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HARBOUR RESEARCH INSTITUTE
Vol. 8 No. 4 (Dec. 1969)

4. Ultimate Strength of Reinforced Concrete Slab with Boundary
Frames Subjected to a Concentrated Load

Yuzo AKATSUKA*
Osami HORII**
Hiroshi SEKI***

Synopsis

This paper describes the test results of six reinforced concrete slabs with boundary frames and discusses
the ultimate strength of reinforced concrete slabs. Slabs were 1.4m square, 10cm thick and effective
depth of 7.0cm. They were subjected to a centrally located, concentrated load and were supported at four
corners. Variables which were taken into account in this series of test were (1) rigidity of boundary
frame and (2) ratio of reinforcement.

From the shapes of cracking lines observed, the formula of calculation of ultimate flexural strength
based on the ‘yield line theory was suggested: Shear failure of slab tested was considered to be shear
diagonal tension failure. It was found that ultimate strength due to shear failure depended on the dowel
action of reinforcement at fracture. It was shown that there was no relationship between ultimate shear

strength and ratio of reinforcement in range of 1.13~2.30 percent.

* Dr. Eng., Chief Engineer, Onahama Port Construction Office, Second District Port Construction Bureau
*#*  Member, Research Section, Planning Bureau, Science and Technology Agency
#4k  Member, Materials Laboratory, Structures Division
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Tab. 2-1 Specification of Self-travelling Crane

Maximum | N
Maximum Dead Weight at | £ |58 S % Pressure Specifications of Carrier
= Lifting ) Working (ton) | - :’ugp < ESS| (kgkm?)
Type A Weight . oz B — 2. Dead | . = Projecting
Capacity Out | wheel | 82~ |8 E% & Out- | Weight | “"J° 18 |Length of Type of
(ton) (ton) rigger <° 3 3.?—_‘0 rigger |+ Lifting System Outrigger Tire
Load (m)
Super 50 50 . : : 8x4 _
A |(above 40) | (40~60 561 9 | 4000} 30 | 14 1 0.33) 1o Gheels) | 20 | 14.00-20-18
PR
(12 sels) 10.00-20-14
’ 30 30 . Y : . 12 wheels - :
A (35~25) | (31~27) 28 7.5 | 2000 21 14 0.29 6x4 4.6~5 12 &’)_Rle—lﬁ
_ (10 wheels) PR
20 20 6x4 ~ -20-
B (20~25) |(20~19.5) 20 5.5 1400 15 14.3 0.27 (10 wheels) 4~4.4 9%)1{20 14
10 15 4%x2
C | 13mg) | (18 | 11| 45] 12000 12 | 9.2 021|652 4 | 10.00-20-1¢
5 10 4x2 o
D (below 11)|(below 11) T4 800 10 88 0151 (g wheels) 4 8-213150 10
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Tab. 2-2 Dimensions of Slabs

Effective Depth | Dimension of Boundary Steel Ratio (%)
Series Slab- Number Tension Compression
(em) Frame (cm) Reinforcement Reinforcement
width  height
XC—1 7.4 40x 30 0.96 -
I XC—2 7.8 40 % 45 0.91 -
XC—3 7.1 40 x 60 1.00 —
XC—4 6.2 40 45 2.30 -
I XC—5 7.3 40x 45 1.30 -
XC—6 6.3 40%x 45 1.13 0.57
Top Surface Reverse Top Surface Reverse
24?cm

24Pcm
|

A‘MM‘:L}

|
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ol ol i

24Qcm

4|14 H 4

;

&

i

240
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— 0
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XC~1 ! 0'

g
XC-6 9

30cm
’_..

£
Al
<

|40,

c
o XC2xC-axc-5 |
.SJ_ E Slab 160 cm square
< =] Depth - about 10cm
Tm E 5pacinq of deformed bars
3] nominal diometer IOmm)
XC-3 =4 XC-1,XC-2,XC-3 : 10cm
E XC-4 ¢ 5em
S ] XC-5 : 7.5¢cm
v} tensil reinforcgment
— - +10¢cm
40cm : gcm Xc-6 conpressive reinforcement
:20cm

Fig. 2-3 Test Slabs
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) =X GIHkAEERNc s X ETEEENL

DT BHZLEREMET B30T, gipits
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HREHR) 2HAVTE LA, FafiiEy o 2~
7 v 7R Lk: 66 mm OHIWTH B, =2 v
Y M3, VF—3I7AR I av Iy~ bEFW, i
LAY MREBRL ISV FRAY FCH D,
R Uk shk, WERE)IET, Hil2.63,
HE2.79°hHh, HEHE, WBFRMTL)IET, LD
2.63, MfIE6.81THB, T-2-4 13, FRHBMARE
WV, av 7Y~ MTRBEORS v 7OREMERR LA
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Tab. 2-3 Properties of Reinforcing Bars
. Young
. . . Tensile .
Nominal Yield Point Elongation | Modulus
Slab Number Standard Diameter Name (lg/mm®) (Sktr(/sngt};) (%) (% 108
g/mm g/mm kg/cm?)
XCL.XC2) sp 30 D10 SIBACON 41.60 58.10 24® 2.130
X SD 30 D10 SIBACON 37.9@ 57.3@ 20@ 2.100
XC-6 SD 30 D10 SIBACON 38.6@ 55.6@ 25@ 2.109
@ Average of twelve specimens
©) ” of six ”
® n of five ”
® ” of three ”
Tab. 2-4 Mix Proportions
Maximum . .
Slab Number Size of Slump W/C sfa Unit weight (kg/m?)
u Aggregate "
@m) | em | (%) | (% w ¢ S ¢
XC-1, XC-2, XC-3 25 12 51 40 180 351 741 1132
XC-=4, XC-5, XC-6 25 3 56 41 168 300 801 1147

