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Abstract-Retrofitting of constructions subjected to additional
loads is a problem of social significance. Usually people
construct the structure to achieve their present needs but with
the passage of time they realize that their demands have
increased and there is a need for the addition/alteration of the
current structure. This demand can be fulfilled by
constructing a new storey. However, provision for additional
load due to the new construction over existing structure was
not made in the structural design of the old structure.
Therefore, the construction of new storey requires the
strengthening of the old structure. In this paper the structural
behaviour of an RC frame under the additional load in the
form of a new storey is studied. The analysis of the structure
is performed by using structural analysis software i.e. STAAD
Pro. The analysis results of existing and proposed structure
are compared to evaluate the increase in structural forces due
to the construction of a new storey. The results indicates that
the significant increase is found in the shear force and
bending moment in beams. The weak and deficient beams are
identified and strengthened for the additional loads and
additional moments. The strengthening of beams is done by
placing the steel plates at top and bottom of the beams,
connected with the help of shear connectors.

Keywords- Concrete; Steel; Jacketing; Strengthening.

l. INTRODUCTION

Retrofitting is the process of modifying something after it
has been manufactured. This is done with the probability of
improving the performance of the building. Concrete is one
of the most common building materials and is used both for
buildings, bridges and other heavyweight structures.
Normally, structures of concrete are very durable, but
sometimes they need to be strengthened. The reason for it
may be cracking due to environmental properties that a
bridge is to be used for heavier traffic, new building codes,
or damage as a resultant of earthquakes.

The need for retrofitting in existing building can arise
due to any of the following reasons:

*  Building not designed to code

*  Subsequent updating of code and design practice

»  Subsequent upgrading of seismic zone

» Deterioration of strength and aging

* Modification of existing structure
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Additional loads
Change in use of the building, etc.

Fig.1 Steel plates

Fig.2 Steel plates glued to reinforced concrete beam
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Il. LITERETUREREVIEW

Dr. Khair Al-DeenlsamBsisu conducted the study of 20
square reinforced concrete columns to examine retrofitting
with steel jackets method and design procedures to provide
theoretical and experimental confirmation of the method.
Compressive strength of these columns as more than
double the strength of the original column can be achieved
by retrofitting the square reinforced concrete columns with
full steel jackets. The confined strength of concrete is
almost 1.5 times the unconfined strength. Confinement of
reinforced concrete columns with steel jackets can improve
the ductility of the column, and retrofitting with full steel
jacket can increase ductility as well as the ultimate strength
of the column exposed to eccentrically axial loading.

Ghobarahet tested three 1/3-scale columns to examine the
effectiveness of corrugated steel jacketing in the retrofitting
of reinforced concrete columns. The jackets were
constructed from commercially presented corrugated steel
sheets and the gaps between the concrete and the steel
jacket was filled with grout to provide continuity between
the two components. Further, the undulated shape exhibits
an out-of-plane stiffness which increases its efficiency in
providing external passive confinement to the renewed
members. These showed a significant increase in
deformation capacity, without any major change in the
initial stiffness.

Slobodan Rankovicet.al. reviews the important analytic
expressions for determination of strength of shear
connectors in steel concrete composite beams. The
mechanism of possible failure and basic criteria used for
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defining of the shear connector strength at composite slabs
and composite slabs with profiled sheet. Special analysis
has been done in the expressions and approvals given by
the Euro code 4 in the area of shear connector strength,
both elastic and rigid. For all the regulations, a comparative
analysis with our standing standard addressing this area is
given. Along with the relative review of the regulations, a
commentary on the strength of the shear connectors in
composite beams was given.

I1l. PROPOSED WORK

In this paper the structural behaviour of an RC frame under
the additional load in the form of a new storey is
investigated. The analysis of existing structure (two storey)
and proposed structure (one additional storey constructed
over existing two storey structure) is performed by using
structural analysis software i.e. STAAD Pro. The analysis
results of existing and proposed structure are compared to
evaluate the increase in structural forces due to the
construction of a new storey. The results indicates that the
significant increase is found in the shear force and bending
moment in beams.

