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A Study on Structural Characteristics of New Continuous Arch Bridges
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Abstract

Three new types of continuous arch bridges, the continuous steel arch bridge, the bridge with S-shaped arch
ribs, and that with double arch ribs are proposed. First, the member cross sections are determined by the
allowable stress method, and then the structural characteristics are studied considering dead and design live loads.
The S-shaped arch bridge has a larger vertical displacement than the other bridges. The vertical displacement and
bending moment of the arch ribs and the girder of the double arch bridge are smaller than the others. Next, elastic

plastic large deformation analysis is conducted, showing that the lateral buckling is critical in all the models. The

initial imperfection is considered by inclining the arch planes. The non-linear analysis shows that the proposed

bridges have ample safety factors for the design loads.

Keywords: Continuous Arch Bridges, S-shaped Arch Bridges, Double Arch Bridges, Global Buckling
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Table.1 Example bridge and analytical model

Lower girder arch : S-shaped arch : Double arch :
Tenmagawa bridge Sheikh Rashid bin Saeed Crossing * Minamikawachi bridge ”
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Photographed by Masaaki Tsuji
Model A : Lower girder arch Model B : S-shaped arch Model C : Double arch
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Fig.1 Side view of the three bridges (unit: mm)
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Fig.2 Cross section of Model A and Model B (unit : mm)
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Fig.3 Dead and live load cases
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Fig.6 Axial force of arch rib (D+L1)
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Fig.8 Displacement of girder (L1)
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Fig.11 Axial force of arch rib (D+L2)
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Fig.20 Side and top view of final deformation of Model C, 2.40 (D+L1)
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Fig.22 Lateral displacement of Model B

Fig.25 Side and top view of final deformation of Model B, 2.54 (D+L2)
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Fig.26 Side and top view of final deformation of Model C, 2.44 (D+L2)
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Table.2  Initial imperfection of arch rib

Initial imperfection of arch rib

Casel : H/500

Case2 : H/1,000

Case3 : H/2,000

H : Height of arch rise
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Fig.28 Lateral displacement of Model B
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Fig.27 Lateral displacement of Model A
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Fig.29 Lateral displacement of Model C

Table.3 Steel weight of three bridges

Bridge type Model A Model B Model C
Steel type Girder | Archrib | Others | Girder | Archrib | Others | Girder | Archrib | Others
Steel weight 2,402 2,589 3,543 2,402 2,589 3,543 1,762 3,798 6,302
(kN) 0.202) | (0.218) | (0.299) | (0.202) | (0.218) | (0.299) | (0.149) | (0.320) | (0.531)
Total (kN) 8,534 (0.719) 8,534 (0.719) 11,862 (1.000)

Notel : Value in () is the ratio, when the steel weight of Model C is set at 1.0.
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®3-15 7—F' JOMEE s BERIBOE R

FP. £33 LY. BREKROEAEEE— ML, AKFEHRERNEF T2 >TF 2 RHES N, £
ok, BTOr—2T, HIKRPOKELLDHBHR 1L IRE— R, KEZDOHIFR 2 IRE— R, $hiE-
DREFR 2 IRE— FB L OB T D ARTR 3 KE— RThoto, 7—F U 7 ORHERIMEDS K X < 72513
EL BEAREBESEMT 5 Z Enbnd,

IHIT, M3-15a) &0, KEFROEAEREEIL, 0.5~1.8Hz OFHICH Y, 7—F U 7 OWrmfEIC
i CTIRITEMATIEMT 5 2 &, o, WMOEEWIERE— RIZEREVWZ LD D5, I
X, BRINDOTA RTA 2 TRENTWS, AKFEHEOEREICE T, HIEOMGRHME D E O IRE R O #iPH
(0.5~1.1Hz) YZPFL TV D, KEY . SE 800 & 4T, ACTHRENC X 2 iR 2 Ml C& 5 &
WR T2,

—J7, K 3-15b) L 0, $REHEOBEARENER L, 1.6~3.8Hz OFPHIZH Y . AKEI7 1A O [E A IRE R
CRRIC, 7 —F U 7 ORI U CORIEEBRICEMT 5 2 &, £, BNOEANTERE—R
ZERE N ERNDND, ML, SEARBRBERR AT HEAE - Ffiga D CTHE S Q0 2 RS & R
A OHFPH (1.5~23Hz) 0L LT\ D, KD, #%8 ¢ 800 ZERH L7l G TH-TH, BT, 2.3Hz
 FlEo7228, $nEFROBEABRSHIIKE S EGHEINTEBY, 4%, BEASEHNIGEFHREICL > T
IREYE A S AUE, FaICERMERH D L x T,
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x3-3 7—FHARBOEERIHMLEFRSE—F

a) Casel & Cae2

Casel (7 —FHkF : S0 ¢ 200)

Case2 (7 —FHibt : 9% ¢ 300)

.
]
% KT B 1 IRE— K (0.54Hz) KT o5 1 )kE— K (0.63Hz)
X
%

KT HRFR 2 IRE— K (0.84Hz) KT HRFR 2 E— K (0.92Hz)
.
]
% ERE T DAk 2 Yk E— K (1.60Hz) SRIE 7= DO BXFR 2 IE— K (1.68Hz)
X
o
4\85\[

SRIE 7= O ARTFR 3 E— K (2.12HZ) SR 7= DO BXRFR 3 RE— K (2.26Hz)

b) Case3 & Caed
Case3 (7 —F B4 : 4% ¢ 400) Cased (7 —FHkF : 9% ¢ 800)

.
|
b4 AT F 1 RE— 1 (0.76Hz) KT A 1 RE— 1 (1.10Hz)
X
%

KNI DA 2 kT — K (1.07Hz) AT DAHEH 2 kE— F (1.83Hz)
. g
|
% B 7= DR 2 IkE— K (1.83Hz) BT DB 2 IRE— K (2.24Hz)
J% .........
z —~ SNk

PRiE =B 3 kE— K (2.49Hz)

21 ) ~rey

SN T D RETFR 3 RE— 1 (3.77Hz)
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3-5. FEDH

AWFFETIE, F (BfE) LRl (F—FH) LaArabInie 7 —F MG OIEARNZREHT,
SRR ZH O NN T D52 2B E LT, 7—F U 7 OWrmiIMEME R 2RI G 2 D 58 2 T
FOICARET L7z,

FREOMT LIS KX DSR2 AT LI2RER, 97, 887 —F U 720 LI idi, EfrEICE LT
HNEIVED RO T < Teb AR Z 43S e 32 2 BN biviz, £iz, 7—F U 7 Ot
WIS CT, T—=F UV 7 RDRNICHEm A2 BHE L, T, 7 —7 NV OBE AR S VD Z &N D
bivlz, Licid> T, 7—F VU 7 OV 2 @Y sE 3L, 7 —7 /v ORI L prElrmmnfa 2 3R e 3
5T ENTE, TEHESHBRFICERISHIETE DBREATH D LT,

— 05 [EARBEAT 21T o TIREVRRME 251l L7236, 7 —F U 7 OWrEm OB IA] LT, KF
D7) SRELT M OB S K& 72D Z & ibiro Tz, BEAREIEIC X o THREIEE M 2 51 L 7285 R,
AWFIEDOFE TIX, HE ¢ 800 Z LRI HUT, AW, $hiEdrm & i, HMTH & OHARDO ATRENEIT
K< Z L3O b, BERREEIC L DRAEZT TR, 4%, BINISEFTREICE > T, IRE)
EAMEZ RN 2 & T, LV EGREE Ot Z RET 5 Z EAARICR D LD,

LlbEoZ &b, §ET —F VU 720l LI AREREL, FZREIT2ICHD 2 e8| &ETO
HEERE, RBICHLELTLEATHD LT,

SE Xk

1) HRE— BEEA: 2227 ) — N RESEEZ AWM 7T —F oS, Mg LR sk,
AR Vol49A, pp.809-816, 2003.3

2) HAEKWSE  ERERFE - gL, 18, 8GR, 20123

3) HAEKESE DB MERSE - FMEHL, 1984.4

4) TARFEM  SBEBRFOTA RT A4, HELYY Y —X 21, pp.51-66, 2011.1

5) RAAER G © LA R B AR YE - R, 1979.1
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4. RBNEHRIIC & S EAR REDOBMEERE L IRBER ML

1. HREDESLEEN

PSR BIAE O K X 2 3B RG OR%EHCIE, IREMEAMES LI VISR E 725720, ZhETIZHEL D
WFEERITONTVD, BlxiX, e FroI L= A7) v U TiE, il %%%ﬁ< HBATIZE > Thib
F S B AKTIREI A RIE & 72 - T, HHERAHE L LTS DD, Em, ITE, BN Z OISR B
MDA FIA U BEESNTNS I, Z g, HHRORIEL HITEHETHE LT, HFEicE
T AL ST EAEH & Rl X o THRERE OIS B INRE 2 5E U, MEERE L~ VIS U CHRED
R T2 50 TH D O, NEEERNG L~V ORI, $AE 03 L OVKEH ORI %k L
ThHEx b TnD,

— 77, SEARAIRAE T, mKE— FOACHREIARE S HIEIC BT 5 Z M B s Tng 7,
L723 o T, HEMOIRBNFHEZ 501042 L TR < 2 ¢l MURBRAMEALETHY , BED
72D T—2EEL TBLERD D,

Z AW TR, A AR MAE O STERG A R, BTERM URFRE) AT A—H L L
TEIRENGHA 24T - T, IREFEAED A =X L0, BLO, REVEHEZ T 5 720 ORGEHT —#
DEREZRNE LEZELDOTHY, UTORMNEIT),

(1) FEERENFHANC L 2 B2 0 AR e BB E O R 2

(2) BATRHZ 31T 2 B R ORBYRFE O R & IREE A M O FFAM

(3) 7 — T IVIHRIZ X B 75— 7 VERM O R BRI O R

4-2. HRIBROME

K GAERIE, ARSI I RRTE ) A OB 7 BEIIC 2R D KO KRS VIE] Th D, AEOREHRM:
R A-11C, —RHEEK 4-1 12, FRFGRT, 1995 (R 7) 4E 3 HISR T L, ST, %1
%, F1TERBL T, K420, AEOEFERT, BREDIZ X - T, RERMICE 20724852
RoNDb00, fEmE L CUXBRIGRETH -1,

& A4-1 KOMROYBDHREFMH

T HEAH I A

S TH] 315.000 m

&8 1.700 m

TEE (%F50A0) PRFRIZ % LT 300 kgf/m®
FAE I LT 200 kgf/m?

