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Abstract—The characteristics of the fiber reinforced plastic
(FRP) and concrete bonded interface directly decided the results
of structural reinforcement. The shear test was well simulated,
and the shear stress distribution along the bonded interface was
obtained by using 2D and 3D finite element method. The
parametric study of influential factors (e.g., Young's moduli,

shear moduli, and thickness, etc) on shear stress of the FRP-
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2]. These two kinds of test methods were compared by
Okkonen [3], the results showed that the shear strength
measured by former method was smaller than the latter. It was
important to note that shear strength was the ultimate limit of
pressure divided by the corresponding shear failure area,
which was the average shear strength, it met the assumption of
uniform distribution on the interface shear stress. But in fact,

concrete bonded interface was discussed, and the influence of the stress along bonding interface was not equally distributed.

stress concentration on the interfacial shear stress distribution
characteristics was gained. The results are very useful for

Cramer[4]simulated the ASTM D143 block shear test by

designing the shear-resisting bonding strength test as well as tWo-dimensional finite element method, the shear stress

characterizing the FRP-strengthened concrete bonded interface.

Keywords-FRP ;
parametric study.

concrete; bonded interface, shear stress,

|. INTRODUCTION

concentration factor of the specimens was 2.36. Zhang et al.[5]
simulated the bonding interface shear test of reinforced

concrete components by FRP plate using 2-d finite element
method, the shear stress concentration factor was 4.2 ~ 6.9.
Moses and Prion [6] obtained the shear strength of block shear
by using three-dimensional finite element method, the stress

The bonded surface between fiber reinforced plasti€oncentration factor for gaps at least was equal to 2.

(FRP)plate and concrete is the key part of FRP plate T4 sym up, the stress concentration of bonding interface
remforceql concrete  structure. The failure 'of remforcedgaps played an important role in measuring the actual shear
structure is often caused by tiny cracks of bonding surface, anghng strength, the results showed that it was much difference
then developed into the larger cracks, eventually led tgetween the two-dimensional FEM calculation and the three-
structure damage as a whole. The stand or fall of interfacigimensional FEM calculation. Therefore. it was urgent to
bond properties will play an important role in the success af,dy the influence of the stress concentration of the block
failure of the reinforced structure. Interfacial bonding strengtiyear specimen to the shear strength of the bonded FRP-
is divided into the shear bond strength (parallel to the bondingyncrete interface, the theoretical analysis and numerical
surface) and tensile bond strength of two bondeginylation methods were adopted, interfacial shear stress
(perpendicular to the surface), the bonding interface was oftflsyripution was obtained. The results were very useful for
in direct shear stress state under some condition of appropnq}gsignmg the shear-resisting bonding strength test as well as
external load. Therefore, accurate measurement and analygigyracterizing the FRP-strengthened concrete bonded interface.

of adhesive interfacial

shear stress distribution was the
precondition of FRP plate reinforced concrete structural design. 1.

THE MODELS AND METHODS

The ASTM D143 and ASTM D905 were respectively used With reference to ASTM D905 shear test method, shear
to measure the whole piece of wood and cementing the shedpck was improved, the size of the specimens was shown in
strength of lumber by American Society for Testing Material[1fig. 1 (a), and the thickness of the FRP plate could be adjusted
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freely. The uniform vertical displacement was applied toA. Material Parameter

simulate test load, as shown in fig. 1 (b). There were no consistent conclusions in documents[7, 8Jon

On the assumption that shear stress of FRP and concrétBP plate and concrete material property. It was assumed that
interface were under the premise of uniform distributionconcrete was isotropic material, and the concrete’s

interfacial shear strength expression was: compressive strength grade was C25. FRP plate was selected
as the carbon fiber reinforced polymer (CFRP), glass fiber
r, . =P /A1) reinforced polymer (GFRP) and boron fiber reinforced

where, 7, was for determination of shear strength of FRPPOlYMer (BFRP), which were all orthotropic material, and
satisfied the conditions of transverse isotropy, which was

and concreteP was ultimate load, which was external load

value imposed when the shear specimen damages the E, =B Gu=Gy  Up=Up Uy =Uy Uy =Uy
area of FRP and concrete bonded interface. E,

2(1+ U23) (6)

The interface shear strength was assumetq_as bonded

interface damage area was assumedAasso the ultimate

. The material properties of FRP sheet and concrete were as
applied load was:

shown in table 1.

