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STRESS ANALYSIS OF CONCRETE SUBJECTED TO SPLITTING BOND ACTION

B WSt LE
By Tetsuzo KAKU and Mamoru YAMADA

In order to investigate the splitting crack patterns due to the wedge action and dowel
action of deformed bars and estimate the splitting bond strength, the two-dimensional

non-linear finite element analysis was carried out on reinforced concrete members, The
wedge force or dowel force was replaced by uniform or non-uniform internal pressure,
respectively, and the subject of analysis was limited to concrete only, Concrete cover

and bar spacing were selected as analytical parameters,

The analytical results show that three splitting crack patterns proposed by Jirsa and
Morita : V-notch, side splitting and corner splitting type are also observed by this ana-
lysis, and that the dowel action aggravate especially the side splitting failure. On the
basis of the analytical results, a tentative equation to estimate the splitting bond

strength was proposed.

Keywords : deformed bar, splitting bond failure, wedge action, dowel action, finite ele-

ment analysis
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Wa. ZIEERE, o #EHOREIH L TARRT

-
iz,

B-3

od/th

0.5db  1.0a6  1.5db ° 0.5db
X ! distance from X

bar surface

E—23 ZIEEROE® (A series)

. distance from X
bar surface

E—24 ZEBEROEE (B series)

T0.5db 1.0db 1.5db
distance from

bar surface

B—25 7ZIZEROER (C series)

1.0ab 1.5d0 ©
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%3 FESOEREDLE
Specimen Number cain s db t Morita’s Experiment Author’s Analysis
No. of (em) Cem) | (am) | Ckgf/em) | © T bu Failure | Thu Eq.(13) | @rbu Eq-C12)| Failure P
fare Ckgf/em?) | Mode (kgf/cn?) (kgf/cu) Mode a= /D
1 2 3.0 20.2 19 172 26.7 C 11.7 53.9 C 0.495
2 2 3.0 20.2 19 208 28.3 ) 12.9 59.4 C 0.476
3 2 3.0 18.0 25 199 25.0 o] 11.9 45.0 o 0.555
4 2 3.0 20.2 19 227 28.8 o 13.4 61.9 C 0.465
5 2 3.0 20.2 19 227 30.4 C 13.4 61.9 C 0.491
6 4 3.0 5.5 19 227 18.4 S 13.2 43.4 S 0.424
7 2 3.0 19.0 25 227 28.0 C 12.7 48.1 C 0.582
8 2 3.0 20.2 19 262 24.2 C 14.4 66.5 o] 0.364
9 3 3.0 9.2 19 262 24.4 S 14.4 66.4 S 0.367
10 2 3.0 19.0 25 287 25.0 Cc 14.2 54.1 C 0.462
1 3 3.0 9.2 19 277 26.7 S 14.8 68.2 S 0.391
12 4 3.0 5.5 19 277 19.9 S 14.8 47.9 s 0.415
13 3 3.0 . 9.2 19 277 28.6 s 14.8 68.2 S 0.419
14 ] 3.0 5.5 19 277 22.7 S 14.8 47.9 S 0.474
15 4 3.0 4.7 25 255 17.5 S 12.5 29.8 S 0.587
16 4 3.0 4.7 25 255 17.8 S 12.5 29.8 S 0.597
( 1kgf/cm? = 0.098MPa ) Dimension of specimen : Bond lengt 50.0cm
Overal! depth 40.0cm
Width 30.0cm

0.6}F B a
A
0.5F
i o8
HE o A
I . B
3 0.3F g ~i
0.2f <
5 ,, A corner-split
0.1pr a2
e o side-split
6 2 \ L L -
5 10 15 20 25

S:bar spacing (cm)

E—26 o EEEFRO & & ORR

BV, BICHEHORBIC &V side split DO T bhhd
TFHSINA5BE3, NEHREEEZEL (R DL
755,

4. FEBAEDHTE

3.(1), (2) ORL» SHERNOHBHOBEBIZLY,
BBy 7Y — FOISTIRENERZY, OTbA
Y —vR, FANITHT HERICERBECSH &
Bbhpotz, $ 2B 1) — X (side split I b )
OWIHEI T, EHBOH EH+5H->ThH, SHE=E
RBVTONASBRELRT L, HFHOZIZERICLVE
EsBRINS.

LT, IhETORRERED &I, HEEHZE
EOHEERIIDODWTERT D, BERIIHILVLUTORE
Z12TA.

D 3.(1) v, side split OO ThhMEIR §=
90°, corner split ID VD UbNAEIL =45 &7
5.
@ 3.(2) &v, VUDbAFADIENFHEEIR (5)
® Disk Theory iZ L »THEhHHE 5.
® HHHHHOHBSHOAHE—ETH5.
B, MEARKEHE—FEDHELILA YY) -X
(V-notch split ) 1%, EEORETICHEOLNSHILE
EAERL, ERNIEBRIBOOTRIT 5.
RE®D &0, OUODhETOFEEN L,

B flre_a® (BN o
ST de b—at <1+ x’) dx (9)

2T, ot DUDNRES

BARIGHE, #BEEOa Y 7)) — MIED

Un.maxsz‘b,af}<1+%z) .......................... (10)
EnrBb, BREgHCLIZav Y - OERBEE
Eghid, (FTEREENRETIRMER, KX (9) &
BT arav=fep &85 EZE, K (10) BT 01 max
=fo LRBEED2BONEZIONDE. [k, BE
BHOMI UL SRETIAROTDLILOEESFIC L
0, —HFEREBELV/PNEL

