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Abstract- An novel design of telescopic steel lattice structure was designed for a customized AWP solution to cater the 
needs of repair and maintenance of a huge radio telescope. The steel structure of AWP has vertical members and lacings of 
Indian standard steel L angles of different dimensions. Diagonal & K type lacing has been used. The actuation mechanism 
has been mounted on a plus shaped frame of standard C channels. The AWP has been designed to reach 11 meters height. 
Commercially available elevator product like T rails & shoes have been used for achieving telescopic motion. The use of 
hydraulics has been discussed for linear actuation mechanisms. FEA package ANSYS Workbench has been used to verify 
veracity of analytical structure design. The FEA results were used to reinforce the steel structure in areas wherestress 
concentration had been highlighted. 
 
Keywords Aerial Work Platform, Steel frame column, L & C sections, FEA of steel structures, Lacing Design. 
 
 
I. INTRODUCTION 
 
Radio Telescopes like the Giant Metrewave Radio 
Telescope (GMRT) operated by National Centre for 
Radio Astrophysics – Tata Institute of Fundamental 
Research (NCRA – TIFR) require periodic 
maintenance & repair of structural members, feed 
receivers etc. This requires technicians to be raised up 
to various heights for carrying out hands on work. 
An aerial work platform (AWP) is a mechanical 
device used to provide temporary access for people or 
equipment to inaccessible areas, usually at a height.  
A novel new type of high lift platform with a payload 
capacity enough to lift 6 technicians & associated 
hardware to heights of up to 11 metres is being 
commissioned at NCRA. The AWP needs to be very 
steady and sway-free to ensure peace of mind of 
technicians working at say the height of a 3 storeyed 
building. Associated safety features & mobility have 
been built into the AWP.  The design process & 
various other considerations have been discussed in 
the following sections. 
 
Scissor type cherry picker of an Indian make with a 
allowed load of 300 kilograms was already being 
used at NCRA. It was however at the end of its life 
cycle.Scissor types of lifts have many joints which 
due to increase in clearances increase lateral 
deflection. The scissors type configuration was 
therefore dropped. Costs of Of-the-shelf AWPswere 
exorbitant, which were further aggravated by 
transportation costs.  
 
Articulated cherry pickers were found to be 
commercially available for loads up to 500 kg only. 
They could accommodate 2 persons at the most. 
Moreover it would be costly to indigenously fabricate 
due to custom made parts like booms & hydraulic 

machinery. They also were susceptible to wind loads 
and therefore deemed unsuitable for heavy duty work 
on radio telescopes.  
Moreover, the 15 meter radio telescope antenna can 
be rotated as required in pitch & azimuth to get a 
suitable direction. Thus only limited movement of the 
platform was required.  
Pulley & cable based option as seen in commercial 
elevators was explored. However calculations showed 
very large size of sheaves / pulley being required to 
keep the tensile & compressive stresses in wire rope 
in safe zone while passing over the pulley. 
Additionally, the gear box unit with the sheave 
needed to be kept above the height to be reached by 
platform. This entailed higher structure cost & 
complexities. The hanging platform was susceptible 
to lateral oscillations and vertical extensions thus 
making it unsuitable for our work. The configuration 
of box-in-box telescopic aerial work platform was 
found to be most suitable for our application. It could 
use a lead screw based actuator or a hydraulic piston. 
From the point of view of construction, this was the 
easiest design and configuration. Steel members 
would be readily available for the structure 
manufacturing which after completion would be 
similar to mobile masts or towers. 
 
AWP Performance Requirements 
Design sheets of the radio telescope showed the 
workspace needed to be accessed was extending from 
7 to 10 meters from ground level. The load consists 
of live loads consisting of technicians, feed receivers, 
tools, dead loads consisting self-weight of structure & 
wind load cumulatively estimated at 2.5 tons. 
Appropriate features for stability & safety were 
imperative. Limited mobility was required to move 
the AWP on rails to an adjacent parking area. 
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Fig.1. Side view & Top view of AWP
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The AWP structure has been divided into two parts as 
shown in Fig.1 
1) The base structure (B): It also houses a frame for 
the actuation mechanism and has outriggers or legs 
(shown in fig.6) attached to it.  
2) The top structure (A): It can be actuated 
telescopically over guides fixed to basestructure. It 
has a platform on top and a ladder (not shown) on the 
side. 
 
