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Evaluation of strength for Hybrid Cable which composed CFRP wire & steel wire
at the cable strap of ultra long span suspension bridge

—hp SR [T S-S B e
Takao MIYOSHI Nobuo NISHIMURA Nobuaki TAKE

ABSTRACT In order to realize the ultra long span suspension bridge, CFRP is applied for its main cable.

However, CFRP has weaknesses such as low shear strength, and anisotropic material. Therefore, in

application to there ,the shear failure at the cable straps becomes a problem. In this study, in order to examine

basically about the application of CFRP to there ,the cable strap where centre of centre span and the maximum

hanger load acted were modeled. Numerical analysis was conducted with a parameter of the sectional area
ratio of the steel wire and CFRP by FEM. Firstly, the validity of modeling was confirmed ,that is the strength
of CFRP was evaluated using the failure criteria of an anisotropic material. Finally, assuming a hybrid ,the

effectiveness of failure composition was confirmed.
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Table.1 Material properties of wire

2
3 e orientation
Material CFRP wire | Steel wire
E, 150 200
Modulous of elasticity z 56 200
(GPa) 2 :
E; 8.6 200
V2 0.32 0.3
Poisson's ratio Va3 0.02 0.3
Y 0.32 0.3
Modul ¢ rieidi G, 5.0 77
ulous of rigidity
(GPa) Gy 42 77
G 5.0 77
* 2290 1770
Ultimate tensile strength X - L 0 770
(N/mm?) X
X" 80 1770
. . X, 1760 1770
Ultimate compressive strength
2 X, 327 1770
(N/mm”)
X, 327 1770
X 96 1020
Ultimate shearing strength Z
2 X 129 1020
(N/mm”)
X3 96 1020
Unit volume weight (KN/m®) | 15.7 76.9
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Coating

(Polyester fibre +Epoxy)
Composite
(Carbon fibre filament +Epoxy)

CFRP wire

CFRP strand
(Parallel wire strand)

Steel wire

FRP strand

Hybrid Cable

Fig.1 Cross section of hybrid cable

ALl:A2=1:1 type-H1
AL:A2=12 type-H2
Al:A2=]:3  type-H3
A1 : Area of steel wire
type-sc A2 : Arca of CFRP wire

type-s type-Hi
(Allsteel) (AI:A2=1:) (All CFRP)
Fig.2 Analytical case
& Constitution of cross section of cable

Table.2 Basic dimensions of
ultra long span suspension bridge3)

Type Suspensifm bfidge of s%mplc
span stiffening box girder
Length of centre span| m 3000
Sag span ratio 1/10
Interval of cable m 40
Width of girder” | m 49
Height of girder3> m 3

REOZDR% 2 SN D —T I &, 71 —hr—
TIVIREEIZ & 5 2R R D BHIET VBT S Hi M
ZHEMTHES T —TIIVERICAMTL, 8GN
FefE LT, REtRzngs LEEEE, &
LTWBN RONHH—O0—=TD5B, N RE
ET58n0s%E, BRETIVE, N H—o—
TRTEETIVLT S (Fig3). R, ek
DFFATRERZE T, FE+ISETHEIREEIC BT 2B
EA2HERTS. JU—r—TIVREDY — T ) %)
WHREEE 95720, WEIREENS, FEHEMERICBL
TR TER N~ E T ) =4 —T
IWEDr— TN hEBEREDLE S & THETS
ZEELT (Figd).

(e Cable b Co
SR e A
Cable strap|
Suspender rope
ALy ‘
a s B S c
Local analytical model
(a) Centre of centre span

Stiffening girder
(b) Inclination part
=~ Cable element (Global analytical model )
*  Nodat point(Global analytical model)

Fig.3 Replacement from global analytical model
to local analytical model
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Input of nodal coordinates of the cable & the cable tension
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Making of the local analy tical model & Calculation of the
compulsive displacement from the free cable state to dead +
live load state
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displacement & the cable axial stress at the free cable
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Overlapping of the stress calculated by FEM and cable
axial stress at the frec cable

¥

I Stirength evaluation of CFRP by failure criteria ‘

FEM

Fig.4 Relationship between local & global analysis
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SR, R & e LT, BTHIEIC Ko T
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EMNS, 2RBIRETINOr— T IVEiEE 5T
LERFET IV OHiR a K ¢ 22 PXFFT5
ZEELE B, =7 VIIRrEOWIE )
AT B0, Hifia B c 280 — 7 )VIROEH
ERIERE Uz EEMHT, 7U—r—7)VIREE
MO SEHERELIREEE T — 7 )V i a 23t 3 B Hi
B, d DHMENTHD AX, AZ., AX;RUNAZ,
EEREIEN S L TEATEIETER L. NS
AT ET IV, ROFOERUSERI BN B4R
T (Fig5), (Table3).