JE\fnf B (JEL AR 0> Ar) 450 kgf/m’

R KEREEE (kh) 0.200

KRR AR

B e xR T —

7L 1/16

it L il

THEMT 2B 1.000 % Jiciitz

FE W A K-

1 RE v AN R AR R 10

E AR
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i )
82,000 1 315, 000 . 50,000
126+2500=31500
a N
/g‘ )
4

L=
=
=
‘
—
\

a) fImxX

5,000 315, 000

295, 000 .. 12,500

~
oy
t=1
S

332, 16,332
i

E+QWW%+E
5,0 o“ 295, 000 17. 500
72,500 T

b) FmEX
X 4-1 E&EEE—KRE

o
K
TeY
O
8
= @) @)
o
8
] 1, 650
3 1.275
»
o
o
8
3 T
» | 1 | 1
o 700 | 700 35
1,800
5,000 2,200

42 THEHEE X 4-3 HMEN
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4-4 H[EB/ROEF

4-3. 5t - BT DX

(1) RBEHAIDFE L EE

Otk S REME

B ERE, AERBOBEE CEE 315m) BNHEPRENWI &, £/, RBLAINWI &b, &
T, SN ERE Y YR RIHT AL L Lz, 2O YL, MEMS & KiEN 5 EER O HE
FEE P ThY, 1 DOEBET, X, Y. ZHAOMEEZFRKFHITE 280 THDH, 22 TiE, MR
oY 1 EERETHA% Node (/—R) ) EXE5ZEE35, FEUHIE, CPU ZXH L7/ Vil =
VB2 —XThY | MHET — X OWESCERBEICL 2T — X mER EETI ZENTE D,
FHAMSER ORREALENC OV TR, [RIARBE O BEAHI 546 2 6 S Sl R 1S E M S AU IRE R OfE S 2,
AEOTAFHN (R4 6 H 27 AICHEM) OfEF. BLO, Bilkd 2 5MEEE T VI X 2 EfA RSB 7
P ORRESBIZRE L, / — FOLEIL, HTOBEEFICFEEMO 8 B 8 XMWY A F=14 x1) .
=7 NI O E S — T VORGP RIAIZ 2 8 (LA X A R) | MERIC 18855,
HWATENZOWTIE, KB (104) OB 2411/ —RE 1472 (G2 8 i L7, REEHI,
#ibd+sk oz, 2| (201249 H29H (£), 10 H27 H () FEiiLz, K452, ThThoOR
HHO — REREME (GF20 2) 257,
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Er—7i EERERINT
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I_‘_ /8 __L_Lfs __L_L/s __L_J_/s __L_ 8 _J__ L8 __L_ Li8 __L_ s _
|
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{HIEE B
|
L ] & L]
& s ®n ®a % % %
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93 * 86 85 71 ?tz 19 15 o7 ® %
FmEE (HE
[ ] °
&5
L @ 82 L ]
® AR FEE (-7

@ EEE Y (K-, Ya—FT7o5h)
®  MEEE Y (Ry—2R, g Jd7r5F)
®  MEEE Y (Mr—2, Ya—-FTLTH)
® By (m 772579

DHEER (K=, nud T LT
% DHRITE

a) $1EE OA29\8)

/i’r-—.’f;l. qf mARI
//T\\ k/ﬁ
/ = | I |3I
‘_I_ 8 LI-S AJ.,LISA.L,I.S _-i,-_}' SALI B LL-S LL'S "

EIEE =
I
o0, 0. 8 6 —©& 8-
87 a1 a9 o4 a4 03 o2
& @ ®
* % 8 7 ?42 Y % % e e
FEE (L)
- °
’54
- & .
s R RO e
® AR
37

@ : MEBELY (Kr—=R, a—h7T>FT)
®:NEEE T (Ky—2x, grF7077)
@ :NMEEELY (py—R, Ya-bT2FT)
®:BHE (QrFT7r7F)
b) £2[EHE (10 A 27 H)
4-5 BHBROFREMNEL/—FES
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c) MEZR

d) HTHE e) EME
X 4-6 HELADE Y DORERR EFHROEME
QEtRIAE
IREFHIIZ, a) ~d) OFIETIT -7,

a) FHRIBRDORE

FHUEE R OB E I DWW TR, PRFHANC RV T, S0 fFRE 0.2gal THIIE, T3 I HRFEN ) S IREE
— RBRHEETE L 2L, o, WERMAL2G IC LV BTEOIREN L v DA —"— LR T &3 R
ENTciod, KA21TRT L O, G ARTE Lic, £/, Fo 7V U7 AEEIL. x5 L3284
WIS 2HZ L T o722 &b, 2D 20 580 Ed 5 50Hz ISR E L, FHAIRERIE, BT D355
TEG A Ul D WEHIAS 6 I LINTh o 7oz, 6 43 ERE LT,

®4-2 FHAIRBROREE

A ETHH HfiE
Sy AE 0.20gal
7 At P +2G
Y7 TR 50Hz
T HIRERE], [ 6 77 [H]

b) HEEMENETRI
TERFREIFHANC DWW TR, —RABITE OBITIC L DB (NI X D EHIAE) 5B L. 4 B, H
EfpdsrbD LT 5,
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c) HATHFETAI

HATREFHRNC DWW IR, TREHARE A BT, BT HIEEZE R T2 3 N2 — U OFHAl (& 4-3) 2179
bDETDH, B, BITA=T 41T 10N/ =T 1L L, RZ—=UBBIRCIZHONTIE, /=T«
BENPKRINERI, A ba ) =L EHNT—EDOHEFICAEDLETHTT LD LT 5, ks, SHITHIC
REFHA 21T o 7o . PR EIT 70kg /AN T o 72,

& 4-3 HITREHAINE—2

BT S — TS IiEARENE (Hz)
A T UK BT VAN
B HF 104 # Sy 0.87
C HFH 80 A4y 0.67

d) —JILinixstEl
FRBLOMERICOWTIX, 2 —7 2R — T IEXTIT T, ANIC L > THA—7 Vo EAJE
IR L8l iE 21T - C. 7 —7 /L OiE B HIES OIS E R 2 - L7,

QEFHRIDESE & EfEkiR

WREFHINT, REPZE L, R OMREZEA RN S WAKZEIZ 2 A (201249 A 29 B (£).
10 427 0 () FEh Lz, FHUEEIZ, 1R 170E, F2HREIZ1B3ETH7Z,

FHAMEZE ., BEARICHEMT 2 2 &0 —KOBITE DD 220 & AT Z 405 AR RS FHH
I LTz, EOH%, BTRY — U BEZ RN HIREEHIAITV, BEE TIE, MU T35 LR
Thole, sHIMRN AR 4-4 13T, F7o. FREFHIORMIZ, LTO@EY Th D, k. K[URIE.
F1EIETIE, ZFE30CTEThHoT, £, FH2MEHTIE, 15~20COHEFHATH -7,

& 4-4 FHRKR EEHAIZET
a) £1EEB (2012498298 (L))

b 2 No, A B FHH A AT ‘%/Eﬁ% ﬁf?ﬁ 7
=2 (53] e[ 49 IREfH £ [Hz] T —H
1 1 9:27 3 — —
s e S
4 4 10:15 3 — —
5 1 10:39 6 455018 HH O
6 2 11:24 6 45355F) HH O
7 3 12:01 6 45748F) HH
8 4 13:49 6 55518%) 0.87 O
9 5 14:23 6 4435080 0.87
10 AT 6 14:47 6 555165 0.67
11 7 15:10 6 rp 0.67 O
12 8 15:33 6 64521 E 0.67
13 9 15:56 6 645502 0.67
14 10 16:21 6 54504% 0.87
15 11 16:47 6 645500F 0.67
16 FHr—T7n | 1 17:17 3 — — O
17 TR L 5% 1 17:49 3 — — O
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b) 2EAB (2012410278 (L))

Jr—ZNo. Gl Bl Gl Gl BT Hjﬁ)% ﬁ EIRAN
= IRFZ IRFIAI[ 53] IRF [H] WEHz) | 7 —X
1 1 8:15 6 — —
L e e
4 4 9:43 6 — — O
5 1 10:28 6 457485 H O
6 2 10:58 6 557187 HH
7 3 11:48 6 55933F) HH O
8 4 13:11 6 65 Lh b 0.67 O
9 AT 5 13:54 6 65y Lk 0.67
10 6 14:38 6 55737% 0.87 O
11 7 15:06 6 55737% 0.87
12 8 15:35 6 555137 0.87 O
13 9 16:03 6 65 Lh b 0.67 O

a) HFHMENETA
FRFHERHAIC W T, W H & bIS, —ROBTHECEMER T ORI LY | BROFIKEED
T TR o Toed WERENS AR ZREHT — 213, F2EE D 1 ROHRTH -7,

b) H1THFETAI

HBATRERHANZ DWW T, B 1RE T, 11 7 —20OFHIT — 2 ZE LN, T0H 6, BHITEH
— ROTFT—=ZINEIL, 4 r—AThole, £z, HH 2 EHTIE, —BBATEDFHIML &8t 2% 0
NI TNADREIE D ST b DD, BATRED 9 F—AZWET L ENTE, 2O LHENRT—HXIE, 6
r—=ATholc, BATRRORNAK 4-7 1R T, 728, 1 EIOFHAREFEIZK 6 /3 TH O | FHAERE S +
BTHoTN, &/ — RTT—EREMEINDLTD, TOT —F R CHRET 5 DI AZE LT,
Flo, THEHED N T T NLTETD ) — ROT—EZBEUTE o260 b o7, i, 5 2
FIEICHBWT, EINTN, SHOPETH DL LWV T,

a) 770—FEM5EAKR b) #EE L THOHITRR
X 4-7 HTIC & HMRIKR
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c) o —JILhniREE
=T HEFHINC DWW TR, R, WERE HIZHE IRIRICEBL, K1 7r—A0TF—X 2 INEL
TWb, 7 —7VIHED R % X 4-8 (2R T,

a) X b) iR
®4-8 ANIZ&LB7—TILomiRKR

@FABRICL 2EFRDHK. REET— FOFFHEFE
EAREE. IREE— FiE, &R ED—F1ETh 5 Eigensystem Realization Algorithm' (UL R, ERA
EXER) Ik vHEET 5,

(2) BIFAELBER
DOEEEERITETILEBITEH

MR (N H—) OEEFBCHRZZT. HEMON (3 ) BLOET 2120 ZE T, ER,
MR, WMRARE N7 ABETET ML LTz, SEALOWIERETCE K 4-512, Fio, BEALOSEATE & 5%
FHRFOTEME, BEMEZE 4-6 IZZNTIURT, S BT, 2D O RISV TIERL L2 LR E
KA REATE T L 2 X 4-9 (R T, THEGR OB EEIL, AKF D 357 & Lz, Z2d, AETET L
TIE, M AR A%B8) 1XBE LR o7,

QfFtT&H

Z DS E M EMATE 7 TR LT, SEME 2 A A OEPEEICER L, 60 K E TORARBRE
Wrait- T, EARDE, BAE— FE2RE L, 2k, BT, S e LTQ3e7 e d . i
BEBIOVEEL LTOARZE LT,

& 4-5 HEMLOMTE T
iz Wrifg | R COE | Wrm2ike—A > b | SPEGREL | AEIERRE

AM) | TmY | Izm") | Iym" |E&N/m) | G KNm?)
#i GgEf7) | 9.09E-03 | 2.12E-07 | 3.24B-05 | 2.54E-05 | 2.00E+08 | 7.70E+07
HhHT 3.77E-03 | 7.75E-08 | 2.94E-06 | 4.05E-05 | 2.00E+08 | 7.70E+07
+/4/—7 v | 8.33E-03 — — — 1.40E+08 —
NV — 4.87E-05 — — — 1.40E+08 —
T\ 5% 4.78E-03 — — — 1.40E+08 —
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K46 BEMDOREMEEELHRAFOFHE, ARE

fi B B fi Hif e
ih 3.796 kN/m
N 0.453 kN/m
s 0.098 kN/m
LA 0.294 kN/m
HEwT 0.706 kN/m
AT 0.287 kKN/m
Tt 0.822 kN/m
¥ Anf HL =L 0.686 kN/m
Z Dt 0.451 kN/m
TR 0678 | KNm  iHIS7-0
ik 0154 | kNm {470
FERT—T NN R 0339 KN L4 7= 1
T JEL SR 0.682 kN/m I TER)
< 0055 | kN %7z b
i AR A — 7 N0 K| 0.254 KN V7 0
% 4] L 3.0 kN/m
JE A FE 4.5 kN/m’

