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Abstract

Agricultural reservoirs seek human convenience by supplying agricultural water and providing flood
damage effects and rest areas at the same time, but preventing them from aging reservoirs and
earthquakes is important. The safety of levees is influenced by field material properties such as soil
parameter values of the granular materials that make up the levees, but since precision safety diagnosis
or general literature values are diverted, the final safety factors are limited to material properties alone.
Since safety factors are determined by physical characteristic values and embankment shapes and have
a significant impact on safety factors, accurate contemplation is required when examining reinforced
cross sections. Therefore, this study analyzed the case of reasonable and economical reinforcement
intersections when designing ‘OCreservoir’ in Goheung-geun, Jeollanam-do using the GEP-SLOPE
program to enable rational economic design of reinforcement intersections through repeated reviews.
As aresult of reducing and analyzing the first, second, and third seismic reinforcement of the levees, it
was confirmed that the safety ratio was secured even with a significantly smaller amount of rein-
forcement than the first, second, and lower slopes by obtaining design standards of 1.20. In addition,
when determining all seismic reinforcement cross-sectional shapes, it was confirmed that the shape
that reinforces only the lower side rather than the upper side of the slope and the entire slope was
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Fig. 1. Composition ratio of reservoir slope reinforcement method (Joo, 2011).
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Table 1. The risk factor according to the seismic rating of the dam and the recurrence period (MLTM, 2011)

Earthquake-resistant

arade Dam classification Reproduction cycle Risk coefficient

Dam designated by the ordering company as a special dam in terms
of social, security and economy

Earthquake-resistant

Special grade dam Dam classified as a multipurpose dam by law 1,000 year 1.4

Dams with a height of 45 m or more and a total storage capacity of
50 million m’* or more

Earthquake-resistant

| grade dam All dams other than earthquake-resistant special grade dams 500 year 1.0

Table 2. Seismic zone classification and zone coefficient (MPSS, 2017)

Earthquake zone An administrative district Zone coefficient
City  Seoul, Incheon, Daejeon, Busan, Daegu, Ulsan, Gwangju
[ Zone do Gyeonggi-do, Gangwon-do, Chungcheongbuk-do, Chungcheongnam-do, 0.11
Gyeongsangbuk-do, Jeollabuk-do, Jeollanam-do
I Zone o Northern Gangwon Province (Hongcheon, Cheorwon, Hwacheon, Hoengseong, 0.07
Pyeongchang, Yanggu, Inje, Goseong, Yangyang, Chunchun, Sokcho), Jeju Island
Table 3. Ground coefficient according to basic ground classification (MOLIT, 2011)
Average ground characteristics for 30 m below the surface Ground
Ground type Shear wave velocity ~ Standard penetration test ~ Non-drain shear strength coefficient
(m/s) (N value) (kPa)
Hard rock ground, normal rock ground More than 460 - - 1.0
Yeonam ground, a very dense soil 360~760 >50 >100 1.2

Hard soil and sand 180~360 15~50 50~100 1.5
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Table 4. Approximate soil quality of earthwork materials - stacking soil (Kang, 2010)

Unit weight  Internal friction angle ~ Adhesiveness

Sand type State of material US.C.S
oP ) @) (V)
1
Gravel and sand Compaction 20 40 0 GW, GP
mixed with gravel
Sand ) Good particle size 2.0 35 0
- Compaction - - Sw, SP
Bad grain Bad particle size 1.6 30 0
Sandy soil Compaction 1.9 25 Less than 3 SM, SC
. ML, CL,
Clay Compaction 1.8 15 Less than 5 MH, CH
Table 5. Rough soil constant of earthwork materials - natural ground (Kang, 2010)
Sand type Unit weight (t/m?) Internal friction angle (¢) Adhesiveness (t/m?) US.CS
2.0 40 0
Gravel GW, GP
1.8 35 0
2.1 40 0
Sand mixed with gravel GW, GP
1.9 35 0
2.0 35 0
Sand SW, SP
1.8 30 0
. 1.9 30 Less than 3
Sandy soil SM, SC
1.7 25 0
1.8 25 Less than 5
Clay soil 1.7 20 Less than 3 ML, CL
1.7 20 Less than 1.5
1.7 20 Less than 5
Clay and silt 1.6 15 Less than 3 CH, MH, ML

