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Answer any one Questions- Use of IS 456 -2000/IS 800 is permitted
1 (a) Designa combined rectangular slab type footing for two columns A and B to carry loads of 600 kN
and 900 kN. The cross section of column A is 300 x 300 mm and 400x 400 mm. The width of the
footing is restricted to 1.8 m. The centre to centre spacing between the columns is 3.6 m. The safe
bearing capacity of the soil is 175 kN/m?. Use M20 concrete and Fe 415 steel. The design must
include all necessary checks and draw the reinforcement details.
OR
2 (a) The centre line of the roof truss is shown. The magnitude of forces under service conditions are Top
chord member = 120 kN Compression, Bottom Chord member = 100 kN Tension, Interior
members = 60kN compression. Use M 16 bolts of grade 4.6. Design all the members.
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e Footing base dimensions

Assuming A P, the self-weight of the combined footing plus backfill to constitute 10 or 15 percent of the
total column loads,

AP =(700+ 1200) x 15/100 = 285 kN

P1+ P2=700 +1200 = 1900 kN

Allowable soil pressure or safe bearing capacity, ga = 130 kN/m?

Area of the footing, Aye,= PtPr AP 168 m?

da
Width of footing, B = 2m ( Given in question)

A 16.8
Total Length of footing, L = % == " 8.4 m

e Locate the point of application of the column loads

In order to obtain a uniform soil pressure distribution, the line of action or point of application of the
resultant column load must pass through the centroid of the footing.

Assuming a load factor of 1.5, the factored column loads are:

e Py =700 x1.5=1050kN; Puz=1200 x 1.5 = 1800 kN = Pu1 + Pu2 = 2850 kN

Let X be the centroid of the column loads, where s =4.6 m

- ¥ = Pr.r'Z 5 —
P;.r1+ + Puz
1800 x4.6
=—=29m

© 1050+1800



If the cantilever projection of footing beyond column A is ‘a’ then,
a+29=L/2=a=84/2-29=13m
Similarly, if the cantilever projection of footing beyond Column B is 'b' then,

b=84-13-46=25m

l 1050 kN 1800 kN

& 1300 mm 4600 mm b=2500mm

e Uniformly distributed load acting in upward direction (soil pressure)

Treating the footing as a wide beam (B = 2000 mm) in the longitudinal direction, the uniformly distributed
load (acting upward) is given by qus
Pyi+Py, 1050+1800

quB = = =339.28 kN/m
L 8.4

e Shear force calculations

l 1950 kN 1800 kN l

> x

& 1300 mm 4600 mm b=2500mm

- C e

C B B | D

‘L_Il.z.gdolrr;rnill L L L
| ‘ r 33{28'kN/m
X
e Shear force at A, just before 1050 kN, left of section XX, Vac=+339.28 x 1.3 =+441.06 kN
e Shear force at A, just after 1050 kN, left of section XX, Vap =-1050+ 339.28 x 1.3 =-608.94 kN
e Shear force at B just after 1800kN, right of section XX, Vea = +1800 —339.28 x 2.5=+ 951.92 kN

e Shear force at B just before 1800kN, right of section XX, Vep=339.28 x 2.5=-848.2 kN



e Location of zero shear , Left of section XX

339.28 x X — 1050 = 0, location of zero shear,
339.28 x X =1050, 1050/339.28 = X, X =3.09m
X =3.09 m from C

951.92kN
441.06 kN

D
¢ zoom A / B

608.94kN

o Vo=339.28x 1.3=-+441.06 kN 848.2kN

o Vp=339.28 x 2.5= -848.2 kN

Shear force diagram

e Bending moment calculations

X

| 050 kN 1500%4

1300 mm 4600 mm

2900 mm J /
539.28kN/m

X

e BM at A, just before 1050kN, left of section XX, Mac=339.28 x 1.3 x1.3 /2 =+ 286.69 kNm
e BM at just at the inner face of Column A(1050kN), left of section XX,
Mas =-1050 x 0.35/2 +339.28 x (1.3 + 0.35/2) x (1.3 + 0.35/2)/2
=-1050x 0.35/2 +339.28 x (1.3 +0.172) x (1.3 +0.172)/2 =+ 185.32kNm

e Negative Bending moment at X =3.09 m (Location of zero shear)
Mu — = 339.28 x (3.09)*/2 — 1050 x (3.09 -1.3) = - 259.76 kNm
e BM at B, just before 1800 kN , right of section XX = + 339.28 x 2.5%/2 = +1060.25 kNm
e BM at B, just after the inner face of Column B (1800 kN) , right of section XX =
e 339.28 x (2.5+0.4/2)*/2 — 1800 x 0.4/2 =+ 876.67 kNm



259.76 kNm

C + A B 0
+

286.69kNm

1060.25
kNm

Bending moment diagram

e Thickness of footing or effective depth of footing based on shear
One-way shear (longitudinal): Vul calculate it at a distance “d” from the edge of the heavier column,

where “d” is the effective depth of the footing.

