Part 8

BEAMPROGRAM111

EXA1l to EXA8 to click on,

page 1 to 31

neceassary data or given.

And labels to click on, try the order of clicking,
Reactions for support reactions,
Results for member end forces and moments,

M5SMAXZERO for maximum bending moments

and bending moment zero point
PrData to see the given data,

S,

After a click on Calculate to click DrawT5M5ELC

for the diagrams to appear.

Much more to discover with the examples, how to

put in data, etc. And how to store data with
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N9= 3 ijoints.
I FY PV UV SV X1 Mz PR UR SR
1 0 1 0 0 0 0 0 0 0
> o 0 0 O 5 0 0 o0 O
3 0 1 0 0 8 0 0 0 0
P9=2 beams/members.
P LI HHE NL NH BA ET
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Calculation of UR(2) and UV(2),
and HE(1,2) and HE(3,2).
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N9= 3 joints.

I FY PV UV SV X1 MZ PR UR SR
1 0 dl 0 0 0 0 0 0 0
2 0 0 0 0 5 0 0 0 0
3 0 1 0 0 8 0 0 0 0
P9=2 beams/members.

P LL HH NL NH BA EI

1 1 2 0 0] 1 1

2 2 3 0 0 2 1

calculation of UR{2), UV(2) and UR(3).

Assumptions for BEAMPROGRAMI1l.

Fig.1l

A continuous beam with
N9=4 joints and P9=3 beams/members.

Fig.2, 3 and 4.

Joint variable assumptions.

i FY PV UV SV X1 MZ PR UR SR

I joint number
FY(I) vertical joint load force, downward

PV{I}=0

joint displacement UV(I) not prescribed
PV (I)=1

vertical joint displacement prescribed
Uv(I)=0 or <>0

UV(I) in /EI
vertical displacement assumed downward
SV(I) vertical spring constant in EI

X1(I) joint distance from left end in m

MZ (1)
joint load moment assumed to the right in kNm

PR(I)=0

joint rotation UR(I) not prescribed, a clamp
PR(I)=1

joint rotation, the clamp rotation prescribed,
UR(I)=0 or <>0

UR(I) joint rotation assumed to the right /EI

SR(I) joint rotation spring constant

Beam/member variables assumptions

P LL HH NL NH BA EI

P beam/member number
LL(P) lowest beam end number L
HH(P) highest beam end number H

NL (P)=0

Beam end with lowest beam end number is seen as
a 'real' joint, of which joint rotation UR(I)
will be calculated.

NL(P)=1

Beam end with lowest beam end number, joint,

is seen as a hinge, of which beam end rotation
HE(L,H) will be calculated.

NH(P)=0 with highest beam end number is seen as
a 'real' joint, of which joint rotation UR(I)
will be calculated.

NH(P)=1 with highest beam end number, Jjoint,

is seen as a hinge, of which beam end rotation
UR(I) will be calculated.

BA(P)=1 or BA(P)=H, beam end where the beam
axis system]x.-is placed.

Bending stiffness EI, for input EII(P).
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Figures 5.

a) Both ends a "real' joint, joint rotations
UR(L) and UR(H) to be calculated.

b) A hinge at beam end L, end H a 'real' joint,
beam end rotation, slope deflection, HE(L,H)
and joint rotation UR(H) to be calculated.

c) A hinge at beam end H, end L a 'real' joint,
beam end rotation, slope deflection, HE(H,L)
and joint rotation UR(L) to be calculated.

beam end rotations,
and HE(H,L) to be

d) Both beam end a hinge,
slope deflections HE (L, H)
calculated.

Figures 6.
About joint I=3.

A joint, hinge and 'real' joint at same place.

A hinge is indicated with a bold dot, a 'real'
joint with a short stripe. A joint can be a
hinge and 'real' joint at same time.

a} Beam P=2, beam end with highest beam end
number is a hinge, NH(2)=1,
beam P=3, beam end with lowest beam end num-
ber is a hinge, NL(3)=1.
Calculation of HE(3,2) and HE(3,4).

b) Beam P=2, NH(2)=1,
Beam P=3, beam end with lowest beam end num-
ber is a 'real' joint, NL(3)=0.
Calculation of HE(3,2) and UR(3).

c) and d) with similar approach.

‘Note. The way of indication with —l— works cor-

rectly if members/beams and joints are regular-
ly numbered from left to right.

The calculation is correctly carried out as
well when both joints and beams are irregularly
numbered, but hinge/joint, bold dot/little
stripe does not work correctly... alas.

Fig.7a. Beam end numbers L-H or H-L.

The beam axis system F:: is placed at beam end
number L, BA(P)=L.

Beam lood forces F22(P,I), distance F22(P,I).
Distributed beam load forces indicated with
Q33(P,I) with distance L33(P,I) and

Q044 (P,I) with length of loads L44(P,I).
Fig.7b. Beam end numbers L-B or H-L.

The beam axis sytem ~~ 1is placed at the dther
beam end, number H, BA(P)=H.

Beam load forces and distances like fig. 7a.

L and H can be exchanged, the place of ]\J de-
termines how load data are put in.
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Assumptions for beam end forces and beam end

NF/ll}/) ”F/é,’l) moments.
2 A
( P o) l) Fig. 8.
- There are four possible situations depending on
l lowest and highest beam end number L resp H,
,3662,"?’} ~D6(’5'.4) and the place of the 'beam end system'
MK MFL) The direction of the beam end forces D6(L,H)
:._.,i and D6(H,L) are assumed downward and
. 2 o ) the direction of the beam end moments MF(L,H)
<ll | and MF(H,L) are assumed to the right.
MA#} _A{[;%L) A negative value of the variables after the
) calculations means,
/E)?& ‘as large as but opposite directed'.

Two more cases, L and H exchanged.

; 2 5‘!- Possible ways of numbering joints and beams.
l:,‘ 7 —é F; 3 =~
Fig.9.
W/ :'_‘1 3 2, N9=3 joints and P9=2 beams/members.
& 2, %\J 7 F=
5 Joint numbereing. There are 1*2*3= 6 ways of
’.?? numbering the three joints.
1 2 13 3 2 2 1 Beam numbering. There are 1*2= 2 ways of
2 1 2 1 2 3 1 3 numbering the two beams.
3 2 1 1 3 2
Each way of numbering the joints can be
P9=2 N8=3 combined with each way of numbering the beams.
1*2= 2 1*2%3= 6 That makes together 6*2=12 different ways of
numbering, 12 ways of input data, 12 possible
2%2= 4 places calculations with same final results.

2%6x4= 48 possible calculations

=W

w NP

But, the beam axis sytem [« can be at two beam
ends of each beam, with 2 beams 2*2= 4 possi-
bilities. Each possibility can be combined with
12 possible numberings, so

4*12= 48! possible calculations. And ofcourse
with same final results.

A _ Fig.10.
/*7‘7/0, ..
1 3 3 2 2 1 N9=4 joints and P9=3 beams/members.
2 1 2 3 1 3
32 1 1 3 2 Joint numbering, 1*2*3*4= 24 ways of numbering
the four joints.
P9=3
1*2*3= ¢ Beam numbering, 1*2*3= 6 ways of numbering the
three beams.
3 1 4 4 4 1 1 1 3 1
4 3 3 1 2 2 3 2 4 4 Makes 24*6= 144 differnt ways of numbering.
1 4 2 3 1 3 2 4 2 2
2 2 1 2 3 4 4 3 1 3 But the place of the beam axis system gives
with 3 beams 2*2*2= 8 more possibilties and
when combines with 144 makes
1 3 2 3 2 3 2 2 4 4
4 2 4 1 4 2 1 3 3 2 8*144= 1152! possible calculations.
3 1 3 4 1 4 4 4 1 3
2 4 1 2 31 3 1 2 1 Fig.11.
N9=4 N9=5 joints and P9=4 beams/members.
1*2*3*4= 24 2*%2*%2= 8 1#2*3%4*5= 120 ways of numbering joints,
1*2*3%4= 24 ways of numbering beams,
6*24*8= 1152 possible calculations 2%2%2%2= 16 possible plces of

120*%24*16= 46080 possible calculations!



