Beam calculations using singularity functions

a:=6m b:=8 m L:=12m F1:=5000 N  F2:=10000 N
Material: S275j0 (1.0143) E:=210 GPa
t,:=10.7mm  t,:=7.1 mm b,:=150 mm by:=150 mm

h:=300 mm

A, :=b,-t,=1605 mm’ You =:71=5.35 mm
Ayi=tye (h—2-1,)=1978.06 mm*  yq, =:%: 150 mm
As:=by+t,; =1605 mm>

t
Yos ::h—?lz294.65 mm

Cross-sectional area of the I-beam

A=A +A,+ A A=5188.06 mm®
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Moment of Inertia

b, -t,* tye (h—2-1,)° byt,’
I,:=——1 =15313.038 mm* I:=—2 ( ) =12794415.163 mm* I,:=——
12 12

=15313.038 mm*

I.=I+c’<A; I,:=I+c¢,>-A;=33597727.15 mm"  I,:=I,+c,>+A,=12794415.163 mm"' I, ,:=I;+c;’+-A;=33597727.15 mm"
L,=I+1,+1,; I,,=79989869.463 mm*

Load function

q(x)=F4 -2 '—Fle(z—a) ' +Fg-(z—b)"'—F2.(z—L)"

Shear function

T(z)= fq(m) dx T(z)=Fy-2’ —F1-(z—a)’ +Fg+(x—b)" —F2-(z—L)°
Moment function
M (z) =—_fT(ac) dx M(w):—(FA-wl —Fl-(z—a)' +Fg-(z—b)" —F2-(w—L)1>

Slope function

2 2 2
FA'm——Fl'M+F3- (ac—b) —F2-—(m_L) +C;
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9(w)=_fM(a:)d:c 9(33): =17
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Deflection function
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at x=0 --> y=0, it follows that C4=0

at x=b --> y=0
at x=L --> M=0
8 F,=1N Fy=1N  Cy=1N.m?
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Cl Fy+Fz—-F1-F2=0
£ 3 oy
g FA.b__Fl.M+C3.b=O
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| Fy-L—-F1-(L—a)+Fp-(L-b)=0
&
§ ::ﬁ.nd<FA,FB,C3>

F,=-3750 N Fp=18750 N

C;=40833.333 N-m’



S(z,2)=if(z>2,1,0) To display the solution, we use the function S, which takes the value 0
when x<z and the value 1 when x is equal to or greater than z.

T(z)=F4-z"+S(z,0)—F1-(z—a)’-S(z,a)+Fg-(z-b)"-S(z,b)—F2+(z—L)"-S(z,L)

M(ac) ::FA-alr;1 -S(:/U,O)—Fl-(al:—a)1 -S(ac,a)+FB-(a:—b)1 -S(w,b)—F2-(az—L)1 -S(:v,L)

(FA.ﬁ.s(m,o)_Fl. 50+ mp s @) B g0 ) v
G(x): ¥

(FA 2 $(2,0)—F1 (“3‘66‘)3 S(@,0)+Fye T (2, 0)— F2 ($‘5L)3 -S(ac,L)+C3-33)
y(z):=

z:=0.m,0.001.m..L
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Maximum deflection of the beam
wymax::rOOt (9 (w) yZ,2m,6 m) wymaz:4'667 m
Y (Tymaz) =T7-563 mm

y(12 m)=-33.933 mm

Maximum bending moment

M, =—17.5 kKN -m

max

::M<xymaz>
M (6 m)=—22.5 kN-m
M (8 m)=—40 kN -m

M(12 m)=0 kN -m



Shear force (N}

Bending moment (Mm)
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Slope (rad)

Slope
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Deflection (m)
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