P=r._ DA(Z) TABLE 1. MATERIAL PROPERTYPARAMETER
- E;. E;. E;. v v v Giz. Gia. Ga. A
% Concrete,, 273794 27.379¢ 27.579¢ 020 02¢ 020 14406 144067 1440604
BFRP, 304« | 11850 11830] 0274 0376 0324 5.306 5300 783884,
CFRE T IELE T I003S 10054 053 03 UARS T Te T T T,
_Z [ T IR N =R C A= LI C L T= I o Tl K F =R S F- PR R & V- PR b L T2

Note: B, B, Es—Elasticity Modulus;u,, v, v, — Poisson's

ratio; Gy, Giz, G,z — Shear Modulus.

B. The Finite Element Mode
Three-dimensional model was established by finite

31

(a) shear specimens (b)load element software ADINA it was refined locally for the grid
conditions of bonding interface and the load surface, as shown in fig. 2.
FIGURE I. IMPROVED ASTM D905 SHEAR STRENGTH In addition to the grid locally refinement, there were 5 cm and
TEST 10 cmmesh grid division respectively in the direction of the

o . . specimen thickness (X direction), and 2 cm and 4 cm grid
A certain displacement load was imposed on specimen, thfesh division respectively in the specimen length direction (Z

actual load applied on the specimen could be obtained throughvection) and the width direction (Y direction), as shown in
the finite element analysis, which was resultant force loadingg. 2 (b).

on the surface, recorded a# , the ratio of applied external
forces and limit external forces was
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The stress concentration factor (SCF) was adopted to A iﬁiﬁgﬁ’?%
characterized the relationship between maximum shearing HEHE’?%%’
stress and shear strength of FRP and concrete, which was as ; y; §§§§%%/
follow A N\

(8)2(Y and Z) to 5(X) grid (b)4(Y and Z) to 10(X) grid
SCF = Tm—ax = T"‘—M = i T FIGURE II. FINITE ELEMENT MODEL OF IMPROVED ASTM
4 14

2P .
e (e @ D905 SHEAR TEST
lll. PARAMETRIC ANALYSIS OF SHEAR STRESS
where, T, was the maximum shearing stress on the bonding  The shear performance and stress distribution of FRP-
interface when the interface shear strength reached ultimatencrete bonded interface were affected by elastic modulus,
shear strength, and the real SCF value could be obtaipgd, shear modulus and thickness of FRP plate and concrete, which

was the maximum stress along FRP-concrete bondingegd to be StUdt'ﬁd ilﬁlrtherdmore._For Ithf_e _(;aICLflatlontefflmer?c;?
interface calculated by using finite element method. nd economy, the three-dimensional inite element mesh o
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specimen was that the mesh density was 10 cm in depthree-dimensional finite element method could be simplified
direction, and 2 cm in width and height direction. as a two-dimensional plane strain problem for analysis.

A. TheModulus of Elasticity B. Shear Modulus
The ratio of FRP elastic modull& and concrete elastic The ratio of FRP shear moduli.and concrete shear

modulus Ec was adjusted the corresponded shear stressmodulusG¢ was adjusted made x;,, =G, /G, (i =1,2,3),
distribution and SCF along FRP-concrete bonded interfac% . . .
. _ - . the ratioy, varied from 1.0 to 10.0, FRP sheet elastic modulus
were obtained. Made, =E.,/Ec, (=1,2,3), the ratioa o
) ) Er (i=1,2,3 andu, v,, v,y GG, kept unchangedGy
varied from 1.0 to 10.0, and,, v,, v,; GG, remained ; :

A B 12 was calculated by equation (6), and the shear stress
u?chang_e?._gzgt_ Wasl calc_ultate%\d bl{) ?quatlon (6).1;he S(';eé‘FrQoIistribution along interface between concrete and FRP plate
stress distribution along interface between concrete an - ; .
plate was chosen, with which the rafiavas equal to 1.0 and as shown in fig. 5, which the ragigwas equal to 1.0and 4.0.
4.0, as shown in fig. 5. It can be seen from the fig.5, the stress on the upper and

lower of the FRP-concrete bonded interface changed greatly,
the stress on the middle was stable, and the shear stress on the
upper was always bigger than the bottom’s.

12!
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hear siresS

FIGURE Ill. THREE-DIMENSIONAL SHEAR STRESS DISTRIBUTION
ALONG FRP-CONCRETE BONDED INTERFACE WHILE ELASTIC
MODULUS CHANGE

() x,=1.0 (b) x,=4.0

It can be seen from the fig.3, the shear stress at the t0p Q{gre v, THREE-DIMENSIONAL SHEAR STRESS DISTRIBUTION
the FRP-concrete bonded interface increased gradually, but ol ONG FRP-CONCRETE BONDED INTERFACE WHILE SHEAR
gradually became smaller at the bottom, and shear stress MODULUS CHANGE
change was not obvious in the depth direction.

