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With an increasing sophistication and increasing luxury on the face of materialism, the human race
is striving for state of the art infrastructure for its every social institution. The role of civil
engineering is prominent in this context. Civil engineering is the oldest engineering discipline after
military engineering,'” and it was defined to distinguish non-military engineering from military
engineering. It is traditionally broken into several sub-disciplines including environmental
engineering, geotechnical engineering, structural engineering, transportation engineering, municipal
or urban engineering, water resources engineering, materials engineering, coastal engineering,m
surveying, and construction engineering.!”! Civil engineering takes place on all levels: in the public
sector from municipal through to national governments, and in the private sector from individual
homeowners through to international companies. Civil engineering comprises many disciplines and
in the recent years many sub disciplines have been emerging. Civil engineering is concerned with
the overall interface of human created fixed projects with the greater world. General civil engineers
work closely with surveyors and specialized civil engineers to fit and serve fixed projects within
their given site, community and terrain by designing grading, drainage, pavement, water supply,
sewer service, electric and communications supply, and land divisions. General engineers spend
much of their time visiting project sites, developing community consensus, and preparing
construction plans. General civil engineering is also referred to as site engineering, a branch of civil
engineering that primarily focuses on converting a tract of land from one usage to another. Civil
engineers typically apply the principles of geotechnical engineering, structural engineering,
environmental engineering, transportation engineering and construction engineering to residential,
commercial, and industrial and public works projects of all sizes and levels of construction.
Structural engineering is concerned with the structural design and structural analysis of buildings,
bridges, towers, flyovers, tunnels, off shore structures like oil and gas fields in the sea, and other
structures. This involves identifying the loads which act upon a structure and the forces and stresses
which arise within that structure due to those loads, and then designing the structure to successfully
support and resist those loads. The loads can be self weight of the structures, other dead load, live
loads, moving (wheel) load, wind load, earthquake load, load from temperature change etc. Another
aspect of Civil engineering is materials science. Material engineering deals with ceramics such as
concrete, mix asphalt concrete, metals Focus around increased strength, metals such as aluminum
and steel, and polymers such as polymethylmethacrylate (PMMA) and carbon fibers. Geo technical
and environmental engineering also plays an important role in it. In dealing with the rise scarcity of
the natural resources like water Civil Engineering steer it in a different form called Water Resource
Engineering.
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An Experimental Approach to Free Vibration Response of Woven

Fiber Composite Plates under Free-Free Boundary Condition

Itishree Mishra & Shishir Kumar Sahu
Department of Civil Engineering, NIT, Rourkela, 769008, India

Abstract - The present study involves extensive experimental works to investigate the free vibration of woven fiber Glass/Epoxy
composite plates in free-free boundary conditions. The specimens of woven glass fiber and epoxy matrix composite plates are
manufactured by the hand-layup technique. Elastic parameters of the plate are also determined experimentally by tensile testing of
specimens using Instron 1195. An experimental investigation is carried out using modal analysis technique with Fast Fourier
Transform Analyzer, PULSE lab shop, impact hammer and contact accelerometer to obtain the Frequency Response Functions.
Also, this experiment is used to validate the results obtained from the FEM numerical analysis based on a first order shear
deformation theory. The effects of different geometrical parameters including number of layers, aspect ratio, and fiber orientation of
woven fiber composite plates are studied in free-free boundary conditions in details. This study may provide valuable information

for researchers and engineers in design applications.

Key words - Woven composite, Frequency Response function, Modal Analysis, Finite element Method.

I. INTRODUCTION

Woven fabrics as an attractive reinforcement provide
excellent integrity and conformability for advanced
structural composite applications. The reinforcement of
composites with industry driven woven fiber materials
lead to improved properties of composite structures in
terms of acoustical, elastical and thermal properties.
Glass fibers are the most commonly used ones in low to
medium performance composites because of their high
tensile strength and low cost. In woven fiber
composites, fibers are woven in both principal directions
at right angles to each other (warp and fill directions).
To better understand any structural vibration problem,
the resonant frequencies of a structure need to be
identified and quantified. Today due to the advancement
in computer aided data acquisition systems and
instrumentation, experimental modal Analysis has
become an extremely important tool in the hands of an
experimentalist. A number of researchers have been
developed numerous solution methods to analysis the
dynamic behavior of laminated composite laminates.
However experimental investigations on woven fabric
composite laminated Structures are still limited. There
have been few experimental investigations of the free
vibration of free-free anisotropic plates. Clary [1]
investigated theoretically and experimentally the effect
of the effect of fiber orientation on the first five flexural
modes of rectangular, unidirectional, boron-epoxy
panels. The agreement between theoretical and
experimental frequencies was generally good, though
there were large errors in some of the predictions of

thinner panels. Cawley and Adams [2] used finite
element method which included transverse shear
deformation to predict the natural modes of free-free
CFRP plates. This method produced improved accuracy
for the theoretical results for anisotropic plates. Dutt and
Shivanand [3] studied the free vibration response of C-
F-F-F and C-F-C-F woven carbon composite laminates
using a FFT analyzer and compared with FEM tool
ANSYS. This work presents an experimental study of
modal testing of woven fiber Glass/Epoxy laminated
composite plates using FFT analyzer. The main
objective of this work is to contribute for a better
understanding of the dynamic behavior of components
made from industry driven woven fiber composite
materials, specifically for the case of plates. The effects
of different geometrical parameters including number of
layers, aspect ratio and fiber orientation of industry
driven woven fiber composite plates in free-free
boundary condition are studied in details.

II. FINITE ELEMENT FORMULATIONS

The first order shear deformation theory is used to
develop a finite element approach for the prediction of
natural frequencies and modes of laminated composite
pates. The formulation is essentially similar to that of
chakraborty et al. [4]. Consider a laminate composite
plate of length ‘a’ and width ‘b’ consisting of N number
of thin homogenous arbitrarily oriented orthotropic
layers having a total thickness ‘h’ is considered as
shown in fig.1.T In the present investigation, an eight
noded two dimensional quadratic isoparametric element
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having five degrees of freedom (u, v, w,0y, 6,) per node
is used for analysis. A program for vibration analysis of
Laminated Composite plate is developed using the
formulation based on finite element method (FEM) for
free-free boundary conditions. Reduced integration
technique is adopted to avoid possible shear locking.
The overall stiffness and mass matrices are obtained by
assembling the corresponding element matrices, using
skyline technique.

Fig. 1 : Laminated Composite Plate

The displacement field is in the form of

U(X, y,Z): u, (Xa Y)+ ZeY (X’ y)
V(X, y,Z): vV, (X: Y)+ ZeX (X’ y)

W (x, y,z, t): wo(x, y)

Where u, v, w and uy vy and w, are displacement
components in the X, y and z directions anywhere in the
plate and at mid-plane respectively. 0, and 0, represent
rotations of the mid-plane normal about x and y axes
respectively. The associated strain components are:

[sxx] "y [k“]
€ 0
vy Eyy kyy

— 0
ny =1 &xy +z kxy
0
sz xz kxz
0
€
sz VZ ky z

Where &2, €5 and & are the midplane strains and Ky,
k,, and k,, are the curvatures of the laminated plate

A. Stress —Strain Relations:

Nice Ain Az Ay By Bz By 00 séx
[NYYW Az Ay Ay B By By 0 0%
Ny | |Ae Az Aes Bis Bz Bgs 0 0 ||V
MXX _ Bll Blz Blf} Dll D12 Dlﬁ 0 0 KXX
My ( By By By Dy Dy Dy 0 O Kyy
M,y IBle Bz Bgs Dis Dz Des 0 0 I Ky
ol 1o 0 0 0 0 0 sy sglfyp
\q,,) lo 0o 0o 0 0 0 Sy Sl 13

A4y By Dy and S; are the extensional, bending-
stretching coupling, bending and transverse stiffnesses.
They may be defind as

Aij = Z(Q_y)k (Zk _Zk—l)

B, :%Z(Q)k (z,f —z,f_l)
D, :lZ(Q_j) (z,f —z,f,l) For i,j =1,2,6
3 k=1 k

Sl.j = aZ(Q_ij)k(Zk _Zk—l) Fori,j =4,5

k=1

o, = shear correction factor =5/6 (Assumed for the
numerical solutions)

Zx, Zx1= top and bottom distance of lamina from mid-
plane.

B. Finite Element Matrices:
The element matrices are derived as given below
1) Element stiffness matrix:
+141 T
(K], =]J[B] [P][B]Plasdn
—1-1

2) Element mass matrix or consistent mass matrix.-

+1 +1

(M, - F{INT [PIINTplagan

-1-1
C. Governing Equations

The equations of equilibrium of a discretised elastic
structure undergoing small deformations can be
expressed as

[M]){u} + [c] [{i} + [K]{u} = {F(1)}
For free undamped vibration, the equation reduces to
[M]){u} + [k]{u} = {0}

If modal co-ordinates are employed the equation
becomes

(K] - w?[M1{g}] = (0}

Where @ and {¢} represents the natural frequencies and
the corresponding Eigen vectors of the generalized
Eigen value problem.
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III. EXPERIMENTAL PROGRAMME:
A. Materials Required for Fabrication of Plates:

The constituent materials used for fabricating the
epoxy/glass fiber plates are: E-glass woven roving as
reinforcement (from Owens corning), Epoxy as resin,
Hardener as catalyst (10% of the weight of epoxy),
Polyvinyl alcohol as a releasing agent.

B. Fabrication Procedure:

The composite plate specimens used in this research
were made from 0/90 woven glass fiber with epoxy
matrix. Specimens were fabricated by hand layup
technique. The percentage of fiber and matrix has taken
as 50:50 in weight for fabrication of the plates. A flat
plywood rigid platform is selected. A plastic sheet i.e. a
mould releasing sheet was kept on the plywood platform
and a thin film of polyvinyl alcohol is applied as a
releasing agent by use of spray gun. Laminating Starts
with the application of a gel coat (epoxy and hardener)
deposited on the mould by brush, whose main purpose
was to provide a smooth external surface and to protect
the fibers from direct exposure to the environment. Ply
was cut from roll of woven roving. Layers of
reinforcement were placed on the mould at top of the gel
coat and gel coat was applied again by brush. Any air
which may be entrapped was removed using steel
rollers. The process of hand lay-up was the continuation
of the above process before the gel coat had fully
hardened. After completion of all layer, again a plastic
sheet was covered the top of last ply by applying
polyvinyl alcohol inside the sheet as releasing agent.
Again one flat ply board and a heavy flat metal rigid
platform were kept top of the plate for compressing
purpose. The plates were left for a minimum of 48 hours
in room temperature before being transported and cut to
exact shape for testing.

Fig. 2 : Plate Casting

C. Determination of Material constants:

The material constants (i.e. of: E;, E,, E4s) of woven
fiber Glass/Epoxy composite plate were determined
experimentally by performing tensile tests on specimens
cut in longitudinal and transverse directions, and at 45°

to the longitudinal direction using INSTRON 1195
machine as per ASTM standard : D 3039/D 3039M-
2008[5]. The shear modulus was determined using the
formula from Jones [6].

Tablel. Material properties of composite plates:

E, E, | Ess Gz
Layer | Gpa | GPa |GPa | GPa | V©
8 74 | 74 | 581 | 215 | 0.17

D. Experimental Setup and Test Procedure for Free
Vibration Test:

To simulate free boundary conditions, all the four edges
of the plate are hanged in an iron frame using a flexible
string as shown in Figure 1. The connections of FFT
analyzer, laptop, transducers, modal hammer, and cables
to the system were done as per the guidance manual
shown in fig.2. The pulse lab shop software key was
inserted to the port of laptop. The plate was excited in a
selected point by means of Impact hammer (Model
2302-5), fixed on the hammer. The resulting vibrations
of the specimens on the selected point were measured by
an accelerometer (B&K, Type 4507) mounted on the
specimen by means of bees wax.

Fig. 3 : Iron Frame for making Free-Free B.C

Fig. 4 : Vibration test set up

For FRF, at each singular point the modal hammer
was struck five times and the average value of the
response was displayed on the screen of the display unit
At the time of striking with modal hammer to the points
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on the specimen precaution were taken for making the
stroke to be perpendicular to the surface of the plates.
Then By moving the cursor to the peaks of the FRF the
frequencies are measured.

IV. RESULTS AND DISCUSSIONS:

Numerical results are carried out to determine the
capability of the present formulation to predict the
natural frequency of woven fiber composite plates.

A. Comparison with Previous Studies:

The present formulation is validated for vibration
analysis of composites panels in free-free boundary
conditions as shown in Table 2. The four lowest non-
dimensional frequencies obtained by the present finite
element are compared with numerical solution published
by Ju et al. [7].

Table. 2: Comparison of natural frequencies (Hz) of
vibration of 8 layer laminated composite plate
[0°/90°/45°/90°]s at free-free boundary conditions.

a=b=0.25m, t=0.00212, E; = 132 Gpa, E, = 5.35 Gpa
G, =2.79 Gpa, v,=0.3, p=1446.20 kg/m 3

Natural frequencies at free-free
Reference .
boundary conditions
1 2 3 4
Ju et al.[6]
Present 73.30 | 202.59 | 243.37 | 264.90
FEM 72.53 | 201.39 | 243.54 | 263.26

B. Experimental and Numerical Results:
Results:

After validating the formulation with the existing
literature, both the experimental and numerical results
for vibration study of laminated composite plates are
presented. Here for free vibration analysis, the study is
aimed upon the following parameters:

1)  Effect of number of layers of a laminate
2)  Effect of fiber orientations
3) Effect of aspect ratio

1) Effect of Number of layers of laminate:

To examine the effects of no. of layers of laminate,
three different types of laminate are fabricated, which
are made up of 8, 12 and 16 layers. The natural
frequencies for free vibration are obtained both
experimentally and numerically for free-free boundary
condition. The variation of natural frequencies with
increasing layer of laminate for both experimental

results and numerical results are shown graphically in
figure-5. All the geometrical dimensions of the
composite plates are same as described in table-3. From
figure 5 it is observed that as the number of layers
increases, the natural frequency also increases as
excepted. There is a considerable variation in the natural
frequency made up of 12 and 16 layers whereas for 8
layers of composite plates it is less.

400 -
E 308 7 // -=4--FemModel
& —&—Exp Model
b 200 -
= ===Fem Mode2
ﬂ’; 1w - B g ——Exp Mode2
E =&=FemMode3
= 0 T —e—Exp Mode3
*E 0 6 12 18 --#--FemModed
7 No. of Layers ——Exp Moded

Fig. 5 : Variation of natural frequency of Experimental
and numerical results with different no. of layers

2) Effect of fiber orientation:

In order to know the effect of fiber orientations on
natural frequencies of laminated plate, (8-layers) three
types of plates with fiber orientations i.e. [0]s, [30/-30]4,
[45/-45],. are considered having thickness 0.0032m and
p is taken as 1580 kg/m’. The variations of natural
frequency with fiber orientation are presented in fig.6
for free-free boundary condition. The results obtained
from free vibration of the plates of both experiment and
present FEM are in good agreement. As observed from
fig.6 the experimental results show a good agreement
with the FEM proving that the fiber angle has influence
on the dynamic behavior of the laminated plates. As the
fiber angle increases, the natural frequencies decrease. It
is observed that the maximum frequency occurs at 6 =
0” and the minimum occurs at § =30°.

=
=
=

=-#--Fem Model

—a—Exp Model

==d==-Fem Mode2

—a—Exp Mode2
--m--Fem Mode3

—o—Exp Mode3

Natural Frequency in Hz

=

! ! ! ! --m=-Fem Moded
0 10 20 30 40 50 B
Fiber Orientation

Fig. 6 : Variation of natural frequency of experimental
and numerical results with different fiber orientation
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From the experimental results, it is observed that
increasing the angle of the fibers from 0° to 30° reduces
the natural frequency by about 13% (i.e. from 86 to 75
Hz) for the 1st mode and by about 11.5% (i.e. from 113
to 100 Hz) for the 2nd mode.

3) Effect of Aspect ratio:

To study the effect of aspect ratio, four different
types of aspect ratios for laminated composite plates are
considered i.e. for a/b value (1.0, 1.5 and 2.0).For
different aspect ratios, the plate dimension varies,
whereas the thickness of the plate i.e. (h=0.0031m)
remains unchanged. The Variations of natural
frequencies of Experimental results with present FEM
results of different aspect ratio of woven GFRP under
free-free boundary condition are shown in fig7

=
=
=}

(5%}
=
=3

--4--FemModel
—a— Exp Model

--d--Fem Mode2

Natural Frequency in Hz
[
=
=

100 - —— E)(]] ModeZ
--#--Fem Mode3
0 —o—Exp Mode?

=)
—_
[

--#--Fem Moded

—— Exp maded

Aspect Ratio

Fig. 7 : Variation of natural frequency of Experimental
and numerical results with different aspect ratio.

V. CONCLUSION:

In the present study, both experimental and
numerical study is conducted for woven roving G/E
composite plates. Quantitative results are presented to
show the effect of different Parameter like no. of layers,
aspect ratio and fiber orientation in free-free boundary
conditions. Based on the first order shear deformation
theory, a finite element formulation is presented for the
analysis of the free vibration of composite plates. The
percentage of difference between numerical results and
experimental results are due to non uniformity in the
specimens properties (Voids, variations in thickness,
non uniform surface finishing) and also positioning of
the accelerometers. This experimental —method
represents to predict the dynamical behavior of woven
composite, in order to design panels or other similarly
structure used in different applications such as
automotive industry, aerospace, civil, marine and other
high performance structures.

PULSE REPORT:

Pulse report for 12-layer Woven Fiber Glass/Epoxy
Cantilever Composite Plate

————— E 120X rreyancyospos.. [£] 8]
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Fig. 8 : Typical FRF of test specimen.
8] Coherencelresponse.Force) - Input
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o
o 200 400 500 200 12k 1. 1.8k 1.8k 2k

Fig. 9 : Typical coherence of test specimen.
Table 3. Geometrical dimensions of composite plate:

The plate dimensions are 24cmx24cm with different
thickness as the no. of layers varies.

Plate | Stacking h (m) p(kg/m’)
no sequence
1 [0]s

0.0031 1580
2 [0]12

0.0047 1650
3 (016

0.0056 1686
4 [0]s (a/b=0.5)

0.0031 1523
5 [0]s (a/b=1)

0.0031 1580
6 [0]s (a/b=1.5)

0.0031 1512
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NOMENCLATURE:

a, b, h Plate dimensions along x, y and z axes
respectively

E.E , Young’s moduli of a lamina along and across

the fibers, respectively

G|, Shear moduli of a lamina with respect to 1 and 2
axis
[K.] Elastic stiffness matrix
[M.] Element mass matrix of the plate
[B]  Strain displacement matrix of the plate
[N]  Shape function of the plate
Vis Poisson’s ratios
P Mass density

@ ,  Natural frequency
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Comparative Performance of
Elevated Isolated Liquid Storage Tanks (With Shaft Staging)

Pravin B.Waghmare, Atul M. Raghatate & Niraj D.Baraiya
Civil Engg. Dept, A.S. Polytechnic, Pipri (M), Wardha (MH)-India

Abstract - Liquid storage tanks are important components of lifeline and industrial facilities. They are critical elements in water
supply scheme and fire fighting system, and extensively used for storage and processing of variety of liquid like material such as
petroleum product, liquefied natural gas, chemical fluid and wastage of different forms. In this paper, the seismic response of base
isolated cylindrical liquid storage tanks is investigated under real earthquake ground motion. The isolation systems considered is
elastomeric bearings (without lead core), the specific objectives of the study are to carry out the comparative performance of the
tanks with isolation and without isolation (i.e. Fixed tanks) also to investigate the response of the tanks for varying capacity with
varying heights. For this study forty tanks of varying heights such as 8m,10m,11m,11.5m,12.5m,14m,16m with varying capacities of
500k1,265k1,200k1,100k1,50k1 are considered. For this a time history analysis has been carried out by using a three time history of
varying magnitude with varying peak ground acceleration. It is observed that the base shear of elevated liquid storage tanks
supported on shaft is significantly reduced due to isolation. The drift of the tank relation to base of shaft is also significantly reduced
due to isolation. The earthquake response of isolated short tanks is relatively more, i.e. Isolation is not effective for stiffer shafts, and
however in general, the effectiveness of base isolation is achieved for tall tanks. Although the effectiveness of seismic isolation
increases with the increase of bearing flexibility and damping these properties needs to be modified for desired response.

Keywords- liquid storage tanks, shaft, earthquake ground motion, elastomeric rubber bearing

I. INTRODUCTION mechanism which decouple the tanks and or its content
from particularly damaging earthquakes induces ground
or support motion. This decoupling is achieved by
increasing the flexibility of the system, together with

The tanks come under variety of configuration; it
may be ground supported, elevated or partly buried. In

recent years the number, the size and importantance of providing appropriate damping to resist the amplitude of

these structure have beep 1ncreasc?d and there is need to the motion caused by the earthquakes. The advantages
understand their seismic behavior and to formulate . ; . -
of  seismic isolation includes the ability to

rational and efficient method of their analysis and .
. . . . significantly reduces structural and non structural
design to resist earthquake ground motion. Over period d g smic desi P h
of times failure of large number of tanks has attributes amage 10 reduce seismic design forees. T © past
studies of the dynamics behavior. This includes (i) the

Lt;gjfodr gg E;r?lies (C;leslrl uzieé:l:}? d;zieanfoiisgi::gg; of effect of aspect ratio on for further study of base isolated
& q & ’ liquid storage tanks to understand tanks reducing the

Reinforced concrete circular shafts type support earthquake response of tanks. However, there is need.
(staging) is widely used for elevated tanks of low to a Liquid storage tanks confirm the effectiveness of base
very high capacity for its ease of construction and more isolation in (ii) the effectiveness of isolation System for
solid form it provides compared to frame construction. liquid storage tanks.

In recent past earthquakes Bhuj,Gujarat (2001)and

Jabalpur (1997)thin shell of circular shaft have perform 1. MODEL OF SEISMIC ISOLATED LIQUID

unsatisfactory, thin shaft shell when used as a column STORAGE TANKS

(or pedestal)are vulnerable because they not only For the presents study, a practical range of tanks is
possess a very low ductility but also lack redundancy considered. Five practical capacities of tanks viz, 50k,
of alternate load path that are present in framed 100kl, 250kl, 256kl, 500kl are considered for the
structure. For  structure in high Seismicity regions analysis’s height of the tanks is varied from 8m to
earthquakes loading is considered the most significant 14m(various parameters of tanks are given in table
and possibly the most destructive external loads, No.3.1).Thus 8 tanks for each capacities are considered.
particularly for low to medium rise tanks. Seismic Thus, in alls the performance of 40 tanks is examined
isolation consist essentially the installation of using time history for each fixed base and isolated tanks.
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Each of 40 tanks is designed to evaluate their
geometrical parameters. The shaft and container is
modeled as shell in SAP-2000. The isolation system,
i.e. laminated rubber bearings (LRB) installed below the
tower to decouple the structure from the ground.

A.  Spring mass model for seismic analysis

It was observed that tank liquid vibrates in two
distinct pattern[1] (a) The liquid in the lower region of
tank behaves like a mass that is rigidly connected to
tank wall, this mass is termed as impulsive liquid mass
which accelerates along with the wall and induces
impulsive hydrodynamic pressure on tank wall and
similarly on base (b) Liquid mass in the upper region of
tank undergoes sloshing motion, this mass is termed as
convective liquid mass and it exerts convective
hydrodynamic pressure on tank wall and base. Thus,
total liquid mass gets divided into two parts, i.e.,
impulsive mass and convective mass. In spring mass
model of tank-liquid system, these two liquid masses are
to be suitably represented. In the present work
convective mass is shown by spring with a mass at a
height [h.] and impulsive mass attach with the wall is
shown by a mass at a height [h;] of the container.

i
L3 A
h, ‘
Y '
hs
.
i

Fig.1.1 Mathematical Model of Tank with Various
Masses

08 }-
06
0.4

02 f--+;

Fig, 1.2 Impulsive and Convective Masses and
convective spring stiffness

Where, S =H/D (i.e. ratio of the liquid height to
diameter of the tank) [1]

Y ~m/m 3.1
Y=my/m (3.2)
m=n R*H p,, 3.3)

Time period of impulsive mode [47].

T,— _or T+ Aty
K

Where  mg- mass of container and one third mass
of staging, m;-impulsive mass of liquid,Ks- Lateral
stiffness of staging.

(3.4)

Time period of convective mode [1].

T, -2r %
¢ (3.5)

Where, m - convective mass of liquid, Kc- stiffness
of convective mass

05 |-=u

ek
] [:A.] hiD 1 18 2

Fig, 1.3 Heights of Impulsive and Convective Masses
The effective heights H.,H;, in terms of liquid height
are expressed as [fig.1.3].
He=pH (3.6)
Hi=wH 3.7
Design Horizontal Seismic Coefficient:-

The Design horizontal seismic coefficient for impulsive
mode,[47]

A= (Z/2)(UR) (S, /g) (3.8)
Where,
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Z-zone factor=0.24, I-importance factor=1.5
Damping 5%, T;-time period of impulsive mode.
(S./g) i-spectral acceleration coefficient.

Design horizontal seismic coefficient for convective
mode,[47]

An= (Z/2) (R) (S /g)e (3.9

Shaft is considered to have reinforcement in two
curtains both horizontally and vertically. Hence, R —

Response reduction factor is taken as 1.8. Damping
0.5% T-time period of convective mode.

A multiplication factor of 1.75 is used to get (S, /g).
for 0.5% damping from that of 5% damping.

|
Ll

Direction of
Seismic Fores |

-

Sectional elevation

Plan

Impulsive hydrodynamic pressure on wall [1].

Pin(¥)=Qiw(y) (An) i pgh cos@ 4.0
where,
Qiw(y)=0.866[ 1-(y/h)*] tanh(0.866D/h) “. 1

Maximum pressure will occur at ¢=0, at base of wall
y=0, Impulsive hydrodynamic pressure in vertical
direction, on base slab (y=0) on a strip of length 1\is
given by[1].

pib =0.866 (Ay) ; pgh sinh(1.732 x/h)/cosh(0.8661'/h) .
4.2)
Where,

p = Mass density of liquid,p = Circumferential
angle, and

y = Vertical distance of a point on tank wall from the
bottom of tank wall.

x=horizontal distance of a point on base of tank in
the direction of seismic force, from centre of tank

Lateral Convective hydrodynamic pressure on wall [1].
Pew=Qew(¥) (An) ¢ pgD (1-1/3c0s’D) cos@ (4. 3)
Where,

Quw(y) =0.5625cosh (3.674y/D)/cosh (3.674h/D) (4. 4)

Convective hydrodynamic pressure in vertical direction
on base slab (y=0) [1].

pcb:ch(X) (Ah) c PgD

Where

4. 5)

Qup(x) =1.125[(x/D)-4/3(x/D)’] sech [3.674 h/D] (4.6)
Pressure on tank wall due to inertia is given by[47].

p-(wall inertia) = (Ay,) ; X mass density of wall x wall
thickness

B.  Governing equation of motion

Structure has been model by finite element method
using SAP-2000 (version 91).The equation of motion of
elevated liquid storage tanks subjected to unidirectional
earthquake ground motion are expressed in the matrix
form as [3]

[m]{x} + [el{x} + [&]{x} = —[m]d, 4.7

Where {x}-displacement vector,
[m]-mass matrix
[c]-damping matrix
[k]-stiffness matrix
ii, -earthquake acceleration

The convective and impulsive masses are calculated
by using eq. (3.1) to (3.3) the self weight of tank and
shaft is calculated automatically by the software at
appropriate nodal points. The convective and impulsive
masses lumped at appropriate heights by using equation
(3.6) to (3.7).For non isolated tanks the bottom nodal
points are given zero degrees of freedom i.e. fixed.

For isolated tanks L.R.B. types of isolation has been
used, the time period of isolation is considered as 2 sec
in horizontal motion. The total stiffness of isolation is
equally divided among all nodal points.

C. Earthquake ground motion

The seismic response of isolated liquid storage tanks
is investigated for near fault earth quake ground motions
recorded on rock. For the present study, three recorded
earthquake ground motions considered are Kern
Country (1952/07/21), Imperial Valley (1979/10/15) and
Sanfracisco (1957/03/22). For the purpose of the seismic
behavior of the tanks, ground motions records are put in
X-component. Records of acceleration for Kern Country
(1952/07/21), Imperial Valley (1979/10/15), and
Sanfracisco (1957/03/22) are as below [2].
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Earthquake | Magnitude | Record/Component PGA
Kern- M(7.5) KERN/HOL-UP 0.022(g)
Country
(1952/07/21)

Imperial- M6.5) IMPAVAL/ 0.327(g)
Valley H-AEP045
(1979/10/15)
Sanfracisco M(5.3) SANFRAN/GGP- 0.112(g)
(1957/03/22) UP
1] 1 TIME (sec)
HE 2 Fig.1.5 Accelerogram from El Centro Earthquake 15
c Oct 1979

05
I e IR )
il"_o_: ] Figh 3 Ance.arogram fram an a0 Kartquce 2

Marrh 1957
- 005
% z 30 } Y R —
=
§ -0.05 - Fig.1.7 Accelerogram from Kren Country Earthquake

21 JULY 1952

II1. DESIGN OF ISOLATORS

A practical seismic isolation system should meet the
fallowing requirements.

1. Sufficient horizontal flexibility to increase the
structural periods and spectrum demands accepts
for very soft soil sites

2. Sufficient energy dissipitation capacity to limit the
displacement across the isolators to a practical
level.

3. Adequate rigidity to make the isolated structure not
much different from a fixed base structure under
general service loading.

Based on above mentioned requirements and codal
procedure, as per UBC -1997, LRB isolator design
properties like damping, hardness, modulus of rigidity,
and poissoins ratio for rubber are considered from UBC
1997.

Tanks under consideration here requires different
size of isolators, as gravity loads acting on the column
are different for different sizes of tanks, different sizes
of bearings are required.

The basic equation of LRB is as fallows [4].

The effective horizontal stiffness of the isolators is [4]

kes=(W/g)(2n/Tp)’=GA/t .7
Where W- total weight of the tank,
G-gravitational force and taken as 9.8 1m/s,”
Tp- effective isolation period,

G- Shear modulus of the rubber,
A-cross sectional area of the bearing,
t- total thickness of rubber layer.

