
Anchors & Fasteners



54
© Copyright Reid™ Construction Systems 2007. All rights reserved. Moral rights asserted.

TM

Contents

INTRODUCTION 55

LIMIT STATE DESIGN METHOD 56

LIMIT STATE FOR CONCRETE ANCHORAGES 56

CHOICE OF ANCHOR TYPE 56
 1.1 Superplus, self undercutting anchors 57
 1.3 Liebig Safety Bolt and Liebig Anchor heavy duty structural expansion anchors. 58
 2.1 Anchor Material Strength 59
 2.2 Concrete Strength 59
 2.2.1 Anchor Material Strength 60
 2.2.1.1 Tension 60
 2.2.1.2 Shear Toward A Free Edge 60
 2.3 Combined Shear and Tension 60
 3.0 Serviceability Limit States 61
 3.1 Clamping Force Limit State 61
 3.2 Expansion Anchor Slip Limit State 61
 3.3 Expansion Anchor Slip Limit State 63
 4.0 References 63
 4.1 Limit State Design - Applicable Standards 63

PRODUCER STATEMENT - BOTTOM PLATE FIXING 64

HEAVY DUTY ANCHOR 66 



55
© Copyright Reid™ Construction Systems 2007. All rights reserved. Moral rights asserted.

C
O

M
P

A
N

Y
 

B
A

C
K

G
R

O
U

N
D

P
R

O
D

U
C

T
C

A
TA

LO
G

U
E

A
N

C
H

O
R

S
 &

 
FA

S
T

E
N

E
R

S
R

E
ID

B
A

R
 &

 
F

IT
T

IN
G

S

C
O

N
C

R
E

T
E

LIF
T

IN
G

S
Y

S
T

E
M

S
N

IR
V

A
N

A
M

O
D

U
LA

R
 

W
A

LL C
A

S
T

IN
G

 
S

Y
S

T
E

M

C
A

S
T-IN

 
C

H
A

N
N

E
LS

TM

Anchors & Fasteners

SUPERPLUS

SELF UNDERCUTTING,
Torgue controlled anchors
for all structural applications.

CAST-IN SECURITY,
DRILL-IN FLEXIBILITY

Superior to all expansion
and chemical anchors!

Economic and viable alternative to Cast-in Fittings

NOTHIN SIMPLER,
NOTHING FASTER,
NOTHING SAFER!

SAFETY BOLT

PARALLEL EXPANSION, HEAVY DUTY
structural anchors

LIEBIG ANCHOR

GENERAL PURPOSE, HEAVY DUTY
structural anchors

Introduction
Limit state design methods provide design parameters which account for the limitations imposed by material properties and 
operational serviceability.

The importancee of the behaviour of fixings under load and their correct design and specification cannot be overstated. Fixings
by their function and nature are normally located at positions of concentrated loads and their performance can control the 
performance of the structure as a whole. Fixings to concrete were traditionally designed using a “working load” by applying a factor 
of safety against ultimate loads. This failed to address all modes of failure, especially critical serviceability issues.

It is the aim of this manual to provide an understanding of the limit states which control the performance of concrete anchorages 
together with the design data for post-installed (drilled-in) anchors for structural applications.

Only undercut anchors (Superplus) and high strength torque-controlled expansion anchors (Liebig Anchors, Safety Bolt) are suitable 
for structural applications subject to tensile forces(3). Whilst the limit state principles provided in this manual are general, their 
application for the design of other types of anchors (deformation controlled or thin-shield sleeve and wedge expansion anchors,
chemical anchors) cannot be recommended without consideration of additional performance limit states appropriate to those types
of anchors (e.g. low-load slip, bond etc).
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Limit State Design Method
   In limit state design(1,4) the following equation must be satisfied:

   S* �) �qRu

   S* = design action effect (i.e. design shear load and / or design tension load) on the anchor

   Ru = nominal capacity (ultimate strength) of the anchor

   �q= capacity reduction factor

    The design action effect S* is calculated from the factored limit state load as set out in 
AS 1170-1989 (2).

Limit States for Concrete Anchorages
Strength  Steel failure

    The characteristic ultimate strength of the anchor steel for tension and shear e.g according to ISO 
bolt strength class: ISO 8.8 = 800MPa tension, 496MPa shear.

