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Recently, much attention has begun to paid to the fatigue characteristics of
structural members. There are two important backgrounds, the first the design
condition such as vehicles load and frequency of applied load become gradu-
ally severity, and the other the design method and estimate of the safty for
reinforced concrete structure is shifting to ultimate state from allowable stress
state,

From this point of view, in this study, to make clear the fatigue character—
isties of reinforced concrete beam, a series of test program have been planed.

This report describes about the results of static and fatigue test carried out
on 25 reinforced concrete beams having balanced-reinforced section (A beam)
and under-reinforced section (B beam), respectively. The section of A beam
was determined with the working stress design method and intended to occure
the fatigue failure due to fracture (yield) of reinforcement. While the section
of B Beam was designed by the ultimate strength design method and expected
to failure due to crushing of compressive concrete zone. Thus, the reinforced
steel ratio (that is, the amount of reinforcement) of B beam is about twice of
that of A beam.

This report mainly deals with the fundamental behavior of reinforced con-
crete beam having different amount of reinforcement mentioned above, under
static and dynamic load applied, that is the effects of the cycle number of
applied load on the fatigue characteristics such as the strength at 2 millions
cycles and deformation included deflection and crack width.
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Table T Strengths and modulus of elasticity (M. of E.)
28 days Ages of fatigue test
Sampling Compressive strength | Compressive strength Tensile strength M. of E,

day o | |GV e | eV e eV Es _lev.
(kg/cd) %)| (kg/eid) %) | (kg/aid) ) | ey @)
8/8, 8/10 420 6 5.3 546 15 5.4 46.3 8 3.2 3.71 15 8.0
8/19 432 6 3.3 594 8 2.3 47.3 6 3.8 3.68 6 6.5
8/24 401 6 | 4.8 506 8 3.4 45.7 5 4.5 3.64 6 5.6
8/31 423 5 4.1 564 8 3.6 46.5 5 5.0 3.73 7 7.8

7 : number of test pieces
C.V. : coefficient of variation
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Table JI The results of static and fatigue test
kinds Kinds of Cracking load Ultimate load o ONfuICI;I;?:s Mode
of beam |measured| calculated P /Per measured| calculated | P /P, ito failure O'f
test P, (t) P.(t) P, (t) P (1) (N, ) |failure
Static |AS — 1 3.5 3.55 - 0.99 13.5 | 12,49 | 1.08 — C
tests AS — 2 3.4 3.55 0.96 13.7 12.49 1.10 - C
AS —3 3.4 3.63 0.94 13.9 12.58 1.10 — c
_AF90—1 3.4 3.55 1 0.96 — 12.49 — 4,500 C
g AF90—2 3.2 3.55 _0.90 — 12.49 — 19,000  F
M AF90—3 | 3.4 3.55 0.96 — 12.49 — 51,000 F
< AF80—1| 3.4 | 355 | 0.96 — 12.49 — 85,000 F
Fatigue AF80—2 3.2 3.55 0.90 — 12.49 — 107,000, F
tests AF80—3 3.4 3.55 0.96 — 12.49 — 140,000 F
AF70-—1 3.5 3.55 0.99 — 12.49 — 348,000 F
AF70—2 3.4 3.55 0,94 — |__12.58 — 403,000 F
AF70—3 3.4 3.63 0.96 — 12.49 — | 413,000 F
AF60—1 3.5 3.55 0.99 — 12.49 — 2100,000 F
N AF60-—2 3.4 3.55 0.96 14.2 12.49 1.14 >>2000,0000 C
Static | BS — 1 4.2 4.27 0.98 22.0 21.51 1.02 — C
tests BS — 2 4.1 4.23 | 0.97 21.0 21.03 1.00 — C
BF80—1 3.7 4.27 0.87 — | 21.51 — 3,500 C
BF70—1 4.1 | 427 | 0.96 — 21.51 — 145,000, C
§ BF70—2 3.9 4.27 0.91 — 21.51 — 209,000 C
B| Fatigue | BFOO—1| 45 | 427 1.05 — 21.51 — | 473,000 C
Al BF60—2 4.0 4.23 0.95 — 21.03 — 630,000 C
BF60—3 4.0 4.23 0.95 — 21.03 — 647,000 C
BF50—1 4.2 4.27 0.98 — 21.51 — 1560,000 F
BF50—2 4.1 4.27 0.96 22.9 21.51 1.06 >2000,0000 C
BF50—3 40 4.27 0.94 23.4 21.51 1.09 [>2000,0000 C
note Kinds of beams
A F 90 — 1

