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Abstract:  With the frequency of earthquakes around the world, it has become paramount that building 
components and systems are pre-qualified and designed to allow for seismic activity. In Australia 
AS5216:2021 Appendix F requires the pre-qualification of fasteners used for seismic action where the 
testing and assessment shall be performed in accordance with the EOTA TR049. 

European Assessments such as EOTA TR049 do not cover the testing and approval of anchors installed 
in soffits of concrete-filled metal deck floors, which is a prevalent application in the Australian construction 
industry. Furthermore, EOTA TR 049 category C1 is equivalent to ACI 355.2 seismic testing protocol of 
post-installed mechanical anchors which in turn refers to AC193 for concrete-filled metal deck applications 
testing and results interpretation.

Out of all the Australian, European, and American standards, AC193 is the only one that covers the 
testing and evaluation of mechanical anchors installed in concrete-filled metal decks. It should be noted 
that AC193’s provisions only cover monotonic load tests in non-cracked concrete conditions. Having said 
this, AC193 provides guidance on how to calculate the tension and shear capacities for cracked concrete 
conditions in metal decks by combining these results with the results of cracked and non-cracked concrete 
slabs. Unfortunately, there isn’t clear instruction on how to calculate seismic tensile and shear capacities. 

This paper intends to share the approach and testing program used to evaluate seismic tensile and shear 
capacities, of ETA-approved anchors, in concrete-filled metal deck applications by using AC193’s 
provisions for testing application and results interpretation.
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1. Introduction 
The act of installing steel mechanical fasteners into hardened concrete serves the purpose of transferring 
loads from either structural or non-structural elements to the concrete structure. There are various types of 
mechanical fasteners available, but for the specific application discussed in this paper, concrete screws 
and torque-controlled expansion anchors are the most frequently used. To install these fasteners, a hole 
must be predrilled into the concrete substrate. Concrete screws are inserted into the hole and the 
fastener's thread cuts its way into the concrete substrate to create the required mechanical interlock. On 
the other hand, expansion anchors are set by applying torque to pull a conical bottom nut inside one or 
more sleeves, causing the sleeve(s) to expand against the sides of the hole, resulting in the necessary 
expansion and mechanical interlock. Figure 1 illustrates the installation process, with the left side showing 
the hole predrilled into the concrete substrate, the center showing the concrete screw being screwed 
inside the hole, and the right side showing the expansion anchor being set through the use of torque.

Figure 1.  Installation of post-installed mechanical anchors
Predrilled hole Concrete screw installation Torque-controlled expansion anchor 

installation



This paper will focus on the use of fasteners in the soffit of concrete-filled metal deck floor units to provide 
support and bracing for non-structural engineering services, including cable trays and sprinkler systems. 
Figure 2 depicts an instance of concrete screws being utilized in the upper and lower flute positions.

Figure 2.  Example of anchors installed in the soffit of concrete filled metal deck

2. Australian regulations for post-installed anchors
2.1 Australian Standards
AS3600 is the governing standards for concrete structures which is referenced by the National Construction 
Code (NCC) and was updated in 2018 to include a whole chapter on design for earthquake actions. 
Furthermore, clause 19.3.2 of AS3600 provides guidance on post-installed fastenings and mandates 
designing in accordance with AS5216. 

AS5216 is the Australian Standard for the design of post-installed and cast-in fastenings in concrete and is 
also directly referenced in the NCC. It was recently updated in 2021 to align with AS3600 and now also 
includes the design of fastenings under seismic actions (i.e. design for earthquake). It is important to note 
that the scope of AS5216 stipulates that it is only for fastenings used in concrete substrates. There is also 
a note in the standard stating that for substrates and applications not covered by AS5216, the design 
engineer should seek technical advice from the fastener supplier regarding the suitability of the fastener 
specified for the specific application. 

2.1.1 AS5216 Appendix A – Testing and assessment of fasteners

In Australia, a post-installed fastener needs to meet the qualification requirements in AS5216 
for it to be designed to suit an application. AS5216 Appendix A stipulates the testing and 
assessment requirements for the fastener to qualify. The assessment options for testing are 
stipulated in AS5216 Table A.1.1 which is also depicted in Table 1.

