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ABSTRACT 
This paper focuses on the state-of-the-art developments in active, semi-active and hybrid structural control 

systems. Control systems are force actuation devices integrated with sensors, controllers and real-time 

information processing. This paper includes a brief historical outline of their development and the current and 

still evolving technologies in this field. Various criteria were proposed to examine the efficiency of the control. 

Active system which are reviewed include Active mass damper, Active tendon damper and active tuned mass 

dampers and Semi active system which include stiffness control devices, electro-rheological dampers, magneto-

rheological dampers, friction control devices, fluid viscous dampers, tuned mass dampers and tuned liquid 

dampers. It is imperative that active and semi active control devices have the potential for improving the seismic 

behavior of civil structures. 

Keywords - Active control, Hybrid control, Semi active control, Seismic protection, tuned mass damper.

I. INTRODUCTION 
In the recent years many techniques has 

been developed to reduce the vibration response in 

civil structure, such as a tall building and long 

bridges. Attention of this paper is focused on Active 

and semi-active control systems. The purpose of this 

paper is to provide an assessment of the state of the 

art and state of the practice of this exciting, and still 

evolving, technology. Also included in the discussion 

are some basic concepts, the type of Active control 

and Semi active control systems being used and 

deployed. A wide variety of systems have been 

proposed for controlling structures subjected to 

earthquakes induced ground motion. However, these 

systems may be categorized according to one of the 

followings definitions. 

 

II. ACTIVE CONTROL SYSTEMS 
These systems require a power source for 

operation since electro-hydraulic actuators are used 

to provide control forces. The magnitude and 

direction of the control forces depends on the 

structural response and ground excitation. An active 

structural control system has the basic configuration 

as shown schematically in Fig 1. It consists of (a) 

Sensors located in the structure to measure either 

external excitations, or structural response variables, 

or both; (b) Devices to process the measured 

information and to compute necessary control force 

needed based on a given control algorithm; and, (c) 

Actuators, usually powered by external sources, to 

produce the required forces. 

 
Fig 1: Schematic diagram of Active Control System 

 

III. TYPES OF ACTIVE CONTROL SYSTEMS 
The Active control systems are 

distinguished between the active controls; this is 

designed to reduce structural motion and that which 

generates structural motion. Different types of active 

control devices include: 

 

3.1 Active Tendons. The active tendon system 

comes into action when roof sensor indentifies that 

building is moving. Then, the computer activates 

devices to shift a large weight to counteract the 

movement. The cables stretched between diagonal 

joints are pulled or released by a motor guided by a 

computer. Fig 2 illustrates tendon control system. 

 

3.2 Active mass dampers. The active mass damper 

(AMD) system have been designed and Installed in 

the Kyobashi Seiwa Building in Tokyo and the 

Nanjing Communication Tower in Nanjing, China. 
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The Kyobashi Seiwa Building, the first full-scale 

implementation of active control technology is an 11-

story building with a total floor area of 423 m
2
. 

 
Fig 2: Tendon Control System 

             

 
Fig 3: Cross-sectional View 

 

As shown in Fig 4, the Control system 

consists of two AMDs where the primary AMD is 

used for transverse motion and has a weight of 4 tons, 

while the secondary AMD has a weight of 1 ton and 

is employed to reduce torsional motion. The role of 

the active system is to reduce building vibration 

under strong winds and moderate earthquake 

excitations and consequently to increase comfort of 

occupants in the building. 

 
Fig 4:   Kyobashi Seiwa Building in Tokyo with 

AMD 

 

IV. SEMI-ACTIVE CONTROL SYSTEMS 
Systems which offer a combination of 

features associated with passive and active control 

systems. Semi active control systems utilized the 

energy associated with the motion of the structure to 

developed control forces. The magnitude of the 

control force is usually adjusted using a small power 

source and may be based on the structural response, 

and the ground excitation. The direction of the 

control force is usually dependent upon the response 

of the structure. Semi active system can produce a 

large control force with significantly low power-

source like a battery. Therefore, it is known as a more 

promising technology for vibration control. Fig 5 

shows the schematic diagram of semi-active control 

system. 

 
Fig 5: Schematic Diagram of Semi-Active Control 

System 

 

V. TYPES OF SEMI-ACTIVE CONTROL 

SYSTEMS 
As an active control system, it monitors the feedback 

measurement, and generates appropriate force signal. 

In a passive control system, control forces are 

developed as a result of the motion of the structure. 

Control forces primarily act to oppose the motion, 

and are developed through appropriate control 

algorithms. Different types of semi-active control 

devices include the following. 

 

5.1 Stiffness control devices. These devices modify 

the stiffness and hence the natural frequency of the 

system. Example is stiffness bracings, which are 

engaged or released so as to include or not to include 

the additional stiffness in the system [1] [6]. Fig 6 

shows the stiffness control device. 
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Fig 6: Stiffness control Device 

 

5.2 Tuned Mass Dampers and Liquid Dampers. 

TMDs apparently modify dynamic properties of the 

structure. In the TLDs, the sloshing frequencies of 

the fluid contained in U-shaped tanks are used for 

damping. 

 

5.3 Electro or Magneto Rheological dampers. 

Micron-size dielectric particles suspended in a fluid 

polarize when current passes through and thus 

develop an increased resistance to flow [2] [3]. Fig 7 

shows the MR damper with its working. 

 
Fig 7: MR damper 

 

5.4 Friction control devices. They are energy 

dissipaters in the diagonal bracing of a structure or in 

the sliding isolation systems. Sometimes, the 

coefficient of friction of sliding is controlled by fluid 

pressure in a pneumatic pressure vessel [4], as shown 

in Fig 8.  

                                   
Fig 8: Friction damper. 

5.5 Fluid viscous devices. This is like a dashpot 

system. Pushing oil through an orifice dissipates 

energy. The force is controlled by a valve connecting 

two sides of the cylinder as shown in Fig 9 [5].     

Fig 9: Viscous fluid device 

 

VI. CONTROL SYSTEMS FOR STRONG 

WINDS 
Strong winds cause vibrations in high-rise 

buildings which are not only unsafe for the structure, 

but also make the residents in the building 

uncomfortable. To reduce such vibrations, structural 

control is adopted on some occasions. In ordinary 

cases, displacements induced by strong winds are 

significantly smaller than those induced by large 

earthquakes. Accelerations need to be controlled. 

Thus, a control device for reducing wind effects must 

be effective for small displacements, and at the same 

time should be robust enough to withstand large 

displacements during large earthquakes. One of the 

effective devices for such purpose is a tuned mass 

damper (TMD) system as shown in Fig 10.  

 
During Small Vibration         During Large 

Vibration 

Fig 10: A View of TMD 

 

VII. APPLICATION OF STRUCTURAL 

CONTROL SYSTEM WITH TMDS 
Applications of TMD systems to high-rise 

buildings began with an office building named 

Crystal Tower in Osaka, which was completed in 

1990. Further, a new type of tuned mass damper was 

developed and applied in an office building in Osaka 

as shown in Fig 11. As shown by the vertical section 

of the building in this building is seismically isolated 

below the third floor level. The isolating system of 

this building uses newly developed mechanical 

bearings called a linear slider, each of which supports 

30,000 kN of the building weight. Properties of the 

building are given in the table beside.  
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Fig 11: Office building with TMD on top with details 

 

Such isolation is quite effective against 

earthquakes, but not necessarily good for winds. 

Especially for high-rise buildings, the application of a 

seismic isolation system sometimes causes adverse 

effects under wind loading. This building is designed 

so that the friction of the linear sliders prevents the 

isolation floor from moving and disturbing residential 

comfort during winds. Furthermore, when wind load 

is large enough to move the isolation floor, a locking 

system consisting of multifunction oil dampers 

installed in the isolation floor would automatically 

lock the isolation floor. Hence, this building is 

essentially identical to conventional (non-isolated) 

high-rise buildings during strong winds. 

 

VIII. HYBRID MASS DAMPER SYSTEMS 
Fig 12 shows the hybrid mass damper (HMD) 

is the most common control device employed in full-

scale civil engineering applications. An HMD is a 

combination of a passive tuned mass damper (TMD) 

and an active control actuator. The ability of this 

device to reduce structural responses relies mainly on 

the natural motion of the TMD. The forces from the 

control actuator are employed to increase the 

efficiency of the HMD and to increase its robustness 

to changes in the dynamic characteristics of the 

structure. 

 
Fig 12: Schematic diagram of HMD System 

 

An example of such an application is the 

HMD system installed in the Sendagaya INTES 

building in Tokyo in 1991. As shown in Fig 13, the 

HMD was installed atop the 11
th

 floor and consists of 

two masses to control transverse and torsional 

motions of the structure, while hydraulic actuators 

provide the active control capabilities. The top view 

of the control system is shown in Fig 14 where ice 

thermal storage tanks are used as mass blocks so that 

no extra mass must be introduced. The masses are 

supported by multi-stage rubber bearings intended for 

reducing the control energy consumed in the HMD 

and for ensuring smooth mass movements.  

 
Fig 13: Sendagaya INTES Building. 

 

The response of this building at the 

fundamental mode has been reduced by 18% and 

28% for translation and torsion, respectively. Similar 

performance characteristics were observed during 

another series of earthquakes in 1990s. 

 
Fig 14: Top view of HMD 

 

Some of the actual applications of these 

systems worldwide are given in Table 1.   

Table 1: Application 

Locati

on 

Building Yea

r 

 

No. 

of 

storie

s 

Type 

of 

contro

l 

Japan Kyobashi 

Bldg, Tokyo 

1989 11 AMD 

Japan Kansai Int’l 

Airport, Osaka 

1992 (88m) HMD 

Japan Century Park 

Tower, Tokyo 

1999 54 HMD 

Japan Osaka Resort 

City 200, 

Osaka 

1993 50 AMD 

USA Highway 

Bridge, OK 

1997  SAHD 

Taiwan TC Tower, 

Kaohsiung 

1999 85 HMD 

China Nanjing 

Communicatio

n Tower 

1999 (310

m) 

AMD 
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IX. CONCLUSION 
In spite of enough research in active 

structural control systems, there is a gap between the 

latest active control technology and some intended 

purposes. Some of these include mitigating higher 

level hazards, economical and ease of construction, 

etc. One of the goals of active control research is to 

protect structures against unlikely to occur but highly 

damaging earthquakes. However, the active control 

devices are currently deployed in many cases, are 

used for occupants’ comfort. Also, active control 

systems remain to be one of only a few mechanisms 

for structural protection against near-field and high-

consequence earthquakes. Second goal is to add 

economy and flexibility to structural design and 

construction.  

An active structure [6] is defined as one 

consisting of two types of load resisting members- 

the traditional members that are designed to support 

design loads, and dynamic members whose function 

is to help the structure in resisting dynamic loads. An 

active structure is conceptually and physically 

different from a structure that is actively controlled in 

that, the latter is a conventional structure 

supplemented by an active control device. The 

structure and control system are designed and 

optimized individually. Whereas, an active structure 

has active and passive components integrated and 

simultaneously optimized. For example [7], the 

Kurusima Bridge in Shikoku area, Japan, was 

designed with the application of active vibration 

control as integrated structural components. Several 

modes of the bridge-tower were protected by suitable 

controllers during the construction phase. This 

facilitated lighter and more slender construction of 

the tower than the one with traditional design. 

Therefore, control systems can be effectively used if 

designed with extensive analysis and optimized. 
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ABSTRACT: Stabilization of fly ash is one of the promising methods to transform the waste material into a 

safe construction material. For increasing use of flyash as a construction material, it is required to enhance some 

properties by stabilizing raw flyash with suitable stabilizer like lime content. The present work aims at 

evaluating the effectiveness of lime in stabilizing the waste products flyash and its suitability to be used as a 

structural fills and embankment materials. The flyash which is collected from the captive power plant of 

NSPCL-RSP stabilized with different percentages of lime and tested after different curing periods. Proctor 

compaction test, unconfined compressive strength (UCS) test and California bearing ratio (CBR) test were 

conducted on compacted flyash stabilized with different amounts of lime. The test result shows that an increase 

of either lime content or curing period, results an increase of strength. For a given flyash a suitable amount of 

lime can be arrived at to ensure adequate strength that can make it suitable for embankment, base or sub-base 

course of highway embankments. 

Key words: California Bearing Ratio, Compaction Characteristics, Flyash, Lime Stabilization, Unconfined 

Compressive Strength. 

 

I. INTRODUCTION 
The greatest challenge before the processing 

and manufacturing industries is the disposal of the 

residual waste products. Waste products that are 

generally toxic, ignitable, corrosive, or reactive have 

detrimental environmental consequences. Thus 

disposal of industrial wastes is a major issue for the 

present generation. One of the common and feasible 

ways to utilize these waste products is to go for bulk 

utilization in construction of roads, highways, and 

embankments. If these materials can be suitably 

utilized in construction of roads, highways and 

embankments, the pollution problem caused by the 

industrial wastes can greatly be reduced. So effective 

usages of these industrial wastes which are substitute 

for natural soil in the construction not only solve the 

problems of disposal and environmental pollution but 

also help to preserve the natural soil. In recent years, 

environmental and economical issues have stimulated 

interest in the reuse of industrial waste/by-products 

subject to fulfilment of required specifications. Flyash 

is a waste material collected from thermal power 

plants in the form of fine residue from the burnt coal 

is carried in the flue gas, separated by electrostatic 

precipitators, and collected in a field of hoppers. 

flyash is a non-plastic and lightweight material having 

a specific gravity relatively lower than that of a 

similar graded conventional earth material.  

Several researches on application of flyash as bulk fill 

materials are available [2] [3]. Huge utilization of coal 

ash in construction of road embankments dates back 

to the late 1950s and early 1960s. Applications of fly 

ash alone or soil stabilized with flyash and admixtures 

for road construction have been reported by a number 

of researchers [8]. In [5], authors reported the 

unconfined compressive strength of fly ashes as a 

function of free lime present in them. In [1], authors 

reported that the fraction of lime, present as free lime 

in the form of calcium oxide or calcium hydroxide, 

controls self-hardening characteristics of fly ashes. In 

[1] [7] [8], have investigated the suitability of flyash 

as road sub-base material. Flyash containing adequate 

reactive silica and insufficient free lime develop 

considerable strength only upon addition of certain 

cementing agents such as cement and lime [3].  

The strength increases with the increase in 

the lime content up to about optimum lime content. 

With further increase in the lime content the strength 

remains constant and at times decreases, causing 

deleterious effect. The optimum lime content up to 

which a given fly ash demonstrates increased strength 

depends on its reactive silica and varies considerably 

for different fly ashes. Flyashes with insufficient 

reactive silica show increased strength only with 

cement and do not generally respond well to lime [6]. 

The strength gained is found to depend on curing 

period, compactive energy, and water content [8].  

RESEARCH ARTICLE                   OPEN ACCESS 
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This paper reports the development of unconfined 

compressive strength and California bearing ratio of 

fly ashes [14] [15] with varying lime content and 

curing periods. 

 

II. Material Used 
2.1 Flyash and lime 

The materials used for this study are flyash 

and lime. The flyash collected directly from the 

electrostatic precipitators of captive power plant 

(CPP-II) of Rourkela Steel Plant (RSP). The collected 

samples were mixed thoroughly to get the 

homogeneity and oven dried at the temperature of 

105-110 C. Similarly lime procured from the local 

market was powered, sieved through 150 micron 

sieve, and stored in airtight container for subsequent 

use. The particle-size distribution curve of the fly 

ashes is presented in Fig 1. The physical properties 

and chemical composition of the flyash are presented 

in Tables 1 and Table 2 respectively. 

 
Fig 1: Particle size distribution curve of flyash 

 

For determination of grain size distribution, 

the flyash was passed through test sieve having an 

opening size 75μ. Sieve analysis was conducted for 

coarser particles and hydrometer analysis was 

conducted for finer particles as per  IS: 2720 (part 

IV)-1975 [4] [11] [12]. The percentage of flyash 

passing through 75μ sieve was found to be 86.62%. 

The particle size of fly ash ranges from fine sand to 

silt size. Coefficient of uniformity (Cu) and 

coefficient of curvature (Cc) for fly ash was found to 

be 5.88 & 1.55 respectively, indicating uniform 

gradation of samples.  

Table 1: Physical properties of flyash 

Physical 

parameters 

Values Physical 

parameters 

Values 

Colour Light 

gray 

Shape Rounded/sub-

rounded 

Silt & clay 

(%) 

87 uniformity 

Co-efficient 

(Cu) 

5.88 

Fine sand 

(%) 

13 Co-efficient 

of curvature 

(Cc) 

1.55 

Medium 

sand (%) 

0 Specific 

gravity (G) 

2.38 

Coarse 

sand (%) 

0 Plasticity 

index (Ip) 

Non-plastic 

 

2.2 SEM and XRD studies 

The surface morphology of flyash was 

studied by using Scanning Electron Microscope. This 

analysis show that flyash mainly contain spherical 

size particle and have uniform gradation. Micrographs 

were taken at accelerating voltages of 20 kV for the 

best possible resolution. Fig.2 shows the surface 

morphology of flyash. The chemical composition of 

fly ash was determined by XRD analysis and it shows 

that the flyash merely consists of aluminium oxide 

and silicon oxide as shown in Fig.3. Apart from these 

two major particles it contains magnesium (MgO), 

potassium (K2O), calcium oxide (CaO). 