X 4-9 MARBHEEBESBRTETIL

QEHIRBFMFER

B A RE AT RO L LT, #4712, 60 RE COBEARE, BEARAHL L OEREFE—F
BT, EERIEN S LT, ACER M OREIE— RMERICEADEIZH D . ASEH [ ORIED N
SNEWVRDH, 60RTILAHZ FRETH Y | ZONOEHMANEEKT 5 E — RO L TEHETNTND 2
bbb,
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x®4-1 BERRBEMTER

a) 1~32;
W | f(Hz) | T(sec) EAE— R FmNE— K
1| 0188 | 531 |KFE7mbBMixFrlk
200192 | 520 |KFEmbIHRIR
3010226 | 443
4 0240 | 4.16
50256 | 391 |EINT=DRMSHFRIK e e
6 | 0276 | 3.62
7 10277 | 3.60 |[KIFTz oAbt FR2IK
8 0201 | 343
9 0299 | 335
10 | 0345 | 290 |KEFbIiFRk
11| 0356 | 281 |@EN7zbIRFR2%K e
12 | 0384 | 2.61 |AKFizbAadfikt#i3IR
13 | 0388 | 258
14 | 0401 | 249
15 | 0447 | 224 KETZDHRIFRIK
16 | 0478 | 2.09 |/KFE7zbAitfixiFrark
17 | 0483 | 2.07
18 | 0486 | 2.06
19 | 0509 | 1.96
20 | 0.514 | 1.95 |HENTZDHFRIK i
21 | 0529 | 1.89 |ENT=AMRFR2K
22 | 0.536 | 1.87 |4 Y wiFAIR
23 | 0.547 | 1.83 |KFETobBHxtFMIK
24 | 0571 | 175  |[KFETo DA FRSIK
25 | 0573 | 175
26 | 0582 | 1.72
27 | 0598 | 1.67
28 | 0.598 | 1.67
29 | 0.604 | 1.66
30 | 0.656 | 1.53 |/ FErbAHFRSK
31 | 0.661 | 1.51
32| 0669 | 149 |EWNT=bAxHR4K T
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b) 33~60 &

Uk | f(Hz) | T(sec) BEHE—K s — K ENE— R
33 1 0.683 | 1.46 |[HAL Y &k

34 | 0701 | 143

35 | 0702 | 1.42

36 | 0.754 | 133 Kb 6 U
37 | 0768 | 130 K7z bt FR6TR
38 | 0783 | 1.28 |HEANTZDHHRFRIUK
39 | 0817 | 122

40 | 0.817 | 122

41 | 0.827 | 121 |FEZAFExtF2K
42 | 0855 | 1.17 |ERAY oA 2K
43 | 0.857 | 1.17 |7z Hatfi e BRI
44 | 0.887 | 1.13 |7zt BRTIR
45 | 0.903 | 1.11

46 | 0913 | 1.09 |[HEA7ZDAHIIFRSK
47 | 0.920 | 1.09

48 | 0.920 | 1.09

49 0921 | 1.09

50 1 0971 | 1.03 |k iz A R8Ik
51 | 1.013 | 099 |Jkr=do At #r8vk
52 | 1.015 | 098

53 | 1.023 | 0.98

54 | 1.036 | 097 |HEHTZDHPRFRAUK
55 | 1.037 | 0.96

56 | 1.037 | 0.96

57 | 1.096 | 091 |k izt Hrovk
58 | 1.138 | 0.88

59 | 1.138 | 0.88

60 | 1.143 | 0.88 |/KF7= DBt FROVR

4-4. BEMBIEHRIC & ZIREF DR

W EFSENEHANC BT DG L/4 S ONEER R L ORT — 2T "LV &K 4-10 12~ T, HRERED
HFERIL, K44 bR LTz, F2EHEHDZ—AZANod THY, FHS (L4 5) X, IEEhT—FE LT

KLBEEFERETHD, 28,
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AEEHTHER S TSN L 512, KEFAOFEEEDNNSWVEBIZSH D Z L biENDOHILD,

T, INOLOMEEREE, 1 BIfEST 52 & CTHEREEZ, 2 RIS 5 2 & CEMEF R
L7z, 1 L4 IR D2 ERIE, ZEFe, M4-12, K413 I2ZNZhord, ZhbDRED,
W, BALE Iz, KEFMNRRENT & Fo, HEEE0.6cm/s, Z71EE0.4cm OHPHTHR L T
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5 MELHE—E

M Case-1
P Wi i /) _ A ) V B AU ) \
No. R pt #ih /) ity ek TE(ELE /7 (N/mm2) (N/mm2) BRI
(kN) (kN-m) 0 oa T Ta

Ptl1l -233 —290 | 0.735 < 1 151 < 210 10 < 118 0.709 < 1

1 Pt13(L) -233 268 | 0.687 < 1 141 < 210 8 < 118 0.661 < 1
Pt13(R) -475 -62 | 0.322 < 1 61 < 210 4 < 118 0.284 < 1
Pt15(L) -475 128 | 0.448 < 1 88 < 210 2 < 118 0.405 < 1
Pt21 -15 -408 | 0.894 < 1 187 < 210 13 < 118 0.891 < 1

% o Pt23(L) -15 380 | 0.831 < 1 174 < 210 10 < 118 0.829 < 1

5 Pt23 (R) -14 -128 | 0.283 < 1 59 < 210 5 < 118 0.282 < 1
Pt25(L) -14 163 | 0.360 < 1 75 <210 3 < 118 0.358 < 1
Pt31 248 -322 | 0.815 < 1 168 < 210 13 < 118 0.656 < 1

s 3 Pt33(L) 241 217 | 0.582 < 1 119 < 210 6 < 118 0.432 < 1
Pt33(R) 498 -109 | 0.424 < 1 82 < 210 7 < 118 0.127 < 1
Pt35(L) 473 82| 0.346 < 1 66 < 210 2 < 118 0.063 < 1

B Case—2
P Wt ii ) \ A 0 ) V AW ‘
No. R pt #ih /) ithiy oz TE(ELE /7 E (N/mm2) (N/mm2) BRI
(kN) (kN+m) 0 oa T ta

Pt101 -270 262 | 0.607 < 1 125 < 210 9 < 118 0.587 < 1
P£103 (L) -270 237 | 0.558 < 1 114 < 210 8 < 118 0.538 < 1

%1 Pt103 (R) -600 -92 | 0.388 < 1 76 < 210 5 < 118 0.355 < 1

5 Pt105 (L) -619 146 | 0.471 < 1 93 < 210 3 < 118 0.434 < 1
Pt105 (R) -765 -19 | 0.273 < 1 50 < 210 2 < 118 0.237 < 1
Pt107 -800 70 | 0.354 < 1 67 < 210 1 < 118 0.313 < 1
Pt201 -138 -474 | 0.953 < 1 199 < 210 16 < 118 0.941 < 1
Pt203 (L) -138 455 1 0.916 < 1 191 < 210 14 < 118 0.904 < 1

% o Pt203 (R) -398 —274 | 0.653 < 1 133 < 210 9 < 118 0.625 < 1

5 P£205 (L) -400 289 | 0.675 < 1 138 < 210 8 < 118 0.646 < 1
P£205 (R) -495 -93 | 0.319 < 1 63 < 210 4 < 118 0.293 < 1
Pt207 -501 114 | 0.356 < 1 70 < 210 2 < 118 0.328 < 1
Pt301 113 -474 | 0.954 < 1 199 < 210 16 < 118 0.896 < 1
Pt303 (L) 113 456 | 0.916 < 1 191 < 210 14 < 118 0.858 < 1

% g Pt303 (R) 374 273 | 0.641 < 1 131 < 210 9 < 118 0.449 < 1

5 P£305 (L) 374 289 | 0.665 < 1 136 < 210 8 < 118 0.472 < 1
P£305 (R) 480 -92 | 0.315 < 1 62 < 210 4 <118 0.077 < 1
Pt307 480 114 ] 0.350 < 1 69 < 210 2 < 118 0.111 < 1
Pt401 294 -303 | 0.693 < 1 142 < 210 12 < 118 0.539 < 1
Pt403 (L) 288 211 | 0.519 < 1 106 < 210 7 < 118 0.370 < 1

w4 Pt403 (R) 635 -124 | 0.449 < 1 89 < 210 7 < 118 0.131 < 1
Pt405 (L) 620 112 | 0,409 < 1 80 < 210 2 < 118 0.098 < 1
Pt405 (R) 782 -56 | 0.333 < 1 63 < 210 4 < 118 0.092 < 1
Pt407 755 41 | 0.287 < 1 53 < 210 2 < 118 0.136 < 1
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Case—-3

S Wi ‘ i S s 7 AW T ‘
Yo HiAipt ififi 73 i gere TEE bt ST (N/mm2) (N/mm2) BRI E
(kN) (kN+m) 0 oa T Ta
Pt101 —263 —220 0.516 < 1 107 < 210 9 < 118 0.506 < 1
Pt103 (L) -263 191 0.470 < 1 97 < 210 8 < 118 0.461 < 1
Pt103 (R) =720 -185 0.585 < 1 116 < 210 7 < 118 0.539 < 1
1 Pt105(L) -733 192 0.600 < 1 119 < 210 5 < 118 0.563 < 1
Pt105(R) -1083 -73 0.477 < 1 90 < 210 4 < 118 0.419 < 1
Pt107 (L) -1083 130 0.566 < 1 109 < 210 3 < 118 0.502 < 1
Pt107 (R) -1262 -3 0.383 < 1 69 < 210 2 < 118 0.326 < 1
Pt109 -1262 65 0.469 < 1 87 < 210 1 < 118 0.405 < 1
Pt201 -169 -390 0.826 < 1 172 < 210 16 < 118 0.823 < 1
Pt203 (L) -169 371 0.797 < 1 166 < 210 15 < 118 0.794 < 1
Pt203 (R) -459 -329 0.804 < 1 165 < 210 11 < 118 0.770 < 1
w5 o Pt205 (L) -463 333 0.808 < 1 165 < 210 10 < 118 0.773 < 1
5 Pt205 (R) -650 -191 0.591 < 1 118 < 210 7 < 118 0.549 < 1
Pt207 (L) -660 222 0.636 < 1 127 < 210 6 < 118 0.591 < 1
Pt207 (R) -739 -62 0.342 < 1 65 < 210 3 < 118 0.305 < 1
Pt209 -739 98 0.394 < 1 76 < 210 2 < 118 0.354 < 1
Pt301 -11 -493 0.933 < 1 196 < 210 17 < 118 0.932 < 1
Pt303 (L) -11 480 0.908 < 1 191 < 210 16 < 118 0.907 < 1
Pt303 (R) -16 -418 0.793 < 1 166 < 210 13 < 118 0.792 < 1
w5 g Pt305 (L) -16 419 0.794 < 1 167 < 210 11 < 118 0.792 < 1
5 Pt305 (R) -10 -259 0.491 < 1 103 < 210 8 < 118 0.490 < 1
Pt307 (L) -10 278 0.527 < 1 111 < 210 7 < 118 0.526 < 1
Pt307 (R) -7 -92 0.175 < 1 37 < 210 4 < 118 0.174 < 1
Pt309 -8 115 0.218 < 1 46 < 210 2 < 118 0.218 < 1
Pt401 159 -391 0.833 < 1 174 < 210 17 < 118 0.762 < 1
Pt403 (L) 159 374 0.807 < 1 168 < 210 15 < 118 0.736 < 1
Pt403 (R) 448 -325 0.790 < 1 162 < 210 11 < 118 0.559 < 1
% Pt405 (L) 448 330 0.796 < 1 163 < 210 9 < 118 0.564 < 1
Pt405 (R) 643 -189 0.583 < 1 117 < 210 7 < 118 0.256 < 1
Pt407 (L) 647 221 0.629 < 1 126 < 210 6 < 118 0.299 < 1
Pt407 (R) 732 -61 0.339 < 1 65 < 210 3 < 118 0.096 < 1
Pt409 733 97 0.392 < 1 76 < 210 2 < 118 0.049 < 1
Pt501 283 -254 0.584 < 1 121 < 210 12 < 118 0.447 < 1
Pt503 (L) 280 183 0.460 < 1 95 < 210 8 < 118 0.325 < 1
Pt503 (R) 753 -214 0.646 < 1 129 < 210 9 < 118 0.262 < 1
5 Pt505 (L) 740 156 0.535 < 1 106 < 210 4 < 118 0.160 < 1
Pt505 (R) 1100 -111 0.543 < 1 104 < 210 6 < 118 0.032 < 1
Pt507 (L) 1045 99 0.496 < 1 95 < 210 2 < 118 0.072 < 1
Pt507 (R) 1275 —42 0.436 < 1 80 < 210 4 < 118 0.204 < 1
Pt509 1175 38 0.394 < 1 72 < 210 2 < 118 0.241 < 1
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4) HECHE—R

