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Ela$tO-PlaB七ic behavior of s七eelreinf｡rCed concrete(SRC)space
frames

subjec七ed
to cons七an七axial･thruSt and repeated biaxialbendingwith shearis

inves七igated experimen七allyIin order七o es七ablish an evaluation method for

the earthquake resistance ability of SRC struC七ures･Frame specimen consists

of a column and four beams arrangedin七wo
directionsIWhich modelizes beam-

and-C0lumn subas8emblagein a realbuilding frame･Cross sec七ions of members

are made｡f H_$teel(c0lumn:2H-150Ⅹ30Ⅹ6Ⅹ9,beam;H-180Ⅹ50x6Ⅹ9)and
four main

reinforcements encasedin concret･e.In七he 七es七ICOn8t･an七verticalload at

the c01umn top and constan七beamloads at tips of beamsin one-direction are

firs七appliedIthela上土er simula七ing thelong一七ermload･Then,anもi-

$ymmetricIalterna七ely repea七ed shearload8are aPPlied a上土ip80f beamsin

七he other-direc七ion simulating七he earthquakeload･Experimentalparameters

selec七ed are axialthru$七 rat･ioIintensi七y and pattern of beamloadB

corresponding to七helong-termload,and failure modes(column-failure七ype

and panel-failure type).The paper discusse$七he effec七｡f three-dimensional

loading on 七he maximum strength,deformation capaci七y,energy di$Sipation

capacityIand failure modesIWith presen七ing七he七es七resul七s･

KeyWords:S七eelreinforced concrete frame,three-dimensionalloading,

maximum strengthldeforna七ion capaci七yIenergy dissipation

1. 工NTRODUCで工ON

steelreinforced concrete(SRC)columninJapanis
rather stocky,Since

working stresses under
the earthquakeloading･arelarge

and contr01the deglgn･

Therefore′mOSt Of the researches on SRC c0lumns carried recentlyinJapan
have

put emphasis
on the shear behavior of short columns′ Particularly after

reinforced concrete short columns were badly damaged by TokachトokiEarthquake

in1968.Researches on slender SRC c0lumns have been carried out mainlyin
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Europe′Which were reviewed by Stevens[1】and Bridge and Roderick[2]land very

few had been doneinJapan･As to the biaxialbending problems of SRC c0lumns,

Morino and Matsui[314】presentedliterature surveYS.

Beam-and-C0lumn subassemblagein a multi-StOry frame under the earthquake

is subjected to repeated flexure with shear about one-aXis due to earthquake

horizonta110adinglin
addition to constant axialthrust and flexure about the

Other axis･Therefore(the column as wellas the beam-tO-C01umn connection are

in the three-dimensionalstress state･ Researches on the beam-tO-C01umn

COnneCtion of SRC structure are thoroughly
reviewed by wakabayashiand Minami

【5,6],Which reveals that no research has been found on the three_dimansional

behavior of SRC connections･The purpose of this researchis toinvestigate the

OVerallelasto-plastic behavior of three-dimensionalbeam-and-C0lumn

Subassemblage･Subjected to axialthrust and bi-directionalbeamloads,and

ClarifY the
effect of three-dimensionalloading on the maximum strength,

deforhation capacity and energy dissIPation capacity.

2. EXPERIMENTAL INVESTTGATION

2.1 Specimen

Figurelis schematical､illustration of a specimen andloading condition.

A constant axialthrust Pis
applied on the centroid of the column top section,

and constant verticalloads Wland W2,Which simulatelong-termloading,are

applied at the tips of short beams(beam B)･A couple of antトsymmetrical

Verticalload Q are repeatedly applied at the tips oflong beams(beam A)′

Simulating the earthquakeload･ Experimentalparameters
vary as f0110WS:

failure tYPe占(c01umn-failure tYPe Or Panel-failure tYPe);Pattern Of beam10ads

COrreSPOnding to thelong-termload(balanced or unbalancedload);andintensitY

Of the axialthrust p(40ton or80ton)･Tablelshows the correspondence

between the value of each parameter and the name of specimen.

