Part 15

Program FRAMEPROGRAMI111 1 -24

Joint and member data, assumptions!!!

Calculation of the horizontal joint displace-
ments UH() and vertical joint displacements
UV(), and the joint rotations UR().

What the labels to click on mean, examples
EX1 to EX6. All worked out in detail.
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DANA(LH)H,L) Show! Shaw2 Cls
Res(P,1{P.2) Res(LH)(HL)  Reactions and displ
=l oK
P9= Beam load forces NFB(P) End |
Jointdata  Beamload forces NQB(P  AllAgain
Coordinates ~ STORE NR=2 GET _Calculats |
UxandUy  Beam load forces NFA(P) CSE=¢
Again Baam load forces NQA(P) PrF

Lab EXT EX2 EX3 EX4 EX5 [MSMAXZERO)

Calculation of member end forces DA(,) perpen-
dicular to the member axis, and of the

member end forces NA(,) along the member axis.
Calculation of horizontal member end forces
D5(,) and vertical member end forces D6(,)

And the member end moments ME(,).
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Some '3 hinge arche' examples to show the 15A
arbitrarily joint and member numbering
delivering same results. See Partl4 page 8.
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Beam load forces NEB(P)

Beam load forces NQB(P)

Beam load forces NFA(P)

Beam load forces NQA(P)

The data to be put in for N9 joints are

I the joint number,
X1(I) the horizontal coordinate of the joint,
Y1(I) the vertical coordinate of the joint.

FY(I) +the vertical joint load force, assump-
tion directed downward.

PV(I) for whether or not the vertical displa-
cement of the joint is prescribed.
PV (I}=1 the displacement is prescribed,
PV(I)=0 then not prescribed.

UV4I) the vertical displacement of the joint,
assumption downward.
PV{(I)=1 then the prescribed value of the
displacement is put in, and if PV (I)=0
then a ‘startfvalue zero is put in.

SV(I) a constant for a vertical spring, a
zero or a value >0 is put in.

FX(I) the horizontal joint load force, assump-

! tion directed to the right.

PH{I) for whether or not the horizonyal dis-
placement of the joint is prescribed.
PH(I)=1 the displacement is prescribed,
PH{I)=0 then not prescribed.

UH(I) the horizontal displacement of the joint,

assumption to the right

PH(I)=1 then the prescribed value of the

displacement is put in, and if PH(I)=0

then a 'start® value zero is put in.

ﬁH(I) a constant for a horizental spring, a

! zero or a value >0 is put in.

MZ(I) the joint load moment, assumption to the
right.

PR(I) for whether or not the joint rotation of
the joint is prescribed.
PR(I)=1 the rotation is prescribed,
PR(I)=0 then not prescribed.

UR(I} the joint rotation of the joint, assump-
tion to the right.
PR(I)=1 then the prescribed value of the
rotation is put in, and if PR(I)=0
then a ‘start’value zero is put in.

'SR(I) The constant for a rotation spring, a
zero or a value >0 is put in.

'The data to be put in for P9 members are

P the member number,
LL(P) the lowest member end nmber,
HH(P) the highest member end number.

NL(P} = to indicate if pember end L is gnnnected
fixed or hinged to joint L,
NL(P)=0 then fixed, NL{P)=1 then hinged.
NH(P) to indicate if member end H is connected
fixed or hinged to joint H,
NH{P)=0 then fixed, NH(P)=1 then hinged.
BA(P) to indicate at what member end the beam
axis system F:f is placed,
BA(P)=L then at member end L,
BA (V)=H then at member end H.
EII(P) the bending stiffness of the beam, a
proporticnal value, 1‘EI’, 2’EI’, etc.
EAR(P) the strain stiffness, a value expressed
bending stiffness EI. See the examples.
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DANA(L,H)(H,L,) Show1 Show2 Cls
Reactions and displ.

No=[ |

P9= [T Beam load forces NFB(P)

Joint data Beam load forces NQB(P.

Coordinates =~ STORE NR=2 GET

Uxand Uy  Beam load forces NFA(P)
Again ~Beam load forces NQA(P}

EX1 EX2 EX3 EX4 EX5 (MSMAXZERO}
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End
ADAgain |

| Calculate
CSE=0
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0,90
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EI E2 I1
1 149 5,09
5 330 8,00
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D5(3,1)=
oei3, )=

¥E{3, 1=

D54, 11=
DE(d, 1= :
¥Fid, 1= -2,53

D5{1,2)= -1,%3
DE{Ll,2)= .44
¥F{L,2i= £,84

D5{2,2)= -1,53
D€{2,2)=-12,5¢
¥F{2,2)= 7,02
D5(3,2)= -1,33
T£{3,21=-12,5¢
YF{3,2)= -2,35
I5{4,2)= 1,33
DE(4,2)= 0,0¢€
¥Fi4,20= 2,05

Example. EX1

Fig.1l.
N9=4 joints and P9=4 members.

At the start all joint variables are set zero.
Type 4 in TN9 and Tab, cursor in TSTRING.

For support 1 PV(1l)=1 Enter, PH(!)=1 Enter,
and support 4 PV(4)=1 Enter.

The joint coordinates are

I X1(I) Y1(I) I X1(I) Y1(I)
1 0 S 3 8 0
2 0 0 4 8 5

Next click Coordinates and type in TSTRING
1,0,5 Enter, 2,0,0 Enter, 3,8,0 Enter and
4,8,5 Enter.

Click Showl to check the data put in.

Then type in TP9 4 ann Tab, cursor in TSTRING

P(9)=4

15 LL HH NL NH BA ET EA
1 1 2 0 0 1 1 100
2 2 3 0 0 2 5 300
3 3 4 0 o} 4 1 100
4 dl 4 0 0 1 5 300

To type in TSTRING

1,1,2,0,6,1,1,100 Enter, etc. Click Cls,
Showl and Show2 to see the data put in, not
shown here.

Member 2 with member load force 20 kN.
P NFB(P) I F2 L2
2 1 1 20 5

Click Beam load forces NFB(P) and
type in TSTRING 2,1,1,20,5 Enter.

NB Data put in can be stored, STORE NR=3 GET.
Later, with NR=3 click GET to GET.

Click first Showl and Show2 and after that
Calculate!!

Click Cls, Showl and Show2 to get the print on
the left, after data of member 2 follow the
member load data.

Click Calculate and Res(P,1) (P,2) to get the
member end forces D5(,), D6(,) and member end

moments MF(,) -
Click Cls and Reactions and displ.

Teily= d,00 JEL TEN= 4,00 JEX

OR{l)= ~1,81 /EI

Trd= 1,37 FEI UB{2)= -=3,00 /EI

TR{2)= £,35 /EI '

TVi3= 3,83 fEI  TI{3i= -3,03 JEI

UR{3y= -10,£7 JEI

Ti(dyr= 0,03 /JEI  TR{4)= 3,05 /EX

THE{d)= 1,78 JEI

RI{l)= 2,00 XM RV{l)= 7,50 kN
R7{di= 12,50 kN




D5{1,2)= 1,83 kN D5{2,1})= -1,83 kN Click Clc and click RES(L,H) (H,L) to get the
De{l,2)= -7,44 kN DE(2,1)= 7,44 kN member end forces and moments acting at the
MF{1,2)= 2,53 kNm MF(2,1)= £,54 kln member ends.
D5(L,H) and D5(H,L) assumed to the right —= ,
D5{2,3)= 1,83 kN D5(3,2)= -1,83 kN Dé(L,H) and D6(H,L) assumed downward and
DE(2,3)= -7, 44 kN DE(3,2)=-12. 56 KN MF(L,H) and MF(H,L) assumed to the right {
MF{2,3)= - 2)=
(2,3) 6,04 kEm MF(3,2) 7,08 kKNn member 1
. . . D5(1,2)= 1,83 kN, positive answer, so as as-—
35(3:4J= };3? kN D5(4,3)= —l,Bf LU sumed directed to the right.
6(3,4)= 12,56 kN Dei4,3)=-12,56 kN D5(2,1)= -1,83 kN, negative answer, so not as
MF{3,4)= ~-7,08 kNn MF{4,3)= -2,09 kNn assumed to the right but directed to the left.
D6(1,2)= -7,44 kN, not downward but upward.
D5{1,4)= -1,33 kN si{4,1)= 1,83 RN D6(2,1)= 7,44 kN, downward.
DE(1.4)= -0,06 kN D6{4,1)= 0,06 kN MF(1,2)= 2,53 kNm, to the right.
MF{l,4)= ~-2,53 kNu MF{4,1)= 2,09 klNm MF(2,1)= 6,64 kNm, to the right.
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Calculation of the rotation of mem- T
ber end 2 of member 1, is joint Ooé o o0é
rotation UR(2), using the results. e - "‘%fé
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Member end forces and moments are drawn with
{J‘j’ their real directions. At the joints act forces
and moments as large as but opposite directed,
UH(2)= -3,00/EI, prec. page, joint 2 see joint/support 1 and 4. The reactions are

displaces to the left, angle Al becomes
Al=(3,00/EI) /5= 0,60/EI.

With formula page 24 follow

and

A2= (6,64*5)/3EI)= 11,07/EI

A3= (2,53*5)/6EI)= 2,11/EI.
To the right minus to the left,
A2-A1-A3=(11,07-0,60—-2,11)/EI= 8,36/EI,

as assumed to the right.

UR(2)= 8,36/EI, positive answer, so as

assumed to the right.

added, RH(1l)= 0 kN,

1)= 7,50 kN, as assumed upward and
RV{(4)= 12,50 kN, as assumed upward.
Equilibrium, yes.

member 2 Equilibrium?

S mom. wW.r.t. member end 2= 0?

To the right - to the left = 0
20*5 +7,08 -6,64 -12,56%*8=

100,00 +0,44 -100,48= -0,04 ok

% hor.=0 1,83-1,83=0

¥ vert.=0 7,44+12,56-20,00=0 ok
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DANA(LH)(H,L,) Show1 Show2 Cls

Res(P,1)(P,2) Res(LH)HL) Reactions and displ.
e B S
pPo= Beam load forces NFB(P)  AD#aqain |
Joint data Beam load forces NQB(P' CSE=0
Coordinates ~ STORE NR=? GET | Calculate |
Ux and Uy Beam load forces NFA(P) End

Again Beam load forces NQA(P: Pri
EX1 EX2 EX3 EX4 EX5 (M5MAXZERO)
RE{ly= —1,05% IN Krili= 13,47 XN
RV{4)= 10,45 kN
RI{Sp= 17,€l kN Ki{g)= 33,47 IR
RI{¢ -17.53 R¥ifi= 34,57 N

Example. EX2.

Fig.2.

N9= 6 joints and B9=5 members.

The construction is four fold statically inde-
terminate.

Type 6 in TN9 and Tab, and type in TSTRING
PV(1)=1 Enter, PH(1)=1 Enter, PV(4)=1 Enter,
PV(5)=1 Enter, PH(5)=1 Enter, and

PV(6)=1 Enter, PH(6)=1 Enter.

