Debris Removal During Disaster Response Phase:
A Case for Turkey



Debris

Definition:

Scattered fragments, typically of
something wrecked or destroyed



Debris

Debris occurs because of
-destruction of structures

Debris quantity depends on
-disaster’s characteristics
-disaster’s magnitude

Debris obstructs to transmit
-emergency relief supplies to the
disaster victims

Inappropriate, inefficient and late
removal of debris causes
-delay in transportation and access to
disaster victims

-loss of lives!




-
Recent Disasters’ Da

1999, Golcuk Earthquake, 112.735 buildings

2005, Hurricane Katrina, 50.000.000 tons wood debris

2011, Van Earthquake, 2262 buildings

2011, Fukushima Eartquake, 1.000.000 tons C&D Materials




Debris Removal

Disaster timeline relating to debris operations [Celik et al. 2013]
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Problem Definition

* «Debris Removal Problem in the Response Phase»:

— In the phase of response

e transmit emergency relief materials to the disaster affected
regions as soon as possible
* by considering some priorities among them
— Districts with dense population
— Districts containing hospital, shelter areas, schools
 where some of the roads may proper to traversing, whereas
some of them are blocked by the debris
— Travel on a path which may include blocked roads as well
— Unblock these roads by debris removing operations!



( Relief Supply Carrier Under
Emergency)
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* «Debris Removal Problem in the Response
Phase»:

* In the phase of response

* transmit emergency relief materials to the disaster affected
regions as soon as possible

* by considering some priorities among them
* Districts with dense population
 Districts containing hospital, shelter areas, schools

* where some of the roads may proper to traversing, whereas
some of them are blocked by the debris

 Travel on a path which may include blocked roads as well

* Unblock these roads by debris removing operations!



[ Literature Review ]
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Mathematical Model




Suggested Soluti

* Find the least cost path between two consecutive critical
nodes

v — {1, if i and j are consecutive critical nodes
U710, otherwise

/ ly: time to traverse arc
Wy time to remove debris

X = {1, if arc (k1) is traversed while going fromito j
Ukt =10, otherwise

1,if debris on arc (k,l)is removed

Bia = {0, otherwise



Variables

ik =0

otherwise

1 1f blocked arc (k,1) is cleaned
“10 otherwise

C; = Travel time of the path between 1 & |
p. = Cleaning efforts needed till node 1



Min TT+ Y B,W, R T
KiErk<I ; 1 % ¢
7 Yl

Sl.
: Minimize total effort
YY, =1 Vie DL
JEDLU Q. :i= o
Construct a visiting sequence
E Yj =1 Yie DL between DL = critical nodes
jEDLUS :i= |
Yy, =1 vies
jeDL
Y Xpo - > Xy =Y, Vi jEDLU L k=i
IeN IeN
Y Xjo = X Xy ==Y, Vi jEDLU S k=] Construct a path for the
IEN IEN visiting sequence

N Xyo - > Xy =0 Vi jEDLU L k=i= |

IEN IEN



a1
o7 ia

Y X+ DXy =(By+l)*DLI*DL| VkIENkKk<I

I, JEDLUS I, JEDLUS

Y X< Y *IN*N| VijeDLUS

KIEN
T=p Vie DL

_ _ Calculate the effort for
Pz P+ Cij - M(1 - Y/) VieEDLU S, jeDL cleaning the blocked arcs
Cij - z tkl)(ijlk Vi,jeDLU&

k,IEN

Y,€{0,1,C, =0 VijeDLUS

X €10,1} Vi,jEDLU &, kIEN
P=0 VieDLU &

B, <{0,1} VkIEN
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* Kartal & Bakirkoy

