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DN 90°Bend 45°Bend 22 % °Bend 11 ¥ °Bend Blank flange & Banch

Depth of
cover
100 . 3.7 . . 2.3 . . 1.3 . . 0.7 . 6.9 4.7 3
150 . 5.3 . . 3.3 . . 1.8 . . 1.0 . 9.8 6.7 5.1
200 . 6.8 . . 4.2 . . 2.4 . . 1.3 . 12.6 8.7 6.6
250 8.3 . . 5.2 . . 2.9 . ) 15 . 15.3 8.1
300 9.8 . . 6.1 . . 34 . . 1.8 . 17.9 9.6
350 . . 7.0 . . 3.9 . . 2.1 . 20.3
400 . 7.8 . . 4.4 . . 2.3 . 22.8
500 9.5 . . 5.3 . . 2.8 . 27.4
600 11.1 . . 6.2 . . 3.3 . 31.8
700 12.7 . . 7.1 . . 3.8 . 35.8
800 14.1 7.9 . . 4.2 . 39.8
900 15.6 . 8.7 . . 4.6 . 43.4
1000 16.9 . 9.5 . . 5.0 . 46.9
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DN Deflection
Degrees cm
100-300 4 42
400-600 3
700-800 2 21
900-1000 15
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Calculation:

Earthguake Resistance Calculation:

By: Amir Paydarfar
-2010

-This Program Presents The Calcalations of The Earthquake Resistance of Ductile Iron Pipe
According tolSO 16134:2006

Data Input:
> a:=4; (m/s"2)}Design Acceleration on the Ground Surface.From
Page 17 of ISO 16134.

a =4

Pipe:
> dn:=700; (mm)Nominal Size of Pipe Which We Want to Caculate its
Resisance.
dn :=70C

> K:=9: Coefficient Of Thickness Class

>

DN:=array(1..18,[100,150,200,250,300,350,400,500,600,700,800,900,1
000,1200,1400,1600,1800,2000]): Nominal Size.
>

dl:=array(1..18,[118,170,2 22,274,326,378,429,532,635,738,842,945,1
048,1255,1462,1668,1875,2082]*0.001): (mm)-External
Diameter Of Pipe.

> alphaj:=array(1..18,[4,4,4,4,4,3,3,3,3,2,2,1.5,1.5,1,1,1,1,1]):

(Deg.)}Deflection Angle of Joint.

>

betaj:=array(1..18,[21,27,24,25,25,23,15,15,15,25,30,32,32,32,32,3
2,32,32]*0.001): (m)-The Amount of
Expansion/Contraction of Joint.

>
Socket:=array(1..18,[3.9,6,10,14.4,17.7,23.3,25.3,36,47.3,76.7,100
4,132.9,166.9,237.7,279.3,375.4,490.6,626.4)):

(kg)-Socket Mass.

> ts:=0.88: (mm)-Service Allowance.
>

Clm:=array(1..18,[2.1,3.2,4.2,5.2,6.3,12.3,14,17.5,20.9,29.3,33.4,
37.6,41.7,45.8,87.6,100.1,112.5,125]): (kg)-Approximate Mas

Per Unit Lenght(Acc. to ISO 4179).
>

> PFA:=array(1..13,[64,55,44,39,37,32,30,30,27,25,16,16,16]);
(bar)Allowable Operating Pressu#scc. to PAM.
PFA ::[ 64 55 44 39 37 32 30 30 27 25 16 16 16]




> S:=289.6: (MPas}Minimum Yield Strength.

> Su:=420: (MPas}Minimum Tensile Strength.
> |:=6: (m)-Pipe Lenght.
E:=1.6*1e8: (kPas)Elastic Modulus of Ductile Cast Iron.

