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ABSTRACT: Structural and non-structural elements are often connected to concrete 

structures by means of concrete anchors. While the resolute application of earthquake 

resistant construction methods developed over past decades has reduced drastically the 

number of casualties and the amount of damage caused by earthquakes, the practice of 

seismic anchoring lags considerably behind. This is particularly true for the anchorage of 

non-structural components and systems. Specifiers, designers, and installers are often not 

aware of the importance of suitable anchor products for earthquake resistant design. Their 

contribution and awareness is critical in helping promote safe seismic anchorage design 

and application. A brief technical background is given, and  the  importance  of adequate  

performance  of  non-structural elements  and their  anchorage during earthquakes is 

highlighted.  Regulation for seismic design and qualification of anchor products in New 

Zealand and Australia is provided followed by a brief comparison of critical requirements. 
 
 
 

1  INTRODUCTION 
 

Concrete anchors are used to connect structural elements with each other, i.e. structural connections, 

or  to  fix  components,  in  particular  non-load  bearing  components  of  a  structure  to  the  primary 

structure, i.e. non-structural connections. These anchors are either cast-in the concrete during 

construction, or post-installed when the concrete has cured. There are various concrete anchor types 

with different behavioural characteristics. The designer must select the type, size and embedment most 

suitable for the given situation. Figure 1 shows examples of anchor types for which products with 

seismic approvals are available. 
 

a)                           b)

 
     

d)      e) 

 

Figure 1 - Examples of concrete anchors generally suitable for seismic qualification: a) Bonded anchor; b) 

Expansion anchor (bolt-type and sleeve type); c) Screw anchor; d) Undercut anchor; e) Cast-in-place 

anchors 

Due to the large diversity in product types and makes, anchors are not standardized and products need 

to be qualified for their intended use. For this, suitability and serviceability tests on individual anchors 

are carried out in independent test laboratories. Evaluation of the test results ultimately result in the 

issuing of technical approvals which also provide the necessary data to carry out safe anchor design. A 

brief introduction to qualification and design of anchors can be found in Mahrenholtz 2013. 
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2  BACKGROUND 
 

2.1  Response of structure and resulting demands on anchors 
 

During an earthquake, the structure responds to the ground motion and oscillates. The structure serves 

as a filter and the transient shaking at ground level becomes a motion with sinusoidal characteristic at 

floor level. The resulting deformation of the reinforced concrete structure results in cracking of the 

concrete,  which  serves  as  the  anchorage  base  material  (Fig. 2).  Since  cracks  have  a  significant 

negative influence on the performance  of concrete anchors, it is then required to conservatively 

assume that the anchor is situated in a crack. 
 

 
Figure 2 - Schematic response of a building to strong ground motions during an earthquake with 
structural and non-structural elements connected by anchors to the reinforced concrete structure. 

 
In the case of structural connections, the structural element connected by anchors forms an integral 

part of the structure. Structural analysis using one of the known methodologies of equivalent lateral 

force analysis, modal response analysis or time-history analysis  deliver seismic forces acting on 

structural elements and their connections throughout the structure. The minimum seismic design load 

for the structure is based on the relevant design codes which in the USA is ASCE 7-10 (2010), in 

Europe the Eurocode 8 (EN1998, 2006), in New Zealand the NZS 1170.5 (2004) and in Australia the 

AS 1170.4 (2007). NZS 1170.5 and AS 1170.4 are based on the common Australian/New Zealand 

Standard  AS/NZS 1170  (2002)  and  show  basically  the  same  design  acceleration  spectra.  A 

comprehensive comparison can be found in Kouretzis at al. (2013). 
 

2.2  Anchorage of non-structural components and systems 
 

Floor acceleration excite any non-structural component or system (NCS) connected by anchors to the 

structure.  NCSs  may  be  broadly  categorized  according  to  ASCE 7-10  as  mechanical-electrical- 

plumbing,  architectural,  and  contents.  The  oscillating  NCSs  filter  the  acceleration  again  and 

experience further amplification. The inertial forces acting on any NCSs and their connections can be 

calculated using equations given in the relevant design codes and analysing the resulting reactions. 
 

