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1 (a) Design a simply supported gantry girder for the following dar. The girder is [50] | CO2| L2
electrically operated. Take yield stress of steel as 250 MPa.

Span of crane girder =20 m

Span of gantry gider= 7m

Capacity of crane =250 kN

Self weight of crane = 200 kN and self-weight of trolley = 60 kN

Wheel base =3.4 m

Minimum hook approach =1.1 m

Self weight of rail = 0.3 kN/m
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DESIGN OF GANTRY GIRDER
1. Design a gantry girder to be used in an industrial building carrying an

electrically operated overhead travelling crane, for the following data

e Centre to Centre between distance between gantry rails or span of
crane girders 25 m

e Centre to Centre distance between columns (span of gantry girder) 8 m

e Crane capacity 200 kN

e Self-weight of the crane girder excluding trolley 150 kN at centre or
(150/25 = 6kN/m)

e Self-weight of the crab or trolley, electric motor, hook, etc. 75 kN

e Approximate minimum approach of the crane hook to the gantry girder
1.0 m

e  Wheel base 3.5 m

e Self-weight of rail section 300 N/m =0.3kN/m

e Diameter of crane wheels 150 mm,

e Height of rail 105 mm, Steel is of grade Fe 410. Design also the field

welded connection required.

Solution For Fe 410 grade of steel: f, =410 MPa. f, =f, = f,,= 250 MPa
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37 Cross-travel

e Design Maximum load transferred from crane girder to gantry girder



gantry
girder

Span of crane grider= 25 m

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.
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Span of crane grider= 25m
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To find max Reaction Ra , take moment at B, Y Mp= Ra X 25—
150 x 12.5-275%24=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
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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.
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X
YMp=Rex 8—-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=1.5x 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 = [l — 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

3.5m 4.5m

GANTRY GIRDER D

8m

YMp=Rcx 8—212x8-212x45=0,
Re=331.25kN
Factored S F = 331.25 x 1.5 = [OGIS8 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 x (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?, 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 =837.76 kNm

Total Design shear force (Live Load + Lateral load + Dead Load ) = -
+Il+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 Deflection  Design Load Memb Supporting Maximum
Building Deflection
(1) 2 &) 4) (5) (6)
Elastic claddi
{ Livcload/Windload Pulinsand Gins | oo cladding Pt
| Britle cladding P
Live load Simple span Elastic cladding Span/240
[ Brittlz cladding Span/300
Live load Cantilever span Elastic cladding Span/120
= Brittle cladding Span/150
2
: Spanf180
§ < Live load/ Wind load  Rafier supporting Profiled Metal Sheeling P
Plastered Sheeting Span/240
A load (Manual -
é-:n El:g].:m (M Gantry Crane Span/500
3 Crane load (Electric
: operation up 1o 501) Gantry Crane Spanf750
c }
z Crane load (Electric
—g L operation over 50 1) Gamry Crane Span/l 000
- N col Elastic cladding Height/150
No cranes olumn
{ Masonry/Brittle cladding Height/240
Crane {absolute) Span/400
= Crane + wind Ganiry (lateral) Relative displacement.
§ between rails supporting 10 mim
3 { crange

Maxi deflection for electrically operated crane, Omaxdefiection = 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 64044 10aa @8 1 mm (Since it is steel
structure self-weight is very less, we are assuming very less deflection also)

Deflection due to live load ;e 10aa Under two equal concentrated loads (two equal
wheel loads of trolley (P))

£
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A, (atcentdr). . . . . L. L =P_a(3€1_4a3)
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212 kN 212 kN

2.25m 35m 2.25m
GANTRY GIRDER D

8m

Taking Amax = 8jipe 10ad

P
Olive load = ;:7 (3l2 - 4‘a2)

Put P = 212kN,E=2 x 10 >N/mm*,a=225m, /=8 m
6max deflection — Sdead load T 6live load

10.67=1.00+ —2 (312 — 4a?)
24E1

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

gantry girder

212 000 x 2250

— 2 _ 2
10'67_1'00+24><2><105><I(3><8000 4 x 2250%)

I =1765x 10 ®* mm*

Increase the value of I by 30% = 1.3x 1765 x 10 = 2294.5x 10 ®* mm* , I«
= 229450 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 L« = 230194 cm* = 23019 x 10 ¢

mm?*




TABLE 12 (Con.)