>
>
>

Soil:

Ground Surfoce

B il i R A
I |

First Layer

Second Layer

Substirface Lover ™

(m)-Soil Covering Above Pipes.
h=12

gammat:=17000; (N/m”3)Unit Weight of Soil.
gammat :=1700(

gammas:=20000; (N/m”3)-Unit Weight of Sand.
gammas :=2000(

gammac:=16000; (N/m~3)-Unit Weight of Clay.
gammac :=1600(

n:=2; -Quantity of Layer Above Bedrock.
n:=2
H:=array(1..n,[12,8]); (m)-Thickness of Layers.
H:=[1238]

> soiltypelayer:=array(1..n,[AlluviumSandy,AlluviumSandyy]);
-Soil Type of Each Layer.

soiltypelayer ::[ AlluviumSandy AlluviumSandy ]

> soiltypebedrock:=DiluviumSandy;
-Soil Type of Bedrock.
soiltypebedrock = DiluviumSandy

> N:=array(1..n,[3,5]); -Value of Each Layer. The N Value is Derived From the
Standard Penetration Test Defined in JI8249,ASTM D1586 and BS 1377 Test 19.
N ::[ 35 ]




GroundDeformation:
> epsilonG:=0.5/100; Assumed Ground Strain in Pipe Axis Direction.
epsilonG :=0.00500000000

> deltar:=3; (m)-Assumed Ground Displacement in Pipe Perpendicule
Direction.
deltar =3

> Np:=16; -Number of Pipes(Joints) in the Subsided Section.
Np =16

Thickness & Sectional Properties Calculation:
> el:=array(1..18): for i to 18 do el[i]:=K*(0.5+0.001*DN[i]) end
do: (mm)Nominal Wall Thickness.
> ee:=array(1..18): for I to 18 do if el[i]<=6 then ee]i]:=6 else
ee[i]:=el[i] fi end do;
>
> e:=array(1..18): for i to 18 do e[i]:=ee][i] end do: (mm)-Nominal
Thickness
>

> Toll:=array(1..18): for i to 18 do if e[i]=6 then Tol1[i]:=1.3

else Tol1[i]:=1.3+0.001*DN[i] fi end do;

>

> Tol:=array(1..18): for i to 18 do Tol[i]:=Tol1[i] end do:

Tolerance On Thickness.

> t:=array(1..18):for i to 18 do t[i]:=€]i] - (ts+Tol[i]) end do:
(mm)-Net Thickness.

>

> tl:=array(1..18):for i to 18 do t1][i]:=(e][i] - Tol[i])*0.001 end
do:  (m)-Net Thickness.Acc. to ISO 16134.

> Ar:=array(1..18):for i to 18 do Ar[i]:=3.14159/4*(d1[i]*2

(d1[i] - 2*1[i})"2) end do: (m"2)-CrossSectional Area of Pipes.

> |r:=array(1..18):for i to 18 do Ir[i]:=3.14159/64*(d1[i]"4

(d1[i] - 2*t1[i])"4) end do: (m"2)-Moment Inertia of Area of Pipes.
>

Mass Calculation With Cemet$0O 2531 1998:

> |1m:=array(1..18):for i to 18 do I1m[i]:=((3.14159/4*(d1[i]*2 -

(di[i] - 2*€[i]*0.001)"*2))*7050) end do: (kg)-Mass of 1m
of Pipe Barrel.

>|C1mS:=array(1..18):for i to 18 do

ICmSJi]:=(11m[i]*6+C1m[i]*6+Socket[i])/6 end do:

(kg)- Mass Per Metre Pipe Include Socket And Cement.

> |C6mS:=array(1..18):for i to 18 do

| C6mSJ[i]:=(I11m[i]*6+C1m[i]*6+Socket[i]) end do:

(kg)- Mass Per Pipe Include Socket And Cerr@TON).

>




1-Earthguake Resistance Calculation:
> for i to 18 do if(dn=D N[i]) then np:=i; end if end do;
> np; -Number of Pipe.