Non-structural anchors are often neglected in the design process, and it is often not clear who is 

responsible for specifying adequate anchor products (Griffin and Winn 2009). However, informal 

surveys have shown that anchorage of NCSs represents more than half of the volume of designed 

anchors (Fig. 3). Moreover, more than 60% of the investment cost of buildings is related to NCSs on 

average; in case of special buildings like hospitals this number can be more than 90% (Whittaker and 

Soong 2003). 
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Figure 3 - Importance of non-structural elements and their anchorage: Share of structural and non-
structural applications (left) and collateral non-structural damage after the Darfield Earthquake 

2010, The Press, Christchurch (right) 

 
Nations frequently suffer tremendous economic damage due to earthquakes. Most attention is given to 

direct effects as caused by spectacular collapses of structures. However, minor non-structural damage 

can also be serious (Fig. 3) and often results in further indirect costs. The potential damage and 

economic risk depends not only on the level of seismicity of the considered area, but also on the asset 

value and its vulnerability. So earthquake resistant construction matters not only for earthquake prone 

areas such as the Western United States or New Zealand but also for regions of reduced seismicity 

where the seismic provisions were historically less stringent such as in Europe or Australia. 
 

While  potentially  more  fatalities  result  from  structural  failures  (e.g.  Durkin  and  Thiel  1992), 

earthquake related injuries result mostly from non-structural damage (e.g. Herdman 1995). Further, 

earthquake related damage of NCSs is significantly higher than that of the structure (e.g. Schuler 
1997), also because it is triggered at much lower displacement levels. Damage in these cases is often 
initiated by inadequate anchorage (e.g. Obhuku 1996). In contrast, the cost of earthquake resistant 
anchorages is very low in relation to the possible high damage effect (low cost-benefit ratio), making 
the use of seismically qualified and properly designed anchors a cost effective solution. 

 

 

3  STATIC AND SEISMIC QUALIFICATION OF ANCHORS 
 

3.1  General remarks on anchor qualification in US and Europe 
 

Anchor qualification in USA and Europe stretches back four decades when in 1975 the first post- 

installed anchor systems were certified as an alternative to cast-in-place anchors. Since then, these two 

regions have driven development of anchor technology based on their code environments. In 2001, the 

American Concrete Institute (ACI)  published the ACI 355 document which became the first  US 

qualification method for post-installed anchors addressing both cracked concrete and seismic actions. 

It was later renewed for mechanical anchors, ACI 355.2 (2007), and amended for chemical anchors, 

ACI 355.4 (2010). In the course of European harmonization, the European Organisation of Technical 

Approvals (EOTA) published the European Technical Approval Guideline (ETAG) 001 for concrete 

anchors in 1997. It was limited to static loading until it was amended in 2013 with the introduction of 

Annex E for the assessment of anchors under seismic loading. 
 

Qualification tests for both ACI and ETAG are conducted and evaluated by independent test 

laboratories and evaluation agencies. A European Technical Approval (abbreviated ETA) is granted 

by a notified body of one of the member states. It is noted that the approval system is currently in 

transition to an assessment system for which European Technical Approvals will be gradually replaced 

by European Technical Assessments (also abbreviated ETA) and the ETAGs by European Assessment 

Documents (EAD). In the USA, testing and evaluation reports according to ACI 355 are commonly 

reviewed by an additional independent agency, typically ICC-ES, which issues Evaluation Service 

Reports (ESR). ETAs and ESRs provide the design data required to design safe connections according 

to  relevant  design  codes  (Fig. 4).  For  further  background  information,  reference  is  made  to 

Mahrenholtz (2012). 
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Figure 4 - Technical qualification documents: Front pages of the ESR (ICC-ES) (left) and ETA (right) 

(example product). 

 
3.2  Anchor qualification in New Zealand 

 
Historically, New Zealand building codes are very USA oriented. New Zealand did not implement an 

own anchor qualification standard. However, the concrete design standard NZS 3101 (2006) requires 

in Clause 17.5.5 that anchors need to have passed ACI 355.2, what, strictly speaking, excludes all 

adhesive anchors. The regulations hold for static and seismic applications. In conclusion, only anchors 

with a regular ACI 355 seismic qualification are acceptable in New Zealand. However, there are 

considerations to remove in the currently drafted the exclusive reference to ACI 355.2 and to accept 

also ETA approved anchors, what also would give easier access to approved metric products. 
 

