L:=25m

I:= 659997685-mm4

Beam Analysis

o

vV

#q

M - x‘ﬁL\mJ

D

égm%

}(31 4..%
F"51

. beam length

. beam inertia

E := 200-GPa ... material modulus
Distributed Loading
"Distribution" "Start Point" "Load at Start" "End Point" "Load at End"
"NOH l‘(m)" ll(kN/m)H l‘(m)" ll(kN/m)H
- 1 10 2 20 2
ata =

bL 9 0 0 0 0

3 0 0 0 0

4 0 0 0 0

Point Loadin

DataPL o=

"Load" "Location" "Point Load" "Step Moment"

HNOH l‘(m)"
1 5
2 25

l‘(kN)"
10
10

ll(kN'm)"
0
0

—= X
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Supports

Datas o=

"Support"
"No"
1
2
3

"Location"
"(m)"
0
10
20

"Support"
"Condition"
"Fixed"
"Pinned"

"Pinned"

Distributed Loading

Distributed load function ...

Change in distribution ...

o(x-m,0)

kN

o(x-m,l)

kN

o(x-m,2)

kN

o(x-m,3)

kN

Giving ...

Awj =

((1)2 — (Dl
1

)
o(x,i) = [mli + Awi(x - Xli)}<xl1

o(x,1) = w1i+ (wzi— c01> (

Condition
Fixed
Pinned
Guided
Free

Translation
Fixed
Fixed
Free
Free

Rotation

i

()

Distributed Loading

X). _Xl.)
1 1

_Sxsz.

‘(Xl- <x< XZ.)
i i

)

10

Author: NAME

Date: 27/01/2023

Beam Loading and
Deflection Analysis

Page 2 of 10




20 ... dist'n No.1

_ ' L 0 ... distrib'n No.2 etc
Dist. loading force ... P = o(x,1) dx TP, = kN
Yo
0
15 ... dist'n No.1
_ _ ' (pri > O'N) L 0 ... distrib'’n No.2 etc
Dist. loading centroid ... Xpp, = T | oi)xdx xp,= m
1 zP 0
; 0
0

Shear and Moment for Distributions

Shear functions ...

xl
|
Vo (X's1) = ( o) +Aop(x-x; ) [dx=o) (X' —x; )+ —Aep (X' - X 2 ... when X $X' <Xy
i i i i 2 i i i
1.
1

V() = ZPwi(x > x2i> ..when x'> %,

Combining ...V (x,i) = [‘Dl ;(x - X ) + %Awi(x - X ')2}()(1' <x< x2> + ZP(D'~(X > x2'>
1 1 1 1 1

i i

Bending moment functions ...

xl
1
M (x',1) = ( |:mli + Acoi-(x - x1i>}(x' -x)dx = g(x' - xli>2~|:3-mli + Acoi-(x‘ - le} ...when x'> X]
X1,
1

X
1
M p(x',i) = ( |:u)2. + Acoi-(x - x2>}(x' -x)dx = g(x' - x2.>2~|:3-0)2. + Acoi-(x‘ - X2.>J ...when x'> Xy
1 1 1 1 1 1

X2,

1
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Combining ... M, (%,1) := %-(x— x1.>2~[3-m1, + Awi'(x - Xl.ﬂ‘(x 2 Xl.)
i 1 1 L
1 2
+——'(X—X2> |:3(,l)2+ AO)I(X—X2>:|(XZX2>
6 i i 1 !

Summing shear ... x PS Z Pg. ( ) Z Vp (x>XP> Z Vi, (x,1)

+(j=0)
+PS X—XS

Summing moments .. (x PS’MS ZS [ —(j>0). } . (x> XS) ZP ( )

)|

Zj: (x—xp>(x>xp> Z M, (x,1)

Beam Deflection

M(x,Pg,Mg) o
y"b(x,PS,MS) == .. 2nd derivative
Xl
y‘b(x',PS,Ms,el) =0, + J y"b(X’PS’MS> dx ... 1st derivative (gradient)
0
Xl
Let...  y\,(x) =J M (x,i)dx ... integral of moment due to distributed loading
0

X
1 r 1
g~ (x—x1.>2~[3-m1.+Ami-(x—xl>] dx=a-(x'—x1>3-|:Ao)i~(x'—x1) +4~u)1;| ... when X'2x;
J 1 1 1 1 1 1

i

X
1 r 1
—- X=Xy 2 30y + A0 (X =Xy | |dX=—:(X"— Xy 3. Aj (X' =Xy | + 40y ... when X'2 Xy
6 J i i i 24 i i i

X

2.