B Case-1
P wal i Hﬁbfﬁﬁﬁ&f B AW T B ]
No. HRATpt i 7 i ez HEE S S E (N/mm2) (N/mm2) B RS TIE
(kN) (kN+m) 0 0a T Ta

Pt101 -321 -278 0.663 < 1 135 < 210 9 < 118 0.629 < 1
Pt103(L) -321 365 0.828 < 1 170 < 210 8 < 118 0.789 < 1

sy Pt103 (R) =910 -168 0.659 < 1 126 < 210 6 < 118 0.560 < 1

B Pt105(L) -935 213 0.741 < 1 141 < 210 4 < 118 0.632 < 1
Pt105 (R) -1154 -39 0.455 < 1 78 < 210 3 < 118 0.360 < 1
Pt107 (L) -1235 97 0.576 < 1 102 < 210 1 < 118 0.462 < 1
Pt201 -201 -468 1.003 > 1 208 < 210 14 < 118 0.979 < 1
Pt203 (L) -201 568 1.192 > 1 248 > 210 13 < 118 1.164 > 1

% 0 Pt203 (R) -567 -332 0.887 < 1 178 < 210 9 < 118 0.809 < 1
Pt205 (L) -573 350 0.904 < 1 181 < 210 7 < 118 0.824 < 1
Pt205 (R) =728 -110 0.470 < 1 88 < 210 4 < 118 0.400 < 1
Pt207 (L) -726 144 0.514 < 1 97 < 210 2 < 118 0.440 < 1
Pt301 -5 -582 1.098 > 1 231 > 210 16 < 118 1.097 > 1
Pt303 (L) -5 690 1.303 > 1 274 > 210 14 < 118 1.302 > 1

%3 Pt303 (R) -8 -434 0.821 < 1 172 < 210 11 < 118 0.819 < 1
Pt305 (L) -8 434 0.821 < 1 172 < 210 < 118 0.819 < 1
Pt305(R) -6 —-155 0.294 < 1 62 < 210 5 < 118 0.294 < 1
Pt307 (L) -6 169 0.320 < 1 67 < 210 3 < 118 0.319 < 1
Pt401 191 -457 0.989 < 1 2056 < 210 15 < 118 0.883 < 1
Pt403 (L) 191 565 1.187 > 1 247 > 210 13 < 118 1.076 > 1

sy Pt403 (R) 568 -330 0.881 < 1 176 < 210 9 < 118 0.564 < 1

5 Pt405 (L) 568 349 0.899 < 1 180 < 210 7 < 118 0.569 < 1
Pt405 (R) 721 -109 0.467 < 1 87 < 210 4 < 118 0.079 < 1
Pt407 (L) 721 143 0.511 < 1 96 < 210 2 < 118 0.118 < 1
Pt501 335 -313 0.732 < 1 149 < 210 12 < 118 0.545 < 1
Pt503 (L) 330 312 0.731 < 1 149 < 210 6 < 118 0.546 < 1

%5 Pt503 (R) 933 -231 0.785 < 1 151 < 210 8 < 118 0.268 < 1
Pt505 (L) 910 158 0.627 < 1 118 < 210 2 < 118 0.124 < 1
Pt505 (R) 1186 -100 0.593 < 1 103 < 201 6 < 118 0.123 < 1
Pt507 (L) 1149 49 | 0.452 < 1 777 < 210 3 < 118 0.228 < 1

% OEOEIL, ICHEZSOBEEZ T,
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B Case—2

P Wit /7 ‘ Hh S e ) B AWTIG T ‘
No. A pt i i ez T T (N/mm2) (N/mm2) B R )
(kN) (kN+m) 0 oa T Ta
Pt101 -263 220 | 0.516 < 1 107 < 210 9 < 118 0.506 < 1
Pt103(L) -263 191 | 0.470 < 1 97 < 210 8 < 118 0.461 < 1
Pt103 (R) -720 -185 | 0.585 < 1 116 < 210 7 < 118 0.539 < 1
B Pt105 (L) -733 192 | 0.600 < 1 119 < 210 5 < 118 0.553 < 1
Pt105 (R) -1083 =73 | 0.477 < 1 90 < 210 4 < 118 0.419 < 1
Pt107 (L) -1083 130 | 0.566 < 1 109 < 210 3 < 118 0.502 < 1
Pt107 (R) -1262 -3]0.383 < 1 69 < 210 2 < 118 0.326 < 1
Pt109 -1262 65 | 0.469 < 1 87 < 210 1 < 118 0.405 < 1
Pt201 -169 -390 | 0.826 < 1 172 < 210 16 < 118 0.823 < 1
Pt203 (L) -169 371 | 0.797 < 1 166 < 210 15 < 118 0.794 < 1
Pt203 (R) -459 -329 | 0.804 < 1 165 < 210 11 < 118 0.770 < 1
o Pt205 (L) —463 333 ] 0.808 < 1 1656 < 210 10 < 118 0.773 < 1
Pt205 (R) —650 -191 | 0.591 < 1 118 < 210 7 < 118 0.549 < 1
Pt207 (L) —660 222 | 0.636 < 1 127 < 210 6 < 118 0.591 < 1
Pt207 (R) -739 -62 | 0.342 < 1 65 < 210 3 < 118 0.306 < 1
Pt209 -739 98 | 0.394 < 1 76 < 210 2 < 118 0.354 < 1
Pt301 -11 -493 1 0.933 < 1 196 < 210 17 < 118 0.932 < 1
Pt303 (L) -11 480 | 0.908 < 1 191 < 210 16 < 118 0.907 < 1
Pt303 (R) -16 418 | 0.793 < 1 166 < 210 13 < 118 0.792 < 1
% 3 Pt305 (L) -16 419 | 0.794 < 1 167 < 210 11 < 118 0.792 < 1
5 Pt305 (R) -10 -259 | 0.491 < 1 103 < 210 8 < 118 0.490 < 1
Pt307 (L) -10 278 | 0.527 < 1 111 < 210 7 < 118 0.526 < 1
Pt307 (R) -7 -92 | 0.175 < 1 37 <210 4 < 118 0.174 < 1
Pt309 -8 115 | 0.218 < 1 46 < 210 2 < 118 0.218 < 1
Pt401 159 -391 | 0.833 < 1 174 < 210 17 < 118 0.762 < 1
Pt403 (L) 159 374 | 0.807 < 1 168 < 210 15 < 118 0.736 < 1
Pt403 (R) 448 -325 | 0.790 < 1 162 < 210 11 < 118 0.559 < 1
4 Pt405 (L) 448 330 | 0.796 < 1 163 < 210 9 < 118 0.564 < 1
Pt405 (R) 643 -189 | 0.583 < 1 117 < 210 7 < 118 0.256 < 1
Pt407 (L) 647 221 ] 0.629 < 1 126 < 210 6 < 118 0.299 < 1
Pt407 (R) 732 -61 | 0.339 < 1 65 < 210 3 < 118 0.096 < 1
Pt409 733 97 | 0.392 < 1 76 < 210 2 < 118 0.049 < 1
Pt501 283 254 | 0.584 < 1 121 < 210 12 < 118 0.447 < 1
Pt503 (L) 280 183 | 0.460 < 1 95 < 210 8 < 118 0.325 < 1
Pt503 (R) 753 214 | 0.646 < 1 129 < 210 9 < 118 0.262 < 1
w5 Pt505 (L) 740 156 | 0.535 < 1 106 < 210 4 <118 0.160 < 1
Pt505 (R) 1100 -111 | 0.543 < 1 104 < 210 6 < 118 0.032 < 1
Pt507 (L) 1045 99 | 0.496 < 1 95 < 210 2 < 118 0.072 < 1
Pt507 (R) 1275 42 | 0.436 < 1 80 < 210 4 < 118 0.204 < 1
Pt509 1175 38 ] 0.394 < 1 72 <210 2 < 118 0.241 < 1
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B Case-3