SINGLE JOIST WITH CHAN

- PLATES ON THE FLANGES |
Compgeed of Weight per  Sectional  Cenire
. Metre Area o
Top Flangs Boftom Flange | o a Gravity
fion
b—a w E-R Widh x 'rwu-
kg Ky [ b
W " mm mm mm mm g M em? om
ISWB 500 952 ISMC 400| 494 320 x 10.0 320 x 200 2188 2157.2 28015 244
0330 484.6 .

ISMC 350 421 250 » 100 320 20.0 2071 20317 (26388 257

413.0 12.0 250 2236 21935 28488 2700

16.0 32.0 2491 24437 3728 285

20.0 400 2770 2M74 35288 0 30.04

1SMC 400 494 - 320 x 100 1887 18648 21615 228
4848  — 120 1747 17138 22255 23s

160 1847 18119 23535 252

1SMC 350 424 — 320-x 100 1624 15931 20888 234
4130 - i20 1674 18422 21328 245
-— 160 1775 17413 22608 260

ISMB 450 724 |ISMC 300 358 - 250 « 10.0 1278 12547 16281 209
7102 as1.2 — 120 1318 12930 16791 2.7

' - 10 1387 13Tos 17T 23.1

ISMC 250 30.4 — 250 = 1'.'.1.6 1224 12007 15684 217

2382 12.0 1263 12390 18084 224

1

16.0 1342 13165 17094 239

200 x 100 1140 11183 14528 215
120 1172 11487 14828 222
180 1235 12115 15728 235

ISMG 226 259
2541

L



SINGLE JOIST CHANMNEL AND PLATES ON THE FLANGES

TABLE 12 (Conid)

Fisdius of Modull of Section
Gyration
by | Tyy
PN I__A..__.__?
Top Flange | Ze
Only

em em em® em® em? em em® em?
26,48 20.00 152781.2 26262.6 12307 .2 9.68 8262.3 51855
28.93 170717.9 281741 198534 8.65 6661.7 5800.4
28,71 1808707 6 11778 20045 9.5 3 G826
| l2849 | 23019457 3445486 220381 | 957 | 61146 8079.2
28.07 17.50 1438340 197592 128039 B.65 5567.0 5124.9
27.45 1500457 213850  13064.4 8.66 §911.3 58283
27.09 1849638  23817.3 135853 8.86 6485.5 8827.6
26,75 212768.9 265226 14108.2 8.67 70177 T854.5
20.05 2000 1061726 208013 185765 9.81 4654.5 3654.9
28.41 1114541 21347 .4 16576.5 8.79 47128 39229
27.29 1213623 22439.7 16576.6 8.76 4815.0 4452.9
28.12 17.50 1019115  15726.5 11501.7 872 4301.4 3824,5
2747 106854 .4 162872.6 11501.8 8.73 4354.4 3889.8
26.30 - 1161002  17364.9 11501.9 B.76 4447.3 4413.8
23.83 15.00 62983.5 B8488.7 G779.4 7.22 0088 2438 8
25.25 86244 2 8759.1 67785 7.22 3061.8 2623.1
24.22 723581 29279.9 B779.8 7.22 274 2987.2
25.00 1250  £0394.7 5952.9 42337 6.18 2781.6 2416.0
24.42 63446.4 6213.3 42338  6.21 26820.9 2598.3
23.38 891525 87341 42338 6.28 2888.5 2858.0
25,07 1125 551385 4195.3 31115 537 2556.1 21905
24.59 - 5T604.5 4328.6 315 5.38 2588.5 23422
23.73 822726 4595.3 3IMMe 5.41 28491 2623.8

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),

exx= 284.9mm ( From Bottom)

[~ \

Cxx =283.6 mm

T e}

exx = 284.9 mm




Sectional properties of I section and Channel section used in Gantry

GlrdeIrS.WB 500 @ 95.2kg/m (Table 4, | ISMC 400 @ 49.4kg/m (Table 5,
Page 14 Steel Table) Page 16, Steel Table)
A=12122 cm? A = 62.93cm? = 6293 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, tyy = 49.6 mm Cyy=24.2 mm

Location of Equal area axis

Equal area axisis 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+ +320 x 40 =" X (37615)

n =235.61 mm

2%

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
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Calculation of Plastic modulus Z, =) a Xyt
The distances yi are measured from EAA axis to centroidal axis of the section
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M

Area of Channel 278.29 — 24.2
section (From
steel table)
6293

Total = axy =
+
Plastic =9.05 x
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

Resistance 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:
M= B, prbd
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.

