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Experiment on RC beams strengthened with high-strength steel strand meshes and ECC

under secondary load
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(1. School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China;
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Abstract: As a new type of high performance composite material, high-strength steel wire strand (HSWS) meshes
reinforced engineered cementitious composites (ECC), which makes full use of the excellent mechanical properties
of HSWS meshes and ECC, has the advantages of ultra-high ductility and toughness, excellent crack-control ability
and high strength. In order to explore the effect of secondary load on the flexural behavior of reinforced concrete
(RC) beam strengthened with this new composite material, the bending test of RC beams strengthened with HSWS
meshes reinforced ECC was conducted, considering the effects of strengthening in load-carrying state, damage de-
gree of the original beam, and reinforcement ratio of longitudinal HSWS. The influence mechanism of secondary
load on the flexural performance of strengthened RC beams was analyzed, and the influence laws of these factors on
the flexural behavior of RC beams strengthened with HSWS meshes reinforced ECC in load-carrying state were ex-
plored. The results show that the flexural capacity, stiffness, ductility and toughness of RC beams strengthened with
high-strength steel wire meshes reinforced ECC in load-carrying state are increased by 38%-65%, 20%-81%, 0%-18%

and 33%-116%, respectively, and the crack development of RC beam can be well restrained, and the crack width can
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be reduced. Compared with the RC beams strengthened in unloading state, the beams strengthened in load-carry-

ing state exhibit obvious strain hysteresis in the reinforcement layer, resulting in the worse constraint effect on the

crack of the original beam, and its flexural capacity, stiffness and toughness decrease, but its ductility is improved.

The flexural capacity, stiffness, ductility and toughness of the beams strengthened in load-carrying state decrease as

the original beam damage degree increases, but grow as the reinforcement ratio of HSWS increases properly.

Keywords: high-strength steel wire strand meshes reinforced ECC; secondary load; strengthening in load-carry-

ing state; degree of damage; reinforced concrete beam
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Table1 Specimen design parameters

Group Specimen number d/mm Preload level/% pl% s/mm(n) Load reinforcement
CSLAO 2.4 0 0.413 30(5) Y
A CSLA1 2.4 50 0.413 30(5) Y
CSLA2 2.4 65 0.413 30(5) Y
CSLA3 2.4 80 0.413 30(5) Y
B CSLB1 2.4 65 0.248 50(5) Y
CSLB3 2.4 65 0.579 21(5) Y
C USLC1 2.4 65 0.413 30(5) N

Notes: Specimen number (C—Loading status; U—Unloading Status; S—Strengthening; L—RC beam); d—Diameter of steel strand;

p—Reinforcement ratio of longitudinal high-strength steel wire strand (HSWS); s—Spacing of longitudinal steel strands; n—Number of

longitudinal steel strands; N—Not load reinforcement; Y—Load reinforcement.

F2 IREKREEESHH (ECC)EELL

Table 2 Mix proportions of engineered cementitious composites (ECC)

Cement Sand Flyash Silica powder Water  PVA fiber Water reducer Thickening agent
1 0.4 2.5 0.073 0.893 0.072 0.0407 0.00182
Note: PVA—Polyvinyl alcohol.
{ LVDT
_ Reinforcement gyqq1 plate l Distribution of beam 283 268 268
strain gauge I ] $8@100 $8@100
| IA = = i ~ $8@100 $8@100o
o & 2012 2012 & 2612
N
ENENNNENENRERENRCCURENEE : Al
= IA i i i = - » o - ECC
250 633 , 634 , 633 250 150 4 p SISO\ et hTT S0 g5
} - i 2 400 ’ } A;A B;B meshes C;C

(a) Unstrengthened RC beam

1—Elongated hexagon nut; 2—Angle iron; 3—Expansion bolt;
4—Screw; 5—Gasket; 6—High strength steel strand;
7-Double hole aluminum sleeve; 8—Thin layer of adhesive steel

(b) Reinforcement details of the cross-section

§ LVDT
Reinforcement
~ strain gauge

T8 2 3 - TR 32
(\EW% —= ===
\\\\l 4 s ] o l \\\\ 6 , ////
Steel plate I Distributior} of|beam
g 1B = g

Unit: mm

(c) Strengthened beam

LVDT—Linear variable differential transformer; RC—Reinforced concrete
1 R R RC s

Fig.1 Specimen size and reinforcement
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Unit: mm
n—Number of HSWS; s—Distance between adjacent HSWS
Fl2 FSRERLLk (HSWS) M K 3T LI R 4T 4 i
Fig.2 Arrangement of high-strength steel wire strand (HSWS) meshes

and shear pins
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Table 3 Material properties of ECC

fewu/MPa fi/MPa &/ %

E,/GPa

Je/MPa £,/%

45.8 2.97 0.046

18.1 4.55 2.13

Notes: f,,—ECC compressive strength; f;,—ECC cracking strength; &,,—ECC cracking strain; E,—ECC elastic modulus; f,,—ECC tensile

strength; £,—ECC ultimate tensile strain.

Stress/MPa

Vg, e
P ! L a“u !

Strain/%
3 #u7 BECC ZHhi i Sy -RiAE 2k

Fig.3 Typical tensile stress-strain curves of ECC
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Fig.4 Loading device

il
(d) USLC1
€5 ALk (HSWS) [9/ECC Minfd RC EMAIBEIRMA
Fig.5 Typical failure modes of RC beams strengthened with high-
strength steel wire strand (HSWS) meshes reinforced ECC
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Table 4 Bending test results of RC beams strengthened with HSWS meshes reinforced ECC
Specimen M./ Mg/ M,/ Miyy/ M,/ A4/ A/ la D Weogy!  Weoayl  Weyl
number (kN-m) (kN-m) (kN'm) (kN-m) (kN-m) mm mm max mm mm mm
Lo 2.86 — 12.78 — 14.98 7.46 23.30 3.12 876.03 0.20 0.27 0.36
CSLAO 6.60 2.62 19.97 22.06 24.30 9.04 30.29 3.35 1894.15 0.14 0.19 0.29
CSLA1 3.72 0.98 18.91 21.79 23.50 9.02 29.92 3.32 1744.05 0.18 0.21 0.29
CSLA2 3.39 0.93 17.08 21.12 22.77 8.82 28.50 3.23 1509.68 0.21 0.23 0.30
CSLA3 3.43 0.66 16.19 20.25 21.85 8.85 27.67 3.13 1384.42 0.30 0.31 0.34
CSLB1 3.31 0.68 15.17 19.56 20.70 7.74 24.53 3.17 1169.79 0.21 0.23 0.32
CSLB3 3.35 1.06 17.70 22.31 24.66 8.08 29.71 3.68 1710.61 0.21 0.22 0.29
USLC1 — 2.47 19.20 19.96 23.30 8.80 27.50 3.13 1519.75 0.21 0.22 0.29

Notes: M.—Cracking moment of concrete; M.q—Absolute value of ECC cracking moment minus pre-damage moment; M;—Yielding

moment of the specimen; M;,,—Nominal yield moment of steel strand; M,—Ultimate bending moment of the specimen; 4,—Deflection

of the specimen at M,; 4,—Deflection of the specimen at M,; ua—Ductility coefficient of the specimen; Dy, —Flexural toughness

coefficient of the specimen; w s,—Concrete crack width at 80%M,; w,,9,—Concrete crack width at 90%M,; w.,—Concrete crack width

at M.
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Fig.6 Bending moment versus mid-span deflection curves of RC beams

strengthened with HSWS meshes reinforced ECC
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