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2 Introduction

At the request of Upper Lachlan Shire Council, Xavier Knight was commissioned to undertake a review of the bridge structure at
CR142, Boorowa Road, over Old Man Gunyah Creek (coordinates -34.413934, 149.068870). The purpose of the review was to
inspect the general condition of the bridge and identify items which may require replacement, repair or maintenance found during
the inspection of the accessible structural elements of the bridge and to form a professional engineering opinion as to the
performance of the bridge structural elements observed and to evaluate the suitability of these for their intended use.

Furthermore, Xavier Knight is commissioned to explore the possible augmentation methods and propose a conceptual method to
augment the current bridge capacity allowing for higher axle loading on the bridge. An analysis of the current bridge is performed
and presented, and a methodology established to increase the current bridge capacity.

All descriptions, references to conditions of the bridge current durability presented herein are a general guidance only and are
given as our opinion, based on visual inspection and observations; any interestet! parties should not rely on them as statements
or representations of fact and must satisfy themselves through non-destructive testing, sampling, etc as to the correctness,
quantity, costs, etc of each of them.

The particulars set out in this report are for the exclusive use of Client and is copyright and the property of Xavier Knight Consulting
Engineers. No responsibility or liability is accepted as a result of the use of this report by any other party and is not to be used for
any other purpose.

3 Scope of Review
In order to form our opinion on the elements we could view, the following level of review was undertaken.
*  Bridge inspection visual and photographic of accessible areas.
+  Existing structural documentation
*  Measurements of accessible structural elements
+  Design analysis or calculations

The level of review undertaken is limited to what is recorded in the following pages of this report and was not sufficient to certify
that the bridge was constructed in accordance with the original design documents or structurally adequate in accordance with the

design codes at the time of construction nor present codes.

Only visual assessment of accessible areas of the extent of defects were taken and this report does no cover detailed measurement
of defects and as such as-designed reinforcement layouts were unable to be verified.

This report does not cover issues such as drainage, waterproofing and asbestos.
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4 Description of Bridge Structure

The current bridge structure consists of three spans of reinforced concrete girders, discontinuous between each span. The girders
are interlocked and spanned with a reinforced concrete deck that varies in thickness. Each span is restrained at mid-span with a
crossbeam that links the three girder beams over their full depth. The two central supports are made up of reinforced concrete
portal frames that we assume are founded on pad foundation beneath. The girders of the end-spans are supported on the
reinforced concrete abutment walls with a bearing connection. The configurations and details of the structure are unknown, and
a number of assumptions have been made to perform this analysis, which should be verified on site. The surveyed dimensions
from the site visit is given as approximate values in the table below.

Structural Detail Description

Overall Length 35.7m
Number of Spans 3

End Span 1 Length 11.70m
Middle Span 2 Length 12.30m
End Span 3 Length 11.70m
Overall Width 7.02m
Trafficable Width 6.20m
Number of Girders Per Span 3

Typical Girder Depth

0.87m (to underside of deck)

End Span Girder Width 0.46m
Middle Span Girder Width 0.46m
Typical Girder Centre-to-Centre spacing 2.45m
Central Span Support Beam Width 0.22m

Central Span Support Beam Depth

0.87m (to underside of deck)

Typical Deck Edge Thickness

0.20m

Typical Deck Centre Thickness

0.28m (assumed and TBC)

Bridge Skew

xavierknight.com.au
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4.1 CURRENT TRAFFIC LOADING LIMITS

The current traffic loading limits specified for the bridge are displayed on the approach signage shown below. The current limits
are specified as follows:

*  Single Axle = 7t
e Tandem Axle = 8t
e Tri-Axle =11t

Figure 1: Current bridge loading limits

Figure 2: Ovrall view of bridge asset CR142
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5 Inspection and Review

Mr. () - WD nsineers from Xavier Knight, carried out the site inspection of Asset Number CR142,
MR248W Boorowa Road/Old Man Gunyah Creek on 17/07/2019.

The following is a record of the general condition of the structure and identifies items which may require replacement, repair or
maintenance found during the inspection of the accessible structural elements of the building.

5.1 INSPECTED DEFECTS

During the visual inspection a number of defects were identified. The bridge structure appears to be in good overall condition,
however the defects identified below will compromise the durability of the structure in the future. All the defects below are
recommended to have immediate or short term planned action taken against them to prolong the lifespan of the current structure.
Our recommendations for rectifying the defects are given in Section 5.2.

o e 5 -

Figure 3: Crlacking méiicative of bearing failure at the girder support
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Figure 4: Further cracking indicative of bearing failure at the girder support

Figure 5: Partial demolition leaving reinforcement exposed

CR142 Structural Condition Report
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5.2 RECOMMENDED DEFECT RECTIFICATION

In the areas identified above where reinforcement is exposed or there is evidence of bearing failure; we recommend that
immediate removal of the cracked area and repair of any corroded reinforcement followed by structural patch repair is
undertaken. For this work we recommend breaking the area back locally to fully sound and void-free concrete. The area behind
the steel reinforcement should be broken back where required. In the areas where signage elements have been removed the
excess reinforcing steel should be cut back to concrete level. The reinforcement local to the area should then be treated with
Nitoprime Zincrich Primer and patch repaired with Fosroc Renderoc HB25. Care should be taken to install this repair system in
accordance with the manufacturer's specifications.

We also recommend that the entire bridge structure is treated with Sika Ferrogard 903. The application of this compound will
provide re-alkalinity to the structural matrix and mitigate the risk of any further corrosion.

For the replacement of the bridge sealant we recommend that ail the joints between the bridge decks are retrofit with the Miska
Zealseal 4000C system, Advice on the installation and specification on this system should be sought directly with the manufacturer
and installed strictly to their requirements.

Visual review of the bridge bearings revealed an issue with the originally installed bridge; The bridge girders bear onto the
supporting portal frame through two layers of tarpaper. The lack of bearing pads renders the bridge girder and its seatings subject
to higher dynamic load effects and the risk of spalling due to stress concentration. This can be seen in the patterns of concrete
damage in the defect photos. The introduction of bearings under each of the girders, at their respective bearing points, is
recommended.

