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FOREWORD

This handbook, which has been processed by the Structural Engineer-
ing Sectional Committee, SMDC 7, the composition of which is given in
Appendix C, has been approved for publication by the Structural and
Metals Division Council of ISI.

Steel, which is a very important basic raw material for industrializa-
tion, had been receiving considerable attention from the Planning Commis-
sion even from the very early stages of the country’s First Five Year Plan
period. The Planning Commission not only envisaged an increase in pro-
duction -capacity in the country, but also considered the question of even’
greater importance, namely, the taking of urgent measures for the conser-
vation of available resources. Its expert committees came to the con-
clusion that a good proportion of the steel consumed by the structural
steel industry in India could be saved if ‘higher efficiency procedures were
adopted in the production and use of steel. The Planning Commission,
therefore, recommended to the Government of India that the Indian
Standards Institution should take up a Steel Economy Project and pre-
pare a series of Indian Standard Specifications and Codes of Practice in the
field of steel production and utilization.

Over six years of continuous study in India and abroad, and the deli-
berations -at numerous sittings of committees, panels and study groups,
have resulted in the formulation of a number of Indian Standards in the
field of steel production, design and use, a list of which is included in
Appendix B.

The basic Indian Standards on hot rolled structural steel sections are:

1S: 808-1957 SPECIFICATION FOR ROLLED STEEL BEAM, CHANNEL
AND ANGLE SECTIONS

IS: 811-1961 SpecCIFICATION FOR CoLD FORMED LicHT GAUGE STRUC-
TURAL STEEL SECTIONS

1S: 1161-1958 SPECIFICATION FOR STEEL TUBES FOR STRUCTURAL

PURPOSES

1S: 1173-1957 SPECIFICATION FOR ROLLED STEEL SECTIONS, TEE
BArs

IS: 1252-1958 SPECIFICATION FOR ROLLED STEEL SECTIONS, BULB
ANGLES

1S: 1730-1961 DIMENSIONS FOR STEEL PLATE, SHEET AND STRIP FOR

STRUCTURAL AND GENERAL ENGINEERING PURPOSES ( Under
print )
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1S: 1731-1961 DIMENSIONS FOR STEEL FLATS FOR STRUCTURAL AND

IS

GENERAL ENGINEERING PURPOSES

: 1732-1961 DIMENSIONS FOR ROUND AND SQUARE STEEL BARS
FOR STRUCTURAL AND GENERAL ENGINEERING PURPOSES

The design and fabrication of steel structures is covered by the
following basic Indian Standards:

IS

IS

IS:

IS:

1S:

IS:

IS:
IS:

: 800-1956 CoDE OF PRACTICE FOR USE OF STRUCTURAL STEEL IN
GENERAL BUILDING CoNSTRUCTION ( Under revision )

: 801-1958 CopE OF PRACTICE FoOR: UseE oF CoLD FORMED LIGHT
GAUGE STEEL STRUCTURAL MEMBERS IN GENERAL BUILDING
CONSTRUCTION

806-1957 CoDE oF PRACTICE FOR USE o¥ STEEL TUBES IN GENERAL
BuiLping CONSTRUCTION

: 816-1956 CopE oF PRACTICE FOR USE oF METAL ArRCc WELDING
FOR GENERAL CONSTRUCTION IN MiLD STEEL

819-1957 CopE OF PRACTICE FOR RESISTANCE Srotr WELDING
FOR LIGHT ASSEMBLIES IN MILD STEEL

823- Cope oF PROCEDURE FOR METAL ARC WELDING OF
MiLp STeEL ( Under preparation )
1024- CopE 0OF PRACTICE FOR WELDING OF STRUCTURES

SujEcT To DyNamic Loapine ( Under preparation )
1261-1959 CopE oF PRACTICE FOR SEAM WELDING IN MILD STEFL

1323-1959 CopE OF PRACTICE FOR OXY-ACETYLENE WELDING FOR
STRUCTURAL WoORK IN MILD STEEL

In order to reduce the work involved in design computations, and to
facilitate the use of the various Indian Standard Codes of Practice men-

tioned
books.
beams

above, ISI undertook the preparation of a number of design hand-
This handbook, which is the second in the series, relates to steel
and plate girders. The first one on structural steel sections was

published in March 1959. The third handbook which will cover steel
columns and struts is under print. Other handbooks proposed to be

published in the series in due course are expected to cover the following
subjects:

1) Application of plastic theory in design of steel structures
2) Designing and detailing welded joints and connections
3) Design of rigid frame structures in steel

4) Economy of steel through choice of fabrication methods
5) Functions of good design in steel economy

6) High strength bolting in steel structures

10



FOREWORD

) Large span shed type buildings in steel

8) Light-weight open web steel joist construction

} Multi-storey steel framed structures for offices and residences
} Roof trusses in steel

Single-storey industrial and mill type buildings in steel
Steel transmission towers

[ o A
v §

3) Stectwork in cranes and hois

Structural use of light gauge sections
Structural use of tubular sections

Metric system has been adopted in India and all quantities, dimensions
and design examples have been given in this system.

This handbook is not intended to replace text books on the subject.
With this object in view, theoretical treatment has been kept to the mini-
mum needed. Special effort has been made to mtroduce on ly modern

nd a ot g
and practical methods of analysis and design tl

in utilization of steel.

py
o
=
o
-
[¢
u
fo
-
-
».

The information contained in this handbook may be broadly summa-
rized as follows:

a) Explanation of the pertinent formule,
\
7

Design examples in a format similar to that used in a design

s

¢

} Commentary on the design examples, and
\ e A A
} TS vl llllPUl LdllL ucwsu Ud.l(‘l

=N

In accordance with the main objectives, those types of beams and
girder designs that lead to the greatest weight saving in steel have been
emphasized as far as possible.

The calculations shown in the design examples have all been worked
out using the ordinary slide rules. The metric sizes of rivets and plates
incorporated in the design examples are likely to be the standard metric
sizes which would be produced in this country. Indian Standards for
these products are under preparation.

This handbook is based on, and requires reference to, the following
publications issued by ISI:

1S: 226-1958 SPECIFICATION FOR STRUCTURAL STEEL ( Second Revision )

1S: 800-1956 CopE OF PRACTICE FOR USE OF STRUCTURAL STEEL IN
GENERAL BuiLpinGg ConNsTRUCTION (Under revision)

11
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IS: 808-1957 SPEGIFICATION FOR ROLLED STEEL BEAM, CHANNEL
AND ANGLE SECTIONS

1S: 816-1956 CopeE oF PRACTiCE FOR Us oF METAL ArRc WELDING
FOR GENERAL CONSTRUCTION IN MIiLD STEEL

ISI HANDBOOK FOR STRUCTURAL ENGINEERS: 1. STRUCTURAL STEEL
SECTIONS

In the preparation of this handbook, the technical committee has
derived valuable assistance from Dr. Bruce G. Johnston, Professor of Struc-
tural Engineering, University of Michigan, Ann Arbor. Dr. Bruce G. John-
ston prepared the preliminary draft of this handbook This assistance was
made available to ISI through Messrs. Ramseyer & Miller, Inc., Iron &
Steel Industry Consultants, New York, by the Technical Co-operation
Mission to India of the Government of USA under their Technical Assis-
tance Programme.

The tabular material in Appendix A, a few photographs and quota-
%ions in sections VI and VII have been provided through the courtesy of
the American Institute of Steel Construction, New York. An extract
from the article by Mr. Henry J. Stetina as published in the Proceedings
of the 1955 Conference of the Building Research Institute of Washington,
D.C., has been quoted through the courtesy of the'Building Research Insti-
tute of Washington, D.C.

No handbook of this type can be made complete for all times to. come
at the very first attempt As demgners and engmeers begin to use it, they
Wlll UC d.UlC LU buggcb\. [llUUllldelUllb dlld d,ddll.l\)llb 107 llll})lUVlllB l\.b uuul.y
They are requested to send such valuable suggestions to ISI which will
be received with appreciation and gratitude.

12



SYMBOLS

Symbols used in this handbook shall have the meaning assigned to
them as indicated below:

A = Values obtained from Table XXI of IS:800-1956 or
Table IIT of this handbook

Ac = Area of the cover plate

Ay == Area of flange

Ade = Area of web

Af = Clear area of flange of an I-Section after deducting an area
for the portion of web assumed as extending up to the
top of the flange

B

= Values obtained from Table XXI of IS:800-1956 or
Table 111 of this handbook; Length of stiff portion of the
bearing plus half the depth of the beam plus the thick-
ness of flange plates (if any ) at the bearing

B,, By, . . B, = Various beams ( see sketch on p. 32)

b = Width of flange

c = Permissible stress in the .compression flange of the section
with curtailed flanges of unequal flanges

¢ = Spacing ( see p. 64)

€y == Distance of centre of gravity from the extreme fibre of
the vertical leg of an angle or channel section

D = Overall depth (see sketch on p. 38)

d = Deflection, depth of beam or.diameter of rivets

dy = Depth at any section distant x from a reference
point

dy == Slope [ first differential of y (depth) with respect to x (the

dx distance along the beam from a reference point )}

2.

g;{ == Moment ( second differential of ¥ with respect to x)

ddy . . : .

i = Shear ( third differential of y with respect to x)

dty . . .

i = Load { fourth differential of y with respect to x)

E = Young’s modulus in tension or compression

13
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e = Distance to either the extreme top or bottom of the beam
from the neutral axis

L fe = Normal stress due to bending

fe == Direct stress considered in perforated web beams

Js = Shear stress

S = Bending stress due to shear

fo == Shear per linear cm (in welds)

Fy = Allowable bending stress in bearing plate

F, = Allowable stress in direct compression

F, = Allowable shear stress

F, = Bending stress due to shear in a perforated web section

G = Shear modulus

g = Rivet gauge

hy = Distance from the root of vertical leg of fillet to top of
flange

hy = Splice plate height

hy = Web height

h,h = Distance between centres of gravity of flanges; Economical
web depth of a plate girder

I = Moment of inertia of the cross-section

1,, = Product of inertia of the cross-section

K = A parameter used in the formula of economical web depth
of a plate girder (see Eq 8); Torsional .constant

ky = Coefficient of efiective thickness of flange (see E-2.1.1 of

IS: 800-1956 )

ky = Constant obtained from Table XX of IS: 800-1956

L = Span of beam; Angle section

l = Effective length of beam

Loy = Effective length with respect to X-X axis

M = Bending Moment

M, = Bending moment at centre of the beam due to reactions of
other beams resting on it

M, = Total maximum bending moment

M, = Bending moment at centre of the beam due to beam weight
only

M, = Moment capacity of beam

My == Torsional moment

14
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m,n = Assumed cantilever lengths in a perforated web section;
Span ratios in continuous beams
N = The ratio of area of both flanges at the point of minimum

bending moment to the area of both flanges at the point
of maximum bending moment (see E-2.1.1 of IS: 800-

1956
P, = Intenszty of load distributed through the web and flange
P, = Bearing pressure
P = Pitch of rivets; Number of perforated panels
0 == Static moment about the centroidal axis of the portion of

cross-sectional area beyond the location at which the
stress is being determined

Oa = End Breaction in a beam of simply supported span AB,
at

Qs = End reaction in a beam of simply supported span BC,
at B

Os = Qv + Quc

q = Intensity of loading

R = Radius of curvature; Rivet strength; Reaction

r = Radius of gyration; Stress in rivet

Tm = Stress in the most stressed rivet caused by moment

7y = Stress in the most stressed rivet, caused by shear force

S = Spacing of beams; Shear carrying capacity of beam; Spacing
between intermittent welds

¢ = Thickness

¢, = Effective thickness of flange ( see E-2.1.1 of IS: 800-1956)

ke = Flange thickness

t = Web thickness

uit, vV = The principal axes in the case of unsymmetrical sections

vV = Total shear resultant on cross-section

w = Total load on a beam

w = Load intensity ( see p. 43 ); Weld strength value; Width of
a box section

x,y = Co-ordination of rivet centres from centre of gravity of the
rivet group

X, = Distance of centre of gravity from centre of web on X-X
axis

X = Distance of shear centre from centre of web on X-X axis

y = Distance from neutral axis; Deflection

15
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2

== Distance of centre of gravity of the component section
from the centre of gravity of the combined section

y = Distance of centre of gravity of the component section
from a reference point

V4 = I]e = Section modulus
€ == Normal strain due to bending

¢ = The change in slope (g%) per unit length of beam at any
particular point

= Deflection

= Angle of twist per unit length

= Rate of change of slope

== Centre line

= At

== (;reater than

= Less than

= Not greater than

= Not less than

= Less than or equal to

= (ireater than or equal to

= Approximately equal to

= Therefore

B VAANMAVEOTE®Y
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ABBREVIATIONS

Some important abbreviations used in this handbook are listed
below:

Units

Area in square centimetres cm?
Capacity of weld in kilogram per centi-

metre kg/cm
Length in centimetres cm
Length in metres m
Length in millimetres mm
Linear density in kilograms per metre per square

centimetre kg/m/cm?
Load in kilograms kg
Load in kilograms per metre kg/m
Load in kilograms per square centimetre kg/cm?
Load in tonnes t
Load in tonnes per metre t/m
Moment in centimetre-kilograms cmkg
Moment in centimetre tonnes cm-t
Moment in metre tonnes m-t
Moment of inertia expressed in centimetre to the

power of four cm!
Section modulus expressed in cubic centimetres cm?

Other Abbreviations

Alright OK
Angle section L

Bending moment BM
Centre of gravity CG
Centre to centre c/c
Channel section C

Dead load DL

17
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Equation

Indian Standard Angle Section conforming to and
as designated in IS: 808-1957

Indian Standard Beam Sections conforming to and
as designated in IS: 808-1957

Indian Standard Channel Sections conforming to
and as designated in IS: 808-1957

Live load

Neutral axis
Number

Shear force
Single shear
Wide flange beam

18
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ISA

ISLB, ISMB,
etc

ISLC,ISMC, etc
LL

NA

No.

SF

SS

WB



SECTION 1}
GENERAL

‘1. INTRODUCTION

1.1 A beam or girder may be defined as a structural member, usually
straight, that has the primary function of carrying transverse loads from
specified points in space to specified points of support. An arch also
carries transverse loads from points in space to points of support, but the
normal stress in the cross-section through the interior of the arch is pri-
‘marily compression. A suspension bridge also carries loads from points
n space to points of support but the normal stress in the cross-section
through the suspension rope is primarily tension. In the case of the sus-
pended span and the arch span ( considering only vertical loads) the
supporting reactions are inclined with respect to the vertical, hence, depend
on a lateral component of force that shall be provided by the foundation.
In the case of the beam under transverse loads, the reactive forces at the
supports are in the same direction as the applied loads and the normal
‘ bending * stress on theé beam cross-section varies linearly from a maxi-
mum compression to a maximum tension.

1.2 By far the greatest number of beams are designed to act in ‘ simple
!bending > and the design of rolled sections for simple bending is covered
sn Sectior. IT. Plate girder design for simple bending is treated in Sec-
tion 11I. Whenever feasible, for greatest economy in design, beam sections
~should be chosen, braced (if necessary ), and oriented with respect to the

specified loads so that the assumptions of simple bending 4t justified.

1.3 Simple bending is that type of bending in which the loads and the
support reactions are in one and the same plane and the longitudinal axis
of the beam remains in that same plane as the beami deflects. It is
assumed that the cross-section of the beam does not twist during deflec-
tion. If simple bending is to be insured when an I-beam is loaded in the
plane of its web, the compression flange either shall be supported laterally
or the permissible stress (in some cases ) shall be reduced to prevent the
possibility of lateral buckling. But simple bending occurs naturally, with-

out lateral support, in such cases as are shown in cross-sections given in
Fig. 1. -

In Fig. 1, it will be noted that in each case the plane of the loads
coincides with an axis of symmetry of the cross-section. It is important
to recognize the conditicns under which simple bending will occur and the
precautions that shall be observed in design of details and supports for
other cases where simple bending is not natural although it may be forced
or insured by special means. For example, the channel, used as a beam

19



1SI HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATE GIRDERS

FiGg. 1 CROSS-SECTIONAL SHAPES AND LOADING PLANES NATURALLY
CONDUCIVE TO SIMPLE BENDING

with loads applied in the plane of its major principal axis, will twist and
so also the common angle. Such complications in simple bending are
treated separately in Section V. In spite of possible complications, simple
bending is most often encountered in actual design because the widel

used I-section steel beam shown in Fig. 2A requires but very little lateral |

support to insure against the possibility of lateral buckling.

za 28 < 20

Fic. 2 SuppoRT REQUIREMENTS TO PROVIDE SIMPLE BENDING

Simple bending may also be induced in the channel, loaded as shown
in Fig. 2B, if restraint against twist and lateral buckling is provided along
the member (se¢ 30.1). If an angle is loaded as shown in Fig. 2D, provi-
sion along the angle shall be made not only to prevent twist but to prevent
lateral deflection out of the plane of the loads (see 29.1). Where the lateral
support is needed for stability alone, as in the case shown in Fig. 2A, there
is no calculable stress in the lateral supports. In cases shown at Fig. 2B
and 2C, however, there is a definitely calculable stress in the restraining
members, thus a more clearly defined design problem exists.

20



SECTION I.: GENERAL

1.4 The primary function of the beam is to carry transverse loads and the
ability of the beam to perform its function is judged primarily by the ade-
quacy of the beam cross-section at every point, -along the axis to resist
the maximum shear and moment that may occur at that section.

~In the design of a beam under complex loading conditions the shear
diagram and bending moment diagram are usually plotted (see Fig. 3). It
1s assumed that the reader is familiar with the determination of such
diagrams. Reference may also be made herein to Iilustrative Design
Examples 1 and 2 and to Section IV,

Lx
! 1

| SHEAR (V)

—] ]

Fig. 3 POSIiTIVE LOAD, SHEAR AND MOMENT IN BraMms

1.5 The design of a beam is considered adequate for bending moment and
shear if the maximum normal stress due to bending and maximum shear
stress due to shear are kept within specified limits that insure a factor of
safety with respect to yielding. In simple beam theory, the normal strain
parallel to the longitudinal axis of the beam is assumed proportional to the
distance from the neutral axis of bending — an exact hypothesis ( circular
bending ) in the absence of shear stress and a close approximation for most
practical cases even when shear exists. As shown in texts on strength
of materials; the normal stress is given by:

fo=Ee=E§y . (1)
21
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where
f, = normal stress due to bending,

E = elastic modulus in tension or compression,
€ = normal strain due to bending,

¢ = the change in slope (d6/dx ) per unit length of beam at any
particular point, and

y = distance from neutral axis ( axis of zero normal stress ).

In most texts, in place of ¢, 1/R is written, where R is the radius of
curvature. No one is able to see a radius of -curvature in nature but,
in observing a very flexible beam under load, such as the swaying branch
of a tree, one may actually observe deflection, changes in slope and even
curvature. Thus, it is intrinsically better to write the equation in terms
of ¢ rather than 1/R.

It is occasionally necessary to calculate the deflections of a beam and a
knowledge of ¢ all along the beam leads first to a calculation of beam slope
at any point — thence ( as will be demonstrated in Section IV ) to a calcu-
lation of deflections.

As shown in Fig. 4, ¢ is the angle between tangents to the axis of the
beam at points one unit in length apart, hence, it represents the change
tn slope per unit length.

o Ungy
"'Nh'

G

Fic. 4 Unit LENGTH OF BENT BEAM

To obtain the familiar equation for normal stress due to bending, ¢
in Eq 1 shall be related to the bending moment, M. Below the yield point

22



SECTION I: GENERAL

of steel (in the elastic range ) there is a linear relationship between bending
moment and beam curvature ( a special case of Hooke’s Law ) which may
be expressed as follows: -

The amount that a beam benc  is proportional to the bending
moment. The constant of proportionality, as derived in text books on
strength of materials, is EI, the bending stiffness of the beam, and

M=EI$4 .............. (2)
where

M = bending moment, and
I = moment of inertia of the cross-section.
In the limit, if variable, the angle change rate per unit length

may be expressed more precisely in the language of differential calculus
by introducing:

_dfd\_av._ M _ 1 (3)
T dx\dx) —dx* "EI T Ey "~

The interrelationship between deflection, slope, moment, shear, and
load may be summarized conveniently by functions of ‘x’, taken as
the distance ( to the right ) along the beam:

y = deflection (.assumed positive downward ),

g = slope ( positive when y increases with increasing x ),

d%y M "

a2 + 57 (moment assumed positive when normal stress

* is compression at top of beam) (see Fig. 3). . . . (4)
ddy Vv " — ,

T TR ( shear positive as shown in Fig. 3), and
dty

A= + l—?—i ( load positive when down ).

For various typical end conditions and load distributions, the solution
of Eq 4 to provide equations for deflections, location and magnitude of

maximum deflections, etc, reference may be made to any Structural Hand-
book.

In conventional, or elastic design, the adequacy of a beam to carry
bending moment and shear is determined by limiting the maximum normal
stress due to bending, and the average shear stress ( assuming the web to
take all of the shear ) to the prescribed  allowable stresses ’ that provide a
margin of safety with respect to the elastic limit or yield point strengths
of the material.
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The familiar equation for normal stress due to bending is obtained
by combining Eq 1 and 2:

fo="F ey )

If ‘¢’ is designated as the distance y to either the extreme top or
bottom of the beam, the maximum normal stress due to bending is:
Me M
fb = T = T .............. (6)

Z =£— and is termed the ‘section modulus’.
The shear stress at any point of the cross-section is given by:
,‘VQ
f,= S IR N

where
f, = shear stress,
V = total shear resultant on cross-section,

Q = static moment about the centroidal axis of the portion of
cross-sectional area beyond the location at which the stress
is being determined,

= moment of inertia of the section about the centroidal axis,
and

t = thickness of web.

IS: 800-1956 limits the maximum normal stress on a steel beam cross-
section to 1 575 kg/cm? ( see 9.2) and the average shear stress ( when web
buckling is not a factor ) is limited to 945 kg/cm? { se¢ 9.3.2). The average
shear stress is calculated by dividing the resultant shear force (V') on the
cross-section by the gross cross-section of the web, defined for rolled
I-beams and channels ( see 20.6.2.1 and 20.6.2.2 of IS: 800-1956) as ‘ the
depth of the beam multiplied by the web thickness ' ahd in the case of plate
girders ‘ the depth of the web multiplied by its thickness’.

Table I (see p. 169) gives a convenient order for economical selection

of the section moduli and shear capacity for the IS Rolled I-beams and
channels.

Although not of direct use in design it is desirable to recognize that
the normal stress as given by Eq 5 and the shear stress as given by Eq 7
are simply components of the resullant stress that, in general, acts at an angle
Lo the plane of the cross-section. At the top and bottom of the beam the
resultant stress and the normal stress become equivalent, since the shear
stress is zero, and at the neutral axis of the beam, where the normal stress
is zero, the resultant stress is the shear stress.
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2. DESIGN PROCEDURE AND CODE OF PRACTICE

2.0 The foregoing discussion of simple beam theory presents merely a
sketch of some of the more important facts. For a complete development of
the theory of simple bending, reference should be made to reference books
on strength of materials by such authors as Morley, Timoshenko, or others.
Attention so far has been given primarily to bending moment and shear.
Beams of normal proportions are usually selected on the basis of bending
moment and a routine check made as to their shear capacity. Only in the
case of very short beams, or beams in which high concentrations of load
near one or both ends, will the shear control the design. In addition to
shear and bending moment, however, there are a number of secondary
factors that need to be checked in any beam design. These will be dis-
cussed very briefly in this ‘ Section’ with complete reference in 1S: 800-1956
and actual design details in succeeding sections.

2.1 In some cases, deflection limitations may affect the beam design. A
beam that experiences large deflections is a flexible beam and is undesir-
able in locations where the loads are primarily due to human occupancy,
especially in the case of public meeting places. Large deflections may
result in noticeable vibratory movement producing uncomfortable sensa-
tions on the part of the occupants and in some cases loading toward crack-
ing of plastered ceilings if these exist. The question as to what actual
deflection will cause plaster cracking or whether the deflection itself is a
primary cause is a debatable one but the usual specification limitations,
no doubt, have their place even though they are not usually mandatory.

In addition to a check on deflections, safety against the local crush-
ing or buckling of the web of a rolled beam should be checked at the ends
and at points of concentrated load. In some cases stiffeners may have
to be introduced.

2.2 When the available rolled beam sections become inadequate to carry
the load, there are a number of alternatives leading to sections of greater
bending moment capacity. One may go directly to a welded or riveted
plate girder or, alternatively, flange plates may be welded or riveted to the
flanges of available rolled sections. Another possibility is the use of a split-
section formed of two T-sections with a web plate welded in between. This
will provide a deeper beam section and will require somewhat less welding
than a completely built-up plate girder. Other possibilities that should
be considered are the use of continuous beams instead of simple beams,
or use of plastic design, where applicable. The use of open web beams,
tapered beams, or composite beams, offer other modifications of design
to provide greater bending strength with the utilization of existing Indian
rolled shapes. These alternatives to conventional design are discussed
in Sections VI, VII and VIII.
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The use of continuous beams should be considered in roof construc-
tion, for crane runway girders, or for other types of construction in which
it is convenient to run the beam continuously over columns or other points
of support.

2.3 The possibility of using plastic design becomes especially important
when one goes to continuous beam or frame construction. IS: 800-1956
takes some account of the increased plastic reserve strength in bending
beyond the yield point in the fact that 1 575 kg/cm? is permitted for rolled
sections whereas the stress in plate girders with little plastic reserve is
limited to 1500 kg/cm?. However, in continuous construction, reserve
strength is available from another and greater source - redistribution of
-bending moment as  plastic hinges ’ develop. The plastic design method
may be used advantageously limiting conditions. Reference should be
made to the ISI Handbook for Structural Engineers on Application of
Plastic Theory in the Design of Steel Structures (under preparation) for a
more complete discussion of this design procedure. Plastic design should
probably not be used when repeated loads are an important factor leading
to the possibility of fatigue failure. Special attention also may be given
in plastic design to modifications in the usual specification requirements
for outstanding plate elements under compressive stress since local buck-
ling should not only be avoided in the elastic range but prevented in the
plastic range up to the inception of strain hardening. However, serious
consideration should be given to plastic design of continuous beams and
rigid frames of one- or two-storey height when fatigue is not a problem
and only a few maximum loads are expected.

In the design of beams subject to severe repeated load stressing, the
beam near maximum permissible limits with many expected repetitions,
such as in the design of a crane runway support girder, stresses should
be reduced to prevent possibility of fatigue failure.

Crane runway support beams and beams in similar situations are
also subject to impact which sets up elastic vibrations and thereby in-
creases the stresses. These additional stresses are taken care of by the

use of impact factors and the crane runway support girder serves as a
design illustration in Design Example 10,
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SECTION i
DESIGN OF ROLLED BEAMS

3. GENERAL

3.1 Generally the following are the essential steps required in the selec-
tion of symmetrical I-shaped rolled steel beams:

a) Selection for bending moment and shear,
b) Lateral support requirements,

¢) Design of beams without lateral support,
d) Deflection requirements,

e) Shear stress in beams,

fy Web crippling and buckling, and

g} End connections and bearing plate design.

A general discussion of these steps is given in 4 to 10 and is followe,
by Design Example 1 (see 11) in which the designs of beams for a
specified floor framing plan are presented.

4. SELECTION FOR BENDING MOMENT AND SHEAR

4.1 As pointed out in Section I, the primary function of a beam is to carry
load. The moment and shear capacity at every point along a beam shali,
therefore, be greater than the actual moments and shears caused by the
load. Tt is assumed the reader is familiar with the calculation of moment
and shear diagrams as covered later in Section 1V, and with general theory
of simple bending as previously discussed in Section I. To facilitate the
actual selection of a beam after the maximum moments and shears have
been determined, Table I has been prepared listing all of the IS Rolled
I-beams and channels in the order of their moment capacity. The index
of moment capacity is the section modulus ‘ Z’ which is given in col 1
of Table 1 see p.169). Thus, as will be demonstrated in Design Example 1
after the required section modulus is determined, one may immediately
select from the table the beam that will have the smallest weight per metre
for the moment capacity needed by following the steps indicated in the
note under thetable. Exceptin the case of very short beams or beams carry-
ing heavy loads near their ends, moment rather than shear will govern the
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design. However, it is convenient to list in the same beam selection table
the maximum shear value of each beam in tonnes ( see col 4 of Table I).
Thus, after selecting the beam for moment one may immediately check
its shear capacity. The standard designation of the rolled beam is given
in col 2 of the table and its weight in kilograms per metre in col 3.

5. LATERAL SUPPORT REQUIREMENTS

5.1 The great majority of beams are designed as ‘laterally supported’
in which case no reduction in allowable stress due to bending is required
to safeguard against lateral-torsional buckling. Any beam encascd with
concrete which is in turn contiguous with at least one adjacent slab may
be considered as fully supported laterally. Other conditions of lateral
support may be more questionable and some of these are indicated in
Fig. 5. Full lateral support should be credited if a concrete slab encases the
top flange so that the bottom surface of the concrete slab is flush with the
bottom of the top flange of the beam. If other beams frame at frequent
intervals into the beam in question, as indicated in Fig. 5B, lateral support
is provided at each point but the main beam should still be checked
between the two supports.
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F16. 5 LATERAL SUPPORT REQUIREMENTS
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5.2 No lateral support should be credited if the concrete slab holds the
top flange of the beam from only one side as in Fig. 5C, or simply rests on
the top as in Fig. 5D without any shear connectors or bond other than the
surface between the two materials. Temperature change and deflection
due to bending will destroy the bond leaving the beam with only friction
to depend upon for top lateral support. Similarly, if plank or bar grat-
ing is attached to the top flange by means of bolts as in Fig. 5E, the support
might be temporarily adequate if bolts were firmly fastened and the oppo-
site ends of plank or grating securely attached to some other support.
However, owing to the temporary nature of the connections, full depend-
ence should not be given as there is always a possibility that the bolts
might be omitted or removed. In this case, the design should be made as

if lacking lateral support. The matter of designing beams without lateral
support is covered in 6.

6. DESIGN OF BEAMS WITHOUT LATERAL SUPPORT

6.1 When special conditions require that a beam be loaded in the plane
of the web, without continuous or intermittent lateral support at sufficient-
ly frequent intervals, the beam will ultimately fail by buckling with lateral
and torsional deflections. In order to provide adequate safety against
such buckling, the allowable stress is reduced in certain cases. The reduc-

tion in allowable stress increases with increasing I/b ratio and dft; ratio
where:

{ = unsupported length of beam,
b = width of flange,

d = depth of beam, and

tr = flange thickness.

6.2 Permissible stresses are tabulated for-various ratios in Table 1I of
IS: 800-1956. The formula on which these values are based is given in
Appendix E of IS:800-1956 and tabulated values apply only to roiled
beams of constant cross-section and of symmetrical I-shape. The formule
may be applied to channels with over-safe results. For beams with vari-

able flange shape, unequal flanges, etc, reference should be made to Appen-
dix E of IS: 800-1956.

6.3 In certain parts of the tables in 1S: 800-1956, it is difficult to inter-
polate properly. To overcome this deficiency elaborate tables showing
permissible stresses for closer intervals of /b (or I/r,) and djt; (or dft,)
(see Tables II and IIT on p. 172 and 174) are given in this handbook.
Examples of the application of Table 1T are given in Design Example 1.
Example of the application of Table III is given in Design Example 10.
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7. DEFLECTION REQUIREMENTS

7.1 Recommended deflection limitations for beams and plate girders are
given in 20.4 of IS: 800-1956. When rigid elements are attached to beams
or girders, the specification calls for a maximum deflection of not more
than 1/325 of the span. However, this may be exceeded in cases where
no damage due to deflection is possible.

7.2 1f a structure is subject to vibration or shock impulses, it may be desir-
able to maintain reasonable deflection limits such as will produce a stiff
structure less apt to vibrate and shake appreciably. For example, exces-
sive deflection in crane runway support girders will lead to uneven up and
down motion of the crane as it proceeds down the building. Impact stresses
in such case would be increased.

7.3 Possibility of excessive deflection will arise when a rather long span
carries a very light load for which a relatively small beam size is required.
Such a situation might exist, for example, in a foot bridge. The matter
of deflections is very largely left up to the judgement of the engineer.

7.4 Very long beams subject to large deflections, such as the open joist
type, are usually cambered so that unsightly sag will not be noticeable
when the beams are fully loaded.

8. SHEAR STRESS IN BEAMS

8.1 The subject of shear stress.has been discussed in Section I. It is to
be noted that in the case of rolled beams and channels the design shear
is to be figured as the average shear obtained by dividing the total shear
by the total area of the web computed as (d) (t,). In more complex beam
problems such as those with cross-section unsymmetrical about the X-X
axis, the more exact expression for the calculation of shear stress or shear
per running metre should be used. The more exact expression should also
be used in calculating horizontal transfer of shear by means of rivets or
welds. The design example will illustrate these calculations.

9. WEB CRIPPLING AND BUCKLING

9.1 When a beam is supported by bearing pads or when it carries concen-
trated loads, such as columns, it shall be checked for safety against web
crippling and web buckling. If the beam web alone is adequate, bearing
stiffeners need not be added. Web crippling is a local failure which con-
sists of crushing and local plastic buckling of the web immediately adjacent
to a concentration of load. The load is assumed to spread or ‘disperse’
at an angle of 30° ( see 20.5.4 of IS: 800-1956 ) as it goes through the flange
and on out to the flat of the web at the line of tangency to the flange fillets.
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The bearing stress of 1 890 kg/cm? that is allowed may result in minor
localized plastic flow but provides a safe and reasonable basis for checking
the design of this detail. In addition to the possibility of local crushing
or crippling there is also the problem of general buckling of the web plate
above a support or below a localized load. The web is assumed to act
as a column with reduced length. A beam that is safe with respect to web
crippling will usually be safe as well with respect to this type of web
buckling.

These and other details of the design will be demonstrated in Design
Example 1.

10. END CONNECTIONS AND BEARING PLATE DESIGN

10.1 If the end of the beam is supported directly on masonry without
bearing plates, the local bending strength of the beam flanges should be
checked to make sure that they may transfer the load from the local region
under the web to the outer parts of the ﬂange The ﬂanges of the beam
act as small cantilevers to carry the permissible allowable load transmitted
by the masonry without excessive stress. With stress thus limited they
will be rigid enough to distribute the load to the masonry. If the flange
were overstressed in bending, the load would be concentrated immediately
below the web and local crushmg of the masonry with possible subsequent
cracks would result. The connection of the end of a beam to a column
or girder may be either by means of web angles or top and bottom angles
or by a combination of both. When a web angle connection frames to a
beam or column web with beams entering from both sides and utilizing
common rivets or bolts, it is desirable to add erection seats since it is difficult

to hold both beams in bplace while rivets or bolts are being fitted In

Qea. 1alc s222C yeLS @il Ol aavCls.

general the engineer should carefully visualize just how the beam will be
put in place during erection and make sure that-a proper choice as to field
or shop rivets is made so that erection will be facilitated. In the case of
welded connections, there shall be provided a simple bolted erection plate
or angle to hold the beam in place while field connections are being welded.

11. DESIGN EXAMPLE OF FLOOR BEAM FRAMING

11.1 The illustrative design example of floor beam framing showing the
design of rolled beams is worked out in the following 17 sheets ( see Design
Example 1).
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Design Example 1 — Floor Beam Framing

This sheet shows the framing plan for the beams and columns supporting a mill
building loft and illustrates most of the typical situations that -might be encounteyed.
The design calculations of the beams are shown
on the subsequent sheets. Design Exampls | i*
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*1 of 17 means that this Design Example has 17 sheets in all, of which this is the first sheet.
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Initially, this sheet presents loading requive- . 2
menls forjlgoth dead ang live loads. In addition Design Example { of
to the distributed live load of 735 kg/m?, the Desiwn B B &B
design is to include consideration of a 5-tonne esign of Beams B, : 17
‘yoving’' load that may be placed over any

1-5x1-5 m area. ( This will permit the installation of a heavy piece of machinery on the
floor but will rule out pulting two such pieces of equipment in cluse proximity.) The
first beams that shall be designed ave those that do not receive reactive loads from other
-beams framing into them. Since floor dead load and the distributed live load both
contribule uniform load per lineal metre lo beams B, or B,, the bending moment due
to this load is calculated sepavately. The -roving distyibuted load of 3 tonnes ts first
placed al the centre of the beam for maximum moment. The concrete slab encloses
both sides of the top flange thereby providing adequate lateral support and the fuil
permissible stress of 1575 kglem® s permitted. The vequired section modulus is
then determined and by veference to Table 1 (see p. 169) 1t is immediately seen that
ASLB 450 beam would be satisfactory. The maximum shear s checked by moving
the voving load to the end of the beam.

Sketch on Sheet 1 shows a plan and cross-sectional elevation of an industrial
building. The end floor will carry a-12-cm RCC slab with 2-5 cm wearing surface
added and will be designed for a:live load of 735 kg/m? plus a 5-t load that may
be placed over a 1-5x1-5 m area in any location. Exterior wall beams will
support 670 kg per lineal metre in addition to any floor load they receive. The
stairways are to be designed for 735 kg/m2.

Use IS: 800-1956
BEAM B, or B,

DL of slab ( including

I S T+ i S 1
IEEANEEERI INNEEBLNERRNEEN] lloskg/m'
Load per metre length
- -
* od'% 2 m gt = LBX2_ 54 4y
Assume beam weight = 75 kg/m = 0-075 t/m 1
w = 2-285 tfm [aii i e BT
BM @ ¢ =w_l'_= 2:285 x6°5x65

8 3 = 12-06 m-t

or 1206 cm-t

. 5x6:5 2:5x075

Due to ro load, BM —tE s SPv S
roving load, @ ¢ ) 3

= 7-188 m-t or 718:8 cm-t

Provide lateyal support
Total Max bending moment, 1 206+719 = 1 925 cm-t
. M 1 925 000
Re eQ 7 = - = T T 2
quir % 1575 1222 cm?
Referring to Table I: Choose ISLB 450, 653 kg —1 2238 — Z

i-—v.sm _;V“ /~2~2u/m

Check shear value

H T . 5% 55
NSRRI AN AR Vmax=22852x65*5>;5575
oS =1185<366¢t..... OK.
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Beam B, may now be designed since the :
reactions it receives as.loads By and By ov simi- Design Example | 3
lar beams have now been deteymined. These of
reactions are introduced, however, without the . Bgam B, .
roving load since this will be moved divectly on Preliminary Design 7
the beam By in its design. The requived sec-

tion modulus of 4432 cm® turns out to be higher than any IS rolled sections. One
may either use an imported beam of greater depth or add top and bottom covey plates
to strengthen ISWB 600, 1451 kg section. This latter course is adopted and the
estimate of dead weight of the beam itself is vevised. It is noted that when the sec-
tion is deepened by virtue of the welded plates, the contribution of the ISWB 600 to
the total Z value is veduced and the veduction is estimated by multiplying by the ratio

of depths before and after welding the cover plates. Final design check will be by
moment of imertia procedure.

Combined B, and B, reactions ( without roving load) = 2-285 X &5 x2
=149t
Assume beam weight = 140 kg/m
Max BMis @ ¢ . 2
M, ( due to beam weight ):Qigﬂ. = 11 mt
Mg =412j(4)~14~9(2) = 59-6 m-'t
. 075
BM (roving load ) = 2-5x4-2-5x - = 91 m-t
M, ( total) = 698 m-t
. 6 980 000 p s
Z required =575 = 4 432 cmy
No rolled section is available with
this section modulus, so an ISWB "j' % “1‘
600, 145-1 kg section with welded .
cover plates ( top and bottom ) will & § . L
be adopted. L b i
Assume new weight of beam with cover plate = 200 kg/m
- 2
M, =028(8) = l-6mt
M, = 164596491 = 70-3 mt
7 030 000
= = 0 3
z 1575 4 460 cm

Assuming that 1 of 2-cm thick cover plates will be required, the approximate Z
contributed by ISWB 600, 1451 kg will be:

N 60 — 3
3854 A= 3700 cm
. Z required in plates = 44603700 = 760 cm?®
Approximatesarea required in 760
one-flange plate = 5%31
= 12:3 cm?
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In ordey to deteymine the length of cover plate
that is requived, in view of the voving load, Design Example | 1 4
it is now necessavy lo draw to scale the envelope of
of various moment diagrvams that ave possible Beam B,
with the voving load in diffevent positions along Cover Plate Length 17

the span.  The envelope of bending moment dia- -
grams, plotted at the bottom of fhis sheet, indicates thai the theovetical length of the cover
plates will be about 2-26 m but in order to develop the plate at its ends it is customary
to add -a little more at each end making the total length approximately 2-8 m.