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

04 7, the imperfection parameter is given by:

I

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




We need to calculate f},; based on the values of f,., and imperfection factor a;
oy, the imperfection parameter is given by:

0,1 = 0.21 for rolled steel section

oy = 0.49 for welded steel section

5

7 0.
1.1 7 /r
Jop = E-E;l"'lLLTy
? (Ly/r) 20\ h/t,

E=2 X 10 5N/mm?, LLt = 8000 mm ( span of gantry girder), | ryy = 95.7 mm,
tr =33.8 mm (Top flange mean thickness) ( for Girder from Steel table, Table
12, Page 43)]
hr= centre to centre distance between the flanges = Overall depth of girder — /2
(Top and bottom mean  flange thickness of girder)
=568.6 -2 x (33.8+51.5)
=525.9 mm
ferp = 485.65 N/mm?
Find f,4 , Table 13 (a) Page 55, IS 800- 2007, for f,, =485.65 N/mm?, a;; =
0.21, f, =250 N/mm?®

Table 13(a1Design Bending Compressive Stress Corresponding to Lateral Buckling, fy, Ia,_T =0

pan) 2.0
oY

Sy
fer 200 | 210 | 220 | 230 | 200 | 250 | 260 | 280 [ 300 [ 320 | 3a0 [ 360 [ 30 [ a0 | am
10000 1818 | 1900 | 200 | 2000 | 2182 2273 | 2364 | 2545 | 2727 | 2909 | 309.1 | 3273 | 3455 | 3636 | 3818
8000 1818 | 1909 | 200 | 2000 | 2182 | 2273 | 2364 | 2545 | 2727 | 2009 | 3091 | 3273 | 3455 | 3636 | 3818
6000 138 | 1909 | 200 | 2091 | 2182| 2273 | 2364 | 2545 | 2727 | 2009 | 3090 | 3273 | 3455 | 3636 | 3818
4000 1818 | 1909 | 200 | 200.0 | 2182 [ 2273 | 2364 | 2545 | 2727 | 2909 | 309.1 | 3273 | 3455 | 3636 | 38L%
2000 1818 | 1905 | 200 | 2090 | 2182 2213 | 2364 | 2545 | 2727 | 2909 | 3091 | 3273 | 3455 | 3636 | 3818
1000 169.1 | 1795 | 186 | 1965 | 2029 | 209.1 | 2198 | 229.1 | 2455 | 2618 | 2750 ] 2013 | 3005 | 3238 | 3322
000 1691 | 1795 | 186 | 1945 | 2007 | 2045 | 2151 | 2316 | 2427 | 2589 | 272 | 2913 | 3005 | 3164 | 3284
800 1673 | 1775 ] 184 | 1903 | 1964 | 2068 | 2127 | 224 | 240 | 2589 | 2689 | 2847 | 203.6 | 3018 | 324.5
700 1636 | 1718 | 182 | 1882 | 192 || 2023 | 208 | 2265 | 2373 | 2502 | 2596 | 2182 | 2867 | 2945 | 3055
500 1618 | 168 | 176 | 1819 | 1942 1977 | 2033 | 2189 | 2264 | 2444 | 2535 | 2618 | 2764 | 2873 | 294
500 T6L8 | 1661 | 172 | 1708 | 1855| 1956| 2009 | 2087 | 2182 | 2307 | 2442 | 2487 | 2591 | 2601 | 2748
o 450 1582 | 1642 | 168 | 1735 | 1833 1864 | 1915 | 2062 | 2155 | 224 | 2318 | 2422 | 2487 | 2582 | 2635
= 200 1509 | 1623 | 166 | 1694 | 1745 T 1867 | 196 | 2045 | 2053 m%m-%u TR
Through interpolation, the value of f;,; = 187.96 N/mm?
M; = ﬁb zpf bd

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
Vy = design strength
= V,/ ¥mo
where
Yo = 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.A42).

