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1 INTRODUCTION 
 

The advent of fibre composite laminate technology is greatly benefiting building owners and 
property managers.  It gives them the ability to upgrade the strength of an existing building structure in 
a less invasive way compared to conventional methods of strengthening. In most circumstances this 
still permits the building to be utilized whilst undertaking strengthening with minimal impact on tenants.  
 

The key with such strengthening systems is their financial viability given their inherent high cost. 
The material cost of fibre composites alone is many times greater than that of its more conventional 
counterparts. In order to minimize costs associated with the installation of fibre composite 
strengthening, a system of optimization has been used which involves the use of finite element 
analysis. The structure to be strengthened is modelled in detail and the extent of additional 
strengthening to be used is optimized.  
 

A significantly large case study undertaken in Australia (124 Walker Street North Sydney) is 
provided with the financial benefits of the optimization process identified as well as other inherent 
benefits associated with the system in general.  
 

 
2 CASE STUDY - 124 WALKER STREET, NORTH SYDNEY, AUSTRALIA 
 
2.1 Description of Original Structure 

The subject building was located at the corner of Walker and Berry Streets, North Sydney, 
Australia. The existing building was originally constructed in the early 1970’s and consisted of 3 
underground car parking levels, 1 retail level at ground floor, 17 office levels with mid-height and roof 
level plant rooms. Each floor level above ground floor was 30 metres long in the north/south direction 
and 22.5 metres wide in the east/west direction. Figure 1 shows a picture of the building prior to 
refurbishment with the refurbished structure adjacent. 
 



FRPRCS-8  University of Patras, Patras, Greece, July 16-18, 2007 

 2 

 
 

Fig. 1 Original Structure (refurbished structure inset) 
 

Each floor level consisted of a reinforced concrete flat slab with drop panels around the interior 
columns. Each slab was conventionally reinforced with un-tensioned steel reinforcement varying in 
grade from 230 to 400 MPa. For the office floor levels (which were above ground level), tapered 
perimeter beams were used to support the edge of the slab and act as a support for the façade (refer 
Figure 2).  In addition to the above, the lift core and high level pad footings (supported by 2MPa 
bearing capacity sandstone) were constructed from reinforced concrete, again reinforced 
conventionally.   

 

 
 

Fig. 2 Typical Section through the Original and Refurbished Office Floor Perimeter Beam 
Office Floor Perimeter Beam 
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The façade treatment of the building was fairly conventional considering the time in which the 

building was constructed. Plastic coated steel windows (commonly known as plas-steel) were installed 
between the top of a typical perimeter beam and the soffit of the perimeter beam for the level above. 
The perimeter beams, exterior columns were rendered with an exposed aggregate finish. The render 
was between 20 and 70mm thick and was centrally reinforced with light gauge wire mesh. 
 
2.2 Description of Refurbished structure 

The need to refurbish the existing structure came about due to a deterioration in the original 
façade. Sections of the render which was applied to the perimeter beams and external columns had 
deteriorated to the point where sections of the render were falling off. Given that this presented a risk 
to human life, temporary protection systems were required initially followed by some form of repair or 
reinstatement of the façade. To complicate matters further, in discrete sections of the building, 
corrosion of the plas-steel windows had occurred compromising the integrity of the façade. 
 
 Accordingly the building owners investigated 3 options for refurbishment: 

 Repair the existing façade and windows 

 Place a new façade on the outside of the existing one and demolish the existing windows, 

 Extend the floor structure beyond the current building line, install a new façade and demolish 
the existing windows and plas-steel frames. 

 
Based on a financial analysis of these options, the third option was chosen. A typical cross section of 
this option and its impact on the perimeter of the building is indicated in Figure 2. The advantages of 
this option was that as extra floor area was added to the building (equivalent to two additional levels) 
and hence increased rental revenue could be derived. In addition as demolition of the upturn section 
of the perimeter beams would be required, significantly larger window area could be used which 
enhanced the rent return on a per square metre basis. It was calculated that the initial capital 
investment (around AUS$18M) could be recouped within 5 years owing to these two factors. 
 