Methodology
The following sequence is adopted for strengthening the
structure:

1. Analysis of the existing structure

2. Analysis of the new structure

3. 'Comparative study to evaluate the increase in beam
forces and identifying the weak zones

4. Strengthening of weak members

Pictorial representation of the structure
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Fig.3 Isometric view of the proposed structure
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Fig.4 Plan of the structure
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Fig.5 Member numbering at section A-A . . .
Fig.6 Member numbering at section B-B
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Fig.7 Member numbering at section C-C

constructed over existing two storey structure) RCC framed structure. The details of which are given below.
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Fig.8 Member numbering at section D-D

DETAILS OF STRUCTURE
This paper presents the analysis and design of an existing structure (two storey) and proposed structure (additional storey

TABLE-1:Geometry of the Structure

S. No. Description Value
1 Area of building 408 m?
2 24 m
3 Breadth 17m
4 Storey height 35m
5 Height of the column below plinth level 15m
6 Size of the column 300 mm x 300 mm
7(a) Size of beam for 6m span 200 mm x 500 mm
7 (b) Size of beam for 4m span 200 mm x 400 mm
8 Thickness of slab 150 mm
9 Thickness of outer walls 200 mm
10 Thickness of inner walls 100 mm
11 Support condition Fixed

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)

Material properties
Grade of concrete = M20
Grade of Steel = Fe415

Elasticity constant = 2.17 X 107kN/m?
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Dead load

Unit weight of concrete = 25 kN/m?
Unit weight of masonry wall = 20 kN/m?3
Dead load of slab = 3.75 kN/m?
Floor finish = 0.75 kN/m?

Load of parapet wall = 2.6 kN/m
Load of inner wall = 8.06 kN/m
Load of outer wall = 14.26 kN/m
Live load

Live load on floor = 4 kN/m?

Live load on roof = 1.5 kN/m?

Parameters for seismic load
TABLE-2: Parameters for seismic load

S. No. Parameter Value
1 Location Zone Factor =
(ZONE I) 0.10
2 Response reduction factor RF=3
(Ordinary RC Moment Resisting
Frame)
3 Importance factor 1=1
(All General Building)
4 Rock and soil site factor SS=2
(Medium soil)
5 Type of structure ST=1
(RC Frame Building)
6 Damping ratio DM =0.05

V. FORCES IN BEAMS
Analysis results of shear force Fy and bending moment Mz
in beams obtained from STAADPro are presented below.
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155 38.81 52.94 14.13 36.40
159 154.33 154.84 0.51 0.33

160 57.32 68.62 11.30 19.71
163 131.08 130.47 -0.61 -0.46
164 40.49 60.68 20.19 49.88
167 139.21 137.19 -2.02 -1.45
168 48.82 87.39 38.56 78.98
169 63.30 88.57 25.26 39.90
170 67.01 95.43 28.42 4241
171 155.89 116.05 -39.84 -25.55
172 62.51 75.65 13.14 21.02
173 108.13 84.52 -23.61 -21.83
174 104.18 89.95 -14.23 -13.66
175 13541 137.85 2.44 1.80

176 54.94 61.19 6.25 11.37
177 35.90 48.86 12.96 36.10
178 37.01 54.15 17.13 46.29
179 136.41 137.93 1.52 1.11

