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Received in revised hydraulic parameters. The impact of various rainfall intensities with differing
28-10-2020 aggregate sizes (D1.18mmand Dz.00mm) was also studied. Under the rainfall simulator,
Accepted the different aggregate sizes, D1.18mmand Dz.00mm, were set up at a slope angle of 20°.
19-02-2021 The flow of runoff was collected for 2 hours at several intervals (30, 60, 90 and 120

Available online

min). Then, the hydraulic parameters and concentration of the sediment were

30-6-2021 measured. As a result, the increased rate of rainfall creates a higher concentration
of sediment on a steep slope from 7.988 to 3233.569 gm-3and 2.954 to 976.736 gm-
3 for aggregate sizes D1.18 mm and Dz.00 mm, respectively. Generally, as the flow depth
and shear stress were reduced, the estimated sediment concentration was higher.
On the other hand, flow velocity and unit stream power were directly related to the
sediment concentrations.
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Introduction

The concentration of sediment is the movement of the separation of soil particles from the surface of the
soil because of the few variables [1]. The sediment concentration mostly related to the soil erosion in term
of erosive and destructive. The mutually responsible for sheet and interrill erosion areas are rain-impacted
soil detachment and flows [2]. The primary distribution of particle size produced by rain-impacted flows is
finer (including nutrient and chemical particles) than the distribution in the soil matrix [3]. Fine material
is more easily transported and increase in the discharge than coarse material because of the factors such
as aggregate breakdown and the development of the surface crust [4].

Rainfall is one the real agent of soil erosion by the water [5]. Rainfall intensity is defined as the
duration of the valves that were plotted in the logarithmic coordinates and states that increased in rainfall
duration will minimize the average intensity. Those can trigger shallow slope failures decreases linearly
[6]. The variation in rainfall intensity can affect the soil erosion. It falls as drops in the spherical shape as
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assumed [7] and causes sediment that related to the disasters annually [8]. The downstream movement of
the soil particles is triggered by the raindrop impact and surface flow [2]. The actual rainfall intensity data
are collected from the auto weather station data [5].

Hydraulic parameters are necessary for the study of water and solute transport. The practical or
financial constraints become the bar for the hydraulic parameters often cannot be measured. Many
methods exist to determine soil hydraulic parameters or properties. One of the current method is a broad
array that can be determined in the field or in the laboratory. There are several hydraulic parameters such
as flow, depth, flow velocity, shear stress and unit stream power. From these parameter, the sediment
concentration can be characterizing by determining the erosive power of the overland flow. These
parameters also can estimate the sheet flow based on the surface erosion rate [9]. Means that the higher
erosive powers are because of due to greater flow rates and the increasing of sediment concentration [10].

The main objective of this study was to: (1) describe the effect of rainfall intensity and different
aggregate sizes on sediment production and hydraulic parameters; and (2) investigate the relationship
between sediment concentration production and hydraulic parameters.

Methodology
Soil Sample

The sample of soil is collected from the slope of failure around the region of Universiti Pertahanan Nasional
Malaysia (UPNM). Then, by the process of sieve analysis, the samples are sieved using a sieve shaker under
dry conditions [11]. By this method, the two aggregate sizes composition were collected and prepared
under named Dzmm and D1.1smm. The aggregate samples are collected until the volume of the samples fill the
dimension of the tray. The samples then were compacted as same as the actual field. The samples are
compacted in the tray of 30 cm long x 10 cm wide x 10 cm high. The samples are compacted as compact as
the real site. The tray consisted one hole only that is at the top of the sample. The hole is connected to the
pipe to collect the water flow of the overland flow [12]. The tray from the plastic container and had modified
to fulfil the criteria of the experimental procedure.

To run the experiment, the soil was sieved to obtain the aggregate size that retained on sieve 1.18
mm and retained on sieve 600 pm. The samples are compacted in the tray before placing the samples under
rainfall simulator. A brick is placed under the tray as a basement to control the slope steepness. When to
get the slope steepness of 6 = 20°, the height of the end tray from brick must be 7.3 cm height. Then, the
rainfall is set under intensity 0.004 mmhr™ or 0.044 mmhr™. The rainfall is run for 2 hours with taken the
discharge water every 30 minutes. To run for the next experiment, the sample must be completely dry and
sieve again to get the needed aggregate sizes. This to avoid any error that may be occurred.