The critical section (always for column with heavier load) for one-way shear is located at a distance d

from the (inner)face of column B, and has a value

2500+200+d
X
| 050k 1800 kNl
g d A
o a—
1300mm | 4600 mnf 2500mm
c | A B L D
(- - . .lii I yL X ,Fl_l A I T )
339.8 kN/m

Critical One-way shear force, Vul at sectiui( X (just right of XX section) =
Column load (B) - Uniformly distributed upward load intensity x (2500 + 200 + d)
= (1800 —339.28 x (2.5 + 0. 200 + d)) = (882.54 —339.28 x d) kKN ... (1)
Take T - = 0.48 N/mm? (for M 20 concrete, Assuming Percentage of steel as, pt = 0.50%) IS 456 2000,
page 73, table 19
Design shear strength of concrete, Vue=1c X Bxd= 048 xB xd
Equate Vucand Vi
B is width of footing = 2000 mm
ue = 0.48 X 2000 x d = (960d) N.... (2)
Equating one-way shear force and design shear strength of concrete, (1) = (2)
Vit = Ve = (882.54 x 10> — 339.28 x d) = 960d, 882.54 x 10° = 1299.8 d
= Effective depth of footing, d = 679.25 mm Rounded to 680 mm
Use 20 mm ¢ bars with a clear cover of 75 mm, Taking an overall depth or thickness of the footing

D=d+ 75+ 20/2 =680+ 75+ 20/2 =765 mm



e Two-way shear force for columns 4 and B (Punching shear)

Two-way shear or punching shear (we need to consider the upward soil pressure not upward soil

intensity) * Since it is acting on an area.
Factored soil pressure or Upward soil pressure, g. = (339.28) / (B x1) = (339.8/2) = 169.64kN/m>

The critical section is located d/2 from the periphery of columns 4 and B.

Column load

Upward

load due

| P to soil
pressure

Shear stresses in footing slab due to punching shear

400 x400

d/2 +0.4+df2

d/p +0.4+d/2

Punching shear or Two- way shear calculations for heavier Column B
Viz = 1800 — 169.64 (0.4 + 0.680/2 + 0.680/2) X (0.4+0.680/2 + 0.680/2)
= 1602.13 kN (@ B (Heavier column)

Punching shear or Two-way shear for Column A (350 mm x 350 mm)



}11’2 | ~350x350
d/2
0.35+d/2 +d/f2
d/]
0.35+d/2 T,&'Z

Punching shear or Two-way shear @, A,

Two-way shear Vu>= (Column load at A) 1050 — 169.64 x (0.35 +0.680/2 + 0.680/2) x (0.35 +0.680/2 +
0.680/2)

=870 kN @ A (Lighter column)

e [fno shear reinforcement is provided, Page 58, IS 456, Clause 31.6.3.1, calculated shear stress at
critical section shall not exceed ks (02574 )

where

k, = (0.5 + B ) but not greater than 1, B being the
ratio of short side 10 long side of the column/
capital; and

T, = 0.25 .[f, in limit state method of design,

and 0.16 |/ f., in working stress method of
design.

For square columns, ks = (0.5 +fc) , Pc =350/ 350 = 400/400 = 1.0 , ks =(0.5 +1) but it should not be

greater than 1, hence ks = 1

Permissible shear stress, T 2 = ks (0'25\“ J ) = 1.0 x 0.25 xv/ 20 = 1.118 N/mm?
Permissible two-way shear force for column B ( heavier column)
Permissible two-way shear force, J.c = Permissible shear stress x (Area of the footing slab enclosed

by the perimeter of the critical section)



400 x400

d/2

d/2 +0.4+d

aQ
=~
Y]

d/R +0.4+d/2

Perimeter of critical section (Green coloured area) =4 X (400 + 680/2 + 680/2)
Vue =1.118 x [ 4 X (400 + 680/2 + 680/2)] x 680 =3284.24 kN @B

In the similar way lets calculate for Column A

Permissible two-way shear force for Column A

Vie = 1.118 x [ (350 + 680/2 + 680/2') x 4] x 680 = 3132.18kN @ A

| ~350x350

0.35+d/2 +d/2

0.35+d/2 +r,’2

Compare whether permissible two way shear force is greater than two shear way ( Actual) force

Vie =3284.23 KN > V,2 =1602.82 kN @ B It is safe.

