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Study of Shear Fatigue of Reinforced Concrete Beams

Hifumi KAGAMI, Masaaki MIURA,

Yutaka HIRANO and Noriyoshi ARITOMI

Abstract

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

The authors have experimented for three years and finished the most of the investigation.

They studied the mechanism of failure of reinforced concrete beams by the variations of strain
failure load, and break down load, and described that the

and deflection, the state of cracks,

judicatory standards by a/d of the failured boundary may be applied to reinforced concrete beams

under repeated load as well as static load.
Additionary they described that the calculated values by the theoretical equations of deflection,

bending moment and shearing focce agree well in the values of experiment.
Tben, they defined that shear fatigue limits of steel and deformed steel bar under reinforced

concrete beams are approximataly 45 percent for static failure load by these investigations and N-

S curve.
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Table 1 Designed mixture of concrete
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Fig. 1 Details of URC steel bar beam
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Table 2 Load level and maximum load in

the fatigue test
Kind of bems LOw%;;vel[ hJaxigoad
S|  P.=11.01

URC steel ‘i ! 0.80 Pu 8.8

bar beam i 2 0.66 Pu 7.3
3| 057 Py 6.3
A 050 P 55
|5 . 0.44 Py 48
S w=10.01

URC deformedg ! 0.75 Py 7.5

steel bar beam ‘ 2 0.65 Pu 6.5
3| 0.485 Py 4.85
! 4 0.45 Py 4.5
! 5 0.75 Py 7.5
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Fig. 2 Positions of paper strain gauges and loading manner
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Table 3 6.y for concrete specimens
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Deflection (mm)
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Table 4 Failure load and break down load

Repeating (Load of first| Failure |Break down
Kind of beams | Load level diagonal load load
number | crack (#) ) @)
static test S — 5.6 11.0 13.4
0.80 Pu| 1 0 6.0 8.8 11.0
URC steel bar | o5 p, | 3 | 2.4x100 7.2 7.3 11.0
beam 0.57 Pu| 3 | 100 X10% 5.5 8.1 10 8
0.50 P, | 4 42 X104 5.0 10.0 11.4
0.44 Py | 5 100 X104 8.8 9.5 11.4
static test | S —_ 7.0 10.0 13.9
0.75 Pul 1 1,700 6.5 7.5 11.1
~
URC deformed 0.65 Pul 2 8,200 5.0 6.5 10.6
steel bar beam 0435 P, | 3 | 100 x104 4.85 8.3 10.1
0.45 Py | 4 65 X104 7.3 9.8 11.7
0.75 Pu 5 8.8 X104 6.3 8.8 9.8
6r Observed poi
served poilnts
of strain Stram ¥
or 0—~0—>0 scale Llfl()"
a/2 a 3a/2
gl 4r
E
2| 3F 3.0t
2 g 1X10¢
@
s|2f s.mTqu
1r 1.5%10*
0 ! | 1 1 1 1 — /
0 2 4 6 8 10 12 14
load (t) 2.5%104 -
Fig. 3 Load-deflection of URC deformed steel 7 3t
bar beam in stactic test
11.0t
At increment At increment
4f~of load — — At constant load: of load.
sl 500
2.—
N Fig. 5,a Strains of URC steel bar beam
} T — j j t 0.66P
% 485 : ' i% 6 10 14 in fatigue test, “
0 10° 104 10X10* 100x104

Load (t)

Repeating  number.
Fig. 4 Load-deflection of URC deformed steel

bar beam in fatigue test
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Fig. 5, ¢ Strains of URC steel bar beam in

