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Study on Failure Mechanism of Fiber-reinforced Prestressed Concrete

Containments under Internal Pressure

SUN Ye, ZHENG Zhi, SU Chunyang, PAN Xiaolan
(College of Civil Engineering , Taiyuan University of Technology , Taiyuan 030024 , China)

Abstract: The containment vessel of a nuclear containment is the last barrier to prevent the leakage of
radioactive materials from a nuclear power plant. It is particularly important to enhance the bearing ca-
pacity of the containments in nuclear power plants. Numerous studies have shown that fiber-reinforced
concrete has significant advantages in terms of mechanical properties and durability. To authenticate
the applicability of the fiber-reinforced concrete and accurately determine the failure mechanism of the
fiber-reinforced prestressed concrete containment vessels, finite element models of the containment
structure are constructed using ABAQUS code, which are reinforced with different types of fibers in-
cluding steel fiber, steel polyvinyl alcohol (S-PVA) hybrid fiber, and steel polypropylene (S-PP) fi-
ber. Their responses are analyzed under the internal pressure. The results demonstrate that: (1) The

deformation and failure modes of fiber-reinforced concrete containments were similar to those of con-

*

502

Wi E#:2021-11-11; 48 = B #§:2021-12-08

ELWE: HEARBHEAEETH (51908397) 1L 7448 1 4FRHE UF 58 2 4300 H (201901D211025) | H [ 18+ J5 B2 5 4 5
H (2019M651075, 2020M670695)% 1l

EE B AMIE(1997 —) 5 W5k . R BN FEFEIREE % 2SR5 . E-mail: sunyel99709@163.com

BIREE PR (1986—), 5 Al miT L. FENFEEM] L5t hiR kg5, E-mail: zhengzhi @tyut.edu.cn



ventional concrete containments. Incorporating different fibers in concrete can effectively postpone the

onset of concrete cracks, inhibit the development speed of cracks, reduce the plastic damage to the

steel liner, and greatly increase the ultimate internal pressure of the containment. (2) Steel fiber has

the best reinforcement effect, but hybrid fibers should be given priority in adverse service environ-

ments. (3) Implementing a partial replacement of fiber-reinforced concrete, especially near the equip-

ment hatch holes, is more conducive to maintaining the balance between the economic and safety as-

pects of the containment structure.

Keywords: fiberreinforced concrete; prestressed concrete containment vessels; numerical simula-

tion; internal pressure; reinforcement region; failure mechanism
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Fig.1 Composition of the containment structure

503



HE) 38 A )2 TR AR TR BR N A A
Mo AT AR 20 m, A R BEJRE 1.1 m, & T BE
1, JI T2 55 IO R B R 69 m, fA 44 5 & 49.25 m.
B +25.6 mAb O°J5 i M B AT 4200 3.5 m i A%
N S W S D B3 1) 1 O P o P A R
2 M 18077 FE Ky 63.56 m A Hk BERE L LN 7 B9 ol
K FH 1860 G M 28 2k , B Akt — J2 P ) AR A 5 “ U
B AL B, 43 9 Al [ R RE AR R AR o B
N 1 B9 PR B A3 A ETE ARl 7 800 mm”, R &
105 4R, & T 43 1% # 10 AX 4 5 400 mm®, £ &t 32
AR5 48] U AU 4K B A A TE AR A 5 400 mm®, B 144
HR o 38 KA A P2 SRAR R A AL R 800 mm®, B
][] E 0.133 m, i) [B] 5 0.146 m. FEK P BER A
— 2 5IRE BRSPS B JRE N 6 mm.
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Table 1 Performance parameters of the fiber

4 R/ BLhrom g/ L A A/
B (kg *m ™) MPa GPa
LT Y 7 800 1345 200
Steel PP Steel PP Steel PP
S-PP
7800 910 1225 >400 200 >3.5
Steel PVA Steel PVA Steel PVA
S-PVA

7800 1300 1225 1560 200 41

R2 HEREFLLRER:

Table 2 Aspect ratio and volume fraction of the fiber

YRR Kz R/ %
WL 4t 60 2
Steel PP
S-PP 1.5 0.15
60 167
. - ) 6513
(a) vHEHTY o : ) $F Steel PVA
K2 Zeseilfsmn S-PVA 1.3 0.2
Fig.2 Numerical model of the containment 65 300
F3 WMENE BRGNS EHRSH
Table 3 Material parameters of the tendon, bar and steel liner
Je #HE/(kgem °) TR L PR/ MPa Jati iz sk B2 /M Pa e B 58 B2 /M Pa
TN I3 5555 7 850 0.3 200 000 / 1860
WA 2 7 800 0.3 195 000 400 /
AT 7 800 0.3 200 000 320 /
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Table 4 Comparison of the internal pressure between con -

ventional and fiber-reinforced containments

(i . MPa

e #it TR+ AT bR
LA

W E i JE IR W E

- 3 R 0.4 0.585 0.950 1.643

LT 4 0.4 0.749 1.057 1.848

S-PP 0.4 0.718 1.036 1.812

S-PVA 0.4 0.672 1.019 1.814
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Fig.3 Comparison of radial displacement of point A
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Fig.4 Comparison of vertical displacement of point B
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Fig.6 Maximum principal tensile strains and cracks of con-

crete for the containments
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Fig.7 Strains of steel liners for conventional and fiber-rein-

forced concrete containments
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Table 5 Comparison of the internal pressure of contain-

ments with different reinforced regions

Elflﬁ:MPa
o1 4 B
;j‘f iﬂi it E “f;i R I Tf;fi
TR 0.4 0.749 1.025 1.678
W4 TDR 0.4 0.749 1.025 1.684
TBDR 0.4 0.749 1.035 1.730
TR 0.4 0.709 1.012 1.686
S-PP TDR 0.4 0.709 1.013 1.692
TBDR 0.4 0.709 1.023 1.716
TR 0.4 0.676 1.012 1.751
S-PVA TDR 0.4 0.676 1.013 1.747
TBDR 0.4 0.676 1.012 1.753
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