Part 7

Program code for basic subroutines,
all explained in detail, without sign conventions!!

'beam axis system' I\_/ 'menber axis system' N x

For axially loaded members. Part 4 page 15

Private Sub MEMBER()

For perpendicular loaded members.

The 'lef
system’

Private

t' is the member end where the

is placed.

Sub BEAMI1 ()

Private

Sub QLOAD ()

Private

Sub BEAMZ2 ()

Private

Sub BEAMS ()

and

and

'beam axis

Private Sub TWOEQUATIONS ()
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Private Sub TS5M5XX () 9 -11
Calculation of shear force T5 at X m

from the 'left'.

Private Sub T5M5X() 12~-13
Calculation of shear force T5 and bending
momemt M5 with distances to the 'left',

after using BEAM1, BEAM2 oxr BEAM3.

Private Sub MMAXM5 () 14
Calculation of the maximum moment and bending
moment zero points. with distances

from the 'left'. With T5M5XX.

Private Sub HB8Z8XX() 15-17
Calculation of slope deflection H8 displacement

78 at X m from the 'left'.

Private Sub ZMAXZS () 18
Calculation of the largest displacement Z8 with
distance X m from the 'left'. With HB8Z8XX.

Private Sub TS5M5G() Private Sub T5M5 () 19
Calculation of shear forces T5 and T7 at each
G m from the 'left'.

o/



Private Sub H8Z8G() 20
Calculation of slope deflection H8 and displa-
cement Z8 each G m from the 'left'. With H8Z8XX.
Private Sub CONSTRMATCCCBEAM () 21
Private Sub FILLINGSS5CBEAM() to fill CC. 22
Private Sub MEMBERMATS5CBEAM () 22
Private Sub CBEAMMAINCALC() 23-29
Private Sub CBDRAWTS () 30
Drawing the shear force diagram.
Private Sub TS5MAX()U 31
Determining the largest transverse force.
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Private Sub CBDRAWMS () 32
Drawing the bending moment diagram.
Private Sub M5MAX () 32
Determining the largest bending moment.
Private Sub DRAWELCURVE () 33
Drawing the bending elstic curve.
Summary of the subroutines. 37-42
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— Private Sub BEAMI ()
*The statically determinate beam on
"two supports, the simple beam.
'Calculation of the support reac-
*tions and the slopes at the beam
*ends.
R1=0 : R2=0 : H1=0 : H2=0

— 'The concentrated loads.

For I= 1 To NFB(P)

F2=F22(P,I) : L2=L22(P,I)

R4=F2*L2/L1 : R3=F2-R4

RI=R1+R3 : R2=RZ2+R4

H5=F2*L2"~2/ (2*EI}

Z1=F2*L2~3/ (3*EI)+H5* (L1-L2)

Z2=R4*L1~3/ (3*EI)

H3=(22-21) /L1 : HB8=R4*L1"2/(2*EI)

H4=H3+H5-H8

H1=H1+4H3 : H2=H2+H4

— Next I

Private Sub BEAMI1 ()

The statically determinéte supporféd beam on
~17

two supports, a hinge support and a roller
(hinge) support. The beam can be loaded with

., concentrated loads and uniformly distributed
1 loads. “

Fig.1l.

The reactions R1 and R2 and the slopes H1 and
H2 to be calculated are set zero first.

R1=0 : R2=0 : H1=0 : H2=0

The concentrated loads.

Fig.2.
For I=1 T NFB(P)
F2=F22 (P,I) : L2=L22(P,I)

% mom.A =0

F2*L2-R4*11=0 = R4=F2*L2/L1
% vert. =0

R3+R4-F2=0 = R3=F2-R4

These values are added to the preceding values
of Rl and R2 with R1=R1+R3 : R2=R2+R4.

Fig.3a.
At the left beam end the unloaded beam is

thought to be clamped under the assumed slope
H3. The deflection, or displacement, of beam
end B is.
Z23=H3*L1l.

Fig.3b.
Next the unloaded beam is thought to be hori-

zontally clamped at A and loaded with force F2

at distance L2 from A.

With bending stiffness EI and by means of the
standard formulas (page_BéJ one finds slope HS5
at beam end B which is edqual to the slope at
the place where F2 is applied,

HS5=F2*L2"2/ (2*EI)

and the displacement Zl at B which is equal to
the displacement at C plus the displacement at
C due to the slope H5 at C,

21=F2*L2~3/ (3*BI)+H5* (L1-L2) .

Fig.3c.

The on the left horizontally clamped beam now
is loaded with reaction force R4 which causes
displacement Z2 at B.

Z2=R4*L1"3/ (3*EI)

The total displacement of B is zero.
Z3+21-22=0 or H3*L1=22-Z1 from which

H3=(Z2-21)/L1.

Slope H4 at beam end B, assumption to the
right then becomes H4=H3+H5-HS8.

Slope H4 at B, assumption turning to the right
the becomes H4=H3+H5-HB.

The calculated slopes H3 and H4 due toO F2 are
added to the preceding valus of H1 and H2 with
H1=H1+H3 : H2=H2+H4.

Then the next concentrated load with

Next I
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"The distributed loads.

— For I=1 to NQT(P)
03=Q33(P,I) : Q4=044(P,I)
L3=L33(P,I) : L4=L44(P,I)
L5=L1-L3-L4
QLOAD
R4=T* (L3+Al) /L1 : R3=T-R4
R1=R1+R3 : R2=R2+R4
Z2=R4*L1"3/ (3*ETI)
H3=(22-Z1) /L1 : H8=R4*L1"2/ (2*EI)
H4=H3+H7-H8
H1=H1+H3 : H2=H2+H4

L Next I
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*The beam end moments M1 and M2.
R4=(M2-M1) /L1 : R3=-R4

R1=R1+R3 R2=R2+R4
H3=-M1*L1/(3*EI)-M2*L1/(6*EI)
H4=M1*L1l/ (6*EIL)+M2*L1l/ (3*ETI)
H1=H1+H3 H2=H2+H4

— End Sub

The distributed loads.

Fig.4.

For I=1 To NQB(P)
Q3=0Q33(P,I) : L3=L33(P,I)
Q4=0Q44 (P,I) : L4=L44(P,I)

Before subroutine QLOAD is called first length
L5 has to be dterminated, see next page.

L5=L1-L3-L4

Then follows QLOAD. with which for instance are
calculated resultant T, length Al, slope H7 and

displacement Z1 of fig.5b.

After that the reactions are calculated.

Y mom.A =0

T* (L3+Al1)-R4*L1=0 = R4=T* (L3+Al) /L1
Z vert. =0

R3+R4-T=0 = R3=T-R4

Bnd then RI=R1+R3 : R2=R2+R4.

and so on laike with the concentrated loads.

Fig.5a.

The displacement of B is Z3=H3*L1l.

Fig.5b.

Subroutine QLOAD, next page, gives H7 and.Zl.
Fig.5c.

Z2=R4*L1"3/ (3*EI)

The total displacement of B is zero.
723+21-22=0 or H3*L1=Z2-7Z1 from which
H3=(Z2-21)/L1.

Due to reaction R4 arises

H8=R4*1172/ (2*EI) and the slope at B becomes
H4=H3+H7-HS8.

Now H3 and H4 are known and follow

H1=H1+H3 : H2=H2+H4.

And theg the next distributed load with
Next I.

The beam end moments M1 and M2.

Fig.6.

2 mom.A =0

M2-M1-R4*L1=0 = R4=(M2-M1) /L1
z vert. =0

R3+R4=0 = R3=-R4

In the figures the deformations of the beams
due to M1 and M2 are drawn. The magnitude of
the slopes one can find with the formulas of

page 26 .
The assumption for H3 and H4 are like that
for H1l, so to the right.

H3=-M1*L1/ (3*EI)-M2*L1l/ (6*EI)
H4=M1*L1/ (6*EI)+M2*L1/ (3*EI)

Then H1=H1+H3 : H2=H2+H4 and the end of the
subroutine with

End Sub
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— Private Sub QLOAD ()
'The statically determinate on the
ijeft clamped beam with trapeze
'like distributed load.

T=0.5% (Q3+Q4) *L4
B1=(2*Q3+0Q4) *L4/ (3* (Q3+0Q4))
Al=L4-Bl : M=T*Al

Z5=T*L3"3/ (3*EI) +M*L3"2/ (2*EI)
H5=T*L3%2/(2*EI)+M*L3/EI
Z26=Q4*L4"4/ (8*EI)
26=76—-(Q4-Q3)*L4~4/ (30*EI)
H6=04*L4"~3/ (6*EL)

H6=H6- {Q4-Q3) *L4~3/ (24*ETI)

H7=H5+H6 : ZT7=Z5+H5*L4+Zé
Z1=27+HT*L5

. End Sub
---------- Oy
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Private Sub QLOAD ()

Calculation of displacemént and slope at mem-—
ber end B of the on the left clamped horizontal
beam due to a trapeziform distributed load.

Fig.1l. ”

The beam is after being clamped not loaded, af-
ter that loaded with the distributed load.

T is the resultant, the area of the trapeze.
T=.5* (Q3+04) *L4

The centrs of gravity of the trapeze lies at
distance Bl from the right side of it and is
Bl=(2*Q3+Q4) *L4/ {3* (Q3+Q4)) Further is
Al=1.4-Bl.

Fig.2a.

First now the effect of the bending over part
AC. Resultant T is resolved in a transverse
force T at C and a bending moment M=T*Rl at c.
Through that arise displacement Z5 and slope H5
at C'. = .

Z5=T*1,3"3/ (3*EI) +M*L3"2/ (2*EI)
H5=T*L3%2/(2*EI)+M*L3/EI

C'D' is straight. D displaces over Z5 plus the
effect of angle H5 at C', H5*L4.

Fig.2a .and 2b. :

Next the bending over part C'D'. The displace-
ment of C and slope H5 at C' are fixed now.
Unloaded part C'D' is clamped under slope HS at
C¢' after which the distributed load is applied.
Then the deformation arises as drawn in fig.1l.
In fig. member part C'D’ is drawn horizeontally
clamped which is allowed because displacement
and slope are very small with respect to the
length of the member.

By summing the effect of the triangular and
trapeziform distributed loads arise Z6 and H6.

ZS=Q4*L4*4/(B*EI)—(Q4—Q3)*L4“4/(30*EI)
H6=Q4*L4A3/(6*EI)—(QA—Q3)*L4“3/(24*EI)

From C' upto C'' (see fig.l) angle H5 increases
with angle H6. Angle H7 at D'’ then becomes
HE7=H5+H6.

The displacement of D becomes
Z7=25+H5*L4+7Z6.

The last part of the beam is not bent, is
straight, so that at beam end E also angle H7

arises.

Due to slope H7 at D'' follows yet a
displacement H7*L5 at B.

The total displacement of member end B becomes
Z1=ZT7+H7*L5
and finally the end of the subroutine QLOAD,

End Sub
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—— Private Sub BEAM2 () ; é-a 2,

'The onefold statically indege}mib
'nate beam on two supports.
'Calculation of the reactions and
‘the slope at the not clamped beam-

'end.
R1=0 : R2=0
H1=0 : H2=0

— For I=1 To NFB(P)
F2=F22(P,I) : L2=L22(P,I)

If LE(P)=1 Then L2=L1-L2
H5=F2+*L2"2/ (2*EI)
Z1=F2*L2"~3/(3*EIl)+H5* (L1-L2)
R4=Z1* (3*EI)/ (L1"3)
M3=F2*L2-R4*L1 : R3=F2-R4
R1=R1+R3 : R2=R2+R4 : M1=M1+M3
HB=R4+*L1"~2/(2*EI)

H4=H5-H8 : H2=H2+H4

- Next I

Private Sub BEAMZ ()

The onefold statically indeterminate beam on
two supports.

Fig.la.

Tt is assumed that the beam is clamped'on the
left and sipprted bij a roller on the right.
The reactions R1 and R2, the clamp moment M1
and slope H2 at the support on the right.

At the member end on the right does not act a
member end load moment.

Fig.1b.

If the beam is clamped on the right and
supported by a roller on the left, then the
calculation goes as for fig.la for which the
data put in for fig.la are altered. After the
calculation follows restoration of 'left and
right'.

For example, moment Ml becomes M2. See fig.5> on
the next page.

Fig.lc.

Here are shown the assumed directions of the
reactions, member end momemnts and slopes.
First all unknowns are set zero.

R1=0 : R2=0 : M1=0 : M2=0 :H1=0 : H2=0

The concentrated loads.

Fig.2a, 2b, Z2c.

For I=1 To NFB(P)

F2=F22(P,I) 1.2=L22 (P, I)

If LE(P)=1 then the hinge is on the left and is
taken distance for force F2 from the right.

If LE(P)=1 Then L2=L1-L2

Due to F2 arise H5 and Z1.

H5=F2*L2"2/{(2*EI)
Z1=FZ*L2‘3/(3*EI)+H5*(Ll—LZ)

Due to the (still unknown) reaction R4 arises
7Z2=R4"L1"3/ (3*EI).

The displacement of B is zero.
7z1-z2=0 or Z1-R4*L1"3/ (3*EI)
R4=7Z1* (3*EI) /L1"3.

from which

Fig.2a.

% mom.A =0
F2*1L2-R4*L1-M3=0 =
% vert. =0

R3+R4-F2=0 =

M3=F2*L2-R4*L1
R3=F2-R4

R3, R4 and M3 are added to preceding values of
R1l, R2 and M1 with
R1=R14R3 : R2=R2+R4 : MI1=M1+M3.
Slope H8 due to R4 is
H8=R4*L1"2/(2*EI).

Due to F2 and R4 arises slope H4 at B.
H4=H5-H8

Finally H2=H2+H4 and then the next concentrated
load F22(P,I) with

Next I.
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'The distributed loads.
— For I=1 To NQB(P)
03=0Q33(P,I) : L3=L33(P,I)
04=0Q44 (P, I) : L4=L44(P,I)
L5=L1-L3-L4

If LE(P)=1 Then

03=04 : Q4=033(P,I) L3=L1-L3-14
LS5=L1-L3-L4

End If

QLOAD

R4=2Z1* (3*EI) /L1"3
M3=T* (L3+Al) -R4*L1 : R3=T-R4

R1=R1+R3 : R2=R2+R4 M1=M1+M3
H8=R4*L17~2/ (2*EI)
H4=H7-H8 : H2=H2+H4

. — Next T

— If LE(P)=1 Then
R=R1 : R1=R2 : R2=R : M2=M1 : M1=0
H1=-H2 : H2=0
End If

The distributed loads.

Fig.3a.

For I=1 To NQB(P)
©3=033(P,I) : L3=L33(P,I)
Q4=044 (P,I) : L4=L44(P,TI)

Before calling subroutine QLOAD first becomes
L5=L1-L3-L4.

Fig.3b.

Is LE(P)=1 then the hinge is on the left and
the clamp on the right. Then the data are
changed in such way as if it is the construc-—
tion of fig.3a. Just realize that data of
fig.3b are put in exactly in the same way as

for fig.3a.

If LE(P)=1 Then

Q03=Q44 (P,I) : Q4=033(P,T) L3=L1-L3-L4
L5=L1-L3-L4

End If

Fig.4a.

Subroutine QLOAD delivers T, Al, Z1 and H7.

Fig.4b.

Due to R4 arises Z2=R4*L1"3/(3*EI)
The displacement of B is zero.
zZ1-72=0 or Z1-R4*L173/ (3*EI)
R4=z1* (3*EI) /L1"3

from which

Fig.3a.

¥ mom.A =0

T+ (L3+A1)-R4*L1-M3=0 =
¥ vert. =0

R3+R4-T=0 = R3=T-R4
R1=R1+R3 : R2=R2+R4 : M1=M1+M3.
Slope H8 due to R4 is
H8=R4*L172/(2*EI).

Slope H4, assumption nto the right, fig.3qg for
both construction cases then becomes

H4=H7-HS, and after that addition gives
H2=H2+H4 and then the next distributd load
with

M3=T* (L3+A1l)-R4*L1

en dan

Next TI.

If the clamp is on thes left then the calculated
R1l, R2, M1l and M2 are correct. Further are M2=0
and H1=0 as was assumed in the beginning.

Fig.5.

1f the hinge is on the left, the clamp on the
right, then R2 is calculated on nthe left, R1
and M1 on the right. Also slope H2 on the left
which is now to the left. For all members the
names of the veriables on the left (place of
beam axis system {~— ) are R1, Ml and Hl, and
on the right R2, M2 and HZ.

To make the names suit the following lines are
added.

If LE(P)=1 Then

R=R1 : RI=R2 : R2=R : M2=M1 : M1=0

Hl=-H2 : H2=0

End If

Rl is kept for a while with R for make changes
in a correct way. Because H2 is to the left
becomes Hl=—-HZ.



,Q/nt: F‘: LP26
{gL i

oy @w

M
=

&7
4,5/7 .4574& r
/?BTL” Y 4/ Jr’fv

+

I

-
_ =

P =

£z 70

‘ — Tf LE{Py=0 Then

| R3=-1.5*M4/L1 : R4=1.5*M4/L1
M3=-M4/2 : H4=M4*L1/(4*EI)
R1=R14R3 : R2=R2+R4 : ML=M1+M3
M2=M4 : H2=H2+H4

L ElseIf LE(P)=1 Then

R3=1.5*M4/L1 R4=-1.5*M4/L1
M3=-M4/2 : HA=M4*L1/ (4*EI)

R1=R1+R3 R2=R2+R4 M2=M2+M3
L M1=M4 H1=H1-H4
End If
—— End Sub

o m_ﬁ(”\ jﬁ))%/z

4L0/7 'ddﬂCQZ /3
483 L7 L/

%

Fig. 7b.

J >
AN \—%/

{ L5tte :
7, w7

H‘y.&

Fig.6.

Again the beam with the assumed directions of
the member end moments M1l and M2, the reactions
R1 and R2, and the slope deflections H1 and H2.

Fig.7a.

LE(P)=0. "

The right beam end is loaded with momemnt M4,
assumad to be directed to the right. Then the
deformation causad bij this moment is drawn
with which the real directtions of the rections
can be drawn, the vertical ones with magnitude
1.3*M4/L1, on the left downward and on the
right upward,

and the r=action momant M4/2 dirsc
right, see the formulas on page 3
The reactions R1, R2 and M3.
Reaction R3 is assumed directed upward, opposi-
te to the real direction of the reaction on the
left, then becomes R3=-1.5*M4/Ll.

Reaction R4 is assumed directed upward, the
same like the real direction of the reaction on
the right, so R4=1.5*M4/LL.

Reaction moment M3 is assumed to the lsft, the
real direction of the reaction moment is to the
right, so M3=-M4/2.

The slope deflection at the right member end is
H4=M4*L1/ (4*ETI} to the right like the figure
shows.