The design displacement Dy, of the isolation system
along each main horizontal axis at design basis
earthquake level is calculated according to the UBC97
[5]

Dp=(g/47”)(CypTp)/Bp (4.3)

Cyp- Seismic coefficient Cp as set forth in Table 16-R
[5],

Bp - Numerical coefficient related to the effective
damping of the isolation system at the design
displacement Bp, as set forth in Table A-16-C [5],

The total design displacement including additional
displacement due to accidental torsion is calculated
according to the UBC [5]

Drp=Dp[1+(12ey/b*+d?)] 4.9)

e-actual eccentricity plus accidental eccentricity
which is taken as maximum tank direction perpendicular
to the direction of force under consideration,b-shortest
plan dimension, d -longest plan dimension, y- distance
between the center of rigidity of the isolation system[6].
The characteristics force Q is [7]

Q = (n/2)keeBipDp ()
Bp — damping of the isolation system
The post yield horizontal stiffness k; is [7]
ko=Ke-(Q/Dp) (5.1
Post yield to pre yield stiffness ratio is taken as 0.1
re. ky/ky=ce

The yield displacement Dy [7]

Dy =0Q/ (k»-ky) (5.2)
The yield force Fy [7]
Fy=Q+k,Dy (5.3)

The pre-yield horizontal stiffness k; [7]
kl =F Y / DY (54)

The vertical stiffness of the laminated rubber bearings is
expressed by

k, =EA /t (5.5)
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E, compression modulus of elasticity of rubber [7],

Table 1.1 (E) Geometric Properties Of All Water Tanks

s Geometry of Bottom slab Vertical slab
A-c/s area of LRB, t. total thickness of LRB. [7], shaft support
P Capacity Thickness height “Jiameter thickness height Jiameter Thickness
E=[1/(6GSy")]+1.333K (5.6) KL (m) m) | (m (m) m | m (m)
. . 5.676 02 |38 946 02 | 7.095 9.46
K- Bulk modulus. For circular LRB, shape factor is
5.676 02 10 9.46 02 | 7.095 9.46
taken as [7]
5.676 02 105 946 02 | 7.095 9.46
Su=0/(4t,) (5.7) ok |25 02 11 9.46 02 | 7.095 9.46
) ) 5.676 02 115 946 02 | 7.095 9.46
where @- diameter of LRB, t,- thickness of each rubber e 1oz 15 o 3 T 5095 T oae
layer in LRB.The details calculations of base isolators 6 oz 117 CFTS 0z T7005 946
are omitted here and final design parameters are listed in 5676 |02 [ 16 946 02 | 7.095 | 946
table no 1.5-1.6. It is important to note that analysis and
design of all different types of base isolator was done Table 1.2 Time Period Of Convective Mass
using excel spread sheet —
Capacity E. s ke T, He H ass of
KL (KN/m®) (KN/m’) ke/m sec (m) (m) °°’(‘l‘:‘g‘;‘°'
Tablel.1 (A) Geometric Properties of All Water Tank
223
o 2.1
Geometry of Bottom slab Vertical slab SOKL x10 2 121928 229 1.23 17137
shaft support X
Sr Capa thickn height Diame thickn heig Dia thickn 23 4
No [ city ess ter ess ht meter ess 100KL x10° 25 193680 2 28 155 47.80
KL (m) (m) (m) (m) (m) (m) (m) i ) x10
1 2628 | 0175 | 8 438 0.1 3285 | 438 o
2 2628 | 0175 | 10 438 0.1 3285 | 438 J00KL bt 2 s | 27 So3
3 2628 | 0175 | 105 438 0.1 3285 | 438 36 195 x10°
E PR I BN 438 0.1 3285 | 438
5 2628 | 0175 | 115 438 0.1 3285 | 438 23 20
6 2628 | 0175 | 125 438 0.1 3285 | 438 265KL x10 2 372240 401 214 by
7 2628 | 0175 | 14 438 0.1 3285 | 438
3 2628 | 0175 | 16 438 0.1 3285 | 438 23 .
500KL x10° 25 567720 o 49 2.65 l()19046
Tablel.1 (B) Geometric Properties Of All Water Tanks *
Geometry of Bottom slab Vertical slab
shaft support
St ‘Capacity Thickness height diameter thickness, Teight diamet thickn
No er ess
(KL) (m) (m) (m) (m) m | m [ m a 4 ——TIME PERTODN OF CONVECTIVE MCGD=
1 3312_| 0.5 3 552 02 | 414 | 552 3 e =W
2 3312 | 0.15 10 552 02 | 414 | 552 PRESY
3 3312 | 0.15 105 552 02 | 414 | 552 2
4 3312_| 0.15 11 552 02 | 414 | 55 1
5 100KL 5317 T 015 115 552 02 | 414 | 55
6 3312 | 0.15 125 552 02 | 414 | 552 E c
7 3312_| 0.15 14 552 02 | 414 | 55
3 3312 | 0.15 16 552 02 | 414 | 55 30 120 200 255 500
Tablel.1(C) Geometric Properties Of All Water Tanks CAPACITY OF TANK (XL)
Geometry of Bottom slab Vertical slab
shaft support
ST Capacity hickness height Jiameter thickness height diameter thickn
No ess
(KL) (m) (m) (m) (m) (m) (m) (m)
1 4176_| 0.16 3 6.96 02 | 522 6.96
2 4176 | 0.16 10 6.96 02 | 522 6.96 5
3 4176 | 0.16 105 6.96 02 | 522 6.96 -
4| ookl |A176 016 11 6.96 02 | 522 6.96 % g 1 —— 50K,
5 4176_| 0.16 115 6.96 02 | 522 6.96
6 4176 | 0.16 125 6.96 02 | 522 6.96 -
7 4176 | 0.16 14 6.96 02 | 522 6.96 8 0.5 = #— 10)KL
3 4176_| 0.16 16 6.96 02 | 522 6.96 1 0 & "
& 20)KL
Tablel.1 (D) Geometric Properties Of All Water Tanks
(D) P 1 o 2 n : mon 2
Geometry of Bottom slab Vertical slab Q - —— m ﬂ-
shaft support - - -
St Capacity thickness. height diameter thickness height diameter thickn
No ess —=— S0JKL
(KL) (m) (m) (m) (m) (m) (m) (m) HHG'E['(I" M M
1 459 0.16 8 7.65 023 | 5.737 | 7.65
2 4.59 0.16 10 7.65 023 | 5.737_| 7.65
3 459 0.16 10.5 7.65 023 | 5.737_| 7.65
4 459 0.16 11 7.65 023 | 5.737_| 7.65 ; ; ; ;
— 265KL e s R T L SO Fig.1.9 Time Period Of Impulsive Mass
6 459 | 0.6 125 7.65 023 | 5737 | 7.65 of All Tanks
7 459 0.16 14 7.65 023 | 5.737_| 7.65
3 459 0.16 16 7.65 023 | 5.737_| 7.65
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Table 1.4 Properties Of Lrb (As Per Ref. [7])

16 17161 14 031458 0.25m 0.01

8 256301 19 0456547 0.25m 0.01

10 261405 19 046509 0.25m 0.01

10.5 264108 19. 0.469612 0.25m 0.01

100 11 267412 19. 047514 0.25m 0.01
KL 115 269665 19 0.478909 0.25m 0.01
12.5 274471 19 048695 0.25m 0.01

14 283334 19 0.501774 0.25m 0.01

16 294153 20 0.519865 0.25m 0.01

8 432082 24 0.750274 0.25m 0.01

10 448188 24 0.77716 0.25m 0.01

10.5 449994 25 0.780175 0.25m 0.01

200 11 455414 25 0.78922 0.25m 0.01
KL 115 460683 25 0.798015 0.25m 0.01
125 470920 25 0.8151 0.25m 0.01

14 479200 25. 0.82892 0.25m 0.01

16 494106 26 0.853795 0.25m 0.01

8 555848 | 27.600 | 0.956813 0.25m 0.01

10 572114 | 27989 | 0.98395 0.25m 0.01

10.5 576180.6 | 28.085 | 0.990734 0.25m 0.01

265 11 580397.9 | 28.185 | 0.997769 0.25m 0.01
KL 115 584464.6 | 28.28 1.004554 0.25m 0.01
125 5925982 | 28471 | 1.018122 0.25m 0.01

14 604798.9 | 28754 | 1.038474 0.25m 0.01

16 617000.1 | 29.034 | 1.058827 0.25m 0.01

8 9988228 | 36.741 1.69553 0.25m 0.01

10 1024745 | 37206 | 1.738747 0.25m 0.01

10.5 1038158 | 37.445 | 1.761109 0.25m 0.01

11 1039123 | 37.123 | 1.761109 0.25m 0.01

500KL

115 1041323 | 37501 | 1.766386 0.25m 0.01

12.5 1058203 | 37.798 | 1.794528 0.25m 0.01

14 1073275 | 38.062 | 1.819654 0.25m 0.01

16 1096033 | 38457 | 1.857595 0.25m 0.01

Capacity | Heightof ke Dro Q ke K Fy Dy
(KL) *‘jﬁ;‘g (KN/m) (m) KN) | (KNm) | (KNm) KN) | (mm)
8m 989 0.2 46. 787.1 7871 51. 6
10m 10573 | 0.2 49. 841. 8415. | 55.5 6
10.5m 10734 | 02 50. 854, 8543. | 553 6.5
50 1lm 10924 | 02 51. 865 8695. | 56.3 6.5
KL 11.5m 1107.5\ | 0.2 51. 881.5 | 8815. | 57 6.5
12.5m 11347\ | 02 53. 903 9031 59 65
14m 1190.9 0.2 55 947.9 9479 62 6.5
16m 12583 | 0.2 59. 1001. 1001 651 6.5
8m 1826.1 026 | 85 1453. 1453 95.8 6.5
10m 1860. 0.2 87. 1480. 1480 97 6.5
10.5m 1878. 0.2 88. 1495. 1495. | 99 6.5
100 11m 19005 | 026 | 89. 1512, 1512 99 6.5
KL 11.5m 19156 | 026\ | 89. 1524, 1524 99.4 6.5
12.5m 19477 | 026 | oL 1550. 1550 1015 | 65
14m 2007.0 | 026 | 94. 1597. 1597 107 6.5
16m 2079.4 | 026\ | 97.6 | 1655.0 | 16550 | 108 6.6
8m 30010 | 02 140 | 2388 2388 152 6.5
10m 3108.6 | 0.26 145 | 2474 2474 162.1 6.5
10.5m 3120.6 | 026 | 146 | 2483 2483 1627 | 65
200 11m 31568 | 026 | 148 | 2512. | 2512 1646 | 65
KL 1L5m | 31920 | 026 | 149 | 25405 | 25405 | 16649 | 6.5
12.5m 32604 | 026 | 153 | 2594 2594 1700 | 65
14m 33156 | 026 | 155 | 2638. | 2638 1729 | 65
16m 3415.1 0.26 160 | 2718 2718 178. 6.5
Table 1.4(B) Properties Of Lrb (As Per Ref. [7])
Capa Height of
E‘E’ S‘?%;’ ¢ (Kll(\},"m) ?{g')’ (18\1) (K:f/m) (Kll\(ll/m) (lzlil) (:;w
8m 3827. | 026 | 179 | 3046. | 30461 | 199 | 65
10m 3935. | 026 | 184 | 3132. | 31325 | 205 | 65
10.5m 3962. | 026 | 186 | 3154. | 31541 | 206 | 65
265 | 1im 3991 026 | 187 | 3176. | 31764 | 208 | 6.5
KL 11.5m 4018. | 026 | 188 | 3198 31980 | 209 | 6.5
12.5m 4072. | 026 | 191 | 3241. | 32412 [ 212 | 65
14m 4153 026 | 194 | 3306 33060 | 216 | 6.5
16m 4235 026 | 198 | 3370. | 33708 | 220 | 6.5
8m 6782 026 | 318 | 5397. | 53978 | 353. | 6.5
10m 6954 026 | 326 | 5535. | 55354 | 362. | 6.5
10.5m 7044 026 | 330 | 5606. | 56066 | 367. | 6.5
500 | 1lm 7051 026 | 330 | 5608 56088 | 367 | 6.5
KL 11.5m 7065 026 | 331 | 5623. | 56234 | 368 | 6.5
12.5m 7178 0.26 | 336 5713. | 57130 | 374 | 65
14m 7278 026 | 341 | 5793. | 57930 | 379 | 6.5
16m 6782 026 | 348 | 5913 59138 | 387 | 6.5
TABLE 1.5 Properties of LRB
Capacity H;:f;;gf K, Su A2 t t,
(KL) sl (KN/m) () (m) (m)
8 131633 14 0.24725 0.25m 0.01
10 141758 14 0.26433 0.25m 0.01
105 144143 14, 0.26835 0.25m 0.01
]i(i 11 146977 14, 0.273124 0.25m 0.01
115 149215 15 0.276893 0.25m 0.01
12.5 15324 15 0.28367 0.25m 0.01m
14 16160 15 0.29774 0.25m 0.01

IV.RESPONSE OF TANKS ISOLATED BY
ELASTOMERIC BEARINGS SUBJECTED TO
REAL EARTHQUAKES

The seismic response of isolated and fix base tanks
system is investigated for the three real earthquakes
excitation. The time history analysis is carried out by
giving excitation in lateral direction of tank (shaft).

A.  Maximum Bearing Displacement

The bearing displacement increases with increase of
isolation period. It becomes more flexible leading to
more displacement. In the present study, time period of
isolation system (target period) is Tp=2 sec, damping
ratio i.e. Bp=0.13and normalized yield strength i.e. Fo=
Fy/W is equal to 0.05.It is found that the maximum
displacement of the bearing depends upon the stiffness
properties of the bearing, in present work stiffness
properties of the bearings varies due to increase in the
total seismic weight of the structure. Also, the vertical to
horizontal stiffness ratio for 50kl, 100kl,200kl,
265k1,500kl,increase to 134,140,144,147,
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148 respectively, there is a slight difference in
maximum displacement in the bearing which is under
the permissible limits. The maximum permissible limits
for the lateral displacement of the bearing are equal to
the height of the bearing. All the bearing for all the
tanks did perform as desired i.e. the displacement of the
bearing are well controlled by the design of the bearing.

B.  Maximum Acceleration Response

Response of both fixed base (non isolated tanks) and
isolated tanks are investigated for three different
earthquakes having different characteristics. The
normalized response gives a clear idea of effectiveness
of isolation for the given tanks in fig 2.4 to fig 2.6. It is
observed that tanks with fixed base attracted greater
ground acceleration. It is also found that all the isolated
tanks performed as desired i.e. they attracted lesser
ground acceleration as compared to fixed
base(normalized acceleration value below 1). Isolation
tanks especially the shorter height did not perform well
ie. the ground acceleration were amplified after
isolation.

C. Base Shear Response

Each earthquake record considered for the time
history are having properties like peak ground
acceleration (PGA), frequency composition and duration
varying significantly so that the inherent variability of
earthquake can be accounted in the analysis. In the
present study, time period of isolation system (target
period) is Tp=2 sec,damping ratio i.e. Bp=0.13 and
normalized yield strength i.e. Fo= Fy/W is equal to 0.05,
From above study it is observed that the percentage
reduction of base shear under Imperial Valley
(1979/10/15) earthquake for 50kl tank of height 8m,
10m, 10.5m, 11lm, 11.5m, 12.5m, 14m,16m are
72,73,68,67,70,71, 78,77 which are less as compared to
base shear 81,81,79,82,80,82,82,87 under Kern-Country
(1952/07/21) and base shear 84,82,84,84,82,80,81,86
under Sanfracisco(1957/3/22) earthquake.

In 100kl tank the percentage reduction of base shear
under Imperial Valley (1979/10/15) earthquake for
8m,10m,10.5m,11m,11.5m,12.5m,14m,16m,are,64,68,7
0, 74,74,78,81,83 which are less as compared to base
shear,88,89,88,89,89,88,88,90,under,Kern-Country,
(1952/7/21)earthquake,and,base shear, 94,87,90,87,87,
87,91,95,under. Sanfracisco-(1957/03/7) earthquake.

In 200kl tank the percentage reduction of base
shear under Imperial Valley (1979/10/15) earthquake for
8m, 10m, 10.5m, 1lm, 11.5m, 12.5m,14m,l6m,are
71,66,66,78,78,78,77,80 which are less as compared to
base shear, 89, 89, 89, 87, 90, 90, 92,87under,Kern-
Country (1952/07/21)earthquake&base-shear, 85, 89,
85, 89 88,89,92,94 under Sanfracisco (1957/03/22)
earthquake.

In 265kl tank the percentage reduction of base
shear under Imperial Valley (1979/10/15) earthquake for
8m,10m,10.5m,11m,11.5m,12.5m,14m,16m,are,81,83,
83,85,83,83,81,75 which are less as compared to base
shear 90,93,86,84,90,91,91,94 under Kern-Country
(1952/07/21) earthquake and base shear 90,93,92, 93,95,
95, 95, 95 under Sanfracisco (1957/03/22) earthquake.

In 500kl tank the percentage reduction of base
shear under Imperial Valley (1979/10/15) earthquake for
8m,10m,10.5m,11m,11.5m,12.5m,14m,16m,are,81,88,
89,91,89.4,89.5,88.2,87.7which are less as compared to
base shear,93,94,95,95,94,94,94,95 under,Kern-Country
(1952/07/21)earthquake,and,base-shear,93,96, 96,

95,94, 95, 94, 95 under Sanfracisco(1957/03/22)
Earthquake.
Base shear values for all the tanks are

considerably reduced after isolation. It is found that all
the tanks behave satisfactory under Kern-Country
(1952/07/21) earthquake, and Sanfracisco (1957/03/22)
earthquake as compared to Imperial Valley (1979/10/15)
earthquake. It is also observed that the designed
isolation system decreases the base shear value as
damping of the isolation system maintains constant. In
fig. 2.7 to fig. 2.9 shows the comparative graphs with
height and normalized base shear for considered time
history.

In fig. 3 to fig.4.1 shows the comparative graphs
with time and base shear values of isolated and fixed
base tanks for considered time history.

V. CONCLUDING REMARKS

1. Comparative performance of elevated liquid storage
tanks supported on shafts by putting the base
isolation system at bottom of the supporting shaft is
investigated using real earthquake motions. The
earthquake response of isolated tanks is compared
with the non isolated (fixed base) tanks to measure
the effectiveness of the isolation.

2. It is observed that the base shear of elevated liquid
storage tanks supported on shaft is significantly
reduced due to isolation.

3. The drift of the tank relation to base of shaft is also
significantly reduced due to isolation.

4. The earthquake response of isolated short tanks is
relatively more, i.e. isolation is not effective for
stiffer shafts, and however in general, the
effectiveness of base isolation is achieved for tall
tanks.

5. Although the effectiveness of seismic isolation
increases with the increase of bearing flexibility and
damping these properties needs to be modified for
desired response.
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Performance of
FRP Confined Concrete Columns In Fire

Jivesh Kumar & RamanshBajpai

Infrastructure Engineering, University of Petroleum and Energy Studies, Dehradun, India

Abstract - Over the past decade, research has shown that fiber reinforced polymers (FRP’s) can be efficiently, economically and
safely be used for strengthening and rehabilitation of reinforced concrete RC structures. However little is known about the behaviour
of FRP materials, at high temperature and this is a primary factor limiting the widespread application of FRP materials in buildings,
parking garages and industrial structures. This paper presents the results of a numerical program to investigate the fire performance
of FRP wrapped confined RC columns. The primary objective of this research paper is -: to develop numerical models to simulate
the behavior in fire of these members; to investigate techniques to improve their behavior in fire; and to use data from numerical
studies to provide fire design guidance. A numerical model is presented which is capable of predicting the thermal and structural

response of FRP wrapped confined RC columns under exposure to standard fire.

Keywords-FRP; numerical program, thermal and structural response.

I. INTRODUCTION

Externally bonded fiber reinforced polymers (FRP)
are now widely accepted as an effective and efficient
means of repairing and upgrading deteriorated or under
strength reinforced concrete (RC) structures. One of the
most efficient and widely implemented, of these FRP
repair  techniques is  circumferential wrapping
(confinement) of RC columns, which has shown to
increase both axial strength and ductility of these
members. Design recommendations are now available
for repair and upgrade of concrete columns with FRP
wraps, and the technique has, in the last 10 years, been
used in hundreds of field applications around the world.
Despite the numerous advantages of the FRP wrapping
technique, it has yet to see widespread applications in
buildings, due in large part to uncertainties associated
with the FRP materials during fire. This paper presents
results of an ongoing numerical research program
investigating the behavior in fire of FRP wrapped RC
columns. The current discussion focuses on column
strengthening applications, although slab and beam slab
assembly strengthening applications are also being
investigated within the overall program.

II. FRP’S IN FIRE

All structural materials, including concrete and
steel, experience some degradation in mechanical
properties and elevated temperature, and this is true also
of FRP’s. At elevated temperatures, beyond the GTT of
the FRP’s polymer matrix component, mechanical
properties deteriorate rapidly, this results reduction in

the strength and stiffness of the FRP. In addition, in

extremely-bonded FRP applications, it is likely that
exposure to elevated temperatures would lead to rapid
and severe deterioration of the FRP/concrete bond,

resulting in delamination of the FRP and loss of its

effectiveness as tensile or confining reinforcement. To

accomplish this goal, a database of results from tensile

tests on FRP at high temperature was assembled from
the literature. For each type of FRP, a sigmoid function
was fitted to the data using a least squares regression
analysis. As an example, the resulting curves for the
strength and stiffness deterioration of carbon/epoxy FRP
(CFRP) with temperature are shown in fig.1. also
included in figl are equivalent curves for reinforcing

steel and concrete.
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Fig. 1(a) Reduction of strength.
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Fig 1(b) Reduction of stiffness of Carbon/Epoxy FRP at
elevated temperatures.

III. NUMERICAL MODEL

Fire resistance experiments on loaded full-scale
columns are relatively complex and costly to perform,
with the advent of powerful computing capabilities,
however, it is now possible to develop detailed
numerical models which, once verified by relatively few
full-scale experiments, can be wused to conduct
parametric studies and examine the influence of various
factors on member behavior in a more cost effective
manner. For current study, a numerical model has been
developed to stimulate both the heat transfer and load
capacity of FRP wrapped RC columns.

A. Heat Transfer

The transfer of heat within the column during fire is
treated using an explicit finite difference methodology
wherein the column is divided into a series of ring
elements. For each ring, an energy balance is formulated
such that the heat entering into minus the heat going out
of the element (due to conduction) is equated to the
energy stored in the element during some finite time
interval. This allows the development of a series of
equations which, once programmed into a computer, can
be used to predict the temperature at any location within
an FRP-wrapped and insulated RC column during
exposure to fire following a known time- temperature
curve. The thermal analysis ignores the contribution of
the reinforcing steel to temperature propagation since its
effect is negligible due to the small cross-sectional area
of rebars.

B. Load Capacity

The load capacity of a structural member in fire can
be evaluated once the distribution of internal
temperatures is known (using heat transfer model
described above). The analysis tools developed in the
current program allow for the calculation of column
strength based on pure axial crushing or on buckling.
The buckling generally governs failure in fire for

column lengths that would be encountered in practice.
The analysis accounts for the thermal deterioration of
mechanical properties of all materials involved, except
for the insulation which is assumed to provide negligible
strength to the column. The output of the load capacity
analysis consists of curves showing the variation in axial
strength, buckling strength, or overall axial elongation,
with time during exposure to fire.

IV. RESULTS AND DISCUSSION
A. Temperatures

Figure 2 presents the temperature recorded at
various key locations. Included also in figure 2a are
equivalent temperatures as predicted by the numerical
model. For both columns, the temperature at the level of
the FRP is seen to increase fairly rapidly within the first
15-45 minutes of exposure, at which point the rate of
temperature rise decreases and a temperature plateau is
seen near 100 degree centigrade. The duration of this
plateau, which can be attributed to the evaporation of
both free and chemically combined moisture from the
insulation at temperature near the boiling point of water
is longer for column 2, which has greater insulation
thickness, as should be expected. Indeed the FRP
temperature in col. 2 remains less than 100 degree
centigrade for more than 3 hours under fire exposure.
Once all of the moisture has evaporated, the
temperatures at the level of the FRP increase more
rapidly until the end of the test. This behavior implies
that one way to significantly improve the fire
performance of the columns would be to increase the
GTT of the polymer matrix to even slightly above 100
degree centigrade. The temperature at the level of the
FRP remained less than the matrix ignition temperature
for the full duration of fire exposure for col.2. For
column 3, the ignition temperature was exceeded about
3 hours of exposure (a factor which may have
contributed to its sudden failure at slightly more than 4
hours). For all 3 columns, the thermal insulation
provided by the supplemental insulation was excellent,
and temperatures within the concrete and reinforcing
steel remained less than 350 degree centigrade for the
full duration of the fire (until failure). Thus, it is likely
that the columns retained essentially all of their
unwrapped strength till the insulation was lost late in the
fire exposure (beyond 4 hours for col.5 and beyond 5
hours for cols. 1 &2). Hence, the columns satisfied the
ASTM E119 fire endurance requirement for 4 or 5 hours
for the square and circular columns respectively.

Figures 2a and 2b show that, while the predictions
of the numerical model generally is in agreement with
test data, the model does not precisely capture the 100
degree centigrade temperature plateau exhibited in the
experimental thermal profiles. This can be attributed to
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the fact that, while the model does account for the
evaporation of moisture from individual elements at 100
degree centigrade, it does not account for the migration
of free moisture in the concrete away from the fire.
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Figure 2 — temperature observed (or predicted) in (a)
Col.2 (§7mmVG) and (b) Col.3 (38mm VG).

B. Fire Endurance

All columns tested were able to carry their full service
load for at least 4 hours of exposure to the standard fire.
Cols. 1 and 2 both failed at approximately 5.5 hours of
fire exposure, and only once the applied load has been
increased to about 1.8 times the required service load.
Failure was sudden and explosive, and was
accompanied by extensive spalling. Thus, as expected
given the thermal profiles of concrete discussed above,
these two columns indeed retained virtually all of their
room- temperature unwrapped strength for the full
duration of fire exposure. Col. 3(the square column)
failed in an explosive manner at about 4.25 hours of fire
exposure while under only its applied service load. The
resulting combustion of the fire-exposed FRP directly
exposed the substrate concrete, which had previously
been at less than 400*C, to the full heat of the fire (at
about 1100*C). This result in an extreme thermal shock
to the concrete and caused explosive spalling resulting
in rapid and catastrophic failure of column.

To demonstrate the use of the numerical model for the

prediction of fire endurance of an FRP-wrapped RC
column, Fig. 3a shows the predicted axial crushing
strength of a concrete column with fire exposure time,
and Fig. 3b shows a similar plot for the column’s
predicted buckling strength.

The following points are worthy of note with respect to
fig. 3:

L.

The model reasonably predicts the strength of the
two circular FRP-wrapped RC columns tested to
date after 5.5 hours of fire exposure (based on the
buckling analysis).

For all cases shown the predicted axial crushing
strength is greater than the predicted buckling
strength for the full duration of the fire exposure
(note that the buckling analysis assumes an initial
eccentricity of 27 mm).

Loss of structural effectiveness of the FRP is
predicted to occur very rapidly during the fire
exposure for a wrapped but uninsulated column.
Once the wrap is lost, the strength of the column is
only slightly greater than that of an equivalent
unstrengthened column. Loss of the wrap is seen to
be more significant for the crushing strength
analysis as opposed to the buckling strength
analysis. This is because confinement of concrete
with an FRP wrasp cannot be expected to
significantly increase the concrete’s modulus, and
hence the buckling strength is not substantially
improved by FRP wrapping.

Even a small amount of supplemental insulation
(32mm for col.1) is predicted to significantly
improve the retention of strength during fire. This is
due primarily to the fact that the concrete and
reinforcing steel in the column remain at
sufficiently low  temperatures to  prevent
degradation of their mechanical properties, and not
to the effectiveness of the FRP warp being
maintained. Thus, the columns are predicted to
retain a significant portion of their unwrapped
strength even if the FRP is lost.
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Fig.3 — Observed and predicted structural fire endurance
for various column configurations based on (a) crushing

strength and (b) buckling strength.

V. CONCLUSIONS

FRP materials used as externally — wounded
reinforcement for concrete structures are sensitive
to the effects of elevated temperatures.

FRP’s experience degradation in strength, stiffness,
and the bond at temperatures exceeding the GTT of
the polymer matrix.

Appropriately designed (and in the most cases
supplementally- insulated) FRP wrapped circular
RC columns can achieve satisfactory fire
endurances in excess of 5 hours.

The numerical models presented briefly herein can
be used to predict the heat transfer within, and load
capacity of, unwrapped and FRP wrapped and
insulated RC columns under exposure to a standard
fire.

Parametric studies conducted using the model (not
discussed here) indicate that the most important
factors influencing the fire endurance of FRP
wrapped RC columns are the thickness and thermal
conductivity of the insulation applied to the exterior
of the FRP wrap.

While no explicit requirement currently exists that
the temperature of an FRP wrap must remain below
its matrix GTT during fire, it is not known what
temperatures are allowable in the FRP such that it
retains sufficient residual properties to remain
effective after a severe building fire.

Further work is required in this area.
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Abstract - System identification from the field obtained data is not successful till date because of the noise in the sensor or measured.
The unknown system parameter for any unknown damage is still a long way to move. In this paper finite element technique is
applied on the simulated damaged structures. The damage detection for the noise free data is extended and tried for the random noisy
sensor data. The proposed algorithm is used to predict the system parameter on static deflection data with introduction of some
random noisy data using simulated structure. The developed algorithm is applied on bridge truss structure for the identification of the

damaged system parameter prediction.

Key words - Damage, System identification; Noisy data; Finite element.

I. INTRODUCTION

The prediction of the damaged parameters from the
field data having noise is still an open challenge in the
field of structural identification. The Structural Health
Monitoring (SHM) of large space structures like
aerospace structure; satellite vehicles, where once the
damage had occurred cause the uncertainty due to
unknown damaged parameter. Finite element methods
are universally accepted as fast computation tools for
structural behavior prediction. Development in the field
of computational technology and sensing instruments
has also progressed a lot. Field data are usually noisy.
The damage detection, location and damage extent
prediction are among the important aspect of structural
behavior prediction. The main aim of researchers is
concentrated on the suitable identification algorithms
based on uncertain available sensor data which may be
linear or nonlinear, noisy or noise free sensor data.

There are two kinds of parameter identification
namely static and dynamic parameter identification. In
the dynamic parameter identification there are three
unknowns. They are mass, stiffness and damping. The
relationship between the dynamic coefficients (mass,
stiffness and damping) and also its sensitivity effects of
one property on another are still unknowns. Such a
system makes the analysis very complicated. For
uncertain damage with uncertain noisy data, no certain
techniques are available. The static identification
method seems to be better than dynamic identification
as it is having only one unknown (stiffness).

A brief review on damage detection mainly using
the static method or static combined with dynamic
method is presented here. The static damage parameter
identification approaches by the error term reduction
includes minimum deviation, sensitivity analysis, output
error optimization etc. were approached by [2], [4], [7],
[12], [14] and [15]. Damage detection in composite
materials using system identification technique proposed
by [14]. The output error approach of system
identification was employed to determine the changes in
the analytical model in order to minimize the distance
between measured and predicted response. [2] Used
force error estimator and displacement error estimator
for static parameter grouping scheme to identify the
error by least squares minimization.  Static strain
measurement from multiple loading models for
identification of the hole and cracks in linear anisotropy
elastic materials with nonlinear optimization was
presented by [4]. [15] applied a linear constrained
nonlinear optimization problem using the minimization
of error between the measured and computed
displacement to find damage.

Error sensitivity analysis is found to be a popular
method for finding the damage existence [9], [11], [13],
[1. On analyzing the sensitivity coefficients for natural
frequency, mode shapes and modal flexibility, [9] found
that modal flexibility is more sensitive as damage
indicator. Sensitivity with some other term approach
like orthogonal sensitivity, non-linearity, modal
updating were approached by[3], [16], [20] etc. The
orthogonal condition sensitivities was developed by [16]
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for the damaged and undamaged structure mode shapes
using FEM in laminated rectangular plate of composite
structures. [20] presented a sensitivity-based finite
element (FE) model updating for damage detection. The
modal flexibility residual formulation and its gradient
were used for formulation. The damage detection
procedure was illustrated on a simulated example with
noisy data and on a reinforced concrete beam model.

Dmage detection of cable-stayed bridges by
changes in cable forces, was optimized on cable force
error between measurement results and analytical model
by [17]. [10] developed a method used continuous
strain data from fiber optic sensor and neural network
model. [18] used sensitive characteristic of strain to
identify damage in structures for strain-based damage
identification. [8] Used conventional single-objective
optimization approach defines the objective function by
combining multiple error terms into a single one, for
weaker constraint in solving the identification problem.