The joint coordinates are

I X1(I) Y1(I) I X1(I) YL(I)

1 0 0 4 13 0

2 4 0 5 2 4

3 9 0 ) 11 4

Next click Coordinates and type in TSTRING
1,0,0 Enter, 2,4,0 Enter, 3,9,0 Enter
4,13,0 Enter, 5,2,4 Enter, 6,11,4 Enter.
Click Showl to check these data put in.

and

The member data are

P LL HE NL NH BA ET EA

1 il 2 ill 0 il 1 100

2 2 3 0 0 2 1 100

3 3 4 0 it 3 1 100

4 2 5 0 il 5 1 100

5 3 6 0 1 6 1 100

Then type in TP9 5 and Tab, cursor in TSTRING
and type in TSTRING, row aftr row,
1,1,2,1,0,1,1,100 Enter,

2,2,3,0,0,2,1,100 Enter, etc.

Next the distributed memner loads for the
members 1, 2 1nd 3.

P NQB(P) I Q3 Q4 L3 L4

1 1 1 7 7 0 4

2 1 1 7 7 0 5

3 1 1 7 7 0 4

Member 1, 2 and 3.

Click label caption 'Beam load forces NQB(P)'
and type in TSTRING 1,1,1,7,7,0,4 Enter,
2,1,1,7,7,0,5 Enter, 3,1,1,7,7,0,4 Enter.

Click Calculate, Cls and 'Reactions and displ.
and see the results on the left and below.

Tl Q.00 JETL TR{L= J.00 SE
T¥{2)= 1,36 /EI TA{2)= 5,00 JE
TR{Z)= 3,65 fEI

(3= 2,3% JEI  TH(3)=

TR{3)= -0,€€ /EI

miid= 0,00 JEI T3id)=

T¥ {3y = 9,00 JEI  TB{3)=

Triel= a,00 JET TI{ti=

BE{1,25= 5,74 JEI /
BE{4,3)= -5,%0 /EI

8F{%,21= -0,93 JEI

BE{€,3y= -0,2% /EI




D5{1,2)= -3,05 ¥} DE{2,1y= 3,03 ¥N
DE{l,2)=-1G,47 I Te{2,1)=—-17,53 kX
Vg1, 2= 0,00 Mmw  ¥Fe2,li= 14,12 &KX
25{2,3)= 17,53 @ 25{3,2)==17,33 ¥N
2E{2,3)=17,54 I ZE(S,2)=17,3¢€ kN
¥F(2,3)=-14,43 ¥x MF{3,2)= 14,21 ¥m
D5{3 L 40) TE{4,3)= 9,00 ¥4
DE{3 31 N £14,3)==17,45 X
¥ {3 e  MF(4,3)= 2,00 km
DS{2,51=—17,£1 7 D5{53,3)= 17,81 ¥
De{2,5)= 35,57 kN DE{5,2)=-35,07 EN
MF2,3)= 3,31 XM MTJI,2i= 2,00 Ilm
I5¢3,¢t)= 17,53 0 25{¢,3)=~17,53 ¥R
DL{3,€1= 34,57 YN TENE,3)=—34,57 kN
¥F{3,é)j= -G, 17 X MF{c.3)= 92,90 ¥m
Making support 1 a roller support.
Click CSE=0 to CSE=1 and

type in TSTRING PH(1l)=0 Enter.

Before calculation make all 'displace-
ments' UH(I), UV(I) and UR(I) zero,
click Again next Calculate etc.

The values of the results show that
there is symmetry.

IE{l,.2)= O,94 ¥R D5§{2,1¥= 4,00 kN
DEJL 2)=—13, 4P i {2, 11=—27,52 EX
MI§l, 2= C,00 XMr  M¥F{2,li= 14,43 XMm
D5{2,31= 17,57 k7 2513,8)=—17,57 ¥
DE{2,3y=-17,50 kI e, 2y=—17,50 kN
HF{2.3)=-11,52 Nz MFI3,2)= 14,32 KXNm

D2{<,3)= I,30 EN
2€3{4,3)=—1353,45 31
¥F{4,3)= 3,00 Lklm
I5{2,3y=17.57 kX 25{3,2)= 17,57 kN
D€{2,5)= 35,32 X DE{5,2)=—35,22 N
¥§¥i2 3y= 4,24 LEm  ¥EI5,2i= 3,00 kMm
Io{3,¢)= 17,57 N 25{¢,3)==17,57 ¥
DE{3,ci= 35,02 kN 2€{€,3)=—35,02 kN
MF{3, &)= —C¢,24 Wm MF{£,31= 3,00 kNm
Ty {i)= SO0 JTI TI{L= d.44 JEI
TE{3)= 2,18 JEI mE{2)= 4,44 fEI
TR{2}= G,8¢ JEI
Uvi3)= 2,18 JEI  ©3(3)= -3.,44 JET
TR{3)= -3,£€ JEI
oTVi{d)= Seoh FEZ LA = -3.,44 /EI
T¥{3)= q,00 JET TUES= 0.90 fET
ovie)= 3,03 JEI T3{e= 3,099 /EIL
BE{l,2})= 4,82 JEI
BE{4,3)= -4, 82 [JEZ
IE{S.2)= B 183, D
gr{€,31= -3,13 /EX

Click Cls and Res(L,H) (H,1) for the member end
forces and moments indicated with the member

end numbers L and H shown on the left.

Here belowdrawn at the member ends with their
;eal directions.
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No symmetric values beause joint 1 is a hinge
support and joint 4 a roller support.
the reactions of the supports.

o Lt oy

3. hor.=0

Y mom. w.r.t.

See also
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0,09 +17,53

-17,61= 0,01 ok

joint/support 5= 0?2
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Y2 g = =z 1

7*13*4,5 -0,09%4 -34,97*9 ~10,49%11 +10,47*2=

409,50 -0,36 -314,73 -115,39
430,45 -430,48= -0,03 'is' 0 ok
Support 2

17.53 1754
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large as but opposite directed

>, mom.=0,

3, hor.=0,

>, vert.=0, yes!
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At jolt 2 act member end forces and moments as
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A click on DANA(L,H)

P4
Z =

All 1ETI EA=150EI

J | g i 4 i

Fig.3.

Private Sub LDANA Click()

FMT="0.00" B

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

Print " DA("™ & L & "," & H & ")=";

CX=2100

Tl1=Format (DAA(P,1),FMT) & " kN "

TW=TextWidth (T1)

CurrentX=CX-TW Print T1;

CurrentX=2205

Print " DA{(" &« H& "," & L & ")=";

CX=4305

Tl=Format (DRA(P,2),FMT) & " kN "

TW=TextWidth (T1)

CurrentX=CX-TW : Print T1

Print " NA(" & L & "," & H & ")=";

CX=2100

Tl=Format (NAA(P,1),FMT) & " kN "

TW=TextWidth (T1)

CurrentX=CX-TW : Print T1;

CurrentX=2205

Print " NA(" &« H& "," &« L & ")=";

CX=4305

T1l=Format (NAA(P,2),FMT) & " kN "

TW=TextWidth (T1)

CurrentX=CX-TW: Print TI1

Print " MF(" & L & "," & H & ")=";

CX=2100

Tl=Format (MF(P,1),FMT) & " kN "

TW=TextWidth (T1)

CurrentX=CX-TW : Print T1;

CurrentX=2205

Print " MF(" &« H & "," & L & ")=";

CX=4305

Tl=Format (MF(P,2),FMT) & " kN "

TW=TextWidth (T1)

CurrentX=CX-TW: Print T1: Print

Next P

End Sub

(H,L) prints the

results shown below.

-3
Ha
=

iZ.3)= -2,77 IN 243, y= 2,77 3%
{2,5)= -3,1% I HA{3.2)= E,1& W
2,351= 0,00 Mo ¥¥{3,2)= -1€,£2 IR
{3,41= 4,15 ¥ IRi{4,3)= -4,13 3N
{3,4¥= 0,00 X BA{4, = T, 00 IH
{2,4y= 1¢,€2 It ¥F{4,3)= 3,00 9
{1,2)= =-2,531 ¥® ZR{2.,11= 2,51 1IN
{1,2y= 3,22 I HAl,ly= -3,22 W
§1,2%= G.00 IHp ME{

Example. EX3

Fig.3.

The constructionis statically determinate,
ternally and internally.

ex—

There are N9=5 joints, 5 Tab, click on Joint
data to set the data all zero. Then click in
TSTRING to put in the support data,

PV{1)=1] Enter, PH(1l)=1] Enter, PV (4)-] Enter.

_.l_“ —13,34 .\.';\._Iﬂ;'

The following joint coordinates must be put in,
'see precedlng page, first cllck Coordlnates.

I X1(I) 1(I) I 1(I) (I)
il 0 8 4 13 4

2 3 4 5 6 0

3 9 4

The member data. In TP9 type 5 Tab, etc.
P9=5

P LL HH NL NH BA EI EA
1 2 3 il 0 2 1 150
2 3 4 0 1 3 1 150
3 1 2 1 0 1 1 150
4 2 5 0 1 2 1 150
5 3 5 1 1 3 1 150

There is one vertical joint load force of 9 kN.
Click CSE=0 to CSE=l, then type in TSTRING
FY(5)=9 Enter, next Calculate etc.

With the results printed on the left the member

end forces are drawn with their real directioms.

4,78, £E5
5 >.'/"
\K\ukyl V4
4 § -
¥

2 L h@l
4’;&/ % 2,91 o
3,81’/ 4

o N S
Bl

(N
'S

) 2,?/
<if
M&/ e 2 ’lr?z ? "
415 v7 4,5

E.g.

DA(2,5) is directed as assumed, ¥y direction,
DA(5,2) is not directed as assumed. not y dire;
NA(2,5) is directed as assumed, x direction,
NA(5,2) is not directed as assumed, not x dir.

I2{2,5)= 2,51 ¥ I&{5,2)= -2,51 I
W2{2,51= 4,72 3 RA{G.2)= 4,75 10
¥Fi2, 5= 14,34 D ME{S,2)= 0,00 IFy
TR{3,5y= 0,00 ¥ IR{5,3}= 4,00 TH
¥2{3,51= S.tS W MR{E,.3= -S,£5 IN
¥F{3,51= 0,00 P ¥F{5, 3= 4,00 1T




T832,3)= —5,15 N T3{3,21= 5.15 3%

T£{2,31= -2,77 I TE{3. 2= 2,77 BN

¥F2, 5= 0,00 Py ¥T{3,2)=-1¢.€2 INm

I5{3,41= U001 T84, 3y= 0,00 IR

TEL3, 4= 4,13 1FH TE{4,3)= -4,15 W

¥F{3,4)= 1¢,€2 Ion  ¥F{4,3)= 4,05 1T

T5{1,23= 0,90 ¥H o532, 1= G,00 ¥

DE{l,2)= 4,85 I/ T€i2,1)= 4,85 X

¥F{l,2}= 0,00 ¥ ¥F{2,1)=-14,54 1¥x

I§§2,5)= 3,15 I¥ T5¢5,21= -5,15 I

DE{2,5)= —2.02 IR Z€{3,2)= 2,08 kN

¥F{2,5i= 14,54 o X¥F5,2= 4,00 e

T5{3,5)= -3,13 I I8{3.3)= 5,15 1W

TE{3,5)= —£,32 I DE{E,3)= €,52 1IN

¥F{3, 5)= a,00 Mm ¥F{3,33= 4,00 IRm

Teila= 0,00 /EI DR{L= 4,00 JEI

Ti{y= 1£3,22 /EI  TBR{2)= 217,40 /EI

TR{23= 30,14 JEI

Tv{3)= 158,21 /EI TB(3)= 217,&l /EI

TR{3)= -27.40 fEI

T{41= 0,00 /EI  TB{4)= 217,€1 /EI

Tyisy= 121,07 /EI  TR{Z)= 243,35 JEI

TR{3)= 5,758 JET

BE {2,3)= 22,43 /EI

IE{4.51= -£0,€3 /EI

EE{l,2j= €£,4% JEI

PE{5,2)= —£.,21 /EI

BE{3,51= 5,75 JEI

RE{13= 0,03 ¥H R?{1l)= 3,85 N
Wi{di= 3,15 ™H

Aﬁf(3j::o

Click CSE=0 to CSE=l and type in
TSTRING NL(5)=0 Enter.