190608 14 Structural Condition Report
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5.3 STRUCTURAL ANALYSIS

A structural analysis was performed based on the dimensions obtained from the survey and the structural layout obtained from
historic structural drawings of CR142 as a means of estimation. The intent of the analysis was to compare the mathematically
assessed structural capacity with the modern loading requirements-for-bridges.

In this assessment we followed the directions of the RMS Corporate Circular - Bridge Technical Direction BTD2014/01; According
to the stated direction, and our understanding and the Client's feedback on the road usage, we believe that the road can be
classified to have lesser traffic loading than the MS1600 loading; as such the use of the T44 truck model (depicted in Figure 8 below)
to Appendix A, Section A2.2.2 of the bridge loading code AS 5100.7 - 2004, in lieu of the use of the current Code specified MS1600
is justified.

. aTm 1.2 m Tandem axis group spacing 12 m
varies 3 m to 8 m

l ! b

48 kN 96 kN 96 kN 96 kN 96 kN

ELEVATION VIEW
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m
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1
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FIGURE At T44 TRUCK LOAD
Figure 7: T44 loading requirements from AS 5100-2004

The analysis of the bridge structure has considered the loading case of a single T44 truck load, a 6-axle semitrailer at maximum
regulatory mass under HML of 42.5-44.5 tonnes and a 9-axle B-double at maximum regulatory mass under GML of 62.5-63.1
tonnes. Based on our assessment the T44 loading arrangement governs the capacity checks. Every wheel arrangement below has
been considered for the critical case as per the request from Upper Lachlan Shire Council:

Figure 8: T44 analysis dimensional layout
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Figure 12: 9-axle B-Double analysis dimensional layout - arrangement 2

The structural analysis had to make number of assumptions due to incomplete information; the assumptions made are listed
below.

Material properties adopted for structural analysis:
Steel reinforcement:

Yield Stress {fy) = 230MPa

Peak Stress (f,) = 435MPa

Peak Strain =0,2

A steel reinforcement layout has been adopted similar to that shown in the historic drawings of asset CR141 (refer to Xavier Knight
report 190608_CR141 - Structural Assessment Report_R2_190814). The assumed stee! reinforcement layout is shown in the figure
below with their metric equivalent sizes and dimensions overlayed.

[ssue | b 0B 2019
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SECTION A-A

Figure 13: Typical reinforcement layout adopted for structural design analysis

Str Concrete:
Characteristic Compressive Strength (f.) = 20MPa
Concrete Density = 2350kg/m?

Based on the gross cross section dimensions, and consideration of the flexural tensile strength of the concrete, the assessed
cracking bending moment for the section = 336kNm

Beyond the cracking bending moment, the section changes into a cracked section; within the linear elastic behaviour of concrete,
the properties of the cracked transformed section were evaluated based on the considerations below;

a. The part of the concrete section below the neutral axis having no tension contribution;

b. A creep coefficient of 2.0 under the deck’s sustained self-weight (considering the bridge’s age),

€. The strain in the concrete compression fibres is linear elastic, i.e. concrete strain is below 0.001.

The evaluated section properties of the cracked transformed section are the following:

Cracked Section Neutral Axis Depth at SLS= 260mm
Cracked Section’s Modulus, bottom fibre = 106.52x105mm?

The resuits of the bending moment and shear capacities based on the reinforcement design information and the assumed material
strength were the following;

Table 1: Calculated structural capacities of CR142 elements based on outlined assumptions

End span Central span
Mid-span bending moment 1431 1523 1431 1523
resistance (kNm)
Shear force resistance at end 712 756 712 756
(kN)

The reinforcement layout assumed in this design should be verified on site prior to any augmentation works being undertaken,
We recommend that a specialist investigator is appointed to undertake this work, which we expect to include reinforcement
scanning and materials sampling and testing.

The Bridge deck and girders were modelled as two tiers of beams laid at right angles (grillage model), allowing for a realist load
sharing between the structural members. Structural analysis was performed considering moving loads for the loading case of a
single T44 truck loading on one lane and for two T44 truck simultaneously loading both lanes. The results of analysis of the two
loading cases considered are depicted in the following.

xavierknight.com.au x



5.3.1 Loading under self-weight

The self-weight loading of the bridge forms a significant portion of the overall loading of the structure and the analysis of this is
shown below:

ey

Figure 14: General BM diagram of the bridge deck 3-D
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Figure 15: Bending moment diagram for the edge girder of the end span
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Figure 16: Shear Force diagram for the edge girder of the end span
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Figure 17: Bending moment diagram for the central girder of the end span
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Figure 18: Shear Force diagram for the central girder of the end span
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Figure 19: Bending moment diagrams for the edge girder of the middle span
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Load 1: ShearY
Force - kN

Figure 20: Shear Force dlagram for the edge girder of the middie span
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Figure 21: Bending moment diagram for the central girder of the middle span
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Figure 22: Shear Force diagram for the central girder of the middle span
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Figure 23: Bending moment diagram for a strip of the deck
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Figure 24: Shear Force diagram for a strip of the deck
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5.3.2 Loading under dual T44 trucks (each running between the central girder and edge girder)
The following analysis has been completed investigatin ng the effects of two oppos gT44t ck loads on the bri dg structure. The
truck loads have bo hb n positioned centr. It the edge and ce lg rder. The envelope results for shear and bending

moment can be n the figures below.
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Figure 26: Maximum Bending moment diagram for the edge girder of the end span (influence line results)
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Figure 27: Maximum Shear Force diagram for the edge girder of the end span (influence line results)
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Figure 28: Maximum Bending moment diagram for the central girder of the end span (influence line results)
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Figure 29:Maximum Shear Force diagram for the central girder of the end span (influence line results)
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Figure 30: Maximum Bending moment diagram for the edge girder of the middle span (influence line results)
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Figure 31: Maximum Shear Force diagram for the edge girder of the middle span (influence line resulits)
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Figure 32: Maximum Bending moment diagram for the central girder of the middle span (influence line
results)
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Figure 33: Maximum Shear Force diagram for the central girder of the middle span (influence line results)
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Figure 34: Bending moment diagram for a strip of the deck
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Figure 35: Shear Force diagram for a strip of the deck
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5.3.3 Loading under single T44 truck (runn ning between the central girder and edge girder)

