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Double-lap Shear tests: materials 

Substrate: solid clay bricks 
Reinforcement: Externally Bonded 
Carbon and Glass Textiles 
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Double-lap Push-Pull Shear tests: set-up 

 Two strips of FRP externally 

applied on the opposite wider 

surfaces of a single clay brick. 

 Each strip 50 mm wide, bonded 

for 200 mm. 

 Unbonded zone 30 mm  long, in 

order to limit edge effects. 

 Seven strain-gauges applied on 

the outer side of one strip. 

 Tensile load applied to the FRP 

strips, brick forced to be 

compressed. 

 Tests controlled by a 

displacement rate of 0.2 

mm/min. 

Sample’s 

design layout 

Test machine 

Specimen 

ready for 

testing 
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Double-lap Shear tests: results 
Typical failure: complete detachment of 
the reinforcement from brick’s surface 

Results in terms of failure load per unit 
width of the reinforcement: 

Ripping of 

clay pieces 

Curved cracks 

0

100

200

300

400

500

Test 1 Test 2 Test 3 Test 4 Test 5

fa
il

u
re

 l
o

a
d

 p
e
r 

u
n

it
 w

id
th

 (
N

/m
m

)

Carbon Glass
mean value 

(carbon)

mean value 

(glass)



 BOND BEHAVIOUR OF CFRP AND GFRP LAMINATES ON BRICK MASONRY 
 M.Panizza, E. Garbin, M.R. Valluzzi, C. Modena – University of Padova IT 

SAHC’08    6th International Conference 

Bath, UK 2-4 July 2008 

Peak loads vs axial stiffness: trend lines 
First analysis: evaluation of trend lines for the failure 

loads per unit width of the reinforcement as function 

of the axial stiffness Eftf measured through the strain 

gauges applied on the unbonded region. 

Second analysis: evaluation of trend lines as before, 

but fixing the exponent c2 = 0.5 (Square Root). 

Regression coefficient for GFRP are slightly higher 

than CFRP (around 16%), and this could be significant 

for the fracture energy evaluation. 
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Prediction of strength through available models 
Twenty-one predictive models, developed to estimate the failure load Pu of the composite-to-

concrete bonded joint, were applied in order to make a comparison with the experimental results of 

the tests on clay substrate. 

0%

20%

40%

60%

80%

100%

120%

140%

160%

TA
N
A
K
A

H
IR

O
Y
U
K
I a

nd W
U

M
A
E
D
A

K
H
A
LIF

A

Y
A
N
G

S
A
TO

IS
O

IZ
U
M

O

N
E
U
B
A
U
E
R
 a

nd R
O
S
TÁ

S
Y

C
H
E
N
 a

nd T
E
N
G

M
O
N
TI e

t a
l.

LU
 e

t a
l. 

B
ili

nea
r

B
R
O
SE

N
S a

nd V
A
N
 G

EM
E
R
T

C
N
R
-D

T 2
00

N
A
K
A
B
A
 e

t a
l.

S
A
V
O
IA

 e
t a

l.

N
E
U
B
A
U
E
R
 a

nd R
O
S
TÁ

S
Y

D
A
I a

nd U
E
D
A
 (1

)

D
A
I a

nd U
E
D
A
 (2

)

LU
 e

t a
l. 

P
re

ci
se

LU
 e

t a
l. 

S
im

plif
ie

d

th
e
o

re
ti

c
a

l 
v
s

 e
x

p
e
ri

m
e
n

ta
l 
lo

a
d

 r
a
ti

o

Carbon Glassexperimental

mean value

  Large differences from model to model: they vary 

between 44% ÷ 154% of mean experimental Pu (CFRP) 

and 43% ÷ 85% (GFRP); 

  all the predictions (closer to test results in case of CFRP 

than GFRP), except two in case of CFRP, underestimate 

the mean experimental Pu. 
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Calibration of the fracture energy Gf 
The interface fracture energy mode II, Gf, is defined as the definite integral of the tangential 

stress t, expressed as function of the mutual slip of composite and substrate, s. 