* Normal Portland Cement

Fig. 2-4

Arrangement of Reinforcing Bars

[DTH5B, 2av /) — DYV I FREEB XY, 7V
VHOBIERZE, 4% — R brv—v - F—IJFHEN
7o R L7cRHiIZs, BHO-F2EF GUmERkRAit
% DM-6H M) ®XUOXRvEEFyvus 57 (YL
BIEHRR SR EO-6 ) TH 5,

2-3 HREORE

B-2-4 Ti¥, SKHOBHRAEZR LTS, FTEH
CIFY-HEBOY.—-FEYWETTBRav I Y — 2R
WL, A7 v 7RHEEL, EHEEERBAGHIK (415%
30 cm), SIERSEEERERFPEEAR (4 15x15cm) 2 RUEL

Fig. 2-5 Placing of Conrete

oo 2V 7Y — + OREDEDIL, HIRNIRIREIEEZ
Foo PEAARORERIE, B-2-5 RETEH TH D,
etk M2 ~3RETHRERZIFhELATEE L,
47 BB TRMBERE L, LMt MBBEET, Ut
itk XC-1~XC-3 Tz EM, itk XC-4~XC-6 ‘T3
FICHRE L, JEEASR A gtaR AT, 24 REREE i
U, Ke384 (21°C) %177 o 7o, MEHEREESLER R otk
v, TEEERAER 2 BHETE, 1EIRMKIE=E (20°C, 50% R.H.)
KBL, RBRMHEIAY— R b~V « F— IR
L7, RI—{k CIEMBREERER & 3hic, YV /s
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BB B i SRk X D BB, Bt L,
3. BBH &

3-1 HEREOXFEAE
PR DITIKIE, AR 2m @ 4 EHTRE Lic,
XEE, B-3-1RT LS5k, av sy~ OEHk
TLAIC ¢16x2cm FREDEEL FTHDDOTH 5,
IR D 2 ~ 3 HiliiT, FHLIZEALZ LD BNV,
FT2B T, A5 7 4O ORI CEE L, P
%%&kawéﬁé’awg:or,%mm%am
E, PERUARSTE N o2 R Rk Lk,
i SO (L ZAHBVIIFETF) LAFTE
ORFEEAR 4T, FlAHINL, FEOEEE b oy
LERART 5L, WEEEOR F I TR, EiEfz

lmi‘ig. 3-1 Slab Support

AEER

W
Fig. 32

l‘estig Apparatus for Slabs (Series I)

&L,

3-2 WHOMMNAX

MATRAERIE, 2 MR R L Cdii L, ¥
bbb, Ptk XC-1~XC-3 ¢, H-3-2 KRELA L
57, BIMNCEDN Lic T — A vilhE oplings it 2 | v
7oo MMV, BUBRIEHT & OBUAMIT, 74 Vo f RO
FAN Ty o (N 100ton, PRINAHILIBIMETT
M) PHETHZ L s TRAiLi, A4 Ty y
*i, WEBROWHRIT, YN X > THiTEREL,
TiEDRIEDE ST WB T & &I L, Pk XC-
4~XC-6 DMIRTIE, ZEERIPITHIT L [
MR 2R L, 2hug, E-3-3, E-3-4 i5RL
ek ST, WA 7 v—a, EACBIRERHTIRE
P (MRS WEAERTR) X ISR TV, i
WIRFTEERE, NGRS KO, KEX by, ek

Fig. 3-4 Loading Machine for Slabs (Series 111)
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100t TdH - T, 100t FHEEABME L 1 ZIEF —DHRE, ¥
ErHLTVS, [MEL LT, AF7hiicl1SfEd
fERIMZ I, WA, ¢19cm OO HERTH
B, WHIORS B, 27 7HERREIC, ¢40cm
O 2 M L GBI EIE L, MEORO%
TE BTGNS BT, B & YGERRIIEE S +
gy ¥V S Bl

Wi, HEommEoET Ltk 1~2t M LR
X4, YEROECES £ T, MM 52 & 2R
L Ltz, 1fEICE T 5HEELORMEE, 31E, 10~
04 Ths, Thb, WHERL, WHEE, HEMRR L

1, WS R L TER L BBz e T
LT,

3-3 V¥R, LhirESLITUVTHLNOARHE

OFRE, V4¥—-Abv—v - -5—Y (@IE: =
v/ Y—tH 60mm, $i5F 10mm) #AWTEEL
oo BHEEEE, YU X IRBVTR, AV Ihr—4&—
(LAE KRR AL SM-4] &, FRLBEBRERSH
@ PS7-LP &), JyvrvavHes A GLAEXR
BREHE SI-4C W), =V 35— % — CHELBEEE
Ret® PS7T-EP &) LA, YV —A T KK
T3, HOTLORBEHIZENT 5D, $8T 4