The following analysis has been completed investigating the effects of one T44 truck load on the bridge structure. The truck load
has been positioned central to the edge and central girder. The envelope results for shear and bending moment can be seen in
the figures below.
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Figure 36: General maximum BM diagram of the bridge deck 3-D (influence line results)
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Figure 39: Maximum Bending moment diagrams for the central girder of the end span (influence line results)
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Figure 40: Maximum Shear Force diagrams for the central girder of the end span (influence line results)
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Figure 41: Maximum Bending moment diagram for the other edge girder of the end span (influence line
results)
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Figure 42: Maximum Shear Force diagram for the other edge girder of the end span (influence line results)
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Figure 43: Maximum Bending moment diagram for the edge girder of the middle span (influence line results)
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Figure 44: Maximum Shear Force diagram for the edge girder of the middle span (influence line results)
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Figure 45: Maximum Shear Force diagram for the central girder of the middle span {influence line results)
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Figure 46: Maximum Shear Force diagram for the central girder of the middle span (influence line results)
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Figure 47: Maximum Bending moment diagram for the other edge girder of the middle span (influence line
results)
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Figure 48: Maximum Shear Force diagrams for the other edge girder of the middle span {influence line

results)
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Figure 49: Bending moment diagram for a strip of the deck
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Figure 50: Shear Force diagram for a strip of the deck
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5.4 BRIDGE CAPACITY FOR ONE-WAY TRUCK MOVEMENT

Due to the large shortfall in load capacity of the bridge, both in two-way heavy vehicle traffic and one direction heavy vehicle traffic,
the option for restricting the Bridge to a single access using signage, raised road markers and delineation on the bridge deck to
control the heavy vehicle movement towards the centre of the bridge was discussed with the Council and considered. Analysis for
a controlled one-way traffic for heavy vehicles, was performed. The following is the outcome of the bridge analysis controlled heavy
vehicle movement, which is summarised in the table below.

It has also been established from this analysis that the bridge deck will require additional support beams to support the loading
of a T44 truck wheel loading. The reinforcement layout, which has been taken as a typical layout from bridge asset CR142, is not
sufficient to take the full weight of the T44 wheel load. This bridge deck can be augmented with the addition of beams spanning
between the existing bridge girder beams to create a 2-way spanning system. The proposed layout is given in Appendix B,

Trucks over 34 tonnes cannot travel in the hatched area

Figure 51: Plan view of CR142 showing the recommended restricted area for the running of trucks over 34t

5.4.1 Bridge loading analysis under centred T44 axle loading

The following analysis has been completed investigating the effects of one T44 truck load on the bridge structure. The truck load
has been positioned in the middle of the central girder. The envelope results for shear and bending moment can be seen in the
figures below.
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Figure 52: General maximum BM diagram of the bridge deck 3-D {influence line results)
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Figure 53: Maximum Bending moment diagram for the edge girder of the end span (influence line results)
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Figure 54: Maximum Shear Force diagram for the edge girder of the end span (influence line results)
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Figure 55: Maximum Bending diagram for the central girder of the end span (influence line results)
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Figure 56: Maximum Shear Force diagram for the central girder of the end span (influence line results)
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Figure 57: Maximum Bending moment diagram for the edge girder of the middle span (influence line results)
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Figure 58: Maximum Shear Force diagram for the edge girder of the middle span (influence line results)
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Figure 59: Maximum Bending moment diagram for the central girder of the middle span (influence line
results)
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Figure 60: Maximum Shear Force diagram for the central girder of the middle span (influence line results)
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The bridge deck bending moment results for a strip spanning between the girder beams of the bridge, was analysed for the
delineated wheel loading of a T44 truck. The resuits are shown in the diagrams below.

T e T

Load 2. Bending Z

Moment . kNam
Figure 61: Maximum Bending moment diagram for bridge deck strip
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Figure 62: Maximum Shear Force diagram for bridge deck strip
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5.5 ASSESSMENT OF THE AVAILABLE CAPACITY VS. THE REQUIRED CAPACITY

Comparison between the section capacity assessment and the required bending and shear force capacity was performed considering the following
load factors:

Dead Load factor = 1.2 {AS5100.7-2004 Table 7.3}
Dynamic Load factor = 1.25 (based on modal analysis of the bridge —Natural Frequency = ~11 Hz)
Live Load Factor = 1.8 {AS5100.7-2004 Table 7.3)

The comparison of these bending moment actions against the existing bridge capacities are summarised in the table below far the following load
cases:

Case 1 = 1.2%(Dead load) + 2.25*(Dual 744 loading)
Case 2 = 1.2*(Dead load) + 2.25*(Single T44 loading between central and edge girder)

Case 3 =1.2*%(Dead load) + 2.25*(Single T44 loading central about central girder

Table 2: Summary of bridge loading against current capacity

Central Girder

CR142

256128 58 44 ; 16,
270757 | £ M | 1648 76 | i 1 1815.64 | £3.80 |

End Span
Centre Span

CR142

2345.13 1575.97
2475.75 | 57.80 | 1680.15 | 85,17 |

End Span 2663.71
Centre Span | 2824.32 | 50.67

5.6 POTENTIAL CAPACITY UPGRADE STRATEGIES

Xavier Knight has explored number of options to upgrade the current loading capacity of the bridge structure. The goal with these
strategies is to provide a cost-efficient solution that can be installed to the bridge with minimal disruption to the existing
carriageway and traffic flow. Our solutions were limited by the condition of the existing bridge structure and we endeavoured to
provide a solution that would be compatible with the existing structure given its age and layout.

