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1.0 INTRODUCTION

Trusses are triangular frame works in which the members are subjected to essentidly axia
forces due to externdly applied load. They may be plane trusses [Fig. 1(a)], wherein the
externd load and the members lie in the same plane or space trusses [Fig. 1(b)], in which
members are oriented in three dimensions in space and loads may aso act in any direction.
Trusses are frequently used to span long lengths in the place of solid web girders and such
trusses are d o referred to as lattice girders.
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Fig. 1 Typesof Trusses

Sted members subjected to axid forces are generdly more efficient than members in flexure
gnce the cross section is nearly uniformly stressed.  Trusses, conggting of essentidly axidly
loaded members, thus are very efficient in ressting externa loads. They are extensvely used,
especidly to span large gagps. Since truss systems consume relatively less materid and more
labour to fabricate, compared to other systems, they are particularly suited in the Indian context.
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Trusses are used in roofs of sngle storey industrid buildings, long span floors and roofs of
multistory buildings, to resst gravity loads [Figs. 1(a) and 1(b)]. Trusses are aso used in multi-
gorey buildings and walls and horizontal planes of industria buildings to resst laterd loads and
give laterd gability [Figs. 1(c) and 1(d)]. Trussesare used in long span bridgesto carry gravity
loads and laterd loads [Fig. 1(€)].

Trusses often serve the action of the girder in trandferring the gravity load over larger span, and
are referred to dso as lattice girders.  Such lattice girders are usudly deegper and much lighter
than regular girders and hence are economicd, particularly when repetitive fabrication is taken
advantage of. These are used as flooring support systems in multi- sorey buildings, within which
depth al the ducts can be easly accommodated without increasing the depth of the celling.

Sted trusses can dso be efficiently used dong with concrete dabs in buildings and bridges by
mobilisng composite action between structural sted and concrete.  In this chapter, initidly, the
detals of dructurad sted trusses are discussed.  Subsequently, the behaviour and design of
sructurd stedl - concrete composite trusses are discussed.

20 LOADS

The loads on trusses would depend upon the gpplication for which the trusses are used. The
loads may be static, as in the case of buildings, or dynamic, asin the case of bridges. These are
briefly reviewed below.

2.1  Industrial Buildings
The roof trussesin indugtrid buildings are subjected to the following loads:
211 Deadload

Dead load on the roof trusses in single storey indudtrid buildings consists of dead load of
claddings and dead load of purlins, self weight of the trusses in addition to the weight of bracings
etc. Further, additiona specid dead loads such as truss supported hoist dead loads, specia

ducting and ventilator weight etc. could contribute to roof truss dead loads. As the clear span
length (column free span length) increases, the salf weight of the moment resigting gable frame
increases drasticaly. In such cases roof trusses are more economical.

21.2 Liveload
The live load on roof trusses consst of the gravitationd load due to erection and servicing as
well as dust load etc. and the intengity is taken as per 1S:875-1975. Additiond specid live

loads such as snow loads in very cold cdimates, crane live loads in trusses supporting monorails
may have to be considered.
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2.1.3 Windload

Wind load on the roof trusses, unless the roof dope is too high, would be usudly uplift force
perpendicular to the roof, due to suction effect of the wind blowing over the roof. Hence the
wind load on roof truss usudly acts opposite to the gravity load, and its magnitude can be larger
than gravity loads, causing reversd of forcesin truss members.

The horizontd and verticd bracings employed in sngle and multi-storey buildings are dso

trusses [Fig. 1(d)], used primarily to resst wind and other lateral loads. These bracings
minimize the differentid deflection between the different frames due to crane surge in indudtria

buildings. They aso provide latera support to columnsin smal and tal buildings, thus increasing
the buckling strength.

2.1.4 Earthquakeload

Since earthquake load on a building depends on the mass of the building, earthquake loads
usudly do not govern the design of light industrid sted buildings. Wind loads usudly govern.
However, in the case of indudtrid buildings with alarge mass located at the roof, the earthquake
load may govern the design. These loads are calculated as per 1S:1893-1985.

2.2 Multi-Storey Buildings

The laterd load due to wind or earthquake may be resisted by vertica bracings acting as
trusses. These bracings, properly designed, make these buildings very 4iff in ressting laterd

loads. Hence they are economica in the buildings of intermediate height ranges. In the case of
earthquake loading, siff buildings may attract larger inertia force and hence use of bracings may
not be desirable.

2.3 Bridge Trusses

Trusses are used in bridges to transfer the gravity load of moving vehicles to supporting piers.
Depending upon the ste conditions and the soan length of the bridge, the truss may be ether
through type or deck type. In the through type, the carriage way is supported at the bottom

chord of trusses. In the deck type bridge, the carriage way is supported at the top chord of

trusses. Usudly, the structurd framing supporting the carriage way is desgned such that the
loads from the carriage way are transferred to the nodal points of the vertical bridge trusses.

More details of the trusses bridges are discussed in the chapter on bridges.

30 ANALYSSOF TRUSSES

Generdly truss members are assumed to be joined together so as to transfer only the axid
forces and not moments and shears from one member to the adjacent members (they are
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regarded as being pinned joints). The loads are assumed to be acting only at the nodes of the
trusses. The trusses may be provided over a single span, Smply supported over the two end
supports, in which case they are usudly daticdly determinate.  Such trusses can be andysed
manualy by the method of joints or by the method of sections. Computer programs are dso
avalable for the andysis of trusses. These programs are more useful in the case of multi-span
indeterminate trusses, as wel as in the case of trusses in which the joint rigidity has to be
condgdered. The effect of joint rigidity is discussed later in greeter detail.

From the andyss based on pinned joint assumption, one obtains only the axid forces in the
different members of the trusses. However, in actua design, the members of the trusses are
joined together by more than one bolt or by welding, either directly or through larger sze end
gussts. Further, some of the members, particularly chord members, may be continuous over
many nodes. Generdly such joints enforce not only compatibility of trandation but dso
compatibility of rotation of members meeting a the joint. As a result, the members of the
trusses experience bending moment in addition to axid force.  This may not be negligible,
particularly at the eaves points of pitched roof trusses, where the depth is smdl and in trusses
with members having a smdler dendernessratio (i.e. slocky members). Further, the loads may
be applied in between the nodes of the trusses, causing bending of the members. Such stresses
are referred to as secondary stresses. The secondary bending stresses can be caused aso by
the eccentric connection of members a the joints. The analys's of trusses for the secondary
moments and hence the secondary stresses can be carried out by an indeterminate structurd
andyss, usudly usng acomputer software.

The magnitude of the secondary stresses due to joint rigidity depends upon the gtiffness of the
joint and the tiffness of the members meseting at the joint. Normally the secondary stresses in
roof trusses may be disregarded, if the denderness ratio of the chord members is geater than
50 and that of the web members is greater than 100. The secondary stresses cannot be
neglected when they are induced due to application of loads on members in between nodes and
when the members are joined eccentrically. Further the secondary stresses due to the rigidity of
the joints cannot be disregarded in the case of bridge trusses due to the higher stiffness of the
members and the effect of secondary stresses on fatigue strength of members. In bridge trusses,
often midfit is desgned into the fabrication of the joints to create prestress during fabrication
oppaogite in nature to the secondary stresses and thus help improve the fatigue performance of
the truss members at their joints.

