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INTEGRATION OF CONSTRUCTION ASPECTS
AND AESTHETICS IN STRUCTURAL DESIGN

Vasudev V Nori,

Introduction:

Generally structural engineers often derive immense
satisfaction from the intricate calculations they perform.
Seldom any interest is evinced in construction problems.
Certain grades of concrete are specified but the designer
engineers are least interested in the design of concrete
mixes, method of batching workability and many other
practical aspects of construction. The “good for construction
drawings” are often in form of tabular schedules. Beam
column connections are rarely detailed. It is left to the
engineers at site to figure out or imagine such important
details of construction. Same thing this true for every aspect
of construction such as design of scaffolding, intermediate
stages of construction, placing underwater concrete etc.
With the availability of a variety of user friendly software
design engineers today have virtually very little
understanding of structural behaviour and are incapable of
performing simple rudimentary calculations. They are totally
disinterested in aesthetic aspects of structure they design.
Barring a few exceptions most of the bridges that are being
built are far from being elegant. How can we loose sight of
the fact that structures we design will be judged not by our
refined calculations and computer software but rather by the
visual impact they make on people who observe these
structures ! In what follows we would like to share our
experience on benefits of integration of construction and
aesthetic aspects in structural design by presenting a few
case studies.

Design of concrete mixes by weight apartment buildings
1966-68 :

In those days volumetric mixes were most commonly
specified and used. We chose instead to design concrete
mixes proportioned by weight. This was achieved by
encouraging design engineers to visit the sites at regular
intervals. They were trained to design the concrete mix
proportions in a site laboratory by carrying out sieve analysis,
measuring moisture contents, silt content etc. The actual
batching was still done by same wooden boxes but calibrated
by weight. A standard weighing machine that is used on
railway platforms was used for checking weights. This was
preferred to weigh batchers which were not only expensive,
but less reliable. For example how does one correct if more
sand is added inadvertently into the hopper of the weigh
batcher? All cube test results were statistically evaluated on
the basis of 5 % failure. We were able to demonstrate that it
was possible to achieve M20 grade concrete with quantity of
cement that would have been consumed for producing 1:2:4
nominal volumetric mixes. Statistical evaluation was very
useful in demonstrating that with good quality control the
current margin could be reduced and in fact quality work pays
foritself.

Fig-1 GESC Apartment
building 1967

M20 was the minimum grade specified (M15 required by | S
Code). Also minimum clear cover to slabs was 20 mm (12
mm required by IS Code). Concept of characteristic strength
was introduced. These features started appearing in the 1S
Codes almost 20 years latter.

Most of the shear walls were discontinued at the ground floor
and lower basements contributing functional and aesthetic
improvement of the structure.

Large panel prefabricated construction for Apartment
building 1968-73.

Petit hall apartment buildings constructed during 1968-1973
was the first major application of large panel wall slab
construction to multi-storied buildings in India. The moulds
for pre casting, casting yard layout evolving optimum sizes of

Volume 13-3, JUL-AUG-SEP 2011



wall panels. We had also to design the moulds for various
elements, the casting yard and erection methodology.

Since this was the first major application of precast concrete
technologytoa 24 storied building we thought it prudent to
test the behaviour of joints on a full scale mock up. We hadto
design the mock up and subject the same to vertical and
horizontal loads of 24 storied building which was achieved
with the help of prestressing cables. Indian Institute of
Technology (Powai) was involved in recording various
measurements. Satisfactory performance of the full scale
test and the lessons learnt from the casting procedures
formed the basis of design of the actual structure.

