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ABSTRACT: Flood induced forces could threaten the stability of residential building during flooding event.
The building will have to face the hydrodynamic pressures and sometime impact load from the debris
carrying floods. A study on the behavior of flood water movement through external wall were carried out to
identify the various wall opening dimensions and its ability to minimize the flood water forces on buildings.
Two types of experiments were carried out. First, a water flow table was used to visualize the water pattern
diffusion. Next, flood tunnel was used to measure water velocity reduction response of the various walls. The
wall opening configurations were based on the common types of wall opening found in Malaysia. Generally,
the results show that walls with bigger openings could withstand the water forces better. This is indicated by
the smaller velocity reduction and diffusion when the flowing water passes through the wall. However, the
level of opening from the ground could change the overall performance of the various opening sizes as
shown by some of the models. Therefore, further studies should be carried out to determine suitable
dimensional characteristics and level of the wall openings from the ground. This could produce an optimum
impact reduction wall design for residential building in flood prone area.
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1. INTRODUCTION
It can be seen that most Malaysians are less

Floods are considered as the worst calamity concerned regarding environmental issues especially
experienced in Malaysia [1]. As the most frequent natural disasters because they assume the issue is a
natural disaster in Malaysia it affected many areas trivial issue which ought to be resolved by the
and cause annual catastrophe and damages to authorities and government[3] and have made little
infrastructure, property, crops and other intangible effort to face possible property damage in case of
loss. There are no official categories of floods in flooding. Flood induced forces could threaten the
Malaysia but is often broadly categorized as stability of residential building during flooding event.
monsoonal, flash and tidal floods. The building will have to face the hydrodynamic

A study conducted by Kong et al.[2], on urban pressures and sometime impact load from the debris
flooding found that, 28% of respondents concurred carrying floods. Flood impact proofing or reduction
that flood is due to improper drainage system, 20% can be achieved by making adjustments to building
cause is pollution, 18% the management of design and building components that could
urbanization and 16% cause is environment factor withstand flood forces.
and 11% weather while 7% because of dam break
[2]. Firg]]ure 1 below shows the results of their 1.1 Building Response and Flood Damage
research.

A research by Vinet [4] concluded that the
effects of flooding caused damage to home, shops
and industries. Sani et al.[5] research concluded that,

M Drainage systems (28)

B Weather (11) there are at least 4 effects of flooding which
comprise water damage to houses, disruption of
Urbanizaticnz) transportation, reduction of income and damage of

furniture and other appliances. However, majority of

s the population strongly believes that, water damage

m Pollition/debris to houses is the main effects of flooding. Hence, it is
obstruction(20) recommended that buildings should be properly built
= Environmenttal factors (16) to avoid building on the floodplain and on the flood

prone zones [5]. The main idea in the traditional
approach for estimation of direct flood damage

Fig. 1: Publi tion of f flooding[2 . .
'9 ublic perception of causes of flooding[] monetary terms is the concept of loss functions or
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depth-damage functions [6]. In actual event, flood
damage is influenced by other factors such as flow
velocity, debris concentration, flood duration, lead
time and information content of flood warning, and
the quality of external response in a flood situation
[71[8] [°].

Distributed resistance parameters are needed for
local prediction of velocity [10] [11] which might be
required for damage assessment or predictions of
sediment erosion and deposition [12]. Based on
Becker et al. [13] findings, he concluded that
structural failure comprises a large portion of the
response space for higher depth and velocity
combination under flood response scenarios. Thus,
by developing a greater understanding of building
response to high-velocity floodwaters through this
type of behavior modeling, actions could be
investigated that may improve resistance of
buildings in flood-prone areas. A study by Grundy et
al. [14] determine that a large proportion of deaths
could be linked to structural failure of buildings
since this prevented vertical evacuation from the
floodwaters, and damaged buildings created
dangerous debris impacts. However, in addition to
depth, water velocity has been shown to be a crucial
parameter with the potential to cause significant
damage [15]. The relationship between the (d x v)
factor and flood damage of buildings is the most
widely acknowledged predictor of the effect of water
velocity. Yet, no further applied theoretical analysis
of how swiftly moving floodwaters affect buildings,
in terms of structural damage or in terms of their
ability to provide for human safety [16].