Table 2: Chemical composition of flyash 

Constituent 

Composition (%) 
Percentage (%) 

MgO 1.7 

Al2O3 28.1 

SiO2 53.6 

K2O 1.97 

P2O5 1.72 

CaO 2.65 

Fe2O3 1.8 

Na2O 0.5 

MnO 0.3 

TiO2 0.85 

SO3 - 

Loss on Ignition 6.5 

 

 
Fig 2: Scanning Electron Micrograph (SEM) of flyash 
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Fig 3: XRD analysis of flyash 

 

III. Methodology 
3.1 Unconfined compression test   

The maximum dry density values and 

corresponding moisture contents of fly ashes 

stabilized with varying percentages of lime are 

reported in Table 3. Initially the addition of lime 

imparts plasticity to the flyash resulting in marginal 

decrease in dry density and increase in moisture 

content values but later on due to further addition of 

lime resulting increase in dry density and reduction in 

moisture content. Unconfined compressive strength 

tests on flyash specimens compacted to their 

corresponding MDD and OMC was performed 

according to IS: 2720 (Part 10) [9] [10]. The 

cylindrical test specimens were of size 50 mm in 

diameter and 100 mm in height and were sheared at 

an axial strain rate of 1.25 mm/min. The effects of 

curing period on strength were studied by testing the 

specimens after curing periods of 0, 7, 15 and 30 

days. For each lime content and curing period three 

identical specimens were tested and the average value 

was reported.  

Table 3.Compaction characteristics of flyash amended 

with lime. 

 

3.2 California bearing ratio test 

CBR tests were conducted in accordance 

with IS: 2720 (Part 16) [13]. For this test specimens 

were prepared corresponding to their MDD at OMC 

in a rigid metallic cylindrical mould with an inside 

diameter of 150 mm and a height of 175 mm. These 

tests were done using 50 mm diameter plunger and a 

surcharge load of 2.5 kg. A mechanical loading 

machine equipped with a movable base that moves at 

a uniform rate of 1.25 mm/min and a calibrated 

proving ring was used to record the load. The soaked 

and unsoaked CBR value of specimens was 

determined after 7 days of curing which is shown in 

Fig 8. 

IV. Results and Discussions 
The fly ash consists of grains mostly of fine 

sand to silt size with uniform gradation of particles as 

shown in Fig 1, with lower specific gravity than the 

conventional earth materials. Fig 4, Fig 5 and Fig 6 

shows with the addition of lime results in filling the 

voids of the compacted fly ash thus increases the 

maximum dry density and decrease optimum moisture 

content. Moreover the specific gravity of lime is 

higher than that of flyash which is also responsible for 

higher compacted density. Increase in curing period of 

lime treated fly ash specimen shows improvement in 

the UCS and CBR value. But with smaller amount of 

lime that is 1%-2% the strength improvement is 

practically negligible, even if cured for long time. 

This is similar to the colloidal reaction with lime, 

which is mainly responsible in modifying the physical 

properties not the mechanical strength. With increased 

lime content the pozzolanic reaction peaks up 

producing adequate amount of cementitious 

compounds leading to visible increase in strength. As 

the lime percentage increases this facilitates the 

pozzolanic reaction that form cementiceous gel that 

binds the particles. The process of pozzolanic reaction 

is improved with curing period. Increase in curing 

period results in more pozzolanic reaction and results 

higher strength shown in Fig 7 and Fig 8. The CBR 

values of the lime stabilized specimens are found to 

be much higher than the untreated flyash. Moreover, 

the loss in CBR value on soaking is very marginal for 

stabilized specimens compared to compacted flyash 

only. 

 

 
Fig 4: Relationship between dry density and water 

content at light compaction energy 

 

Lime 

content 

(%) 

Maximum dry 

density, MDD (g/cc) 

Optimum 

moisture content, 

OMC (%) 

0 1.12 40.5 

2 1.085 43 

4 1.089 42 

8 1.097 41.5 

12 1.108 41.3 
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Fig 5: Variation of MDD with lime content 

 

 
Fig 6: Variation of OMC with lime content 

 

 
Fig 7: Variation of unconfined compression strength 

with curing period 

 

 
Fig 8: Variation of CBR value with lime content 

 

V. Conclusion 
Lime stabilized flyash accelerated gain in 

strength due to the addition of lime under different 

curing periods, which results decrease in dry density, 

increase in moisture content at initial stage but later 

on with further addition of lime resulting increase in 

dry density with reduction in moisture content  due to 

flocculation of particles. It also helps in gaining 

higher unconfined compressive strength (UCS), and 

California bearing ratio (CBR). Increase in strength is 

observed at higher lime contents more than 4% after a 

considerable period of 30 days of curing. The 

unconfined compressive strength and California 

bearing ratio of flyash is improved with curing period 

due to the pozzolanic reactivity. The strength gain 

with curing period continues even up to 30 days for 

flyash specimens added with higher doses of lime but 

at low lime content no appreciable strength gain is 

observed beyond 15 days curing period. 
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Abstract 

Soil stabilization means alteration of the soils properties to meet the specified engineering requirements. 

Methods for the stabilization are compaction and use of admixtures. Lime and Cement was commonly used as 

stabilizer for altering the properties of soils. Earth reinforcement techniques with commonly used with mild 

steel rods, geo synthetics etc. From the recent studies it is observed that, solid waste materials such as rice husk 

ash and waste tyres are used for this intended purpose with or without lime or cement. Disposal of these waste 

materials is essential as these are causing hazardous effects on the environment. With the same intention 

literature review is undertaken on utilization of solid waste materials for the stabilization of soils and their 

performance is discussed. 

Keywords – Rice husk ash, RHA, Waste tyre rubber, Shreds and Soil stabilization 

 

I. Introduction 
Solid waste term includes all those solid and 

semi-solid materials that are discarded by the 

community. Improper management of solid wastes 

causes adverse effects on the ecology which may lead 

to cause possible outbreak of diseases and epidemics. 

Solid wastes are broadly classified in to three group’s 

namely Industrial waste, Agricultural waste, and 

Municipal waste apart from other categories of 

wastes. In this paper previous researches are 

discussed on rice husk ash waste from paddy grain 

and waste tyre use in geotechnical works. Rice is the 

primary source of food for billion peoples across the 

world. In 2013 around 107 million tons of paddy 

produced in India [32]. India is second largest 

producer of rice next to china.  One ton of rice paddy 

produces 220 kg rice husk [33]. Rice husk is the shell 

produced during de-husking of paddy. Rice husk 

being agricultural waste dumped near the mills or 

burnt in open fields. Numerous problems arises from 

rice husk disposal such as, methane generation due to 

fermentation of RHA with microorganisms, being 

light and fine particles causing breathing problems, 

bad effect on the health are reported such as acute 

and chronic effect affecting eyes, skin and upper 

respiratory tract and allegoric response such as nasal 

catarrh, asthma and limitation of RHA because of 

low nutritious value, long periods required for 

decompose are not appropriate for composting of 

manure.  Thus, proper and safe disposal of rice husk 

is again a big problem. Different ways are available 

in for enhancing the engineering performances of 

soils are soil stabilization, soil reinforcement, etc. 

Admixtures like lime, cement were used traditionally 

for stabilization purposes. Recent studies shows RHA 

alone or in combination with lime or cement can be 

used for effective stabilization of weak soils to a 

great extent. Disposal of recycling tyre poses a major 

problem worldwide. A lot of research work is going 

on worldwide to cope up with this problem. Waste 

tyres have characteristics that make them not easy to 

dispose, and potentially combustible. Huge stockpiles 

and uncontrolled dumping of tyres, throughout the 

countries, is a threat to public health and 

environment. One of the alternative ways of 

disposing of waste tyre is to use them for 

geotechnical applications, due to following 

advantages: (1) It will help in not only saving huge 

spaces occupied by waste tyre and tubes, but the 

environmental health hazards will also be reduced. 

(2) The consumption of natural soil will be reduced, 

there by rendering cost saving benefits. (3) The 

various soil properties such as bearing capacity, shear 

strength, drainage etc. can be improved by 

reinforcing it with waste tyre rubber. (4) With the 

introduction of waste tyre rubber in soil its capacity 

to absorb and dissipate energy will be enhanced 

drastically. (5) Non-biodegradable and thus more 

durable. (6) Inexpensive compared to other 

lightweight reinforcing materials for granular soils. 

Reinforced earth technique has been gaining 

popularity in the field of geotechnical engineering 

due to its highly versatile and flexible nature. The 

application of waste tyres in various forms has been 

recently developed in reinforcing soil for a variety of 
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geotechnical applications ranging from retaining 

structures and earth embankments, asphalt pavement 

and paving system, foundation beds and other 

applications. Therefore, using recycled materials, 

particularly wastes tyres when mixed/combined with 

soil is becoming more popular due to the shortage of 

natural mineral resources and increasing waste 

disposal costs. However, with increasing the use of 

waste tyres in geotechnical applications, a need for 

further understanding of the behavior of rubber–soil 

mixture/combination is required. Many researchers 

have investigated the use of recycled tyre products 

for soil stabilization, bearing capacity improvement 

and for reduction of settlement. This may found to be 

economical treatment methods for soils and solution 

will definitely found beneficial for the developing 

countries like India where economy is the prime 

concern for adopting any new method or technique.  

 

II. RHA Soil Stabilization 
Rice husk is a major agriculture byproduct 

obtained from the food crop of paddy. For every 4 

tons of rice around 1 ton is of rice husk is produced. 

Burning of rice husk generates about 15-20% of its 

weight as ash. RHA being very light is easily carried 

by wind and water in its dry state. RHA is difficult to 

coagulate and thus contributes to air and water 

pollution. Additionally cumulative generation of ash 

requires large space for its disposal. On the basis of 

studies carried out on physical and chemical 

properties of rice husk ash suggested that RHA 

cannot be used alone for stabilization of soil because 

of the lack of cementing properties and some additive 

used by some researcher are given in table 2. The 

high percentage of siliceous materials in rice husk 

ash indicates it has potential pozzolonic properties. 

The normal method of conversion of husk to ash is 

incineration. Properties of RHA depend upon, 

whether the husk have undergone complete 

destructive combustion or have been partially burnt. 

RHA has been classified into high carbon char, low 

carbon ash and carbon free ash. On the basis of 

temperature range and burning duration crystalline or 

amorphous form of silica are obtained from husk ash. 

Different factors influencing ash properties are 

incineration condition (temperature and duration), 

rate of heating, geographic location, fineness, color 

and crop variety and year of crop production. 

Research studies have shown that physical and 

chemical properties of ash are dependent on the soil 

chemistry, paddy variety and climatic conditions. 

Studies have also shown that difference may be due 

to fertilizers applied during the cultivation. The 

chemical composition of RHA from the various 

location given in following Table 1 shows that the 

variation in chemical composition especially silica 

content is high (range 85%-95%) [12]. All other 

constituents are available in small range. Color 

changes are associated with the completeness of 

combustion process as well as structural 

transformations of silica in the ash. Ash of white 

color is an indication of complete oxidation of the 

carbon, which is also an indication of availability of 

large portion of amorphous silica in the ash. At high 

temperature strong interaction between potassium 

and silica ion cause the formation of potassium 

polysilicate combined with carbon resulting in grey 

color ash.  

 

Table 1: Comparison of chemical properties of RHA 

from various locations [12] 

Constituent Weight (%) 

India Iraq USA Canada 

Silica as SiO2 90.70 86.80 94.50 87.20 

Alumina as 

Al2O3 

0.40 0.40 - 0.15 

Iron as Fe2O3 0.40 0.19 - 0.16 

Calcium as 

CaO 

0.40 1.40 0.25 0.55 

Potassium as 

K2O 

2.20 3.84 1.10 3.68 

Magnesium 

as MgO 

0.50 0.37 0.23 0.35 

Sodium as 

Na2O 

0.10 1.15 0.78 1.12 

Sulphur as 

SO3 

0.10 1.54 1.13 0.24 

Loss on 

Ignition 

4.80 3.30 - 8.55 

 

Table 2: RHA used for soil with some additives for 

soil stabilization reported by some researchers 

Additive material used in soil Reference 

RHA 1, 2, 3, 4, 9, 10 

RHA Lime sludge 11 

RHA + Lime + Gypsum 5 

RHA + Lime 7, 13 & 14 

Soil + RHA + Cement 15, 16, 17, 18 

 

The review of literature [1]-[18] shows that 

one of the prominent uses of RHA is in improvement 

of soil performance. The geotechnical characteristics 

of RHA-soil mixtures were studied by different 

investigators to evaluate their suitability as stabilizer. 

Summary of the literature review carried out for the 

application of RHA as stabilization for soil and are 

presented here. 

 

2.1. Soil stabilization process by (RHA) 

RHA content used from 0 to 12% for UCS 

and CBR tests [1]. RHA content for CBR tests used 

as 0% to 12.5% [2]. RHA content was increased from 

0 to 12% [3]. The soil was stabilized with different 
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percentages RHA (i.e., 3, 6, 9 11, 13, and 15%). 

Based on UCS tests, the optimum amount of RHA 

was found to be 9% [4]. RHA was varied from 10 

percent to 40 percent by dry weight of soil in steps of 

10 percent with 5 % of lime for curing period of 4, 7 

and 14 for CBR and 4, 7 and 28 days for UCS tests 

[5].  RHA was varied from 5 percent to 20 percent by 

dry weight of soil in steps of 5 percent. Standard 

Proctor Compaction tests, UCS tests, were 

conducted. For studying, the effect of Marble dust on 

expansive soil stabilized with optimum percentage of 

RHA, the Marble dust was added from 0 to 30% at an 

increment of 5% [6]. RHA addition is considered up 

to about 40%. Lime is added in the range of 3 to 5% 

and curing period 7, 14 and 28 days [7]. Series of 

laboratory tests like soaked and un-soaked CBR have 

been performed to evaluate the effects of the foreign 

materials on virgin soil [8]. RHA content for the soil 

to its maximum at RHA between (6 – 8) percent was 

used for CBR test [9].  One-dimensional 

consolidation tests were conducted to determine the 

compressibility characteristics of untreated clay and 

clay stabilized with rice husk ash to evaluate its effect 

in reducing compressibility of the soil. Specimens of 

parent clay and clay treated with 4, 8, 12, 16 and 20% 

by weight of rice husk ash passing 425 micron IS 

sieve [10]. RHA was added to soil from 5 to 20% at 

an increment of 5%. Lime sludge was added to soil 

stabilized with optimum percentage of RHA was 

from 0 to 15% at an increment of 5%. UCS, CBR, 

consolidated undrained triaxial compression tests and 

consolidation tests were conducted at 0, 7 and 28 

days of curing [11]. Laboratory evaluation of the 

characteristics of rice hush ash (RHA) stabilized 

reclaimed asphalt pavements (RAP) subjected to 

British Standard light; BSL (standard Proctor), 

determine the compaction characteristics and CBR 

values was carried out [15].  Compressive strength 

investigation carried out to propose use of RHA in to 

the cement stabilized rammed earth system [16]. 

 

2.2.  Strength of soil after stabilization  using 

(RHA) 

The improvement in the un-soaked CBR 

(18.5% at 6% RHA content) compared with the CBR 

of the natural soil (8.5%) and soaked CBR also 

improved [1]. CBR increased from 22.05% to 

80.14% with increase in RHA content from 0% to 

10% respectively and subsequently reduced with 

further addition of RHA. The reason for increment in 

CBR may be because of the gradual formation of 

cement compounds in the soil by the reaction 

between the RHA and some amounts of CaOH 

present in the soil [2]. RHA content was increased 

from 0 to 12%, Unconfined Compressive Stress 

increased by 97%. RHA content was increased from 

0 to 12%, CBR improved by 47%. The optimum 

RHA content was found at 12% for both UCS and 

CBR tests [3].  Based on CBR and UCS tests, the 

optimum amount of FA as 12%.The optimum amount 

of FA increased the soaked CBR by approximately 

190%. The UCS of the soil stabilized with optimum 

amount of FA has been found to be approximately 

200% higher compared to raw soil [4]. It was noticed 

that the Free Swell Index of the expansive soil has 

been reduced by 88% with the addition of 20% 

RHA+5%Lime.  It was observed that the UCS of the 

expansive soil has been increased by 548% with 

addition of 20% RHA+5% lime + 3% Gypsum after 

28 days curing and  CBR was increased by 1350% 

with the addition of 20% RHA+5% lime + 3% 

Gypsum after 14 days curing[5]. For stabilization the 

optimum proportion of Soil: Rice husk ash: Marble 

dust was found to be 70: 10: 20. The UCS of the 

RHA and CBR stabilized expansive soil increased up 

to 20% addition of Marble dust. There is 228 % 

increase in UCS and 293% increase in soaked CBR 

of virgin soil [6]. Addition of rice husk ash along 

with 3% lime shows steep increment in unconfined 

compressive strength for 20% ash for curing period 

of 14 days. Further curing of samples has not shown 

much marginal improvement in strength. Samples 

cured up to 14 days have shown continuous 

increment and strength increased from 310 KPa to 

567 KPa for 20% addition of ash and 3% of lime [7]. 

Addition of RHA with soil, a very little amount of 

lime improves the soil property to a great extent [8]. 