Experimental Works

The relationship between sediment concentration and various hydraulic parameters is to be explored in
an experiment setup. The aggregate sizes represent the sediment concentration while the rainfall
intensities will be the controlled variables in this experiment. There are three laboratories are involved in
this experimental work. Firstly, Geotechnical Laboratory where the sieve analysis is done to get the two
different aggregate sizes which are passing sieve 2.00 mm and passing 1.18 mm. Secondly is Hydrology
Laboratory. In this lab, the experiment is set up by using a rainfall simulator. While the total suspended
solid data from the overland flow, were collected and testing in the Environmental Laboratory where Total
Suspended Solid test (TSS) is run.

For every rainfall event, the sediment overland flow is collected with an interval of 30 minutes for 2
hours. Then, the collected sediment is volumetrically measured [12]. The collected sediment undergoes the
total suspended solid Test (TSS) because the sediment is non-filterable residues. The collected sediments
are filtered to separate from water and were oven dried at 105°C for 1 hour [10]. From that, the runoff
discharge, Q (m3s1), and sediment concentration, Qs (gm3), is determined.

Hydraulic Parameters
61



Suif et al./ Zulfaqar J. Def. Sci. Eng. Tech. 4(1) (2021)

By having reference to Fig. 1 will show how the data is gathered. For a span of 2 hours, the overland flow
and infiltration flow are obtained every 30 minutes.

Total Determine the
Collected Runoff . Hydraulic
Sediment . Suspended . Discharge . Sedlmen.t . Parameters
Solid Test Concentration

Fig. 1: Flow of hydraulic parameters measures

The runoff discharged is calculated by using the (1) as below. The volume of runoff flow, V (m3), is obtained
from the total suspended solid test. Time duration, ¢, is taken at when the sediment is collected (time
interval). For example, when the sediment is collected at time interval 60 minutes, the t is 60 minutes then
convert to second.

Q=V/t (1)

Where Q is the runoff discharge (m3/s), Vis the volume of runoff flow (m?3), and t is the time duration when
the sediment is collected. To determine the sediment concentration, Qs (g/m3), use (2). The mass of the dry
sediment, m (g), is obtained from the TSS Test.

Qs=m/V (2)

Where Qs is the sediment concentration (g/m3), m is the mass of dry sediment (g), and V is the volume of
water collected (m3). The flow velocity, v (ms1), is the important parameter to calculate the other hydraulic
parameters. This parameter is depending on the flow discharge and slope gradient [13]. For the average
depth flow, D (m), was determined as (3) [12]. Since the length of the tray was short, which is 30 cm, while
rain was applied on the entire surface of the soil, it was presumed that the changes of q over the length of
the tray were negligible [12].

D=gq/v (3)

Where D is the average flow depth (m), q is the average unit flow discharge per unit width (m?s1), and vis
the flow velocity (ms-1). The next hydraulic parameter is shear stress (7). The shear stress was calculated
as (4) [14]. The density of water flowing, p is 1000 kgm-3 [12], while the gravitational acceleration, g = 9.81
ms-2. Where, D is average flow depth (m) and S is the tangent value of bed slope degree (fraction).

= pgDS (4)

Unit stream power is one of the hydraulic parameters. Use (5) to calculate unit stream power, U (ms-1),
[15]:

U=vS (5)
Where, U is Unit stream power (ms1), v is the flow velocity (ms-1), and is the S is the tangent value of bed
slope degree (fraction).

Results and Discussion

Hydraulic Parameters

Fig. 2 to Fig. 5 shows the result of hydraulic parameters for aggregate size D1.1smm for lowest and highest
rainfall intensities at different time interval. The Fig. 2 defined the flow depth from 0.17669 to 0.17677 m
and 0.17680 to 0.17686 m as the time interval increasing for rainfall intensities of 0.004 mmhr-! and 0.044
mmhr! respectively. But, from Fig. 3 shows that the flow velocity was uniformly graphed when there is
increasing from minute 30 to minute 60 and decreasing starting from minute 60 to minute 120 for rainfall

intensity 0.004 mmhr-1. So, the range is 0.000317 to 0.000336 ms-1, and 0.000355 to 0.000360 ms-! for
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rainfall intensities 0.004 mmhr-! and 0.044 mmhr! respectively. Apparently, when increasing the flow
velocity, the flow depth is decreasing [12].

