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A MODEL TEST OF A PRESTRESSED SUSPENDED ROOF

By Minoru WakaBavasHi, Tatsuo MuroTA, Koichi MiNaMmI,
Michio SuiBaTA and Tsutomu TANAKA

Synopsis

For the large roofs of sub-gates for EXPO’70, a prestressed suspended roof was adopted.
Two types of model tests were conducted to obtain informations for the design of the structure:
wind tunnel tests to know the nature of wind loading, and static loading tests to know the static
performance.

Wind tunnel tests were carried out on 1/100 scale models of plastics and rubker sheets.
Wind pressure distributions on roof surfaces were obtained for nine cases of horizontal and vertical
wind directions. Dynamic behaviors of roof membranes in wind were observed and some
results were obtained.

Also a cable model, which had a scale of 1/15, was tested statically, making use of the wind
tunnel test results. Data were obtained for the determination of the initial prestressing force
distribution, the situation of the change in cable tensions under load, and the deflections of the
roofs.

A numerical calculation was made on the above mentioned problems. The result from the
analysis is compared with the test result and a brief discussion is made.
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Photo. | West gate under construction.
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Fig. 1 Points of wind pressure measurements (unit: : mm)
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Photo. 2 Plastics model for wind pressure Photo. 3 Plastics model set in the wind
measurements. tunnel.
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Table 1. Test program of mesurements of wind pressure.

Wind direction in Wind direction in

Case horizontal plane vertical plane

0°
+3°30" (blow-up)
—5°0 (blow-down)
00
+3°30
—5°0"
0°
+3°30
—5°07

~ o oo"dmg oW e
SEEEH9H+H~H

Fig. 2 Notations : I, II and III show wind
directions. a~m show column positions,
heights of which are as follows : a and
b are 11.7 m above the ground, b and
d18m, e, f, g and h 54m, i, j, k
and 1 14.85 m. F,, F, and F; show
three kinds of membranes.
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Fig. 3(a) Distribution of wind pressure coefficient, Case (A).
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Fig. 3 (b) Distribution of wind pressure coefficient, Case (B).
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Fig. 3(d) Distribution of wind pressure coefficient, Case (D).
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Fig. 3 (f) Distribution of wind pressure coefficient, Case (F).
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Fig. 3 (h) Distribution of wind pressure coefficient, Case (H).
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Fig. 3 (i) Distribution of wind pressure coefficient, Case (I).
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Photo. 4 Rubber model for vibration test.

=~ Photo. 5 (a) Measurement of membrane Photo. 5 (b) A set-up of capacitomicrometer.

displacement.
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Fig. 4 Typical record of vibration
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Fig. 5 Test results for vibration characteristics.
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Photo. 6 Rubber model.
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Fig. 7 Tension meter.
Fig. 6 Mechanical properties of cable.
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Photo. 7 (a) Socket and adjustable fixture for
main cables

Photo. 7 (d) Details of columns i. j. k. 1.

Photo. 8 Weights. Photo. 9 Introducing initial prestressing
force to cable.

SHCEEL T2

TRV R PV RHEBAL 2R VORR L I-IREES Photo. 9 ITRY,

3.3 HF—TIORARESE

AAVIE=T W, T =T VORI ERET BT, Fig. 1 ICRT LD BEN 2 RIELI. BE
KRICXD, & (1) &, RAICRENZkbAEE (0) LOBFENPS, Fig. T iGRT XS5 T—0 i
WERYD, RAHOREN BT — T Db B END, r— T VORIEBEST 3 HEERA L. BA
DEIEBEZTI0%TRETH o720 BB, AAVIr—Tn, 47T r—7vOEHUEMBREr— 7 v DI
EHhIHBTH %0
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3.4 W W F &

Photo. 8 ITRT L 578, 7 v /2 0EES, ¥y 7 r— T VORARDET LK L>THERETE -
7o FAELI-EIT, 2ke, 1kg BXU 500g O3ETHY, HEOKERHEIHLT, —ROE S5
WEE LS, SEORELHYICHALADE . TR, Photo. 10 (a) WRT kI i, BEHE, ¥
Th—7VORARDBTERE > THRbh s, EH&#EE Photo. 10 (b) IKRT LI, KA
S OEBERY, CORBICEEERREBEL, Y7 7oA A STHEREFIESEE DT LI
Lo TIRHLNBE XS LT

