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Chapter 1: Introduction

1 Introduction
1.1  Aim

This manual is intended to be a guide for the inspection, life extension and rehabilitation of circular
corrugated metal culverts. It describes the information that should be recorded, identifies typical
situations, the associated risk to the travelling public and the action or rehabilitation that may be
required to provide a safe and efficient road network.

It forms part of Transport and Main Roads commitment to providing structurally safe, sustainable
access to all bridge and culverts on the road network. The department recognises Circular Corrugated
Metal Culverts (CCMC) form part of the transport network facilitating economic growth and social
connection.

The department will manage the risks associated with defective CCMC through rehabilitation and/or
replacement in accordance with Australian and International practice and as documented in this
manual: Criteria for Inspection, Life Extension and Rehabilitation of Circular Corrugated Metal Culverts
(referred to as the manual).

1.2 Background

The Department of Transport and Main Roads installed many corrugated metal culverts made from
galvanised steel during the 1970s and 1980s. Many of these culverts now show significant corrosion,
and several have structurally failed. One of these failures caused the closure of the Bruce Highway
south of Gin Gin a few years ago (refer Figure 3.2.7.3(b). Another culvert failure in New South Wales,
where a family of five drowned when their car was swept away, was subject to a coroner's enquiry
which found the local authority was responsible for their deaths by failing to maintain the corrugated
metal culvert (New South Wales Coroner’s Court, 2008). This enquiry highlighted the severity of the
problem associated with metal culverts, and the importance of rehabilitating and maintaining culverts.

In general, the life of galvanised corrugated metal culverts has proven to be substantially less than the
department’s 100 year target design life for new structures. While some of Queensland’s culverts have
performed well, others have deteriorated in periods as short as 10 years and now require
replacement/rehabilitation. Approximately 25% of Queensland’s metal culverts have a condition rating
of 3 or 4 (i.e. in need of rehabilitation or replacement).

In Queensland’s declared road network, there are approximately 1,100 metal culvert barrels with a
diameter/span exceeding 1,200 mm, as well as many smaller metal culverts with diameters between
375 mm and 1,200 mm. Most of the metal culverts are steel but some are manufactured aluminium
alloys. There have been some recent examples of severe corrosion of aluminium culverts in seemingly
benign environments in both Australia and New Zealand. This manual is intended for both steel and
aluminium corrugated circular culvert.

Circular culverts dominate the culvert stock (87%), with the balance being ovals or arches. Both the
span of the metal culvert and the depth of fill vary substantially, as illustrated in Figure 1.2 for culverts
with a diameter greater than 1,200 mm.

Of the 1,200 culverts:

e 90% of the circular culverts have diameters between 1 m and 4 m
e 90% of the oval/arch culverts have spans between 1.5 m and 6 m
e 90% of the fill depths above circular culverts are less than 4 m
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e spans can be as large as 11 m and fill depths can be as much as 18 m.

The rehabilitation of the Queensland’s corrugated metal culverts is a significant, ongoing and
important task — especially given that corrugated metal culverts are located on all types of declared
roads, including national highways.

Figure 1.2 — Transport and Main Roads metal culverts: depth of fill versus span for circular and
oval culvert (Jan 2011)
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1.3 Scope
1.3.1 Inscope

The purpose of this manual is to ensure the safety of all road users is maintained in a responsible
manner and that the existing defective CCMC structures are managed to minimise the potential risks
associated with increased deterioration.

Over time, both traffic volumes and the legal weight of heavy/freight vehicles have been increasing on
much of the road network. There have been a significant number of culvert structures inspected due to
concerns regarding the structural capacity of the CCMC structures.

This manual provides support for the inspection, extension of life and rehabilitation of CCMC
structures that:

e arein a condition state 3, 4 or 5, as determined in accordance with the department’s Bridge
Inspection Manual

e have a diameters between 375 mm and 4,000 mm

e have a depth of fill less than 10 m

e have sound geotechnical conditions.

This represents the vast majority of Queensland’s corrugated metal culverts in need of life extension
or rehabilitation.
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1.3.2 Out of scope
The following are out of scope for this document:

e culverts that exceed the criteria listed in Section 1.3.1

e assessment of existing culverts to determine the need for rehabilitation/replacement
e non-circular culverts (Arches)

e culverts with a diameter/span greater than 4,000 mm

e culverts with unusual geotechnical conditions (very good or very poor)

e routine maintenance of existing culverts in good condition.

Any CCMC structure that is considered out of scope for this manual is to be rehabilitated with advice
from the department’s Engineering and Technology — Structures section.

This document does not cover the management of CCMC structures in condition states 1 or 2.

1.4 Arrangement of manual

The manual is arranged as follows:

Section 2 discusses the risk management of deteriorated circular corrugated metal culverts (CCMC).
Section 3 discusses the inspection of CCMCs.

Section 4 discusses the options to extend the life of CCMCs.

Section 5 discusses the options for the replacement/rehabilitation options available.

Section 6 presents the design criteria for the rehabilitation of CCMC.

Section 7 provides a very brief overview of the Rehabilitation Design Process. This is discussed in
more detail in the Section 8 (Option Identification and Preliminary Design), Section 9 (Site
investigations), Section 10 (Assessment of Options) and Section 11 (Final Design and
Documentation).

A brief summary and a list of references can be found in Section 12.

The appendices contain supporting information such as: the behaviour of corrugated metal culverts
and their failure mechanisms; hydraulics and environmental factors; durability; more detailed
information about liners and the pressures/forces induced in culverts due to traffic loads; design
methods/worked examples; case studies; a list of organisations specialising in the rehabilitation of
corrugated metal culverts and a bibliography for further reading.
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2 Risk management
2.1 Introduction

This section provides a brief overview of the risks associated with deteriorated CCMC and the risk
management options and construction options available for their management.

2.2 Risk
2.2.1 How corrugated metal culverts fail
Corrugated metal culverts fail in a number of ways, including:

e The collapse of the culvert due to a heavy vehicle inducing buckling or crushing of the
corrugated metal pipe is influenced by factors such as overloading, section loss due to
corrosion, soil loss from behind the culvert wall, and softening of the soil due to increased
moisture content.

e The creation of a chasm across the road due to the soil being washed away from around the
culvert during wet periods. The soil can also be lost due to overtopping, loss of headwalls, as
well as loss of soil through perforations in the culvert.

e Combinations of the above.

2.2.2 Likelihood of failure

The likelihood of failure of corrugated metal culverts is influenced by the condition of the culvert (which
varies with time), loading, and the amount of water flowing through or over the culvert. The likelihood
of failure of a culvert in condition state rating of 1 or 2 is rare/unlikely. As the culvert’s condition
deteriorates (condition state rating 3, 4 or 5), the likelihood of failure increases until it is “almost
certain”. Descriptions of the likelihood and indicative frequencies are presented in Table 2.2.2.

Water flowing through or around culverts significantly increases the likelihood of failure. This is
consistent with the observation that most corrugated metal culvert failures occur during periods of
flood flows through the culvert. This is a consequence of the loss of soil and/or softening of the soil
surrounding the culvert that is so essential for the culvert to sustain the loads from the fill and traffic. A
culvert that supports traffic loads immediately after a flood is therefore less likely to fail once the
stream flow has ceased and the soil has stiffened to the extent that a greater portion of the load is
supported by the soil and less load is supported by the corrugated metal pipe.

Criteria for Inspection, Life Extension and Rehabilitation of Circular Corrugated Metal Culverts,
Transport and Main Roads, November 2015 4



Chapter 2: Risk Management

Table 2.2.2 — Likelihood scale (from HB436:2004, Risk Management Guidelines Companion to
ASINZS 4360:2004, Table 6.4)

Indicative Frequency

Level Descriptor Description (expected to occur)
. The event will occur on an annual Once a year or more
A Almost certain i
basis frequently
B Likely The event has occurred several Once every three years

times or more in your career

The event might occur once in your

C Possible Once every 10 years
career

D Unlikely ;I'he event does occur somewhere Once every 30 years
rom time to time

E Rare Heard'of something like this Once every 100 years
occurring elsewhere

F Very rare Have never heard of this happening One in 1,000 years

G Almost incredible Theoretically possible but not One in 10,000 years

expected to occur

2.2.3 Consequences of failure
The consequences of failure range from minor to severe. The potential consequences include:

e Loss of life, injury and damage to vehicles as a consequence of depressions or chasms
forming across the road and structural collapse.

e Closure of the road and diversion of traffic for the period of the closure. The impact on the
alternate route should be considered.

e Emergency works which include:

— Construction of a sidetrack and/or an emergency repair, possibly during a wet period in a
locations where construction equipment may not be readily available. The construction
and maintenance of a sidetrack during wet periods could be costly with safety requiring
careful consideration

— Design and construction of a permanent replacement structure
— Impact on the department’s budget as works may not be programmed.
2.2.4 Summary

Heavy vehicles pose a risk to the structural integrity of the culvert. Their presence also demonstrates
the culvert’s current ability to support heavy vehicles. However, this does not guarantee the future
structural integrity of the culvert as its load carrying capacity reduces due to corrosion during periods
of wet weather.

It is important to maintain the structural integrity of all CCMC irrespective of whether the culvert is
large or small, and whether the cover is deep or shallow, as dangerous depressions/holes/chasms in
the road may result if a culvert fails. The loss of even a small culvert during a flood, for example, can
lead to a flooded chasm across the highway that could result in serious injury, loss of life and/or a
lengthy closure of the highway to traffic (e.g., refer to New South Wales Coroner’s Court, 2008).
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Without intervention, the likelihood of failure of a deteriorated CCMC is almost certain. It is most likely
that failure will occur during/after wet periods that generate flood flows through the culvert.

2.3 Risk management and construction options
2.3.1 Introduction
The risk management strategy of choice is sensitive to factors, such as:

e the assessed risks

e the cost of mitigating the risks
o the availability of resources

e competing priorities

¢ the importance of the route

e technical considerations.

Available risk management strategies range in cost and effectiveness and thus the choice of strategy
will depend on technical and commercial factors. The discussion that follows provides additional
information to assist in the selection of a risk management strategy for culvert
replacement/rehabilitation. The discussion includes the following topics:

e approaches to culvert risk management
e construction methods

e pre-construction investigations

e available options.

2.3.2 Approaches to culvert risk management

The available risk management approaches for corroded corrugated metal culverts include those
summarised in Table 2.3.2.

Table 2.3.2 — Risk management approaches for corroded corrugated metal culverts

Risk Management Approaches Comments

Do nothing Generally unacceptable.

Relevant for culverts with small and medium depths of fill.
The effects of trucks are not significant when large depths of
fill are involved. It is noted that culverts can collapse without
traffic on the culvert.

Reduces the consequences to the traffic should a
depression/collapse occur. Some reduction in dynamic
effects but this is likely to be small for buried structures.

Restricting heavy vehicle mass
and/or speed

Manages the risks associated with soil being washed away
Preventing heavy vehicle access to | from around culverts and leaving chasms or depressions in
the road after periods of flood flow | the road surface.

through the culvert until the culvert | Restricting access to heavy vehicles after flooding is

has been inspected and assessed standard practice.

as satisfactory There is no guarantee that all roads can be closed during
wet periods. Safely is paramount during these inspections.
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Risk Management Approaches

Comments

Preventing heavy vehicle access to
the road after periods of flood flow
through the culvert until the culvert
has been inspected, an axle load
test undertaken and assessed as
satisfactory

As above with the addition of a load test prior to reopening
the road.

Load testing provides a demonstration of the structural
capacity of culverts after the flood. Helps manage the risks
arising when soil is lost from around the culvert and
compromising the strength of the culvert but the road surface
remains intact.

The axle load test would follow the visual inspection and
involve the passage of a two axle rigid truck across the
culvert at a slow speed, subject to the appropriate safety
protocols (Not appropriate for large culverts).

Monitor and close the road when
changes are observed

This is reflected in a reduced inspection frequency as
detailed in the Bridge Inspection Manual (BIM) Part 1.

Monitor both:

a) the road surface for depressions, and

b) the vertical and horizontal “diameter” of the culvert.
“Diameter” measurements need to be repeatable to be
effective.

There is no guarantee that the culvert will not collapse
between inspections.

The road should be closed immediately if a depression in the
road above a culvert is observed to be increasing (refer
Section 3.2).

Prop the culvert

Generally not preferred.

Principally for emergency scenarios. Propping is not
preferred because of the disruption to stream flows, and its
guestionable reliability due to the potential loss of the props
during floods and the change in the structural action of the
culvert from principally ring compression to ring compression
and bending in a section compromised by corrosion. In large
fill depth scenarios, the props will be large (not readily
available), and load distribution beams/foundations may be
required.

Temporarily divert the traffic
around the culvert

Construction of a side-track is an expensive undertaking,
especially for road trains. Flood immunity is reduced in the
short-term. May be necessary if the culvert has to be
replaced rather than rehabilitated.

Eliminate the culvert

Generally not practical except on low volume roads.

Either closing the road over the culvert or replace the culvert
with a causeway with the associated safety and flood
immunity implications.

Extend the life of the culvert

Undertake activities aimed at maintaining the structural
integrity of the culvert while acknowledging that it may have
relatively short remaining life.

Rehabilitate the culvert (objective is
to achieve a 100 year design life)

Preferred — avoids the cost and disruption of a sidetrack. If a
rehabilitation option with less than a 100 year design life is to
be considered then the cost effectiveness compared to
replacement should be considered.

Replace the culvert with a new
culvert

Preferred — will either require a sidetrack or carefully staged
construction with the associated cost implications.
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2.3.3 Construction methods

The construction methods available for managing the risks of metal culverts include those summarised
in Table 2.3.3.

Table 2.3.3 — Construction methods available for managing the risks due to corroded
corrugated metal culverts

Risk Management Approaches Construction Methods

Conventional road construction involving either removing the
Eliminate the culvert culvert or replacing the culvert with a causeway incorporating
low flow pipes with a consequent reduction in flood immunity.

Emergency propping, joint repairs, corrosion protection and
concrete inverts have been used to extend the life of culverts
and are discussed in Section 4. Such treatments are often
only delay more substantial treatments.

Extend the life of the culvert

Relining technologies are available utilising concrete and
other materials with the aim of achieving an extension in the
life of the culvert of 100 years.

A major attraction of relining is that the work can be
conducted under traffic without the cost of a side-track and/or
excavation to remove the existing culvert.

Rehabilitate the culvert In all cases, the waterway area is reduced and the velocity
increases. Head losses may increase or decrease depending
on the relative roughness of the liner and other hydraulic
parameters. Consequently the hydraulics of the relined
culvert needs to be evaluated to determine the viability of
relining the culvert — especially for culverts on “waterways”
where fish passage needs to be accommodated. Refer to
Section 5 for further information.

Remove the existing culverts and replace with conventional
solutions with a 100 year design life. Replacement is usually
the technically superior solution as it involves less technical
risk, however it usually requires the expense associated with
construction of a side track or carefully staged traffic
management systems. Replacement can be achieved by:

e Conventional construction methods: construction of a
temporary side-track or one-way operation, removal of the
existing culvert and construction of the new culvert in
stages.

¢ Pipe jacking: pipe jack reinforced concrete pipes over the
existing culvert (so as to maintain or increase the
waterway area and increase the flow capacity). Pipe
jacking can also be used to add additional pipes should
additional capacity be required. Pipe jacking around or
adjacent to the culverts is not feasible due to the low cover
of this culvert.

Replace the culvert

An options analysis is hecessary to determine the optimum solution for each culvert life
extension / rehabilitation / replacement project.
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2.3.4 Summary

The approaches to culvert risk management need to be assessed for each culvert project. Available
risk management strategies range in cost and effectiveness and thus the choice of strategy will
depend on technical and commercial factors.
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3 Inspection

Inspections should be conducted in accordance with the Bridge Inspection Manual and appropriately
released Advice Notes. If the structure is rated in Condition State 4, a Level 3 — Detailed Structural
Engineering Inspection should be requested with the Director Bridge Construction Materials & Asset
Management (BCM&AM).

3.1 Information to be gathered

When inspecting culverts onsite, the following information, as detailed in Sections 3.1.1 to 3.1.8 should
be collected to aid in the selection of a suitable design process and repair method.

3.1.1 Type of culvert

Determine whether the culvert is one of the two main types of metal culverts that have been used on
Queensland roads. The two types are multi-plate and helical corrugated culverts.

3.1.1.1 Multi-plate culverts

These were the first type of corrugated metal culverts used in Queensland and were constructed by
hand bolting a number of circular plate segments together to form a ring (refer to Figure 3.1.1.1). Metal
thickness was 4 — 5 mm or more.

Figure 3.1.1.1 — Multi-plate culvert
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3.1.1.2 Helical corrugated culverts

These culverts are helically wound by machinery which decreases installation time (refer

Figure 3.1.1.2). Metal thickness is thinner than the plate culverts, and is typically 3 mm or less. They
are therefore more susceptible to corrosion and to distortion during backfilling operations in
construction.
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Figure 3.1.1.2 — Helically wound culvert

3.1.2 Size and shape

Mark a one metre square grid with spots of paint on a side wall starting at the upstream end. Measure
and record the horizontal and vertical diameter at ten or more points to determine its shape. If there
are particular defects such as open joints, extra diameters should be measured. Refer also

Section 9.5 and Appendix I.

