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132.39 x 106 = 4 x [2.38 x 106 + 2106 77 ]

120.77 mm

y
Spacing of angles:

S=2x (7+Cy,) = 2x (120.68 + 30.8) = 303.14 mm = 310 mm
Step 3: Forces in Lacing Bars

Let us provide the single lacing system with lacing flats inclined at angle of 45 degrees
with the vertical.

Transverse shear in column:
V = 0.025 x 1200 x 10° = 30,000 N
Assuming a single lacing system on two faces:

30000

perface = 5 =15,000N

Compressive/tensile force in each lacing bar:

F = Vperface _ 15000

; =— =21213 N
sin© sin 45°

Step 4: Design of Lacing Flat
Assume 20 mm dia bolt, assuming 50 mm gauge distance

Minimum width:

b, = 3xd=3x20=60mm
Length of lacing flat:
L, = (S - gauge x 2) cosec 45° = (310 - (50 x 2)) cosec 45° = 296.99 mm
. _ Ly  296.99
Minimum thickness: to = 0 a0 - 7.42 mm
Provide a lacing flat: 60 X 8 mm
t 8
Radius of gyration of flat: "= = Nl 2.31 mm
, Ly 296.99
Slenderness ratio: M = S T Toa1 128.567 < 145 (safe)

Step 5: Check Compressive and Tensile Capacity of Lacing
Compressive capacity: For A = 128.62 (Class C),
interpolate f,; between 121 MPa (A = 90) and 107 MPa (A = 100):
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fu = _121-107 (128.62 - 90) = 66.93 MPa
: 100-90
Capacity of lacing flat:
P.=f bt =6693x60x8=32127 N > 21,213 N (Safe)

Tensile capacity:
A . =b-dy)t = (60-22) x 8 =304 mm?

09f, A 0.9x410x 304
_ Su Auet _ X X = 89,741 N > 21,213 N (Safe)
Yo 1.25

dn

Step 6: Connection Design

Shear capacity of M20 bolt (single shear):

fub _ 4—00 x 245.044 = 45,272 N

V = — XA
dsb \/gxymb o 3x1.25

Bearing capacity of flat: (Assuming k, = 0.5)

Vo= 25k, dtf, 25x0.5x20x8x41 65,600 N
dpb Yot - 1.25 I

Bolt value:
Vi = Min (Vg V) = 45,272 N
Number of bolts required:

F 21213
- === 04
Moot = = 457p = 0409

Provide one M20 bolt at each end of the lacing bar.

e 310 mm —

o lacing flat
g L (60 x 8 mm)

— M20, 4.6
g grade bolt

/

©Copyright: [MADE EASY www.madeeasy.in



MRADE EASY Test No : 8 CIVIL ENGINEERING | 51
6. (c) Solution:

Given

Area of each member, A = 1500 mm?

Modulus of elasticity, E = 2 x10° N/mm?

Length of each member, L = 4m=4000 mm

Loads: W, = 20kN, W, =40 kN

All members form equilateral triangles, hence

1

3
in 60° = —,cos60°=—
sin > >

Support Reactions

Taking moments about A:

M, =0
= V,x8-20x2-40%x6 =0
= 8V, = 40 + 240 = 280
= V, =35kN(T)
Vertical equilibrium: ZF, =0
= V,+V, =20+40
= vV, =25kN (T

Member Forces due to Actual Loads ( P - forces system)

Using method of joints.

Joint A: P,y
60°
A Pag
25 kN
ZFy =0 = P, zsin 60° = -25
P,, = -28.868 kN
ZFx =0 = PAE = —PAB cos 60°
P, =14.434 kN
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Joint B: 20 kN
PBC
P,; = -28.868
ZFy =0 = —Ppsin 60° - 20 - (-28.868sin 60°) = 0
Py = 5774 kN
2F.=0 = Py = 5.774 cos 60° + (-28.868) cos 60°
Py = -17.321 kN
Joint D:
PDC
P, 60° D
35 kN
>F = 0 = P, sin 60° = -35
P, = -40.415 kN
2F =0 = Py = -Ppcos 60°
P, = 20.208 kKN
Joint E:
5.774 kN Pe;
60° 60°
14.434 kN 20.208 kN
E
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ZFy =0 = PCEsin 60° + PBEsin 60°=0
P = -5.774 kN

Member Forces due to Unit Load at E (k - forces system)

Apply a vertical unit load of 1 kN downward at joint E.

