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1. RIVER CHANNEL AND SLOPE PROTECTION
1.1 RIVER HYDRAULICS
1.1.1 PERCUT RIVER

Preparation of Standard Cross Section
A standard cross section of the river channel is prepared for the detailed design of the

channel such as alignment, longitudinal profile and cross section.

(1) Conditions on Hydraulic Calculation

(a)

(b)

©

(d)

(e)

)

Location
Based on the river characteristics and river plan, the target river stretch can
be divided into five (5) separable portions as follows:
[Lower Percut River] ------ River stretch with diking system
- River mouth to PE14
-PE14 to 46
- PE46 to PE106
- PE106 to PE129+43
[Upper Percut River] «ee-- River stretch without diking system
- PE129+43 to PE274
Method
Uniform steady flow calculation is used.
Design Discharge
- Urgent Plan (40-year return period): 320 m¥/s
- Immediate Plan (25-year return period) : 320 m’/s
Roughness Coefficient
- Low water channel (existing): 0.035
- Low water channel (excavated):  0.033
- Flood plain : 0.040
Initial Water Level
The mean high water spring is used. (EL. 1.300 m)
Dimensions of Cross-sectional Form
The slopes of the river-bank and dike are set at 1 : 2. The width and height
of low water channel and the distances between river-banks and dikes are

determined based on the hydraulic calculation.



e

)

Calculation Results

The calculation results together with channel dimensions are shown in Fig 1.1.1.
Non-Uniform Flow Calculation

Using the standard cross sections, the non-uniform flow calculation for the
whole river channel from river mouth to PE274 were conducted and results are

shown in Calculation Sheet-1.1.1.

Cross Sections at Titi Tuntuh, Railway and National Road Bridge

(1)

M

Purpose of Hydraulic Calculation

Protection works are provided for the Titi Tuntuh Bridge, Railway Bridge,
Tollway Bridge and National Road Bridge instead of river widening. Prior to the
detailed design of protcctioh works, cross-sectional forms of river channel at the
bridge sites are prepared. As to the Tollway Bridge, the river cross section has
enough niver width and clearance to bridge girder. Therefore, a standard cross
section will be applied.
Conditions on Hydraulic Calculation
(a) Water Depth ‘
The water depth under design flood shall be the same depth of standard
river section { d=6.11 m ) except the cross-section of National Road Bridge.
(b) Calculation Method
Uniform steady flow calculation is used for the Titi Tuntuh Bridge and
Railway Bridge. On the other hand a non-uniform flow calculation is
employed for the Nationél Road Bridge because this river area forms a
bottle-neck in the river course.
(c) Flow Velocity
The flow velocity shall not be more than 3.0 m/s except that of National
Road Bridge. |
(d) Roughness Coefficient
- Low water channel (protected by revetment' for side slope and gabion
mattress for riverbed); 0.030
- Low water channel (protected by leaning wall for side slope and

concrete Block for riverbed) 0.025

(2) Calculation Results



The cross-sections determined are shown in Figs.1.1.2 and 1.1.3, and the result
of non-uniform flow calculation for the river section around the Railway Bridge

is listed in Calculation Sheet-1.1.2.

Water Surface Profile around National Road Bridge
- (1) Purpose of the Study

Hydraulics at bottle-neck portion is studied to design the protection works.

(2) Studly Results
Based on the non;unifonh calculation the water surface profile is estimated as
shown in Fig.1.1.4 and Table 1.1.1. The maximum fall in water level is about
0.45 m and the maximum flow velocity is estimated at 3.7 m/s. Besides, as can
be seen from Fig. 1.1.4, back-water effect to the upstream by the bottle-neck
portion is only 5 cm rise in water level. Though the water level in the upstream
exceeds the design high water level, its amount is so small that no impact to the
upstream is expected.
The water level at FW3, which is the starting section of Floodway, is EL.30.708
m and this is lower than the design elevation of FW3 (EL.30.730 m).(See Table
1.1.1)
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Calculation Sheet-1.1.1

NON-UNIFORM FLOY CALCULATION
]

CASE I: PERCUT RIVER (9=320n3/s, Hlo=1. 30)-FINAL-

st INPUT DATA *#

£ BASIC DATA %

Nunber of

Section

KUKAN-SU = 21 ALPHA = 1. 10
JCO=1¢ KEY = 0 IPT = 0
% SEGNENT DATA *

Cross-Section

DANMEN NO. BUNKATSU DANMEN
KELIYO

bt
L0 00 =) O3 LT e G0 18D
=
o
=
o
L=

11 NO.10.8

12 NO. 13,244
13 N0.13.4

14 NO.17.98
15 KN0.18.400
16 NO0.18.02
17 NO. 27. 445
18 NO. 27, 485
19 NO, 27,505
20 NO. 27.520
21 N0O.28.0

Sty

% Cross sectional form x

Segment
KUKAN  KELJYO
1 2 1
2 !
3 2 1
4 2 1
5 2 1
6 2 1
T 2 1
8 2 1
8 2 1
18 2 1
| 2 1
12 2 1
13 2 1

BOCR)

100. 000
40. 000
40. 000
40. 000
40. 000
40, 000
40. 000
40. 000
40. 000
40. 000
40. 000
13. 000
13.000
13. 000
13.000
12. 000
12. 000
12. 000
12. 000
10. 000
10. 600
10. 000
10. 000

8. 000
8. 000

bo o

RN NN NN DN NN N NN

Pt et Pk P Bk et Pt e et bk Pt fd et B ek ek s s Pt s

[ §|

2,000
2.000
2.000

LOSS
TYPE

[ X2 —X 2 _F_R_X_N_R_J—_S_JR_—N_R_J¥ ¥ 3 -N-¥-§-]

2,000

2,000
2,000
2,000
2.000
2.000
2,000
2.000
2,000
2.000
2,000
2,000
2,000
2.000
2,000
2.000
2.000
2.000
2. 000
2.000
2. 000
2,000

1995/12/24 by PERCUTS, DAT

¥

PAGE =

Initial Riverbed

Design Initial Yater
Discharge Level Elevation
Q0 = 320.00 ¥3/5 HO = 1.300 K Z0 =
Roughtness Distance Slope
s Gradient
S0DO KUEAN KASYQ RAKUSA
KEISU  KYORI(H) KOOBAI(1/I) (an
L0330  500.00 1000000, 00 . 000
. 0330  1000. 00 8000. 00 . 000
L0330 300,00 8000. 00 .00¢
L0330  300.00 8000, 00 000
. 0330  3000. 00 8000. 00 000
L0330 200.00 1200. 00 . 000
L0330  2400.00 1200. 00 . 000
L0330 200.00 1200. 00 . 000
L0330 3200.00 1200. 00 . 000
-033¢  200.00 825. 00 . 000
0330 2444.00 825. 00 . 000
. 0330 156. 00 825. 00 000
.0330  4580.00 §25.00 .000
. 0300 20.00 825.00 .000
- 0300 20.00 825.00 000
.0330 9425.00 825. 00 . 000
. 0300 20.00 825. 00 . 000
. 0250 40. 00 825.00 . 000
. 0300 15. 00 825. 00 . 000
L0330  400.00 825.00 . 000
. 0300 150, 00 825. 00 000
K1 Bl B2 HP(B3) 'R
2. 000 001 .001 2. 000 2. 000
2,000 40.000 20,000 2. 000 2.000
2.000  40.000  20.000 2. 000 2.000
2.000  20.000 15. 000 2.000 2,000
2.000 20,000 15. 000 2000 2. 000
2.000 10. 000 16. 000 3. 000 2,000
2. 000 10. 000 16. 000 3.000 2000
2.000 6. 000 16. 000 3.500 2,000
2. 000 6. 000 16. 000 3. 500 2.000
2. 000 6. 000 16. 000 3. 500 2. 000
2. 000 6. 000 16. 000 3. 500 2.000
2,000 23.000 22000 5. 000 2. 000
2000 23.000  22.000 5. 000 2. 000
2000 23.000 22.000 5. 000 2.000
2.000 23.000 22000 5. 000 2.0006
2000  26.000 21.000 4, 800 2. 000
2,000 26.000 21,000 4. 800 2.000
2000 26.000 21.000 4. B0 2.000
2.000 26.000 21.000 4. 800 2.000
2. 000 12. 000 8.000 5. 000 2.000
2. 000 12, 000 8. 000 5. 000 2.000
2. 000 12. 000 8. 000 5. 000 2.000
2. 000 12. 000 8.000 5. 000 2.000
2. 000 1.500 1.500 3. 000 2.000
2. 000 1. 500 1. 500 3. 000 2.000

-1.800 ¥

RYUNYU
RYOCN3/S)

N2

2.000
2.000
2.000
2.000
2.000
2,000
2.000
2.000
2. 000
2.000
2. 000
2,000
2.000
2.000
2.000
2.000
2,000
2.000
2.000
2.000
2.000
2,000
2.000
2.000
2.000

1



14 2 1
15 2 1
16 2 1
17 2 1
18 2 1
19 2 1
'I’ 20 z 1
21 2 1
% LOSS DATA %
KUKAN L0SS TYPE

8.000
8.000
15. 500
15.500
8.000
8.000
8.000
8.000
8.000
8. 000
8. 000
8.000
8.000
8.000
8.000
8.000
10. 000

FLI

2. 000
2.000
. 500
. 500
2. 000
2. 000
2.000
2,000
. 790
. 780
. 750
790
2.000
2,000
2,000
2.000
2.000

FL2

2,000
2,000
. 500
. 500
2. 000
2. 000
2,000
2.000
. 790
. 790
.790
. 790
2.000
2.000
2.000
2.000
2.000

CASE 1: PERCUT RIVER (Q=320x3/s, Ho=1. 30)-FINAL-

NO.

NO. -0. 58
+ 250,00
+ 500.00
NO. 0. 00
+ 200. 00
+ 400. 00
+ 600, 00
. + 800. 00
+1000. 00
NO, 1. 00
+ 150,00
+ 300. 00
NO. 1. 30
+ 150. 00
+ 300. 00
NO. 1. 60
© ¢ 200.00
+ 400. 00
+ 600,00
t 800,00
$1000. 00
+1200. 00
+1400. 00
+1600. 00
+1800. 00
+2000. 00
$2200. 00
+2400. 00
+2600. 00
+2800, 00
+3000. 00
NO. 4. 60
. + 100. 00
+ 200. 00
KO. 4. 80
+ 200.00
+ 400.00
t+ 600.00
+ 800,00
+1000. 00
+1200. 00
+1400. 00
+1600. 00
+1800. 09
+2000. 00
+2200. 00

1. 300F
1. 365F
L 491F
1. 431F
1. 651F
1. T186F
1. 801F
2.018F
2.122F
2. 122F
2. 190F
2. 276F
2. 276F
2. 376F
2. 469F
2. 469F
2. 595F
2.712¢F
2. 821F
2. 923F
3. 020F
3. 11F
3. 196F
3. 276F
3. 352F
3. 425F
3. 494F
3. 560F
3. 624F
3. 683F
3. 745F
3. 149F
3. 712F
3. 436F
3. 436F
4. 021F
4, 481F
4. 768F
5. 017F
5, 24(F
5. 441F
5, 845F
5. 835F
6. 020F
6. 201F
6. 379F

329.22
278. 02
230.77
230.76
238. 88
243.23
245. 06
245,03
243.54
243.57
224,50
210.88
210. 86
208, 56
208. 36
208. 34
216. 30
223.53
230.17
236.31
242.04
247,33
252.17
256. 63
260. 75
264.58

268.16

271,51
274. 87
271,63
280. 45
280. 47
195. 93
98,78
98. 82
1211
129. 55
140. 62
147.18
151. 66
154. 92
157. 37
159. 26
160. 72
161. 88
162. 80

2,891
2.422
2.012
2.012
2. 183
2.29%
2.421
2.536
2.648
2.648
2. 560
2.583
2.583
2.711
2. 956
2. 956
2.956
2,956
2. 956
2.956
2. 956
3.002
3. 051
3. 095
3. 136
3. 1714
3.210
3. 243
3.214
3. 303
3. 330
3.330
3. 269
2.985
2.986
3.206
3. 252
3. 252
3. 252
3.252
3. 252
3. 252
3. 262
3. 252
3. 252
3.252

.972
1. 157
1. 387
1. 387
1. 340
1. 316
1, 306
1. 308
1. 314
1.34
1. 425
1. 517
1.518
1. 527
1. 536
1. 536
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Table 1. 1. 1 WATER LEVEL AND VELOSITY OF UPSTREAM
CHANNEL FROM NATIONAL ROAD BRIDGE

Water Level Profile and Velosity
{National Road Bridge to Floodway)

Distance DHW.L W.L Difference Velosity

0.0 29.750 29.740 0.01 2.41

50.0 29.811 29.801 0.01 2.42

54.0 29.815 29.770 0.04 2.54

58.0 29.820 29.729 0.09 2.70

62.0 29.825 29.673 0.15 2.89

66.0 29.830 29.593 0.24 3.15

70.0 29.835 29.467 0.37 3.52

A 74.0 29.840 29.401 0.44 3.70

78.0 29.845 29.413 0.43 3.69

= 82.0 29.849 29.424 0.43 3.69

.§ . 86.0 29.854 29.435 0.42 3.68

h 90.0 29.859 29.447 0.41 3.67

k) 94.0 29.864 29.459 0.40 3.66

k] 98.0 29.869 29.470 0.40 3.66

102.0 29.874 29.481 0.39 3.65

- 106.0 29.878 29.492 0.39 3.64

\ 4 110.0 29.883 29.503 0.38 3.64

117.0 29.892 29.783 2.91

125.0 29.902 29.914 2.44

190.0 29,980 30.026 2.38

270.0 30.077 30.119 2.38

350.0 30.174 30.211 2.38

430.0 30.271 30.305 2.39

510.0 30.368 30.398 2.39

540.0 30.405 30439 2.34

570.0 30.441 30477 2.30

600.0 30.477 30.513 2.26

630.0 30.514 30.548 2.22

FW2 | 6600 30.550 30.580 03 2.19
FW3 - 7660 30.730 30.708 0.02

(Non - Uniform flow calculation)
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Hydraulics at Bend

n

@

Estimation of Super-Elevation at Bend
The rise in water level at a bending section is an unavoidable phenomenon. For
designing the cross section of the channel at bending section, A maximum super-
elevation at bend was estimated as follows:
(a) Conditions
- Channel Cross-section:  Standard cross section
- Riverbed slope gradient: 1/825
- Width of channel: 35.44 m (width of water surface)
- Average flow velocity:  2.42 m/s
- Curve radius of river channel 40 m (minimum curve radius)
(o) Calculation formula
b-v?
gY.
where, b =35.44 m (width of channel)

Ah=m-

v = 2.42 mv/s (average flow velocity)
Y. = 40m (curve radius)

g = 9.8 m/s? (acceleration of gravity)
m = 1 (coefficient of flow)

2
therefore, Ah =1x 35.44x2.42 0.53m
9.8x40

Required width of channel at bend
The maximum super-elevation of flow at bend is calculated to be 0.53 m. This
means that the water level at concave side of a vend is 0.53 m higher than the
average water level. In order to lower the excess water rise to the average high
water level, the flow area of channel shall be enlarged. Degree of enlarging
channel width is calculated based on the uniform flow calculation formula as
shown the Fig.1.1.5..
Result:

Width of original water surface = 35.44 m

Required width of water surface = 56.32 m

Enlarging rate = (56.32 - 35.44) / 35.44 = 0.59, rounded to 0.6 (60%)

1-19



The bending section is widened by maximum rate of 60 % of a width of the standard

cross section.
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1.1.2 MEDAN FLOODWAY

Preparation of Standard Cross Section .
A standard cross section of the river channel is prepared for the detailed design of the

Floodway such as alignment, longitudinal profile and cross section.

(1) Conditions on Hydraulic Calculation

)

€)

(a)

(b)

(©)

(d

(e)

®

Location
Floodway is designed as a open channel with two typés of channel, namely a
single trapezoidal cross section for the downstream FW3 to FW29 and a
double trapezoidal cross section for the upstream FW29 to the diversion
weir.,
Method
Uniform steady flow calculation is used.
Design Discharge

- Urgent Plan (40-year return period): 320 m¥/s

- Immédiate Plan (25-year return period) : 320 m’/s
Roughness Coefficient

- Downstream Channel (with wet stone masonry): 0.030

- Upstream Channel (with leaning wall and channel-bed lining): 0.025
Initial Water Level
The design high water level of FW3 (EL.30.730m) is used.
Dimensions of Cross-sectional Form
The side slope of the Floodway is set as mentioned below in consideration
of the decrease of social impair and relatively good ground/soil conditions.

- Downstream channel: 1: 1.5 (Single trapezoidal cross section)

- Upstream channel: 1: 0.5 (Double trapezoidal cross sections)

The water depth is set 5.8 m

Calculation Results

The hydraulic designs are made as shown in Fig 1.1.6.

Non-Uniform Flow Calculation

Using the standard cross sections, the non-uniform flow calculation for the

Floodway were conducted in order to estimate the water surface profile and

results are shown in Fig. 1.1.7 and Calculation Sheet-1.1.3.



AVMIOOTd HOd NOILVINOTVYD NOISIA OITNVHAAH (2/1)9 T °'1 ‘814

(srem) 00021 < YA =0 ueld ussin
(s/em)  00°0L < £6°2L =0 : ue[d de1patru]
v6'2T1 st |9zk0000| o000 S0'E 1647 90'¢8 | o0¢sT 0rPT 00°p1 00°S 08'S
£6°TL STl | oTroooo| 0£00 94T 65°€T v6'LS 05782 0807 00'F1 00°S 094
s/gut s w w T 7w w w w w
0 A I u A d v v ed d 19 H
9[qe I, uonumae)
Tw, [T 977w, (ZH+d)
wo'e wo'e
w j
(NE £d T Tin,qd
peoy uondadsu] .
peoy
w OF0 =qJ uoiooadsu] J0] preoqaas,]
w001 =q wiag Jo PP
0$°1 =7 ¢ Juarpesn) odofg
(s/ew) 00°0Z1 = e) ue[d 3310 0S'T =qw [ Justpein) ado(g
(s7em)  00°0L = B0 ui[q Syerpawu] 08°¢/ 09°1 =7H T W3y
93reyosi(q uSisoq w ()'¢ =1H 1 W3y
VXA=0  (sgw) adueyosiq w (o's =g IPLA Pog J0Any
WM « (D E W =4 (syw) A120[9 ( 0SET/1=1) 9TH0000 =! odo[S pag JoAny
V=4 (w) SnTpey 2T[neIpiy 00£€0°0 =Uu JUAIDIJa07) ssaUYInoy

(0S+8TAMI 0) 0AAT )

(1-0d4 1, puuey)) LKespooli|

uoNENI[R,) A0 WI0)IU)




AVMIOOTS 404 NOILVTINDIVO NDISId OITAVHAAH (2./2)9 'T ‘1 814
(srew) 000zl < 78°0T1 =0 ue[q Jusdin)
(s57gm) 00°0L < 0L0L =0 : ue[q erelpouwrwi]
78071 LL1 jozkoooo| szoo £1°¢ LY1T tb'89 oLb1 06'8 08°S
0L0L £5°T [ 9Tv0000 | $T00 £5T 6T'81 0T'9% 0r€l 06'8 oTY
s/ s/ . w w FT w w w w w
o} A 1 u | d A4 1V £d d 14 H
Jqe ], uonemie)
T (TH+A) W, IH YUl JH «(ZH+91)
q 7" ‘ 1d _ q
ot
[uee g IH [
"TAHA 2 YW g J
21 , Wi
Ly Nm 1
w (80 =q] preoqsa1g
W 00'¢ =q uLag JO YIPIAA
050 =W T usipels) odo[g
(s/ew) 007071 =) uejq jadin 050 = [ 1 suatpesn) ado[g
(s/ewr)  00°0L = e ue[q sjerpaunu] 00'L =7H T WBH
931eydsiq udisaq ™ 09'9 =1H 1 WSH
VXA=0 : (5w adreyasiq o 06'8 =1d IPIM Pog J9ATY
@M s (/D d s W1 =4 (smu) Aoopp ( 0SET/E=1) 9TH0000 =1 2do[g pag 19AR]
dV=4 (w) snipey oryneIpiy 0§00 =u JUAIIJ20D) SSAUYTnoy

(06EMA0 6TMI):

(11-0d£ 1, pauey)) Lempooly|

UONE[NI[B) A0 WIOfIUN)

1-24



000 ‘¥

005 ‘¢

AVMIOOTS 40 TTIA0Hd HOVAUNS YALVM L T °T "84

000 °¢

8¢ md

(W) 90UBYSI(

F005 2
000 2

006 1

0001

005

0 (emd)

3L T

Ul

[1=3ax

TIVVHD

b/ 74

pag [suUuEY)

S/gu0L=0-
S/8U 0g1=0—

P T R L L

0%

(44

¥e

92

82

Mg

QG Z£]

73

JE— s

P

AA>

a[1Jo1J soeyIng Iajey

14

9¢

11

)4

ORURIEI



TLL°G
PLL™S
8LL°G
e8L°§
98L°G
06L°G
€6L"S
008 ¢

Z-0

58962
L1862
69% 52
¢98 "5S¢
62 68
9¥1 52
8€0 67
0€6 ‘72

FA

e0-39k1¥ - 8898 °
£0-3981¥ " 1T
£0-3521F 2658
£0-3€11F " 6¥5¢"
£0-3001F" 14T
£0-3980¥ " 1¥58
£0-31L0¥° 9683
£0-3y50% 1€5%°
a1 anodd
¢ =1d
000" 000°
000~ 000"
00s -~ 008°
005 °1 00571
0051 00571
0051 005°1
N o
00°
00"
00°
(/8084
NANIAY
K 086 %2
I =30

G6°ES¢ 007021  00€0° Fe4 | ¥E0 "¢ 92 18 LS¥1€ S8 °¥LLI4
S6°ESE 007021 0080 12v 1 141 LAALE] GSET1E  0€°TEST4
SGESE 00021  00€0° 02r 1 L€0 "8 o5 °¥8 216 6L L92I4
SGESE - 007021 0060 81F 1 6E0 € 19 ¥8 Er1°1E 03 °FI0T4
GGEC€Z 007021 000" Ll 1P0 8 1L°18 660°1E€  SO°09L +
gGgcgs 007021 0080 Siv 1 £} € ¢8°18 86706  01°LOS +
GG°gSZ 007021 0080 Eir°l Gh0 '€ £6 P8 £68°0€  GH°EG2 4
00" 00°0z1  ooeR” 1yl LY0°E 80 68 0EL°08 £ud

xa 0 N . A | Y H o
91/L/966T -TVNId- (OEL "08=Of 'S/EW0Z1=0) ITIJ0¥d FOVA¥NS YTLVA AVACOOTL

¢ 4 3dAL SSOT NYANX
x YLYQ SSOT *
000~ 000" 00) - 006" 005 ° 0068
000" 000° 000" 006" 005° 0068 I 1 £
000°¢ 000" 000 " 00s - 005 ° 0068

000 € 000°1 0001 005°1 005°1 000°S | B [4
000 € 0oo 1 000°1 0061 0051 000°S

000 € 000°1 0001 005°1 00571 1 | 4 1
(ED)dH o 14 IN N (Dod  OAfIAX  NYAX

¥ YIVO OA[]3X %

000- 00 "05€2 06§ '6L0T  0%20° 0 1 1 01 0G+8Z°0d €
000° 00 "05E3 00 '0S 0820 0 1 2 S 8270 2
000~ 000582 05 °GESZ2  00€0° 0 | S 01 -8l
(" (1/D1vgoox  (NI¥0AX  NSIZM  FdAL  OAfITM s
yemivd OASYX NYXIX 0d0s  SSOT  NIANVD NSIVANNE  ON NaNNVa
¥ YIVQ NYAENY *

0 = 1dl ¢ = A3 0 =00
QN ROEL0E =oH S/ER 007021 = 0D 0171 = YHJTY € = NS-NVDX

¥ Y1vd JISIvY *
¥ YIVQ L0dND

91/L/9681  ~TYNId- (0SL0E=CH ‘S/E®0ZI=D) TT140%d IOVNNS ¥ALYA AVAQOOTL 1-3sY2
NOILVINDTVD MOTA WHOJIN"-NON

€ °'T "T-199Yys UoT3lernored

1-26



00S° 006~ 000 € 000" 060" 005° 005 - 00678
005°1 0051 000 '€ 000°1 000 °1 005°1 00S°1 000°S T 3 a
00S°1 0051 000 "¢ 000°1 0001 00671 0051 00075
005°1 0051 000 "¢ 0c0°1 6o0 -1 005°1 0og 't 000°s 1 2 1

oN | (eg)du i 14 IN N (Dod oAr1aX NI

% YLVQ OArIAN %

ao- 000~ 00°05E2 06°6L0T 0520~ 0 I 1 01 05182744 €

il 000" 0070563 0008 0820 ] 1 2 g 8241 ¢

00" 0co - 000582 0576652 000" 0 4 01 £d 1

(S/EM0M L) (I7D1vgo0X  (M)I¥0AY  ASIZN  AdAL  OArIIN  ms

NANDAY  YSmAVY OASYN NYNIN 000S  SSOT  NHRNYQ@ NSLVINDE  "ON NARNVQ
¥ YIYQ NVIRY #

0=l 0= 0=00
NOE6Y2 =02 KOSL'OE =00  S/ENQ0OL =00  OI'T=VHJIY € = RS-NVIMX
% YL¥a ISV %

¥ VIVQ LNANI #¢

£ = I0vd 81/L/9661  -TVNIJ- (OEL°0€=CH *S/Em0L=D) ITIJ0¥d IOVAANS ¥ALYA AYRAOOTd :
8IL"S 88792  €0-3%0¥F° 88LZ" ge-lol 007021 Q520 a8L°l 101 °€ g3 LY 90228 0S°GLOT+
LIL°S evv9¢  E0-390¥F° 68L2" ge-L0l 007021 050 a8L-l 001€ €% LY 651726  S6°L96 +
C1L°e 86792  £0-31IFF° 06L2" ee°i01 007021 0620 - 98L°T 660 € BI L9 T11°26  0F°098 +
g1L°s 1S€°92  £0-391FF° a6Lg" ee-lol 0070zl Q520 18L°1 660 € L1719 €90°2€  G87gSL +
11L°§ S0e93  €0-312F%° £6L2° ge-i01 007021  0SZ0° 18L°1 860 € ¥1°L9 910726  0E°G¥9 +
60L°G 65292  £0-392%F° ceLz” G601 007021  05320° B8L°T L60 € 11°L9 896°1€  GL°LES +
LOL°S §12°98  €0-3lEkY- L6Le" 6e°L01 007021  0520° 68L°1 L60E 80°L9 026°1€  0Z°0Ep +
50L°5 891°9%  €0-I%6VP° 862" 6201 007021  0S20° 06L°1 960 '€ 50°L9 L8°1€  69°%E +
g0L°SG eT1°9%  £0-320bP- 008" Ge-i0l 007021  0S20° 16L°1 €60 '€ 20713 g2g1e  o1°slz +
10L°6 9L0°92  €0-38F¥F " 208%° €e°L01 - 007021 0620 ° 16L°1 ¥60 € 66 93 LLL'1E  65°L0T ¢
86976 0809  €0-3E5¥P- ¥08% " 00° 00°021  0Sa0° 26171 ¥60 € 96 99 G2L°1€ 05482 “Ad
869G 060792  €0-79859% " ¥082 " 000! 00021  0820° Z6L°1 F60 € 96 99 62L°18 00705 ¢
FIL™S 92092  £0-3186F " 69L2° 00 01 007021  0820° 0L 7% 1817 £¢ 0L grL7IE 00°0F 4
67L°S 22092  £0-3Lz4k° GiLE " 00 01 007021  0820° L2971 (45 LLEL 0SL°1€  C0°0E +
1FL°S L1079 €0-3TL1F” 6L9z° 00 01 po-0s1 0830~ ¥5571 011 ¢ Ge°LL 65L°1E 00707 +
g6Lg 61079  €0-3088¢" 1292° 0001 007041  0870° 18771 vL0°¢ 69 08 99L°1E 00701 +
voL"S 600°92  £0-36£9¢€" €95 " 06- 00°0ZT  0830" 1A 080 °E 81°F3 ELL°IE 82 °L1
¥aL-§ 60092  €0-3LIv" 9952 6G8S2 007021  0O0E0° 927 1 0808 L1°¥8 ELL°1E  05°GESZ+
99L°§ 106762  £0-3K91F° £852° 6G°e6Z 007021  00€0° Gar -l 180°€ £2°78 198716 671823+
69L°S €6L°62  £0-39STP° 196" SG°652 007031  OO0E0” ¥er -l 280 € 0f 78 29S°1E 0¥ 82021



LI6°¥
886 ¥
866y
6L6°F
000 °S
220§
Pr0°S
990 °¢
680 °¢
e11’s
GE1°S
119 I
Er1°6
061°6
96178
£91°6
69176
6917
18276
Cla°s
GEE S
468 °§
¥oF G
61676
985°§
€696
92L°6
008°6

887 92
ey 92
96¢€ 93
166 "92
C0E 92
69% "92
£18°92
891 92
2gl 92
910 °92
0€0 ‘92
0€0 '92
920 ‘93
220 '92
L10°92
§10°92
600 '92
600 92
106 62
€61 62
689 '63
LLS "S53
69 62
296 62
¥53 62
9b1 G2
860 G2
0€6 72

Z

£0-36L¥2 " 880"
£0-36¥¥¢ FL0Z "
£0-321v2 " 090%°
£0-382€2° §%0z*
£0-35FE2 " ¢€0Z"
e0-311€2 " Lzg-
60-38L23 " £00% "
£0-35¥23 - 8861 °
£0-32123 " pL6T "
£0-36L17 ° 661"
£0-39¥12° b¥6l -
£0-32692 b¥61 -
£0-358p2 61"
£0-22683 ° 6€61°
£0-32123 - L261°
£0-AF11E - 0161 °
£0-30E0Z ° 6881°
£0-70E€2 6881 "
£0-39282 " 6¥81°
£0-3¥812 - 6081°
£0-32202 8aL1"
£0-32261 " 9zL1

£0-3¥281° regt -
£0-362L1 ° e¥9i-
P 0091~
£0-38¥61° 6981 "
£0-329¥%1 ° 8181 -
£0-30881 LLvl®

£0-1189

11
L4

aoad
= 30vd
000" 000"
oeo - 000"

65101
66101
65101
55 °L01
56101
GeLO1
55 °L01
Ge-Lol
€6 °L01
55 °Lo1
00"

00 0%
00 01
00 01
00 01
0001
00"

96 €5
S '£52
86 67
o6 €52
56 €63
66 6E7
o6 "eee
oS €53
56 €53
66 "eeg
00°

Xa

000"
000"

00 °0L
00°0L
00°0L
00 0L
00°0L
00°0L
00 0L
00-0L
00°0L
00°0L
0004
00°0L
00°0L
00°0L
00°0L
00°0L
06°0L
00°0L
00°0L
00°0L
00°0L
000L
00 0L
00°0L
00°0L
00°0L
00 0L
06 0L

[V
91/L/9661

000°
000"

08en”
0520 "
0520 "
0520 °
0520 "
0520 °
050"
0520°
0520
0sz0*
nezn -
0820°
0820
0820
08z0 -
08zt
08z0 -
U
Qogl -
00g0 "
00g0 -
0080~
0oe0
]H
H
0080
00€Q "
oog0

N

€521
L2l
191
vee "l
8221
(11!
G121
602 °1
a0z 1
C61 1
681°1
681°1
A
vo1°1
990°1
0e0-1
966 °
966 °
086"
£96 -
86
636 -
116 °
68
88 -
868 -
178"
£28°

A

cor'1e
08¢ 1€
¥ee 18
0€€ "1€
S0E 18
182 °18
L5T°18
¥EE 1B
112718
881°1¢
GI1°1e
cor-1e
691°1¢
IL1°18
PLLIE
9L1 718
8L1 "1
8L1°18
a2l1e
890°1¢
810°1¢
696 08
¥26 08
08808
66808
108 °0€
¥4L 08
0gL-0¢

05 SLol+
G6°L96 +
0% 098 +
cg-2sL +
0€°6k9 +
CLLES +
02 °0EF +
69 °%2% ¢
01612 +
CGLOT ¢
06182 "M
00708 +
00°0F +
060°0E ¢+
0002 +
0001 +
8314
06 "GES3+
€6 *1322+
0y "8202+
G8 ¥LL1+
08 1251+
6L L9Z1+
02 '¥101+
g9°08L +
01°L09 +
GG €62 +
£ 14

ON

~TVN14- (0€L°06=OH 'S/830L=0) TTIJ04d TIVLANS ¥ILVA AVAQOOTS

000~
000"

005"
00s*

L0872 98 58
618 % g1 98
£28°¢C 6r 98
16872 1L 98
6682 0015
L¥8 73 08 °LS
5583 19°LS
£98 72 a6 °LS
6l8 73 ¥¢°85
0882 95 "85
688 3 68 ‘85
688 2 68 "85
106 2 £1°19
4882 6€ €9
¥¥8 ¢ 89759
G6L ¢ G6°L9
0L 2 S20L
0¥L e 62 0L
99L 2 gF°IL
£6L ¢ L9°3L
12872 86 ‘€L
068 ¢ GE 'Sl
038 2 08 91
21677 28 8L
b6 ¢ 06 6L
816 2 G618
2108 12 €8
LY0°E 90 68
| \J
¥ 14
005" 00678
oos* 006 "8

IdAL SSOT NYXNX

i

¥ YIVQ SSOT *



00'8L Asaum o]
: . 0086 Amaum ¢
TANNVHD ONITU VLI HAATY I'TAA YOI NOILYVTINDTYD NOISTA DI'TNVHAAH $°'1°1 ‘814 00021 Amaum T
00'vel sk |
00 '951 sieok Z
o] Anigeqorg
vT8L 000 rT8L €91 |1111000] OFOQ £50°0 000 50T 000 reT 000 00'sY 00°CT 0001 00'¢
0L'9E 000 oL'9t 11 |itweoe| oo £E0°0 000 8yl 000 681 000 00'8C 00'81 0001 00¢
0L01 000 oLol 680 |1111000| 00O ££0°0 00’0 £8°0 000 Lyl 000 00Tl oo'vl 0001 00'l
s/ew s/ew s/ s/w S/ w w w w 7w Fatl] w w w w
O 0 10 ) A I u u [ 1 o Id v v (csD) ) (1a) H
Aqu I, uonwnIKD
1 = L L .
1, ZH a ju, 111 g (W, iH 19 Zw,.ZH
e D
iH |
IO A U IV | H
/ cur fcH = _ ~._ il
A ¢ a1 TMHA = DT
Tealy [BaIy ey
1
£dl
., “1
w Qg0 =qJ pieog 234
w 000 =79 Zypm
w 00'g =19 1Upim
(&gw)  ¢oze ueld wodin 00T - Z woipein) adojg
(s/£w)  000¢ * ueld seipaw] 00T - [ 1 waipeigy dojg
281eyosi] uBisa(g w o€ =TH T Waiyg
VXA=0:  (sgw) admosi w oo'e =IH 1 w3y
@M e (€T H e W =A: () Ayoojop w 0001 =14 IpIA pad [PUUBY])
d/v=Y: (un) snipey MA[NeIPAH ( 006 /1=1) 1111000 =! adojg pag] Jouuey)
or0'0 =7u T o0 ssauydnoy]
££0°0 -1u 1 oo ssauydnoy]

[auuwy) Jutpas)ay J3an Haql|

uoyB[RI R MO ULIOJIUN

1-29



1.1.3 DELIRIVER

M

@)

€))

Purpose of Hydraulic Calculation
The river hydraulics of Deli Retarding Channel is discussed in the main report
Chapter 3 ‘Investigation and Analysis’. Therefore the study item handled in this
section is the design of low water channel.
Conditions of Calculation
Though the ponding takes place in flood time in the retarding channel, the low
water channel is designed without taking account the ponding effect.
Hydraulic Design of River Channel
The low water channel was designed as shown in Fig.1.1.8 and summarized
below:

- Width of river-bed: 10m

- Height of channel: 3.0m

- Side slopes: 1:2

- Bankfull discharge: 78.24 m3/s (Return Period = 10 times/year)
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1.1.4 OTHER CHANNEL
Irrigation /Drainage Channel connecting with SL.2

(D

)

€))

Location

The irrigation/drainage channel which flows along Percut River at the left dike in
the stretch from PE96 to PE103, is relocated by about 7 m to the left due to the
left dike construction. The new channel is aligned in parallel with the dike,
connecting with the sluice SL.2.

Design Conditions

- Length : 710 m

- Design Discharge: 15 m3/s

- Channel Type: Earth open channel (Trapezoidal cross section)

-~ Roughness Coefficient: n=0.033

Hydraulic Design

The channel is designed as shown in Fig.1.1.9 and summarized below,

- Width of river-bed: 45m

- Water depth: 1.50 m
- Side slopes: 1:15
- Free board: 30cm
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1.2 SLOPE AND STRUCTURAL STABILITY ANALYSIS

1.2.1 PERCUT RIVER

Slope Stability on River-Bank and Dike

(

(2

)

@

Purpose of Study

The study is made to verify the stability of river-bank slope and dike slope of the

design cross sections.

Location

The study cross sections were selected from cross sections which are involved in

soft ground area. Selected cross sections are as follows:

Section-A:
Section-B:

Section-C :

Calculation Method

A representative cross section from the river stretch PE130
to PE160
A representative cross section from the river stretch PE170
to PE230
A representative dike cross section from the river stretch

PE27 to PE42

A circular slip method is employed.

Conditions on Calculation

(a) Soil Layer and Soil Property:

Section Embankment First Layer Second Layer
Section-A Sandy material CH]1, Alluvium CL3, Diluvium
y=1.8 t/m3 Soft Clay Low stiffness
$=30°% c=0t/m2 | 5 - 10 mthick Clay
5 - 15 mthick
Section-B Sandy material SC2, Alluvium Low | SP4,  Diluvium
y=1.8 t/m3 Stiffness  Clayey | Sand
$=30°, ¢=0 t/m2 sand Medium stiffness
7 - 15 m thick 3 - 10 m thick
Section-C . | Sandy material CL1, Alluvium | SP1,  Alluvium
v=1.8 /m3 Low Low
$=30°, c=0 t/m2 Stiffhess Silty Cray | Density Fine Sand
. 2 - 5 m thick ! - 5 m thick

Soil properties of each layer are determined as shown in the calculation

chart based on the soil test.

(b) Calculation Case

The calculation is made using the water level conditions just after design

flood. This case is most critical for the slope stability.
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Low water level (2.0 m above riverbed)
1.0 m lower than ground surface

- River side water level :
- Land side ground water level:

(c) Loading condition
A uniform load of 1.0 t/m2 is considered on the dike crest.
Results |
Calculation results are presented in Figs.1.2.1 to 1.2.3 and Calculation Sheets-

1.2.1 to 1.2.3 and summarized below.

Section Minimum Allowable Evaluation
Safety Factor | Safety Factor
Section-A - 1.54 1.20 Stable
Section-B 1.32 1.20 Stable
Section-C 1.22 1.20 Stable

1-34

The river-bank slopes and dike slope of design sections are proved stable.
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1.2.2 MEDAN FLOODWAY
Stability on Channel-Bank

(1) Purpose of Study
The study is made to verify the stability of design channel-bank slope.
(2) Location |

Floodway is composed of two types of open channel, namely the downstream
channel with a single trapezoidal section and the upstream channel with a double
trapezoidal section. Therefore, two cross sections, one from the downstream and
one from the upstream, are selected for the analysis. The cross sections shall

have a longest channel slope.

Section-A: A representative cross section from the downstream stretch
FW3 to FW29 (Section FW19)
Section-B: A representative cross section from the upstream stretch

FW29 to FW39 (Section FW32)

(3) Calculation Method

A circular slip method is employed.

(4) Conditions on Calculation

Section Surface Layer | Second Layer Third Layer Fourth Layer
Section-A CH2, Diluvium | SC2 ,Diluvium SP6, Diluvium SC3, Diluvium
Low stiffness Low to Medium | Medium to High .| Medium to
Clay Clayey Sand Coarse Sand High
2-5mthick | 3-5mthick 2 - 3 m thick Clayey Sand
7 - 10 m thick
Section-B CH2, Diluvium | SC2, Diluvium SW1, Diluvium | SP6, Diluvium
Low stiffness Low to Medium | Medium to High | Medium to
Clay Clayey Sand Sand High
2 - 5 mthick 2 - 5 m thick 3 » 9 m thick Coarse Sand
6 - 10 m thick

Soil properties of each layer are determined as shown in the calculation

chart based on the soil test.

(b) Calculation Case

The calculation is made using the water level conditions just after design

flood. This case is most critical for the slope stability.

- River side water level :

(¢) Loading condition

Low water level (1.0 m above riverbed)
- Land side ground water level: 3.0 m lower than ground surface

A uniform load of 1.0 /m2 is considered on the inspection road..
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(5) Results
Calculation results are presented in Figs.1.2.4 to 1.2.5 and Calculation Sheets-

1.2.4 to 1.2.5 and summarized below.

Section Minimum Allowable Safety | Evaluation
Safety Factor Factor
Section-A 1.216 1.20 Stable
Section-B 1.222 1.20 Stable

Judging from the results, slopes of floodway are stable. For the stability of
channel slope of upstream, the ground water level must be lowered by means of

the drain pipes installed in the leaning wall.
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1.2.3 DELI RIVER
Stability on Channel-Bank

(1) Purpose of Study
An embankment for Zone-D is made in the river stretch UD14 to UD21

)

&)

O

)

Therefore, the slope stability of right side embankment (Zone-D) is assessed.

Location and Description of Slope

The cross section UD15 is used for the study. The embankment height is about

5.0 m and the distance between design riverbed and top of embankment comes

to about 10.0 m. The slope gradient isl:2.

Calculation Method

A circular slip method is employed.

Conditions on Calculation

Section | Embankment | First Layer Second Layer | Third Laver
Section-A | Sandy material | CL3, Diluvium SP6, Diluvium SW2, Diluvium
v=1.8 m3 Low stiffness Medium to High | High density
$=30°c=0 t/m2 | Silty & Sandy | Coarse Sand Medium size
Clay, 5 m thick 2 - 3 m thick Sand, 10 m thick

Soil properties of each layer are determined as shown in the calculation
chart based on the soil test.
(b) Calculation Case
The calculation is made using the water level conditions just after design
 flood. This case is most critical for the slope stability.

- River side water level :
- Land side ground water level:

Low water level (3.0 m above riverbed)
1.0 m below ground surface line

(¢) Loading condition

A uniform load of 1.0 t/m2 is considered on the top of embankment
Results ' | |
Calculation results are presented in Fg.1.2.6 and Calculation Sheet-1.2.6 and

summarized below.

Section Minimum Allowable Safety | Evaluation
Safety Factor Factor
Section-A 1.486 1.20 Stable

Judging from the results, the slope of embankment is stable enough.
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1.2.4 STABILITY ANALYSIS OF RIPARIAN STRUCTURE
Stability Analysis On Leaning Wall

The leaning walls constructed in the Floodway are designed through the stability

analysis such as sliding, over turning and bearing capacity. The stability calculation is

made under normal and earthquake conditions.

