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Cenbre to cuntre dislange between gantry rails = 16m(span of crme girder)

Centre to contre diftance bolween colisns = BN (span for ganiry gander)

Gedf weight of reil section = J00M/m

Diameter of crane wheel = 1 50mm

The steol used'is Fe — 210 grale. Draw & neat sketch of the designed details. (50 Marks)
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SOLUTIONS

1. Design a combined footing for 2 columns A and B of size 350 x 350 mm and 400 x 400
mm. The load carried by Column A is 700kN and Column B is 1200 kN respectively. The
Safe bearing capacity of the soil is 130 KN/m2. Use M20 concrete and Fe 415 steel. The
center to center spacing between the columns is 4.6 m and width of footing is restricted
to 2 m.

Solutions
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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?

. A
Area of the footing, Aye,= Pl“;—2+P =16.8 m?
a

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

A 16.8
=1~ — - =84m

Total Length of footing, L =

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 Pui=700x%1.5=1050KkN; Puw2=1200 x 1.5 =1800 kKN = Pu1 + Pu2 =2850 kN
Let X be the centroid of the column loads, where s = 4.6 m

- T = }:;JES
P;1++Pu2

!



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 l

& 1300 mm 4600 mm b=2500mm

'TI.I;:[:.‘:J,‘iI L T L K ooz
2900 mm -[:

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

Py1+Py,  1050+1800

quB = =339.28 kN/m
L 8.4
e Shear force calculations
X
l 1050 kN 1800 kN
x P
& 1300 mm. . 4600 mm . b22500mm
Cc A B D

L LI I T X X
2900 mm r /
| 339.28kN/m




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 =23.09 m from C

951.92kN
441.06 kN

D
309m A / B

608.94kN

o V,=339.28x 1.3 =+441.06 kKN 248.2kN
e V,p=-1050+339.28 x 1.3=-608.94 kN
® Vy.=1800-339.28 x2.5= +951.92 kN

* Vpp=339.28x2.5=-848.2 kN

Shear force diagram

e Bending moment calculations

X

050 kN 1800 kN

x

* 1300 mm 4600 mm

2900 mm J /'
339.28kN/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
=-1050 x 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 4+0.4/2)*/2 — 1800 x 0.4/2 =+ 876.67 kNm

259.76 KNm
‘ /\ D
C A B
+
+
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

X 2500+200+d

1 1050 kN 1800 kN
- .

-

1300mm | 4600 mn L 2500mm

C ‘ A B D

- e 1;<y,u S =SS S S S S=SSSe

339.8 kN/m

X

Critical One-way shear force, Vul at section XX (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) kN ... (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 Vicand Vi
B is width of footing = 2000 mm
Vue =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 A 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, q. = (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
to soil
pressure

Cz?l C|+|
&

Shear stresses in footing slab due to punching shear

400 x400

df2 d/2

d/2 +0.4+d/2

o
S
5

=N

d/2 +0.4+4d/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)

/2 | —~350x350

d/2 d/f2
f—— 0.35 +d/2 +d/2

d/2

O.ST +df2 +r{2



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 Ifno shear reinforcement is provided, Page 58, IS 456, Clause 31.6.3.1, calculated shear
stress at critical section shall not exceed ks (0.25 v Jek )

where

k, = (0.5 + 3 ) 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 +Bc), fc =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 (0'25V Tk ) = 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, V.. = Permissible shear stress x (Area of the footing slab

enclosed by the perimeter of the critical section)

00 x400

d/2 +0.4+d/2

d/R +0.44d/2




Perimeter of critical section (Green coloured area) =4 X (400 + 680/2 + 680/2)
Vie =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

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

| ~350x350

0.35 +d/2 +d/2

O.ST +df2 +r{2

Compare whether permissible two way shear force is greater than two shear way ( Actual) force
Vie =3284.23 KN > V2 =1602.82 kN @ B It is safe.
Viue =3132.18kN > V2 = 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 = +

- 259.76 kNm 1060.25 kNm

_ Ay Sy _ Ay
M, = 087 f, A, 4(1 -——-—bdfck] M, = 0.87 f, A, 4(1 -—-—bdfck)

Mu =259.76 x 10° N mm Mu =1060.25 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 < (A4st)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 /(n/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

B =b=2000 mm
d =680 mm

Ast provided = 4648.12 mm?

Check for (4st)ymin = 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
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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

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

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

Moment at column face B =

900 x 0.80%/2 =288 kNm




e Assume width of transverse beam, b

width of column + 2 x 0.75d

b =350 +2x 0.75 x 577 = 1215.5

- Aty
M, = 087 f, A, d[l —bdf;;k]

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

Width of transverse beam, b =

width of column + 2 x 0.75d

400 + 2 x0.75 x577 =
1265.5mm

= Aty
M, =087 f, A, d(l -bdﬂk]

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 bD =
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 mmeo bars
Check for development length = 47 x 12 =
564 mm

Provide (Ast)min = 0.0012 x
1265.5x765 = 1161.73 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

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 exeeed the permissible bearing stress in
direct compression multiplied by a value equal to

J%‘- but not greater than 2;
2

wherc

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 hase, the area actually
loaded and having side slope of one
vertical to two horizontal; and -

loaded area at the column base.

For working stress method of design the permissible
bearing stress on full area of concrete shall be taken as
0.25 £, . for limit state method of design the permissible
bearing stress shall be 0.45 £

Permissible bearing stress = 0.45fck %

A1 =20007( 2000mm is footing width)
A2=350x350=

A2

= 5.71>2, Take |2 =2
A2

Permissible bearing stress = 0.45 X 20 X 2
=18 N/mm?
Permissible bearing resistance or force
Fr» = Permissible bearing stress x column
area
=18 x 350> =2205 x 10° N =2205 kN
2205> 1050 kN, Hence safe.

e Limiting bearing stress at

Permissible bearing stress = 0.45fck %

|
[A1 = 2000%, A2 = 400> mm? ]
A2 A2
=0.45x20%x 2 =18 MPa
Permissible bearing resistance = 18 x

400% = 2880 kN

2880kN > 1800kN , Hence safe




Reinforcement detailing

20

— 350x350 e.\ — 400 x 400
[ 16 mm & negative

| reinforcement

ml-lvhwr-a--u Ry p—— uﬁ|-"u'|-wr-a-'u-

b e e ——

765

|
|| §=126 bars
| | (distributors)
) .|i.l.l.ﬂ.ﬂ.l.l.l.l.ﬂ.ﬂ.l.l.l_¢|_ -l .- : | > 12mmé
. : Transverse

reinforcement

20 mm ¢ Positive
reinforcement

2. SOLUTIONS

Height of earth fill, h’= 4m, Safe bearing Capacity = 200 kN/m?, Density of soil, y = 18
kN/m?, co-efficient of friction between concrete and soil, p = 0.6, angle of repose ¢ = 30°

We need to fix the height of retaining wall, H =h' + D¢

e Depth of foundation, D¢

Using Rankine’s formula: find depth of foundation



200

D;= SBC lfs?n(b _SBC kaz
y | l+smg¢ Y
_ [1—sin 300]2 _ 1
* " li+sinzoo] T 3
200 _ 1
= — X —_
18 3

