
2) Ml
d LS bt Cy 91 62 LV bl Ld
T2
(mm) [ (mm) | (m) | (mm) [ (°) (®) | (mm) | (mm) | (mm)
7H El 24| b 135.0 100 53.47 | 69.68 | 108 64 113
— 200 87
W = 162.0 120 58.31 | 69.68 | 102 64 107
3) 5| Bx=23H
@R HEF
A = (Un)*sqri(f/B)*(Lyr) = 0.796 = 0.755
f./f, = 1.00 = 1.000 (1L<0.2) = 1.000
f./f, = 1.109-0.545) = 0.675 (02<A<1.0) = 0.697
fu/fy = 1.0/(0.773+\%) = 0711 (1.0<A) = 0.744
f, = 203 MPa () 209 MPa (WHZ
62 SHo| st ot NH HE
H|gtAM AEfoll M L SH= =[O F2{of s HAEg
) HER R
of upper flange of girder

AN ANTAWAWAWAWAY

1
| \NTAWAWAWAWVAWAWAWA

1

UH=IHE SER/X
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T, T M
i g " — T=C=-r M = -71.85 kN'm
Mlél AN )M AT =T-T, M, = -61.10 kN'm
e — AT
Cy ;_ i C 4 2 cos 0 d = 0212 m
d = 0207 m
T = 339 kN T, = 296 kN — AT = 43 kN
C Ty = 36 kN (0, = 5347 °
f;, = TJ(N*A,*sind,) = 99 MPa < f, = 150 MPa ( OK )
(N, : s Sfaff ofl v x| =l S 2H 2| A
L) LSy
© =85 Ay
-HE Y 2R E M= ol & o5t £
T -— T,
T, =V
Ty /\ A /;jn d e sin 04
. 0,7\ _
. Ea—"V \/ \/ \/ A Vc:m
H M c za
fv" a(=nxs) J
T T
Vﬂ Vn-l
Vs v
M Vn:Vc V1=Vc/n
S S S S S
< S
M, =) ixV,xs 7+(i—1)sj
T = 339 kN d = 0155 m n = 7.00 Z, = 0.0042 p’
de = 0.147 m s = 020 m
T, = T*Agep* VAwn = 18.02 kN N = 14 EA a = 280 m
T.) = T-T, = 320.49 kN V. = 843 kN V, = 060 kN
My = T*d, = 4971 kKN'-m
M = Mp*w/zg = 8229 MPa
" = V% A, = 159.28 kN
T, = 1,/+TM = 177.30 kN
M, = MqTx*d = 2228 kN'm M = 2319 kKN'm
Ta' = Vi/sing = 991 kN
- Emdol 7l K| = S22 Qe M7= 53
W= WytWetwy = 19.00 kN/m Ry = 5197 kN (X&)
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M = Ry*s-w*s"2/2 = 10.01 kN-m
£t = M*n/z = 16.58 MPa
T = £V A, = 32.08 kN
Ta® = TM/(2*cosd,) = 30.54 kN (6, = 5831 °
@ SHAE
Tew = Ty + Tof = 4045 kN (0, = 69.68 ©)
f; = Ta/(N*A,*sing,) = 112 MPa < f, = 150 MPa ( OK )
(N ool s x| = SRH 22| %)
6.3 SN F g dFA Ho Mo =HH ol st HE
oot HEX7| 232 E AU M Mo e A Ee
1) 3HEAHY (be = 170 m Z|& )
) DY stEol o sF M
x251E | HE WS P, = 805 kN by = 2134 m
H} S 13.69 - Wpar, = 1175 kN/m? by, = 2735 m
= Z 4.26 546  [(2H2kN)
L) &stEof o ek M
@ HE2AH 72
SV = bePyiay/E = 8137 kN Pay = 1248 kN E, = 26072 m
@ s 72t
Vi = beMeay/(Ly2-0.9) = 5848 kN Mrgy = 63128 kNm Ly = 547 m
2) A CHH A A
@ PeaH 72+
T & A y Ay A(Y-Yee) I n = 1.00
agid  |0.434 |0.128 [ 0.0553 0.0039 | 0.0023 hy = 0255 m
s&x|7] [ 0323 [0.350 [ 0.1131 0.0053 0.0010 h, = 0.190 m
b 0.757 0.1683 0.0092 | 0.0033
Yo = ZAy/EA = 0223 m dy, = 0.095 m Q = A*d, = 00412
Lom = ZA(y-ye)+Zl = 0012 '
@ s 2t
T = A y Ay A-(y—ycg)2 I n = 1.00
ol 0221 |0.065 | 0.0144 [ 0.0020 | 0.0003 hy = 0.130 m
sA&x|7] [ 0323 [0225 | 00727 | 0.0014 | 0.0010 h, = 0190 m
) 0.544 0.0870 | 0.0034 | 0.0013
Yo = ZAy/EA = 0.160 m dy, = 0.095 m Q = A, = 0021 m’
Lom = ZA(y-ye)+Zl = 0.005 m
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V. = 13Vp2.15V,, = 198 kN (ZHEa|e{727H
= 133 KN (=37
Vi = V-Qs/l, = 131 KN (=32 < ¢V, = 174 kN ( OK )
= 120 kKN (L =77H = 167 KN ( OK )
GVy = OAf(usind+cosh)) = 174 kN
= 167 kN
047|M, Ay = 0.0008 m*> (s Ato|oil Hi x| El & {E|AZ 2| HE 20EA)
p = 0.6 (LdFH AHEH SHX| Z2 2232 Eo MZ2Z Z32|E)
f, = 300 MPa
0, = 5347 ° (HEAHTZH
= 5831 ° (WEFZH
b = 07
7. U O[SF HA
A= IYstEnt gotsol o o st tishAM A E(EH HREEIZ2 FA)
7.1 SHHAA
1) A=A
best
G by = 040 m
h = 032 m
d = 026 m
h c = 0.056 m
A, = 0.0009 m?
(H 19 x 3 EA)
fa = 40 MPa f, = 400 MPa b = 085 Bp = 0.766
D)MAERZHEM,) - (F 040 m G
My, = -548 kN'm :2sHo| oot HZHE
My = 0.72 kN'm :=ZZtof elst & 2HE
My = 25.25 kN'm 25t=0 st E B E
M, = 13M2.15M = 4811 KkNm