3.0 CONFIGURATION OF TRUSSES

3.1  Pitched Roof Trusses

Most common types of roof trusses are pitched roof trusses wherein the top chord is provided
with a dope in order to facilitate naturd drainage of rainwater and clearance of dust/snow

accumulation. These trusses have a greater depth at the mid-span. Due to this even though the
ovedl bending effect is larger & mid-span, the chord member and web member stresses are
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gmdler doser to the mid-span and larger closer to the supports. The typical span to maximum
depth ratios of pitched roof trusses are in the range of 4 to 8, the larger ratio being economica
in longer spans. Pitched roof trusses may have different configurations. In Pratt trusses [Fig.
2(a)] web members are arranged in such a way that under gravity load the longer diagond
members are under enson and the shorter verticd members experience compresson. This
dlowsfor efficient desgn, since the short members are under compression. However, the wind
uplift may cause reversd of stresses in these members and nullify this benefit. The converse of
the Pratt is the Howe truss [Fig. 2(b)]. Thisis commonly used in light roofing so that the longer
diagonds experience tension under reversa of stresses due to wind load.

Fink trusses [Fig. 2(c)] are used for longer spans having high pitch roof, snce the web members
in such truss are sub-divided to obtain shorter members.

(b) Howe Truss
/7 7/ /7 7/

(a) Pratt Truss

(c) Fink Truss d (d) Fan Truss L=

Y ard

(e) Fink Fan Truss 55— 7 (f) Mansard Truss 77

Fig. 2 Pitched Roof Trusses

Fan trusses [Fig. 2(d)] are used when the rafter members of the roof trusses have to be sub-
divided into odd number of panels. A combination of fink and fan [Fig. 2(€)] can aso be used
to some advantage in some specific Stuations requiring appropriate number of pands.

Mansard trusses [Fig. 2(f)] are varidion of fink trusses, which have shorter leading diagonds
even in very long span trusses, unlike the fink and fan type trusses.

The economical span lengths of the pitched roof trusses, excluding the Mansard trusses, range
from 6 mto 12 m. The Mansard trusses can be used in the span ranges of 12 mto 30 m.
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3.2 Parallel Chord Trusses

The pardld chord trusses are used to support North Light roof trusses in industrid buildings as
well asin intermediate span bridges. Pardlel chord trusses are also used as pre-fabricated floor
joigts, beams and girdersin multi-storey buildings [Fig. 3(a)]. Warren configuration is frequently
used [Figs. 3(b)] in the case of pardld chord trusses. The advantage of pardle chord trussesis
that they use webs of the same lengths and thus reduce fabrication cods for very long spans.
Modified Warren is used with additiond verticas, introduced in order to reduce the
unsupported length of compression chord members. The saw tooth north light roofing systems
use pardle chord lattice girders [Fig. 3(c)] to support the north light trusses and transfer the
load to the end columns.

[ f / V\/\

‘ (a) Flnor Girder ‘ (hY \NMarren Triies

(Y| attice Girder

(d) K type Web

AQO<><>; Fig. 3 Parallel Chord Trusses

(e) Diamond Type Web

The economica span to depth ratio of the paralel chord trussesisin the range of 12 to 24. The
totd span is subdivided into a number of panels such that the individud pand lengths are
gppropriate (6m to 9 m) for the stringer beams, transferring the carriage way load to the nodes
of the trusses and the inclination of the web members are around 45 degrees. In the case of
very deep and very shallow trusses it may become necessary to use K and diamond patterns for
web members to achieve appropriate inclination of the web members. [Figs. 3(d), 3(e)]

3.3  Trapezoidal Trusses

In case of very long span length pitched roof, trusses having trapezoidd configuration, with
depth at the ends are used [Fig. 4(a)]. This configuration reduces the axid forcesin the chord
members adjacent to the supports. The secondary bending effects in these members are dso
reduced. The trgpezoidd configurations [Fig. 4(b)] having the doping bottom chord can be
economicad in very long span trusses (spans > 30 m), since they tend to reduce the web

Verson I 27 - {PAGE }



TRUSSES

member length and the chord members tend to have nearly constant forces over the span length.
It has been found that bottom chord dope equd to nearly half as much as the rafter dope tends
to give close to optimum design.

(a)
Fig 4. Trapezoidal Trusses

40 TRUSSMEMBERS

The members of trusses are made of ether rolled stedl sections or built-up sections depending
upon the span length, intengity of loading, etc. Rolled sted angles, tee sections, hollow circular
and rectangular structural tubes are used in the case of roof trusses in indudtrid buildings [Fig.
5(a)]. Inlong span roof trusses and short span bridges heavier rolled sted sections, such as
channels, | sections are used [Fig. 5(b)]. Members built-up using | sections, channels, angles
and plates are used in the case of long span bridge trusses [Fig. 5(c)]

1T ]
o0 T7T

(a) Light Section (b) Heavy Sections () Built-up Sections

Fig. 5 Cross Sections of Truss Members

Access to surface, for inspection, cleaning and repainting during service, are important
condderations in the choice of the built-up member configuration. Surfaces exposed to the
environments, but not accessble for maintenance are vulnerable to severe corroson during life,
thus reducing the durability of the dructure. In highly corrosive environments fully cosed
welded box sections, and circular hollow sections are used to reduce the maintenance cost and
improve the durability of the structure.
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5.0 CONNECTIONS

Members of trusses can be joined by riveting, bolting or welding. Due to involved procedure
and highly skilled labour requirement, riveting is not common these days, except in somerailway
bridgesin India In railway bridges riveting may be used due to fatigue condderations. Evenin
such bridges, due to recent developments, high strength friction grip (HSFG) bolting and
welding have become more common. Shorter gpan trusses are usudly fabricated in shops and
can be completely welded and transported to Site as one unit. Longer span trusses can be
prefabricated in segments by welding in shop. These segments can be assembled by bolting or
welding a ste. This results in a much better quaity of the fabricated structure. However, the
higher cost of shop fabrication due to excise duty in contrast to lower field labour cost
frequently favour field fabrication in India
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(a) Typical Roof Truss Joint (b) Typical Bridge Truss Joint

Fig. 6 Typical TrussJoints

If the rafter and tie members are T sections, angle diagonds can be directly connected to the
web of T by welding or bolting. Frequently, the connections between the members of the truss
cannot be made directly, due to inadequate space to accommodate the joint length. In such
cases, gusset plates are used to accomplish such connections (Fig. 6). The size, shape and the
thickness of the gusset plate depend upon the size of the member being joined, number and size
of balt or length of weld required, and the force to be transmitted. The thickness of the gusset is
in the range of 8 mm to 12 mm in the case of roof trusses and it can be as high as 22 mmin the
case of bridge trusses. The design of gussetsis usudly by rule of thumb. In short span (8 — 12
m) roof trusses, the member forces are smaller, hence the thickness of gussets are lesser (6 or 8
mm) and for longer span lengths (> 30 m) the thickness of gussets are larger (12 mm). The
design of gusset connections are discussed in a chapter on connections.
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6.0 DESIGN OF TRUSSES

Factors that affect the desgn of members and the connections in trusses are discussed in this
section.