3.1.3 Corrugations — pitch and depth

The pitch (P) and depth (D) of corrugations should be measured at a few places to determine which
shape was used in the culvert. Table 3.1.3 and Figure 3.1.3 detail the standard corrugation
dimensions in millimetres.

Additionally, non-sinusoidal corrugations may be present and the shape of these corrugations should
be recorded or obtained from the manufacturer.

Table 3.1.3 — Standard corrugation dimensions

Standard Culvert Corrugations

Type P D
38 6.5
68 13

Helical
75 25
125 25
68 13

Plated
200 55
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Figure 3.1.3 — Corrugations for steel pipes (Source: AS 1762-1984)
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3.1.4 Height of fill material

Measure the height of fill material above the culvert, as information may be required to determine the
suitable repairs and in the design process for determining the earth and vehicle loads.

3.1.5 Material thickness

Where an edge piece can be found at the ends or joints, measure the thickness using a micrometer or
other thickness gauge to an accuracy of 0.1 mm. If this can be measured at a relatively clean
uncorroded point, it will indicate the original thickness. A non-destructive thickness gauge is useful in
measuring residual metal when extensive corrosion is obvious (refer to BCM&AM Advice Note 87-
Ultrasonic Testing). It is important to determine whether sufficient metal thickness is left in the bulk of
the culvert to justify a repair, even if the invert is seriously corroded. If metal thickness measurements
indicate severe corrosion on the outside of the culvert, a concrete invert repair is not a suitable life
extension treatment.

3.1.6 Maximum outside diameter

If relining is a possible repair method, then measure the straightness and cross-section shapes of the
culvert. Methods for measuring the geometry of the culvert are discussed in Section 9.5 and
Appendix I. The straightness as well as the variations in the shape of the cross-section of the culvert
will determine the largest possible diameter that will fit through the entire culvert length.

3.1.7 Voids present in fill

If the culvert has been perforated by corrosion, typically by standing water in the invert, then some of
the granular backfill around the culvert may have been flushed out in flood flows. Determine by first
tapping around the culvert, starting from near the invert where a void is most likely. If voids are
detected, then paint a line between the hollow and solid sounding sections and map them using the
culvert dimension grid. The depth of cavities can be checked by drilling small holes and measuring the
depth of the void. Holes should be sealed with an appropriate galvanised screw.

3.1.8 Defect identification — construction or in service

The defects that affect corrugated metal culverts are joint defects, invert deterioration, corrosion,
shape distortion and soil migration. The cause of the defect can be a result of the construction process
or in service loading, as explained below.
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3.1.8.1 Joint defects - helical

The most common problems associated with helical steel joints are misalignment, water exfiltration,
backfill infiltration and joint separation.

Misalignment of the joints may be a sign of settlement in the supporting soil structure. This settlement
may have occurred during construction and stabilised. The more serious problem is if progressive
settlement is continuing to occur while in service. Misalignment can also lead to undermining of the
culvert, water exfiltration or infiltration of backfill material.

Exfiltration occurs when leaking joints allow water flowing through the culvert to leak into the
supporting material. Exfiltration can result in piping where the supporting soil is easily eroded.

Infiltration is the opposite problem to exfiltration and occurs where water from the backfill material is
seeping through the culvert joints. Infiltration can cause settlement and misalignment problems if the
water carries fine grained soil particles from the backfill material.

Joint separation may also occur due to external loads and changing soil conditions and this allows
backfill infiltration and water exfiltration.

3.1.8.2 Joint defects - multi-plate

Joint defects for multi-plate culverts occur at the bolt lines typically from construction damage. The bolt
lines are weaker than the plate itself, and some construction specifications called for the joint to be
offset in each ring to avoid a line of weakness. If this was not done, the backfilling operation could put
high bending moments on the bolted joint lines, causing local cracking in the plates where excessive
tension occurs. Figure 3.1.8.2 shows such cracking, probably caused by excessive side pressures
during backfill.

This is a defect that should be avoided in construction, however once the culvert is completed and
backfilled, the cracked joint should go into compression and not be a long term failure initiator.

It is essential, though, that the cause of such defects be determined. If they are due to continuing
vertical loading they may indicate the start of structural failure.

T, 2000)

¥

Figure 3.1.8.2 — Cracks in metal plate (Source: ConnDO
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3.1.8.3 Invert deterioration

Invert deterioration is usually due to a combination of corrosion and abrasion. Once the galvanising
layer is abraded from material carried by the flow of the water, corrosion then attacks the bare steel
and is accelerated by further abrasion that constantly removes the protective oxide layer formed by
corrosion. The continuation of this action will ultimately lead to the loss of the invert and the creation of
scour holes under the culvert.

For metal culverts to withstand significant fill loads and heavy repetitive live loads, an effective soil-
structure interaction is necessary. This composite behaviour uses the compressive strength of the
culvert wall, with the compressive or bearing strength of the well-compacted soil surrounding the
structure. As loads are applied to the culvert, the flexible structure attempts to deflect, with the vertical
diameter decreasing and the horizontal diameter increasing. The change in horizontal diameter is
resisted by the lateral soil pressure and results in the relatively uniform radial pressure around the
culvert that creates a compressive thrust in the culvert walls, hence Ring Compression Theory
(ConnDOT, 2000). Figure 3.1.8.3 illustrates this theory whereby overburden and live load stresses are
evenly distributed to surrounding soil.

As the culvert behaviour is reliant on uniform radial pressure around the pipe, loss of the invert may
result in severe distortion and collapse of the culvert.

Figure 3.1.8.3 — Ring compression theory (Source: ConnDOT, 2000)

Active soil pressure and lve loads
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3.1.8.4 Corrosion

Corrosion of the culvert can ultimately cause failure by reducing the material thickness. This can occur
at the invert level due to the removal of the galvanising through abrasion and standing water or on the
external face of the culvert from the chloride and sulphate content of the backfill material. As the
external face of the culvert is not visible, the determination of metal thickness is important to establish
the aggressiveness of the environment and the necessary repairs.

3.1.8.5 Shape distortion

The construction process for metal culverts requires care and attention to the backfilling procedure
(refer Appendix J). During construction, culverts are flexible and will distort if excessive earth pressure
or construction loads are applied. In extreme cases, the culverts can collapse, or be severely distorted
during construction. Figure 3.1.8.5 illustrates a joint damaged during backfill, probably due to
construction overload.
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In assessing a culvert in service, it is essential to consider the cause of any distortion (out of
roundness). Construction damage should be assessed separately to overloading, distortions or soil
movements under current service conditions.

Figure 3.1.8.5 — New culvert damage

Problems with steel culverts

i

Significant distortions occurring during construction should be recorded in construction files or earlier
inspection reports. Unfortunately, construction records may be difficult to access after several
decades. Determining when damage occurred may require structural engineering advice.

3.1.8.6  Soil migration

Soil migration occurs when there is a loss of backfill support due to water eroding fine material from
the trench side walls. For migration to occur the backfill material must be erodible and there must be a
flow path for the water. Because granular material is used as culvert bedding, any perforation of the
culvert by corrosion can lead to flood water washing the bedding sand out. Any significant flow of
water behind the metal culvert can lead to severe loss of backfill followed by embankment collapse, so
repairs to culvert perforations should be to undertaken as quickly as possible before the next wet
season.

3.1.9 Example table for data collection

Table 3.1.9 shows an example table that can be used to summarise the information that may be
gathered on site to determine a suitable repair method and aid the design process.

Additionally a sketch containing this information can also be useful to record defect locations.

Table 3.1.9 — Example summary table

Culvert Property Data Collected

Culvert Type (Multi-plate/Helical)

Size and Shape

Corrugation (pitch x depth)
Height of Fill Material (m)

Material Thickness

Extent of Corrosion (invert/full height)

Maximum OD (if relining)

Voids Present in Fill

Other Defects and Cause (Construction/In Service)
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3.2 Typical situations

The following is a description of typical situations that will be encountered when inspecting metal
culverts and an indication of the asset management conditions state, along with a risk ranking
(depending on a number of factors) and the action required to ensure the protection of the asset and
travelling public. Seven typical situations are presented corresponding to a range of risks and
treatments in the sections that follow. The situations are summarised in Figure 3.2.

Figure 3.2 — Summary of typical culvert situations
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3.2.1 Situation 1
3.2.1.1 Unknown risk condition

Standing water in the culvert, typically caused by a blockage on the downstream end (refer to
Figure 3.2.1.1, causing the culvert to rapidly corrode and making it difficult to inspect its condition. A
decision must be made quickly on how to make the culvert durable, easy to inspect and safe.

Figure 3.2.1.1 — Standing water in culvert

3.2.1.2 Immediate treatment

Survey downstream levels and the consult land owner. If practical, cut a low flow channel that will
allow the culvert to drain. If a blockage is caused by cattle or vehicles pushing the bank into the
stream bed, negotiate a preventative strategy such as:

e Constructing an alternate crossing further downstream
e installing a low flow pipe under a low level concrete ford, or
e putting up a fence around the stream for sufficient length to maintain exit drainage.

Engineering and Technology’s Hydraulics and Flooding section can be consulted if there are concerns
regarding this.

3.2.1.3 Later treatment

e Assess culverts when clean and dry to determine whether additional repairs are needed, and
e check culverts after each wet season to ensure they remain self-draining.

Note: If a culvert has deep standing water and downstream surveys show it is not practical to drain the
culvert, Regional/District Management must be informed and a management plan developed.

3.2.2 Situation 2
3.2.2.1 Very low risk condition

e Significant corrosion appearing in the invert of the culvert, but substantial thickness of metal
remains (refer to Figure 3.2.2.1)

e Culvert is retaining circular shape or may have distorted during construction process but is
remaining stable (see notes on defect identification), and

e The culvert is assessed as being Asset Management Condition State 3.
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Figure 3.2.2.1 — Culvert showing significant corrosion in invert

Note: Propping as shown is not necessary in this condition.

3.2.2.2 Treatment
e Monitor culvert annually

e Planto install a concrete invert or use a paint system, while the culvert still has adequate
metal in the invert and before the culvert perforates due to corrosion, and

e Complete repairs within two years.
3.2.3 Situation 3
3.2.3.1 Low risk condition

e Considerable level of corrosion in the invert and small holes appearing in the invert of the
culvert (refer to Figures 3.2.3.1(a) and 3.2.3.1(b)

¢ No evidence of material loss from soil behind culvert and no soil cavities evident

e Culvert is retaining circular shape or may have distorted during construction process but is
remaining stable (see notes on defect identification), and

e Culvert is assessed as being Asset Management Condition State 4.

Figure 3.2.3.1(a) — Heavy corrosion in invert

Note: Small perforations to metal culvert.
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Figure 3.2.3.1(b) — Heavy corrosion

Note: Considerable loss of metal thickness.

3.2.3.2 Treatment

e Monitor and plan for concrete inverts within the next 12 months. If corrosion extends above
the level where it is practical to install a concrete invert consider relining, and

e After a significant rainfall event, check the culvert for erosion of backfill material through the
invert perforations.

3.2.4 Situation 4
3.2.4.1 Medium risk condition

e Culvert invert rusted completely through over a large portion of the length

e Losses of backfill material below invert (refer to Figure 3.2.4.1)

e Culvert is retaining circular shape (loads are being carried by soil arch) or may have distorted
during construction process but is remaining stable (see notes on defect identification)

e Culvert has no significant flows, and

e Heavy vehicle traffic loading remains constant.

Figure 3.2.4.1 — Culvert invert corroded away

Note loss of granular bedding material in invert.
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3.2.4.2 Treatment

e Prop immediately and repair as soon as possible within two months or before the next wet
season starts

e Check culvert and pavement levels fortnightly, after short rainfall events and during extended
rainfall periods for any signs of ring compression failure or settlement of the soil arch over the
culvert, and

e Put speed restrictions and hazard identification signage in place to ensure adequate stopping
sight distance should a hazard develop.

3.2.4.3 Safety

If a dip in the pavement occurs the road is to be closed immediately.
3.2.5 Situation 5

3.2.5.1 High risk condition

e Culvert invert rusted completely through over a large portion of the length

e Losses of backfill material below the invert (refer to Figure 3.2.4.1)

e Culvert is retaining circular shape (loads are being carried by soil arch) or may have distorted
during construction process but is remaining stable (see notes on defect identification)

e Local flooding event occurs creating the risk that the culvert and embankment could be
washed out, or

e Heavy vehicle traffic loading increases.

3.25.2 Treatment

e Culvert must be repaired as soon as practical (within one month)

e Props should be installed immediately

e Culvert and pavement surface should be checked weekly, after short rainfall events and
during extended rainfall periods for any signs of ring compression failure or dips in the
pavement caused by soil arch settlement

o If the replacement culvert cannot be obtained immediately from the manufacturer alternative
options that may be considered are:

— temporarily replace the culvert with a readily available low flow reinforced concrete pipe.
The low flow pipe can then be replaced with the appropriately sized pipe when it is
available from manufacture

— completing the works under full road closure if sidetracks or diversions are an issue.

— back filling with concrete can be undertaken if necessary to decrease the time required for
installation if road is not available for extended closure.

e Put speed restrictions and hazard identification signage in place to ensure adequate stopping
sight distance should a hazard develop.

3.25.3 Safety
If a dip in the pavement occurs the road is to be closed immediately.

With reference to Figure 3.2.4.1, it was interesting to note that the helical lock seams of the culvert
had not distorted and the culvert remained circular with no evidence of ring compression failure.
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3.2.6
3.2.6.1

Figure

3.2.6.2

3.2.6.3

Situation 6
Very high risk condition

Culvert invert rusted through over large portion of the length

Compression ring movement is obvious (metal has buckled or is overlapping), but soil arch is
mostly intact (refer to Figure 3.2.6.1)

Voids possibly present behind culvert lining but no dip in road

Culvert structure has failed, embankment soil arch at high risk of imminent failure (Asset
Management Condition State 5), and

No visible settlement of road pavement over culvert.

3.2.6.1 — Culvert ring movement

\\

Failed culvert lining

Steel culverts should not be used is permanent water

Treatment

Inform Regional/District Management immediately

Seek structural engineering advice — send photos of culvert

Prop the culvert immediately if safe to do so

Put speed restrictions and hazard identification sighage in place to ensure adequate stopping
sight distance should a hazard develop, and

Urgent repairs will be necessary.

Safety

Culvert is structurally unsafe and can fail under heavy traffic loading or in a flood due to embankment
erosion; and if a dip in the pavement occurs the road is to be closed immediately.

3.2.7
3.2.7.1

Situation 7
Extreme risk condition

Culvert invert rusted through over large portion of the length

Compression ring movement is obvious (metal has buckled or is overlapping) but soil arch is
mostly intact (refer to Figure 3.2.6.1)

Voids possibly present behind culvert lining but no dip in road

Asset Management Condition State 5, culvert structure has failed, embankment soil arch at
high risk of imminent failure, and

Road pavement above culvert shows obvious signs of settlement (refer to Figure 3.2.7.1).
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Figure 3.2.7.1 — Culvert soil arch failure

Failure of a culvert on Bru
road closed for severa

i

3.2.7.2 Treatment
e As given for very high risk.
3.2.7.3 Safety
Culvert has structurally failed; and road is to be closed immediately.
3.2.8 Conclusion

The objective of this section is to act as a guide for the inspection and treatment of corrugated metal
culverts to provide a safe and efficient road network. The situations given are typical and if there is any
uncertainty in the condition and treatment of a culvert further advice can be obtained from the
department’s Engineering and Technology Structures section.
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4  Life extension
4.1 Introduction

The following repair treatments can be considered as strategies to extend the life of a culvert as
opposed to rehabilitating the culvert. Factors to consider when considering extending the life of a
culvert include:

e cost

e remaining life of the non-corroded portion of the culvert
e durability and expected service life of the repair

e size of embankment over culvert

o traffic volumes

e water flow

e ability to detour traffic.

The products detailed in the repair methods below must be obtained from approved suppliers.
4.2 Emergency propping

Install emergency propping for immediate temporary stabilising of the structure when a safety issues
become evident. Propping of the culvert can only slow the complete collapse of the structure and there
is still a future risk to the travelling public if a failure is allowed to occur. Since most conditions that
require propping are caused by excessive corrosion of the invert, vertical propping is often not an
option. However, propping at 45 degrees (refer to Figure 4.2) is effective.

For safety, 6 mm self-tapping screws can be inserted in the culvert to hold timber spreader beams with
heavy wire ties until the props are installed. Each sleeper should have a minimum of two props.
Timber sleepers should be used to distribute the load from the props across numerous culvert
corrugations. The timber sleepers will be held in place against the wall by friction, but a suitable
connection of the props to the sleepers should be considered to prevent the props from being washed
out. Seek advice from Bridge Design Branch for the required safe working load and arrangement of
the props.

