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Seismic Approval Category C1/C2

What‘s that?

/2



The new European seismic design and 
qualification requirements for anchors
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• Background and brief history of 
seismic anchorage

• Development of the new 
European seismic C2 qualification

• Comparison ACI 355 and ETAG C1/C2 
seismic qualification

• Notes on seismic anchor design
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Example of structural EQ damage caused by failure of anchorage

Nearly collapsed façade due to insufficient 
anchorage of internal retrofit steel frame

Detail of the displaced anchors at overhead 
footing of the retrofit steel frame

2011 Christchurch Earthquake
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Silo for liquid storage toppled, tearing down 
further silos 

Seismic design and qualification requirements - Dewalt Workshop Taiwan

Background and brief history of seismic anchor approval

Example of nonstructural EQ damage caused by failure of anchorage

Detail of the failed anchor, rupture at the 
threaded section of the bolt  

2010 Chile Earthquake
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Timeline of code development for anchors used in seismic applications

1975
1998

German anchor 
qualification guideline 

for NPP (DIBt)

Anchor qualification 
guideline (ETAG 001)

1998
1997

2001

Seismic anchor design 
EOTA TR045

First national approval 
of anchor in Germany

1975

First anchor certified 
code-compliant in USA

ACI 355.2 
qualification

Seismic amendment 
ETAG 001 Annex E

2013

2002
USA/CAN

EUR/GER

1994

Northridge EQ leads 
to temporary ban of 

post-installed anchors

1991

CAN/CSA-N287.2

1997

SEAOSC

First ETA for 
seismic anchor

First ETA 
for anchor

ACI 318 
design
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First European seismic approvals (ETA) 

For adhesive anchors: 
Powers/Dewalt AC100-Pro

For  mechanical anchors: 
Powers/Dewalt PTB-Pro
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Effect of seismic qualification on design data in the approval document 

• Reduction of steel strength in shear
• Reduction of pullout strength in tension

Example for an adhesive anchor

Note: For adhesive anchor, pullout strength = bond strength 
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Seismic anchor regulations in Europe and US

Qualifcation
Guideline

Technical Approval 
(Evaluation Report)

Design
Guideline

EUROPE ETAG 001
+

ETAG 001 Annex E

European Technical 
Approval 

(ETA)

ETAG 001 Annex C
+

EOTA TR 045 (seismic)

Latest
changes

EAD mech&adh anchor
+

EOTA TR seismic anchor

→ European Technical 
Assessment

(ETA)

CEN-TS 1992-4 (2009)
↓

EN 1992-4 (EC2 Part 4)

USA ACI 355.2 and ACI 355.4
AC 193 and AC 308

ICC-ES (ESR) ACI 318-11 Appendix D
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CAN/CSA-N287.2 (1991) 
340 load cycles in
uncracked concrete

Seismic design and qualification requirements - Dewalt Workshop Taiwan

Simulated seismic tests: US / Candu

SEAOSC (1997)
20 to 30  load cycles in
uncracked concrete

ACI 355.2 (2001) / ACI355.4 (2011)
140 load cycles in
cracked concrete (0.5 mm)

USA/CAN

tension shear
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DIBt NPP guideline (1998) 
15 load cycles in
cracked concrete (1.5 mm)

In addition tests with cycled cracks:
10 crack cycles (between 1.0 and 1.5 mm)
while anchor permanently loaded

Further tests to determine 
characteristc strength in 1.0 mm 

Seismic design and qualification requirements - Dewalt Workshop Taiwan

Simulated seismic tests: Germany EUR/GER

tension shear
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Background and brief history of seismic anchor approval

15Philipp Mahrenholtz

• Crack width: what is the seismic crack width?

• Load cycling: - which number of load cycles?
- what pattern of load cycles?

• Crack cycling: - which number of load cycles?
- what pattern of load cycles?

• How to test anchor performance on serviceabaility and on suitability level?