* Road infrastructure

* Population
e Debris amount
* Severity of Earthquake

Severity of Blocked Arc

Earthquake Ratio . Ra}ndol‘h‘Mkfe'BMked arcs

SOE=1 0%-20% » Higher number of blocked arcs for
more severe earthquakes

SOE=2 20%-50%

SOE=3 50%-80%

SOE=4 80%-100%



Kartal 45 nodes

Bakirkoy 74 nodes

Bakirkoy #of blocked

Kartal SOE BAR #of blocked 0) SOE BAR
Instances arcs Instances arcs
K-1.K-5 1 0195 124 B-1..B-5 1 0.19 500
K-1'_K-5' B-1'.B-5'
o0 RS0 2 0.445 441 56810 2 0.23 613
K-6'. K-10' B-6'.. B-10
I 3 0.58 574 B-11..B-15 3 0.54 1423
K-11'. K-15 B-11'..B-15'
K-16.. K-20 B-16...B-20

4 0.819 806 0.82 2160
K-16'.. K-20 B-16'.. B-20' !






Marmara Region
Disaster Centre of the
Turkish Red Crescent
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Computational Analy

imseances: K-1. K-S

mstances: K-6.. K-10

#of crmcal| Best | cpiex D“""'I sof craxcal| Bem | cplex Debrts
) ~ - | removed arcs
nodes sec arcs modes CPU(sec)
— = 221.41 - s 223 26 .
a3 186.73 . 50 23496
TGaD - 190.82 - TR 51 270 41 -
a3 178.4 - ®» 225 46 -
43 1832 - 43 261 30 -
- 3s 3.51 - 3s 1539 -
LL] 35 10.02 . 2 4 -
@) Hhospeak) 36 627 - |4osprary 40 009 -
3% 12.08 - 2 10.7%
(0)) 3s 11.60 - 39 7.04 -
30 1.4 - % 252 .
30 1.47 - 22 253 -
Hschools) 30 1.61 - H(schook) 30 228 -
5o As SOE M~ # of blocked arcs § | T sooam ||
msitamces: K-11.. K-18 imstances: K-16.. K-20
O Becomes compulsory to unblock sofcrmcal] Best | cpax | DB |sorcmcal] Bem | cpiex | Deves
- | removed arcs
i il Tal nodes arcs nodes tive |CPU(sec)
arcs in order to visit critical nodes for - Pt X e
; ; a3 495,63 . 2 33198 .
some instances with greater SOE. — e = . o 91687 oy 12y
4 196 96 - S0 291586 @120 &L
o 47 186.72 - 101 4541 Sea LD
T 3s 4387 - ' (3343)
LL 53 0.51 - s n»N -
shospeak) 51 $.32 - &7 20.23 -
@) 38 8.0 - |4wespmaly 70 3891 sy (3343)
) 20 8.41 - 7 49.49 -
40 434 - 8s &4 54 -
35 2908 . 57 6.62 a Q12
- y 30 3.1 - ss 166 -
pchodd 35 285 - 3(schook) 68 7.08 Q12
55 376 Q120
20 251 . S R N

3.62 @123
T

¥=d0S



Computational A

O Not hesitated to travel on a
path that includes blocked
arcs on the drive when the
required effort is less.

Wij: Greate

Wij’: Smaller debris
removal effort

|

removal eff

A

ins tances . h-16.. k-20
®of crimical| Best Bent cplx Debats
nodes nodes Objective |CPU(sec) ——
53 . 109 5167.18 @
63 ! 82 33108
G0 a8 e O - 110 913687 >
46 19696 - D %0 1585 QLD
7 18672 - (Q1.22),(22.4)),
~ e : 101 4541.84 3343
53 9.51 . 84 23 >
4(bospmk)  $1 832 o &7 2023 >
3s 8.6 . 4mospmak) 70 3891 (3343)
40 8.41 - 70 49.49 -
40 4.34 8 88 6454 -
35 298 57 6.62 2122
» y 30 3.11 N 5% 166 8:.3
sehook: 35 285 - 3(schooks) a8 7.08 Q122
ss 376 @120
N
=t s 45 3.62 212
mstamces: K117 K.1§8° mstances: K-16".. K.20"
wofcraral| Best | cplex | g agcs [Pofcrmcal| Best | cplex | i
Dodes CPU(sec) podes | Obpcove |[CPU(sec
s1 21356 Q1) 97 | 436474 (3261 32)(a345)
53 nest o - 7 MR 241)
=D 57 33634 2733) 1D 85 379148 (141521200334
25 wsss AT - ' 81 279433 QI23)(43.45)
- '?f = S0 325878 QIANE4NG3IAT)
53 £37 . 0 5429 16.32).(43.45)
4(hospmak) S0 165 (3343) & 171 @241)
38 s g - shopia) & 3248 (3343)
20 1571 - 70 2691
38 342 Q122 73 1496 (2123
33 i A7 Q122 50 ass Q12 <
30 203 . 51 348 Q12
Hachoak) 3 2 - I(schook) &1 524 Q123
. O 373 Q@123
» 265 - 38 251 Q123