OERLEHE, R-3-1 WRTEITH S, KETE,
FEBRETH, BELAMHEKCBEL, WEhE, B

T A LT HRERE GUIEERRSHE) 2 Vi,
Zhi, 74 ZE 0T HRIER (SD-5F M) XU,

Tab. 3-1 Test Process

. Loading
Series Ni]::mll))er kcf:]g;gr ((ﬁgy‘;) 1(’lat<)e Loading Method? Interval of Load Remarks®
cm
@ 61 ¢ 19 0t—15t—0 Ot—15¢ : 1.5t
0t—15t : 5t
xc1| @ 61 ’ 0t-17t, B 1517t D1t
0t—10t : 6t
® | 62 | 440 | 0219, B 10t-19¢ P15t
Ot—6t, 10t—19t: 1.5t
S . @ 6 | ¢19 Ot—28t, B 6t—10t, 19t—28t + 1t
0t—20t 1 5t
@ | 118 | 440 | O0t—33t, B oo o
@ 64 ¢ 19 0t—21t—0t Ot—21t D1t
XC-3 0t—21t STt
@ 65 ” 0t—28t, B 21t—>28t s 1t
0t—6t, 8t—12t: 2t
@ 36 | 419 Ot—~14t, B 6t—8t, 12t—14t - 1t
XC-4 oty 0t—20t: 1t, 20t—22t: 2t Loading test of
©) 49 0t—22t—0t—30t 0t—20t: 2t; 20t—30t: 2t boundary frame S~
® 91 ¢ 40 0t—B 2t 4) ‘. b
Ot——6t: 2t, 6t——8t: 1t
I ® 34 | 619 0t—>12t-0t FOC RN
XC-5 Ot—12t 4t
@ | v Ot-21t, B 12t-21t 1t
® 88 & 40 0t—B 2t 3)
Ot—6t, 8t—14t : 2t
xe| @ | [P0 OB 68t 1t
® 89 ” 0t—B 2t Eccentric loading

Notes. 1) Sign “B’’ means slab breaks at the maximum load written or during increasing load
2) All Specimens were loaded at the center except for slab XC-6 at the second loading
3) A frustrum of core formed at shear failure was taken off. )
4) A frustrum of core formed at shear failure was taken off and tension reinforcement at that part
was cut
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Strain Gauge at Reinforcing Steel Bar

Fig. 3-10

Fig. 3-9 Strain Gauge at Concrete Surface
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Fig. 3-13 Arrangement of Dial Gauge for Deflec-
tion (Top Surface of Slab, Series 1I)

3
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HGH= IS E - 1%‘

M5 2mm ETCORIXFETHEMEERL, Rl
OCUbhEstitdsz itk by, OUbhizkdk,
L2 AV CERTICRE LR TR, it hke
JHAWB 2 R X > CHEMIOUTbNREREIETE 52
LS L,

4. HERFEERIT DA77 ORBEEE)

-1 RBHER

2y sy~ OME, YvIREE K7V vk, &
4-1 TRTEITH T, R RT 52270~}
DOEFFAENL, ¥ Y — X TIEBWVTIL, 00350 kg/em?,
YU —REBWTIE, doe=5250kgem® ThH 5,

AT 7T DOCbh AT ER X, WERERR-4-2
CRTEY Th B, 1, OCbNRARNE O H %
%, TRZAVWE,

: ’ M,
)BT _

937 BLAE AR P 0.261
N M.
BEEN =

7932 B ZE AR P, 0.208

L, Me: OUbhBEEE— 2V M, TREZAW
ep,
M={0.310+48 p(k1—0.49)%|bh%ou

P BREBIL
ki BHEE (d) L& (h) O, ki=d/h
b: A Z 7 DOBAIIE
ow: VY Y — + OFEHE
s, MR E O ECH LTI e ¥, AK
WERMBEORBTH L TRE 7E TR T 5, ¥, O
T4, fobiOREMOFEMITH—L, F#HF—2 iTh
FRL,
4-2 DUHhOERIRR
A7 7 OREITE B E TOO Wb DOAERIRIT &5
LTHE S, ik XC-1 2k \WTik, HE6.0tDL

XA 7T THHRENEROTbhORERE D b h -

oo T-4-2 TIE, MDBMIRR IO, MOEE L%
RREFHA S T OO CbhFREEREOFEMEZRLT
WA, FEfIE, HREEZ LA ETH -k, Th
i1, SFEROBEC D X5, OUbhoRERRIRT
Bl tb—REBbh 3, FECHMEILITED
OO bhifix, A7 7 THEHFRRX D BARICFEET 5,
b, ARBRIER TR TOREEC DR T
X, 2WOCbh (secondary crack) T 5L, I
EXFARBRNCIR S OUbIER XU, AT TRk
ZES b ELTEL BT ENTEL LED

Tab. 4-1 Compressive Strength, Tensile Strength, Young Modulus and Poison’s Ratio

of ¢15%30cm Cylinders

Compressive .
Tensile Strength | Young Modulus* . ) :
Slab Number Age (days) ?{{rgzﬁ% (kg/em?) (x 105 kg/em?) Poisson’s Ratio

7 190 — - —

XC—1 33 310 24.3 2.33 0.21
63 341 27.1 2.31 0.19

7 191 — — —

XC—2 : 28 317 28.6 2.52 " 0.22
69 364 31.5 2.55 0.18

8 153 — — —

XC—3 28 291 26.1 2.62 0.21
69 345 27.5 2.49 0.19

X C—4 7 119 — —_ —
XC—5 29 239 23.8 2.32 0.23
XC—6 0 254 24.9 2.11 0.21

1) Average of three specimens
2) Ages of slab test were

XC—1:61, XC—2:66, XC—3: 64, XC—4: 37, XC—5 : 35, XC—6 : 33, (days)

*)  Secant modulus
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MBI Y 2 BT 28H=v 7 ) — + 25 TORBRANITONT

