
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-1, Jan.-2016 

The Value of Flood Control Infrastructures in Urban Environment by Empowering the Capacity of Local Conditions 
 

98 

THE VALUE OF FLOOD CONTROL INFRASTRUCTURES IN URBAN 
ENVIRONMENT BY EMPOWERING THE CAPACITY OF LOCAL 

CONDITIONS 
 

1MEI SUTRISNO, 2HENIDAH KARNAWATY, 3WIDAYANI, 4ENUNG 
 

1,2,4 Politeknik Negeri Bandung, Indonesia, 3  Institut Teknologi Bandung, Indonesia 
E-mail: 1meisutrisno@polban.ac.id, 2hennidah.karnawati@polban.ac.id, 3 widayani@fi.itb.ac.id, 4enung@polban.ac.id 

 
 
Abstract— Effective and efficient solutions are the two value parameters should be considered in relation to the problem 
solving of urban floods. This paper is concerned with the situation of flood controls in developing countries using the case of 
Bandung floods in Indonesia.  There are many aspects should be considered associating with the complexity of urban 
conditions as well as any constrains related. The aim of this research is an investigation to achieve the best value solution 
adjusting the characteristic of local conditions. This also considers a participation of people driven by a statement that the 
flood should not only be borne by some communities suffer from the floods, however, this becomes the responsibilty of 
people in the city. Therefore this research uses value engineering approach which attempts to solve the problem by 
generating and evaluating infrastructure models in order to achieve the expected value solution. The result shows that there 
are three functions of flood controls may solve the problem namely infiltration, reservoir and flow control infrastructures. 
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I. INTRODUCTION 
 
An engineering solution dealing with eliminating 
floods becomes a critical action in urban areas. The 
trend of increasing floods in urban areas over the 
world during the last decades is a fact that it is a 
serious community problem to be solved. There are 
two critical impacts of floods should be considered 
namely the damage of buildings and the socio-
economic interferences due to traffic jams3. This 
means that many people in the city suffered from the 
impact of floods. An integrated solution is a kind of  
important strategic approach to achieve a success2. 
Therefore, the contribution of any locations to control 
flood ocurrences may improve the success4. 
The cause of floods often relates to the fast growth of 
land use development in urban areas following the 
trend of increasing urbanisation. This development is 
in line with the increase of land coverage in urban 
areas which may cause the decrease of land 
infiltration. Moreover, without any sufficient 
infrastructure provided this may increase run off 
during rainfall. The more land coverage is occurred 
without any alternatives of water infiltration, the 
more is the risk of floods in these areas. Regarding, 
the demand of buildings in a city may not be stopped, 
therefore the weakness dealing with the decrease of 
infiltration due to the growth of land coverage should 
be anticipated by providing relevant infrastructures.  
This paper is the part of a three years research result 
which is concerned with exploring some alternative 
designed infrastructures and evaluating them in order 
to achieve the optimal solution in controlling floods. 
The location of this research is Bandung, one of very 
populated cities in Indonesia. The uniqueness of 
Bandung relates to its position surrounded by 
`mountains with the elevation from 400 up to 700m 
above the sea level. Previously, the surrounded 

mountains consisted of woods which naturally 
become a water resource for the city. However, the 
growth of development has reached a nearby the 
mountains, then this causes reducing the infiltration 
capacity and affecting the run off increase. Flood 
occurrences, as the impact of decreasing 
environment, are often taken place in some lower 
areas of the city which are usually located in slump 
areas having lower quality of environment.  
Regarding with value engineering views, some 
possible alternative solutions should be generated and 
selected based on the value criteria determined. This 
process is a process required to achieve the best 
choice considering those value criteria determined. 
There are two criteria of value determined in this 
research, the first is related to the effectiveness of 
sulutions dealing with the role of infrastructures in 
avoiding flood occurrence. The second is in relation 
to the level of its achievability measured by the 
affordability of any parties involved to implement the 
chosen infrastructure. This affordability is mostly 
concerned with the best value for money solution. 
Dealing with the various conditions to be solved in 
the city, the aim of this research is focused on 
investigating the best value of designed 
infrastructures to control floods for the case of 
Bandung. The concept of this research determines the 
three characteristics of defined zones based on their 
topographical conditions before providing 
infrastructure. This means the solution suggested in a 
location should suit to its local requirement agreed on 
the characteristic investigated including the 
participation of people who live in the city. The 
reason of choosing this approach is due to the 
complex causes and impacts of floods which need the 
participation of people who may potentially have any 
contributions to solve the problems. The involvement 
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of people who live in the city altogether including the 
government may improve the success level expected.  