Fig. 5,b Strains of URC deformed steel fatigue test, 0.44Pu
bar beam in fatigue test, 0.65Pu
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Fig. 6 Variation of strains in a/2 and a point of URC steel bar beam

in fatigue test, 0.44Pu
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Photo. 2,a Left side cracks of URC steel

bar bar beam

Photo. 3,a Left side craks of URC deformed

steel bar beam
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Photo. 2,b Right side cracks of URC steel

bar beam

Photo. 3,b Right side cracks of URC de formed

steel bar beam
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Table 5 Judgement of mode of failure by a/d
a/d Mode of
Kind of beams P k a/d d (Experi- | Judgement | failure (Ex-
(%) (Theoretical) (cm) ment) periment)
S|1.4 0.300 1.70~2.54 15.35 117 | SF S-F
1| 1.4 0.293 1.66~2.44 15.63 1.15 S-F S-F
URC steel bar |, |, 4§ 397 1.68~2.48  15.25 1.18 S-F S-F
beam 3 1.4 0.314 1.77~2.62 15.65 1.15 S-F S-F
4 1.5 0.312 1.76~2.60 15.05 1.20 S-F S-F
5 1.4 0.270 1.53~2.25 15.55 1.16 S-F S-F
S|1.4 0.353 2.02~2.96 15.35 1.17 S-F S-F
1]1.4 0.359 2.03~2.99 15.35 1.17 S-F S-F
URC ddformed | , |, J 5 378 2.14~3.15 | 15.25 1.18 S-F S-F
steel bar beam | 5 |, /4 304 2.23:3.29 | 15.25 1.18 S-F S-F
4 1.4 0.369 2.08~3.08 15.45 1.17 S-F S-F
5 1.4 0.361 2.04~3.01 15.25 1.18 S-F. S-F

M=18P/2=9P
BT 30T, Mu=Mo= 9P, P, : THRHEEH
B OUEHDT, Po=1/9XMy=0.11M,

P % ROV EE T 5 &
P<P, @%@f ...... J@&%?EB‘ZJ% (S-F)
P=P, D& A AW (S-B-F) %

Tk 2 AMEEEE (B-S-F)
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Table 6 Judgement of mode of failure by M,

) _ Mode of failure
Kind of beams My (tem) Po(t) P(1t) Judgement
(Experiment)
S 1.027 11.4i 13.4 B-F S-F
1 1.071 11.90 i1.0 S-B-F S-F
URC steel bar |, 1.010 11.22 11.0 S-B-F S-F
beam 3 1.055 11.72 10.8 S-B-F S-F
4 0.977 10.85 11.4 B-S-F S-F
5 1.065 | 11,83 | 11,4 | S-B-F S-F
S 1.240 13.78 13.9 B-S-F S-F
1 1.239 13.77 111 S-F S-F
URC deformecl | 1.208 13.42 10.6 S-F S-F
steel bar beam | 5 1.19 13.29 10,7 S-F S-F
4 1.247 13.85 11.7 S-F S-F
5 1.211 13.57 9.8 S-F S-F
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Table 7 Comparision of failure load and

break down load

Fanlure load Break down
‘ in fatigue | load in
: | test | fatigue test
Kind of beams |Failure load Break down
| In static load in
| test static test
080 Pu 1 | 0.8 0.82
URC steel [0.66 Py 2 | 0.66 | 0.82
bar beam |0.57 Pul 3 0.74 | 0.81
0.50 Pu 4 0.91 0.85
0.44 Py 5 | 0.86 0.85
URC 0.75 Pu| T 0.75 0.86
deformed | 0-65 Pul 2 0.65 | 076
Steel bar O483Pu 3 0.83 i 0.73
beam 0.45 Pu| 4 0.98 |  0.84
0.75 5 0.88 | 0.71

Vol.19 No.2 (1968)

TRIEEEPEDS, 0.50P, R LI ETIRELL, 0.45P, %
EOTEEETIZ, bFroL{LidBoonsds, &
EZELUTWA, LIthiDT, COENSE5=Y 7
Y — MEODE A JEHEIE, 0.45P R L #2 5
na,

4.5 BREESSUBEGEICEII 2ER
Table 4 L b, HNBHBEHER L CFHNVBHTERIC
9 B IEHEBIC T AR E S L OB EO L
Bl Br, TableT DL S>iTiz 5%,

4.5.1 BHEABEILEIIEER

Table 7 7nSHdboin b X 51T, FEHREITHIT 555
T, WHHUPREMEICS SXTINTHETL, HEH
BEFEDS, 0.65P FE TR 3T 5 & 5 72 MHER
Bdohtz, Chud, 0.65P, FEE L ED RS
Tid, < DEUMEICE 2FEHOFENARES, 20
PR 0.45Py DENHEREMETIE, { DEUMEIE
513 D HERA D O F A LS & OBERDIIH ST, B
R OIE O TRIINEL 52 b DEFEZL LN 5,
4.5.9 BEHEICETIER

