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ABSTRACT

In building construction, openings of the story-height deep beams are usually required for accessibility and service
lines such as air conditioning ducts, drain pipes and electric units. It is known that the main parameters affecting the
load bearing capacity of deep beams with web openings are size, shape, location and reinforcements of openings.
However, there have been no pertinent theories and national design codes for predicting ultimate shear strength of

reinforced concrete deep beams with web openings.

In this study, the shear behavior of simply supported reinforced concrete deep beams with web openings subject to
concentrated loads has been scrutinized experimentally. A total of 34 specimens, the geometry of openings, its
reinforcements and shear span to depth ratio, being taken as the experimental variables, has been cast and tested in
the laboratory. The effects of these structural parameters on the shear strength and crack initiation and propagation

have been carefully checked and analyzed.

From the tests, it has been observed that the failures of all specimens were due to shear mechanism and the
ultimate strength of specimens varies according to the location of openings, by which the formation of compression
struts between the loading points and supports are deterred. All of the test results of specimens have been compared
with the formulas proposed by previous researchers. The results were closely coincident with the formulas given by
Ray and Kong's equation except for some X series specimens having a larger dimension of openings beyond the

geometric limits of proposed equations.

Keywords : deep beams, web openings, shear-span to depth ratio, web reinforcements, compression struts
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7 ol wigsle] ERMEIGloH, B89 ol AT F
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A el et bii Zol7} glor, XY AL AldAlY
A%E 312 keffen, Z AQ ABAY A$E 14 20

kef/crl, 23 288 kgf/em’ 2 UpebT,

Shear Detail of reinforcements
Dimension of . - . Distributed Diagonal .
Specimens |web openings Lociggr;isésweb rSaIZi)n I;ellréfggegggtzf reinforcements | reinforcements reirgﬁiggfelnts
(mm) (ald) onenings on each face of | on each coner of web
DENINgG openings of openings
XA0 - - - -
XAl 20 v 56 043 1-D10 - - -
XA2 200 ! 1-D10 $6@50 - -
XA3 1-D10 $6@50 1-D13 -
XB0 - - - -
200
XB1 1-D10 - - -
XB2 o0 V6, 51/6 087 1-D10 $6@50 - -
XB3 1-D10 P6@50 1-D13 -
XCo - - - -
200
XC1 1-D10 - - -
XC2 o0 V6, 5/6 130 1-DI0 $6@50 - -
XC3 1-D10 $6@50 1-D13 -
YAQ 200 - - - -
YAl X Center of 043 1-D10 - - -
YA1-D 300 specimen 1-D10 - - $6@100
YBO 200 - - - -
YB1 X  Center of 0.87 1-D10 - - -
YBI-D 300 specimen 1-D10 - - $6@100
YCO 200 - - - =
YCl X Center of 130 1-D10 - - -
YC1-D 300 Specimen 1-D10 - - $6@100
YCO-1 200X 5cm below the 1.30 _ _ N _
300 specimen center )
Table 2 Specifications of Z series specimens
Shear Detail of reinforcements
Dimensi i .
Specimens Wgtr)l (r)lsgl?nos Location of | ~SPan | Reinforcements Distributed Diagonal o
p D g web openings| ratio | on each face of| reinforcements on eat¢h| reinforcements on Rem, orcements
(mm) tio of web
(a/d )| openings face of openings  |each coner of openings| 240 Of W€
ZMBO - - -
ZMB1-0 1-D10 3-¢6 - Vertical
ZMB1-1 Center of 3-D10 3-D10 - 0.0057,
ZMB2-0 100100 shear area 087 - - 1-D10 Horizontal
7MB2-1 - - 2-D10 0.0054
_ 1-D10 3-¢6 1-D10
ZMB3-0
ZNBO _ _ —
ZNBL-0 1-D10 3-¢6 - Vertical
ZNBL-L | 100100 Sﬁggglgfpg;gt o | 4Dl 3-D10 - 0.0057,
%Eggy(f in shear area - _ i:gig H%rloz(%gal
ZNB3-0 1-D10 3-¢6 1-D10
WrEE 2= HZETRIE 42 22| JMHAE 621
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Table 3 Mixture proportions of concrete

o] Z7}84% HlaH gL FGo| o7 il sl
e AL BRY £ glod AR R B #
o Folry| o °\:]-. w3 oy AFAAA JNTHE

wrAlsle] RSt A9 5t
o ol2z|A M2 AARtde] B, o #E
oa B E S HAE, olgd e BAT
o A slFe] AAHYIL S ARzt Yot
A 7V FHo o2 Byl dojd AR F3dn:
FEaE A=) ATEE S ¥ Y AE AEA
NFRE7E F G0 dEY 3ES 4F WHElEhe
YC A AFAE Addstas A7 flE Ze By
79 W fAfech B8 B3] 5707 tidRAdEol

