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Abstract—The road section of Boyolangu - Campurdarat is the main route to a tourist destination on the south coast of Tulungagung district, 

this route during the rainy season floods often occur because the drainage channel is unable to accommodate rainwater, causing water to 

overflow and inundate the road. Besides, passing vehicles slow down their speed, which causes congestion and even traffic jams, which must be 

immediately addressed by normalizing channels or constructing new drainage channels. An alternative method of material for making drainage 

channels is needed to shorten the time of execution of the work and minimize the number of workers. One type of material for making drainage 

channels is from ready mix concrete and U-ditch precast concrete. The difference between the type of material for making this channel from the 

conventional one is that it is made in a fabricated manner, which is carried out at the job site and does not require a long time, so it does not 

cause prolonged traffic jams. Based on the calculation of the drainage channel with a length of 7,750 meters with a workforce of 200 

people/day, the cost of the drainage channel with river stones is Rp. 17,242,200,000, - with an implementation time of 393.78 days, the drainage 

channel with ready mix concrete Rp. 20,896,325,000, - with an implementation time of 305.72 days, drainage channels with precast u-ditch Rp. 

41,546,200,000, - with an implementation time of 164.6 days. 
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I. INTRODUCTION  

The construction of the Southern Cross Route (Jalur Lintas 

Selatan) that crosses the coast in the southern coastal area of 

Tulungagung Regency opens new tourist attractions such as 

Gemah Beach which is crowded with local and out-of-town 

tourists (www.pu.go.id, 28 August 2017), this shows 

transportation infrastructure. It plays an important role in 

encouraging economic improvement in the tourism sector. 

The road section of Boyolangu - Campurdarat is the main 

route traversed by private vehicles and large buses to get to 

tourist destinations on the south coast, besides that the natural 

stone industry for raw materials for ceramics and marble 

ornamental stones has begun to show an increase in the last 

ten years. Large trucks carrying natural stones are also passing 

through this road, heading for factories around Surabaya. 

From the location or geographical location in the lowlands 

of Tulungagung Regency during the rainy season, floods often 

occur during high rainfall, the heavy flow causes the drainage 

channel to be unable to accommodate rainwater, resulting in 

water overflowing and inundating the road. In addition, 

passing vehicles slows down their speed, causing congestion 

and even traffic jams, so this problem must be immediately 

addressed by normalizing channels or constructing new 

drainage channels. 

In the process of building drainage channels, the majority 

of planning at the Public Works Office still uses conventional 

materials that are carried out directly at the project site, but 

there are drawbacks, including requiring a long time to work, 

and laying construction work materials consuming the road 

body causing traffic jams in the long run. long time 

(www.surabaya.tribunnews.com, 05 June 2018). 

The method of comparing the types of material for making 

drainage channels is needed to shorten the time of carrying out 

work and minimize the number of workers. One type of 

material for making drainage channels is from ready mix 

concrete and U-ditch precast concrete. 

The difference between the type of material for making 

this channel from the conventional one is that it is made in a 

fabricated manner, which is carried out at the job site and does 

not require a long time, so it does not cause prolonged traffic 

jams. 

II. LITERATURE REVIEW  

Drainage 

Drainage means to drain, remove, or divert water. In the 

field of civil engineering, drainage can generally be defined as 

a technical measure to reduce excess water, either from rain, 

seepage or excess irrigation water in an area / land, so that the 

function of the area is not disturbed. Drainage is also defined 

as an attempt to control groundwater quality in terms of 

salinity. Thus, drainage concerns not only surface water but 

also groundwater. (Suripin: 2004). 

Hydrological Analysis 

Hydrological analysis is carried out based on available 

daily rainfall data from rainfall estimating stations. This 

analysis is carried out to determine the planned flood 

discharge, which will later be used to plan the dimensions of 

the channel. 
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 The calculation of maximum area rainfall using the 

average method uses the following formula 

n

RRR
Rr

n ....21 
  

Note: 

Rr   = Average regional rainfall (mm). 

Rn  = Rainfall data from observation stations. 

n    = Number of observation stations. 

Probability Distribution  

Determination of the type of probability distribution in 

accordance with the data is done by matching the data 

parameters with the terms of each type of distribution as in the 

following table: 

 
TABLE 1. Determination of Distribution Types 

No Distribution Requirements 

1 Gumbel 
Cs = 1,14 

Ck = 5,4 

2 Normal 
Cs = 0 

Ck = 4 

3 Log Normal 
Cs = Cv

3 + 3Cv 

Ck = Cv
6 + 6Cv

6 + 15Cv
4 + 3 

4 Log Pearson Type III Out of the value above 

Mononobe Method of Rain Intensity Calculation 

If short-term rainfall data is not available, and what is 

available is daily rainfall data, the regression equation can be 

derived using the Mononobe Method, with the following 

formula (Made, 2011): 

t

X
I

3/2

24 24

24
  

Note: 

I      = Plan rain intensity (mm). 

X24  = Maximum daily rain height or plan rain (mm) 

t     = duration of rain or concentration time (hours) 

Calculation of Flood Discharge Plan Rational Method 

 Calculation of the Flood Discharge Plan Rational Method, 

can be done with the formula (Made, 2011) as follows: 

Q  = 0.278 x C x I x A  

Note: 

Q  = Peak runoff discharge (m3 / s). 

C  = Flow rate (without dimensions). 

A  = Area of drainage area (Km2). 

I  = Rainfall intensity (mm / hour). 

