UNIVERSITAT z ilama

. POUTECNK:/'\ ( g— ~ Instituto de Ingenieria del
DE VALENCIA

Agua y Medio Ambiente

Assessment of the risk of destabilization of vehicles
at crossing points between streams and roads

By:

Ricardo A. Bocanegra and Félix Francés

Research Group of Hydrological and Environmental Modelling (GIMHA)
Research Institute of Water and Environmental Engineering (IIAMA)
Universitat Politecnica de Valencia

EGU sz -‘ B

eosciences _ ; % 3

G NN LS
1 & o

Ly pL




o oo
| ilama
<A

Introduction

0 Several studies indicate that a large number of people
have lost their lives when trying to cross flooded areas
with their vehicles (Drobot et al., 2007, Fitzgerald et al., 2010)

0 Floods are the main cause of disruption of public and
private transport systems (Pregnolato et al., 2017). The
affectation of these systems generates a cascade effect
that can have serious repercussions (Suarez et al., 2005)

0 There are few studies aimed at determining the risk of
vehicle instability at intersections sites between roads
and streams
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Objectives

1. To develop a methodology to
calculate the risk of vehicle
Instability at intersection sites
between streams and roads

2. To Implement the developed
methodology in a case study
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Vehicle stability faillure mechanisms

Floating

Buoyancy and lift forces exceed the weight of the vehicle. This instability is
dominant in low velocity and high depth flow
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Source: Shand et al. (2011) hitps: /. voutube. com/watch vl C5Id79i01A

(Accessed 16/04/2019)
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Vehicle stability failure mechanisms

Sliding

Drag force exceeds the frictional force produced between tires and ground
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Source: Shand et al. (2011)

https://www.youtube.com/watch?v=3HrdgaiM9sY
(Accessed 16/04/2019)
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Vehicle stability failure mechanisms

Toppling

It seems to occur only when the vehicles have already been washed away by
the flow or have floated and found irregular land
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Source: Shand et al. (2011
( ) https://www.youtube.com/watch?v=Va8w7Jng9rM

(Accessed 16/04/2019)
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e L Stability criterion: Arrighi et al. (2016)

_
Mobility Parameter 6, Critical Threshold 8,,, (H, U)
Based on flood (H), vehicle characteristics Oper = 8.2 x Fr? —14.1 x Fr + 5.4
and the angle of flow incidence 3 . | |
O Vehicles experiments | chr = QVCT (F r 2)
Critical threshold of instabi_lity o)
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Source: Arrighi et al. (2016) Source: Arrighi et al. (2016)
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o E, Nl Stability criterion: Arrighi et al. (2016)

Stability criterion:

>1 Incipient motion by sliding o o
10 . : :
" ehicles experimen = 2
Si 1€ [01 1[ Vehicle at rest i gri't]iceillhre:holdofﬁstability e QV“(FFO)
&
1 <0 In motion by floating . \.
é; Safearea | |
:
10° Dangerousalrea &
u y h o
) t ; o )
10" 10° 10’
l- Froude number Fr (-)
Source: Arrighi et al. (2016) Source: Arrighi et al. (2016)
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Risk of vehicle instabllity

0 Defined as the mean number of vehicles that would destabilize annually per
unit area at a specific point

Frequency Magnitude Vulnerability
| | Damage function
Hazard Exposure
fs(si) Exposure function
| |
v
Risk

iy UNIVERSITAT : : : : : - L )
POLITECNICA Evaluating and mapping the hazard and risk of vehicle instability within a flood prone area &8*119



https://sites.google.com/civil-event.pt/nathaz19/homepage

Tk, DA Vehicle instability hazard

_

0 Vehicle flood hazard can be N il
defined as the probability for the - RN
conditions that cause the loss of fz \
stability of vehicles => depends g g
on type of car i E =<
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Tk, DA Vulnerability

Q Vulnerability depends on the exposure and susceptibility of the elements that
could be affected by the flood

0 Susceptibility is established through a damage function D(S))

Hazard Damage Function D(S;)
& t Instability Stability 0\
¢ ® ._
@) N
= )
2 = N
= > Instability
[ =
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5 1 g 1 ¢
% S Stability
< 0 2L 0 ®
Q 2 -
J X é Instability .
1/Tmin 0 1 i
Exceedence Probability (1-F) Damage
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<2 EXposure

]
QO Exposure is established through a exposure function E(S))
Hazard Exposure Function E(S;)

&y N Instability  Stability _ A
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Exceedence Probability (1-F) Flow of vehicles F;

i\ Traffic Flow
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<A ' Vulnerability

Damage Function D(S)) Exposure Function E(S)) Vulnerability
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Vehicle instability index S,
=

Vehicle instability index S,

Vehicle instability index S,
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<A Risk of vehicle instability
|
QO Risk for a vehicle type i corresponds to the area under the curve in the graph of risk
Hazard Vulnerability
o nstability _Stabiliy s

Exceedence Probability (1-F) Number of vehicles m;

J

Number of vehicles m;l

Vv

Exceedence Probability (1-F)
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Risk of vehicle instabllity: r

Q It can be estimated as:

r= ig | D(E(s)dFs, = i o | “DEDEG)fs(5)ds

where:

D(s;) = damage function for car type i, i=1, ...,K
E (s;) = exposure function for car type i

g; = proportion of car type |
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Risk of vehicle instabllity: r

a And can be approximated by:

K Tmax 1 1
r= z gi Z D(s)E(s;) (T- - T-)
i=1  j=Tmin J—1 J

where:

J= flood hazard map for return period T;

Tmin corresponds to the lowest return period for inundation
Tmax corresponds to the highest return period with information
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Case study: Municipality of Godelleta

o Municipality area = 37.5 Km?

o Located in the middle part of the - o - -
catchment of the Rambla del Poyo < /w
o A}
o Mediterranean climate o 7\
e I
. . =/ Spain s s - :
o Drainage network is formed by several ZE </i @G@m}_ pe— L
ephemeral rivers with a torrential regime ¥ A VO
/\,uf\i N/”\—Em = A %
o The road network is relatively dense and e e N e
Is formed by regional and local roads, g . :
. . - = 2-:_ h - A g
which are in good condition e ]

o 26 intersection points: 18 culverts and 8
fords
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<A ' Characteristics of vehicles

|
Vehicle i
Parameter Utility | Compact | Small SUV M\%i"l(lévr\?aseLr:V
Seat lbiza | Seat Ledén | Peugeot 2008 swag
Tiguan
Length (m) 3.683 4.184 4.159 4.433
Width (m) 1.610 1.742 1.739 1.809
Height (m) 1.421 1.439 1.556 1.665 _
Seailbiza Seat T eon = ot2608 Volkswaglen Tiguan

Mrance (m) |

DenSity (Kg/m3) 125.8u LU~. <L
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Intersection sites
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<A Vulnerability
___
010 Stability Thresholds for Studied Vehicles in Flood Events
035 - _ Instable Zone
0.30 D(S) =1
025 T =~
é iy S - o
= 0.20 e e e S
& - Stable Zone R —
= . OSSi<1 h-.-.-..'.'-'_--"""‘""-"-"-"'J'-----=.—_-.-_-
0.10 D(S) =0
0.05
- — Utility - - -=Compact —Small SUV = =Medium SUV
0.00
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Velocity (m/s)

0 It was assumed that drivers decided to stop circulating in the flooded area
when the water depth reaches a value of 0.3 m
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Venhicle instability hazard

0O Discharge were calculated for Tr=1, 2, 5, 10, 25, 50, 100 y 500 years using
this expression:

Q — 0.4929 Ag.75 Tr0.6512

a Cross sections of the streams were obtained from DEM generated for the
Centro Nacional de Informacion Geografica de Espana

QO Velocities and depths water were obtained using the software HEC - RAS

O Hazard index S; were calculated for every type of vehicle and for every Tr

'%; UNIVERSITAT . . . . . - Sy - . 1'
;z; POLITECNICA Evaluating and mapping the hazard and risk of vehicle instability within a flood prone area khgtzl9



https://sites.google.com/civil-event.pt/nathaz19/homepage

<A ' Risk of vehicle instability

Risk of
Flood Tr 50 afios Instability
(Cars/year)
Inter- Vehicular Hazard index S;
section | Stream Work Flow
. (Cars/ Vehicle Type
Point
hour)
Dis- Poten-
charge Actual tial
(ms3/s)

Small | Com- SUVs | SUVs
cars | pacts small med.
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<A ' Risk of vehicle instability

|
696000 698000 700000 702000 704000 706000
} } 3
Legend )’\__ \1
Risk Clas fication [Z: Uthan zone “ I, :
@ High —— Roads N > i
Medium ——— Streams ]
® Low [ soceteta Risk of vehicle
instability
(carslyear)
%
Inter- Real Poten-
section cea tial
Points
~ Torrent
1 0.35 4.67
2 0.21 1.85
L % 3 0.22 3.80
\ 4 1.12 2.37
\ﬁ,, 5 0.11 2.99
6 0.11 0.46
A Scale:1:35,000 Turis 7 0.16 221
696000 Em'ooo 700000 702000 704000 706000 8 0.65 2.13
9 0.08 1.56
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Sensitivity analysis

Sensitivity to limit depth Sensitivity to the state
to vehicular traffic of the culvert
2.0
° Risk of vehicle
fﬂf‘ s _ Intersection| instability (Cars/year)
P S site
E
2 o
E L0 8 [ E— State of the culvert
o 5 Clear Clogged
0.3 - X -
L 3 0.34 0.39
0.0 %
0.2m 0.3m 0.4 m 0.5m 4 0.22 0.47
Limit De
P 8 0.11 0.13
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Conclusions

0 A methodology to estimate the risk of vehicle instability at intersection points
between streams and roads was developed

0 In this methodology the risk is determined by a numerical approximation of
the statistical integral of the instability hazard and the vehicles’ vulnerability

0 The methodology was applied in the municipality of Godelleta (Spain). It was
found that the risk of vehicle instability is relatively high in approximately 25%
of the intersections between roads and streams

Q The number of vehicles at risk Is sensitive to the condition of the sewers and
the depth at which vehicle traffic stops
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