Fig-2C Battery moulds for internal walls

Fig-2A Completed view of Petit Hall

Fig-2B Mock up testing with prestressing cables

Fig-2D Moulds for external walls with
permanent finish on exterior

Problems of soil investigation (1970)

The specialist agency who had carried out the soil
investigation for a five star hotel in Chennai ( fig 3)
recommended that only sulphate resistant cement should be
used for pile foundations. Atable extracted from British Code
CP 110 was included as a part of the report in justification of
their recommendations. The fact that sulphate resistant
cement was not being manufactured in India in those days
did not deter the agency from making such impractical
recommendations. That no distress has been observed in
buildings resting on pile foundations using Ordinary Portland
Cement (OPC) in Chennai did not seem to matter. It was also
pointed out that sea water contains high amount of sulphates
and all marine structures are being built using OPC. The
specialist agency simply refused to reconsider their
recommendations. Ultimately it was left to us and we
recommended use of a richer mix using Pozzolona Cement
that was available from a near by cement plant since it is
known that Pozzolana Cements are better in resisting
sulphate attack. At about same time a building constructed in
Mumbai resting on pile foundations was tilting and it was
suspected that this was a case of concrete disintegrating
because of chemical attack caused by chemicals in soil. The
problem was referred to a professor from lIT. Few concrete
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SUNSHINE TOWER -
The Tallest Commercial Steel-framed building in India
By Mr. Kamal Hadker

INTRODUCTION:

Until recently, developers in India were rather skeptical about
using structural steel on a large scale for their projects and
RCC was the preferred choice. However, due to availability

of suitable structural steel sections manufactured to
international standards and advancement in fabrication /
erection facilities, steel-framed buildings are emerging as
viable alternatives to RCC structures. One recent example is
the construction of Sunshine Tower, the tallest commercial
steel-framed building in India — located on Tulsipipe Road,
Dadar, Mumbai.

ARCHITECTURAL PLANNING

The plot of land available for construction is about 3000sq.
mts of which 15% area is consumed by the narrow approach
road itself. The overall dimensions of the tower in plan are 21
m x 27 m with a total height of 161m above the ground and 5

m below. Hence, construction of a very tall and slim building

was inevitable. Considering these space constraints, it was
decided to minimize “in-situ” work and fabricate most of the
building components away from the site. This led to selection
of steel-framed building covered with structural glazing and
aluminum composite panels. The service core comprises of
elevators, fire escape staircases, toilets and air-handling
units.

The tower comprises of a basement, Entrance Lobby at the
Ground Floor, 5 parking floors and 35 office floors including
refuge floors at different levels. The office space, measuring
21 m x 16 m, is completely column free. All the services are
accommodated in the basement along with a mechanical car
parking facility. The car parking floors above are accessed
by a 6 m wide ramp. The entire parking block is designed as
an RCC structure, attached to the tower block.
STRUCTURAL SCHEME

The structural scheme comprises of RCC slabs supported on
steel beams which in turn span 15.6m from the service core
to the peripheral columns. The depth of these beams is
restricted to 686mm and they are designed as composite
sections utilizing the compressive strength of the concrete
slabs. The beams are directly supported on square hollow

steel columns (measuring 500mm x 500mm). The plate
thicknesses of these sections vary from 36mm at the bottom
to 16mm at the top.

Traditionally, the lateral loads due to earthquake and winds
are resisted by providing a strong, centrally located service
core. However, in this case, the plan dimensions of the RCC
core were restricted to 11 m x 21 m only and the core was
eccentrically placed. It was too weak to provide lateral
stability for this 180m tall building. Hence it was decided to
utilize the strength of the steel columns on the periphery of the
building. Although 500mm x 500mm steel columns can carry
large axial loads, they have very low stiffness to resist lateral
loads. Hence, lateral deflections could be brought under
control only after the introduction of diagonal bracings. The
bracings used are rectangular hollow steel sections of size
500mm x 300mm. The concept of having bracings also
appealed to the Architects for its aesthetic advantages and
honesty of expressing the structural concept. The six storey
high diagonal bracings resist significantly large tensile forces
and reduce lateral deflections. Besides, the steel columns are
filled with concrete to increase their stiffness as well as to
improve their resistance tofire.

In addition to this, the structural framing system at every
service floor is specially designed to function as a “Floor
Deep” Spandrel Truss along the periphery of the building. Its
major contribution is to utilize the axial load carrying capacity
of the steel columns on the periphery and further reduce the
lateral deflections at the top.