3.3  Anchor qualification in Australia 
 

Anchor qualifications have only recently become a topic of interest in Australia. The technical 

specification for anchor design SA TS 101 (2015) requires in Clause 1.1.2 the need to use qualified 

anchors. According to Appendix B, anchors that have an ETA approval qualify for compliance with 

SA TS 101. Seismic qualification is not explicitly mentioned; however, the clear reference to ETA 

approval requirements may be interpreted that this also applies to seismic applications. By this, C1 and 

C2 seismic qualification would be at least in principle introduced to the Australian anchor design 

provisions. It is noted that the future regulations for seismic anchorage are currently discussed in the 

relevant Australian working groups. 
 

 

4  STATIC AND SEISMIC DESIGN OF ANCHORS 

 
4.1  General remarks on anchor design in US and Europe 

 
In parallel to the development of anchor qualification guidelines in US and Europe, cohesive design 
methods have been developed to allow for consistent and safe anchor design. In the USA, ACI 318 
2002 edition addresses seismic loading. Appendix D has been transferred into Chapter 17 for the latest 
2014 edition (ACI 318, 2014). In Europe, anchor design generally use to be carried out based on 
Annex C  of  ETAG 001  (2006)  for  mechanical  anchors  and  based  on  EOTA TR 029  (2010)  for 
chemical anchors. Both documents provide static design rules only. To cover seismic design, EOTA 
TR 045  (2013)  was  introduced  to  bridge  the  gap  until  the  implementation  of  the  pre-standard 
CEN/TS 1992-4  (2009)  as  Part 4  of  the  Eurocode 2,  EN 1992-4,  which  includes  seismic  design 
provisions and is due for completion presumably in 2016. 



5  

Anchor design guidelines in US and Europe are based on the same design models and their 

requirements are largely harmonized. ACI 318 and EN 1992-4 provide basically the same anchor 

design options for seismic conditions: 

1)   Elastic design 

2)   Capacity design 

3)   Ductile anchor design 

4)   Maximum force design 
 

Options 1 and 2 differ in procedure due to how the design actions are determined, whereby the 

earthquake loads for elastic design are basically increased by a factor of up to 2.5. Option 3 requires 

the anchor meeting a number of demanding requirements to ensure ductile behaviour. Option 4 is a 

special design case in ACI 318 only. Further information is given in the respective design codes. 

Reference is also made to Mahrenholtz and Olsen (2014). 
 

Strength design for seismic loading does not fundamentally differ from that of static loading. The 

design data provided in the qualification documents (ESR and/or ETA) allows for designing of the 

product. The design strength, potentially reduced for seismic loading, is then checked against the 

design load which is calculated according to one of the above listed design options. However, anchor 

design with its many specific checks for various failure modes can be surprisingly complex. Design 

software with stored design data from ETAs and ESRs enables straightforward calculations including 

design  for  seismic  actions  (Fig. 5).  A  general  introduction  into  anchor  design  can  be  found  in 

Pregartner (2009). 

 
 

 
 

Figure 5 - Design software: Useful tool for carrying out static and seismic anchor design (example 

screenshot). 

 
4.2  Anchor design in New Zealand 

 
The New Zealand standard for concrete design NZS 3101 (2006) allows for determination of anchor 

capacity,  i.e.  design  strength,  in  accordance  with  either  Clause 17.5.6  or  ACI 318  Appendix D. 

Additional design requirements for seismic anchors are given in NZS 3101 Clause 17.6. The design 

requirements  stipulated  in  NZS 3101  are  to  a  great  extent  identical  to  those  given  in  ACI 318 
Appendix D. So one may conclude that anchor design is equal or similar to the relevant USA design 
code, and design software based on ACI 318 may be used. 