BEAMPROGRAM111 and screen form controls.

Number of joints N9=, text box TNI9.
Number of beams/members, text box TES.

TSTRING is the large text box for input of
joint and member data, followed by Enter.
Click PrData (is Show) to see the data put in.

:5-:!"! W TVSY XI W PR UR SR .
3 B Eae g2 o0 2 Controls EXAl to EXA8 (page 17) to click on
3 2 1000 11 3 0 000 with given data for direct use.
ikinﬂ HL E§ BA EI 11
A T As example click EXA3 and PrData, data appear
A B on the right half of the form. A click on Cls
P LLES ELEF BA EI L1 clears the right half of the form.
2 23 00 2 1 5,5
HFB{2}=2 I F2 12
AE A Click Calculate to carry out the calculations,
next DrswTSMS5ELC to get the three diagrams on
the left of the form.
BV{l)= §&,33 N
EXAS = . .
e 1;3;: Shear force diagram with largest shear force
1 "':[_ | EE SO below it, here of member P=1,
=] ¢ Ll( - MF{1,2)= 3,00 ¥fm ¥F(2,1)=  §,¢E Ifn T5MAXY= -5,67 kN at 4,01 m from the left, where
e f;}iji}: j::gg‘:;g;;;: -;:zggﬂ the beam axis system ;v is placed, that is just
TSHRXE= -5,€7 W X= {,0lm P=1 left of load force of 5 KkN.
wil)= ¢,00 /EI TR{l}= 3,38 /EI
wv(2)= 0,00 /EI UR(2)= 0,00 JEX
g = A s n0UE mes s Bending moment diagram with largest bending mo-
== = Z8MAK= 7,37 /EI X=2,45m B= 1 t, h £ b pP=1
550 el o T ment, here of member B
= o0 7ok =3 MSMAXX= -6,88 kNm at 5,50 m from the left, a
MOORE: cEscpiEn XSIS.30 B [ESE ¥s= 0,03 8= %= 0,70m B=1 member end moment, or, support moment.
MS= 3,50 Him X=1,50m 1
4 x 2, . 3, M5= -0,05 Wm X= 4,33 1 3
£5 kim 1

Elasti curve diagram with the largest displace-~

WW MEe ~£,F5 18 ¥=550m

PRPT OVVWNY

L2485, +2eé 4 T - titm i ment, here of member 2,
296X%= 7,37 /EI E=1,08m P=2 = Saslit b1 OTIARICS 7Z8MAXX= 7,37 /EI at 3,06 m from the left.

-0,01 kBm X= 4,8l m

z Because of symmetry Z8MAXX= 7,37 /EI for P=1 as
well, now at 2,45 m from the left.

EX1 EX2 CSE=0 Reactions Resuls  MSMaxZero prDsia PTMG  EXA1  EXA2
EX3 Ne-| Banm load forces NFB(P) SR EX
K] oas B8

IR TSN Boam load forces NOB)
per P (] cm

== =g Reactions, support reactioms RV(I) and RM(I).

PFB=0  AQAGAN | _Caleulste | in | STORE NR=? GET End} FB=0 Prf
Results, member end forces D6(L,H) and D6 (H,L)
PTMG and member end moments MF(L,H) and MF(H,L)},
— assumptions on page 3.
As example, P=1,G=.7 Enter in TSTRING < s
aEd MEXE 2 Suleh Ol —?PMG Eatl:cHlisESS Vertical joint displacements UV(I) and joint
shear force and bending moment for each rotations UR(I)
step G=.7 m. See page If a member end is a hinge then the slope de-
X ; flection ('member end rotation') is separately
Click on the right, EFB=0 to PB=1 then
Form text bold. calculated, HE(L,H) or HE(H,L).
Ciiﬁteintthi iifz PFB=0 to PFB=1 then 7Z8MAXX the largest vertical displacement of a
p =5 : member, mostly between the member ends.
MSMaxZero, the largest bending moments and zero
DR Sh e point of each member.
RVi3)= 6,33 kN
; 3 5 i I 1= -5, . .
1 I—Il—_,—ﬁ [ ROHT T3 ke - €& Reactions, Results and MbMaxZero can be clicked
i e menelal BRiZAT Hiiookum in arbitrary order, to be tried out. Not always
o e 6] S BN W)= 0,00 /EI UR(L)= 3,38 /EI space enough for all results...
DT LN BEL S With a click shown data disappear.
i AN A M ERI EIRDE \ _
T T G, S S o e e ey PrPr for a printer print, shown on the left,
e e always printed with the same results and same
B oo [0 3= 5,507 =0 55: §§§ﬁu.u: i '}"23: w: order of results.
=2
i

g S ' : : EX1, EX? and EX3 examples page 23 to 30.

Again, UV(I) and UR(I) are set zero.
AOAGAIN back to start position.

ZEMRXX= 7,37 /EI X= 3,06 @3 P=2




Click Exal and

BEAMPROGRAM111

Short introduction, examples on the following
pages will explain all in detail.

Text box TN9 for input of number of joints N9,
text box TP9 for input of number of beams P9,
double click to empty them.

Text box TSTRING for input of rows of

joint data, beam data and beam load data.
Double click to empty TSTRING.

B= 3
PrData, next I mmwswn oza® S
. PR 9 1000 4 0 0 00 0
Again, Calculate, 25 1593 4 0 8 09 0
% to get ;k; 1 2,00 g 9 1 4,3 4
the diagrams. f i&zﬁ ELWE BEA EI 1
5 a 1 1 £ 3
Next Reactions, WFR(I)=l I F¥2 L2
—_—_— 1 15 1
Results and P IlEs ELEE BL ET LI
——= 2 23 a3 2 1 %
MbMaxZero. EE2el 3 P2 12
I T 2
sear
S —
] =
TEMR¥= 3,37 Ed %= 4,00 x E= 1
iiilzkf/dt\\ o
PSMEY- 3,37 HEx ¥e 1,00 x Be i =S =1
V5= =L
) R . - o
5, o 3 P =1
~_L - <
e ]
w- 2
rowavee 2,33 B %= L3fT =1 = =
w5= s
— 2
EX! EX?  CSE-0 Reacions Resuts  MSMaxZer Palm  PIMG  BXAT EXAZ
EXy M=fp [T OK § m & R
= —. =— o i EXAS  EXAS
Bagm b forces
PrPr ce =
PFB=0 Again | STORE NR=? GET End  FB=0 P

| P9 LrsTRING
TNO

PTMG Click first CSE=0 to red CSE=1!
To type in TSTRING P=3,G=.%5 Enter.

P is beam number, G is step value in m
measured from beam end with beam axis
system.Shear forces and bending mo-
ments at G meter appear after clicking
PTMG, moment zero points and moment
maximum as well, ex. page /§

A click on AOAGAIN, all over again, re-
sets to start position.

With a click on PrF the screen -
results will be printed, a copy, with
FB=1 text will be bold printed.

With a click on PrPr a 'printer print'
is printed like shown here below, with
fixed order of results. With PFB=1 then
bold text.

EXRL

~2.C5 /EI
cio0 /ET

MEMANY= 5,87 kMm x= 1,00m P= 1

m
m
m
m F= 1
o
m
m
m

2 3
l i i
= 1 =

ZEMAXK=  E,€3 JEI ¥= 1,54 m P=1

Concentrated beam load forces see page
P NFB(P) I F22(P,I) .22 (P, 1)

1 2 1 12 3.2

1 2 2 7 1.5

Click Beam load forces NFB(P) getting bold and
type in TSTRING a row with data, Enter, bold
disappears, and for the second row of data,
click Beam load forces NFB(P) etc.

Distributed beam load forces

P NQB(P) I Q33(P,I) Q44 L33(P,I) L44

3 il ill 6 12 2.4 3.1
Click Beam load forces NQB(P) getting bold etc.
like done for concentrated loads.

With right mouse button bold of Beam load...
disappears.

A click on PrData shows the data put in, to
check them, eventually to change them.

After data input click Again to make all UV(I)
and UR(I) =zero.