10

> for i to n do if(soiltypelayer[i]=DiluviumClay)then

Vs[i]:=129*N[i]*0.183;

elif(soiltypelayer[i]=DiluviumSandy)then Vs[i]:=123*N[i]*0.125;
elif(soiltypelayer[i]=AlluviumClay)then Vs[i]:=122*N[i]*0.0777,
elif(soiltypelayer[i]=AlluviumSandy)then Vs[i]:=61.8*N[i]"0.211;

end if end do; (m/s)}Shear Elastic Wave Velocity of Fir@econd, ...Subsurface
Layer.Table Taken From Seismic Design and Construction Guidlines for Water Supply

Facilities(1997),Japan Water Works Association.
>

> for i to n do print(Vs]i]) end do; (m/s)Shear Elastic Wave
Velocity of First, Second, ...Subsurface Layer.
77.9221738!

86.7902913:

> VDS:=add(H([i],i=1..n)/add(H[i]/Vs[i],i=1..n); (m/s)}The Average
Shear Elastic Wave Velocity of Subsurface Layer.
>

VDS :=81.2426818:

> if(soiltypebedrock=DiluviumClay)then VBS:=172*50"0.183;
elif(soiltypebedrock=DiluviumSandy)then VBS:=205*50"0.125;
elif(soiltypebedrock=DiluviumSandy)then VBS:=143*50"0.0777;
elif(soiltypebedrock=DiluviumSandy)then VBS:=103*50"0. 211;
else null:=null end if; (m/s)Shear Elastic Wave Velocity of Bedrock.Table Take
From Seismic Design and Construction Guidlines for Water Supply Facilities(1997),Japan W
Works Association.

VBS :=334.291328:

> TG:=4*add(H[i]/Vs[i],i=1..n); (Sec.}Predominant Period of Subsurface
Layer.
TG :=0.984704076.

> L1:=VDS*TG; (m)-Wavelength of Surface Layer.
L1 :=80.0000000(

> L.2:=VBS*TG; (m)-Wavelength of Bedrock.
L2 :=329.178034;

> L:=2*L1*L.2/(L1+L2); (m)-Wavelength.
L:=128.717773:

> LI:=evalf(sqrt(2)*L); (m)-Apparent Wavelength.
LI :=182.034420:

> HH:=add(H[i],i=1..n); (m)-Thickness of Subsurface Layer.
HH =20




> x:=h+d1[np]/2; (m)-Depth of Pipe Center.
x :=1.56900000!

> d1[np];
0.73¢8

> Uhx:=(TG/(2*3.14159 ))"2*a*cos(3.14159*x/(2*HH)); (m)-Horizontal
Displacement Amplitude of Ground.
Uhx :=0.0975004505

> epsilonG:=3.14159*Uhx/L; -Ground Strain in
Pipe Axis Direction.
epsilonG :=0.00237967478

> Cgl:=1.5; -The Constant Corresponding to The Rigidity Coefficient of LagerUmhit
Length in the Pipe Axis Direction of Buried Pipeline.
Cgl =15

> Cg2:=3; -The Constant Corresponding to The Rigidity Coefficient of Layer Per Unit
Length in the Pipe Perpendicular Direction of Buried Pipeline.
Cg2 =3

> Kgl:=Cgl*gammat/9.81*Vs[1]"2*1e - 3; (KN/m”2)-Rigidity Coefficient of

Ground in Pipe Axis Direction.
Kgl :=15783.1357

> Kg2:=Cg2*gammat/9.81*Vs[1]"2*1e - 3; (KN/m”2)-Rigidity Coefficient of
Ground in Pipe Perpendicular Direction.
Kg2 :=31566.2715:

> alphal:=1/(1+E*Ar[np]/Kgl*(2*3.14159/L1)"2); -Transfer Coeffiaent of
Ground Displacement in the Pipe Axis Direction..
ol =0.804196780

> alpha2:=1/(1+E*Ir[np]/Kg2*(2*3.14159/L)"4); -Transfer Coefficient of
Ground Displacement in the Pipe Perpendicular Direction.
02 :=0.999961435:

> beta:=evalf((Kg2/(4*E*Ir[np]))*(1/4)); (1/m)
B :=0.438000367:

> nu:=l/L;
v :=0.0466136093

> nul:=Il/LI;
vl :=0.0329607992.