P Widif) i s B AW ‘
No. M pt i ) ih S ez TEEL G ) (N/mm2) (N/mm2) A Rt 71
(kN) (kN-m) o oa T Ta
Pt101 -238 -193 | 0.457 < 1 95 < 210 9 < 118 0.451 < 1
Pt103(L) -238 175 | 0.427 < 1 88 < 210 8 < 118 0.421 < 1
P1103 (R) -637 -129 | 0.449 < 1 91 < 210 7 < 118 0.429 < 1
w1 Pt105(L) -647 147 | 0.478 < 1 97 < 210 6 < 118 0.457 < 1
Pt£105 (R) -970 -70 | 0.432 < 1 86 < 210 5 < 118 0.403 < 1
Pt107(L) -970 89 | 0.461 < 1 92 < 210 4 <118 0.431 < 1
P£107 (R) -1155 -107 | 0.618 < 1 106 < 210 4 < 118 0.466 < 1
P£109 -1215 133 ] 0.690 < 1 120 < 210 1 < 118 0.522 < 1
Pt201 -155 357 | 0.757 < 1 158 < 210 6 < 118 0.758 < 1
Pt203 (L) -155 342 | 0.732 < 1 153 < 210 5 < 118 0.732 < 1
Pt203 (R) -408 -276 | 0.684 < 1 142 < 210 12 < 118 0.673 < 1
o P£205 (L) -412 286 | 0.695 < 1 144 < 210 11 < 118 0.682 < 1
Pt205 (R) -593 -205 | 0.595 < 1 122 < 210 10 < 118 0.576 < 1
Pt207 (L) -593 225 | 0.632 < 1 130 < 210 9 < 118 0.611 < 1
Pt207 (R) -721 -157 | 0.569 < 1 105 < 210 4 <118 0.466 < 1
P£209 -721 167 | 0.584 < 1 108 < 210 2 (118 0.479 < 1
Pt301 -12 -457 | 0.864 < 1 181 < 210 18 < 118 0.864 < 1
Pt303(L) -12 443 | 0.839 < 1 176 < 210 17 < 118 0.839 < 1
Pt303 (R) -16 -367 | 0.696 < 1 146 < 210 14 < 118 0.695 < 1
- Pt305(L) -16 370 | 0.703 < 1 147 < 210 13 < 118 0.702 < 1
Pt305 (R) -9 -285 | 0.540 < 1 113 < 210 12 < 118 0.540 < 1
Pt307 (L) -9 307 | 0.581 < 1 122 < 210 11 < 118 0.581 < 1
Pt307 (R) -10 -187 | 0.356 < 1 75 < 210 5 < 118 0.355 < 1
Pt309 -11 185 | 0.352 < 1 74 < 210 2 (118 0.351 < 1
Pt401 144 -359 | 0.768 < 1 160 < 210 17 < 118 0.707 < 1
Pt403 (L) 144 346 | 0.746 < 1 156 < 210 16 < 118 0.685 < 1
Pt403 (R) 398 271 | 0.667 < 1 138 < 210 12 < 118 0.478 < 1
w4 Pt405 (L) 400 283 | 0.681 < 1 141 < 210 11 < 118 0.490 < 1
a Pt405 (R) 589 202 | 0.589 < 1 121 < 210 10 < 118 0.308 < 1
P£407 (L) 593 219 | 0.626 < 1 128 < 210 9 < 118 0.343 < 1
Pt407 (R) 708 -154 | 0.561 < 1 103 < 210 4 <118 0.147 < 1
P1409 709 166 | 0.578 < 1 107 < 210 2 <118 0.160 < 1
P1501 260 227 ] 0.525 < 1 109 < 210 12 < 118 0.403 < 1
Pt503 (L) 257 177 | 0.435 < 1 90 < 210 8 < 118 0.314 < 1
Pt503 (R) 666 -142 | 0.477 < 1 97 < 210 8§ < 118 0.159 < 1
. P505 (L) 658 127 | 0,442 < 1 89 < 210 4 <118 0.127 < 1
Pt505 (R) 979 -84 | 0.452 < 1 90 < 210 6 < 118 0.029 < 1
Pt507 (L) 979 40 | 0.404 < 1 80 < 210 3 < 118 0.064 < 1
Pt507 (R) 1184 -184 | 0.796 < 1 143 < 210 7 < 118 0.088 < 1
Pt509 1142 59 | 0.503 < 1 82 < 210 3 < 118 0.239 < 1
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B Case—4

e Wl ‘ Eﬁaafmjj{;;f A WIS T N
No. A pt ifih ) iy gerz TGS (N/mm2) (N/mm2) ARt 1
(kN) (kN+m) 0 oa T Ta
Pt101 -237 -193 | 0.457 < 1 95 < 210 9 < 118 0.451 < 1
Pt103(L) -237 174 | 0.426 < 1 88 < 210 8 < 118 0.420 < 1
Pt103 (R) -636 -129 | 0.448 < 1 91 < 210 7 < 118 0.429 < 1
Pt105 (L) —646 146 | 0.477 < 1 97 < 210 6 < 118 0.455 < 1
w1 Pt105 (R) -961 -70 | 0.419 < 1 83 < 210 5 < 118 0.391 < 1
a Pt107 (L) -961 116 | 0.487 < 1 97 < 210 4 < 118 0.455 < 1
Pt107 (R) -1173 -28 | 0.385 < 1 75 <210 3 < 118 0.353 < 1
Pt109 (L) -1173 81 | 0.461 < 1 91 < 210 2 < 118 0.426 < 1
Pt109 (R) -1279 10] 0.354 < 1 68 < 210 2 < 118 0.320 < 1
Pt1011 -1279 46 | 0.409 < 1 79 <210 1 < 118 0.374 < 1
Pt201 -155 =356 | 0.756 < 1 158 < 210 16 < 118 0.757 < 1
Pt203 (L) -155 341 | 0.730 < 1 153 < 210 15 < 118 0.731 < 1
Pt203 (R) -408 276 | 0.685 < 1 142 < 210 12 < 118 0.673 < 1
Pt205 (L) -412 287 | 0.697 < 1 144 < 210 11 < 118 0.684 < 1
o Pt205 (R) -592 -188 | 0.557 < 1 114 < 210 9 < 118 0.538 < 1
Pt207 (L) -592 219 | 0.602 < 1 123 < 210 8 < 118 0.581 < 1
Pt207 (R) -701 -109 | 0.418 < 1 84 < 210 6 < 118 0.397 < 1
Pt209 (L) -701 145 | 0.472 < 1 95 < 210 5 < 118 0.448 < 1
Pt209 (R) -743 -32 ] 0.269 < 1 53 < 210 3 < 118 0.249 < 1
Pt211 -744 71 ] 0.325 < 1 64 < 210 2 < 118 0.303 < 1
Pt301 -13 -456 | 0.864 < 1 181 < 210 18 < 118 0.863 < 1
Pt303 (L) -13 443 1 0.839 < 1 176 < 210 16 < 118 0.838 < 1
Pt303 (R) -18 -368 | 0.698 < 1 146 < 210 14 < 118 0.697 < 1
Pt305 (L) -18 373 |1 0.707 < 1 148 < 210 13 < 118 0.706 < 1
s 3 Pt305 (R) -11 261 | 0.494 < 1 104 < 210 11 < 118 0.494 < 1
Pt307 (L) -11 283 | 0.536 < 1 112 < 210 10 < 118 0.535 < 1
Pt307 (R) —7 -156 | 0.296 < 1 62 < 210 7 < 118 0.296 < 1
Pt309 (L) -7 183 ] 0.348 < 1 73 <210 6 < 118 0.347 < 1
Pt309 (R) -6 =54 | 0.103 < 1 22 < 210 3 < 118 0.103 < 1
Pt311 —6 84 | 0.159 < 1 33 < 210 2 < 118 0.159 < 1
Pt401 143 -359 | 0.768 < 1 161 < 210 17 < 118 0.708 < 1
Pt403 (L) 143 346 | 0.746 < 1 156 < 210 16 < 118 0.686 < 1
Pt403 (R) 395 272 ] 0.670 < 1 139 < 210 12 < 118 0.482 < 1
Pt405 (L) 396 284 | 0.684 < 1 142 < 210 11 < 118 0.495 < 1
i 4 Pt405 (R) 579 -186 | 0.548 < 1 112 < 210 9 < 118 0.273 < 1
Pt407 (L) 579 218 | 0.593 < 1 122 < 210 8 < 118 0.316 < 1
Pt407 (R) 690 -108 | 0.414 < 1 83 < 210 6 < 118 0.086 < 1
Pt409 (L) 690 145 | 0.468 < 1 95 < 210 5 < 118 0.137 < 1
Pt409 (R) 740 -32 | 0.267 < 1 52 < 210 3 < 118 0.132 < 1
Pt411 739 71 ] 0.324 < 1 64 < 210 2 < 118 0.089 < 1
Pt501 261 227 ] 0.526 < 1 109 < 210 12 < 118 0.404 < 1
Pt503 (L) 258 178 | 0.437 < 1 90 < 210 8 < 118 0.316 < 1
Pt503 (R) 670 -142 | 0.477 < 1 97 < 210 8 < 118 0.158 < 1
Pt505 (L) 661 123 ] 0.439 < 1 89 < 210 4 <118 0.123 < 1
b 5 Pt505 (R) 980 91 | 0.454 < 1 90 < 210 6 < 118 0.027 < 1
Pt507 (L) 980 91 | 0.447 < 1 89 < 210 3 < 118 0.032 < 1
Pt507 (R) 1186 -50 | 0.418 < 1 82 < 210 5 < 118 0.147 < 1
Pt509 (L) 1186 57 | 0.421 < 1 82 < 210 2 < 118 0.145 < 1
Pt509 (R) 1289 -13] 0.358 < 1 69 < 210 3 < 118 0.250 < 1
Pt511 1289 23] 0.367 < 1 70 < 210 2 < 118 0.242 < 1
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2) WERMm
R 44 R S1 Cl C2 C3 C4
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15 F
tf (mm) 17 22 17 10 10
Wir i
tw (mm) 16 23 16 15 15
o (N/mm2) -129 110 117 75 14
RN
ca  (N/mm2) 140 140 140 140 140
s I
oa—o (N/mm2) 11 30 23 65 126
T (N/mm2) 58 74 69 61 7
B AW )
Ta N/mm2 80 80 80 80 80
Ia)s
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3) HREHER
IR LT IEHE T, AR Y 7Y A RORA LT - 7o iR &2 TRITRT,
W No. 3 TiE, HIFHABRREWDREY) 7TH A b LTI L TRE < hoT,
FWE O/ NSWeD, BEDORPLETH LD, L LRNL, FREZINT 5 2 & TRIEZ#E
KTHZLITAHETH D,

No. 1 No. 3
% No. - - 5%
AL A AT FEIZAT
U THE SM490Y SM490Y SM490Y e ERME ET 5
U 7 WEMRIE | treq(mm) 5 28 27
BHRE t  (mm) 14 28 28
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4 WEEY

A) SENo. 1 W R KHER

- Wrim /)
Fx = -1261.8 kN Mx = 1.1 kN+m
Sy = 6.2 kN My = 70.1 kN-m
Sz = 4.8 kN Mz = 14.9 kN-m

CHB L OHITE— A v FDfEE
EFY 7 IHEAT B H
Fx My -1261.8 70. 1

H = + = + = 175.26 kN
! 4 P 4 0.5

AV TIERT 57
Fx Mz -1261. 8 14.9
g, = =X 4 Mz _ =
2 1 + 5 7 + G 285. 68 kN

HIL < H2 DT H2 TEETS,

V7 OMBERE
- H 175255

VST x o T T120 x 00 0 0 w7 Mo

X OBERE L FE LT 5,

VTR T L OMBERBAREY A XS
H

S = n X ra X 0 X 0.707
Al 1
0o ERAKES (N
nooc EHEEROK
ta o AFAEAMIE S (N/m2)
0 TEHER (mm)
) 285675 - .
5 TTTTX 1m0 x 30 x 0707 oom e
- E AW OIRE

HEAW ) - oA AW & HIZIRPUERE X Hw=800-500=300mm & 3%,
Sy < Sz DT Sz TEET S,
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S 6220
t = = = 1 mm — 14 mm

Hw X ta 300 x 120
X ERE L RE LTS,

R E— R DR
NA TV T O & ONVEALTEMAREY A XS
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r n X ta X 0 X 0.707

Mx : fEHEVE—A> b (N mm)
n o BREEROK

ta @ FFEYE WG E (N/mm2)

0 VEEEE (mm)

r o S 7O (mm)

1120000 % 1
250 2 X 120 X 1570.8 X 0.707
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B) %&No. 3 BEU LS E AT

- [BrTi /)
Fx = -11.0 kN Mx = 2.4 kN-m
Sy = 4.2 kN My =  —493.2 kN-m
Sz = 183.8 kN Mz = 11.3 kN+m

