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Imtroduction

Byadditionofshort丘bersintoaconcretemix,the

overallstrainatfailureofthecompositecanbe

increasedconsiderably.Theinclusionof丘berstends

toincreasethestraincapacity,changingthetough･

nessorductilityofaconcretestructure.Experimental

evidences(1,2)areavailabletosaysuch丘berscan

restrictthepropagationofcracksbyabridging

mechanism.Henceusing丘berreinforcedconcrete

(FRC)inreinforcedconcretemembers,thereisa

prospectofincreaslngtheapparentstrainatfailure

prolongingthefatiguelifewhenastructureissubject･

edtorepeatedloading.

Although factorswhichinfluencethefatiguebehav-

iorofplainreinforcedconcrete(concretewithoutany

丘bers:RC)andthemannerinwhichtheyfailarewell

documented(3),therejsverylittleevidencesofar

onthefatigueperformanceofFRCstructuralele･

meれts.T.Itoetal(4)indicatesubstantialimprove一

mentsinfatiguelifeofsteel丘berreinforcedconcrete

(SFRC),whencomparedwithordinaryplaincon-

crete.Howevertheseconclusionswerebasedon

directcompressiontestsperformedonstandardcylin･

ders.Iffatiguecrackingisgoingtooccurinconcrete

structures,itismorelikelytobeduetorepeated

且exurethantodirecttensionorcompression.Asim-

ple8exuraltestisprobablythemostusefultypeof

testforthestudyoffatiguebehaviorofconcrete

structures.Results,anddiscussionspresentedintllis

reportarethereforebasedonSFRCandplainRC

beamssubjectedtorepeatedloadingin8exure.

書Dept.ofBuildingandCivilEngineering,Instituteof
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Fig.1Detailsofbeamstestedunderfatigueloading

1.011tlineOfExperiment

OrdinaryPortlandcementwasusedinallspeci一

mensandtheaggregateswerewellgradedriversand

andgravelwhichmeettherequirementsofJIS.The

coarseaggregatehadamaximumnominalsizeoH5

mm,specificweightof2.71andF.M.of6.33,Thefine

aggregatehadaspeci丘cweightof2.62,F.M.of2.79

andabsorptionof1.56%.

Thedetailsofthebeamsinthestudyareasshown

inFig.1.ThereinforcingsteelbarsusedwereSD30,

whichhaveayieldstressof3655kgf/cm2.steel丘bers

usedwerecut･wiretypehavingadiameterof0.5mm

andlength30mm.Thesteel丘bercontentwas1.5%by

volumeandwater･cementratioofconcretewas0.5.

Test specimens,Cylinders and controlbeams

remainedintheformsfor24hoursandwerethen

moistcuredforaperiodof4Weeksbeforeremovalto

storageinnormallaboratoryatmosphereuntiltested.

Fatiguetestswereperformedattheageof20weeks

to24weeks.

Allspecimensweresimplysupportedon170cm

spanandsubjectedtorepeatedloadsofvaryingrange

andmagnitude(Ref.Fig.2).Thecentralportionof

thetestspecimenwasthussubjectedtopureflexure.

Therange ofthe repeated loadswere varied

sinosuidallythroughouttheinvestigation.Thevaria･
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Table 1 Results of static loading series

Tvpe

Yield Load

P7(ton/)

Max Load

Pttx(tOl1/)

Center Deflection

(mm)

Jack Stroke

(mm)

江 P t l at′mak a t  P ・」at 2maメ

SFRC

8 1

(8.0)*

10.10

(9.0)*

6.00

6.00

5.78

1 69 5.75

Plaln

7 . 4

( 7 4 ) 蓼

8.49

(8.2)*

5.78 20 5 4.20

( )*CalCttlated value ん
′
(SFRCl=515(kgf/Cm2)

/c.(Plain)=500(kgf/Cm2)

Fig.2 Loading of beams by hydraulic loading machine

tion within each test was to maintain a constant

minimum load of I ton. Failure of the beams or

automatic stopping of the machine will occur when

the deflection of the beam is increased by 5 mm or

when the maximum load level becomes 5%o of the

applied load.

