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lmportant lnstruction to Examiners:-. .

1) The answers should be examined by key words & not as word to word as given in the model answers
scheme.

2) The model answers & answers written by the candidate may'vary but the examiner may try to access
the understanding level of the candidate.

3) The language errors such as grammatical, spelling Lttorc should not be given more importance.

4) While assessing figures, examiners, may give credit for principle components indicated in the figure.

5) The figures drawn by candidate & model answer may vary. The examiner may give credit for any
equivalent fi gure drawn.

5) Credit may be given step wise for numerical problems. ln some cases, the assumed contact values ma
vary and there may be some difference in the candidate's answers and model answer.

-6) ln case of some questions credit may be given by judgment on part of examiner of relevant answer
_ based on candidates understanding.

7) For programming language papers, credit may be given to any other programme based on equivalent
concept.

lmportant notes to examiner

I ) lN Q.NO-2(a) the span is not mention clearly weather it is effective or clear spa
hence student may assume any of this two so accordingly two solutions have
been provided which should be asses and marks should be given accordingly.

2) lN Q.NO-3-A-(b) in this probleni unsupported length off column is not mention
hence the checks for minimum eccentricity are not possible so if the students
assume it and given the check for minimum eccentricity full credit should be
given. ln this model answer one sample calculation by assuming unsupported
length have been given for reference. Also students may go for finding axial
load directly without giving check for e.''ln in that case marks should be given.

3) lN Q.NO-S(a) in the given problem M6 is less than M;;,n hence the section cannoiL be design as doubly reinforced and it is not possible to calculate A"tz and Asc.
So calculation up to Ast{ only given full credit.

4) lN Q.NO-S(b) for two alternate solutions are provided one by assuming given
span as clear and other by effective.

5) lN Q.NO-6(e) in this problem the given value of factored load is not sufficient
and giving negative value of Asc therefore though students calculated Asc full
credits given to students
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Q.NO SOLUTION MARKS
Ql. A} Solve any THREE T2

(a) Solution: Limit state may be defined as "the acceptable limit for the safety and
serviceabiIity of the structure".
Types:

1) Limit state of collapse.
2) Limit state of Serviceability.

02

01
01

(b) Solution:
1) A normal section plane before bending remains plane before bending right

upto collapse.
2) The maximum strain in concrete at the outermost compression fibre is taken

as 0.0035 in bending.
3) Concrete under tension is ignored. Tension is to be taken by reinforcement

only.
4l The distribution of compressive stress in concrete across the section is defined

by idealized stress-strain curve of concrete.
5) Perfect bond exists between steel and concrete right upto collapse.
6) The design stress in steel reinforcement is obtained from the strain at

reinforcement level using idealized stress-strain curve for the types of
reinforcement used.

7) According to lS code, the maximum strain in steel in tension shall not be less
than:

0.002 + fyl (1.15E) at collapse.

Any four
01 for
each

(c) 1) Building with lateral load resisting system comprising l)A ductile moment
resisting space frame or ll)A dual system consisting of ductile moment
resisting space frame and ductile flexural {shear) wall, qualify for low seismic
induced forces.

2) A frame of continuous construction, comprising flexural member and column
designed and detailed to accommodate reversible lateral displacements after
the formation of plastic hinge.

4M

(d) Advantages:
1) This provides a type of construction which is always free from cracks under full

working load. Due to this reason, such type of construction is suitable where
great danger of corrosion.

2l Sufficient horizontal compression due to prestress reduces principaltensile
stress and shear resistance is developed without heavy reinforcement or large
webs.

3) Less quantity of steel is used as high compressive strength concrete is used.
4l This type of construction saves material as well as dead loads and hence

considerable saving in supports and foundation is also achieved.
5) Smaller sections are used hence can be used for large span.
6) The cost of shuttering and centring in large structure is reduced.when

prestressed precast eleme4ts are assembled.
7l Deflections of structures arb reduced.