As per the geo-technical report, a suitable strata (offering a
Safe Bearing Capacity of 150 T/Sq mt.), was available at a
depth of 7 to 8 meters below the natural ground level. As only
one basement was required in the building, the option of
using Pile Foundation was ruled out. Hence shore piles were
provided to facilitate deep excavation without endangering
the adjoining buildings.

The roof of the lift-machine room rises more than 6 m above
the terrace level. A steel truss of the same height, along the
periphery of the building, conceals the fagcade cleaning
system mounted on rails as well as the lift machine room and
staircases.

ISSE JOURNAL

Volume 13-3, JUL-AUG-SEP 2011



A specially designed architectural feature — resembling a
fountain — is supported above the roof of the lift-machine
room. This feature is expected to be illuminated at night. This
feature is over 15m tall with an upper and lower diameter of
16m and 6m respectively. It was modeled using ETABS
This feature along with an access ladder and
maintenance walkways is fabricated using MS tubular

software.

sections. So optimized is the design that the total weight of
the whole unitis less than 25 tons.

CONSTRUCTION SEQUENCE

While the contractors were busy excavating for the
basement in the restricted plot area, the owners imported all
the special steel sections sourced through CORUS from
Japan, Taiwan and UK, since they were not rolled in India.
These sections were transported directly to Pratibha
Industry's modern fabrication facilities in Wada 90 Kms away
from Mumbai. The fabrication was carried out with utmost
care and accuracy. As soon as the raft foundation was
concreted, the
(complete with 100 mm thick base plates) were brought to
the site by special trailers. A heavy duty crane — capable of
lifting 5 metric tons at 185 mts height was erected in the north
east corner of the tower block. Similarly, to expedite

lowest sections of the steel columns

construction of the concrete core, pre engineered aluminium

formwork was used. This ensured dimensional accuracy as
well as speed.

It must be noted that all the diagonal steel bracings in the
tower block are installed in the same plane as the peripheral
columns and beams. Thus, eccentric connections were
avoided. However, the erection sequence of the columns,
beams and diagonal bracings had to be worked out very
carefully to avoid delays. The accompanying diagram shows
the erection sequence adopted successfully. It can be seen
that the junction of columns was staggered specifically to
simplify erection and the bolted connections between
columns and beams were moved away from the main grids.
The diagonals were connected by using single pins and all
other joints were “bolted” connections. Thus, welding at site
was practically eliminated for obvious reasons.

About the Author

Er. Kamal Hadker, Managing Director,
STERLING ENGINEERING CONSULTANCY
SERVICES PVT. LTD. MUMBAI

He can be reached at sterlingbandra@gmail.com
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DESIGN OF DEEP BEAM USING STRUT & TIE METHOD

Prasad Samant, Mayuri Patil

Introduction: This article is in continuation with the last two articles published,

“Fundamentals of strut and tie model” and *“Understanding of Stress Flow Pattern Using STM & FEM”. We
have discussed the basics of STM and stress flow within a structure using Strut & Tie Modeling and Finite
Element Method.

Now we will discuss procedure for design and detailing of strut-and-tie modeling. The first step of the STM process
is to determine the location of the D-region or disturbed region. This D-region occurs wherever there is a local
disruption of the stress flows within a member. The ACI 318-05 Appendix A provisions provide estimations of the
strength of the struts of a strut-and-tie model as a fraction of the specified compressive strength of the concrete:

1..=0.8581" Equation A-3 asper ACI-318

Where: B, = the strut efficiency factor (Tablel)
f " =the concrete compressive strength

f“, = effective compressive strength

Ifa particular strut satisfies Equation A-4 in Section A.3.3.1 of ACI 318-05 or the more general provisions ofA.3.3,
the larger f3, factor of 0.75 may be used. It allows designer to determine the necessary transverse reinforcement for a
bottle-shaped strut based ona 2:1 spread of compression. The equation is
Y((A,sina)/bs)=20.003 Equation A-4 as per ACI-318
Where: A, = area of surface reinforcement in the i" layer crossing a strut.

§,= spacing of reinforcing bars in the i" layer adjacent to the surface of the member.
b = the width of the strut perpendicular to the plane of the reinforcing bars.