Figure 2 shows the shape and size of specimen.Cross sections of beams and

C0lumn are shownin Fig･3･The steelportion of beam Ais passing through,and

beam B
and column are welded to beam A･Beams have H-Shaped

section(H-

180x50Ⅹ6x9)built-uP from flange(9mm)and web(6mm)plates by
welding.

Columnis formed to cross-H section(2H-150xlOOx6x9)by welding
from two r011ed

H-Shaped
steel(HL150Ⅹ100x6x9)of which flange tips are cut off by flame-

Cutting･ Specimens are not annealed･Column steelis encasedin the square

COnCrete230x230mm with4deformed steelbars(DlO)and h00PS(D6)placed with

a pitch oflOO mm･ Beams are encasedin the
rectangular concrete 230x300 mm

With4deforrned bars(D16)and stirrups(D6)placed with a pitch of120mm.

Panelof the beam-tO-1c0lurnn connection of C-Series specimens(c0lumn-failure

type)are strengthened bY h00PS and doubler plates of2-PL9.Figure4shows the

beam-tO-C0lumn connections･ Table 2 shows the average values of mechanical

PrOPerties obtained from the coupon test of steeland the
cYlinder

test
of

COnCrete･ Coupon岳 of flange and web of c0lumn are taken from
rolled-H section

af七er flame-Cutting of f･lange tipsIWhichis under the same heat-tr′eatrnent

COndition as the･SPeCimens.
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2.2 Test Set-uP

Figure 5 shows the test set-up･ The specimen ①is setin theloading

frame ② and top and bott｡m｡f the c0lumn are supported by ball-bearings③.
Allbeams are connected to mechanicalscrew jacks ⑥ with H-Shaped steel

members ⑤･The specimenis supported at the top by 4horizontalbraces ⑥.
First,the constant axialthrust pisloaded on the top of the specimen by a

hydraulic jack ⑦.The constant vertica110ads on beam B(Wland w2)are

applied next,and then the alternatelY rePeated verticalloads on beam A(Q)are

applied controlling the displacernent amplitude to be prescribed value.

Figure 6 shows the position of
the displacementⅢ1eterS. Dland D2 measure

the relative displacements of column against beam Ar which are placed on the

measuring frame supported at the points 8 cminside theload points of beam A.

D3 and D4 measure the abs0lute displacements of
beam A at the supporting point

Of
the
measuring frame･ The deofrmed configuration of the specimen and the

measuring system are schematica11y shown in Fig･7･ Allloads,i.e.′ COnStant

axialtrust(COnStant Verticalloads and repeated verticalloads,are meaSured

bYload
cells⑧ attached to each jack.Wire strain gauges are mounted on the

Steelportion and reinforcing bars of the c0lumn.

The procedure of alternatelY rePeatedloading on beam Ais as f01lows:The

SPeCimenis first
subjected to two cycles of alternately repeated beam Aload.

With contr011ing
the
amplitude of average displacement of Dland D2 to be equal

to引O rnm,and the controlling displacement amplitudeisincreased bY the amount

Of ±10 mrnr after everY tWO CyCles ofloading are completed.

2.3 Test Results

2.3.1 Load-Displacement Behavior

Figure 8 shows the relations between theload Q on beam A and the average

Value of c0lumn displacements Dland D2 0f allspecimens･ Specimensin C-Series

failwith the flexuralfailure of the c01umn,While thosein P-Series shows the

failure of beam-tO-C0lumn connection panel･ Specimens with 31and11as the

last two digits of numbersin their names are subjected to three-dimensiona1

10ading･ Columns of the specimens withlland OO are under uniaxialbending

COndition,and those with 31are subjected to biaxialbending.Intensities of

the axialthrust P equalt0 40 and 80 ton
approximatelY COrreSPOnd to the axial

thrust rati0 0･2 and O･4in C-Seriesland O･15 and O･3in P-Series′

respectively.

C-Series:HYStereSisl00PS Of allspecimens show the
plnChed-Shape as observed

in the
reinforced concrete structures′ at first few

cYCles ofloading. Then,

theY
graduallY Shift to the spindle shape asin the steelstructures.

