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Abstract- Connections are the vital element in the precasstcoction. A new type of connection which is hayin
the aesthetics of hidden corbel is investigateithis study. This type of connection can be usesiraply supported
as well as moment resisting type in precast skeletenes. Both the cases are evaluated in thisystidsimply
supported case confinement has a major role andehitnis investigated. STRAND7 software is used tioe
confinement study. In moment resisting type of themnection, a mathematical model of failure byngsi
elementary solid mechanics is used to calculatinasis of connection. By incorporating this sti§seperformance
is evaluated. ETABS software is used for this studyhe performance evaluation the behaviour etast building
with different types of precast connections are garad. From the confinement study, stress disidhuat the
support region is studied and the importance ofstiieener in the connection is identified. Frohetperformance
evaluation it is identified that the semi rigid cmetion with shear wall is performing better thardioary
monolithic connection model.

Index Terms- Precast frame; moment-curvature; hidden corbel ection; confinement; hybrid connection

1. INTRODUCTION . .
STRAND7 Software. When we use this connection as

Precast construction is the new trend in the modemoment resisting then a semi rigid type conneci#on
construction scenario. It consists in building anptex  obtained. Connections of precast construction play
structure by connecting prefabricated concrete efésn jmportant role in affecting the behaviour of the
such as precast columns, precast beams, stairs etgomplete structure because the amount of moment-

which a|ds_ in the fast construction and the gooalht;u_ transfer is controlled by the joint characteristidgence
products since the precast elements are productx in ¢ luati f this t f tion |
factory following stringent quality criteria. Moreer, periormance eva ‘_Ja_"’” 0 _'S ype of connectien |
prefabrication allows the use of elements ofione fora G+4 building by using ETABS Software.
complicated shape without construction difficulties

expensive formwork elements. Connections are ﬂaade Via  cONEINEMENT STUDY

parts in pre-cast structures. So numerous studies a

involving in the research field with regards to the

connections.This also have a role in aesthetias &6 31, Specimen details and methodology of FEA
the development of new connection should take into

consideration of this factor also. This study famsson For this study a precast beam of span 5 m is degign

a connection having the above advantages The beam dimension used is 300x500 mm. Large beam
dimension was chosen in order to develop high shear
2 PROBLEM IDENTIEICATION force at the supports because study focusses on the

support region. By incorporating the dead loade liv
A new type of connection which is having theload and partition load the total load is 18.875rkN
advantage of using as simply supported as well &prbel bottom length is designed as 50 mm by
moment resisting type is evaluated in this studye T considering the bearing stress as 45 f
moment resisting connection is achieved by weldireg Considering the methodology of FEA, STRAND7
reinforcement of the beams to the back plate of trgoftware is used for the study. Initially a 2D Mbde
hidden corbel. In the simply support case the catacr prepared as per the specimen details without stess.
filled hidden corbel area acts as a composite @eacr 3D Model is developed by modelling only steel shoe
construction. The major factors affecting in thengly ~ region. After that by collecting the stresses frtime
supported case are anchorage length and the camposiements of the 2D model passing through the witeri
action and hence confinement of the concrete inside face of the steel shoe is found out and by convgiiti
connection is studied by using into normal and shear stresses it is applied to3the

model.
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Fig. 1.Precast Connection with stiffener

3.1.3.Simulating stress distribution due to stiffness

of support

Model is made up of Q8 Plate elements. Meshing is

done manually for result verification. Meshing isné@ Truss elements are used to simulate the suppora@nd

by classifying the model into zones. Zones are e@shthen connected to the Q8 plate element at the stppo
such that elements having almost square shape region. The truss element length is 55mm. There are
total 8 nodes to attach these truss elements at the
support region. That is 4 plates (155, 156, 157,
1).Standard uniaxial truss deformation equations ar
used to simulate the stiffness at the suppbie spring