=1.23m say 1.2m, therefore H=4 +1.2=52m

Proportioning of stem wall and base slab

a. Thickness of base slab = (1/10 to 1/14) H =1 /10 X 52 to 1 /14 X 5.2 =0.52m to
0.43m, say 0.45 m or 450 mm

b. Width of base slab=b = (0.5 to 0.6) H=10.5 X 5.2 t0 0.6 X5.2 =2.6m to 3.12 m say
3m

c. Toe projection or width of toe slab=pt=(1/3to %) b =1/3x3to 1/4 x3= 1.0
m to 0.75 m say 0.75 m

d. Provide 450 mm thickness for the stem at the base (overall depth D) and 200 mm at the
top



e Design of stem
To find Maximum bending moment at the junction

Height of stem, h=5.2-0.45=4.75 m

200
e~
5200-450 = 4750 thm
H=5200 mn| [ h
Pa
mn{ 1800Jmm W e A
450 b, TN ol i h/3
b= 3000 mm | SN

Active earth pressure ,Pa = %(ka Xy Xh)h

Pa=

N |-

X % x18 X 4.75 x 4.75 = 67.68 kKN

Total Bending moment at any height, M = Pa X g

M= 67.68 x 4345 =107.17 kN-m

Mu=1.5 X M =160.6 kN-m
We have overall depth at base or thickness of stem slab as, D =450 mm

Check for effective depth

X
My ym = 0.36 f-'-'a;"-‘—“"—- (1 ~0.42 -'-‘:-E“"-‘-)bd’ fix

Put Mu,lim~160.6 x 10°, b =1000mm , fck = 20N/mm?
xu,max /d =0.48 , Fe 415,1S 456 2000

160.6 x 10° =0.36 x 0.48 x (1 - 0.42 x 0.48) x 1000 x d* x 20
Find ‘d’, d =242 mm
Required, d = 242 mm

Assumed overall depth at base of the stem, D = 450 mm, effective, d =450 - 50 =400 mm
>> 242 mm

Taking 1m length of stem wall,



50 mm

1000 mm

450mm

b= 1000 mm, d =450 - effective cover

effective cover = clear cover + bar diameter/2 (assuming 12 mm ¢ bars)
=40+ 12/2 =46 = 50 mm

d =450 - 50 =400 mm >> 242 mm , hence safe

- A
M, =087 f, A, d[l bdf;:k]

d =400 mm, b =1000 mm, Mu =160.6 x 10° Nmm, fy = 415 N/mm? , fck = 20 N/mm?
Ast=1184.6 mm?

Ast, min=0.0012 X b x D =0.0012 X 1000 X 450 = 540 mm?

Ast > Ast,min, hence Ok.

Provide 12 mm ¢ bars as main steel

1000 X §x122

Spacing required, s = =96 mm =~ 100 mm or 95 mm ( Your wish!!)

1184.6

Main steel #12 mm ¢ @ 100 mm ¢/c < 300 mm or 3 times effective depth “d” ( Check!!!)
IS 456 2000

Distribution steel
=0.12% Gross Area=0.12 X 450 X 1000/100 = 540 mm?

Use 10 mm ¢ bars , spacing required

1000 ><§><102

e =145.4 mm = 140 mm or 150 mm (Your wish !!)

Spacing required, s =

Distribution bars #10 mm ¢ @ 150 mm c¢/c <450 mm and 5 times effective depth “d” ok
(check!!) IS 456 2000




Development length
La =47 ® par =47 X 12 =564 mm =0.564 m

. 3
TE 74 m
. Mainbars 12 mm ¢

H=5200 mm " @100 mm c/c

> Distribution bars 10 mm ¢
@ 150 mm c/c

i= 750 mm

—=) T

B
b= 3000 mm

Curtailment of bars

50
100

Curtail 50% steel from top, Ast =— X 1184.6 = 592.3 mm?

hi\? hi \? hy? . .
(—1) -1 (—1) —1 ~ = :, h, = 3.36m, is the curtailment length
h 2° \4.75 2° 4752 2

Actual point of cut off or cutting position = 3.36 - La =3.36 - 0.564 = 2.74m from top.

1000 x%x122
592.3

Spacing required, s = = 190.9 mm = 190 mm

Spacing of bars 12 mm ¢ @ 190 mm c/c <300 mm and 3 x effective depth . Hence it is ok



Secondary steel for stem at front (Temperature steel)
0.12% Gross Area=0.12 X 450 X 1000/100 = 540 mm?

This can be copied from distribution steel calculations

#10 @ 150 mm c/c< 450 mm and 5d ok

200
X ==
"{| H=5200 mm
t,= 750 mm‘_’] '
— 1 7450 T |
‘b= 3000 mm

ChecKk for shear

Max. Shear Force at Junction XX= P.= 67.68 kN (Lateral earth pressure)
Ultimate Shear Force = Vu=1.5 x 67.68 = 101.52 kN



Nominal shear stress = v = Vu/bd = 101.52 x 103/ 1000 x 400 = 0.25 N/mm?

200

H=5200 mm

b= 3000 mm

100 Ag; 100 X 11846
bxd 1000 X400

To find tc, calculate pt = =0.29 %

Use 1S:456-2000, Page 73, Table 19, pt=0.29 %, M 20
1c=0.38 N/mm?
Compare tv and 1c , 0.25 <0.38

< 1. Hence safe in shear. No need of shear reinforcement.

Stability analysis — 1. To find factor of safety against overturning

Calculations of Resisting Moment XMgr — Self weight of wall and weight of earth fill
retained by heel slab



200

P Y
H=5200 mnp
T S
b= 750 1800 mm
450 f A,
” ~ h v
b= 3000 mm
0.2m
i R
f
fl
1
I
1
L W
4.75 m <—-’*l—,f—H,“ ¥
f I \
| \ | _ ‘ y
<—5-A—." ol L»--l F —
0.75m | | /1.8
= | 1 T -
i 0.25m | W, | 10-45"‘
3m
Load Magnitude, kN Distance from A, Bending
m moment
about A
KkN-m
Stem W1 0.2 x4.75x1x25 =23.75 | (0.75+0.25+0.2/2) =1.1 26.13
Stem W2 Y x 0.25x4.75x1x25 = | 0.75 + 13.59
14.84 2/3x0.25=0.916
Base slab | 3.0x0.45x1x25=133.75 | 3/2 50.63
W3
Back fill, W4 | 1.8x4.75x1x18 =153.9 | 0.75+0.45+1.8/2 =2.1 323.20
Total YW= 226.24 kN XMr = 413.55

KkN-m
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H=5200 mnp

P Lv
tp: 750 mm ’45 mm 1800 mm
H'3
| 450, T |

b= EOOO mm

Calculations of Overturning Moment Mo — Lateral earth pressure about the base slab

Load Magnitude, kN Distance from | Bending moment
A, about A
m kN-m
Hori. earth Pu =% x 1/3x18x5.2? H/3 =5.2/3 Mo = -140.60
pressure =Pu =81.12 kN

Stability checks:

1. Check for overturning:
As per IS: 456:2000, (Factor of Safety) overturning should satisfy condition that Mg/ Mo >

1.55

Y Mg = 413.55 kNm, Mo = 140.05 kNm
(F.S) overturning = EMr/ Mo = 2.94 >1.55 Hence it is safe

2. Check for Sliding:
YW=226.24kN

Pu =81.12 kN

As per IS: 456:2000, (F.S) sliding should satisfy condition that
W W/Pu>1.55

LYW 0.6 x226.24
Py 8112

=1.67

(F.S) sliding = 1.67>1.55 Hence it is safe

3. Check for subsidence: (Max. pressure at the toe should not exceed the safe bearing
capacity of the soil under working condition)




Let the resultant cut the base at distance ‘x’ from toe T,

x = YM/ZW, where > M = Net moments about toe =XMr - Mo = 413.55-140.05
=273.5 kNm

% W, H
h ==
w TW
X2 2 / " P’l
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/ H/3
W3
T — | v v
——p € 4b;‘r6 »
X. b;‘..’z g
b

A
A 4

273.5
X:
226.24

=12m ,b=3m

e Eccentricitye=b/2 —x=3/2-12=15-12=0.3m <b/6 ( 0.3 <0.5)(Eccentricity
of force should not exceed one sixth of base)
Here e <b/6. Hence it is safe.

