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Finite Element Analysis of Flexural Performance
of Stone Slabs Strengthened With
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Abstract; In order to study the mechanism of bending capacity of stone slabs strengthened with prefabricated
carbon fiber reinforced polymer (CFRP)-reinforced stone strips. based on the theory, a formula for calculating
the bending capacity of the strengthened stone slabs was proposed. The finite element program was used to
carry out nonlinear numerical analysis on the flexural performance of the slabs with prefabricated CFRP-rein-
forced stone strips. The reliability of the finite element model was validated, and then parametric analysis was
carried out to investigate the influence of the diameter and reinforcement ratio of CFRP bars and width and
thickness of the prefabricated stone strips on the flexural performance of the strengthened stone slabs. The
simulation results show that the increase of reinforcement ratio of CFRP bars improves the ultimate bearing ca-
pacity of the strengthened stone slabs, and influences little on the cracking load. The increase of the width and

thickness of the reinforcing strips improves the cracking load increases, and influences little on the ultimate
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bearing capacity. The finite element model can simulate the cracking and failure modes of the members, and
the proposed calculation formula can predict the cracking and ultimate bending moment of the members.
Keywords: stone structure; stone slab; carbon fiber reinforced polymer (CFRP) bar; strengthening; flexural

performance; finite element modelling
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Fig. 3 Comparison between stress distribution of slabs calculated by

finite element method and experimental failure modes
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Fig. 6 Comparison of CFRP bar strain between finite element simulation results and experimental results
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Fig. 8 Stress nephograms corresponding to different point states
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Tab. 2 Parameters of finite element model
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S-2d9-300 300 25 9 2 0.47 S-5d5-300 300 25 5 5 0. 36
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S-2d5-50 50 25 5 2 0.19 S-2d5-50-45 50 45 5 2 0. 20
S-2d5-150 150 25 5 2 0.19 S-2d5-50-55 50 55 5 2 0. 20
S-2d5-250 250 25 5 2 0.16
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Fig. 9 Influence of different parameters on the load-deflection curves of strengthened stone slabs
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Tab. 3 Comparison between calculated values and finite element simulation values of cracking bending moment

AT Mao/kN e m Mopea /N e m Mo o/Mogen | 8F%Y  Mo.o/kN e m Mopea /KN« m Mo/ Mo pea
S-2d5-300 4.05 3.93 1.03 S-3d5-300 4.05 3.93 1.03
S-2d7-300 4. 05 4.03 1.01 S-4d5-300 4.05 4.02 1.01
S-2d9-300 4. 05 4.10 0.99 S-5d5-300 4.05 4.07 1. 00
S-2d11-300 4. 05 4.24 0.95 S-2d5-50-35 2.57 2.73 0. 94
S-2d5-50 2.13 2.13 1. 00 S-2d5-50-45 2.98 3.08 0.97
S-2d5-150 2.55 2.64 0.97 S-2d5-50-55 3.47 3.45 1.01
S-2d5-250 3.57 3.56 1. 00

3.4 RIRFHAN

X R U CERP A7 48 58 2% i (& 649 43 B 5 . 1T RE 7™ A= P AD IR R 28 B A2 e DX A b 300 2% T 95t
w32 P IX CFRP fify i 2 4% BRI AS T BT 2. dhy 7 B4 B0 1 56 2 5 v » % 18 CFRP Ay ok 1) A FR . A48 T 2 A
T SR I AR A A TR 52 g P 2R A WD AR

F.—F;=0. (8)
iﬁ(8>EP:RdﬂEMéﬁE%EB%ﬁyFsc:%ambc»amﬂvﬁﬁﬁﬁﬂl%ﬂjﬁ,c HZ R R R

CFRP fiir i 1, Fi=AEe;, » A; iy CFRP 5 3% 180 15 £
L BT B R T 7

R DOF e NOAMZIENGN S veve =0 /Ecshe NAMZEH%ZE CFRP i 89 B 5.
IR
¢=[—AEen+ VA Een) T 2E.eLbAEh, ]/ E.enb. (10)
M4 52 7 -1 o A5 200 1 A B i) A B S AR (M0
M},f:%Essmch +AEre, (hy— o). (11

e B R T BB (M, ) 5 A BRITEEAME (M, pea) B RT FE L Q03R4 R, 3R 4 AT A KO H R 45 R
54 RITHEAES R SR & R Mo/ Myrea BF20E 0 0,99, 3577 25 0. 010.
4 R S A FR TR Y X e

Tab. 4 Comparison between calculated values and finite element simulation values of ultimate bending moment

ﬁtﬁ:fﬁ% M]Jf.c/kN *m MpI.FEA/kN °cm Mpf.r/MpLFE;’\ ﬁt’ﬁ:éﬁ% Mpfw/kN *m Mpr.lrm/kN °m Mpf.v/Mp[.FE/\
S-2d5-300 7.85 9.47 0. 83 S-3d5-300 11. 50 11.76 0.98
S-2d7-300 14.03 13.77 1.02 S-4d5-300 15.05 13.85 1.09
S-2d9-300 19.97 18. 54 1.08 S-5d5-300 18.50 15.33 1.21
S-2d11-300 27.01 24.43 1.11 S-2d5-50-35 7.85 8.23 0.95
S-2d5-50 7.85 8.19 0.96 S-2d5-50-45 7.85 8.33 0.94
S-2d5-150 7.85 7.97 0.98 S-2d5-50-55 7.85 8.81 0. 89
S-2d5-250 7.85 8. 84 0. 89
TR

1) 57 B AT FROTAR B A5 Y A 47 8- IO 2% iy 2 R DR B 25 S A7 5 il B 45 R L SR W SO i r w9 A ROt
R RUE FH T AR AU, 20 M B ) CERD A 38 56 2% 0 8 0 4 199 52 T4 DL
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2) RS2 153 K B R BT A BRI SZ ) 3k BT e B U R R T R T AR R
20 1) 5% 5 W A 20010 32 97 16 O 34 50 2% 19 32 1LV 1 B AL /s i CEFRP #fi 32 i CEFRP fify IV A2 72 )7 4%
K. HUH] CERP i 16 538 2% i I8 £7 Af7E — 2 2 B2 b BB v 10 ) T 224 17 280 R A R 47 288

3) SR TR B CERP fifj (14 B A% G F317 24 | 8 9 2% 1) 98 J3E A0 JSE 32 2 5 W) £ 19 K 38 RE 1. CFRP
13 9 LA R R A3 23 X 3 AP 94 T SR R W AN R LR 2 o A R 7 3 3 TR W 5 96 5 2% 114 5 B R JE JE )
T 9 I 2R R AT R R R (EGH A BR 7R 2 7 R i AN K

4) P A TSR AT 5 i 45 R L X LU T B R R AT R TR R A B 4 R AT 4R Y B A
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