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P REWSRRET AEM, (PN S BRET 4 S5 PCCP By 3% 1, Tkl TIBr22 S BN S8 2%, 2 i i)
32 1A, FE0r R AR EE L R DTS PEBEAT CFRP Yy s T hr PERE, M $2 i bt PCCP 4573 A4 B8 PRI B2 B
HRERE ST . ARG A FRICEAUTTIE 73T T PCCP A8 N TN, T BREFHEARIN BT A RCR .

1 PCCP ful[E A R AR

PCCP 45 el 2RI HE B XA, Hoih DN1400 LA 3l 3 8. AR SCR A E X PCCP #37 A BR
PV iU
1.1 EREESH

PCCP 4B P42 2 800 mm, 45K 5 000 mm, JRE#E 18R 252 mm, B NS 2 922 mm, B &R 2 mm,
W22 154 7 mm, BZZ[EHE 16.4 mm; C50 JREE L PR 34.5 GPa, WP AR L 23.4 GPa, )X S PEA
206 GPa, 40 22 sk 15 i 205 GPa, S22 Fi 75 JF 1 570 MPa, 40 & HiHi98 BE 227 MPa, &8 N3 TAEE S
0.8 MPa; CFRP JZ 1.2 mm, $iH7 3% 2 810 MPa, i H 180 GPa.

1.2 BB AL BT

TRBE R FH /AT 5N T AR LR M 4 Dl A1 20 4 Solid BT (C3DSR) FE 4L, A F 4 50 S i YR g+ 9 PE 461 45
(CDP) A0 B Fh7 4% ] [R) 1k B 9 T S B B, s 3 3 S5 P R S AR 25 A A TRE = 1)l
LANEAT R, A S E S BN AN EE AT oal, 2 TR EE T AR SRR AR TR s v i g, TRBE T S5 R0
0 T R AR R R R

or=1-d)Ece (1

o.=(1-d.)E.¢€ (2)
K o R 75 e W INAE s ECAHTRBE T ADRHI SR 5 o AR BE 1 3l 2 P O T AL 24 a TR BE 1 B
Z R E LS EL

AT T RE LA, SR U Y 25 Shell BLIT(S4R) L, S22 R AT Truss HLIT(T3D2) KA, N 7 A%
KRV FHFAR SRR BRI LR 2R S AR 5 4578, DUYT 6 Shell LT (S4R) B, CFRP 5
1.2 mm, J& T RESS L, SR IO 25 Shell BLIT(S4R) AL, Bkl CFRP 32 )IE X F2 /32, H PCCP
5 B T AEA 572 1k AN B LG TR B, SO FRIC A BT B BB 7 A A 114 17 ) -1 A8 S 2R SRy 2 s Wy A
1.3 TRz SIS R B8 IE

ToURE AT 2R FH A A5 AT 28 . 04 728 s RN TR RS 4 o B9 22 T ) SR PRI, 384 B9 22 1) BT e i
Ko PCCP TR J) o B2 R 0

F
=—Za (3)
K ACHE N RERAE; F 2250015 o 22K R A, B 1.2%107°; S22 AR E 42.05 % 10° MPa;
A N S22 R R . MRS 22 75 B B TR, 77, SR IR Ate BIZZBThias N 1 570 MPa.

T £F 4 B 5 1% 7 B 48 SR FH 48 3% faf 2% 0 o 7 CFRP Jiti Jn il 1% 7 Ji5 #0500 7 CFRP FH 45 4 e 0 78
PCCP N EE, I i 487 P BE 52 3] [m] PN 0 T 102 7, 50k 45 801 05 A TR . CERP HL47 5 2 810 MPa,
C50 VREE T PThrid BEARME(E A 2.64 MPa, CFRP AT 22N 1.72%, AR UE CFRP SR EE - IR
J, ZEA R HU R A 0.421%, | CFRP Fi JI{E R 758 MPa, gkt K 1 s,
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/N3 0.65 MPa. 73 Jiliz F A D A FAR BB RN T30 CFRP ., JRGE - RYPR ) B 7, B P S5 R AT L
BCHUETIN /) CERP JINE A4 BRICRTRS . CFRP I A9 PRI IR AN A 2 FiR .

