
Retrofitted slab

Existing slab

≔ln 2500 mm ≔f'c 27 MPa ≔As 355 mm2

≔h 150 mm ≔εcu 0.003 ≔d 120 mm

≔b 900 mm ≔γc 24 ――
kN
m3

≔Asc 355 mm2

≔wc =⋅⋅γc b h 3.24 ――
kN
m

≔α1 0.85 ≔dc 30 mm

≔Ec =⋅4700 ‾‾‾‾‾‾‾‾‾⋅f'c ((MPa)) ⎛⎝ ⋅2.44 104 ⎞⎠ MPa ≔Es 200000 MPa

≔fβ1 ((f')) if
⎛
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≔β1 =fβ1 ⎛⎝f'c⎞⎠ 0.85 ≔n =―
Es

Ec
8.2 ≔fy 400 MPa

≔ϕv 0.75 ≔ϕf 0.9 ≔ψf 0.85

Overlay ≔tH 30 mm ≔f'H 70 MPa ≔β1H =fβ1 ⎛⎝f'H⎞⎠ 0.65

CFRP ≔tF 0.36 mm ≔f'fu 1170 MPa ≔γF 1200 ――
kg
m3

≔γa 1200 ――
kg
m3

≔bF =b 900 mm ≔CE 1 ≔nF 1 ≔ta 1 mm

≔EF 72600 MPa ≔ffu =⋅f'fu CE 1170 MPa ≔εfu =――
ffu

EF
0.016

≔AF =⋅tF bF 324 mm2

Moment and shear coefficients
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2

4.05
4.658
4.05
4.05

⎡
⎢
⎢
⎢
⎣

⎤
⎥
⎥
⎥
⎦

kN

Maximum 

≔Mu.P =||max ⎛⎝Mu⎞⎠|| 1.446 ⋅kN m

≔Mu.N =||min ⎛⎝Mu⎞⎠|| 2.025 ⋅kN m

≔Vu.max =max ⎛⎝ ,||max ⎛⎝Vu⎞⎠|| ||min ⎛⎝Vu⎞⎠||⎞⎠ 4.658 kN

Compute Icr at support

≔ρ =――
As

⋅b d
0.003

≔kN =-‾‾‾‾‾‾‾‾‾‾‾‾+⋅⋅2 ρ n (( ⋅ρ n))2 ⋅ρ n 0.207

≔xN =⋅kN d 24.8 mm

≔IcrN =+―――
⋅b xN

3

3
⋅⋅n As ⎛⎝ -d xN⎞⎠2 ⎛⎝ ⋅3.09 107 ⎞⎠ mm4

Control slab

- At support - At mid-span

≔ccN =――――
⋅As fy

⋅⋅⋅α1 β1 f'c b
8.09 mm ≔ccP =――――

⋅As fy

⋅⋅⋅α1 β1 f'c b
8.09 mm

≔MnN =⋅⋅
⎛
⎜
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-d ―――
⋅ccN β1
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As fy 16.55 ⋅kN m ≔MnP =⋅⋅
⎛
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-d ―――
⋅ccP β1
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As fy 16.55 ⋅kN m

≔MrNc =⋅ϕf MnN 14.9 ⋅kN m ≔MrPc =⋅ϕf MnP 14.9 ⋅kN m

≔Vrc =⋅⋅ϕv
⎛
⎝ ⋅d ‾‾‾‾‾‾‾⋅f'c MPa⎞

⎠ ―b
6

70.1 kN

Control slab + Retrofit system



- At support - At mid-span

≔J1N ⋅⋅α1 f'c b ≔J1P ⋅⋅α1 f'H b

≔J2N -⋅⋅⋅tF bF EF εcu ⋅As fy ≔J2P -⋅⋅⋅tF bF EF εcu ⋅As fy

≔J3N ⋅⋅⋅⋅⋅-β1 tF bF EF εcu
⎛
⎜
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+h ―
tF
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≔J3P ⋅⋅⋅⋅⋅-β1H tF bF EF εcu
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⎜
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≔asN =―――――――――
+-J2N

‾‾‾‾‾‾‾‾‾‾‾‾‾‾-J2N
2 ⋅⋅4 J1N J3N

⋅2 J1N
22.68 mm ≔asP =―――――――――

+-J2P
‾‾‾‾‾‾‾‾‾‾‾‾‾-J2P

2 ⋅⋅4 J1P J3P

⋅2 J1P
5.79 mm

≔csN =――
asN

β1
26.69 mm ≔csP =――

asP

β1H
8.92 mm

2. Check Overlay strength is large enough to generate tension in CFRP at mid-span section

≔f'H1 =+―――
⋅εcu EF
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⋅fy ―
As

b
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1
⋅0.7225 tH

7.3 MPa

≔f'H2 =++⋅0.15 f'c ―――
⋅εcu EF
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⋅0.85 tH