The most significant part of this refurbishment option was that by removing the upturn section of the 
perimeter beams at each of the office floors, the structure in general would be weakened therefore 
requiring additional strengthening. 
 
2.3 Finite Element Model 

In order to investigate the extent of strengthening required for the refurbished structure, a detailed 
finite element analysis (FEA) model of the entire building was created using Strand7 FEA software 
(refer Figure 3). The slabs, drop panels and lift core walls were modeled using 2 dimensional 4 noded 
linear plate/shell elements. The columns, perimeter beams (modified and original) and any internal 
beams were modeled using 1 dimensional line elements.  
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Fig. 3 FEA Model of the Refurbished Building 
 
It is important to note that for the perimeter beams, the line element was offset in the vertical and 

horizontal directions to account for the position of the centroid of these beams relative to the ends of 
the elements which represent the slab (refer Figure 4). This was done so that the stiffness of the 
structural system could be appropriately simulated. Similarly, the line elements representing the 
columns, internal beams and plate/shell elements representing the drop panels were offset for the 
same reason.   

 
 
 

 
 

Fig. 4 FEA model of a Typical Office Floor Perimeter Beam – Solid and Line Views 
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The nodes at the base of the FEA model were restrained in translational in all three orthogonal 

directions. These nodes were part of the internal and external columns as well as the lift core. No 
other nodes of the FEA model were assigned any other forms of restraint. 

 
In terms of primary load cases, the following loads were applied to the FEA model: 
 

 Dead Load (G) – Inertia load of 9.81 m/s
2
 in a downwards vertical direction 

 Superimposed dead load (G) – 0.3 kPa to all office floors for ceiling and services, 0.5 kPa 
for the façade.  

 Live Loads (Q) – 3.0 kPa for office floors with an additional 1.0 kPa for partitions,  4.0 kPa 
in retail areas, 5.0 kPa in plant rooms, 10kPa in compactus areas, 3.0 kPa for car parking 
and 0.25 kPa for roof areas.   

 Wind Loads (Wu) – directional as per AS1170.1-1989. 

 Earthquake Loads (Eu) – directional as per AS1170.4-1993.  
 

The aforementioned primary load cases were then combined to correspond to ultimate limit state 
conditions in accordance with AS1170.1-1989 in the following manner: 

 

 1.25G + 1.5Q 

 1.25G + 0.4Q + Wu 

 0.8G + Wu 

 1.25G + 0.4Q + Eu 

 0.8G + Eu 
  
All elements of the FEA model were assigned material properties associated with reinforced 

concrete. However, whilst the lift core walls and columns were constructed from normal weight 
concrete, the slabs, drop panels and perimeter beams were constructed from a light weight form of 
concrete. This was where the aggregate in the concrete mix design was expanded shale instead of 
the standard weight basaltic aggregate. Linear elastic material properties associated with these two 
material types are indicated in Table 1 below. 

 
Table 1 Material Properties used in the 124 Walker Street FEA model. 

 

Concrete 
Description 

Compressive 
Strength (MPa) 

Density 
(kg/m

3
) 

Elastic Modulus 
(MPa) 

Poisson’s 
Ratio 

Normal 
Weight 

35 2400 29.9E+3 0.2 

Light Weight 25 1850 17.1E+3 0.2 

 
The type of analysis solver used for analysing the FEA model was typically a linear static solver. 

This is with the exception of investigating load case combinations 0.8G + Wu and 0.8G + Eu. In these 
cases there were small amounts of uplift occurring at the underside of the lift core, compression only 
contact elements were introduced in conjunction with a non-linear static solver incorporating boundary 
non-linearity.  
 
