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Application of PAC-H Type Semi-Prefabricated Stay Cable System

to Cable-Stayed Steel Bridge
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Synopsis:

A PAC-H type stay cable system, in which a semi-prefab-
ricated zinc-coated steel wire strands for prestressed con-
crete are used, has been developed by a collaborated
research of SE Corp., Kawasaki Steel Techno-wire Corp.
and Kawasaki Steel. The system was introduced in order to
be used for long-span cable-stayed steel bridges, and to
meet social needs such as costreduction of a public enter-
prise. In this development, the basic data of mechanical
properties, such as, fatigue, delayed fracture, stress corro-
sion, cracking, tensile creep and properties in low temper-
atures were examined. The results of these tests show that
this cable system has excellent performances equal to that
of a cable system of a parallel wire type, The first applica-
tion to long-span cable-stayed steel bridges in Japan estab-
lished a satisfactory erection technology, including tension
control technology, of PAC-H type stay cable system.
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Fig. 1 System of PAC-H type stay cable
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Fig. 2 Process of galvanized stress-relieved steel wire strand
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Table 1 Chemical compositions of steel wire

{mass%)
C Si Mn P S Cu
0.80~0.83 015032 076~0.86 =0015 =0010 =0.05

Table 2 Property of zinc-coated steel wire strands for prestressed concrete

Tensi Load for 0.2% . , . . . R

ensiie load t elonmation Elongation Young's modulus Strand pitch Quality of straight Relaxation value
) Pe’ma“e(’;d\‘j) L %) kN/mm?) (multipte) (mm/1.5m) (%/100h)
=261 =222 =35 186 (average) 12~18 <30 =25
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Table 3 Condition of fatigue strength test

Number of strands Tensile load Pu (kN} Condition of test Number of test
Crrax 804 N/mm? {(.45 Pu)
Mono strand P156 %1 261 i 353706 N/mm? 59
. . _ oot 804 N/mm? (0.45 Pu)
Small size cable ¢156x 6—~8 1564~2085 Ao 216~461 N/mm? 10
. O 804 N/mm? (0.45 Pu)
Large size cable @15.6 X 55 14337 Ao 216 N/mm? 2
. . Axial force (.60 Pu
Bending fatigue strength $15.6 X 48 Bending angle (.50 1
1000
700 " R R e L]
: L L - [ < -. s . .‘ —
g 500 Tre ek =5
E r - - o 4 _§"
- . —_—
%‘ oL A .~
g 300 Ne o - E_ 4
2 e 470
5 Mi3" T
&= « Mono strand (Number of strand = 1) s _z ssCH
6 Small size callajlle (%'5—8)
Large size cable { 1S5C-K2
100
10 10° 100 2x f 107

Number of stress cycle

Fig. 3 Results of fatigue test
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Table 6 i34 & & b BRBABRTIZIZOThoMRKI L8 h S
BREST, FLARRURZORE, NETEOBREIIMbe 4,
6 r ARMOBRBHIZOFEER XDV TLZ2RIIED T H o
A

322 AEFr—-TICLBZBhBERESR

HEUEIL X b 5 2 FOOEE 500mm O X TS - X A
HEU, 100°C T 2h OARRREMMA L A RICRBICHLE, 2
EATRE IS SREED 055 §H LU 065 50 2 BEE LA, 5t
EROFHE, 20h 5 100h QBT AERS @ & OB L 7. BEED

Table 4 Condition of delayed fracture in high temperature

Circumferential notched piece (¢4 mm)

Test piece Round wire (¢5.22~6.30 mm)

Exposure condition

B BRI L, N TORREIZZ OSTEEN TN -
TV Z e Ens, BhEEEEET# sy — L SR L <
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BIHET 3 - A ROEIE I NSOEGHELEL -, S5
i Table 7 ISRT &S IZERM2 7 — 2, BEEN 3 r—2 . b
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Table 8 IZRAIGH. HIE, BRBTOBAEH S BYED X
RPSBREHT B HERL, UTIIRBEROBRE T,

(1) 20%NHNO, RiFEHKP, 20°C TIRERE, L ¢ kRhD
BLZERILAALTHD, BARESARSINTEASESL
Tk,

(2) 20%6NH,NO; KEHP, 70°C CEMBEETFIREE DA,
BHERIRTFLIDETT 5, HIoEHEINE T — 2O
TEAKE L, WL ARBE IR IE AR B XA
527y BEIRIZRE L, EEFICLIGHELERA~D
HEOBEIEREII V00, 70°C ChLTRIENERSS
hARETHEER NS, SEORERBELHFETONTEE
LS, MEOBICHERAZEED 6 Nh o7,

