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Recently, much attention has begun to paid to the fatigue characteristics of
structural menbers. 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 safety 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-
istics of reinforced concreie beam, static and fatigue tests carried out on 40
small beams having blanced-reinforced section that was determined with the
working stress design method.

In the fatigue tests, minimum load was fixed to be 109 of the static ulti-
mate load (S.U. L.), while upper load level were varied in ranges from 60%
to 909 of S. U. L..

This report mainly deals with @ the estimate of fatigue life by statistic
treatment @) the effect of upper load level on the failure pattern ® the effect
of failure pattern on the fatigue life.

From the results of fatigue test, it seems to determine the failure pattern
from upper load level (applied load/S. U. L.), that is generally, steel failure
in fatigue occured at low load level while concrete failure due to crushing
occured at high load level.
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Fig. 1 Section of test beams
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Table I Strengths and modulus of elasticity

Sampling 28 days Ages of fatigue test

day Eompressive strength | Compressive strength| Tensile strength M. of E.
e |, |GVl ew ||V , | &V Ef L, eV
(kg/cit) (%) | (kg/cih) © (kg/cit) (%) |(X10"kg/cif) (%)
8/10 420 5 5.3 546 10 5.4 46.3 5 3.2 3.71 10 8.0
8/19 432 6 3.3 593 8 6.3 47.3 6 3.8 3.68 6 6.5
6/16 424 6 4.4 563 8 5.2 46.9 6 5.4 3.74 6 9.6
7/ 6 417 4 5.8 542 10 7.4 46.5 6 4.6 3.73 5 7.5
7/13 419 4 3.6 534 10 4.6 44.8 6 4.2 3.68 5 7.6

Yield strength C. V.,
oy (kg/ci) %)
5 3650 0.5

Steel b

k : number of test pieces

C. V. : coefficient of variation
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Table I The vesults of static and fatigue test
Static test
kinds Cracking load Ultimate load o Mode Position
of Measured | Calculated Pe /Py measured | calculated P, /P of of
beam P, () P, (1) P, () P, (t) u/"uc i failure failure
Bending
S—1 3.5 3.6 0.97 13.5 12.5 1.08 C span
§—2 3.4 3.6 - 0.94 13.7 12.4 1.10 C ”
§$—3 3.5 3.6 0.97 13.7 12.5 1.10 C ”
S—4 3.4 3.6 0.94 13.8 12.6 1.09 C ”
S—35 3.5 3.6 0.97 13.9 12.5 1.11 Cc ”
F60—2 3.5 3.6 0.97 13.9 12.5 1.11 Cc ”
F60—3 3.4 3.6 0.94 14.2 12.5 1.14 C ”
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Fatigue test
Kinds of Upper Number of Probability of | Mode
load level | P, (1) gﬁlf:ew 7 survival of Position of failure
beam S (% N V) failure
F90—1 3.4 500 1 0.857 C Bending span
_F90—2 3.5 800 | 2 0.714 C ”
¥90—3 90 3.4 4500 3 0.571 C ”
_F90—4 3.4 5500 4 0.429 C ”
F90—5 3.2 19000 5 0.286 F ”
F90—6 3.4 51000 6 0.143 F ”
F8—1 3.2 4100 1 0.800 C ”
F85—2 3.5 10200 | 2 0.600 C ”
_F85—3 8 3.4 16000 | 3 0.400 C ”
F85—4 3.4 27000 | 4 0.200 C ”
F80—1 3.4 79000 1 0.857 F ”
_F80—2 3.4 85000 2 0.714 F ”
F80—3 80 3.2 107000 3 0.571 ¥ ”
F80—4 3.4 140000 4 0,429 F ”
F80—5 3.3 147000 | 5 0.286 F ”
F80—6 3.4 255000 6 0.143 ¥ ”
F75—1 3.4 237000 1 0.833 ¥ ”
F75—2 3.2 251000 2 0.666 ¥ ”
F75—3 75 3.4 267000 3 0.500 F Shear span
F75—4 3.3 315000 4 0.333 F Bending span
F75—5 3.4 383000 5 0.167 r ”
_F70—1 3.5 348000 1 0.857 F ”
F70—2 3.4 403000 2 0.714 F ”
F70—3 70 3.4 413000 | 3 0.571 ¥ ”
F70—4 3.5 422000 4 0.429 F ”
_F70—5 3.3 490000 5 0.286 F ”
F70—6 3.4 623000 6 0.143 F Shear span
F65—1 3.3 559000 1 0.833 F Bending span
F65—2 3.4 890000 2 0.667 F Shear span
_F65—3 65 3.4 1090000 3 0.500 F Bending span
F65—4 3.2 1270000 4 0.333 ¥ ”
F65-~5 3.3 1560000 5 0.167 F ”
F60—1 3.5 2100000 1 —_— __F ”
_F60—2 60 3.5 2000000 2 e — —
F60—3 3.4 >2000000 3 — —_ —
Note : Mode of C—concrete failure due to crushing

failure

F—failure due to fracture of steel
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Table IV Calculated internal stress corresponding to

upper load level
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Upper Steel Concrete B, TTTCREQCEFREREES p(T)
: s
load level g oo Fa s Strain | Stress b ORI RAD & 5 HBIRSERILT %o
S ] & | o, o /a'sJ &, o, 7, /Ucu
@) (10 %] Gie/eid) (X107 (kg /c) Ve JEN LT COTp— a3
90 3561 | 3650 | 1.00 | 1731 | 546 | 1
85 1607 | 3563 | 0.98 | 1267 | 470 | 0.86 —SEIR TR T C OSBRI ORI R
3\ , i ¥ N Az
80 | 101 | @l | 002 | 1ior | a4t | o | |CHVICH BREUEBCNEMBEE S
%, REOOENREEE T & BEABERN
75 1486 | 3120 | 0.85 | 1126 | 418 | 0.77 | sprshTnd. cOBA, RERARTRE
70 1381 | 2883 | 0.79 | 1054 | 391 | 0.72 | bEhi,
65 1227 | 2681 | 0.73 | 976 | 362 | 0.66
MN) =— ﬂg%(lv) .................. @)
60 1173 | 2463 | 0.67 | 908 | 337 | 0.62
= 5, WF s B om® " %, bV
| 80 | 1508 | 3167 | 0.81 | 1586 | 564 | 1 s, BFHMEROMER " I LT, 20V
BRI k- CHEIN S,
70 1303 | 2736 | 0.70 | 1397 | 521 | 0.92
| 7
*i 60 1103 | 2316 | 0.59 | 1203 | 449 | 0.80 BIN) =1 g e (5)
| 50 909 | 1907 | 0.49 | 1011 | 377 | 0.67  Ies I T R X Pt

Remarks : o, =3650kg/cfl o,,=546k/cil E, =3.71x10° kg /e
* Reference 2) : As=2 D25=10.13ckt p, =4, /bd=4.9%
=56dkg/cit E, =3.73%10° kg/crh

a'sJ=3900kg/crﬁ a'c
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Table V Statistical analysis of fatigue test

S A B } N |V(ogh) ' C. V.
90 |-0.985 | 3.609 4610 | 1.015 | 27.7
85 |-2.044 | 8.308 | 11600 | 0.485 | 12.0
80 |-3.981 | 20.288 | 125000 | 0.251 | 4.9
75 |-8.533 | 46.558 | 286000 | 0,117 | 2.1
70 |—8.438 | 47.639 | 442000 | 0.119 | 2.1
65 |—4.304 | 25.849 | 1014000 | 0.232 | 3.9

4.4 p(N)-S-N 18E
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