180 86.65 66.83 -19.82 -22.87

additional storey

TABLE-4: Comparison of bending moment Mz in first floor beams due to

) Bending moment Mz ( kN-m) Increase in
a) First floorbeams Beam Case 1 Case 2 Bending %
The increase in shear force and bending moment in first No. (Existing (Proposed moment Increase
floor beams due to construction of additional storey is Structure) | Structure) | Mz (KN-m)
depicted in Table 3 and 4 respectively. 141 135.96 161.15 25.19 18.53
. Lo 142 78.03 97.74 19.71 25.25
TABLE-3: Comparison of shear force Fy in first floor
beams due to additional storey 143 4944 72.56 2312 46.76
147 126.55 168.92 42.37 33.48
Shear Force Fy (KN
y (kN) 148 8191 96.72 14.81 18.08
Beam Casel Case2 Increase in %
149 50.22 73.33 23.11 46.01
No. (Existing (Proposed Shear Force | Increase
Structure) Structure) Fy (kN) 153 141.22 157.46 16.24 11.50
141 137.70 147.01 9.31 6.76 154 72.05 83.66 1161 16.12
155 36.00 62.25 26.07 72.05
142 74.22 87.80 13.58 18.29
159 151.13 163.36 12.23 8.09
143 64.61 79.24 14.62 22,64 160 71.91 85.79 13.87 19.29
147 152.31 153.99 0.32 0.21 163 -121.73 -144.06 22.32 18.33
148 71.42 81.94 10.51 14.72 164 51.22 17.33 20.10 35.14
167 -137.26 -165.29 28.03 20.42
149 58.65 73.36 14.71 25.08
168 84.41 97.96 13.54 16.04
153 145.35 146.61 0.73 0.50 169 -65.23 -94.99 29.75 45.60
154 55.65 64.01 8.36 15.02 170 104.01 131.28 27.27 26.22
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171 -159.71 -143.67 16.04 -10.04 277 25.67 43.92 18.25 7112
172 99.42 85.55 13.87 -13.95 278 27.00 46.04 19.03 7049
279 73.09 136.45 63.36 86.68
173 -98.37 -89.95 8.42 -8.56
280 43.87 54.63 10.76 24.53
174 85.95 96.71 10.75 12.51
175 -141.72 -149.44 772 544 TABLE-6: Comparison of bending moment Mz in second floor beams due
176 72.29 79.07 6.78 9.37 to additional store
Bending moment Mz (kN-m)
177 -42.34 -63.95 2161 51.05 Increase in
178 45.95 71.78 25.81 56.14 Beam Ca_se_l Case 2 Bending %
No. (Existing (Proposed moment Increase
179 -145.63 -147.41 1.78 1.22 Structure) Structure) Mz (KN-m)
241 66.32 143.44 77.12 116.27
180 8487 82.19 2.68 -3.15 242 38.59 80.94 42.34 109.72
) ) ) 243 21.15 59.21 38.06 179.93
Negative values in the difference of case 1 and case 2 247 -82.54 -154.60 -72.06 87.30
indicate that there is a decrease in the value. 248 46.99 78.74 3174 67.56
Table 3 and 4 indicates that there is an increase in shear 349 54-23 1549-245 3301 1474-470
force Fy and bending moment Mz in all the beams. The >3 6. 346 67.0 81.6
: . in shear f o f . 254 42.96 66.64 23.68 55.12
maximum increase in shear force is found in beam no168 555 2579 48.93 6.20 115.29
with an increase of 79%.The maximum increase in bending 259 -83.45 -150.64 -67.19 80.51
moment Mz is found in beam no 155 with an increase 72%. 260 42.67 66.23 23.56 55.22
263 -60.66 -129.54 -68.87 11352
b) Second ﬂoor beams 264 32.60 60.74 28.13 86.27
The increase in shear force and bending moment in second 267 -67.84 -146.49 1864 115.92
floor beams due to construction of additional storey is 268 44.08 977 35.68 80.95
! ' ! y 269 -28.71 -80.87 -52.15 181.63
depicted in Table 5 and 6 respectively. 270 27.08 33.18 5520 197.27
271 -90.88 -130.59 -39.71 43.69
TABLE-5: Comparison of shear force Fy in second floor beams due to 272 59.05 68.19 9.14 15.47
additional storey 273 -49.65 -77.62 -27.96 56.31
274 43.81 79.90 36.09 82.37
Shear Force Fy (kN ) 275 -77.82 -136.90 -59.11 75.96
276 43.45 63.71 20.26 46.63
Case 1 Case 2 Increase in % 277 '2843 -5280 '2437 8573
Beam (Existing (Proposed Shear Force | Increase 278 27.83 57.63 29.79 107.03
No. Structure) Structure) Fy (kN) 279 -78.52 -135.34 -56.81 72.34
241 65.85 136.17 70.32 106.78 280 47.55 6390 10.34 34.37
: . : : Table 5 and 6 indicates that there is an increase and
242 32.20 76.67 44.47 138.09 decrease in shear force Fy and bending moment Mz in all
243 26.34 68.70 42.36 160.77 the beams. The maximum increase in shear force is found
247 85.44 151.48 66.04 77.28 in beam no 269 with an increase of 194%. The maximum
248 36.75 70.45 33.69 91.66 m_ctLease_ in bendlr}glgn?c;/ment Mz is found in beam no 270
249 28.45 63.43 34.98 122.95 with an increase o o
253 80.69 144.03 63.33 78.48 . . .