Length of Cover Plate

A quick method which is accurate enough for practical purposes is to draw the .
diagram of ‘maximum moments' and scale‘the points which the ISWB 600 may

take in moment.

Trial loadings for maximum moments with voving loads at }, 3 and Centre Points
of beam

The maximum moment at a section is when the roving load is at the Section.

Assume dead load = 200 kg/m

) _}:-m‘ “I T Mao=02(4)(2)-0-22)(1) = 12 m-¢t
. For B,, B, reactions and
' (R R, roving load
fa—2m —od 5%x6 '
et st 1491 BM at } Point due to
5‘;1 1 B,, B; and roving load
) = 26-1(2) —2-5(0-75) = 51-26 m-t
Ry
___..,,,.___.@ f2 Total Max BM at
am 1 Point My = 5246 m-t

Ry = 223545x§ = 2547 t

TAKEN UP &Y

. BM (at § point) = 25~47(3)—2-5(0—27§)—14-9x1

= 60-57 m-t
My (at § point) = Myp+60-57 = 1-2+60-57 = 61-8 m-t
Total Max BM at Centre Point,

M, (see Sheet 3) =703 m-t S eRe e
. 38541575
ISWB 600 moment capacity="-""""2""_. g(. .
PR =001 000 — 606 ™ ] m |
Theoretical length required = 2(1-13) = 2:26 m't
. ENv
For making allowance for the customary extra MELZZ(’TPE Iﬁion?}? g:g»%i:g

THEORETICAL LENGTH OF COVER

length required on either side, adopt 2:8 m. PLATE REQUIRED
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Flange plates 19-0X0-6 cm are iried and Design Example | 5
the moment of inertia calculated. The welds
altaching the cover plate to the beam shall now Beam B, of
be determined and since the weld requirement is Welding Cover Plates V7
a function of maximum shear, the roving load i

is put in a position that will produce the maxi-

mum shear near the end of the cover plate. The horizontal shear to be transferved is
determined by Eq 7 (see p. 24) [madtiplying both sides by t to obtain the total shear
transfer (fs) per linear centimetre).

Approximate area required in each cover plate
(see Sheet 3) = 12-3, cm?

Try 2 plates, 19-0 X 06 cm

Area of one plate = {1-4 cm?

I of cover plate = 2(11-4) (30-3)* = 21 000 cm*
I of IS\WVB 600 = 115627 cm*

j‘ Total = 136 627 cm*
_ 136627 . .
30cm fu Zt = Sgg - = 4470 cm>4 460 required . . ... OK.
Determine Vmax @ location 1. (This
is approximate calculation and is con- AL s Mt .t
sidered OK for practical purposes.) ‘ J
IRENARIR
Vs = 223545 x> -
= 2563t AT e 2t
Approximate total weight of section 1454 18= 163 kg/m
Total Vmax= 25-6+4(0-163) =2625t

Actual horizontal shear per linear centimetre:
VAY 2625x11-4x30-3
T =~ 136627 = 0:066 5 t/cm

Use 6-0-mm fillet weld intermittent (see 6.2.2.1 & Table I of IS: 810-1956). {
Working loadjcm length = 6(0-7) (1 025)

= 430 kg/cm (referring to 6.2.3, Table II, 7.1 and
Table III of IS: 816-1956)

Minimum length of weld = 4X6-0 = 24 mm (see 6.2.4.1 of IS:816-1956)
Use 2-5 cm length

Working strength of 6-0-mm weld 25 mm long, 2 sides = 2 x2-5x430

=2150kg or 215 t
COVER pLATE
; 28 mm LONG,

s mm WELD cjc Spacing = X
T,.,.. 0066 5 X =215
L 215

hil X =_-"--=324 cm

Lk-_-s:ﬂ 00665
x S = 32:4-2:5=299cm
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Since it is uneconomical of the welder’s time Design Example | 6
as well as being less efficient to start and stop
new welds, the length of weld in each intermitient Beam B of
section should be as long as possible in keeping A 3
with the requivement of the space thickness Welding Cover Plates ”_
ratio. Thus, in the light of all of these factors,

2:5 cm long 6-mm fillet welds spaced 18-5 cm centye to centve ave chosen. Al the end
of the plate, a continuous weld for a 16-cm length of plate is used so as to fully develop
the cover plate at the point where it begins to be needed.

Required S by 6.2.6.2 of 15:816-1956 3‘:’,%‘{;5‘-:55&,;)
So that S/t < 16 . eemnes

S$=16 (06) = 96 cm < 299 cm
Hence adopt 9-5 cm clear spacing.
Weld strength at ends of cover

plate to develop strength of plate \
(see 20.5.1 of IS: 800-1956): -

ELEVATION
Plate strength = 0-6 x 19 x 1-575

=1796t % %;
17-96
L= o83 = 4175 cm
41-75—-19

»
2 1137 cm, e i SECTION XX

or say 12 cm PARTIAL PLAN

It may be observed that with 6-0-mm intermittent fillet weld at 2-5-cm length,
though the required spacing is 29-9 c¢m clear, the minimum Code (IS: 816-1956)
requirement of 9-6 cm corresponding to 0-6 cm thickness of cover plate has to be
adopted. Thus, there is still some waste in weld. Also some special precautions
are to be taken while welding (see 6.2.5 of 1S: 816-1956). These may be overcome
by redesigning the cover plate thickness.

Choose 2 plates of 12:5x1:0 cm.
Area of 1 plate = 12:§ cm?

I of cover plate = 2 (12-5) (30-5)2 = 23 256 cm*
I of ISWR 600 = 115 627 cm*
138 883 cm?
Z =1_3_;30.8% = 4 480 cm?® > 4 460 cm? required.

Using 6-0-mm weld at 25 mm length, the required spacing as worked out al-
ready is 29:9 cm clear. Code requirement = 16 t = 16 (1-0) t = 160 t
Use a clear spacing of 16 cm.

At ends, “’75—-—;&5 = 14-62 or 15 cm length to be welded
Check shear values.
st e - 1ot Loading for Vmax is as shown in the sketch
'}TTH l l l Ry= Vmax= zz-ss+s<7'—§§) +0-163 (4)
=27-53 < 669 t, shear value of the -
Section ISWB 600 ... .. OK.

*Width of cover plate.
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. The beam is assumed to vest on a bearing Design Example | 7
plale set in the masonry wall with an assumed .

length of beaving equal to 15 cm. Similarly, B B of
at the opposite end, the beam vests on the 15 cm Beami 3 a1
outstanding leg of a seat angle. At either end earing

_the check as to web crushing orv crippling is
similay and the skeich shows how the load is assumed to be dispersed upwards from
the bearing plate through a distance equal to the flange thickness plus the fillet radius
for a distance hy= 46 cm. Thus, the lotal effective length of web resisting local crip-
pling is found to be 22-9 ecm. The bearing stress is less than that permitled by the
specification so we now turn to a check on the web buckling. The specification stipulates
that no bearing stiffener is needed at points of local support provided the buckling re-
quivements ave met. The beam is found to be amply strong with respect to buckling
to resist the maximum end veaction of 27-53 tonnes without any bearing stiffeners.

L 150X 150 mm SEAT
|—MASONRY

SO COLUMN wid

Angle of load dispersion = 30° (see 20.5.4 of IS: 800-1956)
Referring to Table I of ISI Handbook for Structural Engineers: 1. Structural Steel

Sections
h, = depth of intersections of web to flange fillets = 50-79 cm
hy = 46 cm

b (see sketch above) = 15446 cot 30° = 2295 cm
Vmax= 2753 (see Sheet 6); Web thickness, {w = 11:8 mm

27:53 1 000 _ 1015 kg/cm? < 1 890 kg/cm?

Bearing stress =
(22:95) (118)  (so¢ 9.4 of IS: 800-1956)

Check for buckling ’
Allowable reactions with no stiffener = FuB (see 20.7.2.1 of 1S:800-1956)

5079 _
lr = g A/3 = 645;  Fo=1068 kgjcm®

Assuming 13 cm as stiff length of bearing for 150 cm seat angle:

B =13+ %9 — 43 cm; Allowable R = 1068 (1-18) (43)
54> 2753 ..... OK.

Buckling strength at masonry support is safe, the stiff length of bearing being
15ecm>13 cm..... OK.
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SECTION II: DESIGN OF ROLLED REAMS

On the assumption that the designer wishes Design Example | 8
to comply with the optiomal specification re-
quivement that the allowable deflection be less of

; e Beam B, — Deflection &
than 1/325 of the span length, this deflection is 3
now calculated and is found to be well within Design of Bearing Plate 17 ,

the requivement. Then the bearing plate at the
masonry supporied end is designed. For the 15-cm length of beaving used, a 34-cm
width is required. 1t would be more economical to use a move nearly squave plate,
requiving a smaller thickness, but it has been assumed that the available beaving length
1s limited to 15 cm. There is no question of failure but it is desived to provide a bearing
Dlate stiff enough to spread the load to the masonry and prevent local cracks.

140t w9t 1.9 Loading sketch for maximum deflec-
st tion is shown here,
—— m‘é”T“ﬂ Y — Assuming 5 t load as a concentrated
~t————— R load, the loading may be considered as
e a b 149 t, 199 t and 149 t.
t P3

Due to central load §; = iR ET
Due to the two quar- Pa

ter point loads §; = 55 EF

(312 — 4a?)

E = 205x10* kg/cm? (corresponding to 13 000 tons/in.3)
By Method of Superposition:

_ 199x(800)*x1000 14-9x(200) %1000 s 2
48 (2050000) 137953 24 (2 050 000) 137 953.(3 x 800% — 4 x 200%)
=152 cm
Limiting deflection = 1/325 span (see 20.4.1 of IS: 800-1956)
00
——3_25—246>152 ..... OK,

Beam bearing plate
Assume allowable masonry

bearing stress = 55 kg/cm? ISWB 600
] _ 2753 _ R
Area required = 6055 = 500 cm -~ 8cm
B = SR_O = 33-3 cm, or say 34 cm o
1o L} 36cm
b = 11842 (46 cot 30° (based m”” L]
on 30° dispersal of web load
through flange plus fillet) B=34
= 1715 cm
_2753x1000 2
P, = —axizs - = 54 kg/cm'
171 17-1 . . .
M@t = 17 (54) (8-5)— -5 (107) )= 3929 cm-'kg (taking a 1-cm. strip)

M|I = fly and f permissible 1 890 kg/cm?® (s¢e 9.2.3 of 1S: 800-1956)

3929 ¢2
1890 = iV
Use 15x34xX3-6 cm bearing plate.

,or t =353 cm
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Beam B, is assumed to cantilever over column . 9
line 2 and this column is turned 90° so that Design Example |
the beam web and column web will be divectly in of
line, thus providing the simplest arrangement Beam B, 17
Jor stiffeners if required at this support. It

should be noted that in introducing the reaction )
of beam B,y the live load is entively omilted as the maximum positive bending moment
would be for this condition. At the intevior column, reaction point, designated as R,,
the framed ends of beam By, provide a paviial stiffeney and it will be assumed that local
web buckling will be prevenied. The beaving plate between the column and the beam
will not be designed as refevence may be made to I1SI Handbook for Structural Engineers
3: Steel Columns and Struts for the design of similar bearing plates at a column base.

( It may ‘be noted that the beam loads at
v'r ot LRl 254t the supports are not shown as these will

not affect the BM and SF diagrams.)
ﬁ'L 8 -me—‘]

BE T o .
Assume B;, weight= 20 kg/m 200::: "T' “l" “f' St 2'51“
Dead load of slab = 370 kg/m? (sec Sheet 2) Z sl !
B,, reaction . P 2m— iﬂf:ﬂ-&"
(from two sides):z_‘”_f’i)smuo X 65 kg am. e 2m
= 2-54 t

Assume B, weight as 200 kg/m Nannsi]

200x 3% 10 D
R, == = 750 kg CLLLL[H“”
Ry =1250kg
BM at midway = 0-750 X400 — 0-2 x4 %200
between supports [ = 140 cm-t

R, due to other loads 30494 +5(4) ~2:54(2)

3 = 2549t
M, due to other loads= 25-49(4) —14-9(2) —2-5(0-375) = 7 122 cm't
M due to B, weight = 140
7 7 262
" T 1575
Use ISWB 600, 133-7 kg with cover plate. Design of cover plate will not be
shown here. It may be noted that in the design of beam B,, the area required
in the cover plates was small, as ISWB 600, 145:1 kg was adopted, and resulted
in uneconomical welding details. Hence for beam B, ISWB 600, 133-7 kg with
cover plate is recommended. This will also result in a lesser overall weight of
beam B, than when. ISWB 600, 145-1 kg with cover plates is used. Beam B,

also could be designed with ISWB 600, 133-7 kg with cover plates.
Check shear value,

= say 4 610 cm?

The loading sketch for maximum shear at B,, is as shown above.
, - 1-25-+(3 199 x 4+ 5x 7-25) ~2-42(2) —2-54
Vmax = Ry—2-54 =

8
= 28-8 < 63-5 t ( Shear capacity of ISWB 600, 133-3 kg )
Check web crushing
1t may be noted that for maximum shear in B,, the reaction of beam B,;; should
include live load which was omitted while determining the maximum possible
moment on B,. The maximum -shear with this correction is 38-4 tonnes ({ see

Sheet 10) which is still less than the shear capacity of the beam ISWB 600 de-
signed . .. .. OK.
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SECTION 1I: DESIGN OF ROLLED BEAMS

In checking the local web crippling at Ry Design Example | 10
the full live load is intvoduced into the veaclion
of By, as this will produce the maximum R,
reaction. The bearing stress in the web is
considerably less than the permissible value.

Beam B, — Bearing of ]
Stress in Web 7

Assuming ISHB 300 as shown in the sketch at the bottom, for the column:
Load dispersion = 30° (see 20.5.4 of IS: 800-1956 )
hy = 2-51 cm ( see Table 1 of ISI Handbook for Structural Engi-
neers: 1. Structural Steel Sections ) -
b = 30+2(2-5cot 30°) = 387 cm
Reactions on this column will include By, reactions, as they frame into B, at this
support.
The two B,, reactions approximately = 14-9 t ( same as B, )

;gh;‘;;:'ouv MII, uIt u.l L st 730
4
*em 2 m —and
For Max R,:
The reaction from B,; should include live load also.
Due to dead load = 2-5 t ( see Sheet 9)
Due to live load = 2(2—’;6'—5-’ 0-735%= 48 t
Total = 7

R, = :[;38(144;9)(4)‘{-5(9-25 y+0- 2(10)5+7 2(10)]1=-8
Total R = 3844149 = 533 ¢

. ~53:3x1000
Bearing stress = g7 x1-12

= 1542 kg/cm® < 1890 kg/cm? permissible ..... OK.

Buckling load not to be checked due to stiffening effect of By, connections.
Check section for momient at cantilever.

I1SHS 300 FOR
COLUMN SECTION

Assuming no cover plate at cantilever support:

w = 0-134 t/m ( weight of ISWB 600, 133-7 kg )
M = 7-3(2)+0-134(2) 1+5(1-25) = 2152 cm't

z =2_%%3°'i;1370cm=<3540cm= ..... OK.

*Live load.
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UCTU STEEL BEAMS AND PLATE GIRDERS
The design of beam By introduces the problem . "

of the lack of lateval support. For 6 m, this Design Example |

beam supports the extevior wall but has no effec- of

tive lateral bracing because it s adjacent to Beam B, 17

the open area at the end of the building. Beam

B,, provides effective lateral bracing at a point.

Thus, while the bending moments are calculated on the basis of the full § m length an
effective length of 6 m is used to determine the permissible stress.

The 5-t roving load is first distributed to B,, and B,,,
B,, share is 5 ><21'25
0o
1-25 . 5x1-25 5.
o d The effect of this S—XT{ on By is 2 x _%5_
B,, reaction on B, )
= 15m su n
AN ST (ME) () = es e
2m |-'m 2 2 65
i Exterior partition load = 670 kg/m
5t ROLLING LOAD Assume beam weight = 75 kg/m
Uniform load = 745 kg/m
R, =V, =65 (&) + 0745 %4 et s gt
= 48742980 = 7-85 ¢ T 1 T 1—r/; I T T 17T
Mmax=7-85(2) -0-745(2) (1)=14-2 mt "—an o ~
Effective / = 6 m ( unsupported span LOAD DIAGRAM
against lateral bending ) o8t
Try ISWB 400, [y s3et
Z =11713cm?;, S=3251¢
600 o SHEAR DIAGRAM
= == 30; tf = 13- o
b 20 30; tr =130 ) m
b = 200 wt = 66-7 kg/m Jo2met gt
BENDING MOMENT
s AT
13-0
F, = 1142 kg/cm? ( see Table II on p. 172) . :
1 420 000

Required Z = -—S—=—=1240 cm® > 1171-3 provided by ISWB 400.

e Hence another trial.
Try ISMB 450, 72-4 kg ( The next higher section from Table I on p. 169)

600 450 - \
Iy = 50 = 40 dlty =73 = 26 F, = 889 kg/m
Required Z = 1%%0@ ~ 1600 > 13507 — No Good.

Try ISLB 500, 75-0 kg; Zx = 1 5438V = 43-47 wt = 750 kg/m
=141mmb=180 4o =20 _333 gy = 30

18 a1 =357
Fp = 927 kg/cm? (see Table Il on p. 172)
Required Z = %799? =1532cm® << 1543 ..... OK.

Beam weight assumed previously is OK.
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SECTION II. DESIGN OF ROLLED BEAMS

Bordey beams B, and By are now designed. 12
These carry end vreactions from beams B, Design Example |
amounting to half of the similay loads on beams of
Bgand By. These beams also carry the extevior | Beams B,, B, & B, 17
wall and they ave not assumed as complelely .

supported laterally, since the floor slab encases
only one side of the flange. However, on the basis of the unsupported length of 2 m,
no stress veduction is found necessary. . .

Beams B,,, B, and B, will now be designed in sequence. Although these do not
introduce selection problems, they ave included to illustrate the calculation of loads
and rveactions on intervelated beams. The design of beam B,g is voutine.

74t T4t gy Tk Assume beam weight = 130 kg/m
o2 " $0 W™ Exterior partition load as in
} N . LI 1 111 L4 S PN - | Sheet 11 =670kg/m
. Total uniform load w = 800 kg/m
2
My 300X 88>< 100 = 640000 cm'kg

BM (due to B, reactions) = 111 (4)—7-4 (2) = 2960 000 cm-kg
BM (due to S ft
roving load) = 2-5 (4)—2-5 (0-375) = 906 300 cm-kg
BM (total) = 4 506 300 cm kg
Effective length = 2 m

It is likely F, = 1 575 kg/cm? as the beam is supported laterally at fairly close
intervals. :

4 506 300

Required Z = ——(-— = 2860 cm?
1575 s Tt 74t ast
From Table I on p. 169, c_hoose ISMB 600, 122-6 kg ﬁTI'TL r—z 2 /-ioomm..
Z = 30604 b =210 tf = 20-8 mm T T T T T T
200 600 -rsmd .
o =55 =95  dlif =550 =29
From Table II (see p. 172) F, = 1 575 kgfcm? as assumed.
Hence OK.
Check sheav value
7-25
V =111 + G800 x4 + 5 (_8—
=19t <680t..... OK.
H—I-Sm—’{ St
T L } I 'r_r = Beam B4
s Assume beam weight = 60 kg/m
.5 m ‘

POSITION OF LOAD FOR MAX MOMEN = (Dead load + Live Ioad'

see Sheet 2) = 2210 kg/m
et R /—5! PR .
TT1 Total = 2:27 t/m
1l AN I I |
[ (Routine design) Use ISLB 325, 43-1 kg.

e £

POSITION OF LOAD FOR MAX SHEAR
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Since beam By, is adjacent to the staty well 13
and carries a floov slab on one side only, it is Design Example | i
assumed that the unsupported length is 2 m. of
Beam B,, is of interest because of the loading. Beams B,, & B, 17
1t is assumed that a stairway starvls at this level

and vuns to the ground floor below. Thus, at
an assumed dead load plus live load of 1 200 kg[m? one-half of the total suppovied stair
load ts assumed to rest 2 m from the end of beam B, Although the shear and
moment diagvam fov this beam might well have been drawn, it is quicker to calculate
the bending moment at the centrve line and at the point of load concentration. One
of these two will be very close to the maximum and will be a satisfactory basis for design.

sat XYY Beam Bll
1 ' 1 B,4 reaction (due to
LI dead load and live lodd ) = 2-25 (2-27)
n I }., =511t
om Use ISLB 450, 65-3 kg.
Ream B,,
Assume beam weight = 90 kg/m 8 14e5.38 1
Stairs: DL+LL = { 200 kg/m? °;’::"I;} sy wrtfm
1 200 X 6/2 ( see plan / T
on Sheet 1) = 3 600 kg/m T 1T T L LUITE]
% panel load ( see * fe—tsmnef Ry
Sheet 1) 1 (1 105) = 1105 kg/m | 4Hsm ST ——
Total = 4705 kg/m
or 47 tfm
Case 1 @ %&:
4-25 2:0 1-0 65
Ry = 22(45) (ﬁ) +25 ¢ 5-36,(37-5) + 47 (2:0) (€—5> + 009 ( 7)
=124t
BM = 124 (3-25) — (22 + 0:09) (675) (6;45) —~ 2.5 (0-37)
=270 m't
Case 2 @ By, reaction point:
. 2 6-5 48 x 2
R, = 22 (45) (2—255) + (5:+536) ¢ + 009 (T) + 2 X2l
=114 t
BM = 11-4 (#5) — 22 + 0-09 (4:5) (2:25) — 2-5 (0-375)
=272 mt
B4 us-36L
o-on/m F1Y 4.0tfm
2.2 t/n}] I__7IT \ 4
J 1 J U ] 1 1 [ ﬂ
Ry Ry
[¢————— 4.5m b 2 ——nd




SECTION I1. DESIGN -OF ROLLED BEAMS

The beam selected for B,, is checked for an Design Example | 14
unsupporied length of 2 m adjacent to the of
stairway. Beam B, 7

Assume F, = 1575 kg/cm? as the unsupported length is 2 m in the stair well,

2720000
T 1575
= 1733 cm3

Required Z

Try ISLB 550,
Z, =19332cm?
w = 86-3 kg/m
b =190 mm

tf =150mm

I = T = 11
500
alty =—vo—" =
i 150 33
F, = 1575 kgjcm? as assamed ..... OK

Check shear as before

009t /m
WT OF BEAM = 2.2‘;"‘}/ B I4=5.36¢ /-—51

111} —48tim
T T T L ITTY y
I‘O—I-Sm
2m

45m

45



ISI HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATE GIRDERS

Typical riveted connections will now be Design Example | Is
designed for the floor framing plan of this
example. Generally speaking, welded connec- Beams B, & B, of
tions offer somewhat greater weight saving in Connections with 17
steel than do riveted but since this will be Stiffened Seat
covered in I1SI Handbook for Structuval Engi-

neers on Designing and Detailing Welded Joints and Connections (under preparation),
the comnections in this example will be viveted. This design sheet shows the proposed
arvangement for a stiffened seat with an inverted top cleat making the top of the column
flush with the top of the beams near the botlom of the concrete floor slab. Permissible
rivet stvesses are compuled on this sheet.

DESIGN OF CONNECTIONS

CONCRETE B=
— }

SECTION AA SECTION BB

Rivets: 22:0 mm (or § in. dia)

. (23-0)?

Gross area of rivet = %100 4-2 cm?
Rivet values (see 10.1 and Table 1V in IS: 800-1956)
Shop (power driven) single shear = 4-2 (1 025)

= 4300 kg
Double shear = 2 (4 300) = 8600 kg
Permissible rivet bearing stress = 2360 kg/cm?
Field (power driven) single shear = 4-2Xx(945)

= 3969 kg
Double shear = 2 (3 969) = 7938 kg
Permissible rivet bearing stress = 2125 kg/cm?
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SECTION II: DESIGN OF ROLLED BEAMS

Beams By and B, carry their load into the Design Example 1 16
colummn web by vivets common to both stiffened
seat connections. Thus, these vivels have to Beams B, & B, of
transmit approximately lwice the end reaction Design of Stiffened 7
of either beam B, ov By and they ave so calcu- Seat
lated. The stiffened seat conmection as shown

in Sheet 15 consists of a horizontal cleat with lwo vertical cleats acting as stiffener.

It is necessary to introduce packing or filler plates equal in thickness to that of the
horizontal seat angles.

Maximum reaction of either B, or B, = 27-5 t (see Sheet 6)
Combined reaction transmitted to coluamn = 2 (22-3) + 5 = say 50t

Investigate first the column web in bearing, as this appears to be the most
critical condition due to thin column web.

Note — The reaction due to By, beams are not included here as these will be connected to
column flanges directly and not to web of column section through B, or B,.

Column is not designed in this example, so assume a column web, ¢ = 1-0 cm

50

- i 1 = 2.3 (1-0) (2-360)
No. of rivets to column web (2-3) (1-0) (2-360)

= 95 = say 10

Minimum thickness, ¢, required for any member of connection ( angles, packing,
etc) is found as follows:

¢t (2-3) (2-125) = 3-97 (field rivet bearing against single shear)

Norte — This is in accordance with good practice.

397

= @3 @i ~ 08em

4 300

For shop rivet, ¢t = m = 0-79 cm, use 0-8 cm for all cases.

Additional rivets for packing as required by 24.6.1 of IS: 800-1956.

8 . . 10 (10)
% (2) = 10 percent, extra rivets required 100

= 1 rivet

But, for the sake of symmetry, use 6 rivets in the extension of the packing as
required in 24.6.1 of IS : 800-1956. We have already assumed 15-0 X 15-0 cm
seat angle in Sheet 7. For adequate stiffening of the seat angle, you require at
least 125 x 75 mm angle stiffener. The minimum thickness being 8 mm as cal-
culated above, use 2 of 125 x 75 X 8-0 mm angle sections on each side of the column
web. Effective length of outstanding leg = 125—10 = say 115 cm. Bearing
capacity of 2 legs (outstanding) = 2(11-5) (0-8) (1:890) = 34-78 > ‘275 t.

Check rivet capacity of stiffener leg = 10(4-3) =43 > 275t ..... OK.
As cleat angles on top are only for lateral restraint, use a reasonable size, say 2

of ISA 10075, 8:0 mm. Dimensions of packing are determined by minimum pitch of
rivets and edge distance requirement ( see 25.2.1 and 25.4 of IS: 800-1956 ).
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An alternative type of framed connection for Design Example {
the same location 1s designed. This is the web s P "

cleat angle connection as shown. Since both
- beams have common rivels framing to the
column web it is not possible to evect them indi-

Alternative Connections of
with Web Cleat Angle 1"

vidually because evection bolts shall be placed
through both beam connections and the column web at the same time. A seat angle
Jor evection purposes only is addedsfor this connection. This type of commection is
actually more suitable when the beam frames into a column flange as is the case for
beams B,y and B,,. For flange framing, the bearing is in single shear for both the
web cleats and the column flange. An erection seat may be used if desived but it is
not absolutely essential since each beam wmay be bolied in place temporvarily while
being held by the erecting equipment.

Type: Framed connections — Apply to same joint just for illustrating the design
factor involved.
B, and B, ISWB 600, 133-7 kg {» = 11:2 mm
Gross rivet diameter = 2:3 cm

Angles to web of beam:
275

No. of rivets (double shear at beam web) = e = v 4
No. of rivets for bearing against connections angle _ 275
using 1-2 cm thick angles = 2(1-22) (2-360) (2-3)
n= 2] = say 3
No. of rivets of bearing against beam web = 25
(1-12) (2-360) (2-3)
= 45 = say §
Angles to wedb of columns:
. . 27-5
No. of rivets — single shear at column web = 3969
: = 71 = say 8
No. of rivets — bearing on column web
assuming f» = 1-0 cm, SO, e = 10-3, use 12.

2-3) (1-0) 2129
This condition determines the number of rivets required.

48




SECTION Il
DESIGN OF PLATE GIRDERS

12. GENERAL

12.1 When the required section modulus for a beam exceeds that avail-
able in any standard rolled section, one of the choices available to the
designer is to build up a beam section by riveting or welding plate and/or
angle segments to form a ‘plate’ girder. Plate girders are especially
adapted to short spans and heavy loads. Two design examples, one for
welded plate girder-and another for riveted plate girder, are given in Design
Examples 2 and 3. In order to facilitate comparison of the two types of
plate girders, these are designed for carrying the same loads.

12.2 In the plate girder, the engineer is able to choose flange material and
web material in the proper proportion to resist bending moment and shear
respectively and he may vary the thickness of flange and web along the
girder as the bending moments and shear vary. The design of plate gir-
ders may be tackled under the following steps:

a) Preliminary selection of web plate for economical depth;

b) Trial flange selection for maximam moment;

c) Check weight estimate;

d) Check design by moment of inertia method;

e) Determine flange thickness reduction points;

f) Transfer of shear stress from web to flange;

g) Design of bearing stiffeners;

h) Design of intermediate stiffeners;

]) Design of splices; and

k) Design of connections to columns, framing beams, and/or supports.

13. PRELIMINARY SELECTION OF WEB PLATE FOR
ECONOMICAL DEPTH

13.1 According to IS:800-1956 the web -depth-thickness ratio may be
as high as 200 in a girder without longitudinal stiffeners. However, if the
depth thickness ratio is kept to 180 or less, the intermediate stiffeners may
be placed considerably farther apart in the plate girder.

49



ISI HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEANS AND PLATE GIRDERS

13.2 The economical web depth may be approximately determined by use
of a formula of the type given in the following equation:

h=KYMfo o oovveenennn (8)

13.3 Under the radical, M is the maximum bending moment and f, is the
maximum stress permitted which according to IS:800-1956 would be
1500 kg/cm? for a laterally supported girder. K is a parameter that may
vary from 5 to more than 6 depending on the particular conditions.
Actually, a considerable variation in 4 will not change the overall weight
of the girder a great deal since the greater flange material required in a
girder of lesser depth is offset by the lesser moment of material in the web.

*Vawter and Clark propose K values of 5 for welded girders and 4-5 for
riveted girders with stiffeners.

13.4 To obtain the minimum weight of steel in plate girder design, several
different depths should be used in a variety of preliminary designs to deter-
mine the trend of weight with respect to variations in plate girder depth.
Of course, the depth of a plate girder may infringe on head room or ather
clearance requirements and thus be limited by considerations other than
minimum weight.

13.5 If longitudinal stiffeners are used, the web depth-thickness ratio may
be increased above 200, but in short span plate girders used in building
construction use of longitudinal stiffeners introduces considerable com-
plexity in the framing and should be avoided unless a very clear-cut weight
saving is established. If a very long span girder of 30 metres or more is
required, then the possibility of economy through use of longitudinal stif-
feners should be investigated. Such stiffeners are commonly used in conti-
nuous span highway bridge girders.

14. TRIAL FLANGE SELECTION FOR MAXIMUM MOMENT

14.1 After selecting the web depth, the preliminary selection of flange
area is made on the basis of the cornmon assumption that one-sixth of
the area of the web in a welded girder or one-eighth of the web area in a
riveted girder represents an equivalent flange -area added by the web.
’fl‘he approximate moment capacity of the girder may then be given as
ollows:

M = fih (4 + %) (welded) .. ....... )

M = i (4 + ‘381) (riveted) .. ...... (10)

*VAWTER, J. AND CLARK, J. G. Elementary Theory and Design of Flexural
Members. New York. John Wiley & Sons, Inc., 1950.
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14.2 In Eq 10, k is the estimated depth centre to centre of flanges. The
web area may be determined by using the estimate of economical web
depth togethet w1th the maximum permnssmle web depth-thxckn&s ratio.
In Eq 19, f, should be the estimated average allowable flange stress obtain-
ed by multiplying the maximum allowable by A/d. The required area of
flange material then may be determined directly as will be illustrated in
Design Examples 2 and 3.

15. CHECKING OF WEIGHT ESTIMATES

15.1 After the web and flange areas have been approximately determined,
the more accurate design weight estimate of the girder should be made.

ic mantr ha ammzend ad wmdhin Alaca anatah dacion lHewiés her acticadioma

Thl3 lllﬂy Uc GlillVOU Al WwWikillll Livudvo cuuusn ucaisu A4XR300LD u_y w‘-ull‘lms
the weight of flange plates ( angles, if used ), and web plates and adding
the following percentages for weights of stiffeners and other details:

a) Welded girders ... 30 percent of web weight
b) Riveted girders with crimped stif-

feners ... 50 percent of web weight
c) Riveied girders with filier plates

under all stiffeners <« 70 percent of web weight

16. DESIGN BY MOMENT OF INERTIA METHOD

16.1 After the weight estimate check, more accurate moment and shear

diagrams may be drawn and the web p!a*e thicknesses revised if necessary.

Then the gross moment of inertia of the plate girders should be calculated
at all critical sections for bending moment. Calculated bending stresses
then should be multiplied by the ratio of gross to net area of flange as
specified in 20.1 of IS: 800-1956.

17. DETERMINATION OF FLANGE THICKNESS
REDUCTION POINTS

17.1 As illustrated in the design examples, the cut off points for extra cover
plates -in riveted plate girders or locations where plate thickness, width,
or both should be reduced in welded plate girders are determined by draw-

ing horizontal lines indicative of the various capacities of the plate girder at
rednced sections. The cnt off noints are determined as at the intersections

A0 AULCLE SCCRI0LLs. 220 CUL Q21 POIIILe aIC QLLILIIAAlICL a5 a4 A AR eistliis

between these horizontal lines of moment capacity and the actual moment
diagram or envelope of possible moment diagrams for variations in applied
loading. As provided by IS: 800-1956, in riveted girders, cover plates should
extend beyond their theoretical cut off points by sufficient length to develop
one-half of the strength of the cover plate so extended and enough rivets
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should be added at the end to develop the entire strength of the cover plate.
In the case of welded girders where a single flange plate is used, the point
where the reduction in flange area is made should be at least 30 cm beyond
the theoretical point in the case of girders under primarily static loading.
If girders are under large fluctuations of repeated stress leading to possible
fatigue failure, the changes in flange area should be made at locations where
the unit stress is at less than three-quarters of the maximum allowable
and preferably lower.

18. TRANSFER OF SHEAR STRESS FROM WEB TO FLANGE

18.1 From Eq 7 on p. 24, the shear transfer per linear centimetre is deter-
mined as f¢ and the rivets or welds are supplied so as to provide the
average shear value that is required. Thus, if s or # is the spacing between
intermittent welds or rivets and W or R is the weld value of a single inter-
mittent weld or rivet value respectively, the spacing is found by Eq 11
and Eq 12.

WI .

s = Vo welded girder .. .. ... RERE (11)
RI . .

p = 70 riveted girder ... .. ...... (12)

In welded girders the smallest weld size is the most economical ore
and continuous welds are preferable to intermittent welds. Here, refer-
ence should be made to the discussion on intermittent welds in Sheet 6 of
Design Example 1 where cover plates were applied to rolled wide flange
sections.

19. DESIGN OF BEARING STIFFENERS

19.1 The function of the bearing stiffener is to transmit concentrations
of load so as to avoid local bending failure of the flange and local crippl-
ing or buckling of the web. When a column applies load to a girder, either
from above or as a reaction support at the underside, bearing stiffeners
should be supplied in pairs so that they line up approximately with the
flanges of the column. Thus, local .bending of the plate girder flanges and
resulting requirement for a thick bearing pad is automatically avoided.
When the end of a plate girder is supported by a bearing pad and masonry
wall, a single pair of bearing stiffeners may be sufficient but the bearing-
plate shall be thick enough to distribute the local bending loads without
causing excessive bending stress in the flanges.

Initially the selection of stiffeners is usually made on the basis of local
permissible contact bearing pressure of 1890 kg/cm? at the points of
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bearing contact between the outstanding parts of the bearing stiffeners
and the flanges. The bearing stiffeners may either be cut locally to clear
the angle fillets in the riveted girder or welds in the welded girder.

Welds or rivets shall be supplied to transfer the total load from the
bearing stiffeners into the web. The bearing stiffeners together with the
web plate shall be designed as a column with an equivalent reduced slender-
ness ratio. In the case of riveted bearing stiffeners, filler plates shall be

‘IIQDH
ST,

20. DESIGN OF INTERMEDIATE STIFFENERS

20.1 The primary purpose of the intermediate stiffener is to prevent the
web plate from buckling under a complex and variable stress situation
resulting from combined shear and bending moment. Obviously compres-
sion stress predominates in the upper part of the girder. By breaking the
web plate up into small panels supported along the lines of the stiffeners,
the resistance of the plate to buckling under the complex stress pattern
is measurably increased and the code design rules provide a conservative
design basis. Intermediate stiffeners have a secondary function not gene-
rally recognized in that, if fitted against the flanges at top and bottom,
they maintain the original 90° angle between flange and web. Some
designers do not require the intermediate stiffeners to be against the flanges
and this is probably unnecessary if the girder is adequately braced lateral-
ly along the compression flange. The stiffeners may perform their function
with regard to web buckling without being fitted. However, if the girder
is laterally unsupported or is subject to.torsion due to any cause, there will
be a tendency of the flanges to deflect laterally and independently of the
web. This will cause local bending stress at the juncture between web
and flange and will also reduce effectively the torsional resistance of the
plate girder, which is important both with respect to lateral buckling and
combined bending and torsion. Therefore, it would be good practice in
the case of laterally unsupported girders to make all intermediate stiffeners

fitted by adequately tack welding against both compression and tension
flanges.

21. DESIGN OF SPLICES

21.1 Long simple span plate girders or continuous plate girders with seg-
ments too long to ship or handle conveniently during erection shall be
spliced. Preferably, splices should be located away from points of maxi-
mum bending moment. The problem is much more complex in the riveted
girder than in the welded girder where simple butt welds are fully effective
in essentially providing a continuous plate for either web or flange. In
the riveted plate girders spliced plate material shall be added on both
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sides of web and flange at splice points. Splice design procedure will be
illustrated in Design Example 2.

22. DESIGN OF END CONNECTIONS

22.1 The design of end connections is essentially the same as for rolled
beams. Web plates or angles may be used in welded and riveted girders
respectively and stiffened seats may also be used. Ifthe connection is to a
column web by means of web angles or plates, an erection seat should
always be provided to support the girder while the main connection is being
made.

Deep plate girders framing to stiff columns are preferably supported
by stiffened seats and flexible top angles (for lateral support). This
avoids a tendency for the top of the girder to tear away from the column
connection. End bearing stiffeners will be required in this case.

23. DESIGN EXAMPLE OF WELDED PLATE GIRDER

23.1 Design of a welded plate girder is illustrated in the following 15 sheets
( see Design Example 2).
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Design Example 2 — Welded Plate Girder

The sketch shows the general layout of loads and supporis as required by the architec-
tural features of the building. The columns are indidated as beaving divectly om the

top flange of the girder and the top surface

shall be left smooth to provide uniform bearing Dasign Example 2 4
support. Floor beams frame into the givder of
at2m u’l"_e to cenive. Dnl;n Problem c'u is

1§H8 300 COL 1SH® 350 Col
l-—s SPACES @ 2mmem ISPACES @ 2mabm hom
i

MASONRY WALL

A welded plate girder of 13:8 m span is supported by a concrete wall at 4 and
by a ISHB 350 column section at B. The girder supports columns at two points

and floor beams that frame at 2 m c/c, except at the extreme rurhf where the

offset column and floor beam are at the same location at 1-8 m from the right end.
The loads introduced by the floor beams and columns are as shown below:

.
4.5 [ 13 L A 1344912 9t ot et 58

LTS X .‘
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The uniform load on the givder logether with Design Example 2 2
a very preliminary cstimale of its dead weight, ¢
based on experience, is transformed to equi- ) ]
valent concmftmted loads at the points of floor Bending MF:'!::;“ & Shear 5
beam framing. Reactions and moments are
computed numerically. By Eq 8 (see p. 50),
the economical depth of the plate givder is estimated at 185 cm. Of course, questions of
over-all building height and clearance may have an important effect and the greater eco-
nomy of a deeper plate girder may be offset by additional column and other matevial
that might be required in other parts of the building owing to the increased ovey-all height.