CH B L OITFE— X hOfEE
ETFY 7RI 5 H
. Fx My _ _ -11.0 ~493.16
H = - + 5 T + o 989. 06 kN

EAY ZWERT 20

Fx Mz -11.0 11.3
H, = + = + = 19.863 kN
: 4 n 4 0.5
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ZZiZ
YERKRIET (N)
n o EEEROK
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0 EEEE (m)
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¢ S 183800 5 . 08
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R FE—RA L N OIRE
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Mx : fEH#EVE—A2F (N-+ mm)
n o RO
ta @ PFEEARSIIE (N/mm2)
D EEER (mm)
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C) #&No. 3 H1EY v 72 A THE

- BT /)
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1. REORE (BHEREN)
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Output Set: Mode 1, 1.817247 Hz
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Deformed(0.102): Total Translation
Output Set: Mode 2, 1.861837 Hz
Deformed(0.0948): Total Translation
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Output Set: Mode 3, 3.54959 Hz
Deformed(0.153): Total Translation
Output Set: Mode 4, 4.102498 Hz
Deformed(0.103): Total Translation
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Output Set: Mode 6, 6.446372 Hz

Deformed(0.106): Total Translation
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Output Set: Mode 7, 6.672892 Hz
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Output Set: Mode 8, 7.114243 Hz

Deformed(0.156): Total Translation
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Output Set: Mode 9, 8.411058 Hz
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Output Set: Mode 10, 8.910543 Hz

Deformed(0.107): Total Translation

e

KX

3-46



4. =T NF 1—THRDOHEE

-1. REAE

(1) #®EAE

2-1 Thiti L7727 — 7»%1%7%KﬁWLOWT RGBT IRBROBMEDIBR T 5 X 9
IetiE 2 BHUE U #9728 K0 TSRS S A5 T L 2 iR L. T H IS D i
P %@ﬁé“ﬁ%ﬁoouT#@ﬂ7m%fﬁéo

(#Eton—]
| z5—r |
l a] 30
eI ZN) T — X 30m
l [l HciE (1 SR )
(RN NT AT = t%/\:
RIS X HE || AR (R
l BEEERTE, LUl 1 HIEE)
HAST RO — . Vs T

l

R 5

l

AT HRBOME | EAEE (RO R
l PSR D HETE

N

| maeT |

®4-1 wH70—K

CGHEI:D!
CBRMTEMZE &S 0 2,500mm, A REE 2, 500mm & fELRT D,
R RIIRBMEA R DRV I, MO A LA =T 5,
- TME 30m B L 60m TG A BHLT 5,
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Ke35, Zo—3REERRIL, DRVIR CRIMEZ R T 2RE B H Y . BEIFICET HmHEE
USRI TWD, ZOREE, F—7 NV ERGTHERT 2 2 LT, BERONTZ 3R iR
REMEL e L, S DICHZEHSICHTE ZE M A R T D L T 5,

EHr—T
INV I — A —T )L <
!
e /N
WA A
N I RFA r—=T L s> ”X"
za%Adéﬁnﬁggzé%év
o

O
/‘» — (%4 %5
&

4
v
z ’\T/?X

(i M EEE DA A — 1

o

b) 1 R (1 P4z () #L¥sLT (3) Ddemnt
HEUL TEd
E1 ik

®4-2 —ITLBEOBE

3-48



4-2. BEATREXER DS
(1) #®E7r—=x

FEME CHN T 5 2 & 2Rt & L CXKME 30m, 60m Cakakil % Fii L7,
FME 30mD X A FTIEHMEY > 2 6.5m, Y 2 6. 9miZ/R Y . KR 60m DX A A%,
Y7 8m, Wil o7 15mOEKIC /D (B 4-3 Z8), DL EOREFE XV MR 30mFRE 2356 H
FORRSA & B 50T, 3R 30m THRETZ1T D,

W Case-1 (EZfE& 30m)
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(2) E&#E
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M Case-2 (&K 60m)

(i) E

4-6 ETILE ZMEEK : 60m)
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4-3. ERETEM (BRROMRANIC & HEIRRERED)

r— T WAEE DAL AT S A MR T DT O OREEI AR 4-1 IR LT, £ —7 T OWTIEAR
RCHIVUTIREFE R EREHE AT v TR BB LT 2535, LorLZ 2Tl ek Tthik
. RIS L CIEANKIT RN L S 2T L X L R FJ60KN/AR) 2 F 2, 3V o VoI —
T, VARV ART) KNy T AT A —T M —FRITEATHHDE LT,

® 41 REAIE

XME 30m

fif JERE D, BEEME L, L1 1 HES)
FR2 OMEME S EQ (kh=0.2) % &

FrEMAY | DL B LUV DHEQ

WATHEE | 0.7/m?

fEFRE #E4 : SM400, STK400
r—7 ) 284 F e —7 (ST1470)

free=t SRL K 1.7 (HUERRF 1.7/1.5) . 7 — 7L
2.5, 7= OAHIBRAE : L/600=50mm

(MEEH] zsg

3000
250 2500 250
— —
(O
2000 _
sk | 0.5625 kN/m?2 | 1406 kN/m
KR | 0.200 kN/m?2 | 0.600 kN/m
HthE | 0.09kN/m | 0.09kN/m kN/m
= A | 0.5kN/m | 0.5kN/m kN/m
PR | 1.403 1.403 kN/m
&t AL
D 3410 kN/m
EHE | 3.5kN/m’ | 8.750 kN/m
L | 4.375kN/m | 4.375kN/m 8.750 kN/m

4-1 FESH
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MEHREIZ DD TR, T TRIBEM & LTz, B, 77— 7 oW L, RAHKITBAET 20
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BEEEMTEIC OV T, BRI IZ T DT, BEEME & LT L7,

r =T NVDRERIZONTIE, Frtod#Eh & L,
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1-L.FLG 700 x 10
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4-4. BEHER (FHIOMRENIC & SEIBRERED)
(1) TLRARLRAIZEBY—TILERE

r—T VHERT ABIBESN G, A3 T a—7 (ST1470) OFNBREZRE LT,

> =T N H— 1 $28mm, HEEE 633 kKN

> Ny JATA—T/:  ¢50mm, AEEHE 1,980 kN

2R DA —T NI 60KNIAD S LA N LR %, SN 7 ZAF A r—T I BRNIARD 7 L A |k
VAN EE 2L, BELEZTRXTOMEr —RAZBW T —T7 Vv OEINHRIFTIIFRE L 720,

OREHBEICE 2 5EEZITI) 2L B0, i ED7=D Z 2 TlE—/IZ 60kN/AD
TVARNLVRAERZD D E LT,

£4-3 T—TJILOBEHR

5|aRR AR 5 iR/ NF
Nmax Na HWET—A Nmin Na WET—R
Tr—Jn |1 807 < 2532 |D+LPI 477 > 00 _|DEQAR—
=1 ZmM 2 875 < 253.2 |D+LP1 505 > 0.0 D+EQ(LG)—
(&EY) 3 85.5 < 253.2 |D+LP1 485 > 00 D+EQ(TR)«—
4 730 < 253.2 |D+LP1 423 > 00 D+EQ(TR)«—
5 560 < 253.2 |D+LP2 352 > 00 D+EQ(TR)«—
6 423 < 253.2 |D+LP2 29.2 > 00 D+EQ(TR)«—
7 30.1 < 253.2 |D+LP2 207 > 0.0 D+LP1
8 238 < 2532 |D+EQ(LG)« 125 > 00 D+LP1
9 241 < 2532 |D+EQ(LG)« 156 > 0.0 D+LP1
10 36.3 < 253.2 |D+LP2 283 > 00 D+EQ(TR)—
11 528 < 253.2 |D+LP2 371 > 00 D+EQ(TR)—
12 69.2 < 253.2 |D+LP1 438 > 00 D+EQ(TR)—
Nmax Na wET—AX Nmin Na WET—R
F45—JN 1 37.9 < 253.2 |D+LP2 283 > 00 D+EQ(TR)—
52 Z/M 2 484 < 253.2 |D+LP2 327 > 00 D+EQ(TR)—
(EEY) 3 60.2 < 253.2 |D+LP2 383 > 00 D+EQ(TR)—
4 73.2 < 253.2 |D+LP1 435 > 00 D+EQ(TR)—
5 80.4 < 253.2 |D+LP1 46.7 > 00 D+EQ(TR)—
6 804 < 253.2 |D+LP1 46.7 > 00 D+EQ(TR)«—
7 73.2 < 253.2 |D+LP1 435 > 00 D+EQ(TR)«—
8 60.2 < 253.2 |D+LP2 383 > 00 D+EQ(TR)«—
9 484 < 253.2 |D+LP2 327 > 00 D+EQ(TR)«—
10 37.9 < 253.2 |D+LP2 283 > 00 D+EQ(TR)«—
11 325 < 253.2 |D+LP2 194 > 0.0 D+LP1
12 325 < 253.2 |D+LP2 194 > 0.0 D+LP1
Nmax Na wET—AX Nmin Na WET—R
INVIDRTA 1 711.8 < 7920 |D+LP1 4293 > 0.0 D+EQ(LPG)—
F—TJIIL 2 711.8 < 7920 |D+LP1 429.3 > 0.0 D+EQ(LPG)—
3 711.8 < 7920 |D+LP1 429.3 > 0.0 D+EQ(LPG)«—
4 711.8 < 7920 |D+LP1 4293 > 0.0 D+EQ(LPG)<—
ARl
D (3EfirER),

LP1 (BERfTES—R 1),
LP2 (BERfTE—R 2),
EQ (L 1 HIgREH 2 DIEM: ) kh=0.2)
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(2) BMERE
EMr. U3 ehnrmZ e e s B oMK & Lz,
) KO8 2 gl 252 S & LTRGET Lz, ZORER, R 44 IR IS T2 VAU,
MBI T 2 Z B L OTebAORE LR T 5 2 & 2R LT,

®4-4 FEHHMBEER

T M R U Y T
e ——————— 10 700 ]O o q 300 q
H = o
b i Sk 23
: ] |
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1-U.FLG 700x 10
g:IV{,-g]gB égg x }g 1-UFLG 300x9
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0-LRIB 150 x 12 I-L. 300x 9
1-L.FLG 700 x 10
H 2N e £ [m] 3.750 1.571 1.571
S ONWA) S 81.2 < 140.0 -109.6 < 125.3 -25.0 < 140.0
AW 8.3< 794 42.8< 80.0 6.3< 80.0
B RS T
. (0.591 < 1.0) 0.737<1.2 0.032 < 1.2
(A FET)
EE DA 0.537<1.0 0.793< 1.0 0.178< 1.0
S 518 A Jh -75.2 < 140.0 -109.6 < 125.3 -25.0 < 140.0
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1) ZfiX

Y MAX DX 0. 2607
MAX DY 1. 7850
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2) #wAHK
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3) BHITE (mABIFE—A2 )
GIRDER

KNM

MOMENT- MZ

———— —
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-35
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/\
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/\

25

30
35

45
50

55
60

MAX
MIN

RING-1 MOMENT- MZ

D+L
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625 625
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250 230
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o, —— ] o
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250 250
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500 500
625 625
750 70
875 875
1000 1000
125 1125
1250 1250
1375 1375
1500 1500
S 7017 — el WAL 12,22 — bl
MIN -93. 10 M -12.03
RING-1 MOMENT— MY RING-2 MOMENT- MY
S0 K\
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300 300
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I - — K
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MAX 50.10 — 4L
AN 52,09 WAY 1, 0965 —
MIN -3.1120

