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ABSTRACT

This study proposes a comprehensive methodology for the structural health assessment of
ageing infrastructure with limited available documentation. The case study involves
a reinforced concrete structure constructed in 1971, for which only architectural drawings
with a limited technical document are available. An initial finite element model (FEM) is
developed based on geometric information inferred from the available drawings and standard
material assumptions. To overcome uncertainties arising from the absence of structural and
reinforcement details, a suite of non-destructive tests, Schmidt hammer rebound tests and
Profometer are employed. The experimental results are used to update and calibrate the FEM,
enabling a more accurate representation of the in-situ condition. The refined model is then
used to evaluate structural performance and compare results against current design codes.
This integrated approach highlights the value of combining limited documents with in-situ
testing to support informed decision-making in the assessment and management of ageing
concrete. When reassessed against AS 1170 and AS 3600 provisions, the structure failed to
meet key performance requirements, particularly in lateral resistance and reinforcement capa-
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city, highlighting the need for retrofit.

1. Introduction

A large proportion of reinforced concrete (RC) infra-
structure currently in service was constructed several
decades ago, often without the benefit of detailed
documentation or consistent material records. As
these structures age, concerns regarding their ongoing
safety, serviceability, and compliance with modern
standards continue to grow. Timely structural assess-
ment is therefore essential to support maintenance
planning, risk mitigation, and asset management deci-
sions. However, the evaluation of aged structures is
often complicated by missing or incomplete construc-
tion records, particularly the absence of structural or
reinforcement drawings, which presents a significant
challenge to engineers and asset owners.

In such cases, traditional assessment approaches that
rely heavily on comprehensive design documentation
become inadequate. This has driven the development of
hybrid strategies that integrate limited archival infor-
mation with in-situ measurements obtained through
non-destructive testing (NDT). NDT techniques (e.g.
Ground Penetrating Radar, Schmidt hammer testing,
Profometer etc.) enable valuable insights into reinforce-
ment layout, surface hardness, and durability without
intrusive intervention. When paired with finite element

modelling (FEM), these techniques provide a pathway
to reconstruct the structural condition and assess per-
formance under contemporary loading and code
requirements.

The accurate assessment of in-situ concrete strength
remains a priority for civil engineers, particularly when
evaluating ageing reinforced concrete structures.
Traditional methods, such as core sampling, while pre-
cise, are often destructive, time-consuming, and imprac-
tical for widespread use. Therefore, NDT methods such
as the Schmidt Hammer have gained significant atten-
tion for offering rapid, low-cost, and in-place evaluation
of surface hardness and strength characteristics
(Alyamac, Ghafari, and Ince 2017; Yilmaz & Avsar
2013; Yon et al. 2015). The Schmidt Hammer operates
by measuring the rebound of a spring-driven mass upon
impacting a concrete surface, with the rebound value
being correlated to compressive strength. Numerous
studies have emphasised the importance of correlating
Schmidt Hammer results with standard compression
tests to improve reliability (Abrams 1927; Malhotra and
Carino 2004). However, various factors, including sur-
face roughness, moisture content, concrete age, and
material composition, can influence rebound readings
and introduce variability ({lhan 2000; Kim et al. 2009;
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Malhotra and Carino 2004). Accordingly, calibration and
careful interpretation are essential to obtain meaningful
data, especially when applied to existing structures with
unknown mix designs or exposure histories (Breysse
2012; Brozovsky and Zach 2011). However, in general,
it can detect concrete strength in RC structures.

Furthermore, the reinforcement information
needed to assess the condition of overall concrete
structures can be acquired by using a type of NDT
called Profometer. Profometer is a widely used device
in the field of civil engineering and construction for
non-destructive testing of reinforced concrete struc-
tures. It offers reliable methods to assist in assessing
the quality and durability of concrete structures. The
Profometer works based on the electromagnetic
induction principle. When the device is placed on
the surface of a concrete structure, it sends out elec-
tromagnetic signals which interact with the steel rein-
forcement inside the concrete. By analysing the
reflected signals, the Profometer can accurately deter-
mine the location, depth, and diameter of the reinfor-
cement bars, as well as the thickness of the concrete
cover (Rogov, Nikolenko, and Sazonova 2021; Tesi¢,
2021). Some studies have demonstrated the effective-
ness and accuracy of the Profometer in various appli-
cations. For instance, a study conducted by Rogov
et al. (Rogov, Nikolenko, and Sazonova 2021) used
the Profometer-5S device to assess the technical con-
dition of reinforced concrete supports of technological
overpasses. The results showed that the device could
accurately determine the layout of the working rein-
forcement and the thickness of the concrete cover,
which helped in the verification calculations of the
structures. Luco (2005) used three equipment, includ-
ing Profometer to test the cover depth of on-site build-
ings in Spain and found that all three equipment show
the same good performance in shallow covers, and
profometer has better performance than the other
two for deep covers (Luco 2005).