The load transfer is as follows: Platform - Clevis joint 
- Hydraulic piston - ‘Plus’ frame - Base structure (B) 
- Ground. 
It can be observed that the entire load passes through 
the base structure to the ground. Thus a column for 
base structure has been designed to take entire load 
with a sufficient factor of safety. 
 
II. DESIGN OF BUILT UP COLUMN FOR 

BASE STRUCTURE (B) 
 
Effective lengths are available for different kinds of 
end fixity conditions. The column is fixed at the 
bottom and free at the top i.e. effectively held in 
position and restrained against rotation at one end, 
and partially restrained against rotation but not held 
in position.  
 
Recommended value of effective length for the above 
mentioned condition is Leff=1.5 L 
Base structure length (L) = 7 m. 
Effective length Leff  =  10.5 m. 
 
To get desired factor of safety the safe load of column 
is calculated numerous times to with different steel 
section. 
 
We have chosen L angles for the following reasons 

a. Adequate surface area is available in 
required directions for a suitable lateral 
system (discussed later).  

b. There is convenience in welding accessories 
like a ladder and mounting hydraulic power 
pack  

c. L angles are resistant to torsional and 
bending moments. 

 
The properties of required steel angles are found from 
readily available tables. 
 

The following calculation have been done for the L 
angle section: Indian Standard Angle (ISA), 100 x 
100, 8 mm thick flange  
After much deliberation, it was decided to have a step 
by step decrease in size from the platform ( 6 feet 
wide ) , Top structure ( A ) ( 5 feet wide) to Base 
structure ( B ) ( 4 feet wide ).The width of the top 
structure is slightly greater owing to the space, 
required for rails & shoes belonging totelescopic 
mechanism. The dimensions of the top most platform 
was decided as 6 feet X 8 feet after carefully 

considering various situations of repair. Width 
reduction of built up section of Base structure (B) 
does not lead to large savings. The large width of the 
column makes it less vulnerable to toppling. Thus 
itswidth has been taken conveniently at 4 feet i.e. 
1220 mm. The base structure column consists of 4 
inward facing L angles placed 4 feet apart.  
 
2.1. Radius of Gyration:The minimum radius of 
gyration is required to find out slenderness ratio. 
Radius of gyration of each standard section is 
available in property tables. However, for built up 
sections, the computation of radius of gyration is 
tedious.  
The radius of gyration of a section is given by 

r =ඥI / A 
Where  

I: Area moment of Inertia 
From parallel axis theorem we get, 
I=4[Ixx] + A[Length(CoG of angle - central plane)]2 
A : Cross sectional Area of all L angles 
rx = ry=  ඥI / A 
= ඥ8358012650/ 6156 
= 1165.20 mm 

 
2.2. Slenderness Ratio:The slenderness ratio λ of a 
compression member is defined as the ratio of its 
effective length to the appropriate radius of gyration: 
Slenderness ratio = Effective length / Radius of 
gyration 

λ = Leff  /rmin  
   = 10.5 x 1000 / 1165.20 
   = 9.01 

A part of a table (shown below) whichgives 
permissible stress in axial compression when one 
knows the value offfy: Yield stress in steel, MPa and 
λ:  Slenderness ratio, has been be accessed from the 
column design described in reference books on 
Design of Steel Structures.  
 

Table1. Compressive Stress (σac) from 
SlendernessRatio(λ)& Yield Stress(fy) 

  
Extrapolating from table at λ = 9.01&fy= 240N/mm2 
to find value of permissible stress in axial 
compression which is σac= 144.71 N/mm2. This also 
satisfies relevant the conditions set by IS codes that 
minimum value of stress in axial compression iso.6 fy
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2.3. Load Carrying Capacity of Column 
Load taking capacity of built of column is  

P = σac x A 
   = 144.71 x 6156 
   = 890887.39 N 
   = 91 tons 

FoS = 91 / 2.5 = 36.32. Therefore a large FOS has 
been obtained which is required to offset 
manufacturing defects, corrosion, overloading, 
imperfectness, eccentric loading etc. We must realize 
that the lives of 6 humans are at stake over the 
structural integrity of the column. 
 