HYStereSisl00PS Of C4000 shows quite stable spindle shapeJWhile those of

C4011′ C4031and C8031become rather slender and
thus the energy dissIPafion

CaPaCitY becomes sma11er compared with C4000･ Every specirnen reaches the state

Of maximum strengthin the firstloading cycle with the amplitude 主20 mm′ Orin

between ±20 and ±30 mm･ Before reaching the maximum strength,the strength

deteriorationin the second cYCle ofloadingin the same amplitudeis not very
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large,butit becomes drasticallylargein theloading cycles after the maximum

Strength. Each test was terminated.when the specimen became unable to sustain

the constant axial thrust. The time of termination becomes earlier in the order

Of C8031.C4031.C4011and C4000. C8031and C4000 show
the
smallest and the

largest deformation capacity,reSPeCtively.
Maximum strength appears at the

negativeloading side′eXCePt C4031. The strength deterioration observedin the

COurSe Of increasing the displacement amplitude after the maximum strength is

rather large in the specimens subjected to three-dimensionalloading,COmPared

With C400O. Not only biaxialloading but also three-dimensionalloading cause

more drastic deterioration of strength and deformation capacity.

P-Series:Concrete strength of P-Series specirnensis much higher than those of

C-Series,and thus the maximum strength
becomes higher. As observedin C-

Series′ histeresis l00PS Show the
plnChed-Shape at first,then shift to the

Stable spindle shapes. Tendency in the deterioration of strength and

deformation capacityis nearly
the same as observedin C-Series･-Howeverl

COmPared with C-Series,hysteresis100PS Of P-Series specimensノbecome more

Stable spindle shape,indicating
better energY dissiPation capacitY. Again,

P4000 shows the largest deformation capacitY and P8031the smallest,but
P4000

COuld sustain the axial thrust until the end of test,Which was terminated

because of the short stroke of loading〕aCks. Three-dimensionalloading

decreases the deformation(コaPaCitY,but it seems to glVe nO effect on the

Strength,COmParing P4000 with P4011. Biaxialbending affects on the strength

deterioration,COmParing P4031with P4011.

FigurelO shows theload-Strain relations of which strain data are obtained

from the wire strain gauges mounted on the steelportion shownin Fig.9. Gauge

lis for the flange strain of thelower column subjected
to compression by

bending at virglnloading. Gauges 2 and 3 are horizontalstrains of panels of A

and B-directions,reSPeCtivelY.=n a11specimens,the flange of thelower c0lumn

yields,and
the Q-El00PS for the flange 芦train drift away t0 0ne direction

apart from the orlgln,eXCePt for C4000. Thel00PS Of C4000 show the anti-

Symmetric spindle shape/While the strain accumulation causes the deterioration

Of strength and deformation capacityin allother spec叫ens･
Gaugelof C4031

does not showlarge strain,but
the opposite flangeis

subjected
to severe

Yieldingin this case,although the data are not shownin the figure. The

panels of C-S'eries specimens a11behaves elastically untilthe end of
the test･

Especially the strains in B-direction panels are nearly zer0. Among the

specimensin P-Series′ the panels of P4031and P8031yields and
the Q-E=l00PS

show anti-SYmmetric spindle shapelWhile
the panelstrain of P4011and P4000

does not become t00large,just exceeding
the
yield.strain.

Drifting phenomenon

observedin the flange strainis not observedin Q-Cl00PS for the
panelstrain･

2.3.2 Failure Hodes

a) Crack patterns

Figurell shows the sketch of crack patterns of specimens C4000,C4031,

P4.031and P8031at the
end of experiment,Since crack patterns of C4011.C4031

and C8031are similar,and
those of P4011.P400O and P4031are also similar.