L

rH,oln__Eoz:mRm
9,1'.
O{N

Nz L

o

A8 APAE 2 APAd b 3% A7 A5l
$2 ® ohie FUTE I3 ojy) jaz BaEA 2
Ay}

slgreesrig?h Water-cement| Unit volume weight (kgf/m®)
(kgt/cmd) ratio (%) (Cement|Water| Sand Aggregate
250 51 343 176 919 839
250 53 352 | 187 | &5 868 Fig. 2 Set-up for test
Fod o4 Fod Fod ==
- ‘3}1 - G 1%
W | R T ] R e
N
A el AT P N
e kml@’j’ Y AR m B sl £l alwt fEE
XA2 == XB3 £ <3 ===
Fod ata] Eor . .
4 [ 1] Ll 2110 [osl sk ]
4 I Sy s :;:\{.g
7 Rk 77 Y L T
- g B N A B | MR
{ g Vg o e ,.{ ) {ns
’1',. b 'ﬂ. \4- o ) B = L Ml s o ¢ & B a3
== YAl YBI-D ZMBI-1
SR L N - Jk’ 24 L RN e Lo Mldde v
T T T F 3 SRR K. ST T P
- s >y " i ] ] é: i ] o u] " X . 4 g;}' 3 ¥
. £ "Jmit:“ é; 9 v" : o “ l '/I-- a :‘ '&u ?‘ s I,
ZMB3~0 ZNB1-1 ZNB3-0

Fig. 3 Crack patterns and failure modes

622

sE3r|EsE| =R A13H 6=(2001)



312 Z 74]"j A

Z Age] BE ANFAE AdHzH|7} 08709, A4
o] & Zolgt 10 cmX10 cm 2719 AFEE 2 Ao
2ZA, 7HERET vl Alole] FUSIFHEE Sle
o] ATHol o3 Wade AgAolk vk Z Ag
AGAY] 27 #EL ANTE BAYAAY nAE 7
2 Yeison), JEE-e] BAke] vjuAd g2 A@A A
= Fd ¥ ZHE 7AMe 3 782 Jepddh AT
B nrle] Aoz we ZMB2-1, ZNB2-1 Al&dA 2
7ZMB3-0, ZNB3-0 @AY gale ATE7 g HelA
st o Yz AlgAe AR FHY xS o
d 9 g g3 =AYk

7H%‘T7} Ag 7o) Sl YRS ZM AFAY] %
7] #8L JNTFEY] BAY F slaiolA WA $AYsS
Jtl l“ 2AEle A st AFHYS dE A

< AR *WEYZ}* o} Zo| 9] o] ¢ WA
415491% AEE7E e £ #EE gle 9] 7
Hla) Bad @2 F9 ggo] WAt NTHE FHY
g9 58o] £ B¢ s «l“ Ao VERT,

AFE7E Ad 799 3AHEHY A @R AXe ZN
ANEAY 27 FEL T AN I dEe
HeZ B on, o] A EAgdA 7HEE £o
Z Ay g =i

s
x|

i

o]

32 35 - #el 2

AYAY 7 2 SHANF wslslel BAE Table 4
2 Fig 49 mol: wjo} gon, 7 AL ¥ A ¥
sFE-welt thes 2,

321 X AEH Y AL AEA

X AE NEAY st-89 AN AR B
o] oldFE 27] ZA4T A dFFc] F7tstn W
U Fgol A @449 3 AEse UG
A7 7L 0439 XA AL A@AAM = ATF Bt
= T UARZATY feo] e BAT wE 433
A eA, A9zt 087, 1301 XB A€
XC AgdMe E59 3 B4 a3t 3A ved
oY AG AEAY A, A e A Aol
FHAeR g YC AL AFAE AR ZE A9
A7t AR P ADAY B9 Ay FAR FHE
el =3 SRt dizbge deos wikd AlYA
7} 7P 2 sAAlTES Boln J=E I SelAE
F 4FUY 7ot 457 Q) YB A#EANAM dztEz2e
F&o] 7P FletA HeH.

3.22 Z AE AEA

NTE7F BAEA & ZMB0, ZNBO AldAE 7|74
7b B7E AgAel vjs Hdl a5 9 27 2ol A
3] Zrasid, TRV 238 APAe B w29 3t
of W 7 Hshk= A9 gloy Ho e YA
FWe Fde Roln Stk EE A@ANN 27 7
Abdgo] g o] F wAstA AFAY o] Fast
o, stz ok 80 FHAUE A 7F‘Z‘"*°ﬂ*191 AzE 73
At go| wrAlEl] A7k A9 2719 A4S AL
7HEAY NZE BAEE o]F HAY AsS Holi gtk

33 55 - HEE 24

331X, Y AE A&

Fig. 591Kt 2ol X AE A@ANM FUgE 29 ®
HEL A7 sl WA 9 BT WSS &
AbEAY A2 ghE etk AY7HE7E 043014, AT