The girder carries a uniform load of 1-4 t/m and its dead weight is estimated
to be 09 t/m. Therefore, total additional load,="2-3 t/m.

Transforming the uniform load into equivalent concentrated loads at the loca-
tions of the floor beams:

2 x23=46 t}These are suitably added to the given concentrated loads

shown in the bottom sketch of Sheet 1, and shear and moment
1:8 x2-3 = 4-1 t ] values are determined as shown in the following sketch.

6.8t 1.6t net Whet "t 1.6t 192.4¢  eebt

jo- 2 m a2m 2Mm =fe—-2m —-.—2“—-‘-2"‘—‘L-bam-
O \ 2 3 4 [ ] [y 1a
A X
N |
am

REACTIONS (Tonnes) 146 2618
SHEAR (Tonhu) 1392 128.6 2.0 «38+8 ~492 ~62+8 |-25%5¢2
MOMENT (Metre-tonned) o 278-4  $29.6 753¢6 6824 $84.0 450:4 ]

i

Over-all depth

5 —3@

(3/%)

- 3 [753-6 x1 000 x 100
= SX(J“—riﬁ-—*)

= 185 cm

[}

“n
a
8

Assuming flange thickness

‘Web dgpth = 175 cm

. *As length between effective lateral supports is only 2 m, it is assumed throughout the calculations
in this Design Example that Fb = 1500 kg/cm.?
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. i 3

Having selected the web plate, the irial selec- Design Example 2
tion for maximum flange area requirved is made of
as previously discussed in 14.1. Design of Girder 15

Minimum thickness of web plate to avoid use of horizontal 175
stiffeners (see 20.6.1 and Table XI in IS: 800-1956) = 300 = 0-875 cm

TRIAL FLANGE SECTION

Scml_—_

Qs9ecm

175 cm

o

Try the section shown in the sketch,

One-sixth of the web area may be counted as
part of the flange area.

180 x 1 500

185
= 1460 kg/cm

4
1460(A,+T"’>><130

Assumed flange stress =

Moment capacity

o 1460((y + 5502 Y 180 7536 x 100 x 1000

Ag=260-5 cm?
Try 54 cm X 5 cm flange plate.
‘Check by moment of inertia procedure

_ 09x175°

T'wen =TT = 402 000 cm*
Iftange = 2 %270 x 90* = 4 374 000 cm*
4776 000 cm*
The moment of inertia of the flanges about their own centroid is neglected.
. 5
Bending stress, f, = % X92:5 = 1460 < 1500 kg/em . .. .. OK.
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The web plate as chosem on the basis of 4
maximum depth thickness vatio of 200 is Design Example 2 |
satisfactory throughout most of the givdey but ¥ of
at the right end between the column and the Design of Girder 15
support a thicker web plate is vequived as shown
in the calculations on this sheet. It would be

uneconomical of malevial to carry a heavy web throughout the whole length and a web
splice, therefore, is introduced at the left of the 35-cm column load. Since the variation
in dead weight has little effect on thc maximum bending moment, no change is made
in these calculations. Dead weight becomes increasingly important with increasing
span of any given type structure. Thus, as the span increases, greater and greater
care shall be taken in the proper estimate of dead weight. In ordey to save weight on
fange matevial, the moments of inevtia of three different temtative sections are mow
calculated embodying lesser thicknesses of flange plate than requived at the location
of maximum moment. As one assumed thinney and thinner flange thicknesses, care
shall be taken to stay within the limit of the width-thickness ratio which shall be less
than 16.

- e e et o am e m m e e — — e e = e e e e — e e e e o o e i o ——

Selection of Web Plates at Ends

Left end Max shear = 139-2 t; Min area required .= 139—%):—;@ = 148 cm?
;. The area 175x09 = 157-5 cm?, that is provided is OK.

. ; g . 255-:2x1000
Right end Max shear = 255-2 t; Min area required = o = 270 cm?
», Use web plate of f—;is) = 1-54 = say 1-8 cm thickness

Use 175 x1-8 cm plate.
The trial web selection permits the design of the bearing stiffeners that are required
at reactions and concentrated load points [see 30.7.2.1 (b) of IS: 800-1956]
Check dead weight estimate

Web area = 157-5 cm*
Flange area = 540-0 cm®
Stiffeners and other
details (40 percent of

web) = 63-0cm?
- 760-5 cm?
Weight per metre = 760-5x0-785 = 598 kg < 900 kg ..... OK.
(Overly on safe side but variation has little effect on maximum BM)
54

Flange end section: Try 3516 = 1-7, use minimum 2-cm thick plate.
Iweb = 402000 cm*

Ifange with plate 54 x5, 2 %270 X 90 = 4374000 I = 4776 000 cm*
,»  with plate 5436, 2x182-4x89-3' = 2908000 I = 3310000 cm*
,»  with plate 54 x2, 2x108x88-5* = 1695000 I = 2097 000 cm*
Moment capacity in metre-tonnes for:
4776 000 x 1 500
Plates 54x5, M = —gExi ~ 774 m-t
3 310 000 x1 500
Plates 54)(36, M = W = 545 m-t
2097 000 x 1 500
Plates 54 x 2, M = —W = 352 m-t

T
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A shkeich showing the Bewding Moment diagram is drawn on this sheet.
Hovizontal lines denoling the bending moment capacilies of the diffevent flange
sections, calculated on the previous sheet are drawn to determine the poinis of
cut off in the different flange sections.

MOMENT IN HUNDRED METRE-TONNES

7+

—

34

K

3527
-

Désign Example 2

Design of Girder

of
[

BENDING MOMENT CAPACITY
SUPPLIED (VARIABLE 375 met
FLANGE)

BENDING_ MOMENT CAPACITY
SUPPLIED (TAPERED FLANGE
SEE SHEET 13) —

529:6m-t

|
\\’} 420 met

ABOUT 0-25m

ATED BENDING MOMENT

278-4 m-y

! 2 3 4 S 6 7

PANEL POINTS
138 m SPAN

(1¥Z NOIIOdAS

SYFAUID dAIVI4d 40 NOIS3IA
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Bearing stiffeners are now designed. Under Design Example 2 6
the columns, these are placed in duplicale pairs P
directly below the column flanges and 2 cm is o
deducted in the calculations from the length of Baa':'di:'g. g:ilf::::" 5
the outstanding leg for cropping to provide weld s

clearance. The design of all-welded details in

this example is governed by 1S:816-1956 as well as by IS:800-1956. Thus, the
use of intermittent welds is necessary because a smaller continuous weld, though
adequate, would violate requivement of being too small a weld for the plate thickness
in question.

Bearing Stiffeners

If four stiffeners are used (giving metal to metal transfer through the flange),
it might be desirable to use 20-cm stiffeners.

Minimum thickness = %g = 1-25 cm (see 18.5.1.1 of IS: 800-1956)

Allow 20 cm for web clearance and avoidance of triaxial stress.

Try thickness 1-3 cm.

Bearing capacity = 4 (20—2) 1-3x1890* = 177 t

This represents minimum capacity desirable for the 134 t and 179 t column,
loads but is inadequate for the right reaction:

Thickness required for right reaction = ¢ = 261-8 x 1 000 = 195, say 220 cm

T4 (18) x1 890
Use 20 X 2 cm plates.
Check : Bearing stiffeners for strut action
Actual shear value V for left column load = 134 ¢

Area of stiffeners for web = 4x13x20 = 104 cm?
09 X 6494t = 58-4 cm?
162-4 cm?

I This column section being sup-

—efje—13cm ported has been assumed ISHB

20 em 300 ( see Sheet 1). The distance

between the bearing stiffeners
O*9¢em should be such that they are

against the flanges of the column

section. Hence, 2894 cre c/c.

Moment of .
inertia = 2x13 (%

= 14820 cm!
.u..._!}._ iaoaen ——ele 18em ,  _(T_[usm -
= 4 1624
= 9:56 cm
yr = 97517 _ 128 (e 207.22 of 15: 800-1956) |

From 9.1.2 and Table I in IS: 800-1956, permissible stress = 1 230 kg/cm?
’. Load capacity = 1230 (162:4) = 200 t > 1340 t
Thus as a strut the stiffener is OK.
o :s;_o.; —;)f—I;:_S(;Ole;GT _________
{c/c distance of flange-of ISHB 300 column section being supported,
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No need to check strut action at right load Design Example 2 7
point since web plate theve is greater than at of
left and allowable styess is not much different. Right Support Bearing

Stiffeners (H

T I
€
v
o —elif—2cm
~ ]
L rrvrrsrrrrrrrsrrrossss OIIIII IS OIS o |
1*8cm
\ !
L |
3scm T 33-84cm —» [@-2.5cm
L—————— 72°34cCmM et

At right support
Area of web
Stiffener area

1-8x72:3 = 130 cm?
4 (20) (2) = 160 cm?

290 cm?®-
Section Pryoperties
R)3
Moment of inertia, Jxx = 2_)(_2_);%1_8_)_ = 24 300 cm*
24 300
4 = —29—0— = 9-15cm
0-7x175
=1 228 kg/cm?
Capacity of strut = 1 228 x290 =356t > 261 8 t {(see Rp on Sheet 2) ..... OK.
Welds for stiffeners (see IS: 816-1956) #
Strength of weld required = 8§17 = 187 kg/cm
For 2-0-cm -plate Min
size of fillet weld = 6-0 'mm (see 6.2.2 of I 4
IS: 816-1956) pscm 4
Capacity of weld = 07 (0-6) (1 025)
= 430 kg/cm (see 6.2.3 and l
" 7.1 of 1S: 816-1956) 23em
Use intermittent welds, 10 cm long. L
Spacing c/c welds required —= 10;;;30 23 cm T |
Permissible Max clear spacing = 16 X1-8 10cm T
= 28-8 cm (see 6.2.0.2 l
of 1S: 816-1956)

Use 10 x0-6 cm @ 23 cm c/c (staggered). ¥
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A bearing support is assumed on a 45-cm Design Example 2 s
concrete wall at the left end to ilustrale the
design problems that are involved. A single Left Support Concrete of
pair of bearing stiffeners is used lo centralize Wall Bearing Plate & is
the load over the wall. The bearing plate will Bearing Stiffeners
supply the necessary bending stiffness to dis-
tribute the load from the bearing stiffener to the masonry support. The permissible
styess for local bearing on masonry deteymines the. overall avea requivement for the
bearing plate.

Bearing Plate Design

At left support, concrete wall 45 cm thick, a gingle pair of stiffeners is desired
to localize load near centre of wall and minimize welding.

Local bearing stress on concrete assumed is 40 kg/cm?®.
146 x 1 000

Length of bearing plate = 30 5HS = 81'2cm
Use 45 X 82 cm bearing plate.
. 146 000
Actual masonry bearing pressure = A5 = 39:6 kg/cm® ..... OK.

Bending stress in bearing plate,
allowable F, = 1 890 kg/cm? (see 9.2.3 of IS: 800-1956)

.42
Moment = 1321 % 45 % 39-6

= 320000 cm'kg

= B NT)
Z= r 7-5t
- 320 000
TE = [N 4
BEARING PLA ] 189075 475 cm
48 cm THICK Use 82x45X5 cm bearing plate.
CONCRETE WALL
A #
3cm P24 ¢ ——o
fo—22¢m | PRRPHPP.S 19:4cm -=f
27cm 14 ¢ M~
Bearing Stiffeney !
Try 24-cm plate with crop-
ped corner to clear weld leav- s2em
-ing 22 cm contact length:
. 146
k. =0 .
Thickness TXPIx 189 1-75 cm
Use 24 x 1-8 cm stiffener plate.
*0-8 X27 = 21-6 (assumed) Itl = 3—48 = 133<16..... OK (see 18.4.2 and
Table VII of IS: 800-1956).
*1t i d that (.col £ isyri 0
'mt‘smd ured th:tdi ( ) l::d v v-ig. unlitoni-ly lg::::buud on the rectangle, 0-95 dx0-80 b
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The intermediate stiffeners are put in at i xample 2 9
maximum permissible spacing and their ade- Design Examp} of |
quacy according to the specification is then :
checked. 1t is to be moted that the depth- Intermediate Stiffeners I5
thickness ratio of ihe web exceeds 180 and that

according to 20.7.1 of IS: 800-1956 the maximum spacing is, therefore, 180 times the
web thickness. Had the depth-thickness ratio been kept less than 180, the maximum
spacing could have beem imcreased to 1'5 times the depth of the givder. This is a

rathey important point and it is possible thal a smaller depth girder might have been
slightly move economical of steel. Some studies were made as to the possibility
of using a still thinner web with longitudinal stiffeners but no appreciable weight-
saving would have resulted. Interference between the hovizontal stiffener and the local
floor beam framing conmections would have increased the cost of fabrication.

ot e Area = 37-8x09+48x1-8 = 12042 cm?
STWFENER
__146x1000 s

en LO“M wes Stress = —170——4'2-—‘ = 1215 kg/cm <1228 ..... OK

l i) (Obtained with earlier stiffener design, sez Sheet 7)

b— Intermediate Stiffeners
7B cm—ey

LerFr Exp AND CENTRE Ricur ENp

Web thickness 09 1-8
aj 175 _ 1544 175 L 972

! 09 1

Stiffeners in regiom 1-6 (left end and centre)
175 x09 cm plate from left end to right column

The required shear stress to be carried in the web is:

139-2 X1 000

L = S84 L
= oo% x|

T 175%x09

= 1044

- &

According to Table ITIA of IS:800-1956 or Table IV of this Handbook (see p. 182},
(for the other dimension of the panel) the spacing should be 0:53 d (roughly).

& Use a spacing of 0-53 X175 = 93 cm or 90 cm, say in the region 0-1.

In the panel 1-2, shear = 125:6 t; Shear stress in web = IM
i75x09

~ 793 kg/cm?
which allows a spacing of 0-80 d (see Table III on p. 174) or 140 cm

Norz — The required spacing is 90 cm in the region from left end to location 1, and 140 cm from
location 1 to location 2. Based on these figures, the actual ing required may be adj 4
suitably to give symmetrical spacing and good appearance. It shouid also be seen that ihe floor
beamWmonnections are not interfered in any way. In the region 2-8, the maximum permissible

spacing of ‘io'évc-m may be used.l R
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The requived moment of ineriia of the inter- § Des xamp 10
mediate stiffeners is determined. In the ign E le 2 of
present design, almost any reasonable selection
of stiffener will satisfy the moment of inertia Intermediate Stiﬂ.mrs is

requivement. Although some designers will
prefer to use inteymediate stiffeners in pairs, this is not absolutely mecessary provided
adequate support is supplied and the stiffeners ave mot depended upon to maintain
the shape of the cross-section. Some saving in steel weight could be effected here by
using stiffeners on one side omly but they are called for on both sides in this design
as representing best design practice.

Moment of inertia of stiffeners about centre of web should be
3,
15 Z2 (see 20.7.1.1 of I: 800-1956)

<o (175)3x(0:9)
= 1-§X% —*(7,0—-)-.*——

= 725 cm*

flem

a9 cm

O9 cm

It is a good practice to use the outstanding leg of the stiffener not less than
5 cm plus 1/30 the depth of beam and its thickmess 1/16 the width of the out-
standing leg.
175

30
= 11l cm
1
i6
= 07 cm
0-8 (22-9)*

12

= 800 cm* >725 ..... OK.

Stiffeners in the region 6-7

175
T 18
Spacing ¢ = 180-33-84 = 146-16 cm

146-16

cld = 75 = 0935

Fs == 945 kg/cm?® ..... OK.
Bearing stiffeners eliminate need of intermediate stiffeners in this region.

V. Stiffener width = 54

Thickness =

For 11 X08cm, Iz =

djt = 972
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The longitudinal transfer of shear stress Design Example 2 T
between web plate and flange plate in the various
panels along the girder is tabulated and requi- Welding of Web & of

site fillet welds are chosen. If the minimum
size fillet weld peyrmits a continuous weld
without excessive loss in economy, Such com-
tinuous welds are desivable, and should be used in any case at the ends of the givder
as specified in IS: 800-1956. Reference should be made to 18 (see p. 52).

Flange Plates 15

Welds
From Eq 7:

Vo 4%
fi = I It =

Thus shear per linear cm = ff, = f, = —VI—Q X1 000 kg/cm

PaneL | 4 *Q I fy 2 FILLET WELDS
MaxiMum cm® cm*  kg/cm?
SHEAR
tonnes
0-1 139-2 9550 2097000 634 $6 mm continuous
(2x430-5 = 861 kg/cm)
1-2 1256 17385 3310000 656 19-5mmx23 mm @ 32 cm c/c
(9225 ><g—3 = 663 kgfem)
32
2-5 1120 24000 4776 000 569 19-5S mmXx22 cm @ 35 cm cjc
(922-5 X% = 580 kg/cm)
5-6 62-8 17385 3310000 328 195 mmx10 cm @ 29 cm cfc
(922-5 x 10 _ 350 kg/cm)
29
6-7 255-2 17385 3310000 1334 {95 mm continuous

(2 x681-5 = 1 363 kg/cm)

NotEe — In joining 3-6 cm and 5 cm thick plates, ¢-5-mm fillet weid is the minimum permissible
according to IS:816-1956. In 1-2, 2-5 and 5-6, the web plate thickness is 09 cm. The strength
of web plate in shear = 0-9x 945 kgf/cm. Since this is localized, a maximum of 1025 (sec 9.3.1
of 15. 800-1858) may be assumed to give (-9 x1 025 = 922-5 kg/cm length of plate, Compared
to this, the strength of 9-5-mm weld Jines on both sides of web plate = 2x0-7x0:95x 1025 =
1363 kg/cm. Hence, the value 922-5 kg/cm controls.

‘g = moment of Bange area about neutral axis.
tSee 7.1 of 1S:816-1956.
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SECTION III: DESIGN OF PLATE GIRDERS

An alternative tapered flange design is shown Design Example 2 13
in the sketch. Each of the two flange segments i
may be flame cut on the skew with little loss of . o
metal as shown in the sketch. The tapered Alt;:'::tleveD:'saipﬁred 15
flange will save an appreciable amount of steel ge - £

because of the closer fit of the moment capacity
along the givder to the actual bending moment. The moment capacity is plotted as the
line in dashes on Sheet 5. The introduction of the taper involves both advaniages and
disadvantages which ave tabulated as follows :

Advantages
1) Saving in steel.
2) Elimination of two tramsverse buit welds in each flange.

3) Reduction of siress concentration in the flange.

Disadvantages

1) Flanges shall be made in pairs by a longitudinal flame cul (in 67-5 cm widih
and 85 cm width plates for the above flange section ).

2) In addition 1o the cost of flame cuiting ( which, however, should be more than
offset by the saving in veduced welding ) the flange plates may warp when they
ave sphit longitudinally owing to the existence of vesidual stresses. This would
either vequire straightening aftevward ov annealing prior to flame cutting.

3) The fitting up of the girder would be more difficult because of the taper.

4) In supporting the givder at point of beaving or ai concenlvated load points,
the local details may be a bit morve complicated because of the taper.

WELD

ZS em PLATE CUT FROM 4&-5cm PLATE CUT

ln—-s-nm—w-——‘m

WELD
pa— gAY
IJ%I‘:-—» E 5( OF —v B-—Jii:m

67:5 ¢cm WIDE PLATE FROM 85 cm WIDE

(SEE NEXT SHEET FOR PLATE (SEE NEXT

_CUTTING PLAN) SHEET FOR CUTY-
ING PLAN)
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The moment capacity of this 13-5 cm Design Example 2 14
width flange (at left end) is: ¢
pmoo JI_1500x*1495500 . Details of Tapered °
¥y 92:5x100 x 1000 Flange Design 5 L
At location 3: g
1 500 x4 776 000
= §2*5X*i06’;’m66 = 775 m't >753-6 (see Sheet 2) ..... OK.

At location 4, a capacity of 6824 -m't is required.
The strength at-0-3 m beyond location 4 will be kept at 682:4 m-t.
682-4 x92-5 x1 000 x 100

. ired T of section = 222 = .
. Required I of section 13560 4 200 000 cm'
. _ 4200 000—-402 000
Required b = TTIxs @875 = 482 cm
In 2 m length the reduction in width = 54-0—48-2 = 5-8 cm

In 7-8 m length the reduction in width = ;/— X 78 = 27-3cm = say 27 cm

B [4
The available width at the end if
this rate of reduction in width
of plate is adopted as 54—27 =
27 cm > 0-25 (54) . . . . OK (requir-
ed in IS: 800-1956, see Note under
Table XIX of Appendix E).
The moment capacity for this flange
width (at right end):
127 X 2 X 5 x (90)2+ (402 000)] 1 500

92-5 x100x 1 000

[ = 420 m't
sem With these values of the moment
saem | capacity, the capacity diagram is
drawn in Sheet 5. It may be seen
that it is adequate. Width at right
end to be adopted which is at a

A distance of 7-99 m from section 3
\”/sm/’ = 13-5 cm.
Quantity of two tapered flanges
(rect plate required):

CUTTING PLAN 5:0 (67'5 %629 x 100485 x 8 X 100)
= 550 000 cm?

sac®

el

i
\\ gacm
Iem |

The variable thickness flange required
= (2x2590x24+2x150%x3-64+710x2x5+43-09 %36 x2)54

= 617 490 cm®
Thus the tapered beam is lighter by 530 159 kg (66 990 cm?) of flange plate per
girder.
*Iweb = 402 000
T9ange = 13-5x5 x5 x 2x 80 = 1 093 500
Total -1 4""'—95 200 omt
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SECTION III. DESIGN OF PLATE GIRDERS

Weight take off of actual design with break- Design Example 2
down of various components: Stiffeners and 15

othey details were found to be 45 percent of the . of
weight of the web plate, comparing with the figuve Cot;mveael;:::; :TTVaVPeeiE::s
of 40 pevcent ( based on the 175 % 0-9 cm web Plate Girders

plate only ) that was assumed.

Weights Take Off

1) Welded plate givder (with flanges of variable thichkness)

Flanges 2—-54%x2 @ 0:79 kg/m/cm? for 2:-59 m = 430
2-54%x36-@ 079 kg/m/cm? for 1-5 m = 460
2—54x5 @ 0-79 kg/m/cm? for 7-10 m = 3030
2—54x36 @ 0-79 kg/m/cm? for 3-09 m = _ 950
4870 kg
Web plates 1—-175x09 @ 0-79 kg/m/cm? for 11-79 m = 1 460
1-175 %10 @ 0-79 kgfm/cm? for 249 m = _620
2 080 kg
Stiffeners 2-24%x1-8 @ 0-79 for 1-75 m = 1195
2%2-—-20x2 @ 0-79 for 1-75 m = 2210
2x4—-20x13 @ 079 for 1-75 m = 2880
2x7—-11x08 @ 0-79 for 1-75 m = 1705
799-0 kg

Stiffeners 799 _ A
Wb~ 3080 0-384 or 38-4* percent

2) Welded plate givder (with tapered flanges)

Flanges:
From Sheet 14, 550 000 (cm?) xX0-007 9 (kg/cm?) = 4 350 kg

3) Total welded girder

Variable thickness flanges: 7 749 kg
Tapered flanges 17229 kg

*Estimate of 40 percent was based on 175x0-9 cm web plate; on the same basis the proportion of
stiffener actually required is = 0-45 or 45 percent.

1770
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24. RIVETED PLATE GIRDER

24.1 The riveted plate girder provides a beam that has behind it many
decades of successful design experience. Because of the following factors,
the riveted girder will use more steel than its welded counterpart. It
shall be designed with reduced stress allowed on the tension side on account

of net section. Stiffeners shall be angles instead of plates, and filler plates
shall be used under bearing stiffeners.

24.2 The following are weights of the welded girder as designed in Design
Example 2 both with conventional variable thickness cover plates and with
tapered width flange plates along with riveted plate girder design:

Welded girder, conventional flanges: 7749 kg

Welded girder, tapered width flanges: 7 229 kg

Riveted girder { Design Example 3): *9 602 kg

25. DESIGN EXAMPLE OF RIVETED PLATE GIRDER
25.1 The riveted plate girder is designed with exactly the same load condi-

tions and general dimensions as the welded plate girder in Design
Example 2, in the following 14 sheets ( see Design Example 3 ).

*Could be reduced to 8 525 kg by crimping intermediate stiffeners.
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SECTION 111! DESIGN OF PLATE GIRDERS

Design Example 3 — Riveted Plate Girder

Loading, shear, and moment estimates are repeated from welded givder Design Ex-
ample 2. Although the yviveted givder uses more steel than its welded counterpart, the
estimated allowance for givder dead weight was

somewhat too high in the welded givdey design : ]
and the same weighl estimate should be satis- Design Example 3 of
Sfactory for the viveted girder design. The over-
all depth by Eq 8 (see p. 50) involves a k factor Design of Girder 14
of 5-5instead of 5-0as used for thewelded givder.

This is as vecommended by Vawier and Clark*. The viveted givder should be some-
what deeper than a welded girder for maximum cconomy because the flange angles bring
the distance between the centvoids of the flanges somewhat nearver logether than in the
welded givder. In addition, the web plate is supporied at the edges of the flange angles
and the over-all depth of the girder may, thevefove, be relatively greater without ex-
ceeding the allowable web depth-thickness vatio. It will be noted at the bottom of
Sheet 1 that 1/8 of the arvea of the web has been included in the flange area.

Riveted Plate Givder
Loading: ( Same as Design Example 2)

-t et [- 113 “ret 136t et togar
. ——— . s . . ot
[ s [ 3 7
AL []
I ¢
LY fouaiat

The moments and shears fro_rr_n_ Sheet 2 ( Design Example 2)
3fM  _ _3/7536
Over-all d thd=5~v5J—_= . il
ver-all dep 7 55 1500'1’)(100>(1000
= 36-8x55 = 202 cm
Clear distance between flanges ( assuming 200-cm

3 . web depth and 0-5 cm clearance gap and 150 x 200 mm
1 flange angle)
STAGGERED = 200+ (2x0-5)—2x15 = 171 cm (see sketch)
RIVETS 22mm § 3 171
Minimum web thickness = 200 = 0-85 cm
_~200X0-9 cm Use web plate -9 %200 cm.
. 7 wes ruave If over-all depth is assumed to be 210 and effective
z s depth 200 cm
17 Average flange stress = 1—50%;:)200 = 1429 kg/cm?
. 753-6 x100x1 000 R
Area required = 00X 264 cm
X L 200NSOXMmm T i) section : (1/8) web 200 X 0-9 cm = 22'5cm?
2 angles 150200 <18 = 59:76 x 2 = 119-5 cm?
B Cover plates 55x1:25 cm = 688 cm?
Cover plates 55x1-4 cm = 77-0cm?
pem Total area = 287-8 cm?

*VAWTER, J. AND CLARK, J. G. Elementary Theory and Design of Flexural Members, New York.
John ‘Wiley and Soans Inc., 1950.
+See footnote on p. 586.
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The table at the top of the sheet provides a
computation of gross moments of inertia for the Design Example 3 k 2‘
plate givder without cover plates, with one o
cover plate, and with two cover plates. The Design of Girder 14
moments of inertia without cover plates and

with one cover plate will be needed both_for

determining cut-off poinis of the flange cover plates, and, in addition, to determine
vivet pitch. Gross moment of imertia should also be used in deflection calculation.
The static moments of the vavious flange areas both with and without angles ave tabu-
lated as these are needed later to deteymine rivet pitch.

Calculate gross and net flange areas and gross moment of inertia 0, 1 and 2
cover plates:

Part DIMENSIONE Gross Depucrion Ner INERTIA Gross
cm) AREA OF AREA MurtipLIER Tyy
France (TENSILE
FLANGE) ,
Web 200 % 0-9 80 - @OEXL 600000
‘Web between angles 14-5x09x2 26-1 1x28x09 24-03 —_ —_—
Angles 20:0x1560x 1-8 119-52 **(4x2:3x1-8) 10294 118 700 2 220 000
Angles —_ -—_ -— — 4x1136-9 4 545
Flange with zero 119-52 111-20
cover plate —_ $(+26) §2x23x1-8 (+24) —_ 2 824 454
1 cover plate 55x1-40 77 2x2:3x14 70-6 20 500 1578 500
Flange with 1 cover 106-52 17364
plate —_ (+26) e (+24) . — 4 403 045
Second plate 55 x1-25 6875 2x2:3x125 630 21 000 1 444 000
Flange with 2 cover 2686-27 286-54
plates — (+26) —_ (+24) — 5 847 045
5 : Moment capacity, Mo { see 20.1 in IS: 800-1956 )
Sy I/ AF net
T ) e = B 12
- H y Gr
':' 2 Flange with
H g ! 2;{;‘;; — M, — 1500%5847 045 x 2 x 260-54
] £ & Je ¢ 291-27 x206-3 x 100 x 1 000
3 3 ¢ I | = : ’
§ é R \ ; P : 760 m-t
One cover 15004403 045 x 2 x 197-54
pate = Me = 22252x203-8 X100 1 000
= 575 m-t
. No cover 1 500 x 2 824 545x2x 1352
K ) plate = M; =
4 1 145-52 X201 x 100 x 1 000
- = 395 m-t
$Scm

*201—2(3-84) (C,,,, of ISA 200 150, 18 mm ) = 193-32.

t;;rhe 1(1;; 3arezalcalculation is based on 4 rivets, taking that they are staggered.
yd s

§+26 is tawards the web plate between the flange angles 14:5x 0-9.

§Only 2 rivet holes considered as where there is no flange plate there will not be any rivet in the
horizontal legs, of angles.
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SECTION II1: DESIGN OF PLATE GIRDERS

The bending moment diagram is drvawn ; 3
( data on Sheet 2 ) and the theovetical cut-off Design Example 3 A of
points of cover plates ave deleymined at the Desi f Gird
tntersections of the horizontal bending moment esign o rder i4
capacily lines with the actual bending moment
curve.
Statical Moments of Flanges ‘Q’
Gréss AREA ArM -STATICAL
MomenT @
Angles 119-52 193-32/2 11 560 cm?
1-4-cm plate 77 202-4/2 7800 cm®
Beam with one
cover plate — — 19360 cm®
1-25-cm plate 68-75 205-05/2 7 050 cm?®
Beam with two
cover plates — — 26 410 cm®
2 plates no angles — — 14 850 cm?

Bending Moment Capacity provided by conventional curtailed flanges ( see
Sheet 2).

T
‘T
TIS%em. o
T
p——”n_—_——.‘
w
g i
H ‘T ey
t
é t s2%.e
(X o 20 4 "ty "™
w ]
2 i
"
Sad.Binb 4 osm
] ACTUAL BENDING
% MOMENT DIAGRAM
)
z iy
- i 05 m _BENDING -MOMENT CAPACITY
Za.1 PROVIDED 8Y CONVENTIONAL
S CURTAILED FLANGES
]
3
14
%o [ 2 3 4 s 0 7
L PANEL POINTS . J
g 13:8 m SPAN -
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The dead weight estimate is checked and it
may be pointed that 80 percent of the web
weight has been added for stiffeners and other
details. This is 10 pevcent more than the
suggested weight allowance in 15.1 (c) but the
additional 10 percent is justified because of the
two bearing stiffeners for columns in the intevior part of the givder. At the bottom
of this Sheet ave tabulated the rivet pitch calculations based on previously delermined
values of shear (V), gross moment of inertia (I), rivet value (R), and static
moment (Q) of the aveas to which the stvess is being transferved. The rivet values for the
web to angle transfer ave all based on web beaving for a Nngle vivet, and the vivet values

Jor angle lo cover plate arve based on two rivels in single shear as these rivels will be
used in pairs.

Design Example 3 4
of
14

Flange to Web Rivets

Web plates at rvight end:

Maximum shear = 2552 t
Area required = 255—29%?@0 = 270 cm?
Use web plate 200 x 1-4 cm = 280 cm?
Check dead weight estimale :
Web area (0-9-cm thick). = 180
Flange area = 530 (based on 2 cover plates)
Stiffeners and other details {80 percent of
web) = 144
854 cm?
Weight per metre = 854 X0-79 = 675 kg/m < 900 kg/m assumed ..... OK.
Flange to web vivets (power driven shop rivets)
Rivet values (Ry), allowable loads for 22 mm rivets
Bearing on 0-9-cm web = 2360x09x%x2-3 = 4 885
Bearing on 1-4-cm web = 2360x14x23 = 7600
Bearing on 2 Ls = 2360x1-8x2x2-3 =19 550
Double shear for web rivets x(2:3)?
or shear of two rivets-for = 1025%X2X —— = 8500
flange rivets
*. Bearing on web will control.
Rivet pitch P = VEQI (Eq 12 on p. 52)
PANEL v Tgross WEB TO ANGLES ANGLES TO
(tonnes) FLANGE PLATES
r A~ Rl [ A )
R Q P R Q P
0-1 139-2 2824545  4-885 11 560 85 — — —
1-2 125-6 4403 045 4885 19 360 8-7 85 7 800 38
2-3 112-0 5847045 4-885 26410 9-5 8-5 14 850 30
3-4 356 5847045 4885 26410 303 8-5 14 850 94
4-5 49-2 5847045 4885 26410 219 85 14 850 68
56 628 4403045  — 19360 {;;;’ 85 7800 765
6-7 255-2 4403045 7600 19360 67 8-5 7 800 18-8
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Sketches indicale vivet arrangements neav the Desi 5
; esign E
ends of a cover plate and in an unfolded devel- g xample 3 of
opment of the angle. Minimum pitch is N
deteymined to maintain the net section that was Flange to Web Rivets 14
used as a basis for the flange arvea vequivement.

Specification clauses for other vivet pitch requivements are veferved to with the vecom-
mended piich tabulated at the bottom of Sheet 5. It is permissible to use a greater
pitch in the top plate than in the vertical legs of the angles.

2,L 200X 150 %18 mm According to 19.2.2 of

. fhaem PLate IS : 800-1956, for staggered
i sre # A /_ A - pitch it adds an area of P?/4g
S-S ¢cm

~+- | for every gauge space.
mw'——¢ s 4 4 4 4 ;:Em In cz}lculati(ng tsk;:: net)sec—
tional area ( see Sheet 2 ), we

P '¢' + '¢ '4’- t have deducted for one rivet |
—_— A A— | hole for each staggered line
of rivets, Therefore, mini-
mum pitch allowable for this
connection is that which
adds one rivet hole diameter

= 23 mm.

.. For a 7-5-cm line spacing
e in 150-mm leg3 of angles

2 P,
_4__& _____________ B P4y 4%x75 23
Shem

::4 —# é‘ + '¢_ < s "o~ Fora, saf 6353:;1“6 spac-
.n—.gt’ 414 4 &+ & 'T E
r o et — 757 cm

Straight line pitch for staggered rivets on same line in angles — Maximum 24 ¢
or 300 mm (see 25.2.2.3 of IS: 800-1956 ).

&

‘ pa-19 em

it
+
_—
o]
+
§-

Triar PrrcH ANGLES Tor PLATE REMARK
PANEL STAGGERED PITCH, cm. STAGGERED PiTcH¥*, cm

(1) (2) 3) 4
0-1 85 No plate
1-2 85 15 At ends of cover
2-3 9-5 15 plates reduce to
3-4 15-0 15 6-0 cm pitch.
4-5 15-0 15
5-6 15-0 15
6-7 67t 153

o7 :F—or convenience of riveting, shop ;nay pr—cf;t same pitch as in 150-mm-leg ( as in col 2 aboile)—. T
tWith 6:7-cm staggered pitch, net area in panel 8-7 is given by deducting from the figure to be
obtained in Table-in Sheet 2 for pet area of flange with 1 cover plate (173-32424 ).

71
A value corresponding to P¥/4g = I:%'ZZT)z 179 cm
Revised net area assuming that saroe pitch of 6-7 cm for flange and web

= 197-32 — 1-79 (1-8)2 — 1-79 (1-4)2 = 185-85 cm?
1 500 x 4 403 045 X 2x 185-85

MR = “ggysax20z8x 1001000 ~ o0 ™
Actual Moment in 6-7 is 458:4. Hence, 4{8_598}4—; X 100 = 17-6 percent more ....... OK.

. {For panel 6-7 according to Sheet 4, a line pitch of 18:8 cm is required. If we have a staggered
pitch of 9-4 cm it is alright. But for shop convenience same pitch as in 0-1, 1-2, etc, for the 150 mm
leg is recommended.
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On this sheet, the avrangement of vivets at Design Example 3 6
the cover plate cut-off points is indicated and
various code stipulations are veferred to and Rivets at Cover Plate of
explained. Cut-off Points 4

Allowable pitch per line of rivets (see 25.2.2.3 of 1S: 800-1956) = 24 x1-25 =30 cm
. Use a staggered pitch of 15 cm.
Adopt same pitch for both compression and tension flanges for economy in fabri-
cation.
Actual cut-off points
For 1-4-cm plate: (see 20.5.1 of IS: 800-1§56)
The net area of the plate with the above pitch = 70'5 cm?® (see Sheet 2)
Strength of the plate = 70-5x 1 500 = 106:00 t
Shear value of rivet controls and is equal to 8:5/2 = 425 t (see Sheet 4)

No. of rivets required to develop the strength of plate = 41% = say 26 rivets

Half the number of these rivets (13) are required in the extension of cover plate
beyond the theoretical point of cut off.

The minimum staggered pitch being that which adds one rivet hole diameter
= 8:3 cm (see Sheet §).

Adopting 8-5-cm pitch as required in the angles to web connections (see Sheet 5)
and with two staggered lines of rivets, one on each side of web, the extension length
required to carry 6 rivets is .about 6 spaces plus the minimum edge distance =
29 mm (see Table XII in 25.4 of IS: 800-1956).

The edge distance of cover plate in the transverse direction = 35-(119+15)

2
_.I o8 cm ‘ = 14-05 cm
!
JRREPNES U I 1408cm "As this is a single plate at this
+ 4 e point of cut-off and the plate
.¢. <4 -+ " girder is not in an exposed condi-

weem  ssem  tion, the maximum edge distance

fi-—..’.- ff‘i‘?—f [ L permissible is 16 ¢ = 16x1-4

14035¢m = 22-4 > 1405 ..... CK (see
. : 18.4.1 and 25.4.1.1 of IS: 800-
~Eans P 1956).

For 1-25-cm plate, the net area as before = 63 cm? (see Sheet 2)
Its strength = 63x1500 = 945 t

A 22-mm diameter rivet has a shear value of 4:25 t (se¢ Sheet 4).
No. of rivets required = Zizg = 22 rivets = say 26 rivets

Same extension and spacing of rivets as for the 1-4-cm thick cover plate may
be adopted at both ends of cut-off of this cover plate.

Check the edge distance.

The plate girder not being in an exposed situation, the minimum permissible edge
distance is 12 £ or 15 cm whichever is small, 12 = 12x1-25 =15 cm > 140 cm
adopted .. ... OK (see 25.4.1 of 1S: 800-1956). )
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SECTION IIl1. DESIGN 'OF PLATE GIRDERS

These sheets all concern the design of bearing 1°  Design Example 3 7
stiffeners at supports and under column load
locations. As in the case of the welded givder,
the bearing stiffeners at the columns ave put in |
double pairs so as to pick up the column flange
load and eliminate bending stvess in the cover
plates and top angles. At the left end, where bearing is on a masonry wall, four
angles ave also used but these ave turned together instead of apart so as to localize the
load over the centve of the masonry wall. The design of bearing stiffeners is fully
explained on the design sheets.

Bearing Stiffeners Under of
Right Column Load i4

Bearing Stiffeners Under Right Column (Load 179 t)

Allowable bearing stress = 1890 kg/cm?
Required contact area = %@ = 95 cm?

Allowing 1-5 cm for the root fillet of flange
angle, if 200 %100 angles are to be used, 95 95
total thickness required

= 200—1-5 T 185
= 515 cm [see 20.7.2.2(b) of
1S: 800-1956]
Adopt 4 ISA 200100, 15 mm which gives an area of contact:
4(2000—1-5) 15 = 111 cm?® > 95 cm? required .". ... OK.

With 22-mm rivets, R for bearing on web = 4-885 t and controls (see Sheet 4)
No. of rivets for filler plates

' = 4L87825 = 3664, oy say 36
e For angles double shear controls
and No. of rivets on ‘Angles

= ;—759 = 21-06, or say 22

Being under compression, maxi-

@ eren mum pitch = 16 x 1:5 = 240 (see
= 162 cm 25.2.2.1 of IS: 800-1956)

Use 2 rows of 12 rivets in angles and
one row -of the same number in |
the filler as shown in the sketch

— ““f sour on the left.