Shaded area in the sketch of cracks indicates the area in which
the concrete
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failingin compression spalls off. C4000 shows the concrete damagein sandglass

Shape onlower c0lumn only,While the upper andlower c0lumns of C4031are

equally damaged bY flexure. 工n the case of C4031.the damaged portion does not

become the sandglass shapelbecause of the biaxialbending･ Specimens P4031and

P8031show the damagein the upper andlower c01umnsr among which the damages on

the lower c01umn are fatalin the case of P4031. Cracks are not observed in

beams.but rather wide cracks to separate the beam end from the
c0lumn surface

are observedin P4031and P8031′ Which are not observed in C-Series.

b) Failure modes

Figure12 shows the relations between the displacement at the top and the

base of the c0lumn,Dland D2. Note that the shapes of Dl-D2 curves are

SeParatedinto two patterns: The one shows anti-Symmetrical spindle shape as

Observedin P-Series specirnens except for P8031.in which onlY.D2 exhibits the

large value while DIstays within rather smallvalue. The other pattern shows

Dl-D2 curve drifts awaY from the orlgln after few cYCles of loading,Whichis

Observed mainlY
in C-Series specimens except for C4000. 工n Fig.13,the

relations between theload Q and
the displacement Dlor D2 are drawn to

explain

two patterns in Dl-D2 curves more
clearly.

In the case of the first pattern,

Which shows anti-Symmetrical spindle shape of Dl-D2 curvein Fig.12,the Q-Dl

relation shows ratherlinear behavior with smallamplitude of Dl.while the Q-D2

relation shows spindle shaped
l00P With large

amplitude of D2,aS Observed in

C4000 and P4031in Fig.13. Deformed configurations at the turning points of

POSitive and negativeloading sides are schernatica11yi11ustratedin Fig.14(a)

for a specirnen exhibiting anti-Symmetrical
type of displacernent behavior,in

Which a plastic
hinge forms at the top of thelowe.r column only,and thelower

C0lumn displacement Dl
relative

to the beam tips is mainly caused by the

rotation of the plastic hinge.allother portion moving as a rlgid body. The

SPeCimen of this type shows symmetricaldoglegged configuration at the turning

POintsin
one cYCle ofloading,and the center of the beam-tO-COlumn connection

SYmmetricallY mOVeS back and forth on tthe horizontalline.In the case of the

SeCOnd pattern of drifting type shownin Fig･12,Q-Dland Q-D2 relations become

as shownin Fig.13 for C4031and P8031. Note that Q-Dland Q-D2 curves are

quite similar if either one of these two curves is placed up-Side down.

Deformed configurations of a specimen of this tYPe at the turning pointsin one

CyCle ofloading are as shownin Fig.14(b),in which plastic
hinges from at

both ends of the upper and thelower c0lumns. =n the positiveloading,the

hinge at the end of
thelower c01umn mainly rotates and the value of D2 becomes

large while DIstays within the smallvalue.and the hingein the upper c0lurnn

mainly rotates in the negativeloading causinglarge value of Dl･ Doglegged

configuration is fixさd in one-Way/and the center of the beam-tO-C01umn

connection gradually drifts awaY t0 0ne-direction.

3. D工SCUSS=ONS

3.1 Ultimate Strength

Ultimate strength of each sp,eCimenis shownin Fig.8, Where s01idline
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indicates the ultimate flexuralstrength
of c0lumn and dottedline the

ultimate
Shear strength of beam-tO-C0lumn

connection.

a)Ultimate flexuralstrength
of column

The
ultimate flexuralstrength

of C-Series specimensis calculated by the

SuPerpOSed strength method based on

properties of materials shownin Tables

COlumn strength subjected to uniaxial

COmPuter PrOgramS PreSentedin Refs.[7]

TheJultimate flexuralstrength of

biaxialbendingis calculated by Eq.(1)

measured dimensions
and mechanica1

2 and 3･ The actualcalculation of the

bendingis done by the formulas and

and t8】.

C0lumn subjected to axialforce and

Strength for uniaxialbending obtained by

Rα+Rα=1.O

R
=Mx/Mxo･Ry=My/MyoX

Where.

SuggeStedin Ref･[8],Substituting the

the programsin Ref.【7].

