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X

Applied moment, M

Slender 4,7

(Class 4)

i (Class 3)
Ay

Z, = plastic section modulus

Z, = elastic section modulus

Z,, = effective elastic section
modulus

£
/7 Ideal behaviour
! \ Plastic: M, =Z, f,
__________ i Cm f | L Compact: M, =Z,f,
E (Class 2) | Plastic i- M. =
| Semi-compact | (Class1) Semi-compact: M, = Z, f,
Y | Slender : M, =Z,_ f,

0, Rotation, 0,

Moment-rotation behaviour of the four classes of cross-section

7. (a) (ii) Solution:
For ISMC 350
Ag
Two channels are used, Aprovi ded
Effective length, kL

rZ

I

zz

r
y

I
vy
vy

Effective slenderness ratio

= 5366 mm?

2 x 5366 = 10732 mm?
6 m

136.6 mm

10008 x 10* mm*

28.3 mm

= 430.6 x 10* mm*

24.4 mm

kL _1.1x6x10°
136.6

=48.32

T

For effective slenderness ratio of 48.32 and buckling class c, the design compressive

stress is given by,

Joa

Design compressive strength, P,

- 198 —Mx (48.32 - 40)
(50 — 40)

185.52 N/ mm?

fcd % Aprovided
185.52 x 10732 x 102 kN

1991.00 kN > 1800 kN
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Which is safe.
Spacing of channels:
Y
o Cwl ir _________________ .
5
y

S 2
2 = 2_IW+A(CW+E) }

2
= 2 x 10008 x 10* = 2| 430.6x10* +5366(24.4+§) }
= S = 218.4 ~ 220 mm
Provide the 2 ISMC 350 at a spacing of 220 mm back to back.
Spacing of battens:

PR 0.7 x slenderness ratio of column as a whole
y
= C < 0.7x4832x283
= C < 957.22 mm
C
Also, — <50
t,
y
= C < 50x%283
= C < 1415 mm

Provide battens at a spacing of 950 mm
Size of end battens:
Overall depth of the batten

Effective depth of the batten
§+2C,
220 +2(24.4)

S 220
Thickness of batten = 50" 50 4.4 mm ~ 8 mm (Say)

Provide a 70 mm overlap of battens on channel flange.

268.8 mm ~ 270 mm # 2b; (=200 mm)

(OK.)
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For welding (> 4 x 8 =32 mm ) (O.K))
Length of batten = 220 + 2 x 70 = 360 mm
Provide 360 x 270 x 8 mm end batten plates.

Design forces:
Transverse shear, V, = 2.5% of axial load
= £x1800 kN =45kN
100
Longitudinal sh y, = 2C 220 73.71 kN
ongitudinal shear Yy = e = =73.
NS 2><(220+2><720)
V.,C  45%x950%x107°
Moment, M = N - ) =10.69 kNm
73.71x10°
For end battens, shear stress = B0 34.13 N/mm?
270x 8
(< 20 _ 13107 N/mmzj
J3x11
, 10.69x10° x 6
Bending stress = >— =109.98 N/ mm?
8x270
(< 20 _ o703 N/mmZJ
1.1
Hence it is safe.
220 mm > |
! 360 x 205 x 8 mm
! =
Z --p-o{--f------ T o I B
k=70 mm
] ]

360 x 270 x 8 mm
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7. (b) (i) Solution:

Calculation of Maximum Uniform Draft

Total annual inflow,

Viotar = 6200 + 4800 + 5500 + 3000 + 1800 + 1200 + 1400 + 2100 + 2500 + 3400 + 5800 + 7000
= 44700 m?3
Maximum uniform monthly draft,
44700 3
monthly = 13 3725 m’/month
Daily draft,
3725 5
Ddaily =30 ~ 124.167 m°/day

Mass Curve Analysis

Calculate cumulative inflow, cumulative outflow, and excess supply or demand:

Month | Inflow | Outflow | Cum.Inflow | Cum.Outflow | ExcessSupply (+)/
(m’) (m°) (m°) (m’) Demand (-)

Jan 6200 3725 6200 3725 +2475
Feb 4800 3725 11000 7450 +3550
Mar 5500 3725 16500 11175 +5325
Apr 3000 3725 19500 14900 +4600
May 1800 3725 21300 18625 +2675
Jun 1200 3725 22500 22350 +150

