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EXPERIMENTAL STUDY ON SHEAR CAPACITY OF ULTRA HIGH STRENGTH CONCRETE BEAMS WITHOUT STIREUPS

FREITY SEE—EYxx A Exkx FIHBED %k k ok BIRFEX Rk kx xx
By Motoyuki SUZUKI, Ken-ichirou IMAFUKU, Gaku OHASHI, Naomi MAEDA and Yoshic OZAKA

The purpose of this study is to investigate experimentally the shear capacity of ultra high
strength concrete beams without stirrups under flexural-shear loading. The main results are
as followed; (1) Shear stress(T o) at the occurrence of shear crack slightly increases as
a/d decreases. Shear strength(7 .) increases as a/d decreases, and its rate of increase
increases as concrete strength increases. (2) Failure mode of RC beams without stirrups
depends on p+«fy. (3) Shear strength(7.) decreases as effective depth(d) increases.

(4) Shear strength of RC beams with ultra high strength concrete beam without stirrups can
be estimated by Ohno-Arakawa’s equation or Leonhardt’s equation.
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450 {1437 T8 26,91 [19.19 [ 391 | 15.31 | 14.04 | 25.75 | 20.88

20.50 [15.36 | g2 | g 14 [10.15_[24.41 [15.55 [12.01 | 1459 [ 1268 | 13.00 |16.)
3 [13.50 |18 ] & 80 2070 [13.04 {12.15 | 34.0 78 | 13.90 |13,
4 [14.43 [18.38 B.89 [15.74 [10.44 |11.04 | 13.15 110.65 00 J10.44
5 143.79 |17.86 16.28 | 37.26 [30.39 | 17.08 | 20.36 | 17.24 | 40.50 | 12.48
6 [18.43 [18.91 | |, .0 ||, 5y [13:95 [30.40 [24.59 [15.86 | 19.41 |15.58 | 25.67 | 9.89
7 [19.38 [20.08 | & 24 391 (2597 [20.65 [14.92 | 18.65 |14.47 | 18.93 | 8.32
8 [14.57 122,19 21 [19.61 [16.53 113.56 | 17.46 [ 13.08 | 14.98 | 6.4
9 [46.21 [2L.80 22.32 | 20.16 | 45.67 | 20.1 | 25.50 [20.28 | 51.68 | ——
10 [33.79 [22.68 13 [ 16.45 [36.06 |18.66 | 24.31 | 18.33 | 33.0l | ——
11_130.14 [ 23.76 ] 2019 | 13-22 974 T13.95 [31.03 | 17.66 | 23.36 [ 17.02 | 24.15 | ——

3 [25.9 74 110.61 [24.84 |15.95 | 21.8 | 15.39 1 —
3 T2L.70 [22.66 45.68 [ 15.02 | 37.64 | 16.79 | 24.55 | 18.45 36—
4 [43.79 J22.86 | 20-4 | 1331 8%6e [i5.02 [37.64 |18.79 | 24.55 | 18.45 | 33.96 | ——
54317 12240 | ;o | 1o g9 14243 [26.43 [48.5) [18.59 | 30.94 {2216 | 52.07 | ——
16 |37.83 [23.53 119 13 19913 {2250 {4673 [17.44 | 29.15 | 20.58 | 36.18 | ——
174059 [22.89 |50 | 1705 L4243 [18.25 | 35.87 [19.05 | 21.41 [17.01 | 21.82 | ——
18 [24.73 [24.11 | 2% 08 93 [15.20 [ 30.08 [17.93 | 20.56 | 15.86 | 20.62 | ——
19 | 14.29 |19.63 [16.07 | 10.14 |45.68 | 15.02 | 31.50 | 14.28 | 20.3 55 | 25.95 | ——
20 129.86 |21.18 | 18.03 | 11.78 | 45.68 | 15.02 | 34.26 | 16.61 | 22.6 00 | 20.49 | ——

