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1S : 3201 - 1988

Indian Standard

CRITERIA FOR DESIGN AND
CONSTRUCTION OF PRECAST CONCRETE
TRUSSES AND PURLINS

( First Revision )

0. FOREWORD

0.1 This Indian Standard ( First Revision ) was
adopted by the Bureau of Indian Standards on
29 February 1988, after the draft finalized by the
Prefabricated Construction Sectional Committee
had been approved by the Civil Engineering
Division Council.

0.2 Modern developments in concrete precasting
and prestressing techniques indicate that precast
reinforced concrete and prestressed concrete
trusses can be very suitably and economically
employed for roofing industrial buildings. Con-
crete trusses are more fire resistant than steel
trusses and require little periodic maintenance.
This standard was first published in 1965. This
revision has been taken up with a view to keeping
abreast with the rapid development in the field of
concrete technology. The important changes made
in the revision are given below:

i) Trusses up to 75 m spans have been

covered,

ii) Guidance for dead load for initial design
has been given,

" iii) Preferred spacing and spans of trusses have
been modified, and

iv) Provisions for handling and erection loads
have been covered in detail.

0.3 For the purpose of deciding whether a parti-
cular requirement of this standard is complied
with, the final value, observed or calculated,
expressing the result of a test or analysis, shall be
rounded off 'in accordance with IS : 2-1960*, The
number of significant places retained in the roun-

‘ded off value should be the same as that of the

specified value in this standard.

*Rules for rounding off numerical values ( revised ).

1. SCOPE

1.1 This standard lays down the criteria for
design and construction of precast reinforced and
prestressed concrete trusses. It is intended to apply
to trusses spanning up to 60 m. When rigorous
structural analysis is applied, spans up to 75 m are
covered in this code.

2. TERMINOLOGY

2.0 For the purpose of this standard, the following
definitions shall apply.

2.1 Precast Reinforced Concrete Truss —
Reinforced concrete truss having all the members
in reinforced concrete only.

2.2 Precast Prestressed Concrete Truss —
Reinforced concrete truss having some of its prin-
cipal members prestressed.

2,3 Solid Purlin — Purlin having its tensile and
compression zones connected by concrete along
its length such as purlin with T, L, trapezoidal,
or rectangular cross-section.

2.4 Thickness of Member — The dimension
in the plane of the truss perpendicular to the axis
of the truss,

2.5 Trussed Purlin — Purlin having members
in triangulated or virendeel shapes.

2.6 Width of the Truss — The dimension in
the plane perpendicular to the plane of the truss.

3. SYMBOLS

3.1 For the purpose of this standard and unless
otherwise defined in the text, the following letter
symbols shall have the meaning indicated against
each:

E, = modulus of elasticity of concrete,

E, = modulus of elasticity of steel,

Gou = ultimate cube strength of concrete in
compression at 28 days,

I,z = moment of inertia of member 4B,

lap = length of member 4B,

Myss = fixed end moment at the end 4 of
the member 4B, and

= relative deflection of the member in a.
direction perpendicular to its axis,

dam
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4. MATERIALS

4.1 The materials for precast concrete trusse shall
conform to the requirements of 4 of IS : 456-1978*
and 4 of IS : 1343-19801 for reinforced concrete
and prestressed concrete members, respectively.

4.2 Concrete

4.2.1 Concrete for truss members shall be
controlled concrete conforming to IS : 456-1978%
and of grade not weaker than M 20 in case of
reinforced concrete trusses and M 35 in case of
prestressed concrete trusses.

Note — Where portland pozzolana cement is used,

delayed strength development at the early ages shall be
considered.

4.3 Steel
4.3.1 For reinforced concrete members, the
steel reinforcement shall be the following:
a) Mild steel and medium tensile steel bars
conforming to IS : 432 ( Part 1 )-1982f.

b) High strength deformed bars conforming to
IS : 1786-1985§.

4.3.2 For prestressed concrete trusses,
prestressing steel shall be the following:

the

a) Plain hard-drawn steel wire conforming to
1S : 1785 ( Part 1 )-1983| and IS: 1785
( Part 2 )-19831.

b) Cold-drawn indented wire conforming to
IS : 6003-1983**,

c) High tensile steel bar conforming to IS :
2090-1983t.

d) Uncoated stress relieved strand conforming
to IS : 6006-1983}1.

