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Abstract:-As discharge of flow increases in river, the thickness of
stone pitching alongside of bank of river increases. The thickness
of stone pitching provided alongside of river obtained from
lateral thrust taking mean velocity of flow into account provides
more thickness of stone pitching alongside of the river compared
to the lateral thrust obtained from mean depth of flow. The
equations for lateral thrust taking into account the velocity of
flow and depth of flow with thickness of stone pitching provided
alongside of the river are derived.
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I. INTRODUCTION

he relationship between the lateral thrust and thickness of

stone pitching alongside river is analyzed. The thickness
of stone pitching obtained from lateral thrust taking mean
velocity of flow into account is determined. It is compared
with the thickness of stone pitching obtained from the lateral
thrust taking mean depth of flow into account.

Il. EXPERIMENTAL SETUP & PROCEDURES
Data were obtained for 0.75-inch roughness bed.

Flume - The flume is open and 1.168m wide and 9.54m long.
Roughness bed was constructed by smearing masonite boards
with fiberglass resin. The boards were then screwed to the bed
of the flume.

Experimental Procedure - Five to seven flows were measured
for three different slopes (2, 5 and 8%). At each flow, depth
was gaged at a single cross section, so that mean flow and
channel properties could be calculated.

I11. RESULTS AND ANALYSIS

Corresponding to average value of mean velocity of flow from
0.75-inch roughness bed i.e.

V = 0.590 m/sec,Q, = 0.04047 m*/sec, Q, =7798 m*/sec using
1 .
—— =—% Where Qn= Discharge

of flow for model i.e. laboratory channel & Q,= Discharge of
flow for prototype i.e. for river and n = scale factor = 130 for
river.

Corresponding to Q,,=0.04047ms/sec, dm = Mean depth of
flow for channel = 0.0591m and d, = Mean depth of flow for

1 1
river found from —% ==

, n 130

i.e. dp=7.683 meter. Now Q, = W d,V, where W = width of
river = 21 m (assumed). Hence

2
WVp

29

Vp=48.33 m/sec. Hence lateral thrust = where w =

Unit wt. of water = 10 KN/m®, g =

Acceleration due to gravity = 9.81m/sec’.

Hence, lateral thrust = 1191 KN/m% Now thickness of stone
pitching provided alongside of the river t = 0.06 Qp% =
0.06 (7798)%% = 1.186 meter.

Hence corresponding to 1191 KN/m? of lateral thrust 1.186
meter thickness of stone pitching alongside of river can be
provided.

Relationship for lateral thrust & thickness of stone pitching
alongside of river is

2
wV
P = Average value of parameters taken from 0.75 inch
g
roughness bed and converted into prototype similarly
WVP2 m H
5 = Max" value of lateral thrust t= thickness of
g

max
stone pitching provided alongside of river.

tmax= Maximum thickness of stone pitching corresponding to
maximum lateral thrust.
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1 1
For Q. = 0.04586 m®/sec using % =

, n2.5 - (130)2.5
Qp = 8837 m*/sec corresponding to Q,, = 0.04586 m®/sec.
Mean depth of flow for channel dm = 0.0434m. Now using

d,

d_ 130

P
flow for river d,= 5.642m. Now Q,= Wd,V, where W = width
of river = 21m (Assumed) V,=74.585 m/sec.

where n = scale factor = 130 . The depth of

2
P =2835.33 KN/m?. Maximum

29
1
value of Q. = 0.05460 m®sec using %

Qp _(130)2.5
and corresponding to Q,,=0.05460 m®sec. d, = 0.0477m

o1
hence —=——
d 130

p
m3/sec and Q,= Wd,V, where W = width of river = 21m.

Hence, V,= 81 m/sec and maximum value of lateral thrust
W, P?
29

stone pitching alongside of river = 0.06 (10521)%3% = 1.311
meter.

wV
Now lateral thrust =

-.d,=6.201 metre and Q, =10521

J = 3344KN/m? and corresponding thickness of
max

Now using the equation of thrust and thickness of stone
pitching i.e.

wv,?

2 t 4.783
03864 (—j -
WVP max

2g max

4.783
2835.33 _ 0.864 t
3344 1.311

Hence, thickness of stone pitching provided along side of
river t = 1.306 metre. For lateral thrust of 2835.33 KN/m?
rock of bearing capacity of 3300 KN/m? can be used along
bank of river.

Also using the formula :=

t=0.06 Qp% = 0.06 (8837)%%* = 1.237 meter~ 1.306 meter

Hence, equation (1) is the required equation for lateral thrust
and thickness of stone pitching provided along of the river
bank.

Average value of mean depth of flow d,,= 0.0333m &
corresponding d,= 4.329 m from

1
—— =—=——where d,, = mean depth of flow for
d b 30

channel, d, = mean depth of flow for prototype & n = scale
factor = 130 taken for river.