> mu:=(0.5*)/L;

u :=0.02330680461
> mul:=(0.5*)/LI;
ul :=0.0164803996
> lambdal:=(Kgl/(E*Ar[np])™(1/2);
Al :=0.0699515328.
> Cl:=sin(nu*beta*L)*sinh(nu*beta*L);
CI :=3.38360082¢




> C2:=sin(nu*beta*L)*cosh(nu*beta*L);

C2 :=3.41908434(
> C3:=cos(nu*beta*L)*sinh(nu*beta*L);

C3 :=-5.99841949:
> C4:=cos(nu*beta*L)*cosh(nu*bet a*L);

C4 :=-6.06132437:
> el:=sin(mu*beta*L)*sinh(mu*beta*L);

el :=1.66954259;
> e2:=sin(mu*beta*L)*cosh(mu*beta*L);

e2 :=1.92947286!
> e3:=cos(mu*beta*L)*sinh(mu*beta*L);

e3 :=0.438410004
> e4:=cos(mu*beta*L)*cosh(mu*beta*L);

e4 :=0.506665843
> Delta:=(C3+C2)*(C3 - C2)+2*C1"2;

A :=47.1884077¢

> f1:=1/Delta*((C1*(C4 - C1)- C3*(C3+C2) -
Cl*cos(2*3.1415  9*nu))*2*3.14159/(beta*L)+(C3+C2)*sin(2*3.14159*nu)
);

fI :=-0.135448596
> {2:=1/Delta*(C1*(C3 -C2)-
C4*(C3+C2)+(C3+C2)*cos(2*3.14159*nu)+C1*2*3.14159/(beta*L)*sin(2*3
.14159*nu));

12 :=-1.05661302¢

> f3:=1/Delta*((C1*(C4+C1) - C2*(C3+C2) -
C1*cos(2*3.14159*nu))*2*3.14159/(beta*L)+(C3+C2)*sin(2* 3.14159*nu)
);

f3 :=-0.0240020776.
> f4:=1/Delta*((C3*(C4+C1) - C2*(C4 - C1)+(C2 -
C3)*c0s(2*3.14159*nu))*2*3.14159/(beta*L) - 2*C1*sin(2*3.14159*nu));

f4 :=0.0940927490
> f5:=1/Delta*((C3 - C2)"2+2*C1*C4 - 2*C1*c0s(2*3.14159*nu) -(C2-
C3)*2*3.14159/(beta*L)*sin(2*3.14159*nu));

15 :=0.866507947¢
> phil:=(exp( - nul*lambda 1*LI) -
€0s(2*3.14159*nul))*exp(mul*lambdal*Ll) - (exp(nul*lambdal*Ll)
€0s(2*3.14159*nul))*exp( -
mul*lambdal*Ll)+2*sinh(nul*lambdal*Ll)*cos(2*3.1459*mul);

@1 :=0.023080259:
> phi2:=2*sin(2*3.14159*nul)*sinh(mul*lambdal*Ll)
2*sin(2*3.14159*mul)*sinh(nul*lambdal*Ll);

¢2 :=-0.0023998437
> phi3:=f 3*e3 - fl*e2 -f4*el - sin(2*3.14159*mu);

¢3 :=-0.052188219:

/




> phid:=e4+f2*e3 - f2*e2 - f5*el - cos(2*3.14159*mu);
04 = -0.353826327

> zetal:=sqrt(phil”"2+phi2~2)/(exp(nul*lambdal*Ll)

nul*lambdal*Ll)); -Stress Correction Factor for Pipeline
¢l :=0.0268485444.