K 4-14 ghlFE—A > FEHE
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(4) 2RERICHT I2RLEMEORE

BRERICT B IRE & LT, SERIEOT T /TR E O A % Hiff U 72 RRE ORRIE L IE i % Fhite
L7z, RERITT70 L 7eoTz, ZhiE, 70 7T AOHIKINLEMERL ORI L A ML AZBRNE
W (EMEICAH T DM EMGE) 277, BENEFICRE N LMD, MELEMEIZ SV TR
NI D,

B SEX

Y
—_— RN
Z X % oM
EIGENVALUE 770. 42169 MAX DX 15. 622
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B FmEE
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4-5. REIDBE (EHMERET)

WATHE~OARPEZ 52720 BAE L LT, IRBBORA (BEAMWEMT) N0 605, EAERET

OFERE T (K45, 414 28),

EREG A 1R (IR 3IR) OANEEHIT 281, EALM 1R (BE4K) 12322 THY | $hiE)
M1k (R 5R) 1356.0 Th Y, f&llT M3 X OREHEIE A A m OKFET— R) ISk L TeErm (6
EE—R) OFMEEEPREWER o7, ZoRB LZSWE T mORENX, FY > 7y
H—lr =T M Lo THFFE I, FESNTRWRIEIZH 2 Z L. B LU E R ORI X LT
Hl9 DHEREDS 2 WOHEERHE N DEN TR EE X BN D,

(1) BREDHRI-LLIBE

ERIELATA 1R (K 5 R) OIRENMT 4.55Hz TH -7z, HIEORREMEDO H 2 1.5~2.5Hz OHFiH%Z K
TN TNDHZ LD, SHEFMORBOREITHE L TWD I ENFR D,

F o T, BMTIC K ZACHRE  CERAMES B e b2 HE ST b, ZOKFERENL, 1Hz
REOHEARBBAE AT LMV EEERO LS BRFBETELLTNEEZ LN TWD, RIFEDOKF
1 ROBEAIREEIT 1.7Hz TH Y . @H Ok CHIVUTERMERE AN E T 5 Ll TE 2,

& 45 BEREFETRER

RENEL B A ADEEL
RE| AR [Hz] [sec.] iR $RIE Ef
1 [1DZ- 1 1.70 0587 0.0 0.0 6.7
2 |1DZ- 2 1.85 0.540 0.0 0.0 0.0
3 |1DZ- 3 2.36 0.424 0.0 0.0 281
4 [1DX= 1 3.92 0.255 32.2 0.0 0.0
5 |1DY- 1 455 0.220 0.0 56.0 0.0 X : A
6 | 5DZ- 1 519 0.193 0.0 0.0 202 Y : $hE
7 |5Dz- 2 5.36 0.186 0.0 0.0 1.2 7 : EEhE A
8 | 5DZ- 3 563 0177 0.0 0.0 1.9
9 |[5DY- 1 6.15 0.163 0.0 0.0 0.3
10 | 5DY- 2 6.64 0.151 0.0 0.0 0.0
&5t 32.2 56.0 58.3
&7 fE AR AT RS 5
60
50 +
=40 | @ 1l
|
E{ﬁ 30 .  EhE
10 s |
0 o ‘
0 1 2 3 8 9 10
IRE R (Hz]

X 4-16 BERERTER—&
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R 4-17 EREHFTER (2F1TRE—F, £FR2RE—F)
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BRI RE—F

SR BIEX

B&K4RE—F

S B X

K 4-18 EREHFFTER (ZARIRE—F, £FIRE—F)
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B&KA5RE—F

B | BIER

W26 RE—F

S B X

X 4-19 EIRERETER (2K RE—F, £K6RE—F)
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R l 1

SR BIEX

B&RA8RE—F

S B X

R 4-20 EREHTER (2R TRE-F, £2K8RE—F)
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BRI RE—F

SR BIEX

2K 10 RE—F

S BT

4-21 BEREHBFER (2ERIRE—F, 2K10RE—F)
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4-6. KTEAROREFERMEICET HREDT (55)

Z 2T, BEAIREEGS K OUKE G OREME FAYEIC BT D RE ST 24T O . BUE DT B T o T,
BEAERR S AT L0 biEE S D BH O ACEIRBEOHEEE] P ORXE#AT 5, 72720, *I%5H
X, AT X B KRB T PR R b 0T WIHZRE O E AR A AT 55 0 BB RO L9
IRFAEE R E LT D20, AEROATEIRO BEAREEIIL.THZARE & BA RSN RS, L
oo T, ARHRIEOISEE~OBEAIZHOWTEIZEBHER N T 5,

4-6-1 fRITSH
H R LOMIMEFEIBRITIC L0 RE S EEZ 7o, 7o BERITAg R EED 5 5 T
mnicw LT oH (3 7 —2R) #fE L,

# 4-6 HEDOHRE
JE L h(%]
TR E r—2 A r—2 B r—2C
#7
PRAH 0.2 1.0 2.0
VT
lr—7 )L 1.0 2.5 5.0

4-6-2 EHERFTHER
BAMEMAITRER LD . AKFE 1 RE— RORMEZ R ITEEZFEH LT,

R 4-1 BRERFICESE—FER - BE - Atk

IR B — A4
L fii%5
A B C
Wk h HT 0.002 0.010 0.020
WELLh R 0.002 0.010 0.020 0.002, 0.01, 0.02
WEkh Vs 0.002 0.010 0.020
WELh r—7 0.010 0.025 0.050 0.01, 0.025. 0.05
A IREE (Hz) 1.702 K1 IR
E— FEEE h 0.00231 0.01059 0.02118
E—NEE Ms (t) 1.355
E— Nl Kp (t/sec2) 12.447
HrDE— REETEE Cs 0.01897 0.08697 0.17394
BATHEEE (Nm2) 0.7
BirEEE (kg/N) 70.0
BITEDOE— NEE Mp (t) 0.153
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K1 T — 2 BRI ACHRENSEE B9 2 1R R e T OSBRI O FE & HEE L7z,

| e HTEA AN R BN %1.00H2
Mpxp +Coxy +Kyxy =F (1) e ) 020 < ﬁégg
A
0.18 —y— ﬁﬁ%—D
_ —o— S1TEE
Fo () = k Kk H(xp)G(f5 )Mpg e G) 0164 |~O- éﬁéiﬂu
e
’ ®
X t N 0.14 4
H(xy)= L,) ............................... @) 8
k, +|XB(t)| ﬁ 012+
H_
A,é 0.10 4
G(fp) =10 o 5)
0,08
0.06 T T T T T T T
10 20 30 40 50 60 70
IR & PRHE (mm)
7 Ca—087Hz [X-2  HESGTLKRERRS (k)
60 —o— 1.00Hz ° °
232 L / \ 10 - ;
o /
=] e U = 54 Py
[ =
S o 4
30 L 4
& ] 0
% 204 m n n n % p
2 B 5] AT
O 104 X ) H 4) ,kg=0.01m/s
0 T T T T T T T -10 T T - T T 1
10 20 30 " 50 60 70 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
RE) & IR & (mm) BE xg (m/s)
-3 BERE OFFTEIE (k) M-6 BIFH (xB)  (FREks)
4-22 KFERBID¥EEFE
HEESRM & L TR k1~k3 % — B ET 5 Z LIIWREETH 5720 | ARat CIIRE ST 2175 =

e L,

A EANTIC 31T R E T —A A, B, CZNENITK LTI 4-22 225 2kl BL k2 2%

nNEN 3 r—2A (BEE 1 REICx LT 7r—R) BELT,
£4-10 HEERSEH

R E 7 — A A (BN B (=) C (B=EX)
E— NE&E Ms (t) 1.355 1.355 1.355
T— FlltE Kp (t/sec2) 12.447 12.447 12.447
HrDE— NIBEEER Cs 0.01897 0.08697 0.17394
BITEDOE— REE Mp (t) 0.153 0.153 0.153
%% k1 0.10, 0.15, 0.20
¥ k2 0.1, 0.3, 0.5
75 k3 0.01
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FRE kL, k2 23T A =22 L, HOSBEENIS K OHIGEHE 2 FH L7z,

x4-11 HEHRE—ER
HOESIEA GBEN)
P b — AR e
11 | 12 | 13 [ 21 | 22 [ 23 | 31 | 32 | 33
E— N h 0.00231 I A AT S SRA
HiDE— N E Cs 0.01897 I A AT S SRA
75 k1 0.10 | 0.10 | 0.10 | 0.15 | 0.15 | 0.15 | 0.20 | 0.20 | 0.20 | 0.10, 0.15, 0.20
¥ k2 0.10 | 0.30 | 0.50 | 0.10 | 0.30 | 0.50 | 0.10 | 0.30 | 0.50 0.1, 0.3, 0.5
7% k3 0.01
Wi ZAL (m) 0.19 | 0.54 | 0.97 | 0.29 | 0.87 | 1.42 | 0.39 | 1.16 | 1.94
MBI (m/s) 0.58 | 1.76 | 2.93 | 0.87 | 2.65 | 4.42 | 1.16 | 3.53 | 5.87
R MB (BES)
B br— A &S
11 | 12 | 13 [ 21 | 22 | 23 | 31 | 32 | 33
F— FEEK h 0.01059 [ A AT A SR B
KioE— REEEH Cs 0.08697 [ A AT A B
%3 k1 0.10 | 0.10 | 0.10 | 0.15 | 0.15 | 0.15 | 0.20 | 0.20 | 0.20 | 0.10, 0.15, 0.20
R k2 0.10 | 0.30 | 0.50 | 0.10 | 0.30 | 0.50 | 0.10 | 0.30 | 0.50 0.1, 0.3, 0.5
2% k3 0.01
HISEZENT (m) 0.06| 0.19| 0.34| 0.1| 03] 0.51| 0.13| 0.41 | 0.68
iR (m/s) 0.19] 061 | 1.03| 0.3] 092 1.55| 0.4 1.24 | 2.08
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HioE— FEEE Cs 0.17394 [ A B AT A SRC
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i EZAL (m) 0.03| 0.1 0.18| 0.05| 0.16 | 0.26 | 0.07 | 0.21 | 0.36
MBI (m/s) 0.09| 0.31| 0.53| 0.15| 0.48| 0.8| 0.2 0.64| 1.06
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Static structural characteristic and collapse behavior of tubular bridges with steel pipes
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Shunichi Nakamura

ABSTRACT A new type of footbridge, the tubular bridge with steel pipe girders, is proposed.
The walkway is covered by tubular section consisting of several steel pipes. The upper pipe
girder is in compression, the lower pipe girder is in tension, and the center pipe girder has no
axial force. Bending moments decrease or increase between the adjacent two rings. All of the
pipe girders behave as a one piece because the vertical displacements are the same. The
collapse process and the ultimate strength of the model bridge are obtained by elastic plastic
and large deformation analysis. Plastic hinges are formed in the center pipe girders near the
pier ends, which leads to the collapse of the model bridge.

Keywords: 7 = — 771G, S0, #iEEh, #&/RmEE
Tube Bridge, Steel pipes, Static behavior, Ultimate strength

1. Introduction

A new and attractive footbridge was designed by
Calatrava: the Peace Bridge in Calgary, Canada
(Fig.1). The walkway is covered by circular closed
consisting of steel
transparent covers. Although this bridge looks nice,
the structural detail is very complex and its
construction cost is high, which delayed the
construction schedule”. This bridge was completed
in March, 2012.

sections members and

v el

Fig.1 Peace Bridge

The authors have proposed a similar footbridge:
a tubular bridge with steel pipe girders (Figs.2, 3, 4,
5, 6). The walkway is covered by tubular section
consisting of several steel pipes. These steel pipe
girders are connected together with steel rings.

