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From the wisdom of the ages
to the challenges of modern world

The Study on Optimization
Location-Allocation of Emergency
Shelter for Earthquake
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2.Department of Land Science and Technology,
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Background Three

» To minimize losses of earthquake disaster angcit®empanying
disasters, to guarantee the land use requiremepb#-disaste

emergency response and reconstruction, and tovechational
economic smooth transition as soon as possible;

» To provide policy and decision-making referenguiag to the
emergency response and reconstruction of earthglis&sters
from the area of land management;

» To better improve our land use planning theory awadtice;
» To better perform our responsibility for globalipa obligation;
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Theoretical Basis

System Management
Operations Research
Land Use Planning Theory
The Theory of Calamity
Seismology

Profile of study area

* Yushu Tibetan autonomous prefecture (hereinaétferito as the Yushu
prefecture)is located in the southwest of Qingliavimce, PRC., north adjacent
to Hercynian Mongolian Tibetan autonomous prefextaast adjacent to Goluo
Tibetan autonomous prefecture, southeast adjamé€dnzi Tibetan autonomous
prefecture of Sichuan province, sout e
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Profile of study area

There is 7.1 magnitude earthquake in Yushu
county of Yushu Tibetan autonomous
prefecture in Qinghai province at 7:49, on
April 14, 2010.The epicenter location is 96.6
N, 33.2 E, which is located in the mountain of
4300 meters above sea level in Yushu Tibetan|
autonomous prefecture of Qinghai province,
from which Yushu county town (Yushu
prefecture and Yushu county government)is
about 42 km.
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The depth of hypocenter is 14 km, and the
highest intensity of earthquake is 9 degree,
the fault zone is Yushu - Ganzi sinistral
strike-slip faults, the intensity of

meizoseismal area i¥X degree. The affected
scope is about 3 square kilometers, which
causing heavy casualties and property losses.
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Conception

Earthquake emergency shelters
(emergency shelter for earthquake disasters)

is such a temporary and safe place arranged byldmaing and
construction, which has service facilities for egercy shelter
and emergency evacuatiBrGenerally speaking, the earthquake
emergency shelters using for quake victh{seismic shelter for
evacuation) can be divided into three types , sisctemporary
emergency shelters, fixed emergency shelters, centergency
shelters according to the capacity of quake victimg
comprehensive facilities.

temporary emergency shelters——basic facilities——10d
fixed emergency shelters——basic facilities——10-30d
center emergency shelters ——comprehensive facilities—30dmore ©

Requirements

temporary fixed emergency | center emergency

Requirements
emergency shelters shelters shelters

Safe distance from
secondary disasters 30mFire safety belt 1000msafe distance

hazard(m)
The average effective . /
evacuation area(m2)
Sites areas(hm2) 0.1 1 50
Service radius(km)/(min), 0.5/10 2-3/60 /
Aisle width (m) 4 7 15
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The principles of location-allocation

System coordination tool , Main function include

unified planning, combine with daily facilities

\.\ | adjust measures to local conditions
T i comprehensive utilization
i

the nearest evacuation, security and accessibj

o

Geographical Spatial Geometric Netw

e Geometric Network ModEl can be interpreted as: A network is se
by the node (the node) and the connecting arc [arc, or (branch)],
expressed by symbols (N, A), hereinto, N is the set of nodes, A is
set of arcs.

« geographical spatial geometric network analifSiss that human
activities always tend to be in a certain target selection to acthieve
best effect of space position. The simulation of the network status
and situation analysis shows the requirements of path analysis ang
network analysis, to assist in the visualization analysis of path
problem (path finding), resource allocation problem (resource
allocation), tracking problem (trace), spatial interaction (spatial
interaction), the distance matrix computation (short for the matrix
calculation) and location - configuration (the location allocation)
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location-allocation
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location-allocation optimizing strategy

LSCP
( Set covering location model
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location-allocation optimizing strategy

BACOP1 BACOP2
( Backup coverage model ( Backup coverage model
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Several distance measuring
geographic space

== Euclidean distance —_—

dy, = 10X, = X, +(y,y,)]
d, =r *acos[sinb *sind +cosb * cosd * cos(c - a)]

= Network distance _—

== Manhattan distance

d. - |X1 - X2|+|y1 - y2|

FIG Working Week 2015



Dijkstra shortest path algorithm

[u,i] =[u +d;,i] d, 20
[ node | wmak | sae |
[0,-] permanent
[0+100,1J=[100,1] temporary

[0+30,1]=[30,1] temporary

[0,-] permanent
[100,1] temporary
[30,1] permanent
[30+10,3]=[40,3] temporary
[30+60,3]=[90,3] temporary

[ node | mak ] sae|

[0.-] permanent
[40+15,4]=[55,4] temporary
[30,1] permanent

[40,3] permanent

[90,3]2k#[40+50,4]=[90,4] temporary

Research methods
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Evaluation Indexes System

B1 C11 effective refuge capacity (population) 0.15
0.2

effectiveness C12 the average slope of alternative sites 0.05

C21 the shortest route of community residential areas  0.20

,At,he . B2 04 |C22 the shortest route of medical facilities 0.10
optimization | accessibility|
strategy C23the shortest route of fire-fighting facilities 0.05
of location-
allocation C24 the shortest route of water sources 0.05

C31 Euclidean distance of the earthquake fault zones  0.20

B3 04 C32 Euclidean distance of geological hazard points 0.10
safety ’

C33 Euclidean distance of the flammable and

explosive hazards points Bl

Quantitative evaluation indexes
Uniform index dimension using the linear utility function

\l_b! UA(a,) positive  (1=123,*+*n)
a,-b,

b.=x. . :

ut B UA(ai) negative  (1=1,2.3,****.n)
LE!

UA(a, =<
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Determine the weight of indexes
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Range the location level

When G0.5, alternative emergency shelter is the best
location;

When 0.4<C<0.5, alternative emergency shelter is a
suboptimal scheme;

When0.3<C<0.4, it means generally matching the
requirements of safe, effective and accessible;

When C<0.3, it is not suitable for an emergency shelter.

Demonstration

* Build traffic geometric network and geographical

Spacify the stiributes for the network datasst Add
Y@ name Usage Units Data Type
© B Cast Secoads  Deuble Beaove

<t-¥F® T-Fw@ >

cancel
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The effective refuge capacity

Legend

city_net_Junctions

Edges

location of shernstive sites

Bl o of shernative sites

sites
I
I
I
I
Esi)

slope
9.19
10.13
5.56
9.40
0.85

lower
10.13
10.13
10.13
10.13
1013

upper
0.00
0.00
0.00
0.00
0.00

negative
0.0928
0.0000
0.4511
0.0721
0.9161

The average slope

gradient

Legend
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; = T'he Shortest Route

03459

Legend

Pe— is

Location 18 - Lo caiy
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Legend

Location-allecation

I optima

o bopimt
general
unsuitable

E central urban area
ractical nt

Actually, Location12 and Location16 had been usetha headquarters office of
earthquake relief, while location32 MinZhu Villageactually used as a refugee
resettlement site, location 25 wetland park isa@btas temporary construction site.

¢ anti-seismic

location

suitability evaluation of 1
construction land

i

» disaster emergency anc
prevention decision-
making system

» earthquake disaster
evaluation based on
remote-sensing image

« dynamic uncertainty

Research Prospect
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