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FIGURE 9 I-SECTIONS WITH COVER PLATES ON FLANGES AND CHANNH
ONE FLANGE TO BE USED AS GIRDERS
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Steel Tables

<oME IMPORTANT FORMULAE FOR WORKING STRESS
" ETHOD OF DESIGN

Maximum pcrmissiblc stress in bolts

i) Close tolerance and turned bolts:

In axial tension = 120 MPa
In shear | = 100 MPa
In bearing = 300 MPa
ii) Bolts in clearance holes:
In axial tension =120 MPa
In shear = 80 MPa
= 250 MPa

In bearing

Diameter of bolt hole:
i) Fordiameters <25mm,  diameter of bolt + 1.5mm

ii) For diameters > 25mm, diameter of bolt + 2.0mm

Bolts subjected to combined tension and shear

T, Oy
vf,cal+ tf,cal 51.4

va O-tf
Net areas of bolts in shear
- 0.78 wd?
In single shear = ST W
'1.78 wd?

In double shear = —T—

Permissible stress in axial tension, o = 0.6y

fy = yield stress

I : . : :
hteraction formula for combined axial and bending stresses

Out cal + Obrx,cal ) Opty,cal <1
0.6f, 0.66f, 0.66fy, —

o - ) . ;
acal = Calculated average axial tensile stress In MPa

by _ ' .
inglicsal ’bcbt>-.ca1 = calculated bending tensile stress in the extrem
out xx-axis and yy-axis, respectively, in MPa
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56 Steel Tables

in
Net area of plate with staggered bolting

2
p t)
AH(‘I == Agmss - (”{h - E 4g

3 1 stion considered
n = number of bolt holes in sectio

d = diameter of bolt hole 1
' e
¢ = thickness of thinner plate conn

p = pitch of bolts
¢ = gauge of bolts

. ough one le
Net effective sectional area when single angle connected throug g

Aper = Ay + kA2
k= 3A1/(3A1 —{—Az)
Aj = connected leg net area

A = outstanding leg gross area

Net effective sectional area of a pair of angles back-to-back connected by one leg
to the same side of gusset plate
Aper = A+ kA2
k= 5A1/(5A1 -I—Az)
A1 = connected leg net area

Ay = outstanding leg gross area

Net effective sectional area

of a pair of angles back-to
of a gusset plate

-back connected to each side

Ape = Agross — deduction for bolt holeg

Permissible Bending stress in tension Or compression

Oy Or Ope = 066fy

Permissible Bearing stress op = 0.75f,
Permigsg; i 3 -
ible Bendmg stress T,,, = 0.45f_y

b . . :
Purlip maximym bending Moment — WL

10
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Steel Tables 57

Purlin depth (approximate design) = 4£ |
5

Purlin width (approximate design) = 6£
0

W = total distributed load on the purlin including wind load

1 = distance centre-to-centre of the rafters or the supports of the purlins

glab base thickness &, of rectangular steel slab for a column,

\/Ew(2 b2>
= ac— —
Ops 4

w = pressure of loading on the underside of the base, in MPa

a = the greater projection of the plate beyond column, in mm
b = the lesser projection of the plate beyond the column, in mm

— the permissible bending stress in slab bases (185 MPa, for all steels)

Permussible stress in fillet weld = 110 MPa

Throat thickness of fillet weld, t = 0.7 x size of weld
(generally, most common)
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58 Steel Tables

TE METHOD
SOME IMPORTANT FORMULAE FOR LIMIT STA

OF DESIGN

Bolt hole diameters for standard clearances

diameter of bolt + 1.0 mm
diameter of bolt + 2.0 mm

diameter of bolt + 3.0 mm

For 12 to 14 mm diameters
For 16 to 24 mm diameters

For >24 mm diameters

Net areas of bolts in shear

0.78 md>
4

1.78 d?

