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Q.1 What are the various assumptions on which the design for the limit state of collapse in ”Bxur b
8 iy

based? 110
marks : 1o

Solution: 4
As per IS : 456-2000, the design for the limit state of collapse in flexure shall be based on the assumpy,
ng

given below:
(a) Plane sectlions normalto the longitudinal axis rermain plane after bending.

(b) The maximum strain in concrete at the outermost compression fibre is taken as 0.0035 in bending.

(c) The relationship between the compressive stress distribution in concrete and the strain in Concretg
be assumed 1o be rectangle. trapezoidal, parabola or any other shape which results in prediction q"
strength in substantial agreement with the results of test. An
acceptable stress-strain curve for concrete is given figure. o

For design purposes, the compressive strength of the concrete /L.____W ) |
in the structure shall be assumed to be 0.67 times the T =
char§ci§r:stac ;trengih. The partial safety factor y,, = 1.5 shall be @ /.__.__N serr,
applied in addition to this. & .;

/ L losre,

(d) The tensile strength of the concrete is ignored. ' .

(e) The stresses in the reinforcement are derived from representative &
stress-strain curve for the type of steel used. For design purposes,
the partial safety factor y,, = 1.15 shall be applied.

(f) The maximum strain in the tension reinforcement in the section at failure shall not be less than

0.002 0.0033
Strain —»

7;,
3 41555 + 0.002

i

where f = yield strength of steel
E, = modulus of elasticity of steel

Y2 A RC wall of 175 mm thickness and 3.2 m effective height is needed for a compressive load of

1000 kN/m. Design the wall using M15 grade concrete and mild steel reinforcement.
[15 marks : 19%8]

]
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| SOIULI}'he wall should be designed fo,

. alength :of 1
grfective height, H=32m r=n.320
Thickness, t'= 175 mm o
Slenderness ratig - H - 3200
| t = 75 =1829 12
Henoe, it should be designeq like a long column
175 mm
e — 1000 m +
T
H
R . =1.25- =
48t 48x175 ~ 0869
‘We know that
I: ) CR (GCC Ac + cssc Asc)
5 1000x 103 = 0.8g9 [(1000><175—Asc)4+130><Asc]
= Ase = 3577.4 mm2

lzféglokness 'S more than 200 mrm, then provide reinforcement on both sides but here thickness is less than
mm.

Reinforcement required on one face = 3577.4 mm2
Assuming that 16 mm ¢ bars are used, then

number of 16 mm ¢ bars = 92774

T " =17.79 = 18 bars

1000

TN 55.55 mm
Hence, provide 9 No's 16 mm ¢ bars @ 55 mm c/c

Design of horizontal bars

Spacing of bars

025
Ast = Tgg * 1000 x 175 = 437.5 mm?
4375 ,
Number of 10mm ¢ bars = ety Y 5.57 =6 No's
—x(10)
4
1000 =

Spacing of 10 mm ¢ bars =

Q3 Whatdo you mean by a tread riser staircase? List out the steps for design. Draw a sectional elevation
of this staircase showing the different reinforcements needed.

[15 marks : 1995]
Solution:

A stair may be defined as series of steps suitably arranged for the purpose of connecting different floors of
a building at different elevations. It may also be defined as an arrangement of treads, risers, stringers, newel



—ay

ide an easy and quick
POsts, hand rails and baluster, so designed and constructed as to prov Auick accegg Othe
Yig

containing the comp) )
different floors rendering comfort and safety to the users. The enclosure Plete sty;,
y

termed as staircase. i i
‘ : e of stairca i

A staircase without any waist slab is called a tread riser staircase. g;stglsnté/vp\)m as straighsti,t(:\ri]rl il
tread are provided so they are called tread riser staircase. They are Caseg,
ireCﬁOn

Design steps for stairs: . ;
(i) Effective Span of Stairs: Stair slab may be divided into two categories, depending upon the d

in which the stair slab spans.
(a) Stair slab spanning horizontally/transversely
Wa” Qr

(b) Stair slab spanning longitudinally(along the incline) | Hisid '
Stair slab spanning horizontally: In this category, the slab is supported on each side by sige
ght stairs, the

stringer beam on one side and beam on the other side. Some times as in the case of straj
SPan Lis the

slab may also be supported on both sides by two side walls. In such a case the effective
t0p of the

horizontal distance between centre to centre of supports.
Stair slab spanning longitudinally: In this category, the slab is supported at bottom ang .
er eams

flight and remain unsupported on the sides. The effective span of such stairs, without string
e diStanCe

a distance

between centre to centre of beams.
(b) Where spanning on the edge of a landing slab, which spans parallel, with the r;sers,
equal to the going of stairs plus at each end either half the width of the landing or one Meter

y shall be considered ag acting

whichever is smaller.
(c) Where the landing slab spans in the same direction as the stairs, the
ce c/c ofthe Supporting beamg

together to form a single slab and the span determined as the distan
or walls, the going being measured horizontally.
(i) Live load: IS : 875 - 1987 (Part-11) give the loads for staircases. For stairs in residentia] buildings,
re there is no possibility of over crowding, the live loag

should be taken as follows: . ;
(@) Where supported at top and bottom risers by beams spanning parallel with the risers, th

office buildings, hospital wards, hostels, etc. whe!
subject to a minimum of 1300 N concentrated load at the unsupporteq
y independent cantilever step. For other public

may be taken to be 3000 N/m?
end of each step for stairs constructed out of structurall
be taken by 5000 N/m?2.

buildings liable to be over crowded, the live load may
g at right angles occur, the load on

(iii) Distribution of loading on stairs:
(@) In case of stairs with open walls, where spans partly crossin
areas common to any two such spans may be taken as one-half in each direction.
tless than 110 mm and are designed o

(b) Where flights or landings are built into walls at a distance no
deducted from the loaded area and the

span in the direction of the flight, a 150 mm strip may be
effective breadth of the section increased by 75 mm for the purposes of design.
(iv) Estimation of dead weight:

(a) Dead weight of waist slab: The dead weight w’ per unit area is first calculated at right anglestothe
slope. The corresponding load per unit horizontal area is then obtained by increasing w’ by the ratio
A2+ T2 . : . |

7 where R = rise and T = tread. Thus if t = thickness of waist slab in mm, then

" tx1x1 2 lh ..
= 4000 %2000 = 25t N/m2 of inclined area
Hence dead weight w, per unit horizontal area is given by




T WHMGILIWVIIS ) F—

Wy = W'x\/'l_?TT2
\\T\_:.25t__R\2‘j'-\’*'\T\2

.
S+ (RITY

(b) pead weight of steps: The deaq weight of
Stepsig

W

calculz ,
ated by treating the steps to be equivalent

rizonta| slab of thicki €88 equal to T o 6 of step per u
horizon al area, we have o] hus if W, is the weight of st el
W, = X
2 2)(1()()()><1 <1 x 25000

o = 125 R N/m?
Where R s rise in mm.

Total w = (W, + w,)

| per unit horizontal area
) pepth of the Section: The depth of the section shall
jaken as the minimum thickness perpendicular t?) tr)\e
soffit of the stair case. Once the depth of the sec:tiot 'e
finalized, area of reinforcement can be known too alg o
with spacing. b

Distribution
Steel

4 Whatare the different losses of prestress in pre-tensioned and post-tensioned beams. How are they

estimated?
[10 marks : 1995]

 Splution:
. |oses of prestress tf:llfe place in a prestressed concrete member due to many causes. In general these
losses may be classified into the following:

(i) Loss of prestress during tensioning process

(i) Loss cf prestress at anchoring stage
(i) Losses occurring subsequently
Loss of prestress during tensioning process: There always exist a certain amount of friction in the jacking
and anchorage system and on the walls of the duct where the wires fan out at the anchorages with the result,
the actual stress in the tendon is less than what is indicated by the pressure gauge. The losses due to
friction in the jack and at the anchorage aré different for different systems of prestressing. Considerable
friction loss takes place due to friction between tendon and material surrounding it, namely the concrete or
the sheathing. This loss due to friction may be classified into (a) loss due to length effect and (D) loss due o

curvature effect. Thus the combined loss of prestress dué to above two effects is given as

Loss of prestress = FPo (Kx+ por) tnis
where Fp = Prestressing force in the prestressed steel at the tensioning end.
K = friction coefficient for wave effect whose value ranges between 15 x 107 per meter

p = Coefficient of friction in curve | =
le in radians through which the tangents to the cable profile has tuf

o = the cumulative angd ‘ .
ts under consideration.

between any tWo poin
x = distance of any point from jack |
ltmay be noted that this 10SS occurs only in post tensioned members.



anchora i
Loss of prestress at anchoring stage: This loss is due 10 the fact that the ge fixtures {

At Iding the wires i
are subjected to a stretch. It is also possible that the friction wedges holding may sl

hemse‘
The loss of prestress due to anchorage slip is given by

Ve
Palitg i
Aa
Af, = I By
where Aa = anchorage slip
E, = Young's modulus of elasticity

L = Length of the tendon

This loss is applicable to post tensioned members only.

(a) Loss of prestress due to shrinkage of concrete

= loss of prestress = shrinkage strain x E,

Losses occurring subsequently: The losses which occur subsequent to prestressing are the following;
Value of shrinkage strain

for pretensioned members = 3 x 104

. 2x107
for post tensioned members =

1010 (T+2)
where T is the age of concrete at transfer in days.

