DESIGN OF
STEEL STRUCTURES

Design of slab and Gusset bases:-




Slab Base or Base Plate:-

" |t is a steel plate placed between column base
and concrete base

Slab Base
Area of Slab base =

O
. . C
P — Axial load in the column . b 0
o . - Permissible compressive DR [REE

stress in concrete

0
6 < tan 1[0.9\/10?c g +1j
ck

where

q = calculated maximum bearing pressure at the base of the
pedestal in N/mm?

f.. = characteristic strength of concrete at 28 days in N/mm?.




» Thickness of a rectangular slab base
From, IS 800 : 1984, Clause 5.4.3, Pg - 44

Slab base

where
t = the slab thickness, in mm;
w = the pressure or 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
O, = the permissible bending stress in slab bases ( for all steels,
shall be assumed as 185 MPa ).




» Thickness of a square slab base under
solid circular column:

t =10 JOW X B mm
160, (B—do)

where
t =the thickness of the plate, in mm.
W = the total axial load, in KN
B = the length of the side of cap or base, in mm
O, = the permissible bending stress in slab bases ( for all steels,
shall be assumed as 185 MPa )
d, = the diameter of the reduced end, if any, of the
columnin mm.




Gusseted base




Critical
Section

Front View Side View



Grillage Foundation:-

» It is provided at shallow depth for column carrying heavy

Load on weak soil. It consists of two or more layers of steel

Beams completely encased in concrete.

»The permissible stress in grillage beam may be increased by

33.5% (50% in case of WL or EQ). If the following condition

are satisfied

1. The beam are unpainted and solidly encased in ordinary
dense concrete with 10mm aggregate and minimum

f., =15 Mpa.

C
2. Minimum distance between edge of flange is 75 mm.

3. Minimum concrete cover is 100 mm.



Design a grillage foundation for axial load 2500 KN
and in column section two ISMC 250, with two cover
Plates 300x25 mm.

Minimum required width .
of slab base

Assume,

w = 600mm

| =w+24/3h, T E? >



Assume self weight of footing is 15% of axial load

Total load = 1.15x2500 = 2875 KN

287
Area of bottom footing = % =11.5m?

Provide a 3.4x3.4m grillage foundation

Maximum bending moment.

M = P(LS_I) ISMB 450

_ 2500 (Bé4 ~0.8) _ooc i /
3987 x10° ) 34m g

7 =1329 x10°mm?®

req,each



Try with ISMB450@72.4Kg/m

C/S area required at critical web section

P 2500 x10°

A= = = 9945 .49 mm ?
1.33x0,, 1.33x189

h, =35.4mm
| =600 + 2~+/3 x35.4 = 722 .62 mm

Required total web thickness:

W - A _ 9945 .49 _13.67mm

| 722 .62

If we provide 3 No of beam then web thickness of each beam

t .= =%=4.58mm<tw(9.4mm),OK

w,req

=



P(L—I) 2500(3.4—0.6)
2L 2% 3.4

=1030KN

Maximum shear force =

1.03x10°

Tavcal = :81N/mm2<2'av(100|\|/mm2)
’ 3x450 x9.4

Minimum required length of slab base 150 mm

L =3x150 + 2x 75 = 600 mm

Let’s provide 600 mm

Thus.

a =150 mm ,b =150 mm

Thickness of slab base, 3
_2500x10° _ (oo

W=
\/3”\,( : b2] 600 % 600
t = a’ - —
O s 4 t = 43.58mm ~ 4.5cm




> ROOF TRUSS:

Pitch of roof truss = S

0 —— Slope of truss

Bay : distance between adjacent truss.

Eaves : the bottom edges of an inclined roof surface.

Rise (h)

A6
&

Rafter







Load on roof truss:- DL, LL, WL/SL

Dead Load (DL)
Weight of roof covering sheeting =150 N/m?
Weight of bracings =15 N /m?
Weight of purling = 100 N/m?