 
II. RESEARCH METHOD  
 
The methodolgy of this research uses the value 
engineering approach. The value considered in this 
research consists of three aspects, namely the 
effectiveness of a design, the suitability of an 
infrstructure to the socio-environmental condition, 
and affordabilty of the parties involved to carry the 
works.  
 
The effectiveness of design may be analysed using 
function analysis which may explore the need of 
relevant infrastructures to control floods. Any 
alternative infrastructures are to be adjusted to local 
conditions which may be tested by conducting 
interviews. The affordability level may be tested by 
comparing the value for money of any possible 
options generated.   
 
III. RESULTS AND DISCUSSION 
 
3.1. Model 
The implementation of this reasearch is carried out by 
using a laboratory scale model. The model is a tool to 
assist a problem solving process which may show the 
result before the implementation in real construction1. 
During the process of investigation, this research uses 
a model based on three small zone areas which each 
zone area is an hectare. The caharacteristic of 
physical model follows the real condition of the city 
such as its slope, building coverage, and the location 
of river. The simulation will be imlemented to the 
model using run off as a parameter influenceing 
floods. Some various condition of run off will also be 
calculated after the use of nfrstructures designed. 
 
3.2 Existing Condition 
There are two conditions considered related to the 
environment, namely the situation of the city and 
hydrologycal data. This research considers the 
tpographical situation of the city and devides it into 
three zones: zone1, zone 2, and zone 3. Beside the 
three zones, there is a conservation area where is 
located around the mountain near by the zone1. The  
zone1 is the high land area with the regulation of 
building coverge allowed up to 40%. The zone 2 is 
the area located in the middle area between the high 
land and the lower level with the building coverege 
allowed up to 80%. The zone 3 is the lower area with 
the building coverage almost 100%. The location of 
floods are mostly in the zone 3, where some of them 
are slump areas.  
The zone 1 has no river, instead there are some water 
springs, which may create small rivers in the zone 2 
then they become medium and wide rivers in the zone 
3. The cause of floods in the zone 3 is mostly due to 
any additional loads from run-off coming from zone 1 

and zone 2 flowing through rivers and drainages. 
Although, the case of floods in zone 3, however, by 
the participation of other zones in controlling the 
floods, because the source of floods is due to water 
coming from all zones. 
The Hydrological data considered in this research 
consists of the 20, 10, 5 years storm return period and 
the most likely annual storm. The data recorded for 
Bandung are 58.72 mm, 49.47mm, and 41.71mm, and 
24.20mm consecutively. This shown that there is a 
big difference between the largest from the smallest 
storm data. The expectation should be achieved of 
this research if the solution suggested will achieve the 
biggest challence, namely 20 years storm return 
period. 
The first simulation is to calculate the exisiting 
condition of run-off in each zone without any 
additional loads from other zones. This simulation is 
calculated under four hydrological conditions and the 
result can be shown in the Table 1 and the Fig.1.  
 
Table: 1  

 
 

 
Fig.1: The Existing Condition of Run-off  

 
The wood as a conservation area show the best 
condition of run-off and the zone 3 is the worst. This 
result shows that the most influence comes from 
building coverage because it shows that the influence 
of slopes is less than building coverage. This means 
that the zone 3 has the high risk of floods. 
The table 1 shows the requirement of infrastructures 
to eliminate or reduce run-off in the existing 
condition. Referring to strom return period, the 
requirement of reducing run off per hectare area for 
zone 1, zone2 and zone3 is 176 up to 521 m3, 238 up 
to 583 m3, and 240 up to 585 m3, respectively.  
 
Function Analysis 
The function analysis is the process of describing the 
needs of function which may required to avoid 
floods. It starts from the objective to avoid floods. 
Avoiding run-off is the first need to be fulfilled for 
achieving the objective. Then, infiltrating water 
rainfall and controlling residual run-off or river flow 
are required in ordered to avoid run off. In any cases, 

Storm Return Period
20 years10 years 5 years annualy

Conservation Area 85 72 60 35
Zone 1, BC: 40%, slope:2.55%-7% 521 429 351 176
Zone2, BC: 80%, slope:1.95% 583 491 413 238
Zone 3, BC:90%, slope:0.54% 585 493 415 240
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when river or drainage flow are found controlling 
flow may be carried out by retaining the flow of 
water. For the case of facing a high speed of river 
flow, the velocity should be reduced to avoid danger. 
This is shown in the fig. 2 below: 
 

                                                                                        
Figure 2. Function Analysis 

 
Generating Alternative Designs 
Using laboratory scale experiments some alternative 
infrastructures have been generated. These are 
formed based on the three basic functions as follow: 

 The function of Infiltration may be fulfilled 
by providing  two alternative infiltration 
trenches, namely the standard design and 
hollow concrete design; 

 The function of water flow control may be 
fulfilled by two alternative common 
infrastructures, such as a river and drainage; 

 The function of retaining water may be 
fulfilled by providing pond; 

 In any cases which need the function to 
control the velocity of water flow, it can be 
fulfilled by a detention dam located  in some 
places along the river; and 

 Those above infrastructures may also be 
combined each others to achieve a better 
result. 