TERTREORAESIZIE 150kg/m? &L, 2~3RMEOWERT, kAx, TAXEOBA LI,

3.5 ENAEFE

ZME O, BIFRREOLEMIE, AHCERELL4IBARDOL I VY v T, BREGARSFERICK > TH
EUfro 6, 5 b | ROEFEOKEBMBTFEDICED, kit m ROKFEELE, ERNTZ2H0
MOEBODFRFIzEA Yy =PIk > TRIE LI,

3.6 #| Peif

F9, TOFVRIVR L« =T iy MEEOEKRNE HEERZTET 270 vic, &ME, HP
NEME S KO EMEC, BESOHNE, Efid 150kg/m? FE 100kg/m? AL KIC,
ZNFNORESH BT 2| AT, EERiE Table 2 ITRT X ST, 9 DORWERELOVTIT
-7

Photo. 10(a) Downward loading. Photo. 10(b) Upward loading.

Table 2 Loading condition for model test.

case 1-1 Downward
—_ Uniformly distributed load -
case 1-2 Upward
_ case 2-1 Uniformly distributed load only on Downward
case 9-9 inner surface Upward
case 3-1 Uniformly distributed load only on Downward
case 3-9 outer surface Upward
case 4-1 Corresponding to Case (1) in wind
— Distributed load according to the tunnel test : ——
P . Corresponding to Case (£) in wind
case 4-2 distribution of measured wind funnel test
o pressure Corresponding to Case (C) in wind
case 4-3 P! g
tunnel test
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N, BEHLEFTr—7T o8’k FF)ELK,.

3.1 E B ® B

BEERBICET 2 A4 vy —TvB LB Tr— 7T O HORIERRES Figs. 0 (a) ~ ) KRTS

Fig. 8 IORENBr—7vDikAEL TR, WESHOXNFMYE, BLUCHERERONHEEZERL T,
SBLEICH B — T v 2L L lZ AL 7. Rhoftiid, WEEEZROL, W@k r—7
WIRHDOEERTRT. A4V r—Tn, 75 -7 vO&H%E Fig. 8§ ITRT,

3.8 THEEREROEER

3.8.1 #MPFLRPLRIDOAE

2#HE, LA LT TASESMEO SERL L ABRETERCK > TR, TOFVA VR - —
T ko MEEOERNILFHBRICOVTENG, (Figs. 8 (a), (b), (¢) BR)

REHEEERT 28T — T VOPAF VR P L RAADATHLELT, ABERESAA V=T BXU
mBIEZREAL v r—T w3 I LT 100kg. i,5, kI RAfEISS A4 v r—7T v 2K LT 200kg. 474
=TI LT 20kg/AK (BIEMBD/NT Y FE2FHELIE) S EMRENT

A(799) H(399) (131
uMh aMb
na X4, rD rD nD
rA rf?u N N

J n
aMe ) s | 5’3
rH ( -

M1 Mm LMm = m

rGg
E(399) - M e G(399)+ 3
rk -

eMy iMm wMm MKk
I‘ rF'\ ( rC‘ Mg u
bMe § ©)
n¥ | C 2

My ME
uls rh ry, e ne
1M1 r
e
B(131) F(399) C(799)
1822 ¢ 1822
36hh
Note: Main Cable | : aMe,lMe.bMf,cMI.cMg.dMg,dMh,aMh

Main Cable 2 @ eMi.eM)y.UMj, MK, MK, gML, hM1, hMi

Main Cable 3 : 1Mm, jMm, KMm, 1Mm

Numbers in the parentheses indicate column lengths

sindicates the locaton of points for displacement measurement.