The above literature review indicates that both
static as well dynamic methods were used in the system
parameter prediction of structure using simulated,
experimental and from the field data. Static methods
used either strain or displacement as measured data,
while in case of dynamic methods frequency and mode
shapes data were used popularly. Sensitivity method,
analyses the effect of parameter changes on the other
parameters. When the structural parameters are
unknown, the sensitivity analysis has no meaning. In
addition, noise in the measured data may completely
change the matrix property using matrix inversion. The
structural parameter identification from the field data
has no well-established solution, until now.

The paper is attributed to the static parameter
identification process with the noisy sensor data. The
objective of this paper is to develop a new modified
approach for the noisy sensor data with few
measurement.  The initial parameter identification
algorithm has been taken from [13] but some noise were
introduced in the sensor data. This will lead to near
realistic field situation. Finite element method for
damage detection using static test data for smaller
subgroups of matrix was applied [3] for damage
existence prediction with only few measurements. The
noise values were varied between + 4 % errors in the
sensor data. A finite element model of bridge truss
structure presented for the demonstration.

II. INITIAL AND DEDELOPED APPROACH

An algorithm to find the parameter extent for noise
free data was developed by [13]. Assuming the structure
behavior of structure is linear throughout the test, the
force displacement relationship in the static case for
undamaged structure is given by

[F]=[K]U] ey
and for damaged structure by
[F]=1[K,]U] @
Partitioning  into  measured and  unmeasured
displacements
H | K| K [U_}
Js Ko [ K LUy 3)

[fa]:[[Kaa]_ [Kab]“l [Kbb]nl [Kab] ] [Ua]
+ [Kah][Kbh]"1 [fb]

[ fa] , [ fb] and [Ua] are measured from test. The

difference between the measured and theoretically
calculated value will be the error term. If the stiffness

“4)

parameters are correct, then error matrix [E( p)] will

be zero, otherwise non-zero.

[E(p)] = [[K..]- [Kab]nl[Kbh]nl[Kah] ] [Ua]
+ [Kab] [Khb]--l [fh] - [fa] (5)

[E(p)]={E(p) }+{S(ep) }[Ap]

The error sensitivity expression was calculated
using first order Taylor series expansion of error matrix
[E(p)] The stiffness parameters were obtained by

minimization of error function with respect to unknown
parameter ( p) using the least square optimization.

(6)

The error sensitivity expression has been modified
for noisy sensor data as the displacement gets modified
due to sensor noise and unknown damaged. The
unknown parameters become the function of both
displacements. The sensitivity matrix was recalculated
with this new modified expression,
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The present method is able to predict the damage concentrated load is applied at each joint. The
existence in structure with only few measurements. deflections at each joint are measured. The force matrix
Using least square optimization technique, all the [F]is found out and corresponding displacement
unknown damaged parameters can be identified after
some iteration successfully with the noisy sensor data.
The finite element method revisited and a row-echelon
form of matrix developed for damage detection using
static displacement and force data, Dewangan U. K.
(2010) [4]. The row-echelon form has an advantage of
partitioning matrix into smaller subgroups.The noise
values were varied between + 4 % errors in the sensor
data. A finite element model of bridge truss structure
presented for the demonstration. The modified algorithm
is implemented using MATLAB [21].

matrix [U] is measured.

For bridge truss structure, [1] as shown in Figure 1,
the modulus of elasticity of all elements was 206.8 GPa
and initial undamaged cross sectional area of all
members was 500 mm®. The noise was introduced up to
+ 5 9% error in the sensor data for sensor numbers 5, 6, 7
and 8 displacement d.o.f. Different load combinations
are considered and they are tabulated in the Table 2 with
sensor noise value. Previously discussed algorithms
were applied to this problem and results are given in
1L EXAMPLES Table 2 and Figure 4 for typical cases. For the noisy
sensor data set combination on tower truss the computed
parameter values were compared with the actual
parameter value. From the plotted graph as shown in
Figure 2, it is clear that with the noisy sensor data, [13]
algorithm values are far away from the actual value of
Structural Details: All elements are having the modulus the parameter. The modified proposed algorithm values
of elasticity £ =210GPaand initial undamaged are nearly close to the actual value of the parameters.
The algorithm could identify the damage extent for
members away from the supports.

Based on the algorithm discussed in the above
section, the computer program was written in MATLAB
and tested Bridge Truss Structure Bridge Truss Structure

cross sectional area A4 =1.61X10° mm®. The

structural configuration is shown in Fig. 3.8. A single
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Fig. 3 : Comparative study of damage extent prediction (Bridge truss Structure)
TABLE I: RESULTS OF NOISY SENSOR DATA WITH MODIFIED ALGORITHM ON BRIDGE TRUSS

Case | Member | Applied Measured Noise in Members Members
damaged | force d.o.f. |displacement d.o.f. |Sensor Converged Diverged
1 All 1-20 1-20 8 up to 5% 1-4,6-14,17-20 | 5,16,15 and 21
All 7-10,17-20 | 7-10, 17-20 1-8upto 5% |1-4,6-14,17-20 | 5,16,15 and 21
3 All 7-10,17-20 | 1-4,11-14 4 up to 5% 1-4,6-14,17-20 | 5,16,15 and 21
4 All 1-20 1-20 5,6,7 and, 8 1-4,6-14,17-20 | 5,16,15 and 21
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cases.

| | |up to 4% |
f.d.of = Force degree of freedom
{E(p)} = Error function vector
1V. RESULTS [ Fa] = Applied force matrix at force d.o.f. at
Considering the various multiple damaged member measured d.o.f.
combinations, the existence of damage is detected. [Fb] ~ Unapplied force matrix at force d.o.f. for
Different combinations of force DOF and unmeasured displacement d.o.f.
displacement DOF used are given in Table 1for various F.EM. = Finite element method
[K] = Undamaged global stiffness matrix
From the plotted graph as shown in Figure 4, it is [Kdaa] = Sub matrix of [K] corresponding to

clear that with the noisy sensor data, the modified
proposed algorithm values are nearly close to the actual
value of the parameters. The algorithm could identify
the damage extent for members away from the supports.

V. DISCUSSION

In this study, it was clearly observed from the
demonstrated examples that the modified algorithm
could predict damage extent in the presence of noise in
structural response. Further it was found that the
algorithms failed to predict damage extent in the
members, which were near to the support. Hence, the
present work is very well justified for the large space
structures where except the support connected members,
all other members, damage extent could be predicted.
The failure of the algorithm in identifying the damage
extent in members near support is a matter of further
investigation.

VI. CONCLUSION

The damage parameter identification with the noisy
sensor data was carried out for different random noise
value. Algorithm developed by [13] has been modified
for the noise in sensor value. Finite element method for
damage detection using static test data for smaller
subgroups of matrix was applied [3] for damage
existence prediction with only few measurements. The
noise values were varied between + 4 % errors in the
sensor data. The algorithm works well for lower noise
level up to a value + 4 % errors in the sensor data and
the unknown damaged parameter could be extracted
even from the noisy data set of structural response using
above technique for the members with only few
measurements. Hence the algorithm is useful for
damage prediction with noisy sensor data on large
structures for the members, which are away from the
supports.

NOTATION
d.o.f. = Degree of freedom
d.d.o.f. = Displacement degree of freedom

measured d.o.f. and applied force d.o.f.

[Kdab] = Sub matrix of [K] corresponding to
measured d.o.f. and unapplied force d.o.f.

[Kdbb] = Sub matrix of [K] corresponding to
unmeasured d.o.f. and unapplied force d.o.f.

[Kdba] = Sub matrix of [K] corresponding to
unmeasured d.o.f. and applied force d.o.f.

[Kd] = Damaged global stiffness matrix

n = Number of elements

p = Unknown parameter’s values

r = Row number

[Sd] = Damaged global stiffness matrix

[S] = Undamaged global stiffness matrix

[Saa] = Sub matrix of [S] corresponding to
measured d.o.f. and applied force d.o.f.

[Sab] = Sub matrix of [S] corresponding to
measured d.o.f. and unapplied force d.o.f.

[Sbb] = Sub matrix of [S] corresponding to
unmeasured d.o.f. and unapplied force d.o.f.

[Sba] = Sub matrix of [S] corresponding to
unmeasured d.o.f. and applied force d.o.f.

{S(p)} = Sensitivity matrix

[UJ] = Transformation matrix

[Ua] = Measured displacements matrix

[Ub] = Unmeasured displacements matrix
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Accident Analysis and Prediction of Model
on National Highways

Rakesh Kumar Singh & S.K.Suman
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Abstract - Rapid growth of population coupled with increased economic activities has favored in tremendous growth of motor
vehicles. This is one of the primary factors responsible for road accidents. It is observed that few works have been carried out on
statistical analysis of accidents particularly on two-lane National Highways.

For this paper stretch of NH-77 has been selected from Hajipur to Muzaffarpur. The accidental data was collected for last eleven
years, 2000-2010 from the Police Stations where FIR was lodged. The collected data were analyzed to evaluate the effect of
influencing parameters on accident rate. Heavy vehicles like truck are involved in maximum number of accidents on the selected
stretch. It is estimated that a heavy vehicles is involved in almost 48% accidents followed by two-wheelers 16%, car 12% and bus
10%. There is no definite trend for monthly variation in accident on a study section but the accidents in month of July and January
are generally higher. Accident rate in terms of number of accidents per km-year increases with traffic volume. But the accidents rate
in terms of number of accident per million-vehicle kilometer-year (MVKY) decreases with increase in traffic volume. Accident rate
per MVKY increases during the study year, whereas both injury and fatality rate per MVKY show a declining trend over the study
period. The developed model for accident prediction represents that the number of accidents per-km-year increases with AADT and
decreases with improvement in road condition.

Key word - FIR, Statistical analysis, Regression model

I. INTRODUCTION highlighted the distribution and accidents pattern in the
city at micro level during the period 1980-1989.Saija et
al (2000) had made a detailed study on road accident
spectrum analysis of Gujrat.Singh & Misra (2000)
analyzed the road accident spectrum for the city of
Patna.Chakraborty et al (2001) studied the aggression to
risk taking behaviors that leads a threat to road safety.
Jenna et al (2001) developed a model for prediction of
accidents in Indian urban roads taking field data from
Ernakulum. Mohan Dinesh (2007) deals a sustainable
transport system that provide mobility and accessibility
to all urban residents in a safe and environment friendly
mode of transport.

The highway network is accelerated at a fast rate
and the safety of vehicular movements becomes a
concern for everybody due to reporting of loss of lives
and properties along with fatal injuries and periodical
obstruction of traffic flow. National highways provide
the efficient mobility and accessibility function. The
increasing road accidents have created social problems
due to loss of lives and human miseries. Road accidents
are essentially caused by interactions of the vehicles,
road users and roadway conditions. Each of these basic
elements comprises a number of sub elements like
pavement characteristics, geometric features, traffic
characteristics, road user’s behavior, vehicle design, A. NEED AND OBJECTIVES OF STUDY

driver’s characteristics and environmental aspects. . .
P As per the NATPAC number of road accidents in

Valli & Sarkar (1997) examined the possibility of India is three times higher than that prevailing in

using the speeds formula on accidents rate estimation developed countries. The number of accidents for 1000
for Indian condition and proposed a model for road vehicles in India is as high as 35 while the figure ranges
accidents in India based on that. Victor & Vasudeman from 4 to 10 in developed countries.

(1998) made a detail study and analysis on bus related
accident in Tamil Nadu taking data from fine bus
Transport Corporations. Chand (1999) made an attempt 1. To study the monthly and annual variation in
to examine the accident frequently and trend of bus accident rate on selected stretch.

related accidents with special references to public Road
Transport under takings in India.Baviskar (1999) studied
road accidents in Nashik Municipal corporation area and

The objectives of the present study are listed below:

2. To study the effect of traffic volume on accident
rate.
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3. To develop an accident prediction model based on
AADT and road condition.

II. DATA COLLECTION

The busiest NH-77 passing through two cities
namely Hajipur and Muzaffarpur, the stretch of this road
has length 70km is selected for data collection and
statistical analysis of accidents, as road shown in Bihar
Road Map [Fig. -1].With the prior permission of the
concerned Senior Superintendent of Police (S.S.P), the
accident data were collected from the six Police stations
situated along the NH-77. These Police stations are
Hajipur, Sarai, Bhagwanpur, Goraul, Kudhani and
Turki.The police stations have their own FIR records of
several years. Accident, Fatality and Injury data were
collected month wise in every year from each police
station records during year 2000 to 2010. The type of
vehicles involved in accidents as recorded in the FIR
was also noted down. The categories of vehicles include
Tuck, Bus, Tractor, Jeep, Car, Tempoo, Motorcycle and
Bicycle etc. Further, monthly-obtained data were sorted
out year wise, represented in percentage over the study
year as shown in Table-1.

Year Fatality Injury in % Total
in % Accident in
%
2000 6.15 2.33 3.15
2001 1.54 3.00 2.56
2002 7.69 8.33 8.27
2003 15.38 9.00 9.25
2004 15.38 10.00 10.43
2005 13.85 11.33 11.81
2006 10.77 12.00 12.00
2007 7.69 11.67 10.43
2008 6.15 14.00 13.58
2009 10.77 13.33 13.39
2010 4.62 5.33 5.31

Table -1: Accident, Injury & Fatality in % on NH-77

A. DATA COLLECTED FROM P.W.D.
RECORDS

P.W.D. (Public works Department) records are the
main source for traffic volume data & road map. In
addition to the above, road conditions information were
also obtained from PWD records. Traffic survey was
conducted at Sarai market on NH-77 at about 8km from
Hajipur. Traffic volume for the year of count 2008 was
extracted and represent in form of Commercial Vehicles
per day (CVPD) & PCU/day, shown in Table-2.1t is
assumed that the traffic volume is uniform throughout
the study stretch.

As the yearly traffic census data was not available
for all the years, the available data were used to predict
traffic volume on a road in each year for the period
2000-2010 as shown in Table-3.A growth rate (r) of 7.5
% per year was assumed for this purpose. A formula
was used for forecasting as follows:

p
A=P(1+t—)"
( 100)

where A = Predicted year traffic volume, P = Present
year traffic volume, n = years of count and minus sign
indicates before the present year traffic count and plus
sign indicates after the present year traffic count.

Table -2: Traffic Volume Data

Name/No. Year of Traffic
of the road count Volume
CVPD PCU/day
NH-77 2005 9507 15128

Table-3: Predicted Traffic Volume

Year PCU/day
2000 7499.93
2001 8108.03
2002 8765.44
2003 9476.15
2004 10244.49
2005 11075.12
2006 11973.10
2007 12943.90
2008 13993.40
2009 15128.00
2010 16262.60

III. ANALYSIS OF DATA AND DISCUSSION OF
RESULTS

The data collected reflects the view of the reporting
Police Officer. According to the literature review
accidental data collected from the Police Station is not
the complete information because all accidents are not
recorded in their FIR (First information report).
Therefore, all accidental data may be increased by 25-
30%.

In this paper all accidental data are increased by
30%. All accidental data were analyzed, using the
software MS EXCEL. As per the pilot survey, accidents
cause has been recognized that occur due to (i) Driver’s
fault (ii) Failure of the motor vehicle (iii) Road
condition and, (iv) Environmental condition.
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Fig.1: Map showing the study stretch

A. ANNUAL VARIATION IN ACCIDENTS

Fig.-2 shows the annual variation in accidents
during 2000-2010.It is observed that percentage
accidents are increasing relatively in most of the year. In
year 2010 accident rate fall down suddenly, this type of
situation occur may be due to the maintenance of the
road is executed in the same year.
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Fig.2: Annual Variation in accidents during 2000-2010
on NH-77

B. MONTHLY VARIATION OF ACCIDENTS

Average monthly variation in accidents during year
2000-2010 on NH-77 road section is shown in bar chart;
Fig.-3.These results indicate that there is no definite
trend for monthly variation in accidents. Accidents in
the month of July are quite high. It may be due to rainy
season in this month. The earthen shoulder gets
deteriorated in rains and pavement surface becomes
slippery. Also, it is observed that accidents rate is
comparatively higher in the month of December —
January of the year. No definite reason can be attributed
to this trend but it might be due to poor or low visibility
(fog condition) in winter seasons
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Fig.3: Average monthly variation in accidents during
2000-2010 on NH-77

C. ANNUAL VARIATION IN FATALITY,
INJURY AND ACCIDENTS

Fig.-4 shows the comparison of Fatality, Injury and
Accidents in percentage. Fatality in the year 2003 and
2004 is quite high. Injury rate during the whole study
year are increasing relatively and the accident rate is as
mentioned in the fig-4. However, High fatality rate
gives the challenge to the Traffic Engineer to prevent
the casualty. Therefore, Traffic Engineer has to study
the cause of casualty and to suggest corrective treatment
at potential locations.

Yearly variation in Fatality,Injury & Accident during 1996-
2006 on NH-77
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Fig.4: Yearly variation in fatality, injury & accident
during 2000-2010 on NH-77

D. VEHICLES INVOLVED IN ACCIDENTS

Fig.-5 shows the percentage accidents involving a
particular type of vehicle. It is observed that Truck are
involved in maximum number of accidents almost 48%.
It may be due to the most of the Truck driver are driving
their vehicles after drink of alcohol or they are not
aware about the condition /maintenance of their
vehicles. It is followed by Motorcycle (16%), Car
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(12%), Bus (10%), Tempo (5%), Jeep & Tractor (3%),
cycle (2%) and Pedestrian (1%).

Cycle  Pedestrian

2% 1%
Motarcycle

16%

Tractor
3%

Tempu Truck
5% 8%
Car
12%

Jeep
3% Bus
10%

Fig.-5: Vehicles composition involved in accidents

E. ACCIDENTS AS RELATED TO TRAFFIC
VOLUME

To observe the relationship between accident rate
and traffic volume, accident rate is presented in two
forms. In first case, it was the number of accidents that
occurred in a road section per km per year and presented
as accident per km-year. In second case, it was the
number of accidents that occurred in a road section per
million vehicles (MV) taken in terms of PCU per
kilometer (k) per year (y), represented as accident per
MVKY (Accidents per million vehicles-km-years).

Accidents per km-year as related to traffic volume
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Fig.6: Accidents per km-year as related to traffic volume

It is observed that accident rate increases with
increase of AADT.The data supporting the linear trend
line relationships may be sensitive to the design and
operational feature of the Highway.

Accidents per MVKY as related to traffic volume
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Fig.-7: Accident per MVKY as related to traffic volume

Figure-7 shows the accidents per million-vehicle-
kilometer —year decreases slowly with increase in the
AADT.It may again be due to design and operational
features of the highway and influence of other
parameters like roadside features, degree of side slope,
climate condition and operational environment.

F. TREND OF ACCIDENTS DURING 2000-2010

The annual trend of MVKY is shown in fig.8.Linear
variation means accident rate per MVKY increases in
each subsequent year. This increasing trend in accident
rate may be due to detoriation in road and shoulder
conditions and the road users did not adopt general
awareness. Even though the failures of the motor vehicle
are mainly driver’s fault, result the accidents.
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Fig.-8: Trend of accidents during 2000-2010
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Fig-9: Trend of injuries during 2000-2010

G. TREND OF INJURIES DURING 2000-2010

The annual trend of injuries is shown in
Fig.9.Scattered points do not show the definite trend,
this may be due to the insufficient relatively closer
values. A linear trend line is fitted to show the trend
because logically true but have coefficient of
determination/correlation is very less. It was found that
injuries per MVKY decrease over the period 2000-
2010.This trends may be attributed to incautiousness
driving of small sized vehicles and also priority goes to
motorcyclists.

H. TREND OF FATALITIES DURING 2000-2010

The observed values are not showing the definite
trend of fatalities. The fatality rate per MVKY has
decreased substantially over the years. Ref Fig.10.
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Fig.10: Trend of fatalities during 2000-2010

IV. ACCIDENT PREDICTION MODEL

The portion of the Highways and shoulder, where
maintenance work was carried out in a particular year
were noted down from the PWD records. Chandra and
Dev Raj (1999) suggested that the section of a road and

its shoulder may be ranked on a 5-point scale as shown
below:

Excellent = 5, Good = 4, Average = 3,
Poor=2 and Bad =1

The excellent means road and shoulders was
maintained very recently and bad means road and
shoulders were not maintained within last four years and
these have deteriorated to the extent that vehicles cannot
use them. This decimal way of ranking is primarily due
to the maintenance works not being carried out in a
single year for the whole stretch of a road. The accidents
per km-year were regressed with AADT and road
shoulder conditions rank.

The general form of equation is represented as:

Accident /km-year =C, + C; (AADT) + C, (Road
and Shoulder Condition Rank [CR])

Accidental data collected for the study stretch of
NH-77 was used to develop the Accident Model.
Regression analysis is used in the present study, for
finding out a best prediction model for accidents on
National Highways. The accident data collected from
different police stations were regressed against the
AADT and CR.

Cy=1.21,C; =4 x 107,
C,=0.183, R*=0.895
The prediction model for NH-77 may be represented as
Accident/km-year =1.21 +4 x 10°(AADT)
-0.183(CR)

The above equations indicate that the accident/km-
year increases with AADT, but decreases with
improvement in condition of road or shoulders or both.

A. VALIDATION OF THE MODEL

Using the AADT of the selected stretch of the road
and road and shoulder condition rank (CR) are assigned
as per site visit. The accident prediction model was
validated for the road stretches between Kudhani to
Sitamardhi road on NH-77.The estimated values from
the accident prediction model were tested by Chi-
squared test.

Table-4: Estimated accidents at 5 locations for

validation
Locations 1 2 3 4 5
Accidents
estimated from | 0.87 | 0.70 | 0.70 | 0.51 | 0.69
prediction
model
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Sum of the accidents rate =

0.87+0.70+0.70+0.51+0.69 =3.47, the expected number
of accidents rate = 3.47/5 =0.69, Chi-square = 0.87,
Degree of freedom, d¢= 5-1= 4 and H, = it is a good fit,
Chi-square for d¢= 4 and 5% significance level = 9.488,
since 0.87 <<9.488

Hence,H is correct. Therefore, It was found that

estimated accident rate from accident prediction model
were significant at 5% level of significance.

V.

CONCLUSIONS
The following conclusions are drawn:

There is no definite trend for monthly variation in
accident on a section of highway. But the accident
in months of July is generally higher. It may be due
to fast deterioration of earthen shoulder by rain in
these months. Accident in month of January has
relatively high value; it may be due to the foggy
weather.

Heavy vehicles like truck are involved in maximum
number of accidents on National Highways. It is
estimated that a heavy vehicles is involved in
almost 48 % accidents followed by two-wheelers
(motorcycle) 16%, car12% and Bus10%.

Accident rate in terms of number of accidents per
km-year increases with traffic volume. But the
accidents rate in terms of number of accident per
million-vehicle kilometer-year (MVKY) decreases
with increase in traffic volume.

Accidents rate per MVKY increases during the
study year, whereas, both injury and fatality rate per
MVKY show a declining in trend over time.

Accident prediction model developed in the present
study show that number of accidents per km-year
increases with AADT and decreases with
improvement in road/shoulder condition.

Accident prediction model was validated by Chi-

squared test and found to have a good linear relationship
between AADT and CR.
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Innovations in Concrete Technology
of High-Rise Buildings
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Abstract - Skyscrapers and High-rise buildings are an increasingly common sight where land is expensive, as in the centers of big
cities, because they provide such a high ratio of rentable floor space per unit area of land. Not only do they define the skyline, they
help to define the city's identity. In this paper a brief history of the prominence of concrete in the construction of tall buildings is
closely examined. We have attempted to bring out the merits of concrete and the usage of composites in concrete for high rise
structures. Important advancements in concrete technology involved in high rises including high performance concrete and light
weight concrete are described. In this connection, prominent concrete high rise structures like Ingalls Building, Marina City Towers
and their crucial features are discussed. Through this paper an attempt is made to bring out the various advancements of concrete
construction to enable futuristic construction for high rises with prospects of using appropriate concrete technology.

Keywords-skyscraper;concrete; high-rise construction;

I. INTRODUCTION

Development of tall buildings underlines and
accentuates the prosperity of the urban communities all
around the globe. They are built not just for economy of
space; like temples and palaces of the past, skyscrapers
are considered symbols of a city's economic power. The
choice for construction material for high-rises has been
strongly influenced by economical and structural
stability factors which include the ability to withstand
natural calamities such as windstorms. Traditionally, the
primary concern of the structural engineer designing a
building has been the provision of a structurally safe and
adequate system to support the vertical loads. This is
understandable since the vertical load-resisting
capability of a building is its reason for existence.
However, this is only true for the buildings involved if
they are not too high, are not in seismic zones, or have
been constructed with adequate built-in safety margins
in the form of substantial nonstructural masonry walls
and partitions. A structure must be designed to carry
loads due to gravity, wind, equipment and snow; resist
high or low temperatures and vibrations; protect against
explosions; and absorb noises. Adding to this the
human factor means considering rentable spaces, owner
needs, aesthetics, cost, safety and comfort. Although
one set is not mutually exclusive of the other, careful
planning and consideration are essential in an attempt to
satisfy and integrate both. Considering structure alone,
there are two main categories for high-rise buildings -
structures that resist gravity and lateral loads and those
that carry primarily gravity loads. Since skyscrapers
have the greatest need for resisting high magnitudes of
wind, the lateral load resisting system becomes the most

important and hence, it is essential to also take into
account the lateral forces such as wind loads, seismic
inertia-forces, blast loads, etc. to ensure the stability of
buildings.

Concrete, inspite of being a relatively recent
construction material has become an indispensable part
of the modern construction industry. Engineers are
coming to realize how concrete can be utilized to build
seemingly impossible structures with relative ease and
efficiency. Ransome, Hennebique, Fazlur Khan initiated
the emergence of concrete to the modern age. With the
advent of concrete technology involving high- strength
concrete, light weight concrete, slag cement and such,
the presence of concrete in superstructures was
established. From the Ingalls building, concrete
skyscrapers have graced the skyline over the years.
Johnson Wax Tower, Place Victoria, Lake Point Towers
are but a few examples. The structural aspects of the
Ingalls building, and modern skyscrapers such as the
Burj Khalifa, provide insights into how far we’ve come
from single storeyed stone structures and how we
continue to dream on.

II. EMERGENCE OF CONCRETE AS A
SIGNIFICANT CONSTRUCTION MATERIAL

Concrete in its present form is the youngest of the
three basic structural materials (steel, concrete and
masonry materials) of construction. While steel has been
much favored in the construction of high-rises, concrete
is gaining fast popularity in the field. According to
CEMBUREAU, in 1900, the total world production of
cement was about 10 million tons; in 1998 it was 1.6
billion tons. If we suppose that on average 250kg of
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cement are used to produce 1 m3 of concrete, in 1900
only 40 million m3 of concrete were used, whereas in
1997 the amount produced was about 6.4 billion m3.[4]

The baseline from which to measure the history and
development of the skyscraper is the 1876 Centennial
Exposition in Philadelphia. Specimens of reinforced
concrete were exhibited at the Centennial as a usual
curiosity in the field of specific possibilities, but as yet
unrecognized for any general use, although a few
obscure but adventurous leaders had begun to catch the
vision [1].

Reinforced concrete started gaining popularity in
construction from the late 1900s. The parallel
development of reinforced concrete frame construction
by Ernest L. Ransome in the United States, and by
Francois Hennebique in France is a significant example.
Ransome, first used reinforcing in 1877, and in 1884 he
patented a system using twisted square rods to help the
development of bond between the concrete and
reinforcing. Between 1901 and 1902, Ransome first
patented a system with an exterior belt course to hold up
walls from stories above. The Ingalls Building, a
landmark structure in Cincinnati, was built in 1904
using a variation of the Ransome system. Designed by
the firm of Elzner and Henderson, it was the first
concrete skyscraper, reaching 16 stories (210 feet). He
also developed the first precast wall units that were
placed integrally with cast-in-place floors and columns.
Precast systems were initially popular making erection
quicker and more efficient as well as avoiding cold
weather problems [2]. These two innovations changed
the exterior walls from ones that carried their own loads
to ones that bore integrally with the rest of the system.
This encouraged the use of concrete as framing with a
curtain wall sealing the building from external forces.

On the other side of the Atlantic, Francois
Hennebique, a successful mason turned contractor in
Paris, had started to build reinforced concrete houses in
the late 1870s. His method of construction involved
integrating separate elements of construction, such as
the column and the beam, into a single monolithic
element. He took out patents in France and Belgium for
the Hennebique system of construction and proceeded to
establish an empire of franchises in major cities. He
promoted the material by holding conferences and
developing standards within his own company network.
Most of his buildings were industrial. More than any
other individual he was responsible for the rapid growth
of reinforced concrete construction in Europe.

Frank Lloyd Wright declared the prime assets of
reinforced concrete to be its formability and monolithic
property of construction, but he did not take advantage
of this until late in his career. He was the first to exploit
the cantilever as a design feature made possible by the

continuous nature of reinforced concrete construction.
The Kaufman House (Falling water), built in 1936, is a
tour de force in the use of the cantilever.

The most significant contribution to concrete high-
rise construction however, was made by Fazlur Rahman
Khan with the introduction of the concept of tubular
structures. The framed-tube structure has its columns
closely spaced around the perimeter of the building,
rather than scattered throughout the footprint, while stiff
spandrel beams connect these columns at every floor
level. This structural system was first implemented in
1964 in the construction of the DeWitt-Chestnut
Apartments in Chicago, a 43-story reinforced concrete
tower designed by Fazlur Khan and his colleagues at
Skidmore, Owings & Merrill (SOM). Because of its
great relative strength and stiffness, the tubular form
immediately became a standard in high-rise design.
Furthermore,  crafting rational architecture in
cooperation with Bruce J. Graham, chief design
architect in SOM's Chicago office, Fazlur Khan united
an exceptionally efficient "trussed-tube" structural
system with an articulate, graceful form for Chicago's
100-story ~ John  Hancock  Center. Another
groundbreaking structural system, the "bundled tube",
was later introduced by him. This structural design for
Chicago's 110-story Sears Tower was structurally
efficient and economic; at a height of 1,450 feet, it
provided more space and rose higher than the Empire
State Building, yet cost much less per unit area. Equally
important, the new structure type was innovative in its
potential for versatile formulation of architectural space.
Efficient towers no longer had to be box-like; the tube-
units could take on various shapes and could be bundled
together in different sorts of groupings.

III. UNIQUE CHARACTERISTICS OF CONCRETE

Flexibility in mode of production as well as
material properties of concrete enables various types of
architectural structures.

Cast-in-place concrete reduces project start-up time
and start-to-finish time as compared to steel. Concrete
provides structural economy in many other ways too;
including reduced material costs and improved cash
flow. It can also maximize marketable space and
increase Return on Investment (ROI).

During construction, the new generation of concrete
admixtures and super plasticizers make concrete flow
more easily. Today's concrete solutions set in lower
temperatures. So, site-cast concrete construction can
proceed year round. With super plasticizers high
concrete strengths can be achieved rapidly, and pouring
on successive floors can proceed more quickly. Cast-in-
place concrete construction can finish off, and other
trades can get on the floor sooner. Electrical,
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mechanical, plumbing and HVAC (heating, ventilation,
and air conditioning) systems as well as interior
partitions can be installed while the frame is progressing
upward.