Pressure below the base slab ., SBC =200 kN/m?

Max. pressure=P = ZTI[I + %}

120.66 kN/m? < SBC, safe

: W >
M. pressure = P, = Z—I[l - 6‘1
b b



30.16 kN/m? > zero, So there is no tension or separation developed at base slab, Hence it is
safe

Both values of pressure are lesser than SBC ( 200 kN/m?) . Hence it is safe.

200 200
Lo >~ A ekl
4.75m
P00 mnp 1
P S / >
t,= 750 mm I v |
450 mm v - : >
““E' Y X
b= 3000 mm
0.75m 0 45n~r 18m _L P
P, ; + 30.162
120.6 I KN/m
kN/m?2 “2/25/ 97.99

Pressure below the Retaining Wall

Using similar triangles,

120.6—30.16 _ 30.16+y
3 1.8

,y =24.1 kN/m? (Sample calculations)

Design of Heel Slab

Calculations of Moment about heel slab C



Load Magnitude, kN Distance from C, m | BM, Mc, kN-m

Wt of Backfill or | 1.8 x 4.75 x 1x18 | 1.8/2=10.9 =+138.51

Earth fill =153.9

Heelslab | | |0.45x1.8x25 =11.822=0.9 =20.25x 0.9 =+
20.25

Pressure -30.16x 1.8 =- 1.8/2=0.9 -

distribution,(below

heel slab)

rectangle

Pressure 2 x 241 x1.8= - | ~x1.8=0.6 -13.01

distribution, 2 3

Triangle 21.69

Total Load at 98.17 Total BM at YXMc=94.87 KkNm

junction C Junction C

XMc=94.87

Mu = 1.5 x 94.87 =142.3 kNm = 142.3 x 10° N mm

M, =087 f, A, d(l

- Ast fy
bd f,

b= 1000 mm, d = 400 mm, fok =20 N/mm? fy = 415 N/mm?

Ast =1041.5 mm?

Use 16 mm ¢ bars ( it is base slab) ( You can choose 12 mm also)

Spacing required, s =

1000 x§x162

1041.5

=193 mm~ 190 mm

Main steel #16 mm @ @ 190mm c/c < 300 mm and 3d ok. Hence it is safe.

Development length

Ld=47 (pbar=47x 16=

Distribution steel

752 mm

Same, #10 dia @ 140 <450 mm and 5d ok
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TS F
H=5200 mm
=~
X
Ly=752 y

Check for shear at junction (Tension)

The critical section for shear in the heel slab should be taken at the face of the support and not d away from it,
because there is no compression introduced by the support reaction, and the probable inclined crack may extend
ahead of the rear face of the stem

Critical section for shear is at the face as it is subjected to tension.
Maximum shear =V=98.17 kN, Vu, max= 98.17 x 1.5=147.255 kN

_ Vy _ 147.255x 10°
bxd 1000 x400

= 0.368N/mm?

=0.368 N/mm?

Tv

100X 10415

—— = 0.260 %, Find 7
1000 X400

pt
Use 1S:456-2000, Page 73, Table 19, pt =0.26 %
Tc = 0.365 N/mm?

Here tv and 1c are almost close. There is no providing shear reinforcement. May be Ok.

Design of toe slab

To find the maximum bending moment
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e e~
H=5200 mnp

b= 750 mm lawmm 1800 mm
B 450 :h v

‘b= 3000 mm

0.75m 0.45m

1.8m

) /30.16 kN/m?

120.6 kN/m?
N £C 1
22.6
Pressure below the Retaining Wall
Load | Magnitude, kN Distance from C, m | BM, Mc, kN-m
Self wt of Toe slab[_]0.75 x 0.45 x 25=8.44 | 0.75/2 +3.164
Pressure -97.99x 0.75=-73.49 0.75/2 -27.56
distribution, -
rectangle
Pressure %5 x-22.6x0.75=-8474 | 2/3x0.75= -4.23
distribution,
Triangle
Total BM at XMc=-28.63
Junction C

Mu = 1.5 x 28.63 =43 kN-m,
Ast=302.48 mm?

Provide #10mm (@ 140mm < 300 mm and 3d ok ( If you have time you can do calculation

for spacing otherwise you proceed like this!)
Development length:
La=47 ¢ bar=47x10 =470 mm
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Check for shear: at “d” from junction of the toe slab (at XX as wall is in compression), d =
400 mm

Net shear force at the section XX

Net shear force for toe slab V= | NG + 0.45 x 0.35 x 25 = -36.42kN

Vumax=36.42 x 1.5 =54.63 kN

Cv = (54.63x1000) / (1000 x 400) = 0.13 N/mm?

pt = (100 x 302.48) / ( 1000 x 400) = 0.075

From 1S:456-2000, Page 73, pt<0.15%, (c = 0.28 N/mm?

Cv < Cc, Hence safe in shear.

| | + E j I ; 450mm

120.6
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Construction joint

A key 200 mm wide x 50 mm deep with nominal steel #10 @ 250, 600 mm length in two
TOwWS.

Drainage

100 mm dia. pipes as weep holes at 3m c/c at bottom. Also provide 200 mm gravel blanket at
the back of the stem for back drain.

Drawing and detailing

#12 @ 180

#10 @ 140

#12 @ 90
#16 @ 190
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#10@ 140 C/S OF WALL L/S ELEVATION OF WALL
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3. SOLUTIONS

Solution For Fe 410 grade of steel: f, =410 MPa, f, =f, = f, .= 250 MPa



Cross head

Crane (truss) girder
or end girder

\ A\
NN WAV

| ‘mu"imm\\
AN
Bered

Rail

Gantry girder

2

<«— Cross-travel

e Design Maximum load transferred from crane girder to gantry girder



The maximum reaction/load in crane girder occurs when the crab or trolley along with
hook if it is towards left or right of crane girder with a minimum hook distance of 1.0
m.

The Free body diagram is shown as below.