Fig. 8 Plan of cable model. (unit : mm)
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Load Step | Outer Surface|Inner Surface
1 496 kg/m® 64.8 kg/m?
2 99.2 kg/m*| 1295 kg/m'
3 148.8 kg/m?| 1943 kgm?
Inner Surface
Quter Surface
MAIN CABLE SUB CABLE
Y A —
Fy i N " N T
(“// Y —— aMe (aMh, cMl, cMg) ’ ? :' ¢
CASE 1-2 /} H 1/ —— uMe (LM, dMg, dMh) 2| 2 }
f‘t: 7 w=== IMm (kMa) CAsE 1-2 cse 12
\A‘Af:: — iMm CeMm) T T ]
100 | _p\\ :30 ):)0 e © 1o 20 ’L'J(hdo 50 (kg)
!l A V 15 § 13
,~i \\ y CASE -1 CASE 1-1
CASE 1-1 ’/ ‘. \“, 2} 2
i Iy s nb 5k ¥y —
rl!z ———
— oM: (WMi, gMK, fMR) 2P zr /
CASE 1-2

CASE 1-2

—ee €My (1My. BMI, yM1)

4
,
CASE t-2
"

© i v
10 20 30 (k) Tio ; 30 Iw (kg
L l-f
N . \ CASE 1-1
700 o CAsE 11
he) of 2k
5k sk £k
CASE -1
2 2
CASE 1-2 CASE 1-2
14 N
° N N
10 20 30 (kg) )0 {kg)
L} 1k
CASE 1-1 CAsE 1-1

Fig. 9 (a) Cable tension vsload, Case 1-1 and Case 1-2.

LRFVA L VRZADHFIRBICH LT LA &S HHHE 150kg/m? BEKINBE, 24V r—Tw

1DRARIPA VA P L ZADRIT 2BETHEML, 24 V7 —7 02 OENIF0.15(EBEET TR 3
M, AAV =T 3O, TS VAL RAAICHLT, HbohiE» DN 2EAETRT. 74
— 7 WIEDNTR, ARMED normal FHO -7 v (2D r—7 ) ORNIFAL, ring K or
—Tv (BEAT—T W) &, GBSV APV RHOSIGRE T TRASEMNT 2.
normal FEIQy —7w (BEAr—T ) OBHIOPA LV 2+ v 2D ERE £ THEML, ring K
BDr—7n (DD r—7 ) ORAREDT BHEOZRT. TAXESAHWE 100kg/m? K20V TI,

ME HP fh i T i,
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Load Step|Inner Surface

1 64.8 kg/m'
2 129.5 kg/m®
MAIN CABLE p— SUB CABLE
2l | i T p—
il A N 2 " s CASE 2.2
L ﬂ /VI{ CASE - '- : ':l

[ Ask 2.2

[T o
200 00 (ke) 19 20 Jotks!
(S -
CASE 2-1 CASE oo
2 L b

K CASE 2-

It
Jou (kg)

Fig. 9 (b) Cable tention vs load, Case 2-1 and Case 2-2.

AAVHE =T, A4V r—7T V3 ORNOEBIIEFORENT, A4 vr—T 2 0RAE, SISV
Z F L 2R HOLSERE S TMT 32, 2hEhoy 7T — 7 vOiRDOES L, ki &xBrs, Hosms
RLTW3. FhlE, BIOTHEBMAES&r — T vORIOEEIT, —BMICIERB L L TOEBER
LT3, By —7 vOEHIOE#HE LTI, BIEREIIGEOEEHERLTOBERMRS 5.
FROTHATY 2 b L 2 ABBAS LTI LT, L& SSHRE 150 kg/m? FRSEAHAE
100 kg/m? pBSERFXNtcds, By —TVOENN0 L1223 XS NREBIZRINIE Do Tco Lich- TFRME
RAREICHLT, TOr—7w 2 v FREED, BREUIHENEHZRT DL EZTPSL 2 L2
HOBEELT, FRIGRENEZFH AV 2 L 2HR—DDiEEE T EEZ LN 5,

3.8.2 RAEERCHITIBRHDES

RERIC X » T 5 M- BESH ICHE L - B R ORI, Figs. 9 (d), (e), (f) WWR&E N BH,
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s aMh (aMe, cMF, cMg)

Load Step

Outer Surface

1

496 kg/m'

2

99.2 kg/m?