- 24,89 53,28 18.39 52,70 Comparison of maximum values of shear force Fy in beams
: : : : at different floors.
255 26.28 43.60 17.31 65.88 The maximum values of shear force Fy is compared for the
259 86.78 152.46 65.68 75.68 beams of plinth level, first floor and second floor due to
260 36.76 55.29 18.53 50.40 additional storey.
263 61.74 129.26 67.51 109.34
264 31.32 48.28 16.96 54.17
267 67.11 136.22 69.11 102.98
268 28.25 75.17 46.85 165.81
269 27.63 81.37 53.73 194.42
270 29.65 85.46 55.81 188.18
271 87.50 114.32 26.81 30.64
272 39.48 64.34 24.85 62.93
273 52.47 81.14 28.67 54.63
274 51.03 81.93 30.90 60.55
275 72.80 136.48 63.67 87.46
276 34.80 51.39 16.59 47.67
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TABLE-7: Comparison of top reinforcement in first floor beams due to
156 154 152 additional storey
160 -~
=z 140 A Top Reinforcement
< 120 - (mm? )
- g789 8 Beam Case 1 Case 2 Increase in %
L 100 - No (Existing (Proposed reinforcement Increase
3 80 - Structure) Structure) (mm?)
s 60 - 141 1004.80 1256.00 251.20 25.00
L HCasel 142 785.00 942.00 157.00 20.00
& 40 - B Case 2 143 452.16 678.24 226.08 50.00
2 50 - ase 147 1004.80 1205.76 200.96 20.00
w 148 785.00 942.00 157.00 20.00
0 149 452.16 678.24 226.08 50.00
plinth first  second 153 1004.80 1205.76 200.96 20.00
f f 154 678.24 904.32 226.08 33.33
level oor oor 155 339.12 565.20 226.08 66.67
. 159 1004.80 1256.00 251.20 25.00
Beam location 160 678.24 791.28 113.04 16.67
163 791.28 1004.80 21352 26.98
164 549,50 791.28 24178 44.00
167 803.84 1256.00 452.16 56.25
Fig.9 Comparison of maximum shear force Fy in beams at different 168 565.20 942.00 376.80 66.67
locations 169 339.12 942.00 602.88 177.78
170 452.16 981.25 529.09 117.01
Comparison of maximum values of bending moment Mz in i;; 17000(;‘5800 1709()f2830 8‘20708 102-00%
beams at different floors. . . - :
. . . 173 565.20 791.28 226.08 40.00
The maximum values of bending moment Mz is compared 174 803.84 942,00 138.16 17.19
for the beams of plinth level, first floor and second floor 175 1205.76 1205.76 0.00 0.00
due to additional storey. 176 678.24 791.28 113.04 16.67
177 314.00 565.20 251.20 80.00
178 392,50 678.24 285.74 72.80
169 179 1205.76 1205.76 0.00 0.00
180 - L 155 180 565.20 791.28 226.08 40.00
g 160 a 101
- 140 v 115 Table 7 indicates that there is an increase in top
S .. 120 V9 reinforcement in first floor beams due to the construction
g £ 100 - of an additional storey. The maximum increase in the top
S < 80 - reinforcement is observed in beam no 169 with an increase
2— g0 - ECase 1l of 177.78%.
S 40 -
S M Case 2 TABLE-8: Comparison of bottom reinforcement in first floor beams due
m 20 - to additional storey
0 Bottom Reinforcement
2
mm
plinth  first second ( ’
level floor floor Case 1 Case 2 Increase in %
Beam (Existing (Proposed reinforcement Increase
Beam Location No Structure) Structure) (mm?)
141 791.28 803.84 12.56 1.56
142 157.00 339.12 182.12 116.00
) ) ) ) ) 143 226.08 339.12 113.04 50.00
Fig.10 Comparison of maximum bending moment Mz in beams at 147 942 00 942 00 0.00 0.00
different locations 148 226.08 942.00 715.92 316.67
149 226.08 401.92 175.84 77.78
V. REINFORCEMENT IN BEAMS 153 904,32 904 32 0.00 0.00
The difference in the reinforcement in beams of plinth 154 226.08 004.32 678.24 300.00
level, first floor and second floor are estimated for case 1 155 226.08 401.92 175.84 77.78
(existing structure) and case 2 (proposed structure) and are 159 981.25 981.25 0.00 0.00
presented below 160 314.00 565.20 251.20 80.00
' 163 785.00 791.28 6.28 0.80
. o 164 314.00 565.20 251.20 80.00
a)Relnforcement in first floor beams 167 803.84 803.84 0.00 0.00
The increase in top and bottom reinforcement in first floor 168 226.08 401.92 175.84 77.78
beams due to construction of additional storey is depicted 169 226.08 339.12 113.04 50.00
in Table 7 and 8 respectively. 170 226.08 401.92 17584 778
171 942,00 791.28 -150.72 -16.00
172 226.08 339.12 113.04 50.00
173 314.00 339.12 25.12 8.00
1JERTV 315100964 www.ijert.org 1221
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TABLE-10: Comparison of bottom reinforcement in second floor beams