High-strength mixtures and advanced reinforcing
design technologies allow engineers and architects to
design longer spans with fewer and smaller columns
making more useable floor space available. Moreover,
concrete has a shorter floor-to-floor height than steel by
up to two feet per floor. Because concrete can withstand
catastrophic loading and there is less movement with
concrete structures, buildings have a longer life
expectancy. Concrete constructions, also are weather-
tight, require lower maintenance and have greater resale
value than other structures. Concrete is naturally fire-
resistant. Concrete buildings typically qualify for
reduced fire insurance rates—up to 60 percent less on
fire and extended coverage for warehouses and storage
buildings. New coloring admixtures provide attractive,
economical alternatives to exterior finishing. And
concrete is adaptable to a variety of surface treatments
and shapes resulting in structures that set graciously into
any environment.

IV. ADVANCEMENTS IN CONCRETE
TECHNOLOGY

Today's concrete technologies provide innovative
solutions for architectural interest and versatility in
design. A few of the prominent are mentioned here.

High performance concrete (HPC): This type of
concrete possesses high workability, high strength and
high durability. ACI (American Concrete Institute) has
defined HPC as a concrete in which certain
characteristics are developed for a particular application
and environment. HPC is a concrete made with
appropriate materials combined according to a selected
mix design; properly mixed, transported, placed,
consolidated and cured so that the resulting concrete
will give excellent performance in the structure in which
it is placed, in the environment to which it is exposed
and with the loads to which it will be subject for its
design life. Mix proportions for high-performance
concrete (HPC) are influenced by many factors,
including specified performance properties, locally
available materials, local experience, personal
preferences, and cost. With today’s technology, there
are many products available for use in concrete to
enhance its properties. Under the ACI definition
durability is optional and this has led to a number of
HPC structures, which should theoretically have had
very long services lives, exhibiting durability associated
distress early in their lives. ACI also defines a high-
strength concrete as concrete that has a specified

compressive strength for design of 6,000 psi (41 MPa)
or greater.

Ready-mix concrete: It is defined as the type of
concrete that is manufactured in a factory or batching
plant, according to a set recipe, and then delivered to a
work site, by truck mounted transit mixers. This results
in a precise mixture, allowing specialty concrete
mixtures to be developed and implemented on
construction sites. The first ready-mix factory was built
in the 1930s, but the industry did not begin to expand
significantly until the 1960s, and it has continued to
grow since then. Ready-mix concrete is sometimes
preferred over on-site concrete mixing because of the
precision of the mixture and reduced work site
confusion.

Lightweight Concrete: One of the disadvantages of
conventional concrete is the high self-weight of
concrete. Density of normal concrete is in the order of
2200 to 2600 kg/m3. Light weight concrete however,
has a density of 300-1850 kg/m3. The advantages of low
density concrete include reduction of dead load, lower
haulage and handling costs. Construction using light
weight concrete results in considerable economy,
especially in framed tall structure, where the beams and
columns have to bear the weight of walls and floors.
Another characteristic feature of this type of concrete is
its relatively low thermal conductivity, a property which
improves with decreasing density. In high rises, where
extreme climatic conditions are encountered this comes
as a considerable advantage.

Self-compacting Concrete: Shortage of skilled
labour and savings in construction time were the main
factors for development of self-compacting concrete.
High fluidity and segregation resistance were obtained
by the simultaneous use of a super plasticizing
admixture and a viscosity-increasing admixture. In
France, the ready-mixed concrete industry is using self-
compacting concrete as a noise-free product that can be
used around the clock in urban areas. Due to noise
reduction, labour savings, and longer life of steel molds,

the precast concrete products industry is also
investigating the use of the material.
Cathodic protection of reinforced concrete:

Cathodic protection techniques involve the suppression
of current flow in the galvanic cell either by external
supply of current in the opposite direction or by using
sacrificial anodes. The externally applied -current
method is commonly used for corrosion protection in
chloride-contaminated reinforced concrete structures.
Researchers including Rasheduzzafar have reported the
degradation of bond between steel and concrete
probably due to a buildup of sodium and potassium ions
which results in the softening of concrete at the steel-
concrete interface [5]. The degradation of steel-concrete
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bond was found to increase with the increase in the
impressed current density and chloride content of
concrete.

Slag cement: Ground granulated slag is often used
in concrete in combination with Portland cement as part
of blended cement. Ground granulated slag reacts with
water to produce cementitious properties. Concrete
containing ground granulated slag develops strength
over a longer period, leading to reduced permeability
and better durability. Since the unit volume of Portland
cement is reduced, this concrete is less vulnerable to
alkali-silica and sulfate attack. This previously
unwanted recycled product is used in the manufacture of
high performance concretes, especially those used in the
construction of bridges and coastal features, where its
low permeability and greater resistance to chlorides and
sulfates can help to reduce corrosive action and
deterioration of the structure. [6]

Another innovation that improved the utilization of
concrete structures is the Hardy Cross Method for
determination of indeterminate structures. Most concrete
structures are highly statically indeterminate, which
makes them difficult to analyze. In 1930, Hardy Cross, a
professor of structural engineering at the University of
Illinois, published a 10-page paper outlining a method of
successive approximation called moment distribution.
The Hardy Cross Method took ten years to develop and
is noteworthy for its straightforwardness and elegance.

V. CONCRETE SKYSCRAPERS SINCE THE
20TH CENTURY

High-rise construction in concrete progressed
slowly forward from the Ingalls Building in 1904. The
giants and mid-giants of the 1930s were all of steel
construction. The Johnson Wax Tower, however,
provided the impetus for Bertrand Goldberg's twin
towers of Marina City, though on a vastly different
scale. The Chicago 60 storey high-rise, erected in 1962,
heralded the beginning of the use of reinforced concrete
in modern skyscrapers and with it, competition for the
steel frame. Place Victoria in Montreal, constructed in
1964, reached a height of 624 ft. utilizing 6000 psi
concrete in the columns. Concretes of higher strength
proved to be the key to increased height, permitting as
they do a reasonable column size on the floors below.
One Shell Plaza in Houston topped out at 714 ft. in 1970
using 6000 psi concrete. The Chicago area, with its
plentiful supply of high quality fly ash (which helps to
achieve a more workable concrete at lower
water/cement ratios), has spawned the greatest
concentration of tall reinforced concrete buildings. The
70-story Lake Point Towers used 7500 psi concrete to
reach 645 ft. in 1968. Water Tower Place reached 859
feet in 1973 with concrete strengths as high as 9000 psi

thanks to a super plasticizing admixture. Maybank
Menara came up in 1988 incorporating concrete on an
entirely new level of construction paved way for the
construction of taller structures such as the Petronas
towers (1998) in Kuala Lumpur. In 1989 the Scotia
Plaza Building in Toronto was completed to a height of
907 ft. In 1990 two more towers in Chicago exceeded
900 ft. The taller of these is the building at 311 S.
Wacker Drive which is located next to the Sears Tower.
The latest jewel in the crown of concrete skyscrapers is
the Burj Khalifa, a marvel in concrete, steel and glass.

VI. CASE STUDY OF A FEW CONCRETE HIGH-
RISE STRUCTURES

The Ingalls Building - This building was considered
a daring engineering feat at the time, but its success
contributed to the acceptance of concrete construction in
high-rise buildings in the United States. Many people
from both the public and the engineering community
believed that a concrete tower as tall as the plan for the
Ingalls Building would collapse under wind loads or
even its own weight. Ingalls and engineer Henry N.
Hooper were convinced, however, that Ernest L.
Ransome's system of casting twisted steel bars inside of
concrete slabs as reinforcement (patented in 1884) and
casting slab, beams and joints as a unit allowed them to
create a rigid structure. Hooper’s design consisted of a
monolithic "concrete box of eight-inch [200 mm] walls,
with concrete floors and roof, concrete beams, concrete
columns, concrete stairs - no steel. It consisted merely of
bars embedded in concrete, with the ends interlaced"
[1]. The amount of concrete produced during
construction - 100 cubic yards (76 m?) in each ten-hour
shift was limited by the rate at which the builders could
place it. An extra wet mix was used to insure complete
contact with the rebars and uniform density in the
columns. Floor slabs were poured without joints at the
rate of three stories per month. Columns measured 30 by
34 inches (760 by 860 mm) for the first ten floors and
12 inches (300 mm) square for the rest. Three sets of
forms were used, rotating from the bottom to the top of
the building when the concrete had cured. Completed in
eight months, the finished building measured 50 by 100
feet (15 by 30 m) at its base and rises 210 feet (64 m)
tall. The exterior concrete walls are eight inches thick
(200 mm) in unbroken slabs 16 feet (5 m) square with a
veneer 4 to 6 inches (100 to 150 mm) thick. The Beaux
Arts Classical exterior is covered on the first three
stories with white marble, on the next eleven stories
with glazed gray brick, and on the top floor and cornice
with glazed white terra cotta.

Marina City Towers- The 60-story Marina Towers
of 1962 in Chicago designed by Bertrand Goldberg,
reached 588 ft. (180m). According to Schueller (1990),
these towers may be considered the first true reinforced
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concrete skyscrapers expressing the character of the
material. The cylindrical forms of the twin towers offers
a true tube geometry (although the structural tube
concept was unknown at that time), providing three-
dimensional structural action and making it highly
efficient, aerodynamically [8]. A cylindrical building
also has a smaller exposed projected surface or “sail”
perpendicular to the wind direction and thus encounters
lower magnitudes of wind forces as compared to other
shapes [3].

Lake Point Tower -The race for height in concrete
began in 1968, with the 70-story, 645-ft. (197-m) high
Lake Point Tower apartment building in Chicago, which
utilized the flat plate—shear wall principle [3]. Designed
by Schipporeit-Henrich ~ Architects with Graham,
Anderson, Probst & White, the high-rise residential
tower is based on a cloverleaf geometry that takes
advantage of the unique plastic characteristics of
concrete and its ability to be modeled into organic
shapes. In a manner similar to Wright’s Johnson Wax
Building, the floor plates of Lake Point Tower is
cantilevered from a central core buried deep in the earth.
The exterior is wrapped in a dark glass curtain wall
emphasizing its monolithic form and curvilinear
surfaces.

311 South Wacker Drive - Completed in 1990, the
75-story, 969-ft. (296-m) high 311 South Wacker Drive
office tower in Chicago was officially acknowledged, at
the time, the tallest concrete high-rise building. It is also
a good example of the application of a shear wall and
interactive frame structural system [8]. A basic
requirement for such interaction is that the relative
stiffness properties of each shear wall and each frame
remain unchanged throughout the entire height of the
building. In practice it is rarely possible to comply
strictly with this requirement for various architectural
and functional reasons. With the availability of
sophisticated computer programs, which can simulate
the actual interaction of the idealized elements, this is no
longer a problem.

Burj Khalifa - Designers purposely shaped the
structural concrete Burj Khalifa - ‘Y’ shaped in plan - to
reduce the wind forces on the tower, as well as to keep
the structure simple and foster constructability. The
structural system can be described as a ‘buttressed’ core.
Each wing, with its own high performance concrete
corridor walls and perimeter columns, buttresses the
others via a six-sided central core, or hexagonal hub.
The result is a tower that is extremely stiff laterally and
torsionally. Skidmore, Owings & Merrill (SOM) applied
a rigorous geometry to the tower that aligned all the
common central core, wall, and column elements. Each
tier of the building sets back in a spiral stepping pattern
up the building. The setbacks are organized with the

tower’s grid, such that the building stepping is
accomplished by aligning columns above, with walls
below to provide a smooth load path [7]. This allows the
construction to proceed without the normal difficulties
associated with column transfers. The setbacks are
organized such that the tower’s width changes at each
setback. The advantage of the stepping and shaping is to
‘confuse the wind’. The wind vortexes never get
organized because at each new tier the wind encounters
a different building shape.

VILINFERENCES AND RECOMMENDATIONS

Skyscrapers and other high-rises are fast becoming part
of our living environment thus influencing our living
conditions, social well-being and health. Hence, it is
important to explore sound and economical design and
development techniques for buildings and infrastructure
for them to be sustainable and affordable, and also
which encourage innovation in construction. Shown in
Fig. 1 are some of the prominent concrete high-rises
since the 1950’s. The figure clearly indicates on the
average the growth both in terms of height and number
of floors for concrete high rises over the past five
decades. This is indicative of the efforts taken in the
direction of new concrete technologies over the years
and the need to further it.

VII.CONCLUSIONS

Concrete is fast becoming an indispensible part for
several concrete high rise construction projects. In this
respect, it is crucial to understand its characteristics and
capabilities. This paper has roughly covered the basic
advantageous properties of concrete in the construction
of concrete skyscrapers.
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Statistical Evaluation of Induced Seismicity
In Karkheh Dam, Iran
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Abstract - Karkheh dam is the largest dam in Iran with a capacity of about 7.4x10° cubic meters and height of 127 meters. Since the
first impoundment, increasing in seismic activity in the dam area has been observed that indicates the possible occurrence of
reservoir-induced seismicity (RIS).In the present work, a preliminary evaluation is conducted firstly in order to investigate these
observations. Based on the assessment of the number of earthquakes occurred in equal time periods before and after reservoir
impoundment and their focal depths, it is concluded that RIS is happening in the dam site. Secondly, a cross-correlation method is
applied in order to find the relationship between water level fluctuations and the variations of seismic activities. This analysis
confirms a strong relationship between fluctuation of the water level and the number of seismicity events in the dam area.

Keywords - reservoir-induced seismicity (RIS); Karkheh dam; dam impoundment; cross-correlation method

I. INTRODUCTION

Since the first case of reservoir induced seismicity
at Lake Mead (Hoover Dam) in the mid-1930, there
have been many reports of this phenomenon from all
around the world. RIS caused by not only the initial
impoundment of artificial reservoir but also by seasonal
water level changes. In many cases, changing in
seismicity has been observed immediately after the first
filling of the reservoir, while in others, it took several
years for RIS to occur[4, S5].Thereafter, major
earthquakes had occurred at some large artificial dams
such as, Xinfengjiang reservoir in China, the Kariba
reservoir in Zambia-Zimbabwe, the Koyna reservoir in
India, and the Kremasta reservoir in Greece [6], which
caused loss of human life, injuries and property
damages. By increasing the number of large reservoirs
and their potential hazards in the economical and social
matters, RIS has attracted the attention of the scientists,
over the past decades. Consequently, many analytical
and numerical models have been developed to study
reservoir induced seismicity. [7, 8, 9]

The scope of the current work is to study the RIS in
Karkheh dam site. Karkheh storage dam is considered as
the largest dam in Iran due to its capacity of about 7.4
billion cubic meters at the maximum water level.
Karkheh dam is an earth core rock-fill dam with a height
of 127 m and a length of 3030 m which is located on
Karkheh river, the third largest river in Iran based on the
river flow discharge, in southwest of Iran. The filling of
the dam was started on Feb. 12, 2000. The water height
and total reservoir volume are more than 100 m and
about 5.6 billion cubic meters at the normal water level,

respectively. From seismo-tectonic point of view, the
Karkheh dam is located in the Zagros fold and thrust
belt whose deformation appears to be concentrated on
basement thrusts and a few transverse strike-slip faults
[1]. The majority of the project area in a distance of 30
km from the dam reservoir is located within the Zagros
foredeep (Dezful Embayment unit). Some reverse and
thrust faults are presented at the dam area, including
Lohbari fault at the east of the dam, Kabir-Kuh anticline
fault at the north, Dal-pari anticline fault at the south,
and the Dezful thrust at the southeast, as seen in Figl.
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Figure 1 : Active faults in the vicinity of Karkheh
reservoir
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b) after impoundment

Figure 2. Seismic events before and after
impoundment whose epicenter were located with 100
kilometers from reservoir, The red circles represent
earthquake epicenters whereas earthquake magnitudes
are proportional with the diameters of the circles. (ISC
catalog)

Since insufficient efforts have been made to study
this phenomenon and also dam’s characteristics
augment the probability of causing RIS, in the current
work, a preliminary evaluation of RIS at the Karkheh
dam is conducted. And then, a statistical approach,
cross-correlation method, is applied for verification of
the rudimentary assessment.

II. DATA ANALYSIS

For primary analysis, the database has been
provided by wusing NEIC (National earthquake
Information Center), ISC (International Seismological
Center), USGS (U.S. Geological Survey), IRSC (Iranian
Seismological Center). A 10-year period before the
impoundment and a 10-year period after the

impoundment are considered. Furthermore, according to
the number of events before and after the impoundment,
the earthquakes whose epicenters are located within 100
kilometers from the reservoir have been included in the
database. For the second part of the investigation, data
which recorded by the Karkheh dam network station (5
station were installed) has been added to the database,
the sequence of seismic events between 2000 and 2008
with magnitude m>1 has been considered. The daily
water level fluctuation data in the reservoir, measured
by Mahab Ghods Consulting Engineering Co., has been
also used.

III. PRELIMINARY EVALUATION

According to Simpson et al. [10], two types of
respond to the large dams impoundment can be
observed, namely rapid and delayed seismic responses.
Two main mechanisms corresponding to these responses
are: a) the increase in stresses due to the load of the
reservoir and b) the diffusion of pore pressure. The
water weight stresses could lead to change the seismic
activity, also the active faults in the reservoir area (Fig.
1) are susceptible to lose their effective normal stresses
because of increase in pore pressure. Therefore it can be
concluded that both mechanisms could cause reservoir
induced earthquakes.

To roughly evaluate the mechanism which is
responsible for RIS in Karkheh dam site, the annual
cases of RIS have been shown in Fig. 3. It indicates that
the annual number of events has increased significantly
after the impoundment. As can be seen, despite the
effect of shear strength decrease, due to increased pore
pressure, the first mechanism (rapid increase in elastic
load) cannot be neglected. Moreover, for the case of
Karkheh dam, the maximum load from the reservoir
water is about 10 bars, whereas the already-developed
pressure at the hypocentral depth exceeds 2000 bar.
Thus, it can be concluded that the water load cannot
directly cause earthquake. As discussed by Beck [11],
reservoir water load only accounts for nearby faults
which are close to their critical stress to fail and cause
earthquake.
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Fig. 3. The Number of earthquakes within 100 km around the reservoir
in a 10 year period before and after the reservoir filling
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RIS is characterized by shallow hypocentral depths
[2]. To study the behavior of RIS depth and magnitude
at the Karkheh dam, these parameters are shown in Figs.
4 and 5 for the periods before and after reservoir
impoundment, respectively. According to Fig. 4, the
average earthquake depth before the impoundment is
about 30.5 km, whereas it decreases to about 22 km
after the impoundment.

Figure 4. Earthquake depth distribution before and after
impoundment

7.0

6.5

6.0

reservoir

Magnitude

Figure 5. Magnitude of earthquakes occurred before and
after impoundment

Since the earthquake magnitudes of the current
database have been obtained from different earthquake
catalogs, the relationships proposed by Utsu [3] are used
to make them compatible with each other. Fig. 5 shows

that the average earthquake magnitudes in the region are
4.5 and 3.7 before and after the reservoir impoundment,
respectively. Gutenberg and Richter presented the
equation, Log;oN= a-bM , which is applicable to the
frequency of seismic events. In this equation, N is the
cumulative total number of earthquakes with magnitude
equal to or greater than M that occur in a given region
within a certain time period, and a and b are constant
parameters that depend on the region. In most cases RIS
shows relatively high b values compared to non-RIS. It
is reported that b values in reservoir-induced
earthquakes is increased up to 1 or even more [2].

To investigate the b value of RIS at the Karkheh
dam, the aforesaid equation is applied for the earthquake
data after the impoundment.

The b value for the Karkheh dam is 0.61 which is
lower than the values observed in other cases of RIS in
the world. Therefore, it may be concluded that the
behavior of RIS at the Karkheh dam is an example
indicating that the conclusion about the high b values for
RIS is not always true. A similar result was reported by
Papazachos [12], who stated that the b for RIS shows
some tendency to the larger values but this cannot be
considered as a discriminatory property of RIS.

IV. SEISMICITY AND RESERVOIR WATER
LEVEL

In previous studies [2, 11], it has been shown that a
very high correlation between reservoir water level and
RIS exists. There are more effective factors in RIS than
the local tectonic setting of the dam area, such as rate of
water level increase, duration of loading, maximum
level achieved, and duration for which high levels are
maintained [13].
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Figure 6. Gutenberg-Richter (G-R) relationship for
Karkheh dam seismicity after the reservoir
impoundment
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Fig. 7.Annual number of earthquakes with water level
fluctuations before and after the reservoir impoundment

To examine the effect of reservoir water load on the
RIS at the Karkheh dam, the daily fluctuations of
reservoir water level is presented along with annual
seismicity in Fig. 8. Overall, a strong correlation can be
seen between reservoir water level and seismicity.

Cross correlation method

Cross-correlation method is a standard approach for
estimating the correlation coefficient between two
different series, as follows:

D @) = mx)x (i —d) = my]
U2 0 =m0 [ (=)~ my)?

Where mx and my are the means of two series, x(i) and
(i), respectively, and d is the time lag between the
corresponding series.

(M

r(d) =

M. M. Selim et al. [9] carried out a cross-correlation
method to find out whether the fluctuation of water level
could influence the seismicity activities in the Aswan
dam area or not. For the first series, they took the
monthly average of daily reservoir’s water level into
account and calculated the deviations of these values
from moving average of a 13-month interval in order to
obtain the fluctuation data. For the second series, they
computed the daily average numbers of events for every
month and attained the fluctuation data via the same
methods as other series. Their computations involved
three principle parameters, namely the earthquake
depths, their location and the period in which the
earthquakes happened. In most of the cases they found
very low correlation between two series.

This method is applied in this context; however,
since 95 percent of rainfalls in the Karkheh dam area
occur in the first half of a year, a model based on

moving average of a 7 month interval is also used in
addition to the Selim model.

The correlation coefficients for the first model
are obtained for depths of 0-18km, 18-40 km and O-
40km, the periods of 1 year to 8 years and within the
distances of 30, 50, 100 kilometers from the reservoir.
In the second model, time periods are considered from 6
months to 5 years at a 6 month step. Time lags for both
models are assumed in the range of 1 to 12 months by
an increment of one month.

The analysis results indicate that the best
correlation coefficients can be obtained via second
model in the distance up to 100 kilometers, with the
depth ranging from 0 to 40 km and in a 6-month period.
As seen in the table.l and table.2, the correlation
coefficients for the second half of the year in all periods
are above 0.56 and in most of the years the maximum
coefficients are attained at a 0 month time lag. For the
first half of the year the correlation coefficients in some
periods are below 0.5 and the time lags are also
oscillated in the range of 0-4 months.

On the other hand, in the first model the maximum
correlation coefficient is 0.58. Moreover the results
show that even in the longer periods these coefficients
are lower in the first model.

In order to compare these two models in a typical
longer period, the cross-correlation coefficients are
plotted in Fig.8.

TABLE I. CORRELATION COEFFICIENT FOR THE FIRST HALF

OF THE YEARS
Year Cross-correlation Time Lag
coefficient
2000 0.89 0
2001 0.4 0
2002 0.67 2
2003 0.59 1
2004 0.63 3
2005 0.53 0
2006 0.5 0
2007 0.37 4
2008 0.78 2

TABLE II. CORRELATION COEFFICIENT FOR THE SECOND
HALF OF THE YEARS

Year Cross-correlation Time Lag
coefficient
2000 0.76 0
2001 0.68 0
2002 0.69 0
2003 0.56 0
2004 0.81 1
2005 0.56 0
2006 0.7 0
2007 0.71 1
2008 0.66 2
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Figure. 8. Correlation coefficients between fluctuation
of water level and number of earthquakes, which
happened in 2002-2003, versus time lag for the distance
of up to 100 km and depth of up to 40 km, between
these two series. The results for both models are shown
for comparison.

V. CONCLUSION

Investigating the RIS phenomenon is of great
interest because of the potential hazards that may cause.
Therefore, RIS in Karkheh dam due to impoundment is
studied. Based on the evaluation of seismicity in the
dam site, the number of earthquakes in a 10-years period
after the filling of the dam is 5 times greater in
comparison to an equal time interval before the
impoundment. Furthermore, the reservoir impounding
has changed the seismic behavior of the dam site so that
the region experiences more earthquakes with less
magnitudes.

As other case of RIS, strong correlation between the
fluctuation of water level and number of events can be
observed in Karkheh dam. For further investigation, a
cross-correlation method is applied. According to the
results, the correlation is better during the drawdown
phase of the reservoir.
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Abstract - This paper presents an experimental study evaluating the effect of polypropylene fiber on swell and compressibility of
expansive soils. The initial phase of the experimental program includes the study of the effect of polypropylene fiber on maximum
dry density (MDD) and optimum moisture content (OMC) with different fiber inclusions. Static and dynamic compaction tests have
been conducted on an expansive soil sample with different percentages of 0%, 0.5%, 0.75%, and 1% polypropylene fiber additions
(by dry weight of the soil). The second phase of the experimental program focuses on the compressibility and hydraulic
characteristics of the soils. The unreinforced and reinforced specimens have been prepared statically and the swell and
compressibility behavior of the samples have been analyzed. Finally it is concluded that mitigation of expansive soils using
polypropylene fiber might be an effective method in reducing the swell potential and compressibility of subsoils on which roads and
light buildings are constructed.

Keywords: expansive soils, polypropylene, compaction, compressibility, swell potential.

I INTRODUCTION Recently there is a growing attention to soil

Expansive soils which include montmorillonite-rich reinforcement with different types of fiber. However,
clays, over- consolidated clays and shales are there is limited research done on fiber reinforcement of
problematic soils found in many parts of the world fine grained soils particularly its effect on swelling,
(Nelson and Miller, 1992). They may cause serious consolidation settlement, hydraulic conductivity, and
problems in the behavior of light buildings associated desiccation characteristics. In this experimental
with the seasonal cycles of wetting and drying. Moisture investigation, the aim was to study the effect of
variations play important role in the swell-shrink polypropylene fiber reinforcement on the improvement
potential of soils, and are dependent on climate, of physical and mechanical properties of a clay sample
permeability of soil deposits, temperature, groundwater, obtained from an expansive clay deposit in Famagusta,
vegetation, drainage and manmade water sources North Cyprus. The experimental program was carried
[9]1,[13]. out on compacted soil specimens with 0%, 0.5%, 0.75%,

and 1% polypropylene fiber additives, and the results of

There has been a growing interest in recent years in one-dimensional swell and consolidation tests are
the influence of chemical modification of soils which discussed. Despite the difficulties encountered in
upgrades and enhances the engineering properties. The representative specimen preparation due to random
transformation of soil index properties by adding distribution of fiber filaments, it is observed that there is
chemicals such as cement, fly ash, lime, or combination a future prospect in the use of this environmental
of these, often alter the physical and chemical properties friendly additive for soil mitigation.

of the soil including the cementation of the soil
particles. Especially use of lime admixture has proved to II. LITERATURE REVIEW
have a great potential as an economical method for
improving the geotechnical properties of expansive soils
[21.[3],[14],[10]. Rao, S. M and Shivananda, P. (2005)
has examined the compressibility behavior of lime-
stabilized soils [4]. According to Gordon and McKeen,
(1976), cement and lime show different behavior in soil
stabilization [6]. Cement contains the necessary
ingredients for the pozzolanic reactions, whereas lime
can be effective only if there are reactants in the soil.

Reference [11] studied the behavior of lime-fiber
stabilized soils, concluding the improvement in
compression and shear strength, swelling and shrinkage.
The addition of fiber is observed to transfer the failure
characteristic of soil from brittle to ductile failure. Tang,
C., Shi, B., Gao, W., Chen, F. Cai, Y. (2007)
investigated on the effect of fiber and cement inclusions
on unconfined compressive strength, shear strength
parameters, stiffness and ductility of soil specimens. The
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combined effect of fiber and cement have been observed
to improve these properties, and fiber usage to impede
the formation of dessication cracks [11]. Abdi,
Parsapajouh, and Arjoman (2008)’s work on fiber
reinforced soils substantiates the previous findings that
consolidation settlements, swelling and dessication
crack formation reduce substantially. They have also
concluded that the hydraulic conductivities increased
slightly by increasing fiber content and length [12].
Viswanadham, Phanikumar, and Mukherjee (2009)
examined swelling behavior of geofiber-reinforced soils,
using fibers of different aspect ratios and observed a
reduction in heave. The swelling pressure was the
maximum at low aspect ratios at both the fiber contents
of 0.25% and 0.50%. Finally, the mechanism by which
discrete and randomly distributed fibers restrain
swelling of expansive soil was explained with the help
of soil-fiber interaction [6]. Effect of freeze and thaw
cycles on the strength behavior of expansive soils
reinforced by polypropylene fiber has been studies by
Ghazavi and Roustaie (2010). In cold climates freezing
and thawing of the expansive soils is the main problem.
Once the soil freezes most of its properties including
permeability, water content, stress—strain behavior,
failure strength, elastic modulus, cohesion, and friction
angle will change accordingly. A method of static
compaction is used for preparing samples with different
percentages of polypropylene fiber to overcome the
difficulty in sample preparation Finally, they have
reported that an increase in the number of freeze—thaw
cycles results in the reduction of unconfined
compressive strength of clay samples by 20-25% [7].

III. MATERIALS AND METHODS
A. Soil

The soil that is used in this research has been
obtained from the Eastern Mediterranean University
campus in North Cyprus. The physical properties of the
soils are as depicted in Table I. The high plasticity index
indicates high swell potential, the most problematic soil
type under light structures. Identification, description,
and classification of this type of soils are based on
preliminary assessment of their mechanical properties
based on the Atterberg limits analysis. According to
Nelson and Miller (1992) the soil used in this study has
a high swell potential [1].

B. Polypropylene Fiber

The polypropylene fiber used in this study is the
most commonly used synthetic material due to its low
cost and hydrophobic and chemically inert nature which
does not allow the absorbtion or reaction with soil
moisture or leachate. The other properties are the high
melting point of 160°C, low thermal and electrical
conductivity, and high ignition point of 590°C. The

physical properties also include the specific gravity of
0.91, and an average diameter and length of 0.06 mm
and 20 mm respectively.

C. Sample Preparation

All the test specimens were compacted at their
respective maximum dry density (MDD) and optimum
moisture content (OMC), corresponding to the values
obtained in the Standard Proctor compaction tests in
accordance with ASTM D698-91. This is achieved by
statically compacting the reinforced and unreinforced
soil by applying the right amount of energy needed to
reach to MDD at OMC. The static compaction is applied
in a modified CBR instrument. To prepare unreinforced
samples, water is added and the soil is statically
compacted after 24 hours of mellowing. To obtain
reinforced samples, the fiber is added after the
mellowing time and blended in a mixer.

TABLEI. PHYSICAL PROPERTIES OF THE STUDIED
SOIL

Property

Specific Gravity 2.56
Gravel (>2000 um), (%) 0
Sand (75-2000 um), (%) 8
Silt (2-75 pm), (%) 40
Clay (<2 um), (%) 52
Liquid limit, (%) 57
Plastic limit, (%) 28
Plasticity index, (%) 29
Linear shrinkage, (%) 20
Optimum moisture content, (%) 24
Maximum dry density, (kg/m’) 1497
Soil classification(USCS) CH

IV. RESULTS AND DISCUSSIONS

In order to assess the effect of random fiber
inclusion on swelling, consolidation settlement, and
hydraulic conductivity, oedometer tests were conducted
according to ASTM D2435-96.