III. LATERAL SYSTEM  
 

 
Fig. 2. Side view showing diagonal & K type lacing  

 
Lateral system is required so that vertical sections act 
as a composite section rather than acting individually, 
thereby defeating the very purpose of the compound 
section. Lateral system simply holds the load carrying 
elements of the built-up compression member in the 
relative position, without sharing any axial load. 
However, when the column deflects, the lateral 
system carries the transverse shear force.Lacing has 
been selected for AWP because of the fairly wide 
column section which is not suited to battening or 
perforated cover plates owing to their flexibility. 
Single lacing or latticing employed in the AWP is the 
most commonly used lateral system. 
 
Some of the requirements for lacings laid down by 
IS: 800 - 1984 have been described below. 
1. Compression members comprising of two main 
components laced and tied should, where practicable, 
have a radius of gyration about the axis perpendicular 
to the plane of lacing not less than the radius of 
gyration about the axis in the plane of lacing.  
2. As far as practicable, the lacing system should not 
be varied throughout the length of the strut. 
3. Double laced system and single laced system on 
opposite sides of the main components shall not be 
combined with cross - members perpendicular to the 
longitudinal axis of the strut unless all forces 
resulting from deformation of the strut members are 

calculated and provided for the lacing and its 
fastening. FEA has been used to verify the deflection 
& deformation of cross members in our case. This 
suggestion thus stands satisfied. 
4. Single laced systems on opposite sides of the 
components shall preferably be in the same direction 
so that one shall be the shadow of the other, instead 
of being mutually opposed in direction. Though 
shadow lacings are preferred, lacings which are 
symmetric about the axis have been used. This has 
been done to avoid the unsymmetrical warping which 
will take place due to welded ends. Therefore this 
suggestion is applicable only to bolted ends. 
5. The angle of lacing from vertical should not be less 
than 40 or more than 70 degrees. 
The angle of inclination has been taken at the 
stipulated minimum of 400 to prevent the lacing 
member to be too long and thus prevent it from 
buckling.  
The arrangement for single laced system with cross 
members is shown in Fig.1.  
The width of each stage is 1220 mm. 

Sin 40 = 1220 / (lacing length, l) 
l = 1898 mm 

Cos 40 = (stage length, m) / (lacing length, l) 
= (stage length, m) / (1898) 
Stage length, m = 1454 mm 

The length of each stage is 1454 mm  
 
The welding of lacing bars to the main members 
should be sufficient to transmit the load in the bars. 
 
Base structure has 4 stages  
 
The upper most stage ie 5th has been shortened to 
keep the minimum structure height limited to 7 
meters. 5th stage has K lacing which helps to support 
load carrying L section at top. This arrangement is to 
ensure a minimum height required to reach yoke level 
of telescope antenna.  
 
3.1. Local Buckling of Column Angles 
Thus local length of column is 1454 mm. Maximum 
slenderness ratio for a member carrying compressive 
loads resulting from dead loads & imposed loads is 
180. The slenderness ratio was found out to be 
74.564. Maximum permissible load was found out 
using as procedure similar to the one shown in 
section 2. Thus permissible stress in axial 
compression σacwas found outto be 84.89 N/mm2. 
This also satisfies relevant the conditions set by IS 
codes that minimum value of stress in axial 
compression is o.6 fy. A large FOS of 21.30is 
obtained on local buckling. 
 
3.2. Local Buckling of Column Lacing  
ISA 50 X 50 of 5 mm thickness has been chosen for 
the lacing. The choice was made based on its 
availability on campus workshops and commonality 
with top structure frame. 
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Table 2. Effective Length of Welded Lacing 
Type of 
Lacing 

Effective length (Le) 

Single or 
double lacing 
system, 
welded 

0.7 times the distance 
between the inner ends of 
welds connecting the lacing 
bars to the member. 

 
Le for lacing = 0.7 x 1890 = 1323 mm 
Radius of gyration,r =ඥI /A 
Where, 
I: Polar moment of Inertia 
A: Cross Sectional Area 

r = ඥ110000 / 479 
r =15.15 mm 
Slenderness ratio = Effective length / Radius of 
gyration 

λ = Leff  /rmin  
   = 1323 / 15.15  
   = 87.303<    145 as stipulated by IS codes. 

