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Safety Factor of Rigid Sewer Pipe
by Different Types of Foundation and Backfill
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Department of Civil & Environmental Engineering, Kongju National University
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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 :
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4 M 2| 3| 4| 15| 16
item
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 | 0.21 | 0.25 | 0.35 | 0.36 | 0.36
Flooding - - 0.18 | 0.24 | 0.20
Rural Area 0.39 | 0.25 | 0.34 | 0.34 | 0.36 | 0.40
Sum 1.90 | 1.83 | 2.09 | 2.11 | 2.39 | 2.19
HZ 7159sE Qg HFes FAE s AA
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% Behay 7)zel 59 712 A7) A AFE T

Alg+(bedding factor)E AlAlstazA} g}

g

_ Concrete
2, LMBE st4TtH M o
Crushed
Stone
Table 2+ Ul A A= A3 S/E A5 Fixed Free
goll 2 71x9d4S BolFa 9o, Al @lM= Fig 2. Contact type of foundation
gAle] wgst REAe ol PAE 9 v 23
S o]g3tq AlFsE g 2] Table 3. Bedding factor (k)
e Contact| fixed free
Table 2. Foundati f pipe f il t
able oundation of pipe for soil type = T
ol 60 - 0377
item hard regular soft ) 0303 0314
Concrete | plantation tree concrete pile foundation, 120 0.243 0.275
Pipe foundation, foundation concrete 180 0.220
Steel Pipe crushed stone, | - crushed stone, reinforced concrete
sand concrete
# WHASE Figo 37 2ol A AH AFAE
_ . O sla= =67 =
HAzea AgZgre 7|2 HEs 1UE Z (three-edge bearing test, TEB) S ©]-&3}o] F0]7 &5
. z7o) e HAYEAEES o]&sto] AAITHI[9].
2] e A F(High Density Poly Ethylene, HDPE)S- A
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° Pipe Wall
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71284 2 A SFE TS skeuA dHE
DA HNEAE(M,, )9 #e] gl ofs) AF Table 5. Parameter of design analysis
e AFAENE(M,)E ol&3to] AAFT) = Giametor
} 5 300 | 400 | 500 600
o] A ZAGE AN, HE7Z}F 205 V508 item
AT 02438 o] §3to] ehd&s 24T 4 3l Excavation Width, Bq 982 | 1236 | 1490 | 1644
=8 Pipe Thickness, t 30 35 ) 50
Pipe Diameter, D, 360 470 584 700
M, =0.318QR+0.239WR ®) Pipe Weight (kg) 211 | 323 | 495 700
F= 7 T (4) Water Weight in Pipe (kg) | 88.4 157.1 245.4 353.4
max Pipe Cross Section (m’) 0.90 1.18 1.46 1.75
- - 3.3 AAlstE A AXE
3. SEHOIE 7|x9 AXY HIt . o .
Fig. 4% & Aol AMSE ©Ho R 4717 7127 4
_ 7)1% 9 WE 23T E 7| ZE o] &3 A thHolt)
B AFNAE st 7I2E A7 2(60°), 227
E7]2(120°), ZAYEZ]Z(180), FEdAAEA 2 -
- i o . ackfi Backfill
EHAETEHY R (180°) 5 F 4714 712 4L ©f
gt BFY AASAE BPTARAAE 3 8 N
A} 54 AR 2 ALBAE a8 z NP
S % 47bA) Azolm, AR YRekaz 2 wel5 foundanon
o v
< Table 4%} 2t} . .
= Fig. 4. Cross Section
Table 4. Material properties of backfill Aol ALLE ZAATBE HA7) 2 AT A wkHZE
© 60° EIEA: B o Aasta g =
property internal it 2 60°0| a1, WA= 0.377S 83t WY 23
aterals | G EE JlEE D00 %1808 Agsiala, wAss
. 0.243 3 0.220= A-&3tAtt 54 FAA=Ae & A
recycled insitu granular soil 30 1.80 = 3 2= =2 piA o] AE 7Lz Izl aE
soil clayed soil 28 1.60 AE AN 5 ARE e R HAARAE
controlled low sand 33 1.83 EpdEb, 9o T EALE A= Z o A8
strength o th & HAAE 9E T JEE BEERRE 7] %9 e
materials insitu soil 30 1.56 B )
A7 180°5 A8sklch. WA= 02205 ©f8
3 glon), v ZAE ) AlE f54 FAE
3.2 Zdda 9 ==H710| Ao Awrt Aowg Wy ZABE 7% 120°¢} 180°
el ALSE AR Table Soh 2o RANE & o) FAE g f54 AAMRAe] WAL A8l
FHolaz, 27 300mm, 400mm, 500mm, % 600mmE ©] = Ao] BlFsle, wAASLE 02312 243590k o
Sokginh A =2 F Alge] girE AHdA b = 3 v eEkE §54 AAAlE 1geE
Tl BEe FFE I dUA 50% FEOR A8 9 gAetEe AR Buepl B, o 2AYE o5
ShATh E3E 22 zlole sl S Ale Al HEA gl M wbales REES A7 AT mjiolt)
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FHAE FEAAFAEA ol W Ci= A, Table 9. Design parameter of concrete pipe (Case D)
VVdT‘:‘ Ak Zﬁé}%, I/Vr"% BlA=S 6}%, QT‘:‘ AAEES 2 diameter
K 300 400 500 600
n) sk depth item
Ca 1411 1.204 1.048 0.971
Wy 5899 6107 6216 5851
. . 2m
Table 6. Design parameter of concrete pipe (Case A) W, 2410 2410 2410 2410
diamoter q 8309 8517 8627 8261
i 300 400 500 600
depth item Cq 2.232 2.050 1.884 1.792
Ca 1.798 1.579 1.402 1.312 Wa 9326 10397 | 11173 | 10974
, Wq 7708 | 8211 | 8529 | 8105 om W, 787 787 787 787
m
W 1520 1520 1520 1520 q 10114 | 11184 | 11960 | 11582
q 9288 9731 10049 9625
Cq 2235 2.053 1.886 1.794
~138 7IA] T > Z2 1 rz7lo =
S Wq 9582 | 10679 | 11474 | 11085 Table 10~13 g3t 7|23+ B 2ol w2
m =, L
W, 787 787 787 787 &S YER Qi 12 A7) %(60°), 2+ HEH
q 10370 | 11466 | 12261 | 11872 FIYE 7]%(120°%, 32> HEH ZIAZE 7]%(180°, 4
= 294 A% Eoan J2E et 249 7z
. . o] &G H olxg S J)FEo VSho e Ke: |
Table 7. Design parameter of concrete pipe (Case B) o TERTE SR LS VIEem AAsklt ]
AAA R W FfFA 2o AHHE B A
diameter
denth it 300 400 500 600 A@EA}% o]Jg_?;sl_ .,OT%/%] ﬂxﬂ%zﬂ% o]%—“_} Al o] @/E]E
epth item
Ca 1411 | 1204 | 1048 | 0971 2 RPE o] &3 54 FAALAE AT 221 4
Wa 6807 | 7046 | 7173 | 6751 3] kdgol AA yehgth A7 (L7 60°) 7%
2m
W, 2410 | 2410 | 2410 | 2410 = Zo] 2m AlFFONA T EE AoZ YERit
q 9217 | 9457 | 9583 | 96l ol & ¥A a}id| A BHE sl Wit A 2
Cq 2232 2.050 1.884 1.792 o7} 2m Welele nE e A4 ALEsl7 o] B
10761 | 11 12892 | 124 5
m W 076 997 89 55 é ?ﬂ' Zi oz E]—I)d:\:]—
W LA S N L APIARALE o8 754 AN 9=
11549 | 12784 | 13679 | 13242 - _ _ -
a A AeEelad 2o 23 ol o] sm A3
Al BhEake] b go] 111 AA YRt d7goA]
Table 8. Design parameter of concrete pipe (Case C) o N&FHAS nestd AFLAYEAES o] &3t §-FA4
T T T o o A AgEg ARBedaY Jl2 2He o5
depth item o] &L BN F ol e B AT
Cq 1414 1.206 1.049 0.972 _/l: %1% Z‘io E]—
Wy 6932 7174 7301 6871
2m
W; 2410 2410 2410 2410
Table 10. Safety factor of case A
q 9343 9584 9712 9281
Ca 2240 | 2056 | 1889 | 1.79 diameter | o0 400 500 600
depth item
. Wa 10980 | 12234 | 13142 | 12695 ; W = o 55
W 787 787 787 787 2 2 1.75 1.59 1.51 1.54
m
q 11767 | 13021 | 13929 | 13482 3 193 175 1.67 1.70
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
S5m
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 |5, 400 500 600
depth item
1 1.03 0.94 0.89 0.91
2 1.60 1.46 1.39 1.41
2m
3 1.77 1.61 1.53 1.56
4 1.69 1.53 1.46 1.48
1 0.82 0.70 0.63 0.63
2 1.28 1.08 0.97 0.98
Sm
3 1.41 1.19 1.07 1.08
4 1.35 1.13 1.02 1.03