The results addsd to pravious values gives
R1=R1+R3 R2=R2+R4 : M1=M1+M3.

Moment M2 at the right end becomes M2=M4, and
the slope deflection H2=H2+H4.

tad to th=

Fig.7b.

LE(P)=1.

Now with the hinge support on the left. The re-
actions are found in the same way. Taking into
account the real directions of the reactions
due to M4, and the assumed directions of R3, R4
and M3 follow

R3=1.5*M4/L1 R3=-1.5*M4/L1 : M3=-M4/2 and
H4=M4*L1/ (4*EI} .

Then again RI1=R1+R3 R2=R2+R4 and then instead
of M1 now M2=M2+M3, and inst=ad of MZ now M1l=M4.
And instead of H2 now HI=H1-H4.

There is only one load moment, one can write as
well, shorter, 8
R1=R1+1.5*M4/L1 : R2=R2-1.5*M4/L1
M1=M4

H1=H1-M4*L1l/ (4*EI) .

M2=M2-M4 /2

Fig.s8.

In fig.7a member end load moment M4 has an
assumed direction to the right like that of M2.
But that not necessary, one may assume the
diraction of momsnt M4 to the l=2ft, then the
d=formations causad by M4 is like drawn on the
iaft with which follow the rsal dirsctions of
tha reactions, on the l=ft 2 wartical rzaction
upward and a momemnt to tha left, and o2n the
right a vertizal rsaction downward. Then fol-
lows, on the short way,
R1=R1+1.5*M4/L1 : R2=R2-1.5*M4/L1l
M2=-M4

H2=H2-M4*L1/ (4*EI) .

And one can also assume for M4 of fig.7b a di-
rection to the right instead of to the left.

M1=M1+M4/2

6



F22(8
(BT D1353) Q)

Fy/) M2
B 8
L22(P)

L3ARY) | L43(RY) I
R J ' 2
£ /‘“hz
2
. 1 O
(1 »
f e T
2 3 : A } 7‘4‘/'
: fo.lb

—— Private Sub BEAM3 ()
"The twofold statically indtermi-
'nate beam on two supports
'Calculation of the reactions.
R1=0 : R2=0 : M1=0 : M2=0
H1=0 : H2=0
'The concentrated loads.
For I=1 To NFB(P)
F2=F22 (P, I) L2=L22 (P, I)
H5=F2*1L2"2/ (2*EI)
7Z1=F2*L2~3/ (3*EI)+H5* (L1-L2)
A=L1~3/(3*EI) B=-L1"2/ (2*EI)
C=z1
D=L1"2/(2*EI)
TWOEQUATIONS
M3=F2*L2-R4*L1+M4 : R3=F2-R4
R1=R1+R3 : R2=R2+R4
M1=M1+M3 : M2=M2+M4
- Next I

E=-L1/EI : F=H5
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Private Sub BEAM3 ()

The twofold statically indeterminate beam on
two supports.

Fig.la en ib.

For each load case the reactions R3, R%, M3 and
M4 are calculated and added to preceding values
of R1, R2, M1 and M2 which are made zero before.
Per belastinggeval worden de reacties R3, R4,
R1=0 : R2=0 : M1=0 : M2=0

At the clamps the slopes are zero

H1=0 : H2=0.

The concentrated loads.

Fig.2a.
For I=1 To NFB(P)
F2=F22(P,I) : L2=L22(P,I)

The beam is clamped on the left under a slope
H1=0 and is loaded by member load force F2 and
the reaction force R4 and reaction moment M4.
Displacement and slope of B are zero. That
gives two egquations from which R4 and M4 are
solved. This is done by solving x and y from
two equations as given here below.

ax + by
dx + ey = £

[o4

Solution of x and y gives

x={c—b(cd-af}/(db-ae)}/a and
y={(cd-af) / (db-ae)

That becomes subroutine TWOEQUATIONS, see next
page at the bottom.

Fig.2b, 2c en 2d.
Due to F2 arises H5=F2*L2"2/(2*EI),
placement Z1 becomes

then dis-

7Z1=F2+*L2~3/ (3*EI)+H5* (L1-1L2) .

Due to R4 arises 2Z2=R4*L1"3/(3*EI)
and due to M4 7Z3=M4*L1"~2/(2*EI) .

The displacement of B is zero.
71-722+723=0 or 72 - Z3
That becomes the equation A*R4 + B*M4
A, B and C then are

A=L173/(3*EI) B=-L1~2/(2*EI) : C=Z1.

z1l.
Cx

The slopes at the member end due to F2, R4
andM4 then are

H5=F2*12~2/(2*EI),
H8=R4*L172/(2*EI) and
H9=M4*L1/ET.

The slope at B is zero.

H5-H8+4H9=0 or g8 - H9 = H5.
The second equation is D*R4 + E*M4 = F.
D, E and F then are

D=L172/(2*EI} : E=-L1/EI : F=H5.

With subroutine TWOEQUATIONS the unknowns R4
and M4 are solved from the equations after
which R3 and R4 can be calculated.
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"The distributed loads.
— For I=1 To NOB(P)
Q03=0Q33(P,I) : L3=L33(P,I)
Q4=044 (P,I) : LA=L44(P,TI)
L5=L1-L3-L4
QLOAD
A=L173/(3*EI) : B=-L1"2/(2*EI)
C=zZ1
D=L1"2/(2*EI} : E=-L1/EI : F=H7

TWOEQUATIONS
M3=T* (L3+Al) -R4*L1+M4 R3=T-R4
R1=R1+R3 : R2=R2+R4
M1=M1+M3 : M2=M2+M4
L Next T
L — End Sub

— Private Sub TWOEQUATIONS ()
R4=(C~-B* (C*D-A*F)/ (D*B-A*E) )} /A
M4=(C*D~-A*F) / (D*B-A*E)

— End Sub

Fig.3.
% mom.A =0
F2*L2-R4*L1+M4-M3=0 =
2 vert. =0
R3+R4-F2=0 =

M3=F2+*L2-R4*L1+M4
R3=F2-R4

Now all four reactions are known folloﬁ
R1=R1+R3 R2=R2+R4 : M1=M1+M3 M2=M2+M4
and then the next concentrated load with

Next I.

The d@stributed loads.

Fig.4a, 4b, 4c en 4d.

For I=1 To NOB(P)
Q3=0Q33(P, 1) L3=L33(P,I)
Q4=044(P,I) : L4=L44(P,I)

Before calling subroutine QLOAD page 33 first
becomes L5=L1-L3-L4. Next follows QLOAD which
calculates T, Al, Z1 and H7.

As for the concentrated loads follow the dis-—
placements due to R4 and M4.

Z2=R4*L1~3/ (3*EI)

Z3=M4*L1"2/ (2*EI)

The displacement of B is zero.

21-22+23=0 or Zz2 - z3 = Z1.
The first equation is A*R4 + B*M4 = C.
ax + by = ¢

Then A, B and C become

en volgen voor A, B en C
A=L1"~3/(3*EI) =-L1"~2/(2*EI) : C=Zl.

The slopes at B are H7 due to the distributed

load which was calculated with QLOAD, and HB

and H9 due to R4 and M4.

HB8=R4*L1"2/ (2*EI)

H9=M4*L1/ET

The slope at B is zero.

H7-H8+H9=0 or HB - H2 = HT.

The second equation is D*R4 + E*M4 = F.
dx + ey = £

D, E en F become

D=L1"2/(2*EI) : E=-L1/EI : F=H7.

With subroutine TWOEQUATIONS of which the code
is shown on the left below, follow R4 and M4
and then the reactions R3 and M3 can be calcu-
lated.

Fig.4a.

3 mom.A =0
T* (L3+Al) -R4*L1+M4-M3=0 = M3=T* (L3+A1l)-R4*L1+M4
% vert. =0
R3+R4-T=0 = R3=T-R4

Next these calculated values are added to the
already determinated values.

R1=R1+R3 : R2=R2+R4 : M1=MI1+M3 : M2=M2+M4
And then follows the next distributed load with

Next I and finally

End Sub
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— Private Sub T5M5XX ()

'Calculation of transwverse force TS5
'and T7, and bending moment M5 at
'X meter from the 'left’

L1=L11(P)

T5=0 : T7=0 : M5=0

'The concentrated loads.

— For I=1 TO NFB(P)

F2=F22 (P,I) : L2=L22(P,I)

R3=F2+* (L1-L2) /L1
— If X<=L2 Then
T6=R3 : M6=R3*X
~ ElseIf X>L2 Then
T6=R3-F2 : M6=R3*X~F2* (X-L2)
L End If

T5=T5+T6 : T7=T7+T6 : M5=M5+M6
— If X=L2 Then
T7=T5-F2
— End If
— Next I
A v 7y B
e P 5
7é
£3 f X 1
4 Lz :.K—Az=
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Private Sub TS5M5XX ()

Calculation of transverse/shear force and ben—
ding moment at X meter from the 'left’'.

For a beam means 'left' the beam end where the
beam axes system is placed.

Fig.1l.

At X meter from the left member end transverse
force T5 and bending momemnt M5 are calculated
from 'left onto right’.

Then transverse force TS5 is according to the
shear sign directed upward, and

bending moment M5 according to the bending sign
to the right.

For each of the NFB(P) concentrated loads, and
each of the NOB(P) distributed loads, and

for the member end moments M1 and M2,
trabsverse force T6 and momemt M5 are calcula-
ted which are added to the preceding values of
T5 and M5.

Before the start values are T5=0 and M5=0.

Also transverse force T7 on the right of the
section is calculated. The assumed direction of
T7 from 'right onto left' is according to the
shear sign directed downward. Before T7=0.

Beam length L1=L11(P).

'The concentrated loads.

Fig.2a.
For I=1 To NFB({P)
F2=F22(P,I) : L2=L22(P,I)

First reaction R3 is calculated.
% mom. B=0
R3*L1-F2*(L1-12)=0 from which follows

R3=F2*(L1-L2) /L1.
Is X<L2 then T6=R3 and M6=R3*X.

Is X=L2 then F2 stands 'on the section’. Also
then is T6=R3, this is the transverse force
just on the left of the section. And the moment
is, ofcourse, also now M&=R3*X.

Fig.2b.

Is X>L2 then is T6=R3-F2. Transverse force T
is the resultant of R3 and F2.

The resulting moment is M6=R3*X-F2* (X-L2) .
After that the calculated values are added to
the preceding values with

T5=T5+T6 T7=T74T6 M5=M5+M6.

Transverse force TS5 and T7 are equal in magni-
tude and opposite directed, if 'between' the
two there is no concentrated load F2.

Is X=L2 then F2 stand on the section and are T5
on the left, and T7 on the right, not equal in
magnitude.

With % vert. =0 of the section, see fig.1l, is
T5-F2-T7=0 from which follows T7=T5-F2.

77 upward acting on section D on the right of C
is the resultant of T5 and F2. Also is T7=T7-F2.

Then the next concentrated load with
Next I.
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T6=R3 : M6=R3*X-M1
TS=T5+T6 : TT=TT+T6 : M5=M5+M6
End Sub
T
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'The distributed loads.
For I=1 To NQB(P)

Q3=033(P,I) : L3=L33(P,I)
Q4=044 (P, I) L4=L44 (P, I)
QLOAD

R3=T* (Bl+ (L1-L3-L4)) /L1

If ¥<=L3 Then

T6=R3 : M6=R3*X

Else If X>L3 &nd X<=L3+L4 Then
05=03+ (Q4~-03) * (X-L3) /L4

Q4=0Q5 : L4=X-L3

QLOAD

T6=R3-T : M6=R3*X-T*Bl

Else If X>L3+L4 Then

QLOAD

T6=R3—-T : M6=R3*X-T* (X-L3-L4+Bl)
End IEf

T5=T5+T6 : T7=T7+T6 : M5=M5+M6
Next T

'The member end moments M1 and M2.
R3=(M1-M2) /L1

The distributed loads.

Fig.3a.

For I=1 To NQB(P)

Q3=033 (P, I) 1.3=L33(P, I)

Q4=Q44 (P, I) L4=L44 (P, I)

With subroutine )
QLOAD (page 3 )

resultant T of the distributed load and distan-
ce Bl are calculated.

Now reaction R3 can be calculated.

worden onder andere resultante T van de ver-—
deelde belasting, en afstand Bl berekend.

% mom. B =0

R3*L1-T* (B1+(L1-L3-L4)
R3=T* (B1+(L1-L3-L4))/Ll.

from which follows

Is X<=L3 then follows like with the concentra-
ted loads
T6=R3 : M6=R3*X.

Fig.3b.

Is X>L3 (X=L3 has been already) and X<=L3+L4
then a part of the trapiziumform distributed
load is needed. For that 05 is calculated.
With similarity of triangles follows

a/(Q4-03)=(X-L3)/L4 from which
a=(Q4-03)* (X-L3)/L4 so that
05=03+(Q4-03) * (X-L3) /L4.

First for this trapeze are determinated new
values of Q4 and L4,

04=05 : L4=X-IL3.
Next once again with subroutine
QLOAD

resultant T and distance Bl can be calculated.
T6=R3-T is the resultant of R3 and T.
M6=R3*X-T*Bl is the resulting moment of the
moments R3*X and T*Bl.

The altered Q4 and L4 donot need to get back
their original value because before the next
distributed load first™ follows again
04=044(P,I) en L4=L44(P,I).

Fig.3c.

Finally, is X>L3+L4 then follows with
subroutine

QLOAD ,

the calculation of T and Bl. Then become
T6=R3-T and M6=R3*X-T* (X-L3-L4+Bl). And after
End If )

T5=T5+T6 T7=T7+F6 : M5=M5+M6.

And then the next distributed load with

Next I.

The member end moments M1 and M2.

Fig.4.
With & mom. B=0 follows R3*L1+M2-M1=0
which

R3=(MZ+M1) /L1, -

from

so that

Fe=R3 : M6=R3*X-M1 and next again
T5=T5+T6 : T7=T7+Y6 : M5=M5+Mb.

And then the end of the subroutine with
End Sub.

/0
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Example.

Calculation of transverse forces with subrou-
tine T5M5XX.

Fig.1l.

For a given distance X from the left for each
of the four load cases transverse force T6 is
calculated, from left onto right as assumed
directed upward.

After each calculation follows T5=T5+T6 and
T7=T7+T6 and at the place of the concentrated
load becomes T7=T7-F2.

Fig.2a, 2b, 2c en 2d.

The transverse force diagram for the concentra-
ted loads of 30 and 50 kN, the uniformly dis-
tributed load of 8 kN/m and the member end
moment of 80 kNm.

Fig. 2e.

The final transverse force diagram is the sum
of fig.2a to 2d.

Here below is shown the order of calculation.

X=0m T5= 0 kN T7= 0 kN

T6= 21 kN T5= 0+21= 21 kN T7= 0+21= 21 kN
Te= 15 T5=21+15= 36 T7=21+15= 36
T6= 30 T5=36+30= 66 T7=36+30= 66
T6= -8 T5=66— 8= 58 T7=66—- 8= 58
X=3m T5= 0 kN T7= 0 kN

Just left of the concentrated load of 30 kN is
Te= 21 kN T5= 0+21= 21 kN T7= 0+421= 21 kN

But X=L2 and F2=30 kN so that just right of the
concentrated load T7=T5-F2=21-30= -9 kN
A negative answer, T7 from right onto left, is

not directed downward but upward, thus another

shear sign, above the zero_line.

T6= 15 T5=21+15= 36 T7=—9+15= 6
T6= 6 T5=36+ 6= 42 T7= 6+ 6= 12
Té6= -8 T5=42- 8= 34 T7=12- 8= 4
If the calculation gives a negative answer for
T6, then T6 from left onto right is not
directed upward as assumed, but downward, thus

the opposite shear sign.

X= 5 m T5= 0 KN T7= 0 kN

T6= -9 kN T5= 0—- 9= -9 kN T7= 0- 9= -9 kN

T6= 15 T5=-9+15= 6 T7=-9+15= 6
-10 T5= 6-10= -4 T7= 6-10= -4

T6= -8 T5=-4- 8=-12 T7=—4- 8=-12

X=7mnm T5= 0 kN T7= 0 kN

T6= -9 kN T5= 0- 9= -9 kN T7= 0- 9= -9 kN

T6= 15 T5=-9+15= 6 T7=-9+15= 6

X=L2 en F2=50 kN

T6=-10
T6é= -8

)

T5= 6-10= -4
T5=-4- 8=-12

so that T7=T7-F2= 6-50=-44

T7=-44-10=-54
T7=-54~ 3=-62

//
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Private Sub T5MS5SX () /%’
'Calculation of transverse force
'T5 and T7, and bending moment M5
'at X meter from the 'left’.
L1=L11 (P)

T5=R1 : T7=R1 : M5=-M1
M5=M5+R1*X

'The concentrated loads.

For I=1 To NFB(P)

F2=F22(P,I) : L2=L22(P,I)

If X>L2 Then

T5=T5-F2 : T7=T7-F2

M5=M5-F2* (X-L2)

ElseIf ¥X=L2 Then

T7=T7-F2

Elself X<L2 Then

Exit For

End If

Next T

X
1Zz|

T

P S

Private Sub T5M3X()

Calculation of transverse force and bending
moment at X meter from the 'left', after using
one of the subroutines BEAM1, BEAM2, or BEAMS3.

Fig.1l. 3

The calculated reactions R1 and R2,and eventu-
ally M1 and M2 when not being member end loads,
arise due to all beam loads.

Directions of transverse forces and bending mo-—
ments are like on page following from shear
sign and bending sign belonging to the beam
axis system.

Beam length is L1=L11(P).

At the beginning the transverse forces are
T5=R1 T7=R1 for X=0,

and the bending moment, M5 is assumed to the
right and M1 is assumed to the left, so M5=-MI.

Fig.2a.
At distance X start values T5, T7 are equal to
the values in the beginning.

Fig.2b.
But reaction R1, due to all loads, gives a mo-
ment at X of R1*X to the right. So for that
section at X the start value becomes
M5=M5+R1*X.
Shorter, T5=R1

T7=R1 : M5=-MI1+R1*X.

The concentrated loads.

For I= 1 To NFB(P)
F2=F22 (P, I) L2=L22 (P, I)

Fig.3a.

If X>L2 Then

The T5 at distanc X is the resultant of the
preceding T5 anf lecad force F2Z,

T5=T5-F2 : T7=T7-F2.

Moment M5 at X is the resultant of the prece-
ding M5 and moment F2*(X-L2), SO

M5=M5-F2* (X-L2} .

Fig.3b.

ElseIf X=L2 Then

In this case T5 left of the section does not
change, but T7 right of the section does.

T7 acting upward from left onto right on the
section right of F2 is the resultant of the

preceding T7 and F2, so

T7=T7-F2.

Moment M5 does not change, has the preceding
value.