PR Syt e
TR, TR EARTRIZIK,
PR E AR BRI
SURAT [ MK, L RE
SN A Ty s
A —ER AR
T 2 AL B B R T 4
M b RN, (T 4k
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REEL

(a) CFRP SBR[y (b) Je E Y

[ VA1 sy 2 CFRP i
Fig. 1 Schematic diagram of prestress loading Fig.2 CFRP reinforced model

AR TN T BT AEASOIN [ A5 A8 A5 L, B0 AR AR s (1) N[l PCCP 1R & 4 My 4 JR A Ay
Jits (2) RS IR A 25 [R5 (3) 45 )2 Z 6] D 58 4 ficfih, RIS HAR LB o AN EE AR 305 (4) 788l
L, PSS AR TE R 0 AHAE, SOIR I RARSE, 5 AR R 1) (LR B AR A, ARG Jy 27 JsU B 1+ a4

ST TG BRI 5 34050 32 e (B fa i g A =X, AR 7 B L
1 22 n- Fw 1 n %_ W%v
he= = (1+v)%_2p);+(1—v)%r (5)

X w NI FS 5 B SRR G5 v R IA A F s m h BRI BRT N AR o R B BT AR5 po R B B PN 5 pooly [BRD £
A
VTR AR I, 58CS) e PR A A A HL A A 5 T
E v

Eszl—vz’ =1, (6)
X T CFRP, JREE L X P25 Z KR (i = 1. 243502 CFRP. IREE L2, YRR A 15
1 rairei (Pni = Pwi) 1 T8 = Pwil
Uy = — (1+vs,‘)M_+(l_Vsi)Mr L(i=1,2) (M
ES,' 2.—r2‘ r 2.—r2.
wi n wi nz

K w A i JRBARI LR Eqiy v AAS 2B B HAPE RO FIAAR LG roi s i 20 1SR BINOEARS i
pwi NSRBI A SNEIR . JZE CFRP 32 B (3 TR /7, B p1=—0.65 MPa( 45 #7s J5 1] W1
)3 SNEEEIREE SR pya = 0, Hopwr. pra I K/ IHAE, S0nT i 2X(8) A4S SR IR 1) 245 B RK i

Upilp=ri = ur(i+1)|r:r(i+1), (i=12) (8)
R g Y BN A /AN W
2. 2 2o 2.
oo = —2‘”’7“’2 (1+ %)— 2W’pW; (1 + —2] (i=1,2) 9)
Twi ™ Thi r Twi ™ T r

TS prp=—0.621 2 MPa( {15 /8 7 [A] 14 #1 EIEMRETEERT
N, B4 2 R N 845 S 5 4 PR TR 45 Tab. 1 Comparison of theoretical values and numerical results
L \ . ; oy . - E
HEAT A, nge 1 R, T PEE(E/MPa BEUME/MPa 24{H/MPa L1/ %

CFRPFF i) i 71 -32.898 —-35.98 3.082 9.3

FH 2% 1 0] UL, B (E FRTLUE 22 50N, S REEHSVERARS 3166 ~3.386 0220 69
BT DAHI R, CFRP (N J1, R FEAE EVEAT  msmepzsrim s 3788 -3.937 0149 39
Ja SERI N K R Y U RN
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14 PCCP REx%H

THUN. 1 B 2T 4 A hn [& PCCP 4 )= 18] 43 A dn 4] 3
JiEoR, BB RD 1~5 43 53 & B0 ) CFRP. 84 &
(FE 1. 2 EZ [ N BEVREE 1)  TREEL | TN J7
22 PR ZE . e NE SIREE L2200, NS
W AR 2 2 (B35 58 4 3 fih, B 25 JE 454 2 1] . _
ROAI I R el B i a5 SE B 4 . i oA FR sk 1. BUBL ST CERP M 2. #0438+ 4 BIBI AL 5. 032

YA fd, ATTRRZ ) WA L {13 PCCP M
R AP 2 HOETE L B2 R T S S AH Fig. 3 Interlayer distribution of PCCP

ATRBE L | WP SR BT Y A h B YA — S, AN ITAREIIRBE = S T 22 SRDIR AR 2 Z (8] f A
HAEH]. CFRP il 25 SR EE T, 45 AR AR/ N B AN o 8 SCRRAACER 7 A B, A LR
IR A B 22 1 BRAE R AL B TREGE i, ORADIR R “tie” v 1%4% CFRP M ERBE L

2 PCCPHEAHRTIHHE

WA BRITH L, WFFE T Wi 2250 A5 25 | Wi 22385 PCCP 52 J7 RS540 . FiUW /7 CERP & PCCP R
AN TR W 22 3R X TR f) CFRP B finFE SR 521 . MK MK 0.4 MPa JF AR THE, B9k 1E 0.2 MPa, H &
1.2 MPa 453,
2.1 PCCP 2z s o4

SZPR TR PCCP Wi 22 (1 DL AE 7 52 2%, W22
(AN, BRI 0 AT I A5 5 o AR SCHE B T 22 %A [] (B
10%) 1500, O 3 BT (¥ 22 3 A0 547 43 #,
ELARUNE 4 fiR.