2. Results and Discussions

2.1 Failure Mode of Beams

Both SFRC and plain RC beams are provided with

the same amount of steel bars. RC beams were

designed so as to fail in pure flexure under static

loading. The strength of beams under'static loading

are shown in Table 1. The calculated yield loads and

maximum loads are almost equal to the tested values.

Almost all the SFRC beams tested under repeated

loading failed by compression fatigue of concrete in

the maximum moment region. In'all cases, initially

these beams developed large number of distributed

tensile cracks. Crack formation was within 1000

cycles, beyond which the crack propagation was very

small. Opening and closing of cracks were observed,

and during fatigue loading only the widths of these

cracks became large.

Although RC beams failed in pure flexure in static

loading, all the plain RC beams failed in shear com-

pression failure under fatigue. The cracks that

appeared during initial loading, changed to a shear

type of crack pattern with the increase in repeated

loading. Finally when the beams failed by shear, it

was observed that in most cases stirrups were broken

and main reinforcements were bent where the stress

concentration is highest.

On the contrary, SFRC beams did not show this

kind of failure: all the beams failed in flexural com-

pression. From the data obtained, it appears that

addition of steel fibers have beneficial effects because

of their higher endurance limit or higher fatigue

strength. Also, it can be seen that the fibers have

changed the mode of failure of the beams under

repeated loading from rather brittle shear failure to

flexural failure.

2.2 Efrect of Load Level on Fatigue Properties

of Beams

Fatigue tests of beams of both SFRC and RC were

conducted with a range of load from 4.4 to 9.5 tons,

and the results are presented in Figs. 3 and 4 in the

forms of load vs logarithm of number of cycles and

S-N curve respectively.

As shown in Fig. 3, steel fibers have not only im-

proved the failure mode but also have extended the

fatigue life of beams considerably. However, compar-

ison of the fractured cycles of plain RC beams and

SFRC beams at the same load level can not be done,

as the mode of failure was different.

Two straight lines are indicated for both SFRC and

plain RC beams as shown in Fig. 3 and 4. The ubper

line with a lower slope corresponds to maximum load

level higher than the yield load of the beam. This

failure might have been due to excessive deformation

| | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! | | | | | | | | | | | | | | | | | | 1 1 1 1 1 1 1 1 1 1 1 1 1 1‖| l l l l l l l l l l l l l l I I l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1‖

15



37巻 1号 〈19851) 生 産 研 究

研 究 速 報 I I I l l l I I I I l  l l ‖l  I I  I I I ‖l l l l l l l l l l l l l l ‖| | l l l I I I I I I I I I I I I I I I l l l ‖I I I I I I I ‖| | | | | | | I I I I I I I I I I ‖| | l l I  I 川| | | | | | | | | | l l l l l l ‖l l I I I I I I I  I I I I I I I I I 1 l l I ! | l l l l l I I I I I I

of steel bars which had caused larger deformations in

the beams. Therefore number of cycles till failure was

within 1x105. In observing the beams, it was also

noted that no compression fatigue failure of concrete

had occured.

When the maxirnum repeated load is lower than the

yield value, failure of the plain RC beams was gover-

ned by shear compression failure of concrete, and the

failure of SFRC by compressive fatigue of SFRC.

Beams which were subjected to loads below 50% of

No of Cycles

Fig 3 Load vs number of cycles for SFRC and plain RC

beams

static strength, fracture did not occur for both plain

RC and SFRC bearns.

2.3 toad Deflection Curves after Fatigue Test

In order to verify the state of beams after fatigue

failure had occured, beams were again loaded

statically up to failure and load deflection curves

were obtained. Column ( ? ) of. Table 2 gives the

maximum loads of plain RC beams and SFRC beams

under static tests after fatigue failure has occured.

1   101  102  103  104  105  106  10?

NO Of Cytles

Fig 4 Load ratio vs number ofcyclesfor SFRC and plain

RC beams
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Table 2 Results of dynamic loading series

P'"* : Max,load by.static, loading

P.*' : Max. load after fatigue.