6.1 Ingability Consderations

While trusses are iff in their plane they are very wesk out of plane. In order to sabilize the
trusses againg out- of- plane buckling and to carry any accidenta out of plane load, as well as
lateral loads such as wind/earthquake loads, the trusses are to be properly braced out -of -
plane. The ingability of compression members, such as compresson chord, which have along
unsupported length out- of-plane of the truss, may aso require laterd bracing.

Compression members of the trusses have to be checked for their buckling strength about the
critical axis of the member. This buckling may be in plane or out- of-plane of the truss or about
an oblique axis as in the case of sngle angle sections. All the members of aroof truss usudly do
not reach ther limit states of collgpse smultaneoudy. Further, the connections between the
members usudly have certain rigidity. Depending on the redtraint to the members under

compression by the adjacent members and the rigidity of the joint, the effective length of the
member for caculating the buckling strength may be less than the centre-to-centre length of the
joints. The design codes suggest an effective length factor between 0.7 and 1.0 for the in-plane
buckling of the member depending upon this restraint and 1.0 for the out of plane buckling.

In the case of roof trusses, amember normally under tension due to gravity loads (dead and live
loads) may experience stress reversal into compresson due to dead load and wind load

combination. Similarly the web members of the bridge truss may undergo stress reversd during
the passage of the moving loads on the deck. Such stressreversals and the ingtability dueto the
dress reversa should be consdered in design.

The design standard (1S: 800) imposes redtrictions on the maximum denderness ratio, (¢/r), as
given below:

Member type Max//r limit
Members under compression under loads other than wind/ earthquake load 180

Tenson members undergoing stress reversa due to loads other than wind load 180

Members normaly under tension but may have to resist compression under

wind load 250
Members designed only for tension even though they may experience
stressreversal 350
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Members aways under tenson (unless pre-tensoned to avoid sag) 400
These limits are imposed to ensure the following:

Too dender amember is avoided which may be damaged during transportation and

erection
Members do not sag excessively under self-weight during service causng excessve
deflection in truss.

Compression members do not sag greater than 1/1000™ of their length, which is beyond
the imperfection limit assumed in the compressive strength calculation.

It isa common practice to specify aminimum angle size of 50 X 50 X 6 in the case of roof
trusses.

7.0 ECONOMY OF TRUSSES

As dready discussed trusses consume alot less materia compared to beams to span the same
length and transfer moderate to heavy loads. However, the labour requirement for fabrication
and erection of trussesis higher and hence the relative economy is dictated by different factors.
In India these consderations are likely to favour the trusses even more because of the lower
labour cost. In order to fully utilize the economy of the trusses the designers should ascertain
the fallowing:

Method of fabrication and erection to be followed, facility for shop fabrication available,
trangportation redtrictions, field assembly facilities.

Preferred practices and past experience.

Avallability of materids and sections to be used in fabrication.

Erection technique to be followed and erection stresses.

Method of connection preferred by the contractor and client (bolting, welding or riveting).
Choice of asrolled or fabricated sections.

Smple design with maximum repetition and minimum inventory of materid.

80 COMPOSITE TRUSSES

Trusses are efficient sructurd systems, since the members experience essentidly axid forces
and hence the materids are fully utilised. Sted as a sructurd materid is equaly strong both in
tenson and compression and hence sted trusses are more efficient. They tend to be economical
to support loads over larger span lengths. However, the members in the compression chord of
the smply supported sted truss (top chord) may prematurely buckle before the stresses reach
the materid drength. In this context the concrete dab acting in composite with the truss
compression chord becomes useful (Fig. 6).
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A reinforced concrete or composite deck floor is required in any case in building and other
gructuresto provide aflat surface. Using it as a part of the compression member in truss system
could be an economica propogtion. Concrete has a lower strength compared with stedl and
hence requires larger cross section to sustain a given compression.  Consequently, the concrete
floor dab used as a part of the compresson chord of the truss is less vulnerable to buckling
falure. Further, concrete can more economicaly carry compression, wheressit isvery wesk in
tenson. In a composite truss system the relative merits of steel and concrete as congtruction
materias are fully exploited. It is one of the most economica systems in longer span flooring
construction. Thus composte truss systems are structuradly efficient and economicd.

Shear studs Concrete deck slab

r yr ‘v ¥

=

'A"-“

Top Chord

Web Diagonals
I 4 |

T Bottom Chord

Fig. 6 Composite Truss

Steel truss

In multi-storey buildings, the compogte truss systems a so reduce the tota height of the building,
by accommodating the services (heting, ventilaion, lighting and telecommunication ducts)
within the depth of the truss, thus integrating structura, mechanica and dectrica systems within
in the floor space. This minimises the inter-floor height. Considering functiond and Structurd
efficiency and economy, it is only naturd that composite sted-concrete trusses are a popular
choice for long gpan and high-rise congtruction.

Angles T - Section RHS
e N

b\

Rod

Fig. 7 Types of Truss Members

The composite truss usually consists of a pardld chord Warren truss, designed to ress, the
superimposed gravity load in @njunction with the reinforced composite concrete deck dab
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attached to the truss through shear connectors (Fig. 6). The top and bottom chords of the truss
may be made of angles, T sections or rolled stedl structura tubes (Fig. 7). The web members,
arranged in a Warren truss form, may be made of sted rods, sngle angle or double angle
sections, or structurad tubing welded to the chord members ether directly (most common) or
indirectly through gussets. The end nodes of the Warren truss are usudly arranged to coincide
with the reaction points of the orthogond flooring member. The shear transfer between the sted!
truss and the concrete deck dab is mobilised usudly usng shear suds. The deck dab may
consst of cast in place concrete, either over removable centering or left-in-place profiled
sheeting. The profiles in the decking may run ether pardld or perpendicular to the truss in the
orthogond floor system.

The gpplication of composites in congruction is a mature technology in developed countries,
frequently chosen under competitive desgns. Even in India there are a few interesting
gpplications of the composte truss congtruction. Many [1,2,3] have reviewed the progress of
the technology since its inception.

Early applications rdied essentidly on the bond between concrete and steel to bring about
composite action. The requirement for efficient shear transfer led to mechanicd shear
connectors in later applications.  Angles, channds and severd other proprigtary shear
connectors were explored. Shear studs (straight round rods with upset head) evolved as the
dandard, dueto their ease of ingtalation, labour reduction and cost efficiency.

The composite trusses consisting of readymade and made to order open-web joiststrusses with
cast-in-place concrete dab are most common. Instead of removable shuttering, Ieft-in-place
permanent shuttering or stedl profiled sheeting was subsequently used. These evolved into
composite decking dabs, wherein the profiled sheeting in addition to serving as a shuttering for
green concrete, dso would act as tension reinforcement for hardened concrete. The shear studs
are welded to the compression chord of the truss through the deck sheet, serving as a shear
transfer unit both to the truss and profiled decking.

The World Trade Centre building in New York was one of the largest applications of the
composite, open-web joist system. Subsequent developments used cold-formed specidly
shaped top chord members made of high strength stedls.  The profiled metd decking dso
provide lateral support to the compression chord member until the concrete hardened. In early
1970's competitive, efficient systems were developed with wide concrete ribs, requiring less
number of shear suds. The volume of concrete in the deck was decreased and the sprayed-on
fire protection requirements were also decreased through field tests.