Z
i I
Diamcter of cable D .oa
VT
BLS Length of cable L1 N :
BLABLS~ o
BliBLg' “~ b . . "X'
BLl » Length of - .-
4 band BL
>

Length of cable 12 ‘4§ Compuisive displacementA Z

¢ e
/,!{mpu]sivc displacementA X

(a) Centre of centre span 7

‘\ Thickness
of band BT

\

a,b,c:middk point in cabk section
(nodal point of global analysis)

a-——-.
,//'/ Fo
T ; LARN
‘ X . { -
BL1“ Le ¢ L. S } Rigid
BL2 ., ngthof cable L1+ - 1 | element
BLS 7 |
) | Length of hanger rope HL2
Length of cable L2
PR cy ! \
¢ 7 7.7 ThicknesS | Length of hanger rope HL4
SUSy
RN b
AXe >\§\ 5 clement AXc,AZc, AXd, AZd:
Y ¥ Diameter Compulsive displacement

\\{ of ca
A% ot emED 1) Inclined part

Fig.5 Local analytical model of cable

re

Table.3 (a) Dimensions & load condition of
local analytical model (centre of centre span)

Analytical case type-sc lypc»HSI lypc-HZI type-H1j type-s
Composition of cable CFRP Hybrid Steet
Ratio of Area (stec)/CFRP) 0.000 { 0.333 | 0500 | 1000 o0
Radius of CFRP pari (m) 0.725 | 0.643 | 0.610 | 0.537 —
Thickness of Jayer of stee] wire (m)]  — 0.099 | 6.137 | 0.223 | (1.783
Length of cable L1(L2) (m) 19.932 | 19.938 | 19.940 | 19.943 | 19.95]
Length of cable strap BL (m) 4.000
BLI (m} 1.250 1.250 1.250% 1.250 1.250
BL2 (m) 0,100 | 0,100 | 0.100 | 0.160 } 0.100
BL3 (m) 1.300 1.300 1.300 1.300 1306
BLA (m) 0.100 | 0.100 ] 6.100 | 0.100 | 0.100
BLS5 {m) 1.250 1.250 1.250 1.250 1.250
Thickness of cable strap BT (m) 0.050
Diameter of cable D (m) 1.450 | 1.483 1.495 1.520 1.565
Compulsive displacement 3 X (m} 0.144 | 0.132 | 0.128 | 0.122 | 0.104
Compulsive displacement 1 Z (m)f -0.005 | -0.003 | -0.004 | -0.004 | -0.003

Fig.3 (b) Dimensions & load condition of
local analytical model (inclined part)

Analytical case 1ype-s¢ lprlel lypc-HZl type-H1| type-s
Composition of cablc CFRP Hybrid Steel
Arca ratio (sieel/CFRP) 0.000 0.333 0.500 1.000 oo
Radius of CFRP part (m) 0,725 0.643 | 0.610 | 0.537 —
Thickness of layer of steel wire (m) — 0.09% | 0.137 0.223 0.783
Length u{cah]c(m)l L1 19.103 | 19.140 | 19.341 [ 19.142 | 19.181
l L2 19.068 | 19.104 | 19.105 | 19.105 | 19.144
Length of cable strap (m) 4.000
BL1 1212 1.211 1.211 1.212 1.211
BL2 0.105 4105 | 0.105 0,105 0.105
BL3 1.364 | 1.366 | 1.366 | 1.366 | 1.367
BL4 0.105 0,105 0.105 0,103 0.105
BL5 1214 1.213 1213 1.213 1.212
Thickness of cable strap BT (m) 0.050
Diamcler of cable D (m) 1.450 | 1.485 | 1.495 | 1.520 { 1.565
Length of L HL2 243.648]251.032] 251.000] 250.961 | 258.495
hanger rope (m) [ HL4 243.203}250.581} 250.549 250.511 258.038
Area of hanger rope (m’) 0012 | 0012 | 0012 | 0013 | 0.3
Compulsive displacement 4 X, (m) -0.193 | -0.190 | -0.185 | -0.179 [ -0.169
[Compulsive displacement A Z, (m] -1.083 | -1.014 | -0.986 | -0.942 | -0.839
[Compulsive displacement A X, (m) -0.188 | -0.192 | -0.188 | -0.179 | -0.171
Compulsive displacement 4 Z, (w) -1201 | -1.164 | -1.141 | -1.061 | -0.977
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BIFHFNTL, & — 7 ) ORI RIS T =
L, RIS ERERHETESZ &0
5, 0 HETAVINT A M w7 KBRS VN
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X X
yi=lLkr i) zzig,
z Z

cos(x, X) cos(x,Y) cos(x,Z)] [L}

[L]= cos(y,X) cos(y,Y) cos(y,Z) = {Iy}' (2)

cos(z, X ) cos (z,Y) cos (z,Z ) {lz }'