,8) lt saves time and money. '

Any two
01 for
each

dr
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Disadvantages:

1) lt requires high tensile steel and high strength concrete; hence it will become
more expensive for smalljob. '

2l Prestressing is tedious job and also requires skill supervision.
3) lt does not increase ultimate strength df concrete.
4) lt requires special equipments such as jacks, anchorages, high tensile cables

etc.
Different types of losses are occurs like losses due to creep in steel, friction, slip of
anchorage etc.

Any two
01 for
each

(e) Solution:
1) Vertical stirrups
2l Bent up bars along with stirrups
3) lnclined stirrups

4M

d' \:.
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x tS6 Nwnm

Mu, :

'*" fu(u, tr 0'.}7 X j

**"J&r, Y *3fr

SOLUTIOI\ R{ARKS

wing:(04x04:16) t6
4pgpd beam-:

ntegrally with the web, or the weh ancJ the slab shall be

ther in any other manner; anct

:rent of the slab is parallel ta t}"r* beam, 'transverse

rrovided such that reinforc€ment shall not be less than 60

iforcement at mid span of the slah,

nd T beam: ,.

+ 6Df < Actual" f lange widLtt (tr)

w -{- 3Dr

cf f lange
?n points of zero moments

'nge

2

1

1

qf T-beaJn:

b* = 275ffiffi,
{{)s
m

" 0,87 x fy x Ast
t\r''r 'L7t 0.36 x frrc x bf

0.87x500x2400
Y r'uu 0.36 x zs x 11oo

u dso

. .A.ssumptton is correct.
= 0.3 6frrcb7x" (d - 0 .42xu)
x 1100 x 105.45 x (450 0.42 x 1.05"45)

Y& = 423.54kNm

= 0.8I fyA tt(d 0.42xu)
500 x 24A0 x (450 0.42 x l"{}5.45)
3.56 x 106 Nmm = 423.56ftffne

d = 450ffirr1, Asf = 240Ammz

1

%

1'

%

I
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c) To find development length in tension and compression.

Data Given:

A = L6mm, fy : 4LS MPa,

rbd = L.2 MPaf orplatnbarstntenston

Development lengf,h (Le ) in tension:

0.87x frtALd=ffi
...(raa has been increased by 60% due to HYSD bars.)

. r _0.87x415x15.. ucr - 4 x L.2x r^o = zs2.L9ntm

Development length (Lo ) in Compression:

0.87x frxA,o:@
...(rna Has been increased by 60% due to frySD bars) and

...(raa Has been further increased by 25% due to bars in compression.)

0.87 x 4tS xL6La=ffi=601.75mm

I

I

I

1

d) Development Lensth: Development length is the length required to develop the stress

in the bar from zero to maximum by transfer of stress from concrete to steel.

Factors affecting development lensth:
1. Grade of steel,
2. Grade of concrete,
3. Diameter of bar,
4. Design bond stress,

2

2

e) Design of column:
Data Given:
Factored load Pu: 3000kNI,
Concrete M20 and Steel Fe415, unsupported length :3m, Assume pYo: lYo.

p: pWl00: 1/100: 0.01
,. pu = to.+f,u + (o.ez6 - o.+f,y)plen

... 3000 x 103 = [0.4 x20 * (0.67 x 475 - 0.4 x 20)0.}L]As

" An = 280360.73mm2

Side of square column : rl7FF36L = 529.49 * 530mm
Provide column of 550 mm x 550 mm
Area provided An: 550 x 550 = 302500mm2
Check for minimum eccentricity,

,,3000 550 t
€mina 

500 
* 

S0 =24.33mm

0.05h:0.05x550 :27.Smm i

Here, e^in < 0.05h, therefore the column can be designed as axially loaded
,. pu = lo.+1uen + (o.oz1, -.0.4fck)A.,"1 

'

... 3000 x 1000 : [04 x 20 x 302500 + (0.67 x 415 - 0.4x 20)Asc]
:, Aon = 2!47.7Smmz

%

%

%

%

%
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Provide 8-20mm bars area provided :25l3mm
Diameter and Pitch of lateral ties:
Diameter of lateral ties )20 14 - 5mm " and,

Pitch < 550

< 300mm I

Provide 6mm lateral ties at 300mm '/.

