Journal of the Korea Academia-Industrial https://doi.org/10.5762/K A1S.2019.20.4.606

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 20, No. 4 pp. 606-612, 2019

Safety Factor of Rigid Sewer Pipe
by Different Types of Foundation and Backfill
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Abstract The main causes of subsidence and sinkholes in the lower part of urban roads are sewage line foundation
and inadequate compaction of backfill material. This leads to many problems, such as the breakage of joints in sewer
pipes, poor connection, pipe breakage, and cracks. To solve this problem, the support factor related to the sewer
foundation and the safety factor according to the excavation depth were evaluated. For the foundation of rigidity
tolerance, crushed stone foundation, and abandoned concrete foundation, a recently newly developed site
assembly-type lightweight plastic foundation were used. Backfill materials were applied on site (sandy soil and clayey
soil) and fluid backfill was recycled onsite. To evaluate the depth of excavation and the safety factor of each sewer
pipe foundation, the design load considering the load factor and the support factor was evaluated. The support
coefficients were 0.377 for a crushed stone foundation, 0.243 and 0.220 for an abandoned concrete foundation (180°
and 120°), and 0.231 for a lightweight plastic foundation and fluid backfill. Overall, the safety factor was low when
using the crushed stone foundation, and the safety rate was the highest when the foreclosed concrete foundation (180°)
was used. In addition, when the combination of lightweight plastic and fluid backfill materials was used, the safety
factor was higher than that of abandoned concrete foundation (120°), which means that the newly developed
lightweight plastic foundation can be used as another alternative base of a steel pipe.
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Table 1. Budget for Sewer System (unit : billion won)

e YA g 2 | 3 4|5 | e
Sewer Treatment Plant| 0.80 | 0.72 | 0.64 | 0.50 | 0.47 | 0.41
Sewer Pipe 0.66 | 0.65 | 0.86 | 0.74 | 0.96 | 0.82
BTL 0.05 | 021 | 025 | 0.35 | 0.36 | 0.36
Flooding - - - 0.18 | 0.24 | 0.20
Rural Area 039 | 025 | 0.34 | 0.34 | 0.36 | 0.40
Sum 1.90 | 1.83 | 2.09 | 2.11 | 2.39 | 2.19
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Fig. 2. Contact type of foundation

Table 3. Bedding factor (k)

Contact
! fixed free
Table 2. Foundation of pipe for soil type e
30 - 0.470
soil 60 - 0.377
item hard regular soft 90 0.303 0.314
Concrete | plantation tree concrete pile foundation, 120 0.243 0.275
Pipe foundation, foundation concrete 180 0.220 -
hed st
Steel Pipe crushed stone, | crushed stone, reinforced concrete
sand concrete
# AT Fig 33 2ol 4 AH dEAE
R T T e RS R IO T (three-edge bearing test TEB)% 0]%3}01 —21—0173 35
To+-H s 21 =

2ol 2 AW ¥(High Density Poly Ethylene, HDPE)< #j
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Hardwood Block

Pipe Wall
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Table 4. Material properties of backfill

property lnFeItﬂal it
friction weicht
materials angle e
recycled insitu granular soil 30 1.80
soil clayed soil 28 1.60
controlled low sand 33 1.83
strength
materials insitu soil 30 1.56
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Table 5. Parameter of design analysis

' diameter 300 | 400 | s00 | 600
item

Excavation Width, By 982 1236 1490 1644
Pipe Thickness, t 30 35 42 50

Pipe Diameter, D, 360 470 584 700
Pipe Weight (kg) 211 323 495 700
Water Weight in Pipe (kg) 88.4 157.1 245.4 3534
Pipe Cross Section (m?) 090 | 1.18 1.46 1.75

3.3 AAlsks & kA&
Fig. 4= & ) A8 dio = 4714 71 %% 3
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Backfill Backfill
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Concrete
foundation