suB

CABLE

84 o= bMe (bMF, aMg, aMn) Z
CASE 3-2 l M (k) CASE 3-2
‘ - jMm {AMm) [ 3
i 1 1 o 1
‘1. 100 200 300 (]
YR (kg)
X( § s
chse ! CASE 3-1
[ 2L

— cM1 (hM1, gMk. [MK)

CASE 3-2 \

——=- eMy (fM3, hML, gM1}

CASE 3-1

4]

1k

2

nE

\ CASE 3-2
i 1

§ CASE 1-2

L 0
10 20 30 (kg)
CASE 3-1
2

s

4 R
10 X 0 (kg)

CASE )-1

3

Fig. 9 (c) Cable tension vs load, Case 3-1 and Case 3-2.

Bl — T DR OEEIC OV THBAITHERIC OV TR~ S,
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BRERICBONT, X4 vr—7vOBRAR, M7V A P LA AOEID, WIhb AT 2ENIS

%, case 4-1 (B T 5° KT L DIREE) DEA,

ZORIOBMIMOBECHLTHEE TS 2, A4V
F=TNV1DENE, FIMTV R PV 2AID24E, A4 v r—T w320 TR3ME, 24 vr—=Traic
20T 2% ThENEMY 2HEMICH B, case 4-2 (E T 3.5° O ki DIREE) DIBATIE, A4 v
T=Tn1l, A —T w2 DEHOEH DO INTHEY, A4 r—T 3 DEHRIMSL 2 L
R 1D 2 5 iind 2% RS case 4-3 (A [ 5° O TF L DIREE) DAL, case 4-1, case 4-2 O
BRIHLT, 24— OB NDEHRI, DTGB THLTH b, ¥ 7r— TV DEHOES
i, WFhOBAKBOTLRPHICTIN S L 2 L 2O 353 TEMT 2SR N5, ok, 4
VIr—TFnDENENOFEMSERADOEMBIN LA LA HIRLT, FRLE N case 41 KB
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NP 555
NE 1110
NP 1665
NE 2220

kg/m?
kg/m?
kg/m?

kg/m?

. e
—

Load Step 2

53.1

kg/m?*

555 kg/m?

B PR 1665 ky/m?

RR=Positive Pressure

NP =Negative Pressure

ér — aMc
- aMn
—— LM 2 A nh, — zf .‘ TAy —
[ Y —=dMg K \ nA, -—- i —
s [ 1p !
9%
N
)
@ 1 " L L . . N L
300 tkg) 1w 20 30(kg) 10 20 30 qu {kg)
3l nB a2k T —
N
\ T8, ==
=F » AN 2
— M1 e ] s 1 L\
=== 1Mn - ! A
v L ——Mi [ N N N 2 f PER
== eMi .~ ° 10 20 30 (k) 10 26 30 40 (kg)
o i 1 L
100 300 (kg)
1
2 o U
— M
e A MM
——— cMm
H }- afk
i L
0 L L
100 200 300 (kg)

Fig. 9(d) Cable tension vs load, Case 4-1.

tkg)

Ty A4V —Tn1TRLE, A4 r—Tw2TRLME A4 vr—T 3 TiR2.25Ei D, case
42, 43 KBTI, A4 —TV1TRLSE A4 v5—Tu3TiR1.84%, 24275 —T12TlR

1255 BELEEZ O NS,
HEOD =t &

3.8.3

HE O bHER, PR TRALTEHLEDL T 3. TOREELTRE, /bs i OB ORER
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Load Step 1

