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APPENDIX
APPENDIX -1
Design calculation for the flexural failure.

Reference | Calculations Output
BS 8110:
Part 1 | Uniformly distributed self weight = 1*.125*.2*2400
1985 kg
3.4.4.4 =0.589 kKN/m
5kN 5kN
A A
< >< > < > &

600mm 600 mm 600 mm 50 mm

M= bending moment due to self weight +
bending moment due to point loads
= (0.589%1.8%)/8 + 10*(1.8/6)
=3.24 KNm

Assume main reinforcement bar diameter= 8 mm

Assume shear link bar diameter= 6 mm

Effective
Effective depth =d depth= 165
= 200-25-6-4 mm
=165 mm
K=M/bd?f,
=3.24*10°/125*165%*30
=0.0317
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K’=0.156, K<0.156; compression reinforcement not

required
z=d( 0.5+Y(0.25-0.0317/0.9) )

=165( 0.5+V(0.25-0.0317/0.9) )
=159 mm <0.95d

Since fo, = 30 N/mm?®and f, = 250 N/mm?
As=M/(0.87 f,z)
=3.24*10%/(0.87*250%159)
=94 mm?

Main Reinforcement = 2R8 [2 mild steel bars]

As =2**r* mm?

=100.5 mm?

Main R/F
2R8
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Reference Calculations Output
BS 8110: | Take failure load under shear = 60 kN Failure load
Part- 1, 1985, V= 60/2 under shear
Cl:3.45.2 =30 kN =60 kN
Diameter of shear links =6 mm
Effective depth =165 mm
v = V/bd
= 30*10°/125*165
= 1.4 N/mm? <lesser of (0.8Vf, or 5 N/mm?)
Ve = 0.79(100 As/(byd))*3(400/d) /Y
= 0.79(100%100.5/(125*165))3(400/165)*/1.25
Table 3.9
= 0.62 N/mm?
Ve+0.4 =1.02 N/mm? <v
ASV >= b\/S\/(V' Vc)/087fy\/
Table 3.8 Ag, = 2%1*3% mm?
=57 mm?
Sy <= 127 mm
Minimum spacing of links = 0.75d = 124 mm
Spacing of links =100 mm
Cl:3.455 Pf FIZ
> 8 mm
> 6mm @ Spacing  of
A A shear i
«— >< >« > » link links
600 600 600 50 (125 mm*200 =100 mm
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APPENDIX -2
Expected Theoretical Calculations

Reference Calculations Output

Beam Parameters

Span of the beam = 1900 mm
Overall depth =200 mm

Breadth =125 mm

Grade of concrete =30 N/mm?

Top Reinforcement = 8mm g mild steel

Bottom Reinforcement= 8mm g mild steel

Stirrups = 6mm g mild steel

Grade of mild steel = 250 N/mm?

Cover =25 mm

Effective depth =200-25-6-4
=165 mm

BS 8110: | Flexural Capacity

Part 1: 1985 | Flexural capacity was calculated as follows

As = Tension Reinforcement
f, = Yield stress of Reinforcement
X = Depth to the neutral axis
b = Breadth of the beam
fou = Compressive strength of concrete
= The average 28 days concrete compressive
strength  from Appendix- 2
= 35.3 N/mm?

91




Investigation On Performance of Heavily Cracked R/F Concrete Beam Strengthened With Carbon
Fiber Reinforced Polymer (CFRP) Sheets

Compressive force in concrete = 0.9 x0.67 xX xbx
fcu
Tensile force in steel =0.87As f,

Considering beam to be singly reinforcement,
Tensile force of the beam = Compressive strength of
the beam
0.87Asxfy =10.9 x0.67 xx xbx fcu
0.87xmx4% x2 x 250 = 0.9 x 0.67 x 125 x 35.3 x X

x=8.21 mm

Lever arm (2) =d - (0.45x%)
=165 - (0.45 x 8.21)
=161.3 mm

Flexural capacity =kxZ
= x4° x2 x 250 x 161.3
= 4.04 KNm

H}HH&LHHHHIHHHH

: L

50mm 600mm 600mm 600mm 50mm

Expected flexural capacity of beam

1. Bending moment due to W/2 point loads
Maximum moment will be occurred between point

loads,

Moment, M = E (x —0.05) - E (x — 0.65)
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2. Bending moment due to beam self-weight
[0.050 m < x <1.850 m]

".-'.-'Iz

Moment, M = £ (x — 0.05) -

For maximum moment,

I
dx

Therefore x =1/2=0.95 m

By principal of super position,

wx

Moment for total load = “— (x — 0.05) -

¥ (x—0.05)-Z (x — 0.65)