(3) 20%NHNO, + 5%NaCl AKEHR, 20°C T, BAEHO
BT IOHEHBEOETHAEE-TED, BEOHR
EREROEMmIZSE D 2 L AEEL -,

34 WEH

BB 2 BRI DR AR RS S L UGERRE LSO 2 /8
HizowTREL -,

341 RARESE

BREELTAL S Y FOLE, B, B 25HE, LU
AD BFERE R, JISZ2371C@EH 503 35°C ) 59%NaCl 7k £ 3

Temperature  (*C) o0 LIS T 5 R PHC L DS E T o 2, SRR 104, 204,
Humidity (%) =90 - ;
Term (month) 6 30d, 50d @4HEE L, MENOFMISHEM: TORERED
MELLUHBREICE DT/, £ TRERBIRBROEE
Table 5 Load stress
- Table 7 Conditions of stress corrosion test
Galvanized Steel wire
. . Core -
steel wire after drawing Speed of strain (579 4.17 x 107, 4,17 % 10°¢
Load Stress | Load Stress |Load Stress dits ] 209 NH,NO,
&N} (N/mm?) | &N) (N/mm?) | &N) (N/mm?) C‘}“ citions ¥ 20%NH,NO, + 5%NaCl
Round wire | 331 1062 | 241 1124 |253 1124 sol © In the air
Circumferential o 202
notched piece 157 1245 |[166 1319 [157 1245 Temperature {°C) 7042
Table 6 Results of delayed fracture in high temperature and humidity KN
Galvanized steel wire Steel wire after drawing Core
Before exposure After exposure Before exposure After exposure | Before exposure After exposure
Round wire 53.2 54.3 41.3 421 41.5 41.7
Circumferential notched piece 286 28.7 30.4 30.2 36,5 305
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Table 8 Resulis of stress corrosion test
Conditicn Temperature (°C) | Speed of strain (s7") | Maximum stress (N/mm? | Maximum strain (%) | o0, | a/c,
1890 99
. ~6
In the air 20 4,17 x 10 1858 9.3
1876 9.2 1.00 | 096
g -6
2096NH,NO, 20 4.17 x 10 1903 9.8 102 | Loz
1856 10.1 0.99 1.05
4.17 X 10-%
1869 8.3 1.00 | 0.86
20%NH,NO 70
PR 17 % 107 1657 56 0.88 | 058
' 1688 5.8 0.90 | 0.60
1790 4.6 0.96 | 0.45
17/ g, -&
20% NH,NO, + 5%NaCl 20 4.17 x 10 1848 6.9 099 | 072

£, 0 Maximum stress and strain in solution
£, 0;: Maximum stress and strain in the air

—a— Core (PACH)

60 g Side wire (PACH)

—ao— Gahvarized stee] wire{PAC-H)
50 1 —a— Stee] wire afier drawing (PAC-H) —F
~ = | 600 N/mm’ class” ..

40 [ - ®- 1800 N/mm class®

—a~
F ]

-7 ____._________——Ss_______o

20 ’::_-':_—____-&——

Amount of corrosion {(g/m?
>
[~

Q 50 100 150 200

Time (d)

Fig. 4 Results of alternate dry and wet tests
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OBAELEOBETR 50, 2 L0 FEHRREKLLY Y -
I EFH L 2. REBREMFIE Table 9 (F5@H & L, RERHER
500h H & 1500h 2DV TEEL =, F GBI EER
BO 055 f8& Lz,

REBOBER Y U —7ER Fig. 5158+ & 512 500h # T 0.005%,
1500 h # T 0.0055% & BH TRFHIETH 72,

3.6 EERMHE
R UCEROMRIRERBE S &4 —80°C~+80°C 1%

Table 9 Condition of tensile creep test

Load 143.7 kN (980.7 N/mm"
Measuring interval {mm) 600
Temperature () 202

0.010 = 50T (PACTD
—4— 1500 h (PAC-H)
0.008 --a-- 1800 N/mm”® class?
oy --@-- 1800 N/mm? class”
e --#-- 1600 N/mm? class?
& 0.006
5
S 0.004
‘=
&
¢.002
0.000

1000 1500

Time (h)

Fig. 5 Results of tensile creep test
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EZEIEWO R, 51,