F.C. : Flexural Compression

S.C. : Shear Conpression
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49 5 48.5 38.5 9.72 >223.23 6 348

61.4 58.4 243 47.2 5.58 67.2 5 83 FC

64 4 61_0 49 5 186.0 6.269 FC

71.3 66.0 54 5 37.4 5.57 FC

79 2 73.6 610 5.88 18 23 5 26 FC

85 2 77 7 70 0 10 35 5 015 F C

87 2 79 2 76.6 9.35 1 204 4 08 F C

9.1 90.14 94.0 89.7 0.256 F C

94.1 99.8 95.0 0 030 2`47 F C
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5118 39 4 206.306 S C

5 1 60 0 45 2 220.73 6.34 S C

70:6 270 54 0 26.31 5.42

80 0 60 0 21 43 5.33 SC

91 8 66.0 5.73 4 758 S C

94.2 69.4 18.74 4 273 S.C
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Fig.5 Load denectiOn curves of SFRC beams

fatigue loading
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when they are subieCted to static loading.

2:4 Compari,on of Fatigue Life of SFRC Beams

with Direct Compression Fatigue Results

Fig.6 was obtained by plotting the cOncrete strё ss

ratio,obtained from the maximum operatilag stress in

the compression region to static stre,gth, With the

logarithm of llurnber of cycles.The data obtained by

lto et al(4)for dlect compression fatigue tests on

cylinders were ■ lSO plotted in the same ngure. The

difference in results may be due to the inaccuracy of

the compresも ive stress a"umed.In actual situation,a

straila gradient exists across the depth of the beam

and this situation does not arise when obtaining the

fatigue data fronl cylindFiCal COncrete specimens.In

order to compaie the results, c6nsideration must bc

given to the strain gradient of beams.

Such analysis was performed for all SFRC beam

data based on an ё ffective stress in compression zone

of the beam This stress,denoted by ●  in Fig.6,was

caldulated considering equilibrium conditiolls.When

this stress is used in plotting,the line obtained seems

tO fall closer to the cylindrical specimen data.Differ・

ence in results may be due to the folloM/ing reasons.

Firttly,although beams were asstlmed to have l」 bd,

thё statё of crushing of concrete in the compression

zone inay be not the same as actual crushilag that had

occured in obtaining the data for cylindrical speci‐

mens.Secondly,the data avanable is lilnited.There‐

fore conclusions cannot be‐ drawn from the flgure.It

Should be mentioned that further data, where the

beams actually failed by crushing Of concrete in the

cOmpressiOn zone is needed to clarify the method of

predition of fatigue life of SFRCbeams frOm cylindri‐

cal specimen data.

(Maunscript received,September 25,1984)
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Fig.6 Stress ratio of SFRC vs number of cycles

SFRC bく 勉ms,Which Were loaded to ma対 mum

repeated from 6.2to 8.6 tpns, gave alhost an equal

maxllnum load of 6 tons.This is because as explained

in the earlier section that these beams failed by

compress市 e fatigue of concrete,and all the beams

seems to be in the same state after failure. In fact,

load denectiOn curves of all the 5 beams M/ere almost

the sahe(Ref.Fig.5)I SFRC beams which were

loaded from 8.8 to 9.5 tohs gave a maximum load of

aroind 9.5 tons;showing Only a very small reduction

in ultimate strength of beams`「Fhis is because con・

crete in thさcOmpreSsion zone has not failed due to

fatigue, and failure was governed by excessive steel

deforhation.Therefore ma対 mum strength after

fatigue failure did not reduce much.In the case of the

beam which was loaded to 5 tons, load denection

curve is almost the s'おe as initial curve.In thiS Case,

stiffness of the beam was higher than‐ that of the

original beam.

Plain RC beams did not show this kind of behavour.

After the beams failed under fatigue,they could not

be loaded again.This rneans that in the case of sFRC

beams thoughlthe b:ogressiVe crackhg has occured
due to fatigue, they can withstand farely high load
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