BT EICE LT b, TREERTER & RRRT, HRIBET
TR LT, EYEBRICE T AuliiwElL, WER
PED WA b 5§, 1SR BEEOE T2
T b, RS v 2 ) — MR BEREK
Gy 2790 — MED XD AETFDININESITH S
P5, CAUL, BIZICHEOLTIE, { VEUMEIZ X 50
FHIEOEEC LT, 130 & UTOMBLTHE %
DI LT, HBEiR, BSOS LIT L 218718 H
DIzdIT, BFEFORF2E12TDEFELLN S,
4.6 N-SHIRICBITIER

Table 4 %fc LT, HElicismeEL S, #lhic
< DR UERKLE N%2 & 2T, BuNAFKEZMH LT,
N-S g2k 5 &, FEH. RRESH=2v 7V —
wokd, ZRADLHICES,

S$=1.00—0 54log N

I.OJf

e L " URC steel bar beam o
§ ;‘ URC deformed steel ¢
= 0 bar beam
he o
3 L
&
= r S=1.00—0.54log N
2105+
S
x S
I 1 1 i I L L L : I
0 0.5 1.0

Ratio of repeating number (N

Fig. 7 N-S curve



=y 7 9 — MED DR AMHEINC T A BiLE 41

M7d5&, Fig. T0X 5z, Mrbbnd ks
i, < D3R LB 1005 ENT 0T, B RO
D046 TH BN, Sisay 70— ME DOV AN
iR, U, BEESH=y 2V~ riED LD,
0.45P, FEE &% b b, iz, OTFAHOEL»
LIRDIJEHE L —FT 5.

5. BHIEIRIE & RBREROBE

MFEED O = v 7 9 — MED OEIINZER Fic s
BB E, HFE— 2y ME, $ANEOS
K2 RTE, (@), (b)), ©HXDEFVTH 3.

0.02093 ) 0.02C6l3 1
_0.0209 020608,

Ua=""F; EA 722/, 2

Py+

0.0123
re—w2/Ps2

0.00160 0.000416
r2—w2/Ps2 " r2— a)ﬁ/P7'~’}

Mda=6.5Po+12.2P0/rz{ 0.206 0.164

r2—w2/P1é r2__.w2/P22
0.108 " 0.0565 }
r27w2/P32 }"2"‘602/1)42

Saa=0.396P+0. 319p0/,2{%{£0/9??
0.103 0.147
r2—a)2/P32",~24w2//p42} (©

+ ()

0.476
" r2—»2/Py2
(), (b), O L DHBE U IzHAEUL, T
T 2y ME Maa, B AMIME Sqa %5732, Table
8, Y9DEBVTH 3,

_*

Table 8 Calculated values of Uy

? Load and Deflection, Uq | Deflection, U,
Kind of beams | repeating (Theoretical) (Experiment) Ua/Uo
| number (cm) (cm)
1 8.0t ! 0.214 — —
URC steel bar | 2 | 1000 | 0.269 — —
beam 3 40x10+ 0.200 — —
4 7 X104 0.188 | — —
R 4.8% 104 0.105 | — =
1 700 0.292 0.210 1.390
URC deformed| 2 ‘ 7.0t 0.212 0.250 0.848
steel bar beam | 3 ' 35X 104 0.155 0.174 0.891
4 2 X10¢ 0.095 0.080 1.188
5 4 X104 0.252 0.280 0.893
Table 9 Calculated values of Mda and Sda
, ‘
Kind of beams ?éﬁ?itﬂﬁf } Maa Mo IV /Moy | Sin | S Sua/Sst
number i (kgecm) | (kgecm) ‘ (kg) (kg)
1] 6ot | 41,985 54,000 | 0.78 . 2,671 | 3,000 | 0.89
URO steel 2 6000 50,891 | 65,700 0.77 3,234 3,650 0.89
bar beam 3 1 X104 43,953 | 56,700  0.78 . 2,786 | 3,150 0.89
4 5X10% 1 38,568 | 49,500 0,78 2,449 2,750 0.89
- }éﬂ; 100%10+ | 3&845% 43,200 0.78 2,069 | 2,400 0.86
1 7.0 49,747 63,000 0.79 . 3,187 | 3,500 @ 0.91
URC deformed | 2 i 1800 | 45,793 | 58,500 0.78 '+ 2,925 3,250 0.90
steel bar beam | 3 100 | 34,084 | 43,650 | 0.78 2,173 | 2,425 0.90
4] 10X10* 31,420 | 40,500 | 0.78 | 1,996 | 2,250 0.89
L5 | 5.0t 35,320 | 45,000 0.78 | 2,255 | 2,500 0.90