(b) Loss of stress due to creep of concrete
loss of prestress due to creep = ¢mf,

R creep strain
where = creep coefficient= ————
elastic strain -
age of loadlng
= 2.2
m = modular ratio = E. 16
f, = original prestress in concrete 1.1
(c) Loss of stress due to creep of steel (stress relaxation)
Steel undergoes loss of prestress due to creep. Generall

varies from 1% — 5%. It may be normally adopted as 3

yitis given as a percentage of initial stress. It
%.
(d) Loss of prestress due to elastic shortening.

(i) For pretensioned member, loss of prestress is given by
Af, = mf,

= modular ratio

f. =

c

where m

stress in concrete at the level of steel
(i) Posttensioned members:

The members get shortened due to compressive force applied over the surface at the time «

tensioning. So if only one reinforcement is provided in post tensioned members, there will be no los
of prestress due to elastic shortening of the member because elastic shortening of concrete take
place before anchoring the steel. When there a number of bars tensioned simultaneously,

loss of prestress due to elastic shortening is zero. But f they are tensioned one by one, t

then als
prestress will occur in every bar except one which under goes tension in last.

he loss
5 A post tensioned prestressed concrete beam 250 mm wide and has to be designed for a live load

10 kN/m across a span of 14 m. The stresses in concrete must not be exceed 17 MPa in compressi
and 1.4 MPa in tension. The loss of prestress may be assumed as 15%.

Calculate



inimum Uomwwc_m QOU#T_ SOt o T T e WML JUIVEU QUTIVLS,
g) MINT ©Pth for the b .
o) for thisdepth theminimurm vam%mqu“m” :m_
g force al
) ndthe corresponding eccentricity.
utio™ {15 marks : 1995]
d load,
_anomm : g =10 xZ\B_:n A 15
ith of section. b = 250 mm 100 ~ 088
w: = M.os\ =17 MPa
= =-1.4
mUmD = 4?“ m gvm
Let overall depth of the section be h
Live load moment, M. - 98 _10x142
a 8 g - 245 kN-m
pead load moment, M.~ bhx25x14?
9 8 =612.5bh N-mm

range of stress at bottom fibre, f,

br
Minimum section modulus is given by

0

i

250 x h?

nfy— f,, =085 x 17 - (-1.4) = 15.85 MPa

_ Mg +(1-m)My
wg‘

245x10° +(1-0.85)x612.50h
15.85

245 %108 +0.15x612.5x250x

=

6

= 660.42 H?
= 660.42 WP — 22968.75h—245 % 108
= h

Take h = 625 mm

(i) For the section provide

]

acnmmOBBm:azum

\

15.85

245 x 10° + 22968.75h
0
626.72mm

25 mm

Area of section, A = 250 x 625 = 156250 mm?
ph? 2506257 6§ 3
Nw = N~ "\W\HI\@\IHJ@NN@XJO mm
Self weight moment M, = 612.5 bh=612.5x 250 x 625 = 95.7 x 108 N-mm
_ M 95.7x10°
e f4-———e=-T3MP2
fup = 1177, 16.276x10°
£ My+M 14  (95.7+245)x10°
fo= au,omml ) ~=23 MPa
n o MZ 85 0.85%16.276 x10
Minimum prestressing force is given by
.- Alfu2o +hup?) _ 166250%(23-7.3)x16.276 x10°

Zpt
1226562.5 N = 1226.56 kN

2%16.276x10°




Corresponding eccentricity is given by | 5
: ) (16.276x106) x(23+7.3)

ZtZp (ﬁnf —fsup - 5
upzl) 156250 x16.276 x10 x(23‘7_3)

A(ﬂnfzb +s
= 201.03mm
Q.6 What are the three assumptions made for design of reinforced corlcrete section for [imjt statg
collapse in flexure that lead to the limiting value of depth of neutral axis? Calculate the limiting Valygg
of depth of neutral axis in terms of effective depth of section for two grades of steel having Vielg
strength f, = 250 and 415 N/mm?2,
[10 marks - 1995
Solution: :
The three assumptions that lead to the limiting depth of neutral axis are:
(i) Plane sections normal to the longitudinal axis remain plane after bending.
(i) The maximum strain in concrete at the outermost compression fibre is taken as 0.0035 in bending,
(i) The maximum strain in the tension reinforcement in the section at failure shall not be legg than
fy 0.002
115E, © =
where fy = yield strength of steel and
E, = modulus of elasticity of steel
Derivation of limiting depth of neutral axis:
Limiting depth is calculated using strain diagram as suggested
by 1S:456-2000
Maximum strain in compression fibre at the topmost level in
concrete = 0.0035
f
Maximum strain is steel = —%— + 0.002
1.156E;
Since the strain diagram is linear, therefore from the property
of similar triangles, we have
f 0.002
+ 0.
0.0035  1.15E,
Xu, lim d- Xu, lim
Y o002
+ 0.
O’—xu lim 115Es
= — =
i 0.0035
fy 0.002
+ 0.
. d ] T15E,
0'87fy 0.002
+ 0.
= £, - 1+ Es
xu' lim 00035
O.87fy
0.0035 + +0.002
da =3
X, lim 0.0035



d o
b, P ‘002’553 +0.87¢
,Iim
d HOSSE, [E, =2 x 105 N/mm?]
—— _ 0.0055
= Xy lim = ><2>‘105+0.87fy
0.0035 » 5 108
L _ 1100+0.87f
= Xulim W
B \
2 d 1100 + 0.7 f
= Xu,lim = 700
’ \
| 1100+ 05877, |9
Now for fy = 250 N/mm2
Xu,lim = 700
’ \ _
[ 1100+ 0.87 x 250 |9 =0.53d
andief fy = 415 Njmm2
*u,lim = & d
" 11100+ 0.87x 415 |7 =0-48d

issi i ‘ at 25 cm c/c. Concrete used is M15 grade for which
permissible stresses in bending, shear (nominal) and bond are 50, 3 and 6 kg/cm? respectively.

Permissible tensile stresses in mild steel = 1400 kg/cm? m = 19. Calculate maximum safe intensity of
load that the slab can carry in addition to its self weight.

P [15 marks : 1996]
§ Solution:

Assuming clear cover = 25 mm, width of support = 150 mm
Effective span for simply supported slab
(i) Clear span + effective depth = Ly+d=27+0.125=2825m

10 mm ¢ @ 250 mm C/C

16 mm ¢ @ 250 mm C/C
1 :f:\

A
I
. ~
o 27m )
o '; i
: ' |125 mm=d
L —a——e—— ————t— - ——— 1‘—--
25 mm,_--]72°C —f
e
L




! _"IADE EAgy i/
(i) Centre to centre distance between supports = Ly + L;=2.7 +0.15=2.850m
Lesser of (i) and (ii) is adopted. |
.. Effective span, /, =2.825m . ,
Let the total load including self weight of slab that can be carried by slab = w kN/m? |

wiZ  wx(2.825) |
Maximum bending moment = |mm» o e 0.998 w KN-m = 0.998 x 106 N-mm |
|
Now, m = 19, ¢ = 50 kg/cm? = 5 MPa, t = 1400 kg/cm?2 = 140 MPa m
mc 19%x5 _
X, = d= x125 =50.53 mm |
Yo hIaL 140+ (19 x 5) N
|
1000 = |
- iz 2 _ 2 |
Ast = Sgg X 7 X 162=804mm N
Location of actual neutral axis o
Bx2 m
S8 = mAy(d-x,) B
{
1000 x x2 |
¢
= i = 19x 804 (125-x,) B
= 500x2+15276x,~ 1909500 = O _ s+ 4
= x, = 48.38mm ! | |
"’ x, < x,, section is under reinforced X,
Thus 6, =140 = tand c = Scoc>C h ......... u
. c, _ _tm d
.o x, . d-— X, ,,V
{
140 4838 ]
= Om = — X7/ |
19 " (125-4838) {4
= ¢, = 4.65 N/mm? b

Thus equating with MR formula, we have .”

0.998 x 106w = Bix olmmqlxlmu |

a N w ;

= 0.998 x 108x w = 1000 x 48.38 Pwm T 25 ;ll&%mu
= w = 12.27 kN/m?
Checking for Shear
Wi, )
Maximum shear force = lmh PR M iz =14125wN m
_ vV 14125w |
%' Bd = Tooox 125 = 0013w |
|

Permissible stress in shear = 3 kg/cm? = 0.3 MPa

0.0113w = 0.3 |
w = 26.55kN/m?2 |



checkin® =0 ==
TR AT atIViIY) LR

k = _Mmc
Tvme = ==2%5
.Eo.*.ﬁwxmv =0.404
k

F=1-2 <9 0404
3 =0865
Number of bars = 1000
250 =4 No
Shear force, v = E;Wm Y S
Sw
20 = wC_.j
of perimeter
el iy g 4mwnmfﬂmo*m:wm_ bars
~ Now, oo = M.!mW\rQI = E
[ permissible value of bond stress = 6 x@\ohm 0 Mb: AR
. =0.6 MP
. 14125w 3
.. BAnx 0865125 ~ 0©
= W = 9.24 kKN/m?
The value of total load will be the lesser
of the loads calculated in bendi
. s OBl e ending, shear and bond.

.o

Maximum safe intensity of load excluding self weight
= 9.24-(0.150 x 1 x 1 x 25) = 5.49 kN/m?