Check for strut action :

Effective length of web = 09X 20 = 180 cm [see 20.7.2.2(a) of IS: 800-1956] -
I =2x1-5x(44:5)®x1/12 = 22 000 cm* (see sketch below)

I due to other parts is very small. ‘eem k’"”"L tem =

Area = 4x42:78 = 17112 cm?

Web = 09x71 = 639 cm? o aiem
23502 cm? Saem [

*The column section supported by the girder at this section is ISHB 350. Hence, the bearing
stiffeners are also kept at 35 cm apart to be against the flange of the column section.

J
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39 000 Design Example 3
y = 2——~22§);)0 = 968
. Bearing Stiffeners at of
lfr = 07x200 _ 145 Right ( Steel Column) 14
568 Support
Saf

. Load capacity = -
Right Support Bearving Stiffeners

Place stiffener angles as shown with tight filler in
!!! I!I I between. Allowihg 1-5 for fillet of flange angles

) and using 4 angles 200 x 100:

. . 261-8 x1.000
I Thickness required = 185X 89 — 1-87 cm

y‘lltn-l-—!! :m-—' ]
» = T8tm -

This thickness is not available in IS Rolled Angles.
Hence, use 8 Angles as shown.

261-8 x 1 000
Thickness required =

8 x 185 x 1890
Use ISA‘ 200 100, 10 mm sections as shown.

= 905 cm

No. of rivets needed for filler, where bearing on 1-4-cm web is controlling, is
272%: = 34-4 rivets (see Sheet 4), and for angles where double shear controls,
2618 .

5 = 30-8 rivets.

Use 4°rows of 9 rivets on the angles which provides 36 > 34-4, and > 30-8 is
OK. But according to 25.2.2.1 of IS: 800-1956 as the maximum pitch exceeds
16 ¢ == 16 x1:0 = 16 cm. Use 11 rivets on each row and one row of the same
number in the fi ernatively, smaller size rivets may also be designed.

Check strut action
Effectivelength of web

= 1-4 x20 = 28:0 cm on either side, if available
Effectivelength o = 78 cm (see sketch)
I = 4—X—1‘(—)2X () = 30 050 cm* (even neglecting I of other parts)
Area = 29-03x8 = 232-24 cm? (angles)
Web = 78x14 = 109-0 cm?® [Note that filler plates ha\.e not
341.24 cm*® been considered (ses 30.7.2.2 of
™ 1S 800-1956)]
y = fR0050 = 94cm
~ 34124
0-7 x 200
iy = g% = 149
F, =.1228 kg/cm?
Load capacity = 341-24 <1 228 = 418 > 2618 ... .. OK (Shear at right

support, see Sheet 1).
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SECTION III: DESIGN OF PLATE GIRDERS

Using 4 Angles, 200 %100 mm: Design Example 3
hick Cod - 146 X 1 000 9
Thickness require 4(20—1-35) x 1 890 Bearing Stiffeners at of
= 104 Left ( Concrete Wall) 14
Support
Use 4 ISA 200 100, 12 mm sections.

—4_  Number of rivets:

SScm

N - 4 '4";';;;_ For filler = 70 — 296
4 @ -1 53%im

146

) }  For angles =g5 = 172

¢ FILLER PLATE .
EXTENSION Use 4 rows of 10 rivets

as shown with a pitch of

18 cm cfc. This would

provide 40 rivets for

_(;)_

.¢.

20:9cm .¢_

{
|
.(?_
.¢
&

L4

.¢ _¢ ‘$ ¢ filler plates and 20 rivets
for the stiffener.
FILLER PLATE
'g'l':c‘:‘ /170-0X33-0x1-8¢m S Check strut action :
si62¢cm Effective length of web
o9 |l ¢ e — 2(20x09)
= 36 cm
I - 2x1-2X(44-5)%
? ﬁ ? ?‘ v = 17 600102m‘
O O LV P o A =4x3459+36x09
4 1L,200X100X12mm = 17076 cm?
, _ [TTé00
170-76
O-9cm = 1015 cm
: i yy — ©7x200
aascm —f — 1015
= 13-8

~hoem

e |

F, = 1228 kg/cm?*

Load capacity = 170-76 x1228 = 209 > 146* ..... OK.
Bearing stiffeners under left column (load = 134 t)
Use 4 ISA 200 100, 12-mm sections.
Design is similar to that at right column load.

*Left support shear, see Sheet’1.
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At the snileysection of the 1-4-cm and 0-9-cm K 10
webs a splice shall be imtvoduced to iransfer Design Example 3 of
the tolal bending moment and shear alloited to
the web at this section. The splices ave placed Web Splice 4
0-5 m lo the left of panel point 6 where the

heavy column load causes a great increase in shear to the right end and creates the
need for the 1-4-cm web plate. The splice plaies are effective in momeni in proportion
to the square of their depth and, therefore, the total requived cross-sectional avea is
deteymined by multiplying the web avea by lhe square of the ratio of web height to
splice plate height. Since the rivels are assumed lo be stressed in proportion to the
distance from the neutval axis, the maximum allowable horizontal component of rvivet
stress is reduced accordingly.

For an exact fit of the splice plate, 0-25-cm fillers would be needed on each side of
the 0-9-cm web o make it maich with the 1-4-cm web to which it is spliced. The value
tn bearing on the 1-4-cm plale is considevably greater than for the 0-9-cm plate and, |
therefore, only two rows of rivets are requived on the vight side of the splice. The
rvivet patiern as shown for the left side is arrived at after several vough trials.

Web Splice

Splice to the left of the bearing stiffeners under the right column (0-5 m from
-panel point 6)

Shear at spliced section = 62:8 t; Moment at spliced section = 489-8 m-t
R 22 mm diameter rivet on 0-9-cm plate web = 4-885 (see Sheet 4)

o " ,» on 1-4-cm web = 7-600
: : hw\? 200N 2
Total area of splice plates required = Aw }T) = 200x 09 @) = 249 cm?
s
|"" (The height of splice plate being 200—2x 15
”“.L 5 F = 170)
Sem
==t | 22 Total thickness required = %‘;% = 1-46 cm
T 1T
"°"']_ < i Use 2 plates (preferred dimensions for plates:
4 4 203-8¢m 170 X 0-8 cm)
1 i spaces Maximum allowable wvalue for horizontal
Z P00 @n:_;a:-. stress in the splice plate rivets
=
| ¥ ) = 4-885 X (distance between extreme outside
$ & lines of rivets on splice plates)
SYM ABOUT < (distance between extreme lines of rivets on
¢ —L o dd AL LAl 1 flange angles to web)
s SIS Lo — 4885 UAT@02 o0y
- (31 .:_J 4-885 x 201=(55)2 4-28
5 a po— .
£x 3 pem Assume the adjacent pattern of rivets.
e3 —h b & rhacm
or - | THICKWES X .
- J Widih of splice plates
£ T T e Edge distance = 3-8 cm for 22-mm rivets,
§ o 27cm ] adopt 4 cm on either side; pitch = 3d = 3 x2:3
ENLARGED ELEVATION =69 or say 7 cm.

*Assuming the top and-bottom edges of splice plates are sheared edges, for 22-mm rivets, 34.4 of
IS: 800-1956 requires minimum edge distance of 38 cm and for the assumed pattern of rivets this
distance has changed to 40 cm (see sketch ).
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SECTION I1I: DESIGN OF PLATE GIRDERS

The rivet pattern for the left side of the splice Design Example 3 "
is shown. This pattern was arvived at after of
several yough trials. Web Splice 14

Pitch at splice point should be slightly more as the minimum edge distance
required for the web plates being spliced should also be satisfied. Takm'g these
edges as sheared, Table XII of 1S: 800-1956 requires 3-8 or say 4-0 c¢m minimum
edge distance for 22 rivets. Hence, adopt 8-cm pitch in the middle portion shown
in the sketch.

( See Elevation in sketch on Sheet 10 )

Thus, the total width of splice plate = 37 cm

y'=2x54922 = 109 844

E, E E \EE € €
—*:l:t: :':::» Iyt =
2x(102)* = 208
s D
A
i 3% (204 = 1248
L0000
A PN 2x(306)* = 1872
Az i\l 7
| dB10-0 IX(408)* = 499
a
& L\ )Y 2x(51)* = 5200
T TSTIT 1.
gLyl L 3Ix(612® = 11250
PR l|\f111
A b 2x (714 = 10200
v \f. -4
| _i\‘LIl 3Ix(81-5) = 19950
, i 54 922 cm®
—4 H \-—--smnour{_
ke

17 RIVETS®ON THESE §

APPROXIMATE CG OF THE LEFT _ 3
M v T cRoup #H=226x(7)" = _1274
SRIVETS ON THIS ¢ 111118

T T T e e e e e e e e e e e et e o e e m  w — im v o o - . - . en

*The centre of gravity of the rivet group on tha O-9-cm thick web side may be approximately talken
to be at the middle of the three ts on the centre line ( se¢ skotch ). Total number of rivets on left
extreme lipe = 9. Total number of rivets on right extreme lins of the group == 17. Total rivets = 28.
The rivets on tbe middle line have no , the dist: b contre of gravity and the rivet
being zero.
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One-eighth of the web area may be assumed as Design Example 3
ezuivalenl flange avea in a riveted girder. Both - $ P I:
the maximum hovizontal component of rivet oted o
stress and the total resultant stress of the most lw: b Sp:illc .t Cg:? ! ! 14
stressed vivet are found to be within satisfactory ntermeciate ners

limits. The intermediate stiffeners requived
1-8-cm filler plates which add considevably to the weight of the girder. This use of
Sfiller plate is optional for intermedinte stiffeners and depends om whethey or not the
fabricating shop has crimping equipment that will permit theiy elimination.

e

Moment of web to be resisted by splice = _Awf8 X Moment at splice point
——— Apl8+A4fp
1 (Af is net area of flange )
2,1 100X 75X smm 200 x 0-9*
. — ‘R = 56 @t
4 §X (200 x09%/8) 7 173.54) < 4898 =>362m
56-2 x 80 <100
[ W///L/j ™= T4
: ‘ t 1 = 405t < 422t (see Sheet 10) ....OK.
< L 1
o 62-8¢ 628
y = —— . = —— = 146t
”‘S % eiems 0 (71749 mivets — 43
VRO = Vb = A/ (42)21+(1-46)}
= 435t< 4885t (rivet value)..... OK.
Use 3 rows of rivets, left side of splice spaced at
10 cm c/c vertically as shown in Sheet 10.
o] l-oenL— On right side, the rivet value, R = 7-60
Number of rivets required = %—?bé X 43 = 278

. use of 34 rivets as shown at Sheet 10 is OK.

Packing is less than 6 mm and no excess rivets required ... .. OK (see 24.6.10 of
1S: 800-1956)
Intermediate Stiffeners

In vegion 0-6: Thickness of web = 09 17875‘” = 2:09 %75—0—5

= (0-888 cm (see 20.6.1 of IS: 800-1956)

. vertical intermediate stiffeners are required. Use pairs ofangles100x 75 x 6 mm.
I;x = 0:6x(24:5)3/12 = 735 cm*
Required Imin = 15 d%3/C? (see 20.7.1.2 of IS: 800-1956)
Assumi 15 (1712 (09 s .

ssuming ¢ =150 cm, I'min =J.—»-———-—~(150), . = 243 cm® < 735 available...OK.
Max spacing allowable = 180x09 = 162 (see 20.7.1.1 of IS: 800-1956)

djt = 171/09 = 190, ¢/d = 150/171 = 0-88
From Table III of IS:800-1956, fs = 775 kg/cm?®
V = 775x200x09 = 140 t > 1392 ..... OK (shear in panel 0-1)
Assumed spacing is OK.
Note — If shop has crimping equipment, fillers may be omitted and the stiffeners may be crimped.

*It may be noted that 0-3-cm thick web plate has been considered for the calculations here, and not
the 1-4-cm web. This is because 1/8 of the area of the 0-3-cm web was the basis in arriving at the girder
sections ( sez Sheet 1).

tShear in panel 6-7.

$The height of web between closest rows of rivets = 201 —2(5-5+-6:25) = 177-5 cm
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SECTION III: DESIGN OF PLATE GIRDERS

After further calculations in continuation of 13
the last sheet, the weights take off of the riveled Design Example 3 of
plate givder is given on this sheet and the esti-
mated percentages used for details ave approxi- Weights Take Off 14
mately confirmed.

125¢m COVER PLATE In region 6-7:
covirEm e A= ¢ = 180—35=145cm < 180x1-4
LATE ; =
e =113 a5 _ g4
analE LeG -t 1-4 171
. From Table IIT on page 174,
S - Jf; = 938 kg/cm?
i Ye V = 938x200%14 = 262:6 t >255-2 ¢
4§ Lo v Ll OK ( Shear in panel 6-7)
e Ee T .’. Bearing stiffeners eliminate need for inter-
2 ax mediate stiffeners in this region.
F 83 Mazx spacing of rivets in
° g intermediate stiffener
. ~ I~ allowed =16t = 16x06
SYM ABOUT ¢ ;“ 4 “4A =96 cm
: s Use 9 cm.
Weights (in kg) take off (based on Sheet 14).
Flanges
2 Plates — 55x1-40 @ 0-785 kg/m/cm? for 11-725 m = 1420
2 Plates — 55x1:25 @ 0-785 kg/m/cm? for 67 m = 730
4 Angles — 200x150x18 @ 46'9 kg/m for 14:35 m = 2690
4 840
Web
1 Plate — 200x09 @ 0-785 kg/m/cm? for 11:725 m = 1670
1 Plate — 200x1-4 @ 0-785 kg/m/cm?® for 2:62 m = 570
2 240
Stiffeners
Intermediate stiffeners — 6x2 — 100X 75x6 mm Ls
@ 8 kg/m 2:01 m = 193
Left support 4 of 200 x100x 12 Ls at 27-2 kg/m for 2-01 m = 220
Right support 8 of 200 x 100 x10 m at 22-8 kg/m for 2-01 m = 366
Right column 4 Ls of 200 x 100 x 15 @ 39-4 kg/m for 2:01 m = 316
Left column 4 Ls of 200 x100x12 @ 27-2 kg/m for 2-01 m = 220
1315
Fillers for Stiffeners
Intermediate Pls — 6 x 2 of 100 x 1-8 for 171 m at 0-785 kg/m/cm? = 292
Left support Pls — 2 of 36 X 1-8 for 1:71 m at 0:785 kg/m/cm? = 175
Right support Pls— 2 of 55 x1-8 for 1-71 m at 0-785 kg/m/cm? = 268
ight col
Right columa } —2x2035x1:8 for 1-71 m at 0785 kg/m/em? = 342
1077
Splice Plate
2 0of 37 x1:6 for 1-71 m at 0-785 kg/m/cm? = 160

( Stiffeners and fillers 1 315+1 077 = 2 392 kg for 2 240 kg of web or 107 percent
of the web assumed on Sheet 4 as 80 percent of 200 x0-9 cm web. Actual
is about 110 percent.)

[ No revision of loading is necessary on this account ( see Sheet 4 ).]
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The side view of the plate givder is shown with more than an adequate amount
of detail arrangement so as to provide the drafisman sufficient information lo

Design Example 3

make the final detail drawing.

Detailed Drawing of
Riveted Plate Girder

of
i4

7 ‘:M? R e
1-48m —ate- Tln—]...um —Tu.un_.“—.mu_-r‘ Tnn | h““TM"—“li“:.::'“ |

. o ° o . e » ) © & HC) WL o o Pl
. fo
= B =]
o ol .
” T 1. g O e LI i
l L : II Tm
— HeT728 ™
S .
..'l” PeSem o 150 em

*Staggered pitch of angles to web rivets,

Note — For angles to plates, rivets space at 15.cm staggered { except at ends where use 8-5-cm pitch ).

countersunk at bearing areas.

Use 22-mm rivets { power-driven )

SURAYUID IVId ANV SHYIAL TAFLS (SUTANIONT TVANIONEIS 404 HOOHANVH 1S1



SECTION IV

NUMERICAL ANALYSIS OF BENDING MOMENTS AND
DEFLECTIONS IN BEAMS

26. GENERAL

26.1 Although shears, bending moments and deflections may be found for
all of the usual cases by means of the tabulated equations in Appendix B,
attention will here be given to more generally applicable methods for finding
shears, moments, and deflections as required (for deflection} when the
moment of inertia is variable and/or the loading conditions are complex.

A number of examples of calculations of shear and moment diagrams
has already been given in the illustrated Design Examples 2 and 3.
However, the subject will be included in this item as a preliminary to a
numerical method previously developed by Newmark*. The Newmark proce-
dure bas special advantages for complex cases and will be extended later to

the study of deflections in beams and to columns in Handbook for Design
of Columns in Steel.

To the reader not already familiar with the Newmark procedure, it will
at first seem unnecessarily complex when used in the computation of ordinary
simple beam shear and bending moment diagrams. Such a conclusion would
be correct if this were the only application. The great value of the
procedure lies in its adoptability to many other problems, most of which

1t is not possible to cover in this manual, but which include column buckling,
beam vibration, etc.

27. NEWMARK’'S NUMERICAL PROCEDURE

27.1 In Newmark’s numerical procedure, the beam is divided up into a
number of equal length segments and the shear and moment are calculated
at the segment juncture points. The use of equal length segments is essen-
tial to the full utility of the procedure. A distributed load is replaced by a

series of equivalent concentrated loads acting at the juncture points
between successive segments.

For example, if the length of each segment is A, Fig. 6 and the

following will illustrate simple cases relating distributed load to equivalent
concentrated load.

*Newmark, N. M. Numerical Procedure for Computing Deflections, Moments,
and Buckling Loads. Trans ASCE, Vol 108, p. 1161-1234 (1943).
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UNIFORM LOAD, q PER METRE RUN

SRR NNNEEy

p———A—JL———A—-L—A A

EQUIVALENT CONCENTRATED LOADS

w/2 l o 10\ 1 A /2

CASE (A) UNIFORM LOAD, q PER METRE

43 s

T

%@Q.N;) %@t"‘“‘z“s) %@2““:"‘4) %‘@5"“4”5) ’i(%*“s)

1

CASE (B) LINEAR VARIATION IN EACH SEGMENT

Hl ) 43

£i(a+09,-03) “‘—z@,ﬂm,n,) A@241003499) A@yHOrag) Z(Bage7a5-9Y

CASE (C) PARABOLIC VARIATION IN EACH SEGMENT

F1G. 6 EQUIVALENT CONCENTRATED LoADS REPLACING A DISTRIBUTED Loap
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The equivalent concentrated loads are the same as the panel
point loads that would be caused by the reactions to a series of
simple beams, each having a length A. In Case (c) of Fig. 6, the
load distribution is assumed to be a second degree parabola for two
successive segments. At location (1), the segments run from 1 to 3,
the same as at location (2).

In a more general way, the equivalent concentrated loads may be
written in terms of any 3 successive locations. Let Q,, be the end
reaction of simple span A-B at B, @y the end reaction of simple span
B-C at B, then the equivalent concentrated ( panel point ) load at B,
denoted as Qy, is the sum of Qps + Qs Thus, summarizing, for any
3 successive locations:

Case 1 (see Fig. 7): ¢a. s, and g, tepresent ¢ with linear variation
assumed over each length subdivision A.

Qo =g (g, +20,) O = 3 (bgy +20) .. .. (13)
Qv = ‘—Tzl (4g, +2¢0 L. (14)
O =OntOn =520, +8,+2%) ..... (15

3 P ,

i R CaSE ) N i

v ) o

Fic. 7 DiaGrAM ¥OR CALCULATION OF FORMULE FOR
EQUIVALENT CONCENTRATED LOADs

Case 2 (see Fig. 7): ¢, and ¢, represent ¢ with parabolic variation
assumed over length 2A between 4 and C.

—A
Qus = S5 (3-59a + 3¢,—0-5¢.) ....... (16)
Ose = ot (1:5g0 + 54,—05g) e (1D
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O =75 (150450, — 05¢) ... (18)

Qb = Qb. + ch = '::1;' (q. -+ Iqu + qc) ..... (19)

In Case 1 applications, if there is a sudden discontinuity in ¢ at
any point B, Q, may be calculated by using average values of g,.
Sudden discontinuities in Case 2 applications should be handled by
calculating Qs, and Qs separately, then adding to get Q. The same
procedure should be used in cases where there is a transition between
Case 1 and Case 2 at point B.

27.2 The equivalent load system is statically equivalent to the distributed
load system and the following example will illustrate the calculation of shear
and moment diagrams by the usual procedure as well as by the use of equi-
valent concentrated loads. It is again emphasized that the usual procedures
are quite adequate in the calculation of shear and moment diagrams and the
numerical method is introduced at this point as a matter of expediency in
preparation for more useful applications later on.

27.3 A simple problem, will be treated initially and it will be seen that the
numerical procedure appears cumbersome and of no advantage in such a
simple case. The value of the procedure lies in the fact that it handles very
complex and special problems of beam deflections with a facility and ac-
curacy that cannot be matched by other methods. The examples will be
treated initially by conventional procedures.

Example 1:

Determine the shear and bending moment in a simply support-
ed span of 8 metres under a uniform load of 6 tonnes per metre and
a concentrated load of 10 tonnes at 2:5 metres from the left support.

Solution A — Shear Area Method (see Fig. 8)

1ot

-o-——-a-s'-————.‘—
A S N U 1 SV RN SN SN T N TN N

otim

F1G. 8 Loap DIAGRAM

6 x8 5-5
Ry = 5 + 10 x $0= Jjo-sst ......... (20)
R =58 —3088=2712t = ......... (21
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The shear diagram (see Fig. 9) is now determined. Immediately
to the right of the left reaction, the shear is equal in magnitude to

the reaction. For each segment of beam traversed to the right,
the shear changes by the area under the load intensity diagram.

X
Thus, Vy—V,) = jqu ......... 22)
A

430-88 ¢

~Fis-88 t

+ +5-88 ¢

;,l e ——— —

J-40m

Fic. 9 SHEAR DIAGRAM

By starting at the left end (4) and plotting the shear diagram
from A to B, a check is obtained on the calculation since the shear
at the right end is equal in magnitude to the right end reaction Rjp
which was previously calculated by independent computation.

For each segment of beam traversed to the right, the moment
changes by the area of the shear diagram:
X

Mx—My=(vax (23)

-

4

The moment is zero at A ( hinged end support ) ( se¢ Fig. 10)
and by calculating the moments at various points, progressively,
from A to B, an automatic check is obtained at B where the moment

is again 0.
340w J
po—————— 2:Sm ————-‘
Wm(\u9
5S4 met
A s

Fic. 10 BENDING MOMENT DIAGRAM

The location of maximum moment is easily determined as the
point of zero shear, 3-48 m from the left end of the beam.
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Solution B — Newmark’s Numerical Procedure (see Fig. 11)

Newmark’s numerical procedure will be illustrated ( see Fig. 11) by
dividing the beam into 4 segments, each 2 m in length, with segment
or panel points labelled 1, 2, and 3. The reaction R, = 30-88 t is
calculated as before, and the equivalent concentrated loads are cal-
culated separately for the uniform load of 6 t/m and the localized
load of 10 tonnes. For the uniform load ( see Fig. 6 ), each concen-
trated load is 2 X 6 = 12 tonnes. The additional load at panel
point (1) is the end reaction caused by 10 tonnes acting 10-5 m from
the end of the first 2 m simple span, which is equal to 7-5 tonnes,
Thus, at panel point (1), the total concentrated load is 12 4- 7-5
= 19-5 tonnes. Similarly, at panel point (2), the concentrated load
is 12 4+ 2:5 = 14-5 tonnes.

Since all of the loads have been replaced by a series of uniformly
spaced concentrated loads, the shear is constant within each segment
having length A =2 m. The concentrated loads are listed in
line (a) in Fig. 11, and are given a minus sign. ( In the application of
the numerical procedure, upward loads are positive since they would
cause an increase in positive shear in proceeding from left to right.)

Shear is calculated in line (¢) in Fig. 11. Starting with
the end reaction R4 = 30-88 tonnes, the shear in the first panel is
30-88 — 6 = 24-88 t. The shear in successive panels is formed by
successive additions of the negative concentrated loads.

Since the shear is constant in each segment, the change in
moment between successive panel points equals VA. Thus, at
panel point (1), the moment (initially zero) is 24-88 x 2 = 49-76
tonnes. However, a repetition of the simple additive process so
convenient in getting the shear is desirable for moments, so 2 m in
this case is introduced as a multiplier in the column se captioned
at the right. The use of a common multiplier is made possible by
reason of the uniform panel length A used throughout the span.
Now the moments are successive simple additions of the shears
within successive panel segments. Finally, in line (e}, the actual
moments at the quarter and midpoints are obtained by multiplying
each number in line (d) by 2.

Example 2:
The following example presents a more complex loading case
and includes a cantilever extension of the simple beam to the right

of the support at B. Reactions, shear, and moment diagrams are
presented without detailed computations, followed by the numerical
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10t

05 m —of L 6tfm
AHI IHHHHHB
PANEL POINTS o "' * 2 " " _‘1 uuLTIPLIER

(0) conc Loao -% ~i9-§ —1ds -12.0 —60 -
(D) atACTIONS +30-88 +2742 -

(c) suear +24-08 +5-88 ~912 -2112 -
{d) momEnT o +24.38 +30-26 +21114 o 2

{e) FivaL uomntqwl 4+ 49-76 -no'-s: +42:28 c'» '

Fi16. 11 SHEAR AND MOMENTS,.BY NEWMARK’'S
NUMERICAL PRQCEDURE

analysis on the basis of panel length A = 1-25 m. In this example,
the multiplier A is introduced in line (4) in Fig. 12 to simplify the
computation of the concentrated loads and to keep the numbers
in successive lines from getting too large.

In the foregoing example, it was necessary to divide the actual
concentrated loads of 15 and 20 tonnes and the reaction at Rg by
1:25 to compensate for the use of the multiplier. Thus at B, the con-
centrated load (reaction) is:

+ 519%6 = +4773t ... (24)

Since the multiplier A has already been used in lines (a) and
(8) in Fig. 12, the computation in line (d) includes the multiplier
A2 = 1-56. The use of the numerical procedure in this particular
case permits a simple routine calculation of the moment at 1:25 m
intervals, thus permitting an accurate graphical plot of the complete
moment diagram. In this problem, the computation work in com-
parison with usual procedure has been reduced.

A third illustrative example will illustrate the formule ( see
Fig. 6) for the replacement of a variable distributed load.
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185t "’L
Olln
; 3m H /r
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Rp=30.00¢ Rg®s9:461
+ +18-00t
+35-34¢ +
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417956 mot —aa o8t
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+
NUMERICAL ANALYSIS (A=1-23m)
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F16., 12 ILLUSTRATION OF LoAD, SHEAR AND BENDING MOMENT
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SECTION IV. NUMERICAL ANALYSIS OF BENDING MOMENTS AND DEFLECTIONS IN BEAMS

Example 3:

Assume that the upward pressure of soil on a one-metre wide

strip of footing varies as shown in Fig. 13.

147+3¢ {

fo— X A A A A ~ol— A —epe— )\ —on

UPWARD LOAD INTENSITY 13-8 16:6 1940 210 22-6 238 246 250
|

CONC LOAD 17-7 'N9l-9 +22°8 +25-2 -I49-7' +28:5 +29-5 +299
SHEAR +0-88 ‘1'2'&7 +515 |*7'67 =730 | ~4-45 | ~1-50 | +15O
MOMENT o +0:88 4378 +8°90 H6S7 4927 +4:82 4332
FINAL MOMENT (me) (l) +7!33 +31:25 +74:17 4138°08 +77-25 440-17 02?-67

/N

) // \\

(o] 1 2 3 4 L 6 7
PANEL POINTS

MOMENT (met)

“_147-4 G%) + 27-08 = 149-7

am am
SYM ABOUT ¢

(A :lm)

MULTIPLIER
l
1012
10qQfia
10012
'

Fi1G. 13 ILLUSTRATION OF BENDING MOMENTS FOR THE REPLACEMENT

OF A VARIABLE DISTRIBUTED LoaD

27.4 We now turn from the matter of determining shear and bending

moment to the related problem of deflection calculation.

In finding the deflection of a beam under relatively complex load and
support conditions, a most direct and accurate procedure, with a simple
routine of calculation and self-checking characteristics, is a combination
of “Vestergaard’s Conjugate Beam Method and Newmark’s Numerical

Procedure.

Consider the possibility that in a beam AB of length L there is a local
or concentrated angle change ¢, at a point distant ‘a’ from the left end,

as shown in Fig. 14.
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F1c. 14 CALCULATION OF DEFLECTION BY COMBINATION OF WESTERGAARD’S
CoNJUGATE BeEaM METHOD AND NEWMARK’'S PROCEDURE

The deflection Y, =04a=108gb ... ... ... ..... (25)
Thus 0p = oA-‘g ......... e, (26)
an cinaa A __ Q. 1 A4
aiila, Siuic PQ = V4 T VB

fBa=dol and Ba =0 % \riiriariieia... (2])

oo V4 (4 L B 0 L - “ e e s
Finally, the deflection

@& (28)

Ya=04-a=¢o—l-: fe e e e

Now, in place of the geometrical configuration of Fig. 14 consider the

result of thinking of the concentrated angle change ¢o as a load acting on
a fictitious or ‘ conjugate ’ beam having the same length L as the beam in

Fig. 14, with resulting shear and moment diagrams as shown in Fig. 15.

[ 3

e .—-———1

&

L

Ra= o L LOAD DIAGRAM ag=a 4

SHEAR OLAGRAM

m

< 3 —

BENDING MOMENT DIAGRAM

FOR CONJUGATE BEAM
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SECTION IV. NUMERICAL ANALYSIS OF BENDING MOMENTS AND DEFLECTIONS IN BEAMS

It is seen that the shear in the conjugate beam equals the slope in the
real beam and the bending moment in the conjugate beam equals the
deflection in the real beam.

The conjugate beam idea will now be used in the development of the
underlying ideas in Newmark’s Numerical Procedure as applied to the
determination of beam -deflections.

First, consider any arbitrary segment of a beam, A in length, and plot
the diagram of M/EI ( see Fig. 16), thinking of it as a distributed load
applied to a conjugate beam of length A.

/M}:-——\
i

. LLLLlllle LLLLL
OIS

R

A

'ab @ba

F1c. 16 Loap oF THE CONJUGATE BEeam

The end slope ¢, is the reaction at ‘a’ in the conjugate beam and is
the integration over ab of reaction caused by each incremental change in
slope df == Mdx/EI acting as a load on the conjugate beam. If two succes-
sive segments, ab and bc, as shown in Fig. 17, are joined together to form a
single smooth and continuous curve with a common tangent at b, the total
change between the successive ‘ chords* AB and BC is equal to the total
panel point reaction at b of the distributed M/EI diagram acting as a load
on the two beam segments ab and b¢c. Thus Eq 13 to 19 to determine panel
point equivalent concentrations of load may also be applied to determine
local ‘ concentrated angle changes * by means of which the deflected curve
of a beam may be replaced by a series of chord-like segments as shown
in Fig. 18. The deflection at each juncture point is exactly equal to the
deflection of the actual beam at that particular point.
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FiG. 17 CONJUGATE BEAM SEGMENTS

The conjugate beam relationships establish that the procedure pre-
viously demonstrated for determining shears and moments may be used
to determine slopes and deflections. A geometrical demonstration of the
procedure may be helpful. The average end slope 8y, may be determined
-as the average shear in panel 8-1 caused by the concentrated angle changes
¢1. ¢5 and ¢ acting as loads on the conjugate beam. The shear in panel
1-2 is less than that in panel 0-1 by ¢, — it is seen in Fig. 18 that 8, is less
than @, by ¢,. The deflection y, is equal to 8,7, ¥4 = y; + O3t and so on
across the beam — the same quantities are moments in the conjugate

beam. As an introductory example, consider the case of the simple beam
under uniform load.

T-—a A A : A—-—o]
1

p ®
%, v, vy %
)

12

* $2

F1Gc. 18 SLOPES AND DEFLECTIONS OF CONJUGATE BEAM
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SECTION 1V: NUMERICAL ANALYS!S OF BENDING MOMENTS AND DEFLECTIONS IN BEAMS
Example 4:

Determine deflections in a uniformly loaded beam (see Fig. 19).

qt/m

Co T T 2T T T T T T 1T T}
| KA AL A SH I SIS IS IS SIS SIS SIS I IS S ID.

(a) A A ‘! A !‘ A —j MULTIPLIER
MOMENT ] 2 4 3 a2
- | | | 5
CONC @ LOADS 34 48 —3a (Tz_) %)(E’T)
(<}
SL;FE +57 +23 —23 -57 TAE)(%E;‘) (?"—)
4
nz(r?.ecnou <) 57 80 57 o (X (%‘;.i) (.é‘.|

2 4
80 \ {ev 2 S_ (st
. . =5
CENTRE DEFLECTION (MAX) (ranz) (r. X *) 5ea (&%)
i

Fi1c. 19 DEFLECTION IN A UNIFORMLY LOADED BEAM

In line (a) of Fig. 19, the centre moment is ¢gL%/8 but ¢L%/32 is
introduced as a multiplier to provide convenient whole numbers
for the arithmetic procedure that follows. The concentrated ¢
loads by Eq 16 to 19 are ‘ exact’ since the moment diagram is a
parabola. The loads are negative since downward load causes a
negative change in shear when proceeding from left to right. The
multiplier A/12 out.of Eq 16 to 19 is coupled with the multiplier in
line (a) of Fig. 19. Inline (c) of Fig. 19, it is not necessary to compute
the slope in the first panel by determining the end shear. Because
of symmetry, one knows that the slopes on either side of the centre
line ( shears in the conjugate beam ) are equal in magnitude and op-
posite in sign. Thus, one may start with the concentrated angle
change of 46 units at the centre and work to the right and left so as
to provide symmetry in the slopes. It is noted, finally, that the de-
flections are exact at each panel point.

In cases where the loads are not uniform, the moment diagram no
longer is a second degree curve in x and the numerical procedure does not
always give an exact answer. But it still provides a close approximation.
Consider the beam under a triangular load distribution and use the numeri-
cal procedure to determine shear, moment, slope, and deflection. In this
example, the answers are exact, because of the continuous linear load
variation.
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Example 5:
Determine defiections in a beam under triangular loading {see Fig. 20).

B
Y
4
SIS SIS ///7/| L ‘/ /7 //‘// MULTIPLIER
i
-——h—-olo——‘ A—+—-— A——+——- p QB/‘
LOAD o -oll olz ¢I3 +4
CONC LOAD -8 -2 -8 (7 /6) (CB/e)
SHEAR 15 ° -3 ! -21 (»/8) Ce)
MOMENT ) |ls 2|4 2|| <|> COICD)
MOMENT o 5 P T o (%2) (%80
CONC ANGLE -sls ..9|2 -78 29) (8)04ED)
CHANGES

sLopE 109 51 -4t -19 V2 Cefx/eD

|
DEFLECTION o l 109 ‘ 160 j ue o (V29 sy (Vey

Fic. 20 DEFLECTION IN A Beam UNDER TRIANGULAR LOADING

The foregoing examples have illustrated the numerical procedure of
analysis but the real advantages in practical application are for those cases
where the moment of inertia is variable and the load conditions more
compiex. Reference may be made to Design Example 14 where the deflec-
tion of a beam of variable moment of inertia is calculated by the same
numerical procedure.
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SECTION V
SPECIAL PROBLEMS IN BEAM AND GIRDER

28. GENERAL

28.1 This item covers certain special problems in beam design that are
important when they do occasionally require special attention. These
problems include biaxial bending of symmetrical sections, bending of un-
symmetrical sections, with and without, lateral constraint, bending of the
channel section, and finally combined bending and torsion -— when to avoid
it and how to design for it if one is obliged to do so. Bending in these cases
shall not be termed ’ simple ’ since it may involve deflections in-a different
plane from that in which the beam is loaded. A general discussion of the
more typical problems will be illustrated by Design Examples 4 to 10,
together with commentary, concerning the more typical cases that may be
encountered in practice.

29. BIAXIAL BENDING

29.1 Whenever loads are applied on a beam at an angle other than 90° with
respect to one of the principal axes, the beam is under ‘ biaxial’ bending.
The load may be resolved into components in the direction of the two
principal axes and the bending of the beam may be regarded as the super-
position of the two bending components. This procedure for handling
biaxial bending is particularly suited to the case in which there is at least
one axis of symmetry since in this case the orientation of the principal axes
is known by inspection and the distances from these axes to points in the
beam cross-section that should be checked for stress are also immediately
apparent. However, when the section itself has no axis of symmetry,
such as in the case of an angle with unequal legs, the alternative procedure
utilizing the general formulas for bending referenced to arbitrary X and Y
axes in the plane of the cross-section is generally preferred. Nevertheless,
if the orientation of the principal axes of the unsymmetrical section is
determined, the first procedure may be used. Alternatively, unsymmetrical
sections subjected to biaxial bending may be analysed graphically with con-

venience, by drawing the circle of inertia. Design Example 5 illustrates
this method.

30. BIAXIAL BENDING OF A SECTION
WITH AN AXIS OF SYMMETRY

30.1 The biaxial bending of a WB or I-section will be used as an example,
The same procedure is applicable to the channel provided it.s loaded through
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the shear centre (see 37 ). The shear centre is an imaginary line parallel
with the longitudinal beam axis through which the applied loads shall pass
il twist is to be avoided.

The possible planes of application of the load are shown in Fig. 21.
1f the load is brought in at A in the direction shown by the arrow head, the
member is loaded by twisting moment as well as in biaxial bending. Com-
bined bending and twist will be discussed in 39. If, however, the load is
applied at B ( coincident beam axis and shear centre ) it may be resolved into
components parallel with the X and Y axes and, since these are principal
axes, the normal stress is simply the super-position of the effects of bending
about the X and Y axes. 1In a simple span, the loading as shown in Fig. 21
would cause tension at C and compression at D. These locations would,

X

HEAR CENTRE COINCIDES
WiTH CENYROIDAL AXIS

F16. 21 BiaxiaL BENDING OF SECTION WITHR Two AXES OF SYMMETRY

therefore, govern what permissible stress should be used in the design. There
is no explicit problem of lateral buckling involved, but if the horizontal
component of bending approaches zero, the permissible stress should be
governed by the reduced stress F; as given in Table ITA, 9.2.2.2 of IS : 800-
1956 (see Table II on p. 172 of this Handbook for an extension of
the Table in IS :800-1956). However, it is also obvious that if all of the
load were applied horizontally in the X-X plane, the full allowable stress
of 1 575 kg/cm? should govern as there is no tendency for lateral buckling.
As a conservative basis for design, therefore, it is recommended that a simple
interaction formula be used in such a case.

(I{‘Z ) + ( jf%)” S (29)

In Eq 29, f; represents the computed stress due to the two components-of
bending moment and F, is the corresponding permissible stress if that
component alone were acting. In the case of rolled wide flange or I-beams,
the permissible stress F; for bending about the Y-Y axis would always he
1 575 kg/em?. Members with relatively wide flanges, such as might be used
for struts, will be most economical for biaxial bending.
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SECTION V: SPECIAL PROBLEMS IN BEAM AND GIRDER

The foregoing formula Eq 29 may be considered as an extension of the
formula in 9.5 of IS:800-1956 for combined bending and axial stress.
In this case, the axial stress is zero. Sub-clause 9.5.1 in that standard
states:

* When bending occurs about both axes of the member, f, shall be
taken as the sum of the two calculated fibre stresses.’

This provides no gradual interaction for the case under consideration here
but when the allowable fibre stress about each axis is the same, the
proposed interaction formula for biaxial bending reduces to that stated
in 9.5 of IS: 800-1956.

31. DESIGN EXAMPLE OF BIAXIAL LOADED BEAM

31.1 The illustrative design example of biaxial loaded beam is shown in
the following two sheets ( see Design Example 4).
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Destgn Exanple 4 - Biaxial Loaded Beam

The procedisre for designing a beam with one or more axes of symmelyy under biaxial
bending is illusivaied. Only that phase of design peculiay to biaxial bending is treated
in this illustrative example and the deflections,

if desived, could also be found.as the superposi- R

tion of deflections in th£ x and y divections as Design Example 4 If
cavsed by the loads separately applied. It is T o
to be noled that the section loaded as shown in Biaxial Loaded Beam 2
Fig. 19 will noi deflect in the plane of the loads.