Figure 4.2 — Example of emergency propping

Note: This culvert had not failed and props were installed pending a full structural assessment.

Criteria for Inspection, Life Extension and Rehabilitation of Circular Corrugated Metal Culverts,
Transport and Main Roads, November 2015 23



Chapter 4: Life Extension

4.3  Joint repairs

Separated joints can be repaired using a chemical grout such as polyurethane foams. This will stop
joints from leaking and prevent the erosion of backfill material behind the culvert. Where backfill
material has been lost, the voids can be grouted using a low pressure cement based grout.

4.4  Repair using a paint system

Use this repair method where the culvert is not extensively corroded and significant metal thickness
remains. The type of paint system used will depend on the abrasive conditions the culvert is subject
to. If a significant amount of debris flows through the culvert regularly, high abrasion resistant systems
can be used. Alternatively, paint systems with lower abrasion resistance can be used in culverts which
do not flow regularly or if the flow does not contain debris.

4.5 Concrete inverts

This is a common life extension strategy for larger culverts with sufficient working space and high
embankments where it is difficult to remove the culvert. Experience has shown that corrosion in the
culvert wall has often reoccurred immediately above the top of the invert lining and further
repairs/rehabilitation/replacement are subsequently required. Consequently, concrete inverts are
considered a life-extension strategy rather than a rehabilitation strategy.

When using this treatment it is essential that the concrete invert liner forms a structural bond with the
un-corroded metal above the invert. Refer to Engineering and Technology — Structures section for
detailed advice.

Thin layers of concrete that are not structurally fixed to the metal culvert are not effective. Figure 4.5
shows a thin concrete invert lining which has separated from the culvert and washed away in flood.
The invert has not been protected and is badly corroded.

Figure 4.5 — Failed thin concrete lining

R

Voids that may be present beneath the invert or in the backfill material will need to be grouted.

Also, the rest of the metal culvert (excluding the corroded invert) must be in a reasonable condition.
The inside face should have adequate remaining galvanising metal. Thickness should be checked with
a non-destructive thickness gauge or by drilling a small number of holes and checking with a thickness
gauge reading to 0.2 mm or better and holes must be plugged with a galvanised screw afterwards.

If there is significant thickness loss due to corrosion of the external face of the culvert, a concrete
invert may not be effective as a long term repair and relining should be considered.
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5 Replacement/rehabilitation options

There is an ever increasing array of techniques available to replace/rehabilitate corrugated metal
culverts. This section provides an overview of the construction techniques/materials approved by the
Department for the replacement/rehabilitation of corrugated metal culverts. These options are
discussed in three groups:

i. culverts replaced while the traffic is diverted

ii. culverts replaced under normal traffic

ii. culverts rehabilitated under normal traffic.
5.1 Culvert replacement with traffic diversion

This is the conventional approach where the road is closed, the embankment surrounding the culvert
removed, a new structure constructed in its place, the embankment rebuilt and the pavement
reinstated (refer Figure 5.1(a)).

Figure 5.1(a) — Culvert replacement with traffic diversion: remove & replace with a new culvert
with road closed

r.r'_l '\.I_‘-l-l-lll
L

In some cases it may be possible to close half the road and replace half the culvert before repeating
the procedure on the other half of the road (refer Figure 5.1(b)). This strategy may be useful in lowly
trafficked routes with small depths of cover.

Figure 5.1(b) — Culvert replacement with traffic diversion: Remove & replace with a new culvert
with partial road closures
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Culverts are to be replaced when:
i. the culvert has lost its shape or collapsed to the extent that it is unsafe to enter the culvert
ii. the rehabilitated diameter would be less than 375 mm?
iii. the alignment of the rehabilitated invert will be such that the culvert is not free-draining
iv. there are road works being undertaken at the site (refer Road Drainage Manual Chapter 9)

v. the hydraulic, abrasion, scour and/or environmental (including fish passage) performance of
the rehabilitated culvert is unacceptable, and

vi. the culvert is being rehabilitated is also being extended and unacceptable differential
settlements between the existing culvert and the extension are expected.

5.2 Culvert replacement under traffic

Trenchless technologies enable culverts to be replaced by tunnelling under the roads and highways
and installing a new culvert in the tunnel as illustrated in Figure 5.2.

Figure 5.2 — Culvert replacement under traffic

=

(a) Replace culvert on an adjacent alignment (micro tunnelling, auger boring, pipe jacking) under
full traffic

(b) Replace culvert on the same alignment (pipe jacking) under full traffic

Advantages of this method are that the culvert replacement can be conducted under traffic, and the
replaced culvert is a new culvert with the diameter selected for the site.

A disadvantage is that specialist technologies are required, new headwalls and flow channels may be
required and the abandoned culvert filled.

These trenchless technologies are also useful in adding additional waterway area.

1375 mm is the department’s preferred minimum diameter of culverts. Consider replacing as a matter of course
rather than relining culverts smaller than 600 mm in diameter.

Criteria for Inspection, Life Extension and Rehabilitation of Circular Corrugated Metal Culverts,
Transport and Main Roads, November 2015 26



Chapter 5: Replacement/Rehabilitation Options

Three related trenchless culvert replacement options are discussed below.
5.2.1 Pipejacking
Pipe jacking is a trenchless technology that can install pipes under roads without closing the road.

Pipe jacking around the existing culvert is an expensive option, but may be necessary when there are
no other alternatives. Examples include failed culverts that are unsafe to work in and culverts under
high fills or major roads where traffic diversion and excavation are impractical. Pipe jacking is a
specialist contracting skill and advice should be sought from the department’s Structures section.

The bore is formed from a launch pit by pushing specially designed Reinforced Concrete Jacking
Pipes (RCJP) or Steel Pipes behind a jacking shield (refer Figure 5.2.1). From within the shield the
operator excavates the face in front of him before advancing the steerable jacking shield using laser
guidance. The spoil is removed from the face by conveyor to spoil trolleys, which are winched back to
the launch pit. The pipe joints are usually steel bands that fit into an external rebate in the RCJP with
timber plywood rings to prevent concrete-to-concrete contact.

Pipe jacking provides the ability to remove man made obstacles such as existing culverts and
boulders. It is typically used for diameters between 1,200 mm and 3,000 mm and for lengths less than
300 m. Intermediate jacking stations and lubrication using bentonite can be used to reduce the jacking
force.

The advantages of this system are that it should not cause surface disruption? and can be used to
bore through ground, to install a new pipe in place of an existing culvert, and (without the jacking
shield) to line an existing culvert with a reinforced concrete pipe.

The disadvantages are the minimum diameter, which is controlled by needing access to the face, and
that the jacking shield cannot reverse — any obstacles must be removed to allow the recovery of the
shield.

Figure 5.2.1 — Replacing the first of two barrels of a corrugated metal culvert using pipe jacking
(Warrego Highway, Mindin Range)

(a) thrust block and hydraulic rams (b) jacking shield

2 It is noted that surface disruption has been observed in some cases.
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5.2.2 Auger boring
Auger boring is a trenchless technology that can install pipes under roads without closing the road.

The bore is formed from a launch pit by means of rotating cutting head. The spoil is removed back to
the launch pit by helical auger flight sections within the steel casing being jacked into the ground. The
new pipes are subsequently inserted into and grouted within this host steel casing.

Auger boring only offers limited steering capabilities and is used when precise accuracy is not crucial.
It is typically used for diameters less than 900 mm and for lengths less than 50 m.

The advantages of this system are that it causes little or no surface disruption, augers remove the
spoil, and the pipe of choice can be installed with the casing.

The disadvantages are the limited lengths and obstacles in the bore path. Should the auger become
stuck, then a significant excavation may be required to recover the auger and complete the culvert.
This may result in a disruption to traffic flow.

5.2.3 Micro tunnelling
Micro-tunnelling is a trenchless technology that can install pipes under roads without closing the road.

A laser guided steerable borer head forms the tunnel. The spoil is removed back to the launch pit by
heavy-duty vacuum line within the steel casing being jacked into the ground. The new pipes are
subsequently inserted into and grouted within this host steel casing.

Micro-tunnelling is typically used for diameters less than 1,000 mm and for lengths less than 150 m.
Boring heads suitable for nearly all ground conditions, from soft clay and sand, up to 200 MPa rock
are available.

The advantages of this system are that it causes no surface disruption, the spoil is removed by
vacuum, most material can be tunnelled through, and the pipe of choice can be installed with the
casing.

The disadvantages are the limited lengths and obstacles in the bore path, and that the borer head
cannot reverse — any obstacles must be removed to allow the recovery of the head, with the possibility
of significant excavation and traffic disruption.

5.3 Culvert rehabilitation under traffic

Culverts can be rehabilitated by inserting liners within the culvert and grouting the liner in place as
illustrated in Figure 5.3.

Figure 5.3 — Culvert rehabilitation under traffic — reline culvert on the same alignment under full
traffic
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A common advantage of relining culverts is that the culvert rehabilitation can be conducted under
traffic. The approach eliminates the excavation associated with replacement options.

A disadvantage of all relining technologies reduce the diameter and hence the waterway area of the
culvert. This leads to higher velocity flow with the associated scour, environmental and hydraulic
issues. Often the liner is smoother that the host culvert and as a consequence there may or may not
be increased afflux as a consequence of relining.

Some of the relining options are discussed below.
5.3.1 Reinforced concrete pipe liners

Reinforced concrete pipes slid into the existing culvert on guides and grouted in place provides a new
liner.

This is a variation of the pipe jacking method, but without the jacking shield. Also the thrust forces are
much smaller.

The advantages of this method is that there are a large range of concrete pipes available suitable for
internal diameters up to 3,000 mm and most fill depths. Note that a specific range of concrete pipes
are manufactured specifically for pipe jacking.

The disadvantages are the weight of the pipes and the consequent installation infrastructure required
to install the pipes, and the substantial loss in waterway area due to the thickness of the pipes and as
a consequence of curved culvert alignments and/or distorted culverts.

5.3.2 Polymer precoated galvanised flexible metal culverts

A spirally wound galvanised steel culvert with a high-density polyethylene coating slid into an existing
host culvert can also be used to achieve a trenchless rehabilitation.

The liner is slid into position along rails installed on the bottom of the host culvert.

After the liner has been installed cementitious grout is pumped behind the liner to fill voids behind the
deteriorated host culvert and the annulus between the liner and the existing culvert.

Polymer precoated galvanised flexible metal culverts can be used to line culverts of any length with
finished internal diameters exceeding 1,350 mm.

The advantages of this system are that it causes no surface disruption, relatively light weight
components, the high-density polyethylene coating is corrosion resistant and moderately abrasion
resistant, and profiles are available for large span culverts.

The disadvantages are that considerable waterway area can be lost if a culvert is curved in alignment
and/or severely distorted, increased afflux and flow velocity due to its corrugated profile, the liner
needs substantial bracing during the grouting operation, it is provided by a sole supplier, and it is a
similar product (albeit with a polymer coating) to the culvert requiring rehabilitation.

5.3.3 Cast-insitu reinforced concrete liners

A conventional steel reinforcement cage is fixed within the culvert and tunnel lining formwork braced
from the existing culvert.

Concrete with the appropriate workability, strength and durability characteristics is pumped into the
formwork.

The forms are stripped, the concrete cured and the process repeated along the length of the culvert.
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The advantages of this system are that it causes no surface disruption, it is a known material that can
be adjusted to suit the durability requirements of the site, a large range of culverts (e.g. small and high
depths of fills, non-circular shapes) can be rehabilitated including spans up to 6 m.

The disadvantages are that considerable waterway area is lost, the quality of the concrete is sensitive
to the concrete supply and installation technique, and it is provided by a sole supplier.

5.3.4 Remove and replace with a more durable pipe
Removing and replacing a culvert should be considered when culverts:

e have large distortion from original shape (greater than 5%)

¢ significant reduction in waterway area due to the culvert shape not being circular (they can be
oval etc. in shape) or not having a consistent diameter along the length

e have significant voids in the embankment material and grouting is not practical.

e are considered to have structurally failed.

Removing and replacing a culvert is most practical option when:

e culverts are smaller than 1.5 m diameter making it difficult to work inside

e embankment height is low and traffic can be easily diverted, or

e larger culverts have failed in ring compression, are badly corroded or have distorted
significantly, so they cannot be easily relined.

5.3.5 Other rehabilitation options

There are other options that are not recommended? for rehabilitating culverts without reference to
Structures section for advice. These include:

e Structural concrete lining of the invert (concrete inverts are a life extension strategy and are
discussed in Section 4.5)
¢ Relining the culvert with:
— aluminium flexible metal culverts
— fibre reinforced concrete pipes
— galvanised flexible metal culverts
— glass reinforced plastics (GRP)
— high density polyethylene pipes
— plastics cured in place chemically
— polypropylene pipes
— shotcrete
— spirally wound Polyvinyl Chloride (PVC)
— spirally wound and expanded to fit PVC
— spirally wound steel reinforced High Density Polyethylene (HDPE).

Note: Plastic options such as PVC and HDPE are not approved for use by Transport and Main Roads
due to the high frequency of vandalism (by fire) the structural risks following vandalism and the cost of
repair.

3 Reasons include: life expectance less than 50 years, non-preferred or un-researched materials.
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6 Design criteria for the rehabilitation of CCMCs

6.1 Introduction

The design criteria for the rehabilitation of the department's CCMCs are presented below.
6.2 Quality management

The design of any rehabilitation is to comply with the quality management requirements given in
Clause 1.4 of the Design Criteria for Bridges.

The construction of any replacement or rehabilitated culvert is to comply with the quality requirements
as detailed in the project specific contract documentation.

6.3 Hydraulics & environmental impacts
6.3.1 General

Hydraulic considerations and environmental factors may preclude some options or require additional
waterway area.

The rehabilitated culvert must satisfy the requirements of the department’s Road Drainage Manual
including, (but not limited to):

e Chapter 2 General Design Requirements

e Chapter 3 Strategic Planning & Development Control
e Chapter 5 Hydrology

e Chapter 9 Culvert Design.

6.3.2 Erosion and afflux

Erosion and afflux shall be determined prior to finalisation of hydraulic calculations and based on the
internal diameter of the liner derived from an accurate survey of each barrel of the culvert.

6.3.3 Downstream protection for road embankments at culverts

Road embankments with flood immunity less than 100 year ARI are to be evaluated to determine if
embankment protection is necessary and, if necessary, upgraded as part of the culvert rehabilitation in
accordance with this manual. Refer to the Road Drainage Manual for further advice.

6.3.4 Fish passage

The movement of fish is to be considered as part of the rehabilitation as per the Road Drainage
Manual.

6.4 Design life
The target design life for new culverts is 100 years.

The target design life for a rehabilitated culvert should be preferably 100 years. 50 years may be
accepted if no alternative product is available with a 100 year design life.

The design life shall be interpreted that there is a 95% probability that during the design life the
structure or element:

e will not require major maintenance or replacement of elements
o will be fully functional
e will require minimal maintenance.
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6.5 Durability
Any replacement/rehabilitated culvert is to be durable and shall consideration the following factors:

o Life: the target rehabilitation design life of 100 years

e Cause: the cause of the deterioration and the life of the existing culvert

o Performance: the performance of other culverts in similar environments

e Environment: the corrosivity of the environment, including the effects of current and expected
local industries

e Permanent Water: ponding, constant flow, tidal flows.

6.6 Design loads
6.6.1 Introduction

The minimum design loads, forces and load effect for the rehabilitation of culverts shall comply with
AS 5100 Part 2: Design Loads.

The rehabilitated culvert shall be proportioned for the design loads, forces and load effects in
accordance with AS 5100.2 and as set out in this section.

6.6.2 Arch action

Rehabilitated culverts shall be designed on the basis that the soil does not arch over the culvert,
irrespective of the depth of cover. This requirement applies to both the weight of the embankment and
to live load pressures.

6.6.3 Dead load (G)

The liner shall be designed to support the self-weight of the liner, the grout, the existing culvert and
potentially saturated soil.

For design purposes, the dead load shall be calculated based on:
i. the internal diameter of the liner

ii. an average unit weight of 22 kN/m? for the liner, grout, existing culvert, embankment, and
pavement*

iii. an ultimate limit state load factor of 1.25 where the depth of fill has been measured by survey
and 1.5 where other means have been used to determine the depth of fill.

6.6.4 Liveload (Q)

The liner shall be designed for the worst road traffic load effects in accordance with AS 5100.2
Clause 6 and the HLP400 loading:

4 Note: the unit weight of soils of volcanic origin (e.g. pumice sand at 14 kNm?3) may be significantly lower while
the unit weight of soils of oxide origin (e.g. iron ore at 27 kNm?3) may be significantly higher.
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Table 6.6.4 — Live loads and ultimate limit state load factors

Live load Ultimate limit state load factor

w80 1.8

A160 — single or multiple lanes as applicable 1.8

SM1600 traffic load, including the uniformly distributed

component of the traffic load — single or multiple lanes as 1.8

applicable

HLP400 15

Construction traffic loads 20

Each of the above load cases shall be applied over the complete range of fill depths applicable for the
rehabilitation design.