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

V.=V,
where
A, o
v —
v NE)
A, = shear area, and
Fyw = yield sirength of the web.
. Vn Avf w
Design shear strength V,; = =27
Ymo V3 V¥mo

Major Axis Bending:
Hot-Rolled ~— ht,
A, is shear area=h X t,, = 568.6 X 9.9 = 5629 mm?

_ 5629x250 _
Vo= Z2==T38 kN>518

28 kN ( S F), it is safe.
e Check for web crippling

P

—
F'i'}

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 [t is 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, +n;)rwf,wz”}’wﬂ

) «—>

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

STl \
% 1:2.5 slope
TR |

i |

Root radius

S

= )

flange to the web junction ataslopeof 1:2.5
to the plane of the flange,

.. = thickness of the web, and
Jiw = ¥ield stress of the web.
Let us assume bearing length width, b1 = 100 mm,

n2 = 2.5 X (thickness of bottom plate + thickness of flange)
=2.5X(40+ 14.7)=136.75 mm

100 mm

F, = (100 + 136.75) X 9.9 X 250/1.1 = 532.68kN > 518.49 kN (Shear Force)

¢ Check for buckling of web

Figure 2. Vertical web buckling.

e 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.

e 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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Buckling strength of web, F,,, = (bi+n1) ty, fcq
Breadth of bearing stiffener, b1 = 100 mm,
Assume load dispersion of 45° at the mid depth of Gantry girder section n; =
€xx = 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
Slenderness ratio, A = Lefs

Tmin

where L, £f 1s the effective length of the strut(compression) taken as, Lerr =
0.7 xd
where ‘d’ is the depth of the web portion (strut) between the flanges = 500 —
2 x14.7=470.6 mm
Tmin = Tyy = 95.7 mm (From steel table girder)

0.7 X470.6
X EER——

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, fyq = 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




Ia Y , Where V is the shear
VA
force, a y is the area of shaded portion multiplied by centroidal distances measured

Shear Force at the junction for shaded portion = F =

from individual sections, [, is the moment of Inertia of the girder. [( I; = I,) from

Girder details - Steel table )]
— 51828 ><[6293 X (283.7—-24.2 )+(320 x20 x(283.7—8.6—20/2)] B

2301.9x 106
=0.745 N/mm .... (1)
( Formula for weld)

Strength of weld = 2 X

weld.....(2)
(1H)=(2), s=2.8 mm

0.745 kN/m

[0.7 xs x1 mm X410 ] . .
where ‘s’ 1s the size of

v/3%x1.25

Provide 6 mm size weld

40 10 . -
Bearing Plade™ \[
32c'>tl'4'o . JJ'_J,'__LL'” Colwmn ¥
s " Elevoshon™
*Optional
Bracket connections for Gantry girder
6M
No. of bolts=n= |—
ILPR

Where 1 = number of bolt lines = 4

Assume 20 mm diameter bolts

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

L= 6M _ [6x103056x 103 8
IpR 4X50%x515280

Use 8 number of bolts for bracket connections




2 (a)

OR

A R.C.C. retaining wall with counterforts is required to support earth to a height [50] | COI
of 7m above the ground level. The trial pit taken at the site indicates that soil of

bearing capacity 210kN/m? is available at a depth of 1.25m below the ground level.

The weight of earth is 18kN/m® and angle of repose is 30°. The coefficient of

friction between concrete and soil is 0.58. Use concrete M20 and steel grade Fe415.

Design the retaining wall.

Given Data:

fck=20 N/mm?, fy = 415N/mm?, H = 7 m above G.L, Depth of footing below G.L.
=1.25m,y=18 kN/m?, p=0.58, SBC=220 kN/m?

1-sin 300]2 _ 1
1+sin 300

Coefficient of active pressure =ka = [ = 3

Coefficient of passive pressure = ky= i =3
Taking depth of foundation as 1.25 m

The height of the wall above the base or Total height of retaining wall, H in metres
=H=7+125=825m.

e Proportioning of Wall Components — Stem, Heel, Toe and Counterforts
1. Base width of retaining wall, b=0.6 Hto 0.7 H=0.6 x 8.25 or 0.7 x 8.25
=(4.95mto 5.78 m), Sayb=5.5m
2. Width of Toe or Toe projection = b/4 =5.5/4 =1.375 say 1.2 m or 1.3m
3. Assume thickness of vertical wall or stem = 250 mm ( We are assuming
constant thickness for stem slab)
4. Assume thickness of base slab =450 mm

