11.  Stability Analysis of Sabo Dam Structure



* Facility name

Pawa-Burabod Rv. Sabo Dam

* H= 6.00 (m) Damhight Density of depsit 2.6 t/m®
*B2'=  5.00 (m)Crown widh Internal friction angle 30.0 °
*he= 2.20 (m) Water depth Concentration of debris 0.6
*n= 1.20 Downstream slope Gravity 9.8
*m= 1.20 Upstream slope Roughness coeffcient 0.10
*Ce=  0.30 Coefficient of earth pressure Factor 1.00
* v 0.40 Pecentage of void
*f 0.60 Friction factor Discharge 214.0 m¥/s
*r = 0.00 t/m?Shearing force Design flood discharge 321.0 m¥/s
* 30.00 t/m? Bearing capcity Width of waterway 55.0 m
*Wc=  2.00 t/m’ Concrete Density Slope of river bed 1/37.5
*Ws=  1.10 t/m? Depsit Density in water
"We=  1.20 t/m® Water Density Safe factor against Sliding 1.2
@Analysis (flood case) Pawa-Burabod Rv. Sabo Dam
crown width
(1)Condition
Dam hight H= 6.00 m .
Water depth h3= 220 m Y J
Crown width B= 5.00 m
Width of bottom B2= 19.40 m
Downstream slope n=1:1.20
Upperstream slope m= 1:1.20
; =
= " Ca 2
Water density WO0= 1.20 t/m3 2 : &
Concrete density We= 2.00 t/m3 Ca ; : Cur
Coefficient of friction f= 0.60 density of concrete
Shearing force T = 0.00 t/m2 : ;
200 tm3
)4 : = i
(2) External force (flood case)
Vertical force / Horizontal force Arm length Resisting/Disturbing
load moment
(t/m) (m) (tm/m)
Cuy 1/2X 1.20X 6.00 2 X2.00= 43.200 2/3X 1.20X 6.00 = 4.800 207.360
(o 5.00X 6.00 X2.00= 60.000 1/2X 5.00+ 1.20X 6.00 = 9.700 582.000
Cys 1/2X 1.20X 6.00 2 X2.00= 43.200| 1/3X 1.20X 6.00+ 5.00+ 1.20X 6.00= 14.600 630.720
Wi, 1/2X  1.20X 6.00 2 X1.20= 25.920 1/3X 1.20X 6.00 = 2.400 62.208
W, 1.20X 6.00X 2.20 X1.20= 19.008 1/2X 1.20X 6.00= 3.600 68.429
W,3 5.00X 2.20 X1.20= 13.200 1/2X  5.00+ 1.20X 6.00= 9.700 128.040
Wi 1/2X  6.00 2 X1.20= 21.600 1/3X 6.00 = 2.000 43.200
Wi, 6.00X 2.20 X1.20= 15.840 1/2X 6.00 = 3.000 47.520
Vertical force= 204.528 Resisting moment= 1,678.757
Horizontal force=  37.440 Disturbing moment= 90.720
(3) Stability of structure
1) Sliding
F o fXEVHTXE 0.60X204.53+0.00X19.40
' LH 37.44 - 3278 >=Fs=  1.20 0K
2) Overturnin%w
p= MMy B |1 678.76490.72 19.40 |
pRY 2 204.53 2 | = 1.05 <=B0/6= 3.23 OK
3) Subgrage reaction
o= &. 1+6_C - 204.53 (11 6><3.233) { od= 13.96 t/m2(downstreem)
B, - B, 19.40 k 19.40 su=  7.13 t/m2(upperstreem)
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@Analysis(debris flow case) Pawa-Burabod Rv. Sabo Dam

