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LONG SPANS IN BUILDINGS

A common requirement within public buildings is for a large floor area clear of internal columns, even though the
structure has floors above the area where clear space is required. There are several ways of achieving the requirement,
and these are discussed below. In the first two cases considered below it is assumed that the floor loads arising from
the clear span are supported by the structure or foundation beneath the floor.

The simplest and perhaps the most obvious solution to supporting the loads above the clear span is to use a beam of
sufficient depth to resist the applied loads without overstress or undue deflection. Unfortunately, there is a limit to
depth of beams available commercially, and this simple solution has to be rejected on the grounds of practicality.

The next solution is to use a truss in place of the beam considered above. This is structurally feasible on the grounds

of buildability, and a simple method of designing a truss is given in the following notes.

Figure 1 shows two trusses, both supporting ceiling loads from COLUMNS
beneath and floor loads from above.
. . . . . U
Sometimes a Vierendeel girder is used instead of a truss. The
parts of the building where these main structural elements are CLEAR SPAN
located are usually taken up with utility areas, plant rooms, and
similar uses where the presence of obvious structural steelwork
is not intrusive. /\ Cl
CLEAR SPAN
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Figure 2 shows the same structure, but utilising two Vierendeel
girders to the same effect as the trusses in Figure 1. Vierendeel
girders have an advantage that there are no diagonal members
to restrict access on the floors of the utility areas. In large
structures, however, there may be fabrication problems
associated with the large forces produced at the connections in
the girder.

U

INTERNAL COLUIMNS ACT

Ap TENJION MEMBERS

In Figure 3, the truss at the top of the structure is supporting
almost all of the internal load of the structure. Load is
transferred from each floor into the internal columns, causing
these to go into tension. The load is then transmitted to the
outer columns as compressive load, and ultimately to the
ground through the foundation
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RAPID DESIGN OF STEELWORK TRUSSES

As a general rule for the design of a steel truss under "normal" loading, the depth of the truss should be about span/16 -
span/10 to ensure that the top and bottom members of the truss are stressed to reasonable proportions of their load-
carrying capacity. The truss should be divided into 6, 8, or 10 equal-sized panels, having vertical members and
diagonals as shown in Figure 1, and it is assumed that the truss carries a vertical load distributed along its length acting
downwards. Note the direction of the diagonal members; the loading will put these members into tension, rather than
compression, and better economy of material is likely using this technique.

A "quick" method of designing (in the engineering sense) a truss
is described below. Beware of buckling produced by
compression in the top boom of the truss. The following

method will work provided adequate restraint is available to Figure 1
prevent out-of-plane buckling. If this is not the case, the
allowable stresses should be reduced by a factor of least 2.

The aim of the design is to obtain a suitable section size for a truss solution to a particular problem. The calculations
proceeds as follows:

i)

iii)

determine the full applied load on the truss, based on the dead load, ie. the self-weight of the truss and concrete
floors and services, and the imposed load which can be identified from Standards/Codes of Practice (eg.
AS/NZS 1170, BS 6399, or from the client's specification. The horizontal spacing (centres) between two
adjacent trusses is important in determining the load carried by a single truss;

assuming that the load is applied as a uniformly distributed load (w per metre span) over the full span of the
truss, the maximum bending moment, My,,x, which occurs at mid-span is equal to

M. - wWL? here L is th f th
MAX T 3 where L is the span of the truss.

This moment is resisted mainly by a tensile force in the lower boom of the truss and a compressive force of
equal magnitude in the top boom.

The magnitude of each of these forces can be found by considering the effect of these two forces which are
separated by a vertical distance, d, equal to the distance between the longitudinal centre-lines of the top and
bottom boom members. Thus the magnitude, P, of the force in each of the booms is given by

M
P = _MAX
d
The axial stress, o, in each of the booms at mid-span is given approximately by
(e} = _B
A

where A is the cross-sectional area of one of the boom members.
Assuming a Factor of Safety=1.7, and max. permissible stress = yield stress / Factor of Safety

For Steel Grade 250 (yield stress = 250 MPa), max permissible stress =250 MPa/ 1.7
= 147.0 MPa = 145 MPa

For Steel Grade 350 (yield stress = 350 MPa), max permissible stress =350 MPa /1.7
=205.9 MPa =205 MPa

For Steel Grade 450 (yield stress = 450 MPa), max permissible stress =450 MPa/ 1.7
=264.7 MPa = 265 MPa
NB:  higher strength steel normally costs more than lower strength steel
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vi)

The above equation can be re-arranged to give the required cross-sectional area to produce the maximum
permissible stress. Thus if Grade 250 steel is used, the cross-section must have an area (expressed in mm?)
which satisfies the equation

where P is expressed in Newtons.