-

Table 4 Cracking and failure load of test specimens

Initial crack {Diagonal crack Failure
Specimens | [oad | Disp. | Load | Disp. | Load Disp.
(tonf) | (mm) | (tonf) | {mm) | (tonf) | (mm)
XA0 45 | 018 | 190 | 084 | 287 | 157
XAl 45 | 007 | 165 | 041 | 362 | 148
XA2 45 | 022 | 165 | 057 | 405 | 2.39
XA3 45 | 008 | 225 | 056 | 539 | 368
XB0 20 | 009 95 124 | 133 | 298
XB1 40 | 018 | 120 | 084 | 174 | 210
XB2 4.0 0.19 12.0 0.83 23.0 3.95
XB3 55 | 022 | 175 | 094 | 328 | 312
XCo 40 | 027 5.0 050 | 104 | 3.30
XC1 45 | 026 9.0 059 | 139 | 138
XC2 | 50 | 031 | 140 | 146 | 243 | 447
XC3 40 | 020 | 150 | 109 | 292 | 356
YAQ 70 | 009 | 240 | 041 | 699 | 196
YAL 115 | 028 | 305 | 062 | 832 | 203
YAI-D | 130 | 013 | 305 | 039 | 8.8 | 167
YBO 65 | 012 | 180 | 052 | 543 | 1.9
YB1 65 | 002 | 180 | 041 | 56.2 | 240
YBI-D | 115 | 023 | 200 | 047 | 696 | 315
YCO 50 | 014 | 125 | 044 | 241 | 1.21
YC0-1 70 | 008 | 110 | 018 | 296 | 1.23
YC1 65 | 014 | 135 | 032 | 202 | 064
YCI1-D 65 | 018 | 145 | 037 | 211 | 057
ZMBO0 8.0 0.31 15.5 0.71 33.1 1.93
ZMB1-0 | 115 | 0.34 19.0 0.69 | 4855 | 252
ZMBI1-1 9.0 0.29 145 0.54 50.2 2.84
ZMB2-0 | 100 | 038 | 185 | 0.71 | 5725 | 3.05
ZMB2-1 | 85 | 022 | 140 | 045 | 53.0 | 240
ZMB3-0 | 120 | 034 | 195 | 065 | 58.35 | 3.08
ZNBO 55 | 016 | 205 | 08 | 404 | 210
ZNB1-0 10 023 | 170 | 051 | 489 | 2.83
ZNBI1-1 100 | 031 12.0 0.43 529 | 3.23
ZNB2-0 | 10.0 0.23 18.0 0.54 51.2 2.54
ZNB2-1 65 0.16 155 055 | 5155 | 2.4
ZNB3-0 | 115 [ 031 | 170 | 055 [ 571 | 273
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Fig. 6 Comparison of the shear strength according to the various structural parameters
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Fig. 7 Typical dimension of Ray’s equation

Table 5 Comparison of test results and other
proposed equations

Exp. Proposed equation (tonf)
Specimens| results Ray/ Kong/
(tonf) Ray Exp. Kong Exp.

XA0 287 444 1.565 144 050
XAl 36.2 62.0 171 240 0.66
XA2 40.5 62.0 1.53 29.9 0.74
XA3 539 72.9 1.35 49.6 092
XB0 133 26.7 2.01 144 1.08
XB1 174 348 2.00 209 1.20
XB2 280 38.0 1.36 219 1.00
XB3 32.8 534 1.63 487 1.48
XC0 104 22.3 214 144 1.38
XCl 139 32.7 2.35 20.2 145
XC2 4.3 376 1.55 274 113
XC3 29.2 488 1.67 49.7 1.70
YAQ 69.9 76.9 1.10 748 1.07
YAl 83.2 9.5 1.14 89.6 1.08
YAL-D | &3 104.2 121 92.8 1.08
YBO 54.3 53.7 099 60.3 111

_ YBI 56.2 61.8 1.10 71.2 1.27
YBI-D | 696 70.3 1.01 76.0 1.09
YCO 241 21.0 0.87 4.7 1.85
YC1 20.2 314 1.55 51.2 2.53
YC1-D | 211 376 178 57.1 2.71
YCO0-1 296 185 0.63 4.7 151
ZMBO0 33.1 32.2 097 334 1.01
ZMB1-0 | 4855 52.1 1.07 470 097
ZMBI-1 | 502+ | 544« 1.08 532+ | 1.06
ZMB2-0 | 57.25 474 0.83 50.5 0.88
ZMB2-1 | 530« | 544x 1.03 532% | 095
ZMB3-0 | 5835« | 585 1.00 5.9+ | 09
ZNBO 404 36.2 0.90 31.1 0.77
ZNBI-0 | 489 46.6 0.9 40.0 0.82
ZNB1-1 | 529+ | 544+ 1.03 532+ | 1.00
ZNB2-0 | 512 46.4 091 41.6 0.81
ZNB2-1 | 5155+ | 54.4x 1.06 532* | 1.03
ZNB3-0 | 57.1% 545 0.95 5.9+ | 098

* This value is determined by failure of solid web (no opening side)
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Fig. 8 Typical dimension of Kong’'s equation
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Fig. 9 Comparison of test results and Kong's equation
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