 

4.3  Anchor design in Australia 
 

Technical specification SA TS 101 (2015) was developed based on the European anchor design code 

CEN/TS 1992-4 (2013) which also references seismic design, this however is not covered in the 

current SA TS 101 edition (Clause 1.1.2). In the absence of seismic design in SA TS 101, design 

software based on CEN/TS 1992-4 may be used for anchor design in Australia. However, careful
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attention should be paid to the strength reduction factors used in Australian design codes versus the 
partial safety factor used in European design codes and ETAs. 

 

 

5  COMPARISON OF THE REGULATONS 
 

5.1  Regulations in New Zealand and Australia in the context of regulations in US and Europe 
 

In the previous sections, the underlying standards for anchor qualification and design have been laid 

out, with particular emphasis on seismic applications. The overview given in Table 1 clearly shows 

that anchor design and qualification in New Zealand is historically aligned with US standards, whereas 

Australia is now about to establish a system more aligned with European regulations which are 

currently undergoing some changes. 
 

Table 1. Overview of qualification and design of anchors. 
 

 

 

Region 

Anchor 

qualification 

standard 

Anchor 

design 

standard 

Anchor 

qualification 

document 

Earthquake 

design loads 

US ACI 355 ACI 318 ESR (ICC-ES) 
required 

ASCE 7 

Europe ETAG 001* 
& Annex E 

CEN/TS 1992-4 
→ EN 1992-4** 

ETA 
required 

EN 1998-1 

New Zealand - NZS 3101 
or 

ACI 318 

ESR (ICC-ES) 
accepted 

NZS 1170.5 

Australia - SA TS 101 
based on 

CEN/TS 1992-4 

ETA 
accepted 

AS 1170.4 

*Imminent replacement by EADs; **Implementation in process, currently in use: ETAG 001 Annex C 
for mechanical anchors, EOTA TR 029 for adhesive anchors, and EOTA TR 45 for seismic design. 

 

Both, New Zealand and Australia do not have own qualification standards and documents. For this 

reason, their design standards currently require the use of anchors where qualification is certified by 

ESRs in New Zealand and ETAs in Australia. For New Zealand this is in particular challenging 

because their prevalent system is metric while most of ICC-ES approved anchors are inch sized. On 

the other hand, Australia, the much less earthquake prone of the two countries, makes now use of the 

state-of-the-art European seismic anchor qualification according to ETAG 001 Annex E. This standard 

introduces a second seismic performance category which is more demanding than the seismic 

qualification according to ACI 355. 
 

5.2  Seismicity based requirements for seismic performance of anchors in US and Europe 
 

The ETAG 001 Annex E allows the qualification of anchor products for two seismic performance 

categories, C1 and C2. Performance category C1 corresponds to the seismic qualification according to 

ACI 355.  Performance  category  C2  qualification  is  more  demanding  than  the  ACI 355  or  C1 

qualification and was developed with the intention to guarantee an added level of safety for severe 

earthquake  applications  where  the  existing  ACI 355  or  C1  qualification  may  not  be  adequate 

(Mahrenholtz 2012). Depending on seismicity, i.e. ground acceleration, and the importance of the 

considered structure, as well as the application (structural or non-structural connections), the use of 

either C1 or C2 qualified anchors is recommended (Fig. 6). 
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Figure 6 - Seismic qualification categories for anchors under seismic action after ETAG 001 Annex E 

Table 1.1. 

 
While the two procedures according to ACI 355 seismic qualification and ETAG 001 C1 qualification 

are  similar,  the  design  requirements  stipulated  in  ACI 318  as  well  as  in  CEN/TS 1992-4  and 

EOTA TR 045 differ greatly with C1 being required at much lower seismic levels than the ACI 355 

qualification.  In  US,  there  is  only  one  seismic  performance  category  for  anchors.  Basically, 

seismically qualified anchors are required for buildings of seismic design category (SDC) C and 

above. The short period response factor SDS is for SDC C in general a = 0.133 g. For comparison, the 

short period factor for rock according to EN 1998 is a = 2.5 ag, corresponding to an acceleration range 

of 0.125 g < a ≤ 0.25 g for low seismicity in Figure 6. This means that for seismicity levels requiring 

in US no or only regular seismic ACI 355 qualification, in Europe mostly the more demanding C2 

qualification is required. It is further worthwhile to note that CEN/TS 1992-4 and EOTA TR 045 

requires C2 qualification when using the beneficial ductile anchor design option. 
 