H‘ u

)]
=




200 kN +75kN 150 kN

1m 125 m

CRANE GIRDER B

25m

To find max Reaction Ra , take moment at B, Y M= Ra x25-150 % 12.5
—275%x24=0 Ra =339kN is the reaction developed at the end of

Crane girder

Since there are two wheels at each end of crane bridge, = 339/2 = 169.5kN

As per IS: 875 (part 2)-1987, for Electrically operated crane (EOT crane), ( CL 6.1,
Page 15)

Vertical forces transferred through rails = 25% of maximum static wheel load ( 25%

means 1.25)

Load on each wheel = 1.25 x 169.5=211.87 kN =212 kN

e Design Maximum bending moments on gantry girder

H e
e Crab Crane girder
gantry | | 100 W! Wheel Rail
girder | / Wheel ~_
A g Span {f
gcmtri
3.5m l girde
A [ | &m
Wheel ~|®
Span of crane grider= 25m
M “
. Iy
Plan A
P - mn

The arrangement of wheel loads for Maximum bending moment is at Centre of gravity of
the wheel loads(trolley) and one of the wheel load are equidistant from the Centre of

the gantry girder.



TROLLEY

X
: 3.5m
1
1
Iz ~
P .
o 1.375m
_ 3.125m 212 kN | oe7sm 0875m| 1.75 '“:[212 kN )
C ) 4 m ?‘ d 4 m

8m

1
1
1
1
1
GANTRY GIRDER
1
;
X

DMp=Rex8—-212x1.375-212 % (1.375+ 1.75 +1.75) = 0, Re= 165.63 kN

B M under a wheel load or Maxi B M at XX =R¢ x 3.125 =165.63 x 3.125=517.6
kNm

Factored BM =517.6 x 1.5 =776.4 kNm- Live load

B M and S F due to self-weight or dead load

Assume self-weight of gantry girder as 1.6kN/m

Self-weight of rail = 300N/m = 0.3 kN/m ( given )

Total self-weight = 1.6 + 0.3 = 1.9 kN/m, factored self-weight = 1.5 x 1.9 = 2.85 kN/m
v B M due to self-weight or dead load = 2.85 x 8%/8 = 22.8kNm- Dead load

S F due to self-weight or dead load =2.85 x 8/2 = - — dead load

e Design Maximum shear force
The shear due to the wheel load is maximum when one of the wheels of the trolley is
at the support

212 kN 212 kN

35m 4.5m

fe———

GANTRY GIRDER 1o

8m

dDMp=Rcx8—-212x8-212x4.5=0,
Rc=331.25kN



Factored S F =331.25 x 1.5 = [SGIB8 kN

o Lateral load and its moment

Lateral load is developed due to the application of brakes or sudden acceleration of the

trolley

As per IS: 875 (part 2)-1987, Lateral load or Horizontal forces transverse to the rails =
10% of the weight of the crab or trolley and the weight lifted on the crane(crane capacity)

Lateral force or Horizontal force = 10 /100 % (200 +75) =27.5 kN
Lateral load acting on each wheel of trolley (there are 4 wheels) =27.5 /4 = 6.875 = 7TkN

Factored lateral load =7 x 1.5 = 10.5kN
Bending Moment due to lateral load
We know that 212 kN , BM = 776.4kNm
Then for 10.5 kN, B.M due to lateral load =?
212/10.5=1776.4/?, 7=

22 T2 212x?7=10.5x 7764, 2= 10.5x 776.4/212 = 38.46kNm

Bending moment due to lateral load? = 38.46kNm

Total Design bending moment (Live Load + Lateral load + Dead Load ) =776.4 + 38.46 +
22.8=2837.76 kNm

Total Design shear force (Live Load + Lateral load + Dead Load ) = - +-+10.5 =
518.49 kN

e Preliminary trial section

The trial section is selected based on deflection criteria, IS 800 2007, Table 6 Page 37



Table 6 Deflection Limits

Type of Defleetion  Design Load Member Supporting Maximum
Building Deflection
(1) (2 &) () (5) (6)
. . § . Elastic cladding Span/150
f Live load/ Wind load Purlins and Girts
{ Brittle cladding Span/180
X . Elastic cladding Span/240
Live load Simple span
Brittle cladding Span/300
il i Span/120
Live load Cantilever span Elastic cladding pa
= Brittle cladding Span/150
Z
Span/180
E { Live load/ Wind load  Rafier supporting Profiled Metal Sheeting P
Plastered Sheeting Span/240
w load (Manual -
én E;Ei:m (Manua Gantry Crane Span/500
El Crane load [Electric m
: operation up to 50 t) Gantry Crane § 50
c -
z Crane load (Electric
—E \ operation over 50 t) Gantry Crane Span/1 000
- Elastic cladding Height/150
No cranes Column
Masonry/Brittle cladding Height/240
Crane (absolute) Span/400
= Crane + wind Ganiry (lateral) Relative displacement
s between rails supporting 10 mm
3 { crane

Maxi deflection for electrically operated crane, Smax defiection = Span of gantry girder/750

= 8000/750 = 10.67 mm(
permissible deflection)

Maxi deflection = Deflection due to Dead load + Deflection due to Live load

Let us assume deflection due to dead load &4.44 10aq @S 1 mm (Since it is steel structure self-
weight is very less, we are assuming very less deflection also)

Deflection due to live load 86 10qq  Under two equal concentrated loads (two equal wheel
loads of trolley (P))

t
+X* P P
4 ¥
R R
|-—;!—n- -
Pa
A, (afcenter). . . . . .. ... = ——(3-4a’)
24E]
212 kN 212 kN
2.25m 35m 2.25m
c GANTRY GIRDER D
8m

Taking Amax = 611'1;9 load

Pa
5live load = E (3l2 - 4a2)

PutP = 212kN,E=2 X 10 >N/mm?,a=225m,l=8 m



6max deflection — 5dead load T Slive load

10.67=1.00 + =2 (312 — 4a?)
24EI

We need to calculate Moment of Inertia I for the selecting the section for gantry girder

10.67 = 1.00 + 212 000 x 2250 (3 X 80002 — 4 x 22502)
T 24x 2 X105 x1

I =1765x 10 ®* mm*

Increase the value of 1 by 30% = 1.3 x 1765 x 10 ® = 2294.5 x 10 ¢ mm* , L= 229450
4

cm

Take steel table and select a built-up section from Page 42 and Table 12 based on Ixx

value

Selecting ISWB 500 @ 95.2kg/m, ISMC 400 @ 49.4kg/m as section for Gantry

girder (Table 12, Page 42) for I« =230194 cm*=2301.9 x 10 ® mm*




STEEL TABELS

TABLE 12 (Conud.)