This study is set out to identify the various wall
opening configurations and its capability to
minimize the flood water forces on buildings.

2. METHODOLOGY

This study utilizes laboratory scale experiments
to generate data for the parametric analysis. The
experiments and setups are based on several
previous related works in the study of flooding.
Ramsden [17] directly measured the lateral forces on
a vertical wall due to long waves, bores, and dry-bed
surges instead of calculating the force from pressure
measurements. A study focuses on qualitative
observations regarding the structures response to
wave loading was conducted by Arnason [18] in a
small hydraulic wave flume with long aspect ratio
(the controlled environment), theoretical predictions
of wave height and force aligned well with theory.
Thusyanthan and Madabhushi [19] have run a
research utilizes a small 4.5 m long tsunami wave
tank with waves generated by dropping a 100-kg
block in the water. One model of coastal structure
was designed similar to a common Sri Lankan house
and another one structure designed attempted to
model a new tsunami resistant structure. This
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research concludes a need to study on how building
configuration could be used to better withstand wave
loading.

A study on the effect of flood water diffuser on
flow pattern using flow water table by Ghani and
Kasnon [20] have concluded that the longer the
wave diffusion or the higher the wave amplitude, the
more velocity can be reduced. Most closely related
to this study is the recent work of Ghani et al. [21]
which utilized a hydraulic flume tank with sensors
placed before and after the diffusing objects to study
the velocity reduction effect in a 3-dimensional
hydraulic environment. The research conducted
identified suitable shape and dimension of objects
and its capability to reduce flow velocity across the
road. In order for a building to survive loading
forces from moving floodwater exerts on wall have
to be reduced. This comprises the external and
internal wall of a building. Debris resulted from high
impacted external wall may produce a greater load
compared to original moving water velocity. Thus,
laboratory experiments will be conducted to study
the effect of wall opening configuration towards its
velocity reduction through walls.

2.1 Laboratory Experiment

In this laboratory experiment, the equipment
must be set up and functions properly include the
water visualization table, flood tunnel and camera to
take video of the test. The various wall configuration
models have been prepared for the experiment
purpose. The experiment will be conducted using
every type of typical configuration of wall opening
of houses in Malaysia and the result gained by
observation of the experiment. The wall panel will
be varying in configuration of its door(s) and
window(s), including their size(s). The size of the
model will use scale of 1:50 of the living size. The
experiment will only focuses on qualitative
observations regarding the flood water breaking,
response, or diffuse through wall opening. This
research will run two types of experimental test
which are (1) flow water table to observe water
response pattern through wall opening configuration,
and (2) flood tank to measure the velocity response
by wall opening configuration. The flow water table
experiment will only use the horizontal section of
the wall, whilst the flood tunnel experiment will
utilized a full height model. Observation method
will be used for data collections, which when the
execution of laboratory test is running, data will be
recorded from the start until the end of the test. The
outcome of the water response and diffusion will be
witnessed and recorded as collecting data.

2.2 Development of the Wall Model

A series of typical elevation of houses in
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Malaysia especially in flood prone and affected
areas was selected and illustrated in accordance to
laboratory suitability. Flood affected area selected
for this case study is in Perak Tengah region which
merely inundated by flood in December 2014.
Following are the typical elevations in Table 1.

Table 1: Wall Elevation Model
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2.3 Flood Diffusion Pattern Experiment

The equipment used in this experiment were
water flow table, adjustable stand, water color,
camera and double cello tape to represent the section
of the walls. See Fig. 2 for the flow pattern
laboratory testing instrumentation details.