%

%

%

Qoa+q,1) AttemptANY THREE of following: ( 03 x 04 : 12) 12

a) Methods of prestressing:
There are two major methods of prestressing

1. Pre-tensioning
2. Post-tensioning - (a) Intemal prestressing , b) External prestressing)

Pre-tensionins:
In this system, the tendons (steel wires, cables, strands used to impart prestress to
concrete) are first tensioned between rigid anchor blocks then concrete is subsequently
placed and compacted to the required shape and size. After the concrete hardens, the
tendons are released from the prestressing bed transferring the stress to concrete.

OR
Post-tensioning:
This method of prestressing is classified into intemal and external prestressing.

In intemal prestressing, the untensioned wires are placed in the duct of beam during
its casting. After the casing and hardening of concrete the wires are stretched against
the member itself. Once desired stretching is over they are anchored at the two ends.

After which the space between wires and sheathing is filled with grout.
In external prestressing system, wires are wound around the existing structure and

prestressing operation is done to protect the existing damaged structure. In this case

extemally wound tensioned wires, cables are encased by dense concrete secured to the
main concrete.

I

3

b) ifv of colLoadoad carrvrng caDaclw oI column:

(Note: In given problem unsunported leneth is not
mentioned, and hence checks for minimum eccentricity
are not possible without the value of unsupported length.
So if students have assumed it and given the check for
minimum eccentricity full credit should be given.)
Data Given: Column size 300 mm x'450 mm, Reinforcement 4-l6mm0& 4-l2mm0,
Materials used: M20 and Fe415.

As = 3Q0 x 450 = 135000ntm2 ,

fi I^ TE

Ar, : n 
" ;x !62 * 4 x nx L22 : L256.64mm2

. Pu:o.Afa,An + (O.eZ6 - 0.af"x) X A,"
Pu= 0.4x20 x 135000 + (0.67 x 415 :0.4 x 20) xt256.64

' "' Pu= L4l9.35kN
oR ''r

1

1

1
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Here one sam le calculation is given by assumins unsu orted length of column
as 3m.

As= 300x450= l^3iOOOmm2

Ar, = o "Ix L62 * 4 xf,x n2 = 1256. 64ntmz
Lh,

€min = 500 
+ 

30 
or 20mmwhi"chever i.s greater

3000 450
€min = .500 * EO 

:ZLmm or 2\mmwhi.chever i"s greater

Also,e^in - Zlmm 1o.oun = o;u?t ; '='ffi^*
Pu : o.Afrpl,n + (o.oz 1n - o.afrrc) \ A$

pu= 0.4 x 20 x 135000 + (0.67 x 415 _0.4x20) xL256.64

"' Pr, = L4X9.35kN
Pqrtial safetv factors:Since the safety of
principal design factors (viz. load and material strengths) which are not dependent on
each other, two different safety factors, one for load and other for material strength are
used. Because each of two factors contributes partially to safety, they are teried as
partial safety factors.

l. Partial safety factor forLoad (y)
2. Partial safety factor for Material Strength (7_)

Values recommended in 15456-2000 for concrete and steel.
Material Partial safety factors
Concrete

Situations in which a doubly reinforced beam is provided: (ANY FOUR
1. When the applied moment exceeds the moment resisting capacity of a singly

reinforced section.
2. When the section of the beam

room, appearance etc.
3. when the section of the beam is subjected to reversal of bending moment.
4. In continuous T beam where the portion of beam over middle s=upport has to be

designed as doubly reinforced.
5. When the beams are subjected to eccentric loading, shocks, or impact loading.
6. I-f the bending moment exists over a relatively short length of the beam o-nly,

then the cost of additional steel is small as compared 1o the cost of singiy
reinforced beam of constant section.