If wanting to put in prescribled variables
UV(I)<>0 or UR(I)<>0 then they have to be put
in after clicking Again.

With Calculate the calculations are carried out
and with DrawT5MSELC the diagrams are drawn.

Reactions, Results and MbSMaxZero to be clicked
in wished arbitrary order to get the results
printed on the screen like shown on the left.

To save data with STORE NR=? GET
Click NR with left mouse button number up, with
right button number down.

Store NR=5 GET
Click STORE, gets underlined, NR=5 as well,
STORE NR=5 GET

Number up or down, underlining disappears.
Going back to underlined number 5, click GET,
STORE NR=5 GET gets underlined,

next Again etc. to get diagrams and results
printed.

With right mouse button on GET removes data,
underlining of GET and NR=5 disappears.

A click on CSE=0 makes it CSE=1l, becoming red.
With CSE=1 variables can be changed, €.g.

NL(3)=1 Enter, etc.
NH (P) BA(P) EITI(P) NFB (P) NQB (P) PY(I)
PV (I) Uv (I) SV (I) MZ (1) PR(I) UR(I) SR(I)

Cls to click to clear the right half of the
screen print. To click Reactions,

Results, M5MaxzZerc in arbitrarily cho-

sen order.

5



HY{l)= 14,00 k¥

RViZ)= ¢£,90 I8

N ,_——_,—_ﬁ'ﬁ—_:f D6(1,2)= -14,00 XM DEi2,1)= —£,00 I
XF{l,7)= 0,00 Hm ¥Fiz,1)= 0,00 n

/Ex

= =
—_Lg.cn w{l)= 6,00 /ET W{H= o,
0

F"'- ov(2)= 6,00 /EI TUR{2)=
TogEYe 14,00 X8 E=0,00m P=1

BE{1,2)= 3€,33 fEI
BE{2,1)= -25,€7 /EI

1 2

I
S
igzk—-—wuciﬁf’/l’

-+
“naEE= 17,54 kin E= 3,01 % B= 1

ZSMAXR= €2,20 /EI E= 2,%€ =

v
17,

Fyy

2

1
¥
L]

i

il
eV e
I90XE= €2,20 /EI = 2,36 ® E=1

/24N Ly
7 g =19,
-~ F; ' Pe  /EY =
IRCARRE S 3 .
#g.d.

Fig.2 like fig.1 : B

but with the beam axis system at beam
end number 2. To start with the data of
fig.1l click Again and then PrData.

Type 1 in TPY, Tab, cursor in TSTRING,
click CSE=0 To CSE=1 getting red and
typé BA(l}=2 Enter. Click PrData to
see the change.

Next the two beam load forces.

P NFB(P} I F22(p,I) L22(P,I)
1 2 1 -12 S)
1 2 2 -8 3

Click Beam load forces NEB(P), getting
bold and type in TSTRING

1,2,1,-12,5 Enter, 1,2,2,-8,3 Enter.
Click PrData to check the input. ok
Clic Again, Calculate, etc. See the re-
sults here below.

P
/ 2.
.- .
/D._ Vi IVET s
£
/9-2-
HV{1)= 14,00 X
EV{2i= £,00 1§
<] =
i = 2 D§(1,2)= -14,90 X8 D&(2,1)= —§,00 k¥
i = MF{1,2)= 0,00 Him MF(2,1)= 0,00 Em
oviy= 0,00 /BT TR{l)= 0,00 /EI
OV{2}= 0,00 /EI UR{2)= 0,00 /EI
TEA¥E« 14,00 38 X=501=m P=1
HE(1,2)= 3€,33 /EI
d BE{2,1)= —29, €7 /EX
1 & ZMA0I~ -52,20 /EI XE= 3,15 m P= 1
H‘L\_«
¥5= 0,00 3w E= 0,00m F= 1
rad=  delm | MS- -17,9€ 18m %= 3,01m B=1
HARE= 17,52 Hin X= 3,01l m P= 1 ¥= 0,00 Bm E=£,00m =1

h.a!_..

W
4 20— A4

ZEMANN= ©2,20 /EI ZX= 3,152 P=1

Example.

Fig.1.
A simple beam con two supports with two beam

load forces.

N9=2 joints, the beam ends, number 1 and 2.
PV(1)=1, vertical displacement prescribed and
zero, UV(1)=0 and PV(2)=1 and uv(2)=0.

No springs precribed/assumed, SV(I)=0, SR(I)}=0.

N9=2 joints, type 2 in text box TN9 on the
right of N9=, next Tab to get the cursor in the
large text box TSTRING, or, click in TSTRING to
get the cursor there.

I FY PV UV SV X1 Mz PR UR SR
1 0 1 0 0 0 0 0 0 0
2 0 1 0 0 6 0 0 0 0
Type the two rows of data in TSTRING,
1,0,1,0,0,0,0,0,0,0 Enter and
2,0,1,0,0,6,0,0,0,0 Enler.

The beam data for beam P9=1.

P LL HH NL NH BA EI

1 1 2 1 1 1 1

Lowest beam end number LL(1)=1, highest beam
end number HH(1)=2, both beam ends are seen as
hinges NL(1)=1 and NH(1)=1, the beam axis sys-
tERLF:: is placed at beam end 1 BA(1l)=1 and the
bending stiffness is EII(1)=1.

P9=1 beam/member, type 1 in text box TP9 on the
right of P%=, next Tab, or click in TSTRING, to
get the cursor in TSTRING, and type
1,3,2,1,1,3,1 ZEntet.

Two beam load forces

B NFB(P) I F22(P,I) L22(P,TI)
1 2 1 12 1
1 2 2 8 3

Click Beam load forces NFB(P), getting bold,
and to type in TSTRING, CSE=0,
1,2,1,12,1 Enter and 1,2,2,8,3 Enter.

Store the data, click NR= to a number not un-
derlined, e.g. NR=4, click STORE, STORE and

NR=4 get underlined.

Next click Again, Calculate and DrawTSMSELC to
get the diagrams shown on the left, click
PrData to check them again.

Click Reactions (the data disappear), Results
and M5MaxZero to print all results.

The beam ends, joints, are hinges, NL(1)=1 and
NH(1l)=1, the beam end rotations are separately

calculated,
HE(1,2)= 36,33/EI and HE(2,1)= ~-29,67/EI.
Fig.1l. Fig.2.
ZMAXX= 62,20/EI ZMAXX= -62,20/EL
M5= 17,94 kNm M5= ~17,98 kNm

Positive and negative values, but the shear
force and bending moment signs are the same, in
other words, the final results are the same.
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Example.

Fig.1.
N9=3 joints.

I FY PV UV SV X1 MZ PR UR SR
1 0] 1 0 0 0 0 1 0 0
2 0 1 0 0 4 0 0 0 0
&) Q 1 Q 0 10 Q 0 Q 0

Type 3 in TN9, Tab, cursor in TSTRING and type
the three rows of joint data in TSTRING.

P9=2 beams/members.

P LL HH NL NH BA ET

1 1 2 0 0 1 1

2 2 3 0 1 2 1

Type 2 in TP9, Tab, cursor in TSTRING and type
the two rows of member data in TSTRING.

Beam loads. Type 2 in TP9, Tab.

P NFB (P) I F22 (P, 1) L22 (P, I)

1 1 il 21 1.7

Click Beam load forces NFB(P), getting bold,
and type in TSTRING, CSE=0,

1,141421,1.7 Enter.

P NQB (P) I Q33 (P, I) Q44 L33 (P, I) L44
2 1 1 2 2 0 6
Click Beam load forces NQB(P), getting bold,
and type in TSTRING, CSE=0,

2,1,1,2,2,0,6 Enter.

Beam end 3 of beam 2 seen as a ‘real' Jjoint,
with CSE=1 to type in TSTRING NH(2)=0 FEnter.

Click PrData and see on the left how the data
print looks like.

Click Again, Calculate and DrawTO5MSELC, next
Reactions, Results and MSMaxZero.

UR(3)= -9,09/EI and UR(2)= 0,18/EI.

Fig.2.