Tab. 4-2 Initial Cracking Load and Failure Load

Cracking Load (ton) Design Load (ton)
Slab I‘1\{I|easu1i<jd l
Series @ ® @ ® ® Failure Load
Number| Calculated | Calculated | Measured | Calculated | Calculated |Desing Limit| P meas
(ton)
XC—1 4.6 5.8 6.0 5.7 8.4 Steel 17.0
I XC—2 3.8 4.8 7.0 6.6 8.9 Steel 28.0
. XC—3 4.4 5.5 6.0 6.0 8.1 Steel 25.0
XC—4 2.7 3.4 4.0 5.1 6.8 Concrete 15.0
I XC—5 3.3 4.2 7.0 6.0 8.1 Concrete 21.0
. XC—6 2.6 3.3 6.0 6.0 8.1 Concrete 15.6
. Ultimate flexural Load Ultimate Shearing Load
&msNiiﬂ ﬂ@ P meas Moe® Yitzhakit® ®
Pzto?l); P flex P shear 1 | Pmeas —| P shear 2 | Pmeas ~ P shear 3 |_P meas ~
(ton)  |Pshear 12 (ton) Pshear 22 (ton) Pshear 32
XCc—1 29.5 58 19.8 86 24.1 81 42.3 40
1 XC—2 31.4 90 21.7 129 24.7 113 49.2 57
XC—3 28.2 99 19.0 147 22.7 123 40.2 70
| XC—4 38.7 39 15.8 95 22.8 66 23.4 64
I XC—5 33.6 63 18.0 117 23.7 89 30.0 70
XC—6 22.5 69 14.1 111 18.4 85 24.1 65
Note; @ Calculated load for rectangular slabs simply supported along four edges
@ Calculated load for rectangular slabs fixed along four edges
® Materials reaching permissable stress at design load
@ Calculated with yield line theory
L] ® Calculated with equilibrium condition of a frustrum of core
h3, A77FTHOVUbhIEELY, 2, 3tHZKAT ¥, M & 50U OTZRA AR+ 4 IRIE T

TEMCADVULhEWHET I E R T &R, Th
i, A7 7 LFDEMENE D DESRD Y F LI T4
T5H0T, fmoMmetic, vvbhitERL, X
g, ~VvFEBLSBEREEL, HED 2, EHFEK
WO UhIRD R & — VRR LTV, EERHLED
VUbh O ERORIEE, B-4-1 ZRTHMD TH B,
etk XC-1 T, +HROUbhBERSh, b
ZHHEIR L, IREAR T OSKGHARR LT, Lokt
L7l A 5 7" &miciiiok UTiT BB T, IREMEss
B AT TR T B LS BREBTC=v s )~ L OR
AT X DR L, ZOWER, BAS, Thi T4
LS 58EEELbEV, SMEBARTH -7
Pk XC-2~XC-6 iIT &\ T d, Vb ORI,
WEE, TRBogtitik XC-1 2FRTH -7z, TEHEOMIR

fk XC-1 & FIERZ At AT & » T Uik, W
T J61F 5 2 7 7T O ARTREER DIRILD 1 filix,
B-3-14 TR Ll Y TH B, ML, FAgEEIRT
a7 Y — MEABR T T LM LIbh B5TEER LT
w3,

fBeakik XC-2, XC-3 ¢k, WHERITLDIFIE 2/3 O
FIZHWT, 0.2mm VU bIITTR L7, Lotk
iz LT, FlcotbhifizilErss st
ﬁ?)‘o o

s, TEAMHEERIEC T 5 00bhOLRIRIT,
DU hIR OMIER; Rk, -3 B L,

4-3 X5 7T OHERBEITOWNT

M@-4-2, @-4-3 13, AT TSIz BiobAdht
DOFEMH LIMEHMER L b DTH 5, FURIIZIMLHN
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Fig. 4-2 Measured and Calculated Deflection at the Center of Slab (Series I)
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Fig. 4-3 Measured and Calculated Deflection at the Center of Slab (Series II)
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Fig. 5-4 Strain of Tension Reinforcement at the
Center Span of Boundary Frame
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Fig. 5-5 Horizontal Deformation at the Center-span
of Boundary Frame
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KA, HRIE D HMATE AP g i 0 LTS D g e &
A =I5 AR % B-5-5 RT,
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LEZ TR LI, Wihd, ERROFH N, . Pk
CIEHARMT HETH B, FE 10t BEE T, I
ik XC-1~XC-3 1%, BIERBECEMELRLTY
%5, Ptk XC-1 o, FiE» 12.0t WETH LA
WAL RAHRT B, WA 10.5¢ D& & DRI
ZREE, 0.04mm (139 DIED 0.01%), A7 7k
T 0.07mm (139 DIED 0.18%) &7x->Tw5, {
ik XC-2, XC-3 Oid, ASTHERTCEhFh
0.28mm (139 DIFD 0.06%), 0.15mm (11 Y DIFD
0.04%) t>Tw53, ZhLOWUEBEHRRE, =5
JOENY, Thibb, MR 2K R
STESMEAT b LBbh s, Ytk XC-2D1x D
CEWTIE, A7 7HBEORFEOHEC S VT TH
DHLT, THBETLT, LHEHIET 3 00bhsE
#gxhi, Thb, OUhbhiz, 277Xk icfzE
FTHEREAEIC X - T, BORAETLIEEMTE—~ AV T
(v otihic FBEZE— AV L), KEHFE-—AV T
12y olilic T~ AV ), WODE~AV L, H
AT HHANE D X v ER I BN ORERIC X 5T
RAELkEELLND, ik XC-4~XC-6 Tk, T
DOBREMERT B7cdic, HHIEY Ro3 v dd LTH Ol
HEDav s ) -t OOTHE JELL, #RE, B-
5-6 ITRTUY TH Y, HEHIRIE /NS RERE T,
1Y BB CIEROTA»AET 5235, RiEO LR &I
ROTRICBTT BEMEZR LT3,

