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RESEARCHERS & END USERS 

Structures:

• BRIDGES
• CULVERTS
• FLOOD-WAYS

Hazards:

• EARTHQUAKE
• FLOOD
• BUSHFIRE
• CLIMATE CHANGE

Enhancing resilience of critical road structures: 
bridges, culverts and flood ways under natural 
hazards

4 strands



RESILIENCE OF BRIDGES UNDER FLOOD 
LOADING
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STRENGTHENING OF PIERS USING FRP WRAPS
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Third Milestone

The reduction in probability of failure 
using FRP wraps is more pronounced at 
the extensive damage state (i.e. drifts at 
peak in capacity curves)



FINDINGS

 Girder bridge decks can be vulnerable under flood and log 
impact with high probabilities of failure for Queensland

 Bridge piers under flood
• Uniformly distributed load describes the flood impact reasonably well
• Bridge pier cross section shape impacts on the load applied on the piers
• An energy based damage index is suitable for bridge piers
• The velocity has to be over 7 m/sec to apply significant damage with just 

flood loading
• Log impact can be critical to the piers

 Bridge superstructure and piers under flood – momentum flux
• Momentum flux  (rate of change of horizontal momentum) can capture 

the effect of depth and velocity
• Strengthening can reduce the failure probability



RESILIENCE OF BRIDGES UNDER FIRE
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Case name grass height
Bulk density 
grass

vegitation 
moiture

wind 
velocity

H0.5/B0.5/M0.063/W2 0.5 0.5 0.063 2
H1/B0.5/M0.063/W2 1 0.5 0.063 2
H0.5/B1/M0.063/W2 0.5 1 0.063 2
H1/B1/M0.063/W2 1 1 0.063 2
H0.5/B2.5/M0.063/W2 0.5 2.5 0.063 2
H1/B2.5/M0.063/W2 1 2.5 0.063 2
H0.5/B0.5/M0.1/W2 0.5 0.5 0.1 2
H1/B0.5/M0.1/W2 1 0.5 0.1 2
H0.5/B1/M0.1/W2 0.5 1 0.1 2
H1/B1/M0.1/W2 1 1 0.1 2
H0.5/B2.5/M0.1/W2 0.5 2.5 0.1 2
H1/B2.5/M0.1/W2 1 2.5 0.1 2
H0.5/B0.5/M0.15/W2 0.5 0.5 0.15 2
H1/B0.5/M0.15/W2 1 0.5 0.15 2
H0.5/B1/M0.15/W2 0.5 1 0.15 2
H1/B1/M0.15/W2 1 1 0.15 2
H0.5/B2.5/M0.15/W2 0.5 2.5 0.15 2
H1/B2.5/M0.15/W2 1 2.5 0.15 2
H0.5/B0.5/M0.063/W5 0.5 0.5 0.063 5
H1/B0.5/M0.063/W5 1 0.5 0.063 5
H0.5/B1/M0.063/W5 0.5 1 0.063 5
H1/B1/M0.063/W5 1 1 0.063 5
H0.5/B2.5/M0.063/W5 0.5 2.5 0.063 5
H1/B2.5/M0.063/W5 1 2.5 0.063 5
H0.5/B0.5/M0.1/W5 0.5 0.5 0.1 5
H1/B0.5/M0.1/W5 1 0.5 0.1 5
H0.5/B1/M0.1/W5 0.5 1 0.1 5
H1/B1/M0.1/W5 1 1 0.1 5
H0.5/B2.5/M0.1/W5 0.5 2.5 0.1 5
H1/B2.5/M0.1/W5 1 2.5 0.1 5
H0.5/B0.5/M0.15/W5 0.5 0.5 0.15 5
H1/B0.5/M0.15/W5 1 0.5 0.15 5
H0.5/B1/M0.15/W5 0.5 1 0.15 5
H1/B1/M0.15/W5 1 1 0.15 5
H0.5/B2.5/M0.15/W5 0.5 2.5 0.15 5
H1/B2.5/M0.15/W5 1 2.5 0.15 5
H1/B2.5/M0.063/W2 
(CANOPY) 1 2.5 0.063 2

EFFECT OF FINE FUEL BASED WUI ON BRIDGES
60m

25m

32m

(PG4 / PG6 / PG10)