THD, BEREFERTOERAEY N v I 1T,
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E E
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« nodal point
20 node isoparametoric cubic element

Fig.6 Global & local coordinate system
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E5IT, RAEICBW TS, SEMERD—7
JVHDEHOAIRR 9, &, BT ET VO a, &R
We THEOLNDHFNT Ry, Ry Rz RO RN
KRED—TNENINRT SVOLEL 6, 13—8KT 5.
HIB, Fig8 &V, RAMNKIT .

6 = tan‘( Ry } = tan“’( R, )(]0)
RﬂX RrX

Q) FHEROMEAR

—7%, Fig3 OIWIRT 3 DOHSRITIE, 2
MIET )V OFATERRO FHEM, KOEHEHREIEN
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b
8, Gradient of cable tensile vector in global analysis

8, Gradient of the cable element in global analysis
P:Hangerload of global analysis in global analysis
T,,: Horizontal component of cable tension in global analysis
—— Cable element in global analysis

Fig.7 The gradient of cable tensile vector
& the axis of cable (centre of centre span)

8,” : Gradient of cable tensile vector in local analysis

&, Gradient of middle axis of cable in local analysis
Rax, Rax , Rix, Rez - Nodal force of local analysis in local analysis
—--— Middle axis of cable of local analysis in local analysis

Fig.8 Reaction of local analysis & the gradient
of the middle axis of the cable (centre of centre span)
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ab -1 P)7+7;\
0, = tan (————TH )(11)

" A(-B+T,
6" =tan (—i,—)(]Z)

T AT, Ty=Tcos 6%, T,=T;sin 0, Ty=Txos 0™,
KON Ty =Tssin 6™ ThH 5.
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9%, B, Figl0 KDRXMHALTS.

@ _ R,+R, 3
68" =tan (_—_R“, ) (l )

he AR, +R,
6" =tan (m) (]4)

FERhR R OMERRZ R EL T, R 9), (10),
an, 2, 13 KK (14) ZHWTRDZ5ER
RO 2RI B BT 2 TN O /K TR
TBHy—TINEROREL, — 7N HOEO AR,
RO —TIAERRT MVOLEL 2 FNTIUEELL
BLUAERERT (Tabled).

Tabled £0, RFWAFOY—TNEEIRT MIVD
BB 9, & — TR EIOAEL 6, 13, FEFRT
i, BERMNT—AT 98%LL E, {ERKKTIE, 94%LA
LogET—HL, RF#TcBnT, ho#ing
WIZBET AL AR NS T L s.
E/-, RPN RO EEET O — T IVERDLEL
6, ]R0N0,13, EHEHFRTIS, BT —AT 98%
DA, HERHRTIE, 9% LORET-HTHIE
NG, BFATCENT, EMEROS—TILOE
FARENEBTE D Z &b b, 3512, FfE
W RO2EBIFT O —TEHIRT MVOLIEL 8,
KON 6,3, BRHRR T, & — AT 98%LL L,
MR TIE, HURLL LOET -HL TWDIEn
5, RFATETIVICBNT, —7 IV ORERE
NHBETEZHDEHRES.

7)), €=

K
T T
85, 8 : The gradient of cable element in global analysis
84,0 : The gradient of the tensile vector in global analysis

Fig.9 The gradient of the tensile vector of cable
& the axis of cable (inclined part)

&1, 8 : The gradient of the middie axis in local analysis
G, 8/ : The gradient of the tensile vector in local analysis

Fig.10 Reaction & the gradient of the tensile
vector of cable (inclined part)