Table 12. Safety factor of case C

. diameter | 4, 400 500 600
depth item

1 1.02 100 | 09 | 097
2 1.66 1.55 1.50 1.50

2m
3 1.84 171 1.65 1.66
4 175 1.63 157 1.58
1 0.81 0.68 0.61 0.62
2 1.26 106 | 095 0.96

S5m
3 1.39 117 1.05 1.06
4 132 111 1.00 1.01

Table 13. Safety factor of case D

~_diameter | 5o, 400 500 600
depth item
i 115 104 | 099 1.01
2 178 1.62 154 1.56
2m
3 1.96 1.79 1.70 173
4 1.87 1.70 1.62 1.65
1 0.94 079 | 072 0.72
2 1.46 1.23 L1 L12
Sm
3 161 1.36 123 123
4 1.54 1.30 117 117
4, BE

47K g8 7Nz AR 60° ﬂ]ﬁﬂi, ek
120° ¥ 180° g 23YE 7

2 ZelrE7) 2)3) 459 AZHEXH(AVE‘E, AAE,
g 2 AN EANES o]&3te] FA ] AlFA

b

AskE 2 QhAES Ageldla, et g AE &
Fahec
(1) RS o183 S AR A A R Zhe

aa]E 120° 2 180° JXéEoﬂ gt

A4 02312 A83h= 7o) B3l Aow
UrER )

(2) AAH LR 7% o] &
oA Qb go] 1.1 e]atZ afhe] b
ulg- i FAoZ Ry | Eika
120° 2 180° Mg Z3TE 7|25 o] &8 4§
A E dR-Z2AEZ Z4o] 2m, ¥4 500mme}
600mm) % HAAEAES A2 1p =
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