Ve =3132.18kN > Vo = 870.00kN @ A . It is Safe.

Hence safe against two way or punching shear, (_if not provide shear reinforcement- stirrups or bent up

bars)

e Design of longitudinal flexural reinforcement

Maximum ‘negative’ moment: Mu = Maximum ‘positive’ moment: Mu =+ 1060.25 kKNn

- 259.76 kKNm




- A Sy
M, =087 £, A, d(l _bdfck)

Mu =259.76 x 10° N mm
B =b =2000 mm, fck =20 N/mm?,
fy = 415N/mm?
d =680 mm
D =765 mm
Ast provided = 1075.67 mm?
Check for (4st)min =0.0012 BD =
0.0012 x 2000 x 765 = 1836 mm?
Ast provided < (Ast)min, Hence provide (Ast)min
But we have assumed pt = 0.5
pt =100 Ast, req/ ( B x d)
Choose 20 mm diameter bars, calculate no of bars
= 1836 /( /4 x 20%) = 6

Provide 6 # 20 mm diameter bars at top

e Development length Lq = 47 x dia of bar
=47 x 20 =940 mm

M, =087 f, A, d[l f‘:‘-fL)

T bd fy
Mu =1060.25 x 10° N mm

B =b=2000 mm

d =680 mm

Ast provided = 4648.12 mm?

Check for (4st)min =0.0012 BD =

0.0012 x 2000 x 765 = 1836 mm?

No of 20 mm dia bars = 4648.12/(n/4 x 20)

=15

Provide 15 # 20mm diameter bars at bottom

e Development length Lq =47 x dia of bar
=47 x 20 =940 mm




Design of column strips as transverse beams

Transverse bending of footing

s Reitorement

2000/2-400/2

2000/2-400/2
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Transverse beam under column A

Transverse beam under column B

e Factored Column load A per width of
footing = 1050/2.0 = 525 kN/m

e Cantilever Projection of beam beyond
column face = (2000 — 350)/2 = 825

mm =0.825 m

e Maximum transverse moment at
column face A :
Mu =525 x0.825%/2= 178.66 kNm

e Assume width of transverse beam, b

width of column + 2 x 0.75d

b =350+ 2x 0.75 x 577 = 1215.5

- A Sy
M, =087 f, A, d[l -bdka)

b=1215.5 mm, d =577 mm
Mu=178.6 x 10°N mm
Ast=880.23 mm?®

e Factored Column load B per
width of footing = 1800/2.0 =
900 kN/m

e Cantilever Projection beyond
column face = (2000 — 400)/2 =
800 mm = 0.800m

e Moment at column face B =

900 x 0.80%2 =288 kNm

e Width of transverse beam, b =

width of column + 2 x 0.75d
e 400+ 2 x0.75 x577 =

1265.5mm

M, =087 f, A, d(l f’i-’i]

“bd £,

Mu =384 x 10°N mm

b=1265.5mm
d =577 mm
Ast = 1956.2 mm?

Page 48, CL No 5.2.1
*  Minimum Ast=0.0012 D =

e Provide (4st)min =0.0012 x
1265.5x765 = 1161.73 mm?




Ast min = .0012 x1215.5 X765 =
1115.83 mm?
e Use 12mm dia bars (Your wish!!)
e Number of 12 mm ¢ bars required =
Ast/ area of one bar = 1115.83/ (n/4 x
122)=10

Provide 10 nos 12 mme bars
Check for development length = 47 x 12 =
564 mm

Use 12 mm dia bars
Number of 12 mm ¢ bars required
=1956.2 /(n/4 x 12°)=17.29 =18
Provide 18 nos 12 mmeo bars
e Required development length =
47.0 x 12 = 564 mm is available

beyond the column face.