The objective of this work is to demonstrate an effec-
tive framework for assessing ageing RC buildings with

John Medley

limited documentation. By combining NDT results with
FEM, the proposed approach addresses knowledge gaps,
reduces uncertainty, and supports evidence-based deci-
sion-making for repair, retrofitting, or continued service.
The methodology is intended to inform future assess-
ment practices for similar structures, particularly in pub-
lic infrastructure and heritage preservation contexts.

2, Methodologies

A flowchart illustrating the overall methodology
adopted in this study is presented in Figure 1. The
process began with the collection and examination of
the available project documentation, which was lim-
ited to architectural drawings and a partial technical
design file. Due to the absence of complete structural
and reinforcement drawings, several assumptions
regarding material properties, reinforcement layout,
and structural system behaviour were necessary to
initiate the modelling process. An initial FEM was
developed in ETABS based on these assumptions and
geometric data extracted from the architectural plans.
To validate and refine the model, a series of non-
destructive tests were conducted, including Schmidt
Hammer testing to estimate in-situ concrete compres-
sive strength and Profometer scans to determine rein-
forcement depth, spacing, and arrangement. The
experimental data were then integrated into the
model to calibrate material parameters and improve
the representation of the actual as-built conditions.
The updated model was subsequently used for struc-
tural assessment and performance evaluation. This
integrated methodology enabled reliable structural
diagnosis in the absence of complete documentation
and demonstrates a practical approach to assessing
ageing RC buildings with limited design records.

2.1. Case study description

The John Medley Building, located at the University of
Melbourne’s Parkville Campus, was constructed between

Building

Documentation
Review

Structural
Assumptions

Figure 1. Flowchart of the study.
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1969 and 1971 to meet the expanding spatial needs of the
university’s academic departments. The structure com-
prises two eight-storey RC towers, the East and West
Towers, linked by a three-storey bridging section starting
from the third floor (see Figure 2).

The primary structural system of the building
consists of precast concrete floor slabs supported
by reinforced concrete core walls and exterior load-
bearing walls. These core walls, located centrally
within each tower, provide lateral stability and
accommodate vertical circulation and services. The
exterior walls, constructed with a combination of
reinforced concrete and brickwork, serve both as
architectural facades and as part of the gravity load-
resisting system.

The bridging section is constructed from exposed
aggregate concrete and is integrated into the structural
system through cantilevering and transfer elements at
the fourth level. Regular column spacing and projected
eaves are also notable features that support the multi-
level layout and reflect the construction techniques of
the late 1960s.

Designed for institutional use, the structure has
remained functional for over five decades. However,
it is scheduled for demolition by 2040, alongside sev-
eral other university buildings, as part of a broader
campus redevelopment strategy aimed at enhancing
open space and upgrading to modern structural per-
formance and sustainability standards.

2.2. Documentation review and structural
assumptions

A critical challenge encountered in this study was
the limited availability of original construction
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documentation for the RC building under investi-
gation. The only accessible resources were a set of
architectural drawings, consisting primarily of floor
plans, elevations, and sections, and a single techni-
cal document detailing the design of a few indivi-
dual structural members, such as selected columns
and slabs (see Figures 3-5). These documents did
not include full structural drawings, reinforcement
detailing, or specifications related to material prop-
erties, construction methods, or load design cri-
teria. In particular, the absence of a complete
structural design package meant that key assump-
tions regarding the intended structural system, load
paths, and design principles had to be inferred
rather than verified. Limited information was avail-
able on rebar diameters, reinforcement layouts,
concrete mix proportions, structural load combina-
tions, or the rationale behind member sizing.
Furthermore, the architectural drawings themselves
exhibited inconsistencies in scale and notation,
which required careful interpretation due to out-
dated drafting conventions. The summary of the
available information is presented in Table 1.

2.3. Finite element modelling

A comprehensive finite element model of the case
study building was developed wusing ETABS
(Computers and Structures, Inc 2018) to investigate
its structural response under service and extreme load-
ing conditions. The structure is an eight-storey RC
building, comprising two main blocks, designated as
the East and West wings, connected by a three-storey
link bridge. The modelling approach aimed to repre-
sent the actual geometry, material behaviour, and

Figure 2. John Medley building (a) north elevation, (b) linkage bridge, (c) south elevation, and (d) west elevation.
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Figure 5. Front elevation of the building — south and north towers.