Cracked and 
uncracked

Uncracked ƒ'c = 20 20 < ƒ 'c ≤ 50
One value for 
all directions

Different value 
for different 

directions

1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ A
2 ✓ ✓ ✓ ✓ ✓ ✓ ✓
3 ✓ ✓ ✓ ✓ ✓ ✓ ✓ B
4 ✓ ✓ ✓ ✓ ✓ ✓ ✓
5 ✓ ✓ ✓ ✓ ✓ C
6 ✓ ✓ ✓ ✓ ✓
7 ✓ ✓ ✓ ✓ ✓ ✓ ✓ A
8 ✓ ✓ ✓ ✓ ✓ ✓ ✓
9 ✓ ✓ ✓ ✓ ✓ ✓ ✓ B

10 ✓ ✓ ✓ ✓ ✓ ✓ ✓
11 ✓ ✓ ✓ ✓ ✓ C
12 ✓ ✓ ✓ ✓ ✓

smic
Design method as 

per Appendix H
Option No. 

Concrete condition Concrete (MPa) Characteristic resistance (FRk)

ccr scr cmin

Table 1 – Assessment options for post-installed fasteners

More specifically, AS5216 Appendix A stipulates the assessment options in detail for post-
installed fastening by referencing the specific European Assessment Document (EAD). For 
post-installed mechanical fixings, the EAD stipulated is EAD 330232. In addition to this, 
AS5216 Appendix A also stipulates that further testing for seismic actions shall be performed 
in accordance with the European Organization for Technical Assessments Technical Report 



49 (EOTA TR049). In the most recent EAD, EAD 330232-01-0601, the detail of EOTA TR049 
is also incorporated in the document. Therefore, EOTA TR049 is used for testing and qualifying 
post-installed mechanical anchors for seismic performance in standard concrete however 
there is no information or guidance on the assessment on performance into concrete filled 
metal decks. 

2.1.2 AS5216 Appendix B - Demonstrating product suitability

A Technical Assessment Report needs to be issued documenting all the relevant performance 
characteristics to demonstrate the product has successfully met the testing requirements 
stipulated in the EAD. A European Technical Assessment (ETA) is a preferable document 
which provides this information and is typically awarded by European Approval Bodies. 

2.2 International Standards
There are other standards around the world which also address design in concrete structures. From time to 
time, Australian industry looks to international standards when there are gaps in local standards. In Europe, 
there is the Eurocode, where EN1992.4 is the standard which addresses post-installed fastenings like 
AS5216. In the United States of America there is the American Concrete Institute (ACI) where ACI318 
Chapter 17 is also a standard which addresses post-installed fastenings like AS5216. Unlike the European 
or Australian Standards, there are standards in the United States of America which provide a pathway to 
qualifying post-installed mechanical fastener performance on concrete filled metal deck applications.

2.2.1 ACI 318 Chapter 17 – Anchoring to Concrete

ACI 318 Chapter 17 is the standard in the United States of America for anchoring to concrete. 
It covers the design of anchors in concrete used to transmit loads by means of tension, shear 
or a combination of both. It also applies to both cast-in and post-installed anchors including 
their different types and varieties. With respect to post-installed mechanical anchors, ACI 318 
clause 17.10.3 states “post-installed anchors shall be qualified for earthquake-induced forces 
in accordance with ACI 355.2”. Again, this is based on normal concrete and does not cover 
concrete-filled metal deck floor units. Having said this, ‘The Acceptance Criteria for Mechanical 
Anchors in Concrete Elements (AC 193)’ is a document produced by ICC Evaluation Services 
(ICC-ES). ICC-ES is an industry leader in performing technical evaluations of building 
products, materials, and systems for code compliance in the United States of America. It sets 
the acceptance criteria for anchors validated by ICC-ES according to ACI 355.2 including the 
provisions for concrete-filled metal deck floor units.   