SINGLE JOIST WITH CHANNEL AND
' PLATES ON THE FLANGES [GIRDERS)

of Weight per
. Metre
Top Flangs Bettom Flange | W
A
Plate | Flate
w "Width  Trick. "Wicth x Thick

ness ness

Ky [ }
" mm mm mm mm g M
ISWB 500 952 ISMC 400| 4904 320 x 10.0 320 x 20.0 2199 21572
9339 484.6 12 250 2575 23299
ISMC 880 421 250 » 100 320 « 20.0 2071 20317
413.0 12.0 25.0 2236 21935
16.0 32.0 2491 24437
20.0 400 2770 2174
ISMC 400 494  — 320 « 100 1607 16648
484.6 — 12.0 1747 17138
— 16.0 1847  1811.8
1SMC 380 42.1 — 320« 100 1624 1593.1
4130 — 120 1674 16422
— 180 1775 17413
ISMB 450 724 ISMC 300 358  — 250« 100 1278 12547

710.2 3512 — 120 1318 12930
' - 16.0 139.7 13705
ISMC 250 304  — 250« 100 1224 12007
2982  — 120 1263 1239.0
— 180 1342 13165
ISMC 225 259 -_ 200 = 10.0 1140 11183
254.1 — 120 172 11487
: 180 1235 12115

Bectional Cenire
Area of
a Gravity
S,
em® em
28015 24.40
2553

Mean Thickness

28388 2574
28488  27.06
a7ze 2852
35288 . 30,06
216.15 22.81
22285 2366
23535 2521
P0888 2368
21328 2454
226,08 2611
162.81 20.93
16791 217
177.91 23.14
15584 2171
160.94 2249
17094  23.93
14528 2157
148,28 2228
15728 2351

257 35
2re 35
300 435
329 515
178 215
235
275
215 215
186 235
275 27.5
183 204
224
264
175 204
224
26.4
18.0 230
5.0
20.0




SINGLE JOIST CHANNEL AND PLATES ON THE FLANGES . 43

TABLE 12 (Contd)

i
—‘—n SINGLE JOIST WITH CHANNEL AND
L™

Grosa Moments of Inertia Rasclivs of Moduli of Section Magimurm Meodm um

Gyration Allowable  Alowable

raX Mamant Shear

L | i Zux
'RI 'ﬁ' I——f\«_-_? M 8
Uole  Top Flange ! Z
Section Oty

em em em? em? em® &m em? em®  kgm = 107 kg« 107

26,48 20.00 152781.2 26262.6 19307 .2 9.68 8262.3 51855 81.7 45.8
26,93 170717.9 28174.1 19853.4 9.85 6661.7 5000.4 929
2871 188767 6 a1177.E 20845 9 E 3 5323 5 1081
[ lea40 | | 2301548 344546 220381 | 857 | 81146 8079.2 1272
28.07 17.50 143834.0 19758.2 12803.9 B.BS 5587.0 5124.8 BO.¥Y
27.45 1508945.7 213850 13064.4 8.66 5911.3 5826.3 aia
27.09 184963.8 23817.3 13585.3 8.66 54856 B8276 1075
2675 212768.9 265226 14108.2 8.67 70777 7954.5 125.3
20.05 2000 10617256 208013 16576.5 9.81 4654.5 36549 57.6
2841 111454.1 21347 4 16576.5 8.78 47128 39228 61.8
2729 1213623 22439.7 16576.6 8.76 4815.0 4452.9 701
28.12 17.50 1018115 157265 115017 872 43014 36245 E7.1
27.4T 106854.4 16272.6 1501.8 8.73 4354.4 380838 61.3
28.30 - 116100.2 17364.9 11501 .9 B.76 4447.3 44138 69.5

2583 15.00 62983.5 84887 G779.4 T7.22 3008.8 24388 38.4 40.0
2525 66244 2 8759.1 6779.5 7.22 3061.8 26231 41.3
24.22 723581 2279.9 B779.8 7.22 3127.4 2887.2 47.0
25.00 12,50 £0394.7 5952.9 42337 6.18 2761.6 2416.0 38.1
24.42 63446.4 62133 4233.8 6.21 28209 2598.3 40.9
2338 891525 87341 42338 6.28 2889.5 2958.0 46.5
25,07 11.25 551385 41953 31115 537 2556.1 219956 3486
24.589 : 57T604.5 43286 Jms 5.38 2589.5 23422 369
2373 B2272.6 4595.3 3MNMse 541 26491 2623.8 41.3

Selecting ISWB 500 @ 95.2kg/m, ISMC 400 @ 49.4kg/m as section for Gantry
girder( Table 12,Page 43)

A =376.15 cm? = 37615 mm? , ryy = 95.7 mm, Cxx = 283.7 mm ( from Top), ex—=
284.9mm ( From Bottom)



[~ \

Cxx =283.6 mm

exx = 284.9 mm

Sectional properties of I section and Channel section used in Gantry Girder

ISWB 500 @ 95.2kg/m (Table 4,
Page 14 Steel Table)

ISMC 400 @ 49.4kg/m (Table 5,
Page 16, Steel Table

A=121-22 cm? A =62.93cm’ = mm?
h =500 mm h =400 mm
b =250 mm b =100 mm
tr = 14.7 mm tr =15.3 mm
tw = 9.9 mm tw =8.6 mm

rxx = 207.7mm, ryy = 49.6 mm

Location of Equal area axis

Equal area axis is the location of the axis which results in equal compressive and

tensile forces when all fibres in a section have reached yield stress
To locate Equal area axis ‘n’ , Area of shaded portion = ' total area of section

9.9 X n+
n=235.61 mm

s dome

l

+320 x 40 =" x (37615)

240




e Plastic modulus Zp — It is sum of areas of compression and tension zones multiplied
by corresponding distance of the centroid of the compressive and tension area from the
equal area axis

gz om
,._ 320 7 :
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Calculation of Plastic modulus Z, =) a X y1

The distances yi are measured from EAA axis to centroidal axis of the section



2Ups

‘ ) 250 —%- N
. M EAn
Shaded Centroidal /% Unshaded Centroidal Z, (mm3)
area distance from | (mm3) area distance from (a X yi)
(a) EAA (¥i) (a x (a) mm? EAA (yi)
¥h 234.99
235.61 +14.7 .
I 40 >
320 X 40 2
34.99 x9.9
14.7
250 x 14.7 235.61 + ; I:l 234.99 +14.7/2
| 250 x 14.70
235.61 320 x 20 234.99 +14.7
2 420
2
—




9.9

x 235.61
=ya X
|
Area of
Channel 278.29 — 24.2
section (From
steel table)
Total =Saxy = “Sa xyi
Plastic = 96. 05 ;<
Modulus 10°mm
Zy=>a Xy

e Check for Moment of resistance

Page 54, CL 8.2.2 IS 800 2007




8.2.2 Laterally Unsupported Beams

Reststance to lateral torsional buckling need not be
checked separately (member may be treated as laterally
supported, see 8.2.1) in the following cases:

a) Bending is about the minor axis of the section,
b) Section is hollow (rectangular/ tubular) or
solid bars, and

¢) Incase of major axis bending, A ; (as defined
herein) is less than 0.4.

The design bending strength of laterally unsupported

beam as governed by lateral torsional buckling is given
by:

My = B,Z, fa
where
B, = 1.0 for plastic and compact sections.
= Z/Z, for semi-compact sections.
Z, Z, = plastic section modulus and elastic section

modulus with respect to extreme
compression fibre.

fig = design bending compressive stress,
obtained as given below [see Tables 13(a)
and 13(b)]

07, the imperfection parameter is given by:

oy = 0.21 for rolled steel section
oy = 0.49 for welded steel section

We need to calculate f;4 based on the values of f,., and imperfection factor a1

o7, the imperfection parameter is given by:

oy = 0.21 for rolled steel section

oy = 0.49 for welded steel section



f«b

_L1 2’E
(L /1)

0.
1 (La/n Y

20\ h /1,

5

E=2 X 10 >N/mm?, L.t = 8000 mm ( span of gantry girder), [ ryy = 95.7 mm, t; = 33.8

mm (Top flange mean thickness) ( for Girder from Steel table, Table 12, Page 43)]

hf= centre to centre distance between the flanges = Overall depth of girder — 2 (Top and
flange thickness of girder)

bottom mean

forsp = 485.65 N/mm?