NP 555 kg/m*

B VR PVR L =Tk s MEEICET 5—FRR

401

Load Step 2

NR 1110 kgm*
B e sssknt
A A — i — A,
’ \r’/// ————— Mi 2t ", 2 \ —- A,
P 1 h
£ — = eM 1
<‘{' /’ A
N 4 - — M ik ik 1
N " N
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i /X 1 L \ 1 Y ) (
L 3 2 30 ) 1o 20 30 (ke)
100 200 300 (kg ) 10 U 30 (kg
— ru
2 1
2r R ——a Tl
N\ ]
il nt N
1 N\
—— MK ‘e ‘\\
———- ML .
—— PMK " i f ) o A N 2 L N
1 20 30 (ke) 10 20 30 (ke
L 1 2t 2 f
100 300(ke) . H — rc,
i -
3 nc s ;‘ - TG,
M )
I‘\ A /{ atte o " L Lo ! ) 10_
\A 4 TTT amn 10 20 0 (ke) 10 =0 30 Tiw)
l v —— Ml
P A — . Mg 2 oL
o~ R
o
¥/ 1 L ' n - —-- By
100 200 300 (k)
u 2 ' 1 s )
10 20 30 (k) 10 20 30 (ke
o
v —_— Me
——— ML 2 2 -
b -— iMg=dMh nt 1
i —-= rE
s NS 2
[}
: . Lz L
100 200 300 (ke) 10 20 30 (k) 10 20 30 (kg
2 2t
1y e
] — rF
i ST e e i F‘
{ ,‘ —— kMm L === rFy
T —— 1Mm
\ri » , — . . \
; z 10 20 30 (kg) 10 20 30 (ke)
v 4 1 i
100 200 300 (kg)

Fig. 9 (e)

Cable tension vs load, Case 4-2.

WOREENEZ N, FREART—2—ELTRPFIVEZRITESE . UL,
=TV OENOEH P SHEESN AME OB & LIZIE—FHL T3,
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a % Wind

NP. 555kg/m*
NP 1110 kg/m*
NP 1665 kg/m'
PR 555 kg/m*

SUB CABLE

¢ R 2
# ua "
wind — A,
N ———rA
1 ! 1 2
i 2 .
ol L
¢ m 20 Yotk 0 20 10 Cky)
2
2 - )
I , —,
! iy
oL !
i
L 1 1 o, I yi -
d N " 30 TR o 30 T k)
T r ’
[ ,| —— ICl
Al e
. 37 ——-rC,
‘r /4
;
177
L 1 y7/4 1
) 20 S0 (ke ¥ i 20 30 kyb

Load Step 2

o L L L V.
o 0 ket " 20 d0 (ke
2k "
’ﬁ/’ —_—aMe
s
f: T LM
N } —_— 1Me . . A .
/i p; —— Ml 10 20 0 (ke ) 10 20 30 (k)
) /. . . . N
100 200 00 (ke)
«F *F
s s
2}
I Y m——= Mk 10 20 J0 (ky) [ 20 30 {kg)
[ ; ) —_—— My
4 //. —— oy 2 4
’ i “
! " s
0 L L4 A I )
100 200 300 (k)
1 " 1 d 1 t 1
10 20 30 (kg) 10 20 10 (xg)
2r P4 R
P » .
Ry KMr - ®
. ——— m
iq 7’ / . nH
Ny -
(/ / ! ! i
94
N 1 i L ! 3 N P
v 100 200 300 (kg 10 20 10 (ke o 20 J0Tke)

Fig. 9 () Cable tension vs load, Case 4-3.
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4. & L'

COFVRIVRD s =T iy MEEOEKRNE HEERERET 2001, 2@, Eh %, T
EEHHWEELO I BUML LW ERET, A4 v r—7n, 75—V ORHEHOF - 2 281
M, ENSRKOVTETHSKBRAZES 5. ik, 4H0HER, RPAEABFEKR £ 24— FACOM
230-60 itk > TTE bl

4.1 FBOEFILE

WBD 2 WHFMEDS £ D%UE LD LT Fig. 10 (@) XS5 iceF bt 3, Fig. 10 (a) KB VT
ATHEENAEMFEDAES2RbL, O~@ REMAMESNTOROEA (HHTL), O~ & EE
HThHb. —F, BEIOKFRIBHESEEDLL, 1~18BLU0E A1 r—Tn, 21~8R¥Tr—7
v, 19, 200 3FG © 2 ORET H D 100~1151 8 FE 2 i fc T 7o D KR T Do R, BIEL SRR E VIR
BEHTE 20 AEICHOIEBE OWEHE Table 3 IWRT, COHMAEFNVTR, ¥7r—710
Ey FRr —TvEF L DOBADOKTETH B DTEONEE Ry — 7 v EF VL ORELIEL, SR
FRE A =T, 47 r—7 v &d 15000 kg/mm? & |7z,