£-6 (2) BRAEOHRSIUSELANBEICLS T.OFFEEEKREL O

No. ERE | BRI | £RE | £RE | ERE| £B | XRBiE | XRE | XR{HE | ZRE
ACI CEB X e s | ¥ - | Zsutty | Kennedy #H | Leon-
(1978) | (1978) | (1990) | (1980) | (1990) FEM hardt
1 1.72 2.62 2.68 2.07 0.82 1.28 1.76 1.60 1.75 0.82
2 1.33 2.19 2.24 2.02 0.84 1.32 1.59 1.40 1.62 1.08
3 0.82 1.44 1.48 1.52 0.65 1.04 1.11 0.96 1.15 0.97
4 0.79 1.54 1.58 1.62 0.82 1.38 1.31 1.10 1.36 1.31
5 2.45 2.97 3.90 2.69 1.18 1.44 2.5% 2.15 2.54 1.08
6 0.97 1.25 1.64 1.32 0.61 0.75 1.16 0.95 1.18 0,71
7 0.97 1.32 1.72 1.59 0.75 0.94 1.3 1.04 1.34 1.02
8 0.66 0.99 1.30 1.19 0.74 0,88 1.08 0.83 1.11 0.97
9 2.14 2.29 3.50 2,07 2.29 1.01 2.3 1.81 2.28 0.89
10 1.49 1.67 2.56 1.77 2.05 0.91 1.81 1.39 1.84 1.02
11 1.217 1.48 2.28 1.80 2.16 0.97 1.72 1.29 1.77 1.25
12 6.52 0.67 1.02 0.8 1.27 0.54 0.84 0.61 0.87 0.70
13 0.95 1.07 1.64 0.48 1.45 6.58 1.186 0.89 1.18 0.65
14 1.92 2.14 3.29 0.96 2.91 1.16 2.33 1.78 2.37 1.31
15 1.93 2.18 2.85 1.01 1.62 0.89 2.33 1.42 1.85 0.82
16 1.61 1.91 2.50 1.02 1.68 0.93 2.17 1.30 1.84 1.03
17 1.77 1.98 3.37 0.96 2.22 1.13 2.13 1.90 2.34 1.46
18 1.03 1.21 2.05 0.67 1.62 0.82 1.38 1.20 1.56 1.20
18 0.72 0.89 1.41 0.31 0.95 0.45 1.00 0.70 1.06 0.56
20 1.41 1.68 2.53 0.65 1.99 0.87 1.8 1.32 1.87 1.01
EdE 1.32 1.67 2.28 1.33 1.44 0.96 1.64 1.28 1.65 0.99
C.o.v.141.0% |36.1% 135.7% |47.2X |46.5% | 28.0% | 32.0% 32.4% 29.7% | 24.1%

— 1377 —



N ;NG LLLLLLLL 4L

o
L [H (HI e \ R
004k (1) et 4 [ (@ _
“\‘ 1.65Twe Te |@{AlN w2 . ]

- c
- 4 i ]
Tl LERA@ B . ]

L N~ . 0.1 .
085 - .
Tae=ke (5004 1'¢) WT'I_— 4 i . .
2,107,

0.02 - o . Tu=kek, (180+ £°¢) \‘\.\J:mta 4

] 0.12 ]

O el T -V {4 0.05F - ) a/d+ 0z 4
o o 0-T17sc TRl L e . i
o i -
- T CO
JAZITIE Tae=0.014ke (5004 £70) | L
p TRE | a/dzaTiTY=0.0205k K, (180+1%) @ i
N s PR U oL ! PR B —
0 ) 5 4 a 2 3 4 i
Bl—-Q (1) ~ (2) Tse. TuORF FINKIC K D EME L EERE & O LEE
o[V (1) Lvy-x|% ' SR ' —
- 1) z (2) Myy-x (3) H1yY-X
S\ d=35ca g ox d=35ca g _\\ d=35ca
- [\
g 0\\ g i N g Leonhard
2 2 \ > s eonhardt
- AN \ Leonhardt " | \Leonhardt 4 - \\
M ° AN Q
20F \\ \ h N F N oy
Laupa Ny \ 20t Zsu?y \\c-, Heduan-Losberg | : Hedun—Losberx \ Kennedy
j-Q Nﬁ N\ : :-’;=?-‘(‘—=f-“ anzolT et rindegiebers 20""“:::-:."""::\‘\"_ pkuirinhg:
? ~) Hedman-Losbersg,, M~ xennedy Tov=Ty R
\zi‘&ty \a\\\ \ e *'_ HREH b HE-AR Isutty
»_:-:.._,‘_g:__:__\i:} SR 1, . NS e
Kennedy = :.:r.\-_:r.-—-_‘\ 1 . ) 1 .
10—y 3 0 + } ol—s + "
a/d a/d a/d

BM—-10 (1) ~ (3) WRETAKBEELHEEOMEK L OMR

ARBTRIGABORO DR CHTFOEHRE/ NIV D5, BAMUUTDIREROTANISAT -
BLUBAMEE 7 CNT2EBNFHEZRABE CH 2D, ChoCEEARIET IV 7 U~ MNERRIE.
TAMZN VDA 59 HORTF. FIZ3EES . RBRARERE. SERRMILTOREE X 0B
RATHLPLETHEILEZ NS,

AL, BT AN 223 RANMBRTOLZVWRCIIHBHERRIC, 208D TUTDARERES
KOCAEBE R S RIET I 7Y — NERE., SHREEBLTTARI AR ORTFOEE
ZREBIICRE L 2B OTH D, IV 7 ) — MNEHEBREIZ DWW TIE380~ 1200kef /en?, SKFEFERARRE 12D 1
TIEB LFB00kel /en® FBEE TCOBDOEASE LE, BonEIRERITROES>0OTH B,

