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Experiment on non-damaged RC beams strengthened by high-strength steel wire strand

meshes reinforced ECC in bending

LIKe', ZHAO Jiali', LI Zhigiang? , ZHU Juntao™
(1. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China;
2. China Construction Yipin Investment & Development Co., Ltd., Wuhan 430070, China)

Abstract: In order to study the flexural performance of reinforced concrete (RC) beams strengthened by high-

strength steel wire strand (HSSWS) meshes reinforced engineered cementitious composites (ECC), the bending

tests were performed on seven non-damaged RC beams considering the influence factors such as the steel strand

diameter, the longitudinal steel strand reinforcement rate, formula of ECC and end anchorage. The results show

that under the condition of using reasonable anchorage measures at the end of the reinforcement layer, the bearing

capacity, ductility and crack-control capacity of RC beams strengthened by HSSWS meshes reinforced ECC in bend-

ing can be significantly improved, and the crack development of the original RC beam can be effectively delayed,

which results in reducing crack width. The increase of longitudinal HSSWS reinforcement rate will improve the

cracking load, bearing capacity, crack-control capacity and stiffness of the strengthened beams in bending, but ex-

cessive HSSWS reinforcement rate of the strengthened beams would reduce the ductility and toughness. When the

reinforcement ratio of longitudinal HSSWS is close, the ductility, toughness and crack-control ability of

strengthened beams would be reduced to some extent by using the HSSWS with relative large diameter. The crack-

ing load, bearing capacity and stiffness of strengthened beams in bending increase with the increases of elastic

modulus and tensile strength of ECC. The crack-control ability, ductility and toughness of strengthened beams in-

crease with the increase of ultimate tensile strain of ECC.
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Table1 Design of the flexural strengthened specimens

Group Specimen number d/mm Formula of ECC o/ %(n) End anchorage
HSSWS3/3-ECC1-RC 3.0 Formula 1 0.348(3) N

A HSSWS3/5-ECC1-RC 3.0 Formula 1 0.580(5) Y
HSSWS3/7-ECC1-RC 3.0 Formula 1 0.812(7) Y

B HSSWS3/5-ECC2-RC 3.0 Formula 2 0.580(5) Y
HSSWS3/5-ECC3-RC 3.0 Formula 3 0.580(5) Y

C HSSWS4.5/2-ECC1-RC 4.5 Formula 1 0.535(2) Y

Notes: d—Diameter of steel strand; p—Reinforcement ratio of longitudinal HSSWSs (High-strength steel wire strands); n—Number of

longitudinal steel strands; N—The ends of the reinforcement layer are not anchored; Y—The ends of the reinforcement layer are anchored.
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Table2 Mix proportions of engineered cementitious

composite (ECC)
Ingredient Formulal Formula2 Formula3
Cement 1 1 1
Sand 0.4 0.4 0.4
Fly ash 2.5 2.5 2.5
Silica powder 0.073 0.073 0.073
Water 0.893 0.858 1.008
PVA fiber 0.072 0.072 0.074
Water reducing 0.0407 0.0407 0.0407
Thickening agent 0.00182 0.00182 0

Notes: PVA—Polyvinyl alcohol.
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1—Extended hexagonal nut 2—Steel angle 3—Expansion bolt

4—Bolt 5—Washer 6—HSSSWR 7, 8—Character-pattern aluminun
buckle 8—Epoxy resin adhesive layer
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Fig.1 Geometric dimensions and reinforcements of non-damaged

reinforced concrete (RC) beam specimens strengthened by high-strength

steel wire strand (HSSWS) meshes reinforced ECC
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(a) Schematics of end anchorages of longitudinal HSSWS
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(b) A picture of loading device

HSSSWR—High-strength stainless steel wire rope; CFRP—Carbon fiber
reinforced polymer; LVDT—Linear variable differential transformer
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Fig.2 End anchorages of longitudinal HSSWS and test setup
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Table 3 Material properties of ECC

Formula of ECC f.,/MPa E,/GPa fie/MPa &% fe/MPa &/ % w/mm
Formula 1 37.3 14.12 1.370 0.025 2.180 1.88 0.30
Formula 2 46.5 14.63 1.915 0.035 2.815 0.75 0.35
Formula 3 36.6 14.36 1.865 0.032 2.305 2.48 0.24

Notes: f.,,—ECC compressive strength; E,—ECC elastic modulus; fi.—ECC cracking strength; ¢,.—ECC cracking strain; f,,—ECC tensile

strength; £,—ECC ultimate tensile strain; w—Crack width corresponding to peak load of ECC.
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Fig.3 Typical tensile stress-strain curves of ECC
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Fig.4 Typical failure modes of RC beam specimens strengthened by
HSSWS meshes reinforced ECC
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Table 4 Bending test results of RC beam specimens strengthened by HSSWS meshes reinforced ECC
) M,/ M,/ M,/ D/
A A e max
Specimen number (kN-m) (kN-m) (kN-m) y/mm o/mm Wmaxy/MM  S/mm Ha (kN-mm)
Unstrengthened RC beam 2.7 12.7 15.0 6 23.3 0.5 158.5 3.15 277.41
HSSWS3/3-ECC1-RC 2.9 11.1 15.9 6.5 20.2 0.43 126.8 3.11 229.19
HSSWS3/5-ECC1-RC 3.8 16.5 21.9 9.3 35.2 0.35 126.8 3.78 602.33
HSSWS3/7-ECC1-RC 4.6 17.5 245 8.2 29.0 0.24 126.8 3.54 538.03
HSSWS3/5-ECC2-RC 4.4 17.7 23.7 8.3 31.2 0.4 105.7 3.76 576.40
HSSWS3/5-ECC3-RC 4.1 17.4 23.5 8.6 36.8 0.31 126.8 4.28 695.12
HSSWS4.5/2-ECC1-RC 3.8 16.7 21.1 8.5 30.4 0.38 126.8 3.58 506.48

Notes: M,—Cracking moment of the specimen; M;—Yielding moment of the specimen; M,—Ultimate bending moment of the specimen;

Ay—Deflection of the specimen at M;; A,—Deflection of the specimen at M; wpayy—The maximum crack width of concrete of the

specimen when the longitudinal reinforcement yielded; S—Average crack spacing in pure bending segment of the specimen; , —Ductility

coefficient of the specimen; D, ,,—Flexural toughness coefficient of the specimen.
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Fig.7 Typical strain distribution along the height of mid-span sections of RC beam specimens strengthened by HSSWS meshes reinforced ECC
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