25m ‘
hi= H
7 m
—
1.25m
| 10.45m
b=55m

5. Spacing of counterforts
. B 025 825025
Clear spacing of counterforts, I = 3.5 (;) = 35 (?) =2.88m
Assume width of counterfort = 400 mm,
c/c spacing of counterforts = 2.88 + 0.40 = 3.28 m = 3.00 m or 3.5m
So, clear spacing of counterforts becomes = 3.00 - 0.4 =2.6 m

L2



Stem
Counterfort

Toe Slab

5.5m |

250 mm
CF:3m c/c,
400 mm
h=7.8
h1=7 m H=8.25m
d
8
1.25m 1.2 m 4.05m
T b=5.5m

b. Check Stability of Wall
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Calculations of Restoring moment — Weight of retaining wall and weight of

earth fill retained on heel slab

Sr. Description of loads Loads in | Dist. Of C G from | Mome
No kN Tin m about
Tin k
1 Weight of stem 25x0.25x | 1.2+ 0.25/2 64.6
W1 1x7.8 =1.325
=48.75
2 Weight of base 25x5.5x1 | 5.5/2=2.75 170.2
slab W2 x0.45
1 |=61.88
3 Weight of earth | | 18x4.05x | 1.20+0.25+4.05/2 1975.9
over heel slab W3 1x7.8 =3.475
=568.62
Total W= XM =2
679.25
Calculations of overturning moment — Active earth pressure
Sr. Description | Loads in kN Dist. Of Mome)
No of loads CG from about
Tinm T in kI
1 Horizontal ko Xy XH)H = 8.25/3 561.52
earth pressure | 2, 4
on stem slab :E X E X 18 X 8.25 x 8.25=
204.19

e Check for overturning

Factor of safety against overturning

2210.71
FOS =
561.52

e Check for sliding FOS = p) W/Pu > 1.55

=3.94 > 1.55, Hence it is safe against overturning.

Total horizontal force tending to slide the wall =Ph=204.19kN
Resisting force = W = 0.58 x 679.25 = 393.97kN
IWp 39397

Factor of safety against sliding =
Py 204.19

against sliding.

= 1.93>1.55 Hence it is safe



e Check for pressure distribution at base

. Net Moment
Let X be the distance of Resultant R from toe(T), “—w

2210.71 - 561.52
=2.43m
679.25

Eccentricity=e=b/2 - X =5.5/2 -2.43 =0.32 <b/6 (0.91m)
Whole base is under compression.
Maximum pressure at toe

w 6
Max. pressure=P_. = 2 1+2¢
b b
=166.61kN/m? < SBC = 220kN/m?

Minimum pressure at heel

: w 6e
Min. pressure = P = ZT[l - %}

= 80.39kN/m?* < SBC = 220kN/m?
By interpolation, Intensity of pressure at junction of stem with toe i.e. under B
= pp= 80.39 + (166.61 -80.39) x 4.3/5.5 = 147.8kN/m?

By interpolation, Intensity of pressure at junction of stem with heel i.e. under C
=pc=80.39 + (166.61 -80.39) x 4.05/5.5 = 143.9 kN/m?

250 mm

X ‘
H
é 8250
Z"}’ R -
) NK / P
D —— - - V4 >
1250 | p1200mm, | c/ 4050mm
4
450] | / | ‘
T e b/2 '
1 0 4050 80.39
166.61 1478 1439 MM  kN/m?
kN/m? /
E/L(f"‘r 4300 >
‘ 5500 mm ]
b) Design of Toe slab
Sr. Description of loads Loads in kN Dist. Of | Moment
No CG. B in kN-1
from
B inm
1 Weight of Toe slab 25x1.2x045= 1.2/2 8.1
2 Weight due to upw -147.8x1.2=-1773 | 1.2/2 -106.4
soil pressure
3 Weight due to upward -2 x(166.61-147.8) | 2/3x1.2 |-9.02
pressure — x1.2

| =



Total

XM =- 1

Factored Moment Mu

=-16091

e To find steel
b =1000mm, d = 400 mm, fck = 20N/mm?, fy = 415N/mm?, Mu = 160.9 x
10 Nmm

M, =087 f, A, d(l -'-";Efl]

" bd £,

Ast =1188.22mm?
1000 x-x162
Take 16 mm diameter bars as main bars, Spacing s = T;zz =170 mm
<300 mm and 3 d.
Main bars - Provide 16 mm ® dia @ 170 mm c/c .
Distribution steel =
0.12% x bx D=0.12 x 1000 x 450/100 = 540 mm?