Table 1. Summary of available structural documentation.
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Information type Available Source Missing/Assumed
General building geometry Architectural Used directly (plans, elevations, sections)
drawings
Floor plans Architectural Used directly, with some dimensional interpolation where unclear
drawings
Elevations and sections Architectural Used directly, minor inconsistencies interpreted based on visual alignment and
drawings floors similarity
Slab thickness Technical 25 cm
document
Structural framing system X Architectural Initially assumed as column-frame; updated to wall system based on visual
drawings inspection and NDT
Reinforcement layout X - Assumed standard bar arrangements; refined using profometer scans
Rebar diameters and spacing v Technical Obtained from documents then confirmed via Profometer
(Partial) document
Concrete strength Technical f. = 28MPa
document
Concrete mix design )¢ - Not available, assumed standard mix proportions for the period
Load combinations and code basis +/ Technical Loading plan partially available
(Partial) document
Foundation type p ¢ - Assumed as raft foundations based on typical practice; not explicitly modelled
Steel strength X - Assumed from typical code values
Structural drawings (e.g. beam X - Inferred from geometry and updated with test results
schedules)
Construction method/sequence X - Unknown;
Structural modifications/retrofitting M - Not documented, field inspection used to verify presence or absence of alteration
Cover depth X - Assumed from typical code values
Floor-to-wall connection Technical Fixed to core walls and pinned to external walls
document

load-resisting systems of the structure as accurately as
possible, given the constraints of limited original
documentation.

At the preliminary stage, the structural system
of each block was assumed to consist of a central
reinforced concrete core wall system for lateral
load resistance, with discrete columns supporting
flat slab floor systems. These assumptions were
made based on the available architectural draw-
ings and typical construction practices of the early
1970s. The interconnecting bridge between the
two blocks was modelled as a composite system
comprising RC slabs supported by steel I-sections
embedded within the concrete. However, further
investigation through non-destructive testing and
site inspections revealed that the initial assump-
tions underestimated the contribution of the
external envelope. Specifically, it was determined
that the building incorporates continuous rein-
forced concrete walls around the perimeter of
both blocks, which act not only as vertical load-
bearing elements but also contribute significantly
to the lateral stiffness of the structure.
Consequently, the model was revised to replace
the originally assumed column layout with contin-

uous external wall elements. Openings were

accurately placed to reflect actual wall discontinu-
ities and their effect on global stiffness and force
distribution.

The flooring system in both blocks is a flat slab
configuration, which was modelled using shell ele-
ments with defined thicknesses and elastic proper-
ties representative of typical reinforced concrete
slabs. Rigid diaphragms were assigned at each
floor level to simulate in-plane stiffness and ensure
appropriate load distribution. Additionally, a full
basement level was included in the model, enclosed
by reinforced concrete retaining walls on all sides.
These basement walls were modelled as thick shell
elements, providing lateral resistance to soil pres-
sure and contributing to the overall stiffness of the
substructure. Appropriate boundary conditions
were assigned to represent foundation restraints
and ground interaction.

This iterative modelling process, from initial
assumptions to a refined configuration based on
experimental validation, highlights the importance of
integrating site-specific data into numerical models.
The final model reflects the actual behaviour of the as-
built structure more accurately and serves as a reliable
basis for subsequent structural performance assess-
ment and safety evaluation.
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2.4. Experimental investigations

As mentioned, given the lack of comprehensive struc-
tural records, the development of the initial FEM
relied heavily on assumptions. To address this,
a suite of NDTs, including the Schmidt Hammer and
Profometer, was employed on-site to gather empirical
data. These tools facilitated the in-situ estimation of
concrete strength, reinforcement cover, bar diameters,
and layout patterns, which were subsequently used to
calibrate and refine the initial model. The integration
of these field measurements with the archival docu-
ments was essential for developing a realistic and reli-
able representation of the structure for further
structural assessment.

2.4.1. Schmidt hammer
The Schmidt Hammer is a widely used NDT device
designed to assess the surface hardness of concrete,
which is indirectly related to its compressive strength.
The principle of operation is based on the rebound
method: a spring-loaded mass is released against the
concrete surface, and the extent of rebound after
impact is measured. A harder surface results in
a higher rebound value, which correlates with greater
compressive strength. Traditional Schmidt Hammers
display a dimensionless rebound number, which then
requires conversion to strength using empirical curves
derived from standard cube or cylinder tests (Elrazek
and Shafy Gamal 2021). However, the accuracy of
these conversions can be affected by factors such as
concrete age, surface moisture, carbonation, and
aggregate type (Brozovsky and Zach 2011; Kim et al.
2009; Malhotra and Carino 2004).

In this study, a Silver Schmidt PC Type N digital
rebound hammer (Proceq 2017) (see Figure 6) was
used to perform the surface hardness tests. Unlike
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Figure 6. (a) Schematics of Schmidt hammer (Elrazek and
Shafy Gamal 2021) (b) a digital Schmidt rebound hammer.

analog models, the Silver Schmidt integrates a high-
precision sensor system that automatically calculates
and displays the estimated compressive strength in
MPa, based on internal calibration curves compliant
with (CEN 2019; ASTM International 2018; CEN
2012). The device allows the operator to adjust for
parameters such as form factor, carbonation correc-
tion, and statistical filtering directly on the instrument
interface. It also enables digital data export via
Hammerlink software for further processing (Proceq
2017).

