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Finite Element Analysis of Flexural Properties of Reinforced

Concrete Beams by FRGM

LEI Zhen, ZHANG Sai, MA Hui, LUO Yu-min, SHENG Jing-quan
(School of Architecture and Planning, Yunnan University, Kunming 650504, China)

[ Abstract ]

reinforced geopolymer matrix (FRGM) , the mechanical properties of reinforced concrete beams reinforced with flexural reinforcement

In order to explore the strengthening effect of reinforced concrete beams strengthened by carbon fiber reinforced polymer

reinforced concrete in FRGM system were studied by numerical simulation. Three-dimensional finite element models were established to
simulate the failure mode, characteristic load and load-mid-span deflection curve of reinforced concrete beams reinforced by FRGM sys-
tem, and the influence of the thickness and length of the FRGM layer and the pre-damage degree of the original specimen on the rein-
forcement effect was discussed. The results show that the thickness of the FRGM layer has no obvious effect on the ultimate bearing ca-
pacity of reinforced concrete beam, and the increase range is 72. 29% ~79.38% , but the stiffness of the FRGM layer is improved to a
certain extent, up to 38% . The ultimate bearing capacity of reinforced concrete beams can be increased by increasing the length of the
FRGM layer, but with the increase of the length of the FRGM layer, the increase of the ultimate bearing capacity gradually weakens,
indicating that there is no linear increase relationship between the length of the FRGM layer and the ultimate bearing capacity. Com-
pared with the original components, the bearing capacity of reinforced concrete heam members is improved to a certain extent after pre-
damage reinforcement(36.5% ~73.66% ), which shows the effectiveness of FRGM reinforcement method.

[ Keywords ] geopolymer matrix; CFRP bar; bending reinforcement; finite element model
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Fig. 1 Schematic diagram of the reinforcement of the specimen
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Fig. 2 Crack morphology of each specimen
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Fig. 3 The cracking load, yield load and ultimate

load of each specimen
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Fig. 4 Material properties define the constitutive model
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Table 3 Comparison of the ultimate bearing
capacity of the test and the simulation
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Table 4 Simulation results with different parameters

W BT g/ (i A%/

g5 A/mm  B/mm C/%
kN mm
GP-20-1700-0 20 1 700 0 101. 65 29.93
GP-30-1700-0 30 1 700 0 102.96 29.76
GP-40-1700-0 40 1700 0 102.53 28.79
GP-50-1700-0 50 1700 0 102. 86 28.47
GP-60-1700-0 60 1700 0 105.58 28.51
GP-70-1700-0 70 1700 0 105.71 28.47
GP-80-1700-0 80 1700 0 105. 84 27.77
GP-40-1200-0 40 1200 0 85.93 20.11
GP40-1300-0 40 1 300 0 93.76 23.26
GP-40-1400-0 40 1 400 0 99.47 26.99
GP-40-1500-0 40 1 500 0 102.98 30.11
GP40-1600-0 40 1 600 0 102.43 28.26
GP40-1700-0 40 1 700 0 102.53 28.79
GP40-1700-30% 40 1700 30 96.67 22.7
GP40-170045% 40 1700 45 94.57 24.13
GP-40-1700-60% 40 1700 60 91.85 25.76
GP-40-1700-75% 40 1700 75 85.77 21.17
GP40-1700-85% 40 1700 85 78.78 18.62
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Fig. 13 Finite element simulation results with

different FRGM layer thicknesses
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