i.2 2 #F® R

A 81T 1 KO ju o oo du BHEHL, T OHFMOHESE by ko by EF 50 ZTE DRlIRIC
BOTEBHOFARKOEEY 1 KBENTESNSOEEATRERROEY j 0B T; &,

T;=T;+K{l; (up—u;) e (op—0;) +0je (Wy—w;)}/ L  ereermeseesasisninnnnnn(1)
L0, MRAKHIADD » HaES%E Q. EThid, A i TO » FANSGHFERR
mél [T mlljmt (g —2) /L 3]+ Q=0 T R PPN € D)

THobashd, TTIiT, et 7 KBL T, B¥RRA, I m; n; BFARYE, L; IME, K;=EjA; &
FEECBETBD, v 0, w, BT HED 3, 9, 2 FAEMTH B, (1) K% (2) RALRALEM D2
R L DOEEERT 5 &,
3 Lt =T s+ K P}/ Lim+{ (Oam =0
+ Wem— W) 5m M i lim/ Lim+ T jmo L]+ @5 =0 secvvrrs covrmvminiiniinnnenne(3)

E12Y, 3. z FHO#HAFER bRkCKE 5,

W-T, HHMAOREE N BET8E, B 4 0, w i3 3N TEUFEXORELTRED, (1)
REX > TEBHIEIHEE %0

4.3 FIRABOHEEE

ViR DM AMIES LW HREERD 570, HAOEBEELLTY A ¥ 71 OXANENLSHE L
fEEEZ, BHAERIHRT 5. COHELIRIEDD &T, BFAVRKLEELBLNBTRNZELZ
%, BMAOWREERT 3L, HAIHAOMBELBHL, BHRNGHAREBETE60LNE, C
ILTHRONIREATBR DB OHAREEEZ, ANBIEBLIL & ORIFONPRELT %, LD
REOMMRANLIR L IR N EE S L BRUBHAR, COROEELOMMES L THENHEOREE
TR &V, -

Table 3 Assumed section area for calculation.

‘ Main cable Sub cable
Member name ‘ 1~12 ‘ 13~18 ‘ 99 ‘ g:ﬁ? ‘ %:gé
Section area (mm?) ] 6.05 1 3.025 \ 24.2 | 1.653 | 3.306
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ldealized Model

® it=i~4 :Freeloints , i=47~80: Fixed Joints
. j=i~(8,99: MainCables, J = 2/~1¢ : Sub Cables
_J_j=19,20 : Columns , J=100~)i5: Imaginary Memtars

l{la'/ |IM m{ v»ma naz mn Lo

i

® ® oppe @ @
Fig. 10 (a) Idealized model.

B

2 2 Vertical Displacement (unit:mm)
-8

| % 1

0f iy ol

-2

R i

e\ L E

1

J / -1

: z *

+ 5 w—— Upward Loading (150kg/m?)
’ ; ) ¢\~ Downward Loading (150kg/m?)
NN

-2 i _‘ Z. TR (] 12 _;z;g

f -2 5 A
M % T s 1 &

Fig. 10 (b) Vertical displacement (unit; mm).
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CHECEECEG LR PUR L -y Ty KT 5 —ER

B
a| \ws
L5 Pretension (unit:kg)
53 5 o
82
j:
Pl ¥ o » 2y "
E] 5 E
" z W .
2 5 22X
J- e Tl 7 (]
o 3 e N * mf |, \izo
Bl AN A4 N\a 6
¥
J! ™ o
5 3 \¢ "
21 ")
¥ 4\ > % N7
¢ W 2\ &l
]
“ 101\ 53 15
A [ |
T \w (A 3 A
M ] 27 3 "l W e 3 £ ) (7]

"

Fig. 10(c) Pretension (unit; kg).