3.1.1.Modelling and meshing of 2D model

3 N 7

Fig. 2.Zones for 2D Modelling

stiffness of plate 155 is assumed and the stiffoésise

3.1.2. Methodology of stress strain other plates are calculated by similar triangles.

employed

curves

Stress in the concrete in compression is defined as Tablel: Plate stiffness

negative and tension as positive. For zone 1 irchvhi

there is no reinforcement stress strain curve otocete Plate g8 Distance Spring
is provided. For all other zones a modified str&tsain element between node stiffness
curve which incorporates the tension resistance |by 1toeach Q8
reinforcement and compression resistance by caniget element

given. The usage of modified stress strain curveafo 55 125 12000
other zones except zone 1 is justified because |the '

investigation focusses on the stress distributidn| 456 25 6000
support region and moreover the advantage of atigw

tensile field in modified stress strain curve iatthtress 157 37.5 4000
distribution can get directly from modelling 1 50 3000

After the calculation of spring stiffness each daslte
distributed to the nodes. Each Q8 plate distribttes
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Fig. 3.Truss elements attached to plate and ragjsiress distribution
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Fig. 4.Stress distribution to nodes in a Q8Plateneint

stiffness through its nodes in the proportion giiethe
fig4.

Spring stiffness corresponding to the consisterttaho
load from each Q8 plate element to its nodes is
calculated and area of each truss element is detedm
This area used for truss modelling.

Table 2:Truss stiffness

Node Stiffness Belongingto | Belongingto Area(mm?) Corresponding
g8 element | trusselement dia(mm)

581 8000 155 9 2200 52.92

582 3000 156 10 825 32.41

583 4000 11 1100 37.42

28 1666.6 157 12 458.33 24.15

584 2666.6 13 733.31 30.55

585 1166.6 1 14 320.83 20.21

586 2000 15 550 26.46

3 500 16 137.5 13.23
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3.1.4.Verification of FE 2D Model passing through sloping line of side plate in stele

. . . region is collected from the STRAND7 Database and

The 2D model is verified by using shear force .
: . . converted into normal stress and shear stress and
calculation. Shear force at a particular section IS~ )
calculated from the FE model and it is comparedhwitaPPlied to the surface of the 3D Model brick elemen

the shear force calculation at the same sectiomsilng ~ @s shear stress and normal stress.
basic mechanics

46500
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Z
o+ ]
2
& 45000 )
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o
7 —M—FE Results
44500
44000
43500
0 50 100 150 200
Location from left end of 2D Model(mm)
Fig. 5.Verification of FE model(shear force caldidn)
3.1.5.Modelling and loading of 3d model 3.2. Results of confinement study

Elements used are shell elements for plates and Bgom the 2D Analysis the stress distribution neahe
noded hexahedron brick elements for modellingonnection is identified and from the analysishaf 8D

concrete.The stresses of plates of the 2D Moddlodel confinement of concrete inside the shoe of
connection with and without stiffener is studiedlan

Fig. 6.Precast connection shoe with stiffener
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Flate Stressixx Mid plane (MPa) Brick Stress:xx_(MPa)
4,435979x 10° [Pt:2,Nd:3] 4,686645x 107 [Bhs 142,Nd: 4]
4,220583x 10* 4,378065% 10"
3.689790% 10° 3.760003% 10°
3.158998% 10° 3,143742x 10°
2,628205% 10 2,526580% 10"
2,097412x 10° 1.909419x 10°
1,566619x 10* 1.202257x 10°
1.035827x 10° 6. 750956 107
5.050341x 107 5,793409x 107

-2,575365% 107 -5,592274x 107

-5.565513x 10" [Pt:2,Md: 132]

-1,176389x 10° [Bk: 142, Nd:3595]

z
X
Fig. 7.Confinement results of precast connectiaeshith stiffener
is identified that with stiffener the confinemerg i The fig7 and fig8 illustrates the stress distribnti

highly increased which is a direct factor for propein the 3D Corbel for comparison of confinementhie t
composite action of the connection shoe and moreoveD Model.

which prevents the pullout of reinforcement to aagr

extent.