: _ Span (m) )
From IS 875 —II, Table -2 Self Weight of truss = 10( A 5] N /m

Live Load (LL) = 750 — [(0 =10 )x 20 [N /m? > 400 N / m?
=1500 N /m? For Accessible roof

If value of LL is less than 400 N/m?2 then take LL = 400 N/m?

Note: For truss analysis take LL as 2/3 of total LL
For purlins analysis take LL as total LL



Wind Load (WL): IS 875 - 1|

It depend upon wind speed and height of the structure.

Basic Wind speed (V) - It is determine on the based on statically
Data of return period 50 year and at height 10 m above the ground

Surface.

Design wind speed (V,) — K, K,K; V
K ; — Probability/Risk factor, depend upon class and design
life of the structure. GiveninTable-1

TABLE 1 RISK COEFFICIENTS FOR DIPFERENT CLASSES OF STRUCTURES IN
DIFFERENT WIND SPEED ZONES

{ Clause 5.3.1 )
Crass oF STRUCTURE MEasx ProBaBLE ky Factor ¥or Basic Winp Seeep
Desien Lire oF (m/s) oF
STRUCTURE IN —— e —_
Years 33 39 44 47 50 55
All general buildings and structures 50 10 10 10 10 10 10
Temporary sheds, structures such as 5 082 07 073 07FL 070 067

those used durmg construction
operations { for example, form-
work and falsework ), structures
during construction stages and
haindare walle



K, — Depend upon height, terrain category and class of the structure.
Given in Table — 2,3.

TABLE 3 FETCH AND DEVELOPED HEIGHT
RELATIONSHIP

{ Clause 5.3,2.4 )

FETEI:: (x) DeveErLoreEp HriGHT, ix 15v METRES
e
" Terrain Terrain Terrain Ten;; Y
Category 1 Category 2 Category 3 Category 4
(1) (2) (3) (4) (3)
0-2 12 20 35 60
05 20 30 35 95
H 25 45 80 130
2 35 65 110 150
5 60 100 170 300
10 80 140 25C 450
20 120 200 350 500

50 180 300 400 500




Class of structure
If any maximum dimension of the structure (Length, width, height)

HEeIiGaT

(1)

‘_ — . i e e

4

(2)
1°05
1-09
112
115
120

=
o~
L=

( Clause 5.3.2.2)
TgerrAIN CaTEGORY 1 TeEreAIN CATEGORY 2
Crass Crass Crass
-~ A - L
B C¢ A B C 4 B
(3) (4) (9) (6) (7) (8) (9)
103 0-99 100 0-98 093 0-01 088
1-07 1'03 1'05 1:02 097 097 0°94
1-10 106 107 105 100 1*01 0-98
1'13 1'09 1°12 1"10 1:04 1'06 103
1"18 1°14 117 1°15 110 1°12 109
1"24 120 1°24 122 1-17 1:20 1°17
1-28 1'24 1°28 125 121 124 1'21
1°30 1°26 1°30 1-28 1-24 1°27 1-24
132 128 1"32 1-31 1°26 1"29 126
1'34 1-30 1-34 1 32 1-28 1'31 1-28
1'35 1'31 1'36 1'34 129 1°32 1°30
1°36 1'32 1°37 135 1°30 1'34 1°31
1°37 1°33 1'38 1'36 1-31 1"35 1'32
1-38 1-:34 139 1'37 1'32 1:36 133

bl
EBER GRS

<20m-A,20-50m-B,>50m-C

TERBRAIN CATEGORY 3

. S —

TABLE 2 k, FACTORS TO OBTAIN DESIGN WIND SPEED VARIATION WITH HEIGHT IN
DIFFERENT TERRAINS FOR DIFFERENT CLASSES OF BUILDINGS/STRUCTURES

TeErralN CATEGORY 4

CLass

.