3.62 ¥R

SO TR KA EBR 4 V75 15R3K8R L 15925 1R A8
IZE 0T o7, FIRERER, HRIERBRITE T F R ERER,
Yoy L - RIS . BERBE RS Fig. 7 DR
Uik &ma B RBREE TERES DI TRLTHD , {EAMT
ERRRTE M ERETR LTV 5, 2 ASEOMBRSESMED
FRGRLILBRL, MEMSR—HEL ~XLIZh 5T L £ AL 7,
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2400 m o, (Proof stress) (PAC-H)
A g {Tensile strenght) (PAC-H)
9 O 1800 N/mm’ class oy,"
] 2200 A 1800 N/mm class o”
% - B 1600 N/mm?class a,,"
B A 1600 N/mm’ class 0"
£ 200 A, =
=& " 3 A
£ L .3
5 E 1800 u & & o A i
? = | E a]
3 2 a = A
%’ 1600 N m—
=
=
1400
-100 =30 o 50 100

Temperature (°C)

Fig. 6 Results of tensile strength test in low temperature

2 800 B This test (PAC-H)
&E A 1800 N/mm? class®
§ E 9600 ® 1600 N/mm®class"
33 [ ]
=8 2400
53
g% ¢ ¢
h 5 2200
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2 E Ld
7
&' 2000
=
E
1 800
-120 -80 -40 0 40 80 120

Temperature (°C)

Fig. 7 Results of toughness test in low temperature
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FHROBEOMMREL L TEARTYIN T, SIEIZHB LT PACH
Br— 7L EBEhLY, ABCIHEEERFEL T LAE
F—TLORH AT LOBEEIZ O THET S,

41 SEOITEHE

SR I P RiER 215m, FERMESE 385 m © 5 FAESSMEHRE
BThod, ZIELEBIBEL BRI NIy, RESLUVFOD
BRI 5 t FEEFEEBHER S L, 458852 TH
RIS T 2R S L0059, REORE--ALK 4 Fig. 812, & —

Table 10 Cross section of the cable

Type 56 H (Minimum) 100 H (Maximumy}

Cross section

Neminal cross

2 2
sectional area 8204 mm 14 650 mm
Tensile strength 14 598 kN 26 068 kN
Weight 72.5kg/m 131.9kg/m

7 mE 4 Table 10 (0RT, RBOFEL L UEIEOMER
7500t, ¥—7AERE 200t TH0, Ehr—FrETLF -
THRAL1ERD TREBRLL, By —70LE2 5 FEK 56
#. SI3RHHE 14598kN @ PACS6H, BAr —TRIZZ b5 Kk
B 100 &, FIEMAE 26068 kN @) PACI00H #4FAIL T2 3,

CELEY

42 F-TNEERL AT A

- TROERFIRE Fig. 9 (27T, PACH By — FrompEs
Br—JTLEBREB2 7 FORRI D GRS, Thbs,
BWHEZRELAZFILRBL Ty o v rvi vEBNT. K54
EILNEZREDZ P FET o v v itk L3 oW
£ BE - FEAOTIFETOREL, BUTALT Y FE
VIl = o CTEHEL, REIHITR +5 0 F 288, 284
Do REXRBDA L7V FEBBLAK, BRALHHTEIF S
FEs IV 7T TRRIEDY -7kt L, BERELRIIELLZN
AL 2w

43 EAERL AT LA

BREHINr - TR CHEEYr TR AT LOEDMAIL. €
JAPIUYRT o FITLBR LI FTEOREE (1 X8E) &
VAFD vy R ELDr—FNOBE 2 X8E) © 2 BETH S
FHEELTS, 1 RBEREEIIE TR, 825V FAELRR
BRLTOCABTRICERLAZ LY FOEHLE#HETE -
T.mEEL, ERLYO HREEOEMIZL 0BTSNS E L S
ZEEENG, AMTYPILORNERIAME LS, 22T 1

546 000
385 000
85 000 215000 85 000 80 500 80 500
ct } cl4 Cis { % o
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| | |
i I
3 A SN SEEEEEEEEEEE eSSBS f t ~t
cr || T /cs | !////“m_i&\\_‘_—;
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Onomichi Mukaijima

Fig. 8 General view
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Strand

Guide wire

Guide wire .
Fuil shop up wire

Chute
Strand

Table 12 Comparison of PAC-H and parallel wire type cables

Fig. 9 Erection method for cables

REEFZEFEI NI FOREDERIL, 562 L0THRTL
FZ2 FiZe—% %70, BIBRERICEEA NS Y FOv—
FrUBERMASEIIZERTBEHE, thebb2Lr5 v FRE
BEANICESIEIILA, AV Y FRNEBLE S HBART
THIZEIZED, AT RE 50m O — 7L THRBRE +5kN
ORNWEHESERZhIBE, A7 FREXTIE +8mm DBE
YT 24, TWTOY—F RmE (AL = L/20000 + 1.5mm
=4dmm) AERLTCE O ABETHRI 2 LATRTH S,

