This paper describes the structural b :
che experiments and analyses on the one tﬁhav‘lor of the
.he beam elongation, the experimenta]l -twentieth scale
four-story reinforced concrete frames wit
o mes was also analyzed by the finite segment 5 e e
53 method. | ructural behavior of

As conclusions obtained from the experi
ments and
anal

rein
forced concrete frames

models . based on

u

axial

1ue to the axial restriction in b

i 1. : eams caused by the lateral stiff

the anal} - good agreement with the experiment 11 ness of columns, (3) the results of
ental results. | ‘

INTRODUCTION

Reinforced concrete be
b other during loadi ams and columns forming up a structural f '
eTh - ¥ ring loading and behave physically as one structural bod ET T
Thus, whenever analysis of the mechan ' e
‘ anical behavior of the re
cerned, experim ' e reinforced concrete f 1 S
. eXp ent carried out on the frame as a whole system makes more seniin:;ilis C'Gnt
n jus

experimenting on the individual member
A loadin : : - '
g test of a statically indeterminate reinforced concrete beam-to-column connection

sub ' '

f@rcisi:;-;bg:jeﬁ)az c;:ai,rrhedb out by Zerbe and Durrar}i(1988), who pointed out that compressive

i A Fhe bn a elam wl:uch subsequentily mcrﬁeased its flexural strength. Focusing on

S s cam ¢ Onfgatmnj the author a.lfld his colleagues studied the behavior of the
concrete beam subjected to the restraint of axial deformation(Kokusho, Hayashi,

Wada and Sakata 1988).
In order to clarify the influence of the axial elongation of be

me : . .
o a.nd analyses of a beam sidesway mechanism type (W1th t
ncrete plane frame WerIe carried out.

pa : ; ‘
parameter), multi-story multi-span reinforced co
train developed 1n the beams, the horizontal

)
a : :
paper, the axial elongation of beams, the axial s
and etc. will be discussed.

stre *
ngth of the frame, the behavior of collapse mechanism,

..._____-___._-_

ams, horizontal loading experi-
he number of spans used as a

"
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METHODS OF EXPERIMENTS

Specimens ¢ to a certain reinforced concrete building with a pure rigid fratise
With reference tO ¢ ,

. | tion of the buildin Ve
: ting the lower por g, and ;
s envisaged represen . ¥

scale plﬂm? sogiog WF? _story, one-span speclmet LERL); & sour-story, three-spay SPecy;

three specimens; a lour ?n span specimen (FR7) were manufactured. Ejc}, ey

4 a four-story, seven- _ : _ |

ke at;n the portion up to the intermediate height of the columns on the fifth floo, ”
represents |

i fourth story of the specimen. The cross section of the members is shown ip Fig 1 -T
the Iour ; |

_ : s shown in Fig.2. For the purpose of later explanat:
ion of the FRY Specm:fﬂB C. D, E, F, G and H in order from the left to the Tizﬁ?n] t

tar with cement and standard sand proportioneq
h water at a water-cement ratio of 75%
used as main reinforcement wasg

Le

dimens .

columns are marked to show
In lieu of concrete, the mor

ratio 1:2.5, which was mixed wit

deformed reinforcement(Murayama et al. 1982) | .
manufactured from a 1.6mm diameter annealed wire

at .
My I
wWas used. DE

spiral hoops and stirrups

Loacding apparatus - .
The loading apparatus and the method of loading are shown 1n Photol. and Fig 3.

< Axial force of column> : Fig.3 shows the method of introc%ucing the axial force of coly,
(N). The plate attached to the top of the column of each specimen was connected ot 4 my,
located in the spring case underneath the reaction frame, by means of a round steel barlﬁrling

pin-shaped ends. By tightening the nut underneath the spring, the vertical force of 13.7kN th
Ry

column was caused to act as a fixed load.
<Horizontal force> : Fig.3 shows the method of applying a monotonic, horizonta] force

was fitted with each top of column, and a mini oil jack was i1nstalled between the i ? Ejm
. [1C txle
Cross Seclion : : _
S i | Tablel. Physical Properties of Materia]s
RH
Sectional Area Yield Strength Tensile St

RS R S -~ (MPa) gy onetin
8-D3 03 0.0731 317.3 390.9 e
: 1.6 0.020} 253.7 383.8 "
e —

1»81”‘51”'5“ Mortar EXp.  Exp.

