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ABBREVIATIONS AND NOMENCLATURES 

 

  bond stress 

 curvature 

 global slip 

s change of slip 

 slip 

 strain  

1  slip at maximum bond stress 

1 theoretical rotation when full plastic capacity is achieved 

2 rotation when moment capacity drops below Mp 
(AE)p axial rigidity of FRP 
(AE)s axial rigidity of steel 
(EA)c  axial rigidity of the concrete 
(EA)p  axial rigidity of the FRP plate  

h plastic rotation 

hm plastic rotation at maximum moment 

max  maximum bond stress 

max  maximum slip 

max,cal  calculated maximum slip 

max,exp  experimental bond stress 

max,exp  experimental maximum slip 

p elastic rotation 

p FRP strain 

s steel strain 
εu steel strain at ultimate rotation  

sh strain  hardening 

u ultimate rotation  

Y yield strain, 
Ap area of FRP 
B bond force 
b width 
bp FRP width 
CDC   critical diagonal crack 
d depth 
dx  segment length 
Ep Young‟s Modulus of FRP 
Es Young‟s Modulus of steel 
F force 
FRP  Fibre Reinforced Polymer 
fsh Strain hardening stress 
fy Yield stress 
Gf fracture energy 
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h height 
IC interfacial crack 
J geometry of the interface debonding failure plane 
Lcrit  critical bond length 
Lp length of embedment 
lp length of full plastic zone 
Lper  perimeter length 
lpf length of flange plastic zone 
M moment 
Mp plastic moment 
Mpf plastic moment at flange 
Mu ultimate moment 
P load 
PE plate end 
PIC debonding load 
PIC,exp   experimental interfacial crack load 
PL load increment 
PUL load decrement 
Py. yield load 
q uniform distributed load 
R rotation capacity 
tp thickness of FRP 
ts Steel thickness 
xi distance to inflection point 
xm distance to plastic moment 
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ABSTRACT 

 

Applying Fibre Reinforce Polymer (FRP) to steel structures has been proved to be 

an effective method of strengthening. Experimentally, ageing steel structures such 

as bridge decks and composite beams which have been strengthened with FRP 

have shown lifetime extension and enhanced strength. Numerically, different 

approaches have been carried out to quantify the relationship between FRP and 

steel members in regard to the observance of the experimental works.  

 

This thesis contributes in term of quantifying the debonding mechanism of FRP 

strengthened steel members. First, a procedure in the derivation of the bond-slip 

(-) relationship is presented by combining the results of the experimental work 

with a numerical method developed specifically for this purpose. Secondly, the 

debonding mechanisms of FRP strengthened steel plates due to the yielding of 

steel is established by experimental and numerical works. Finally, a numerical 

method was developed to quantify the plate end debonding of a simply supported 

steel beam. 

 

A total of seventeen pull tests with different types of FRP lengths and adhesives 

were tested to quantify the (-) relationship. Another four steel plate tests were 

carried out to study the debonding mechanism of FRP allowing for the steel to 

yield. Three different numerical methods were developed to analyse the results 

obtained experimentally. 
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