There is enormous increase in the UCS with increase 

in RHA content for the soil to its maximum at RHA 

between (6 – 8) percent [9].  The use of rice husk ash 

lowers the slope of virgin compression curves. It has 

been observed that rice husk ash is helpful in 

reducing compression index and hence decreasing the 

consolidation settlement of the parent soil [10]. The 

optimum percentages of RHA and lime sludge for 

stabilization of expansive soil are 10% and 15% 

respectively. CBR, increases at the optimum 

percentages of the stabilizers [11]. The RHA 

stabilized RAP mix proportions with 89.25% 

RAP/1.5% cement content, and 89% RAP/2% 

cement content with CBR values of 73 and 79% 

(soaked for 24 hours) can be used as sub-base or sub-

grade materials in road construction [15].   For sandy 

soil, when partially replaced by the maximum ash 

content 7.5% and stabilized with 10% cement, proved 

to be promising alternative material [16]. These are 

results for the soil improvement with RHA in past 

few years. 

 

III. Waste tyre soil stabilization 
Scrap tyres can be managed as a whole tyre, 

a slit tyre, a shredded or chipped tyre (300 - 460 mm, 

100 - 230 mm, (100-150 mm in length) and crumb 

rubber particle size (4.75 mm - 0.075 mm) used as  
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asphalt modifier (0.15 - 0.6 mm). In civil engineering 

works tyre applications of waste tyre are as (1)  

Embankment construction with shredded or chipped 

tyres. (2) Rubber as a fine aggregate substitute in 

asphalt pavements. (3) Crumb rubber as a modifier 

for the asphalt cement binder in a process in which 

the rubber is blended with asphalt binder. (4) 

Retaining walls construction with whole and slit 

tyres. (5) Reinforcement in earth works.  Some 

properties of waste tyre are given in table 3 by some 

of the researchers. 

3.1. Physical Properties  
Shredded/Tyres are basically flat, irregularly shaped. 

The average compacted density ranges from 650 

kg/m
3
 to 840 kg/m

3
. Tyre chips are more finely and 

uniformly sized than tyre shreds. The compacted 

density of tyre chips probably ranges from 570 kg/m
3
 

to 730 kg/m
3
. Tyre chips have absorption values that 

range from 2.0 to 3.8 percent. The specific gravity of 

crumb rubber is approximately 1.15 [31]. 

3.2. Chemical Properties  

Tyre chips and tyre shreds are nonreactive 

under normal environmental conditions. The 

principal chemical component of tyres is a blend of 

natural and synthetic rubber, but additional 

components include carbon black, sulfur, polymers, 

oil, paraffin, pigments, fabrics, and bead or belt 

materials [31]. 

3.3. Mechanical Properties  

Limited data are available on the shear 

strength of tyre chips, although the shear strength 

characteristics of tyre chips vary according to the size 

and shape of the chips, internal friction angles were 

found to range from 19
o
 to 26

o
, while cohesion values 

ranged from 4.3 kPa to 11.5 kPa [31]. 

 

Table 3: Waste tyre rubber properties used by 

different researchers 

Shape Size (mm) Gs Reference 

Irregular 12-50 1.12 19 

Square  

and 

Rectangular 

10×10, 

10×20, 

10×30 

 

- 

 

20 

Irregular 4 and 750µm 

tyre powder 

1.1 21 

- 4.75-2, L=20 1.05 22 

Strips L=25, 

Ar=12.5 

1.03 23 

- 5-9, 10-20 1.16 24 

Rectangular B=10 

L=30-50 

 25 

Rectangular 65×300 1.02-

1.27 

26 

Angular 3.5 1.14 27 

Square 50×50 - 28 

 

3.4 Soil stabilization process using waste tyre 

rubber  

Numerous experiments including index 

tests, compaction tests, pullout tests, and large-scale 

direct shear tests were conducted. Tyre chip–sand 

mixtures with mixing ratios of 0:100, 30:70, 40:60, 

and 50:50 by weight were used as fill materials [19]. 

A program of standard Proctor tests, unconfined 

compression tests and California bearing ratio tests 

was carried out on specimens of the cohesive soil-

tyre mixtures, by varying tyre chips content from 5% 

to 20% by weight of the soil. Vibratory compaction 

tests and direct shear tests were conducted on the 

cohesionless soil-tyre mixtures by adding tyre chips 

varying from 10% to 50% by weight [20]. Repeated 

loading consolidated drained triaxial were performed. 

The bauxite residue sand is mixed with three 

different amounts (by weight) of tyre grains (i.e. 

10%, 30% and 40%) and tyre powder (i.e. 6%, 9% 

and 12%) [21]. Fly ash and waste tyre rubber fibers 

were used to modify the clayey soil at four different 

percentages of fly ash content (0%, 20%, 35%, 50%) 

and at three different percentages of fiber content 

(0%, 5%, 10%) [22]. The plate load tests and triaxial 

tests were performed on waste tyre-fiber reinforced 

sand at relative densities of 70%, 80% and 90% with 

different fiber contents of 0%, 0.25%, 0.50%, 0.75% 

and 1.0%. The samples were tested under drained 

conditions with cell pressures of 0.1MPa, 0.2MPa 

and 0.4MPa [23]. In this research, tyre chip mixed 

randomly with various percentages by weight up to 

30% of sand and two different sizes of tyre chip. Soil 

type is SP according to Unified Soil Classification 

System (USCS). Laboratory California Bearing Ratio 

(CBR) was performed [24]. The relative density of 

sand in tank was 66%. Plate load test performed for 

load settlement behaviour for different samples of 

sand with varied rubber content, thickness of rubber 

soil layer and soil cap [25]. The soil has been 

reinforced with the rubber shreds at various relative 

densities of 50%, 60%, 70% and 80% provided at 

different depths of 0.5B, 1.0B, 1.5B and 2.0B. The 

plate load test was conducted on the sandy soil [26].  

 

3.5. Strength of Soil after Stabilization by using 

waste tyre rubber 

The mixture at the mixing ratio of 30:70 by 

weight or 50:50 by volume was found to be the most 

suitable fill material compared to other mixing ratios. 

The pullout resistance and the pullout interaction 

coefficients of geogrid A were slightly higher than 

those of geogrid B. In contrast, in the direct shear 

resistance, the direct shear interaction coefficients, 

and the efficiency values of geogrid B were slightly 

higher than those of geogrid A. Since geogrid B has 

the needed uniaxial reinforcement properties and its 

sufficient interaction characteristics with tyre chip–
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sand mixture, the geogrid B was utilized. The 

interaction coefficients between the tyre chip–sand 

backfill with 30:70 mixing ratio by weight were 

found to be 0.71 in pullout mode and 0.92 in direct 

shear mode for geogrid B [19]. Cohesive clayey silt 

and cohesionless fine sand were used. The results 

showed that 13% and 30% chip contents, respectively 

by weight, were optimum for composite strength of 

the two reinforced soil mixtures [20]. Adding 30% 

tyre-grains to bauxite residue sand seems to lead to 

satisfactory geotechnical engineering properties for 

stability of embankments. Using the bauxite residue 

sand with 30% tyre grains as a sub-base material for 

pavement design appears to decrease the maximum 

and residual vertical stresses on top of sub-grades and 

is thus desirable, although compressibility increases 

so sand-tyre crumb mixtures have a good potential 

for use as lightweight fill material in geotechnical 

engineering applications [21]. Due to addition of 

rubber fibers, the deformation behaviour of the 

clayey soil-fly ash mix changes significantly and 

becomes ductile [22].  There is reduction in 

settlements with the addition of waste tyre-fibers up 

to fiber content of 0.75% [23]. The addition of tyre 

chip increase the CBR strength of the sand 

significantly, it’s about 29% for size (5-9) mm and 

19.5% for size (10-20) mm at the tyre chip 

percentage of 20%, improved the bearing capacity 

and modifies the load-settlement behavior of the 

footing. The used of tyre chips reduced settlement 

about 22 % [24]. For the optimum value of rubber 

content of 5% at footing settlement level of 5%, the 

maximum improvement in bearing capacity of 

rubber- reinforced bed was obtained as 2.68 times of 

the unreinforced bed. This value of improvement was 

achieved using the optimum thickness of reinforced 

layer of 0.5 times of footing width and the optimum 

thickness of soil cap of 0.25 times of footing width 

[25]. BCR (Bearing Capacity Ratio) can be increased 

up to1.78 at a relative density of 50% and depth of 

reinforced layer at 0.5B. A minimum SRF 

(Settlement Reduction Factor) of 0.24 has also been 

observed at same Relative Density and depth of 

reinforcement [26]. 

 

IV. Conclusion 
On the basis of literature survey carried out 

RHA and waste tyre can effectively use.  Rice husk 

ash an agricultural waste can be effectively used for 

stabilization of soils using cement or lime as additive. 

Rice husk ash is source of silica has numerous 

applications in silicon based industries. Addition of 

RHA to the soil in general increases optimum 

moisture content and reduces the maximum dry 

density. RHA and lime/cement improves plasticity 

index and swelling potential of expansive soils.  

Using waste tyres in geotechnical engineering 

applications may be feasible to consume the scrap 

tyres. Waste tyre can use for improvement of bearing 

capacity soil upto optimum rubber content and. Tyre 

waste can effectively use as soil reinforcement 

beneath footing, embankment and retaining wall.  

Findings lead to overall saving in soil material costs 

and recycling of tyres waste and RHA waste.  
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ABSTRACT 

Flooding situation in rivers is a complex phenomenon and affects the livelihood and economic condition of the 

region. The modeling of such flow is primary importance for a river engineers and scientists working in this 

field. A numerical investigation is carried out for studying different flow characteristics of a converging 

compound channel such as velocity distribution, depth averaged velocity distribution etc. The models using 

ANSYS – FLUENT are found to give satisfactory results when compared to the newly conducted experimental 

data under controlled system. Therefore, in this study an effort is made to analyze the turbulent structure by 

using Volume of fluid (VOF) two phase model and Large Eddy Simulation (LES) turbulence modeling to predict 

the flow characteristics of a non-prismatic compound channel. The LES is carried out by taking sufficient 

development length so that uniform turbulent flow is developed. However, it is a fact that numerical simulations 

of compound channels with different hydraulic conditions are computationally very expensive and arduous.  

Keywords – CFD simulation, LES modeling, Non-prismatic compound channel, Tow phase modeling, VOF 

model.

 

I. Introduction 
Rivers have fascinated scientists and 

engineers. It is the main source of providing water 

supply for domestic, irrigation, industrial 

consumption or transportation and recreation uses. 

However, the design and organizing these systems 

require a full perception of mechanics of the flow 

and sediment in rivers. River channels do not remain 

straight for any appreciable distance. Flow separation 

in open channel expansion has been identified as one 

of the major problems encountered in many 

hydraulic structures such as irrigation networks, 

bridges, flumes, aqueducts, power tunnels and 

siphons. Due to the existence of secondary flow, 

flow characteristics in channel bends are much more 

complicated than those in straight channels. In other 

words, close to the inner wall and also at the channel 

bed, pressure gradient exceeds centrifugal force and 

conveys water in a transverse direction towards the 

inner wall. At the free surface, centrifugal force 

drives the flow to the outer wall. This kind of flow is 

known as the secondary flow[1]. During this process, 

energy losses taken place due to changing flow 

condition in the channel compression. Moreover, the 

presence of adverse pressure gradient causes flow 

separation due to the inability of flow to adhere to 

the boundaries and losses of head taken place due to  

 

subsequent formation of eddies. So to reduce bed and 

bank erosion, control of flow separation is required. 

The basic principle in the application of CFD is to 

analyze fluid flow in-detail by solving a system of 

non-linear governing equations over the region of 

interest, after applying specified boundary 

conditions. A step has been taken to do numerical 

analysis on a non-prismatic compound channel flow 

having converging floodplains. The work will help to 

simulate the different flow variables in such type of 

complex flow geometry.  

In the present work, an effort has been made 

to investigate the velocity profiles for three different 

sections of a compound channel having converging 

flood plain by using a computational fluid dynamics 

(CFD) modeling. The CFD model developed for a 

real open-channel is first validated by comparing the 

velocity profile obtained by the numerical simulation 

with the actual measurement carried out by 

experimentation in the same channel using pitot tube. 

Earlier a few experiments were carried out related to 

this field and various methods were investigated the 

suppress flow separation [2] [3].To investigate 

complex flow characteristics of compound open 

channel expansion  some recent flow measurements 

techniques and digital technology like Laser Doppler 

Anemometry (LDA) are created. Now a days 
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computational or numerical method are adopted for 

this type of case study. By using large eddy 

simulation (LES) method the flow pattern at a curved 

channel[4] and a curved 180º bend channel [5] are 

modeled and assessed the secondary flow structure. 

By using the standard k-e turbulence model  a three 

dimensional numerical model was investigated to 

simulate the secondary flows, bed shear stress 

distribution, the longitudinal and transversal changes 

of water depth and the distribution of velocity 

components at bend[6] [7]. In [8], author determined 

the velocity profiles in both the directions under 

different real flown field conditions and also 

investigated the effects of bed slope, upstream bend 

and a convergence/divergence of channel width [8]. 

To study the negatively buoyant flow in a diverging 

channel with sloping bottom k-e turbulence model 

used and analyzed the effect buoyant effect [9]. By 

simulating the Computational fluid dynamics (CFD) 

software with fluid flow interactions between phases 

a experimentation of multiphase flow was improved 

to analysis and compare the results on flow regime 

and pressure drop within a flow regime [10]. The 

three-dimensional flow pattern in a sharp bend was 

simulated by using two different numerical codes 

along with different turbulent models and by 

comparing the numerical results with experimental 

results stated about the relevance of RSM turbulence 

model [11]. From all turbulence model, LES model 

are resolve large eddies directly, whereas small 

eddies are modeled. However, LES models generally 

require much denser grids [12]. Including all these 

studies some other studies on non-prismatic 

compound channel and converging flood plain have 

also been conducted by researchers [e.g. Salami [13], 

Knight and Shiono [14], Feng [15], Bousmar [16], 

Nezu [17], Proust [18], Razaei and Knight [19], 

Baghalian [20] and Liu [21]. The simulated flow field 

in each case is compared with corresponding 

laboratory measurements of velocity and water 

surface elevation. 

 

II. Experimental Setup and 

Measurements 
Experiments was conducted in non-

prismatic compound channels having symmetrically 

converging flood plains with varying cross section 

built inside a concrete flume measuring 

15m×.9m×0.5m at National Institute of Technology 

Rourkela Hydraulic laboratory. The width ratio of the 

channel is α≤1.8and the aspect ratio is δ≥5. The 

converging angle of the channel is 

13.39°.Converging length of the channel is 

0.84m.The channel is made up of cement concrete. 

Fig.1 shows the schematic diagram of experimental 

setup of the open channel flow. Fig.2 shows the plan 

view of three different experimental sections of a 

converging compound channel. The parameters of the 

channel are aspect ratio of main channel (δ), width 

ratio (α). Experimentation is taken place in the 

compound channel by taking different relative depth 

(Dr) value i.e. 0.5Dr, 0.2Dr, 0.3Dr in different 

position and depth. In this paper experimentally 

calculated results of 0.3Dr value is taken for analysis 

with numerical analysis results of various depth and 

position longitudinally in three different sections. 

Where first section is taken before start of converging 

area, second section is taken in middle of converging 

area and third section is taken after the end of 

converging area. In Fig 2 it is clearly shown that only 

section 2 is situated in between converging area 

whereas section 1 and 3 is situated outside the 

converging area. In section 1 width ratio  is more 

(1.8) where in section 3 width ratio is less=1 as there 

is no flood plain. It means after section 1 flood plain 

converges towards longitudinal direction. The detail 

descriptions of experimentation are given in Table 1. 