¥
A—A series F—Fatigue Maximum load level Numbers of beam

B—B series S—Static

F—failure due to fracture of steel
C—concrete failure in compression

TR B 3%, Bl LIA% 200 Jo[alieseh 3% 3 s oo 1
HLTn3,

Fig. 5 WifElh & WHHa L OBFRLRT, Hnbd
B L3, FA—HELTH > THEHFHEMICILdI
DORELoZBEDLRE, TOELOER, 2 v )Y
— MREPEHHREOHEboXCERTS LIS, RC

S=P/P, X100 (%)

13D OEHWIIRE O b O & B REW R ER
T3560:EZBNRD, IbK, avy )~ OEFER
THHET B HEMBRENZ Y (TibbRELASA SN
1Y, FRREHESEZNID) EE, COELoXH
FHULD, TOTER, FEHHEROWTLOXTHL L
DHav s )= bOF BRI VRENCERRETSHD



144

70 @ A Series T
$=15212-145910gNu
o B Series .
6015=17303-1962log Nu

340° 104 10° Nu 108

Fig. 5 S—N diagrams

ThHD, Liehi-T, BHOWHBN %05 880
HCH LT BAADT &, BAREIWEOEAT,
L2y y )~ OFEHEBEBHIRTT S X5 Al
S UTR, ZOENFEaRHERE T3 BCHERRNTTFE
ERAVWSBRENDB ZERRLTNS, LhL, KL
TN, HEEREBDR Ve, SWERICRT 3
Y OIS 35 Ay O HEEIC I B A O BT A R
BT32El Lz, TO LI UTRDEIGHEH Ha
(V) EWERO B, 1 ERERSE SR
%, T CERBHEE S=A+B log N, X LT, B/

HEE—« BWHE - BE % BRELWELRI %R Cik ) ofiF BEiconT

HREHEC L -TA, BEEDSLE,
AYY)—R1:S = 152.12-14.59 log N,
By )~%:S = 173.03—19.62 log N,

&b, kR N, = 2005 [E % 408 L Ok %
KDL, AV Y —~XDRDT 60.2%, BY)—XDik
DC D4R LD, ThbE, BHEOLR VALY Y~
RGO DF D3, IR 0B ARE kB, 3B
e, KBETHDOHEER 3.2) b HRELIERTS &
AV ) —XDFH BHRERERZTLbrb,
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%Table IV ic/R§, B, Fig. 6 i 200 F1alEsy
PREEICHN T B TE LN D ICER LA O IRER
T
R DAY ) — X OIS QT 2472kg/cf, B
)~ XD FRE 1865kg/cd & 70 ), THIBBRASHE
DENTEh 8% L BBIHE TS, —FH, L RESDHE
BhEE UGAOH RGN EREE ARRCER L
TSI H TIED D &, SDIODERGHE 1600kg/cif
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Table IV Calculated internal stress corresponding to maximum load level

. Steel Concrete
Maximum
load level Strain Stress ) Strain Stress
(S) ] & | o o /o'sy &, o, o, /ey
(x107% | (kg/e) (107% | (kg/ed)
90 3561 3650 1 1731 546 1
L
1080 1501 3341 0.92 1197 444 0.81
< 70 1381 2900 0.79 1054 391 0.71
60 1173 2463 0.67 908 337 0.61
80 1508 3167 0.81 1586 564 1
Y
B0 1303 2736 0.70 1397 521 0.92
M 60 1103 2316 0.59 1203 449 0.80
50 909 1907 0.49 1011 377 0.67
Remarks : A series oy = 3650 kg/cd o, = 546kg/ed E, = 3.71x10° kg/ci

B series o
sy

I
I

3900 kg/cf o

cu

564kg/cd  E,

3.73x15° kg/cit

I
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Fig.6 Calculated strain (§) and stress (o)
corresponding to fatigue strength at 2
millions cycles
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