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Ductility Evaluation of Heavyweight Concrete Shear Walls with
Wire Ropes as a Lateral Reinforcement
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ABSTRACT This study examined the feasibility of wire ropes as lateral reinforcement at the boundary element of heavyweight
concrete shear walls. The spacing of the wire ropes varied from 60 mm to 120 mm at an interval of 30 mm, which produces the
volumetric index of the lateral reinforcement of 0.126~0.234. The wire ropes were applied as a external hoop and/or internal
cross-tie. Five shear wall specimens were tested to failure under constant axial load and cyclic lateral loads. Test results showed that
with the increase of the volumetric index of the lateral reinforcement, the ductility of shear walls tended to increase, whereas the
variation of flexural capacity of walls was minimal. The flexural capacity of shear walls tested was slightly higher than predictions
determined from ACI 318-11 procedure. The displacement ductility ratio of shear walls with wire ropes was higher than that of shear
wall with the conventional mild bar at the same the volumetric index of the lateral reinforcement. In particular, the shear walls with
wire rope index of 0.233 achieved the curvature ductility ratio of more than 16 required for high-ductility design.
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Table 1 Details of boundary element in shear walls

Lateral reinforcement
Specimen Ja Le s
(MPa) | (mm) | Configuration i W,
(mm)
Mild steel bar
C 211 | 250 'K 60 |0.224
Spiral wire rope
WE-60 | 21.1 | 250 paes 60 |0.234
Spiral \‘A/ire rope
WA-60 22.0 250 60 |0.233
WA-90 20.9 250 90 |0.164
WA-120 | 20.9 250 120 |0.126

Note : f,= concrete compressive strength, [ = length of
boundary element, s, = vertical space of transverse reinforcement,
w,,= volumetric index of lateral reinforcement at boundary

element
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Fig. 1 Specimen details(unit: mm)



Table 2 Mixture proportions of heavy-weight concrete

fu w/C | sla | R, Unit weight (kg/m’)
(MPa) | (%) | (%) | (%) | w | ¢ | FA | CA
20 45 40 | 0.6 | 160 | 355 | 1093 | 1870

Note: f,= targeted compressive concrete strength, W/ C=
water-to-cement ratio, s/a= fine aggregate-to-total aggregate
by volume, 7, = high-range water-reducing agent-to-cement
ratio by weight, W= water, C= cement, F'/A= fine aggregate,
CA= coarse aggregate

Table 3 Mechanical properties of reinforcement used

twe | G | A | 4 | Ju | A
(mm) | (mm~) | (MPa) | (MPa) | (MPa)
Wire rope | 6.3 184 | 816.5 | 1702.2 | 115203
. 6 2826 | 4982 | 532.3 | 202394
Mlliafteel 10 71.0 | 508.1 | 633.1 |215634
13 127.0 | 4752 | 593.6 | 206609

Note: ¢,= diameter, A,= net area, f,= yield strength,

fsu

tensile strength, .= elastic modulus
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Fig. 2 Stress-strain relationship of reinforcement
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Table 4 Summary of test results and comparisons of flexural capacity with predictions

Experimental results M, pr (kKN + m) ]L[n,(m)/ M, (5xp)
Specimen y
P (lfﬁ(?xrﬁ) ( rfﬁ/a) ( ﬁfﬁ) ma | /Ii)i/n) (mm) 1 w, ACI 318-11 ACI 318-11
C 1086.1 150 | 89.1 |596| 1.98x10° | 34.0x10° | 17.1 | 250.1 988.7 0.91
WE-60 1128.9 146 | 91.0 | 6.23 | 1.93x10° | 34.5x10° | 17.9 | 322.6 988.7 0.88
WA-60 1116.5 14.5 89.0 | 6.17 | 1.95x10° | 34.2x10° | 17.6 | 272.8 1010.2 0.90
WA-90 1085.2 14.8 75.9 | 5.14 | 2.08x10° | 32.4x10° | 15.6 | 148.5 983.9 0.91
WA-120 1019.6 150 | 76.0 |5.06 | 2.17x10° | 30.0x10° | 13.8 | 141.7 983.9 0.97

Note: M, g,)= average maximum moment of positive and negative loading direction, A = lateral displacement at V;

ASU

Y

= lateral displacement Vg, V,= lateral load at yield of longitudinal reinforcement in boundary element, V= 0.8V, on the
descending branch of lateral load-displacement curve, p,= displacement ductility ratio, ¢,= curvature at V,, ¢g= curvature

at Vo,
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Fig. 7 Comparison of flexural capacity with P-M inter-action
determined from ACI 318-11 procedure
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