28 Design a square section column using M15 concrete and mild steel bars to carry an axial load (P) of
30,000 kg. Effective length of column (left) = 4 m. Assume permissible stresses in direct compression
in M15 concrete (o,,) and in mild steel bars (o) as 40 and 1300 kg/cm?, respectively. As per 1S
code
P=Cg(0.;As+ Osc A)
where A, and A, are areas of Cross-sec
C, = Reduction Coefficient

uemm‘_\.mfl.o

B = lateral dimension of column.
Sketch the arrangement for longitudinal a

tion of concrete and steel respectively.

nd lateral reinforcement.
[15 marks : 1996)

lution:
Assuming area of compression steel = 1% of gross area of column. N
Let us design column as square shape and assume it as short column. Initially
P = Og Agt O Ase

where symbols have their usual meaning

. = 0 k
Given: p = 3000 @N
o, = 40 kglem
.. = 1300 kglem?
mooomm = 40% (B - 0.018%) + 0.01 B2 % 1300
B = 23.88cm

Iy _ 400 _ 4675512

—_—=

B 23.88

Q
\)



=

o e ;

50, assumption failed as from above colum is 1600

/.
o _ Q.‘“ -
S0 we need fo use, Gy = 125 488 "
; ape column
whore, B = sast lateral dimension, in case of rectangular/square shape
400 w
O e o
Cy=» A 1.28 288
Ps= ntmaf..”} fak)vu.v ﬁ

400 : 8
-390 16 998* « 40 + 1300 % 0.78°
30000 = —_mm ._,mL? |

30000 = .mumm.,v__ mw-mwom
‘ e
= 20000 = (s268){(1 ,.wM 18)6 - 400}
- 1440000 = (52.6 B) (60 B - 400)
B = 2495cm
S0 take 250 mm x 250 mm size square column. Provide 1% compression stegl rewdorcoment
=3 A, = 001 <2507 = 625 mm?

Provide 4-Nos. 16 mm ¢ bars as spacing c/c between themn
= B-2(eff cover)

= 250 - 2 « 40 = 170 mrn < 300 mm o) |
Diameter of ties PR
.tk«,ﬂifllf!zsrj.ﬁw,im i
= ?ﬁxasﬁaammﬁ,msaw .mah.e,w M w m
3 b .
~t i !
16 m:._..a...\ f 8 I m 1
- K&gﬁﬂ.mgw bars @ 250 mem. | P |
el TR | |
= 6 mm | S 1
Least lateral
Spacing of ties Minimum| 16 mm diameter of reinforcing bar |
300 mm
250 mm
Minimum| 16 x 16 = 256 mm
300 mm
< &pacing @ 250 mm ¢/c.

Q.9 Explain the essential requirements of steel and concrete for prestressed concrete. What are the
advantages of prestregsed concrete over reinforced concrete?

olution:
. oedec o getine : m_n,mswmao‘muauzmm&angaaaggﬁ.ia:@a@gsﬁmg%
strength concrete and high tensile steel wirgs,



%w“”ﬁ,nﬁwﬂﬂu awﬁ:.« for the totlowing req

@ , ot aw the ongda %m .M“M“%S ann_:x. 1o the member by tendons, high beating stresses ore
ued only M Ngh strangih no:nss.czmﬂng. The anchoragas are generally dasigned (o be meant for

NG stresses hable .

MM W“.: the slross :m.«ésﬁm& GMMMMM ”JME: Cannot be satistactornily resistad by low Sireng CONCIote
bond siress which can be offereq take place by bond action, the concrete should have a high

(i) Sheinkage CTacks will be very little when s %:%Q: concrate

BOrg

: i steel reinforce
() Byusing high strength concrete the s - ment.

in considerable reduction of dead foad ot ag required for members will be reduced resuiting

BOSRNNG pasticularly in case of long span beams.

MHMM:Q%_” eé%mﬂ“ﬂmwmu“ M,M‘Mwﬂm cancrete has a yield point of 200 MPa to 300 MPa. If such steel is
e P _o,:,mmw gm 200 MPa at the stage of tensioning, we find that due to creep
wQﬁeS; wage Eaatie sile slreas loh over will be extremely iow. In the design of a prestressed
o membe 0d loss of prestress due to shrinkage and creep of concrets and steei is of the
order of nearly 200 MPa. But high tension steel has an ultimate strength of 2100 MPa and it initialy stressed

EMMMMQ MPa, there will still be large stresses in the reinforcerment after mak ing deduction for the loss of
pf

The advantages of prestressed concrete over teinforced concrets are

(i) Ina RCC beam. the concrete in the compression side of the neutral axis alone is sftectre. The concrete
in the tension side of the neutral axis is ineffective But in a prestressed concrete biearn the entire section
in effective.

(#) RCC sections are generally heavy. They always need shear rainforcements besides the longiudinal

3 reintarcements for Hexure. Prastressed concrate sections are lighter 8y providing curved tendons and

@ the precomprassion. a considarable pact of the shear is resisted.

m (i) Prestressed concrete beams ase suitable for heavy loads and long spans because for same load and

3 span RCC beams are more heavy than PSC beams They are slender and artistic eatments can be
easily provided.

(i) Cracks da not occur under working loads in PSC members. Even if minute cracks ocour when overioaded,
such cracks get closed when the overload is removed. The deflections of PSC beams are smaller than
RCC beams.

(v} in RCC beams, there is no way of testing the steel and concrete. In PSC beams, testing of steel and
concreta can be done while prestressing.

(vi) RCC construction does not involve many auxiliary units. But prestressed concrete constructions needs
auxiliary units like prestressing equipment, anchoring etc.

Q.10 An i-section of concrete has following dimensions:

i Flanges = 30 cm x 10 cm .

i Web = 10 cm x 10cm ww.:m M ,.*

ttis pretensioned by 7 steel wires of 8 mm diameter as shownin " ® & o o

figure 1o an initial prestress of 10,000 kg/cm?. Modular ratiom = 6. & | m

i Calculate the stresses in concrete ad steel immediately on cutting o i o)
the wires when the member is still supported in the prestressing = *

SoE&:_oﬁ
u&.gwwgan.ﬂoa:mmmo;ooo xﬂoau n
dus to o.uﬂ“o deformation, calculate the 3«&3:3393:»8 . o 069.
permit a maximum compressive stress of 120 kg/em® and no w
tension in concrete - [15 marks : 1996] 70 cm =10 cm 4= 10 cm =




: 70.000 mm?
Aroa of cross section, A = 300 = 300 - 2 x 100 = 100 = 70,

a3
i300)° 100% (100) o 107 st
Momen! of inertia, | = @oxﬂwwi&,&! -2 X " 6583 x

B & o S ]
Intal prestressing force, P = A, f,=7x 7 x (B x 5709
Whaen the member is still supported in the prestressing bed the sress

= 351 BS8 kM

3
{i) concrete is, 1, - m - Mm:%%wli&tﬂ%m: = 5.03 MPa w!;“ ~;W.zw
(i) stoel is, f, = 10,000 kg/cm? = 1000 MPa brdg A

Loss of stress due to elastic shortening of concrete = m £, = 6 x 503 = 30.18 MPa m Vs

o fy = £~ Loss = 1000 - 30.18 = 969.82 MPa P

After considering a loss of prestress « 2000 kg/em® = 200 MPa v
wo gel, final stress in steel = 1000 - 200 = 800 MPa R
-~ Effective prestressing force, {+) shows comprassion

P, = 7x 5 x(8F « 800 = 281486 70N
The final distribution of stress as per the problem should be

Let the maximum moment is M, then

F My
o = At
B N
nd o v 2=
ey 12 . 2814867 & Mx150 o 2814867  nix150
, 70000  §%83x 10" 70000 g8« 10
= M = 3501 kN-m

and M= {785 kN
Lower of the two will be adopted because if the maximum BM axcaads

the lessar value 1o
17.65 kN-m, the bottom fibre will be in tension which is undesirable. Honce M= 17 85 kN-m

Q.11 A rectangular AC section 25 cm wide and 50 cm overall deep is reinforced with 3-16 mm diameter
HYSD bars at an effective cover of 4 cm from bottom face. It permissible stresses in concrete in

bending compression and steel are 50 kg/cm? and 2300 kg/cm? respectively, modular ratio m =19,
calculate the moment of resistance of the section using WSM.

Solution:

{10 marks : 1997)
Given data:

8 = 25¢m = 250 mm
D = 50 cm =500 mm

Ay = 3x 7 % 167 = 603,19 mm?
Effective cover = 4 em = 40 mm
Bue = C= 50 kg/cm? = 5 N/mm?