A. Effect of polypropylene fiber on swell potential

To investigate the swelling characteristics of
unreinforced and fiber reinforced specimens, one
dimensional swell tests were carried out. Samples were
statically compacted in consolidation rings at optimum
moisture obtained from Standard Proctor content in
consolidation rings of 50 mm inner diameter and 19 mm
of height. The samples were left under a low surcharge
of 7 kPa and full swell was measured. Specimens of
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different fiber inclusions have been swelled until the
increase in free swell with time became marginal. Figure
1 presents the free swell response in percent swell
(AH/HO) with respect to logarithm of elapsed time in
minutes for different fiber percentages. The results show
an increase of swell with 0.5% and 0.75% fiber content
and a sudden reduction with 1% fiber content.
According to Ghazavi and Roustaie (2009), a reduction
in swell percentage has been obtained with 3% of
polypropylene fiber and an enhancement of swell
percent with 1% and 2% of polypropylene fiber. Sample
size is a factor which can influence the swell percentage
of the soil samples [7]. As Loehr, Axtell, Bowders
(2000) pointed out, samples of 10.2 cm showed
reduction in swell percentage versus time with the
increase of fiber content and, the same soils have been
tested with dimension of 6.4 cm which indicated an
increase in swell percent of the soil specimens [8].

3E+OD
—e— (0% fiber
TEFOD | ——0 .59 fiber
SE+00 | —E—075%
5 E+00 4 —— 1% fiber
§ 4 E+00 A
&
»E.? 3 EA00 -
<1 ZEHO0
1 E+00 A
OE+00 + T
1.E-02 1.E+00 1.E+02 1.E+04

Log Time (mir)

Fig. 1 : Percent swell of soil specimens versus log time
with different polypropylene fibers.

Fig. 1 shows the swell percentage versus logarithm
of time relationship for different fiber contents. The
primary swell (s,%), secondary swell and the primary
swell times (t;) are summarized in Table II. The results
reveal that there is a marked reduction in primary swell
potential with the increase in fiber inclusion. The
secondary swell, which is the amount of swell beyond
the completion of primary swell, has also been reduced
with the increase of fiber content.

B. Compressibility Characteristics

The effect of polypropylene fiber on compressibility
properties of expansive soils has been investigated by
use of one-dimensional consolidation test. Consolidation
pressures up to a maximum of 1568 kPa have been
applied during the process. Table III indicates the results
of this experiment in which a considerable reduction in
the compression and rebound indices can be observed
with the increase in fiber content. Expansive soil used in
this study with high swell potential, was also highly
compressible experiencing a noticeable reduction in

volume change. Figure 2 gives the results of
consolidation tests on increasing fiber contents as time
versus logarithm of pressure. A distinct improvement
can be observed on the compressibility of the soil which
has been mixed with 1 % polypropylene fiber.

TABLE II. PRIMARY AND SECONDRY SWELL OF THE
FIBER REINFORCED SPECIMENS
Fiber Primary | Time of primary | Secondary
Content | swell (%) swell, t; (min) swell (%)
(%)
0 150 4.4 0.9
0.5 80 4.6 0.8
0.75 50 6.3 0.6
1.0 6 1.6 0.4
—e— (0% fiber
1EH00 1 ——0.5% fiber
1 Fr00 4 ——0.75% fiber
—k— 1% fiber
o 8E-01
E
- GE-01 1
o
=
4E-01
2E01 . ‘ .
1.E+00 1.E+01 1 E+02 1 E+03 1.E+04
Pressure (kPa)

Fig. 2 : Void ratio versus effective consolidation
pressure.

C. Hydraulic Conductivity

The hydraulic conductivity of the soil has been
determined indirectly from the consolidation test results
under low stress ranges. In pavement design, lower
stress ranges are important for analysis since it is the
surface soil that is in contact which the main layer of the
pavement. The hydraulic conductivity of unreinforced
and reinforced soils has been obtained using Equation 1.

(M

Where £ is the saturated hydraulic conductivity, ¢, is the
coefficient of consolidation, m, is the coefficient of
volume compressibility, y,, is the unit weight of water.
The results show variations of hydraulic conductivity
with different fiber content, as presented in Figure 3.
Comparing the k obtained for 0-200 ranges of stresses
reveals that the addition of 0.5% and 1% fiber reduced
the hydraulic conductivity. With 0.75% fiber content an
appreciable increase in hydraulic conductivity is
observed. Despite the inconsistency in the results, due to

k=c, my Yy
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random distribution of fiber in soil matrix, there is a
tendency for hydraulic conductivity to increase with the
increase of fiber content.

2E+01
2EHD1 A
LE+DL A
1F+01 4
1E+01 4
SEAHOD A
[ZRDYRel¥]
4 EADD
2EA0D —— Fange o[ 0-200
OE+OD T T

E Hydraalic corductiv ity, (/s
(1074

0.E+00 2ZE01 4E-01 5E-01 SE-01 1.E+00O 1.E+OC

Fher Content (240

Fig. 3 : Hydraulic conductivity of low range stresses
versus fiber content.

TABLE III. CONSOLIDATION PARAMETERS
Fiber | Compressi | Reboun | Preconsolidati | Swell
conte on index d index on pressure pressu
nt (Co (Cy re
0% 0.317 0.131 830 200
0.5% 0.265 0.088 199 80
0.75% 0.230 0.058 505 68
1% 0.186 0.046 120 40
V. CONCLUSIONS
This study demonstrates the influence of

polypropylene fiber on swelling, compressibility and
hydraulic conductivity of expansive soils. The results
indicate that primary swell and secondary swell
percentages decreased considerably with increase in
fiber addition. The time of primary swell, however
increased with 0.5% and 0.75% fiber, while a marked
reduction occurred with 1% fiber. The same behavior is
observed in compression index results. Hydraulic
conductivity shows another erratic behavior, increasing
with 0.75% fiber, whereas with 1% a reduction in three
fold occurs. It can be concluded that there is a potential
for use of polypropylene fiber to reinforce expansive
soils. 1% fiber content is suitable for the soil in this
study to have low amount of swell, compressibility, and
hydraulic conductivity. However, further research is
required to substantiate these conclusions.
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Synchronization of Traffic Signals

“A Case Study — Eastern Ring Road, Indore”

H. S. Goliya & Nitin Kumar Jain
CE-AMD, S.G.S.I.T.S., Indore, India

Abstract - During the past decade major cities have under gone haphazard growth of Industrialization, urbanization of country.
Consequently the urban population has to travel greater distances within minimum possible time. To manage travel demand the
intersection should be give least resistance to traffic flow so that the travel time can be minimized. The present requirement of
metropolitan cities is to absorb the growing traffic demand but within the same physical dimension at the intersection. These days all
around the globe efforts are being put forward to protect the environment to save earth. In this paper an attempt has been made to
study the various intersections, so as to minimize the delays at these intersections and consequently improve the level service. Traffic
signal can be synchronized so that a vehicle starting at one end of the Street and traveling at Preassigned speed can go to other end
without stopping for red light. At each intersection the existing traffic has been estimated and then signal designed. Improve the level
of service at intersections and to minimize delay, optimized signal has been synchronize and estimated the benefits.

I. INTRODUCTION

Transportation is involved with the movement of
people and material from one place to other i.e. from
origin to designation. Transportation creates place and
time utility for goods for both finished and raw, but also
ensuring that the right kinds of goods are available at the
right time. Doing this efficiently, in other words at the
least cost in the least time, also satisfies in the essence
of transportation, the relative facilities. The increasing
vehicular traffic on urban road in network demands
effective measure of traffic control on road —network,
especially at the intersection, where turning movement
of vehicle and mixed traffic creates congestion, traffic
jam. All the Metropolitan cities in India face this
problem in acute form. The provision of signal at the
intersection is one of the methods to control the traffic,
signal permits the leg wise movement of the traffic and
synchronization is the coordination between relative
signals.

In congested parts of the cities, traffic control at
road intersection in practical and economical only with
the help of traffic signals under the prevailing
conditions. A major objective of Traffic Signal
Synchronization at intersection is to clear maximum
number of vehicles through the intersection in a given
length and time with least number of accidents, at
maximum safe speed and with minimum delay. Indore
city having many heavy traffic corridors like Agra
bombay road, Mahatma gandhi road, Eastern ring road,

MR-10, Western ring road. In which Eastern ring road is
one of the most important roads having traffic 22716
PCU per day.

A. Need of Study

Due to mixed nature of traffic it becomes very
difficult to accommodate the traffic on road particularly
at intersection. The loss of time and fuel due to delay
and traffic congestion on urban road is phenomenon.
Traffic congestion is a severe problem at an intersection
in urban, having create many critical problems like
traffic jam, delay, pollution, accidents etc. It challenges
in major and most populated cities around the world.
Which can be solved by applying traffic signal
management and engineering measures?

At the time of heavy traffic condition, traffic jam
condition is developed on ring road. Due to more traffic
jam the delay of vehicles is more. Excessive fuel is loss
due to low running speed and delays. Excessive burned
fuel creates excessive smoke in nature which creates air
pollution. More traffic jam and delay is also reason of
the noise pollution which is the reason of many health
problems. Due to these traffic jams intersection traffic
handling capacity and road capacity will reduce. The
objectives of present study are to reduce the delay and
time saving due to synchronization of signal in series, to
reduce pollution produced by traffic and fuel loss due to
low running speed.
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II. MATHADOLOGY day increase rapidly because new colony and town ship
developing along corridor. Now day’s problem facing at
various intersections due to rapid growth in this section.

eReconnaissance Survey
A. Detail Information of Road

1. eTraffic Survey at intersection
[Devesh naka Intersection (N) to Rajeev Gandhi
eAnalysis of Survey data Intersection(S)]
2. | °sSignal Design at Intersection Name ofroad  : Eastern Ring Road Corridor.

«Synchronization of Signals Total Length of road: 14.6 km.

3. eResults and Conclustion No of Intersection: 11No.

Rotary at Intersections: 08 No.

B. Geometry and Traffic at intersection survey

The detail measurements have taken for analysis of

HI. TRAFFIC SURVEY AND DATA road. Line diagram of ring road at fig.1, Video survey

COLLECTION have accuracy higher than the accuracy of manual data
Eastern ring road corridor having eleven collectors methods, this method has been used to
intersections between Devash naka to Rajeev gandhi determine traffic survey at each intersection of road.

intersection. The traffic growth on this road is day by

Buazimy m
Hupml | o M0 1 MR-Y Ewjmmm Hanph
Tammh [— JE—— —_— —_— —
Fala 1 1 . . 1
l —— —— ——ee ——
2.0%m 1= 05km 11im 1tim
By
] [y
i i Hammz T Bylm Ram f Lyjmw
Hmpli Poliwhew | g Mo hEhii Aani B Ganihi
—_— N —_— —_— —_—
1 [ 1 [ 1 [ 1 [ 1 [ 1
- [ g— p— — b —
w
1.7hm 1.8bm 1Hkm 14km 2.0bm
Fig. 1 : Line Diagram of Eastern Ring Road Devesh Naka to Rajeev Gandi intersection
Table 1 : Traffic Survey Data at Intersections of Eastern Ring Road (PCU)
Name of Distance From N E S w
Sr. No. Int o
ntersection | (m) | p, | g s w | s | w|N W N| E N | E | s
1 Devash naka 800 - - - 225 | 146 - 621 - | 195 - 89 | 612
Junction
Bombay
2 Hospital 2000 111 1135 191 192 229 70 409 757 296 228 370 | 378
Junction
MR-10
3 . 500 378 728 236 162 628 468 648 760 300 165 412 | 456
Junction
MR-9
4 . 900 165 1462 232 114 107 63 357 1285 197 102 138 196
Junction
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5 Khajrana 1100 311 | 1231 | 327 | 113 | 474 | 136 | 123 |663| 46 401 | 608 | 169
Junction
6 Bangali 1400 247 | 938 | 227 | 133 | 681 | 103 | 224 1086| 195 193 | 717 | 221
Junction
7 Pipliya 1700 152 | 927 549 | 52 | 103 | 49 | 299 |867| 68 582 | 112 | 161
Junction
8 Musha khedi | 4, 100 | 828 | 388 | 49 | 126 | 75 119 |864| 174 | 204 | 285 | 53
Junction
Nemaver
9 road 1800 267 | 1027 | 172 | 181 | 846 | 183 | 607 747 | 625 | 337 | 871 | 177
Junction
Asharam
10 | Bapu 1400 382 | 845 | 242 | 208 | 651 | 265 | 92 901 | 143 | 346 | 466 | 57
Junction
Rajeev
11 Gandhi 2000 - | 1109 - - - - - 1046] - - . -
Junction
Chart-1 Avg. Vehicle Flow N to S (Veh/hr) Chart-2 Avg. Vehicle Flow S to N (Veh/hr)
Three Cycle Tractor Car Three /_Cycle Car
Wheelar g Wheelar R 28%
5% Tractor 2% '
0%
4% o, Axle) o,
44% 2% 49% 2% 5%
IV. RESULTS

All intersection Signal Design based on webster’s signal design method. Detail design One of them is given below
in table 2.

Table.2. Traffic Signal Design at Intersection of Eastern Ring Road

Approach N E S w
Approach Width W 10.5 10.5 10.5 10.5 Optimum Cycle Time Co (sec.) 103
Flow V (PCU/hr.) 963 1096 1041 864 Effective Green Time Gg (sec.) 87
Green Phase (sec.) 25 28 27 23 Inter Section Capacity 4656
Green Time G (sec) 20 23 22 18 Determination of Critical lane group 0.72
Amber Time (sec.) 5 5 5 5 Critical V/C Ratio for Intersection Xc 0.85
Red Time (sec.) 78 75 76 80 Total Intersection Delay D; (sec.) 34.37
Delay di (sec./veh.) 34.8 329 33.7 36.3 Intersection Level of Service D
V/C Ratio (X) 0.89 0.89 0.89 0.90

Fig. 2 : Timing Diagram of MR-10 Intersection
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oo prot] 103
Fhazm-1 [
[ X
oo 27 =3
Phase-1 [ [T
X 50 103
L] 55 B
Prazse-3 [ [ ] —
53 103
L] [0 103
Phase-4 [ [T
&0 100

Table3. Signal Design Detail Intersections Green Phase (sec.) Red Phase (sec.)
Sr. . Distance Cycle
No Name of Intersection (m.) Time Co 1 2 3 4 1 2 3 4
| | Bombay Hospital - 102 33 14 27 28 69 8 | 75 | 74
Intersection
2 MR -10 Intersection 500 103 25 28 27 23 79 76 77 81
3 MR- 9 Intersection 900 101 41 10 36 15 61 92 65 86
4 Khajrana Intersection 1100 136 47 29 24 36 89 107 112 100
5 B . . 1400 182 46 43 50 43 137 139 132 139
angali Intersection
6 Pipliyahana Tntersection 1700 65 28 8 19 11 37 57 46 54
7 Musha khedi Intersection 1800 65 24 9 21 12 42 56 44 53
8 . 1800 185 48 41 54 42 137 144 131 143
Nemaver road Intersection
g | Asharam Bapu 1400 82 24 21 23 14 58 61 | 59 | 69
Intersection

Table. 4 : Different parameters of Signal Design

A.  Synchronization of Signals

Traffic signal synchronization allows a series of
Sr. | Nameof |Distance | Cycle | V/C | Delay lights along a street to turn green based on synchronized
. v N LOS . .
No | Intersection | (m.) | Time | Ratio | Sec/Veh timers set and preassigned speed to current traffic
1 Bombay 0 | oss | 3180 5 patterns and congestion levels. It is a cost effective way
Hospital ) : : to reduce overall stops and travel delays.
3 R0 00 o Toss T 5437 5 Syngh.romlzatlo.n of traffic Slgna'ls has been done and it‘s
detail is given in Figure 4 and Figure 5.
3 MR-9 900 101 0.85 27.59 D
4 Khajrana 1100 136 | 0.89 | 42.13 E
5 Bangali 1400 182 0.92 57.52 E
6 Pipliyahana 1700 65 0.73 19 C
7 | Musha khedi 1800 65 0.74 20.26 C
g | Nemaver 1800 | 185 | 092 | 584 E
Road
g | Asharam 46, 82 | 080 | 2738 | D
Bapu
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3332 and 3211. By the report of Advance Estimation of
National income 2010-11 estimates at current prices Per
Capita income is Rs. 54,527, so per capita per sec.
income is Rs 0.00519. Peak traffic hours of the day is 6

A hour, then benefits in terms of money is Rs 21,725 per
e 7 7 Day and Rs 15,052 per Day. Due to low running Speed
W of vehicle the extra fuel has been burn, synchronization
I of signal can save this loss from N-S & S-N, Petrol

= 627.02 Lit/Day and Diesel 911.44 Lit/Day. Cost of this
-— ”‘_//////////WM fuel is Petrol Rs.42,870 and Diesel Rs.41,115. Due to
=™ Delay the vehicle burn extra fuel , this fuel loss is ideal
e fuel consumption of vehicles, it can save loss of fuel

=h Petrol 34.32 Lit/Day and Diesel 20.90 Lit/Day, Cost of
— Mi /Z M_ fuel Rs.2347 and Rs.949. Detail of this data given below
= in table 6 & table 7.

(4

w3 Table 6 : Results of Synchronization
e
] \:}ﬂ ]‘UU 3‘[0 im f‘Cﬂ ﬁ‘[ﬂ 7‘0{\ §[0 9‘[0 N to S Time S to N Time
ije (SCC) bl Saving- Saving-
- Before | After | Before After
Journey time (sec) 986 776 995 844
Fig. 4 : Time and Distance Diagram Bombay Hospital Journey Speed (kmph) | 38.70 | 49.14 | 38.352 | 45.19
to Asharam Bapu Intersection (N to S) Delay time (sec) 31 0 45 0
i:”‘ium No of Passengers per hr 3332 3211
R0
e Time Saving 210 151

NCZLZZ 72

= . ;/ /7;/ / ; Table 7:Benefits of peak hours traffic in terms of Money
== i
el . Asharam Bapu To
- Direction Bombay Hospital To Bombay Hospital Total
= Asharam Bapu (N-S)
ol (S-N)
~— Save Time
= WWM {Sec./Day) B 2
ki Time Saving
" in Rs. (Per 21725 15052 36777
Name \ DaY)
" Low Running
4in Fuel 34373 P [491.53D 28329 P [41991D
. Loss(Lit/Day)
- Loss of fuel in
- . . R, (Per Day) 45821 38436 84257
o ow oW W wowwm W Delay Fuel
' Loss (Lit./ 15.01P 937D 1931P | 11.53D
Time (sc) Day)
lligss(gifgzly‘)“ 1452 1844 3296
Fig. 5 : Time and Distance Diagram Asharam Bapu to "
- - Total Rs. (Per | (0997 55332 124392
Bombay Hospital Intersection (S to N) Day)
Total Rs. (Per | 55104070 | 20196251 | 45380320
Annum)

B. Economic Analysis Details

After Applying Synchronization saving time per C. Carbon Dioxide (COy Emission

hour per passenger is 210 sec. and 151 sec. As per Avg. Now days Global Warming is very big problem in
Traffic survey detail Converted into passenger per hour front of us. One of the important cause of the global
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warming is Emission of CO,. After applying
Synchronization fuel save up to 241 kl petrol and 340 kl
diesel per annum, so emission of CO, may be reduce
1.50 Million kg per Annum.

Fuel (Per Liter) CO2 Emission (kg.)
Petrol 2.3
Diesel 2.7

V. CONCLUSIONS

Based on analysis of data collated from Eastern ring
road, conclusions are signal design and synchronization
has been done for nine intersections of eastern ring road
to minimize delay. Journey time 241Sec. N to S and
151sec. S to N are reduced by synchronization. 241 ki
petrol and 340 kI diesel per annum have been saved. The
loss occurred of Rs.1.20 million/annum, 30.15
million/annum and 13.42 million/annum due to vehicle
delay, low running speed of vehicle and loss of people’s
time of respectively. CO, emission is estimated to
reduce by 1.50 million Kg. per annum through
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Formulation of Equivalent Steel Section for Partially Encased

Composite Column under Concentric Gravity Loading

Debaroti Ghosh & Mahbuba Begum
Dept. of Civil Engineering, Bangladesh University of Engineering and Technology, Dhaka, Bangladesh

Abstract - Partially encased composite column (PEC) consists of thin walled welded H- shaped steel section with transverse links
provided at regular intervals between the flanges to inhibit the occurrence of local buckling in the thin flange plates. The space
between the flanges and the web plate are filled up with concrete. Extensive experimental investigations have been conducted by
several research groups to understand the behavior of this relatively new composite column under both concentric and eccentric
loading conditions along with sophisticated non-linear finite element analysis. But the separation between concrete and steel initiates
the unstable condition in the finite element analysis near the ultimate point when flange plate buckles. To avoid the expensive and
cumbersome modeling of the behavior at the interface of two dissimilar materials, an attempt has been made in this study to replace
the composite section of PEC column with an equivalent steel section which can easily be incorporated in commercially available

finite element softwares.

Key words - column: composite; concrete: encased: equivalent; steel.

I. INTRODUCTION

Steel-concrete composite columns can substantially
improve the behavior and cost efficiency of steel-only
columns used in the construction of mid-rise and high-
rise buildings. A welded H—shaped steel section figures
the partially encased composite (PEC) section with
concrete infill between the flanges (Fig. 1). In Europe,
in the early 1980s, PEC columns and beams were
introduced using standard-sized rolled steel sections. In
1996, the Canam Group in North America proposed a
PEC column section constructed from a thin—walled
built—up steel shape with transverse links provided at
regular intervals to restrain local buckling as shown in
Fig.1. Extensive experimental research has been
performed in Ecole Polytechnique de Montréal [1-3] on
small-scale and large-scale PEC column specimens
under various conditions of loading. The influences of
high performance materials on the behavior of these
columns have also been investigated experimental by
Prickett and Driver [4] at the University of Alberta. The
results of these experimental investigations indicated
that the behavior of this composite column is
significantly affected by the local instability of the thin
steel flanges. Begum et al. [5] were able to overcome
these challenges in the finite element model through the
implementation of a dynamic explicit formulation along
with a damage plasticity model for concrete and a
contact pair algorithm at the steel-concrete interface.
The developed model was applied successfully to
reproduce the behavior of 34 PEC columns from five

experimental programs. However, despite of the
accuracy, the composite finite element model developed
by Begum et al. [5] is very sophisticated due to the
presence of two dissimilar materials. Moreover,
modeling of the interfacial behavior between steel and
concrete requires extensive calculations as well as
skilled and experienced users. Due to these complexities
most of the structural analysis and design software do
not handle such composite members. In this paper an
attempt has been made to develop a fictitious steel
section of the partially encased composite steel section.
This equivalent steel section has added a new dimension
to the analysis of partially encased composite column
renovating the numerical procedure.

II. OBJECTIVES AND SCOPES

The main objective of this study is to formulate the
methodology for the development of fictitious steel
section for partially encased composite column built up
with thin steel plates. The methodology is then used to
simulate ten test PEC test columns from the published
literature with variety of geometric properties subjected
to concentric gravity loading only. The formulation of
the fictitious steel section is based on the equivalence
criteria of the basic geometric properties of the
composite column. Linear elastic material behavior is
assumed for steel as well as for concrete in the
composite section.
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Fig. 1 : Partially Encased Composite Column with Thin-
Walled Built-Up Steel Section, (a) Column Cross-
Section and (b) 3D view of the Steel Configuration

III. REFERENCE TEST COLUMNS

Ten test PEC columns from the published literature
are selected for current study. The lists of these
specimens, along with their properties, are given in
Table 1. Fig. 2 shows the cross-section and elevation of
a typical test column. Specimens C-2 to C-7 were tested
during the initial phase of the research program by
Tremblay et al. [1] to study the behavior under
concentric gravity loading which had square cross-
sections of 300 mm x 300 mm and 450 mm x 450 mm,
and a length equal to 5d, where d is the depth of the
cross-section. Specimens C-8 to C-11, tested by
Chicoine et al. [2] under axial compression, were larger
in their cross—sectional dimensions (600 mmx600 mm)
as compared to the previous test specimens.

All the test columns were fabricated from CSA-
G40.21-350W grade steel plate. Normal strength
concrete (nominally 30 MPa) was used in the test region
of these columns. To strengthen the end regions of these
test specimens, high strength concrete of 60 MPa
nominal strength was used along with the closer link
spacing provided in these zones.

End plate
Link — d
Welded H 1 b Y
steel shape”] ¢ b
N I
a=b 3d Test region
(@)
s
d End region
(with closer link
spacing and high

strength concrete)
(b)

Fig. 2 : Typical PEC Test Column, (a) Cross-section,
(b) Elevation

IV. FORMULATION OF EQUIVALENT STEEL
SECTION

The fictitious steel cross-section consists of the
actual steel cross-section and two additional pairs of
plates, one perpendicular to the web at mid-height and
one perpendicular to the flanges at mid-width as shown
in Fig.3. The cross-sections of the fictitious and the
actual column are equivalent in that they have the same:

1. Resistance in compression, and
2. Bending stiffness about the two principal
centroidal axes.

In order to produce the equivalent fictitious steel
section, the dimensions of the two pairs of steel plates
added to the initial cross-section is to be determined
from the algebraic expressions of the three equivalence
criteria: compression resistance and bending stiffness
about the two principal axes.

TABLE I: PROPERTIES OF REFERENCE TEST SPECIMENS

Reference Speci Plate size Link Link Length Compressive Yield
men bexdxt spacing | diameter L Strength of | strength of
s D concrete plates
fe F,
(mm) (mm) (mm) (mm) (MPa) (MPa)
C-2 450x450x9.70 225 12.7 2250 32.7 370
C-3 450x450%9.70 337.5 12.7 2250 32.4 370
Tremblay et C-4 450x450x9.70 450 12.7 2250 31.9 370
al. (1998 C-5 450x450x9.70 225 22.2 2250 34.3 370
C-6 450x450x6.35 337.5 12.7 2250 33.1 374
C-7 300x300x6.35 300 12.7 1500 31.9 374
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C-8 600x600x12.88 600 15.9 3000 34.2 360
Chicoine et C-9 600x600x12.91 600 15.9 3000 34.2 360
al. (2002 C-10 600x600x12.81 300 15.9 3000 34.2 360
C-11 600x600x9.70 600 15.9 3000 34.2 345
t
Welded H b |12(1 —v3)F,
i steetl Ca p = ? TESI(
i NE . i._ Link . ) k =0.9/(s/bs) + .2(s/b)2 +.75 (5<s/bs <1)
. i _' I 1 b Here, by = full width of a flange plate
i, -~ =+——Concrate 2
H - A, = Slenderness parameter
b .
E, = Elastic modulus of steel
by b . .
e v, = Poisson’s ratio of steel
(a) (b) n= 1.5 as proposed by Chicoine et al. [3]

Fig. 3 : Equivalent steel section for PEC column,
(a) Actual cross-section, (b) Equivalent steel section
A. Equivalence in compression resistance

The compression resistance of a composite steel-
concrete cross section comprises of the plastic
resistance of the steel cross-section, steel links and the
concrete. The total area of the fictitious cross-section
represents the area combining area of the initial steel
cross-section and the additional plates.

Poctuat = Asefs + Acle
Pfictit = (Ase + Aa)fs (D

Here, A, = effective area of the steel shape including
the I section and the links

A, = total steel area of the additional steel plates in
fictitious section

fi= design stress of steel= f,
f= design stress of concrete

The effective area of a non-compact steel section can
be defined as,

Age = (d — 2t + 2b,)t 2)
Here, d = overall depth of the cross section
t = Thickness of the steel plates

b, = Total effective width of the flange

Considering the condition of equivalence in
compression resistance and the relation in (1), it is
obtained

3)

Here, m.; = design-stress ratio for concrete-to-
steel

Ay = Ac% =AcMeq
S

The total area of the composite cross-section comprises
the equivalent steel cross section A, and concrete
section Ac.

brd = Age + A @
Dividing Eq. (2) by bsd and introducing the non
dimensional parameters p.- and a positive constant g, ~,

A .
a/bfd = MegPse = q)zc %)

The total cross-secional area of the four additional
plates in the fictitious section as shown in Fig.3 is,

(6)

Which after normalization by byd and introduction of
normalized plate dimensions f, 1, % and y becomes:

Aafya = @B+ @y %)

Ay =2by X hy + 2¢, X t

Since equation (4) and (6) are identical in left hand
sides, the outcome is:

qz = 2B+ 2y ®)
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Here the unknowns are B, n and y on the left side and

the combined geometric and material attributes of the

actual cross-section enter through the constants y and
2

Jx -
B.  Equivalence in stiffness about the major axis

The flexural stiffness about the major axis y-y of
the actual composite steel-concrete cross-section and its
fictitious purely steel counterpart are given by:

(El)y,actual = Eselse,y + Ecelc,y
(El)y,fictit = Eselse,y + EseIa,y )

Here, E,, and E_.are the effective elastic modulous of
steel and concrete respectively. Ig, y, I, and I, yare the
moment of inertia about minor axis for actual steel
section, concrete and additional steel plates
respectively.

To enforce the condition of equivalence in major-
axis stiffness, solving for I,, and introducing the
concrete-to-steel ratio of elasticity moduli,

E
Ia.y = ( Ce/Ese) x IC,y = melc,y (10)

In reference to Fig.1(a)

byd3
f _
/19 = Lsey + 1oy

= 2
Ise,y = Ase rse,y

Equation (9) may be written as:
brd3
Ia,y =m, 4 /12 - Asersze,y (11)

After normalization of (11) by dividing it with
bd*/12 and using qy2 as a positive constant to sum up
the effects of the geometry and material properties of
the actual cross section, the final equation is,

121
a/bde = me(1 — 3pge X /ﬁe,y) = qul (12)

Here, Asey = 27gy/d

A
Pse = %¢ bfd

The additional major-axis flexural stiffness of the
fictitious cross-section as a function of the dimensions
of the additional plates is given by:

I, = (2 bahg/lz) + (t/lz) X {(ZCa + d)3 _ d3}

This, after normalization with (bgd*/12) and
introduction of the non-dimensional geometric
properties B, 1, %, and v, yields:

121, gz = @B+ v{x+ 13 -1} (13)
i

Since (12) and (13) have identical left-hand sides,
@pm* +{x+ 1 -1} =¢q5 (14)

Here the unknowns are B, y on the left side and the
combined geometric and material attributes of the
actual cross-section enter through the constants y and

Q-

C. Equivalence in stiffness about minor axis

The treatment of major axis stiffness equivalence
presented in the previous subsection is repeated here in
shorthand for the minor-axis case.

First, minor-axis counterpart of (11):

bid
loz =me 4 /12 —lsez

bid
=Mme ! /12 — AseTsez (15)

After normalization of (15) by dividing it with bd*/12
and using q,° as a positive constant the obtained
equation is

121
a2 b;d = me(1 — 3pge X Age,z) = C[; (16)
Here, Asez = 27g/d
A
Pse = °¢ bsd

Similarly for the additional elements of the fictitious
steel cross-section, one obtains the counterpart of (13),

121“'Z/b,§d ={{@B+v)’ -y I+ @0y} a7

Since (16) and (17) have identical left-hand sides, the
outcome is
{@B+ 7= 7In+ @vd=q; (18)

Here the unknowns are P, y on the left side and the
combined geometric and material attributes of the
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actual cross-section enter through the constants y and
2
qz -

In order to transform the actual section in to
fictitious section, three non-linear (8), (14) and (18)
were developed. Three non-dimensional parameters,
a4 qy2 and q,> describe the additional compression
resistance major-axis stiffness, and minor-axis
stiffness, respectively, due to concrete and links. These
equations must be solved for the three non-dimensional
unknowns’ B, x and # to determine the dimensions of
the additional steel plate’s b,, h,, and ¢, in the fictitious
cross-section.

V. COMPARISION OF FICTITIOUS SECTION
WITH ACTUAL SECTION

The methodology described in the previous section
is implemented to compute the equivalent steel sections

of the reference test PEC columns mentioned in Table
I. The dimensions of the additional steel plates
representing the concrete part of the composite section
are provided in Table II. The geometric properties of
the equivalent steel sections for columns C-2 to C-11 is
calculated and compared to their actual composite
cross-section. TableIII presents the comparison
between the cross-sectional area and moment of inertias
of the composite and equivalent steel section of the
column. The results show that the cross-sectional area
and the moment of inertia about the major axis for
equivalent steel section are in excellent agreement with
the actual composite section. The moment of inertia
about minor axis of the steel section is found to be
around 4% lower than that of the composite section.
This difference is within acceptable range.