(1) Dimensions of Leaning Wall

)

®3)

The cross section of leaning wall with a maximum height is selected for the

stability analysis.
Location : upper side leaning wall
Height : 7.10 m (top surface of footing to wall crown)

Length of Footing (B) 2.85 m (middle third : B/6=0.475)
Thickness of Footing  1.10m

Slope gradient 1 : 0.5 (front surface of wall)
Over Tuming and Sliding
The study was made on Calculation Sheet-1.2.7. The results are as follows:
[Over tuming]
Normal time ; e=0.194 m < B/6 ( middle third } —---- OK
Earthquake time: e=-0.159 m < B/6 ( middle third ) ----—- OK
[Sliding]
Normal time : F§S=1.652 > 1.50 -—- OK
Earthquake time: FS=1376 > 1.20 -~ OK

The leaning wall is stable against over turning and sliding.
Ground Reaction and Bearing Capacity of Soil
Based on the soil survey results, the ultimate soil bearing capacity of the
foundation ground is calculated as follows:
{Calculation Formula]
Q, =A"{a-k'c'Nc+x-q*Nq+1/2+y;:B-B"“Nr}
[Calculation Conditions]
- Height of wall = 7.10 m
- Angle of internal friction = 30 degree (¢=30 tb 40, used minimum angle)
- Cohesion = 1.0 /m2 (Layers SW1 and SP6 are diluvial deposits. Therefore, |

cohesive effect of soil can be expected.)
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- Eccentric distance caused by loading (ep) = 0.194 m (Normal condition)
= -0.159 m (Earthquake condition)
- Embedment length of footing (D¢} = 1.1m
- Assuming that ground water level is well lowered by the drain pipe
- Earthquake load Horizontal earthquake factor (kn) = 0.15, The earth
pressure under earthquake time shall be the same as that of normal time.
[Calculation]

Case ; Normal condition

a=10, $=1.0

k=1+03x1.10/(2.85-2x0.194)=1.134

tan® = Hp/v = 8.63 /24.69 =0.349

g=rxD¢=1.0x11=1.1tf/m2

A’=B’x1.0=(2.85-2x0.194)x 1.0 =2.46 m2

using figures above Nc¢, Nq and Nr are given as follows:
Nc=15, Nq=8, Nr=3, Then Qu is obtained as follows:
Qu=246x{1.0x1.134x1.0x15+1.134x 1.1 x8+1/2x1.0x 1.0 x2.46 x 3}
=7551tf
Qa=Qu3=755/3=251tf
Reaction of foundation caused by vertical loads
=1/2x(5.12+12.21) x 2.85=24.7t/m2 < Qa-—- OK
Case ; Earthquake condition
a=10, =10
k=1+03x1.10/{2.85-2x(-0.159)} = 1.104
tanf = Hp/v = 11.61/24.61 =0.47
q=rnxD=10x1.1=11tm2
A’=B'x1.0=(2.85-2x0.159)x 1.0=2.53 m2
using figures above Nc, Nq and Nr are given as follows:
Nc=11, Nq=35, Nr=1.5, Then Qu is obtained as follows;
Qu=253x{10x1104x1.0x11+1.104x1.1x5+1/2x1.0x 1.0x253 x
1.5}
=50.89 tf
Qa=Qu/2=50.89/2=2544tf



Reaction of foundation caused by vertical loads

=1/2x(5.75+11.53) x 2.85=24.62t/m2 < Qa--- OK
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Calculation Sheet -1, 2. 7(1.,/2) :Normal Time

Structural Design of Leaning Wall
Case : Normal condition
Design Condition

Backfill Material
Unit Weight Gs 2,000 ¥/m3
Internal Friction Angle fs 35.000
Cocfficient of Earth Pressure  Kh 0.171
Kv 0.025
Water Height Back Side Hwb  0.000 m
Front Side Hwi 0.000
Load on Backill q 1.000 Vm2
Features of Wall
Height of Wall H 6.000
Slope Front of 0.500
Back nb <0.270
Top Width B 0.450 m B/6-¢ 0. 281
Toe Length : ‘ Lt 1.020 m Fs 1. 652
Toe Height Ht 1.100 m Qumax 12. 206
Foundation
Internal Friction Angle T 30.000
Cohesion Cf 0.000 t/m2
Concrete
Unit Weight Ge 2,350 t/m3
‘Design Strength Sck  160.000 kg/cm2
Coefficient of Earthquake k 0.000
Factor of Safety 1.500
Bearing Strength qa 23.600
Load | | Vertical |Horizontal] Arm Moment
Self Weight Wall Wi 6.345 4.245 26.935
W2 21.150 3.020 63.873
W3l -11421 3.930 -44.885 23.441
Footing W3 7.367 1.425 10.498 56.421
Water Pressure |Horizontal Pw 0.000 -0.367 0.000
Pw1"| 0.000 0.000 0.000
Pwi 0.000 0.000 0.000
Pw2 0.000 0,733 0.000
Vertical Ph2} - 0.000 2.949 0.000
Water Weight Wwl 0.000 0.510 0.000
Ww2 0.000 0.917 0.000
Seismic Force |Watl Kel 0.000 4.100 0.000
Ke2 0.000 3.100 0.000
Ke3 0.000 3.100 0.000
Footing Ked 0.000 0.550 0.000
Earth Pressure |Horizontal Ph -8.630 2.367 -20.425
Vertical Pv 1.247 3.192 3.981
Uplift Ul 0.000 1.425 0.000
U2 0.600 0,950 0.000
Total 24.689]  -8.630 39.977
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Stability Calculation

Middle third

Sliding

Bearing strength

Basic Dimensicons
Wall Height
Width of Wall Bottom
Width of Footing
Back Slope Angle

B=
B/6 =
e=

{ B/6-¢
FS=

Ul=
U2=

Bb
Bf

1.619

2850 m
0475 m
0.194 m
0.281)
1.652 > 1.50

5,120 t/m2
12,206 t/m2

7.100 m

1.830 m

2850 m
-15.110
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Normal IEarthquake
Conditions
Wall height H| m 7.100 7.100
Wall slope at backside m| I; -0.270 -0.270
Height of backfill dH| m 0.000 0.000
Slope of backfill n | 1 | $HREHEREE | BRI
Unit weight of soil ys | m® 2.000 2.000
Surcharge in normal condition q |1m? 1.000 0.600
Internal friction angle of soil o] ° 35.000 35.000
Friction angle of soil to concrete (2/31) &1 ° 23.333 23.333
Trial
Slip angle al® 53.094 52.462
Pa-Pa’' 0.000 0.005
Total weight of soil wedge W | tffm 27.662 25.124
Pa| tf/m 8.720 7.638
Soil Pressure
Active earth pressure (Horizontal) Py | tfm 8.630 7.559
Active carth pressure (Vertical) Py | tfm 1.247 1.093
CoefTicient of active earth pressure Ky 0.171 0.150
CoefTicient of active earth pressure Kv 0.025 0.022
Total weight of soil wedge W' tffm 21977 25.404
Slip angle o ° 52.894 52.262
P,y tfm 8.720 7.633
angle (wall) j ° -15.110 -15.110
angle (Backfill) ¢ 0.000 0.000
L1+L2 3.415 3.539
3.454 3.578
Ll 0.000 0.000
- 0.000 0.000
L2 3415 3.539
3.454 3.578
L3 -1.917 -1.917
-1.917 -1.917
L4 5332 5.456
‘ 5371 5.495
L3+L4 3415 3.539
3454 3578

1 -
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Calculation Sheet-1. 2. 7(2,/2)

Structural Design of Leaning Wall
Case : Earthquake condition
Design Condition

:Earthquake Time

Backfill Material .
Unit Weight Gs 2.000 t/m3
Internal Friction Angle fs. 35.000
Coeflicient of Earth Pressure  Kh 0.161
Kv 0.023
Water Height Back Side Hwb 0.000 m
Front Side Huwf 0.000
Load on Backfill q 0.500 t/m2
Features of Wall
Height of Wall H 6.000
Slope Front nf 0.500
Back nb -0.270
Top Width B 0.450 m B/6-¢ 0.316
Toe Length Lt 1.020 m Fs 1. 376
Toe Height Ht 1.100 m Qumax 11.526
Foundation
Internal Friction Angle ff 33.000
Cohesion Cf 0.000 t/m2
Concrete
Unit Weight Ge 2.350 t/m3
Design Strength Sck  160.000 kg/cm2
Coeflicient of Earthguake k 0.150
Factor of Safety 1.200
Bearing Strength qa '
Load Ventical |Horizontal] Arm Moment
Self Weight Wall W1 6.345 4.245 26.935
w2| 21.150 3.020 63.873
W3| -11.421 3.930 -44,885
Footing W3 7.367 1.425 10.498
Water Pressure |Horizontal Pw 0,000 -0.367 0.000
Pwl"  0.000 0.000 0.000
Pwf 0.000 0.000 0.000
Pw2 0.000 0.733 0.000
Vertical Ph2 0.000 2.949 0.000
Water Weight Wwl  0.000 0.510 0.000
Ww2] 0000 0.917 0.000
Seismic Force |Wall Kel -0.952 4.100 -3,902
Ke2 -3.173 3.100 -9.835
Ke3 1.713 3.100 5311
Footing Ked -1,105 0.550 -0.608
Earth Pressure |Horizontal Ph -3.097 2.367 -19.164
Vertical Pv 1.170 2.508 2.935
Uplift Ul 0.000 1.425 0.000
U2 0.000 0.950 0.000
Total | 24612 -11614] 31.158
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Stability Calculation

Middle third

Sliding

Bearing strength

Basic Dimensions
Wall Height
Width of Wall Bottom
Width of Footing
Back Slope Angle

B= 2.850 m

B/6= 0475 m

e= 0159 m
(B/6c 0316)

FS= 1.376 >1.20

Ul= 11526 t/m2
U2= 5.745 t/m2

H 7.100 m

Bb 1.830 m

Bf 2.850 m
-15.110
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Normal Earthquake
Conditions
Wall height H| m 7.100 7.100
Wall slope at backside m| 1 0.270 -0.270
Height of backfill dH] m 0.000 0.000
Slope of backfill n | 1 | SRR | #EB R
Unit weight of soil ys | vm® 2.000 2.000
Surcharge in normal condition q [tfm? 0.500 0.300
Internal friction angle of soil | ° 35.000 33.000
Friction angle of soi! to concrete (2/3f) 8] ° 23.333 23.333
Trial
Slip angle al ’ 53.145 53.145
Pa-Pa’' -0.000 -0.000
Total weight of soil wedge Wi t/m 25.879 25.879
Pa| 1f/m 8.182 8.182
Soil Pressure
Active earth pressure (Horizontal) Py | tf/m 8.097 8.097
Active earth pressure (Vertical) Py | tffm 1.170 1.170
Coefficient of active earth pressure Ku 0.161 0.161
CoefTicient of active earth pressure Ky 0.023 0.023
Total weight of soil wedge W' tm 26.174 26.174
Slip angle a ° 52.945 52,945
P,a tffm 8.182 B.182
angle (wall) j ° -15.110 -15.110
angle (Backfill) ° 0.000 0.000
L1+L2 3.405 3.405
3.444 3.444
L1 0.000 0.000
0.000 0.000
23.441 12 3.405 3.405
56.421 3.444 3.444
L3 -1.917 -1.917
-1.917 -1.917
L4 5322 5.322
5.361 5.361
L3i+L4 3.405 3.405
3444 3444
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2. DESIGN OF RIVER STRUCTURES

2.1 Groundsill (PE 55 + 00)
2.1.1 General Discription

Location and Purpose

After construction of the existing Bandar Sidoras Weir, the downstream riverbed of the
weir has lowered because the supply of sediment has been stopped by the fixed weir.
Therefore, a groundsill located at 100 m downstream from the Titi Beshi Bridge
(PE55+00) is proposed to restore the riverbed elevation up to the design riverbed level
and also to stabilize the substructures of Titi Beshi Bridge and revetments. This
groundsill will be well functioned in harmony with the movable weir to be constructed
which can supply a sediment during floods.

Structural Dimensions

Since the design riverbed elevation is about 1.0 m above the existing riverbed, the crest
elevation of the groundsill is designed to conform to the design riverbed, resulting in a
groundsill with a height of 1.0 m. This groundsill is of concrete gravity type with an
apron to safeguard its own body from hydraulic force during flood time.

The structural features of the groundsill are driven from the next paragraph and
summarized below and shown in the Fig. 2.1.1.

Work Item Dimensions

Main body

Crest Elevation EL. 0.44 m

Elevation of Apron ‘ EL. -1.44 m

Elevation of foundation EL.-2.24 m

Height of Groundsill 1.00m

Crest Width 1.00 m

Downstream Slope 1:0.8

. Length of Apron 4,50 m

Thickens of Apron 0.80 m
Foundation

Waterstop (Steel sheet pile Type II) 2.0 m long at 2 locations

Foundation Treatment PC Pile £=400, L=9m, nos.
Riverbed Protection

Gabion Mattress Upstream L=60m

Downstream L=120m




2.1.2 Design of Groundsill
(1) Stability Analysis
(a) Design Factors

Design discharge
Earthquake load
Foundation

Upstream Water Level

10.6 m*/s (25% discharge)

k=0.11 (Allvium, 1/100 year)
Fine Sand (Co=18)
Internal Friction Angle f=0.5
Cohesion _ C=1.0
Bearing Capacity qa =6 tf/m’

Q = 215C(2g)"* 3 Bi+2B;) h*?
where; Q : design discharge (Q = 10.6 m*/s)
C : coefficient (C=0.6) .
g : gravity accerration (g = 9.8 m/sec?)
B;: crest width (B1 = 13 m)
B,: width of overflow water surface (13m + 4 h)
h ; overflow depth (m)

h=057m (EL.-0.44+0.57=EL.0.13 m)

Downstream water level

MLWL ; EL. -0.930m

(b) Loading Combination and Safety Factor

The stability analysis of weir are conducted under the following load combinations

and safety conditions.

Increase in Safety Factor
Loading Combination | Allowable Sliding Bearing
Stress Capacity
Flood - M+T+Th,+U 0% 1.5 3
Earthquake [M+T+Th,+G+U 20% 1.2 2
Self weight (M 0% - 3
where, M dead load
T sediment pressure
Thn "normal water pressure
Thb water pressure during flood
G earthquake load
U uplift



©

Safety of Weir
Sliding
The factor of safety against sliding is determined using the following formula:

SF = Rc/ZH
where, H : total horizontal forces
Re : resisting capacity
SF : safety factor given in the following
SF > 1.5 (under normal condition)
SF > 1.2 (underfloods and earthquake condition)

Overturning

All forces acting on part of the structure above any horizontal plane should
fall within the middle third of the structure base.

For this purpose, the following condition should be satisfied :

_ b M b
e = ———<—
2 N 6
where,
b width of base (m)
M : total moment about point A (tf. m)
N total vertical forces (tf)
e eccentricity {m)

Bearing Capacity of Pile Foundation

The maximum principal stress in the spread foundation must be kept within
allowable soil bearing capacity which is derived from the following :

Qa = Qu/SF

where,
Qa : allowable soil bearing capacity
Qu : ultimate soil bearing capacity

Quy = 55 tf/m’? for long term load,
Qu; =73 tf/m? for short term load.
SF > 3 (under the normal condition)
SF > 2 (under the earthquake condition)

The allowable soil bearing capacity for the diversion weirs are;

Qa, = 6 tf/m? / 3 = 2 tf/m’ for nomal condition,
Qa; = 6 tf/m?/ 2 = 3 tf/m’ for earthquake condition.



(d) Results of Calculation

The results of stability analysis is presented in Table 2.1.1 and summarized in

the table below:

SF e-B/6 gmax
Nommal Condition 1.799 0.226 1.706
Earthquake Condition 1.250 0.019 3.009
Maximum 3.460 0.278 3923

As shown above table, the vertical load on the groundsill foundation is bigger
than allowable soil bearing capacity (Qa). So as to increase the bearing
capacity, the pile foundation will be applied.

(2) Design of Pile Foundation
The N value in the foundation of the groundsill is summarized as bellow;

from ground surfaceto EL. -6 mto-8m N<35
from EL. -6 mto-10 m N = about 20.
deeper than EL. -10 m N>20

As for the foundation of the ground sill, PC piles f 300 mm with 9 m (EL.-2 m-
EL.-10 m + 1 m allowance) long are to be driven to increase the bearing capacity of
the subsurface layer to support the weir body.

The bearing capacity (Ra) of pile (PC $300) is estimated as shown below;

Upper layer (clay, L, = 4.0 m, C=2.0 t/m;)

Ru =DnxL;xC
=03px4.0mx2.0t/m;
=7.54 tfim®

Lower layer (sand, L2 = 5 m, N = 20)

R =DrxL,x02xC
=03px5.0mx0.2x20t/m;
= 18.85 tf/m’

R. = Ru1 + Ra2

=7.54 + 18.85 = 26.39 t/m;
R,  =yhxR,=1.0/4x26.39=6.6 tfnos.

Since the self weight of groundsill including apron is 220 t, the required number of
piles is estimated at;

220.054 t /6.6 t/nos. = 33.3 nos.

'The arrangement of piles are shown in Fig. 2.1.1 and the total number of pile is 36.



€)

(4)

Length of apron and channelbed protection

To protect the channel bed erosion, the concrete lined apron will be provided at the
downstream. The length of apron (La) is set at same length of hydraulic jump:

L > 4.5 x Hj or 6(Hj - hl)
Hj = 0.84 m (see Table 2.1.2)

L= 45Hj=3.78mor
6(Hj - h1)=4.10m

<45m

" The length of channelbed protection works of downstream channel is generally set

at 3 times of apron length and that of upstream channel is set at half of that of
downstream. Therefore, the length of channelbed protection works are:

Downstream : 45x3=145m<15m
Upstream : 152=75m<8m
Thickness of Apron |

To withstand the scouring force and uplift pressure, the thickness of apron is
estimated by the following formula.

t = 4/3 (Ah-Au)/(Wc-1)

where,  Ah :max, difference between water heads (m), AH=1.13 m
Au : uplift at the toe of main body (Au = 2.095 t/m?)
We : unit weight of concrete (We = 2.35 t/m’)

t = 4/3 (2.095-1.31)(2.35-1) = 0.775 < 0.8 m

<

t
O

0.25m“ 5.5m
Ud=0.51+t AU=2.095
Uu=1.64+t

-
Lo.zsm




(5) Creep Length

For the prevention of piping at the foundation of groundsill, cut off wall, steel sheet
piles are normally employed to the cut off wall, will be provided to increase the
vertical creep length. '

The required length of sheet piles are calculated by Lane’s method as shown bellow.

C <(LW3 + ZLv)/AH
where, C:Lane’s creep ratio, C = 8.5 for silty sand/clay
Lh ; creep length of horizontal direction {(m), Lh =6 m
Lv : creep length of vertical direction (m)
AH : max. difference between water heads (m), AH=1.13 m

ZLv>CAH-Lh/3=85x1.13-6/3)=7.605m

To obtaina 8 m venical‘creep length, 2 m long steel sheet piles shall be driven at the
downstream edge of apron and upstream edge of main body,

Gabion mattress for riverbed prbtection are placed on upstream and downstream
riverbeds of the groundsill with appropriate length.



Table 2.1.1 (1/8) STABILITY ANALYSIS (NORMAL CONDITION)

Groundsill (PE55+00)
Nomal Condition

Stability Analysis

Basic Condition | Stability Condition
—_— T ——1
Water Level |Upstream EL. 5.260 m |[U.W.. of Concrete 2.350 t/m3
’ Downstream | EL. 4,260 m |[Cocfficient of Earth quake 0.000
EL. of Crest ‘ EL. -0,440 m U.W. of Sediment 1.800
EL. of Foundation EL. -2.240 m Coefficient of Sediment P. 0.400
Crest Width Bl 1,000 m Foundation |C 1.000
Slope Downstream | 1: 0.800 tan ¢ 0.600
U.P. Slope Upstream 1: 0.000 Bearing strength 2.000 t/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.500
Width Wo 0.000 m Uplift C. Sheetpile L m
Length Lo 0.000 m Upl
Orifice Center] EL. 0.000 m Up2
Block Width Wb 1.000 m Up2'
Weir Height Hw 1.800 m Up3
EL. of Sedimentation -0.440
Load _ Vertical | Horizontal Arm Moment
Self Weight [Center | WI 4.230 0.500 2.115
Downstream | W2 3.046 1.480 4,507
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Hrizonta] USY Pi 10.260 0.900 9.234
Pressure |Hrizontal US) P2 1.620 0.600 0.972
Hrizontal DS1 P3 -1.620 0.600 =0.972
Hrizontal DS) P4 -8.460 0.900 ~7.614 _
Water Weight |Crest P3 5,200 0.333 1.733 5.700 4.700
Down Stream| P4 6.768 1.720 11.641]
Down Stream] P6 0.720 1.960 1.411
Seismic Force |Center Kel 0.000 0.900 0.000
Downstream | Ke2 0.000 0.600 0.000
Upstream Ke3 0.000 0.600 0.000
Orifice Keo 0.000 2.240 0.000
Sediment Pressure Ps 0.518 0.600 0.311
Uplift Ul -15.860 1.220 -19.349 17.080
U2 -1.220 0.813 -0.992
Total [ ] 2.834 2.318 2.998
Stability Calculation -17.080 -20.341
Middte third B= 2440 m
B/6 = 0.40T m
e= -0.180 m B/6>e OK
( B/6-¢ 0.226 )
Sliding FS= 1.799 OK
Bearing strength Ul= 1,706 t/m2 OK
- U= 0.657 t/m2 OK



Table 2.1,1 (2/3) STABILITY ANALYSIS (EARTHQUAKE CONDITION)

Stability Analysis

Groundsill (PE55+00)
Earthquake Condition
__Basic Condition Stability Condition
Water Level |[Upstream | EL. 0.130 m U.W.. of Concrete 2.350 /m3
Downstream | EL. -0.930 m Cocfficient of Earth quake 0.110
EL. of Crest EL. =0.440 m U.W. of Sediment 1.800
EL. of Foundation EL. <2.240 m Coefficient of Sediment P. 0.400
Crest Width Bl 1.000 m Foundation |C 1.000
Slope Downstream | 1: 0.800 tan ¢ 0.600
U.P. Slope  |Upstream 1: 0.000 Bearing strength 3.000 t/m2
Orifice Height Ho 0.000 m IRequired Factor of Safety 1.200
Width - Wo 0.000 m [Uplift C.  [Sheetpile L m
Length Lo 0.000 m Upl
Qrifice Center) EL. 0.000 m Up2
Block Width Wb 1.000 m Up2'
Weir Height Hw 1.800 m Up3
EL. of Sedimentation -0.440
Load - Vertical | Horizontal Arm Moment
Self Weight |Center Wi 4.230 0.500 2,115
Downstream | W2 3.046 1.480 4.507
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Hrizontal US] P1 1.026 0.900 0.923
Pressure. |Hrizontal US3 P2 1.620 0.600 0.972
Hrizontal DS | P5 -0.858 0.437 -0.375
Orifice Fo 0.000 2.240 0.000
Water Weight | Crest P3 0.285 0.333 0.095
Down Stream| P4 0.686 2.091 1.435
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 0.465 0.900 0.419
Downstream | Ke2 0.335 0.600 0.201
Upstream Kel 0.000 0,600 0.000
Orifice Keo 0.000 2.240 0.000
Sediment Pressure Ps 1.166 0.600 0.700
Uplift Ul ~3.196 1.220 -3.900
U2 -1.293 0.813 ~1.052
Total | 3.757 3.755 6.042
Stability Calculation
Middle third = 2440 m
B/6 = 0.407 m
= 0,388 m B/6>e OK
( B/6-¢ 0.019)
Sliding FS= 1.250 OK
Bearing strength Ul= 0.071 t/m2 OK
U2= 3.009 t/m2 NG




Table 2.1.1 (3/3) STABILITY ANALYSIS (EXCEPT UPLIFT)

Stability Analysis

Groundsill (PES5+00)
Without Water Pressure and Uplift (Check of Bearing Capacity)
Basi¢ Condition Stability Condition
Water Level |[Upstream EL. -2.240 m 1).W.. of Concrete 2.350 vm3
Downstream | EL. -2.240 m Coefficient of Earth quake 0.110
EL. of Crest EL. +0.440 m U.W. of Sediment 1.800
EL. of Foundation EL. -2.240 m Coefficient of Sediment P. 0.400
Crest Width _ | Bl 1.00¢ m Foundation {C 1.000
Slope Downstream | 1: 0.800 tan ¢ 0.600
U.P, Slope Upstream 1: - 0,000 Bearing strength 2.000 t/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.200
Width Wo 0.000 m Uplift C. Sheetpile L m
Length Lo 0.000 m Upl
Orifice Center| EL. 0.000 m Up2
Block Width Wb 1.000 m Up2'
Weir Height Hw 1.800 m Up3
EL. of Sedimentation -0.440
Load Vertical | Horizontal Am Moment
Self Weight |Center _ W1 4.230 0.500 2.115
Downstream | W2 3.046 1.480 4,507
Upstream W3 0.000 0.000 0.000
Qrifice Wo 0.000 0.000 0.000
Hydraulic Hrizontal US1 Pl 0.000 0.900 0.000
Pressure  |Hrizontal USY P2 0.000 0.000 0.000
Hrizontal DS | P5 0.000 0.000 0.000
Orifice Po 0.000 2,240 0.000
Water Weight |Crest P3 0.000 0.333 0.000
Down Stream| P4 0.000 2.440 0.000
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 0.463 0.900 0.419
Downstream | Ke2 0.335 0.600 0.201
Upstream Ke3 0.000 0.600 0.000
Orifice Keo 0.000 2.240 0.000
Sediment Pressure Ps 1.166 0.600 0.700
Uplift Ul 0.000 1.220 0.000
U2 0.000 0.813 0.000
Total 7.276 1,967 7.942
Stability Calculation
Middle third B= 2440 m
B/6 = 0.407 m
e= «0.128 m B/6>e OK
( B/6-¢ 0.278)
Sliding FS= 3.460 OK
Bearing strength Ul= 3.923 t/m2 NG
U2= 2,040 t/m2 NG
2-9



Table 2.1.2 .CALCULATION OF HYDRAULIC JUMP

Unit |Groundsil)Groundsill Note
Weir Weir
Discharge | Q | m3/s 55.00 10.60
Width B m 13.00 13.00
U.S. WL EL. m 1.47 0.20
Crest EL. -0.44 -0.44
Apron EL. -1.44 -1.44
Unit Q q |m3/s/m 4.23 0.82
Z m 1.96 1.32
hl m 0.63 0.16
Z-hl m 1.27 1.16
V1 m/s - 6.19 5.08
Fr 2.39 4.06
hj m 2.00 0.84 0.56
6x(h2-h1) L m 7.87 4.10
4.5xhj m 8.98 3.79

2-10
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2.2 Drainage Outlets

2.2.1 Confluence Treatment of Batuan River

Batuan River which is a small tributary of Deli River crosses the proposed Floodway at
FW 25424, The Catchment area of Batuan River, which is included in the Deli river
basin, is small. Therefore, the runoff discharge is faster than that of the Upper Deli
River, resulting in no additional discharge to the Floodway.

The improvement of Batuan River is proposed from the intake weir located at 85 m
upstream from the confluence to the Floodway with the design discharge of 16 m’/s
corresponding to a 5-year return period flood..

Since the riverbed elevation of Batuan River is about 5.1 m higher than the channel bed
of Floodway, a step-wise fall structure with double box culvert (B x H = 2.0 m x 2.0 m)
is provided at the confluence to dissipate the energy of river flow.

The structural detail is shown in Fig. 2.2.1.

Hydraulic Design

The basic dimensions of the upstream channel and sluice is obtained by the Manning’s
formula;

Q = AlnI¥R®
where, Q : design discharge (Q=16 m’/s)
A : flow area (m”)
n : roughness coefficient (n=0.025 for wet masonry
n = 0.023 for concrete lining) -
I: slope
R : hydraulic radius (m)

(a) Upstream Channel

The feature of channel is;
bottom width B=3m,
water depth h=1.1m,
hydraulic radius R=0.72m
flow area A =3.9 m*/unit

The slope of channel is set at I = 1/50 to make the flow velocity less than 5
m/s and 50 cm high dorop structures with 7.5 m interval are provided to
connect the upstream end of the channel to the existing intake weir.

The flow capacity of the channel is calculated as shown bellow:

Q = 1/0.023 (1/50)"20.524** = 17.7 m*/s > 16 m’/s, OK

2-12
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(b) Sluice

Since the water level at the inlet of the sluice is 1.1 m, the width of sluice is
calculated as bellow: '

The feature of channel is:
bottom width B =2 m x 2 units,

water depth h=11m,
hydraulic radius R=0.524 m
flowarea ~  A=22 m?/unit

The flow capacity of the channel is:

Q. = 2.2 x 1/0.023 x (1/50)"?x 0.546%° = 8.8 m®/s/unit
Q=8.8x 2 unit=17.6 > 16 m'/s, OK

The water level inside of the box culvert is assumed as same height as height

of hydraulic jump.
water depth at inlet :h=11m
flow velocity at inlet :v1=3.995 m/s
Froude number : Fi® =v,¥/gh; = 1.481

height of hydraulic jump :hj=((1+8 F»)"*-1)hy/2=1.42=15m
The height of box culvert is set at 2m high including 50 cm freeboard.
(3) Step-wise Fall Structure

Since there is a 5.5 m water head from the outlet of box culvert to the floodway
channe! bed and there is no water in the floodway during small floods, it is
necessary to dissipate the enargy of the flow. For this perpose, a falling structure
is provided at the confluence.

The height and length of each step are determined under the following conditions:

.~ Average slope is set at about 1:2.0 considering the average bank slope.

. Water vein from the upper step should be fallen on the lower step at least 2/3
of the step length or near.

. Height of step shall be minimized to avoide the vibration by the water drop.

The water depth at the edge of step (hs) is:

hs = (Q/CB)** = (16.9/(1.77 x 4.3))* = 1.7 m.
The initial velocity of water vain is:

Vo = Q/(Bhs) =16.9/(4.3 x 1.7) = 2.31 m/s.

The distance from the upper step to the drop point of water vein (L;) is:
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L, = Vo(2 (AH+h:/2)/g)"* =2.31 (2 (1.0 + 1.7/2)/9.8)1/2 = 1.42 m.
where AH : step height (AH=1.0 m)
The length of step (L)is:
L=32L1=3/2x142=21m
(4) Bank Protection at Water Collidding Slope at Floodway Channel

To protect the slope erosion at the bottom of the falling works and left bank slope
of the floodway, a concrete faced bank protection will be provided.

The area to be faced by concrete is determined by the width of water vain at the
left bank slope of floodway in front of the falling works outlet. The width of
water vain at the left bank slope is assumed as fillows:

angle of spreading 8=11°
width of water vain w=2xtan@x5m+4.3m=624m

The width of bank protection is set at 8.3 m including the 1 m allowance at the
both sides. :

2.2.2 Drainage Outlet

River improvement works such as channel excavation, widening and diking usually affect
the drainage system around the river channel and it is anticipated that the excavation and
channel widening will slightly affect the outlet structures, while diking will change the
drainage condition in the adjacent area. Besides, the capacity of the existing drainage
outlet is not adequate for the standard of drainage improvement as carried out for Deli
River and its tributaries under MUDP II.

Therefore, the drainage improvement will focus on the outlet portion, i.e., the sluice
connecting to Percut River and Medan Floodway. Since the inspection roads will be
constructed in succession along the riverbanks, the sluice is required to be modified to
either a box culvert or a pipe culvert embedded in the riverbank.

(1) Existing Condition of Drainage Outlet

Many closed and open drainage channels discharge storm runoff and domestic
wastewater into Percut River. Further, some tributaries and drainage channels will
be cut by the proposed Floodway. Based on the field survey and hydrographic
study with a 1/5,000 topo-map, the existing drainage areas and networks were
identified, as shown in Fig. 2.2.2. There are 44 drainage areas in total, 12
drainage channels are found to the right side of Percut River and 25 channels are to
the left side; and 7 channels shall bring the storm runoff to the Floodway.
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In the course of project construction, all existing drainage channels shall be
improved or reconstructed, particularly, their outlet structures. For the drainage
channel itself, the improvement works are expected under the MMUDP

(MUDP III).
Planning Criteria
(a) Design Scale and Discharge

Based on the Flood Control Manual, the guideline for the design scale is as shown
below. The design scale of drainage improvement in terms of return period is a
5-year return period for the urban area and a 2-year for the rural area.

Conveyance Project Type ** Return Period (yr) *
System Initial Phase Final Phase

Primary Drainage Rural 2 5

System Urban P<500,000 5 10

(CA>500 ha) Urban 500,000<P<2,000,000 5 15

Urban 2,000,000<P 10 25

Secondary Drainage Rural 1 2

System Urban P<500,000 2 5

(CA<500 ha) Urban 500,000<P<2,000,000 2 5

Urban 2,000,000<P 5 10

Tertiary Drainage System | Rural and Urban 1 2
(CA<10 ha)

{Note) * Higher design flood standard shall be applied if economnic analysis indicates
desirability, or if flooding is a significant risk to human life.
**+ P = Total Urban Population
The design discharges of drainage outlet is formulated and the detail of analysis on
the drainage discharge is presented in the section 3.5.3 of Main Report.

(b) Promises of Design for Drainage Outlet

a. Gravity flow is principally employed to avoid the big O&M cost to be brought
by a pumping station.

b. Where the design high water level is higher than the ground elevation of the
drainage area, a control gate is employed for the sluice to stop the reverse flow
from the river/floodway. No gate is provided for the sluice where the design
high water level is lower than the ground elevation.

c. Sluices to be placed close to each other are combined to a certain size of
box/pipe culvert to reduce the number of structures in the riverbank.

d. In case the landside area is low in ground elevation, side ditches are provided
along the proposed dike/inspection road to drain inland water.

e. Either type of sluice, box culvert, or pipe, could be classified according to the
drainage discharge having a flow velocity of 2.5 m¥/s to 3.0 m’/s. In
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addition to this criteria, in case earth covering depth is less than 50c¢m, open
ditch type culvert is applied to prevent the occurance of cracks on RC pipes.

Type Dia./Width Height | Quantity | Flow Area | Design Discharge
(m) (m) (m?) (m’/s)
Pipe Culvert 0.600 - 1 0.283 0.707 -  0.989
0.800 - 1 0.502 0989- 1,748
1.000 - 1 0.785 1.758 - 2.748
0.300 - 2 1.005 2,748 -  3.517
1.000 - 2 1.570 3.517- 5.495
Open Ditch 0.600 1.000 1 0.000 - 0.989
1.000 1.000 1 1.758- 2748
Box Culvert 1.500 1.500 1 2,250 5495- 7875
2.000 1.500 1 3.000 7.875 - 10.500
2,000 2.000 1 4.000 10.500 - 14.000
2.000 2.000 2 8.000 14.000 - 28.000

Through the basic design conditions, the structural dimensions of all the 42 sluices
are estimated, as shown in Table 2.2.1.

Structural Detail

Since the inspection roads will be constructed in succession along the riverbanks, ditches
are required to be modified to box culverts embedded in the riverbank. If the bottom
elevation of drainage ditch is higher than 1 m below the crest elevation of dike and it is
impossible to have a enough thickens of cover soil, 2 open ditch type sluice is applied.

(1) Box Culvert
The following thickness of each members is applied to the box culvert.

side wall and top slab 40 cm,
base slab 50cm and
center wall 30 cm.

In case the total length of box culvert is more than 20 m, the culvert is divided into
two portion and a joint is provided.

Wing walls with 3 m wide and 1.0 m higher than height of box culvert provided at
inlet and outlet.

Since the ground elevations of the basin of the SL 2, SL 3 and SL 4 are lower than
design high water level, sluice gates are installed to prevent the counter flow. A
spindle type steel slide gate and manual operation system are applied to the gate.

To prevent the piping, steel sheet piles with 3 m long is provided at the outlet and a
cut off wall at the center for the box culvert with gates.
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Pipe Culvert

Centrifugal RC pipe which is factory product is applied to the pipe for the pipe
culverts. To make easy the maintenance of the culvert, the minimum diameter of
the pipe is set at 60 cm. The base of pipes is fixed 180 degree by plain concrete
considering the foundation condition and thickness of cover soil. The joint of pipes
is covered with in situ reinforced concrete.

Since the ground elevations of the basin of the SL 1 is lower than design high water
level, a operation free flap gate is employed to prevent the counter flow from the
river side during floods.

Open Ditch Type Sluice |

The height of ditch is fixed at 1.0 m and the ditch width of 0.6 m and 1.0 m is
appreciable depending on the design discharge. For the inspection road, a
reinforced concrete cover with 3 m wide is provided.

2.2.3 Structural Design of Drainadge OQutlets

Pipe Culvert
(1) Soil Pressure of Embankment
Qd=CerBc?
where, Qd : soil pressure of embankment (kg/m)
Ce : H<He Ce= (exp (0.8 H/Bc)-1)/0.8
:H>He Ce = (exp (0.8 H/Bc)-1)/0.8+((H-He)/Bc)exp(0.8He/Be)
r : unit weight of soil 2,000 kg/m’
Bc : diameter of pipe
He :1.12Bc¢
H : maximum soil depth (3.9 m)
(2) Active Load
Ql = (2 P Be (1+))/(2.75(0.2+2H tan8))
where Ql : active load (kg/m)
P : wheel load (P=8000kg)
i : impact coefficient (i=0.65-0.1H)
9 : 45°
(3) Maximum Morment

M =k (Qd+Ql) Bc/2
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: maximum bending moment
k =0.152 for 90 degrees fix
k =0.110 for 180 degrees fix

where, M
k : constant

Allowable Bending Moment (Mra)
Mr=0.318 PrR + 0.239 WR (kgm)

Mra = Mr/Fs

where, Pr : cruck load (kg/m)
\ : self weight (kg/m)
Mra  :allowable bending moment (kgm)
Fs : factor of safety (Fs = 1.25)

Type of Pipe Foundation

The results of calculation of the bending moments for pipe culverts are given
bellow.

$600 $800 $1000

H m 3.00 3.00 3.00
He m 1.00 1.33 1.66
K 0.40 0.40 0.40
Ce 8.84 6.42 4.96
T ka/m3 1,800.00 1,800.00 1,800.00
Qd kg/m 5,731.22 7,391.57 8,926.88
Ql kg/m 845.23 1,126.97 1,408.71
Total kp/m 6,576.45 8,518.53 10,335.59
Moo kgm 299.89 517.93 785.51
Mizo kgm 217.02 374.82 568.46
Pr 3,000.00 3,600.00 4,200.00
W 283.26 502.15 502,15
Mr 306.51 505.93 727.81
Mra kem 245.21 404.74 582.25

Note : Mg -bending moment of 90° fix foundation.
: Migo - bending moment of 180° fix foundation.

As shown in above table, the base of pipes shall be fixed 180 degree by plain

concrete to prevent the crack on the RC pipe.



Step-wise Fall Structure for Batuan River
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Structural Dimensions

The dimensions of structures and rahment frame for analysis are shown in
Fig. 2.2.3.

Loading Condition

The load to be considered for the structural design of box culverts are:

a. [Earth pressure :yt=1.9t/m3

Ka = 0.341 (see Table 2.2.2)
b. Live load : Pvl =1 t/m®
c. Dead load : : reinforced concrete yc = 2.5 t/m®

Results of Calculation

The moment, sher force and axial force are calculated by rahment analysis and the
out puts from computer is shown in the following computer out put.

The results of stress calculation are presented in Table 2.2.3 and the reinforcement
arrangement are as shown in Fig. 2.2.4.
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Table 2.2.2 CALCULATION OF EARTH PRESSURE
| Wall 1 Wall 2 Wall3
Basic Conditions
Earth depth to acting point h (m) 1.606 2.606 1.856
Unit weight of soil y (1m>% 1.900 1.900 1.900
Soil cohesion c (1f/m?) 0.000 0.000 0.000
Internal friction angle of soil $ ¢) 30.000 30.000 30.000
Back side wall slope m 1: 0.100 0.100 0.100
Angle between back side and vertical plane ] ¢ 5.711 5.711 5.711
Back-fill ground surface slope n 1: HUBHAAHBEY | BARBRHEEHA | HERTARRIN
Angle between ground surface and horizontal plane a [ 0.000 0.000 -0.000
Surcharge in normal condition q (tfm?) 1.000 1.000 1.000
Surcharge in seismic case - g | afmh 0.000 0.000 0.000
Seismic coefficient in vertical direction Kv 0.000 0.000 0.010
Seismic coefficient in horizontal direction Kh 0.183 0.183 0.183
Friction angle of soil to concrete 8 ¢ 20.000 20.000 20.000
Angle 0o=Kh/(1-Kv) 0o ¢ 10.370 10.370 10,473
Unit weight of saturated soil y | ¢fmd) 1.900 1.900 1.900
Seismic coeflicient in horizontal direction (submarged) Kh' 0.300 0.300 0.386
Calculation of Coefficient of each Earth Pressure
Coefficient of active earth pressure Ka| (fmh 0.341 0.341 0.341
Coefficient of passive earth pressure Kp| @tfm") 1.558 1.558 1.558
Coefficient of steady earth pressure Ks] (tf/mH 0.500 0.500 0.500
CoefYicient of active earth pressure Kae| (tfmh 0.488 0.488 0.490
CoefTicient of passive earth pressure Kpe| (tf#m?) 0.560 0.560 0.686
Earth Pressure )
Active earth pressure Pa 1.380 2.027 2.836
Passive carth pressure Pp 6.311 9.271 12.970
Steady earth pressure : Ps 2.026 2.976 4.163
Active earth pressure under easrthquake Pae 1.490 2418 3.591
Passive earth pressure under earthquake - Ppe 1.708 2.771 5.023
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Table 2.2.3

STRESS CALCULATION

Type Batuan River
Side Wall 1 Side Wall 2 Side Wall 3
N 1 1.62 2.91 5.20
M tm 1.78 6.21 12.02
Q 1 2.62 5.45 71.25
d cm 30.00 46.06 66.10
[} cm 10.00 10.00 10.00
u cm 10.00 18.03 28.05
b cm 100.00 100,00 100,00
r A'vAs 1.00 1.00 1.00
n 15.00 15.00 15.00
Sca kg/em2 70.00 70.00 70.00
Ssa kg/cm2 1,800.00 1,800.00 0.18 1,£00.00
Tea kg/em2 4.25 4,25 4.25
M 1.94 6.74 13.48
C 22.04
k (C) AL S
np {C) 0,0024 0.0049
S 55.68 37.78
k (S) )2
np (5) 0.0140
. drd 0.33 0.22 0.15
f em 120.09 231.39 258.95
fd 4.00 5.02 3.92
no 0.0140 0.0229 0.0203
r-As 2.80 7.04 8.97
r-As’ 2.80 T7.04 8.97
Re-Bar Arrangement
Asl Diameter D16 D19 D19
: Area (cm2) 1.99 2.87 2.87
Pitch {cm) 30.00 30.00 30.00
Asl 6.62 9.55 9.55
As2 Diameter 0.00 0.00 0.00
Arca (cm2) 0.00 0.00 0.00
Pitch {cm) 30.00 30.00 30.00
As2 (cm2) 0.00 0.00 0.00
Total of As 6.62[{ OK) 9.55/( OK ) 9.55|{ oK)
-2.80 «7.04 -8.97
Ayl Diameter D16 D19 D19
Arca (em2) 1.99 2.87 2.87
Pitch {cm) 30.00 30.00 30.00
As') (cm2) 6.62 9.55 9.55
As'2 Diameter 0.00 0.00 0.00
Area (em2) 0.00 0.00 0.00
Pitch (cm) 25.00 25.00 25.00
A2 (em?) 0.00 0.00 0.00
Total of As' 6.62|( OK ) 9.55]( 0K ) gsslioky
Check
FA 1.05 0.24 1.08 0.22 1.07 0,19
Se 19.01|CK 28.4310K 30.5110K
S» 804.37|OK 1.364.65 10K 1,757.47|0K
Te 0.87|CK 1.18jOK 1.10JOK
x 7.85 10.97 13.66




Open Ditch Type

(1) Structural Dimensions

The dimensions of structures and rahment frame for analysis are shown in
Fig. 2.2.5.

(2) Loading Condition

The load to be considered for the structural design of box culverts are:

a. Earth pressure (yt=1.91/m3
| Ka = 0.341
b. Live load :Pvl =1 t/m?
c. Dead load : reinforced concrete ye = 2.5 t/m®

(3) Results of Calculation

The moment, sher force and axial force are calculated by rahment analysis and the
out puts from computer is shown in the following computer out put.

The results of stress calculation are presented in Table 2.2.4 and the reinforcement
arrangement are as shown in Fig. 2.2.6.



100100 600 100100

@
| i
|
i .
sl @ n &
! |
! |
! ! "
g A 1S =
J 2]
10 800 _100

Fig. 2.2.5 Dimensions & Frame

5 150 500 150 50

D16A300

DIGAIN0
1,100

b

Fig. 2.2.6 Reinforcement Arrangement

2-31



4

39404-¥TTNAN INNISVIJS10- 49NN ‘NOTLOVIA-TYCON * INIWASY1ASTA-"TVaON

- Jovd

- J0vd

000" 000" 1

A X ON

* JIVNICQOOD JION »

sekkkkkd 0001 X 009 HOLIQ NIJO ##skex

NOSIAN NVZNVY )
{ M-NOL*NOL ‘QV4000T/1 01 = 1IN0 ) 3dAL 4 miod ind 1o
0 =3ISVD - 0 =3ISVD AYOAY-NEITIV-XVN >
H0/90 070091 (1331S) SSIULS F1GVAOTIV 7..
ZHMO/9 0°OL (ALT4ONCD) SSTULS TNAVAOTIV
saIsV? 0 NOTL¥NIZNOD QV0T 40 ¥3GHN
sasvy 1 avoT 2ISIVE 40 ¥ITMN
£ SYTANAN 40 AT
¥ S30ON 40 ¥IWON

** LSIT VIVA-DISIVE #»

wikrerkks 0001 X 009 HOLIO N3O srtkix



= INJCASYI4SIA TVOON =+

§ - 3ovd steekeer 0001 X 009 HOLIQ NIdO #ddsx
1
1] - 00 001°1 000~ 000°1 060°¢ £ ngraLsIa +
0 00" 006" 000 0051 005°1 Z naralsia +
0 (il 0011 000" 060t 000 °1 1 NATILSIq +
: 1
IJINVH ITNV 21 11 od (ed} d N adil asv
*x Y1VQ QVOT JISIVE *»=
F - 35Vd seeerkay 0001 X 009 HOLIA N3d0 wkdddr
1
0° 0 00+30000 " 00°06- 001°1 £0-300099 ° L0+3000SZ 7 002" XI4d XI14 1 |4 g
0- 0°00001T  00+30000 " 00" 006 ° £0-300099 LO+300052 - 00¢” X4 X1d ¥ £ FA
0- 0- 00+30000 * 0006 0011 £0-300099 " L0+300082 " 002" XI4 XI4 ¢ 2 1
(CeHt/L)SH  (Ze/D2AY  (930/0/00) (930) 01 {1} 1 (Zex/NO1) 3 (Ts)V | 1 | 1 CoN

4703 MYOAMNVH NVEII  4300°3°L  V13HL OHDIVZNA INGWOW IFIN SOTNQON SNNOA  INISNINNVE NOLLIONGD  ON-ado
#* ISIT V1VQ-33diran **

€ - 349%d sekeerx 0001 X 009 =UH~Q NIJO *¥skex

1
0011 000 ¥
001°1 006° £
000" 006" 2

33



000" 000" 000" 8F000 8F000 61000" 0011
1278 Lve” 000" 8¥000 " SE000 " 61000 " 528"
b0z “- Le8° 000" 9F000 22000 61000 ° 05g "
815" 2Lhl 000" oF000 01000 " 61000° 512"
920 °1- 6¥2°2 000" 82000 00000 61000° 000"
(a -v ) ¢
168161 920°1- 000" 6b2 2~ 82000° 61000° 00000 * 006
08LFF "1 1201~ 580 - 6b2 2~ Fl000° F1000° 00000 5L9°
281621 910°1- 000" 62 ‘2- 00000 " £1000° 00000 0y
08LFF 1 120 °[- 5E0” 6¥2°2- FLO00 - P1000° 00000 522"
969161 920°1- 000" 682 2- 82000 '~ 61000° 00000 " 000°
& -¢ ) 2
920°1- 052 '2- to0" 82000 "~ 00000 " 61000 - 001°1
81§~ 41 M B 000" 0%000 "- 01000°" 61000 - 528"
K02 - L8 - 000" 9%000 "- 22000 " 61000 - 0sg”
¥ro - Lye - 000" 87000 - 52000 " 61000 - 512"
Q00" 000" 000" 55000 *- 8¥000 * 61000 - 000"
€ -z ) 1
NOTLOVAY INanon F0U04-AVIHS  TOYOI-TVIXV TIONV-1430 NOILD343d  NOILVIRIOJ3d Isia ‘oN

=% 1 = 3SV) dvo] *+

9 - I15vd sekxkkrk 0001 X 009 HILIQ NIJO sxkdnn
61000~ 00000 " ¥
61000 "~ 00000 " t
61000 '~ 8¥000 - Z
61000 '- 8¥000° 1

A Xa N as¥)

2 - 34



Open

Table 224 . STRESS CALCULATION OF OPEN DITCH TYPE

Type Open Ditch
- Side Wall Base Concrcte
N t 0,00 2.25
M tm 1.03 1.03
Q t 2.25 0.00
d cm 20.00 20.00
d cm 5.00 5.00
u cm 7.50 7.50
b cm : 100.00 100.00
r AlvAs 1.00 1.00
n 15.00 15.00
Sca ko/em2 70.00 70.00
Ssa kg/cm2 1,600.00 1,600.00
Tca kafem2 4.25 4,25
M 1.03 1.19
C 27.29 32.96 3“3_.44 23,44
k() 0000 S0
np (C) 0.0029
S 41,591  41.50 35.711
e T = 2
np () 0.01941 0.0196 0.0205
dvd 0.25 0.25
[ cm 9,999,99 53.12
fid 500.00 2.66
ng 0.0194 0.0205
r-As 2.59 213
r-As' 2.59 213
Re-Bar Ar vent
Asl Diameter D16 D16
Area {cm2) 1.99 1.99
Pitch {cm) 30.00 30.00
Asl 6.62 6.62
As2 Diameler 0.00 0.00
Area (ecm2) 0,00 0.00
Pitch (cm) 30.00 30.00
As2 (em?2) 0.00 0.00
Total of As 6.62|({ CK ) 6.62|(CK )
+2.5% -2.73
Ayl Diameter D16 D16
Area (em2) 1.9% 1.99
Pitch (cm) 30.00 30.00
As'] (cm2) 6.62 6.62
As'2 Diameter 0.00 0.00
Area (em2) 0.00 0.00
Pitch (cm) 25.00 25.00
As'2 (cm2) 0.00 0.00
Total of As' 5.62|( OK) 6.62)( OK )
-2.59
Check np 5
” -
A'vAs
C
S
_é 1.10 0.27 1.10 0.27)
S¢ 20.69jCK 20,34|]OK
Ss $52.52|CK 674.63|CK
Te 1.13|CK 0.00|OK
x 5.34 6.23

[ 8]
]
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Box Culvert

(1)

2

©)

Structural Dimensions

Following types of box culvert are emproyed in the project. The dimensions of
structures and rahment frame for analysis are shown in Fig. 2.2.7,

Case No. Type _h b

Case 1 Single Section 1.5mx1.5m
Case 2 Single Section 1.5mx2.0m
Case 3 Single Section 2.0mx20m
Case 4 Double Section 1.5mx15mx2
Case 5 Double Section 1.5mx20mx2

Case 6 Double Section 2.0mx20mx2
Loading Condition

The load to be considered for the structural design of box culverts are:

a. Earth covering :He=32m

b. Water level :Hw=23hm

c. Active load : Pvl=1tm®

d. Dead load : reinforced concrete yc = 2.5 t/m’

The results of load calculation are shown in Tab]c 2.2.5.
Results of Caiculation

The moment, sher force and axial force are calculated by rahment analysis and the
out puts from computer is attached bellow.

