Retrofitted slab

Existing slab
l,,:=2500 mm f'.:=27 MPa
h:=150 mm €,,:=0.003
b:=900 mm Yp:=24 kN
m3
w,:=7,.+b+h=3.24 Lo a;:=0.85
m

E,:=4700+1/f,- (MPa) = (2.44-10*) MPa

181 (f)=if | f'<28 MPa,0.85,if| f'>56 MPa,0.65,1.05—0.05-

ES
Br=1B, (f)=0.85 ni=—>=8.2
¢,:=0.75 ¢:=0.9

Overlay  t;:=30 mm f'y:=70 MPa

CFRP tp:=0.36 mm f't4=1170 MPa
br:=b=900 mm CE:=1

Ep:=72600 MPa  f;,:=f,-CE=1170 MPa
Api=tpebp=324 mm’®

Moment and shear coefficients
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A, =355 mm’

d:=120 mm

A, =355 mm’

d.:=30 mm

E,:=200000 MPa,

J,=400 MPa

1h;:=0.85

Biur=1B <f/H> =0.65
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Compute Icr at support

S

b-d

=0.003

p::

kyi=\2+pen+(pen)? —p-n=0.207
Tyi=ky-d=24.8 mm
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Control slab
- At support
As ° fy

al'lgl‘fc‘b

Cen

Cen B

M, = (d— )~As-fy:16.55 kN -m

MT’NC = d)f‘MnN: 14.9 kN‘m

VTC::¢U~<d-\/f’c~MPa,)-%:7().1 kN

Control slab + Retrofit system

4.05
4.658
4.05
4.05

pi= |max <Mu>| =1.446 kN -m

Ni=|min (M,)|=2.025 kN -m

mazi=max (|max (V)| , |min (V,)|) =4.658 kN

+neA,- (d—zx)? =(3.09-10") mm*

- At mid-span
As 'fy

S =8.09 mm
al‘ﬁl'fc'b

Cept

C .
M ::(d— CP2'81)~AS-fy:16.55 kN -m

MT’PC = ¢f‘MnP: 14.9 kN‘m



- At support - At mid-span
Jini=oy - foeb Jip=ay-fyeb
J2N::tF.bF.EF.€Cu_AS.fy JQP::tF.bF.EF.gcu_AS.fy

t
Jsni=—B1tpbpEp-€yt (h+?F

lp
Jspi=—LBigtp-bp-Ep-€.,- (tH"i'?

_J2N+\/J2N2 —4JinJsN —Jop+ \/JzP2 —4+Jip+Jsp
agy = =22.68 mm ap= =5.79 mm
2.J1N Z'le

a a
Coni=—- = 26.69 mm = ——=8.92 mm
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2. Check Overlay strength is large enough to generate tension in CFRP at mid-span section

€. Ep (tn)? A 1
f/HI:: cu F _F _|_fy._S =7.3 MPa
1.445 |\t b 0.7225-ty
€. En (tm)? A 1
Fr=015.f +—2 T L) 4f . e —10.26 MPa
1.7 \ty b 0.85-t

lf <f/H2 max <f,H1 7f/H2> , “OK?” | “N.G”) = “QOK”
3. Existing state of strain at support

Mpns:=C iz w,+ (,)* =2.03 kN -m

<h— ch)

erN e

Epi =M ppo* =3.81.107"

4. Design strain of CFRP

E,‘fd::min 0.4]_' fC 70'9°€fu :0-0132
np+Ep-tp ( )
mm
5. Neutral axis depth for
6. Check FRP strain
I h—cy . tg—cp
Efen (Cn) =min | €y, e = VEfa Efep (Cp) =min | €,y = VEfd
N P
t
c tH+?F—cP
. N .
ch <CN> ::mln(<5feN <CN> +Ebt> h—,écu] 8CP <CP> =man 8fEP <CP> —’Ecu
—Cn Cp

7,8. Check stress level in the steel and FRP



<d—cN> b <Cp> == <Cp> ) <d+tH+tF—cP>

et (en) = (e (Cn) +0) * h—cx cp

.fsN <CN> =1man <Es *€aN1 <CN> 7fy> fsP <CP> =1man <Es *Esp1 <CP> 7fy>

fen <CN> = 1man <EF *EfeN <CN> of fu) frep <CP> =1man <EF *Efep <Cp> o fu)
9. Force equilibrium is verified be checking the initial estimate of ¢ with Eq. (10-12).

f f'm

g ni=1.7-=2=0.002 €'p=1.7-2=2=0.005
E, c
Bin (cn) = 1-ev—Eav(on) Bip(cp) = 4ieermeer )

6-€'nv—2En(cy) 6-€'p—2-€.p(cp)

_ 3. E'NEn <CN> = <5cN <CN>>2

3 “€'epEcp <CP> - <5cP <CP>>2

ay (ey) = a;p(cp) =

i < N> 3:Bin <CN> . <5 /cN> f T < P> 3+B1p <CP> . <5 /cP> ?
By <CN> =if (QN <CN> <Ecus gll]; gzz; ] ) [gi D afip <CP> =if (QP <CP> <Ecus [gi é::g
U <CN> =Agfon <CN> +Ap+fren <CN> U, <CP> =Agfop <CP> +Ap+ frep <CP>
@S <CN> =[laBiy <CN> *flerbecy Sy, <CP> =[laBp <CP> f'ubecp
Q (en) =S (en) ~Uew) @ (cp) =05y (cp) = Uy (cp)
Option 1: Using solve block
é[ cy =30 mm §|: cpi=1 mm
= 2
*é [ ~U (cx) + ¢S (en) =0 ‘é[ ~U, (ep) +6S, (cp) =0
%F cy:=find (CN) %l- cp:=find (cp)

cny=24.85 mm cp="7.649 mm

U, (cp) =348.185 kN

&S (cn) =348.185 kN
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Q, (cp)=(5.821-107") N

Option 2: Using function

cni=root <Q (¢),c,0.1 mm,tH> =24.85 mm cp:=root <Qp(c) ,c,0.1 mm,tH> =30 mm



