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G Laboratory experimental investigations were conducted to identify suitable shape and dimension of objects as well as 
its capability to reduce flow velocity. The first stage of study was to identify suitable shape and its arrangement. In this 
test, a scale of 1 :20 was used in a flow table experiment. The water flow pattern was recorded focusing on the distance 
and amplitude as water flow pass the obstructing objects.The results are classified into three distinguishable patterns of 
diffusion. 

The second stage of the investigation involved a laboratory hydraulic model investigation. In this investigation, the 
velocity reduction effects of the selected objects shapes were studied. Two objects shapes and arrangements selected 
for use in the hydraulic model investigation indicated its capability to reduce flow velocity satisfactorily consistent with 
the flow pattern in the preliminary findings. 

Finally, computer simulation based on input data from actual realistic site prone to flooding were carried out. The 
findings indicated the capability of the selected object geometrical shape to reduce velocity and road surface shear 
stresses. 
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ABSTRACT: Laboratory experimental investigations were conducted to identify suitable! shape and 
dimension of objects as well as its capability to reduce flow velocity. The first stage of the study was to 
identify suitable shape and its arrangement. In this test a scale of I :20 was used in a flow table ~xperiment. 
The water flow pattern was recorded focusing on the distance and amplitude of the pattern as wat~r flow pass 
the obstructing objects. The second stage of the investigation involved a hydraulic model inve*tigation. In 
this investigation, the velocity reduction effects of the selected objects shapes were studied. Th~ results are 
classified into three distinguishable patterns of diffusion. Two objects shapes and arrangements iselected for 
use in the hydraulic model investigation indicated its capability to reduce flow velocity *tisfactorily 
consistent with the flow pattern in the preliminary findings. 
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1. INTRODUCTION 

In a general flooding scenario, water levels rise 
causing areas neighboring water bodies and some 
road stretch to be flooded. The primary effects of 
flooding include loss of life, damage to buildings 
and other structures such as roadways and canals. 
Flooded roads and transport infrastructure make it 
difficult to mobilize aid to those affected or to 
provide emergency health treatment [1]. 

The most regular and frequent type of disaster 
in Malaysia is flooding. When large amount of 
rainfall occurs, and the fact that it is more frequent 
these days, especially over a short period of time -
drain, rivers and low lying areas will be filled with 
waters. With the ever increasing and higher 
frequency of events, the rainfall runoff will turn 
into floods or flash floods. In its way to lower area 
and finally the sea, the floodwater will cross urban, 
residential, industrial and agricultural area causing 
damages not only to properties but also creating 
hindrance for escape and blocking emergency 
access to the affected areas. 

Road infrastructure is the main access for 
escape and emergency supplies. In flood events, 
some part of low lying roads will be inundated 
creating blockage for vehicle movement. Statistics 
clearly point out the high risk of driving in and 
around flooded roads and low lying areas [2]. 

Intensive literature search indicated very few 
previous works or information related to how 
floodwater exerts pressure on crossing vehicles or 
human and how the pressure can be attenuated. 
Most of previous and current works deal with 
flood risk assessment and mapping; scour of 
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channel, river, bridge piers and drains! policy and 
structural measures for flood control and 
abatement; and flood prediction., Figure 1 
illustrates typical situation of floodv,rater during 
road crossing and how it affected the v~hicles. 

Fig.1 Dangerous crossing [3] 

Yazici and Ozlay [4] proposed a* evacuation 
route modeling to deal with transpojtation route 
planning during flooding - in other wprds, how to 
avoid flooded area. Meyer and I Weigel [5] 
suggested an adaptive physical and fnanagement 
systems as an approach to mitig*e potential 
problems. Physical approach of adap~ive systems 
was studied by Pisani and Francescb [6] in the 
form of a moveable bridge that can I be adjusted 
during floods. Meanwhile, Cai and IRahman [7] 
studied the used of road barriers a~ part of an 
emergency evacuation systems. AI conceptual 
study of using Submerged Floating If'unnel (SFT) 
was carried out by Grantz [8]. 