2.4 Optimisation Procedure 

Initial hand calculations and analyses into strengthening of the structure identified that only flexural 
strengthening of the perimeter beams at the office floor levels was required. For the initial cost 
estimate two strengthening options were considered. The first option was using conventional un-
tensioned steel reinforcement and the second option was using a pulltruded carbon fibre reinforced 
plastic (CFRP) laminate. Figures 5 (a) and 5 (b) indicate these two options. It is noted that in both 
cases the strengthening adjacent to the soffit of the perimeter beam was required due to contra-
flexure induced bending moments induced by wind and earthquake loading. The strengthening 
required at the top of the modified perimeter beam (slab level) however, was required to vertical dead 
and live loads applied to the slab.    
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Fig. 5  Conventional and CFRP Flexural Strengthening Options of the Typical Office Floor 
Respectively. 

 
Although the preliminary cost associated with both systems was similar, the CFRP strengthening 

option was chosen due to the following reasons: 

 The CFRP strengthening system reduced a 52 week construction program by 6-8 weeks 
given that it was a simpler form of construction, 

 Application of the CFRP and far less invasive to the existing structure, 

 As tenants would still be occupying the building, the CFRP system was far more attractive 
as the application of the CFRP laminate was no where near as noisy thus minimizing 
claims from existing tenants. 

 
Once the CFRP method of strengthening was decided upon, optimization of the extent of laminate 

required commenced. The key to this process for this particular type of structure was to assign the 
elements corresponding to each floor level to a specific group. This enabled the analyst to investigate 
various sections of the office floor perimeter beams based on a level by level approach, an element 
type approach or both as a Boolean operation.   

 
The optimization procedure relied upon displaying the perimeter beam bending moments as a 

contour plot instead of a diagram plot. The contour levels used in the contour plot were set at the 
ultimate capacities of the perimeter beams with various amounts of CFRP added. The extent of the 
CFRP was then determined at the point where the given contour terminated plus the beam depth plus 
the development length of the laminate (refer Figure 6). This method is repeated for all above ground 
floor levels with minimal rationalization between levels.  The results of this optimization process was 
that it resulted in a reduction in Sika Carbodur S812 CFRP strengthening from 4,500 metres down 
ultimately to 3,500 metres. 
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Fig. 6  CFRP Line Element Optimisation Method 
  
 
 

2.5 Colour Coding of CFRP Documentation 
One key aspect of this project which made it difficult on site was the form of documentation used 

to denote that areas in which CFRP strengthening was required. For conventionally reinforced 
concrete building structures, reinforcement is denoted using an extent line and bar length as shown in 
Figure 7. This led to some confusion on site, which resulted in misplacement of the CFRP 
strengthening. Based on this experience and to enable easier dissemination of CFRP lengths, 
numbers and extents, colour coding of each type of CFRP has now been adopted. The effect of this 
colour coding system was that it made it simpler for the sub-contactor on site and accordingly in 
ensuing projects misplacement of CFRP reinforcement has been significantly reduced.   

 

 
 

Fig. 8  Conventional and Colour Coded CFRP Documentation 
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3 CONCLUSIONS 
 

A case study has been presented in which carbon fibre laminate has successfully been used to 
strengthen an existing reinforced concrete building structure. The capital cost of the strengthening has 
been significantly reduced by employing an optimization procedure using detailed finite element 
analysis. The key features of this optimization process are as follows: 

 

 Creating a detailed finite element analysis model of the structure using combinations of both 2 
dimensional plate and 1 dimensional line elements,  

 Deriving bending moment and shear force envelopes for both the plate and line elements of 
the finite element model based on the applied ultimate loads, 

 Using line element contouring to determine the extent of carbon fibre laminate required in 
selected areas of the structure. The contour levels used in this process were based on the 
ultimate capacities of the reinforced concrete slabs or beams with the carbon fibre laminate. 
Termination of the carbon fibre laminate was at a set distance past the associated contour 
level. This distance was taken as the depth of the slab or beam plus the development length of 
the laminate. 

 
Based on our experience on this project documenting the carbon fibre laminate strengthening in a 
similar way to conventional un-tensioned steel reinforcement is appropriate. However, in order to 
minimize site bourne errors in the placement of the carbon fibre laminate, we recommend that a colour 
coding system should be adopted as well as extra detail in terms of number, length and position of 
carbon fibre laminate to be used 
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