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MIAUIUMANNAILADINUT TN (Operation Strain)

mMANuAsEATNNATHaIANSIN8lY (Longitudinal Strain due to internal pressure)
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ﬂamm’%’mﬁ!ﬁﬂﬁumnqmﬁgﬁmi (Longitudinal Strain due to temperature chance)
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1 Stress in pipe, 5, aunsad I IdNNgangRwasulasiiuanidan
Lﬁ'ﬂ T)=25C° Tr=28C°

S,=EOt(T>—Tj)

S, =2x10°x12x1070(28 —25)

S,=72 Mpa

AANATIANANTIIFNU & ey
goper = gp + gt

& oper =0.000177 ~+0.000036 = 0.000213
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AINNMNN38ATINATHINDIINIAAD (Permanent Ground Deformation , PGD)

f"hﬂ’ﬂiJLﬂ%fJﬂiﬂﬂﬂﬁ mﬁauﬁﬂuumvia (Longitudinal Permanent Ground Deformation)

Ground movement parallel to pipe axis O ! =2 m.
Length of permanent ground displacement zone L =100 m.
1,y importance factor (31NA1519% 2.5) =15

5ldesign =5I*Ip=2x1.5:3.00 m.

ﬂiiﬁ‘ﬁ 1 Controller by Length

r
t n ty
E1= ul |:1—|- ( L ﬂ
e | 14\ 27DiE

83.614
153.35x100 10.]89( 153.35x100 j

1= 1+

275c0.0191x 2x10° 1+83.614\ 27c0.0191x 2x 10°

£1=0.00043

b4

J 1 1 Yo A
ANLSATIANIUADAINY1ING ty mmmm"l@mu

]+K()

jtan(f¢)

tu=72Dca+7ZDH7/(
2

Lﬁlﬁl Coefficient of cohesion, ¢ =30 kPa
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. 0.274  0.695

Q. = Adhesion factor ATHINUIN 0.608 —0.123¢ — +
241 S+
0.274 0.695

0.608 —(0.123x30) — +

302+1 30341

o =0.9965
H = dept of pipe centerline + cover D/2 =5+1.5/2 =5.75 m.
K0 = coeffient of pressure at rest = [+ sin ¢
¢ = Internal friction angle of soil =30°
f =AU UTIANTY friction factor =0.7

1405
ty =7Tc1.50x30x0.9965 + 7Tc1.50x5.75x16 tan 21
2

ty=153.35 KN/m.

ﬂiiﬁ“ﬁ 2 Controller by ground movement
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270¢1.50x0.0191x 2x10°

£1=0.00356
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tur n 2 tur
5ldesign= “e H—( j( j e
TIDtE I1+r/\2+r/\ 7DtO

.61
153.35L, 10.189 2 15335, 53014
3= I+
T0:1.50x0.0191x 2x10° 1+83.614 /\ 2+83.614 )\ 7 1.50x0.0191x230

uheumsla £, =835 m.

AANUAIEAINNTIAADUNVDIAUAULUIND

gl—pgd :goper + &l

& |—pga = 0.000213 +0.00356

& I—pga =0.00377

1 v
AANWATEANNTIATOUAI T UAIRINAUND (Transverse Permanent Ground Deformation)

Tagldmnnunioagegan 2 nsdl
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O design =0'*1,=2x1.5=3.00
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- . . H ., 575
PlsLansszvIe — WPy —— = 3.833
D 1.5

aj.bp.cq.dy=manlsznen (fivualiluaisiei 2.6)

X =ﬂ'1

, —11.063 7.119
UNUM N ¢y, =6.752 +0.0065 x3.833 + S5+ 7
(3.833+1)°  (3.833+1)

N op =6.5907

th:a]+b]x+c1x2+d1x3+ejx4
aj.by.ep,dy,e; =manlsznou vua B luasedi 2.6)

LNUAN
Ngn=4.565 +1.234x3.833 + (— 0.089x 3.833%) + 0.004275 x3.8333 +(—0.00009159 x3.833*)

N gn =8.2086

AU P,=6.5907 x30x1.50 + 8.2086 x 16 x5.75x1.50

P, =409.86 KN/m.
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gt—pgd :80per + &y