The live load shall be calculated as a uniform pressure at the level of the structure crown as based on
the design parameters specified in AS 5100.2, including:

i.  Number of design lanes (AS 5100.2 CI 6.5)

ii. Accompanying lane factors (AS 5100.2 Cl 6.6)

iii. Dynamic load allowance for buried structures (AS 5100.2 CI 6.7)
iv. Distribution of road traffic loads through fill (AS 5100.2 Cl 6.12)
v. Load factors, refer Table 6.6.4.

The live load pressures at the crown of a culvert and the ring compression forces for the above traffic
loads are summarised in Appendix E and F.

6.6.4.1 Liveload surcharge load to headwalls

The live load surcharge is to be applied to any headwalls in accordance with AS 5100.2 Clause 13.2.
6.6.4.2 Braking and centrifugal loads

No braking or centrifugal loads are required to be applied to a culvert.

6.6.4.3 Construction traffic

Construction loads shall be calculated using the axle loads expected and the cover height at the
construction stage being considered® in accordance with AS 2041 Clause 4.3.1.

6.6.4.4 Jacking forces

Jacking forces are to be considered. Refer to specialist sub-contractors and Structures section for
advice.

6.6.4.5 Grouting/concreting

The liner/formwork and the bracing system shall be designed to resist the hydrostatic pressures
applied by the grout/concrete used to fill the annulus between the liner and the existing culvert.

The grout/concrete is to be assumed to be fluid applying hydrostatic pressures over the depth of the
current grout/concrete layer and the previous grout/concrete layer. The previous grout/concrete layer

5 Note: the Contractor may specify special construction loads in accordance with Clause 12.1 of MRTS03.
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is to have set sufficiently to prevent indentation by a thumb pressed onto the surface of the

grout/concrete prior to any new grout layers being added.

Grout/concrete placed prior to the previously set layer can be considered to support the outward
movement of the liner without applying any additional loads. The inward movement of the liner is to be

resisted by the liner and bracing.

The hydrostatic pressure due to grout/concrete shall be calculated as per Table 6.6.4.5.

Table 6.6.4.5 — Hydrostatic pressure due to grout/concrete

Ultimate limit state

with at least two times the
cross-section area of the grout

vent tube shall be 250 mm above the
highest point of the internal surface of

Description Parameters load factor
Fluid density of grout p = a minimum
Grout of 1,500 kg/m? or as determined by
testing.
Fluid density of concrete p = a
Concrete minimum of 2,500 kg/m? or as
determined by testing.
Hydrostatic pressure (p) where
the maximum grout/concrete p = pg(y+0.05 m) where y is the
level is controlled by grout weirs | vertical distance below the surface 15
and grout vents through the level of the grout weir.
liner.
Hydrostatic pressure (p) where p = pg(y+0.05 m) where y is the
the maximum grout/concrete vertical distance below the highest
level is controlled by vent pipes | point of the vent pipes. The top of the 15

tubes. the existing culvert.

As agreed with
Transport and Main
Roads.

As agreed with Transport and Main

Other grouting procedures Roads.

6.6.5 Earthquake load (EQ)

The rehabilitation of culverts with spans greater than 3,600 mm may need to be designed for
earthquake loads. Refer to Engineering and Technology — Structures section for advice.

6.6.6 Load combinations

The following loading scenarios are to be considered:

¢ Installation:

— jacking/winding forces

— grouting/concreting pressures — including grout layers and temporary bracing.
e Operational: embankment and live loads
e Saturated embankments and draw-down as appropriate.

The design load is the worst combination of load from current height of fill to any proposed future
height of fill. Note that decreasing the height of fill can lead to a more severe load on the culvert.

The serviceability, ultimate and stability limit states such as the flotation of the liner/fformwork during
grouting/concreting shall be considered.
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6.7 Design methods

6.7.1

Introduction

Unfortunately, there are no design standards for the structural design of the liner to rehabilitate a
culvert. The structural design approaches include:

6.7.2
Design
Notes:

1.
2.
3.

4.
6.7.3
Design
Notes:

1.

Design the liner as if it were a new buried pipe assuming that the existing deteriorated culvert
is of no structural value and that the grout used to fill the annulus between the liner and the
original culvert is equivalent to the select fill that usually surrounds culverts. Minimum
Australian Standard recommendations are discussed in the sections that follow.

Design using the fundamental engineering principles. This involves understanding the material
properties of the soil and the liner and utilising stage-construction soil-structure interaction
software such as Plaxis to determine the moments, shears and axial forces that must be
resisted and ensuring the proposed section is adequate. Buckling of the liner will also need to
be considered. These are typical situations where standard lining solutions are not available.
In these cases the expertise of Engineering & Technology — Structures section should be
utilised.

Jacking reinforced concrete pipes and reinforced concrete pipe liners

Standard: AS 3725

Single barrel (as per pipe jacking): Wg as per AS 3725 C6.3.3.4.

Multiple barrel (as per positive projection): Wq as per equation 2 of AS 3725 C6.3.3.1.
Bedding factor F = 2 for pipe jacking, F = 3 for RCP liners and Fq = 1.5 as per AS 3725 C9.3.3
and C10.2.

The minimum pipe Class shall be Class 3 for liners and Class 4 for pipe jacking applications.

Cast Insitu structural concrete liners®

Standard: AS 3725, AS 4058 & AS 5100

Either:

a) Calculate Wy as per “jacking reinforced concrete pipes” for single or multiple barrel
culverts as above.

b) Determine proof load (T¢) using equation 8 of AS 3725 C10.2 and apply lTC
Tc applied over a 150 mm wide bearing strip to an unrestrained _—
segment of the liner loaded across its diameter (as per the two-edge
bearing method of AS 4058 Figure C4).

c) Serviceability limit state: Ensure crack width requirements of AS 5100.5
are met with T¢ applied across the diameter.

d) The longitudinal reinforcement to control shrinkage and thermal —
cracking shall assume the liner is fully restrained. TTc

6 This method is preliminary only and will be subject to refinement during trials.
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6.7.4
Design

Notes:

6.7.5
Design

Notes:

e) Strength limit state: Ensure the strength limit state requirements of AS 5100.5 are
satisfied with 1.5xT¢ applied across the diameter. Adopt standard ® factors.

Or: Design the liner as per AS 5100 using appropriate specialist non-linear finite element

analyses to model the stages of the construction and the soil-structure interaction (refer to

Structures section for advice).

Polymer precoated galvanised steel corrugated metal liners

Standard: AS/NZS 2041.1

The minimum acceptable fill depth above the obvert shall be the maximum of 750 mm and half

the internal diameter of the liner.

Design is to be in accordance with AS/NZS 2041.1 Section 5: Limit State Method.

The grouting procedure shall prevent flotation of the liner and limit the distortion of the liner to:

a. the internal diameter of the liner shall not vary by more than 2% from the internal diameter
of the liner measured immediately prior to grouting.

b. the offset of the liner from the centre of a straight edge with a maximum length equal to
1/6th of the internal diameter of the liner shall not vary by more than 4% from the offset of
the liner measured immediately prior to grouting.

Structural reinforced concrete inverts

Standard: AS 2041.1, AS 5100.5 & AS 5100.6

Determine the ultimate ring compression force (N*) as per AS 2041.1.

Design the invert and its connection to resist 1.15N* and the minimum design actions on
connections as set out in AS 5100.6 C1 2.3.1.

Regard structural reinforced concrete inverts as an emergency repair and not as a
rehabilitation.

6.8 Headwalls

Rehabilitated culverts are to incorporate headwalls, aprons and cut-off walls.

The bevelled ends of culverts of diameter less than 3.0 m shall be replaced with headwalls or have
erosion protection upgraded to current departmental standards as part of the rehabilitation.
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7 The rehabilitation design process

The culvert rehabilitation design process is sometimes iterative as illustrated in Figure 7. The section
of this manual that relates to each step are shown in brackets.

Figure 7 — The rehabilitation design process

Assessment of
options
(Section 10)

Final design and
documentation
(Section 11)

Option identification Site
and preliminary I:> investigations
design (Section 9)
(Section 8)
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8 Option identification and preliminary design

The procedure to identify the rehabilitation option/s most likely to satisfy the construction, structural,
durability and hydraulic restraints of a particular site is illustrated below in Figure 8.1 and described in
the sections identified.

Figure 8.1 — Overview of rehabilitation option identification and preliminary design

Collect Background \
Information
(Section 8.1)

Preliminary Fish Passage
Analysis (Section 8.6)

By Regional Environmental
Officer

Estimate the External and/or
Internal Diameter of the Liner
(Section 8.2)

Preliminary Design Option Report
(Section 8.8)

Preliminary Structural Analysis
(Section 8.3)

Preliminary Durability Analysis
(Section 8.4)

Preliminary Hydraulic Analysis
(Section 8.5)

Preliminary Abrasion Analysis

(Section 8.7) /
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8.1 Collect background information

Collate the available information, including: drawings, satellite images, inspection records,
maintenance records, and local knowledge. The minimal documents required for background
information include:

e Previous BIS Level 2 Inspection Reports
e BIS Level 3 Inspection Report
e Road plans.

Summarise critical data including the nominal diameter of the culvert and cover above the top of the
culvert.

8.2 Estimate the diameter of aliner

In identifying the options available for rehabilitation of the culvert, the physical aspects of the culvert
(i.e. what can fit in the culvert?) must be resolved.

The choice of liner material and wall thickness can vary from site to site. The variables that have the
most significant influence on the liner material and thickness are the diameter of the existing culvert
and the depth of fill above the culvert.

The internal diameter of a liner (ID.) can be substantially smaller than the nominal diameter of the host
culvert, especially if the host culvert is distorted. Some guidance for estimating ID, from the outside
diameter of the liner (OD,) is given below:

oD, = Minimum diameter of a straight cylinder that can be inserted in the culvert. i.e.,
minimum diameter of the existing culvert (after considering protruding objects such as bolts) (IDec)
less any deviations from alignment (Dev) and construction tolerance, say:

ODy ~ 0.95 x (IDgc - Dev)

The internal diameter of the liner (ID.) can be estimated from the OD, using Table 8.2. Note that other
parameters such as the depth of fill mean that the values in Table 8.2 are approximate and should be
confirmed during the final stages of the design. This method for determining OD, is appropriate for
culverts with diameter > 375 mm and constant diameter liners.

In the case of cast-insitu reinforced concrete liners, the formwork can be built to suit the shape and
size of the culvert. Minimum requirements for cover to the steel reinforcement suggest a minimum wall
thickness of 170 mm. This thickness will increase in saltwater environments.

A high level of confidence about the final internal diameter of the culvert needs to be achieved before
construction commences. A three dimensional site survey may be required, as discussed in Section 9
and Appendix I.
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Table 8.2 — Relationship between internal diameter (IDL) and outside diameter (OD.) for various
liner options

OD, - Outside diameter of liner estimated from host culvert (mm) ID, -
Reinforced concrete pipe HDPE precoated Other  Estimated
* galvanised corrugated internal
steel diameter
445 415 375
535 490 450
620 565 525
700 640 600
790 715 675
870 790 750
945 865 825
1030 940 900
1200 1090 1050
1360 1240 1200
1530 1405 1350
1690 1555 1500
1860 1705 1650
2020 1855 1800
2190 2005 1950
2340 2155 2100
2660 2455 2400
2980 2755 2700
3310 3055 3000
3655 3600

* Diameter generally restricted to production diameters - refer supplier for detailed information

~ Diameter is set by manufacturing process and may be varied - refer supplier for available diameters
8.3 Preliminary structural design

8.3.1 Section selection

The sections listed in Table 8.3.1(a) are typical sections available for use in CCMC rehabilitation by
relining. Each section and material has strengths and weaknesses that need to be assessed for each
site. This list is updated as products are approved for use by Engineering and Technology —
Structures section.
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Table 8.3.1(a) — Approved sections for CCMC culvert rehabilitation

systems developed specifically for the task.

Abbreviation Description Typical
diameters
Polymer precoated (high density polyethylene)
S68 x 13 x 1.22 Poly galvanised corrugated metal culverts inserted into
the culvert and grouted. The sinusoidal profiles have
S68 x 13 x 1.91 Pol
y pitches of 68 mm or 75 mm, profile depths of 13 mm 2288 mm :g
S7T5x25x1.91Poly | 4 55 mm and thicknesses of 1.22 mm, 1.91 mm or
S75 x 25 x 3.42 Poly 3.42 mm. Note other standard profiles are available
on long-term order.
RCP Class 3 Class 3, 4, 6, 8, conventionally reinforced concrete
RCP Class 4 pipes. Note that a minimum of Class 4 pipes are 1200 mm to
RCP Class 6 recommended for pipe jacking through soil or around | 3000 mm ID
RCP Class 8 embankments. Class 3 RCPs can be used as liners.
Conventional reinforced concrete with circumferential 1500 mm to
Cast-insitu RC liners” | and longitudinal steel reinforcement using formwork 4000 mm 1D

For rehabilitation construction options (i.e., the culvert is to be rehabilitated rather than removed),

identify the structural option/s that are applicable for the site based on the culvert diameter and the

cover to the crown of the culvert using Figure 8.3.1. Structurally suitable liners are those whose design
curves lie outside the estimated internal diameter® and depth of fill parameters for the site. The area to
the left of the design curve means the product is suitable for that depth of fill and diameter. The area to
the right of the design curve means the product will be overstressed and is not suitable for the depth of
fill and diameter. Note that the design curves change with the soil parameters. Detailed design curves

are listed in Appendix D for improved clarity.

The data in Figure 8.3.1 is based on relatively low estimates of soil properties. Softer soil properties
will reduce the load carrying capacity. Stiffer soil properties generally increase the theoretical load
carrying capacity of a culvert. Any reliance on increased soil properties should be supported by a
geotechnical investigation (refer Section 7.8 for further information) conducted in association with

Structures section.

7 Subject to successful outcome from trials. Wall thickness and reinforcement determined on a case by case
basis. Minimum diameter controlled by safety and practical issues associated with working in the culvert.
Maximum nominal diameter expected to be 6.0 m.

8 Estimation of the internal diameter of the liner is discussed in Section 8.2.
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Figure 8.3.1 — Depth of fill above the crown of a culvert versus the internal diameter of the
culvert for selected lining options and soil conditions®
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Some examples of liner selection based on Figure 8.3.1 are presented in Table 8.3.1(b).

Table 8.3.1(b) — Examples of liner selection for CCMC culvert rehabilitation

Nominal (Internal) | Depth of fill above Liner options
Diameter top of culvert (m) (from Figure 8.3.1)
2400 mm 2.4 m S75 x 25 x 1.91 polymer precoated galvanised

corrugated metal pipe liner and grout

Class 4 reinforced concrete pipe liner and grout
Class 4 reinforced concrete pipe jacking
Cast-insitu reinforced concrete liner

750 mm 1.8m Micro-tunnelling on a new alignment and Class 3
RCP
1200 mm 20m Class 3 reinforced concrete pipe liner and grout.

Class 4 reinforced concrete pipe jacking

900 mm 50m Micro-tunnelling on a new alignment and Class 3
RCP
3600 mm 6.0 m Cast-insitu reinforced concrete liners

Investigations in association with Structures section
to identify suitable options

9 Note: the reinforced concrete curves presented here are applicable only to single barrel culverts used in a pipe
jacking scenario. The results are non-conservative for other scenarios such as multiple parallel pipe jacked pipes,
pipes installed in trenches, or under embankments.
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8.3.2 Material options

The materials listed in Table 8.3.2 are suitable for the construction options presented in Section 3 of
this document.

Table 8.3.2 — Culvert materials for rehabilitation construction options

Design Life
Material
(years)

Reinforced concrete pipe 100
Reinforced concrete box culvert 100
Cast-in-situ structural concrete liners with steel reinforcement (not 100
shotcrete)

Polymer precoated galvanised corrugated metal culverts >50
Other N/A

The construction of new culverts is not addressed by this document. Refer to the Road Drainage
Manual for the design of newly constructed culverts.

Contact details of suppliers delivering the above construction options are presented in Appendix G.
8.4  Preliminary durability analysis

In general, galvanised corrugated metal culverts have a design life substantially less than the
department’s 100 year target design life for new structures. While some of Queensland’s culverts have
performed well, others have deteriorated in periods as short as 10 years.

The rehabilitation of a culvert is a substantial investment. Thus it is important to rehabilitate in a
manner that achieves a 100 year design life.

To achieve desired design life, it is important to identify those materials that will provide a target
design life of the rehabilitated culvert of preferably 100 years, bearing in mind that the poor durability is
the probable reason the culvert is being rehabilitated. A 50 year target design life may be accepted if
no alternative product is available with a 100 year design life.

The durability of the rehabilitated culvert can vary from site to site and materials chosen. Durability
investigations (corrosion and abrasion) to be undertaken for each culvert and shall consider
information collated from:

i. local knowledge: durability or lack of durability exhibited by the culvert material types in the
environment or similar environments, and

ii. investigation: investigations of the corrosivity of the soil and water, the abrasion potential and
comparing this information against durability models.