All load forces F2 with X<LZ do not contribute.
Therefore is written to leave the For—Next

ElseIf X<L2 Then
Exit For

End If

Next T

That's done 'save time' but with a few forces

it is of no use.

By the way, this Exit For is only then correct
when the load forces are numbered, put in, from
left to right successively.

/2
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'The distributed loads.

For I=1 To NQB(P)
03=Q33(P,I) : L3=L33(P,I)
Q4=Q44 (P, I) L4=L44 (P, I)
If X>L3 Then

If X>1L3 And X<=L3+L4 Then
05=03+ (Q4-03) * (X-L3) /L4
T=0.5%* (03+05) * (X-L3)
B1=(2*03+Q5)* (X-L3) / (3* {Q3+Q5))
T5=T5-T T7=T7-T
M5=M5-T*B1l

ElseIf X>L3+L4 Then

T=0.5* (Q3+Q4) *L4
Bl=(2*Q3+Q4)*L4/ (3* (Q3+0Q4))

T5=T5-T T7=T7-T
M5=M5-T* (B1+ (X-L3-L4))
L End If
End If
Next I
End Sub
v kod
1]
1
[}
X
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2. 4C.

The distributed loads.

For I=1 To NQOB(P)

03=Q33 (P, I) L.3-L33(P,I)
Q4=044 (P, I) L4=L44 (P, 1)
Fig.4a. N

Is X<=L3 then the calculated T5, T7 and M5 for
X from the left do not change.

Fig.4b and A4c.

When X is larger than X3, then T5, T7 and M5
change and one of the two possible calculations
is carried out. Therefore the first If-End with

If X>L3 then.

The first pessibility.

Fig.4b. \

If X>L3 And X<=L3+L4 Then

The influence of the part of the distributed
load left of the section is calculated. For
that Q5 is calculated as follows.

a/(04-03)=(X-L3) /L4 or a=(Q4-0Q3)*(X-L3)/L4
50 that
05=03+ (Q4-0Q3) * (X-L3) /L4.

The resultant T of that part of the distributad

load is
T=0.5%* (Q3+0Q5) * (X-L3)

and distance Bl becomes, see page
Bl=(2*0Q3+0Q5) * (X-L3) / (3* (@Q3+Q5)), and then fol-
low
T5=T5-T T7=T7-T and
M5=M5-T*B1.

The second possibility.

Fig.4c.

ElseIf X>L3+L4 Then

Now the total distributed load is on the left
of the section. Then follow as before

T=0.5*% (Q3+Q4) *L4 and
Bl=(2*03+04) *L4/ (3* (03+Q4)) and thembecome
T5=T5-T : T7=T7-T and the bending moment
M5=M5-T* (B1+ (X-L3-L4)) .

Then two times End If and then the next distri-
buted load with
Next I and finally

End Sub

/3
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Private Sub MMAXMS ()

'Calculation of the largest ben-
'ding moment and the moment zero
'points.

NM=0 : L1=L11(P)

For X=0 To L1+0.01 Step 0.01

T5M5XX

If X=0 Then
M7=M5 : T3=T5
NM=NM+1
MMAXX (P, NM)=M5 : LM (P,NM)=X
Elself X>0 And X<Ll1l Then

If M5>=0 And M7<0 Or _

M5<=0 And M7>0 Then
NM=NM+1
MMAXX (P, NM)=M5 :
End If

M7=M5

LM (P, NM) =X

If T5<=0 And T3>0 Or
T5>=0 And T3<0 Then

NM=NM+1
MMAXX (P, NM)=M5 : LM(P,NM)=X
End If
T3=T5
— ElseIf X>=L1 Then
X=L1 : TS5M5XX
NM=NM+1
MMAXX (P,NM)=M5 : LM(P,NM)=X
—— End If
—— Next X
—— End Sub
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Private Sub MMAXMS ()
Calculation of mamimum.moﬁenfs and moment zero
points which are stored in MMAXX(P,NM) and
their distances X from the 'left' in IM(P,NM).
Start value of counter NM=0.

Fig.1l

For X=0 To L1+0.01 Step 0.01

T5M5XX (page @ )

At each centimeter transverse force TS5 and ben-
ding moment M5 are calculated.

If X=0 Than

The first values to compare with become

M7=M5 : T3=T5.

The moment is stored, it might be the largest
noment in case of a clamp.

(Or M7=-M1 and T5=R1l, the values found with
BEAM1, BEAM2 or BEAM3.)

ElseIf X>0 and X<L1 Then

The new values T5 and M5 have been calculated
with T5M5XX and are comparad with the preceding
values.

The moment zero points.

Fig.2.

There ars two possibls ways how the bending mo-
ment line can pass the zero line, a curve or
straigth line. If one of the conditions is
satisfied then moment and distance are stored.
After If-End If the new value to compare with
becomes M7=M5.

The maximum moments.

Fig.3.

A maximum moment occurs when the tranverse for-
ce line passes the zero line.

Also in this case two possibilities.

After If-End If the new value to compare with
becomes T3=T5.

ElseIf X>=L1+0.01 Then

Fig.4.

Depending on length L1 and step size, X can be
equal or larger than Ll. If X is larger than 11
then X becomes X=L1 and M5 is calculated with
T5M5XX, and stored.

{Or M5=-M2Z.)

Next X
End Sub

Later the largest absolute value of all found
values will be determined. (page )

Remark. As step size is taken 1 cm, accurate
enough. With 0.001 meter, an error OCCULS, af-
ter Elself X>=L1l. Subscript out of range, NM
not large enough of MMAX({P,NM) no matter how
large NM is in the declaration. For X=L1l the
calculation is carried out again and again, but
why...? To avoid this ome can write just before
End If, Exit For. In that case the calculation
for X=L1 will be carried out just one time.

/4
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—— Private Sub HB8Z8XX()

"Calculation of slope deflection H8
'and displacement Z8 at X meter
'from the left.

L1=L11(P)
H8=0 : Z8=0

"Due to angle HI.
H9=H1 : Z9=H1*X

*Due to the reaction R2.
M=R2* (L1-X)
H4=R2*X"2/ (2*EI) +M*X/EI
Z4=R2*X"3/ (3*EI) +M*X"2/ (2*EI)
HB3=HB+H9-H4 : Z3=Z8+Z9%-7Z4

*The concentrated loads..

—— For I=1 To NEB(P)
F2=F22(P,I) : L2=L22(P,I)
If X<=L2 Then
M=F2* (L2-X)
HS=F2*X"2/ (2*EI) +M*X/EI
Z9=F2*X"3/ (3*EI) +M*X"~2/ (2*EI)

Private Sub HBZB8XX()

Calculation of slope deflection HB8 and displa-
cement Z8 at X meter from the 'left’, the mem-
ber end where the member axes system is placed.
H8 assumed to the right, Z8 assumed downward.

First start values HB8=0 and Z8=0

Fig.la.

Due to all loads together,
NFB(P) concentrated load forces,
NQB (P) distributed loads, and
the moments M1 and M2, ariss
the reactions R1 and R2, and
the slope deflections H1 and H2.

Slope deflection H9 and displacement 79 due to
angle HL.

Fig.1lb.

If the unloaded beam is thought to clamped un-
der angle H1l, assumed to the right, then become

H9=H1 to the right and
729=H1*X downward.

H9 and Z9 due to reaction R2.

Fig.lc.

The beam now is clamped horizontally on the
left at A. When loaded with R2 then on the
section at C arise, from right on to left,

a force R2 upward and a moment M=R2* (L1-X) to
the left.

(Force R2 is decomposed into a force R2 at C
and a couple with moment R28(L1-X).)

R2 is assumed upward then the beam bends as
drawn in the figure.

Then follow

H4=R2*X"2/ (2*EI)+M*X/EI to the left and
7Z4=R2*X"3/ (3*EI) +M*X"~2/ (2*EI) upward.

The results of fig.lb and lc are added to get
H8 and Z8 found until now.

HB8=HB8+H9-H4 : Z8=78+Z9-74.

H9 and Z9 due to the concentrated loads.
Fig.2a.

For I=1 To NFB(P)
F2=F22(P,I) : L2=L22(P,I)

The beam is clamped horizontally at A and
loaded with force F2.

If X<=L2 Then

Due to this force arise from right onto left on
the section a force F2 downward and a moment
M=FZ2* (L2-X) to the right.

The beam bends by F2 is drawn and gives the H9
and Z9 as the figure shows. Then follow apply-—
ing the formulas like used for Fig lc

H9=F2*X"2/ (2*EI)+M*X"2/EI to the right and

Z9=F2*X"3/ (3*EL) +M*X"2/ (2*EI) .

/5
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ElselIf X>L2 Then
HO9=F2*L2"2/ (2*EI)
Z29=F2*1.2"3/ (3*EI) +H3* (X-L2)
End If
H8=H8+H9
Next I

Z8=Z8+Z9

'The distributed loads.
For I=1 To NQB(P)

03=0Q33(P,I) : L3=L33(P,I)
04=0Q44 (P, I) L4=L44 (P, I)
If X<=L3 Then

QLOAD page

M=T* (L3-X+Al)
H9=T*X"2/(2*EI) +M*X/EL
Z9=T*X~3/ (3*EI)+M*X"~2/ (2*ETI)
ElseIf X>L3 And X<L3+L4 Then
05=03+(04-03) * (X-L3) /L4
Q4=Q5 : L4=X-L3

QLOAD

H9=H7 : z9=Z7

04=044 (P, 1) L4=144 (P, I)
Q3=05 : L4=L3+L4-X

QLOAD

M=T*Al

H4=T*X"2/ (2*EI)+M*X/EI
Z4=T*X~3/ (3*EI)+M*¥X"2/ (2*EI)
H9=H9+H4 Z9=729+24

Fig.2b.
ElseIf X>L2 Then

on the left of load force F2 the beam is bent
and on the right of F2 the beam is straight.
Then at the section at X arise

H9=F2*L2"2/ (2*EI) and
Z9=F2+*1.2"3/(3*BI)+H9* (X-L2) .

End If and then before Next I
HB=H8+H9 : Z8=Z8+Z9 and then
Next I for the next F2=F22(P,I).

g9 and 29 due to the distributed loads.
Fig.3a.

For I=1 To NQB(P)
03=Q33 (P, I) L3=L33 (P, I)
Q4=0Q44 (P,I) : LA=L44(P,I) and then first

If X<=L3 Then

Then follows subroutine QLOAD (page 3 ) to
calculate force T and distance Al.

At section C arise from right onto left force T
downward and moment M=T* (L3-X+Al)} to the right,
then H9 and Z2 become

H9=T*X"2/ (2*EI) +M*X/EI and
Z9=T*X"3/ (3*EI)+M*X"2/ (2*EI) .

Then after End If these values are added to the
preceding values of H8 and HY,
HB=HB8+H9 : Z8=%8+2Z9 and then Next I, see next

page.

Fig.3b.
ElseIf X>L3 And X<L3+L4 Then
(see remark next page)

First the effect of the left part of the trape-—
ze is considered. Again subroutine QLOAD is
usad but first 05 is needed like on page /O .
05=03+(04-0Q3) * (X-L3)/L4.

For the left part, a trapeze, become first
04=05 : L4=X-13 and then follows

QLOAD which gives H7 and Z7 and then become
H9=H7 : Z9=Z7.

Fig.3c.

Before calculating the effect of the right part
of the trapeze some values are re-established,
04=044 (P,I) : L4=L44(P,I) and after that for
the 'new' trapeze become

03=05 : L4=L3+L4-X and then again

QLOAD which gives T and Al. Thus a force T and
a moment M=T*Al which cause H4 And Z4,

HA=T*X"2/ (2*EI) +M*X/EL and
74=T*X~3/ (3*EI)+M*X~2/ (2*EI) which are added

to the preceding values of HI and Z3, sum of
fig.3b and 3c, H9=HO+H4 79=%9+7Z4 and then
after End If

H8=H8+HY9 78=78+%9 and next distributed load
with Next I.

/6
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ElselIf X>=L3+L4 Then

L5=X-L3-1L4

QLOAD

H9=H7 : Z9%=Z1

End If

H8=HB8+HY : Z8=Z8+Z9
— Next I

*The member end moment M2.
H9=M2*X/EI : Z9=M2*X"2/(2*EI)
H8=H3+H9 : ZB=Z8+7Z9

'Member end displacements.
H9=(REZ~-LEZ) /L1

7Z9=LEZ+ (REZ-LEZ) *X/L1
H8=H8+HY : Z8=Z8+Z9

L—— End Sub

LEZ )
REZ
P z
1 REZ-LEZ
X Ho *
+ = -
8.3,
Suppose X=L1l=6.
Before the first QLOAD is
Q03=7
Q5=03+(Q4-Q3) * (X-L3) /L4 or
Q5= 7+ (0-7) ( 4 )/4= 7-7*(1)=0

And with Q4=Q5 is Q4=0 and L4=X-L3=4.
So 03=7, 04=0 and L4=4 which gives no
problem. See Bl below.

Then the second time before QLOAD.
04=044 (P, I)=0 and L4=L44(P,I)=4.

Q3=05 is Q3=0.

L4=L3+4+L4-X=2+4-6=0.

So Q3=0, Q4=0 and L4=0.

With subroutine QLOAD, page , Al is
calculated, but first B1,

Bl=(2*03+Q4)*L4/(3* (Q3+Q4)) and divi-
sion by zero is not possible.

Fig.3d.
Elself X>=L3+L4 Then

Again subroutine QLOAD is used but before dis-
tance L5 must be determined,

L5=X-L3-L4.

Subroutine QLOAD gives slope deflection H7 and
displacement Z1l, after that become

H9=H7 : 29=Z1 and after End If again

H8=H8+H9 : ZB8=2Z8+Z% and then
Next I.

H9 and Z3 due to member end moment M2.

Fig.4.

From the right end to the section at X meter
from the left the bending moment is constant,
so the moment is M2 to the right which bends
the beam downward. Then become

H9=M*X/EI : Z9=M*X"~2/(2*EI) and added with
H8=HB8+HYS : Z8=Z8+7Z9.

Slope deflection HY and displacsment Z9 due to
member end (support) displacements.

Fig.5.

LEZ is the displacement at the left member end,
where the member axes system 1is placed, and

REZ is the displacement at ths right member end.
Like Z8 the are assumed downward, and REZ>LEZ.
(Or REZ<LEZ but then the figure is else and H9
is then to the left instead of to the right, so
the equation for Z9 will look different.)

Wit similarity of triangles follows

7/ (REZ-LEZ)=X/L1 or Z={(REZ-LEZ)*X/Ll so that

Z9=LEZ+ (REZ~-LEZ) *X/L1.

The tangent of H9~H9 because the displacements
are very small comparing with the length of the
beam, so

H9=(REZ-LEZ) /L1 and finally again

H8=H3+H9 : ZB3=Z8+29

End Sub
Remark. @3

| &
- Lf26m :
- _l = ]
:i 45:2 1 'Lé'% _ﬂ_ 5‘.9.6“

Fig.6. See the comment on the left

Instead of writing
If ¥X>L3 And ¥<=L3+4L4 is written

If X>L3 And X<L3+L4 (= sign is omitted).

and therefore not
X>L3+L4 but X>=L3+L4 (= sign is added)

If is written If X>L3 And X<=L3+L4 Then

the calculation leads to division by zero in
cases like such as the figure shows where L3+L4
is equal to beam length L1.

7
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Private Sub ZMAXZS ()

%5.0.

'Calculation of the largest dis-
'placement/bending and the ben-

'ding zero points.

NzZ=0 : L1=L1l1(P) : EI=EII(P)
For X=0 To L1+0.01 Step 0.01
HBZBXX page /4"

If X=0 Then

23=78 : H3=H8 : NZ=NZ+l
ZMAXX (P, NZ) =28 LZ{p,NZ)=X

ElseIf X>0 And X<L1l Then

If 7z8<=0 And Z3>0 Or _
78>=0 And Z3<0 Then

NZ=NZ+1

ZMAXX (P, NZ)=Z8

End If

7Z3=7Z8

LZ (P,NZ)=X

If H8<=0 And H3>0 Or _
H8>=0 And H3<0 Then

NZ=NZ+1

ZMAXX {P,NZ) =28 :

End If

H3=HS8

LZ(P,NZ)=X

ElseIf X>=L1 Then
X=L1 : H87Z8XX
NZ=NZ+1
ZMAXX (P, NZ) =Z8
Exit For

BEnd If

LZ(P,NZ)=X

Next X

ZMAX=0
For I=1 To NZ

If Abs (ZMAXX (P, I))>Abs (ZMAX) Then

ZMAX=ZMAXX (P,NZ) : X=LZ(P,I)
End If
Next I
NZ=NZ+1
ZMAXX (P, NZ)=ZMAX :

NZZ (P)=NZ

End Sub

z;?%tj

LZ (P,NZ)=X

Private Sub ZMAXZS ()

Calculation of the largest displacement Z8 and
the displacement zero points which are stored
in ZMAXX (P,NZ) and their distances X from the
'left' in LZ(P,N2). Start value counter Nz=0.

See page /4 with subroutine MMAXM5.

For X=0 To L1+0.01 Step 0.01
HB8ZB8XX

At cach centimeter slope deflection H8 and dis-
placement Z8 are calculated with subroutine
H8ZBXX,

If X=0 Then

The first values to compare with become

slope deflection H3=HS and

displacement Z3=Z8.

This first displacement and distance X is
stored with
NZ=NZ+1

ZMAXX (P,NZ)=28 : LZ (P,NZ)=X.

ElseIf X>0 And X<L1l Then

The displacement zero points.

Fig.1.

There are two possibilities of the way the ben-
ding line passes the zero line,

If %8>=0 And Z3<0 Or ZB8<=0 &nd Z3>0.

If one of these wo cases apply then storing,
NZ=NZzZ+1

ZMAXX (P,NZ)=Z8 LZ(P,NZ2)=X.

This %8 is zero, written is ZB8 to see in the
examples how close to zero the calculated value
is.

After End If becomes %3=28 for the comparison
of the next calculated Z8 with Z3.

The maximum displacements.

Fig.2.

A maximum displacement occurs when the slope
deflection line (elastic curve} passes the zero
line. Also here two cases to check.

If H8>=0 And H3<0 Or H8<=0 And H3>0.

If a case applies displacement Z8 and distance
X are stored like above.

After End If becomes H3=HS for the comparison

' of the next H8 with H3.

ElseIf X>=L1 Then

X may be exactly L1, or larger, taken care of
with L1+0.01. For X=L1 follows calculation with
H8ZBXX and values are stored. Next Exit For be-
cause calculations may not stop...

After Next T the largest displacement 1is deter-
mined and added to the list of the already N2
values found.

7MAX is the value to compare with, start maxi-
mum value is ZMAX=0.