3) 2 A SR E(GM,)

a = A£N0.85f,b) = 0.0253 m
dMn = d-Aqf,(d-al2) = 7350 kNm = M, = 4811 KkNm ( OK
HASEHZFEE
O HLHIHHEE
Asmin = (025 fy /f,)bd = 0.0004 m*> < 0.0009 m? ( OK )
Amin = (L4/f)bd = 0.0004 m*> < 0.0009 m? ( OK )
Agmin = 0.002:bd = 0.0002 m*> < 0.0009 m? ( OK )
@ HEIUHZAE
p = AJ(bd) = 0.0081 < Pmx = Agmad(bd) = 00293 ( OK )
¢ = 600d/(600+fy) = 0.1584 m a =pPpc = 01213 m
C, = 0.85fab = 1650.1 kN Agmae = 0.75T(=Cp)/f, = 0.0031
SYMSHEHE
@ cHatchee
Mpsw = MygrtMp M = 20.50 kN'm
@ EZSH(mw
B 2 2ekg 12
p = AJ(bd) = 0.0081 n = 7.00
= -nptsqrt((np)2+2np) = 0.285
i = 1k3 = 0.905
fimax = Miad/(pbjd*2) = 100 MPa < 06f, = 240 MPa ( OK
® OHEZHE
1) HEDLE
w, = 0.005t, = 0233 mm (t = 465 ) .ddtsrA
L) ZH R E =
W = LOSRfn(deA)Px10° = 0142 mm < 0w, = 0233 mm ( OK
R = 1/(1k) = 1.3995
d. = 560 mm
A = 2bd/N, = 14933 mmd
@ I ZOo| st E
ff, = 123 MPa < 150 MPa — I2Z D2{5}X| Lolx =
o) HHEIZ A (HmP IIF)
HRE S = 120/sqrt(L) = 51308 % < 67 % — 51308 % X
Hi 24 & 2 2HA,) cH 16 @ 200 — Ag= 1986 mm* x 6 = 0.0012