crown width
(1)Condition “—”
Dam hight H= 6.00 m - P
Crown width B= 5.00 m 4 ‘ hlght of debris :
Bottom width B2= 1940 m flow
Downstream slope n=1:1.20
Upperstream slope m=1:1.20
Water density WO0= 1.20 t/m® E-» Ca g
Concrele density We=  2.00 t/m? =
Density of deposit Ws=  1.10 t/m® s
Hight of deposit Hs = 345 m density of concrete é
Void of deposit v = 0.40 v 2.0§m3 2 .
Coefficient of earth pressure Ce= 0.30
Coefficient of friction f= 0.60
Shearing force T o= 0.00 t/m?
(2)Debris flow Discharge and Fluid force
1)Debris flow Discharge:Qsp 2)Debris flow Hight, Velocity, Hydorodynamic force
. N 3/5
Q,p=(§TC‘ X Qp = 428.00 pisg  HOMOT Hoo (J“—Q-=—R i ) - 2.55m
Qp: discarge 214.00 m¥/s n : roughness factor 0.10
C*:condensy of deposit 0.60 B: Debris width 55.00 m
Cd:debris flow concentration Qsp:debris flow quantity 428.00 m3/s
0.3<=Cd<=0.9Cd(=0.54) 03 Verosity Ud=1/n XR¥3 Xfsin8  3.049 m/s
Cd= (dp_tin)o(taw —tano) 0.042 Fluid force Fa=a %Hd XUg = 3.922 tf/m
o :densty of gravel 2.60 t/m? R : radius debris flow
p:densty of water 1.20 t/m? pd: densty ofdebris flow 1.62 t/m?
4 :in-angle of deposit 300" g : gravity 9.8 m/s?
6 :Bed slope 1.53° a : factor 1.0
debris flow max case sedimentetion hight Hs= 3.45m
(3) External force(debris flow case)
Vertical force / Horizontal force Arm length Resisting/Disturbing
load moment
(t/m) (m) {(tm/m)
dam weight Cvi 172X 1.20X 6.00 X2.00= 43.20 2/3X 1.20X 6.00= 4.80 207.36
Cv2 5.00X 6.00 X2.00= 60.00 1/2X 5.00+ 1.20X 6.00= 9.70 582.00
Cv3 172X 1.20X 6.00 X2.00= 43.20| 1/3X 1.20 X 6.00+ 5.00+ 1.20X 6.00= 14.60 630.72
depsitpresure  Sv 1/2X_1.20X 3.45 X1.10=__ 7.85 1/3X_1.20X  3.45= 1.38 10.82
waler presure Wv 172X 1.20X 3.45 X1.20= 8.56 1/3X 1.20X  3.45= 1.38 11.80
debris flow weight Dv1 1.20X  2.55X 3.45 X1.62= 17.11 1/2X 1.20X  3.45= 2.07 35.39
Dv2 1/2X 1.20X 3.45 X1.62= 6.33 1/3X 1.20 X 2.55+ 1.20X  3.45= 5.16 32.65
depsitpresure  Sh1 0.30X  1/2X 3.448 X1.10=  1.96 1/3X 345 1.15 2.25
Sh2 0.30X_2.55X 3.448  X1.62= _ 4.28 1/2X_ 3.45= 1.72 7.37
water presure ~ Wh1 1/2% 3.448 X1.20= 7.3 1/3X  3.45= 1.15 8.20
Wh2 2.55X% 3.448 X1.20= 10.56 1/2X_ 3.45= 1.72 18.20
fluid force Fd 3.92 1/2X 2.55+ 3.45= 4.72 18.53
Vertical force= 186.24 Resisting moment= 1,510.75
Horizontal force= 27.85 Disturbing moment= 54.55
(4) Stability of structure
1) Sliding
F={XIVATXE_ 0.60X186.24+0.00X19.40
IH 27.85 = 4012 >=fs=  1.20 0K
2) Overturning
oM AM B | ) c1075e5455 __1_9,.49_‘
Vo2 186.24 2 - 1.30 <=BO/6:  3.23 OK
3) Subgrage reaction
g:g_‘ﬁ.( li_6_e_]= __186.2 klt 5_&233_){ cd= 13.45 t/m2(downstreem)
B” BU 19.40 19.40 cu=  5.76 t/m2(upperstreem)
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* Facility name