22,4133 43 16—




Computational A

e As the # of critical nodes

increases, the CPU times
exponentially increase.

mstances: K-6.. K-10

Beu cplex Debris
Obective [CPUGag " <
a5 223 26 .
50 23596
3 27041 -
4 22546 -
48 261 30 -
3s 15.39 -
2 s+ -
40 0090 -
2 10.7%
- 39 7.0% -
30 ® - 29 252 -
30 - - 29 254 -
Hwchools) 30 1.61 - (schook) 30 228 -
20 144 34 3.51
20 1.44 - 30 3.04 -
mitamces: K-11.. K-18 imstances: K-16.. K-20
®of crincal|l Best cpiax | DU | crmcal| Bem cplex Debris
removed removed arcs
nodes » arcs nodes Obgective [CPU(sec
53 315.37 . 100 516718 @12
83 49563 - 2 33198 -
7GD &3 3814 - el 110 013687 Q120
a6 196.96 - %0 2915.86 Q122)
47 186.72 . QLIN 2 41).
3s 457 ; 100 | 4508 " 5 4)
53 0.51 - s+ nmRn .
Hhospiak) 51 $.32 - &7 20.23 -
38 8.9 . 4(onpmaks) 70 3891 (3343)
30 8.41 - 70 49490 -
40 434 - ss 64.54 .
35 2608 - 57 662 Q12
30 3.1 - s 366 -
Hochostd 55 2.8% . 3(schook) 68 7.08 Q12
R 55 376 Q120
2 251 45 362 @122




Computational

mstances: K-1° K-8

Objecrve| CPUKsc)
FrRTTY ) - @ Dis :
4 W - ® W 0343
L ST Wd o w3 .
& 1%y ® e
8 e . a s .
¥ 716 x 92 -
# 0 en a ne @343
@) Wdoptal) 36 99 - dhopmal)  ® 103 -
C P U I ) ¥ m - Q 118 -
values. ¥ - » 208 .
R . » 1y .
0 1n » 1% .
Jachook) 30 2% Mschosk) W 3% .
¥ 1% - n s e13)
N » 185 30 19 .
B motances: K-11°_ K-18* mtances: K-16°. K-19°
efalll| Bt i Debris recoved a1cs fefclial) Bet Debein semoved ey
20de1 » Dodet .
6 é T, eI 97 326) 21 2)(33.45)
& 31891 - % a3 241
N & 6 @ gy B IPLH (UHCLINOI4)
% 1988 - $I WM (LINE3ES)
C;? T : © N7 QLINEMN0MD
LL] 7 s 837 . 0 4 (63NE349
pogmk) 0 169 (3343) & 18 @241
O ¥ s - dopmak) &) R4 fiTen)
N © un . 0 %9 .
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Computational

e Generally

* For less severe earthquakes

* Jlocations of critical nodes are more
important than the number of the
critical nodes

e Order of visit of critical nodes same

* For more severe earthquakes

* Order of visit of critical nodes differs a lot
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* Similar arguments are valid for
Bakirkoy

Heuristic:

* As the data set becomes larger
* Difficult to find optimum for

Solution times

: < seconds
some instances .
+ Higher |DL| Constructive
» Higher SOE 2-opt

* Heuristics are developed
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