 

Table1: Description of Compound Channel 

Sl 

No 

Item 

Description 

Converging Compound 

channel 

1 Geometry of 

main channel 

Rectangular Type 

2 Geometry of 

flood plain 

Converging Type 

3 Relative 

Depth(Dr) 

0.3 

4 Width 

Ratio( ) 
1 ≤1.8 

5 Aspect 

Ratio( ) 

5 

6 Converging 

Angle 
13.39  

7 Position of 

section 1 

0.05m backward from start of 

convergence. 

8 Position of 

section 2 

0.47m forward longitudinally 

from section 1. 

9 Position of 

section 3 

0.89m forward longitudinally 

from sec 1 or 0.05 m forward 

from end of convergence. 

 

 
Fig1. Plan view of experimental setup of the channel 
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Fig 2: Plan view of three different experimental 

sections 

 

III. Description of Numerical Model 

Parameters 
Numerical codes used in this study (Fluent) 

are based on the full three-dimensional form of 

Navier-Stokes equations, and it uses a finite volume 

method (FVM). Fluent can use both structured and 

unstructured grids. For the solution that requires 

transient simulation, such as free-surface modeling 

e.g., VOF [22] model and the large Eddy 

Simulation(LES) turbulence modeling, the governing 

equations are discretized  in both space and time. The 

algorithms adopted to solve the coupling between  

pressure and velocity fields in the Navier-Stokes 

equations in this study was  pressure implicit with 

splitting of operators (PISO) for the numerical 

analysis [23]. PISO is a non-iterative solution method  

to calculate the transient problem, which converges 

faster [23]. The numerical solution requires criteria 

for determining the convergence of the acquired 

solution in iteration process. The numerical solution 

was converged when the residuals of the discretized 

equation reached a value of 0.001, or when the 

solution did not change with further iterations. 

 

3.1 Governing Equations 

The governing equations for the present 

study are the equations of conservation of mass, 

momentum and energy. The equation used for 

conservation of mass (the continuity equation) may 

be written as: 

                                                        (1)                                                                  

The source term Sm contains the mass added through 

phase changes or user defined sources. In general, 

and in the simulations described here, the source term 

was equal to zero. 

 

3.2 Turbulence Modeling 

Turbulent flows have wide range of length 

and time scales. The large scale motions are generally 

energetic than the small ones and their size makes 

them the most effective transporters. Large eddies 

depend highly on boundary conditions which 

determine the basic feature of flow. Large scale eddy 

helps in transfer of momentum and heat. This 

technique directly resolves the large eddies present in 

turbulent flows and models the smaller scale eddies. 

LES models are based on filtering the spectrum of 

turbulent eddies in the Navier–Stokes equations. The 

filter is related to grid size, and is usually chosen to 

be the actual grid size. Eddies smaller than the grid 

sizes are thus removed and must be modeled by a 

subgrid scale (SGS) model. Larger eddies are directly 

solved by the filtered transient Navier–Stokes 

equation: 

                      (2)                                                                                                          

Where is the subgrid scale turbulent stress, which 

must be modeled. For our simulations, I chose the 

Smagorinsky–Lilly model which was the standard 

one available in Fluent. We also tried the WALE 

model on a test case with no difference in the results. 

 

3.3 Geometry Domain and Boundary condition 

For a given computational domain, 

boundary conditions are imposed which can 

sometimes over specify or under-specify the results 

of experimentation. Usually, after imposing boundary 

conditions in a non-physical domain, it’s may lead to 

failure of the solution. The boundary conditions 

implemented for this study are shown in Fig-3. The 

channel analysed here allows the values on the inlet 

and outlet boundaries to coincide and a pressure 

gradient was further specified across the domain to 

drive the flow. A mean velocity was specified over 

the whole inlet plane to initialize the flow upon 

which velocity fluctuations were imposed. The inlet 

mean velocities were derived from the experimental 

average values. In order to specify the pressure 

gradient the channel geometries were all created with 

0.0017 channel bed slopping and the effects of 

gravity and channel slope implemented via a resolved 

gravity vector. It represents the angle between the 

channel slope and the horizontal, the gravity vector is 

resolved in x, y and z components as    

  

Where  = angle between bed surface to 

horizontal axis. Here, the x-component denotes the 

direction responsible for flow of water along the 

channel and the z-component is responsible for 

creating the hydrostatic pressure. From the 

simulation, z-component of the gravity vector ( g 

sin  ) is found to be responsible for the convergence 

problem of the solver. A no-slip boundary condition 

is the most common boundary condition 

implemented at the wall and prescribes that the fluid 

next to the wall assumes the velocity at the wall, 

which is zero. 

U = V = W = 0 
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Fig 3: A Schematic diagram of compound channel 

with Boundary Condition 

 

3.4 Grid Generation 

It must be noted that the grid-independent 

results are obtained and the running time is low. The 

grid structure must be fine enough, especially near 

the wall boundaries (in order to consider the viscous 

flow), in the bend (the rapid changes area) and free 

surface. In this numerical model, various 

computational trials are conducted with different 

number of grid cells in x, y and z directions. It was 

concluded that the results are almost independent 

from the grid size and running time is optimal. The 

fluid flow governing equations (momentum equation, 

continuity equation) are solved based on the 

discretization of domain using the cartesian co-

ordinate system. The CFD computations need a 

spatial discretization scheme and time marching 

scheme. This method is suitable with respect to both 

structured and unstructured mesh. At the mesh 

construction stage, it is decided to model only the 

half section of the channel and exploit the symmetry 

in the unsteady state flow as shown in Fig.4. Thus a 

symmetry condition is applied along the boundary at 

the centre of the channel. The meshing of the 

compound channel is shown in Fig.5. 

 

 
Fig 4: Half Sectional Compound channel with 

Symmetry condition 

 
Fig 5: Meshing of compound channel 

 

IV. Result and Discussion 
In this study, various flow variables were 

studied in a converging compound channel with three 

different sections, which are discussed separately 

below. The positions of different experimental three 

sections are clearly shown in Fig 6. To see the effect 

of turbulence and boundary shear and to compare 

these effects two sections are taken outside the 

converging part. One is (section 1) which is situated 

before the converging part and other section is taken 

after the converging part (section 3). Other section 

(section 2) is taken inside the convergence area. To 

compare the effect of convergence and to analyse the 

secondary flow structure in between the channel 

velocity is measured in different positions 

experimentally by using pitot tube. In the 

experiments, the local velocities were measured at 

nodes located in different depths and widths in each 

section. As flood plain width is decreases gradually 

the vertical distributions of the velocity with the 

logarithmic law are shown in Fig 7 to 9 for validation 

of experimental results with CFD numerical analysis 

in three different sections accordingly. The results 

showed that the velocity gradient at interface zone 

decreased by taking Dr=0.3. Toward a longitudinal 

direction in a non-prismatic shape, in a constant Dr 

results decrease in the velocity gradient at interface 

zone. In all of the tests, the velocity gradient after the 

end of convergence reach was much higher than the 

other reach in a non-prismatic channel. Lateral depth-

averaged velocity distributions were calculated and 

compared with the CFD results which are shown in 

Fig 10, Fig 11, Fig 12 for section 1, section 2 and 

section 3 respectively. As shown in this figure, in the 

non-prismatic compound channel with the same 

angle of convergence, increasing the aspect ratio or 

decreasing the width ratio led to an increase in the 

difference between the mean velocity in the main 

channel and floodplain. Along the compression of the 

flood plain of the channel by the expansion of the 

major and minor secondary flows, it can be seen that 

in sections 3(middle of convergence) contours of the 
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longitudinal velocity shift and the high velocity zone 

moves further towards the outer wall and along the 

channel convergence. And at the section after the 

bend (section 3), the high velocity zone is completely 

separated from the symmetry axis and transferred to 

the outer wall and the channel bed. The comparison 

of velocity contour between experimental data and 

numerical analysis of different sections are shown in 

Fig 13, Fig 14, Fig 15 respectively. Fig 13(a), Fig 

14(a), 15(a) is shown the velocity contour of section 

1, 2, 3 respectively by CFD software named as 

ANSYS Fluent. And Fig 13(b), Fig 14(b), Fig 15(b) 

is shown the velocity contour of different section 

from 1-3 respectively by experimental data using the 

software named as SURFER. 

 
Fig 6: Positions of three different experimental 

sections 

 

 
Fig 7: Distribution of the longitudinal velocity 

component at Section 1 

 

 
Fig 8: Distribution of the longitudinal velocity 

component at Section 2 

Fig 9: Distribution of the longitudinal velocity 

component at Section 3 

 

 
Fig 10: Depth Avg. Velocity profile of Sec 1 

 

Fig 11: Depth Avg. Velocity profile of Sec 2 

 

Fig 12: Depth Avg Velocity profile of Sec 3 

 

 
Fig 13(a): Velocity Contour of Sec 1 by Numerical 

analysis 

 

Fig.13(b) Velocity Contour of Sec 1 by Experimental 

Data 
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Fig.14(a). Velocity Contour of Sec 2 by Numerical 

analysis 

 

 
Fig.14(b). Velocity Contour of Sec 2 by 

Experimental Data 

 

 
Fig.15(a). Velocity Contour of Sec 3 by Numerical 

analysis 

 
Fig 15(b): Velocity Contour of Sec 3 by 

Experimental Data 

 

V. Conclusion 
A complete three-dimensional two phase 

CFD model with finite volume method (FVM) and a 

dynamic Sub grid-scale for prediction of flow 

distribution in a non-prismatic compound channel is 

investigated. Here experimental velocities are 

compared with the velocities obtained from 

Numerical analysis of sec-1, sec-2, sec-3 of the 

channel. On the basis of velocity contour it is 

concluded that there is a good agreement between the 

results of the CFD analysis and the experimental 

data. The variation of longitudinal velocity in main 

channel region is found to be less as compared to that 

in the flood plain region. In main channel region the 

velocity magnitude is nearly constant after the solid 

boundary however at flood plain region there is rapid 

variation found and maximum velocity occurs just 

below the free surface. From depth-average velocity 

profile, it clearly conclude that at section1 the 

numerical analysis gives good results and it is 

slightly overestimating the data when it is compared 

with the experimental result with an positive error of 

more or less than 5% but when the numerical analysis 

results are compared with the rest of the section, then 

it is underestimating the data. As width ratio of the 

channel goes on decreasing from sec 1 to sec 3, the 

results obtain from the numerical analysis also goes 

on underestimating when it is compared with the 

experimental results whereas at sec-2, the 

numerically estimated velocity results underestimate 

the experimental datas at floodplain whereas at main 

channel the numerically estimated results 

overestimate the experimental results. So the net 

discharge at sec-2 remains same for both the case. 

But at sec-3, the numerically estimated results 

underestimate the results obtain from 

experimentation with the negative error of more or 

less than 5% of error.  
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ABSTRACT 
Soil sample analysis is indispensable for knowing the properties of soil through which the water recharge will 

occur. Experiment using a varies soil samples were conducted on a 10 cm to 50 cm depth soil filled with setup. 

This research examined a common, problem associated with water supply development, the modifications made 

to soil structure for filter design and the associated reduced pollutants of water and increased runoff. The 

experiment is conducted homogeneous soil columns and leads to the conclusion that the reduction of infiltration 

capacity is not directly related to time but rather to the moisture on the surface. It is important that obtained data 

to estimate the infiltration rates associated with local development patterns. Soils on residential developments 

have lower water infiltration rates than the soils replace. This study to measure how soil amendments perform 

under actual conditions and the practical aspects of using them are being performed. Infiltration tests were 

conducted in collecting disturbed soil samples and the data was compared. Experiments Results found the 

hydrologic responses of the different infiltration capacities with different plot configurations. 

Keywords–Disturbed soils, filtration rate, infiltration capacity, moisture content, water supplies.

 

I. INTRODUCTION 
Infiltration is the movement of water into 

the soil from the surface. The water is driven into the 

porous soil by force of gravity and capillary 

attraction. Infiltration of water in unsaturated soils 

has long been an interest of study in many branches 

of science and engineering such as soil science, 

hydrology, and geotechnical engineering. The 

identified significant reductions in infiltration rates in 

disturbed urban soils. Since the early 1990s, a series 

of laboratory and field tests have been conducted by 

the writers on soils covering a wide range of soil 

textures, densities, and stiffness. Infiltration rate 

usually shows a sharp decline with time from the start 

of the application of water. The appearance of 

layered soil is more common than uniform soil in 

nature with the latter being the exception, vertical 

infiltration in layered soils has drawn much attention 

and been studied by many authors. The constant rate 

approached after a sufficiently large time is referred 

to as the steady-infiltration rate. The process is 

described by the equations of Kostiakov (1932) and 

Horton (1940), which show a decreasing infiltration 

rate as a function of time. The use of infiltration 

basins reduces peak flows, water volumes in 

downstream networks, and limits pollution 

discharges to surface waters. It may also promote 

urban development in areas distant from existing  

 

networks or natural outlets and enhance urban sites 

when basins are designed as parks or playgrounds. 

Other attractive aspects are lower costs and 

groundwater recharge. Particularly through analytical 

or numerical methods and through experimental 

methods. All the studies showed that the transient 

process of infiltration is complex due to the high 

nonlinearity of soil water characteristics and soil 

permeability and various boundary and initial 

conditions. The complexity is further increased by 

the hysteretic behavior of soil water interaction.  

In the present study laboratory tests of 

vertical infiltration were the constant infiltration rates 

of different soils under different soil conditions were 

calculated by double ring infiltrometer method, and 

compared with assessment of the suitability of 

different models for estimation of infiltration rate of 

particular soil under particular soil condition was 

carried out with correlation coefficient and standard 

error as a tool. 

 

II. OBJECTIVE 
One objective of the present experimental 

study is to observe the sequence of events associated 

with infiltration interface under different depth 

loading. A different type of material samples 

facilitates such observations. For this purpose, 

particle size and particle distribution may be a major 
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determinate of infiltration rates the pore size 

distribution is modified by organic matter content, 

aggregation, tillage, and compaction. Storage 

capacity depends upon the porosity and changes in 

pore size distribution in the soil profile, which may 

be utilized as river bank filter material to remove the 

pollutants from the water directly by extracting water 

through pump via natural filters.However, Flow rates 

depend upon the texture, porosity, pore size 

distribution, soil stratification, antecedent soil 

moisture content, salinity, and biotic activity. 

 

III. MATERIALS USED 
3.1. Soil type 

The soil used in this study consists of 

alluvial aquifer. The alluvial aquifer is an excellent 

source of water because of its favorable hydrologic 

characteristics. Total thickness of the alluvial aquifer 

in Odisha ranges from about 50 to 150 feet (ft), thus 

providing a limited but still considerable amount of 

stored ground water. Throughout much of Odisha, the 

alluvial aquifer is overlain by a silt and clay unit that 

is generally 10 to 50 ft deep. The aquifer originated 

from weathering of fine-grained sedimentary 

bedrock. The comprising unconsolidated material 

deposited by water, typically occurring adjacent 

to rivers. The sites are located adjacent to the river 

banks in odisha. The soil is classified as inorganic 

clayey silt. In its natural state, it is porous and it has 

numerous pinhole pores. The soil material is also 

brittle and it can be crumbled with finger pressure. It 

has low moisture content (4.6-6.7%), but no tension 

cracks are observed in situ.Water from the alluvial 

aquifer is used for public supply only where an 

adequate supply of water of better quality is not 

available from deeper aquifers. Characteristics that 

limit its usefulness as a public water source are 

excessive hardness, high concentrations of iron and 

manganese, and high salinity. In most countries, 

however, ground water from the alluvial aquifer is 

very well suited for agricultural supply. 

 

3.2. Soil Sampling 

There is no standard procedure for obtaining 

soil samples for appraising. Usually the details of 

procedure will depend on the purpose for which the 

sample is taken. If the objective is to obtain a general 

evaluation of soil in a given, the many number of 

samples provides an index for the over-all appraisals. 

The variation among samples gives an index of the 

variation in ingredients content that may be 

encountered in the theater of operations. Soil samples 

may be retrieved using a variety of methods and 

equipment, depending on the part of the soil profile 

required (surface versus subsurface), and the type of 

sample required (disturbed versus undisturbed) and 

the soil type. Soil is collected immediately, using 

Hand auger, a series of extension rods, a “T” handle, 

and a thin-wall tube sampler. The auger bores a hole 

to a desired sampling depth and then is removed. The 

auger tip is then replaced with a tube core sampler, 

lowered down the borehole, and forced into the 

ground at the completion depth. The core is then 

withdrawn and the sample collected. Augers are 

better for direct sample recovery, are fast, and 

provide a large volume of sample. First insert the 

auger into the material to be sampled at a 0
0
 to 45

0
 

angle from vertical. Extraction of samples may 

require tilting of the sampler. Then augers rotate once 

or twice to cut a core of material. Withdraw the auger 

slowly; making sure that the slot is facing upward. 

An acetate core may be inserted into the auger prior 

to sampling. By using this technique, an intact core 

can be extracted. Then the sample transfer into a 

homogenization container. 