Transfer of force at column base -Column

A

Transfer of force at column base

Column B

e Limiting bearing stress at

IS 456 Page 65, CL34.4

34.4 Transfer of Load at the Base of Column

The compressive stress in concrete at the base of a
column or pedestal shall be considered as being
transferred by bearing to the top of the supporting
pedestal or footing. The bearing pressure on the loaded
area shall not exceed the permissible bearing stress in
direct compression multiplied by a value equal to

E‘— but not greater than 2;
1

where

A, = supporting area for bearing of footing,
which in sloped or stepped footing may
be taken as the area of the lower base of
the largest frustum of a pyramid or cone
contained wholly within the footing and
having for its upper base, the area actually
loaded and having side slope of one
vertical to two horizontal; and -

A. = loaded area at the column base.

1

For working stress method of design the permissible
bearing stress on full area of concrete shall be taken as
0.257; for limit state method of design the permissible
bearing stress shall be 0.45 £,

Permissible bearing stress = 0.45fck %

A1 =2000%( 2000mm is footing width)
A2=350x350=

A2

e Limiting bearing stress at

Permissible bearing stress = 0.45fck j—;

|
[41 =2000%, 42 = 400> mm? ]
A2 A2
=0.45x20x2=18 MPa
Permissible bearing resistance = 18 %

400% = 2880 kN

2880kN > 1800kN , Hence safe




= 5.71>2, Take |2 =2

Permissible bearing stress = 0.45 X 20 X 2
=18 N/mm?
Permissible bearing resistance or force

Fr» = Permissible bearing stress x column

arca

=18 x 3502=2205 x 10> N=2205 kN
2205> 1050 kN, Hence safe.

A2

Reinforcement detailing

20

— 350x350 e.,.\. — 400x 400

reinforcement

|
| [ 16 mm & negative
|

765

——t i ———— -

| |
| | =126 bars ||
| | (distributors) ||

M—L-- : —=
!

20 mm ¢ Positive
reinforcement

> 12 mm ¢
Transverse
reinforcement



L
I

LR
T
i
(TED
el
TRl

-

——

OR
Member Length(m) Dead Load (kN) | Live Load(kN) | Wind Load(kN)
Rafter(AB) 2.92 -58.0 -52.5 +111.6
Tie(AH) 2.5 +52.0 +47.0 -102.4
Sling(BG) 2.92 +20.3 +18.4 -63.0

Note + Tensile Force - Compressive Force

Important points to be noted

Inner members - Single angles
Use at least two bolts
Gusset plate thickness should be uniform

Top and Bottom chord — Two angles or Double angles




Various combinations of the loads on roof trusses are considered, and the critical
condition is considered for the design. It may be noted that earthquake loads are not
significant for roof trusses because of the small self weights. The following load
combinations may be worked out:
1. Dead load + snow load
2. Dead load + partial or full live load (whichever causes the maximum stress in
the member)

3. Dead load + wind load + internal positive air pressure
4. Dead load + wind load + internal suction air pressure
5. Dead load + live load + wind load

e Load combinations

Member | DL | LL(kN) | WL(kN) [ DL+LL+WL | DL+LL | DL+WL | Max
(kN) (kKN) (1) (KN) | (kN)(3) | Load

) (D
(2)and

3)

Rafter(AB) | -58.0 -52.5 +111.6 1.1 -110.5 53.6 -111.6
Tie(AH) | +52.0 | +47.0 -102.4 -3.4 99 -50.4 99
Sling(BG) | +20.3 | +18.4 -63.0 -24.3 38.7 -42.7 -42.7

e Design of Top chord members (AB, BC) (Compression members)

AB, BC are top chord member, maximum load is -111.6 kN
Factored load or Force =111.6 x 1.5=167.4 kN
Length of members AB/ BC/ CD

cos 30.96 =2.5/AB, AB =2.5/¢c0s30.96 =2.9m=2900 mm

Assume design compressive stress, f cd = 110 N/mm?

(Assume f cd =40 -120 N/mm? based on load and experience)

Force _111.6 x 103

feca 110

e Select double angle section from steel table
From Steel Table 6, Page 18, Try 2 ISA 80 x 80 x 10 mm

Gross area, Ag =

Y 1 I Plodc

Area=30.10 cm? , rxx=2.41 cm Taking gusset plate of 10 mm thickness,

ryy=3.73 cm
rmin = 2.41 cm or 24.1 mm
e [Effective length of section - Page 48, CL7.5.2.1, IS 800- 2007

= 1014.54 mm? =10.14 cm?