By symmetry:
V,=V,=05 kN
Member forces:
1
kAB = kDC= —ﬁ = —0.577kN
kivr = kpp = L =(0.289 kN
AE ED 2\/5 .
1
kBE = kCE= ﬁ = 0.577 kN

kBC = —ﬁ =-0577 kN

Deflection at Joint E

PkL
Using unit load method: 5, = 2 AE

Table of calculations:

Member | L (mm) | P (kN) k P k L kN-mm
AB 4000 -28.868 | -0.577 66627.34
BC 4000 -17.321 -0.577 39976.87
CD 4000 -40415 | -0.577 93277.82
DE 4000 20.208 0.289 23360.45
EA 4000 14.434 0.289 16685.70
BE 4000 5.774 0.577 13326.39
CE 4000 -5.774 0.577 -13326.39

2(PkL) = 239928.18 kN-m

Therefore,
5 - 239928.18 x10°
E 1500%2x10°
= 5. = 0.799 mm
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= 8, =

7. (a) (i) Solution:

Given data

Catchment area,

Slope,

Length of travel,

0O = n >
[

Runoff coefficient,

Return period, T =

0.8 mm downward

5 km?

1/400 = 0.0025
3 km = 3000 m
0.35

50 years

Time of concentration (t.) using Kirpich Formula

t =
= t. =
= t o=

c

Average rainfall intensity (i)

Using linear interpolation from the

d =
= d=
Intensity, i =

1=

i

0.01947 x 1077 x §-0385
0.01947 x 3000%77 x 0.00257038
93.013 min = 1.55 hr

provided table for ¢, = 93.013 min:

13.7-13.3
100-90

13.421 cm
d

e
13.421
1.55

8.658 cm/hr = 86.58 mm/hr

13.3 + x (93.013 - 90)

Peak flow rate (Q p) using Rational Formula

QO
<
|

Where, Q .

1=

U
RSN
I I

U
L
I

1 .
= — CiA

3.6

Peak discharge (in m3/sec)
Intensity (inmm/hr)

Area (in km?)

0.35 x 86.58 x 5/3.6

42.087 m3/s

ocopyright: [MADE EASY

www.madeeasy.in



MRADE EASY Test No : 8 CIVIL ENGINEERING | 55

7. (a) (ii) Solution:

Given:

Duration of storm, T =2hr

Total rainfall depth, P =47 mm

Peak discharge of flood hydrograph, Q, =220 m?/s

Base flow, Q, = 15m3/s

Infiltration index, ¢ = 2.5mm/hr

Catchment area, A = 445 km? = 445 x 10° m2

First, the effective rainfall depth is calculated by subtracting the infiltration loss during
the storm period from the total rainfall.

R,=P-(pxT)
= R, = 47 - (2.5 x 2)
= Re=42mm
= Re=4.2cm

Next, the peak of the direct runoff hydrograph is obtained by subtracting the base flow
from the observed peak discharge.

Qp(DRH) = Qp -Q,
= Qypriy = 220 -15
= QP(DRH) = 205 m3/s

The peak of the 2-hour unit hydrograph is calculated by dividing the peak of direct
runoff hydrograph by the effective rainfall depth in cm.

B Qp(prr)
u, =~
s
- U= 12
= U, = 48.81 m*/s per cm

Now, assuming the unit hydrograph to be triangular in shape, the volume of direct
runoff due to 1 cm of effective rainfall over the entire catchment area is calculated.

Volume of 1 cm runoff = A x 0.01
= 445 x 10° x 0.01
= 4.45 x 10° m>
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Unit hydrograph
, Q
48.81 m /sec --------
I T, | Time —

For a triangular hydrograph, the volume is given by

Volume = %X Bx Up x 3600
Equating the two volumes,
%x Bx48.81x3600 = 4.45 x 10°¢
445x10° % 0.01 % 2
= B =
48.81x 3600
= B = 50.649 hr
7. (b) (i) Solution:
Given : Section 1-1: T = 240 kN

4 3
cos O = —,Sm9=g

5
d = 20 mm
Bolt grade 4.6: f,, = 400 MPa, f , = 240 MPa
n = 8 bolts
f, = 410 MPa, y,, =1.25
d, = 22mm
n
A, = 078 x 7x20° = 245,044 mm?
T 2
A, = ZXZO = 314.159 mm?