 

3.3. Soil Texture  

It is well recognized that the distribution of 

particle sizes influences the moisture retention and 

transmission Identification and properties of soils. 

Particle-size analysis may be made, as a rule; coarse-

textured soils have low-moisture retention and high 

permeability, whereas fine-textured soils have high-

moisture retention and generally have lower 

permeability. However, owing to an eminent degree 

of aggregation of the particles, there are notable 

examples of fine-textured soils that are moderately 

permeable. The presence of a high percentage (50 or 

more) of silt size particles often causes soils to 

deliver relatively low permeability. There is also 

evidence that some silt-size particles, presumably 

those having a platy shape, are more effective in 

reducing permeability than others. In general, the 

physical properties of fine textured soils are affected 

more adversely rate of infiltration percentage than 

coarse textured soils. 

 

3.4. Soils and their properties 

Four soil Samples were used and referred to 

as an alluvial aquifer region in the study.  Clayey 

Sand where residual clayey soils of different local 

formations. The study was part of a research effort of 

investigating the potential usage of the available local 

soils for some engineering applications, which 

included River bank Filtration system, involving 

distinguishable finer over coarser soils. Preliminary 

trials have indicated that the soils had very different 

hydraulic properties than the other one; and trial tests 

have shown that finer over a coarser layer of these 

soils were stable with negligible soil particle 

migration. Therefore, these soils were selected for the 

infiltration tests involving finer over coarser layered 

http://www.dwaf.gov.za/Groundwater/Groundwater_Dictionary/introduction_river.htm
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soils. Basic properties of the soils and soil-water 

characteristic curves which is also known as soil-

moisture retention curve, describes the relationship 

between the volumetric water content of the soil. The 

test data were best-fit to obtain from the upward 

infiltration tests on the soil see the section on test 

results. 

 

IV. EXPERIMENTAL SETUP AND 

MEASUREMENTS 
The experimental apparatus is a 

modification of a previous device was produced built 

by  Lopamudra Priyadarsini (2012) (“manufactured 

by Department of Civil Engineering, National 

Institute of Technology, Rourkela Odisha, INDIA”). 

It consists of a simple cylindrical fiber tube supported 

at the stand as shown in Fig 1. From the base, a 

conical portion is extended to collect water with a tap 

to regulate water. The top of the cylinder was 

covered with a perpex sheet of 1 inch thickness a 

hole of 2 cm diameter was made to connect to the 

inlet pipe is keyed to connect with the source of 

water tank stored. Continues Depth of water were 

maintained during these experiments. The infiltration 

rate was determined directly by measuring the time 

required for water percolating in to the soil samples 

inside the cylinder using a stopwatch. The observed 

flow phenomena were dependent of the sample 

specimen characteristics. The cylinder axis was 

levelled using the fluid level inside the stationary 

cylinder. 

 
Fig 1: Apparatus Using of Infiltration Rate 

 

V. FACTORS AFFECTING INFILTRATION 
The infiltration rate of a soil profile is the 

result of the interaction of numerous soil, biotic, and 

hydrologic properties. Porosity and pore size 

distribution are the main determinations of 

infiltration.  The surface area, size, and shape of soil 

particles influence pore size, shape and continuity 

with other pores.  Although particle size and particle 

distribution may be a major determinate of 

infiltration rates (Table. 1) the pore size distribution 

is modified by organic matter content, aggregation, 

tillage, and compaction.  Compaction loads as small 

as a person walking can significantly reduce 

infiltration rates.  Compaction from trucks being 

driven over a sandy loam just after a rain, reduced 

infiltration rates from 15 to 0.3 cm /h. 

 

Table 1:  Infiltration rates for certain particle-size 

classes (FAO 1979). 

Textural          Infiltration rate (cm/h) 

Class   Minimum Mean Maximum 

Clay 0.01 0.05 0.1 

Silty  Clay 0.03 0.25 0.50 

Clay Loam 0.25 0.8 1.5 

Loam  0.8 1.3 2.0 

Sandy 

Loam  

1.3 2.5 7.6 

Sand 2.5 5.0 25.0 

 

In general any profile discontinuity, such as 

a change in texture, that affects pore size distribution, 

will result in differing soil porosity size distribution 

and thus decreased water movement between 

horizons.  Where a coarse textured material such as 

sand overlies a finer textured material such as a loam, 

the infiltration rate will be dependent upon the loam 

layer and water will accumulate in the sand layer.  

Where a finer textured material overlies a coarse 

material the initial infiltration rate will be governed 

by the surface layer, and then will reduce when the 

wetting front encounters the larger pores in the coarse 

layer.  Water will not enter the larger pores until it 

has accumulated in the fine layer to a point where it 

can overcome the adhesive and cohesive forces of the 

finer pores in the fine layer and flow can then take 

place into the larger pores of the underlying coarse 

layer. 

 

 

VI. RESULT AND DISCUSSION 
In this experimental study, Soil samples 

from three basins are used for this analysis. 

Multivariate data analysis is used to reveal systematic 

information from this large data set that may have 
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been with the soil profile approach. Further, the 

hydraulic resistance is integrated and eventual 

correlation with infiltration variables is explored. 

This method is developed: it is used to identify 

correlations in large data sets. Linear combinations of 

the original variables yield a new set of variables. 

The method describes the largest variance in the data 

set that describes as flow rate with respective time as 

possible and so on. Samples and variables are plotted 

defined by the porous space in the elements. Before 

performing experiment, the data set is generalized. 

The procedure is run applying water travel distances 

as the measure of similar time. 

 

The permeability of soil, in a qualitative 

sense, refers to the readiness with which the soil 

conducts or transmits fluids. In a quantitative sense, 

when permeability is expressed with numbers, it 

seems desirable that permeability be defined as a 

property of the porous medium refers to the 

proportionality factor in the Darcy flow equation. For 

porous media with fixed structure, such as sandstone 

or fired ceramic, measurements of intrinsic 

permeability with air, water, or organic liquids all 

give very nearly the same numerical value. Gravity, 

density, and the viscosity of the liquid are taken into 

account in the flow equation. However, if the 

intrinsic permeability for a soil as measured with air 

is markedly greater than the permeability of the same 

sample as subsequently measured using water, then it 

may be concluded that the action of water in the soil 

brings about a change in structure indicated by the 

change in permeability. 

 

The compares the infiltration rates of soil 

groups, classified according to the texture of the soil 

profiles. In each set of measurements, the infiltration 

rate of the coarse group was much higher than the 

medium to fine group.  As it is not possible to vary 

soil texture independently of other characteristics it is 

not inferred that the infiltration rates are caused by 

texture. It is more likely due to associated 

characteristics including the configuration of pores 

and fissures. Nevertheless it seems that infiltration 

rates summer are invariably associated with coarse 

texture whereas values less than on medium to fine 

soils. 

 

 

 
Fig 2: Observed Infiltration rate and calculated 

infiltration rate verses time for 10 cm depth 

 

 
Fig 3: Observed Infiltration rate and calculated 

infiltration rate verses time for 20 cm depth 

 

 
Fig 4: Observed Infiltration rate and calculated 

infiltration rate verses time for 30 cm depth  
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Fig 5: Observed Infiltration rate and calculated 

infiltration rate verses time for 40 cm depth 

 

Fig 6: Observed Infiltration rate and calculated 

infiltration rate verses time for 50 cm depth 

 

The length of time the tests should be 

conducted and the depth of water to be applied 

depend upon the purpose of the test and the kind of 

information that is sought. If it is a matter of 

appraising an irrigation problem, the depth 

corresponding to one irrigation may be sufficient; 

but, if information on infiltration for planning a 

leaching operation is needed, it may be desirable to 

apply the full depth of leaching water to a test plot. It 

often happens that subsurface drainage is sufficiently 

restricted to cause the infiltration rate to decrease 

considerably with time independent of the fluid used 

in its measurement. The term “hydraulic 

conductivity,” on the other hand, is used to Some 

progress is being made toward evaluating the 

physical condition of soil in terms of physical 

properties, i.e., intrinsic qualities of soil that can be 

expressed in standard units and that have values 

which are substantially independent of the method of 

measurement. Infiltration rate, permeability, bulk 

density, pore-size distribution, aggregation, and 

modulus of rupture appear to be such properties. 

Experience shows that the physical condition of any 

given soil is not stable. There is a range of variation 

of physical status that is related to productivity, and 

this is reflected in corresponding ranges in the values 

of pertinent physical properties. The concept of use, 

there is a range of physical states for any given soil 

may have to the improvement filtration of soils. 

 

VII. CONCLUSION 
Infiltration capacity was reasonably stable 

over an eight year period and accordingly infiltration 

tests can have a role in assessing the long-term risk of 

overland flow and the associated pollution hazard. 

Substantial variation occurred within sites and the 

variation was greater in winter than in summer. In 

general, for 50 percent precision, eight measurements 

are required in summer, and fourteen in winter, on 

sites composed of a single soil series or phase. A 

correspondingly greater number will be required on 

land areas composed of a number of soils. Infiltration 

tests performed in summer are preferable, as tests 

performed in winter are unlikely to reflect stable soil 

characteristics. To assess the risk of overland flow 

over the whole year, additional information will be 

required on the duration and degree of wetness. 

Although the mean difference between day 1 and day 

2 was not statistically significant, the two-day test is 

desirable to reduce the risk of overestimates at 

individual sites. 

There was a pronounced seasonal effect, 

which was attributed to the influence of antecedent 

soil water content on the measured infiltration 

capacities. In summer, infiltration capacity was on 

average 3.5times the winter rate. Except on an 

impermeable Gley, the infiltration capacity in 

summer equalled or exceeded the hourly rainfall 

expected once in five years. This implies that the risk 

of overland flow is likely to be very small in summer 

on freely drained soils that have not been compacted 

by animals or machines. Irrigation rates of 5 mm 

hahr-1 or 2.5 mm hrhr-1, permitted by the Code of 

Good Agricultural Practice, exceed the infiltration 

capacity of some soils, including free draining soils, 

in winter. This implies that there may be a significant 

risk of overland flow in winter. 

Experience indicates that the infiltration rate 

of a given soil can be high or low, depending on 

physical status and management history. Infiltration 

rate is often critically influenced by surface soil 

conditions, but subsurface layers also are sometimes 

limiting. Water distribution in the profile and depth 

of water applied are modifying factors. The 

infiltration rate can be undesirably high or 

undesirably low. It is the low end of the range that 

may be a critical limiting factor in the agricultural use 

of alkali soils. 

             From the research work it is found that the 

soil condition affects the infiltration rate. From the 
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graphs   of infiltration rates against time it is found 

that initially infiltration rates were high and 

decreased with time up to constant infiltration rate. 
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Abstract 
Concrete is a basic material for all civil works which is made from cement sand and stones. Now a days 

collecting sand from natural beds of rivers and aggregates is becoming difficult due to environmental 

clearances. Replacement of fine aggregate or coarse aggregates in cement concrete with some industrial by-

product is highly desirable. Due to its lower cost, it makes an attractive alternative if adequate performance can 

be obtained. This paper presents the results of experimental study on the use of polyethylene hand cut macro 

fibre on the mechanical properties of cement concrete. The polyethylene in fibre form with size 120 mm length 

and 4 mm width have been replaced by fine aggregate. The fine aggregate was replaced by plastic fibre with 1% 

by weight. The compressive strength and tensile strength of controlled specimen and treated specimen have 

been evaluated at 7 days and 28 days. It was observed the compressive strength of cement concrete decreased 

after the inclusion of plastic fibre. The inclusions of plastic fiber have no significant effect on tensile strength. It 

has been seen that there is a zilch chemical reaction of plastic fibre with the matrix during the hydration process. 

This was due to the density difference in fine aggregate and polyethylene. The compressive strength 

significantly decreased by 50.42% at 28 days. The tensile strength decreased by 8.52% which is nominal as 

compare to the compressive strength decrement rate.  

Keywords: plastic fiber reinforced cement concrete, waste polyethylene, cement concrete

 

I. INTRODUCTION 
Now a days, plastics in its various form used 

in daily life. Plastic products have become an integral 

part in our daily life as a basic need. It is used in 

almost all industry for their daily functioning, 

manufacturing, packaging, transporting. The use of 

plastics has a various advantages; such as 

preservation of food and beverage become easy by 

the use of plastic bags and bottles beside of that 

merits it also has numerous demerits. One of the 

major demerits of plastic is very low biodegradability 

and requirement of vast land for waste plastic 

accumulation by which land pollution increased and 

further hinders the percolation of water into the soil 

which impose a negative impact on fertility. The 

contamination of toxic substance with the water 

effect the marine life. The hazards that plastic pose 

are numerous. They frequently block the  blocked 

drains provide excellent breeding grounds for disease 

causing mosquitoes and water borne diseases besides 

causing flooding, drainage system.[1] [2] [3] various 

research works have been done for finding out the 

safe and environment friendly disposal of Plastics. 

India generates 56 lakh tons of plastic waste 

annually, Delhi accounting for staggering 689.5 tons 

a day. Approximately 60% of total plastic waste is 

collected and recycled in the country per day and  

 

remain is uncollected and littered. Besides of that 

concrete all over the globe has been utilized for the 

required infrastructure. Both materials consumptions 

are increasing day by day in their respective field. 

The inclusion of waste plastic in concrete by 

replacing or adding the concrete ingredients is one of 

the appropriate ways to dispose it. However the fresh 

and mechanical properties of cement concrete 

paramount importance and not be negotiated. A vast 

work has already been done for the utilization of 

waste plastics in cement concrete. In the recent past 

research the replacement and addition have been 

done with the direct inclusion of polyethylene or 

plastic fiber [4], PET bottles in shredded form, 

chemically treated polyethylene fiber, PET in 

aggregate form by replacing natural coarse aggregate 

[5]. Most of replacement have been done by volume 

calculation.[4] Reported that the fiber prepared by 

polyethylene less than 20 micron thickness could be 

suitably used for the non structural works, where the 

strength is not a prime concern. [5] Replacement of 

natural coarse aggregate with plastic coarse aggregate 

with 22% replacement was found to be of increased 

compressive strength. [6] Concluded that the 

compressive strength of the concrete is affected by 

addition of plastic pieces and it goes on decreasing as 

the percentage of plastic increases addition of 1% of 

RESEARCH ARTICLE                   OPEN ACCESS 
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plastic in concrete causes about 20% reduction in 

strength after 28 days curing. It was observed that the 

surface of plastic fibre not taking part in strength 

improvement of cement concrete. To conquer this 

behaviour of plastic a novel use of HDPE plastic in 

concrete as soft filler was used. Plastic treated with 

water, Bleach and alkaline bleach before mix in 

concrete ingredients. The highest compressive 

strength was achieved when the plastic was treated 

with alkaline bleach and the lowest when treated with 

bleach alone [7]. The effect of chemical treatment 

also studied in cement mortar, treated with HCL acid, 

NH4 Cl,H2SO4 acid and 10% (NH4)2SO4 solutions [6].                                                

The majority of past researches show that 

the direct inclusion of plastic neither significantly 

increased nor maintained the characteristic 

compressive strength of cement concrete but as far as 

tensile strength concerned, the plastic fibre 

maintained or impart small increment in this 

mechanical property. In present work the replacement 

have been done by weight calculation instead of 

volume calculation. Fibres were used in macro sizes 

to evaluate the effect of it on cement concrete 

hardened property. The significant effects on strength 

property after the plastic inclusion in concrete were 

found in this experimental study.   

 

II. EXPERIMENTAL PROGRAM 
2.1 Cement  

Portland pozzolana cement was used for the 

experimental study. The PPC cement was in fine 

powder state and free from lumps and moisture. The 

various physical properties of cement tested as per IS 

1489-1991 part (1) are listed Table 2 

 

2.2 Coarse Aggregate 

Locally available crushed coarse aggregates 

of 20 mm were procured for the experimental study. 

Before using it for experimental study, tests were 

performed. The values of tests are shown in Table 1. 

 

2.3 Fine Aggregate 

The fine aggregate for the experiment was 

locally arranged and conformed to Indian standard 

specification IS 383-1970.The sand was  sieved 

through 4.75mm sieve to remove the particle greater 

than 4.75mm IS sieve and then was washed to 

remove the dust. The physical properties of sand are 

shown in a Table 3. 

 

2.4 Plastic Fiber  

The waste plastic polyethylene’s were 

collect and washed prior to use. After drying the 

polyethylene, it was cut into macro fiber sizes with 

120 mm long and 4mm wide. The replacement has 

been done by weight with the fine aggregate. The 

plastic macro fibers are shown in Figure 1. 

 

2.5 Water 

Water used for mixing and curing shall be 

clean and free from injurious amounts of oils, acids, 

alkalis, salts, sugar, organic materials or other 

substances that may be deleterious to concrete or 

steel. Clean and fresh water was used for casting and 

curing the specimens in the experimental study. 