Similar analytical relations between Gf and the failure load have been considered: 

cc

ff

T

T

fff

fu
tE

tEGtE
bP 


 


;

1

2

:(1996)Täljsten 

ccc

fff

W

W

fff

fu
tEb

tEbGtE
bP 


 


;

1

2

:(1999) Wu andYuan 

ffffu GtEbP 2

:ksRecent wor



By applying the first and second relation to the experimental data of this work, it emerges that 

taking or not into account the parameters T or W leads to a difference lower than 2%. 

Therefore the third equation was applied to derive a first calibration of the mean Gf. 

A second calibration was based on the coefficient c1 of the second set of trend lines (S.R. 

fitting) formerly exposed. 
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 There is no significant difference between the 

first and the second calibration of the fracture 

energy; 

 The estimated value, for glass reinforcement, 

is around 35% higher than carbon one. 
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Calibration of a bond-slip law (1) 
To calibrate the bond-slip law on the experimental results, this combined approach was 

adopted: tangential stress and interface slip points (t–s) were obtained from strain-gauges 

monitoring, while the fracture energy value, Gf, was calculated from failure loads. 

The main relations between reinforcement strain , interface tangential stress t and slip s, 

obtained from simple equilibrium and compatibility considerations supposing to disregard the 

slip component of the substrate (sufficiently stiffer than composite) are: 
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To calculate, from strain measured in discrete 

positions along the reinforcement, the 

corresponding tangential stress and slip values, 

formulas (Valluzzi et al. 2003) that allow to 

manipulate data from devices not uniformly 

spaced were used. 

 
  





























1

1

1

1

2

1

ii

ii

ii

ii

ffii
xxxx

tEx


tt

    iiiiiii xxsxss   111
2

1




 BOND BEHAVIOUR OF CFRP AND GFRP LAMINATES ON BRICK MASONRY 
 M.Panizza, E. Garbin, M.R. Valluzzi, C. Modena – University of Padova IT 

SAHC’08    6th International Conference 

Bath, UK 2-4 July 2008 

Calibration of a bond-slip law (2) 
It is assumed that the bond-slip law should show an ascending segment and a softening behaviour. 

Instead of using two different mathematical expressions for the ascending and the descending 

branch, a single function was chosen; although there could be a slight loss of adherence to 

experimental data, it reduces the required parameters making easier the fitting process. 

The proposed law, easy to integrate and derive (UniPd curve): 
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BASIC FUNCTION (depending on two parameters): NORMALIZED EXPRESSION: 

After the optimization of the UniPd curves, in 

case of carbon reinforcement and glass one, it 

was possible to calibrate a bilinear law. 

BILINEAR FUNCTION: 
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Calibration of a bond-slip law (3) 
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Moreover, the main parameters of the calibrated curves, namely the fracture energy Gf, the 

maximum tangential stress tmax and its related slip s0, and the ultimate slip sf (if defined), have been 

compared with the parameters obtained through the predictive models able to provide them. 
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Double-lap Push-pull S. T: CONCLUSIONS 

 The results of the tests performed on clay bricks reinforced by 

CFRP and GFRP show a better performance of carbon 

reinforcement than glass one (around 36% higher in the first case); 

 all the applied predictive models (except two in case of CFRP) 

underestimate the results of the tests; they seem to work better 

(except two in case of GFRP) for the carbon reinforcement. 

However, the strength predictions vary into an wide range (44% ÷ 

154% of experimental mean failure load for CFRP, 43% ÷ 85% for 

GFRP); 

 from the measured failure loads, different fracture energy values 

have been derived, around 35% higher in case of glass 

reinforcement than carbon one; 
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Double-lap Push-pull S. T: CONCLUSIONS 

 to analyze stress and slip from not uniformly spaced strain-gauges 

measurement, discrete equations have been used, consistent with 

central finite difference methods; 

 a mathematical function, easy to integrate and derive, is proposed 

as bond-slip law. This function has been fitted in case of both 

carbon and glass reinforcement; beside these fittings, two bilinear 

functions have been also calibrated. The optimized functions seem 

to show an interface local behaviour of CFRP slightly stiffer than 

GFRP; 

 these tests are a first step in order to take into account, in the 

future, the role of the mortar joints, characteristic of masonry 

structures; 

 the reliability of the experimental setup needs to be verified; 

despite of its simplicity, the actual distribution of the load should 

be more clarified. 
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