1000 x§x122

Let’s provide 12 mm @ diameter bars, Spacing s = = 210 mm <

450mm and 5 d
Distribution bars - Provide 12 mm ® dia @ 210 mm c/c .
e Development length = 47 x diameter of main bar =47 x 16 = 750 mm

540

e Check for Shear
Locate a critical section XX at a distance ‘d’ from junction of toe slab

Critical section for shear: At distance d (= 400 mm) from the junction of the

toe

166.61-80.39 _ y B
T s 17’ y =73.67

Pressure at section XX = 73.67 + 80.39 = 154.06 kN/m?



0.80 m —»

A

80.39

kN/m?

X )0 mm
Net vertical shear = - (166.61 + 154.06) x 0.80/2 + (25 x 0.45 x 0.80) = 119.28kN

Net ultimate shear = Vumax = 1.5 x 119.28 =178.9 kN

v =178.9 x 1000/1000 x 400 = 0.447 MPa

pt =100 x 1188.22/ (1000 x 400) = 0.29 %

{c=0.39 N/'mm? (c < (v

Hence it is not safe in shear. Provide stirrups or increase percentage of steel, pt =

0.5%.
Shear reinforcement shall be provided 1o carry a shear
egual to V,, — T. bd The strength of shear reinforce-
ment ¥V _ shall be calculated as below:

a) For vertical stirrups:

_ 0871 A.d
"‘

Shear carried by steel, Vus = Y& — Te &4 — 178 9 x 1000 — 0.39 x 1000 x 400
=22.9kN

Using #8 mm 2-legged stirrups, Asv =2 x w x 8%/ 4 = 100.53 mm?

0.87 f, A,.d

Foy

Vs

Vi =

Spacing of vertical stirrups, sv =633.99 mm < 0.75 x 400 <300 mm
Provide #8 mm 2-legged stirrups at 290 mm c/c.

e Design of Heel Slab

Heel slab is a continuous slab. Consider 1 m wide strip near the outer edge D

The forces actini near the edie D are




Counterfort RW j
+M :
‘ 7.8
i ! COUNTERFORT
STEM \ T [
Al |\ «Soil retained b

slab”y ) b

. \ H ll )
A B|:€ \It / HEEL SLAB
TOE - il M
‘ f1
b C P&sg
166.61 | - 2
N2 1478 143.9 o kN/m
P

5500 mm
Upward soil pressure at D = -80.39 kN/m?
Upward wt due to soil pressure = - 80.39 x 1=- 80.39 kN/m
Net force at D, p=140.4 + 11.25 - 80.39 = 71.26 kN/m
Also Net force at C, p =140.4 + 11.25 - 143.9 = 7.75 kN/m
Factored Negative Bending Moment for heel at junction of counterfort (D)
Mu = 1.5 x pl?/12 = 1.5 x 71.26 x 2.6°/12 = 60.2 kKN-m (At the junction of Counter
Fort)

80.39
kN/m?

| 166.61 1539 147.8 143.9

kN/m? f

v

— | o =

5500
mm
| _7.75
kN/m Forces on heel slab
| 71.26
kN/m

e
C D

e To find steel
b = 1000mm, d = 400 mm, fck = 20N/mm?, fy = 415N/mm?, Mu = 60.2 x

10° Nmm
Ay S
M, =087 dil ——2X
u fy Asl ( bdf;k

Find Ast =426 mm?, Astmin = 0.12 x 1000 x 450/100 = 540 mm?
426 mm? < 540 mm? Provide Ast = 540 mm?

Provide # 12 mm @ 210 mm c/c <300 mm

Check for shear (Heel slab)



Shear Force at D =71.26x 2.6/2 =

Factored shear = Vy= 1.5 x Shear Force = 139 kN

pt =100 x 540/ ( 1000 x 400) = 0.13 and M20 concrete, {c= 0.28 N/mm?
{v= Vumax/bd = 139 x 1000 /( 1000 x 400) = 0.35 N/mm?