The results of stress calculation are presented in Table 2.2.4 and the reinforcement
arrangement are as shown in Fig. 2.2.8.
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Table 2.2.5 LOAD COMBINATION OF BOX CULVERTS
Load Conditions of Box Culvert Single Double | Double | Double |
1.5x1.5x1[1.5x2.0x12.0x2.0x 1.5x1.5x1] 1.5x2.0x1]2.0x2.0x1
Frame Length
Top Slab 1.900{ 2.400f 2.400] 1.850] 2.350] 2.350
Side Wall 1.950] 1.950] 2.450] 1.950{ . 1.950] 2.450
Height of Box hp | m 1.500] 1.500f 2000 1500 2000 2.000
Width of Box Lo i m 1.500 2.000f] 2.000] 1.500] 1.500] 2.000
Soil Depth h [ m 32000 3200 32000 32000 32000 3200
hy | m 5.150] 5.150] 5650 s.as50]  s.es50]  5.650
ys [tm?} 1.900] 1.900] 1.900] 1.900{ 1.900] 1.500
1 Vertical Earth Pressure
P |t/m!] 6.080] 6.08)] 6.080] e6.080 6080 6080
2 Horizontal Earth Pressure .
Coeflicient of E.P. k 0.500] 0500 o0500] 0.500] 0500 0.500
' P [Um?|  3.040] 3040 3.040] 3.040] 3.040] 3.040
Praz fUm?|  4.893) 4893 5368 4.893] 5368 5.368
3 Water Pressure
Water Depth he [ m 1.000f 1000 1250 t000] 1250 1250
P,y [tm?] 0.000] 0.000] 0.000] 0.000] 0.000] 0.000
Pw |Um?| 1000 10000 1.250] 1.000] 1.250] 1.250
4 Active Load
Pua 1.000] 1000 1.000] 1.000] 1000 1.000
4 Dead Load
Unit Uweight
Reinforced Conc. y. ftm’| 2.500] 2.500] 2.500] 2.500] 2.500] 2.500
Self Weight (Top) D [vm] 2300 2800 2.800] 2050 2050 2550
- Self Weight (Side) D, |t/m| 3000 3.000] 4.000] 2.083] 2750 2.750
5 Summary of Loads
Load 1 (Top Beem) 8291 8.247] 8.247] 8188 7.952] 8.165
Load 2 (Side wall, Soil) 3.040] 3.040] 3.040] 3.040] 3.040] 3.040
4893] 4.893] 5.368] 4.893] 5368 5.368
Load 2 (Side wall, Water) 0.000] 0.000] 0.000] 0.000] 0.000] 0.000
1.000] 1.000] 1250} 1.000] 1.250] 1.250
Water Depth 1.000] 1000] 1250]. t.ooo] 1.250] 1.250
Load 5 (Bottom Beem) 9869 9497 9.913] 8746] 8.537] 8.750
2 -38
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Table 2.2.6 (1/2) STRESS CALCULATION OF SINGLE BOX CULVERTS

Type Box 1 3x13xi Box 1.5x20x% 1 Box20x20x1
Top Slab Side Wall Top Slab Side Walt Top Slab ﬂde Wall
N 1 3 56 3 64 3 47 868 4.62 10.9%
M m 1.68 1.85 2. 46 .85 2.12 3.01
Q t 6.73 4.67 850 4.67 8 49 6.26
d cm 30.00 30.00 30.00 30.00 30.00 30.00
& om 19.00 10.00 10.00 10.00 10.00 0.00
u cm 10.00 1.00 10.00 1.00 10.60 0.00
b em 100.00 100.00 100.00 100.00 100.00 100.60
r Ay A 1.00 00 00 Q.00 1.00 1.00
n 13.00 15.00 15.00 15.00 13.00 15.00
S5ca kg/cm2 70.00 70.00 70.00 T70.00 10.00 70.00
Ssa ke'em2 }.600.00 1.600.00 1,600.00 }.600.0C 1.600.00 1.600.00
Tea ke/em2 4,23 4.25 4.2% 4.25 4.25 4.25
M 203 1.94 2.8} 1.94 318 4.10
[«
k (C)
ap (<)
k] 47.26 49 59
k(3) 020 '
np (8) 00113
did 0.33 33 0.33 0.33 0.33 0.33
f cin 17.02 22 76.98 2231 68.87 317.49
fd 1.90 0.74 2.36 0.74 2.30 1.25
np 0.0113 0.0000 0.0196 -0.0007 00208 0.012%
r=Asy 2.27 0.00 3.91 -0.13 4.16 2.57
T-As 227 0.00 3o 0 00 4.16 257
Re-Bar Arrangement
Asl Dramneter D13 - D13 D16 D16 Dlé D&
Arca (em2) 1.27 .21 99! 199 1.99 1.99
Pitch {om) 30.00 30.00 30.00 3000 30.00 30.00
Asl 422 422 662 6.62 6.62 6.62
As2 Drameter 000 £.00 £.00 .00 00 0.00
Area (cm2) 0.00 0.00 0.00 .00 O 0.00
Piich (¢m} 30.00 30.00 30.00 30.00 30.00 30.00
As2 (cm2) 0.00 .00 .00 0.00 0.00 0.00
Total of As 4.22]( OK )} 4.22[{ DK ) 6.62]( OK ) 662){ OK )} 6.62|{ OK} 6.62|{ OK )
-227 =000 -3 91 013 -4.16 -257
Avl Diameter D13 D13 D16 Di¢ D16 D16
Area (cm2) 1.27 1.27 1.99 1.99 1.99 1.9
Pitch (em) 30.00 30.00 25.00 25.00 30.00 30.00
As'} (em2) 4.22 4.22 7.94 7.94 6.62 6.62
Axl Diameter 0.00 0.00 0.00 0.00 0.00 0.00
Area (cm2) 0.00 0.00 0.00 0.00 0.00 0.00
Fitch {em) 25.00 23500 2500 25.00 23.00 25.00
Ax'Y (cm2) 0.00 0.00 0.00 0.00 0.00 0.00
Total of Ay 42H(OK) 422[(OK) T94(OK ) 7.94{ OK ) 6.62]( OK)
=2.27 =0.00 -3.91 0.00 -4.16
p—
Check np 0.02112 0.02112 0.03310 0.03310 0.03310
k | : 028 :
A'VAs
C B
3 26.08 0.87 21.04 . .
F4 1.01 0.20 025 .41 04 0.24 0.35 0.42 1.04 024 1.00 0.26
¢ 20.12|OK T17[OK 25. 73|10k 6.97|OK 28.15|10K 27.78|OK
Ss £53.01 |OK 28.05|0K 591.23|OK. 26.12|OK 1,035.74|OK 711.00]0K
Ta 2.24 |OK 1.56|OK 2R1|OK 1.56|]OK 2.83|]OK 09 |OK
X 1.64 23 80 B.41 24.00 8.57 11.09




Double

Table 2.2.6 (2/2) STRESS CALCULATION OF DOUBLE BOX CULVERTS

Tvpe Box 1 3x15x2 Box 1.5x20x2 Box20x20x2
Top SEh Side Wal Top Slab Side Wall Top Slab Top Slab
N ] 333 599 331 TM 441 0.00
M m 2 40 .36 4.15 1.78 392 272
Q t 711 333 933 bR | 4 0% 850
d cm 219.00 29 00 3000 3000 000 30.00
o cm 10.00 10.00 10.00 1000 10.00 10.00
L] cm 9.50 9.30 10.00 10.00 10.00 10.00
b o 100 0O 100 00 100.00 100 00 100 00 100.00
r Alv/As 100 1.00 .00 1.0 100 1.00
n 15.00 15.00 15.00 15 00 1500 14.00
Sca ke/cm2 70.00 70.00 70.00 70 00 70 00 70.00
Ssa _kplom2 1.600.C0 1.600.00 1.600.00 1.600.00 1.600.00 1.600.00
Teca ke'cm2 4325 4128 425 425 425 428
M 271 193 4,48 24 436 272
C : 1407 23.06 14.44
k(C) 1343 1,006 1 '
np () 0.0033| 0.0034 0.0000] 00003 0.0t
L] 46.56 21.44 .
k(5) 028 3 ; %
|__hp(3) -0 0461| 0.0158 0.0038| 0.00M 0.0404] 9.0403 0.0049] 0.0051 0.0354] 0.0355 0.02921 _0.0294
d/d 034 034 0.31 0633 0.13 0.13
f cm R1 43 LSk 135.32 3438 98 97 9.999 99
0d 28l 111 451 1.13% 330 33133
np 0.0033 0.0038 0.0404 0.0049 0.0334 0.0292
r-As 0.64 074 807 098 7.09 5 84
T-As' 0.64 0.74 807 228 7.09 3 84
Re-Bar Arrangetnent
Asl Diameter D16 D16 D¢ D12 D19 D%
Area (em) 1.99 1.99 287 2.87 .87 2 &7
Pitch {cm}) 30.00 2000 30.00 30.00 30.00 30.00
Asl 662 6.62 935 .33 9.35 o 5%
As2 Diameter 0.00 .00 0.00 .00 0.00 0.00
Area (cm2} 000 0.00 0.00 0.00 0 00 .00
Pitch {cm) 30.00 30.00 30.00 30.00 30.00 30.00
As2 (cmZ) 0.00 .00 0.00 .00 0.00 0.00
Total of As 4621 OK) 662 CK) 9.55){ OK) 935 OK) §.53(OK) 9.55[{ OK )
{0 64 «0.74 -8 07 -0.98 -7.00 -3 R4
As'l Diameter D16 Blé D19% D19 Di1s D19
Area (cm2) 199 1.99 2.87 2.87 287 Z8?
Pitch {cm) 30.00 30.00 30.00 30.00 30.00 30.00
As'l (em2) 6.62 6.62 9.55 9.35 9.55 9.55
As'2 Diameter 0.00 0.00 0.00 0.00 0.00 0.00
Area (cm2) 0.00 0.00 £.0Hy 0.00 0.00 0.00
Pitch (em) 15.00 2500 25.00 25.00 15.00 25.00
As'2 (cm2) 0.00 0.0 0.00 0.00 0.00 0.00
Total of A8 6.621( OX) §.62{{0K) 9.55)( OK ) 2551 OK) 9.35[{ OK ) 9.55]( OK
~0.64 -0.74 -8.07 -0 98 -7.0¢ -5 84
Check np_ 0.03424 0.03424 0.04775 0.04775 0.04775
k &k 4 30 44 31 €27
A's/As 1.00 1.00 1.00 1.00 1.00 1.00
[ 824 330 172 310 7.41 850
3 2127 T.83 18.34 647 16.75 2230
_E 1.04 .24 0.96 027 1.0% 0.27 1.00 .30 1.07 0.28 1.08 0.27
bl 26.58 10K 12.61]0K IR4A2|OK 14 26 |OK, 35.91JCK 25.67|0OK
Ss 1.028 86{OK 269.06|0K 1.369.01|CK 271 08|OK 1,217.36|CK 1012.51|CK
Tc 2.45|0K L15|OK dl11jCK 1. 10]OK 302[0K 2.83|OK
X 810 11.97 B 89 1323 9.20 8.22
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Steel Slide Gates for Sluice

)

(2

Requirements and Design Loads

Since the ground elevations of the basin of the SL 2, SL 3 and SL 4 are lower than
design high water level, sluice gates are installed to prevent the counter flow. A
spindle type steel slide gate and manual operation system are applied to the gate.

The design water level for main beams and skin plate is set at considering the time
lag of flood concentration. The design water levels are:

River side: Design high water level
Land side : Sluice bed

For the design of opration equipment such as spindols, the diferance between river
side and land side is set at 1.0 m.

Basic Dimensions

Following types of steel slide gates are emproyed in the project.
Type 1 Type 2

Clear Span (W) 1.5m 20m

Clear Height (H) 1.5m 1.5m

The gate width and height shall be calculated as follows:

Gate height H+ AH
Gatewidth H+2 AH

where, DH: 3P <5t : At=50cm
ZP>351t : At=T75cm

Two (2) middle main beams shall be provided besides main beams provided at the
bottom and top gate. The layout of the main beams shall determined to load the
same waterpresser at the each mainbeams,

The design loads and other requirements for design of gates are summarized in Fig 2.2.9.

Flap Gate

A flap gate shall be installed at the outlet of the pipe culvert SL 1 to prevent the
counterflow from the river to land side. The design conditions are:

1. design water level is:
Riverside :  Design high water level (EL. 7.77)

Land side :  Sluice bed (EL. 4.00)

2. openning water pressure is 1/3 of gate clear diameter (20cm).



e
e

3. material of gate leaf shall}e__fablic casting iron.

The detail of flap gate is shown in Fig. 2.2.10.



DIMENSION OF GATES

. {UNIT mater)
DRAINAGE OUTLET IRRIGATION INTAKE
- R} - SL 2 L3 st RIGHT LEFT
: : : ¥IDTH I 2,000 1.500 2. 000 1.000 1.250
o == T T | . n 2.150 1. 650 2. 150 1. 100 1. 350
N 220 1.760 2. 260 1. 260 1.510
T 2. 500 2.000 2. 500 1. 500 1.750
g HEIGHT . HI 1. 500 1.500 1. 500 1. 000 1. 000
. H? 1. 575 1.575 1.575 1. 050 1. 050
1 - 1 H3 2. 000 2. 000 2. 000 1. 500 1.500
NEAL IINE FRUE H4 3. 000 3,000 3. 000 2. 000 2, 000
S ! - . - HS 4. 650 4.650 4.650 6. 170 6. 170
<3 ! HE 0. 630 0.630 0. 630 0. 568 0. 568
I | : H7 0. 508 0.508 0. 508 0. 000 0. 000
I : H8 0. 508 0.508 0. 508 0.432 0. 432
[ : Ho 0. 750 0.750 0. 750 0. 500 0. 500
‘ DESIGN REQUIREMENTS ,
(UNIT meter)
. DRAINAGE OUTLET IRRIGATION INTAKE
T W " | | 2 | %3 ] s RIGT | el
. TYPE OF GATE , FABRICATED STEEL SLIDE GATE
FRONT YIEN : : CLEAR SPAN 2. 000 1.500 2. 000 1.250 1.000
s s s ' CLEAR HEIGHT 1,500 1.500 1.500 1.000 1.000
DESIGN WATER DEPTH .
RIVER SIDE 1.625 3.625 3. 625 3.720 170
LAND SIDE 0. 000 0. 000 0. 000 0. 000 0. 000
OPERATING WATER DEPTH -
RIVER SI0E 1.575 1.515 1.515 1.050 1. 050
LAND SIDE 0.575 9,575 0. 575 0. 050 0. 050
WATER SEAL RUBBER SEALS ON ALL SIDE (LAND SIDE)
TYPE OF HOIST MANUAL DRIVEN SPINDLE
| OPERATING SPEED . MORE THAN 20 cm/min. -
STRUCTURAL STEEL
NAIN BODY s541
MINIMUK TH1CXNESS
PLATE . 0. 006
BEAM 0. 005
SKIN PLATE o 0. 008
L ALLOYANCE FOR CORROSION )
: . ONE SIDE FACING WATER 0. 0005
LR BOTH SIDES FACING WATER 0. 00!
0 7 _ SLENDERNESS RATIO
I ) ' CONPRESSION MENBERS 120
“ . TENSION MEMBERS 200
. DEFLECTION OF MAIN BEAM ¥2 / 800
o _A=T :
L AEPUBLIC OF INDONESIA
e 9 : ' : - _ ' R I S ) B ) S R XINISTAY OF PUBLIC YORKS
T DIRECTORATE GENERAL OF WATER RESOURCES DEVELOPKENT
ALt DIRECTOTATE OF TECHNICAL GUIDAMCE -
£, | R e e MEDAN FL0O00 CONTROL PROJECT
' KRES  SOAE B (230} : IRRIGATION FACILITIES .
/% H‘ : : ¥ STEEL SLIDE GATE
2 : ST OF DIMENSIONS & DESIGN REQUIREMENT
PErRED OEDER SBAITIED | CEATIFIED | APROYED _Jl_lli!_
= ' | ' RD.027
i
LT \PPER GUIDE : ' : JAPAN INTERRATIONAL P o | e, | €Y.
Fig. 2.2.9 STEEL SLIDE GATE FOR DRAINAGE SLUICE o — —— | 1 I:EUN%PIE'?E?J&:E t&ENCTL "'2 | ;ﬁ‘m‘:.':':' ur {297
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w l 420
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z sle GATE LEAF
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-ill
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DI61350
SIDE VIEW - SECTION A=A
DETAIL OF FLAPE GATE
SCALE, D
SCALE: REPUBLIC OF INDONESIA
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SCALE.D ti:0) DIRECTORATE OF TECHNICAL GUIDANCE

MEDAN FLOOD CONTROL PROJECT
DRAINAGE OUTLET
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___DETAIL OF FLAP GATE -
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2.3 Bandar Sidoras Intake Weir

The existing Bandar Sidoras Weir forms an obstruction during flood time and causes
substantial inundation upstream of the weir. This weir, therefore, need to be
reconstructed in line with the river improvement plan.

2.3.1 Hydraulic Requirements

Features and Functions_of Existing Weir

The features and functions of existing intake facilities and the future plan of irrigation in

this area are;

(1) Intake Weir:

*  Type of weir

*  Crest elevation

« Length of overflow section
*  Weir height

»  Scouring sluices

(2) Irrigation Channel

» Irrigation channel left bank
right bank :

: Concrete-made ogee weir

: EL.3.934m

: 280m(14.0mx2)

. about 5.8 m

: B=2.0 m at the both sides of weir

: Earth channel, B=2.95m, H=0.72m

Earth channel, B=3.30m, H=0.83m

»  Water level at outlets of box culvert

left bank

right bank :

=  Existing irrigation system

Irrigation area  left bank
right bank :

Required water left bank
right bank :

(3) Function and Operation Method

: EL.34m

EL.3.8m

1,364 ha (to be expanded to 1,680 ha)
2,093 ha

1.36 m*/s (to be increased to 1.68 m*/s)
2.09 m¥/s

»  Under the normal flow conditions, the weir maintains the water level by 30 cm
above the weir crest and provides the required irrigation water to the

downstream irrigation area.

*« The opéning of the control gates at the inlet of the box culverts is controlled
keeping the required water level of irrigation channel.



* If floods occurs, the scouring sluices are opened to release the excess water
into the downstream so that the water level at the weir be lowered to the
regulated level for irrigation.

*  The scouring sluices are periodically opened to flush sediment which settled in
front of intake gates. ‘

Reconstruction Plan

(1) Type of Weir

2)

The requirements of the new weir to be followed are:
» To have sufficient flow capacity for the design flood discharge; and

* To maintain the existing function as irrigation facility as well as to meet the
feature requirement of the irrigation plan.

To fulfill these requirements, construction of movable weir or fixed weir with large
capacity sluice gates are conceivable. Judging from the large design flood
discharge of 320 m®/s, movable type of weir is essential.

The following three types of gates are generally employed for the river weir which
has a purpose of controlling upstream water level for irrigation:

» Inflatable rubber gate
»  Steel roller gate
*  Steel tilting gate

To select the suitable type of gate, a comparative study focusing on operation,
maintenance and construction cost has been made and the inflatable rubber gate is
proposed for the following reasons:

*  Construction cost and maintenance cost are low.

*  Operating devices are simple and easy to handle and further, automatic
operation for gate deflation is performed without any external power source.

*  Only a short time is required for mere periodical maintenance work.

»  Construction and operation have been experienced successfully in Indonesia in
recent years,

Location of Weir

The weir is to be constructed on the flood channel at the point of 150 m upstream
of the existing one (PE71+00) from the following reasons:

»  The weir can be constructed under the dry condition.



3)

Since this flood channel is planed to excavate for short cut channel, the
construction cost will not be increased.

The existing irrigation channels will be extended to the upstream to connect with
the proposed box culvert as well.

Hydraulic Design of Intake Weir

The new dam shall be designed to meet the future irrigation plan. The hydraulic
requirements are;

To provide the required irrigation water which is 2.09 m®/s for the right channel
and 1.68 m’/s for the left channel under the condition of the river discharge
4.32 m’/s corresponding to the 95 % flow frequency a year.

The volume of intake water will be controlled by the control gates at the inlet
of the box culverts to maintain the water level of irrigation channel.

To minimize the inflow of excess water to the drainage channel during the
floods, an orifice type intake structure shall be employed.

(a) Water Level at Control Gates

Since water levels of the irrigation channels and box culverts are influenced by
the downstream water level, a non-uniform flow method is employed to
compute the water level at control gates.

The boundary conditions for the non-uniform flow calculation and results are
shown in table bellow:

Left Right
Boundary Condition
Discharge 1.68 2.09
Initial Water Level 3.40 3.80
Roughness CoefTicient
Existing Channel 0.030 0.030
Connecting Channel 0.025 0.025
Box Culvert 0.015 0.015
Results of Calculation
Water Level at
QOutlet of Box Culvert EL. 3.65m EL.4.04 m
Inlet of Box Culvert EL.3.70 m EL.4.08 m

Since the water level at the right gates is higher than left one, the hydraulic
calculation to determine the water stages of weir and intake facilities is carried
out using the right side condition.



(b)

Crest Elevation of Weir

The water level at the downstream of the right control gates are higher than
left one so that the right side condition will give the critical condition to set

the crest elevation.

The crest elevation of the weir is derived from the water level of the control
gates, orifice loss (Ah) and overflow depth of weir(). The relations
between them are as shown below;

Crest Elevation = Upstream Water Level of Control Gate
+ Orifice loss - overflow depth of weir

The orifice loss is calculated by the following formula:

Al=hy-l={QC.B.m))}¥Q2.g)-h

where,
Al orifice loss, difference of water head between upstream and
. downstream (m)
h upstream water height (m)
hy downstream water height (m)
0 volume of intake water (2.09 m*/s)
C coefficient of orifice (= 0.253)
B width of orifice (= 1.25 mx 2)
o height of orifice (= 0.70 m, opening 70 %)
g gravity acceleration |

An overflow depth of rubber made dam can be obtained from the equation
below:

hd ={Q/(Cd. B)}m’.

where,
hd : | energy head above crest
0 : discharge rubber made crest (m’/s)
- Cd : discharge coefficient,
Cd=1.77xhiH+1.05
(experimental formula for rubber made dam crest)
B : length of crest (surface water width at crest)
hd : energy head above crest
H : upstream water depth from bottom of weir



(©)

(d)

Orifice loss of the right control gates and overflow depth of the weir are
calculated as below: |

Ah=0.09m
hd=0.11m

From the results of above calculations, The crest elevation of weir is set at
EL. 4.06m (EL. 408 m+0.09 -0.11 m=EL. 4.06 m).

Auto-deflation Water Level (Maximum Overflow Water Level)

To be free from the vibration and deformation of the dam body caused by
overflow water, the overflow water depth of inflatable rubber made dam is
limited about 20 % of dam height. Therefore, the inflatable rubber made
dam is designed to deflate automatically depending on upstream water level,

On the other hand, to prevent the sedimentation at the upstream of dam, the
weir required to deflate a certain extent time. The existing scouring sluice
gates have been opened once a month to flash out the sediment. To maintain
the equipment of inflatable rubber made dam, the gate operation will be
conducted twice a year as a maintenance operation.

The occurrence of auto-deflation concentrates in the rainy season especially
on November to December.

Considering the above matters, the maximum overflow water depth will be
decided by the structural requirement (H/D<1.4) and number of deflecting
time. the number of auto-deflation time is set at 10 times a year.

The number of auto-deflation times corresponding to the river discharge are
shown in the following table and the auto-deflection water level is set at
EL. 487 m.

River Discharge| Overflow |Upstream Water| Auto-deflection H/D

(m/s) Discharge Level Time
(m¥s) (EL. m)
- 20 16.23 4.63 28 1.182
T 25 21.23 472 20 1.210
30 26.23 480 15 1,236

40 36.23 4.93 7 1.277

Bottom Elevation of Orifice

To ensure the orifice flow at the control gate, the upstream water depth shall
be more than 1.8 times of orifice height. The bottom elevation is calculated
as bellow: :



(e)

EL.417m-0.7x1.8=291>EL.2.90m
Hydraulic Design of Box culvert and Connecting Irrigation Channel

As mentioned above, the connecting irrigation channel including the box
culvert is designed under following conditions:
channel-bed elevation at the outlet of box culvert is EL. 3.13 m.

a
b. water level at the control gate is EL. 4.08 m.

o

bottom elevation at the control gate is EL. 2.90 m.

&

to ensure the water level at left control gate, a drop structure is provided
at the end of winding portion of channel.

e. the dimensions of drop structure are:
bottom elevation of weir : EL. 3.13 m

upstream water level : EL.4.062m

overflow depth : H=095m

width of weir : B =Q/C h**)=1.68/(1.75 0.95*?)
=1.04=1.05m

The basic dimensions of connecting irrigation channels are summarized as
bellow.

Left Channel |  Right Channel
Cannel-bed Elevation
at Box Qutlet EL.3.13 m
at Box Inlet EL. 290 m
Discharge 1.68mYs - |  2.09m’%s
Connecting Channel
- Channel Width 2.80m 3.30 m
Water Depth 1,10 m 1.10 m
Channel Slope 1/1,000 172,000
Channel Length 190 m 258 m
Channel Lining Wet Stone Masonry (n = 1:1.0)
Approach Channel -
Channel Width 2.80 m
Water Depth 1.10 m
Channel Slope level (EL.3.13 m)
Channel Length 28.5m
Drop Structure ‘ -
drop height H=0.63m
drop width - W=1.05m
upstream WL, EL. 4,062 m
Box Culvert
Channel Width 1.25x1.5x2 1.5x15x2
Water Depth 1.10m 1.10 m
Channel Slope level (EL. 3,13 m)
Channel Length 36.78 m t 60.60 m

The results of non-uniform calculation is shown in next pages.
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2.3.2 Structural Design

Spillway Bed Structure (Main Dam Body)

)

@

Length of Apron and Riverbed Protection
The length of apron are determined by using the Bligh’s Formula.
W > 0.6 Co D'?
where, W : length of apron
L : total length of apron and riverbed protection works
Co: creep ratto (Co = 18 for fine sand and clay)
D : height of weir (D =3.14 m)

W>06x18x3.14"2=1914m

Since the length of down stream spillway bed is 7.479m and the distance between
dam axis and water falling point is about 4.0 m, the apron length (La) is calculated
as bellow:

La=19.14m-(7.479m-40m)=1566<16m

The length of upstream apron is generally set at half length of that of downstream
one. The length of riverbed protection works is set at the same length of apron.

The required length of apron is, spillway bed and protection works are summarized
bellow:

upstream downstream
length of spillway bed 4,521 m 7.479 m
length of apron S§m 16 m
length of protection works 10 m 20m

Thickens of Apron

To withstand the scouring force and uplift pressure, the thickness of spillway bed
and apron is set at 1.6 m and 1.2 m as bellow.

t = 4/3 (Ah-Au)/(We-1)

where, Ah : max. difference between water heads (m)
Au : uplift at the toe of main body (t/m?)
Wc  : unit weight of concrete (We = 2.35 t/m’)
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US Water Level | DS Water Level Thickness (m)
(EL. m) (EL. m) Spillway Bed Apron
Normal Condition 4.06 0.92 1.650 1.180
Flood Condition 4.36 1.55 1.463 1.069

Prevention of piping
The required creep length against piping can be obtained by Lane’s method.

C <(Lh/3 + ZLv)/AH
where, C:Lane’s creep ratio, C = 8.5 for silty sand/clay
Lh : creep length of horizontal direction,
(Lh=8+16+12=36 m)
Lv : creep length of vertical direction (m)
AH : max. difference between water heads (m), AH=3.14m

ZLv>CAH-Lh/3=85x3.14-36/3)=14.7m

To obtain a more than 14.7 m vertical creep length, the steel sheet piles with 2 m
long will be driven at four (4) locations which is upstream and downstream edge of
apron and spillway bed structure.

Foundation

The foundation of weir is consisted of fine sand whose N value is 16 in average.
The supporting layer which has the N value more than 50 observed below EL. -10.0
m in boring Bo.07.

As for the foundation of the rubber made dam, PC piles ¢ 600 mm are to be driven
to increase the bearing capacity of the subsurface layer to support the weir body.
The detail of foundation design is presented in 2.3.3 Design Calculation.

Inflatable Rubber Made Dam

An air filled inflatable/deflectable rubber made dam with automatically deflation
system is employed. The power for operation of rubber made dam is domestic
power consumption. One set of diesel engine generator is prepared for the
emergency power source. -

The detail of design for dam body is shown in 2.3.3 Design Calculation.
Machine Room and Control House

A control house is provided at the left side of the left dike. The control house is
composed of the entrance hall, the operator room and the operation room and at the
basement, machine room is provided. The minimum area for each space is;



\f

(4)

(5)

(6

Entrance hall 2.5m?
2

Operator room 145m
Operation room 8.0 m%.
Machine room 8.0 m®
Total 33.0m’
Inspection Bridge '

To approach the control gates for irrigation, a inspection bridge is provided at the
upstream of rubber made dam. The bridge is designed as a steel plate girder
pedestrian bridge. The basic dimensions of bridge are;

Span . L, =26.4 m (control house to left control gate)

L2 = 36.0 m (left control gate to right control gate)
Steel plate girder I Beam (120 cm high, 25cm wide)
Width : 1.5 m wide

The design calculation of the inspection bridge is attached in 2.3.3 Design
Calculation,

Flood Channel Protection Work

For the flood channel protection, the crib-type concrete blocks (1.5 mx 1.5 m x
0.2 m, 0.5 ton/each) with boulder filling are provided to prevent erosion along the
dam body and intake facilities for irrigation. The protection work covers the area
along the low water channel and above the box culverts for irrigation intake. The
area to be covered by protection works is 3,000 m? in total.

Structural Features of Proposed Intake Weir

The determined structural features of the proposed weir and related irrigation
structures through the hydraulic design are given below and shown in the DRW **,



Work Item

Dimensions

Main Rubber Dam

Crest Elevation EL. 4.06 m

Bottom Elevation EL.0.92 m
Auto-deflection Water Level EL. 487 m

Height of Rubber Body 3.14m

Width of Rubber Body 13.00 m at the bottom

Maximum Water Head

3.95 m at the auto-deflation water level

Design Overflow Depth

0.8l m

Concrete Footing with Steel Pipe Pile

28.0 m long

Waterstop (Steel sheet pile Type I1)

2.0 m long at 4 locations

Foundation Treatment

PC Pile $=600, L=12m-14m, 76 nos.
PC Pile =400, L=12m, 62 nos,

Intake Facilities

Intake Gates (Steel slide gate) Right

HxB=1.00 m x 1.25 m, 2 nos.

Left HxB=1,00 m x 1.00 m, 2 nos.
Size of Box Culvert Right HxBxL=1.50 m x 1.50 m x 37.3m, 2 nos,
Left HxBxL=1.50 m x 1.25 m x 73.3m, 2 nos.
Irrigation Channel
Shape and Type Trapezoid-section and wet masonry tvpe
Channel Size Right Bottom Width B=3.3m, L=257 m
Left Bottom Width B=2.8m, L=218 m
Maintenance Bridge (steel) W=11mLl=66m,L2=
Control House 1 site
Protection Works for Flood Channel 3,000 m*




2.3.3 Design Calculation

Calculation Conditions

1)

€)

Section for Structural Calculation

The following nine (9) sections are subject to the design calculation.

Main body

Spillway Bed (flow direction)
Spillway Bed (cross section)

¢. Downstream Apron (flow direction)
d. Downstream Apron (cross section)
e. Upstream Apron {flow direction)

f.  Upstream Apron (cross section)

o e

Imigation Intake Structures
a. Inlet Structure 7

- Inlet
- Gate Post
b. Sluice-way
- Box Culvert

The structural dimensions of above sections are shown in Fig. 2.3.1.

Safety Conditions
The factor of safety against sliding is determined using the following formula:
SF= Rc/ZH

where, H : total horizontal forces
Re : resisting capacity (Re=2Vtand, ¢ =30° )
SF ; safety factor given in the following
SF > 1.5 (under normal condition)
SF > 1.2 (under floods and earthquake condition)

Overturning

All forces acting on part of the structure above any horizontal plane should fall
within the middle third of the structure base. ‘

For this purpose, the following condition should be satisfied :



where, b : width of base (m)

: total moment about point A (tf . m)
: total vertical forces (tf)
: eccentricity (m)

Bearing Capacity of Pile Foundation

The maximum principal stress in the spread foundation must be kept within
allowable soil bearing capacity which is derived from the following :

ﬂzg

Qa = Qu/SF

where, Qa : allowable soil bearing capacity
Qu : ultimate soil bearing capacity
Qu, = 55 tf/m* for long term load,
Qu, = 73 tf/m?* for short term load.
SF > 3 (under the normal condition)
SF > 2 (under the earthquake condition)

The allowable soil bearing capacity for the diversion weirs are;

Qa, = 20 tf/m*/ 3 = 10 tf/m* for normal condition,
Qa, = 30 tf/m®/ 2 = 15 tf/m* for earthquake condition.

(3) Load Combination

The load combination for the stability analysis and stress calculation is shown in

table bellow.
Cross Section
after const.| nommal dry flood earthquake

Self Weight X X X X X
Earthquake Load - - - X
Gate Load rubber X X X X
Soil Pressure - - - - X
Water Weight (upstream) - X X X X
Water Weight (downstream) - X - X X
Uplift - X X X

Flow Direction

after const.| normal dry flood earthquake

Self Weight X X X X X
Earthquake Load - - - - X
Gate Load rubber X X X X
Water Weight (upstream) - X X X X
Water Weight (downstream) - X - X X
Water Perssure X X X X X
Hydrodynamic Pressure - - - - X
Uplift - X . X X




Stability Analysis

The results of load calculation and stability analysis of all calculation conditions are given
" bellow.

(1) Main Body - Cross Section

(a) - After Construction

v VX H HZ

Self Weight 1,876.558 | 17,733.469
Gate 2.21 20.88
Uplift 0 0 0 0
[Total 1,878.768 | 17,754,349 0 0
V =1,878.768 :
€=18.9/2—17,754.349/1,878.768 =0.000 < B/6
(b) normal
v VX H HZ
Self weight 1,876.558] 17,733.469
Gate 2.21 20.88
Water Weight|  224.242]  2,119.087
(upstream)
Water Weight 44272 418370
(downstream)
Uplift -568.243| -5,369.896
Total 1,579.039} 14,921,910
V =1,579.039

e = 9.45—14,921.910/1,579.039=0.000 < B/6
(c) dry condition

v VX H HZ
Self weight 1,876.558] 17,733.469
Gate 2.21 20.88
Water Weight (upstream) 198.508 1,875.9
Uplift 445,77 4,212.527
Total : 1,631.506] 15,417.722

V =1,631.506
e =9.45—15,417.722/1,631.506=0.000

(dy Flood Condition

\% VX H HZ
Self weight 1,876.558] 17,733.469
Gate 2.21 20.88
Water Weight (upstream) 253.912] 2,399.468
Water Weight (downstream) 103.543 978.481
Uplift -708.600{  -6,696.27
Total 1,527.623| 14,436.028




V =1,527.623

e = 9.45—14,436.028/1,527.623 =0.000

Fs=1,579.039 Xtan 20/338.429=1.698 > 1.5

(e) earthquakes
\'4 Vex H Hez
Self Weight 1,876.558| 17,733.469 375.312] 729.042
Gate 2.21 20.88 0.44 0.704
Water Weight (upstream) 2242421 2,119.087 0.738] 0.939
Water Weight (downstream) 44.272 418.370 0.045| 0.011
Uplift -568.243| -3,369.896
Acting Earth Pressure 28.506] 54.537
Passive Earth Pressure ' -113,742] -45.137
Total 1,579.039] 14,921.91| 291.299] 740.096
© V=1,579.039
H =291.299
n = 14,921.91 + 740.096 = 15,662.006
e=0.469<B/f3=6.3 '
Fs =1,579.039 x tan 20/291.29=197> 1.5
(2) Main Body - Flow Direction
(a) After Construction '
Vv VY H HZ
Self Weight 1,876.558| 11,287.619
Gate 2.21 9.39
Total 1,878.768| 11.297.009
V =1,878.768
e =11,297.009/1,878.768 —B/2=0.013<B/6
- (b) Normal Condition
\'4 VY H HZ
Self Weight 1,876,558 |11,287.619
Gate .21 0.39
Water Weight (upstream) 224.242 367.757 381,949 603.479
Water Weight (downstream) {#4.272 122.178 143.52 23,196
Uplift -568.243 -3,262.283
Total 1,579.039 [8,824.661 [B38.429 {580,283
V=1,579.039
H=338.429 .
e =(8,824.661+580.283)/1,579.039—-6.0~-0.044 >-B/6




(c) Dry Condition

\% VY H HZ
Self Weight 1.876.558 ]11.287.619
(Gate 2.21 9.39
Water Weight (upstream) 198.508 325553 381.949  |603.479
Water Weight (downstream) {0 0 -43.52 -23.196
Uplift ~445,770 -3.262,283
Total 1.631.506 ]8.360.279 |338.429 |580.283
V =1,631.506
H=1338.429 -
e =(8,360.279+580.283)/1,631.506 —6.0=—0.520 >-B/6
Fs=1,631.506Xtan20/338.429=1.755>1.5
(d) Flood Condition
\4 vY H HZ
Self Weight 1.876.558} 11.287.619
Gate 221 9.3%
Water Weight {(upstream) 253.912 416.416] 381,949 603.479
Water Weight (downstream) 103.543 987.386 -43.52| -23.196
Uplift -708.600{ -4.121.926
Total 1.527.623] 8.578.885] 338.429] 580.283
V=1,527.623
H=338.429
e=(8,578.885+-580.283)/1,527.623 —6.0=-0.004 >B/6
Fs =1,527.623 Xtan20/338.429=1.643 > 1.5
(e) Earthquake Condition
v VY H HZ
Self Weight 1,876.558| 11,287.619 £375.312] =729.042
Gate 221 9.39 F044] 0704
Water Weight (upstream) 224.242 367.757) 381.949| 603479
Water Weight (downstream) 44.272 422,178 -43.52| 23,196
Uplift -568.243] -3.262.283
Hydrodynamic Pressure 22,178 63.340
-0 -0
Total 1,579.039] 8.824.661f 736.359] 1,373.369
-38.323] -149.463

V =1,579.039

H =736.359%up — down)
=-38.323(down — up)

e =(8,824.661+1,373.369)/1,579.039—6.0=0.458 <B/3
= (8,824.661 — 149.463)/1,579.039—6.0=-0.506 >B/3

Fs =1,579.039 Xtan20/736.359=0.78<1.2




(3) Downstream Apron - Cross Section

(a) After Construction

\'4 Voex H Hez
Self Weight 1,755.072| 14,961.988
Total 1,755.072| 14,961.988
V=1,755.072
e=14,961.188/1,755.072—B/2= =0.000<B/6
(b) Normal Condition (flood)
\ Vex H Hez
Self Weight 1,755.072| 14,961,988
Water Weight 1,238,973| 10,562.243
Uplift ~584.43] -4,982.266
Total 2,409.615] 20.541.965
W=1/2X(13.0+28.08) X3.77X16=1,238.973
V =2,409.615
e =0.000<B/6
(¢) Dry Condition
\'2 Vex H Hez
Self Weight 1,755.072] 14,961.988
Uplift -216.570] -1,846.259
Total 1,538.502] 13,115.729
V=1,538.502
e = 0.000
(d) Earthquake Condition
vV Vex H He:
Self Weight 1,755.072] 14,961.988] 351.014 667.844
Water Weight 143.741] 1,225392
Uplift -384.826] -3,280.642
Total 1,513.987| 12,906,738] 351.014 667.844

W=1/2X(13.0+15.52) X0.63 X16=143.741

V=1,513.987

e=0.441

Fs=1,513.987 Xtan20/351.014=1.57>1.2
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(a) After Construction

(4) Downstream Apron - Flow Direction

Fs=1,513.987Xtan20/351.014=15.737>1.5

\'% Vey H Hez
Self Weight 1,755,072 14,972.138
Total 1,755.072] 14,972,138
V=1,755.072
e =14,972.138/1,755.072—B/2=0.531<B/6
(b) Normal! Condition
\'4 Voey H Hez
Self Weight 1,755.072] 14,972,138
Water Weight 1,238,973 9,911,784
Uplift -584.43] -4,396.082
Total 2,409.615 20,487.84
V =2,409615
¢=0.503<B/6
(c) Dry Condition
\4 Vey H Hez
Self Weight 1,755.072 14,972.138
Uplift -216.570 -1,390.596
Total 1,538.502 13,581.542
V=1,538.502
e=0.828
(d) earthquake
v Vey H Hez
Self Weight 1,755.072| 14,972,138 +351.014 +667.844
Water Weight 143,741 1,149,928
Uplift -384.826[ -2,765.360
Total 1,513,987 13,356.706] +351,014 +667.844
V=1,513,987
H=351.014
e=1.263
=0.381




(4) Upstream Apron - Flow Direction

(a) Normal Condition (Flood Condition)

v Viex H Hez
Self Weight 156.0 1,014.0
Water Weight 619,486 4,026.659
Uplift -352.04 -2,288.26
Total 423.446 2.752.399
W =/2X(13.0+28.08) X3.77X8.0=619.486
V =423.446
e=2,752.399/423.446—B/2=0
(b) Earthquake Condition
\' Vox H Hez
Self Weight 156.0 1,014.0 *31.2 +9.36
Water Weight 547.098 3,556.134
Uplift -311.48 -2,024.62
Total 391.618 2,545.514 +31.2 +9.36
W=1/2X(13.0+26.76) X3.44 X8.0=547.098
V=391.618
H=312
e=0.024
391618 x tan 20
= = >
Fs 312 457>1.5
(5) Upstream Apron - Flow Direction
(a) normal(flood)
\'/ Vey remarks
Self Weight 156.0 624.0
Water Weight 619486 2,477.944
Uplift -352.04 -1.385.277
Total 423.446 1,716.667
V =423.446
1716667 80 _
423446 2 0.054
(b) earthquake
V Voey H Hez | remarks
Self Weight 156.0 624.0 31.2 9.36
Water Weight 547.098] 2,188.392
Uplift -311.48] -1,218.821
Total 391618 1.593.571 31.2 9.36




V =1391.618
H=312
e=0.093

391618 x tan 20

= = >
Fs 312 4.57>1.2

| Desion of Foundation

(1) Main Dam (Spillway Bed)
(a) Selection of Foundation Type

The ultimate bearing capacity of the foundation is estimated by Terzaghi s
formula.

1
Qu=A4A"x ?y BB'N,

where, Qu: ultimate bearing capacity of the foundation (tf/m?)
A : effective area (m?)
A’ =(18.9—2X0.409) X (12—2X0.506)=197.366
Y : unit weight of foundation soil (= 0.8 tf/m’)
B :B-2eB=12—2x0.506 = 10.988
Nr:0

Qu =0

Since the ultimate bearing capacity of the foundation is estimated at 0 tf/m? a
pile foundation shall be employed to the structures.

The type and diameter of piles are selected through the cost comparison
including the driving cost. The result of the study is shown in the following

table: '
Nos, of Pile Dia. of Pile Dia. of Pile Construction Cost
Main Body DS, Apron Rp.
1 76 & 600 ¢ 600 154,668,436
2 50 ¢ 500 ¢ 500 169,855,861
3 37 ¢ 600 ¢ 400 168,883,585
4 78 6 500 ¢ 500 182,109,304
5 54 ¢ 500 ¢ 400 181,137,028
6 39 ¢ 400 ¢ 400 184,769,354

As shown in the table above, PC pile $600 is employed to the main body and
the downstream apron.



The reaction of pile and moment at the top of pile were calculated by
computer. The result of calculation is summarized bellow:

Py, | Pro, JHQAD | n@m) | Orae | Onin
Main body | Cross | After Const. | 49.692 |49.692| 0.0 00 | 31.6 | 316
Section | earthquake | 41.546 |31.898] 6.774 | 1.839 | 388 | 8.0

Flow | After Const | 43.868 |43.517| 0.0 | 0.019 | 28.05 | 25.6
Direction dry 43.178 |32.706] 7.870 { 3.389 | 502 | -1.9
earthquake(1)] 43.489 |29.955117.125| 4.292 { 56.5 | -9.7
earthquake(2)t 42.522 130.922} 0.891 | 0478 | 30.3 | 16.5

Downstream |  Cross flood 54.764 |54.764| 0.0 0.0 349 | 349
apron Section | earthquake | 41.234 |27.584| 7.978 | 2.100 | 40.3 | 3.5

Flow flood 57.822 152.216] 0.0 | 0.221 | 383 | 31.8

Direction| earthquake | 38.468 | 30.438] 0.796 | 0.137 | 25.4 | 185

Upstream | Cross flood 23.525 |23.525] 0.0 0.0 30.7 { 30.7

apron Section | earthquake | 22.076 |21.437[ 1,733 [0.3374} 35.9 | 20.9

Flow flood 24.128 122,921 0.0 [0.0639] 329 | 28.6

Direction| earthquake | 22.878 120.635] 1.733 [0.2171] 344 | 224

(2) Inlet Structure
(a) Load Calculation

The result of load calculation and combination of load are summarized bellow:

Normal Cross Section
\' V*x Viy -~ H H*z remarks
Main 399.009| 1926.843
Gate 3.92( 12.17552
Water 33.93| 198.4905
Water Press.
Uplift
Wind Press.
Total 436.859| 2137.5090 0 0 0
Normal+Wind - Cross Section
v V*x V*y H H*z remarks
Main 399.009] 1926.843
Gate 392 1217552
Water 33.93| 198,4905
Water Press.
Uplift
Wind Press. - 2.387| 12.49269
Total 436.859| 2137.5090 0 2.3871 12.49269

M=2137.509+12.493=2140.002



Flood! Cross Scction
\4 V*x V*y H H*z remarks
Main 399.009| 1926.843
Gate 3921 12.17552
Water 20.25 27.3375
Walter Press. 4.56 8.2399%2
Uplift
Wind Press, 2387 12.49269
Total 427739 1974.5959 0 2.387 12.49269
M= 1974.596+12.493=1987.08Y
Flood2 Cross Section
v V*x V*y H H*z remarks
Main 399.009| 1926.843
Gate 3.92( 1217552
Water 59.175( 307.5975
Water Press.
Uplift
Wind Press. 2.387] 12.49269
Total 462.104] 2246.6160 0 2,387 12.49269
M= 2246.616+12,493=2259.109
Earthqueke Cross Section
v V*x V*y H H*z remarks
Main 399.009 1926.843 79.804 147,976
Gate 0.49 1.4455 0.098 0.2254
Water 33.93|1 198.4905
Water Press. 0.912 1.186
Uplift
Wind Press.
Total 434.341] 2127.965 0 79.902] 148.2014
M=2127,965+148.201=2276.166
under Cross Section
v VEx V*y H H*z remarks
Main 399.009| 1926.843
Gate 0.49 1.4455
Water
Water Press,
Uplift
Wind Press.
Total 399.499] 19282885 0 0 0




Normal Flow Direction
v V*x V*y H H*z remarks
Main 399.009 1577.896
Gate 3.92 15.68
Water 33.93 135,72
Water Press,
Uplift
Wind Press.
Total 436.859 0 1729.296 0 0
Normal+win Flow Direction
Vv V*x Viy H H*z remarks
Main 399.009 1577.896
Gate 3.92 15.68
Water 3393 135,72
Water Press.
Uplift
Wind Press. =2.311| -12,242895
Total 436.859 0 1729.296 -2.3111 -12.242895
M=1729.296-12.243=1717.053
Flood Flow Direction
\' V*x V*y H H*z remarks
Main 399.009 1577.896
Gate 3.92 15.68| "
Water 59,175 239.5
Water Press.
Uplift
Wind Press. -2.311] -12.242895
Total 462.104 0 1833.076 -2.3111} -12.242895
M=1833.076-12.243=1820.833
Earthquake Flow
\' V*x V*y H H*z remarks
Main 399.009 1577.896 =79.804| -147.976
Gate 0.49 1.96 0.098 0.2254
Water 33.93 135.72
Water Press.
Uplift
Wind Press.
Total 433.429 0 1715.576 -79.706| -147.7506

M=1715.576-147.751=1567.825
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under ' Flow Direction

v V*x V*y H H*z remarks

Main 399.009 1577.896

Gate 0.49 1.96

Water

Water Press.