Analysis of Bolts at Section 1-1
Design shear strength of a bolt:
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u 400
#XAnb = —————— x 245,044 x 107 =45272 kN

V —_—
J3x1.25

dsb — \/g'vmb

Design tensile strength of a bolt:

Tnb 0‘9fub Anb ?‘ fyb YibAsb

m0

= T, = 0.9x400 x 245.044 # 240 x 11 x 314.159
= T, = 8822KkN # 85.68 kN
= T, = 85.68 kN
7= dm 8680 N
db Yoo 1.25 ’
Applied forces per bolt:
4
T, = T-cos =240 x g =192 kN
) 3
T, = T-sin0 =240 x 5 =144 kKN
ST BN
bop 8
poo Tl
sb n 8 -
Interaction check:

2 2
18 24
+ =0.281<1.
(45.271) (68.544) 0.81<10 Ok

2 2
V. T,
Vst Tap

Hence, the joint at section 1-1 is safe.

Connection of Double Angle to Tee-bracket

Double Angle to Tee-bracket:

T = 240 kN

d = 16 mm, d, = 18 mm
Bolt grade 4.6: f.» = 400 MPa

t =10mm, ¢t =12mm

f, = 410 MPa,y_, =125
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Net tensile area of bolt:

T
A,y = 078 x 7 x 16> = 156.828 mm’

The angle are placed on the opposite side of web of Tee-bracket.
Therefore, the bolts will be in double shear and bearing.

Double shear design strength:

Vip=2X% \/—j(#bx Ay = 2><4—00><156.828><10_3 =57.949 kN
3Y b J3x1.25
Bearing capacity calculation:
Minimum end distance: e=15xd,=15x%18 =27 mm
Minimum pitch: p=25xd=25x%x16=40 mm
Calculation of K,
e _ 27 _ 05
3d, 3x18
P05 = -0 25-0491
3d, T 3x18 T
fw 400
f, T 410" 0.976

K, = min (0.5, 0.491, 0.976, 1.0) = 0.491
Thickness for bearing:
t = min (10 +10,12) =12 mm
Design bearing strength:

_ fu 2'5X0'491X16X12X410x10‘3 B
Vi = 2.5 Kydt = 15 =77.303 kN

Strength of a single bolt:
Vy, = min (Vg V,,) = min (57.949, 77.303) = 57.949 kN
Number of bolts required:

T 240
n = Vb 57.949 =4142:5

Therefore, provide 5 bolts of 16 mm diameter.
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7. (b) (ii) Solution:

A B c D E
= e 2 & &
o L —f— L—rf— [ —f— L —

Dead load will act throughout the continuous beam over whole span AE.

1. Arrangement of live load to produce hogging maximum BM at support B.

As per Muller Breslau Principle, influence line diagram for bending moment at
support B is qualitatively given as:

A B C D E
LA o—= 2

(For maximum Hogging BM at support B)

Live load should be place over span AB, BC and DE.

Arrangement of loads:

: Live load Live load
t Dead loadcéQQ

WTERRTT e T T

(For maximum Hogging BM at support B)

2. Arrangement of live load to produce maximum hogging BM at span BC.

ILD for BM at span BC as per Muller Breslau principle is qualitatively represented as:

A B C D E
- AN AY e

(For maximum hogging BM at span BC)

Either span AB and CD to be loaded or span BC and DE to be loaded.

Arrangement of loads:

; Live load ; Live load
Wead foad

(For maximum hogging BM at span BC )
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7.  (c) Solution:
Joint Member | Relative Stiffness | Total stiffness | D.F.
3ElI _ 2EI
BA - E T & 231
B 7.5 5 26EI 0.23
15
BC 42ED) _ 4E1 0.769
6 3
CB 4(2ED) _ 4ED 0.690
c 6 3 29E]
15
cD SEL 0310
5
Non sway Analysis
2
12(4.5)(3
oy = ZUDIOE g o km
(7.5)
2
12(3)(4.5
My, = Lz) =12.96 kNm
(7.5)
-24x6
Mg = g - 18 kNm
My = 18 KNm
24 kN
B I 3m 3m | C R
T 21
5 :
Lo
12kN— | ;
I
: DA &
10
<¥
AT
After transferring
Mgyp = 0
8.64
Mg, = 1296 + —— =17.28 kN-m