FLOHBE D TEEEIN B AT THhLORAN N 2=
ARHH LEELT, HiEhU hEIERERD D & R 3
v R WT

. 111P
T4 516G
L,
I 2asv R
P JE0ERGE D il B 4l
G: & ABIHMERE
b: FLOFHRNE Y DI
f1: SEH, b WX 5 THEE S,
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&0 LU ol w225 T BT RIRERETE - A A 6
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Fig. 5-6 Upper Fiber Strain at the Center Span
of Boundary Frame

ML, MsEfiy, g 10.5t @& & 0=0.0003x 102
(radian) R 7 7T 0=0.004x 1077 (radian) %7R
LTk Y, §HTM 5=0.004x 1073 (radian) 3 & 0% 0.012
x 102 (radian) % F@E%,

PLptpk XC-2, XC-3, XC-5 DlisEfiiz, &IE, 01

<, BIEIM, 7=0.010x10-3, 0.005x1073, 0.011x
10~? (radian) Z TEIA{HTH o7,

6. [RRRERICEL DFHRBHFEOHN

R ARBRERER T bk, A 2 DIRIRER S & — v %8 2T, 470
5> DEIE Gtk H SIERI T &5k % equilibrium method
B\, virtual work method 12 X » ClIFREEEC X
BRI ZKD B, T v 5B RENTVH D B e
v (plastic hinge) DA WMETHHDOTHD LW
2T v, TEHMAKZ ORI, 0UbhifieFRLD
DTH5EE X TIHRMENMEZHEB T LB TED,
XC-1~XC-6 Dt AMEE T - Foicsd, BRI
& JIME % B U T SRRk RV as, T T CRERERELRR
X - TV Z kD X 5 2T 5Dk, EAMTHRE
flizkDBADELETH BT L &, —GlT TR
EOBET 5y, BEEILTHEDTD S,

Tz, B-4-1IRLAL51,XC-1~XC-6 DA F
7 DU O T R AR 16 D O- U i b3 11l
LTV 32, ERHEREOUT WS, i, RO
Vb hiE XC-1, XC-6 Tl v F LiRIB-RIES
Weir-Tkb, %, XC-2~XC-5 T, (ZIEMT
LB oTWBEVZES,

Johansen X, SehfijliDifidy, i MEERIRTBIC
%5 LIEQOO b, MRz, A0v
ChhiEAEO X S5 LERTW3ED, —5, &
E OEREERD> HH D &, FTHFRRIGISVWTni
XC-1 iz, Wiz Johansen D5 Vb & — v
BERbIRLTWEEWVZ XS,

ZOX5RT e, B-6-1ITRTOVbIRD 4
—VEEZTEL, TODNE—VITDWT virtual work
method %iEfI LT, BRI kD B L RK & 7

Fig. 6-1 Pattern of Yield Line at Calculation of
Ultimate Flexural Strength
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HREH=-EHE L - il

5, Thbb,

2(m+m')ra
a—r

Prex=

i

Priex : @R REBENGE

a T RFTONE

r DR OEE

m,m': FEDOKFE—AV
FhBE— AV MIXRATERD B,

m=pdfi(1-—~q)

2
a  : BREE
P T SR

Foo 1 BRI DIBRIRA,

q 2 pfunlfle

fle  © 2V 7Y —t OFEHEGRE
COHERHRITCRER4-2 KRLEBITH S,

1. A7 708ABRBRA

7-1 BEOHR ,

v sV - RS TORAMBIECE LTI, &
COEBRBPIBRLNS, &AM, REFTCSU
TTHROIMTHBET B L8 TE 5B,

a) ERFERGRIC R T SRS 5 Vi, ke

{2 (column stub) o;rfFEs~1»

b)  AFIRIC BT B A

©) FHMMERMGRHC ST 2EETKD = 7 7 #%

i‘glz)

WEERORIBIE NG A, WAME, SRS & o
BB X THRET 588, AT HWTIE, FHe, a)
ZHELCR®RT 5,

1961 ELARTORKIG 2 v 7 U — + R 5 T DERE], ¥ A
Wit i B U Tk, Moed prmkiiA, BmFERE £
LT it LCcvwa, £D% b Yitzhaki®, Longtd
L EH, HAMBERNTEOHER  ERPICIRELTW
59, THRBEELICE > TWwiy, Elstner fo Xt
Hognestod® 13, A5 7O AMGEEIZ & LCav sy
Y- FEEIR LB ET 5TV, 1Eh O AWREs
THITBPENTVRVERET, X5, RETT 583
BhHdLEbhs,

S AMTEEE ORI, Wik 3 X OB AT 2 B
L, £OMEBCELTH, MaRitxhTtwsn,
FREWLP TRV, BEREICSVTIE, 14 OB :