Budiao Rv. Sabo Dam

*H=  6.00 (m)Damhight Density of depsit 2.6 t/m?
*B2'= 5.00 (m) Crown widh Internal friction angle 30.0°
*he= 2.20 (m) Water depth Concentration of debris 0.6
*n= 1.20 Downstream slope Gravity 9.8
*m= 1.20 Upstream slope Roughness coeffcient 0.10
*Ce= 0.30 Coefficient of earth pressure Factor 1.00
* oy 0.40 Pecentage of void
*f 0.60 Friction factor Discharge 189.0 m¥/s
*r = 0.00 t/m?Shearing force Design flood discharge 284.0 m/s
* 30.00 t/m’ Bearing capcity Width of waterway 50.0 m
*Wc=  2.00 t/m? Concrete Density Slope of river bed 1/20.0
*Ws= 1.10 t/m3 Depsit Density in water
*Wo=  1.20 t/m? Water Density Safe factor against Sliding 1.2
@Analysis (flood case) Budiao Rv. Sabo Dam
crown width
(1)Condition < l
Dam hight H= 6.00 m -~
Water depth h3= 2.20m i £ water dspth
Crown width B= 5.00 m
Width of bottom B2= 19.40m
Downstream slope n=1:1.20
Upperstream slope m= 1:1.20
_ 1:.1.20 1:1.20 §
Water density WO0= 1.20 t/m3 E’ Ca E
Concrete density Wce= 2.00 t/m3 Cu Cu
Coefficientof ficton = 0.60 " density of concrete
Shearing force T = 0.00 t/m2 i
: 200 tm3
\4 , v
(2) External force (flood case)
Vertical force / Horizontal force Arm length Resisting/Disturbing
load moment
(t/m) (m) (tm/m)
Cut 1/2X  1.20X 6.00 2 X2.00= 43.200 2/3X 1.20X 6.00 = 4.800 207.360
Cy2 5.00X 6.00 X2.00= 60.000 1/2X  5.00+ 1.20X 6.00 = 9.700 582.000
Cus 1/2X 1.20X 6.002 X2.00=  43.200| 1/3X 1.20X  6.00+ 5.00+ 1.20X §.00= 14.600 630.720
Wy, 1/2X  1.20X  6.00 2 X1.20= 25.920 1/3X 1.20X 6.00 = 2.400 62.208
W, 1.20X 6.00X 2.20 X1.20=  19.008 172X 1.20X  6.00= 3.600 68.429
W3 5.00X 2.20 X1.20= 13.200 172X 5.00+ 1.20X 6.00 = 9.700 128.040
Wi 1/2X 6.00 2 X1.20= 21.600 1/3X 6.00 = 2.000 43.200
Wi, 6.00X 220 X1.20= 15.840 1/2X 6.00 = 3.000 47.520
Vertical force= 204.528 Resisting moment= 1,678.757
Horizontal force=  37.440 Disturbing moment= 90.720
(3) Stability of structure
1) Sliding
F o IXEVHTIXE  0.60%204.53+0.00X19.40
! IH 37.44 = 3.278 >=Fs= " 1.20 0.K
2) Overturning
p= MM B 46787649072 19.40 |
Vo2 204.53 2 = 1.05 <=B0/6= 3.23 0K
3) Subgrage reaction
g2V [ 0e)_ 20453 (1i 6><3.233> { od=  13.96 t/m2(downstreem)
B, B, 19.40 19.40 ou= 7.13 t/m2(upperstreem)
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@Analysis(debris flow case)