While the earlier studies concentrated on ultimate strength evauation, the recent studies have
dedt with service load performance characterigtics, such as cregp and shrinkage effects of
concrete on deflection, connection detailing, improving the performance of shear studs, dab
crack control, member fatigue control, vibration and energy absorption characterigtics, and
trusses continuous over many spans.
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8.1 Stud shear connectors

Stud shear connectors are commonly used to transfer shear between the steel compression strut
and concrete deck dab. These studs are welded through the metal decking on to the
compression chord of the truss in the case of composite deck dabs. The design of studs is
treated in greater detall in the chapter on composite beams.

The stud diameter should be limited to 2.5 times the thickness of the part to which it is welded,
in order to prevent the stud tearing out of the eement. This could be a critica requirement in the
case of composite trusses, because of the thin chord members that may be used.

8.2 Effective concrete dab

Due to shear lag, the entire width of the dab may not be fully stressed as per the Smple beam
theory and for the purpose of composite action an effective section of concrete is consdered in
dress, deflection and strength evaduation [4]. The equations for cadculating the effective width of
the dab is given in the chapter on composite beams.

8.3 Design consider ations

8.3.1 Preliminary Design

For the preliminary design of a composite truss the following datais needed:
The maximum bending moments and shear forces in the member
(@ at the congtruction stage (Ms, V),
(b) at the factored load acting a the limit State of collapse of the composte section (M,
Vo).
the concrete dab (regular or composite) sizes and
the truss spacing.

Thefollowing are the geps in the preliminary design:

1. Decide on the depth of the truss girder.
The span to depth ratio of asmply supported composite trussis normally 15 to 20.

2. Devedop the web member layout, usualy usng Warren configuretion.
Use a dope of 30 degrees to horizonta to increase the opening and reduce the number
of connections.

3. Design the top chord member.
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Force in the top chord member a the construction load, R, is cdculated from the
corresponding moment, Ms, and the lever arm between the chord members (Fig. 8).
Size of the member is based on the member strength as governed by lateral buckling
between the laterd supports to the top chord until the concrete hardens.

A minimum width of 120 mm for the top chord is usualy acceptable to support the
decking in a stable manner during erection.

Minimum of 8 mm thickness of the leg of the compression chord is required to weld the
stud through the deck on to the leg.

Vertica leg of the member should be adequate to directly weld the web members.

Otherwise gusset may be required.
Locd bending should be considered in between the nodd points in case of loading
between nodes
X /2
\ £l

. Re
Xt <_
v r Ds &rﬁﬂ?
_4_
% T
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(b) Composite truss Xo

(a) Steel truss

Fig. 8 Moment Capacity of Steel and Composite Trusses

1. Desgn the bottom chord member.
Caculate the tenson in the bottom chord, R, a the factored load moment using the
following equation.

R, = My(D: + Ds- 0.5 X —Xp) 4

where X = (Ds— Dp) R/R;,, Dp = Depth of the profile, R, R, R are the forcesin

the bottom chord, top chord of sted truss and the force in concrete dab,

respectively.
Area of the bottom chord and the bottom chord member shape may be designed based
on thisforce, R,, conddering the yied srength of the member.

2. Check the dab capacity for the compression force at the limit state of collapse.
The dab capacity is given by
R = 0.45 f besr (Ds — Dp) ®)
where fy = cube strength of concrete and b is the effective width of the concrete dab
acting integrd with the truss.
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3. Deﬂgn the web member.
The maximum force in the web member is cdculated by setting the vertical component
of the member force equa to the maximum shear force in the truss.
The web member is designed to carry the force conddering its yied strength in tenson
and buckling strength in compression.

8.3.2 Detailed Analysis and Design

The composite truss thus evolved may be andysed in an exact fashion usng a more accurate
truss andysis following ether manua or computer method. The methods of modding for
computer analysis are presented in reference 3.

The composite truss should be checked for (a) limit state at construction load, (b) limit Sate at
service load and (c) limit Sate of collgpse.

a) Thelimit gate at congruction load

During the congtruction the truss has to carry al the superimposed loads until concrete sets.
The top chord of the truss at this stage can fail ether by reaching the materia srength or laterd
buckling strength, the lateral buckling being the more vulnerable mode of falure. In order to
improve the laterd buckling strength, the top chord may be laterally braced in between supports
ether temporarily or permanently. In case the truss supports composite deck dab, once the
profiled metal decking is attached to the top chord by the welding of studs to the top chord
through the deck metd, it may be assumed to provide adequate latera support to the
compression chord.

Until the green concrete hardens, the stedl section aone has to support al the dead weight and
congruction live load. Hence, the failure mode of the truss can be due to yidding / buckling
(laterd or in-plane) of the top chord in the plane of truss due to compression, failure of the web
member by yidding / buckling. In order to reduce the forces in members during this stage,
propping of the truss from below at one or more points can be done.

b) Thelimit date a serviceload

Strength: Before the concrete hardens, the members of the truss experience forces due to its
sf-weight and the weight of composite deck profile, green concrete and reinforcements. The
composite truss resists the loads applied after the concrete hardens (the super imposed dead
load, and floor live loads). These loads cause axia forces in dl the members due to truss
action. Furthermore, the top chord is subjected to bending moment due to UDL / concentrated
load between the nodes of the truss, which is ressted by the sted aone before concrete
hardens and by the composite section after the concrete hardens.
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In the alowable stress method, the members have to be checked for stresses at this service load
to ensure adequate factor of safety in addition to deflection. If the congtruction is shored, then
the stresses have to be caculated for the entire dead load acting on the composite section. If
the condruction is un-shored, the stresses due to the sdf weight including green concrete,
sustained by stedl section acting done, have to be superposed on stresses due to super imposed
dead load and live load acting on the composite member. In the case of cyclicdly loaded
composite trusses, as in composite bridges, the stress range at the service load has to be
caculated and checked for fatigue. Further, deflection at this service load is to be checked, as
discussed in the following section.

Deflection: The deflection of the sted truss alone due to construction load has to be checked
before concrete hardens and that of the composite truss for the full dead and service live load as
given below.

At the time of concreting, the deflection of the truss system could cause ponding of concrete
leading to a larger dab thickness while leveling concrete.  In order to overcome this, pre-
camber is specified for the truss, particularly in the unshored condtruction. If the caculated
deflection of the sted truss done under the construction load (dead load and congtruction live
load) is less than 20mm no cambering is necessary. If the deflection is greater than 20mm
camber is provided in the top chord of the truss to an extent dightly less than the calculated
deflection. This is to account for moment restraint provide by even smple connections a the
ends of the truss, the tiffness of the supporting member, non-hinged nature of the trussjoints, dl
of which reduce the actua deflection to avaue below the theoretical vaue.