=568.6 - % X (33.8 + 51.5)

=525.9 mm

Find f,q , Table 13 (a) Page 55, IS 800- 2007, for fi.., =485.65 N/mm?, a;; =021, f, =

250 N/mm?
Table 13(a)|Design Bending Compressive Stress Corresponding to Lateral Buckling, f,, Ia,_T =0.21
(Clause 8.2.2)
£

fer 200 210 220 230 240 250 260 280 300 320 340 360 380 400 | 420 450 480 510 540
10 000 181.8 190.9 200 209.1 218.2 2273 236.4 2545 2727 290.9 309.1 3273 3455 363.6 3818 409.1 436.4 463.6 4909
8000 1818 | 1909 | 200 200.1 | 2182 2273 | 2364 | 2545 | 2727 { 2909 | 3091 | 3273 | 3455 | 363.6 | 3818 | 409.1 | 4364 | 4636 | 4909
6000 1818 | 1909 | 200 2001 | 2182 2273 | 2364 | 25451 2727 | 2009 | 3091 | 3273 | 3455 | 3636 | 3BIB | 4090 | 4364 | 4636 | 4909
4000 1818 | 1909 | 200 2001 | 2182 2273 | 2364 | 2545 | 2727 | 2909 | 309.1 | 3273 | 3455 | 3636 | 3818 | 409 | 4364 | 4636 | 4909
2000 1818 | 1909 | 200 2091 | 21821 2273 | 2364 | 2545 | 2727 | 2009 | 300.0 | 3273 | 3455 | 3636 | 3818 | 409.1 [ 4364 | 4636 | 4909
1L 000 169.1 179.5 186 196.5 2029 209.1 2198 229.1 2455 261.8 275.1 2913 3005 3236 3322 3559 3709 384.8 4124
00 169.1 { 179.5 | 186 1945 [ 2007 ) 2045 | 2151 | 2316 | 2427 | 2589 | 272 2913 | 3005 | 3164 | 3284 | 3395 | 3665 | 380.2 | 3927
800 1673 | 1775 | 184 1903 | 1964 | 2068 | 2127 | 224 240 258.9 | 2689 | 2847 | 2936 | 3018 | 3245 | 3355 | 349.0 | 3709 | 3478
700 1636 | 171.8 | 182 188.2 | 192 2023 | 208 2265 | 2373 | 2502 | 2596 | 2782 | 2867 | 2045 | 3055 | 3273 | 3404 | 3524 | 3633

600 lo1g | 168 176 1819 | 1942 f 1977 | 2033 | 2189 | 2264 | 2444 | 2535 | 2618 | 2764 | 2873 | 204 3068 | 3229 | 3338 | 3436 |

500 161.8 | 1661 | 172 1798 | 1855} 1886 | 2009 | 2087 | 2182 | 2327 | 2442 | 2487 | 259.1 | 269.1 | 2749 | 2864 | 2967 | 3014 | 3042
- 450 1582 | 1642 | 168 173.5 | 1833 J 1864 | 1915 | 2062 | 2155 | 224 2318 | 2422 | 2487 | 2582 | 2635 | 2740 | 2793 | 2921 | 2945
o 400 1509 | 1623 | 166 169.4 | 1745 | 1841 | 1867 | 196 2045 | 2153 | 2225 2291 | 2384 | 2436 | 2482 | 2577 [ 261.8 | 264.3 [ 2749

Through interpolation, the value of f;; = 187.96 N/mm?

My = ﬁbzpfbd

Design bending strength or Moment of resistance, My = 1 x 9.05 X 10° x 187.96 = 1701.6
X 10°N mm = 1701.6 kNm

1701.6 kNm > 839.4 kNm

It is safe.

e Check for Shear resistance

Page 59, CL 8.4, IS 800 2007




8.4 Shear

The factored design shear force, V, in a beam due to
external actions shall satisfy

v= Vv,
where
VvV, = design strength
= V,/ Fmo
where
Ve = partial safety factor against shear failure

(see S.4.1).

The nominal shear strength of a cross-section, ¥V, may
be governed by plastic shear resistance (see 8.4.1) or
strength of the web as governed by shear buckling
(see B.4.2).

8.4.1 The nominal plastic shear resistance under pure
shear is given by:

V.=V,
where
A, S,
v J— b
v NE)
A, = shear area, and
Sew = wield sirength of the web.
. Vn Ay f; yw
Design shear strength V,; = =—
Ymo V3V¥mo

Major Axis Bending:
Hot-Rolled — ht,

A, is shear area=h X t,, = 568.6 X 9.9 = 5629 mm?

5629% 250
V3 x1.1

28 kN ( S F), it is safe.

Va= =738 kN>518

e Check for web crippling

E'_Er ———
.
4 >
>
>
7 ]
R
Under Concentrated Load Under Support

( No need to write while solving)

e Web crippling causes local crushing failure of web due to large bearing stresses under
reactions at supports or concentrated loads

e This occurs due to stress concentration because of the bottle neck condition at the
junction between flanges and web.



e [tis due to the large localized bearing stress caused by the transfer of compression from
relatively wide flange to narrow and thin web.

Use CL 8.7.4, Page 67, IS 800-2007 ( check for web crippling)
8.7.4 Bearing Stiffeners

Bearing stiffeners should be provided for webs where
forces applied through a flange by loads or reactions
exceeding the local capacity of the web at its connection
to the flunge, F,,, given by:

F, =(b+ny)t, o/ Voo

where
b, = stiff bearing length (see 8.7.1.3), I —
n, = length obtained by dispersion through the ~———
100 mm

:::_—_*::L\

nJ: %ﬂ’ 1:2.5 slope
<'= T |

s ] - .Y
T i
Root radius
flange to the web junction ataslopeof1:2.5
to the plane of the flange,
t,, = thickness of the web, and
fow = yield stress of the web.

Let us assume bearing length width, bi = 100 mm,
n2 = 2.5 X (thickness of bottom plate + thickness of flange)
=2.5% (40 + 14.7) = 136.75 mm
E, = (100 + 136.75) x 9.9 x 250/1.1 = 532.68kN > 518.49 kN (Shear Force)
e Check for buckling of web



Figure 2. Vertical web buckling.

The web of the beam is thin and can buckle under reactions and concentrated loads with
the web behaving like a short column fixed at the flanges.

The unsupported length between the fillet lines for I sections and the vertical distance
between the flanges or flange angles in built up sections can buckle due to reactions or
concentrated loads. This is called web buckling.
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¢ 100mm >

Buckling strength of web, F,,, = (bi+n1) t, feq

Breadth of bearing stiffener, b1 = 100 mm,

Assume load dispersion of 45° at the mid depth of Gantry girder section ni = €,, =
284.9 mm, ( steel table of girder)

Thickness of web, t,,, = 9.9 mm

To find design compressive stress f.4 , we need to calculate Slenderness ratio A

Lesr

T'min

where L, 7f 1s the effective length of the strut(compression) taken as, Logp = 0.7 x d

where ‘d’ is the depth of the web portion (strut) between the flanges = 500 — 2 x 14.7
=470.6 mm

Tmin = Tyy = 95.7 mm (From steel table girder)

Slenderness ratio, A =



0.7 X470.6
95.7

=3.44

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

From Table 9 (c) Page 42 — IS 800 2007, for A = 3.44 we do not have value of get design
Compressive Stress, f,q = 227 N/mm?