Budiao Rv. Sabo Dam

crown width
(1)Condition [‘_'
Dam hlgf.lt H= 6.00 m i A A A AN AANNIANN
Crown width B= 5.00 m e hydrodynamic S hight of debris P
Botiom widh B2= 19.40m e B3 fow N
Downstream slope n= 1:1.20 Dy sy v %zxxiigﬁgs.s.a:u
Upperstream slope m= 1:1.20
1:1.20 1:.1.20
Water density Wo=  1.20 t/m? 5 Ca i z
Concrete density We= 2.00 t/m? c ‘ C g
Density of deposit Ws= 1.10 t/m3 “ ! g
Hight of deposit Hs = 392 m density of conérete é
Void of deposit v = 040 v 2:.08"‘3 g y
Coefficient of earth pressure Ce= 0.30 '
Coefficient of friction f= 0.60
Shearing force T = 0.00 t/m?
(2)Debris flow Discharge and Fluid force
1)Debris flow Discharge:Qsp 2)Debris flow Hight, Velocity, Hydorodynamic force
c hightof o, [0 Qg 35 \ _
Qp=T=g, X% = 378.00 3/ debris Hd= (R,\jcin - ) = 2.08 m
Qp: discarge 189.00 m3/s n : roughness factor 0.10
C*:condensy of deposit 0.60 B: Debris width 50.00 m
Cd:debris flow concentration Qsp:debris flow quantity 378.00 m3/s
0.3<=Cd<=0.9Cd(=0.54) 0.3 Verosity Ud=1/n XR¥ X[sing  3.639 m/s
Cd= (dp_tin)ﬂ(tan s—tand ) 0.081 Fluid force Fy= a —:—Hd X Ug? = 4,549 tf/m
o :densty of gravel 2.60 t/m? R : radius debris flow
p:densty of water 1.20 t/m® pd: densty ofdebris flow 1.62 t/m?
4 :in-angle of deposit 30.0 ° g : gravity 9.8 m/s?
8 :Bed slope 2.86° a : factor 1.0
debris flow max case sedimentetion hight Hs= 392 m
(3) External force(debris flow case)
Vertical force / Horizontal force Arm length Resisting/Disturbing
load moment
(t/m) {m) (tm/m)
dam weight Cvi 172X 120X 6.00 X2.00= 43.20 2/3X 1.20X 6.00= 4.80 207.36
' Cv2 5.00X 6.00 X2.,00= 60.00 172X S5.00+ 1.20X 6.00= 9.70 582.00
Cv3 172X 1.20X 6.00 X2.00= 43.20] 1/3X 1.20 X 6.00+ 5.00+ 1.20X 6.00= 14.60 630.72
depsitpresure  Sv 172X 1.20X 3.92 X1.10=_10.15 1/3X _1.20X  3.92= 1.57 15.93
water presure Wy 172X 1.20X 3.92 X1.20=_ 11.08 1/3X 1.20X 3.92= 1.57 17.38
debris flow weight Dv1 1.20X 2.08X 3.92 X1.62= 15.84 1/2X 1.20X  3.92= 2.35 37.28
Dv2 1/2X_1.20X 3.92 X1.62=__ 4.20| 1/3X 1.20 X 2.08+ 1.20X  3.92= 5.54 23.24
depsitpresure  Sh 0.30X 1/2X 3.922 X1.10= 2.54 1/3X  3.92= 1.31 3.32
Sh2 0.30X_2.08X 3.922 X1.62=_ 3.96 1/2X 3,92 = 1.96 7.77
water presure Wh1 1/2X 3.922 X1.20= 9.23 173X 3.92= 1.31 12.06
Wh2 2.08X% 3.922 X1.20=  9.78 172X 3.92= 1.96 19.18
fluid force Fd 4.55 1/2X 2.08+ 3.92= 4.96 22.57
Vertical force= 187.67 Resisting moment= 1,513.91
Horizontal force=  30.06 Disturbing moment= 64.89
(4) Stability of structure
1) Sliding
_fXEVATXE 060X 187.67+0.00X19.40
' LH 30.06 = 3746 >=Fs=  1.20 0K
2) Overturning
gzm_fzi 1.513.91464.89  _ 19510'
Vo2 187.67 2 = 1.29 <=B0/6: 3.23 0K

3) Subgrage reaction

V.(u

B()

e

_]=

B()

