PRECAST CONSTRUCTION
JOINTS AND CONNECTIONS

Prof CB K Rao
National Institute of Technology , Warangal

raocbk@nitw.ac.in



LI

e
BT




G + 10 structure at Hyderabad

Prof C B K Rao, NITW, raocbk@nitw.ac.in PEPSCON 2022




Main structural difference between cast insitu and precast structures
lies in their structural continuity.

For cast insitu buildings-
Inherent continuity 1s an automatic consequence of the construction
process.

For precast structures —
Ensure structural continuity when precast elements are connected.



Joint and Connection

Joint

e Ajoint is a meeting point of members of structure

Connection

* A connection is an assembly of the adjoining members of a joint

 Action of forces takes place at a joint and Connection to be designed
to resist the action of forces

8.1.1 Precast structures could be analyzed either as an
emulative systems or as a jointed system. However,
emulative analysis 1s typically preferred where the
structure 1s detailed such that the overall behaviour
of the building 1n 1ts service life will be similar to a
reinforced cement concrete building constructed in-sifu.
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Requirements for connections

* Strength: connection must resist the forces to which is subjected
during its lifetime. Forces such as those caused by dead and live
gravity loads, wind, earth and water pressure etc.

* Ductility : the ability of the connection to undergo large deformations
without failure.

* Change in volume :combined shortening due to creep, shrinkage and
temperature reductions induces tensile stresses in precast components.

* Durability : an exposed section in a connection should be periodically
inspected and maintained

* Fire resistance :connections which may be weakened by exposure to
fire should be protected by concrete or grout or enclosed or sprayed
with fire resistance materials.
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Connections and Jointing Techniques /
Materials as: 15916-2020 ., c1-9)

a) Welding of cleats or projecting steel;

b) Overlapping reinforcement, loops and linking steel grouted by concrete;
¢) Reinforced concrete ties all around a slab;

d) Pre-stressing;

e) Epoxy grouting;

f) Cement/lime grout with non-shrink additive;

g) Polymer slurry grouting at dowel cast bolts and nuts connection;

h) Rebar fastener, chemical fastener and expansion fastener; Rebar coupler
k) Combination of the above; and

m) Any other method proven by test



IS 15916 : 2020
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Different Types of Connections

Column to foundation
Wall to foundation
Wall to wall

Wall to column

Wall to beam

Column to column
Beam to column
Beam to slab

Wall to slab

Stairs to wall

when the standard solutions do not fit, and to develop innovative solutions, the designer
must be prepared to work with connections in a more creative way.
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Types of joints

* Dry joint: Joint accomplished by simple placing of two
members by means of fastening.

* Wet joint: Joint requires not only casting with cement but also
concreting and grouting material.
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BOLTED CONNECTIONS
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WALL PANEL TO FOUNDATION
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WALL PANEL TO FOUNDATION
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SLAB - WALL CONNECTION
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PRECAST WALL
CONNECTION DETAILS




TYPICAL WALL JUNCTION DETAILS- Monolithic / Rigid Connections
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TYPICAL WALLJUNCTION DETAILS
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Wall Systems

Prof C B K Rao, NITW, raocbk@nitw.ac.in

PEPSCON

2019/1/5 16:35

26



COLUMN — COLUMN CONNECTION




Before Assembly Assembled
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COLUMN — COLUMN CONNECTION
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BEAM — COLUMN CONNECTION




Cast-in-place concrete

and top reinforcement\

+~_ -~ Cast-in-place concrete
or precast column

Half-precast
beam unit

Cast-in-place concrete

and top reinforcement\‘

-~ Cast-in-place concrete:
Half-precast or precast column

beam unit
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BEAM — COLUMN CONNECTION
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Edilmatic system components for typical beam-column
joints in precast reinforced concrete structures

(Ref: Metelli G 2008)
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Hybrid Connections — with Shell Beams
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Frame Connections
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Beam-to-Beam Connection of Precast Concrete Structures: State of the Art, Kristiyanto Hery1,2,*, Triwiyono Andreas2, Muslikh2, and Saputra Ashar2 ,
https://doi.org/10.1051/matecconf/20192 258 5804002
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SLAB — BEAM / WALL CONNECTION
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Reinforcing bar ties are
grouted into keysbetween
slab elements