5.6.1 External Reinforcement

We have explored options for external reinforcement/augmentation using external steel reinforcing strips, glass fibre reinforced
polymer (GFRP) and carbon fibre sheets and the possibility of using structural augmentation by wrapping of the existing structure
using wraps of these materials. There are two issues identified that limit the benefit of the external reinforcement/augmentation
techniques; the first refates to the stress level in the existing steel reinforcement and the second concerns the bond strength of
the existing low-strength concrete.

The analysis of the steel stress level under the action of the self-weight revealed steel stress 61MPa; as the bridge is subject to
cyclic loading, the stress in the existing steel reinforcement should not exceed 65~70% of the yield stress. This limit was typically
considered in the service load design of structures; accordingly, the stress in the steel reinforcement under service load should
not exceed 160MPa for the 230MPa steel grade. Given the difference between the self-weight steel stress and the limiting 160MPa
stress, the amount of additional strain to be subject is 0.030% strain. The limited strain limitation renders the external
reinforcement less effective form of augmentation,

Although external reinforcing provides effective strength gains in structures, it is assessed that the level of stress in the reinforcing
bars, under self-weight, is relatively high as a percentage of the yield stress of the steel reinforcement; this will limit the benefit
from the external reinforcement; this would mean the lifting and de-stressing the bridge structure to install the carbon fibre strips,
or any other external reinforcement for this matter, before the bridge is re-loaded by its own weight. Given the large self-weight
of the existing bridge structure the temporary lifting of the bridge would come at a large expense that we consider to be potentially
unfeasible.
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In addition, this form of reinforcing / augmentation depends on the bond strength between the surface of the strengthening
material and the existing concrete. With the existing concrete at such a low potential strength, age and surface condition it is likely
that this bond would be compromised and lead to delamination of the post-fixed wrapping / reinforcing. This option was therefore
deemed less feasible than other strategies explored.

5.6.2 External Post Tensioning

External post tensioning installation was considered as an option to upgrade the capacity of the existing bridge. The geometry of
the bridge would allow for some post-installed solutions to work. External post-tensioning cables can be run from one end of a
span, through the deck adjacent to the beam, profiled down to the cross beam and anchored at the opposite end of the span in
the deck slab. The reaction of the profiled cables could be controlied to impose central point uplift reaction that counteract the
self-weight bending moment; thus, achieving load capacity augmentation to the bridge girders. Assessment of the required
anchorage revealed significant restrictions due to the current concrete strength, which is likely to be around only 20MPa, given the
technology available at the time of installation. Post-tensioning requires sections of the concrete to be placed under high levels of
stress in localised areas, which would not be suitable for this structure.

5.6.3 External Steel Permanent Propping

This is an innovative way for augmenting the bridge girders by applying upward force to the base of the girders through
permanently installed steel beams parallel to the girders; the action is akin to that of External Post Tensioning discussed in 5.6.2.
The application of a post-fixed structural steel members, deflected by the use of the self-weight of the bridge members, we would
be able to transfer large portion of the bridge dead weight to the augmentation beams and utilise the reserve loading capacity
gained to support higher truck loads on the bridge. In effect, the post installed beams will provide permanent propping to the
bridge girder by pre-defined load; the technique is akin to that of profiled pre-stressing of the bridge apart from the axial force
component of pre-stressing. Through this innovative approach, we can achieve a higher overall capacity of the bridge structural
system. This solution aims to provide an upgrade that will be achievable to install and provide large gains in strength without the
demolition of the carriageway or interrupting the bridge operation.

5.6.4 Bridge Deck Augmentation

The analysis of the effect of axle load on the bridge deck identified lack of bending capacity to resist the design forces. To address
the shortage in capacity, the deck will need to be augmented by either adding monolithic structural topping to increase the depth
of the deck slab, add external bottom reinforcement (bonded Carbon Fibre Strips or Steel Strips) or introduce intermediate
supports to change the behaviour from one-way action to a two-way grillage action. All three augmentation techniques are viable,
however, adding a monolithic topping would obstruct the use of the bridge for the period of surface preparation, casting and
curing.

5.6.5 Bridge Substructure

Assessment of the bridge substructure was performed. The assessment revealed adequate capacity in the piers, abutments and
foundations, as the increase in axle load values to meet the T44 Truck, although substantial for the bridge deck, produces minor
increase to the total reactions. Having said that, addition of proper bearing is identified as crucial for good performance and
mitigation of cracking under high non-uniform bearing stresses.
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5.7 RECOMMENDED AUGMEMTATION STRATEGY

Based on the technical evaluation made, Xavier Knight recommends the use of the option discussed in 5.6.3 earlier as it provides
a better stress state for the existing reinforcement and achieves the required load capacity augmentation. In addition, this option
provides the possibility for introducing new bearing pads to the bridge girders without affecting the bridge profile or its
approaches. We are proposing the installation of beams at underside of the existing concrete girder structure. These beams will
include the installation of a new elastomeric bearing plate, which will prevent bearing failure of the existing concrete elements at
the girder-support interface.

The methodology for the installation of this structural steel system is as follows:
1. Measure and prefabricate all augmentation elements and hot-dip galvanise to 600g/m?
2. Locate, core drill and install high tension rods for fixing the new brackets (total 8 no. brackets)
3. Install fixing to wall - end brackets (post-fixing mechanical, total 8 no. brackets)
4. Install deck support 530UB92.4 beams (post-fixing mechanical, total 12 no. beams)
5. Install 350WC197 augmentation beams (4 per span, 12 no. pieces total)
6. Fix pre-loading arrangement beams (frame and jack, 3 per span) at the specified loading points, connecting the 2-350WC
members at the side of the girder
7. Jack the frame against the girder to 60kN (3 points per girder simultaneously)
8. Check the deflection of the 350WC section to confirm the level of pre-loading
9. Lock the deflected WC sections by fixing 200UC46 near each jacking point
10. Release the jacks, remove the jacking frame and move to another girder
11. Repeat steps 5-9 until ail girders (9 no. total) have been augmented

llustration of the assembly and the proposed method statement is appended in Appendix B, to assist explaining the method and
the requirements for implementation.

