Journal of the Korean Geo—Environmental Society
16(12): 13~22. (December, 2015)  http://www.kges.or.kr

ISSN 1598-0820
DOI http://dx.doi.org/10.14481/jkges.2015.16.12.13

Sl 20 O3 WAES B T8 XjEte] 0| thEt

A ERS:UE

o RZ=ut

Effects of Reinforced Pseudo-Plastic Backfill on the Behavior of Ground
around Cavity Developed due to Sewer Leakage
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ABSTRACT : Developed ground cavity due to leakage of decrepit old sewer pipe causes ground surface settlement and brittle fracture

of pavement. Recently, for 5 years, frequency of occurrence of ground subsidence phenomenon tends to increase rapidly and/or

steadily. It is difficult to investigate ground surface settlement and/or subsidence in urban area because most ground surfaces are

covered with asphalt or concrete pavement. In this research, therefore, ground surface settlement, influence zone and settlement of

sewer pipe were analyzed using finite element method. Not only reinforced effect of pseudo-plastic backfill that is applied to prevent

ground surface settlement or subsidence spot, was compared and analyzed using numerical analysis program, but also direct shear

test was carried out to determine strength parameters of pseudo-plastic backfill.

Keywords : Sewer pipe, Ground subsidence, Ground settlement, Cavity, FEM
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Granular sediments spall

into secondary openings ments settles into the
in the underlying carbonate  vacated spaces (a process
rocks. termed “piping”).

tinue, forming a naticable
depression in the land
surface.

A column of overlying sedi-  Dissolution and infilling con-  The slow downward erosion
eventually forms small sur-
face depressions | inch to
saveral feet in depth and

In areas where cover material is thicker or sediments contain more clay, cover-subsidence
sinkholes are relatively uncommon, are smaller, and may go undetected for long periods.

(a) Cover—subsidence

Sediments spall into a cavity. As spalling continues, the
cohesive covering sedi-
ments form a structural

The cavity migrates up- The cavity eventually
ward by progressive roof  breaches the ground sur-
collapse. face, creating sudden and

Ower time, surface drainage, erosion, and deposition of sediment transform the steep-walled
sinkhole into a shallower bowl-shaped depression.

(b) Cover—collapse

Fig. 1. Processes and type of sinkhole (Thiansky, 1999)
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Fig. 2. Frequency and cause of ground subsidence in urban areas (Z9I& £ 2015)
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(b) Influence of tunnel depth on surface settlement profile

Fig. 3. Settlement and Influence range during tunnelling in soft ground (Atkinson & Mair, 1981)

Table 1. Outline of model tests (Kuwano et al., 2010)

Type Aim of test
Model test of soil outflow | A cavity is occurred due to repeatedly water supply and drainage using valve at the bottom of soil tank. This
Test 1 due to repeated water test carried out for circumstance of outflow of water and inflow of soil through broken area of sewer or
supply and drainage service water pipe.
. Constant water level in the external tank, soil outflow is occurred due to repeatedly water supply and
Model test of soil outflow . R . . . . .
Test 2 drainage using valve at the bottom of soil tank. This test carried out for circumstance of water inflow through

due to steady state

damaged area on the sewer or sevice water pipe due to upward ground water level.
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Fig. 4. Concept of model test (Kuwano et al., 2010)

Accumulative amount of soil outflow : 139g
§ Amount of soil outflow : 3.5%
5 Visual cavity zone: 1.8%
Estimated entrie relaxation zone : 16.7%

Estimated relaxation zone

Visual cavity
zone

Narrow cavity range wide relaxation range
(a) Sand

o o] ANl B FHAA R FIE)

1
1T Accumulative amount of soil outflow: 623g |
Y. Amount of soil outflow :16.7%

%o Visual cavity zone : 10.3%

%o Estimated entire relaxation zone: 22.2%

Estimated relaxation zone

Visual cavity
zone

Wide cavity range narrow relaxation range
(b) Clay

Fig. 5. Results from test 1 (Kuwano et al., 2010)