Given the demanding requirements for C2 approval and the established seismicity levels, it can be 

concluded that the European process of qualification and design of anchors for seismic applications is 

significantly more conservative than the US requirements (Gramaxo 2012, Mahrenholtz and Olsen 
2014). Moreover, the recommendations for the performance categories (Fig. 6) do not account for any 
attenuating effects of the seismic response of the building or its ductility on the demands the anchors 
are subjected to, e.g. the number of cycles and maximum crack width. For these reasons, the selection 
parameters  for  C1  versus  C2  are  still  debated  in  Europe.  In  this  context  it  is  noted,  that  the 
implementation of the standard and the definition of the parameters therein are the responsibility of 
each individual European member state. 

 

5.3  Seismic risk in New Zealand and Australia and conclusions for seismic anchor 

qualifications 
 

It is an interesting exercise to evaluate how the given regulations for seismic anchor approval and 

design  in  New  Zealand  and  Australia  affects  the  specification  of  adequately  qualified  anchors. 

Figure 7 shows the peak ground acceleration (PGA) maps of New Zealand and Australia with a 10% 

exceedance probability in 50 years. Accelerations given in seismic risk maps form the basis for the 

seismic design according to NZS 1170.5 (2004) and AS 1170.4 (2007). A design earthquake with a 
10% probability of exceedance during a 50 year design life, i.e. a return period of 500 years, is 
generally used for the design of most buildings. 
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Figure 6 - Peak ground acceleration (PGA) (10% / 50 years): Australia (left) and New Zealand (right). 

 
The New Zealand PGA map shows 0.1 g and higher for virtually all areas, for some urban areas (e.g. 

Wellington) with 0.5 g, calling clearly for seismic qualified anchors virtually without exception. With 

the reference to ACI 355 qualification in the current New Zealand design code (Table 1), a regular 

seismic ACI 355 qualification is required. If considered for European regulations (Fig. 5), however, 

C2 qualified anchors are recommended for most of the country. In contrast, the seismicity in Australia 

is much less than that in New Zealand. Most inhabited areas are subjected to design PGA of less than 
0.1 g, some areas (including urban Melbourne and Perth) are above 0.1 g but still below 0.2 g. With 
reference to the relevant ETA qualification under the Australian design codes (Table 1), C2 qualified 
anchors  are  required  at  least  for  structural  connections  if  seismic  design  regulations  of  the 
CEN/TS 1992-4 are adopted. 

 

 

6  CONCLUSIONS 
 

Seismic qualification and design of anchor products is critical for safe anchor connections of both 

structural and often neglected non-structural applications. Over the past four decades, a comprehensive 

and mostly harmonized system has been established in Europe and USA which has to some degree 

been  adopted  by  New  Zealand  and  more  recently  Australia.  In  absence  of  own  qualification 

guidelines, Australia and New Zealand make use of either ETA or ICC-ES approved anchors. The 

underlying ACI 355 and ETAG 001 qualification guidelines give very similar testing conditions and 

assessment criteria. It is therefore reasonable to open the New Zealand design standard, to date 

requiring ACI 355 qualification, also to metric ETA approved anchors. 
 

For seismic qualification, Europe has introduced a second seismic anchor performance category, C2. 

The less demanding C1 qualification corresponds to the regular seismic qualification according to 

ACI 355.  European  design  regulations  require  C2  anchors  for  use  at  already  very  low  design 

accelerations. These stringent qualification and design requirements set out for Europe in comparison 

to the USA results in some inconsistencies: New Zealand with much higher seismic risk is content 

with lesser seismic, i.e. ACI 355 or C1 qualification. Australia, which has lower seismic risk is aligned 

with the possible requirement to adhere to C2 anchor requirements. C2 qualification was meant for 

either zones of very high seismicity as existing in New Zealand, or major structures affecting crowds 

and associated with very great economic, social and environmental consequences of failure at some 

lower seismic risk. An introduction of C2 qualified anchors in Australia is not reasonable. Further 

discussion is required. 
 

The views expressed in this paper are the views of the authors only and do not necessarily reflect the 
views of Stanley Black & Decker Inc. 
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