5. ANALYSIS

5.1 In case of triangulated trusses where statical
indeterminacy is due only to rigidity of ‘»’ joints, the
truss may be treated as pin-jointed for the purpose
of finding forces in various members for prelimin-
ary design. All loads may be assumed as acting
at the nodes. In large span trusses { span
exceeding 30 m ), the secondary moments due to
relative deflection of the joints in the end

*Code of practice for plain and reinforced concrete
( third revision ).

¥Code of practice for prestressed concrete ( first revision ).

$Specification for mild steel and medium tensile steel
bars and hard-drawn steel wire for concrete reinforcement:
Part 1 Mild steel and medium tensile steel bars ( third
revision ).

§Specification for high strength deformed steel bars and
wires for concrete reinforcement ( third revision ).

liSpecification for plain hard-drawn steel wire for pre-
stressed .concrete: Part 1 Cold drawn stress-relieved wire
{ second revision ). o

qSpecification for plain hard-drawn steel wire for pre-
stressed concrete: Part 2 As-drawn wire ( first revision ).

#*Specification for indented wire for prestressed con-
crete ( first regision ).

HSpecification for high tensile steel bars used in pre-
stressed concrete ( first revision ).

t{Specification for uncoated stress relieved strand for
prestressed concrete ( first revision ).

members near the support should be considered

- even in preliminary design.

5.2 The secondary moment and the secondary

. forces in various members may be arrived at by

using the preliminary sections assumed as indi-
cated under 5.1.

5.3 The secondary moments may be computed
by finding the relative displacement of each
member with the help of a Williot Mohr diagram
or by any other method, including computer.

5.3.1 The fixed end moment produced at each
end of the member due to deflection is given as:

6 Ey. Inn 3an
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The next moment for preliminary design may
be taken as 07 times the fixed end moment,
computed as above for preliminary design. Flatter
diagonals are preferable to steep diagonals to
steep diagonals to reduce the net moments in the
truss members.

Mypap = +

5.3.2 The moment due to sclf-weight of each
member or any other superimposed load shall also
be taken into account while calculating the
secondary moments due to relative deflection and
the rigidity of the joints.

5.4 The equilibrium of joints is obtained by fur-
ther distribution of unbalanced moment at each
joint by any of the method, such as the moment
distribution method, or the Kani’s interation
method of frame analysis.

5.5 The analysis may also be made by treating
the whole truss as rigid jointed without making
any simplifying assumptions described in 5.1
to 5.4. However, for the usual triangulated trusses
upto a span of 30 m, the secondary stresses due to
loads and these ducto prestress, resulting from
rigidity of joints, compensate cach other at most
of the joints and so it is accurate enough to find
the forces in the members assuming the truss to be
pin-jointed.

6. DESIGN

6.1 Loading — For the purpose of design of
precast reinforced concrete and prestressed con-
crete trusses, the following loads shall be consi-
dered:

a) Dead load,

b) Live load,

¢) Wind load,

d) Seismic load, and
e) Handling and erection loads,

The effect of shrinkage and temperature vari-

ation shall also be taken into account in the
design of the truss seatings.



6.1.1 Dead Load — For trusses supporting as-
‘bestos cement/galvanized ironjaluminium or such
light roofing material transmitted through precast
concrete purlms, the followmg mtensny of loadmg
from seif-weight of truss for preliminary design
may generally be assumed in absence of more
specific data:.

a) Truss supporting area up to 100 sq m
w 760 N/m*

b) Truss supporting area above 100 sq m and
unto 200 en m = 1 000 N/m?

WP e AUV g &4 a VOV eV i

c) Truss supporting area above 200 sq m to
400 sq m = 150 N/m?

For trusses supporting ribbcd concrete roof

JURpRp, 7 PRy T A . oo smm md o

pﬂlm, u.lc aviiagc ucuu IUGU. pcr s{juarc mciuae
of the plan area will be approximately 1 000 N/m3*
more than the above values. .

6.1.1.1 For the dead weight of the roofing
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weights shall be used; but if these are not avail-
able, unit weights given in IS :875 ( Part 1 )-
1987* may be used.

£119 Far daad laad :rut}ol!u assumed shall

6.1.1.2 For dead load initially as
be checked after the design is completed and the
design shall be revised if the actual calculated
dead load exceeds the assumed dead load.