The beam axis systems at the other beam ends,
with CSE=1 to type in TSTRING

BA(l)=2 Enter and BA(2)=3 Enter.

Beam loads. Type 2 in TP9, Tab.

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

1 1 1 -21 2.3

Click Beam load forces NFB(P), getting bold,
and type in TSTRING, CSE=0,

1,1,1,-21,2.3 Enter.

P NQR (P) I Q33(P,I)y Q44 ‘L33(P, 1) L44
2 1 1 =2 =22 0 6

Click Beam load forces NQB(P), getting bold,

and type in TSTRING, CSE=0,

2,1,1,-2,-2,0,6 Enter.

Now beam end 3 of beam 2 seen as a hinge, then
with CSE=1 to type in TSTRING NH(2)=1 Enter.

Click PrData and see on the left how the data
print looks like. lrurther Again etc.

Now the angle at beam end 3 is separately cal-
culated because of the hinge, no little stripe
at end 3, see the third diagram.

HE (3,2)= -9,09/EI and again UR(2)= 0,18/EI,

7




A5 Auf fom /8
L i
y i 2] 3
P/ P=2 el
1EZ JSES
" 3m 2 1
—— T !
S—
/-/g./.
o= 3
I FY UVSY Xl ¥ FR B R
10 1 0 0 2 [ o 4,0 0,0
z2 0 0 0 0o 3 [} 0 9,0 02,0
3 0 1 06 0 S ] 0o 0,0 4,0
BG= 2
P LLEE BE 3 & L1
L 1 2 1 0 1 1 3
BE(=1 I o L3 14
1 15 1s 1] 3
P LLEY HLHH 32 ET n
2 2 3 9 1 2 1,3 2
BOB{2)=1 I <] o4 3 i4
1 15 15 0 2
HV{l}= 37,50
EV(2}= 0,00
B¥{3)= 37,50
1 2 £ 3

T5MA¥Ee 37,50 3H EX=0,00m P=1

1 2 3
P &

VEHYY. 46,97 KBm X=2,51m P=1

N

-4

=
DE(1,2)=-37,50 E¥ DE(2,1)= -7,50 M
WF{1,2)= 0,00 EBm MF{2,1}= -45,00 kEn
DE2, 3= 7 H =
MF{2,3)= 45,00 Xim MF{3,2})= 0,00 1w
oV(l}= 0,60 /EI TR{L)= 0,00 /ET
TV(2)= 102,25 /EI TR{2)=-27,75 /EL
uv({3)= 0,00 /EI TR{3)= 0,00 /ET

HE(1l,2}= 73,46 /EI
BE{3,2)= —64,4¢ /EI

2= 110,63 /EI XY= 2,41m E=1
2BOXE= 102,25 /ET X= 0,00 m P=2
1 - A & M~ 0,00 BSm E=0,00m P=1
__1i - M= 46,97 Km X=2,51m B=1
- MS= 45,00 e X=3,00m PB=1
ZmMA¥E= 110,63 /EI E=2,4lm B=1 M5= 45,00 KEn Z= 0,00 = F= 2
M- 0,00 Mm E=2,00® =2
-
SN /5
I I
/ 21 3
-
== P=y Q667 ET P=3 /ET =
p -3 . 2m
¥ T T
‘ -~
£19.2.
we= 3
I F NIV K M R W R
10 160 0 0 0 0,0 00
2 0 600 3 0 9 G4 3,0
3 o 146 9 5 ] o 00 0,0
P2
P OLLES WLWE B EI Ll
1 1 2 10 1 0,8€7 3
Bey=l I 03 08 I3 U
1 1s 15 1] 3
S P ILLEM HLER = EH L
2 23 01 2 1 2
| BB@)= I 03 ©f L3 14
115 15 8 2
BEVil)= 37,50 ¥
R¥{2)= 0,00 1§
BV{3)= 37,50 X
1 3 o
== 3 = D6il,2)= -37,50 K DE(2,l}= -7,50 ¥
PF(1,2)= 0,00 tEm MF(2,1)= -45,00 Hin
D6(2,3)= 7,50 XN DE{3,2}=-37,50 1§

TEMA¥E= 37,50 IH E=0,00n E= 1

HLMATE= 46,87 B E= 2,51 m P=1

ZEMAXX= 1&5,88 /EI X=2,41m P=1

ME(2,3)= 45,00 kEm MF(3,2)=

V()= 0,00 /EI UR{LI=
uv{2)= 153,32 /EI TR{2}= -41,&€ /EI
ov{3)= 0,00 /EI UR(3)= 0,0 JEI

HE(1,21= 110,14 /ET
HE{3,2)= —9¢,36 /EI

2EMA¥E= 1€5,22
2WmERE= 153,32
1]

83
'
L S o A 4

BE WEE

Example.

Fig.1.
N9=3 joints.

I FY PV UV sV X1 MZ PR UR SR
1 0 i 0 0 0 0 0 0 0
2 0 0 0 0 3 0 0 0 0
3 0 it 0 0 5 0 0 0 Q

Type 3 in TNY, Tab, cursor in W'STRING and type
the three rows of joint data in TSTRING.

P9=3 beams/members.

P LL HH NL NH BA EI

1 1 2 1 0 i 1

2 2 3 0 il 2 1.5

Type 2 in TP9, Tab, cursor in TSTRING and type
the two rows of member data in TSTRING.

Beam loads. Type 2 in TPS, Tab.
4 NQOB (P) i Q33(p, I) Q44 .33(P, L) 144

i 1 gl 15 15 0 3
Click Beam load forces NQB(P), getting bold,
and type in TSTRING, CSE=0,

1,1,1,15,15,0,3 Enter.

P NQOB (P) I Q33(P, I) Q44 L33(P,I) L44
2 1 1 15 15 0 2
Click Beam load forces NQB(P), getting bold,
and type in TSTRING, CSE=0,

2,1,1,15,15,0,2 Enter.

Click PrData to check the data put in, and sto-
re the data, click NR=, not underlined etc.

Calculate, DrawT5M5ELC, Reactions,

MEMaxZero.

Next Again,
Results,

Fig.2

Like fig.l with different bending stiffnesses.
Beam 1 with 1/1.5= 0,667EI and

beam 2 with 1.5/1.5= 1EI.

With CSE=1 to type in TSTRING

EII(1)=.667 Enter and EII(2)=1 Enter.

With PrData to see the changed stiffnesses.

Next Again etc.

De values of the displacements of case 1 and
case 2 are different, shear forces and bending
moments the same.

1st case Uv(2)= 102,25/EI UR(2)= -27,79/E1
HE(1,2)= 73,46/EI HE(3,2)= -64,46/E1
2nd case Uv(2)= 153,32/E1 UR(2)= -41,66/EI

HE(1,2)= 110,14/EI HE(3,2)= -96, 66/EI

(1,5)*102,25/8I= 153,38/EI 'is' 153,32/EI etc.

Suppose beam end 1 and 3 of the second case are
real joints, with CSE=1 to type in TSTRING
NL(1)=0 Enter, lowest beam end number, and
NH(2)=0 Enter, highest beam end number.

Again etc.
Results UR(1)= 110,14/EI and UR(3)= -96,66/EI.
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Fig.3a.
The two beams with beam end forces and beam end

moments with the assumed directions.

Fig. 3b.
The beam end forces and beam end moments drawn

with their real directions.

Figures 4.

Beam 1 with 1EI, figures on the left.

Four separated cases to find the vertical dis-
placement of beam end 2. See formulas page

|-

(73,46/EI)*3= 220,38/EI

a2 l = (15%3~4) /8EI= 151,88/EI
a3 I= (7,5*373)/3EI= 67,50/EI
a4 T = (45,00*372)/2EI= 202,50/ET

al =(220,38+151,88 -67,50-202,50) /EI= 102, 26/ET

The joint rotation UR(2)= -27,79/EI. Check.
hl<=— = 73,46/EI

h2 ~— = (15*373)/6EI= 67,50/EI

h3 =Z= (7,5%372)/2EI= 33,75/EI

h4 =Z= (45,00%*3)/EI= 135,00/EI

h<z= (73,46+67,50-33,75-135,00) /EI= -27,79/E1

not==- as assumed but —==—. Or assumption

27,79/EI

h == (33,75+135,00-73,46-67,50) /EI=

as assumed SO =< .