In single shear =

In double shear =

d = nominal diameter of the bolt, in mm

Shear strength of bolt

Vdnb = ')’;;T);/i ("nAnb + ”sAsb)
Correction for long joint(>15d) Bij=1.075 - 0.005(1;/d) subjected to

| ‘ (075 < B; < 1.0)
Correction for large grip length(>54) Bie=8/(3+ ly/d)

Correction for packing plates(>6 mm th) Bpor = (1-0.0125 ¢ 9]
0125 £

Bearing strength of bolt
Vo = 25 Ko dt )
Ynb
ky shall be the Jeast Of wemis | P
3d,’ 71“ ‘0.25) : J%; 1.0
U

Tensile strength of bolt
—-\-

Lab = T/

Tnb = 0.90];,[,{1,,[, S f\‘bAst

Yo
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Stee| Tables 59
[n the above equations,

/ = diameter of bolt, in mm
{

fy
oo Toib = partial safety factors for ultimate stress and yield stress

= yield stress of steel

o = number of threaded shear planes

- = number of shear planes through shank

4,,,Ag = netarea through threads and through shank respectively

I = length of joint, distance between first to last bolt of the connection
] = grip length, i.e., sum of thicknesses of all connected plates

= thickness of thicker packing plate, in mm

ok
e = end distance provided in the connection, in mm

p = pitch adopted in the connection, in mm

dy = diameter of bolt hole, in mm |

fups fu = ultimate tensile stress of bolt and plate respectively

Bolts subjected to combined shear and tension

: ' 2 2
Condition to be satisfied: (&> + (——) <1.0
Vab

Vip = factored shear force acting on the bolt
Vap = design shear capacity of the bolt
T}, = factored tensile force acting on the bolt

Ty, = design tension capacity of the bolt

% in fillet welds

Ju
fwd =
V3V

fu = lesser of ultimate stress of weld or p

arent metal

Ymw = partial safety factor for weld
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60 Steel Tables

. L
artial safe
= pdrt

T 4 Lnfll
! )ml i 1
n n T

f,, = ultimate stress of material
/

¥ = partial safety factor for ultimate stress
ml — ’

Net effective cross sectional area for tension plate

An = bn t
t = thickness of plate

bn = net effective width of plate

P
by Zb—ndh-}—Z?W
i &

b = width of plate

' = number of bo¢ hole

s in the crogg section
dh

= diameter of bolt hole
Ps =
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Steel Tableg 61

- qtre;ngth of single angle connected by one leg
oSl

T =09 Anclu/ Yoi + BAgofy/Ymo

ﬁ o~ 1.4—O.O76(W/t)(fy/fu)(bs/LC) < (fu}'mo/fy}'ml)

> 0.7
Ape = net area of connected leg

Ago = gross area of outstanding leg
" Ymos Y = as defined earlier |
w = outstanding leg Iength
t = thickness of the angle (outstanding leg)

bs = shear lag width, i.e., distance along the centre line of the angle

from the most remote point on the outstanding leg to the
nearest point of connection

L. = length of end connection, 1.e., distance from first bolt to the
last bolt of the end connection

Shear block strength of a connected tension member

Tdb= Avgfy +O.9Atnfu

3 Ymo Yenl

(or)

Tdb . 0.9 Avnfu + Algfy
\/§le Yo

Ay = gross area of shear leg along the direction of force

Ay = net area of shear leg along the direction of force
Atg = gross area of tension leg normal to the direction of force

A;n = net area of tension leg normal to the direction of force

Jus 5y, Ymos Ymi = as defined earlier
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62 Stegl Tables

Design Compressive strength of a member
\

Pd = AC f(‘d "
O8RS ares les if not provi
Ac = effective sectional area (usually the gross area, bolt ho Provideq
with bolts, to be deducted)
fea = design compressive stress

5

iz o+ (cp?,i 2205 X s/ Vo) < (fy/ Yino)
0.