For I=1 To NZ

If Abs (ZMAXX (P, I))>Bbs (ZMAX) Then, if so the
the largest is kept with ZMAX=ZMAXX (P, I) and
the concerning distance with X=LZ (B, I).

After Next I the number of the largest found
value is NZ=NzZ+1, then

ZMAXX (P,NZ)=2ZMAX : Lz (P,N2}=X

and the number of stored values is NZZ (P)=NZ.

/8
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——— Private Sub T5M5G()
NB=0 : L1=L11(B)
——— For XG=0 To L1+G Step G
—— If XG=0 Then
X=XG : TS5M5XX page_9

T5M5

ElseIf XG>0 And XG<L1l Then
For Il=1 To NFB(P): L2=L22(P,Il)
If L2>XG-G And L2<XG Then
=L2 : TSM5LXX
T5M5
End If
Next Il
X=XG : T5M5XX
T5M5

— |

Elself XG>=L1 Bnd XG<L1+G Then
For Tl=1 To NFB(P): L2=L22(P,I1)
If L2>XG-G Then
=12 : TS5M5XX
T5M5
End If
Next Il
X=L1 : T5M5XX
T5M5

1 l ‘

End If
Next XG :
End Sub

NBC (P)=NB

Private Sub TS5M5 ()

NB=NB+1 LB(P,NB)=X
NBL(P,NB)=T5 NBR (P, NB)=T7
NBM (P, NB)=M5

End Sub

T

o S , S
Xc _

1
;
== T
1
13

e

L/

Private Sub T5M5G ()

Calculation of transverse forces T5 and T7 and
bending moment M5 at each G meter and at the
places of the concentrated loads. (See subrou-
tine N5G for normal forces, pageﬁ/—[g)

Fig.1. "

The number of sections is counted with NB,
start value NB=0, which will be stored with
NBC(P)=NB after Next XG. (Or in subroutine T5M5
before End Sub.)

For ¥G=0 To L1+G Step G

If XG=0 Then

X=XG :_T5M5XX and TSMS.

First becomes X=XG and then follows subroutine
T5M5XX (paged ) to calculate T5, T7 and M5.
After that with subroutine TS5M5 the calculated
values and the belonging distance are stored,
first NB=NB+1 and then

LB(P,NB)=X

NBL (P,NB)=T5 on the left of the section, and
NBR (P,NB)=T7 on the right of the saction,

NBM (P,NB)=M5 the bending moment at distancs X
from the 'left'.

(Or first X=0 : T5=R1 : T7=R1l
instead of X=XG T5M5XX. )
Fig.2 and 1.

Elself XG>0 And ¥XG<L1l Then
Suppose there are load forces then next code is
carried out.

For Il=1 To NFB(P)

1L.2=L22 (P,I1l)

The condition right of section C and up to sec-
tion D is given with

If 1L2>XG-G And L2<XG Then,

for each I1 this condition is checked. If
satisfied then follows for the force right of C
and left of D

X=L2 : T5MS5XX and TSM5.

End If

Next Il

For each step G given with XG the calculation
will be carried out, if there is a load force
on that section or not, so after Next I1

X=XG : TS5M5XX and T5MS5.

Fig.3.

ElseIf XG>=L1 And XG<L1+G Then

There is written XG<L1+G, and not X5<=L1+G with
= sign. If XG=Ll then a calculation is carried
out. With the next step is XG=L1+G and then
after Next Il one more time for distance X=L1
tranverse forces T5 and T7, and bending moment
M5 would be calculated. So no = sign.

This is the last condition to be checked. If
XG>=L1 then there might be a part of a step G
with load forces. So for

Il=1 To NFB(P) is L2=L22(P,Il) and follows
L2=L22(P,I1) and follows

If L2>XG-G Then, and if so T5,T7 and M5 are
calculated. And then finally after Next Il

: M5=-M1 : T5M5

¥=t1 : T5M5XX and T5M5.

(0r instead, T5=-R2 T7=-R2 : M5=-M2 T5M5.)
After the last step after Next G becomes the
number of sections NBC(P)=NB.

End Sub

/9
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NC=0 : L1=L11(P)

M

—— For XG=0 To L1+G Step G
—— If XG=0 Then

X=XG : HBZBXX

HBZS

—— ElseIf XG>0 And XG<Ll1l Then

For Il=1 To NFB(P): L2=L22(P,Il)
If L2>XG-G And L2<XG Then

X=L2 : HBZ8XX

HBZS8

End If

Next I1 X=XG : HBZBXX
HBZS8

—— Elself XG>=Ll And XG<L1+G Then

For Il=1 To NFB(P): L2=L22(P,I1)

X=L2 :
HBZB
End If
Next Il
HB8ZS8
End If
Next XG :
End Sub

HBZ8XX

[ If L2>XG-G Then

X=L1 H8Z8XX
NCC (P)=NC

Private Sub HBZE()

NC=NC+1 : LC(P,NC)=X
NHS (P,NC)=H8 : NZ8 (P,NC)=Z8
End Sub
rf22(P2)
' Lrs=sGm - %%
45 #E  HS | HE
! U %Gas, s | J
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: ! y
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Private Sub HB8ZBG()

Fig.1l.

Calculation of slope deflection H8 and displa-—
cement 78 each G meter from the 'left' and at
places of the concentrated load forces.

This subroutine is similar to subroutine T5M5G
of the preceding page.

The sections are counted with NC.
H8 and Z8 at distance X from the
calculated with subroutine
H8Z8XX {(page /5 ) and the results stored with
subroutine HB3ZS.

"left' are

First NC=NC+1 and then the length X with
LC(P,NC)=X, then slope deflection H8 with
NH8 (P,NC)=HB8 and displacement Z8 with

NZ8 (P,NC)=78.

By the way, one cannot write code like

X=L2 H8Z8XX : H8Z8 because one subroutine
must not follow another with : on the same
line.

Considerations of step G, of importance for the
transverse forces to be calculated on the pre-
ceding page.

Fig.Z.

Here is 4 times step G=1,5m egqual to Ll=6 m
ElseIf XG>0 And XG<Ll Then

In this case step 4 is excluded. Suppose step 3
with two forces F22(P,Il).

I1=1 L2=L22(P,1)=2,6
L2=2, 6>XG-G=4,5-1,5=3
2,6>3 And 2,6<4,5 ?

And L2=2,6<XG=4,5 ?
no, next force.

I1=2 L2=L22{P,2)=3,4 m
12=3,4>3 And 1L2=3,4<4,5 ? yes then X=L2=3,4
and HB8 and Z8 are calculated.

I1=3 L2=L22(P,3)=4,5m
L2=4,5>3 And L2=4,5<4,5 ? no, next force.

But at this place with F2 the calculation will
be carried out after the last force is checked,
so after Next Il. If there is not a force at
this place the calculation will be carried out
as well.

Fig.3.

For the step from 4,5 to 6 meter follows
ElseIf XG>=L1 And XG<L1+G Then
XG=6>=L1=6 And XG=6<6+1,5=7,5 ?

6>=6 And 6<7,5? yes

I1=4 L2=L22(P,4)=5,5m

L2=5, 5>XG-G=6-1,5=4,5 ? 5,5>4,5 ? yes, then
X=L2 : HBZB8XX and HB8Z8, and after Next Il fol-
lows the calculation for X=Ll.

Fig.4.

Now with step G=2.3 m. The third step.

ElseIf ¥XG>=L1 And XG<L1+G Then

XG=6, 9>=6 And XG=6, 9<6+2,3=8,3 ? yes,

I1=4 L2=L22(P,4)=5,5m

L2=5, 5>XG-G=6,9-2,3=4,6 2 5,5>4,6 ? yes, then
X=L2 : HBZBXX and HBZ8, and after Next Il fol-
lows the calculation for X=L1.
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Privale Suly CONSTRMATCCCBEAM

N=2*N9
[ For I=1 To N For J=1 To N
CC(I,J)=0 Next J : Next I
r »7 - A J f{ U‘u
i i ! L} 1
/ 2 3 4
Fig.1l.
I B -A B 1,1 1,2 1,3 1,4
B D -B E 2,1 2,2 2,3 2,4
-A -B A -B 3,1 3,2 3,3 3,4
B E -B D 4,1 4,2 4,3 4,4
S5
—— For P=1 To PS L=LL(P) : H=HH(P)
EI=EII(P)
MEMBERMATS5CBEAM
TT(1)=2*L-1 TT(2)=2*L
TT(3)=2*H-1 : TT(4)=2*H
For I=1 To 4 I1=TT(I)
For J=1 To 4 J1=TT (J)
[ CC{Il,J1)=CC¢I1,J1)+S5(1I,d)
Next J
Next I
L— Next P
End Sub
1 2 3 4 5 6 7 8 9 10
— .
1 .
2 S OEN e
3 .
4 = © § &
5 = i & .
6 - . . .
7 s & . .
8 " . .
9 .
10
cC
(3 ¢ 3
’ 3 J $
Fig.4.
2 4
Jl=1 2 3 4 5 6 7 8 910
Il=1 .. 4
2 &
|3 ‘ .
4 ..
5 F: R .
6 = & %
'7 .
8 s = o S h
9 5
10 .

cc

Private Sub CONSTRMATCCCBEAM ()

Formlng constructlon stiffness matrix CC of
continuous beams.

Fig.l.

This continuous beam is divided into PY=4 four
members and N2=5 five joints which are regular-
ly numbered.

For each joint I there is

a vertical displacement UV(I), and

a joint rotation UR(I}.

The number of equations then is N=2*N9=2*5=10
First all elements of construction matrix CC
are set zero.

For I=1 To N : For J=1 To N

CC{I,J)=0 : Next J : Next I

For each member P with

lowest meber end number L=LL(P) and

highest member end number H=HH({(P)

is the bending stiffness EI=EII(P).

With subroutine

MEMBERMATSSCBEAM (next page)

for each member the elements of member matrix
85 are calculated and after that placed in
matrix CC.

Fig.2.

There are no hingy member ends, then the S55's
look like as shown on the left.

and there are no elements equal to zerc. On the
main dlagonal of CC all elements have a value
unegaul to zero.

Each of the four rows I=1 To 4 of S5 are put
into CC for J=1 To 4 with
CC(I1l,J1)=CC(Il1,J1)+S5(I,d).

Fig.3.

Because of the regular joint numbering arises
in construction matrix CC a 'band' of elements
around the main diagonal.

Fig.4.
With an unregular joint numbering the band dis-
appears, matrix CC will look quite differently.

Take for example matrix S5 of member 4 with
L=2 and H=4, then become

TT(1)=2*1-1=2*2-1=3 and TT(2)=2*L=2*2=4,
TT(3)=2%H-1=2%4-1=7 and TT(4)=2*H=2*4=8.
Row I=1 with I1=TT(1)=3 and J1=TT(J)=3,4,7,8,
row I=2 with I1=TT(2)=4 and J1=TT(J)=3,4,7,8,
row I=3 with I1=TT(3)=7 and J1=TT(J)=3,4,7,8.
Row I=4 met I1=TT(I)=TT(4)=8
J= J1=TT(J)=TT{1l)=3 CC(8,3)= 0 +55{4,1)
CcCc(8,4)= 0 +55(4,2)

Ccc(8,7)=CC(8,7)+S5(4,3)
CC(8,8)=CC(8,8)+S5(4,4)

J1=TT(J)=TT(3)=7

il

=2 J1=TT(J)=TT(2)=4
3
4 J1=TT(J)=TT(4)=8

CC(8,3) and CC(8,4) did not yet have a value,

so still zero.
€C(8,7) had already the value 85(2,1), and
CC(8,8) had already the value 85(2,2) of mem-

ber 3.

It is the joint numbering which determines how
matrix CC will look like, and not the member
numbering.

2/



[ For I=1 To 4

AR, R
(=i -
P
LS o
A7, nd

X/(#) . g

X/t£/, 2/ :

]

Private Sub MEMBERMATSSCBEAM ()

D1=X1 (H) -X1 (L)
L1=Sgr(D1"2).

—— If NL(P)=0 And NH(P)=0 Then

A=12*EI/L173 : B=6*EI/L1"2
D=4*EI/L1 : E=2*EI/L1l

If D1<0 Then B=-B
FILLINGSS5CRBEAM

—— ElseIf NL(P)=1 And NH(P)=1 Then

A=0 : B=0D : D=0 : E=0
FILLINGS5CBEAM

—— Else If NL(P)=1 Or NH(P)=1 Then

A=3*EI/L1%3 : B=3*EI/L1"2
D=3*EI/L1l

— If NL(P)=1 Then

If D1<0 Then B=-B
FILLINGS5CBEAM

S85(2,I)=0 : 85(I,2)=0
Next I

[ For I=1 To 4

— ElseIf NH(P)=1 Then

If Di1<0 Then B=-B
FILLINGS5CBEAM
55{4,I)=0 S5(1,4)=0
Next T

End If

End If

L—— End Sub

Private Sub FILLINGSS5CBEAM

'Row 1 Of S5.

85(1,1)Y=A : S5(1,2)=B : S5(1,3)=-A
S5(1,4)=B

'Row 2.

35(2,1)=B : S5(2,2)=D : 85(2,3)=-B
55(2,4)=E

"Row 3.

$5(3,1)=—-A : 85(3,2)=-B

85(3,3)=A : 85(3,4)=-B

'Row 4.

S5(4,1)=B : S5(4,2)=E : S5(4,3)=-B
35{4,4)=D

End Sub

Private Sih MEMBRERMATSSCREAMI)

Wig 1

Bending stiffness EI=EII{P) and the member end
nunbers dare L=LL(P) amd H=HH(P), preveding page.
DI=X1(H)-X1(L) and

Li=Sqr(D1"2). {(See page 23 .)

With L on the left and H on the right is
D1=X1 (1) ~X1 (L) >0,

See next page for the case that I and H are ex-
changed, then is Di-x1(H}-x1(L)<0.

For each member P data NL{P) and NH(P) were put
in.

NL(P)=0, member end L is not a hinge.
NL(P)=1, member end L is a hinge.
NH(P)=0, member end H is not a hinge.
NH(P)=1, member end H is a hinge.

a) Member P without hingy member ends.
If NL(P)=0 And NH(P}=0 Then

FLHY A B -A B UVL A=12*EI/L1"3
MLH B D -B E URL B= 6*EI/L1"2
FHLY -A -B A -B OVH D= 4*EI/L1
MHL B E -B D URH E= 2*EI/L1

NL(P)=0 —+——1 NH(P)=0

The characters A, B, D and E get their value

and with subroutine
FILLINGS5CBEAM placed in matrix S5.

b) and c) Member P with a hingy member end at L
or a hingy member end at H.
Else If NL{P)=1 Or NH(P)=1

-

A 0 -A B A B -A 0| A= 3*EI/L1"3
o o0 0 0 B D -B 0| B= 3*EI/L1~2
A 0 A -B||-a -B A 0| D= 3*EI/Ll
B 0 -B D 0o 0 0 0O
NL(P)=1 NH (P)=1

A, B and D get their value andare placed in S5.
All sixteen elements of S5 have got a value but
there are rows and columns of which the values

~
are ZzZero.

If NL(P)=1 Then

Row 2 and column 2 are filled with zeros.
Else If NH(P)=1 Then

Row 4 and column 4 are filled with zeros.

d) Both member ends are hinges:

ElseIf NL(P)=1 And NH(P)=1 Then
In that case are A=0 : B=0 : D=0 E=0 so that
all elements of S5 become zero.

End Sub

Private Sub FILLINGSSCBEAM ()

Al]l sixteen elements of S5 become their values
with the characters A, B, D and E, after that
eventual corrections are applied in subroutine

MEMBERMATS5CBEAM

End Sub
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Private Sub CBEAMMAINCALC ()

'*1. Composition of construction
'matrix CC with member

'matrices S5.

CONSTRMATCCCBEAM page 2/

'2. Elements of force vector FF.

*2a. Joint load forces FY(I) and

'joint load moments MZ({I).
N=2*N9

For I=1 To N9

A=2*I-1 : B=2*I

FF(A)=FY(I) : FF{B)=MZ(I)
PP{A)=PV (I) PP (B)=PR(I)
UU(A)=UV (I) : UU(B)=UR(I) R
SS(A)=SV(I) : S5(B)=SR(I)

— Next T

A28

LN T A

#2 Tl

'2b. Primary forces and moments

'due to member loads perpendicular

'to the member axis.

For P=1 To P9 : L=LL(P) : H=HH(
EI=EII (P}

D1=X1(H)-X1({L)

L1=Sgr(D1"2)

If LE(P)=1 And RE(P)=1 Then
M1=8 : M2=0

BEAM1

ElseIf LE(P)=1 Or RE(P)=1 Then
M1=0 : M2=0 : M3=0 : M4=0
BEAM2

ElseIf LE(P)=0 And RE (P)=0 Then
BEAM3

End If
'primary moments and forces

M11(P)=M1 : R11(P)=R1l
M22 (P)=M2 : R22(P)=R2

»Q/T = L?z
cagd -
PR
Fy(Z Ay, :
‘ (7z4) Mzg.z,y
) HP{A:;( l
Duycan) WP D4cPa)

g. 219

P)

1
. 1 5 ;:>/¢y) With this subroutine the main calculation is
FF(A) 2| FY(2) carried out for continuous beams.
Fr{n) 2| TR f/fiﬁ{iﬂIkv (Aud cal alsy Lw used [ur siwple Leand du Lwo
. 3 . supports,) i
. 3 e Construction matrix CC is Jormed with
iia FY MZ 7 1. CONSTRMATCCCBEAM In whiclt Lhe wmewber sLIff-
ness matrices Sb are placed/inserted
DN—2%T-1 B—2*I
I=2 A=2%2-1=3 B=2%*2=4 2. Elements of force vector FF.
=3 A=2*3-1=5 B=2*%*3=6 2a. The joint load forces FY(I) and
Fig.l. the joint load moments MZ(I}.

Fig.1l.
With N2 joints and two displacements per joint,

translation UV(I) and rotation UR(I), the num-
ber of equations is N=2*NO.

For each joint are by means of

A=2*I-1 : B=2*I

joint load force FY(I) and joint load moment
MZ (I) placed in total vector FF.

Next PV(I) and PR(I) in total vector PP, UV(I)
and UR(I) in UU, and SV(I) and SR(I) in 8S.

2b. Primary forces and primary moments due to
member loads perpendicular to the member/beam

axis.

Fig.2a.
For each member P=1 To P9 the bending stiffness

is set EI=EII(P) and are calculated
D1=X1 (H)-X1 (L) L1=Sgr (D172}

With the beam axes system at member end L, for
each member P are calculated the reactions R1
and R2, the reaction moments M1 and/or M2,
whether or not existing, and the slope deflec-
tions H1l and H2, using subroutine

BEAM1 of page / , or
BEAM2 of page 4 , or
BEAM3 of page

Oon the joints act forces and moments as large

as but opposite directed.
And then, see next page, becomes C=D1/Ll1. Not

earlier because C is used in BEAM3.

