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Table 1 Estimation of earthquake-resistant 
Category Seismic 

Performance 
Content Estimation Standard 

1 OK 
Securing seismic 
performance of 
level 2 

・OK by seismic detailed diagnosis 
・“Ⅰ”structures or “Ⅲ”structures with great ground 
condition 

2 
Not 

necessary 

Securing seismic 
performance of 
level 1 

・“Ⅱ” and Rank B structures 

3 Not good 
Securing seismic 
performance of 
level 1 

・“Ⅱ” structures with great ground condition 
・“Ⅲ”structures without great ground condition 

4 Bad 
There is a 
possibility 
getting damaged 

・NG by seismic detailed diagnosis 
・“Ⅱ” structures without great ground condition 
・Neither “Ⅰ”“Ⅱ” “Ⅲ” 

Ⅰ：Structures built after 1997（made of RC,PC or Steel） 

Ⅱ：Structures built after 1979（made of RC）or built after 1985（made of Steel） 
Ⅲ：Structures with spread foundation built after 1980（made of PC and its capacity is less than 10,000 ㎥ ）  
Current seismic standard : seismic performance in “The ordinance of technical standards on water facilities”2) 
According to the result of the seismic performance evaluation, 80% of the water intake 

stations could not secure the seismic performance and 40% of purification stations could not 
secure the seismic performance, either. 50 % or more of the water supply facilities are not 
securing seismic performance due to the established year, and it may severely damage a lot of 
water facilities. 

Water Pipes 
Seismic performance evaluation of water pipes is that we predict the damage by 

earthquakes using pipeline damage prediction equation3). 

 Rm（v）（spot /km）  ＝ Cp × Cd × Cg × Cl × R（v） （Eq.1） 
 Rm（spot）   ＝ Rm（v） × L  （Eq.2） 

（※（Japan Water Works Association）） 

・Breakage rate ：Rm（v） 
・correction factor for type of pipe ：Cp

・correction factor for pipe diameter ：Cd

・Correction factor for terrain and soil ：Cg

・Correction factor for liquefaction ：Cl

・Maximum acceleration of seismic motion：v  
・Breakage ratio（spot/km）  ：R（v） 
・The number of breakage in mesh ：Rm 
・Length of pipes in mesh（km） ：L 
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Restoration Speed of the Structures 
We determine the emergency restoration term of each water facilities from the past big 

earthquake disasters. Table 3 shows the emergency restoration term of water facilities. These 
values show emergency restoration and we don’t estimate the repairing and reinforcement. 

Table 3 Emergency restoration term of water facilities 

Restoration Speed of the Water Pipes 
Table 4 shows the restoration speed of water pipes of each diameter. We calculate the 

emergency restoration term of water pipes based on the restoration speed4) and the restoration 
speed of its diameter of 700mm or more is calculated by “Earthquakes Countermeasure Manual 
Guidance”3) 

Table 4 Restoration speed of water pipes4)5)

Setting the Restoration Process 
On this investigation, we set that 70 emergency restoration squads would be sent to the 

damaged portions in the subject area for one day, and they are supposed to restore water 
facilities stepwise. The number of squads is calculated by population served and the scale of 
the earthquake6). The number of restoration squads in each area is determined by the ratio of 
the restoration term in each area to the total of restoration term. We multiple this ratio by 70 
squad/day and set the number of restoration squads in each area. In terms of the restoration, 
we can’t send water to the residents when purification stations got damaged even if feeder 
pipes are restored perfectly. Therefore, we restore water facilities from water intake stations in 
order. Figure 6 shows the restoration step of water facilities.  

Restoration term (day)

Rapid filtration（not securing sesmic performance） 30

Slow filtration（not securing sesmic performance） 30

Rapid filtration（securing sesmic performance） 15

Slow filtration（securing sesmic performance） 15

Membrane filtration 3

3

3

3

Purification stations

Distribution stations

Pumping stations

Name of water failities

Water sources

Diameter(mm)
Restoration speed
（spot/squad・day）

φ700～ 0.20

φ500～600 0.25

φ300～450 0.50

φ200～250 1.00

φ150 1.00

φ100 2.00

～φ75 2.00



Result 
We fo

and rest
distribu
determi
calculat
facilitie
defined 
earthqua
shows d
figure, t
purifica
availabl
distribu
pipes ar