The deflection under the full dead load and live load is caculated, considering the composite
action under super imposed dead load and live load and smple sted truss action for dead load
until the concrete hardens after accounting for camber given in the top chord. The deflection
cdculation should include the ingstantaneous deflection, creep effect and shrinkage effect. The
drinkege effect can be accounted for by cdculating the deflection due to net restrained
dhrinkage strain of around 200 microns at the dab level. The creep deflection is calculated for
the sustained load corresponding to the total dead load and sustained live load in the case of
shored congtruction and only superimposed dead load and sustained live load in the case of
unshored congtruction.  For this purpose, the transformed area of concrete is caculated using
the modular ratio corresponding to the cregp modulus of concrete. The instantaneous deflection
is caculated using the transformed section arrived at using the eastic modular ratio.

Span to depth ratio limitation can be effective to prevent excessive deflection and vibration
under moving loads. The span to depth ratio of 20 for sted truss done and 25 for the
composite truss would be usudly adequate for buildings. Slightly reduced values would be
appropriate (15 to 20 respectively) in bridge trusses. The vibration control could be achieved
by ensuring that any applied vibration frequency of any machinery is not close to the natura
frequency of the compogte flooring and ensuring the natura frequency is above 4 cycles per
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second. There is dso a strong correlation between deflection control and vibration control, so
much so that usudly strict deflection control under loads would aso ensure satisfactory vibration
performance.

c) Thelimit sae of collapse

At the limit state of collgpse the sequence of loading and the corresponding non-composite /
composite member behaviour is immaterid. The composite member resds the tota factored
load. The different members of the composite truss are checked for their limit state of collgpse
under factored loads as given below:

Ultimate tendle strength of bottom chord as governed by yield strength of the gross area or
ultimate strength of net effective area.

Ultimate tendle / compressive strength of the web members, depending upon the type of
axid force under factored loading.

Ultimate strength of the composite compression chord under combined bending (at nodes
and in between nodes) due to load in between nodes and compression.

8.3.3 Design of Studs

The shear studs within a pand of a truss have to trandfer the shear between the dab and top
chord. This isdueto overdl composite truss action and the additional shear due to the bending
of top chord between panel points, caused by the UDL/concentrated load between the panel
points of the truss.

In the composite truss action, the forces in the composte top chord would be due to full load in
the case of shored construction and due to super imposed dead and live load only in the case of
un-shored congtruction. The unbaanced component of the compressive load on the concrete
dab (DC;) causes shear in the duds. The bending moments at the nodd point are calculated,
only due to super imposed dead and live load. Due to this bending, the shear in the stud over
haf the span is cdculated as (T, + Cy ) @ shown in Fig. 9. The siuds have to resst these

combined forces due 4" T T III T T to locd bending
between nodes . A Ccamp, ad overdl truss
action, a ultimate load, assuming the shear to be
uniformly shared by the gudsin the region.

(@) Due to Composite Truss
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8.3.4 Partial Shear Connection

In the eastic range, the actud shear force in shear connections over the span length varies
according to the variation of the shear diagram. At the ultimate load, redigtribution of the shear
force among shear connectors takes place due to the ductility of stud shear connector and the
dip between the stedl and concrete. Hence, the shear in the shear connectorsin a shear span is
assumed as uniform, at the ultimate load.

The shear connectors in bridges are spaced according to the dagtic theory to avoid stress
concentration and fatigue fallure a service load and alimit of 55% of the shear stud capacity is
imposed at the service load limit state. In buildings the shear connectors are spaced uniformly
over the length.

The number of shear connectors as required by the eagtic desgn may be very high. Insuch
cases partial shear connection (50 — 70% of full shear connection) may be used. In such a
case, the shear capacity of the shear connections and hence the effectiveness of the concrete in
compression is to be reduced accordingly, some times leading to increase in the size of sted
chord members. The use of partid shear connection also leads to dight increase in the service
load deflection. However, consdering the large area of concrete in compression, partid shear
connections usudly do not cause any gppreciable changesin the find design.

8.3.5 Concrete Cracking

The deck dab may have a tendency to crack, especidly at the interior supports of continuous
composite beams. In order to minimise the cracking, the sted reinforcement is employed in the
direction perpendicular to the potentia cracks at supports.

8.3.6 Practical Considerations

Ductile failure can be obtained, provided the design is governed by the ultimate strength of
the tension chord member and the strength of top chord, web and stud connectors are large
enough to preclude their premature fallure,
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To facilitate sud welding, the top chord made of T or tubular section with a minimum width
of 50mm is preferred, instead of smaller single or double angles.

8.4 Cost implications

The sted weight savings, the change of ratio in labour content to weight of the structure and the
reduction in time for the completion of the work are three important factors that contribute to
the cost reduction of the composite truss design. The project analysis divison of the Canadian
Ingtitute of Sted Congtruction carried out a review of a number of design examples, covering
ged framed buildings with braced sted core, gravity sted framing with concrete core(s). The
totd building cods including the deck dab and fire protection were consdered. The results are
tabulated inref [2]. The summary of the findings of this study is asfollows:
The materid savings in compodite congruction can be as high as 20 to 40 percent
compared to non-composite stedl condruction, in the case of girder flooring. Further
materid savings of about 20 percent is possble if composte trusses are used instead of
composite girders.
The cost saving of composite girdersis smaller (between 15 and 30%) compared to weight
savings, due to the cost of studs and additional labour associated with composite
congruction. Further, cost savings of about 15% is possible by usng composite trusses
instead of composite girders.

In the case of composite congtruction in India, the difference between the percentage of weight
saving and cost saving should be lesser due to the lower labour cost. Consequently the
composite condruction, particularly use of composite trusses in long span structure, could mean
condderable economy as redised in UK. New Zedand, South Africa, Audrdia and
Singapore, in the past two decades.

9.0 SUMMARY

In this chapter, initidly the behaviour and design of sted trusses were dedlt with. Important
aspects of truss systems such as the systems, their economy, their connections were discussed.
Then the use of sted truss and reinforced concrete dab acting together as a composite truss was
discussed in this chapter.  After a brief introduction, the higtorica evolution of the system was
discussed. The background information for the design of the composite trusses was presented.
The economy of the system, particularly in the Indian context was evaluated. The discussons
indicate that there is great potentid for the use of the system in the Indian context.
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PROBLEM 1.
Design aroof truss for an industrial building with 25 m span and 120 mlong.
The roofing is galvanized iron sheeting. The basic wind speed is 50 m/s and
terrain is open industrial area and building is class A building. The building
clear height at the eavesis9 m.
Structural form:
For the purpose of this design example a trapezoidal truss is adopted with a
roof slope of 1 to 5 and end depth of 1 m. For this span range the trapezoidal
trusses would be normally efficient and economical.
Economical span to depth ratio is around 10.
Then, Span/depth = 25/35 = 7.1
Hence, depth is acceptable.
Truss spacing:
Truss spacing should be in the region of 1/4™ to 1/5™ of the span length.

For 6 m spacing,

Soacing/span = 6/25 = 1/4.17 (acceptable)

Then, number of bays= 120/6 = 20

25m

»

ry
A

120 m, trusses@ 6 m

Plan
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Truss configuration: _
25m

14.0m
Elevation
9.0m
. ! R
X 25=m
; K
i
A !
!
a b c d e I h
25m= 20 @51.25 m
< Truss >|
Loading:
kN/m?
Dead load: Gl sheeting\ = 0.085
Fixings = 0.025
Services =0100
Total load = 0.210
For 6 m bays,
Roof dead load =021*25*6 = 31.5kN
Weight of purlin - = 0.07* 6* 25 = 10.5kN
(Assuming 70 N/m?)