1.4 10 Less than 1.5
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Table 6. Fill dam safety factor (Design Criteria for Agricultural Production Base Plan - Pildam Edition)

o ) . Safety factor
Classification Formulation conditions Low water level Earthquake
Upstream Downstream

1 Immediately after completion Ground state X 1.3 1.3

2 Some reservoir X 1.3 -

Gap pressure max .
3 Nosedive X 1.2 1.2
4 Full O 1.2 1.2
Normally .
5 Some reservoir O 1.15 -

Table 7. When reviewing activity destruction (Design Criteria for Agricultural Production Base Plan - Pildam Edition)

Application of circular active

Classifi- Water storage level State of penetration Design A
" 3 surface division method
cation (hydrostatic pressure) (pore pressure) progress - -
Stress display ~ Calculation slope
. Penetration is normal on . Up and down-
1 D flood level . - Effe .
esign flood leve the design flood ective stress stream side
Penetration at th h: . Up and down-
2 Surcharge water level enetration & . ¢ surcharge ) %  Effective stress pan (?WH
water level is normal stream side
P i -
3 Permanent water level enetration at. permanent 100 %  Effective stress Upand do.wn
water level is normal stream side
. Penetrati t t . U dd -
4 Medium water level eneration @ .permanen 100 %  Effective stress pan (?wns
water level is normal tream side
5 Empty case (right Clearance pressure remains 50 % Pre-stress Up and down-
after completion) during the festival ®  effective stress stream side
6(a) Water level dI'Op Clearance pressure remains 100 %  Effective stress
Lowest water level .
when the water level drops . Upstream side
6(b) Water level drop after a fall 50%  Effective stress

from constant to minimum
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Table 8. Indoor soil test result table by drilling location (physical properties)

Sample  Depth Particle size distribution (%o) Atterberg limit (%) Specific gravity USCS
name (m) Clay Silt Sand Gravel | Liquid limit Plastic limit ~Plasticity index (Gs)
BH-1 0.3~1.1 15.0 322 520 0.8 28.4 15.2 13.2 2.635 SC
BH-1 18.0~18.8 150 236 5I1.1 10.3 27.4 16.4 11.0 2.639 SC
BH-2 0.5~1.3 19.0 15.1 62.1 3.7 30.2 19.7 10.5 2.617 SC
BH-2 13.0~13.8 12,5 237 604 34 29.9 18.7 11.3 2.626 SC

Table 9. Table of results of indoor soil test by drilling location (mechanical characteristics)

Sample Depth Natural state Triaxial compression test ( CU) Pitcher coefficient
name (m) Water ratio (%) Unit weight (t/m”) | Adhesiveness (t/m?) Internal friction angle (¢) (cr/s)

BH-1 0.3~1.1 21.7 2.039 0.03 33 8.29 x 107
BH-1 18.0~18.8 224 2.029 0.02 31 8.45 % 107
BH-2 0.5~1.3 22.3 2.021 0.04 29 9.16 x 107
BH-2 13.0~13.8 21.2 2.044 0.03 30 5.23 x 107
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Table 10. Table of results of indoor soil test by drilling location (mechanical characteristics)

) ) ) ) ) Earthquake coefficient
Area coefficient  Risk coefficient Ground coefficient ~ Surcharge coefficient - —
Horizontal (Kh) Verticality (Kv)
0.11 1.0 1.0 1.2 0.132 0.066
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Fig. 2. Pre-reinforcement embankment modeling diagram.
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(a) Full water level (b) Partial water level

Fig. 3. Dike modelling diagram according to water level.

Table 11. Slope stability analysis result table before reinforcement

. Spencer’s method Morgenstern-Price’s method Bishop’s method
Classification - ) .
Review results Review results Review results
Full water level 1.003 1.000 0.996
Upscale pardon .
Partial storage 1.007 1.005 0.999
Downstream amnesty Full water level 0.997 0.997 0.994
12H A L2122 R e

13 A WA RZRS AFRATAC] 712718 1:2.3014 1:3.22 W75k AF A =257 m* S B7stelet. skRArEe] 7]
L7 = AT 1:1.8, SFEHE 1:2.00014 1:2.3.02 MZSHILAM A = 118 m*E H7J5}0] o} Fig. 49} 7Fo] B7F 2 A
o] FFTHHE S GEO-SLOPE X & 1380 Ralw] 51t}

Fig. 4. Primary embankment modeling diagram.
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(a) Full water level (b) Partial water level

Fig. 5. Modelling diagram of the water level of the primary embankment according to the water level.