=
1

152.67(1i 6X3.233

9.40 19.40

13.52 t/m2(downstreem)
5.82 t/m2(upperstreem)

i
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* Facility name Anoling Rv. Sabo Dam

* H= 6.00 (m) Damhight Density of depsit 2.6 t/m°
*B2'=  5.00 (m) Crown widh _Internal friction angle 30.0 °
*he= 2.20 (m) Water depth Concentration of debris 0.6

*n= 1.20 Downstream slope Gravity 9.8

*m= 1.20 Upstream slope Roughness coeffcient 0.10
*Ce=  0.30 Coefficient of earth pressure Factor 1.00

*y 0.40 Pecentage of void

*f 0.60 Friction factor Discharge 257.0 m¥/s
* 7z = 0.00 t/m’Shearing force Design flood discharge 386.0 m/s

* 30.00 t/m? Bearing capcity Width of waterway 68.0 m
*Wc=  2.00 t/m?® Concrete Density Slope of river bed 1/20.0
*Ws=  1.10 t/m’ Depsit Density in water
*Wo= 1.20 t/m® Water Density Safe factor against Sliding 1.2

@Analysis (flood case) Anoling R Rv. Sabo Dam )
crown width

(1)Condition l
Dam hight H= 6.00 m s NSO, A
Water depth h3= 220 m Y waler deplh .
Crown width B= 5.00 m
Width of bottom B2= 19.40 m
Downstream slope n=1:1.20
Upperstream slope m= 1:1.20
; =
i =2
= C, E
Water density W0= 1.20 t/m3 2 ; . 8
Concrete density Wc= 2.00 t/m3 c . ; Cur
. .. v3 : : v
Coefficientof friction f= 0.60 density of concrete
Shearing force T = 0.00 t/m2 : ;
200 tm3 ;
v : i 4
(2) External force (flood case)
Vertical force / Horizontal force Arm length Resisting/Disturbing
load moment
(t/m) (m) (tm/m)
Cui 1/2X  1.20X 6.00 2 X2.00= 43.200 2/3X 1.20X 6.00 = 4.800 207.360
Cvz 5.00X 6.00 X2.00= 60.000 1/2X  5.00+ 1.20X 6.00 = 9.700 582.000
Cus 172X  1.20X 6.00 2 X2.00= 43.200| 1/3X 120X 6.00+ 5.00+ 1.20X 6.00 = 14.600 630.720
W, 1/2X  1.20X 6.00 2 X1.20= 25.920 1/3X 1.20X 6.00 = 2.400 62.208
W, 1.20X 6.00X 2.20 X1.20= 19.008 1/2X 1.20X 6.00 = 3.600 68.429
W3 5.00X 2.20 X1.20= 13.200 1/2X  5.00+ 1.20X 6.00 = 9.700 128.040
Wi, 1/2X  6.00 2 X1.20= 21.600 1/3X 6.00 = 2.000 43.200
Wi, 6.00X 2.20 X1.20= 15.840 1/2X 6.00 = 3.000 47.520
Vertical force= 204.528 Resisting moment= 1,678.757
Horizontal force=  37.440 Disturbing moment= 90.720
(3) Stability of structure
1) Sliding
F o fXEVHTXL  0.60X204.53+0.00X19.40
‘ iH 37.44 - 3.278 >=Fs=  1.20 OK
2) Overturnin
Mrﬁ”n 8%167876 90.72 19.40 |
= —————— f LO+9U, .
v 204.53 2 = 1.05 <=B0/6= 3.23 OK
3) Subgrage reaction
ooV [ 0] 20453 (14; 6X3.233| | od= 13.96 t/m2(downstreem)
A - B, 19.40 19.40 cu=  7.13 t/m2(upperstreem)
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@ Analysis(debris flow case) Anoling Rv. Sabo Dam