   Concrete failure

    The characteristic ultimate strength of concrete shear cone failure calculated using the ACI design 
equation.

Serviceability Clamping force

    All anchors where the maintenance of a clamping force is critical to the design or is demanded 
by the anchoring mechanism, e.g expanson anchors, which exhibit creep failure if subjected to 
tensile loads (particularly cyclic loads) in excess of the clamping force.

   Slip: Explansion anchors.

    Expansion anchors slip prior to reaching the ultimate failure load. The slip capacity of expansion 
anchors is highly variable and depends upon anchor design and installation method.

   Adhesion: Grouted & Chemical (adhesive) anchors)

    The load at which the adhesive bond to the surrounding concrete or to the anchor itself fails. 
At temperatures above 50�C there is usually a marked decline in the adhesive strength. The 
adhesive bond strength can be dependent upon installation methods and mixing efficiencies.

Choice of Anchor Type
   • Superplus self undercutting anchors: all structural applications with high, medium and low 

risks in cracked and uncracked concrete. Economical alternative to cast-in fittings in most 
applications.

  •  Liebig Anchor: heavy duty, single cone anchors for general purpose structural applications, 
temporary structures and formwork in cracked and uncracked concrete.

  •  Safety Bolt: twin-cone parallel expansion anchors for medium risk structural applications, 
temporary structures and formwork applications, excellend performance in cracked concrete.
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1.1 Superplus, self undercutting anchors

STANDARD ANCHOR PART CODES
(OTHER LENGTHS AVAILABLE ON REQUEST)

DESIGN ATTRIBUTE SYMBOL
SPS 

14/80
SPS 

14/95
SPS 

14/105
SPS 

20/120
SPS 

20/145
SPS 

20/195
SPS 

25/200

Ultimate Steel Tensile Strength - kN Ntf 29.28 29.28 29.28 67.44 67.44 87.67 125.60

Design Steel Tensile Capacity - kN �qs Ntf
23.42 23.42 23.42 53.95 53.95 70.14 100.48

Ultimate Steel Shear Strength kN Vf 41.23 41.23 41.23 79.21 79.21 91.75 133.77

Design Steel Shear Capacity - kN �qs Vf
32.98 32.98 32.98 63.37 63.37 73.40 107.02

Initial Preload - kN Nti
15.23 15.23 15.23 38.6 38.6 45.50 70.80

Design Clamping Capacity - kN�y �qcf Nti
12.18 12.18 12.18 30.88 30.88 36.40 56.64

Standard Fixture Thickness - mm 15 15 15 15 15 15 15

Overall Length�z - mm 80 95 105 120 145 195 200

Standard Embedment Depth - mm† he std
40 55 65 80 105 155 160

Design Capacity, 20PMa Concrete= - kN �qc Ntc
9.16 14.78 18.98 25.92 38.97 69.90 73.31

Design Capacity, 30PMa Concrete= - kN �qc Ntc
11.22 18.10 23.25 31.75 47.73 85.61 89.79

Design Capacity, 40PMa Concrete= - kN �qc Ntc
12.96 20.90 26.85 36.66 55.12 98.86 103.68

Bolt Diameter -ISOmetric M8 M8 M8 M12 M12 M12 M16

Bolt Grade -ISO class 8.8 8.8 8.8 8.8 8.8 10.9 8.8

Nom. Anchor / Drill hole diameter - mm 14 14 14 20 20 20 25

Installation torque - Nm 25 25 25 80 80 110 180

�y This serviceability limit state may be applicable for some long term structural applications - 
see section 3.1

�z The values in this table are for standard anchors, other (longer) anchors are available 
upon request.

†   Concrete capacities with a standard embedment and 15mm fixture thickness. For other fixture 
thicknesses the emedment will vary and the concrete capacity may be calculated using the 
equations in section 2.2 of this manual or by multiplying values in this table by a capacity 
reduction factors. The table below provides the ratios of actual embedment (he) to standard 
(he std) embedment for length variation calculations.

he / he std
0.75 0.80 0.90 1 1.10 1.15 1.20 1.50

Reduction factor 0.65 0.72 0.85 1 1.15 1.23 1.31 1.84

Superplus Anchors: cast-in security and drill-in flexibility!
Nothing Simpler!

