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Study of the Shear Fatigue of Reinforced Concrete Beams

Hifumi KAGAMI, Kazuo FUTATSUKI,

Masaaki MIURA and Yutaka HIRANO

Abstract

This investigation, involving the testing specimens — 6 specimens for the steel baf under reinforced
concrete beam, each 4 specimens for the steel bar over reinforced concrete beam and the deformed
steel bar under and over reinforced concrete beams — subjected to 2 concentrated loads in the state
of a/d=1 is to research for fatigue limits of reinforced concrete beam subjected to shearing repeated
load.

Then, the authors described the variation of strain and deflection, and described that the judicatory
standards by a/d of the failured boundary may be applied to reinforced concrete beams under
repeated load as well as static load. Additionaly, they described that the calculated values by the
theoretical equations of deflection, bending moment and shear force agree well in the values of
experiment.

Roughly speaking, the fatigue limits are thought that the steel bar under and over reinforced

concrete beams are approximately 45 per cent, and the deformed steel bar under and over reinforced

concrete beams are approximately 40 per cent for the failure loads of static tests.
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Table 1 Maximum load and levels of load in the fatigue test

(Unit; )

—

/

;\ FEach terms Statie failure

Fatigue test

Kind of beagms\; \\,,\,\, ]oid: Py \ Maxnmlierbload Levels cﬂﬁ?
‘ 9.0 | 5.54 0.62P.
x
\‘JR(3 10.4 5.54 0.53Py
Steel
\ 9.0 4.05 0.45Pu
bar beam \ f \ #*4*4;7“”‘
ORC ' 18.1 \ 9.06 0.50P,,
o ”m*,uﬁ,;g,l 15.5 ! 7.30 | 0.47Pu__
| 120 5.40 0.45P,
\ URC
Deformed stecl‘ ‘ 13.0 5.40 l 0.42P,
bar beam
‘ ORC i\ 15.8 7.65 \ 0.48P.
15.2 5.74 0.38P,

BRI BTN E, 0TS, thBRERD
BErUTc, 27, S URC, TR 2 IR
OREETERD 62%, T/sbb, 0.62PS & UTHEHINT
% ¥ 565 E TR L, 0.45Pu%s X 80.53P. DEEIL,
B ELSHIRBOBBENEL D b RESLD, T
FAIL0.45P, TREIGETH B, LORXH T,
<$Axxi1m0,tbéi2%bfbé.%%o
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Table 2 Designed proportion of concrete

Max, size of, o-| Slump,| Air, W, C, w/c, | s/a, S, ‘ G,
arse aggregate, \ |
mm cm ’ % kg kg % | % kg ‘ kg
—. H’——‘r e ——— i - S —
20 | 3+=1 ‘ 2 ‘ 185 ! 223 “ 83 i 38.7 753 | 1,195
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Fig.3 Positions of paper strain gauges
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3.1 EEngorss

Table 3 ¢y for concrete specimens

\Kmd of

. beams U R C O RC

- ' Steel bar beam | Deformed steel ' Steel bar beam ]\ Deformed steel

|
ELhterms I bar beam bar beam
Kinds “[ No. 11 No. zr No. 3" No. 1| No. ’ No. 1| No. 2[‘ No.1| No. 2
Slump, cm 16’ L4i 21 2.4 20 1.9 0 25 2.0
Air J 2.2 1.8 220 21| 21 2.1 | { 20) 2.1
gey, kg/cm? 1 138|155 I 144 185|180 16| 1331 145|158
3.2 #REEY VU bR ‘*Photo. 4, a, b, Photo. 5, a, bitsRg =& T

O HFADO VR, L8 URC, ORCi &2
Photo. 2, a, b, Photo. 3, a, b, F#HZURC, ORC
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Photo.3 a Left side crack of ORC steel bar beam Photo.3 Right side crack of ORC steel bar beam

