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= (25,0000, +50,0000,) + (50,0000, + 93.75) = 0

25,000 (-0.50,) + 100,000 6, = -93.75 o 0,=-050,
87,500 6, = -93.75
0, = -0.0010714 radian
0, = 0.0005357 radian

Final Moments and Reactions

Substituting rotations into the slope deflection equations:

Myp =0
M,, = -40.178 kN - m
M, = 40.178 kN - m
My = 66.965 kN - m
o
B
H, ¥_ 40178
66.964 KN-m 40.179 KN-m
Hc ( HB
C 8m B ) 4m
Ii i
R
C B A <_I_IA Y
R,
66.965 kKN-m
e
B
(]
13.393 kN

A
L\ 10,045 kKN

13.393 kN

Mg, _
— - =10.045 kN (<)

Mg + Mg
8

Horizontal reaction at A, H A

Vertical reaction at B, R, =13.393 kN (T)
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Vertical reaction at C, R = 13.393 kN ({)

D 40.179 KN-m
c B 40179 kN-m
66.964 KN-m W
A

7.  (a) Solution:

V,=90kN Vs =30 kN

Taking moments about A,

V, x40 = 120 x 10
V, =30kNT
V., =120-30=90kN T
Taking moments about C of the forces on the right side of C,
Hx8 = 30x20
H = 75kN
Let R be the radius of the arch
8(2R-8) = 20 x 20
R =29m

Let D be the middle point of AB.

)2
The equation to the circular arch with D as origin is, y = V R* -x* -, |R? —(E)

Y = 292 _x2 _\[292 _2(?
Yy = 841-x%-21
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Maximum positive bending moment

The maximum positive bending moment occurs under the load, i.e.,

AtE, yp = V841-10> -21 =6.221 m
M, sy = 90 X 10 - 75 x 6.221 = + 433.425 kNm

For maximum negative bending moment

120 kN

e 10m—+~—10m—] x

H=75kN

Taking moment about x-x section (Right side)
M, . = 30x(20-x)-75y

= M,, = 30(20-x)—75(v/841— % —21)

For maximum bending moment

dM,, 0
dx
(—2x)
-30-75X ————— _
- NI
= 2/841-x? = 5x
Squaring both sides
4(840 - x?) = 25x2
4 %841 = 29x?
x = 10.77m

Maximum negative bending moment,

30(20-10.77) - 75( 841-10.77% — 21)
-167.55 kNm

M

max (-ve)
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120 kN C

T
S
=)
S
=)
S
8

BMD
(Values in kN-m)

7. (b) (i) Solution:
Work Breakdown Structure (WBS) is a systematic and hierarchical decomposition of a
project into smaller, manageable components. It breaks the total project work into
progressively smaller elements called work packages. Each lower level represents a
more detailed definition of the project work. The purpose of WBS is to organize and
define the total scope of the project so that planning, scheduling, budgeting, and control
can be carried out effectively.

In a Work Breakdown Structure, the entire project is placed at the top level. This is then
divided into major deliverables or phases. Each deliverable is further subdivided into
smaller tasks until manageable work packages are obtained. A work package is the
smallest unit in WBS and can be scheduled, cost-estimated, monitored, and assigned to
a specific individual or team.

WBS follows the 100 percent rule, which means that it includes 100 percent of the total

project work and excludes any work that is not part of the project scope. It is usually
represented in a tree structure or tabular format.
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Merits of Work Breakdown Structure

WBS clearly defines the scope of the project and avoids ambiguity.

It helps in systematic planning and scheduling of project activities.

It improves cost estimation and budgeting accuracy.

It facilitates assignment of responsibilities to individuals or departments.
It helps in effective monitoring and control of project progress.

It improves coordination and communication among project participants.

NSl L=

It reduces the chances of overlooking important activities.

Demerits of Work Breakdown Structure

1. Preparation of WBS may be time-consuming for large and complex projects.
It requires experienced personnel for proper structuring.

If not prepared carefully, some activities may be omitted or duplicated.

Frequent project changes require continuous updating of the WBS.

AR

It focuses on deliverables and may not clearly show activity sequencing unless
combined with network techniques.

7. (b) (ii) Solution:

Network diagram for the given project is

Values in parentheses shows the duration of the activities.

