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Abstract

The occurrence of climate change around the world increases
the probability of flash floods in cities, which cause great
damage to lives and properties. In this paper, the damages
caused to the vehicles in the flood were analyzed and damages
of the Shiraz Darwazeh-Quran flood were focused as a case
study. First, a 1D/2D simulation of the mentioned flood was
performed using the PCSWMM model and the maximum
depth and velocity values in the parking area adjacent to the
water accumulation pool were estimated to be 1.18 m and 3.27
m/s, respectively. In this study, using the hydrodynamic index
of the flood, which is defined as the product of the velocity
multiplied by the depth of the flood, the curve presented in
AR&R (2011) was evaluated and then corrected and extended
to a depth of one meter. It was used to determine the stability
and instability of passenger cars during the floods. The
HAZUS MH damage depth curve was used to determine the
damage. In the existing damage models, the amount of damage
is presented only by considering the water depth, while the
flood has the important variable of water velocity. In this study,
by combining the two modified AR&R (2011) curves and
HAZUS-MH with the help of their common part, i.e., the
depth, and zoning of the surface below the AR&R (2011)
diagram, the damage values were determined in different
ranges of depth and velocity. Then, with the generation of a
distributed flood risk map, the maximum amount of damage to
passenger cars was estimated as 12.5%. Finally, considering
Pride 131 as the flagship vehicle, the total damage was equal
to016 billion Rials.
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Fig. 2- Dimensions of water accumulation pool (Béitollahi et al., 2019)
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Table 5- Vehicle depth- damage relationship based on HAZUS-MH Model (FEMA, 2015)
(FEMA, 2015) HAZUS -MH Juw (wlw! o alls Jslwy @, lud —Gos buly, —0 Jou

Flood level (m) Car Light truck Heavy truck % of damage
Below carpet <0.46 <0.73 <15 15%
Between carpet and 0.46-073  073-113 1523 60%
dashboard
Above dashboard >0.73 >1.13 >2.3 100%
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Fig. 8- HAZUS-MH Model depth-damage curve for passenger vehicles (FEMA, 2015)
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Fig. 9- Eight theories in the Australian Rain and Runoff Guides and Recommendations (Martinez-Gomariz
et al., 2018)
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Table 6- Vehicle instability threshold in flood (AR & R, 2011)
(AR &R, 2011) CWuw 43 adis by (I LU &l -F Jous

Class of Length Kerb weight Ground Limiting still  Limiting Equation of
vehicle (m) (kg) clearance water depth  velocity stability
(m) (m) (m?fs)

Small <4.3 <1250 <0.12 0.3 3 DV<0.3
passenger

Large >4.3 >1250 >0.12 0.4 3 DV<045
passenger

Large 4WD >4.5 >2000 >0.22 0.5 3 D.vV 0.6
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Table 7- Physiographic characteristics of Tang Allah Akbar catchment
A1 S5 3201 adgn 552 528 Ologuas -V Sy

Area Perimeter Length of the longest ~ The largest stream Average slope (%)
(km?) (km) stream (m) order ge siop
24.56 23.69 7571.2 3 22.77
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Fig. 12- Sensitivity analysis performed by PCSWMM
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Table 8- Physiographic characteristics and calibrated parameters of Tang Allah Akbar Basin subcatchments
P15 5 ] ddgp Gradgn g 00w (Priwly S Sl 9 (B1S50508 Oleogad A g

Subcatchment ~ Area  Perimeter  Slope  Impervious N N Dstore perv I?];St%:i CN
number (km?) (km) (%) area (%) imperv perv (mm) (rr?m)

1 3.42 10.94 22.98 9.73 0.011 0.251 4.99 0.599 87.03
2 413 9.17 36.46 0.7 0.011 0.25 5 0 86

3 3.68 111 20.11 24.26 0.011 0.233 4.98 2.08 87.97
4 3.22 13.35 25.62 1.22 0.011 0.25 5 0.502 87.06
5 221 8.9 19.37 9.64 0.011 0.27 5.22 0.921 86.62
6 2.62 11.6 13.29 5.58 0.011 0.25 5.02 0.959 86.97
7 1.91 7.14 24.39 10.71 0.011 0.21 5.16 1.489 82.15
8 3.37 12.13 15.39 1.32 0.011 0.25 5 0.5 87.07

Table 9- Total infiltration, runoff, peak discharge, and runoff coefficient values calculated for each
subcatchment by PCSWMM

PCSWMM buwgi ddgn 35 s (55 dmidwlone Clilyy o o 9 S (25 L OUlgy (JS 395 wdlio -4 Joua

Total

Total

mperv

Perv Total Peak

Subcatchment precipitation infiltration runoff runoff runoff discharge R“T“?ﬁ
number coefficient
(mm) (mm) (mm) (mm) (mm) (m¥/s)
1 25.14 18.2 2.43 0.19 2.62 8.97 0.104
2 25.14 20.9 0.18 0.19 0.37 0.95 0.015
3 25.14 14.62 5.73 0.26 5.98 20.76 0.238
4 25.14 19.89 0.3 0.23 0.53 1.21 0.021
5 25.14 18.54 2.38 0.47 2.85 6.06 0.114
6 25.14 19.09 1.38 0.38 1.76 421 0.07
7 25.14 21.31 2.57 0.19 2.77 5.69 0.11
8 25.14 19.86 0.33 0.25 0.58 1.37 0.023
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Fig. 13- Simulated flood hydrograph in Tang Allah Akbar Basin
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Table 10- Hydrological simulation continuity error values in Tang Allah Akbar Basin calculated by
PCSWMM