Table 1: Properties of Coarse Aggregate 

Sr. No. Characteristics Value 

1 Fineness Modulus 6.8 

2 Specific gravity 2.60 

3 Water absorption% 1.92 

 

Table 2: Properties of Cement 

Sr. 

No. 

Characteristics Test 

values 

Values 

specified by 

IS 1489-

1991 

1 Standard 

Consistency  

32 ------------ 

2 Initial Setting 

time  (min) 

122 30 min  

(minimum) 

3 Final Setting 

time (min) 

285  600 min 

(maximum) 

    

 Compressive Strength 

1 7 days 26 

N/mm
2 

22 N/mm
2 

(minimum) 

2 28 days 36 

N/mm
2
 

33N/mm
2 

(minimum) 

 

Table 3: Properties of Fine Aggregate 

Sr. No Characteristics Value 

1 Type Natural 

sand 

2 Specific Gravity 2.52 

3 Water absorption 1.03 % 

 4                   Grading Zone III 

   5                     Fineness Modulus 2.34 
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Fig 1: Plastic Hand Cut Fiber 

 

III. Mix Proportions for the Experimental   

Study 
The concrete mix was designed as per the 

guidelines given in the various Indian standards 

namely IS 10262 – 1982, IS 456-2000 and SP 23 [8] 

[9] [10] [11] [12]. Table no. 3 gives the materials 

required for the M20 grade concrete.  

 

IV. Mixing Casting and Curing 
The utmost supervision has been done for 

proper mixing. First of all the dry mixing was done 

for 1 to 2 minute. After the proper mixing in dry 

state, the water has been put for preparing the cubes 

and cylinder. The 150 x150 x 150 mm cubes and 

300mm x 150mm cylinder were prepared for testing 

the compressive strength and tensile strength. The 

assessment of compressive and tensile strength has 

been done at 7 days and 28 days respectively.   

 
Fig 2: Plastic Fiber Cement Concrete Cubes Curing 

 

 

V. RESULTS AND DISCUSSION 

 
Total 12 controlled specimen cubes were 

prepared for the compressive strength evaluation as 

shown in Fig 2. Six cubes for 7 days strength and 6 

for the 28 days strength evaluation. Twelve more 

cubes were casted by replacing the fine aggregate 

with the polyethylene fiber. Six treated specimens for 

7 days and another 6 for 28 days strength evaluation. 

Same foresaid pattern was followed for tensile 

strength evaluation.  

 

5.1 Effect on Compressive Strength 

Fig 3 and Fig 4 represents the strength 

behaviour of concrete prepared with (Treated 

specimen) and without plastic fibre (Controlled 

specimen), after 7 and 28 days. The average 

compressive strength values of controlled specimen 

were of order of 15.3 Mpa. Whereas that of waste 

plastic concrete mixture shows decrease trend in 

strength of up to 50.4%, which is in confirmation 

with the previous studies. The probable reason of 

reduction in compressive strength could be the 

presence of the macro fibres in the concrete, may 

have interrupted the bonding and complete hydration 

of the cement paste and aggregates This decrease 

may be due to lack of binding properties of plastic 

fibre. 

 

 

Fig 3: 7 days compressive strength 
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Fig 4: Compressive Strength of Controlled And 

Treated Specimen 

 

5.2 Effect of Curing period 
The treated and controlled specimens were 

further tested for compression after 28 days to study 

curing effect of plastic fiber. The results show that 

average compressive strength of controlled 

specimens was 20.3 Mpa. The average strength of 

treated concrete specimens was 7.2 Mpa. This again 

shows previous trends of reduction in strength. It was 

noticed that rate of decrease was 25.6 %, which 

shows long term strength gain. This indicates that 

plastic fiber have no impact on hydration process.  

 

5.3 Effect on Split Tensile strength 

It is important to investigate tensile strength 

behavior of concrete due to different loading 

conditions. For this split tensile strength tests were 

conducted on both kind of samples (Controlled and 

Treated). The average value of split tensile strength 

for controlled specimen was 6.0 Mpa. The treated 

samples were showing 5.5 Mpa strength, under 

identical test conditions. The decrement rate was 

8.2%, which is not very much significant. It can be 

concluded that the reduction in split tensile strength 

was observed for substitution as the percentage of 

PET aggregated incorporated the weak binding 

interfacial binding between the plastic, aggregates 

and cement paste. Fig 4 and Fig 5 shows the results 

of split tensile strength. 

 

 

 

 
Fig 4: 7 days split tensile strength test 

 

 

Fig 5: 28 Days Split Tensile Strength Test 
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Fig 6: 28 days split tensile strength 

VI. CONCLUSION & FUTURE SCOPE 

The PET fibre reinforced concrete has been 

successfully used in Hishikari mine (Gold Mine) 

located in Kagoshima, Japan. Evaluation of sprayed 

surface with the PET fibre showed no crack, no 

uplifting and deviation, and the surface was relatively 

smooth. PET fibre reinforced concrete was applied to 

a bush road between Hayatogawa and Kanazawa, 

kanagawa prefecture, Japan. 0.75% of volumetric 

content of fibre was used in this application. 

Although, State of Art     work has been done on 

various structural parts made by plastic containing 

concrete now but for the worldwide friendly uses of 

plastic in construction field without compromising 

the strength parameter still evolving and need more 

deep and deterministic research for the utilization in 

concrete. More work needs to be done in order to 

fully understand and how to mitigate or eliminate its 

effect. 

 

Following distinct parameter need to be 

focus for the future study  

 The surface property of plastic need to be 

transform into some extent for improving the 

bond behavior between plastic fibers and 

matrix. 

 Need to focus for matrix hydration and plastic 

effect on it. 
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ABSTRACT 
Shear walls are one of the most basic lateral load resisting elements in an earthquake resistant building. To avoid 

torsion in buildings, shear walls must be placed symmetrically in plan. In this paper, a five-storey RC building 

located in seismic zone-V is considered with four shear walls. Five different configurations of shear walls viz. 

bare frame, shear wall symmetrically placed at exterior bays (centrally), at core and adjacently placed in exterior 

of the building, are considered. These frames are analyzed for seismic forces to assess performance in terms of 

base shear, storey drift, member forces and joint displacements. The frame with shear walls at core and centrally 

placed at exterior bays showed significant reduction of order 29% to 83% in lateral displacement.  The reduction 

in bending moments is approximately 70% to 85% for interior and perimeter columns respectively. Shear and 

axial forces in columns have reduced by 86% and 45% respectively.  Based on such results, the best placement 

of shear walls in building plan is suggested. 

Keywords - Seismic resistance, shear wall, base shear, storey drift

I. INTRODUCTION 
Reinforced concrete buildings often have 

vertical plate-like RC walls, called shear walls. Shear 

walls are like vertically-oriented wide beams that 

carry earthquake or wind loads and transfer them 

downwards to the foundation. These walls generally 

start at foundation level and are continuous 

throughout the building height. Their thickness can 

be as low as 150mm or as high as 400mm in high rise 

buildings. Shear walls are usually provided along 

both length and width of buildings. Most RC 

buildings with shear walls also have columns. These 

columns primarily carry gravity loads and shear walls 

are designed to carry lateral loads. Shear walls 

provide large strength and stiffness to buildings in the 

direction of their orientation, which significantly 

reduces lateral sway of the building and thereby 

reduces damage to structure and its contents. In this 

paper, five frames with different placement of shear 

walls are analyzed for their performance in terms of 

base shear, storey drift, member forces and joint 

displacements. 

 

II. PROBLEM FORMULATION 
The A Five-storey RC office building is 

assumed to be located in seismic zone-V on medium 

soil (as per IS 1893:2002). It is designed as an 

ordinary moment-resisting frame. Column sections of 

size 350mm×500 mm, beam sections of size 

500mm×500mm, 125 mm thick RCC slab on all 

floors and shear wall having 300 mm thickness are 

taken for proposed work. In x-direction (the longer 

direction in plan) there are 5 bays, each of 4 m width 

and in z-direction (the shorter direction in plan) there 

are 3 bays, each of 5 m width. The column height 

throughout the structure is 3.5 m. Five frames with 

different shear wall configurations viz. bare frame 

(Frame-1), shear wall symmetrically placed at 

exterior bays centrally (Frame-3), at core (Frame-2) 

and adjacently placed in exterior of the building 

(Frames-4 and 5) as shown in Fig1 are taken for the 

study. These frames are subjected to dead load, 

imposed load of 4 kN/m
2
 on all floors, imposed load 

of 1.5 kN/m
2
 on roof (as per IS 875-part-2) and 

earthquake loads as per IS 1893:2002. 

These frames are analyzed for load 

combinations suggested by IS 1893, i.e,  

1.  1.5( DL +IL ), 

2. 1.2 ( DL + IL ± EL ), 

3. 1.5 ( DL ± EL ), 

4. 0.9 DL ± 1.5 EL.  

For the calculation of base shear, the zone 

factor ‘Z’ is taken as 0.36 for seismic zone V, 

Importance Factor ‘I’ equal to 1, Response reduction 

factor ‘R’ as 3 as it is an Ordinary RC moment 

resisting frame and fundamental natural period of 

vibration (T) is calculated as 0.352 seconds for x-

direction and 0.406 seconds for z-direction (as per 

IS:1893-2002). 
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Fig 1: Five Frames showing Plan and Isometric View 

III. ANALYSIS OF RESULTS 
3.1 BENDING MOMENT IN COLUMNS 

After carrying out analysis, bending 

moments (kNm) in bottom storey columns for all 

frames are taken from output file and are shown in 

Fig 2. The maximum value of bending moment both 

in the case of interior and perimeter columns for 

ground storey columns are seen in the case of Frame-

1which is the frame with no shear wall which comes 

out to be 233 and 230 kNm respectively whereas the 

minimum value for both are seen in the case of 

Frame-2 where shear walls are placed at the inner 

core of the building symmetrically which comes out 

to be 30 and 51.7 kNm. From Fig 2, it can be 

concluded that Frame-2 have significant reduction in 

bending moment of ground storey columns. 

 
Fig 2: Bending moment (kNm) in Ground Storey 

Columns 

 

 
Fig 3: Bending moment (kNm) in top Storey 

Columns 

Similarly, bending moments in top storey 

columns are shown in Fig 3. The maximum value of 

bending Moment both in the case of interior and 

perimeter columns for top storey columns are seen in 

the case of Frame-1which is the frame with no shear 

wall which comes out to be 91.9 and 93.2 kNm 

respectively whereas the minimum value for both are 

seen inthe cases of Frame-2 and Frame-4 where shear 

walls are placed at the inner core of the building 

symmetrically and shear wall symmetrically placed at 

exterior bays (centrally) which comes out to be 

62.5,35.3 and 27.9, 35.3 kNm, respectively. It is 

evident from figure that frame-2 and frame-4 show 

predominant reduction in bending moment. 
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3.2 SHEAR FORCE 

Shear force is a measure of lateral load 

borne by columns and shear walls. The maximum 

value of shear force both in the case of interior and 

perimeter columns for ground storey columns are 

seen in the case of Frame-1which is the frame with 

no shear wall comes out to be 106 and 104 kN 

respectively whereas the minimum value for both are 

seen in the cases of Frame-2 and Frame-5 where 

shear walls are placed at the inner core of the 

building symmetrically and adjacently placed in 

exterior of the building which comes out to be 14.2, 

23.2kN and 26.2,14.1 kN respectively. Fig 4 shows 

shear force in ground storey columns for all the 

frames. It is evident from the figure that frame-2 and 

frame-5 show significant reduction in shear force on 

ground floor. 

 
Fig 4: Shear force (kN) in Ground Storey Columns 

 

 
Fig 5: Shear force (kN) in Top Storey Columns 

 

Similarly, shear force in top storey columns 

is shown in Fig 5.The maximum value of Shear Force 

both in the case of interior and perimeter columns for 

top storey columns are seen in the case of Frame-

1which is the frame with no shear wall comes out to 

be 106 and 104 kN respectively whereas the 

minimum value for both are seen in the cases Frame-

2 and Frame-5 where shear walls are placed at the 

inner core of the building symmetrically and 

adjacently placed in exterior of the building which 

comes out to be 14.2, 23.2 kN and 26.2,14.1 kN 

respectively.By looking at the results it can be 

inferred that frame-2 and frame-5 shows maximum 

reduction in shear forces in top storey. 

 

3.3 Axial Force 

The maximum value of axial force both in 

the case of interior and perimeter columns for ground 

storey columns are seen in the case of Frame-1which 

is the frame with no shear wall comes out to be 1066 

and 797 kN respectively whereas the minimum value 

for both are seen in the case of Frame-5 where shear 

walls are placed at the adjacently placed in exterior of 

the building which comes out to be 623 and 442kN 

respectively. By looking at Fig 6, it is evident that the 

maximum reduction in axial force on ground floor is 

being experienced in case of frame-5. 

 
Fig 6: Axial force (kN) in Ground Storey Columns 

 

The maximum value of shear force both in 

the case of interior and perimeter columns for top 

storey columns are seen in the case of Frame-1which 

is the frame with no shear wall comes out to be 152 

and 119 kN respectively whereas the minimum value 

for both are seen in the case of Frame-4 where shear 

walls are placed at the adjacently placed in exterior of 

the building which comes out to be 61.2 and 56.7 

respectively. By looking at Fig 7, it is evident that the 

maximum reduction in axial force on top floor is 

being experienced in case of frame-4. 

 
Fig 7: Axial force (kN) in Top Storey Columns. 

 

3.4 Storey Drift 

Vales of storey drift in x-direction for all the 

frames and for each storey are given in Table 1 and 

plotted in Fig 8. By analyzing these values, it can be 

concluded that frame-2 in x-direction and frame-3 in 

z-direction has maximum reduction in storey drift as 

shown in Fig 9. 
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Table 1: Storey Drift in x-direction 

 Displacements (mm) in x-direction 

Store

y 

Fram

e-1 

Fram

e-2 

Fram

e-3 

Fram

e-4 

Fram

e-5 

Fifth 34.813 9.964 12.403 14.998 12.248 

Fourt

h 

30.940 8.586 9.494 11.95 9.301 

Third 24.122 6.290 6.343 8.192 6.297 

Secon

d 

15.317 3.728 3.455 4.594 3.558 

First 6.040 1.406 1.182 1.507 1.344 

 

 
Fig 8: Storey drift (mm) in x-direction 

 

Table 2: Storey drift in z-direction 

 Displacement(mm) in z-direction 

Store

y 

Fram

e-1 

Fram

e-2 

Fram

e-3 

Fram

e-4 

Fram

e-5 

Fifth 60.911 13.444 10.135 12.917 11.691 

Fourt

h 

53.123 11.569 7.689 9.84 8.982 

Third 40.622 8.477 5.107 6.729 5.942 

Secon

d 

24.849 4.922 2.773 3.832 3.183 

First 8.944 1.129 0.961 1.621 1.039 

 

 
Fig 9: Storey drift (mm) in z-direction 

 

IV. CONCLUSIONS 
Based upon the studies carried as above, the 

following conclusions have been drawn. 

 Lateral load resisting capacity of the frame 

increases significantly in case of shear wall 

introduction, as is clear from the story 

displacements in x and z directions. 

 For frame-2 (shear walls at core), lateral 

displacements are minimum in x-direction and 

merely 29% of the displacement of simple frame 

(from 34.83 mm to 9.96 mm) 

 The frame with shear walls (frame-3) at mid-

sides performs best for earthquake in z-direction. 

The reduction in response is as high as 83% 

(60.9 mm to 10.14 mm). 

 As far as bending moments in ground floor 

columns are concerned, Frame-2 and Frame-3 

shows significant reduction in the same as 

compared to those in simple frame (frame-1). 

The reduction in B.M. is approximately 70 to 

85% for interior and perimeter columns 

respectively. 

 Shear force in ground storey columns is also 

reduced by as high as 86% for Frame-2 and 

Frame-5. This can be attributed to contribution 

of shear walls in taking base shear. 

 Axial force in the columns during earthquake is 

reduced as much as 45% due to introduction of 

shear walls. Major reduction is seen for Frame-5. 

 Similar trend in reduction of bending moments, 

shear forces and axial forces is seen in for top 

story columns. Frame-2 and Frame-4 are seen to 

perform better in this case. 

 Shear walls are definitely good mechanism for 

lateral loads mitigation, but the placement of 

shear walls should be made judiciously. In the 

present case, the Frame-3 (shear walls at mid-

sides) is seen to perform better in major number 

of cases. 
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Abstract 
The flow pattern of a compound channel becomes complicated due to the transfer of momentum between the 

main channel and the adjoining floodplains. Experiments are conducted to measure the velocity as well as 

boundary shear along the wetted perimeter of a compound channel to quantify the momentum transfer along the 

assumed interfaces originating at the junction region between main channel and flood plain. This is helpful to 

evaluate of accurately the stage-discharge relationship for a compound channel. Discharge calculation can be 

done by using various hydraulic models. But the traditional discharge prediction models such as SCM, DCM 

fail to give accurate discharge as they don’t consider the effect of momentum transfer. Therefore some new 

models are being developed which makes discharge prediction more accurate than the traditional method by 

considering the effect of momentum transfer. In this paper experimental data reported by other investigators as 

well as data from the present series of experiments are used through DCM, IDCM and MDCM to evaluate the 

discharge estimation and the results are compared with the experimental observations. 

