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Study on the Stability Analysis and Supporting Methods for the

Spillway Slopes in Boryeong Dam
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system was also suggested.

ABSTRACT In this study, two dimensional and three dimensional numerical analysis were performed
with a finite difference code for the safe maintenance of the spillway slope of the Boryeong dam. Results
of the geological survey and the stereographic projection analysis on the discontinuities were used as
input data for the numerical analysis. As a result, several suggestions were given such as the
reinforcement of the local tension zone, the decrease in the angle of the slope, the drawdown of the pore
pressure in the slope and the removal of the upper benches. A systematic and long-term monitoring
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Table 1. Sources of failures in the left slope of the spiliway and its alternative

Location Sources of failure and its alternative Date
Left slope of the ~ Large-scale wedge failure through the bedding plane and joints
spillway (about 20,000 m®) 93. 3
(E1.140~EL.79 m) ~ Decreasing the excavation angle of the slope T
(SP.-4~SP.1) (1:05—1:1.2)
Connection part ~ Small-scale plane failure developed to the
to access upper slope when the bedding plane and excavation '93. 11.
(STA. 0+660) direction run together
Basic dyke 93 11
(E1.130~E1.170 m) ~Plane failure in dyke developed to the upper slope 9 4 2'
(SP.1~SP.2) T
Upper stream of
main slope - Plane failure developed on soil after winter '94. 3.
(E1.214~229 m)
Lower stream of
main slope — Small-scale wedge failure developed in the cross zone of bedding 94, 3
(E1.124~142 m) and joint e
(SP.5)
—Wedge and plane failure developed in the zone of bedding and joint
Upper zone of . .
—Decide to decrease the angle of the slope by Japanese geologist

access . . .

(Mr.Dood)'s suggestion 94. 7.
(E1.79~110 m)
(SP.-6+10-SP.-7) a:12—1:14)

: B ~ Reinforcement of slope protection hole

Le_lﬁl s{liope of the - Tensile failure generated through the joint (E-W direction)
Spiway - Displacements were generated to the dip direction in '96. 10.

(E1.169~229 m)

(STA.-0~-4) El.154 m bench
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Table 2. Displacement of cracks which are developed more than 10 cm

' Initial Final Date(M/D)
No. Location Dir. displacement displacement(cm)
(cm) from to

2 EL'lggsl‘(’;‘fh”ls“ 92/68 4 41.5(Upper) 103 1113
4 92/72 6~10 A o) ' '

5 EL.199~184 slope 92/70 1~2 %;7151((11{55‘:?), " "

6 fgg;’é 2 315 " "

8 EL.184 bench 220/70-80 5 85.0 " "
13 EL'llfv‘:ei’eS'iz};eand 162/54 2 31.0(Upper) " "
16 ELi})‘jirb‘;‘f&:‘“d 265/52 2.0 60.0 " "
20 EL 229 bench 250/48 3.0 13.0 04 "
21 96/62 3.0 14.2 " "

EL 244~299 bench

24 82/70 13 12.1 " "

26 EL.199 bench 60/82 22 65.0 ) "

28 124/69 5.0 14.6(Lower) " "

31  EL.169~184 slope 108/71 45 14.6 03

33 186/81 18.0 182 07

37 EL.169 bench 274/71 3.0 13.7 05

52  EL.184~169 slope 200/83 125 17.0 107

60  EL.199~184 slope 58/83 12.3 145 103 "

77 EL.169~154 slope 120/68 9.4 118 1019

95 EL.152 slope - 45 167.0 015 *

99 EL.169-154 slope - 151 142.0 w017 "

124  EL.169~154 slope - 135 135 112
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Table 3. Physical properties as input data used in
modelling (1 : 1.4 left slope of spillway)

Materials
. Rock mass Weak plane
Properties
Density (kg/m®) 2650 same
Shear modulus (MPa) 1.96 x 10 same
Bulk modulus (MPa) 2.14X10° same

Friction angle (degree) 35 30
Cohesion (MPa) 1.5x10"
Tensile strength (MPa) 5.44x10*
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cavated according to the original design (1 : 1.4,
35%
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Fig. 2. Plasticity indicator for the slopes excavated according to the original design (a) In case of dry slopes (b)

In case of slopes with ground water
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Fig. 3. X-displacement contours for the slopes excavated according to the original design (a) In case of dry

slopes (b) In case of slopes with ground water
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Table 4. Dip and dip direction of the weak plane
used in 3-dimensional numerical analysis

Dip dir.(°) Dip(°)
Left slope of the spillway 347.8 32.5
Right slope of the spillway 3324 42.0
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Fig. 4. Three dimensional numerical grid for the dam
slopes excavated according to the original
design
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Fig. 5. Block plot of state on the dam slopes ex-
cavated according to the original design (Front
view)
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Table 5. Physical properties of the cable bolts used in modelling

Borehole Cable Grout

Diameter | Diameter Young's modulus Ultimate tensile | Compressive strength  Shear modulus
(mm) (mm) (GPa) capacity (KN) (MPa) (GPa)
38.0 25.4 98.6 548 20 9
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Table 6. Physical properties of PC steel wire, Steel pipe and Rail

PC Steel wire Steel pipe Rail

Dia. of Strand(mm) 12.7( O.D.(mm) 267.4| Height(mm) 170.0
Area 98.71 mm*X7=691 mm’| ID.(mm) 250| Width(mm) 146
Dia. of Borehole(mm) 135 t(mm) 9.3| t(mm) 15.0
Young's modulus(GPa) 200| Weight(kg/m) 59.2| Weight(kg/m) 60.4
Tensile strength(MN) 1.3| Area(cm® 75.41| Area(cm®) 77.00
Yield strength(MN) 1.1| Young's modulus(GPa) 200| Young's modulus(GPa) 200

2nd moment of inertia(cm®) 6,290| 2nd moment of inertia(cm®) 2,711

Table 7. Results of numerical modelling for each cases when the excavations are stopped currently

Analysis conditions

Results

- Several sets of tensile crack zone normal to the slope face
@ -Mid zone of the slopes moved out
* - It seems to overestimate the ground water conditions
- Region of the active tensile failure is smaller than case @
@ ¥ —Depth of failure is still deep
v —~ Good simulation for the actual field condition
—Installed PC steel wire on 79 M.L., 124 M.L., 154 M.L.
- PC steel wire was pre-tensioned of 20 ton
® g — Active tensile failure decreased severly in PC steel wire installation zone

— Tensile failure zone was still remained in 200 M.L.

— Installed Steel pipe and Rail(JR60 kg) on same place as case 3
- No Pre-tension
- No reinforcement effect

@ E "

- Overburden was excavated up to 199 M.L. in case &
- Slope was stabilized
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