1 XEED 2 b7 v FEHEMATEAIT, & OBAEIC L b HifIE
BIZAP Iy FABLAVLEDIIBELRD (20~40kN) L ET,
MDA Ty FHRBEEEREED 50% (130kN) BlF: a3 k582
L, BEERDIZHT 2 LRBRNOHISE Table 11 I5RT XS
X, F—7 AR 50m BEOTRY — 7 A TRERION 50%, ¥
=~ TR Im BEO LBy - AT 100%E L -,

4.4 PAC-H BV — J 388 1K OFHE

441 MIH

Table 12 IZ PACH Ry — A ETL 7 7 7ERFY — 7L THE
EOBIMHICETINRERT, TV 77 7 RITRr — T TIIE
WEFIZ 150t 2 L — v X OKAEBANEE L ADIZH L, PAC
HAY - TR EOAERCHMOEER 4+ S F L o e
BNREBRLZERM RO EEFEROBDELICEADERTE I,
MU THS, FRBWRIT 0T, 10t AREAZABIY 3 462
DEDBER L - FHBBEEEE7L 7 7 TR - T oH
L, PACHEIF ~TATIRF I LAEBAN 2t ThHSEZ Lo
F7 o2tk amEATRETSH 5,
—AEEERIDOTEHTL 7 7 7FRBy - 7T 1 BTR
THaH, PACHRY —FALTUALS Y F1ETEIIHFI 1 X
RS, F - TANEIEN®AT 3 2 KR 2 BEOEESN
BETH 5,

442 IHA

PREMOEE EOFEHERIE, 7oy 2B 72m, HEEY
ot DFEHi VO v s EFBERAL, 2BEIC 1 BB RN TOE
THROIZEDERTILEMEHI AT DY, 5~ FREH
HENRR LR+ ERLCHEBT 24BN 5 -7,
FITr—T7LOEHZI P ME P B THEDEOELEIN—F

PAC-H type cable | Parallel wire type cable
Hanger Assembly In shop In field
Weight of drum 2 12
Transportation 4~8t truck Low floor trailer
Crane size 25¢ 150t
Worker 8 persons 8 persons
Installation time 3d/cable 1.5d/cable
Tension adjustment By turning nut By sim plate
Jack Mono strand jack + | Center-holejack
Multi jack
Easy-to-control ten- | Easy-to-control quality
sion
No limitation in
- transportation
Merit Small size installation
equipment
No specialist person-
nel necessary
Required to apply Limitation in trans-
tension twice portation
. Large size installation
Demerit ;
equipment
Specialist personnel
necessary
Sun-marine Bridge |Tatara Bridge
Performance etc. Yokohama Bay Bridge
etc.

TR L, B2 — TH RS rh REREIORR A TTIZFS
ZERL, EMOREYA LAY 28R TES I L 5 EEL, B
70— THEERMN e PREREO Y — % 1 AT 2 &
RIZAHOREORFEMLILED 10d L LTITREHERL -,

APy FPORCETIEME, - 7ARBTHEMSLNIT1
Y08 12min BETH 7600 RHTERBI- BT
fEEBOWAL SIS DM 6min BEICETEBERA, 23
FABMN 100 R THIBKy - FLORRAMKIE, &5 05d, 2
B 2d, ZREEEOS5dDF3d ThH -1,

FRCIL BEDr —FTLORBLLMTIBEN 35 r AT
TL#. PACH Ry - 7UDREMT, 7L 77 7ETBRY -1
EHRLUBEEITH R L3I LB RIhTHAS, XTH
DREIZED r—~ TLERTRPEETIROPTI YT 4 H0ICE
bAVI ENEHTCE L,

443 OXT2NALADMES

SEOBRXY - 7LELZH Om ThH3H, =L A PRiZRY
600m OFFBOFr - 7L BRI 300m U502, vyox
NBRAHELEBETEORNLEE T2, L7 7 TEGH
T=TRTH, r—TLEHNE LB LB LEEMNES 22 - e
LICL D KDERBHE BB L 2T 5D ITHOE T 14
TohhneELILHHhS,

Table 11 Tension of strands and cable

Number of Length Tension of strand Tension of cable
strands (m) First Final First (T1) Second (T2)
(kN) {kN) &N) (T1/T2) (kN)
Side span Ci 100 88.6 67 45 4 500 0.95 4730
C7 56 42 a1 61 3420 0.53 6470
Center span cs o8 43.3 63 47 2730 0.48 5740
Cl4 92 90.3 63 45 4140 1.00 4150