Oy = 1=2300 kg/cm? = 230 Nfmm?*
ms= 19

d d D-40= 80!8!&0033

R

Rz A AR ARG BB S
g e R R
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g Calouerg crivoal depih of Na -

230 + (195 Tb = 134.46 mm

=

8g

" 5 = MA Lo . x,)
Wm x 19

- 5 % xg;axig;b

- Xy o= 18403 mm

PRI thetetore section is over reintorced

R 2 ﬂ. =0

t,< Gy =

cne ™ C

« 8a, Sy 1 ,
Mg wi%?i& = 250 x 164,00 mmeo s

2
MR = 41.55KkN.m

! A rectangular RC beam simply supported at ends over

. X an effective span of 5.0 m carrios a UDL of
2000 kg/m including its own weight. It O.pe = 70 kg/em?

peam section for llexure only by WSM. Th

, B, = 1900 kg/cm? and m = 13, design the
@ size of the beam is restricted to 40 cm wide x 40 cm

overall deep. Assume effective cover = 4.0 cm. Stress in compression reinforcement, i needed may

e takan as 1.5 m times the stress in surrounding concrete.

fion:

Iy =5m
w = 2000 kg/m = 20 kN/m

Oy = C= 70kglom? = 7 Nimm?
t = g, = 1900 kg/cm® = 190 Njmim
m= 13
8 = 40 cm = 400 mm
D = 40 cm = 400 mm

Eftective cover = 4.0¢cm = 40 mm

d = D40 = 400 - 40 = 360 mm

2
{1} Magimum 8M = W = 20x5%5 = 62.5 KN-m

8 8
%) Design constants:
me 13x7
. = 0.3238
\A = A«&.éu nwo*AAWXNV
K
w15 208920
=1 3
_y waxa .W x 7 x 0.8920 x 0.3238 = 1.011
%) MAo the balanced section

M, = 8d? = 1.011 x 400 x 360 x 360 = 52 41 kN-m

(15 marks - 1997)



rod
(iv) BM > A, theretore a doubly renforced »%MEM&“M%MMM. section
{v) Calculating area of steel for singly reinforced ) B
8241 % waw o Fex
} - 5})&!!;!!&‘ i, amm——— llvmxvuv.g x § w " &.‘ . vuw
g auﬁu;,.mi 50?@01 3
Ay, = 85894mm |
' ‘ ion rentorcament
(V) A, . area of remaining tensile steel in the section with COMPrass: | m
. 24 BM-M, _ (625-5241)x10
Ay = aLumuL " e, ld-d.) 190 x (360 - 40)
\»ﬁ... = 165,95 mm? !
(vil) A, = Ay +Ay = 85894 + 165.95 = 1024 89 mm? !
{vit) A w &rea of compression reinforcemant
SJAPQ nlv H &
e o LAy . & s kg
A = (15m-1)(x, -0,.) A ok

, . J3%(360-116857) . ccoe
T (15<13-1)(116.57 - 40)
A = 370 74 mm?

Q.13 Prove that the limiting moment of resistance ‘M, of singly under reinforced ractangular CONCraty
section using stress block parameters of code IS : 456-1978 is given by

f
¥ 4 &
=087t [P )l 1- 1 gos [ P 3

where band d are width and effective depth of the beam, f,and _, are characteristic strengths of
steel and concrete.

lw =100
i

where A, = area of steel.

State the assumptions made.

Additional data required:

Area of stress block = 0.36f,,x,

Depth of compressive force from the extreme in compression = 0.416x
Total tension = 0.87f, A, 7

il [15 marks : 1997]
The given stress block LR, Tt
MR = Tensile torce x Leverarm | o a.a x, m
e Cr03 1, By

= 0874,4,(d-0416x) f \

A N g {

= 087424 (d-0.416 1) By ﬁ By u.mwm x s_ow d-0416x,
L 4l1-04 ‘
= 0871, H “ ST T o.ﬁmm%Tq t w



P .
MR = 0.87f, 355 [1—0.416%“]&,2
% , ~qgly reinforced secti )
: NoW- asingly ection tota| compressive f Q)
0:36 fox Bx, = 0.87 f,A orce = Total tensile force
S
.\'“ — M
2 0.36 fy B
%" = %& £, (A :
.36 =24 e | a3
2 f Bd 16 (ka)(B;) = 2416 (-f-’—)(?%fa}
f!' i ck
putting valu® of = in (i), we get

_ p
MR = 0.87 fyﬁ[1—0.416x2.416 b (P )|ga?
£, )\100

_ p f

O.87f( ‘)[1-1 (y (p)

= y 005 = it O 2
100 £, J\100 Bd

MR

e different conce i
n th pts as may be applied to explain and analyze the basic behaviour of

14 Exp|ai
prestressed concrete.
[10 marks : 1997]

ed concrete

gtion:

The
whichare as follows:
(i) StresS concept: In this method stresses are calculated

according 1o actual position of forces as per actual
location of cable at different sections.

Above figure shows a simply supported beam of
rectangular section prestressed by a tendon provided
through its centroidal longitudinal axis. Let the beam be

subjected to an external load system.
ce supplied by the tendon.

re are three different concepts which can be applied to analyse basic behaviour of prestress

Let P be the prestressing for

, . , P :
compressive stress induced in concrete = f,= A where Ais the

Due to this prestressing force, the

cross sectional area of the member.
If due to external and dead loads, the bending moment at any section is M, then exireme stresses at
that section due to bending moment alone will be

M
where Zis the section modulus
section are given by

of the beam section. Hence the final extreme stresses oN the beam

p..M
ftop=7\-+Z
R
fbot:: _A—_Z




method of analysis of resultant stresses g 4 sectiy
{ can also be used to evaluate the Stresggg R

in concrete elastic beam using basic p”ncipn thiy |
e of {

(ii) Strength concept: In contrast lo the direct
PSC beam, the pressure line or thrust line concep
method, the prestressed beam is analysed as a pla
statics.

(@) The P-force which is tension in the tendon ‘ ste
(b) The C-force which is the compressive force acting on g i ‘
p-force act at the same level. The line of action

~ (. “ | f
In the absence of any moment, the C-force anc e : : Of the
P-force is called P-line (cable line) which is nothing but the tendoln bl;nnednit;el:n zf:el;rzetzhcg 2c|t.lon Of C-forg
is called C-line (pressure line). Hence in absence of any externa g -line ang Cring

comeide. C-line will be shifted from the p
; -lin i
Suppose, the beam is subjected to a moment M, then the € P-line by 3

distance 'a’ called as the level arm which is given by

_M
as P

Now corresponding to the new position of the C-line and its eccentricity the stress distribution for concrets

can be determined.
C Cxeccentricity of C
Extreme stresses in concrete = A + Z

(ii) Load balancing concept: It is possible to select suitable cable profiles in a PSC member such that the
transverse component of the cable force balances the given type of external loads.
The various types of reactions of a cable upon a concrete member depend upon the shape of the cable
profile. Straight portions of the cable do not induce any reactions except at the ends, while curved
cables results in UDLs. Sharp angles in a cable induce concentrated loads. The concept of load balancing
is useful in selecting the tendon profile which can supply the most desirable system of forces in concrete.

Q.15 Enumerate the situations in which doubly reinforced concrete beams become necessary. What is

the role of compression steel?
[10 marks : 1998]

Solution:
When the bending moment required to be resisted is more than the moment of resistance of a balanced

section of singly reinforced beam of given size, there are two alternatives:
(i) To use an over-reinforced section.

(ii) To use doubly reinforced section.
An over reinforced section is always uneconomical and also undesirable because of sudden failure probability.
Also the increase in the moment of resistance is not in proportion to the increase in the area of tensile
reinforcement. The reason behind this is that the concrete, having reached maximum allowable stress,
cannot take more additional load without adding compression steel. The other alternative is to provide
reinforcement in the compression side of the beam and thus to increase the moment of resistance of the

beam beyond that of a balanced section.

Doubly reinforced sections are also useful in following situations:
(i) Where the members are subjected to probable reversal of external loads and thereby the bending

moment in the section reverses, such as in concrete piles etc.
. ; . ; s
(i) When the members are subjected to loading, eccentric to either side of the axis, such as in column

subjected to wind loads.
(i) When the members are subjected to accidental lateral loads, shock or impact.



eel reinforcement provided in the comp,
Zone is

e st oes cre -
pes onincreasing with time. This ; ntinued compressive
INCreas stress, with the result that the strain in

e
no 3
c0 essive steel. Thus the total compregg; s compressive strain i
SSive ¢ strain in steel in addition to creep strain

\ Com . X
ne, unding concret train in o
__in Surro e due to ninco :
nin flex SOmprossive
ah " iy stresses beyond the permi ure alone. Thus, comnr. Ive sleel will be much greater than the
g rmissible compreg . compressive steel takes up all the additional
5 .

wl )
¢0! ot failure in flexure. 88IVe strogs for ¢
I a8 for concrete making the section safe

subje "
|ected to compressive slress. However,

tions made int :

the assump nthe desi :

010 ?tattlff’ied? perive the stress block pafagmn;?(: the limit state of collapse in flexure. Are th i

jus rs for a rectangular cross~soctlor; i

on j il [15 marks : 1998]

: nst [ i

5 assump"9 e design for the limit state of collapse |

) plan@ gections normal to the longitudinal axis remain plancei S:: lnglexure are:

<imum strain in conc dilgrbending:

i) The n;; o beweanth el'ecte at the outermost compression fibre is tgken as 0.0035 in bendin

) mea; e to . rectangleo?::reSSl‘VQ stress distribution in concrete and the étrain in concretg ‘may

i Lt agreen;entiﬁfr?lﬁ]!epg Sa:lza ?rhany other shape which results in predictions of

) of the test. For desi i

concrete in gn purposes, the com ressive

stref‘\glh i’f ot the structure shall be assumed to be 0.67 times the characteristic strenF;th The

pamal safety factor Y, = 1.5 shall be applied in addition to this |

@) The tensile strength of the concrete is ignored. .

v) The stresses in reinforcement are derived from representative stress strain curve for t

he type of steel

| used. For design purposes. the partial safety factor y,, = 1.15 shall be applied.