BELE R, T W22 s, 2 R 22
22 WA IO 3% P AR %) B fR TR 6 1 A8 e 4, T LA
TEAS PRI DU, B9 3 FNTRBE = A S0 1) die R 1 AR o Casel
VAR YA R P T T O VA= W IR A N 1 ) 100 (—A- Case3
22 JS TR A7 de KA 1) 7 g il PN 7K T 728 Al 42
7 R, LT 22 5 AR A R D RS A R SR
Kl MIELS sl LI H, B K R R3S, 4K 1

() ase2
K4 WrezirAify 3 h2eil
Fig. 4 Three types of broken wire distribution
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B i) 87 S T — PN K T, U722 435 435, 9 v 40p T
” e
PRI/ . B W2 23 4 R, B TR i wp AT
ST TR ] WAL R % A AL T T )
7B W22 5 L £ PCCP Ak T B i 585 AR S ¢ 02 04 ) kOJ%Mpg'g Lo 12
by B N

22 PCCP Bt Kt Bl S SR RACER I A TR A s et 2

ﬁﬂﬁl@)ﬁ/§ﬁ%ﬂ fr%ﬁﬁ% 5% 10% 15% H Fig. 5 Maximum circumferential stress in steel cylinder during
20% Bt PCCP Fifi PN 7K =284k 1 32 F1 R 7508 4% B4 the phase of internal load increase

K6 s K 6(a) AN A 22 Z3R BE L B ) AL I 28 FTH, 22 38 < 10% I, BEFE NK RSN, I 22 Ab o
J2 1R B A A (v 0728 K I G T 22 RGN Z 209 I, TR BE - A 1w 07 28 AR 1k B B N K R B Ak
0.6 MPa INJK i N W1 22 109%PCCP iR &E 5= B H B 45, 248 B, SO A8 8K o H e ml UL, B 22 2 %
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PCCP WK RSN 05 o [ 6(b) I ARIB 22 R 4G O0 T, BRI IR E S BEN K IR AEIE 2. FEARIA ]
B AT 4 JEE I iR R 22 T, A B 1] T 08 I A S IR BE AL . W22 R 20% 1AL, M INK RIS 24
0.95 MPa I i 15 2 AR 8 o Iy 22 S B AR A T 17 7 728 P A , AR T v I 22 SR BE R SR PN K s o

o— SVl —m— %I e~ 0%l
e 10%21]”% » 250 —A— 15% I Ri—v— 25% il Al
4 b—v— 15%] % i 227 |
—a— 20%IN[E 3 200 |
b / &
= 3 ¥ = 150
g -
1= o - = 100
‘E 2 ________,.--"' - _'__--_’______.f 432
= ;_;;I_—ﬁaf—;‘f" = 50l
1 i .
: s s . s —50 L— : s s .
0 04 0.6 0.8 1.0 1.2 0 04 0.6 0.8 1.0 12
o/MPa o/MPa
(a) TRSEE TS5 R iy A2 (b) H R ER 3 )

Bl 6 FRORTREE LB AR R RT3 i 3 H AR f i 26
Fig. 6 Variation curve of maximum circumferential strain of concrete and stress of steel cylinder

PPN IKIE 0.6 MPa T AT 224 1) PCCP {52 SRS BT RS M. i 18] 7 IR, B W2z %
B, TRBE = PR 1) O A AW s W22 R O B4 & 20%, AT (3 1] 7 ) H1-33.8 MPa 25 176.2 MPa., i
BE AW AETEWT 22 0~10% I, W AE AR R R BEAHIT, 332 i1 T A ZK I 0.6 MPa Shi% PCCP 1E# TARIRES
NI, HY 22 RHRBE T B BRI 22K T FERNKIE ) o B 22 2G5 5] 10% J5, TREEL AR 1281k
A A R ZUARAY, MRS H 5 B0 B ) R ) 1R A2 AR S 2, AR s B e A 5788, Ul s 9 5 o i 73 4H
BZNIE.

25
20}
Sist
B
;1
E10t
[y
5 L
0 5 10 E 20 =0 5 10 15 20
W22 2 /% Wr223%/%
() TREE T FH K I 1a]  AR (b) METER KIS

K7 eI B AN IR [ T 7E 0.6 MPa K T AYZE ARl £e

Fig. 7 Variation of circumferential strain and stress curves of concrete and steel cylinder under 0.6 MPa internal pressure

TN 222353 10%PCCP {REE + 52 732 i i 8 s, &l 8 nl I, Wiz R 10% {REE Tk
PO REOREN T 0.97, LR Br22 i B A REE H SR T A BL T 5248%, SO ih T BN 140 22 Wi 2258, 17 )
RHGAE, PR 22 X IR AR BE A 7 R o [T D, YR R B2 A BN, AR N TR AN,
AW AT T TR R b A% ) 23 ) B LR, W 22 b e S IR BE - B N8 5 AN T RO RS A 220K . T R B
LN S AW 224858, 7E7K TR 0.8 MPa LI A IS5 413 AN JC A8 Ak, 3 U W T3 07 3 e £ 44 Al [ /s f) 5 36 mT LA
TE—E R FRH IR AR R
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Fig. 8 Damage diagram of concrete with 10% broken wires