@-* or C - H - T is the critical path.
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Based on the forward and backward pass calculations, the detailed schedule is presented

below. Accuracy is maintained as per the standard integer values provided in the data.

Activity | Duration | EST | EFT | LST | LFT | TS | HS | TF | FF IF
A 3 0 3 8 11 0 8 8 0 0
B 4 0 4 6 10 0 6 6 0 0
C 14 0 14 0 14 0 0 0 0 0
D 3 4 7 11 14 6 0 7 7 1
E 5 3 11 16 8 0 8 8 0
F 6 4 10 10 16 6 0 6 6 0
G 4 4 8 11 15 6 0 7 7 1
H 1 14 15 14 15 0 0 0 0 0
I 1 15 16 15 16 0 0 0 0 0

Here, TS = Tail slack, HS = Head slack, TF = Total float, FF = Free float,
IF = Independent float
FF = TF - HS
IF=FF-TS

7. (c) Solution:

Joint Member Member Stiffness Joint Stiffness | Distribution factor
4(2EI) 2
BA 1 3
B 3] 3EI 1
BC 3 3
Fixed end moment
_ 16x4
MAB = — 3 =-8 kNm
M, = 16x4 _ 8 kNm
_ wl’  12x3?
= ——=- =-9 kNm
Mgc 12 12

Mg = t9kNm

©Copyright: [MADE EASY www.madeeasy.in



MARADE EASY Test No : 7 CIVIL ENGINEERING | 59
Non-sway analysis
2|1
3|3
A B C
FEM (kN
(<Nim) -8 +8 | -9 +9
-9
45 <
-8 +8 | -135 0
PN
+3.67 | +1.83
+1.835 0
Final moment (kNm) _g17 11.67 | -11.67 0
M, 16 kN
[ 2m 2m I
A B
R MBA
A
M, =
= R,x4+Mp, +M,,-16x2 =
[ M+ My, —32]
— R, = AB ; BA
= R, = 6.625 kN
M
- 12kN/m
B Q
My
| 3m
R¢
M, =0
= -Ro*X3+ M+ Mp-+12%x3x15 =0
— R. = (Mj =14.11 kN
¢ 3
ZFy =R, +R.-16-12x3
= 6.625+14.11-16-12x%3
= -31.265 kN
<. Sway force, S = 31.265kN ({)
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Sway analysis

Due to sway of A, the fixed end moments are,

_6E(2I)A _ GEIA _ 3

MAB = M, = 42 8 ZEIA
_ 3EIA _EIA
Mye = 732777537
Mo, =0
Ratio of fixed end moments,
. 3..3.1,,
Mg Mgy : Mpe : M = 4 43
=-9:-9:44:0
2|1
313
A B C
-9 -9 +4 0
PN
R 333 | 1.67
1.67
Col.(a)
-7.33 -5.67 | +5.67 0
For &’ R,/+RS =5
M,AB
A B
My,
R, 4m |
My =0
= R,/ x4+M,;+M,, =0
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;[ Mup+ M, |
= R, = [ 1 =3.25 kN
M’y
1
q | ¢
| M/CB
I 3m R/
IM, = 0
, My 567
RS = == =1.89 kN
S =R A’+ RC’
=325+1.89
= 514 kN
S _ 3256 ng3
S’ 5.14
Moments:
AB BA BC CB
Non-sway moments -6.17 11.67 -11.67 0
Col.(a) x E} 4459 | 3449 | +3449 0
Final moments -50.79 -22.82 +22.82 0
Free Moments:
WL 16x4
Span AB = - =16 kNm
wl? 12x3?
= —— = =13.5 kNm
Span BC 3 3
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BMD
50.76 KNm
20.79 kNm 135 + 2%.82 =24.91 kNm
o5
A C
®
22.82 KNm
8. (a) Solution:
Fixed End Moments (FEMs):
wl? 10 x 82
Mpup = — o - 1 53.333 kKNm
wl? 10 x 82
Mgy = = 1 == B =53.333 kNm
wL  30x4
Mppe = ~—g ==~ g =-15kNm
wL 304
My = 8 8 15 kNm

M, = -20 x 2= -40 kNm
Slope Deflection Equations:
Support A is fixed, so 6, = 0.