7.5.2 Double Angle Struts

7.5.2.1 For double angle discontinuous struts,
connected back to back, on opposite sides of the gusset
or a section, by not less than two bolts or rivets in line
along the angles at each end, or by the equivalent in
welding, the load may be regarded as applied axially.
The effective length, KL, in the plane of end gusset
shall be taken as between 0.7 and 0.85 times the
distance between intersections, depending on the
degree of the restraint provided. The effective length,
KL, in the plane perpendicular to that of the end gusset,
shall be taken as equal to the distance between centres
of intersections. The calculated average compressive

48
Effective length for Top chord members (AB) , Ler= K X L = 0.85xL=0.85x2.9=2465m
KL L 2465
Slenderness ratio, A = = I =102.2
Tmin Tmin 24.1

Since it is a built-up member it will come under buckling class “c” (IS 800 — 2007, Page 44, Table 10). If it is
class “c”, Use Table 9(c)

(Clause 7.1.2.1)
KL Yield Stress, 7, (MPa)

v 200 210 220 230 240 250 260 280 300 320 340 360 380 400 420 450 480 510 540

10 182 191 200 209 218 277 236 255 273 291 309 327 345 364 382 409 436 464 491

20 142 190 199 207 216 224 pikk) 250 266 283 299 316 332 348 364 388 412 435 458

30 172 180 188 196 204 211 219 234 249 264 278 293 307 321 335 ass 376 395 415

40 163 170 177 184 191 198 205 218 231 244 256 268 280 292 304 320 337 352 367

50 153 159 165 172 178 183 189 201 212 222 232 242 252 261 270 282 295 306 317

60 142 148 153 158 163 168 173 182 191 199 207 215 222 228 235 244 252 260 267

70 131 136 140 144 148 152 156 163 170 176 182 187 192 197 202 208 213 218 223

80 120 123 127 130 133 136 139 145 149 154 158 162 165 169 172 176 180 183 186

90 108 11 114 116 19 121 123 127 131 134 137 140 142 144 146 149 152 154 156

100 97.5 100 102 104 105 107 109 112 114 116 119 120 122 124 125 127 129 131 132

N | 110 87.3 89.0 90.5 92.0 93.3 94.6 95.7 979 100 102 103 104 106 107 108 110 1 112 1n3
™ 120 782 94 80.6 B1.7 827 83.7 84.6 86.2 87.6 B89 90.1 9L.1 92.1 93.0 938 949 959 96.8 97.6

From Table 9 (c) Page 42 — IS 800 2007, through interpolation, for A = 102.2 we get design Compressive
Stress, f.q = 92.2 N/mm?
(Page 34) Design compressive strength, P, = f.q X A5 =92.2 X 3010
=277.5kN > 167.4 kN
So selected section is safe.

e Connections
Using M 22 Property Class 5.6 bolts (Try to use same diameter of bolts if possible)
e Shear strength of bolts - Page 75 CL10.3.3, IS 800 2007
Assume fully threaded bolts, number of shear planes n, = 2 , ny =0 ( no shank portion)

App = 078 x = x 227 = 2965 mm? ,Ag = 0, fyp =500 N/mm?, Vo, = 1.25
Vm'b fub

Vf[s!) = }/ = \/— (nn An!) + ny Asb)
mb 3%:1!) —_—

500

= e (2 X2965) = 136.94kN..... (1)



e Bearing strength of bolts - Page 75 CL.10.3.4 , IS 800 2007
Ju

mb

Pitch,p=2.5xd =2.5%X22 =55mm
Edge distancee =1.7 X d,=1.7X 24 = 40.8 = 45 mm ( d, is the dia of bolt hole, (22 + 2)
e P f;u’)

. L 025 2 and 10
3d,” 3d, o

Vf!pb = 2'5k!) dt

where k;, = smaller of
u

fup =500 N/mm?, f,, =410 N/mm? t =10 mm, d =22 mm

ky === 063, ky = ———0.25=0.513, 22 =22~ 122,10
3 %24 3 X24 fu 410

Vap =2.5 X 0513 X 22 X 10 X T2=92.54KkN .....(2)

Bolt value = Minimum of (1) and (2) = 92.54 kN

No of bolts = 272 =299 ~ 3
92.54

Hence provide 2 ISA 80 X 80 X 10 mm with 3 bolts

e Design of Bottom chord members (AH)-Tension members
Taking Max Force = 99 kN
Factored Tensile Force Ty, =99 x 1.5 =148.5 kN

Tensile strength due to gross section yielding, Page 32, CL 6.2 (IS 800)

A, f,
dg — '
' ]/m(}
148.5 x103x 1.1
Gross area, A, = % = 653.4 mm?