On th
deficien
in each 

As yo
and dist
to recov
restored
  In thi
earthqua

ound out th
toration pro

ution pipes a
ned by the 
te the defici
s started to
that the de

ake and the
deficient ter
the water f

ation station
le water sup

ute pipes are
re restored. 
he investiga
nt term. Figu
area, and T
ou can see t
tribution pip
ver conduit 
d in 2 weeks
is way, we 
ake resistan

Figure

e available 
ocess, and av
and feeder p
earthquake

ient term of
o be restor
eficient term
e time that 
rm of emer

facilities are
ns, and wate
pply starts 
e restored, 

ation, we sta
ure 8 shows

Table 5 show
the Table 5,
pes, and it w

pipes and 
s and necess
focus on t

nce counterm

e 6 Restor

water supp
vailable wa
pipes when

e counterme
f emergency
ed from th

m of emerg
available w

rgency wate
e restoring
er supply sta
increasing a
and water 

ate the calcu
s the transit

ws the restor
, area “d” h
would get d
transmissio
sary water s
he deficien
measure fro

ration step o

ply and targe
ater supply i
n it is restor
easures of w
y water supp
he area that
gency water
water supp
er supply a
in the orde
arts increas
at the same
supply wou

ulation meth
tion of targe
ration term 
has the long
damaged at t
on pipes, bu
supply are s
nt term of e
om the longe

on water fac

et water sup
is calculated
red by the m
waterworks 
ply in each 
t has longe
r supply is b
ly exceeds 

and restorat
er of water 
ing when fe

e time that 
uld be stabl

hod of a pri
et water sup
and priority

gest term of 
the most. In
ut distributi
secured and
emergency w
est deficien

cilities 

pply from th
d from the r
method. Tar

of the subj
area and we

er deficient
between the
target wate

tion process
intake stati
eeder pipes 
water distri
le when the

ority order 
pply and ava
y order in ea
f the restorat
n area “c”, i
ion pipes an
the deficien

water suppl
t term. 

he restoratio
restoration 
rget water s
ject area. T
e assume th
t term. Fur
e occurrenc
er supply. F
s. Accordin
ions, condu
 are restore
ibution stati
e end of th

using 4 are
ailable wate
ach area. 

ation of feed
it takes a lot
nd feeder p
nt term is sh
ly and prom

on speed 
status of 

supply is 
Then, we 
hat water 
ther, we 
ce of the 
Figure 7 

ng to the 
uit pipes, 
ed. Then, 
ions and 

he feeder 

as of the 
er supply 

der pipes 
t of time 

pipes are 
hortest.  
mote the 



Figu

※ It is 

A

B

C

D

Area

Figure 7

ure 8 The 

restoring in

Conduit p
transmissi

17

8

12

14

Deficient t

transition o

Table

n stages. 

pipes and
ion pipes

7

2

4

term of eme

of target wat

e 5 Settin

Purification 

19

-

-

33※

Restoration te

ergency wat

ter supply a

ng priority o

station

rm  (day)

ter supply a

and availabl

rder in each

Distribution pipe
feeder pipe

38

37

12

45以上

and restorati

e water sup

h area 

es and
es

Res

（squ

ion process 

pply in each

3

8

7

28

storation
group
uad/day）

Prio

h area 

2

3

4

1

ority order 



5. SETT

We m
water fl

Figu
can see
supply 
restored
supply. 
pipes an

The a
pipes re
During 
they ca
distribu

Figur
that we 
pipes, a
occurred
and it 
Earthqu

Thus,
make th
earthqua

TING THE

mentioned h
low would b
ure 9 shows
e the figure

water when
d completel

Therefore, 
nd we secur
amount of a
ecovered, bu
this time, it

an’t afford 
ution and fee
re 10 shows
reinforce 1

and the rei
d. As you c
is consider

uake occurre
, we set the
he effect o
ake resistan

Figure 9

E TARGET

how we set 
be different 
s restoration
, from the 
n conduit a
ly, so we n

it is consi
re the availa
available wa
ut emergenc
t is consider
enough wa

eder pipes to
s restoration
15% of con
inforced pi
an see the g
red that w
ed. 
e target of e
of earthquak
nce plan wh

