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Assessment of Code Requirements on Minimum Shear
Reinforcement in High-Strength RC Beams
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Abstract

This paper presents the assessment of the minimum shear reinforcement requirements
in normal, medium and high-strength reinforced concrete beams. Twelve shear tests were
conducted on full-scale beam specimens having design concrete compressive strengths of 35,
70 and 100 MPa. Different amounts of minimum shear reinforcement were investigated,
including the amounts required by Korean Concrete Standard (KCI88), JCI86, ACI89
(revised 1992) and CSA94 standard. The performance of the different amounts of shear
reinforcement are discussed in terms of the shear capacity, the ductility and the crack
control at service load levels. An assessment of code provisions for minimum shear
reinforcement, and the prediction and comparison of the ultimate shear capacity are also
presented.
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Table 1. Details of beam specimen

. Shear
. €
Specimen Stmep sze and | AdJbys | Comments
(4pPa) sacing
{mm) (MPa)
N-Sencs
N-O - 000 | no stmps
N-1 80 mm da @ 35| 0.35 | min A, s=~d2
N-2 38 |95 mm da @ 465| 035 | min A, s=0.7d
N-3 95 mm da @ 35| 050 | > mn A, y=dR
M-Senes
M-0 - 000 | no stirmps
M- 80 mm da @ 325/ 035 | KCQ) B8, ACI &,
67 ACt B9, CSA 84
min A, s=2
M-2 95 mm da @ 325( 050 | CSA 64 min A, s=d2
M-3 95 mm da @ 230| 070 | ACI 89 rmin A, s<d?2
H-Senes
H-0 - 0.00 | no sumups
H-1 67 {80 mm da @ 325| 035 | KCI 8, ACI &, AC
69’
C5a 84
H-2 95 mm da @ 27201 0.80 | min A, a2
JCI 86, CSA 94 min A,
H-3 95 mm da @ 160} 1.00 | s<d? ,
ACI 88 min A, s<d2

«~ Lower amount of minimum Av provided when

V . <V6IMPa in design
¥ Upper amount of minimum Av provided when

V £ > VBIMPa in design

Note : fy for all slimups is 430 MPa.
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Table 2. Shear at cracking and stittup
yield and crack widths at
"service” load

Specimen Vo Vy VolVy Va Vawos | Wemex at
permmed Vaerce
by AQ {mm}
{kN) (kN) {iN)

N0 245 - - 125 74 -

N-t 280 20 1.23 3R 19 -

N-2 200 25 1.62 4 19 -

N-3 254 349 137 369 221 -

M) 28 - 168 10 -

M-t 289 316 1.09 42 253

M-2 288 383 1.2 45 275 -

M-3 280 463 1.80 508 306 0.15

H-0 n - N 103

H-1 3n 107 428 257 -

H-2 3t 480 154 489 20 -

H-3 33 516 1.54 628 3n 025

" Nominal resistance for member without

slirrups equals 0.5V,
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Fig. 3 Shear force versus principal
tensile strain responses
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Fig. 4 Observed crack patterns in
specimens after failure
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Fig. b Shear force versus maximum
shear crack width

Table 3. Comparison of predicted and
measured shear capacities for specimens

Specirnen Viest | VWMCFT [ ViestVMCFT | VACH | ViestVACI
(kN) N) (kN)
N+) 249 23 098 246 1.0
N-1 457 31 147 2 138
N-2 3 068 0.99 R 1.09
N-3 483 420 1.15 389 131
M- 26 305 097 336 068
M-i 405 437 098 422 0.96
M-2 552 455 21 459 120
M-3 689 538 128 508 1%
H) 7 31 099 32 0%
H-i 483 475 102 428 1.13
Lacd 58 539 [B]] 489 122
H-3 ™1 729 099 628 1.15

4.4 2 FEO| 4B FIL

Fig. 62 W) @aEAgA, & a2
JE ZEshE A8l Afbes 7h 035
MPagl HaHGES e ¢ Ayse 2
She vEhia Aok o AWsEe dae
zagEe Z2E7} 493 s 275
1, EPAE 4E d%E BAT. o] Al
gAEe 1P 2AYEY AWE o8N
Regen, Aedd @4 ol%e Ay
VAEE BAE) A0 Ae2EdY WY
A3l JEHL AL ¢ & AT

1994 CSA HEo wE HAAG nite
& 2E AQASe 2aAE 2t vbe
o me IRAVUE v} Fvlske Az
g A%m, AS2HYY WYRH &2
A% glo] HYFY WAolF HuY 2
W= B

HAAGAT B}o B 1989 ACI9 5
@A dd FEd we Agse dUAE
€ 29, o T wAF 4 Wi g 3
8o ngd A% dvEd w4 olF
43¢ BAAVUAE HEE T 4 sled,
ok wAle Az ARUol RFY A,
Z Afybes 7} 0.35 MPa 9l 79 ©x] A
B2E YY) WA} 4YRE A9d oF
dlo} HEE VUL BT ¢ ATk

Fig. 72 AgAe] Aasdd HLAGHZ
niol vlAE 9&%& 247 A¢ o9& A
< e R 1 o

800
7004 " - - =% ACI minimum
|
600 -+ CSA minimum
I
500
3 - I ~%  ACEminimum
x - VT limited 10 8.3 MPa,
;— 400 KCt minimum
¥ a0 — - = no shesr
—— — reinforcerment
200
1004
0

2 50 70 % 110
Concrete compressive strength, f. (MPa)

Fig. 7 Ultimate shear capacities of
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Fig. 6 Influence of minimum
shear reinforcement
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