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@ Hamsetm Anchoring Technology

Welcome to the Ramset Anchoring
Resource Book

These concise and systematically presented books contain the
information useful to Architects, Specifiers and Engineers when
selecting the masonry anchoring solution that best suits their
project.

Selection of a masonry anchoring product is made on the basis

of the basic type of fixing (male or female, bolt or stud), macro
environment, (eg coastal or inland), micro environment (particular
chemicals) and of course the capacity that best meets the design
load case.

Where the fixing is simple and does not warrant strength limit state
calculations, selection on the basis of load case is made simple and
easy with safe working load tables for each masonry anchor.

Where more rigorous design and strength limit state calculation

is required, the simplified step-by-step method presented in this
booklet will allow rapid selection and verification of the appropriate
masonry anchor.

This “Anchoring Technology” booklet contains the design process
and anchoring technology information.

We know that you will find these books both useful and informative.
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Anchoring Technology / Slip Load and Cyclic Loading

Provided the applied load is less than the remaining preload, slip
virtually does not occur, and the fixing experiences the applied

load as a reduction elastic compression of the concrete. When

the applied load exceeds the preload, the clamped material can
separate from the concrete and slippage of the joint can commence.
If the design requirement is for negligible slip (say 0.1mm), the
assembly torque should be both carefully specified and applied. It is
recommended that anchor capacity be limited to a percentage of the
expected preload after allowing for long term degradation.

Slip Load and Preload

Uttimate load

f Long term preload

I = slip load

Applied
load

65% of ship load

Displacement

The ability of an anchor to sustain cyclic loads depends (as for slip
loads) primarily upon the relationship between the applied load and the
effective preload in the anchor. Where the applied load is less than both
the preload and the static working load, the fastening has the ability to
withstand an infinite number of repetitions of the applied load.

The cyclic loading is experienced as changes in pressure at the
interface of the fixture and the concrete, and the stress range in
the anchor should never approach the endurance limit. To ensure
long life of the fastening under cyclic loading, the designer should
ensure (as for slip loads), that the applied load is less than “h”% of
the expected long term preload after allowing for degradation.

The Boa Coil anchor performs more like a slight undercut anchor
where the first slip measured at 0.1mm is close to the ultimate load
of the anchor in concrete. The Boa Coil anchors ability to sustain
cyclic loads depends primarily upon the interaction of the Boa Coil
and the concrete sides of the hole. It is this unique interaction that
enables the Boa Coil anchor to achieve high first slip loads.

To ensure long life of the fastener under cyclic loading the designer
should ensure (as for slip loads), that the applied load does not
exceed 65% of the first slip load, called reduced characteristic
ultimate slip load. When the applied load is less than the reduced
characteristic ultimate slip load the Boa Coil Anchor has the ability
to withstand an infinite number of repetitions of the applied load.

Slip Load
Ultimate load
r Long term preload
=slip load
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Joad 65% of slip load
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Fasteners in Cracked Concrete

Cracking impacts anchor performance

Studies have revealed that cracking typically occurs in the tension
zone of the concrete element, and that these cracks can significantly
impact the performance of anchors. Cracks can originate on a
concrete beam or slab in variety of ways: creep, temperature
settlement of the support or foundation, thermal expansion and
contraction, stress overload, or from a natural disaster such as an
earthquake or flood.

Logically, structures in high seismic zones of the country are
especially affected because cracks in concrete tend to be developed
or enlarged in the event of an earthquake. Therefore, the testing

of post-installed concrete anchors used in cracked or un-cracked
concrete becomes extremely critical in these regions.

Current research being carried out in Europe and America indicates
that fasteners perform the same in tension zones of concrete under
static and cyclic load conditions and the same in un-cracked areas
under static and cyclic load conditions.

Un-Cracked Cracked
Static Load DN,1c ZgNurc
Cyclic Load ON,,. 29N,

/1= 0.74 Spatec

/1= 0.68 Boa Coil

/1= 0.58 Anka Screw

Z1=0.40 TruBolt

/1= 0.40 DynaBolt

Z1=0.00 DynaSet

Max crack width = 0.4mm Max.
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Anchoring Technology / Corrosion and Fire

Corrosion

During their service life, fasteners may be subjected to a range of
corrosive agents, and environments. Atmospheric environments
may include the benign, such as indoors in dry conditions. The
less benign outdoor areas are exposed to rain and/or humidity. The
chloride bearing atmospheres under the influence of sea winds are
more Corrosive.

