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Criteria for rehabilitation priority are discussed to evaluate structural stability of deteriorated water

Abstract
transport and transmission pipes, in this study.

For the purposes, safety factor is introduced and estimated by measuring tensile strength and by
In the evaluation results of structural safety, it is shown that steel pipe is more affected by external load

analyzing stress caused by the internal-external loads working on buried pipe body. Related informations
are surveyed and collected under various conditions in the fields by digging out and the structural stability is

assessed.

than internal load.

The average external load is estimated as 53.7kg/cr and total hoop stress is estimated by 2676.5kg/
The decision of rehabilitation priority by safety factors show that structural safety of CIP sample 1(S1)

arr. Also, Poisson effect into longitudinal direction due to internal and external loads is most influential on

hoop stress.
The calculated safety factors of hoop stress are ranged from 0.7 to 5.2 with average value of 2.1,

considering a bending stress to longitudinal direction.
was assessed at the lowest order with safety factor value, 0.7 and that of DI sample 15(S15) was

evaluated as the most stable in structural aspect.
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Table 1. External and internal loads on buried pipes
Loads Equations
External  Earth W, = C,y BF (Rigid pipes) or W, = C,v B, B, {Flexile pipes) Eq.(1)
loads loads where, W, == Earth loads, kg/lin. cm
Cy= A calculation coefficient
H
— 2Kr; L
1-e o i )
Cd =
2K, u'
K. = Ratio of active horizontal pressure at any point in the fill to the vertical pressure which
causes the active horizontal pressure
_d=sinf
" M+sing
6= Sail friction angle of backill, equals to friction angle(d ) between backfill and sides of trench
= Coefficient of sliding friction between fill materials and sides of trench
W=tan g
H = Height of fill above the top of pipe, cm
y = Unit weight of soils overlying pipe, kg/om?®
B, = Width cf trench at top of pipe, cm (Outside diameter -+ 50cm)
Truck W 2np-(1+1) Eq2)
loads " InL+(n—0)-C+b+2Htan6] (@+2Htano)
where, W, = Truck loads, kgf/cm?
P = A rear axle loads of truck wheel, kg
n = Numbers of truck in a line to contact width
L= Interval between rear axies of truck wheel, cm (general, application of 175cm)
C = Distance between rear axies of adjacent trucks (general, application of 100cm)
b=Wheel contact width of rear axie, cm (general, application of 50cm)
6= A dispersion angle, ° (generally, application of 45°)
a=Wheel contact length of rear axie, cm(generally, application of 20cm)
i= Impact factor
Height of fill above the top of pipe (m) i
H=<15 05
15 H{865 0.65-0.1H
H> 65 0
H = Height of filt above the top of pipe, crn
Surge Eq.(3)
g h=2 or p-(@) Py o
Pressure g g’ 1000
Where, h= Surge pressure, cm of water, cm
P = Surge pressure, kgficm? 4660 x 30.48
a = Velocity of pressure wave, cm/sec, — Eq.(4)
o)
g Et

k = Fluid bulk modulus, kgffem?
d= Inside diameter of the pipe, cm
E = Modulus of elasticity of the pipe
t= Pipe wall thickness, cm

V= Change in velocity of fluid, cm/sec.

g = Acceleration of gravity, 980cm/sec?
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where, SFy,, j,, = Safety factor due to flexural plus
longitudinal stresses, kgt/cm
Oy = Residual tensile strength, ke f/cm
= Sum of flexural and longitudinal stresses, kgt/
oiig
=3

Sk

2.2, =MLz o

B oo ol A& 20013 HE 200437k = 613

A = TR e =T E AT
ZAMe & 617 2R g #F, 73, 222 i
W 5 #2el] g d9dEe Table 13 2,
Table 104 sjlAUER B, 1964~2001 9744 2