Beam 2 with 1,5EI, figures on the right.
Second calculation check of the displacement of

beam end 2.

a1

(64,46/EI)*2= 128,92/FI

]

a21 = (15*2~4)/8*1,5EI= 20,00/EI
a31 =(7,5*2~3)/3*1,58I= 13,33/EI
a4 1 = (45%27~2)/2*1,5EI= 60,00/EI

a ‘ =(128,92+20,00+13,33 -60,00) /EI= 102,25/EI

Case of fig.l.

728MAXX= 110,63/EI at 2,41 m from beam end 1 of
beam 1. This value follows also with PTMG as
follows. With CSE=1 to type in TSTRING
P=1,G=2.41 Enter. Next click PTMG and see the
results on the right of the diagrams.

Case of fig.l.

Suppose beam 2 with bending stiffness 2EI in-
stead of 1,5EI. With CSE=1 to type in TSTRING
EIT(2)=2 Enter. Next Again etc. See the print
on the left. Deformation is different, shear
forces and bending moments the same, beacause,
statically determinated construction.
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Example.

Fig.1l.

N9=3 joints.

1 FY PV UV SV X1 MZ PR UR SR
i 0 0 0 12 0 0 0 0 0
2 0 0 0 12 4 0 0 0 0
3 Q Q Q 12 33 0 Q Q 0

The joints 1, 2 and 3 are supported by springs
with spring constant SV(I)= 12EI. The vertical
displacements of these three joints is not
prescribed, so PV(I)=0 instead of PV(I)=1.

P9=3 beams/members.

P LL HH NL NH
1 1 2 0 0
2 2 3 0 0 2 1
Beam loads.

[y
[y

P NQB(P) I Q33(P,I) Q44 L33(P,I) L44
1 1 1 18 18 0 4
2 1 1 18 18 0 4

Click Beam load forces NQB(P), getting bold,
and type in TSTRING, CSE=0,

1,1,1,18,18,0,4 Enter.

Click Beam load forces NQB(P), getting bold,
and type in TSTRING, CSE=0,

2,1,1,15,15,0,2 Enter.

Click PrData to chneck the data put in, and sto-
re the data, click NR=, not underlined etc.

Next Again, Calculate; DrawT5M5ELC, etc.

Figures 2.
See the deformation line, third diagram, left
part with at 1,77 m Z8MAXX= 30,38/EI. Check.

Bpplying PTMG to find shear force and bending
moment at 1,77 m from beam end 1 of beam P=1.
With CSE=1 to type in TSTRING

P=1,G=1.77 Enter, click PTMG to see some re-
sults appear,

shear force -4,62 kNm, minus sign means-§ , the
shear force sign indicates that the force is
directed upward, see d4.

The bending moment 20,02 kNm, positive answer,
S0~ , so acting to the left, see db.

With the formulas the displacements dl to db

can be calculated, page .
Uv(l)= 2,27/EI  UR(1)=25,95/EI

a1 | =(25,95) %1, 77/E1= 45,93/E1
d2 | =(18%1,77~4) /8EI= 22,08/ET  d3 | = 2,27/EI
aa } =(4,62+1,7743) /381= 8,54/EI

ds } = (20,02%1,77%2) /2EI= 31,36/ET

af = (45,93+22,08+2,27 -8,54-31,36) /EI= 30,38/E1
Spring constant 12EI.

Fig.3. Support 2.

F= UV(2)*SV(2)= (7,46/EI)*12EI= 89,52 kN ok

/0
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S€43,41=-14,20 KB DE{4,3)= -21,S0 iH

ME{3,4)= 0,00 MEm MF(4,3)= 7,1 Hie
DE44,59=—21,80 X8 DE(5,4)=-14,20 1¥
MF{4,5)= -7,€1 kim MF({S,d)= 0,00 Kn
Uv{l)= 1,18 /ET TR{l)= 9,00 /EI
wWi2= 3,63 /Bl W{2i= 9,30 /EI
V({3)= 2.37 /EI TR{3)= 0,00 /EI
T7(4)= 3,83 /EI TR{d)= -0,39 /EI
wis1= 1,18 /EI  UR(S)= G,00 JET

dE4ql,2)= 4,85 /EI
HE{3,2)= -4,10 /EXI

1 2 3 3 5
. S N 5 E@4= 4,10 /B
= s, SEen L el HE{S, )= -4,€5 /EI

Zma. 4,29 /EI E=L13® B= 1

25070 4,95 JEI  E= 1,00x P= 3 Zneuee 4,65 (BT Z= L,00m Be 2

ZmGNE= 4,25 /E1 %= 1,00 % B=3

7 MV AoS sFT Y O E2 m Be 4

Example.

Fig.1.

N9=5 joints.

I FY PV UV SV X1 Mz PR UR SR
1 0 0 0 12 0 0 0 0 0
2 0 Q 0 12 2 0 0 0 0
3 u U ou iz A Y Uy
4 0 0 0 12 6 0 0 0 0
S 0 4] 0 12 8 0 0 0 0
Type 5 in TNQ, Tab and fype 5 rows in TSPRTNG,

P9=4 beams/members.

P LL HH NL NH BA EX

1 1 2 0 0 1 1

2 2 3 0 0 2 1

3 3 4 0 0 3 il

4 4 5 0 0 4 1

Type 4 in TP9, Tab and type 4 rows in TSTRING.
Beam loads

P NQOB(P) I Q33(P,I) Q44 L33(P,I) L44
1 1 1 18 18 0 2
2 1 1 18 18 0 2
3 1 1 18 18 0 2
4 1 1 18 18 0 2
Beam P=1.

Double click in TPS and type 1, Tab and click
Beam load forces NQB(P), and type in TSTRING
i,1,1,18,18,0,2 FEnter.

Beam P=2.
Double click in TP9 and type 2, Tab and click

Beam load forces NQB(P), and type in TSTRING
2,1,1,18,18,0,2 Enter.

Similar way for beam P=3 and P=4.
Click PrData to see the data put in.

Next Again, Calculate and DrawT5MSEILC.
Click Reacticns, Results and M5MaxZero in
arbitrary order and clicking Cls.

Beam end 1 and beam end 5 are seen as 'real'

joints, NL(1)=0 and NH(4)=0
Make them hinges with CSE=1 to type in TSTRING

NL(1)= Enter and NH(4)=1 Enter.

Click Again, Calculate, DrawTSMSELC, Results to
HE(1,2)= 4,84/EI was UR(1l)= 4,84/EI and

HE (5,4)= -4,84/EI was UR(5)= -4,84/RT1.

Suppose joint 3 is a hinge, then with CSE=1 to
type in TSTRING

NH(2)=1 Enter =] Enter.

and NL(3)

Again, Calculate etc.
With Results, see print on the left,

4,10/EI because
'real' joint.

HE(3,2)= -4,10/EI, and UR(3)=
for beam end 3 is NL(3)=0, a

With joint displacement UV(3)= 2,37/EI follows
F= UV (3)*SV(3)= (2,37/EI)*12EI= 28,44 bled]

Support reaction RV (3)= 28,39 kN, ok.

