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Industrial Roof Truss
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13.1 Introduction

Stee! building struclures can be classilied into shell slruclures and framed struciures. A framed struciure
can lurlher be classilied as a single slorey siructure (e.g. low rise sleel struclure) and a mulii-slorey (high riss}
sleel slructure, Industrial buildings are low rise sleel siruclures characlerized by Lhair comparalively low height
and lack of interior floors, walls and partitions. Invariably, the rooling system for such bulldings is truss wilh roof

. coverings. The enclosure of an industrial building may be brick masonry, concrete wall or Gf sheet coverings. The
walls are usually non-bearing‘buflﬁese must be adequately strong 10 resist lateral forces due ta the wind or an

earthquake. Some examplaé of such buildings are workshop, steel mills, machine plants. warehouses, hangers,
elc. ’ .

The width of an industrial building may consist of one or more enclosure called aisles. Single aisle,
double aisle and tripls aisle'bents have been shown in figure respectively. The lenglth of an industrial building is
divided inlo bays. A bay is delined as lhe space belween two adjacent bents. Overall economy in the design of
an indusirial building is achieved when bay lengths are much smaller than the span of tha truss. Usually bay
lengths are kepl between 4-8 m, whereas a russ span may range from 10-25 m or even more if required,
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Fig. 13.Y Industrial Bullding Bent

. 13.2 Planning

. The planning ol.an industrial building-is based on lunclional requirements, i.e., on the operations to be
performed inside the building. in the planning ol a particular type of industdal building. due consideration should
be given to laclors such as wide area irce of columns, large heights, large doors and openings, large span of
lrusses. consisient with the operations (o be performed, a compromise with all the listed factors o give minimum
weight ol russes, purlins, columns, etc. and lightening and sanitary arrangement.

The site for a proposed plantisin
general, pre-selecied before il comes for
design. Bulilis belter lo discuss with the
designer the preliminary plans in advance.
This gives the d?signer an opportunity lo
choose a suilable site giving due
considaration 1o luture developments.
Some of lhe factors governing Lhe sile
sclection are as listed belpvy;

1. The sile should'be Iocaled on an
arlerialroad %/ ogif
2. Local availabilily c“aw materials
3. Facililies like waler, electricity,
{elephong, elc.
. Topography and waler drainage ondesign
il condition with reference 1o foundation de
I. zzﬂif:?enl space should be available for storage of raw ma}gr}als and l?n}shed pmduf:ts rectte
. Sullicient space should be available for wransportation facililies to deliver raw materials and col ec

Fig. 13.2 Structurol Frame of onindustriol Building
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finished producls
8. Wasle disoosal facilities - »
A schematic layout of an industrial building 1s shown in ligure.

13.3 Components of an Industrial Shed . ’
Figure shows the various componenis ol an industrial shied. It mainly consists of:
: 2. Purlins - Side Purlins or Side Rail
4. Columns and their bases
6. GanlryGirders

1. Roof lrusses

3. Bracing

5. GableEnd Columns

7. Cladding, Sag rods, Flooring elc.

Sagrods
fudge st

Eaves sliut

Calumnn
bracing

¢ Sag
ods

Flg. 13.3Various components o industrial shed



13.5 RoofTrusses

¢ Theyare economical for spans more than 6 m. Pralt,

uplomerimam sponcl 0 | It, Howe and Co: sound Fink russes are yseq
The pitch of a roof truss (= nsalspan} should be 1/4 to 1/6 lof prope: drainage.
Spacing of roof russes is kept 1/3 to 1/5 of the span.
200[ trusses usually require very ligh! members,

minimum angle seclion ISA 50 x 50 x 6 mm sheuld be i i i
arvpoiaton rtetor o d ) pfcw,.,d 1o avoid d?mage during
%?:bbang!eseclions arg ysually usad lor main rafter and lies. !
. gussel plate should be atleas s
el 1 6 m thick and al icast 2 nvels hould be used to connect any
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NOTE

135.1 Purlins and Gms
Angle, channel, | and Z secuons are used for puﬂms and gr isto suppo'x thacladding.
1S 800: 2007 provides: gensfal des!gn ptoce&ure forangle pu. ris oonfom ing to steel gradas Fe 410-0,

. F9410-S Fedm-Wandmfsiopasnotexeeed‘ 307 b
Fe TR 0 mdrostel ing asedonam mrnum l‘we toad of 750 Nfm? it the following

@ Widtholanglalegin !he prane psrpendnc vlarto lha roof cmenng P -1'-
{if} Width of angle leg in lha plane parallel v e rool covering - 4

x i Sheoling
o Anglo putha

wx 2 i >
10
Where w = uniformly distributed load per unit length on
purlininciuding wind load
L = spanolpurdin
(M}  Thebending moment about miner axis may be neglecied and
. tha angle purlin may be designed for the above moment.
] ) M wxP?
* Zrequired = 2= e