 The Superplus is set into plain holes - as easy as an expansion anchor!
 Unlike chemical anchors there are no secondary operations or waiting period!
 During setting the Superplus cuts its own undercut in the concrete.

  Nothing Faster!
 Drill the hole with a standard hammer drill bit and clean drillings from the hole.
 Tap the Superplus into the hole until the washer contacts the fixture.
 Tighten nut to the installation torque.

Nothing Safer!
 Superplus anchors combine cast-in security with drill-in flexibility!

Superior to chemical anchors: heat resistant, may be used in cracks and in tension zones, fast to 
install: no separate operations, no waiting time: load immediately!

 Superior to expansion anchors: develops the ultimate load without slip!
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1.3 Liebig Safety Bolt and Liebig Anchor heavy duty structural 

expansion anchors.

STANDARD ANCHOR PART CODES
(OTHER LENGTHS AVAILABLE ON REQUEST)

DESIGN ATTRIBUTE SYMBOL
B10
AS10

B12
AS12

B15
AS15

B20
AS20

B25
AS25

B30
AS30

Ultimate Steel Tensile Strength - kN Ntf 16.08 29.28 46.40 67.44 125.60 196.00

Design Steel Tensile Capacity - kN �qs Ntf
12.86 23.42 37.12 53.95 100.48 156.80

Ultimate Steel Shear Strength kN Vf 18.00 30.07 48.56 79.21 133.77 199.43

Design Steel Shear Capacity - kN �qs Vf
14.40 24.06 38.85 63.37 107.02 159.55

Initial Preload - kN Nti
9.9 18.00 29.00 38.60 70.80 113.20

Design Clamping & Slip Capacity - kN�{ �qcf Nti
5.94 10.80 17.40 23.16 42.48 67.92

Standard Fixture Thickness - mm 15 15 15 15 15 15

Required anchor length (overall) - mm fixture+56 fixture+75 fixture+90 fixture+105 fixture+13 5 fixture+165

Standard Embedment Depth - mm† he std
45 55 65 80 100 125

Design Capacity, 20PMa Concrete= - kN �qc Ntc
10.94 14.78 18.98 25.92 36.22 50.63

Design Capacity, 30PMa Concrete= - kN �qc Ntc
13.39 18.10 23.25 31.75 44.37 62.00

Design Capacity, 40PMa Concrete= - kN �qc Ntc
15.46 20.90 26.85 36.66 51.23 71.59

Bolt Diameter -ISOmetric M6 M8 M10 M12 M16 M20

Bolt Grade -ISO class 8.8 8.8 8.8 8.8 8.8 8.8

Nom. Anchor / Drill hole diameter - mm 10 15 15 20 25 30

Installation torque - Nm 10 25 50 80 180 300

�{   This limit state is applicable for all along term structural applications with tensile loads - see sections 3.

�{ Concrete capacities at standard embedment. The anchor length required for a given fixture thickness (at standard embedment), may be calculated by adding the fixture 
thickness to the value given in these tables. For other embedments calculate according to section 2.2. or by the load capacity reduction method shown in the table on 
the facing page according to the ratio of actual embedment depth and standard (he  / he std)
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2.1 Anchor Material Strength
This is easily calculated from the cross-sectioned area of the member/s transferring load and the mechanical 
strength of the material/s from which they are manufactured.

 Steel bolt in tension:

  Ntf
* �) �qs Ntf refer: AS4100(4) CI. 9.3.2.2

    N tf = Nominal tension capacity of a bolt

 Steel bolt in shear:

  Vf
* �) �qs Vf

  Vf = 0.62 f uf for single plane shear  refer: AS4100 CI. 9.3.2.1

 The capacity reduction factor for steel �qs = 0.8 refer AS4100 table 3.4

2.2 Concrete Strength
  N*

tc �) �qc Ntc

Ntc = Nominal strength of the anchor as controlled by concrete cone failure

�qc = 0.6  refer AS3600 table 2.3(j)

“Cone” failure in un-cracked concrete

Where the load transmitted through the anchorage exceeds the tensile strength of the concrete, a cone or 
truncated cone of concrete is pulled out by the anchor. The capacity is a function of:

• Tensile strength of the concrete

• Embedment depth of the anchor

• Proximity of the anchor to any free edge or other anchor

• Existence of cracks or possible development of cracks in the vicinity of the anchor

This behaviour is well researched. The ultimate strength of an anchor may be expressed by the following 
equations(5) which are the basis for ACI318 code recommendations.

