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Abstract: Carbon fiber reinforced polymer (CFRP) cables have lightweight and ultra-high tensile strength, making them
an ideal material for tension members in building structures. Their application can help promote energy
conservation and emission reduction in the construction industry. However, there are currently no design codes
for CFRP cable structures in China, and no precedents for the application of high-strength heavy duty CFRP
cables in China's building structures. In order to promote the research and application of CFRP cables, cables
with a strength of 2 800 MPa were used in the project of the Midea Shanghai Innovation Campus. The breaking
load of a 7X 139 cable reached 14 991 kN. This paper introduces the mechanical properties and bearing capacity
determination of CFRP cables in the project. The seismic calculation and the analysis of progressive collapse
resistance are also introduced. Considering the high-temperature performance of CFRP cables and structural

measures, this paper proposes the determination of the fire protection target of CFRP cables and their
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anchorages under building fire resistance requirements. The calculation method and structural implementation of

the fire resistance of CFRP cable structures are proposed in this paper.
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high-strength carbon fiber reinforced polymer (CFRP) cable; seismic calculation; analysis of progressive collapse
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Fig.1 Structure model of Tower A

1 BRAERENZENAUE
11 BMFEFITHRNEE

T 2T 46 2% T W 2 1R B 2T A L 22 R BR SRR i e et 7 B
TAE AWM. BT HERE Dok, HEARNEIE
X, §% CFRP 7 . £ M CFRP i HE5 41 5L 147K &
LR CFRP AT E M CFRP FRE

LI H AR P OR 41 247 A &R, R AR & ik 27
A 7 B % HE S T R 1 S B BB A ST IE o ik 2T 4E A
B T H R A& IR LA T B ORI E S S0, %
R Yo R B 21 2 7 [R] 0 A AL 2°~4° J5 P v o RE SRR
SRAUAT AT 9 AL E B, A S 9 R 20 (high density
polyethylene , HDPE) 445, i |l 2 fif 7R

A JZHDPE

B2 BAHFITHREHIE
Fig. 2 The form of CFRP cable



5 53

150 IR B B 2T i R A b 1 S 1 A BR AT R X T b iy Bt AN IR R 99

T 27 4 717 7 & — B 1o [ 8 o, — 032 11 o A
WU o 5 R H i SR SO S i 1 1 2 X
R B RS IR R BB SR A B B R
T A B B 2R AN R /T 90 pm, X A7 7 G
B o

AN TR] 0 3 i 3 T DA R BIORL T 203 B R AT R
(10 85 ] A3 A Py L 15 0 S 5l RL RS 25 4R 41k . o R i o7
B Bl £F dE R 2 LA 0 EHZE . %30 H R R 5 4l
4 7 =X, 6T P P A TR B PR LA AR T 45 R B i .
TSR AR T AN TR W Ty I AT IR 5 5
F A1 AN & 3 FTR o

12 BAHRNRHNF R
ik £F 4k i B9 DN 18] (AP AT T 25 4k 07 1)) 3 2 1 B i B 47
HER VR RE P SE , B AT B 14 ) S R AR A ()

MY H

B3 BmAHRFTHERBEENEE
Fig.3 The form of a CFRP cable and its anchor system
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Table 1 Mechanical indexes of carbon fiber reinforcement

AT 4 AR FA5 3% AR AL/ MPa M AEF/ GPa MR %/ Y 3% £ /MPa
GB/T 26743—2011 =>12800 =120 =15 —
GB/T 35156—2017 =2 100 =120 =15 —

AR B K A AT 2 800 160 =15 =200

WF 5 2 B, B 2T 4k /i B AT B0 0 il 95 55 1 RE A AL
TR Pl vk e L 1S A T AN R AT PR R b A
W 5% 2 W1 21 48 52 & bR 78 £ 72 W7 22 10 1] 2L, B 7E IR T
AR AL IR IR R AR B
R BE £ P 2 19 {Guide for the Design and Construction
of Structural Concrete Reinforced with Fiber-Reinforced
Polymer(FRP) Bars) (ACI 440.1R-15) "% #i 5 7 & K A
45T CERP BRI ) AN i HHe fr o B2 Al BRAE A9 5524 ¢