{il} Maximum bending moment in the putlin, MY

Fig.13.4

1352 Bradings

In steel buildings. if the joints are assumod as hinged, then dending of the building due to wind

petpendicular and parallel toridge is
oo ent bescre par ge is resisied mainly by the eavesfknee bracing, column and rafter bracing, and

The snow load may be laken as 2.5 kN/m? per mm of snow. where it is applicable.
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13.5.3 Loads on Trusses

1. Deadload
If the spacing of lruss is 4 m and pilch of fruss is 1: 4 then self weight ol the lruss is laken as

W= [g + E]I«_:pfm3 of ptan area

2. Live lond
1f slope of truss is more than 10° live [oad is laken as
LL. = 0.75%N/m - 0.02 kN/m? (for every degree increasa in stope over 10%)

L.L. 2 0.4 kN/m2

3. Snowload
Snow load is taken as 2.5 Nfm? for every 1 mm depth of snovs.
It slope ol lruss is more than 50°, snow load need nol be conmdered

Ecanomlc spaclng oi t:uss -

It is givan as =

where  f=coslof fusses® -
p=costol purlms
r= cosz of (ool coverlng

Fln A'the wlnd pressure, lor des]gn of e slop!ng rooi of epan 10 mang pitch 1/4.
The helght of eavesa Is 5 m. abnue ground The buuding Is shualed In Madras and Its parmeabliity Is

normal.
Assuma, Probabllltyfactor k=140 Sl
Tetralnlha!ghﬂstruclure slze factor, k, = 0.8
Topography factor, & = 1.0

Solution;
Basic wind speed at Madras, Y, = 50misec
Dasign wind speed, V, = kilokV,=08x 50 =40 szec
Designwind pressure, py = 0B= V2= 0‘6 X 1600 = 960 N'm?
{) = Wind normal to ridge:
Exlernal wind pressufe coefficient C,,
' 01376 04
/ T
2.5m
wind—"" \\ // T
S5m
£02 1
| 2d 10m —




Onwind-ward siope

[

-[0.4 -04 xﬁi";_s) =-0.1376

Onlee-ward slope -0.4
Inlernal air pressure coefficien! for normal permeability,

Cn = 0.2
Combined external + Inlernal wind pressure
Wind-ward slope,
(-0.1376 +0.2) x 960 = 59.9N/m? {dowrvrard)
(-0.1376-02) x 960 = -J24.1N/m? - | : {uptifyy
Lee-ward slope !
(-04+0.2)x 960 = 192 N/m? {upliy
(0.4-02}x960 = S5761/m? {uptinn)
i) Wind parallsl to ridgs:
Exlernal pressure coeflicient C _,
On bolh slopes for 1/4™ length of building = -0.7
On bolh slopes for mid 1/2 length of building = -0.6
tnlernal air pressure coellicient for normal permeabifily, Cp, =02
Combined extemal + Internal wind pressure
On both slopes lor 1/4™ length of building
(-07+02)x 960 = 480N/m? {uplif)
“07-02)x 960 = -864N/m? {uptif)
On bolh siopes for mid 1/2 length of building
(06+0.2)x960 = -384Nfm? {upiity
(-06-02}x960 = -768N/m? {uphl}

Thus maximum vind pressure for design is 59.9 N/m? (downward) and 864 N/im? (upfit),

SEULAEEY  Deslgn an i-section purling for a trussed rool from the {ollowing data.

Span ol roofl = 12m

Spacing of truss =5 m

Spacing ol purlins along slope ¢f rool truss = 2 m !
Slope ol roal truss = 1 verlical, 2 horizonlal

Wind load on roof surface normal to roof = 1000 N/m? -
Vartical load from roof sheels. alc. = 200 N/m2

Salution:
Slape of ool = tan“'[%] = 26.6¢

Assuming an ISLB 125@11.9 kgl/m is lo be used as purlin

Dead load en purlin/per metre lengtiv:
{i) Weight of rool sheeling = 200 x 2 = 400 Nim
(i) Self welght = 119 N/m{Approx)
!Tolal vertical load, W, = 519N/m
Wwind load per metre (englh,
W, = 1000 x 2 = 2000 N/m

2 ARG 52
M, = (Wi +Wpcos8) 35 = S165n26.6°x 35

o

\\;w'l
M,

Y

= 6160 Nm = 6160 % 10°Nmm
Eig
10

4
(s s'me)% = §198in26.6°x
581 Nm =581 x 10° Nmm

2 { ' - M‘ +ﬂ[
Maximum fibre stress ‘_-Z. k Zy

6160x10°  581x10°
‘65.1x10°  11.6x10°

= 144.7 MPa *» 165MPa

Which is all right.
Provide ISLB 125@11.8 kglfm for purlins, as shown in figure.

