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Evaluation of Seismic Strengthening Approach at the Boundary Elements of RC

Walls using Prestressed Wire Rope Units

Hyuck-Jin Kwon', Keun-Hyeok Yangz*, Hang-Yong Byun®

Abstract: The present study examined the reversal cyclic flexural behavior of walls with jacket section approach for seismic strengthening through
forming the boundary elements at both ends of the wall. The prestressed wire ropes were used for the lateral reinforcement to confine the boundary
element of the wall. The main parameter investigated was the height of the jacket section for strengthening. The limit height of the strengthening
jacket section was determined by comparing the moment distributions between the existing and strengthened walls. Test results showed that the
examined jacket section approach was significantly effective in enhancing the flexural resistance of walls, indicating 46% higher stiffness at peak strength
and 210% greater work damage indicator, compared with the flexural performance of the unstrengthened wall. The ductility of the strengthened walls
was insignificantly affected by the height of the jacket section when the height is greater than twice the wall length. The flexural capacity of the
strengthened walls was 22% higher than the predictions obtained using the equivalent stress block specified in ACI 318-14.
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Table 1 Details of wall specimens

Existing wall section Jacket section

Speci-
men ck f cm Sw h/
P Pn Py Wy
(MPa) (MPa) (mm) (mm)
N -
S-1.5 1,800
21.1 0.0042 0.0042
S-2.0 22,5 90 0.0030 2,400 0.116
S-2.5 3,000

Note: f,, and f,, = compressive strengths of concrete and cover
mortar, respectively, p, and p, = ratios of vertical and horizontal
reinforcements, respectively, s, and p, = spacing and volumetric
ratio of wire ropes, respectively, h; = height of jacket section from the
wall base, w,(p,.f,., / f.,) = lateral reinforcement index, and f,,, =

yield strength of wire rope.

w

Z1E ¥R WA 9 B} viA| o] A oF A A dE-2 Fig.
29} Table 19| YEN T, F AT =T H B} =
=89 doj(1 )& 7Ee 2 FRA, 150, 2.01, R 2.5, 2
St 173 gA o] Eol(h,)et Zeol,)= 3,150 mm 2
1,200 mm= AA3IR oH, ojuf o] F3H(n,/1,)E 2.63°]
ot TR WA o] 29 3 H 22 D10 22200 mm {F
Z o= vjZetglom, ojw o] HIH= 22 0.00420]th A
A S-1.5,8-2.0 F S-2.5= 7] v HA| o] GHE-E A A|

= p—
Top stub =
] _+— Horizontal
reinforcement
yd
__t+—  Vertical -
- reinforcement 2
on
. I
_t—Jacket section ol
- -
- / A N
e - %
// / B
#]
=
=
[
o | !
on|
g
S| A A
=
o
=
2
7
| — N B
S B =
2
Bottom stub
1200
2200
Vertical reinforcement Hori | reini
20 D10@200 orizontal reinforcement
(D10@200) /7 D10@200)
y A 3 7
=N SRR DS
- i > o v m I I
200 | 1200 |
(a) A-A' section for unstrengthened wall N
Wire rope unit
40 / (96.3@90) _—Mortar cover
14
f v | o - — v [ 5
E H N c ) Ev‘xisting walk © 7 R 71
. ; . a . .
250 250 Steel plate
1200 (t=17.5)

(b) A-A' section for strengthened walls
(S-1.5, S-2.0, S-2.5)

Fig. 2 Geometric dimension and steel arrangement of specimens
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B} A Aol A 2% 90 mm 7HE 02 viZEL) vE m 2
E}= 9] M o] % B 7tE A 2 40) T 517]+=250x250 mm
Atk A @A o 71 & A 9 s 2~H He 247F2,200
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98 D13 A8 212t 16702k 2670 vl 8T 2B Holl A A
S Ze 2% D10 2L 100 mm 7HE 0 2 w23kt

22 M=
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(¢100x200 mm)E, ¥ EEZEF22] 7J-9-o= KS L 5105
(2007)715=0) w2} 50 mm=71<] 9 FAIAN(50%50%50 mm)

Table 2 Mechanical properties of metallic materials

. (MPa)
Type Net area(mm”)
fy fu E‘G
Deformed bar
(D10) 71.3 508 633 215,634
Wire rope ($6.3) 18.4 816 1,702 125,203

Note: f, = yield strength, f, = tensile strength, and Z, = modulus of
elasticity.

Fig. 3 Test set-up for wall specimens
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Fig. 4 Crack propagation up to failure of each specimen

Table 3 Summary of test results
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Fig. 5 Typical ultimate failure pattern of unstrengthened and
strengthened walls

. P,(kN) P, (kN) Moment capacity(kN-m) A A,
Specimen - Y 278
+* ¥ Average + - Average Experiment ACI 318-14 (mm)  (mm)

N 74.0 75.4 74.7 120.9 110.4 115.6 404.7 338.7 15 48.4 145.0
S-1.5 133.6  132.0 132.8 175.6 1703 172.9 605.2 15 60.2 236.3
S-2.0 125.0 1258 125.4 1709  166.1 168.5 589.8 484.8 12 59.8 316.8
S-2.5 126.5 1312 128.9 169.1 1722 170.6 597.1 12 59.8 348.4

Note: 7, and P, =yielding and peak load, respectively, A, and 4y, = lateral displacement at yielding load and 80% peak load in the descending
branch, respectively, and W, = cumulative work damage indicator up to 80% peak load in the descending branch.

*+ and — represent positive and negative load directions respectively.
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Fig. 6 Reversal lateral load-lateral displacement curves of each wall
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