174 401.92 401.92 0.00 0.00 due to additional storey

175 942.00 791.28 -150.72 -16.00

176 226.08 401.92 175.84 77.78 Bottom Reinforcement

177 157.00 339.12 182.12 116.00 (mm? )

178 226.08 45216 226.08 100.00 Beam Case 1 Case 2 Increase in %

179 942.00 791.28 -150.72 -16.00 No (Existing (Proposed reinforcement | Increase

180 235.50 565.20 329.70 140.00 Structure) | Structure) (mm?)

241 401.92 791.28 389.36 96.88
Negative values in the difference of case 1 and case 2 242 157.00 226.08 69.08 44.00
indicate that there is a decrease in the value. ;i’;’ ég;-gg Sig-gg 367960880 ‘6“6‘-23
Table 8 indicates that there is an increase in bottom : : : :

. N : 248 157.00 226.08 69.08 44.00
relnforcemgr)t in first floor beams QUe to t_he construction 249 157.00 226.08 59.08 22.00
of an additional storey. The maximum increase in the 253 549.50 904.32 354.82 64.57
bottom reinforcement is observed in beam no 148 with an 254 157.00 339.12 182.12 116.00

259 565.20 942.00 376.80 66.67
b) Reinforcement in second floor beams 260 157.00 339.12 182.12 116.00

he i . d b in . d 263 392.50 791.28 398.78 101.60
The increase in top an otto_m rein orcgment in secon 264 157.00 33912 18212 116.00
floor beams due to construction of additional storey is 267 401.92 791.28 389.36 96.88
depicted in Table 9 and 10 respectively. 268 226.08 226.08 0.00 0.00

269 226.08 339.12 113.04 50.00

TABLE-9: Comparison of top reinforcement in second floor beams due to 270 226.08 339.12 113.04 50.00
272 226.08 226.08 0.00 0.00

Top Reinforcement 273 226.08 339.12 113.04 50.00

(mm?) 274 226.08 339.12 113.04 50.00

Beam Case 1 Case 2 Increase in % 275 549.50 791.28 241.78 44.00
No (Existing (Proposed reinforcement Increase 276 157.00 226.08 69.08 44.00
Structure) Structure) (mm?) 277 157.00 226.08 69.08 44.00

241 452.16 1004.80 552.64 122.22 278 157.00 339.12 182.12 116.00

242 339.12 791.28 452.16 133.33 279 549.50 791.28 24178 44.00

243 226.08 565.20 339.12 150.00 280 157.00 339.12 182.12 116.00

247 452.16 1205.76 753.60 166.67

;ig ‘2";(15-83 ;gé-gg ggg-ig 165860000 Table 10 indicates that there is an increase in bottom

53 392.50 1004 80 612.30 15600 reinforcement in second floor beams due to the

254 39250 602.88 210.38 53.60 construction of an additional Storey. The maximum

255 226.08 452.16 226.08 100.00 increase in the bottom reinforcement is observed in beam

259 452.16 1205.76 753.60 166.67 no 263 with an increase of 101%.

260 392.50 602.88 210.38 53.60

263 401.92 942.00 540.08 134.38 VI. STRENGTHENING OF BEAMS

264 314.00 565.20 251.20 80.00 .

67 339.12 1004.80 665.68 196.30 The beams of first floor and second floor are strengthened

268 314.00 791.28 477.28 152.00 for the additional load and moment estimated from the

269 226.08 678.24 452.16 200.00 above tables.

210 226.08 678.24 452.16 200.00 a)Strengthening of first floor beams

2711 628.00 942.00 314.00 50.00 Beams are strengthened for additional reinforcement

272 392.50 602.88 210.38 53.60 . :

273 314.00 678.24 364.22 116.00 requirement at top and bottom obtained from the Table 7

274 | 39250 791.28 398.78 101.60 and 8 respectively.

275 549.50 1004.80 455.30 82.86 Design of top plate

276 392.50 565.20 172.70 44.00 Additional reinforcement area (Fe-415) required for critical

375 | 208 | oee20 ot 1000 beam at first floor = 602.88mm?

779 27100 100480 =33.80 11353 Equivalent area of mild steel plate (Fe-250)

- - - ; 415
280 401.92 565.20 163.28 40.63 - x 602.88 =1000.78mm?2

Table 9 indicates that there is an increase in top
reinforcement in second floor beams due to the
construction of an additional storey. The maximum
increase in the top reinforcement is observed in beam no
247 with an increase of 166.67%.