Photo.4 a Left side crack of URC deformed steel Photo.4 b Right side crack of URC deformed

steel bar beam

bar beam
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Photo.5 a Left side crack of ORC deformed
steel bar beam

Photo.5 b Right side crack of ORC deformed
steel bar beam
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Table 4 Loads of shear failure and break down

Each terms Static test Fatigue test
Failure| Break | Failure| Break Summary
: load down, | load down .
Kind of beams 4 ’ =2 Levels of Repeating
-~ | el | PO P [ P [ load) iy mumber
No. 1 90i 12.3 — 1z7f 0.62P. | 5.6x105
URC | No.2! 104! 1231 11.6] 126! 053, | 106 o
Steel bar ‘ |
No.3| 9.0 123 10.3| 12.3| 0.45P, | 5x1050
beam T ‘;I‘*" *[’ T I }’ e .
ORC 0.1 ! 18.1 % 20.1 14.7 19.0 0.50 w 3.2X 1050>
o . No.2| 1;757_;' 16.3 | 13.9 | 18.1| 0.47P4 | 108 o
No. 1 12.0 | 13.0 9.0 10.2 0.45P, 5X1050»
URC |
Deformed steel No.2| 133 151 9.0, 10.6| 0.42Pu | 106 o
: ~=-= AL L V.0 VAl 107
bar beam ORC No'lf 1580 21.2 12.75) 15.3 0.48P. | 5x1050»
No.2' 15.2 21.3| 143 17.4! 0.38P. | 105 o
3.4 1-HIRDOAIEFER
13D AR PRD I B, BINERERTIZIE 4 Y 4k
Fe2W ko, WHRB TR AT~ A8 AL — i k ; ,
DTHIE LT, S8 URC, ORC, HEjZURC, ORC g No. 3
LB, BEALFKONELNE2TT0OT, 20— & 2f
Gi%7RT &, Fig. 4a, b, Fig. sa,bo2<eas. ||
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€ {D/@— N0v3 0 5.5
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Fig.4 b Load and repeating number-deflection of

Fig.4 a Load-deflection of URC steel bar beam

for static test

URC steel bar beam for fatigue test
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Fig.6 a Strains of URC steel bar beam for static
test (No.2)
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4.1 a/d [XB&HO> 7Y — MEY OB IERIE
oHED VIR LEEEHAEANOBRICOWT
M X 0, a/d==10pk, T2 p=n/(n+1),
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UIshiDT p=0.834, & AMBEEHSIT 3 2 581,

Y2V~ OIS HUTERRTH 205, 20OR

BT 3REEH, U7epioT 1n=0.56502E% 5h 2.
a/d==5_65k~8§.34k

C LT, SARBHBHEIZ, a/d p3%95.65k LI, @

AM— T B EESERIY, a/d 3K 5.65k~8. 34k, (if

TR, a/d H5f98.34k L EOBATH 5.

37

KD kD, kL ok,
URC D] E}ﬁ, k:PTy//l, Ty:dsi//GCV; D: %fi’l
ORCODHE, k=5250p+ +/(5250p)2 + 210002 scyp