2
where w =

Lateral thrust in terms of depth of flow =

Unit weight of water and h = depth of flow = d,. Hence lateral

10(4.329)°
2

thrust = =93.7KN/m?.

Hence, sand silt bags are provided along bank of river which
has bearing capacity of 150 KN/m® Corresponding to
dy=0.0333m, Q,= 0.02037m*/sec and Q, = 3925 m*/sec since

Qn _ 1

— = where Q= Discharge of flow for channel
Q, n”

and Q= Discharge of flow for river or prototype and n =
scale factor = 130 taken for river.

Hence, thickness of sand bag = 0.06 (3925)°*** = 0.94 meter
= 94cm and the required equation for lateral thrust &
thickness of stone pitching provided along bank of river is

wh?

t 4.823
2 =109 — )
wh max
2
max
2
Where = Lateral thrust obtained from average value

5

of d, and = Lateral thrust corresponds to
max

maximum value of mean depth of flow for channel & hence
maximum value of mean depth of flow for river. Similarly, t =
thickness of stone pitching provided along bank of river for
average value of lateral thrust and t;, = maximum value of
thickness of stone pitching provided along bank of river.

For any value of mean depth of flow for channel for 0.75-inch
roughness bed dm= 0.0439 m,d, = 5.707m. Hence lateral

10x(5.707)?

2

value of lateral thrust is obtained corresponding to maximum
value of mean depth of flow for channel d,=0.0698 m, d,
=9.074 m hence maximum value of lateral thrust

10x(9.074)°

2
0.0698 m, Q= 0.05348 m%sec hence Q,= 10305m%sec.

thrust = = 162.85KN/m, and maximum

= 411.69KN/m®.Corresponding  to dp=
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Q 1 1 Table 2: Flume data for 0.75-inch roughness bed
Using —t=—"=—"—+-, maximum value of Fvdraulic radios
Qp r.]2.5 (130) 25 SI.(]I-\)IO. Yy R
thickness of stone pitching = 0.06 x (10305)>%% = 1.301 @
meter. L 0.021
. B . 2. 0.028
Hence from equation (2), t = 1.075 meter. Corresponding to
dm= 0.0439 meter, Q,=0.02482m%sec, Q,=4783m>/sec using 3. 0.040
Qn 1 1 4, 0.054
— = =——— Hence thickness of stone
Qp n2.5 (130) 25 5. 0.063
L . . 6. 0.013
pitching alongside of river t = 0.06(4783)%%* = 1.008 meter~
1.075 meter. 7. 0.019
IV. CONCLUSIONS 8 0029
. I . . . 9. 0.035
The thickness of stone pitching provided alongside of river
obtained from lateral thrust taking mean velocity of flow into 10. 0.041
account provides more thickness of stone pitching alongside 11. 0.044
of the river as compared to the lateral thrust obtained from 12 0.009
mean depth of flow. The thickness of stone pitching obtained " 00La
using equations (1) and (2) provide the results which is same : :
as that of stone pitching obtained from the equation t = 0.06 ( 14. 0.019
u 15. 0.029
Q).
16. 0.035
V. APPENDIX 1 - OBSERVATIONS TABLES 17. 0.037
Table 1: Flume data for 0.75-inch roughness bed
Discharge Mean Mean Depth &’ VI. APPENDIX 2 - NOTATIONS
Sl. | Channel | in cubic derﬁge?sm velocity in dg{ul)rﬁ(:n The following symbols are used in this paper:-
No. Slope meters per @) meters per meters gsy paper:
@ @ Seg’)”d Se(cg)”d ®) A = Flow cross sectional area = Wd.
n 0.02 0.00580 0.0223 0222 0.0282 d = Mean depth of flow in meters.
2. | 002 0.01181 0.0290 0.348 0.0349 a = Depth of bed datum in meters.
3. 0.02 0.02482 0.0439 0.484 0.0495 P = Wetted Perimeter.
4. | 002 0.04047 0.0591 0.586 0.0642 Q = Discharge in cubic meters per second.
5, 0.02 0.05348 0.0698 0.656 0.0746
N A Wd
6. 0.05 0.00381 0.0141 0.230 0.0204 R = Hydraulic radius = — =—2d
7. 0.05 0.00843 0.0199 0.363 0.0262 p W+
8. 0.05 0.02037 0.0299 0.583 0.0360 S = Channel slope.
9. | 005 0.03333 0.0365 0.782 0.0426 vV = Mean velocity of flow in meters per second.
10. | 0.05 0.04586 0.0434 0.904 0.0491
11 | 005 0.05460 | 0.0477 0979 | 00536 REFERENCES
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