Jinrr S 4 Vol. 32 No. 2 2000



132 27 7 TREEE Y — 70 [PAC-H) OMPIERS~OEH

—H PACH R —7RDBE, &y~ TLEIBHES F74E
BV 24t TH 50, BELOHBSERIIS L, L8R
BHREA—DLOFMEHTER I LS L, BABOr—TARRL
BIIEWTARIMOETRED ChEVWEFLI TS, F421H
EHRLPBERTREEHTHIN, 2 5 FERAOEREP Y 2
— Mo s TSR LB L T B,

5 &8

SPEBOXANL, RAMPARERE Y 2 ML Z O SrER
2T NS ()R 4 —, T o 2 74 Y (B 3§
kaHEmRAsEEL, FPCEREBEMAME LT PACY—7
M| HEERLF, 2512, L7 7 TRTRy - TABERLE -
TOSEPEEAOERr - 7 LOERALHLZ L2 EBEL, HH
EickHA3MREMET L LI, SETOERIFLELER
HHROBY, SRANORELFV, RERAY - T LToH
KU LBECES LI LTy THESBEEHD - X PCALY
# TPACHRIY — 7] 2 REERE, 27 20BBEFLT
ZHET 5,

(1) FRERSHMLUBR SURBEILEEZN-RTHRLE
PACH Bl — 7040w T, $ERsst - L CEEL BRSNS,
BT, B HEShEE, B, 2V -TRiER L
TIERFRIIOVWTERZITo A, TORR, £r- 7ok

AR HBSI0R IZHEShE L 7 7 7T — 71
BAEREBEN - XS L FISOMEEHE LT WL I & 451
L.

(2 BBEINYy—7L0BR W TRTL s 7Ry -7
ERBLAEBRREHE, EREE AMELE5H, hRERH
EA200m 284 5 KAHER CH S SHICHITS PACH B
F—TAOERTELAL, 257y FEhoOSEEHTLE—
BORMHHi BT T3 LN TEL, TAERIHIZONLT
LTV 7 7 TRITHY — T EERSORE[Y 4 2 L ER
BEETHA L LI, BRAVE) 7RI LBRLZ 4%
L=

(3) PACH LHR AL 777 r— 7R THEEEL, #E- M
A tATRARAEOBY PCRIDBEFFHAL TV E
ZE0BRTHY, TABRBELTA FEIZOWT &IFITWE
LA LAERL:E.

Sk, HERFRFBICHT IEFE, BREENOERZE L I0R
L{ABZNTRERTED, BEIFIIBTLELLIEH
Bk, BEALE R T — T2 MEAED TN T EHBEL &
S>TETWE, ZhEOEREEELAMBL A [PACH 207 — 71
DAYy bEESTTEICLY, BPBRBIC RT3 EEE AN TR
THBHLLEIC, FMEEEERAFMOL L THAHER, o2 b
SF—XFR, @ RCBABEx YDy -7 LHRIBE~DER
BRELSTIRECHI L EL S,

F ¥ X B

) REMIG, MERT, AB %, RIFMX  [HEREAREH
[PACH E¥4r — 7L ]|, JilgBgkissll, 25(1995)4, 253-254

2 A . RS O, PHEM, EENE . THRE#S, $5RER
YESHREA T T AFLOMR], FLA LA Lrary
Y — I, 38(1996)3

3) R, DNEZ, £FES [FEREHLDRY — T LOHER
LB, PR, 34(1999)5, 11-15

4) STIESE  [HEEKAR], WRLEE, 33019988, 28-31

5y FRlmHs  TREAEAE ORI L], JSSC, (1999)33, 32-36

6 EF ¥, EERT, WTEHX TTHEE—, B0 ¥, wLiEW:
Ty »7) o SORT LML), RPEEH, 310199610, 2-9

JINS BEEEEHR Vol 32 No. 2 2000

7 HESEEERS  [RESHOESRIHEE - FESE], (19994, 7

8 (B)WEFEREAES [y - LRt o eBRiigisa—8
Br-7NRAEREERD - ZHE (180 + oik) OMRE], (1986)3

9 L ¥ [Fr—7AdBL L TOBRREME], AXMOHEH, 13
(1989)50

10 F ¥ (HEEAKRESI0RE], FUER, 23(1999)90,
38-44

11y PRBZ, FERE . [FEHRBRO LBIREHRE], £M§iER,
23(1999)90, 45-53

12) &TIE#, SRES  [HEEARERTH], kT, 40(1999)4,
47-53