Drobot et al. [9] described the ri~k factors of 
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Abstract. One of the methods to reduce the velocity of flood water flow across roads is 
to design obstacle objects as diffusers and place them alongside the road shoulder. The 
velocity reduction of water flow depends on the diffusion pattern of water. The pattern of 
diffused water depends on the design of the obstacle objects. The main purpose of this 
study is to investigate the design of obstacle objects and their water diffusing patterns and 
their capability to reduce the velocity of the flood water flow during road crossing. 
Variety of designs and orientation of the obstacle objects were tested in the environmental 
laboratory on a scale of I :20. The results are classified into three distinguishable patterns 
of diffusion. Finally, two diffuser shapes and arrangements are recommended for further 
investigations in full scale or CFD model. 

1 Introduction 

A flood is an overflow of water that submerges or drowns land. In a general community flooding 
scenario, the rise in water level causes neighbouring water bodies and some road segments in these 
areas to be flooded [1]. When the water body flood reaches a water level higher than its normal 
storage level, it will flow to the surrounding areas. In the process, the flowing water interacts with 
roads, covering road segments. The primary effects of flooding include traffic obstruction, damage to 
buildings as well as other roadway structures, and in extreme cases, loss of life. High velocity flow 
also causes damage to the road pavement and other transport infrastructures. Mobilization of aid or 
emergency evacuation in response to the flood, will be affected by not only the flooding but also the 
damaged structures. 

The detrimental impact of flooding on roadways is not so easily determined. There are many 
impacts from flooding [2]. In the United States, the Kentucky Transportation Cabinet (KYTC) 
estimated their June 2011 floods that impacted the state cause USD30 million in damages to the 
state's roadways. Future flooding events will lead to fmiher monetary costs and impair the operational 
structure and integrity of the state's roads [3]. The loss of critical infrastructure produces negative 
effects over the short-term and long-term. 

The primary effects of floods are those due to direct contact with the flood waters. Water velocities 
tend to be high in flood roadway crossings. The high velocity flood water that crosses roadways 
consequently results in difficulties in mobilization, damage to vehicles and road structures as well as 
endangering people's life. Furthermore, flood water could cause traffic congestion and in extreme 
cases, sweep people and vehicles away. 
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ABSTRACT 

Laboratory experimental investigations were conducted to identify suitable shape and dimension df objects as 
well as its capability to reduce flow velocity. The first stage of the study was to identify suitable sljiape and its 
aITangement. In this test a scale of I :20 was used in a flow table experiment. The water flow pattern v.jas recorded 
focusing on the distance and amplitude of the pattern as water flow pass the obstructing objects, The ~econd stage 
of the investigation involved a hydraulic model investigation. In this investigation, the velocity reduct jon effect of 
the selected objects shapes were studied. The results are classified into three distinguishable patterns ~f diffusion, 
Two objects shapes and an'angements selected for use in the hydraulic model investigation indicated its capability 
to reduce flow velocity satisfactorily consistent with the flow pattern in the preliminary findings. 
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INTRODUCTION 

In a general flooding scenario, water levels rise 
causing areas neighboring water bodies and some 
road stretch to be flooded, The primary effects of 
flooding include loss of life, damage to buildings and 
other structures such as roadways and canals, Flooded 
roads and transport infrastructure make it difficult to 
mobilize aid to those affected or to provide 
emergency health treatment [1]. 

The most regular and frequent type of disaster in 
Malaysia is flooding. When large amount of rainfall 
occurs, and the fact that it is more frequent these days, 
especially over a short period of time - drain, rivers 
and low lying areas will be filled with waters, With 
the ever increasing and higher frequency of events, 
the rainfall runoff will tum into floods or flash floods. 
In its way to lower area and finally the sea, the 
floodwater will cross urban, residential, industrial and 
agricultural area causing damages not only to 
properties but also creating hindrance for escape and 
blocking emergency access to the affected areas. 

Road infrastructure is the main access for escape 
and emergency supplies. In flood events, some part of 
low lying roads will be inundated creating blockage 
for vehicle movement. Statistics clearly point out the 
high risk of driving in and around flooded roads and 
low lying areas [2]. 