Table II : Develpoment of Equivalent Steel Section for Partially Encased Composite Column

Composite steel section Equivalent steel section
Specimen bf d t s 0 be ba ha ca t
C-2 450 450 9.7 225 12.7 368.08 | 304.90 21.46 196.36 9.7
C-3 450 450 9.7 337.5 12.7 371.48 | 304.91 21.45 196.36 9.7
C-4 450 450 9.7 450 12.8 375.89 | 309.98 20.42 196.36 9.7
C-5 450 450 9.7 225 222 368.08 | 295.48 23.54 196.36 9.7
C-6 450 450 6.35 337.5 12.7 265.46 | 303.64 23.19 259.36 6.35
C-7 300 300 6.35 300 12.7 24774 | 223.58 12.18 142.27 6.35
C-8 600 600 12.88 600 15.9 503.43 | 382.01 33.51 258.57 12.88
C-9 600 600 12.91 600 159 503.97 | 382.00 33.50 258.15 12.91
C-10 600 600 12.81 300 15.9 491.82 | 382.00 33.58 259.57 12.81
C-11 600 600 9.7 600 159 42041 | 382.21 35.09 312.89 9.7
Table III. Comparison between the properties of composite and fictitious section
Specimens Area Moment ’:{;::rt;{i?sabout of Momeii:l ;,J;i:lz:g: about
CPS EQS Acps CcPS EQS I, cps CPS EQS | Lzcps
*10° *10° Agos *10° *10° Iy— *10° “10° | I,pes
y.EQS
C-2 16.76 16.90 0.99 410.13 410.63 1.00 443.14 425.22 1.04
C-3 16.76 16.89 0.99 410.13 410.63 1.00 443.14 425.06 1.04
C-4 16.35 16.47 0.99 410.13 410.57 1.00 443.14 424.86 1.04
C-5 17.58 17.72 0.99 410.13 410.77 1.00 443.14 425.22 1.04
C-6 17.17 17.38 0.99 432.84 433.47 1.00 455.13 446.56 1.02
C-7 7.20 7.25 0.99 91.40 91.47 1.00 98.61 94.67 1.04
C-8 32.03 32.27 0.99 1264.62 | 1267.01 1.00 1365.96 1309.64 1.04
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C-9 32.02 32.26 0.99 1264.15 | 1266.55 1.00 1365.71 1309.21 1.04
C-10 32.04 32.30 0.99 1265.69 | 1268.10 1.00 1366.54 1311.73 1.04
C-11 32.56 32.89 0.99 1314.18 | 1316.93 1.00 1392.22 1356.36 1.03
0.99 1.00
MEAN 1.04
0.00 0.00
SD 0.01
VI. CONCLUSIONS
[2]  Chicoine, T., Tremblay,R., Massicotte, B., Ricles,

The composite cross-section of thin walled partially
encased composite column was replaced by an
equivalent steel section. The formulation of the fictitious
steel plates replacing the concrete part of the composite
cross-section was presented in the paper. Linear elastic
material behavior was considered during the
formulation. The local buckling of the thin flange plates
were incorporated by considering the effective width of
the flange plates. The proposed methodology was used
to calculate the equivalent steel section of ten PEC
columns with a variety of geometric properties under
concentric gravity loading only. The geometric
properties of the actual composite section and the
equivalent section were compared. The cross-setional
area and moment of inertias for the equivalent steel
section were found to be very close to properties of the
actual composite section. The proposed methodology
can reliably replace the composite section with an
equivalent steel section.
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Recommendations to Develop all-in-one ERP System

for Construction Industry

Sheetal Gogoi & S. S. Pimplikar
Civil Dept., MIT, Pune, India

Abstract - Because of involvement of uncertainty and high risk, it is challenging to complete the project in given time and budget.
Also, there are many channels of communication in a typical organization for the flow of information. It is necessary to properly
channelize and screen the information before it is passed to the respective authority, particularly when the information is to be passed
to higher level management for decision making. Because of inter-dependencies between various departments and business units,
(internal and external relationships) there are many chances of miss communication leading to failure of task. It is therefore
necessary to synchronize the flows of information for better productivity and to overcome the miss communication.

Enterprise Resource Planning software is one of the tools that can handle this problem effectively. It is software that encompasses all
functional departments of enterprise. It helps management for better analysis of data and acts as decision support systems (DSS) and
data retrieving, reducing the paperwork and errors.

The objective of this paper is to recommend strongly, the need of developing an all-in-one ERP software for construction industry as
a total quality management tool. The methodology employed is a mix of literature review & market studies in the form of

questionnaire survey, based on which analysis is done before making the recommendation as stated above.

Key Words - ERP, TOM, DSS, EC&O

I. INTRODUCTION manage the extended enterprise of suppliers, alliances
and customers as an integrated whole (Chen, 2001). In
the manufacturing sector, ERP implementation has
reduced inventories anywhere from 15 to 35 per cent
(Gupta, 2000).

Enterprise resource planning (ERP) system is a
business management system that comprises integrated
sets of comprehensive software, which can be used,
when successfully implemented, to manage and

integrate all the business functions within an An overview of ERP systems including some of the
organisation. These sets usually include a set of mature most popular functions within each module is shown in
business applications and tools for financial and cost fig. no. 1

accounting, sales and  distribution, materials

management, human resource, production planning and II. NEED OF ERP IN CONSTRUCTION

computer integrated manufacturing, supply chain, and INDUSTRY

customer information (Boykin, 2001; Chen, 2001; Yen
et al, 2002). These packages have the ability to
facilitate the flow of information between all supply
chain processes (internal and external) in an

ERP systems are being used by construction
companies to improve responsiveness in relations to
customers, strengthen supply chain partnerships,
enhance organizational flexibility, improve decision

organisation. making capabilities, and reduce project completion time

ERP packages touch many aspects of a company’s and lower costs. The goal of ERP is to support one time
internal and external operations. Consequently, entry of information at the point where it is created and
successful deployment and use of ERP systems are to make it available to all the participants within the
critical to organizational performance and survival organization. The aim of this study is to investigate the
(Markus et al., 2000b). Potential benefits include drastic suitability and the importance of the ERP systems in
declines in inventory, breakthrough reductions in construction industry to improve the efficiency and
working capital, abundant information about customer productivity.

wants and needs, along with the ability to view and
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III. NECESSITY OF INTEGRATED APPROACH

Because the construction industry is capital-
intensive, construction companies need to be able to
manage all resources accurately in order to increase
profit while encouraging quality and business model
improvement. Companies from the construction industry
can take advantage of software solutions such as
enterprise resource planning (ERP) systems that
specialize in service delivery to support specific
construction project portfolio management (PPM) and
back-office operations, among other operations.
Integrated approach is the key to successful
implementation of ERP. Figure 2 explains the typical
relationship and connections between various major
processes / departments in a company.

FRM
FINANGE
RESOUAGE
MANAGEMENT

MRP
ANUFAC TURING
RESOURGE

CUSTOMER
RELATIONSHIP.

HUMAN
RESCURCE
NAGEM|

Fig.2 ERP- Integrated approach

Although computers are widely used in the
construction projects, they are not generally used in an
integrative manner, and if so are specific to a single
company on projects comprised of many players. The
importance of managing projects in lesser funds and
time is immerging. This will require optimal utilization
of available resources. One cannot now allow heap of
material lying on site, spending money on non-
productive marketing exercises, allotting extra funds
than required, get into cash flow problems, so on and so
forth. As the construction industry is a highly
fragmented industry, it needs to communicate on a large
scale with other related businesses such as material and
equipment suppliers, vendors, sub-contractors and
clients.

ERP is available in various forms. On the basis of
its application, ERPs are basically categorized in to
customized package and readymade packages.

IV. MARKET SURVEY

Based on the suggestions received from the
software developers, some of the best clients were
selected those who are using ERP software for min. 2 to
3 years of time period. The impact of the use of software
was found out from the change in the turnover of the
company and the feedback from the users. Departmental
processes, organizational and departmental structure
play a vital role in the success of the ERP. In the
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survey, various departments are visited and ongoing V. PROBLEMS FACED BY USERS-
processes are observed to find out the mismatch )
between requirement/ capabilities of ERP and the
processes/needs. Roles and responsibilities of major 2) Data analyzing is tedious and time consuming.
posts are noted and software authorities are also cross
checked. Following feedback is received by two of the
companies viz. M/s Goel Ganga and M/s Amit 4) To assign computer on every site is a very
Enterprises that use readymade software — Highrise. expensive job.

Readymade software has got its limitation based on the

development of the software. Following feedback is

received from the users of the software from various

departments-

Documentation is found difficult.

3) Training of site staff is a very tedious Job.

[ Measurements (Input) | Resource Library |

¥
Reports 14——1 Estimate
:

| Subcontractor mgmt. I

Work Item Specification Library ]

Rate Analysis Library

Price Request Letter

] Fill up the rates quoted by subcontractor I

:

Subcontractor comparative
Statement

!

Import quotation in to Project l

Site Requirement
(Indent)

v

Estimate can be changed in planning stage

| by keeping original Estimate undisturbed
i.e. you can change Quantity & Rate of
item as well as Resources.

Project Planning

Cash Flow

l ial Inward Accounts
— : i e |

Delivery of Sub . Finalizati 1=
Material on Site E I J*

l ‘ Work Order ul’wh’lmlraﬂnr—l

Delivery
Note Final
Material Outward

Completion of Certain Work at
the end of Month

= =3

JSub—Cunllwturﬂilling‘ | Client Billing [

Reporr: [ Accounts “ Reports ! Accounts I

Price Request Letter

Comparison of
Prices of Various
Suppliers

Figure 3 : Work process for readymade software
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5. Connectivity of internet connection is the major
problem on site due to which whatever the data
entries have to be done on site are kept pending.
Due to this problem whatever work is left requires
more time & this becomes a tedious job.

6. Estimate differs from actual expenditure.

7. Delays due to changes in the work at site in planned
activities.

8. Lack of technical staff at site and hence incapability
of solving technical problems while using software

VI. FEEDBACK BY USERS:

1) Easy on screen process is required to be
fulfilled by software.

2) Continuous good quality internet is required so
an alternative system is required to be given by
company to fulfill the same work of internet
connection.

3) Direct detailed estimation by drawings is
possible and found to be useful.

Application of software in construction industry

Information Technology plays a vital role in
Construction industry. Any project starts with site
surveying and goes through various stages such as
Estimation, Tendering, Bidding, Planning, Contracting,
Billing, etc. At every stage in the project, there is a need
of appropriate software to compile the available data,
process it and give output in desired manner. Various
software are developed by IT that has made various jobs
easy. Figure 4 explains the process of a typical
construction project.

Typical construction project undergoes various
phases from conceptual phase to close out and
maintenance. In absence of software, integrating
functions of all these phases is a challenging and tedious
job. But, every individual software has got its own
functional limitations. Because of which while
developing ERP system, one has to understand all
project  phases, respective  project  processes,
organizational  structure, interlinking  between
departments, as-is and to-be reports, and the most
appropriate modules to be interlinked in ERP to assure
best coordination and communication of information
amongst the organization. In the context of TQM, no
single software is available. Also, within the individual

software, many important functions are not really
catered for.

Applications of individual software available in
market are —

- Financial software,

- Project Management Software,

- Personal Communication Software

- Client Communication Software

- Customer Relations Management Software

- Construction Project Management Tools

- Project Portfolio Management Software

- Integrated Construction Estimating Software

- Online Construction Management

Construction Project ‘

Conception Phase

Project conception Pre-planning phase

Feasibility Study ‘

l

Detailed Project
Report

Planning phase

i

Architectural

Structural

Time & Cost Management
Financial Management
Site

Tendering Detailing
and Bidding

—
Geanin Quahty Management
Resources Management

Safety Management

Claims Management and
Dispute Resolution

Communication and
Coordination

Fig. 4 Process flow chart of a typical construction
project

Existing ERP systems: Table 1 summarizes the
application some of the existing ERP systems.
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Table no. 1 : Applications of the ERP systems
Sr Name and Survival in
No‘ Manufacturer of Cost of Software Market Software applications
’ ERP Software (Yrs.)
HIGHRISE Engineering, Materials, Management, Contract Management,
. 15 Lakhs/ . .
1 Make: Kanix Professional 14 Marketing & Sales Management, Accounts & Finance
Infotec. Pvt. Ltd., Management, Lease & Mall Management, Land & Legal,
Module
Pune Human Resource Management

HITOFFICE 1.50 Lakhs/ Per Quotation, Planning, Master data, Purchase, ISO, Safety,

Staff-management, Correspondence, Trade, Builder, Address-

Make: EDSS Pune User .

management, Accountancy, Equipment
Financials, Projects, Product Development, Lease
3 Oracle 11i Not available 33 Management, Maintenance Management, Manufacturing,
Make: Oracle Order Management, Procurement, Supply Chain Planning,

Payroll
cbuild Engineerin, Purchase, Sales, Maintenance, Payroll
4 Make: IMT, Not available 1 Arghit turg, Finan A(imini tr t’i n, Legal, A : ntin on
MUMBAI chitecture, Finance, stration, Legal, Accounting

Land Management, Legal Management, Liaison Management,
Tender Bid Management, Estimation, Material Management,
Qudra suite Contractors Billing, Labour Management, Plant & Machinery,
5 Make: Quadra Not available 20 Fixed Asset Management, Enquiry Management, Client

Software Solutions
Pvt. Ltd., Bangalore

Management, Marketing Financials, Financial Accounts,
Salary & Payroll, Employee Portal, Project Scheduling,
Vendor Portal, Contractor Portal, MIS, Lease & Rental, After
Sales

All-in-one ERP

In general or other readymade ERP systems,
company either has to adopt the practices in the ERP
system (which is not as per company’s current practice)
or has to customize the solution to its specific needs. An
attempt has been made to address all the project
management, financial and operational requirements of
executing construction and infrastructure projects. It
should help one to manage and control the construction
projects by giving complete and instant access to its
progress with full analysis of costs, revenues, liabilities
and subcontractor performance by easily entering the
data and getting the relevant reports.

A lot of construction companies use a variety of
software in their business, with different programs being
used for different tasks. The problem here is that these
different programs are usually not well integrated. This
can lead to inaccurate records as data entered by one
department is not reflected in the records kept by other
departments. The answer to these potential nightmares
in a construction company office is a fully integrated

suite of software which addresses the needs of
construction companies Information Technology plays a
vital role in Construction industry.

In project execution, bulk of time is taken up by
managing an enormous amount of data — site specs,
project plans, estimates, contracts, schedules and more.
Analysis by various construction software engineers
revealed that project managers in the construction
industry need software which can help them to manage
this data efficiently in order to streamline operations for
maximum efficiency and exceeding client expectations.
All in one construction software can give company the
edge it needs to stay ahead in this fast paced, severely
competitive industry.

Like most midsize engineering, construction, and
operations (EC&O) companies today, the organization
faces many challenges that characterize a volatile and
maturing market. These include increased competition,
client pressure to provide greater cost and project
transparency, slim margins, and demand for flawless
project execution. While one search for practical and
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affordable ways to meet these challenges, he is
constantly looking for new ways to improve the
operations and profitability.

To succeed, one must coordinate suppliers,
manage a diversified project portfolio, and deal with a
project value chain that may be poorly integrated and
fraught with manual business process. Plus, one needs to
satisfy customer demands for on-time completion,
competitive pricing, and innovative solutions.

Recommendations for all-in-one ERP software:

Following are the modules recommended for
development of all-in-one ERP system to overcome the
lacunas in existing ERP software:

e Module of Conceptual Planning: To carry out
pre planning of project at conceptual stage to take
care of project risks — financial, market,
technological, business and other projected by
client based on the type of project.

e Module of Feasibility study and Surveying: To
carry out detailed site survey, soil exploration etc.
needed to prepare Techno-economical feasibility
report to generate detailed project to minimize
errors at later stage in the successful completion of
project. Also it should cover various techno-legal
requirements and approval checks covering all
legal, environmental and other issues in the
module.

e Module of Designing and engineering — Develop
and launch quality, innovative projects faster and
more cost-effectively including various functions
such as cost estimation, rate analysis from detailed
drawings to incorporate changes made in
designing at various stages of project. It will save
time required to do manual corrections in
estimation and tendering documents because of
change taken place in drawing and design.

e Module of Project management with cost and
profit control — Plan and schedule projects and
compare project progress to contract cost-
effectively. Improve efficiency with a solution that
has the functionality to support your business
processes. Use of value engineering and
reengineering.

e Module of Safety Management: ERP needs to
take care of safety issues of site, training,
punishment and rewards, accident prevention,
safety tools, records, to aim at zero accident
culture.

e Module of Machinery Management: For right
selection of equipment for the project activity, best
match of equipment, routine and periodical

maintenance, life cycle assessment, rent/buy/lease
decision etc.

e Module of Quality Management: Available ERP
systems only include quality checks for various
tasks in a project but fail to continual improvement
and assessment aiming at total quality
management. This module should support all
standards such as IS 1200 in Indian context for
estimation, IS 456 for RCC design, IS 800 for steel
design etc.

e Module of Supply chain management and
Logistic: to coordinate and integrate resource flow
both within and among stake holders, to reduce
project inventory (with the assumption that
resources are available when needed) in the
pipeline.

e Module of Project Maintenance: It is one of the
important but ignored areas in existing ERP
systems. Various processes such as project
performance after handover, recording of delays,
NRCs, penalties, project maintenance, follow ups,
etc. should be taken care of.

e Module of Claims management & Dispute
resolution: Claims raising and recording, dispute
resolution and arbitration in context with tender
document needs to be covered in ERP system that
is missing from existing ERP modules. It will help
save time in dispute handling and claims
settlement.

e Module of Project close out: For close out
planning, customer handover, demobilization of
resources and project learnings.

o Module of Multi project at multi locations: The
system should provide the facility for handling
multiple projects from various locations for
projects spread over a vast geographic area to
easily tract the project status and to optimize the
resources.

VII.CONCLUSION

Though ERP has many advantages, there are few
disadvantages such as late return on investment, high
cost and skilled workforce requirement. Success or
failure depends on top management support, planning,
training, team contribution, right software selection to
suite the organizational structure and needs, and ERP
consultant support. Failures were not because the ERP
software were coded incorrectly, rather companies failed
to match the true organizational needs and systems
required to solve the business problems.
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It is understood that individual software as well as
available ERP software- whether tailor made or
readymade has got its own functional limitations.
Because of which while developing ERP system, one
has to understand all project phases, respective project
processes, organizational structure, interlinking between
departments and the most appropriate modules to be
interlinked in ERP to assure best coordination and
communication  of amongst  the
organization. In the context of TQM, no single software
is available. Also, within the individual software, many
important functions such as project cost and time
control, project inception and closure etc. are not really
catered for.

information

ERP software was found useful as an effective
TQM tool subjected to availability of right information
such as estimation, quality checks etc. with minimal
changes in the due course of commencement of project.
Authorities and securities given in ERP help observe
better control on successful project progress.

There are lacunas in the existing ERP modules
studied, and recommendations were made to develop
all-in-one ERP software to best suite the construction
processes. It is suggested to develop all-in-one ERP
system to accommodate modules such as —Conceptual
planning, Feasibility Designing,
Estimation and Rate analysis, Safety and Quality
management, Project maintenance, Claims and Dispute
resolution, cost and time control, Machinery
management, Multi project multi locations, Supply
chain as well as Project closer module.

and surveying,
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Abstract - Indore is a fast growing industrial city of Madhya Pradesh. To meet the large demand and improve the capacity and
productivity of buses, ICTSL has proposed to plan, to develop and operate Bus Rapid Transit System (BRTS) in Indore. Bus Rapid
Transit System is a new form of public transportation which is an emerging approach to using buses as an improved high-speed
transit system. Bus Rapid Transit involves coordinated improvements in a transit system’s infrastructure, equipment, operations, and
technology that give preferential treatment to buses on urban roadways. We are selecting eastern ring road corridor for our case
study of transit scheduling now a day’s eastern area of Indore is developing rapidly. To provide faster and effective transit services, |
make schedule for transit units going to be run on that route. The schedule is made for 14 hours in a day (7:00 AM To 09 PM). For
finding out schedule of transit units, traffic data are collected at different road sections along the route. The traffic data is then
analyzed and traffic flow and passenger flow along the route is taken out. Transit units are provided on the basis of passenger flow at
different sections and at different time within a day.

Key words - BRTS, Scheduling, Transit Scheduling, Dwell Time.

I. INTRODUCTION productive by itself and in turn enable the city to be
productive and competitive.
Indore is a fast growing industrial city of Madhya
Pradesh. It is the only metropolitan city in the state, with A. Concept of Bus Rapid Transit System
a growth rate of 32.7% in the last decade. Its population
size was 1.6 million in 2001, 2.2 million in 2011 and is
projected to be 4.2 million by 2025. Planning,
development, operation and management of the
transport system of Indore to meet the increasing travel
demands of the city in an efficient, convenient, safe and
economical manner is important to sustain the economic
viability, productivity and competitiveness of Indore
City. To meet the large demand and improve the
capacity and productivity of buses, ICTSL has proposed B. Need for Present Study
to plan, to develop and operate Bus Rapid Transit In the context of rapid growth of the Indore city,
System (BRTS) in Indore. increasing mobility, high travel demand, increasing
congestion, delays, accidents, need for conservation of
energy, growing community consciousness towards
environmental quality and to address a host of such
other problems and objectives, public mass transport
system of the city stands out as the most critical
element. It needs to be rationally planned, efficiently
operated and diligently managed to be effective and
productive by itself and in turn enable the city to be
productive and competitive.

Bus Rapid Transit System is a new form of public
transportation which is an emerging approach to using
buses as an improved high-speed transit system. Bus
Rapid Transit involves coordinated improvements in a
transit system’s infrastructure, equipment, operations,
and technology that give preferential treatment to buses
on urban roadways

In the context of rapid growth of the city, increasing
mobility, high travel demand, increasing congestion,
delays, accidents, need for conservation of energy,
growing community consciousness towards
environmental quality and to address a host of such
other problems and objectives, public mass transport
system of the city stands out as the most critical
element. It needs to be rationally planned, efficiently
operated and diligently managed to be effective and
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Fig. 1 : Eastern Ring Road Corridor of BRTS Indore

II. OBJECTIVES OF THE STUDY

—  To find out the traffic volume of selected route.
—  To find out number of buses.

— To schedule the arrival and departure time of
buses at stops.

—  To reduce the traffic congestion.
— To improve the traffic management in the city .

— To popularize public transport and reduce the
dependability over private vehicles.

III. METHODOLOGY
The case study is carried out on a predefined route,
eastern ring road corridor of BRTS Indore. In this case,
traffic data are collected from the field and then analysis
is done to find out passenger flow in between the
sections on the basis of which number of transit units

are taken out and scheduling is done for them for 14
hours. (07 AM TO 09 PM).

[ ROAD TRAFFIC SURVEY

L

AMALYSIS AND MODLCLING OF DATA

1

FUTURE FORECASTING OF DATA

Al

]
)
)
S p——— ]
)
]
]

Al

PROVISION FOR THE BUSES

L

SCHEDULING OF BUSES ON THAT ROUTE

I

DETAIL RESULTS

e T e N . Y . B . T S

IV. EASTERN RING ROAD CORRIDOR OF BRTS
INDORE

Eastern ring road corridor of BRTS offers a fast and
non-interrupted transportation facility to the road users.
Eastern ring road lies in between the A.B. road and By
Pass road of Indore. Starting from Rajiv Gandhi Square
to Dewas naka Square (Niranjanpur). It carries a major
part of traffic of eastern part of Indore. And the traffic is
likely to be increased in future. The growth rate of the
area near it is very high, and so many development
schemes are going on.

DETAIL INFORMATION OF ROAD
Name of road : Eastern Ring Road Corridor.
Total Length of road: 15.40 km.

Four arm intersection of road: 10 No.

Rotary at road intersection: 09 No.

V. TRAFFIC SURVEY AND DATA
COLLECTION

Data collection comprises of primary data and
secondary data. Primary data was collected from
primary surveys and secondary data is collected from
various sources such as libraries, internet websites, and
from some of the organizations concerned with BRTS
such as CEPT Ahmadabad, CRRI, TRB, HCM etc

The Data collection comprises of selection of the
case study BRT corridor, basic details of the corridor,
locations of the major intersections on the corridor,
primary survey locations on the corridor route map, list
of primary surveys conducted, inferences drawn from
the primary surveys and impact parameters identified
for the case study. Primary data has been collected from
primary surveys carried out on the pilot BRTS corridor
for three days at each section for pre BRT and post
BRT situations. Secondary data such as literatures,
maps, previous studies, various BRT studies carried out
worldwide, from various literatures and international
case studies from journals and internet are collected.

VI. DATA ANALYSIS

Data analysis is a process of gathering, modelling,
and transforming data with the goal of highlighting
useful information, suggesting conclusions, and
supporting decision making.

Primary data was collected from various traffic and
travel surveys along the proposed BRTS corridor and
analyzed with traffic engineering parameters.
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Traffic impact parameters were identified in broad
such as traffic characteristics, speed, travel
characteristics, etc and analyzed as per traffic
engineering techniques and compared at different
sections of the corridor with the present and past study.

VII. TRAFFIC FLOW STUDY

Here, traffic flow study was carried out for at ten
mid sections, located between all major intersections of
the corridor. The surveys were conducted during
morning; noon and evening hours between 9:00am to
11:00am, 01pm to 03pm and 05pm to 08pm and finally
the numbers in peak hours are represented. Manual

Count and Video Graphic technique was applied, using
video cameras focusing the running traffic on the
corridor from the appropriate level. Analysis is carried
out for the traffic flow characteristics, vehicular traffic
composition of all modes types, peak hour and off-peak
hours traffic, PCUs, etc. Traffic Data, traffic
composition, hourly traffic volume, hourly variation of
traffic flow, traffic comparison chart, and hourly
variation of passenger flow on BRTS etc. are shown on
below tables, charts and graphs of the Rajiv Gandhi
Square to Khandawa Naka Square section of eastern
ring road corridor of BRTS.

RAJIV GANDHI SQUARE:

Table 1 : Showing Traffic Flow From Rajiv Gandhi Square To Khandawa Naka Square

Date : Average Traffic 02-04 May

Location : Rajiv Gandhi Square TO Khandwa Naka Square

Survey Carried By : Rajiv Gandhi Square TO Khandwa

Tvoe of vehicle | 081009 [09To10 [10To 11 [0ITo02 [ 02To03 | 05To06 | 06To07 | 07 To08 | .

ypeotv AM AM AM PM PM PM PM PM
Truck (multi 11 23 32 48 35 64 75 52 340
axel)
Truck 24 57 73 70 58 70 82 83 517
Tractor 2 8 6 4 2 2 4 3 31
Loading
Rikshaw/Pickup 52 88 75 63 51 52 64 37 482
Bus 10 14 9 15 12 21 27 17 125
Omni/Magic
(Pablic Toans.) 12 19 14 11 7 9 7 10 89
Auto/Taxi 9 17 21 19 13 17 15 24 135
Four Wheeler 139 195 181 161 143 142 157 167 1285
(Car/Jeep)
Two Wheeler 657 853 777 590 545 588 645 540 5195
Total No .of 916 1274 1188 961 866 965 1076 933
Vehicles

TRAFFIC COMPOSITION '™ "5 225 2

TaoWhesle~
B3%

o

it Truck

axel)
s e
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Fig. 2 : Showing Traffic Composition
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Fig. 3 : Showing Hourly Traffic Volume

HOURLY VARIATION OF TRAFFIC FLOW
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Fig. 4 : Showing Hourly Variation of Traffic Flow

Total Goods Transportation 99 190 195 200 158 209 252 192 1495
Total Public Transport 817 1084 993 781 708 756 824 741 6704

Fig. 5 : Comparison Chart Fig. 6 : Showing Shifted Traffic

Provision for Public Transportation
Required Fow (60%) For BRTS 4902 6504 5958 4686 4248 4536 4944 4446 40224
Remaining Traffic Flow 3268 4336 3972 3124 2832 3024 3296 2964 26816
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Fig. 7 : Showing Hourly Variation of Traffic Flow

Table 2. Showing Passenger Flow From Rajiv Gandhi Square To Khandawa Naka Square

Passenger Fow

No. of Passenger 08009 AM 09To10 AM 10 To11 AM 01 To02 PM 02 To03 PM 05 To06 PM 06 To07 PM 07 To 08 PM Total
Omni/ Magic (Public Trans.) 48 76 56 44 28 36 28 40 356
Auto/ Taxi 225 425 525 475 325 425 375 60 3375
Four Wheeler (Car/ Jeep) 417 585 543 483 429 426 471 501 3855
Two Whegler 9855 12795 11655 885 8175 882 9675 810 77925
Total No. Of Passenger 1473 1983 1817 14595 1307 13865 1504 1411

Passenger Fow on BRTS (60%) 8838 11898 1090.2 875.7 7842 8319 9024 8466 74046

1400

HOURLY VARIATION OF PASSENGERS FLOW ON BERTS

1200

1000

\

800

600

400

Passenger How on BRTS [G07:)

NO. OF PASSENGERS

200

Fig. 8 : Showing Hourly Variation of Passenger Flow on BRTS

The traffic data shown here is of one intersection
only. In the same manner, traffic flow and passenger
flow is taken out at each intersection. The above traffic
data, traffic composition, hourly traffic volume, hourly
variation of traffic flow, traffic comparison chart, and
hourly variation of passenger flow on BRTS etc.
shown on tables, charts and graphs of the different
road sections of eastern ring road corridor of BRTS,
gives us the peak hour passenger flow at different
intersections, which is required by us for deciding the
number of buses to be run at different time on the
eastern ring road corridor of BRTS.

With the help of this graph we get the traffic
composition at different sections, hourly variation of
traffic flow at road section in between the different
intersections, at different time period of day. From the
above data we get the hourly variation of traffic flow
and passenger flow in between the sections of different
nodes on the BRTS corridor.

A. Peak Hour and Off-Peak Graphs

The peak hour and off-peak hour passenger flow
graph (Figure 09 and 10) shows the flow of passenger
at the particular intersection at the specified time and at
the specified time interval within a day. With the help
of this we can find out number of buses required for the
transportation on the BRTS corridor.
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Peak Hour Passenger Flow
- Between 10am — 11 am
- Between 06 pm — 07 pm

Off-Peak hour Passenger Flow
- Between 02 pm — 03 pm

Table 3 : Showing Peak and Off peak Hour Traffic
Flow

Location Rajiv Gandhi To Dewas Naka

Name COf Intersection 10 To11 AM02 TO03 PM 06 To07 PM

Rajiv Gandhi Square 1090 784 902
Khandawa Naka Square 1712 1303 1455
Teenimli Square 1374 835 1267
Musakhedi Square 1061 850 1347
Pipliyapala Square 1471 942 1251
Bengali Square 2082 1525 1792
Khazarana Square 2822 1899 2348
MR9 Square 2766 1746 1388
Bombay Hospital Square 1017 702 600
Dewas naka Square 679 538 443
Niranjanpur Square

Table 4 : Showing Peak and Off peak Hour Traffic
Flow

Location Rajiv Gandhi To Dewas Naka

Name Cf Intersection 10 To11 AM02 TO03 PM 06 To07 PM

Rajiv Gandhi Square 1090 784 902
Khandawa Naka Square 1712 1303 1455
Teenimli Square 1374 835 1267
Musakhedi Square 1061 850 1347
Pipliyapala Square 1471 942 1251
Bengali Square 2082 1525 1792
Khazarana Square 2822 1899 2348
MR9 Square 2766 1746 1388
Bombay Hospital Square 1017 702 600
Dewas naka Square 679 538 443
Niranjanpur Square
VIII. THE SCHEDULING
Scheduling a set of processes consists of

sequencing them on one or more processors such that
the utilization of resources optimizes some scheduling
criterion. Scheduling is traditionally performed
statically, off-line, while in an operating system, the
information from which scheduling decisions must be
made is dynamic, suggesting that the best scheduling
decisions should be made dynamically.