Advantage of the proposed bridge is low
construction cost keeping the same function and

» £ e
»

Fig.2 Tubular Bridge with steel pipes

esthetics as the Peace Bridge. As steel pipes are
produced at steel mills, fabrication cost to make
them to structural members is much lower.

However, as this tubular bridge with pipe
girders is original and new, its structural behavior
is not known and needs to be studied. Sectional
forces and displacements of the steel pipe girders
must be clarified. Resistance against global
buckling must be also confirmed. Complex
non-linear analysis, elastic plastic and large
deformation analysis, is necessary to find the
ultimate strength.

2. Bridge Model
The model bridge with a span length of 50.0 m
is studied (Fig.3). Six steel pipe girders are used to

SRR AR
PhD. AT EATER i

tARTHE= =2 (F259-1292 #4315 L& B 4-1-1)
(7259-1292 #hZ=) I PR AL 4 A 4-1-1)

PR E3=
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Fig.4 Cross section

form a tubular section with an outside diameter of
5.7 m (Fig.4). The pipe girder is 502 mm in
diameter and 14 mm in thickness with steel grade of
SM490 (Fig.5). These dimensions are determined
by the allowable stress method so that the stress due
to the design load is within the allowable stress”.
The steel ring with I-section is assumed (Fig.6).
The steel ring is welded to the steel pipe and the
connection is assumed to be rigid in the analysis.

Static structural behaviors of a tubular bridge
with pipe girders are studied in two steps. In the
first step, sectional forces and deflections are
obtained due to the design load, the dead load (D)
plus the live load (L). It is assumed that the live load
intensity of 3.5 kN/m’ is distributed on the whole
deck width of 2.5m ?. The design load is applied as
a concentrated load at the nodes, the intersections of
the pipe girders and the rings.

In the second step, the collapse process and the
ultimate strength of the model bridge is obtained
by elastic plastic and large deformation analysis.
The design load of D+L is incrementally applied
and the resultant deformation and stresses are
obtained until the bridge collapses.

It is reminded that the pipe girder has the
radius over thickness ratio of 251/14=17.9 and
local buckling does not occur.

3. Static behaviors due to the design load

Fig.7 shows axial forces of the pipe girders.
The upper pipe is in compression with the
maximum force at the span center. The lower pipe
is in tension with the maximum force at the span
center. Axial force of the center pipe is zero. Fig.8
shows in-plane bending moment of the pipe girders.
The upper, lower and center pipe girders show
similar curves: bending moments decrease or

2000 T
- ﬁ

1000

N(kN)
[an]

___________________

2000 _I\II;IIIIIIIIIIIIIIIIII\II\IIIIIIIIII\IIIIIIIIII\I
20 25 30 35 40 45 50
X(m)
***** center pipe

upper pipe ————— center pipe ——— lower pipe

Fig.7 Axial force of pipe girders (D+L)
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Fig.8 Bending moment of pipe girders (D+L)

increase between the adjacent two rings. This
tendency arises because the pipe girders are
restrained by the rings and work like a fixed beam.
The center pipe girder has larger bending moment
than others, and the maximum occurs at the end
rings. Out-of-plane bending moment of the pipe
girders is much smaller than the in-plane bending
moment.

Fig.9 shows the vertical displacements of the
three pipe girders, which are all equal. This
indicates that all pipe girders behave as a one piece
and the bridge is stable. The steel rings play an
important role to hold the parallel pipe girders in
positions and to restrict their individual behaviors.
Therefore, the steel rings should have sufficient
rigidity and be arranged at appropriate distance.

x(m)
0 5 10 15 20 25 30 35 40 45 50
DI
25 4
= 50 £
£ 75 4
(2=}
100
125 £
-150 £
upper pipe —---- center pipe -~ lower pipe

Fig.9 Vertical displacement of girders (D+L)

As the tubular bridge behaves as a beam, the
upper and lower pipe girders mainly take bending
moments. That is why the upper pipe girder is in

compression and the lower pipe girder is in tension.

The center pipe girder is on the neutral axis and no
axial force occurs. On the other hand, shear force
is taken by the rigid frame consisting of the pipe
girders and the rings, and bending moments occur.
Maximum stress, consisting of axial stresses

SR 5 A Uk SO AR
£520% (20124E11)7)

and bending stresses, occurs at the upper edge of
the center pipe girder (diameter of 502mm and
thickness of 14mm) at the end ring. The stress
check ratio at this position is nearly 1.0. In this
study the same size steel pipes are used for all the
pipe girders. The stress of the end rings is larger
than other rings, and it is also within the allowable
stress.

The vertical deflection due to live load is 36.2
mm which is within the allowable value of 100
mm (=L/500, L: span length)?. This confirms that
the serviceability of the tubular bridge is satisfied.
However, further study is required to verify its
dynamic behaviors in vertical and lateral directions,
which is out of scope of this paper.

Stress

Oy

Strain

_ _O"y

Fig.10 stress vs. strain (SM490)

4. Collapse process and ultimate strength

Elastic plastic and large deformation analysis is
conducted for the model bridge. Fig.10 shows the
assumed stress versus strain relation, an idealized
bi-linear curve, for steel pipe. Yield stress of steel
grade SM490 is 315 MPa. The analytical model is
three dimensional, and steel pipe girders and the
steel rings are divided into fiber elements. The
FEM program, FRAME/3D (Forum 8), is used for
this calculation.

The design load D+L is first applied and, then,
it is incrementally applied until the model bridge
collapses. It is expressed by:

P=K(D+L) (1)
where, P: applied load, K: load incremental

coefficient. The load increment is varied
depending on the resultant deformation and the

minimum load increment is set at 0.05.
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Fig.11 Vertical displacement at span center

Fig.11 shows the vertical displacements of the
three pipe girders at the span center. All follows
the same tendency until collapse. The vertical
displacement increases proportionally until K of
about 1.70. Then, it becomes non-linear and
increases very sharply after K of 2.30. It diverges
at K of 2.35, which is taken as the collapse load.

r 2.50
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— Upper pipe s 1 v
S s + 100
————— Center pipe I
_____________ " = [y
Lower pipe fi N
7
)
! — ' f . . ‘ 0.00
40 30 -20 -10 0 10 20 30 40
Oy (mum)

Fig.12 Longitudinal displacement at R10

Fig.12 shows the longitudinal displacement of
the pipe girders at the end ring R10. As the whole
tubular section rotates at the end ring, the upper
pipe girder moves to the left (towards the span
center) with K, the lower pipe girder to the right
(away from the span center) and the center pipe
girder does not move. However, they all moves to
the left very sharply after K of 2.30 and diverge at
K of 2.35, which corresponds to the vertical
displacement. The lateral displacement in
transverse direction is negligibly small.

Fig.13 and Fig.14 show stresses of the three
pipe girders at R8 and R10 with K. Edge of the

center pipe at R10 first reaches yield stress when K
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Fig.13 Stress vs. K of girders at R8
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Fig.14 Stress vs. K of girders at R10

is 1.55, and then continues to be in yield
afterwards. Edges of the lower and upper pipe
girders reach yield stress, which occurs after the
yield of the center pipe girders. This can be
understood by the bending moment diagram of
Fig.7. Stresses of the steel rings are below the yield
stress except near the divergent load.

x(m)
0 5 10 15 20 25 30 35 40 45 50
0 __\\.\I.u.l.u.I....I....I....I....I....I....I../_‘
ST =%
-200 1
E 400 4
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Fig.15 Vertical deflection of lower pipe girder

Fig.15 shows the vertical deflections of the
lower pipe girder with different K. The deflections
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with K less than 1.70 are similar to those of a
simple beam with fully distributed loads. Then, the
deflections with K over 2.30 have sharp inflections
at the rings of R2 and R8.

P=2899kN K=1.55

RS R6 R7 R8 R9 R10

P=336.6kN K=1.80

P=3749kN K=2.00
P=4395kN K=235

yv

\

m Tensile Yield

Fig.16 Progressive yield process of pipe

1 Compressive Yield

Fig.16 shows how yielded areas spread in steel
pipe girders with increasing K and the process of
collapse is clarified. At K of 1.55 the first yielded
part appears in the center pipe girder at the end

SR 5 A Uk SO AR
#520% (20124E11)7)

ring R10. At K of 1.80 the yiclded areas spread and
deepen at R10, R9 and R8. At K of 2.00 the upper
and lower pipe girders at the end ring R10 and the
center pipe girder at the ring R8 become yielded.
At K of 2.35 the whole cross section becomes
yielded and plastic hinges are formed in the center
pipe girders at R10 and RS, which leads to the
collapse of the model bridge. These plastic hinges
cause the inflections at R2 and R8, as shown in
Fig.15.

4. Conclusion

A new type of footbridge, the tubular bridge
with steel pipe girders, is proposed and its static
behaviors and ultimate strength is studied in this
paper.

Static
deflections, are obtained due to the design load.
The upper pipe girder is in compression, the lower

behaviors, sectional forces and

pipe girder is in tension, and the center pipe girder
has no axial force. Bending moments decrease or
increase between the adjacent two rings. The
center pipe girder has the larger bending moments.
The vertical displacements of the three pipe girders
are all equal, indicating that all pipe girders behave
as a one piece and the bridge is stable.

The collapse process and the ultimate strength
of the model bridge are obtained by elastic plastic
and large deformation analysis. The vertical
displacements at span center increases linearly
until K of about 1.70, increases very sharply after
K of 2.30, and diverges at K of 2.35. At K of 1.55
the first yielded part appears in the center pipe
girder at the end ring R10. At K of 2.00 the upper
and lower pipe girders at the end ring R10 and the
center pipe girder at the ring R8 become yielded.
At K of 2.35 the whole cross section becomes
yielded and plastic hinges are formed in the center
pipe girders at R10 and RS, which leads to the
collapse of the model bridge. These plastic hinges
cause the inflections at R2 and R8.

As mentioned above, the fiber elements are
used in this study. The shell elements can be of
course applied to find the ultimate strength, which
may produce more accurate results. However, the
present method with fiber elements can clarify the
collapse process and the ultimate strength. The
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analysis with fiber elements needs less calculation
time and is useful from a practical point of view.

This study concludes that the proposed tubular
bridge is statically stable under the design loads,
and has sufficient ultimate strength. Therefore, the
proposed bridge is structurally rational and
feasible.
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A conceptual design of the footbridge supported by cables settled

on an elliptic hyperboloid of one sheet
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Kohki NAKAMURA Makoto USUKURA  Shunichi NAKAMURA Hitoshi NAKAMURA

ABSTRACT The authors tried to propose a new form of footbridge based on the conceptual
design. It is "no discomfort to pedestrians, new tubular girder bridge". The outline design were

conducted varying the shapes and the structural system in order to embody such emphasis on

novelty, approved as a bridge. As a result, the footbridge supported by cables settled on an elliptic

hyperboloid of one sheet has been proposed. The structural design was confirmed by the static

behavior under dead load. In addition, the results of buckling eigenvalue analysis and natural

frequency analysis also showed the feasibility of the structure related to the static stability and

serviceability.
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