Ultimate concrete strength for anchors installed in un-cracked concrete well away from edges.

  Ntc = k nc . hef
1.5 . �3 f’c

Ntc = Nominal strength as controlled by concrete strength

  f’c = Concrete compressive strength

  knc = 15.5 for cast-in headed anchors

       = 13.5 for post-installed fasteners

The �s method(5,6) covered below is commonly used to modify the above equation 
by providing appropriate reduction factors according to the centre spacings 
between anchors and edge distances.

“Cone” failure in cracked concrete

Cracks in the vicinity of anchors reduce the capacity of anchors. This is of special significance when designing 
anchors for concrete tension zones where cracks may open during service.

Only cast-in anchors, undercut anchors or heavy shield expansion anchors are reliable in cracked concrete or 
concrete tension zones where cracks may open. The following k factors should be used to calculate Ntc for 
fixings in cracked concrete with crack widths �5 0.3mm (5):

  knc = 15.5 for cast-in headed anchors

   = 10 for undercut anchors

   = 9 for heavy shield expansion anchors

Adhesive (chemical anchors), grouted and general purpose expansion anchors (see Section 3.3) are severely 
affected by cracks(5) and are not suitable for anchoring in cracked concrete and tensions zones.

he

Ntc

embedment
depth
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2.2.1 Anchor Material Strength
The ultimate failure load of an anchor embedded in concrete is proportional to the surface area of the cone it 
generates and the tensile strength of the concrete.
The intersection of the cone generated in the concrete with either a free edge, or the cone of an adjacent 
anchor, reduces the failure load of the anchor/s.

2.2.1.1 Tension
The �s-method was developed by Eligehausen et al. of the University of Stuttgart to predict the interaction and 
edge effects. It is reviewed and explained in the ACI State of the Art Report(8) pp.3-8:3-11 .
This simple and effective prediction method has been compared to test values and other design models with 
good correlation(18) and has been widely adopted in Europe(19) and elsewhere.
  N*

tc(group) �) �jc �qc Ntc for the anchor group!
  where: �jc = �ssx �ssy �scx �scy

   and �ssx�ssy are the reduction factors for anchor spacings in the x and y directions  
�ssx�ssy are the reduction factors for anchor spacings in the x and y directions

For two anchors located at spacings greater than the following critical spacings then the �s-factors = 1 :
�ss = 1 where spacing > 3h e

�sc = 1 where the distance to a free edge > 1.5he

At closer than a critical spacing:
�ssa = 1+a/a crit �) 2 (for a group of 2 anchors)

  a = the distance between anchor centres
  acrit = 3h e the critical centre to centre distance
At closer than critical edge distance:

�sse = 0.3+0.7 e/e crit �) 1
  e = the distance to a free edge
  ecrit = 1.5h e the critical edge distance

2.2.1.2 Shear Toward A Free Edge
The following equation was developed by Eligehausen and Fuchs(8 pp. 3-17:3-19)  after tests with headed studs and 
expansion anchors:
  Vc

*�) �qc Vc

for edge distances were: he / D �5 4 to 6:
  Vc = 1.4 �3D �3 f’c e

1.5 �sh
  D = anchor diameter
  e = distance from the anchor to a free edge
  f’c = concrete compressive strength

�sh = t / 1.4e �) 1 where t = the thickness of the member (mm)
For anchor groups the critical centre spacing acrit between anchors near an edge:
  acrit = 3.5e
and the total shear capacity of the group  V*c �) �ss �qc Vc

     where �ss = 1 + a / a crit

2.3 Combined Shear and Tension
Bolts subject to both shear and tension forces have the following interaction 
relationship(4,17):
  (Ntf