Table.4 Accuracy of local analysis at dead load
Analytical case type-sc | type-H3 | type-H2 | type-H1] type-s
Accuracy of | section a-b{ 0.994 | 0982 | 098 | 0977 ] 098
Centre | 91 %017 scctionb-c] 0994 | 0982 | 0979 | 0977 | 098
of Accuracy of { section a-b] 0996 | 0.984 ] 0.982 | 0.979 | 0.999
centre | G, &, | sectionb-c| 0.996 | 0.984 { 0982 { 0.979 | 0.999
Span | Accuracy of | section a-b] 0.998 | 0.998 | 0.998 | 0.998 | 0.981
O &6, [ sectionbc] 0998 | 0998 | 0998 | 0.998 | 0.981
Accuracy of | sectiona-b] 0938 | 0949 | 0952 | 0957 | 0.969
0; &0, Fsectionb-c| 0947 | 0.956 | 0.959 | 6.964 | 0.974
Inclined| Accuracy of | section a-b] 0.998 | 0.999 | 0.999 { 0.999 | 0.999
part 0, &0, |secctionb-c] 0998 | 0999 | 0.999 | 0.999 | 0.999
Accuracy of | sectiona-b| 0.940 | 0.951 | 0.954 | 0.959 | 0.970
0y &0, Tsectionb-c| 0.945 | 0955 | 0.958 | 0.962 | 0.973

Table.5 Accuracy of local analysis at dead + live load

Analytical case type-sc | type-H3| type-H2| type-H1] type-s

Accuracy of } Centre of section a-b] 0.972 | 0.974 | 0.975 | 0.976 | 0.980
cable tension | centre span section b-cf 0.972 | 0.974 | 0.975 | 0.976 | 0.980
at the Inclined | sectiona-b] 0.988 | 0.988 | 0.987 { 0.988 | 0.988

dead +liveload}  pan [ooionbc] 0988 | 0987 | 0.986 | 0987 | 0987

) E+FNEN

RN T8 5 N2 — T )VER 11 % SARFRAT &4
FELUBR L, SE+TET B DS PEIC DWTHER 21T >
7= (Table.5). Tables £V, FHEHRETINT, iF
iZ 97% T, ERHEETIVTIE 99%LL LOREE Tl
HIHLTWBIENS, FEHEFERIZBNT
b, RN & AR ENCESHORN TN
L5H5DTHDEHIMLT.
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MEEASTN R AMIE S, X BN X7 138 & ke A T
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HEEEAS A OB R OEREERE, X, RO X5 134k
HEPATIN, F72, Xop \IHMEE AN OB AW
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(Fig.11),(Fig.12). &F, ERERET IV TIER 200
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E O pasmin] 00 DEALIGENIZASNT, HHED,
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I:Hol + 1;‘330-3 + 1;;30-3 + F;Zo-l’l + F210-23 + E.‘UH + Eal +

Fo,+Fo +Fo +Fo +Fg0 =1(16)
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1 _ 1 LI
P & XX Xoo X
Fo- 1 7 Fo- 1 Foo 1
X, X‘ = XZ‘X X, X
1
Fu=—17 E<=Lﬂ’ Em=—1_“(]7)

12

Teai-Wu HHZHBWTIL, 3 DOMNEBEILT 2 RS
OHEERZRTINTA-FOEBEZTE/DD 2

12

. Excess of allowable stress
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type-sc type-H3 type-H2 type-Ht
Analytical case

Fig.11 Evaluation of strength by M.S.T. (centre of centre span)
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Analytical case

Fig.12 Evaluation of strength by M.S.T. (inclined part)
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IZER T 22 TORNBRMNIEFBIRNELU T TH S
T ENRERTET -, E 51T, Teai-Wu HIZ IV /2380
NS B, N TUy REEE LEBEITE,
CFRP IHEHT 2632 HNEU T TH Y, B
HBICH L TRETHD MR TER. 5T,
CFRP % Hybrid Cable & U THBEKRBBAT 27—
TIVCHEAT 52 &%, N R\ T, wmE
HICHEERZVWH O EEZBNS.

5. ¥DMMEALSHRORE

CFRP % Hybrid Cable & U THEKRBBEA T 4
—TIVCHEAT 2858, DL T L7212 Em7sm
BEDAHIZ, Hybrid Cable N CFRP wire &R/ %
B 5T T OMROEME RS NEE 25 2 &
MEZLSND. ZHUS, BEE TRFERMEEZEAL
7= CFRP 13, EEKTH 2 xFMMEMEATHS
B TWBOTIZE<, CFRP &L T—

DOEEMKREZSTH0 Y, Thdy, Wk, ks
DEFEDTFHE N TR BEN 25 - -804 &
ToHE, TOAAAERDEI L > TREHDIH
A, BB, REREmMATRL, BHRHITH 281
BHEREREETS (Figls) 9. 2079, CFRP
wire CHREALT SERTTI, (S H OB
RS NENH D, REOREEEZ 5N, CFRP
R EBOT NI AE I~ N THE SN A—
J=INA T Uy REEFE (CFRP/AD 2K T
AT 28500 8NE T, M-I KFRP Z0#:
BEEMESEZHE 1, ROEME &2
<FHDA—T 4 27— FPRHEINTNS
IN%EBEIT Hybrid Cable DEMERZFLET 27~
DOMEELUTUFEERL.