Click BAgain, Calculate etc.

U¥{l)= 0,00 /EI
Uv¥(2}= 146,51 /EI
UR(2)= 24,57 /EI
U¥(3)= 148,11 /EI
UR{3)= -14,87 /EI
U¥(4)= 0,00 /EIL
UV({5)= 147,71 /EI
HE(2,3)= 7,84 /EI

HE(4,3)=-48,10 /EI
HE{l,2)= 60,92 /EI
HE{5,2)=-11,77 /EI
_ HE(5,3)= 7,74 /EI

UH{l}= 0,00 /EI
UH(2j= 195,13 /EI
UH{3}= 195,39 /EI
UH(4j= 195,33 /EI
UH(5)= 196,36 /EI

Aand with another click the results are printed
as shown on the left. The member end forces and
moments indicated with their member end numbers.
Here below they are drawn with their real
directions. The members are seperated from the
joints.

9}0(?] 16’92
sy, R AP
59 W
P
59 2 \J, To
/9?"7\ 2 ']é,?z

G
~
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o \\ ] o
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Joints 2 and 5 are seperated from the members.
On the joints act forces and moments as large
as but opposite directed.

200 L AL
a9

2
- /4‘_—_4“ 5:49

dyer

Lg £r/

519 OT 549
/9,5—9'\‘T 9}7/7 Q,O&T é,99.

4,85
At member end 2 of member 4 acts 2,08 kN upward
thus downward on the joint.
At member end 2 of member 3 acts 4,85 kN down-
ward, then on the joint upward. X vert.=0. Etc.
Considering joint 5, it depends on the form of
the construction how the load of 9 kN is divi-
ded.  Suppose member 5 is at member end 3 rigid-
ly connected, then type NL(5)=0 Enter. The re-
sults are printed on the left and below.

D5{2,5)= 6,32 KN  DE(5,2)= -6,32 kN
D6{2,5)= -3,58 KN  D&(5,2)= 3,58 kN
MF({2,5)= 14,54 kNz  MF(5,2)= 0,00 kNn
D5(3,5)= -6,32 KN  D5(5,3)= 6,32 kN
DE(3,5)= -5,42 kN  D&(5,3)= 5,42 kN
MF(3,5)= -9,05 kNn  MF{5,3)= 0,00 kNn

Now there is a bending moment MF(3,5) and the
horizontal and vertical member end forces at
member ends 5 are different from those above.
The deformation of the construction differs
also, see the results on the left.

Now UR(3)=-14,87/EI instead of -2740/EI, and
slope HE(3,5) has disappeared.

With NL(1)=0 slope HE(2,3) will disappear be-
cause then the hinge has disappeared. -

;Z
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F
2 /o 2 L,
Vs T 2 =
3
!
T 13 omowm = FI =2
1 23 1 9 2 1 15
2 3 & & B 3 I 153
2 L2 2oz 1139
4 2 5 & 3 2 1 133
T 3 85 12 T 1 133
TVEA] J.50 JEI TEIL SeoZ JEZ
TR{L) £€,45 JET
TV¥{2= 1€3,22 fEI THi2j= 217,43 /EI
| TR{2'= 33,14 /EI
TW{3)= 158,21 fEI TUB{3)= 217,&L JEI
TR{3= -27,43 BT
Tridi= 3,00 ¢EI  UB{4i= 217,fl /FI
(TR{4)= -£3,£3 JEI
Fe{gy= 121,07 JEI  TH{E)= 247,35 SET
TR{Si= —-£,21 (EI
ZE(2,3)= 2085 /EI
3E{3.3)= 5,78 JEI
BE ¢35, 3= 3,7% JET
BEIli= 3,90 ¥ RV{li= 2,85 L5
RFid)= 4,15
D5{2,5)= &,0% K  D5(5,2)= -€,0% kXN
DE(2,5)= -2,02 YN D6{5,2)= 2,02 kN
¥F{2,5)= 14,54 ke MF{3,2)= 3,55 m
DS {3,5)= -6,09 XN DS{5,3)= &,09 kN
DE{3.5)= -€,92 ¥  D&{5,3)= §.52 N
| MF (3,5)= 0,00 X¥m MF(5,3)= -3,55 im
[ OV {1)= 2,00 /EI UH{Lj= 0,08 /EI
UV{2)= 156,32 fEI UH{2j= 208,21 /EI
| UR{2)= 27,84 /EI
UV{3)= 135,45 /JEI UH({3)= 208,45 /EI
TR(3)= -26,71 /EI
oV (4)= 9,00 /EI UH(4)= 208,45 /EI
U¥{5)= 176,28 /EI TUR({5)= 234,33 /EI
DR{5)= 0,42 /EI
HE{2,3)= 23,14 fEI
HE{4,3)= -59,94 /EI
BE{1,2)= &4,19% /EI
BE(3,5)= 9,47 /EI

Changing some member end indications NL{P) and
NH(P). With CSE=1 in TSTRING, NL(5)=1 Enter,
NH(5)=1 Enter, NL(3)=0 Enter, NH(2)=0 Enter,
NH(4)=0 Enter.

So real joints at member ends 3, 4 and 2.

Next Again, Calculate. See the displacements
printed on the left to compare with the first
results. Now joint rotations,

UR(1)= 66,49/EI instead of HE(1,2)= 66,49/ETI,
UR(4)=-60,63/EI instead of HE(4,3)=-60, 63/EI,
UR(5)= -6,21/EI instead of HE(5,2)= -6,21/EI.

Below the shear force, bending moment and
normal force diagrams. For sloping beams shear
force and normal force diagrams are fastsr to
draw with the member end forces printed w.r.t.
the member axis syatem x-y.

4,78

Some changes, with data from the beginning,
click AQagain, EX3, and CSE=0 to CSE=1, next
NH(4)=0 Enter and NH(5)=0 Enter.

Hinge 5 has disappeared, both member ends seen
as a real joint. One finds UR(5) instead of se-
parately calculated slopes HE(5,2) and HE(5,3).

&
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4= 3

F 1159 NLE2 22 EI EA Il

1 =2 l g8 1 i 2588 €,32

3 2 3 a0 2 1 100d €,00

BIB{Zi=1 1 = iz

1 = 2,349

k3 il 88 HL N3 22 EI Y I1

2 =2 g o1 21 1man oz an
Da(l,2)= 2,14 kN Da(2,11= -2,14 kN
Ma(l,2)= 21,16 kN NA{2,1)= -2},16 kN
MF({l,2)= 0,00 ENe MF(2,1)= 13,51 kNn
Da(2,3)= -19,40 KN D&(3,2)= -8,60 kN
NA(z,3)= 8,72 kN NA(3,2)= -8,72 kN
MF{Z,3)= -13,51 kNm MF(3,2})= 9,09 kNn
DA(3,4)= -1,82 EN Da{4,3)= 1,32 kN
NA(3,4)= 12,1® EN  MNi{4,3)= -12,11 kN
MF{3,4)= -9,09 kNm MF(4,3}= 0,00 kNn
U¥il)= 0,00 /JET  TH(l)= 0,00 /EI
Uviz21= -2,13 /EI UH(2)= -6,82 /EI
UR(2)= 27,35 /ET
0¥ (3] = 5,23 /EI  UH(3)= -6,87 /EI
UR({3)= -16,87 /EI
U¥d)= 0,00 /EI UH{4)= 0,00 /EI
HE(1,2)=-15,37 /EI
HE(4,3)= 5,85 /EI

/5,5/
f/
2#79
21,16

Example. EX4

Fig.1.

There are N9=4 joints, input 39 in text box TNG,
a click on Joint data, 8 joint data are set
zero. With four joints 8*4=40 data do not need
to be put in, except a few alterations. Then
click in TSTRING to put in the support data,
PV(l)=1 Enter, PH{1)=1 Enter, and

PV(4)=1 Enter, PH(4)=1 Enter.

Click on Coordinates, the cursor appears in
TSTRING,

then type each time a row of I, X1(I),Y1l(I),
1,0,6 Enter, 2,2,0 Enter, 3,8,0 Enter and

4,11,4 Enter.

The memker data.

P9=3 Type 3 in TPS, Tab etc.

P LL HH NL NH BA ET EA

1 1 2 1 0 il 1 1000
2 2 3 o] 0 2 1 1000
3 3 4 0 1 3 1 10000
Then a click on Beam load forces NFB(P) and

then type in TSTRING
P NFB(P) I F2 L2
2 1 1 28 2

A click on Calculate and then on one or more,
eventulally clearing the form with a click on
Cls. A click on DANA gives the results on the
left. Below member end forces are drawn with
their real directions

/3,57 76 Bl XJ»”?
3
2f T~
2y /82 /3?K§
/ 3
v /357 128 205 { "\
s 72N j < 2 Zp2
%4 'y
A e A, v &60
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= 929 2, /¢
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3,40 492X
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P K
M
Y P
2
2
&
%z, *
' %
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4?4/
N %%,
94,
RH(1)= &,72 kN R¥(1l)= 19,40 klm
RH(4)= ~8,72 kN E¥(d)= 5,60 kNm
Ux(l,2)= 0,00 /EI Ux({2,1)= -0,13 #EI
Ty(l,2)= 0,00 fJEI Uy(2,1)= -7,14 /EI
Ux(2,3)= -6,82 /EI Wx(3,2)= -6,87 /EI
Uy({2,3)= -2,13 /EI TUy(3,2)= 5,23 JEI
Ux(3,4)= 0,06 /EI Ux(4,3)= 0,00 /EI
Uy(3,4)= 8,63 /EI Uy(4,3)= 0,00 /EX
7z % %Y <
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(8,72)* (6) / (LOOOET) =0, 0523/ET /:/977

Fig.4

The member end displacements according to the
member axis syatem x—y. These are the assumed
directions/distances derived on page

Fig.5.,

Member 1 with Ux(1,2)=0 and Uy{(1l,2)=0, and
Ux(2,1)=-0,13/EI not as assumed directed as the
X axis but opposite, and

Uy(2,1)=-7,14/EI not as assumed directed as the
y axis but opposite,

both drawn with their real directions (sketcy
not same scale).

Now member end rotations can be calculated due
to the displacement Uy{2,1) and due to the mem-
ber end moment of 13,51 kNm.

Member end 1.

Due to 7,14/EI alone a slope to the left of
{(7,14/E1)/6,32= 1,13/ETI and

due to 13,51 kNm (see formula page 24)
(13,51*6,32)/{6*EI)= 14,23 to the left, so

1,13/EI + 14,23/EI= 15,36/EI to the left, and
that was found on the preceding page,
HE (1,2)=-15,37/EI.

Member end 2.

Also at this member end now 1,13/EI to the left
and due to 13,51 kNm

(13,51*6,32)/(§*EI)= 28,46/EI to the right,
then follows

28,46/EI -1,13/EI= 27,33/EI as was found, Jjoint
rotation UR(2)= 27,35/EI, correct.

Fig.6.

Member 2, on the left the slopes at the member
ends due to the displacements, on the right due
to member end moments and member load.