Uplift

Wind Press.

Total 399.499 { 1579.856 0 -0

(b) Stability Analysis of Pile Foundation

(i) Layout of Piles NN -
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(i) Charactor of Pile

- Pile Material - PC Pile ¢ 600,

- Unit Weight4.21 t/nos = 0.30 tf/m

- Length & Area L=14m, A=1570.8 m’
- Polar moment of inertia 1=0.005105 m*
- Young’s modulus  E = 400,000 kg/cm’
-Kv= 50,116 tfim

-Kh= 15372 tfm’ (h=0.6 m)

5,593 tfim® (h=2.0 m)

8,347 tf/m’® (h=3.45 m)

1,895 tffm® (h = 6.0 m)

- Allowable vertical bearing capacity of pile : 68.4 tf/nos.

(iii) Stability Calculation

Summary of stability calculation of piles are shown bellow:
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PN s | PN g H M O max OMIN
Cross |Normal 50.52] 12.31 0| -0.688 96.2 63.79
Section | Normal+wind 50.36] 12.44 0.159] -0.855 97.08 62.9
Floodi 52821 942 0.159| -0.954 99.23 60.39
Flood2 53.42| 13.04 0.159} -0.899 99.29 63.02
Earthquake 42,93 17.97 5327 -5.351| 118.78 40
under construction|  47.06] 10.58 0| -0.657 93.82 62.87
Flow |Normal 29.9| 28.34 0] -0.047 79.31 77.77
Direct. | Normal+wind 30.54] 27.71| -0.154] 0.082 79.92 77.16
Flood 32.1) 29.51| -0.154] 0.089 80.96 78.26
Earthquake 39.07] 18.72] -5.314| 4.098| 108.95 47.84
under construction| 27.41| 25.85 0 -0.047 77.73 76.18

I=510500 {cm*)

Z = 510500*2/60 =17017 (cm’)

(2) Sluice way for Irrigation

The total load of Sluice way (ZW) is:

ZW1 =Wc+Ws
W2 =Wce+Ww+ Ws+q
where, ZWI

: Load on after construction

IW2  :Load on normal condition

W : Self weight (yc = 2.5 tf/m’)

Ww : Water weight (yw = 1.0 tffm®)

Ws : Soil weight (ys = 1.8 tf/m®)

q : Live Load (q =1 tf/m?)

IWl= 18352tf
IW2= 242221tf

The ultimate bearing capacity of Terzaghi is calculated; |

Qu, (for after construction) 55.97 tfm?
Qu; (for normal condition) 306.97 tf/m®

The allowable bearing capacity is

Qu; (for after construction) 55.97/3 = 18.66 tf/m® > 18.352 tffm*
Qu, (for normal condition) 306.97/3 = 102.32 tf/m? > 24.222 tf/m*

A spread foundation can be applied to the sluice way.
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Structural Calculation
(1) Spillway Bed

The apron slab regard as a elastic beam supported by the piles and the wing wall is
cantilever fixed at the apron slab. ‘

1) apron slab (per m)
a) bcam
i) dimension
* cross scction

/laflo (O 250 = 6,80  /6SD

F- Ty Y e

pl ' R’A f? RS P( P)

o,

* flow direction

20 Xy 2@HD=5k  ud )0

T
g T e PICE
I é’ é" A 1'3:2. |

ii) crossing sectional area

—

A =1.6%X1.0=1.6(m?

\ 50D
iif) moment of inertia of arca
[=1.0X1.6%12=0.3413(m*)
b) load(per m)
i) bottom beam

W, =1.6X2.5=4.0(/m)
H,,=4.0X0.2=0.8(t/m)
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ii) spring force of pile

* case of normal, flood, dry and just construct

k ,=19,200(tf/m)(right angle of stream)
=17,900(tf/m)(dircction of strcam)
ky=13%XKk,

* case of earthquake

k ,=38,400(tf/m)(right angle of stream)
=35,800(tf/m)(direction of strcam)
K,=13%XKk,

iii) weight of water

* case of normal and earthquake
W, up=3.44X1.00=3.44(t/m)
W, down=0.63 X1.00=0.63(t/m}
* case of dry Condition

W, up=3.14(t/m})

* case of flood
W, up=3.77(t/m)
W, down=1.34(t/m)
iv) weight of gate
W =0.1(t/m)

v) water pressure

* gate
H, =1/2X3.14*X 1.0=4.930(tf)
n,,=4.930%(0.8+3.14/3)=9.105(tf* m)

* normal and earthquake
H, up=1/2X3.44*=5.917(if)
N . up=10.335(tf*m)
H; down=1/2X%0.63*=0.198(if)
N 4 down=0.160(1f*m)
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* Dray condition

H, up=1/2X3.14*=4.930(tf)
n,,, up=_8.118(tf*m)

* flood

H,, up=1/2X3.77*=17.106(tf)
N 150 up =13.193(tf* m)

vi) earth pressure in earthquake

H, =2.376(tf)
N 4, =4.545(tf* m)
H, =3.761(tf)

Ny =9.479(tf>m)
vii} water pressure in earthquake

H, =7/12X1.0X0.2 X 3.14*=1.150(tf)(dircction of stream)
N, =1.150 X2.056 =2.364(tf* m)

H, =0.738(t))(right angle of stream)

N 5, =0.738 X 2.072=1.529(f* m)

H, =0.006(tf)(right angle of stream)

n ;;=0.006 X1.055=0.006(tf*m)

viii) uplifting pressure of water
* right angle of stream

u, =1,795(t/m)(Dray Condition)
u, =2.24(/m)(normal)
u, =2,73(t/m)(flood)

* direction of stream

u, =2.12(t/m)(Dray Condition)
=1.47

u, =2.53(t/m)(normal)
=1.95

u, =2.98(t/m)(flood)
=2.48
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ix) load at end of beam

load_from wing wall

* weight of wall

W X y H Wex [Wey |2z Hez
1 16.405| 2.208 3.281| 36.222 1.47] 4.823
2 7.027] 4.708 ‘ 1.405( 33,083 247 3.470
3 0.313] 6.958 0.063| 2.178 4.0831 0.137
Total | 23.745 4.749| 71.483 8.43

* water pressure

H Z Hez
in 2.576 1.507) 3.882
out -3.158| 0.089} -0.281
Total 0.582 3.601

* weight of water

w=5.153 W X =5.864
X =1.,138 wy=
y —

* uplifting pressure

w=-4,737 WX =.12.193
X = 2574 WYy =
y _

» total(right angle of stream)

V =24.743(normal) n =68.755(normal)
H= 0.582(normal) -=77.185(earthquake)
= 5.331(earthquake)

(x) combination of loads

The combination of loads for each conditions are presented in next
pages. :
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) Result of Calculation

i) maximum moment

situation  |moment max converted ordar of beam
moment
normal -80.5 -80.5 @and@D
right angle |dryseason [-80.6 -80.6 @and@
flood -80.5 -80.5 @and®
earthquake [-70.3 41.7 @and@
normal 7.7 1.7 @
stream dryseason (7.3 7.3 @
flood 8.0 8.0 @
carthquake (8.4 5.0 @
% S=16.5

ii) Stress Calculation

{ Y MAIN-RA UAIN-ST MAIN-RA  DOWN-RA DOWN-ST NOWN-RA DOWN-RA  DOWN-RA
KEILJD KKEI . “KEl KUKE! KWKE] KWKEI KUKE] KWKEI KWKE]
M T-M) 80,500 4.000 44,800 . 86,200 3,500 75.900 56.900 40,500
N TON) .000 .000 .000 000 .000 000 .000 .000
S -(TON) 16,500 16,500 16,500 19.100 19,100 12,100 19.100 19.100
B . CM) 100.0 100.0 -100.0 100.0 100.0 100.0 100.0 100.0"
H . CM) 150.0 150.0 150.0 130.0 120.0 120.0 120.0 120.0
D M)y - 1425 135.0 142.5 122.5 105.0 112.5 112.5 2.5
1)) CM) 7.5 15.0 7.5 7.5 15.0 7.5 7.5 7.5
DG CM) 9.0 16.5 9.0 9.0 16.5 9.0 9.0 9.0
BO ] R . CM) . .0 lo 10 lo 00 -0 .0 -0
H) , W) .0 .0 .0 0 .0 .0 .0 0
AC ECM**Z) 15000.0 15000.0 15000,0 13000,0 12000.0 12000.0 12000.0  12000.0
AS , AST (CM#s2) 39.49 3.91 21. 50 50,27 2.20 48.45 35,81 25.12

LXers el pfeLs DHELS™ pzze/z_(- p 22@ /25
AS', ASZ (CMxx2) .00 .00 00 .00 .00 .00
P , Pl .00263 .00026 00143 .00387 .00018 00404 00298 00209
P, P2 § .00000 ,00oco - 00000 .00000 00000 00000 .00000 ,00000
N = ES/EC 15.0 15.0 15.0 15,0 15,0 15.0 15.0 15,Q
X0 (o) 35.4 11.9 27.1 35.8 7.9 33.6 29.6 25.4
K = X0H 236 080 .181 276 066 .280 .248 212 ]

M/B*H**Z(KG}CHZ; 3.578 +356 1.991  5.101 243 5.271 3.951 2.813
S/BsH  (KG/CM2 1.100 1.100 1.100 1.469 1.582 1.592 1.592 1.592

c) 9,845 29.103 12,582 8,648 35,935 8.600 9.628  11.059
S) 29.814 300,000 53.571 20.913 438.857 20.237 26,995  37.9%6
2) 1.161 1.158 1.137 1.192 1,190 1.202 1.186 1,170
SIGMA-C (KG/CM2 35,2 10.3 25,1 44,1 8.7 45,3 38.0 3.1
SIGMA-S (KG/CM2 1600. 1600. 1600, 1600, 1600, 1600, 1600, 1600,
TAU-MAX (KG/CM2 1.28 1.27 1.25 1.75 1.89 1.91 1.89 1.86

TAU-AVE (KG/CM2) 1.17 1.24 1.17 1.58 1.85 1.72 1.72 1,72
SIGMA-CACKG/CM2) 75.0 75,0 75,0 75.0 75.0 75,0 15.0 75,0
SIGM-SA&KG/CI-Q) 1600, 1600, 1600. 1600, 1600, 1600, 1600, . 1600,
TAU-A  (KG/CM2) 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60
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2)

wing wall
3
V4 ~ 7
z P v
= = T 7 =
7"4 - -g‘]‘—:_
MAIN BODY WING
i
- |
|
|
|
|
|
D ——— e
DOWNSTREAM APRON HING
a) weight of wall(per m)
discription W, |wx wy H Hx Hy nx ny
1 12X 1.677X7.826X 2.5 |16.405 |14.673 |7.337 [3.281 |1.467 |-2.935 |38.282 |-2.504
42.109 ]-1.230
2 1/2X8.112X0.693X2.5(7.027 |6.285 |[3.143 (1.405 |0.628 [-1.257 |33.260 [-0.176
36.584 |-0.105
3 12X0.5X0.5X2.5 0.313 ]0.280 |0.140 |0.063 ;0.028 |-0.056 [2.254 {-0.076
2479 |-0.045
total 21.238 |10.62 2,123 |-4.248 |73.796 |-2.756
81.172 |-1.38
carthquake V =10.62—4.248=6.372 V =10.62
H =21.238+2.123=23.361 H=21.238
n =81.172—1.38=79.792 n =71.04
b) water pressure
EXPRESSION |H Hx Hy nx ny
in 12%x2.77% 2.576 |1.152 |-2.304 |1.949 |1.933
out |172%2.5137 -3.158 {-1.412 |2.825 |-2.115 [1.839
total -0.26 10,521 |-0.166 [3.772
V= 0521
H=.0.26
n = 3.606
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c) weight of water

W=1/2X2,27X4.54=5.153(tf)
V =2.304(tf)
H =4.609(tf)
n =4.609X2.03—2.304 X 0.839 =7.423(t*m)

d) uplifting pressure

U =1/2X3.77X2.513=4.737(tf)

V =.2.118(tf)

H=-4.237(tf)

n =-4.237X2.622—2.118 X0.511=-12,192(t*m)

¢) total amount
(a) normal

V =10.62-+0.521+2.304 —2.118 =11.327(tf)
H =21.238—0.26+4.609 — 4.237=21.35(tf)
n =71.04+3.606+7.423—12.192=69.877(t* m)

(b) earthquake

V =6.372+0.521 +2.304 — 2,118 =7.079(tf)
H =23.361—0.26 +4.609—4.237=23.473(tf)
n =79.792+3.606 +7.423 — 12.192 =78.629(t* m)

f) necessary amount of re-bar
A=26.74(cm’/m)

.. D22 pitch 125mm
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(b) Downstream Apron
(1) Apron Slab
1) beam
a) dimension

* Cross scction

fwlo 782/5D=/S, 080 " /Jad

I
N SR U 1 ¢ (' PlLE

* Flow Dircction

Streom .

= ﬁz + @3, £ > 4, 400 ﬁ)

(-

T § - - 5 3 PlE

b) crossing sectional arca
2.20

]

)0 A =12X1.0=1.2(m?

¢) crossing sectional quadratic moment
I =1.0X1.2%12 - 0.144(m*)
2) load (per m)
a) bottom beam

w, =1.2X2.5=3.0(t/m)
H,,=3.0X0.2=0.6(/m)

b) spring of pile

* case of normal,flood,dry and just constract
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K, =13,921(1f/m)(right angle of strcam)
=23,310(tf/m)(direction of stream)
kg =13X Kk,

* case of earthquake

k, =27,842(tf/m)(right angle of stream)
=46,620(tf/m)(direction of stream)
ky =13%Xky, _

c) weight of water

- * case of normal and earthquake
W, =0.63X1.00=0.63(t/m)
* case of flood
W, =1.34(t/m)

d) carth pressure in earthquake

H, =2.376(tf)
n,,=4.545(t*m)
H, =3.761(tf)
N, =9.479(t*m)

) water pressure

H, =1/2%0.63*=0.198(tf)(normal,carthquake)
N, =0.160(t*m)

H, =1/2X1.342=0.898(1f)(flood)

N, =0.940(t*m)

f) water pressure in earthquake

H, =7/12X1.0X0.2X0.63*=0.046
N 4, =0.039(t*m)

g) uplifting pressure of water
* right angle of stream

u, =0.76(t/m)(dryseason)
u, =1.31(¢/m)(normal)
u, =1.925(t/m)(flood)
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* direction of stream

u, =0.31(/m){dryscason)

=121

u; =0.91(t/m)(normal)
=1.71

u, =2.58(t/m)(flood)
=227

h) load of beam s ends

* weight of wall

W X y H z Wex (Wey |Hez
1 12.961 12.546 2592 11492 {32.999 3.867
2 7.732  [5.346 1.546  |2.642 {41.335 4.085
3 0.313 |7.971 0.063 |4.308 ]2.495 0.271
total [21.006 4.201 76.829 8.223
V =21.006(normal)
={0(carthquake)
H= 4.021
n =76.829(normal)
= 85.052(earthquake)

i) combination of loads

The combination of load by each conditions are shown in following
pages.
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Flow Direction
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3) result of calculation

a) maximum moment

situation | momentmax | converted order of beam
moment
normal 86.2 86.2 Dand®
right angle [dryseason 86.2 86.2 @and®
flood 86.1 86.1 Dand®
earthquake 80.1 475 @and®
normal 3.5 35 @
stream dryseason 33 3.3 @
flood 2.6 2.6 D
earthquake 30 1.8 @

¥ $=19.1
b) Stress Calculation

The calculation sheet of stress calculation are attached in following pages.
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(i1) wing wall

1) weight of wall (per m)
description W [Wx Wy [H, |Hx |Hy |nx |{ny
1 12X 8832X 1,174 2.5 [12.961(11.59315.796 |2.592 |1.159 |.2.318|34.130}-1.136
37.542]-0.682
2 12X 9.07%X0.682x2.5 |7.732 |6.916 |3.458 {1.546 |0.691 |-1.383 [41.240]0.097
45.361]0.069
3 12X05X0.5%25 (0313 |0.280 [0.140 |0.063 |0.028 [-0.056]2.536 |-0.040
2.789 1-0.024
total 18,789(9.394 1.878 |-3.757 |77.906]-1.079
85.6911-0.637
normal V= 9.394 carthquake V= 5.637
H=18.789 earthquake H =20.667
n =76.827 carthquake n =85.054
2} Total amount
a) normal
V = 9.394(tf)

H =18.789(tf)
n =76.827(t*m)

b) earthquake
V= 5.637(tf)

H =20.667(tf)
n =85.054(t*m)

3) required amount of re-bar
A =47.85(cm*/m)

.. D29 pitch 125mm
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(c) Inlet Structure
(i) Box culvert section

1) Dimension
VS

490

3,330

800] 1,730 |800

800] 1,500 350 1,500 |s00
1, 950

2)  Frame of Rahmen 1 o ? o 3

3) Members 5 7
1,2,3,5,6,7,89 :A=08m’
:1=0.0427 m*
4 :A=035m?
: 1=0.0036 m*
4)  Rahmen Analysis
Self weight : 2.875 tf/m
Soil weight X 0.882 tf/m
Actve load : 1.0 tf/m
Earth Pressure 3.867 tf/m
Reaction of Pile : Kv = 25.058 tf/m/m
Kh=1/3 kv=28.353 tffm/m
Water Pressure Pw=173t/m
Water Weight Ww=173t/m

Result of the rahmen analysis is summarized folloing figures.
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Sheetl

Gate Standard
Left Right
Frame|Left |Right {Status Axial (1) |Shear () |Moment(tm) |Axial (t) |Shear (1) |Moment(tm)
1 1| 2|Normal 2.108 3.856 -1.57 2.108 2.124 0.227
Flood 2.18 3.873 -1.631 2.18 2.107 0.201
1|Center Normal 2.108 0.268 0.997
' Flood 2.18 0.285 0.957
2 2 3|Normal 2.109 2.126 0.227 2.109 3.854 -1.567
Flood 1.515 1.999 0.57 1.515 3.981 -1.486
2| Centen Normal 2.109 0.266 0.998
Flood 1.515 0.205 1.256
3 4 1iNormal 8.916 2,771 -1.739 3.856 2.108 -1.57
Flood 8.933 2.699 -1.619 3.873 2.18 -1.631
3[Center] Normal 6.386 0.066 -0.112
Flood 6.403 0.137 -0.082
4 6 2|Normal 6.463 0.001 0.001 4.25 0.001 0.001
Flood 6.32 1.523 0.533 4.106 0.665 0.37
4] Center] Normal
Flood 5213 0.118 -0.241
5 8 3|Normal 8.914 2.783 1.745 3.854 2.109 1.567
Flood 9.041 1.189 1.322 3.981 1.515 1.486
5]Center Normal 6.384 0.063 0,109
Flood 6.511 0.016 0.549
6 4 5|Normal 2.771 8.196 1.739 27711 10116 -3.971
Flood 2.699 8.933 1.619 2699 10.133 -4.101
7 5 6|Normal 2,759 6.185 -3.971 2.759 3.235 2.976
Flood 2.693 6.7 ~4,101 2.693 3.75 3.607
8 6 7|Normal 2,759 3,229 2.975 2.759 6.179 -3.963
Flood 1.17 2.57 3.074 1.17 8.071 -4.774
9 7 8|Normal 2,783 10.114 «3.963 2.783 8.914 1.745
Flood 1,189 11.279 -4.774 1.189 9.041 1.322
28021,
O O T
l; 20 l' 301 " ]
) (0925 l Z
l
L ‘ 2.0 .83
T L-L I 11 1 l__* 2«% T 1 __-la T 1 1 l l L
R I
28,088 thn.
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5)

Stress calculation

Calculation of Required Re-Bar

Type of Section 1LEFT~1 1ILEFT-2
| Dimension B¢ 100. 0 100.0
H cnm 80.0 86.0
Force M tfen 1. 631 0. 997
N tf 2.180 2. 108
Required dl e¢nm 71.0 71.0
Re-Bar Asl el 0.731 0.172
Total enf 0.731 0.172
'| Stress Intensity ¢ ¢ kgf/cnd 10.5 8.8
os kgf/enm 1600.0 1600.0
Allowable 53 kgf/cnd 70. 0 70.0
Stress o sa kgf/ent 1600.0 1600.0
Neutral Axis x  en 6.370 5.418
Young s Modules (n = Es/Ec) 15.0 15.0

X = Distance from the Edge of the Compressive Side

Calculation of Required Re-Bar

Type of Section 2RIGHT 2CENTER
Dimension B ¢p 100.0 100.0
H c¢n 80.0 80.0
Force M  tfen: 1. 567 1,300
N tf 2.109 1. 515
Required dl em 1.0 11.0
Re-Bar Asl edf 0. 696 0.654
Total ¢ 0.696 0.654
Stress Intensity g ¢ kef/end 10.3 9.1
: gs kef/ent 1600.0 1600.0
Allowable g ca kgf/end 70.0 70.0
Stress ¢ sa kgf/end 1600.0 1600, 0
Neutral Axis x cm 6. 254 5.601
Young s Modules (n = Es/Ec) 15.0 15,0

X = Distance from the Edge of the Compressive Side
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Calcttlation of Required Re-Bar

Type of Section 3LEFT IRIGHT
Dimension B cem 100.0 100.0
H c¢n 80.0 80.0
Force M tfm 1.7389 1.631
N tf 8.916 3.873
Required dl cm 71.0 71.0
Re-Bar Asl cnof 0.000 0.155
Total ¢ nf 0.000 0.155
Stress Intensity o ¢ kgf/end 0.0 1.7
cs kgf/enl 0.0 1600.0
Allowable oca kgf/em 70.0 70.0
Stress o sa kgf/ent 1600.0 1600.0
Neutral Axis x cm 10.090 7.036
Young s Modules (n = Es/Ec) 15.0 15.0

X = Distance from the Edge of the Compressive Side

Calculation of Required Re-Bar

Type of Section {LEFT 4RIGHT 4CENTER
Dimension B ¢p 100. 0 100. ¢ 100.0
H ¢n 35.0 35.0 35.0
Force M tfem 0.533 0.370 0.241
N tf 6.320 4.106 5.213
Required dl cm 26.0 26.0 26.0
Re-Bar Asl enf 0.000 0. 000 0.000
Total ¢nf 0.000 0.000 0.000
Stress Intensity ¢ ¢ kgf/crd 0.0 0.0 0.0
s kgf/enm 0.0 0.0 0.0
Allowable g ¢y gf/cnt 70. 0 70. 0 70.0
Stress o sa kgf/end 1600.0 1600. 0 1600.0
Neutral Axis x  ¢n 4.989 4,105 4. 51
Young s Modules (n = Es/Ec) 15.0 15.0 15.0

X = Distance from the Edge of the Compressive Side
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Calculation of Required Re-Bar

At

Type of Section SLEFT SRIGHT
Dimension B em. 100.0 ©100.0
H c¢n 80.0 80.0
Force M tf'm 1. 745 L. 567
N tf 8.914 3.854
Required dl ¢m 71.0 71.0
Re-Bar Asl cnf 0. 000 0.103
Total ¢nf 0.000 0.103
Stress Intensity o ¢ kgf/cnd 0.0 11.6
cs kgf/cnd 0.0 1600.0
Allowable o ca kgf/end 70.0 70.0
Stress o sa kgf/cnd 1600.0 1600.0
Neutral Axis x cm 10.090 6. 950
Young s Modules (n = Es/Ec) 15.0 15.0

" X = Distance from the Edge of the Compressive Side

Calculation of Required Re;Bar

stavclod <

Type of Section GLEFT BRIGHT TRIGHT 8LEFT
Dimension B cn 100.0 100.0 100.0 100.0
H ¢n 80.0 80.0 80.0 80.0
Force M tfem 1.739 4.101 3.607 3.074
: N tf 2.7 2.699 2.693 1,170
Required di cm 63.5 71.0 63.5 63.5
Re-Bar Asl cnd 0.703 2.856 2.688 2.698
Total cnf 0.703 2.856 2.688 2.698
Stress Intensity ¢ ¢ kgf/cnd 12.1 15.8 16.5 14.5
cs kgf/end | 1600.0 1600.0 1600.0 1600. 0
Allowable o ca kgf/end 70.0 70.0 70.0 70.0
Stress o sa kgf/cnd 1600.0 1600.0 1600.0 1600.0
Neutral Axis x  cm 6. 456 9,118 8. 488 7.591
Young s Modules (n = Es/Ec) 15.0 15.0 15.0 15.0

X = Distance from the Edge of the Compressive Side
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Calculation of Required Re-Bar

Gole-S vebily

Type of Section §LEFT 6RIGHT TRIGHT SLEFT
Dimension B cem 100. 0 100. 0 100.0 100.0
H en 80.0 80.0 80.0 80.0
Force M tfem 1.739 4.101 -3, 607 3.074
N tf 2.171 2.699 2. 693 1. 170
S tf 8.196 10. 133 3. 750 2. 570
Required dl en 63.5 1.0 §3. 5 63. 5
Re-Bar Ast cnf 7. 944 7. 944 7. 944 7. 944
( 4-D16 ) |[( 4-D16 ) | ( 4-D16) | ( 4-Di6)
Total ¢nf 7. 944 7.944 7. 944 7.944
Stress Intensity o ¢ kgf/ent 4.6 10.3 10.5 9.1
os kgf/ent 174. 5 599.8 567.0 562.9
| cs kgf/end 0.0 0.0 0.0 0.0
T kgf/ent 1.29 1. 43 0.59 0. 40
Allowable oeca kgf/crd 70. 0 70. 0 70.0 70.0
Stress o sa kgf/cnl 1600.0 1600.0 1800.0 1600.0
ta kgf/ent 3. 60 3. 60 3. 60 3. 60
Neutral Axis  x  ¢n 18.027 14. 519 13.762 12.395
Young s Modules (n = Es/Ec) 15.0 15.0 15.0 15.0

X = Distance from the Edge of the Compressive Side
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Calculation of Required Re-Bar

G{@T& - Sf’an ;{Ay p( - 7

Type of Seclion SRIGHT 9RIGHT
Dimension B ¢p 100.0 100. 0

H cm 80.0 80.0
Force M tf+m 4. 714 1. 745

N tf 1.170 2.783
Required dl c¢m 11.0 63. 5
Re-Bar Asl end 3.9485 0.704

Total enf 3.995 0.1704
Stress Intensity o ¢ kgf/cnd 16. 2 12.1

ogs kgf/ent 1600.90 1600.0
Allowable oca kgf/end 70.0 70.0
Stress o sa kgf/cnl 1600. 0 1600.0
Neutral Axis  x Ch 9. 355 6. 468
Young s Modules (n = Es/Ec) 15.0 15.0

X = Distance from the Edge of the Compressive Side

Calculation of Required Re-Bar

Type of Section BRIGHT 9RIGHT
Dimension B ecn 100.0 100.0
H c¢n 80.0 80.0
Force M tf*m 4,774 1. 745
N tf 1.170 2.783
S tf 8.071 11.279
Regquired dl em 1.0 63.5
Re-Bar Asl enf 7. 344 7.944
( 4-p1s ) | ( 4-D18)
Total ¢md T.944 T7.944
Stress Intensity o ¢ kgf/end 12.0 4,6
s kgf/end 821.6 175.0
ocs’ kgf/em 0.0 0.0
T kgf/cm 1.14 1.78
Allowable gca kgf/crd 70. 0 70.0
Stress o sa kgf/end 1600.0 1600.0
ta kgf/enl 3. 60 3. 60
Neutral Axis x  cm 12.701 18,035
Young s Modules (n = Es/Ec) 15.0 15.0

X = Distance from the Edge of the Compressive Side
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(ii)) Gate Post

The gate post is regarded as a portal bracing.

1) Load Combination

Case | Condition Load IS LD B
1 Normal self weight, gate, load by pepol 0
2 « 3 | Nolmal+Temp. normal condition + {£ 1 5°C) 15%
4 Normal+Wind normal condition + wind 0
5 « 6 [ Wind+Temp. normal condition + wind + (£ 1 5°C) | 1 5%
7 Earthquake self weight, pate 50%
8 - 9 | Earthquake+Temp. | sclf weipht, pate + (£ 1 5°C) 65%
2) Dimension
6. 975
500 800 1,250 850 1.250 800 1,525 2,500
| _ | :Elg | | ==
o s
~— —
Lo
550/ 250 25D 359 250 23D 1550
3) Members 350 700
' ol -
a) End Columun ] =
L. 1650 |
A(m2) y (m) Asym2){ A yv¥m3)| [ (md)
O 0.35X0.25 = 0.0875 | 0.125 0.0109 0.0014 0.0005
@ 1.05X0.55 =0.5775 | 0.275 0.1588 0,0437 0.0146
Total 0.645 0.1657 0.0451 0.0196

Moment of inertia of area

e=(Z A y/Z A)=0.1697/0.645=0.2631

L=SAy4II.DA ¢

2 - 127




=0.0451+0.0196-0.645 % 0.2631*=0.0201 m*

Sectional Area

A, =0.645 m?
b) Center Columun 350 700
2 Q1@ | 8
1350/ 700
A(m2) [ (m4)

D 0.35 X 0.85 = 0.2975 0.0179

@ 0,70 X 0.35 = 0.245 0.0025

Total 0.5425 0.0204

Moment of incrtia of arca
I,=0.0451+0.0196-0.645 X 0.2631*=0.0204 m4
Sectional Arca
A2=0.5425 m?

¢}  Operation Deck

2,500

ooy | |

k) Els
—_1.—4

—y

Moment of inertia of area

[13=1.05X0.45*X 1/12 = 0.0080 m4

Sectional Area

A3=1,05X045=0.4725m2
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Frame for rahmen analysis

6, 975
1. 037 1, 38 1, 938 2,062
(6] o) @ ! @
L 3 4
® © @
i 7 8
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4) Rahmen Analysis
Gate-gate Rahmen
Lefl Right
Frame [Left Rieght Status Axial (1) Shear (1) Moment(tm) Axtal (1) Shear (1) Moment(im)

2 | Normal 0 ] 0 0 3.695 -1.916
N+wind 0 0 [4] 0 4.083 -2.318
Earthquake 0 0 0 0.258 1917 -1.513
N+15 0 0 0 0 3.695 -1.916
N-15 0 ] 0 0 3.695 -1.916
N+w+15 0 0.338 0 0 4.083 -2.318
N+w-15 0 0.388 g 0 4.083 -2.318
E+13 0 0 { 0.258 2917 -1.513
E-15 0 0 0 0.258 2917 -1.513

3 { Nomal -0.958 4.411 -1.238 0.958 5.454 «2.193
N+wind -1.082 4.384 «1.241 -1.082 5.481 -2.248
Earthquake -1.381 2.271 -(.023 -0.649 4,426 -2.088
N+15 6.618 8.089 -6.165 6.618 1.776 0.009
N-15 -8.533 0.732 3.689 -8.533 9.133 -4,394
N+w+15 6.494 8.062 -6.168 6.494 1.803 -0.046
N+w-15 -8.657 0.706 3.6R86 -8.637 9.159 4,449
E+13 6.195 5.949 -4.949 6.926 0,748 0.114
E-15 -8.956 1.408 4.904 -8.225 8.104 -4.289

Center Normal 0.958 0.958 1.364
N+wind -1.082 0.931 1.335
Earthquake -1.188 0.09 0.892
N+138 6.618 0.296 0.44
N-15 -8.533 0.042 3.764
N+w+15 6.494 0.269 0.4
N+w-15 -8.657 0.015 3.756
E+13 6.878 0.203 0.206
E-15

4 | Normal -2.797 2.463 -0.311 +2.797 7.402 -4.858
N+wind -2.875 2.358 0,215 -2.875 7.507 -4.964
Earthquake -3.246 0.597 0.715 -2.514 6.1 4.517
N+135 4,778 1.216 1.891 4.778 11.081 -9. 784
N-15 -10,373 6.141 -2.513 -10.373 3,724 0.069
N+w+15 4.701 1.32 1.987 4.701 11.185 -9.891
N+w-15 -10.45 6.037 +2.417 -10.43 3.829 -0.037
E+1$ 4.33 3.082 2917 5.061 9.778 -9.443
E-15 -10.821 4.275 -1.487 -10.09 2.421 0.41

Center Normal -2.797 0.299 0.528
N+wind -2 875 0.287 0.554
Earthquake -3.197 0.052 0.778
N+15 -10.373 0.962 1.885
N-15
N+w+15
N+w-15 -10.45 1.067 1.86
E+13
E-15 -10,283 0.241 1.442

5 | Normal 0 8.347 -9.637 0 0 0
N+wind 0 8.347 <9.637 [1] 0 0
Earthquake -0.713 6.8 -8.042 0 0 1]
N+15 0 8.347 -9,637 0 0 0
N-13 0 8.347 -9.637 1] 0 0
N+w+15 0 8.347 -2.637 1} 0 ]
N+w-15 0 8.347 -9.637 0 0 4]
E+15 -.713 6.8 -8.042 0 0 0
E-15 «0,713 6.8 -8.402 /] 0 0
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Gate-gate Rahmen

Left Right
Frame | Left Right Status Axial (t) Shear (1) Moment(tm) Axial (t) Shear (1) Moment(im)
Nomal 12.426 0.958 «1.357 8.106 0.958 0678
N+wind 12.787 1.751 -1.933 8.467 1.082 1.077
Earthquake 9.508 2.504 =2.912 5188 1.639 1.49
N+15 16.104 6.618 9.813 11.784 6.618 -4.249
N-15 8747 %533 -12.528 4.427 B.533 5.605
N+w+15 16.463 5824 9.238 12.145 6.494 -3.849
N+w-15§ 9.109 9.327 =13.104 4. 788 8.657 6.004
E+i5 13.186 5.072 R.259 3.866 5.936 -3.437
E-15 5.829 10.079 -14.083 1.509 9.214 6417
Nomal 12.373 1.84 «2.028 7917 1.84 1.8%1
N+wind 12.295 2.462 -2.489 7.839 1.793 2.033
Earthquake 9.479 3.487 -3.661 5.023 2.596 2.083
N+L5 5.016 1.84 +2.028 0.56 1.84 1.881
N-15 19.73 1.84 -2.028 15.274 1.84 1.881
N+w+1§ 4939 2.462 -2.489 0.482 1.793 2.033
N+w-15 19.652 2.462 «2.4%9 15.196 1.793 2.033
E+15% 2.122 3487 =3.661 -2.334 2.596 2.801)
E-15 16.836 3.4R7 -3.661 12.3% 2.596 2.803
Normal 20.069 2.797 1.165 15.749 2.797 -4,779
N+wind 20.174 2.205 0.725 15.854 2.875 4.672
Earthquake 17.22 0.936 1618 12.9 1.801 -1.526
N+13§ 23.748 4,778 -10.006 19.428 4,778 0.148
N-15 16.391 10.373 12.336 12.071 10.373 -3.706
N+w+l5 23.852 537 «10.446 19.532 4,701 0.255
N+w-15 16.496 9.781 11.896 12.175 10.45 -9.599
E+15 20,899 6.64 =11.789 16.579 5775 1.401
E-15 13.542 8511 10.553 9.222 9.376 -8.433
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5)  Stress Calculation

a) Distribution of Load

End Columun

Axis force, Shear force Bending moment
Area(m2) Ratio Incrtia ratio
6)) 0.28 0.421 0,0149 0.606
@ 0.385 0.579 0.0097 0.394
Total 0.665 1.000 0.0246 1.000
Center Columun
Axis force, Shear force Bending moment
Area(m2) Ratio Inertia ratio
@ 0.2975 0.548 0.0179 0.877
) 0.245 0.452 0.0025 0.123
Total 0.5425 1.000 0.0204 1.000
Operation Deck
No distribution
b) Result of calculation
Calculation of Required Re-Bar
Type of Section 1-RIGHT 2-RIGHT 2-CENTER 3-LEFT
Dimension B cm 105.0 105.0 105.0 105.0
H cn 45.0 45.0 45,0 45,0
Force M tfm 2.318 3.869 3.300 2,185
N tf 0.000 -7.528 -7.420 -9,020
S tf 4,038 7.964 0.958 5.340
Required dl co . 38.5 38.5 38.5 33.5
Re-Bar Asl cod 13.902 13,802 13.902 13.902
7-DI6 ) 7-D16 ) 7-D16 ) 7-D16 )
Total ¢nf 13.902 13.902 13.902 13.902
Stress Intensity g ¢ kgf/cnd 12.0 18.2 15.1 7.8
os kgf/cnd 476.6 1075.3 955.5 793.6
os’ kgf/end 0.0 0.0 0.0 6.0
t  kgf/cod 1.00 1.97 0.24 1.32
Allowable oca kgf/cnd 70.0 70.0 70,0 70.0
Stress osa kgf/cnd 1800.0 1800.0 1800.0 1800.0
ta kgf/cnl 3.60 3.60 3.60 3.60
Neutral Axis x c¢n 10.539 7.782 7.386 4,931
Young s Modules (n = Es/Ec) 15,0 15,0 15.0 15.0

X = Distance from the Edge of the Compressive Side
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Calculation of Required Re-Bar

Type of Section 3-RIGHT 4-LEFT 5-1-1 5-1-2
Dimension B ¢n 105.0 105.0 - 35,0 70.0
H c¢n 45,0 45.0 80.0 55.0
Force M ti'm 8.601 9.637 6.138 3.991
N tf 4,087 0.000 2.964 4,077
S tf 9.726 8.347 3.927 4,696
Required dl cm 38,5 38.5 11,0 11,0
Re-Bar As! cm 13,902 20,055 5.730 9,930
( 7-D16) ( 7-D19) 2-D19 ) 5-D16 )
dZ cm 69.0 44,0
As?2 cnd 5.730 9.930
2-D19 ) 5-D16 )
Total cm 13.902 20,055 11,460 19, 860
Stress Intensity o ¢ kgf/cm 44.9 43.5 32.8 23.6
os kgf/cm 1622.5 1396.3 1432.5 790.7
s’ kgf/cm 0.0 0.0 -184.9 ~68.0
v kgf/end 2.41 2,06 1,63 1.52
Allowable oca kgf/cm 70.0 76.0 70.0 70.0
Stress osa kgf/cm 1800.0 1800.0 1600,0 1600.0
va kgf/end 3.60 . 3.60 3.60 3.60
Neutral Axis x cm 11.298 12,262 17.629 13.614
Young s Modules (n = Es/Ec) 15,0 15.0 15.0 15.0

X = Distance from the Edge of the Compressive Side
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(d) Box Culvert
(1) Structural Calculation of Sluice

The structural calculation of sluice was carricd out for the right side sluice which is
bigger than left side one.

1) Dimension

4, 150
100_ 1,500 350 1,500 40

|

U

2)  Frame for Rahmen Analysis

od 1,500 kol
2, 400

3, 750
1, 875 i,875

1 o 2 o '3

&

&

a
1,950

3) Members
DRR@® : A = 04X10 = 04(m2)
1T = (1.0X04%12 = 0.0053 (m4)
@ A = 035X1.0 = 0.35(m2)
I = (1.0X0:35%/12 = 0.0036 (m4)
@ A = 05%X1.0 = 0.5(m2)
I = (1.0X0.53)12 = 0.0104 (m4)
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4) Rahamen Analysis
Sluice
Left Right
Frame|Left |Right |Status Axial (t) [ Shear (t) [Moment(tm) | Axial (t)} | Shear (t) | Moment({tm)
1 1 2 | Normal 2.761 5.252 -1.097 2.761 6.565 -2.327
Flood
1| Cente Normal 2.761 0.525 1.07
r
Flood
2 2 3 | Normal 2.761 6.565 -2.327 2.761 5.252 -1.096
Flood
2| Cente Normal 2.761 0.525 1.07
r
Flood
3 4 1| Normal 7.202 3.71 -1.714 5.252 2.761 -1.096
Flood
3| Cente Normal 6,227 0.237 0.172
r
Flood
4 5 2 | Normal 14.835 0 0] 13.129 0 0
Flood
4| Cente Normal
r
Flood
5 6 3 |Normal 7.202 3.71 1.714 5.252 2.761 1.097
Flood
5| Cente Normal 6.227 0.237 -0.172
r
Flood
6 4 5| Normal 3.71 7.202 1.714 3.706 7.418 1.935
Flood
6| Cente Normal 3.707 0.123 -1.598
Flood
7 5 6| Normal 3,706 7.418 1.936 3.71 7.202 1.714]
Flood
7| Cente Normal 3,707 0.123 -1.598
T
Flood
£NC2

COTIILEE S aom

228 |
28 T LIE
7 v

Kﬁ=740t%é

Kv=erzl7t4%lz

J.f06

poy LLLETLTIT

|
1.0

/

4.925‘1
i

| a8

10 I

/
|

] L i [ 2 ]

R
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5)

Calculation of Required Re-Bar

Stress Calculation

Type of Section 6RIGHT §CENTER
Dimension B ¢p 100. 0 100.0
H cm 50.0 50.0
Force M tfem 1. 935 1.600
N tf 3.706 3.707
S tf 7.418 0.000
Required dl cm 38.5 41.0
Re-Bar Asl conf 7.944 7. 944
( 4-D16 ) | ( 4-D16)
Total ¢nf 7. 944 7.944
Stress Intensity g ¢ kgf/cmd 12.1 9.1
os kgf/ent 418. 9 287. 6
os' kgf/em 0.0 0.0
_ T kgf/cnd 1,93 0. 00
Allowable o ca kgf/ent 70. 0 70. 0
Stress osa kgf/erd | 1600.0 1600. 0
ta kgf/ert 3. 60 3. 60
Nevtral Axis X  em 11. 633 13.185
Young s Modules (n = Es/Ec) 15. 0 15. 0

X = Distance from the Edge of the Compressive Side

Calculation of Required Re-Bar

Type of Section IRIGHT 1CENTER SLEFT SRIGHT
Dimension B en 100.0 100.0 100.0 - 100.0
H cn 40.0 40.0 40.0 40.0
Force M tf-m 2.321 1.100 1.714 1.100
N tf 2. 761 2. 761 7.202 5.252
S tf 6. 565 0. 000 3.710 0. 000
Required dl cm 31.0 31.0 31.0 31.0
Re-Bar Asl enf 7.944 7.944 7. 944 7. 844
( 4-p16§) |[( 4-D16 ) [( 4-D16 ) |[( 4-D1§)
Total ¢ T.944 7. 944 7. 944 7. 944
Stress Intensity ¢ ¢ kgf/cnd 21.6 9.8 14.2 8.8
cs kgf/end 830.17 283, 9 281.4 147. 8
cs' kgf/em | 0.0 0.0 0.0 0.0
t  kgf/end “2.12 0.00 1. 20 0.00
Allowable oca kgf/cenl 70.0 70. 0 70.0 70. 0
Stress o sa kgf/crd 1600.0 1600. 0 1600.0 1600. 0
ta kgf/col 3.60 3.60 3. 60 3.60
Neutral Axis x cm 8.685 10, 361 13. 333 14. 631
Young s Modules (n = Es/Ec) 15.0 15.0 15.0 15.0

X = Distance from the Edge of the Compressive Side
2 - 136



Maintenance Bridge

1. Design Criteria

(1) GENERAL
(a) Scopec

These calculations cover the design of the Inspection Bridge for the Bandar
Sidoras Intake Weir. -

(b) Applicable Codes and Standards

The following codces and standards were applicd for the design, namely:

a. Amcrica Association of Statc Highway and Transportation Officials
(AASHTO)

Amcrican Institutc of Stcel Construction (AISC)

Amcrican Welding Socicty (AWS)

American Nationa! Standards Institute (ANSI)

American Concrete Institute  (ACI)

cen T

(2) STRUCTURAL DESIGN
(a) Structural Assumptions and Model
a. Structural model of the pipe bridge is shown in Figure 1, Section IV

b. Support is assumed pinned at Abutment A and fixed but free to
translate along the x-axis at Abutment B.

c. Member properties are shown on page 2 of Section IV.
d. Loading calculations are shown in Section Il

(b) Design Principle
(i) Method of Analysis

The structural analysis and design was performed using STAADIIL In
addition, axial, flexural and shear deformations were considered in
the analysis.

(ii) Basis of Design

Steel members were designed in accordance with AISC specification
and concrete structures were designed in accordance with ACI Code.
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(3) Material -
(a) Structural Steel

ASTM A36

Minimum yicld stress Fy = 248 Mpa

Allowable stresses for tension, shear, compression, bending and bearing were
bascd on AISC Specification.

(b) High-Strength Bolt (Friction-typc)

ASTM A-325
Allowable tensile stress 304 Mpa
Allowable shear stress 118 Mpa

(©) Welds

Base metal ASTM A36
Welding clectrode AWS E-70

(i) Complete-penetration groove welds

Shear on effective arca : Fv = 0,30 Fu, except shear siress on basc
metal shall not exceed 0.40Fy of basec metal,

Stress except shear:  same as base metal
(ii)  Fillet welds

Shear on effective area: Fv = 0.30 Fu, except shear stress on base
metal shall not exceed 0.40Fy of base metal.

