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Sub Output()
***PRILIMINARY CALCULATIONS***

Afl = bf * tfrpl * nfl
Af2 = bf * tfrp2 * nf2
V1=Afl/(Afl + Af2)
V2 = Af2 [ (AfL + Af2)
Ehfrp = V1 * Efrpl + V2 * Efrp2
Ful = Ehfrp * eful
Fu2 = Efrp2 * efu2
fctm = 1.4 * (fck / 10) ~ (2/3)
Eci=2.15* 1074 * ((fck + 8) / 10) ~ (1 / 3)
fcm = fck + 8
Ecl =fcm/0.0022
ectl = 0.9 * fctm / Eci
If DMax <=8 Then
GF0 =0.025
alfaF =8
Elself DMax <= 16 Then
GF0 =0.03
alfaF =7
Elself DMax <= 32 Then
GFO0 =0.058
alfaF =5
End If
Gf = GFO * (fcm / 10) ~ 0.7

wc = alfaF * Gf / fctm
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wl=2* Gf/fctm-0.15 * wc
Mcr=fctm*b*h"2/6
elim = 0.0022 * 0.5 * (0.5 * Eci / Ec1 + 1) + (0.25 * (0.5 * Eci / Ecl + 1) A 2 - 0.5) » 0.5
If elim < 0.0035 Then

ecu =elim
Else

ecu = 0.0035
End If
conc=0
ec=0
counter =0

***1ST LOOP BEGINNING: CALCULATION OF MAXIMUM CONCRETE
STRAIN***

Do
counter = counter + 1
If counter < 55 Then

ec =ec + 0.0001
Else

ec = ec + 0.000001
End If

M=0

***2ND LOOP BEGINNING: CALCULATION OF MOMENT***

Do

MO =M

inc =10

c0=0

num =0
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***3RD LOOP BEGINNIG: CALCULATION OF NEUTRAL AXIS DEPTH***
Do
num =num + 1
c=c0+num*d/inc
***CALCULATION OF COMPRESSIVE CONCRETE FORCE***
SScn=0
SZScn=0
Forn=1To 10 Step 1
Z=(2*n-1)*(c/10)/2
ecn=ec*Z/c

Scn = ((Eci / Ec1 * ecn / 0.0022) - (ecn /0.0022) ~2) / (1 + (Eci/ Ec1 - 2) *ecn/
0.0022) * fcm

SScn =SScn + Scn

ZScn =Z* Sen

SZScn =SZScn + ZScn

Ifn=9Then
Sc9 = Scn

Elself n =10 Then
Sc10 = Scn

End If

Next n

If Sc10 < Sc9 And Sc10/fcm < 0.5 Then
conc=1

End If

Cc=SScn*b*c/10

***CALCULATION OF CRACK WIDTH***
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ect=ec*(h-c)/c
If Af =0 Then
w=2%*(h-d)*ect
Else
If M < Mcr Then
zeta=0
Else
zeta=1-(Mcr/ M)~ 2
End If
If25*(h-d)*b<(h-c)*b/3 Then
Aceff=25*(h-d)*b
Else
Aceff=(h-c)*b/3
End If
e2=ec*(d-c)/c
Nrk = e2 * (Esteelt * Ast + Efrp * Af)
Rhoeff = Aceff / (b * d)
Rhoeq = (Ast + Af * Efrp / Esteelt) / (b * d)
w = 2.1 * Rhoeff * Nrk / (Esteelt * Rhoeq * (us + 0.694 * bf))
End If
***CALCULATION OF TENSION CONCRETE FORCE***
SSctj=0
SXSctj=0
Forj=1To 10 Step 1
X=2*j-1)*(h-c)/10/2

ectj=ec* X/c
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wj =w * ectj / ect
If ectj <= ectl Then
Sctj = Eci * ectj
Elself ectj < 0.00015 Then
Sctj = fctm - 0.1 * fctm / (0.00015 - ectl) * (0.00015 - ectj)
Elself wj < w1 Then
Sctj = fctm * (1 - 0.85 * wj / wl)
Elself wj < wc Then
Sctj = 0.15 * fctm / (wc - wl) * (wc - wj)
Else
Sctj=0
End If
SSctj = SSctj + Sctj
XSctj = X * Sctj
SXSctj = SXSctj + XSctj
Next j
Tc=SSctj*(h-c)*b/10
***CALCULATION OF STEEL FORCES***
est=ec*(d-c)/c
Fst = Esteelt * est
If Fst < Fy Then
Ts = Fst * Ast
Else
Ts = (Fy + (est - Fy / Esteelt) * Esteelt2) * Ast
End If

esc=ec*(c-dc)/c



Fsc = Esteelc * esc
If Fsc < Fy2 Then

Cs = Fsc * Ascom
Else

Cs = Fy2 * Ascom
End If

***CALCULATION OF HFRP FORCES***

If Af1 =0 Then

ef=0
Else

ef =ec * (h + (nfl * tfrpl + nf2 * tfrp2) /2-¢) /¢
End If
If ef <eful Then

Tf = Ehfrp * ef * (Afl1 + Af2)

Cons = Ehfrp * ef

consf=Tf
Elself ef < efu2 Then

Tf = (Fu2 - Ful) / (efu2 - eful) * (ef - eful) + consf
Else

Tf=0
End If
kk =Ts+ Tc+ Tf-Cc-Cs
If kk <O Then

c0O=c-d/inc

num =0

inc=inc * 10
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End If
Loop While Abs(kk) > 10
***END OF 3RD LOOP***

If conc =1 Then

Exit Do
End If
Ic =SZScn / SScn
If Tc >0 Then
It = SXSctj / SSctj
End If

M=Cc*Ilc+Tc*It+Cs*(c-dc)+Ts*(d-c)+ Tf* (h+ (nfl*tfrpl + nf2 *
tfrp2) / 2 - c)

Loop While Abs(M - M0) / M > 0.01
curve=ec/c
***END OF 2ND LOOP***
***CALCULATION OF MID-SPAN DEFLECTION***
If conc =1 Then
Exit Do
End If
F=2*M/(L1+L2)
Deltat=0
Fort=1To 50 Step 1
Mt = (0.02 * t - 0.01) * M
curvt = curve / M * Mt
Deltat = Deltat + curvt * (0.02 *t-0.01) * (L1 + L2)~ 2 /50
Next t

Delta = (curve * L3 * (L1 + L2 + L3/ 2)) + Deltat
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Loop While ec < ecu And ef <efu2 And conc =0
***END OF 1ST LOOP***

End Sub
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Abstract

Today using fiber-reinforced polymers (FRP) is one of the most
practical methods for strengthening reinforced concrete members. FRP’s
easy applicability due to its low weight, high tensile strength and anti-
corrosive properties has made it a suitable substitute for traditional
materials and conventional methods.

During recent years, retrofitting of reinforced concrete structures by
bonding the FRP laminates to their soffits has grown significantly.
However due to linear stress-strain behaviour of FRP and lack of yielding
plateau, ductility of RC beams will be decreased. Hybrid FRP is a solution
to overcome the low ductility of RC beams strengthened by FRP.

In this thesis FE software, ABAQUS, is used to investigate the flexural
behaviour of RC beams strengthened by hybrid FRP. Thus a model is
proposed to predict the load-deflection response and failure mode of
strengthened RC beams. Both of two methods show that using hybrid FRP

is effective in increasing strength and ductility of RC beams.

Keywords: RC beam, strengthening, Hybrid FRP, ABAQUS, ductility,

analytical model.
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