c

(10)
082
087

o

-
w0
—

RRNK N ——— o
iU RNOmLIS Mg

-

—

4
(11)
0-80
0-80
0-80
097
1°10

1°:20
124
1°27
1°28
1:30
1-31
132
1-33
1'34

B
(12)
0-76
076
076
0°93

LW b3 R B
ammﬁu

—=
Cc
(13)
067
067
067
083
0-95
1°05
1:10
1"13
1'16
1:17

119
1"20
1-21
122



K 3 — Topographic factor, depend upon slope of ground wind flow
direction. The effect of topography will be significant at a site
when the upwind slope (0) is greater than about 39, If slope
of ground is less than 3° K, = 1, for other slope Kj is
Given in Appendix - C

Design Wind Pressure (P, )
P, =0.6xV,/N/mm?

Wind Load on Individual Members (F)
F=(C, —C,)A,P,

Co. - is external pressure coefficient (for Pitched roofs Table - 5)

C,i -isinternal pressure coefficient (clause 6.2.3)

Internal Pressure Coefficients, Gy

A, — effective area
Wall opening

)
B,

Upto 5% of wall area
7% - 20 % of wall area
=20 % of wall area

= |- 1+
=23
-3 LN M




Design an industrial shed for following dimension

Span Length| Pitch of roof |Spacing of truss|Location | Eaves Height
(m) truss (m) : (m)

3 0.25 5 Patna 6
Assume number of way is five. - -
Draw plan view in scale " 'y

Height of roof truss (h) 5m| ¥ A,

h=0.25x8=2m " "

Effective area (A, ) N N
_ _ 2

A, =8x5=40m il il

8m

y




Slope of the roof truss:
L 2 0
6 = tan (Zj = 26.56

Load calculation:

Dead Load (DL)

AN

7z

6m

<«
1.33 m

8m

Weight of roof covering sheeting =150 N/m?

Weight of bracings =15 N /m?

Weight of purling = 100 N/m?

Self Weight of truss = 10(%+ 5) =76.67N /m?

Total DL intensity = 341.67 N/m?

lz,n



DL= A x341.67/=40x341.67/ =13666.8N

Live Load intensity (LL) = 750 — [(@ —10 )x 20 ]
=418 69N /m?* > 400 N /m?

Total LL on a truss = §><418.69><4O =11165.3N

Total DL+LL =24.83 KN

Wind Load (WL):
Basic Wind speed for Patna (V,) =47 m/s

Design wind speed (V,) = K, K,K; V



Assume design life of the structure is 50 year
So, K;=1

Terrain category — 2, Class of structure — B
So, K, =0.98

Slope of ground is less than 3°
So,K;=1

Design wind speed (V,) = 1x0.98x1x 47 = 46.06 m/s

Design Wind Pressure (P, ) = 0.6x46.06 °= 1272.91 N/m?
Wind Force (F) = (C e — C o )AePZ



External pressure coefficient on roof, IS 875 (lll), Table - 5

1 h 6 3
—<—=—=0.75<= Roof angle (0) =26.56°
2 W 8 2

Case —1,06=900¢

\0372 Ao
Assume wall opening is less then 5%  wind '
Internal pressure coefficient (C;) = £0.2 E \\ /f

Wind — ward direction:
+0.2

= —(0.7 - 0.5x 0.56 j = —-0.372
10

(C,.-C,) =-0572
Lee — ward direction=- 0.5 - -
(C-Cu) =-07




Case —11,6= (0 \o,g /0 215
Wind — ward direction = —(0.8 \\ /f

(C e ~Cp )max =-1.0 02

Lee — ward direction:

j: ~0.7312 [ ] T [ ]
(C,e—C,) =-0.9312

= —(O.6+ 0.2 x 6.6
10

Thus maximum value in all cases = - 1.0

Design wind load on roof truss (F)

F=(C,. —C, JAP, =—1.0x40x1.27 = —50.8KN



Truss analysis :

