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FLEXURAL STRENGTHENING OF RC “T” BEAMS WITH NEAR 

SURFACE MOUNTED (NSM) FRP REINFORCEMENTS  
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Fig. 2 ='?%$#:(9@(?3'(:?4'&B?3'&'N(P'%5:(

 

 

 
 

Fig. 3 ='?%$#:(9@(?3'(:#9?:(5%N'(%?(?3'(P'%5:(
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2.2 Discussion of test results  

.%P#'(Z(>4':'&?:C(@94('%M3(P'%5C(?3'(:?4'&B?3(9@(?3'(M9&M4'?'C(?3'(':?$5%?'N(@#'L24%#(2#?$5%?'(#9%N(
SO@#'LTC( ?3'( 'L>'4$5'&?%#( 2#?$5%?'( #9%N( SO2TC( %&N( ?3'( 42>?24'( ?E>'( 9P?%$&'N*( F'%5:( ,*!( %&N( ,*X(
S4'@'4'&M'(P'%5:(R$?392?(:?4'&B?3'&$&BT(@%$#'N($&(@#'L24'C(>4':'&?$&B(%(?'&:$9&(@%$#24'J(F'%5:(,*!(%&N(
,*X( N'@#'M?'N( 'L?'&:$A'#E( %&N( N'A'#9>'N( R$N'( M4%M;:C( %&N( P'%5( ,*X( >49N2M'N( M42:3$&B( 9@( ?3'(
M9&M4'?'(52M3(N'@#'M?$9&*(.':?(9@(P'%5(,*!(R%:(:?9>>'N(%:(?3'(N'@945%?$9&:(R'4'($&M4'%:$&B(%&N(?3'(
#9%N(M92#N(&9?(B9(2>*(,:($:(B9$&B(?9(P'(:''&(#%?'4(?3'(N'@#'M?$9&:(9@(P'%5(,*X(S5%L$525(!^!*](55T(
R'4'( 52M3( P$BB'4( ?3%&( P'%5( ,*!( SY^*b( 55T( %&N( ?3$:( R%:( %??4$P2?'N( ?9( ?3'( M9&M4'?'( SM9&M4'?'(
4':$:?%&M'(j(Z_(6O%T*(
(