ASlused = 0.0012 1’1’12 > Aslreq' = 0.0011 m2 ( 0K )

27 / 30
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r+d,

[¢]

60mm

=

4d, =

:180° 2412 M &

S E
~ %0 ! N
= 2 D Elz|E|
oln e oF T~ A
T3 < [\ ra
:__. il Ed 0 2 i
ol i i) B K
L
= (._\ U ol m, e i
T = L o
= @ :
. 20 o — !
s h u S - —_
A = < NI E 2
¥ =) h o £|2|8 n
< e s S|7|” Ho
m @_ M [\ |
ﬂ\_ o—. _|_.m_._._ mM
5 R0 piy -1 —
L~ ﬂ_u__._ g o <k
al a i} —_ -
T fu] ° = ™ _:_n_ |J._| = __Io_=
a | A of ™ KBl ol
* - g 3 Rz = <
iy Nz of =
Ki = S = 4 o
I . - - a gL (0=! nJ
W 2 & 2 4 < Rl
g un ~ =]
100 N ’l o7 K s |s 100
- _AT_ ol 70 l__.
70 KH or Mooy, H 20
2 ko N a4 K 5 — 0
<15 — T o i 5 M= o -
i [ ) 2 P MY =
El g U S o XOEla|g| o
© g o = o K 2la]a =
— —_ _._._ -
£ ' - = W__ TH de o T .J._ N o
E a 8 T - gy RU oln
S o __MH 2 S o w oz =
weo§ e g < IR i Ele|le|
B > 1 £ - = 7 AT Rl
a ! r | oy _||__.._ w9 il =
0= — e N0 Ka0 g b
k ~ °Z U T I
N_._ I - _w/_ﬁ % = W ‘" o oEoE m o | ok il
= o T = o W w < a o [NM|E <0
AT T LTI L [RE|
1 = = HRWE T rjo) <
1 1 1 1 ﬂD - ™
© @ e

OK

(

135 mm

< lgy/2-15

50 mm — c+r+db 131 mm

65 mm

C



of upper flange

18 110

3 :: (B IIIII
x| otut
(t=6)
M 60J_ (0[-30) J 420
90 150
150 Pj 570
745

1) EAEH A

D = 32 mm &) d; = 0147 m

L = 775mm (S&5Zo0)) N = 3 EA

r = 8mm  (=D/4) Ag = 0.0108 2

A= 138 [=(1/m)*sqrt(f,/E)*(L/n)] Ag = 0.0024 2

f, = 360 MPa f. = 160 MPa
2) ZE s

M = My = -28.88 kN'm

c = M/d, = 197 kN

f, = C/A, = 8 MPa < f, = 135 MPa ( OK

f./f, = 1.00 (L<0.2) f, = 135 MPa

f./f, = 1.109-0545% = 036 (0.2<r<1.0)

fo/fy = 1.0/(0.773+3%) = 037 (1.0<})
JHZTIAEXYSHAE

f, = ClA, = 1821 MPa < f, = 2000 MPa ( OK

(fba = OSfck)

)

)
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R

h, = 0.140 m B
d = 0342 m Ac,
d3 = dz-hz/z = 0.272 m

) Z3elExgsa HE

M = Mdl = -71944 kNm
C = M, = 264 KN
£ = C/A, = 0945 MPa < fy

2.000 m
0.280 m?