2.2.2 AC 193 – Acceptance Criteria for Mechanical Anchors in Concrete Elements

AC 193 is the only relevant document that outlines testing provisions for post-installed 
anchors in steel deck composite floor units. It was created to establish criteria for mechanical 
anchors in concrete elements in ICC-ES evaluation reports under the International Building 
Code (IBC section 104.11) and International Residential Code (IRC section R104.11). These 
criteria cover various applications such as static and seismic loading in uncracked and 
cracked concrete, for both normal weight and light weight structural concrete, and concrete-
filled metal deck floor and roof assemblies but ACI 355.2 does not include the latter. 
Furthermore, it is important to note two observations. Firstly, AC 193 is not published by ACI 
but by ICC-ES, a certification body. Secondly, although AC 193 includes tests for evaluating 
anchors in cracked and non-cracked concrete, the relevant tensile and shear tests for 
concrete-filled metal deck soffit applications only cover static loading on non-cracked 
concrete conditions. A description of these tests can be found in AC 193 Annex 1-page A5 
and outlined in test numbers 21 and 22 as depicted from the extract in Table 2. There are 
also another four test cases specific to composite steel deck floors in AC 193. However, they 
are not relevant for this paper because they are either for redundant applications or for 
anchors installed on the top surface of the floor.



Test 
Number 

Reference Purpose Description
Crack Opening 
Width, in (mm) 

Concrete 
Strength

Member 
Thickness 

Drill Bit 
Diameter

Minimum 
Sample Size, n

21 9.8
Tension capacity in concrete fill on deck-

soffit installation 
Tension - Single anchor away from edges - Low or high h min d m 5

22 9.8
Shear capacity in concrete fill on deck-

soffit installation 
Shear towards neart edge of flute - single 

anchor in lower flute
- Low or high h min d m 5

Reference Tests

Table 2.  Description of relevant tests in concrete-filled metal deck soffit
2.2.3 AC 193 – Tensile Load result derivation

AC 193 offers direction on determining the seismic loading capacity and cracked concrete capacity 
through analyzing the outcomes of non-cracked concrete static load tests. According to Clause 
10.3, the uncracked concrete pull-out capacity obtained from test number 21 (Np,deck,uncr) should be 
utilized to estimate the pull-out capacity of cracked concrete by comparing the ratio of the pull-out 
capacities between non-cracked and cracked concrete, as observed during testing with typical 
concrete slabs. This is depicted in equation (1).

Np,deck,cr = Ψ3,pullout x Np,deck,uncr = (Np,cr / Np,uncr) x Np,deck,uncr (1)

2.2.4 AC 193 – Shear Load result derivation

AC 193 Clause 10.4 specifies that the characteristic shear capacity, Vsa,deck, obtained from test 
number 22 will be utilized as the shear strength of the anchor in uncracked and cracked concrete, 
referred to as Vs. AC 193 doesn't provide any instructions regarding seismic loading for steel deck 
applications; however, the ESRs (Evaluation Reports) published by ICC-ES include additional 
guidance.

2.2.5 ICC-ES Evaluation Service Reports (ESR) – data derivation for c-filled metal deck 

Typical Evaluation Service Reports (ESR) issued by ICC-ES, provide guidance for products which 
have been qualified for concrete filled metal deck. Section 4.1.8.2 of a typical ESR with concrete 
filled metal deck qualification will stipulate that for seismic load applications, the nominal steel 
strength and concrete breakout strength for anchors in tension should be calculated in accordance 
with Clause 17.6.1 and 17.6.2 of ACI 318-19. The value for nominal pull-out strength in tension for 
seismic load, Np,eq or Np,deck,cr, should be used instead of Np, where Np,deck,cr, is the uncracked 
concrete pull-out strength on steel decks adjusted for cracked concrete using the factor Ψ3,pullout 
(refer equation (1)), according to AC 193. Furthermore, for seismic load applications in shear, the 
nominal concrete breakout and pry-out strength for anchors should be calculated using clause 
17.7.2 and 17.7.3 of ACI 318-19, respectively, as stated in 4.1.8.3 Seismic Shear of the ESR. 
Instead of Vsa, the value for nominal steel strength in shear for seismic load, Vsa,eq or Vsa,deck,eq, 
should be used. The relationship between Vsa,deck,eq and Vsa,deck can be derived from the published 
values of the ESR certificates using equation (2), although it is not explicitly stated.

Vsa,deck,eq = Vsa,deck x (Vsa,eq / Vsa) (2)

3. Proposed Methodology
We can take advantage of their many similarities and overlaps to align the ACI, Eurocodes and Australian 
models and combine them into a single methodology. Since most mechanical anchors in Australia have 
ETA certificates, our proposed approach involves conducting tests on the steel deck units using AC 193 to 
determine the seismic loading design resistance using ETAs and Australian models. The governing failure 
modes will influence the resulting capacity in tension and shear. The compressive strength of the concrete 
will dictate which failure modes govern, so we suggest using the lowest concrete class typically specified in 
metal deck slabs. If there is a difference in the compressive strength of the floor units used for the tests and 
those used for design, a compressive strength adjustment may be necessary for concrete failure modes.