1
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- 1 3
Combining ... ' (X,1) = —(x—xy \ | Aoy (x—x; Y+ 4o [(x=x ) ..
Yool 24( 11) [ 1( 11) IJ( li)
1

+—— (X =Xy, 3, AOj (X = X9 \ + 40y (X2 Xy
24 i i i i

s dl
yb(X,Ps,MS,el) = el + E Z Msj|:;((_]>=(z)))i|(x - ij) '(X > ij> - Z yU)(X’l)
i=o| | J , i=0
+—'PS.‘<X—XS'>
2 7] ]

op np

1 2
+ Mp (X —Xp | X=X - — Vp ((x—x (x2x
2 Pn( P)( P) 2 2 Pn( Pn) ( Pn)
n=0 n=0

X
yb(x',PS,Ms,el,yl) =y + J y‘b(x,PS,MS,el) dx ... displacement
0
XV
Let ... Yo (X) =J Y (%:1) dx ... integral of gradient due to distributed loading
0

X

1 f 3 1 4

— X —X J1Awj(x—-x1 \+ 4o [dx=—(x"-Xx Aoy (X' —x7 \ + 5o ..when x'>x

24 | (o {por(xoy) oy =g (X ) sor (X )+ Sou b
X

X

1 1

— [ X =Xy 3. Aoj (X =Xy | + 40y [dx=— (X' =Xy 4 Aoj (X' =Xy | + 5-0y ..when  x'> X

24 J i i i 120 i i i i
X

2.
1
Combining ... ym(x’l) = — (x - X1 ) [A(oi.(x -Xq ) + 5.(;)1;|‘(x 2 X1 )
i i i
—(x=x 4Aco'-x—x +5-m5 |-[X2ZX
120 2) [ 1( 2i> 2J( - 2i>
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Yb(XaPs»MSael’yl) =y +0px+ ﬁ Z

Defining Support Conditions

ng

R GV (G
+ %st«(x - ij>3
4]

n
P
1 2 .
+E. Z MPn.(x— XPn> (xz XPn) - Z Yo(Xs1) -
n=0 i=0

j=0

op
1 3
+ — Vp - _ . >
6 Z Pn (X XPn) (X XPn)
n=0

Defining beam deflection and / or loading to be set to zero based on support condition ...

Support(PS »Mg,0 1) =

\V

Sup. «—

Sup<j> “—

Sup<j> <«

\V

Sup' <«

Sup

Setting support conditions to zero ...

for je 0..ng

Y'la("sj.af’sﬂ\/ls’e 1)
1 if Suptj = "Fixed"
yb<xsj,PS,MS,91,y1)~mm
MS;(N«mm)_ !
! if Suptj = "Pinned"

1
yb(xsj, PS,MS, 0 1 ,y1>-mm
Pg N
J if Supt, = "Guided"
Y'b(xsjﬁl’s’l\/ls’e 1)

-1
Mg -(N-mm)
J .
otherwise
-1
Pg N
L J
Conditions := | for je 0..ng
; 0
Con<J> «—
0
Con
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Setting Equations and Solving

Given V(L,PS) =0-N  ...shear at end of beam

M(L,PS,MS) =0-N-mm ...moment at end of beam

Support(PS,MS,O 1) = Conditions ... beam support conditions

Solving the above equations permit the unknowns to be derived.

Beam Loading and Deflection Equations

Let ... V(%) = V(X,Ps)

My(x) := M(x,PS,MS) ... 2 equations for beam loading and ...

Ys(%) = y'b(x,PS, Mg, 6 1)

yg(X) = yb(x,PS,MS,O 1 ,yl)

... 2 equations for beam deflection
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Shear Force

-10T

-151

-0+

Bending Moment

NS

25

.m) —107

M, (x-m)
kN-m
-0+

-30T

-40+

-50~+
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Gradient

o~ 5 10 Is 20 25
y's(x-m)
10°°

-1+

-1.5T

L

X
Displacement
-
1 ‘/\
0 5 10 15 2 25
-1+
yg(xm) -2
mm

— 1

4t

—s1

-6+

-1

X
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Results

6.071 0.000
Reaction forces ... Pg=| 9.464 kKN ...at.. xg = | 10.000 |m
24.464 20.000

Check..  »'Pg— 'Vp- TP, =0N

-16.071
Reaction moments ... Mg =| 0.000 kN-m
0.000
Max. BM occurs at ... XBM_max = 5.000m ... with a value of ... Moy = 14.286 kN-m
Min. BM occurs at ... XBM._min = 20.000m ... with a value of ... M in = —49 998 kN-m
Max. deflection occurs at ... Xy max = 25.000m ... with a value of ... Ymax = —6-65136 mm
0.00000 0.00000
Deflection and gradient ... ys(xs') =| 0.00000 |mm Y'S<XS.> —| 135082 |107%
at supports and point ~0.00000 Y Z6.98956
load locations
—0.56367 —0.33820 o 4
X = mm ' [ X =
yS( Pn) ~6.65136 yS( Pn) ~16.45929
¥5(0-mm) = 0.00000 mm y'{(0-mm) = 0.00000
y4(L) = —6.65136 mm yy(L) = -1.64593 10 3
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