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PROBLEMS

(0 DEBONDING IS STILL A CRUCIAL ISSUE, UNDERSTANDING ABOUT DEBONDING
FAILURES OF RC STRUCTURES WITH NSMR ARE VERY VAGUE

(J INFLUENCES OF SHEAR ON DEBONDING BEHAVIOUR HAVE BEEN IGNORED
IN ALMOST PREVIOUS RESEARCH

= INFLUENCES OF SHEAR CRACKS ON STRAIN AND STRESS DISTRIBUTION ALONG
STEEL AND FRP STRIPS

= INFLUENCES OF SHEAR LINK LOCATIONS ON STRAIN AND STRESS DISTRIBUTION
ALONG STEEL AND FRP STRIPS

= NEEDS OF RELIABLE MODELS TO PREDICT BOND STRESS AND FAILURE LOAD OF
RC STRUCTURE RETROFITTED NSMR
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1 REF-B-1 Control beam 30 4p
2 NSM-CB-2/100/150 NSMR Carbon round bar 133 30 150 150 4p
3 NSM-CS-3/100/0/150 NSMR Carbon strip 214 30 0 150 4p
4 NSM-CS-4/100/200/300 NSMR Carbon strip 214 50 200 300 4P
5 NSM-BS-5/100/350/450 NSMR Basalt strip 57.1 30 350 450 3P
6 NSM-CS-6/150/350/450 NSMR Carbon strip 214 30 350 450 4p
7 NSM-BS-7/100/450/550 NSMR Basalt strip 57.1 30 450 550 3P
8 NSM-CS-8/150/450/550 NSMR Carbon strip 214 30 450 550 4P
9 NSM-CS-9/100/350/450 NSMR Carbon strip 214 30 350 450 4p
10 REF-B-2 Control beam 30 4p




The
University

/s Of EXPERIMENTAL WORK - RESULTS

"G95 Sheffield.

§iii7 D il l
z ‘. ] j ;, 1 ,/ i q' . . -~ s
o1t 248 s
: 41
. &s‘.‘

0
CUT-OFF POINT" SUPPORT

ESMC 7, Lisbon, 7-11 September 2009



EXPERIMENTAL WORK - RESULTS

DEFLECTION

strengthened beam

Pre-crack beam

—=— Back section analysis_FRP control

—— Prediction from section analysis

—*— Back section alysis_Steel strain control
—— Back section alysis_concretel strain control

10

15 20 25 30 35 40

Micro strain

12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Strain distribution along FRP strip(1st)

150 250 350 450 550 650 750

Distance from siinnartfmm)

—&— 1962089167  —— 40.3020373 54.7080233 6= 50.98573112  ——¥—— 73.36746044

—@— 79.76021472 = 99.95436876

120.0778685  ——— 128.9658744 136.4193245

146.4874916 151.2989714 ¢ 160.2730662 -~ 169.9434183  ——0— 173.9415997




The

e TEST RESULTS AND ANALYSIS

Sheffield.

3 -
© ,/" \ "~ m
z a=——=\ o\ | S
= t — kN = 3 T T i
§_2 4 100 \/200 300 ] 500 600
i
©
<
o
-]
-7 -
—+— 196 73.4 —®— 100.0 —®— 1465 169.9 —*— 1739
11 A
9 4
T 5.
=
£ 51
2 3 1
o
o
@ 9
T
1 3 100
’ —+— 196 73.4 —®— 100.0 146.5 169.9 —*— 1739
11 14
9
’g 7
=
w 5
v
I
5 3
-]
o
| 1
-1 600
-3 4

Distance from the support(mm)

—+— 196 73.4 100.0 —8— 1465 169.9 —®— 1739



TEST RESULTS AND ANALYSIS

LOAD 43.5KN

strain Load(kN)
200 1
180 +
0.0009 - 160 1
140 +
120 +
100 +
80 A
0.0007 - 60 -
40 B oy . /o
22 ¥ Deflection(mm)
0 10 20 30 40
0.0005 -+
—=—FRP -Section analysis Load(kN)
180 1~
—o— Steel -Section analysis
0.0003 - . .
—A— Concrete section analysis
=4 STEEL -EXP

1E-04
Distance from the support(mm)

800 1000
-0.0001

[

strain

-0.005 -0.003 -0.001 0001 0003 0005 0007 0009 0011 0013 0.015
-0.0003



TEST RESULTS AND ANALYSIS

LOAD 72.5KN

Load(kN)
strain 200
0.002 180
160 -+
140 +
120
100 +
80 +
0.0015 7> 3 60 -
Y 20
N
0.001
Load(kN)
180 1+
0.0005
Distance from the support(mm)
-1E-18 T T T T
600 800 1000
-0.0005
strain
~——@— FRP-Section analysis ~——&— Steel -Section analysis ~ ——#&—— Concrete section analysis -0.005 -0.003 -0.001 0.001 0.003 0.005 0.007 0.009 0.011 0013 0.015

s FRP-EXP

¥ STEEL -EXP



TEST RESULTS AND ANALYSIS

LOAD 91KN
Load(kN)

200 -
0.0025 180
160
140
120
100
0.002 80 1
60 |
40
20

0.0015 0

strain

Load(kN)
0.001 180 -
0.0005
Distance from the support(mm)
0 T T
800 1000
A
) A
-0.0005
strain
-0.005 -0.003 -0.001 0.001 0.003 0.005 0.007 0.009 0.011 0.013 0.015
—@— FRP-Section analysis ——&— Steel -Section analysis ~ ——#—— Concrete section analysis

g FRP-EXP ¥ STEEL -EXP




TEST RESULTS AND ANALYSIS

LOAD 120KN Load(kN)

200 1
180 4
160 4
140 4
120 ¢
100 4
0.003 8 1
60 A
40 A
20 A

0

strain
0.004

0.002

Load(kN)

0.001 10T

Distance from the support(mm)
-1E-17

800 1000

-0.001

strain

-0.002

o
.