As the configuration and size of opening are
expected to influence the breaking of the flood water,
9 models of different configurations were
established for experimenting the performance and
reduce the impact towards opposite walls. The
experiment were carried out using the 9 patterns of
models’ sections as shown in Table 1 and the result
were acquired by observing the processes. The result
outcome will be recorded by video to observe it
more clearly without repeating the experiment.

Opposite Wall
{Full Walled)

| 6.0m |

Fig.2: Flow pattern testing

2.4 Flood Tunnel Model Experiment

Creating a flood event under laboratory
conditions requires a hydraulic flume and
continuously flowing water. The flood tunnel was
set up as in Fig. 3 and Fig. 4 in which all the 9 3-
dimensional wall models were used to study the
velocity behavior effect in 3-dimensional hydraulic
condition. Water were circulated into hydraulic
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flume as configure and time is taken at the external
and internal side of the wall to study the behavior of
flow occurred when the flood water broke and hit
another wall. Velocities (V) of two points were
recorded and all the data obtained were compared
for every model. This research make use of a small
flood tank measuring 1.15m long, 0.3m deep, and
0.25m wide (Fig. 4). Water was allowed to pass
through the models whilst data was being collected.
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Fig. 3: Plan of flood tunnel model
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Fig. 4: Flood tunnel model instrumentation
of flow categories. Thus, the experiments

3. DATA COLLECTION AND ANALYSIS

Based on the two approaches, data were
observed and recorded for the 18 different models;

observation were been
diffusion category.

interpreted based on

Table 2: Score and diffusion category

nine numbers of 2-dimensional models for diffusion Model Score Diffusion
pattern, and another nine 3-dimensional models for Category
velocity testing.
1 6 Low
. 2 10 Moderate
3.1 Flood Diffusion Pattern 3 13 High
4 10 Moderate
By using the flow visualization table, the 5 8 Moderate
experiments were conducted on 9 models of 6 11 Moderate
different wall configurations. The patterns of the 7 12 High
diffused flows were then divided into 5 point. Each 8 12 High
point of diffusion will be measured, and given a 9 9 Moderate

score of 0 until 3 (0-3) which indicates; 0- Not
Affected (0.00cm), 1- Poor (0.10-0.60cm), 2-
Intermediate  (0.70-1.30cm), 3- Good (1.40-
2.00cm). The cumulative value of all five points
then resulted to diffusion pattern category of each
model. The diffusion pattern can be categorized
into three categories; (1) low, (2) moderate, and (3)
high. The first category which is low diffusion
category which obtained less than 7 total value of
flow categories score. The second category is
moderate diffusion that obtained total value of 8 to
12 score on cumulative flow categories. High
category of diffusion described the most diffused
flow pattern which cumulated more than 13 score
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Based on the 9 models experimented, one
produced low diffusion, five models categorized as
moderate diffuser, and three of them indicated high
diffusion pattern. Out of the nine wall
configurations, 3 configurations can be considered
as the most capable in defusing water flow. Model
3, 7, and 8 are the configuration models that
produced the most diffusion. This is because these
configurations produced high deflection on most
points and have high number of wave amplitude.
As a general indicator, the higher the wave
amplitude, the more the velocity reduces. However,
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in this experiment, the magnitude of velocity
reduction cannot be verified numerically.

3.2 Flood Velocity Reduction

This experiment focused on the flood water

velocity behavior before and after passing through
all the nine models. Table 3 shows the before and
after velocity.

It can be seen that all nine models produced

velocity reduction. The result showed based on

those models, the least reduction produced is 2.3%
by model 9, and the most reduction by model 8
which is 75.3%. From these results it also can be
seen that the reduction can be categorized in few
groups. 2 of them which are model 3 and 9
produced a very low reduction, model 1 and 2
produced a reduction in range of 28-30%
considered as low reduction, model 4, 6, and 7 with
a reduction range of 47-50% which are quite high,
and the remaining 2 models, 5 and 8 produced a
very high velocity reduction.