Seismic design and qualification requirements - Dewalt Workshop Taiwan

Questions playing role in development 
of scientifically substantiated
European seismic qualification guideline:

nonstructural structural&
connections
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Characteristics of actions during seismic events and 
how to test them on anchors

Load cycling tests:
• cyclic load on anchor in 
• static crack

Crack cycling tests:
• permanent load on anchor in
• cyclic crackMonotonic tests:

• quasi-static load on anchor in 
• static crack

Large number of 
small amplitude 
cycles, but only 

moderate number of 
pronounced load 
and crack cycles
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Critical crack width in RC structures during earthquakes

Taken from: M. Hoehler (2006): Behavior and Testing of 
Fastenings to Concrete for use in Seismic Applications

Maximum crack width outside of plastic hinge zones: 0.8 mm

Tests in 
0.5 mm 

crack

Tests in 
0.8 mm 

crack

Stiffness and load capacity 
decreases substantially
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Nonlinear simulations of RC typical structures stock 

7 building types subjected 
to 20 scaled ground motions

966 time histories generated for 
curvature and floor acceleration 

return period of 475 years 
representing design level

after: R. Wood  & T. Hutchinson(2013)
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Processing of the nonlinear curvature and acceleration data

Load protocol

Crack protocol

 

Ground 

Oscillators 

Plastic hinges 

Concrete structure 

Floor 

Combination 
per buidling 

& Overall 
building ave.

Rainflow 
counting 
algorithm

Curvature  → crack width

SDOF oscill. → anchor load
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Development of serviceability level and suitability level test protocols

Separate serviceability and suitability protocol results in high testing burden!

suitability

serviceability
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→ Combine protocols to one unified protocol allowing evaluation by one test:
anchor displacement on serviceability level & ultimate load on suitability level
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Development of unified test protocol and test parameters

→ 0.8 mm crack width for adverse condition / extreme EQ event: suitability level
→ 0.5 mm crack width for service condition / moderate EQ event: serviceability level
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→ Permanent anchor load at serviceability level = 0.8 times anchor load at suitability level
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Verification by experimental tests

Cyclic
load tests

Cyclic
crack tests

State-of-the-art test setup
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Final load and crack cycling protocol 
as in ETAG 001 Annex E 

Tension load cycling 

Shear load cycling 

Crack width cycling 

Anchor load 
F/Fmax
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•Conclusive protocol set for anchor load and crack width 
cycling tests and corresponding reference tests

•Comprehensive investigation of critical test parameters
•Unified protocols allow evaluation of 
serviceability and suitability level performance

•Stepwise increasing protocols allow evaluation of anchor 
performance with increasing demand 

Further reading: Mahrenholtz (2012): Experimental Performance and Recommendations for 
Qualification of Post-installed Anchors for Seismic Applications, Dissertation

ETAG 001 Annex E 



Comparison ACI 355 and ETAG C1/C2 
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ACI 355 ETAG C1 ETAG C2

Anchor load cycling
Tension

- Cyclic tests
(w = 0.5 mm)

- Cyclic tests
(w = 0.5 mm)

- Cyclic tests
(wmax = 0.8 mm)

Shear - Cyclic tests
(w = 0.5 mm)

- Cyclic tests
(w = 0.5 mm)

- Cyclic tests
(wmax = 0.8 mm)

Crack width cycling - Crack movement tests
(wmax = 0.3 mm)

- Crack movement tests
(wmax = 0.3 mm)

- Cyclic tests
(wmax = 0.8 mm)

Reference tests
Tension

Included in static ESR Included in static ETA

- Monotonic tests
(w = 0.8 mm)

Shear - Monotonic tests
(w = 0.8 mm)

Seismic qualification (w = crack width)
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=

Equivalency of ACI 355 and ETAG 001 C1 seismic qualification 

ACI 355 ETAG C1
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Recommended performance categories for seismic anchors

→ ETAG 001 Annex E and EOTA TR 045 define 2 seismic performance categories:

• C1 corresponds to seismic qualification according to ACI 355
• C2 for more extreme earthquakes

nonstructural structural

• Importance of building (similar to occupancy category)
• Seismicity, i.e. design ground acceleration

→ Recommendation depends on:
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Equivalency of ACI 355 and ETAG 001 C1 seismic qualification 

tension only 
(not for shear)

For load combinations which earthqake component is more than 20% 

ACI 318 EOTA TR 045

=
qa = 1.0

1) 2)

2) 3)
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2.5 ag

ASCE 7 EN 1998 (EC8)

Equivalency of elastic response spectra given in ASCE 7 and EN 1998

≈

SDS

For example acceleration for rock ground type (soil factor S = 1.0): SDS = 2.5 ag
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Comparison of required seismic qualification for anchors based on the 
design ground acceleration

SDS = 2.5 ag (short period, S = 1.0) 
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Compare to California and Taiwan

(PGA) (PGA)

ag < 5% g
5% g < ag < 10% g 

ag > 10% g 

ETAG Annex E
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Seismic anchors approved acc. to ACI 355.2 ACI 355.4  (ESR - inch sizes)
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Seismic anchors approved acc. to ETAG 001 C1/C2 (ETA - metric sizes)