Hence Buckling strength of web, F,,;,, = ( 100 +284.9 ) x 9.9 x227 =865 kN > 518.49 kN (
Shear Force)

e Connections

Using welded connections for Gantry girder
40w, '
320 \,A%l frg=8bmm
I

24.2 mm

X

.
\

N

Weld

7%

Cxx = 283.7 mm

ay
Iz

the area of shaded portion multiplied by centroidal distances measured from individual
sections, I is the moment of Inertia of the girder. [( I; = I,,) from Girder details - Steel table

)]
293 283.7—24.2 320 X20 283.7—-8.6—20/2
_ 518,08 x0298 X (283.7724.2)+(320 x20 x(283.728.6220/D) _ ) 15 1N/ —0.745 N/mm
2301.9x10°
L (D

( Formula for weld)

Shear Force at the junction for shaded portion = F = , Where V is the shear force, a y is

[0.7 Xxs X1 mm X410 ]

Txizs where ‘s’ is the size of weld.....(2)

Strength of weld =2 X

(1)=(2), s=2.8 mm

Provide 6 mm size weld



*Optional

Bracket connections for Gantry girder

No. of bolts =n = ’ﬂ
IpR

Where 1 = number of bolt lines = 4

Assume 20 mm diameter bolts

e e e e e e e e e ——— —y

7= T4 *rm

L0mwm

Svom Filled

p is the pitch =2.5 x diameter of bolt =2.5 x 20 = 50 mm

R is the bolt value = 60.38 KN

Moment M=P x e

P= Max. SF in Gantry Girder = 515.28 kN
Assume , e= 200mm

M= (515.28 X10%) x (200)=103056 X10° N-mm

—n= 6M _ [6x103056x 103 ]
IpR 4%50%515280

Use 8 number of bolts for bracket connections




4. SOLUTIONS

e Load combinations

Member | DL | LL(kN) | W L(kN) | DL¥LL+WL | DL+LL | DL+WL | Max
(kN) (kN) (1) (kN) | (kN)(3) | Load

@) (1)

(2)and

3)

Rafter(AB) | -58.0 | -52.5 | +111.6 1.1 1105 | 53.6 | -111.6
Tie(AH) | +52.0 | +47.0 | -102.4 3.4 99 -50.4 99
Sling(BG) | +20.3 | +184 | -63.0 243 38.7 427 38.7

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, fzg = 110 N/mm?
(Assume f cd = 40 -120 N/mm? based on load and experience)
Force 111.6 X 103

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 = = 1014.54 mm® =10.14 cm?

y ] Plode

L] .
Area=30.10 cm? | rxx=2.41 cm Taking gusset plate of 10 mm thickness,
ryy=3.73 cm
I'min =2.41 cm or 24.1 mm
o Effective length of section - Page 48, CL7.5.2.1, IS 800- 2007




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) , Lesr=K X L = 0.85xL=0.85x29=
2465 m

KL  Lesy 2465
Tmin  Tmin 241
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)

Slenderness ratio, A = =102.2

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

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

10 182 191 200 209 218 227 236 255 273 291 309 327 345 364 382 409 436 464 491

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

30 172 180 188 196 204 211 219 234 249 264 278 293 307 321 335 355 376 395 415

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 22 228 235 244 252 260 267

70 131 136 140 144 148 152 156 163 170 176 182 187 192 197 202 208 213 218 23

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

90 108 1 114 116 119 121 123 127 131 134 137 140 142 144 146 149 152 154 156

||00 97.5 100 102 104 105 107 109 112 114 116 119 120 122 124 125 127 129 131 132

A 110 87.3 89.0 90.5 92.0 933 94.6 95.7 979 100 102 103 104 106 107 108 110 1 112 1n3
™ 120 782 94 80.6 817 827 83.7 84.6 86.2 816 B39 90.1 91.1 92.1 93.0 938 949 95.9 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 , ng =0 ( no shank
portion)



Anp =078 X = x 222=2965 mm? ,Ag, =0, fu = 500 N/mm?, Yy, = 1.25

Vmb fub )
Vf/_s'b = }/ = = (_H” An!) + ny Asb)
mb 3 ym!)
=39 (2 x296.5)=136.94kN..... (1
— . . e (1)

e Bearing strength of bolts - Page 75 CL10.3.4, IS 800 2007

/.
= 2.5k, dr -
mb
Pitch,p=2.5xd =2.5X%X22 =55mm
Edge distance e = 1.7 X d,= 1.7X 24 = 40.8 = 45 mm ( d,, is the dia of bolt hole, (22 +

2)

%

dpb

e P f;n’)
—, — =025, —,and 1.0
3d0’ Sd(} , f;l A

where k;, = smaller of

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

kp = —2 = 0.63, ky = ———0.25=0.513, 222 =501 5 10
3 x24 3 x24 fu 410

Vapp =2.5 X 0.513 X 22 X 10 X T2=9254 kN ......(2)

Bolt value = Minimum of (1) and (2) = 92.54 kN
No of bolts = 2222 =2.99 = 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 Tyy =99 x 1.5 =148.5 kN

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

. A,
dg — '
ym(}
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?2= 8.49
2

From Steel table Page No 18, table 6 (Double angle)

cm



1SA 8080 80 x 80 14.6 1432 [ 1858 | 1120 19.2 246
8.0 19.2 188.4 X 1450 252 244

’ 10.00 23.8 2315 30.10 175.4 310 241

12.0 28.0 2747 3562 203.8- 36.6 . .39

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

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

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

Vi
nsb ub
V'!s!) = = (”n Anb + iy Asb)

G - =
}/m!) 3 %nb

:@101025 (2 X 296.5) = 136.94 kN...(1)

Bearing strength of bolts
S
Vd’pb = 2'5kbdt v

mb

410

Vapp =2.5 X 0.513 X 22 X 6 X =2 =5553kN.... (2)

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

No of bolts = 1485 _ 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”.




where

?m.E

Vnsrf?mf

nominal shear capacity of a bolt as
governed by slip for friction type
connection, calculated as follows:

Vst = He 1. Ky F,

coefficient of friction (slip factor) as
specified in Table 20 (u, = 0.55),

number of effective interfaces offering
frictional resistance to slip,

= 1.0 for fasteners in clearance holes,
= .85 for fasteners in oversized and short

Ii

slotted holes and for fasteners in long
slotted holes loaded perpendicular 1o the
slot,

0.7 for fasteners in long slotted holes
loaded parallel 1o the slot,

1.10 (if slip resistance is designed at
service load),

1.25 (if slip resistance is designed at
ultimate load),

minimum bolt tension (proof load) at
installation and may be taken as

Anhfﬂ*
net area of the beolt at threads, and
proof stress (= 0.70 f,.).