PCSWMM bwgi sdwddmsbxe mSTalil K5 3 0l ad9n 13 (Ka5909,0u (6 5lwdnmd (Niwgn s pdlie -+ Jouo

Volume (ha-m) Depth (m)
Total precipitation 61.75 23.139
Runoff Evaporation loss 0 0
quantity Infiltration loss 46.51 18.935
continuity Surface runoff 5.235 2131
Final storage 10.078 4.103
Continuity error (%) -0.119
Volume (ha-m) Volume (106 Itr)
Flow Wet weather inflow 5.233 52.335
routing Flooding loss 5.177 51.768
continuity Final stored volume 0.055 0.549
Continuity error (%) 0.035
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Fig. 14- Simulated flood hydrograph in parking lot
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Fig. 16- The way of determining stable and unstable cells based on the instability threshold presented in
AR&R (2011)
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Table 11- Zones designated to generate the risk map in the PCSWMM model
PCSWMM Jso 33 St y duiidi ddgi (6159 00 cpand B g9 5 03900%0 =YY Jguia

nfr%rk];r SQL Damage range (%) Color
1 MaxDepth >= 0 AND MaxDepth < 0.1 AND MaxVelocit <=3 0-5
2 MaxDepth >= 0.1 AND MaxDepth < 0.15 AND MaxVelocit <=3 5.1-75
3 MaxDepth >= 0.15 AND MaxDepth < 0.2 AND MaxVelocit <=2 7.6-9.9
4 MaxDepth >= 0.2 AND MaxDepth < 0.25 AND MaxVelocit <= 1.5 10-12.5
5 MaxDepth >= 0.25 AND MaxDepth < 0.3 AND MaxVelocit <= 1.2 12.6-15
6 MaxDepth >= 0.3 AND MaxDepth < 0.5 AND MaxVelocit <=1 15.1-26.6
7 MaxDepth >= 0.5 AND MaxDepth < 0.6 AND MaxVelocit <= 0.6 26.7-40
8 MaxDepth >= 0.6 AND MaxDepth < 0.7 AND MaxVelocit <= 0.5 40.1-53.3
9 MaxDepth >= 0.7 AND MaxDepth < 0.8 AND MaxVelocit <= 0.43 53.4-73.3
10 MaxDepth >= 0.8 AND MaxDepth < 0.9 AND MaxVelocit <= 0.38 73.4-95 -
11 MaxDepth >= 0.9 AND MaxDepth < 1 AND MaxVelocit <= 0.33 95.1-100

2 095 2 Sl o O )lud Ao ) Hlude Lo b g o Sl
dwlxe Glog coamns p 1) Sjlus Hlide (e ls g8 J§' Cuaid
YA (1250,8 W LY Zu,b 30 9 g a0 Llp Cwdd )8
Onizzed 5 Joine Slogyae (wlul p g Casl 039y (logs ¥elewee
07 olge pgdcasd 9yd¢5 sl HAZUS-MH Jse slgiiy

2 bl 13 Sib davlyas g o Juolg (58,5 iy L
VIA 25 adlae o] )3 oA543,8 J5y5 ok i Cnlune g o S
5 Sk W g Cumar 3L pladjl g o157 (15,8 L el o qupe e
e ) Jsbho pp e s pL1 > Sa o JS i
355 3 ) wln 9% o SSHk plp erdan S ey o
i Lv ):.1)_3 Uﬁ) BLIgN} ..\:])J 5).)95 Sy u)]))l.u RS L51>

(VY Jgda) ol (95 Glod (sdmgd sla ol

Ve v 5l ¥ o )losd qeaida JUo oyl pl o molio ol
Volume 17, No. 3, Fall 2021 (IR-WRR)

YaA



2298 Jew jlud 8§ ol b abje 90 a3 )3 jas)s log
Olog Cugsbes oyl g 35kl S a Ll adis Ay (sl
RTINS

Table 12- Area and number of 2D stable cells in
each zone
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Zone Damage Area Number of
number (%) (m?) 2Dcells
1 0-5 2964.55 378
2 5.1-75 1045 134
3 7.6-9.9 606.66 78
4 10-12.5 82.32 11
5 12.6-15 0 0
6 15.1-26.6 0 0
7 26.7-40 0 0
8 40.1-53.3 0 0
9 53.4-73.3 0 0
10 73.4-95 0 0
11 95.1-100 0 0
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Fig. 19- Damage map to passenger cars in the
parking lot
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Table 13- Damage amounts for new and second-hand cars in the Shiraz Darwazeh-Quran flood in Toman
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Zone number

New car damage (Toman) Second-hand car (Toman)

[y

0-202500

0-1012500

© 0O NO Ol Wi

e
= o

2065500-3037500
3078000-4009500
4050000-5062500
5103000-6075000
6115500-10773000
10813500-16200000
16240500-21586500
21627000-29686500
29727000-38475000
38515500-40500000

1032750-1518750
1539000-2004750
2025000-253250
2551500-3037500
3057750-5386500
5406750-8100000
8120250-10793250
10813500-14843250
14863500-19237500
19257750-20250000
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1- Federal Emergency Management Agency

2- Australian Rainfall & Runoff

3- Personal Computer Stormwater Management Model
4- Diffusive Wave

5- Saint-Venant

6- Sensitivity-based Radio Tuning Calibration

7- Mean Normalized Sensitivity

8- National Automobile Dealers Association
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