The augmentation beams were assessed to be able to increase the truck load that can be by no less than 12 tonnes over and above
the current capacity. however, this falls short of supporting the full T44 loading on each lane across the bridge.

The self-weight of the bridge elements defines the limit to the amount of pre-load to be applied to the augmentation beams, as
the girders are used as the counterweight to achieve the intended pre-load. We have limited the preloading to 65% the dead weight
of the central span and established that as the limiting factor to the extent of bridge augmentation. Should further augmentation
be necessary, a solution may involve adding structural topping to the deck to increase the effective depth of the bridge girders and
increase the dead weight to facilitate extra pre-loading to the augmentation beams, thus increasing the bridge loading capacity
even further than the level presented. This is presented in the table below.

Table 3: Summary of bridge loading and capacities following augmentation

Central Glrder - Max Bending Moment kNm
Steef Flnol Case (1.27D1 + | % of assessed
R141
. DL Augmentation | DL + Uplift T84 6-Axle 9Axle ;::’:” ::):I;/ B.95Uplft + 2.25%T4f Axle | capacky ufter
Uplift Lood) ‘augmentation
:::n 395.36 -348 60.51 571.36 479.87 430.08 399.8 399.82 628.4 1430 939
Centre
Span 421.84 -360 74.95 581.97 503.01 480.45 413.8 454.36 654.49 1470 965
Edge Girder - Max Bending KNm _
CR141 Steel SAdle BT Finwl Case ﬂ}ﬁl + b wfossesses |
DL Augmentation DL + Uplift 44 6-Axle 9 Axle . DLeUip 05 Upilft + 2.254T44 Ade capacity after
councll Coundil z 3 : .
Uplift Load) Guigpoinealian
:::n 395,89 -348 60.93 489.29 428.62 402.5 33529 355.27 537.76 1250 874
Centre
Span 42235 -360 75.36 521.48 455.06 42541 351.89 382.63 584 1340 93.6
Legend:
I +ve = Sagging BM | -ve = Hogging BM ‘rltlcal Service Combination | Critical Ultimate Combination j

i xao
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6 CONCLUSIONS

The loading limitations of the existing bridge asset CR142 can be upgraded using a post-fixed solution. We expect that through the
installation of a pre-loaded steel beam system the loading limits can be brought up from the existing 7t (single axle), 8t (dual axle)
and 117t (tri-axle) to a comfortable T44 truck loading limit, considering truck loading centrally as a single lane of the bridge
carriageway. Through this combination of traffic management and bridge structural augmentation the full loading requirements
of the bridge can be realised.

Several minor repair items have also been identified as needing to be completed in addition to the upgrade works above, These
items will increase the durability of the existing structure and are considered necessary to prolong the overall working life of the
bridge structure. Through patch repair and corrosion protection the techniques listed herein should be applied at the earliest
convenience of the Shire.

The condition of the structure reviewed during the inspection will deteriorate with time, making the observations in this report out
of date. If the client doesn’t act on the recommendations within 12 months, then the report cannot be relied upon as an accurate
record of the actual conditions of the structure. A new inspection should be undertaken prior to commissioning rectification works.

If the client does not act on the recommendations contained in this report, Xavier Knight cannot accept responsibility for any

liability arising from a failure relating to the recommendations contained herein.

This report was completed for and on behalf of the Xavier Knight team.
Kind regards,

Structural Engineer
BE {Civil){Hons)

xavierknight.com.au x



XAVIER
KNIGHT




1 LOMS 809061 HOLINS AIANNS
o

T o M0 wa  fu3 tepdyoseq
N = T E—TT T g
- TYNOISNIWIO Zv1. 8D [t ol it g l—l
PAPG P o
' 0512 SN IR 593 g 0612 ' KA1 ESHEN 5
y " - LNIWSSISSY F9ANNE IHIHS NVIHOY] ¥3ddn, (Leilmes. it m m H><x T
paaidy e Ivmamg PRy e ————— s S s 2
5

07} IS

NOILO3S NWMTOD TIIdAL S 4 e

oL SHPRC SS) X3 ey

ST ] ae e

SNOILYASTE JWVL 1HO0ddNS TYIIdAL = .

RS
P

[ el
IR o5 ey

——— N G

HEH

nL

il 18

s 0 sy
Eonrry

b

02 TTvo8

[ o g NOLLO3S X230 TvOIdAL

MIIA NY1d
H [ T
e —— e —————— e —— .
| | |k
“t= m —t== _ e 5
.............. e oo e I .1
i |
T o= _ “TT = _ 07 g
| | 3
e e e e e poe e =
“ _ =i




XAVIER
KNIGHT

n Sketches



V13 HOLTNS AOILVALS . oo
° 5098 802051 ey cp paan
— oy o NOILYANZWSNY TYdNLONYLS 27480 @ sy | L H GHZV_
Dakrg oy ooy
IN3NSSISSY i
" " = 390RE THHS NYTHOVT ¥3ddn e | 3 INVX
ponciidy g e k] e
T W
OFL TVIE
NVd - 4TVH 2PLuD ] T
021 ITvos
m Zo_l_-omm (vl yaqur
- —
= b - Hi g T T AY —
| - el U T . o BT I k3 AY .
e o A Y iy \
—.—(O_AE 4 1 - i1 R 0 2 b7 u
SNVIE NOLLY.LNIWONY L6} DM 05T
I |4 1 | - - I_Ld I p— |
L I G U T ¥ I o J 73 TR -7 T J
b | - AY Z. Y - y ]
2 0 T % N Ay rd B X o - 1
& 5
{TVMdAL) WVES 22 1N 007
05} VIS
NOILD3S - 4TVH evLHD
02 IWIS
¥ NOILO3S
(TvOldAL) SHvae NOIWY.ININONY L6} DM 05¢ Y38 95 N 002 340 DNDIOOT
0438 WVIE NOLLYANSHONY
U SNOLLYDOT FINHL
OL AN dIY QYO Tnid N 09
Hgﬁﬂmzwmgg
= =— F34HL OL Qvd H3d AVOT-384 NI 09
T T ?«HSE:WS?EE.SA
i i
ANZALNEY OL 031 LDIOVHE 1333 M3AN
\ RN
Ot o o / JNLINYLS 30 DNLSID S— 7/ N /
o —_— W W
28 8 0ES 033040ud.