With BA(P)=L is indicated that the beam axes
system is placed at member end L and in that
case is C=D1/Ll=+1 and can one write R1*C and

RC*2.

Fig.2b.

On the joints act the primary forces

D4(P,1) at L and D4(P,2) at H, and the primary
moments MP(P,1) at L and MP(P,2) at H according
to assumed directions

.Then follow considering tne assumed dlrectlons,

D4 (P,1)=R1*C : D4{P,2)=R2*C

MP(P,1)=M1 : MP(P,2)=-M2.

Is one of both member ends a hinge, or are both
member ends hinges, then the slope deflections
Hl or/and H2 are used for the separatedly cal-
culated slope deflections which are stored in

HE(P,1)=H1 : HE(P,2)=H2.
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— If BA{P)=L Then
D4 (P, 1)=R1*C : D4(P,2)=R2*C
MP(P,1)=M1 MP (P, 2)=—-M2
HE(P,1})=H1 : HE(P,2)=H2

— Else If BA(P)=H Then
D4 (P,1)=-R2*C : D4(P,2)=-R1*C
MP(P,1)=—M2 : MP(P,2)=M1
HE (P,1)=H2 : HE(P,2)=Hl

il
2/

L End If

.—NextP

vt 4 [ ] rt v
L s

i _
.e,,!l—_

le

DRI § _
1 222) NN Dy p) TH 4

*2c Alteration of force vector FF.

For I=1 To N9
r__ A=2*T-1 : B=2*1
— For P=1 To P9
I I<=L Then
FF(A)=FF(A)+D4 (P,1)
FF(B)=FF(B)+MP (P, 1)
Else If I=H Then
FF(A)=FF (A)+D4 (P, 2)
FF (B)=FF (B) +MP (P, 2)

L=LL{P) H=HH (P)

End If
L— Next P
L— Next I
HRLD 1) MR
. L.
ME: (]
D448y DYLR2)
l Z, ‘;r R
7/ 4
FF (&) D4(1,1)
FF(B) MP(1,1)
D4(2,1) 2
MP(2,1) .
p4(1,2) . D4(2,2)
MP(1,2) . MP (2, 2)
b
Fig.5.

Fig.3a en 3b.
Else If BA(P)=H Then
This time the beam axes system is placed at

member 2nd H.
Then at= BT al IT aind R2 al L Jicecled Jdowgwacd,

The joint numbers are not exchanged so that
also now C=D1/L1=+1 and can one write
R1*C and R2*C.

Moment M1 at H also now to the right,
ment M2 at L also now to the left.
Further slope/fangle H1 at H and slope/angle H2
at L also now to the right.

and mo-—

On the joints L and H act forces and moments as
large as But opposite directed.

The direction of the primary force D4(P,1) at L
is opposite directed to that of R2*C, and of
the primary force D4{P,2) at H opposite to that
of R1*C, so that

D4 (P,1)=-R2*C : D4 (P,2)=-R1*C.

And for the primary moments follow considering
the directions .

MP(P,1)=-M2 : MP(P,2)=M1 and for the slope de-
flections
HE (P,1)=H2 : HE(P,2)=HI.

Fig.4.

The load case of fig.2a but L and H are exchan-
ged:. Also now is BA(P)=H, so that

D4 (P,1)=-R2*C at joint L. Is that correct?

On joint L acts R2 downward like D4(P,1).
C=D1/L1=-1 ! so D4(P,1)=R2 is correct.

D2 (P,2)=-R1*C at joint H is correct as well.

C makes all go well.

Moments and slope deflections are also correct.
Note, always (P,1) at L, and (P,2) at H.

2c. Alteration of force wvector FF.

Fig.5.

The assumed directions for the on the joints
acting primary forces and moments are the same
as those for the joint load forces and joint
load moments. The primary forces and moments
are added to the preceding values of the ele-
ments of vector FF.

For each joint I all members P=1 To P9 are
checked if the member delivers on that joint I
a primary force or moment.

As shown below for these three 'unregular'
bered joints and two members.

num-—

I=1 A=2*I-1=1 B=2*I=2

p=1 L=1 H=3 I=L=1
FF(A)=FF(A)+D4 (P, 1)
FF(B)=FF(B) +MP (P, 1)

I<>H
FF(1)=FF(1)+D4(1,1)
FF(2)=FF{2)+MP(1,1)

P=2 L=2 H=3 IL IOH
I=2 A=2%2-1=3 B=2*2=4

P=1 L=1 H=3 I<>L  I<>H
P=2 L=2 H=3 I=L=2 I<>H

FF(3)=FF(3)+b4(2,1)

FF(A)=FF(A)+D4 (P, 1)
FF(4)=FF(4)+MP(2,1)

FF(B)=FF (B)+MP (P, 1)

I=3 A=2*3-1=5 B=2*3=6
p=1 L=1 H=3 I<>L I=H=3
FF(A)=FF(A)+D4 (P, 2) FF(5)=FF (5)+D4 (1, 2)

FF(6)=FF (6)+MP(1,2)
I=H=3

FF(5)=FF(5)+D4(2,2)

FF(6)=FF(6)+MP(2,2)

FF (B)=FF (B} +MP (P, 2)
p=2 L=2 H=3 I<>L

FF (A)=FF (A) +D4 (P, 2)

FF(B)=FF (B) +MP (P, 2)
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DO~ U R WN

=

oo R

/ z 3 “
1 (] 1
b / 2 = 3 2
. . cc(1,5). FF (1)
CC(K,5) . . Ny E‘E"(K)
. . UU.(5) .y
. . . CC(8,5). . FF(N)
CE U FF
Fig.6.

'3 Alteration of force vector FF
'and concstruction matrix CC.
'3a Of FF in case of prescribed
‘displacements <>0.

For I=1 To N

If UU(I)<>0 Then

For K=1 To N

FF (K)=FF (K)-CC (K, I)*UU(I)

Next K
End If
Next I
2 3 4 5 6 7 8
0 0 O Uul UUl
. 0 .
. . b 0 . . .
000 00 — |_| o
o 0 1 0 0 O puUsS | | UUS
o 0 . 0 . .
0 0 1 © uu7 uu7
0 O.J. )
cC Uu FF

'3b, Of FF and CC in case of pres-—
'cribed displacements.

For I=1 To N

If PP(I)=1 Then

For J=1 To N

CC(I,J)=0 cC(J,I)=0
Next J

CC(I,I)=1 : FF(I)=UU(TI)
End If

Next I

*3c. Of FF and CC if the joint is

'a hinge.

For I=1 To N

If CC(I,I)=0 Then CC(I,I)=1 _
FF(I)=0

Next I

'3d. Of CC in case of springy/
‘elastic supports.

For I=1 To N

If SS(I)>0 Then
CC(I,I)=CC(I,I)+SS(I})

End If

Next I

3. Alteration of force vector FF and construc-

tion matrix CC.
3a. Of FF in case of prescribed displacements

<>0.

Fig.6.

suppose that for joint 3 dlsplacemeul ovi{3) 1ls
prescribed and unequal to zero.
With A=2*I-1=2*3-1 is that UU(5)
tor UU.

For I=1 To N is checked if there is a displa-
cement UU(I)<>0. If so, then all elements of
total vector FF must be lessened with

CC(K,I}*U0U(I) -

in total vec-—

If UU(I)=UU({5)<>0 with CC(K,5)*0U(5).
For K=1 To N
FF(K)=FF(K)-CC(K,I)*UU(T)
FF(1)=FF{1)-CC(1,5)*UU(5)
FF(2)=FF({2)-CC(2,5)*UU(5)
FF(3)=FF(3)-CC(3,5)*UU(5)
FF{4)=FF(4)-CC(4,5)*U0(5) and so on.

3b. Of FF and CC in case of prescribed displa-
cements. (equal to zero and unegal to zero as
well)

Fig.7.

Is ‘for a joint I=1 To N9 the vertical displa-
cement UV(I) prescribed, then has been put in
PP(I)=1.

Is for a joint I=1 To N9 the joint rotation
prescribed then has been put in PR(I)=1.

PP(I) is with A=2*I-1, and PR(I) is with A=2*T
placed in total vector FEP.

Here are prescribed UV (1), UV(3) and ovid),
or, UU(1l), UU(5) and UU (7).

For I=1 To N (=2*N9) is checked if a displace-
ment is prescribed, thus if PP(I)=I.

Is PP(1)=1 then is UU(1l), is UV (1), prescribed
and the first row and first column of CC fil-
led with zeros with CC(I,J)=0 and CC(J,I)=0.

and CC(J,I)=CC(1,1}=0
and cCc(2,1)=0
and CC(3,1)=0

J=1 CcCc(I,Jy=CCc(1,1)=0

cC(1,2)=0
=3 CcC(1,3)=0
and so on.

After the diagonal element is set zero
CC(1,1)=1 and gets FF(1l) the value UU(1).
Similar for UU(5) and UU(7).

3c. Alteration of FF and CC if the joint is a
hinge.

The stiffness matrices 85 of member 1 and 2
{(see page 22) deliver the underlined zeros in
matrix CC so that CC(4,4)=0. For I=1 To is
checked if CC(I,I})=0. If so then become
CC(I,I)=1 and FF(I)=0.

So here CC(4,4)=1 and FF(4)=0. After solution
of the eguations one will find UU(4)=0, the not
existing rotation UR(2)=0.

3d. Of CC in case of springy supports.
If SS(I)>0 then a spring constant for a trans-
lation or rotation spring has been put in,

which value is added to the concerning element
on the main diagonal.
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'4,. Calculation of the unknown

'displcements UV(I) and UR(I).

For I=1 To N : BB(I)=FF(I)

ror J-1 To N
( AA(I,J)=CC(I,J)

Mot J

Next T ax -k is cu-£
'Thie sululiovw vl N—-2*N9
feguations.

GAUSS page
For I=1 To NB

A=2*T-1 : B=2*I

UV (I)=XX(A) UR(I)=XX(B)
UU(A)=XX(A) : UU(B)=XX(B)
Next I

'4b. Slope deflections separatedly
'calculated in case of hingy mem-
'ber ends.

For P=1 To P9 : L=LL(P} : H=HH(P)
D1=X1 (H) X1 (L) -

L1=Sgr(D1*2)

ZL=UV (L) : ZH=UV(H)
H6=(ZH-ZL) /L1

H7=1.5* (ZH-ZL) /L1 (next page)

(ﬂ; % }27Afa
= =z
4AQ7?¥lh=:i§%:1::;f:I::::==~;@?ﬂ?? /

144%§€}=/ VZ 3 ;;tldki
£yl

— If NL(P)=1 And NH(P)=1 Then
If D1>0 Then

HE (P, 1) =HE (P, 1) +H6 :
HE (P, 2) =HE (P, 2) +H6

If DI<0 Then _
HE (P, 1)=HE(P,1)-H6 :
HE (P, 2)=HE (P, 2) -Hb

4. Calculation of the unknown displacements,
translation UV(I) and rotation UR(I).

Oon behall uf Lhe solution of the eguations wilh
subroutine GAUSS (page ) is vector BB fil-
[nd with the clementn of torne wvarter FFy and
matrix AA with the elements of constructioa ma-—
trix CC.

Afler solulion of Lhe unkoowns A8 () Lhese are
plaged iu Llg veclors UV owul UR, aid i Lokal
vecktor UU as shown here below.

3 i 3
4 ‘ 4 .
5| UU(A) uvi(3) 5 | XX(4)
6 | UU(B) UR(3) 6 | XX(B)
7 . = 7 5
8 : 8
uu uv UR XX
For example joint I=3. A=2*T-1=5 B=2*I1=6

UV (I)=XX{A) UV{3)=XX(5) UR(I)=XX(B) UR{3)=XX(6)
UU (A)=XX(A) UU(5)=XX(5) UU(B)=XX(B) UU(6)=XX(6)

4b. Slope defelections separatedly to be calcu-
lated in case of hingy member ends.

Fig.Ba.

For P=1 To P9 : L=LL{P)
D1=X1 (H)-X1(L)

L1=Sgr (D1"2})

For this case is D1>0.
When calculating the primary forces and moments,
the beam axis system placed at L or at H, the
slope deflections HE (P,1l) at L, and HE (P,2) at

H are also calculated, these are slopes due to
member loads alone.

H=HH (P)

Fig.8b.

If Both member ends are hinges,

If NL(P)="And NH{(P)=1 Then

arise at the member ends slopes H6 due to the
displacements alone.

With ZL=UV (L) and ZH=UV (H),
is larger than ZV, follows
H6=(ZH-ZL) /L1 to the right.

and assumed that ZH

If D1>0 Then

HE (P,1)=HE (P, 1) +H6 : _

HE (P, 2)=HE (P, 2) +H6

The underscores makes of the three lines one
statement. Mostly e.g. next way is chosen

If D1=0 Then

HE (P, 1)=HE (P, 1) +H6
End If

HE (P, 2=HE (P, 2) +H6

Fig.8c and 8d.

Now the member end numbers L and H are
exchanged, then becomes D1<0. With the
assumption that ZH is larger than ZL is also
now H6=(ZH-ZL) /L1 but not to the right but to
the left, contrary to the assumption for

HE (P,1) and HE(P,2). Then follows

BRA

If D1>0 Then

HE (P, 1)=HE(P,1)-H6 HE (P, 2)=HE (P, 2)-Hb

On the left in three lines because the column
width made for the text was not large enough.
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If D1>0 Then

HE (P, 1)=HE (P, 1) +H7-0.5*UR (H)
TL D140 Tlieiwr

] } ElseIf NL(P)=1 Then

HE (P, 1)=HE (P, 1) -H7-0.5*UR (H)

Z 4

:]t::J:z;;;;‘hhﬁhf::==:iz;
/9"7 AP0

146P=/ :
: ' F9.8e

4 ~ 'ézkgf

TS

AZZ#U::U
9.(9;.
Y’
7 P
Rt - 0.5 xlLO%) B 88,

ElseIf NH(P)=1 Then _

If D1>0 Then
HE (P, 2)=HE (P, 2} +H7-0.5*UR (L)
If D1<0 Then
HE (P, 2)=HE (P, 2) -H7-0.5*UR (L)
End If
Next P
4 P
= 2
MP)=o :
7 o o
/¢
A Y7 Q?
/ =
@2z 0.5x URL) J .
_ 0 &
p e 4
ZL
Z4
Atyyp)</ F_J/NPZ
Hee

Z 8

If both beam ends are not hinges then there are

_.fwo more possibilities lerft.

ClseIlf NL(D)=1 Then

Member end L of the beam is a hinge, and
member end H is connected with a real joint.
Oone could have written also

ElseIt NL(P)=1 and NH(P)=U lhgn but not neces-
sary after If NL(P)=1 And NH {P)=1 Then.

Fig.Be and 8f.
1f D1>0 Then HE(P,1)=HE(P,1)+H7-0.5*UR (H)

The effect of the displacements ZL and ZH on
the slope at L to be calculated separately can
be seen as the sum of two cases.

Fig.8e.

Before the displacements of member end L and

joint H, is member end H, jeint H is held,

clamped. After the displacements take place the

figure drawn arises with slope H7 at L directed

to the right. The magnitude of H7 is, see page
with the formulas,

H7=1.5*% (ZH-ZL) /L1 already written on the pre-

ceding page.

Fig.8f.
Without the displacements 2L and ZH, the beam

is bent by rotation of joint H, assumption to
the right. The beam bends like drawn and at
member end I arises a slope which magnitude is
half of that rotation UR(H), O0.5*UR(H} and
directed to the left as the figure shows.

Taking into account the assumption for HE(P,1)
to the right follows, (p,1) is (L,H),
HE (P, 1)=HE (P, 1)+H7-0.5*UR (H) .

Fig.8g and 8h.

If D1<0 Then HE(P,1)=HE(P,1)—H7—0.5*UR(H)
Mdember end L is also now a hinge but L and H
are exchangesd.

Due to the displacements ZL and ZH arises at L
a slope H7 directed to the left of which the
magnitude is 1.5%(ZH-ZL) /L1l like before.
Rotation UR(H) causes also now a slope at L
0.5*UR(H) to the left. With HE(P,1) to the
right follows the eqution for D1<0 just written.

ElseIf NH(P)=1 Then

Now member end H is a hinge and member end L is
rigidly connected with real joint L.

Fig.i and Jj.

If D1>0 Then HE(P,2)=HE(P,2)+H7-0.5*UR(L)

Due to ZL and ZH arises a slope H7 to the right
and due to the rotation UR(L) of joint L arises
a slope of 0.5*UR(L) at member end H.

Fig.k and 1.
If D1<0 Then HE(P,2)=HE(P,2)-H7-0.5*UR(L)
The same procedure, now slope H7 is directed to

the left.
(Slope H7 arises due to the assumed directions

of 7L and ZH downward, and! the assumption that
ZH is largexr than ZL.)
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MLA MHL
5. Calculation of the member end forces w.r.t.

L X/
( 4 = to the construction axes system X-Y.
5a. Due to the displacements alone.

ELAY FALY Fig.9a.
D74 ELCP.3) The relation between member end forces and dis-
L , u
placements 15 t = 5h 1.
Tigq. 9
FLHY FK(P,1) 11 12 13 14 UU (R)| | UV (L)

'5. Calculation of the member end MLH FK (P, 2) 21 22 23 24 UU(A)| | UR(L)

'forces w.r.t. the construction FHLY FK (P, 3) 31 32 33 34 UU(A)| | UV (H)

'axes system X-Y. MHTL, R (P, 4) 41 42 43 44 U LAY | UR(L)

'5a. Deyto the displacements =

'alone. £ S5 9)0) u

—— For P=1 To P9 : L=LL(P) : H=HH(P)

EI=EIL(P) For member P the bending stiffness is Ei=EII{(P).

MEMBERMATS5CBEAM With subroutine

TT(1)=2*L-1 : TT(2)=2*L MEMBERMATSS5CBEAM (page 22 )

TT(3)=2*H-1 : TT(4)=2*H member stiffness matrix S5 is formed.

For I=1 To 4 : FK(P,I)=0

For J=1 To 4 : A=TT(J) Each of the four member end forces and member
[ FK (P, I)=FK (P, I)+S5(I,J)*UU(A) end moments FK{P,I) is equal a row of stiffness

Next J matrix S5 times column u.

Next I

By means of UU(J) for J=1 To 4, for each member
'5b. Due to displacements and the four necessary displacements are taken out
'member/beam loads perpendicular of total vector UU, but before that TT(1l) to
'to the member/beam axis.. TT (4) are determined with the member end num—

D6 (P, 1)=FK{P,1)-D4 (P, 1) bers L and H.
MF(P,1)=FK(P,2)—MP(P,1)
D6 (P, 2)=FK(P,3)-D4 (P, 2) 5b. Due to displacements and member loads per-
MF (P, 2)=FK (P, 4)-MP (P, 2) pendicular to the member axis. -
—— Next P
Fig.9b.