EFEE 261 0dolth, BES FEARY
(SP, Steel pipe), ZEFFAH (DI, Ductle cast iron
pipe), 215" #(CIP, Castiron pipe)e]t}, ©]% SP7}
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Table 2. Flexural stress and total longitudinal stress on buried pipes

Flexural Stress (1.273)u(D)L2 Eq.(5)

gy = (0* —d
Where, o;= Flexural stress, kgf/cm
w= Effective vertical load distributed along the unsupported pipe length, kg/linear cm
L = Length of unsupported span, cm{120cm(=4ft)) span based on
recommendation of O’'day(1985)
D= Outside diameter of the pipe, cm
d=lInside diameter of the pipe, cm

Longitudial ~ Longitudinal Pd Eq.(6)
stress pressure stress o= ar
Where, g;,= Longitudinal pressure stress
P = Water pressure, kgf/cn
t= Pipe thickness, mm
d=Inside diameter of the pipe, cm

Longitudinal aEAT Eq.(7)

o, = m[m—mogg——zaz——lo E]
thermal Stress ' 2(1—v)log(b/a) roo(b% - a% 92
due water

temperature
change

Where, o;= Longitudinal thermal Stress due water temperature change, kgficm?
a = Distance from center to inner wall, cm
b = Distance from center to outer wall, cm
v = Poisson’s ratio
r. Distance of any point from the center, cm
o Linear expansive coefficient of pipe materials, cm/cm/°C
E: Modulus of elasticity of the pipe
AT: Temperature difference between tha inner and outer
wallls taken to be the water temperature change in, °C

Longitudinal 0, = V(0 total + p) Eq.(8)
stress component  where, ¢, = Longitudinal component of hoop stress, kgf/em?
of hoop stress Oy 1o = TOtI fing stress, kgfiem?
Op o= 0-954w(d +1)
l’2
EaAT b a? b2 b
Zi-iegbia) | Or @ 0]
t= Pipe wall thickness, cm
d= Inside diameter of the pipe, cm
w = External loads, kgflinear cm
oy, = Hoop stress, kgffem?
oy - £
2t
where, = Pipe wall thickness, mm
d= Inside diameter of the pipe, cm
P = Water pressure, kgficm?
(Pw, working pressure, P,, Surge pressure)

+

Thermal oy 7= EaAT Eq.(9)
Expansion and Where, o; r= Longitudinal stress due fo thermal coniraction
Contraction E = Modulus of elasticity of the pipe, kgf/cn

a = Coefficient of thermal contraction, cm/cm/°C

AT = Temperature change, °C
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Table 3(a). Status of water mains investigated

D Pipe Nominal Lining materials Installation  Pipe Outside Pipe Trench  Trench
materials ~ diameter year age diameter thickness  depth width
(mm) Internal External (Year)  (Years) (D)cm) (M(mm) (H)em) (Bd)(cm)