To find partial safety factor

Table 5 Partial Safety Factor for Materials, y,

(Clause 5.4.1)

Defimition

1]
i)
i}
i)

Resistance, governed by yiclding, r
Resistance of member 10 buckling, 7
Resistance, poverned by ultimate siress, p,
Erﬂﬂ.am:r rr{m'lnrﬂl.:m'

a)
B
€}
d)

Bolis-Friction Type, ro
Bolis-Bearing Type, Fu
Rivets, ;.
Welds, yo.,

Partial Safety Factor

110
1.10
1.25
Shop Fabricanons Field Fabrications

115 125
.25 1.25
1.15 1.25
1.25 150

30



TABLE XXXI RIVET GAUGE DISTANCES IN |
LEGS OF ANGLES

£e -
| !_i‘

Leg Size Double Row of Rivets Single Row Maximum Rivet

—f——— of Rivets Size for Double

b € Row of Rivets
mm mm mm mm mm
200 75 as 1is 7
150 55 65 %0 n
30 50 55 80 20
115 45 55 75 20
15 45 50 70 12
no 45 45 45 Iz
100 40 40 ] 60 12
95 - - ) 111 -
20 = = 5 =
80 - - 45 -
3 = = L) =
To - - 40 -
65 - - EH -
60 -_ -— s -
55 - - 30 _
50 - - 28 -
45 - - i -
40 - - 21 -
i5 - - 9 -
30 - - 17 -
5 - - I5 -
0 - - 12 -

SP 6, Page 168
L

SEER—)
: T

b e_'_,'

.,

4s | s5 | s5 |
l

:
+
]

s
— " A :
1’09(@_@ " L, s 22IS8 ..
S(6) N BOX Box G,

Longitudinal section of a double angle with bolts

e Check for rupture (tension member)
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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 Al'll:ﬁ.l / le + BAgo fy /YmO
where

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

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

f., = 410 N/mm? | Ultimate strength of material

fy = 250 N/mm?, Yield strength of material

_———

Wy
=w+w -1

bs

[ —




bs=w+wi—t=80+45—-6=119 mm ( CL 6.3.3)
B = 1.4-0.076 (/D) (f,/f,) (b/L.)

=1.132
Also find Ymefu — 1 44

y Ymi

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

80— 6/2 —22)

24 1 Izz

80 mm

° I 1672

<« »6/2
(80-6/2) <>

80 mm

+ »

Angle section attached to gusset plate

go = Gross area of outstanding or unconnected leg (without bolt)k

(80 - g) 6 = 462 mm?

A, = Net area of connected leg (subtract area of bolt hole) = (A - d, —é)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 X 041132 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



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

o TSy ..
BOX 8ox Y

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,y =L, Xt = 155X 6 =930 mm?
Net area in shear parallel to force, A,,, =A,5—-2.5% d, Xt
=930 —2.5 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

+09 x 138 ><—]—3374kN>1485 kN

m
Tap = (0.9, £, I(J3 Yu) + A f o)

For two angles, Tz, =2 X[0.9 X 570 X7 \/_+210 X 2—50] = 289.7 kN> 148.5
kN
Hence 2 ISA 80 X 80 X 6 mm is safe .
Design of Inner compression members (BG)
¢
K
'I
B ) S
A
a f-ghr

A W G F

2'5Ww 2esmM. ] B'SW _j 2S5
T il 4
10y

< - = —

Fig Q4

¥

Taking Maximum Force = 38.7.0 kN
Factored Force = 1.5 X 38.7 = 58.05 kN

The length of BGis = \/(1.52 + 252)=291m




Maximum Length =2.91 m
Assume frq =50 N/mm?

(Assume f cd = 40 -120 N/mm? based on load and experience)
Factored Force _ 58.05 x 103

fea 50
From Steel Table, Try Single ISA 100 x 100 x 10 mm (Table 1, Page 4)
Area=19.03 cm? ( You can choose higher area also)
Ix = Iyy = 3.05 cm = 30.5 mm
ru = 3.85 cm, rww=1.94 cm
So rmin=1.94 cm =19.4 mm

Gross Area, Ag = = 1161 mm?*=11.61 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, A_ as
given below:

Ao = Jhk ok, A2+ ke A2

where
ky, ko, k3 = constants depending upon the end
condition, as given in Table 12,
L)
b, +b,)/2
A, =—" 7 and A = (b +b,)72¢
Tie c e
250 250
where
1 = c¢entre-to-centre length of the supporting
member,
o = radius of gyration about the minor axis,
b,. b, = width of the two legs of the angle,
7 = thickness of the leg, and

£ = yield stress ratio ( 250/f,)%.



Table 12 Constants k, k, and k,

Sl No. of Bolts  Gusset/Con- k, k, k,

No. atEachEnd necting
Connection Member

. Fixity "

(1) 2) (3) 4) (3 (6)

i) Fixed { 020 035 20

22 _

Hinged 0.70 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
e =1,E=2x10° N/mm? bi =b2=100 mm, t=10 mm

L 2473.5 81.09
A= o305 == (9]3
VY E/an 1X/n2xzx1os 0.198
250 250
(b, +b,)/2
r'e
250

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

Ao = Jk+k 22 4k A2

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
(Clanse 7.1.2.2)

Cross-Section Limits Buckling About Axis Buckling
Class
()] 2y [&] )
Rolled I-Sections Ry = 1.2 - .
£ <40 mm Yy b
= b
1_ 40 =mm < 4 5 100 mm :j
h 3
ZT hbg 12
100 m oz b
L 1 % 100 mm Yy c
Tz d
1> 00 mm vy 4
Welded I-Section 1240 mm i—z g
¥ [ Y
—t ! ; — !
]i- fe b 1o | e b 1 =40 mm -z ;
'L,T'_' T 'I d T y¥
— —]
[ [
by —y

Hollow Section
Heot rolled Any a

© @ . Cold formed Any b

Welded Box Section

Generally

=y i {except as below) Any b
1 Tt Thick welds and
hJ' -_1,_‘-_ ?; bity< 30 z
! |
Ila __I R, <30 »y <
—r

Channel, Angle, T and Solid Sections

LLT e ||

|

Since it is single angle section, choose buckling class as ‘c’. Based on Buckling class, find
a 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 b < d

o 0.21 0.34 0.49 0.76

From Page 34, CL 7.1.2.1, IS 800-2007
p = 05[1+a(hA-02)+A%

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

= j‘; /Tmﬁ
o+[?-A]"

faa

. . . . 250
(Single angle section) Design compressive stress, f.q = =

1.1(1.36+( 1.362 —1.1242)0-5)
106.9 N/mm?

The design compressive strength of a member is given by:




Assume fully threaded bolts, number of shear planes

Load Pa= A x f.; = 1903 x 106.9 = 203.42 kN > 58.500 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)

Shear strength of bolts

(no shank portion)
Aps=0.78 X
_ Vnsb _ fub
Vf!sb - y —
mb 3 ymb
\/_ 1.25

Bearing strength of bolts

= 2.5k, drf

mb

Pitch,p=2.5xd =2.5x22

(f,rJ/)

(1 X 296.5) = 68.47kN.....

n, = 1 ( Single angle section), ng =0

% x 222=296.5mm? ,Ay =0

(n, A, + ng Ag)

nb

(1

Edge distancee = 1.7 X d,= 1.7X 24 = 40.8 = 45 mm

where k;, = smaller of —-

3d0
kb—3 24—063 ky =

of kv)

Vapp =2.5 X 0.513 X 22 X 10

- 025=0.513, f“”

=55 mm
P05 T a0
3d0 u

=1.22, 1.0 ( try to copy value

410

X =2=92.54kN.....(2)

Bolt value = Minimum of (1) and (2) = 68.47kN

No of bolts = 283 _ 2
68.47
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