i) The maximum strain in the tension reinforcement in the section at failure shall not be less than
by 0002
15E,

.~ perivation of stress block parameters:

Final stress
block

_——————-——""1— 0.0035--"

e -0
 ——

0.002 -
i f o o = e from strain diagram)
Ratio of ABto ACi.e. 2= = 0.0035 (

- A8 _ 4
AC 7
4

= AB = 77'xu



4 nmk
BC=AC-AB = x,~ 7%= 7%

i tion x Area of stress diagram
ive force = width of sec
Now, compressive

Taking rectangle BCDE 5
Compressive force C, = Bx045f,x 7%= 0.1929 f , Bx,
Distance of line of action of compressive force C, from top
L005
B NP7t iaat
Taking parabola ABEA.
2 4

Compressive force, C, = Bx 3 x 045 f , x 7x,= 0.1714 f,, Bx,
Distance of line of action of compressive force C, from top
= Yo = c c+mxmx: =0.64286x,

7 8 7
Total compressive force = C,+C,=0.1929f, Bx,+ 0.1714 f, Bx,
C=036f,Bx,

3
_ Cy+Cy, B 0.1929f, B x, x o X, +0.1714 B x, x 0.64286 x,
Y= "c+c, ° 036f, Bx,
= y = 0.416x,
Now total tensile force, T = 0.87 @x Ay
Lever arm, LA = Q|o.a._m.«:

MR = 0.36 f,, Bx,,(d - 0.416 x,)
MR = 0.87 f, A, (d-0.416 x )

concrete and steel are 7 N/mm? and 230 N/mm? respectively; m

bars = 1.5m times the compressive stress in the surrounding concrete.

Solution: [15 marks : 1998)

G, = 7 N/mm?

ik
3| T G,

600 mm

ign. The permissible stresses in
= 15; compressive stress in steel



N———

: (v) Let ¢, be the stress at the le

>
]

5x &
St 7 <252

=2454.37 mm?2
A = 3x % * 162 = 603.19 mm2 ,
self weight of the beam = 0.230 » 0,60 1 x 2
imposed live _omw M M%M@%E
M., - 53.45x7x7 g
8 = 327.38 kN-m

(i) critical neutral axis,

Xo = T’%T e MOXT ey 105
m 2 — %550 = |—>
S0ehi{15%7) Twoiomwxmmo

X 172.39 mm

c

Calculating mo”cm_ depth of neutral axis:
Equating moment of area of compression side and tension side taken about actual HAi.e.

(i)

Bx2
Zla i (15m=-1)A x(x,~d)=mA,(d-=x,)

2

= mw\oxm +(1.5x 16—1) x 603.18 x (x, - 50) = 15 x 2454.37 x (560 - x,)
= jmaw +12968.37 (x,- 50) - 36815.55 (550 ~-x,) =0
o x2+ 11277 (x,~50) - 320.13 (550 - x;) = 0
= xm+hwm.©oam|4m4jono
= X, = 261.63 mm
b X, > X hence the section is over reinforced

C,=Oupe=C=7 N/mm?

t <o, =1t=230 N/mm?2.
a st

vel of compression steel, then from similar triangles.

Cy  _Ca
Xa ™ Qn Xa
= 7 «(261.63-50)
s = 61.63 :
= cy = 5.66 N/mm?

(v) Moment of Resistance,
MR = Bxx,% mw. Lwl +(15m-1) Agx Cy(d=d)
) x (550~ 50)

mé.mm
7 X wmonw\w\\ +G.wx._m|$xﬁmow;mx m.mm

230 x 261.63 X 5

]

ss than maximum pendin

134.17 kN-m
n loading.

** Moment of resistance of the g
moment applied (327.28 kN-m) on

iven section is 134.17 kN-m which is le
ihe section. Hence itis unsafe for the givé



é
i tatements:
ment on the following s =
Q.18 Com estress concrete, dead load costs nothing : A e o
(a) In pr hearing resistance of prestressed concrete is sup oo:o_.ﬂm.
(b) The sheari

[8 Markg . 4wwm._
S igh strength concrete and steel in prestressed members resuits in lighter
o 2@. | ible with reinforced concrete. The dead load 30.3m3m are neytr
BmBUma. o Uoﬁmmajm economy of prestressed concrete is well established for long sp
0l Bozmmﬂ_m e beams between 10 m to 30 m long span and precast prestregg
o mﬁmowma moomoiom_ than steel and RCC. Thus, in the long mqu range, prestre
.USMMMM_VWBHG economical than RCC. Also, the high strength concrete is very cheap t

Mumomﬁ does not increase in the same proportion as its strength does.

and gjg
m__NmQ U< the
an m:co::mw
ed pileg have
ssed COnereyq
O Prepare 44 ts

Ndgy

(b) Prestress concrete members possess §u8<.wa ﬂmm_mﬁm:om to mﬁmwmmm Mﬂ”ﬂ@.@ MMMM_M M:

compressive prestress which reduces the principal tensile stress. daltg s PRt

in long span members, helps to reduce ﬂm m:mﬁmﬂ %o_‘mmmmwmﬂwm__m\ummoow:ﬁm:mmn_ o

oncrete member, the shear stress acc .

wﬂw_ﬂ_wwmﬂwﬂmm M_Jm member and if transverse vertical Q,mm:mmm_:@ is _maovﬁ.a. ooB:Qom.m

in the direction perpendicular to the axis of the member will be Uﬁm.mmﬁ.: in mo_n__w_oz tot m.mx_

The direct stresses being compressive, the magnitude of the principal tensile .m:mmm is :

reduced and in some cases even eliminated, so that under working loads both Bmw.uﬁ and minor Principg
stresses are compressive thereby eliminating the risk of diagonal tension cracks in concrete,

Q.19 Designa prestressed concrete slab s
and steel with a ultimate tensile stre

€ effecy of
vm:_oc_m%
S.

Stress i the
ive m:mwwmm
al prestregg
oo:m._amﬁmcz

panning 12 m carrying an imposed load of 20 kN/m2

.Mao concretg
ss of 1600 N/mm? are used. The permissible stres

Ses in concrete

[20 marks : 1998g)
Solution:

Consider a 1 meter wide strip of the slab

Live load = 20 kN/mz2 W
2 |
Moment due to live load, M, = 20 Mm =360 kN-m &
(i) Section modulus required, 1000 rom
M, 360x 108
Z= 2= 5714088 mm?3
£, 14
., BD?
But Z= —=
6
25714286 x 6
= = U
78 1000
=

D = 393mm= 400 mm
(ii) Prestressing force

p- AL _ 1000x400%14

2 5T =2800kN
e‘_.cmm:QSQEOBmRQcmS Qmma_oma

Deadload = 0.4 x 1 x 1 % 25 = 10 kN/m2




10 x 122

z =

! 8 =180kNm
4 » moom::_o&\
v (!
e = 2MtM,  (2x180+360)x10°

= " J" -

2 2x 2800 %108 = 12857 mm
o area Of steel
strength of 1 cable of 12 wires of 5 mm ¢ = 905 KN
2800

Number of cables = o5 = 12.4=13

T
. A= 13X 12 x 7% (5)% = 3063.05 mm2

: 1000
spacing of cables = 3 =76.92=80mm

Hence provide 13 cables @ 80 mm c/c
Z D
6

Now, kern distances K, = K, = e

= 66.67 mm.
Distance from the top where the cable may lie
_ Mp+M, (180 +360)x10°

400
6

P 2800 x 10°
=192.86.
Shaded portion is the zone in which resultant cable must lie.

0.20 Explain ‘under-reinforced’, ‘balanced’ and ‘over-reinforced’ sections in the ultimate load theory.

[10 marks : 1999]
Solution:
L The stress block parameters are shown below:

VERE
AN
\

Y +0.002 T=0871f A,

Il e-o-0-1—

Strain Stress

_. Actual depth of neutral axis is given by
L CiEsT

= 0.36 f, Bx, = 0.87 f, Ay
35 0.87 @ Agt

I

d = 036 fx Bd
Also limiting value of neutral axis is given by.
700

Ximax . o iadkwe MY

d 1100 + 0.87 f,

]

ey



Now

(i) when o

hat the reinforcement provided is less thapn g limigg
ing

imiti i st
2u s [ess than the limiting value, jtmean

aches its yield stres
d section.

s before ultimate strain is reached i Concre,
Ste

value. Thus steel reinforcement re

Such a section is called a under reinforce
lanced section design in yh:
x, . e se corresponds to bal Which
(i) When N: is equal to the limiting value, thé c& . R the u.g
steel reinforcement reaches its yield stress at the same instant when uftim edin Concrege
Such a section is called balanced section.
imiti nds to the beam in which perc
(i) When W is greater than the limiting value, the case correspo percentage of
steel yield does not take place. Failure occurs when the strain in extremg '

Q.21 (i)

(if)
Solution:

(i) Ay
@)

(b)

(i)

steel is sufficient to ensure that
fibres in concrete reaches its ulti

strain in steel remains below the yield s i
be noted that compression failure is sudden and therefore not desirable.