Channel Capacity  

 Calculation of the capacity of the drainage channel sees the 

shape of the channel cross section using Manning's formula as 

follows: 

 
Note: 

Q = debit (m/s) 

A = Wet cross-sectional area 

R = hydraulic radius 

I = slope of the channel 

n = coefficient of roughness 

Time of Work 

 Time planning and the number of workers can be 

calculated with the following formula: 

N = k x V  

     T  

Note : 

N = Total Labor 

k = Labor Coefficient in Unit Price Analysis 

V = Quantity of Work 

T = Length of work 

III. METHOD 

This study uses qualitative research methods using the 

methods used are: 

1)  Library Study. The method is done by reading literature or 

studying various books, especially about theories related to 

problems and as a comparison to theory and practice. 

2)  Field Research. The method is done by visiting the 

research site directly into the field. In this case the 

techniques used are: documentation techniques and 

observation techniques. 

IV. RESULTS AND DISCUSSION 

Maximum Regional Rainfall 

TABLE 2. Calculation of Average Rainfall 

No. Year 

Station Maximum Rainfall (mm) Average 

Bandung Besuki Campurdarat 
 

R1 R2 R3 (R1+R2+R3)/3 

1 2010 158 320 123 200.33 

2 2011 86 105 69 86.67 

3 2012 67 108 61 78.67 

4 2013 88 89 84 87.00 

5 2014 61 114 58 77.67 

6 2015 61 139 54 84.67 

7 2016 95 151 108 118.00 

8 2017 51 66 91 69.33 

9 2018 118 132 91 113.67 

10 2019 106 96 132 111.33 

    
Total 1027.33 

    
Average 102.73 

 

From the results of the calculation of the maximum area 

rainfall with the algebraic method at the three observation 

stations, it is obtained = 102.73 mm / year. 

Homogeneity Test 

The homogeneity test is intended to determine whether the 

data series collected from 3 measuring stations located within 

a drainage area or one of which is outside the relevant 

drainage area originates from the same population or not.  

From the table of critical t values, it can be seen that for dk 

= 27 and the degree of confidence α = 5% or t0.05, the table 

value is t = 1.703. 

Because (t calculation result) -4,735 <1,703 (t table), it can 

be concluded that the rain data from Bandung, Besuki, and 

Campurdarat stations are homogeneous or come from one 

population. 
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TABLE 3. Calculation of Rainfall Homogeneity Test 

 

The Chi Square Method Probability Distribution Test 

a. The Gumbel Probability Distribution 
 

TABLE 4. Calculation of the Chi Square Gumbel Distribution 

 
 

b. Log Normal Probability Distribution  
 

TABLE 5. Calculation of Chi Square Log Normal Distribution 

 
 

c. Pearson Type III Log Probability Distribution 
 

TABLE 6. Calculation of Chi Square Log Distribution Pearson Type III 

 
 

d. Recapitulation of X2 and X2cr Values for 3 Distributions 
 

TABLE 7. Recapitulation of the Values of X2 and X2cr 

 

Based on the calculation table above, if X2 < XCr Table. 

Then the distribution can be accepted, so that the smallest 

distribution is used is Log Pearson Type III 

The Smirnov Kolmogorov Method Probability Distribution 

Test 

TABLE 8. Calculation of the Kolmogorov Smirnov Test 

 
 

From the Kolmogorov Smirnov Test calculation table above 

with a degree of skewness α = 5%, the value α = 0.41 is 

obtained, so if the value of ΔP <ΔP Critical, the calculation is 

acceptable, so the smallest value (ΔP) is taken, namely the 

Log Person Type III Probability Distribution.  

Calculation of Price Per m 'Channel with stone 

Based on the volume calculation and price analysis of the 

work unit above, it can be calculated: 

 
TABLE 9. Price per m ' River Stone Pair 

 

Calculation of Price Per m ' Channel with ready mix concrete 

TABLE 10. Price per m 'of Ready mix Concrete Pair 

 

Calculation of Price Per m ' Channel with ready mix concrete 
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TABLE 11. AHSP U-DItch Installation 

 

Calculation of the number of personnel and implementation 

time 

The calculation of the number of workers and the time of 

execution of the work of making drainage channels as follows: 

Soil excavation: 

Worker coefficient  = 0.6750 

The foreman's coefficient  = 0.0675 

   = 0.675 + 0.0675 = 0.7425 

Volume  = 29,295 m3 

Mandays  = 29,295 x 0.7425 = 21,751.54 

Working time = 21,751,54 / 200 people per day = 108,758. 

River Stone Pairing Channel Work 

Time of work with a workforce of 200 people / day. 

 
TABLE 12. Recapitulation of River Stone Works 

 

Readymix Concrete Ductwork 

TABLE 13. Recapitulation of Readymix Concrete Work Time 

 

U-Ditch Precast Channel Jobs 

TABLE 14. Recapitulation of Precast Work Time 

 

V. CONCLUSIONS 

Based on the results of the calculations from this study, the 

following conclusions can be drawn: 

1. Drainage work with river stones costs Rp.17,242,200,000, 

- with a period of 393.78 days. 

2. Drainage work with ready mix concrete costs 

Rp.20,896,325,000, - with a period of 306 days. 

3. Drainage work with precast u-ditch costs 

Rp.41,546,200,000, - with a period of 165 days. 

4. From the results of the calculation of a channel of 7,750m 

long, it requires costs of more than 10 billion with an 

implementation time of more than 6 months, so it can be 

suggested that the channel be carried out per segment or 

locations that are most critically affected by inundation / 

flooding, given the limited budget at the Public Works 

Office Tulungagung Regency. 
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