If steel failure is governing and the resulting characteristic capacity is greater than the value for uncracked 
concrete in the ETA, the test outcome will be disregarded, and the data from the ETA will be used instead. 
We believe that this approach will help bring the two models closer together and provide a more precise 
method for determining the seismic loading design resistance of mechanical anchors.



Figure 3.  Main failure modes to be considered in tension and in shear

The ACI and Australian models have different seismic load categories for seismic load conditions. The ACI 
model has one category, which is called simulated seismic load, whereas the Australian model has two 
categories, C1 and C2. The simulated seismic load condition of the ACI model is like that of the seismic 
category C1 of the Australian model. However, category C2 of the Australian model is more challenging 
with a larger and pulsating crack width and a tighter displacement tolerance. Due to this, the proposed metal 
deck seismic load capacity is limited to category C1.

3.1 Tension Load 
The process for determining the tension resistance of mechanical anchors in steel deck concrete filled 
units begins with identifying the failure mode and determining the lower characteristic value for ultimate 
tension load. This value is obtained through a series of tests, such as test N. 21 of AC 193. The 
determined value is then adjusted for concrete failure modes, considering the compressive strength 
difference between the metal deck units used in the tests and the reference value. Adjustments for 
seismic load cracked concrete conditions are also made and the design resistance is calculated by 
applying partial and reduction factors as specified in AS 5216. The failure modes pull-out, concrete 
breakout and steel failure will be the only failure modes considered in this paper.

Figure 4.  Summary of the proposed methodology for tension loads



In terms of other potential failure modes in tension, concrete splitting and concrete blow-out must be 
considered. Concrete splitting can occur if ETA-specified minimum edge distances, spacing, and concrete 
thickness are not complied with. However, no verification is required if the characteristic resistance for 
concrete cone failure and pull-out failure are calculated for cracked concrete and reinforcement is used to 
limit the crack width to wk ≤ 0.3mm (AS5216 clause 6.2.6.2 b).  Based on the confinement effect of the 
steel deck and the adjustments made for cracked concrete and seismic loading applied on the concrete 
breakout capacity, and ensuring that minimum edge distances, spacing, and concrete thickness are 
abided by, the splitting failure mode can be disregarded.

For concrete blow-out, verification is only required if the edge distance c ≤ 0.5hef (AS5216 Clause 6.2.7.1). 
This rarely happens for short anchors used in steel decks, but for longer anchors in lower flutes further 
testing or analysis may be required. Additionally, the confinement effect of the steel deck will likely help 
resist the effects of blowout in steel decks applications.

3.1.1  Pull-out/Pull-through (concrete failure)

The ACI and Australian models have different approaches to representing pull-out strength in non-
cracked and cracked concrete in their certification systems. The ACI model uses Np,uncr and Np,cr, 
while the Australian model uses NRk,p

(uncr.) and NRk,p
(cr.) in their respective certification systems. To 

test mechanical anchors in steel deck applications under tension load using the Australian system, 
we propose introducing a new parameter, NRk,deck,p

(uncr), to represent pull-out/pull-through capacity. 
We can obtain the value for NRk,deck,p

(uncr) from the lower characteristic value of Np,deck,uncr , as 
determined in test number 21 of AC 193 for non-cracked concrete pull-out failure. We suggest 
adjusting NRk,deck,p

(uncr) for variations in concrete compressive strength by using Ψc factors, as 
specified in the ETA. The adjustment factor should be Ψc

(ref) / Ψc
(test)

For cracked concrete, instead of multiplying by Ψ3,pullout (which is Np,cr / Np,uncr in the ACI model), we 
propose multiplying by NRk,p(cr) / NRk,p(uncr) . As per the ACI model, the value Np,deck,cr, which we have 
suggested as NRk,deck,p(cr) in our approach, should be used for not just cracked concrete but also for 
seismic load applications. However, to ensure a more conservative approach, we recommend 
multiplying by NRk,p,eq

(C1)/ NRk,p
(uncr) (as seen in equation (3)) for determining the characteristic pull-

out capacity for seismic loading, instead of NRk,p
(cr)/ NRk,p

(uncr). After applying this ratio, the design 
resistance can be determined using the value for NRk,deck,p

(C1), multiplied by αeq and multiply by ϕc 
and ϕinst as specified in the ETA and as shown below in equation (4).