Calculate the ultimate moment of resistance of an RC rectangular beam with the following data:

mate value. Thus failure takes place due to crushing of concrete Whilg
train. Such a section is called over reinforced section. It shoyq

Breadth of beam = 230 mm,

Overall depth of beam = 550 mm
Tension steel consist of 4 numbers of 20 mm diameter bars of grade Fe 415

Clear cover = 30 mm, M20 concrete grade.
Hence determine the intensity of safe superimposed load (excluding self weight) this above

beam can carry on a simply supported span of 5 m.
[25 + 5= 30 marks : 1999]
T
=4x 7 X 202 = 1256.64 mm*
Limiting depth of NA
Xyim = 0.48d =0.48 x (550 — 30 — 20/2) = 0.48 x 510 = 244.8 mm

Actual depth of NA

C=T

0.36 £, Bx, = 0.87 f, A,

o . 0.87 x 415 x 1256.64 _ 97398 .

v 036x20x230 | <MY MMIX,> X, im
Hence the section is over reinforced and since over reinforced section is not allowed in LSM, the depth

of actual NA is limited up to x,, ;... = 244.8 mm

Moment of Resistance,

MR = 0.36 fy Bx,  (d~0.42x, )
= 0.36 x 20 x 230 x 244.8 (510 - 0.42 x 244.8)
MR = 165.06 kN-m.

) If ‘wW'is the net super imposed load including self weight of the beam, then the bending moment for the peam

will be

wi?
M_ = 8 = MR

max



165.06

|\
©
il

= S\”E

. 25 =52.82 kN/m
.230
% 0.550 x 1 x 25 = 31625 kN/m

Hence safe super imposed load = ﬁm%
15 wlw;mmm =32.05 kN/m

mcﬁ m@: <<mm©3ﬁ of beam =

‘ se limit state method to desi
0% M gm. The beamis anc:mmw_m m%ummqﬂm_.o,m:mc_mﬂ beam having an effective simply supported span .,
9.5 kN/m, respectively. The materials t ive service and super imposed (dead) loads of 14 kN/m and .
Fe415. The unit weight of concret 0 be used are M20 grade concrete and HYSD bars of grade
ete is 25 kN/m®. Adopt d/b ratio as 2. For the given materials

Py tin = 0.955%. !
- uion [15 marks : 2000] ,
i Given data: :
= 20 N/mm? {
H%u i z\\ﬂﬁm Live load = 14 kN/m __,,
m Super imposed dead load = 9.5 KN/m _,_4,
d-2 . |
b effective span, /=6 m
(i) Assuming, overall depth of the beam as % of effective span
; 1
ie. D = axmooo = 600 mm
600
b = o 300 mm

(i) Load calculations
Liveload = 14kN/m
Super imposed deadload = 9.5 kN/m
0.3x0.6x1x25= 4.5 kNm

Qoxyor 172" ———

Self weight of the beam = "Tqig) joad w = 28 KN/m

Factored load, w, = 15x w=15x% 28 = 42 kN/m
(iii) Maximum pending moment,

2 2
.. 18 42x6° _ 1g9 kn-m.
x = 78 8

mi

(iv) Equating My, with MR of the balanced section-

d d
m HNHvUHMmDQH:._MBHO.L.mQ
Mopax = MR = 0.36f % DX Xy, im (d-0.42 x, )

= 0.36x20x m xo.umga\o.amxo.&x d) =189 x 108

= d? E\o.mo& d)= 109.375 % 108

9 = 136.99 x 10° ‘
4 g 6.1550 % 102 = 515007

u




Adopting d = 520 mm ce OK.
D =520 + 50 = 570 mm < 600 mm (assumed) Hen

d 520
=— =— =260mm
Now, b > >

(v) Area of steel,

189 x10°
MR MR Bt s o0 L
0.871, (d - 0.42 X,,im)

A = o.muxﬁmxamono.hmxo.&xmmov
A, = 1260.87 mm?

st

Il

.87 % < 0.955% Hence OK
A, 1260 % 100 = 0.933% < 0. :
bﬁ = a x 100 = N@OX@MO
Q.23 List various methods used for post tensioning of concrete structures. Describe salient featureg of
Magnel-Blaton system of post-tensioning. [10 marks : mooo_
Solution:

Various methods used for post tensioning of concrete structures are:
(i) Freyssinet System (i) Magnel Blaton System

(iii) Gifford Udall System (iv) PSC Monowire System
(v) CCL Standard System (vi) Lee-Mccall System
(vii) Electrical Prestressing

Z_m@:m_m_mﬁo:wvﬁman_izm m<m63momc_mo?moﬂmzm_c_mﬁmmo:o:mmnﬁosama_s\:_o: o.o:ﬁmw:m _m<maoﬁ

<§mmm338m33%m3m8=i_ms\_am are arranged with four wires per layer. The wires in the same layer
and adjacent layers are separated with a clearance of 4 mm. The geometrical pattern of the wires is maintained
in the same form throughout the length of the cable by providing grills or spacers at regular intervals, The
grills do not offer any appreciable frictional resistance to the wires which can be moved relative to each other
during the tensioning process.

The wires are anchored by wedging, two at a time into sandwich plates. The sandwich plates are about
25 mm thick and are provided with two wedge shaped grooves on its two faces. The wires are taken twoin

each groove and tightened. Then a steel wedge is driven between the tightened wires to anchor them

against the plate. A complete anchorage unit may consist of one to eight sandwich plates, the number of

by jacking two wires at a time

Q.24 The size of a RC beam is restricted to 250 mm x 500 mm.

, ) It Stress Strain
carries a super imposed load of 25 kN/m over a span of 6 m. !%f

. ] g yd 0.00144

Determine the reinforcements for the beam by LSD method. 0.850 ,, 0.00163

M20 concrete and Fe 415 steel are used. Effective cover to 0.900 mu 0.00192

steel = 40 mm. 0.950 i 0.00241

Salient points on design stress-strain curve for steel 09757, 0.00276

[20 marks : 2001] | 1.000f, 0.00380

: L 7
Solution:

(i) Load calculations

Self weight of the beam = 0.25x0.5x 1x25 = 3125 kN/m
Superimposed load = 25 kN/m
Total load, w =

28.125.kN/m
d = 500-40 = 460 mm



|4 ¢ i e
w\ 0 Z_mx_ac_ﬂ bending moment ___oldl oolved Questions) f ) et
Mo, = W2 _ 284

8 = gmm.mm KN-
Factored M. = 15« 126,56 - 5 m
: . S0 =189.84 k.
(i Om_oc_mﬁ_:@ moment of resistance for balap, KN-m
M . = ced section:
utim = 0.36f | on:
Stges oxmm Xy, tim (d~0.42 X, )
T YOO X20x 250 % Y, tim
My, im = 145.96 kN, 48 x 460 (460 - 0.42 % 0.48 x 460)

- Mipax > M, im: NENCE Section is over reing
Hence either the maximum bengi orced. But over rej o
n ’ einforced se i
Qos ded. g moment ig restricted to M ction is :.oﬁ allowed in LSD.
u. iim OF @ doubly reinforced section is

-y Now taking M, = M; and idi
(iv) u, lim 1 providing area of steg| >m: as per the value of M
’

A, - M
sty = % - 145.96 x 10°
b 42x,,,) ~ 0.87x 415 (460 20.42 x 0.48 x 460)

1100.789 mm2

(v) Now, remaining moment which is to be resisted is
M, = M.~ M, =189.84 - 145.96 = 43.88 kN-m
(vi) Providing tension steel as per the value of M,

M, 4388x10°

A, = —— o
2 = 0871, (d—d,) ~ 0.87x415x(460-40) - 289.33 mm?

A= Ag, + A, =1100.789 +289.33 = 139012 mm?

st

(vii) Butaswe are designing a doubly reinforced section. Hence the compression steel is also to be provided
as per the value of M,

\»ll\l\l\\,l\\m\l\\M

so T (f, - 0451y) (d-de

f,. can be found with the help of strain in compression steel.

Xy im e _[0.48%460-40 | | 40035 = 0.00287
8= i x 0.0035 = | 545460

~352.08
\@P@\\\\lg % (0.00287 —0.00276)

f._for0.00287 = 35208+ (000380~ 000
5 = 353.03 N/mm?

- 352.08 + 0.9487
43,88 x10°
A = [308-045%20) (460 - 40)

6
E - 303.65 mm?

144492.6

\

STl




re footing of a AC column 300 mm X 300 mm size carryi
N. The safe bearing capacity of soil is 150 kN/m? mg
are used. Use working stress method of desig-n

Q.25 Design a sloped squa
an axial load of 320 k
concrete and Fe 415 steel

Allowable shear stress data
[20 marks : 2001]

Solution:
(i) Design constants
mc 13x7
oo e o __2r - =02835
f+mc  230+(13x7)

k
LR 02835 _ ;9055

3
Q = —;— xcxjxk= % ><7><O.9055><O.2835=O.90

(i) Design of size
| oad from column = 320 kN

10
Foundation weight = g0 « 320 = 32 kN

(Assuming 10% column load),
- p, = 352KN

. 352 _p35m?

—_— =

Area = — %
g, 190

therefore B= JA

Since the footing is @ square footing,
B = 4235 = 153=1.55M
= s
A = 155X 1.65 = 24045 m?
D
P _ 820 13320 KN/m?
.. Net soil pressuré W=7 = 24045

X_,__




square footing of a RC column 300 mm x 300 mm size carrying

Q.25 Design a sloped . : 30
an axial load of 320 kN. The safe bearing capacity of soil is 150 kN/m2. M20
concrete and Fe 415 steel are used. Use working stress method of design.