§.1.2 Live Load — Live load on the pztched
roofing with precast reinforced concrete and
prestressed concrete trusses shall be in accordance
with the relevant provisions of IS : 875 ( Part 2 )-
1987%. The other superimposed loads from the

PR P e bl mn nevmlhann AL e
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truss should be considered.

6.1.3 Wind Load — Wind load shall be consid-
ered in accordance with the relevant provisions of
1S : 875 ( Part 3 )-1988].

£.1.4 Ssicmir Foad — The seismic load chall he

cor‘x,s.lti.c.rezwx';“a;ordance with the relevant pro-
visions of 1S : 1893-1984§.

6.1.5 Handling and Erection Load — Trusses are

M s lem miecmenla mamddlda am tha Sane 2

normauy cast in SiMpi€ mMOoWuas On Wil ndor in
flat ition and have to be tilted to vertical
oos: on at the time of demoulding. The demould-
ing is normally done in 2 to 3 days after casting.
The concrete stress induced during this stagc

Ve 2and sn ncia Lalf sha anmavata atean o

snomu be limited to onc hait the concrete str custu

attained in the period before tilting the truss,

*Code of practice for design loads ( other than earth-
quake ) for buildings and structures: Part | Dead loads.

+Code of practice for design of loads ( other than earth-
quake ) for buildings and structures: Part 2 Imposed loads.

${Code of practice for. design of loads ( other than
earthquake ) lgr buildings and structures: Part3 Wind
loads.

§Criteria for earthquake resistant design of structures
{ fourth revision ).
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Trusses are normally erected only after 75
percent of the 28.day strength is obtained. The

It LIet 12 22 OVRINLCS 4 21T

handlmg of the trusses should be done carcfully
with slings around node points and should be
accomplished in such a way that no adverse
stresses are induced during this phase. The stresses
induced should be limited to 50 percent of the

strength of concrete during the handling phase.

-tensioning should

Similarly nrestreceine hyv nast.
g savuia

Ullllll“ll, & WP LA WD ALLE l.l, PUBE VLAAILV.
be normally done only after 75 percent of the
28-day strength of concrete is achieved. Special
care shall be taken in having higher strength
conerete and closely spaced reinforcement in

ancharace zana
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For' very long and high trusses, spec1al steel
supports or frames should be used during de-
moulding and handling to avoid the danger of
buckling/bending of long booms which are not

internally prestressed.
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6.2.1 Permissible Stre.s.r in Concrete and Steel —
chxgn criteria shall be in accordance with

1S : 456-1978* for reinforced concrete members
and IS : 1343-19801 for prestressed concrete
members, ’

The permissible final stresses after losses in
high tensile steel shall not exceed 60 percent of
the ultimate strength ( or 80 percent of the proof
stresses in case of steels with guaranteed yield
points ) of high tensile steel wire or bar.

6.2.2 Truss members subjected to a total direct
tensile force more than 500 kN should normally
be prestressed to avoid cracks. Crack width
analysis should be made in accordance with the
accepted methods in case of reinforced concrete
members subjected to predominantly direct ten-
sion or direct tension and bending.

6.3 Modulus of Elasticity
€.2.1

Werwren LvAUswvies

otherwise dctermincd by tests, the modulus of
concrete E, shall be as indicated in IS : 1343-
1980+ for prestressed concrete trusses and as in-
dicated in IS : 456-1978* for reinforced concrete

trnrosas
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6.3.2 Modulus of Elasticity of Steel — Unless
otherwise specified, the modulus of elasticity £,
for mild stecl and high tensile steel shall be in
arcardance with 'Q 456-‘07“* n'nr] Tq \34.3=

ALLVia&aavw  Veavaa

1980t respectively.

6.4 Dimensions — The principali dimensions of
precast reinforced and prestressed concrete trusses
shall be as given in 6.4.1 to 6.4.4. The gravity

axis of different members of the truss shall meet.

*Code of practice for plain and reinforced concrete
( third revision ).
tCode of practice for prestressed concrete ( first revision ).



6.4.1 Span — The span of precast reinforced and
prestressed concrete trusses shall preferably be in
increments of 3 m ranging between 9 to 30 m
and 6 m for spans in the range of 30 to 60 m.