. /—usuu 350 rlA\

2:5m 2-5m

s —~ 78w

An I-shaped beam spans 7-5-m beam betwecn sup-
ports. At each end it is adequately supported verti-
cally and against twist as shown in the figure. In
. addition to its own weight, the beam carries 4-tonne
- loads at the third points and a horizontal load of
- 150 kg/m.

Estimate weight of beam @ 75 kg/m

Y
) . ) R ENLARGED SECTION AA
- Bending aboui X-X axis

Dead load M, = 75—XS7~§: = 527 m'kg
Live load A7, = 4x25x1000 = 10000 mkg
10 527 m-kg
- Bending aboul Y-Y axis:
‘ ) __ 150x(7-5)%
M, = I = 1055 mkg

As a preliminary guide, determine required Zyy, Zyy for M, Myy acting
separately, estimating fo(xs) = 1 200 kg/cm?.

_18527x100 oo o 1055x100 .
Zix = 1*“‘*—“200 = 877:25 cm?, Lyy = —-—1—57‘5“— = 67 cm
- Try 1SHB 350, 674 kg. Z,, = 10948cm?® Zyy = 1961 cm?®
Ixx 7-8 %100 350
G o= SEg = 30 dy = q1¢ = 30, Fyyy = 1160 kgjem?




SECTION V: SPECIAL PROBLEMS IN BEAM AND GIRDER

Design Example 4

Biaxial Loaded Beam

of

Section check by Imtevaction Formula

fb(xx) =
Toiyy) =
963 837
1160 1575

Try ISHB 400, 77-4 kg

Fyyy =

f baxx =

Toyy =

750, 483
1123 7 1575

10 527 x 100 _ .
TToses - Sl
1055 _ .
fo67 X 100 = 537 kgfom

1-2 > 1 — No Good.

14042 cm?®
2183 cm?®

75
350 X 100 = 30

400

125 = 315

1123 kg/cm?

1575 kgjcm?

10 527 x 100 » 2
~ {40472 = 750 kgf/cm
1055

2ig3 ¥ 100 = 483

0975 <1 ..... OK.

Then check web shear, bearing plate, web crushing, web buckling, etc, for |
vertical loads in the same manner as for usual beam design.
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32. LATERALLY CONSTRAINED BENDING OF SECTIONS
WITH NO AXIS OF SYMMETRY

32.1 If an asymmetrical section, such as a Z-bar or unequal legged angle
(see Fig. 22) is loaded in a plane parallel to one of the surfaces, it will, if
unconstrained, bend in some other plane. However, if laterally supported
by the roof or by other means, the bar may be constrained to bend in the
same plane as the load. When so constrained, the stress due to applied
loads may be calculated as in simple bending. For example, if deflections
are permitted only in the Y-Y plane and the loads are in the same direc-
tion, the stress due to bending about the X-axis will be given by the
usual beam equation:

fo= Aiy ............. (30)

if the beam is constrained in the x direction at the same points at which
it is loaded in the y direction, the lateral constraining forces in the x direc-
tion will be related to the applied forces in the y direction by the ratio of
1,1, where I,, is the product of inertia. Hence, with lateral constraint:

The product of inertia is not to be confused with the polar moment of
inertia and is given by the following equation:

F1c. 22 AsyYMMETRICAL SectioN UNDER Biaxiar BENDING

33. DESIGN EXAMPLE OF ANGLE SECTION
BEAM LOADED IN THE PLANE OF WEB

33.1 The illustrative design example of angle section beam loaded in the
plane of web is shown in the following two sheets ( see Design Example 5 ).
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SECTION V: SPECIAL PROBLEMS IN BEAM AND GIRDER

Design Example 5 — Angle Section Beam Loaded in the Plane of Web

Angle section beam with thivd point loading and 4-m span is designed under the
assumption that laleval support bars are introduced along witk the loads, as in the
sketch. These bars force bending to be in the

same plane as the loads. In this case, the : |
design is routine and the vequived amount of Design Example 5 of
lateyal support is determined by Eq 31 on A Secti

p. 104. Particular note should be made of the ngle Section Beam 2

fact that the lateval force is approximately 41
percent of the vertical applied load and the lateral support bars shall have to be designed
Sor this lateval force and,-in addition, be of requisite rigidity.

By way of comparison, at the end of the calculations the stress is determined for
the same load but-with the lateral support vemoved. Eq 33 on p. 107 applies in this
case and the maximum compression stress is found to be increased hy a factor of 1-22.
In the case of Z-bars, the factor will be as high as 2-5 thus going beyond the yield point
of structural grade steel. 1t is obvious that the use of Z and angle bars loaded in the
plane of the web is not particularly economical in view of the lateral support require-
ments. Z and angle bars are sometimes used as purlins on sloping voofs where, if
properly ovienled, the plane of the loads may be near the principal axis of the section
and efficient use of the material thus realized.

ATERAL SUPPORTS
w3 e S'M 200150
5’ { o d jj(

S LAquL_/
t——-nn—-—-l > #33m -————j el
}o- “om
Span = 40 m; 15 cm—sf
F:"‘d aat IELLY
Load = 1-5 t at each 1/8 point ‘g_rj] o I
Lateral support is provided at each load point °"71LL 200
lTAYllAI.
Estimate DL = 30 kg/m; e Y%
ENLARGED VIEW
LL bending moment = 1-5x1:33x1000 = 1995 m'kg
2
DL bending moment = 9-0-;;—4— = 60 m-kg
2055 m'kg
. _2055x100 _ 3
Required Z, = {500 = 137 cm
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Design Example § 2
of
Angle Section Beam 2
Use ISA 200 15¢, 15:0 mm angle.

Iy = 20056 cm* Iy = 9699 cm* Z; = 1454 cm?

Lateral support requirement to provide for lateral bending moment:

Mol :
(My) = —%«ﬁ' (see Eq 31), Ixy = —8185 cmt
x
Lateral force = :§21-8;5—§l.—5 = 0612 t at each load point (neglecting the effect
005-6 of dead load) (about 41 percent of the applied
load)

What would be normal stress due to biaxial bending if no lateral support be
provided ?

62 cm

(Iyy —I¢yx) (check point 4; y =
x = 372 cm)

_ M
IIy—i3y

2055 x 100
ACAS = e e T [(—6-2) (969-9) —(—818-5) (—3-72)]

= —1460 kg/cm? compression

At B, y = 4138 cm
¥ = —2:22 cm

2055 X 100
AtB.f = 5 00576 969-9—(81g-5)» (T 138%969:9)—(—8185) x (—2:22)

29_575&0 x11 550 = 1860 kg/cm® > 1 500 kgfcm?
1 275 000 (permissible tensile stress)

Thus, if no lateral support be provided, the allowable load gets reduced in the -
proportion of 1860 to 1500 kg/cm?® (1-24:1).

NortE ~— As the load assumed here is vertical, there is no My, component, If the load were
inclined, the components M, and My should be determined and the stress calculated by Eq 33
and Eq 34 ( see p. 107 ) and added to give the total fibre stress at either of the points, 4 or B,
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34. UNCONSTRAINED BENDING OF SECTIONS
WITH NO AXIS OF SYMMETRY

34.1 The most common example in ordinary use of the unsymmetrical
section with no axis of symmetry is the rolied angle with unequal legs.
Taking X and Y axes positive in the directions as shown in Fig. 22 and
oriented parallel with the sides of the angle, the positive sense of bending
moment components M, and M, are shown as chosen in the same figure.
In sections of this type, it is convenient to resolve the bending moments
due to any applied loads into components about the X and Y axes and
calculate the stress due to bending by the following equations:

Bending about X-axis:
M

fo= I:?T:f_frz,, Iy —I,x) oo .. (33)
Bending about Y-axis:
fo = MT-—F:, ey — Lx) oo (34

1f deflections are desired, it is preferable to determine the principal axes of
inertia and study the bending problem by the same procedure followed
in Design Example 4 for biaxial bending of a doubly symmetrical section.

The derivation of the foregoing Eq 33 and Eq 34 may be found in any
advanced [book on strength of materials, such as Timoshenko’s ‘ Strength
of Materials’, 3rd ed, Part I, p. 230-231 published by D. Van Nostrand
Company, Inc., New York. As examples of unsymmetrical bending, both

constrained and unconstrained, Design Examples 5 and 6 concerning angle
section are presented.

35. DESIGN EXAMPLE OF ANGLE BEAM LOADED
PARALLEL TO ONE SIDE

35.1 The illustrative design example of angle beam loaded parallel to one
side is shown in the following sheet ( see Design Example 6 ).
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Design Example 6 — Angle Beam Loaded Parallel to One Side

This is another example of a single angle, used as a beam and loaded in a plane
parallel to one of ils sides. No lateval support is provided. To get a preliminary
trial design, the requived section modulus for an

angle with lateval supporvt but with the allow- : 1
able stress multiplied by a factor of 0°7 is Design Example 6 of
delermined. The propertics of the angle having -

this modulus are tabulated and the product of Angle Beam 1
inertia ts detevmined. Theve ave five possible

locations for maximum stress as noted by letters A to E. However, if one visualizes the
approximate divection of the principal axes of inertia it is obvious that both components
of bending if resolved in the divection of the principal axes would prodice compression
at B and tension at E. These stresses are calculated by Eq 33 ( see p. 107 ) and the
maximum stresses ave found 1o be within peymissible limits. If there is any question
about the location of maxismum stress in the mind of the designer, it should also be
checked at A, C and D.

For the angle to bend wilhout twist, the resultant of the loads showld go through the
shear centre which is at the intersection of the middle planes of the two legs.

Single Angle as Beam Design

A single angle beam has a simplyr
supported span of 3 metres with loads
given below:

Liveload = 1-50t/m
Dead load == 0-20 t/m (including
beam weight)
W = 170 t/m
Angle free to deflect laterally will be stressed more than if held. As an approxi-

mation, assume unsupported angle has capacity of 0-7 X supported angle
1-70 x 32

L 200 X150 X ISmm

=

ENLARGED SECTYON A A

My = -~ g = 1-91 m-t, permissible stress = 1500 kg/cm®.
Required 2 = “OXLI0XI00 487 cme Try heaviest ISA 200150,

18 mm section.
469 kg/m with, Zy = 1725 em® Zy = 101-9 cm?, Ixy == 958-1 cm?,
Ix = 2359 cmt, [y = 11369 cm*

f= -~—3-1~[f-~3~ ({yy — fsyx) Maximum compressive stress is at B
Lely—Lyy (x = +234,y = —1367)
. 191000 AR L OER <.
(fp)B = 1760 000 (—1136-9x13-67+9581 x2:34)
= 1440 kg/cm?..... OK as permissible bending stress for lfr, = 69 i%%
= 1500 kg/cm?®
Maximum tensile stress at £ (¥ = ~—3-84 cm, y = 633 cm)
fE) = 121000 36063319581 x 3-84)
1 760 000
= 1180 kg/em® < 1500 kgfem? ... .. OK [see 9.2.1(b) of IS: 800-1956]

Norte — As the load assumed bere is vertical, there is no My component. If the load were
inclined, the cowpoucuts M, and My should be determined and the stress calculated by Eq 33
and 34 and added to give the total fibre stress at either of the poiuts, 4 or B.
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36. DESIGN EXAMPLE OF ANGLE BEAM DESIGN BY
DRAWING CIRCLE OF INERTIA

36.1 The Design Example 6 of angle beam is now designed by drawing
circle of inertia in the following two sheets ( see Design Example 7 ).
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Design Example 7 — Angle Beam Design by Drawing Circle of Inertia

In this example, the same problem as given in Design Example 5 will be solved
graphically by drawing the circle of inertia. The method i$ as follows and the con-

struction 1s given in the sketch.
The X-X and Y-Y axes ave drawn from the Design Example 7 !
centroid (; of the angle seckion. Starting from of
G oon the Y-Y axis, a and b are marked Angile Beam PGSiS“ by 2
such that Ga = [yx and ab = Iyy to any { Circle of Inertia Method
convenient scale. With Gb as diameter and

¢ as the centre, the civcle of inertia is-dvawn. From 'a’ towards leﬂ ( as the product
of tnertia is negative in this case ). ad is drawn pavallel o X-X axis such that ad =
Iay (product of inertia). ¢ and d are joined and produced both ways to meet the
circle at e and f.  Now Ge and Gf determing the principle axes U-U and V-V of the
angle section. With refevence to X-X and Y-Y axes, g is plotted such that its co-
ordinales represent bending moments Mgy and Myy given. In this case, as Myy = 0,
g lies on the X-X axis. If gh and gj are drawn perpendicular to the principal axis,
these represent respectively the componentls Muu and Mye. From inspection of the
orientation of the angle section and the principal axis, i s obvious thz_zf maximum
Jibre stress should be checked at points B and L. If theve is any question aboul the
location of maximum stress in the mind of the designer, o should algo l_)(’ checked at
A, Cand 1. The co-ordinates of these points with vefevence to the principal axes are
measured. The fibve stress at the points could be determined as given below.

8]
1SA ?OOISO,I!MM-/:

(-8:4-3-7) k"

e
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Design Example 7 2

Circle of

Angle Beam Design by

of
Inertia Method 2

Co-ordinates of C with reference to

X-X and Y-Y axes (+3-84, 4633)

Ga = I = 23594 cmt

ab = Iy = 11369 cm*

ad = Iz = —9581 cm¢*

ed = Iuu = 2880 cm*

af = Iy = 616 cm*

Gg = M = 1-91 m-t (see p. 108)
g = M,, = 09 mt

gh = Mw = 168 mt

B(+4-48, +130)

E(—65, —37)
f - IX;,“_EXU+}1{"."X%
Luu v

2880 * i 616
= +-1450 kg/cm?® (compression )

I

Te

Co-ordinates of points B and E with reference to U-U and V-V axes are:

168  13x100x1000 L 09  4-8x100x1000
fp = S g X

1

—1-68 X3-7 X100 x 1 000 _ 0-9x4:8x100x1 000

—1 170 kg/cm? {tension)
The fibre stress is in all cases less than 1 500 kgfcm?

It may be observed that the values fy and fg are very
mined by -‘the method given in Design Example 6.

2880 616

close to those as deter-
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37. BENDING OF CHANNELS WITHOUT TWIST

37.1 When a channel seetion is used as a beam with loads applied parallel
with the web, it will bend without twist only if loaded and supported
through its shear centre in which case the resultant shear stress in each
flange acts horizontally and in opposite directions. The resultant shear
stress in the web is simply the total shear at the cross-section due to the exter-
‘nally applied loads. The web shear and the couple produced by the flange
shears may be replaced by a single resultant shear force, the location of which
determines the shear centre. The location of the shear centre in a channel
section may be calculated, in reference to the dimensions shown in Fig. 23
by the following ¥q 35 for sloping and parallel flange sides, respectively:

Xs = )i;hz ( see Fig. 23 for symbols) ........... (35)
x
It is usually impracticable to load a channel through its shear centre although
it has been done in some special cases where the peculiar properties of the
channel section have actually been utilized to advantage. A channel may be
constrained against twisting at the load points and supported at its ends ap-
proximately at the shear centre location, as shown in the Design Example 8.
The channel may then be treated as if it were being supported and loaded
along its shear centre with restraining moments supplied at framing beam
connections so as to apply the load resultants effectively at the shear centre.

X _SHEAR CENTRE
b3
»
—
bl
n
(a)
(2]
*
>

¥16. 23 SHEAR CENTRE OF CHANNEL SECTION

38. DESIGN EXAMPLE OF SINGLE CHANNEL AS BEAM

38.1 The illustrative design example of single channel as beam is shown
in the following two sheets ( see Design Example 8 ).
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Design Example 8 — Single Channel as Beam

The plan and elevation views show that the channel is loaded at its thivd poinis
with an effective span of 6 m. A stiffener at each support point centvalizes the beay-
ing pad reaction under the shear centve. Sec-

tion A-A shows the manney in which the beams ]
are lo be welded to the web of the channel. Design Example 8 of
The beam weight is estimaled and the moments Ch 18

due to dead and applied loads along with annel Beam 2

requived scclion modulus ave calculaled in the
usual manner. In the case of a single channel, the specification permits only
1500 kglcm?® as the permissible stress. A channel with the required section modulus is
selected and the allowable stress is checked for the 2-m unsupported length at the centre.
The sheay centre is located by Eq 35 and found lo be 3-09 cm from the cenive plane of
the web or 2-72 cm from the back of the web. The ends of the framing beams, assumed
to be ISLB 300 sections, ave checked for connection and coped section strength at a-a
and b-b. The weld along a-a is checked to make sure of its capacily to transit the
moment that will be developed by the tendency of the channel to twist. The stress along
line b-b, at end of coping, is also checked for eccentricily of 15-96 cm.

For a discussion of shear centre in more unusual shapes, reference may be made
to Timoshenko's ‘Strength of Materials’, 3rd ed, Part I, p. 240, published by D. Van
Nostrand Company, Inc., New York.

isec 3o 32t 321

2m .- 2 m am

tm
ELEVATION
Single Channel as Beam _'{

A channel beam is designed for loading as
shown. Clear span = 6 m

SHEAR
CENTRE

Estimate beam weight = 45 kg/m.

15LC 350
Moment due to

conc load = 3-2x2x1000 = 6 400 m-kg.

Moment due to
dead load — 158L63

|
202-5 m°kg xc=:~oumq

I

= 6 602'5 mkg o] 12esem e
’ CTION AA
Required Z = 86025X100 0 o3 ENLARGED SECTIO

1 500
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Design Example 8 2
of
Channel Beam 2
Use ISL.C 350, 38-8 kg
Z;y = 5321 cm?®
Cyy = 24 cm
7, = 1372 cm
b = 100 mm
4 = 12-5 mm
3 = d—t; = 3375 cm
tw = 74 cm
Xe = Cyy—tof2 = 204 cm
Check allowable stress for 2 m unsupported length.
200
i = 0 = 20

By reference to 1S: 800-1956 conservatively applicable to single channels, allow- )
able stress is 1 500 kg/cm?. Beam selection is, therefore, OK. Locate shear
centre.

Xcht 2:04 X 33-75
o= T3 = axpopy - P em

3-09—-0-37 = 272 cm from back of web, thus locating the effective location
of supports and loads for cases where rotation is not permitted.

Design connecting weld between ISLB 300 web 4dnd channel web for an eccen-
tricity of 2-72+0-74 = 3-46 cm’ {see ISI Handbdok for Structural Engineers on
Welded Connections for Design (under preparation)).

Check stress at end of coped section (b—b in sketch) for eccentricity of
12-54+2-72 = 15-22 cm.

M = 1522X32 = 487 cm-t
Section modulus of coped web 25 X67 cm

» : 3
z =9i6"-35— = 70 cm?

f = isl%l_p__oo = 696 kgfem® < 1500 kgfom®
Check end shear:
32x1000 3 _ \ \ ann. |
S nngr X 3 = 286 kefom?® < 1025 kgjom? (sce 9.3.1 of IS: 800-1956) . . . OK.

1f web of channel is welded to its supports at each end, weld should be designed

for an eccentricity of 3-09 + 0_'271' = 346 cm.

Norz — Fi ing design p & is applicable only when members framing into channel
together with end i bave pacity and resistance to rotation to effectively
load channel in the plane of its shear centre,

‘ ¥ not 50 restrained, channel will twist, and shear stress due to torsion shall be included.

114




' SECTION V: SPECIAL PROBLEMS IN BEAM AND GIRDER
B9. COMBINED BENDING AND TORSION

39.1 The structural engineer concerned with bridges and buildings occasion-
ally finds torsion combined with bending; rarely is torsion without bending
a design problem. If an “open’ section, such as a wide flange shape or
channel is used in a location where it is loaded in torsion as well as in bending,
the torsion should be minimized as much as possible, preferably eliminated
entirely by provision of suitable restraints or other means. Open sections
are notoriously weak in torsion. For minimum use of steel, if the engineer
has to design for appreciable torsion, he should use a box or closed section.

Although a very brief treatment of the torsion problem in open sections
will be presented here, reference may be made to a pamphlet on  Torsional
Stresses in Structural Beams ( Booklet S-57)’ available through the
Bethlehem Steel Corporation, New York. This supplies information for
a variety of cases of torsion combined with bending when wide flange or
I-beam sections are used.

The torsional properties of an open section may be built up from
those of the narrow rectangle. Torsional moment is related to sectional
properties by Eq 36:

My = KGO e e e e ... (36)
In the foregoing equation, K is the torsion constant which, in the:
case of the circular section, becomes the polar moment of inertia. G is the

shearing modulus of elasticity which for steel is 0-385 times the tensile
modulus. @ is the angle of twist per unit length.

The torsional constant for the rectangle shown in Fig. 24A is:

K=’l;_°—o-21 “o . ..67)

In general, for open shapes:

K == Z (K of rectangular components) e (38)

As a typical example of an open section, K for the wide flange shape
with parallel sides is obtained by summing the torsion constants of its rect-
angular component parts as follows:

Wide Flange Shape Fig. 24B

K= _’;’L’ +(“_"§i‘f_) 13042 48 —021 1,8
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u.rr

Pad
-

(
- |et,

DR

248

F1G. 24 TorsioN oF OPEN THIN SECTIONS

The stress due to torsion is given for either the wide flange or rect-
angular shape by Eq 41: o
- Ttmm_:
fi = TR e (40)

max

When loads cause a combination of torsion and bending, in a wide
flange beam, the torsion is non-uniform. Longitudinal normal stresses due
to localized torsional flange bending stresses are developed which add to
the normal stress due to bending calculated in the usual manner.

When the objective of saving steel is paramount, one should avoid ex-
posing open sections to torsion. Attention will, therefore, be turned to
the torsional properties of the box section with a subsequent comparison
to the open section.

The torsional moment resisted by a simple rectangular box section
as shown in Fig. 25 is as follows:

]‘[1‘ = 2whfrt, ........... (41)

where fr — Allowable torsional shear stress. The associated torsional
constant for the same section is:

s is any distance along the periphery along which £ is constant.
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Fi1G. 25 Box SecTION IN TORSION

As a demonstration of the superiority of the box section, Fig. 26 shows
exactly the same area of steel used for a hypothetical wide flange shape in 4
and a box section having exactly the same bending strength area in B.

The torsion constant is calculated by Eq 39 for the wide flange shape
as follows:

K=2/3 x 25-0(2-5)3+ } (45)(2:0)3—0-42  2:54— 021  2:04=3602 cm*

For the allowable shear stress of 945 kgfcm?, Eq 40 provides a means
of estimating the torsional moment capacity which is found as follows:
~

K 945X3602 .
Mr = = [00x25x1000 — »0mt

For the box section using Eq 41, the capacity is found to be:

2% 24 x47°5x 945 x 100

My = Zwhfrty = 100 1000

= 225 m-t

T G i

F1G. 26 CoOMPARISON OF TORSIONAL STRENGTH OF Two SECTIONsS oF EqQuaL
Arxza AND EQuAL BENDING STRENGTH
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Thus, exactly the same amount of steel provides %-23—5— == 16-3 times as much
torsional strength in the box as in the open section. The torsion constant
K for the box section is obtained from Eq 42 as:

2 .82

50 23
{5

Thus, for equal area, the box is found to be 47700

1602 — 132 times more rigid

than the wide flange shape.

If the wide flange shape were loaded to approximately 1/16 the torsional
moment of the box so as to make each have approximately the same tor-
sional shear of 945 kg/cm?, the wide flange shape would twist 8 times as
much as the box of the same length.

The foregoing comparison applies only tosuniform torsion and not
to combined bending and torsion. In combination with bending, similar
relations would apply but the differences between the two behaviours would
be reduced slightly.

The longitudinal stresses developed in the flanges in the case of uniform
torsion of wide flange shapes introduce a complex and serious design limita-
tion that is relatively absent in box section of proportions required in heavy
steel structures. The following design example will demonstrate the actual

design procedure that might be followed if and when the torsion problem
could not be avoided in a steel structure.

Finally, an important attribute of the box beam, because of its great
torsional nigidity, is the fact that it may be used within reasonable limits
with no stress reduction when laterally unsupported.

40. DESIGN EXAMPLE OF BOX GIRDER FOR
COMBINED BENDING AND TORSION

40.1 The illustrative design example of design of box girder for com-
bined bending and torsion is shown in the following two sheets ( se¢ Design
Example 9).

It is noteworthy that even greater torsional loads might be carried
than those assumed in the design example with no apparent penalty to the
bending strength of the box girder. This illustration amply demonstrates
the importance of using a box section when torsion has to be included with
bending in a design problem.
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Design Example 9 — Box Girder for Combined Bending and Torsion
As shown in the sketch, the box girder is-of 5-m span and carvies a wall load of |

1-8 tonnes per metre. At the centre, theve is sus;

ended a monorail I-beam hoist Ihat

cantilevers out 1-2 ml to either side of the box
beam. The monorail hoist beam is first design-

Design Example 9 1

ed as a simple cantilecver beam so as to obtai

the dead load that it adds at the centre of the
box beam. The bending moment in the box
beam is now calculated and the vequired section

Box Section for Combined of
Bending & Torsion 2

modulus for bending alone determined om the basis of an allowable stress of
1575 kgjcm®.  If the box were built up entively of plates welded along 4 longitudinal
lines, the allowable stress should probably be 1500 kglem® but it is planned to use
two channel sections to form the box and in this case a liberal interpretation of the code
would indicate an allowable bending stress of 1575 kglcm®. - -

EFFECTIVE

[ [

sm
SECTION XX

Bending moment

Hoist load = § t
Weight of hoist = 0-6 t

Bending moment in I-beam for
monorail hoist (assume effective
length = 1 m in consideration of

bracing provided )
5x1x100 = 500 cm-t
Impact 100 percent = 500 cm-t
1000 cm-t
DL 0-6 x1x100 = ‘60 cm-t
1060 cm-t
. . 1060 x 1 000
Required Z = 1575
= 674 cm®

Use ISLB 350.

Z = 7519 cm?® for the hoist.
TFor the main girder, choose box

beam for best torsional capacity.

Make initial selection for bending

glone with subsequent check on

torsional stresses.

. ]
Masonry wall 1-8 t/m = !-8—-;(5——)(1(» = 5625 cm-t
Box beam, estimated weight .
012 t/m = W2XFii00 = 3750 cmt
Hoist weight+load +impact 7
=11t sy = “_X.§4L‘&° = 1375 cmt
Total = 1975 cmt
. 1975 x1 000 _ 2
Requlred Z = —1—5-7?——' = 1255 cm’
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Two ISLC 400 channels supply a total sec- Design Example 9
tion modulus of 1 399 cm® and should be satis- & P 2

factory when welded up continuously to form a of
box as shown tn section on this sheet. Plate BoxBSe::ltii: n :":rs::? "b':ned 2
diaphragms should be welded at each end to g

maintain the shape of the box and distribute
both vertical and torsional loads to the veactions. The box should be made aiv-tight
to prevent corrosion. Note that priov tv welding the edges of the channels, they should
receive a flame bevel cut and small steel back up strips should be tacked on the inside
50 that a full penetvation butt weld can be made from the outside only. Since it will
be impossible to weld internal diaphrvagms in this box, suck as would be necessary on
a large box section made up of 4 plate segments, theve showld be external stiffener plates
provided as shown in the sketch on Sheet 1 adjacent to the location where the I-beam
is suspended. Diaphragms did little or nothing divectly to the torsional stvength or
rigidity aside from this incidental contribution. The shear stress in -the box girder
due to bending alone is nmow delermined. This will be additive in one web lo the
shear stvess due to torsion and will be sublractive in the other web. Thus, from the
allowable shear stress of 945 kglcm® there is subtracted the shear stress caused by
bending. The vemainder is the permissible shear stress available for toysional capa-
city which is calculated by Eq 41. The applied torsional moment which is distributed |
one-half to each end is found lo be amply less than the torsional capacity. The shear
stress in the web due to torsion is determined and added to that caused by bending with
a vesulting total of 718 kglem*. If the total shear stress were closed to 945 kglom?,
it would be desivable to check for combined novinal stress due to bending and shear near
the top of the section according to 12.2.3 of 1S: 800-1956.

There is no necd to check the shear stvess in the flange since this is gonstderably
thicker than the web. It is tc be noted thatin a closed box section the maximum shear
stress due to torsion is at the thinnest portion wheveas in an open section the maximum
shear is in the thickest portion.

Try two ISIL.C 400 welded toe to toe. A
Z =6995x2 =1399 cm?®
Torsion capacity:
Average shear stress due to simple bend-
ing ¥V = 554+192%x2'5 = 10-3 t (including
2 tsLc 400 impact)w 3 %1000
f = 32 T0E xx —~ = 161 kg/cm?
Available shear for
torsion = 945—161 = 784 kg/cm?®

BACKING STRIP  Torsion capacity:
FOR WELDING

400mm

smm

784

MT = 2x192x386 XmXO‘S
le—192 mm —od = 930 cm-t (see Eq 42)
Torsional moments applied:
Fo— 200 mm—e .
11 x1-2x100 — 660 cm-t
<930cm-t..... OK.
Maximum shear stress in
web due to bending = 161
Due to torsion =: %X784 = _5-§_7_
718 kg/cm?
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41. DESIGN OF CRANE RUNWAY SUPPORT GIRDERS

41.1 The repeated loading and unltoading of crane runway girders produces
a very important maintenance problem. There is considerable literature
on the subject based on mill building experience. If it ispossible to minimize
the differential building settlements, crane runway girders may well be
continuous since the flexing of the rail over the support is reduced and
the crane itself will have a smoother motion. It is outside the scope of
this handbock to go into all of the maintenance problems and special devices
that have been suggested for their reduction but reference may be made to
ISI Handbook for Structural Engineers on Steel Work in Cranes and
Hoists ( under preparation) and to pages 194 to 208 of ‘ Planning Industrial
Structures’ by Dunham, a previously cited reference.

The design example presented herein is essentially one of biaxial bend-
ing under a moving load and is, therefore, similar to Design Example 4.
However, since lateral load is introduced at the top of the beam because
of incrtial forces resulting from acceleration of the trolley and lifted load
transverse to the direction of the crane runway, torsion is developed in the
crane girder. To compensate and minimize the problem of combined bend-
ing and torsion, a channel is very often riveted to the top flange of an I-beam.
The bottom flange of the beam is omitted as far as transverse load cal-
culations are concerned. We then have a situation where a channel is loaded
reasonably near its shear centre. The transverse loads are relatively small
and the error involved in this simplification is not serious. The design
example to be presented herein represents this type of solution to the crane
runway girder problem and the design will be for a simple beam. The WB
plus channel section would not be suitable if a continuous beam were
used because of the change in sign of bending moment over the support.
It is recommended that if continuous crane runway girders are employed,
the possible use of the box girder construction be investigated. For the
design of a box girder under combined bending and twist, reference may
be made to the previous Design Example 9.

42. DESIGN EXAMPLE OF CRANE RUNWAY
SUPPORT GIRDER

42.1 Theillustrative design example of crane runway support girder is shown
in the following five sheets ( see Design Example 10 ).
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Design Example 10 — Crane Runway Support Girder

It is assumed that in a long mill building with 24 m span cranes of 10 lonmes
capacity, the runway givders will be supported as shown in Section A-A at the botiom
of the sheet and a 30-kg/m rail will be bolted

to the top flange by wmcans of rail clips. 1t is n ]
assumed that theve are two cranes and the Design Example 10 of
design shall be based on their joint eperation R .
with close wheel spacing as shown in the Problem Cited 5

sketch. A plan vicw is also provided with
bends shown at 9 m centre to centre.

Crane Runway Support Givder Design

The problem is to design the crane runway girder to be used in an industrial
building. The sketch shows a partial plan of the crane runway together with other
pertinent information. The following are design conditions and requirements:

1) The crane girder is a simple beam to be seated on each end, and

2) The girder section is to be built up from a wide flange shape and a channel
using 20-mm rivets.

= —_
25m-—1 r-:-;m
o I | WVHOLL(V 3sm € 10 C OF
. CRAANE WHEELS K
J U . 1 ; .
| ¢ of TRoLLEY
— : - —t

] TWO CRANES OPERATING IN TANDOM
A ARE TO 8E CONSIDERED. THE CLOSEY
WHEEL SPACING IS SHOWN BELOW

PLATE WELDED AR CLIP
TO GINDER Y.

1SLC 300 :
BOLTS N
5‘~°‘(;‘|°N 1SW8 600
PLATE

CRAME GINDER CROSS-SECTION

SECTION AA
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Design computations for maximum bending Design Example 10
moment and shear are self-explanatory. It is
to be noted that the loads for maximum moment Maximum Bending of
are positioned as shown in the sketch here. Moment & Shear
The trolley is assumed to be as close as possible Calculations
to ome support of the 24-m span crane for
maximum load on the crane runway girder.
Crane capacity = 10 t Weight of crane including trolley = 20 t
Weight .of trolley alone = 4 t

Determine maximum bending moment. Total crane girder weight = 16 t

le2m MIN

CLEARANCE —}
14t (TROLLEY + LIFYED LOAD)

IIA "
24

PositioN oF CRANE TROLLEY FOR MAXIMUM CRANE
RUNWAY GIRDER LOAD

XM about B and solving for R,: R, = 217( 14x22-8+,16x2%l9 =213t

This load distributed to two wheels on each of 2 cranes is shown as:

T -2 m MIN CLEARANCE
10-63¢ 1045t 1085 ¢ 0088

3Sm 3+$ M g

For maximum moment in 9-m span, 3 wheels (31-95 t) will be on span. Place
" centre of gravity and one wheel equidistant from centre line.

To locate centre of gravity —ZM about (1) of (1), (2) and (3) should be divided
by the total of the three wheel loads to give:

10-65 X 3-5+10-65 X (3-54-1-2)
3 x10-65

.. Distance of centre of gravity from (2) is

= 273 m from (1)
3~S—22-73 — 039 m*

<€

# 1o2 m MIN
O 3em—om -0 CLEARANCE
—any FIOM 313 M ——) | Aol g ety

.A 1 A 12 3 8

A 9.00m Rp
R, = 3><10-63><4-89 174t
At (2), Mpmax = 17-4x489—1065%3-5 = 477 m°t
Plus 25 percent impact = 119 m't

Live load moment = 59-6 m't

*See sketch.
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In this sheet, after calculating the bending 3
moment due to horizontal load, an approxima- Design Example 19 of
tion of the required section modulus is obtained Prelimi Desi
by dividing the bending momenit duc to vertical reliminary gn 5
load by the allowable stvess in the tension flange.
The section modulus for tensile stvess will be chamged but little by the addition of the
channel to the lop flange since the distance from the mneutval axis will be increased
while the moment of inertia is likewise increased. No deduction is made for rivets in |
the top flange but full deduction for the drilled holes for the 20-mm vail clamp bolts
shall be made in determining the stress in the compression flange. The compressive |
stress in the top flange due to vertical loads is deteymined and the compressive sivess
for lateval loads is calculated with the assumption that all lateval loads are taken by the
channel and top flange of the wide flange shape.

DL Rail 30 kg/m = 0-03 t/m
Assume beam weight @ 200 kg/m = 0-20 t/m
. 0-23 t/m
DL Moment = w = 2-33 m-t, Total vertical moment = 61-93 m-t
Horizontal lcad = 10 percent of 14 t (see 6.2 of IS: 875-1957) = 1-4 ¢
1-4 . . .
Per wheel = = Horizontal moment = 1065 x 47-7 x 100
= 035 ¢ =157 cm-t (by proportion)

Approximate required Z (due to vertical bending moment only)
__ 6193 x1 000 x100

. 1575
= 3930-cm?
Try ISWB 600, 145-% kg and ISLC 300, 331 kg
rom_c Awer, y A, 7 Ay L
uu.c:oo-\ ‘1 " /- 4 . 1
cG of sl ISWB 18486 © —  52* 4900 1156266
cHanneC T | ISLC 42-11 28-12 1180 22-92¢ 22100 346-0
. 22697 1180 37000 1159720 |
senzcm . " I, (gross) = 27090+115972:6
: . = 1430626
Porm L,y (net) 143 062-263 ~ '2><2-12 X 3-03
. X {239 for 20-mm rivets
¢ oF e f B 800 omd
_ Iuet 1358126 .
z, = o = 3§47 = 5320 cm
.61-93 x 100 x 1 000
Toge = 5320 = 1162 kg/cm?
For top dlange and channel only:
= Gross Iyy = 2 228'3+6,047-9 =8 6971 cm*
L
Y Y Net Iyy = 8697-1—-2x21%x30x7
— = 8080 cm*

— 1180 . T - §067 =52 —25 ¥
.yWB -58e7 52cm.yc 80:67—5-2—255 = 2292 cm.
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Since section is unsymmeltrical about the X-X Design Example 10 i}
axis, the permissible siress unger vertical loads ¥ pe 4'
shall be deteymined by use of E-3.1 of Appen- o
dix E in 1S:800-1956 or Table 111 in this | ~Chock of Froliminary |
handbook. It is found, however, that the - g

allowable stress by the tables in Appendix I
of 15:800-1956 is above the maximum permissible stress of 1500 kglem3, and the
laticy, therefore, governs. The problem then is simplv one of combining the two
stresses.  Had the allowable stresses been different, the intevaction formula procedure |
suggested previonsly in Design Example J would have becn recommended. 11 is now
necessary to check the tensile stress due to vertical bending alone and this is found to
be 1520 kglem®.  The allowable stress for a rolled section of 1575 kglem? is assumed
to govern on the tension side, so the selection is satisfactory.

8 080
_ SVL . s
Zyy 15 540 cm
Tow = %0 — 2908 or say 300 kems

To determine final F,

use Appendix E of 1S: 800-1956 or Table IIT of this handbook, which should not
exceed 1 500 kg/cm® nor C = A+R,B )

M for the purpose of Table XX of IS: 800-1956 = 181_6;’% — 0766
ky = 0266 (see Table XX of IS: 800-1956)

. 11 346-2 _ -
Tyy for the whole section = PI1T18486 705 cm
lfr = 308 = 128, Flange area = 42:11+25%x2:36 = 101-11 cm?
101-11 60-67
e et = 3 N=1,k =1, = 227 _
te 30 337cm (for N = 1, &, = 1), dft, 33 = 18

Using Table XXI of IS: 800-1956 or more conveniently Table 1V,
for ljr = 128, djte = 18, C = A+R,B >1575 kg/cm?
. 1500 kg/cm? controls design (see 9.2 of 1S: 800-1956)

At point C, 9.5.1 of IS: 800-1956 provides ZJ;L_ L1
1162--300 1462 >

T80 = 1500 — 097<1 ..... OK.
Check tensile stress (based on gross I, vertical load only)
. 143 0626
Zsx (tension) = ——ounr— = 4070 cm®
352
[y (tension) = 6—1—3—3(%(;2 = 1520<1575 kg/cm? (Allowable stress
for rolled section . .. .. OK)
Check weight assumed.
WwB = 145-1 kg/m
Channel = 331
Rail = 300
Fittings = 7-5
215'7 kg/m = 0-22 t/m approximately equal to 0-23 t/m

assumed in the design ..... OK.
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In ovder to determine the vivet piich, the Design Example 10 5
maximum shear at various points along the of
givder shall be calculated. 1t is convenient to Rivets 5
deteymine the maximum shear at melre inter-

vals by use of the influence lines as shown on
this Sheet. The summalion of influence line co-efficients for maximum shear at the
successive points between the centre line and onc end are tabulated and since maximum
spacing condilions are apt lo govern rather than stress requirements, the 16-mm rivels
are tried out in the design. 20-mm rivels could be used if preferved. 1! turns out,
because of the lLight loads, which were purposelv selected, thal the vivel stress requive-
ments do not govern at any point along the givder. The controlling factors are the code
requivements for a maximum spacing at the ends of six times the vivet diameter and
a maxtmum in line pitch not to exceed a piich thickness ratio grealey than 16. Since
Jurther aspects of this design duplicate procedures that were previously presented, they
are omilted heve, but final note is emphasized that the holes should all be drilled after
assembly to minimize the possibility of fatigue cvacks developing under vepeated load.