NRk,deck,p
(C1) = NRk,deck,p

(uncr) x (NRk,p,eq
(C1) / NRk,p

(uncr)) (3)

NRd,deck,p
(C1) = NRk,deck,p

(C1) x (αeq x ϕc x ϕinst) (4)

αeq = 1 (single fastener) or 0.85 (fastener group); ϕc = 1/1.5; ϕinst = 1/γinst (from ETA cert.)

3.1.2  Concrete breakout (concrete failure)

When dealing with post-installed anchors in concrete, one potential failure mode is concrete 
breakout, which occurs more frequently in lower flute positions and when the edge distance is 
closer than 1.5 times the embedment depth. In the Australian model, the basic concrete cone 
capacity (N˚Rk,c) is represented by equation (5). However, some outdated ETAs still refer to the 
previous standard ETAG 001 Annex C, which uses different values for k1 (7.2 for cracked concrete 
and 10.1 for uncracked concrete), while ACI 318s equation for post-installed anchors uses Ψc,N (1.4 
for non-cracked and 1.0 for cracked) instead of k1. That being said the use of the k1 values found in 
AS5216 results in a more conservative value than that of ETAG 001 Annex C and ACI 318 when 
applying our proposed methodology so the k1 value from AS5216 will be adopted for our analysis.

Considering the similarities between ACI 318 and AS5216, we propose the use of NRk,deck,c
(uncr) to 

represent the lower characteristic value for non-cracked concrete breakout failure when the 
governing failure mode in tension is concrete breakout, as determined in test number 21 of AC 193. 
To adjust for variations in compressive strength, NRk,deck,c

(uncr) should be multiplied by the square 
root of the ratio of the reference compressive strength to the tested compressive strength (fc(ref)/ 
fc(test))0.5 consistent with the Australian model. 

To adjust for cracked concrete, we recommend using the ratio of kcr,N to kucr,N based on the values 
specified in EN 1992-4, which are 7.7 and 11 for cracked and uncracked concrete, respectively, 



which is shown in equation (6). The resulting value, NRk,deck,c
(cr), can be used for seismic category 

C1 load conditions, as specified in C.5 EN1992-4 (NRk,deck,c
(C1) = NRk,deck,c

(cr)). To calculate the design 
resistance, NRd,deck,c

(C1), appropriate partial and reduction factors should be applied, where αeq, ϕc 
and ϕinst is specified in the ETA certification shown in equation (7).

N˚Rk,c = k1 x (f’c)0.5 x hef
1.5 (5)

k1 = kcr,N = 7.7 (cracked concrete); k1 = kucr,N = 11 (uncracked concrete)

NRk,deck,c
(C1) = NRk,deck,c

(cr) = NRk,deck,c
(uncr) x (kcr,N / kucr,N) (6)

NRd,deck,c
(C1) = NRk,deck,c

(C1) x (αeq x ϕc x ϕinst) (7)

αeq = 0.85 (single fastener) or 0.75 (fastener group); ϕc = 1/1.5; ϕinst = 1/γinst (from ETA cert.)

3.1.3  Steel failure

The ACI model defines Nsa as the tensile strength of steel without any additional parameter to 
account for seismic loads. In contrast, the Australian model represents the tensile strength of steel 
with NRk,s and, for seismic loads, with NRk,s,eq.

To determine the lower characteristic value of the steel failure mode capacity (NRk,deck,s
(uncr)), test 

number 21 of AC 193 is used, and the result is compared with NRk,s from the ETA certificate.