> zeta2:=sqrt(phi3*2+phid"2);
{2 :=0.357654414:

> sigmal.:=zetal*alphal* 3.14159*Uhx*E/L*1le - 3; (MPas}Axial Stress.
sigmal :=8.22092465¢

> sigmaB:=zeta2*alpha2*2*3.14159"2*d1[np]*Uhx/L"2*E*1e - 3; (MPas}
Bending Stress.
sigmaB :=4.90548303!

> sigmax:=sqrt(3.12*sigmal"2+sigmaB”2); (MPas}
Combind Stress Resulting From Seismic.
sigmax :=15.3272503.

> sigmap:=PFA[np ]*1e5*d1[np]/(2*t[np]*0.001)*1e ; (MPas}Hoop
Stress Resulting From Internal Pressure.
sigmap :=116.477272:

> sigma:=sqrt(sigmax”"2+sigmap”2); (MPas)Total

Stress.
6 =117.481401:

> u:=epsilonG*; (m)-The
Ground Strain in Pipe Axis Direction.
u :=0.0142780487.

> theta:=4*3.14159"2**Uhx/L"2; (Radian)
Deflection Angle of Joint.
0 :=0.00139392638

> SFsigma:=S/sigma,; -Safty
Factor of Stress.
SFsigma =2.46507103'

> SFu:=betaj[n p)/u; Safty Factor Against Ground Strain
in Pipe Axis Direction.
SFu :=1.75093953:

> SFtheta:=alphaj[np]/(theta*180/3.14159); -Safty Factor Against Deflection
Angle of Joint.
SFtheta :=25.0418931:




2-Checking Pipeline Resistae to Ground
DeformationAcc. to AnnexD:

-Here, The Safety of Pipe for Resistance to Ground Deformation Caused By Earthquake is
Checked.
In Pipe Axis Direction:
> El:=betaj[np]*Np; (m)-Total Amount of Expansion/Contraction of Joint.
El:=0.400

>f :=0.5; -The Reduction Ratio of The Amount of
Expansion/Contraction of the Joint for the Ground Displaseria@at.to Page 23 ISO 16134.
f:=0.5

> deltaa:=f*epsilonG*Np*I; (m)-Ground Displacement in Pipe Axis Direction.
deltaa :=0.114224389:

> SFdeltaa:=El/deltaa ; -Safty Factor of Pipeline to Ground Deformation in Pipe
Axis Direction.
SFdeltaa =3.50187907

In Pipe Perpendicular Direction:
> if(type(Np,odd)) then Np2:=Np else Np2:=Np
Np2 =15

> Np4:=floor(Np/4);
Np4 =4
> Hmax:=2*add(I*tan(i*alphaj[np]*3.14159/180),i=1..Np4
1) +I*tan(Np4*alphaj[np]*3.14159/180);
(m)-Maximum Amount of Displacement in the Pipe Perpendicular Direction.
Hmax :=3.36266395(

> SFdeltar:=Hmax/deltar; -Safty Factor of Pipeline to Ground Defieation in
Pipe Perpendicular Direction.

SFdeltar :=1.12088798:
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. (MPas)- The Stress Resultifgom Earhquale.
. (MPas)- TheCombired Stess Resulting from Earthquakeda
Internal Pressure.
(m) - The Ground Strain inipe Axis Direction.
(Deg.)- Deflection Angle 6 Jant.

g CL p i LMAOLWESGEME 045 WL € § € %A ED & W3¢ A
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Sy:=289.6: (MPas)- Minimum Yield Strength
bj :=0.025: (M) - The Amount of Expansionthtactionof Joint

i,

U:=2: (Deg.)- Deflection Angle of Joint
P pEWz¥%E ¢ | LAT z

S.Fs =289.6 /117.5=2.46 - Safety Factor for Stress.
S.F.u=0.025/0.014 £785 - Safety Factor foAxial Deflection.
SFa=2/08=25 - Safety Factor foAngular Deflection.
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S.Fs =289.6 /117.5= 246 - Safety Factor for Stress.
S.F.u=0.060/0.014 = 4.285 - Safety Factor foAxial Deflection.
SFa=2/08=25 - Safety Factor foAngular Deflection.
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D design=7* Lp* PGV / C (14)
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: : Undrained Standard
N a