" Sdf-weight of truss = 0.133* 6* 25= 20.0 kN

Total dead load = 62.0kN
"[For welded sheeted roof trusses, the self-weight is given approximately by

w = (1/100) (5.37 + 0.053A) kN/m?
= (5.37 + 0.053 * 6* 25) = 0.133 kN/m?
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Dead Loads
Intermediate nodal dead load (W) = 62.0/20 = 3.1 kN

Dead load at end nodes (W, /2) =31/2 = 155kN
(Acts vertically downwards at all nodes)

Wind load (1 S: 875-1987):
Basic wind speed = 50 nvs
Wind load F on a roof truss by static wind method is given by
F=(Cp-Cu)* A* pqg

where, C,, C,; are force co-efficient for exterior and interior of the
building.

Value of Cy:
Assume wall openings between 5-20% of wall area.

Then, Cpi = +05

Value of C:
1
Roofangle= & = tan'lg =11.3°
Height of the building to eaves, h =9m

Lesser dimension of the buildinginplan,w = 25m

Building height to width ratio is given by,

b 21 =036 < 05

W
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h/iw | Roof angle Wind angle Wind angle

a Windward | Leeward | Windward | Leeward

side sde side side

10° -12 -0.4 -0.8 -0.8

0.36 20° -0.4 -04 -0.7 -0.7

Here, a = 11.3°, then by interpolation we get
113 | -11 | -04 | -079 | -079
Risk Co-efficient, k; = 1.0

(Assuming the industrial building as general building and its probable life
about 50 years)

Terrain, height, structure size factor, k:

Roof elevation -9 mto 12.5m.

Height (m) Terrain category and class of building

10 0.91

15 0.97

_ A
For 12.5m, k, = 0.94 35 /
Assume, topography factor = ks = 1.0 > =
9m
V!
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PU
Wind pressure:
Total height of the building = 12.5m
Basic wind speed, v, =50 nVs
Design wind speed vz is given by,
Vz = kl* kz* k3 * Vp.
k1 =10
k, = 0.94
kg =10
vz=0.94* 1* 1* 50 = 47 m/s
Design wind pressure (pg) = 0.6 vZ2 = 0.6 * (47)°
= 1325 N/m?
= 1.325 kN/m?
Tributary area for each node of the truss:
Length of each panel along sloping roof
= 12 =127m£14m
cos 11.3°
Spacing of trusses = 6m
Tributary area for each node of thetruss= 6 * 1.27 = 7.62 n?
Nod |
R d1.27m
< am | »
Job Ng; aq Sheet 6 of 13 Rev
Str U.Ct ur a'l Steel Job Title ROOF TRUSS
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Wind load on roof truss:

Wind load
(kN)

Wind | Pressure co-efficient

angle

(CoeCpi)

F

Wind
ward

Wind
ward

Cre

Wind
ward

Lee
ward

-16.2| -
-6.1

-1.10

9.1
1.0

-13.0
-29| -

-0.79

-13.0

2.9

1-25m

120 m, trusses@ 6 m

Maximum Cpe — Cyi:

-16 -0.9 -1.29 -1.29

Wind on end
Wind angle = 90°

Wind on side
Wind angle = 0°

Critical wind loads to be considered for analysis.

Wind
angle

Wind ward side (W) Leeward side (W,)

End and
apex nodes
W4/ 2

- 4.55

-6.5

I ntermediate
nodes W,

End and
apex nodes
W3 /2

-8.1

-6.5

| ntermediate
nodes W5

-91
-13.0

OO
oQ°
*Loadsin kN

-16.2
-13.0
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I mposed |oad:

Liveload = 0.35 kN/m? [FromIS: 875 —1964]

Load at inter mediate nodes, W, =035*6* 125
= 2.63 kN

Load at intermediate nodes, W,/ 2 = 1.32 kN

(Acts vertically downwards)

Loading pattern:

(b) Liveload

W2y,

(c) Wind load

Rev
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Calculation Sheet

Forcesin the members:

The truss has been modeled as a pin jointed plane truss and analysed using

SAP90 software. The analysis results are tabulated below.

[ See truss configuration for member D]

Member Member Forces (kN)
Dead load Liveload Wind on side Wind on end
A-B 0 0 1.6 1.3
B-C -47.4 -40.2 214.9 172.5
C-D -47.4 -40.2 218.1 175.0
D-E -63.2 -53.6 284.3 228.1
E-F -63.2 -53.6 287.5 230.7
F-G -66.4 -56.3 294.8 236.6
G-H -66.4 -56.3 298 239.1
H-1 -63.2 -53.6 276 221.5
-J -64.5 -54.8 286.2 229.7
J-K -64.5 -54.8 289.4 232.2
a-A -1.6 -1.3 8.3 6.7
a-B -41.6 -35.3 186.5 149.7
a-b 29.5 25 -131.8 -105.8
b-B 24.1 20.5 -104.8 -84.1
b-C 31 2.6 16.5 13.2
b-D -17.1 -14.5 70.8 56.8
b-c 56.5 47.9 -247.1 -198.3
c-D 95 8.1 -35.4 -28.4
c-E 31 2.6 16.5 13.2
c-F 5.3 -45 14 11.2
c-d 64.6 54.8 -274.5 -220.3
d-F 1 0.9 5.8 47
d-G 31 -2.63 16.5 13.2
d-H 2.4 2 -23.7 -19.0
d-e 64.1 54.4 -262 -210.2
eH 5.1 -4.3 36.4 29.2
el -4.6 -39 24.8 19.9
ef 11.4 9.7 711 57.1
e-h 55.4 47 -205.5 -164.9
f-| 18 1.6 97 -7.8
f-J 31 2.6 16.5 13.2
f-K 13.6 11.6 -83 -66.6
Structural Sted Job No | Sheet 9 of 13 Rev
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Load factors and combi nations:
For dead + imposed
1.35*DL + 1.5*LL
For dead + wind
1.35*DL + 1.5* WL
For dead + imposed + wind
Not critical aswind loads act in opposite direction to dead and imposed
loads
Member Forces under Factored loadsin kN:

Member Member Design Forces

(kN)
DL + WL DL+LL

A-B 24 0

B-C 258.4 -124.3

C-D 263.2 -124.3

D-E 341.1 -165.7

E-F 345.9 -165.7

F-G 352.6 -174.1

G-H 357.4 -174.1

H-I 328.7 -165.7

1-J 342.2 -169.3

J-K 347.0 -169.3

a-A 10.3 -4.1

a-B 223.6 -109.1

a-b -157.9 77.3
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Job Title: ROOF TRUSS

Worked Example - 1

Version ||

27 - {PAGE }




TRUSSES

: . Made by Date 9-2-2000
Design Project -
Checked by Date 16-08-00
Calculation Sheet PU

Member | DL + WL DL +LL

b-B -124.7 63.3
b-C 20.6 8.1
b-D 83.1 -44.8
b-c -294.4 148.1
c-D -40.3 25.0
c-E 20.6 -8.1
c-F 13.8 -13.9
cd -324.5 169.4
d-F 10.1 2.7
d-G 20.6 8.1
d-H -32.3 6.2
d-e -306.5 168.1
eH 47.°7 -13.3
el 31.0 121
ef 913 29.9
e-h -233.5 145.3
f-| -12.1 4.8
f-J 20.6 8.1
f-K -106.1 35.8