Prior to testing, all surfaces were prepared by clean-
ing and lightly grinding to ensure smoothness and
remove any laitance. A total of 20 structural elements
across the building, including exterior walls, core
walls, and columns, were tested. For each element, at
least ten impacts were performed, with each point
spaced more than 25 mm apart and away from edges
or defects. The device’s statistical settings were config-
ured to exclude outliers and compute the mean com-
pressive strength per series. All recorded values were
displayed and logged directly in MPa (Proceq 2017).

The test results served both as an initial quality
assessment of the in-situ concrete and as input for
updating the material parameters in the finite element
model, particularly considering the building’s uncer-
tain construction history.

2.4.2. Profometer

In this study, the Profometer 600 (see Figure 7) is used
to report the location, cover depth and diameter of
reinforcement embedded in the concrete. The
Profometer 600, a Switzerland-manufactured instru-
ment, employs electromagnetic pulse induction tech-
nology to detect rebars in concrete (Rogov, Nikolenko,
and Sazonova 2021). The measurement of the
Profometer 600 is unaffected by non-conductive mate-
rials but influenced by conductive ones within
a 100 mm radius magnetic field. Delivered with com-
ponents like a touchscreen unit, battery, probe, and

Figure 7. A profometer 600 unit.



software, it features a 7-inch display, 8GB storage, and
over 8-hour battery life (Proceq 2014).

The Profometer 600 testing procedure begins with
equipment preparation: ensure all components
(touchscreen unit, probe, battery, cables) are properly
connected and calibrated. Power on the device by
pressing the designated button and confirming the
battery status (Proceq 2014).

Prior to measurement, settings were configured,
including measuring range (Standard, Large, or
Auto), rebar diameter, unit (Metric or Imperial), and
minimum/maximum cover values. Zeroing should be
performed to ensure accuracy, especially if the probe
has been idle for over 5 minutes.

There are different testing modes, including locate
mode, single-line mode, multi-line mode, and area-
scan mode in the Profometer 600 (Proceq 2014). In
this study, we use multi-line mode. When we turn to
the multi-line mode, the rebar positions can be iden-
tified by moving the probe until the centre line of the
probe aligns with the embedded rebar, indicated by
LED signals. Then, the measurement of the diameter
of the rebar can be taken by clicking on the button of
measurement on the screen. Then, a constant speed of
scanning is maintained to move to the next rebar to
take the measurement. The measurements are
recorded by saving files with unique names, ensuring
each dataset includes cover depth, rebar diameter, and
spacing. After measurement, the data can be reviewed
via Statistics or Snapshot views to verify accuracy.
Finally, the data can be exported using the PM-Link
software for further analysis.

3. Results and discussion

This section presents the outcomes of the NDT and
the updated FEM, followed by a structural reassess-
ment under current Australian standards. The pri-
mary goal of this integrated approach was to
establish a reliable representation of the as-built con-
dition and to evaluate whether the structure complies
with contemporary performance requirements. The
Schmidt hammer and Profometer tests were used to

AUSTRALIAN JOURNAL OF STRUCTURAL ENGINEERING . 7

characterise material strength and reinforcement
details, which informed the calibration of the finite
element model. The structural response was then ana-
lysed under historical and modern code provisions to
assess the adequacy of the building’s design. The find-
ings reveal notable discrepancies between the original
design assumptions and the demands imposed by
current standards, ultimately leading to the conclusion
that several key structural components fail to meet the
required performance thresholds.

3.1. Non-destructive testing results

The results of the digital Schmidt hammer test were
critical in reassessing the structural system of the
building. As shown in Table 2, external wall elements
across both the West and East blocks exhibited con-
sistently high compressive strength values, including
areas situated above and below window openings. This
uniformity strongly suggests that these walls were
designed as continuous load-bearing elements, rather
than as non-structural infill or fagade components. In
contrast to the initial assumption of a beam-column
frame system, the data supports a wall-dominant
structural configuration, prompting a revision of the
FEM to accurately represent the observed in-situ
conditions.

The test data also revealed substantial increases in
concrete strength compared to the original design
value of 28 MPa. In external wall elements, estimated
strengths frequently exceeded 56 MPa, an increase of
up to 200%. Core walls showed more moderate gains,
with values ranging from approximately 38 to 42 MPa,
or about 40% above the design value. These strength
increases are likely attributable to long-term material
behaviour, including continued hydration, internal
curing, and surface carbonation, particularly in ele-
ments more exposed to ambient conditions.
Furthermore, Schmidt hammer measurements are
surface-hardness based and may overestimate the
true in-situ compressive strength of older concrete,
especially where carbonation has densified the cover
zone (e.g. external walls). Aydin and Saribiyik (2010)

Table 2. Compressive strength of elements obtained from Schmidt hammer test.