¢=05[1+a(d-02)+1 J—J:l
A= \/ —Jl non dimensional effective slenderness ratio
Jcc
pl
‘.E i
Jee= z 5 Euler’s buckling stress

KL
"min

0. = imperfection factor, 0.21, 0.34, 0.49, 0.76 for buckling class q, b,candd
respectively

E = Modulus of Elasticity, 2 x 105 N/mm2

KL = effective length of the compression member

Fmin = minimum radius of gyration of the cross section

)0_ 5 stress reduction factor

Classification of sections subjected to axial Compression

For rolled steel I sections, based o ratio h/p [

and thickness of fi
For rolled steel [T L solid and buj]t.

ange 1
u d sect; :
P Welded sectjqp, buckling class ‘c
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Steel Tables 63

r columns
ular slab bases f
. 1ness for rectang
| mHW
it
’ i 0l

l"\ Sw ((12 ] 03[;—) Yoo

[25w\d 2

: \ .

m pressure from below on the slab base under the factored load
/m pressure

21f

.- unifo
qxial compression
recr and smaller projection, respectively of the slab base beyond the

rectangle subscribing the column

. flange thickness of the column

\ioment of Resistance of laterally supported beams

1) Moment of Resistance of a section for low shear (v < 0.6v,)

Jussification of section, based on (b/ty) and (d /tyy) ratios, as plastic,
compact or semi-compact sections |

Mg =BoZpfy/Ymo < 1.2Zefy/Vimo for simply supported beams

< 1.5Z.fy/Ymo for cantilever beams beams

B, = 1.0 for plastic and compact sections

= Z,/Zp for semi compact sections

Zp, Z, = plastic and elastic section modulii of the section

fy« Yo = as defined earlier

B) Moment of Resistance of a section for high shear (v > 0.6v,)

For plastic or compact sections

M{l'\' = Md 2] B (Md Mfd) < 1-2 ngy/}'mo

Mg = plastic design moment of whole section without considering

high shear 8 = [(2V /V,) — 1]2

V' = factored shear acting on the section

Vi = shear strength of the section based on web yielding or
web buckling
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64 Steel Tables

. ing the sh
M, = plastic design moment of the section excluding €ar areg

with partial safety factor Jmo

Z, 5y Ymo  as defined carlier

Moment of Resistance of laterally unsupported beams

My = B.Zp fya
B = 1.0 for plastic and compact sections
= Z./Zp for semi compact sections
Zp. Z, = plastic and elastic section modulii of the section
Jba = design bending compressive stress
Joa = X115/ Yo
Xir = bending stress reduction factor to account for lateral torsional buckling

1
XLr = <1.0

oy + (977 — )’ET)OIS N
orr =0.5 [1 +our (A — 0.2) + /157-]

1 ,
At =1/ BoZ, f, v S V12Z M.,
cr

= A/ fy/ Jerp
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STEEL TABLES il

WITH PLASTIC MODULUS OF LS. SECTIONS

Though determining plastic modulus of section assuming the section to consist of rectangular
parts are within the reach of a design engineer, but as Indian Rolled Steel Sections consist of
sloping flanges, fillets at junctions and rounded edges are slightly complex. The authors have
considered all the complexities in the shapes of Rolled Steel Sections and have determined
Plastic Modulus of Steel Sections for I-beams, Channels, Tee-sections, Equal and Unequal
Angle sections, I-beams with cover plates on both flanges and I-beams with Channel section on
the upper compression flange (for Gantry Girders). Besides this buckling class of the sections in
bending and axial compression are also provided.

Useful information about properties of Indian Standard straps, strips and sheets are tabulated for
ready reference for design engineers.

The book also provides ready references of shear strength and tensile strength of Grade M4.6
bolts of different sizes and minimum end distances and pitches in their connections. Fillet weld
strength per mm length are also given.

At the end important formulae to be used in Working Stress Method and Limit State Method are
provided.
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