7i nrey
Z DRGSR T L Table5 Dk 5 TH 2, =, Sit
HMORER, F ERRE, S—F 3eANEEes
EP

Table 5 Judgements of modes of failure of reinforced concrete beams

Kind of beams g/; k lcj;'n (Fo?r{l({lla) i!(Epo?Jdment) Judgement M(()%S(Spg'fiéegrllltl)re
s | 1.470.382 15.05 2.16~3 19| 1.20 S—F S—F
F| 1.44 0.375 15.35 z.1zﬂ-3.13{ 1.17 S—F S—F
URC S| 1.430.331 15.45 1.87~2.76 1.17 S—F S—F
F | 1.46/0.339/ 15.15 1.92~2.83 1.19 S—F S—F
Steel bar S| 1.49 0.373 14.85 2.11~3.11 1.21 S—F S—F
beam | | F| 1.470.368 15.05 2.08~3.00  1.20 | S—F S—F
S| 4.91 0.741 13.50 4.17~6.18 1.33 S—F S—F
orc| F| 4.950.742 13.40 4.19~6.19 1.34 S—F S—F
S| 4.91 0.755 13.50 4.27~6.30 1.33 S—F S—F
- .| F| 4.880.754 13.60 4.26~6.29  1.32 | S—F S—F
S| 1.38 0.333 15.37 1.88~2.78 1.17 S—F S—F
urcl F 1.40 0.338 15.07 1.91~2. 82 1.19 S—F S—F
Deformed S 1.36‘0.339 15.57] 1.92~2.83 1.16 S—F S—F
steel bar Fl 1380341537 104~287 117 | sF | s
beam S| 4.59 0.731] 13.83 4.13A~6.10i 1.30 S—F S—F
()R(:f F | 4.62 0.732) 13.73, 4.14~6.10 1.31 S—F S—F
s 4.66{0.721‘13.63J 4.07~6.011 1.3 S—F S—F
'F | 4.69 0.722 13.53 4.08~6.02. 1.33 S—F S—F

EELIDHE LS L a/d it X 2 BB ORI
{ DEUMEEHRICS O T WML T 5 2 L o5binD
7293, ORC#%s URC & 0 & AW EE DRI L L,
4.2 UFARICETT IER
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ARy DHIRITH 125 a/2 DALEITEROTH 24 U
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FiT, FHEBROYEIL, 8ADIOR4Akdia/2 D
L&, PO D 44D a ONIEITKADEIE LT
RKOFTHRZEUTOS, 44KDIXDT, a/2kak D
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BN B KRELU. iz 0E UIFED S
T, SAMISIOBESED TNz b DEEL bh
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BWOIDEEL LN B,

() AOFAITHNTIZ, URC 13pEEEE Cloig—
EDEIB I THREL, ORC 113 % RS R L B Al
T 5. £1, & $ITd sIRRAMITE Tidigig
FLL. L5 ORERERIE, URC Bl ResEhist
17U, ORC 35778 OBURIC THIFERFA A S 1 7e
B, &AM OREN L O OV A S < T
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PBDORINC EI2Z 0 & UTHFEIIELRE <#F
HWINBZLLTHHMD, ZOBEPRIL KD,
URC 3% AW F i sasic A 0, ORCRMHIC
s XN A TSSO IV 2 ITE 50T
e LTSI EEL T AN RT L &
e LEL 5D, WD AILE 3~4mm T
H5.

4.4 DUDHHIZEITIER
SO, SLERE 0 oA, URC, ORC & %
CHERER, JEHERERE b, ASCOBEMATLELIY,
BEIEs 0 OBAE, H00hhhs Ay BT
STEES, it ORC T2 OHEEMEFE LA T
i3, HFEHLAE L, LT, ARSI
S F VST ICRE s, FERITAADT
BT 3 b DEEL BN D, 1, HTFOThbhOR
X, HOREBR LD L, FEHREBROSHE S WL
R %5 DB, Ciud, { DEUNEDR
Sz HIT, BEEVMEa Y 2V — P EHEICA D,
AT B EERE AT LIc o EFX 6N D, TG,
HEHORC, ELURC, ORCiz 34T, Double shear
crack OBESHSE b, Chud, A URC KL
T ORC i3, SBBEMEZ <, BREL D TIAEID
K ¥ LETH B 5, FBHEEVIES o1 O EDIR
ELBbR, T8bb, { DEUMEOFEICLY,
+< ¢k, Peeling away action I £27T, Vb5
Double shear crack OIHEAHET A EDEEL LN
%,

4.5 WEHEISIUVBKEHEICEEI IER

203 0 HSHAO RS X O BN E 2 T 2 &,
Table4 r p Table6 Dk 57z %, FEHURCI,
0.62Py DEAITIZ56 A THHE L 1205, 0.53Pu 5 &

Table 6 Comparison of loads of shear failure
and break down

w e
Kind of beams | €8¢ OF | p /P, 1P ry/Pu

load
0.62P,, — 1 1.03
URC P
Steel bar 0.53F 1.12 1.02
0.45Pu | 114 | 1.00
beam : .