Y36 3D0RE BNILSIE .




4 (TVOMdAL} €738 NOLLYANIWOTIY 481 O 056

IVL30 HOLINS ADALVALS B R
0 SONS. Bo208k — ‘.L}_J::m«nu. W Tn w3 NOUVYRIOINEUOS )
. S wer NOLLYANINONY TNLONALS 20140 @ wianrnemi iy | L HOT NI A —_——
e Ry
INaWSSassY i o
" B = FO0IN8 IMIHS NYTHOVT ¥3ddn e | HJTAYX _
puxdy wag Wy by won bl
W
0z Iwvas 0z} ATV3S
FATTE RTET)
ey EsaRE BNLSRS /
STIOH 00 HONDKL SOCH NOISNIL HOH = t H
ADioveg
S13M0VaE B3LS MIN mwsﬂ%
LHOddNS 01




XAVIER
KNIGHT

Vehicle



National Heavy Vehicle Regulator
Common Heavy Freight
R vehicle Configurations

v

1. COMMON RIGID TRUCKS - GENERAL ACCESS

Meamum Leneph (motroes]

{a) 2 Axle Rigid Truck <125 15.0 CML does not apply -
) A
{b} 8E 3 Adio Rigid Truck <125 25 230 -
A e
{e} VR 4 Axle Rigid Truck s125 260 270 -
82 0o
{d} BI  se Twinstoor Rigid Truck <125 265 20 -
nor 18]
lo} BEee" 5 Ao Twinsteer Rigid Truck <125 300 310

0N 0 0
2. COMMON SEMITRAILER COMBINATIONS - GENERAL ACCESS
{a} ﬁ_ﬁ 3 Axle Semitrailer
L] LT3

<1.0 %0 - -
A
tb} o B e Somitriter £19.0 a5 320 a20
A i L]
(el ol N 5 i sormiveaiter $19.0 350 360 75
) '5 Axlo Semitraller $19.0 3.0 400 40.0
{e) 6 Axle Semitrailar <19.0 425 435 45.5

{a} 2 Axle Truck and 2 Axle Dog Traiter £19.0 30.0 -
[1:3 LI} o ey
(b] M 2 Axda Truck and 2 Axle Pig Trailer £19.0 300 CML does not apply -
S0 1o 15 .
(3] ‘ﬁ ' 3 Audo Truck and 2 Axde Dog Trailer <19.0 40.5 41.0 N
A W SO Af
{d} M 3 Axle Truck and 2 Axle Pig Traller £19.0 375 CML does not apply -~
&8 1 3% i
{e) ﬂ-ﬁ ” 3 Axle Truck and 3 Axle Dog Trailer £19.0 42.5 43.5 -
At 3 L1 TN
it m 3 Axde Truck and 3 Axle Pig Traller $19.0 40.5 CML does not apply -
50t S ICE5] -
ta) vl ” 3 Axlo Truck and 4 Axle Dog Trailer <90 425 435 .
6w  us W
(h) m " 4 Axle Truck and 3 Axle Dog Trailer £19.0 42.5 43.5 -
o My * e
{i} ﬂ F 4 Axle Truck and 4 Axle Dog Trailer £19.0 42,5 43.5 -
©m T WA WS
A. COMMON B-DOUBLE COMBINATIONS - CLASS 2
{a) #m 7 Axto B-double $19.0 555 570 57.0
[1E) L at ] i
{b) 8 Axle B~double <26.0 59.0 610 62.5
8.0 Je% F ] 3]
fc) ﬂﬁ_ 8 Axlo B-double $260 59.0 610 625
¢ Wi us =0
(d) o S B 5 v B-double €260 625 645 68.0

L1 ak 0% 0o
5, COMMON TYPE | ROAD TRAINS - CLASS 2

{a} 9 Axla A-double

£36.5

740

(b} “‘H SRR 11 Ao Adoutle 365 79.0 810 85.0
P, F T _Ein

(el ol S W 1 o -doubio 365 825 845 90.5
S0 k.h ”ﬂ- F=1-1 =0

4 m 12 Axle Modular Briple $35.0 825 845 90.5
S Je % = lﬂ-? . moﬂ - J)D!

te) H 12 Axlo B-triple 365 825 84.5 90.5
[1-1 M 36 in = ”:B o]

) o —— m 14 Axia AB-triple $36.5 99.0 1010 1075
60t Wi F1-] e i 200

) ol SNy G B 15 e A e £365 102.5 1065 3.0
[ It nm F <11 203 - 200 =

i») il e ey

11 Axle Rigid Truck and 2 Dog Trailers

<36.5

88.5

90.5

91.0

o 185 165 b e e
{a) ﬂh R B i <535 155 5 1245
-] L3 o) B gl e xm
b} = SR 18 Axlo A-iriple $535 1225 124.5 135.5
X T B Mo Ex o F.Ty
e e ) < 44.0 - Classified by the NHVR
e} #H - So¥ 15 Axle ABriple Ty e o 1025 1045 3.0
. | . ’ < 47.5 - Classified by the NHVR
1) f* H H 13 Axle Rigid Trck and 2 Dog Tralers 5,75~ Citssted by the 955 975 102.0
o) W ¥ 17 Axle BAB-Quad <535 19.0 0 130.0
501 nE !l:l!\r_ X ‘Q_!_ ”-:“_ X o
n gl Hen P 15 e pAB-Ouad €535 1225 124.5 1355
501 o F A =0 a0 ] poely]
fa) ggm m 17 Axde ABB-Quad $535 9.0 1210 130.0
80 i St 1 oS i ] FoT-]
in ot S m 18 Axle ABB-Quad <535 1225 126.5 135.5