* / �qs Ntf)² + (V f
* / �qs Vf)² �) 1.0

This may be applied generally for all strength and serviceability limit states:
  (Ntf,tc,ti

* / �qs,c,cf,slip Ntf,tc,ti) ² + (V f,c
*/ �qs,c Vf,c)² �) 1.0

edge distance

he

Ntc

embedment
depth

a
centre spacing

e
edge distance

he

Vc

embedment
depth

e
edge distance

Vf, Vc

Vtf, Ntc, Nti
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3.0 Serviceability Limit States
PRELOAD   The serviceability limit states controlled by the anchor preload are defined as 

follows:
Nti

* �) �qcf Nti Nti �) �qslip Nti Nti
* �) �qfatigue Nti

Nti = Tension induced in the bolt during installation.
�qcf = Clamping force capacity reduction factor.
�qslip = Expansion anchor slip capacity reduction factor.
�qfatigue = Fatique capacity reduction factor.

All structural bolts and anchors are preloaded during installation to induce a 
clamping force between the base material and the fixture. AS4100(4) provides 
requirements for the installation of standard structural bolts. Preload and its effects 
on anchor performance are discussed in ACI State of the Art Report on Anchorage to 
Concrete(8).
Anchors in concrete are normally pre-loaded by setting at a nominated installation 
tightening torque. Whilst there is no direct relationship between torque and induced 
preload (principally due to uncontrollable variations in friction), tests have shown 
that when bolts are tightened within the elastic load range, sufficient preload may 
be achieved for given bolt types at nominated installation torques.
In critical applications the preload should be applied with a calibrated loading jack.

Retained preload   After installation some of the initial preload is lost because the highly stressed 
concrete in the vicinity of the anchoring region (especially with expansion anchors) 
creeps and allows the stress in the anchor bolt to relax. The degree of relaxation 
varies according to the type, design and materials of the anchor.

3.1 Clamping Force Limit State
Capacity reduction factor �qcf

�qcf = 0.8
This limit state is applicable under the following circumstances:

 •  Where the anchorage mechanism itself is load dependant (e.g. friction). Cast-in 
and undercut anchors are not load dependent and a clamping force limit is not 
normally a design requirement.

 • Anchors subjected to high vibration or cyclic loads.
When anchor preload is lost, there is a reduction in the clamping force exerted 
between the fixture and the base material and the applied load acts directly upon 
the anchoring mechanism.
In some applications the maintenance of set levels of preload may be critical to 
ensure that the anchors do not move e.g. anchors subject to high vibrating and 
shock loads, friction grip joints, etc.
In these cases use a capacity reduction factor �qcf = 0.7  (refer: AS 4100(4) CI. 3.5.5, 
CI. 9.1.6)

3.2 Expansion Anchor Slip Limit State
Capacity reduction factor �qslip

�qslip = 0.6  for heavy duty, load controlled (torque controlled) expansion 
anchors (e.g. Liebig Anchor and Safety Bolt).

�qslip = 0.25  for thin shield, load controlled expansion anchors (e.g. sleeve 
anchors, wedge anchors).

SLIP    All expansion anchors slip before reaching their ultimate tensile load. The efficiency 
and security of the anchorage are directly proportional to the friction force 
maintained by the retained preload.
When applied tensile load exceeds the retained preload, the load is felt by the 
expansion wedging mechanism. The wedge is pulled into the expansion shield 
(sleeve) and this results in permanent anchor displacement (slip). A gap may 
develop between the fixture and the base material. Repeated load cycles are 
maginified by impact and lead to creep pullout failure(8,9,10) .

“If the applied sustained or cyclic load exceeds the load at first slip in 
short term tests, creep pullout of the bolt will occur”(10).

Depending upon the design, materials and manufacture of the anchor, the 
movement of the wedge against the shield may (or may not) be recoverable 
when the load is relaxed. Some movement is never recoverable which results in 
permanent “slip”.
Expansion (and chemical) anchors are more suceptible to cyclic loads than undercut 
anchors(11).

Actual ultimate 
strength

Expected ultimate 
strength

Load

Movement

Progressive 
Slip-Creep
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