1JERTV 315100964

250
Assuming width of mild steel plate = 150 mm

1000.78
—— =6.67=8mm
150

Area of steel plate provided = 150 x 8 = 1200mm?
Therefore provide a steel plate of 150 mm wide and 8mm
thick at top of the first floor beam to resist hogging
moment.

Required thickness of plate =

www.ijert.org 1222
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Design of bottom plate
Additional reinforcement area (Fe-415) required for critical
beam at second floor = 715.92mm?

415
Equivalent area of mild steel plate (Fe-250) = —— x

250
715.92 = 1188.42mm?
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Assuming width of mild steel plate = 150 mm

1188.42
———=7.92=8mm
150

Area of steel plate provided = 1200mm?

Therefore provide a steel plate of 150 mm wide and 8mm
thick at bottom of the plinth beam to resist sagging
moment.

Required thickness of plate =

TABLE-11: Size of mild steel plate provided at top and bottom of beam

Additional reinforcement area Equivalent reinforcement
S.No. required area of mild steel plate Size of steel plate provided
1 up to 361 mm? 600 mm? 150 mm x 4 mm
2 362 mm?— 450 mm? 700 mm? 150 mm x 5 mm
3 450 mm? — 630 mm? 1050 mm? 150 mm x 7 mm
4 631 mm? — 720 mm* 1200 mm? 150 mm x 8 mm
5 721 mm? — 900 mm? 1500 mm? 150 mm x 10 mm

VII.DESIGN OF SHEAR CONNECTORS
a)First storey

—
We know that,

Moment, M = 0.36 f,; x b x, x (d-0.42x,)

Finding x, for maximum of sagging and hogging moment
Max sagging moment = 34.19 kKN-m

Therefore we have,

34.19 x 10° = 0.36 x 25 x 200 x,, X (367 — 0.42x,,)

34.19 x 10° = 660600x,, -756x,, 2

X, =55.23 mm

Lever arm (a) = (d-0.42x,,)

a=367—0.42 x 55.23 =343.79 mm

1JERTV 315100964

Now additional force to be carried by stud
_w_3419x10°
a 343.80
Therefore, F=99.45kN
Now designing the shear connector for the above force
using IS 11384:1985 code
From Table 1, we have
20 mm diameter of stud, 100 mm height and for M25
concrete
Strength of shear connector F = 63 kN
So for the above required force, provide 2# shear
connectors at a spacing of 50 mm c/c.

b) Similarly, at second storey

For moment = 77.7 kN-m and force = 183 kN

From Table 1, we have

25 mm diameter of stud, 100 mm height and for M25
concrete

Strength of shear connector F = 94 kN

So for the above required force, provide 2# shear
connectors at a spacing of 50 mm c/c.
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VIIl. CONCLUSIONS
In present work the effect of additional forces due to construction of new storey on existing structure is studied. The
shear force and bending moment in beams are compared to investigate the need of strengthening of beams.
Comparison of beam forces due to construction of an additional storey over existing structure is presented in Table-12.

TABLE-12: Comparison of beam forces due to construction of additional storey over existing structure.

Variation of forces in Variation of forces in % Variation in forces
Structural component existing structure structure with due to additional storey
additional storey

A) Beams
i) Shear force Fy (kN)

a)  Plinth level 15.11 - 86.53 21.06 — 89.01 39.37-2.86
(Member no.) (78)* - (67) 77) - (67)

b)  First floor 35.90 — 155.89 48.86 — 154.84 36.10 - (-0.67)**

(Member no.) (177) - (171) (177) - (159)

c)  Second floor 26.28 — 87.50 43.60 — 152.46 65.90 - 74.24

(Member no.) (255) - (271) (255) - (259)

ii) Bending moment Mz (kN-m)

a)  Plinth level 24.36 — 98.03 3454 -115.24 41.78 — 17.55
(Member no.) (77) - (41) (77) - (67)
b)  First floor 36.00 — 159.71 62.25 - 168.92 72.91-5.76
(Member no.) (155) - (171) (155) - (147)
c) Second floor 21.15-90.88 48.93 — 154.60 131.34-70.11
(Member no.) (243) - (271) (255) - (247)
Note: 1. The effect of construction of additional storey on
* Value within the bracket indicates member no. critical value of shear force and bending moment in beams
** Negative sign indicates decrease in the value. of plinth level and first floor shows a minor increment
# Indicates insignificant value. 2. There is a significant increase in the critical value
of shear force and bending moment in second floor beams
The main findings of this study are mentioned with an increment of 74.24% and 70.11% respectively due
below: to construction of an additional storey.
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