Since it is bottom member, increase the area by 30% = 1.3 X 653.4 = 849.4 mm?= 8.49 cm?
From Steel table Page No 18, table 6 (Double angle)

16A 8080 80 x 80 146 1432 [1858 | 120 182 246

5T 192 1884 = 1450 282 244

100 236 2315 30.10 1754 . 310 241

12,0 28.0 274.7 35.62 203.8 36.6 2.39

Try 2 ISA 80% 80 X 6 mm ( two angles back to back) with 10 mm gap
Ay, = 18.58 cm* = 1858 mm?

e Connections
Use M 22, class 5.6 ( Same bolt diameter for all connection design)

e Shear strength of bolts
Assume fully threaded bolts, number of shear planes n, =2 ,( double angle), ng = 0 ( no shank
portion)
A, =0.78 X g x 222 =296.5mm? ,Ag, =0



Vnsb _ fub

Vi, = = (n, A, +n.A,)
dsh %nb \/—3 '}/mb n nb s sh
=39 (2 x296.5)=136.94 kN...(1
T 3 x1.25 r : (1)

e Bearing strength of bolts
i

mb

Vv

dpb = 2'5kb di

Vapp =2.5 X 0.513 X 22 X 6 X f—z‘;= 55.53kN.... (2)

Bolt value = 55.53 kN (least of (1) or (2)

148.5

No of bolts = —==3
55.53

Hence provide 2 ISA 80 X 80 X 6 mm with 3 bolts

(In case of High Strength Friction Grip Bolts (HSFG) - Shear capacity only needs to be calculated
by CL 10.4.3, page 76 and then calculate no of bolts based on shear capacity) No need of
calculating “bearing strength of bolts”.

Vd?if Vnsf';?mf
Vi = nominal shear capacity of a bolt as
governed by slip for friction type
connection, calculated as follows:
Vnsf = Mg Fig Kh Fo
where

sy = coefficient of friction (slip factor) as
specified in Table 20 (u, = 0.55),
n, = number of effective interfaces offering
frictional resistance to slip,
K, = 1.0 for fasteners in clearance holes,
= (.85 for fasteners in oversized and short
slotted holes and for fasteners in long

slotted holes loaded perpendicular to the
slot,

= 0.7 for fasteners in long slotted holes
loaded parallel to the slot,
Ymr = L1.10 (if slip resistance is designed at
service load),
= 1.25 (if slip resistance is designed at
ultimate load),

F, = minimum bolt tension (proof load) at
installation and may be taken as
Anhfi]v

A, = net area of the bolt at threads, and
f., = proof stress (= 0.70 f_).



To find partial safety factor

Table 5 Partial Safety Factor for Materials, y,,
(Clause 5.4.1)

s Defimition Partial Safety Factor

Ma.

i} Resistance, povermed by yielding, e 110

i) Resistance of member 10 buckling, L.19

i) Resisiance, governed by ullimate stress, §,, 1.25

i¥]  Resistance of conpection: Shop Fabrications Field Fabrications
a) Bolis-Friction Type, Fu 1.25 125
b) Bolis-Bearing Type, fus .23 1.25
¢) Rivets, x., 1.25 1.25
) Welds, 7. 125 1.50

30

TABLE XXXI RIVET GAUGE DISTANCES IN
LEGS OF ANGLES

Leg Size Double Row of Rivets Single Row Maximum Rivet
e ey of Rivets Size for Double
a b I3 Row of Rivets
mm mm mm mm mm
plus) 75 85 i 27
150 55 &5 90 2
‘30 50 55 80 20
115 45 55 75 0
1H 45 50 70 12
no 45 45 45 Iz
100 40 40 . &0 12
95 - — ) [11 _
- = 50 =
80 - - 45 —J
T = = LY =
o - - 40 -
65 - - EH -
60 - - 35 -
55 - - 10 -
50 - - 8 -
45 - - 25 -
40 - - 21 -
5 - - 19 -
30 - - 17 -
25 - - 15 -
0 - - 12 -

SP 6, Page 168



L
oy
[ 7

I
o
4s 1 sslss ! !
. ML N
T . '
— Lot ooy o
~ BOX 50X 6,

Longitudinal section of a double angle with bolts

e Check for rupture (tension member)

34!

