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Punching Shear in Flat Slabs:

Punching Shear Concept 
 

Applied Load Applied Load

Flat Slab

Column Reaction

Pyramid-Shaped
Failure SurfaceColumn

Flexural Reinforcement
are utilized as supports
to ISS - Stud Assembly

Thinner Flat Slabs can be
achieved with ISS - Stud 
Assembly

Column Capitals and
enlarged sections are
eliminated by using
ISS - Stud Assembly

ISS - Stud Assemblies
distributed in the vicinity
of the Column
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Applied Load

Pyramid-Shaped
Failure Surface

Column

  Raft/Mat
Foundation

Soil Bearing PressureSoil Bearing Pressure

Punching Shear in Raft/Mat Foundations:

Punching Shear Concept 
 

Columns are supported
on the Raft Foundation
without the need to 
increase its thickness

ISS - Stud Assemblies are
distributed in the vicinity 
of the column to overcome 
punching shear

Improved Structural Perfor-
mance and more economical 
design of raft foundation is 
possible
with ISS - Stud Assembly

INCON ICT Bar Terminators
are highly recommeded for
anchorage. For more details,
Visit: www.incon.ca
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Punching Shear in Flat Slabs:

Shear Reinforcement
 

03

Importance of Shear Reinforcement:

•

* Dilger, WH and Ghali, A., 1981, Shear Reinforcement for Concrete Slabs, ASCE Journal of Structural Division, V. 107, pp. 2403-2420.
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  Bent-Up Bars:
• Increase reinforcement congestion.
• Require special detailing.
• Increase cut and bend time.

  Closed Stirrups:
• Increase reinforcement congestion.
• Require lengthy installation time.
• Increase cut and bend time.
• Labor Intensive

  Inclined Stirrups:
• Increase reinforcement congestion.
• Require special detailing.
• Increase cut and bend time.
• Increase installation time.
• Increase design duration due to the 
  additional calculations involved.

  Shearheads:
• Act as barriers between bars.
• Require special detailing.
• Increase reinforcement congestion.
• Increase material cost.

Conventional Shear Reinforcement Methods 
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Shear Failure Prevention with ISS – Shear Studs: 
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Shear Failure Prevention with ISS – Shear Studs 
 

First Mechanism:

Potential shear cracks are within 
the region of shear reinforcement.

Second Mechanism:

Potential shear cracks are outside 
the region of shear reinforcement.

* Dilger, WH and Ghali, A., 1981, Shear Reinforcement for Concrete Slabs, ASCE Journal of Structural Division, V. 107, pp. 2403-2420.
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ISS - Shear Studs

ISS - Shear Studs

Potential Shear cracks within the 
region of shear reinforcement 

Potential Shear cracks outside the 
region of shear reinforcement
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ISS – Shear Stud Assemblies: 
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First Mechanism:

Potential shear cracks are within 
the region of shear reinforcement.

Second Mechanism:

Potential shear cracks are outside 
the region of shear reinforcement.
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ISS - Shear Stud Assembly
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Main Advantages:
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Production of ISS - Shear Studs: 
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  Bent-Up Bars:
• Increase reinforcement congestion.
• Require special detailing.
• Increase cut and bend time.

  Closed Stirrups:
• Increase reinforcement congestion.
• Require lengthy installation time.
• Increase cut and bend time.
• Labor Intensive

  Inclined Stirrups:
• Increase reinforcement congestion.
• Require special detailing.
• Increase cut and bend time.
• Increase installation time.
• Increase design duration due to the 
  additional calculations involved.

  Shearheads:
• Act as barriers between bars.
• Require special detailing.
• Increase reinforcement congestion.
• Increase material cost.

Production of ISS - Shear Studs
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Characteristics of ISS – Shear Studs: 
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Sizes and Dimensions of ISS - Shear Studs (SI Units) 

Shank Diameter 
 

d 
(mm) 

Head Diameter 
 

Dh 
(mm) 

Head Thickness 
 

th 
(mm) 

Head Cross-Sectional 
Area 

 
A 

(mm2) 
9.5 30.1 5.0 710 

12.7 40.6 6.5 1290 

15.9 50.5 7.0 1990 

19.1 60.2 9.0 2840 

25.4 80.6 12.0 5100 
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Sizes and Dimensions of ISS - Shear Studs (Imperial Units)             

Shank Diameter 
 

d 
(in) 

Head Diameter 
 

Dh 
(in) 

Head Thickness 
 

th 
(in) 

Head Cross-Sectional 
Area 

 
A 

(in2) 
0.375 1.18 0.20 1.1 

0.500 1.60 0.26 2.0 

0.625 1.99 0.28 3.1 

0.750 2.37 0.36 4.4 

!"###$ %"!&$ #"'($ (")$
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dimensions of ISS – Shear Studs
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Shank Diameter

d
(in)

Head Diameter

Dh

(in)

Head Thickness

th
(in)

Head Cross Sectional Area

A
(in2)

0.375 1.19 0.21 1.1 

0.500 1.59 0.28 2.0 

0.625 1.98 0.35 3.1 

0.750 2.38 0.42 4.4 

1.000 3.17 0.52 7.9 

Shank Diameter

d
(mm)

Head Diameter

Dh

(mm)

Head Thickness

th
(mm)

Head Cross Sectional Area

A
(mm2)

9.5 30.2 5.3 716 

12.7 40.4 7.1 1282 

15.9 50.3 8.9 1987 

19.1 60.5 10.7 2875 

25.4 80.5 13.2 5090 
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Design of ISS – Shear Studs: 

(

( (
(
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In all of the tested specimens:

Acceptance Criteria of ISS - Shear Studs
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Design of ISS – Shear Studs: 
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Design of ISS – Shear Studs
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Case Study:
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Fig. 1: Critical Perimeters for an Interior Column. 