(1)

α=3･30言2-1･42石+1･74:forsingleH-Shapedsteelsection

α
=2tO:for cross-!トshaped

steelsection

n
己

埋/N
maX

Mxo▼Myo:Superposed
strengthof c0lumn subjected toaxialforce

and uniaxial.bending

Mx▼My:bendingmomentsaboutx-andy-aXisr
respectivelY

Nmax. ‥ultimate axialstrength

The c0lumn moment calculated bY Eq･(1)is converted to theload on the

tips of beam A,and shown bY･SOlidlinesin Fig･8.

b)ultimate shear strength of beam-tO-COlumn connection

Panelmornent determined bY ultimate shear strength of the beam-tO-C01umn

COnneCtion for P-Series specimensis calculated by Eq･(2)specifiedin sRC

JMu=cVe(JFs･J6+wp･wOy)+l･2sV･sOy/′㌻ (2}

Where.

JFs

V
C
㌔
W
P
ロ
W
y
V
S
ロ
S
y

‥ Shear strength of concrete

:effective v0lume of beam-tO-C01umn connection

:Shape､factor of connection panelltaken equalt03in this case

:h00p ratlo

‥ Yield stress of h00PS

:Ⅴ01ume of steelpanelplate

:yield stres畠of steelpanelplate

The panelmpment calculated by Eq･(2)is conyerted to theload on the tips

Of･beamA,and shownbydottedlinesinFig･8･Effectsof biaxialbendingare

not considered.
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3.2 Discussions

a) Ultirnate strength

Ultimate strength of C-Series specimensis calculated as the ultimate

flexuralstrength of column subjected
to axialforce and bending.=tis observed

from Fig･8 that the maximum strength of anY SPeCimenin C-Series attainedin

the positveloading cycle does not reach the
calculated ultimate strength,

although the maximum strengthin the negativeloading cYCle exceeds the

Calculated valuein some cases･ Severalreasons of this matter are considered:

unbalancedloads on bearn A caused by the slip of
b01ts connecting beam A and

Steelmember around the
peakload; uSe Of average values of cross-SeCtional

dimensions for the
calculation;differencein concrete strengths of the･SPeCimen

and the cYlinder,CauSed by concrete-CaSting with
the standing position of

COlumns;errOrinv0lvedin simplified formula for biaxialbending strengヒhlEq･

(1);and P-△effect due to the movement of the connection,Whichis neglectedin

the calculation･Comparing the maximum strength of each specimenin C-Series,

the strengths of C4000and C4011are nearly equalland that of C4031islarger

than the former tw0.

Ultimate strengths corresponding to c0lumn failure
and panelfailure are

both shownin Fig･8 for P-Series specimens･ The maximum strength of everY

SPeCimen does not reach the ultimate strength determined by column failure.The

maximum strength of two specimens subjected to uniaxialbendingin P-Seriesis

Wellestimated by the ultimate shear strength of the beam-tO-C0lumn connection

Panelgiven by Eq･(2),While the strength those
subjected to biaxialbending

does not reach
the
predicted strength･Note that the maximum strength of P4031

is smaller than nearlYidenticalstrength of P4000･and P4011･Therefore,itis

COnfirmed that the strength of the connection panelis decreased bY the effect

Of biaxialbending.

b) Load-displacement behavior

Among the specimensin c-Serieslthe energY dissIPation capacity of C4000

is obviously muchlarger than
othersland C8031shows rather brittle failure.

The envelop curves for theload-displacementl00PSin the
positiveloading side

indicate that the negative slope of the curve after the maximum strength becomes

SteePerin the order of C8031/C40311C4011and C40001Which agrees with the

Order of
the amount of displacement amplitude achieved at the termination of the

test･ Therefore′it seems that three-dimensionalloading and biaxialbending

glVe bad effects on the deformation capacitY and energy dissIPation capacity.

Behavior of brittle failure shown bY C8031may･be caused by the greater p-△

effect due to the horizontal movement of the beam-tO-COlumn connection.