& |—pgd =0.000213 +0.03534

& |—pgd =0.03556

ﬂ1‘5ﬁ1‘L!’Jmﬂ’J"m!ﬂ%ﬂﬂﬁlﬁﬂ%uiﬂﬂlﬁﬂaﬂﬂﬁ) (Buoyancy due to Liquefaction)

E 1+r Gy
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2x10° 1+ 83.614 230

£ =0.00109

usRAgIgANnAvINLsIaoeAITINIT 0N 189N
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110 Z = Section modulus YBIN® L1AZA Lp, 111 100 1A
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7| p*—(p—21)?
z=—

32| D

7| 1.50% —(1.50—2x0.00191)*
7=

32| 1.50
Z=0.03248 m.’

@ Aan ' 1 Y
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7T D?
Fp= P (7sat_7/content)_7wt7pipe

TGc 1.502
Fp=—"—"—(18—10) — 7Tx1.50x0.0191 x78.60
4
F,=7.0663 KN/m.

AINTNIATIATINLTIABIANIIBI91N Liquefaction

gb—Li:80p6r+8b

& p—1; =0.000213 +0.00109

E p—p; =0.00130
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MIMUIUANNAIANDATVUDINHAVDINITUNIVBINAUMHUAY 13 (Design for Seismic

Wave Propagation)

14 t
8a: 8 S u/l
o &C 44F
56.0 135.35x100
£ = <
a

1x500  4x0.089x2x10°
E,=0.00112<0.00216

A ' < ] A Y

Wo C =a1AULTUBINTUNITNTLINYUDIAAY R-waves (Glﬁlf 0.5 km/s)

A T A d'dy a a 9 a
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A = Cross sectional area

A ZE(D4—(D—2t)2)

4

7T
A== (1.504 —(2.50—( 2x0.019]))2)
4

A=10.089 m.

1 Yo dy

A199NLU1D Peak ground velocity auson lanadl
Vo=PGV*]

Vg =37.20x1.50 m/s

Vg =55.80 m/s



naugunssvesuruau Inatfes PGA at ground =0.15 ¢

Soil class D Peak ground acceleration Ground amplification factor (Ig)= 1.6 (31N913 N“ﬁ 2.9)
PGA at Ground =1.6x0.15 =024¢g

@i M, 7.5 uazszozinnngasiiauiudulng = 50-100 km

PGV/PGA =155 (ﬂ?ﬂﬂ?ﬁNﬁ 2.8)

PGV =PGA x 155 =155x0.24g =372 m/s

ANNUATEAINTIDINMTUNT VDI ULAUAL 112

ga—wave = goper + gél

E u—wave =0.000213 + 0.00112

E g—wave =0.00133

Allowable strain in for steel pipe

v = A Y @ ~ A @ a
manunseaneanlivnnuswalunsalvesnsinaeuaIveIal (PGD)

t
€c—pgd=0.88—
R

- 0.0191
HNuUM € c—pgd=0.88—
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€ ¢—pgd=0.02241

' = A Y v = 1 A 1A . .
mmmmsfmmau“l‘wmﬂmqaﬂ”hm3meummmw*smmﬂauuwuﬂu"lm (Seismic Wave

Propagation)
2
¢ PD
Ee—wave=0.75| 0.5——0.0025+30000 ——
D' 2ET
0.0191 3x1.50
& c—wave=0.75| 0.5————0.0025+3000
1.6241 2x0.0191x2x10°
& c—wave=0.00332
4 , D
[$\13} D =

1.50

D =

1—(1.50 —(0.0191x2))i
1.50

D' =1.6241

The allowable strain in tension

0.25&,=0.25x0.15=0.0375

I
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Check for Safety

Total strain for continuous pipeline should be less than allowable strain

& oper T e seismic <¢ allowable
Maximum strain in pipe | Allowable strain in pipe |Safe/Unsafe
ce Tension | Compression [ Tension |Compression
1.PGD Longitudinal [ 0.00377 0.00356 0.0375 0.02241 Safe.
Transverse 0.03556 0.03534 0.0375 0.02241 Unsafe

2.Seismic wave 0.00133 - 0.0375 0.00332 Safe.
Propagation

3.Liquefaction 0.00130 0.00109 0.0375 0.02241 Safe.




