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Abstract

Floods in urban areas are always associated with casualties and
economic losses. While estimating the amount of flood loss for
all contents of a residential building is very important, the
existing models only estimate the amount of direct damage
caused to the building structure and then, the damage caused
to the movable content of the building is assessed as a
percentage of the damage to the structure. Considering the
inaccuracy of the existing models and since no research has
been done in Iran on that, in this research, determining the
amount of direct loss of the contents of residential buildings,
both movable and immovable, has been considered in full
detail. The study was carried out in five neighborhoods with
various economic levels in Rasht City, and through a
questionnaire filled by 381 people living in the study area, the
value of the household items and appliances were evaluated at
the current price. Finally, the flood depth-loss curves for all
movable and immovable items were presented and the results
were compared with the results obtained from the loss
functions used in other countries. The average loss calculated
by the developed model was lower than the global models up
to a depth of one meter and higher from this depth onwards.
This indicates the need to produce loss functions caused by
urban flooding at the national level. The method used in this
research and the developed dimensionless loss functions are
recommended for many similar urban areas in Iran.
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Table 1- The percentage of damage to moveable household contents for different water depth rising from the
house floor (numbers are in percentage)
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0 0 0 0 0 0 0 0
0.2 0 10 20 20 80 10 10
0.4 0 30 40 40 80 20 20
0.6 10 40 50 50 100 50 30
0.8 20 50 70 70 100 70 40
1 30 50 100 100 100 80 50
1.2 50 70 100 100 100 100 60
14 70 70 100 100 100 100 70
1.6 80 80 100 100 100 100 80
18 80 80 100 100 100 100 90
2 100 100 100 100 100 100 100
2.2 100 100 100 100 100 100 100
2.4 100 100 100 100 100 100 100
2.6 100 100 100 100 100 100 100
2.8 100 100 100 100 100 100 100
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Table 2- The percentage of damage to immoveable household contents for different water depth rising from
the house floor

G UGS 51 o00] YU O Gos (bl p B Jolio pé Olgidme O )lud w03 -Y Joio

Water depth Stucco Heating  Cooling - .. Interior
rising(m) and Paint  System System Electricity ~ Cabinets Doors Entrance Door
0 0 0 0 0 0 0
0.2 0 0 0 10 10 0
0.4 0 0 0 10 10 10
0.6 Equation2 10 0 0 20 10 10
0.8 20 0 10 40 20 20
1 30 0 20 60 30 30
1.2 40 0 30 80 40 40
1.4 50 0 40 100 50 50
1.6 60 0 50 100 60 60
1.8 70 50 50 10 70 70
2 100 70 50 20 80 80
2.2 100 80 50 40 90 90
24 100 90 50 60 100 90
26 100 100 50 80 100 100
2.8 100 100 50 100 100 100

* For water depths from 20 cm to 1.2 m, the figures are multiplied by 70 percent of the total value of the cabinets. For depths from
1.4to0 1.6 m the loss is 70 percent of the totalvalue. From 1.8 m (the gap between the two rows of cabinets is 40 cm) to 2.6 m the
figures are multiplied by 30 percent of the total value and add to the 70 percent of the value. In 2.8 m the loss is 100 percent.
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Table 3- Average current price of the moveable household contents in each district (Tomans)
(Ologs) dloxe s )3 Jgile Glgiowe jo) Caosd (pilo ¥ Jgoa

Other The total cost
District Name TV Refrigerator \KAVZEE:ES Dishwasher Carpet Furniture (.Ic_:hoenzggésn d Oﬁggzxme
category) contents
Ali Abad 15,468,750 31,375,000 15,343,750 18,136,364 17,027,027 24,625,000 60,987,945 182,963,836
Hossein Abad 19,032,258  31,774,193.55 15,322,581 18,048,780 17,192,982 24,354,839 62,862,817 188,588,451
Ostad Sara 17,819,149  36,276,595.74 16,542,553 18,437,500 18,829,787 25,638,298 66,771,941 200,315,824
Rashtian 18,507,752  36,627,906.98 17,383,721 19,500,000 19,282,946 26,162,791 68,732,558 206,197,674
Mo’allem 18,769,841 37,063,492.06 19,325,397 19,642,857 19,682,540 29,523,810 72,003,968 216,011,905
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Table 4—- Average current price of the immoveable household contents in each district (Tomans)
aloo y» 3 &l Jollio pf Slgime jg, Cuond (ke —F Jga