of allowable stress

= Excess

type-sc type-H3 type-H2 type-H1
Analytical case

Fig.13 Evaluation of strength by T.W.L. (centre of centre span)

i ~Excess of allowable stress

type-sc type-H3 type-H2 type-H1
Analytical case

Fig.14 Evaluation of strength by T.W.L. (inclined part)

Steel wire

|
v F,** +20H—F, (OH),

Condensed water

Or+H,0+26 —20H

Fig.15 System for galvanic erosion of hybrid cable
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O — 7 NNOEKE 51T, T —TIVNITK
DOEELIINWEDITT 5.,

O OERMICTARFL23—5 4 7L, CFRP
wire EEZNHEE TS (Fig.16).

QCFRP KON BRI L 7R KD I AT
IZ KFRP B\ d AFRP wire T/25#E&A b5 2 B
BoE LTl 2 BESICHER T 5 (Fig17).

INSORMEDEPHIZDONTIY, 1%, WHE
BREAZBLTHLNMNILTWSFETHS.

I, TRISHTCREMIN & L0 SIS
R, AWFETIIES L - FR % Ji = ik s &
LTOr—TINEBOBRRFEEZEL IS TETH
%. F7=, Hybrid Cable IZRUIEMERT 58 RIVERT
DR, Hybrid Cable DEFEIEDORET BIT> T
WS FETHD. I5HIZ, CFRP Dt Tdh 5k
FHMEL D I SICEERE - SR THD, B
BOREDIZ PBO #iMEZRIM & T S 8HFEM T
— TN EROBEREII DV TORIF BT TNL T
ETH5.

Fig.15 Cross section & composition of
insulated steel wire

Steel wire

KFRP or AFRP
strand

Fig.16 Cross section & composition of
insulated hybrid cable

—-102—

(85 30Hk]

(1) SEPE— L BF 2 L SRR 7). b i
=7 )V DIEERE — R EN OB A OB
& — KL & BB 99-9,pp29.-pp.32,1999.

(2) R GFEM T — TR LB EKR
ARG D R T IR, Vol 14,pp.19-22, 1998.

(3) TEHBIE : #iT 71 > & CG,
http://www.senri-i.or.jp/plism/9712/9712b.htm

(4] Hui-Yu Sun & Xin Qiao:Prediction of the me-
chanical properties of three-dimensionally braided co
-mposites,Composites Science and Technology 57,pp.
623-629,1997.

(5) V.Giavotto.et.al:Anisotoropic beam theory & app-

lications,Computers & Structures Vol.16,No.1-4,
pp403-413,1983.

(6) Mg it b3 th, Bt e EAMEID ZKoT
ST 1T FHEEL Vol.43,N0.487,pp.402-407,

1994.

(7) BT, BB A AR EAM E10E
HEMBIOBEER] 0 AR SFR1£42735,23,4,144-15
0,pp.24-30,1997.

(8)R.C. Burk:Astronautics & Aeronautics,21,6,pp.58-62,
1970.

(0) RHA, ABEUK, /N, PEAESD : Fi#
MEER LT 27 VRGBT 5 E5L fH
KSRGS 5 &, pp.1-8,1997.

(10 SW. Tsai & E. M. Wu:A General Theory of
Strength for Anisotropic Materials,Journal of Composite
Materials, Vol.5,pp.58-80,1970.

(11) Sanjib Goswani : Failure Analysis of Polymer
Composite  Stiffened Laminates Using the Finite
Element Method ,Journal of Reinforced Plastics and
Composites, Vol.18,No.01,pp.2-14,1999.

(12) =R tE, WHERA, JORER, ILSREsE
BB S X T L AFTS U — X),pp.90, 35 L HIAR,
1997.

(13) b, JeEEfT, #uliEs, =HAR, h
HH, AT EHA EBiR - TR S BN T
Jw R =T )VHEBROFEE, #FLVol48,

No0.6, pp.623-628,1999.

(14) HRTSE : RFERRHETR L AT RO B A B,
TEMEL, H35%, H510%5, pp.142-148, 1987.

(15) BSABSSI: CFRP L1585, 31 7 v 7, Vols,
No.10, pp.25-31, 1989.

(16) Osamu Haga , Hideo Koyama and Katumi
Kawada : Mechanical properties of a new type super
hybrid material, Adv. Composite Mater. ,VOLS, No.2,
pp-139-149, 1996.