Restoratio

T OF EART

the order in
depending 
n simulatio
occurrence
and transm

need to rest
dered that 

able water su
ater supply 
cy water sup
red distribut
ater supply
o afford eno
n simulation
duit and tra
ipes are no
graph, the av

water supply

earthquake 
ke resistanc
ich is under

on simulatio

THQUAKE

n each area 
on the orde

on before ea
e of the ear

mission pipe
tore conduit
we reduce 
upply right 
started to b
pply get to b

ution and fee
y. Therefore
ough water 
n after earth
ansmission 
ot supposed
vailable wa
y is secure

resistance 
ce visible. 
rstandable f

on before ea

E-RESISTA

in precedin
er of restorin
arthquake r
rthquake to 
es are dama
t and transm
the damag
after the ea

be restored w
be deficient
eder pipes a
e, we need
supplies du

hquake resis
pipes and 1

d to get da
ater supply e
ed in this 

to secure n
It is consi

for water us

arthquake r

ANT 

ng paragrap
ng water fac
esistance in
the 16th da

aged even 
mission pip
e of condu

arthquake oc
when condu
t between 2
are not resto
d to take c
uring this pe
stance in ar
10% of dist
amaged wh
exceeds the 
area even 

necessary am
idered that 
ers. 

esistance in

ph, but the d
cilities. 
n area “A”.
ay, it would
if feeder p

pes to secu
uit and trans
ccurred. 
uit and trans
8th day and 

ored comple
countermea
eriod. 
rea “A”. We
tribution an
hen the ear
target wate
if Nankai 

mount of w
we can sh

n area “A” 

deficit of 

 As you 
d hardly 

pipes are 
re water 
smission 

smission 
33rd day. 

etely and 
sures of 

e assume 
nd feeder 
rthquake 
er supply 

Trough 

water and 
how the 



6. CON

On th
the prio
earthqua
report, b
expecte
Therefo
investig

REFER
1) The f
Japanes
www.bo
2) The o
Labour 
3) Estim
4) The e
(in Japa
http://w
5) Guid
Japanes
6) Inves
Ministry

Figure 10

NCLUSION

his investiga
ority evaluat
ake-resistan
but if it is a 
d that there

ore, we inten
gate the diffe

RENCES 
fault region 
se) 
ousai.go.jp/j
ordinance o
and Welfar

mation disas
earthquake 
anese) 

www.mhlw.g
delines for p
se), 2015, 06
stigation rep
y of Health,

0  Restora

N 

ation, we fo
tion of earth
nce for wate
small city, 

e will be ma
nd to carry o
ference of re

of the estim

jishin/nanka
of technical 
e 
ster of drink
countermea

go.jp/topics/
planning to u
6, Water Su
port of earth
, Labour an

ation simula

ocused on th
hquake-resis
er users. We
the number
ny water fa
out the resto
estoration pr

mation earth

ai/taisaku/p
standards o

king water p
asure manua

/bukyoku/ke
upgrade the
upply Divisi
hquake resis

nd Welfare

ation after e

he restoratio
stance. We c
e chose an e
r of restorati
acilities that 
oration simu
rocess betw

hquake sour

pdf/1_1.pdf
on water fac

pipes due to
al guideline

enkou/suido
e earthquake
ion, Ministr
stance of dr

earthquake r

on process o
could show

examination
ion groups w
are not sec

ulation on s
ween big citi

rce on Nank

ilities(in Jap

o earthquake
es, Ministry 

o/kikikanri/
e resistance 
ry of Health
rinking wate

resistance in

of water flow
w the underst
n target as a 
would be re
uring seism

small cities 
ies and sma

kai Trough e

panese), Mi

es, JWRC 
of Health, L

/dl/chosa-06
of drinking

h, Labour an
er facilities 

n area “A” 

w and carrie
tandable eff
main city o

estricted and
mic performa

and we wil
all cities. 

earthquake 

inistry of H

Labour and

603_01.pdf 
g-water faci
nd Welfare 
(in Japanes

ed out 
ffect of 
on this 
d it is 
ance. 
l 

(in 

Health, 

d Welfare 

lities (in 

se), 2012, 