Fy shall be the minimum yield stress of base metal,
(d) Deformed Reinforcing Steel Bars

ASTM A615 Grade 40
fy = 275.80 Mpa

(¢) Structural Concrete

Minimum compressive strength @ 28 days, f ¢ =21 Mpa
Allowable stresses were based on ACI Code requirements.

(4) Loads and External Forces

(2) Dead Load (DL)
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(b)

(©)

(d)

Dead loads acting on the pipc bridge were based on the pipe load provided by
the Client together  with the self-weight of the bridge.

Live Load (LL)

A uniform live load of 1.437 kN/m?® (30psf) was adopted based on ANSI
requirement.

Seismic Load (EQ)

Scismic load acting on the bridge was determined in accordance with
AASHTO specification.

Earth Load (E)

Earth load on the abutment was considered using the following soil data
provided by the Client, namely:

Soil unit Weight...evveererrsecececresenee 17.2 kN/m?
Angle of internal friction.......ceeeeres 30°

Due to the abscnce of data, piles were designed based on the following
assumed data, namely:

a. Bearing capacity...cuerriniorierinnsanian, S00 kN

b. Lateral sub-grade reaction, kh........... 15,000 kN/m’
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SECTION II
LOAD CALCULATIONS
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FLANGE DIST. bi2f

g v

i

hESIGNATION  AREA WEB hiw Ix Iy [ - ST ) Wt.

. ¢m*2  H, mm tw, mm B, mm, o, mm, h MM me em™4 . cm™4_ ' cm i____c_m. J kg/m_|
L4 560X358.24 43594 560 127 450 44 472 '4_97_ 37.17] 275.361]  66.833] 24.58] 12.11] 35824
HSGOXIS.19 47752 560, 28 450 _ 38° 484l $.55. 17.39) 259.841)  s7.801) 23331 11.00] 37519
HSE0X363.79 46300 S60 25| 450 38, 484 $.39! 19.36 257,006 51716 236!  11.17] 36399
HS60X352.38 | 448.48; 560 22 450, 38 484, 35.63! 22.K 00! 234, 12l s1ass] 2| 13s] 3ss
H560X340.97 43396 S60 19 450, 38 _ 484, 567 25 470 251337, $1740] 24.07] 1153} 34097
HS60X329.56  419.44 560 16 450 38 _ 484 571 30.25. 248,503] _ 1729  2434! 11.73] 329.56!
HS60X317.01 . 403.47 60 127 450 38 484. 575 3811, 245385; 57.721) 2466! 1196} 317.01f
HS00X360.27 45852 S60. 2. 425 3B 484 S22 1739) 46815 48707, 23201 1031] 36027
H S60X348.86 _ 444.00 560 25_ 425 38. 484 526 1936  244.040° 48,681 2344 1047 348.86'
BH 560X337.45 429.48 560 22" 4257 381 484’ $30: 22001 24, 206! 48,661] 23701 10641 337.45;
BH 560X326.04  414.96 560 19 425 3 a4 534, 2547 238, 71, 48,646] 2197 10831 326.04:
BH S60X314.63 _ 400.44 560 ‘__.15.;_._'3353_ 38 484 533 30.25 ! zss.s:ni_ 48,635 2428 1L.02| 314.63!
BH 560X302.08 _ 384.47 560 127 425 38 484 .43, 38111 232,419  48.626| 24.59] 11.25| 302.08
BH S60X333.39 42432 560, 28. 380 33 484  4.631 17.29! 223.536'  34.841] 2295! 9.06] 333.39
BH 560X321.99 __593_8_0 560 25 380 38, 484 4.67, 19361 220,702° 34815 N 92 321.99 |
BH S60X310.58 . 39528 560 22 380, _ 38, 484 470 22000 217,867, 34795 23.48! 9.8 310.58;
[Br S60%299.17 - 38076, S60; 19 380, 381 4841 473 2547] 2150331 34,780 2376, 9.56| 299.17
BH 560X287.76 ; 366.24° S60,_ 16, 380: 381 434! 4.791 30.25] 212,198, 34769 24.07] 9.74! 28776
BH S60X275.21 350.27°_ 560 127% 380, 38: 484, 483l 3s. 110 209,080| 34,761| 2443| _ 9.96] 275.1
[BH S60X321.45 . 409.12. S60: 28, 3601 337 484} 4371 17291 231641 29.637] 2283 8.511 321.45
BH 560X310.04 19460 60 2s: 360i 38l sl 4a! 1935| 210329}  29.612] 23.09¢ 8.66| 310.04
BH 560X298.63 ~ 380.08° 560 22 360 38 484; 443 22.00: 207495; 29.592: 2337, 882) 298.63!
BH S60X287,23 : 365.56; S60; 191 360} 38 484! 449 25, 47! _204660]  29.576] 23.66] 899! 287.23)
| BH 560X275.82 © 351.04, 560  16. 360 381 484 4.3’ 1 3025! 201 1826 29565, 23981 9.18! 27, 82
 BH 560X263.27 _335.07__ 560, 1277 360,  38. 484 4.57. 38110 198,708, 29557, 2438| 939! 26327
| BH S60X290.15___369.28! 560, 28, 360 32, 4% S.19 1771 .1_8?.'3?3. L24.9740 2268, !;22._-__.1_92-1.?_‘
BH S60X278.46 | 35440 60! 25| 360' 321 496. 5231984 186.198] 24948 T nnl 8.39, 278.46
 BH 560X266.77 _ 339,52 S60. 22 360 321 496_ 528 2255 1831470 24.927; 223 8571 26677
BH 560X255.07 . 324.64_ 560 19 360 320 496! 533 2601 180.097) 24912° 2335] 8.76 2ssmi
BHS60X20338 _ 30976 S60_ 16 360 32, 496 538 3100 -!7.1'.‘2491_2:?99!_ B 897 _1’:?3_33"
(BHS60X230.52 _ 293.39_ 560 127 360 32 4% 543 3906 173690 24892 24.33) 9217 230.52;
BH S60X257.40 | 377.60 560, 25° 360__ 28! 504 5.98. 20167 169447. 21838 2274} 816, 25740,
BHSG0X245.52 . 31248, 560, 22, 360 28 S04i 6.04; 2291; 166.247; 218181 23.07; 836! 24552
BHSG0X233.64 1 297.36_ S60] 19) 3601 28[ s04; 6.09) 2653 163.046] 21802] 2420 8.36] 264
BH 560X221.76 - 28224, S60. _ 16} 3601 28| 504 6.141 31501 1598461 21,790} 23801 8.79; 221.76
BH 560X208.69 265,61, 560 127 360’ 28! 504! 6200 39.691 156325| 217811 24.26!  9.06] 208.69
_BH S60X248.29 31600  S60' 25 3000 32' 496 430: 19.84] 159.402] 14465) 2246 6.77| 248.29:
BH 560X236.59 30112560 22 300 32 496 _ 434 22,55 156351] 14.444; 2791 693 236.59
BH S60X224.90 _ 28624 560 19 300) 32 496 439 2611 _l.S;’;_,‘.'_igl_i_r__M«izB' 23.14°  7.10: 22490
BHSGOX21321 - 271.36° $60: 16, 300 32i 496 444 3100 150250 14417, 23530 129} 2321
BU 1100XI63.95_ 208,16 1100, 20, 2501 161 10657447 89000 336847 _ 4182 4140 448: 16355

BU 1200X172.98 220,16 1200 120 250 _ 16 1168 744 9733 439730 4183 4469 436 171298 1kl o

BU 1200X224.40: 285.60. 1200° 160} 250} 20 1 1_6_0‘_‘_5.__85;__%.5_0?:__5;6.“253‘ 52480 44131 4291 224.40 4.2 k¥/m

pL-G¢A o -4
‘__’:l- ~4.4 —_ Le 4.4 -
264 l r ¥4 i

TKD: CAXINI S Tdxg + IXIL3Evid: 31548
|37
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- CTI ENGINEERING CO., LTD. Designed by: AMM: Date : 06/22/94
MAINTENANCE BRIDGE :’Checkcd by: Date :
INDONESIA i Page No.

e

SEISMIC LOADING INTENSITY FOR TRANSVERSE EARTHQUAKE LOADING

Acceteration Coefficient, A = 0.15
Site Coefficient, S = 1.00
Displacements _ Load [ntensity, Pe(x) (kN/m)
NODE vs(x) vs(x) vs(x)*2 dx vs(x)*dx vs{x)*2*dx
NO (mm) m . Wy m ... ..NODENO. _ Pe(x) __ |
OL1  0.1330 0.00014  1.90E-08  1.05 0.0001 2.01E-08  OLL 0.0
L1 9.2270  0.00923 8.51E-05 2.1t 0.0194 1.79E-04 .IL1 0.27
201 29.7070  0.02971 8.83E-04 2.11 0.0626 1.86E-03 2L1 0.86
ALl 51.4690  0.05147 2.65E-03 2.11 0.1084 5.58E-03 J3L1 1.50
4L1  67.3080 0.06731 4,53E-03 2.11 0.1418 9.54E-03 4L1 " 1.96
SL1 72,9210 0.07292 5.32E-03 2.11 0.1536 1.12E-Q2 SL1 2.12
6L1 66.9110 0.06691 - 4.48E-03 2.11 0.1410 9.43E-03 .6L1 1.94
.7L1  50.7850 0.05079 2.58E-03 2.11 0.1070 5.43E-03 JLL 1.48
.8L1 28.9530 0.02895 8.38E-04 . 2.11 0.0610 1.77E-03 - .8L1 0.84
J9L1 8.7280 0.00873  7.62E-05 2.11 0.0184 1.60E-04 SLI 0.25
L1 0.3290 0.00033 1.08E-07 2.1t 0.0007 2.28E-07 L1 0.01
JAL2 24,9330 0.02493 6.22E-04 2.11 0.0525 1.31E-03 JAL2 0.72
212 81.5230 0.08152 6.65E-03 2.11 0.1717 1.40E-02 202 2.37
AL2 142.0470 0.14205 2.02E-02 2.11 0.2992 4.25E-02 L2 4.13
412 186.4560 0.18646 3.48E-02 2.11 0.3928 7.32E-02 4L2 5.42
SL2 202.7040 0.20270 4,11E-02 1.05 0.2135 4,.33E02 S12 5.89
.6L2 186.7500 0.18675 3.49E-02 1.05 0.1967 3.67E-02 .6L2 5.43
L2 142.5560 0.14256 2.03E-02 1.05 0.1502 2.14E-02 L2 4.14
.8L2 82.0850 0.08208 6.74E-03 1.05 0.0865 7.10E-03 8L2 2.39
JOL2  25.3060 0.02531 6.40E-04 1.05 0.0267 6.75E-04 JIL2 0.74
12 0.1890 0.00019 3.57E-08 1.05 0.0002 3.76E-08 L2 0.01
12,4039  0.285399401
wix)= 15,192
alpha= 2.4039

beta= 36.522
gamma= 4E-+00
T= 0,7055
Cs = 1.2A8/T? = 0.2271 use Cs = 0.227
Pe(x)= 29.062 * vs(x)

0805/56

FN: EQINTENS
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lr— CTI ENGINEERING CO., LTD. Designed by:AMM___ :Date : 06722196 |
. MAINTENANCE BRIDGE |;Checlced by: ‘Date :
. ' INDONESIA ' Page No. K

NODAL LOAD DUE TO TRANSYERSE EARTHQUAKE LOADING:

Displacements* Nodal Load, Pe (kN)

NODE vs(x) vs(x) X

NO. (mm) _ {m) _(m) ____ Load Intensity, Pe(x) (kN/m) Pe

oLl 0.1380 0.00014 7000 0.12
JALL 92270 0.00923  2.64 0.27 0.85

2L1 29.7070  0.02971 2.64 0.86 2.30
ALl 514690  0.05147 2.64 1.50  3.87
A4L1 67.3080  0.06731 2.64 1.96 5.03
SLI 729210 0.07292  2.64 2.12 5.45
6Ll 669110  0.06691  2.64 1.94 5.00

L1 50,7850  0.05079  2.64 1.48 - 3.82

8L1 289530  0.02895 2.64 0.84 2.24

SL1 87280  0.00873 2.64 0.25 0.82

Lt 0329  0.00033 2.64 0.01 _0.57 suML130.08 kN
JAL2 249330 0.02493  3.60 0.72 3.17
2L2 815230  0.08152  3.60 2.37 8.60
JIL2 1420470 0.14205  3.60 4.13 14.58

4L2 186.4560  0.18646 3.60 . 5.42 15.49
SL2 202.7040  0.20270  3.60 5.89 10.32

6L2 186.7500  0.18675 3.60 5.43 10.05

JL2 1425560  0.14256  3.60 4.14 8.23

.8L2 82.0850  0.08208 3.60 2.39 . 5.35
SL2 253060  0.02531 3.60 074 2.31

L2  0.18%0  0.00019 3.60 0.01 045 suMI1278.54kN

Total EQ Force = 108.62 kN

NOTE:
- * From STAAD output on displacements calculations due to 1 kN/m transverse load.

0609/54
FN:NCDALEQ
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" SECTION III

- STRESS, DISPLACEMENTS AND REACTIONS

CALCULATIONS USING STAAD III
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SECTION IV
DESIGN OF PLATE GIRDERS
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DESIGN OF PLATE GIRDER

When no transverse stiffeners are provided or when traverse stiffeners are
spaced more than 1-1/2 times the distance between flanges.

h < 14000
tw (V(FYT+165)]M/2

When transverse stiffenners are provided, spaced not more than 1-1/2
times the distance between flanges

h < 2000
tw (FyfM12

ALLOWABLE BENDING STRESS

When the web depth to thickness ratio exceeds 760/(Fb)*1/2, the maximum
bending stress in the compression flanges shalf not exceeds

Fo' < FbRpgRe

where: .
Fb =. applicable bending stress given as follows,
Fb =  0.75Fy for compact section
Fb = 0.60Fy for non-compact section

Rpg = 1 -0.005(AwW/Af(ht - 760/FD*M/2 < 1.0

Re = 12 + Aw/Af(3alpha-alpha*3) = 1.0

12 +2 (AWIAT)

for non hybrid girders, Re = 1.0

Aw = area of web at the section under investigaﬁon
Af = area of compression flanges, in."2
alpha = 0.60Fyw/Fb < 1.0
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ALLOWABLE SHEAR STRESS WITH TENSION FIELD ACTION (Mpa)
fvin Mpa or Ksi

Fv = (Fy/2.89)Cv < 0.40fy

Cv = 4500KV/[(Fy)(h/tw)], when Cv is less than 0.80
Cv = 180/(htw)[(KvWFy)]M /2, when Cv is more than 0.8
Kv = 4.00 +[5.34/(a/hy*2], when a/h is less than 1.00
Kv = 5.34 + [4.00/(a/n)*2], when a/h is less than 1.00
tw = thickness of web

a = clear distance between traverse stiffener

h = clear distance between flanges at the section under

investigation

For girder other than hybrid girder if intermediate stiffener are provided

and spaced to satisfy the provisions given and Cv is lesser than or

equal to 1.00, the aliowable shear including tension field action is

given by the equation,

Fv = Fy _{Cv+[(1-Cv)i.15[1+(a/h)*/2]} <  0.40Fy
2.89
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DESIGN OF PLATE GIRDER

Design Criteria:
Fy = 248.22 Mpa (36Ksi)
E = 200000 Mpa (29000Ksi) 250
L = 25:60-m. - i’: —
%-‘lor--C"*f"c%f“") L s
Loads: : f i =
Liveload = 2.90 Kpa itop. > 2axishz 22 b,
Deadload = 3.43 Kpa 5L =343 % 2.0 EMfuy
Properties .
f\ i 4905 T(TS’?G mm*4 ” e
XX = 3985460
s = 5388 X 106 mm*3
Viit. = -j’gzr Kn /m.
70
Lpmes 2,24 2e+17% CShN/m,
Check if section is Compact

769

Web maximum thickness ratio; —5”(— iz ] 3
640 = 107
(36)*M1/2
Actual ratio: ' et 77.33
| —d = 1668 = B%< 106.7 OK!
tw 12

Flange maximum width thickness ratio:

65 = 10.8
(36)M12
Actual ratio;
b = 260 = 7.8 < 10.80 OKI
2tf 2(16)

Therefore, The section is Compactl

Fb = 0.66Fy = .66(248.22) = 163.8 Mpa
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STHNY SUTreT ]

from ¢continvousbeanTaIalysIs
Md! 747‘7I/L K 372.8%
= - n-m = .
.2
Ml = 304882 kem = /9. ¢
Mo = +4360-58)F (3046, 7Y, 56+ [ 91. €6
= 102307 Kn-m
Ky X" _
| CAALY 72./€
fb = M = 102307 X 10" = 1547 Mpa
S 5483 X 106
WALy
- Fb - > fb, therefore OK!
Check for Shear:

from continuous beam analysis,
/3.29/4 = 56C¥

Vdl = 58317 Kn
Vi = BEA7 KnS¥-08a = 27-0¢
Vu = 1 465934 y+tTI{50.T7)
‘ £SCF G
fv = Vv = 188365 X 1073 = 13-4 Mpa
dtw 1589 X 12
116¥
Fv = 0.45Fy =  0.45{(248.22}
= - 111.7 Mpa
Fv > fv, therefore OK!

Check allowable deflection:
lcyoo 73.3%
28666-

Yallow. = L = = 806 mm.
360 360
G.C 2edoo
Y actual = Swir = 5(62240 (256001
384E 384(200000¥)(3568459%10%6)
= 80-3Tmm < 88-55mm., e
therefore, OKI
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zo 11

11 20

tgo

¢ 360~ 3
26.,9° ’
COHSIdPI‘ span L = 35-00m. ' y
Section Properties;
J85¢o
A = geoeﬁ'mm’Q
o = sree—e“oxwe mmA
3 = 3 X 10"6 mm”3
W, = Kn im.
2-7-0
WpPl » 2.2+%64,2c 7.00 #"’/n\,
Check if section is Compact
Web maximum thickness ratio: —
640 = 107
—2 —) k16
(367172
Actual ratio:
d = 1160 = 73 < 107 OK!
twr 16
Flange maximum width thickness ratio:
' 65 = 10.8
(36)M12 _
Actual ratio: 2e0 6.2¢
b = 2380 = F5 < 10.80 OK!
27 2(20)
Therefore, The section is Compact!
Fb = Q.66Fy = .66(248.22) = 163.8 Mpa

from continuous beam analysis
1£C3.24 = 74T

Mdi = '?/635-22'3; ¢ Kn-m
Ml =22 4406 Knm
fu = (52522 HF444-06) 77662+ BIC.Y
= 14082 H/20Knn, o 122.%/
fb = M = 145030 X 10% = 142-8 Mpa
S 143X 1046
q.27/
Fb > fb, therefore OK!
Check for Shear:
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.
e

from continuous beam analysis,

vl = 5924 Kn /7284 = 26y P
VI = B0ATKn 192/~ = FT-Ge Y
Vu = AHEIMIHHEOTTT 86.27 £3%co

= ]25,8490 Kn

/2589 G.7%
v = \"4 = 368365 X103 = 967 Mpa
dtw 1160 X 16

Fv- = 0.45Fy = 0.45(248.22)

= 111.7 Mpa
Fv > fv, thersfore OK!

Check allowable deflection;
3¢, e0° Joo

Y allow. = L = 36000 = 9#27mm.
360 360
7,00 FLoso
Y actual = Swlrd = 5(6-224 )(36660)°
384E| 384(2000008)(&260x10°6)
= a7 > oo 87227576153
' > 90%

therefore, OKI
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SECTION V
DESIGN OF CORBEL
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 DESIGN OF CORBEL

1. DETERMINE SIZE OF BEARING PLATE -

Vu = 14 DL + 1.7 LL + 187 EQ

DL= 120.05 L= 101.5 EQ= 84
Vu = 168.07 + 172.55 + 157.1
Vu = 497.7 KN
Vu < phiPnb =  phi{0.857cAl) ;fe= 27.58 Mpa
phi= 0.7
Al = 3033mm*2

width of girder=300mm
L = A1/300 = 10itmm

USE : 150mm X 300mm X 20mm thk. BEARING PLATE

2. DETERMINE a

Assume beam reacticn to act at outer third point of bearing plate. Assume
25mm gap between back edge of bearing plate and column face.

Hence, a = 25+2/3(150) = 125 mm

3. DETERMINE TOTAL DEPTH OF CORBEL BASED ON LIMITING SHEAR-TRANSFER
STRENGTH Vn. FOR EASIER PLACEMENT OF REINFORCEMENT AND CONCRETE.

a/d = 0.22
d = 568,18mm
h = d+25 = 593.18mm say 600mm.
Vn = [300-280(a/d)jowd KIPS where: a, d, bw ininches
= 200.6 KIPS
phivin = 0.85WVn)= 17051 KIPS = 758.43 KN
phi(Vn) > Vu,

therefore, OKI!
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4. DETERMINE SHEAR FRICTION REINFORCEMENT, Avf

Vu < phi{vn) < phi(0.8AVf fy + 0.20bwd)
Solving for Avf,
Avf = (Vu- phi 0.2bwd)/(phi 0.8fy) ; but not less than
0.20bwdify fy = 414 Mpa
. phi= 0.85
Avf = 1663.736 mm*"2 > 0.20bwd/fy .= 83.33mm"2 OKI -

5. DETERMINE FLEXURAL REINFORCEMENT, Af

Mu = (VuXa)+Nucth-d); Nue = 1.7(100) =170 KN
= 66.425 KN-m
Af = Muphifyjd 66.425 X 103/0.85(414)(0.8)(575)
. Af = 364.96 mm*2

6. DETERMINE PRIMARY TENSION REINFORCEMENT, As

23V = 110016 mmr2 > Af, Vu
therefore, Avf cantrols design LO
As = 213AVf + An Nue i

rrrrrirs

7. DETERMINE DIRECT TENSION REINFORCEMENT, An

An = Nuc/phify; phi= 0.85 h
An = 483.09mm*2 Thus,
As = 1592,25mm"2 '

USE: 4 - 28 mm dia. RSB

8. DETERMINE SHEAR REINFORCEMENT, Ah
Ah = 0.50(As - An) = 554.58mmA2

USE; 6 -12 mm. dia. RSB
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SECTION VI
DESIGN OF COLUMN
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DESIGN OF COLUMN

fc = 20.7 Mpa
fy = 275.¢ 444 Mpa
We = 24 Kn/cu.m.

Desired section: 1000 X 1000

From Microfeap analysis

Pu = _ 1076.08 Kn
phiPn; phi = 0.70
Ph = 0.80Po
thus,
. Pu = 0.70(0.80 X Po)

for short tied column,

Po = Ag[(0.85fc+pg(fy-0.85Fc)}
assumepg =+ QB3 e-01
‘ 2l 2752
Po = ;%0/97 X gJSQO[O.85(20.7)+0,03(4J4-0.85X20.7)]IHO"S
= 3 KN 5,997,058

Pu = (.70 X 0.80 (28487-15)
Pu = 18542884 Kn-m > 1076.08 Kn.

Ja29,0¢ :
therefore, OKI!

.OI

As = pgAg = ()/.08(1000 X 1000)
As = sq. m.

| Fvvo

32 - '
use: i) -%m. dia.RSB
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DESIGN OF HOOP CONFINEMENT

Size of column { mm.) ' 1000 x 1000

Height from footing ( mm.) 5750

h = 1/6 total height ( mm.) 958

Maximum column dimension  ( mm.) 1000

h > 450 (mm.) 450

th { mm.) 251

Ag {sq.m) 1000 X 1023

Ac (sq.m) 846.4 x 10"3

Ps = 0.45[(Ag/Ac) - 1][Tc/fy) 4.08 x 10~-3

Psmin = Q.12(fclfy) 6.00 X 10~-3

Tie rebars = R 12

sh = 4Ash/(lhps) (mm) 826

shmax. = { mm.) 100

smax. feast dimension {mm.) 1000

smax. = 16 dia. vertical bar ( mm.) 576

smax. = 48 dia ties { mm.) 576

smax. = df2 , - {mm.) 467

Remarks:

Use: 4 R 12ties, 10 @ 100mm. rest @ 200mm. O.C. to midheight
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SECTION VII
DESIGN OF PILES & FOOTING

2 - 160




. | CTT ENGINEERING CO., LTD. Prepared by: AMM| Date: 06/24/96

MAINTENANCE BRIDGE Checked by: Date:

INDONESIA Page No.:

Design of Piles and Pier Footing
A. Design of Piles

A.1 Compute number of piles (assume 400 x 400 RC Piles)

Assumed allow. pile cap. @ 15.00m depth & F.85.=3,. Qa = 500.00 kN
Soil unit weight, w, = 17.20 kN/m?
Concrete unit weight, w, = 2400 kN/m?
Soil internal angle of friction, @ = 30.00°
Coet. of active soil pressure, K, = {1 -~ SiNg = 0.33
(1 + SINg)
Pp = 224.28 kN
P, = 137.28kN
EQ = 10212kN
EQ, = 7855kN
TRIAL DIMENSIONS:
A = 3.00m a = 1.00 m
g = 4,00 m b = 1.50 m
D = 0.80m a, = 0.50 m
Dy = 210m b, = 0.50 m
Ho = 3.80m
Loads carried by piles:
DL (superstructure + pier) = 31548 kN
LL = 137.28 kN
Footling = 230.40 kN
Sail = 397.32 kN
1080.4 kKN say 1100 kN
Estimated no. of piles = 2,2 Try no. of piles = 9 spaced as shown
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RS CT1 ENGINEERING CO., LTD. Prepared by: AMM)| Date: 06/24/96
i MAINTENANCE BRIDGE Checked by: Date:
. INDONESIA Page No.:
At x~axis direction:
nx d?
d = 150 n, = 300 6.75
sum{nd?) vy, = 135
At y-—axis direction:
n x d?
d, = 1 n, = 3 3.00
Sum(nd) x_x, 6
Total vert. forces, Fy, = 1051.6 kN
Long. overturning mom., Mg, = 388.06 kN~m
Trans. overturning mom., Mgy = 29849 kN-m
Righting moment, My, , long. = 2103.3 kN-m
Righting moment, Mgy, transverse = 1577.5 kN~m
X = Mp-My= 1.631m
Fy
e = 0.369 m
Compute maximum pile load: P= Wi/n £ M x dist. fr. c.g./Sum{nd?)
Along x—axis: M. =  388.06 dyax = 15m
Alongy-axis: Mo = 29849 dyax = tm
Along the longitudinal direction:
Pyux=P.= 159.97kN < Qa, = 500 OK! o
Pyn=P, = 73736kN < Qa, = 500 OK! P i st
Py = 11685kN < Qa, = 500 OKI L
Along the transverse direction: T b' =
PMAX-PC_ 166.60 kN < Qa. = 500 QOK! [ 150 150 | x~axis Direction
Pyon=P, = 67.105kN < Qa, = 500 OK! 100§ 100 T ymads Dlcin
Py = 11685kN < Qa, = 500 OKI
therefore,

PROVIDE 9-400x400x15000 RC PILES
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2 C1T ENGINEERING LTD., CO

Prepared by: AMM| Date: 04/26/99

T MAINTENANCE BRIDGE Checked by: ACC |Date:
-F INDONESIA Page: '
”}\: Ultimate Pile Capacity Analysis & Design (Chang's Method)
i
Yrop = __E.H_z__
2EIB
Yo = Yor O —NGL .
, . : SN
ly, = depth point of first immovable pt. s
= T 2 /
. 28 -
: g !
Im = depth of ground where the max. | ¢
bending moment occurs Y ; PLETIR..
= m M
-’ 48
!
| B = (kBMEN
where  k, = coefficient of lateral subgrade reaction
= 15000.00 kN/m? (assumed)
B = pile width = 0.40 m
E = 57000 SQRT(fc') fc'= 3000.00 psi
= 3122018.6 psi
=  21526318.1 KN/ m?
| = BY12 = 0.002 m*
El = pile flexural rigidity = 45922.81 kN—-m?
therefore
B = 0.4251 /m
ly, = 3.695m
Im = 1.847 m
/
‘ n = number of piles = 9
Wy, = total deadload = 545.88 kN
W, = totalliveload = 137.28 kN
W; = totalearth load = 397,16 kN
EQg 102.12 kN , GOVERNS
EQ,;, = 1(OL+.5LL+E) = 101.17 kN
EQ = 102.12 kN
Pg = 0.00 kN
PHEQ = EQ = 11.35 kN
n
Pue = P = 0.00 kN
n
Py =_EQ+P; = 11.35 kN
n
Mo = Maximum bending moment in the ground due to lateral load Py
= =-0.322x P,
B
= =8.594259 kN-m
Vrrp = 0.0016079 m = _ 1.607913 mm < 25 mm, OK! FN:RCPILES.WK1
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. ! CT1 ENGINEERING LTD., CO Prepared by: AMM| Date:04/26/99
MAINTENANCE BRIDGE Checked by:  ACC [Date:
INDONESIA Page:
Ultimate Stresses
Pvppy = Wpo in = 60.65 kN
Py, = Wy/n = 15.25 kN
Pvpy = Wg/n = 4413 kN
MF_Q = —0.322 X Pyrg = =—8.59425 kN-m
B
My, = 1.3(.75Mp +1.3Mg+Mgo) 11.27 kN-m, GOVERNS
Py, = 1.3{.75Pvp, +1.3Pvp) = 133,71 kN, GOVERNS
P = 75(1.4Pvp +1.7Pvy) = 83.13 kN
Check Slenderness Effect:

Effective length factor, K = 2.10

Iy = ly, = 3.625 m.

r =030xB = 0.120 m.
Ki,/r = 64.660972 > 22, long column (consider slenderness effect)
B, = [Factored Mp,/(Factored Mygr,)] = 1.4Mp /M, . = 0.012
El = (El)25 = 18149.20kN-m?

1 + B, .
p, = _ mEl = 297516 kN
(KII_,)2
C, = 1.00
Delta = C. = 1.,041577
(1 - P/phixP)

M, = deltaxM; = 11.73610kN-m.

FROM INTERACTION DIAGRAM, 400 x 400 RC PILES will SUFFICE !

ADOPT 9 ~ 400 x 400 x 15.00M LONG PRE—CAST RC PILES
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C11 ENGINEERING CO., LTD. Prepared by: AMM| Date: 06/24/96
MAINTENANCE BRIDGE Checked by: Date:
INDONESIA Page No.:
B. Design of Footing
Compute piles reaction: No. of piles per row, nr= 3
Along the longitudinat direction: Along the transverse direction:
P, = 22121 kN ' P, = 201.32kN
P, = 350,56 kN P, = 350.56kN
P, = 479.91 kN P, = 499.81kN
Compute Moments:
Along the longitudinal direction: Along the transverse direction:
M, = 479.91 kN—-m M, = 24990kN-m
My, = T71987kN-m My = 374.85 kN-m
My/m = 239.95 kN-m/m, GOVERNS My /m=  93.713 kN-m/m
Compute Reinforcements:
fy =
Pile embed. to footing = 0.15m
Assuming rebars = 250
and using fe = - 20,685 Mpa
ty = 275.8 Mpa
Effective depth,d = 0.4625 m
Rn = 124642
p = 0,00469
Pma = 0.00500, governs

therefore

As = 2314.18 mm*m
Spacing= 0.2121 m

Asyuy = 2314.18 mm?m
Spacing= 0.2121m

Provide @ 25 @ 0.20m O.C. main longitudinal bars and
@ 25 @ 0.20m O.C, transverse bars

o e s v it c - Tl IMER, | o SRR AL
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Inflatable Rubber Made Dam

L Design Feature of Inflatable Rubber Made Dam

1 Size of Rubber Dam

1) Height xLle‘ngth (along foundation) | . 3.1400 mx 13.000 mx 1 span
2) Medium of Inflation : »AiIr
3) Batter of Side Slope (V:H) (LEFT SIDE) : 1:2.0
(RIGHT SIDE) : 1:2.0
4) Fixing Line : Double Anchoring Line

2 Rubber Body

1) Rubber Sheet Size (width:Length) : 6.316 mx 33.22 mx 1span
2) Thickness of Rubber Bédy : 158 mm

3) Weight of Rubber Body : 249 kgf/m

4) Reinforcement ' . 4 Layers of nylon canvas

5) Tensile Strength
(in watercourse direction) .+ 590Q kgf/fcm or more

(in longitudinal direction) : 393 kgficm or more
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6) Protective Outef Rubber Compound . EPDM (Etylene Propylen Diene
Monomer) compounded

7) Thickness of Outer Cover Rubber : 7.0 mm

8) Physical Properties of Rubber Materials
a. Initial Strength

Tensile Breaking Point (TB) . more than 120 kgf/cm?2
Elongation at Breaking (EB) . more than 400%
b. Heat Aging Test (100°C for 4 days)
Tensile Breaking Point : more than 100 kgf/cm?2
(EB) - : more than 300%
c. Ozone Test (100 pphm, 40°C , 96 hrs, under
50% elongation)
Observation : No craking
d. Cold Test
Brittling Temperature : less than -40°C
e. Hot Water-Resistance Test ( 70°C for 4 days)
Volume Change . less than 20%
f. Abrasion-Resistance Test - (Abrasion test (Disc H18) with load
' weight 1000 gr -1,000 rotations)
Abrased Volume » 0.5 miorless
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3 Anchor Parts

1) Clamping Plate

2) Embedded Plate

3) Anchor Bolt (M 30 )
4) AnchorNut (M 30 )
8) Spring Washer

4 Spacer Parts in Rubber Body

1) Spacer on River Bed

2) Connection Parts
5 Pipelines (Galvanized Steel Pipe)

1) Air Supply & Exhaust Pipeline
2) Water Inlet Pipeline

3) Pressure Sensing Pipeline

6 Operation Equipment

1) Required Space of Control Room

2} Air Compressor
a. Type
b. Max. Discharge Static Pressure
¢. Effective discharge Capacity
d. Motor Electric Power
e. Electric Voltage
3) System control of auto-deflation
4) Control Board

. Galvanized ductile cast iron

: JIS FCD500/ASTM A536 Gr.80
: Galvanized rolled steel

: JIS SS400/ASTM A36

: Galvanized carbon steel

. JIS S45C/ASTM A575 Gr.1045
: Galvanized carbon steel

. JIS S45C/ASTM A575 Gr.1045
: Stainless steel

1 JIS SUS304/A1S! 304

: 50 OD.x 4lines

Braided rubber hose set

. Mild Steel Clamp / Stainless Steel Clip

100 mm diameter
JIS SGPW/ASTM A120

: 100 mm diameter

JIS SGPW/ASTM A120
50 mm diameter
JIS SGPW/ASTM A120

: 2100 mm wide x 3200 mm long

: Rotary Blower BH125A / 1 Units

» 4000 mmAgq

> Min. 12.0 m3/min

: 15.0 kw

. 380V-3phase-50Hz

. Electrical auto-deflation +Bucket system
: Design shall be submitted later
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Il. SHAPE OF RUBBER DAM

- 1 Rubber Body: Inflated

With a full head of water, the Rubber Dam takes the shape shown below. A fin,
of the downstream side, indicated in the drawing below, minimizes osciliation.

FIN
®

STRAIGHT LINE

® In case of 20% or less over-topping height of design rubber dam height;
SIDESLOPE(1/n) Ht / Hr
1/0 1.2
1/0.3 1.17
1/0.5 1.15
LESS THAN 1/0.5 1.1

In case of 20% or more over-topping height of design rubber dam height;
Ht = Auto deflation Water height

.- 2 Rubber Body: Deflated

The Rubber Dam appears flat when deflated. The fin shown above becomes the
flat trailing edge of the rubber body. ‘
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[l _CALCULATION OF STRENGTH OF RUBBER DAM BODY

Internal Pressure

Design Internal pressure under full water is calculated as follows:
Po = axwxHr _
=1.0x 0.001x 324
= 0.324 kgf/lcm?
where
a : Internal pressure coefficient ( a = 1.0)
w @ Specific gravity of water (w= 0.001 kgf/cm?3)
Hr: Effective height of dam: 324 cm= 314+ 10

Tension on Rubber Dam Body

The Max. working tension is generated at max. over flow.
Tension on the dam bady Is applied only in the direction of water flow.

l|

Tension (T) per unit width is obtained by following formulas:
T =05xwxHr2xkt +huxke
=0.5x 0.001x 3242x 1.10 + 81 x 0.031
= 60.2 kgf/em
where, k1: Correction factor for computer tension analysis(= 1.10)
k2:Correction factor for computer tension analysis(= 0.031 )
, hu:Maximum overflow height (=81cm)
Safety Factor (Sf)

St =Ts/T
= 580/ 60.2

= 8.8 >8.0 (Required Safety Factor)
where Ts = Tensile strength of Rubber Dam body (min. 590 kgf/cm)
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IV_CALCULATION OF STRENGTH OF ANCHOR BOLTS

1 Clamping Force Per Anchor Bolt (Fb)

<MOMENT ABOUT (M) ON TENSION
OF RUBBER >

Fo=2TL1

Relationship between applied torque (Fb) and clamping force on the anchor boit
is taken based on resuilts of experiment as follows:

Tr = 35.3 kgf-m Anchor bolt torque
Fa= 5890 kgf Clamping force
Ab= 561 cm2/M 30 Stress Area
Fb=Fa+2-T-L1
= 5890+ 2x 60.2x 20
= 8300 kgf

2 Stress of the Anchor Bolt {sb) & Safety Factor (Sf)

obt = Fb/Ab
= 8300/ 5.61
= 1479 kgf/cm?2
Breaking stress for anchor bolt : obB = 5800 kgf/cm2
Safety Factor :Sf = obB / obt
= 5800/ 1479
= 3.9 > 3.0 (Required Safety Factor)
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V__CALCULATION OF STRENGTH OF CLAMPING PLATES
STRENGTH IN FLOW DIRECTION

1 Maximum Bending Moment About X-X Axis for One Clamping Plate

Mx=(TxL2x 1)+ (Wx x Ix I/2)

( 80.2x 120x 121)+( 1460x 12.1x 12.1/2)
194383.3 kgf-cm

Wx: Uniform Load of reaction force of one clamping plate secured with 6 bolts
Wx= 6x 5890/(2x1I)

6x 5880/(2x121)
= 1460 kgf/cm

2-172



2 Bending Stress & Safety Factor

os=Mx/ Zx
= 194383.3/130.1
. = 1494.1 kgf/lem2
~ Zx: Sectional Modulus (Zx = 130.1 cm3)

Breaking stress for clamping plate: ocB = 5000 kgf/cm?
Sf=0ocB/os
= 5000/ 1494.1
= 3.3 > 3.0 (Required safety factor)
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VIl _CALCULATION OF INFLATION AND DEFLATION TIMES

_1 Specification of Air Compresser

Pressure of air compressor should be more than the water head pressure.
Taking into account some marginal pressure, air compressor specifications are
determined as follows:

1) Maximum static pressure : 4000 mmAqg of waterhead

2) Effective discharge capacity: Qs= 12.0 m3/min

2 Time Needed for Inflation Dam

Inflation time depends on the capacity of the air compressor and the internal
volume of the Rubber Dam: -

t = Vox( 1.033 + Po)/{ 1.033 x Qs x Kq)
198.7 x( 1.083+0.324)/( 1.033x 120x0.9)
= Approx. 26 minutes (< 30 min.)

where: .
Qs: Discharge capacity ( 120 m3/min)
Kq: Loss rate (0.9)
Vo: Internal volume of Rubber Dam of each span
- (Vo=0.97-Hr2-L)=0.97 x 3.242x 195= 1987 md
Po: Design pressure ( = 0.324 kgf/cm?) .

The representative length (L) depends on the slope and it is calculated as
follows, assuming the length of the riverbed to be Lo;

Bank Slop |1/0 1/0.3 1/05 171 1/1.5 1/2

(L) Lo Lo Lo Lo . Lo _ Lo
{+03+Hr [+05:Hr (+1.0-Hr |+1.5-Hr |[+2-Hr
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3 Time Needed for Deflating Dam

Deflation time depends on the upstream water level and pressure loss of
pipeline. ltis calculated by the formula below.,

\
/4 x d2 x u x 80

t = (min.)

where: . '

V: Internal Air volume of dam ( m3)=( 1.033 +0.324)/ 1.033 x 198.7 = 261.0 m3
d: Diameter of pipe ( 0.10 m)

u: Average velocity of exhausting air ( m/s )

u=[2xPav/{px(1+AxLl2/d+X§)}]12

(where)

Pav: Average pressure (=0.2xPdx g= 7938 kgf/m-sec?)

g : Gravity acceleration(= 9.8 m/sec?)

Pd : Inner pressure at deflation start (=(Hr + hu) waterhead =4.05 mAg = 4050 kgf/m?)
A Frictional coefficient as per pipe size ( = 0.02) :

Z¢ : Pressure loss coefficient by elbow (= 4,80 )

L2 : Length of piping (approx. 50 m)

p . Density of exhausting air (= 1.2 kgf/m3)

Uu=[2x7938/{12x(1+002x 50/ 010+480)}]”2
= 28.9 m/s

t = 261.0/(=x/4x 0.102 x28.9x60)
= Approx. 19 minutes (< 30 min.)
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2.4  Diversion Weirs

The Deli River Weir and the Floodway Weir are planed at the outlet of retarding channel
to Deli river and Floodway.. These diversion weirs are designed to meet the basic
conditions such as hydraulic requirements, structural stability, topographic constraints
and economy, :

2.4.1 Design Conditions

Hydraulic Requirements

The conditions for hydraulic design of weirs are as follows:

@
®)

()

(d)

The design water level in the retarding channel is set at EL. 34.00 m for both
Immediate and Urgent plans. _

The discharge of 70 m%/s out of 300 m/s is diverted into the Floodway
through the Floodway Diversion Weir and the remaining discharge of
230 m¥/s into the downstream channel of Deli River in the Immediate Plan.

In the Urgent Plan stage the diversion discharge for the Floodway will be
increased to 120 m*/s out of 320 m?/s, while the discharge for the Deli River
will be decreased to 200 m¥/s. Therefore, both weirs are required to be
modified to meet the change of design discharge between the two stages.

In ordinary time, the whole discharge of Deli River flows into its downstream
without diversion to the Floodway to maintain the current water uses in the
downstream area.

. Premises on Weir Design

In compliance with the above hydraulic requirements, the basic design is'prepared
based on the following premises.

(a)

(b)

(©)

The B-P Study has recommended the use of fixed weir for both the Deli River
and Floodway weirs through a comparative study. In this D/D Study, further
comparative study was made, and the fixed weir is justified as the suitable type
for the diversion weirs.

To avoid a so-called man-made flood, gates. which serve for regulating
diversion, are not provided for the Deli River Weir.

An orifice is provided in the weir body to enable the low water to flow down
towards the downstream of Deli River. The orifice is designed on condition
that a discharge of 10.6 m’/s, which corresponds to 95-day discharge
(occurrence probablhty of 25%), is carried with some vertical clearance in the
orifice.
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(d) Modification of the weirs, resulting from the change of diversion discharges
between Immediate and Urgent plans, is made by adjusting the crest elevation
of weirs.

(e) To confirm the perfect overflow at the crest, the downstream water level shall
be lower than the elevation of 15 % of the over flow depth.

() Anoverflow depth shall be less than 3 m.

Following the above premise, the boundary condition of the Diversion weirs are;

~ Downstream Maximum Lowest
Water Level Overflow Depth | Crest Elevation
DL - . oD ME
=3/2x(EL.34.0-DL)| =EL.34.0m-0OD

Deli River Weir |Immediate Plan EL.31.10m 3.00m EL. 31.0m

{(3.41 m)
Urgent Plan EL. 30.60 m 3.00m EL.31.0m

(4.00m)
Floodway Weir [Immediate Plan EL. 31.65m 2.76 m EL.31.24 m
Urgent Plan EL.32.30m 2.00 m EL. 32.00 m

(a)

(b)

Location of Weirs

Deli River Weir :

To avoid construction of weir in the narrow and deep downstream channel,
the weir is placed at River Section UD. 12.00 (refer to Fig. 4.2.10) which is
the entrance portion to the narrow downstream from the retarding channel.

Floodway Weir

The location of the weir is at the entrance portion to the Floodway, which is
about 40 m away from the existing low water channel of Deli River,

Type of Weir

There are three types of fixed weirs applicable for the site, as follows:

(a)
®)
©

Gravity Type, trapezoid-shaped, ogee and sharp-crested
Armored Dike, trapezoid-shaped and broad-crested
Concrete Step Type (semi-concrete gravity)

Of these weirs, gravity type trapezoid-shaped weir and armoured earth dike type are
compared.  As a result, gravity type trapezoid-shaped weir is proposed as the most
suitable type for the following reasons:

(a)

The maximum water heads are 9.8 m for the Deli River Weir and 7.5 m for
the Floodway Weir. These water heads can induce enormous hydrostatic
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(b)

()

d

(e)

®

force and uplift pressure. To resist these forces and to keep structural
stability, the weir body should be of a rigid structure with heavy weight. In
this context, the gravity type is preferred for these weirs.

The gravity type trapezoid-shaped weir is more economical than the armoured
earth dike type in terms of construction cost.

There exists the uncemented Toba Tuff beneath the riverbed surface, which
has a high bearing capacity., This layer is evaluated as a foundation for the
gravity type of weir. ' '

To obtain a precise and safe diversion of flood flow with a big overflow depth,
the trapezoid-shaped fixed weir is preferred, since this type of weir has been
applied in many projects in Indonesia and Japan.

The Deli River weir is provided with orifice in the weir body. These
openings can cause the decrease of weir stability and safety. To ensure the
weir's stability and safety, the gravity type should be employed.

The gravity type is easy to be modifted at the portion of the weir crest for the
modification from the Immediate Plan to the Urgent Plan.

" Foundation of Weirs

Toba Tuff, which was formed in diluvium stratum and is stiff sandy soil, will be applied to
the bearing foundation of weirs. The results of SPT of Toba Tuff shows N=30 to more
than 50 and the coefficient of permeability is k = 10 to 10 cm/s.  Judging form these
soil properties, Toba Tuff is evaluated an adequate stratum to the spread foundation for 5
to 10 m high gravity weir,

The details of foundation design of both diversion weirs are;

(1) Deli River Weir

A outcrop of stiff Toba Tuff stratum is observed at the riverbed and the stratum
which has a high bearing capacity (N value is mostly more than 40) is confirmed at
EL. 22t0 23.0 min the Boring No. B35, B38 and B39. The base elevation of the
weir is set at EL. 21.7 m which is 2.5 m bellow the surface of apron.

An un-consolidated clay layer which N value is about 10 and whose thickness is
about 2 to 4 m, was found in the Deli river weir foundation at EL. 8 m.
Considering the foundation settlement due to the consolidation by the construction
of the weir , consolidation test to the clay layer was carried out during this study.

The additional vertical load in clay layer by weir (Aoz kgficm?) is estimated by
following formula.
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)

Aoz = qBL/((B+2 Z tan 6)(L+2 Z tan 0))

where, Z :  depth of cover soil (EL. 21.5m-EL. 80 m=13.5 m)
B :  widthof weir (B =17.5 m)
L length of weir (L = 12.0 m)
q extra load (q = 0.604 kg/m?%)
N angle of load spreading (8 =30° )

Aoz = 0.139 kgf/em?
The effective soil load (Po) is calculated as bellow.
Po = Z x ysub = 1350 cm x (0.0019 -0.001) kgf/em® = 1.215 kgficm?
The total load at the clay layer after construction of the weir (P) is:
P = Po + Aoz = 1.354 kgffem?