Corrosion investigations are of particular importance in the following circumstances:
i. where itis proposed to use materials without a proven track record
ii. inenvironments considered severely corrosive or extremely corrosive as per Table 8.4(a)
iii. where there is permanent water (ponding or constant flow, or high groundwater flow)

iv. in marine or salt spray environments
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v. in aggressive soils (expansive clay soils, saline or sulphate soils)

vi. where damaging chemicals are considered likely to be present.

Table 8.4(a) — Corrosiveness of soils

(MTO Gravity pipe design guidelines, 2005, Table 3.3)

Soil Type Description of Sail Aeration | Drainage Colour Water Table
1. Sands or sandy loams
Mildly 2. Light textured silt loams cood oo Uniform I
' Corrosive | 3. Porous loams or clay loams 00 0o colour Very low
thoroughly oxidized to great
depths
1. Sandy loams )
1l Modergtely 2. Silt loams Fair Fair Sl'g.ht Low
Corrosive mottling
3. Clay loams
Heavy 06mtolm
i Extremely 1. Clay loams Poor Poor texture (2 feet to
Corrosive | 2. Clays Moderate | 3 feet) below
Mottling surface
1. Muck
Severely 2 Peat Very Very Bluish- At surface or
v Corrosive i oor oor grey extreme
3. Tidal marsh P P mottling | impermeability
4. Clays and organic soils

Based on the information provided, Table 8.4(b) provides an indication of the suitable materials for a
range of standard environments.

Table 8.4(b) — Culvert types for various exposure conditions

. Polymer precoated
- Reinforced concrete .
Exposure condition ibes galvanised corrugated
PP steel pipes

Saltwater v

Aggressive soil (e.g. low pH, high chloride, v

high sulphate)

Invert in fresh water for prolonged periods v

Typical condition (i.e. none of the above) v v

Further information regarding durability is provided in Appendix C.
8.5 Preliminary hydraulic analysis

Hydraulic and environmental considerations may dictate the rehabilitation/replacement strategy. The
rehabilitated culvert is to comply with the requirements of the Road Drainage Manual. The process is
broadly outlined below. Assistance from Engineering and Technology Hydraulics and Flooding section
may be required.
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8.5.1 Preliminary hydrology

Estimate flood flows through the culvert for various flood probabilities, based on collated information
including future changes in land/road use:

Environmental flows fish passage

1E.Y. (ARI 1 year) fish passage, embankment overtopping, flood immunity, erosion and
flood impact

0.5E.Y. (ARI 2 years) fish passage, abrasion, embankment overtopping, flood immunity,

erosion and flood impact
0.2E.Y. (ARI 5 years)10 embankment overtopping, flood immunity, erosion and flood impact
10% AEP (ARI 10 years)!* embankment overtopping, flood immunity, erosion and flood impact
5% AEP (ARI 20 years) embankment overtopping, flood immunity, erosion and flood impact
2% AEP (ARI 50 years) embankment overtopping, flood immunity, erosion and flood impact
1% AEP (ARI 100 years)  embankment overtopping, flood immunity, erosion and flood impact.
8.5.2 Preliminary hydraulics

For the flood probabilities listed previously, estimate the culvert barrel velocity, upstream afflux, and
downstream afflux based on upstream control and downstream control for both the existing culvert
and the proposed rehabilitated culvert. Values of Manning’s “n” for various corrugated metal culverts
are presented in Appendix B.

8.5.3 Analysis
Determine acceptability with respect to:
i. afflux
ii. embankment overtopping
iii. erosion.
Determine the extent of a hydraulic survey, if required.
8.5.4 Recommendations

Based on the analysis conducted, options and recommendations for the rehabilitation are to be
developed and presented.

8.6 Preliminary fish passage analysis

Relining corrugated metal culverts usually results in smaller diameter smoother culverts with
consequent higher flow velocities. The flow through the culvert may change from being outlet
controlled to inlet controlled and therefore be characterised by a hydraulic jump at the outlet or within
the pipe. These higher velocities and hydraulic jumps may need to be addressed to ensure fish can
successfully cross the culvert. Fish passage can become the controlling option for the rehabilitation of
the culvert and may require additional waterway area to be provided.

10 0.2E.Y. corresponds to 0.2 exceedances per year or an average recurrence interval of five years

11 10%AEP corresponds to annual exceedance probability of 1/10 or an average recurrence interval of 10 years
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Constructing or reconstructing (or significantly repairing) any waterway barrier across a (freshwater or
tidal) waterway requires a development approval under the Integrated Planning Act 1997 and the
Fisheries Act 1994. Under this legislation the application will be refused unless movement of fish
across the waterway barrier is adequately provided.

Not all culverts are located on a “waterway” as defined by the Fisheries Act. Culverts that are not
located on a “waterway” do not need to comply with the requirements for fish passage. Consequently
an Environmental Officer should be engaged to assess whether the site is a waterway or not at the
earliest opportunity, preferably before any hydraulic investigation is undertaken.

Further information and guidance are provided in the Road Drainage Manual which references the
Austroads Guide to Road Design Part 5: Drainage — General and Hydrology Considerations.

The Queensland Department of Agriculture, Fisheries and Forestry published in 2013 a Guide for the
determination of waterways using the spatial data layer Queensland waterways for waterway barrier
works to assist in the determination of whether the site of proposed waterway barrier works requires
assessment and approval under the Fisheries Act. In addition, waterways have been colour coded
along their length to show the risk of adverse impact from instream barriers on fish movement. These
coloured zones also indicate whether waterway barrier works can potentially proceed under the
relevant Fisheries Queensland self-assessable code or whether the works will require a development
approval. An indication of the assessment requirements and the coloured zones is presented in
Table 8.6.

Table 8.6 — Fish passage assessment requirements for minor works

(Qld Dep't of Agriculture, Fisheries and Forestry, 2013, “Guide for the determination of waterways using the
spatial data layer Queensland waterways for waterway barrier works”, Table 1)

Wat_erway S Development Type
zoning .
colour Impact Bed-level Culvert Low impact Temporary
crossing crossing dam/weir works
Self- Self- Self- Self-
Green Low assessable assessable assessable assessable
Amber Moderate Self- Self- Development Self-
assessable assessable approval assessable
. Self- Self- Development Self-
Red High assessable assessable approval assessable
. Self- Development Development Self-
Purple Major assessable Approval approval assessable
Gre Maior Development Development Development Self-
g : Approval Approval approval assessable

The Department of Agriculture, Fisheries and Forestry have released the following publications related
to self-assessable development:

“Code for self-assessable development — Minor waterway barrier works Part 3: Culvert crossings”,
Code number: WWBWOL1 (April 2013).

The waterway zoning colour / risk of impact is available from the Queensland waterways for waterway
barrier works dataset from QSpatial (http://gldspatial.information.qld.gov.au/catalogue/custom/
index.page). TMR personnel can access this data via the “Hydraulics and Flooding Interactive Map”.
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8.7 Preliminary abrasion analysis

To determine the abrasion levels, the site must be assessed in accordance with the Road Drainage
Manual (Chapter 13) and observations from the BIS Level 2 and Level 3 inspections.

Determine the abrasion level from Table 8.7(a).
Table 8.7(a) — Pipe flow abrasion levels

(MTO Gravity Pipe Design Guidelines, 2005, Table C8)

Abrasion Level Description

1 Non-abrasive — no bedload

Low abrasion — minor bedloads of sand and gravel and

2 velocities of 1.5 m/s or less or storm sewer applications

3 Moderate abrasion — bedloads of sand and gravel with
velocities between 1.5 and 4.5 m/s

4 Severe abrasion — Heavy bedloads of gravel and rock

with velocities exceeding 4.5 m/s

Use Table 8.7(b) to assess the abrasion for typical re-lining materials.

Table 8.7(b) — Abrasion assessment

Material Abrasion Assessment

Reinforced concrete pipes Limit use of this material to moderate abrasion
scenarios with maximum two years average recurrence
interval flow velocity of 2.5 m/s to 3.0 m/s.

Structural concrete

Polymer precoated galvanised flexible Limit use of this material to moderate abrasion
metal culverts scenarios with maximum two years average recurrence
interval flow velocity of 4.5 m/s.

Selecting a material that does not satisfy the abrasion assessment criteria will reduce the design life of
the re-lining.

Concrete inverts are often recommended for increasing the abrasion resistance. If they are to be
added then the potentially detrimental impact on the durability of the culvert must be considered. The
fixings for the concrete invert should be appropriately durable and should be planned before the
culvert liner is installed. Fixings that penetrate “flexible” liners should be in place before the liner is
grouted.

Identify any abrasion investigations that should be conducted as part of the site investigations.
8.8 Preliminary design option report

The designer is to complete a preliminary design option report for the rehabilitation project. The report
is to include the information detailed below. A draft contents page is attached in Appendix H for
reference.

8.8.1 Options

Based on the options identified and the analyses undertaken, select the recommended option/s for
further analysis.

Prepare an engineering estimate for each option.
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8.8.2 Site investigations

The preliminary design needs to identify and detail the requirements and outputs for the site
investigation.
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9 Siteinvestigations

9.1 Introduction

The following should be considered where additional site investigations are required.
9.2 Alternative routes/sidetracks/partial road closures

Identify/confirm suitability of any alternative routes.

Walk sidetrack options and identify any restraints such as:

underground services

e overhead services

e geotechnical conditions

e road geometry — horizontal and vertical curves, sight lines, grades, transitions
e stream crossings

¢ traffic control

e owners of the land.

Review any proposals to replace the culvert under half road closures.
9.3 Durability
Collect sufficient information to assess the durability of the rehabilitated culvert options including:

e stream water pH? and resistivity

e soil pH and resistivity

o total dissolved salts

e samples of any unusual corrosion products

e any other information required to understand the cause of the corrosion of the existing
culverts.

9.4 Abrasion

Collect sufficient information to assess the abrasion resistance of the rehabilitated culvert options
including:

e areview of the abrasion performance of the existing culverts
e information on the grading of the material transported through the culvert — silts, sand, gravel,
rocks, and boulders.

9.5 Survey for culvert geometry

Accurate assessment of the geometry of the existing culvert is essential to determine the finished
geometry of any liners prior to construction to confirm the hydraulics of the culvert.

The extent and type of survey will depend on the options being considered. Accurate three
dimensional surveys will be necessary when the diameter of the liner must be set and material
ordered before construction commences.

For liners where the diameter is set before construction (e.g., reinforced concrete pipe liners, cast-in-
situ reinforced concrete liners and polymer precoated galvanised corrugated steel liners):

12 Refer Transport and Main Roads Test Method Q121.
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o Diameters are typically greater than 1,200 mm in diameter.

e Athree-dimensional survey sufficient to determine largest diameter straight cylinder that can
be inserted in the culvert at an appropriate grade must be undertaken. This will generally
require surveys of cross-sections at 2 m centres with 8 points per cross-section (refer
Appendix I). The survey should include bevel ends, and deliberately target points observed to
potentially encroach on the diameter of the relining cylinder (e.g., bulges, bolts). Laser
scanning, provided it picks up projections such as bolts, may also be used. The survey data
should be consistent with importing into 3 dimensional CAD software such as 12D.

e The three-dimensional survey shall include the road surface for 20 m on either side of the
culvert with particular care taken to collect sufficient information to identify the minimum cover
to each culvert barrel.

e The geometry of any headwalls and other hydraulic control features are to be included in the
survey.

e For culverts with a nominal diameter less than 900 mm:

— these culverts are too small for safe entry. Utilise robots and scanning technology where
appropriate.

General:

e The details of the current culvert: profile of corrugations (pitch x height), wall thickness.
e Confirmation that the culvert has not been previously relined.
e Details of headwalls, aprons and cut-off walls.

9.6  Survey for culvert voids

Voids behind culvert walls are unacceptable. By providing a path for water to flow through the
embankment, any void will compromise both the embankment and the interaction between the soll
and the culvert essential to support load and hence the potential loss of the embankment.

Inspect the culvert and identify:

e Any dips/depressions in the road above the culvert. These are a good indicator of voids/soil
loss and therefore an unsafe culvert that needs immediate action (especially if they increase
over time). Similarly, evidence of regular use of asphalt overlays/repairs may indicate a
growing depression and an unsafe culvert.

e Sink holes and wash outs in the embankments.

e Perforations in the culvert wall due to corrosion, poor construction, opening of joints and the
like.

e Areas where the shape of the culvert has been compromised, particularly if the walls have slid
past each other.

e Areas that sound “drummy” or “hollow” when tapped with a hammer.

e Mark the limits of any voids on the inside of the culvert with a durable marker, taking particular
care to identify the highest points in each void.

Soil lost from the embankment and/or from around the culvert must be reinstated as part of the
remedial works.

The most common strategy applied to fill voids around the culvert is to allow the fluid grout used to
grout the liner in place to flow into the voids behind the wall of the culvert under gravity. This can only
fill the voids when the grout can flow into each void and the air can escape from each void during each
layer of the grouting operation. Any voids that are above the level of any air venting point will not be
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filled during this style of grouting operation. Hence filling the voids will be required holes to be made in
the liner at the high point of each void that has been marked during the inspection.

Alternate methods of void rehabilitation will be required in situations where it is judged that the voids
cannot be sufficiently filled using fluid grout flowing under gravity through holes drilled in the liner.

9.7

Survey for culvert hydraulics

A quality survey of the stream, culvert and embankment may be required to provide sufficient
information to enable the hydraulic and environmental considerations to be accurately addressed.

The recommended survey requirements follow.

9.7.1

9.7.2

9.7.3

General

Locate positions and levels of objects that are likely to be sensitive to flooding.

Locate positions and levels of flood debris considered relevant.

In all cases, take photographs of:

— the inlet and the view looking upstream

— the outlet and the view looking downstream

— the inside of the culvert

— apanorama taken from road level above the culvert

— other locations that illustrate the survey cross-sections and the condition of the waterway.

For very simple watercourses

If the watercourse is very simple (or only an approximate answer is needed), the hydraulic
analysis can be completed with a single cross section at the culvert site. In this case, the
water level can be calculated using Manning's equation with a known or calculated water
surface profile. This simple method is much less accurate than methods using downstream
cross sections, but may be sufficient in some situations.

This simplified approach would commonly be restricted to small culverts.

In this case, the survey should provide a single cross section immediately downstream of the
culvert site. The cross section should extend sufficiently to reach the highest expected flood
level at the crossing and should be at right angles to the flow or along the road alignment. A
streambed profile may also be useful to improve the estimation of the flood slope that is used
in Manning's equation.

For a watercourse

Downstream of the crossing, the general requirement is to survey five cross-sections spaced
approximately 100 m apart. These cross sections should be at right angles to the flow and
should extend to higher than the highest expected flood level, so that the model can represent
all of the flow. The maximum surveyed level is usually higher than the bank level of the
stream, since over-bank or floodplain flow is common. The cross sections should represent
the downstream reach sufficiently to allow the backwater model to accurately calculate the
flood level immediately downstream of the culvert. In some circumstances, some changes
may be needed if the watercourse is small or large or there are other special features. These
five cross sections however are adequate for most situations.

Upstream of the crossing, five cross sections are also suggested, also spaced about 100 m
apart. These upstream cross sections ensure that the afflux or the impact of the crossing on
flood levels can be calculated accurately.
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9.7.4

9.8

As well as the cross sections, the streambed profile over the reach of the river upstream and
downstream of the bridge site (included with the cross sections above) should also be
surveyed. This helps in the estimation of the flood profile, as well as to identify locations where
there are changes in bed slope.

A survey at the road alignment itself should include the cross section at the culvert and
immediately upstream and downstream. There should be a survey of the profile of the road
crown and any drainage structures/headwalls.

For complex flood plains

The recommended survey requirements for complex floodplains are extensive and should be
developed in association with Structures section (Hydraulics). Complex floodplains are ones
where there is no clearly defined channel or flow path and floodplain flow occurs over a wide
expanse. Generally in these cases, the road crosses a wide floodplain where there may be
flow in a main channel as well as other minor channels and floodplain extents. There are
usually several bridges and culverts spaced along the road. It is often difficult to identify the
exact flow paths and distribution of flows. Most culverts aren’t in this category.

Geotechnical

Geotechnical investigations may be required to:

determine the modulus of elasticity of the soil surrounding the existing culvert for input into the
soil-structure interaction design of the liner

identify the geotechnical conditions likely to be encountered during the installation of a new
culvert on an alternate route

investigate expansive soil issues.

The design of culvert rehabilitation requires an estimate of the soil modulus of elasticity in the vicinity
of the culvert. This is often inferred from Dynamic Cone Penetrometer tests (Test Method Q114B) or
SPT test results taken at regular intervals from the surface of the road to a level 1 m below the invert
of the culvert from a borehole offset. Suggested locations are as indicated in Figure 9.8. Refer to the
Structures section for further advice.
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Figure 9.8 — Geotechnical sampling locations at 1 m centres: (a) 1.5 m from face of culvert, (b)

as close as possible to the culvert, and (c) between culverts

s o ¢
® ® ®
® [ ] ®
® ® [ ]
® ® ®
[ ] [ ] ®
@ () ()

Criteria for Inspection, Life Extension and Rehabilitation of Circular Corrugated Metal Culverts,
Transport and Main Roads, November 2015

53



Chapter 10: Assessment of Options

10 Assessment of options

Assess the options identified during the preliminary design in the light of the site investigation. This
assessment will include:

Vi.