1000 MPa ( OK )

(fa = 0.25F,, sqrt(AJ/A) < 0.5f,)

A XXt 232EL MHA

AT
L

)= E ESHEE

n = 7 A, = 00019

p = AJ(bd,) = 0.0028

k = -nptsqrt((np)2+2np) = 0.180

kdy = 0062 m < h, = 0140 m A8 B A4 0K
= 1-k/3 = 0.940

£, = 2M/(kjbd,"2) - 1816 MPa < 04f, = 16 MPa ( OK
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Description

Title of Invention: WEB MEMBER OF COMPOSITE TRUSS

GIRDER AND NODE CONNECTING STRUCTURE OF

COMPOSITE TRUSS GIRDER USING THE SAME
Technical Field

The present invention relates to a web member of a composite truss girder that uses a
steel tube for structural purposes as the web member and a node connecting structure
of a composite truss girder using the same, which allows an outer diameter of the steel
tube used as the web member to be kept as a single value over the entire span of a
target bridge.

Background Art

Cross-Reference to Related Application

This application claims priority to Korean Patent Application No. 10-2009-0034087
filed in Republic of Korea on April 20, 2009, the entire contents of which are in-
corporated herein by reference.

A web member of a composite truss girder plays a structural role of converting a
vertical force in a gravity direction, generated by a weight of the girder itself, an
overburden load and a travelling load such as a vehicle load, into an axial force in a
node region and transferring it to a bridge bearing.

The magnitude of an axial force generated at the web member by a travelling load is
constant over the entire span of a bridge, but the magnitude of an axial force generated
at the web member by a weight of the girder itself and an overburden load of kerbs and
pavement is increased as the distance between the web member and the bridge bearing
is shorter.

In these reasons, dimensions (e.g., outer diameter and thickness) of the steel tube
serving as the web member of a composite truss girder are generally set into three to
five different types over the entire span of the bridge when a bridge is designed and
constructed.

Chords (upper and lower chords) used in a composite truss girder are coupled with
the web member through a node. In a composite truss girder in which the chords are
entirely made of concrete and only the web member is made of steel, a node structure
with rigid connection in which a web member is directly buried in the chord is usually
used.

In the node structure in which the web member and chords are treated with rigid
connection, a bending moment generated at the chord is partially transferred to the web

member. Here, the magnitude of the bending moment transferred to the web member is
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increased as a diameter of the steel tube used as the web member is greater.
At this time, the steel tube should be designed to resist the axial force and the

bending moment at the same time. Here, as the diameter of the steel tube is greater, the
stress caused by the bending moment is increased, so it is required to use a steel tube

with a greater diameter.
Disclosure of Invention

Technical Problem

A ready-made steel tube mass-produced using a rolled coil in a factory is usually
used for a web member of a composite truss girder. However, on occasions, a manu-
factured steel tube made by directly rolling a steel plate for structural purposes may be
used.

The manufactured steel tube is advantageous in that a designer may select strength,
thickness and diameter of a steel plate as desires, but the manufactured steel tube is
much more expensive than the ready-made steel tube, and also the manufactured steel
tube does not ensure uniform quality.

The ready-made steel tube is cheaper than the manufactured steel tube, but its di-
mensions (strength, diameter and thickness) are already set, so a designer has a
limitation in selecting the dimension of a steel tube. Also, in order to optimize an
amount of steels used for the web member and the connecting structure, the entire span
of a subject bridge should be divided into three to five regions, and steel tubes with
different dimensions should be used for each region.

If the dimension of a steel tube used for the web member is changed over the entire
span of a subject bridge, a connecting structure at a truss node region where the web
member encounters the chord should be changed accordingly. Thus, as the number of
kinds of steel tubes is increased, the costs required for making and assembling the web
member and the connecting structure are increased.

In addition, a diameter of a steel tube located at the center of the span is significantly
different from a diameter of a steel tube located near the bridge bearing in case they are
designed suitably for a section force applied to each steel tube, which deteriorates an
appearance. If the difference in diameter of the steel tubes is decreased to improve the
appearance, an amount of used steel tubes is greater than an amount actually demanded
in consideration of stress, which deteriorates economics.

Meanwhile, in a conventional composite truss girder, it was designed to resist a
section force (namely, the axial force and the moment) applied to the web member
only by the steel tubes, so there was a structural limit in that the diameter of the steel
tube is increased as the section force applied to the steel tube is greater.