Member end 2.

Assume a slope to the right, then is written
H1+H2-H2-H3+H4=

(2,13/E1)/6 +{(5,23/EI)/6 —-(9,09*6)/(6*EI)

~-(13,51*6) / (3*ETL) +((28%2*%48 (6+4)) /{6*6*EI) =,
(0,36 +0,87 -9,09 -27,02 + 62,22)/EI= 27,34/EI
as found, UR(2)= 27,35/EI to the right.

For member end 3 follows H1+H2+H5+H6-H7,
(0,36 +0,87) +(9,09%6/ (3*EI) -

+{13,51*6)/ (6*EI) —{28*2*4*(6+2))/(6*6*EI)=
(0,36 +0,87 +18,18 +13,51 -49,78) /EI= -16,86/EI
as was found, UR(3)= -16,87/EI.

Fig.7.
Ux(2,3)=—6,82/EI, member end 2 of member 3 dis-
places 6,82/EI to the left,
Ux({3,2)=-6,87/EZ, member end 3 displaces to the
left, the beam shortens 0,05/EI. With Hooke's
law is
F=(EA/6)*(0,05/EI)=(1000*EI/6)* (0,05*/EI)

= 8,33 kN (rounded value 0,05). Preceding page
with NA(2,3)= 8,72 and NA(3,2)=-8,72 kN.

/0
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D5(1,2)= 0,71 kN D5{2,1)= -0,71 kN
De(l,2)= -5,00 kKN De(2,1)= 5,00 KN
MF({1,2)= 0,00 kEm HF(2,1)= 3,45 kln
D5{2,3)= 0,71 KN D5(3,2)= -0,71 EN
D6{2,3)= -5,00 kN  D6(3,2)= -1,00 kN
MF({2,3)= -3,45 kKNn MF(3,2)= 0,00 ENm
D5(3,4)= 0,71 kN D5(4,3)= -0,71 kKN
D6{3,4)= 1,00 kKN D6(4,3)= -1,00 KN
MF(3,4)= 0,00 kEm MF{4,3)= 3,45 kNn
D5({4,5)= 0,7PkN D5{5,4)= -0,71 kKN
D6{4,5)= 1,00 kN D&(5,4)= -1,00 KN
MF{4,5)= -3,45 kiin MF(5,4)= 0,00 kKNm
U¥{l)= 0,00 /EI UH{l)= 0,00 /EI
UR(1l)= -0,38 JEI
U7 (2)= 0,08 /JEI UH(2)= 11,69 /EI
UR(2)= 7,98 /EI
UV (3= 24,24 JEIL UH(3)= 20,35 /EI
UR(3)= 1,32 /EL
UV (4)= 0,02 /EI UH(4j= 29,04 fEI
UR(4)= 0,41 /EI
Uv¥(5)= 0,00 /EI UH(S5)= 0,00 /EI
HE(3,4)= -8,07 /EI
HE{5,4)= §,78 /EI
RH(1l)= 0,71 kKN RV (1l)= 5,00 kN
RH(5)= -0,71 kN R7(5)= 1,00 kN

Example. EX5a

Fig.1l.

N9=5 joints and P9=4 beams/members. Cursor in
TN9, type 5, Tab, click Joint data to set most
of necessary joint data, see page . Next

the data for the supports, PH(I) and PV(I) are
set all zero. Now click in TSTRING and type
PH(1)=1 Enter, PV(1l)=1 Enter, PH(5)=1 Enter and
PH(5)=1 Enter.

Next click Coordinates and type in TSTRING each
row of three joint data followed by Enter.

0 X1I{I ) Y1(I) i X1 (1) Y1(I)
il 0 6.51 4 9.24 1.66
2 0 1.66 S 9.24 6.51
3 4.62 0

Click in TP9 and type 4, Tab (or click in
TSTRING) and type each row of the following
beam data followed by Enter.

With the litlle stripes are the 'real' joints
indicated, then NL(P)=0 or NH(P)=0.

P9=4

P LL HH NL NH BA ET EA
il 1 2 0 0 al il 300
2 2 3 0 0 2 il 300
3 3 4 1 0 3 1 300
4 4 5 0 1 5 il 300
Fig.2

Beam P=2 is loaded with a vertical load force

of 6 kN. Until now this force must be resolved
into forces perpendicular to and along the beam.
Using similarity of triangles follow

(6/4,91)*4,62= 5,65 kN, (6/4,91)*1,66= 2,03 KkN.

Click on Beam load forces NFB(P) and type in
TSTRING

P NFB(P) I F22(P,I) L22(P,I)

2 1 1 5.65 1.64 Enter

A load force F55(P,I) is assumed to be directed
from lowest to highest beam end number at dis-
tance L55(P,I) from the lowest beam end number .
Here 2,03 kN is directed in opposite direction
therefore teh minus sign -2,03.

Now click on Beam load forces NFA(P) and type

in TSTRING needed row of data followed by Enter.

P NFA(P) I F55(pP,I) L55(P, I)

2 1 1 -2,03 1.64 Enter

Click Again (to be sure unknowns UV(I), UH(I)
and UR(I) are zero), Calculate to calculate the
unknowns, and with them beam end forces, beam
end moments reactions.

Next page, with Partl4 page 5,

s5(1,1,1) Enter
$5(1,1,1)= 0,10518 55374 26877

$5(1,1,3)= 0,25507 49282 60176
85(1,3,3)= 0,82474 22680 41237
S5(1,3,6)= 0,41237 11340 20619

//
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295,

CH=4,85 m RH=1,66 m HW=9.24 m page

NL{1)=0 WNH(4)=1 NH(2)=0 NL(3)=1

1 11 0 26 -11 0 26 1
2 0 6186 0 0 -6186 0 [
3 26 0 82 -26 0 41
4 -11 0 -26 11 0 -26
5 0 -6186 0 0 6186 0
6 26 0 41 -26 0 82

S5 of beam 1 EA= 300 *ETI

to multiply by EI/100

See Part 14 page 9, there

to multiply by EI/1000,

there 105, here rounded 11, etc.

2.69/57 ® 48

p) 2 P
/ /Ez,/ éé%?n
J ; y +

2.8

The joint rotations UR(1l) and UR(2),
both indicated with the little stripe.

The displacement of beam end 2 is
UH(2)= 11,69/EI, that's to the right.
At both ends arise a slope to the right
(11,69/EI)/4,85= 2,41/EI.

Due to beam end moment at beam end 2 of
3,45 kNm arises at end 2 a slope to the
right, 3,45*4,85/(3*EI)= 5,58/EI,

and at beam end 1 to the left
3,45%4,85/(6*EI}= 2,79/EI.

With assumption to the right is
UR(1l)= (2,41-2,79)/EI=-0,38/EI and
UR(2)= (2,41+5,58)/EI= 7,99/EI.

Some check calculations
Beam 1.

Fig.1l.

On the left beam end forces and beam end mo-—
ments are drawn with their assumed directions,
on the right with their real directions accor-
dong to the calculated values. A minus sign,
then opposite to the assumed direction.

The relation between 'forces' and 'displace-
ments' here below.

D5(1,2ﬂ 'UH(l) F 0 1 | o
D6(1,2) [ uv(1) [ o [ o
MF(1,2) = S5 | UR(1) -0,38 or | -0,379
D5(2,1) UH (2) 11,69 | 11,692
D6(2,1) uv(2) 0,08 0,081
MF(2,1) UR(2) 7,99 7,990
£ = 85 u u /EI

On the left the beam stiffness matrix S5 found

on page 9 of Partl4.
B 'force' = row of 55 times column u.

Zero multiplications are omitted.

D5(1,2)= 26(-0,38)~11(11,69)+26(7,99)

-9,88 -128,59 +207,74 = 69,27
times (EI/100) (/EI) = 0,69 kN
D6(1,2)=-6186(0,08)=-494,88
times (EI/100) (/EI) =-4,95 kN
MF(1,2)= 82(-0,38)-26(11,69)+41(7,89%9)=
-31,16 ~303,94 +327,59 = 17,51
times (EI/100) (/EI) = 0,08 kNm

With one more decimal for the displacements
follow
D5(1,2)=26(-0,379)-11(11,692)+26(7,990)=
-9,854-128,612+207,740 = 69,274

*(EI/100) (/EI)= 0,69 kN

D6(1,2)=-6186(0,081)=-501,066 is 5,01 kN

MF(1,2)=82(-0,379)-26(11,692)+41*(7,990)=
-31,078-303,992+327,590 =-7,480 is 0,08 kNm

See Partl4 page 5 to get elements of S5 with
decimals, with 85(1,1,4) Enter.

Two decimals? 11 is 10,52 82 is 82,47

26 is 25,51 41 is 41,24 Then follows

D5(1,2)=
25,51(-0,379)-10,51(11,692)+25,51(7,980)=
-9,668-122,883+203,825= 71,274 is 0,71 kN

D6{1,2)? a smaller value than 0,081? Well, it
is 0,08085 and then is
D6{1,2)=-6186(0,08085)=-500,138 1is 5,00 kN

MF(1,2)=
82,47(-0,379)-25,51(11,692)+41,24(7,990)=
-31,256-298,262+329,508= -0,010 is 0,00! kNm

Beam end forces and moments are calculated with
numbers with a lot of decimals. The results
with rounded values are sufficient accurate...

U
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1| 5413
2| -1941
3 | 8
4 ‘—5413
5| 1941
6 8

2 3
-1941 8
708 23
23 81
1941 -8
-708 -23
23 41

-5413
1941
-8

5413
-1941
-8

1941
-708
-23

-1841
708
-23

Beam 1.

Fig.4.

Beam end forces and beam end moments are drawn
with their real directions.
The relation between
ments' here below. The values of u are taken
from page J/ .

'forces’

and 'displace-

D5(2,3) | vr(2) 11, 69 11,692W

D6(2,3) uv{2) 0,08 | 0,081

MF(2,3)| = S5 | UR(2) 7,99 | or 7,990

D5(3,2) UH(3) 20,35 20,354

D6(3,2) Uv (3) 24,24 24,237

MF (3, 2) UR(3) 1,32 1,316
£ = 55 u u /EI

On the left the beam stiffness matrix S5 found

on page %

For use the elements are divided

by 100. Zero multiplications are omitted.

For D5(2,

3) is found 0,71 kN,

to check.

S5 of beam 2 EA=300 *EI
to multiply by EI/100

* Partl4d page 9

M1(2)= 4,11 kiim H2(2)= 2,06
RL(2)= 4,18 kN  R2(2)= 1,47
N1{2j= ~-1,35 kN  N2{2}= -0,68

Primary forces and moments.

('The computer 'knows' best'...)

D5(2,3)= 54,13(11,69)-19,41(0,08)+0,08(7,99)
-54,13(20,35)+19,41(24,24)+0,08(1,32)

=632,78-1,55+0,64-1105,55+470,50+0,11= 0,93 kN

to the right, due to displacements alone.

The influence of the primary forces at beam end

2 must be added.

Fig.5.