//
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AV{l)= 15,45 kN RM(i)= -23,35 kim
RV(2)= 0,00 k¥
BV{3)= 49,55 1§ RM{3)= 20,40 XSm

MEMACE= -50,2€ X¥m X= 3,003 P= 1

Z8MAXX= 150,34 /EI %= 9,00 m B=2

£ L] = 3 De{l,2)= -15.45 N D&(2,1}= 15,45 kS
[ = ! |" = MF({1,2)= -23,95 kim MF(2,1)= -22,36 L&
1545 )
A Tm £m . D&23= 8,51 D6(3,2)= -8,55 K
. MF{2,3)= 22,36 iSm MF(3,2)= 20,40 Xim
TRMXX= 15,45 k¥ XK= 0,00 m P= 1
5 w)= 0,00 /EI TR()= 0,00 /EX
I39g & 2ago V()= 36,43 /EI  UR(2)= 2,45 /ET
Lm 2 /_41 v{3)= 0,00 /EI UR{3)= 0,00 JEI
' - ZEMAXY= 36,43 /EI = 3,00 B P=1
2,86 2= 38,70 /EI X= 0,23 m P= 2
M5= 23,39 Am E= 0,00 1 P= 1
BN -23,99 W3 X 0,003 P= 1 Ws= 0,11 Mm ¥=1,56m B=1
M5= 22,36 im X¥= 3,003 P=1
L 2 . ~daF/Er 3
= MS= 22,36 iBm E= 0,00 m P= 2
- M5= —0,05 i8n X=2,62m P=2
543 MS= -20,40 kim %= 5,00 m P= 2
ZoMAKKw 36,70 /EI  X= 0,23 m B=2
'6.) RVill= 15,76 I  BM(1)= ~50,30 kim
P RV(2)= 0,00 kS
RV{3)= 7,24 x§  EH(3)= 36,20 kEm
1 =y
=1 = 3 06(1,2)=~16,76 k¥ D(2,1]= 16,76 XN
MF(1,2)=-50,28 kEm MF(2,1)= 0,00 kim
D6(2,3)= 7,24 ¥ D6(3,2)= -1,24 XN
TR 16,76 ki X= 0,00 2 P= 1 MF(2,3}= 0,00 kim MF(3,2)= 36,20 kBu
W= 0,00 /EI TUR{l)= 0,00 /EI
1N ____,--—""'ﬂ UV(2)= 150,84 /EI  TR{2)= 75,42 /EI
— - = (3= 0,00 /EI TUR(I)= 0,00 /ET
HE(Z,3)= -45,25 /EI
ZBMAXR= 150,84 /EI X= 3,002 P= 1
MEMANX= -50,28 kfn X= 0,00 m P= 1 2EHAN= 150,34 /EI ¥= 0,00 m P= 2
1 2 3 MS= ~50,28 kfm Xe= 0,06 m P= 1
-_w 3 M5= 0,00 MSm X= 3,00 m P= 1
M5= 0,00 kiia X= 0,00 m B= 2
M5=-36,20 LEn X= 5,00 m P= 2
Z5MAXX= 150,84 /EI  X= 0,00 m B=2 =2 &
z0
BV{l)= 16,76 kB BEM{l}= -50,28 kSm
Q. EV{2)= 0,00 X8
RV{3)= 7,24 ¥ Ri(3)= 35,20 kis
1 S ——
o 1 o 2 D6{1,2)= -16,76 kN D6&{2,1)= 16,76 ki
MF{l,2)= -50,28 kBm NF(2,1)= 0,00 kSm
D6(2,3)= 7,24 18 D6(3,2)= -7,24 XN
TESMAX= 16,76 k¥ X= 0,00 = P= 1 MF{2,3)= 4,00 kSa MF({3,2)= 36,20 kim

ov{l)= 0,00 /JEI UR{l)= 0,00 /EI
OV{2)= 150,84 /EI UR(2)= —45,25 /ET

UV{H= 0,00 /EI UR(H= 0,00 /ET

HE(2,1)= 75,42 /ET

Zmgant= 150,84 /E1 E= 3,00m P= 1

2EMAXY= 150,24 /E] %= 0,00 m P=2
MS= -50,28 ¥a E= 0,00 m P= 1
MS= 0,00 Kim X 3,00m P= 1
MS= 0,00 Sa X= 0,00 m B=2
M52 -0,07 kiim %= 0,01 m P=2
5= -36,20 Lfim X= 5,00 m Pw 2

)
: E —

|“ 1 = 2

TEMAMX= 16,76 BN  X= 0,00 m P= 1

MIMIE= -50,28 XSm X=90,00m P= L

1 2 3,

_w

ZSMAXX= 150,34 /EI 2= 3,00 m PB=2

M({l)= -50,28 kim

BM{3)= 36,20 kim
D6{1,2)> -16,76 k8 D6(2,1)= 16,7
MF(L,2)=-50,28 kiim MF(2,1}= 0,0

D6{2,3)= 7,24 W D6{3,2)=
MF{2,3)= 0,00 kSm MF{3,2)=

UV(l)= 0,00 /EI TR{lj= &
UV{2)= 150,34 /EI UB(2}= O
UV(3)= 0,00 /EI UR{3}= O

BE(2,1)= 75,42 /EI
HE{2,3)= -45,25 /EI

ZEMAXX= 150,34 /EI
ZIHANK= 150,94 /EI

X=3,00 =
E=0,00m

MS= -50,28 idim
MS5= 0,00 kBp X= 3,00 m
MS= .00

P=

P=

X= 0,00 = P=

Pm=

0 P=

ME= -36,20 P=

kHm X= 9,
kSm X= 5,

38
]

Exercises with BEAMPROGRAM111.

Joint data for all cases the same.

2y IN

£ 2 3F

q::_/ £7 — 2 227 F

(X4 _3m m -
N9=3 joints.
I FY PV UV sV X1 MZ PR UR SR
1 0 il -0 0 0 0 1 0 0
2 24 0 0 0 3 0 0 0 o
3 0 il 0 0 3 0 1 0 0
P9=2 beams.
P LIL. HH NL NH BA EI
1 i 2 Q Q 1 1
2 2 3 0 0 2 2

Uv(2)= 38,43/EI

and

2ty

UR(2)= 2,45/E1

ﬂ/ 21 3F page 6-16
ﬂ" ; EZ 2 2£7

N9=3 joints.

I FY PV UV SV X1 MZ PR UR SR

1 0 il 0 0 0 0 1 0 0

2 24 0 0 0 3 0 o 93 o

3 0 il 0 0 8 0 1 0 0

P%=2 beams.

P LL HH NL NH BA EI

1 1 2 0 33 1 1

2 2 3 1 0 2 2

HE(2,3)= -45,25/EI and uv{2)= 150,84/EI

129&/

j,l 12 3 l;' page 6-17
— 1+ &2 "— 2 3&

P9=2 beams.

P LL HH NL NH BA EI

1 il 2 0 1 1 1

2 2 3 0 ) 2 2

HE(2,1)= 75,42/EI and UV(2)= 150,84/EI

lQ’/ '44/

gli. 2 ) 3? page 6-18
=7 & — 2 3@k

P9=2 beams.

P LL HH NL NH BA EI

1 1 2 0 1 1 1

2 2 3 1 0 2 2

HE(2,1)= 75,42/EI

HE (2,3)= -45,25/EI

and

Uv(2)= 150,84/ET

/2
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12;5- 51?51 Fg. ).

3

———

e

——

E¥{ly= 22,35 X
RV{2i= 0,90 5
EV(3)= 5,75 3§  RM{3}= 17,25 iBm
1 P
= = 3 DE(L,2)= —22,25 ¥ DE(2,11= -1,75 k¥
V MF(1,2)= -20,00 iBm MF(2,1)= 0,00 iBn
! 96{2,31= 5,75 B DE(3,2)= 5,75 I
TSOXE= 22,25 1§ E= 0,0 m F=1 Mr(z,29= 0,00 iSm MF(3,2)= 17,25 k=
2080 i /%25 TWili= 0,00 /LI W= 0,63 VEX
' /’//f V(2= 25,38 /EI TR{24= 14,00 /EI
BN | 2 ~ 1 V(3= 0,00 /EI TRi3= 0,00 /ET
= “‘—B—E—""r“ 2
| 243 o A Tl 0,39 0T
@ T= 12,0 /B
SSMGNE= -20,00 Min E= 0,00 3 P= 1 ——————
20QT0= 25,28 /EI E=4,00m E=1
Z2mi= 25,88 JEI %= 0,003 P=2
L 2 3 M5~ -20,00 IStm X< 9,00 @ P= 1
= L — = M5= 0,01 Xm 3=1,233 E=1
¥s= 6,14 ¥Bm K= 2,433 B=1
M5= 0,00 XBm X= 4,003 P=1
ZDAXK= 25,86 /El E=0,00m P=2
¥5= 9,00 1Bn = 0,003 F=2
wio o177 3% JHe Xw A N0 ® Fe d
Hom 3
I FY WUYSY X ¥ B W S
1 0 1060 9 -200 00 0,0
2 1 000 4 9 0 00 20
3 0 1900 7 0 I 00 00
oo 2
P OLLEE MLIE 3 X L
112 990 1 1 4
BB =1 .'lg gg aoc ;.:4 3“ i
P Lm EE B E L Irzwwsvlz_nuzmmsn
2 23 10 2 2 3 18 19040 4 -200 69 9,06
2 1 090 4 0 9 0,000
3 0 100 7 9 1 0,0 0,0
%= 2
P LLSE BLMWE 2 EI L
i 12 91 1 1 4
BE(=1 I 589 o 13
118 e ] 3
P, Ilz HLE EA EI L
223 10 2 2 3
/o &#/fm o l
. Ul l 1.2 3¢
Ao— —
= P JEZ Pez  2E7 §
l,oo
2 3