Bearing pad
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Double Tee slab

SOLID FLAT SLAB HOLLOW OORE SLAB DOUBLE TEE
Widths vary 2 4, 8 wide &I wide & 0 wide
(B, a0 =110 (P
2440 mm) R mm) J080 mam)
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Staircase
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Some Innovations in Jointing/
Connection Systems




Precast column

Flange cover plate
{Energy dissipated plate)

SFC in connection
segment

Tension
joint
Shear

«— Precast column
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Bearing and
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(HeR) Research at NIT
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Beam Joint Test
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Load KN

40

35

30

25

20

15

10

Beam Results

——
load vs dis(B1)
~——|oad vs disp (B2)
~——|oad vs disp (B3)
5 10 15 20 25

Displacement mm

B1-control specimen.
B2-specimen without
confinement.
B3-specimen with
confinement.
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Control beam
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Control beam

[@ Beam v1- T loads-CONTROL-all 10m -fine mesh- full STRRUPS” - ATENA Studio [Runtime] - X
File Edit View Project Output Window Help Blpastpocass: 0
@0 =0 oK 8 X TOHPL @Y HMEMEITEEL © wefamemode - = [+ A
Restartanalysis | | Interrupt analysis | Step: 300 Iteration: 11 Analysis completed
Diagram /_ Diagram 2 | lteration | Step. | Convergence summary | ~ Structure ¥ View settings toolbox X
-
Disgram Evoltion1D: || @ TP E R
Von Mises Stn
0016 igmav View style:
[MPa) Wireframe model *
Deformtion sc| | 1t ) on
0014 -
Time: 300.000 [+ peformations
ATENA (v craces
B4 V. 5902 -
License 785 | [(~) Resuits
0012 NS Scalars | Vectors | Tensors | Evolution 1D
[ Show scalar resuts
Location:
R Nodes
5 Value:
8
s
§ Color scale type
5 oo Stendard (fincar)
g
e Draw iso areas
g
g
2
T 000
2
0004
0002
z
& ¥
[} 0.005 001 0015 002 0025 003 0035
Mid span Deflection_1751_DISPLACEMENTS 2000010:...
Analysis steps = 1 % [Monitoring points ~ax
Number State Iterations Name Value Units
294 Analysed 10 Time 300 -1
235 Analysed 12 ConvergenceMonitor: DispErr | 1.184E-05 8]
26 Analysed 16 ConvergenceMonitor: Resid.Err | 0.009963 o]
o Anabysed - ConvergenceMonitor: Res.AbsE | 0.007331 []
ey Anyee 4 Ennvsrgsnzsmnmmn :rliasrgyEE ;.;ﬁs;(;: H
onvergenceMonitor: RDisp Err | 0. £
2%9 Analysed n
nalyse ConvergenceMonitor: RResid.Err | 0.9963 3]
300 Analysed 1

Output | Message | Error | Menitoring points

H P Type here to search ol g [ g o 3 A rd

Prof C B K Rao, NITW, raocbk@nitw.ac.in PEPSCON 2022

67



5d-HeR-3 turns beam
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Problem faced by the precast industry Is
finding a reliable and economic method to
join prefabricated members.



Summary

There should be adequate design of joints in order to transfer the
subjected load on the structure.

The alternate load path should be always available in case of failure of
joints.

The type of material used in joint between two components also plays
an important role in strength of joint.
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Special design
considerations for
precast prestressed
hollow core floors

PCI
DESIGN
HANDBOOK

PRECAST AND PRESTRESSED CONCRETE

7™ EDITION

vim
s

PCI Design Handbook_Precast & Prestressed Concrete - 7th

FIB-43-Structural-connections-for-precast-concrete-buildings

[Bulletin 6] - Special Design Considerations for Precast
Prestressed Hollow Core Floors_ Guide to Good Practice
6(2000, FIB)

Singapore. Building and Construction Authority - Structural
precast concrete handbook (2001, Building and Construction
Authority)
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