If the diameter of the steel tube used for the web member is increased, a size of the
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node where the web member encounters the chord should be increased accordingly.
Howeyver, if the size of the node is increased, a volume of concrete used as the chord is
also increased, and a size of the connecting structure made of steel for connecting the
web members with each other at the node region is also increased, so a amount of

consumed steel is increased, which deteriorate the economics.
In this reason, the web member used in a composite truss girder is generally designed

to have a diameter of 500 mm or less. In some cases, an external unbonded tendon
causing an upward force is used together so as to decrease the diameter of the web
member. However, if the span length exceeds 110 meters, the demanded length of steel
tubes based on structural calculation is greatly increased, which can be hardly applied
to a composite truss girder.

Solution to Problem

The present invention is directed to developing a web member structure in which
manufactured steel tubes with only one dimension are used for web members of a
composite truss girder over the entire span of a subject bridge and also an amount of
steel consumed for the web members may be optimized to a demanded value based on
structural calculation, thereby saving costs for making the web members and the
connecting structure and also reducing processes and costs used for purchasing steel
tubes.

The present invention is also directed to developing a web member structure in
which a diameter of steel tubes used for the web member is limited within 500 mm
though a span length of the composite truss girder exceeds 110 meters, and which may
resist an axial force and a moment applied to the web member, thereby allowing to
expand an available span length of the composite truss girder even to 200 meters.

In one aspect of the present invention, there is provided a web member of a
composite truss girder, in which an additional structural steel is disposed in a steel tube
and then the additional structural steel and the steel tube are structurally integrated at
an end of the web member such that the steel tube and the structural steel disposed in
the steel tube may share the section force applied to the web member with magnitudes
intended by a designer.

In other words, a designer may control the magnitude of a section force resisted by
the steel tube over the entire span of a subject composite truss girder, so steel tubes of
the same dimension may be used for the entire bridge. In addition, the other section
force exceeding a resisting ability of the steel tube may be resisted by the structural
steel disposed in the steel tube.

The change of a section force according to the location of the web member may be

coped with by adjusting dimensions of the structural steel disposed in the steel tube.
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Meanwhile, the section force applied to each web member is divided to the steel tube
and the inner steel member with given magnitudes through the end connecting plate
installed at an end of the web member. However, when a compression force is applied
to the web member, the steel disposed in the steel tube shows a structural behavior
vulnerable to buckling. To reinforce it, the steel tube is filled with concrete such that

the steel tube and the inner steel member behavior integrally.
In case a tensional force is applied to the web member, the steel tube and the inner

steel member do not cause buckling, but the steel tube is filled with concrete so as to
improve a resistance of the steel tube against a bending moment transferred to the web

member by burying the steel tube in the chord.
Advantageous Effects of Invention

If the web member and the node connecting structure according to the present
invention are applied to a composite truss girder, it is possible to use manufactured
steel tubes of only one dimension as web members over the entire span of a subject
bridge. Thus, the following effects are expected: firstly saving a cost for purchasing the
steel tubes, secondly greatly reducing costs required for making the node connecting
structure by simplifying the node connecting structure, and thirdly improving an ap-
pearance of a bridge by exposing steel tubes with a regular size.

In addition, since the change of a section force according to the location of the web
member may be coped with by adjusting dimensions of the structural steel disposed in
the steel tube, it is easy to control stresses applied to each web member over the entire
bridge in a substantially equivalent level, so an amount of consumed steel may be
greatly reduced rather than the cases of conventional composite truss girders using
only steel tubes as web members.

Brief Description of Drawings

Other objects and aspects of the present invention will become apparent from the
following description of embodiments with reference to the accompanying drawing in
which:

Fig. 1 is sectional view showing a web member of a composite truss girder according
to the present invention;

Fig. 2 is a perspective view showing a node of a composite truss girder according to
the present invention;

Fig. 3 is a diagram illustrating the flow of force at a node connecting structure
according to the present invention;

Fig. 4 is a diagram showing an additional moment generated due to the discord of
axial lines of the web members at the node;

Figs. 5a to 5c illustrate the sequence of making the web member according to the
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present invention; and
Figs. 6a to 6¢ show examples of constructing a composite truss girder using the web

members according to the present invention.