The direction of the on the joints acting pri-
mary forces D4(P,1) and D4(P,2) is assumed
downward. On the member ends act forces as
large as but opposite directed, thus upward.
The direction of the on the joints acting pri-
mary moments MP({P,1) and MP(P,2) is assumed to
the right, thus on the member ends to the left.

'6. Calculation of the joint 'for-
‘ces' KV(I) and KM(I).
'6a. Due to the displacements
'alone.
CONSTRMATCCCBEAM

—— For I=1 To N9

A=2*I-1 : B=2*T

KV(I)=0 : RM(I)=0 . ,

For J=1 To N The direction of the final member end forces

KV (I)=KV (I)+CC (A, J) *UU (J) D&6(P,1) at L and D6(P,2) at H, is assumed down-

KM (1) =KM (I)+CC (B, J) *UU (J) ward. Then become

Next J b6{P,1)=FK(P,1)-D4{P,1) and
D6(P,2)=FK(P,3)-D4(P,2).

The direction of the final member end moments
MF(P,1) at L and MF(P,2) at H, is assumed to

DY/RI) D&fe) . = X
rIRCR 1) M,,/p') MR /k"m‘ﬂ the rlght: Ther.l follow taking into account the
assumed directions
L (j f) MF(P,1)=FK{(P,2)-MP(P,1) and
MF (P, 2)=FK(P,4)-MP(P,2).
gy Fip.ob. 6. Calculation of the joint forces KV(I) and
36(2/) % "996 the joint moments KM(I).
- 6a. Due to the displacements alone.
Fig.1l0a.
E g S e . The necessary original construction matrix CC
. . . : .. oo (J) is formed with subroutine
RV (I) . . CC(B,J). . . u CONSTRMATCCCBEAM.
KM(T) . . CC(B,I). Each joint force and each joint moment is egual
" “ W . to a row of CC times total vector UU.
KV(I) with row number A and KM(I) with row num-

Fig.1l0a. ber B.
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Fig.10b.

'6b. Due to displacements and
'member loads perpendicular to the
'member axis.

— For P=1 To P9 : L=LL(P) H=HH (P)
— If I=L Then
KV(I)=KV(I)-D4(P,1)
KM(I)=KM({I)-MP(P,1)
Else If I=H Then
KV (I)=KV(I)~-D4(P,2)
KM(I})=KM(I)-MP(P,2)
— End If
'— Next P
— Next I
S ‘A VA7),

17z (-9}—!\ AN(d)
/é’»m( v 19

RV(7)

Fig.u.

'7. Calculation of the reactions.

— For I=1 To NO

— If SV(I)>0 Then
RV(I)=SV(I)*UV(I)

— Else
RV{I)=-KV(I)+FY (I)

— End If

I~ If SR(I)>0 Then
RM(I)=SR(I)*UR(I)

— Else
RM(I)=-KM(I)+MZ(I)

— End If

L——-Next I

——— End 5ub

6b. Due to displacements and member loads per—
pendicular to the member axis.

Fig.10b.
The on the member ends acting member end forces

FLHY and FHLY are assumed to be directed down-
ward, on the joints act forces as large as but
vppuslte dliguled, Lhus upward. Ulily thererore
joint force KV(I) was asumed upward.

The on the me mber ends acting member end mo-—
ments MLH and MHL are assumed to the right, on
the joints act moments as large as but directed
to the left. Only therefore the direction of
joint moment KM(I) was assumed to the left.

The on the joints acting primary forces D4 (P,1)
and D4 (P,2) are assumed to be dircted downward,
and the on the joints acting primary moments
are assumed to be directed to the right.

For each joint I=1 To N9 (see preceding page)
is checked at all members P=1 To P9 if member P
delivers on joint I=L a primary force D4(P,1)
and/or a primary moment MP{P,1l}). Taking into
account the assumed directions then follows

If I=L Then

KV (I)=KV(I)-D4(P,1)

KM (I)=KM(I)-MP(P,1)

Or member P delivers on joint I+H a primary
force D4 (P,2) and/or a primary moment MP(P,2).

Else If I=H Then

KV (I)=KV(I)-D4(P,2)

KM{I)=KM(I)-MP(P,2)

End If

And the next member with Next P and after
member P=P% follows the next joint with Next I.

7. Calculation of the reactions.

Fig.11.
The vertical reaction is mostly directed upward,

only therefore is assumed that reaction RV(I)
is directed upward. And the direction of the
moment reaction is, well, assumied to the left,
(a choice) because KM(I) and RM(I) have the
same direction, like also KV(I) and RV(I) have
the same direction.

Is SV(I)>0 then there is a vertical translation
spring and arises with an assumed downward dis-—
placement UV(I) an upward directed spring reac-
tion VKV=8V(I)*UV(I). Then is reaction
RV(I)=SV(I)*UV(I).

If there is no hinge, SV(I)=0 has been put in,
then follows RV(I) with ¥ vert. joint I =0.
RV(I)+RKV(I)~FY(I)=0 = RV(I)=—-KV({(I)+FY(I)

If SR(I)>0 then there is a rotation spring and
arises, with an assumed direction UR(I) to the
right, a spring reaction moment VKM=SR (I) *UR(I)
to the left. Then the reaction moment is
RM(I)=SR(I)*UR(I}.

If there is no rotation spring, then follows
RM(I) with Z mom. joint I=0.
RM(I)+KM({I)-MZ(I)=0 = RM(I)=-KM(I)+MZ(I)
End of the ’seven main steps’.

End Sub.
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—— Private Sub CBDRAWTS ()
T5SMAXX=0
v
— For P=1 To PY: L=LL(P) : H=HH(P)
D1=X1 (H)-X1 (L)
L1=8qr(D1~2) : L1l (P)=L1
C=D1/L1
— If BA(P)=L Then
M1=-MF(P,1) : M2=MF (P, 2)
— ElseIf BA(P)=H Then
L Ml=-MF (P, 2) : M2=MF(P,1)
End If
1]
T5MAX Pa
— If Abs(TSMAXX)<Rbs[TMRX) Then
TSMAXX=TMAX : XTT=XT : PT=P
— End If
— Next P
If Format (TSMAXX,"0")=0 Then
T5MAXX=1 B

— For P=1 To P9 : L=LL(P) : H=HH(P)
(_ D1=X1 (H)-X1 (L)
L1=8qr (D1"2) : L11(pP)=L1
C=D1/L1
1]
D11=X11 (H)-X11(L)
TWL1=Sgr {D11"2)
L]
—— If BA(P)=L Then
M]l=-MF(P,1) : M2=MF(P,2)

XA=X11 (L) : YA=Y1ll(L)
X=0 : T5HM5XX @
T5V=T5*C Fag 9
XB=X11 (L)
¥B=Y11 (L) +T5V*B
LINEXAYAXBYB "PRP=0 or PRP=1
XA=XB : YA=YB
v
— For X=0.01 To L1+0.01 Step 0.01
XH=X*C .
T5M5XX
T5V=T5*C
¥B=X11 (L) +XH* (TWL1/L1)
YB=Y11 (L) +T5V*B
LINEXAYAXBYB page.42
If X>=L1 Then
XA=XB : YA=YB
XB=X11 (L) +L1*C* (TWL1/L1)
YB=Y11({(L)
LINEXAYAXBYB
Exit For 'to avoid 'problems'
- End If

XA=XB : YA=YB
L - Next X

If X>=L1 Then

for the last line to draw from A to B,
follows for point B on the zero line,
¥B=X11 (L} +L1*C* {TWL1/L1), so having C a
positive value XB gets the same value
as X11(H).

(Why using C? When dealing with plane
frames C=D1/L1 and also S=D2/L1 will be
used to determine point B, and A.)

4.11. Private Sub CBDRAWTS ()

With this subroutine the tranverse force dia-
grams for all beams of a continous beam are
drawn. See page for drawing the diagram for.
a simple beam.

First the largest appearing transverse force
T5MAXX will be calculated, start value
TSMAXX=0, using subroutine T5MAX, see next
page. Then M1 and M2 are asked and they are the
calculated beam end moments MF({P,1) at beam end
1, and MF{P,2) at beam end H.

Coordinates X1(}) are used given in meters, the
displacement is found in /ET.

If BA(P)=L Then

M1=-MF (P, 1) : M2=MF(P,2) which is correct for
both cases, L on the left or on the right of
the beam.

ElseIf BA(P)=H Then See fig.

M1=-MF(P,2) : M2=MF({P,1) for H on the right as
well on the left of the beam.

After the largest is found then becomes
B=450/3bs {THMAXX), the largest transverse force
drawn will have a length of 450 twips. |

A twip is (2,54/1440)=0,00176 cm. 567 tw= 1 cm

But, IEf Format (TS5MAXX, "0")=0 Then T5MAXX=1.

Next the transverse force diagram for each beam
P=1 To P9 is drawn.

Cc=D1/L1 which can be positive or negative.

Now the already determinated coordinates X11()
are used. The length of a beam in twips follows
with

D11=X11 (H)-X11 (L), then

TWL1=Sgr(D11~2). (also is C=D11/TWL1)

If BA(P)=L Then

[ L T/ N e

/200 i o',o}‘ !

[ als | " 4
sk | Mrm N

A
B 5

X# s 4

2/¢4) ] 1

1y |

First TS5 becomes T5V, after calculation of TS
for X=0 becomes T5V=T5*C. In this case is C po-
sitive, X1(H)-X1{L)>0, so T35V has a positive
value, it is plotted below the zero line,
¥YB=1500+T5V*B. After that follows

For ¥=0 To L1+0.01 Stsp 0.01

First XH=¥*C, in metezrs!, with a positive C
measured from X11 (L) to the right, then
subroutine T5M5XX and then sach time after that
TEY=T5*C, and then XE=K11{L]+XH‘{TWL1/L1}
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L ElseIf BA(P)=H Then
M1l=-MF (P, 2) M2=MF (P, 1)

XA=X11 (H) YA=Y11 (H) 'YA=1200
X=0 : TS5M5XX

T5V=T5*C

XB=X11 (H)

YB=Y11 (H) -T5V*B

LINEXAYAXBYB

XA=XB : YA=YB

— For X=0.01 To L1+40.01 Step 0.01
XH=X*C
T5M5XX
T5V=T5*C

XB=X11 (H)-¥H* (TWL1/L1)
YB=Y11 {H)-T5V*B
LINEXAYAXBYB

If X>=L1 Then

XA=XB YA=YB

XB=X11 (H)~L1*C* (TWL1/L1)
YB=Y11 (H)

LINEXAYAXBYB

Exit For

End If

=XB : YA=YB
— Next X
L— End If
—— Next P

L——— End Sub

With subroutine TOMAX the largest
transverse force TMAX for a beam P is
calculated using subroutine TS5M5XX for
each X, by comparing the absolute va-
lues,

If Abs (TMAX)<Abs (T5) Then TMAX=TS5.

And distance X is stored with XT=X.

~—— Private Sub T5MAX()

TMAX=0
— For X=0 To L1+0.01 Step 0.01
T5M5XX 'see page 9

TMAX=T5 : XT=X
End If
Next X
+—— End Sub

[ If Abs (TMAX)<Abs(T5) Then

After that, see the preceding page, the
largest of all, Abs (T5MAXX) is compared
with the largest Abs(TMAX)of the cur-
rent beam. If so then the distance XT
for that beam is stored with XTT=XT, and
the current beam with PT=P.

If Abs (T5MAXX)<Abs (TMAX) Then
[ TS5MAXX=TMAX XTT=XT : PT=P

End If
and after Next P, the last beam, fol-
lows B=450/BAbs (TMAXX) . Every transverse
force is multiplied by B. The largest
'distance’ to be plotted is 450 twips,
that is (450/1440)*2,54= 0,8 cm.

That was BA(P)=L with X1 (H)>X1 (L), the case
with X1 (H)<X1(L) is here omitted.

Elself BA(P)=H Then

The bam axis system at the beam end with the
highest member end number H, also two possibi-
l1ities when exchanging L and H. For both cases
is C=D1/L1, already calculated, and are, see
the figures below,

M1=-MF (P,2) : M2=MF({P,1).
Fig.
172 1_1 ;9/ 4;1
( Z 11 ) ( # )
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C=D1/L1 is positive, X1 (H)-X1(L)>0.

Drawing starts now at H on the right with
XA=X11 (H) . The assumed T5, becomeing T5V=T5*C
is plotted above the zero line, C is pos. thus
YB=1500-T5V*B, a minus sign to get point B.
Then for each X is XH=X*C, XH is pos., to get
point B is XB=X11 (H)-XH* (TWL1/11), w1th the
minus sign from H on the right to the left,
correct.

And the last point B for X>=Ll1 becomes

XB=x11 (H) -L1*C* (TWL1/L1l), with C=+1 that is
from H over L1 to the left.

MR

LS T
/200 | £
Al # 422 i

) )03 Mﬁ/@ ‘B
I

l x<ile) 1
|4

Now H on the left, L on the right, C is negati-
ve. The negative C and the minus signs in the
formulas gives the correct values, drawing
lines like on the preceding page.
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Private Sub CBDRAWMS ()

M5SMAXX=0

For P=1 To P9: L=LL(P) : H=HH(P)
D1=X1 (H)-X1 (L)

L1=Sqr(D1~2) : L11(p)=L1
C=D1/L1

If BA(P)=L Then

M1l=-MF (P,1) : M2=MF(P,2)
ElseIf BA(P)=H Then
M1=-MF(P,2) : M2=MF(P,1)

End 1If

L ]

M5MAX

If Abs (MSMAXX) <Abs (MMAX) Then
MSMAXX=MMAX : XT=X : PT=P
End If

Next P

If Format (M5MAXX,"0")=0 Then _
MS5MAXX=1

A=450/Abs (M5MAXX)

For P=1 To P9 : L=LL(P) : H=HH(P

D1=X1 (H)-X1 (L)

L1=8qr (D1~2) : L11(Pp)=L1
C=D1/L1

L]

D11=X11 (H)-X11(L)
TWL1=Sqgr (D11+2)

]

If BA(P)=L Then
Ml1=-MF(P,1) : M2=MF(P,2)
XA=X11(L) : YA=Y11 (L)
X=0 : T5M5XX

M5V=M5*C

XB=X11 (L)
YB=Y11 (L) +M5V*A
LINEXAYAXBYB

XA=XB : YA=YB

]

For X=0.01 To L1+40.01 Step 0.01
XH=X*C

T5MS5XX

M5V=M5*C
XB=X11 (L) +XH* (TWL1/L1)
YB=Y11 (L) +ML5V*A
LINEXAYAXBYB

If X>=L1 Then

XA=XB : YA=YB

XB=X11 (L) +L1*C* (TWL1/L1)
YB=Y11 (L)

LINEXAYAXBYB

Exit For 'to avoid ’problems'

End If
=XB : YA=YB
Next X

ElseIf BA(P)=H Then
M1=-MF(P,2) : M2=MF(P,1)
XA=X11(H) : YA=Y1l1l (H)
X=0 : T5HM5XX

M5V=M5*C

XB=X11 (H)
YB=Y11 (H) -M5V*A
LINEXAYAXBYB

XA=XB : YA=YB

)

4.12. Private Sub CBDRAWMS ()

As done for the simple beam, page.30 , drawing
the bending moment diagram is similar to that
of the transverse diagram. The figure below
shows the second case for BA(P)=L, omitted on
page . T5 becomes M5, 1200 becomes 3150, and
B becomes A, T5V*B becomes M5V*A, etc.

M2 MFELR2) 4

y (7;_“—1
UIU I > ) fﬂ;c?’/
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6%3/00
350 A 3
] /V§:¥A. Jé Aﬁv?A
2 ) | L),
Xy(#) 8 . X# ,.
>QVGL) }
!

— For X=0 To L1+0.01 Step 0.01
XH=X*C

T5M5XX

M5V=M5*C

XB=X11 (H) -XH* (TWL1/L1)
YB=Y11 (H)-M5V*A
LINEXAYAXBYB

— If X>=L1 Then
XA=XB : YA=YB
XB=X11 (H)~L1*C* (TWL1/L1l)
YB=Y11 (H)
LINEXAYAXBYB
Exit For
End If

XA=XB : YA=YB
— Next X
L End If
—— Next P

L End Sub

With subroutine MMAXMS, see page /4 .

"NM values for maximum moments and zero points
MMAX (P,I) are calculated. The largest for a

| beam is MMAX which will be compared with the
largest of all M5SMAXX.

—— Private Sub MSMAX ()
calculation of the largest M5
MMAX=0
MMAXMS
For I=1 To NM
Tf Abs (MMAXX (P, I)>Abs (MMAX) Then
[ MMAX=MMAXX (P, I) : X=LM(P,I)
End If
Next I
L End Sub

J2



Private Sub CBDRAWELCURVE ()
Z8MAXX=0

]

For P=1 To P9 : L=LL(P) : H=HH(P)
EI=EII(P) : D1=X1 (H)-X1 (L)
L1=8qr(D172) : L11l{P)=L1 : C=D1/Ll

If BA(P)=L Then

If NL(P)=1 Then H1=HE(P,1)
If NL(P)=0 Then HI=UR(L)
R2=-D6(P,2)*C : M2=MF(P,2)
STZ8=UV (L) *C 'see page
ElseIf BA(P)=H Then

If NEH(P)=1 Then H1=HE(P,2)
If NH(P)=0 Then H1=UR(H)
R2=D6(P,1)*C : M2=MF(P,1)

STZB8=-UV (H) *C ‘expl. page
End If

L

ZMAXZ8 'page/g
ZZMAXX (P) =ZMAXX (P,NZ)

X7 (P)=LZ (P,NZ) 'see page

ZMAX=Abs (ZMAXX (P,NZ))
XT=1LZ (P, NZ)

If ZMAX>=Z8MAXX Then
Z8MAXX=ZMAX : XTT=XT : PT=P
End If

Next P

LRL) N

LB A
W | T ﬁfj’ﬂ

JAQ&(/?;/ zéza?:;}l ,
X, B/ .
X2¢%) =
7.
Lo 2/
Az%“l 4y ,“'L$<V?

4,13. Private Sub CBFREWELCURVE ()

The largest displacement of all beams will be

calculated to determine the scale of the curve
to be printed. Before ZB8MAXX=0.

For each beam P the maximum displacement will

be calculate with subroutine ZMAX7Z8 page /8

using subroutine HBZBXX of page /5.

I1f BA(P)=L Then

The beam axis syatem is placed at beam end L.

The first possibility with L at the left, X1 (L)
is smaller than X1 (H), then DI=X1(H)-X1({L) is
positive, so is C=D1/Ll.