ORC| 0.50Pu 0.81 0.95
_ 0.47P, | 0.90 | 1.11
0.45Px 0.75 0.78
0.42P. | 0.69 | 0.70
0.48Pu 0.81 0.72
0.38Px 0 94 0.82

Deformed | URC
steel bar

beam ORC

Vol.19 No.l (1968)

0X0.45P, DA, HHBEEERECLUT, #412,
14% DEEM% Uz, ciud, BARIEEN 2> 20 —
Pz ko THER RN A A B LT, FH URC 38k
B IE I b, SREHIERAICEL, < DEUR
|2 NE, S50 AREC X O TERIEYS B
TADT, ULIH2T, PlidESC EALUGEW0H
O OEEIZ FAT A DEEL BN S, LI ORC
13, 0.50P. 5 L0°0.47TPu & T 5 &, BERIGEL 20~
0% FRERF U, g, SELE ay 7)) —
FETEAS NS Tz, FERES = v 2 ) — F O WIS
FIOFEHHC L O, BERENSK RT3 0LEL LN
5 o¥i, R URCIZ, 0.45P, 0.42P, L9 %
L, TETRESHBENECLE LT, K425, 30%
R L, BKORCTIL, 0.48P,, 0.38Pu it LT,
% 220.6% TR BUHEITEMIR Uz, B ORC OBf
ERHEOMTOMEE, ASIORC LM UMBEEL
LN Ah5, HI URC OB/, HENHRELH
7013 0 & 25T, HSCERDSTEERE 0 EA L, LS
HODEE L0 b ay 2 ) — MER/NESD, FEY

DEEIT LD, BYOWMEBERTAE0EELLN

5.
5. BRRICLSHEEEOME

=y 70— MEDIROWT, HEHEALD,
THHIZEE FIC B B 1B B Ugyn®, M £—2 ¥ b
Moyn3s O8I Sayn 2 ROMEAE LT
3, 12D Uiyn OFULET HREA 2R 2T L
9]

2 o . nm Py P(; %
Uayn="7 Ssin? X%_m(+__,,4,___ 1
Ly ol ngl l lpi A(rgpi—a)i’) 1

chie pi=m"mE g 2ICALT,

3 ® . .n
Po D0 1 in2 27

Usyn=-35—+
v Elnt n=1 n* i

208 - > 1 . _nm 1
F ezt Po 2 S0 X a2
LT, ANRVHRDIBREL LB, X=I/1
L, n=1,3,5,7 FTLBHL,

©0.020903,,  0.0206I3 - 1
U=""Er Pot " Ey4 ’“{r2—ma¢1
0.0123 , 0.00160 _0.000416

ri’—wz’/pg r2¥a)2/p§ ri"w?/p%’

(@)

S¥i, HiFE—2v M, WEOHELLT,
Po~Po/2, Py~Py/2k U, sinZnxx/l DL, T— 2 ¥
FOORE (KA 5 a) LIHEOFEREUT,
sin nra/l & sin nrx/l O ECMT 5 &, QR
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. AT ;P‘o; B P(; I‘QPQ v 1 . I‘l nm _7771
Uayn= M”:Zl sin [a S1 ] {2 P2 Z'A—(r*;,pf_ﬁ T REInS nS acos - xr?—wQ/p”
2[0S sk B &, S=—-El33u/6x3 r U,
02u Po = 1 nr Po = 1
ax2T 2EOI 2 ?Sm la sin lrx Sayn= T ,Lgl n sin- l “a cos lx
lr’-’Po - 1 nw ne 1 r2Py @ 1 nw 1
22Enip2 SN | asin—p 7 xﬂ—w?/p- + . ,;—21 -, Sin [ "a cos v xr‘-’—w?/p,l
M=—Ell32u/3x2 } 0 AT, x=a=18cm, [=120cm %»{CA L T,
Py 2 1 . onx . onm _ - of 0.809 | 0.476
Mdyn = r2 },1;7‘2 sin —["a Sin / X S!170396P0+O319P0 r {I’Q‘*O)Q/p% i r?¥w2/p_
I¥2P, s 1 nr nr 1 . 0.103 0.147
+ 2, SpEsincasing X122/ ,2_0,9/[, ,2_5,)2/p§} (4)
ChiT, x=a 2{0AT 2L, i, Po=(P2+P1)/2
! 1  — (Po—
M= Po L r,sm9 laLJ P012\“ smwnTa Po=(P2—P1)/2
nl Pa, Py %%« B TR S L ORARTTER