R DWERRZERCIEEL, BELRET 5 ER
BRI ERENC R AM ORI & ked b 2 L3N &
Bbhs,

-2 RF70VAEBBEICEY 3:8MEH

A7 7 AR E 2 LT, AR O4:
CfliRizBi LT, £-3-1 TR+ X5 % EmERS
EiELik, THbb, HiEtk XC-1, HHEK G, Htat
& XC-2, WiHEIHK @, DREiiy, HMIREAIAL,
¢ 40 cm OFW OFLE 2 A Lz, HLatik XC-5,
RS @ B LT, BHEER @ kv TE AR
BWEREUCALWMBETO=v 7 Y — F ONgEARS 2%
EL, HMHEBHIE, ¢40cm OMB ORI EHV
THEE2TE o7, Pk XC-4, WHEHK @ ithsW
T, SHORBHEEShHKHEZON L, HEOWMMNAE
CHRITHMFTAIERENZO L LT, ¢40cm DOIfFHRE
VT Ui, DLEOWAFEBE, A7 7 Odhici
EMETE LD TH B, Hiatik XC-6, HifiE K
QEHEWVTI, B2 AS7 hd»d, BEEFH
MiZ, 25em {RL S, FHEREE L, HBRRED 1

Tab. 7-1 Failure Load at Additional
Loading Test

Siab Number|  BL 5 D)
(ton) (ton) B
XC-1 17.0 19.5 115
XC-2 28.0 33.5 120
XC-4 15.0 8.4 56
XC-5 21.0 25.0 119
XC-6 15.6 12.8 82

@ Failure load at first loading test
®@ Failure load at additional loading test

Fig. 7-1 Elimination of Frustrum of Core and
Cutting Tension Reinforcemet at Additional
Loading Test (Slab XC-4)

— 168 —

s



JHUHME D 2 FT B8 v 2 Y — + 25 S OKBI e owT

.*P . Looding plote
( 2 40cm)

Crack line at first loading plate
(o) Slab XC-t, XC-2
‘P

7 SN

(b) Slab 4C-5
‘P

g N

(c) Slob XC-4
Fig. 7-2 Type of Shear Failure at Additional
Loading Test

Reinforcing steel! bar

BE-T-1 R T B,

WEEERL, R-T-1 RRTAOTH 5, WEoMIK
i, B-7-2 b LORLA K S, 3Tl liTE
5, etk XC-1, XC-2 &, Ifilg ¢19cem iTkiT 5
L TERIERDIZIK DAREN L FGEEIR &2 U 7o LR 45 23
EEhTws, BEORE, 1 E ORI I
F5LEMMTH - TRALWHOMBPERE VAl
WEEE 2R S EANIC X Dk L7,

Ptk XC-4 DOV, TE 5T X U HDHH
D 2 H MO Vb A HE S his, f£dHEOUUbhik
LT DUEHAR D S0k, Ho2Z, Obh 4 FEHs
ROLNRBIEE > TH AT 7 THTHE, &AB%E
DOCbIIR bhind o7, BT, Ldogatik
XC-1, XC-2 kb x5%, WESELEAEXLT, &
V&, MEAHHOOUDIAIERL, M-t AR (7 LIk
AW 24T B XS RIBIECHET L,

Bk XC-5 1z T, Piiilik XC-4 iz i) B L I
FRICIEEL D516, #4750 2 HiD O Thhpsign bhik
2, WHDOTbE»5 S5 LTHITE 2BETH -
o LIhio'T, M TIFERIRIRFI G R ERV TiE, R
7 7 ORI AMNT X DB R T 5 03 v & R
bivs, W, Ptk XC-1, XC-2 ki &, (&
EFROBDH DO I - TH L, ik s
TEMESDDTH o7,

Pl ik XC-6 1ML I 2 10T L2 iEr T 503, 1k
BEEIR VT, 38 1 Bl DIERTRERIC 351 5 & BIERRCH 5,
&AWL v, FLEIRNE 0 AR ELE LTV 598,
T ABWROLEEBIKENT Vv 72 D ik, WEOIFIK
W, RH5ChoT, WHEME ALY TE-TWS,

WERTF I, R-T-1 »53MShR XS, MHis

W aREL, SR LA, Wotifemzit
WAL, ¢19cm DIRHIARIC X 54 ARTURG T &
BE 20% kB - TV,

7-3 HAWBEORE

MV — AT TORHAMPEERD X Sicshy
BLEXBLict b,

1) 1Lk & & AWK

2) AWML

3) HHBILH O bikE

4) AW &R IR

U & & AWTIEERNE, MM = v 2 Y — P DR AN
JENEEHE AMTIGEEICEGE U ki Rt T 5 b o0,
Wl OPEEA XC-4 O B @ i1 5N BR O
WE B MO (H-7-2 (c) iTHM) 5, Zhitiy
T35h0LEbNS, Thix, MM UKENTICk
WTRLhBBRTH D, — ks V-t A
FTREBOTHEE 2 BLERZVTHS S,

PR ORI 1 5, WEBIEoa v 2 Y~ +
DEMOTHOWsERL, 4.2 TR X Sz —2000x
10-Sem/em 2 2 xvy, = v 7 Y — FIGHE 250 kgfemi~
350 kg/em® |Z ds1F B K OF A4tk — 4000 x 10-8 cm/em
LAbTh b SIERE, 2he, XS5RTEMTD
2 lvo

AEBRIZ B VT, A7 7HBBE LAY, Mkako
TREEER S 2 BRsk U C R BRNTI 2 90g% U ae, S5O0, 460
L UTE-7-8(a) iR Licds, WEERANE, RTGHA8 M85
XY —SEMECTH» WG OME TR L, 20
TR LSRR L o7,

WRERTRL DIGIR 2 IEE U7 8l & LTy, Moe®, /i
WD, T X DB B, Moe it, iz HuRHE
EHTBUMEIER 5 7 ORISR 2 JHE LT, ik
HEOMEFITIL AR, ThEliLTotthh @ 4 K IR
DL, WSO AWM ABIER L TVw53, Thitk b
&,