45 ! Material A.g,e([)ay_) : - = Sta;t "u:i

~LEe O Lompressive Sirength(MPa) - s oMo Y (IJ s

P,=2.89% Strain at Compressive streneth( X 19 %)  —= e BSéG 44.2

Cross Section Pw=0-89% Young’s Mondulus(MPa) <5 mﬁ
of 2nd Floor Bean fensile Strength(MPa) 21379 22948

:

; 9 3 |
= B Sockior l.8 2.4 TR e B
2-D3 of 3rd-5 | ' '
th Floor Beam e - Loading Point
e = 240 | 240 240 :muJr 240 i 240 -
- ; é >
= o & s —Jw _655' Sk Ssc  Ssa ==
2-D3 5 - 95 b 4f
= s - el s
-- ESE e P
% — =
ljﬁ‘j 148 0 [ 535 el —— y A8 S
2-1.!.33@10 20 2 ch m ﬁ 52(7 613 E :
P=0,97% 2-1.6 ¢ @19 A :
P,=1.34% Py=1.227 . S
Py=1.34Y% [ A B C D R 7E S : § S
G §
Fl [kllt . mm ]
gurel. Crogs Section Unit : mn
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@ round steel b

photol. Loading Arrangement

' tal Resistance F
Table2. Horizontal ce Force Ca]
by Simple Analysis Assuming Mechams(;lﬂszseéiou
dpse
m
FERE. FHRS FR7

~ 3.53kN  9.12kN  20.40kN

- ame. 1hese mini oil jack
loading frame. Jacks were connected with on unj
€ umt of hydraulic pum
: P, and are

lying force uniformly t
capable of app ' Y to each top of coluyr
.+ both ends to be subject to half the force in other colum an OZEV?I‘ 0 order for the columns

-ross section being half that of another mini oil jack.
\fechanical properties of materials

Tablel shows t‘he mechanical properties of the D3 deformed reinforcement. the 1.6mm
sameter annealed wire, and the mortar which were used. |

Horizontal resistance force calculated by simple analysis assuming mechanism of collapse
Table2 shows the estimated horizontal resistance force of the specimens, which were

.btained on the assumption that no axial force is developed in the beams of a collapse mechan-
ism with a yield hinge assumed at the beam ends and column bases. For this model, considera-

tion was given to the rigid zone in the beam ends.

RESULTS OF EXPERIMENTS AND DISCUSSIONS

ati : : d horizontal displacement |
Relationship between horizontal force an O oree and horisont 2] displacement. In the

R e Sohone b % used corresponding with those shown 1n Fig.2.

figure, symbols such as 654, 6 i OEE BN . 1o analysis

' $As VEBh ‘0 ) : figure, the sumpie

Ihe value in parentheses denotes the angle of rotation. In the hgur _
horizontal resistan

represented by broken line considers the N-§ effect of the

lumns on €ac
In all specimens, the horizontal displacements o.f a.ll the co gy
i ’ to vary after initial cracking ©

more noticeable than thc columns




axial elongation of beams i

f O | !“‘
horizontal displacemen

ce and the

) , - » of
Axial h';‘_‘-,!."__’ﬁ.&it_ﬁ---m—ﬂ}*; relatio nshif differenc®
'f"ﬂ'“}?‘ig.ﬁ shows the 2 fr;l]f.’)“'mg /A TI€ *
| ST, ,AL R 4 : the a:('ja,l Floﬂgatl{}n was qmﬁ.ll‘ ,‘-‘ln{1
ton exceeded some 1/200, and thereafte,
Regarding the beams opn iy,
.ller the amount of elongation per spay.
3'151 : - - .
of spal hen the whole average angle of rotation is
the fifth floor indicate irregular Qlfjnga_

ch greater in the spans closer to t},,

1ins E - "
1y after the occurrence

en the th)}ﬂ .
increasin

Irn e {'i i ate

TOW] wh
hegan growing

r-ur]finlif'i’]

«econd floor, the gre i t
Fig.6 shows the axial € |

From the figure,

‘ n, mu
second floor 1

ndicate elongatio

1/20.

tion,

left.

but those oD the

al f beams

listribution of strains in the heams when the whole average angle of rors
e distributlivo yf stralls

" Fig.7 shows t| ' 1/20 for the FR3. Compressive strains were developed in the beayy
/2 0 : P |

ion were 1/100, 1/50 ant . um 50u, maximum 404 in FR1 and maxamum 350x 1n FR7, ingi.