Table 4(("L>'4$5'&?%#(4':2#?:(
(

F'%5(
-?4'&B?3*(
.E>'(

fc  S6O%
O2C'L>(
S;<T(

O2C?'94(
S;<T(

O2C'L>a
O2C?'94

/2>?24'(?E>'(

,*!( Zb*Y( !bX*b( !b_( !*_!( /'$&@94M'5'&?(E$'#N$&B(

,*X(
/'@'4*(

Yb*]( !d]*!( !]b( !*!g( /'$&@94M'5'&?(E$'#N$&B(@9##9R'N(PE(M9&M4'?'(M42:3$&B(

F*!( Zg*]( XZ]*b( XYX( !*_b(

F*X(

+K/O(
:?4$>:( ]X*d( X]_*_( XZ_( !*_](

O''#$&B(9@@(9@(?3'(+K/O(:?4'&B?3'&$&B(?9B'?3'4(R$?3(?3'(
M9&M4'?'(M9A'4(

+*!( ]X*^( X]Y*Z( XX]( !*!X(

+*X(

+K/O(
P%4:( ]_*!( XZg*b( XY^( !*_](

-#$>>$&B(9@(?3'(+K/O(@9##9R'N(PE(?3'(42>?24'(9@(?3'(
+K/O(P%4(

=*!( ]_*!( X]_*_( XYZ( !*_^(

=*X(

1K/O(
P%4:( Y]*X( XXb*^( X!g( !*_Z(

O''#$&B(9@@(9@(?3'(1K/O(:?4'&B?3'&$&B(?9B'?3'4(R$?3(?3'(
M9&M4'?'(M9A'4(

"*!( Z_*_( X_]*^( !gb( !*_](

"*X(

+K/O(
7%5$&%Q
?'( Z^*^( X!]*_( X_Y( !*_b(

='P9&N$&B(9@(?3'(+K/O(:?4'&B?3'&$&B(&'%4(?3'(:2>>94?(
%@?'4('L?'&:$A'(M4%M;$&B(9@(?3'(M9&M4'?'(M9A'4(P'#9R(

?3'(#9%N(>9$&?:(

K*!( Y]*X( !gd*]( !bg( !*!d(

K*X(
-?''#(P%4(

Yb*Z( !g]*Z( !bd( !*!b(
/'$&@94M'5'&?(E$'#N$&B(@9##9R'N(PE(M9&M4'?'(M42:3$&B(

(
F'%5:( @495(1492>(F( SF*!(%&N(F*XT(%&N(1492>(=( S=*!(%&N(=*XTC(:?4'&B?3'&'N( 4':>'M?$A'#E(R$?3(

+K/O(:?4$>:(%&N(R$?3(1K/O(P%4:C(@%$#'N(PE(>''#$&B(9@@(9@(?3'(M95>9:$?'(:?4'&B?3'&$&B(S+K/O(:?4$>:(94(
1K/O(P%4:T( ?9B'?3'4(R$?3( ?3'( M9&M4'?'( M9A'4*(k9R'A'4C( $?( M92#N(P'( :''&( ?3%?( ?3'( @%$#24'(3%>>'&'N(
%M?2%##E(%?(?3'($&?'4@%M'(P'?R''&(?3'('>9LE(594?%4(%&N(?3'(M9&M4'?'C(%:(M%&(P'(:''&($&(K$B24':(](%&N(
b*(

(



FRPRCS-8  University of Patras, Patras, Greece, July 16-18, 2007 

 ]

(
 

Fig. 5 ='?%$#(9@(?3'(+K/O(:?4$>:(:?4'&B?3'&$&B(>''#$&B(9@@(Q(F'%5(F*X(
(
(

(
 

Fig. 6 O''#$&B(9@@(9@(?3'(1K/O(:?4'&B?3'&$&B(Q(F'%5(=*X(
(
F'%5:(+*!(%&N(+*X(S1492>(+TC(:?4'&B?3'&'N(R$?3(+K/O(P%4:(@%$#'N(PE(:#$>>$&B(9@(?3'(+K/O(P%4(

$&:$N'( @9##9R'N( PE( ?3'( 42>?24'( 9@( ?3'(+K/O( P%4( SK$B24'( ^T*( F':$N':( ?3$:( ?3'4'( R%:( M4%M;$&B( %?( ?3'(
M9&M4'?'(%#9&B(?3'(P%4C(P2?(?3'4'(R%:(&9(>''#$&B(9@@(9@(?3'(M9&M4'?'(M9A'4*(

F'%5:( @495( 1492>( "( S"*!( %&N( "*XTC( :?4'&B?3'&'N( R$?3( 'L?'4&%##E( P9&N'N( #%E'4:( 9@( +K/O(
2&$N$4'M?$9&%#(#%5$&%?'C(%&N(@%$#'N(PE(N'P9&N$&B(9@(?3'(+K/O(#%5$&%?'(&'%4(?3'(:2>>94?(%@?'4('L?'&:$A'(
M4%M;$&B(9@(?3'(M9&M4'?'(M9A'4(P'#9R(?3'(#9%N(>9$&?:*(K$B24'(d(:39R:(N'?%$#:(9@(?3'(N'P9&N$&B(9@(P'%5(
"*X*(

F'%5:(K*!(%&N(K*X(S1492>(KTC(:?4'&B?3'&'N(R$?3(!(!(d(55(:?''#(P%4(@%$#'N($&(@#'L24'C(>4':'&?$&B(%(
?'&:$9&( @%$#24'C( N'@#'M?$&B( 'L?'&:$A'#E( %&N( N'A'#9>$&B( R$N'( M4%M;:C( %&N( 'A'&?2%##E( M42:3$&B( ?3'(
M9&M4'?'(R%:(9P?%$&'N*(

.3'(2#?$5%?'(?':?(#9%N(R%:(%P9A'(S9A'4%##(%A'4%B'(9@(!*_gT(?3'(':?$5%?'N(@#'L24%#(@%$#24'(#9%N(@94(%##(
P'%5:C(N':>$?'(?3'(>4'5%?24'(@%$#24':(3%>>'&'N(@94(?3'(P'%5:(9@(1492>:(F(?9("*(l?(M%&(P'(:%$N(?3'&(
?3%?(%##(?3'(2:'N(:?4'&B?3'&$&B(>49M'N24':(R94;'N(R'##($&(?'45:(9@(2#?$5%?'(#9%N*(
(