60 168 2000 200 .00 200 0

‘Add one torine it twinstaor axle group is load sharing. Tha mass of 6 deg tailer shall not exceed the mass of the towing vahicle under Schedule |, Part 1, secton 214
Ploosa note, additonal limits ura allowed for steer axlas under Scheduls 1, Part 2 of the Heavy Vehicls {Mass, Dimension and Loading) National Regulation. © Co,

of the Heavy Vehicle {Mass, Dimansion and Loading] National Regulation.
pyright National Heavy Vehicle Regulator 2018, creativecommons.org/licensas/byesa/3 0/au
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Zealseal™ 4000 System ~
p* MISHA
For Bridge & Road Applications. Vi QU construciion stems |

{For carpark, public space and architectural applications see Miska ZealSeal™ 2000 data sheet).

The Miska Zealseal™ System provides a waterproof, trafficable seal utilizing
Zealcrete LV™ epoxy elastomeric concrete as the armor nosing to support
the Zealseal™ expansion foam.

System Applications

- Asphalt on Concrete Deck Installations Zealseal™ 4000 A

- Concrete Rebate Installations Zealseal™ 4000 C

- Steel Armor Nosing and Cold Applied Zealseal™ 4000 R
Sealant with Backer Rod Retrofits

Key Advantages

- Zealseal™ has a minimum controlled depth of 50mm giving a guaranteed
bond line that is not subject to the diligence of the installer.

- Zealseal™ has a operating system which is active across the full depth and
width of the seal as opposed to the varying depths in some sealant systems.

- Zealseal™ has a homogeneous uniform structure and maintains its shape
irrespective of the width or its position in the movement range.

- Zealseal™ is nitrogen blown and therefore is chemically inert providing higher
heat resistance and UV stability than EVA chemically formed products.

Zealseal™

Zealseal™ is a nitrogen blown, closed cell, cross linked polyethylene material
which conforms to ASTM D-1056, Type 2 Class B, Grade 3 specifications. It is
a preformed, low density, resilient material that is UV stabilized.
Manufactured in such a way that it is free of toxins, non reactive and chemically
inert. Zealseal™ is also compatible with other construction materials and
combined with its resistance to abrasion, oxidation and most chemicals, is ideal
as a waterproof, expansion joint material

Key Features

* Capacity for 60% compression (percentages based
on initial seal width selection)

* Capacity for 100% horizontal and vertical shear

* Whilst Zealseal has a capacity for 30% tension, this
“must not” be used in movement calculations when
selecting sizing for Road and Bridge applications. It is
recommended that this capacity be kept for a safety
factor should a movement calculation exceed the
expected +movement.

* Does not support flame and is self extinguishing

* Large temperature operating range with no thermal
shrinkage.

* Manufactured in such a way that it is free of toxins,
non reactive and chemically inert.

* Weather and UV resistant

* On site welding of joins, intersections, upturns and
different seal sizes. (A monolithic waterproof system)
* Quick and easy installation

*Enhanced bond line design increases bond strength
to all surfaces. Supplied with approximate 3mm x
3mm bond surface grooves @ 10mm centres.

* Bonded using Zealbond™. (See overleaf for details)
* Cleanup with Zealcleaner™

Pictured: Gateway Motorway Brisbane

Disclaimer: The information contained in this publication is intended to give a fair description

of the products and their capabilities. No responsibility or liability by the manufacturers will be IT“_’ _(:_onStrua'on § s.tems
accepted for misuse, misreading or deviation from the recommended guidelines of these Rev 02 (A division of /TW Australia P/L)

Tel: 1300 663 521

products. As new technology is introduced, or industry standards are altered, Miska reserves April 2011
Web: www.miska.com.au

the right to alter the information without notice.
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Zealseal™ 4000 System P MISHO
For Bridge & Road Applications. VY QYY) corstruction systems |

(For carpark, public space and architectural applications see Miska Zealseal™ 2000 data sheet).

Zealseal™ Sizing

(For Road & Bridge applications)

The table across is a guide to the sizing 7525 25 50 19 10 25

and recomm.ended mov.ement ranges. 7530 30 50 23 1 30

For full details on selecting the correct 7935 35 0 %6 1 =

Zealseal™ size, refer to the Miska data

sheet: 2540 40 50 30 16 40

“Zealseal Guide to Sizing” 2545 45 50 34 18 45
2550 50 50 38 20 50
Z555 55 50 41 22 55
2560 60 75 45 24 60
Z565 65 75 49 26 65
2570 70 75 52 28 70
2575 75 75 56 30 75
Z580 80 75 60 32 80
2585 85 75 64 34 85

Zealcrete LV™

Zealcrete LV™ is a Fast Setting, , moisture insensitive, 100% solid, low viscosity two-component Epoxy elastomeric
concrete. Zealcrete LV™ is designed as an expansion joint header and high impact nosing for Bridge and Roads
applications. Zealcrete LV™ is designed to preserve and protect concrete decks and substructures by absorbing impact,
preventing water absorbsion and ingress of chemicals and eliminating spalled edges on joint lines.

Note: New Concrete must cure for 10 Days prior to Installing Zealcrete™ LV.

Key Features

* Low viscosity for ease of mixing

* Moisture insensitive

* Fast setting, Gel time 15-20 minutes

* Excellent load bearing characteristics

* Excellent thermal shock resistance

* Waterproof and Chemical Resistant

* High abrasion resistance

* Excellent adhesion to various substrates
* Resistant to UV and ozone exposure

* Resistant to freeze-thaw changes

Zealbond™

Zealbond™ is a 100% solids, moisture insensitive, two component, modified
epoxy adhesive designed for bonding Zealseal™ to construction materials
including Zealcrete LV™ concrete, steel, wood and other construction materials.
Zealbond™ meets ASTM C-881, Type 1 & 11, Grade 2, Class B & C.