2E(2I

Mg = Mpap +%(26A +05) = -53.333 + 0.5E0,
2E(20)

Mg, = Mpps+=—4 (265 +6,) =53.333 + EIb,

2EI
Mye = Mg +T(ZGB +6c) =-15 + EI6, + 0.5EI0 .

2EI

Mg = Micg +T(2eC +65) =15 + EI6. + 0.5EI0,

Joint Equilibrium Equations:
Joint B: My, + M,-=0
(53.333 + EI0,) + (15 + EI6,; + 0.5EI0 ) =0
2EI6, + 0.5EI0. = -38.333 (i)
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Joint C: My + M-, =0

(15 + EIB- + 0.5EI6,) - 40 = 0
0.5EI0, + EI6 - = 25 ..(ii)
On Solving equation (i) and (ii)
EIB, = -29.047
EI6. = 39.524

Final Moments:
M, = -53.333 + 0.5(-29.047) = -67.86 KNm
Mg, = 53.333 + (-29.047) = 24.28 KNm
Mg = -15+(-29.047) + 0.5(39.524) = -24.28 kNm
Mg = 15 +39.524 + 0.5(-29.047) = 40 kKNm

Support reactions:
67.86 24.28 2428 30 kN 40 20 kN
A 10kN/m >
8m
20+ 4358 34.55 KN  11.07kN 18. 93 kKN 20kN
8
= 45.45 kN
30 kN 20 kN
67.86 kNm Joknym 2428 KNm 40 KNm
g o | Nerl,
21 N JaN
8m 2m i 2m—{ 2m E
4545 kKN 45.62 kN i 38.93 kN §
4545 kN ® 11.07 kN ® ® | 20kN
Al o |B o | D
! 18.931kN
| 3455 kN ! |
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8.

(b) (i) Solution:

To classify the slope as mild or steep, the normal depth y, is compared with the critical
depth y..

Mild slope: y, >y, which implies S, < S,

Steep slope: y, <y which implies S, > S,

The limiting condition occurs when

Yo = Y
At this condition,

SO - Sc
Critical depth for a rectangular channel is obtained from the condition of critical flow,

v,
g Cc
1/3
‘ 8

For a wide rectangular channel, hydraulic radius R = y.
Manning’s equation for discharge per unit width is

Q= Ax%R%sg/z

Q=4gxB
q= %yiﬁsé/z

At the critical condition, substitutey =y.and S =S,

_ 1 nge
n

Substitute the expression for y,

_ 1 ﬁ gy
7= g ¢

_ 1&51/2
= q= n g5/9 c
5/9
nqg
i sY* = g1
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5/9
n
= S,}/ 2 = g1—/9
Squaring both sides,
2.10/9
ne&
= S = —<S_—
c q2/9
. 2 g10/9
Hence, if S, < W
the slope is mild and the flow is subcritical (y, > y.).
2.10/9
ne&
If So> T

The slope is steep and the flow is supercritical (y, <y,).

8. (b) (ii) Solution:

1. Lump Sum Contract: A Lump Sum Contract is a type of contract in which the
contractor agrees to complete the entire work for a fixed total price. The scope,
specifications, and drawings are clearly defined before execution. The contractor
bears the risk of quantity variations and cost overruns. Payments are generally made
based on milestones or stages of completion. This type of contract is suitable when
the project scope is well defined. It provides cost certainty to the employer. However,
changes in scope may lead to claims or disputes. It encourages efficient planning
and cost control by the contractor. Quality must strictly follow contract specifications.
It is widely used in building construction projects.

2. Item Rate Contract: In an Item Rate Contract, rates are quoted for individual items
of work listed in the Bill of Quantities (BOQ). The total contract value depends on
actual quantities executed. It is suitable where exact quantities cannot be determined
in advance. Payments are made based on measured quantities at agreed rates. The
risk of quantity variation is borne mainly by the employer. It provides flexibility
during execution. Detailed measurement and record keeping are essential. It is
commonly used in government works. Disputes may arise due to variation in
quantities. It ensures transparency in rate comparison.