The deflection of the truss at mid-span must also be taken into consideration. Deflection due to dead load and
self weight is important, although the visual effect can be countered by pre-cambering the truss if this is
desirable.

If the imposed load determined earlier is treated as a uniformly distributed load, w; , the deflection at mid-span
is given by

5w, L*
3834 E 1
where E = Young's modulus (200 x 10°> MPa for all steel)
I = Second moment of area of the truss at mid-span.

The second moment of area of the truss can be represented approximately by

A x g2
2

I =

As a general guide, the deflection at mid-span of a beam or a truss due to imposed loads should be restricted
to span/360 or span/350. Using this as a limiting value, the above equations can be re-arranged:

5w, L* ) 5 xw, xL* . L
384 E 1 384 x E x A d2 360
which gives
3600 w, L*
* 3mE d?

Thus two values for the cross-sectional area of the boom members can now be found; one from consideration
of stress, the other by taking deflection into account. The higher value is the one to be selected and this cross-
sectional area is required for each boom. The choice of the steel section can be made from tables of cross-
sectional areas. The vertical and diagonal members of the truss can be made from the same size sections as
the horizontal members; note that some economy can usually be achieved by reducing the section sizes for the
diagonal and vertical members if this is desired.
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Worked Example: Rapid Truss Design

A truss is required to span 30 metres and support a uniformly TOTAL LOAD = 600 kN

distributed dead load of 5 kN/m, including its own self-weight, e

and a uniformly distributed imposed load of = 15 kN/m. 13 m
Given that the truss is to be formed from a single size of ¢ 30 m >

square hollow section in Steel Grade 350, produce an

approximate engineering design for the truss, indicating the 50 100 100 100 100 100 50
depth of the truss and the chosen section size. It can be
assumed that the truss is simply-supported at its ends, made of
pin-ended members, that the load is applied at the joints and
that the top boom of the truss is restrained against buckling.

The maximum permissible stress in Grade 350 steel is
205MPa, and the maximum deflection of the truss (under
imposed loading only) is limited to span/360.

Figure 2

Sketch the elevation of the truss, and calculate the weight and budget cost of the truss, assuming that the cost of erected
steelwork is A$1950 per tonne.

The value of Young’s Modulus for steel can be assumed to be 200 x 10° MPa (= 200 x 10° kN/m?).

If the truss is considered as a simply-supported beam structure subject to a total distributed load of 600 kN, the
maximum value of bending moment My, (which occurs at mid-span) is given by

2
M. = Yoom DT (515 WNm x G0mP | 00

It will be assumed that the effective depth (d) of the truss is 3 m, the axial load in the top and bottom booms is

M
p - MAX _ 2250 kNm _ 750 KN
d 3m
If the maximum permissible stress for Grade 350 Steel is 205MPa, the required cross-sectional area A of the truss to

limit the stress to this value is

3
TOXICN | 3650 mm?
205 MPa
If the maximum deflection of the truss is restricted to span/360 (= 83.3 mm) and the imposed load is 15 kN/m, then
L 5w, L* 5xw, xL*
> =
360 384 E I 2
384 x E x A4

3600 x w, x L3 3

384 x E x d2 384 x 200 x 106 x (3 m)?

The previous value for A obtained by considering maximum stress is higher (3659 mm?), and therefore must be taken
as the required cross-sectional area for the truss members. Using OneSteel Cold Formed Section Catalogue (page 24),
the square hollow section with the nearest cross-sectional area greater than this area is 200 x 200 x 5 mm SHS with
an area of 3810 mm?, which has a mass per unit length of 29.9 kg/m.

The total length of steel section in one truss is approximately
2x30m + 7x3m + 6x¢y52+3¥m = 1160 m

Thus the total weight of steel in the truss is: 116.0 m x 29.9 kg/m = 3468.4 kg

and if the cost of erected steelwork is $1950 per tonne, the total cost of the truss is
34684 T x A$1950/T = A$6763
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Tutorial Questions for Private Study

Question 1:

A steel truss (with horizontal top and bottom booms) is urgently required to give temporary support to a roof structure
which has been damaged by severe weather. The truss spans 40 metres and is subjected to an imposed vertical load
of 8 kN/metre span, in addition to its own self-weight, which can be assumed to be 0.45 kN/metre span.