. . . Fig.6 showed the SCF of FRP and concrete interface with
Fig.4 showed the SCF of FRP and concrete interface witf,q ghange of different shear modulus ratio by two-
the change of different elastic modulus ratio by tWO-gimensional and three-dimensional finite element method. It

dimensional and three-dimensional finite element calculationghowed that the calculation results were almost same. and the
It showed that the calculation results were almost the SaMEyo-dimensional plane strain calculation result Waé more

and the tvyo-dlmensmnal plane strain calculation result wasynsistent.
more consistent.
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The elastic modulus ratioa of FRP and concrete The shear modulus ratiox, of FRP and concrete
FIGURE IV. EFFECTS OF ELASTIC MODULUS TO SCF OF FRP- FIGURE VI. EFFECTS OF SHEAR MODULUS TO SCF OF FRP-
CONCRETE BONDED INTERFACE CONCRETE BONDED INTERFACE

In fig.3 and fig.4, it can be showed that: (1) The increase of In fig.5 and fig.6, it showed that: (1) The increase of shear

stress become larger at the upper and middle of FRP-concrete | h d middle of the interf but th
bonded interface, but the shear stress became smaller at the o 2T9€r at the upper and middle of the interface, but the
bottom: (2) Whén the elastic modulus ratio of FRP anoshear stress became smaller at the bottom; (2) When the shear

. . odulus ratio of FRP and concrete reached a certain value
concrete reached a certain value, elastic modulus of FRB ’

contribute to SCF of FRP-concrete bonded interface could 0?13; dn?g?eﬂlf:ieo\fva';ﬁPngrcg:jmbme to SCF of FRP-concrete
ignored; (3) Shear stress distribution and SCF calculation b 9 :
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C. Thickness (1) The changes of elastic modulus of concrete and FRP

When using FRP sheet for reinforced concrete memberill influence the shear stress on the FRP-concrete interface.
the size of the concrete were also different, therefore, it wakhe increase of specific value between the FRP and concrete
need to study the shear stress distribution of the bondi astic modulus W|_II result in the increase of the shear stress on
interface between concrete and FRP plate with different siz81€ Upper and middle parts of the interface, and the stress
Material properties of concrete and FRP plate were set fPncentration factors then becomes smaller consequently,
constant, the thickness of FRP was fixed 19 cm on the left sigdich will later result in the shear stress on the bottom
of the specimens, the thickness of the concrete was changed!Bfg¢rface becoming weaker, when specific value of the FRP-
the right side of the specimen, respectively 7 cm and 19 ¢ oncrete elastic modulus increases to a certain value, the

The interfacial shear stress distribution under differenficrease of FRP elastic modulus may slightly influence the
thickness of concrete was shown in fig.7. It showed the pa ctors of stress concentration on the FRP-concrete interface.

shear stress distribution of FRP-concrete bonded interface (2) Changes of the concrete-FRP shear modulus can

under different thickness of FRP sheets. Fig. 8 showed thgfluence greatly the shear stress on the upper and bottom
effect of different FRP plate thickness to the SCF. sides of the FRP-concrete interface but influence slightly that
— N in the middle of the interface; when FRP-concrete shear
i) modulus specific value changes, the increase of FRP shear
2w T modulus may greatly influence the factors of stress
concentration on the FRP-concrete interface.

e sres10"MPR

(3) When the thickness specific value of FRP and
concrete differs slightly, they may greatly influence the shear
stress strength and the stress concentration factors on the

&

o, S

(a) B=19/7 (b) B=19/19 interface; but such influence will become weak when the
specific value increases to certain value.
FIGURE VIL. THREE-DIMENSIONAL SHEAR STRESS
DISTRIBUTION ALONG FRP-CONCRETE BONDED INTERFACE (4) Shear stress distribution and SCF calculation by
WHILE THICKNESS CHANGE. three-dimensional finite element method can be simplified as a

. . two-dimensional plane strain problem for analysis.
It can be learned from fig.7 that stress concentration was

very obvious on both ends of the interface, and the stress The influence rules of stress concentration to the
changed greatly, but the change of shear stress was rilistribution of shear stress on the interface was discussed

obvious in the central of interface. mainly, which provides theoretical guidance and instruction to
the following-up shear-resisting bonding strength test as well
7.2 . h .
e 3D as technical support for the processing of FRP-reinforced
7.04 concrete bonded interface.

—— 2-D Plane Stress

6.8 —+— 2-d Plane Strain
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