R, 78 3 [ Y B 92 L SR8 F el b, ok 7 ok
TR AR R YUPR EO BT A BUA VR B E . BEXS
B9 1 2R AT LT (R A5 M R MR ) (JGT 257—2012)
R E 9 2R B P BOHE R (D B E -

p=t (1)
7R
A F PR UL S B 5 F o R 0 B BRI ) b 14
(6L e I BLFR BT T 70 350 2 850, X R I 2.0, X 9 3L ATl
1.7,

S (REEMFE AR ) (JGT 257—2012)"  3F- % &
) 2T 2 BHORE A 5 9 1 A OO T B AN B E L 20 H
T M BB IR B 2.5, BV LT A R I B PR 2R
B IO 8 3 19 40.0%6 o 1500 H R 0 Bl 2 4 47 R 1

AEFR AR BER AN 1 FT7R AR I3 2 s

1.3 BAHZREMEHPHNAERE

5 11 4 BRI Bl DX 5T SR FH A K B B2 AR 445 4 o
H T8 R 1860 MPa gl () AT B 22 R &R , AR AK
M7 X283 % 7TXE83 AT, T WSS BREF 4 R AL P
J= G5 KG  E  FE 254G JR R TSR EE S 2 800 MPa 2
14 Bl 2T 4 Z AR I 25 ) 00 B R BN SE M AT o BRET4ER
5MESEOM I RERT i 2 iR . X L R
TR B ] e 2F 4 2R AT 35 19 d KR TR BN R 1 fec R
ARER T B AR PO Ry i A A S AR 2 2 A A ARG Y
THOLT A 4 RO N R R A AR

AT H Sy e SR 2F A AT A R AE B R S 1 Ik
IE T, LR DR r 2R A 38 T DAL, Ry e 4 UL IR oy
G 2 A 25 4 i R KA B R SR A A AT R
F14 I8 FH 387 36 B G 7 1R DX 0 3 46 m Kk Bk i o 5 Ak
I FH A SRy 7< 139 ik £F 2 3% LA 48 i B A% R 600 mm X
600 mm L AT, AN 4 i 7 5 TR0 TAE IR P IX 125 R AL
ALK BERRAE S 7 X 283 AN R B S BAE Sy 7 X 199 B £F
Ao ME SR, BREFERMKEL 12.5 mCT#H) .

W 12 SRR EF 4 R 5 B ARGE A M 4, DL B2 R AN &R



100 I A a5 M ot R

527 %

K2 BALRERNRTSHMOFMHEEILE

Table 2 Comparison of parameters and mechanical properties between CFRP cables and steel cables

&R AR E/MPa  AMREAZE/mm HKAE/(kg'm ) AW F1/ kN #AEARE I/ KN
CFRP % 7X139 2 800 121 9.2 14 978 5991
CFRP % 7X199 2 800 140 13.2 21443 8577

A& 7X199 1 860 137 63.8 14 244 7122
MR TX 283 1 860 153 90.6 20 257 10 128
4R R TX 583 1 860 214 187.4 41732 20 866
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Fig.4 The location of the CFRP cable in the

cantilever truss
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Fig. 6 The connection of double cables and the
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Table 3 Comparison of the vibration characteristics

between steel cable models and CFRP cable models

R o kA
ﬂ
sy AMG/FART T mmG)/FART
e A+
(x+y) . (x+y) .

T1 0.944 5/(0.00+0.90) 0.00 0.944 5/(0.0040.90) 0.00
T2 0.8562/(0.02+0.76) 0.20 0.856 1/(0.0240.76) 0.20
T3 0.8221/(0.30+0.00) 0.69 0.8220/(0.3040.00) 0.69
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Fig. 8 The deformation of the cantilever truss
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Table 4 Tensile force calculation results of CFRP

cables
P % (7X139) 125 % % (7X199)
BBIL  zyzh/  Bas kA La
kN S/ % kN A e/ %
I8 5y 4 8, 5263 35.1 6 232 29.1
NE 5 308 35.4 5247 24.4
i 5225 34.9 4977 23.2
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Table 5 Mechanical properties of CFRP at elevated

temperatures obtained by Yu et al. 8

B/ C BAERFE/Y B FREFSR/
100 88.7 87.8
200 80.8 74.0
300 58.8 71.7
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Fig. 10 Forces produced by the thermal effect

inCFRP cable
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time of 3 hours (unit: C )
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Table 6 Comparison of the forces of CFRP cables

under normal temperature and fire
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Table 7 Fireproofing coating thickness calculation results

B KAR 3P 54k & 3%/ K% 3 hizH B E/C

We(m-C) 250 300
0.10 83 mm 69 mm
0.08 70 mm 58 mm
0.04 45 mm 36 mm

D+05L 1407 1295 —8%
B A 2 341 2187 —7%
B R 1344

BEA 3748 4827 28%
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Fig. 12 The form of the fire protection of CFRP cable
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Fig. 13 The application of the CFRP cable

at the construction site
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