1. Design Data Input

1.1 Steel Properties (For steel reinforcement, ASTM A615M Grade 420 MPa)
fy :=420 MPa =60.916 ksi E;:=2. 105 MPa

1.2 Concrete Properties

kN 3\ kgf
Veoncrete = 25 3 = <2549 -10 > —gg—
m m
fy =32 MPa : characteristic cylinder strength of concrete
foim = 3.02 MPa : mean value of the tensile strength of the concrete (Eurocode 2, Table 3.1)
fot ot = fetm : mean value of the tensile strength of the concrete effective at the time when the cracks may first be
expected to occur
E.,:=33.3 GPa : secant modulus of elasticity of concrete (Eurocode 2, Table 3.1)
E5:=1.05-E_,, =34.965 GPa : modulus of elasticity of concrete
p:=1.5 : creep coefficient at relevant loading time and duration
E
Eggi= 8 —13.986 GPa : effective modulus of concrete
1+
o, =——-=14.3

1.3 Geometric Properties
b:=1000 mm : breath of section h:=900 mm : overal depth of section
C. =75 mm : clear cover of reinforcement Cep =75 mm : clear cover of compression reinforcement

Wiimit = 0.15 mm  : maximum allowed crack width

T
Dia:=[10 mm 12mm 16 mm 20 mm 25 mm 32 mm] .
Area:=[0.7854 cm’ 1.131 cm” 2.011 cm’ 3.142 cm® 4.909 cm” 8.042 cm” |
Dn:=6  :Rebar Selection D10=1, D12=2, D16=3, D20=4, D25=5, D32=6

s:=150 mm b= DiaD =32 mm

A= AreaD . b = <5.361 . 103> mm’ : area of tension reinforcement
n S
d:=h—-c,=0.825m dC:=cC+$=91 mm
2

Dn2:=5 : Rebar Selection D10=1, D12=2, D16=3, D20=4, D25=5, D32=6

So:=200 mm ¢y := Dia.Dn2 =25 mm

b P
A= Area.D ,—= <2.455 . 103> mm” : area of compression reinforcement

Sy

dyi=cgy +E: 0.088 m
2

1.4 Moment due to Quasi-permanent Actions
Mgp =400 kN - m



2. Calculation of Tensile Stress in Reinforcement at Service Loads (Doubly Reinforced)
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Cracked Section Strain Diagram Tranformed Section Elastic Stress and Force

2.1 Cracking Moment and Moment at Service Loads

2
Pt (1) (A Agedy)

Xy = =0.465 m : neutral axis depth of uncracked section
beh+ (0, —1)« (A;+Ay)

2
b-h’ (b 2 2 s .
I,:= +behey——x, +(a,—1)(Ajs (d—x,) +A,-(x,—dy) )=0.075m : moment inertia of of uncracked
12 (2 ), section transformed to concrete
M, :=fomIye ! =519.437 kN m : cracking moment
h—x

u

2.2 Calculation of Tensile Stress in Reinforcement

0.5

( 2 \
X::-\<<A5'ae+As2' (ae_l)) +2b- (AS'd'ae+As2'd2' (0‘6_1») _<AS'0‘e+As2' (0‘6_1»}' ! =0.27Tm
b
b.x’ 2 2 10 4
I, = +0ge Ay (d—%) +(ag—1)+Ay-(dy—x) =(3.126-10"") mm
3
M
f=— ..+ (d—x) = 101.474 MPa
M M
f=— .x=3459 MPa fo=—F cq,+ (x—dy) = 33.459 MPa
cr ICI‘
- verificaton -
—-d
T:=A,-f, =544.038 kN Ci=0.5bexf,— Agef e 2 4 A,-f,=544.038 kN :T=C
X
(&
2 ( x—dy

M:=T-(d—x)+0.5:bx-f, x+|\A52-fSC—AS2-fC-
3

)-(x—d2)=400kN-m Mgp=400kN-m : M=M,



2.3 Calculation of Crack Width (Eurocode 2)

O = fst

k=04

h, o :=min .(2.5 +(h—d) ,M , E\. =187.5 mm
\ 3 2)

Ac.eff = hc.ef‘ b— As = (1821 . 105> mm2

A,
Pp.off = ——— = 0.029

: factor dependent on the duration of the load (0.6 for short term, 0.4 for long term)

: depth of effective tension area

: effective tension area

: effective steel ratio for effective tension area
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Sr.max Sr.max

c.eff
k;:=0.8 : coefficient of rebar bond property (0.8 for high bond bar, 1.6 for prestressing tendons)
ky,:=0.5 : coefficient of strain distribution (0.5 for bending, 1.0 for pure tension)
k;:=3.4 k,:=0.425
fct.eff
Os— kt * —* <1 + Qe * pp4eff>
€om Eom = Pp.cf =2.158.10"" €om Eom
| E. |
: variance in mean strains between reinorcement and concrete
check values
Ty —4
0.6 - =3.044-10
kiokook,
Spmax = K3 * C. + ;44) =439.811 mm i max *=
Pp.eff

: maximum crack spacing
check values
s=150mm,5- (cc+i}=455 mm
2

1.3+ (h—x) =818.512 mm

Wi = S; nax * (Esm_Ecm) = 0.134 mm : crack width

Judge := Il i Mgp <M, = “Not cracked”

l
“Not cracked”

l
H else if wy < Wy
l

|| else

H “NG”»

“Lower than limit”

([ . ®)

if s>5-ic,+—,
2

Sr.max

Sr.max < 1.3 (h - X)

=3.044.10 "

=439.811 mm