Vii.

Reviewing site investigation data.
Determining the internal diameter of the liner based on the survey results.

Updating the hydraulic analysis to reflect the liner diameter and survey information. Refining
the options to satisfy the hydraulic, environmental and abrasion requirements.

Eliminating/adjusting options that are inconsistent with the durability and abrasion
assessments.

Reviewing structural capacity of refined options.
Where appropriate consulting with specialist contractors (refer Appendix G).

Updating engineering estimates, and

viii. Developing recommendations.

Report the recommended option. In some cases further site investigation or additional options may
need to be identified and assessed.
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11 Final design and documentation

Following review and acceptance of the recommended option:

Prepare and submit a development application under the Integrated Planning Act 1997 and
the Fisheries Act 1994 (if required).

Finalise the design of the culvert rehabilitation including ancillary items such as erosion
protection and new head walls in accordance with sound engineering and the requirements of
this manual.

Prepare drawings as required.

Assemble standard and supplementary specifications.

Update engineers estimate.

Deliver scheme.
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12 Summary

There is an increasing need to cost-effectively extend the life, rehabilitate or replace deteriorating
corrugated metal culverts.

This manual provides the technical information required to assist the department manage the risks
associated with defective CCMC through life extension, rehabilitation and/or replacement in
accordance with Australian and International practice.
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Appendix A: Behaviour of corrugated metal culverts

Introduction

This Appendix provides an introduction into the behaviour of corrugated metal culverts and how they
fail.

How corrugated metal culverts support load

Flexible culverts, such as corrugated metal culverts, rely on the support of the surrounding soil to
support the embankment and traffic above the culvert, deriving a major portion of their load-carrying
capacity through soil-structure interaction. Consequently, the surrounding soil is an essential structural
element of flexible culverts — without the interaction with the surrounding soil, flexible culverts cannot
sustain the embankment and traffic loads.

During construction, flexible metal culverts readily distort and require considerable care and
experience to install. This sensitivity is a consequence of the flexibility of the unrestrained culvert,
which readily distorts because the loads bend the walls of the flexible culvert. This flexibility is
measured by the parallel plate test where a tube of culvert material is loaded across its diameter.

During construction, flexible culverts distort. Careful construction processes and the bending strength
of the culvert wall control this distortion. Once the flexible culvert is encapsulated within the
embankment, the soil provides the support necessary to prevent this distortion (Pritchard, 2008).

In the parallel plate test, the vertical deflection is associated with a horizontal deflection at the spring
line. This process is often referred to as “ovaling” where the reduction in the vertical diameter is similar
to the increase in the horizontal diameter. When the culvert is surrounded by soil, the ovaling is
restrained by the horizontal stiffness of the ground at the springline. Thus the culvert is being
subjected to vertical compression forces due to the loading and horizontal compression forces due to
the restraint provided by the soil — essentially, compression forces in the soil surround the culvert.
Thus ring compression forces in the culvert wall become important and the stiffness of the culvert
increases substantially.

As the depth of fill is increased further, both the soil adjacent to the pipe and the culvert deflect and
the culvert must support its share of the applied loading as a ring compression load. The ring
compression load due to the embankment (Fg) is typically calculated from a relationship of the
following form:

2FGc = KXW or 1)
Fe = 0.5KxW 2
where: W = the weight of the soil prism above the springline (3 and 9 o’clock) of the culvert (refer

Figure Al), and

K = a constant dependent on the properties of the soil and the culvert.
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Figure A1 — Soil prism (W) and ring compression force (Fc)

Vertical equilibrium indicates that the weight of the soil above the springline must be resisted by
integral of the vertical soil pressures and 2Fc. If there are no shear stresses along the vertical
boundaries of W, then K = 1.0 and Fc = 0.5W.

Arguments abound over the appropriate value of K, with many arguing that K < 1 because the soil
arches over the culvert, particularly for large depths of fill over the culvert. Terzaghi (AS/NZS 2566.1
Supplement 1) conducted experiments in the 1920s involving measuring the force exerted on the floor
of a slot as it was lowered away from the soil above which showed that K < 1. This became known as
the silo effect and can still be found in the Commentary to AS 2566.1.

Haggag (1989), whose research forms the basis of the current Canadian Bridge Design Codes
provisions for the design of flexible metal culverts, states that the ring compression load depends on
many parameters including:

1. the ratio of the hoop stiffness of the culvert to the stiffness of the soil
the flexural stiffness of the culvert and the stiffness of the soil support
the shape of the culvert

the ratio of the depth of fill to the diameter of the culvert

the quality of the backfill

the extent of the engineered backfill around the pipe

the stiffness of the foundation stratum below the culvert.

No o wDdN

Haggag observes that the ring compression force generally exceeds the loading applied at the crown
level (i.e., K > 1) — an observation at odds with the view that the soil arches over the culvert once the
fill depth exceeds a certain level.

In the case of multiple barrel culverts there is little opportunity for arching and so K is unlikely to be
less than 1.0.

Wheel loads are distributed through the soil as pressure. In the case of substantial fill depths, live
loads can be considered as applying uniformly distrusted (pg) at the crown of the culvert and the ring
compression forces due to the life load (Fq) is estimated in a manner analogous to the calculation of
Fa:

FQ = 0.5KxpQxD )

For shallow fill depths, the culvert carries the entire wheel load and bending is induced in the culvert
as well as the ring compression force.
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How corrugated metal culverts fail

A failure of a corrugated metal culvert saw five people drown on 8 June 2007, when their car drove
into a chasm on the Old Pacific Highway near Somersby, NSW, plunging into the floodwaters below.
Investigators appointed to provide expert advice to the coroner concluded that the cause of the
collapse of the embankment above the culvert was the failure to adequately maintain the culvert
(MacMahon, 2008).

The expert’s reporting to the Coroner in the case of the Old Pacific Highway failure were in agreement
as to the mechanism that resulted in the failure of the road. They described the process as follows
(MacMahon, 2008):

e ‘The mechanism of collapse commenced with the abrasion/corrosion of the inverts of the
corrugated steel pipes.

e Once the invert had been substantially perforated, the water flowing through the pipes began
to wash soil out from around and beneath the pipes, causing voids around and eventually over
the pipes.

e The ongoing loss of embankment fill material, as it was washed away by the flowing water
through the culvert, progressively reduced the stability and integrity of the embankment.

e The progressive loss of embankment fill material and creation of voids caused subsidence to
occur on the road surface above the pipes.

e The rain event on 8 June 2007 combined with the pre-existing instability and loss of integrity
caused by the formation of the voids above and around the pipes resulted in the collapse of
the embankment above the culvert and subsequent complete washout of the embankment fill
material.

This failure process highlights the following:

e The importance of ensuring that soil is not lost from behind the wall of any culvert, but in
particular flexible culverts such as corrugated metal culverts that rely on the interaction with
the soil to provide support, and

e That the loss of soil, even from around a small culvert, can result in a large eroded chasm with
the potential for catastrophic consequences.

e That culverts of all sizes need to be managed, particularly those under large depths of fill.

While this failure was initiated by an abraded/corroded invert, there are also examples of corroding
obverts where snap-through buckling is of concern, especially when the lost bending and axial
strength from corrosion is combined with the bending effects induced because of low depths of fill over
the culvert.

Examples of both of these deterioration mechanisms can be found in Queensland corrugated metal
culverts. Figure A2 illustrates the more common corrosion and/or abrasion damage to inverts.
Figure A3 and Figure A4 show examples of severe corrosion to the structurally critical upper half of
the culvert.
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Figure A2 — A deteriorated invert in a corrugated metal culvert showing substantial
perforations

Figure A3 — A culvert exhibiting perforations due to corrosion to the upper portion of the
culvert
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Figure A4 — An aluminium culvert exhibiting local crushing due to corrosion of the upper
portion of the culvert
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Appendix B: Hydraulics and Manning’s ‘n’

Introduction

This Appendix provides some information that may be of assistance in calculating the hydraulics
performance of rehabilitated culverts. It highlights the most relevant portions of the department’s Road
Drainage Manual and provides some additional information pertaining to the hydraulic roughness of
corrugated metal culverts.

General
Hydraulic considerations and environmental factors may dictate the viable solution options.

It is crucial that the hydraulics of the rehabilitated culvert is acceptable in order to guard against
factors such as:

e the loss of embankments from overtopping
e unacceptable scour

e inundation

e abrasion/sedimentation

e ponding

o fish passage.

The following sections of the department’s Road Drainage Manual provide further advice regarding the
hydraulic design of culverts:

e Chapter 2 General design requirements

e Chapter 3 Strategic planning & development control
e Chapter 5 Hydrology

e Chapter 9 Culvert Design

Some additional information regarding the roughness of various different profiles of corrugated metal
pipes is presented below.

In cases where advanced hydraulic analyses are required, advice should be sought from Hydraulics
and Flooding section.

Manning’s ‘n’ for Corrugated Metal Culverts

Austroad’s Guide to Road Design Part 5B Drainage — Open Channels, Culverts and Floodway's
Table 2.1 lists the accepted Manning’s n values for corrugated metal pipe and structural plate pipe.

In addition to this, the US Army Corps of Engineers Hydrologic Engineering Center in their HEC-RAS
River Analysis System Hydraulic Reference Manual (Version 4.1 January 2010) detail values in
Table 6-2, which are reproduced here in Table B1.
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Table B1 — Manning Roughness Coefficients (‘n’) for Corrugated Metal Pipe (Table 6-2, HEC-
RAS River Analysis System Hydraulic Reference Manual, January 2010)

Type of Pipe and Diameter Unpaved 25% Paved Fully Paved
Annular 2.67 x 2 in. (all diameters) 5 N N

Helical 1.50 x 1/4 in.: 0.024 0.021 0.021
§ inch diameter 0.012
10 inch diameter 0.014

Helical 2.67 x 2 inc.:
12 inch diameter 0.011
18 inch diameter 0.014
24 mnch diameter 0.016 0.015 0.012
36 inch diameter 0.019 0.017 0.012
48 inch diameter 0.020 0.020 0.012
60 inch diameter 0.021 0.019 0.012
Annular 3 x 1 in. (all diameters) 0.027 0.023 0.012

Helical 3 x 1 in.:
48 inch diameter 0.023 0.020 0.012
54 inch diameter 0.023 0.020 0.012
60 inch diameter 0.024 0.021 0.012
66 inch diameter 0.025 0.022 0.012
72 mnch diameter 0.026 0.022 0.012
78 mch & larger 0.027 0.023 0.012
Corrugations 6 x 2 in.:

60 inch diameter 0.033 0.028
72 inch diameter 0.032 0.027
120 inch diameter 0.030 0.026
180 inch diameter 0.028 0.024

[AISI, 1980]

Another publications, the Ministry of Transport Ontario’s MTO Gravity Pipe Design Guidelines —
Circular Culverts and Storm Sewers (2005) provides information regarding Manning'’s ‘n’ for different

concrete, metal and plastic pipes. A summary is presented in Table B2 and further details follow.
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Table B2 — Manning Roughness Coefficients (‘n’) for Circular Pipe (Table C6, MTO Gravity Pipe
Guidelines, September 2005) 3

Manning Roughness Manning Roughness

AT HETRE Coefficients (Range) Coefficients (Default)
Concrete
Precast pipe 0.011-0.013 0.012
Wood forms, rough 0.015-0.017 0.016
Wood forms, smooth 0.012-0.014 0.013
Steel forms 0.012-0.013 0.012
Steel Pipe
Corrugated Steel Pipe
68x13 mm helical
Unpaved: 600 to 2000 mm diameter 0.016-0.021 Refer to Table C2
125x%25mm helical
Unpaved: 1200 to 3000 nun diameter 0.021-0.025 Refer to Table C2

Structural Sreel Plate

152x5 1lnmun corrugation (annular)

Unpaved: 1500 - 3000 mm diameter

0.032-0.033

Refer to Table C2

Spiral Rib Steel Pipe

19x%19%x190mum sparal rib

Unpaved 0.012 0.012
High Density Polyethylene Pipe
Smooth Inside Wall 0.011-0.013 0.012
Corrugated Inside Wall 0.017-0.024 Refer to Table C3
Palvvinvl Chloride — Smooth Inside Wall 0.011-0.013 0.012

Reference: Ministry of Transportation Ontario, “1997, “MTO Drainage Management Manual, Part 37, pg. 36 and

Recomunendations from CSP Manufacturer’s.

13 Note: Table C3 not reproduced here
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Table B3 — Manning’s ‘n’ value for selected corrugated metal culvert profiles to 1500 mm
diameter (Table C2 — page 1 of 2, MTO Gravity Pipe Guidelines, September 2005)

Nominal & Actual | Corrugation Manufacture | Joint Type Manning ‘n’ Available
Insit!e (PitchxDepth) Type* Available® Value Thickness ™*
Diameter (Avg.) Profile {mm)
{mm) {mm)
150 I8x65 H CC,UCTF 0.012 13,16
200 I8x65 H CC,UCTF 0.012 13,16
250 xS H CC,UCT 0.012 1.3, 16
300 68x 13 H CCUCGFE 0.013 16,20
400 68x 13 H CCUCGF 0.014 16,20
450 68x 13 H CCUCGF 0.014 16-28
19 19 x 190 SE SCCG 0.012 16-2.0
300 68x 13 H CCUCGF 0.015 16-2.8
192 19 190 SE SCCG 0.al12 16,20
525 19 19 x 190 SE SCC.G 0.012 16,20
600 68x 13 H CCUCGF 0.016 16-28
19 19 190 SE SCCG 0012 16-238
675 15 19 190 SE SCCG 0.012 1628
700 68x 13 H CCUCGEF 0.017 16-28
19 19 190 SE SCCG 0.012 16-28
750 19 19 x 190 SE SCC.G 0.012 16-2.8
300 68x 13 H CCUCGFE 0.017 16-28
15 19 190 SE SCCG 0.012 1628
825 193 19 % 190 SE SCCG 0.012 16-28
200 68x 13 H CCUCGF 0.018 16-35
19 19 x 190 SE SCCG 0.012 16-2.8
975 19 19 % 190 SE SCCG 0.al12 16-238
1000 68x 13 H CCUCGF 0.01% 16-42
19 19 % 190 SE SCCG 0.012 1628
1050 19 19 x 190 SE SCCG 0.012 16-2.8
1200 68x 13 H CCUCGF 0.020 20-42
125x25 H CCUCGF 0.021 20-33
159 19 % 190 SE SCCG 0.012 20,28
13350 19 19 % 190 SE SCCG 0.012 20,28
1400 68x 13 H CCUCGF 0.021 2842
125x 25 H CCUCGF 0.022 20-335
18 19 x 190 SE SCCG 0.012 20,28
1500 125x25 H CCUCGF 0.022 20-35
152x 51 SPP BS 0.033 30-7.0
19 19 % 190 SE SCCG 0.012 20,28
Page 1 of 2
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Table B4 — Manning’s ‘n’ value for selected corrugated metal culvert profiles — from 1600 mm
(Table C2. — page 2 of 2, MTO Gravity Pipe Guidelines, September 2005)

Nominal & Actual | Corrugation Manufacture | Joint Type Manning ‘n® Available
Insit!e (PitchxDepth) Type* Available® Value Thickness ™*
Diameter (Avg.) Profile {mm)
(mm) (mm)
1600 68x 13 H CCUCGF 0.021 2842
125 x25 H CCUCGF 0.023 20-33
15 19 190 SE SCC.G 0.012 20,28
1660 152x 51 SPP BS 0.033 30-70
1800 68x 13 H CCUCGF 0.021 3542
125x 25 H CCUCGF 0.024 20-33
15 19 x 190 SE SCC.G 0.012 18
1810 152x 51 SPP BS 0.033 3i0-70
1970 152x 51 SPE BS 0033 3I0-70
2000 68x 13 H CCUCGF 0.021 42
125x25 H CCUCGF 0.025 20-33
16 19 190 SE SCCG 0.012 218
2120 152x 51 SFF B5 0.032 3i0-70
2200 125x25 H CC,.GF 0.025 20-33
16 19 190 SE SCCG 0.012 18
22R0 152x 51 SPE BS 0.032 3i0-70
2400 125=25 H CC,.GF 0.025 20-33
15% 19 x 190 SE SCC.G 0.012 18
2430 152x 51 SPE BS 0.032 30-740
2580 152x 51 SFF B5 0.032 3i0-70
2600 15 19 x 190 SE SCC.G 0.012 18
2700 125 x 25 H CC,.GF 0.025 20-335
2740 152x 51 SPE BS 0.032 3I0-70
3000 125x25 H CC,.GF 0.025 2835
Notes:
1. Curside Dizmeter Calculated to be Inside Diameter + Wall thickness + Cormugation Depth Wall Thickness
2. Cnstom diameters are avatlable for relimng of existing pipes.
3. Wall thickness Spectfied as 1.3, 1.4, 2.0, 2.8, 3.5 apd 4.2 tom for C3P. For acmal dimensions, wall thickness

should be taken as 1.12, 1.40, 1.82, 2.64, 3.35, and 4£.08 mm, respectively for CS5P (C5PL 2003). For SPP, wall
thickness” for dimensioning should be tsken to be 3.4, 5, §, and 7 mm.