The horizontal components are
(4,18/4,91)*1,66= 1,41 kN to the left, and
(1,35/4,91)*4,62= 1,27 kN to the right.
Then to the right minus to the left is
0,93 + 1,27 -1,41= 0,79 <> 0,71 kN

Another try with u with three decimals.
D5(2,3)=

54,13(11,692)-19,41(0,081)+0,08(7,990)
-54,13(20,354)+19,41(24,237)+0,08(1,316)
=632,89-1,57+0,64-1101,76+470,44+0,11= 0,75 kN
0,75 + 1,27 -1,41= 0,61 <> 0,71 kN

A try with two more decimals for the elements
of S5 which can be found .
855(2,1,1)= 54,1343206745647 is 54,1343
$55(2,1,2)=-19,4144161655519 is -19,4144
$55(2,1,3)= 0,08418481746388 1is 0,0841
D5(2,3)=
54,1343(11,692)-19,4144(0,081)+0,0841(7,980)
-54,1343(20,354)+19,4144(24,237)+0,0841(1,316)
=632,94-1,57+0,67-1101,85+470,55+0,11= 0,85 kN
0,85 + 1,27 -1,41= 0,71 = 0,71 kN!

And D6(2,3) with 'short' values, first try?
D6(2,3)=-19,41(11,69)+7,08(0,08)+0,23(7,99)

19,41(20,35)-7,08({24,24)+0,23(1,32)
-226,9040,57+1,84+394,99-171, 62+0,30= -0,82 kN,
not downward but upward.

The vertical components of 4,18 and 1,35 are
(4,18/4,91)*4,62= 3,93 kN upward, and
(1,35/4,91)*1,66= 0,46 kN upward.

0,82 + 0,46 + 3,93= 5,21 <> 5,00 kN

With the third way of calculation one will find
0,61 + 0,46 +3,93= 5,00 kN, wonderful.
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AR 3
/
248 C‘ ol F9.8.
54 -
2587
£5
2
4,03 \
£y Hl3 /éeigi?-é?
Ux({2,3)= 10,98 /EI Ux(3,2)= 10,96 /EI
Uy(2,3)= 4,03 /EI Uy(3,2)= 29,69 /EI

NB Excuse, SL1 is HL1l, SRl is HR1l! Etc.

= 2, 38— 3 452898 4m

Da(l,2)= 0,71 kKN DA(2,1)= -0,71 EN
WA{l,2)= 5,00 KN NA(2,l1)= -5,00 EN
MF{l,2)= 0,00 kEm HF(2,1)= 3,45 kim

DA{2,3)= -4,47 KN DA(3,2)= -1,18 kN
MA{(2,3)= 2,36 EN HA(3,2)= -0,33 kN
MF(2,3)= -3,45 kNm MF(3,2)= 0,00 kNn

DA(3,4)= 0,70 KN
Na(3,4)= 1,01 KN

DA(4,3)= -0,30 kN
Ha{4,3)= -1,01 kN

MF{3,4)= 0,00 kNm NF(4,3)= 3,45 kln
DA{4,5)= -0,71 kKN DA(S,4)= 0,71 kN
NA(4,5)= 1,00 kN NA{5,4)= =1,00 kN

MF(4,5)= -3,45 kNm MF(5,4)= 0,00 kNn

Checking joint rotations UR(2) and UR(3), or
beam end slopes of beam 2.
Due to 5,65 KkN.
Fig.7.
SL1 {(5,65) {(1,64) (3,27)(4,91+3,27)/(6*4,91*ET)
(30,30) (8,18) /(29,46*EI)
8,41/EI to the right.
(5,65) (1,64) (3,27) (4,91+1,64)/(6*4,91*EI)
(30,30) (6,55)/(28,46*EI)
6,74/EI to the left.
Due to 3,45 kNm at beam wnd 2.
Fig.8.
SL2= (3,45) (4,91)/(3*EI)= 5,65/EI to the left.
SR2= (3,45) (4,91)/(6*EI1)= 2,82/EI to the right.
Due to the beam end displacements perpendicu-
lar to the beam.
Fig.9S.
Uy{2,3)= 4,03/EI and Uy{3,2)= 29,69/EI.
SL3= (29,69/EI-4,03/EI)/4,91

= 5,23/EI to the right.
Now to the right=
to the right minus to the left
At beam end 2 (8,41-5,65+5,23)/EI= 7,99/EI
is UR(2)= 7,99/EI, correct.
At beam end 3 (2,82+5,23-6,74)/EI= 1,31/EI
is UR(3)= 1,32/EI, correct. Both positive
answers, so as assumed to the right. Etc.

SR1

SR3=SL3=5,23/EL

The diagrams are drawn with different scales.
Transverse forces DA(,) and normal forces NA(,)
have assumed directions according to the x and
y axes of the member axis system x-y placed at
the lowest member/beam end number, : ~

That applies to the displacements Ux(,) and
Uy(,) of the beam ends as well.

6:6'5 033 "JD
,\/ Py
2, 36/b§ 1,18 7o 1,0/
3&5 9#7 ,I
4
V4 ?;b
2

4eo
o
T 7
& N
i
400




£.62

4,62

2,24 =

D5(1,2)= 0,91
De(l,2)= -5,14
MF(1l,2)= 1,09

D5(2,3)= 0,91
De(2,31= -5,14
MF(2,3)= -3,30

D5(3,4)= 0,91
D&(3,4})= 0,66
MF(3,4)= 0,47

D5({4,5)= 0,91
D6(4,5}= 0,86
MF(4,5)= -2,01

U¥(l)= 0,00
UR{l}j= 0,00
Uv{2)= 0,08
UR{2}= 5,35
UV(3}= 9,15
UR{3]= -2,85
uvi4y= 0,01
UR{4}= 0,92
Uv{5}= 0,00
UR{5}= 0,00
RH{1)= 0,91
RM({1l}= 1,09
RH(5)= -0,91
RM(5)= -2,39

1 Lq?

Clicking M5MAX gives maximum,

kN
kNm

kN
kN
kKNn

kN
kN
ENm

kN
kN
kNn

JEI
/EI
JEI
JEI
JEL
/EI
/EI
JEI
/EI
/EI

kN
kNm
kN

D5(2,1)=
D6{2,1)=
MF(2,1}=
D5(3,2)=
D6(3,2)=
MF(3,2)=
D5(4,3)=
D6(4,3)=
MF(4,3)=
D5(5,4)=
D6(5,4)=
MF(5,4)=
UH{l)=

UH{2)=

UH(3)=

UH(4) =

UH(5)=

R¥(1l)=

R¥(5)=

2,§g

and member end moments.

0,00
4,36
7,60
10,86

0,00

4

el

kN
klin
kN
kN
klm
kN
kN
kNn
/EI
fET
/EI
/EL

/EI

5,14 kN

0,86 kN

zexo

jExample. EX5b, EX5a plus PR(1)=l and PR(5)=1.
|

Fig.1l.

Like last example on page 11 but now wirhout
hinges, joint 1 and 5 are clamps.

Cursor in TN9, type 5, click Joint data to give
joint data start wvalues.

Next cursor in TSTRING to type

PV(1)=1 Enter, PH(1l)=1 Enter, PR(1l)=1 Enter,

PV (5)=1 Enter, PH(5)=1 Enter, PR(5)=1 Enter.
Then click Coordinates, CSE=0, DS=1, NV=3, and

type in TSTRING, like on page ,
I X1(I) Y1(I) I X1(I) Y1(I)
1 0 6.51 4 9.24 1.66
2 0 1.66 5] 9.24 6.51
3 4,62 0

Cursor in TP9, type 4, Tab, cursor in TSTRING
to type four rows of member data.

P9=4

p LL HH NL NH BA EI EA
il 1 2 0 0 1 1 300
2 2 3 0 0 2 1 300
3 3 4 0 0 3 1 300
4 4 5 0 0 S 1 300

No hinges, all NL(P)=0 and NH{P)=0.

Click Beam load forces NFB(P), type in TSTRING,
P NFB(P) I F22(P,I) L22(P,I)

2 1 1 5.65 1.64 Enter, and
click Beam load forces NEA(P), type in TSTRING,
P NFA(P) I F55(P,I) L55(P,I)

2 1 1 -2.03 1.64 Enter.

The force of 2.03 kN is directed towards the x
axis of the member axis sytem, not as assumed
thus a minus sign.

Click Caleulte, Res(L,H) (H,L) and Reactions to
get the results printed like shown on the left.

‘Next the case with the vertical force on the
jright on member 3, mirrorred. Other data the
!same. When going on after the last results,
first make the loads on member 2 zero with

Click Beam load forces NFB(P), type in TSTRING,
P NEB(P) I F¥22(P,I) L22(P,I)

2 0 Enter, that's enough, and

click Beam load forces NFA(P), type in TSTRING,
P NFA(P) I F55(P,I) L55(P, I)

2 0 Enter. Next the loads on member 3.

Click Beam load forces NFB(P), type in TSTRING,
P NFB(P) I F22(P,I) L22(P,I)

3 1 1 5.65 3.27 Enter, and
Click Beam load forces NFA(P), type in TSTRING,
P NFA(P) I F55(P,I) L55(p,I)

3 1 1 2.03 3.27 Enter.

Click Again, Calculate and Reactions to get the
results. Now one finds

MH(3)=-7,60/FT and earlier UH(3)= T7,AN/ET,
UR(3)= 2,84/EI and earlier UR(3)=-2,85/EIL,
UR(2)=-0,92/EI and earlier UR(4)= 0,92/EI, etc.

RH(1)= 0,91 kN RV(1)= 0,86 kN
RM(1)= 2,39 kNm
RH(5)=-0,91 kN RV (5)= 5,14 kN
RM(5)=-1,09 kNm
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| 4.63 ; 4,62
: g,A5m ;
Ha= 3
I ¥ IFTUFSFEI MZI R UR SR
1 0 1 0 0 58,24 0O I 4 0
2 0 g 0 0 &.24 0 0 4 0
3 90 g 0 0 4,82 4 g 0 3
i 4 300 9 G,08 g 3 0 9
I o 1 o g &a,d03 o 1L 4 g
I % ¥ UEB SEH YL
1 0 1 0 0 ¢£,51
2 i a0 0 0 l,2¢
3 0 g 0 0 g,40
4 0 O ¢ 0 1,e€
5 4 1 0 g g,51
Fa= 4
¥ 11L. BB WML HNE B2 EI F2 11
1 4 5 g 1 5 1 300 4,25
2 3 4 g 0 4 1 300 4,51
#ER§y=1 I 2 12
1 5,&é5 1,¢4
NFLiZi=1 I F5 13
1 2,43 3,27
¥ 11 EP HLEE 22 EI EX Ll
3 2 3 a4 3 1 337 4,581
4 1 2 g o 1 1 300 4,83
TV {l}= 0,00 /EI UB{l)= a,90 /ET
TR{l)= 9,03 /EI
T/ {21= J,01 YEI  UR{2)= 14,3Z¢ /ET
UR{2}= g.52 fEI
oV {3)= 4,15 /EI TRH{3)= 7,60 fEI
TR{3})= -2,85 /EI
Tidy= 0,088 fEI THi4i= 4.3€ /ET
DR{4)= 5,35 7/EI
¥ {5i= 3.90 JEI  TBH{S)= 0,00 /ET
DR{Z)= J.00 FEI
RE{l)= ~-3,81 R¥ (1= d,8¢ ¥
RMili= -2,35 e
RE{3})= U.51 k¥ R7F{3)= 5,14 W
R¥{5)= 1,08 k¥
Ux44,3)= 0,02 fEI TUxm{5.41= 0,00 /BT
Oyi4,5i= -4,3¢€ /EI TUyi{i,4)= 02,00 /E]
Us¢3.41= -4,0€ /EI UTx{4,31= -—4,08 fE]
Oy {3,4y= -11,18 fEI TUyi4,3}= =-1,35 /E]J]

Example. EX5c

Different joint numbering.

