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Abstract: Owing to its advantages of fast setting and hardening, as well as a good bonding performance,

magnesium phosphate cement mortar (MPCM) has a broad application prospect in the field of rapid reinforcement.
Based on the idea of material-structure integrated design, basalt fiber reinforced polymer modified MPCM (BFRP-
MPCM) composites including basalt minibar reinforced MPCM and combined reinforced MPCM were proposed in
this paper. Four-point bending tests on BFRP-MPCM sheets were carried out to reveal the collaborative enhancement

mechanism between the basalt minibar and BFRP grid, and the types and proportions of composites for strengthening

Wi EH: 2025-05-13; MEEIHHEA: 2025-09-11.

EERIY: 2 6 (1978— ), B, EEUEA, J, liwei-605@lzjtu.edu.cn.

BEES: W 21, xiejian@tju.edu.cn.

EETR: EEARREILSYEIIH (52068043) 5 Hil & thBRHE B0 H UKR2021-07).

Supported by the National Natural Science Foundation of China (No. 52068043) , the Construction Science and Technology Project of Gansu
Province, China (No. JKR2021-07).



2026 4 4 H

concrete were preliminarily selected. Afterwards, the existing concrete beams were strengthened by bonding BFRP-
MPCM sheets, and three-point bending tests were conducted. Based on the fracture mechanics of concrete, the ef-
fects of BFRP-MPCM sheet types and the existing concrete strength on the crack resistance performance of strength-
ened concrete were quantitatively analyzed, and the reinforcement mechanism of BFRP-MPCM for the existing con-
crete was also studied. Experimental results show that the fluidity of basalt minibar reinforced MPCM with fiber con-
tent of 2.0% (volume fraction) was 178 mm, and the flexural peak load of combined reinforced MPCM sheet (age
3d) with fiber content of 2.0% (volume fraction) and BFRP grid was 128% higher than that of the plain MPCM,
with a peak toughness index of 173.65. Therefore, the composite materials were suitable for rapid reinforcement of
the existing concrete. The effects of basalt minibars in the combined reinforced MPCM were mainly at the early stage
of the stress development process, causing the failure mode of the specimen to transit into a ductile failure. In com-
parison, the BFRP grid mainly affected the post-cracking performance of the specimen, which significantly im-
proved the flexural peak load and toughness of the BFRP-MPCM sheet. The concrete crack initiation of specimens
strengthened with BFRP-MPCM was delayed. For the specimen strengthened with combined reinforced MPCM, its
stress intensity factor under crack initiation load was 22% higher than that of the specimen strengthened with basalt
minibar reinforced MPCM owing to the configuration of BFRP grid. In addition, the corresponding failure process of
crack instability propagation was significantly prolonged, and the load-crack mouth opening displacement curves
presented a double-peak shape. The crack resistance performance of the concrete strengthened with combined rein-
forced MPCM sheets were improved; for example, the stress intensity factor under crack initiation load, the stress
intensity factor under crack resistance load and the fracture energy of the concrete specimen strengthened with com-
bined reinforced MPCM sheet were improved by 3.9, 18.9 and 37.2 times respectively compared with those of the
concrete specimen which was not strengthened. By bonding the combined reinforced MPCM sheet to concrete, the
crack resistance performances of the existing concrete with different types of strength were all well improved.
Keywords: magnesium phosphate cement mortar (MPCM) ; basalt minibar; basalt fiber reinforced polymer (BFRP)

grid; concrete reinforcement; crack resistance performance
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Tab.5 Measurement results of fracture tests

L TRss Pini/kN Cv P/kKN Cv Po/kN Cy Do Cy Democd Cv Demoanl Cy
mm mm mm

C40 2616 | 0.09 3476 | 0.13 3476 | 0.13 0.020 0.03 0.044 0.08 0.044 0.08

C40-F2G0 10.699 | 0.06 11.551 0.04 11.551 0.04 0.028 0.08 0.108 0.15 0.108 0.15

C20-F2G1 11.937 0.04 14.085 | 0.04 14268 | 0.04 0.062 0.07 0.199 0.02 2.720 0.03

C40-F2G1 13.023 0.07 14.571 0.02 14.076 | 0.04 0.027 0.11 0.212 0.14 2.958 0.12
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