Top Chord Design: (G-H)

Maximum compressive force = 174.1 kN

Maximum tensile force = 357.4 kN

Trying ISNT 150 X 150 X 10 mm @ 0. 228 kN/ m

Sectional Properties:

Area of Cross section = A, = 2908 mnY
Width of Section =2B =150 mm
Thickness of the flange =T =10mm
Thickness of the web =t =10 mm
Radii of gyration: rw = 45.6mm
ry = 30.3mm
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Section classification:

e =(250/f,)°° = (250/250)"2 = 1.0

Flange:

BT =75/10= 7.5< 89e (Flangeisplastic)

Web:
d/t = 140/10 = 14 [> 9.975e and <19.95¢|

(Web is semi-compact)

As no member in the section is slender, the full section is effective and there

IS no need to adopt reduction factor.
Maximum unrestrained length = 7, = 3810 mm

(Assuming every two alternative nodes are restrained)

ly = 30.3 mm
Iy = 3810/30.3 = 125.7
Then, Sc = 84.3 N/mn?

Axial capacity = (84.3/1.15)*2908/1000 = 213.2 kN > 174.1 kN

Hence, section is safe against axial compression

Axial tension capacity of the section = 2908 * 250/1.15 = 632 kN > 357.4
KN

Hence, section is safein tension.

Bottom chord design: (c-d)

Maximum compressive force = 324.5 kN
Maximum tensile force = 169.4 kN [Try same section astop chord)]
Axial tension capacity of the selected section = 2908 * 250/1.15 = 632 kN

Hence, section is safe in tension.
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Maximum unrestrained length = ¢, = 2500 mm
(Assuming every node is restrained by longitudinal tie runner)
My = 30.3m
Iy = 2500/30.3= 825
Then, s. = 1455 N/mn?
Axial capacity = (145.5/1.15)* 2908/1000 = 368 kN > 324.5 kN
Hence, section is safe against axial compression also.
Web member design:(b-B)
Maximum compressive force = 124.7 kN
Maximum tensile force = 63.3kN
Try—1SA 80 X80 X 8.0
A = 1221 mn?
M = 24.4 mm
Mo = 30.8 mm
Section classification:
b/t = 80/8 =10.0<14.0
Hence, the section is not slender
Length of member = (1250° + 1250%)%°= 1767.5 mm
Sendernessratio is taken as the greater of
0.85* 1767.5/244 =616
1.0* 1767/ 30.8 =574
S e 5 T S —
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Then, S = 1821 N/mn?
Design compressive strength = 1221 * (182.1/1.15)/1000
=193.3 kN > 124.7 kN
Hence, safe in compression.
Tensile capacity of the section = (250/1.15)*1221/1000
= 265.4 kN > 63.3 kN
Hence | SA 80 X 80 X 8.0 is adequate for the web member
(The web members away from the support would have lesser axial force
but longer and can be redesigned, if so desired)
Rev
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PROBLEM 2:

Design a composite truss of span 10.0 mwith following data:

DATA:

Joan

Truss spacing
Sab thickness
Profile depth

Sf weight of deck slab
Maximum laterally un-restrained length in top chord is 1.5 m.
Grade of concrete, M20

Composite

Trusses

=/ =100m
=30 m
=Ds =150 mm
=Dy, =75.0mm
= 2.80 kN/m?

= (fadu=20 MPa

!

_>|3.0m ’4_

TRUSS

VN NNNNN ELEVATION

10m

Version ||

27 - {PAGE }




TRUSSES

Structural Stegl [ 20No [ Shed20f12 [ Rev

Job Titte. COMPOSTE TRUSS

DeS| gn Pr Oj ect Worked Example - 2
Made by Date 17-10-99
SR

Calculation Sheet Checked by Date 16-08-00
PU

Verson I 27 - {PAGE }




TRUSSES

Loading:
kN/m? Factored Load
(KN/m?)
Deck slab weight 2.8 28135 = 3.78
Truss weight (assumed) 04 04*1.35 = 0.54
Ceiling, floor finish and
Services 1.0 1.0*1.35 = 1.35
Construction Load 1.0 1.0015 = 15
Superimposed live load 5.0 50715 =75
PRE-COMPOSITE STAGE:
Loading kN/m? Factored Load
(KN/m?)
Deck slab weight 2.8 28135 = 3.78
Truss weight 04 04*1.35 = 054
Construction load 1.0 1.0015 = 15
Total factored load = 5.82 kN/m?
Choose depth of truss = Span/20 = 10000/20
= 500 mm
Total factored load =582*3 = 17.5kN/m

Maximum bending moment = w/%/8 = 17.5*10%/8 = 218.7 kN-m
Maximum shear = w¢/2 = 17.5*10/2 = 87.5kN
Depth of truss (centre to centre distance of chords) = 0.5 m

Maximum axial compressive force in top chord = 218.7/0.5 =437.4 kN
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|
|

D; = 500 + X; + Xp

Truss configuration: Choose the following truss configuration

A C E G |
500 mm T\ \L
o B D F HI
L | |
500 1500mm ' 1500mm | 1500mm
Top chord design:

Try ISNT 150 X 150 X 10 mm @ 0.228 kN/m

Sectional properties:

Job No: | Sheet 3 0f 12 Rev
St r UCt ur a] St eel Job Titlee COMPOS TE TRUSS
Design Project Worked Example - 2
Made by Date 17-10-99
SSSR
Calculation Shest Checked by Date 16-08-00
PU
| D.=150mm
D,=75mm /\ - D = 500 mm
— =D —=]— —

_ T
Area of cross-section = A, = 2908 mn?

Depth of section = 150 mm
Width of section,b = 2b' = 150 mm
Thicknessof flange =T = 10.0 mm
Thickness of web =t =10.0mm

Centre of gravity =X = 39.5mm

fw = 45.6 mm
ry = 30.3mm

Verson |
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Section classification:
e =(250/f,)°° = (250/250)** = 1.0
Flange:
bYT = 75/10= 7.5 <8.9e Flangeis plastic
Web:

d/t = 140/10 = 14 ( >9.98e and <19.95e) Web is semi-compact

As no member in the section is slender, thereis no need of adopting
reduction factor (Yielding govern).

Given, maximum un-restrained length of top chord is 1.5 m during
construction stage.

Maximum unrestrained length = ¢, = 1500 mm
/x=0.85*1500 = 1275 mm

Mo = 45.6 mm

My = 30.3mm

| = 1275/45.6 = 28
| y= 1500/30.3 = 49.5

Then, s, = 202.8 N/mn? [ From Table - 3 of Chapter on axially compressed
Columng]

Axial capacity = (202.8/1.15)*2908/1000 = 512.8 kN > 437.4 kN

Hence, section is safe against axial compression at construction stage.
[ Other member design is governed by composite loading]
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COMPOSITE STATE:
kN/m? Factored Load (kN/m?)

