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Experimental study on flexural behavior of damaged beams strengthened
with ultra-high performance concrete
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Abstract: In order to study the mechanical properties of ultra-high performance concrete ( UHPC) -reinforced
damaged specimens, a total of 10 UHPC-reinforced damaged reinforced concrete beams were designed. These
beams were subjected to a four-point bending performance test to study the crack development, damage pattern,
load carrying capacity, and displacement of UHPC-reinforced reinforced concrete beams under bending. The effects
of different reinforcement thicknesses and different reinforcement methods on the bending performance of UHPC-
reinforced damaged RC beams were analyzed. The experimental study shows that the load carrying capacity of
UHPC-reinforced damaged RC beams is greatly improved, and the ultimate load is improved by up to 194%.The
number of cracks that occur when damage occurs is more than that of the original beams, and the development is
more complete; the ductility is greatly improved compared with the original beams, and the displacement ductility
coefficients of the reinforced beams are considered to be increased by 49.77% ~178.31% compared with that of the
original beams. The calculation method and basic assumptions of the ultimate load of the UHPC-reinforced concrete
beams are proposed, and the test parameters are substituted into the formula. The results are more consistent with the
test values, indicating that the proposed formula can effectively predict the ultimate load of such reinforced beams.
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Fig.1 Specimen size and cross-sectional reinforcement drawing
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Table 1 Reinforced beam design parameters

o S S B/ mm A A/ mm I E AL/ mm S AT/ mm AN B4R/ mm
A0 0 100x200 12 8 Jo
Al0 10 120x200 12 8 T
Al5 15 130x200 12 8 b
A20 20 140%200 12 8 T
B10 10 120%200 12 8 6
B15 15 130%200 12 8 6
B20 20 140x200 12 8 6
C10 10 120x200 14 8 T
C15 15 130x200 14 8 T
€20 20 140%200 14 8 T
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Fig.2 Test loading device diagram Fig.3 Test loading method
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Fig.4 Beam damage condition Fig.5 Beam chiseling treatment
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Fig. 6 Reinforced beam damage
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Table 2 Comparison of loads before and after reinforcement

R P’ /kN P',/kN P./kN P,/kN P'./P, PP, p/ %
U0-1 18.6 70.1 334 120.0 1.77 1.71 1.26
U10-1 18.2 72.5 37.2 165.4 2.03 2.28 1.05
U10-2 20.4 76.6 425 200.7 2.06 2.62 1.31
U10-3 322 99.6 453 185.6 1.40 1.86 1.43
U15-1 21.2 72.9 413 205.9 1.93 2.82 0.97
U15-2 225 75.4 44.6 210.7 1.96 2.79 1.21
U15-3 31.6 102.3 50.4 220.8 1.58 1.96 1.32
U20-1 225 73.0 45.2 214.2 2.00 2.94 0.90
020-2 214 78.9 523 235.2 2.43 2.92 112
U20-3 33.2 100.1 60.4 2453 1.81 2.23 1.22
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Fig.7 Load displacement of strengthened beam
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TERETT, (BT G2 1 Jett AR S A A8 /0N | Ak BRASE B 38 T, Wt 5 T 757 23R AR 6] 55 8 1) 1 T, Ak BIR A7 % 488 K 178 s 38 T 1
R, HER 3 AT, N EEE A O A B A M R E B 133.56% , I JEERE 10 mm (R (4037 B8 4
ZEEIE R 178.31% . 81.65% 91.27% , I [ JEEE A 15 mm A3 A4 17 F% 2B M 22 K008 8 154.62% . 71.65% |
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Table 3 Comparison of displacement and displacement coefficient before and after reinforcement

iR 25 Ayr/mm A, /mm u A)/mm A,/mm ” A /A, (w/ (u—p') ) /%
U0-1 6.72 12.72 1.89 5.72 25.25 4.41 1.99 133.56
U10-1 6.83 11.83 1.73 5.83 28.07 4.81 2.37 178.31
U10-2 7.02 12.02 1.71 6.87 21.34 3.11 1.78 81.65
U10-3 5.65 8.65 1.53 6.25 18.29 2.93 2.11 91.27
U15-1 6.74 11.74 1.74 5.74 25.43 4.43 2.17 154.62
U15-2 6.87 11.27 1.64 6.87 19.34 2.82 1.72 71.65
U15-3 5.21 8.21 1.58 5.81 18.55 3.19 2.26 102.07
U20-1 7.04 12.04 1.71 6.04 19.53 3.23 1.62 89.09
U20-2 6.55 12.55 1.92 6.35 18.26 2.88 1.45 49.77
U20-3 5.86 8.86 1.51 5.76 16.31 2.83 1.84 87.52
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