Element ID Location Element Type Average estimated f(’(MPa)
1 West block — 1st floor Core wall 40
2 External walls 61
3 Column 63
4 Slab 59
5 Stairs 43
6 West block - Roof External walls 61
7 Slab 60
8 East block — 1st floor Core wall 40
9 External walls 60
10 Column 61
1 Slab 60
12 Stairs 42
13 East block- Roof External walls 61
14 Slab 60
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recommend applying correction factors of approxi-
mately 0.50-0.80 for concrete older than 90 days,
while Kazemi, Madandoust, and de Brito (2019)
showed that Schmidt hammer results can misestimate
compressive strength when used in isolation, with
rebound-based estimates being, on average, about
45% higher than reference values. Nonetheless, when
interpreted as an index of relative strength, the
Schmidt hammer data in this study provide clear and
repeatable trends across structural elements, support-
ing the identification of load-bearing behaviour and
informing material property selection within the ana-
lytical model, while acknowledging the inherent lim-
itations of the method for absolute strength
quantification. Due to the building’s ongoing opera-
tional use, intrusive core testing was not feasible.
Consequently, Schmidt hammer results were inter-
preted as relative indices of in-situ strength rather
than absolute values, and conservative strength values
were adopted in the FEM calibration.

Profometer testing was carried out at the same
locations assessed by the Schmidt hammer to clarify
reinforcement detailing, given the absence of struc-
tural drawings. The data helped verify the size, spa-
cing, and layout of reinforcement in key structural
elements across both the West and East blocks, as
well as the linking bridge. Reinforcement patterns
largely aligned with typical construction practices of
the 1970s, though minor deviations were observed
near intersections and slab edges.

Importantly, the scans confirmed that the external
walls, particularly those containing window openings,
featured continuous vertical reinforcement extending
across storeys. This finding reinforced the earlier con-
clusion that these fagcades were designed as integral
load-bearing walls, not infill. Concrete cover depth
was also recorded, generally ranging from 40 to
75 mm. These measurements contributed to model
calibration and informed preliminary assessments of
durability.

A 3-metre linear scan was conducted along the
longitudinal axis of the central core wall using

Figure 8. Results obtained from Profometer.

a Profometer rebar detector in single-line mode. The
resulting signal data, as illustrated in Figure 8, pro-
vides critical insights into the spacing, bar diameter,
and cover depth of the vertical reinforcement. The
scan identified a regular pattern of signal peaks corre-
sponding to embedded longitudinal reinforcement
bars, with consistent signal amplitudes indicative of
relatively uniform bar placement. The spacing
between adjacent bars varied slightly across the scan
length, with measured centre-to-centre distances ran-
ging approximately from 16 mm to 26 mm, suggesting
an average bar spacing of roughly 250 mm. The
Profometer software algorithm estimated bar dia-
meters primarily in the range of 16 mm to 26 mm,
with most bars detected as 16-20 mm, and isolated
peaks indicating larger diameters (up to 26 mm) likely
due to overlapping bars or calibration inaccuracies.
Using the same procedure, additional Profometer
scans were conducted at key structural locations
throughout the building, including the mid-height
and upper zones of the core wall, selected external
wall segments at base and window lintels, and repre-
sentative slab zones adjacent to the core and at roof
level. The reinforcement layout obtained in these
regions was generally consistent with the pattern
observed in the core wall base, with no indication of
seismic-specific detailing features such as confined
boundary elements, closely spaced transverse ties, or
mechanical anchorage. These findings suggest that the
reinforcement system throughout the building reflects
conventional gravity-load design practice rather than
detailing intended for ductile seismic performance.
Table 3 summarises the Profometer test results, high-
lighting average bar sizes, spacing, and concrete cover
values across the major structural elements.
Following the non-destructive testing and field
investigations, the FEM was updated to reflect
more realistic structural assumptions based on ver-
ified in-situ conditions. This led to significant mod-
ifications to the initial model, which had been
developed solely from architectural drawings and
a partial technical document (Figure 9). The revised
model incorporated corrected structural system
definitions, including the replacement of assumed
column layouts with continuous external walls,
updated material properties, and verified reinforce-
ment details. The updated FEM is presented in

Figure 10 and provides a more reliable
Table 3. Profometer test summary table.
Rebar size Spacing Average cover
Element (mm) (mm) (mm)
Core wall 19 250 45
External walls North and 19 250 55
South
External walls East and 19 200 55
West
Slab 16 200 40
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Figure 9. Initial FEM of the building.

Figure 10. Updated FEM of the building.

representation of the as-built structure. This process
highlights the critical role of documentation, both in
terms of its availability and ongoing management.
Maintaining comprehensive and accurate records
throughout a structure’s life cycle is essential, not
only for future assessment and retrofitting but also
for ensuring safety and cost-effective decision-
making over time.