1) (FE30~40° OFMMEH L, 27T LEMLT

BT 3 00bh

2)  ERRENHITE, EE 20~30° BULE ORMY B
AT B85, hILBIEHE X D MEESRIML, Tk
BWTIE, A7 7Tl FEEE%T 3, 2O0Cb
hid, Eovhbhsafdsiky 0 bhieBiTL
TETH B &b B,

3) WHHZ, FTRBRIRTYAIFOUbhe
A BRI DO Thbha it REL, 257
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Fn AR
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(a)

shear diagonal
tension crack
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TP

lo

(c)

Fig. 7-3 Type of Shear Failure and Dowel Action

Tab. 7-2 Inclined Crack of Fracture Line at Frustrum of Core Formed at Shear Failure

Moe®> Koyanagil??
Name Slab XC-5 Shear Azumal®
Shear Failure | compression | Shear Failure Flexural Shear
) Failure
. Failure
Inclived, Angle . 27 28 39 50~60 30~50 20~30
D AWBECE 0 Cbh WV, A PU—V s F—TORESLEEE VWi o

DOIMCHPTHLENTES L Bbhb, 3) Itk
L0 bhid, AFEROBERE & D CHREI L
MERLTWS,

INIIE, A F AP E VT A 7 7 ORI g
BREE, BT ABTREES, HABTBEO SHERANL, %
EOMREZTFTHRIEIEEMARIKREL RS LT T
5,

Wi, EABEOEM AT, Fbd TEE T 20~
30° LE-TW5, '

F-7-2 TR, ZThOMEEP LEAMPELZECRE

Bibh 3 kOO U B R KD —ELTRRL

b DTH5H, ThitkbE, RERTHT 5 ik &
XC-5 DUEEMFEM AV 27° TH b, Moe D350 H-10
DRZ7DFNE28° THY, WERARIKITER—&%
zbh5, Ll, OCbhOBESIASE AW O/
iz b OBEOEEMLY D 5»FWETHY, ZOfEM
I LITa vy ) - PEEREOERICEAIhD L
Bbhs, S5, #idlixdcilfigox vy
Y — D JEHEO T A%, —2000%10-6cmfem # iz T

2, ZOWGFOOTHIERCIEL Shic LIZF VI
25, WEOBRZ, TAMEMEREX D IHD3RI O
ChhiEcd s L Bbh 3,

Lied-T, BIEHERRE,OHET S E, FERIT
BIFTBHART T ORERE, 2v 2 ) — FORDFERY O
UChbhiz kX DETCTE Y, DR O ERER
HEPRER, BFBOFY = V2RI X » TER S
LEZDORERLBDIS, Thbb, WE 2R
ChbihELTVSED, HEORANEIIAESRER
BEVHDEEZBE, FERRCHIEOWHERE, ED
RHEBOWESEM L LEXDZLITEBTHS
Do

-4 HANBETERERAO®KRET

7-3 TRk Sk, BEBETO2v 2 Y~ MiD
WEE, £1D3RED 0 Uthiic X B AW R 8 2 T
L, Ld5%, gHo&y - L4ER (dowel action) i X
LEHAMGIEHIWEAAE L TRETSTHA S &b
Niz, Sfra v 7V — MEZEWTIE, 2 BREORkE
FRAELTHIVTLLAE 1 OHDFE D O E
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JEHURIME D 2 EH T 38 v 2 Y — F R 5 S OB icowT

BRI E D o THBEM DOWSE L WiET 5 T LT &
Bbh s,

B, HOPBITREM:, WAk, WG, A7
TOHIRE ERIMRT S, FoFRY 0TbhiZ X »
THET D AT 7 O AW EETTII % EMITHERE 3 5 J7Ek
kb STV, %< ORGSR 2 L, R
NOAHRESh TR Y, oK REN 2, 31
W UM% Lk, EHoliIoflEN a3l 5,
s Fho i, |-4-2 KRTAHTH Pk
A CHEP L DIt R R L,

(1) Moe®
Moe 1%, HIRERE AT EATY, 7—-Fv/
T B DOS  DEREERESH T LT, #Hk
5D, TR T BN ERE L,
15(1—0.0757"|d)bd ¥ fc’

14-5.25 bd v/ f¢7 [ Priex

#2220, Penear @ A AW

7’ DRI O E (i), r'=ar/d 2T B,

d ¢ AT TOFEIEE (in)

b s RSB (in)

fe' s oavy Y- OEMEGEE (psi)

Priox : FRARKRENERIT X 0 3ReDd Bhvic g g
B (1b)

B & R fti DMz i, Piitik XC-4, XC-6 ¥
LTiIEE 10%, XC-1, XC-2 XU, XC-5 itBL
T 20% BEDEBRD bh, T, XC-3 TRl
EHIHOIE L5 5o TV B  ZhBITM LT,
DToMgchkTsdo bbb,

a) (7.1) RNEKRDBITY o TIHE & LA

ViVo+C' V| Viiex=1.0
WCEWT Viex 1, 3WICHEGG ) 0 MRER RS
D 12TH HEREEREZILC LT, kD TV 523,
AWV, Vo it LTE, 3WITHERN b
hTtwine e,
b) Vo o

(7.1)