6.4.2 Rise of the Truss — The central rise of the

afarahle ha
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the span' for straight chord trusses and between
one-cighth and one-tenth of the span for curved
chord trusses.

6.4.3 Spacmg f Trusses — The spacing of
trusses shall be decided on economical grounds.
The spacing of trusses should usually be 6 m.
Other preferred dimensions are 4:8,7-5, 90 and

120m.

6.4.4 Spacing of Purlins — The sapcing of pur-
lins shall be governed by the standard widths of
ooﬁng sheets or prctensxoned planks or other
roonng matcndls avauamc wnlcn snau LUnlUlm
to the requirements of relevant Indian Standards.

6.5 Shape of the Truss — Shapes commonly
used in steel trusses are possible for concrete
trusses as well as portal frames in trussed form.
For trusses carying ‘concrete roofing panels, bow
trusses with curved chords are economical and
induce constant tension in the bottom chord and
reduced secondary moments in the top chord due
to load transfer being uniformly distributed along
the top chord.

6.5.1 For precast reinforced concrete trusses, a
camber at least equal to the calculated deflection
of the truss dead and apphcd loads _may be

prUVlucu lll pzcsucabcu PICMSL I-l USSCS, II.UWCVDI,
camber is not essential.
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6.6.1 Thickness
6.6.1.1 The thickness of ail the members,
that is, truss thicknesses shall preferably be uni-
form except at the bearing surface of the truss
where the section may be widened to provide
adequate seating.

6.6.1.2 To reduce the ecffect of secondary
stresses, the thickness of the members shall pre-
. L T TR TIPS DRI RO IR Y Ry J0% RN I
IcraDly PDC ICSS Lliall UIC WIULLL Ul WG 1LLICLIDCLS.

6.6.2 Reinforced Concrete Compression Members —
The reinforced concrete compression members of
the trusses shall be designed in accordance with

t}}e renu‘rnments ff\" rnm?rpuu\n mpmbcrc Gn’l“-

fied in IS : 456-1978%. For the purpose of taking
the effective length of the members, the ends may
be assumed as pin-jointed. The stresses in members
due to combination of direct load and bending

1l not exceed fhn pprmiemh]p stresses

nt cha
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for bending muluphed by the appropriate reduc-
tion coefficient treating the member as a long
column in the appropriate direction taking due
effect of ties provided by purlins or any other

lataral stiffanare
AGLUL G S\ul.l.l\fll\.'l Pe

*Code of practice for plain and reinforced concrete
( third revision ).

6.6.3 Reinforced Concrete Tension Members —
Members suchcted to tension shall be designed
conforming to the following requirements:

a) There should be sufficient reinforcement to
resist all the tension at the permissible
tensile stress of steel,

The calculated tensile stress on the effective
DCLI.'.UI.I Dhal} llUl. bc l.Cd.I.t:l. Lhall l-hc V“}uc
specified in 4,4.1.1 of IS : 456-1978*%, and
¢) Local bending should be checked in case of
suspension .or transfer of loads away from
node points of loads eccentric to the axis
of the truss.

6.6.4 Minimum Reinforcement — Notwithstand-
ing the provisions in 6.6.2 and 6.6.3, a minimum
reinforcement of four 6 mm diameter corner bars
for thick members and two 6 mm diameter bars for
members less than 75 mm thick shall be provided
irrespective of the nature and magnitude of the
forces in the member.

6.6.5 Design of Prestressed Concrete Tie Members

6.6.5.1 The effective prestretsin tie member
after losses shall be in accordance with 19.3.2 of
1S : 1343-19801.

6.6.5.2 Axial prestressing shall preferably
be provided.

b)

6.6.5.3 Longitudinal mild steel reinforce-
ment in the prestressed tie member shall be desig-
ned, treating the member as a short column with
the effective prestress as an axial compressive
load.

6.6.5.4 All other requirements specified in
1S : 1343-19801 shall be complied with.

6.6.6 Joints — The design of joints shall con-
form to the appropnate reqmrements of the joints

NaTradny s e

Py i T ad
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6.7 Design of Pumns

6.7.1 Purlins are usually subjected to bending
in two planes resulting from the wind load acting

al ta tha chasting gnﬂ the dead acting verti-
fiormai W ull n;;v\.nunns ANA tnav pS -2t Lvidigm

cally downwards.
6.7.2 Where solid

concrete purlins are proposcd the section shall be -
adequate to resist momentsin both the planes and
the resulting stresses shall be within permissible
limits as-specified in IS : 456-1978* and IS : 1343-

1980, .