To evaluate the ductility characteristics and rein-
forcement detailing of the existing building,
a comprehensive non-destructive investigation was
undertaken using a Profometer. The scan was per-
formed at strategic vertical levels and structural

elements, including: (i) the base, mid-height, and top
of the core wall; (ii) base regions and lintel zones of
external walls; (iii) slabs adjacent to the core wall; and
(iv) the roof slab. The objective was to characterise
reinforcement spacing, bar diameters, and cover
depth, which are critical parameters in assessing duc-
tility and compliance with modern seismic detailing
requirements.

The collected data revealed that the reinforcement
configurations in all scanned regions lack the features
typically associated with ductile behaviour. In particu-
lar, the core wall exhibited relatively wide bar spacing,
uniform bar diameters without evidence of confining
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reinforcement (e.g. closely spaced ties or stirrups), and
inadequate cover depth in some locations. Similar
deficiencies were observed in the external walls and
slabs, including minimal reinforcement concentration
near critical regions such as openings and slab-wall
interfaces. These findings suggest an absence of ducti-
lity-enhancing detailing, such as confined boundary
zones in walls, adequate anchorage lengths, or trans-
verse reinforcement designed to resist cyclic loading.

Given that ductile design provisions only became
mandatory in Australian Standards following the
introduction of AS 3600-1988 and later enhancements
in AS 1170.4, the observed reinforcement layout is
consistent with pre-ductility-era construction.
Therefore, the structure is likely to exhibit limited
energy dissipation capacity and poor post-yield defor-
mation performance during seismic events. This raises
concern for structural resilience and necessitates
further evaluation or retrofit considerations in accor-
dance with current performance-based seismic assess-
ment frameworks.

To quantify the implications of the observed rein-
forcement detailing under current design provisions, a
comparison between provided and required reinforce-
ment areas was carried out in accordance with AS
3600, as summarised in Table 4.

3.2. Structural reassessment under modern code:
failure causes and code comparison

The evolution of Australian Standards for structural
loading has introduced substantial changes in how
buildings are assessed. The building under investiga-
tion, constructed in the early 1970s, likely adhered to
provisions from SAA Int 350 (SAA Int 350 1952). In
contrast, modern evaluations are governed by AS/NZS
1170 series (AS 1170.2 2021; AS 1170.4 2024; AS/NZS
1170.1 2002, which adopt a limit state design (LSD)
framework with detailed probabilistic load combina-
tions and reliability targets.

3.2.1. Dead and live (imposed) loads

SAA Int 350 (Standards Association of Australia, 1952)
presented dead and live loads as simplified prescrip-
tive values, expressed in imperial units and largely

based on occupancy type and engineering judgement.
For commercial buildings, live loads were assigned
using occupancy tables, and dead loads were treated
as uniform values with minimal adjustment for mate-
rial variability. There was limited guidance on load
combinations or variability due to functional use. In
comparison, AS/NZS 1170.1 (Standards Australia/
Standards New Zealand 2002) introduces the termi-
nology of permanent actions (dead loads) and
imposed actions (live loads), reflecting ISO alignment.
It provides comprehensive load values based on build-
ing usage, floor area, and load duration, with prob-
abilistic load factors applied for ultimate and
serviceability limit states (Pham 2007). Additionally,
the modern standard explicitly defines load combina-
tions (e.g. 1.2 G+ 1.5Q) and accounts for reduced
imposed loads in multi-storey buildings, acknowled-
ging the improbability of simultaneous full loading
across all floors.

3.2.2. Wind loads

A major shift is observed in the treatment of wind
loads. SAA Int 350 (Standards Association of
Australia, 1952) used a uniform average wind velocity
of 75 mph (33 m/s) with basic reduction factors for
multiple-bay buildings (e.g. 0% windward, 50% first
leeward), based on empirical simplifications
(Mackenzie, Rowland, and Johnsson 2017). Internal
pressure effects were considered rudimentarily, and
terrain or topography factors were largely absent. In
contrast, AS 1170.2 (AS 1170.2 2021) provides
a sophisticated framework for wind actions, incorpor-
ating gust wind speeds, terrain categories, topographic
multipliers, shielding effects, and directional multi-
pliers. The shift to gust-based design, inspired by the
work of John Holmes and others, significantly
increased calculated uplift and suction pressures, par-
ticularly for external walls and roofing systems. This
has profound implications for buildings retrofitted or
re-analysed under the current code, often leading to
requirements for structural strengthening (Mackenzie,
Rowland, and Johnsson 2017).

3.2.3. Earthquake loads
Earthquake loading under SAA Int 350 (Standards
Association of Australia 1952) was absent. The

Table 4. Comparison of provided and required reinforcement areas for key structural elements under AS 3600 assessment.