First type 5 in TP9, Tab, cursor in TSTRING.
Click Joint data and type in TSTRING

PH(1)=1 Enter, PV(1l)=1 Enter, PR(1)=1 Enter,
PH(5)=1 Enter, PV(5)=1 Enter, PR(5)=1 Enter.
N9=5 joints.

I X1(I) Y1(I) I X1(I) Y1(I)

1 9.24 6.51 4 0 1.66

2 9.24 1.66 5 0 6.51

3 4.62 0

P9=4 members.

P LL HH NL NH BA EI EA

1 4 5 0 0 5 1 300

2 3 4 0 0 4 1 300

3 2 3 0 0 3 1 300

4 1 2 0 0 1 1 300

P NEB (P) I F22(P,I) L22(P,I)

2 1 1 5.65 1.64

Click Beam load forces NFB(P), type in TSTRING
2,1,1,5.65,1.64 Enter.

P NFA(P) I F55(P,I) L55(p,I)

2 1 1 2.03 3.27

Click Beam load forces NFBA(P), type in TSTRING
2,1,1,2.03,3.27 Enter.

Calculate etc.

TR{4,5)= 0,31 ¥ IR{5.4}= -9,51 kN
RR{4,5)= 5,14 N HR{5.4)= -5.14 IiN
¥F{4,51= 3,30 XMw ME{S.4)= 1,05 ki
TR{3.4)= 1,12 @@ ZIR{4,3)= 4,53 1N
R&{3,4)= 0,5¢ XN HA{4,.3)= -2,58 kN
¥F{3,41= -0,47 IMm ¥r(4.3)= -3,30 kiig
I2{2,3}= 0,51 YN DR{3,2)= -0,51 W
Ma{2.3;= 1,15 ¥ Naf3,2)= -1,i5 W
MF{2,3)= 2,01 o MF{3,2)= 9.47 ki
on¢l.2)= -G,81L X0 IR¢2,.1)= 9,31 1N
WA{l,2}= 0,86 ¥ MR{2,1)= -0,8€ kN
WFil,2)= -2,35 m ¥r{2,1}= -2,01 kﬁnl
I5{4,5)= -4,51 1IN D55 4y= 0,51 IR
DE{4,.51= 5,14 kN DE{5,4)= -5.14 kN
¥F{4,51= 3,30 o M¥F({5,4)= 1,04 lEm
T5{3,4y= -0,5L kN o5¢4,3y= 0,51 0
DE{3,4)= -0,5¢ kN TE{4,3)= 5,14 k8
¥F{3,4)= -0,47 ife MF{4,3)= -3,30 kfm
D5{2,3}= -0,51 ¥ D5{3,21= ©T,51 k¥
DE{R,3)= -0,2¢ XA T€{3,21= 0.8¢ kN
¥F(2,3)= 2,0l ¥ ¥E{3. 2)= 0,47 Ilm
541, 2y= -0,51 XN o5¢2,1y= 0,51 3N
D€{1,2)= -0,8¢ kN DE{2.1)= J.8¢ kN
¥7i{l,2)= -3,35 XFe ¥F{2,1i= -2,91 1Nm




UVi{ly= 0,00 /EI UH{l})= 0,00 EEEW
ov{2)= 4,26 /EI  UH{2)= 154,73 /EI
UR{2)= 40,28 /EI
uv{3)= 4,46 /EI  UH{3)= 156,33 /EI
Uv{4)= 0,34 /EI TUH{4)= 15%,06 /EI
OR(4)= 28,35 /EI
uv(5)= 0,00 fEI  UH(S)= 0,080 /EI
HE(1,2)= 57,25 /EI
BE(3,2)= -29,75 /EI
HE(3,4)= -1§,12 /EI
HE(S,4})= 65,35 (EI
[®b:
* AN
< -
4
3
1
ovV(l)= 0,00 /ET TH(l)= 0,00 /EI
OR{l)= 57,22 /EI
uv(2)= 0,00 /ET UH{2)= 0,00 /EI
uv(3)= 4,53 /EI UH(3)= 156,81 /EI
UR(3)= -1§,15 /EI
Uv(4)= 0,26 /EI UH(4)= 154,72 /EI
UR(4)= 40,27 /EI
Uv(5)= 0,34 /EI  UH(S}= 159,08 /EI
UR(5)= 28,35 /EI
HE (3,4)= =-29,72 /EI
HE{2,5)= €5,37 /EI
=
T
i
X
g
(3
5 Exdbe IE
uv(l)= 0,26 /JEI UH(l)= 154,78 /EI
UR{1)= 40,28 /EI
ov(2)= 0,00 /EI UH(2)= 0,00 /EI
UR({2)= 65,35 /EI
oV (3)= 0,34 /EI UH(3)= 159,06 /EI
UR(3)= 28,35 /EI
uv{4y= 4,46 /EI UH(4)= 156,83 /EI
UR(&)= -28,75 /EI
oV (5)= 0,00 /EI UH(S)= 0,00 (EI
HF {5, 1)m 87,25 /T
HE(4,3)= -1§,12 /EI

Example.

Three same 3-hinge frames with different joint
and member numbering, and different places of

the beam axis systmulg/, and
the same final results of the calculation.

EX6a

I X1 (1) Y1(I) I X1(1) Y1(I)
1 0 5 4 7 2
2 0 2 5 7 5
|3 4 0

P LL HH NL NH BA ET EA
il i 2 1 0 1 1 120
2 2 3 0 1 2 1 120
3 3 4 1 0 3 1 120
4 4 5 0 1 4 1 120
Four member ends with a hinge.

P NQB(P) I ©3 04 13 L4

2 1 1 6 6 0 4,47

is UR(l)= 57,22/EI
is UR(4)=-29,75/EI

of EX6b,
of EXé6c,

HE(1,2)= 57,25/EI
JHE(3,2)=-29,75/EI
|

HE (3,4)=-16,12/ET

is UR(3)=-16,15/EI of EX6Db,

|HE (5,4)= 65,35/EI is UR(2)= 65,35/EI of EX6cC.
|EX6b

I X1 (1) Y1(T) i X1 (1) Y1(T)
1 0 5 4 0 2
2 7 5 5 il 2
3 4 0

P LL HH NL NH BA ET EA
1 3 4 1 0 3 1 120
2 3 ) 0 0 3 1 120
|3 1 4 0 0 4 1 120
4 2 5 1 0 5 il 120
Two member ends with a hinge.

P NOB(P) T 03 Q4 L3 L4

1 1 1 -6 -6 0 4,47

HE(1,2)= 57,25/EI of EX6a now UR(l)= 57,22/EI,

IHE(3,4)=—16,12/EI of EX6a now UR(3)=-16,15/EI.

EX6C

I X1 (T) Y1(I) I X1 (I) Y1 (I)
1 0 2 4 4 0
2 7 5 5 0 5
3 7 2

P LL HH NL NH BA ETL EA
1 2 3 0 0 2 1 120
2 1 4 0 0 1 1 120
3 1 5 0 1 5 1 120
4 3 4 0 1 3 1 120
Two member ends with a hinge.

P NOB(P) T Q3 04 L3 L4

2 1 1 6 6 0 4,47

UR(l)= 27,22/EI of EX6b now HE(5,1)= 57,25/EI,
UR(3)=-16,15/EI of EX6b now HE(4,3)=-16,12/EIL.
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, To get an impression of the written

code

It's

-

="

which can be done in other ways.

a try and it works.

Private Sub COK_Click()
If CSE=0 Then
T1=TSTRING.Text
NS=1

For J=1 To NV : E=""
For K=NS To NC
CR=Mid (T1,K, 1)}

If CR=",” Then
NS=K+1 : Exit For
End If

E=E & CR

Next K

SELECTC

Next J

TSTRING. Text=""

: NC=Len(T1)

ElseIf CSE=1 Then
T1=TSTRING.Text
T2=Mid(T1,1,2)

If T2="NL" Or T2="NH" Then
If Mid(T1,5,1)=")" Then
p=val(Mid(T1,4,1))

VE=Val (Mid(T1,7,1))

ElseIf Mid(T1,6,1)=")" Then
P=vVal (Mid (T1,4,2))
VE=Val (Mid (T1,8,1))

End If

If T2="NL" Then NL(P)=VE

If T2="NH" Then NH (P)=VE

Elself T2="PV" Or T2="PH" Or
T2="PR" Then

If Mid(T1,5,1)=")" Then

I=val (Mid (T1,4,1})

VE=Val (Mid (T1,7,1))

ElseIf Mid(T1,6,1)=")" Then

I=val (Mid(T1,4,2))

VE=Val (Mid(T1,8,1))

End If

If T2="PV" Then PV (I)=VE

If T2="PH" Then PH(I})=VE

If T2="PR" Then PR(I}=VE

Elself T2="FX" Or T2="FY" Then
NC=Len(T1)

If Mid(T1,5,1)=")" Then
I=Val (Mid(T1,4,1))
VE=Val (Mid (T1,7,NC-6))
ElseIf Mid(T1,6,1)=")" Then
I=val (Mid(T1,4,2))

VE=Val (Mid(T1,8,NC-7))

End If

If T2="FX" Then FX(I)=VE

If T2="FY" Then FY(I)=VE
End If

TSTRING=""

End If

End Sub

]}

Private Sub SELECTC()
—_—

I1f DS=1 Then

Sel=act Case J

Case 1 I=Val(E)
Case 2 : X1(I)=Val(E)
Case 3 : Y1 (I)=Val(E)
End Select

ElseIf DS=2 Then
Select Case J

Case 1 : P=Vall(E)

Case 2 : LL(P)-Val(E)

Case 3 : HH(P)=Vall(E)

Case 4 : NL(P)=Vall(E)

Case 5 : NH(P)=Val (E)

Case 6 : BA{P)=Val(E}

Case 7 : EII (P)=Vall(E)
Case 8 : EAA(P)=Val(E)
End Select

ElseIf DS=3 Then
Select Case J

Case 1 pP=val(E)

Case 2 : NFB(P)=Val(E)
Case 3 I=Val (E)

Case 4 F22 (P, I)=Val(E)
Case 5 : Lz2(p,I)=Val(E)
End Select

ElseIf DS=4 Then
Select Case J
Case 1 : P=Val(E)

Case 2 : NOB(P)=Val(E)}
Case 3 : I=Val(E)

Case 4 : Q33(P,I)=Val(E)
Case 5 : Q44(P,I)=Val(E)
Case 6 : L33(p,I)=Val(E)
Case 7 : L44(P,I)=Val(E)
End Select

ElseIf DS=33 Then
Select Case J
Case 1 : P=Val(E)

Case 2 : NFA(P)=Val(E)
Case 3 I=Val (E)

Case 4 : F55(P,I)=Val(E)
Case 5 : L55(P,I)=Val(E)
End Select

ElseIf DS=44 Then
Select Case J

Case 1 : P=Val(E)

Case 2 : NQA(P)=Val(E)
Case 3 : I=Val(E)

Case 4 : Q66(P,I)=Val(E)
Case 5 Q77 (P, I)=Val(E)
Case 6 L66 (P, I)=Val (E)
Case 7 : L77(P,I)=Val(E)
End Select

End If

End Sub

(NV=3)

(NV=8)

(NV=5)

(NV=T)
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——Private Sub LSHOWl Click()
CurrentY=0
FontName="Courier New"
FontSize=9