On the other hand, the consolidation yield stress (Pc) is obtained by the settlement
test.

logPc=0.85 Pc = 7.08 lgf/cm?

Since P is smaller than Pé, the settlement will not be occurred. Thercfore, the
spreading foundation can be applied to the Deli river weir foundation.

Floodway Weir

The results of boring B37 and additional boring B40 and 42 along the Floodway
axis show that the stiff and uncemented Toba Tuff as a supporting layer (N valueis
more than 40) appears at EL. 20.0 m to 23.0m. If spread foundation is applied to
the weir, the embedment depth of weir reaches 5 m in spite of only 6 m weir height.

On the other hand, if pile foundation is applied to the Floodway weir, the required
pile length is only 3 to 4 m. To provide such short piles has an economical
disadvantage.

Therefore, to ensure the strength of the foundation, a foundation improvement
works by cement-treated material is employed from the economical point of view.
The thickness of to be improved foundation is 3 m and the area is 2 m wider than
the weir base. The required strength of improved foundation is 70 tfm® and it is
assumed that about 70 to 100 kg/m’ of cement will be sprinkled.
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2.4.2 Hydraulic Design
(1) Hydraulic Model Test and Modification of Tested Design
Previous to the structural design of the diversion weirs, the hydraulic model test had
been conducted to confirm the flow condition of the retarding channel and to
examine the successful diversion by the weirs. As a result of the hydraulic model
test, the following modifications are proposed.
*  Crest elevation of Floodway weir
» Baffles for orifice
* Length of apron of Deli River weir
*  Approach wall (wing walls) of Deli River Weir
In addition, a hollow was observed on the vein of overflow water at the Floodway
weir crest.
To check the affection of this hollow, the tested and the calculated overflow
coefficients of Floodway weir are compared as shown bellow.
Discharge | Water Level | Water Depth|  Overflow Coefficient
Q EL.m h Tested Calculated
99.0 34.32 1.82 1.52 1.73
70.0 33,98 1.48 1.47 1.67
29.5 33.44 0.94 1.22 1.50
Note: Overflow coefficients are calculated with Beresinski’s formula.
The tested coefficients of overflow are 14 % to 23 % of the calculated. This
results shows that this hollow obstruct the smooth and effective flow at the crest
and these difference are caused by the warped shape of crest.
Therefore, the rounded crest is employed to avoid the occurrence of cabitation at
the crest edge. The method of raising/cutting of weir crest for the urgent plan is
also changed as shown in Fig. 2.4.1.
The dimensions of weirs are recalculated as bellow,
(3) Discharge Equations of Flow Over/Below Weir

The following equations are employed to the hydraulic designs for both diversion
Weirs. ' ' '

(a) Flow Over Trapezoid Shaped Weir

The discharge equation for flow over the rounded trapezoid-shaped weir is as
follows (Beresinski's Formula):
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Q=CxBxI*"? (for non-submerged flow)

where,

@ : discharge (m/s)

C : discharge coefficient

2.5<L/h<10;
C=1.706{1+1.146(W/h)}/{1+1.250(Wih)}

0.3<L/h<2.5 and W/h>2t0 2.5;
C=1.373(0.984+L/h)/(0.500+L/h)

length of the weir (m)

energy head on the weir in upstream side (m)

height of weir {m)

Length of crest (m)

t'*g:rtu

(b) Flow of Orifice

The following formula is used to calculate the discharge flowing through the
orifice of the weir:

Q=abC2gh)”

where,
Q : discharge (m'/s)
a : opening of orifice (m)

b : width of orifice (m)

g : acceleration of gravity (9.8 m/s?)

h, . water depth in front of the weir

C : discharge coefficient obtained as shown below:

*  When flow through the orifice is free efflux, Cis given as follows:
C=C. [(1-C. al h)/{1-(C.alh)*}]**

where,
C.: shrinkage factor (0.606)

*  When submerged flow occurs, the following equations are used:
F(C)=AC+BC*+D

where,
A={alh-h/(C? a)}*
B=2{ally-h/(C2 a)} l/a-4{h/ha-hy/(Cea))
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D=(hy/a)’-(hyla)’
h; : downstream water depth (m)
(4) DeliRiver Weir

Immediate Plan

As mentioned above sections, the lowest crest elevation and maximum overflow
depth for immediate plan of Deli River weir are set at;

Crest Elevation EL. 31.00 m
OverflowDepth  3.0m

The weir length are calculated as below:

* Discharge from orifice
The discharge form orifice is restricted by the downstream water level.  Since
the downstream water level under the 230m’/s flow is EL. 31.1 m, the
discharge from orifice @ = 68.9 m*/s is obtained from the above formula.

* Discharge from overflow section
Since the discharge of 68.9 m’/s out of 230 m/s is released form the orifice,
the remaining discharge of 161.1 m*/s will be discharged from the overflow
section.

* Required weir length
The required weir length is calculated as below;
B=Q/Ch*"*=161.1/(1.816 x3**)=17.10=175m

where
C=1.816 (L=3.0m, h=3.0m)

Urgent Plan

For the modification of the weirs from Immediate plan to Urgent plans, only the
crest elevation of the weir is adjusted and the weir length will not be changed. The
crest elevation for Urgent plan is calculated as bellow:

» Discharge from orifice (refer to Fig. 3.2.*)
Downstream water level EL. 30.60 m
Discharge 0=785mls

» Discharge from overflow section is;
Q=200 m*/s - 78.5 m*/s = 121.5 m/s
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*  Required overflow depth is;
h=(Q/CB)*= {121.5/(1.816x 17.5)}*=245=25m
where
C=1.816 (L=25m, h=2.5m)

*  Crest Elevation is;
EL.340m-25m=EL.31.5m

(4) Floodway Weir

Urgent Plan

The dimensions of Floodway weir are determined by the condition of the urgent
plan as mentioned above. To obtain the perfect overflow at the crest, the lowest
crest elevation and maximum overflow depth for urgent plan of Floodway weir are
set at;

Crest Elevation EL.32.00m
Overflow Depth  2.0m

The required weir length is calculated as below;
B=Q/Ch**=120/(1.709 x 2.0°*) = 24.83 =25 m
where

C=1.709 (L=25m,h=20m)

Immediate Plan

To discharge the design discharge of immediate plan with 25 m wide weir, the
required overflow water depth is;

h=(Q/CB)*= {70/(1.692x 25.0)}**=1.46=15m
where
C=1.692 (L=2.5m, h=1.5m)

*  The crest elevation is;
EL.340m-15m=EL.32.5m
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Structural Dimensions

The dimensions determined through the hydraulic design calculation are as follows:

(1) Diversion weir

Item

Dimensions

Structural Type

Gravity, Trapezoid-Shaped Weir

Design Water Level

EL.34.0m

Elevation of Crest

EL.31.0 m (EL. 31.5 m)

Elevation of Apron

EL.24.2 m

Elevation of Foundation EL.21.7m
Length of Overflow Weir Crest 17.50 m

Width of Overflow Weir Crest 3.00 m {2.50 m)
Height of Overflow Weir Crest 6.830 m (7.30 m)
Orifice for Low Water 3.00mx2.00m
Number of Orifice 2

Bottom Elevation of Orifice EL.24.7m
QOverflow Depth 3.00m (2.50 m)

Inclination of Weir Face

Vertical {up) and 1 : 1 {down)

Plan

Modification of Weir from Immediate to Urgent

0.50 m (Raising weir crest) .

Note: Figures in parentheses are for the Urgent Plan,

(b) Floodway Weir

. Item Dimensions
Structural Type Gravity, Trapezoid-Shaped Weir
Design Water Level EL.34.0m
Elevation of Crest EL. 32.5m (EL. 32.0 m)
Elevation of Apron EL. 26.5m
Elevation of Foundation EL.24.0m
Length of Overflow Weir Crest 25.00 m
Width of Overflow Weir Crest 2.00 m (2.50 m)

Height of Overflow Weir Crest 6.00 m (5.50 m)

Overflow Depth

1.50 m (2.00 m)

Inclination of Weir Face

Vertical (up) and ! : 1 (down)

to Urgent Plan

Modification of Weir from Immediate

0.50 m
{Lowering weir crest)

Note: Figures in parentheses are for the Urgent Plan,




-2.4.3 Structural Design

Stability Analysis of Weirs

(1)

)

'Loading Combination and Safety Factor

The stability analysis of weir are conducted under the following load combinations
and safety conditions.

Increase in Safety Factor
Loading Combination Allowable Sliding Bearing
Stress Capacity

Case 1 [M+T+Th,+U 0% 1.5 3
Case 2 [M+T+Th,+G+U 20 % 1.3 2
Case3 |M+T+Thy+U 20 % 1.3 3
Case4 |M+T+Thy+G+U 50 % 1.1 2
Case5 M 0% - 3
where
M : deadload
T . sediment pressure
Thn : normal water pressure
Thb : water pressure during flood
G : earthquake load
U : uplift '
Design Factors

(a) Horizontal Earthquake Factor
The horizontal earthquake factor is calculated using the following equations.

E ad/g
ad n(ac.zZ)"

where;, E  : horizontal earthquake factor
“ad : design shock acceleration (cm/s?)

ac :basic shock acceleration (= 160 cm/s* corresponding to a
100 year return period)

g :acceleration of gravity (980 cm/s?)

Z :factor depending on geographic position (= 1.0 at Medan
City)

n, m : coefficients for soil types.
For the diluvium foundation, following values are employed:
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(b)

(©

n m
Diluvium 0.87 1.05

The following horizontal earthquake factor is applied to the calculation of the
earthquake load.

E=0.87x(160x 1.0)"*° /980 = 0,183
Internal Friction Angle

The internal friction angle of cohesionless soil shall be determined either by
direct shear test, unconfined compression test or tri-axial test, but for sandy
soil or if there is no data available, it can be estimated by the following
formula.

¢ = 15+ (15xNM)" < 45° (for N>5)

where, ¢ : internal friction angle (degree)
N : ”N7” value by standard penetration test

Since the foundation of weirs is set on the stiff and uncemented Toba Tuff
which has the N value of more than 40, the internal friction angle of the weir
foundation is calculated as;

b =15+ (15 x 40)** = 40°,
Allowable Soil Bearing Capacity

The ultimate soil bearing capacity of a foundation is calculated by the .
following formula ;

Qu=1/3(a.c.Nc+B.y1.B.Nr+y,.Df. Ng}
Qu:=23(a.c.Nc+p.y;.B.Nr+1/2y,. Df. Nq}

where,

Qu, : ultimate bearing capacity for long term load

Qu; : ultimate bearing capacity for short term load

a,B : coefficient depending on shape of footing as shown in the
following table.

Shape of Footing o B

Excessively long rectangle 0.1 0.5

c : cohesion of foundation ground (= 0 tffm?)

N : unit weight of soil of below the foundation (= 0.9 tfm’,
submerged)

Y2 : unit weight of soil of above the foundation (= 0.7 tffm’,
submerged)

B : minimum width of effective loading area (= 1 m)
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Df  : depth from ground surface to bottom of footing (= 2.5 m)
Nec, Nq, Ng : bearing capacity factors corresponding to the internal
friction angle (¢ = 40°, Nc=95.7, Nq = 83.2, Nr = 114.0)

From the above equations, the following ultimate soil bearing capacities of the
weir foundation are obtained.

Qu; = 65.6 tffm?, -
Qu; = 82.7 tfm>.

(3) Safety of Weir

The main body with direct foundation should be safe against sliding, overturning,
failure of foundation ground and wuplift.

(@)

®

(©)

Sliding

The factor of safety against sliding is determined by using the following
formula;

C.A+3(V-U.tan
>H
H : total horizontal forces
V : vertical forces
U : uplift forces
¢  : coefficient of internal friction
C
A
SF

SF

where,

: cohesion value
: structure base area
: safety factor given in the following
SF > 1.5 (under normal condition)
SF > 1.2 (under floods and earthquake condition)

Overturning

All forces acting on part of the structure above any horizontal plane should
fall within the middle third of the structure base.

For this purpose, the following condition should be satisfied : -

where, b : width of base (m)
‘M : total moment about point A (tf. m)
N : total vertical forces (tf)
e : eccentricity (m)

Bearing Capacity of Spread Foundation

The maximum principal stress in the spread foundation must be kept within
allowable soil bearing capacity which is derived from the following :
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Qu

a = —

Q SF

where,
Qa : allowable soil bearing capacity
Qu : ultimate soil bearing capacity

Qu; = 55 tf/m? for long term load,
Quz = 73 tf/m? for short term load.
SF = 3 (under the normal condition)
SF > 2 (under the earthquake condition)

The allowable soil bearing capacity for the

diversion weirs are;

Qa, = 65.6 tf/m* / 3 = 21.8 tfm? for long term load,
Qa; = 82.7 tfim* / 2 = 41.3 tf/m? for short term load.

(4) Results of Calculation

The results of stability ahalysis is summarized in Table 2.4.1 and calculation sheets
for each case are attached following pages.
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SUM

Table 2.4.1 'SUMMARY OF STABILITY ANALYSIS OF DIVERSION WEIRS

Floodway Weir ‘ :

Immediate CASE ] |CASE 2 |{CASE 3 |CASE 4 |CASE 5
B= 9.500] 9.500] 9.500] 9.500] 9.500
B/6 = 1.583] 1.583] 1.583] 1.583] 1.583
e= -1.336] -0.994; -0.321{ -0.338| -1.427
B/6-¢ 0.247) 0.589] 1.262] 1245 0.156
FS= 2.448| 3.636] 3.341] 1.228] 20.982
Ul= 10.582] 15.117f 8.300] 6.963| 20.285
U2= 0.895] 3.456] 5.500] 4.514] 1.050

Urgent B= 10.000] 10.000] 10.000] 10.000| 10.000
B/6 = 1.667| 1.667{ 1.667] 1.667| 1,667
e= -1.480| -1.017| -0.649] -0.432| -1.463
B/6-¢ 0.186] 0.650] 1.017] 1.234] 0.203
FS= 2.591] 3.677] 6.039] 1.246] 22.806
Ul= 10.897] 15.502) 10.490] 7.268| 20.687
Ul2= 0.645] 3.754| 4.607] 4.273| 1.345

Deli River Weir

Immediate |B= 12.300] 12.300] 12.300{ 12.300f 12.300
B/6 = 2.050] 2.050f 2.050] 2.050| 2.050
g= -1.177| -1.103] -0.687| 0.323] -1.935
B/6¢ 0.8731 0.947] 1363] 1.727] 0.115
FS= 2.546] 2537 3.135] 1.138] 8.074
Ul= 8.846] 13.190| 6.478| 4.736] 19.204
U2= 2.393] 3.961] 3.225] 6.504] 0.552

Urgent B= 12.300] 12.300] 12.300] 12.300] 12.300
B/6 = 2.050] 2.050f 2.050] 2050 2.050
e= -1.003] -1.144| -0.424] 0.186] -1.977
B/6-¢ 1.047) 0.906] 1.626] 1.864] 0.073
FS= 2.075] 2531 2414] 1.176] 7546
Ul= 8.216] 13.771] 5.730] 5.363] 19.922
U2= 2817 3.906] 3.767| 6.432] 0.360
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CASE] 1996/4/25
DW.LXLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 1, Nomal Condition (WL. EL. 31.0 m, k=0.000) :
Basic Condition i Stability Condition
Water Level [Upstream | EL. 31.000 m — |[U.W.. of Concrete 2.350 Ym3
Downstream | EL. 28.310 m Coefficient of Earth quake 0.000
EL. of Crest EL. 31.000 m [lU.W. of Sediment 1.800
EL. of Foundation EL. 21,700 m Coefficient of Sediment P, 0.500
Crest Width Bl 3.000 m Foundation |C 0.000
Slope Downstream | 1: 1.000 tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21.867 /m2
Orifice Height Ho 2.000 m ||Required Factor of Safety 1.500
Width Wo 6.000 m Uplift C. L1=apron+base 39.800 m
Length Lo 8.300 m L2=base 12,300
Orifice Center] EL. 25.700 m n 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.300 m Up2 26%
EL. of Sedimentation 27.900
Load Vertical | Horizontal Amm | Moment
Self Weight |Center Wl 1147.388 - 1.500 1,721.081
Downstream | W2 1,778.451 6.100 10,848.549
Upstream W3 0.000 0.000 0.000
Qrifice Wo -234.060 4.150 -971.349
Hydraulic Horizontal U§ Pl 0.000 4.650 0.000
Pressure |Horizontal U P2 756,788 3.100 2,346.041
Horizontal DY P35 -382.306 2.203 ~842,347
Orifice Po -63.600 4.000 -254.400
Water Weight |Crest P3 0.000 1.000 0,000
Down Stream| P4 382.306 10.097 3,860.015
Upstream PG 0.000 0.000 0.000
Seismic Force {Center Kel 0,000 4.650 0.000
Downstream | Ke2 0.000 3.100 0.000
Upstream Ke3 0.000 3.100 0.000
Orifice Keo 0.000 4.000 0.000
Sediment Pressure Ps 87.451 2,067 180.732
Uplift Ul -289.511 4,100 -1,186.996
U2 | ~1,574.905 6.150 -9,685.666
Total 1,209.668 398.333 6,015.660
Stability Calculation 4.973
Middle third = 12.300 m 6.150
B/6 = 2,050 m
e= 1,177 m B/6>e OK
( B/6-¢ 0.873)
Sliding FS= 2.546 OK
Bearing strength Ul= 8.846 t/m2 OK
Uz= 2.393 t/m2 OK
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CASE 2 1996/4/25

DW.1L.XLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 2, Earthquake Condition (WL. EL. 26.5m, k=0.183)
Basic Condition Stability Condition L
Water Level [Upstream [ EL. 26.500 m U.W.. of Concrete 2.350 Um3 |
Downstream | EL. 26.000 m Cocfficient of Earth quake 0.183
EL. of Crest EL. 31.000 m U.W. of Sediment 1.800
EL. of Foundation EL. 21.700 m Cocfficient of Sediment P, 0.500
Crest Width Bl 3.000 m Foundation |C 0.000
Slope Downstream | I: 1.000 tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 41.350 t/m2
Orifice Height Ho 2.000 m Required Factor of Safety 1.300
Width Wo 6.000 m Uplift C. L1=apron+base 39.800 m
Length Lo 8300 m L2=base 12,300
Orifice Center] EL. 25.700 m N 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.300 m Up2 26%
EL. of Sedimentation 27.900
Load Vertical | Horizontal |  Arm Moment
Sclf Weight |Center wi1 1147.388 ~ 1.500 1,721.081
Downstream | W2 1,778.451 6.100 10,848.549
Upstream W3 0.000 0.000 0.000
Orifice Wo -234.060 4.150 -971.349
Hydraulic Horizontal U§ P1 : 0.000 4.650 0.000
Pressure |Horizontal U§ P2 201.600 1.600 322.560
Horizontal DY PS5 -161.788 1.433 -231.895
Qrifice Po -9.720 4.000 -38.880]
Water Weight {Crest P3 0.000 1.000 0.000
Down Stream| P4 161,788 10.867 1,758.091
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 209.972 4.650 976.369
Downstream | Ke2 325.456 3.100 1,008,915
Upstream Ke3 0.000 3.100 0.000
Orifice Keo -42.833 4.000 -171.332
Sediment Pressure Ps 87.451 2.067 180,732
Uplift 0] -53.813 4.100 -220.631
_luz -953.847 6.150]  -5,866.158
Total T 1,845.906]  610.139 ~ 9316052
Stability Calculation 5.047
Middle third = 12.300 m 6.150
B/6 = 2.050 m
e= -1.103 m B/6>e OK
( B/6-e 0.947)
Sliding FS= 2.537 OK
Bearing strength Ul= 13.190 t/m2 OK
2= 3.961 t/m2 OK
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CASE 3 1996/4/25
DW-LXLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 3 , Flood Condition {WL. EL. 34.0m k=0.000) .
Basic Condition t Stability Condition
Water Level |Upstream EL, 34.000 m U.W.. of Concrete 2.350 t/m3
Downstream | EL, 31,100 m Coefficient of Earth quake 0.000
EL. of Crest EL. - 31.000 m U.W. of Sediment 0.000
EL. of Foundation EL. 21.700 m Coefficient of Sediment P. 0.500
Crest Width Bl 3.000 m Foundation |C 0.000
Slope Downstream | 1: 1.000 - [tan ¢ 0,838
UJ.P, Slope Upstream 1: 0.000 Bearing strength 21.867 t/m2
Orifice Height Ho 2.000 m Required Factor of Safety 1.300
Width Wo 6.000 m Uplift C. L1=apron+base 39.800 m
Length Lo 8.300 m L2=base 12.300
Qrifice Center] EL. 25.700 m u 1.00
Block Width Wb 17.500 m f Upl 100%
Weir Height Hw 9300 m | Up2 26%
EL. of Sedimentation 27.900
Load |- | Vertical | Horizontal Arm |  Moment
Self Weight |Center Wl 1147.388 1.500 1,721.081
- [Downstream | W2 1,778.451 6.100 10,848,549
Upstream W3 0,000 0.000 0.000
Qrifice Wo -234.060 4.150 -971.349
Hydraulic Horizontal U Pl 488.250 4.650 2,270.363
Pressure |Horizontal UY§ P2 756.788 3.100 2,346.041
Horizontal DY P5 -756.788 3.100 «2,346.041
Orifice Po -99.600 4.000 -398.400
Water Weight |Crest P3 78,750 1.000 78.750
Down Stream| P4 773.150 9.200 7,112,980
Upstream PG 0.000 0.000 0.000
Seismic Force |Center Kel 0.000 4.650 0.000
Downstream | Ke2 0.000 3.100 0.000
Upstream Ke3 0.000 3.100 0.000
Qrifice Keo 0.000 4.000 0.000
Sediment Pressure Ps -109.314 2.067 -225915
Uplift Ul -312.113 4.100 -1,279.661
U2 -2,187.327 6.150 -13,452.059
Total 1,044,239 279.336| 5,704.338
Stability Calculation 5.463
Middle third = 12,300 m 6.150
' B/6 = 2,050 m
e= -0.687 m B/6>e OK
{ B/6-¢ 1.363 )
Sliding FS= - 3.135 OK
Bearing strength Ul= 6.478 t/m2 OK
U2= 3,225 t/m2 OK
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CASE4 1996/4/25
DW.LXLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 4, Critical Condition (WL. EL. 31.0m k=0.183)
Basic Condition | Stability Condition
Water Level |Upstream EL. -31.000 m _IU.W.. of Concrete 2.350 Vm3
Downstream | EL. 28310 m Coefficient of Earth quake 0.183
EL. of Crest EL. 31.000 m U W. of Sediment 1.800
EL. of Foundation EL. 21.700 m CoefTicient of Sediment P, 0.500
Crest Width Bl 3.000 m Foundation |C 0.000
Slope Downstream 1: 1.000 - tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 41.350 ¢Ym2
Orifice Height Ho 2.000 m Required Factor of Safety 1.100
Width Wo 6.000 m flUplift C.  [L1=apron+base 39.800 m
Length Lo 8.300 m L2=base 12.300
Orifice Center | EL. 25,700 m u 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.300 m Up2 26%
EL. of Sedimentation 27.900
Load Vertical Horizontal Arm Moment
Self Weight |Center wi 1147.388 1.500 1,721.081
Downstream | W2 1,778.451 6,100 10,848.549
Upstream W3 0.000 0.000 0.000
Orifice Wo -234.060 4.150 -971.349
Hydraulic Horizontal US] Pl 0.000 4.650 0.000
Pressure  |Horizontal US) P2 756.788 3.100 2,346.041
Horizontal DS | P5 -382.306 2.203 ~842.347
Crifice Po ~63.600 4.000 -254.400
Water Weight |Crest P3 0.000 1.000 0.000
Down Stream | P4 382.306 10.097 3,860.015
Upstream P6 0.000 0.000 0.000
Seismic Force [Center Kel 209.972 4,650 976.369
Downstream | Ke2 325456 3.100 "~ 1,008.915
Upstream Ke3 0,000 3.100 0.000
Orifice Keo -42.833 4.000 -171,332
Sediment Pressure Ps 87.451 2.067 180.732
Uplift Ul -289.511 4.100 -1,186,996
U2 -1,574.905 6.150 -9,685.666
Total 1,209.663 890.928 7,829.613
Stability Calculation 6.473
Middle third B= 12,300 m 6.150
B/6 = 2050 m
e= 0.323 m B/6>e OK
{ B/6-¢ 1.727 )
Sliding FS= 1,138 OK
Bearing strength Ul= 4,736 t/m2 OK
U2= 6.504 t/m2 OK
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CASE 5 1996/4/25
DW.LXLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 5, Nomal Condition (WL. EL. 25.0m, k=0.000)
Basic Condition Stability Condition
Water Level |Upstream EL. 24.700 m U.W.. of Concrete 2.350 t/m3
Downstream { EL. 24.200 m CoefTicient of Earth quake 0.000
EL. of Crest EL. 31.000 m U.W. of Sediment 1.800
EL. of Foundation EL. 21.700 m [iCoefficient of Sediment P. 0.500
Crest Width Bl 3.000 m Foundation {C 0.000
Slope Downstream | 1: 1.000 tan ¢ 0.833
ULP. Slope  |Upstream 1 0.000 Bearing strength 21.867 t/m2
Orifice Height Ho 2.000 m Required Factor of Safety 1.500
Width Wo 6.000 m Uptift C. L1=apron+base 39.800 m
Length Lo 3.300 m L2=base 12.300
Orifice Center] EL. 25.700 m un 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.300 m Up2 26%
EL. of Sedimentation 27.900
Load Vertical | Horizontal |  Am Moment
Self Weight |Center W1 1147.388 1.500 1,721.081
Downstream | W2 | 1,778.451 6.100 10,848,549
Upstream W3 0.000 0.000 0.000
Qrifice Wo -234.060 4.150 -971.349
Hydraulic Horizontal US P1 0.000 4.650 0.000
Pressure |Horizontal U§ P2 78.750 1.000 78.750
Horizontal DY P35 -54.688 0.833 -45.573
Qrifice Po 0.000 4.000 0.000
Water Weight {Crest P3 0.000 1.000 0.000
Down Stream| P4 54.688 11.467 627.083
Upstream P6 0.000 0.000 0.000
Seismic Force [Center Kel 0.000 4.650 0.000
Downstream | Ke2 0.000 3.100 0.000
Upstream Ke3 0.000 3.100 0.000
Orifice Keo 0.000 4.000 0.000
Sediment Pressure Ps 196.765 2.067 406.647
Uptift Ul -53.813 4.100 -220.631
U2 -566.397 6.150 -3,483.341
Total | | 2,126.256] 220.827 8,961.217
Stability Calculation 4.215
Middle third = 12.300 m 6.150
B/6 = 2,050 m
e= -1.935 m B/6>e OK
( B/6-¢ 0.115)
Sliding F§= 8.074 OK
Bearing strength Ul= 19.204 t/m2 OK
U2= 0.552 t/m2 OK
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CASEl 1996/4/25
DW.U.XLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 1, Nomal Condition (WL. EL. 31.0 m, k=0.000)
Basic Condition 1 Stability Condition
Water Level |Upstream EL. 31.500 m [lU.W.. of Concrete B 2.350 t/m3
Downstream | EL. 28.360 m [[Coefficient of Earth quake 0.000
EL. of Crest EL. 31.500 m {U.W. of Sediment 1.800
EL. of Foundation EL. 21.700 m [[Coefficient of Sediment P, 0.500
Crest Width . Bl 2.500 m Foundation |C 0.000
Slope Downstream 1. 1.000 tan & 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21.867 t/m2
Qrifice Height Ho 2.000 m Required Factor of Safety 1.500
Width Wo 6.000 m Uplifi C. L1=aprontbase 39.300 m
Length Lo 8.300 m L2=base 12.300
Orifice Center | EL. 25.700 m u 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.800 m Up2 26%
EL. of Sedimentation 28.233
Load Vertical | Horizontal Arm Moment
Self Weight |Center Wi 1007.563 1.250 1,259.453
Downstream W2 1,974,823 5.767 11,388.143
Upstream W3 0.000 0.000 0.000
Orifice Wo «234.060 4,150 -971.349
Hydraulic Horizontal US1| P1 0.000 4.900 0.000
Pressure |Horizontal US2| P2 840.350 3.267 2,745,143
Horizontal DS | PS5 -388.112 2.220 -861.608
Orifice Po 69,600 4.000 -278.400
Water Weight [ Crest P3 0.000 0.833 0.000
Down Stream | P4 388.112 10.080 3,912.164
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 0.000 4,900 0.000
Downstream Ke2 0.000 3.267 0.000
Upstream Ke3 0.000 3.267 0.000
Orifice Keo 0.000 4.000 0.000
Sediment Pressure Ps 97.107 2.178 211.478
Uplift ULl -337.943 4.100 -1,385.564
U2zl -1,611.112 6.150 -0.908.340
Total 1,187.382] 479.746 6,111,120
Stability Calculation
Middle third = 12.300 m
B/6 = 2,050 m
= =1.003 m B/6>e¢ OK
( B/6-¢ 1.047)
Sliding FS= 2.075 OK
Bearing strength Ul= 8.216 t/m2 OK
U2= 2.817 t/m2 OK



CASE2 1996/4/25
DW.-U.X1s
Stability Analysis
Deli River Weir (Immediate Plan)
Case 2, Earthquake Condition (WL. EL. 26.5m, k= 0.183)
Basic Condition f Stability Condition
Water Level jUpstream EL. 26.500 m U.W.. of Concrete 2.350 t/m3
Downstream | EL. 26.000 m Coefficient of Earth quake 0.183
EL. of Crest EL. 31.500 m UJ.W. of Sediment 1.800
EL. of Foundation EL. 21,700 m Coefficient of Sediment P. 0.500
Crest Width Bl 2.500 m Foundation |C 0.000
Slope Downstream 1: 1.000 tan ¢ 0.838
UL.P. Slope Upstream 1: 0.000 Bearing strength 41.350 t/m2
Orifice Height Ho 2.000 m Required Factor of Safety 1.300
Width Wo 6.000 m Uplift C. L1=apron+base 39.800 m
Length Lo 8.300 m L2=base 12.300
Orifice Center | EL. 25.700 m © 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.800 m Up2 26%
EL. of Sedimentation 28.233
Load | Vertical | Horizontal Arm Moment
Self Weight |Center W1 1007.563 1.250 1,259.453
Downstream | W2 | 1,974.823 5.767 11,388.143
Upstream W3 0.000 0.000 0.000
Orifice Wo -234.060 4.150 -971.349
Hydraulic Horizontal USY PI 0.000 4.900 0.000
Pressure  |Horizontal US) P2 201.600 1.600 322.560
Horizontal DS | P5 -161.783 1.433 -231.895
Orifice Po -9.720 4.000 -38.880
Water Weight | Crest P3 0.000 0.833 0.000
Down Stream | P4 161.788 10.867 1,758.091
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 184.384 4.900 903.481
Downstream | Ke2 361.393 3.267 1,180.549
Upstream Ke3 0.000 3.267 0,000
Qrifice Keo -42.833 4.000] . -171.332
Sediment Pressure Ps 97.107 2.178 211.478
Uplift Ul -53.813 4.100 -220.631]
U2 | -953.847 6.150 -5,866.158
Total | [ 1,902.453 630,143 9,523.509
Stability Calculation
Middle third = 12300 m
B/6 = 2.050 m
e= «1,144 m B/6>e OK
{ B/6-¢ 0.906 )
Sliding F§= 2.531 OK
Bearing strength Ul= 13.771 t/m2 OK
U= 3.906 t/m2 OK
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CASE3 1996/4/25
. DW.UXLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 3, Flood Condition (WL, EL. 34.0m k=0.000)
_____Basic Condition | Stability Condition
Water Level |Upstream EL. 34.000 m [[U.W.. of Concrete 2.350 t/m3
Downstream | EL. 30.600 m Cocflicient of Earth quake 0.000
EL. of Crest EL. 31.500 m U.W. of Sediment 0.000
EL. of Foundation EL. 21.700 m Coefficient of Sediment P. 0.500
Crest Width Bl 2.500 m Foundation |C 0.000
Slope Downstream 1: 1.000 tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21.867 t/m2
Orifice Height Ho 2.000 m Required Factor of Safety 1.300
Width Wo 6.000 m Uplift C. L1=apron+base 39.800 m
Length Lo 8.300 m " L2=base 12.300
Qrifice Center | EL. 25.700 m _ u 1.00
Block Width Wb 17.500 m I Upl 100%
Weir Height Hw 9.800 m " Jp2 26%
EL. of Sedimentation 28.233 H
Load | Vertical | Horizontal Arm Moment
Self Weight |Center W1l 1007.563 1.250 1,259,453
Downstream | W2 1,974,823 5.767 11,388.143
Upstream W3 0.000 0.000 0.000
Qrifice Wo ~234.060 4.150 -971.349
Hydraulic Horizontal USY P1 428.750 4.900 2,100.875
Pressure |Horizontal USY] P2 840.350 3.267 2,745.143
Horizontal DS | P5 -693.088 2.967 -2,056.160
Orifice Po ~99.600 4.000 =398.400
Water Weight |Crest P3 54.688 0.833 45.573
Down Stream | P4 693.088 9.333 6,468.817
Upstream P6 0.000 0.000 0.000
Seismic Force | Center Kel 0.000 4.900 0.000
Downstream | Ke2 0.000 3.267 0.000
Upstream Ke3 0.000 3.267 0.000
Orifice Keo 0.000 4,000 0.000
Sediment Pressure Ps -121.384 2.178 -264.347
Uplift Ul =365.925 4.100 1,500,293
Uz 1| -2,107,974 6.150 «12,964.037
Total [ 1,022.201 355.029 5,853.419
Stability Calculation
Middle third B= 12,300 m
B/6= 2050 m
e= ~0.424 m B/6>e OK
{ B/6-¢ 1.626 )
Sliding FS= 2414 OK
Bearing strength Ul= 5.730 t/m2 OK
U2= 3.767 t/m2 OK



CASE4

Stability Analysis

Deli River Weir (Immediate Plan)
Case 4, Critical Condition (WL. EL. 31.5m k=0.183)

1996/4/25
DW-UXLS

Basic Condition Stability Condition
Water Level |Upstream EL. 31.000 m U.W.. of Concrete 2.350 t/m3
Downstream | EL. 28.360 m Coefficient of Earth quake 0.183
EL. of Crest EL. 31.500 m U. W, of Sediment 1.800
EL. of Foundation EL. 21.70¢ m Coefficient of Sediment P, 0.500
Crest Width Bl 2.500 m Foundation |C 0.000
Slope Downstream | 1: 1.000 tan ¢ 0.838
U.P. Slope  |Upstream 1 0.000 Bearing strength 41.350 t/m2
Orifice Height Ho 2.000 m Required Factor of Safety 1.100
Width Wo 6.000 m luplift C. L1=aprontbase 39.800 m
Length Lo £.300 m L2=base 12,300
Crifice Center | EL, 25700 m T 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.800 m Up2 26%
EL. of Sedimentation 28.233
Load Vertical | Horizontal Arm Moment
Self Weight  |Center Wl 1007.563 1.250 1,259.453
Downstreamm | W2 | 1,974.823 5.767 11,388.143
[pstream W3 0.000 0.000 0.000
Qrifice Wo ~234.060 4.150 -971.349
Hydraulic Horizontal US1 P1 0.000 4,900 0.000
Pressure  |Horizontal US3 P2 756.788 3.100 2,346.041
Horizontal DS | P5 -388.112 2220 ~861.608
Qrifice Po -63.600 4.000 -254.400
Water Weight | Crest P3 0.000 0.833 0.000
Down Stream | P4 388.112 10.080 3,912.164
Upstream P6 0.000 0,000 0.000
Seismic Force |Center Kel 184.384 4.900 903.481
Downstream | Ke2 361.393 3.267 1,180,549
Upstream Ke3 0.000 3.267 0.000
Orifice Keo -42.833 4.000 -171.332
Sediment Pressure Ps 97.107 2.178 211.478
Uplift U1 -284.130 4.100 -1,164.933
U2 | -1,582.840 6.150 ~9,734.468
Total 1,269.466]  905.127 " 8,043.220]

Stability Calculation

Middle third B= 12,300 m
B/6 = 2.050 m
e= 0.186 m
- (Bl 1.864 )
Sliding ' FS= 1.18
Bearing strength Ul= 5.363 t/m2
U2= 6.432 t/m2

B/6>e OK

oK

OK
OK
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CASE 5 1996/4/25
DW.UXLS
Stability Analysis
Deli River Weir (Immediate Plan)
Case 5, Nomal Condition (WL. EL. 25.0m, k=0.000)
Basic Condition Stability Condition
Water Level |Upstream EL.] 24700 m U.W.. of Concrete 2.350 Y/m3
Downstream | EL. 24.200 m Coeflicient of Earth quake 0.000
EL. of Crest EL. 31.500 m [[U.W. of Sediment 1.800
EL. of Foundation EL. 21.700 m ||Coefficient of Sediment P, 0.500
Crest Width Bi 2.500 m [[Foundation [C 0.000
Slope Downstream 1: 1.000 " tan $ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21.867 /m2
Orifice Height Ho 2.000 m |[Required Factor of Safety 1.500
Width Wo 6.000 m [Uplit C.  |L1=apron+base 39.800 m
Length Lo 8,300 m L2=base 12,300
Orifice Center | EL. 25.700 m m 1.00
Block Width Wb 17.500 m Upl 100%
Weir Height Hw 9.800 m Up2 26%
EL. of Sedimentation 28.233
Load Vertical | Horizontal |  Arm Moment
Self Weight |Center W1 1007.563 1.250 1,259.453
Downstream W2 1,974.823 5.767 11,388.143
Upstream W3 0.000 0.000 0.000
Orifice Wo -234.060 4.150 =971,349
Hydraulic Horizontal US1| P1 0.000 4.900 0.000
Pressure |Horizontal US2| P2 78.750 1.000 78.750
Horizontal DS | P5 -54.688 0.833 -45.573
Orifice Po 0.000 4.000 0.000
Water Weight | Crest P3 0.000 0.833 0.000
Down Stream | P4 54.688 11.467 627.083
Upstream P6 0.000 0.000 0.000
Seismic Force [Center Kel 0.000] 4.900 0.000
Downstream | Ke2 0.000 3.267 0.000
Upstream Ke3 0.000 3.267 0.000
Qrifice Keo 0.000 4.000 0.000
Sediment Pressure Ps 218,491 2.178 475.825
Uplift Ul -53.813 4.100 -220.631
| U2 -566.397 6.150 -3,483.341
Total [ | 2,182.803 242.554 9,108.361
Stability Calculation
Middle third = 12.300 m
B/6 = 2,050 m
e= -1.977 m B/6>e OK
( B/6-e 0.073)
Sliding F5= 7.546 OK
Bearing strength Ul= 19,922 t/m2 OK
U2 0.360 t/m2 OK
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CASEI1 1996/4/25
FW-1LXLS
Stability Analysis
Floodway Weir (Immediate Plan)
Case 1 , Nomal Condition (WL. EL. 31.0 m, k=0.000)
Basic Condition ___ Stability Condition
[Water Leve! |Upstream | EL. 31.000 m [U.W... of Concrete 2.350 Ym3
Downstream | EL. 26.500 m |[Coefficient of Earth quake 0.000
EL. of Crest EL. 32,500 m U.W. of Sediment 1.800
EL. of Foundation EL, 25,000 m Cocfficient of Sediment P. 0.500
Crest Width Bl 2.000 m Foundation |C 0.000
Slope Downstream { 1: 1.000 tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21.867 tm2
Orifice Height Ho 0.000 m JIRequired Factor of Safety - 1.500
Width Wo 0.000 m Uplift C. L1=apron+base 28.000 m
Length Lo 0.000 m L2=base 9.500
QOrifice Center] EL. 0.000 m N 1.00
Block Width Wb 1.000 m - fUpl 100%
Weir Height Hw 7.500 m Up2 29%
EL. of Sedimentation 28.000
Load Vertical Horizontal Arm Moment
Self Weight |Center W1 35.250 1.000 35.250
Downstream | W2 66.094 4.500 297.422
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Horizontal U§ P1 0.000 3.750 0.000
Pressure |Horizontal UY§ P2 18.000 2.000 36.000
Horizontal DY P5 -1,125 0.500 -0.563
Orifice Po 0.000 -25.000 0.000
Water Weight |Crest P3 0.000 0.667 0.000
Down Stream| P4 1.125 9.000 10.125
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 0.000 3.750 0.000
Downstream | Ke2 0.000 2.500 0.000
Upstream Ke3 0.000 2.500 0.000
Orifice Keo 0.000 -25.000 0.000
Sediment Pressure Ps 1.800 1.000 1.800
Uplift Ul -21.375 3.167 -67.688
U2 -26.579 4.750 -126.249
Total 54,515 18.675 186,098
Stability Calculation 3.414
Middle third = 9.500 m 4.750
B/6= 1,583 m
e= -1.336 m B/6>e OK
{ B/6-¢ 0.247)
Sliding FS= 2.448 OK
Bearing strength Ul= 10.582 t/m2 OK
U2 0.895 t/m2 OK
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CASE 2 1996/4/25

FW.LXLS
Stability Analysis
Floodway Weir (Immediate Plan)
Casec 2, Earthquake Condition (WL, EL. 31.0m, k= 0.183)
Basic Condition _ Stability Condition
Water Level |Upstream | EL. 26.500 m U.W.. of Concrete 2.350 Um3
Downstream | EL. 26.500 m Coefficient of Earth quake 0.183
EL. of Crest EL. 32.500 m U. W, of Sediment 1.800
EL. of Foundation EL. 25.000 m Coefficient of Sediment P, 0.500
Crest Width Bl 2.000 m Foundation |C 0.000
Slope Downstream { 1: 1.000 tan ¢ ' 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 41,350 t/m2
Qrifice Height Ho 0.000 m Required Factor of Safety 1.300
Width Wo 0.000 m 'Upliﬁ C. L1=apron+base 28.000 m
Length Lo 0.000 m | . L2=base 9.500
Orifice Center] EL. 0.000 m I n 1.00
Block Width Wb 1.000 m Upl 100%
Weir Height Hw 7.500 m Up2 29%
EL. of Sedimentation 28.000
Load Vertical | Horizontal Arm Moment
Self Weight |Center Wil 35250 1.000 35.250
Downstream | W2 66.094 4.500 297.422
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 : 0.000 0.000
Hydraulic Horizontal U P1 0.000 3.750 0.000
Pressure |Horizontal U§ P2 1.125 0.500 0.563
Horizontal DY P35 -1.125 0.500 -0.563] .
Orifice Po 0.000 =25.000 0.000
Water Weight | Crest P3 0.000 0.667 0.000
Down Stream|{ P4 1.125 9.000 10,125
Upstream P6 0.000 0.000 0.000
Seismic Force | Center Kel 6.451 3.750 24.190
Downstream | Ke2 12,095 2.500 30.238
Upstream Ke3 0.000 2.500 ~ 0.000
Qrifice Keo 0.000 -25.000 0.000
Sediment Pressure Ps 1.800 1.000 1.800
Uplift Ul 0.000 ‘ 3.167 0.000
U2 -14.250 4.750 -£7.688
Total 88.219 20.346 331.338
Stability Calculation 3.756
Middle third = 9.500 m 4.750
B/6 = 1.583 m
e= -0.994 m B/6>e OK
( B/6-¢ 0.589)
Sliding FS= 3.636 OK
Bearing strength Ui= 15.117 t/m2 OK
U2= 3.456 t/m2 OK
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CASE 3 ' 1996/4/25

FW-L.XLS
Stability Analysis
Floodway Weir (Immediate Plan)
Case 3, Flood Condition (WL. EL. 34.0m k=0.000)
Basic Condition Stability Condition
Water Level |Upstream EL. 34.000 m U.W.. of Concrete ' 2.350 t/m3
Downstream | EL. 31.430 m Coeflicient of Earth quake 0.000
EL. of Crest EL. 32,500 m U.W. of Sediment 0.000
EL. of Foundation EL. 25.000 m Coefficient of Sediment P, 0.500
Crest Width B1 2.000 m Foundation |C 0.000
Slope Downstream | 1: 1.000 tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21,867 t/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.300
Width Wo (.000 m Uplift C. Ll=aprontbase 28.000 m
Length Lo 0.000 m L2=base 9.500
Crifice Center EL. 0.000 m u 0.72
Block Width Wb 1.000 m Upl 100%
Weir Height Hw 7.500 m Up2 29%
EL. of Sedimentation 28.000
Load Vertical | Horizontal Arm Moment
Self Weight |Center Wi 35,250 1.000 35.250
Downstream | W2 66.094 4.500 297.422
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Horizontal U§ P1 11.250 3.750 42.188
Pressure |Horizontal U§ P2 28.125 2.500 70.313
Horizontal DY P5 =20.672 2.143 -44.308
Orifice Po 0.000 -25.000 0.000
Water Weight |Crest P3 1.500 0.667 1.000
‘|Down Stream| P4 20.672 7.357 152.080
Upstream P6 0.000 0.000 0.000
Seismic Force | Center Kel 0.000 3.750 0.000
Downstream | Ke2 0.000 2.500 0.000
Upstream Ke3 0.000 2.500 0.000
Orifice Keo 0.000 =25.000 ‘ 0.000
Sediment Pressure Ps -2.250 1.000 -2.250
Uplift Ul -8.809 3.167 -27.893
U2 ~49.160 4.750 -233.510
Total | ] 65.547 16.453 | 290.289
Stability Calculation 4.429
Middle third = 9.500 m 4,750
B/6= 1.583 m
e= -0.321 m B/6>e OK
{ B/6-¢ 1.262)
Sliding FS= 3 OK
Bearing strength Ul= 8.300 t/m2 oK
U2= 5.500 t/m2 OK
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CASE 4 1996/4/25