Allowable shear stress data
[20 marks : 2001]

Solution:
(i) Design constants

fom 00 o 13XT7 . 0,2835
t+mc 230+ (13x7)

_ 02835 _ 59055

= % % 7 % 0.9055 x 0.2835 = 0.90

Q = XCXJjXK

1
2
(i) Design of size

Load from column = 320 kN

10
Foundation weight = —— x 320 = 32kN
100
(Assuming 10% column load),
P, = 352kN
352
s 2.35 m?

Area = —L =
rea o " 150

Since the footing is a square footing, therefore B= /A

= B = o35 =153=155m
Ap = 1.55 x 1.55 = 2.4045m?

Assuming depth of
60 mm  slab =200 mm and
nominal cover = 60 mm




undation for bendi
h of fo INg mom “e
ent critical section i
F=—300 mm-w nis atthe face of column section
I

fe————— 1550 mm ——
|

_300mm, B=1550mm

Here D= = .
width of equwalent section,
B, = b+ X
e g (B-b) =300+ —15 (1550 - 300)
= 456.25 mm (It
dind Moment (tis used only for depth calculatio
155-03
O = ———
O\/el'hang’ x o =0.625m
g 02
ending moment. = W.B.=% = 0625)°
P R £ LA
A 09X 45625 313.40 mm
60 mm

Effective cover =
., Total depth,
Adopting
Effective depth, d =

(v) One way shear

|

Overhang, O,

Shear stress,

b1=b+2d=300+(2x340)=

Depth of neutral axis = kd=kyi1 =~

= 400 mm

400 — 60 = 340 mm

155-03
——‘Zf"’ _0.34=0.285mM

wx Bx O, = 133.20 x 1.55 % 0.285 = 58.84 kN

‘f-‘% =108.8 mm

------------------ NA
e -
140 mm
______ vy
"""""""" 60 mm
s s VY
980 mm

_ZP_Q 340 = 108.6 mM
625

340 - 108.86 = 31.2mm

2835 X 231.2 = 65.5 mm




ot L
h of the section of NA = b,

Now, widt
1550 — 980 T
= 980 + [/] % 65.5 200 — 108.8
L 912 =91.2mm
b, = 1389.4mm i
3
V 5884 x10° 2 - 0.2 (mi e
Shear stress = b2 v = /13894 » 5312 =0.18 N/mm <0 (mln TC' min)

Hence the section is safe in single shear.

(double shear)

pP-w(a+d)(b+ d)

300 —133.2 (0.3 +0.34) (0.3 + 0.34)
265.44 kN

(vi) Check for punching shear
Net punching force

Il

1l

P

net

00
X, = 2—5 x 170 = 54.4 mm

=340 -x, =340 - 54.4 = 285.6 mm

Bunchif shear strese: = Net Punching Force
HIERES ~  Perimeter x Depth

Y2

_ 265.44 x 10°
" 2[(a+d)+(b+d)]x Y2

B 26544 x10°
" 2(03+034) +(03+034)] x 2856 x 108

= 0.36 N/mm?

Permissible punching stress = kX T,
= 1x0.25/f, =1x0.25,/20
= 1.118 N/mm? > 0.36 N/mm?

Hence section is safe in punching shear.
(vii) Area of steel

M = 40.32 kN-m
A M 4032x10°
st = t.jd T 230x09050x 340 = 269.725 mm?
Number of 10 mm = M
o bars = Ex(m S =7.25=8bars
. . 4 )
Minimum percentage of steel = 0.12%
012
_ 012 012
100 XB,xD= 100 X 456 x 400
= 218.88 mm?2 < 569 mm2

in both directions



rUEl JUIVEU UGSy i

Og = 230 N/mm2
(¢)
Ld iy 4\Sf _ 230
Toa W b=2
2 $=2905 ¢ =29.95 x 10 = 299.5 mm < 565 mm

k=
tion: .
u Given daté: [10 marks : 2001]
Span = 15 m
B = 300 mm
D = 600 mm

tial prestressing force, Py = 1150 kN

Eccentricityat supports = 0
Eccentricity atmid span = 200 mm

Ini

k, = 0.15 oI5
¢ 15 per 100 m = —— perm = 0.0015 per meter

100
' p = 035
Since the cable profile is parabolic, the equation of profile if
4h

¥ = 72‘x(l—x)

dy 4h
— = gi-2%

= dx
4 x 200
= 0 =
15000
= 0 = 0.0533radians

Since, prestressing is being done on the both ends, so & = 0

o = 0.0533 radians

[Distance of centre from one end, x = 1—25— =75 m]

P = poe—(kfxwa)
- _(0.0015x 7.5 0.35 % 0.0533)
= p. = 1180 6:02B*7>7
= P = 1116.10kN
Loss of prestress = Ptd= 1450 — 1116.10 = 33.89 kN
33.89 o
% los L OeeE 2100 =2.95%
s of prestress 1150
tage of tensile reinforcement in a flexural RC member.
[6 marks : 2002]

27 Deri
Derive the expression for limiting percen




Solution:

c=0.36f, BX, i

Ast , -
o © -
° 0.87 f, A

ion. Since, in flexure total com siv
Limiting percentage of tensile steel is calculated for a balanced section Pressiye
force is equal to total tensile force, we get

C=T
0.36x £, x Bx, ,, = 0.87 f, A,
0.87f, A,
- Tuim = 0.361 B
= fyim  O87h Ay
d = 036f, Bd
AS, 036frk s¢ —"u.llm
- Bd - 087f, d
Ag 036 - 100 fo o Tutm
- Bd X 10'= gg7° [, d
41.38 x ek 5 Fuim o,
ﬁ . / f Py d /

\
14

If M 20 concrete and Fe 415 steel is used, then

20

41.38 x — x 0484
415

d

p; =

p, = 0.957%

Q.28 Design the AC floor slab for a room of internal dimensions of 4.0 m x 9.5 m. Assume the slab to be
simply supported on 230 mm thick masonry walls. The slab is to support live load of 4.0 kN/m? and
surface finish of 1 kN/m2. Use M20 grade concrete, HYSD steel of Fe 415 grade. Draw reinforcement

details.

Solution:

(i) Calculation of design constants

For M 20 corcrete, m

1333, c=7N/mm? =5, _

For Fe 415 steel, t = 230 N/mm? = o,
mcC 1333 x7
k = = =02
t+mc  230+(1333x7) e
Kk 02886
] = 1 T = _— = O
/ 3 1 3 9038

[20 marks : 2002}

T

oA
N

SR

W)

Nk



Q=7 Cjk = e e
2 X7 % 0.9088 x 0,28g5 -

vertical deflection criteri =0.9129
or the XN erion, th
F:)Y gpported slabis given by ® SPanto effective depth

ratio fo

a‘ = 20 r spans Upto 1Omfora

gl e 2000 4

lesser of the above two will be adopted i.e. I, 4 .
=42m

. Bendlﬂg moment and shear force

AssuMIng a nominal cover of 20 mm, the total depth of the slab
@ Load calculations: ab will become 200 + 20 = 220 mm.

Load due 10 self weightof slab =022 x1x1x 25

guperimposed live load = 54-2 i'i\\ll//mzz
d due to surface finishi =% m
Loa ishing - {5k
Total = 10.5 kKN/m?
(b) Bending moment per meter run of slab
w2 105x(42
M= == (42 _ 53 15 kem
8
(c) Shear force
wig 105%x 42
V="7="72 = 22.05 kN
(v) Design of section
2315x10°_ 10°
=1000
\) 09129 % 1000 (B =1000 mm]
= d = 159.24mm < 200 mm. Hence OK
Now taking J = 160 mmand nominal cover = 20 MM
we get D = d+20—160+20_180mm
| (vi) Main reinforcement
M 2315x10°___ _ 596 mm?

Ast = Gy id = 230 09038 X 160

' ea
Minimum reinforcement should P& 0.15% of total oross sectional ar

E 9,12 % 180 % 1000 = 270 mm?
~ 100
" Agis more than minimum reinfo

Soan 1000 x Ay
Pacing of bars, s = ——-—-A/
st

rcement.



T 2 _ 78.54 mm?
Adopting 10 mm ¢ bars, we get A, = 1 e

_ 1000x7854 _ 44584 mm
i 696
Adopting s = 110 mm c/c, we get actual

_ 1000x7854 _ 554 5 mm?
st = 120

Spacing is less than 3d and 300 mm both. e
l & =082m

e =

Bend every third bar at the support, at a distance of c

from the edge of support
which is more than minimum reinforcement (0.15%).

2
A, at support = 3 X 654.5= 436.33 mm?

(vii) Check for development length at the support : )
The code stipulates that at simple supports, the diameter of the reinforcement be sych that

M
L,£13 -t

% Fil

o, . /. dx Ay at support
230 x 0.9038 x 160 x 436.33
14.51 x 108 N-mm

V = 22.05kN o
Assuming a clear cover of 25 mm is provided at the side (end) and providing a U-hook

Given width of support = 230 mm =/,

M,

Ly = %—-x’+13¢=%—25+13x10=220mm
o O 10 x 230 o
L, = = Ix16x12 = 299.48 mm (60% increase for HYSD bars)

4 Thd

6
1.3x14.51><130 500
2205x10

1075.46 mm > l_d Hence ok.

Now 1.3%+LO ES

I

The reinforcement should extend by alength equal to %d - 472'1 ’ =159.72 mm =160 mm beyond the

face of support.