2
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A 0231]B [0.769]  |0.690] C|0.310| D
AB BA | BC CB |CD DC
17.28 | -18 18 | 0 0 |FEM
0.554 -12.42 Bal
621 < % 0277 C/O
4775 -0.191 Bal
-0.09% ~ ™ 2388 C/O
0.073 -1.648 Bal
-0.824 ©~ % 0,037 C/O
0.633 -0.025 Bal
-0013 < 0317 C/O
0.010 -0.219 Bal
0109~ 0,005 C/O
0.084 -0.003 Bal
19.123 | -19.123 6518 | -6.518

The free body diagram is as shown below:

24 kN
19.123 l 6.518
19.123 6.518
[\v C 6m ) v/\
3m
12 kKN —— 5m
45m
Hy Hp
12x3-19.123
H, = - = 2.250 kN (<)

6.518
Hy = =2~ = 1304 kN (<)
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The restraining force is calculated as follows:

24 kN

| :

12 kN —

Vo 2.250 kN N 1.304 kN

R =12-2.250-1.304 = 8.446 kN

19.123 23.18

N Y 6.518
19.123 y 6518
z

-

10.13

BMD
(all values are in kN-m)

8. (a) Solution:
10 kN

B fe—-15m 15m I

21 EtY

12 kN/m —.

6m

+ J4

DOF = 0, 6 and horizontal sway 6
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Fixed end moments

Cwlly | 12x6%
My = =5~ = =15~ =~ 36kNm
wl? 12 x 62
Mgy = +=2% = +=——— =+36kNm
WLgc 10x3
MFBC = —T = _T = -3.75 kNm
_  WLge  10x3
My = + 3 —+T—+3.75kNm

Slope deflection equations

Let the rotations at joints B and C be 6, and 0 and the horizontal sway be 8. Since A is

fixed, 6, = 0.
2EI 306 EI d
o 002 S
2EI 35 EI d
MBA = 36+T|:293 —?j| = 36+?|:2GB —Eil
_ a5, 2EQD 0o
My = —5.75+ 3 205 +6 |
~ 2E(21)
M = 375+ [26¢ +65]
Now, M, =0,
o - _ B 1.40625
¢ 2 EI
Substituting 0. into M.,
My = _3.75+@ 26, _9p 140625 _ 2EI6, - 5.625
3 2 EIl
Joint B equilibrium,
Mpy + Mpe = 0
— 36+ %EIBB —E?IS+ 2EI05-5.625 =
2.667 EI6, - 0.167 EI5 = -30.375 (1)
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Shear condition for column AB

H, =12x6=72kN Vi
Taking moment about B, , 4 2, M,
2 BA Ny
M, +M,, +H, x6 -12X0" _ ;
= M,p+M, +432-216 = 0 §
EI 12kN/m{ 6m
= ?[363—6] = -216
= 3EI0, - EI5 = - 648 ..(ii)
Solving equation (i) and (ii)
MAB ) HA
755.813
d = A
EI
o - 35.937
B~ EI
Final moments
1 755.813
MAB = -36 +§|:35937 - 2 } = - 150 kNm
M,, = 36 +%{2 % 35.937 - 755'813} ~ - 66.2 kNm
My = 2x35.937 - 5.625 = 66.2 KNm
Meg = 0
Point of contraflexure in member AB
Let the point of contraflexure be at a distance x from A. (AT
192 66.01
M, = Hyx+ M,p - Tx =0
12 kN
72x - 150 - 622 = 0 /m
6 m
6x? - 72x +150 = 0 ) G S X
Solving the quadratic equation, x = 9.31 m > 6 m (not ok)
x = 2.689 m <6 m (ok
(o) Ay g =72KkN
150
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8. (b) (i) Solution:
Diameter of bolt hole,
Number of bolts,
Pitch,

BMD
l 2.683 m (all values are in kN-m)
A

do =20+2=22mm
n=>5

p = 50 mm

Calculation of Areas for Block Shear (for one angle)

Total length of shear plane,

Length of tension plane,
Gross area in shear,

Net area in shear,

Gross area in tension,

Net area in tension,

Block Shear Strength-

L, = 35+ (4 x 50) = 235 mm
L, = 35 mm

A, =L xt=235x6=1410 mm?
[L,- (4.5 do)] x t

B
I

A, = [235- (4.5 x 22)] x 6 = 816 mm?
A, =L x t =35 x 6 =210 mm?