(< {v, Unsafe, hence shear steel is needed.

Using #8 mm 2-legged stirrups,

Shear reinforcement shall be provided 1o carry a shear
egual to V,, — T. bd The strength of shear reinforce-
ment ¥V _ shall be calculated as below:

a) For vertical stirrups:

_ 0871 A.d

Vv,
LTE ."

Shear carried by steel, Vus = Yu — Te &4 = 139 % 1000 — 0.28 x 1000 x 400
=27 kN
Using #8 mm 2-legged stirrups, Asv =2 x m x 8%/ 4 = 100.53 mm?

Ve =

0.87 f, A,.d
"‘

Spacing sy = 538 mm < 0.75 x 400 = 300 mm

Provide #8 mm 2-legged stirrups at 290 mm c/c.
Provide for Im x 1m area as shown in figure
=

F X

‘>
1250 41200 .| |/ 4050

45(1 mm | / mim

X e
- 1 Area for
T _
—— : _stirrups
C N D
TOE 8
R [2600 HEEL
| e
: 139
rverrennees SFD
_.—/\f—
775 r/ff/’ﬂ/ﬂ_zs Shear analys
kN/m kN/m Zone of shea

Net down force dia.
o Area of steel for +ve moment (Heel slab)

Maximum +ve ultimate moment at mid span of heel slab = 1.5 x 71.26 x 2.6*/16
=+ 45.15 kN-m

Since 45.15 kNm < 60. 2 kNm, Provide minimum steel.

Ast, min = 540 mm?

Provide Main bars # 12 mm bars at 200 mm c/¢ < 300 mm

Also provide distribution steel # 12 mm at 200 mm c¢/c <300 mm



e Design of Stem (Vertical Slab)

1
Counterfort RW & | |

+M !

o I

- * !

STEM | pEP !
. = !

+«__Soil retained by
PRt iy
’slabl llll v

b
) / HEEL SLAB

|COUNTERFORT

———

TOE

A B .C
80.39
166.61 | . 147.8 1439 _ kNm?
o+ - .

kN/m?

5500 mm
Consider stem slab as continuous slab spanning between the counterforts and
subjected to earth pressure.
The intensity of earth pressure = p.=kaxyxh= g x 18 x 7.8=46.8 kN/m?

For 1m, it will be 46.8 kN/m? x 1 m =46.8 kN

Maximum -ve ultimate moment near ends of counterforts,
Mu=1.5x pal?/12=1.5x 46.8 x 2.6%/12 = 39.54 kN.m.

Find the required effective depth or thickness of the stem slab

d

Mu, lim =39.54 x 10° N mm, xu, max/d = 0.48, b = 1000, fck =20N/mm?
After calculations find ‘d’,d =119.70 mm = 120 mm

However, provide total depth or thickness, D =250 mm. Hence safe.

e To find steel:

X
M, = 0.36 f‘-‘ag"-“i [1 ~0.42 212 )bd’ fx

e Effective depth, d =250 — 50 = 200 mm , ( effective cover = 50 mm)

e b=1000mm, d =200 mm, fck = 20N/mm?, fy = 415N/mm?2, Mu = 39.54x
10° Nmm

e Ast=582.1 mm? , Ast min=0.0012 x 1000 x 250 =300 mm?

e Astprovided > Ast,min . Hence safe

e Provide #12mm @ 210 mm c/c

As the earth pressure decreases towards the top, the spacing of the bars is increased

Max. Ultimate shear = Vumax= 1.5 x 46.8 x 2.6/2 =91.26 kN
For pt = 100 x Ast/( 1000 x 200) = 0.29 % and M20 concrete {c = 0.38 N/mm?
¢V = Vumax/bd = 91.26 x1000/(1000 x 200) = 0.45 N/mm?