FWIXLS
Stability Analysis
Floodway Weir (Immediate Plan)
Case 4, Critical Condition (WL. EL, 31.0m k=0.183) ‘
Basic Condition I Stability Condition
Water Level |Upstream EL. 31.000 m lU.W.. of Concrete j 2.350 t/m3
Downstream | EL. 26.500 m {[Coefficient of Earth quake 0.183
EL. of Crest EL. 32.500 m [[U.W. of Sediment 1.800
EL. of Foundation EL. 25.000 m |[CoefTicient of Sediment P. 0.500
Crest Width Bl 2.000 m Foundation |C 0.000
Slope Downstream | |: 1.000 tan ¢ 0,838
U.P, Slope Upstream 1: 0.000 Bearing strength 41.350 t/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.100
Width Wo 0.000 m Uplift C. L1=apron+base 28.000 m
Length Lo 0.000 m L2=base 9.500
Qrifice Center| EL. 0.000 m n - 1,00
Block Width Wb 1.000 m Upl 100%
Weir Height Hw 7.500 m Up2 - 29%
EL. of Sedimentation 28.000
Load Vertical | Horizontal Arm Moment
Self Weight |Center W1 35.250 1.000 35.250
Downstream | W2 66.094 - 4.500 297.422
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Horizontal U§ P1 0.000 3.750 0.000
Pressure |Horizontal U§ P2 18.000 2.000 36.000
Horizontal DS P5 -1.125 0.500 -0.563
Orifice Po 0.000 -25.000 0.000
Water Weight | Crest P3 0.000 0.667 0.000
Down Stream| P4 1.125 9.000 10.125
Upstream P6 0.000 0.000 0.000
Seismic Force [Center Kel 6.451 3.750 24.190
Downstream | Ke2 12.095 2.500 30.238
Upstream Ke3 0.000 2.500 0.000
Orifice Keo 0.000 =25.000 0.000
Sediment Pressure Ps 1.800 1.000 1.800
Uplift Ul -21.375 3.167 -67.688
| U2 26579 4.750 -126.249
Total ] | | 54515 37.221 740.526
Stability Calculation 4.412
Middle third = 9.500 m 4.750
B/6 = 1583 m
e= -0.338 m B/6>e OK
( B/6-¢ 1.245)
Sliding F§= 1.228 OK
Bearing strength Ul= 6.963 t/m2 OK
U2= 4.514 t/m2 OK
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CASE S 1996/4/25
FW-LXLS
Stability Analysis
Floodway Weir {Immediate Plan)
Case 5, Nomal Condition (WL, EL. 26.5m, k=0.000)
Basic Condition | Stability Condition
Water Level |Upstream EL. 25.000 m [U.W.. of Concrete- 2.350 t/m3
Downstream | EL. 25.000 m |[Coefficient of Earth quake 0.000
EL. of Crest EL. 32.500 m U.W. of Sediment 1.800
EL. of Foundation EL. 25.000 m Coefficient of Sediment P, 0.500
Crest Width Bl 2.000 m Foundation |C 0.000
Slope Downstream | 1: 1.000 tan ¢ 0.838
P, Slope  |Upstream 1: 0.000 Bearing strength 21.867 t/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.500
Width Wo 0.000 m Uplifi C. L 1=apron+base 28.000 m
Length Lo 0.000 m L2=base 9.500
Orifice Center] EL. 0.000 m I 1.00
Block Width Wb 1.000 m Upl 100%
Weir Height Hw 7.500 m Up2 29%
EL. of Sedimentation 28.000
Load Vertical | Horizontal Arm |  Moment
Self Weight |Center Wl 35.250 1.000 35.250
‘ Downstream | W2 66.094 4,500 297,422
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Horizontal U§ P1 0.000 3.750 0.000
Pressure |Horizontal U§ P2 0.000 0.000 0.000
Horizontal DY P5 0.000 0.000 0.000
Orifice Po 0.000 -25.000 0.000
Water Weight | Crest P3 0.000 : 0.667 0.000
Down Streamn| P4 0.000 9.500 0.000
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 0.000 3.750 0.000
Downstream | Ke2 0.000 2.500 0.000
Upstream Ke3 0.000 2.500 0.000
Orifice Keo 0,000 -25.000 0.000
Sediment Pressure Ps 4.050 1.000 4.050
Uplift Ul 0.000 3.167 0.000
U2 0.000j 4.750 0.000
Total 101.344] 4.050| ] 336.722
Stability Calculation 3.323
Middle third = 9.500 m 4,750
B/6= 1.583 m
e= -1.427 m B/6>e OK
{ B/6-¢e 0.156 )
Sliding FS= 20.982 OK
Bearing strength Ul= 20,285 t/m2 OK
U2= 1.050 t/m2 OK
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CASEl- 1996/4/25
FW-UXLS
Stability Analysis
Floodway Weir (Immediate Plan)
Case 1, Nomal Condition (WL. EL. 31.0 m, k=0.000)
Basic Condition Stability Condition
Water Level |[Upstream EL. 31.000 m UJ.W.. of Concrete — 2.350 t/m3
Downstream | EL. 26.500 m Coefficient of Earth quake 0.000
EL. of Crest EL. 32.500 m U.W. of Sediment 1.800
EL. of Foundation EL. 25,000 m [[Coefficient of Sediment P. 0.500
Crest Width Bl 2.500 m |[Foundation |C 0.000
Slope Downstream | 1: 1.000 I tan ¢ 0.838
U.P. Slope  |Upstream 1: 0.000 Il Bearing strengthl 21,867 t/m2
Orifice Height Ho 0.000 m |[Required Factor of Safety 1.500
Width Wo 0.000 m lUplift C. L 1=apron+base 28,000 m
Length Lo 0.000 m L2=base 10.000
Orifice Center| EL. 0.000 m " M 1.00
Block Width Wb 1.000 m Upl 100%
Weir Height Hw 7.500 m I Up2 36%
EL. of Sedimentation 28.000 "
Load Vertical | Horizontal | Arm Moment
Self Weight |Center Wil 44.063 1.250 55.078
Downstream [ W2 66.094 5.000 330.469
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Hrizontal US] P1 0.000 3.750 0.000
Pressure |Hrizontal US2 P2 18.000 2,000 36.000
Hrizontal DS | P5 -1.125 0.500 -0.563
Orifice Po 0.000 -25.000 0.000
Water Weight | Crest P3 0.000 0.833 0.000
Down Stream| P4 1,125 9.500 10.688
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 0.000 3.750 0.000
Downstream | Ke2 0.000 2.500 0.000
Upstream Ke3 0.000 2.500 0.000
Qrifice Keo 0.000 25,000 0.000
Sediment Pressure Ps 1,800 1.000 1.800
Uplift Ui -22.500 3.333 -75,000
U2 -31.071 5.000 -155.357
Total 57.710 18.675 203.115
Stability Calculation
Middle third = 10.000 m
B/6 = 1667 m
e= <1480 m B/6>e OK
( B/6-¢ 0.186 )
Sliding FS= 2.59 OK
Bearing strength Ul= 10.897 t/m2 OK
U2 0,645 t/m2 0K
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CASE 2 1996/4/25
FW-ULXLS
Stability Analysis
Floodway Weir (Immediate Plan)
Case 2, Earthquake Condition (WL. EL. 31.0m, k=0.183)
Basic Condition It Stability Condition |
Water Level |Upstream EL. 26.500 m [[U.W.. of Concrete 2,350 Um3 |
Downstream | EL. 26.500 m Cocfficient of Earth quake 0.183
EL. of Crest EL. 32.500 m U.W. of Sediment 1.800
EL. of Foundation EL. . 25.000 m Coefficient of Sediment P, 0.500
Crest Width Bl 2.500 m Foundation |C 0.000
Slope Downstream | 1: 1.000 " tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 41,350 t/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.300
Width Wo 0.000 m Uplift C, L1=apron+base 28.000 m
Length Lo 0.000 m L2=base 10.000
Qrifice Center] EL. 0.000 m n 1.00
Block Width Wb 1.000 m Upl 100%
Weir Height Hw 7.500 m Up2 36%
EL. of Sedimentation 28.000
Load | | Vertical | Horizontal Arm Moment
Self Weight |Center W1 44.063 1.250 55.078
Downstream | W2 66.094 5.000 330.469
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Hrizontal US]| P} 0.000 3.750 0.000
Pressure |Hrizontal USQ P2 1.125 0.500 0.563
Hrizontal DS | P5 -1,125 0.500 -.563
Orifice Po 0.000 -25.000 0.000
Water Weight |Crest P3 0.000 0.833 0.000
Down Stream| P4 1.125 9.500 10.633
Upstream P6 0.000 0.000 - 0.000
Seismic Force |Center Kel 8.063 3.750 30,233
Downstream | Ke2 12,095 2.500 30.238
Upstream Ke3 0.000 2.500 0.000
Orifice Keo 0.000 =25.000 0.000
Sediment Pressure Ps 1.800 1.000 1.800
Uplift Ul 0.000 3.333 0.000
U2 -15.000 5.000 =75.000
Total 96.281 21.959 383.510
Stability Calculation
Middle third = 10.000 m
B/6= 1.667 m
e= <1017 m B/6>e OK
( Bf6-¢ 0.650)
Sliding FS= 3.677 OK
Bearing strength Ul= 15.502 t/m2 OK
m= 3.754 t/m2 OK
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CASE 3 1996/4/25
FW-U.XLS
Stability Analysis
Floodway Weir {(Immediate Plan)
Case 3 , Flood Condition (WL, EL. 34.0m k=0.000)
Basic Condition | Stability Condition
Water Level |Upstream | EL. 34.000 m U.W.. of Concrete 2.350 Um3
Downstream | EL. 32.300 m Coefficient of Earth quake 0.000
EL. of Crest EL. 32.500 m U.W. of Sediment 0.000
EL. of Foundation EL. 25.000 m CoefTicient of Sediment P. 0.500
Crest Width Bl 2.500 m Foundation |C 0.000
Slope Downstream | 1: 1.000 tan ¢ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21.867 /m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.300
Width Wo 0.00C¢ m Uplift C. L1=apron+base 28.000 m
Length Lo 0.000 m | L2=base 10.000
Orifice Cented] EL. 0.000 m | " 0.72
Block Width Wb 1.000 m Upl ~ 100%
Weir Height Hw 7.500 m Up2 36%
EL. of Sedimentation 28.000 l
Load Ventical | Horizontal | Arm Moment
Self Weight [Center wi 44.063] 1.250 55.078
Downstream | W2 66.094 5.000 330.469
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Hrizontal US1| P1 11.250 3.750 42.188
Pressure |Hrizontal US2 P2 28.125 2.500 70.313
Hrizontal DS | P5 =26.645 2.433 -64.836
Orifice Po 0.000 -25.000 0.000
Water Weight | Crest P3 1.875 0.833 1.563
Down Stream| P4 26.645 7.567 201.614
Upstream P6 0.000 0.000 0.000
Seismic Force |[Center Kel 0.000 3.750 0.000
Downstream | Ke2 0.000 2.500 0.000
Upstream Ke3 0.000 2.500 0.000
Orifice Keo 0.000 «25,000 0.000
Sediment Pressure Ps -2.250 1.000 -2.250
Uplift Ul -6.134 3.333 -20.445
U2 -57.058 5.000 -285.29]
Total | 75.484 10.480 | 328.401
Stability Calculation
Middle third = 10.000 m
B/6 = 1.667 m
e= <0.649 m B/6>e¢ OK
( Bf6-¢ 1.017)
Sliding F§= 6.039 OK
Bearing strength Ul= 10.490 t/m2 OK
u2= 4.607 t/m2 OK
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CASE 4 1996/4/25
FW-UXLS
Stability Analysis
Floodway Weir {Immediate Plan)
Case 4, Critical Condition (WL, EL, 31.0m k=0,183)
Basic Condition ! Stability Condition
Water Level |Upstream EL. 31.000 m U.W.. of Concrete ‘ 2.350 t/m3
Downstream | EL, 26.500 m Coefficient of Earth quake 0.183
EL. of Crest EL. 32.500 m U.W. of Sediment 1.800
EL. of Foundation EL, 25,000 m ||Coefficient of Sediment P. 0.500
Crest Width Bl 2.500 m [IFoundation |C 0.000
Slope Downstream | 1: 1.000 | tan ¢ 0.838
U.P, Slope Upstream 1: 0.000 Bearing strength 41.350 ¢/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.100
Width Wo 0.000 m Uplift C. L1=apron+base 28.000 m
Length Lo 0.000 m L2=base 10.000
Orifice Center] EL. 0.000 m 1 1.00
Block Width Wb 1.000 m Up! 100%
Weir Height Hw 7.500 m Up2 36%
EL. of Sedimentation 28.000
Load Vertical | Horizontal Arm Moment
Self Weight |Center W1 44.063 1.250 55.078
Downstream | W2 66.094 5.000 330,469
Upstream W3 0.000 0.000 0.000
Orifice Wo 0.000 0.000 0.000
Hydraulic Hrizontal US) Pl 0.000 3.750 0.000
Pressure |Hrizontal US2 P2 18.000 2.000 36.000
Hrizontal DS | P5 -1.125 0.500 =0.563
Qrifice Po 0.000 -25.000 0.000
Water Weight | Crest P3 0.000 0.833 0.000
Down Stream| P4 1.125 9.500 10.688
Upstream P6 0.000 0.000 0.000
Seismic Force |Center Kel 8.063 3.750 30.238
Downstream | Ke2 12.095 2.500 30.238
Upstream Ke3 0.000 2,500 0.000
Orifice Keo 0.000 -25.000 0.000
Sediment Pressure Ps 1.800 1.000 1.800
Uplift Ul -22.500 : 3.333 ~75.000
U2 -31.071 __5.000 -155.357
Total 57.710 38.834 — 263,591
Stability Calculation
Middle third B= 10.000 m
B/6= 1.667 m
e= 0,432 m B/6>e OK
. ( B/6-e 1.234)
Sliding FS= 1.246 0K
Bearing strength Ul= 7.268 t/m2 0K
U2= OK

4.273 t/m2
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CASE 5 1996/4/25
FW-UXLS
Stability Analysis
Floodway Weir {Immediate Plan)
Case 5, Nomal Condition (WL. EL. 26,5m, k=0.000)
Basic Condition i Stability Condition
Water Level |Upstream | EL. 25.000 m [[U.W.. of Concrete T 2.350 Vm3
Downstream | EL. 25.000 m [lCoefficient of Earth quake 0.000
EL. of Crest EL. 32.500 m {{U.W. of Sediment 1.800
EL. of Foundation EL. 25.000 m [{[Coefficient of Sediment P. 0.500
Crest Width Bl 2.500 m [[Foundation |C 0.000
Slope Downstream | 1: 1.000 | tan $ 0.838
U.P. Slope Upstream 1: 0.000 Bearing strength 21.867 t/m2
Orifice Height Ho 0.000 m Required Factor of Safety 1.500
Width Wo 0.000 m {fUplift C, L1=apron+base 28.000 m
Length Lo 0.000 m L2=base 10.000
Qrifice Center] EL. 0.000 m 11 1.00
Block Width Wb 1.000 m |Upl 100%
Weir Height Hw 7.500 m Up2 36%
EL. of Sedimentation 28.000
Load | | Vertical | Horizontal Arm Moment
Self Weight {Center wl 44,063 1.250 55.078
Downstream | W2 66.094 5.000 330.469
Upstream W3 0.000 0.000 0.000
Qrifice Wo 0.000 0.000 0.000
Hydraulic Hrizontal US1| P1 0.000 3.750 0.000
Pressure  |Hrizontal USZ P2 0.000 0.000 0.000
Hrizontal DS | P5 0.000 0.000 0.000
- |1Orifice Po 0.000 =25.000 0.000
Water Weight | Crest P3 0.000 0.833 0.000
Down Stream| P4 0.000 10.000 0.000
Upstream P& 0.000 0.000 0.000
Seismic Force |Center Kel 0.000 3.750 0.000
Downstream | Ke2 0.000 2.500 0.000
Upstream Ke3 0.000 2.500 0.000
Orifice Keo 0.000 =25.000 0.000
Sediment Pressure Ps 4.050 1.000 4,050
Uplift Ul 0.000 3.333 0.000
U2 0.000 5.000 0.000
Total 110.156 4.050 389.597
Stability Calculation
Middle third = 10.000 m
B/6 = 1.667 m
e= ~1,.463 m B/6>e OK
( B/6-¢ 0.203 ) .
Sliding FS= 22.806 OK
Bearing strength Ul= 20,687 t/m2 OK
U2= 1.345 t/m2 OK



Structural Details

(1) Deli River Weir

The Deli River Weir is composed of the following major structural components
such as main weir body, apron, breast wall, wing wall, riverbed protection and
revetments. The basic features of the structural components are presented in
Fig. 2.4.2, and the design concepts are described below.

(a)

(b)

(©)

Direction

The weir axis is placed at right angle with the flow direction of the existing
channel.

Elevation of Apron Bed

The elevation of apron bed is set at EL. 24.2 m which conform to the existing
riverbed elevation at Section UD. 12.00.

Length and Thickness of Apron

The apron with 30 m long is proposed by the hydraulic model test to ensure
the dissipation of flow energy. With this length, the required creep length
against piping by Lane’s method can be obtained.

The required creep length against piping can be obtained by Lane’s method.

C <(LW/3 + ZLv)/AH
where, C:Lane’s creep ratio, C = 6 for sand (D50 = 0.2 to 0.4)
Lh : creep length of horizontal direction,
(Lh=39.8 +5m)
Lv : creep length of vertical direction (ZLv = 11 m)
AH : max. difference between water heads (m),
design high water level
AH= 3.4 m for urgent plan
AH= 2.8 m for immediate plan
water level at crest
AH= 2.5 m for urgent plan
AH= 1.7 m for immediate plan

C=(448/3x11.0/34=76>6 ok
Therefore the cut off wall such as sheet piles is not provided.

The apron thickness is determined to withstand the scouring force and uplift
pressure. To withstand the scouring force and uplift pressure, the thickness of
spillway bed and apron is set at 2.0 m as bellow.
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(¢)

®

(8)

t = 4/3 (Ah-Au)/(We-1)

where, Ah : maximum difference between water heads (m)
Au : uplift at the toe of main body (t/m?)
Wc  :unit weight of concrete (We = 2.35 t/m’)
Ah Au Thickness
{EL. m) {EL. m) _ (m)
design high water level jimmediate plan 10.69
urgent plan 3.12
water level at crest immediate plan
urgent plan
Breast Wall

A gravity type of breast wall is provided at the both sides of main weir body to
contact the weir body and impermeable foundation to prevent horizontal
seepage.

Wing Wall

To minimize the excavation volume and its construction cost and to ensure the
connection between wall and foundation, a semi-gravity type of wing wall and
a gravity type wall are applied to the upstream and downstream wing wall
respectively.

Protection Works

Concrete blocks as a flexible riverbed protection are provided for the
upstream and downstream riverbeds of weir. For the upstream protection,
the crib-type concrete blocks (1.5 m x 1.5 m, 0.5 ton/each) with boulder filling
are provided and for the downstream, square type concrete block (1 mx 1 m,
1.0 tonfeach) corresponding to the water velocity. The length of
downstream protection works is calculated by the Bligh’s formula. It is
45 m from the end of apron. The length of upstream protection is set at
about half of the downstream length. Slope protections are also provided to
prevent side slope faces from erosion caused by overflow discharge.

Low Water Passage (Orifice)

To flow down the low water discharge of 10.6 m’/s with an open channel
flow, two orifices with 2.0 m high and 3 m wide are is provided at the center
of the weir. Bed elevation of the orifice is raised by 50 ¢cm from the bed
elevation of the apron. At the outlet of the orifice, two column type of
baffles are provided to dissipate the energy of flow from orifices.
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(2) Floodway Weir

The structural components are almost the same as the Deli River Weir. The basic
design results are shown in fIG. 2.4.3, and the design concepts are as follows:

(a)

(b)

(c)

(d)

Direction

The weir axis is placed at right angle with the Floodway channel centerline
which is nearly parallel to the flow direction of the Deli River channel.

Height of Apron Bed

The height of weir apron bed is set at the elevation of 26.50 m which is about
1.0 m higher than the nearby riverbed elevation.

Length and Thickness of Apron
The same concepts as those of the Deli River Weir are applied.

The apron with 30 m long is proposed by the hydraulic model test to ensure
the dissipation of flow energy. With this length, the required creep length
against piping by Lane’s method can be obtained as bellow.

The required creep length against piping can be obtained by Lane’s method.

C <(Lh/3 + ZLv)/AH
where, C:Lane’s creep ratio, C = 6 for sand (D50 = 0.2 to 0.4)
Lh : creep length of horizontal direction,
(Lh=34m)
Lv : creep length of vertical direction (ZLv = 12.5 m)
AH : max. difference between water heads (m),
Design High water level
AH= 1.7 m for urgent plan
AH= 3.0 m for immediate plan
water level at crest
AH= 3.3 m for urgent plan
AH= 3.9 m for immediate plan

C=(340/3+125)/3.9=6.1>6 ok
Therefore the cut off wall such as sheet piles is not provided.
Breast Wall

A gravity type of breast wall is provided at the both sides of main weir body to
contact the weir body and impermeable foundation to prevent horizontal
seepage.
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() Wing Wall

®

A reinforced concrete wall (inverse T type wall) is provided along the
approach channel of the Floodway Weir to retaining the both bank
embankment.

To ensure the connection between wall and foundation, a gravity type wall are
applied to the downstream wing wall.

Protection Works
The same concepts as those of the Deli River Weir are applied.

As a results of study, a 40 m long downstream protection works is provided.
For the approach channel bed, crib type concrete blocks with boulder filling is
applied.
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2.4.4 Design Calculation

The stability analysis and stress calculation for the apron wall and upstream and
downstream wing wall wrer conducted in this section.

(1) Stability Analysis
(a) Safety of Wall

The walls were designed to meet the following requirements of safty.

Sliding
The factor of safety against sliding is determined using the following formula:

SF = Re /ZH
where, H : total horizontal forces
Rc : resisting capacity
SF : safety factor given in the following

SF > 1.5 (under normal condition)
SF > 1.2 (under floods and earthquake condition)

Overturning

All forces acting on part of the structure above any horizontal plane should
fall within the middle third of the structure base.

For this purpose, the following condition should be satisfied :

b M b .
e 5 N % (under the normal condition)
e = b . Mb (under the earthquake condition)
2 N 3
where,
b width of base (m)
M total moment about point A (tf . m)
N total vertical forces (tf)
e eccentricity (m)

Bearing Capacity of Pile Foundation

The maximum principal stress in the spread foundation must be kept within
allowable soil bearing capacity. The allowable soil bearing capacity at the
weir site (Qa) is calculated as follows:

Qa, =65.6 tffm*/ 3 = 21.8 tf/m” for nomal condition,
Qa, = 82.7 tffim?/ 2 = 41.3 tfim” for earthquake condition.
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(b) Loading Combination

The loading combination for the stability analysts is:

Increase in Safety Factor

Condition Loading Combination | Allowable | Sliding | Bearing
Stress Capacity

Normal M+T+Th,+U : 0% 1.5 3
Flood M+T+Th,+U 0% 1.2 2
Earthquake |M+T+Th,+G+U 20 % 1.2 2
where
M dead load (yc = 2.5 t/m’)
T : soil pressure(yc = 1.9 t/m®)
Thn normal water pressure
Thb water pressure during flood (hw = H/3, H = wall height)
G earthquake load (k= 0.183)
U : uplift

Stress Calculation
For the wall and footing slab of walls to arrange the reinforcement bars
(a) Loading Condition

The load to be considered for the structural design of box culverts are:

a. [Earth pressure 1yt =1.9 t/m3
b. Live load :Pvl=1tm*
¢. Deadload : reinforced concrete yc = 2.5 t/m°

(b) Allowable Stress

a. Reinforcement Bar
- Allowable tensile stress (osa)  : 1,800 kg/cm?
- Allowable compressive stress ¢ 1,800 kg/em?

b. Concrete (Type C, & Type C,)
- Allowable compressive stress : 225/3 = 75 kg/em®
- Allowable shear stress : 4.25 kg/em?®

Results of Calculation

The dimension, Stablity Analysis, Load Calclation, Stress Calculation and
Reinforcement bar arrangement of the apron wall and upstream and downstream
wing walls are as shown in following pages. |




(a) Apron Wall of Deli River Weir
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Table 4.2.  Load Calculation (Dell River Weir, Apron Wall)
Apron Wall Apron Wali Apron Fooling Apron Footing
Normal Farthyuake  {Nomal Farthquake  TNonnal Earthpake  [Normal Earthguake
11=6.8m H=0.8m ti=4.0m TT=40m Comer Conwer Cenler Center
wall Herghi 1] m T 0304 4.0 41K 0,840 6500
Top Width Bl | m 0.300 0300 0.500 0300 0.300 0.300
Back-side Slope n m 0.150 0130 0.150 {.130 (.150 0.130
C.of EQ k 0.000 0.183 0.000 0.183 0.000 0.183
C.of E.P kh 0.364 0.364 0.364 0.364 0.364 0.364
U.W". of Conc. rc_{vm’ 2.500 2.500 2.500 2.500 2.500 2.500
ULW. of Sail rs |vm 1.900 1.900 1,900 1.900 1.900 1.900
Water Depth hw | m 4.533 0.000 2.667 0.000 4.533 0.000
Sell Weight Wi t 8.500 8.500 5.060 5.000 8.500 8.500
W2 t §.670 8.670 3.000 3.000 8.670 8.670 1.803 1.805
Earthyuake Load | Ket | ¢ 0.000 1.556 0.000 0.915 0.000 1.556
Re2 | t 0.000 1.587 0.000 0,549 0.000 1.587
Water Pressure Wp t 10.276 ).000 1,556 (1.000 10.276 (.00
Earth Pressure We [ t 15.99] 15.991 3.533 5.513 15.991 13.991
Amm Lengih Lkel [ m 3.400 3.400 2.000 2.00) 3.400) 3.400
Lke2 [ m 2.267 2.267 1.333 1.3313 2.267 2.267
fawp [ m 1.511 0.000 0.889 0.000 1.511 $.000
Lwe | m 2.267 2.267 1.333 1.333 2.267 2.267
MMoment Mkel [ tm 0.000 5.289 0.060 1.830 0.000 5.289
AMke2 | t-m 0.000 3.596 0.000 0.732 .000 3.596
Mwp [ t-m 15.528 0.000 3.160 0.000 15.528 0.000
Mwe | t:m 36.247 36.247 7.378 7,378 36.247 36.247
Axis Force N t 17.170 17.170 8.000 8.000 0.000 0.600 0.000 0.000
Moment M |t'm 51.775 45,132 10.538 9.940 51.775 45.132 -17.341 -23.983
Shear Force S 1 26.267 19.134 9.089 6.997 26.267 19.134 0.000 0.000
Effective Thikness | d  fcm 142.000 142.000 106000 100.000 190.000 190.000 190.000 190.60(
d }cm 10.000 10.000 10.000 10.000 10.000 10.000 10.000 10.000
u_|em 54.792 54,792 41.875 41.875 100.000 100.000 0.000 0.000
b | cm 150.000 1007060 100.000 100.000 130.000 1G0.000 100.000 100.000
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Table 4.2,

STRESS CALCULATION (DELI RIVER WEIR. APRON WALL)
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Sea kgemd 1400 a0 2400 011 L6080 0 pRLORG 1, K041 Ok 2400 on 1600 ) * w0
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TABLE 4.2,

DELI RIVER WEIR., UPSTREAM WING WALL

STABILITY CALCULATION OF WING WALL

ving-f

Design Comlition

Flood Condation

[3nckill Material

1 leizh b (04100
Shope n 1: - i
U nit Weihit [ED) [KITTRITE
tnrcrnal Priction Angle Is RINEET
Waler Heleht Back Skle Hwh 33533 m
Front Side Plwt 1, 504)
Load on Backhll q 1.000 t'm2
Features of Wall
Height ot Wall H 10.600
Slope Front slope nt 1000
Height h 3500
1ack slope nh (13040
T Widih 13 1506 m 1} g 1. 181
Tere Jenvih 1t 1.000h m I'x 1367
Tene Haivht 1 1.000 Qumax 1.1 100
| teel Length It L300 m 1048
FFongivdathon
Internal Friction Anule 1 33.000
Coheson I D000 Em2
Concrete
Lnit Weight Gig 2350 1m3
- Design Strength wck 225,000 kg em2
Coellicient of Earthguake k [LRVLY)
Factor of Sally
Bearing Strength qa 21,900
Loal Vertical | Flonzontal Arm Moment
Sell Weight Wall Wil 39.607 6.060] 230018
W2 12.455 4.750] 59.161
W3 14,394 3.333| 479719
Footing Wi 20.398 4.340] _RK.527
Backtill Wel 0.000 5.0001 _ 0.000
We2 0.000 G.840 {1,000
Wel 14.232 6.413] 91.276
Wed 20.946 79001 165.470
Wes 1.6RS 7.827F 13.191
We6 1.590 8.430] 13.404
Water Wwl 0.000 2.250]  0.000
W2 1.500 0.500] _ 0.250
Ww3| 0125 33331 0.417
Wwd 1.873 7.827] 14.657
Wwh 1.767 8.430] 14.893
Water Preasure Front side Pwl 1.125 0.508]  0.563
Back side Pw2 -10.276 1.511) -15.528
Scismic Force Wall Kel 0.000 4.533 0.000
Ke2 0.000 6.300{  0.000
Ke3 0.000 2.167]  0.000]
Footing Ked 0.000 0.500] 0.000]
Backfill Wel 0.000 11.600] 0.000
We2 0.000 11.600 0.000
Wed 0.000 9.244] 0.000,
Wed 0.000 B.067]  0.000
Wes 0.000 3.356]  0.000
Weé 0.000 2.767 0.000
Earth Pressure Horizontal Phd -18.169 6.889(-125.165
{dry area) Vertical Pvd 0.000 8.630]  ©.000
Earth Pressure Horizental Phw -3.83% 1.511| -5.800
(submarged 1) [Vertical Pvw 0.000 8.680]  0.000
Earth Pressure Horizontal Phw' =21.800 2.267| -49.414
(subnarged 2) [Venical Pvw' 0.000 8.6801  0.000
Uplitt Ul =13.020 4.340) -56.507
U2 =13.165 5.787| -76.180
[rom 103.387] . -52.938 421212
Stabijlity Calculation
Middle third B~ 8630 m
B/6= 1447 m
e 0.266 m B/6>e OK
{ Big-¢ 1.181 )
Sliding F5= 1.367 OK
Bearing strength Ul= 14,100 t/m2 0K
Ul= 9.722 t/m2 OK
Floating FS= 4.948
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TABLE 4.2.

DELI RIVER WEIR, UPSTREAM WING WALL

STABILITY CALCULATION OF WING WALIL

ving-e

Design Conditim

Earthquake Condition

Backlifl M ateriat

{ fcisht

hb

AL (HIE)

Slope n=l; sxxwanaes
Unit Weisht Gs 1200 t'm3
Intcrnal Friction Angle fs 30.000
Water Height Back Side Hwb 0,500 m
Front Side Hwt' D.500
Load on Backfill q 1.000 t'm2
Features of Wall
Height of Wall H 10.600
Stope Front slope ni’ 1.0HK)
Fleight ht 3.500
Back slope nh . 300
Top Width 3 0,500 m B Gy 1. 191
Toe Leneth .t 1.000 _ne Fs 1.286
Toe Teisht [ 1.000 m tumax 18. 672
Heel Length 11 0.500 11. 581
Findation
Internal Friction Anaele i3 35,000
Coheson CI Q.00 m2
Cuonerete
Linil Weight [ 2350 km3
Desipn Strength ock 225,000 kg'em2
Cocthicient of Eanthquake k 0183
Factor of Safity
RBearing Strength qa 41,350
Load Vertical | Iorizontal Am M loment
Sell Weight Wall W1 39.607 6.060] 240018
w2 12.455 4.750] 59.161
W3 14304 3.333] 47.979
Footing W4 20.398 4.340] BR.527
Backfill Wel 0.000 5.00d]  0.000
We2 0.000 6.84(H  0.000
Wel 29.073 7.0201 204,091
Wed 12.474 8.355] 104216
Wes 0.034 8.130] 0274
Web 0.225 8.430 1.897)
Waler Wwl 0.000 2.250]  0.000
W] 0.500 0.500|  0.250
W) 0.125 3.333] 0417
Wil 0.038 B.130] 0.305
Ww3| 0.250 8,430 2.108
Water Pressure Front side Pwl 1.125 0,500 $.563
Back side Pw2 -1.12% 0.500]  -0.563
Seismic Force Wall Kel =7.248 4.533] -32.858
Ke2 =2.279 6.300] -14.359
Kel =2.634 2.167] -5.707
Footing Ked -3,733 0.500] -1L.B66
Backfill Wel 0.000 11.600] 0.000
We2 0.000 11.600] 0.000
Wel -5.320 8.233] -43.804
Wed =2.233 6.550] -14.951
Wes -0.006 333]  -0.008
Web =0.041 2501 -0.051
Earth Pressure Horizontal Phd =39.357 4.867] -191.539
(dry area) Vertical Pvd 16.220 8.680| 140.789)
Earth Pressure Horizontal Phw =0.411 0.500] -0.206
{submarged 1)  [Verticat Pvw 0.169 §.680 1.471
Earth Pressure Horizontal Phw' =11.690 0.750] -8.768
(submarged 2) {Vertical Pvw’ 4818 2.680] 41.818
Uplift m =13.020 4.340| -56.507
F 2 ©.000 5.787]  0.000
Total 137.758 +75.003 562.696
Stability Calculation
Middle third B= 360 m
: B/6= L44T m
e= 0.255m B/6>e OK
(Bi6e 1.191)
Sliding FSm= 1.286 oK
Bearing strength Ul= 18.672 Ym2 0K
Ul= 13.070 t/m2 oK
Fleating FS= 11.581
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TABLE 4.2. (1/3)

ving-n

STABILITY CALCULATION OF WING WALL
DEL! RIVER WEIR, UPSTREAM WING WALL

Design Condition

Somal Condilion

Backlill Materka)

}Height hb 1, (K1)
Slope n=l: Pr¥RassEs
Unit Weight Gs 1.900 ¢'m3
Internal Friction Angle fs 30,000
Water Height Back Side Hwb 0500 m
Front Side Hwf 0.500
Load on Backfill q 1.000 ¢'m2
Features of VWall
Height of Wall H 10.600
Slope Front slope nf 1.000
Hetaht ht' 3,500
13ack slope nb 0.306
Top Widih B 0,500 m 13 6¢ . 400
‘Toe Length Lt [KETTE Is l. 761
‘Towe Heighe it 1A (Jumax 13. 86)
Hueel Lengih 8] 6,500 m 9.952
Foundatien
Iniemal Friction Angle i 35,000
Coheson Ci (000 1 m2
Cimerete
Lnit Weight Ge 2,350 1imd
Design Strength wk 225.000 kg em2
Coctlicient of Earthquake k 0.000
Factor of Sally
Rearing Strepgth qa 21940
Load Vertical | Horizonial Arm Moment
Sell Weight Wall Wl 39.607 6,060 240,018
' W2 12.455 4.750] 59.161
W3 14.394 3.333] 47979
Fooling Wi 20.398 4.3401 B%.527
Backfill Wel 0.000 5.000 0.000
We2 0.000 6.840 0.000
We3 29.073 7.020] 204.091
Wed 12.474 8.355] 104.216
Wes 0.034 2130 0.274
We6 0.225 8.430 1.897
Water Wwi 0.000 2.250 0.000
Ww2i 0.500 0.500 0,250
Ww3 0.125 3.333 0.417
Wwd 0.038 §.130 0.305
Ww$ 0.250 8.430 2.108
Water Pressure Front side Pwl 1.125 0.500 0.563
Back side Pw2 =1.125 0.500] ~ -0.563
Scismic Force [ Wall Kel 0.000 4.533 0.000
Ke2 0.000 6.300 0.000
Ke3 0.000 2167 0.000§
Footing Ked 0.000 0.500 0.000
Backfill Wel 0,000 11.600 0.000}
We2 0.000 11.600 0.000
Wel 0.000 8.233 0,000
Wed 0.000 6.550 0.060
Wes 0.000 1.333 0.000
Web 0.000 1.250 0.000
Earth Pressure |Horizontal Phd =35.670 4.867] -173.593
{dry ares) Vertical Pvd 0.000 8.680]  0.000
Earth Pressure Harizontal Phw -0).588 0.500] -0.294
(submarged 1) |Verticat Pvw 0.000 $.680] 0.000
Earth Pressure Horizontal Phw' «10.095 0.750] -7.571
(subnarged 2) |Vertical Pvw' 0.000 8.680]  0.000,
Uplift Ul =13.020 4.340| -56.507
}_ i) 0.000 5.787] _ 0.000
Total 116.551]  -46.352 S11.278]
Stability Calculation |
Middle third B= 3.680 m
B/g= L4447 m
e=m 0.047 m B/6>e OK
({ B/6< 1.400)
Sliding FS= 1761 OK
Bearing strength Ula 12.994 Um2 OK
U2= 13.861 tm2 OK
Floating FS= 9.952
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Table4.2.  Load Calculation (Deli River Weir, Apron Wall)
Wing Wall Wing Wall
Normal Earthquake {Normal Earthquake
H=7.Im H=7.Im H=4.0m H=4.0m

Wall Height H m 7.100 7.100 4.000 4.000
Top Width Bl | m 0.500 0.500 0.500 0.500
Back-side Slope n m 0.300 0.300 0.300 0.300
C.of EQ k 0.000 0.183 0.000 0.183
C.of EP kh 0.442 0.442 0.442 0.442
U.W. of Conc. rc jt/m' 2.500 2.500 2.500 2.300
U.W. of Soil rs | vm? 1.900 1.900 1.900 1.900
Watcer Depth hw | m 2.367 0.000 1.333 0.000
Sclf Weight Wi t 8.875 8.875 5.000 5.000
W2 t 18,904 18.904 6.000 6.000
Earthquake Load | Kel | ¢ 0.000 1.624 0.000 0.915
Ke2 | t 0.000 3.459 0.000 1.098
Watcr Pressure Wp t 2.801 0.000 0.889 0.000
Earth Pressure We t 21.180 21.180 6.722 6.722
Arm Length Lkel | m 3.550 3.550 2.000 2.000
Lke2 | m 2.367 2.367 1.333 1.333
Lwp | m 0.789 0.000 0.444 0.000
Lwe | m 2.367 2.367 1.333 1.333
Moment Mkel |t'm 0.000 - 5,766 0.000 1.830
Mke2 | t*m 0.000 8.187 0.000 1.464
Mwp |t*m 2.209 0.000 0.395 0.000
Mwe |t'm 50.126 50,126 8.963 8.963
Axis Force N t 27.779 27.779 11.000 11.000
Moment M |t'm 52335 64.078 9.358 12.257
Shear Force S t 23.980 26.263 7.611 8.735
Effective Thikness{ d cm 253.000 253.000 160.000 160.000
d | cm 10.000 10.000 10.000 10.000
u cm 90.329 90.329 60.455 60.435
b }cm 100.000 100.000 100.000 100.000
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Table2.4. STRESS CALCULATION, DRLI RIVER WEIR

ATPOTRETART WINVA IV Iy

Type Wing Wall (Upstream. [1=6.6m)
Normal Earthquake
N t 27.78 27.78
M tm 5233 64.08
Q 1 23.98 26.26
d cm 253.00 253.00
d cm 10.00 10.00
u cm 90.33 90.33
h cm 100.00 100.00
r A'sAs 1.00) 1.04)
[i] 15.00 L5.0H)
Scit ke 'em2 735.(H) 112.50
Sxa ke eml 1 .RO0.00 2 700,00
Tea ko em2 4.25 638
Al 77.43 ’9.17
C 62.00] 62.00 80.76] 80.76
k (©) GO0 G000 0.00} 50,000
np (C) 0.0000] 0.0000 0.0000} 0000

S 99.20] 99.20 129.21
k(S) w134 n00] s
np (S) 0.0014] 0.0414 0.0020

d/d 0.04 0.04

f cm- 278.73 321.00

17d 1.10 1.27

np 0.0014 0.0020
r-As 2.36 330
r-As 2.36 3.30

Re-Bar Arranpement
Axl Diameter D16 D16
Area {cm2) 1.99 1.99
Pitch (cm) 30.00 30.00
Asl 6.62 6.62
As2 Diameter 0.00 0.00
Area (cm2) 0.00 0.00
Pitch (cm) 30.00 30.00
As2 {cm2) 0.00 0.00
Total of As 6.62|( OK ) 6.62|( OK)
-2.36 -1.30
As'l Diameter D16 D16
Area {cm2) 1.99 1.9%
Pitch (cm) 30.00 30.00
As'l {(em2) 6.62 6.62
As'2 Diameter 2.00 0,00
Area {cm2) 0.00 0.00
Pitch (cm) 23.00 25.60
As'2 (cm2) 0.00 0.00
Total of A¢'| . 6.62|( OK) 6.62|(0K)
-2.36 -3.30
Check np 0.00392 0.00392
A's/As 1.00 1.00
C 10.37 12.83
S 41.48 68.05%
A 0.91 0,12 0.98 0.10
Sc 12.55]0K 17.87|OK
Ss 752.66|OK 1,422.04|OK
Te 0.95|0K 1.04[OK
X 50.62 40.13

2 - 229



(¢} Downstream Wing Wall of Deli River Weir

5. 400 0

1,000 4,400

8.800

10, 800

2,000

5, 900

Fig. .48 DIMENSIONS OF DOWNSTREAM WING WALL
(DELI RIVR WEIR)



DW-DSW-N

Tatle DOWN STREAM WING WALL
( DELI RIVER WEIR )
Design Condition  Normal Condition
Bockfill Material
Height hb 0.000
Slope n=1: Wik
Unit Weight Gs 1.900 vm3
Internal Friction Angle s 30.000
‘Water Helght Back Side Hwb _ 3.000 m
Front Side Hwf  2.000
Load on Backfill q 1.000 Ym2
Features of Wall
Height of Wall H 8.800
Slope Front tlope nf 0.000
Height hf 0.000
Back slope nb 0.500
Top Width B 0,500 m B/6-e 0.304
Toe Length Lt 0.000 m |Fs 3.213
Toe Height Ht 2,000 m Qumex 36,310
Heel Length Lt 1.000 m
Foundatl
Internal Friction Angle f 40.000
Coheson Cf 0.000 t/m2
Concrete
|___Unit Weight Ge 2.350 t/m3
Design Strength ock 160.000 kg/em2
Coeflicient of Earthquake 3 0.000
Factor of Safty 1.500
Bearing Strength qa 65.600
Load Vertical Horizontall Am | Moment
Sell Weight Wall Wi| 45496 1.967] 89.475
W2{ 10.340 0.250| 2.5835
Wil 0.000 0.0001 _0.000
Footing W4) 27.730 2.950) E1.804
Backfill Wel|  0.000 0.500] ©.000
We2]  0.000 3.200]  0.000
We3l 15979 2.433] 38.882
Wed| 27.550 4.650]128.108
WeS5) 2.025 4.400] 8910
Wesf  2.700 5.400] 14.580
Water Wl 0.000 0.000F  0.000
(Wwl  0.000 0.000] 0.000
[Wwl  0.000 0.000] 0.000
[Wwd  2.250 4.400]  9.900
(Wwq  3.000 5.400| 16.200
'Water Pressure Front side Pwl 8.000 1.333] 10.667
Back side Pw2 -12.500 1.6671 -20.833
Seismic Force ‘Wall Kel 0.000] 49331 0.000
Ke2 0.000]  6.400] 0.000
Ke3 0.000 2.000] 0.000
Footing Ked 0.000] 1.000] 0©.000
Backfill Wel 0.000] 10.800] 0.000
: We2 0.000] 10.800| 0.000
'We3) 0.000{ B.867] 0.000
Wed 0.000] 7900 0.000
Wes 0.000f  4.000] 0.000
Web) 0.000 3.500] 0.000
|Earth Pressure Horizontal Phd 8.971 6.933] -62.199
(dry area) Vertical Pvd| 5179 5.900| 30.559
Earth Pressure Horizontal Phw, ~3.530| 1.667] -5.898
(submarged 1) |Vertical Pyw{ 2043 5.9000 12.054
|Earth Pressure Horizontal Phw/ «15.467)  2.500f -38.668
(subnarged 2) |Vertical Pvwl 8930 5.900| 52.687
Uplift Ul | -23.600 2.950] -69.620
U2} -2.950 3.933] -11.603
Total 126.673] -32.477 287,588
Stability Calculation
Middtie third B 5900 m
Bié: 0983 m
(L -0.680 m B/6>s OK
(BS54 0.304)
Sliding FS= 3273 OK
Bearing strength Ul= 36310 vmi OK
Ul=  6.630 tm2 OK



DW-.DSW-F

Table DOWNSTREAM WING WALL
( DELI RIVER WEIR )
Design Condition  Fleod Condition
Backnll Materiat
Height hb 0.000
Slape n=]: EREHEAE
Unit Weight Gs 1900 t/m3
Internal Friction Angle fs 30.000
Water Height Back Side Hwb 4933 m
Front Side Hwf  3.000
Load on Backfill q 1.000 /m2
Features of Wall
Height of Wall H 8.800
Slope Front slope nf 0.000
Height hi 0.000
Back slope nb 0.500
Top Width B 0.500 m B/6-o 0. 027
Toe Length Lt 0.000 m |Fs 2641
Toe Height Ht 2000 m Qumax  38.980
Heel Length Lt 1.000 m
Foundution
Internal Friction Angle I 40.000
Coheson cf 0.000 t/m2
Concrete .
Unit Weight Ge 2.350 vm3
Design Strength ock  210.000 kg/em2
Coeflicient of Earthquaks k 0.000
[Factor of Safty 1.500
Bearing Strength ga 65.600
Load Veﬂi?g! Hotizontal]  Am | Moment
Self Weight Wall Wil 45496 1.967] 89.475
wW2| 10.340 0.250] 2.585
w3 0.000 0.000] 0.000
Footing w4| 27.730 2.950] 81.804
Backfill Wel]l  0.000 0.500] 0.000
We2|  0.000 3.200| 0.000
Wel 7102 1.789] 12,704
Wed| 25.468 4.167]106.11%
Wesl 5476 4.078] 22330
Web 4.440 5.400] 23.976
Water [Wwl]  0.000 0.000] _0.000
[Ww2  0.000 0.000| 0.000
wy  0.000 0.000]  0.000
'wd  6.084 4.078] 24811
Ww3  4.933 5.400] 26.640
Water Pressure Front side Pwl 12.500] " 1.6671 20.833
Back side Pw2 -24.036] 2.311] -55.549
Seismic Foree Wall Kel 0.000| 4933 0.000
Ke2 0.000 6£.400] 0.000
Ked 0.000] 2.000] 0.000
Footing Ked 0.0001  1.000] 0.000
Backfill Wel 0.000] 10.800] 0.000]
We2 0.000] 10.800] 0.000
'Wel 0.000] 25111 0.000
'We4 0.000] 8.867] 0.000
We5 0.000] 5289} 0.000
Web) 0.000 4.467]  0.000
Earth Pressure {Herizontal Phd 4153 8.222]| -34.147
(dry areal Vertical Pvd| 2398 5.900] 14.147
Earth Pressure Horizontal Phw| 5459  2.311].14.928
(submarged 1} |Vertical Pvw| 3.729 5.900] 22.003
Earth Pressure Horizontal Phw' -14.893 3.4671 -51.631
(submarged 2) [Vertical Pvw'| B.509 5.9001 50.733
Uplift U1 | -29.500 2.950} -87.025
U2y -5.703 3,933} -22.433
Tetal 116.552] -37.041 232447
Stability Calculation
Middle third B= 5.900 m
Big= 0.983 m
- 0.956 m B/6>e OK
(B/6«  0.027 )
Sliding F§= 2641 OK
Beoring strength Ul= 38.980 t/m2 OK
U= 0.543 t/m2 [4) 4
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Table  DOWN STREAM WING WALL
{ DELI RIVER WEIR )}
Design Condition  Earthquake Condition
Backfitl Material
Height hb 0.000
Slope n=|: WEkBEY
LUnit Weight G 1900 tm3
Intemnat Frction Angle fs 30600
Water Heioht Back Sida Hwbh 2000 m
From Side Hwf _ 3.000
Loud on Backfill q 0.000 t/m?
Feutures of Wall
Height of Wall H B.R00
Slope Front slope nf 0.000
Height hf 0.000
Back slope nb 0 500
Top Width B 0.500 m Bi6-e 0. 220
Toe Length Lt 0.000 m F1 1. 832
Toe Haight Ht 2.000 m Qumax 67, 856
Heel Length Lt 1.600 m
Founduation
Internal Friction Ancle 13 40.000
Coheson Cf 0.000 t/m2
Concrete
Unit Weight Oc 2.350 thnl
Derign Strength ock 210,000 kefem2
Coeflicient of Earthquake k 0183
Factor of Salty 1.200
Bearing Strength qa 81700
Load Vertical |Horizontall  Arm | Momem
Self Weight Wall Wt | 45.496 1.967] 89.475
w2| 10340 D23n)  2.58%
w3 0.000 0.000]  0.000
Footing Ww4)| 27.730 29508 81804
Backfill Wel ) D00 0.500)  0.000
We 0.00¢) 3.200] 06.000
Wed] 21.964 2.767| 60.767
Wed] 25840 4,900 126 6] &
Wes| 0000 4.567] 4.110
Wed 1 800 5.400) 9720
Water Wwl 0 000 0.000)  0.000
Wwl  0.000 0.000] 0.000
WwX 0.000 0.000] 0.000
[Wwd  1.000 4.567] 4.567
(Wwd  2.000 5.400) 10.800
Water Pressure Front side Pwl 0.000] 1.333f 0.000
Back side Pw2 0.000] 1.333] 0000
Seiamic Force Whall Kel -8.325] 4933} -41.074
Ke2 .1 892 6400] -12.110
Kel 0.000 2.000| 0.000
Footing Ked -5.075] 1.000| -5.075
‘Back(ill Wel 0.000] 10.800] 0.00¢
We2 0.000| 10.800] 0.000
We3 ~4.019| 8.533]-34.299
Wed 4,729 7.400] -34.993
Wes 01651  3333| -0.549
Web -0.329 3.000] -0.98R
Eatth Pressure Horizontal Phd -39.780 3 267 }129.947
{dry area) Vertical Pud| 7147 5.900] 42.167
Earth Pressure Horizontal Phiw 0.000] _1.333] _0.000
{subgarged 1) |Vertical Pvw| 0.000 5.500F  0.000
Earth Pressure Horizontal Phw] 0.000]  2000] 0000
(submarged 2) [Vertical Pvw] 0000 $900] _©.000
Uplift Ul 0.000 2.950] 0.000
U2 0.000 3.933] 0000
Total 144.217] -64.315 173.576
Stability Caleulation
Middle third B= 5900 m
Bidv 19T m
= A6 m B/3>e OK
(B/6+ 0.220)
Stiding FS= 1882 OK
Bearing strength Ul=  §7.856 t/m2 OK
U= .18.969 tm2 OK



(d) Apron Wall of Floodway Weir
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Fig. 2.4.10 REINFORCEMENT ARRANGEMENT
FLOOD¥AY ¥EIR - APRON WALL
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Table 2.4.

