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Specimens  Consumable concrete stage  f. (MPa)
MO1 monolithic concrete 49
MO2 monolithic concrete 48

first stage of concreting (46MPa)
SPC1 - 48
second stage of concreting (50MPa)

first stage of concreting (38MPa)

SPC2 -
second stage of concreting (42MPa)

Table. 1. Compressive strength of concrete in specimens
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S400 10 364.85 547.49 0.200 28.07
S400 16 438.29 668.24 0.210 21.09
S500 10 582.80 715.19 0.337 11.16
S500 16 640.38 755.18 0.334 14.62
S400 16 427.70 648.19 --- --- with coupler
S500 16 565.73 651.89 --- --- with coupler

Table. 2. Tensile strength and strain of reinforcement

lb)g}'lo)Tg Bdiged wid Ulasuin Y-V
Yooolal b e JS3 & 05 phae (Ll 450l £ ann )3
b Jeats JS8 a laised aen 53 5 shade 5 e Sl
el e Sl YO Ch}.acwjl}ﬂdﬁu\“ UPSE

5 MOL lawiye 3 2,0 5 Job slasslel oy
SPC2 s MO2 (slacses 5 5 S400 o3, ,55le,l 31 SPCL
el 8 030zl S500 o5, 5 sibe,T

Lomeihe V1 ks 55l sde A Sl ek pad ana 3
Sk ol sl Oste e Usl 5> CHES w58
el 0l ealaial O gt

Facskee VU3 L gkl sde £ Juls s Jib sl

))ﬂg}:ﬁ\W#LJ}SLﬁ)T)J&iW}%ﬁQ}J

e gl ol i 0SS

PLI00*300*12
1’- 10670 1 OBS0
aoen [T g are T 5
Aa ad 8 % 8016 %%_&m&_
§10e50
E S <
Ba T4 |aB o000 44 500 ¥ 39 300 39
F y)
L 2C »D SEC A-4 SEC B-B
E
10070, droes0/ PO \oue > \swon 10850 Sﬂ 10870
= ey 700 50 ! el s N =z !| s
j Puwm.”i‘lw i E 4016 3 4016
— 4 4 g -
.‘ ﬂ 300 ;g ;c 300 ;Q
1100 300 _. 1160 SEC C=C SEC D-D

Fig. 5. Details of specimens



OHSes 5 (55,8 e

s el s Jlail glas ey a1 axdllas

M‘)‘Jjﬁ 44.’!}.&.’!;‘5)3 d):.w CLL‘!‘)‘ L JEJ‘)}A g;\.:l..l‘)h
oMMf@QTJJCJ.:)JQ)\)uibk‘y}awbu&

Sl GG ey dams bV S

b

Fig. 7. Time history of lateral loading

D3l plil 51 a1 SPCL &5l Sl (5 0 poas (A) JSC

a3 ol 51y SPCL & g0 51 (5 pos A S

: ....................... 425% 3oz

] 2.75% » I =
€ 2o ange: 02% oy o 111 4l
' |
g -jpomccccccccas 9

-2 ----------------- A

4 - —-—- 4

4 R -—--—- -

s

Cycle

Fig. 8. Picture of SPC1 after testing

o g mli -t
el 5 bases @ gl @ SL Jlesl 51 e
— il S gl Dot S s B, (Sl
4 SPC2 ,SPC1 MO2 MO1 (slad g il O Loi5
s e Dol 0l s 5 O B4) S IS s 5 5
Backbone ) o5 G owe 5Masl b S5 tn slaails

O S e (W) Ko 53 sl ol o 5 (Curve

RO PR oles 4 da\ﬁl.lbj lad ol

\td

WJlasl AT e ses (g3lwoslel 5 ctle 51 m

R OO PPRRCIU I W N P - P R PPN UL O
sl heate J84SS g5 3l O 0 ased Sl NiPR$
S eSS p 5 5l el sl 5 G SlASLST
5 sl asll sl el oS B el ol esls 13 il
53 wsed Sl sBAST 6585 sl (gymee S50 S 2
(V) UKo s ol a8l (Sale ol8eSS 5 51 05t (L
ploil (gl 45 ol 0d 0315 5 Lei MOL w505 51 6 2 s

ol sl gl el

Fig. 6. Set up of

ok Bl sl

DM 4 gl Sub oL O s
Jlasl 05 W 3 mliiess 5 (6 slal, Lo 0,16 Ag
Yoo e b b (S Sl ke i ol s
ol ok osliad o3 5 5LS

(kS 0 b L Ssuds S Sl eslisd L
505 VL 55 288 5 Sy O w0 il SLL
ol NSl ami )b el s Jlesl il sl s
(V) UK Gk ACI TLAROL Il sus 4 235 1 5 2,
Sl 3l o pa [20] ol w815 eslind 5
ol dslee SL Sl Bl IS 4w cow ARSI
X7 N0T N W INOT /07 o YO /YO /Y, s
S JSo s S I3 E/Y0 X0 )XYV .
el ods Jlesl il L eSS T faomes 53 & g

GOELL a5 0ds Lol dBwplS ) w0 il L

wily ool Sl ol G sl Soa by



\£~Y‘JL~/\ e)w/r)l.g;:jg“,wtve)jé

ote Ol jos owdige Sa s — oode aloe

ARELLT kg iy e MY JKS

equivalent bi-linear model g

Ultimate / g
load (V)]s . — i 2
> =3

Yield | . skeleton curve 2
load (Vy) 4 : g
ol

g

o

Yicld displacement (Ay) displacement (A y)
Fig. 13. Backbone curve of specimens

g Sope w s G5 Dol g g
Dlssad iledslee gy cliledd (giledslas et oo
[15] ol V8 e gb O slagell 5 Jastss
e B V0SS s b ged (gl ol a5 (lals 5ed