Observing the envelop curves for thel00PSin the positiveloadinglthe

deformation capacity and energY dissIPation capacity of P-Series specimens are

better than C-Series specimens,andit may be
said that the panel-failing type

is more advantageou､s than the c0lumn-failing type･ The maximurn strengths､and

the deformation capacities of the specimens subjected to uniaxialbending,i.e,

P4000 and P40111are almost on the same levella･nd the effect of three-

dimensionalloadingis not so clear asin C-Series. However,those of P4031
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Subjected to biaxialbending become worse′ and obvious strength deteriorationis

Observedin the hysteresisl00P Of P4031compared with P4011and P4000.

C) Failure modes

Two types of failure mode are observedin C-Series specimens:=n the first

type,the plastic hinge formed at the top of thelower c0lumn onlyland

Symmetricaldoglegged configurations repeatedly appearsin the positive and the

negativeloading,Whichis observedin C40000nly･=n the second type,the ends

Of both upper andlower c0lumns ar畠plastifiedland the doglegged configuration

never recovers onceit occurs one-direction(aS Observedin C4011′ C4031and

C8031･ The horizontalmovement of the connection accumulatesin one-direction

With the repetition of theload･Thereforer three-dimensionalloading on

COlumn-failing type specimen causes the unstable■failure mode.

Allspecirnens of P-Series except p8031exhibitlarge sYmmetrical

deformation,Showing the first type
of failure mode mentioned above･Damage of

COnCrete Of these specimens somewhat scattersin thelower and the upper c01umn

and connection between beam A and c0lumn･ =t may be said that panel-failing

SPeCimen shows more stable failure mode than column-failing specimen.The

effect of three-dimensionalloadingis not clear･P8031collapsesin the

Similar waY aS Observedin C-Series
subjected

to three-dimensionalloading,and

it doe･S nOt eXhibit the symmetricaldeforrnationlike other specimensin P-

Series,because of thelarge p-△effect.

4. CONCLUDING REMARKS

New findings obtained
from the experiment on elasto-Plastic behavior of

Steelreinforced concrete space frames are as f01lows:

(1)Maximum strength of any specimenin C-Series attainedin the positve

loading cYCle does not reach the
calculated ultimate strength(although the

maximum strengthin the
negativeloading cycle exceeds the calculated valuein

SOme CaSeS. P-△effect due to the movement of the connection must be considered

in the calculation.

(2)Maximum strength of the specimens subjected to uniaxialbendingin P-Series

is
we11estimated by the ultimate strength corresponding to the shear failure of

the beam-tO-C01umn connection panelland the strength of the other specimens

Subjected
to biaxialbending could not reach the ultimate strength.Therefore,

itis confirmed
that the strength of the connection panelis decreased by the

effects of biaxialbending.

(3)HYStereSisloops9f'a11specirnens show the･Pinched-Shape at first few

CYCles ofloadingland then they graduallY Shift to the spindle shape.

(4)Among thさspecim､ens in c-Series,the deformation capacity and energy

d･isslpation capacity of C4000is muchlarger than others,and C8031shows rather

brittle failure･ Three-dimensionalloading and biaxialbending decreases the

deformation capacity and energy disslpation capacity.

(5)The deformation capacity and energY dissipation capacitY Of Pqseries

SPeCimens are better than C-Series specimens･ The
panel-failing type maY be

more
advantageous than the c0lumn-failing tYPe.The

effect of three-dimensional

loadingis not so clear asin C-Series.
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(6)Two tYPeS Of failure mode are observed:1n the first type.symmetrical

doglegged configutations repeatedly appearsin the positive and the negative

loading(ahd the beam-tO-C01umn connection sYmmetricallY mOVeS back and forth on

the horizontalline.tn the second type,the doglegged configuration never

recovers once it occurs one-direction,and the horizontalmovement of the

connection accumulates in one-direction.