To calculate displacements Z8 subroutine HBZB8XX
is used, then are needed slope Hl at L, and R2
and M2 at the other end of the beam H.

The beam end forces are D6(P,1) and D6{P,2),
both assumed to be directed downward, and the
beam end moments are MF(P,1) and MF (P, 2) .

If NL(P)=1 then beam end L is a hinge and the
seperately calculated angle is HE(P,1) which
has the same assumed direction as angle H1,
thus H1=HE (P, 1).

If NL(P)=0 then beam end L is considered to be
a real joint, the calculated joint rotation is
UR(L) assumed to the right as well, and thus
H1=UR (L) .

The assumed direction of D6(P,2) is opposite to
that of R2, therefore R2=-D6(P,2). aAnd with C
follows R2=-D6(P,2)*C, that is the same because
C is positive.

M2 and MF(P,2) have same assumed directions, so
M2=MF (P, 2) .

1, and H are exchanged. Now D1=X1(H)-X1(L) is
negative. For H1 and M2 the same results.

Also R2=-D6(P,2)*C, C is negative, then RZ gets
an assumed positive value, that is correct be-
cause the figure shows that R2 and D6(P,2) have
the same direction.

Xl

= et

- Lm/l ]"’,ﬁzj,

' LR(H,

72:(E)) r 7782

o)

i) “FE o -

If BA(P)=H Then

Fig.

One of both possibilities for. The same use of
arguments leads to the printed results after
BA(P)=H Then.
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If Format (Z8MAXX,"0")=0 Then _
7Z8MAXX=1
A=450/Z8MAXX

For I=1 To N9
Y11(I)=Y11l(I)+UV(I)*A
Next T

'drawing the elastic curve

For P=1 To P9 : L=LL(P) H=HH(P)
EI=EITI (P) s
D1=X1 (H)-X1 (L)

Ll=Sqgr(pi~2) : L11(P)=L1

C=D1/L1

D11=X11 (H)-X11(L)
TWL1=Sqr(D11"2)

If BA{P)=L Then

If NL({P)=1 Then H1=HE (P, 1)

If NL(P)=0 Then H1=UR(L)

R2=-D6 (P, 2) *C M2=MF (P, 2)

End If

If BA{(P)=H Then

If NH(P)=1 Then H1=HE(P,2)

If NH(P)=0 Then H1=UR (H)

R2=D6(P, 1) *C M2=MF (P, 1)

End If

v

If BA(P)=L Then XA=X1l (L)
YA=Y11 (L)

If BA(P)=H Then XA=X11 (H)
YA=Y11l (H)

A=450/Z8MAXX
\]

For X=0.01 To L1+0.01 Step 0.01
XH=X*C

'see rem. below

ST7z8=0

HBZ8XX

Z8V=Z8*C

1

If BA(P)=L Then
XB=X11 (L)+XH* (TWL1/L1)
YB=Y11 (L}+Z8V*A

Pcu9e 15

ElseIf BA{(P)=H Then
XB=X11 (H) -XH* (TWL1/L1)
YB=Y11 (H)-Z8V*A
End If

L]

LINEXAYAXBYB
XA=XB : YA=YB

'PRP=0 or PRP=1

- Next X

Next P
End Sub

A=450/Z8MAXX, before ZBMAXX was

made 28MAXX=1 in case it might be

almost zero.

This was also done with TMAXX and

M5MAXX.

But will/can one of the three have

a value like 34822490087E-15?
Anyhow, just Format(...,"0"} to
round to exact zero to aveoid
'problems’.

Drawing the elastic curve.

Before drawing the curve joint displacements

UV (I) are prepared for the curve to be printed
on the form with

Y11 (I)=Y11l(I)+UV(I)*A. (Or else, next page.)
These new coordinates of the joints are the
start and end values of the curve for the beams
For P=1 To PS.

Fig.
Again C=D1/Ll is used. And with the form coor-—
dinates X11() the length TWLl in twips of each
beam is calculated.

Rgain H1l, R2 and M2 are depending on the place
of the beam axis system and determined like on
the preceding page.

And the starting point A to draw the curve de-
pends on BA(P), not necessary but seperately
written

If BA(P)=L Then XA=X11(L)
If BA(P)=H Then XA=X11(H)

YA=Y11 (L) and
YA=Y11(L).

A=450/7Z8MAXX one more time... to be sure... A
could have gotten another value ’in between’'..

For BA(P)=L and BA(P)=H the distance XH=X*C,

X itself has a positive value. After calcula-
tion of %8 with subroutine HBZB8XX, but first

5TZ8=0, becomes Z8V=ZB*C.

I

yZ4”3) 2 s S ()
=N s # P
4 —Z ,
i 52 G e i:ciiig X
If BA(P)=L Then E?'

Fig.

XB=X11 (L) +XH* (TWL1/L1)

YB=Y11l (L) +Z8V*A

C>0, XH and Z8V are positive, then XH* (TWL1/L1)
is added to X11 (L), and

28V*A is added to Y11 (L).

C<0, XH and ZBV are negative, then XH* (TWL1/L1)
is subtracted from X11({L), and

78V subtracted from Y11 (L).

B ' A
[Tl v 2
‘ /ﬁ Zs)l F*‘u@
@ | X7 o L X7 G
Elself BA(P)=H Then }19_

Fig.

XB=X11 (H) =XH* (TWL1/L1)

YB=Y11 (H) -Z8V*A

C>0, XH and ZBV are positive, then XH* (TWL1/L1)
is subtgracted from X11(H), and

78V+*n subtracted from Y11 (H}).

C<0, XH and ZBV are negative, then XH* (TWL1/L1)
is added to X11(H), and

78V*A added to Y11l ({H}). (minus*minus=plus)

Krd



....... (of page 33

If BA(P)=L Then

If NL(P)=1 Then HI1=HE (P, 1)
If NL(P)=0 Then H1=UR{(L)
R2=-D6(P,2)*C M2=MF (P, 2)
STZ8=0V (L) *C

ElseIf BA(P)=H Then

If NL(P)=1 Then H1=HE (P, 2)
If NL(P)=0 Then H1=UR (H)
R2=D6(P,1}*C M2=MF (P, 1)
ST28=-UV (H) *C

End If

Ll

ZMAXZ8

ZZMAXX (P)=ZMAXX (P, NZ)
XZ{P)=LZ (P,NZ) 'see page

'page /&

ZMAX=Abs (ZMAXX (P,NZ) )

XT=LZ (P,NZ)

If ZMAX>=Z8MAXX Then
Z8MAXX=ZMAX XTT=XT : PT=P
End If

Next P

ZMAX=0
For I=1 To NZ

If Abs (ZMAXX{P,I)>Abs (ZMAX) Then
ZMAX=ZMAXX (P, I) X=LZ (P, I)

End If

Next I

NZ=NZ+1
ZMAXX (P, NZ)=ZMAX
NZZ (P)=NZ

End Sub

end of ZMAXZB, page

LZ (P,NZ)=X

For each beam P the NMM(P) bending mo-
ments when the transverse force is
about zero and when the moment itself
is about zero, :

When clicking on caption M5MAXZERO the-

NM=NM+1
MMAXX (P, NM)=M5

NMM (P ) =NM
LM (P, NM)=X

se values are printed for each beam P.

}f

Private Sub LMSMAXZERO Click()
CurrentY=CY : CXX=4500

For P=1 To P9
For I=1 To NMM(P)
CurrentX=525+CXX
CX=2100+CXX
Tl=Format (MMAXX (P, I),"0.00") &

" kKNm" -
TW=TextWidth (T1)
CurrentX=CX-TW

Print " M5=";

Print Tl &

" ¥X= " & Format (LM(P,I),"0.00")
& ” m" & " P= n & P

Next I Print

Next P

CY=CurrentY

End Sub

About STZ8.

Calculation of the largest maximum displacement

Z8MAXX.

To calculate the maximum displacement ZMAX of a
beam P subroutine ZMAXZS, page [/ , is called,
and calls itself for each x subroutine H8Z8XX.

Private Sub HBZBXX()

(see page /5 )

'calculation of slope deflection H8

'from the left.

1 rand displacement 28 at X meter

1,1=L11{P) and after that follows
HB8=0 78=5TZ8

The displacements of the beam ends L and H of a
beam P are UV(L) and UV(H) with the assumed di-

rection downward.

ST78 as start value for 28 for HB8ZBXX depends
on the place of the beam axis syatem, BA(P)=L
or BA(P)=H, and on the place of the beam end
numbers L and H, the coordinates of L and H.
The dirsction of the assumed displacement Z8 is
that according to the perpendicular axisg of the

beam axis system.

See the figures here below,

& Y ~ ]23
L
wvZ) c>o <o CJVZZJ
. X1 (%) | /(%)
“/(4) . ' x/04) i
z®
= s
& H e
281
>0 WE) ) C<Lo

Calculation of the displacements Z8 for the

elastic curve starts at the member end where
the beam axis system is placed. At that beam
end up to now angle Hl was determined and at

the other beam end R2 and MZ2.

Beam ends which can displace will get a value
after the main calculation. Then the value at
the beam end where the beam axis system is pla-
ced must be determined, that is ST8Z, ZB8=STZ8.
D1=X1(H)-X1 (L), L1l=Sqr(D1~2) and C=D1/L1l.

If BA(P)=L then the start value of 728 is

STZ8=UV (L) *C,
if X1 (H)>X1(L)
STZz8=UV (L) *1= UV(L) and

then D1>0, so C=D1/L1= 1>0,

if X1 (H)<X1{L) then D1<0, so C=D1/L1=-1<0,
STZ8=UV(L)* (-1)=-U0V (L), both correct.

If BA(P)=H then is STZB=-UV(H)*C,

if X1(H)>X1(L) then D1>0,
3T78=-UV (H)*1=-UV (H), and
if X1 (H)<X1(L) then D1<0,

then C=1>0, and

then C=-1<0, and

STZ9=-UV (H) * (-1)= UV (H), again both correct

like the second two pictures show.

)
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. ' e
F*L~2/ (2*EI) 7= F*L~3/(3*EI)

Q v/
Wh ]

Q*L~3/ (6*EI) 7= Q*L"4/ (8*ETI)
© kufim

Tr—

1
Q*L"3/ (24*EI) 7= Q*L“4/(30*EI)

3

4//Fﬂﬂ

AN AN

k!
= Q;LA3/(8EI) 7= 11Q0*L~3/(120EI)
v N ENm
2‘ )
M*L/EI Z= M*L*2/ (2*EI}

A Y

A iD B

b Z‘M

iy = B
i : -

L]

HA= F*a*b* (L+b) /(6*L*EI}
HB= F*a*b* (L+a)/(6*L*ET)
ZD= F*a~2*pb"~2/ (3*L*EI)

i

&y =
Y

HA= HB= F*L"2/(16*EI)

ZC= F*E~3/(48*EI)

&

A ) -
gl =

HA= HB= Q*LA3/ (24*ET)

ZC= 5*Q¥L~4/(384*EI) |

b 2
,41% 111 = ——

HA= Q*L~3/ (45*EI}
HB= 7*Q*L~3/ (360*EI)

ZC= (5*Q*L"4/(384*EI)) /2

Standard formulas for simple beams.

E is modulus of elasticity in kN/m"2

EI is bending stiffness, EI is E*I with
I is moment of inertia in m"4

EI is (kN/m”2)*m"~4 is kNm"2

EA is strain stiffness, EA is E*A with
A is cross sectial area in m"2

EA is (kN/m"2)*m"2 is kN

Displcement Z in m, angle H in radians

! __EL. Z=F*L/EA
4 €A
©
j e _~..J Z=G=L~2 / (2*EA)
4 2

:21
T T

ﬁk Z=Q*L~2/ (6*EA)

_,:,:;::f::i::t:] Z=Q*L 2/ (3EI)

s

A

ES

c I T)%’
= A
":;Zﬁlﬁﬁﬁ_hh Z
HA= M*L/ (6*EI) HB= M*L/(3*EI)

ZC= M*L"2/(16*EI)

4?42 jA ¢ 4
Fav Loy

HB= M*L/ (4*EI} ZC= M*L"2/(32*EI}

BV=BV= 3*M/(Z*ET}

P 1k
bay

MA=3*EI*Z/ (1."2} HB= 3*Z/(2*L})

AV=BV= 3I*EI*Z/(L~3} ZC= M*L~2/{32*EI}

MA ¢ /7—F

28
(4‘4//5 _4'5?? Mg‘[z

{av

MA=MB= G*ET*Z/ (L2} ZC= Zf2

AV=BV= 12*EI*Z/(L~3)

36



——— Private Sub CBEAMMAINCALC ()

*1. Composition of construction
'matrix CC with member

'matrices S5.

CONSTRMATCCCBEAM

*2. Elements of force vector FF.
'2a. Joint load forces EFY{I) and
'joint load moments MZ(I).

N=2*N9

For I=1 To N9

A=2*1-1 B=2*T1

FF(A)=FY(I) : FF(B)=MZ(I)

PP(A) =PV (I} PP (B)=PR(I)
Uu(A)=UV(I) : UU(B)=UR(I) .
88 (A)=SV(I) : S5(B)=SR(I)

Next T

'2b. Primary forces and moments
'due to member loads perpendicular
'to the member axis.

For P=1 To P9 L=LL(P) : H=HH(P)
EI=ETII(P)

D1=X1 (H) -X1 (L)

L1=8gr (D1"2)

If LE(P)=1 And RE(P)=1 Then

M1=0 : M2=0

BEAM1

ElseIf LE(P)=1 Or RE(P)=1 Then
M1=0 : M2=0 : M3=0 : M4=0

BEAMZ

ElseIf LE(P)=0 And RE (P)=0 Then
BEAM3

End If
'primary moments and forces

M11(P)=M1 : R11{P)=R1
M22 (P)=M2 : R22(P)=R2

C=D1/L1

If BA(P)=L Then

D4 (P,1)=R1*C : D4 (P,2)=R2*C
MP (P, 1)=M1 MP (P, 2)=-M2
HE(P,1l)=H1 HE (P, 2)=H2
Else If BA(P)=H Then

D4 (P,1)=-R2*C : D4 (P,2)=-R1*C
MP(P,1)=-M2 : MP({P,2)=M1

HE (P, 1)=H2 HE (P, 2)=H1

End If

Next P

'*2c BAlteration of force vector FF.
For I=1 To N9
A=2*1-1 B=2*1
For P=1 To P9

I I<=L Then
FF(A)=FF(A)+D4 (P, 1)
FF(BY=FF(B) +MP (P, 1)
Else If I=H Then
FF(A)=FF (A)+D4 (P, 2)
FF (B)=FF (B) +MP (P, 2)
End If

Next P

Next I

L=LL (P) H=HH (P)

'3 Alteration of force vector FF
'and concstruction matrix CC.
'3a Of FF in case of prescribed
'displacements <>0.

For I=1 To N

If UU(I)<>0 Then

For K=1 To N

FF (K)=FF (K)-CC (K, I)*UU(I)
Next K

End If

Next I

'3p, Of FF and CC in case of pres-—
'cribed displacements.

For I=1 To N

If PP(I)=1 Then

For J=1 To N
CC(I,J)=0
Next J
CC(I,I)=1 : FE(I)=UU(I)
End If

Next I

*3c. Of FF and CC if the joint is

'a hinge.

For I=1 To N

If CC(I,I)=0 Then CC(I,I)=1 _
FE(I)=0

CC({J,I}=0

Next T

'3d. Of CC in case of springy/
'elastic supports.

For I=1 To N

If SS(I)>0 Then
CC(I,I)=CC(I,I)+S8S(I)

End If

Next I

'4. Calculation of the unknown
'displcements UV(I) and UR(I).
For I=1 To N : BB({I)=FF(I)

For J=1 To N

AA(I,J)=CC(I,J)

Next J
Next I Ax=b is Cu=¢£f

'*The solution of N=2*N9

'equations.

GAUSS

For I=1 To N9

A=2*I-1 B=2*1

UV (I)=XX(R) UR (I)=XX(B)
UU (A) =XX (A) UU (B) =XX (B)
Next T

"4b. Slope deflections separatedly
'calculated in case of hingy mem-
'ber ends.

For P=1 To P9 : L=LL(P)
D1=X1 (H) -X1 (L)
L1=Sar(D1"2)

H=HH (P)

Z1=UV (L) ZH=UV (H) H6=(ZH-ZL)/L1
H7=1.5* (zZH-ZL) /L1

Tf NL(P)=1 And NH(P)=1 Then

If D1>0 Then _
HE(P,1)=HE(E,1)+H6 &
HE (P, 2)=HE (P, 2)+H6

If D1<0 Then _
HE(P,1)=HE (P,1l)-H6 :
HE (P, 2)=HE (P, 2) -Hb
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——— Private Sub MEMBERMATSS5CBEAM ()
- ElseIf NL{(P)=1 Then

If D1>0 Then _ D1=X1 (H) -X1 (L)

HE (P, 1) =HE (P, 1) +H7-0.5*UR (H) L1=Sqr (D1~2) .