1

R s PErTET 2 oRSIAfF
r2—w2/p? r o5 AL 2 R

I 5 8dhay 20— MFOOWE 2K &= — 4 v
b
A5 5=y 20— ME D OWIERS
o 5 RO
(3) E; v 755
05 a2y 7y — FOHENES
(2), 3), Wi sFEUIHESRT L, Table 7

=120cm, a=18cm % {{A

0.206 , 0.164
I‘Q—(:)Q//'p% I ,2_0,2/[;‘,

0.103 0.0565 3

M.=6.5P; +12.2P; r2 {

rQ—m'—’/pg r27m?/p‘

[AERIC, 2AHTINE, XD 30 %5k T,

-i}iu: P 5 isingza cos 5 o 3
Axi =El, = n ] 7 y 8DLEOHTHAS.
Table 7 Calculated values of U
\Kind ot beams‘i URC steel ORC steel ! URC deformed | ORC deformed
Each term;\ ——— bar beam bar beam ~ steel bar beam | steel bar beam
Levels of load ? 0. ézPu\ 0.53P. 0.50P.| 0.47P.) 0.45P. 0.42P.] 0.48P. 0.38P,
Reoen ‘ 108 15 155 325 1356 15
epeating number | ><10‘} X]O" X 104 X104 ><104; X103 X 104 X10*
As, cm2 2,65, 2.65i 7.96 7.96 2,54 2.54 7.62 7.62
bd, emz g4 | 1821 61| 163 | 181 184 | 165 | 162
Ps % ¢ 1.44 1.45; 4.95 4.88 1.40 1.38) 4.62 4.69
ey kg/cm2 138 | 155 146 133 185 189 145 158
Tsys kg/cm2 © 2,995, 2,995 | 2,995 | 2,995 | 3,740 3,740 | 3,740 | 3,740
k 0.553  0.500, O. 798, 0.809 0.491 0.507 0.789 0.779
1, cm+ 5,171 . 4,710 ' 6,076 ‘ 6,614 4,707 4,992 | 6,734 | 6,373
A, em2 178l 164 276 J 3300 71, 177 330 339
E, (x105) kg/cm? 2.35 2120 2,00 2.050 2.21  2.21  2.02 2.7
P, kg ' 1,000 j 1,000 } 1,000 | 1,000 | 1,000 ~ 1,000 | 1,000 | 1,C00
P, ke | 5,450 | 5,450 | 9,060 | 7,300 | 5,400 ' 5,400 | 7,650 | 5,740
First value of eq. (2 I 0.09 0.117| 0.150, 0.111] 0.111 0.105 O~115J' 0.088
Second value of eq. (2). 0.098 0.127 0.243 0.18% 0.120 0.112 0.192 0.137
U(Equation),  cm 0.194  0.244 0.393 0.295 0.231 0.217 0.307 0.225

Uo(Experiment), c¢cm 0.190‘7 0.181 0.220 0.080, 0.100 0.120 0.090‘ 0.130
Il
U/ U 1.02. 1.35  1.79  3.69 231 1.8 341 1.73

TSI R e
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Table 8 Calculated values of M, and Sq