{v>{c, Itis not safe in shear. Either increase the pt=0.5%, so that {c = 0.48 N/mm?
or Provide shear reinforcement in the form of stirrups.

e Design of Counterfort
The total horizontal earth pressure acting on the counterfort = % x kaxyxh®xclc

distance between counterfort

1
2

X % x18 x 7.82x 3 = 547.56kN

Counterfort RW

COUNTERFORT

STEM | i P

— — |
|
‘ |

P
-

P Llll i g

L | ll )}
W\ i / HEEL SLAB

TOE s +M
Tt

D

B.M. at the base at C=547.56 x 7.8/3 = 1423.65kN.m.
Ultimate moment = Mu= 1.5 x 1423.65 =2135.48 kN.m.
Counterfort acts as a T-beam, lets find the effective depth

d

Mu,lim = 2135.48 x 10°, xu, max/d = 0.48, b = 400, fck =20N/mm?
Find ‘d’> = 1390 mm

M, jm = 0.36 f‘-‘s-a“-‘“i (1 ~0.42 fﬁ'—““-‘-)bd’ fx



250 mm

CF:3m c/c,
400 mm
h=7.8
h1=7 m H=8.25 m
D
1.25 1.2 m 4.0
T b=5.5m

The effective depth is taken at right angle to the sloping face of counterfort

tan 6 = 7.8/4.05 = 1.93,

0=tan'( 1.93)=62.5° ,

From the geometry

D /4.05 =sin 62.5,D=3.6 m = 3600 mm, d = 3600 — 50 = 3550 mm > 1390 mm .
Hence depth of counterfort provided is safe.

o To find steel
b = 400mm, d = 3550 mm, fck = 20N/mm?, fy = 415N/mm?, Mu = 2135.48
x 10° Nmm

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

Ast = 1708 mm?

e Check for minimum steel — IS 456 2000 CL 26.5.1.1



26.5.1.1 Tension reinforcement

a) Minimum reinforcement—The minimum area of
tension reinforcement shall be not less than that

-

Ziven by the followi@g:

A, _ 085
bd Iy
where
A, = minimum area of tension reinforcement,
& = breadth of beam or the breadth of the web
of T-beam,
d = effective depth, and
#f, = characteristic strength of reinforcement in
N/mm?2.

e AsperIS 456, Ast.min = 0.85 bd/fy = 0.85 x 400 x 3550/415 = 2908.4 mm?
( T Beam section)

e Use 22 mm diameter bars, calculate no of bars = 2908.4 / (n x 222 /4) = 7.65
~8

e Provide 2 layers of bars ie 4 # 22 mm, 4 # 22 mm

e Development length =14 =47 x 22 =1030 mm = 1.03 m
e The half of the reinforcement can be curtailed is equal to VH = V7.8 = 2.79
m - 1.03 m = 1.7 m from top, Bars are curtailed.

e Design of Horizontal Ties or Horizontal stirrups (H S)

The counter forts are subjected to tensile stresses along the outer face ED of the

counter forts

Counterfort RW

|COUNTERFORT
STEM v

~-Soil retained by
slab

HEEL SLAB
TOE

L I B

The tension exerted on counterfort for 1 m height at base due to horizontal earth
pressure, T

T=kaXyX h X c/cdistance between counterfort X 1 m
=1/3x18x7.8x3x1=140.4kN



1.5XT

Area of steel required to resist the tension = Ast =—————
0.87 X fy

1.5 x 140.4 x 10%/ (0.87 x 415) = 583 mm?
Using # 8 mm 2-legged stirrups, Ast = 100 mm? , spacing , s =
spacing = 1000 x 100/583 = 170 mm c/c.
Provide horizontal stirrups (H S) 2-legged # 8 mm at 170 mm c¢/c near bottom.
Since the horizontal pressure decreases with height, the spacing of stirrups can be
increased from 170 mm c/c to 450 mm c/c towards the top.

e Design of Vertical Ties or Vertical stirrups (V S)

The maximum vertical tension exerted at the end of heel slab due to net

downward force at D = 71.26 kN/m.

Total tension at D = 71.26 x c/c distance between counterforts = 71.26 x 3 =
213.78 kN

1.5XT

Area of steel required to resist the vertical tension = Ast =————=
0.87 X fy

Required Ast = 1.5 x 213.78 x 103/ (0.87 x 415) = 888 mm?
Using # 8 mm 2-legged stirrups, Ast = 100 mm?
Spacing = 1000 x 100/888 = 110 mm c/c.
Provide vertical stirrups ( V S) # 8 mm 2-legged stirrups at 110 mm c/c.

Increase the spacing of vertical stirrups from 110 mm c/c to 450 mm c/c towards the

end C.
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