Page 33 CL 6.3.3 IS 800 - 2007

The rupture strength of an angle connected through
one leg is affected by shear lag. The design strength,
T,, as governed by rupture at net section is given by:

Tdn=0‘9 Ancﬁlf’le + BAgo fy/YmO

where

B = 1.4-0.076 (w/t) (f/f) (/L) < (fYmdFy¥mi)
> 0.7

6%

80
w = outstand leg width or width of unconnected leg = 80 mm
L. = Distance between the outermost bolts in the end joint measured along the load

direction =55 +55=110 mm

t=6mm
fu = 410 N/mm? | Ultimate strength of material
fy = 250 N/mm?, Yield strength of material
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s=w+wi—t=80+45-6=119 mm ( CL 6.3.3)
B = 1.4-0.076 (w/t) (f/f.) (b/L)

=1.132
Also find Ymefu. — 1 44

fy Ym1

Asper IS 800—-2007,3=1.132>0.7<1.44
Hence take p=1.132

Tn

80-6/2-22)
24 1 Izz
80 mm

GI | .( Isfz‘ !

6/2

(80-6/2) <+

80 mm

Angle section attached to gusset plate

o = Gross area of outstanding or unconnected leg (without bolt)gg (B - % ) t= (80 - g) 6 =462

A,,. = Net area of connected leg (subtract area of bolt hole) = (A - d,— %) t=( (80 — 24— g) 6

318 mm? where diameter of bolt hole,d, = 22 + 2 = 24 mm

Tdn =0.9 Ancﬁl / le + BAgo fy j‘YmO
For double angle section multiply the value of Tan by “2”



For double angle T,;,, =2 X (0.9 x 318 xf—;(;+ 1.132 X 462 x%)

= 42547 kN > 148.5 kN , It is safe.
e Check for block shear

Page 33 CL 6.4.1

The block shear strength, T, of connection shall be
taken as the smaller of,

Tdb = [ Avg f;'i( '\/5 YmO) * OgAtnf;l ,‘le ]

ar

T = 0.9A0 fu (3 Yr) + Ag £y Moo
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Length of shearing action, L, =45+ 2 X 55 = 155 mm
Length of tensile action, L; = 35 mm
Gross area in shear parallel to force , A, =L, Xt = 155X 6 =930 mm?
Net area in shear parallel to force, A,,, =A,5—2.5% d, Xt
=930—25 X24 X6 = 570 mm?
Gross area in tension perpendicular to force, A;; = Ly X t = 35 X 6 = 210 mm?
Net area in tension perpendicular to force, A;, = 210 —0.5 X 24 X 6 =138 mm?

Tap= [Aw £y (\f3 Vo) + 0940 S, Mo ]

410

+0.9 x 138 ><—]—3374kN>1485 kN

For two angles, Ty, =2 X [ 930 X W

Tap = (094, £, {3 You) + A £y Mono)

250

For two angles, Tz, =2 %X [0.9 X 570 X o + 210 x —] =289.7 kN> 148.5 kN

Hence 2 ISA 80 X 80 X 6 mm is safe.
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¢ Design of Inner compression members (BG)
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Fig. Q4

Taking Maximum Force = -42.7kN
Factored Force = 1.5 X —42.7 = —64.05kN

The length of BGis = /(1.52+ 2.52)=291m
Maximum Length =2.91 m

Assume frgq =50 N/mm?

(Assume f cd = 40 -120 N/mm? based on load and experience)



Factored Force _ 64.05 x 103
fecd 50
From Steel Table, Try Single ISA 100 x 100 x 10 mm (Table 1, Page 4 Steel table )
Area=19.03 cm? ( You can choose ISA 80 x 80 x 10 mm also!!)
I'x = Iyy = 3.05 cm = 30.5 mm
rw = 3.85 cm, rvw=1.94 cm
S0 rmin=1.94 cm = 19.4 mm

Gross Area, Ag = = 1281 mm?=12.81 cm?

Here load is acting through only one leg it will be subjected to torsional buckling
Using Page 48, Table 12 and using CL 7.5.1.2 Loaded through one leg ( IS 800 2007)

7.5.1.2 Loaded through one leg

The flexural torsional buckling strength of single angle
loaded in compression through one of its legs may be

evaluated using the equivalent slenderness ratio, 4, as
given below:

Ao = Jko+k, 22+ kA2

(3

where
k., k,, k5 = constants depending upon the end
condition, as given in Table 12,
o)
b, +b,)/2
A, ="/ and Ag = (B +b,) 020
’n:ze e
e £
250 250
where
F = c¢entre-to-centre length of the supporting
member,
P = radius of gyration about the minor axis,

&, b, = width of the two legs of the angle,
thickness of the leg, and
£ = yield stress ratio ( 250/£,)%5.