The space available for construction is limited, and the maximum overall height of the truss must not exceed 2.2
metres. Ifthe maximum permissible axial stress within the truss must not exceed 205MPa, and the maximum allowable
deflection under imposed load is restricted to span/350:

i) provide a sketch of the shape of the truss you would recommend, bearing in mind the immediate requirement
Jor the steelwork and the need for economic design;

ii) use suitable calculations to determine a structural square hollow steel section which you would recommend
to be used for the fabrication of the truss,

iii) estimate the cost of the truss, given that the overall cost of erected steelwork can be estimated as A$1800 per
tonne.

The value of Young’s Modulus for steel can be assumed to be 200 x 10° MPa (= 200 x 10° kN/n?).

(10 panels, 200 x 200 x 9 SHS, 7599.1 kg, A$13678)

Question 2:
A steel truss (with horizontal top and bottom booms) is required to span 25 metres and is subjected to an imposed
vertical load of 5 kN/metre span, in addition to its own self-weight, which can be assumed to be 0.35 kN/metre span.

The space available for construction is limited, and the maximum height of the truss must not exceed 1.5 metres. If

Steel Grade 350 is to be used (maximum permissible axial stress within the truss is 205MPa), and the maximum

allowable deflection under imposed load is restricted to span/350:

i) provide a sketch of the shape of the truss you would recommend:

ii) use suitable calculations to determine a steel section which you would recommend to be used for the
Jabrication of the truss. You should consider SHS, RHS and CHS section, and your recommendation should
be based on achieving minimum weight while still meeting all the above design criteria;

iii) estimate the cost of the truss, given that the overall cost of erected steelwork can be estimated as A31880 per
tonne.

The value of Young's Modulus for steel can be assumed to be 200 x 10° MPa (= 200 x 10° kN/m?).

(8 panels, 200 x 100 x 4 RHS, 1578.8 kg, A$2968)
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CONTINUING PROFESSIONAL DEVELOPMENT - NOTES FOR PARTICIPANTS
ENGINEERS AUSTRALIA - 22 APRIL 2010

RAPID DESIGN OF STEELWORK TRUSSES

WORKED SOLUTIONS TO TUTORIAL QUESTIONS

Question 1:

A steel truss (with horizontal top and bottom booms) is urgently required to give temporary support to a roof structure
which has been damaged by severe weather. The truss spans 40 metres and is subjected to an imposed vertical load
of 8 kN/metre span, in addition to its own self-weight, which can be assumed to be 0.45 kN/metre span.

The space available for construction is limited, and the maximum overall height of the truss must not exceed 2.2
metres. Ifthe maximum permissible axial stress within the truss must not exceed 205MPa, and the maximum allowable
deflection under imposed load is restricted to span/350:

i) provide a sketch of the shape of the truss you would recommend, bearing in mind the immediate requirement
Jor the steelwork and the need for economic design;

ii) use suitable calculations to determine a structural square hollow steel section which you would recommend
to be used for the fabrication of the truss,

iii) estimate the cost of the truss, given that the overall cost of erected steelwork can be estimated as A$1800 per
tonne.

The value of Young’s Modulus for steel can be assumed to be 200 x 10° MPa (= 200 x 10° kN/m’).

) TOTAL LOAD = 338 kN
The truss will be considered as a 10-panel statically

determinate framework acting as a simply-supported NN T
beam structure.

16.9 33.8 33.8 33.8 33.8 33.8 33.8 33.8 33.8 33.8 16.9

. Y Y Y Y Y Y Y VY VYY
The total distributed load is 8.45 kN/m x 40 m (= 338 #2 m
kN), and the maximum value of bending moment M5 40 m
(which occurs at mid-span) is given by - >
Figure 1
2 2
My = w8L _ (8 +045) kl\;/m X (40 m)* _ 1690 kKNm

The effective depth (d) will be assumed to be 2.0 m, taking note of the restriction in overall depth. The axial load in
the top and bottom booms is

M
P - I:iIAX _ 169;)kNm - 845 KN
m

If the maximum permissible stress for the steel is 205MPa, the required cross-sectional area A of the truss to limit the
stress to this value is
845 x 10° N
205 MPa

= 4122.0 mm?
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If the maximum deflection of the truss under the action of the imposed load is restricted to span/350 (= 114.3 mm),
then

L 5w, L* 5 xw, xL*
2 =
350 ° 384 EI 2
384 x g x A4
_ , 3500 xwy xL® 3500 x 8kN/m x (40m)
384 x E x d2 384 x (200 x 10°) x (2m)?

A > 58333 x 103 m?2 = 58333 mm?