7. compression steel is sometimes provided to reduce the deflection.

is restricted due to the requirements of head
I for each
any four

AttemptANY ONE:
Ultimate moment capacify of beam:
Data Given:
b-280mffi,d=Jl0mm,d'
fy:415MP&, fr. -353 MPa

:50mffi, Art-2455mm2, Ar.: 402mrr],

t'

i'1 1
: nstT

'353x

frrA*

- 393 ... A = 2O6Zmm2
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Mr, ffi {}.t} ',l 
f'y,,ts*u {d * a.42xu*o*) * f ,r4rr(d

Mu = 0,87 x 4i.5 x {}{,?l x (510 * 0.42 x 244.8) + 3s3 x

SIIMMER - 15 EXAMIi\ATIONS
Y'',$9.*-eJ.A+,pJypr Design of RCC Strqx*€tlr#$ PageNoLt3fti

* a._

,y*' \
e,4- ,i

4{i2{5r0 s0)

"' Mu = 368' 42kNm
OR

Mu = A.87 frAstr(d * 0.42x"*o*) * (f ,, - f ,r)Ar"(d * d,)
Mu = 0.87 fnAstr{d - A.4zxu*or) * (fr, - 0.446fck)As((d _ d,)

,. Mu = 0.87 x 41"5 x2062 x (510 -0.42x244.8) + (3S3 * 0.446 x 30
x 402(510 * 50) '

Mu = 365.21kNm
oR'

Mu - 0.36frpbxu*or(d * A.4Lxu*o*) * f ,rAr"(d - d')

'. Mu = 0.36 x 30 x 2fl0 x 244.8 x (510 -0.42x244.8) + 3s3 x a0z(510 - 50)

"' Mu = 366.7kNm
OR

Mu - 0.36frybxu*o,(d * 0-42xu*o*) * (f ,, - f ,r)Arr(d - d.')
,. Mu = 0.36 x 30 x 280 x 244.8 x (510 -0.42x2a4.8) + (3S3 * 0.446 x 30

x 402(510 *"50)

"' Mu = 364.23kNm
Note: Here students may calculate the value of Mu by either consirlering the value
of fcc or neglecting fhe value of fcc, so full credit should be given accordingl
Data Given:
Beam size: 200nrn1 x 3{}t}nrn"} eiibctive
b:200 mm, d='3{}0 mtn, f'*i,,,,,,,,20 MPa' fr,-4 15 MPa.'
Mu:74 k].,Im, d'-30mm, ff.rr_=,3si MPa

x a.unrax 
: 0,48 x

Mrrr*o* -
"' M*r*** ffi 0'l-38 X 20 X

300 = L44mm
Rr*o*bd2
200x3002=49.6$ftffne
Mur*o*

Balanced mofflent" Muz tr Mu -* Mut
* 74 * 49,68

"" 
M"rz ffi ?^e. 33 kNm

Arr.st2

o'o A.;r,'l

Total area of tension stee I",

,A
'e ll.sl. 

1

a9

Total area of cornpressi*l'r st*cl"

/1t-h/ as'[1 *
0.B7fv@ - 0.42xu*o*)

49.68 x 106

C"{}7 x 4LS x (300 0"42 x 1,4qi
'*"dsrr = 574.4\mmz

Muz

0.87 fr(d * d')
24.32 x 106

0,87 x 4LS x (300 30)

'"' Astz = 249'4\tmmz

Ast = Asn*Astz
Art = 57 4.48 + 249,48
"" Ast = 823.96mrn2

c
iA
.Lt
'j / t.sc

0"87 fyAstz

0.87
f,,

x 4LS x 249.48

353
= 255.68mm2
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