Table8 7 5bod 5 Lk 5T, BIREEE=y 7V —
MO OB TS ORI, FIE 2 12ig 50T
B, HEMESAS = v 2 v — MEDIROWTIE, R

BEorofiiEcEaror, k1, BhFe— 2y
b RAKTIOMEREZ, Table 90 & 51T, FWE
R OYE OB T =— 2> b Mya, ¥4 W

INIRPNTR S A e



42 MEE——Z=-=H EW-FF  B-f5 #E

Ssta & D% 420%, 10%FRE/NS S 232 BAER 211G,
6. #& 5}

REBHEEOMEL SN B, 2¥DLB0T
B3,

1) BEEAEFCBST 3a/dic L 38B=ay 7Y
—~ MED OREEEBAOHE DML, BN EEE
Wl A8 ay 2 0 — ME 0 OSBRI § T
X7 ¥t WEEHTFT— 2y F My X AEEEOH
B, KERTIE, HHcid—E Uizl

() HEH, BEESH=> 79— FEok b Dou-
ble shear crack 3t U, &< HEHITHNT, [E
FIOBRT, ROWLEELLD, FEEEVISHE 01
DFEHE—2DMRILS Bbh, ZOEAPELW.
¥, o b, EXRBROTVEEL Y 2
Y — FDEHOIDHBHFRROEE LD 3 EL, &K
DHTF O b, Aoy R LD {3 ENnT AU
AR RD SN,

(8) BAROTAHOHIEHEIL, < VELUNEEFOH
HIZEE T BT, ARSI OESEID 129,
a/2 & a . ®R® Double shear [X iz B4 5 [l
BHD, BEEHICOI L, SHEVOTLIOILD
i, BAMFASY ORE a/ 2B b A, $10, B
RIZ5Bh FIC iy 5 03T ADE{R, TTEEFEH50.45P:
B CHRET S, LIt 2T, B AMEYEIZ0.45P,
BEELELLNS,

(@) FEHFEBCET 5B E S L B,

Vol.19 No.2 (1968)

BBEES, BTREL D /I 8B,

(5) N-SBHRICHNT, AR L B RS = v
7V~ HMEVE Y, FA—ug LD, < DEUER
1005 ET BV T, B ANMHEHIRIZ, 0.45P, F2E &/
D, OFHIKDNTOEREE T3,

(6) THII-bAOIEREIR, FHEE X< —HL,
BT & — A v b, BAMTIER, BT E— 2
vob, BAMIEID E, 20~10%/PNINE LD
1.

P ESTFERTH 508 Sy 29— MEDOD
B AMHESRIE, s L OCERESHF=y 7Y —
o &b, BINIEEREDSSTHEEELONS,

CDERBRRITEHCHIL0, ZTBIHOIZZWIIES
IS, ITEIEE, 42EEOxROHFHA (TIE
B, SmEsE Jdeun), e GBRD, MHRg
S (RTEERR) OHECEHNOBRET 5,

s & X M

L=k 4 o MR AER, XIX (1965)
DRI, 92 (1963)

3) - MRV E A, 14, No. 1 (1963),
15, No.1 (1964)
4) IESE—-E L AR, 137 (1967)

5) Chang, T.S., Kesler, C.E. : ACI. 29, 12 (1958)
6) Nordby, G.M., : ACI, 30, 2 (1958)
7) M5 - FR AR, 122 (1965)

(434 6 A 4 FIZHD



