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Shear Capacity of Reinforced Concrete Continuous T-Beams Externally
Strengthened with Wire Rope Units
Keun-Hyeok Yangl)*, Jae-Il Sim", and Hang-Yong Byunz)

YDept. of Architectural Engineering, Mokpo University, Chonnam 534-729, Korea
“Korea E&C. Co. Ltd, Chonnam 519-807, Korea

ABSTRACT A simple unbonded-type shear strengthening technique for reinforced concrete beams using wire rope units is
developed. Six two-span continuous T-beams externally strengthened with wire rope units and an unstrengthened control beam
were tested. The main variables investigated were the amount and prestressing force of wire rope units. All specimens had the same
geometrical dimension and arrangement of internal reinforcement. Influence of the distribution of vertical stresses in beam web
owing to the prestressing force of wire rope units on the diagonal shear cracking load and the ultimate shear capacity of beams
tested is presented. Based on the current study, it can be concluded that the amount and initial prestress of wire rope should be
limited to be above 2.5 times the minimum shear reinforcement ratio specified in ACI 318-05 and below 0.6 times its own tensile
strength, respectively, to ensure the enhancement of shear capacity and ductile failure mode of the strengthened beams. A numerical
analysis based on the upper-bound theorem is developed to assess the shear capacity of contiruous T-beams strengthened with wire
rope units. From the comparisons of measured and predicted shear capacities, a better agreement is achieved in the proposed numer-
ical analysis than in empirical equations recommended by ACI 318-05.

Keywords : wire rope unit, shear capacity, continuous T-beams, strengthening, prestress
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Fig. 1 Details of wire rope units and strengthening procedure (unit: mm)

Table 1 Detail of specimens

. ot Details of wire rope units

Specimen
(MPa) Pw P/ Pmin 8y (mm) JilFou N; (kN) T; (\N'm)

N 26.8 0.0 0.0 - - - -
2.0-0.6 259 0.0017 2.0 223
2.5-0.6 259 0.0021 2.5 178

0.6 78.8 37.5

3.5-0.6 26.4 0.0029 3.0 127
4.5-0.6 26.4 0.0038 4.5 100
2.5-0.45 25.0 0.0021 2.5 178 0.45 59.1 28.1
2.5-0.75 264 0.0021 2.5 178 0.75 98.5 47.5
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Fig. 2 Details of specimens and arrangement of reinforcement
and wire rope units (unit: mm)
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Table 2 Mechanical properties of the used metallic materials

Type Dia. (mm) Ay (mm?) /, (MPa) £, £, (MPa) E, (GPa)
o 19 287 486 0.003 665 202.9
Reinforcing bar 6 283 388 0.0037 433 205.8
Steel plate - 600 267 0.0014 353 195.5
Eye-bolt 13° 119.3 492 0.0044 706 205.3
Wire rope 6.3 18.6 - - 1765 123.5

* The yield strength of 6 mm diameter reinforcement and 13 mm eye-bolt were obtained from 0.2% offset method.
Note) 4,1, f;» &, f1 and E; indicate net area, yield strength, yield strain, tensile strength, and elastic modulus of the metallic materials,

respectively.

ojojojRZR o HUE HOEII|E % TH 22 MeHHE | 775



=}

s AR (UTME \%6}04 7} 737k FAl oA
A8 M 7HEEYnh 7S 03 mm/ming 52 W
A HA o5 2 7 75‘71}01]*194 =S Hrpst
7] 98t 7R, o 98 XA, 283 T Az
7} 3,000 kN, 1,000kN 2 2,000 kN &3] 2=Alo] A
AH 9t eSS AP E WAE] Ast
o 7HEA, & o AF, 28 T4 AR 47 75 mm,
S50mm 2 100mme] F& e ZHEEC] AFTEHMA
o}, 7tEA e ZgolE ZolE 450 mmEA He| XA
Z 3 2o

.

Bol e B Zolof FAAN sHEA R A¥ &
gossjyoviE g HIFer Frhd SFAHL
i%iEi 04519 A SAHAATG. A A F 1

& agdAA g 4A 7] Sstd 8 FJER &
*“54910} spojojmz o] SH L EA 57| 9Jdto] Fig. 3
o) moli wie} 7o) WE AN 50mm &4 T

7He zH= QAWM YA (extensor meter)’t A X FH L H
el A WE olF AAHUL HdPL golojr
o] stk A e Hi WH9] 70% olstE shzol Eo
AL v FHEQt ZE AgdolH e dHolHEA (TDS
303)8 B3 A AFHU.

4

M
Al

AT

3 A HEA A
31mE Y Ooge

Table 39]E 49 2 Ho WHF 2 we) Al
e 4% AFE JeRHAh Fig 4dlle 7RG R X
79 2o AFHA 79 Jd 2 B R=E e
At} Fig 4b)el LER 2748 HiE Solo]2E w7}
25 ol Solo|EZo] AgH 27] Ze]EEHLT)
06,2 ASolth 3 A s-AZkH N-ZZ] 74 A
AL A9 H&agTh Hxe e FERUE 999
ZdA 3R OHH 3 o] YA & @Euﬂ
Fge] HF shrelA fl-&@‘Ol 5 wsich A4 -

ol A Ay o}~ 79 JELS Table 390 L}EM_ u}
Fo] gfolojR Lo} ¥ &71 T AEG 2 A9
W) erobeth, B1Eel Foteh A iR AR
B ArbFGe] st BE HoAE U
DA A T Al do] IAFASH 4R
M= AALFE grAlslgch BE ReE B
AL HlsH &%‘ Baro] E4th.