Intensive literature search indicated very few 
previous works or information related to how 
floodwater exert pressure on crossing vehicles or 
human and how the pressure can be attenuated. Most 
of the previous and cunent works deals with flood 
risk assessment and mapping; scour of channel, river, 

bridge piers and drains; policy anel structural 
measures for flood control and abatemenlt; and flood 
prediction. Figure I illustrates typical situation of 
floodwater during road crossing and hoW it affected 
the vehicles. 

Fig. I: Dangerous crossing [3] 

Yazici and Ozlay [4] proposed a1 evacuation 
route modeling to deal with transp01ation route 
planning during flooding - in other wqrds, how to 
avoid flooded area. Meyer and Weigel [~] suggested 
an adaptive physical and management ststems as an 
approach to mitigate potential problerrs. Physical 
approach of adaptive systems was studi~d by Pisani 
and Francesco [6] in the form of a mov~able bridge 
that can be adjusted during floods. M~nwhile Cai 
and Rahman [7] studied the used of roa~ barriers as 
part of an emergency evacuation iystems. A 
conceptual study of using Submerg d Floating 
Tunnel (SFT) was carried out by Grantz [8]. 

Drobot et al. [9] described the ris~ factors of 
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Abstract: 

One of the methods to reduce the velocity of flood water flow across road is to design obstacle objects as 
diffuser and place it along beside road shoulder. The velocity of water flow will depends on the diffusion pattern 
of water. The pattern of diffused water will depends on the design of the obstacle objects. The rnain purpose of 
this study is to investigate the design of obstacle objects and their water diffusing pattern and its capability to 
reduce the velocity of the flood water flow during road crossing. Variety of design and orientation of the obstacle 
objects were tested in the environmental laboratory with a scale of 1 :20. The results are classified into three 
distinguishable patterns of diffusion. Two diffuser shapes and arrangements are recommended for further 
inw,,,ti:;l::ltions in full scale or CFD model. 

Keywords: Flood water flow, road, obstacle objects, diffuser, pattern diffusion, water velocity 

1.0 Introduction 

A flood is an overflow of water that submerges or 
drowns land. Cai et al. (2007) described that in 
general community flooding scenario, water level 
rise cause neighboring water bodies and some road 
segments in these areas to be flooded. When the 
water body flood reaches a water level higher than 
its normal storage level, it will flow to the 
surrounding areas. In the process, the flowing water 
interacts with roads, covering road segments. The 
primary effects of flooding include traffic 
obstruction, loss of life, damage to buildings as well 
as other road way structures. High velocity flow also 
causes damage to road pavement and other 
transport infrastructures. Mobilization of aids or 
emergency evacuation will be affected by not only 
the flooding but also the damage structures. 

Zhang et al. (2008) concluded that the detrimental 
impact of flooding on roadways would not be so 
easily determined. There are many impacts from 
flooding. In the United States, the Kentucky 
Transportation Cabinet (KYTC) estimated their 
June 2011 floods that impacted the state cause 30 
million in damages to the state's roadways, future 
flooding events will lead to further monetary costs 
and impair the operational structure integrity of the 
state's roads (Mc Cormack et aI., 2012). The loss of 

critical infrastructure produces negative effects over 
the short-term and long-term. 

The primary effects of floods are those due to direct 
contact with the flood waters. Water velocities tend 
to be high in flood roadway crossing. The high 
velocity flood water that cross roadway 
consequently resulted in difficulties in mobilization, 
damages to vehicles and road structures as well as 
endangering people's life. Furthermore, flood water 
could sweep people and vehicle away and also 
cause traffic congestion. The high velocity of water 
flows can be diffused by suitable object I structure 
for safer crossing and preventing damages to road 
structures. There must be a method to decrease the 
energy and velocity of flood water during road 
crossing. The method must slow down the flow of 
water to allow for smooth mobilization and to 
prevent damages. 