yr: a maxi : e
the second floor; a 1m e compressive stra
G that the greater the number of spans, the much greater th P ains 1n the
cating that tic gpitat "

heams on the second floor.
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Gtate of deformation
— Fig.8 shows the state of ultim
. dicate the lnqcl_e of deformation
;jon at the p051t1_0ns of the beams ‘
mas on the right (colurmn Dy 3¢ e o, €004 lor. Fyeng
<econd floor, -lHdlC&tlIlg the effect of ® form of & 44
phengmenon i1s shown in FR1 angd Phe Higation of the pe

ate ¢

Ea.rly straight deforma-
s ﬁglllr-e, 1t 1s evident that the

€ Position of the beams on the
4Ims on the second floor also. This

2.7
ppit : me "2.0 51 Floor —
85 1 — 21 Floor — HI5th Floor
A 1§ % 4 e :‘1”1 Floor
FR 1 *
3.9 7 :
"1 —5th Floor peeritine
,_._2;!,1 - - -R=1/100
' 2.0 : L 12nd Floor
: 53 TR=1/20 33.0 30.1 30.9 2
pe —2ixd Floor 50| 50 —3} H H HT‘“
r : - A1 € - 2 L le._ {'_'__}‘u‘
A ﬂi _____ J:C D F Comp, Terns, Comp. Ters. Comp., Tex H_n l _”r
0.8 1gure7 ; '
FR3 5 3 Ax-la-l Stl‘aln of Beam ok
| |
el =
6.2 4.7 3.5
FR3
o B C D |
Figure6. Axial Elongation of Beam at Figure8. Deformation of FR3 at
Whole Average Angle of Rotation 1/20 Whole Average Angle of Rotation 1/20

ANALYSIS METHOD AND ANALYSIS MODEL

13. TkN 13. TkN 13. TkN 13. TkN

By the implementation of the elasto- 5d P/3 P/3 P/s
plastic analysis method of reinforced concrete A e = =" 7
frame taking into consideration shear defor- s il IL e it =13 LI e :
mation of beam-column joints and bond-slip = = 54 %
using finite segment method, analyses of the ¢l 1‘,,”“ = =34 " .
present experiments were carried out. As the 5 ' Emss

. . : s {1 « JUTTITTTTTICINA » ' _
details of the elasto-plastic analysis method 13 2 - Wi
are given 1n Reference (Kokusho, Wada and , =TT - T - TR 52
Sakata 1988), explanation of the analysis 12 =22 = ___” 2
method 1s omitted. =

31 il

Analzsis model 7 [ r—':'Rﬂé' l Z /t

Fig.9 shows the model for the FR3 used S0 Wt T R i
i analyses. Each of the columns and beams Figure9. Model Used in Analysis(FR3)
between the panels was divided into 20 ele-
SSAE8 1. the direction of its axis, the coumn® cantilever beams projecting on the left

on the fifth floor were divided into 10 elements, and the
and the right were divided into 5 elements. T}-w over
models was 3722 in FR1, 7724 in FR3, and 15700 in FRT.

all degree of freedom of the analysis
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| ' % materials
echanical properties of ma | o Jvae
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;g ’ - " : ff.-f..;-flt-r{ k W oy : [y
st s ;f ' lff) between stress aricl strain of concrete (1 1. };‘ STIARTY

- 4 "1, A o A0 - ¥ . ’ ’ ¢ 0 P55

' “f ] f ‘1-'-' TRH ';-'-l"r, *EI,IJ ! ’H : o &1 & - ry ™ - i i £ |

between bond ST S «r (Fig.12), and between stress and strain of concrete )ATe]

stroas and strain of reinforcing bar (Fig.14), €]

* S teri wif were Al }“F:f] 2.5 the values of Lhie C OIS vyes
.l"fil-lll'pf' t}]ffjljp:}] ff]r],t‘_r_lrl.j ',f ..af,f A I ‘ ;IJI‘”’. .

| stress of the reinforcement, etc,, and the values INvolved 1
modeled ”‘qi‘i{—]”) with reference to the resultas 5t fuu:.:rt

(Fig.13). T'he values ol
sive strength of concrete, the yiele
the bond slip of the reinforcement Were
tests conducted by Murayama, et al.(1082).
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RESULTS OF ANALYSIS AND DISCUSSIONS
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g