S1 CIP 400 None None 1982 19 429 8.7 250 93
S2 clp 700 None None 1975 26 73.8 1.0 120 124
S3 ClP 600 None None 1975 26 63.5 9.8 120 114
S4 cIP 400 None None 1983 19 43.0 10.1 120 93
S5 CIP 350 None None 1983 19 379 8.9 120 88
S6 clp 350 None None 1979 23 38.0 9.8 100 88
s7 CIP 700 None None 1975 28 73.9 122 160 124
S8 CiP 500 None None 1982 21 53.2 10.5 170 103
$S9 CiP 600 None None 1975 29 63.2 111 130 113
$10 CIP 450 None None 1979 25 47.9 12.3 150 98
S11  CIP 600 None None 1975 29 62.7 10.4 140 113
$12  DCIP 700 None None 1978 23 73.8 1.0 180 124
$13  DCIP 350 None None 1979 22 37.7 9.0 120 88
S14  DCIP 250 - - 1985 16 27.8 8.8 150 78
S$15  DCIP 450 None None 1979 22 481 10.7 200 938
$16  DCIP 400 None None 1979 23 426 9.9 120 93
517  DCIP 300 Cement mortar None 1995 7 32.5 155 250 83
518 DCIP 250 Cement mortar None 1987 15 274 6.7 115 77
S19  DCIP 250 Epoxy Coal-tar enamel 1987 15 26.6 9.9 115 77
S20 DCIP 350 Cement mortar Coal-tar enamel 1996 6 36.8 8.0 400 87
S21  DCIP 700 Cement mortar None 1989 13 73.0 19.0 120 123
S22 DCIP 450 None None 1979 24 48.0 10.5 180 98
823 DCIP 600 Cement mortar None 1997 6 61.3 11.0 110 111
S24  DCIP 300 None None 1979 24 323 8.5 110 82
s25  DCIP 500 None None 1982 21 52.7 10.4 120 103
526 DCIP 450 Cement mortar bitumen 1995 9 46.3 103 120 96
S27  DCIP 300 Cement mortar bitumen 1987 17 41.3 6.8 120 91
S28 DCIP 700 Cement moriar bitumen 1987 17 722 14.8 200 122
$29 DCIP 250 Cement mortar bitumen 1987 17 26.2 9.0 170 76
S30 DCIP 450 Cement mortar bitumen 1994 10 46.8 9.0 140 97
531 SP 2200 Coal-tar enamel Coal-tar enamel 1979 23 2253 241 350 275
S32 SP 1200 Asphalt Coal-tar enamel 1993 9 121.6 18.0 150 172
833 SP 1100 Coal-tarenamel ~ Coal-tar enamel 1965 37 111.3 11.5 150 161
S34  SP 1100 Asphalt Asphalt 1989 13 1103 11.3 90 160
83 SP 900 Asphalt Asphalt 1989 13 90.8 8.7 170 141
S36 SP 800 Asphalt Asphalt 1989 13 824 7.2 350 132
837 SP 1350 Asphalt Asphalt 1980 22 137.4 12.0 550 187
838  SP 1350 Epoxy Coal-tar enamel 1997 5 136.9 12.5 200 187
5§39 SP 1650 Coal-tarenamel  Coal-tar enamel 1988 14 167.6 14.0 200 218
S40 SP 800 Coal-tar enamel Coal-tar ename! 1989 13 81.0 76 180 131
S41 SP 1100 Coal-tarenamel  Coal-tar enamel 1985 17 111.8 8.6 250 162
S42 SP 2000 Coal-tar enamel Asphalt 1992 11 208.2 15.0 200 258
843 SP 900 Coal-tar enamel Asphalt 1997 6 90.9 8.2 250 141
S44  SP 1200 Epoxy Coal-tar enamel 1997 6 121.1 93 100 171
S45  SP 500 Epoxy Polyethylene 2001 2 50.8 6.0 150 101
546 SP 1500 Coal-tar enamel Asphalt 1984 19 151.8 133 170 202
S47 SP 1500 Coal-tarenamel  Coal-tar enamel 1984 19 1515 12.6 500 202
S48 SP 1100 Epoxy Coal-tar enamel 1991 12 1144 10.0 250 164
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Table 3(a). continued

D Pipe Nominal Lining materials installation  Pipe Outside Pipe  Trench  Trench
materials  diameter year age diameter thickness  depth width
{mm) Internal External (Year)  (Years) (D)em) ()(mm) (H)(cm) (Bd)(cm)
S49 SP 800 Coal-tar enamel  Coal-tar enamel 1987 16 80.4 7.9 160 130
S50 SP 900 Coal-tar enamel  Coal-tar enamel 1987 16 91.3 94 200 144
S51 SP 450 Coal-tarenamel  Coal-tar enamel 1979 24 45.8 6.4 200 96
S52 SP 900 Unidentified Coal-tar enamel 1978 25 94.5 8.0 100 145
S53 SP 1100 None Coal-tar enamel 1996 7 1144 10.0 400 164
S54  SP 1200 None None 1964 39 125.5 11.0 110 176
855  SP 1650 Epoxy Coal-tar enamel 1998 6 167.2 13.5 200 217
S56  SP 600 Coal-tar enamel Asphalt 1982 22 60.9 6.2 75 111
S57 SP 2800 Coal-tar enamel Asphalt 1978 26 284.6 22.9 150 335
S58  SP 1000 None None 1971 33 104.8 9.0 500 155
559 SP 2200 Coal-tar enamel Asphalt 1979 25 228.8 16.0 260 279
S60 SP 800 Coal-tar enamel Asphalt 1991 13 80.8 7.9 120 131
S61 SP 900 Coal-tar enamel Coal-tar enamel 1984 20 90.5 6.0 120 140