10.26 MPa

=if ⎛⎝ ,,≥f'H max ⎛⎝ ,f'H1 f'H2⎞⎠ “OK” “N.G”⎞⎠ “OK”

3. Existing state of strain at support

≔MDN2 =⋅⋅CmN2 wc ⎛⎝ln⎞⎠2 2.03 ⋅kN m

≔εbi =⋅MDN2 ―――
⎛⎝ -h ccN⎞⎠

⋅IcrN Ec
⋅3.81 10-4

4. Design strain of CFRP 
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,⋅0.41
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5. Neutral axis depth for

6. Check FRP strain
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⎛
⎜
⎝

,⋅εcu
⎛
⎜
⎝
―――

-tH cP

cP

⎞
⎟
⎠

εfd
⎞
⎟
⎠

≔εcN ⎛⎝cN⎞⎠ min
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7,8. Check stress level in the steel and FRP



≔εsN1 ⎛⎝cN⎞⎠ ⋅⎛⎝ +εfeN ⎛⎝cN⎞⎠ εbi⎞⎠ ―――
⎛⎝ -d cN⎞⎠

-h cN
≔εsP1 ⎛⎝cP⎞⎠ ⋅εcP ⎛⎝cP⎞⎠ ――――――

⎛⎝ -++d tH tF cP⎞⎠
cP

≔fsN ⎛⎝cN⎞⎠ min ⎛⎝ ,⋅Es εsN1 ⎛⎝cN⎞⎠ fy⎞⎠ ≔fsP ⎛⎝cP⎞⎠ min ⎛⎝ ,⋅Es εsP1 ⎛⎝cP⎞⎠ fy⎞⎠

≔ffeN ⎛⎝cN⎞⎠ min ⎛⎝ ,⋅EF εfeN ⎛⎝cN⎞⎠ ffu⎞⎠ ≔ffeP ⎛⎝cP⎞⎠ min ⎛⎝ ,⋅EF εfeP ⎛⎝cP⎞⎠ ffu⎞⎠

9. Force equilibrium is verified be checking the initial estimate of c with Eq. (10-12).

≔ε'cN =⋅1.7 ―
f'c
Ec

0.002 ≔ε'cP =⋅1.7 ――
f'H
Ec

0.005

≔β1N ⎛⎝cN⎞⎠ ――――――
-⋅4 ε'cN εcN ⎛⎝cN⎞⎠

-⋅6 ε'cN ⋅2 εcN ⎛⎝cN⎞⎠
≔β1P ⎛⎝cP⎞⎠ ――――――

-⋅4 ε'cP εcP ⎛⎝cP⎞⎠
-⋅6 ε'cP ⋅2 εcP ⎛⎝cP⎞⎠

≔α1N ⎛⎝cN⎞⎠ ―――――――――
-⋅⋅3 ε'cN εcN ⎛⎝cN⎞⎠ ⎛⎝εcN ⎛⎝cN⎞⎠⎞⎠2

⋅⋅3 β1N ⎛⎝cN⎞⎠ ⎛⎝ε'cN⎞⎠2
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-⋅⋅3 ε'cP εcP ⎛⎝cP⎞⎠ ⎛⎝εcP ⎛⎝cP⎞⎠⎞⎠2

⋅⋅3 β1P ⎛⎝cP⎞⎠ ⎛⎝ε'cP⎞⎠2
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≔U ⎛⎝cN⎞⎠ +⋅As fsN ⎛⎝cN⎞⎠ ⋅AF ffeN ⎛⎝cN⎞⎠ ≔Up ⎛⎝cP⎞⎠ +⋅As fsP ⎛⎝cP⎞⎠ ⋅AF ffeP ⎛⎝cP⎞⎠

≔ϕS ⎛⎝cN⎞⎠ ⋅⋅⋅∏ αβ1N ⎛⎝cN⎞⎠ f'c b cN ≔ϕSp ⎛⎝cP⎞⎠ ⋅⋅⋅∏ αβ1P ⎛⎝cP⎞⎠ f'H b cP

≔Q ⎛⎝cN⎞⎠ -ϕS ⎛⎝cN⎞⎠ U ⎛⎝cN⎞⎠ ≔Qp ⎛⎝cP⎞⎠ -ϕSp ⎛⎝cP⎞⎠ Up ⎛⎝cP⎞⎠

Option 1: Using solve block

=cN 24.85 mm =cP 7.649 mm

=Up ⎛⎝cP⎞⎠ 348.185 kN

=ϕSp ⎛⎝cP⎞⎠ 348.185 kN



ϕSp ⎝cP⎠ 348.185 kN

=Qp ⎛⎝cP⎞⎠ ⎛⎝ ⋅5.821 10-11⎞⎠ N

Option 2: Using function

≔cN =root ⎛⎝ ,,,Q ((c)) c 0.1 mm tH⎞⎠ 24.85 mm ≔cP =root ⎛⎝ ,,,Qp ((c)) c 0.1 mm tH⎞⎠ 30 mm