Keywords – Apparent shear stress, Discharge measurement, Momentum transfer, Secondary current effect, 

Shear force. 

 

I. INTRODUCTION 
During floods, part of the river discharge is 

carried by the main channel and the rest is carried by 

the adjacent flood plains. Once water in the river 

overtops the banks, the cross sectional geometry of 

flow goes on changing. The channel section becomes 

compound and the flow structure for such section is 

affected by large shear layers generated by the 

difference in velocities of water in the main channel 

and the floodplain due to the transfer of momentum 

between them. In a compound channel formation of 

vortices at the junction of main channel and flood 

plain was first shown [1].  In [3], authors have stated 

that the total dragging force on the main channel flow 

due to floodplain flow at the interfaces should be 

equal to the accelerating force on the floodplain flow 

due to the main channel flow due to which transfer of 

momentum occurs. At lower depths of flow over the 

floodplain, momentum transfer takes place from the 

main channel to the floodplain resulting in decrement 

of the main channel velocity and discharge, while its 

floodplain components are being increased and at 

higher depths of flow over the floodplains the process 

of momentum transfer is reversed, i.e. the momentum 

is supplied to the main channel from the floodplain 

and this momentum transfer makes the discharge 

prediction difficult. The effect of flow interaction 

between the floodplain and main channel for various 

depths of flow over floodplain should adequately take 

care while calculating discharge in the compound 

channel. There are various traditional methods (SCM, 

DCM) through which discharge can be predicted. In 

[7], authors proposed a variable interface plane of 

separation of compound channel  which nullify the 

momentum transfer for a better estimate of discharge 

in straight compound river sections. In [6], authors 

proposed a method by making some correction to the 

DCM named as coherence method (COHM).  In [8], 

authors parameterized the interface stress in terms of 

velocity of the main channel and floodplains. In [10], 

authors quantified momentum transfer in terms of 

interface length which makes discharge prediction 

more accurate. Apart from these one dimensional 

mathematical models, there are some 1D software 

such as HEC-RAS, SOBEK, MIKE 11, CES which 

also do better discharge prediction in a compound 

channel. 

  

II. METHODOLOGY 
2.1 Divided Channel Method (DCM)  

This classical method employs division of 

the compound channel to two subsections i.e. the 

main channel (bank full) and floodplains (berms).The 

conveyance is calculated for each sub sections 
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considering the interfaces. Again, this method is 

modified into a few versions distinguishing each 

other by the way how they consider verticals dividing 

the compound channel into sub-sections. This 

includes horizontal interface, vertical interface, 

diagonal interface, curved interface, variable 

interface as shown in Fig 1.  However vertical 

interface and diagonal interface are the two methods 

which are commonly used. Discharge for each sub-

section can be calculated by using the Eq.(1) given 

below. 

 

  

 

Where Q = Discharge through the compound 

channel, = Area of the main channel and 

floodplain respectively, = perimeter of the 

main channel and floodplain respectively, = Bed 

slope of the channel, = manning’s co-

efficient for main channel and flood plain 

respectively. 

 

 
Fig 1: The vertical, horizontal, diagonal interface of a 

prismatic compound channel. 

 

2.1.1 Vertical interface method 

In this method the flood banks are separated 

from the main channel by means of vertical interface 

as shown in Fig 1, but the interface length is not 

included in the calculation of wetted perimeter of 

either of the over bank flow or main channel flow as 

this interface is considered as a surface of zero shear 

stress and no momentum transfer takes place through 

junction of main channel and flood plain. 

 

2.1.2. Diagonal Interface method 

In this method a diagonal interface is 

considered from the top of the main channel bank to 

the centerline of the water surface. This interface is 

considered to be the surface of zero shear stress and 

due to that the length is not included in the 

calculation of wetted perimeter of the over bank flow 

and main channel flow. The problem with both the 

methods is, they overestimate the discharge to some 

extent. So to improve the discharge calculation of a 

channel, some new methods are being adopted i.e. 

IDCM and MDCM which give better discharge 

prediction as compared to the traditional methods like 

DCM. 

 

2.2.       Interacting divided channel method 

In this method the channel is divided in to 

two parts by vertical interfaces and the effect of 

momentum transfer occurring at the junction of main 

channel and flood plain is considered in terms of 

interface stress (τint). 

 

 
Fig 2: Cross section of a two-stage channel: (a) 

symmetric with two identical floodplains. (b) 

asymmetric with one side floodplain. 

 

The following equations have been developed to find 

out the velocity of the main channel as well as flood 

plain given as 

  

  

  

Where  are the velocities of main channel 

and the flood-plain respectively. = co-efficient of 

interface. = number of flood plains.  

= velocities of the main channel and flood plain when  

 = interface stress developed at the 

interface of the main channel and flood plain. 
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Where are co-efficient of friction. 

 are the perimeter of the main channel and 

flood plain respectively.  are the area for 

main channel and flood plain respectively.  

are the hydraulic radius of main channel and flood 

plain respectively. =difference between the water 

depth and the full bank level (Fig.2). 

After finding out the velocities, discharge (Q) of the 

total section can be predicted through inter acting 

divided channel method by using equation (8). 

  

 

2.3. Modified divided channel method (MDCM) 

This method [12] quantified the momentum 

transfer in terms of interface length. Here the main 

channel boundary shear to be increased and that of 

the floodplain decreased suitably to account for main 

channel and floodplain flow interaction. Let = the 

interface length for inclusion in the main channel 

wetted perimeter and = the length of interface to 

be subtracted from the wetted perimeter of the 

floodplain (termed as interaction length) 

     So according to this method, the value of  

are found out from Eq (9) and Eq (10). 

 

  

 

  

Where α = width ratio = B/b; β = relative depth = 

b = width of main channel bottom; B = total 

width of compound channel; h = bank full depth; and 

H = total depth of flow. = percentage of shear 

force in the flood plains. Knowing  and the 

channel geometry, the interface lengths  and  

are evaluated. Next, the discharges for the main 

channel and floodplain are calculated using 

Manning’s equation and added together to give total 

discharge as 

 

 

Where S = bed slope of both main channel 

and floodplain (assumed to be the same in 1D 

models) and  = manning’s co-efficient of 

main channel and floodplain subsections 

respectively. For rectangular channel and floodplains 

having homogeneous roughness (i.e., Manning’s n 

value is equal for both the main channel and 

floodplains).  is calculated from the Eq (12). 

  

So by putting the value of %Sfp, the value of  and 

 can be calculated. After finding out the values of 

interface length the discharge of the straight 

compound channel can be estimated.  

 

III. DATA COLLECTION 
Experimental discharge data has been 

collected from FCF (Large scale Flood channel 

facility created at Wallingford UK) series data (S-1, 

S-2, S-3, S-8, S-10) and Kinght & Demetriou (1983) 

(K&D-1, K&D-2, K&D-3) data with varying width 

ratio α (B/b). Stage discharge is calculated by using 

the Vertical Interface Method (DCM) as well as 

interacting divided channel method and Modified 

Divided Channel Method. The results of the all the 

methods are then compared with the actual discharge 

(observed discharge) of the collected data set. 

 

IV. RESULTS AND DISCUSSION 
By using the given equations for all the 

above three models, discharge is being computed for 

each channel cross section (both trapezoidal as well 

as rectangular straight prismatic channel) with 

varying depth with different width ratio α (B/b) and 

the stage discharge curves are generated. Here also 

the graphs are plotted between relative depth (β) and 

percentage of error with respect to observed 

discharge. At lower depth all the three methods gave 

poor discharge measurement but as the depth of 

water goes on increasing both IDCM and MDCM 

performed well. 

Fig.3
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Fig.4 

 

Fig.5 

 

Fig.6 

 

Fig.7 

Fig.8 

 

Fig.9 

 

Fig.10 

 

 
Fig.11 
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Fig.12 

 

 
Fig.13 

 

 
Fig.14 

 

 
Fig.15 

 
Fig.16 

 

 
Fig.17 

 

 
Fig.18 

 

In the Fig 3, Fig 4,…Fig 10 and in Fig 11, 

Fig 12,…Fig 18 α=width ratio=B/b. B= bottom width 

of the compound channel, b= bottom width of the 

main channel. 

Fig 3, Fig 4,…Fig 10 show the plot between 

the depth and discharge . Similarly Fig 11, Fig 

12,…Fig 18 show the plots between the relative 

depth and % of error in discharge with respect to 

actual discharge 
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By using the equations of the given models, 

discharge has been calculated for each channel cross 

section with varying depth. From the graph it is 

clearly visible that divided channel method is giving 

less accurate result than both interacting divided 

channel method (IDCM) as well as modified divided 

channel method. Both MDCM and IDCM are giving 

more or less 5% error between observed and 

calculated discharge whereas DCM is giving around 

10% error. Here positive error shows the over 

estimation of discharge while negative error shows 

the under estimation of discharge with respect to the 

actual discharge.  

 

V. CONCLUSION 
By considering different channels with 

varying cross section and with different width ratio, 

discharge has been computed through three different 

methods. Then the results are compared with the 

actual data that has been collected from different 

sources.  

From the comparison study we got that both 

IDCM and MDCM gives better discharge prediction 

as compared to DCM as both IDCM and MDCM 

considers the effect of momentum transfer in terms of 

interface stress and interface length respectively, at 

the junction of the main channel and the flood plain 

whereas DCM does not consider this effect.  

Between MDCM and IDCM, we can say that from 

the calculation point of view MDCM is much better 

than IDCM, as it has less number of computational 

steps for calculation of discharge which leads to less 

computational error.  

One of the limitation of the present study is 

that ,the  work is applied to straight prismatic 

channels only, while its applicability to other 

channels such as meandering, curved channel needs 

to be incorporated and tested.   
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ABSTRACT 

High performance concrete (HPC) is a novel construction material with improved properties like higher strength 

and longer durability compared to conventional concrete. High Strength Concrete (HSC) is a type of HPC. 

Appropriate use of mineral and chemical admixtures with better quality control leads to HSC. Extensive research 

work has also established that the addition of fly ash, rice husk, furnace slag and other similar materials to plain 

cement concrete improves its strength, durability, toughness, ductility and post-cracking load resistance. In this 

paper, an attempt has been made to study effect of addition of micro-silica on the properties of HSC. The mix 

design of HSC is carried out. Effects of on the compressive and flexural strengths of high strength concrete 

(HSC) with varying water-cement ratios and 0%, 5%, 10% micro-silica replacement, are studied. It has been 

found that the compressive strength of concrete increases with increase in micro-silica content. However, micro-

silica does not affect flexural strength as much as it does to compressive strength 

Keywords : High performance concrete, High strength concrete, Micro silica. 

 

I. INTRODUCTION 
Concrete is the most widely used 

construction material in the world. High performance 

concrete (HPC) is a new construction material with 

improved properties like higher strength, longer 

durability, etc than conventional concrete. The use of 

HPC in the construction of earthquake-resistant 

structures, long-span bridges, offshore structures and 

other mega-structures results in lighter sections, 

leading to cost-effectiveness. Use of HPC, having 

improved durability reduces life-cycle cost of the 

structures. Because of these benefits, HPC has been 

used more in nuclear power plants, viaducts, bridges, 

high-rise buildings, etc all over the world. High 

Strength Concrete (HSC) is a type of HPC. ACI 

defines HPC as “Concrete meeting special 

combinations of performance and uniformity 

requirements that cannot always be achieved 

routinely using conventional constituents and normal 

mixing, placing and curing practices”. Appropriate 

use of mineral and chemical admixtures along with 

better quality control leads to HSC. As a result of 

accelerated research into the microstructure of 

concretes and more elaborate codes and standards, 

new materials and composites have been developed 

and improved cements evolved. Today concrete 

structures with a compressive strength exceeding 138 

MPa are being built world over.  

In research laboratories, concrete strengths 

of even as high as 800 MPa (ACI Std.) are being 

produced. In this paper, an attempt has been made to  

 

 

study effect of addition of micro-silica on the 

properties of HSC. The mix design of HSC is carried 

out with varying water-cement ratios and 0%, 5%, 

10% silica fumes replacement. 

 
Fig 1: Various filler materials 

 

II. ACHIEVING HIGH STRENGTH 
There are two crucial concepts used to 

produce high strength concrete (HSC) [1]. 

Maintaining extremely low water-cement ratio. 

Water reducing admixtures (WRAs) are used to make 

the concrete workable at as low water-cement ratio as 

0.25 and [2], proper packing of ingredients leaving 

minimum or no air voids as shown in Fig 1.  

RESEARCH ARTICLE           OPEN ACCESS 
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High cement content may lead to increased 

shrinkage and heat of hydration. Some portion of 

cement can be replaced by cementitious materials 

like silica fume, fly ash, ground blast furnace slag, 

etc. It has been found that using these mineral 

admixtures enhances the durability of concrete. 

 

III. GUIDELINES ON CONSTITUENTS 

OF HSC 
Cement: Minimum cement content of 320 kg/m

3
 

must be used. OPC is preferred over PPC. OPC 33, 

43 and 53 grades are to be used. Further, higher the 

grade of cement; more is the shrinkage. 

 
Fig 2: Type grading curves for 20 mm aggregate 

 

 
Fig 3: W/B ratio vs compressive strength band 

 

Water: Only potable water is recommended, which 

is free from organic and inorganic impurities. 

Temperature of water should be less than 35ºC. 

 

Aggregates: Size of aggregate governs target 

strength. Crushed angular aggregates are preferred 

due to better bond strength owing to interlocking. 

Strength is increased up to 38% at lower w/c ratio 

than 0.4 as compared to rounded aggregates. 

Maximum size (MSA) permitted is 10-12mm. Larger 

particles of crushed rock will often be weaker than 

smaller particles of the same material due to defects. 

Fine aggregates fill the voids between coarse 

aggregates. Identify the grading zone from Fig 2, 

which governs amount of cementitious/binding 

material and fine aggregate to be added. 

 

Admixtures: Admixtures are chemical compounds in 

concrete other than cement, water and aggregates. 

Two kinds of admixtures are used―mineral 

admixtures and chemical admixtures.  

 

IV. MIX DESIGN OF HSC 
In this paper, a combined ACI and IS code 

method of mix design is presented suggested [3] [4]. 

Steps for mix-design of HSC M80 are presented as 

follows. 

Step-1:  Target Average Compressive Strength (f
’
ck ), 

 f
’
ck = fck + ts 

where, t = a statistical value depending upon test data 

(t = 1.65, as per IS-456:2000). 

and, s = std. dev. depending upon grade of 

concrete and degree of control. Table 1 shows the 

Target Average Comprehensive Strength. 

Step-2: Maximum size of aggregate (MSA) is chosen 

from the Table 2 (ACI 211-4R-93). 

Step-3: Water/Binder Ratio: The suggested 

water/binder ratio can be found from the graph 

shown in Fig 3, for a given 28-day compressive 

strength. Due to variation in the strength efficiency of 

different supplementary cementitious material, the 

curve shows a broad range of water/binder values for 

a given strength. If the efficiency of the different 

supplementary cementitious material is not known 

from the prior experience, the average curve can be 

used. 

Step-4: Water Content: It is very difficult to 

determine the amount of water to be used to achieve 

high strength concrete. A 200-mm slump concrete 

can be achieved with a low water dosage and high 

super plasticizer dosage and vice-versa. Therefore, a 

simplified approach based on the concept of 

saturation point is suggested by ACI and presented in 

Fig 4. If the saturation point of superplaticizer is not 

known, it is suggested starting with a water content 

of 145 l/m
3
.  

Step-5: Superplasticizer Dosage: If saturation point is 

not known, it is suggested starting with a trial dosage 

of 1%. 

Step-6: Coarse Aggregate Content: It can be found 

from the Fig 5. It is a function of typical particle 

shape. If any doubt about the shape of coarse 

aggregate or the shape is not known, a content of 

1000 kg/m
3
 of coarse aggregate can be used as trial.  

Step-7: Air Content: It has been found that it is 

difficult to achieve less than 1% entrapped air and in 

the worst case, the entrapped air content can be as 

high as 3%. It is suggested that using 1.5% as an 

initial estimate of entrapped air content and then 
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adjusting it on the basis of the results obtained with 

the trial mix.  

 
 

Table 2: Maximum Size of Aggregate 

 

 
Fig 4: Scale to locate water dosage. 