3. Percentage Rate Contract: A Percentage Rate Contract involves quoting a percentage
above or below the estimated cost prepared by the department. The estimated
schedule of rates forms the basis of payment. The contractor agrees to execute work
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at the quoted percentage variation. It simplifies the tendering process. It is widely

used in public works departments. Payments are made according to actual quantities
executed. It reduces the effort required in preparing item-wise rates. However,
accuracy of departmental estimates is crucial. It provides quick comparison of bids.
It is suitable for routine and repetitive works.

4. Cost Plus Contract: In a Cost-Plus Contract, the contractor is paid the actual cost of
work plus an agreed profit margin. The profit may be a fixed percentage or fixed fee.
It is suitable when scope is uncertain or urgent work is required. The employer
bears most of the financial risk. Proper documentation of expenses is essential. It
ensures quality since cost cutting is not the primary concern. However, it may reduce
incentive for cost control. Variations are easier to accommodate. It is often used in
research or emergency projects. Transparency and auditing are very important.

5. Turnkey Contract: A Turnkey Contract requires the contractor to complete the entire
project and hand it over in ready-to-use condition. The contractor is responsible for
design, execution, and commissioning. The employer’s involvement during execution
is minimal. It ensures single-point responsibility. Time and cost are generally fixed.
It reduces coordination issues between different agencies. The contractor bears
significant risk. It is commonly used in industrial and infrastructure projects. Quality
and performance standards must be clearly defined. The project is delivered as a
complete functional facility.

6. EPC (Engineering, Procurement and Construction) Contract: An EPC Contract is a
comprehensive contract covering engineering, procurement, and construction. The
contractor is responsible for design, material supply, construction, and
commissioning. It provides single-point accountability. The project is usually
executed on a fixed price and time basis. Risks related to cost and delay are largely
transferred to the contractor. It is widely used in power plants, highways, and large
infrastructure projects. Strict performance guarantees are included. It ensures
integrated project delivery. The employer monitors progress but has limited design
involvement. It promotes efficiency and timely completion.
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8. (c¢) Solution:

Given data
5 12kN/m c
T 20 K
4m ]
Re
4m
A
Height of member AB =4m
Length of member BC=4m
Uniformly distributed load, w = 12kN/m
Flexural rigidity, EI = constant
Moment equations for each segment are written to apply the conditions
ou ou
E = 0 and ) RC =0

For member CB, taking origin at C and x measured toward B,
M 12kN/m

f X

RC
127
M = Rex—
<2
oM oM
0H dRc
For member BA, taking origin at B and y measured toward A,
M = My +Hcy
oM oM
0H dR¢
Moment at joint B,
12x4
My = Rox4- =
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My = 4R--96
Now, M= 4R.-96)+Hy
Applying Castigliano’s theorem
ou
F — =0,
or 3H. 0
(4R--96)+H d
J‘[ o c]/:| y _ 0
OHc? 2EI
t(Hey—(96-4Rc))
cy c))y
dy =
= I I y =0
0
2 2
- %Hc 96 x 4 +4RC><4 _ 0
3 2 2
64
= ?Hc—768+32R =0
= 64 H-+96 R.-2304 = 0 (1)
F U =0,
or R,
4 ch 6x t(Hey-96+4R.)4
I( ) I cy= c) dy =
0 0
4 4
(]
——— | +|4| ——-96y+4R =
= { 3 1 > y+aRkey ; 0
64R
= ( 3 —384) +(32H. - 1536 + 64 R ) = 0
= 32 H+ 2R 1920 =
3
= 96 H.+ 256 R.-5760 = 0 ...(ii)
On solving equation (i) and (ii)
R, = 20571 kN (1) and H-=5.143 kN (<)
Maximum bending moment in span BC occurs where shear force is zero.
V = R.- 12x
= 20571-12x = 0
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x = 1714 m
12 x1.7147
M, .)pc = 20571 x 1.714 - — 5
M, )pc = 17.632 kNm
12x47
Moment at joint B, M, = 20.571x4 - a
= Mg = -13.716 KNm
Moment at support A, M, = H-x4-13.716
= M, = 6.856 KNm
M, =17.734 kKNm
13.716
7 +
13.716 |
5*1.714 m-=|
BMD
6.856
Q0Q0
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