Jul 1400 3725 23900 26075 -2175
Aug 2100 3725 26000 29800 -3800
Sep 2500 3725 28500 33525 -5025
Oct 3400 3725 31900 37250 -5350
Nov 5800 3725 37700 40975 -3275
Dec 7000 3725 44700 44700 0

Maximum excess supply (surplus) = 5325 m? (at the end of March)
Maximum excess demand (deficit) = 5350 m? (at the end of October)
Reservoir capacity required,

C = 5325 + 5350 = 10675 m®
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7. (b) (ii) Solution:

Given: Mean discharge, ¥ = 35000 m?/s

Standard deviation, o = 18000 m3/s

Acceptable risk, R =15%=0.15

Service life, n = 60 years

Reduced mean, v, = 0.5436

Reduced standard deviation, S, = 1.1413

Estimate the Design Flood Discharge
Calculate the Return Period T:

1 n
=1-|1-=
we i)
60
1
=1-|1-=
0.15 ( T)
60
1
1-—=| =0.
= ( T) 0.85
-L_ 1
T  0.85%
1
T = 760 = 369.688 years

1-0.85%
Calculate the Reduced Variate y:

_ { ( 369.688 ﬂ
yrp=-In|In| ———
369.688 -1

yr = 591
Calculate the Frequency Factor K:
Yr — Y
K= "7
Sn
_ 591-0.5436 4700
S 11413 ¢

Calculate the Design Flood Discharge x :

xp=x tKxo

x; = 35000 + 4.702 x 18000 = 119636 m>/s
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2. Safety Margin Calculation

The safety margin is the difference between the adopted design flood and the

calculated estimated flood.

Adopted Flood Value
Calculated Flood Value
Safety Margin

Q.7 (c) Solution:

(i)

Beam mechanism

(-2

135000 m3/s
xp = 119636 m/s
135000 - 119636 = 15364 m3/s

A
M, =0
2
Segment AE, —2M, —2M, + % 0
wx?
= aM,, >
M, =0
w(l-x)
Segment EC, 2M,+M, —— 5 0
w(l- x)2
= 3M, = 5
From eq. (i) and (ii)
wx®  w(-x)
8 6

(-x)

...(ii)
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= 3x2 = 4(I* + x2 - 2Ix)
= 3x% = 41> + 4x? - 8lx
= x = 05361
8M,, 8M, 27.846 M,
w=w = = = .. (il
2t (05361) P (i)
(ii) Sway mechanism
A=16 A=10
e e
Olym, Olym,
S
0 0

By principle of virtual work

2M,0+M,0+M,0+2M,0 = wl(I6)
12M,
= w=w, = 2 (iv)
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(iii) Combined mechanism

x0 10}
— A

= oM,
|
=18

+ Qo 1 2M,

0! o

S 0 '

& i

x0 = 1o

By the principle of virtual work

1
2M,0+2M,0+ M,0+2M,0 = Exxwx(x6)+x9><(l—x)w

R 41\/11,9+31\/11,’CT6 = L0+ wxlo—wxe
41+3
= Mp( i x) = wxl—lwx2
l 2
2wxl —wx? i
= Mp = 17241+ 3x)
For maximum M,
dM
ro_
dx 0
da 2wxl —wx? Il -0
= dx| | 2(41+3x) -
:>(2wl—2wx)(81+6x)—(2wxl—wx2)(6) =0
= 161* +12Ix-16lx - 12x* ~12xI+6x* = 0
= —6x* —16x1+161*> = 0
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x = 0.774851
Putting the value of x, M, = 0.07505 wl?
13.324 M,
= w=w, T (V)
So, the collapse load is lowest of (iii), (iv) and (V)
12M,
So, w,= " p
8. (a) (i) Solution:
Effective rainfall = Rainfall depth - ¢-Index
Now, Isthr =4-2x1=2cm
2ndhr = 3-2x1=1cm
3rdhr = 25-2%x1=05cm
Time Ordinates of DRSFI due to D;{s}{ tdue 0 D;g{ :lue 0 Add ordinates of Storm
U.H. (m*/sec) i:;";ﬂ i.e.slocrg . (S)gf; 3 raiEnlia_ﬂflofro;-flf).RH H;;d(rg;gfazph
ER- :for eff. ER- for eff. rainfall Base flow
rainfall rainfall
@ (&) ®) *) ©) (6) )
0 0 0 0 0 0 0
1 58 116 0 0 116 118
2 110 220 58 0 278 280
3 96 192 110 29 331 333
4 53 106 96 55 257 259
5 26 52 53 48 153 155
6 14 28 26 26.5 80.5 82.5
7 8 16 14 13 43 45
8 5 10 8 7 25 27
9 4 8 5 4 17 19
10 3 6 4 25 12.5 14.5
11 1.5 3 3 2 8 10
12 1 2 15 15 5 7
13 0 0 1 0.75 1.75 3.75
14 0 0 0 0.5 0.5 25
15 0 0 0 0 0 0
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Q.8 (a) (ii) Solution:
Flood hydrograph shows stream flow due to a storm over a catchment. Flood hydrograph
is used for short term study. The factors that affect the shape of the hydrograph can be
broadly grouped into two types:

(i) Physiographic factor
(ii) Climate factor

Physiographic factors Climate factors
1. Basin characteristics: 1. Storm characteristics: precipitation,
(a) Shape intensity, duration, magnitude and
(b) Size movement of storm.
(c) Slope 2. Initial loss
(d) Nature of the valley 3. Evapotranspiration
(e) Elevation
(

f) Drainage density

2. Infiltration characteristics:

(a) Land use and cover
(b) Soil type and geological conditions
(c) Lakes, swamps and other storage

3. Channel characteristics: cross-section,
oughness and storage capacity

Generally, the rising limb is affected by the climatic factors and recession limb is affected
by the physiographic factor.

The factors which affect the shape of hydrograph are as follows:

* Shape of Catchment: The shape of the catchment influences the time taken for water from the

remote parts of the catchment to arrive at the outlet of catchment. The occurrence of peak and
the shape of hydrograph are affected by the catchment shape.

- -

A

s

Discharge
Discharge
Discharge

Time Time Time

Fig. Effect of Catchment Shape on the Hydrograph

e Size: In small catchment area, the overland flow is predominant over the channel flow. Hence
the land use and intensity of rainfall have important role on peak flood, while on large basins
these effects are suppressed, because on large basin the, channel flow phase is more predominant.
The time base of hydrograph from larger basins will be larger than those of corresponding
hydrograph from smaller basin.
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* Slope: The recession limb of hydrograph represents the depletion of storage, so the
slope will have a pronounced effect on this part of hydrograph. Steeper slope give
rise to quicker depletion of storage and hence result in steeper recession limbs of
hydrograph and also the smaller time base. The basin slope is important in small
catchment where the overland flow is relatively more important, the steeper slope of
catchment results in larger peak discharge.

* Drainage Density: The drainage density is the ratio of the total channel length to the
total drainage area. A large drainage density creates a situation for quick disposal of
runoff down. This part response is reflected in a pronounced peak discharge.

Y

B - Low density

Discharge

A - High density

Time

Fig. Role of Drainage Density on the Hydrograph

In those catchments where the drainage density is less, the overland flow is
predominant and resulting hydrograph is with a slowly rising limb.

* Land Use: An area covered by vegetation and forest shows increase in the infiltration and
storage capacities of the soils. The vegetation causes considerable retardance to overland flow,
thus the vegetal cover reduces peak flow.

* Climatic Factor: Among all the climatic factors; intensity, duration and direction of
rainfall movement are the three important factors affecting the shape of a flood
hydrograph.

(@) Rainfall Intensity: For a given specified duration, the peak and volume of surface
runoff are proportional to intensity of rainfall. The shape of the hydrograph can
also be affected by the intensity of rainfall.

(b) Rainfall Duration: For the same volume of rainfall, if the rainfall duration
increases then the peak of hydrograph reduces.

(c) Direction of Rainfall: If the rainfall direction is in the direction of outlet then it
gives left skewed hydrograph or if the rainfall direction is in the opposite
direction of outlet then it gives right skewed hydrograph.
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8. (b) Solution:

For Fe410, fu = 410 N/ mm?
fy = 250 N/mm?
The outstand of flange element,
b = %2%282.5 mm
Section Classification
Depth of web, d=h-2 (t+ R)
= 350-2(11.4 +16)
= 295.2 mm
b 85 250
i = Tig-724<94e=94 ['36— f—y—l]
% = %:39.89<84e =84
Hence the section is plastic,
Check for shear capacity:
Design shear force, V =210 kN

Design shear strength of the section,

fy ht —ﬂ><350><7.4><10'3 kN

— X =
Va= By, T Bxll
339.85 kN > 210 kN

Which is OK.
Check for high/low shear:
0.6 V, = 0.6 x 339.85

203.91 kN < 210 kN

This case is for high shear since
V>06V,
Check for design bending strength:
Zefy

m0

My, = M,;-B(M,-M,)<1.2
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'fd

i

v

IA

2
Vd

Zp. xi =851.11x10° ><%><10—6 kNm

m0

2 2
1] = 22210 1Y _ 00556
339.85

193.434 kNm
sz - Awyw

851.11x10° — 350x7.4x(%j

624485 mm? = 624.485 x 103> mm?