Table 12. Slope stability analysis result table of the 1st embankment

. Spencer’s method Morgenstern-Price’s method Bishop’s method
Classification - - -
Review results Review results Review results
Full water level 1.253 1.255 1.225
Upscale pardon .
Partial storage 1.245 1.247 1.219
Downstream amnesty Full water level 1.230 1.227 1.221
22} A LI Z R

22} A WHEAAL AR APAC] 7187] 5 1:2.3914 1:22.02 W8I A A = 163 m* S H7Jset. kA 7]
271 AR 1:1.8, SPHEL 1:2.00014] 1:2.22 WA sH AFA A = 81 m*S E7}5}o] ol Fig. 67 Zro] B2 A At
FZHHHLEE GEO-SLOPE 2 130 el 5H9ict

Fig. 6. Secondary embankment modeling diagram.

24.8m
24.8m

(a) Full water level

(b) Partial water level
Fig. 7. Modeling diagram of secondary embankment by water level according to water level.

Table 13. Slope stability analysis result table of the secondary embankment

. Spencer’s method Morgenstern-Price’s method Bishop’s method
Classification
Result Result Result
Full water level 1.305 1.296 1.265
Upscale pardon .
Partial storage 1.298 1.283 1.248
Downstream amnesty Full water level 1.212 1.206 1.202
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Fig. 8. Tertiary embankment modeling diagram.
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(a) Full water level

(b) Partial water level
Fig. 9. Modelling diagram by water level of the tertiary embankment according to water level

Table 14. Table of slope stability analysis of the 3rd embankment

. Spencer’s method Morgenstern-Price’s method Bishop’s method
Classification
Result Result Result
Full water level 1.265 1.259 1.226
Upscale pardon .
Partial storage 1.241 1.235 1.203
Downstream amnesty Full water level 1.222 1.222 1.222
32 Al L2 IEZ nEE
Tables 15~172] 12}, 22}, 32} AFHEZ} THH H] W 39} Table 18-2 3arsto] AR HAY LO] A2l = olkal
qgo 1 18 UUEE B0l MU UG IS
O =1

= T R A] Aol et B /o] edeel 2 FF

[e]

2 7 S AT o B BB A A AL R (B A) 3
Holt= 942 4+ 9Iek

RS, 457 ARe] 274 mE 7EO R 17 BARRAHE 16919, 27

oj9lom

oM E 1494, 32 Eol A= 13

F

o2 X3 3ejde] FAL e He e 7



w
ul
N
0o
0x
Fok
oN
2
ol

Table 15. Primary slope reinforced section comparison table

Primary Quadratic reinforcement upstream
reinforcement section

257m’  Quadratic reinforcement Construction expenses

Quadratic reinforcement plane downstream 118 m®>  surfaces total : 375 m” 1.6 billion

Table 16. Comparison table of the second round of reinforcing sides of the section

Secondary

Quadratic reinforcement upstream
reinforcement section

163 m°  Quadratic reinforcement Construction expenses

Quadratic reinforcement plane downstream 81 m®  surfaces total : 244 m’ 1.4 billion

Table 17. Tertiary lateral reinforced section comparison table

Quadratic reinforcement upstream
Tertiary

. . Quadratic reinforcement plane downstream
reinforcement section

Downstream side soil reinforcement plane

116 m*  Quadratic reinforcement ~Construction expenses :
surfaces total : 134 m’

1.3 billion
100 m’
Table 18. Slope stability analysis result table before reinforcement
o Upstream slope Downstream slope
Classification -
Full water level (1.20) Some reservoirs (1.15) Full water level (1.20)
Reinforcement battle 0.996 0.999 0.994
Primary reinforcement section 1.225 1.219 1.221
Secondary reinforcement section 1.265 1.248 1.202
Tertiary reinforcement section 1.226 1.203 1.222
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