Therefore, lacing is safe from buckling. 
 
3.3. Tension and Compression in Lacing 
The lacing of compression members shall be 
proportioned to resist a total transverse shear V at any 
point in the length of the member, equal to at least 2.5 
percent of the axial force in the member, and this 
shear shall be considered as divided equally among 
all transverse lacing systems in parallel planes. 
 
Thus, the total transverse shear V is  

V = 2.5 / 100 x P 
Where P is the axial force (from payload) in the 

member, 24525 N 
V = 2.5 / 100 X 24525 
V = 613.125 N 

 
This force will be compressive in one lacing and 
tensile in the next lacing Number of transverse 
systems in parallel planes is 4. There is one transverse 
system in each stage and 4 such stages. The fifth 
stage is shorter than the rest and has not been 
considered just like the cross members of each stage. 
These omissions only make the designmore safer. 
For single lacing system, the transverse shear force in 
each lacing is V / n, where n = number of transverse 
system in parallel planes. 
 
Therefore, axial force in each lacing is F = V / n sin 

 
V : Transverse shear 

: Angle of Lacing with vertical member  
N : number of transverse system in parallel planes  
 = 613.125 / 4 sin (40) 
F = 238.46 N 

This force will be compressive in one lacing bar and 
tensile in the other lacing bar.  
 
Strength in Tension. 
Tension in lacing member is given by 

σat = F / A  
     = 238.46 / 479  
     = 0.497 N / mm2 

Permissible tensile stress σat = 0.6 fy= 0.6 x 240 
                                          = 144 N / mm2 

Therefore actual tensile stress is way lesser than 
allowable stress, therefore the lacing is safe in 
tension. 
 
Strength in Compression 
Compression in lacing member is given by 

σac = F / A  
      = 238.46 / 479  
      = 0.497 N / mm2 

For lacing L member, λ = 87.303 
Interpolating from table.1 at λ=87.303 
&fy=240N/mm2  to find value of permissible stress in 
axial compression to beσac= 90.692 N/mm2 
Therefore actual compressive stress is way lesser than 
permissible stress, therefore the lacing is safe in 
compression. 
 
IV. TELESCOPIC MOTION 

 

 
Fig. 3. Top view of main column showing T rails 

 
The top structure is mobile and it slides over the base 
structure. The telescopic motion is obtained with 
minimal friction by way of T-rails & guide shoes. 
Commercially available T-rails of 70 mm flange 
thickness and 65 mm height have to be bolted on the 
4 main columns on base structure. Elevator shoes 
have been bolted on theinsides of top structure. They 
have plastic inserts which slide over the T-sections.8 
no of T-guides have been used for stiffness even at 
full actuation. 2 of them are on each side of the base 
structure over the outside face. The shoes on the other 
hand have been placed on the insides of top structure 
8 of them are present at the horizontal members of 
each stage. The buying of T angles & there in-house 
milling would have costed many times more. 
 
V. DESIGNOF TOP STRUCTURE (A) 
 
The top structure does not handle axial compression 
as seen from the order of transfer of forces from 
platform to ground in section 2. However it needs to 
be stiff to keep shoes in proper alignment in 
conditions of eccentric loading. 
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Fig. 4. Platform with chequered plate over Top Structure (A) 

 
The width of the top structure is slightly greater 
owing to the space, required for telescopic rails & 
shoes. The width of the top most platform is 6 feet X 
8 feet. Its floor is made up ofa 6mm thick chequered 
plate. Chequered surface prevents slipping of the 
foot. Floor lips have been provided to prevent tools 
from falling over. Railings of 4 feet height has been 
planned using Tubes / pipes of 25 mm nominal 
diameter and 2.6 mm thickness. A spring - loaded 
automatically closing gate has been envisaged on the 
ladder side. 
 
The top structure has vertical members of ISA 75 x 
75 , L angle , 5 mm thick and lacings of ISA50 x 50 
, L angle , 5 mm thick similar to the base structure. 
The stage length have also been kept same for 
fabrication convenience. There is a inclined ladder 
designed at 150 inclination from vertical, which is 
going to be fixed over the top structure. The ladder 
moves up & down with the top structure (A). 
 