This value for A (5833.3 mm?®) is significantly greater than that obtained by considering maximum stress, and therefore
it is this higher value that must be taken as the required cross-sectional area for the truss members. Using the OneSteel
Cold Formed Structural Hollow Sections and Profiles Catalogue, the square hollow section with the nearest cross-
sectional area greater than this area is 200 x 200 X 9 mm SHS with an area of 6600 mm?, which has a mass of 51.8
kg/m.

The total length of steel section in one truss is approximately ,
2x40m + 11 x2m + 10x44>+22m = 1467 m

Thus the total weight of steel in the truss is
146.7 m x 51.8 kg/m = 7599.1 kg

and if the cost of erected steelwork is A$1800 per tonne, the total cost of the truss is
7.5991 T x A$1800/T = A$13678

Question 2:

A steel truss (with horizontal top and bottom booms) is required to span 25 metres and is subjected to an
imposedvertical load of 5 kN/metre span, in addition to its own self-weight, which can be assumed to be 0.35
kN/metre span.

The space available for construction is limited, and the maximum height of the truss must not exceed 1.5

metres. If Steel Grade 350 is to be used (maximum permissible axial stress within the truss is 205MPa), and

the maximum allowable deflection under imposed load is restricted to span/350:

i) provide a sketch of the shape of the truss you would recommend;

ii) use suitable calculations to determine a steel section which you would recommend to be used for the
fabrication of the truss. You should consider SHS, RHS and CHS section, and your recommendation
should be based on achieving minimum weight while still meeting all the above design criteria;

iii) estimate the cost of the truss, given that the overall cost of erected steelwork can be estimated as
A$1880 per tonne.

The value of Young’s Modulus for steel can be assumed to

be 200 x 10° MPa (= 200 x 10° kN/nd).
TOTAL LOAD = 133.75 kN

SNISISNNLAL A1 A1 7]

The truss will be considered as a 8-panel statically
determinate framework acting as a simply-supported beam
structure. The total distributed load is 5.35 kN/m x 25m 8.4 16.7 16.7 16.7 16.7 16.7 16.7 16.7 8.4
(= 133.75 kN), and the maximum value of bending ‘ Y YV Y VY VYOV #

1.3 m

moment M,y (wWhich occurs at mid-span) is given by

2
M - wxL 25 m
MAX 3 ¢ >

Figure 2
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(5 + 0.35)kN/m x (25m)?

Thus M, 1ax g

418.0 kNm

The effective depth (d) will be assumed to be 1.25 m, taking note of the restriction in overall depth. The
axial load in the top and bottom booms is

M,
P - max _  418.0 KNm - 3344 kKN

d 1.25 m

If the maximum permissible stress for the steel is 205 MPa, the required cross-sectional area A of the truss
to limit the stress to this value is

3344 x 10° N
205 MPa

= 1631.2 mm?

If the maximum deflection of the truss under the action of the imposed load is restricted to span/350 (=71.4
mm), then

L 5w, L* 5 xw, xL*
> =
350 ~ 384 E1 2
384 x B x AXd
. , 3500wy xL® 3500 x 5kN/m x (25m)
384 x E x d? 384 x (200 x 10°) x (1.25m)?

A > 22786 x 10° m? = 2278.6 mm?

This value for A (2278.6 mm?) obtained by considering maximum stress is greater than the previous value
for A (1631.2 mm?), and therefore the higher value must be taken as the required cross-sectional area for the
truss members. Using the OneSteel Cold Formed Structural Hollow Sections and Profiles Catalogue:

. Square Hollow Section with the nearest cross-sectional area greater than 2278.6 mm? is 125 x 125
x 5 mm SHS with an area of 2310 mm?, which has a mass of 18.2 kg/m.

. Rectangular Hollow Section with the nearest cross-sectional area greater than 2278.6 mm? is 200 x
100 x 4 mm RHS with an area of 2280 mm?, which has a mass of 17.9 kg/m.

. Circular Hollow Section with the nearest cross-sectional area greater than 2278.6 mm? is 168.3 x 4.8
mm CHS with an area of 2470 mm?, which has a mass of 19.4 kg/m.

The most economical section is the 200 x 100 X 4 mm RHS with a mass of 17.9 kg/m.
(NB Potential welding issues with 4mm wall thickness?)

The total length of steel section in one truss is approximately

2
2x25m + 9x125m + sx\J(z—i‘E) +12%m = 882 m

Thus the total weight of steel in the truss is
882 m x 179 kg/m = 1578.8 kg

and if the cost of erected steelwork is A$1880 per tonne, the total cost of the truss is approximately
1.5788 T x A$1880/T = A$2968
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