According to Fig. 4, the obtained shear stress ranged from 632.443 to 633.138 Pa for rainfall intensity
0f 0.004 mmhr!and from 632.928 to 633.285 Pa for rainfall intensity of 0.044 mmhr-1. Also, the unit stream
power increasing ranged from 0.000116 to 0.000122 ms! and 0.000130 to 0.000132 ms-! under rainfall
intensity of 0.004 mmhr-! and 0.044 mmhr?, respectively (Fig. 5).
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Fig. 2: Flow depth for D1.18mm. Fig. 3: Flow velocity for D1.18mm.
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Fig. 4: Shear stress for D1.18mm. Fig. 5: Unit stream power for D1.18mm.
Consequently, the maximum values of hydraulic parameters were obtained at the higher rainfall
intensity which is 0.044 mmhr-! except for flow depth. This results suggest that the higher rainfall intensity
contributed to the stronger unit stream power of the overland flow. From Fig. 6 to Fig. 9 were reported
about the result of hydraulic parameters for aggregate size D2.oomm. The Fig. 6 shows the result of flow depth
falling from minute 30 to minute 90 then increasing to minute 120. The ranged 0.17677 to 0.17858 m for
rainfall intensity 0.004 mmbhr-1. While for rainfall intensity of 0.044 mmhr! ranged from 0.17665 to
0.17685 m. Furthermore, Fig. 7 displays the flow velocity under rainfall intensity 0.044 mmbhr-! and 0.044
mmhr! that increasing from 0.000317 to 0.000333 ms-! and 0.000352 to 0.000357 ms-!, respectively.

0.178 0.00042 - -
) EIO.004mmh'1 EO.044mmh'1 ? 0.00040 - £10.004mmh ! & 0.044mmh t
g o777 S, 000038
BE0176 1 Z E 0.00036 1
> 0.175 - =  0.00034 A =
2 0174 . 0.00032 =Lk

30 60

t (minutes)

90

30 60

t (minutes)

90 120

Fig. 6: Flow depth for Dz.0omm. Fig. 7: Flow velocity for D2.0omm.

The data of shear stress were shown in Fig. 8. The graph showed the same pattern as the flow depth
graph. For a rainfall intensity of 0.004 mmbhr-1, shear stress value from 632.954 to 639.442 Pa while under
rainfall intensity of 0.044 mmbhr-1, the value ranged from 632.537 to 633.237 Pa. According to Fig. 9, unit
stream power increasing and remained constant under rainfall intensity of 0.004 mmbhr-! with fluctuated
from 0.000116 to 0.000122 ms-L. For rainfall intensity 0.044 mmbhr-1, the data distributed as a pyramid in
ranged from 0.000129 to 0.0001300 ms-1.
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Fig. 8: Shear stress for D2.0omm. Fig. 9: Unit stream power for D2.0omm.

Sediment Concentration

When compared both aggregate size, Di.1smm (Fig. 10) and Dz.oomm (Fig. 11), the result showed a finer
aggregate (D1.1smm) has greater measured hydraulic parameters, flow depth, flow velocity, shear stress and
unit stream power, than aggregate size D2.0omm. The overland flow produced is not affected by the rainfall
intensity and steepness of slope, but is also affected by the distribution of soil aggregate sizes [12]. It
claimed that the proportion of the larger aggregate size at the surface of the soil can regulate the overland
flow velocity and flow stream power [16]. The reason for the higher values of hydraulic parameters in
D1.1smm may be because of the finer aggregates credited with the presence of smaller aggregates and the
following smaller pores in this soil. Therefore, smaller pores unable water to pass quickly through it and
produce more overland flow.
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Fig. 10: The changes of sediment concentrationat Fig. 11: The changes of sediment concentration at
different rainfall intensities for aggregates size different rainfall intensities for aggregates size
D1.18mm. D2.00mm.

Relationship between Sediment Concentration and the Hydraulic Parameters

Fig. 12 and Fig. 13 indicates the relationship between the measured sediment concentration and hydraulic
parameters of aggregate size D1.18mm and Dz.oomm, respectively. As graphed in Fig. 12 (a) and (d), there was
a positive relationship between the flow velocity and unit stream power on sediment concentration
production. While, flow depth and shear stress, by comparison, had a negative relationship with the
concentration of the sediment. From Fig. 13 reported that the relationship between the sediment
concentration and hydraulic parameters (flow velocity, flow depth, shear stress and unit stream power)
has positive relationship. But, from the Sara and Majid [12], reported that sediment concentration had a
positive relationship with the flow velocity, shear stress, stream power, and unit stream power while flow
depth had negative relationship. The different results may cause from the difference misconduct the
experiment such as when changing the bottle when collected the overland flow. The different laboratory
setup and rainfall intensity induced also may become the reason why contradicting of result.
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Fig. 12: The relationship between sediment concentration and hydraulic parameters including flow
velocity (a), flow depth (b), shear stress (c) and unit stream power (d) for aggregate size D1.18mm.
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Fig. 13: The relationship between sediment concentration and hydraulic parameters including flow
velocity (a), flow depth (b), shear stress (c) and unit stream power (d) for aggregate size D2.0omm.