Sy

(Vs), m/sec

shear strength
(Su), kN/m2

penetration
resistance

N)

Hard rock

Vs=1500

rock

760<Vs=1500

very dence soil and soft rock

360<Vs=760

Su=98

stiff soil

180<Vs=360

49<Su=98

soft soil

V<180

Su<49

soft soil with P1>10 and Moisture
content=40%

Su<24

Soil vulnerable to potential failure or
collapse seismic loading (1.e. liquefiable
soil, collapsible weakly cemented soil)
peat or highly organic clays (H>3m.
where H=thickness of soil) Very high
plasticity clays (H>7.5m with plasticity
index>75) Very thick medium or soft
stiff clays (H=35m)




[2] PGA/PGArx w € & w ly [NBAE®AYZ° «

Peak Ground Acceleration Values at site (PGA)/Peak Ground Acceleration at base
rock layer (PGAr)

PGAr=0.1g PGA1=0.2g PGAI=0.3g PGAr=0.4g PGAr=0.5g
0.8 0.8 0.8 0.8 0.8

1 1 1

1.1 1 1

1.2 1.1 1

1.2 0.9 0.9

*

[3] (PGVHPGAD X W& E 78 i vos oﬂ&y 0¢«Y 3/4A 3, K

Ratio of Peak Ground Velocity (cm/sec) to Peak Ground
Acceleration (g)

Moment
Source-to-Site Distance (km)
Magnitude, My 20-50
Rock
6.5 76
75
8.5
Stiff Soil
6.5
7.5
8.5
Soft Soil
6.5
75
8.5

[2] Ig=PGV/IPGVr¢ Y LA w Wy [ BABAJZ° «

Peak Ground Velocity Values at site (PGV)/Peak Ground Velocity at base rock layer
(PGV1)
PGVr=0.lm/s | PGVi=0.2mv/s | PGVr=03m/s | PGVi=04m/s | PGVr=0.5m/s
0.8 0.8 0.8 0.8 0.8
1 1 1 1 1
v 1.6 1.5 1.5 1.3
4 2 1.8 1.8 1.5
3 3.2 2.8 2.8 24
* * "
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PGAr=0.4 wUy t BAKB ¢
Mw=8.5 Byt AU ¢ E WA ¢
R<20km A6AB¢: U{¢L
Soft é wl A
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PGA/PGAr=0.9
PGA=09* 0.4=0.36g

Bvz COROVY °%z vdmzw a E wdka Av o wz /

PGVr /[ PGAr=269cm/(s.qg)
PGVr=269cm/(s.g)* 0.36g = 96.84cm/s=0.968m/s

Ig=2.4 vz CWOVY °%z vevz a i ped

Ip=1.25* Ig=3 wz CRWY Y%z vevmmz a AW e

vz C¢Av %zv¥z ¢Aa
Vg =PGV=PGVr* Ip =0.968* 3=2.904m/s




a,=2 UCu¢ 6 %A~ ab
C=2000m/s ©AU Y%WwWEn®o ¥

vz ¢ Av 8%E%60¥z20zvaiad
gseismidp. g, = 0.00435 (m)
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D= P'ZDt'V =31 (Pas)

P=PFA=25 (bar)
D=0.7 (m)
V=0.28
t=0.0079 (m)

e
e §+maé3—0u— 1.82e-4
RS

Xo-v:i %BwEA

Y A O Bz w tvnb s
S,=300 (MPas) PCoiv? 0°%
E=170e9 (pas) Ao CECa

r=10 , n=9

S=E.a.(d,-T)=56.1e6 (Pas) 7)1

A
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a;=11e6 (PerC) e  C£ %y %L
TZ'T]_:SOA: )NU 1 @ET? ‘