In cases where NRk,deck,s
(uncr) is less than NRk,s, the tensile load steel capacity for category C1 is 

determined using the new data according equation (8)

In the event that NRk,deck,s
(uncr) is greater than or equal to NRk,s, the new data is deemed redundant 

and the characteristic tensile load steel capacity for category C1, NRk,deck,s
(C1), is used instead, which 

is equivalent to NRk,s,eq
(C1). To calculate the design resistance, NRd,deck,s

(C1), appropriate partial and 
reduction factors should be applied, where αeq, and ϕMs,eq  is specified in the ETA certification shown 
in equation (9)

NRk,deck,s
(C1)

 = NRk,deck,s
(uncr) x (NRk,s,eq

(C1) / NRk,s) (8)

NRd,deck,s
(C1)

  = NRk,deck,s
(C1)

  x (αeq x ϕMs,eq ) (9)

αeq = 1 (for single fastener & fasteners group); ϕMs,eq = 1/γMs,eq (from ETA cert.)

3.2 Shear Load
Determining the shear resistance of mechanical anchors in steel deck concrete filled units starts with 
identifying the failure mode and determining the lower characteristic value for ultimate shear load. This 
value is obtained through tests conducted on steel deck concrete filled units, following Test number 22 of 
AC 193. To account for concrete-governed failure modes, adjustments are made to the determined value, 
taking into consideration the compressive strength difference between the metal deck units used in the 
tests and the reference value. Additionally, the determined value is adjusted for seismic load cracked 
concrete conditions. The design resistance is then calculated by applying partial and reduction factors, 
following AS5216. The failure modes concrete breakout and steel failure without lever arm will be the only 
failure modes considered in this paper. 



Figure 5.  Summary of the proposed methodology for shear loads
When it comes to determining the shear resistance of mechanical anchors, it's important to consider other 
possible failure modes, such as concrete pry-out and steel failure with lever arm. Typically, pry-out failure 
occurs more often in shorter stiffer anchors that are placed far from the edges of the concrete. However, 
tests conducted on different sizes of concrete screws and wedge anchors did not reveal this failure mode. 
It's possible that the steel deck has a beneficial confinement effect, which helps to prevent this failure 
mode. In the event of concrete pry-out failure, it's expected that the characteristic capacity obtained from 
the steel deck tests would be higher than the capacity calculated by the Australian model, which only 
takes concrete into account and doesn't consider the confinement effect of the steel deck. As a result, the 
use of the Australian model has been used for concrete pry-out failure and disregarding the results from 
the steel deck shear load tests has been adopted. It's worth noting that the behaviour of anchors loaded in 
shear with lever arm hasn't been studied because the Australian model lacks seismic loading conditions in 
this application.

3.2.1 Concrete breakout (concrete failure)

To determine the concrete breakout strength of an anchor, the ACI model considers the load 
direction and position, and whether the concrete is cracked or not. The worst-case position for this 
failure mode occurs when the load is perpendicular and in the bottom flute. 

The ACI model calculates the basic concrete breakout strength, Vb, which accounts for cracked 
concrete and is determined by the lesser of two equations (10) and (11). This equation factors in 
the concrete strength using its square root and in Section 17.7.2.5.1 of ACI 318 introduces a 
separate factor, Ψc,V = 1.4 used to convert the general formula into from cracked to non-cracked 
concrete breakout strength. The Australian model determines the initial value of the anchor's 
characteristic resistance, V˚Rk,c, as shown in in equation (12) which is derived from section 7.2.3 of 
AS5216. This equation factors in the concrete strength using its square root, and the state of 
cracked or uncracked concrete using k9 values for conversion. Considering these similarities, the 
use of the k1 values found in AS5216 will be adopted for our analysis as it provided a slightly more 
conservative value than that of ACI 318. 



Considering the similarities between ACI 318 and AS5216, a new parameter called VRk,deck,c
(uncr) is 

suggested to represent the lower characteristic value for non-cracked concrete breakout failure 
when the governing failure mode in shear is concrete breakout, as determined in test number 22 of 
AC 193. To adjust for variations in compressive strength VRk,deck,c

(uncr) should be multiplied by the 
square root of the ratio of the reference compressive strength to the tested compressive strength 
(fc(ref)/ fc(test))0.5 consistent with the Australian model. 

