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Abstract; This study aims to investigate the effects of freeze-thaw cycles on load-bearing capacity of
polyethylene fiber-reinforced engineered cementitious composites ( PE-ECC ) members. Through
laboratory freeze-thaw cycle tests and post-freeze four-point bending tests, the failure evolution
characteristics of PE-ECC beams under freeze-thaw action were investigated. The degradation patterns of
their load-bearing capacity were analyzed using performance indicators such as stiffness, ductility index,
and energy absorption capacity ( EAC). The experimental results showed that: (1) the test beams
maintained good structural integrity upon failure. Freeze-thaw cycles weakened the synergy between PE
fibers and the matrix. With increasing freeze-thaw cycles, both the number of primary cracks and crack
density decreased, and the cracks became more widely distributed. (2) The load-midspan deflection
curves showed distinct elastic, yielding, and failure segments, which could be categorized into three
loading stages: elastic stage, localized cracking stage in the tensile zone, and yielding failure stage. (3)
Increasing PE fiber content resulted in a denser matrix structure, reduced the EAC loss, and enhanced
load-bearing capacity after freeze-thaw cycles. (4)The strain distribution at the midspan cross-section of
PE-ECC test beams after freeze-thaw cycles remained consistent with the plane section assumption. A
calculation method for the load-bearing capacity of PE-ECC beams at each stage under bending load was

proposed. These findings can provide a basis for
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Tab.1 Main performance indicators of cement

B prgEn Ent  PUTIRE/MPa HUIKERIE/MPa
/(m? - kg™') [8/min [E]/min 3d 28 d 3d 28d

330 =100 <300 =4.5 =80 =250 =48.0
F2 KREUFESRERSE %
Tab.2 Chemical composition and volume fractions of cement
Si0, Ca0 Al, 0,4 MgO Fe, 0, S0, HAth
20.59  63.78 6.12 1.20 3.10 2.13 3.08
(2) 5B Hk

IR R 1 9%, kK Si0, & 88 90%,
Y4B FURHR AL 252 o BARFR A 3O 3,
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Tab.3 Chemical composition and volume fractions of SF
and FA
H3 Si0,  Ca0  ALO;  MgO0 Fe,05 K,0  Hfb
MK 55.68  2.35  29.01  0.79  3.96 — 9.21

kK 91.90 0.87  0.86

(3) 4Bkt

TE ATl S b A S 40 i kL, BEA% O 80 ~ 120 H
(0.125~0. 180 mm) , %K 2. 65 g/cm’

(4)PE £F4

JIT AT 4 R T AR AR £F 25 20 BRA w46 = i 8
mA R O (PE) 5 U4 4k, Ky B 124 S 500
4,

0.29 — 1.59 4.49

x4 FEYENFESH

Tab.4 Physical and mechanical parameters of fibers

PR W HE OKRE EE LG S B
SR /(geem™)  /um /mm s JZ/MPa  #/GPa
PE 0.97 25 18 720 3100 122

(5) M m5
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%5 HPWR XEMHEESH
Tab.5 Main performance parameters of HPWR
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Tab.7 Parameters of steel reinforcement

AR B R AR B PRARE A
/mm  /mm’ /MPa /MPa /GPa

MEkR

Sl HPB300 6 28.27 236 390 109
JESEANAG HRB400 8 50.27 406 576 197
ZRY\A HRB400 10 78. 54 411 535 203

ZY-HPWR-S IRE@EAK  5.0~8.0 <60 =25
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FREPEHIAE 2% AN, ECC~1 Al ECC-2 iR F 1Y PE £F
HEARTRRIT B 1. 8% 2. 0%, eI FA I SF E 575
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B MR GBS AR IR . % &R AR AR 2 [H) A PR
(940 mm x 540 mm ) , 120 55 52 R ~F &% 1+ 750 mm x
150 mmx 100 mm , J&&E - P-4 22 R 20 mm,

#6 RFEELIZIT(SKEHREL)
Tab.6 Mix ratio design of specimens ( mass ratio to ce-

ment)
g5 KR BYER BER AEmd A MEORE KBS oK
ECCl 1 1 0.2 0.83 — 0.24  0.026
ECC2 1 1 0.2 0.83 — 0.24  0.026
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Fig.3 Preparation process of test beams
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Fig.7 Crack distribution patterns of test beams
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