Determine rivet pitch
Maximum shear required calculate at one-metre intervals and at ¢
¢
# %1

¥
*o 2 7 ]
A .9J c¥ o% E% Fi*

INFLUENCE LINES
=-+0 FOR SHEAR

L

Influence coefficients for maximum shear at:

A:(9+55+4-3+0:8)/9 = 19-0/9 D:(6+2-5+1-3)/9 =
B:{8+45+3-3)/9 = 15-8/9 E:(641-5403)/9 =
C:(743-5+2:3)/9 = 12-8/9 F: ($6+1-0)/9 =

(Power driven shop) rivets:
Shear 2-16 mm rivets SS = 2x172x

”

4><1 025 = 4-64 t (see Table IV of
IS: 800-1956)
Bearing = 2x17x0:67x2360 = 538 t

Single shear controls, Rivet pitch p = Rl Q = 42-11 X 22-92 = 964 cm? (gross)

vQ’
%_1 - 4'64)(1(;34062'6 — 690
. Shear stress in web
[ Locatron SHEAR Pirce near compression flange ¢
" = 964+25 x 2:36 X 23-62
DL | LL | DL+LL = 2359 coa
A 1-04 29* 30-04 20-0 cm or more (see | Vg
B 0-81 234 | 2421 25.2.2.10f IS:800-1956). § I’ = —=
c 0-58 189 19-48 But other considerations | It
ool || MR | ann |- Rea s
> 1% . <) rmi i e T ——
Foloo | el | 7 |hadbem 143 0626 x 1-18

= 419 kg/cm?
Try 6x2:0 = 12-mm pitch (for 20 mm diameter rivet see 25.2.2.4 of I1S: 800-1956).
Maximum in line pitch governed by Pfiwes = 16 (for intermediate length)
P = 16 %067t = 10-7 cm <12 cm. Hence use 10-cm pitch throughout the length
21-mm holes for rivets to be drilled after assembly by clamps. \

For beariag, local crippling, etc, see Design Example 1.

¢Live load = 10-85 t+25 percent impact = 13-31 t; 13-31x19:6/9 = 20t¢.
1Web thickness of ISLC 300 = 67 mm.
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SECTION Vi
PERFORATED AND OPEN WEB BEAMS

43. OPEN WEB JOISTS AND BEAMS

43.1 Open Web Joists — There has been phenomenal growth of the use of
open web bar joists in overseas countries. These joists, as discussed in
ISI Handbook for Structural Engineers on Functions of Good Design in Steel
Economy (under preparation ) are not so much designed as they are deve-
loped and tested by various individual companies with the aim, however,
of complying with certain standardized overall dimensions and load capa-
cities for standard span lengths.

With changes in the figure numbets, the following is quoted verbatim
from an article by Henry J. Stetina* regarding the detailed application of
open web joists in building constructions:

‘Why are open web joists popular? The primary consideration is
usually that of costs. This floor system supported on a steel frame and
fireproofed according to modern practices is regarded by many engineers
and architects to be the most economical construction of all structural
systems.

Many factors contribute to this economy. Joists have been developed
to a high degree of standardization and are produced by many manu-
facturers. The cross-sections of the popular types are shown in
Fig. 27. All possess the common characteristic of being interchangeable
for any given depth and span. That is so because all joists conform to
a standard loading table. They vary in depth from eight to sixteen
inches ( 20 to 40 cm ) and are identified by a standard nomenclature,

Joists are quickly installed, braced and welded, as shown in Fig. 28.
A cover, such as a metal lath, illustrated in Fig. 29, is then connected to
the top flanges, and the lath serves as a form. Besides lath, two other
products are in common use for this purpose: a paper backed wire mesh
and a light gauge corrugated steel sheet. 1In the case of lath, it is custo-
mary to supply some additional reinforcement in the form of wire mesh
as shown in Fig. 30. All of these concrete forms are sufficiently sturdy
to support workmen and light construction loads (see Fig. 31).

*NAS-NRC No.441. BUILDING RESEARCH INSTITUTE CONFERENCE PROCEEDINGS
oN ‘ FLooRs AND CEILINGS *. National Academy of Sciences, 2101 Constitution Ave.,
Washington 25, DC,
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{9) PETAILS OF OPEN-WED STEEL JOIST

Fic. 27 Porurar TyprEs or OrEN WEB JoisTs

Ribbed metal lath or gypsum lath is fastened to the bottom flange
and plaster applied. In the case of a double ceiling this contact ceiling
may serve only as fire protection, therefore, the plaster finish coat is
omitted. In the case of single ceilings it serves both as fire protection
and finish. Fire resistance is readily obtained; two, three or four hours

depending on thickness and composition of the plaster and the base
material.
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SECTION VI: PERFORATED AND OPEN WEB BEAMS

Fi1g. 28 OPEN WEB FLOOR JoIST INSTALLED AND BRACED

( Photograph by courtesy of American Institute of Steel Construction )

Still another advantage that some builders stress is that the open webs
speed up the work of the folowing trades. .Electrical work and pipes
may be more readily installed.’

Figure 32 shows a pleasing use in school building construction of open
web joists of the type indicated in cross-section in Fig. 27(a). It will be
noted that these are made of four angles with a zig-zag bend reinforcing bar
welded between.
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Fig. 29 MeTaL Latu COVER FOR PERMANENT FORMS

( Photograph by courtesy of American Institute of Steel Construction )
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F1G. 30 ADDITIONAL WIRE MESH REINFORCEMENT
( Photograph by courtesy of American Institute of Steel Construction )
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Fic. 31 Pracing CONCRETE FLOOR SLaB ABOVE OPEN WEB JoISTS

( Photograph by courtesy of American Institute of Steel Construction™
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( Photograph by courtesy of American Institute of Steel Construction )
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F16. 33 PERFORATED WEB BEAM CONSTRUCTION
{ Photograph by courtesy of American Institute of Stezl Construction )
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SECTION V1. PERFORATED AND OPEN WEB BEAMS

44. DESIGN OF BEAMS WITH PERFORATED WEBS

44.1 The beam with perforated web is another development which is similar
to that of the open web joist. Itis, in fact, an open web joist in itself but
is made up out of a single rolled wide ﬂange or I-beam shape by flame cutting
the web -along a zig-zag line and rewelding the two cut portions to give a
beam that normally is 50 percent deeper than the original section from which
it was obtained. An example of this type of construction in practice is
shown in Fig. 33. A perforated web beam is suited to the same type of
light uniform load and long span application as the standardized types of
open web joists. The perforated web beam has not become neaily as popu-
lar in the United States as the open web joist. However, recent tests by
Toprac, et al* of a number of perforated web beams substantiate the proce-
dures that will herein be presented as Design Example 11. In comparison
with the open web joist, the perforated web beam requires somewhat more
welding and would appear to be more wasteful of steel. However, weight
comparisons-for similar capacities in a number of spans seem to indicate
little to choose from between the two as far as total steel requirement is
concerned.

45. DESIGN EXAMPLE OF PERFORATED WEB BEAM

45.1 The illustrative design example of perforated web beam is shown in
the following seven sheets ( see Design Example 11).

*ALTIFILLISCH, M., Cookg, B.R. aAND Torrac, AA. An Investigation of Open
Web Expanded Beams. Welding Journal Research Supplemment. Vol 22, No. 2,
p- 77-88 ( February 1957).
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Design Example. 11 — Perforated Web Beam

An open web voof beam with perforaled web is designed for a clear span of 18 metres.
The estimated weight of voofing, ceiling and purlins is 75 hg/m® and the live load is
150 kgim. The spacing of the voof beams with b

perforated webs will be deteymined by capacity. H I
By way of comparison, Design Example in the Design Example il d of
next section will be illustrative of the applica- ! Cited

tion of a tapered depth beam to the same load Problem Cite 7
conditions. The cutting plan is shown on

Sheet 1. Good practice maintains the depth of the stem of the lee section at the
minimum beam cross-section to na less than one-quartey of the oviginal beam depth
as shown in this layout, When this is done, the over-all perforated web beam depth
will be 50 percent greater than the oviginal volled: section from which it was formed.
Local bending stvess will be checked in the tee-section, hence the meed to calculate
sectional properties.

Perforated Web Beam Design
Design an open web roof beam with perforated web for clear span of 18 m.
Load assumptions: .

Dead load including weight of roofing

sheets. ceiling, and purlins = 75 kg/m?
Live load = 170 kg/m?
245 kg/m?

Spacing of perforated web roof beams will be-determ'ined by capacity.
Use ISMB 600, 1226 kg

——————90:Ocm —=

) 4 ——1( 2n~0¢mt<— I

15-Oem

-

, 30-0Ocm
' . ’
¢ —1 ————— . - - —) . - — - 90:Ocem
L " : 30-0¢m

15O cm L

X<l—l
—=]20-0cm} 230 m $20+0cmp 25-0 em $20.0cmfw— SECTION XX
Caleulate property of tee at open throat: 210 ¢m
Area of flange 21-0 x 2-08 = 437 cm? 4 | Ot —‘1
Web 1292 %1-2 = 15-5 cm? rozem
" ) 592 sz . -a-’o(m "2 em 1O cm
Position of NA, by taking moments above top line l
y = 43-7x1-04+155x854 1518 600
< 59-2
= 30cm
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SECTION Vi PERFORATED AND OPEN WEB BEAMS

At the cenlve, the moment is maximum and Design Example 11 2
the local bending stress in the tee section will be
very small.. It is assumed that the wmoment of

Preliminary Selection of

capacity at the centre is the product of the total Spacing of Beams 7

tensile or compyessive vesultant and the dis-
tance between the tee centroids. The resultant
stvess in the tee is determined at an average stvess of 1500 kglem®. The capacity in
terms of tolal load on a simple beam is then deteymined and from this is subtvacted
the dead weight of the beam itself. On the basis of net capacity, the spacing of per-
forated web beams is chosen at 7 wmetves. The actual moment capacity is now
calculated on the basis of the assumed spacing and the average .shear stress in the end
open section is found to be 458 kgfem®. The horizontal shear stress is mow checked
at location 1 by static equilibvium of the free body diagram shown at the centre of
Sheet 3. The local combined stress in the tee section due to dirvect force plus bending
is now investigated. The combination at location B in the sketch at the bottom of
Sheet 3 is critical.

Calculate I of tee about NA:

. .02)2
437 x(2:02)* 16 )

12 Flange
43-7x(2:96)* = 182 ]
15-5 x (12-92)®

12 =26 | Web
15-5x(5-5)2 = 463 j

877 cmt

Moment capacity based on average stress of 1 500 kg/cm?. ( Purlins welded to
top flange plus cross bracing in plane of roof are provided for lateral support.)

M = 59-2x84 x 1000 = 7 450 cm-t
(84 cm = distance between NA of top and bottom tees )
Span = 18 m |
1f total distributed load for simple beam is W, then
W x18 x 100 _ 7450x8 .
7450_"—_“_8*“—' W = 1800 = 332t
Less weight of beam = lwg-li(:.o%zj = 2:2t; Net capacity = 33-2—2:2 = 310 t |
Let S = span c/c perforated web beams
*245x S x 18 . . 31-0x1000
Load = =~ To000 = 310t . S = VL PET B4 7m

Choose a spacing of 7 m cfc.
SYM ABOUT
¢

*Load, sce Sheet 1.
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Design Example |1 3
Load per metre = 245x7 = 1715 X of
g Check of Combined
Beam weight = 1226 Stresses 7
18376 kg
. 18376 x18
Maximum end shear = %1000 = 165t
Maximum BM at centre = 19;51}_8 x100 = 7425 cm-t (less than 7 450 cm-t
4 capacity, Sheet 2) ... .. OK.
Average sheer at ends:
_ 16-5x1000 _ . .
fi = 13%30" = 458 kg/cm? <945 kg/em?® .. ... OK.

Check horizontal shear at 1 (Refer to sketch on Sheet 2)
Total shear at 4 = 16-5x0-9 = 14-85 t (see sketch here)

Assume compression normal force resultants pass
through 4 and take moments about A4 (centroid)

vy = 1850
V, = 1595 t
Shear stress f; = 1—51—92%2(—21(—)93—0

= 666 kgjcm? < 945 kg/cm?. ... OK.

Maximum combined local bending and direct stress in tee segment near 1/4 point
(Try locations 2, 3, 4 and 5 shown in sketch on Sheet 2)

Location 2:

Shear = 16-5x065 = 1072 t
Moment = 7425 {(1—-065% (Moment diagram being a parabola, moment
gets reduced as the square of the distance from

= 4300 cm-t centre.)
10°0em o b
€ 1

8 . ‘ 4300 . _ ea. 2
072, Direct stress f, = §9 %8384 (area of flange = 59-2 cm?)

: = 867 kg/cm?® (distance between top and

bottom centre of gravity
= 83-84)

(Halved because of two
flanges at top and bottom.)
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SECTION VI: PERFORATED AND OPEN WEB BEAMS

The sample computation of local bending Design Example 1 4
stress due to shear is given at the top of this
sheet and the combined stress ai each location Check of of
is tabulated. The surprising uniformity ve- 7
sults from the fact that as the average divect Combined Stresses
stress in the tee increases lowards the centye of

the span, the local bending stress due to shear decveases. The combined stress has a
maximum value of 1 711 kgjcm®.  Although not covered by the code, it seems veason+
able Lo permit the maximum combined stress lo be 1 575 kglem? because of its localized
nature. The spacing is revised to 6'3 melves to bring the stress down to 1 575 kglem?.

Although djty is less than 85 in the solid portion, the open nature of the web indicates
the desivability of adding an end stiffener. A tee section spiit by flame cutting a wide
flange shape is welded in position as shown at the bottom of Sheet 5.

Bending stress at B due to shear,

10-72 x10-0 x 12
fo = axgrgs X100
= 730 kg/cm?
Combined stress at B == f,+f, = 867+730 = 1597 kg/cm*
At 3, Shear = 16:5x0-55 + =908t
Moment = 7425(1-0-55%) = 5180 cm-t
. __ 5180x1000 _ 3
Direct stress at 3, f, = 592 8384 = 1044 kg/cm
Bending stress due to shear at By
_ 908x10:0x12
fsb = —*‘—‘2X8;77~— x 1000
= 617 kg/cm?
Combined shear at B = f,+f,;,=10444+617 = 1661 kgfcm*
At 4, Shear = 16-5x0-45 = 743 t
Moment = 7425 (1-045%) = 5921 cm't
s ) _ 5921x1000 _ %
Direct stress at 4, f, = 50358184 = 1198 kg/cm
Bending stress at B due to shear
743 x10-0x12
fo = Taxgr - <100
= 505 kg/cm?®
Combined stress at 4 = f.4f,==1198+505= 1 703 kg/cm*
At 5, Shear = 16:5x0-35 = 577
Moment = 7425 (1—0-35%) = 6515cmt
. - __ 6515x1000 . "
Direct stress at 5, f, = 593 % 8384 = 1 318 kgfcm
Bending stress at By
577 x10-0x 12
So = Taxery o X100
= 393 kg/cm?

Combined stress al 5 = f.+f;=1318 + 393 == 1711 kg/cm?

*Moment of Iuertia I, see Sheet 2.
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At 6, Shear = 16-5x0-25 Design Example 11
= 4125 ¢ —~ 5
Moment = 7425 (1—0-25% Revision of Spacing
= 6975 im!t ) of Beams due to Max of
Combined Stress Exceed- 7
Direct stress at 6,f, = 653725 :813230 ing Permissible Limit
= 1404 kgjcm®

Bending stress at By due to shear
4125 x10x12x 1 000

fo = 2x877
= 281-0 kg/cm?
Combined stress = f,+f, = 14044281 = 1685 kg/cm*
Thus maximum combined stress is at section 5§ ~ 1711 kg/cm?
Hence the capacity has to be correspondingly reduced.
Reduced moment capacity — 1—————-—5715;(1’; 425
= 6850 cm-t
. 6850%8
Load capacity = 1800
= 3040 t.
Less weight of beam = 224 t
2816 t
. Lo 28-16 x 1 000
Revised spacing is S = %18
= 637m

i Choose 6-3-m spacing.
End support detail

Provide end stiffeners over supports even though dff < 85 as perforated web
beams are weak in web bending about longitudinal axis.

SHEAR AT END NEED NOT
9E CHECKED DECAUSE OF
ADDRD STIFFENER

SECTION XX

e

N—tee secrian sPLIT
BEARING PLATE  FROM ISWS 400
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SECTION VI: PERFORATED AND OPEN WEB BEAMS

Previously cited lests ( see 44.1) have shown 6
tha?, for this type of perforated web beams of Design Example 1 of
the proportions used in this design, the bending “ D i
deflection of the beam may be approximated on efiections 7

the basts of the average moment of tnertia of the
solid and perforated sections. The deflection as a simple beam s found ty be 5-2 cm.

Since tests and more accurate studies of the local
deflection show that the local effect is a velatively small
one, it is possible to estimate youghly the magnitude
by calculating the local bending deflection due to
shear as follows:

The deflection of a tapered cantilever, lenglh
m+g may be approximated by a constant ( minimum
section ) cantilever (shown by dashes in the shelch)

of length m2+n

@) () )

Deflection of cantilever = ——_-?Ei;_ """"""""
In each pevforation panel, deflection will be doubled, hence, per panel
_ V(m4-n)®
3y = WEL, ittt (44)
Let p = number of perforation panels in a half span.
3
Total 3, = Yavepmw? @5)

24 Ely

Using Eq 45, the deflection due to localized tee section bending is found to be
0-16 ¢cm. The total f centre deflection is now gstimated at 5-36 cm and it would
prcbably be desivable to give a perforated web beam of this type a camber of at
least 3 cm to avcid unsightly sag.

Check deflection:
Base beam bending deflection on average I of solid and open sections above
the centre line, plus estimate of local bending deflection.
Perforated section:
I = 2x592x42%
+2 x 877 (see Sheet 2)

208 000

1754
209 754 cm*

i
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Design Example 11 7
of
. ) Deflections 7
Solid section:
I of perforated Beam =~ 209 754
" 1.2.152& = 21600
231 354 cm*
Average I == 220554
. : . S _ *30-4x1800%:<1 000
Deflection due to general bending = 384 x 3050 000 % 220 554
= 52cm
V atends = 3_(%4 t

V at centre

0
Vavg = [:%;44‘0]%

76 t

If

Il

p = 10 (m+n) = 450 mm
E = 2050000 kg/cm?
It = 877 cm*

Deflection due to localized tee section bending from Eq 43

7-6 x10(45)% x 1 000

% = 34x2050 000877
= 016 cm
Total deflection at centre = 536 cm

Camber 3-0 cm ( Dead load +part of Live load ).

*J.oad capacity, see Sheet 5,
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SECTION Vi
TAPERED BEAMS

46. INTRODUCTION

46.1 A recent pamphlet entitled ‘ Welded Tapered Girder’ distributed
in 1956 by the American Institute of Steel Construction has focussed atten-
tion on the growing use of roof girders of tapered depth. The introduction
to this pamphlet, reproduced below with change in figure number, describes
this type of construction and its advantages in a way that cannot be
improved upon:

‘ In recent years tapered girders fabricated by welding plates together
have become increasingly popular in the framing of roofs over com-
paratively large areas where it is desirable to either minimize the number
of interior columns or to eliminate them altogether, dependent upon
the Width of the building. The two halves of the web-are produced from
wide plates, with little or no waste of material, by making one longitudi-
nal diagonal cut. These halves are then rotated and spliced to give the
maximum depth at mid-span. When camber is required, it may be

obtained very simply by skewing the two halves shght]y between their
abutting edges before making the splice.

Roof loads being relatively light, tapered girders may generally be
fabricated from plates the thickness of which is limited only by avail-

ability and the maximum web depth-thickness provision of the AISC
Specification.

When the girders are used thh the sloping flange up, their taper in both
directions from the ridge provides the slope that may be required for
drainage. Furthermore, by varying the end depth of successive girders
the-deck may be canted to drain toward roof boxes in the valleys between
adjacent gabled spans and at flanking parapet,walls, thereby eliminating
the necessity for crickets.

For flat roofs the girders are inverted, the tapered flange being down.
Some other roof designs frequently call for a gable ridge in the centre
span of three spans across the width of the building. In such a case
inverted girders are used in the outside spans thereby continuing the
same slope of decking to the walls.

There are also additional advantages. Economy is realized in dimini-
shed overall height of exterior walls as a result of the reduced depth
of web at the ends of the girders. Also when used as the principal
carrying members for ordinary joisted roof construction above, and a fire
retardant ceiling below, tapered girders provide the tight draft stops re-
quired by many building codes as a means of subdividing the attic space.
One system of tapered beam construction is illustrated in Fig. 34.’
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F1G. 34 Tarerep RoorF CONSTRUCTION
( Photograph by courtesy of Awcrican Institute of Steel Construction )




SECTION VII: TAPERED BEAMS

47. DESIGN EXAMPLE OF TAPERED BEAM

47.1 Tapered beams may also be built up by flame cutting on the skew the
web of arolled beam, then reversing thetwo segments and rewelding together
with a single straight weld. Design Example 12 to be presented herein
takes the same beam that was made into a perforated web section as Design
Example 11 and develops a beam of identical span and load application as
was used for the perforated web beam. The result indicates that the per-
forated web beam is slightly more economical than the tapered beam for this
particular design. In addition, the perforated web beam deflects some-
what less than the tapered beam but both may be given a camber to eliminate
any unsightliness due to deflection. When used as a roof member, the
tapered beam has some advantage over the perforated beam in that a natural
pitch is provided with a resulting pleasing appearance as well as simple
drainage characteristics. Of course, if a flat roof is desired, the tapered
beam may simply be inverted.

47.2 An illustrative design example of a tapered beam is shown in the
following three sheets ( see Design Example 12 ).
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Design Example 12 — Tapered Beam

The moment is determined at the quarter point for an assumed uniform load. The
fact that the web is tapered will cause negligible ervor in this assumpiion. Since

this particular tapered girder is formed by

reversing two skew-cul segments of a rolled-beam Design Example 12 1
Jor each half-beam span the section moduli and of
properties of the original beam section will be Determining Load
unchanged at the quarter point where the depth Carrying Capacity 3
remains as orviginally rolled before flame-cutting

and rewelding. Thus il is convenient to estimate the capacity of the lapeved beam
on the assumption that the maximum stress will be at the quarter point. For uniform
load, the use of the tapered beam obviously will increase the capacily in comparison
with a straight beam section by 33 percent. The bending moment at the quarter point
is three-quarters of that at the centve wheve the moment would control in a sivaight
beam. The net capacity of the tapered beam is found to be 26-17 t as compared with
2816 t for the perforated web beam Design Example under the same load conditions
and span length. The difference in amount of steel between the two special beams
is about 10 percent but the culling paltern and welding operation are move complex for
the perforated web beam than for the tapered beam.

The procedure used in this design example to find the proper taper that will give
a maximum stress at the quarler point is to determine the proper depth for the same
maximum stress one melre closer to the reaction point than at the quarter point. Thus
is determined that point at which the devivative of stress as a function of beam depth
ic equal to zero and thus the stress is (im this case ) a maximum.

Tapered Beam Design

Light tapered roof girders formed by longnuuinal skew-cut of ISMB 600 is shown
as an alternative to perforated web beam formed from same section (see Design
Example 11).

Make critical section at 1/4 point (18/4) = 4-5 m where tapered beam has
original depth d.

3 WL _ 3x1800

At 1/4 point M = P8 = —Tchm't
Zxx = 3060-4 cm?® (see IS: 808-1957)
M 3x 1800
i = ol = kg/cm?
7 f Hence, 1253 0604 x W x1 000 1 575 kg/cm
. 1575 x32x3 060-4 _ na.
W = TIXT800x1000 = wet
Deduct dead weight 122-6x 18 = 22
(10 percent added for stifieners) = 0-22
2:43 t
Net load 26-17 t
€ A
d=600mem % -
d i ' éL\]_l 1 d VARIES
dhe ! 4% ok
L L '
X =l o A
SECTION AA
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Most of Sheet 2 provides self-explanatory
detatls whereby the section wmiodulus of the Design Example 12 2
tapered beam (s found as a function of beam . . of
depth. Then by determining the depth one Determining Taper 3
metve from the guarter point to make the stress

equal fo that of al the quarter point, the depth of beant and tapered slope are defermined.

To determine proper taper, assume same stress at a section 5-5 m from ¢ and
determine depth (one metre from quarter point).

Mo (@ 4) - 28:6 18 > 100 6435 cm-t

8
'S5\ ,
M@ 5SS m - A\I‘[lf(().()> ] = 64350626 = 4035 cm-t

To estimate 7 as a function of depth for tapered section for ISMB 600, 1226 kg,
determine an equivalent flange arca 1p as shown,

b —- 210 cm
A d = 600 cm T A —dty
fn = 12 ¢m A=y
T fr = 2-08 cm
[,rr - 91 813 cm?
5 Zir = 3060-4 cm?
J Assume i = 60—2:08 =_S7-‘_9_2 cm
,,,,, x Ty = 112 Led® - l;(ﬁ).
91 813 - 112 1-2%60%-1 IF »S’-é?gf
Ar = 41-9 cm?
Area of section = 41:9x2--1-2X60 = 155-8 cm?
The arca {rom structural tables = 156-21 cm?

But use 155-8 cm? only as equivalent (or effective) area.
I'or vertical depth

ode? Arine
7 = 2L el AR ere h=dr—2:08

dx 6 Tde .,
7 = 02d<%- 419 (dx—2-08)*
— 02 ./z‘-z+41-9(dﬁ4-16+4§—2
d

Required Z at 55 from ¢

to have a stress of 1575 kg/em? == 403175.;7!5 000 = 2565 cm3
Reduce to a quadratic equation by approximating 42133 = 0-07
x
or 02d:*+419d,—171'4 = 2565
or 0-2d;+41-94:.—-2736 = 0, dy = 52-5cm
Taper slope == 60—52-5 = 75 in 1-0 m
de@ ¢ = 60+-75x45 = 9375 cm
ds @ ends = 60—-7-5xX45 = 2625 cm
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As a final check on the stress due to bdending, Design Example 12 3
three points are chosen mear the quarter point
and direct calculation made of the stress at these Final Check of of
points. . L Stresses 3
A calculation of the defle. tion is made using

Newmark’s numerical procedurve. This is

very accurate fov a problem of this type and especially useful because of the variable
moments of inertia. For the details of this procedure, veference should be made to
Section IV. The formule for equivalent concentrated angle change are given on
p. 86 and it should be noted that at the centre line of the tapered beam theve is a sharp
discontinuity in the M|LEI diagram. The statement made in the last two senlences.
of the last pavagraph of 27.1 (see p. 88 ) applies to the calculation of the concentrated
angle change at the centre line. Simpler examples of the procedure have been given
previously on p. 97 and 98.

End shear capacity:

V = 2625 (1-2) 945 = 29800 kg or 29-8 t > 2—2——6— maximum end shear (see

p. 146) ... .. OK.
Check stress duc to bending at 3 points near 1/4 span.
d = 93~7S—t¥- x = 93-75-7:5x (x is in metres); M = M, (}—;-—:’—z)
Z = 02d* = 419 d—171:6 (see Sheet 2)

9>75cm t
26425 ¢cm
— «“
)
C | |
==
[ R et
*m ¢
x ' d dr } 02 a* I 4194 z 2 = M s
81 M, M,
4 6375 1060 813 | 2670 | 3310 16 0-198 | 0802 | 2423 x 10~
45 600 3 600 720 2514 3062 2025 | 0249 | 0751 |2-452x107¢
5 56:25 3170 634 2 360 2822 | 250 0308 | 0602 | 2:451x10™¢
6 4875 | 2380 | 478 2045 2349 36 0444 | 0-556 | 2:367x 10~

This checks maximum stress due to bending at 1/4 point. Determine deflection
by Newmark Method.

MuLTIPLIER
Location in span 0 1/6 1/3 ¢ —
Moment 0 5/9 8/9 1 8 435
I -— 0-222 0-527 1 258 500 cm*
MIET 0 2505 1-685 1 6 435/2 585 E
Conc ¢ —- —26-74 —20-36 —13-37 6 435/12x 258 500 E
( parabolic variations )
Slope 5370 2703 6-69 do
Peflection 0 538 8-09 876 264 350/12 x 258 500 E
. 2
Centre deflection — 8-:76 X 32 x 64 350 x 100 X 100 x 1 000 — 795 cm

12 x 2 050 000 x 258 500
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48. DESIGN EXAMPLE OF TAPERED GIRDER

48.1 The tapered beam is particularly suited to uniform loads applied
to long spans but may be adapted to concentrated loads somewhat more
effectively than the perforated web beam. Design Example 13 is for a
tapered girder built up from two flange plates and two skew-cut web plates
flame cut from each half span from a single rectangular plate. Design
Example 14 compares the design of a three-span continuous beam for the
same load conditions that are used in Design Example 13. The total weight
of 3 simple spans using tapered beams is found to be about 10 percent less
than that of the three-span continuous beam. However, no generalization
should be drawn from -one comparison.

It is recognized that the ordinary beam theory does not apply precisely
to the tapered beam and the stress in the sloping flange will be slightly
greater than calculated. However, the tapered slopes are very small, and
the stress raising coefficient due to slope may be neglected with small error.
For additional information .and other design examples utilizing the tapered
beam. the reader should obtain the previoudly cited reference from the
American Institute of Steel Construction, 101 Park Avenue, New York City.

48.2 The illustrative design example of tapered girder is shown in the
following three sheets (see Design Example 13 ).
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Design Example 13 — Tapered Girder

The spacing between the bents is assumed at the outset to be & m centre to centre.
It is obvious that the cvitical stvess is at lhe thivd point because of the concentrated

hotst loads. This eliminates the need of using -

the procedurve of Design Example 12 to deter- Design Example i3 |
mine the point of maxinuun stress.  The beud- of
ing moment at the centre is nol very much Preliminary Design of
grealey undey maximuit load than at the third Tapered Girder 3
point and a beam with a vevy small taper could

very well be used. The preliminary selection of web is on the basis that the maximuin
Aty at the centre shall be less than 180 thus perwitting the widest possible spacing of
stiffeners.

T34

2am Y80 - | “ aae 243t
T IR R /S S |
t 101 ]

(L LJ 18m

Bents are 8 m cfc

Loading conditions:
Monorail hoist load (including impact) = 10 t

Roof live load 150 kg/m?

"

Roof load including purlins (3 m c¢fc concentrated) 30 kg/m®
180 kg/m?
Loads on roof = }g(; >(<)(:)‘OL8 = 432 t
Allowance for dead weight of girder (at purlin reactions) = 054 t
Total dead load = 486t
243t AB6 1496t 486t 14861 488t 243t =
3 Imepe-3m Im—efe Im—ofa- Imeef ‘j"*—-r
" 1am MULTIPLIER ==~—L
SHEAR +22.45 [+17.29 o243 | -2.43 [-1720 | 2248 ' —
MOMENT o 235 3I%4a 4487 I9.44 2245 o 3 "'!z‘"'"'"'
""‘L(:.ﬁ“‘"'l 6645 NB32 12561 1832 6845 O '
For minimum use of stiffeners, assume d/f = 180 at ¢.
Section is critical at 1/3 point, where d/f is about 150
153 (dj5y  3/11832x100x1 000 x 1-5 <150
= = 122 cm

1500
Norte — Taking that web depth = d = 26, aud £ = ’f =t

a3 td® td?
I of 2 flanges = g I of web = X Total I = 3

2ead td? 3 15 A[‘,}/’[ M
Z = lj4f2="y, = s Hence, d = J F by 7 =1
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In this sheet, the vequired web depth at the Design Example 13 2
end is found to be 29-3 cm. Since this is rather .
small it is arbitrarily increased to 40 cm, but o
for a 120-cm depth as assumed at the thivd Finaliticniﬁdz:per of 3

point the djtw at the centre line would now be

200. To bring this down to a dftw of 180 at
the centre it would be necessary to have an end depth of 80 cm. This, however, is judged
to be rather wasteful of material and a 65-cin end depth is finally chosen to make the
third point depth slightly less than initially assumed. In this design, with a sharfy
break in the moment curve at the third point, theve is great flexibility in the choice of
centve and end depths because the thivd point will be critical for maximum stress ovey
a wide range of vaviation in taper.

In a preliminary trial design, the web was made one centimetve thick with a 160-cm
depth at the centre and a 25-cm depth at the end. It was found that this would vegquive
move steel than the design mow being recorded. Furthermoré, the small depth near
the end would lead to excessive deflection. This will be better undevstood if one studies
the deflection calculation for Design Example 12 where the greater concentrations of
curvature are fairly near the ends. At the bottom of this sheet, the stress is checked
at the sixth point and centre line, and it is believed that the final choice of taper and
depth has provided a well-balanced design as stiff and as economical of steel as one
might destre.

120

Web thickness ¢ = 150 = 08 cm; For V = 2215 t @ end
F = 945 kgjcm? [see stiffened web as in Table IIIA in 9.3.2(b)
of 1S: 800-1956]
Try 8-mm web. d (atend) = 2245 29-3 cm
8945 -
Try 40x 8 at end to 160x8 at ¢. ‘; at ¢ = 10—62 = 200

Reduce dft value by changing 4 to 140 at ¢, 4/t = 175
At end, 4 = 1403 (140—120) = 80 cm
Reduce d at end to 65 cm to provide more taper (keeping web depth at ¢ same
140 cm).
Select flange at 1/3 point as probable critical location; approximate formula is:
2, .
Z = _Ifd—}—g(;‘ Required Z = 118 32)115(;..?())(100 = 7888 cm?®
Web segments will be cut from 654140 = 205 cm, 205x0-8 em plate
At 1/3 point, d = 65+2/3 (140—65) = 115 cm

2 .
L Z = 7888 = Ap 115+1—15—§28—; s Ay = 6128 = 53:3 cm® (area of one
115 flange)
Use 40x 14 cm flange: A = 56 cm?
Check d/t of outstanding leg: % = 143 < 16 ..... OK.
Check stresses at 4 locations:
Exp 1/61 1/3¢ CENTRE
d 65 90 115 140
Z (approx) —_ 6116 8200 10 430
Sy 0 1087 1443 1205
Since I[b = ‘%%)- = 7-5, allowable f, = 1500 kg/cm? (see 9.2.2.2 of IS: 800-1956)
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Vertical intermediale stiffeners ave put in Design Example 13 3
starking from the centre line at the maximum ¢
permitted spacing of 1+5 times the depth. The Intermediate 4
depth is conservatively taken as the grealest in Stiffeners 3
each panel. Near the bottom of the sheet, the
Permassible web sheay stresses by Table IV of ™
this handbook wovked out on the basisof Table 111 in IS.: 800-1
depth in -each panel ) ave compared with the maximum shear

956 ( based on average
stress in each panel.

SYM ABOUT §

[ 02em [ -ssem fl—or2em B/~ 132>5em 1o

TieiS
ssemfl A Iem g ¢ 3 3 £ 4

L 82Cm{wiRICM 2w 140CM S0—18) CM ~Irjut—- 184 CM ~—Wrp— 2O N 0>

om .

Vertical stiffeners @, 15 d (see 20.7.1.1 of IS: 800-1956)

1-5x140 = 210cm 1:5%93:75 = 140 cm
1:5x122:5 = 184 cm 1:5x82 = 123 cm
1-5x107-2 = 161 cm 1-5x71-75 = 107 (or the remaining
distance of 82 cm)
Check shear on basis of conservative assumption that d = average depth of

web segment between stiffeners and shear stress is maximum in the particular
segment,

Check actual f; with allowable /°; of Table IV (sce p. 182)
22-15x 1000

— . y o LLTTOXIVA 2
Segment 4 = f; (average} = 6508 430 kg/cm
. . 7175465 _
djt (average} = IR08 = 86
Repeat procedure in other segments, and tabulate as follows:
SEGMENT 1 djt Fy
(AVERAGE) (AVERAGE) (ALLOWABLE)*
4, B 430 86 945
C, D 265 99 920

(No need to check further panels as shear is reducing and allowable F, Min from
Table IV is 715 kgfcm?)

Norg — Stifiener size computations, weld design and other details are omitted. Reférence
should be made to Design Example 2.

*See Tavle 111A of 15: 800-1956 or Table IV -of this handbook.
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SECTION Vil
COMPOSITE BEAM CONSTRUCTION

49. GENERAL

49.1 In composite construction, a reinforced concrete slab is integrally
supported by, and attached to steel I-beams. Channel or other type
shear connectors are welded to the top flange of the steel beams to
bring the concrete slab and the beams into integral action. If a concrete
slab is placed on the top of a steel beam without such shear connectors, there
will be a certain amount of bond initially but this is apt to be destroyed
during the course of time. The shear connectors that unite the slab and
the beam in composite construction serve a two-fold purpose (1) tying
the slab and beams together and (2) transferring between the slab and the
beams the horizontal shear that is developed by composite action. The
strength of the composite slab is considerably more than the sum of the
strengths of the two components acting separately.

50. DESIGN EXAMPLE PRINCIPLES

50.1 In 1S:800-1956 the subject of composite beams is discussed
in 20.8.2.2. Reference is made in this to IS:456-1957 Code of Practice
for Plain and Reinforced Concrete for General Building Construction (Revised).
Thus, the details of design are more a matter of reinforced conctrete
construction than steel construction but the steel designer should be aware
of the economic possibilities that may be obtained.

50.2 The use of any particular type of shear connector in composite con-
struction should be based on comprehensive tests in structural laboratories.
The local distribution of stress around a connector is highly complex and
the approach to be made is more one of ultimate strength than elastic ana-
lysis. Tests have been made at the University of“Illinois on the channel
type shear connector. Another type of shear connector in common use
is a single reinforcing bar bent in the form of a spiral spring which is welded
at contact points along the entire length of the top flange.

50.3 A section through a composite beam and concrete is shown in Fig. 35A
and the assumed distribution of bearing of stress in the coficrete that is the
basis for the Illinois* recommendations of design in Fig. 35B. The use of

*ViesT, I. N. aAND 8155, C. T. Design of- Channel Shear Connectors for Composite
1-Beam Bridges. Public Roads, Vol 2%, No. 1 ( April 1954 ).
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35A

T -
f
ENLARGED SECTION XX

358
F15. 35 Covposite Beayd witd CHANNEL SHgaR CONNECTIONS

composite concrete slab and steel beam construction has been especially
common for the short span highway bridge where the concrete slab serves
as the road slab but also acts integrally to form the compression flange of
the steel beam into a single composite tee beam unit.

50.4 The top flange of the channel shear connector serves to hold the beam
and slab together and most of the shear is transferred by pressure near the
base of the channel as shown in Fig. 358. The spacing of the channel
shear connectors follows exactly the same principles used herein for spacing
of rivets and intermittent welds in built-up steel girders. The special design
problems that pertain to composite beams, as mentioned previously, are
those in the realm of reinforced concrete design.
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SECTION IX
CONTINUOUS BEAM DESIGN

51. INTRODUCTION

51.1 The use of continuity in beam construction involves similar problems
to those encountered in the design of continuous or ‘rigid’ frames as covered
in ISI Handbook for Structural Engineers on Rigid Frame Structures
(under preparation). When loads are primarily static, consideration
should be given to the possible application of plastic design as treated in
the ISI Handbook for Structural Engineers on Plastic Theory and Its
Application in the Design of Steel Structures (under preparation). The
economy in continuous construction is open to some question but has found
considerable favour in multi-span highway bridges. Use of all-welded
construction lends itself especially to the use of continuity much in the same
way as does reinforced concrete. Continuous beam construction will usually
be somewhat more rigid than simple beam construction and has the advan-
tage of supplying more inherent reserve of strength should a local failure
result. The analysis is much more complex and design skill and time much
greater than needed for simple beam design. If the structure has to adjust
to a considerable differential settlement of support, simple beam construc-
tion has the advantage of being able to adjust to such settlement without
causing stresses in the members.

For a.more complete discussion of continuity in beam and frame design,
reference should be made to ISI Handbook for Structural Engineers on
Plastic Theory and Its Application in the Design of Steel Structures
(under preparation) and attention here will primarily be given to Design
Example 14 which will be for the same load and span conditions previously
considered in Design Example 13. Thus, a comparison is afforded between
the amount of steel required in a continuous beam design and a simple
tapered beam design. It is found that the continuous beam requires
10 percent more than the three simple spans. No general conclusion should
be drawn but it is obvious that the use of continuity in design does not
automatically assure greater economy than simple beam construction.