Elements Provided reinforcement (mm?) Required reinforcement (mm?)
External walls Piers 7371.74 8836
East and West side Lintels 490.87 738
External walls Piers 14743.49 11712
North and South side Lintels 490.87 738
Core walls - 99802.11 119543
Slab roof Top x-dir. 2491 2100.6
Bottom x-dir. 2491 2100.6
Top y-dir. 1721 1570.75
Bottom y-dir. 1721 1570.75




development of a dedicated standard, AS 2121(AS
2121 1979), marked the beginning of codified seismic
design in Australia, but it remained separate from
other actions. Modern practice under AS 1170.4 (AS
1170.4, 2007) integrates seismic actions into the LSD
framework, applying zonal seismic hazard values,
importance levels, ductility factors, and site classifica-
tion. This allows for a quantifiable and risk-informed
approach to seismic design. As outlined by (Pham
2007), the integration of seismic loading into the AS
1170 series allowed Australia to consolidate design
practices under a unified structural action code and
improve structural safety expectations under rare seis-
mic events.

In reviewing the structural loads applicable to the
building’s design and reassessment, it becomes evident
that substantial differences exist between the historical
code (SAA Int 350) and the current AS 1170 stan-
dards. These differences are not limited to the magni-
tude of the loads but also extend to how variability,
safety margins, and environmental influences are
accounted for. The progression towards more perfor-
mance-based and reliability-focused design frame-
works in AS 1170 results in more comprehensive,
and often more conservative, load estimations, parti-
cularly for wind and seismic actions. Such changes
have direct implications when re-evaluating older
structures originally designed under earlier codes, as
they may reveal previously unaccounted vulnerabil-
ities or the need for structural retrofitting.
A summary of the key differences is presented in
Table 5, providing a concise comparison across load
types for reference in both modelling and compliance
considerations.

In addition to changes in loading assumptions,
a significant evolution has occurred in the design
methodology and capacity calculation for reinforced

Table 5. Comparing SAA int 350 and AS 1170.
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concrete structures. The original design of the case
study building likely followed AS CA2-(1963) (AS
CA2 1963), which was grounded in the Working
Stress Design (WSD) approach. This method assumed
linear elastic behaviour for both concrete and steel,
with service loads directly compared to allowable
stresses using conservative safety margins. Material
properties were less diverse, with concrete strengths
typically in the range of 20-25 MPa and mild steel
reinforcement limited to approximately 230 MPa yield
strength. Detailing provisions were also minimal, and
vital concepts such as ductility, redistribution limits,
or crack width control were either absent or only
qualitatively addressed.

In contrast, the current design practice under AS
3600-(2018) (AS 3600 2018) adopts the Limit State
Design (LSD) philosophy. This approach incorporates
strength reduction factors probabilistic load combina-
tions, and material-specific ductility considerations to
ensure safety under both ultimate and serviceability
conditions. Concrete grades have increased signifi-
cantly, commonly ranging from 32 MPa to 50 MPa
or higher, and high-strength reinforcement with a 500
MPa yield stress is now standard. The modern code
also includes detailed rules on reinforcement spacing,
anchorage, cover, and moment redistribution (up to
30%), which allows for more refined and reliable
modelling of actual structural performance.

Table 6 summarises the principal differences
between these two standards across key design para-
meters. This comparison underscores the broader shift
from prescriptive, stress-based approaches to perfor-
mance-driven design with more realistic treatment of
structural behaviour and uncertainty.

To evaluate how shifts in structural standards influ-
ence performance assessment, the updated finite ele-
ment model, calibrated using field data, was analysed

Load type SAA Int 350 AS 1170 series

Dead loads Fixed prescriptive values in imperial units Probabilistic “permanent actions” with load factors

Live loads Occupancy-based, no duration or frequency adjustment Varying “imposed actions” with reductions for floor usage
Wind loads Mean wind speed (75 mph), simple bay reduction Gust wind speed, terrain/topography effects, direction factors

Earthquake loads Not codified

Fully integrated LSD framework with zonal hazard mapping

Table 6. Comparison of AS CA2—(1963) and AS 3600—(2018) design parameters.

Design Parameter

AS CA2-(1963)

AS 3600-(2018)

Design Philosophy

Concrete Design Method

Steel Design Method

Concrete Strength Grades
Reinforcement Yield Strength
Strength Reduction Factors
Maximum Compression Strain
Serviceability Criteria
Reinforcement Placement Limits
Moment Redistribution

Typically 20-25 MPa
230 MPa (mild steel)
Not explicitly used
0.003

Not well defined

Working Stress Design (WSD)
Linear elastic; stress-based
Elastic theory, mild steel assumed

Based on deflection/span rules
Basic guidance, limited detailing

Limit State Design (LSD)

Ultimate strength; strain-based

Strength design with ductility limits
Commonly 32-50 MPa or higher

500 MPa (typical high strength)

Typically, 0.6 for bending; 0.8 for shear
0.003 (explicitly defined)

Detailed SLS checks including crack width
Detailed rules for spacing, anchorage, cover
Allowed up to 30% under conditions
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under two distinct code regimes. The first scenario
reflects the design philosophy in place at the time of
construction, using load assumptions from SAA
Int 350 (1952) and material design provisions from
AS CA2-(1963), which governed the design of rein-
forced concrete structures in that era. The second
scenario applies the modern loading framework
defined in the AS/NZS 1170 series, in combination
with the current AS 3600-(2018) standard for concrete
structures.

