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Design of Rigid Sewer Pipe
by Bearing Capacity and Settlement

Seong-Kyum Kim, Seung-Sik Oh, Kwan-Ho Lee’

Department of Civil & Environmental Engineering, Kongju National University

2 o B AToldE ZHTE S4TA AF) A F2 Ho] A48T BUES /|F0R Bo| SiolRE AR
71E AN AR 9 SemA 7120 A4 @ Astere Fohe Bk AMele Atk FU 2
A 47129 Aol 714 WA ekt a, 2398 VRS @ 294 Bekad 72t 25 o] thrEe]q ag
AOR Uehgth BARE S4BA 7|20 AAPL 7% SRl Huglel 7129 G4, AW @ A9l
wet AX| o] ARHAE. 7129 AXHE A9t B A A BT, FLD QololA 7% Ho| g4
= 2 vehdeh. A0 29 Lol Qol o] ue wAyske ZAHskeke Aok HE Holw, ol ol

Aol wet FAZolol A ZAATFE ANE A HolxT gtk FHBE EuA HA A
£ EHES /7o she 7| v ofko] R A7 AuolA] ol XY U ZAMsEES sk Ho] BHnE
SArBAY A% 5o A% BA 2] FelHA Aoz weEn

Abstract This study proposes an improvement plan for the evaluation of the bearing capacity and
settlement of sewer pipe bases for the improvement of design methods for determining pipe breakage.
Under the same conditions, the safety of crushed stone foundation was the lowest. Concrete VR pipe and
prefabricated plastic foundations were found to be safe at most excavation depths. The bearing capacity
of a rigid pipe foundation was determined by the shape of the foundation, soil conditions, and
groundwater, irrespective of the type of foundation. As the depth of the excavation increases, the
settlement tends to decrease immediately, and as the diameter of the pipe increases, the settlement tends
to increase immediately at the same depth. It is thus reasonable to consider the bearing capacity and

the instant settlement amount to solve the problems caused by the settlement of a rigid sewer pipe.
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Fig. 1. Flow Chart of Design Process
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Table 1. Budget for Sewer System  (unit : billion won)

item 11 12 13 14 15 16

Sewer Treatment | g5 | 075 | 0,64 | 050 | 0.47 | 0.41
Plant

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 039 | 0.25 | 0.34 | 0.34 | 0.36 | 0.40

Sum 190 | 1.83 | 2.09 | 2.11 | 2.39 | 2.19

20174 WAE F7FAAd7]E00 KDS 61 10 00 : 3t
FTAA kAo g2 HA7]150] BESE 0] AAEY
o} 20149 RN LT FFOREAIE R4
A FFA AR FaskrE AR Al ARIAE 9
Al SARE, AR AL A, olemA AHAbE S
A RARD, SlEAFAIE AR 5ol HAIEo] QtH3]

SdA gH] ARIL dutd oz AgLgdA el 4
AGAZ FEE & 9tk AdsHdA A= sTA
AuAtg 712N E, V1S sk A @, EAY ¢
AAEF =1, oAl A ARAE, A 4

138

23, S0 Ak 9 AAY S, vae] Gy
AY, HPAA A, Y% fA4 @ R A,
A4 09 U oA, sl ohu A,
A A2 5Y 5 MBI AARANALE sl
T A A ik D 9ONG AR, BE A, T 7R
A7, BA0) Hat R AZ, A AR, wBR A,
wjsau] A4, @3 WA tid So] Amgc,
FolH AMBEL Gl SIREAIA7IZ2013)4)
AT S AAEAE heT) B FRES o
ah7 Qlek. Al i) ojgt ANEY, FelEo
2 uad sieue AR aEERsES 1ol
SRS A} AASES TEstol o e}
L YRES ANelo] HASS ANeHs WIS A4
ShT SITHA, 51. 7T SRA A A] A9 Al
o= 7129 AAY L W5 AsHEo et de
7} WIS} glont, ABHoR AFgRs SlEAA]
o= olejgt Ugo] WAl Adolt). Eah, okig
A%l 77 Bag A AATE0l gt he
235] AN Eoa Uk
2 AolA olaigt BAES sids] Sistel 74
& S50 AARZAAE Fig 13} Zo] AT
A gt ANE AARZAAL B4 S48 47 A
z2 olgal ¥ 13 AL} A2o] sl5TA )z
9 7)zo| WSS Ve RS AT & Yus
Mgskaal giet. ol vlojelel EAE VRIS ol§
3 AAlE AAjsl] AAE AA TEAA e
AEs] Rk

O, o AN

-

¢

=2 A
= =2

of ofk

T2 Fig. 29} Zol &
A2 o &} wfio] 73l vls) &
2 Auto]] Algo] 7Hse S A A Sl



AA G} HoFE DT FIBE w47

AEiby ity

L

K
Flexiblz Rigid

Fig. 2. Pipe and Backfill Interaction of Flexible and
Rigid Pipe
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Table 2. Foundation of pipe for soil type

item hard regular soft
Concrete | plantation tree concrete pile foundation,
Pipe foundation, foundation concrete
. crushed stone, | crushed stone, reinforced
Steel Pipe
sand concrete concrete

AABEES Abslga Eokso 2 FA4ETH7-10]. AF
Sla2 oA wjdZlolo] wE Exjiio] o5t A E
PO (1) W 9} L TIAE FAE olgslo] AR
1=

W= C,xrxB* 1)

1—exp[— 2K, ux BE]
_ d

Where, W denotes a load per unit length of pipe,

C,; is load factor, v is unit weight of soil, B is
unit width of excavation, K, is active earth

pressure coefficient.