Cable Tension (unit:kg)

1
< E

53— Upward Loading (150kg/m?)
b5 ~——— Downward Loading (150kg/m¥)

A Thed 8 % %
Fig. 10(d) Cable tension under load (unit; kg).
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.4 F =

n HOHA Ay, AperA, THINA FLEEL, O HEED CFVORAEHFLET B, TO/SH
wid, EESHEEAERT 3RS THEH, ThE n BO=ZFYE 44440 THERSO AR ER LT
3. 4, AHELTRMEAEZ L &{HAKE HR ZofsoAaEEmEICHAL, £0HEIED
EREHTH 05, O R VOREHDS S A RIKEAYT 37 Q &, BEHCERAT 2WES: wi, B
B Ai—Aivr OHEE Biv1 ET2ERATERBT B ENTE S, (Fig. 11 2R)

Q=w; X [i-1B;A; X OA; + iBir1A; X 04;1/2
#-T, A AOZTBANOBRIE A ADEHLDOSFZIVNEZITE Q ORI PV HIELTRHBL
LHTE B, AHOHERLHIz> CRY—TLEFVOEREHBT 27D ZHAES, wi==+150kg/m?
&L

4.5 EREEH

(3) RRMWINEHOBHANTRIEBETH 2, EEOEPEITHESIERA L5, BRI KM EY
LB XOEBR N OEFIC & BRIEOELIC L » THRBBB 2RI C LATHEINZ, ThEEL ¥l
TEDNL O DOMEREEHRT, 1 BRMEICE OIS TOMABES XUBHIENZ b &I ol
Rk, BHEBHT B LT 5. CONBERKBIVINLOEHMOTRHH0 L5 L EFANE LA
D—BREDIENBRAFEDY (Blb w=230kg/m?) Z2HARLOEIICREL fo

4.5 BARREZOKBE

VRS, BXOL, THaWEROSBHEHOBITHRZ Figs. 10 (¢), (d) KRt kI,
XA vr—Tn (BHAEE1~6) KBVT, 100~150kg, x4 v r—7Tn2 (7~12) K BT, 150~
280kg, # 4 v —73 (13~18) BT, 30~90kg [iFrh L ORHE A OHEMHIZ, EB 0K LR
3] ¥ T r—TATREHLTEER 50kg T, ¥ —7VOEFVTOMERBE TS E 20kg/K &15D,
VWIS ERE L BRFE—EESL TN 2.

WEMSMb -7 & & ORAEHE, HP hFEZ2L3TATHETINSON, BN ELABZAKOA
WHETRAS S, HiZ, TAZHEOBEAIKR, ARECRZDPTOEISD Z. LrLads, HER
BirkhiEdizd &d, Thx 130kg/m? T, EOEHMOEHSORL BT EREV. HWERKOE
HEBITH xR 4 S DB, THEMERIGEOSEAL, LREHERICRIEBLT 2. —F
A& mRE S OBPH R Ch EAOERERT A, BIEAFAROMEES>Af v r—T 1L,
2EMEELDAA A — T3 REOT, TOERIZ, Ao5his. BB, TERAKICET 28080
{4 Table 4 {T/RT,

Fig. 10 (b) iC L &, Fh&HEROMBEFHOHAENERT . RBMEOEL/NSO, AR
O, BICABBITIR, EHHKEL, FTHEHERKCIER 30mm 282 2EMEET 5, OB r—

Fig. Il Loading area.
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50 b
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17 Loading
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Fig. 12 (a), (b), (c)

Load vs main cable tension.
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(kg/mY
(/’;%qf) 1307 Joint s/
@ 4
10} Upward Upward 100 /' Joint@
Loading Loading L/
A" o
50 2
50}
0 Cable Tension 30 20 10 o 10 20 30(mm)
10 30 4 9 6ok Downward Displacement Upward Displacement
50
50
[‘ rAr| /i N\=nA ® /" Downward
Joint! / il o0 Loading
|
100+ / | Downward /5 n r@’/
/ E Loading N/ Joi
< 150
| (kg/m¥

Fig. 14 Load vs displacement.

TVEFVONERRIKBIF2EEH & L —KLTWE, &
¥, Fig. B CHER X ->THEONT, WEEENOBFKRO—
BlarRT . ERIE, 4.5 TRL L FEREMET, AR, B
BIREORMELSEIFELNTO B EREL 2SS DRERTSH
3o

Figs. 12 (a), (b), (¢) KHWEL ¥4 v r—T L DEHDHE
#ETRT .