To adjust for cracked concrete, we recommend using the ratio of k9
(cr) to k9

(uncr) based on the values 
specified in AS5216, which are 1.7 and 2.4 for cracked and uncracked concrete, respectively, which 
is shown in equation (13).To account for the transition from uncracked to cracked concrete, the ratio 
(k9

(cr)/k9
(uncr)) can be used to adjust VRk,deck,c

(uncr) to VRk,deck,c
(cr). The resulting value, VRk,deck,c

(cr), can be 
used for seismic category C1 load conditions, as specified in AS5216 Appendix F (VRk,deck,c

(C1) = 
VRk,deck,c

(cr)). To calculate the design resistance, VRd,deck,c
(C1), appropriate partial and reduction factors 

should be applied, where αgap, αeq, ϕc and ϕinst is specified in the ETA certification shown in equation 
(14).

Vb = (0.6 x (le / da)0.2 x (da)0.5 x λa x (f’c)0.5 x ca1
1.5 (10)

Vb = 3.7 x λa x (f’c)0.5 ca1
1.5 (11)

V˚Rk,c = k9 x dnom
α x lfβ x (f’c)0.5 x c1

1.5 (12)

k9 = k9
(cr) = 1.7 (cracked concrete); k9 = k9

(uncr) = 2.4 (uncracked concrete)

VRk,deck,c
(cr) = VRk,deck,c

(uncr) x (k9
(cr) / k9

(uncr)) (13)

VRd,deck,c
(C1) = VRk,deck,c

(C1) x (αgap x αeq x ϕc x ϕinst) (14)

αgap = 0.5 (hole clearance between fastener and fixture) or 1.0 (no hole clearance)

αeq = 1 (single fastener) or 0.85 (fastener group) ; ϕc = 1/1.5 ; ϕinst = 1/γinst (from ETA cert.)

3.2.2 Steel Failure

The ACI model uses Vsa to represent the strength of steel in shear for static loading in concrete 
applications. However, for seismic loading, Vsa cannot be used in concrete and steel deck 
applications. Instead, the nominal steel strength in shear, Vsa,eq and Vsa,deck,eq respectively, must be 
used as shown in equation (15).

In the Australian model, the steel strength in shear is denoted as VRk,s, while for seismic load 
conditions, it is represented by VRk,s,eq, and can vary for category C1 and C2. To obtain the lower 
characteristic value of the steel failure mode capacity (VRk,deck,s

(uncr)), test number 22 of AC 193 is 
conducted, and the results are compared to V˚Rk,s from the ETA certificate. If the value of 
VRk,deck,s

(uncr) is less than V˚Rk,s, the new data is used to determine the shear load steel capacity for 
category C1 using equation (16)

If the lower characteristic value of the steel failure mode capacity (VRk,deck,s
(uncr)) is greater than or 

equal to the value V˚Rk,s from the ETA certificate, then the new data is considered redundant and 
not used in calculations. In this case, the characteristic shear load steel capacity for category C1 
(VRk,deck,s

(C1)) is taken as the nominal steel strength in shear, VRk,s,eq
(C1). In determining the design 

resistance, appropriate partial and reduction factors are applied to the shear load steel capacity for 
category C1 shown in equation (17).

Vsa,deck,eq = Vsa,deck x (Vsa,eq / Vsa) (15)

VRk,deck,s
(C1)

 = VRk,deck,s
(uncr) x (VRk,s,eq

(C1) / V˚Rk,s) (16)

VRd,deck,s
(C1) = VRk,deck,s

(C1)
 x (αgap x αeq x ϕMs,eq) (17)

αgap = 0.5 (hole clearance between fastener and fixture) or 1 (no hole clearance)

αeq = 1 (single fastener) or 0.85 (fastener group); ϕMs,eq = 1/γMs,eq (from ETA cert.)



4. Conclusion
From this paper, a practical methodology is proposed to determine the seismic tension and shear design 
parameters of ETA approved mechanical fasteners when installed in the soffit of composite steel deck floors. 
The proposed methodology is based on the review of various national and international standards from 
Australia, Europe and the US, as well as the results of multiple test programs already conducted following 
the principles of AC 193. These tests were carried out on several sizes of concrete screws and wedge 
anchors installed in composite steel deck units by the University of Auckland (UoA), refer to figure 6 for 
examples of tensile testing set-up. The aim is to encourage feedback and input from industry experts and 
academics to further develop and refine the methodology. Ultimately, it is hoped that the methodology will 
be adopted by fasteners suppliers in Australia to bring consistency to the technical data presented by each 
supplier and provide greater confidence to specifiers.

Figure 6.  Example of tensile test set-up for concrete filled metal deck
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