<Brief Description of Reference Numeral in Drawings>

10: web member 11: external steel tube

12: inner steel member 13: end connecting plate

14: side connecting plate 15: hole

16: lower chord 20: upper chord
Best Mode for Carrying out the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. Prior to the description, it should
be understood that the terms used in the specification and the appended claims should
not be construed as limited to general and dictionary meanings, but interpreted based
on the meanings and concepts corresponding to technical aspects of the present
invention on the basis of the principle that the inventor is allowed to define terms ap-
propriately for the best explanation. Therefore, the description proposed herein is just a
preferable example for the purpose of illustrations only, not intended to limit the scope
of the invention, so it should be understood that other equivalents and modifications
could be made thereto without departing from the spirit and scope of the invention.

Fig. 1 is a sectional view showing a web member according to the present invention.
The web member 10 according to the present invention includes an external steel tube
11, an inner steel member 12 and an end connecting plate 13.

As shown in Fig. 1, the web member 10 according to the present invention is
configured to distribute an axial force transferred through the end connecting plate 13
respectively to the external steel tube 11 and the inner steel member 12. By using this
configuration, the external steel tube 11 may cope with the change of a section force
applied to the web member 10 at each location while keeping the dimensions of the
external steel tube 11 constantly by changing only size and thickness of the inner steel
member 12 buried in the steel tube.

Also, seeing a sectional shape, the end connecting plate 13 is partially inserted into
the external steel tube 11, so there is no need of forming slots at both ends of the
external steel tube 11 for the attachment of the end connecting plate 13. In this reason,
a manufacture cost of the external steel tube 11 may be reduced.

Fig. 2 is a perspective view showing a detailed structure of a node that connects the
web members 10 according to the present invention with each other. Seeing the
detailed structure of the node according to the present invention, a side connecting

plate 14 with a predetermined thickness is welded to both sides of the upper or lower
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end connecting plate 13 of web members 10 adjacent to each other, and a plurality of
holes 15 with a predetermined size are formed in front and rear portions of the side
connecting plate 14.

Fig. 3 is a diagram showing the process of transferring a force at the node, generated
when the detailed structure of the node according to the present invention is applied.
Seeing both web members 10 coupled by the side connecting plate 14, a compression
force C is applied to one web member and a tensional force T is applied to the other
web member in the structural aspect. Hereinafter, in the following explanation, it is
assumed that a compression force C is applied to the right web member for the con-
venience.

An axial force C1 applied to the external steel tube 11 and an axial force C2 applied
to the inner steel member 12 of the web member, which receives a compression force,
are combined together into one force (C=C1+C2). The force C applied to the end
connecting plate 13 is transferred again to the side connecting plate 14 through the
welding surface.

The force C transferred to the side connecting plate 14 is divided into a horizontal
force Ch and a vertical force Cv, respectively. The horizontal force Ch is transferred to
the concrete chords 16, 20 through a bearing pressure of the concrete located at the
front of the end connecting plate 13.

Meanwhile, the vertical force Cv is combined with a part of a shear force transferred
through the concrete chords 16, 20 (Tv=Cv+V) and then transferred again to the end
connecting plate 13 installed at the left web member 10 through the side connecting
plate 14. In this process, a tensional force is generated at the left end connecting plate
13 in an inclined direction of the web member, and a horizontal force Th is generated
at the side connecting plate 14.

The horizontal force Th is transferred to the concrete chords 16, 20 through a bearing
force (R=Th+Ch) of the concrete located at the front of the end connecting plate 13,
and the tensional force T transferred to the left end connecting plate 13 is divided into
a force applied to the external steel tube 11 of the left web member and a force applied
to the inner steel member 12, respectively.

As understood from the above explanation, in the detailed structure of the node
according to the present invention, the side connecting plate made of steel resists the
vertical force causing a harmful behavior toward the concrete chords, and the bearing
force of the concrete located at the front of the end connecting plate resists the
horizontal force of the node. In this way, the safety of the concrete chords located at
the node region is greatly improved rather than existing node structures.