Table 3(b). Status of water mains investigated

Traffic envionment Frost ~weight  Soil Impact  Temperature(°C) Pit corrosion
depth  of soils(y) friction factor (Avg.) depths, (mm)
Distance from  (df), cm (kg/em®) angle (i)
ID . ) road to of 6 Difference  Sudden
Road lines buired place puire d © between mx. water Extornal o
pipe, (M) andmin  temp
water temp. change

St 4 A bicycle road 1.0 70 00018 40 1.15 34 3 5.0 6.3
S2 8 Adjacent road 1.0 70 0.0018 40 1.35 34 3 0.9 6.3
S3 6 Pavement 3.0 70 0.0018 40 1.35 34 3 1.5 45
S4 2 Ground around road 30.0 78 0.0018 40 1.35 30 3 47 34
S5 2 Ground around road 00 78 0.0018 40 1.35 30 3 15 65
S6 2 Adjacent road 0.0 64 0.0018 40 1.50 27 3 2.1 32

S7 8 Adjacent road 1.0 70 0.0018 40 1.35 34 3 1 2
S8 6 Pavement 3.0 70 0.0018 40 1.35 34 3 1.3 19
S9 6 Pavement 0.0 70 0.0018 40 1.35 34 3 20 57
S10 1 Adjacent road 0.0 64 00018 40 1.35 27 3 0 8.3
S11 6 Adjacent oad 0.0 70 0.0018 40 1.35 34 3 0.8 29
S12 6 Abicycle road 1.0 70 0.0018 40 1.35 34 3 0.0 1.8
813 4 Around road(v/v) 0.0 64 0.0018 40 1.35 27 3 0.0 1.9
S14 2 Ground around road 5.0 64 0.0018 40 1.35 27 3 0.0 6.7
815 2 Around road(v/iv) 0.0 64 00018 40 1.35 27 3 - 20
S16 2 Around road 0.0 78 00016 40 1.35 30 3 29 45
S17 4 Around road 20 64 0.0018 40 1.15 27 3 0.0 0.0
S18  Notroad Y - 64 0.0018 40 1.35 27 3 1.2 1.6
S19  Notroad viv - 6 00018 40 1.35 27 3 25 0.0
S20 4 Ground around road 10.0 78 00018 40 1.00 30 3 0.0 0.0

821 Not road(viv) a grassy place - 64 0.0018 40 1.35 27 3 0 0

S22 Not road Ground around road 5.0 64 0.0018 40 1.35 27 3 - -

523 4 Adjacent road 0.0 78 0.0018 40 1.35 30 3 0 0

S24 4 Adjacent road 0.0 64 00018 40 1.50 27 3 0 0

825 4 Adjacent road 1.0 78 0.0018 40 1.35 30 3 0 4

526 4 Adjacent road 10.0 64 0.0018 40 1.35 27 3 0 0
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Table 3(b). continued