52. DESIGN EXAMPLE OF CONTINUOUS BEAM

52.1 The illustrative design of continuous beam is shown in the following
twelve sheets { see Design Example 14).
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Design Example 14 — Continuous Beam

In the design of a continuous beam, some preliminary estimate shall be made as to
the distribution -of bending moment. The preliminary analysis serves as a basis for

the selection of trial member sizes and locations

Jor change in section by addition of cover plates Design Example 14 !
or change in flange thickness. For the preli- of
minary basis, a constant moment of igertia may Bending Moment Due

be assumed and the tables of influence coefii- to Uniform Load 12
cients for rveactions and moments in Tables V

and VI (see p. 187 and 188) are especially convenient fov preliminary bending moments.
Three span beams have been covered and procedure cxplained in Appendix 4. In
view of the ‘on’ or “off’ nature of the monovail hoist loads which form an appreciable
part of the total load, method of plastic design is not vecommended because of the
possibility of fatigue failure. The variation in loading also requives that various
moment diagrams be drawn-and the design prepared for the over-all vange of maxi-
mum positive or negative moments as determined at any point in the span.

Continuous Beam Design
Alternative to Design Example 13 (Tapered Beam Frame)

4861 486t 486t L2 T1Y 488t 488t 4881 4881 488t
[}

0 I Y vt e e e D e o

] L
SN R t 1 P °
Qtolot OtelOt Olei0 CleiOt Ololot Otalot
BENTS Bmm C TO C bl
. -l

pe

| s iemm t smm emm -

Try constant I as basis for preliminary estimate of bending moment.

Monorail hoist load 10 t (or none) at 1/3 points. (Because of alteration of moment
due to hoist loads, plastic design is not recommended.)

Roof pitch provided by variable purlin position

Roof live load = 150 kg/m?

Roof dead load (purlins plus corrugated sheet) = 30 kg/m?

180 kg/m?

As bents are at 8 m cfc (taking roof load as uniformly distributed)
180x 8 = 1 440 kg/m width

Allowance for dead weight of girder at 180 kg/mm = 180 kg/m
1620 kg/m
Use Table VI of Appendix A
Plot moment due to uniforn load (dead load + live load)

(Note — L in tables equals overall span here = 54 m)

Referring to Appendix A, WL? = 1-62x54% = 472392, m = n = 13

MOMENT AT DISTANCE MoMmENT M, Due 10 UNIFORM LOAD
FROM LE¥T, m (All Span(s,)Loaded), mt
1) 2

'3('(‘ + 0006 7 x 4 7239 = 4 317
T2 + 0008 9 X 4 7280 = | 42:1
-8 + 0008 7 x 4 7239 = 4+ 317
144 -+ 0000 0 x 4 7239 = [
130 — 0000 7 % 4 7239 = — 525
225 —0gu0 7 X 4 729 = — 342
270 + U002 8 x 4 7238 =+ 1325

b ‘Thflsle distances are chosen becayse the coefficients given in Appendix A (se¢ -p. 184) correspond to
these only.
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Moments are calculated for the following hoist Design Example 14 2
load locations :
1) Centre and end span: Maximum nega- | Max Positive & Negative of
tive moment at support. Bending Moments 12
2) Centre span only : Maximum positive
moment in centve span.

3) Both end spans: Maximwm positive moment in end span.

Maximum Negative Moment at Support B Due lo Hoist Loads
Load spans 4B and BC:

Obtain influence coefficients from Appendix A. Interpolate to get coefficients
for Mg (M g in this design) with loads at 1/3 point.

LoaDp LocATiON

INTERPOLATED
( Distance from INFLUENCE

Left End) COEFFICIENTS

6m —0-026 m-t

12 m —0-031 m-t

24 m —0:024 m-t

30 m ~0-018 m-t

—0:099%x10x 54 = —54 m-t
P L
Maximum M, caused by hoist load plus live load plus dead load
= —52-5—-54 = —106'5 m-t

Mazximum Positive Moment in Cenire Span:
Load centre span BC only

Mmax (approx) for hoist load = 2x10x2/3 x*0:058 x54 = 412 m-t
. Maximum positive M ( Centre span) = 113-25+41-2 = 54:45 m-t
End Span Moments

To calculate hoist load moment in end span with both end spans loaded, use
influence coefficients for R and R, (R ,) in this design in Table V in Appendix A.
DISTANCE FROM

INTERPOLATED INFLUENCE
LEFT END (R,)

COEFFICIENTS
AND RtGHT EnD — A )
(R}) For R, For R,
6 0-59 0-019
12 0-24 06-023

Maximum reaction = }0-872x10 = 8:72

Hoist Loap LL4DL COMBINED

MOMENT MOMENT MOMENT
3-6x8-72 314 317 631
7-2%x872—~1-2x10 50-8 421 92-9
10-8x8-72—4-8x10 46-2 317 779
14-4x<8-72--84x10—-2-4x10 17-6 0 17-6

*See Sheet 1.
tRefer to Table V of Appendix A.
1Total R0+R’O which gives RA in this design for hoist loads in both the end spans.

It has been
possible to calculate R, like this because of symmetry in load positions.
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The moments computed for the beam of
uniform cross-sectianpam plotted for various Design Example 14 3
load conditions on this sheet and the maximum -, of
required section moduli are determined on the Preliminary Design of 12
assumption that it may be possible to use a Continuous Beam

rolled beam. This is not necessavily the most
economical or lowest weight choice as a built-up plate girder with a greater depth-to-
span rvatio and less web material would vequive less weight of steel. However, it was
desived to present a design example in which a rolled beam with welded cover plates
was used tw continuous construction. On the basis of the wmaximum positive moment
in the centre span ( where a scction modulus of 3 460 cm® is indicaled ) a rolled beam
with a section modulus of 3 540 cm® is chosen.” When the continuous beam is stiffened
up at the supports and in the end spans there will be a vedistribution of moment and
the positive moments in the centres of all spans will in general decrease slightly while
the negative moments over the supports will tend.to incvease. Thus, the analysis on
the basis of constant moment of inevtia will over-estimale the section modulus require-
ments for positive moment in the centve span. This should be anticipated in the
preliminary design.

Preliminary Estimate Range of Bending Momeni

8M DUE TO HOIST LOAD
ON END SPAN ONLY
WITH DL AND LL

-100

4— BM DUE TO HOIST LOAD
| \ON CENTRE SPAN ONLY
WITH DL AND LL

BENDING MOMENT W met
L]

f
i
LDM DUE TO HOIST LOAD
-106°8 i ON TWO ADJACENT

F—— 18m $PAN -——-——;o——-o.. —-—‘ spans

Maximum Required 7 ]
{(Lateral support of purlin connections is assumed.)

End span (positive): gg—xll%.%g)—o = 5905 cm?®
Interior support (negative): Eé}—z(ll—so%x—l—o—m = 6760 cm?®
Centre span (positive): W = 3 460 cm®

If a rolled beam with flange plate reinforcement is used as a basic section, actual
moment at centre span will be less than the estimated value. . .
An ISWB 600, 133-7 kg (Z = 3 540 cm?) is chosen as a basic section.

Approximate Z of 2 plates: ?
h\®  Apht
= A = =P .
I 24, (2) 5
21

1
2= = e =
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The additional section modulus requivement Design Example 14 4

for the end span and at the intevior support is ¢
determined and flange plates are shown al the Preliminary Selection of o
Flange Plates 12

bottom of this sheet where a check is also-made
by the mament of inertia method. The flange

plates provide an excess section modulus at the
intevior support for negative moment and somewhat less than the preliminary estimate
for posilive moment in the end span. The cover plates ave extended 0-5 m beyond
their theovetical cut off points at which they will be assumed as fully active in the
more accurale analysis to follow. In view of the possibility of fatigue failure under
intermitient load, it is wise to be very conservalive as to allowable stresses al cut off
points of cover plates in welded plate girders. At these locations, concentrated stress is
developed and it is heve that faligue cracks will occur if they develop anywhere. Also
shown on this sheet ave the field splice locations on the basis that a 14-m length ve-
presents the maxitmum desirable length for convenient in transport. In evection the
9-m segmenls over the intevioy columns could be placed first with temporary shorving
underneath to provide stability. Then the interior and exteriov 12-m segments may
be introduced and freld welds made at locations shown.

Flange Plates Trial Selection

At end span: 22 to be added == *5800—3 540 = 2260, k= 600 mm
260

Ap = 5 = 377 cm? Try 200x 20 mm plate. 4 = 40 cm?®
At support:
Ap = 9—'&%3—5%—0 = {62%) = 53-7 cm? (excess probably required).
Try 300 x20 mm plate. A = 60 cm? (excess probably required).

TRIAL LOCATION OF FLANGE PLATES

o ‘/'IILD L LOCA?DON-\.— ¢
12 Bt o 1240,

uuow{‘

$Y|

L wo ; m___.V

—25:0 cm Iwg = 106 1985 cm*

l‘r_zo.o«»—-.‘ 240cm Plates = ?_2(19%(62‘__) = 76 800-0 cm?

- . 182 998-5 1829985 cm*

¥ Z = 55 = 5770em’
Tws = 106 198-5 cm* ~30.0
2
Plates = 2_)(@::(-(_63)« = 115320 cm* o230 cm - frroen
227 518-5 cm®
Z= 2‘213T518 = 6922 cm® '

*Slightly less than the estimated figure of 5905 ¢m?® is taken.
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Most designers would probably prefer to use Design Example 14 5
the generalized moment distribution procedure
in making the final analysis of the structure Method of Determining
with variable moment of inertia. However, Redundant Reactions n

of

this would requive the availability of tables of
distribution and carvy-over factors. In this handbook, the geneval procedure of
determining vedundant reactions will be used fov illustration. The principle is
extremely simple and may be stated simply as follows:

Reactions at' B and C ( see sketch on Sheet 6 ) in a three-span beam are ve-
moved and the deflection at B is then thought of as the sum of the effects of the
downward load and the two redundants. This is equated to zevo. Under sym-
metrical load conditions, the veactions at B and C will be identical and a divect
solution for redundant veaction R, follows. Fov unsymmetrical load conditions,
two simultaneous equations are oblaimed with the unknown R, and Rc. The
Newmark numerical method is used in the deflection calculations. In Sheet 6,
the vedundant veactions are shown vemoved. The deflections as calculated at
B and C are for unit loads at those two points vespectively. Thus, 8 CB represents
the deflection at C due to a unit load at B. By the law of reciprocal deflections,
this is equal to 8 BC. In these examples of the Newmark method, the original
proceduve suggested by him has been used in that the conjugate beam idea suggested
in Section IV is not used. Instead, trial slopes ave worked out comsistent with
the various concentrated angle changes along the beam. Then, in general, lvial
deflection is determined that will not come out to zevo at the end of the span. In
Sheet 6, for example, the trial deflection is —1-18 at point D. The trial deflected
beam position is rotated into correct position and a linear correction is introduced
at points B, C and D. If the deflections were needed at intermediate points, they
could likewise be determined but we ave intevested here in the defleclion only at
support points B and C.

All the calculations described in the commentary above are worked out with
diagrams in Sheets 6, 7, 8 and 9.
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SECTION IX: CONTINUOUS BEAM DESIGN

Design Example 14 6

Method of Determining of
Redundant Reactions L}

TO CHECK MOMENTS, REACTIONS AND SHEARS, USE METHODS OF
DEFLECTIONS, UTILIZING NEWMARK’'S NUMERICAL PROCEDURE FOR
CALCULATIONS

182998
9.

B'MOMENTS OF MERTIA ‘C

R 54:0m 1

REMOVE AEACTIONS AT B AND C,APPLY {t AT 8

ttl .

At 8 'D
MULTIPLIER
| { 2
MOMENT O -nvmasooleleRae?sBo s
el D Dadad el 7 [ad Lodal 1 1ad
' EEREE] oS+~ X8 3 2
wfe o ST 2T eSS o 0¥ e ye s 0 —_
AR AR fose ®
) - -
conc ¢! r2=9023352883333853 _2x3
77?!:2::::?117".‘?7 $XI06198 E
| I A S IO T I |
@ & =0 ® 2n w n % |~ @ o e 00O 6 X106198 £
e . D TS S T -4
3 : ble x3X10 X3
3 ; 2X3
TRIAL DEFLECTION [ 2 : L0
| + £ + SXIoMve £
CORRECTION REQUIRED [ -0ua9 -0:78 e
" ~
CORRECT DEFLECTION g 3 °
3 LAd
+ —+
SYMMETRICAL CASE BY SUPERPOSITIONS
1t
AI 8 C ‘D
e 16-63] §¢ 2X3IX10X3
DEFLECTION [Futsg) [ies53) eae

*These values are based on average 2‘11 in adjacent segments.

4+These values are worked out on the assumption that g—ll varies linearly in each segment {sce case
(B) p. 861

tAssuming maximum deflection at the centre, the figures for trial slope are worked out at- different
points along the beam. Corrections are made in the further steps and the correct deflections at the
support points are determined.
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*These values are based on average

M

1These values are worked out on the assumption that Ei varies linearly in each segment.
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Design Example 14

iethod of Determining

KRedundant Reactions

of
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TRIAL DEFLECTION © + 39<8%
CORRECTION REGD +103.06
CORRECT G .{;xw jisa'
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HOIST LOAD ON CENTRE SPAN ONLY

Design Example 14

Method of Determining
Redundant Reactions

of
12

10t 10t
AT T Eer et 11y
Sam MULTIPLIER
SHEAR “ |- 2le <= -0 O]~ _‘_ JO I 10
+ +i+ [+ 4+ o+ [ l Lot e
MOMENT O = o ™ ¥ v N @ @ © N O w T ™ N8 - O 10OX3
I I ] ! | 1
* l * . * *
N o o Yoo < e+ x fo o0 o
m/E o R 2 TI SR 4 o L*‘.’ R R S - _lox3
I o 'I‘ - N e ‘|‘ N I l A ‘I" ” T -7 o | 106198 €
- ) |
concg? 4 :2:83383088338:2;z0 _oxis
@ A~ = & 6 & & 4 @ T O & O O = ~ %
T T ISSISISTTTIIN 6X106198 E
SLOPE $ 2338228898208 33F 223 _loXx9x10
8 2 2 @ p e 0 & NS nw o K 6X106!98 E
+ + F + 4+ 4+ 4+ + + + + + 4+ 4+ + 4+ + o+
9 ‘ I0X9XIOX3
DEFLECTION [+ o168 ] 68 =6¢C ZrrTAVAS
(roree] 6X106198 E
HOIST LOAD ON CENTRE SPAN AB BY SUPERPOSITION
|ot‘ llOl 10(1 llOt
6X106198 E

N -

*These values are based on average —g in adjacent segments.

4These values are worked out on the assumption that M varies linearly in each segment.
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SECTION IX: CONTINUOUS BEAM DESIGN

For dead load and live load, both redundants Design Example 14 10

are considered as simultaneously applied and ’
the vedundant veactions at B and C are found of -
divectly by equating the deflection due to these Determining

12
reactions to that due to dead load and live load. Redundant Reactions

Then the veactions at A and D are found by
over-all static equilibrium.

When the hoist load is on ome end span, two simultaneous equations are obtained
which sum the deflections due to various effects ( applied loads, R and Rc) and
equate the sum to zero. The term vepresenting the downward deflection is put on the
right side. After solution of the simultaneous equations, R4 and Rp are found by
static equilibrium as before.

After the vedundant veactions are determined, the shears and bending moments
may be calculated by statics.

Calculate yeactions ( {06 198 & 63;)‘())8 i factors out of all equations)
Upward reactions are considered negative.
‘Dead load+4Live load (symmetrical about ¢)

By equating the deflection at B:
118-:02 Rp _

«  —243x15x10-44x10
b idaiuhi I, B 'S % 10-44; = = = —32:27¢
10 2:43x15%1044; KB = RC 11802
. Ry = R = —243x18+43227 = -—1147¢
Hoist load on end span only
621—;03—5 R3+551;.—f7 Rc = _1;42"_16;_><~9 (by equating deflections at B)
5{% Rp +(%§_§ R¢ = __171-2%?35«1 (by equating deflections at C)
6:235 Rp+5:567 Rc = —71:305; 5-567 Rp+6-235 Rc = —59-545
Solving Rp = —13-63t, Rc = +2'5t
Ry = _(z_ X 20~§ X 13-63+;~ 2-5) = —842 t (by taking moments about D)
Rp = —(22-5—-8:42-13:63) = —0-45t
1ot 10t
fa fe Je of
842t 13-63t 25t O-45¢
+8:2t

_..sﬁl:_—-l—__ —0-4%1
-H58t

SHEAR DIAGRAM
+50'52m-¢

+41-04m-t

£8-45m-t

-2844m.t
MOMENT DIAGRAM
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The final load condition analysis is made at

Design E ie 14
the top of the sheet and at the bottom, the three gn Example |

basic load conditions for maximum shears and Bending M £ of
moments in vavious locations arve summarized v ion ll'.‘g d Eme';ti "t'; 12
and the moments for the load combinations are arious Load Combination

tabulated.

Hoist Load on Centre Span Only ( Symmetrical about ¢ )

118-02 . vy €
10" Rp = —91-88%1:5; A Rp < 1664 Rgs1-66t$B /
'Puz?m
o 9188x15 1
Rp = ——q1gop = —l166¢ | foasnls !
2 3 4.5 6 71 8 B
Hence R4 = 1166—10 = 4166 t LOCATION >YM ABOUT §

BENDING MOMENTS FOR VARIOUS LOAD COMBINATIONS

Loca- Deap Loap+ Hoiwist Loanps Hoist Loans Hoist Loaps MOMENT FOR LoaD
TION Live LoAD-ON ON SPANS ON Spans ON SPANs COMBINATIONS
ArL SPANS A-B C-D B-C - A -
~ Ay A —_ — N ¢ A- v (3)+(5) (3)+(9) (3)+S5)
1 4 M | 4 M | 4 M |4 M +(7) +(9
(1) (2) 3) 4) (8) (6) (Y] ®) (9) (10) (11) (12)
0 0 0
+9-04 ~0-45 ~1-
1 +27-12 +-25-26 +0 —4-08 +52:38
+4- —045 -
2 +39-66 15 +50-52 045 +171 ~996 49189
3 +37-62 44578 +3:08 —14-04¢ +86-46
—554 —045
4 +41-04 +4-41 —19-92 +68:45
-10-40 - —0-45 —1.
5 +6-30 +5-76 —2490 +41-86 ~-35-10 —28-80
—15-26 — —~0-45
8 — - 2844 - 4711 —29-88 —77-31 —85-86 —114-30
+412-15 +2-05
7 —1953 —22:29 +8-46 +0-12 —33-38 --19-41 —41-70
+7-29 2-05 +2-05
8 +4-34 --16-1 +2:31 +30-12 -—-9:49 3446 +18-32
42 +2-05 +2-05
0 +11-83 —9-99 —3-84 +30-12 ~-2:20 41:75 31-78
+2-05 +-2:05
10 —3-84 —9-99
+2-05 2+05
11 +2:31 —16-14
+-2-05
12 +8-46 —22-20
—0-45 -
13 +7:11 —28-44
~—0-45
14 576 +6-
—0-45 —
15 +4-41 +41-04
16 +3-06 +45-78
—0-45
17 +1-71 +50-52
—0-45
18 +0 +25-26
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SECTION IX: CONTINUOUS BEAM DESIGN

-The moments labulated on Sheet 11 are
plotted on this Sheet along with the moment Design Example 14 12
capasity for the cover plates originally selected.
It is noted that the capacity over the imterior
support falls a little short but this should be

Final Check of Prelimi- | °f

nary Design of Beam 12

acceptable since the actual moment due to the
distribution of load at the support point will be considerably less than indicated.

The positive moment in the end span is more important and the flange plates arve
increased 25 mm in width and 0-5 m in length which provides adequate moment
capacity.

¢
e T FINAL DESIGN
+998m.1 AL DESIG T
§ 909 mETT === PRELIMINARY DESIGN
£ sop ' no-«-N
2 lessamy : +00-43 4558 me OMBINED LOAD
Q g LLIY PO I /(Fiumno-sr ON 2 END SPANS)
w} -
v A are2
1 , o £2+00 .
3 iy 1832 b, 0 gqm HESIT
z rrsomt | @
z, .
oL+LL aLL sPans—/] -10:2 W | ~19.53m-1 —_
) <28 m 3 Toaom  met
Y.y 3 -y
— SaTomy
i
§ OL+LL+MOIST ON '
.-00 " TWO ADJACENT SPANS ] -77.3 1
] "t 1
———— o ~109:0 Mot
o o —ne3met
° V ) s 0 ]
,L Bm SPAN PP ——

Negative overstress at B not serious because of rounding off moments over
support.

Now required Z for positive moment at end spans = 919x100x1 000

1575
= 5835 cm?
Change-over plates to 210X 20 mm and extend 0-5 m more towards the centre
span.
A = 42 cm®
Iof ISWB600 = 106 198-5 cm*
., 3 .
I of plates = 2_”?-‘%’5—(6_21 80724 cm* Z = 3‘33%22—5- = 5841 cm®

Total I = 186 922:5 cm*

No new analysis needed; change of I in end spans has little effect on distribution
of moment.

Shear. capacity of beam is more than ample. For other details of design, see
Design Example 1.
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TABLES

TABLE I SELECTION OF BEAMS AND CHANNELS USED AS
FLEXURAL MEMBERS BASED ON SECTION MODULI

( Clause 4.1)

MobuLus oF DESIGNATION ‘WEIGHT PER SHEAR CARRYING
SECTION METRE CAPACITY
(Zxx) (W) ()
n (2) 3 (4)
cm?® kg kg x 10%
38542 *ISWB 600 145-1 66-9
3 540-0 *ISWB 600 133-7 635
3 060-4 *ISMB 600 122-6 68:0
27239 *ISWB 550 112:5 54-6
24289 *ISLB 600 99-5 59-5
23598 ISMB 550 103-7 58-2
20916 *ISWB 500 95-2 46-8
19332 *ISLB 550 86-3 51-5
1 808-7 ISMB 500 86-9 482
15581 *ISWB 450 79-4 351
1543-2 *ISLB 500 75-0 43-5
1350-7 *ISMB 450 724 40-0
1223-8 *ISLB 450 65-3 35-8
1171-3 ISWB 400 66-7 325
10229 *ISMB 400 61-6 336
965-3 *ISLB 400 56-9 30-2
887-0 ISWB 350 56-9 265
7789 *ISMB 350 524 268
J7541 *ISMC 400 49-4 325
7539 ISLB 350 49-5 24-5
6995 *ISLC 400 45-7 30-2
654-8 ISWB 300 481 210
607-7 *ISLB 325 431 21-5
5736 ISMB 300 44-2 21-3
571-9 *ISMC 350 421 268
5321 *ISLC 350 38-8 245
488-9 *ISLB 300 377 19-0
475-4 i ISWB 250 40-9 15-8
424-2 i *ISMC 300 35-8 21-5
410-5 { ISMB 250 373 16-3

I
(Contd)
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TABLE I SELECTION OF BEAMS AND CHANNELS USED AS
FLEXURAL MEMBERS BASED ON SECTION MODULI — Contd

MobpuLus oOF DESIGNATION WEIGHT PER SHEAR CARRYING
SECTION METRE ‘CAPACITY

(Z1x) w) {(S)
(n (2) 3 4
cm? kg kg x10%
403-2 *ISLC 300 331 19:0
392-4 *ISLB 275 33-0 166
348-5 ISWB 225 339 136
305-9 *ISMB 225 31-2 138
305-3 *ISMC 250 30-4 168
297-4 +ISLB 250 279 144
295-0 ISLC 250 28-0 14-4
262-5 ISWB 200 28-8 115
2395 *ISMC 225 259 136
2265 *ISLC 225 24-0 12:3
2265 ISMB 200 25-4 108
2224 1 *ISLB 225 235 12:3
181-9 | *ISMC 200 221 11-5
1726 | *ISLC 200 20-6 10-4
172:5 ; ISWB 175 221 96
169-7 I *ISLB 200 19-8 10-2

| 1454 1‘ *ISMB 175 193 91
1398 | s1sMcC 175 19-1 94
1313 i *ISLC 175 176 84
1253 ; *ISLB 175 167 84

|

116-3 ‘ +ISJB 225 128 79
116-1 ‘ 1SJC 200 139 77
1119 ISWB 150 170 77
1039 | *ISMC 150 164 77
96-9 : ISLG 150 149 68
930 | ISLGC 150 144 68

: 91-8 i ISLB 150 14-2 68

‘ 82-3 | *ISJC 175 112 60

= 78-1 | *ISJB 200 99 64

| |

’, N

(Contd)
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TABLES

TABLE 1 SELECTION OF BEAMS AND CHANNELS USED AS
FLEXURAL MEMBERS BASED ON SECTION MODULI —'Contd

Moburus oF DESIGNATION WEIGHT PER SHEAR CARRYING
SECTION METRE CAPACITY
(Zxx ) (W) &)
1 2 3) @
cm?® kg kg x10?
71-8 ISMB 125 13-0 52
66-6 ISMC 125 127 59
65-1 ISLB 125 119 52
62-8 ISJC 150 99 51
571 ISLC 125 10-7 52
54-8 *ISJB 175 81 53
51-5 ISMB 100 115 3-8
43-2 *ISJC 125 79 35
429 *ISJB 150 71 43
373 ISMC 100 92 44
336 ISLB 100 80 38
329 ISLC 100 79 3-8
24-8 *ISJC 100 5-8 28
20-3 ISMC 175 6-8 31
19-4 ISLB 75 61 2:6
176 *ISLC 175 57 26

Norkr — For using this table, proceed as follows:

a)
b)

<}

¢

l.ocate the required modulus of section ( Zxx ) in col 1. Where the ex-
act Zyy is not available, select the immediate next higher value of Zs,.
The section opposite this value in col 2 and all sections above it satisfy
the requirements with regard to Zy..

If the section opposite this value bears an asterisk, it is the highest
beam in the series to serve the requirement. Otherwise, proceed
higher up and choose the first section bearing the asterisk(*).

Lf conditions require that the section shall not exceed a certain depth,
proceed up the column until the required depth is reached. Check up
tu see that no lighter beam of the same depth appears higher up.
Check up the sclected section for web capacity -in shear. In cases of
eccentric loading or any other special conditions of loading, exercise

. necessary check.

)

It is assumed in this table that compression flanges of the section
havc adequate lateral support.

i
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TABLE II PERMISSIBLE BENDING STRESS IN COMPRESSION ON
UNIFORM CROSS-SECTION

( Metric Units,

( Clayge
b dajt; dajty For dajt; For djt; For djt; For
=10 =15 EVERY =20 EVERY =25 EVERY =30 EVERY
VALUE VALUE VALUE VALUE
OF dftf oF dfif OF d|if OF dftf
IN- In- IN- in-
CREAS- CREAS- CREAS- CREAS-
ED BY ED BY ED BY ED BY
1, Sus- 1, Sus- 1, Sus- 1, Sus-
TRACT TRACT TRACT TRACT
20 1575 1575 — 1575 —_ 1575 — 1575 —
21 1575 1575 — 1575 — 1575 —_ 1575 —_
22 1575 1575 — 1575 — 1575 — 1575 —
23 1575 1575 — 1575 — 1575 — 1575 -
24 1575 1575 — 1575 — 1575 0-4 1573 2007
25 1575 1575 — 1575 — 1575 13-4 1 508 217
26 1575 1575 - 1575 — 1575 25-2 1449 22-5
27 1575 1575 1575 7-6 1537 319 1378 21-4
28 1575 1575 —_ 1575 226 1462 317 1303 20-1
29 1575 1575 — 1575 38:6 1382 297 1233 20-4
30 1573 1575 9-6 1527 46-2 1296 319 1151 19-0
31 1575 1575 30-2 1424 43-8 1 206 279 1066 17-5
32 1575 1575 31-6 1417 44-2 1196 27-4 1059 19-7
33 1575 1575 39-4 1378 435 1160 274 1022 18-9
34 1575 1575 48-0 1335 42-7 1121 27-4 984 18-0
35 1575 1575 57-4 1 288 41-6 1080 260 950 18-2
36 1575 1575 67-4 1238 405 1036 25-7 907 17-3
7 1575 1547 69-2 1201 39-6 1 003 256 875 16-5
38 1575 1495 666 1161 38-7 968 244 846 16-8
39 1575 1 466 66-0 1136 38-1 945 24-4 823 17-0
40 1575 1419 640 1090 369 906 239 786 16-1
41 1575 1370 62-0 1 060 36-2 879 229 764 16-3
42 157§ 1 355 61-8 1 046 359 866 231 751 15-8
43 1575 1313 60-3 1011 35-0 836 227 723 151
44 1575 1289 59-0 994 34-6 821 220 711 15-4
45 1575 1242 57-3 955 33-4 788 216 680 14-5
46 1575 1217 56-5 934 329 770 21-4 663 147
47 1575 1187 54-9 912 32-2 751 20-6 648 14-8
48 1575 1158 539 888 316 730 20-4 628 14-2
49 1575 1154 541 884 315 726 206 623 139
50 1575 l 1118 52:2 857 30-7 704 19-7 605 13-9

Note 1-- Lhe permissible stress for §b = 46, dfi, == 27 may bt rcad as 769-9—2x 214 - 7271
The permissible stress for Ifb == 46, djf; == 23 may be read as 7699--3 x 214 = 7037
The permussible stress for /b = 46, d/lf = 29 may be read as 769-9—-4 x21-4 == 65343
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TABLES

THE EXTREME FIBRES OF BEAMS WITH EQUAL FLANGES AND
( STEEL CONFORMING TO 1S:226-1958)

kg/cm*)
6.3)
22 — Al Al - il ™ it m
wlry FoOR @ity FOR “ief LFOR &g IOR ®IvF ijo
=35 EvVERY =40 | EVErY =45 EveEry | =50 | Every | =100
VALUE VALUE VALUE VALUE
OF d/tf OF d/tf OF d/lf or: d/tf
in- in- IN- IN-
CREAS- CREAS- CREAS- CREAS~
ED BY ED BY ED BY ED BY
1, Sus- 1, Sus- 1, Sus- 10, Sus-
1575 — 1575 — 1578 — 1 575 — 1575 20
1575 —_ 1575 — 1575 — 1575 24 1558 21
1575 — 1575 — 1575 1:2 1569 284 1427 22
1575 7-8 1536 12:1 1475 79 1 435 279 1295 23
1 469 156 1391 11-2 1335 7-3 1298 270 1163 24
1399 156 i324 92 1278 86 1235 274 1 098 25
1336 144 1264 10-3 1212 82 1171 276 1033 26
1271 13-8 1202 11-3 1145 79 1106 275 968 27
1203 145 1130 10-7 1 076 7-5 1039 273 902 28
1131 149 1 056 101 1 006 70 970 268 836 29
1 056 139 ‘986 9-5 939 7-7 900 260 769 30
978 129 914 99 864 7-2 828 250 702 3
961 126 897 9-7 848 71 813 256 684 32
928 133 862 93 815 6-8 780 257 652 33
894 12:7 830 9-0 785 7-6 747 255 619 34
858 12-2 797 9-6 749 72 713 25-3 586 35
821 12:5 758 91 712 69 678 249 553 36
792 13-0 727 8-7 684 66 650 24-8 527 37
762 124 700 9-2 654 63 623 245 500 38
738 111 682 89 638 69 603 244 481 39
706 11-3 649 8-5 606 66 574 239 454 40
683 11-6 625 81 584 6-3 553 23-7 434 41
672 11-3 615 87 572 6-2 540 238 422 42
647 109 593 83 552 66 518 23-4 402 43
634 11-2 578 §1 538 63 506 23-5 389 44
608 11-3 551 7-6 513 6-1 482 229 368 45
589 10-3 538 8-0 495 59 468 227 355 46
574 9-9 524 83 482 57 454 | 225 342 47
557 10-1 507 75 469 6:0 439 222 328 48
553 10-5 501 7-3 464 6-0 434 22:3 322 49
535 10-1 485 76 447 57 419 220 309 50

Nore 2 — It may be observed that there is a little difference between the values given in this table
and those given in Table 11A of 1S: 800-1956. The values given in this table have been obtained directly
from the formula given in E«1.1 of Appendix E in IS:800-1956 and may be taken as more accurate.
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ISI HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATE GIRDERS

TABLE III VALUES

( See Clause

( Clause
P ,v,,_._ﬂ - ‘ e ] O, e
| oai, | oFox | oan, | For | For | aft For
| Yy ey | =0 | Bvmy
i A 3 4 2 UE VaLue
; i GE d/“ ! oF d/tt ’ OF d/t( or dft
i lncnus 1 INCREAS- | INCREAS- IN(.REA‘S-
. | XD BY { | Ep BY 1, ED BY 1, ED BY 1,
| | ,Lgv“m | SuBTRACT bunnucr SUBTRACT
! I B U S L e
: A
. - - ; N
]‘ - ‘ 2 865 20-20
! [ B 2813 | 20-20
; | : - 2 760 20-20
f :
| |
- - - - — — — - 2708 20-20
Z — - - _ — - 2656 | 20-20
i . — — - — 2 604 20-20
i - - - —— ~— — — 2551 20-20
- - e m e 2 499 20-20
i - ~ — —_ — — & 447 20-20
- - . —_ — — — 2 384 20-20
— L - — — 9408 31-20 2 342 20-20
o - : - e — -— %409 31-10 2 304 20-10
: - - — — — | 2420 31-00 2 265 20-00
N - - - - — ] 2382 30-90 29227 19-90
- e - — 2343 30-80 2189 19-80
- - - - — . 2 304 3070 2150 19-70
— - — — —_— - 2 285 30-60 2112 19-80
- - - o - — 2226 30-50 2074 19-50
b - — —_ [T — 2188 30-40 2036 19-40
! — . — _— i —_ —_ 2149 30-30 1997 19-30
- - - - 2362 50-40 2110 30-20 1959 19:20
- - - - 2332 50:10 2 082 30-04 1931 19-14
—_— ~ o - 2302 49-80 2053 29-88 1904 19-08
[ - = - 2272 49-50 2024 29-72 1876 19-02
| | ' !
‘1 _— z - i ; - | 2242 49-20 19098 20-56 1848 18-96
e - ] 2212 48-90 1968 29-40 1820 18-90
| — — ; ! —_ 2182 4860 1939 29-24 1793 1884
; |
! — i 2152 | 48-30 1910 | 290-08 1765 | 1878
- - — - | 2122 48-00 1882 28-92 1737 1872
‘ - - | - -— {2002 4770 1854 28-76 1710 18+66
NoTr — The maximum permissible stress of steel to 1S: 226-1958 should not exceed 1 500 kg/cm?®,
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TABLES
OF ‘A®' AND ‘B’

E-2.1.3 of IS: 800-1956 )

6.3)
. R - \
djt For djt For | dft, . For djt For dfy a Ir
¢ S ‘e : H ¢ (] e (4 y
Every EveEry | EVERY EvERY
=351 varve = 40 Vave | =% VALUE =50 VALUE =100 | =@
| or d/te | oF d/te ; orF dft, oF d[tg
INCREAS- ‘; INCREAS- ; {NCREAS- INCREAS- ]
ED BY 1, | { EDBY 1, | ED BY 1, ED BY 10,
| SuBTRACT § | SuBTRACT | SUBTRACT l SUBTRACT l
: \ B |

1
2764 13-R0 9n #80 8:20 ‘ 2416 23-40 2499 2462 80
2712 13-78 i 43 BH2 $-26 | 25604 23-32 2 447 2410 81
2 659 376 ; 1303 S 344 8-32 | 25612 2324 2 396 2 359 82
2807 | 1374 L 253k 0 w36 | 2492 638 | %160 23-18 2344 | 2307 83

"2 55h £3-72 1 2488 #-28 L% 440 5:44 | 2408 23-08 2 202 2 255 84
2 502 1870 PR 29 v 2388 6450 ‘¢ 2 856 2300 2240 2 204 85
|
2450 13-68 LTI #12 456 ! 2 303 22-92 2189 21562 88
2 308 13-66 < A3 904 682 | 22561 22-84 2137 2 100 87
2345 ! 13-4 | w277 | #4968 368 | 2109 22-76 2085 2048 88
i { i
t i | b
1o13-82 ‘ 2225 ‘) #-88 ; 374 2147 22-88 2034 1697 30
; 13-80 2173 880 6-80 2 085 2260 1 982 1945 90
: 1344 2138 386 ! 5768 2 058 22-54 1945 1908 81
LZ’ 1(;»5 | ig%g | 4 ()ﬂg 892 1 2054 #-72 2021 2%‘48 1908 1 ggl 292
2123, 13- 2 06 #4498 L2017 588 1984 22-42 1872 1834 23
PAULH ’ 12-98 2026 04 | R0 -84 1947 22-36 1835 1797 04
I T
2052 | 12-80 | 1988 w10 1942 8-60 19810 22-30 1798 1760 95
2014 | 1264 1851 @16 1 1905 6-58 1872 22-24 1761 1723 26
1076 | 12:48 1914 $-22 | i868 8:52 1835 22-18 1724 1 686 97
1030 1 1232 1877 9-28 1831 | 648 | 1798 22-12 1688 | 1640 98
1901, 12-18 1 840 9-34 1798 . 8-44 1761 22-08 1 651 1812 29
1883 . 1200 1 803 9-40 1756 9-40 1724 22:00 1614 1575 100
| i ;

Ly aae \ 12:02 1776 9-38 1720 | 8 1696 22-00 1586 | 1548 101
17808 12:04 1748 938 1701 644 1869 -22-00 1 559 1520 102
1781 ‘ 12:08 1720 34 1674 : 8-46 1642 22-00 1532 1493 103

3 | 5
1753 | 12:08 1 | e 16846 48 1614 22+00 1504 | 1465 104
1726+ 12110 1 666 9-30 1619 8-50 1 586 22-00 1-476 1 438 105
1699 1212 1 2:2 1502 | 8-52 1569 22- 1 449 1411 108
|
| |
1671 L 12-14 1610 9-28 15684 | 8-54 1 582 22-00 1422 1 107
1644 @ 12-16 1583 9.24 1537 | 8:56 15604 22-00 1804 1856 108
1016 | 1218 1558 9-22 1509 @ 658 1476 | 22:00 1366 | 1328 109
I
( Conmtd)
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IST HANDBOOK FOR STRUCTURAL ENGINEERS. STEEL BEAMS AND PLATE GIRDERS

TABLE III VALUES

( See Clause

( Clause
I dft For aft For djt For aft Foxr dft For
E4 —10 | Evemv | 01 Bvery | S | Everv | _ 4. | Evervy /;0 EvERY
VALUE = VALUE VALUE = VALUE = VALUE
OF d/t‘ OF d/le OF d/t‘ oF djt, OoF d/t‘
INCREAS- INCREAS- INCREAS- INCREAS- INCREAS-
ED BY 1, ED BY 1, ED BY 1, ED BY 1, ED By 1,
SUBTRACT SUBTRACT SUBTRACT SyBTRACT SUBTRACT
A
110 —_ — 2 496 86-80 2062 47-40 1825 -60 1682 18-60
111 — — 2 470 86-34 2039 47-16 1803 2848 1661 18-58
112 - —_ 2 445 8588 2016 46-92 1781 28-36 1639 1856
113 — — 2 420 8542 1992 46-68 1759 28:24 1618 18-54
114 —_ _ 2 394 84:96 1969 46-44 1737 28-12 1596 18-52
115 — — 2368 84:50 1946 46-20 1715 28- 1575 18-50
118 —- — 2343 84-04 1923 45-96 1693 27-88 1554 18:48
117 — — 2318 83-58 1 900 45-72 1671 27:78 1532 18-46
118 — —_ 2 292 83-12 1876 4548 1649 2764 1511 1844
119 - —_ 2 268 82-68 1853 4524 1627 27-52 1480 18-42
120 8131 178-00 2 241 82:20 1 830 45-00 1 605 27:40 1468 18-40
121 8104 | 176-86 2 220 81.78 1811 44-80 1587 27-26 1451 18-30
122 3078 175-72 2199 81-32 1703 44-60 1570 27:12 1434 1820
128 3051 174-58 2178 80-88 1774 44-40 1552 2698 1417 13-10
124 3025 173-44 2157 80-44 1755 44:20 1534 26-84 1 400 18-00
125 2998 | 172-30 2136 80-00 1736 44-00 1516 26+70 1383 17-00
126 2971 171-18 2118 79:58 1718 43-80 1499 26-56 1 366 1780
127 2945 170-02 2005 7912 1 699 43-60 1481 26-42 1349 1770
128 2918 | 16888 2074 78:68 1680 43-40 1483 26-28 1332 1760
120 2 892 1687-74 2 053 78-24 1662 43-30 1 446 26-14 1815 17-50
130 2865 | 166-60 2032 77:R0 1643 43-00 1428 26:00 1298 17-40
131 2 843 165-60 2015 77-36 1 62, 42-82 1414 2588 1284 17'3¢
182 2 820 164-80 1997 76-92 161 42:684 1399 2576 1271 17-28
133 2798 163-60 1 980 76-48 1 597 42:46 1 385 25-64 1 256 17-22
134 2775 162-80 1 962 76-04 1582 42-28 1371 25-52 1243 1716
135 2753 161-6" 1945 75-60 1587 42-10 1 356 2540 1 230 17-10
136 2731 160-60 1928 75-16 1552 41-92 1342 2528 1216 17-04
187 2 708 159-60 1910 7472 1537 4174 1328 25-16 1202 16-98
138 2 686 158-60 1 893 74-28 1 521 41:56 1314 25-04 1188 16-92
139 2 663 157-60 1875 73:84 1508 41-38 1299 2492 1175 1636

Nore — The maximum permissible stress of steel to IS: 226-1958 should not exceed 1500 kgfem®.
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TABLES
OF ‘A’ AND ‘B’— Contd

E-2.1.3 of IS : 800-1956)

6.3)
dft For dj For djt For djt For i djt I,
__/3‘, EVERY _ 40 | Everv = 45 EVERY g0 | Everv |_ 100 ¢ y
= VALUE = VALUE =% VALUE = VALUE =
OF d/t‘ or djt, OF d/t‘ oF d/t‘ .