crown width
(1)Condition
Dam hight H= 6.00 m s
Crown width B= 500m 4 hrght of debris.
Bottom width B2= 19.40 m flow
Downstream slope n= 1:1.200 | O 7 S
Upperstream slope m= 1:1.20
Water density wo=  1.20 t/m® _‘é =S
Concrete density Wc= 2.00 t/m* g
Density of deposit Ws= 1.10 t/m? g
Hight of deposit Hs = 3.92m density of concrete £
Void of deposit v = 0.40 v 2.04m3 3
Coefficient of earth pressure Ce= 0.30
Coefficient of friction f= 0.60
Shearing force T = 0.00 t/m?
(2)Debris flow Discharge and Fluid force
1)Debris flow Discharge:Qsp 2)Debris flow Hight, Velocity, Hydorodynamic force
. 3/5
Q= (?TC, X Qp = 514.00 pijs OOl po- (W) = 2.08 m
Qp: discarge 257.00 m¥/s n : roughness factor 0.10
C*:.condensy of deposit 0.60 B: Debris width 68.00 m
Cd:debris flow concentration Qsp:debris flow quantity 514.00 m3/s
0.3<=Cd<=0.9Cd(=0.54) 0.3 Verosity Ud=1/n XR¥*X/sin6  3.639 m/s
Cd="7 _fi")a(tan TTwnsy 0081 Fluid force Fam @ ——HexUf= 4549 tf/m
o :densty of gravel 2.60 /m? R : radius debris flow
p :densty of water 1.20 t/m? pd: densty ofdebris flow 1.62 t/m?
¢ :in-angle of deposit 30.0° g : gravity 9.8 m/s?
6 :Bed slope 2.86 " « : factor 1.0
debris flow max case sedimentetion hight Hs= 3.92m
(3) External force(debris flow case)
Vertical force / Horizontal force Arm length Resisting/Disturbing
load moment
{(t/m) (m) (tm/m)
dam weight Cv1 172X 1.20X 6.00 X2.00= 43.20 2/3X 1.20X 6.00= 4.80 207.36
Cv2 5.00X 6.00 X2.00= 60.00 1/2X 5.00+ 1.20X 6.00= 9.70 582.00
Cv3 172X 1.20X 6.00 X2.00= 43.20} 1/3X 1.20 X 6.00+ 5.00+ 1.20X 6.00= 14.60 630.72
depsit presure Sv 1/2X 1.20X 3.92 X1.10=_10.15 1/3X _1.20X  3.92= 1.57 15.93
water presure Wy 1/2X_1.20X 3.92 X1.20=_11.08 1/3X _1.20X 3,92 = 1.57 17.38
debris flow weight Dv1 1.20X  2.08X 3.92 X1.62= 15.84 172X 1.20X 3.92 = 2.35 37.28
Dv2 1/2X_1.20X 3.92 X1.62= 4.20] 1/3X 1.20 X 2.08+ 1.20X_ 3.92= 5.54 23.24
depsit presure Shi 0.30X  1/2X 3.922 X1.10= 2.54 1/3X  3.92= 1.31 3.32
Sh2 0.30X _ 2.08X 3.922 X1.62= 3.96 1/2X_3.92= 1.96 7.77
water presure ~ Wh1 172X 3.922 X1.20= 9.23 173X 3.92= 1.31 12.06
Wh2 2.08X% 3.922 X1.20= 9.78 1/2X__3.92 = 1.96 19.18
fluid force Fd 4.55 1/2X 2.08+ 392= 4.96 22.57
Vertical force= 187.67 Resisting moment= 1,513.91
Horizontal force=  30.06 Disturbing moment= 64.89
(4) Stability of structure
1) Sliding
gofXEVH+TXt  060x187.67+0.00X19.40
' IH 30.06 - 3.746 >=Fs=  1.20 0K
2) Overturning
oMM, B | ic130146480  _ _19.40
o2 187.67 2 - 1.29 <=B0/6:  3.23 0K
3) Subgrage reaction
o= ZV'[ li@)z __]_8L67(1i 6x3.233 ){ sd= 13.52 t/m2(downstreem)
Bu B” 19.40 19.40 cu=  5.82 t/m2(upperstreem)
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