For I=1 To N9

If PV(I)=0 Then UV(I)=0
If PH(I)=0 Then UH(I)=0
If PR(I}=0 Then UR(I}=0

Next I
NLNHLERE
Current¥=210 : Print "N9= " & N9
Print " I FY PV UV SV X1";
Print " MZ PR UR SR"

~ Por I=1 To N9
CurrentX=105 Print I:
CurrentX=525 Print FY(I);
CurrentX=1050 Priny EV(I);

Print UV (IL);
Print SV (I);

CurrentX=1365
CurrentX=1680
CurrentX=2010
Print Format (X1(I),"0.00");
CurrentX=2520 : Print MZ(I);
CurrentX=2940 Print PR(I);
CurrentX=3255 Print UR(I);
L CurrentX=3570 : Print SR(I);
Next I

Print " I FX PH UH SH Y1"
— For I=1 To N9
CurrentX=105
CurrentX=525
CurrentX=1050
CurrentX=1365
CurrentX=1680
CurrentX=2010
Print Format (Y1(I),"0.00™)
— Next I

Print I;
Print FX(I);
Print PH(I);
Print UH(I):
Print SH(I);

—— For P=1 To P9

L— End Sub

—— Private Sub LSHOW2 Click(}

FontName="Courier New"
FontSize=9

NLNHLERE

CurrentX=210 Print "P9= " & P9
Print " P LI, HH NL NH";
Print " BA EI EA 1"

L=LL(P) : H=HH(P)
D1=X1 (H)-X1(L) D2=Y1 (H) ~Y1 (L)
L!! (P)=Sqr(D1"~2+D2"2)

CurrentX=105 Print P;
CurrentX=525 Print LL(P);
CurrentX=840 Print HH(P);

CurrentX=1260 : Print NL(P):
LE (P)=NL(P)

CurrentX=1575
RE (P)=NH (P)

CurrentX=2100
CurrentX=2505
CurrentX=2820
CurrentX=3480
Print Format (L11(P),™*0.00")

Print NH(P);

Print BA(P);
Print EII(P):
Print EAA(P);

— If NFB(P)>0 Then

Print " NFB(" & P & ")=" & NFB(P);
CurrentX=1365
Print "I F2 L2"

- For P=1 To PS

For I=1 To NFB(P)

Current¥=1260 Print I;
CurrentX=1680 Print F22(P,I):;
CurrentX=2310

Print Format (L22(P,I),"0.00")
Next I

End If

If NOB(P)>0 Then

print " NQB("™ & P & ™)=" & NOB(P):
CurrentX=1260
Print " I 03
For I=1 To NQB(P)
CurrentX=1260 Print I;
CurrentX=1680 Print Q33(P,I);
Current¥=2310 : Print Q44(P,I);
CurrentX=2940

Print Format (L33(P,I),"0.00");
CurrentX=3570

Print Format (L44(P,I),"0.00")
Next I

EFnd If

Q4 L3 L4"

If NFA(P)>0 Then

Print " NFA(" & P & ")=" & NFA(P)?
CurrentX=1365
Print "I F2 L2"

For I=1 To NFA(P)

CurrentX=1260 Print I;
CurrentX=1680 Print F55(P,I);
CurrentX=2310

Print Format (L55(P,I),"0.00")
Next I

End If

If NQA(P)>0 Then

Print " NQA(" & P & ")=" & NQA (P) ;
CurrentX=1260

Print " I Q3 Q4 L3 La"
For I=1 To NQA(P)

CurrentX=1260 : Print I;
Current¥=1680 : Print Q66(P,I):
CurrentX=2310 Print Q77(P,I1);
CurrentX=2940

Print Format (L66(P,I},"0.60");
CurrentX=3570

Print Format (L77(P,I),"0.00")
Next I

End If

If NFB(P)>0 Or NQB(P)>0 Or _
NFA (P)>0 Or NQA(P)>0 Then
If P<PY Then

Print " P LL HH NL NH";
Print * BA EI EA Li"
End If

End If

Next P Print

End Sub

Private Sub NLNHLERE ()
L=LL(P) H=HH (P}
If BA(P)=L Then LE(P)=NL(P)
: RE(P)=NH(P)
If BA(P)=H Then LE (P)=NH(P)
RE (P)=NL (P)
Next P
End Sub

/9
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Private Sub RESULTS()

For P=1 To P9 L=LL (P)
FMT="O' 00"

'Member end forces

If RST=1 Then

Print " D5(" & P & ",1=";
Else

Print " D5(" & L & "," & H

& ")="; -
End If

CX=1995
Tl=Format (D5 (P, 1), FMT) & "
TW=TextWidth (T1)
CurrentX=CX-TW
CurrentX=2205
If RST=1 Then
Print " D5(" & P & ", 2)=";
Else

Print " D5{(" &« H& "," & L
& ll)=ll;

End If

CX=4200

Tl=Format (D5(P,2), FMT) &
TW=TextWidth (T1)
CurrentX=CX-TW
If RST=1 Then
print " D6(" & P & ",1)=";

Else

Print " D6(" & L & "," & H

& ")="; =
End If

CxX=1995

Tl1=Format (D6 (P, 1) ,FMT) & " kN "
TW=TextWidth (T1)
CurrentX=CX-TW
CurrentX=2205
If RST=1 Then

H=HH (P)

K "

Print T1:

" kN "

Print T1

Print T1;

Print " D6(" & P & ",2)=";

Else

Print " D6(" &« H& "," & L

& Il)=",, -
End If

CX=4200

Tl=Format (D6 (P,2),FMT) & " kKN "
TW=TextWidth (T1)

CurrentX=CX-TW Print T1

If RST=1 Then

print " MF(" & P & ",1)=";
Else

print " MF(" &« L & "," & H

& u)=n; -
Fnd If

Cx=1995

Tl=Format (MF(P,1),FMT &
TW=TextWidth (T1)
CurrentX=CX-TW
CurrentX=2205
If RST=1 Then
Print " ME(" & P & ",2)="i
Else

print " MF(” &« H& ",” & L

& ")="; -
End If

CX=4200
Tl=Format (MF (P, 2),FMT) &
TW=TextWuidth (T1)
CurrentX=CX-TW :
Next P Print
End Sub

"w kNm"

Print T1:

" kNm"

Print T1 Print

MALL %) lZMQZAd
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' DA Sk 1)

Private Sub LDANA_Click()
FMT="0.00II

For P=1 To P: L=LL(P: H=HH({P)
Print " DA("™ & L & “," & H & "m=";
CX=2100

Tl=Format (DARA{P,1),FMT) & " kN "
TH=TextWidth (T1)

CurrentX=CX-TW Print T1;
CurrentX=2205

Print " DA(™ & H & "," & L & ")=";

CX=4305
Tl=Format (DAA (P, 2)
TW=TextWidth (T1)

"

,FMT) & " kN

CurrentX=CX-TW : Print T1
Print ™ NA{(" & L & n," & H & "y="
CX=2100

Ti=Format (NARA (P, 1), FMT) & " kN "
TW=TextWidth (T1)

CurrentX=CX-TW : Print T1;
CurrentX=2205
print " NA(" & H & "," & L & ")="

Cx=4305
T1=Format (NRA (P, 2), FMT) & T kN "
TW=TextWidth (T1)

CurrentX=CX-TW: Print T1

.

’

’

Print " MF(" & L & "," & H & "y=";
CxX=2100
T1=Focrmat (MF (P, 1), FMT) & " kN "
TW=TextWidth (T1)
CcurrentX=CX-TW print T1;
CurrentX=2205
print " MF(" &« H & "," & L & ")=";
CX=4305
T1=Format(MF(P,2),FMT) & " kN T
TW=TextWidth (T1)
CcurrentX=CX-TW: Print T1: Print

- Next P
End Sub



Private Sub LREACTIONS_Click()
If ygvgr=0 Then FMT="0.00"
FMT="0.000" = UVHR=0

For I=1 To N9 JN(I)=0 Next I
For p=1 To P9 : L=LL(P) H=HH (P)
If NL(P)=0 Then JN(L)=1

If NH(P)=0 Then JN(H)=1

Next P

For I=1 To N9

Print " UV("™ & I & "y="; CX=1995

Tl=Format (UV (I),FMT) & " JEI™
TW=TextWidth (T1)
CurrentX=CX-TW
CurrentX=2205
Print " UH(" & I & my=r; CX=4200
Tl=Format (UH(I),FMT) & " /EI"
TW=TextWidth (T1)

CurrentX=CX-TW : Print TL

Print T1;

If JN(I)=1 Then

Print "UR(" & I & ")="; CX=1995
Tl=Format (UR (I),EMT) & ™ /EI"
TW=TextWidth (T1)

CurrentX=CX-TW : Print T1
End If
Next I Print

'slopes separately calculated

For P=1 To P9": L=LL(P) : H=HH(P)
If NL(P)=1 Then
Print HE (" $ L & n,n s H& ")=";

CX=2205
T1=Format (HE (P,1),"0.00") & " /EI"
TW=TextWidth (T1)

CurrentX=CX-TW pPrint T1

End If

If NH(P)=1 Then

Print HE(" % H & " e L& my v,

CX=2205
T]1=Format (HE (P,2),"0.00")
TW=TextWidth (T1)

& " /EI "w

CurrentX=CX-TW Print T1
End If
Next P : Print

For I=1 To NS

Tf PH(I)=1 Then

Print "™ RH(" & I & ")=";

C¥=195b

Ti=Format ( (RH(I),"0.00") & " kN "
TW=TextWidth (T1)

Current¥=C¥X-TW : Print Tl:

End If

If PV(I)=1 Then

CurrentX=2205

Print " RV(" & I & ™M)=";

CX=4200

T1=Format ( (RV(I),"0.00") & " kN "
TW=TextWidth (T1)
CurrentX=CX-TW
End If

If PR(I)=1 Then
Print " RM(" & I & ")=";

CX=1955

Tl=Format ( (RM(I),"0.00"} & " kKNm"
TW=TextWidth (T1)

Print T1

CurrentX=CX-TW Print T1:;
End If

Next I : Print

End Sub

UVHR=1 Else _

5d. Calculation of member end dis-

plavements w.r.t. x-y.

'member end L
UHx=UH (L) *C
UVy=UV (L) *C
Ux (P, 1)=UHx+UVxX

'member end H
UHx=UH (H) *C : UHy=UH (H) *S
UVy=UV(H)*C . UVx=UV (H)*S
Ux (P, 2)=UHx+UVy :

UHy=UH{(L)*S
UVx=UV (L) *S
Uy (P, 1)=UVy-UHy

Uy (P, 2)=UVy-UHy

— Private Sub LUny_Click()

H=HH (P)

& " KN "

T1;

& " KN v

&

T1;

&

&

T1

v kN "

7

" kN "

Print

_ For P=1 To P9 L=LL(P)
FMT="0.00"
print " Ux{(" & L & "," & H _
& ll)=ll;
CX=2205
Tl=Format (Ux (P, 1), FMT)
TW=TextWidth (T1)
Current¥X=CX-TW : Print
CurrentX=2205
Print " Ux(" « H& ", "
& ")=";
CX=4410
T1=Format (Ux (P, 2) , FMT)
TW=TextWidth (T1)
CurrentX=CX-TW : Print
print " Uy(" & L & S 0
& Il)=";
CX=2205
Tl=Format (Uy (P, 1), FMT)
TW=TextWidth (T1)
CurrentX=CX-TW Print
CurrentX=2205
Print " Uy(" & H & L
& ")=";
CX=4410
T1=Format (Uy (P, 2), FMT)
TW=TextWidth (T1)
CurrentX=CX-TW Print

L Next P Print

L - End Sub

2/



Private Sub FRAMEMAINCALC ()
'l. Composition of construction
"matrix CC with member matrices S5-

CONSTRMATCCFRAME -
"2 Elements of force vector FF.