The polluted atmospheres in some industrial areas, and the marine
environment over the sea, at the shore, or within the splash zone,
may be highly aggressive. Fastenings may be required to be placed
under fresh waster, salt water, or in contact with a whole range of
potentially corrosive liquids. Ramset anchors are supplied with a
range of corrosion resistances suitable for various applications.

There is a large number of specialist texts on the subject of
corrosion, to which the reader is referred.

The stainless steel specification for Ramset anchors has a high
molybdenum content, which gives superior resistance against
chlorides and common industrial pollutants.

Stainless steel anchors should be insulated from the zinc coating,
when securing galvanized steelwork, because of the possibility of
galvanic corrosion.

ENVIRONMENT CORROSION

PROTECTION

SPECIFICATION

Indoors, Under cover  Plating Zinc plated to

AS1791 - 1986

Low humidity Minimum
thickness 6 um

Passivated,
Designation C

Exposure to
moisture likely

Exposed to weather Galvanising Hot dipped to
AS1650 — 1989
Industrial pollution Minimum

thickness 42 pm

Marine
Environment

Chemical plants Stainless steel 1SO03506 — 1979

Aggressive Grade A4,
environments Prop Class 70
At the sea (AISI 316)

Fire

When exposed to heat so that it reaches a temperature of about
550°C, steel retains about half of its original strength. Designers
have traditionally adopted this limiting temperature for the retention
of structural integrity. In circumstances where heat can be expected
to vent through the roof sheeting, there is little risk of the fixings at
the supports of steel beams, reaching the same temperature as the
most critical part of the main steel structural elements. Generally,
fixings reach significantly lower temperatures than the main
structural elements.

Part of an anchor is always embedded in and insulated by the
concrete, which increases the time for the heat to flow to the
anchoring element of the anchor, and because of the heat sink of
the concrete mass which takes heat from the anchor, there is an
increase in the time for its temperature to rise.

Fire induced deformations of wall panels, and the behaviour of
the structural frame under fire, should be carefully considered in
the fire design. Spread of the fire to adjoining properties will be
prevented, as long as the panels remain fixed to the structural
frame. The connection between a heavy structural steel frame
and the wall panels should be via deformable ties.

Mechanical Anchors

Expansion and cast-in anchors manufactured in steel, are subject
to the above limits, except that conditions are generally more
favourable to the retention of structural strength for these anchors,
than other components of an unprotected structure.

Chemical Anchors

The limiting operational temperature for chemical anchors is 100°C.
When used for anchoring reinforcing steel, chemical systems are
provided with concrete cover, and may be designed to provide the
desired fire rating, by limiting the temperature rise at the anchor
points. Where protection is required for the steel structure, special
temperature limiting fireproofing material is specified. To achieve
the same results as in ambient conditions the same protection
should be extended to any exposed fixings to the concrete
structure.

Tests have shown that if chemical anchors are exposed directly

to fire, the temperature increase progresses relatively slowly along
the mortaring and surrounding concrete when unprotected. The
bonding effect only weakens moderately and steel failure tends

to be the mode of failure.
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Anchoring Resource Book Design Worksheet

Project

Design

Location

Project ID

Date

Design By

Checked

Sketch

Notes

N* & V* are the per anchor load cases.

Check both external and internal anchors for suitability.

Tensile design action effect

Shear design action effect

Fixture thickness

Concrete compressive strength

Anchor spacing

Edge distance

No. of anchors in a row parallel to edge

Direction of shear load

*
=
=
=

1000000

-

I3

MPa

®
3
3

=]

degs.

Step 1 - Select anchor to be evaluated

Table 1a Interaction Diagram

Anchor Type |

Find intersection of N* and V* Values.

Select anchor size. |

Table 1b Absolute minima, a,, & e,
Check for compliance with absolute minima

tick [ J

Step 1c Calculate effective depth, h |

Checkpoint 1

Anchor size selected?
Comply with absolute minima?
Effective depth, h calculated?

Notes for this application

tick [
tick [

tick
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Step 2 - Verify concrete tensile capacity — per anchor

Step 4 - Verify concrete shear capacity — per anchor

Table 2a Concrete tensile capacity, @N, .