Inlet velocity profile 

Measured 10 m above the 
ground

GRASS

10m WIDTH

Presenter
Presentation Notes
To study the fine fuel based WUI fires the following control volume is used.
It is 60m in length, 25m in height and 10 m in depth.
we placed a bridge structure in the  control volume along with a grass strip a the bottom
We conducted some case studies varying the parameters like 
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RESULTS OF CASE STUDY – H1/B2.5/M0.63/W2

Top view of the domain

Presenter
Presentation Notes
Here is the case study with grass height 1m, bulk density of 2.5 kg/m3, Moisture content of 6.3% and wind velocity of 2m/s….
Due to the low wind velocity the fire is plume driven and vertical.
We measured the fire line intensity and the AST development of the structure.
After the ignition, fire line ignition come to a steady value around 7500, which is typical to a grass land fire.
When the fire is passing the bridge fire line intensity goes up because, bending of the flames




© BUSHFIRE AND NATURAL HAZARDS CRC 2017

RMIT University9

STATIC FIRE VS PROGRESSIVE FIRE (5X5M2 FIRE)
Convective heat transfer coefficient 50W/m2

Deflection pattern of the girder

Sequentially coupled analysis, static fire, 50W/m2.C conv.ht.coef.

 Sequentially coupled TM analysis

 Midspan vertical displacement development

Presenter
Presentation Notes
One of the important results we obtained is given here
Deflection development is little bit slower when the fire is modelled as a travelling fire 
Here the fire is travelling at a 1 m/min rate
However the maximum deflection is almost the same in both cases of around 700mm
In both cases the bridge response go beyond the serviceability limit state criteria on deflection
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FINDINGS

 Debris driven fires can cause a significant flexural
response of the structure.

 Fine fuel based WUI can also cause a significant
temperature development of the structure.
 This could effect the shear response of the structure.
 Could effect on to the bridge retrofitting with CFRP/GFRP

materials

 Fire curve depends on vegetation and the modelling
methodology has been developed

 Effect of aging can be significant



RESILIENCE OF BRIDGES UNDER EARTHQUAKE 
LOADING
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PRIORITISATION OF BRIDGE UNDER 
EARTHQUAKE LOADS

• Age of the bridge
• Traffic volume
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ANALYTICAL HIERARCHY PROCESS 

Seismic Hazard

Vulnerability

Total Width

Total Length

Age of bridge

Impact

Traffic volume

Emergency response

Road type

0.32

0.22

0.05

0.05

0.11

0.16

0.09
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PRIORITISATION OF BRIDGES UNDER 
EARTHQUAKE LOADS
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BRIDGE RANKING

Rank Bridge

1 RAILWAY LINE OVER BURGUNDY

2 RAILWAY OVER WARRIGAL HWY

3 RAILWAY OVER BURWOOD HWY

4 WEST GATE BRIDGE



RESILIENCE OF FLOODWAYS



© BUSHFIRE AND NATURAL HAZARDS CRC 2017

STRUCTURAL ANALYSIS (FEM)

LVRC: Type 2

LVRC: Type 4



DESIGN CHARTS
Sandy soil Clay soil
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Similar charts for other 
floodways types



DESIGN EXAMPLE
Step 1 – Determine Design Parameters:

• Location: LVRC LGA (temperate environment);
• Clay soil;  
• 7 m/s maximum flow velocity; and 1.5m maximum flow depth;
• Initially assume SL81; and
• Determine design M* and V* as follows:

M* = 8.47 kNm V* = 30.52 kN
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DESIGN OUTCOMES
(TYPE 2 FLOODWAY)

Durability
Revise to 40mm cover to 
increase distance from 
neutral axis i.e. greater 
ability to resist tensile 
stresses.

Revise to 40mm

Strength in Bending
Both positive and 
negative  M* exist, 
therefore reinforcement 
is required at both the 
inner and outer faces.

Strength in Compression
Stress resultant = 4.51 MPa, 
only 14.1% of f’c = 32 MPa 

Strength in Shear
0.5φVuc > V*, Shear 
reinforcement is not required 
as the shear strength of f’c 32 
MPa concrete alone satisfies 
shear force requirements

Application of 
AS5100.2 (Bridge 
Design) loadings 
produced results 
consistent with the 
failures experienced 
by Lockyer Valley 
Council.