While both models share the same geometry and
in-situ material properties, the structural responses
and compliance margins diverge significantly due to
differences in load magnitudes, combination rules,
and capacity calculation methods. Under historical
codes, design stresses were assessed using the working
stress method, with relatively lower safety factors and
simpler assumptions about material behaviour. In
contrast, AS 3600 adopts a limit state design (LSD)
approach with detailed guidance on strength reduc-
tion factors, ductility considerations, and redistribu-
tion limits.

The analyses revealed that, when assessed using AS
3600 and current load standards, several elements,
particularly the external walls and the link bridge
components, experience higher demand-to-capacity
ratios, often approaching or marginally exceeding
allowable thresholds. Lateral displacements, base
shear, and inter-storey drifts were consistently higher
under AS 1170 seismic actions, due to more rigorous
treatment of dynamic and environmental factors.
Furthermore, the moment and shear capacities of
key RC members calculated under AS 3600 tended to
be more conservative, especially for lightly reinforced
sections, compared to historical assumptions. These
findings underscore the potential vulnerability of
older structures when re-evaluated against current
performance expectations and highlight the impor-
tance of integrating both loading and capacity code
updates in structural re-assessment.

4. Conclusion

This study presents a practical methodology for the
structural evaluation of a reinforced concrete building
constructed in 1971 with limited available documenta-
tion. Through the integration of numerical modelling
and targeted non-destructive testing, a reliable struc-
tural representation was achieved despite the absence
of detailed construction records. The initial finite ele-
ment model, based solely on architectural drawings
and typical assumptions, was iteratively updated using
in situ data obtained from Schmidt hammer and
Profometer tests.

Compressive strength results from the Schmidt
hammer revealed values significantly higher than the
original design specification, particularly in external

wall elements, where strengths frequently exceeded 55
MPa. These elevated values, attributed to long-term
hydration and environmental exposure, supported the
reclassification of the external envelope as a primary
load-bearing system. Profometer scans confirmed the
presence of continuous vertical reinforcement and
identified bar sizes and spacing consistent with histor-
ical norms. Collectively, these findings prompted
a fundamental shift in the structural interpretation
from a column slab frame to a wall dominated system.

Despite favourable material performance, the
reinforcement layout lacked critical features asso-
ciated with ductile response. Wide spacing, uni-
form Dbar diameters, and the absence of
confinement detailing were evident across core
walls, slabs, and facades. This is consistent with
the pre-ductility design provisions of the era.
When the updated model was assessed under the
AS 1170 and AS 3600 standards, multiple compo-
nents, particularly in the external walls and bridge
connections, failed to satisfy current structural per-
formance requirements. Demand-to-capacity ratios
exceeded acceptable thresholds in key regions,
highlighting deficiencies in lateral stiffness and
energy dissipation.

These results demonstrate that reliance on original
design documentation alone is insufficient for reliable
structural evaluation of older buildings. The integra-
tion of field measurements into a calibrated numerical
model offers a pathway to more accurate assessment,
supports informed engineering judgement, and
enables risk-based decision making for retrofit, con-
tinued service, or demolition.

To further improve the accuracy of the assess-
ment and address residual uncertainties, future stu-
dies may incorporate more advanced non-
destructive and remote sensing techniques. For
instance, ground penetrating radar can be
employed to investigate subsurface conditions
such as moisture ingress and reinforcement corro-
sion, which are critical to long-term durability but
are not fully captured through surface-based test-
ing. The use of IBIS-FS interferometric radar also
presents a promising direction for operational
modal analysis under ambient conditions. By cap-
turing real-time displacement responses, the nat-
ural frequencies and mode shapes of the structure
can be identified and compared against numerical
predictions. This enables model updating and
enhances confidence in dynamic behaviour predic-
tions, particularly under wind and seismic loading.

However, persistent uncertainties related to as-
built construction, including connection detailing,
material variability, and construction quality, con-
tinue to complicate model calibration. A Bayesian
updating framework can be applied to integrate
field data with assumed parameters, enabling



probabilistic calibration and improved prediction
fidelity. This approach is especially valuable when
complete records are unavailable. Furthermore,
changes in reinforcement detailing practice over
recent decades should be acknowledged. Earlier
standards, such as AS CA2 provided limited gui-
dance on anchorage, splicing, and seismic resis-
tance. In contrast, AS 3600 introduces rigorous
criteria for ductility, confinement, and serviceabil-
ity. Detailed investigation of reinforcement layouts
through high-resolution scanning or targeted core
extraction may therefore support improved model
refinement and structural reliability assessment in
future applications.
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