Ai
C £ Y% %&b

Wiz ¢ Av ¥z v ¥2E WwAlzEw
goperationdl . (g + @) = 0.00307 (m)

vz C@AYy AzwHMz e&Zw-Oanw g

Dyesign= 0.00435+ 0.00307+ 0.00635 = 0.0137(m)
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STANDARD Vi

Anchored with embedded inserts
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1 Joint deflection

Permissible ‘ Pipe
Displecomess DN laid deflection end displacement
= (length)
/
S -\

60 to 150 (6 m) 5

200 to 300 (6 m) 4

Deflection




®Jniversal sandardve

UNIVERSAL
STANDARD Ve

pipe

sealing gasket
ald bead

UNIVERSAL Ve
locking ring
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Permissible

faid deflection

Displacement
- , \

Deflection

®Jniversal standar®fi (c

Pipe
UNIVERSAL STANDARD

___________ |§TANDARD
sealing gasket

UNIVERSAL Vi
anchoring gasket




Displacement
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1 Joint deflection

Deflection

STANDARD V+i

Permissible Pipe
DN laid deflection end displacement

(length)
degrees

350 (6 m) 3
400 (6 m) 3

450 (6 m) 3
500 (6 m) 2
600 (6 m)

Standard/+i (d

|
STANDARD

sealing gasket
UNIVERSAL Vi
anchoring gasket
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Deflection

\
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350 (6 m)
400 (6 m)
450 (6 m)
500 (6 m)
600 (6 m)

- Permissible
DN laid deflection end displacement
Displacement (length)

e o
-

3

(5o S N
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peking ring
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= Angular deflection:

— 1° {pipe end displacement 14 ¢m), DN 1400 to 1 600.
- 0.5° (pipe end displacement 7 cm), DN 1 800

Standard ¢ (f

ANCHORED STANDARD
Jjoint
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Permissible faid Pipe ¢nd
deflection displacement
Displacement

e Qrees ‘ cm

e 80 to 150 (6 m)

N 2
- | 2000300 (6m)
i .
Deflection 350 to 600 (6 m)
700 to 800 (7 m)
900 and 1 000 (7 m)

1000 to 1200 (8 m)
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FISK (a

TIS-K or SV

[1S-K (for pipes only)
velded bead
L T Ay e . DN 100-800
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Deflechon

AHer assembly, the jent MC
n ony direction as tollow
up to DN 500: 3°

a DN 500; 2°




av L v KL shderakant aedak e | dwl £V w:
X Av  YIHYSSENWEA 6 wE WA &

309 «

5 ~Kubota ¢ i A4EA G & w{/i§/ v

gS (a

WLz Y»wClLEBEwW: IC® Ajudw Loltekw ¢ Bo&hiv ©ap)l wElv (i

¢ %C AAABAWD AW Ujj 6 - & ! 0 948v3%aé v -WEAOGWR v & [HanLA
} S

— —~Rubber gasket

CLéd * ALSHEA ACBEWYd QYL 22 ABAWBC * 3
OVEwz j dwl £v aAe@ywe U ABVY Wi CZC a2 wé& vi




Yalubpta + INBW A vOIWAZE vAE E v o S BEGR Y By 1 ¢
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Nominal diameter (mm) Allowable degree of deflection Allowable maximum resFrlained ikd
: under deflected condition (tonf)

400 i 1945 , 30
450 1°30’ 7 38
500 1925° 1 47
600 A . : 63
1°10° =33 86
1200 )
100"
1°00"
1°00’
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Expansion/Contraction Slip-out Joint
Performance resistance Deflection angle

S1 A M-3

S2 A M-3
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Date

Latitude

Longitude

Depth
(km)

Magnitude

199702/04

37.66

57.29

10

7.1

199705/10

3383

59.81

10

7.7

199803/14

30.15

57.6

9

6.9

199/03/04

28.34

57.19

33

6.6

2000/1206

39.57

54.8

30

7.5

200206/22

35.63

49.05

10

6.5

2003/12/26

29

58.31

10

6.8

200502/22

30.75

56.82

14

6.5
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Date

Latitude

Longitude

Deph
(km)