I'?'ig"]li shows the r'f-.]_:i.i,irnmhi y Bhet:
huriznntal force and horizontal -r!.if-;l.;la iy a
The hold solid line represents -t‘hIp acement
value and the narrow solid line rr:L:ﬂ-:qenM th

{,}:pnrimen_tal value. In al} Sp‘zcinﬁ;;lg“ H_;.r_-t
analysis value is slightly greater than t}i
p_;-.;lwrim_rtn_ta] value, indicating a G{Jd
(orrmspmldenr:ﬂ b{%f‘.Wﬂ!’_:H th‘l' twgi AS ing HA;-P
case of the experimental value, the aﬁalﬁi;
value indicates a greater strength than Sil:I;lple

analysis, 1n all specimens.

Axial elongation of beam
a Fig.15 shows the axial elongation of the

heams on the second floor when the whole
average angle of rotation is 1/20. The experi-
nental values and the analysis values concur

well.

Relationship between bending moment at

beam end and axial force
Fig.16 traces the bending moments gen-

erated in the ends of the A-B beams on the

cecond floor and also the axial forces gen-

erated in the same beams. The solid line indi-

cates the left end and the broken line indi-

cates the right end. When a compressive

force is developed in a beam, the axial force 1s
<hown in the positive, and the tensile side of
the beam bottom is the positive bending
moment. Due to the development of an axial
force, the bending moment in the beam end
varied with the compressive axial force which
also changed along the interaction curve.
This bending moment was greater than one
with a zero axial force, and from this, 1t 1S
feasible to explain the fact that increasing
resistance strength was seen as in Fig.4.

Shearing force of first floor columns
Fig.17 shows the shearing force of the

first floor columns with moment diagram for

the FR3 when the whole average anh

rotation is 1/200. The shearing force sl:,la.red
by the first floor columns i1s not umtt:o:li

because of the effect of axial elongation ©
beam on the second floor, pa.rtwula,rl}' a large
difference of shear values at both ends.
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whole average angle of rotation i ¢

' 2(
raph indicate a very close deform /20,

State of ultimate deformationl s when the
atif)n

Fig.18 depicts how deformation Oczl;enta_l s
Both the analysis results and the eXp€

mode.

CONCLUSIONS

ere achieved. ¢ .
_ rame 1
~forced concrete plane s deformed due to 3

- : deformed at an early stage. Thereafte
B a'lll ‘30'111]1;1:; Zr:dlfl::;lc:lgigated in the direction of axis, but the f:;:;;, tfhe
P ﬂexuou5§ y:j a ijttle resulting in the varying angles of the columns on th,
beams were dﬁfongneis ieceiviﬂg, leftward monotonic loading, the angle§ of' the columps on
ﬂhoort'-. \:/1{1]11:): bicome creater as they are located closer to Fhe left, resultmg In a large differ.
::n:e lll;itwecu t};ose. at the left end and the right -end'. This PhenOI’(iilenori 1S more noticeable
with the increasing number of spans since al¥ the yielding beax:_ns tend to elongate.
2)All specimens demonstrated that the hcznzonta.l strength 1s greater: than the 110.1"3‘3011t.a1
strength obtained using the ultimate bending momefnt’: on the a.ssu-mptlon that no axial force
is generated in a beam. As the results of the analysis indicated, this was because the bending

strength of the beams increased due to a compressive axial foE‘ce.

3)In the reinforced concrete plane frame, the columns are subject to extra forced deformation
due to the axial elongation of the beams that have been flexuously yielded, hence the sharing
of the shearing forces in the columns at both ends of the frame is greatly varied. Ty,

phenomenon is noticeable in the columns on the first and second floors.

4) When the reinforced concrete plane frame is monotonically loaded from the right to the left
the elongation of the beams on the left spans on the second floor is greater than that of thé
beams on the right spans.

5) The compressive strain on the second floor beams which tend to axially elongate after being

flexuously yielded within the reinforced concrete plane frame is greater 1n the specimen with
a greater number of spans.

6) The results of the aflalysis presented here cover most details of the experimental results, and
‘re']:)resent. the ?ehavxor of th.e multi-story multi-span reinforced concrete plane frame, taking
into consideration the restraining effect of axial deformation of the flexuously yielded beams.

As a result, the following conclusions W |
| : . :
1) When a beam sidesway mechanism type T

first
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