VI. MOUNTING OF HYDRAULIC 

CYLINDER 
 
The actuation mechanism will be mounted on the 
base structure by means of a ‘plus’ shaped frame. 
This frame transfers the entire load from top structure 
to the base structure and has been identified as the 
bottleneck in AWP design. The frame and its 
supporting elements are easily the most stressed 
elements of the AWP.C channels were selected for 
their convenience of large welding area available and 
also the sufficiently large bearing area which can be 

given between the frame (made of C channel) and 
supporting structure (made of L channels).For the 
hydraulic cylinder mounting, two flanges were 
ordered on the cylinder. Thus the load can be 
transferred through two separate ‘plus’ frames.  
ISMC 100 was selected for ‘plus’ frame & ISA 100 X 
100 for supporting frame after maximum bending 
moments were substituted in simple flexural 
formulae. 

 
Table 3. Bending stresses & deflection 

 
 

The deflection was found to be less than 1/325 of 
total span length. The frames were later checked for 
bearing stress. Bearing stresses were found below 
0.75 x (yield stress) as specified by IS: 800 -1984. 
 
6.1. HYDRAULIC ACTUATION 

 
Fig. 5. Hydraulic cylinder 

 
A readily available double acting hydraulic cylinder 
of 4 ton capacity cylinder was selected. It has a stroke 
of 4000mm, Bore diameter of 80mm, rod diameter 
56mm and can take 4 ton load in vertical direction. 
The system consists of a double acting hydraulic 
cylinder controlled by a 4/3 DCV. The discharge for 
available power pack is32.70 lpm at 78.453 bar. Time 
required for full actuation is 36.88 s. 
 
VII. STABILISER OUTRIGGER LEGS 
 
Long columns are under the risk of toppling due to 
horizontal forces under heavy eccentric loading& 
heavy wind load conditions. In case of our AWP will 
topple at the tilt angle of 5.8 degrees assuming the 
CoG at 6 meter from ground. Thus to prevent 
toppling, 4 outriggers extending diagonally outwards 
have been planned. Jacking devices at the end of each 
leg will help give solid reaction to the AWP structure. 

 
Fig. 6. Top view of deployed outriggers, structure of outrigger 
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VIII. SPRINGS  
 
A group of four springs will be mounted at the top of 
main vertical Colum (7 m) where the top structure 
will rest. The main function of the spring is to support 
the top structure when it is in the non-actuated 
position and to make the contact gradual while 
retracting. In case of sudden failure of hydraulic 
cylinder, the top structure will move downwards in 
freefall, the springs will absorb some part of the 
energy and prevent catastrophic damage. The 90 mm 
springs will be made up of oil hardened and tempered 
steel wire of 15 mm diameter. It will have 14 number 
coils having free length of 324.16 mm. 
 
IX. FEA OF 11 M STEEL 

STRUCTUREOFAWP 
 
3D solid model of thestructure was developed in two 
main parts viz a) Top structure b) Base structure. The 
structure consisted of mild steel C Channels, L 
angles. To maintain the rigidity and free motion at the 
same time a sliding shoe arrangement was used in the 
structure which was also simulated in the model. The 
CAD model was imported in Ansys and checked for 
errors. The material (structural steel) was selected 
from the Standard Engineering Database of 
workbench.  
 
Meshing of the main columns of the structure and 
bracing was done using sweep method control, 
because the structure is symmetrical about the 
vertical axis. The size of mesh was varied from 
course to fine where ever required. This method of 
meshing complements the free mesher. If a body's 
topology is recognized as sweep able, the body can be 
meshed very efficiently with hexahedral and wedge 
elements using this technique. In addition, the time to 
create these elements is much smaller. Workbench 
will automatically check to see if the body fulfills the 
topological requirements for sweeping.  
It will then choose two faces that are topologically on 
the opposite sides of the body. These faces are called 
the source and target faces. Workbench will mesh the 
source face with quadrilateral and triangular faces 
and then copy that mesh onto the target face. It then 
generates either hexahedral or wedge elements 
connecting the two faces and following the exterior 
topology of the body. 
 