2.0 Methodology 

Methodology used in this study was a lab 
experiment. The experiment was conducted in the 
laboratory using lab equipments and data was 
collected through observation. The lab experiment 
was conducted in environmental lab that was 
monitored by two of staffs. The apparatus used in 
this experiment were water flow table, water color, 
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Elevation3 = [V oxelelevation (0) + Voxelelevation (-x) + Voxelelevation (-x - z) 
+ Voxelelevation(-z)]/4 

Elevation4 = [Voxelelevation(O) + Voxelelevation( +z) + Voxelelevation( -x + z) 
+ Voxelelevation(-x)]/4 

Equation (4) can be simplified further as (5) 

Elevationl = (3Elevationl + Elevation2 + Elevation3 - Elevation4)/4 
Elevation2 = (Elevation1 + 3Elevation2 - Elevation3 + Elevation4)/4 
Elevation3 = (Elevationl - Elevation2 + 3Elevation3 + Elevation4)/4 
Elevation4 = (-Elevationl + Elevation2 + Elevation3 + 3Elevation4)/4 

The direction of inclination (0/0) and dip «(3) can be calculate as equation (6) and (7) 

.J (Elevation2 - Elevationl)2 + (Elevation3 - Elevationl)2 
T~(3= d 

- (Elevation2 - Elevationl) 
Tan % = --:----------­

(Elevation3 - Elevationl) 

Strike as mentioned by Hovland (lJ') can be calculated from angle of slip surface (lJ' 0) uMng 
~~oow . 
If highest point is Elevationl, 0/ = 270 + If'o 
If highest point is Elevation2, 0/ = 270 - 0/0 

If highest point is Elevation3, 0/ = 90 - 0/0 

If highest point is Elevation4, 0/ = 90 + 0/0 

From basic geometry, formula (9) (10) (11) can be derived 

ayz = AT an (Sino/. Tan(3) 

axz = ATan(Coso/. Tan(3) 

With the grid (LlX. LlY) small enough, the formula can be simplified further as (12) 

~ ~ ~ ~ t...x Ly ( ) + Lx Ly (y. z. Cos ((3) - yw. hw. ). TanYJ 
FS = ___ c_o_s-=ax=z_.c_os_a::.:yz=--____________ co_s_a~xz:....c_o_sa~y:...z ---

Lx Ly y.Z.Sinayz 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 
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3.0 Findings and Arguments 

The key factor to enable Hovland's 3D slope stability analysis to be compatible with MOR is to 
find out how to get dip and strike directly from MOR without converting MOR into intermediate 2D 
format such as raster. Converting MOR to other format will defeat the purpose of using MOR and 
will increase calculation complexity and unnecessary processing step. By treating each MOR 
neighbor voxel as elevation, dip and strike can be calculated from simple geometrical formula as 
shown in equation (4) to (8). The calculation is fast and complexity is comparable with 2D method. 

4.0 Conclusion and Recommendation 

The benefit of 3D GIS is clear and significant in order to accurately represent real word object in 
GIS (Abdul-Rahman & Pilouk, 2008). However 3D GIS is still in emerging stage and a lot of study 
still on going in order to suit it as mainstream solution and MOR is the one of the popular method 
proposed for 3D GIS data representation. However, the study of 3D GIS data for manipulation and 
analysis still especially in landslide still in infancy. This paper prove Hovland's 3D slope stability 
analysis directly using MOR is viable and didn't adding much complexity compared with 2D GIS 
solution. However, MOR itself require lot of computation power and high memory usage get find 
specific voxel and its relationship with other voxel. In order to get 1 column of safety factor, 
Hovland's method require additional 8 adjacent voxel attribute and finding those voxels in classical 
MOR will cause serious computational performance penalty as for each voxel attribute require 
maximum of O(23(p-I)) search, where p represents the maximum number of resolution (Castro, 
Lewiner, & Lopes, 2008). Since analyzing slope safety factor usually involve large area and high 
resolution, p usually large and the computational cost will make MOR impractical. In order to make 
MOR to be practical for real world usage, better implement ofMOR needed and require for further 
study. 
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