P, éllcur=

Vo=A'bd Ty .
K XU, r/d O%hRE
(1—cr/d)
& LIRSSz &,

o) AERIZRWTIE, AT 7, Wik LT
Wi, (SO EREIRT B i, YNGR
T B 2RI L UTE SRS o i 1
Prox %M E LTEHATWELZ L,

d) JURR (7.1) &sked B D kIO Pl
LCEBE L LERAT 7O TwWa, ek
iE, Moe ORI VeflTiE, fe'=350 kg/em? fi
o7~ 2 phive , d=Tem BEOIE &
FTERFTF—apbne i,

e) Moe OROFLUCY » THVERT 7D i &4
&y ARRCFVI R 7 7 Otk L DR, B
“T-3 4R D T o T, FHCIRBIEE, SRI7EE
KRERERRDLND,

(2) Yitzhaki
Yitzhaki -t AMTEETT T3 B s Tl
DiLHTH B,

Pshem=8<1—%)d3(l49.3+0.164 212

Q+05{}) (7.2

fc!
Sy )
d: X7 TDHHGE (in)

L, ¢ P

P WL (), =TT,

TSR, R|-4-2 R LAR X S, SRl
DLLHt 66~123% OREETEB L TH 0, 4T, K
Bt TE 56085 < Roh s, Yk XC-313,
At T % 134 20% FUE LR 523, %57
AUEEMDMERNIL, DX S BRYIREIDOR 5
TAD (7.2) ROWH FengRs, (7.2) L%

Tab. 7-3 Difference Between Conditions of Moe’s Equation and Ones of Test Slabs

Moe’s Equation

Test Slabs

Loading Method

Column stub

Steel loading plate

Dimension of Loading Plate (cm) Rectangula 20~35 $19
Support Four edges simply supported Four edges nearly restrained
Effective Depth (cm) 11.2 6~9
r'ld . 0.9~3.1 1.9~2.4
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B -EAEE S i

IGET 5L, BANREELT
v=149.3+0.164 p fy

BEONR5, Thik, wAREE v 235 pfy DHOD
ML LTEDbED T LETRT DDOTH B AR
WMENEE LTIV s Y — FEE, St AR
HE—AV M MVd ik 5 L0510 FED
HxH et 5, PEttk XC-413, EREMSFHE
%131 35% TE B, XC-4 Ok, Mok
e L4 < p=2.30% TH5, (7.2) KLk
% & Ponear I LEKAFLE D5 2 2RENIZF L Va5,
AR £ = L YEFH (dowel action) 73 & DiRETH B
b SRR OB S B ER SN 5 E T, 8B
BARELEAMT A ZABLENTHS S5 LH LD
h5, zhps, RERFKREL Yitzhaki ORERi
v—FRRbhih—E L Bbh3,

(3) SIB VG X VKD AN EE R

WRBE T OMMEEKROWEEE T 5 kIREHS %
WhHLT, ho¥yadvwikeEi bz dickh,
FAMTHEHE R HET 5 2 L2 5 5 [-7-3(b)
KRT LS CHDIBEY ObhIiz X b, TANE
B REA M ERIGHBERT 530 E#% 23
}:’ .

Pinear=(r+d cot 0) o; wd cot 8 (7.3)

REL, 7+ WESOERE (o)

g 27 Y~ O5EERE (kgfnt),
00/10 k‘j’?a
0 : whiEEOHEMA

HEHERR, ®-4-21RT X5 IEE, EREO
40~70% DHEF T35 2T b, etk XC-4~
XC-6 @ Prest/Peal W XDHE, 1FIE 65~70% O
WD, Zhix, SAWRES, ok
{EHIhRZVWZLEZRTIOLEbNh S, fElK
XC-1~XC-3 13 /H:0imE » o Blko EEh 513
E, Thhbb, WELEOMTE— 2 PO
WiEE (7.3) RTE LWL EDORDa v 7 U ~
MEDEENEMET, HHIRES AR N 2 H#EE L
BrriemrTboLibhs, HUOMHEEDH
XhATTRBELTIE, MiFE—2v OB

BLTREBET 30855 5,

-5 5 7DOEAMEH LS
A T 7 DIRIEES DO A0 TIFE R — T HEI L D 2o
T 5tk XC-4(p=2.3%) & XC-6 (p=1.13%, p’
=0.51%) O#BMIZHETEE, F4-2 THEFRL

okSic 15.0t X, 15.6t TIZIEF—O BEEMHT
ERLTVS, EMEEHIEIAS 7ORAMNREEAL
AELBEVEFE L LN D259, FERICHEMI LR
—AHEHER BT 5 p=1~2% BEOHMHILOZIE
AT N C R E R E L2 RIFX RV LHEEXNS,

B ARG A £ 7 = L EA] (dowel action) itk b, A5
TOEAMNO—EEAIET B L{HE LTIV, BENE
ERELTH XS, B-T-5(c) FRT X 5 icgipic i
TEHEARS ss BEM b KsWCavs7y—t+D5
RIBHUC & b S h, BHERNC VTR, SRR
X oig—Lah b DEBc—Ricav 2 ) —t+ D 3E
E o BERALTVWS 3D LT3, fIBBEEYOTDH
hOBEM % 4.1 5 5131F30° 235 &

ss=aulo(r+2 V33 +1o) (7.4)
7B L, St Ay AR X DS AIET BHE
r o AR OEE
d: A7 70RF%hEX
lo: £y AEHOET 585 OMALEX
gt 2V ) — + DWBE, =010 T35

ERFERD L, £ 7=V EANELREELDNDK
MO Lo 13131F 5em 2E2 5, Zh, (7.4 Ric
HATB L, se=18.9t L7 D, Htitfk XC-4, XC-6 D
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