Hex Dominant Method was used to mesh the shoes 
mounted on the top structure, and to mesh the 
hydraulic cylinder. The two elements were meshed 
with a smaller element size.  
 
The number of elements may actually increase 
compared to a tetrahedron mesh since the element 
size must be much smaller for this class of body when 
using hex dominant meshing to create well shaped 
hexes. 

 
Fig. 7.Solid model of AWP 

 

 
Fig. 8.Meshing of structural elements & hydraulic cylinder 

 
Boundary Conditions 
1. Self-weight of the structure 
2. Base was fixed 
3. Total load of 1.5 Ton on the top platform was 
applied 
4. Wind load acting as pressure (at 44 m/s) 

 

Table 4. Simulation Details of FEA 

Element type 
3D solid 

185, solid 
186 

Material name Structural 
steel 

Material source Engineering 
data 

Material Model Type 
Liner 
Elastic 
Isotropic 

Properties 

Elastic Modulus 200000 
N/mm2 

Poissons ratio 0.30 
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Mass density 7850 
Kg/m3 

Tensile Ultimate                                      
Strength 

460 
N/mm2 

Tensile Yield Strength 250 
N/mm2 

Mesh Details 

Mesh type 
Sweep, 
Hex 

Dominant 
Smooth surface On 

Number of nodes 168084 
Number of elements 43082 

 
9.1 Total Deformation 
From Fig.9 it is seen that the deformation on the 
platform surface (Plate) is maximum 7.07 mm. The 
large deformation is caused by the cantilever action. 
This problem will be taken care by adding more 
supporting members. The Upper half of the structure 
has deformation in the range 4 to 6 mm, this is 
because of clearance left to simulate the T channel 
and shoe arrangement. This arrangement is used to 
reduce the friction in motion and also to maintain the 
rigidity of the structure. 
 

 
Fig. 9.Total Deformation 

9.2 Von-Mises Stresses 
The Fig.10 shows the FEA plot for von-mises stress, 
the stress induced in the entire structure is within safe 
limits. 
 
The only area of censer is the L angles used below 
the platform, there are localized stress induced in the 

L angles. In manufacturing this issue will be resolved 
by adding stiffeners to improve the strength of AWP. 
 

 
Fig. 10.Von Mises Stresses 

 
9.3 Deformation in X, Y, Z Axes 
 

 
Fig. 11. Deformation in X axis 
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Fig. 12. Deformation in Y & Z axis respectively 

 
 
The FEA results show that the deformation is XYZ 
axis is within safe limits. The maximum deformation 
is observed on the top plate of the platform, which is 
due to cantilever action on the platform plate. The 
trends of FEA results & analytical calculations are in 
concurrence. Both values indicate that deflection is 
within safe limits. 
 
CONCLUSIONS 
 
Indigenous Aerial Work Platforms (AWPs) can be 
designed & manufactured at a cost (up to 1/3rd) less 
than commercially available AWPs. The AWP which 
is being commissioned at NCRA is a tailor made 
product for a workspace required for Radio telescope 
repair. This workspace extends from 7 metres to 11 
metres. The Frame-in-frame design with numerous T 
channel – shoe pairs leads to high stability even at 
full actuation with least vulnerability to higher wind 
speeds. These advantages are not available in 
commercial AWPs. 
However one has to climb a 7 meter ladder to reach 
the platform at 7 metres. Thus the cost reduction 
achieved is at a price of more manual efforts & lesser 

mobility. Since the design & manufacturing has been 
done in house, the know-how about the product is 
certainly more in workshop. This is suitable for more 
prompt maintenance & repair. Hydraulics were found 
to be a much cost effective solution than power 
screws for such heavy duty AWPs. The AWP will 
need a long operational life to service the GMRT for 
a lifetime. Moreover the human lives of the 
technicians are stake. Thus structural integrity of the 
structure for a long timeframe is of penultimate 
importance. Also not much cost can be saved by 
selecting smaller sections for the built up column. 
Therefore the built up column has been designed with 
high factor of safety. FEA analysis has been 
successful in highlighting the concentrated stress 
areas. Apt modifications were made in the structure 
to increase factor of safety. 
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