-0.005 -0.003 -0.001 0.001 0.003 0.005 0.007 0.009 0.011 0.013 0.015

——— FRP-Section analysis e Steel -Section analysis ~ ——#a—— Concrete section analysis

e FRP-EXP il STEEL -EXP



TEST RESULTS AND ANALYSIS

) Load(kN)
strain
200 -
0.0105 180 +
p - 160 -
RS 140 -
120 |
0.0085 ! | 100 -
¢ 80 -
/ 60 -
0.0065 N
20
0
0.0045
Load(kN)
180 1
0.0025

Distance from the support(mm)

0.0005

800 1000

-0.0015

-0.0035

strain

——&— Steel -Section analysis ~ —l— FRP -Section analysis -~ Concrete section analysis

b= FRP-EXP e STEEL -EXP -0.005 -0.003 -0.001 0001 0003 0005 0007 0009 0011 0013 0015



TEST RESULTS AND ANALYSIS

) LOAD 174KN
strain

Load(kN)

0.0125 200 -

180 -

/\X 160 -

0.0105 140

120 -

100 -

’ . ® |

0.0085 0 |

40 -

20 -

0.0065 0

0.0045
Load(kN)

0.0025

Distance from the support(mm)
0.0005

800 1000

-0.0015

-0.0035

——&— Steel -Section analysis —@— FRP -Section analysis ~——&—— Concrete section analysis
strain

g FRP-EXP i STEEL -EXP -0.005 -0.003 -0.001 0.001 0.003 0.005 0.007 0.009 0.011 0.013 0.015




TEST RESULTS AND ANALYSIS

Load(kN) x=150mm
200
150 -
100 - == Fsb
50 == Ffrp
Force(N)
0 T T T 1 =@==Seriesl
0 50000 100000 150000 200000
Load(kN) Xx=255mm
200
150 == Fsb
100 == Ffrp
50 v
Force(N) Exp.
0 ! ! ! ' ==g=Seriesl
0 50000 100000 150000 200000
Load(kN) x=405mm
200
150 == Fsb
100 == Ffrp
50 Series4
Force(N)
0 T T ) =—¢—"Seriesl
0 100000 200000 300000

Load(kN)
200

Xx=505mm

150 == Fsb
100 -
50 -
Force(N)
O T T T T 1
0 50000 100000 150000 200000 250000
Load(kN) Loading point
200
150
== Fsb
100
=f—=Ffrp
50 Series4
Force(N) ==Series]
0 T T 1

100000 200000 300000



i TEST RESULTS AND ANALYSIS

Sheffield.

Moment resistance of beam(calculated from test results)

80 -

70 - ‘:
=

60 -

50 -

—¢— Moment resistance(back analysis)

Moment(kNm)

== Applied moment(back section analysis
at experimental failure load P=174KN

=== Applied moment (Back section analysis at ultimate load)
Load P=184kn

= &=« Shifted(P=174KN)

= = = Shifted(P=184KN)

Power (Moment resistance(back analysis))

Power (Moment resistance(back analysis))
T T T

-150 0 150 300 450 600 750 900 1050 1200

Distance from support(mm)



TEST RESULTS AND ANALYSIS

NORMAL FORCE DISTRIBUTION IN FRP, STEEL AND CONCRETE ALONG
THE BEAM
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J SHEAR EFFECTS ARE SIGNIFICANT ON BOND BEHAVIOUR OF FRP NSMR

L AT MID-SPAN ZONE, SECTION ANALYSIS CAN BE USED WITH A HIGH
RELIABILITY

(J SHEAR CRACKS TEND TO EXTEND THE YIELD ZONE OF STEEL IN RC BEAM
RETROFITTED WITH FRP NSMR

(J SHEAR CRACKS PROVOKE AN INTENSIVE INCREASE OF STRAIN AND
STRESS IN BOTH STEEL REINFORCEMENT AND FRP NSMR

(J SHEAR EFFECTS ARE POSSIBLY MOST INTENSIVE AROUND MID SHEAR SPAN
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O FAILURE MECHANISM UNDER SHEAR EFFECTS

1 PARAMETRIC STUDY ON SHEAR EFFECTS: STIRRUP SPACINGS, RELATIVE
POSITION OF THE CUT-OFF POINT AND SHEAR LINKS

(J PROPOSE RELIABLE MODELS TAKING INTO ACCOUNT THE SHEAR EFFECTS
FOR TO PREDICT THE FAILURE LOAD FOR BEAM RETROFITTED WITH FRP NSMR

= INTERFACIAL STRESS BASE MODEL
= FAILURE PRISM MODEL

= TRUSS AND TIE MODEL
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