RS P W

[15]taes goi 030 o s gms 035 o 55 5y, Ve S

MO1 200 LV/(KN)
SPCl = = —.
MO2 100
SPC2—= . = -.
A(mm)
-100 100

-200

Fig. 14. Method of bilinearization of the backbone [15]
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Specimens MOl MO2 SPC1 SPC2

Energy (KN.mm) 25726 21164 18550 15827

Table. 5. Energy absorbed in specimens

SaS 4 Jlal badsad Cuslae Sl s 5y Co
wajbu MO1 4.;}».: @ w ol o (:L>u\ (-\) J}J&-

Lok gad g pdy K5 5 e plnlr N s

Vymoz (Vydspcz (Vydspcr (Vy)secz
Vymor Vydseer Vydmor  (Vymoz

ratio 1.10 1.32 0.77 0.92

Vwmoz Vwsecz Vdspcr (Vwdsecz
Vwmor Vwsecr Wdmor  Vwmoz

ratio 1.06 1.32 0.77 0.96

(Wmo2 (Wspc2 (Wspc1 (Wspc2
MWmor  Wspcr Wmor  (Wmoz

ratio 0.64 1.02 0.72 1.15

(En.)poz (En)spcz (En.)spc1 (En.)spca
(En.)mor (Em.)spc1 (Em)yo1 (En.)yo2

ratio 0.82 0.85 0.72 0.75

Table. 6. Ratios of strength, ductility & energy in specimens
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Specimens Direction (KN)  (KN) (KN) (KN)

Forward 131 165
MOl —— 125 —— 165
Backward 118 164
Forward 123 154
MO2 —— 138 —— 175
Backward 152 195
Forward 81 109
sPC1 ———— 96 —— 127
Backward 110 145
Forward 125 168
SsPC2 —— 127 —— 168
Backward 129 168

Table. 3. Yield strength & ultimate strength of specimens
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Forward 31.8 795 25
MO1 2.65
Backward 28.1 79.1 2.8

Forward 375 56.8 15
MO2 1.7
Backward 30 56.1 1.9

Forward 36.1 63.8 1.8
SPC1 1.9
Backward 326 63.7 2

Forward 324 63.8 2
SPC2 1.95
Backward 33.2 635 1.9

Table. 4. Displacements & ductility of specimens
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Abstract

The four experimental samples of middle beam-column connection of the reinforced concrete moment
resisting frame were made. In the stage of making the experimental specimens, the two main differences
between the specimens were included the strength category of reinforcement and the semi-precast of
connection. The two monolithic specimens (MOl & MO2) were made using in-situ and continuous
concreting in such a way that the reinforcement and concreting of the beam and column and the connection
core were all done in one step; Two other specimens are semi-precast connection (SPC1 & SPC2). The semi-
precast connection is built in such a way that coupler is used and does not require welding on the project site.
In one of the monolithic specimens (MOL1) is used S400 grade reinforcement, and in the other monolithic
specimen (MO2) is used S500 grade reinforcement. In one of the semi-precast specimens (SPC1) are used
S400 grade reinforcement, and in the other semi-precast specimen (SPC2) is used S500 grade reinforcement.
In all of the four specimens, the cross-section of the column is square with dimensions of 30 cm; and the
cross-section beams in all specimens is rectangular with a width of 30 cm and a height of 35 cm. In all
specimens, 8 reinforcements with a diameter of 16 mm with uniform distribution in the column section are
used for the longitudinal reinforcement of the column; The longitudinal reinforcement of the beams includes
4 reinforcements with a diameter of 16 mm at the bottom of beam and also 4 reinforcements with a diameter
of 16 mm at the top of beam; reinforcements with a diameter of 10 mm have used for shear reinforcement in
beams and columns; The shear reinforcements of column continue in the connection core. In the monolithic
specimens, the bottom longitudinal reinforcements of the beam have continuously passed through the beam-
column connection core, while in the two semi-precast specimens, the bottom longitudinal reinforcements of
the beam have coupler in the connection core. Tests to determine the compressive strength of used concrete
as well as tests to determine the tensile strength of used reinforcements have been done. After making and
curing of specimens, cyclic load was applied according to ACI T1.1R-01; then parameters such as yield
strength, ultimate strength, ductility and absorbed energy have been studied. In the range of variable
parameters and materials used in this research, it is concluded that increasing in the strength of
reinforcements has resulted in increasing the yield strength and ultimate strength of specimens; In such a
way that the strength of monolithic specimens is increased by +8% and the strength of semi-precast
specimens are increased by +32%. Increasing the strength of reinforcements has reduced the ductility of
monolithic specimens by -36%. Increasing strength of reinforcements has resulted in decreasing the absorbed
energy -18% of monolithic specimens and -15% of semi-precast specimens. The yield strength and ultimate
strength of semi-precast specimens are smaller than monolithic specimens. When the S400 reinforcement is
used on the specimens, the yield strength and ultimate strength of the semi-precast specimen is 23% smaller
than and the ductility ratio is 28% smaller than the monolithic specimen. The energy absorbed in the semi-
precast specimen is 28% smaller than it in monolithic specimen.

Keywords: Yield strength & Ultimate strength, Ductility ratio, Absorbed energy, Middle connection of
frame, Cyclic load.
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