Water level

Water level

24 min / Water level 10cm 63 min / Water level 20cm
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Water level

166 min / Water level 40cm

Fig. 6. Results from test 2 (Kuwano et al., 2010)

Table 2. Result of relaxation range (Kuwano et al., 2010)
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234 min / Water level 40cm

. Ground material
Index Definition
Sand Clay
Amount of soil outflow Dry weight ratio of accumulative amount of soil outflow to subject zone 3.5% 16.7%
Visual cavity zone (rate) Ratio of cavity zone to subject zone (inside of line on Fig. 5) 1.8% 10.3%
Estimated entire relaxation zone | Ratio of visual estimated entire relaxation zone to subject zone (including cavity 16.7% 2229
(rate) zone) (inside of broken line on Fig. 5) e e
. . Ratio of visual estimated relaxation zone to subject zone (excluding cavity zone
Estimated relaxation zone (rate) . . . . . ) ( & vy ) 14.9% 11.9%
[estimated entire relaxation zone-visual cavity zone]
Ratio of relaxation zone to . . . .
. [estimated relaxation zone/visual cavity zone] 8.3 1.2
cavity zone
. Relaxation degree of estimated relaxation zone
Relaxation degree gr . . . . 11% 54%
[(amount of soil outflow-visual cavity zone) / estimated relaxation zone]
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Cavity + Relaxation

Outtlow of
soil and water
(a) Test 1

Infiltration

Cavity + Relaxation

Outflow of
soil and water

(b) Test 2

Fig. 7. Comparison between test 1 and test 2 (Kuwano et al., 2010)

Table 3. Material composition of Pseudo—Plastic backfill

Type Basic material Additional material
Fly-ash Calcium aluminate Calcium hydroxide Plasticizer
General type 90% - -
Antiwashout underwater 90% 1% 0.4%
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Table 4. Cases of FE analysis
. . . Case
Location of cavity Scenario - Note
Reinforcement Development step
- 1 Scenario 1_case 1-1
*= Relaxation zone O 1
Cavity 2 Scenario 1_case 1-2
Sewer pipe 1 .
1 Scenario 1_case 2-1
X 2
2 Scenario 1_case 2-2
- 1 Scenario 2 case 1-1
O 1
2 Scenario 2 _case 1-2
Cavit — 2
avity Sewer pipe
1 Scenario 2 _case 2-1
o Relaxation zone « 2
2 Scenario 2 _case 2-2

Table 5. Sewer pipe material properties for FE analysis

Diameter EA EI w Poi "
oisson ratio
(mm) (kN/m) (kN/mz/m) (kKN/m/m)
Concrete pipe 250 1,374,447 5,369 1.66 0.2
Table 6. Ground and backfill material properties for FE analysis
Unit weight Young’s modulus Cohesion Friction angle Poi "
oisson ratio
(kN/m®) (kN/m?) (kN/m?) ©)
Sand 17 20,000 6 30 0.2
Backfill 15.5 28,197 15.33 32.69 0.2
Relaxation zone 16.15 17,000 5.1 25.5 0.2
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Table 7. Backfill properties from DS test
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Fig. 9. Results from DS test
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(a) Scenario 1_case 1-2 (b) Scenario 1_case 2-2

(c) Scenario 2_case 1-2 (d) Scenario 2_case 2-2

Fig. 10, Y=displacement

(a) Scenario 1_case 1-2
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(c) Scenario 2_case 1-2 (d) Scenario 2_case 2-2

Fig. 11. Shear strain
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Table 8. Maximum settlements of ground

Scenario 1 Scenario 2
Case 1 Case 2 Case 1 Case 2
Settlement (mm) 15.41 14.57 5.26 2.78
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@-9®-@® Cavity below sewer-unreinforced
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Fig. 14. Result of settlement
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