Therefore maximum moment
Mmnax =0.3W + 0.40375w

According to the previous calculation, Flexural
capacity of the beam = 4.02 kNm
At failure, 0.3W + 0.40375w
=4.04
0.3W +0.40375 x 0.125 x 0.2 x 2.4 x 9.81 =4.04

BS8110: Part
1: 1985
Table 3.9

W =12.7 kN

Hence expected failure load under flexure =12.7 kN

Expected shear capacity of beam

V.= 0.79 X(NDASJ 13 o (ﬂ)lm % (fg) 13,1

bv x d d 25 rm
V¢ = Design shear stress of concrete
As = Req. Tension Reinforcement
feu = Compressive strength of concrete
by = breadth of section

ym = safety factor for materials (taken as 1.15)
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As=mx 16 x2
=100.53 mm?
by =125 mm

ve= 0.659 N/mm?

Asv Wfw

bvxsw

Shear taken by stirrups (va) =

Sy = space between shear link reinforcement

A, = Total cross section of links at neutral axis

As =T x9 x2
=56.5 mm?
Sy =120mm

Vi, = 0.942 N/mm?

Expected total shear capacity = 0.659 + 0.942
= 1.601 N/mm?

Maximum shear force is at the support,

Shear force due to applied load = E

Shear force due to self-weight = “— —-0.05xw
Therefore,

Smax = 3 +0.125x 0.2 x 2.4 x 9.81 x (1.9/2 -0.05)

Y +0.52974

Smax = Design shear stress of the concrete beam
1.601 x 125 x 200 x 107
40.05 kN

¥ +0.52974= 40.05
W = 79kN

Hence expected failure load under shear =79 kN
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APPENDIX -3
Concrete compressive strength test results

Date of cast Date of test Compressive
strength (N/mm?

C1 28/11/2015 28 days after cast | 35.48

C2 28 days after cast | 37.54

C3 28 days after cast | 34.35

C4 28 days after cast | 34.3

C5 30/11/2015 28 days after cast | 36.67

Cé 28 days after cast | 34.45

C7 1/12/2015 28 days after cast | 37.82

c8 28 days after cast | 29.48

C9 3/12/2015 28 days after cast | 36.04

C10 28 days after cast | 36.76
Average 35.29
compressive
strength
Standard 2.414
deviation
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APPENDIX -4

Comparison between experimental moment and theoretical moment
Non Cracked Beam

Experimental Moments

Theoritical Moments

_ Flexural CERP U wrap N % increment
Beam Ultl_mate Max Moment component component for component Theoritical | of M_oment Average
. Failure (0.3W+.40375w) . for bending / Values/ | capacity w.r.t | Increment
Notation from steel bending /Mnf .
Load(kN) /(KNm) /Mns (kNm) (kNm) FL(d-k/2) / (KNm) Experimenta %
(KNm) moments
F1 17.00 5.34 2.736 4.753 0.000 7.489 40.30 30%
F2 20.00 6.24 2.736 4.753 0.000 7.489 20.06
IN1 35.00 10.74 2.736 4.753 11.400 18.889 75.91 76
IN2 27.00 8.34 2.736 4.753 0.000 7.489 -10.18 -10
M1 27.00 8.34 2.736 4.753 11.400 18.889 126.55 123%
M2 28.00 8.64 2.736 4.753 11.400 18.889 118.68
Cracked Beam
Experimental Moments Theoretical Moments
_ CERP U wrap N % increment
Beam Ultl_mate Max Moment Flexural component component component Theoritical | of M_oment Average
Notation Failure (0.3W+.40375w) from steel /Mns for bending for bending | Values/ capacity w.r.t Increment
Load(kN) /(kNm) (KNm) IMnf (kNm) / FL(d-k/2) (KNm) Experimenta %
/ (KNm) moments
CF1 22.75 7.063 3.141 4.753 0.000 7.894 11.77 204
CF2 28.00 8.638 3.141 4.753 0.000 7.894 -8.61
CFE1 21.50 6.688 3.141 4.753 7.630 15.524 132.13 106%
CFE2 28.00 8.638 3.141 4.753 7.630 15.524 79.72
CFI1 28.00 8.638 3.141 4.753 7.630 15.524 79.72 165%
CFI2 14.00 4.438 3.141 4.753 7.630 15.524 249.82

W-Failure load under flexture/(kN)

w-Beam self weight/(kN/m)
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