(viii) Check for shear

. 436.33
= % reinforcement at = —" i )
Je, support 180% 1000 X 100 = 0.24%

For p=0.15%, .=0.28
For p = 0.25%, 7,=0.36

036-028 -

. Forp=0.24%, =t = 0.28 4+ |20~ Yeo :
- 2 i ( 025 - 0.15] (0.24-0.15) = 0.352 N/mm?



ST memswsTwITEy P

Ay = LI8BD 0151000 140
- "“m"" “‘“"iaa'**w"-"* = 270 mrw

/6 mm o bars, each having A = &
&mm o aving A, = 3 67=2827 mmy

1000 x A, = J000x2807
Ay Tor0 = 1047 = 105 mm

:f ) fg t:' ’d 450‘"‘" ‘ b‘.’““ Hence provide 6 mme bars @ 106 mm G/C. Near the edge of the
istnbution reinforcement may be provided both at lop as well as the bottorn. The details of
ent are shown below.

10 s@360CiC

T & TeaTe e
1mm 6o @105C/C
é l abc r“"
i R B I I I .
~— 820 mm — p=— 820 mm—={ B
10 o@110CIC
. }———— 4000 mm (4 Mp————=f
- — |
‘ :« 820 mium-=i j=- 820 mm, :'
o LSM
V th of 3.6 m is to be designed using
mm having effective leng =
* 460imem l:agogf 2500 kN. Use M20 grade concrete and HYSD steel of Fe 415
an axial servic
; [15 marks : 2002]



fck =20 N/mmz, A = A- Asc

(o}
where A = 460 x 600 = 276000 mm?
f, = 415 N/mm?
- P, = 04f, A +067f A,
= 3750 103 = 0.4 x 20 x (276000 — A,,) + 0.67 x 415 x A
3750 x 10° — 2208000
B Age. = 27005
= A, = 5710mm?
5710
Adopting 36 mm bars, we get number of bars = — 5 =9561=6bars
— % (36)
4
(iv) Diameter of lateral ties
1

(a) 7 36 =9 mm

(b) 6 mm _ — Y

*. Provide 10 mm bars as lateral ties 1 F0mm

36 mm ¢
(v) Spacing of lateral ties

(@) Least lateral dimension = B = 460 mm 460 mm ace
(b) 16 ¢ =16 x 36 = 576 mm 10 mm ¢ @ 300 mm c/c
(c) 300 mm
lesser of the above three will be provided as the spacing. . . N

Hence 10 mm ¢ bars will be provided at 300 mm c/c

Q.30 Determine ultimate moment capacity of a doubly reinforced

Stress, MPa Strain
beam with B =300 mm, D =600 mm, Ag=2060 mm?, A = 804 288 0’_001 0
mm? and effective cover of 50 mm for both tensmn and 306 0.00163
compression steels. The materials used are M20 concrete and 324 0.00192
HYSD steel of grade Fe 415. 342 0.00241
The salient points on stress-strain curve are: 351 0.00276
[15 marks : 20083] il 0.90580

Solution:
Given Data: B = 300 mm, D = 600 mm, A, = 2060 mm?2, Ase =804 mm?, d, = 50 mm

d=D- d, =600 -50 =550 mm
M20 | Fe4is
(i) Limiting depth of neutral axis
xu. lim

(ii) Actual depth of neutral axis:
Total compressive force = Total tensile force

036 £, Bx, + A(f,,~045 1) = 0.87 1, A,
= 0.36 x 20 x 300 x x,, + 804 (f,,~ 0.45 x 20) = 0.87 x 415 x 2060
s 2160x,+ 804 (f _-9) = 743763
o 2160x,+ 804 f,_-7236 = 743763
by 2160x,+804 f_ = 750999

= 0.48d =0.48 x 550 = 264 mm

/




...... veu yuestions) | 39/

= K, = 750999 - 804 £
Sc

0 | 2160
Assuming f,. = 350 MPa.
750
we gét e 999 -804 350
2160 =217.407 mm
Valueofe,, = 0.0035 ( 0.0035
x - xy—d)= 22035
w4 T = 5077 (217.407 - 50) = 0.002605
ffor0.002695 = 342 + 0(35%
i (0:00276 < 0,007 47) (0.002695-0.00241)
‘ = 342+7.328 = 349 308 Mp
Trial 2: a
2160 =217.657 mm
0.0035

Valueofe_. =
o 517.657 (217.657—50):0.002695

Hence f,, = 349.328 MPa and x,, = 217.657 mm (adopted)

X, <Xy jime hence section is under reinforced.

(iii) Moment of Resistance
MR = 0.36 f,, Bx,x(d-0.42x) + (f,, - 0.45 f,) A, (d-d,)
— [0.36 x 20 x 300 x 217.657 x (550 - 0.42 x 217.657)]
+[(349.328 — 0.45 x 20) x 804 x (550 - 50)]

= 352.409 kN-m

uniform thickness for a 400 mm square column

of the footing slab of
/m2. The materials to

of 1100 kN. The safe bearing capacity of soil is 150 kN
HYSD steel of grade Fe 415. Use LSM.

5
031 Determine the thickness
transmitting an axial load
be used are M20 concrete and |
| [15 marks : 2003]
Solution:
(i) Size of foundation
| oad from column = 1100 kN

L 1100 = 110 kN

— X

100
1210kN

1

Foundation load

1l

(Assume 10% of column load), Pr
A 1210 _go7m?

Areaoffoundation %4 5 150

Let us design a square footingd
: g g A = BZ

= 52 = 807
% B = 807
B=284mz29m 3
=29 X 29 = 841 m

=
Now,

final area selected Bx B




2
Factored soil pressure = 1.5 x 130.8 = 196.2 kN/m
(i) Design of depth as per bending moment

B-a 29-04
Overhang 0, = o o = 1.25m
2
(125 _ 383.20 kN-m
>\N§ = 196.2 x 2.5 x 0
B-a
Overhang,

=125m

0,= =
M,, = 383.20kNm

X, Xu, max
Q = 0.36 £, —2* ﬁTo.pm ra u

= 0.36 x 20 x 0.48 (1 - 0.42 x 0.43) = 2.76 N/mm?2

3
M, or M, 38320x10°
Now, depth, d= — 058 “576x29 = 218.81 mm
Assuming effective cover = 60 mm
- Total depth = 218.81 + 60 = 278.81 mm
Adopting total depth = 300 mm

- Effective depth, d = 300 - 60 = 240 mm

(iif) Check for shear
_ -2900 - 400
= l‘m
= 1010mm = 1.01.m

Overhang O, = O,

- 24m
X|lll

Shear force V, =V, =196.2 x 2.9 x 1.01 = 574.67 kN

2900
V,  57467x10°

_ - - 2
Tx=Ty = Bxd = 2900240 = 0.83 N/mm

But 7, for minimum percentage of steel (0.15%) = 0.28

. V, 57467 x10°
Dmuﬁ:ﬁmnczma_o\u a4

Bt, ~ 2900x028 - /07-72mm

There should be a balance between overhang and shear force

Hence, using d = 600 mm
Overhang = M@oom: 290 _ 600 = 0.650 m
V, = 196.2x 2.9 % 0.65 = 369.84 kN
. o 36984x10° |

v = "2900x 6007~ -1 <0.28 Hence OK.



(v) Area of steel

for punching shear

i
"/(w) checktip
Net punchlng shear, P, = P_ (design) — (
P, = uld+d)
oA 1 (a =
P > 1100-196.2 0 4 o ]
2 , = 1453.8kN 4 +0.6)2
: punching shear stress = Net Punching Force )
[(a+d)+(a+d)]xd B | 5
: a
i = 1453 8x1 3
2(0. > X10
[(04+08)+ 04+ 06)]x 10 x 600
Maximum permissible punching shear stress = )
; S=K1T
4 s¢c
¢ where kg = (O.5+E] -0 a
: a) =05+ 77 1.5

but K, shall not exceed 1.0
i
. = 0.25ff) =0.25420 =1.12 Njmm?

. . . . . s e .

Effective cove = 60 mm
Total depth = 600 + 60 = 660 mm

| effective depth is far larger than that required from bending moment criteria, hence the

gince the fina
ed and thus As,will be calculated as

foundation becomes under reinforc

46M,

Ay = o.sfik-[1— 1- Z]Bd
f, f Bd

6
05x 20 |1 -2 38320 x10° 1 2900 x 600
2415 20 x 2900 x 600

Ay = 1808.82 mm?
= 12mm

I

Adopting bar diameter
_1§9§'—8—2— _ 15.99 =16 bars

- Number of bars required =
T x(1 2)2

2900 _ 4g1.25mm

Spacing_of bars = “1g
ction at 180 MM clc

vided in each dire
: 012
Minimum area of steel = 700 x 2900 x 66

mm ¢ bars

2 mm2

16 bars will be pro
0 =2296.8 mm2 > 1808.8

Hence providing 12
’gggg@/ _00.31=21Dbars

ofbars =
Numberofv % «(1 2)2



Spacing = 32—(130- _ 138.09 mm

Provide 21 No’s 12 mm ¢ bars @ 130 mm c/c.

(vi) Check for development length

12 .
A ¢ 0y _23_O_><__2_ = 359.375 mm (60% increase for HYSD bars)

¢ = g, 4x1.6x1

1

Providing 60 mm side cover, length of bars available = Al a) - 60

= %(2900 —400) - 60 = 1190 mm > 359.375 mm (Hence OK)



