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4 concrete damage plasticity (CDP)
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Fig. 1. Model for uniaxial tensile stress-strain behavior of
concrete [31]
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Bay width 2,032 mm
Bay height 1,524 mm
Column depth 203 mm
Column width 127 mm
Beam depth 197 mm
Beam width 127 mm

Column longitudinal

. 4-#3 (p=0.011
reinforcement % )

Column ties 6 gage at 152 mm (p = 0.0065)

Column longitudinal 4-#3top (p=0.011)

reinforcement 2 - #3 bottom (p = 0.006)

Beam ties 6 gage at 76 mm (p = 0.013)

Table 3. Geometric details of the frame
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Fig. 3. Geometric details of reinforced concrete frame

2 stroke-controlled pushover tests

3 drift ratio
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Fig. 2. Bilinear model for reinforcing steel behavior
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Material Properties

f_ =38.438MPa

Concrete
E =29,992MPa

f, =338.5MPa

Reinforcing
E =200,000MPa

Table 2. Properties of frame materials
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1 In-plane monotonic loading
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(a) experimental crack pattern [35]

(b) analytical crack pattern

Fig. 6. Comparison of analytical and experimental crack
pattern
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Fig. 4. 3D model of reinforced concrete frame

T sl @ Juame o amie S Gk 3l L sl
b ARLLST Gge s & bl 5ol s pll S
el (Sol 31 B 5 50 A8 s Bl ke
Slomio @g0d G35 ML bt 5 5,0 Jlesl s
Dsad 53 el ol w3ls 13 el (58w S Sadl
“dbe Sl Oy sk oslal bl lea,w e (g3de
3o sbpbralr Gl ik 4ol sl g5l
b Slses Sl ol lge ilr D) g 4 4 ged camis
2 AT G 5 s3de B 3l ol 0
B on L e Soales oS eld ol L (0) S
LS S s s e 0L a8 LT 5 ga0s
23 ARG Jae b alis 53 s3de e 3 S 5

el 0l o3l OLAS (V) S



SN Lo 5 0 S Ol

&&WUB&‘AJ})L&J&})J'JJMJLGJ\JJ\w)j

(oo ) o 8 502 Gl O % R ool o (0
2 (6,) CaSe G IS s
S [32] fib 2010 web ool 5 el &Iyl Jals, 51 N /m

fel o oslizal el aalsl 43 5 4
i V)

_ 0'73fc:‘.18 (/\)

Trai =Cafog T a0

G

f

o iy Sl e, il ) s S
LSl RS L el 3 g e 53 o Sl
IR T R P WPt S S - VRSV SR VA SR PR
300 e g ekl dlesl Goses s5,0 5l 26 oLl
I oy Lo 20 (gL Canslie of
Slee 3L 250 Hlas Caslie sl il ple ol
52 38] sSdisas 5 S hws edd &) )58 kil
ol (iludbe gla 5 Gman Jde .ol ol b S L
S ol s rmen el e sl 0L (A) S5 s
Slaslsgad 53 AT s b aslie ) s3de o
ol () UK s (CMOD) s 5 wlas Sl L
58 o odalive ajlssad 55 &S £ S0ka .ol sl o3l

Bl sy ‘_;alﬁi.;bj 3G @L"J BT ;ﬁ*“\"’""

Sz sl e (S5 S 5 Ghman Je A IS

Fig. 8. 3D model of small, medium and large beam

4 crack mouth opening displacement (CMOD)
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Beam dimension Small Medium Large
Depth(b) 76 152 304
Length (L) 241 431 810
Span(s) 190 380 760
Thickness(t) 50 50 50
Notch size(a,) 15.2 304 60.8

Table 4. Dimension of beams (mm)
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Abstract

One of the common issues in the cast-in-situ reinforced concrete structures is creating a construction joint
(cold joint) caused by an interruption or delay in the concreting operations. According to ACI 224.3R-95,
construction joints in columns are to be provided below the beam for lower story columns and above the
floor slab for upper story columns. The cold joint is a weakness or defect in the concrete, which results in the
non-integrity of the concrete. For this reason, the performance of concrete elements with the cold-joint is
under the influence of that behavior. The seismic design procedure for in-situ construction generally
considers that the connection of beam and column that frames into the joint is monolithic in nature. But in
actual construction, it is not possible to cast columns of the multi-story frame in one go and therefore, a cold
joint is inevitable in all the upper story columns immediately above the lower story slab. In this research,
firstly, cold joint behavior is modeled. The model of concrete damage plasticity used for the modeling the
concrete behavior and the surface-based cohesive behavior with the traction-separation response used for the
modeling the cold-joint. The three-point bending beam specimens with the same compressive strengths of
concrete on both sides of the cold-joint have been used to verify the opening mode behavior of the cold joint
from the experimental results. Three different sizes of the beam were considered to ensure the validation of
opening mode behavior for the cold joint. So, the push-off test specimens have been used to verify the shear-
friction behavior of the cold joint from the experimental results. Three same specimens with same
compressive strengths of concrete on both sides of the cold-joint and the different number of steel connectors
crossing the interface surface of the push-off specimens were considered to ensure the validation of shear-
friction behavior for the cold joint. Then, a single-story single-bay reinforced concrete frame is modeled.
After ensuring the validity of the numerical model of the cold joint and frame, a reinforced concrete frame
containing a cold joint is modeled on its columns at the below of the beam and the top of the foundation.
Subsequently, in order to investigate seismic behavior, an In-plane monotonic loading, stroke-controlled
pushover tests were performed once on a frame containing a cold joint and once again on the same frame but
without a cold joint. From the result, prior to the yield point, there was no difference between the load-
displacement curve of the monolithic frame and frame with cold joints. In the range between the yield point
and the failure point in the frame, a relatively small difference was observed between the load-displacement
curve of the monolithic frame and frame with cold joints. A significant effect on the frame behavior was
achieved in monolithic frame and frame with cold joints in their ultimate displacement so that the ultimate
displacement in the cold-joint state was reduced by about 30% compared to the monolithic one. In fact, the
finding results showed that under monotonic loading, the existence of a cold joint hadn’t any effect on the
maximum lateral force of the frame, but reduced the ductility of it by about 30%.

Keywords: Cold-Joint, Construction Joint, Reinforced Concrete Frame, Fracture Mechanics, Pushover
Analysis, Seismic Behavior, Ductility.
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