INCREAS- INcrEAS- INCREAS- INCREAS-

ED BY 1, ED BY 1, ED BY 1, ED BY 10,

SUBTRACT SUBTRACT SUBTRACT SUBTRACT

A B
1589 12-20 1528 9-20 1 482 4-80 1449 22-00 1 339 1 301 110
1 568 1216 1 507 918 1 461 656 1423 21-98 1318 1280 111
1546 12:12 14868 916 1 440 852 1 407 21-96 1298 1259 112
1525 1208 14865 914 1419 6-48 1387 21-94 1277 1239 113
1504 12:04 1444 9-12 1308 6-44 1 366 21-92 1256 1218 114
1482 12:00 1422 910 1377 6-40 1345 21-90 1236 1197 115
1461 11-96 1401 9-08 1356 6-36 1324 21-88 1215 1178 1168
1 440 11-92 1 380 9-06 1335 6-32 1303 21-86 1194 11556 117
1419 11-88 1 359 9:04 1314 628 1283 21-34 1173 1135 118
1397 11-84 1338 9-02 1293 624 1262 21-82 1153 1114 119
1376 11-80 1317 9-00 1272 6-20 1 241 21-80 1132 1093 120
1 360 11-72 1 301 9-04 1256 6-22 1225 2170 1116 1077 121
1343 11-64 1285 9-08 1239 6-24 1208 21-60 1100 1061 122
13268 11-56 1269 9-12 1223 6-26 1192 2150 1084 1045 123
1310 11-48 1253 9-1¢ 1207 6-28 1175 21+40 1068 1029 124
1294 11-40 1236 9-20 1190 6-30 1159 21-30 1052 1012 125
1277 1132 1220 Q24 1174 6-32 1143 21-20 1037 296 126
1260 11024 1204 .28 1158 6-34 1126 21-10 1021 980 127
1244 11°16 1188 9-32 1142 6:38 1110 21 1005 064 128
1228 1108 1172 9-36 1125 6-38 1003 20-90 989 948 129
121 11-00 1156 940 1109 6-40 1077 20-80 973 932 130
1108 11-06 1142 9-28 1096 6-36 1064 20-82 960 919 131 -
1184 11-12 1129 9-18 1083 6-32 1051 20-84 947 906 132
1171 1118 1115 904 1070 6-28 1038 20-86 934 893 133
1157 11-24 1101 892 1057 624 1025 20-88 921 880 134
1144 11-30 1088 8-80 1044 6-20 1012 20-90 908 868 135
1131 11-36 1074 8:68 1030 6-16 1000 20-92 895 835 136
1117 1142 1080 856 1017 6-12 987 20-94 882 342 137
1104 1145 1046 844 1004 6-08 974 20-06 889 829 138
1090 11-54 1033 8-32 991 604 961 20-98 856 816 139
{Contd)
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ISI HANDBOOK FOR STRUCTURAL ENGINEERS: STEEL BEAMS AND PLATE GIRDERS

TABLE III VALUES

{ See Clause

( Clause
Y dajt Fox dft For djt For dn Fox dft For
¥ e EvERY ‘ Every : EVERY 4 EveERy & EvVERY
=10 VALUE =1 VaLug =20 VALUE =25 VALUE =30 | Viive
or djt, or djt, OF dft, oF dft, or-djft,
INCREAS- | INcrEAs- INCREAS- INCREAS- INCREAS-
ED BY 1, ED BY 1, ED BY 1, ED BY 1, ED BY 1,
SUBTRACT SUBTRACT SUBTRACT | SUBTRACT SuBTRACT
A
140 2 641 158-60 1 8568 73-40 1 491 41-20 1285 24-80 1161 16:80
141 2 622 155670 1844 73-02 1473 40-94 1274 24-76 1150 16-72
142 2 603 154-80 1829 72-64 1 466 40-68 1262 2472 1139 16-64
1438 2584 153-90 1814 72-26 1 458 4042 1251 24-68 1128 10'56
144 2 565 158-00 1 800 71-88 1441 40-18 1240 24-64 1117 1648
145 2 646 15210 1786 71-50 1 428 3990 1228 24-60 1108 16-30
148 2527 151-20 17 7112 1 415 30-64 1217 24-56 1004 16-32
147 2 508 150-30 1756 70-74 1 408 39-38 1208 24-52 1083 1624
148 2 489 149-40 1742 70-36 1 390 39-12 1195 24-48 1072 16-16
149 2470 148:50 1728 40-98 1378 38-86 1188 24-44 1061 16-08
150 2 461 147-60 1718 69-60 1365 38-80 1172 24-40 1050 16-00
151 2 434 146-72 1701 -26 13864 38-46 1162 24-28 1041 15-08
152 2418 145-84 1689 { 68-92 1344 38.32 1152 24:16 1082 1508
158 2401 | 144-96 1676 68-58 1834 88-18 1148 24-04 1022 1504
154 2 144-08 1664 68-24 1323 38-04 1183 2892 1018 15-92
155 2368 | 143-20 1652 87-90 1312 3790 1128 28:80 1004 15-90
156 2351 142-32 1640 67-56 1302 8776 1118 23-68 995 15-88
157 2 335 141-44 1628 67-22 1202 37-62 1108 28-56 986 15-86
158 2318 140-56 18615 66-88 1281 37-48 1004 28-44 976 1584
159 2 302 130-68 1608 06-5¢ 1270 37-34 1084 2332 967 15-82
160 2 285 138-80 1591 66-20 126C 37-20 1074 28:20 958 15-80
161 2271 138-08 1580 6588 1251 3704 10686 23-12 950 1574
162 2256 137-36 15%0 86-56 1241 36-88 1057 23-04 042 15-68
163 2242 138-84 1359 85-24 1283 36-72 1049 22:96 934 15-62
164 2228 135-92 1 548 64:92 1224 36-56 1 041 22-88 926 15-58
185 2214 135-20 1538 84-60 1214 36-40 1082 22-80 218 1550
166 2199 134-48 1527 64-28 1205 36-2¢ 1024 22:72 911 1544
187 21856 133-76 1516 63-08 1106 36-08 10186 22-64 903 15-38
168 2171 133-04 1 505 83-64 1187 35-92 1008 22:56 895 15-32
189 2156 132-32 1495 63-32 1178 35-76 299 2248 887 15-26

Notf — The maximum permissible siress of steel to 1S: 226-1058 should not exceed 1 500 kg/cm?®.
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OF *A* AND ‘B’ — Conid

E-2.1.3 of IS:800-1956)

TABLES

6.3}
;E dft | For l djt Foxr dft_ For dft For d/t'f lr..
|- EvVERY 40 EVERY _ ‘5 EvERY _ .‘0 EVERY ~ 100
- VALUE VALUE - VALUE - VALUE =
oF dft, “or dft, oF dft, oF djf,
INCREAS- INCREAS- INCREAS- INCREAS-
ED BY 1, ED BY 1, EDBY ], ED BY 10,
’ } SuUBTRACT SUBTRACT SUBTRACT SUBTRACT
A B
I S R—
1077 11-60 1019 8:20 978 6-00 948 21-00 843 803 140
1 066 11-58 1008 8-22 967 5-96 938 20-98 833 793 141
1056 11-56 998 824 957 592 927 20-96 822 782 142
1045 11-54 887 3-28 946 5-88 %18 20-94 832 772 143
1034 11-52 977 8-28 935 5-84 8906 20-92 801 761 144
1024 11-50 966 8-30 924 580 896 20-90 791 731 145
1013 11-48 955 8-32 914 576 885 I 20-88 781 741 146
1002 1i-48 945 834 903 572 874 20-86 770 730 147
9901 11-44 934 8:36 892 5-68 864 20-84 760 720 148
¢81 11-42 924 8-38 882 5-64 854 20-82 749 709 149
970 11-40 913 8-40 871 5-60 843 20-80 739 699 150
961 11-34 904 8-34 862 5-64 834 20-74 731 691 151
932 11-28 805 828 854 -88 826 20-63 722 832 152 -
943 11-22 887 8:22 846 572 817 20-62 714 874 153
034 11-16 878 816 837 576 808 20-56 705 6866 154
924 11-10 869 81 828 580 800 20-50 697 858 155
915 11-04 860 804 820 584 791 20-44 489 649 158
906 10-98 851 7-98 812 588 782 20-38 680 641 157
897 10-92 843 7-02 803 592 773 20-32 672 633 158
888 10-86 834 7-86 794 5-96 765 2026 663 624 159
sy 10-80 825 780 786 6-:00 756 20-20 635 616 1680
871 10-76 818 778 779 596 749 648 609 161
864 10-72 810 7-76 771 592 742 641 602 162
836 1u-68 803 77 764 588 735 833 595 163
49 10-64 795 772 757 584 748 2028 626 588 164
341 10-60 788 7-70 750 5-80 720 20-30 619 581 165
833 10-56 781 7-68 742 576 71 20-32 812 574 166
R 10-52 773 7-66 735 572 706 20-34 605 567 167
Sia 10-48 766 7-64 728 568 699 20-36 597 560 168
811 10-44 758 762 720 564 692 20-38 590 533 169
(Contd )
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ISI HANDBOOK FOR STRUCTURAL ENGINEERS:. STEEL BEAMS AND PLATE GIRDERS

TABLE III VALUES

( See Clause

( Clause
Ifr, dajt, For dft, For djt, For d/te For djt For
Y — 10 EVERY - 15 EvVERY = 20 EVERY = 25 EVERY _ 3'0 EvERY
- VALUE - VALUE - VALvue - VALUE - VALUE
oF d/te oF d/te oF d/te OF d/t¢ OF d/’,
INCREAS- INCREAS- INCREAS- INCREAS- INCREAS-
ED BY 1, ED BY 1, ED®BY 1, ED BY 1, ED BY 1,
SUBTRACT SUBTRACT SUBTRACT SUBTRACT SUBTRACT
4
170 2142 131-60 1484 63:00 1169 35-60 991 22:40 879 1520
171 2129 130-92 1475 6272 1161 3544 934 22.32 872 15-14
172 2117 130-24 1 466 62-44 1153 35-28 977 22-24 866 15-08
173 2104 129-56 1456 62:16 1146 35-12 070 22-16 839 1502
174 2 092 128-88 1 447 6188 1138 34-96 043 22-08 853 14-96
175 2079 128-20 1 438 61-60 1130 34-80 956 22-00 846 1490
176 2 066 12752 1429 61-32 1122 34-64 049 21-92 83¢ 14:84
177 2054 § 126-81 1420 61-04 1114 34-48 942 21-84 833 14-78
178 2041 126:16 1410 60-76 1107 34:32 935 21-76 826 14-72
179 2 029 12548 1401 60 1~ 1099 3416 923 21-68 820 14-66
180 2016 124-80 1 392 60-20 1091 34-00 921 21-60 813 14-60
131 2 005 124-20 1 384 58-90 1084 33-94 915 2134 -808 14:68
182 1994 123-60 1376 59-60 1078 33-88 903 21-08 803 14-76
183 1982 123-00 1 367 59-30 1071 33-82 902 20-82 798 14-84
184 1971 122-40 1,59 59-04 1 064 33-76 895 20-56 793 14-92
185 1 960 121-80 1351 a8T 1 0558 834 20-30 788 15-00
186 1949 121-20 1343 58-40 1051 833 20-04 782 15-08
187 1938 120-60 13385 58-10 1044 876 19-78 7 15-16
138 1926 120-00 1326 5780 1037 3352 870 19.52 772 15-24
189 1915 119-40 1318 5750 1031 3346 863 19-26 767 15-32
190 1904 1153-530 1310 57-20 1024 33-40 857 19-00 762 15-40
191 1804 118-36 1302 56-836 1018 852 19-14 730 15-18
192 1 ¥%4 11792 1205 a6-52 1012 847 19-28 750 14:96
193 1874 117-48 12387 a6°1% 1 006 842 19-42 745 14:74
194 1864 11704 1279 5384 1 000 32-68 837 19:56 739 1452
195 13854 116+60 1272 5350 994 32:50 832 1970 733 14:30
196 1845 116-16 1264 55-16 488 32-32 826 1984 27 14-08
197 1835 115-72 1256 5482 932 32-14 821 19-93 72 13-86
198 1825 115-28 1248 5448 976 31-06 816 20-12 716 13.64
199 13813 11484 1241 5414 970 3178 311 20-26 710 13-42
200 1805 114-40 1233 5380 964 31-60 806 20-40 704 13-20

Nore — The maximum permissible stress of steel ‘to 1S: 226-1953 should not exceed 1500 kg/cint.
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OF ‘A’ AND ‘B’ — Contd

E-2.1.3 of I5: 800-1956 )

TABLES

6.3)
dft For ajt For djt For daje For dft dajft ifr,
- ‘3r EvERY _48 EVERY - :, EvERY - ;0 EvVERY =-1&) _ ¢ ry
=% VALuE = VALUE ¥ | Varue VALUE =
OF d/te OF d/t‘ oF d/te OF d/tc
INCREAS- INCREAS- INCREAS- INCREAS-
ED BY 1, ED BY 1, ED BY 1, ED BY 10,
SUBTRACT SUBTRACT SUBTRACT SUBTRACT
A B
803 10-40 751 7-60 713 360 835 20-40 533 546 170
797 10-36 745 7-60 707 564 679 20-34 577 540 171
790 10-32 739 7-60 701 5-68 672 20-28 571 53¢ 172
734 10-28 733 7:80 895 572 866 2022 565 23 173
778 10-24 727 7-60 689 5-76 660 20-14 559 522 174
772 10-20 72 760 682 5-80 854 20-10 533 316 175
765 10-16¢ 714 7-60 676 5:84 847 20-04 a47 511 178
758 10-12 708 7.60 870 5:38 641 19-98 541 305 177
753 1008 702 7-60 654 592 835 19-92 535 499 178
746 1004 696 7-60 658 5-96 823 19-86 529 493 179
740 1000 600 7-60 852 6-00 622 19-80 523 487 180
734 10-00 634 7-54 647 -96 617 19-78 518 482 181
729 1000 679 7:48 642 592 812 10-76 513 477 182
724 10-00 674 742 636 588 607 19-74 508 472 183
718 10:00 668 . 7-36 631 584 602 19-72 508 467 184
712 10-00 862 7-30 626 5-80 597 19-70 498 462 185
707 10-00 857 7-24 621 576 302 19-68 494 456 186
702 10:00 652 7-18 416 572 587 19-66 489 451 187
606 10-00 6846 7-12 610 5-68 582 19-64 484 416 188
690 190-00 640 7-08 605 564 577 19-62 479 441 189
645 1000 635 7:00 600 560 572 19-60 474 436 190
680 994 631 704 595 2-60 5638 19-56 470 432 191
676 9-88 626 708 501 5-52 563 1952 4686 428 192
671 9-82 622 7-12 586 548 559 19-48 461 123 193
666 976 817 7-18 582 544 564 19-44 437 419 194
462 P70 613 7-20 577 540 550 19-40 453 415 195
657 964 609 724 572 5-36 546 18-36 449 411 198
652 0-58 604 728 588 - 532 o541 19-32 445 407 197
647 9:52 600 732 563 528 587 19-28 440 402 198
643 9-46 595 7-36 539 524 532 19-24 436 398 199
838 940 591 740 554 5-20 528 19-20 432 394 200
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TABLE IV PERMISSIBLE AVERAGE SHEAR STRESS IN WEBS FOR

STEEL CONFORMING TO 1S: 226-1958

[ See Clausg 9.3.2(b) of IS: 800-1956 ]

[ Average Shear Stress (kg/cm?) for Different Distances Between Vertical Stiffeners ]

( Design Example 2, Sheet 9)

0-33d 0404 0-50d 0-60d 0-70d 0-80d
945 945 945 945 945 945
945 945 945 045 045 945
045 945 045 945 945 945
945 945 945 945 945 945
945 945 945 045 945 945
945 945 945 945 945 945
945 045 945 945 045 946
945 045 945 945 945 045
945 945 945 945 945 945
945 945 945 945 945 945
945 945 945 945 945 945
045 945 945 945 945 945
945 945 945 945 945 945
945 945 945 945 945 95
045 945 945 945 045 945
945 945 945 945 945 945
945 945 045 945 945 942
945 945 045 945 945 239
945 045 945 945 945 937
945 945 945 945 945 934
945 945 945 945 945 931
945 045 945 045 942 926

45 945 945 945 939 921

45 945 945 045 937 917
945 945 945 045 934 912
945 945 945 045 931 007
945 945 945 044 927 903
945 945 945 043 923 808
945 945 945 942 918 804
045 945 945 041 914 889
945 043 945 940 910 885

0-90d

1004 1-104 1-20d 1-30d 1-40d 1-504
945 045 945 945 945 945
945 945 945 943 942 940
946 945 945 942 933 935
945 945 945 940 935 930
945 045 945 939 931 925
945 945 945 937 928 920
045 043 940 931 922 914
945 941 935 925 916 907
945 938 930 819 910 901
945 936 925 913 904 894
945 934 920 907 898 888
941 929 914 901 892 882
937 923 908 806 886 B76
934 918 903 890 880 870
920 912 897 885 874 864
026 907 891 879 868 858
921 902 888 873 862 852
916 806 881 867 856 846
911 891 875 861 850 8392
906 885 870 855 844 833
901 880 865 849 833 827
8396 875 859 843 832 821
891 870 853 838 825 814
886 864 848 832 819 808
881 859 842 827 812 801
876 854 836 821 808 795
871 849 830 815 800 789
866 843 825 809 794 783
860 838 819 803 788 777
855 832 814 797 782 771
850 827 808 791 76 785
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APPENDIX A
(Design Example 14, Sheet 1)

CONTINUOUS SPAN -COEFFICIENTS

A-1. GENERAL

A-1.1 Continuous spans are frequently used to reduce the maximum mo-
ments, in both bridge and building construction; for beams and girders
framing to columns in tier buildings they are seldom economical, despite
the saving in main material, on account of the added cost of necessary
details at the supports.

A-1.2 The methods of calculation of shears and moments in continuous

beams proceed from the fundamental, namely the ‘ Theorem of Three
Moments . '

A-1.3 The design of continuous spans may be safely entrusted only to
designers with an adequate grasp -of the underlying theory and of the be-
haviour of such structures ; to these, however, it is an advantage to have
available such short-cuts as may lighten the tedious arithmetical work.

A-1.4 To this end, two tables of coefficients have been presented for the
three-span continuous beams. In these tables, the two end-spans are equal,
and again the length of each bears a variety of ratios to the total length.

A-1.5 The following general considerations apply to the use of these tables:

a) The span-ratios chosen are intended to embrace those that frequently
occur in practice. The intervals between span-ratios tabulated are
close enough so that straight line interpolation for other ratios
( vertical interpolation ) will not introduce too great errors.

b} Theoretically, the tabulated coefficients for a particular function
under investigation are to be used as ordinates to a series of points,
through which the ‘influence line’ for the function is to be drawn
in as a smooth curve. The number of such ordinates provided,
enables such a curve to be faired in with sufficient accuracy for most
purposes.

¢) The actuai drawing of influence lines may in many cases be avoided
by a reasoned use of the tabulated information. For instance, for
many short spans the maximum negative and maximum positive
moment, directly obtainable from coefficients in the tables, will
suffice to determine the size of the required beam.

d) Both spans in two-span beams, and both end spans of three-span
beams, are divided into fifths because the maximum positive mo-
ments from single loads occur very close to the two-fifths points
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from the end supports. The central span of three-span beams is
divided into fourths because this maximum occurs at mid-span.

e) The spacing of a specified group of concentrated loads is apt to be
such that with one load placed at one of the fifth or quarter points
tabulated, other loads fall between such points. Exact coefficients
for such loads do not result from straight-line interpolation ( hori-
zontal interpolation ) between the tabulated coefficients to right and
to left, because the influence line between those points is a curve.
Only in regions of sharp curvature, however, the error is important,
and a mental correction to the straight-liné interpolation, taking
into account the direction of curvature of th: influence line, is
feasible.

f) All shear and moment coefficients have been expressed in terms of
“L’, the total length of the two (or three) spans. This is done
in order that if, as is frequently the case, the total length is fixed
and the intermediate span lengths are subject to the designer’s
discretion, comparison of the various functions for various layouts
may be made on a common and constant basis.

A-2. THREE-SPAN TABLES

A-2.1 Table V gives the four reactions due to a unit load placed successively
at each of fifteen points. Since the end spans are equal, two of these re-
actions are in reverse to the other two.

For moving groups of two or more loads, it will usually be desirable to
plot the influence lines for all the shears and moments required in the
design. The influence line ordinates for the maximum negative moment
are tabulated (M;). Maximum positive moment will occur at an undeter-
mined point, but this point will lie not far from the point where a single
load produces maximum moment; the position of this point is tabulated
[ see + M(MAX)]. Influence lines may be drawn, from the reaction
tables, for this point and for other points close by, and these will envelop
the influence line for absolute maximum positive moment in the span.

For longer spans, where changes of section will need to be made, the
influence ordinates for moment (and sometimes for shear) may be
calculated (from the reaction tables) at each of the fifth points. From
these the maximum moment at each fifth point may be found and plotted
to scale, and a moment curve faired through the eleven points thus

established. This will provide the information for a detailed design for
bending stress.

A-2.2 Table VI has been given to simplify the calculation ¢f the shears
and moments usually required in the case of uniform load per lineal foot.

Lead covering one end span (M,) produces positive moment through-
out that span- ( except quite close to the intermediate sypport ) and in the
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other end span to and including its intermediate support; and produces
negative moment throughout the centre span ( except quite close to the far
intermediate support). Load covering the centre span (M,) produces
positive moment throughout that span (except quite close to the inter-
mediate supports ) and produces negative moment throughout both end
spans to and including the intermediate supports.

Therefore, load covering all three spans (M,) does not produce the
maximum moment.at any point, but the coefficients as tabulated will often
be required for the case of dead load.

For uniform live loading, the numerically greatest moment will
occur at some points with one span, at some with two adjacent spans, and
at some with two end spans, loaded. The coefficients for these moments
are tabulated as Max M. TInspection will show what combinations of M,,
M, and M, reversed, produce them. The same is true of Rev M, the
greatest moment of opposite sign to Maex M.
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TABLE V THREE-SPAN SYMMETRICAL CONTINUOUS BEAMS
( Coefficients for Concentrated Loads )

(Clause A-2.1)

i
CONSTANT
' mL nL mL
OF INERTIA
CONCENTRATED LOAD UNITY | ’ ’ / / . . 4
2 3 4 5 S 4 3 2 ]
min| I% R Ry ‘ )
"
S 0281030 1.0 0764 [ 0537 [ 0328 JOu1es [ O [~O-188]-0-188}-0-004] © |O-012 [O-CR4|O.021 |0.0I2] ©
° c0lo40| 10 [0-755| 0522/ 0310 [0-133 | © [-0:108}-0-111[-00s8] o |O-0i9 |0-026]|0-022[0-03] ©
ao | W3 [ 143 ]| vo jo749|0-s10|0-298(0-123 | © [-0-072[-0.075}-0-04t| © |o0-019 jo.02¢]| 0-022 | 0e0i3] ©
§ e | ua | w0 [0-740]0+495| 0280|0110 | © [-0-039[-0-042|-0-023] © |O-018 [0O-024{ 0-021 {C-0i2] ©
. 040]0-20] 10 |0.734 |0.485] 0268|0101 | O [-0025, 27]-0-c18 © |]o-o17 jo-o22]0-0i9l0-001] o
z o-25lo-50] © [0-260{0-505|0720 {0490 | 1:0 |O-98s [ 0688 ]| 0297 O [-0-084}-0-072]-0-083{-0-038] ©
- ©30[0-40| © 0280 |0-5%4 077640932 | 11O [O-898 | 0611|021 | O [-0-C84[-0-112]-0-0v8j-0-086] ©
Ny | i3fi3| © [0-315S|0-602]0830 |0973 | 1-0 |o-883 | 0575 | 0.259) © |-0-1is|-0-154-0-1341-0-0m7] ©
- i ie | © |38 {0694 |0-936 | 1082 | 1:0 |0-012 | 0842 | O2s0] O |-0-180}-0-240}-0-210f-0-120[ ©
X o4clo-20] O |0419]0704]1:039] 1129 | 140 (0794 |0-527 | 0-247| © |-0-247}-0-329{-0-208|-0-1¢3] ©
-
FE LY REVERSE THE TABULATED COEFFICIENTS FOR Ry, FROM LEFT TO RIGHT
- .
§ g REVERSE THE TABULATED COEFFICIENTS FOR Rg FROM LEFT TO RIGHT
o-slo.sop © O161-0-018|-0-014] © 10-047}-0-047-0:024] © |0-003|0.006|0-005|0-003] o
o0l|oso| o }o.on 2 3 3 0331-0-017] © [0.006|0-008|0.007}0-004] ©
Myfinliusl o Lo -oi7l-0-000-0-03 026 O [0'024] 25}-0-014] © [0:006[0-009/0-008|0-004]| ©
38 | 1/a | O }-0:023-0- 039}-0-045}-0.034| O |-0.018 o |0:007|0009[0.008]{0-008] O
: 0.40{0-20| Q [O-026}-0046[-0- 083-0-040| © 0-01t |-0-008] © [0-007[|0-009|0-008|0-004| ©
® | Mg REVERSE THE TABULATED COEFFICIENTS FOR My;FROM LEFT TO RIGHT
- .
w jt——x ¢ X o]
"3 13
t +M (MAX) t H ™ aax) 1 +M (MAX)
o
"
0-2%|0.50 0.054 AT X 0-449 (029 L 0.078 0S4 AT X ®= 0-449 (O-28) L
©:30{0-40 0-083 AT X ©-437 (0-30) L 0+ 087 ©0:063 AT X = 0-437 (0-30) L
o 12 0-068 AT X 0-428 (1730 L 0.058 O-088 AY X = 0-428 ( /3) L
MAXN e | 114 0-074 AT X ©0-415 (38 ) ¢ 0-047 ©0-074 AT X = O-4iS (3/8
o.4o0fo-20| 0-078 AT X = 0-407 (0-40) ¢ 0-039 0:078 AT X = 0407 (0-40) L

R,, Rs, Ry’ and R, are the reactions at supports 0, 5, 5’ and (’ respectively, for a concentrated load of unity applied at the point indicated at
the head of each column of coefficients. .

From these reactions it is possible to construct the influence lines for maximum shear or maximum moment at any section. .

M, is the moment at the interinediate support R;, due to unit load placed at the point indicated. It is negative except when the load is placed
on the farther end span. The tabulated moment coefficients constitute ordinates to the influence line for moment at 5. For M,’' they are reversed
from left to right, Maximum moment at either interior support will occur with the farther end span unloaded. The total moment at 5 or §°, due to
two or more concentrated loads is the algebraic sum of the coefficients tabulated above for the points at which the several loads are placed. Usually
it is greatest when they are placed in the longer of the two spans adjacent to the support. ) . ) .

+ M (M AX) defines the load position for maximum positive moment, and gives the moment coefficient, in each span respectively. The information
accurately locates the peak of the influence line for maximum positive moment due to a single load. f

Coefficient for span-ratios m, #, not given, may be approximated by direct interpolation between the two nearest values tabulated.
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TABLE VI THREE-SPAN SYMMETRICAL CONTINUOUS BEAMS
( Coefficients for Uniformly Distributed Loads)

( Clause A-2.2)

CONSTANY L -
MOMENT mL . nL " mL
OF INERTIA I !
UNIFORM LOAD 7 n 7 n " > - n
v 2 K 4 < E 2
PER UNIT OF LENGTH (o) + 3 3 6 7 6 3 4 4 $ '. 9
m n R R R R
‘ o ‘ - _JRs l l i . d I 4
F 0-25 {050 0-1172 -0-1992 [0-2578 (0-4570 MAX Ry
» 0+30|0-40 0-1378 -0:1971 [0-2169 (04140
B [ MAX [ 1/3 1 1/3 0-1500 ~0°:2056 [0-1944 (0-4000
O |SHEAR| 378 | 1/a 0-1641 ~0-2237 [O-1777 (0-4014
) 0.40]0-20 O-17t4 -0:2379 [0-1800 0- 4179
NOTEMPREFIX O-0 TO ALL TABULATED MOMENTS; THUS, 044 SIGNIFIES 0-0044
h__ —
0.25]0:50] © 044 ©063] os57] 027]- 029f{-020]~010] O00] oi1o] ooe] vos]| cos4| oco02] o
o-30[040| o 062| ©087| 077f 030j-053|-0236/-019|-CO2| ©0I5] O0r12| 0O0%| OOs| 0O3]| ©
™, /3] 13 o 074| 104 ©089] 030{-074|-0Si|-0a28|-005] 019] O15| 011} 007| 0O4] ©
3/8 | i/4 o 09| 125] 103] O2S|- 110[-077]- 044|-011| 022 018]| 013 009! ocO4| ©
~ 0.40/0:20] o toir] 137] 110f o1ef- 137{-097[- 05?|-017| 023] 018] 0i4]| 009] 0cO5| ©
I = B I B ) B e B B I I T B B e e I I
8 PR Y ) T ) g iz §(‘,l 22833 8331= 844/ 882 §u LH §49 - 933 - Qial- 833|-833(-81%1 8
/8 | i/a -~ Q05| 010/~ 018 |- 021 z 838 33 H 33/- 026 |~ Q21 |- 016 ]-010|-005| ©
ot 0-40]0:20] O |- 003]- 006}- 009|- 011 |~ OT14] 023 36] 023|-014|-0Oi1t [~ 009|- 006 |-003] O
o o-25]o-s0[ © oIs| 00s|-o030[-09i]|- 176] 089 137] oe9[- 176 |- 09t [-030] 00! IYH 8
% o-?o 0.40/ © 47! OS7| 032|- 029]|~ 126] 024| 074| oOa24|- 126|-029| 033| 0% 047
Z | My Iy [} 671 o89| 087] 000]|- i11]|-007] 0O28{~007|- 111} 00O| 07| O89 | 067! ©
w 38 | /s o 090] 123] 100} O2i|~ 114|- 085 [- 036|- OS5~ 114| O21t 100| 123 | o90f ©
5 0-40j0-20| © 102] 141] 115] o2s|- 129{~ 091 {-079]|- 091~ 129| O025] 11s] 144 ] 102| ©
Iy 0-25[050] © 046] O67[~ 094~ 128[="186] O7I8[ 156] O7I8|- 186~ 125 |- O%94| 067] Oab ]
w | yax |O'30]0-40| © 06s| 093] O86|-071({- 141| Osi 11| O61|- 141 |~-071| ©O8s! 093! 06S
G ™ T NTE) o 078! 1i11] 100f O44(~ 130i~-058| O83]|-0s56(- 130! O44] T0O] iti| 078] ©
v 38 | 14 o 098] 134| 116] O42|- 136[- 088 |- Os8|- 088 |- 138 Q42 1rs| 134l oss}i o
©0-40|0:20{ O 1051 146] 23] 037~ 51|~ Tiaf~ 1)4|~ Tia]- 151| ©037| 23| 146] (05| ©
0-35]0-50| O |- 03i|-063| Os3| O34] OI10|- 020|- 020]~ 020| ©IO| O3I4] O©63|-063|-031] O
gy |0°30[0-40f O [~ 018]-036/-053| ©O42] 0i15|-038|-o38|-038] O0I1S] oO42{~ OS3|-036|-018] O
™ 13 | O |- O0l1|~022|-033{-044] OI9] 049~ 056| o049l 019]|- 0O4a|- 033|-022}-011] ©
38 | U4 O |- 005|-010|-016]|- 021 022] ©033] o0s2] 033] 022|- 021]|-0iIs/-010|-005| ©
0.40j0-20] O |- 003|-006|~009|-011] 023| a23] ‘03s] o028] ©023}- Ot |- 0O9|- 00O6|-003] ©

Maximum shear (X w ) is the maximum sheai on the indicated side of the support, due to uniform load of w per lin m in the most effective posi-

tion for shear. . . .
and M, (xwL') are the moments at the indicated points due to uniform load w covering respectively the left and the centre span.

M
(Mome‘nts from load covering the right hand span are the reverse from left to right of M, and are not tabulated.)

M, = moment at the indicated point due to load covering all spans; which is not a condition for maximuni. .

Max M = maximum possible moment of either sign at the indieated point, and is due to uniforin load covering one complete sBan or two
complete spans. The maximumn possible positive mnoment occurs close to, and is negligibly greater than, that shown at Points 2 and 2.

Rev M = maximum moment of reverse sizn to May M.
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APPENDIX B

(See Foreword)

INDIAN STANDARDS ON PRODUCTION, DESIGN AND USE

OF STEEL IN STRUCTURES

ISI has so far published the following Indian Standards in the field

of production, design and utilization of steel and welding:

IS:
IS:

IS:
IS:

1IS:

IS

IS:
IS:
IS:
IS:
IS:

IS:
1S:

IS:
1S:

1S:1252-1958 SPECIFICATION FOR ROLLED STEEL SECTIONS, BULB ANGLES

IS:
IS:
1S:

IS:

IS:

800-1956 CoDE OF PRACTICE FOR USE OF STRUCTURAL STEEL IN GENERAL
BuILDING CONSTRUCTION

801-1958 CoDE OF PRACTICE FOR UsE OF CoLD FORMED LIGHT GAUGE STEEL
STRUCTURAL MEMBERS IN GENERAL BUILDING CONSTRUCTION

804-1958 SPECIFICATION FOR RECTANGULAR PRESSED STEEL TANKS

806-1957 CoDE OF PRACTICE ¥or USE.OF STEEL TUBES.IN GENERAL BUILDING
CONSTRUCTION

808-1957 SPECIFICATION FOR ROLLED STEEL BEAM, CHANNEL AND ANGLE SEC-
TIONS

: 812-1957 GLossARY OF TErRMS RELATING T0 WELDING AND CUTTING OF METALS
IS:
IS:

813-1961 ScCHEME OF SYMBOLS FOR WELDING ( Amended)

814-1957 SPECIFICATION FOR COVERED ELECTRODES FOR METAL ARC WELDING
oF MILp STEEL

815-1956 CLASSIFICATION AND CODING OF COVERED ELECTRODES FOR METAL
ARrRC WELDING oF MiLD STEEL AND Low Airoy HiGR-TENSILE STEELS

816-1956 CoDE OF PRACTICE FOR USE OF METAL ArRc WELDING FOR GENERAL
CONSTRUCTION IN MILD STEEL

817-1957 CopE OF PRACTICE FOR TRAINING AND TESTING OF METAL ARC
‘WELDERS

818-1957 CODE OF PRACTICE FOR SAFETY AND HEALTH REQUIREMENTS IN
ELECTRIC AND GAS WELDING AND CUTTING OPERATIONS

819-1957 CODE OF PRACTICE FOR RESISTANCE Spor WELDING FOR LIGHT
ASSEMBLIES IN MiLD STEEL

1173-1957 SPECIFICATION FOR ROLLED STEEL SECTIONS, TEE BARS

1179-1957 'SPECIFICATION FOR EQUIPMENT FOR EYE AND FACE PROTECTION
DuriNG WELDING :

1181-1957 QuUALIFYING TESTS FOR METAL ARC WELDERS ( ENGAGED IN WELDING
STRUCTURES OTHER THAN PIPES)

1182-1957 GENERAL RECOMMENDATIONS FOR RADIOGRAPHIC EXAMINATION OF
FusioN WELDED 'JOINTS

1261-1959 CobpE OF PRACTICE FoR SEAM WELDING IN MiLD STEEL
1278-1958 SPECIFICATION FOR FILLER Robs AND WIREs FOR GAs WELDING

1323-1959 Cope OF PRACTICE FOR OXY-ACETYLENE WELDING FOR STRUCTURAL
Work 1IN MiLDp STEEL

1395-1959 SPECIFICATION FOR #-PERCENT MoLYBDENUM STEEL COVERED
ELECTRODES FOR METAL ARC WELDING

1442-1959 SPECIFICATION YOR CovERED ELECTRODES FOR THE METAL ARC
‘WELDING OF HiGH TENSILE STRUCTURAL STEEL
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APPENDIX C

( See Foreword)

COMPGSITION OF STRUCTURAL ENGINEERING
SECTIONAL COMMITTEE, SMDC 7

The ISI Structural Engineering Sectional Committee, SMDC 7, which
was responsible for processing this Handbook, consists of the following:

Chairman
DIrReCTOR StanpaRDs {Civin)  Railway Board ( Ministry of Railways)
Members
SHRT P. BALAKRISHNAN Public Works Department, Madras
Suri D. I. Pavr { Alternate )
SHRI B. N. BANNERJEE Bridge & Roof Co. (India) Ltd., Calcutta
SHRI RaGHUDAS BauL Public Works Department, Calcutta

CoL G. BENJAMIN Engineer-in-Chief’s Branch, Army Headquarters
SHRI R. S. MEHANDRU ( Alfernate)
Surt J. G. BopbHE K. R. Irani & Co., Bombay
Surr D. S. DEsar Institution of Engineers ( India), Calcutta
Mr. F. J. FoNsEcA Richardson & Cruddas Ltd., Bombay
MR. W. FERNANDES ( Alternate )
JOINT DIRECTOR STANDARDS Railway Board ( Ministry of Railways)
(B&S)
Deputy DIRECTOR STAND-
ARDS ( B & S) ( Alternate )
SHRr1 S. C. Kapur Central Public Works Department, New Dethi
SHRI C. P. MALIK National Buildings Organization (Ministry of
Works, Housing & Supply )
SHRI SHRI KRISHNA (. Alfernate)
SuHr1 L. R. MarRwADI Hindustan Construction Co. Ltd., Bombay
SHRrR1 P. S, MEHTA New Standard Engineering Co. Ltd., Bombay
SHRI B. N, MozuMDAR Inspection Wing, Directorate General of Supplies &

Disposals ( Ministry of Works, Housing & Supply )
SHRI P. L. Das ( Alternate)

SHRI Y. K. MURTHY Central Water & Power Commission ( Water Wing ),

New Delhi
SHRT M. P. NAGARSHETH Ministry of Transport & Communications { Roads
Wing ) )
Braithwaite, Burn & Jessop Construction Co. Ltd.,
Calcutta
Committee on Plan Project, Planning Commission,
New Delhi

SuRrr C. M. SHAHANI
SHRI SARUP SINGH
SuRI T. S. VEDAGIRI (. Alternate )

SHrI D. S. THAKUR Bombay Municipal Corporation, Bombay
SHRI A. R. VAINGANKAR ( Alternate)

Majy R. P. E. VAZIFDAR Bombay Port Trust, Bombay .
SHRI V. VENUGOPALAN Central Water & Power Commission ( Power Wing ),
New Delhi

. SHRI S. S. MURTHY ( Alternate)

DRr. LaL C. VERMAN ( Ex-officio) Director, Indian Standards Institution
Sur1 B. S. KrisunamMacHar  Deputy Director (S & M), Indian Standards
( Alternate ) Institution
Secvetary
SHR1 H. N. KRISHNAMURTHY Assistant Director (S & M), Indian Standards
Institution
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