The total
. . . . cost of
District Stucco and Heating Cooling Electricity Water Cabinets Interior  Entrance immoveable
Name Paint System System Piping Doors Door
household
contents
Ali Abad 121,800,000 5,000,000 10,000,000 15,000,000 10,000,000 9,000,000 4,500,000 3,500,000 178,800,000
ngszed'" 121200000 5000000 10,000,000 15000000 10,000,000 13500000 5500000 5000000 185,200,000
Ostad Sara 134,250,000 10,000,000 15,000,000 15,000,000 10,000,000 22,000,000 7,000,000 7,000,000 220,250,000
Rashtian 139,350,000 15,000,000 25,000,000 15,000,000 10,000,000 30,000,000 8,000,000 8,500,000 250,850,000
Moallem 127,350,000 20,000,000 30,000,000 15,000,000 10,000,000 32,500,000 9,000,000 10,000,000 253,850,000
80.00
m Steel Structure
70.00
S 60.00 m Concrete
T
'S 50.00
% Other Structure
c 40.00
(@) R -
£ 30.00 H Brick & Iron Materials
S
'S 20.00 . .
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0.00 I I_II_I B l_|| 1 Cement Block Materials
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Abad m All Brick or Stone & Brick

District

Materials

Fig. 2- Construction materials in each district (After Plan and Budget Organization of Guilan (2016))
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Fig. 3- Flood loss curve of moveable household contents
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Table 5- ANOVA table of movable content loss function
Jgte pjld &yl 2B ANOVA Jgsa -0 Jgaa
Source DF SS MS F P R2
Regression 1 12231.0  12231.0 1647.54 0.000 99.40 %
Error 10 74.2
Total 11 12305.2

YFoY 5l oF 8 loud p23595 Jw (ol ! O pulio Wl
Volume 19, No. 4, Fall 2023 (IR-WRR)



100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

Loss (%)

05 1

15 2 25 35

Water depth (m)

Fig. 4- Flood loss curve of immoveable household contents
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Table 6- ANOVA table of immovable content loss function
Jofo il 0319 ©ylud & ANOVA Joua —F Joi

Source DF SS MS F P R2
Regression 1 11231.9 11231.9 2355.55 0.000 99.45%
Error 13 62.0 4.8
Total 14 11293.9
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Fig. 5- Total Flood loss curve
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Table 7— ANOVA table of the total loss function
JS O,ls 20 ANOVA Jaus - Jouo
Source DF SS MS F P R2
Regression 2 13403.9 6701.94 4814.39 0.000 99.88%
Error 12 16.7 1.39
Total 14 13420.6
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Normal Probability Plot of total loss function residuals
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Fig. 6- A) The test of normality of the residuals of the total loss function and B) The test of the presence of
memory in the residuals of the total loss function
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Fig. 7- Variance stability test (Homoscedasticity) of the residuals of the total loss function
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Table 8- Comparison between the developed model and 5 global models for the loss of immovable contents
Pl JM O b Jogtin s Olgione O jlud (5l AL drwyd Jdo gl dwslio —A Jouo

Difference . Difference Difference  Difference
Loss between Difference between between between
Water Loss Loss  Loss (%) Loss Loss (%) Arrighi & between Luino & Life-Sim &  Dutta &
depth (%) (%) (%) 7o (%) this o Debo & This . ! :
I h Life- This This This This
(m) Arrighi Debo Luino - Dutta research Research
Sim Research (%) Research Research Research
(%) ° (%) (%) (%)
0 0.00 3.80 0.00 0.00 3.15 0.00
0.5 9.29 8.23 14.36 18.85 15.06 0.00
1 22.54 18.20 24.08 27.73 25.70 11.31 99.29 60.92 112.92 145.20 127.24
15 3512 2381 2817 3582 34.03 28.50 23.23 -16.47 -1.15 25.69 19.40
2 36.24 31.06 32.13 43.06 40.97 47.32 -23.42 -34.35 -32.10 -9.00 -13.41
2.5 3773 3745 36.28 4953 46.77 61.38 -38.53 -38.98 -40.90 -19.31 -23.80
3 38.81  43.33 55.18 50.92 76.83 -49.49 -43.60 -28.18 -33.72
35 39.86 47.50 60.00 54.20 83.45 -52.23 -43.08 -28.10 -35.05
%— Debo Luino O Dutta ——this research Arrighi Life-sim
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Fig. 8- Comparison of models in terms of loss to immovable contents of buildings
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Fig. 9- Comparison of models in terms of loss to the moveable household contents
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Table 9— Comparison of loss percentage of movable household contents
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Loss L oss Loss (%) between between Difference
Water Loss (%) (%) (%) This Arrighi & Life-Sim &  between Dutta &
depth (m) Arrighi Life- Dutta  Research This This This Research
Sim Research Research (%)
(%) (%)
0 0 3 0 - - -
0.5 4.66 41.07 12.57 0 - - -
1 11.27 67.84 22.56 25.93 56.54 -161.58 13.02
15 17.56 73.84 35.49 57.31 69.36 -28.84 38.07
2 18.05 78.64 43.95 78.99 77.14 0.43 44.36
2.5 18.86 82.28 50.73 92.43 79.59 10.99 45.12
3 19.36 83 59.45 100 80.64 17 40.55
3.5 19.93 83 63.74 100 80.07 17 36.26
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Fig. 10- Flood loss curves comparison for moveable and immoveable household contents
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