Traffic envionment Frost weight  Soil Impact  Temperature(°C) Pit corrosion
depth of soils(y) friction factor (Avg.) depths, (mm)
Distance from  (d),cm (kgem® angle (i)
D Road lines buired place road_ toof (6) Difference  Sudden
pu1red between max. water External Internal
pipe, (m) andmin  femp
water temp. change
$27  Notroad Water utility - 102 00018 40 1.35 24 3 0 0
528  Not road Water utility - 102 00018 40 1.356 24 3 0 0
S29  Not road Not road - 102 00018 40 1.35 24 3 0 0
S30 2 Ground around road 20.0 64 0.0018 40 1.35 22 3 0 0
S31 5 Ground around road 10.0 99 0.0018 40 1.00 25 3 0.0 00
S32 2 Around road 0.0 74 00018 40 135 28 3 00 0.0
S$33 2 Ground around road 5.0 70 0.0018 40 1.50 34 3 0.0 3.0
S34 4 Ground around road 15.0 64 0.0018 40 1.50 27 3 0.0 -
S35 2 Ground around road 50.0 64 0.0018 40 1.35 27 3 0.0 -
S36 4 Around road 3.0 64 0.0018 40 1.00 27 3 0.0 -
S37 4 Ground around road 15.0 104 00018 40 1.00 24 3 - -
538 4 Ground around road 10.0 45 0.0018 40 1.35 21 3 0 0
S39  Notroad Water utility - 64 0.0018 40 1.35 28 3 0 0
S40 4 Adjacent road 2.0 64 0.0018 40 1.35 27 3 0 0
S41 2 Adjacent road 200 74 0.0018 40 1.15 24 3 0 0
S42  Notroad Water utility(v/v) - 64 00018 40 135 22 3 - -
S43 4 Abicycle road - 64 0.0018 40 1.15 22 3 0 0
S44 - Around road - 45 0.0018 40 1.50 28 3 0 0
S45 - Farmland - 119 00018 40 1.35 21 3 - -
S46  Notroad Intake place - 87 0.0018 40 135 24 3 - -
S47  Notroad Water utility 87 0.0018 40 1.00 24 3 0 -
548 4 Ground around road 10.0 45 0.0018 40 1.15 28 3 - -
549 4 Ground around road 30.0 64 0.0018 40 1.35 27 3 - -
S50 4 Ground around road 5.0 64 0.0018 40 1.35 27 3 - -
851 Not road Water utility - 64 0.0018 40 1.35 28 3 0 -
S52 - - - 45 00018 40 150 27 3 -
S53 - - - 45 0.0018 40 1.00 28 3 - -
S54  Not road Water utility - 45 0.0018 40 1.35 28 3 - 16
S55 1 Around road 0.0 102 00018 40 1.35 24 3 0 0
S56 3 Pavement 25 78 0.0018 40 1.50 30 3 0 0
857 6 Adjacent road 0.0 99 0.0018 40 1.35 25 3 0 0
S58 2 Under river - 68 0.0018 40 1.00 23 3 0 -
859 4 Adjacent road 50 99 00018 40 1.15 25 3 0 0
S60 6 Pavement 0.0 70 0.0018 40 1.35 34 3 0 0
S61  Not road Water utility - 64 0.0018 40 1.35 22 3 - -
50.8% % 744 wekon, D7} 31.1%, CIP7} 18.1% 2.3. 28|® EA Hy}
5 olt. #AL 250~2,800mio]t}, o] #] U9 B APNE 22 B B4 S ga 25
W FAZelE 242 0~6 T, 0~Smo| YoM, £2 Sge vl Aav s £ FUAS AT, T
W -9 =] ok CIP #e] $2Zlol7h E3hth. 2]zlo] Z2 Dial depth gauge S o] 23190} w2
EATINE T 42 E WY W S U o ojidF 2o 2 BYHA FHY WEE 12
9% FAF A @ wWF FAS AEHAT. 8] Asied 7 A sl KS A e} 9%

O\J
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Fig. 1. External loads of large water mains.
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Fig. 2. Internal pressure of large water mains.
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Fig. 5. Longitudinal stress of large water mains.
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Fig. 10. Prioritization of rehabiitation of large water mains.
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