Zealcleaner™
Zealcleaner™ is a Zero-VOC Clean up solvent designed to be an industrial grade cleaner that is
environmentally friendly. Zealcleaner™ is a low viscosity, water soluble cleaner and degreaser that
is an alternative to flammable cleaners and solvents. It will dissolve and aid clean up of most
uncured epoxies, urethanes, paints, and other difficult to remove substances. The low evaporation
rate allows the product to remain on the surface rather than flashing off into the air, minimizing
the required amount for the job. *use white cotton rags.

Disclaimer: The information contained in this publication is intended to give a fair description

of the products and their capabilities. No responsibility or liability by the manufacturers will be ITW Construction Systems

accepted for misuse, misreading or deviation from the recommended guidelines of these Rev 02 (A division of /TW Australia P/L)
products. As new technology is introduced, or industry standards are altered, Miska reserves April 2011 Tel: 11?00 663 521
the right to alter the information without notice. Web: www.miska.com.au
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Zealseal™ 4000A

Asphalt on Concrete Deck
Installation

Sizing for Asphalt on concrete deck application

When the Zealcrete™ LV elastomeric concrete nosing “sits on” the concrete
Decking or when the upper surface of the Zealcrete™ is above the upper surface
of the concrete decking the nosing aspect ratio, width: depth, must be taken into
consideration. Although the top surface of the nosing will be level with the top
surface of the asphalt after the installation, the depth of the asphalt and
therefore the level of support behind the nosing is a factor that must be
considered when sizing the material for the particular project.

Pictured: Gateway Motorway Brisbane

Zealcrete™ LV Sizing Guides

Asphalt Depth at minimum of 50mm |
50
In cases where the asphalt is at a depth of 50mm or less, Miska ‘

recommends that the depth of the Zealcrete™ nosing should be
maintained at 50mm and the minimum width should be maintained
at 150mm wide.

Zealcrete™ sizing at minimum = 50mm Deep x 150mm Wide

Asphalt Depth > 50mm up to 90mm

In cases where the asphalt is at a depth > 50mm and < 90mm the Width of the
Zealcrete™ nosing should be maintained at 150mm.
Zealcrete™ sizing = 90mm Deep x 150mm Wide

150

90
Asphalt Depth 2 90mm !
’ : '
In cases where the asphalt is at a depth > 90mm Deep then an L
Aspect Ratio (Depth: Width) of 0.6 should be maintained at all times. "% '
Example Sizing Chart: Aspect Ratio - 0.6 = (e.g. 75mm/0.6 = 125mm)
. . . Volume of Zealcrete
Asphalt Depth mm Nosing Depth Nosing Width per meter (Litres)
LLAL L Both sides of Block Out
90 90 150 27.0
100 100 170 334
125 125 210 52.5
150 150 250 75.0
Disclaimer: The information contained in this publication is intended to give a fair description N
of thelproducts and their cap?bilities. No relsponsi;;i:tv or Ii;bility by the Ir:-lnanufacturerslwill be ITW Construction Systems
accepted for misuse, misreading or deviation from the recommended guidelines of these Rev 01 (A division of /TW Australia P/L)
products. As new technology is introduced, or industry standards are altered, Miska reserves April 2011 Tel: 1300 663 521
the right to alter the information without notice. Web: www.miska.com.au
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Zealseal™ 4000C

Concrete Blockout Installion

Sizing for Concrete Blockout Installations

When the Zealcrete™ Nosing is fully supported by concrete on both
sides of the rebate, with height of the concrete being level with the
trafficable surface of the road Miska recommends an aspect ratio
(width: height) of 0.5 be maintained.

Minimum blockout size = 50mm Deep x 100mm wide per side.
(An Aspect ratio of 0.5 must be retained) 50mm/0.5 = 200mm

Concrete ZealCrete both side 100 X 50

Recess 2mm
{ Typecal j

7~

e 5 ZeaiBond™ Applied 19 both subatrate S
W o TSR

Concrete Blockout, Zealcrete LV will be supported by concrete on both sides of the blockout

Zealseal™ 4000R

Retrofit Installations

Retrofit Applications

- Retrofit Existing Steel Armour Nosing Joint Systems
- Retrofit Existing Cold Applied Sealant with Backer Rod Joint Systems

The Zealseal™ seal itself is ideally suited to the repair of existing Steel Armour or Cold
Applied Sealant Joint Systems where the armour is structurally sound but the existing
seal is leaking causing joint failure and degradation bridge bearings and support
structure. Zealseal™ is well suited as a direct replacement for Compression Seals,
Water Stops and existing Cold Applied sealant and Backer Rod Systems.

The Zealbond™ bonder is formulated to bond the Zealseal™ to Concrete, Steel,
Elastomeric Concrete and many other types of substrates given the correct preparation.

\

General-

Repair procedures of existing Steel or Elastomeric Concrete armoured joint systems " e _
consists of removal of joint seal between armour edges, sandblasting the armour, Pictured: |l|iéo|| Bridge Brisbane
priming the armour, and installing new Zealseal™ joint seals. {Oct 2010)

Miska (Aust) P/L.

Disclaimer: The information contained in this publication is intended to give a fair description (A business unit of /TW Australia)

of the products and their capabilities. No responsibility or liability by the manufacturers will be P.O. Box 1021 Archerfield, Queensland, 4110.
accepted for misuse, misreading or deviation from the recommended guidelines of these Rev 01 ) Fo

products. As new technology is introduced, or industry standards are altered, Miska reserves April 2011 Telephone: 617 3277 7077 Facsimile: 61 7 3277 8858
the right to alter the information without notice. Web: www.miska.com.au