Dres frpaenr‘
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6.7.3 Alternatively where trussed purlins are
proposed, they shall primarily be designed to carry
the component of the load in its own plane and
the load component normal to the plane of the

truss shall be resisted entirely by the top member

#Code of practice for plain and reinforced concrete
( third revision ).

fCode of practice for prestressed concrete ( first
révision }.



of the trussed purlin. The combined stressed shall
be within the permissible limits specified in the
Televant Indian Standards.

- 6.8 Transverse Reinforcement

6.8.1 The diameter of the transverse reinforce-
ment shall be not less than 4 mm.

6.8.2 Transeverse reinforcement either in the
form of helicals or stirrups shall be provided in
all members irrespective of whether they are in
tension or compression or carrying no load.

6.8.3 The pitch of the reinforcement shall con-
form to the requirement of IS : 456-1978*.

6.9 Cover — Reinforcement shall have a conc-
rete cover and the thickness of such cover ( ex-
clusive of plaster or other decorative finish ) shall
be in accordance with the provisions of IS : 456-
1978* for reinforced concrete members and with
IS : 1343-1980¢1 for prestressed concrete members.

6.10 Laps, welds, sleeves, nuts, etc, adopted shall
be properly designed and detailed, specially in
the case of tension members.

7. GONSTRUCTION
7.1 Casting of Trusses

7.1.1 Trusses may be castin factory or at site
depending upon the requirements of the job and
the transportation and other facilities available.

7.1.2 Trusses may be cast in one piece or in
several pieces depending on transport and handl-
ing facilities available. Where it may be necessary
to cast the truss in pieces, it may be divided into
convenient number of segments. For very large
trusses, all the members of the truss may be cast
individually. These may be assembled and pre-
stressed or jointed and grouted before hoisting.

7.1.3 Placing and Compacting of Concrete — All
precautions in handling and placing of high

*Code of practice for plain and reinforced concrete
( third yevision ).

{Code of practice for prestressed concrete ( first
revision ). '
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strength concrete mixes shall apply. The concrete
placed shall be compacted thoroughly by using
pin vibrators or other suitable means, Electrical
percussion hammer with suitable attachments,
such as the kango hammer may be used for
vibrating the concrete.

7.1.4 Depending on the number of trusses of
same size to be cast, timber or steel casting
moulds may be used. Where timber moulds are
used, the constituent walling planks shall be ade-
quately stiffened to withstand the vibration. The
mould planks may be interconnected by precast
mortar spacer blocks and L-bolt.

7.1.5 Joints — Typical details of joints are
shown in Fig. 1. ’

7.2 Handling and Hoisting of Trusses

7.2.1 Trusses cast in horizontal position on
ground shall be lifted off the casting mouls or bed
by means of stiffening frames.

7.2.2 Each member of the truss shall be chec-
ked for bending in transverse direction due to
self-weight and any handling stresses likely to
occur.

7.2.3 The trusses should be temporarily braced
after hoisting till permanent bracings are pro-
vided by purlins or other stiffeners so that the
lateral stability of the trusses is ensured.

7.2.4 The precast reinforced and prestressed
trusses may be hoisted by the use of a simple
derrickpole and winch., Proper care shall be taken
during hoisting operation so that the trusses do
not become twisted.

7.3 Bracing — The top and bottom chord of the
trusses should be adequately braced for transfer
of horizontal forces perpendicular to the plane
‘of the truss in order to transfer in longitudinal
direction as well as taking possible buckling of
compression members. Typical details of bracing
are shown in Fig. 2,

—~STIRRUPS

I e300 mm '
min.