STABILITY CALCULATION

Floodway Weir, Apron Wall H=6.6 m (Nomal Condition)

Apron-n

Design Condition

ekl Material

[Icizht hb 1.1
_\'],;,Pc n=}: mz3azsaza
Unit Weinhit Gs 1.900 L m3
Intermal Friction Anele Is 30,000
Slip anvle o i 56000
Pa-Pa’ (.000
Cocllicient of Earth Prussure  Kh 0,322
Kv 0.117
Water Height Back Side Hwb 1500 m
Front Side Haf -1, 504)
Load on Backfill q 1.000 t'm2
Features of Wall
Heivht of Wall i 6.600
Slope Front nf 0,000
Height hi 6,600
Back nb 0,150
6.600
Top Width B (1.500 m /6-c 0. 186
Toc Length Lt TUH m Fs 2. 142
Toe Flcight Ht 1.500 m Qumax 11. 283
Heel Length L 0.000 m
Heel Height Ht 1500 m 19. 302
Foundation
Internal Friction Angle it 40,000 9,659
Coheson Cr 0.000 L'm2 1. 388
Concrete
Unit Weight Ge 2.500 t'm3
Design Strenpth ock 210.000 kg/em2
Coellicient of Earthquake k 0.000
Factor of Safly 1.50H)
Bearing Strength qa 21.867
Load Vertical [Honizontal Arm Moment
Selt Weight Wall Wl Q.000 T.000 0.0}
W2 8.250 7.250 59.813
E] 8.168 7.830 63.952
Fooling W4 31.838 4,245 135.150
Backfill Wel 0.000 7.500 (.000
We2 0.000 7.995 0.000
We3 9.349 8.310 77.694
Wed -3.463 8.603 -29.788
We5 0.152 8.565 1.301
54.294[ Wet 0.000 8.490 0.000
Water Wwl| _ -10.500 3,500 ~36.750
Ww?2] 0.000 7.000 0.060
Ww3 0.169 8,563 1.445
Wwd| 0.000 8.490 0.000
Water Pressure |Front side Pwl 0.000 0,000 0.000
Back side Pw2 0.000 0.000 0.000
Seismic Force  [Wall Kel 0.000 3.700 0.000
Ke2 0.000 4.800 (.000
Ke3 0.000 3.700 0.000
Footing Ked 0.000 0,750 0,000
Backfili Wel 0.000 8.100 0.000
We2 0.000 8.100 0.000
We3 0.000 5.900 0.000
Wed 0.000 4.800 0.000
Wes 0.000 1.000 0,000
Web 0.000 0.750 0.000
Earth Pressure  [Horizontal Fh -20.087 2.700 -54.23%
Vertical Pv 7311 8.490 62.071
Uplift Ul 0.000 4.245 0.000
U2 0.000 5.660 0.000
Total 51.273] -20.087 280,652
Stability Calculation
Middle third B= 8490 m
Bi6= L4115 m
e= 1.229 m " B/6>e OK 5474
( B/6-¢ 0.186 )
Sliding FS= 2,142 oK
Bearing strength U= 0.795 t/m2 OK
U2= 11.283 t/m2 OK
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Table2.4. STABILITY CALCULATION
Floodway Weir, Apron Wall H=6.6 m Flood Condition)

Apron-f

Desion Condition

Backiill Material

Height hb 0.000
Slnpc nz{: w#arddyzs
Lnit Weicht Gs 1.900 tU'm3
Internal Friciion Angtle Is 30000
Slip angle a N 56.000
Pa-Pa’ 0.0
Cocflicient of Earth Pressure  Kh 0.322
Kv 0.117
Water Height Back Side Hwb 2.200 m
Front Side Hwf 0.008)
Load on Backfill q 0.000 V'm2
Features of Wall
Heizht of Wall H 6.600
Slope Front nf 0.000
Height hf 6.600
Back nb 0.150
6.600
Top Width B 0.500 m /6-c 0.535
Toe Length Lt 7.000 m Fs 1.328
Toe Height Hit 1.500 m Qumax 7.583
Heel Length Lt 0.000 m
| _Heel Height Ht 1.500 m 19. 302
Foundation
Internal Friction Angle if 40.000 9.659
Coheson Cr 0.000 t'm2 1. 388
Concrete
Unit Weight Ge 2.500 t/m3
Design Strength ock 210.000 ke/em2
Cocflicient of Earthquake k 0.000
Factor of Salty 1.300
Bearing Strength qa 21.867
Load Vertical | Horzontal Arm Moment
Self Weight Wall _\_Vl 0.000 T7.000 0.000
w2 25 7.250 59.813
W3 .16 7.830 63.952
Footing W4 31.83 4.245 135.150
Backfill Wel 0.000 7.500 0.000
We2 0.000 7.995 0.000
We3 2759 7.940 21.905
Wed 2.759 8,325 22.967
Wes (.327 8.380 2.738
Web 0.000 8.490 000
Waler Wwl] 0.000 3.500 0.000
W 0,000 7.000 0.000
Ww3 0.363 8.380 3.042
Wwid] 0.000 8.490 0.000
Water Pressurs | Front side Pwl 125 0.500 0.56
Back side Pw2 -6.161 1.233 -7.59
Seismic Force  [Wall Kel 0.000 3.700 0.000
Ke2 0.000 4.800 0.000
Ke3 0.000 3.700 0.000
Fooling Ked 0.000 0.750 0.000
Backfill Wel 0.000 8.100 0.000
We2 0,000 8.100 0.000
We3 0,00 5.900 0.000
Wed 000 4.800 0.000
Wes 0.000 2.233 0.000
Web 000 2.600 0.000
Earth Pressure  |Horizontal Ph +20.087 2.700 -54.235
Vertical Py 7.311 3.490 62.071
Uplift Ul -12.735 4.245 =54.060
U2 -0.339 5.660 -32.859
[Total 30.699]  +25.122 203.448
Stability Calculation
Middle third B= 8.490 m
Bi6= [415 m
e= 0.880 m B/6>e OK 5,125
{ B/6-¢ 0.535)
Sliding FS= 1.326 OK
Bearing strength Ul= 1.769 t/m2 OK
U2= 7.583 tm2 OK




Table 2.4,

STABILITY CALCULATION

Apron-e

Floodway Weir, Apron Wall H=6.6 m (Earthquake Condition)

Design Condition

Backfill Material

1cight hb 0,000
Slope n=l: #ddigyan
Lisut Weiht Gs 1.900 L'm3
Internal Friction Angle fs 30.000
Slip angle a i 56.000 '
Pa-Pa’ 0.000
Coellicient of Earth Pressure Kh 0.322
Kv 0117
Water Height Back Side Hwb «1.500 m
Front Side Hwf -1.500
Load on Backfill q 1.000 tm2
Features of Wall
Height of Wall H 6.600
Slope Front nf 0.000
Heicht hi 6.600
Back nb 0.150
6.600
Top Width B 0.500 m B/6-c 0.659
Toe Length Lt 7.000 m Fs 1. 433
Toc Height Ht 15040 m Qumax 9. 266
Heel Length Lt 0.000 m
Heel EHeight Ht 1.500 m 19. 302
Foundation
Internal Friction Angle 13 40.000 9. 659
Coheson Cf 0.600 t'm2 1. 383
Concrete
Unit Weight Ge 2.500 tm3
Design Strength aock 210.000 kp/em2
Coeflicient of Earthquaks k 0,183
Factor of Safty 100
Bearing Strength qa 21.867
Load Vertical {Hontzontal Arm Moment
Self Weight Wall wli 0.000 7.000) 0.000
w2 8.250 7.250 59.813
w3 8.1638 7.830 63.952
Footing W4 31.838 4.245 135.150
Backfiil Wel 0.000 7.500 0.000
[ We2 0.000 7.995 0.000
We3 9.349 8.310 T1.694
Wed =3.463 8.603 -29.788
Wes 0.152 8.565 1.30]
54.294) Web 0.000 8.490 0.000
Water Wwi]  ~10.300 3.500 +36.750
Ww?2] 0.600 7.000 0.000
Wwd ). 169 8.565 1.445
Wwd] 0.000 3.490 0.000
Water Pressure  [Front ride Pw 0.000 0.000 0.000
Back side Pw2 0.000 0.000 0.000
Seismic Force [Wall Ke 0.000 3.700 0.000
Ke2 +1.510 4,800 +7.247
Ke3 «1.495 3.700 -5.530
Footing Ked -5.826 0.750 -4.370
Backfill Wel 0.000 8.100 0.000
We2 0.000 8.100 0.000
We3 -1.711 $.900 -10.095%
Wed ).634] 4,800 3.042
Wes =0,028 000 =0.028
Web 0.000 0.750 0.000
Earth Pressure  [Horizonta| Ph -20.087 2,700 -54.235
Vertical P'v 7._31 1 8.490 62.071
Uplift ] (.000 4.245 0.000
U2 0.000 5.660 0.000
Total 50,273 -30.023 256.424
Stability Calcutation
Middle third B= 8490 m
B/6= 1415 m
e= 0,756 m B/6>e OK 5.001
{ B/6-e 0.659)
Sliding FS= 1.433 OK
Bearing strength Ul= 2.812 Um2 OK
2= 9.266 t/fm2 OK
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ap-wall

Table 4.2,  Load Calculation (Floodway Weir, Apron Wall)
Apron Wall Apron Wall
Normal Earthquake |Nommal Earthquake
H=6.6m H=6.6m H=4.0m H=4.0m

Wall Height H m 6.600 6.600 4.000 4.000
Top Width Bl | m 0.500 0.500 0.500 0.500
Back-side Slope n m 0.150 0.150 0.150 0.150
C.of EQ k 0.000 0.183 0.000 0.183
C.of EP kh 0.364 0.364 0.364 0.364
U.W. of Conc. rc_|vm’ 2.500 2.500 2.500 2.500
U.W. of Soil rs |{t/m* 1.900 1.900 1.900 1.900
Water Depth hw | m 4.400 0.000 2.667 0.000
Self Weight Wl |t 8.250 - 8.250 5.000 5.000
W2 It 8.168 8.168 3.000 3.000
Earthquake Load | Kel | t 0.000 1.510 0.000 0.915
Ke2 | t 0.000 1.495 0.000 0.549
Water Pressure Wp |t 9.680 0.000 3.356 0,000
Earth Pressure We | t 15.065 15.065 5,533 5.533
Arm Length Lkel | m 3.300 3.300 2.000 2.000
Ike2 | m 2.200 2.200 1.333 1.333
Lwp | m 1.467 0.000 0.889 0.000
Lwe | m 2,200 2.200 1.333 1.333
Moment Mkel [t*m 0.000 4.982 0.000 1.830
Mke2 | t*m 0.000 3.288 0.000 0.732
Mwp |t°m 14,197 0.000 3.160 0.000
Mwe |t'm 33.142 33.142 7.378 7.378
Axis Force N t 16.418 16.418 §.000 8.000
Moment M |tm 47.339 41.412 10.538 9.940
Shear Force S t 24.745 18.069 9.089 - 6.997
Effective Thikness| d cm 139.000 139,000 100.000 100.000
d |cm 10.000 10.000 10.000 10.000
u | cm 53.854 53.854 41.875 41.875
b |cm 100.000 100.000 100.000 100.000




ap-Foot

Table 4.2,  Load Calculation, Floodway Weir,
(Footing for Apron Wall)
Footing for Apron Wali
Normal Earthquake | Earthquake
L=7m L=7m L=7m
L 7.000 7.000 7.000
SIf Weight We 26.250 26.250 26.250
Reaction ql 0.795 2.821 1.769
q2 11.283 9.266 7.383
Q 42.273 42.305 32,732
Am Length Lkel | m 3.500 3.500 3.500
Lke2 | m 4,974 3.756 3.5349
Moment Mkel {t'm 01.875 91,875 91.873
Mke2 [ tem -85.652 -32.634 -47 481
Axis Force N t 0.000 0.000 0.000
. Moment M Jt'm 6.223 39.241 44,394
Shear Force S t 42.273 42,305 32.732
Effective Thikness d cm 140.000 140.000 140.000
d |cm 10.000 10.000 10.000
u cm 75.000 75.000( 75.000
b |cm 100.000 100.000 100.000




RG-ap

Table STRESS CALCULATION FOR APRON WALL OF FLOODWAY WEIR

Type Wing Wall (Upstream) Wing Wall (Upstream) Wing Wall Footing (Upstream)
Normal Ewthounke Noemal Eartheuake Nomat Earthouake
N 1 1642 1542 hil] 8 O 13,00 0.0
Al tm 4734 41 41 10 54 901 394 e
) 1 M7 18.07 9.09 7.04) 42 3% 3273
d cm 139.00 139 00 104) ) 10 00 14062 1300 (%)
d cm 1000 10.00 1406 10.010) 10.00 10.00
u cm 5383 53 85 41.88 41 88 75 00 75.00
b cm 10000 160.00 100.00 100.06 100.00 190.00
r A's'As 1.00 100 1.00 1.00 1.00 1.00
n 15.00 1500 15.00 15.00 15.00 13.00
Sea kipem2 70.00 105.00 70.00 105.00 70.00 105.00
Ssa kp'cm2 1.600.00 2.400.00 1.600 00 2.400.00 1.600.00 2,300 00
Tca ke'em2 4.25 6.3% 423 6.38 425 6.4
M 5618 5028 13.89 13.29 39.24 H.39
[o] 40.37] 4037 .40 79011  79.01 496] 6424
k(C) | B & 63 3F 63 ) 3 :
np(C) 0.0008] 0.0007 -0.0020 00001] 0.0001 G.0006] 0.0005
3 53.28) 53 064
k(5) TEFE0000 13
np (5) 0.0182 1.0098] 0.0098 0.0716] 0.0050 0.0037] 0.0037 0.0197] 00197 0.0147
o/d 0.07 0.07 0.10 0.10 0.07 0.07
f cm 32120 306 10 173.60 166.12 9,999.95 9.999.99
fid 246 2.20 1.74 1.66 71.43 71.43
np 0.0182 0.009% 0.0716 0.0037 0.0197 0.0147
-As 16.86 9.11 47,73 2.44 18.37 13.76
r-As’ 16.86 9.11 47.73 244 12.37 13.76
[—
hRe-Bar Arran, t
Asl Diameter DIg Dly D13 D13 D19 D19
Area (cm2) 2.87 2.87 1.27 1.27 287 287
Pitch (em) 30.00 30.00 30.00 30.00 30.00 30.00
Ast 9.55 9.55 4.22 40 9.55 9.55
As2 Diameter D19 0.00 0.00 0.00 D19 D19
Arca {cm2) 287 0.00 0.00 0.00 2.87 2.87
Pitch {cm) 30.00 30.00 30.00 30.00 30.00 30.00
As2 (cm2) 9.55 0.00 0.00 0.00 9.55 9.55
Total of As 18.10|/{OK) 9.55|{ OK) 4.22)( NG) 4.22]1{ OK) 19.10]( OK } 19.10){ OK }
_ .16.36 911 .41.73 244 -1837 -13.76
As'l Diameter D22 D19 D13 D13 D13 D13
Area (em?2) 3.87 2.87 1.27 1.27 1.27] 1.27
Pitch (em) 30.00 30.00 30,00 30.00 30.00 30.0¢
As'l (em2) 12.90 9.55 4.2 4.22 422 422
As'2 Diameter 0.00 0.00 0.0/ 0.00 0.00 0.00
Area{cm2) 0.00 0.00 0.00 0.00 0.00 0.00
Pitch (cm) 25.00 25.00 25.00 25.00 25.00 25.00
As'2 {cm2) 0.00 0.00 0.00 0.00 0.00 0.00
Total of As' 12.90|( NG ) 9.55}( OK) 4.22)/( NG) 4221 OK) 422|(NG ) 422(NG )
-16.86 9.11 47.73 <244 -18.37 -13.76
Check np 0.02046 0.02046
; 1.00 0.22
11.68 13.20 11.39 11.39
5 39.52 58.83 54,44 71.70 51.35 $1.35
Z 1.06 0.1% 1.04/ 0.13 1.01 0.12 1.02 0.11 1.06 0.18 1.06 0.18
S¢ 28.66|0K 30.78|OK 16.22|CK 17.54|0K 2280|0K 25.79|0K
Ss 1,723.71 ING 2,295.35|0K 1,134.17|CK 1,429.36 10K 1,542.00|OK 1,744.49|OK.
Tc 1.78 10K 1.30|0K 0.9110K 0.70|OK 3.02]OK 2. MJO0K
X 2175 23.28 17.67 15.55 25.41 25.41
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(e) Upstream Wing Wall of Floodway Weir

1 3,000 ‘ 990_500, 1,500 ’
2,000 __§00500,1, 000
2 5
5,99 - 4,100
H=6.6mn H=40mn
Fig. 2.4.11 BASIC DIMENSIONS
FLOODWAY WEIR - WING WALL
] 3,000 980 500 1,500
e
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{| _ 2,000 500300,1,000,
2 I ‘ |
I = { | _pisesnn ’ N
P | o
g | * -
& g _Dlsean <
A ;
§ 5,920 [ 1,100
H=166mn H=40m

' Fig.2.4.12 BASIC DIMENSIONS
FLOODWAY WEIR - WING WALL
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Table 2.4.

STABILITY CALCULATION

¥1-up-n

Floodway Weir, Upstream Wing Wall H=6.8 m (Nomal Condition)

Desion Condition
Backfill Material
| {eisht hb 0.0t
S[n[“: n=l: szmszuzasz
Unit Weinht Cis 1.900 L3
Intemal Friction Angle ts 3000
Slip angke o ; 56000
Pa-Pa' =0 (M)
Coellicient of Earth Pressure Kh (279
Ky 0.102
Water Height Back Side Hwb 2,400 m
Front Side Hwf {.000
Load on Backfill q 1.000 t'm2
Features of Wall
Height of Wall H 7.200
Slope Front nf .00
Height hi 7.200
Back b 0.150
7.200)
Top Widlth B 0.500 m B'6c 0. 883
Toc Length L1 1.300 m Fs 1. 826
Toe Height Et 1.500 m Qumax 14. 941
Heel Length Lt 3.000 m
Heel Height Ht 1.500 m 16. 608
Foundation
Internal Friction Angle i} 30,964 7. 601
Cohcson Cf 0.000 t'm2 0. 986
Concrete
Unit Weight Gc 2.500 t'm3
Design Strength ock 210.000 kefemn2
Coetlicient of Earthquake k 0.000
Factor of Sally 1.500
Bearing Strength qa 2]1.867 -
Load Vertical | Honzonlal Arm Moment
—— ——
Self Weight Wali W 0.000 1.500 0.000
W2 9.000 1.750 15.750
W3 ). 720 2.360 22,939
Footing Wi 22.800 3.040 69.312
Backfill Wel 0.000 2.000 0.000
We2 0,000 4.040 0.000
[We3 3.283 2480 8142
Wed 30.643 4,400 134,830
We$ 0.389 2.960 1.151
82.315| Web 6.480 4.580 29.678
Water Wl 0,004 0.750 0.000
Ww2] 0.00 1.500 0.000
Ww3 0,432 2.960 1.279
Wwd] 7.200 4.580 32.976
Water Pressure  [Front side Pwl 1.125 0.500 0.563
Back side Pw2 ~7.603 1300 9887
Scismic Force  [Wall Kel 0.000 3.900 0.000
Ke2 (00 5.100 0.000
Ke3 0.000 3.900 0.000
Footing Ked 0.000 0.750 0.000
Backfill Wel 0.000 8.70¢ 0.000
We2 0.000 8.700 0.000
We3 0.000 6.300 0.000
Wed 0.000 5.100 0.000
Wes 0.000 2.300 0.000
Web 0.000 2.700 0.000
[Earth Pressure  [Horizontal Ph -20.089 2.900 -58.259
Vertical Pv 7.312 6.080 44.456
Uphift U -9.120 3.040 -27.72%
U2 -7.296 4.053 -29.573
ﬁohl 30.843) -26.569 235.633
Stability Calculation
Middle third B= 6.080 m
Big= 1.013 m
e= 0.125 m B/6>e OK 2915
{ B/6-¢ 0.888 )
Sliding FS= 1.826 OK
Bearing strength Ul= 14.941 ¢/m2 OK
U= 11.652 t/m2 oK
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Table 2.4.

STABILITY CALCULATION

¥l-up-e

Floodway Weir, Upstream Wing Wall H=6.8 m (Earthquake)

Dexign Conditinn
Backfill MMateeial
Fleigld hh 1.004)
Slope n=]; =azssazu
L'nit Weicht Cis 1,900 L mi
Internal Friction Angle 1 KR
Slip anale o - 35.056
Pa-Pa’ 0,001
Coetlicient of Earth Pressure Kh 0.279
Kv 0,102
Water Heizht Back Side Hwb <1500 m
Front Side Hiwf -1.500
Load on Backfll < 0.000 tm2
Features of Wall
Heicht of Wall H 7. 200
Slope Front nt’ 0.000
Height hf' 7.200
Back nb (1150
7.200
Top Width B 0.500 m B/6-c 0. 367
Toe Length Lt 1500 m Fs 1.527
Tos Height Hit 1.500 m Qumax 25. 594
Heel Length Lt 3.000 m
Heel Height Hi 1.500 m 16. G608
Foundation
Internal Friction Angle 13 30.964 7.601
Coheson [ 0.000 t'm2 0. 986
Concrete
Unit Weight [ 2.500 ¥m3
Design Sirength ock 210.000 ka'em2
Coefficient of Earthquake k 0.183
Factor of Salty 1.100
Bearing Strength ga 41.350
Load Vertical ) Honzontal Arm Moment
Self Weight Wall W 0,000 1.500 0.000
W3 9.000 1.750 15.750
W3 9,720 2.360 22,939
Footing W4 22,800 3.040 69.312
Backfill Wel 0.000 2.000 0.000
We2 0.000 4.040 0.000
We3 10.786 2.870 30.955
Wed 45.871 4.693 215.248
Wes 0.152 3.155 0.479
94.278| Web +4.050 4.580 =18.549
Water Wwl +2.250 0,750 -1.638
Ww2i 0.000 .500 0.000
Ww3) 0.169 3.153 0.532
Wwd 4,500 4,580 -20.610
Water Pressure |Front side Pwl 0.000 0,000 000
Back side Pw2 0.000 0.000 000
Seismic Force  [Wall Kel 0.000 3.900 000
Ke2 «1.647 5.100 -§.400
Ke3 «1.779 3.900 -5.937
Footing Ked «4.172 0.750 =3,129
Backfill Wel 0.000 8.700 0.000
We2 0.000 8.700 0.000
Wel -1.974 6.300 «12.435
Wed -8.394 5.100 «42.8
Wes =0.028 1.000 -0.028
Web 0.741 0.750 0.536
Earth Pressure  [Horizontal Ph +20.073 2.900 -58.213
Vertical Pv 7.306 6.080 44.42
Uplift Ul 0.000 3.040 0.000!
U2 0.000 4.053 0.000
[Toal 05.003]  -37.336 227,394
Stability Calculation
Middle third B= 6.080 m
Bi§= 1.013 m
em 0.646 m B/6>e OK 2.3
{ B/6-¢ 0.367)
Sliding FS= 1.527 OK
Bearing strength Ul= 25.594 t/m2 oK
U= 5.657 tm2 OK
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Table 2.4.

STABILITY CALCULATION

Floodway Weir, Upstream Wing Wall H=4.0 m (Normal)

¥2-up-n

Design Condition
RBackfill Material
1lcight hb 3.000
Stope n=1: 4.000
LUnit Weicht Cix 1.900 tm3
Internal Friction Angle L] 300040
Slip angle [ ] 46.818
Pa-Pa’ 0.001
Coetlicient of Earth Pressure  Kh 0.332
Kv 0092
Water Height Back Side Hwb 1333 m
Front Side Hwi 0.000
Load on Backhill t| 1.000 t'm2
Features of Wall
Heicht of Wall 11 4.000
Slope Front nf 0.000
Height ht 4.000
Back nb 0,150
4,000
Top Width B 0.500 m /6-¢ 0. 546
Toe Length Lt 1.000 m Fs 1.627
Toe Height Hi 1.060 m Qumax 9,750
Heel Length Lt 2.000 m
| lcel Height Ht 1000 m 7,300
Foundation
Internal Friction Ancle 13 30,964 5. 340
Coheson Cf 0,000 ¢m2 1.210
Concrete
Unit Weight Ge 2.500 t'm3
Desien Strength ock 210.000 kg/em?
Coecflicient of Earthquake k 0.000
Factor of Safly 1.500
Bearing Strenpth ga 21.867
Load Vertical |Honzontal Am Moment
Sclf Weight Wail W1 0,00 1.000 0.000
W2 5,604 1.250 6.250
W3 3.000 1.700 5.100
Footing W4 10,250 2.050 21.013
Backfill Wel 1.606 3.233 3.191
We2| 0.000 4.100 0.000
We3 1.013 1.767 1.790]
Wed 11.147 3.000 33.440
Wes 0.120 2.033 0.244
34.536| Web 2.400 3.100 7.440
Water Wwl 0.000 0.500 0.000
Ww2)] 0.000 1.000 0.600
Ww3) 0.133 2.033 0.271
Wwd] 2.667 3.100 8.267
‘Water Pressure  {Front side Pwl 0.500 0.333 0.167|
Back side Pw2 -2.722 0.778 -2.117
Seismic Force [Wall kel 0.000 2.333 0.000
Ke2 3,000 3.000 0.000
Ke3 000 2.333 0.000
Footing Ked 0.000 0.500 0.000
Backfill Wel 0.000 5.217 0.000
Wel 0.000 1.3__25 0.000
Wel 0.000 3.667 0.000
Wed 0.000 3.000 0.000
Wes 0.000 1.444 0.000
Web 0.000 1.667 0.000
Earth Pressure  {Horizontal Ph -10.058 1.883 «}18.943
Vertical Pv 2.796 4.100 464
Uplift Ul -4.100 2.050 -8.405
U2 -2.733 2.733 =7.471
fTotat 33.208]  -12.281 63,699
Stability Calculation
Middle third B= 4.100 m
B/6= 0.683 m
o= -0.137 m B/6>e OK 1.913
{ Bi6< 0.346 )
Sliding FS= 1.627 OK
Bearing strength Ul= 9.750 t/m2 OK
U2= 6.493 t/in2 OK




Table2.4. STABILITY CALCULATION
Floodway Weir, Upstream Wing Wall H=4.0 m (Earthquake)

Design Condition

¥2-up-e

Backhill Matedal
Heieht hiy 3000
Slope n=|: 3004
LUnit Weieht G 1,000 tm3
Internal Friction Angle t's 3LOVO
Shp angls a 7 48. 180
N Pa-Pa’ 0.001
CoclYicient of Earth Pressure ~ Kh 0.384
Kv 0.121
Water Height Back Side Hwb ~1.000 m
Fromt Side FHwf -1.000
Load on Backfitl q 1.000) t'm2
Features of Wall
Heiuht of Wall [} 4.000
Slope Front nf 4,000
Height hi 4,000
Back nh 0. 150
4,10
Top Width B 0.500 m B/'6-¢ 0. 176
Toe Length [ 1.000 m Fs 1. 235
Toe Height Ht L0 m Qumax 17. 353
Heel Length Lt 2.008 m
Heel Heioht Hi 1.000 m 7.300
[ Fourdation
Intemal Friction Angle ¥ 30.964 5.340
Coheson Cf 6,000 Um2 1.210
Concrete
Unit Weight Ge 2.500 t'm3
Design Strength ok 210.000 kglcm?
Coefticient of Earthquake k 0.183
Factor of Salty 1.100
Bearing Strength qa 41.350
Load . Vertical |Honizental Am Moment
Self Weight Wall Wl 0,009 1.000 0.000
W2 5.000 250 6.250
W3 3.000 700 5.100
- |Footing W4 10.250 2.050 21.013
Backfill Wel 2.141 3.233 6.921
We2 0.000 4,100 0.000
Wel 3.563 2.000 7.125
Wed| 17.575 3.175 55.801
We5 0.068 2,150 0.145
39.796| Web -1.800 3.100 -5.580
Water Wwl =1.000 0.500 0,500
Ww2 0.000 1.000 0.000
Ww3 0.075 2.150 B 0.161
Wwd -2.000 3.100 -6.200
Waler Pressure  {Front side Pwl 0.000 0.000 0.000
Back side Pw2 0.000 0.000 0.000
Seismic Force  |[Wall Kel 0.000 2.333 0.000
Ke2 £{.915 3.000 -2.745
Ke3 -0.549 2.333 «1.281
Footing Ked -1.876 0.500 -0.938
Backfill Wel -0.392 5.289 -2.072
We2 0.000 5.433 0.000
Wel 0.652 3.667 -2.3%0
Wed -3.216 3.000 -9.649
Wes -0.012 0.667 -0.008
Web 0.329 0.500 0.165
Earth Pressure  {Honzontal Ph -12.356 1.956 +24.555
Vertical Pv 3.952 4.100 16.201
Uplift Ul 0.000 2.050 0.000
U2 0.000 2.733 0.000
[fowt 40.822]  -19.839 62.564
Stability Calculation
Middle third B= 4,100 m
B/6= 0.683 m
e -0.508 m B/6>e CK 1.542
{ B/6-¢ 0.176 )
Sliding FS= 1.235 OK
Bearing strength Ul= 17,353 t/m2 OK
2= 2.561 tm2 OK
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Table4.2.  Load Calculation (Floodway Weir, Upstream Wing Wall)
Wing Wall Wing Wall
Normal Earthquake  |Normal Earthquake
H=6.6m H=6.6m H=4.0m H=4.0m

Wall Height H m 6.600 6.600 4.000 4.000
Top Width Bl | m 0.500 0.500 0.500 0.500
Back-side Slope n m 0.150 0.150 0.150 0.150
C.of EQ k 0.000 0.183 0.000 0.183
C.of E.P kh 0.364 0.364 0.364 0.364
U.W. of Conc. re|tm’ 2.500 2.500 2.500 2.500
U.W. of Soil rs_|tm’ 1.900 1.900 1.900 1.900
Water Depth hw | m 2.200 0.000 1,333 0.000
Sclf Weight Wl t 8.250 8.250 5.000 3.000
W2 |t §.168 8.168 3.000 3.000
Earthquake Load | Kel | t 0.000 1.510 0.000 0.915
Ke2 | t 0.000 1.495 0.000 0.549
Water Pressure Wp | t 2.420 0.000 0.889 0,000
Earth Pressure We t 15.065 15.065 5.533 5.533
Arm Length Lkel | m 3.300 3.300 2.000 2.000
Lke2 | m 2.200 2.200 1.333 1,333
Lwp | m 0.733 0.000 0.444 0.000
Lwe | m 2.200 2.200 1.333 1.333
Moment Mkel [t*m 0.000 4.982 0.000 1.830
Mke2 | t'm 0.000 3.288 0.000 0.732
Mwp |t*m 1,775 0.000 0.395 0.000
Mwe |t'm 33.142 33.142 7.378 7.378
Axis Force N t 16418 16.418 8.000 8.000
Moment M |tm 34.917 41.412 7.773 9.940
Shear Force S t 17.485 18.069 6.422 6.997
Effective Thikness| d | cm 139.000 139.000 100.000 100.000
d | cm 10.000 10.000 10.000 10.000
u | cm 53.854 53.854 41.875 41.875
b |[cm 100.000 100.000 100.000 100.000
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Table STRESS CALCULATION FOR UPSTREAM WING WALL OF FLOODWAY WEIR

Tape Wing Wall (Upstream) Wing Wall (¥ pstream)
Normal | Earthquake Nomal Earthguake
N 1 16.42 [6.42 R.O0 8 (H)
M tm 3492 41,41 71.77 9.94
Q t 17.48 18.07 6.42 7.00
d cm 139.00 139.00 100.00 100,00
4 cm 10.00 10.0¢ 10.00 10.00
u cm 53.83 53.85 41.88 41.88
b cm 100.00 100.00 100.00 100.00
r A's/As 1.00 1.00 1.00 1.00
n 15.00 15.00 15.04) 15.00
Sca kg'om2 75.00 112.50 700 10)5.00
Ssa kg'em2 1.800.00 2,700.00 1.80:0.00 2,700.00
Tea ke'om2 4.25 6.38 4.23 6.3%
A 43.76 50.25 11.12 13.29
C 62.93] 6293 70011  79.01
k (€) 1045 ]50.0 5 004554
np (C) 0.00581 0.0003 00030} 0.0003
8 107.89 135.44
k(S) 50,080 [ 0,089/
np (S) 0.0048 -0.08361 0.0050
d'd 0.07 0.07 0.10 0.10
f cm 266.33 306.10 139.04 166.12
f'd 1.92 2,20 1.39 1.66
np 0.0102 0.0051 0.0058 0.0030
r-As 9.47 4.71 .86 1.98
r-As' 9.47 4.71 3.R6 1.98
Re-Bar Arrangement
Asl Diameter D19 D1% D16 D16
Area {cm2) 2.87 2.87 1.99 1.99
Pitch {cm) 30.00 30.00 30.00 30.00
Asl 9.33 9.55 6.62 6.62
As2 Diameter 0.00 0.00 0.00 0.00
Area (cm2) 0.00 0.00 0.00 0.00
Pitch (em) 30.00 30.00 30.00 30.00
As2 (cm2) 0.00 0.00 0.00 0.00
Total of As 9.33(OK) 9.55]{ OK) 6.62|(OK) 6.62)( OK)
-9.47 -4.71 -3.86 -1.98
As'l Diameter | . D22 D19 D16 D16
Area {cm2) 3.87 2.87 1.99 1.9%
Pitch (cm) 30.00 30.00 30.00 30.00
As'l (em2) 12.90 9.55 6.62 6.62
As2 Diameter 0.00 0.00 0.00 0.00
Area {cm2) 0.00 0.00 0.00 0.00
Pitch {cm) 25.00 25.00 25.00 25.00
As2 (cm2) 0.00 0.00 0.00 0.00
Total of As' 1290} OK) 9.551( OK) 6.623 OK) 6.62|1(O0K?)
-9.47 -1.98
Check 0.01031 0.00993

Se 15.12|0OK 30.78| 0K 11.33|0K 16.08 0K
Ss 499.46 |OK 2,295.35|0K 685.06 |OK 1,199.13|0K
Te 1.26|JOK 1.30|OK 0.64|0K 0.70|0K
X 43.40 23.28 19.96 16.75
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(f) Downstream Wing Wall of Floodway Weir
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DIMENSIONS OF DOWNSTREAM WING WALL
(FLOODWAY WEIR)

Fig. 2.4.13
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Tabls DOWNSTREAM WING WALL

{ FLOODWAY WER)

DW-DSW-N

Design Condition  Nonmal Condition

Backfill Material

Height hb 0.000
Slope el BN
Unit Weight Gs 1.900 vm3
Internal Friction Angle ] 30.000
Water Helght Back Side Hwb  3.000 m
Front Side Hwf  2.000
|_Losd an Backfill q 1.000 vm2
Features of Wall
Height of Wall H 6.600
Slope Front slope nf 0.000
Height hi' 0.000
Back slope nb 0.500
Top Width B 0.500 m B/6-e 0.174
Toa Length Lt 0.000 m F» 3.005
Toe Height Ht 1.500 m Qumax  27.353
Heel Length Lt 0.750 m
Foundation
Intema) Friction Anple ff 40.000
Coheson Cf 0000 vm2
Concrets
Unit Weight Oo 2.350 t/m3
Design Strength ock 160.000 kg/ein2
Coeflicient of Earthquake k 0.000
|Factor of Safty 1.500
IBeanllg Strength qa 65.600
Load Vertical iHorizontal]  Arm | Moment
Self Weight Wall W1 25592 1.600] 40.945
w2| 79535 0.250] 1.93%
w3 0.000 0.000] _0.000
[Eooting w4| 16039 2.275{ 36488
Bacldill Wel]  0.000 0.5000 _ 0.000
[We2! _0.000 2.525]  0.000
Wedl 6156 1.700] 10.465
Wed| 15.390 3.425] 52.911
We5| 2025 3.300| 6&.6583
Wes|  2.025 4175] EB.454
‘Water [Wwl 0.000 6.000] 0.000
[Wwd  0.000 0.000] _0.000
[Ww3  0.000 0.000f 0.000
'Wwd 2,250 3.300| 7.425
Wwd  2.250 4.175] 9.394
Water Pressure Front side Pwl 6.125]  1.167| 7146
Back side Pw2 ~10.125]  1.5001 -15.188
JSeismic Forca Wall Kel 0.000] 3.700] 0©.000
Ke2 0.000]  4.800] 0.000
Ke3 0.000| 1.500] 0.000
Footing Ked 0000 0.750] 0.000
Backfill - Wel 0.000] 8.100] 0.000
We2 0.000] 8.100| 0.000
We3| 0.000)] 6900 0.000
Wed 0.000] 63001 0.000
We3) 0.000] 3.500] 0.000
Webi 0.000 3.000f 0.000
Earth Pressure Horizontal Phd -3.632 5.700] -20.702
{dry area) Vertical Pvd] 2.097 4.550|  5.541
Earth Pressure Horizental Phw -2.924]  1.500] -4.385
(subnarged 1) ]Vertical Pvw| ] 688 4.550] 7.682
Earth Pressure Horizontal Phw -9.080]  2.2501 -20.429
(subrarged 2} |Vertical Prw| 5242 4.550] 23.852
Juplia | -15925 2.275] -36.229
U2l -227% 3.033) -6.901
Tota) 70,3091 -19.636 118.890
Stability Calculation
Middle third B= 4550 m
B/6r 07588 m
[ -0.584 m RB/6>e OK
(B6+ 0174)
Sliding FS=  3.005 oK
Bearing strength Ul= 27353 ¢m? 0K
UZ= 3551 vml OK
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DW-DSW.F

Table  DOVWN STREAM WING WALL
( FLOODWAY WEIR, }
Design Condition  Flood Condition
Backfill Materal
Height hb 0.000
Slope n=1: RHMBEHH
Unit Weight Qs 1.900 v/m3
Intemnal Friction Angle fs 30.000
Water Height Back Side Hwb 4200 m
Front Side Hwf 3000
Load on Backfill q 1.000 t/m2
Features of Wall
Height of Wall H 6.600
Slops Front slope nf 0.000
Height hf 0.000
Back slope nb 0.500
Top Width B 0.500 m B/6-e 0.013
Toe Length Lt 0.000 m Fs 2. 644
Toe Height Ht 1.500 m Qumax 28, 143
Heel Length Lt 0.750 m
Foundation
Internal Friction Angle ff 40.000
Coheson Cf 0.000 t/m2
Concrete
Unit Weight Ge 2.350 t/m3
Design Strength ock 210.000 kg/em2
CoefTicient of Earthquake k 0.000
Factor of Salty 1.500
Bearing Strength ga 65.500
Load Vertical H.?_rimmﬂ Arm | Moment
Self Weight Wall Wi 25592 1.600| 40.946
w2l 7.755 0.250] 1.93%
Wil  G.000 0.0000  0.000
Footing W41 15039 2.275] 36.488
Backfill Wel 0.000 0.500] 0.000]
We2]  0.000 2.525]  0.000
We3| 2736 1.300] 3557
Wed| 12.996 3.125) 40.613
Wes! 3,960 3.100] 12304
Wet 2835 4175| 11836
Water [Wwil  0.000 6.0001  0.000
[Wwl  0.000 0.000]  0.000
[Wwd 0000 4.000] ©.000
(Wwd  4.410 3.100| 13671
[Wwi  3.150 4.175] 11.151
Water Pressurs Front side Pwl 10.125]  1.500) 15.188
Back side Pw2 -16.2451  1.900] -30.866
Seismic Foree Wall Kel 0.000]  3.700] 0000
Ke2 0.000] 4800 0.000
Ke3 0.000 1.500] 0.000
Footing Ked 0.000] 0750] 0.000
Backfill Wel 0.000] B.100] 0.000
We2 0.000] 8.100] 0000
We3 0.000F  7.300] ©.000
Wed 0.000] 6.900] 0.000
Wes 0.000] 4.300] 0.600
Web 0.000]  3.600f 0.000
Earth Pressure Horizontal Phd -1.77] 6500 -11.161
(dry area) Vertical Pvd| 0.99] 4550] 4511
Earth Pressure Horizontal Phw =4.496]  1.900| -B.543
{subnarged 1) |Vertical Pyw]  2.506 45501 11.811
Earth Pressure Horizontal Phw] -B.156] 2850) .23.245
(submarged 2) [Vertical Pvw] 4709 4.550] 21.426
Uplift | 20415 2.275] -46.58¢
2] -2.330 3.033] -B.281
Total 64.573] 20490 93.764
Stability Calculation
Middle third B= 4.550 m
Bl§s 0758 m
e= DTS m B/6>+ OK
{B/6+  0.013) )
Sliding FS=  2.644 OK
Baaring strength Ul= 18143 Um2 OK
Ul= 0.240 Ym2 OK

2 - 250




DW.DSW-E

Table DOWN STREAM WING WALL
( FLOODWAY WEIR )
Design Condition  Earthquake Condition
Backfill Matetial
Height hb 0.000
Slope n=): MiEdBAAN
Unit Weight 4] 1.900 t/m3
Internal Friction Angle 1] 30.000
Water Height Back Side Hwb__ 2000 m
Front Side Hwf  2.000
Load on Backfill q 0.000 t/im2
Features of Wall
Height of Wall H 6.600
Slope Fronit slope nl 0.000
Heisht  hi' 0000
Back slops nb 0.500
Top Width B 0.500 m B/Se 0.041
Toe Length Lt 0.000 Fs 1.715
Too Height Ht 1.500 m Qumax 54,593
Heel Length Lt 0.750 m
Foundalion
Internal Friction Angle i 40.000
Coheson Cf 0,000 t/m2
Concrete
Unit Weight Ge 2.350 tvm3
Design Strength ock _210.000 kg/om2
Coeflicient of Earthquake k 0.183
Factor of Safty 1.200
Bearing Sirsngth qa 82,700
Load Vertical |Honzontal] Arm | Moment]
Self Weight Wall WL 25592 1.600| 40.946
w2| 7.755 0.250{ 1939
w3l 0000 0.000 0.000
Footing Wd4) 16.039 2.215] 36,488
Backfill Well  0.000 0.500| 0.00¢
We2|  0.000 2.525| 0.000
Wed| 10.05] 2.033| 20.437
Wed] 15.295 36751 36.209
Waes 0.900 3.467] 3120
Wet 1.350 4175] 5636
'Water [Wwl ©0.000 0.000]  0.000
[Ww2  0.000 0.000] _ 0.000
Ww3  0.000 0.000] _0.000
(Wwdq  1.000 3.467) 3467
[Wws  1.500 4.175) 6.263
‘Water Prassure Front side Pwl 0.000 1.167| 0.000
|Back sida Pw2 0.000]  1.167] 0.000
Seismnic Force l&!\ Kel -4.683 3.7001 «17.328
Ke2 -1.419 48001 6812
Ked 0.000]  1.500] 0.000
Footing Ked -2.935] 0.750] -2.201
Backfill Wel 0.000 B.100] 0.000
We2 0.000] B8.100| 0.000
We3 -1.839 6.567] -12.078
Wed -2.799 $.800( -16.234
We5! -0.165 2833 0467
Wed| -0.247 2.500] -0.618
Earth Pressure Horizontal Phd -21.176]  2.700] -73.374
(dry area) Vertical Pvd| 4335 4.550] 21.998
Earth Pressure Horizontal Phw 0.0001 1.167] 0.000
I (subsarged 13 |Vertical Pvw|  0.000 4.550]  0.000
Earth Pressurs Horizontal Phw? 0.000 1.750] 0.000
(subrarged ?) |Vertical Pvw]  0.000 4.550] 0.000
Uplift 19)] 0.000 22151 0.000
U2 0.000 3.033] ©.000
Total 84.315] -41.263 67.330
Stability Caleulation
Middle third B= 4550 m
B3t 151Tm
"= 2476 m B3>e OK
{ B/6 01041 )
Stiding Fs= LTS OK
Bearing strength Ule 54593 tm2 OK
Ul= -17.531 tUm2 OK
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