Table 3: Velocity reductions

Model Velocity Before Velocity After (cms~  Velocity Reduction (%) Reduction Category
(cms™) )
1 18.0 12.61 29.7 Low
2 18.0 12.97 27.9 Low
3 18.0 17.07 5.12 Very Low
4 18.0 9.13 49.3 High
5 18.0 5.69 68.3 Very High
6 18.0 9.49 47.3 High
7 18.0 9.55 46.9 High
8 18.0 4.44 75.3 Very High
9 18.0 12.94 2.3 Very Low

4. DISCUSSION

Based on all the data that have been obtained
from flow diffusion experiment, we can conclude
that the wall configurations that give the most
diffusion are model 3, 7, and 8. However, for
velocity reduction of those models are not in the
same category. Model 3 produced very low
reduction, model 7 produced high reduction whilst
model 8 very high. It can be seen too that model 5
resulted a very high velocity reduction while it is
only categorized as moderate diffuser. We can
conclude that the diffusion performance is not tally
with the velocity reduction. This may cause by
other factors or parameters itself such as area and
width of opening, that will affect the amount of
water passed through in a time, or gap between
opening such as wall between windows or doors
that will act as barrier that diffuse the flow and
velocity, etc. Becker et. al [16] suggested that
application of uncertainty investigation is favored
to gain further perception into how significant
building and flood parameters influence response.
Nevertheless, many uncertainties in the analysis
remain. Building response parameters have been
significantly generalized for this research. More
detail and reliable damage estimates could be
obtained by acquiring more accurate estimations of
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building strength and response properties [13].
Further study on diffusion versus velocity should
be conducted. High reduction of velocity may
result from high amount of impact act on walls.
Study on suitable impact may exert on walls to
produced suitable diffusion and reduce optimum
velocity should be done.

5. CONCLUSION

Generally, the results show that walls with
bigger openings could withstand the water forces
better. This is indicated by the smaller velocity
reduction and diffusion when the flowing water
passes through the wall. However, the level of
opening from the ground could change the overall
performance of the various opening sizes as shown
by some of the models. Therefore, further studies
should be carried out to determine suitable
dimensional characteristics and level of the wall
openings from the ground. This could produce an
optimum impact reduction wall design for
residential building in flood prone area.

6. ACKNOWLEDGEMENTS

This work is supported by Universiti Sains
Malaysia and RUI Grant No:
1001/PPBGN/814283.



International Journal of GEOMATE, June, 2018 Vol.14, Issue 46, pp.63-69

7. REFERENCES

[1] Chan, N. W. (2012), ‘Impacts of Disasters and
Disasters Risk Management in Malaysia: The
Case of Floods’, in Sawada, Y. and S. Oum
(eds.), Economic and Welfare Impacts of
Disasters in East Asia and Policy Responses.
ERIA Research Project Report 2011-8,
Jakarta: ERIA. pp.503-551.
Kong Yoke Yoon, Noor Azima Binti Bahrun,
and Yew Kun. (2010). A study on the urban
flooding. October 2010.
Mohamad Sukeri Khalid and Shazwani
Shafiai. (2015). Flood Disaster Management
in  Malaysia: An Evaluation of the
Effectiveness  Flood Delivery  System.
International Journal of Social Science and
Humanity, Vol. 5, No. 4, April 2015. School
of Law, Government and International Studies,
Universiti Utara Malaysia, Malaysia. DOI:
10.7763/1JSSH.2015.V5.488.
Vinet, F. (2008). Geographical analysis of
damage due to flash floods in southern France:
The case study of 12-13 November 1999 and
8-9 September 2002. Journal of hydrology,
361(1-2), 199-213.
Sani G. Diya, Muhd Barzani Gasim, Mohd
Ekhwan Toriman and Musa G. Abdullahi.
(2014). FLOODS IN MALAYSIA Historical
Reviews, Causes, Effects and Mitigations
Approach. International Journal of
Interdisciplinary Research and Innovations
Vol. 2, Issue 4, pp: (59-65), Month: October -
December 2014.
Pistrika, A. (2010). “Flood Damage
Estimation based on Flood Simulation
Scenarios and a GIS Platform”. National
Technical University of Athens. European
Water 30: pp. 3-11.
Smith, D. I. (1996). “Flood damage estimation
— A review of urban stage-damage curves and
loss funtions. Water SA, 20(3), pp. 231-238.
USACE. (1996). Engineering and Design.
Risk — based Analysis for Flood Damage
Reduction Studies. Manual No. 1110-2-1619.
Kelmen, I. and Spence, R. (2004). An
overview of flood actions on buildings.
Engineering Geology 73 (3-4), pp. 297-3009.
[10] Bates, P. D., Horritt, M. S., Smith, C. N., et. al.
(1997). Integrating remote sensing
observations of flood hyrology and hydraulic