PB-PRO

PTB-PRO

C1 approved

C1 and C2 approved

More to come
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•Concept for resisting seismic loads in design codes 
ACI 318 and EOTA TR 045 is very similar for anchors

•ETAG 001 C2 qualification address extreme seismic 
events beyond the scope of ACI 355 or C1 qualification

•Current EOTA TR 045 mandates C2 qualification for 
anchorage starting at relatively low design accelerations 

•Requirements stipulated in EN 1992-4 still under debate 
for better harmonization within Europe and US

Further reading: Mahrenholtz and Olsen (2014): Brief Comparison of US and European Regulations 
for the Qualification and Design of Seismic Anchors, IALCCE’14 conference paper

ETAG 001 Annex E 



Notes on seismic anchor design

37Philipp Mahrenholtz Seismic design and qualification requirements - Dewalt Workshop Taiwan



Notes on seismic anchor design

38Philipp Mahrenholtz Seismic design and qualification requirements - Dewalt Workshop Taiwan

Basic concept of seismic anchor design

Qualification

Technical Approval

Design

Design without 
requirement on 
anchor ductility

Design with
requirement on 
anchor ductility

Capacity design

Elastic design

Max force design
Requirements:
• Nsa x 1.2 < Ncb

• Ratio  futa/fya > 1.3
• Free stretch length 8d

Additional requirement 
in Europe:
• C2 qualification

Ductile anchor design

Only tension design!

ACI 318 detail for free stretch length (“Chilean design”)

→ Requirements for ductile anchor design very demanding
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Notes on seismic anchor design

Seismic force from ground level to component level

Seismic forces at ground level:
Base shear force

Seismic forces  at component level:
Further amplification

Seismic forces at floor level:
Amplified over height of building

Note: NCS = Nonstructural Components and Systems
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Notes on seismic anchor design

Calculation of forces acting on anchor connections

Structural analysis using one of the 
known methodolgies:

- Equivalent lateral force analysis
- Modal response enalysis
- Time-history analysis

deliver seismic forcesacting on 
structural elements and  their 
connections throughout the structure

Forces acting on any nonstructural
component and their connections
can be calculated using :

- US:         ASCE 7
- Europe: EN 1998 (EC8)

Examples for 
nonstructural
connections

Examples for 
structural

connections
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Notes on seismic anchor design

Seismic forces according to ASCE 7 and EN 1998

ASCE 7

EN 1998 (EC8)

F = m ∙ a
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1 Floor mounted equipment, e.g. HVAC units

2 Suspended M&E and piping, e.g. sprinkler lines

3 Structural strengthening, e.g. for retrofitting

4 Facade elements, e.g. glass panels and doors

Notes on seismic anchor design

Structural and nonstructural applications of anchors

Examples:

• Protect live

• Limit damage

• Keep civil protection operational
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Notes on seismic anchor design Big structure collapse!
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Notes on seismic anchor design

Thank god the anchor is approved for cracked concrete!

So why do we care about nonstructural anchorage?
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• Considerable portion of EQ damage is 

caused by wrongly designed or not 

adequately qualified anchors

• In particular nonstructural anchorage is 

often neglected in design

• 50% of building costs are related to 

nonstructural components

• 30% of all fatilities are attributed to 

nonstructural hazards

• Investment costs for safe seismic 

anchorage is very low

Notes on seismic anchor design

Some facts about earthquake damage
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Notes on seismic anchor design

Design example
Seismic bracing of suspended piping
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Notes on seismic anchor design

Design example
Calculation of seismic design force
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Notes on seismic anchor design

Design example
Elastic design acc. ACI 318 Appendix D

= 3.5 kN

= 1.9 kN

2.0 kN =

= 3.5 kN

2.0 kN

3.5 kN
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Notes on seismic anchor design

Design example
Calculation of seismic design strength
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Notes on seismic anchor design

Design example
Use of anchor design software

2.0 kN

3.5 kN



• Anchor technology and seismic anchoring has a tradition 
which Powers/Dewalt is a proud part of

• ETAG 001 C2 anchor qualification requirements reflect 
state-of-the-art knowledge of seismic actions on anchors

• While ETAG 001 C1 is equivalent to ACI 355 seismic 
qualification, ETAG 001 C2 adds extra safety for extreme 
seismic events and/or buildings of high importance

• Seismic design of nonstructural anchorage is important yet 
straight forward with a conclusive design approach
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Key learnings




