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7.4 Tower Design

Once the external loads acting on the tower are determined, one proceeds
with an analysis of the forces in various members with a view to fixing up their
sizes. Since axial force is the only force for a truss element, the member has to
be designed for either compression or tension. When there are multiple load
conditions, certain members may be subjected to both compressive and tensile
forces under different loading conditions. Reversal of loads may also induce
alternate nature of forces; hence these members are to be designed for both
compression and tension. The total force acting on any individual member under
the normal condition and also under the broken- wire condition is multiplied by
the corresponding factor of safety, and it is ensured that the values are within the

permissible ultimate strength of the particular steel used.

Bracing systems

Once the width of the tower at the top and also the level at which the
batter should start are determined, the next step is to select the system of
bracings. The following bracing systems are usually adopted for transmission line

towers.

Single web system (Figure 7.29a)

It comprises either diagonals and struts or all diagonals. This system is
particularly used for narrow-based towers, in cross-arm girders and for portal
type of towers. Except for 66 kV single circuit towers, this system has little

application for wide-based towers at higher voltages.
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Double web or Warren system (Figure 7.29b)

This system is made up of diagonal cross bracings. Shear is equally
distributed between the two diagonals, one in compression and the other in
tension. Both the diagonals are designed for compression and tension in order to
permit reversal of externally applied shear. The diagonal braces are connected at
their cross points. Since the shear perface is carried by two members and critical
length is approximately half that of a corresponding single web system. This
system is used for both large and small towers and can be economically adopted
throughout the shaft except in the lower one or two panels, where diamond or

portal system of bracings is more suitable.

Pratt system (Figure 7.29¢)

This system also contains diagonal cross bracings and, in addition, it has
horizontal struts. These struts are subjected to compression and the shear is
taken entirely by one diagonal in tension, the other diagonal acting like a

redundant member.

It is often economical to use the Pratt bracings for the bottom two or three

panels and Warren bracings for the rest of the tower.

Portal system (Figure 7.29d)

The diagonals are necessarily designed for both tension and compression
and, therefore, this arrangement provides more stiffness than the Pratt system.
The advantage of this system is that the horizontal struts are supported at mid

length by the diagonals.
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Like the Pratt system, this arrangement is also used for the bottom two or
three panels in conjuction with the Warren system for the other panels. It is

specially useful for heavy river-crossing towers.

Where
p = longitudinal spacing (stagger), that is, the distance between two
successive holes in the line of holes under consideration,
g = transverse spacing (gauge), that is, the distance between the same two
consecutive holes as for p, and
d = diameter of holes.
For holes in opposite legs of angles, the value of 'g' should be the sum of the

gauges from the back of the angle less the thickness of the angle.
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Figure 7.29 Bracing syatems
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Net effective area for angle sections in tension

In the case of single angles in tension connected by one leg only, the net
effective section of the angle is taken as
Aci = A + Bk (7.28)
Where
A = net sectional area of the connected leg,
B = area of the outstanding leg = (I -t)t,
| = length of the outstanding leg,

t = thickness of the leg, and

k:;B
1+0.35—
A

In the case of a pair of angles back to back in tension connected by only

one leg of each angle to the same side of the gusset,

s

1+O.2E
A

The slenderness ratio of a member carrying axial tension is limited to 375.

7.4.1 Compression members

While in tension members, the strains and displacements of stressed
material are small, in members subjected to compression, there may develop
relatively large deformations perpendicular to the centre line, under certain

criticallol1ding conditions.
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The lateral deflection of a long column when subjected to direct load is
known as buckling. A long column subjected to a small load is in a state of stable
equilibrium. If it is displaced slightly by lateral forces, it regains its original
position on the removal of the force. When the axial load P on the column
reaches a certain critical value P, the column is in a state of neutral equilibrium.
When it is displaced slightly from its original position, it remains in the displaced
position. If the force P exceeds the critical load P, the column reaches an
unstable equilibrium. Under these circum- stances, the column either fails or

undergoes large lateral deflections.

Table 7.30 Effective slenderness ratios for members with different end
restraint

Type of member KL/r
a) Leg sections or joint members bolted at connections in both faces. L/r

b) Members with eccentric loading at both ends of the unsupported panel

with value of L / r up to and including 120 LG

c) Members with eccentric loading at one end and normal eccentricities at

the other end of unsupported panel with values of L/r up to and including 120 Sox b LT

d) Members with normal framing eccentricities at both ends of the

unsupported panel for values of L/r up to and including 120 B0 L

e) Members unrestrained against rotation at both end of the unsupported
panel for values of L/r from 120 to 200.

f) Members partially restrained against rotation at one end of the
unsupported panel for values of L/r over 120 but up to and including 225

L/r

28.6+0.762 L/r

g) members partially restrained against rotation at both ends of unsupported

panel for values of L/r over 120 up to and including 250 o2 U

Slenderness ratio

In long columns, the effect of bending should be considered while
designing. The resistance of any member to bending is governed by its flexural
rigidity EI where | =Ar2. Every structural member will have two principal moments
of inertia, maximum and minimum. The strut will buckle in the direction governed

by the minimum moment of inertia. Thus,
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Imin = Armin2 (7-29)

Where rmin is the least radius of gyration. The ratio of effective length of
member to the appropriate radius of gyration is known as the slenderness ratio.
Normally, in the design procedure, the slenderness ratios for the truss elements

are limited to a maximum value.

IS: 802 (Part 1)-1977 specifies the following limiting values of the

slenderness ratio for the design of transmission towers:

Leg members and main members in the cross-arm in compression 150
Members carrying computed stresses 200
Redundant members and those carrying nominal stresses 250
Tension members 350

Effective length

The effective length of the member is governed by the fixity condition at

the two ends.

The effective length is defined as 'KL' where L is the length from centre to
centre of intersection at each end of the member, with reference to given axis,
and K is a non-dimensional factor which accounts for different fixity conditions at
the ends, and hence may be called the restraint factor. The effective slenderness
ratio KL/r of any unbraced segment of the member of length L is given in Table

7.30, which is in accordance with 18:802 (Part 1)-1977.
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Figure 7.30 Nomogram showing the variation of the effective slenderness
ratio kl /rL /r and the corresponding unit stress

Figure 7.30 shows the variation of effective slenderness ratio KL / r with L
/ r of the member for the different cases of end restraint for leg and bracing

members.

The value of KL / r to be chosen for estimating the unit stress on the
compression strut depends on the following factors:
1. the type of bolted connection
2. the length of the member
3. the number of bolts used for the connection, i.e., whether it is a
single-bolted or mul- tiple-bolted connection

4. the effective radius of gyration
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Table 7.31 shows the identification of cases mentioned in Table 7.30 and

Figure 7.30 for leg and bracing members normally adopted. Eight different cases

of bracing systems are discussed in Table 7.31.
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