Design load combination

DL=13.67 KN, LL=11.16 KN, WL =-50.8 KN

P Jl P
P H Jop
DL + LL = 24.38 KN |Down ward P/f)‘/ Wz
A B C D E F
P:ﬁ=4.06KN
6
P
DL+WL=37.12KN | Upward p p
P/2 A A P/2

P=¥:6.18KN T T




IS

DL +LL analys

Member Type

Member

Length (m)

Forces (KN)

Design force
in rafter is
— 22.7 KN

compressive

GH 1.486 2227
HI 1.486 -18.15
Rafter 1 1.486 -18.15
JK 1.486 222.7
KF 1.486 2227
Bottom BC 1.33 16.26
Chord DE 1.33 16.26
EF 1.33 20.3
GB 0.664 -4.06
Vertical EK 0.664 -4.06
DJ 1.329 - 6.087
BH 1.88 5.74
Diagonal JE 1.88 5.74

ID

2.4

7.31




IS

DL + WL analys

Member Type

Member

Length (m)

Forces (KN)

GH 1.486 34.598
HI 1.486 27.69
Rafter 1 1.486 27.69
K 1.486 34.598
KF 1.486 34.598
Bottom BC 1.33 -24.76
Chord DE 1.33 -24.76
EF 1.33 -30.94
GB 0.664 6.18
Vertical EK 0.664 6.18
DJ 1.329 9.27
BH 1.88 -8.74
Diagonal JE 1.88 -8.74

ID

2.4

-11.13

Minimum size of member is ISA 50x50x6



Purlins

Design of Purlins: 1-4}“
= [t act as continuous beam

Spacing of purlins =1.48 m 133'm
Weight of roof covering sheeting =150 x1.48 =222 N/m

Weight of purling = 100x1.48 = 148 N/m

Total DL =370 N/m
LL = 418.69 x 1.48 cos (26.569) = 554.26 N/m
WL =-1272.91x1.48 =- 1883.9 N/m

DL+ LL = 924.26 N/m DL +WL =-1513.9 N/m

Foe WL case permissible stress is increased by 33 %



If we considered permissible is same, we can take
effective load in DL + WL case

DL +WL = 151123'9 =1138 .27 N /m > DL + LL (924 .26 N / m)

Thus, Design load is DL + WL 5 m

55 & &

Continuous beam

Maximum bending momen

From, IS 456 : 2000, Table - 12

_wl?®  1138.27 x5°
10 10
, _M _ 2845.67 x10°

req
Ole /ot 165

M = 2845 .6/ N —m

=17.25x10°mm?

Minimum depth = L/45, Width = L/60



Design of Column
DL+ LL=24.38 KN Dpown ward /\
Axial load on column =@=12.19KN

DL +WL=37.12 KN Upward sl ¢, =+0.2

Axial load on column =¥:18.56KN

Transverse load due to wind

From IS 875 (lll), Table - 4

£<£:9:0.75<§,§< | = 25 =3.125 < 4
2 w 8 2 2 W 8

(C e —Coi )max _09  Transverse load intensity
=0.9x5x1272.9IN /m =5.72KN /m



. . 12.19 KN
Design column and Foundation

B A
for the load as shown
£
< I6m
N
™
LN
A A4

e



5.5 Angle Struts

5.5.1 Singft Aﬂgk Struls

a) Single angle discontinuous struts connected by a single rivet or
bolt may be designed for axial load only provided the compressive
stress does not exceed 80 percent of the values given in Table 5.1
in which the effective length “{’ of the strut shall be taken as
centre-to-centre of intersection at each end and ¢ r’ is the mini-
mum radius of gyration. In no case, however, shall the ratio of
slenderness for such single angle struts exceed 180.

» Radius of gyration and slenderness ratio :

"he radius of gyration is given by -

| I XX I yy | min
I = —i I = , I’.yy = — i Iin =
A \ A N\ A VA

Where,

| — Moment of inertia
A — Cross-sectional area of the section