Meanwhile, it is most advantageous in aspect of the structural behavior that axial

lines of the web members located at both sides of the node encounter the axial line of
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the chord at one point. However, in actual structures, three axial lines are frequently
not encountered at one point due to diameter and angle of the external steel tube used
for the web member or a sectional shape of the chord.

As shown in Fig. 4, if the axial lines of the above three members do not encounter at
one point, an eccentricity e is generated. As a result, an additional bending moment M
is generated at the node region due to the vertical force applied to both web members.

A plurality of holes 15 with a predetermined size are formed at the front and rear
portions of the side connecting plate 14 such that the side connecting plate 14 and the
concrete chords 16, 20 surrounding the side connecting plate 14 may integrally make a
rotational strain with respect to the bending moment M. At this time, the size and
number of prepared holes are determined to make a resistance against a coupling force
R caused by the bending moment M.

Figs. 5a to 5c illustrate the sequence of making the web member according to the
present invention.

First, the external steel tube 11, the inner steel member 12 and the end connecting
plate 13 are prepared with suitable shapes. After that, the external steel tube 11 and the
end connecting plate 13 are welded with each other as indicated by the reference
numeral 18, and then the inner steel member 12 and the end connecting plate 13,
inserted into the external steel tube 11, are welded with each other as indicated by the
reference numeral 19.

Figs. 6a to 6¢ illustrate examples of constructing a composite truss girder using the
web members according to the present invention.

First, a web member 10 prepared in a factory are carried to a bridge construction
spot, and then the side connecting plate 14 is welded to the end connecting plate 13 of
the web member, thereby forming a truss web framework.

And then, a lower concrete chord 16 is constructed, and then the lower chord 16 is
integrated with the truss web framework.

After that, each web member 10 is filled with concrete, and then an upper concrete
chord 20 is constructed to completely make a composite truss girder.

The web member of a composite truss girder, the node connecting structure and the
method for constructing a composite truss girder according to the present invention
have been described in detail. However, it should be understood that the detailed de-
scription and specific examples, while indicating preferred embodiments of the
invention, are given by way of illustration only, since various changes and modi-
fications within the spirit and scope of the invention will become apparent to those
skilled in the art from this detailed description.



[Claim 1]

[Claim 2]

[Claim 3]

Claims

A web member of a composite truss girder, comprising:

a steel tube;

an end connecting plate welded to an end of the steel tube; and

an inner steel member inserted into the steel tube along a length
direction of the steel tube and having an end welded to the end
connecting plate,

wherein the steel tube and the inner steel member resist together an
external force applied thereto.

The web member of a composite truss girder according to claim 1,
wherein the steel tube is filled with concrete such that the steel tube and
the inner steel member give a structural behavior together to integrally
resist buckling and bending.

A node connecting structure of a composite truss girder, comprising:
a steel tube;

an end connecting plate welded to an end of the steel tube;

an inner steel member inserted into the steel tube along a length
direction of the steel tube and having an end welded to the end
connecting plate; and

a side connecting plate welded to both sides of the end connecting
plate,

wherein the steel tube and the inner steel member resist together an
external force applied thereto, and

wherein the end connecting plate and the side connecting plate are

buried in a concrete chord to form a rigid node.



Abstract

A web member of a composite truss girder includes a steel tube, and an additional structural
steel is disposed in the steel tube. The steel tube and the structural steel are structurally integrated
at an end of the web member to share a sectional force applied to the web member with
magnitudes intended by a designer. The steel tube is filled with concrete to improve a resistance
of the web member against an axial force and a moment applied to the web member. As a result,
manufactured steel tubes with one dimension may be used as web members of the entire bridge,
thereby saving a cost for purchasing the steel tubes, reducing a manufacture cost by simplifying
the node connecting structure and improving an appearance by using the steel tubes of regular

size.
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[Fig. 1]
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[Fig. 5]
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[Fig. 6]
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