2.3 PCCP ERFAR SRk HEAR N E 5347

H_E 3R A AT, 2238 = 10% W) PCCP 32 Jj IR A AE BT A8 o BGEHER 10% W22 22 % PCCP A& i
J5 AR 3Z 1B DA T LA AT, THRAS SR A& 9 AN 10, AR 9 AT UL, SRR 1 CFRP Jii [ 7 22 1X 35§,
J&, TREE T3 R 1 0.341 MPa 35Kk 0.958 MPa, 34K 124 2 £, RIF % 1 CERP %HEEE + 7= A4: 1y
T L ST HETH T 3K 5 K R g, R B E AR . B 10 AL, #E 0.6 MPa PNZK R T, SR TN 1)
CERP 1 [ Wt 22 X 385 , 5914 fe R F2 07 1 H1 35.52 MPa Ui/ Jy 22.31 MPa, I/ T 24 37.2%, Tl G i fa i X
S AR AL S TR EE B AR b — 2, YR RN
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Fig. 9 Circumferential stress of concrete under internal pressure of 0.6 MPa (unit: Pa)
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Fig. 10 Maximum principal stress of steel cylinder under internal pressure of 0.6 MPa (unit: Pa)
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el 10 S 4 5 - 2 8 B K FE £ 20 [ 10T
ASARHZT He . KT 5P, IFI 142 2 511 CFRP Ls|
FERDKE FRGFREI S . fhFE 11 AT AT 41, 76 Y e 19
K 5 51 0.8 MPa 2 i, i 51 5 26 1 7 ) 2 g 0
T2k 3 30 M3 0.8 MPa Ji, P #42 2
TR, Wi 22 KA A9 PCCP R 1 28 SR 38 K, T kAT i 05
N5 g PCCP A LI AR 248 . 4 2 7T AR o
H, 7E/KJE 0.8 MPa i, CFRP i 35 8 K, 136 B B L

CERP FFUA5HA T BB Iy, M A0 ) ta 0§ uE Ti0 12

7K JE/MPa
HEBNZEIS. 1Tk, PCCP 5 N FR I B 1 eer 4 \
o SRR Eililipgiet s AN ]
B AR A R 2 2R T "

Fig. 11 Circumferential stress of concrete before

24 HLﬁﬁETTﬁF jj CFRP hﬂlﬁl?ﬁl%tbﬁ and after reinforcement
] 12 (a) S A [] By 22 23 4 8 20 1] iz 7 e R 7K
JEARA I ZR, 7EIE W TAEN (0.8 MPa) T, W22 5 =2 W% 10% FHNE CFRP B ER S

K 5%, 10%. 15% 2553 )% 57 CFRP hi [ 5 m 4R 14 Tab.2 Circumferential stress value of CFRP after reinforce-
SRIE RT3 43 /N H 23,62, 41.84 FI1 61.26 MPa. 7E ment with 10% broken wire
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Fig. 12 Curve of circumferential stress and concrete strain of steel cylinder with internal water pressure at different wire break rates
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Numerical analysis of reinforcement with circumferential prestressed

carbon fiber board in PCCP pipe

LU Kangwei"? LU Wenyan?, LIU Haixiang?, KE Minyong?, XU Minfan®

(1. College of Mechanics and Materials, Hohai University, Nanjing 211000, China; 2. Nanjing Hydraulic Research Institute, Nanjing
210029, China)

Abstract: In order to give full play to the tensile properties of carbon fiber boards (CFRP), and improve the load-
bearing capacity of prestressed concrete cylinder pipe (PCCP), a method of reinforcement with circumferential
prestressed carbon fiber board in PCCP was proposed. By comparing the mechanical model calculation results of
Lame’s formula with the finite element calculation results, it is concluded that the two results are basically in
agreement. The maximum difference is only 9.3%. The cases of the same total wire broken rate with different broken
distribution were calculated and studied, and it is found that the worst case is that the broken wires are at the same
position. When wires break, the concrete damage index near broken wires increases from inside to outside. The
reinforcement effect of PCCP with 10% of wire breakage rate was studied. When the wire breakage rate was 10%, the
stress and strain of concrete and steel cylinder at the broken wires were significantly reduced under normal working
water pressure, which indicates that CFRP has a very good reinforcement effect. The higher the wire breakage rate, the
better the effect of CFRP before the concrete inner wall is damaged. This method also has the characteristics of short

construction period, non-excavation, and easy operation, and has a good reference for actual PCCP emergency repair.

Key words: prestressed concrete cylinder pipe (PCCP); prestressed CFRP; finite element reinforcement model; broken

wires; reinforcement effect
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