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Abstract

In order to avoid wire breakage due to hydrogen embrittlement or corrosion in prestressed con-
crete cylinder pipes (PCCP), this paper proposes a method of wrapping CFRP sheets instead of pre-
stressed steel wires around the structures. Moreover, innovative anchors that were used for pre-
stressed CFRP sheets were designed to transfer the forces from CFRP sheets to the body of PCCPS.
Firstly, the post-tensioning anchor, which had a shaft to wrap CFRP sheets around it through a
groove to grip and prestress the CFRP, and the pre-tensioning anchor, which consisted of two steel
plates with embedded strip teeth, were proposed and manufactured. The post-tensioning and pre-
tensioning anchors were applied at the socket and spigot end of PCCPs, respectively. Secondly, these
two anchors were tensioned experimentally to investigate the tensile performance. Finally, the pre-
stress loss of CFRP sheets anchored with the above anchors was tested. The results show that the
failure mode was the sudden tensile failure of the CFRP sheets outside of the anchors when a torque
of 3 N'm and 5 N-m was applied on each bolt in the post-tensioning and pre-tensioning anchor, re-
spectively. Moreover, the tensile stress of CFRP sheets at failure reached 90.7% and 88.3% of the
ultimate stress of CFRP. Under the conditions of this experiment, the prestress loss of CFRP sheets
accounted only for 5.84% of the initial loading stress at higher levels, meeting engineering require-
ments.
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Figure 1. The post-tensioning anchor
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Figure 2. The pre-tensioning anchor
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2.2. MRitaE

CFRP i K 5 8 1| G A B AT 4 AT, 44 XUEFE N 0.167 mm. SEllBThz 3y 2506 MPa, i H:AE &
N 2.45% 105 MPa, iK% 1.76%. CFRP Aikli4hifsRH TLS-500 RAUGRLA4EME L Rk, Hythiigih
43.7 MPa, ZhrPEiiE Ny 2612 MPa, 1Ky 1.54%. i H5E FHHF 40 Q235 4N, JEE N 15 mm.
. N TEEE 25008 0.5 mm Al L mm, i ARERSE Ny 235 MPa, Hrhisn/E A 375 MPa, #PERE A 200 GPa.
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2.3.2. TR HskiA s
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DOI: 10.12677/hjce.2024.1312248 2259 AT


https://doi.org/10.12677/hjce.2024.1312248

Hpgn

I 5 S 64

Figure 3. Loading device
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Figure 4. Loading device and arrangement of strain gauge
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61.7%. 10Tt 0 5 N-m HH sk o i H, 2212 nE 2 18.48 kN I, FEBEm S ES , CFRP 11
TE AL M BT, a0l 5(c)Fran. BEIRIE, CFRP AiskHiw /1 i o FE 1 88.3%.
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Figure 5. Failure mode of anchor
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Figure 6. Stress of CFRP sheet varies with time
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TR IR ) SB[ o X B R T . BRI AL T Bl ) CFRP Al b, 5 BSR4
90.7%, i THEEK

2) SR A EL I R e TR SR T R, SR A AR O E e ik Sk B LB R A A HL, fRIUELE
CFRP i 347 52 B D[R 4 ] o [t 2 (86 2 o 2 AROUBUR  INHLAE A 3 N-m 34 i1 %1 5 N-m, CFRP Aifii#h % 2
TR AR IR S U 3R W R, ELR LR R 61.7%3 %5 88.3%.

3) JEid il HIEINER I 2R RL G T 1Z L R G RO SR TN 45 R R B s ROk T
77100 min i, CFRP A fiUN JJ 45 ki d KAR, FEBL N KPR TR /45 R Z 0N 5.84%, KUZEH
HAEREECATEE, W2 TREEK,

E&UH

T A 4 e S R R I H < TN ) CFRP 40 fa Ve it 187 9K o 6 ] 44 2R K ] S A 91 (23A570007)5
2024 SEA A e e Bl RO A BB A I 25301 H (202410078041).