@, = the angle between the axis of the strut and the bars in the i" layer of reinforcement crossing that strut,

Figurel Nomenclature for Equation in A.3.3 in ACT -318
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The efficiency factor £, is based on the type of strut. There are five classes of struts listed in Table 1

Table 1: Node and strut efficiency factors

Strut and Node Efficiencies ACI 318-05
B. | ¢

S | * Strut with uniform cross-section over its length 1.00 | 0.75
T | * Bottle-shaped struts with reinforcement satisfying A.3.3 0.75 ] 0.75
R | * Bottle-shaped struts without reinforcement satisfying A.3.3 0.60 | 0.75
U | * Struts in tension members 0.40 | 0.75
T | * All other cases 0.60 | 0.75
g * Nodes bounded by compression or bearing CCC Node 1.00 | 0.75
D | * Nodes anchoring one tie CCT Node 0.80 | 0.75
E | * Nodes anchoring more than one tie CTT and TTT Nodes 0.60 | 0.75
S

To understand the design with STM, consider one example of deep beam.

Consider a simply supported deep beam having 6M span with
depth of 2M and width of 500MM carries concentrated factored

load of 3000KN at mid span i.e. 3M from support. =30 N/mm?,
/,=415N/mm?, All bearing plates are 450mm x 500 mm

igure2. Deep beam with single point|load

Step1l —Determine the D-region

(@) (b)

Figure 3 stress diagrams and strut and tie model for disturbed region

Step 2 Select the strut-and-tie model

Figure-4 Strut-and-Tie Model
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Step3 determine required truss forces:
Assumed = 2M — (2 X 0.2M) = 1.6M & =tan ™ (1.6M/ 3M) = 28.07 °

Table 2 : Member forces in truss

Member Force Behavior
El, E3 1500/ Sin 28.07 = 3187 KN Compression /strut
E4 E1 X Cos 28.07 = 2813 KN Tension /tie
Table 3 : Bearing stresses at nodes under load & above support
Location Type effective Bearing bearing
of of compressive capacity stresses =
node node strength of f load or
the node ¢ S reaction
f.=085B, /. per mm’
of area of
bearing
plate
nodal zone al- 0.85X1X30 0.75(25.5) 3000000 /
beneath the compression =25.5 N/mm? =19.125 N/mm? (450X500)
loading (CCC) node =13.33 N/mm?
locations
nodal zone compression 0.85X0.80 X 30 0.75(20.4) 1500000/
over the s -tension =20.4 N/mm? = 15.3 Nimm? (450 X500)
upport (CCT) node =6.67 N/mm?
locations

Step 4 Determine the bearing capacity of strut and tie
Determine the dimension of strut and tie -

To find the width of Tie E4 = force per m

depth / bearing capacity

= (2813 X 1000) / (15.3 X 500)

= 367.71 mm (Assume 400 mm)

Figure5. Geometry and dimensions of nodes at support.

Width of strut E1 & E3 = 400 Cos (28.07) + 450 Sin (28.07) =565 mm

Now check the strut capacity = @ £, X width of strut X width of member
=(0.75 X 19.125 X 565 X 500 /1000 = 4052 KN > 3187 KN O.K.

Step -5 Select Reinforcement:

For Tie E4: @ A f,

A, > (2813 X 1000) / (0.75 X 415) = 9038 mm?

Consider 3 layers of 4 bars each of O 32 = (12 X 804 mm?) = 9648 mm?2
For design of the nodal zones check the anchorages

The 90° standard hooks are used to anchor tie E4.