Cormgzanon Profile Types: H = Helical, 3R=5piral Fib, 3PP = Smucrural Plate Pipe

Joint Types (C5A G401-01): CC = Cormuzated Coupler; UC = Universal Coupler, SCC = Semt Cormeated
Couplar, BS = Bolted Seam, & = Gaskets, F =Filter Cloth. Spectal Couplers available for severs or unusual site
condinons and relining

Anmmlar (Fiveted) mamifacture type may be supplied provided higher Manning ‘n’ value of 0.024 is used.
Mzterials and sizes listed in the table above were available at the mmne this manual was produced (April 2005).
Dresigners should verify that the informanon and standards referenced m the table are s1ll applicable, and the pipe
rvpes stll available.

g

Faferance: Cormugated Steel Pipe Instimte, 2005 and C5A G401-01
Flow capacity of relined culverts

Relining a culvert results in a reduction in waterway area and a consequent increase in velocity. These
increased velocities will increases the entry and exit losses. Changes to physical arrangements at the
inlet and outlet will also impact on these entry and exit losses. In addition, the roughness will be
reduced as can be deduced from the Manning roughness coefficients presented in Table B1 to B4.

It is therefore not possible to make any general statements regarding the flow capacity of lined
culverts compared with the original metal culvert. It is recommended that a check of the hydraulic
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adequacy of a relined culvert be undertaken. Such determinations can be made using the methods
presented in the Road Drainage Manual.
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Appendix C: Durability

Introduction

The rehabilitation of a culvert is a substantial investment. Thus it is important to rehabilitate in a
manner that achieves a 100 year design life (refer Section 4.1).

While there may be sufficient hydraulic capacity to rehabilitate the culvert once by relining, it is unlikely
that a second rehabilitation will be possible due to restrictions in the flow. Even concrete inverts can
restrict the options and waterway area of the relined culvert.

Typically corrugated metal culverts are being rehabilitated because the corrosion/abrasion has lead to
unacceptable risks should the culvert remain in service. It is therefore prudent to ensure that the
rehabilitated culvert has adequate durability. A discussion of the durability of the primary options
follows.

Structural concrete inverts

Concrete inverts have traditionally been used for two purposes. Firstly as abrasion protection for the
invert and secondly as a structural replacement for a corroded/abraded invert.

Experience has shown that rehabilitating corroded inverts with structural concrete have a life of five to
20 years, as corrosion occurs at the junction between the concrete and the corrugated metal culvert.

In addition, the ring compression forces that prevents the culvert collapsing need to be transferred
from the steel to the concrete in a manner that is consistent with the eccentricities involved. This
structural connection between the steel and the concrete is difficult to achieve in a manner that does
not compromise the durability of the culvert and that can be readily inspected.

Structural concrete inverts are emergency life extension projects rather than rehabilitation projects and
are discouraged.

Reinforced concrete pipes

Conventionally reinforced concrete pipes are a standard product with a targeted design life of
100 years.

The durability design shall be in accordance with MRTS25 Manufacture of Precast Concrete Pipes.
Structural concrete linings

The durability design of cast-in-situ reinforced concrete shall be 100 years in accordance with
MRTS70 Concrete and AS 5100.5. The minimum exposure classification shall be B2. In scenarios
where the exposure classification is greater than B2, the support of Structures section should be
sought.

Lining a culvert with conventional cast-in-situ reinforced concrete is typically uneconomic because of
the high cost of fixing the reinforcement and formwork within the culvert. Extremely large culverts are a
possible exception.

In general, shot-crete liners are not recommended for culvert rehabilitation. The quality of the result is
operator dependent and characterised by: rough uneven surfaces; variable density — low density near
the surface tending towards higher densities at depth; “shadows” or voids behind the reinforcement;
high permeability; and poor durability.
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Corrugated metal culverts as liners

Rehabilitating a galvanised metal culvert by relining it with a galvanised metal culvert is not
recommended.

Polymer precoated galvanised steel may be used in non-corrosive/normal/mildly corrosive conditions
provided they satisfy the durability requirements of AS 2041.1. Table C1 is an extract from AS 2041.1
and provides some guidance for the selection of material types for buried corrugated metal structures.
For further information refer to AS 2041.1.
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SELECTION OF MATERIAL TYPE FOR BURIED CORRUGATED

METAL STRUCTURES (Notes 1 and 2)

Table C1 — Selection of material type for buried corrugated metal structures (AS/NZS 1041.1
Table 3.4)

‘Non-
4 . Non- .
Material and coating cﬁ::swle/ c:f:.lodsli!;e Corrosive abrasive/Low ?;f:;;::: ab}:;i?on
condi]tril:ns abrasginn.
Galvanized steel with
steel invert, water in
contact with steel ¥ ¥ L] X L o
during normal flow
Ga]VamZ?d Steel‘“‘rlth v y N v vy v
concrete invert lining
Galvanized steel with
no 1r|vert,.water not in v v N Y v v
contact with steel
during normal flow
Aluminium Y Y See Note 1(e) Y N N
A]ummlulm w1th' ) v See Note 1(e) v
concrete invert lining
Aluminium with no
invert, water not in
contact with Y Y See Note 1(e) Y Y Y
aluminium during
normal flow
Polym;r precoated v v See Note 1(f) v v N
galvanized steel
Polymer precoated
galvanized steel with ¥ Y See Note 1(f) Y Y b4
concrete invert lining

NOTES:

1 The terms used in the headings are defined as follows:
(a) Non-corrosive—material acceptable when pH 5-12, resistivity 210 000 ohm-cm.

(b) Normal conditions—material acceptable when pH 5-8, resistivity 2000-10 000 ohm-cm.

(c) Mildly corrosive—material acceptable when pH 5-8, resistivity 1500-2000 ohm-cm.
(d) Corrosive (galvanized steel)—material acceptable when pH 5-10, resistivity >1500 ohm-cm.

(e) Corrosive (aluminium)—material acceptable when pH 4-9, resistivity >500 ohm-cm, except
where structures are exposed to sea water, resistivity >35 ohm-cm
) Corrosive (polymer precoated)—material acceptable when pH 3-12, resistivity >100 ohm-cm.

(2) Non-abrasive—No bed-load regardless of velocity.
(h) Low abrasion—Minor bed-load of sand and gravel, velocity <1.5 m/s.
(i) Moderate abrasion—Bed-load of sand, small stone and gravel. velocity >1.5 and <4.6 m/s.
) High abrasion—Heavy bed-load of gravel and rock, velocity >4.6 m/s.

Abrasion velocity should be evaluated on the basis of frequency (average recurrence interval) and

duration. Consideration should be given to a frequent storm such as a 2 y event (average recurrence

interval) or to the mean annual discharge or less when velocily determination is necessary.

The values in the Table are the ranges within which the material has given satisfactory performance.

Where cementitious material is used in conjunction with the aluminium structures, a barrier

coating/membrane (e.g. epoxy paint system) shall be applied at the aluminium/cement interface unless

all of the following conditions are met:

(a) Long-term (cured) pH of the cementitious material is <9.

(b) No additives or contaminants are present in the cementitious material. These may result in a more
corrosive environment.

(c) The cementitious material usually remains dry throughout the life of the structure (e.g. ring
beam) or is relatively impermeable.

(d) The environment is non-corrosive and is not marine, saltwater or salt spray.

Good quality well-placed/compacted concrete usually satisfies conditions (a). (b) and (c) above.

All steel reinforcing and other dissimilar metals (other than those accepted in other parts of this

Standard) shall be electrically isolated from the aluminium structure. This may be achieved by

protective coating or by physical separation via plastic packers/chairs.
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Appendix D: Structural design and design curves of liners

This Appendix provides some additional information for the design of liners for the rehabilitation of
culverts14,

Corrugated metal liners

Design as if the culvert was a flexible steel culvert to AS/NZS 2041.1 Buried corrugated metal
structures Part 1: Design methods.

The steel reinforcement is assumed to support the loads and the structural contribution of the
relatively soft high-density polyethylene is neglected.

The steel used in polymer precoated galvanised corrugated metal culvert liners differs from that of
standard galvanised metal culverts. A yield strength of the steel of 22.7.5 MPa is applicable (refer
AS 2041.4 Table 3.3(A).

Geometry of polymer precoated galvanised corrugated metal liners to AS 2041.4

The section properties of polymer precoated galvanised corrugated metal culverts are presented in
Table 18 (refer AS 2041.4 Table 3.3(B) to (E)). The profiles available in 2012 with the polymer
precoating are shaded in Table 18.

Table D1 — Section properties of corrugated metal liners

Second Elastic . Plastic Dist t(.) Range of
. . Radius of . centroid .
Profile Area moment section . section . Available
gyration from inner .
of area modulus modulus face Diameters
A | Wy i W, de IDMin  IDMax
mm¥mm  mm*%mm  mm%mm mm mm*/mm mm mm mm
S38 x 6.5 x 0.92 Poly 0.974 4.11 1.13 2.05 1.76 3.25
S38 x 6.5 x 1.22 Poly 1.3 55 1.45 2.06 2.36 3.25
S38 x 6.5 x 1.52 Poly 1.62 6.88 1.75 2.06 2.95 3.25
S68 x 13 x 1.22 Poly 1.32 24.66 3.54 4.32 5.06 6.5
S68 x 13 x 1.52 Poly 1.65 30.77 4.33 4.32 6.31 6.5 300 1200
S68 x 13 x 1.91 Poly 2.06 38.65 5.29 4.33 7.93 6.5 300 1500
S68 x 13 x 2.67 Poly 2.88 54.41 7.08 4.35 11.18 6.5 600 1650
S68 x 13 x 3.42 Poly 3.7 70.33 8.72 4.36 14.48 6.5
S68 x 13 x 4.18 Poly 4.52 86.53 10.25 4.37 17.87 6.5
S75 x 25 x 1.52 Poly 1.89 141.92 10.54 8.66 14.51 125 1500 2600
S75 x 25 x 1.91 Poly 2.37 178.42 13.07 8.68 18.23 12.5 1350 2850
S75 x 25 x 2.67 Poly 3.31 251.65 17.93 8.71 25.65 12.5 1350 3300
S75 x 25 x 3.42 Poly 4.26 325.88 22.61 8.75 33.16 12.5
S75 x 25 x 4.18 Poly 5.21 401.65 27.15 8.78 10.81 12.5
S125 x 25 x 1.52 Poly 1.69 145.08 10.54 9.28 14.1 12.5
S125 x 25 x 1.91 Poly 2.11 181.97 13.04 9.28 17.68 12.5
S125 x 25 x 2.67 Poly 2.95 255.47 17.82 9.3 24.81 12.5
S125 x 25 x 3.42 Poly 3.79 329.32 22.38 9.32 31.98 12.5 1200 3600
S125 x 25 x 4.18 Poly 4.64 404.03 26.77 9.34 39.24 12.5

Figure D2 presents the results of a design calculation for the available profiles for sample parameters.
Combinations of diameter and depth that lie within the curves are acceptable. The vertical line to the
left is the minimum installation diameter.

14 The design of rehabilitation liners is still under development and consequently the processes will change as
experience increases and research continues.
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Figure D1 — Design charts for polymer precoated corrugated metal culverts designed to
AS 2041.1 (medium soils to 85% standard compaction)
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The Secant modulus of soil stiffness (Es) used in the calculation is derived from AS 2041.1:2011

Table 5.5.1(B) for the soil type under consideration (refer Table 15).

Table D2 — Secant Modulus of Soil Stiffness (Es) (AS 2041.1:2011 Table 5.5.1(B))

ar

Soll type Standm:d Vertical stress level (o,), kPa

compaction 7 35 70 140 | 280 | 420

I-—Coarse 100 16.2 238 | 290 379 | 51.7 64.1
95 13.8 17.9 | 20.7 23.8 29.3 34,5_

90 8.8 10.3 11.2 12.4 14.5 T2

85 3.2 3.6 3.9 4.5 5.7 6.9

2—Medium 95 9.8 11.5 | 12.2 13.0 14.4 16.4

90 4.6 5.1 5.2 5.4 6.2 7.7

85 25 2.7 2.8 3.0 35 4.8

3—Fine 95 3.7 43 48 5.1 5.6 6.2

90 1.8 2.2 2.4 2.7 3.2 36

85 0.9 1.2 1.4 1.6 2.0 24

NOTE: Type 3 soils are included in this Table for reference purposes only. Type 3
soils are not considered appropriate as select fill for buried corrugated metal

structures (see AS/NZS 2041.2).

Criteria for Inspection, Life Extension and Rehabilitation of Circular Corrugated Metal Culverts,
Transport and Main Roads, November 2015

72



Appendix D: Structural Design and Design Curves of Liners

Precast concrete pipe liners

Design to AS/NZS 3725 Design for installation of buried concrete pipes, assuming that the loading
scenario is consistent with pipe jacking scenario (refer AS 3725 CI 6.3.3.4 Jacked (thrust) or bores
pipes condition) and the live loads and load distribution are consistent with MRTS25 and AS 5100.2.

Note that the design charts presented in this report are NOT applicable to installations in trenches or
prior to the construction of embankments. They are only applicable to the pipe jacking scenario where
they are inserted through a competed stable embankment.

Figure D2 presents the results of a design calculation for the available profiles for sample parameters.
Combinations of diameter and depth that lie to the left of the curves are acceptable.

Note that the advice from the pipe jacking industry is that Class 4 pipes are the minimum Class of
reinforced concrete pipes that should be jacked through an embankment or around a culvert, although
in certain circumstances it may be acceptable to jack Class 3 pipes as liners.

Figure D2 — Design charts for reinforced concrete pipes designed to AS 3725 (Curve A and soft
clay) pipe jacking scenario

Note: applicable only to single barrel culverts used in a pipe jacking scenario. The results are non-
conservative for other scenarios such as multiple parallel pipe jacked pipes, pipes installed in
trenches, or under embankments.
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The soil parameter options available in AS 2725 are summarised in Table D3 and Table D4.
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Table D3 — Type of soil (AS 3725:2007 Table 3)

Type of soil Parameter c
Clay Soft 2
Clay Firm 15
Clay Stiff 50
Sand Very Loose 0
Sand Loose 5
Send Dense 15
Loam Saturated 5

Table D4 — Curve parameters (AS 3725:2007 Supplement Table C1)

Curve Ku'
Curve A = wet clay (cohesive sails) 0.11
Curve B = clayey sand (mildly cohesive soils) 0.15
Curve C = sand and gravel (cohesionless) 0.19

Structural inverts: Cast-insitu reinforced concrete

Structural concrete inverts are not considered a rehabilitation strategy due to the limited life extension
usually achieved, the questionable nature of the connections between the structural concrete and the
corrugated metal culvert, and the inability to inspect the critical regions of the culvert. For those
occasions where it is considered appropriate to use a structural invert to extend the life before
rehabilitation or replacement the following information is provided.

This solution is only viable when it has been demonstrated by measurement that there is insignificant
(say < 10%) loss in section in the areas that will not be strengthened by the structural invert.

The reinforcement shall satisfy the minimum requirements of AS 5100.6 for shrinkage, temperature
and flexural reinforcement and be designed for a minimum exposure classification of B2.

The structural invert and its connection to the corrugated metal culvert shall resist 1.15N* and the
minimum design actions on connections as set out in AS 5100.6 C1 2.3.1 where the ultimate ring
compression force (N*) is determined as per AS 2041.1.

The design shall consider the effects of eccentricities between the original culvert wall and the
structural invert.

Regard structural reinforced concrete inverts as a life extension and not as a rehabilitation.
Cast-insitu reinforced concrete liners

In circumstances such as large diameter corrugated metal culverts (or arches) or large depths of fill
above the culvert, rehabilitation involving the construction of a structural concrete liner may be
appropriate5. Cast-in-situ reinforced concrete liners are suitable for internal host diameters of

1500 mm to 4000 mm and depths of fill from 0.5 m to 10 m*6. Wall thicknesses and steel reinforcing
will change from culvert to culvert.

The cast-insitu concrete liners are to be designed in accordance with Section 4.7.3 of this document.

15 Subject to successful outcomes of trials.
16 Larger diameters and greater depths of fill may be viable. Refer to Structures section for advice.

Criteria for Inspection, Life Extension and Rehabilitation of Circular Corrugated Metal Culverts,
Transport and Main Roads, November 2015 74



Appendix D: Structural Design and Design Curves of Liners

Bracing and Grouting

Grouting of liners induces substantial pressures while the grout remains in its fluid state.