578 J Fro2.

T2QXE= 22,2518 E= 0,003 P=1

1[}; . Q/ﬁq
gy

4

STV -20,00 Xix XZ= 0,00 @ P= 1

oo 2 PRVES

ZEMOME= 25,88 /EI X= 0,90 m Ps 2

-]
= RM{3)= 17,25

DE(1,2)= -22,25 kI DE(2,11= -4,75
MF(1,2)= -20,00 38w MF(2,1}= O,

D{2,3}= 5,75 M DE{3,2)= -5,75
¥F2,3)= 0,00 Him MF(3,21= 17,25 Mn

ovi{l)= 0,00 /EI TUR(l}= 0,8 /&1
UVi{2)= 25,88 /EI UR{2j= £,%5 /ET

Ov{3}= 0,00 /ET TH{ZII= 0,00 7EX

EE(Z,3)= -12,%4 /EI

Zmpiy= 25,88 /EI 3= 4,003 P= 1

ZZMAXE= 25,88 /EI Re 0,30m Pm 2
M5= -20,00 kim X= 0,00 m P= 1
M= 0,01 1m X= 1,23 m Px1
M5~ £,14 XBm X= 2,431 Bx1
MS= 9,00 Xp X~ 4,00m P= 1
Mo= 0,00 Kim E= 0,00 m P= 2
MSa 17,25 Hm = 3,90 m P= 2

Example.

Fig.l.

A beam consisting of two parts connected with a
hinge. Beam P=1 loaded with a distributed load,
the hinge loaded with a vertical load force of

12 kN and at left end 1 of beam 1 acts a couple
of forces with moment 20 kNm to the left.

N9=3 joints.

I FY PV UV SV X1 MZ PR UR SR
1 0 1 0 [¢] ¢} -20 0 Q 0
2 1 0 0 0 4 0 0 0 0
3 0 1 0 0 7 0 1 0 0

Type 3 in text box TN9, next Tab, and type in
TSTRING the 3 rows of joint data.
1,0,1,0,0,0,-20,0,0,0 Enter,

,0,4,0,0,0,0 Enter and
,0,7,0,1,0,0 Enter.

P9=2 beams/members.

P LL HH NL NH Ba EL

1 1 2 0 1 1 1

Type 1 in TNP, Tab, and type in TSTRING
1,1,2,0,1,1,1 Enter. .

P NQB (P) I Q33(P, I) Q44 L33(pP, I) Q44
1 1 il 10 8 0 3
Click Ream load forces NQB(P), and type
1,1,1,10,8,0,3 Enter.

P LL HH NL NH BA EI

2 2 3 1 0 2 2

Double click in TP9, type 2, Tab, in TSTRING

2,2,3,1,0,1,1 Enter.

Click Again, Calculate and DrawTSMSELC to get
the diagrams.
Next Reacticns,

Results and M5MaxZero.

Since NH(1)}=1 and NL(2)=1 two slopes/angles are
separately calculated, see results on the left.
HE(2,1)= 0,98/EI and HE(2,3)= ~-12,94/ET,

no joint rotation UR(2).

Store the results, click NR= to say 4, then
click STORE, underlining STORE and NR=4.
Next day? Click GET, gets underlined, to get
the stored data back.

Fig.2 like fig.l with a little difference.

See the short stripe, beam end 2 of beam 1 is
seen as a 'real' joint, therefore NH(1)=0!
When going on with the results just found,
click CSE=0 to CSE=1, getting red, and type in
TSTRING NH(1)=0 Enter. The results show
UR(2}= 0,98/ET and HE(2,3)= -12,94/EI.

This way one can see beam end 2 of beam 2 as a
'real' joint, then the little stripe is drawn
on the right of the hinge. When going on then
with CSE=1 to type in TSTRING

NH(1)=1 Enter and NL(2)=0 Enter.

Click Again etc. to find following results
HE(2,1)= 0,98/EI and UR(2)= -12,94/ETI.
Three cases with same diagrams... ofcourse.

/3




Fig.3.
Like on the preceding page but with different

& 1 4o joint and beam/member numbering and with the
2°<r “H | i, f"\IE beam axis systems at the other beam ends.
b -
12 JE 2 N9=3 joints.
4__,_;;- 7 At = 2F I FY PV UV SV X1 MZ PR UR S8R
3 Ly 3 e 1 1 o0 0o 0 ¢4 o o0 0 g
i T T v
3 2 0 1 0 0 7 0 10
59'3- 3 o 1 0 0 0 -20 0 0 O
P9=2 beams/members.
WO Sos  m@e 17,25 mm P 1L HH NL NH BA EI
K RV(3)= 22,75 1@ ! 1 1 2 1 o] 2 2
= > 4-'1- = = beL2)= 5,751 (L= 575 2 1 3 1 0 1 1
bl LS TR P NOB(P) I Q33(P,I) Q44 L33(P,I) Q44
MO 2,518 B dim B3 MLA- 000 M M O.i1n 20,00 2 1 1 -8 -10 1 3
,[M\w 1//;?;'? i o iz 20 /21 Again, Calculate and DrawT5MSELC,
o~ = = o | ov{3d)= 0,00 /EI TUR(}N= 0O,& JEI .
= __ 1 e ne e Reactions, Results and MSMaxiZero.
zo:f: 4,00 Pw 2 E:1:3:= 0:39 -
sman. 2, .00 2 e m wamE R HE(1,2)= -12,94/E1 to the left —T—
Z2MAXK= —25,89 /EI X= 0,00 = PB=2
3 Y = = m = i
"  EuEmImin | EELIs 008/EL fethe mabt
T35, 08/€3,
A ——— MS= 9,00 Xm X= 9,00 % P=2
2EMENE= 25,82 JEI Xs 0,00 m B= 2 5= -£,14 Mim X= 1,58 ®m F= 2
M= 3,108 E=2,7'xm B=2 .
WEg S0OAn e Ya 2 A= Dm 3 Flg.4.
_ Mirrorred fig.3. but not the beam axis systems
Coe [l (MU Mevooew M) FMG x x because that's not possible, axis system must
S fioarn load forces NES(E) ‘
et B iy S - be placed at the 'left end' of the beam.
Pier PO=[2 | DRAWIBMELL | Ch  Besim nad foroes NOB(P) oy N9=3 joints.
AGAGAN | Cdeddle | pgan] bl grops wpss GET  End | PP I FY PV UV sV X1 MZ PR UR SR
= = s 1 1 0 o0 0 3 0 o 0 o
2 0 1 0 0 0 0 1 0 0
3 0 1 0 0 7 20 0 0 0
P9=2 beams/members.
P LL HH NL NH BA ETI
1 1 2 1 V] 1 2
2 1 3 1 0 3 il
P NQB(P) I Q33(P,I) Q44 133(P,I) Q44
2 1 1 -10 -8 0 3
Again, etc. - -
42 :j [*W%)QD HE (1,2) 12,94/EI to th ight
4 = - o the rig
4 Pss 2D P=2 187 ) ! ~I
"4)(/ 3 ‘ ) HE(1,3)= -0,98/EI  to the left —
-r T [ | F ?
4 /.
7 MFL2,7) NFEOR)  ABY3) 84m 2 M4F/3,1)
He= 3 ( 2 / l) <J 3 )
I FY WWOVSY 21 M R TR R ]‘ 41
1 90 4 3 o o 9,9 0,0 l l
2 0 1 00 ] 9 i ¢,0 0,0
3 0 1900 7 20 o 9,3 9,0
FlmANan u 26£2.) D643 26(43) DEL5Y)
1 12 120 1 2 3
S 1 1o sbin ol & Forces and moments with assumed directions.
1 -1 -2 9 3 F'/
F2
RVil)= 00 X - /‘;25 20
RV{2)= 575H BM{2}=-17,235 fm
g s  amE (F . s 7§
T = 4= D6(1,2)= 5,75 K D6(2,L}= -5,75 W / 2 4
¥F(l,2)= Bn W5 (3,1)=-17,25 Kim
228 g 5 2% --22,2
e e 2 B DR BT EEE 57 am 835 s gt adl OF
seus sop R EEE S5 SRR s
s i ; ) UTi3- 0,00 /ET TRA3}= -0, /ET
' \6.‘;?'2';3 ) [T Forces and moments with real directions.
HE{1,3)= -D,3% JEL
MEMINF= 20,00 Hm X= 5,30 x P= 2
2mowe= -25,%¢ JEL Z= 0,003 E=1 Beam 2 F1=(2*3) /2= 3 kN F2=8*3= 24 kN
Z2MDEX= 25,32 /EI X= 4,00 m P= 2
2 2 = n
' " 3 . o i maaa a1 v vert.=0 4,75-3,00-24,00+22,25=0 ok
P ::Ptejz'—x_% ¥ 20,90 H® X- 0,00 P= 2 )
sam: mate wews =i inmriaie: | F mom. joint 10
WG gEE B it e 3%3 +24%2,5 +20 —22,25%4= 9+60+20-89=0 ok