The capacity performance of each alternative  
infrastructure designed agreeing on its function has 
been tested. The performance of tested capacties   
will be shown in the evaluation process. 
 
Evaluating Alternative Designs 
The performance of each alternative infrastructure 
designed shall be tested using a laboratory scale 
model. The calculation of each model infrastructue is 
to cope with controlling floods within an hectare area.  
Each model is also implemented under two run-off 
conditions, firstly, the run-off comes from local 
rainfall without any load of run-off from zone 1, and 
2, and secondly the run-off comes also from two 
additional loads from zone 1 and zone 2. Moreover, 
the claculation considers four storm periods, namely, 
the return periods of 20 years, 10 years, 5 years, the 
most likely occurance of annual conditions.  The The 

The result of them are shown in the tabel2. and the 
Fig. 2 below: 
 
Table 2. Infrastructure potential to avoid floods in 
zone 3 without additional run off from zone 1 and 

zone2. 

 
 

 
Fig. 3: The Capacity of Altenative Infrastructures Without 

Additional load from zone1 and zone2 
 

Table 3. Infrastructure potential to avoid floods in 
zone 3 with additional run off from zone 1 and 

zone2. 

 
 

 
Fig.4: The Capacity of Altenative Infrastructures With 

Additional load from zone1 and zone2 
The results show that there are the three 
infrastructures, such as a pond, river, and combining 
pond and hollow concrete trench, which has a 
capacity to cope with the problem of floods by itself. 
However, their capacities will be less than 
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requirement if the run-off of zone 1 and zone 2  are 
also born by itself. The two tabels above show that 
the increase of load may also increase the 
requirement of infrastructure in line with increasing 
the capacity significantly.  It shows that the need of 
infrastructure capacity in zone 3 will increase more 
than twice if there is some addition load coming from 
the zone1 and zone2.  
Moreover, the use of more infrastructures within an 
area may also increase the capacity because the use of 
a single infrastructure has a constraint to expand its 
capacity. The use of combined infrastructures should 
also consider the environmental condition. The 
maximum possible combination infrastructures within 
an hectare area consists of: i) only a single trench 
may be used within 25m2 weather the standard trench 
or the hollow concrete trench, ii) only a single small 
river allowed with the cross section of 3m2, iii) 600 
m drainage, and iv) two ponds allowed weather 
double ponds or double ponds and hollow concrete 
trenches or the combination of them .  
The evaluation of possible options may only focus on 
the two most risky conditions of zone 3. Firstly, it is 
the condition under the 20 years storm return period 
with a small river or without river and there is no 
additional run-off from zone 1 and zone 2. Secondly, 
it is the condition under the 20 years storm return 
period with a small river or without river. The result 
of this simulation is shown under the table below.   

 
Table: the contribution of infrastructure under 20 

years storm return period with additional load 
from zone 1 and zone 2 

 
 
Table: the contribution of infrastructure under 20 
years storm return period without additional load 

from zone 1 and zone 2 

 
 
There are two important solutions to be considered. 
The first, the result shows that the most effective 
option is the preventif action which is the 
contribution of higher level zones, represented by 
zone1 and zone2, by reducing the load of the risky 

zone, represented by zone3. Zone1 and zone2 
contribute in improving their infiltrations as well as 
retaining water run-off. The second, this shows that 
the use of pond combined with hollow concrete 
trench contributes the best value in retaining a water 
flow, which may reduce the risk of floods. 
Additionally, the existence of a river in a certain zone 
may also contribute controlling floods. Otherwise, the 
use of standard trench, which is commonly used, has 
the worst contribution.  This use of infrastructure in 
zone 1 and zone 2 is a strategic option should 
strongly be considered to control floods.  
 
CONCLUSIONS 
 
Flood is one of complex problems for people living in 
a city. The participation of all parties who may any 
contributions in controlling floods is a suitable 
solution to be implemented in developing countries. 
The participation of all parties altogether is a real 
response that the risk of floods which should not only 
be borne by people suffer from floods. Although the 
occurrence of floods is often in a lower level, it is 
however, the higher level may also contribute to 
solve the problem of floods by reducing the water 
transferred to the lower level. Small infrastructures 
are provided in many areas which may distribute its 
cost to the communities.  It may become an optimistic 
strategic option to control floods if the local 
government may also encourage its implementation 
by issuing the regulation supporting this approach. 
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