A, = [L-(05xd)] xt

A, = [35- (05 x 22)] x 6 = 144 mm’

Case I: Shear Yielding and Tension Rupture

— Avgfy + 0'9Atnfu
dbl \/gymo Vot

_ 1410x 250 N 0.9x144 x410
dvl J3x1.1 1.25
= 227.523 kN

T

~
|
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Case II: Shear Rupture and Tension Yielding

T — 0'9Avnfu +At8fy
P By Yo

T - 0.9x816x410 N 210x250
- w2 " T 3x1.25 11
= T,, = 186.801 kN
Block shear strength for one angle is the minimum value,
T gpsingtey = 186.801 kN

Total Block Shear Strength of the Member

Tgptotary = 2 % 186.801 = 373.602 kN
= T gp(totary = 373-602 kN
8. (b) (ii) Solution:
Given data
Factored load, P =160 kN
Eccentricity, e = 150 mm
Length of weld, [ = 450 mm
Inclination angle, 0 = 45°
Components of factored load
Vertical component, P, = 160 sin 45° = 113.137 kN
Horizontal component, P, = 160 cos 45° = 113.137 kN

Sectional properties of weld

Let t, be the effective throat thickness.

N\

Area of weld, A, =450 x t,
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o _ t,x450°
Moment of inertia, T
= I = 7593750 x t, mm*
. Iyy =0
. Polar MOI, I = I+ Iyy = 7593750 x t, mm*

Shear stresses

Critical point at extreme end of weld,

max

Direct vertical shear stress,

T

7

Direct horizontal shear stress, g,

= qZ
Moment, M
Torsional shear stress, qs
= q3
= ‘73
Resultant stress
Total horizontal stress,

I
Total vertical stress, f,

450

T =225 mm

113137
450 x t, (

/mm?)

251.416
7 (
t

113137
450 x ,

251.416
tt

(MPa)

113137 % (%— 150) = 8485275 N-mm

M X7

L,

8485275 %225
7593750 x t,

251416

(MPa)

t

502.832
tt

g, * G5 = (MPa)

251.416
. (
t

MPa)
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502.831)> (251.416)°
Resultant stress, f, = ; + ;
t t
562.182
= fr = ; (MPa)
t
Determination of weld size
410
Design weld strength, = —
gn g Jawd A1
= fog = 189.37 MPa
562.182
For safe connection, ; < 189.37
t
= t, 2 2.968 mm
= 0.7s = 2.968
= s = 4.240 mm

Provide a fillet weld size of 5 mm.

8. (c¢) Solution:

The ILD for shear force at centre of span is as shown in figure. For maximum negative
shear force the leading load should be on the section. The maximum ILD ordinate for
shear force at C.

Maximum negative S.F. at mid-span

60><0.5+[90><§+100><1+4O><1+4O><l}
8 24 6 12

102.916 kN
For maximum +ve shear force at C, the trailing load should be at C.

Maximum positive shear force at C.

4O><0.5+[4Ox£+100x1+90x£+60xi}
12 24 24 12

89.583 kN
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40 kN
90 kN
60 kN

| 0.5‘+
wc
11 7 3 0.5
12 6 24 8
(ILD for SF at C)
z z % z =z
s
28 2 8 2

0.5

N
8
w
8
e
=
w
=

;/

-5 7 5
0512 24 24
(ILD for SF at C)

—_

—_
N

For absolute maximum bending moment:

40 kN
40 kN
90 kN
60 kN

N
3

3m [2m]| 3m

T ™~

Vi Y2 Ye Y3 Yy

A

B

fe—11.7576 m I 12.2424 m ———|
Let C.G. of loads from leading wheel load be at a distance x.
90x3+100x5+40x8+40x10
Then,

X 60+ 90 + 100 + 40 + 40
45152 m
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This is near to 100 kN load. Hence, maximum moment is likely to occur under this load.
Its distance from CG.

= 5-45152=0.4848 m

Therefore, its position from end A

=11.7576 m

Therefore, ILD ordinate under this load is

z(L-z)  11.7576(24-11.7576)
Y= T T 24

=5.99

Referring to figure

Therefore, absolute maximum BM = 40y, + 40y, + 100y, + 90y, + 60y,

_ {4())( 6.7576 405 87576 1004 90x 10:2424 . 7.2424 }5_99

11.7576 11.7576 12.2424 12.2424
= 1578.82 kNm

Q000
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