Presenter
Presentation Notes
Through finite element modelling I have been able to identify areas of floodway structural vulnerability specific to impact loading as prescribed in AS5100.2. My research, presents a simplified structural design process to satisfy both structural strength and serviceability and proposes a preliminary method to integrate these outcomes back into current design processes. It is anticipated that the recommended process will present a holistic approach for the future construction of floodways in Australia. This, reducing maintenance and periods of unserviceability in the wake of extreme flood events.
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FLOODWAY INSPECTION AND MAINTENANCE 
FRAMEWORK
• Defining condition states for each element (eg

rock protection-US)

CS1

CS4CS3

CS2
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ASSESSMENT OF THE OVERALL CONDITION OF A 
FLOODWAY- CASE STUDY
• Use the developed framework

Damage index 
Repair Proceedure Repair needed as a fraction Factor Adjusted Contributi   
Temporary Access 0.5 0.05 0.025 
Demolishing of existing structure 0 0.1 0 
Reconstruction of culvert 29.65 0.5 14.825 
Reconstruction of roadway 0 0.25 0 
Replacing geo-textile 100 0.01 1 
Reconstruction of riprap 100 0.05 5 
Replacing sign posts 0 0.02 0 
Cleaning and debris removal 20 0.02 0.4 
DI = Σ Adjusted Contribution Factors MUST EQUAL 1 1 21.25 

 Level of Damage Complet
e 

Extreme Major Moderate  

Damage Index 1 0.8 - 1 0.5 - 0.8 0.1 - 0.5   
 
 

Recommendations based on 
the damage index 

 
Replace 

the 
structure 

 
Perform a detailed 

analysis considering 
the design life 

Critically 
assess 

compon
e nts 

subject to 

 
 

Repair activities should perform  
quickly as possible 

 
 

  
 

 
Other recommendations Mowing of downstream not required with geotextile placement 
Asset ID Withheld 
Date of Inspection 10-Sep-18 
Prepared by 
Name  
Id  
Signature  
Date  
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FLOODWAY/CULVERT 
MAINTENANCE
• Floodways are inspected 

infrequently or only after a 
major natural disaster

• Data available from 2005

• Data is sorted based on 
each structure

• Linking the condition state 
with available photos

• Deterioration modelling 



UTILISATION OF FLOODWAY ANALYSIS
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DESIGNING  FLOODWAYS

Equilibrium check

Select the 
creek

Stage discharge curve

Determine road level
300 mm above road

20  year ARI
Find expected discharge

Need 
culverts?

Select floodway type
Cut of wall 

Reinforcement

Discharge through 
culverts

Decide size and number

Flow  over 
the road

Check velocity 
(1.8 -3 m/s)

Check afflux for 50 or 10 
year ARI

Complete floodway/
culvert design

Select 
protection type

No

YesFlood velocity

Flood height

Design charts
(M* and V*)

Design charts
(equilibrium)

Available design 
guidelines

Contribution



Inspection 
framework

Consists of four main components:

A. Basic information

B. Notes from previous inspection, repair 
or maintenance work

C. Basic details of current inspection

D. Inspection records Condition 
assessment

Link with photos

Deterioration
modelling

Structure 
prioritisation

MAINTAINING FLOODWAYS

Integrate with Central 
Asset Management 
System - CAMS



UTILISATION OF BRIDGE VULNERABILITY 
MODELLING



COMBINED GIS LAYER FOR FLOOD AND BUSHFIRE 
HAZARDS

TYPES OF NATURAL HAZARDS NO. OF BRIDGES

FIRE HAZARD 1019

5 YEAR FLOOD HAZARD 58

100 YEAR FLOOD HAZARD 1460
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COMPARISON OF VULNERABILITY CURVES
ABAQUS VS CSI BRIDGE

Flood 
velocity(m/s)

Flood 
load(kN/m) M*(kNm) DI(Csi) DI(Abaqus) %Error

0.5 0.38 11.78 0.025 0.020 19%
1 1.51 47.15 0.098 0.100 -2%

1.5 3.40 106.09 0.221 0.240 -9%
2 6.04 188.61 0.393 0.430 -9%

2.5 9.43 294.70 0.614 0.680 -11%
3 13.58 424.36 0.884 0.990 -12%

3.5 18.49 577.61 1.203 1.350 -12%
4 24.15 754.43 1.572 1.790 -14%

4.5 30.56 954.83 1.989 2.220 -12%
5 37.73 1178.79 2.456 2.780 -13%
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Vulnerbaility curves for Tenthill Creek Bridge