Bk

[1] MMBAR, XUk, F&, 2% LT REROMER PCCP REE L& AP B HI[I]. HAbKFIK B K2R (A
REBLAR), 2022, 43(5): 31-38.

[2] E#L, HM, T, 25 PCCP {RIFERS I BERI K 2 R I 7L [I]. AR RIK R 2223 (H SRR AR),
2022, 43(5): 24-30.

[3] HfEsk, B, R, 2. HUEIRREEE LN T PCCP REGHI A [J]. HAb/KFIK i K 2E244R, 2022, 43(5): 19-23.

[4] Zzhai, K., Guo, C., Fang, H., Li, B., Ma, B., Hu, Q., et al. (2021) Stress Distribution and Mechanical Response of PCCP
with Broken Wires. Engineering Structures, 245, Article 112858. https://doi.org/10.1016/j.engstruct.2021.112858

[5]1 #MEBH, BA/04E, BI%E, % BCCP £5MVitit & 7k 5t e MI[J]. i K222k (B SR BHERR), 2021, 49(5):
460-465.

[6] #HUKEE. PCCP Wi 22 BU{H 43 W1 S 7 4k i g LB A T AT M 72 [D]: [l 2240 3. mE & rE S ML LR K2, 2018.

[71 sk, W, T, S5 WIRBRAT 43558 5 A M R —— R B S B 45 YRR iR IR 72 [3]. Hedb/KRIZK K 2
2441, 2020, 41(1): 65-69.

[8] Liu, G, Wang, Y., Qu, F., Guo, X., Li, Y. and Cheng, S. (2023) Bonded Behavior of Hybrid-Bonded CFRP to Heat-

DOI: 10.12677/hjce.2024.1312248 2262 AT


https://doi.org/10.12677/hjce.2024.1312248
https://doi.org/10.1016/j.engstruct.2021.112858

e 55

Damaged Concrete Interface. Buildings, 13, Article 2736. https://doi.org/10.3390/buildings13112736

[9] Qu, F., Wei, H,, Lu, H., Feng, D., Meng, Q. and Zhao, S. (2023) Experimental Study on Bond Behavior between CFRP
and Concrete with a Convex-Circular Arc Interface. Buildings, 13, Article 3077.
https://doi.org/10.3390/buildings13123077

[10] Mohee, F.M. and Al-Mayah, A. (2017) Development of an Innovative Prestressing CFRP Plate Anchor: Numerical
Modelling and Parametric Study. Composite Structures, 177, 1-12. https://doi.org/10.1016/j.compstruct.2016.12.039

[11] EESR, EET, A H, RO TN B £ AR 5 1A S01 s R 6 [ 2 R I AT 7T [3]. RHEHoR 5 TR,
2017, 17(12): 279-283.

[12] Mortazavi, A.A., Pilakoutas, K. and Son, K.S. (2003) RC Column Strengthening by Lateral Pre-Tensioning of FRP.
Construction and Building Materials, 17, 491-497. https://doi.org/10.1016/s0950-0618(03)00046-1

DOI: 10.12677/hjce.2024.1312248 2263 AT


https://doi.org/10.12677/hjce.2024.1312248
https://doi.org/10.3390/buildings13112736
https://doi.org/10.3390/buildings13123077
https://doi.org/10.1016/j.compstruct.2016.12.039
https://doi.org/10.1016/s0950-0618(03)00046-1

	预应力CFRP钢筒混凝土管锚具性能试验研究
	摘  要
	关键词
	Experimental Research on Performance of the Anchor for Prestressed CFRP Concrete Cylinder Pipes
	Abstract
	Keywords
	1. 引言
	2. 试验概况
	2.1. 试件设计与制作
	2.1.1. 固定端锚具设计
	2.1.2. 张拉端锚具设计

	2.2. 材料性能
	2.3. 加载装置及测试方案
	2.3.1. 锚具拉拔试验
	2.3.2. 预应力损失试验


	3. 试验结果及分析
	3.1. 锚具性能
	3.2. 放张后的预应力损失

	4. 结论
	基金项目
	参考文献