Deck slab weight 2.8 28*1.35 = 3.78
Truss weight (assumed) 04 04*1.35 = 0.54
Celiling, floor finish and Services 10 1.01.35 = 1.35
Superimposed live load 5.0 5015 =75

Total factored load (3.78+0.54+1.35+7.5)* 3
13.2*3 = 39.5 kN/m
w/?/8 = 39.5*10%8 = 493.7 kN-m

w//2 = 39.5%10/2 = 197.5kN

Maximum bending moment (M)
Maximum shear

Bottom chord design:
Force in bottom chord, Ry is given by: [ See Fig. of the text]

R)’req{D + Xt + Ds'(Ds'Dp)/Z} = MC
[ Assume NA isin the concrete dab]

Roreq (500+39.5+(150-37.5))/1000 = 493.7

Ry,req (652/1000) = 493.7 KN-m
Roreq = 493.7/0.652 = 757.2 kKN
Arearequired = 757.2%1000/(f,/1.15)

= 757.2¥1000/(250/1.15) = 3483 mn?
Trial-1 Trying ISHT 150 @ 0.294kN/m

Sectional properties:
A = 3742 mn? ; Xp = Centre of gravity = 26.6 mm

Width of the section, b = 2b; = 250 mm
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Axial tension capacity of the selected section (Ry):
R, = (250/1.15)* 3742/1000 = 814 kN > 757.2 kN

Hence, O.K.

Capacity of Composite Section in Compression:

Capacity of concrete slab, R, is given by

R = 0.45 (fa)o* besr™ (Ds — Dp)

Effective width of the slab, bg: [ See the chapter Composite beams — 1]
bett £ 014 = 10000/4 = 2500 mm

Therefore, by = 2500 mm

R = 0.45*20* 2500* 75/1000 {fa= 20 N/mn7}
= 1687.5 kN >R, (tension governs)

Neutral axis depth :

Xc = (Ds—Dy)*814/1687.5 = 75*814/1687.5 = 36.2 mm
Dy = 0.5+0.0266+0.0395 = 0.566 mm

Then, maximum moment it can carry

My, design = 814(0.566+0.15-0.5* 0.0362-0.0266)
= 546 kN-m > 493.7 kN-m

Hence, the slab and chord members are designed.
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Web members:;

39.5 kN/n?f

A C
- k___
V= 197.5kN 500 mm
B / D
1500 mm
. N|

Fas =V(1414) = 197.5(1.414) = 279 kN (tension)

Fec = (V-0.5* 39.5) (500°+ 7509500 =320 kN (compression)
Feo  =(V—2.0%39.5) (500°+750%)%%500 = 214 kN (tension)

Hence, maximum tensile force in bracing members =279 kN
Maximum compressive force in bracing members =320 kN

Design of tension members:

Trial grossarearequired  =279*10%(250/1.15) =1283.4 mny
Trying 2—1SA 70 X70 X6 .0 @ 0.126 kN/m

Agross Provided =2*806 =1612 mn?
Effective area:

(Assume, angleiswelded to T- section)

A net effective = 1612 mn?
Axial tension capacity = A& (f/an)
= 1612*250/1.15
= 350.4 kN >279 kN

Hence, 2 —1SA 70 X 70 X 6.0 are adequate

Rev
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: . Y
Design of compression member: !
|
Maximum compressive load = 320 kN ISABOX 80X 6mm |

Trying2—1SA 80 X 80 X 6.0 @ 0.146 kN/m

A = 1858 mnv

M = 24.6 mm

I = 34.9 mm

Section classification:

b/t = 80/6 = 13.3<15.75e
Hence, the section is not slender and no need to apply any reduction factor.
Sendernessratio istaken as the greater of

Length of member = (750*+ 5009)°° = 901 mm

| «x=0.85* 901/24.6 = 31.1

| «x=1.0* 901/ 349 =258

Design buckling strength = s, = 231.2 Mpa
[ Table — 3 of chapter on axially compressed columnsg]

Design compressive strength = 1858* (231.2/1.15)/10°=373.6 kN > 320 kN

Hencethe 2 —1SA 80 X 80 X 6.0 are adequate for the web members

(The web members away from the support would have lesser axial force
and can beredesigned, if so desired. Preferably use the same section for all
web members)

Rev
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Weight Schedule:
Description Section Weight | Number | Length Total Weight
mm X mm X mm kN/m (m) Length (m) kN
Top Chord | ISNT 150 X150X10 | 0.228 1 10.0 10.0 2.28
Bottom ISHT 150 0.294 1 10.0 10.0 2.94
Chord
Bracing
Members 2-ISA70X70X6 | 0.126 2 0.71 1.42 0.18
Tension
Members 2-ISA70X70X6 | 0.126 6 0.9 5.4 0.68
Compression
Members 2-ISA80X80X6 | 0.146 6 0.9 54 0.79
6.87
Allow 2 ¥2 % Extras 0.17
7.04
Average weight per unit area of floor
= 7.04 = 0.23 kN/m? <0.4 kN/m? (Assumed)
10*3
Hence, O.K.
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i I Worked Example - 2
bes N Pr oject Made by Date 17-10 -99
SSR
Calculation Sheet Checked by oU Date 16-08-00
Deflection:
Pre-composite stage:

The second moment of area of the stedl truss, |; can be calculated from the
following equation.

= _AA
C(A+A)
Where,

A, - Cross-sectional area of bottom chord.
A: - Cross-sectional area of top chord.

D, - - xJ

In this problem,

A, = 3742 mn?
Xb = 26.6 mm
A = 2908 mnv
Xt = 39.5 mm
D, = 566 mm
3742° 2908

|, = ————"—_ [566- 26.6- 39.5]
(3742 + 2908)

=409 " 10° mmt
Loading:
kN/m?
Deck dab weight 2.80
Truss weight 0.23
Construction load 1.00
4.03
Total Load = 4,03*3*10=121 kN
Verson |
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Deflection at pre composite state is given by
o = (5*121* 10000°%)/(384* 200* 409* 10°) = 19.3 mm

Deflection at composite state due to dead load = d; = (3.03/4.03)*19.3
= 14.5 mm

[ For composite stage construction load hasto removed for calculating

deflectiong]

Deflection - Composite stage:

The second moment of area, I, of a composite truss can be calculated from
the following equation

__AA/m 2
IC_W[Dt+(DS+Dp)/2 Xb]

Where,
A = Cross-sectional area of the concrete in the effective breadth of slab

= (Ds - Dp)be
modular ratio

m

In this problem,

A, = 3742 m?; b = 2500 mm

A. = (150 - 75)* 2500 = 1875* 10* mm?
m = 15(light weight concrete)

Dy = 566 mm

Xp = 26.6 mm

2

- s 102
3742 18757 10°/15 g 66 + 225

I, = =2 . 2. 6
(3742+1875 10?/ 15)§&

=1224" 10° mm’
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Loading:
Super Imposed load = 5.0 kN/m?
Total Load = 5.0*3*10=150 kN

Deflection at composite state due to superimposed load is given by

b = (5+150* 10000%)/(384* 200* 1224*10°) = 8.0 mm

10% allowance is given

Then, d, = 8.8 mm< ¢/360 = 10000/360 = 28 mm

Total deflection= dy + dh =14.5 + 8.8 = 23.3 mm (¢/429) < (¢/325)

Hence, designisO.K.
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