'2a. Joint load forces FX(I)
‘and FY(I), and moment MZ(I).
N=3*N9

For I=1 To N9

A=3*T-2 B=3*I-1 C=3*I
FF(A)=FX (I) : FF(B)=FY(I)
FF(C)=MZ(I)

PP{A)=PH(I) PP{B)=PV (1)

PP (C)=PR(I)

UU (A)=UH(I) UU (B)=UV (T)

UU (C)=UR(I)

8S(A)=SH(I) S5 (B)=SV({I)
SS(C)=SR(I)

Next I

'2b. Primary forces and moments
'due to member loads perpendicu-
"lar to the member axis.
For P=1 To P9 1L=LL (P)
EI=EII(P)

D1=X1 (H)-X1 (L)
L1=Sqr (D1"~2+D2"2)
If LE(P)=1 And RE(P)=1 Then
M1=0 : M2=0

BEAM1

Elself LE(P)=1 Or RE(P)=1 Then
M4=0

H=HH (P)

D2=Y1 (H)-Y1 (L)

M1=0 : M2=0 : M3=0

BEAM2

FlseIf LE(P)=0 And RE(P)=0 Then
BEAM3 -
End If

'primary moments and forces
M11(P)=M1l : R11(P)=R1

M22 (P)=M2 R22 (P)=R2

§=D2/1L1 C=D1/L1

If BA(P)=L Then

D3(P,1)=-R1*S D3 (P,2)=-R2*S
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

ElseIf BA(P)=H Then
D3(P,1)=R2*S D3 (P,2)=R1*S
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

12c.Alteration of force vector FF.
For I=1 To N9

A=3*I-2 : B=3*I-1 C=3*I
For P=1 To P9 L=LL(P)
If I=L Then
FF(A)=FF(A)+D3(P,1)
FF(B)=FF(B)+D4(P,1)
FF(C)=FF(C)+MP (P, 1)
ElselIf I=H Then
FF(Aj=FF(A)+D3(P,2)
FF(B)=FF(B)+D4(P,2)
FF(C)=FF(C)+MP (P, 2)

End If

Next P

Next I

H=HH (P)

R

124. Primary forces due to member
'loads along member axis X.

For P=1 To P9 @ L=LL(P) H=HH (P)
EA=EAR (P)

D1=X1 (H)-X1 (L)
Ll1=Sqgr(D1"2+D2"2)

D2=Y1 (H)-Y1 (L)

S=p2/L1 C=D1/L1
MEMBER
N1l (P)=N1l : N22 (P)=N2

: D7(P,2)=N2*C
D8 (P, 2)=N2*5

D7 (P,1)=N1*C
D8 (P, 1)=N1*S
Next P

12o. Second alteration of force
'vector FF.

For I=1 To N9

A=3*1-2 B=3*1

FTor P=1 To P9 : L=LL(P)
If I=L Then
FF(A)=FF(A)+D7(P,1)
FF(R)=FF (B)+DB (P, 1)
ElseIf I=H Then

FF (A)=FF (A)+D7 (P, 2)
FF(B)=FF(B)+D8(P,2)

End If

Next P

Next I
v3. Alteration of force vector FF

'and construction matrix CC.

'3a3. 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

H=HH (P)

'3pb. 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(1,d)=0 cCc{J,I)=0
Next J

cc(I,I)=1 FF(I)=UU(I)
End If

Next I

'3¢. Of FF and CC when the joint
"is a hinge.

For I=1 To N

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

Next I

13d.0f CC in case of springy
'supports.

- For I=1 To N
Tf SS(I)>0 Then CC(I,I)=CC(I,I)+ _

SS(I)

Next I

"4a. Calculation of the unknown
'displacements UH(I), Uv(I) and
"rotation UR(I). ' '
For I=1 To N BB(I)=FF(I)

For J=1 To N

AR(I,J)=CC(I,J)

Next J

Mexb I
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For I=1 To NS
A=3*T-2 : B=3*I-1 : C=3*1

UH(I)=XX(A) : UU(A)=XX(A)
UV(I)=XX(B) = UU (B) =XX (B)
UR(I)=XX(C) : UU(C)=XX(B)
- Next I
'4h. Slope deflections to be cal- 5d. Calculation of member end dis-
'culated seperatedly in case of ?lavementsdwir.t. X-Y-
'hinged member ends.. meTber end I o mn e
For P=1 To P9 : L=LL(P) : H=HH(P) UHXZUH(L)*C ; UVY:UVEL)*S
D1=X1 (H)-X1{L} : D2=Y1 (H)~-Y1 (L) UvVy=UV (L) *C : X=
L1=8Sqr (D172+D2"2) Ux {P,1)=UHx+UVx : Uy (P, 1)=UVy-UHy
| 'menmber end H
s=p2/11 : C=D1/Ll | me
ZL=UV (L) *C-UH (L) *S ( UHx=UH (H) *C : UHy=UH (H) *S
ZH=UV (H) *C-UH (H) *3 UVy=UV (H) *C : UVx=UV(H)*S
Hé=(ZH—ZL)/L1 Ux (P, 2) =UHx+UVy : Uy (P, 2)=UVy-UHy
H7=1.5* (zZzH-2L) /L1 L— Next P
If NL(P)=1 And NH(P)=1 Th . 5 &
HE (P {)LHE(P 1)+Hé ) = | v6. Calculation of the joint for-
HE(P,2)=HE(P'2)+H6 1 'ces KH(I), KV(I) and KM(I).
ElSe&f NL(P);l Then '6c. Due to the displacements
HE (P, 1)=HE (P,1)+H7-0.5*UR (H) 'alone. rec
ElseIf NH(P)=1 Then ggzsiﬁTATo §§AME
HE (P =HE (P, 2)+H7-0.5*UR (L -
Ené ii) S ) A=3*I-2 : B%B*I—l : C=3*I
Next P KH(I)=0 : KV(I)=0 : KM(I)=0
For J=1 To N

— 1

KH(I)=KH(I)+CC(A,J)*UU(J)
KV (I) =KV (I)+CC(B,J)*UU(J)
KM (I)=KM(I)+CC(C,J)*UU(J)

'5. Ccalculation of the member end
*forces and moments w.r.t. con-

'struction axis system X1-Y1. 7
'S5a. Due to the displacements RISTE
tal )

Firo;il To PS : L=LL(P) : H=HH(P) '6b. Due to the displacements, and
EA=EARA(P) : EI;EII(P) ’ 'member loads perpendicular to and
’ - 'along the member axis.

MEMBERMATS 5 FRAME _ gngleTEZnP9 . IL=LL(P) : H=HH(P)

TT(1)=3*L-2 : TT(2)=3*L-1 r N

TTE3;=3*L : LR =g KH(I)=KH(I)—D3(P,1)—D7(P,l)
= - - 1

TT(4)=3%H-2 : TT(5)=3*A-1 E;Ei;_i;gi; ﬁégi'i; D8 {E, 1)

TT (6)=3*H B - ’

Foé }=1 To 6 : FK(P,I)=0 B ié??ffKéji)ng?P BT

For J=1 To 6 : A=TT(J) ‘ . i e !

FK (P, I)=FK(P,I)+85(I,J)*UVU(A) . Exzig;igtiz:ﬁégg,gi D8(P,2)

. |L Ena 1f ’

Next I ‘ L Next P

'5h. Due to displacements and mem- l: Next I

L

ber loads. '7. Calculation of the reactions.

D5(P,l)=FK(P,1)—D3(P,l)—D7(P,l) _ For 11 To NS

If SH(I)>0 Then
RH (I)=—-SH(I)*UH(I)
Else -
RH (I)=KH(I)-FX(I)
End If

E If svV(I)>0 Then
r

D6(P,l)=FK(P,2)—D4(P,l)-D8(P,l)

MF (P, 1)=FK(P,3)-MP (P, 1)
D5(P,2)=FK(P,4)—D3(P,2)—D7(P,2)
D6(P,2)=FK(P,5)—D4(P,2]—D8(P,2)
MF (P, 2)=FK (P, 6)-MP(P,2)

'5c. Calculation of the member end
'forces w.r.t. the member axes
'system x-y.-

D1=X1 (H)-X1(L) : D2=Y1 (H)-Y1 (L)
L1=Sgr (D1"2+D2"2)

$=D2/L1 : C=D1l/Ll

RV(I)=—SV(I)*UV(I)
Else
RV(I)=—KV(I)+FY(I)
End If

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

Else
NAA (P, 1)=D5 (P, 1) *C+D6 (P, 1) *S - B
NAA (P, 2)=D5 (P, 2) *C+D6 (P, 2) *S l EMéIi;KM(I’ MZ (1)
DAL (P, 1)=D6 (P,1) *C-D5(P, 1) *S L n
DAA (P, 2)=Db (£, 2) *U-U5 (P, 2) *S | Next I
L End Sub
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A “““ggwxahquzhiz
= L Y
F*L"2/ (2*EI) Z= F*LA3/(3;%I)
_ Q Iz
G |

= Q*L~3/(6*EI) Z= Q*L"4/(8*EI)

0 kst

Q*L"3/ (24*EI) Z= Q*L"4/(30*EI)

I

4

Q*L~3/ (8EI) 7= 11Q*L~3/ (120EI)
; M N
% )
M*L/EI 7= M*L 2/ (2*EI}
- |
4 D B
HA = HB
-‘ L L

HA= F*a*b* (L+b)/ (6*L*EI)
HB= F*a*b* (L+a)/ (6*L*EI)

Zb= F*a~2*b"2/(3*L*EIL)

e B
=

. . &Y
4/%

HA= HB= F*L"2/(16*EI)

2/

| = L
¥

ZC= F*L~3/ (48*EI)
Al H |2

s [
HA= HB= Q*L"3/(24*EI)

ik

ZC= 5*Q*L~4/(384*EI) }

HA= Q*L"3/ (45%ETI)
HB= 7*Q*L~3/(360*EI)

ZC= (5*Q*L"~4/(384*EI))/2

i Standard formulas for simple beams.

E is modulus of elasticity in kN/m"2
EI is bending stiffness, EI is E*I with
T 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 _

] £ Z=F*L/EA
| EA
@
(T S _il Z=Q*L~2 f (2*ER)
K =73
HELC PR+
r-\

jik Z=Q*L~2/ (6*EA)
4 ﬁ_f::f::::iZJ Z=Q*L~2/ (3EI)

A e 3 )"7
- M
| g 7B
! = M*L/ (6*EI} HB= M*L/ (3*EI)

ZC= M*L"2/(16*EI)

|

72 e &N
=85

| fAv -Lw

' HR= M*L/(4*EI} 2ZC= M*L~2/(32*EI}
|
|

AV=RV= 3*M/ (2*EI}

MA=3*EI*Z/ (L 2) HB= 3%Z/ (2*L}

AV=BV= 3*EI+7Z/(L~3) ZC= M*L"2/(32*ET)

A G 3|2
7

}av

MA=NE= G*EI*Z/ (L 2) ZC= Z/2

AV=BV= 12%g(*£/ (L 3}
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