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Abstract: Resultant force caused by the pressure loading of a liquid acting on submerged surfaces are known as
Hydraulic force. Calculating the hydrostatic force is necessary to design a building that can resist forces due to its
fluid. There are 2 conditions of the submerged surface, those are fully submerged and partly submerged. In this
study, three scenarios will be used for developing computer-based program for calculating hydrostatic force and
will be compared to manual calculation. The numerical analysis will be conducted using GNU Octave, version
6.2.0. The scenarios are fully submerged plane with 90°, fully submerged plane with inclination angle and partially
submerged plane with inclination angle. Overall, from scenario one to three, the percentage differences are 0%,
with the mean percentage difference of the program is 0%. Hence, it satisfies all the elements that need to be
checked based on the hydrostatic force calculation in Fluid Mechanics.
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1. Introduction

Hydraulic structures constructed for the purpose of retaining water are subjected to hydrostatic forces as long as
water is at rest. Hydrostatic forces are the resultant force caused by the pressure loading of a liquid acting on
submerged surfaces [1]. Calculation of the hydrostatic force and the location of the center of pressure are fundamental
subjects in fluid mechanics [2]. The center of pressure is a point on the immersed surface at which the resultant
hydrostatic pressure force acts [3]. There we are able determine the magnitude, direction and location of these forces.
Hydrostatic force on submerged flat surface is given by equation F = pghcA where p is the density of water, g is the
gravitational constant, hc is the distance from the water surface to the centre of gravity (centroid) of the submerged flat
surface and A is the area of the submerged flat surface [4]. The force, F acts through the center of pressure at hp
whereby the center of pressure is lower than the center of gravity [5]. Hence there are two situations we can consider
which is to determine the hydrostatic force due to water acting on a partially or fully submerged surface. The theory of
hydrostatic pressure can be applied to various applications in our daily lives [6]. For example, elevated water tanks that
are filled by water pumps. Water can be driven into lower-lying residences without the use of extra pumps due to the
consequent hydrostatic pressure. The water level in the tower lowers slowly due to the vast water reservoir, which is
normally several million litres. This maintains steady water pressure until the water level drops below a specific level,
at which point the water is pushed again.
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1.1 Equation and Formula

Designing storage, tunnel, and gate inside the water varies each time, this happens because the force acting on the
surface in the water develops due to the fluid [7]. Therefore, calculating the hydrostatic force is necessary to design a
building that can resist forces due to its fluid as shown in Fig. 1 [8].
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Fig. 1 - The hydrostatic force on horizontal plane

It is important to note that if air pressure operates on both sides of the bottom, the force on the bottom is merely
due to the weight of the liquid in the tank. The resulting force acts through the bottom because the pressure is steady
and equally distributed [9]. The area's centroid in the more general instance where a submerged planar surface is
present, the determination of the resultant force acting on the surface is more complicated when the surface is sloped.
The force acting on a planar surface is due to pressure, then the equation for the force acting on the area is [10].

F = pghcA (1)

p = Water density

g = Gravitational force

hc = Depth of water to the object A = Area of the object

It is also needed to calculate the force location acting in the middle of the pressure

icsin® 8

hp= arc +hc (2)
Ic = Moment inertia of the plane © = The inclined angle.

1.2 Graph and Figures

Since there are 2 conditions of the plane as shown in Fig. 2, those are fully submerged and partly submerged,
therefore, it is needed to calculate each hc differently.

(a) FULLY SUBMERGED

Fig. 2 - Inclined submerged plan surface
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I. Fully Submerged

he=d- (%) ©)
d = Water depth
h = Height of the gate
I1. Partly Submerged
he=(%) 4)

d = Water depth

To calculate the hp it is also needed to find the moment inertia of the plane [1], since the plane itself is rectangular,
therefore the calculation can be found here in Table 1.

Table 1 - F acts at the plane surface perpendicular to the wetted surface

Shape Sketch Area, A Loc. Of Centroid M. of Inertia, Ic or
|
S
h
1 f Y= 3 bh?
Rectangle Y B * - ~h A =bh B e =1z
Sy v *e =3 )

2. Case Study Scenarios

The analysis will implement three scenarios which are fully submerged plane with 90 fully submerged plane with

inclination angle and partially submerged plane with inclination angle. The diagram of the scenarios is shown as Fig. 3
to Fig. 5.
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Fig. 3 - Fully submerged plane with 90° angle
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Fig. 5 - Partially submerged plane with inclination angle

3. Methodology

The numerical analysis will be conducted using GNU Octave, version 6.2.0. The flowchart for developing the
analysis isshown as Fig. 6.
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START
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water depth, d =0,
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~ » END <
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Display graph
Hydrostatic Force, F against Water Depth, d

l

Input whether want to exit or no —_
NO

YES

Fig. 6 - Flowchart in developing numerical analysis using octave software

3.1 Octave Code

The first part of the code is mainly focusing on input data from the user as shown in Fig.7 below. All the data will

be later displayed in table form.
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17klc, clear

2

3 s in

4 fprintf(

5 fprintf(

6 fprintf( )
o

8 % Input data from u !