MDaslgn a roof truss of spen 8.3 m at a spacing of 4 m for an industrial shed.
The helght of eaves Is 6.5 m and it is sltuated near Delhi. The roof ltuss is supported on 40 cm thick

brick masenry.

Solution:

b t P
155 e 155em  155cm
1 ]
93m

Use Pralt truss of pitch 30° ag'shawn in hgure.




Load

{} Imposedioads
Imposed load .= D75-20x02=035kNim? ;
Take minimum load 0.4 kKN/m? (hotizonia!) for purlin and [2/3) x 0.4 N = 0.267 kN/m {horizonlal) far
russes.
() Wind load
For Delhi, :
Basic wind speed, : V, = 47mfsec ! )
Taking, risk faclor, k, = 10
Heighl and size lacior, 'k, = 088
and, topography factor, k = 10
Desiga wind speed, V, = Vyxkxiyxk
= 47x10x033x 1.0
= 41.36m/sec
Design wind pressure, p, = 06x V2=10264 Nim? .

From iable B-7 and B-9_ wind load is evaluated assuming normal permeabilily as loflov:

Wind nama! (o ridga Tolol prossurn = (Cpy = Clp,
C, =402 Cy=-0.2
Windward, C,: =07 4108 N )
Leaward, C, = 0.5 -7185Nm | -308 '
Wind parsiie! Io ridge i
on both slopes, G, = 0.8 | ~10264 Nim? | ~516 m’

Maximumwindload = -1026.4 Nfm? uplilt on both slopes.
Deslgn of purlins
Spacingol pudins = 1.79m
Weight of 20 gauge CGl sheet == 112,7 Nim?

by

Loads on purlins per metre length:
@ Weightof sheeling = 1127 x 1.79 = 201.7 N[m“i.’f E I
(i} Weight of putlin (assuming) = 100N/m

Tolaldeadload = 301.7N/m

Imposedicad = 400x 1.79=-1837.3N/m
{uplift)

Dead + Imposedload = 301.7 + 620 =921.7 N/m
Dead + windload = 301.7-1837.3 = 15356 ym

Since increase in permissible stresses is 33.33% when wind load is considered, dead + wind foad may

be considered 33.33% less ellective,

1535.6
1.33

Therelore, the combination of dead and wind foads in critical.

’ 2
Maximum bending moment = NAGx4” 1847.3 Nm

0
) ‘= 1847.3 % 10°Nmm
3x1
Foranangle purlin, z = ]84—71‘,2;—91 =11.2%x10% Nyrm
. L _ 4000 _
Minimumdepth = AT = §8.88 mm
- . L _ 4000 _
Minimumwidih = % = w0 66.66 mm !

Provide ISA 90 x 90, 6 mm @ 8.2 kgl/m having Z, = 12.2 cmi.

= 1154.6 Nfm >921.7 Nfm

Q‘ Objective Brain Teasers

Q.1 Asper!S: 800, lhe maximum bending mornent Q3
for design of purlins can be laken as

WL WL
@5 © g
WL WL
© 5 d) 75
10 12 Q4

Q.2 The sway bracing is dr.:wgned {o ransler
- I
(@) 2%% of the lop'panel wind load to bottom

Q5

bracing

{b) 10% ol the lop panel wind load to bottom
bracing

{c) 25% of the Top panel wina load (o bottom
bracing

(d} 50% of ihe lop panel wind load to boltom
bracing

The bracing provided in the plane of end posts
iscalled

{a) swaybracing

{b) portalbracing

(c) toplateral bracing

{c) botlomlaleral bracing

The maximum permissible span of asbesios
cemenl sheets is
{a) 650mm
(c) 1250mm

{b) 810mm
(d) 680 mm

To minimize the total cost of a roof truss, the
ralio of the cost of Iruss o the cosl of purlins
shall be

() 1 L) 2
{c) 3 {d) 4
Answvers
{c}) 2 (d) 3. (b) 4 {d) 5. (D)




usses for design,

Q.2 Determine live load and wind load lor a steal rool truss of a cinema hall a1 Bangalore. The span of truss jg
24mand its pilch is 1/5. Height of caves above greund level is 7.5 m. Take permeability of the buitding as
zero.

Q.3 Design and detail lhe members meeling at joinl X of the roofl truss shown in ligure. Also design welded
connectlions for the same

12 kN

12 kN 12 kN

90*
e0*

4m o 4m f im