The required anchorage lengthis L, =1 (0.02fy db/fc""’") As per ACI 12.13.2.2

Where A = required A, / Provided A, represent the correction factor for excess of reinforcement
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d,= Dia. of bars used. (Inch)
fy = Steel bar yield strength (psi)

f. = concrete compressive strength (psi)

L= [(9038/9648) X (0.02 X 60000 X 1.28/4000 >*°)] = 22.8 in. (580mm)

’ e
VY.
z Vi
T " < * 3 layers
400 rm € t 32da
e — -
[ La =785 mm™ |

Figure6 anchorage length of node at support
‘The available anchorage length =L, = L1 + L2 — cover

Where L2 = 200/ (tan 28.07) = 375 MM
L1 =450 MM (bearing plate)
Cover =40 MM _
So available anchorage length = 450 +375 - 40 = 785 mm > 580 mm
Calculate the minimum reinforcement required for crack control-
Vertical web reinforcement provided must be at least, as per ACI 11.5.5
A,=0.0025XbXsl

And horizontal web reinforcement provided must be at least, as per ACI 11.5.5
A, =0.0015X b X s2

Where sl and s2 are spacing of web reinforcement and cannot exceed d/5 or 12”
(304.8 mm)

For vertical web reinforcement, use 2L ®16 mm @ 300 mm on each face over entire length, A, /bsl =
2(201.062)/(500X300) = 0.0027 > 0.0025

For horizontal web reinforcement, use ®12 mm @ 300 mm on each face over entire length, A, /bs2 =
2(113.097)/ (500X300) = 0.0016 > 0.0015

Because 3, factor equal to 0.75 is used to calculate the strength of strut E1, minimum reinforcement provided
must also satisfy. ‘

> ((A,sin a)/b S)
“(A,/bsl)sin a1+ (A, /bs2) sin 0. 2
=0.0027 sin 61.97 + 0.0016 sin 28.07 =0.0032°  0.003 .....0OK

Where a1 = is the angle between the vertical reinforcement and the axis of strut.
=90"-28.07"=61.97°

Where a 2 = is the angle between the horizontal reinforcement and the axis of strut.

: =28.07° As in figure 1
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Figure 7 Reinforcement detail
Reference:

o ACI 318-2002, Building Code Requirements for Structural Concrete and Commentary, Appendix A,
Strut-and-Tie Models. American Concrete Institute.

e Schlaich, J.,and Schafer, K.,1991 ,“Design and detailing of structural concrete using strut-and-tie models,”

The Structural Engineer, Vol. 69, No. 6, pp. 113-120.
e http://www.cee.uiuc.edu/kuchma/strut_and_tie

About the Authors:

Prasad Samant is Senior Structural Engineer, with 5 years of design experience, now working with Vadalkar &
Associates. Email id: prasadrsamant@gmail.com

Mayuri Patil is trainee design Engineer working with Staad Engineers Emailid: mayuri.patil90@gmail.com

FOAM CONCRETE

We specialize in cast-in-situ applications of lightweight foam concrete in areas like cavity walls ,sunken
portions ,terrace gradient with insulation ,floor leveling & all areas that call for light weight filling.
Density starting from 400kg/cum to a max. of 1600kg/cum depending on the structural requirements .\We
also undertake waterproofing with the said guarantees as per the industry norms.

We are distributors of construction chemicals of Mc bauchemie

India pvt.Itd.
Contact:
Padmavati Concrete Solutions
Kishor Jain 9821286783 P. Eashwaran: 9567763091

Email: kishor.j@padmavaticoncrete.com structicc@gmail.com

ISSE JOURNAL 19 Volume 13-3, JUL-AUG-SEP 2011



DRAFT : RECOMMENDED FEE
FOR STRUCTURAL CONSULTANTS

- ISSE Committee

Indian Society of Structural Engineers ( ISSE ) has
formulated a draft guideline for minimum fees to be
charged by the structural engineers for various
assignments. This is based on the feedback received
from its members and based on the discussion during
the committee meetings. ISSE members are
requested to send their feedback and suggestions.

Scope of work for Structural Engineer

A) General scope of work

1) Preliminary Structural Layout Based Architect's
requirement.

2) Finalize Structural lay out with Architect and
Client.

3) Structural analysis, design, calculation,
structural drawing (Excluding fabrication and
bar banding schedule). Five sets of drawings
will be provided by consultants.

4) Estimate of structural quantity for tender
purpose.

5) Site visit during execution of work ( two visits
during foundation work and one visit per slab).
Providing structural stability certificate.

B) Structural Audit and Inspection of Structure —

Study of existing drawings for the building, check
for any additions and alteration based on data
available, survey the building from inside and outside,
mark the observations and distress on the available
plans, take photographs during the survey for record,
preparation and submission of audit report.