T e Klnd of beamsl URC steel
bar beam

Each terms \\’

Levels of load ‘ O 62Pu\ 0 53Py

19.7 113.3 6.3
%104 %104 x10%  X10%

5,348] 6,598 4,637 4,972
223 312
32,700, 26,980 20,800 20,800 28,110 21,910
35,560 29,260 17,010 ndmguﬂmlnmm
68,260 56,240, 37,810 38,320, 60,040, 42,980
81,540 65,700 48,600 48,600 68,850 51,660
0.8 0.8 078 0.79 087 0.8

Repeating number X 10% X 104
1, cm# 5,096 ‘! 4,684
A, cm? 130 | 133

First value of eq. (3) | 20,960 20,960
Second value of eq. (3) 16,440" 17,020
M. (Equation), kg. cm | 37,400: 37,980
M(Experiment), kg. cm| 49,050, 49,050
MM | 076 077
First value of eq. (4) 1,277 1,277
Second value of eq. (4) 1,072 1,127
Sa(Equation), kg | 2,349 2,404
S(Experiment), kg |+ 2,725 2’7251

S./S | o086 0.8

ORC steel
bar beam

0.50P.| 0.47P.] 0.45P. 0.42P.

2,534 2,136, 1,143 1,189
4,526 3,779 2,410 2,456 4,064 2,847

| URC deformed | ORC deformed
| steel far beam | steel bar beam

0.48Px 0.38Pu

13.3 10
X 10% X 10%

6,734 6,288
39 291

2.5 76 9.3

145 173

\
\

1,992 1,643 1,267 1, 267] 1,713 1,335

2,351 1,512

l

4,530 3,650 2,700 2,700 3,825 2,870
100 104 08 0091 1.0 0.9

Table 7, 8 bih 5 X 51T, BNZED FITH
AERERTIC L A 1obd, T & — xyr%id%mm
SO, SERIE & IIE T AR R T

6. %&

]

AR b OVTHERBIZE DAL, 2 ot B
DOEFDTELTHA.

1) WHORBICER s a/d ONERIZ, THZEE)
Fiesld 5130 OREEMIC ATE 5. AKERT
i, TARTEANEE 2R U

@) BROTFHOET H00EIL, HRERTIE a/2
PTH B, FEXREETIE a/2 Lak DO Double
shear KicE+F 5 & dd 5. HINETTITHIT S
OFB DI, 3040 URC (3 HEAEEEHS L DBIER B/
X8, ORC s, Hic, FRE DT
K5EmE s ¥ OFR b T, OFEOENBRE
[P

(3) SOl oV TR, FU8H URC 25 USH
ORC, #EJFURC, ORCiTFEWT, Double shear
crack OBEIEL ¥ O dITELEVO b 24T 55
FIDSdH 5

(4) FEYBRERMIC BT A RHENEE, NIRRT

Vol.19 No.l (1968)

W LT, JL4H URC 1210% RIS A U 1chs, Lo 3 H

DX TR LI

(5) WHEZET FITR T Blobd, Hilfe—2AY bR
Yot AMroF s, FlEE@E—ET
T EWIFETE I,

RSB RT B B 05, ARFRITHVLTIE, ¥A
WAEEIRIE, FEFHCEIET 103N 58D 1Ihs,
HERS I 13, JUERIVE 0 I1345% 5 & Bl 553, I
DI X HITEL, 40%FEEEE ZLbN, DT
i3, MEHHOBENE UTHEERET 2 oL Ebh
%,

C®¥%%ﬁ@5m%t0,iWﬂmtﬁth@

SIS, Aff— GO, BFUEE (EER) WA,
e %ngf@ S RET D,
= ¥ X W
1) hny—= Neovimscd:, 137 (1967).
2) m S B N SCHE, 92 (1963).
3 I b A PR, XIX (1965).

4) Chang, T. S., Kesler, C. E.; ACI 29, No.12 (1958).
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