HEREREr— 7V OREDATHEIN T 205, Hih
KR - R AELOEBENSEERT EEION 5. 248
i<, EERICE - CEL R, EREREL-TESO
1R 0RBoEmE, LBHLTVW3EEZLN 5, &
BRI - TRINB LR, EBROHELEZRT L,
{ERFEIC, ROBBAT B EBH-TH, EEEL LD
WEMANSNhAE, TOEARREL, SIGEHEIEAT S
LETH B, ORI, BEBCE->TRIBETE360T
115, MEHOREICHLTE, EREOHRR, AWHNE
w=+150 kg/m?* OFFEATIE, P &b, FHMRERKEZ S
EEZOLN B,

Figs. 13 (a), (b), (¢) KWEE Y7/ — 7V Ok HDOHE
FHRO—FIERT o FFEBERFICAERDEEEEZELONZDD
I ERLIce EREK X > TRENZBEHE, KFHEKRE
XL —HL T B,

5. ¢ v U
Fig. 13 (a), (b), (c) Load vssub cable

tension. FUVRAIVRLbL =Tty MVEEIEBLT, —DOER
&1 —")@ﬁ@m'%ﬁﬁ. &5*%5! %E"]f;ﬁibi(ﬁfﬁ‘j—ét;jé
D, BEHOHENEHHES pICER/D, COXHETY
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Table 4. Joint coordinate sunder pretension (unit : m).
Joint X y z Joint X y z
1 "1.895 0.233 0.226 26 0.000 1.508 0.070
2 1.471 0.655 0.123 27 0.000 1.361 0.173
3 0.181 1.914 —0.135. 28 0.000 1.232 0.298
4 0.589 1.484 —0.019 29 0.000 1.126 0.442
5 1.264 1,268 —0.0869 30 0.224 1.505 0.047
6 0.366 0.000 0.141 31 0.243 1.351 0.138
7 0.730 0.000 0.304 32 0.261 1.203 0.239
8 0.000 0.369 0.137 33 0.661 1.319 0.047
9 0.000 0.728 0.299 34 0.191 0.191 0.103
10 1.068 0.000 0.671 35 0.556 0.178 0.215
1 1.042 0.315 0.373 36 0.372 0.373 0.184
12 1.100 0.765 0.157 37 0.177 0.557 0.209
13 0.000 1.070 0.671 38 0.875 0.161 0.357
14 0.301 1.057 0.335 39 0.711 0.340 0.243
15 0.730 1.126 0.127 40 0.530 0.532 0.206
16 1.903 0.000 0.253 41 0.333 0.715 0.231
17 1.502 0.000 0.273 42 0.158 0.883 0.342
18 1.288 0.000 0.341 43 0.867 0.497 0.244
19 1.179 0.000 0.417 44 0.688 0.691 0.200
20 1.119 0.000 0.484 45 0.491 0.874 0.221
21 1.491 0.266 0.236 46 0.936 0.939 0.119
22 1.271 0.285 0.285 47 2.520 0.000 0.294
23 1.147 0.300 0.330 48 0.000 2.520 —0.347
24 1.245 0.733 0.136 49 1.350 1.350 —0.120
25 0.000 1.912 —0.124 50 0.000 0.000 —0.120

v o VIBEMONENIENTH B, EREOERIC SV TR, VWEFEBHLHELRSEONRLL,
SBOMEOFEEELEZL . T,
1HbDKERT BEVIRETTHEONILODTHY, BNLEH LT 7 » F—BRIEE—ICONT
F, A—2BHESN TR, 4%, TOLIRFVA LR - F—T iy MERICEI 21525
Tt 3, EDREN BT 2T 5,

E

£33

COEBRTRE, BHEIL > TETIREGOEEL, HL T THHIN

=7 EFVICE BWEERIZIBEDE T HI, BROMERD X v x—TH 3hH R, /p
g =8 @, MARLC, BEEE, HRBE, WEE, ARED LOEL, Gh—E, wRsEE,
BEAEY, WO & UAR H, LAEN MECZOHKOBMICK 2HBRAERICE - TeEshicd
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