Table 2b Concrete compressive
strength effect, X,

Table 2¢ Edge distance effect, X

Table 2d Anchor spacing effect,
external to a row X .. or

Table 2e Anchor spacing effect,
internal to a row X_;

Checkpoint 2
Calculate @N . = BN, * X * X * (X

nae

or X

0

Step 3 - Verify anchor tensile capacity — per anchor

Table 4a Concrete shear capacity, @V,

Table 4b Concrete compressive

strength effect, X, X
Table 4c Load direction effect, X, X

Table 4d Anchor spacing effect, X, X

Table 4e Multiple anchors effect, X, X

Checkpoint 4

Step 5 - Verify anchor shear capacity — per anchor

Table 3a Calculate steel tensile capacity, @N

Step 3b Confirm bolt tensile capacity, &N,

Checkpoint 3
@N,, = Minimum of @N,, . @N, .. N

xor

Xor

QMQDUUUU

N*/@N, <107 | /

| tick

If not satisfied return to step 1.

Tensile Design Completed

Table 5a Calculate steel shear capacity, @V, X

Step 5b Confirm bolt shear capacity, @V X

Checkpoint 5
@V, = Minimum of @V, . @V, @V

V*IQV, <107 | / E | tick

If not satisfied return to step 1.

Shear Design Completed

STEP 6 Combined loading and specification

1]
1]
1]
1]
1]
Calculate @V, = @V, * X, * X4 * X, * X,, = e
[
[
[

Checkpoint 6
N*/@N,, +V*/ @V, <1.2?

| I+ / | tick

If not satisfied return to step 1

Design Check Completed

Specify
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Auckland - North Shore

5J Miro Place, Albany

p09 447 1296

f 09 447 1297

e northshore@ramset.co.nz

Auckland - Penrose

35 Station Rd,

p09 579 3072

09579 1701

e auckland@ramset.co.nz

Auckland - Henderson
123 Central Park Drive
p09 838 9865

f 09 837 3014

e henderson@ramset.co.nz

Auckland - East Tamaki

Unit 1, 333 East Tamaki Road
p09 272 4701

f 09 272 4703

e easttamaki@ramset.co.nz

Whangarei

15 Reyburn St

p09 438 2010

f 09 438 9188

e whangarei@ramset.co.nz

Hamilton

15 Somerset St

p07 847 9047

f 07 847 9980

e hamilton@ramset.co.nz

Tauranga - Mt Maunganui
Unit 1, 15 Portside Drive
p07 572 0520

f 07 572 0530
etauranga@ramset.co.nz

Rotorua

Waterford Park Estate
50 Old Taupo Rd

p07 348 0190

f 07 348 9200

e rotorua@ramset.co.nz

New Plymouth

19 Eliot St

p06 759 8984

f 06 759 8983

e newplymouth@ramset.co.nz

Palmerston North
601 Tremaine Avenue
p06 357 6745

f 06 357 6775

e palmerstonnorth@ramset.co.nz

Napier - Onekawa
124 Taradale Road
p06 843 0067

f 06 843 0043

e napier@ramset.co.nz

Lower Hutt

46 Victoria St

p04 569 7247

f 04 566 8752

e lowerhutt@ramset.co.nz

Wellington

147 Taranaki St

p04 384 4138

f 04 385 0868

e wellington@ramset.co.nz

Nelson

2 Parere St

p03 548 2664

f 03 548 3559

e nelson@ramset.co.nz

Christchurch

7 O'Shannesey Place

p03 341 8710

f 03 341 8730

e christchurch@ramset.co.nz

Dunedin

5 Melbourne St

P.O. Box 2227

p03 455 1134

f 03 456 1388

e dunedin@ramset.co.nz

Invercargill

121 Clyde St

p03 218 9241

f 03214 7787
einvercargill@ramset.co.nz

Queenstown

200A Glenda Dr

p03 442 8073

f 03 442 8074

e queenstown@ramset.co.nz

No part of this publication may be reproduced without the prior written consent of Ramset New Zealand. While every effort has been made to ensure the accuracy of the
information in this publication, the publishers accept no responsibility or liability for any errors or omissions. Ramset New Zealand fully exclude any liability to any person
in respect of, or arising out of any reliance by such person on any contents of this publication for any purpose.
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