DI(Csi)

DI(Abaqus)

• Running time for ABAQUS is 45-50min. whereas CSiBridge takes about 1-2 min.
• Results vary between 1-15% most of the time and give reasonably accurate result as shown 

in the above graph.
• Flood prone bridges have been short listed and CSiBridge software could be easily 

deployed to analyse these bridge stocks to generate necessary vulnerability and fragility 
curves. 

𝑫𝑫𝑫𝑫 =
𝑴𝑴∗

𝝓𝝓𝑴𝑴𝒖𝒖



SOCIAL ENVIRONMENTAL AND ECONOMIC 
IMPACTS OF ROAD STRUCTURE FAILURE



Time value cost

Fuel consumption cost

Vehicle operating cost

Accident cost

Local Air pollution cost

Green house gas emission cost

Road surface wear cost

Freight delay cost

Police cost

Fire-fighting cost

Noise, soil pollution, water pollution, vibration are ignored due to difficulty to measure in short
term impact.

B
ridge Priority R

anking

Validation

Sensitivity

Detour
time

Detour
Length
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B
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METHODOLOGY FLOWCHART

Total C
ost

Ambulance cost



ID_STRU
CTURE ROAD NAME AADT

Length
(m) Time(min)

Det.Length
(m)

Det.Time
(min)

Time value 
cost

vehicle 
operatinmg 

cost

Freight Delay 
cost($)

Environmental  
cost Total Cost($) Rank

SN6520 WEST GATE FWY 92576 7130 6 15000 25 676786 130235 49954 42074 1706069 1
SN6225 WEST GATE FWY 90385 7900 10 11730 25 535439 62586 44921 45651 1286622 2
SN8846 METROPOLITAN RING RD 38025 5760 5 16600 26 277916 72125 17009 25986 743076 3
SN2583 WEST GATE FWY 77419 3750 4 5880 12 247750 29981 21987 21106 598555 4
SN2586 WEST GATE FWY 69685 3730 3 6010 11 223000 28887 19791 19616 543180 7
SN8845 METROPOLITAN RING RD 38201 2900 5 14500 16 148384 77991 9945 26416 489112 8
SN9633 5901 DONCASTER-ELTHAM RD 27431 3160 5 14680 28 220311 54231 7466 14663 571212 6
SN7961 5826 SUNBURY RD 16061 3580 5 43800 34 162644 110857 5512 28524 581038 5
SN6199 5901 DONCASTER-ELTHAM RD 27431 3310 6 14650 23 162839 53383 5518 14500 452462 9
SN1051 2550 HUME HWY 16489 11230 8 22000 19 83615 34461 11590 27945 275689 12
SN7937 5606 COOPER ST 19178 3500 5 13160 22 133729 34061 13117 15403 364099 10
SN0599 2510 PRINCES HWY EAST 30108 7360 5 10705 12 78706 18136 6983 13751 214418 13
SN0600 2510 PRINCES HWY EAST 30108 7360 5 10705 12 78706 18136 6983 13751 214418 13
SN2544 2600 MORNINGTON PENINSULA FWY 25244 5160 7 12090 14 58807 30076 2509 9796 190070 18
SN1081 2996 EASTLINK TOLLWAY FWY 38849 1180 1 3200 10 127018 13972 9930 5864 297774 11
SN2809 PRINCES HWY EAST 36538 800 2 2090 10 94305 8007 2767 2215 209606 16
SN1147 5164 THOMPSON RD 10478 3940 3 19800 20 65822 29197 3794 9452 203282 17
SN2672 PRINCES HWY WEST 17970 2010 2 4610 17 94125 8018 3190 2450 209926 15
SN1501 2570 MURRAY VALLEY HWY 1798 56320 41 100550 72 22231 14727 2506 10418 86841 20
SN6814 2400 STATE (BELL/SPRINGVALE) HWY 18540 2110 2 6930 11 58267 15336 1975 4323 153502 19

TYPICAL BRIDGE PRIORITY RANKING FOR 20 BRIDGES
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