Conclusion

There are several important results that could be obtained based on the experiment conducted to examine
the effects of rainfall intensities and aggregate size on sediment concentration and hydraulic parameters.
From the research, there was a direct relation between flow velocity and unit stream power on sediment
concentration for aggregate size D1.18 mm, but an inversely related relationship for sediment concentration
with flow depth and shear stress. The sediment concentration has a linear relation to the hydraulic
parameters for aggregate size Dzoo mm. The sediment concentration production was higher in finer
aggregate size compared to larger aggregate size because of the infiltration rate to increase when smaller
pore was produced between the aggregate particles in the tray. The sediment content also increases as the
rainfall rate increases, with the hydraulic parameters increasing.

Acknowledgement

This research work was supported by Ministry of Higher Education (MOHE) through Fundamental
Research Grant Scheme (RACER/1/2019/TK01/UPNM/1). Apart of this research was funded by Short
Term Grant of Universiti Pertahanan Nasional Malaysia under grant UPNM/2019/GPJP/TK/9.

References
[1]  D.Zachar, Soil erosion (development in soil science 10). Elsevier Scientific Publishing Company, New
York., 1982

[2]  V.Khonesavanh, N. Yasufuku, and R. Ishikura, Evaluation of rainfall erosivity and impact forces using
strain gauges. Lowland Technology International, vol. 17, no. 4, pp. 207-217, 2016.

[3] P. L A. Kinnell, The impact of slope length on the discharge of sediment by rain impact induced
saltation and suspension. Earth Surf Process Landf, vol. 34, pp. 1393-1407, 2009.

[4] Y.L.Bissonnais, Aggregate stability and assessment of soil crustability and erodibility: I. Theory and
methodology. European Journal of soil science, vol. 47, no. 4, pp. 425-437, 1996.

[5] Salako, F. K. (2003). Susceptibility of coarse-textured soils to soil erosion by water in the tropics.

[6] F. Guzzetti, S. Peruccacci, M. Rossi, and C. P. Stark, The rainfall intensity-duration control of shallow
landslides and debris flows: an update. Landslides, vol. 5, no. 1 pp. 3-17, 2008.

[7] C.E.Carter, ]. D. Greer, H. ]. Braud, and J. M. Floyd, Raindrop characteristics in south central United
States. Transactions of the ASAE, vol. 6, pp. 1033-1037, 1974.

[8] H.Saito, D. Nakayama, and H. Matsuyama, Relationship between the initiation of a shallow landslide
and rainfall intensity duration thresholds in Japan. Geomorphology, vol. 111, no. 1-2, pp. 167-175,
2010.

[9] H. M. Shih, and C. T. Yang, Estimating overland flow erosion capacity using unit stream power. Int J
Sediment Res, vol. 24, pp. 46-62, 2009.

66



Suif et al./ Zulfaqar J. Def. Sci. Eng. Tech. 4(1) (2021)

[10] E.Sirjani, and M. Mahmoodabadi, Study On Flow Erosivity Indicators for Predicting Soil Detachment
Rate at Low Slopes. International Journal of Agricultural Science, Research and Technology (IJASRT),
vol. 2, no. 2, pp. 55-61, 2012.

[11] W.D. Kemper, and R. C. Rosenau, Aggregate stability and size distribution. In: Klute A (ed) Methods
of soil analysis. ASA and SSSA, Madison, pp. 425-442, 1968.

[12] A. S. Sara, and M. Majid, Sediment concentration and hydraulic characteristics of rain-induced
overland flows in arid land soils. J Soils Sediments, vol. 15, pp. 710-721, 2015.

[13] G.S.Zhang, K. Y. Chan, A. Oates, D. P. Heenan, and G. B. Huang, Relationship between soil structure
and runoff/soil loss after 24 years of conservation tillage. Soil Tillage Res, vol. 92. pp. 122-128, 2007.

[14] M. A. Nearing, L. D. Norton, D. A. Bulgakov, and G. A. Larionov, (1997). Hydraulics and erosion in
eroding rills. Water Resour Res, vol. 33, pp. 865-876, 1997.

[15] C.T.Yang, Unit stream power and sediment transport. In J. Hydr. Div., ASCE, 1972.

[16] R.B.Bryan, (2000). Soil erodibility and processes of water erosion on hillslope. Geomorphology, vol.
32, pp. 385-415, 2000.

67