Transit system run on specified routes and
schedules. A schedule is a statement of times at which
transit unit arrives at particular stop over a period of
time. It is also the statement of time at which a single

transit unit of a given route arrives at different stops on
its route. The later information can always be derived
once the schedule of arrivals and departures of all the
stops are known.

A. Scheduling Policies

For a practical real-time operating system, it is
necessary to provide a mechanism to express the
application-defined scheduling policies needed to
implement our scheduling model; the system should be
able to modify these policies at runtime in order to take
advantage of the flexibility of the model.

B. The Transit Scheduling

Another optimization problem related to the
transit system design is the scheduling of transit units
(say buses). The problem here is that given a set of
routes, one needs to develop schedules for bus arrivals
and departures at all the stops of the network. A good
or efficient schedule is one which minimizes the
waiting time of passengers while operating within a set
of resource and service related constraints.

Fig. 9 : Showing Peak Hour and Off Peak Hour
Passenger Flow at Intersection

Fig. 10 : Showing Peak Hour and Off Peak Hour
Passenger Flow At Intersection
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IX. DWELL TIME

Dwell time is the single most important factor
affecting vehicle capacity. It is the time required to
serve passengers at the busiest door, plus the time
required to open and close the doors.

Dwell times may be governed by boarding
demand and the alighting demand or by total
interchanging passenger demand (e.g., at a major
transfer point on the system). In all cases, dwell time is
proportional to the boarding and/or alighting volumes
times the service time per passenger.

X. SCHEDULE DETERMINATION OF
EASTERN RING ROAD CORRIDOR FOR
BUS TRANSIT RAPID SYSTEM:

Table 5. For Schedule Determination

§.No |Name O Stop Distance (km) | Dwel Time [Travel Time Required

1 |RajivGanchi Square - 2min -

2 |Bholaram Ustad Marg Squard 06 2 min (0 min 40 sec
3 |Khandawa Naka Square 14 2min 1 min 40 sec
4 |Teenimli Square 18 2min 1 min 40 sec
5 |Musakhedi Square 18 2min 2min 10 sec
6 |Pipliyapala Square 17 2 min 2 min 10 sec
7 |Bengali Square 14 3min 2min 00 sec
8 |Khazarana Square 11 3min 1 min 40 sec
9 |MR9 Square 09 3min 1 min 20 sec
10 |MRA0 Square 2 2min 1 min 00 sec
11 |Bombay Hospital Square 05 2min (0 min 40 sec
12 |Dewas naka Square 2 2min 2min 20 sec
13 |Niranjanpur Square 09 2 min 1 min 00 sec

- Total Length Of The Route 15.5 km

- Round Trip Time Of Transit Unit 90 minute
- Running Speed Of Transit Unit 50 km/hr

- Journey Speed Of Transit Unit 35km/hr

- The Peak hour headway between the buses is 4
minute

- Off Peak hour headway between the buses is 6
minute

The Schedule of off- peak hour and -peak hour is
given below in the tables for the buses travelling from
Rajiv Gandhi Square to Niranjanpur Square. The
schedule is developed from 07 am to 09 pm along the
route.

Some buses are introduced into the route from other
routes at the time of peak hours, to accommodate the
passenger traffic at the stop and to maintain the BRTS
facility.

XI. CONCLUSION:

e The route is analyzed and transit units are
provided on the basis of passenger traffic flow
along sections on the route.

e Schedule is developed on the bases of their
departure time.

. 16 transit units are required to run along the route,
continuously throughout the day.

e  Additional 34 transit units are required to
accommodate the peak hour traffic at some
specified sections of the route.

e 60 % of passenger traffic is travelling through the
BRTS.

. Traffic congestion is reduced on the route, as two
wheeler and four wheeler traffic is getting shifted
on BRTS.

e  Well managed traffic system has been designed
along the route.

e  Public transport get popularize and reduce the
dependability over private vehicles.
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Table 6 : Showing Schedule From 07 AM To 09 AM Travelling Direction from Rajiv Gandhi Square To Niranjanpur Square.

07 AM TO09 AM

Sr.No. 1 3 4 5 7 8 10 1 12 13
Time Required 00:01:40 00:01:40 00:02:10 00:02:10 00:02:00 00:01:40 : 00:01:00 00:00:40 00:02:20 00:01:00
Dwell Time 00:02:00 00:02:00 00:02:00 00:02:00 00:03:00 00:03:00 00:03:00 00:02:00 00:02:00 00:02:00 00:02:00
Bus No. 01 07:00:00 07:06:20 07:10:00 07:14:10 07:18:20 07:23:20 07:28:00 07:32:20 07:35:20 07:38:00 07:42:20 07:45:20
Bus No. 02 07:06:00 07:12:220 07:16:00 07:20:10 07:24:20 07:29:20 07:34:00 07:38:20 07:41:220 07:44:00 07:48:20 07:51:20
Bus No. 03 07:12:00 07:18:20 07:22:00 07:26:10 07:30:20 07:35:20 07:40:00 07:44:20 07:47:20 07:50:00 07:54:20 07:57:20
Bus No. 04 07:18:00 07:24:20 07:28:00 07:32:10 07:36:20 07:41:20 07:46:00 07:50:20 07:53:20 07:56:00 08:00:20 08:03:20
Bus No. 05 07:24.00 07:30:20 07:34:00 07:38:10 07:42:20 07:47:20 07:52:00 07:56:20 07:59:20 08:02:00 08:06:20 08:09:20
Bus No. 06 07:30:00 :32:40 07:36:20 07:40:00 07:44:10 07:48:20 07:53:20 07:58:00 08:02:20 08:05:20 08:08:00 08:12:20 08:15:20
Bus No. 07 07:36:00 07:38:40 07:42:220 07:46:00 07:50:10 07:54:20 07:59:20 08:04:00 08:08:20 08:11:20 08:14:00 08:18:220 08:21:20
Bus No. 08 07:42:00 44 07:48:20 07:52:00 07:56:10 00: 08:05:20 08:10:00 08:14:20 08:17:20 08:20:00 08:24:20 08:27:20
Bus No. 09 07:48:00 07:54:20 07:58:00 08:02:10 08:06:20 08:11:20 08:16:00 08:220:20 08:23:20 08:26:00 08:30:20 08:33:20
Bus No. 10 07:54:00 08:00:20 08:04:00 08:08:10 08:12:20 08:17:20 08:22:00 08:26:20 08:229:20 08:32:00 08:36:20 08:39:20
Bus No. 11 08:00:00 08:06:20 08:10:00 08:14:10 :18: 08:23:20 08:28:00 08:32:20 08:35:20 08:38:00 08:42:20 08:45:20
Bus No. 12 08:06:00 0840 08:12:20 08:16:00 08:20:10 08:24:20 08:29:20 08:34:00 08:38:20 08:41:20 08:44:.00 08:48:20 08:51:20
Bus No. 13 08:12:00 08:14:40 08:18:20 08:22:00 08:26:10 08:30:20 08:35:20 08:40:00 08:44:20 08:47:20 08:50:00 08:54:20 08:57:20
Bus No. 14 08:18:00 08:20:40 08:24:20 08:28:00 08:32:10 08:36:20 08:41:20 08:46:00 08:50:20 0853:20 08:56:00 09:00:20 09:03:20
Bus No. 15 08:24:00 08:226:40 08:30:20 08:34:00 08:38:10 08:42:20 08:47:20 08:52:00 08:56:20 08:59:20 09:02:00 09:06:20 09:09:20
Bus No. 16 08:30:00 32 08:36:20 08:40:00 08:44:10 08:53:20 08:58:00 09:02:20 09:05:20 09:08:00 09:12:20 09:15:20
Bus No. 01 08:36:00 :38: 08:42:20 08:46:00 08:50:10 08:59:20 09:04:00 09:08:20 09:11:20 09:14:00 09:18:20 09:21:20
Bus No. 02 08:42:00 08:44:40 08:48:20 08:52:00 08:56:10 09:05:20 09:10:00 09:14:20 09:17:20 09:20:00 09:24:20 09:27:20
Bus No. 03 08:48:00 08:50:40 08:54:20 08:58:00 09:02:10 09:11:20 09:16:00 09:220:20 09:23:20 09:26:00 09:30:20 09:33:20
Bus No. 04 08:54:00 56:40 09:00:20 09:04:00 09:08:10 09:17:20 09:22:00 09:26:20 09:29:20 09:32:00 09:36:20 09:39:20
Bus No. 05 09:00:00 09:02:40 09:06:20 09:10:00 09:14:10 09:23:20 09:28:00 09:32:20 09:35:20 09:38:00 09:42:20 09:45:20

Table 7 : Showing Schedule From 09 AM To 10 AM Travelling Direction from Rajiv Gandhi Square To Niranjanpur Square.

09 AM To 10 AM

Stop No. 1 2 3 4 5 6 7 8 9 10 11 12 13
Transfer Time 00:00:40 00:01:40 00:01:40 00:02:10 00:02:10 00:02:00 00:01:40 00:01:20 00:01:00 00:00:40 00:02:20 00:01:00
Dwell Time 00:02:00 00:02:00 00:02:00 00:02:00 00:02:00 00:03:00 00:03:00 00:03.00 00:02:00 00:02:00 00:02:00 00:02:00
Bus No. 831 09:18:00 09:22:20 09:25:220

Bus No. 731 09:15:20 09:20:00 09:24:20

Bus No. 631 09:14:20 09:19:20 09:24.00

Bus No. 05 09:00:00 09:02:40 09:06:20 09:10:00 09:14:10 09:18:20 09:23:20 09:28:00 09:32:20 09:35:20 09:38:00 09:42:20 09:45:20
Bus No. 832 09:30:00 09:34:20 09:37:20

Bus No. 06 09:04.00 09:06:40 09:10:220 09:14.00 09:18:10 09:22:20 09:27:20 09:32:00 09:36:20 09:39:20 09:42:00 09:46:20 09:49:20
Bus No. 07 09:08:00 09:10:40 09:14:20 09:18:00 09:22:10 09:26:20 09:31:20 09:36:00 09:40:20 09:43:20 09:46:00 09:50:20 09:53:20
Bus No. 131 09:16:20 09:20:00 09:24:10 09:28:20 09:33:20 09:38:00 09:42:20 09:45:20

Bus No. 08 09:12:00 09:14:40 09:18:20 09:22:00 09:26:10 09:30:20 09:35:20 09:40:00 09:44:20 09:47:20 09:50:00 09:54:20 09:57:20
Bus No. 732 09:37:20 09:46:20 09:49:20

Bus No. 09 09:16:00 09:18:40 09:22:20 09:26:00 09:30:10 09:34:20 09:39:20 09:48:20 09:51:20 09:54.00 09:58:20 10:01:20
Bus No. 632 09:36:20 09:41:20 09:50:20 09:53:20

Bus No. 10 09:20:00 09:22:40 09:26:20 09:30:00 09:34:10 09:38:20 09:43:20 09:52:20 09:55:20 09:58:00 10:02:20 10:05:20
Bus No. 833 09:54:20 957:20:00

Bus No. 12 09:24:00 09:26:40 09:30:20 09:34:00 09:38:10 09:42:20 09:47:20 09:52:00 09:56:20 09:59:20 10:02:00 10:06:20 10:09:20
Bus No. 132 09:32:220 09:36:00 09:40:10 09:44:20 09:49:20 09:54:00 09:58:20 10:01:20

Bus No. 13 09:28:00 09:30:40 09:34:20 09:38:00 09:42:10 09:46:20 09:51:20 09:56:00 10:00:20 10:03:20 10:06:00 10:10:20 10:13:20
Bus No. 14 09:32:00 09:34:40 09:38:20 09:42:00 09:46:10 09:50:20 09:55:20 10:00:00 10:04:20 10:07:20 10:10:00 10:14:20 10:17:20
Bus No. 834 10:02:00 10:06:20 10:09:20

Bus No. 15 09:36:00 09:38:40 09:42:20 09:46:00 09:50:10 09:54:20 09:59:20 10:04:00 10:08:20 10:11:20 10:14:00 10:18:220 10:21:20
Bus No. 733 10:01:20 10:06:00 10:10:20 10:13:20

Bus No. 16 09:40:00 09:42:40 09:46:20 09:50:00 09:54:10 09:58:20 10:03:20 10:08:00 10:12:20 10:15:20 10:18:00 10:22:20 10:25:220
Bus No. 835 10:10:00 10:14:20

Bus No. 01 09:44:00 09:46:40 09:50:220 09:54.00 09:58:10 10:02:20 10:07:20 10:12:00 10:16:20 10:19:20 10:22:00 10:26:20 10:29:220
Bus No. 133 09:52:220 09:56:00 10:00:10 10:04:20 10:09:20 10:14:00 10:18:20

Bus No. 02 09:48:00 09:50:40 09:54:20 09:58:00 10:02:10 10:06:20 10:11:20 10:20:20 10:23:20 10:26:00 10:30:20 10:33:20
Bus No. 836 10:22:20 10:25:20

Bus No. 03 09:52:00 09:54:40 09:58:20 10:02:00 10:06:10 10:10:20 10:15:20 10:20:00 10:24:20 10:27:20 10:30:00 10:34:20 10:37:20
Bus No. 734 10:17:20 10:22:00 10:26:20

Bus No. 04 09:56:00 09:58:40 10:02:220 10:06:00 10:10:10 10:14:20 10:19:20 10:24:00 10:28:20 10:31:20 10:34:00 10:38:20 10:41:20
Bus No. 837 10:25:00 10:29:20 10:32:20

Bus No. 633 10:16:20 10:21:20 10:26:00 10:30:20 10:33:20

Bus No. 05 10:00:00 10:02:40 10:06:20 10:10:00 10:14:10 10:18:20 10:23:20 10:28:00 10:32:20 10:35:20 10:38:00 10:42:20 10:45:20
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Table 8 : Showing Schedule From 01 PM To 03 PM Travelling Direction from Rajiv Gandhi Square To Niranjanpur Square

01PMTO 03PM
Sr.No.
Time Required
Dwell Time
Bus No. 09
Bus No. 10
Bus No. 11
Bus No. 12
Bus No. 13
Bus No. 14
Bus No. 15
Bus No. 16
Bus No. 01
Bus No. 02
Bus No. 03
Bus No. 04
Bus No. 05
Bus No. 06
Bus No. 07
Bus No. 08
Bus No. 09
Bus No. 10
Bus No. 11
Bus No. 12
Bus No. 13

01:00:00
01:06:00
01:12:00
01:18:00
01:24:00
01:30:00
01:36:00
01:42:00
01:48:00
01:54:00
02:00:00
02:06:00
02:12:00
02:18:00
02:24:00
02:30:00
02:36:00
02:42:00
02:48:00
02:54:00
03:00:00

2
00:00:40
00:02:00
01:0240
01:08:40
01:14:40
01:2040
01:26:40
01:3240
01:38:40
01:44:40
01:5040
01:56:40
02:0240
02:08:40
02:14:40
02:20:40
02:26:40
02:3240
02:38:40
02:44:40
02:5040
02:56:40
03:0240

3
00:01:40
00:02:00
01:0620
01:1220
01:1820
012420
01:30:20
01:36:20
01:4220
014820
01:5420
02:0020
02:06:20
02:1220
02:1820
022420
02:3020
02:36:220
02:4220
02:4820
02:54:20
03:0020
03:0620

4
00:01:40
00:02:00
01:10:00
01:16:00
01:22:00
01:28:00
01:34:00
01:40:00
01:46:00
01:52:00
01:58:00
02:04:00
02:10:00
02:16:00
02:22:00
02:28:00
02:34:00
02:40:00
02:46:00
02:52:00
02:58:00
03:04:00
03:10:00

5 6
00:02:10 00:02:10
00:02:00 00:02:00
01:14:10 01:1820
01:20:10 01:24:20
01:26:10 01:3020
01:32:10 01:36:20
01:38:10 01:42:20
01:44:10 01:4820
01:50:10 01:54:20
01:56:10 02:00:20
02:02:10 02:06:20
02:08:10 02:1220
02:14:10 02:18:20
02:20:10 02:24:20
02:26:10 02:3020
02:32:10 02:36:20
02:38:10 02:42:20
02:44:10 02:4820
02:50:10 02:54:20
02:56:10 03:0020
03:02:10 03:06:20
03:08:10 03:12:20
03:14:10 03:18220

QO®

7
00:02:00
00:03:00
01:2320
01:2920
01:3520
01:41:20
01:47:20
01:5320
01:59:20
02:0520
02:11:20
02:17:20
02:2320
02:2920
02:35:20
02:41:20
02:47:20
02:53:20
02:59:20
03:0520
03:11:20
03:17:20
03:23:20

8
00:01:40
00:03:00
012800
01:34:00
01:40:00
01:46:00
01:5200
01:58:00
02:04:00
02:10:00
02:16:00
02:22:00
022800
02:3400
02:40:00
02:46:00
02:52:00
02:58:00
03:04:00
03:10:00
03:16:00
032200
032800

9
00:01:20
00:03:00
01:3220
01:38:20
01:4420
01:5020
01:56:20
02:02:20
02:0820
02:14:20
02:2020
02:26:20
02:32:20
02:38:20
02:44:20
02:50:20
02:56:20
03:0220
03:08:20
03:14:20
03:20:20
03:26:20
03:3220

10
00:01:00
00:02:00
01:3520
01:41:20
01:47:20
01:5320
01:59:20
02:05:20
02:11:20
02:17:20
02:2320
02:29:20
02:3520
02:41:20
02:47:20
02:53:20
02:59:20
03:05:20
03:11:220
03:17:20
03:2320
03:29:20
03:35:20

11
00:00:40
00:02:00
01:38:00
01:44.00
01:50:00
01:56:00
02:02:00
02:08:00
02:14:00
02:20:00
02:26:00
02:32.00
02:38:00
02:44.00
02:50:00
02:56:00
03:02:00
03:08:00
03:14:00
03:20:00
03:26:00
03:32:00
03:38:00

12
00:02:20
00:02:00
01:42:20
01:48:20
01:54:20
02:0020
02:06:20
02:1220
02:18220
02:24:20
02:3020
02:36:20
02:42:20
02:4820
02:54:20
03:00:20
03:06:20
03:12:20
03:18:220
03:24:20
03:30:20
03:36:20
03:42:20

13
00:01:00
00:02:00
01:4520
01:5120
01:57:20
02:0320
02:0920
02:1520
02:2120
02:2720
02:3320
02:3920
02:4520
02:5120
02:57:20
03:0320
03:09220
03:1520
03:2120
03:27:20
03:3320
03:3920
03:4520
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Abstract - 3D modeling has been in vogue for decades. Development in hardware and software continue to bring better and less
expensive 3D computing capabilities to designers, architects and constructors. A fourth dimension is added to animate the
construction sequence and produce 4D computer modeling. It integrates three dimensional CAD drawings with a fourth dimension,
time to improve co ordination, communication and development of construction projects. This process enhances the capabilities of
engineers to visualize the problem areas and iron out kinks. It also reduces the co ordination problems at ground level between the
executive staff and the contractors. 4D modeling can be used for new construction projects as well as retrofitting/reconstruction.

Virtual Prototyping is a computer aided design process concerned with construction of digital project modules (virtual prototypes)
and realistic graphic simulations that addresses the issues of physical layout, operational concepts, functional specifications and
dynamic analysis under various operating environments. Virtual Prototyping technology is the latest and effective way of envisaging
real circumstances that enhance effective communication of design and ideas. Whereas a large number of digital technologies have
been developed to visualize innovative architectural design, very few have been developed to facilitate integral planning and
visualization of construction plans of building projects. The construction virtual prototyping (CVP) system allows the project teams
to check constructability, safety and to visualize 3D models for a facility before commencement of construction. Virtual prototyping
makes a 4D model more complete by visualizing variables.

This paper analyzes 4D modeling and construction visual prototyping (CVP) system for their application in planning and execution
of large scale and complex construction projects.

Key words - 4D Modeling, Virtual Prototyping, Building Information model.

I. INTRODUCTION II. CONSTRUCTION SCHEDULE

GENERATION
During the formulation of a complete construction

schedule, planners and site managers are required to a.  Construction Schedule

simulate various construction processes, required to A construction schedule is a sequencing document
build the project. Computer-based decision support tools that defines when construction activities will occur and
have provided the construction planner with the ability may also provide information on when resources,
to plan construction tasks efficiently using techniques materials and previously completed work will be
such as 3D- CAD, Prima Vera and MS Projects. The utilized. Schedule generation is an important part of the
basis of these Project Management techniques is the construction planning process. Scheduling is generally
construction activity, which concentrates mainly on the carried out several times during the life of a construction
temporal aspect of construction planning. Emerging project from preliminary schedules at the project
research efforts are currently focused in the provision of feasibility phase to detailed short interval schedules
project planners and managers with computer-based during field construction. Most planning efforts in
advisory tools to visualize the construction plan in a 4- construction use the schedule and the design documents
dimensional (3D computer model + time) environment. as the primary planning tools supported by estimating
4D CAD is a natural progression from 3D CAD models, packages and other aids.

as it adds a further dimension, time. Commercial 4D
CAD applications are becoming more accessible and the
use of this technology allows the construction planner to In current practice, construction schedules (baseline
produce more efficient construction schedules. schedules) are usually generated during the pre-

mobilization phase, ( Figure 1). During this stage, and

b. Current Schedule Generation Processes
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based on an understanding of the design documents,
including design drawings (2D) and/or CAD models
(3D) of the facility, the scheduler determines a list of
activities required to construct the project. Using
common knowledge of construction methods and based
on available resources, the scheduler creates sequential
relationships among the activities and calculates activity
and project duration to generate the schedule. Once
construction starts, the person responsible for
maintaining the schedule performs schedule updating
and develops short interval schedules. In many cases,
tasks involving schedule maintenance and/or detailed
Short-Interval schedules generation are performed by
project personnel other than the original scheduler.
Schedule generation is mainly dependent on the
scheduler’s interpretation of the contract documents
including 2D drawings and/or 3D CAD and manually
translating such interpretation into a list of activities.
These activities are manually linked together through
knowledge of construction methods and crew
availability. This process of translating the visual
understanding of the project documents into a schedule
is time consuming and may lead to schedule errors.

Pre- g iz )
Design | o Procurement| dwardly| oo Begi Fiosh | |
Phase | piase U Phase B1d:) m‘;‘;:f“’)('omuumcﬂ Consocin) |
I I
: Consruction Phase |
Y Detailed Short-
2D draw Tnerval schedules
Oupu 2D drawings %
Schedule updating
Baseline
Schedule
3D model

Fig. 1: Schedule generation during pre-construction phase

c. Disadvantages in the current schedule generation

Schedule generation is only thought of during the
pre-construction phase as well as the construction phase
with no serious consideration to its generation during
the design phase. There is no information, in the
schedule, on the method that the designer, estimator or
construction planner envisaged would be used to
perform the work. This results in the schedule being

built with little consideration of construction and
production issues. This problem has long been
recognized by those involved in field construction.
Computer-interpretable models and discrete event
simulation was tried in the late 90s for the representation
of construction methods and automated generation of
schedules. But they were found inadequate and posed
problems to the contractor’s performance.

d. Activity Generation and Sequencing using Virtual
Construction

The proposed scheduling process involves utilizing
virtual construction for automatic generation of project
activities and their sequential relationships. As depicted
in Figure 2, using a preliminary 3D CAD model of the
facility, the user can manually construct the project by
re-assembling the 3D graphical elements in the virtual
construction window in the perceived order of
construction. The user can click and drag a graphical
element, or a group of elements, from the 3D CAD
model window and place it into the virtual window

3D CAD maded

Virtzal construction

Fig. 2: The Virtual Construction Generation Process

To generate activities of the project, the user will
select one or more graphical elements. Each graphical
element or group of elements will represent an activity
in the project activity list. The sequence of dragging the
selected graphical elements will allow for creating the
relationship among the activities. The relationship
between the activities requires further specification. It
will be possible for the user to specify concurrency,
lags, and other relationships between activities in the
virtual construction process.
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D CAD model window AL C sl et i

Rescurce Module ‘

Space Module

Construction
Methods Module

Other

Fig. 3 : The proposed VCE model

As depicted in Figure 3, modules defining
knowledge about resources, space and construction
methods will help guide the user in constructing the
schedule during the virtual construction session. The
virtual construction system will utilize a Petri Net based
tool (Wakefield and Sears 1997) to record information
developed during the virtual session. Information
recorded will include construction methods selected,
resource utilization, and space decisions made. This will
allow for carrying further checks on resources, space
and construction methods following the virtual session.

II1. 4D MODELING

a. 4D Modeling

4D modeling wuses the virtual construction
environment to integrate a 3D model and the
corresponding construction schedule in order to create a
“virtual” construction simulation. 4D simulation is a 3D
interface to the construction process model, with an
ability to visualize progress of the construction phase,
by linking units of work to the work tasks on the
construction schedule.

A 3D model of a construction project is generated
using the existing commercial software like 3D Max etc.
Construction schedules are generated for these projects
using the existing commercial software like prima vera
and MS Project. These two are then linked with the
interface software that has been developed to integrate
the 3D model with the schedules. The available software
for integration of 3D models with the construction
schedules are as under. >

(a)
(b)
()
(d)
(e)
®
(8

Bentley Schedule Simulator
Common Point 4D

Smart Plant Review

Project Navigator

Four Dviz

Visual Project Scheduler

Synchro project constructor

b. Advantages of 4D modeling
Major advantages of 4D modeling® are

Schedule creation - 4D models help visualize schedule
constraints and opportunities for schedule improvements
through re sequencing of activities or reallocation of
workspace.

Schedule analysis - 4D models help analyze the
schedule and visualize conflicts that are not apparent in
the Gantt charts and CPM diagrams.

Communication — In a project team, many members join
the team in midstream of the project. 4D modeling is a
very useful tool to bring the new members abreast with
the latest state on the project.

Team building - 4D modeling is an effective team
building tool that also facilitates creation of a conducive
team atmosphere where the planning, design, executive
and contract staff solves problems together.

Certain significant advantages of 4D modeling
during various stages in construction of a project are as
under.

Planning phase - 4D modeling allows the construction
teams to focus on the planning aspects instead of the
traditional focus in constructability. It helps in
optimizing the project scope/schedule and will validate
the planning for the project by assessing its feasibility.

Design phase - It will enable the designers and
constructors to co ordinate activities where they can
visualize the construction in the virtual environment and
improve upon their design.

Contract phase - 4D modeling facilitates contract with
realistic timeframe for construction of the project by
visualizing and linking it with the scheduling. It will
immensely help the contractor to plan his execution in a
more practicable manner which will improve on site
performance, enhance productivity and better utilization
of resources.

Construction phase - The field engineers can visualize
the schedule, the sequence of erection, and the
equipment logistics and look for potential interference in
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the construction plan. They can rehearse the
construction plan in the virtual environment to ensure
the construction plan is most cost-efficient. Problems
associated with logistics and layout such as work
execution space can be solved. It will also help in
resolving safety issues during construction.

Post construction phase — It will enable flawless
documentation of the project, visualize post construction
operation and maintenance and also dispute resolution
and litigation.

Reduction in time - Rehearsals of construction process
using 4D modeling will result in most effective
scheduling of the project reducing the duration of the
project as a whole.

Reduction in cost - Effective planning of project, proper
scheduling, effective utilization of resources results in
minimization of errors, wastage etc and culminates in
reduction of costs.

Quality of construction — 4D modeling enables
optimization of design suiting the project requirements.
It provides various alternatives without investment.
Choice of most appropriate design accommodating
project scope, user aspirations and most suitable
aesthetics will result in improved quality of
construction.

User satisfaction — It will be beneficial to the user if he
is involved during planning stage to visualize the end
product during interaction with project team. It enables
any midcourse corrections to be effected to suit user
requirement.

Trg - 4D simulation is a useful training tool for
inexperienced planners.

c. Case Study - Use of 4D CAD on Renovation of a
Hospital*

The project involved demolition, renovation,
remodeling, and new construction on an existing old
hospital. The hospital had to be functional at all times
and the disruptions to hospital operations had to be
minimized. This motivated the project manager of the
project to accept the assistance from the researchers to
develop a 4D model for construction planning.

The project team created 3D AutoCAD models
from the 2D AutoCAD drawings obtained from the
architect of the project. The entire site and all the
buildings, including 27,000 sq. meters of old, new, and
soon-to-be-remodeled buildings ranging in size from
1,800 sq. meters to over 10,000 sq. meters were
modeled in 3D. The model contained over 25,000
objects. The Primavera schedule obtained from the
project manager was used to generate the 4D model. A
detailed 4D model was then generated by linking the 3D

model to the schedule using Jacobus Technology’s
Construction Simulation Toolkit software. The 4D
model of this $10 million central utility plant
incorporated 100 design drawings and 600 schedule
activities totaling 14 months. The 4D models animated
the schedule in different colors to highlight objects
under construction during that time frame. For example,
red was used when critical path activities were under
construction and green was used when non-critical path
activities were under construction. The time frame can
be viewed on the screen and is illustrated in weekly or
monthly intervals, or any other interval the viewer
selects. A video of the animation of the construction
schedule was also generated. Everyone involved in the
project was able to view these videos at the same time
without being in front of a computer. The audiences
included subcontractors, suppliers, owner
representatives, neighborhood groups, and donors. The
hospital management, doctors, nurses, and the technical
staff were one of the most important groups that viewed
the videos. The hospital personnel were able to
understand the impact of the planned construction on
their department, office, and daily operations.

4D models resulted in reducing coordination
problems between on-going operations and construction,
improve subcontractor coordination and improve the
acceptance of the construction project by concerned
individuals.

d. Challenges Encountered while Building 4D Models

Inconsistencies: Often, the geometry is defined in ways
that conflict with the schedule. For example, the
architect defined the geometry by building elements, but
the constructor places concrete and steel not by element,
but rather according to steel sequence. The geometry
had to be broken down and recombined a great deal to
get a geometrical configuration to match the schedule.

Other Data: Cranes, laydown and staging areas,
scaffolding, etc. are not part of the architect’s design
model, but these elements play a large role on the
construction site. These geometries need to be added in
the 3D model.

e. Representation of activities with no geometry:

A 4D modeler has to be_sensitive as to the best way
to communicate any activity. e.g. Ductwork, by perhaps
attaching the activity to a floor slab or ceiling framing

f. Lacunae in 4D Modeling

The current 4D models do not convey all the
information required to evaluate the schedule. For
example, building components and construction
equipment are usually modeled in the 3D images and
linked with schedule. These 4D CAD systems lack
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construction-specific components such as scaffolding
and other temporary works integrated in the 3D model.
Such 4D models do not show the space needs and
corresponding potential congestion of temporary works.
However, temporary works are a critical element of the
overall construction plan. Failure in planning
appropriate temporary structures affects safety, quality,
and productivity adversely. Virtual prototyping obviates
the above problems.