C) Project Management consultancy —

Architect, Various
consultants, Contractor. Conduct site meetings at

suitable interval and make progress report for the

Coordinate with Client,

work. Monitor the project by appointing site
supervision staff on behalf of the client. Monitor project
progress and update the barchart.

D) Peerreview—

Overall assumptions, load data, framing plans
prepared by main consultants will be reviewed briefly.
Sample calculations will be checked along with sample
member detailing will be reviewed.Based on the
details provided a review report will be submitted
indicating the observations and scope of improvement
if any can be mentioned. Once the report is submitted
,the scope of peer review ends.

E) Proofchecking-

All the design data, assumptions, analysis, design and
drawings will be scrutinized in detail by the proof
consultant. If required main consultant can be called for
discussions and clarifications. Proof consultant may
suggest some improvements in the design / drawings.
Proof consultant will certify the design and drawing of
the main consultant after the necessary revisions in
design and drawings

Stages of payment after submitting following details
1) Appointment 15%
2) Preliminary drawings and

tender quantity 25%
3) Foundation 15%
4) Super structure 40%
5) Completion 5%

Note : Fees to be paid after completion of each stage of
work or three months, which ever is earlier after
submitting the bill, ir-respective of work progress at
site.
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PRODUCT REVIEW

We have now introduced a new section, “Product Review” into the ISSE journal. This is where manufacturers and dealers can
introduce their products such as construction materials, chemicals, equipment, software etc, through a technical review. Only
one product review may be printed in each issue. Aspace of up to two pages of the journal may be allocated to this feature.

The main purpose of this feature is to introduce the newer products available in the market to our readers, and therefore, the
review should be technically intensive. The manufacturers and dealers can highlight the advantages and uniqueness of the
featured products in the review.

The review should cover one or two products only and may include their technical specifications, method of installation/
application, available product range, unique features, advantage, photographs etc. It should not be a direct commercial
promotion of the products. However, the contributor may include his contact details at the end of the review. Matter received
may be suitably edited and modified in consultation with the contributor.

For details please call the editor.

ADVERTISEMENT TARIFF IN ISSE JOURNAL
E-mail : issemumbai@gmail.com

ISSE Journal Advertise Size mm Tariff per insertion
Back cover page (Colour) 170 x 240 Rs. 15,000/
Inside front cover page (Colour) 170 x 240 Rs. 12,000/
Inside back cover page (Colour) 170 x 240 Rs. 12,000/
Inner colour page 170 x 240 Rs. 10,000/-
Inner B/W full page 190 x 240 Rs. 6,000/-
Inner B/W half page 190 x 120 Rs. 3,000/-

Note : 10% discount is offered for advance booking of colour advertisement for 4 issues, provided
entire payment is made in advance

APPEAL TO ISSE MEMBERS

We appeal to ISSE members to actively participate in all functions and activities of ISSE.

Member can suggest new topics for discussion during the seminars and workshops, contribute in arranging expert lectures on
varies civil engineering subjects.

Senior members can share their knowledge and experience through short evening lectures.

We are looking for participation from Engineering Colleges through their faculty and students. Civil Engineering Department
can send the interesting projects done by undergraduate and post-graduate students in the form of articles which can be
published in our Journal.
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Missing You !

We appeal to all ISSE members to provide their Name, membership number, correct address , contact number and email to
ISSE. We notice that around 125 journals were returned by courier due to incorrect address. Please intimate ISSE about your

change of address and e-mail on issemumbai@gmail.com

ISSE Journals sent to following members were returned. Please provide your correct address-