Magnitude

1996/10/19

31.80

132.00

39

6.6

1996/1203

31.79

131.63

35

6.6

1996/12/22

43.10

139.06

254

6.6

1998/@/07

24.87

142.10

551

6.6

1998/®/04

22.42

125.42

33

7.6

1998/08/20

28.90

139.88

457

7.1

1999/04/08

43.60

130.81

598

7.2

1999/09/21

23.74

121.07

33

7.7

200001/28

42.98

146.71

o6

6.8

200006/10

30.44

138.23

6.5

200008/06

28.86

140.06

7.3

2000/1D/06

35.28

133.35

7.3
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Auv?ly

Date

Latitude

Longitude

Deph
(km)

Magnitude

2000/12/22

44.48

147.37

141

6.5

2001/05/25

44.32

148.70

30

6.6

2001/1218

23.89

122.81

12

7.3

20020331

24.23

121.97

55

7.2

20020515

24.65

121.80

47

6.8

200206/29

43.50

131.39

589

7.2

2002/11/17

47.13

146.83

496

7.0

20030526

38.81

141.68

/1

7.0

200307/27

46.82

139.15

487

7.1

200309/26

41.78

144.07

42

8.0

200309/26

41.71

143.69

21

7.1

200309/29

42.36

144.55

43

6.5

2003/1/31

37.83

142.69

33

6.8

2003/11/12

33.17

137.05

6.5

20040530

34.11

141.86

23

6.7

20040905

33.03

136.80

38

6.9

20040905

33.15

137.14

a4

7.4

20040908

33.12

137.29

36

6.5

2004/10/15

24.60

122.83

83

6.6

2004/20/23

37.29

138.87

13

6.8

2004/20/23

37.31

138.93

14

6.5

2004/1/29

42.95

145.27

48

7.1

2004/12/06

42.85

145.34

46

6.9

20050320

33.74

130.18

9

7.0

200508/16

38.15

142.28

42

7.2

2005/0/16

25.35

123.40

6.5

2006/11/15

38.03

144.89

83

7.1

2005/12/02

38.07

142.35

40

6.6

2006/10/24

29.17

140.35

3

6.8

2006/11/15

46.70

154.05

30

7.9

2007/a/13

46.94

155.05

30

8.2

2007/®/25

37.22

136.69

11

6.9

2007/3420

25.75

125.14

21

6.7

2007/0r/16

37.56

138.61

17

6.8

2007/07/16

36.87

135.10

6.7

2007/0907

24.41

122.27

66

6.6

2007/09/28

21.98

143.10

7.6

20080508

36.23

141.61

51

7.0

200806/14

39.03

140.88

8

7.2

1




, 0V ° «

Auv?ly

Date

Latitude

Longitude

Deph
(km)

Magnitude

200807/19

37.52

142.26

32

6.9

200807/24

39.73

141.63

108

6.8

20080911

41.77

144.15

31

7.1

2008/12/20

36.53

142.70

0

6.6

200901/16

46.99

155.17

30

7.4

200904/07

46.01

152.19

30

6.7

200904/19

45.99

152.07

30

6.5

200907/14

24.02

122.22

34

6.5

200908/05

24.18

125.26

22

6.5

200908/09

33.13

138.40

333

6.8

20090811

34.78

138.50

23

6.5

200908/13

32.87

140.82

57

6.6

200908/17

23.44

123.63

48

6.7

200908/17

23.28

123.67

42

6.6

2009/10/30

29.17

129.94

60

6.8

2009/12/19

23.78

121.65

32

6.7

2010/@/07

23.32

123.69

54

6.5

201002/18

42.62

131.06

619

6.8

2010/@/27

25.92

128.68

37

7.2

2010/(®B/14

37.72

141.82

40

6.7

2010/Q4/26

22.21

123.83

50

6.6

2010/06/18

44.60

149.19

30

6.5
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