If D1<0 Then _ —— If NL(P)=0 And NH(P)=0 Then
HE (P, 1}=HE (P, 1) -H7-0.5*UR (H) A=12*ET/L1~3 : B=6*REI/L1"2

D=4*EI/L1 : E=2*EI/L1l
If D1<0 Then B=-B

L ElseIf NH(P)=1 Then
- FILLINGSS5CBEAM

If D1>0 Then

HE (P, 2) =HE (P, 2) +H7—0.5*UR(L)

If D1<0 Then | ElseIf NL(P)=1 And NH(P)=1 Then
HE (P, 2) =HE (P, 2) -H7-0.5*UR (L) A=0 : B=0 : D=0 : E=0

L BEnd If FILLINGS5CBEAM

L— Next P

L Else If NL(P)=1 Or NH(P)=1 Then
A=3*EI/L1"~3 : B=3*EI/L1"2
D=3*EI/Ll

'5. Calculation of the member end . /

*forces w.r.t. the construction — If NL(P)=1 Then

'axes system X-Y. If D1<0 Then B=-B
'S5a. Depto the displacements FILLINGS5CBEAM
‘alone. For I=1 To 4

— For P=1 To P9 : L=LL(P) : H=HH(P) [ $5(2,I)=0 : S5(I,2)=0
EI=EIT (P) Next I
MEMBERMATS5CBEAM
TT(1)=2*L-1 : TT(2)=2*L — ElseIf NH(P)=1 Then
TT(3)=2*H-1 : TT(4)=2*H If D1<0 Then B=-B
For I=1 To 4 : FK(P,I)=0 FILLINGS5CBEAM
For J=1 To 4 : A=TT(J) For I=1 To 4

[ FK (P, I)=FK(P, I)+35(I,J)*UU (A7) [ 55(4,I)=0 : S5(I,4)=0

Next J Next I
Next I L End If

L— End If
'5p. Due to displacements and

'member/beam loads perpendicular End Sub
'to the member/beam axis.. _
D6(P,l)=FK(P,l)—D4(P,l) — Private Sub FILLINGSS5CBEAM
MF (P, 1)=FK(P,2)-MP(P,1)
D6 (P, 2)=FK({(P,3)-D4(P,2) 'Row 1 Of S5.
MF(P,2)=FK(P,4)—MP(P,2) 85(1,1)=A : S85(1,2)=B : S5(1,3)=-RA
L Next P 35(1,4)=B
'Row 2.
'6. Calculation of the joint 'for- §5(2,1)=B : S85(2,2)=D : S85(2,3)=-B
‘ces' KV(I) and KM(I). 55(2,4)=E
'6a. Due to the displacements 'Row 3.
'alone. S5(3,1)=-A : S5(3,2)=-B
CONSTRMATCCCBEAM S5(3,3)=A : S5(3,4)=-B
— — For I=1 To N9 'Row 4.
A=2*I-1 : B=2*T S5(4,1)=B : S5(4,2)=E : S5(4,3)=-B
KV(I)=0 : KM(I)=0 S5(4,4)=D
For J=1 To N
KV (I)=KV(I)+CC(A,J)*UU(J) - End Sub
KM (I)=KM(I)+CC(B,J)*0U(J)
Next J
'7. Calculation of the reactions.
—— For I=1 To N9
'6b. Due to displacements and — If 3V(I})>D Then
"member loads perpendicular to the RV(I)=SV(I)*UV(I)
'member axis. F Else
— For P=1 To P9 : L=LL(P) : H=HH(P) RV(I)=-KV(I)+FY{I)
If I=L Then L End If
KV(I)=KV{(I)-D4(P,1) — If SR(I)>0 Then
KM(I)=KM{I)-MP(P,1) RM{I)=SR(I)*UR(I)
Else If I=H Then — Else
KV (I)=KV(I)-D4(P,2) RM(I)=—-KM(I)+MZ (I)
KM (I)=KM(I)—-MP(P,2) - End If
End If — Next I
— Next P \
L Next I L—— End Sub }
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——— Private Sub CONSTRMATCCCBEAM
N=2*N9
E For I=1 To N : For J=1 To N
CQ(I,J)fp : Next J : Next I
For P=1 To P9 : L=LL(P) : H=HH(P)
(__ EI=EII(P)
MEMBERMATS5CBEAM
TT(1)=2*L-1 : TT(2)=2*L
TT(3)=2*H-1 : TT(4)=2*H
For I=1 Teo 4 : I1=TT(I)
For J=1 To 4 : J1=TT(J)
[ CC(I1,J1)=CC¢I1,J1)+55(I,d)
Next J
Next I
—— Next P

— End Sub

— Private Sub BEAMI ()
*The statically determinate beam on
"two supports, the simple beam.
*Calculation of the support reac-—
*tions and the slopes at the beam
*ends.
R1=0 : R2=0 : H1=0 : H2=0

— 'The concentrated loads.

For I= 1 To NFB(P)

F2=F22(P,I) : L2=L22(P,I)

R4=F2*L2/L1 : R3=F2-R4

R1=R1+R3 : R2=RZ+R4

HS5=F2*12~2/ {2*EI)

Z1=F2+%L2~3/ (3*EI)+H5*% (L1-L2)

Z2=R4*L1~3/(3*EI)

H3=(Z2-Z1) /L1 : H8=R4*L1"2/ (2*EI)

H4=H3+H5-HS8

H1=H1+H3 : H2=H2+H4

— Next I

'The distributed loads.

— For I=1 to NQT(P)

03=033(P,I) : 04=044(P,I)

13=L33(P,I) : L4=L44(P,I)

L5=L1-L3-L4

QLOAD

R4=T* (L3+Al) /L1 = R3=T-R4

R1I=R1+R3 : R2=R2+R4d

7z2=R4*1,1"~3/ (3*EI)

H3=(z2-21)/L1 : H8=R4*L1"2/(2*EI)

H4=H3+H7-HS8

H1=H1+H3 : H2=H2+H4

L. Next I

'The beam end moments M1 and M2.
R4={M2-M1) /L1 : R3=-R4

R1=R1+R3 : R2=R2+R4
H3=-M1*L1l/(3*EI)-M2*L1l/ (6*EI)
H4=M1*Ll/(6*EI)+M2*Ll/(3*EI)
H1=H1+H3 : H2=H2+H4

— End Sub

—— Private Sub BERM2 () - =

'The onefold statically indetermi-
'nate beam on two supports.
*Calculation of the reactions and
*the slope at the not clamped beam-—

'end.
R1=0 : R2=0
H1=0 : H2=0

— For I=1 To NFB(P)
F2=F22(P,I) : L2=L22(P,I)
If LE(P)=1 Then L2=L1-L2
H5=F2*L2"2/ (2*EI)
7Z1=F2*L2~3/ (3*EI)+H5* (L1-L2}
R4=Z1* (3*EI)/ (L1"3)
M3=F2*L2-R4*L1 : R3=F2-R4
R1=R1+R3 : R2=R2+R4 : M1=M1+M3
HB=R4*L172/ (2*EI})
H4=H5-H8 : H2=H2+H4
- Next I
*The distributed loads.
—— For I=1 To NQOB(P)
03=Q33(P,I) : L3=L33(F,I)
Q4=Q44 (P, 1) : L4=L44{P,I)
L5=L1-L3-L4

If LE(P)=1 Then
03=04 : 04=033(P,I) = L3=L1-L3-L4

1.5=L1-L3-L4
End If

QLOAD

R4=Z1* (3*EI) /11”3

M3=T* (L3+A1) -R4*L1 : R3=T-R4
R1=R1+4R3 : R2=R2+R4 : MI1=MI+M3
H8=R4*L172/(2*EI)

H4=H7-H8 : H2=H2+H4

L Next I

_ If LE(P)=1 Then

R=R1 : R1=R2 : R2=R : M2=M1 : M1=0
Hl=-H2 : H2=0

L End If

If LE(PJ=0 Then

R3=-1.5*M4/L1 : R4=1.5*M4/Ll

— Private Sub QLOAD()
'The statically determinate on the
ijeft clamped beam with trapeze
*like distributed load.

T=0.5%(Q3+Q4) *L4
Bl=(2*Q3+Q4) *L4/ (3* (Q3+Q4))
Al=L4-Bl : M=T*Al ;

M3=-M4/2 : H4=M4*L1/(4*EI)

R1I=R1+R3 : R2=R2+R4 : MI=MI1+M3
M2=M4 : H2=H2+H{

E. ElseIf LE(P)=1 Then

R3=1.5*M4/LL : R4=-1.5*M4/L1
M3=—-M4/2 : H4A=M4*L1/(4*EI)
R1=R1+R3 : R2=R2+R4 : M2=M2+M3
M1=M4 : H1=HI-H4

End If

75=T*L3~3/ (3*ET) +M*L3"2/ (2*EI)
H5=T*L3~2/ (2*EI)+M*L3/ET
26=04*L4~4/ (B*EI)

26=76~ (Q4-Q3) *L4~4/ (30*EI)
H6=04*L4~3/ (6*EI)

H6=H6- (04-03) *L4~3/ (24*EI)

H7=H5+H6 : ZT7=Z5+HS5*L4+Z6
Z1=2T7+HT*L5
- End Sub
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— Private Sub BEAM3 () —— Private Sub T5M5X()
*The twofold statically indtermi- 'Ccalciulation of tramsverse force
'nate beam on two supports '75 and T7, and bending moment M5
'Calculation of the reactions. *at X meter from the "left’.
R1=0 : R2=0 : M1=0 : M2=0 L1=L11 (P)

T5=R]l : T7=R1 : M5=-M1

H1=0 : H2=0
'The concentrated loads. M5=M5+R1*X

— For I=1 To NFB(P) 'The concentrated loads.
F2=F22(P,I) : L2=L22(PF,T) — For I=1 To NFB (P}
H5=F2*L2"2/ (2*EIL) F2=F22 (P, I) : L2=L22(P,I)
Z1=F2*L2°~3/ (3*EI)+H5* (L1-L2) 1f ¥X>L2 Then
A=T.1~3/(3*EI} : B=-L1"2/(2*EI) T5=T5-F2 : T7=T7-F2
c=z1 M5=M5-F2* (X-L2)
D=L172/(2*EI) :-E=-L1/EI : F=HS ElseIf X=L2 Then
TWOEQUATIONS T7=T7-F2
M3=F2*[2-R4*L1+M4 : R3=F2-R4 ElseIf X<L2 Then
R1=R1+R3 : R2=R2+R4 Exit For
M1=M1+M3 : M2=M2+M4 End If

- Next I — Next T

'*The distributed loads.
— For I=1 To NOB(P)
Q3=033 (P, I) : 1.3=L33 (P, I)
Q4=0Q44 (P, I) : L4=144 (P, I)
— If X>L3 Then
_ If X>L3 And X<=L3+L4 Then

'The distributed loads.
— For I=1 To NQB({(P)
03=033(P,I) : L3=L33(P,I)
04=0Q44 (P,I) : L4=L44(P,I)
L5=L1-L3-L4
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A=L173/(3*EI) : B=-L1"2/(2*EI) 05=03+ (Q4-03) * (X-L3) /L4
c=71 T=0.5* (03+05) * (X-L3)
- £ * :
D=L172/(2*EI) : E=-L1/EI : F=H7 Bl:(2*Q3TQ5)7:I(|}7(_¥3)/(3 (Q3+05) )
TWOEQUATIONS T5=T5-T : T7=
M3=T* (L3+A1) -R4*L1+M4 : R3=T-R4 M5=M5-T*Bl
’ | glseIf X>L3+L4 Then
RI=R1+R3 : R2=R2+R4
M1=M1+M3 : M2=M2+M4 T=0.5% (Q3+Q4) *L4
i SR Bl=(2+Q3+Q4) *L4/ (3* (Q3+Q4))
“'Eei s T5=T5-T : T7=T7-T
= M5=M5-T* (B1+ (X-L3-L4))

M L - End If
Private Sub TWOEQUATIONS () | End If
R4= (C-B* (C*D-A*F) / (D*B-A*E} ) /A | Next T
M4=(C*D-A*F) / (D*B-A*E)
End Sub | End Sub

"7he distributed leoads.
—— For I=1 To NOB(P)
03=Q33(P,I) : L3=L33(P,I)

Q4=044 (P, I} : L4=L44 (P, I)
QL.OAD -
— Private Sub TS5M5XX () R3=T*(Bl+(Ll—L3—L4))/Ll
*Calculation of transverse force T5 — If %¥<=L3 Then
*and T7, and bending moment M5 at T6=R3 : M6=R3*X
'X meter from the 'left’ | Else If X>L3 And X<=L3+L4 Then
L1=L11(P) Q5=Q3+(Q4—Q3)*(X-L3)/L4
T5=0 : T7=0 : M5=0 Q4=05 : L4=X-L3
QLOAD

T6=R3-T : M6=R3*X-T*Bl

'The concentrated loads.
Else If ¥X>L3+L4 Then

— For I=1 TO NFB(P) —

F2=F22(P,I} : L2=L22(P,I) QLOAD
R3=F2* (L1-L2) /L1 TE=R3-T : M6=R3*X-T* (X-L3-L4+B1)
— If X<=L2 Then - End If
T6=R3 : M6=R3*X T5=T5+T6 : T7=T7+T6 : M5=M5+Mb
L— Next I

~ ElseIf X>L2 Then
T6=R3-F2 : M6=R3*X—-F2* (X-L2)
'The member end moments M1 and M2.

- End If

T5=T5+T6 : T7=T7+T6 : M5=M5+M6 R3=(M1-M2) /L1
— If X=L2 Then T6=R3 : M6=R3*X-M1l

T7=T5-F2 . T5=T5+T6 : T7=T7+T6 : M5=M5+M6
— BEnd If )

— Next I l— End Sub




L— End Sub

—— Private Sub HB8ZSXX()
'Calculation of slope deflection HB

*and displacement Z8 at X meter
'from the left.

L1=L11(P)
H8=0 z28=0

"*Due to angle HI.
H9=H1 : Z9=H1*X

*Due to the reaction R2.

=R2* (L1-X}
H4=R2*X"~2/ (2*EI) +M*X/EI
ZA=R2*X~3/ (3*EI) +M*X~2/ (2*EI)
H3=H3+H9-H4 : Z3=Z3+Z9-7Z4

*The concentrated loads..
For I=1 To NEB(P)
F2=F22(P,I) : L2=L22 (P, I)
If X<=L2 Then

M=F2* (L2-X)

HO=F2*X~2/ (2*EI)+M*X/EI
Z9=E2*XA3/(3*EI)+M*XA2/(Z*EI)
ElseIf X>L2 Then
H9=F2*L2~2/ (2*ET)
7Z9=F2*L2"3/ (3*EL) +H3* (X-L2)
End If

HB8=HB+HZI : 7Z3=7Z8+Z9%

Next I

"The distributed loads.
For I=1 To NQB(P)

03=033(P,I) : L3=L33({(P,I)
04=044 (P,I) : L4=L44(P,T)
If X<=L3 Then
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M=T* (L3-X+Al)

HO9=T*X"2/ (2*EI}+M*X/EI
7.9=T+X~3/ (3*EI) +M*X"2/ (2*EI)
ElseIf X>L3 And X<L3+L4 Then
05=03+ (04-03) * (X-L3) /L4
04=05 : L4=X-L3

OLOAD

H9=u7 : Z9=27

04=044 (P,I) : L4=L44(F,I)
03=05 : L4=L3+L4-X

QLOAD

M=T*R1l

H4=T*X~2/ (2*EI}+M*X/EI
7Z4=T*X*3/ (3*EI) +M*X"~2/ (2*EI)
H9=HO9+H4 : 29=29+Z4

ElseIf X>=L3+L4 Then

1L5=xX-L3-L4 _
QLOAD

H9=HT : Z9=Z1

End If

H3=H3+H3 7Z3=78+Z°9

Next I

*The member end moment M2.
HO=M2*X/EI : 79=M2*X~2/ (2*EI)
HB3=H3+H9 Z3=48+Z9 ‘
'Member end displacements.
H9=(REZ-LEZ) /L1
Z9=LEZ+(REZ—LEZ)*X/L1
H8=H8+HY% 78=Z8+Z9

_—
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Private Sub T5M5G ()
NB=0 : L1=L11(P}

For ¥XG=0 To L1+G Step G
If XG=0 Then

X=XG : TSM5XX

T5M5

Elself XG>0 And XG<L1l Then

For Il=1 To NFB(P): L2=L22(P,Il)
If L2>XG-G BAnd L2<XG Then

X=L2 : TSM5XX

T5M5

End If

Next Il

X=XG : T5M5XX
T5M5

Elself XG>=L1 And XG<L1+G Then
For I1=1 To NEB(P): L2=L22 (P, I1)
If L2>XG-G Then
=12 : TH5M5XX
T5M5
End If
Next Il
X=L1 : TSMSXX
T5M5
End If
Next XG : NBC(P)=NB
End Sub

private Sub TS5M5 ()

NB=NB+1 : IB(P,NB)=X

NBL (P,NB)=T5 : NBR (P, NB)=T7
NBM (P, NB)=M5

End Sub

|
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Private Sub -H8Z8G()

NC=0 : L1=L11(P)

For ¥G=0 To L1+G Step G

If XG=0 Then

X=XG : HBZBXX

HB8ZB

ElsaIf XG>0 Bnd XG<L1 Then

For Il=1 To NFB(P): 12=122(P,I1)
If L2>XG-G And L2<XG Then

X=L2 : HBZ8XX

H82Z8

End If

Next Il : X=XG : HBZBXX
H8Z8

ElseIf XG>=L1 And XG<L1+G Then
For I1=1 To NFB(P): L2=L22 (P,I1)
If LZ2>X5-G Then

X=L2 : HBZBXX

H8Z8

End If

Next Il : X=L1 : H8ZBXX

H8Z8

End If

Next XG : NCC(P)=NC

End Sub

Private Sub HB8Z8 ()

NC=NC+1 : LC(P,NC)=X

NHS (P,NC)=H8 : NZ8 (P,NC)=Z8B
End Sub
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Private Sub MMAXMS ()

'cCalculation of the largest ben-—
'ding moment and the moment zero
'points.

NM=0 : L1=L11(P)

For X=0 To L1+0.01 Step 0.01
T5M5XX

If X=0 Then

M7=M5 : T3=T5

NM=NM+1

MMAXX (P, NM)=M5 : LM (P,NM)=X

Elself X>0 And X<L1l Then

If M5>=0 And M7<0 Or _
M5<=0 And M7>0 Then

NM=NM+1

MMAXX (P,NM)=M5 : LM (P,NM)=X

End If

M7=M5

If T5<=0 And T3>0 Or _
) T5>=0 And T3<0 Then
NM=NM+1
MMBXX (P, NM)=M5 : LM (P, MM} =X
End If
T3=T5

ElselIf X>=L1 Then
=11 : TS5MSXX
NM=NM+1
MMAXX (P,NM)=M5 : LM(P,NM)=X
End If

Next X

End Sub

Private Sub ZMAXZSB ()
'Calculation of the largest dis-
'placement/bending and the ben-
'ding zero points.

NzZ=0 : L1=L11(P) : EI=EII(P)
For ¥=0 To L140.01 Step 0.01
HBZBXX page /4

If X=0 Then )
23=28 : H3=HS : N2=NZ+l
ZMBXX (P, NZ)=Z8 : LZ{P,NZ)=X

ElseIf X>0 And X<L1 Then

If 28<=0 And Z3>0 Or __
78>=0 And Z3<0 Then

NZ=NZ+1

ZMAXX (P, NZ)=Z8 : LZ (P,NZ)=X

End If

73=78

If H8<=0 Bnd H3>0 Or __
H8>=0 And H3<0 Then

NZ=NZ+1

ZMAXX (P,NZ)=28 : LZ(P,WZ)=X

End If

H3=H8

Private Sub LINEXAYAXBYB ()
If PRP=0 Then

Line (XA,YA)-(XB,YB)

ElseIf PRP=1 Then
Printer.Line (XA,YA)-(XB,YB)}
End If

End Sub

ElseIf X>=L1 Then

X=L1 : H8ZBXX

NZ=NZ+1

ZMAXX (P,NZ)=Z8 : LZ(P,NZ)=X
Exit For

End If

Next X

ZMAX=0
For I=1 To NZ

If Abs (ZMAXX (P, I))>Abs (ZMAX) Then

ZMAX=ZMAXX (P,NZ) : X=LZ (P, I)
End If

Next I

NZ=NZ+1

ZMAXX (P, NZ)=ZMAX : LZ(P,NZ)=X

NZzZ (P)=N2

L End Sub
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