I



Table 12 Constants k, k, and k,

Si No. of Bolts  Gusset/Con- k, k, k,
No. atEach End necting
Connection Member
. Fixity "

(1) (2) (3) “) 3  ©

i) Fixed { 020 035 20

22 : C .

Hinged 070 0.60 5

ii) Fixed { 075 035 20

! Hinged | 125 050 60

" Stiffeness of in-plane rotational restraint provided by the
gusset/connecting member,

For partial restraint, the A, can be interpolated between the A,
results for fixed and hinged cases.

Assuming bolts > 2 and hinged end conditions with gusset plate, k; = 0.7, k, = 0.6, k3 =5
Assuming Effective length, [ =0.85 X L = 0.85 X 2910 = 2473.5 mm
¢ =1,E=2x10°N/mm? b1=b2=100 mm, t=10 mm

L 2473.5

T
xvv — v 30.5

81.09
2E m2x2x10° 0.198
1X [—————

250 250

=0.913

(b, +b,)/2t

e

250

Ap =

Ao =0.1125, k; =0.7, k, =0.6, ks = 5

Ao = Jho+ ke, 23+ kA2

Equivalent slenderness ratio, Ae = 1.124
From Table 10, Page No 44, Choose the buckling class based on type of section



IS 800 : 2007

Table 10 Buckling Class of Cross-Sections
(Clause 7.1.2.2)

Cross-Section Limits Buckling About Axis Buckling
Class
(O] @ ) ()
Rolled I-Sections b= 1.2 . .
t, <40 mm b 5
2 b
[ 40<mm << 100 mm -
h 2
z b 12t
T Tz b
L‘ 1< 100 mm Yy c
T d
1> 100 mm vy 4
‘Welded I-Section 1; =40 mm =z b
¥ ¢
Y =Y
]i— [ T | el b i >40 mm =z ;
na T I B e »¥
— ] m—]
[I—— L=
—y —y
Hollow Section
Het rolled Any a
© @ Cold formed Any b
Welded Box Section
Generally An b
=y (cxcept as below) Y
t . h: Thick welds and
'?‘T' 1 1T blty<30 Tz
1 |
< 30 ry €
T v
Lo |
L
Channel, Angle, T and Solid Sections
by )
. Any
Ex i -
H Linae J 1
[
in —

I

Since it is single angle section, choose buckling class as ‘c’. Based on Buckling class, find o from Table
7 Page No 35 as 0.49.

Table 7 Imperfection Factor, o
(Clauses 7.1.1 and 7.1.2.1)

Buckling Class a I b I ¢ d
o 0.’21' 0.34 I 0.49 0.76

From Page 34, CL 7.1.2.1, IS 800-2007
¢ = 0.5[1+0(h-02)+A

Puta=0.49, Ae=1.124, ® =1.36
To find fed

AT
o+[0* =27
250

. . . . _ _ 2
(Single angle section) Design compressive stress, f,4 1(136+ (1367 —11242)09) 106.9 N/mm

The design compressive strength of a member is given by:

Load Pa=A % f.; = 1903 x 106.9 = 203.42 kN > 68.05 kN

Hence it is safe.

Design of connection using M 22, class 5.6 ( same diameter bolt)

Benefit- No need to do shear strength calculations, (for single angle, n,, = 1)

faa




e Shear strength of bolts

Assume fully threaded bolts, number of shear planes n, =1 ( Single angle section), ng =

Aps =078 X = x 222 =296.5mm? ,Ag, =0

Vmb fub )
Vf[_s'b = }/ = = (_H” An!) + ny Asb)
mb 3 ym!)
f ~— (1 X 296.5) = 68.47kN..... (1)

e Bearing strength of bolts

= 2.5k, d1 S

mb

Pitch, p=2.5xd =2.5%x22 =55mm
Edge distancee = 1.7 X d,= 1.7X 24 = 40.8 = 45 mm

%

dpb

0 (no shank portion)

where k;, = smaller of —- L 0.25, f'—'b, and 1.0
3d0 3d, ;
__45 _ _ fub
ky e —3 > 0.25=0.513, 210 =1.22, 1.0 ( try to copy value of kv)
Vapp =25 X 0.513 X 22 X 10 X =2 =92.54kN....(2)
Bolt value = Minimum of (1) and (2) = 68.47kN

No of bolts = %05 =2 ( Minimum no of bolts = 2)



Leg — B0pmm =  C=45m,
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