9 fprintf( )
10

11 rho=input (

12 d=input ( )

13 B=input ( ¥

14 n )

ot ¥ from surface of er t Ye in zadien
16

17 fJfunction al=degree (ar)

18 al=ar* (130/pi): %

19 | ena

20

21 a=degree(ar);

22 o=

23

28 st

25 fprincf(

26 fprintf( )

27 fprincf( )
28

Fig. 7 - Octave code for input data

The second part of the coding were focusing on the data for each scenario which is the fully submerged and partially
submerged plane as shown in Fig. 8.

39 ne=(d.*sind(a))
20 Te=(1/12).* (B.*d."3);

22 else
43 i=i+l;
22 d=y;

Fully Submerged
47 A=B*n;

28 he=d+((h.*sind(a))/2);
49 Ic=( ). % (B.*d."3)

51 end

53 F(i)=rho*g*A.*hc:
54 F(1)=0;

56 hp(i)=hc+(Ic.* (sind(a))."2/ (hc.*R));
57 np(1)=0;

Fig. 8 - Octave code for scenario

The last part of the coding focusing on generate and displayed the result as shown in Fig. 9.

59 $Erint Results
60
61 ] if d<h

€2 fprincf( . [d,F(i),hp(i)])
63 else

64 fprintf( ¢+ [V, F(1),hp(1)])
€5 end

€6 |

67 end

68 |

€9 | slse

70 clear, cle

71 fprintf ( )

72 fprintf )
73 fprintf ( )

74 fprincf( )
75 | return:

76

77 Lena

78 dlmwrite( JE, $3,5)

79

80

81 Pl 2

82 s

83

84 plot(z,F, )

85

86 xlabel( )

87

88 vlabel( )

L

90 title( )

a1

92

Fig. 9 - Octave code for plotting the result
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4. Result and Discussion

The main objective to code a program for hydrostatic force is to make the work of engineers easier, by calculating
the force using the program they will have faster results and have the same accuration by calculating manually, as the
program itself based on the formula. Other than stated above by determining the hydrostatic force, and force location,
the engineers can save their time for designing the structure below the water and can proceed to determining the
calculation based on the site, rather than time-consuming only theoretically.

Theoretical calculation—Program calculation

Percentage difference (%) = x 100 (5)

Program calculation

Based on the first scenario (Fully Submerged Plane with 90°) of the manual calculation and the program
calculation, both got 101.63kN as the value of the hydrostatic force, thus, there is 0.0000 % percentage difference
between theoretical and the program calculation. Based on the second scenario (Fully Submerged Plane with
Inclination Angle) of the manual calculation is 53.33kN while from the program calculation is 53.32kN, as the value of
the hydrostatic force, thus, there is 0.0002% percentage difference between theoretical and the program calculation.
Based on the third scenario (Partially Submerged Plane with Inclination Angle) of the manual calculation is 612.14kN
while from the program calculation is 611.69kN, as the value of the hydrostatic force, thus, there is 0.0007%
percentage difference between theoretical and the program calculation. Overall, from scenario one to three, the
percentage differences are 0.0000%, 0.0002%, and 0.0007% respectively, with the mean percentage difference of the
program is 0.0003%. Table 2 shows the differences result of calculation using the manual calculation and by using the
calculation from the program.

5. Conclusion

The difference between manual calculations with computer-based analysis using octave is 0% which is too small.
Hence, it can be concluded that it satisfies the main objective and satisfies all the categories which is fully submerged
plan with 90° angle, fully submerged plane with inclination angle and partially submerged plane with inclination angle
that need to be checked based on the hydrostatic force calculation in Fluid Mechanics. Thus, this study will help any
consultant, contractor and owner to construct a damp, a tunnel, and any structure that related to water pressures at
different depths. Furthermore, it will help to reduce the costing due to shorter time period.
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