Fig. 3: Critical Perimeters for a Corner Column.

Fig. 2: Critical Perimeters for an Edge Column.
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Typical Arrangement of ISS - Shear Studs: 

• Interior Rectangular Columns: 

Plan View 
 

Elevation View 
 

 

 
 
 
 
 
 

 
 
 
 

 
 

• Interior Circular Columns: 

Plan View 
 

Elevation View 
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• Edge Rectangular Columns: 

Plan View 
 

Elevation View 
 

 

 
 
 
 

 

 

 

• Edge Square Columns: 

Plan View 
 

Elevation View 
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OPTION 1: Standard ISS-Stud Assemblies
•   Available as 2-stud or 3-stud assemblies.
•   Several ISS 2-stud rails or ISS 3-stud rails
    can be combined to form a complete arm.

OPTION 2: Continuous ISS-Stud Assemblies
•   Available on request up to a maximum of 
    10 shear studs per rail.
 

   ISS - Double
Stud Assembly 

    ISS - Triple
Stud Assembly

   ISS - Double
Stud Assembly 

    ISS - Triple
Stud Assembly

ISS - Continuous
 Stud Assembly
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After designing the slab for punching shear, the following table can be used to determine 
di�erent possible arrangements of ISS – Shear Studs per arm.

Number of ISS Shear
Studs per Arm

Alternative 1 Alternative 2 Alternative 3 Alternative 4

2 ISS 2 N.A. N.A. N.A.

3 ISS 3 N.A. N.A. N.A.

4 2 x ISS 2 ISS(C) 4 N.A. N.A.

5 ISS 2 + ISS 3 ISS(C) 5 N.A. N.A.

6 2 x ISS 3 3 x ISS 2 ISS(C) 6 N.A.

7 2 x ISS 2 + ISS 3 ISS(C) 7 ISS(C) 4 + ISS 3 N.A.

8 2 x ISS 3 + ISS 2 4 x ISS 2 ISS(C) 8 ISS(C) 5 + ISS 3

9 3 x ISS 3 3 x ISS 2 + ISS 3 ISS(C) 9 ISS(C) 5 + 2 x ISS 2

10 2 x ISS 2 + 2 x ISS 3 2 x ISS(C) 5 ISS(C) 10 2 x ISS(C) 4 + ISS 2

11 3 x ISS 3 + ISS 2 ISS(C) 9 + ISS 2 ISS(C) 8 + ISS 3 ISS(C) 7 + 2 x ISS 2

12 4 x ISS 3 6 x ISS 2 2 x ISS(C) 6 ISS(C) 10 + ISS 2

13 3 x ISS 3 + 2 x ISS 2 5 x ISS 2 + ISS 3 2 x ISS(C) 5 + ISS 3 ISS(C) 10 + ISS 3

14 4 x ISS 3 + ISS 2 7 x ISS 2 2 x ISS(C) 7 ISS(C) 10 + 2 x ISS 2

15 5 x ISS 3 6 x ISS 2 + ISS 3 3 x ISS(C) 5 ISS(C) 10 + ISS 3 + ISS 2

16 4 x ISS 3 + 2 x ISS 2 2 x ISS(C) 8 4 x ISS 4 ISS(C) 10 + 2 x ISS 3

17 5 x ISS 3 + ISS 2 2 x ISS(C) 7 + ISS 3 3 x ISS(C) 5 + ISS 2 ISS(C) 10 + ISS(C) 7

18 6 x ISS 3 3 x ISS(C) 5 + ISS 3 3 x ISS(C) 6 ISS(C) 10 + ISS(C) 8

19 5 x ISS 3 + 2 x ISS 2 3 x ISS(C) 5 + 2 x ISS 2 2 x ISS(C) 8 + ISS 3 ISS(C) 10 + ISS(C) 9

20 6 x ISS 3 + ISS 2 4 x ISS(C) 5 2 x ISS(C) 10 2 x ISS(C) 7 + 2 x ISS 3
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When installing ISS – Shear Studs on 
site, the rails can be �tted as follows:

• Top down:

Installation of ISS – Shear Studs
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Place ISS - Shear Stud Assembly on
its intended position after installing
the �exural reinforcement

Place ISS - Shear Stud Assembly on 
its intended position before installing
the �exural reinforcement

Install ISS - Plastic Chairs on the base rail
to maintain the required concrete cover 

• Bottom up:
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