 

 
Fig 5:  Shape of aggregate 

 

Mix Design Sheet: All the calculations needed to 

find the mix proportions are presented on a single 

sheet. This sheet is divided into two parts. In the 

upper part the specified properties of mix are 

reported, along with the characteristics of all the 

ingredients that will be used. The lower part of mix 

design sheet is shown Table 3, in which all the boxes 

are numbered in the order in which they have to be 

filled in. The table is divided into six columns, 

numbered at the top. A sample sheet for Trial mix no. 

2 is shown in Fig 9. 

 

V. M80 MIX DESIGN: AN ILLUSTRATION 

AND INTERPRETATION 
The experimental program has been to 

design a mix with 28 days strength of 80 MPa. Three 

trial batches with 0%, 5% and 10% micro silica 

(M.S.) were prepared. The compressive strength of 

each batch at 3, 7, 28 days and 3 months and the 

flexural strength of each batch at 7, 28 days and 3 

months, have been determined using universal testing 

machine and compared by plotting the results. 

Table 4 presents the results of the tests. Fig 6, Fig 7 

and Fig 8 show various plots of the results obtained 

by testing the samples in UTM. From Fig 6 and Fig 

7, it can be analyzed that the compressive strength at 

28 days increases by as much as 75% when 5% 

micro-silica is added. Further addition of micro-silica 

does not increase the strength much but by 12%. As 

far as flexural strength is concerned, addition of 

micro-silica does not affect it as much as it does to 

the compressive strength, as is evident from Fig 8. 

Flexural strength at 28 days is enhanced merely by 

11-16%. Although it is seems to increase by 50% at 

90 days. 

Table 3: Properties of Ingredients used to prepare 

the mix 

Cement/Aggregate Micro silica Superplasti

ciz-er 

• Max. size of C.A. = 

10 m.m. 

• Type of C.A is 

between elongated 

and average 

• Type of cement 

used is 53 grade 

OPC 

• S.G. of C.A. = 2.74 

• S.G. of F.A. = 2.6 

• S.G. of cement = 

3.14 

• S.G. of M.S. = 2.2 

• Zero moisture 

content in C.A. and 

F.A. 

• F.M. of F.A = 2.77  

 

• Grade 920-V 

• size range 

0.1 to 10 

microns 

• amorphous 

in nature 

• zero loss 

under 

ignition 

• very efficient 

in reduction 

of 

permeability 

• increases w/c 

ratio          

 

• Poly-

carboxylic 

group based 

• Structro100 

(Fosroc) 

• Light 

yellow 

coloured  

• S.G. = 1.2 

• Solid 

content = 

40% 

 

 

 
Fig 6: Comparison of compressive strength (MPa) of 

cylinders 

 

 
Fig 7: Comparison of compressive strength (MPa) of 

cubes. 
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Fig 8: Comparison of flexural strength (MPa) of 

beams 

VI. CONCLUSION 
From the test results, it can be concluded 

that the compressive strength of concrete increases 

with increase in micro-silica content. Compressive 

strength of concrete gets substantially increased on 

increasing the amount of micro-silica in it (i.e. 0%, 

5%, and 10%). This increase is of the order of at least 

75%. Flexural strength also increases, which may be 

attributed to Pozzolanic as well as filler properties of 

micro-silica, which provides extra binding hence 

strength increases and fills the voids preventing the 

formation of micro-cracks. However, flexural 

strength is not much affected. But at 90 days, flexural 

strength increases by 50%.  

Micro-silica decreases the rate of strength 

gain (less initial strength) but strength keeps on 

increasing for larger time so ultimate strength is 

higher as compared to ordinary concrete. Failure 

plane passed through the aggregates, which shows 

that bond strength was greater than strength of 

aggregates. Therefore, to attain the design strength 

bond strength and aggregates crushing strength must 

be optimized. 

 

List of Symbols Used 

Gc specific gravity of the cement or 

cementitious material; 

GSSD aggregate specific gravity in saturated 

surface dry condition; 

wabs absorbed water in the aggregate in per 

cent; 

wtot total water content of the aggregate in 

per cent; 

wh moisture content of the aggregate in 

per cent: wh = wtot- wabs; 

Gsup specific gravity of the liquid 

superplasticizer; 

S total solid content of the 

superplasticizer in per cent; 

Msol mass of solids in the superplasticizer; 

d superplasticizer dosage as a 

percentage of the mass of solids in  

comparison to the total mass of 

cementitious materials 

Vliq volume of liquid superplasticizer 

Vw volume of water in the liquid 

superplasticizer 

Vsol volume of solids in the 

superplasticizer 

W mass of water in kg per cubic metre of 

concrete 

B mass of binder in kg per cubic meter. 
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Fig 9: Sample calculation sheet for Trial batch 2. 
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ABSTRACT 
The paper presents the results and analysis of laboratory studies on understanding the mechanism of flow 

modification and scouring around an abutment with the help of flow visualization techniques. These techniques 

have been selectively used for comprehensive study of the entire flow region around an abutment. These 

techniques have been categorized to understand the flow modification in three different domains that include 

Surface flow region, the intermediate layers and the area near the sediment-structure interaction junction. The 

techniques include Wet Paint Technique, Reflective Powder Technique and Dye Injection Technique. Different 

flow fields have been observed and photographed and a comprehensive flow modification around abutment 

models has been presented. 

Keywords - Abutment, Flow Visualization, Flow Fields, Mechanism

I. INTRODUCTION 
Flow pattern and mechanism of scouring 

around an abutment is a complex phenomenon 

resulting from the strong interaction of the three-

dimensional turbulent flow field around the bridge 

foundations and the erodible sediment bed. Adverse 

pressure gradient along the upstream face of the 

abutment creates a down-flow which after impinging 

the bed returns and creates the primary vortex. The 

obstruction due to the abutment deflects and 

accelerates the flow towards the constriction zone 

causing separation of flow from the upstream corner 

of the abutment and generation of turbulent wake 

vortices. Secondary vortices are generated because of 

the shearing effect of the wrapping primary vortex. 

These vortices are generated in the outer portion of 

the developing scour hole. Principal vortex, which is 

analogous to the horseshoe vortex around bridge 

piers, is primarily responsible for scour-hole 

development around bridge abutments. Many 

researchers including Barbhuiya and Dey[1], Dey and 

Barbhuiya [2], Gangadharaiah et al. [3], Kothyari and 

Ranga Raju [4] and Kwan [5] have attempted to 

visualize and analyze the flow fields around 

abutments. 

This paper is the result of an experimental 

investigation in two water flumes 1 and 2 that deals 

with the studies on understanding the physics of flow 

modification and mechanism of scour around a 

vertical wall abutment with the help of flow 

visualization tools and techniques. 

The models used in the study have been 

presented in table 1, where L = Abutment length, W = 

abutment width, B = flume width, y = flow depth and 

T = water temperature. 

Table 1: Models of abutments used for the 

visualization study 

 
 

II. TECHNIQUES ADOPTED 
Flow visualization techniques have been 

selectively used for comprehensive study of the entire 

flow region around an abutment. These techniques 

have been categorized to understand the flow 

modification in three different domains. These 

domains include Domain A: Surface flow 

modification, Domain B: Flow modification in 

intermediate layers and Domain C: Area near the 

sediment-structure interaction junction (near the bed). 

Reflective Powder Technique, Dye Injection 

Technique and Wet Paint Technique have been used 

for Domains A, B and C respectively. 

 

2.1 Domain A: Surface Flow Modifications 

The essential requirements for visualization 

in this domain include a tracer material which can 

float on the water surface without affecting the flow 

RESEARCH ARTICLE                      OPEN ACCESS 
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characteristics; tracer dispenser; lighting arrangement 

and photography arrangement. The reflective powder 

technique was found suitable. Commercially available 

powdered metallic silver paint (without binder) was 

sprinkled on the water surface through a specially 

fabricated dispenser. The flow patterns were captured 

as the flow passed around the abutment. The results 

have been presented in the form of long exposure 

photographs. The exposure time of these photographs 

varies from 4 to 8 seconds. Thus, these images show 

the flow lines by tracing the paths of fine particles of 

reflective powder for 4 to 8 seconds. 

Fig. 1 shows flow modification due to a 

vertical wall abutment (model 1) wherein the 

protruding length of abutment was kept 3.3cm. In 

these photographs, the abutment is found to deflect 

the oncoming flow towards the zone of constriction. 

Also, the point of flow separation can be clearly 

observed in the photographs. The water in the wake 

zone has come in circulating motion (Wake eddies) 

under the shearing effect of the flow through 

constriction zone. The wake eddies are always 

associated with small water mass just behind the 

abutment, in the form of counter-rotating eddies. 

Intermittently, the grains of reflective powder escape 

from these eddies and move towards the point of flow 

separation. This movement takes place in the 

constriction zone and is opposite to the main flow. 

This is henceforth being referred to as Wake Reverse 

Flow for the convenience of discussion in the present 

study. Fig. 2 presents a series showing the effect of 

width of abutment model on the flow modification. 

Three vertical wall shaped abutment models of widths 

3.3cm, 6.6cm and 10cm were tested with their length 

kept same at 3.3cm. It may be noted that the flow 

lines for W = 3.3cm (Model 1) are converging in the 

constriction zone and then diverge to the full width 

after crossing the abutment. For the next abutment 

model, i.e. Model 4, the flow lines are made to pass 

parallel to each other in the constriction zone, 

preventing them to diverge to the full width of flume. 

The widest abutment model, Model 5, shows the 

reattachment of flow to the abutment surface and 

hence effectively guided the flow lines to be parallel 

not only in the constriction zone but also beyond it.  

A dead water zone in the form of a small 

water mass just upstream of the abutments and near 

the flume wall was found to be almost stagnant with 

little circulatory motion due to the shearing effect of 

the oncoming flow. This dead water zone is almost 

triangular in plan and it guides and deflects the 

oncoming flow to the constriction zone. The 

circulatory motion in this zone has been referred as 

weak eddies by Kwan [5]. 

 
Figure 1: Flow Modification by Vertical wall 

Abutment (Flow is from Right to Left) 

 

 
(a) Vertical Wall Abutment (Model No. 1) 

 

 
(b) Vertical Wall Abutment (Model No. 4) 

 

 
(c) Vertical Wall Abutment (Model No. 5) 

Figure 2: Flow Modifications by Vertical Wall 

Abutments of Different Width 

 

The centre of wake eddies has shown a 

downstream shift with increase in abutment width. 

Another important observation that can be made from 

this figure series is that the wake reverse flow is 

feebly present for Model 4, where as it is totally 

absent in case of the widest abutment, Model 5. 

The effect of abutment length was also 

investigated on similar lines and the results are 

presented in Fig. 3. This was attempted with three 

abutment models of length 3.3cm, 6.6cm and 10cm. 

The width of all models was kept 3.3cm. The 

deflection of oncoming flow has been found to be 

increasing with increase in abutment length. The 

centre of wake eddies shows a shift near to the 

abutment. Size of the dead water zone and its 
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circulation activity has been observed to increase with 

increase in abutment length. 

 

 
(a) Vertical Wall Abutment (Model No. 1) 

 

 
(b) Vertical Wall Abutment (Model No. 2) 

 

 
(c) Vertical Wall Abutment (Model No. 3) 

Figure 3: Flow Modification by Vertical Wall 

Abutments of Different Lengths 

 

2.2 Domain B: Flow Modification in Intermediate 

Layers 

The visualization of intermediate layers 

requires the introduction of easily detectable tracer 

free from the effects of gravity. Dye injection 

technique is an acceptable technique for this domain. 

The dye used in this study was commonly available 

writing ink of different colors.  Dye was injected into 

the flow using a low pressure dual dye dispenser. The 

abutment (model 6) was installed in flume. The model 

measured L= 3cm and W= 1.5cm. The flow 

corresponding to a Reynolds number of 10,000 was 

maintained in the flume. 

Fig. 4(a) presents the snapshot where in the 

formation of primary vortex (in blue dye) near the 

abutment-bed interaction junction is clearly visible. 

Fig. 4(b) presents a snapshot where in only red dye is 

being dispensed at about mid depth of flow. The 

downward movement of flow after it encounters the 

obstruction in the form of abutment is clearly 

indicated by the presence of red dye near the bottom 

layers. The line sketch inference of Fig. 4 (a & b) is 

presented in Fig. 5. 

 
(a) 

 

 
(b) 

Figure 4: Flow Modification Visualized through 

the Glass Panel of Flume  

 

 
Figure 5: Line Sketch Inference of Fig. 4 (a & b) 
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The flow modification as visualized from the 

top is presented in Fig. 6 (a). The flow in the bottom 

layers (blue dye) has shown to cover more lateral 

extent as compared to the flow in intermediate layers 

(red dye), after being deflected by the abutment. The 

possible reason for this could be the wrapping of 

primary vortex around the abutment along with the 

flow separation at the upstream corner. Contrary to 

this, the flow in the intermediate layers is only 

deflected by the abutment, and its separation takes 

place at the nose of abutment. The line sketch 

inference of this has been presented in Fig. 6(b), 

where in flow in bottom layers has been shown by 

blue coloured spiraling arrow within its lateral extent 

and the flow in intermediate layers is presented by red 

arrow. 

 
(a) 

 

 
(b) 

Figure 6: Lateral Spread of Flow in Bottom and 

Middle Layers 

 

2.3 Domain C: Area near the Sediment-Structure 

Interaction Junction 

The flow modification in this domain finds 

its importance on account of its direct interaction with 

the sediment around the abutment. The pre-requisite 

to the flow visualization in this domain is the 

selection of a technique that is capable of highlighting 

the flow modification only in the bottom layers of the 

flow. Wet paint technique has been found capable for 

the same and hence adopted for visualization studies 

for Domain C. 

Wet paint technique (Setia, [6]) achieves the 

objective of obtaining a flow pattern of long duration 

flow-structure interaction. Steel sheet of size 24.5cm 

wide and 80cm long was used for wet paint 

visualization. Sheet was painted with white base paint 

and allowed to dry. With abutment model suitably 

fixed over the plate, blue paint was spread over the 

plate in wet condition and the assembly was gently 

place in the Flume. 

Fig. 7 shows the wet paint impression for a 

rectangular abutment (model 7) measuring 26mm 

normal to flow and 60mm along the flow at Reynolds 

number of 10000. The dark blue color indicates the 

zones of deposition and white color indicates the 

scour affected area or zone of influence of abutment. 

As evident from this figure, the zone of influence is 

extended in the downstream direction at an angle of 

45 degrees (approx). Thus it indicates that upstream 

face of the abutment is likely to experience more 

scouring as compared to the downstream face. 

 
Figure 7: Wet Paint Impressions around Vertical 

Wall Abutment (L = 26mm and W = 60mm, Re = 

10000) 

 

III. CLOSURE TO MECHANISM 
The description of flow and its modification 

presented in this section has been obtained through 

experimentation on short, solid unprotected abutments 

resting on a rigid bed, a condition that is analogous to 

scour initiation on a mobile bed. The abutment offers 

an obstruction to the oncoming flow and constricts its 

passage. Different localized flow structures have been 

observed depending upon the obstruction offered by 

it.  On the basis of likely potential to cause scouring 

around abutments, the flow structures can be 

categorized into five components, namely down-flow, 

primary or principal vortex, wake vortices, bed-swirls 

and secondary vortices. Other flow structures include 

surface rollers, reverse eddies and wake-reverse-flow. 

The flow structures as visualized and inferred through 

the various aids and techniques are being 

comprehensively presented in Fig. 8. 

The velocity gradient along a vertical section 

in an open channel is steeper near the bed and 

gradually becomes gentle in the top layers. As the 

oncoming water meets the upstream face of abutment, 
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it is retarded and a stagnation pressure is developed. 

This pressure depends on the velocity of oncoming 

flow. Steeper velocity gradient in bottom layers 

causes greater stagnation pressure difference, thereby 

inducing a strong down-flow component. This down-

flow impinges the bed like a vertically downward 

water jet and dislodges the material from in front of 

the abutment. 

The down-flow takes the form of a vortex 

whirling in front of the abutment in a vertical plane, 

with its axis of rotation held horizontal and parallel to 

the abutment length. This vortex wraps around the 

abutment and has been termed as primary vortex or 

principal vortex. 

The protruding length of abutment causes 

slow whirling reverse eddies on its upstream and thus 

creates a dead water zone. This dead water zone tends 

to suppress the down-flow along the length of the 

abutment. Hence, the down-flow and primary vortex 

are found more prominent near the end of abutment. 

The water in the mainstream is guided and 

deflected by the dead water zone and is made to 

accelerate towards the zone of constriction. Highly 

turbulent wake vortices are generated at the point 

where flow is separated from the abutment. These 

wake vortices act like intermittently but frequently 

shooting whirlings like tornados that trap the sediment 

dislodged by the down-flow and the principal vortex. 

The interaction of wake vortices and the wrapping 

principal vortex near the bed is highly complex. This 

complex flow structure has been termed as bed-swirls. 

 

 
Figure 8: Flow Structures around an Abutment 
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