Z
Zphy =624.485%x10° x%x 10°°

YmO
141.93 kNm

M, _B(Md _Mfd>
193.434 - 0.0556 (193.434 - 141.93)
190.57 kNm > 150 kNm

Zefy
YmO

1.2x

1.2x751.9x10° x % x107® =205.06 kNm

Check for web buckling (at support):

Stiff bearing length, b
Ab

100 mm
Bit,=(b+x)t,
(100 + 175) x 7.4 = 2035 mm?
350

(OK)

{x=ﬁz—:175 mm}
2

2
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fe— 350 mm ——]

Effective length of web, kL = 0.7 xd =0.7 x 295.2 = 206.64 mm

3 3
I .. of web, bt,  _ 100x74° 3376.87 mm*
f 12

100 x 7.4 = 740 mm?2

r = \/z =, ’ 3376.87 =2.1362 mm
A 740

Aeﬁ( of web, bt

= L2 06733
From buckling curve ‘¢’
Interpolating the value for given table,
100-90  96.733-90
107-121  f,-121
= f,; = 111.574 N/mm?
Capacity of web section, F,=Af,
= 2035 x 111.574 x 10~ kN
= 227.05 kN > 210 kN (OK)
Check for web bearing:
f,

f, = (b+ny)t, x—

m0

n, = 25(t;+R) =2.5 (11.4 + 16) = 68.5 mm
(Dispersion ratio is 1 : 2.5)
Stiff bearing length, b = 100 mm
E, = (100+68.5)><7.4><%><10‘3
F, = 283.386 kN > 210 kN (OK)
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8. (c) Solution:

The various elements of a riveted/bolted girder are depicted in figure (a) and that of a
welded plate girder in figure (b). These elements are as listed below:

1. Web plate

2. Flange angles with or without flange cover plates for riveted/bolted plate girder
and only flange plates for welded plate girders.

Stiffeners —bearing, transverse and longitudinal.

Splices —for web and flange

Longitudinal
stiffener
Web plate

Packing

Bearing stiffener

Fig. (a) Bolted Plate Girder

Flange plate

Web plate
PP

Bearing

stiffener

Load carrying
stiffener

Intermediate
transverse stiffener

Fig. (b) Welded Plate Girder
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(@ Minimum web thickness based on serviceability requirement
As per CL. 8.6.1.1 of IS 800 : 2007

(i) When transverse stiffeners are not provided and web is connected to flange

along both longitudinal edges,

d
t_ < 200 €,

w

(i) When transverse stiffness are not provided and web is connected to flanges
along one longitudinal edge only

d

E < e,

(iii) When only transverse stiffeners are provided in webs connected to flanges
along both longitudinal edges.
Case-1:3d=>c=>d

d

n < 200 ¢,
Case-2: 0.74d<c<d

c

n < 200¢,
Case-3: c<d

d

N < 270¢,
Case-4: ¢ > 3d

Here the web shall be considered as unstiffened.

(iv) When transverse stiffeners are provided along with longitudinal stiffener at
one level only i.e., at 0.2 d from the compression flange.
Case-1:24d>c=>d

d

I’ < 250 ¢,
Case-2: 0.74d <c<d

c

' < 250 ¢,
Case-3: c < 0.74d

d

; < 340e¢,
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(v) When a second longitudinal stiffener is also provided (at neutral axis of the

section)

d
T < 400 ¢, [where, €, = @]
w yw
(b) Minimum web thickness based on compression flange buckling requirement

As per Cl. 8.6.1.2 of IS 800 : 2007, in order to avoid buckling of compression flange,
the web thickness shall comply with the following requirements:

(i) When transverse stiffeners are not provided

250
d where, €, = [—
_ 2 i
i < 345 & [ fyf

(i) When transverse stiffeners are provided
Case-1: c>154d

d
o < 345 8f2
Case-2:c<15d
d
E < 345 &
Q000
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