M -2- Raghubir Kumar Sharma

M- 52 - Promod Ramani

M- 55 - M.S. Venkatesh

M- 58- Murlidhar.L.Bhirud

M-73- Jitendra.A.Bhandwalkar

M-79- R.J.Limani

M-83- Arup. K. Sarbadhikary

M-87- Ravish Abdul Reheman Dhuru
M-93- Varanasi Srinivasa Rao

M-108- Khurd Mahadev Udhav

M-116- Gundo Ganpat Lakule

M- 129- Virendra Kumar Jain

M-135- Suresh M Aiyar

M-137-Jera K Bhalodia

M-142- Abhay Dinkar PAtil

M-150- Rajkumar H Rathi

M-152- Harshad V Chavan
M-153-Sanjay B Kamdar

M-155- Akshay H Kahojkar

M-165- Sarosh N Khot

M-186- Abhimanyu Londhe

M-187- Anilkumar Anandji Pithwa
M-188- Harish Harendraprasad Joshi
M-197- Gutam Jainarayan

M-205- Venkata Naga Prabhakara Rao Vedula
M-208- ketan Belsara

M-227- Prakash Shripal Kudche
M-228- Manjal Anand Kantilal

M-232- Ravishankar Pandurang Shinde
M-235- Kalidas Bhudas Jiddewar
M-236- Sanjeev Ramesh Raje

M-237- Randhir Shashikant Rane
M-239- Promod Nivrutti Jagadhane
M-242- Joytiyoti Bhattacharjee

M-244- Japrakash Manohar Ranadive
M-252- Devendra S.Shah

M-257- Sureshkumar Shankarlal Oswal
M-260- Bhalchandra Anandrao Gangurde
M-261- Santosh R.Navale

M-262- Pravin Madhukar Kide

M-265- Dattatraya Krishana Kanhare
M-269- Shrikant Vishnu Jadhav
M-274- Sanjeeev Shriram Solanki
M-281- Amab Chakraborty

M-287- Ashfaque Ahmed Igbal Ahmeb Ansari
M-288- Jalis Sharaf Phegari

M-289- Fairoz Karim Sheikh

M-295 Vishwajit P Pawar

M-296- Jayant Dattatraya Banat
M-302- Nilesh Narendra Vyas
M-304-Vinesh Rameshchandra Pandya
M-322-Arvind Babulal shah

M-336- Sanjeevkumar Pyarelal Yadav
M-338- Arun Govind Apte

M-349- Jatan Arun Bhiuta

M-358- Sunil Gundopant Mutalik
M-371- Vashudev Deshpande

M-379- Gururaj Narshinha Joshi

M- 380- Shrinivas Tukaram Badave
M-383- Laxman Ganesh samudra
M-391- Shekhar Chakravarti Ghate
M-455- Mahua Ajay Chakarabarti
M-461- Kedar Vasant Phadnis

M-463- Kailas Niwrutirao Zalte

M-470- Shijil Medelath Balchandran
M-473- Kaivant Champakla Shah
M-505- Shashikant Sahardchandra Thatte
M-509- Rajesh Ramchandra Patil
M-512- Anupama Jayant Kanbur
M-516- Devendra Kumar Upadhyay
M-520- Kedar Dilip Moghe

M-547- Narayan Ghorakh Gore

M-593- Balkrishana Suresh Chandar
M-603- Minal Rajesh Phadnis

M-612- R.K.Padwal

M-626- Ravindra Ashok Karnawat
M-643- Vithal Raghunath Damle
M-647- Mohd. Shafique Momin

M-648- Jalauddin Ansari

M-650- Ashok Girdhar Patel
M-652-Dilp Ismail Londhe

M-657- Kaushal Kishor

M-666- Shubhashini Shrikant Naik
M-673- R.Pragasam

M-683- Pravin Sudhakar Mulay

M-694- Prashant Vinayak Lele

M-705- Kavita Amarnath Kulkarni
M-706- Sandeep Shankar Shirsagar
M-726- Rahul Ramakant Kulkarni
M-733- Yogesh Govind Bhang

M-737- Madhav Dattatraya Tambekar
M-747- Suresh Vishwanath Ramadurgakar
M-754- Juzer Anmedali Tinwala
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M-794- Anilkumar Hari Bimbikar
M-825- Anil Anant Dharulkar

M-867- Satish Vanilal Kansara
M-884-Maruti Jambagi

M-921- Sachin Kumaran Cherayerumal
0O-6- Span Consultants Pvt.Ltd
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