(1) Tseld a/dDMNEL RBIEHO>NTHEMT AN 7)) — FNEHEE . SHORREE B X U3 3E%G
tEOREBXIEE ALV, TJTa/dDNE KRB IFEREL RABEOMMNOEI ST 2y 7Y — NEHERE

— 1378 —



MREWVEEKEN,

(2) pefy X O THEE—RPEATHIEERLE, LOLENS, HEE— RICRETHOEFO
EEIARROFEEN SE >0 o,

(3) BEHRE 1Y)~ NEDBHOEBERN S, T —VEIRDPED 5hize TulIBEOH
EHRLIIRELSD, FORLREFE-TTHBIE. AT-ERICHT Ba/d OFENHD I LER

Bhiz. 2EL. RERTIT> AR I OB BFMEIId=15~5en /NS < FREFREOREELRLD
TESRILIRFTIDETHS S,

(4) —fBic, BANBERZEUARCIEDOBBE—A Y MOV, a/d=2.5ETHHYH” Ka
niDOR” BEMTHIEDHSNTWAEN, ARBRCIEIOBRRGEREBEE 1 7)) — MNEIOEM Tlka/d=
3T, BRBEaY 7 U MEWEHTIRa/d=25TRO e EbO0. BEBEIY 7Y — MIDEHMTIEE
BlocBWikitahza, / dOEDIF 2 TH->EED, KnioBERD 6hah o>k, 9. a/dd3
~5QHAICOVWTHMICKRATARENH A, /2. BANOTOIREE—A Y Msoda/doEMiz
OO TDICHINERZ R L TWED, a7 ) - ERBEORZEBUESED RV Do,

(5) RBEAMBECO>VWT, ERELBEORXRERERACL I FHE ZHE U AER, BRAER Y
7 — MO ICE 5 % Cleonhardt ORH D WEKRE - FNOAMNBHNERE L ONEBR LM,

L. ®lE b o oo DEWEER IS U CIZERRBIOFEZ LTV,

(6) d=35cnp#E T, RIDVTHOAREREICOVW T, LELUMY ) —XEARE - BlIXo L
FIRELME > TWBM, HY ) =X TR ZOTHREZ TR =ERE B> 7=,

& EF X M

D#AEST, WA E, FIHESD. BIREX : il 220 2888E 3> 7 ) — MI DM O 7 FERF
. av ) — PIFHRE, 45,815, pp. 39-52,1993F1H

2)Kani,G.N.J: A Rational Theory for the Function of Web Reinforcement, Journal of ACI, Vol.66,
No.3, pp.185-197, Mar.,1969

VERFEt - BERERE No.76 : HERABEEMIAT ¢ March 1977

4)Isutty, T.: Shear Strength Prediction for Separate Categories of Simple Beams Tests, ACI
Journal, Vol.68, pp.138-143, Feb. 1971

5)Ferguson, P.M., and Matloocb, F.M.: Effect of Bar Cutoff on Bond and Shear Strength of
Reinforced Concrete Beams. ACI Journal, Vol.56, pp.5-24, July 1958

6)J.4.Hofbeck, 1.0.Ibrahim & A.H.Mattock: Shear transfer in reinforced comcrete, Journal of
ACI, Vol.66, No.13, pp.119-128, Feb., 1969

7)Kani, G.N.J.: How Safe Are Qur Large Reinforced Concrete Beams?, ACI Journal, Vol.64, No.12,
pp.128-141, March 1967

8)Taylor, H.P.J.: Shear Strength of Large Beams, Proc. of ASCE, Journal of Structual Division,
November, 1972

9) Kennedy, R.P.:A Statistical Analysis of The Shear Strength of Reinforced Concrete Beams,
Thesis presented to the Stanford University, at Stanford, Calif, 1967

10)CEB/FIP:Model Code for Concrete Structures, 1978

I EARES: 2> 7 ) — OB ORFIREREHERS (), a>7U— 15475V —#52%5, BEM58
#£11H

IN#W%A\ﬁ@@§\ﬁﬁ@—\Wm&:%ﬁ$ﬁét8ﬁ%kﬂﬁ%jy7U“FMD@%A%%EK

— 1379 —



BT 2 EBRAVANSE. TARFEZMNE 3485, pp.175-184, 19844E8H
13)ACT Standard, Building Code Requirements For Reinforced Concrete,318-77,p.41,1980
14)H.0kamura and T.Higai: Proposed Design Equation for Shear Strength of Reinforced Concrete
Beams without Web Reinforcement, Proc. of JSCE, N0.300. pp.131-141, 1980
(19934 9A 16 A=)

— 1380 —