Liners may need to be braced before grouting and the grouting conducted in layers with each layer
setting before subsequent layers are being added. The bracing system and grouting procedure shall
be designed to:

a)
b)
<)

d)
e)

hold the liner in place during grouting

prevent floatation of the liner during grouting

ensure that the braced cross-section dimension of the assembled Liner prior to grouting shall
not differ from the specified values by more than +2% (to be confirmed)

satisfy the strength limit state at all stages of grouting

ensure that the final shape does not differ from the specified shape by more than +2%.

This is usually the responsibility of the specialist contractor. It is particularly important for flexible
liners, some of which can readily distort under grout pressures.

Section 4 provides the recommended pressures applied by the grout for the design of the liner and its
bracing system.
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Appendix E: Live load pressures

The average bearing pressure for various depths below the road surface (H) are presented in
Table E1 and Figure E1 at serviceability limit state loads and in Table E2 and Figure E2 for ultimate
limit state loads. These results include: dynamic load allowance, accompanying lane factors, load

distribution and load factors in accordance with AS 5100.2.

The design pressures for three or more loaded lanes are less critical than two lanes loaded.

The HLP400 loading is critical for fill depths greater than 1.6 m at the serviceability limit state. The

HLP400 loading is critical for fill depths greater than 2.5 m for the ultimate limit state.

Table E1 — Serviceability limit state live load pressure (kPa) versus depth of fill above the

crown of the culvert (H)

H (m)

0.8
0.9
1.0
1.2
14
1.6
1.8
2.0
2.5
3.0
3.5
4.0
4.5
5.0
6.0
7.0
8.0
9.0
10.0
12.0
14.0
16.0
18.0
20.0

w80

37.0
27.4
21.0
16.5
13.2
8.7
6.1
4.6
3.5
2.8
2.3
1.6
1.2
0.9
0.7
0.6
0.4
0.3
0.2
0.2
0.2

A160
(1 Lane)

37.0
27.4
21.9
18.0
15.0
10.8
8.1
6.3
51
4.2
3.5
2.5
1.9
15
1.2
1.0
0.7
0.5
0.4
0.3
0.3

SM1600 (1
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A160 M1600 M1600
(2 Lanes) (1Lane) (2Lanes)
104.3 102.1 83.0
85.3 78.5 67.8
71.2 62.1 56.6
60.3 50.4 48.0
51.7 41.9 41.5

33.4 35.2
27.2 30.2
24.3 235
19.8 20.7
16.3 18.3
12.0 14.6
94 12.0
7.6 10.3
6.3 9.1
5.3 8.1
4.5 7.2
3.4 5.9
2.7 5.0
2.2 4.4
1.8 3.9
15 3.4
11 2.8
0.8 2.3
0.7 2.0
0.5 1.7
0.4 1.5

HLP 400

60.7
51.5
44.4
34.0
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Figure E1 — Serviceability limit state live load pressure versus depth of fill above the crown of

the culvert
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Table E2 — Ultimate limit state live load pressure (kPa) versus depth of fill above the crown of

the culvert (H)

SM1600 (1
A160 A160 M1600 M1600
H (m) W80 (1 Lane) (2Lanes) (1Lane) (2Lanes) &2 HLP 400
Lanes
187.7 183.8 149.3
. 153.6 141.2 122.0
0.8 128.1 111.8 101.8 91.1
0.9 108.5 90.7 86.4 77.3
1.0 93.0 75.4 74.6 66.5
1.2 66.7 66.7 60.1 63.4 50.9
1.4 49.3 49.3 49.0 54.3
1.6 37.7 394 43.8 42.3
1.8 29.6 324 35.6 37.3
2.0 23.7 27.1 294 33.0
25 15.6 19.4 21.7 26.3
3.0 11.1 14.6 17.0 215
35 8.2 11.4 13.7 18.6
4.0 6.4 9.1 11.3 16.3
4.5 51 7.5 9.5 14.5
5.0 4.1 6.3 8.1 13.0
6.0 29 4.6 6.2 10.6
7.0 21 35 4.8 9.0
8.0 1.7 2.8 3.9 7.9
9.0 13 2.2 3.2 6.9
10.0 11 1.8 2.7 6.2
12.0 0.7 1.3 2.0 5.0
14.0 0.5 1.0 1.5 4.2
16.0 0.4 0.8 1.2 35
18.0 0.3 0.6 1.0 3.0
20.0 0.3 0.5 0.8 2.7
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Figure E2 — Ultimate limit state live load pressure versus depth of fill above the crown of the

culvert
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Appendix F: Live load ring compression forces and working load on culvert

Ring compression force

The ring compression force for various depths of fill and culvert diameters is presented in Table F1
and Figure F1.

The ring compression forces make no allowance for arching (positive or negative) and are the
maximum ultimate ring compression force for W80, A160, M1600 and HLP 400 loads. The loads also
include the dynamic load allowance, accompanying lane factors, one and two lanes and load factors,
with the maximum ring compression force being presented. The loads are distributed through the soil
as per the AS 5100 truncated prism method.

In the case where the fill depth is shallow and the culvert diameter is large, more than one axle can
apply load to the culvert and the ring compression force is less than would be calculated by simply
multiplying the pressure by the diameter/2. This effect is also incorporated. The ring compression

force is assumed to be uniformly distributed over the length of the truncated load distribution prism.

This data is useful in the design of buried flexible culverts.

Table F1 — Ultimate limit state ring compression force (KN/m) versus the depth of fill above the
crown of the culvert (H) for selected culvert diameters for W80, A160, M1600 and HLP 400 loads

ULSRing ULSRing ULSRing ULSRing ULSRing ULSRing ULSRing ULSRing ULSRing ULS Ring
H(m) CompD= CompD= CompD= CompD= CompD= CompD= CompD= CompD= CompD= CompD=
0.75m 1.00 m 1.25m 1.50 m 1.75m 2.00 m 2.25m 2.50 m 2.75m 3.00m

0.60 87.0 96.2 96.2 99.1 118.5 141.5 148.7 165.2 181.7 198.2
0.70 66.9 84.8 84.8 84.8 99.5 117.1 127.9 141.1 155.2 169.3
0.80 52.9 70.6 75.5 75.5 85.5 99.4 113.3 122.1 134.3 146.5
0.90 42.8 57.1 68.0 68.0 74.8 85.9 97.2 106.8 117.5 128.1
1.00 35.3 47.1 58.8 61.6 66.0 75.4 84.8 94.3 103.7 113.1
1.10 30.2 40.3 50.3 57.6 60.1 68.7 77.3 85.8 94.4 103.0
1.20 26.4 35.2 44.0 52.8 55.4 63.4 71.3 79.2 87.1 95.0
1.30 23.2 31.0 38.7 46.4 51.7 58.6 65.9 73.3 80.6 87.9
1.40 20.6 274 34.3 41.2 48.0 54.3 61.1 67.9 74.7 815
1.50 18.9 25.3 31.6 37.9 44.2 50.5 56.8 63.1 69.4 75.8
1.75 15.9 21.2 26.5 31.8 37.1 42.4 47.7 53.0 58.3 63.6
2.00 13.5 18.0 225 27.0 315 36.0 40.5 45.0 49.5 54.0
2.50 11.2 14.9 18.6 22.4 26.1 29.8 33.6 37.3 41.0 44.7
3.00 10.1 13.5 16.9 20.3 23.7 27.0 30.4 33.8 37.2 40.6
4.00 8.5 11.3 14.1 17.0 19.8 22.6 254 28.3 311 33.9
5.00 7.2 9.6 12.0 14.5 16.9 19.3 21.7 24.1 26.5 28.9
6.00 6.2 8.3 10.4 12.5 14.6 16.7 18.7 20.8 22.9 25.0
7.00 5.5 7.3 9.1 10.9 12.8 14.6 16.4 18.2 20.1 21.9
8.00 4.8 6.4 8.1 9.7 11.3 12.9 14.5 16.1 17.7 19.3
9.00 4.3 5.7 7.2 8.6 10.1 11.5 12.9 14.4 15.8 17.2
10.00 3.9 5.2 6.5 7.7 9.0 10.3 11.6 12.9 14.2 15.5
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Figure F1 — Ultimate limit state ring compression force versus the depth of fill above the crown
of the culvert for selected culvert diameters for W80, A160, M1600 and HLP 400 loads
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Working load on culvert

The working load on the culvert due to live load (W) for various depths of fill and culvert diameters is
presented in Table F2 and Figure F2 where Wy is as defined in AS 3725 Design for installation of
buried concrete pipes.

The maximum working load on the culvert due to live load is presented for W80, A160, M1600 and
HLP 400 loads. The loads also include the dynamic load allowance, accompanying lane factors, one
and two lanes and load factors. The loads are distributed through the soil as per the AS 5100
truncated prism method (not AS 3725).

In the case where the fill depth is shallow and the culvert diameter is large, more than one axle can
apply load to the culvert and the ring compression force is less than would be calculated by simply
multiplying the pressure by the diameter. This effect is also incorporated. The working load (Wg) is
assumed to be uniformly distributed over the length of the truncated load distribution prism continued
to a depth of 0.75 times the diameter of the culvert. For further information refer AS 3725 Figure 10.

This data is useful in the design of reinforced concrete pipe liners and cast-in-situ reinforced concrete
liners.
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Appendix F: Live load ring compression forces and working load on culvert

Table F2 — Serviceability limit state working load on culvert due to live load (W) versus the
depth of fill above the crown of the culvert (H) for selected culvert diameters for W80, A160,
M1600 and HLP 400 loads

SLSWqg SLSWq SLSWq SLSWqg SLSWq SLSWq SLSWqg SLSWq SLSWq SLSWqg SLSWq SLSWq SLS Wq

H (m) 5":87\@21 D= D= D= D= D= D= D= D= D= D= D= D= D=
: 1.00m  1.25m  1.50m  1.75m  2.00m  2.25m  2.50m  2.75m _ 3.00m  3.50m  4.00m  5.00m _ 6.00m
0.60 59.7 61.2 57.1 55.3 60.7 66.2 72.4 78.3 83.9 89.2 9313 895 86.9 96.2
0.70 495 58.3 54.4 51.3 56.3 62.4 68.3 73.9 79.2 842 9105 875 84.1 93.2
0.80 417 51.9 52.0 48.9 53.0 58.9 64.5 69.8 74.9 796 8855 856 81.4 90.3
0.90 35.7 445 49.7 46.8 50.1 55.7 61.0 66.0 70.8 754 8387 838 78.8 87.5
1.00 30.9 38.6 454 44.9 47.4 52.7 57.8 62.6 67.1 715 7954 820 77.4 85.2
1.10 27.0 33.8 39.8 437 44.9 49.9 54.7 59.3 63.7 678 7550  80.2 76.1 84.0
1.20 238 29.8 35.3 412 425 47.4 51.9 56.3 60.4 64.4 7175 785 74.9 82.7
1.30 21.1 26.5 31.9 37.2 40.4 45.0 49.3 535 57.4 612  68.24 747 73.8 815
1.40 18.8 238 29.0 33.8 38.4 42.7 46.9 50.8 54.6 582 6496 711 72.6 80.3
1.50 17.4 22.6 27.4 32.1 36.5 40.6 44.6 48.4 52.0 554  61.89  67.8 715 79.1
1.75 15.9 205 24.9 29.0 32.9 36.5 40.0 433 46.4 494 5502  60.3 68.8 76.3
2.00 15.1 19.5 23.7 27.6 31.4 34.9 38.3 41.4 445 474 5275 577 66.3 73.7
2.50 13.7 17.7 216 25.2 28.7 32.0 35.1 38.1 40.9 437 4874 534 61.7 68.8
3.00 125 16.2 19.7 23.1 26.3 29.4 32.3 35.1 37.8 404 4521 497 57.6 64.5
4.00 10.5 13.7 16.8 19.7 225 25.2 27.8 30.3 32.6 349 3927 433 50.6 56.9
5.00 9.0 11.8 145 17.0 19.5 21.9 24.2 26.4 285 30.6 3448 381 44.8 50.7
6.00 7.9 10.3 12.7 14.9 17.1 19.2 213 232 25.2 270 3056 339 40.0 454
7.00 6.9 9.1 11.2 13.2 15.1 17.0 18.9 20.7 22.4 241 2730 303 35.9 41.0
8.00 6.2 8.1 9.9 11.8 13.5 15.2 16.9 185 20.1 216 2455 273 325 37.2
9.00 55 7.2 8.9 10.6 12.2 13.7 15.2 16.7 18.1 195 2222 248 29.6 33.9
10.00 5.0 6.5 8.1 95 11.0 12.4 13.8 15.1 16.4 17.7 2021  22.6 27.0 31.1

Figure F2 — Serviceability limit state working load on culvert due to live load (Wq) versus the
depth of fill above the crown of the culvert (H) for selected culvert diameters for W80, A160,
M1600 and HLP 400 loads
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Appendix G: Corrugated metal culvert rehabilitation suppliers

Appendix G: Corrugated metal culvert rehabilitation suppliers

The contractors listed in Table G1 supply specialist culvert rehabilitation services. Their details are

provided for information only. Their inclusion on the listing does not imply approval of the contractor
will be granted for a particular project.

Table G1 - Listing of specialist culvert rehabilitation contractors

System

Product name

Contractor

Replacement by:

e auger boring

e micro tunnelling, and
e pipe jacking

Tunnel Boring Australia Pty Ltd
Unit 5, 53-57 Link Drive
Yatala, Qld 4207

t—(07) 3801 8813

e - mail@tunnelboring.com.au
w - www.tunnelboring.com.au

Tunnelcorp Pty Ltd

Unit 33, 28 Burnside Rd
Yatala, Qld 4207

t - 1300 886 635

e - contact@tunnelcorp.com.au
w - www.tunnelcorp.com.au

Polymer precoated galvanised
flexible metal culverts

Trenchcoat

Atlantic Civil Products Pty Ltd

13 Industrial Ave,

Bohle, Qld, 4818

t—(07) 4789 6700

e - mrushbrook@atlanticcivil.com.au
w - www.atlanticcivil.com.au

Cast-insitu reinforced
concrete liners

Tunneline

ITS Pipetech Pty Ltd

2/49 Links Ave, Eagle Farm,
QLD, 4009

t-(07) 3630 2333

e - iank@itspipetech.com.au
w - www.itspipetech.com.au
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Appendix H: Indicative preliminary design report table of contents

Appendix H: Indicative preliminary design report table of contents

1. Introduction
a) Background/purpose
b) Scope
c) Out of scope
2. Structure details
a) Size (design and current measured)
b) Cover above culvert
c) Location
d) Environmental conditions
e) History (Level 2, Level 3 report dates and findings)
f) Defects (From Level 3 report)
3. Design constraints
a) Max external diameter
b) Loading
¢) Fish passage assessment
4. Rehabilitation options (include details for each Option as required)
a) Option 1
i. Details/construction methodology
i. Costestimate
iii. Hydraulic assessment
iv. Durability assessment
b) Option 2...
5. Further information and site investigation requirements

6. Summary and conclusion.
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Appendix I: Selecting the largest possible outside liner diameter using traditional survey techniques

Appendix I: Selecting the largest possible outside liner diameter using
traditional survey techniques

At either end of the culvert, establish the horizontal and vertical centre point with a level and straight
edge of suitable length to fit inside culvert.

Put self-tapping screws through the culvert and establish horizontal and vertical stringlines at each
end with a laser at one end and aim it at the centre of other end.

At 2 m centres, measure the horizontal, vertical and preferably diagonal diameters and the laser
centreline intercept for them.

The dimensions can be plotted, and the largest straight internal tube determined.

Sectlon e‘\

| ]

Largest Liner
Pipe Diometer

|
, Horizontal Dig B Sectign 2 |

} — — — — I—

Horizontol Dig B Section 1 J

v Laser Intercept

Yertlcal Do @ Sectlon 2
“erticol Din B Section 1

Laser Intercept

Section 1

e Plot all horizontal, vertical and diagonal diameters and laser intercepts
e Measure the largest included circle
e Choose a liner based on suitable construction clearances and grout thickness requirements.

Refer also to Section 9.5.
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Appendix J: Backfilling procedure

Appendix J: Backfilling procedure

When completed, a metal culvert operates in ring compression and is supported by the soil all round
to prevent buckling (and subsequent failure in bending). It is therefore essential to have the backfill
selected, placed and compacted correctly in accordance with AS 2041.2 Buried corrugated metal
structures Part 2: Installation.

It is essential that backfilling is undertaken carefully in accordance with AS 2041.2 as
inappropriate/over compaction could lead to collapse of the culvert during construction. Section 2.12 of
AS 2041.2 includes information regarding the requirements for:

selection of the backfill

flowable and cement-modified select fill
placement, and

compaction.

Figure J1 and J2 are extracts from AS 2041.2.

Figure J1 — Typical use of compaction equipment (AS 2041.2 Figure 2.12.1)
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Appendix J: Backfilling procedure

Figure J2 — Structure movements during backfilling (AS 2041.2 Figure 2.12.2)

Excessive filling on only one side Heavy equipment too close to the
may cause the structure to shift structure may cause lateral
shift or drawn peaking (as shown)
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