Fig. 4. Cross Section
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FARE FE Aol Eeh C’(ﬁ: sk AT, Table 9. Design parameter of concrete pipe (Case D)
VV(ZT‘:‘ ’E}ZHE}%, I/V,'g: ﬂ%é}‘%, q = *274]5}%“% 9’] diameter
) 300 400 500 600
U] —{51_]:}_ depth_item
Cq 1.411 1.204 1.048 0.971
Wy 5899 6107 6216 5851
Table 6. Design parameter of concrete pipe (Case A) 2m W 2410 2410 2410 2410
diameter q 8309 8517 8627 8261
. 300 400 500 600
depth item Cq 2.232 2.050 1.884 1.792
Cq 1.798 1.579 1.402 1.312 Wy 9326 10397 11173 10974
Wa 7708 | sa11 | 8529 | 8105 sm W =1 | 71 | 787 | 787
2m r
W 1520 | 1520 | 1520 1520 q 10114 | 11184 | 11960 | 11582
q 9288 9731 10049 9625
Cq 2.235 2.053 1.886 1.794
130 AT 7] x2E 9 Z27lo =
W, 9582 | 10679 | 11474 | 11085 Table 10~132 g3 7| 284 R #ziole] w2
Sm = L
W, 787 787 787 787 P& U St 12 HA7]1%(60°%), 2& HHE
q 10370 | 11466 | 12261 | 11872 ZAYE 712(120°%, 32 HEH FAZE 7]32(180°%), 4
© 294 Y Bekey 71xE ool 34 )%
X X o] y&GHE= olA§ S J]xo0 P aboiKes|
Table 7. Design parameter of concrete pipe (Case B) FRERTE S LIS Vlses AAsisit2]
AAA ez B e 23o] AMRE 3 A
diameter
denth 1 0 | a0 |50 | 600 HEALE ol §8 F54 AAGAE ol§F o] FAE
epth item
C 1411 | 1204 | 1048 | 0971 2 EYE o &% F548 HAETAE AlEd 21 v
Wq 6807 7046 7173 6751 3 obd-&o] AA el A7) 2 (W7 60°) 7] %
2m
W, 2410 2410 2410 2410 = Zlo] 2m AlF oA dEls Aoz el
q 9217 | 9457 | 9583 | 916l o= wm ¥ aHRo] A BHE sfeve] P A 7
Cq 2232 2.050 1.884 1.792 o] 7}. 2m LHQ OEIV% j/_gq 3},{5 %;(O]—oﬂ/ﬂ A}.%g}.ﬂ oﬂ l?_;ﬁ'
. Wq 10761 11997 12892 12455 A3 Ao 7 L}‘E}k}:‘:}
W L L L AFBAEALE o83 754 AAGAL A=
11549 12784 13679 13242 - - - =
d X ZEeaY vz 28 ol g3 ol sm AF
Al aHEge] Qb gol 11Kt A veRtth dgellA
Table 8. Design parameter of concrete pipe (Case C) o] NEHAL uesld ALY EAE o] &3l 54
T AASAS ALY AYBehae 7z 2FE 35
300 400 500 600 -
depth_item el HES VM ol Hiek SHoR AT
Cq 1.414 1.206 1.049 0.972 2= Q)& Ao|t}
Wq 6932 7174 7301 6871
2m
W 2410 2410 2410 2410
Table 10. Safety factor of case A
q 9343 9584 9712 9281
Ca 2240 | 2.056 | 1.889 | 179 diameter | .0 400 500 600
W, 10980 12234 13142 12695 ol
d
S 1 112 1.02 0.97 0.99
W, 787 787 787 787 2 2 1.75 1.59 1.51 1.54
m
q 11767 | 13021 | 13929 | 13482 3 193 1.75 167 170
4 1.84 1.67 1.59 1.62
1 0.92 0.78 0.70 0.70
2 1.42 1.20 1.08 1.09
Sm
3 1.57 1.33 1.20 1.20
4 1.50 1.26 1.14 1.15
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Table 11. Safety factor of case B

— diameter |55, 400 500 600
depth item
1 1.03 0.94 0.89 091
2 1.60 1.46 1.39 141
2m
3 1.77 1.61 1.53 1.56
4 1.69 1.53 1.46 148
1 0.82 0.70 0.63 0.63
2 1.28 1.08 0.97 0.98
Sm
3 141 1.19 1.07 1.08
4 1.35 1.13 1.02 1.03
Table 12. Safety factor of case C
—_diameter |55, 400 500 600
depth item
1 1.02 1.00 0.96 0.97
2 1.66 1.55 1.50 1.50
2m
3 1.84 1.71 1.65 1.66
4 1.75 1.63 1.57 1.58
1 0.81 0.68 0.61 0.62
2 1.26 1.06 0.95 0.96
Sm
3 1.39 1.17 1.05 1.06
4 1.32 1.11 1.00 1.01
Table 13. Safety factor of case D
— diameter |55, 400 500 600
depth item
1 1.15 1.04 0.99 1.01
2 1.78 1.62 1.54 1.56
2m
3 1.96 1.79 1.70 1.73
4 1.87 1.70 1.62 1.65
1 0.94 0.79 0.72 0.72
2 1.46 1.23 1.11 1.12
Sm
3 1.61 1.36 1.23 1.23
4 1.54 1.30 1.17 1.17
4, A&
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