Felze hgE SEA ARE Bt Ausis
2 T, AL BENFLS FASL o 2 F
g5t52 olgath mzol FUYe| Holo] YA
20cm, FEHOA Bhgt 455 Wapo2 BAET,
Fort A A% = 275mE Dot} YoiES A
()t 2ol AR

2p (1 +i)
C(a+2HtanO) )

Where, W, denotes live load(V/m?), p is rear

W, =

wheel load(DB-24, 9,600N), a & c denote ground
length(0.2m) & width of wheel occupancy(2.75m),
0 is distribution angle, I is impact factor on
depth, H is buried depth.
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Fig. 3. Contact type of foundation

Table 3. Bedding factor (k)

angle fixed free
30 - 0.470
60 - 0.377
90 0.303 0.314
120 0.243 0.275
180 0.220 -
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Table 4. Foundation Type and Bedding Factor

Table 6. Concrete Pipe Properties

property 300mm 400mm 600mm
Excavation Width(mm), Bqg 982 1236 1800
Pipe Thickness(mm), t 30 35 50
Pipe Diameter(mm), Dc 360 470 700
Pipe Weight (kg) 211 323 700
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0275 Table 7. Design parameter of concrete pipe with
sand backfill
foundation item 300mm 400mm 600mm
. Cq 2.235 2.053 1.794
Crushed Stone Wy 9.58 10.67 11.08
(60°) W: 0.78 0.78 0.78
q 10.37 11.46 11.87
0243 Ca 2232 2.050 1.792
Wa 10.76 11.99 12.45
Concrete (120°)
| e Wi 0.78 0.78 0.78
foundation q 11.54 12.78 13.24
Cd 2.240 2.056 1.796
Concrete (180°) Wa 10.98 12.23 12.69
Table 5. Material properties of backfill We 0.78 078 0.78
q 11.76 13.02 13.48
internal Cq 2.232 2.050 1.792
materials soil friction unit weight Plastic  (180%) A 9.32 10.39 10.97
angle astic W, 0.78 078 0.78
recycled insitu granular soil 30 1.80 a 10.11 11.18 11.58
soil clayed soil 28 1.60
controlled low sand 33 1.8 Table 82 Zlo] Smoﬂj\-] AT 7228 AW}
strength materials insitu soil 30 1.56
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Table 8. Safety Factor of Concrete VR Pipe

foundation item 300mm 400mm 600mm
A 0.92 0.78 0.70
Crushed Stone B 0.82 0.70 0.63
(60°) C 0.81 0.68 0.62
D 0.94 0.79 0.72
A 1.42 1.20 1.09
Concrete B 1.28 1.08 0.98
(120°) C 1.26 1.06 0.96
D 1.46 1.23 1.12
A 1.57 1.33 1.20
Concrete B 1.41 1.19 1.08
(180°) C 1.39 1.17 1.06
D 1.61 1.36 1.23
' A 150 1.26 115
Foifdssgon B 135 113 1.03
180?) C 1.32 1.11 1.01
D 1.54 1.30 1.17
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Table 9. Allowable Bearing Capacity (t/m? of Pipe

Foundation
saturation depth 300mm 400mm 600mm

1 11.6 11.8 12.3

2 22.4 22.7 23.1

3 333 335 34.0

4 44.2 44.4 44.9

dry 5 55.0 55.3 55.7
6 65.9 66.1 66.6

7 76.7 77.0 774

8 87.6 87.8 88.3

9 98.5 98.7 99.2
10 109.3 109.6 110.0

1 6.2 6.5 6.9

2 11.7 12.0 12.4

3 173 175 18.0

4 22.8 23.0 235

fully 5 28.3 28.5 29.0
saturation 6 33.8 34.1 34.5
7 393 39.6 40.1

8 44.9 45.1 45.6

9 50.4 50.6 51.1

10 55.9 56.1 56.6
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Table 10. Immediate Settlement of Foundation (max.
25.4mm) with N Values

diameter depth 4 8 12 16

1 1278 | 639 426 320

2 5.61 2.80 187 1.40

3 3.36 1.68 112 0.84

4 2.30 115 0.77 057

300 5 1.68 0.84 056 0.42

mm 5 127 | 063 | 042 | 032

7 1.00 0.50 033 0.25

8 0.87 0.44 0.29 0.22

9 0.77 039 0.26 0.16

10 0.70 035 0.23 0.17

1 1908 | 954 6.36 477

2 7.81 3.90 2.60 1.95

3 458 229 153 115

4 3.10 1.55 1.03 0.78

5 225 113 0.75 056

400mm 5 170 | 085 | 057 | 043

7 133 0.66 0.44 033

8 116 058 0.39 0.29

9 1.02 051 0.34 0.26

10 0.92 0.46 031 0.23

1 3927 | 1818 | 1212 | 9.9

2 13.09 | 6.06 4.04 3.03

3 738 3.42 2.28 171

4 4.90 227 151 113

5 352 1.63 1.09 081

600mm 6 2.64 122 0.82 0.61

7 2.03 0.94 0.63 0.47

8 1.75 0.81 054 0.40

9 154 0.71 0.48 036

10 1.38 0.64 0.43 0.32
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