RE B F-AndE g FFE Ho ZHE

w\m

lo o2 o (& |m o
oo
to ™

A 4o
nr

a

Load cell (3000kN)

fp="75mm P2 Lo v beam Pz Ip=7Smm

M@{,M\LfQ'MMMM

MMMM%MMM

® ; :

AV

Han

Nal

ﬁ o
1

I{N R I/ |

 Extensor

meter ;) b »l q

L

] N [
Roller - . Hin"éeu i g Rater
{p=50mm] Ip=100mmm) — ¢tp=50mm)
Load cell ’ ) LVDT Load cell @ LVDT Load celi
(1000KN) (2000} (1000KN)
|
f |
le
¥

lU‘T,M. Bed | ——
T

L=1800 ™ A.J]

Fig. 3 Test setup

Table 3 Summary of test results

Initial flexural Diagonal cracking load (P,) and
cracking load shear force (V) (kN)

Ultimate load (P,) and the | Moment (M,) at
corresponding shear force (V,,) the ultimate load | (M,,)y (M,)p

Speci
pecimen Py (kN) Interior shear span|Exterior shear sp:

at failed span (kN) (KN-m) (Mp)y | (Mp)p

(P ﬂ)N (P ﬁ)P (P cr)[ (Vcr)l (P cr)E (Vcr)E

P n ( Vn)l ( Vn)E (M n)N (Mn)N

N 1666 | 2150 | 3903 126.1 | 5479 979

580.1 1320 | 108.0 66.6 972 037 0.52

20-06 | 1782 | 1972 | 4115 | 1316 | 5559 | 1033

7072 | 2149 | 1385 68.9 124.7 0.39 0.67

2506 | 1706 | 2103 | 4174 | 1331 | 564.7 | 104.1

799.9 | 2397 | 159.6 72.7 143.6 0.41 0.77

35-06 | 1769 | 2189 | 4316 | 137.8 | 5658 103.7

966.5 | 3082 | 1749 | 120.1 1574 0.67 0.84

4506 | 1877 | 2225 | 4376 | 1413 | 6082 111.2

1063.7 | 3416 | 1905 | 1358 | 1715 0.76 0.92

25045 1602 | 2128 | 4245 | 1309 | 5647 | 1047

756.8 | 2188 | 1602 522 144.2 0.29 0.78

25-075| 1816 | 2202 | 4186 | 1357 | 5759 | 1034

868.5 | 2693 | 1658 924 149.2 0.52 0.80

Note) indicates the nominal moment capacity of beam section obtained from ACI 318-05.
Subscripts N and P mean the negative moment and positive moment regions, respectively.
Intetior and exterior shear spans are identified by subscripts 7 and E, respectively.

776 | =222 (Ests| =28 197 M5 (2007)



SoRs 0 513 LS
e T 3400 -

T VI
a5 Aol 418, 747
® 4 S By RoL 1 hrasn ;28"

312 40 Qi
$2 Isés o 090 ‘4}‘%75? ks I hg3d 155
56046¢9% ey P byl ‘| e e M“%—

]
(b) Strengthened beam (specimen 2.5~0.6)

Fig. 4 Typical crack propagation and failure plane
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Table 4 Comparisons of experimental results and predictions

Experiments Predictions (kN) Exp./Pre.
ACI 318-05 Numerical analysis ACI 318-05 Numerical analysis
reemen e U o oo | o | ooy | e [ Fodesy | Uiy [ Ty
e v ey T pre | Tdapre | Pl —pre
N - 182.0 112.5 112.5 185.0 185.0 1.62 1.62 0.98 0.98
2.0-0.6 388 2149 158.1 162.0 235.0 238.8 1.36 1.33 091 0.90
2.5-0.6 478 239.7 183.5 174.8 277.0 267.6 1.31 1.37 0.87 0.90
3.3-0.6 513 308.2 220.3 200.7 308.8 289.1 1.40 1.54 1.00 1.07
4.5-0.6 468 341.6 2375 224.6 316.3 3054 144 1.52 1.08 1.12
2.5-0.45 415 218.8 173.0 173.8 265.5 266.4 1.26 1.26 0.82 0.82
2.5:0.75 350 269.3 164.8 1753 256.8 268.8 1.63 1.54 1.05 1.00
Mean 143 145 0.96 0.97
Standard deviation 0.14 0.13 0.09 0.1

Note) (V) and (V,)xin predictions refer to the ultimate shear capacities calculated from the actual stress of wire ropes measured in
the current study and the notational stress of wire ropes given in Eq. (5), respectively.
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