Foom=ay/Te (@<1.0) rerrernmmsnmsmsnrensenenies (11)
EEDLEBTHAH. a DEE, EITHFOTOADSHE
ERMICKERZZITLLEEZLNZY, ARV ODbLE
B3 LOBRCER, iITiRUca vy 7Y — FORESOD
BERTRERRPRLZY, Tho0BEKELTe iR



TEHBMERE ST B2 7Y — OIS

ETHORETHSH. 1z, BEI LN, B0
KFERRIZ & VRO b ORERRMRLZ Y, 20
RO LN L OERENZ<LEIY 7)) — hOZE
EERDGHBO O E2REINBBERD 1 > TH5H &
LTW3a., 342bs, $BHBOHXITLY « DENIE
t3a2:bFBINSG,

K (10) &K (11) KO NBHBRE o, 13, SR
I 0r.av=Fop ERAV 1 HE

a° lc’r'm

Tou= P PR CUTTPLOPPOIPPRRES (12)
a b b
y—¢<“+7_kﬁa)
EEZ@%FHZ Ut~max=f3p ’Eﬁﬁb—‘fif%/a\
* fc
Tou= aza .................................. (13)

s Q+93

g A
X (12) DVUDOIES I, 1, KED &Y
sler=28/2 (side splitgl_l) ....................... (14.3)
clcr=‘/2—(cmn+db/2)_db/2

S #HBEDOH %
Con - RANDPZY

OO bhsvy— S side split B2 /2 % »» corner
wmﬁm&émudﬂtJ”®k¢§%uxof&$
5. K (14) &

J‘ J‘z

e
PR

Cmm> ................................. (15)
DExE 51de sphtﬁg
2
Cmm<£ S+‘/_ ................................. (16)

D& & corner split W &7z %,

F—3 1HE - BHOBBERGO L0 Y F LS8
HERBROBRYER (12), R (13) 2HBLLZLD
THB.

R (13) 1I2&5 tu/a BERBELODRVNEL, @
1.0 E0KRELLVFENSEC S, Thid, S
RORIEBIENSHEORECRAITSEELO>ND. T4
bbb, ERTRESHEHAAONBSISmIE—RICIER
59, BEEE USRS HOBSEMSThI
TR CHEBRICESH, FHECREHMTRmONER
Hafmid—EE L, FERILZRITOIZVFERKCHEES
BERELIZDTHA D, SELENRET 55
Bh o max=So &F BHITIE, BHEHROAERESHS
, BEROIGCHOBHEAM SO TERT HNE
BHH3H. 123K (13) TiF, 0Tbhy — 0l
WTERNVEVWDEFRYH 5.

—7#, R (12) &5 ru/a BWEBRBELY HKEL 2
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D, e ZEAVNEEBRZER23HBATE 5. X (15), (16)
WL BHBELERTOOUDINY -V E—FKLTW
5.

A (12) ZH WAL o OFIEIL, side split BIT 0. 46,
corner split BUT1X 0.49 K& LB H SNV, &
Db xE o OBIFREZR—26 12773 A5, HHERRIEA
WkH5TH5. TeLAH, BIL, 3V 7 Y—2FTRULE
HEED o« DEPIEEITENILELE2EZ LS, ald, 2
v — FOITERRE, GoBEOORE, E85EZFICK
XLHEKETELOEEZONS. R (12) 1T aay=0.47

CRRALT, BERE Oz WEEONEEIZEER

047+ ler i/ T2
Tou= 3 5 ramrentR RILIRLIIIL RN LD (17)
a <l +b b )
B¥—ar\"" a I.+a

pBohE. Lirl, o T EROENZBERS O M,
ﬁ%mﬁmwﬁ%mﬁﬁﬁmﬁm@ CELEFN TV

AEELH Y, TS EVHICTHET 20 EESE L
TH5.

5. #& E-
RSB <3 OB £ O AR KB dowel

action »5, HHAEABOD I Y 7 ) - NZED LD BEE
RE2 B0 ZRCEBRERETHENL, DUTO XD 24
WS, :

(1) BESHO< SCERIZ L 2HBSIROUDbA
12, Darwin-Pecknold EFNVEZHWZBF L VE—6 D
3EEMEONI. Chid, ERTREI NS hoER
EEAVBRROUDIhNY -V OREERELDZLDTH
5.

(2) »&a#Es Oy 7 ) — FFEMEIZIE, Disk
Theory TREHBATE L VEERISHFELSB. Zhig,
HEVAVI) - FOBVIEHOEELZAOND. &
HETFOaY2)— FEEIKIE, ZOROERICESD
UbhiRESTS.

(3) OUbNABEOEFIRISHISHIEL, EO0UDL
M¥F — BN TH Disk Theory it k- TEkb I
ENTES.

(4) sidesplit OO ObANFHRINLMETI,
1D 2 DOV hh P FREINDMEIC N, 12IFEH
DEBOTbOhEELLBET 5.

(5) X (15), (16) Tk v, KEADOHHORED
5, side split B & corner split IO D bt /N5 — ¥
DFIBIH T H 5.

(6) X (17) kv, BHEEHOLNBEONEHL
BURE DHENTRTH 5.
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