IV. CONSTRUCTION VIRTUAL PROTOTYPING
a. Virtual Prototyping (VP)

Virtual Prototyping is a computer aided design
process concerned with construction of digital project
modules (virtual prototypes) and realistic graphic
simulations that addresses the issues of physical layout,
operational concepts, functional specifications and
dynamic analysis under various operating environments.
Virtual Prototyping technology is the latest and effective
way of envisaging real circumstances that enhance
effective communication of design and ideas. Large
number of digital technologies has been developed to
visualize innovative architectural design; very few have
been developed to facilitate integral planning and
visualization of construction plans of building projects.
Virtual prototyping makes a 4D model more complete
by adding environment and site factors as also
temporary works. It aids the planners to review
construction process planning and analyze the work-
space layout more effectively. Some of course rightly
call it Building Information Modeling (BIM)

b. Construction Virtual Prototyping’

Though the VP system is being effectively used in
manufacturing of various products, it is in its stage of
infancy in construction Industry. The construction
virtual prototyping (CVP) system is one of the virtual
prototyping systems which is developed for modeling,
simulation, analysis and virtual prototyping of
construction processes from digital design. It allows the
project teams to check constructability, safety and to
visualize 3D models for a facility before commencement
of construction.

DELMIA of Dassault Systemes (DS) has developed
software for CVP. The system can easily generate, reuse
and modify 3D models of building components,
construction equipment, temporary works as well as
labour force. The proposed system will make 4D models
more complete by adding temporary works and their
activities to set them and dismantle them. It will aid
planners to review the construction process planning and
analyze the work space layout more efficiently. CVP
helps to provide rapid prototyping of projects and
present the feasibility of construction methods. The

CVP system can also assist in developing a detailed or
improved  construction programme  during the
construction phase. Both constructability and safety can
be evaluated in the virtual experiment.

V. BIM

Building Information Modeling (BIM)® is the
process of generating and managing building data
during its life cycle. Typically it uses three-dimensional,
real-time, dynamic building modeling software to
increase  productivity in  building design and
construction. It encompasses building geometry, spatial
relationships, geographic information, and quantities
and properties of building components. BIM can be used
to demonstrate the entire building life cycle including
the processes of construction and facility operation.
Quantities and shared properties of materials can easily
be extracted. Scopes of work can be isolated and
defined. Systems, assemblies, and sequences are able to
be shown in a relative scale with the entire facility or
group of facilities.

The interoperability requirements of construction
documents include the drawings, procurement details,
environmental conditions, submittal processes and other
specifications for building quality. It is anticipated by
proponents that BIM can be utilized to bridge the
information loss associated with handing a project from
design team, to construction team and to building
owner/operator, by allowing each group to add to and
reference back to all information they acquire during
their period of contribution the BIM model. For
example, a building owner may find evidence of a leak
in his building. Rather than exploring the physical
building, he may turn to his BIM and see that a water
valve is located in the suspect location. He could also
have in the model the specific valve size, manufacturer,
part number, and any other information ever researched
in the past, pending adequate computing power.

a. Advantages of CVP’
(a)

The CVP system can convert 2D engineering
design to a 3D construction model, and finally to a

model with erection sequences.

(b) The CVP system produces a precise and detailed
planning and scheduling prior to the execution of
real construction work giving the ability to observe

potential risks and foresee possible problems.

©

CVP system provides the planner an opportunity to
improve the resource utilization.

In the visualization module, users can view the
construction activities at a particular time, and their
interrelationship with other activities.

(d)
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(e) CVP increases the accuracy of the project schedule
and their ability to predict and plan construction
tasks.

(f) The most important benefits of virtual prototyping
in tendering process are its ability to impress client
and well define the project scope.

(g) Use of CVP in construction stage will help to
reduce rework and change orders, and improve
coordination and communication effectiveness

VI. CONCLUSION

The use of 4D modeling has significant potential for
the construction industry. 4D simulations can have a
positive impact on both pre-construction and the
construction phases, whilst having the power to assist
planners in producing improved planned projects,
allowing them to see how their plan will unfold. In
addition, 4D technology enables planners to predict
potential problems at the construction stage, 4D
simulations results in considerable savings in
construction projects by identifying problems prior to
construction and avoiding re-work during the project.
The fundamental attributes required by 4D models vary
depending on construction project planning practice.
Whilst the use and application of this technology is
increasing, further research will be required to
incorporate GIS, cost estimation and safety.

Construction Virtual Prototyping (CVP) enables the
users to rehearse and simulate construction process
virtually prior to the commencement of a real
construction project. It enables visualization of the
constructability of the proposed construction approach.
The CVP system also assists the project team to design a
precise construction schedule so as to remove any
potential unproductive activities. The rapid prototyping
of the CVP system can be enhanced by improving the
existing  process and  resource  optimization,
constructability and safety evaluation.

Both technologies put together with BIM added
during the currency of the project have the potential to
revolutionize the way we visualize, plan, manage,
operate and maintain and ultimately demolish building
projects. In fact these can be rightly described as Womb
to Tomb solutions.
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Analysis And Design of Flat Slab And Grid Slab
And Their Cost Comparison

Amit A. Sathawane & R.S. Deotale

Department of Civil Engineering, Yeshwantrao Chavhan College of Engineering Nagpur, India

Abstract - The FLAT slab system of construction is one in which the beam is used in the conventional methods of construction done
away with the directly rests on column and the load from the slabs is directly transferred to the columns and then to the foundation.
Drops or columns are generally provided with column heads or capitals. Grid floor systems consisting of beams spaced at regular
intervals in perpendicular directions, monolithic with slab. They are generally employed for architectural reasons for large rooms
such as auditoriums, vestibules, theatre halls, show rooms of shops where column free space is often the main requirement. The aim
of the project is to determine the most economical slab between flat slab with drop, Flat slab without drop and grid slab. The
proposed construction site is Nexus point apposite to Vidhan Bhavan and beside NMC office, Nagpur. The total length of slab is
31.38 m and width is 27.22 m. total area of slab is 854.16 sqm. It is designed by using M35 Grade concrete and Fey;s steel. Analysis
of the flat slab and grid slab has been done both manually by IS 456-2000 and by using software also. Flat slab and Grid slab has
been analyzed by STAAD PRO. Rates have been taken according to N.M.C. C.S.R

It is observed that the FLAT slab with drop is more economical than Flat slab without drop and Grid slabs.

Keywords- Flat slab with drop, Flat slab without drop, grid slab, drop, column capital.

I. INTRODUCTION
A. FLAT SLAB

A reinforced concrete flat slab, also called as
beamless slab, is a slab supported directly by columns
without beams. A part of the slab bounded on each of
the four sides by centre line of column is called panel.
The flat slab is often thickened closed to supporting
columns to provide adequate strength in shear and to
reduce the amount of negative reinforcement in the
support regions. The thickened portion i.e. the
projection below the slab is called drop or drop panel. In
some cases, the section of column at top, as it meets the
floor slab or a drop panel, is enlarged so as to increase
primarily the perimeter of the critical section, for shear
and hence, increasing the capacity of the slab for
resisting two-way shear and to reduce negative bending
moment at the support. Such enlarged or flared portion
of and a capital. Slabs of constant thickness which do
not have drop panels or column capitals are referred to
as flat plates. The strength of the flat plate structure is
often limited due to punching shear action around
columns, and consequently they are used for light loads
and relatively small spans.

Flat slab

Flat slab witRlcolumn head

Flat slab with drop génel and column head

METHODS
DESIGN OF FLAT SLAB
Methods of Design:

Two approximate method methods are adopted by
the codes for the design of flat slab or flat plate .These
method can be used provided the limitations specified
therein are satisfied. The two design methods are a) The
direct design method. (b) The equivalent frame method
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1.2 GRID SLAB

Grid floor systems consisting of beams spaced at
regular intervals in perpendicular directions, monolithic
with slab. They are generally employed for architectural
reasons for large rooms such as auditoriums, vestibules,
theatre halls, show rooms of shops where column free
space is often the main requirement.The rectangular or
square void formed in the ceiling is advantageously
utilized for concealed architectural lighting. The sizes of
the beams running in perpendicular directions are
generally kept the same. Instead of rectangular beam
grid, a diagonal.

ANALYSIS OF GRID SLAB

1) Approximate Methods
2) Analysis of grid Floor by Plate Theory

II. DESIGN OF FLAT SLAB WITH DROP
INTERIOR PANEL OF SIZE 10.6 x 8.86 M

Size of columns = L;/16 or H/8=500mm
Estimate size of column capital=D = L, /5=1772
Length of drop=1/3 span=3.5x 3.0 m
slab thickness= L, = L;-b=300 mm.
thickness of drop H=1.25 to 1.5 h=450mm
Size of external column =500 mm square
Size of edge beam= 300 x 600 mm
fck =35;f,=415;

Load Calculations:

(a) Dead Load: bDy = 1x0.3x25 =7.5 KN/m
(b) Floor Finish =1 kN/m
(c) Live Load =4 kN/m

Total Design Load = 18.75 KN/m

Analyze the Interior X frame:

Mo=wL,L,* /8 = 1618.34 kNm
DISTRIBUTION FACTORS:

longitudinal distribution Inter span

Support (-ve) = 0.65, Span (+ve) = 0.35

End spans: Interior —ve = 0.75-0.1R= 0.69

Span +ve =.63-0.28R = 0.45; Exterior —ve = 0.65
R=0.42

Transverse distribution

Interior —ve : 75% to column strip;25% to mid

Span +ve : 60% to column strip;40%to mid-strip
Exterior —ve : 100% to column strip

Table-1
Item X Y
c to ¢ span 10.6 8.86
Clear span(L,) 10.6-1.772= 8.828 7.088
Width of 8.86 10.6
span(L,)
Width of column 443 4.43
strip (BS)
Width of mid 4.43 6.17
strip
L,/L, 0.836 1.20
Table-2
Type of Longitudinal Factors Transverse
moments Direction Direction
Factor Moment CS MS
Negative 0.65 1051.92 0.75 788.9 | 262.98
0.25
Positive 0.35 566.41 0.6 339.8 | 226.5
0.4
End span analysis (IS 456)
Interior (- 0.685 1108.77 0.75 831.5 | 277.19
ve)
0.25
Span(+ve) 0.448 725.62 0.6 435.3 1 290.24
0.4
Exterior 0.422 682.34 1 682.3
Check for shear:

Effective depth of slab =270 mm,
Effective depth of slab =270 mm,

Weight of drop projection below slab=25 x (0.3 —
0.24)x1.5 =2.25 kN/m’

Design shear at critical section around capital

Vi =16.125(10.6 8.8 6 - (1 x(2.26 */4))+2.25 (3.6 X
3 -7 x(2.26 %/4))

=1450.0 + 15.0 = 1936.5 KN.

Design Shear strength of concrete:

~0.25Vy

wc=k. 1, where, T

1. 0.25V35 = 1.48 N/ m?
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k=(0.5+p) 1. but<1.0

k=1.0

’TUC:

1.48 N/mm’

Shear resistance of concrete

Ve =Tee X P xd=148x (1x2260) x 0.260
=4723 42 KN > v o (= 1936)

Design shear at critical section:

Vi =18.125 {(10.6 x 8.8 6) - ( 3.6+0.20) x (3.6 +
0270)} = 1480.4 KN.

Shear resistance of concrete,

Ve = 1.48 x 2(3800+3800) x (270/1000)

check for shear around the drop: The critical section is = 6185KN >v
at a distance d/2 =270/2 = 135 mm from the periphery
of the drop
AREA OF STEEL
MOMENTS (per m width) R DIAMETER OF BARS Spacing ( mm c/c)
(mm?®)
LOCATION Transverse
Sitidi Transverse . |Transverse . | Transverse
Lon&ltud;nal direction Longitudinal Lor‘1g1— Lor}gl—
direction tudinal tudinal
Column | Middle Column [ Middle Column |Middle Column|Middle
Interior
support
_ve support 237453 |178.09 |59.363| 277530 |2004.19]626.50 | 20 20 16 110 | 175 | 175
+ve support 127.85 76.72 |51.143 1398.10 816.643]537.59 20 16 12 220 150 125
End span
ACI METHOD
Interior 165
255.71 191.79 |63.929 3026.87 2176.40]676.21 20 20 16 100 140
(-ve)
Span + ve 182.656 109.59 |73.062 2061.24 1186.63]776.33 20 16 16 150 260 145
Exterior
109.594 82.195 [27.398 1186.63 877.40 |284.75 20 16 12 260 355 395
(-ve)
End span
1S 456
Interior
250.28 187.72 |62.572 2951.28 2124.86|661.40 20 20 16 105 145 170
(-ve)
Span + ve 163.797 98.278 [65.518 1827.81 1057.79]693.56 20 16 16 170 295 160
Exterior -ve 154.028 154.03 1709.10 1709.10 20 20 12 180 180
Table-III
I1I. COMPARISION . . .
3.2 Comparison of Maximum Moments obtained
3.1 Comparison of Maximum Moments obtained Manually and by Software of Grid Slab
Manually and by Software for Flab Slab
ﬁa}umum Manually Software MANUALLY SOFTWARE
oments MAXIMUM 1020 1163
Colpmn strip 76.72 73 MOMENT kNm
positive kNm
Column strip 178.1 177 MAXIMUM 625 618
negative kNm SHEAR FORCE
Middle strip 51.14 54.06 KN
positive kNm
Middle strip 59.36 61.66
negative kNm
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3.3 Flat Slab With Drop: AMOUNT (RS)
SPAN (m) | 7%6 8x7 9x8 10%9 10.6 = 8.86
5
FONCRET | g5 13752 | 190696 | 2701 | 293.01
()
AMOUNT
®R) 853360 | 1348540 | 2052690 | 2972681 | 3009600 = AMOUNT
. . (RS)
] %u @. Yib
3.4 Rate Comparison: & & &
FLAT SLAB ST
FLAT SLAB GRID hadiR A
WITH DROP VDVlg;OUT SLAB OENENC
E:gI;I)CRETE 293.01 281.87 314.63
STEEL (KG) 29800 38125 36500
TOTAL 3009660 3292650 3420780
AMOUNT (Rs) Rate/sqft
IS{(/;HTE PER 3524 3855 4005 380
RATE PER Sqft | 327 358 372 360
340
320 -
4. GRAPHS: 300 - ® Rate/sqft
< - o
N
CONCRETE( cum ) J &8
320
310
300 CONCLUSION :
290 A
280 - 1) Drops are important criteria in increasing the shear
%8 i B CONCRETE( cum ) strength of the slab.
Yg,-' §’ 2 2) Enhapce resistance to punching failure at the
&gw &%\) Qg\’ junction of concrete slab & column.
R
QVY’ QVY’ & 3) By incorporating heads in slab, we are increasing
rigidity of slab.
4) The negative moment’s section shall be designed to
resist the larger of the two interior negative design
STEEL( KG) moments for the span framing into common
supports.
58888 5) Concrete required in Grid slab is more as compared
:OOOO to Flat slab with Drop and Flat slab without Drop.
20000 - 6) Steel required in Flat slab without Drop is more as
10000 4 compared to Flat slab with Drop and Grid slab.
0 - " STEEL(KG) 7) Flat slab with drop is more economical than Flat
> > > slab without Drop and Grid slab.
N F N 8) Rate per square meter of flat slab with drop (3524)
© © © found to b ical than flat slab
< < Q was found to be more economical than flat sla
Q\X' Q\? 69 without drop (3855) and grid slab (4005).
9) Rate per square feet of flat slab with drop (327) was

found to be more economical than flat slab without
drop (358) and grid slab (372).
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Slope Stability Analysis for High Embankment with Metacomputing
Technique “A Case Study of NATRAX High Speed Track”

H. S. Goliya & Priyesh Gour
Department of Civil Engineering, SGSITS Indore, MP, India

Abstract - In the present study an attempt has been made for find out the reason of slope failure on the basis of site investigations,
experimental and design analysis to provide the standard geotechnical properties of materials with the suitable side slope. Some
geotechnical characteristics of soil as Grain size, Optimum moisture content and Cohesive strength has been taken in consideration
to design and construct the high embankment up to 20m. The optimization of side slope with required factor of safety as per IRC
guideline has been also attempted in the present study. Treatment of embankment slopes for erosion control is considered to prevent

from damage due erosion from rain and wind.

Key words - Stability analysis, Geotechnical property improvement, Advance methods.

I. INTRODUCTION

The evolution of slope stability analysis in
geotechnical engineering has followed closely the
developments in soil and rock mechanics as a whole.
Slopes either occur naturally or are constructed by
humans. Slope stability problems have been faced
throughout history when men or nature has disrupted the
delicate balance of natural soil slopes. Furthermore, the
increasing demand for engineered cut and fill slopes on
construction projects has only increased the need to
understand analytical methods, investigative tools, and
stabilization methods to solve slope stability problems.
A case study carried out for NATRAX High Speed
Track, Pithampur in Dhar District, about 45km from
Indore, MP India. The proposed embankment will be the
oval High Speed Track for vehicle testing purpose, at
which the vehicle with speed up to 350 km/hr will be
tested.

About the site

NATRAX (National Automotive Test Track) is a
up leading test centre of NATRIP (National Automotive
Testing and R&D Infrastructure Project). NATRAX will
be the world class automotive proving ground set up on
4123 acres with digital testing infrastructure capable of
sensing fine nuance of an automobile. The proving
ground will have all verities of structure types to test
vehicles against varying terrains and stringencies. The
heart of the proving ground will be oval High Speed
Track which is 13.28 km in length where vehicle with
natural speed up to 350 kmph would be tested. A large
part of test load relating to speed, noise, vibration,

handling, stability etc. is expected to shift to India from
abroad once this infrastructure is complete. Once ready,
it will be world’s largest providing ground.

NATRAX will be the CoE for vehicle dynamic.
NATRIP has planned an expenditure of Rs 900 carores
to create world-class facilities at NATRAX

Need for present study

The project has to recognize a need for consistent
understanding and application of slope stability analysis
for construction and remediation projects across the
India and abroad. These analysis are generally carried
out at the beginning, and sometimes throughout the life,
of projects during planning, design, construction,
improvement, rehabilitation, and maintenance. Planners,
engineers, geologists, contractors, technicians, and
maintenance workers become involved in this process.
This body of information encompasses general slope
stability concepts, engineering geology principles,
groundwater conditions, geologic site explorations, soil
and rock testing and interpretation, slope stability
concepts, stabilization methods, instrumentation and

monitoring, design documents, and construction
inspection.
Objective of the study

U Identification of significant parameter those
affect the system.

° To establish a simplified method of monitoring
the performance of system to avoid the practical
complexity.
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° To improve the cohesion of soil with respective
angle of internal friction (@) as required
condition.

o To develop an appropriate system by using

advance method with enhancing accuracy.

Scope of the study

With the present study it is possible to remove the
geotechnical deficiencies in the existing ground set-up.
High embankment (up to 20m) has been design with
proper and safe side slope, optimization of slope with
necessary safety factor has been kept in mind to enhance
the proper land use. Safety provisions are considered for
road users. Treatment of embankment slopes for erosion
control is considered to prevent from damage due
erosion from rain and wind. Drainage from road and
side slopes is also considered to prevent damage in rainy
seasons.

II. COMPUTER PROGRAMS

For more sophisticated analysis and complex slope,
soil, and loading conditions, computer programs are
generally used to perform the computations. Computer
programs are available that can handle a wide variety of
slope geometries, soil stratigraphies, soil shear strength,
pore water pressure conditions, external loads, and
internal soil reinforcement. Most programs also have
capabilities for automatically searching for the most
critical slip surface with the lowest factor of safety and
can handle slip surfaces of both circular and noncircular
shapes. Most programs also have graphics capabilities
for displaying the input data and the results of the slope
stability computations.

Types of computer programs

Two types of computer programs are available for
slope stability analysis: The first type of computer
program allows the user to specify as input data the
slope geometry, soil properties, pore water pressure
conditions, external loads, and soil reinforcement, and
computes a factor of safety for the prescribed set of
conditions. These programs are referred to as analysis
programs. They represent the more general type of
slope stability computer program and are almost always
based on one or more of the procedures of slices.

The second type of computer program is the design
program. These programs are intended to determine
what slope conditions are required to provide one or
more factors of safety that the user specifies. Many of
the computer programs used for reinforced slopes and
other types of reinforced soil structures such as soil
nailed walls are of this type. These programs allow the

user to specify as input data general information about
the slope geometry, such as slope height and external
loads, along with the soil properties.

Different methods for computing factor
of safety

Different methods of stability analysis indicating
equilibrium conditions, forces and factor of safety
considered. Almost all computer programs employ one
or more schemes for searching for a critical slip surface
with the minimum factor of safety
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III. METHODOLOGY

The study has been carried out by collecting
information of project site from Rites Ltd. and study the
re-usability of the excavated material. Laboratory
investigation of sub surface material and embankment
fill materials have been collected from site. The
conventional Limit Equilibrium method is used to
analyze the high embankment slope stability. Program
Geo-Studio (SLOPE/W) is formulated in terms of
moment and force equilibrium factor of safety
equations. Analysis provides a factor of safety, defined
as a ratio of available shear resistance (capacity) to that
required for equilibrium.
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respective department

l l

[ Study the sub surface strata and ] Collect the sample of embankment fill ‘

[ Visit and investigate the site properly and callect the data from ]

ground conditions. ‘material and find its geotechnical
property.
|

Arfmmlhefo]lumng soil tests — \

= Gradation test

*  Atterberg limits

*  Free swell index

= Specific gravity test

*  Triaxial test

* Consolidation test

= Swelling pressure test

Qeﬁluy study and analysis the Itstsmy

‘Use an appropriate method for the Use altematives to enhance the suitable
designing of optimal earth property of soil which can be use to
embankment. Testrain against the slope failure.

stability analysis to enhance accuracy.

l

Recommend the optimized side slope with
required factor of safety.

[ Use of advance methods & software of slope

IV.TESTS AND SIMULATION RESULTS

4.1 Test results of Excavated Fill Materials collected
from site.

Proctor Triaxial

S %‘_ Compaction Grain Size Analysis Compaction

| E Test Quick Test

: & OMC | MDD |Gravel | Sand | Silt | Clay C U

% |gm/ce | % % % % | kg/em®

-

1 T8 6 1.82 | 23.21 | 24.51 | 41.82 | 10.46| 0.07 15
£
=

2 =5 16 1.8 18.64 | 17.96 | 42.48 (2092 0.7 7
E

3 Eg 22 1.87 | 34.81 | 39.59 [ 21.76 | 3.84 0.7 10
H
2

4 Eg 9 1.94 | 69.71 | 12.53 | 16.33 | 1.42
o
<
g
>
5 Eg 22 1.27 | 3243 | 60.79 | 5.36 | 1.42

<
=

1.79 | 61.86 | 32.2 | 5.69 | 0.24

f=)

Fill
material VI

S

21 1.83 | 46.84 | 26.23 | 16.56 | 10.37 | 0.82 13

~
Fill
material VII

The tests mentioned above has been done for different
types of material to enhance the check the geotechnical
suitability of the material for high embankment side slope
with required factor of safety. The excavated material has
been collected from site perform the tests to ensure that
whether this material is suitable for embankment fill or not,
the test results are shown in table 4.1. The results of
Borrowed Fill Materials collected from local area near site
are shown in table 4.2.

Gravel and sand contain of some material is much
higher that so that the triaxial test not possible for that kind
of materials, to overcome from this problem it is possible to
processing the soil in terms of altering its grain size
distribution.

Some modifications have been done with the materials
by mechanical blending to perform the triaxial test and can
find out the cohesive strength of material. The test results of
the altered grain size distribution of the soil samples are
shown in table 4.3.

4.2 Test results of Borrowed Fill Materials collected

from site
Proctor Triaxial
= Compaction Grain Size Analysis Compaction
Sr. = .
No. £ Test Quick Test
. 3 OMC | MDD |Gravel | Sand | Silt | Clay C @
% |gmicc | % % % % | kg/em®
=
2:
8 g E 17 1.66 9 40 30 21 0.26 |20
o=
Z g
= B2
9 z g 14 1.9 40 41 19 021 |32
& =
10 E 20 1.76 3 58 29 0.13 |36
&
11 85 26 1.62 1 11 48 40 0.69 |10
7]
&
12 85 25 1.62 6 9 41 44 0.66 |10
©n
=
]
3 e,
13 87 8 1.81 0 98 2
g
5
>
G
14 E 2 7 22 95 1 4
3
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The materials with some grain size alteration (table
4.3) have been denoted by the coding as Fill material V
with Gravel 20% (FV g20%) is denoted by M1, Fill
Material V with Gravel 30% (FV g30%) is denoted by
M2, Fill Material V with Gravel 40% (FV g40%) is
denoted by M3, Fill Material V with Gravel 50% (FV
g50%) is denoted by M4. Similarly some borrowed
materials ware mixed together with some particular fixed
percentage (as shown in Table 4.3) to check the change
of geotechnical property of the materials, as the
borrowed material 14 (Sandy Gravel GP) 60% and
borrowed material 11 (Silt Clay CH) 40% is coded by
M5, the same materials ware again altered with various
percentage mix to verify the effect of gravel and silt
quantity variations. The borrowed material 14 (Sandy
Gravel GP) 40% and borrowed material 11 (Silt Clay
CH) 60% is denoted by M6, again the borrowed material
13 (Sandy Gravel GP) and borrowed material 11 (Silt
Clay CH) is added in same quantity (50% + 50%) which
is coded by M7. Then the four borrowed materials 11,
12, 13, 14 were mixed together with same quantity i.e.
25% of all four materials, which is denoted by MS. All
these materials test results is shown in Table 4.3.

4.3 Test results of Borrowed Fill Materials collected
from site with some grain size alteration

Proctor Triaxial

S % Compaction Grain Size Analysis Compaction

Nr. g Test Quick Test

| & [OMC]MDD |Gravel| Sand | Silt |Clay | C o

% |gm/ce | % % % % | kg/em®

5
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o0
L8
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>§
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0
.
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e
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]
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(Al 25%)

3

V. ANALYSIS AND FINDINGS

The analysis of collected data and test results will
serve to identify the deficiencies in slope stability for
high embankment and suggest for overcoming the
deficiencies.

The conventional limit equilibrium methods
investigate the equilibrium of the soil mass tending to
slide down under the influence of gravity. Transitional
or rotational movement is considered on assumed or
known potential slip surface below soil mass. All
methods are based on comparison
of forces (moments or stresses)  resisting instability of
the mass and those that causing instability (disturbing
forces). Two-dimensional sections are analyzed
assuming plain strain conditions. These methods assume
that the shear strengths of the materials along the
potential failure surface are governed by linear (Mohr-
Coulomb) or non-linear relationships between shear
strength and the normal stress on the failure
surface. Analysis provides a factor of safety, defined as
aratio of available shear resistance (capacity) to that
required for equilibrium.

Functional slope design considers calculation with
the critical slip surface where is the lowest value of
factor of safety. Locating failure surface can be made
with  the help ofcomputer programs using
search optimization techniques. Program SLOPE/W is
formulated in terms of moment and force equilibrium
factor of safety equations. Limit equilibrium methods
include Morgenstern-Price,

Spencer, Bishop, Ordinary, Janbu etc.  This
allows integration with other applications.

program

Analysis modeling

Modeling of the continuum is suitable for the
analysis of soil slopes, massive intact rock or heavily
jointed rock masses. This approach includes the finite
difference and finite element methods that discretize the
whole mass to finite number of elements with the help
of generated mesh. Various types of models ware
analyse for different soil properties and heights of
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embankment with their respective side slope. These
models are analysed on axis symmetry geometry.

The typical cross sections of the embankment of
20m height with side slope of 1:2 without any berm is
shown in figure 5.1.
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Fig. 5.1 : Typical cross sections of the embankment of

20m height with side slope of 1:2

The above cross section of the embankment defines
different type of materials by different colours. Red
colour shows the critical slip surfaces or the critical
area. The hatched area shows the slice which divides the
potential sliding soil mass into sections, the calculation
of forces on slice will estimate the total sliding soil
mass.

Table 5.3 Stability Analysis by SLOPE/W for
Excavated Fill Materials at side slope of 1:1.7
- Material properties Factor of Safety
g~ o (calculated by different
S E 2
s | ES| 2 Fill Material methods)
E = = @ |
@ I g |8
‘E £ E-IE) E 5 v C , |Ordin- | Bisho-
gz
= é‘ E KN/m® | kN/m? [%) - - Janbu | M. P.
2
1 20 | = | = | 17 | 123 | 42618 |2.664|2.659|2.665
vy
2 20 S|z |15 |68 |7 2121 |2.141 |2.066 [2.418
— =~
3 20 = = |16 |68 |10 [2.22 [2.288 |2.175 [2302
— 73
4 20 = S |17 |80 [13 (2277 |2368 2245 (2377
— =

Table 5.2: Stability Analysis by SLOPE/W for Excavated Fill
Materials at side slope of 1:2

50 20 | Q| 2| 17 | 123 |4 |2605|2.679 |2.627|2.674
6 | 20 | 2| E |15 | 68 |7 2246 |2185]|2.168 |2305
7| 20 | E 16 | 68 |10 |2304 |2334 (2263 |2.405
8 | 20 | E 17 | 80 |13 |2303 | 2428|2259 [2.237
Table 5.3: Stability Analysis by SLOPE/W for

Borrowed Fill Materials collected from site with some
modifications

- Material properties Factor of Safety
5= P (calculated by different
g E 2
s | ES| 2 Fill Material methods)
= = = @ |
@ ) @ |3
'EE E 'E % v C Ordin- |Bisho
&3 0 - -
= gg KN/m® | KN/m? o . - Janbu | M. P.
2 —
1 20 - 14 72 |14 2.003 | 2.074 | 2.02 |2.074
2| o«
2 20 - s 15 68 | 15| 1.883 [ 1.963 | 1.886 | 1.96
2| e
3 20 - s 15 62 | 16| 1.838 | 1.925 | 1.837 | 1.922
O -
4 20 - s 16 58 | 16| 1.723 | 1.815 | 1.714 | 1.81
2| o
5 20 - s 15 80 [10]1.929 | 1.984 | 1.952 | 1.958
2| o
6 20 - s 15 82 8 | 1.92 | 1.969 | 1.946 | 1.971
N
7 20 - s 15 81 |11 1.954|2.011 |1.986]|2.012
LA e
8 20 - s 14 77 | 15| 2.07 |2.141|2.098 | 2.14

Effect of Grain size on Cohesion
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VI. CONCLUSION AND RECOMMENDATION

The selection of slope stability methods is critical

since the accuracy of the analysis results depends on the
mechanics of the failure. Based on the field
observations, theoretical analysis and experimental
study following points are concluded:

1.

The Ordinary Swedish Circle Method always
estimate lower factor of safety compared to other
three methods like Bishop’s Simplified Method,
Janbu Method and Morgenstern and Price Method.

For embankment of height up-to 20m, the material
should be homogeneous and well compacted, it
should be ensure that the water content of the
embankment material should be within the specific
limit and that is uniformly distributed throughout
the soil prior the rolling.

For safe embankment side slope the cohesion (C)
of the soil or the fill material should be 72 — 80
kN/m? and the angle of internal friction (@) should
be 15° - 20°.

Processing the soil in terms of altering its grain
size distribution is rarely possible but in some
critical cases mechanical blending procedure can
be adopt to achieve the geotechnical property of
the soil regarding withstanding the side slope.

Normally 40% — 45% of Gravel, 15% - 20% of
Sand, 30% - 35% of Silt and 1% - 5% of Clay is
suitable for fill material of 20m high embankment
with the side slope of 1:1.75 to 1:2.

Treatment of embankment for erosion control shall
be done by stone pitching from top of
embankment.
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