1A End Joint Detail

5
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r—STEEL BRACES
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TRUSSES

J

2A Key Plan of Trusses and Braces

EXPANSION JOINX

L|NSERT PLATE
FOR BRACING

INSERT PLATE
FOR BRACING

2B Precast Truss with Insert Plates for Fixing Braces

L+

INSERT PLATE (Py)

TRUSS

“

STEEL BRACING

-

2t

INSERT PLATE (P,)

2C Typical Details of Steel Bracing

Fig. 2 TypicaL DrraiLs oF BraCING

7

150 mm LONG WELD
AT 750 mm C/C
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7.4 Purling — Purlins may be structural steel
sections [ see SP 6 (1)-1964* ], cold formed steel
section ( see IS : 811-1965t ), reinforced concrete
( solid, angle, channel or trussed ) and prestressed
concrete. Typical details of fixing of purlins with
the truss are shown in Fig. 3. Typical details of
ribbed slab purlin are shown in Fig. 4.

7.4.1 To reduce the self-weight of solid purlins,
balanced cantilever andfor pretensioned purlins
may be used with advantage. In case of pretensio-

*Handbook of structural engineers: Part 1 Structural
steel section,

¥Specification for cold formed light gauge structural
steel sections ( first revision ). .

ned purlins, all relevant provisions of IS : 1343--
1980* for prestressed work shall apply. Typical
cross-section of purlin is shown in Fig,. 5,

7.5 Prestressing — Prestressing of trusses of
more than 20 m span shall preferably be carried
out from both ends to reduce any prestressing
losses due to friction.

7.6 Grouting — All post-tensioned members of
the precast prestressed trusses shall be grouted.
The specification for grout shall be as indicated
by the designer.

*Code of practice for

prestressed concrete
revision ).

( first.

END PURLIN

TRUSS

All dimensions in millimetres.

3A Fixing Details of Purlin with End and Expanslon Joint Truss
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3B Fixing Details of Purlin with Middle Truss

F1c. 3 TypicaL DeTAILS oF F1xING oF PURLINS WITH THE TRUSS
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¢ OF TRUSS M 20 CONCRETE

' s
30 mm THICK SCREED CONCRETE 30 mm THICK SCREED AFTER DOWEL
CONCRETE M20 CONCRETE M20 : ARE TIED

W WE. TWL DR JOL WK Ll&rlil. A SA XL y;i:'
Pl e l E————\ lIM] - 0OOWELS
3?'0_ —x ="
INSERY PLATE-// [ ' : ' /}/
RIBBED SLAB , 'NSERT PLATE
TOP CHORD . TOP CHORD
OF TRUSS OF TRUSS -
4A Ribbed Slab Purlin Details on Top Chord of Truss 4B Ribbed Slab Purlin Detal!s on End Truss Joint
l All dimensions in millimetres.

Fip. 4 TyricaL DeTAnLs or Truss wiTH RieBeD SLaB PurLIN

Fie. 5 TyrioaL Cnoss-Sno'nbN or ‘L’ PurLIN
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Northern 1 SCO 445-446, Sector 35-C,CHANDIGARH 160036
Southern : C. I. T. Campus, MADRAS 600113
tWestern : Manakalaya, E9 MIDC, Marol, Andheri ( East),
BOMBAY 400093
Branch Offices:
‘Pushpak’, Nurmohamed Shalkh Marg, Khanpur, AHMADABAD 380001

Peenya Industrial Area, Ist Stage, Bangalore-Tumkur Road,
BANGALORE 560058

Gangotri Complex, 5th Floor, Bhadbhada Road, T. T. Nagar,
BHOPAL 462003

Piot No. 82/83, Lewis Road, BHUBANESHWAR 751002
53/5 Ward No. 29, R. G. Barua Road, 5th Byelane, GUWAHATI 781003

5-8-56C L. N. Gupta Marg. (Nampally Statlon Road),
HYDERABAD 500001

R14 Yudhister Marg, C Scheme, JAIPUR 302005
117/418 B Sarvodaya Nagar, KANPUR 208005

Patliputra Industrial Eotate, PATNA 800013

T.C. No. 14/1421, University ﬁQ,A]PaFayam. TRIVANDRUM 695035

inspection Offices ( With SQI& Point ):
‘Pushpan]a"' First Floor, 205A WQst High Court Road ShankarNagar
Square, NAGPUR 440010 - ol

“Institution of Engineers (lndh) Bullding, 1382 Shlvail ' Nagar,
Pune 411005

¢Saies Office in Calcuttais at 5 Chowrlnohn Approach. P. O. Princep Street,
Caicutta 700072

tSales Office in Bombay |s at Hovolty cnambon. Granl Road, Bombay 400097

Telegrams : Manaksanstha
( Common to all offices )
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