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

68

modeling. Hydrol Process 1997;11 (14):1777-
95.

[11]Horritt, M. J. and Bates, P. D. (2002).
Evaluation of 1D and 2D numerical models
for predicting river flood inundation. J Hydrol
2002;268:87-99

[12] Humberto, A. G., Jochen E. S. and Brett, F. S.
(2009). Two-dimensional, high-resolution
modeling of urban dam-break flooding: A
case study of Baldwin Hills, California.
Advances in Water Resources 32 (2009)
1323-1335.

[13] Becker, A. B., Johnstone, W. M. and Lence, B.
J. (2011). Wood Frame Building Response to
Rapid-Onset  Flooding. Natural Hazards
Review, Vol. 12, No. 2, May 1, 2011. ©ASCE,
ISSN 1527-6988/2011/2-85-95. DOl:
10.1061/(ASCE)NH.1527-6996.0000029.

[14]Grundy, P., Thurairaja, A., and Walker, G.
(2005). Some reflections on the structural
engineering aspects of tsunami damage. Proc.
Earthquake Engineering in Australia Conf.
2005, Albury, New South Wales, Australia.

[15]Kelmen, 1. (2002). Physical flood
vulnerabilities of residential properties in
coastal, eastern England. Ph.D thesis,

University of Cambridge, United Kingdom.

[16]Becker, A. (2008). Wood Frame Building
Response to Rapid Onset Flooding. A Thesis
Submitted in Partial Fulfillment of The
Requirements for The Degree of Master of
Applied Science in The Faculty of Graduate
Studies (Civil Engineering). Master of
Applied Science. The University of British
Columbia (Vancouver) September 2008.

[17]Ramsden, J. D. (1993). “Tsunamis: Forces on
a vertical wall caused by long waves, bores,
and surges on a dry bed.” Rep. No. KH-R-54,
W. M. Keck Laboratory, California Institute
of Technology, Pasadena, Calif.

[18] Arnason, H. (2005). “Interactions between an
incident bore and a freestanding coastal
structure.” Ph.D. thesis, Univ. of Washington,
Seattle.

[19] Thusyanthan, I. and Madabhushi, G. (2008).
Tsunami wave loading on coastal houses:a
model approach. Proceedings of ICE Civil
Engineering 161 May 2008 Pages 77-86
Paper 07-00037. doi:
10.1680/cien.2008.161.2.77

[20]A.N. Abdul Ghani and N. Kasnon (2014).
Effect of Flood Water Diffuser on Flow



International Journal of GEOMATE, June, 2018 Vol.14, Issue 46, pp.63-69

Pattern of Water during Road Crossing.
MATEC Web of Conferences 10 06006
(2014). DOl:
10.1051/matecconf/20141006006

[21] Abdul Naser Abdul Ghani, Ahmad Hilmy

Abdul Hamid and Nursriafitah Kasnon. (2015).

Study on The Use of Obstructing Objects to

69

Diffuse Flood Water Velocity During Road
Crossing. Int. J. of GEOMATE, March, 2015,
Vol. 8, No. 2 (SI. No. 16), pp. 1245-1249

Copyright © Int. J. of GEOMATE. All rights reserved,
including the making of copies unless permission is
obtained from the copyright proprietors.