FRPRCS-8  University of Patras, Patras, Greece, July 16-18, 2007 

 b

 

(
 

Fig. 7 ='?%$#(9@(?3'(42>?24'(9@(?3'(+K/O(P%4($&(F'%5(+*X(
(
(
(

(
 

Fig. 8 ='?%$#(9@(?3'(N'P9&N$&B(9@(?3'(+K/O(#%5$&%?'(Q(F'%5("*X(
(

K94(?3'(4'@'4'&M'(P'%5:(S,*!(%&N(,*XT(?3'(2#?$5%?'(?':?(#9%N(R%:(!_m($&(%A'4%B'(%P9A'(?3'(
':?$5%?'N(@#'L24%#(@%$#24'(#9%NC(%&N(P'%5(,*XC(R3$M3(3%N(M42:3$&B(9@(?3'(M9&M4'?'(4'%M3'N(%&(2#?$5%?'(
?':?(#9%N(!gm(%P9A'(?3'(':?$5%?'N(@#'L24%#(@%$#24'(#9%N* 

,59&B( ?3'( :?4'&B?3'&'N( P'%5:C( ?3'( 3$B3':?( 4%?$9( S$&( %A'4%B'( !*!^T( 2#?$5%?'( ?':?( #9%N( 9A'4(
':?$5%?'N( @#'L24%#( @%$#24'( #9%N(R%:( 4'%M3'N(PE( ?3'(P'%5:( @495(1492>(K( S:?4'&B?3'&'N(R$?3( %( :?''#(
P%4TC(R3$M3(3%N(M42:3$&B(9@(M9&M4'?'*(,:(?3'('>9LE(594?%4(R%:(?3'(:%5'(@94(%##(?3'(<-6(:?4'&B?3'&'N(
P'%5:( ?3$:( M92#N( P'( %??4$P2?'N( ?9( ?3'( M%>%P$#$?E( 9@( ?3'( :?''#( ?9( >49N2M'( P$B( :?4%$&:( %@?'4( E$'#N$&B*( l?(
:392#N(&9?(P'(@94B9??'&(?3%?(?3'(M9&M4'?'(9@(?3':'(P'%5:(3%N(%(#9R'4(:?4'&B?3(SY]*X(%&N(Yb*Z(6O%T(
%&N(R%:(594'( N'@945%P#'( %:(R$##( P'( :''&*(0@( M924:'( ?3'( ':?$5%?'N( @#'L24%#( @%$#24'( #9%N:( @94( ?3':'(
P'%5:(SK*!(%&N(K*XTC($&(%A'4%B'(!bd(;<(R'4'(&9?(:9(3$B3(%:(?3'(':?$5%?'N(@#'L24%#(@%$#24'(#9%N(@94(?3'(



FRPRCS-8  University of Patras, Patras, Greece, July 16-18, 2007 

 ^

K/O(:?4'&B?3'&'N(P'%5:(Q(1492>:(F(?9("C($&(%A'4%B'(XXZ(;<*(799;$&B(@495(?3'(9?3'4(:$N'C(2#?$5%?'(
#9%N:(YXm(3$B3'4(R'4'(9P?%$&'N(R$?3(%#59:?(?3'(:%5'(,4'%(L("(S59N2#2:T(@94(?3'(K/O(:?4'&B?3'&'N(
P'%5:(S1492>:(F(?9("TC($&(M95>%4$:9&(R$?3(:?''#(:?4'&B?3'&'N(P'%5:(S1492>(KT(%:(M%&(P'(:''&(%#:9(
$&(K$B24'(gC(?3%?(?3'($&M4'%:'(9@(?3'(2#?$5%?'(?':?(#9%N:(@94(?3'(P'%5:(%4'(M95>%4'N*(
(

0

10

20

30

40

50

60

B 1 B 2 C 1 C 2 D 1 D 2 E 1 E 2 F 1 F 2

In
c

. 
re

f.
 (

%
)
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