(7)Specimensin P-Series except P8031?Xhibitlarge syrnmetricaldeformation･

showing
the first type of failure mode′ and specimenin C-Series exccept for

C4000 exhibit the second type of failure mode･ Three-dimensionalloading on

column-failing
type specimen causes the

unstable failure mode･ The effect of

three-dimensiona1loadingis not clearin panel-failing specimens･
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Fig･12 Relations between displacements at top and base of c0lumn

77



78

D2【mm】

S.MORINO,J.KAWAGUCHI′and C.YASUZAKI

D2【mm】

Dl【mm】

Fig･12 Relations between displacements at top and base of c0lumn

(continued)

q【ton】

q【ton】

q【ton】

q tton】

Fig･13 Relations betweenload and c01umn displacement

DZ【mnり

D2【mm】



Elasto-Plastic Behavior of SRC
Space Frames

q【ton】

q【ton】

q【ton】

q【ton】

D2【mm】

Fig･13 Relations betweenload､and c0lumn displacement

(COnt土nued)

D2 rmm】

79



80 S.MORINO,J.KAWAGUCHIand C.YASUZAKI

=
D2

(a)

=

DZ

(b)

Fig.14 Deformed configurations of c0lumns



Elast｡_Plastic Behavior of
SRC Space Frames

Tablel Name of specimen

SPeCjmen
P 鎗1 ul.U2 #2 faう1ure mode

C4000 40(20) 0,0 coIumn

C4011 40(20) 1,1 column

C4031 40(20) 3,1 column

C8031 80(40) 3.1 column

P4000 40(15) 0.0 Panel

P4011 40(15) 1.1 Panel

P4031 40(15) 3.1 Panel

P8031 80(30) 3.1 Panel

♯lconstant
axialthrust(ton).and ratio to

ultlmate axialthrustin parenth●esIs(完)
★Z beam 8load slmulatjng

thelong-termloading(ton)

℡able 2 Materialpropertie$

(a)steel

Oy ★1 Ou ★2 亡 ★3

C-Serles column frange 356Z.0 4865.7 20.59

column web 4135.0 5073.7 18.84

Panelplate(6附l)
3356.8 4274.4 27.75

stQelbar DlO 3274.6 482丁.5 21.03

P-Serles coIumn
frange 3622.0 4984.5 22.87

column web
4215.0 5195.5 16.70

Panelplato(6mm)
2845.3 4060.6 24.65

steelbarDlO

D6

3606.ヰ

3885.4

5305.020.11

5351.0

★lyelld stress(kg/cm2)
★2ultlmate tenslon

strength(kg/cm2)L
★3
Qlongaいon(冤)

(b)concrete

SPeClmen Cylinder strength SPeClmen Cyllnder strength

(kg/cm2) (kg/cm2)

C4000 184.8 P4000 363.Z

C4011 213.9 P4011 345.6

C`4031 196.7 P4031■ 357.6

C8031 201.5 P8031 333.6
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Table 3 Measured dimensions of c0lumn and panel

SPeCimen Dc bc ds bs tf tw dp bp tp

C4000 Z30.8 Z31.1 149.~7 30.5 9.07 5.54 162.06 131.46 18.2ノ3

C4011 231.5 231.4 149.2 31.3 8.81 6.26. 161.30 131.04 18.68

C4031 233.2 232.1 149.3 29.8 8.86 5.66 161.73 131.62 18.50

C8031 230.5 231.1 149.9 30.5 8.92 5.6Z 161.80 131.17 18.40

P4000 232.0 2Z9.0 147.9 ､30.5 8.41 5.81 162.91 131.36 5.75

P4011 231.3 231.8 147.8 30.9 8.53 5.79 162.03 130.88 5.90

P4031 230.5 231.3 147.4 30.4 8.45 5.53 162.24 131.35 5..70

P8031 231.0 Z28.8 147.7 2`9.9 8.48 5.57 162.41 131.24 5.63

depth of

width of
depth of

wjdth of

thickness

Dimensions of

column section.

Steelflange

Of flange

COnCrete SeCtion tw

COnCrete SeCtjon dp

Steeコミ?Ction bp

thickness of web
depth10f panelplate

Width of'pannelplate

thickness of panelplate

steelportjon shown above are the average for cross-Shaped

Unjt:mm


