58 49 55 11 ] R R % Vol. 49, No. 11

NN

2021 4 11/ JOURNAL OF THE CHINESE CERAMIC SOCIETY November, 2021

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20210362

TR LI e Y 2 1 ik B R PR A TR U6 B AR B AL AL B

% %L OMEEL REEY s T O£Y REES BEE°

(1. Jbm AR R ARG TR, h I b 100044; 2. #AAMRCR T = —%0, AR TR, Z/RE 4Bk D02 PN40;

3. FET AL ) S SR TSR, T Jbst 100083; 4. dbm @ THMEMARTE AR, T Jbat 100015,

5. P ERHEEBURZEE R GURERE G, P EREE B GORRNE A G, P EREER AR RES £ PaxlE S PR,
E JERT 1001905 6. JERURFARRAETIA L, HE AERT 100871)

B RHAAFIRE RSB B(SCAYF BN /K (I LI AT HE(PE 4T 4E) BT R ee YA T, 2R 1 Mot J5 1) PE 47 4%
B Pk RETR e 1 (UHPC), WL B VAR 5 FFRT . 450K X TR LE(0.18) UHPC, B8 3%IKE SCA ¥l
Motk PE 4R 4E15 3 T BN AR B AL R R, AT R T N B35 . ootk PE 414 UHPC N ARREIL LB S, P35 7E PE
AU 2R T RSN ERR B fg S 2k 2 Mg ST Ak 22k 46 00, P i B thF2 25(—OH) S5 2k R K4k =) C-S-H & E4s
BN, FEH(—OH) L Ca(OH), (1) Ca®" 2 1) & AL FLA AL A 1 o

KA HSTERRIREE L NARE L, R AIRETYE; RInSeE; AR
PESES: TUS28 MRS A XEHES: 0454-5648(2021)11-2346-09
4% AR AT E]: 2021-10-11

Az

Strain-Hardening Mechanism of Ultra-High Performance Concrete Based on Polyethylene
Fiber Surface Modification

ZHANG Gui', PENG Gaifei', LEI Zehao'?, NIU Xujing’, DING Hong*, JIANG Yuheng>®, FAN Yuchun®
(1. Faculty of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. Department of Civil Engineering, Trinity
College Dublin, The University of Dublin, Dublin D02 PN40, Ireland; 3. School of Mechanics and Civil Engineering, China
University of Mining and Technology (Beijing), Beijing 100083, China; 4. Beijing Construction Engineering Group, Advanced
Construction Materials Limited Liability Company, Beijing 100015, China; 5. Chinese Academy of Science Key Laboratory of
Nanosystem and Hierarchy Fabrication, Chinese Academy of Science Center for Excellence in Nanoscience, National Center for
Nanoscience and Technology and University of Chinese Academy of Sciences, Beijing 100190, China; 6. Center for Nanochemistry,
Peking University, Beijing 100871, China)

Abstract: Strain-hardening and cracking behavior of UHPC incorporating hydrophobic polyethylene (PE) fibers modified at different
concentrations of silane coupling agent (SCA) solution were investigated. The results indicate that for UHPC with a low water binder
ratio (0.18), the fiber modified with 3% SCA solution has a better strain-hardening behavior and a more significant multi-cracking
behavior. The mechanism for the effect of the surface modification of PE fibers on the strain-hardening of UHPC is due to an effective
chemical bonding between the functional groups of SCA attached on the surface of PE fibers and matrix, in which the free hydroxyl
group condenses with C—S—H, and the hydroxyl group forms a complexation bond with Ca*" in Ca(OH),.
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Table 1  Mix proportions of concrete
Mix proportion/( kg-m™)
Sample No. ~ W/B ratio w(SCA solution)/%
Cement SF GGBFS LP QP RS Water PE fiber

SCA18-0 0.18 638 136 543 146 229 229 264 20

SCA32-0 0.32 638 136 543 146 229 229 409 20

SCA18-1 0.18 638 136 543 146 229 229 264 20 1
SCA18-3 0.18 638 136 543 146 229 229 264 20 3
SCA18-5 0.18 638 136 543 146 229 229 264 20 5

Water binder ratio W/B=Water/(Cement+SF+GGBFS+LP), SCA18-0 represents the 0.18 water binder ratio UHPC incorporating PE fiber modified by 0%

concentration SCA solution, others similarly. w is mass fraction.
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Fig.2  Stress-strain (o—¢) curve of direct tensile test
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Table 2 Characteristic values of stress and strain of direct
tensile specimens

Sample Initial crack Ultimate Ultimate Energy/
No. stress/MPa stress/MPa strain/% (kJ'm™)

SCA18-0 5.20 6.11 1.28 14.1

SCA32-0 2.65 3.11 3.24 91.0
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Fig. 3 Microscopic morphology at fractured surfaces of specimens after direct tension
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Fig. 4 Stress o-strain ¢ curves of UHPC incorporating PE fibers modified with different concentrations of SCA solution
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Fig. 5 Crack development of UHPC incorporating fibers modified with different concentrations of SCA
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Table 3 Characteristic values of stress and strain of direct
tensile specimens

Sample Initial crack Ultimate Ultimate Energy/
No. stress/MPa stress/MPa strain/% (kJ'm)
SCA18-0 5.20 6.11 1.28 14.1
SCA18-1 5.08 7.39 0.63 35.6
SCA18-3 7.26 8.01 5.06 337.6
SCA18-5 5.95 7.04 0.70 38.6
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Fig. 6 Schematic diagram of covalent bonding between the silane alcohol molecules A’ polymer and C-S-H
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Fig. 8 SEM images of surfaces of PE fiber modified with different concentrations of SCA
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