Plate Stressixx Mid plane (MPa) Birick: S;tress:xx MPa)
2,236334x10° [Pt:1157,Nd:4] 3.685050x10° [Bk:1865,MNd: 11373)
2,154895x% 10° 3.428197% 10°
1.890687x 10° 2,912681x 10"
1.626409% 10" 2,397185% 10"
1,352301x 10° 1.881679x 10°
1.088103%10° 1.366172x10°
8.339048x 10° 8.506663% 107
5.607068x 10° 3,351601x 107"
3,055088x 10° -1,803961x 107"
4,131084% 10" -£,858524% 10"

-2,228871x 10" [Pt: 1157, Nd:2550]

-1,211358x 10" [Bk:3450,Nd: 3153]

Fig. 8.Precast connection shoe without stiffener
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4. MOMENT RESISTING HYBRID b=width of the plate

CONNECTION d=effective depth of the beam

The hybrid connection involved in this study casoal g2=Rotation due to bending of plate
be utilized as moment resisting connection by wejdi )

the beam reinforcement to the bottom and back platé=Total rotation

of the hidden corbel. Hence we get a partiallydigi t=Thickness of plate

connection. )
tw=Thickness of washer

f
<
-‘-\3
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]
T 4
i.
::: I
==
is
A
W

Fig. 9.Conceptual model of semi rigid hybrid cortiwt

Nb=No. of bolts
Iplate=Moment of inertia of plate

The mathematical model is made up of basignhe siope of M6 Curve gives the stiffness of the joint.
mechanics equations.

A=(M=h)/((t+t w)/(NbAEs)) (1)  4.1.1. Proposed design procedure for back plate
O1=4Ih=(4M(t+t,)/(zNoh?d?E))  (2)  and bolts

Ed pad =M[{(h-d)¥12h2)}+{d(h-d)(3h-2d)/(24h?)}

4.1. Mathematical Model

1. Draw the shear force and bending moment diagram
(3) of the beam

Hence we can obtaih and6, 2. As per the shear force calculated find the nunolbe
o= 01+ 02 (4) bolts required and the diameter of the bolts.

3. As per the applied moment find the diameter and

y—a:\ - B/l -l

h

Fig. 10.Assumed failure mode
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Mh-d)/2h
Fig. 11. Assumed failure mode
number of bolts from the equation below. Table3:Connection details

A= (M/h)/ (Nefp)  (5) t tw Nb H dia | d b

di=V (4M/ @N,h2d2E) (6) | 20m | 2.7m |4 | 480m | 20 | 410 | 300m
m m m mm mm m

4. Use the largest diameter obtained from the 8tep
and 4. M=8.65E-11)0

5. Calculate the stiffness of the joint from thegwsed Hence stiffness=11557.02 KNm/radian
method for stiffness calculation.

. _ This stiffness is incorporated into the model byngs
6. Model in SAP2000 or ETABS by using the featureartial fixity factor.Thickness of shear wall emydal
of partial fixity factor. in the model is 150 mm.

4.2. Performance Evaluation 4.2.2.Modelling Cases

) Six models are prepared for performance evaluation
4.2.1.Model Details which three connections are compared and studitd wi

- . . __and without shear wall.The three connections used f
A 5story 3bay building with a story height of 3m 'scomparison are  pinned,fixed,semirigid  hybrid
used for the study. All beams having the dimensibn . action.  The connections ' are notified as

300x450 mm and columns having the dimensions ; ; : ;
; ) NS(Pinned with no shear wall),PWS(pinned with
400x400 mm.A live load 2.5 Kn/mis used for the shearwall), SNS(semi rigid with shear wall),SWS(Semi

study. Lateral loads are applied as per 1S875 angd.. : - -
1S1893.Earthquake load is applied by equivalertttstar\},\fgﬁ) Fv\\//\lltg(ﬁ)s(ggz?:lithwsarl]l()e;NWSa(;‘lgxed with no - shear

method. The parameters of the connection are diven

the table below
4.2.3.Load Combinations

Load combinations as per 1S1893:2002 is used fer th
study. Loads considered are dead load (DL), lialo
(LL), wind load (WL), Earthquake load (EL)

| e
ey
i
A
(a7
1
=
—

Fig. 12.Plan of building model with shear wall
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1.5(DL+LL) performing better than the ordinary monolithic
1.2(DL+LL+EL+WL) connection model (FNS).

1.5(DL+EL+WL)
0.9DL+1.5EL+WL

4.2 .4.Results of performance evaluation

Lateral displacement in each story of every model i
plotted for comparison since which describes actlire
measure of lateral load resistance. In performance
evaluation it is identified that by employing serigjiid
connection with shear wall the precast construatimm

be safely used in the construction industry simcthis
case semi rigid connection with shear wall (SWS) is

50
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Fig. 13.Partially rigid connection
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Fig. 14.Fixed connection
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Fig. 15.Pinned connection
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