%=1



Jo & l/ LA
V1 T 3t
L= / IET 2 2&EC k
S
Jm / 3 L
4 I 1
' T ) T
pember P= 1 Ll(1)= 4,000 m
X m IS5 W T! BN M5 Hm
0,00 22,25 -20,00
1 N SE— -10,11
= = T 1,00 12,58 -2,64
= = 1,50 8,00 2,50
2,00 3,58 5,39
200 3,50 0,67 6,11
TEMAXK 3,00 -1,75 4,75
<3 cl P= ’
22,25 11 X=0,00m P=1 e s ik
4,00  -4,75 0,00
l&qg’,,z /’/‘_‘/ﬂ mar, zecs pointa
x T 2 X n M5 Iim
w21, 0,00 -20,00
23y 1,23 6,00
2,43 614
MSMARE= ~20,00 Kim %= 0,00 m B= 1 4,00 0,00
lw .
—X0)
Z0iGixE= 25,868 /EI  X= 0,00 m B=2 /oage 12
Jo » 145
20 — —
3 . -, 4
% A2 IEY 2y 28 2
—X
X 3m s 3 ,
- L L T
member P= 2 Li2)= 4,000 m
Xm I5 kW T7T & M5 Lm
0,00 4,75 0,00
J‘N 1 2 05  -4,75 -2,38
g — E——_m— 1,00 -4,75 ~-4,75
1,50 0,67 -6,11
2,00 3,59 -5,39
2,50 5,00 -2,50
TEMAXX= 22,25 K K= 4,013 P=2 3,00 12,5 2,64
3,50 17,33 10,11

20,00

max. moments, zero polacs

1 2o W 1Em
\{I&"—’/f}; 0,00 0,00
S 1,56 -6,14
P . S 2,78 0,00
MEOMRYXe 30,00 Km X= 4,00 8 P=2 4,00 20,00
3 A =
e
ZEMAXR= 25,98 /EI X= 0,001 P= 2 'baee /3
20 Jo L/ o ljik/
—~
2 1 s 7
= P=¢ ‘€2 ., P=2 267
. S . 7 3 .
i T T T
member P= 1 Ll{l)= 4,000 a
Im T5 W 17 M M5 iEm
. -4, 00
To~geskr . om am 2,38
1,00  -4,75 -1,75

1 — 2
4 200m

TEMAXE= 22,25 kKN X= 4,0l m P= 1

e
23 g4 3 = i

=== 3
— " mee L

MSMAXX= 20,00 km X< 4,00 m P= 1

2 3 1

o)
=5

ZtMniE= 25,88 /EI  X= 0,00 m P= 2

1,50 -0,87 -6,11
2.00 3, 5 -5,39
2,50 8,00 -2,50
3,00 12,58 2,64
10,11
20,00

3,50 17,33
4,00 22,25

zax. moments, zero poincs
X = M5 XEm
0,00 0,00
1,s8 -6,14
2,78 Q0,00
4,00 20,00

Examples with PTMG.

Calculating shear force and bending moment for
beam P at each step G measured from the beam end
with the beam axis system.

Example of page 12.

After input of data click CSE=0 to red CSE=1,
type in TSTRING for beam P=1 and step G=.5
P=1,G=.5 Enter.

Click PTMG for the results shown on the screen,
from support 1 to the right.

x= 0,00 m T5= 22,25 kN M5= -20,00 kNm

T5 a positive value and M5 a negative value ac-
cording to the assumptions made with the beam
axis system.

. —t
With ;—f and }L at support 1,
a positive value means ~— and "L ,

a negative value means - and -J

A '"maximum' moment of 5,14 kNm at 2.43 m from
suppurt 1. A zero point M5=0 at 1,23 m.

Example of page 13.

The beam axis sytems are placed at the other
beam ends. See page for input of data. Now the
first beam is P=2, support are numbered 3-1-2
instead of 1-2-3!

Next like done abowve.

CSE=1 and in TSTRING P=2,G=.5 Enter.

Now distances measured from beam end 1.
Because of the place of the beam axis system
the order of the printed results is different.

With "# and '1—|at support 1,
a positive value means -— and L. ,
a negative value means “— and

values of the shear forces are the same, values
of the bending moments have an opposite sign.

M5= 6,11 kNm,
M5= -6,11 kNm.

Above X= 2,50 m T5=
now X= 1,50 m T5=

-0,67 kN
-0,67 kN
Third example.

Changed numbering of supports and beams.
N9=3 jeints.

I FY PV UV SV X1 MZ PR UR SR
1 0 1 0 0 7 0 1 0 0
2 0 1 0 0 0 -20 0 0 0
3 1 o] 0] 0 4 0 1 o) 0
P9=2 beams

P LL HH NL NH BA EI
1 2 3 0 1 3 1
2 1 3] 0 1 3 2

When choosing a special step, e.g. 2,75 m then
C8E=1 and P=1,G=2.75 Enter, click PTMG,

=2,75m T5= -5,75 kN M5= 1,44 kNm.
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Example.
=
I ;’! BNOWSY 21 M BB R =
21 .0 0, .
oo gone o o] g b weRl i,
16, 1007 o ocgue|  No=¢ joints.
?—;m mE @ n I FY PV UV SV X1 MZ PR UR SR
112 00 1 1 2 1 21 0 0 0 0 0 0 0] 0
o2 1 @ W 3 1 2 0 1 o0 0o 2 0 0 0 o
gl s e 30 10 0 i 0 0 0 0
E
o jj s . 4 15 0 0 0 9 o 0 0 0
P9=3 beams/members.
segidy WO sen P LL HH NL NH BA EI
2400 X(N= 45,99 18 1 il 2 0 0 1 1
g EEE et T 2 2 3 o 0o 2 1
e — ) w
57 5 mpemzmwnzl s 3 4 0 031
comvE- 35,07 B Ee 0,00 m =2  DE(2.3)= 35,07 I DEI3,21= -34,33 IF Beam 2 with distributed beam loads.
P HEIIS 0 el 121y SO0 1o P NQB(P) I 0Q33(P,I) Q44 L33(P,I) Q44
; _AS. mGRAIGT YRR | 2 e g 28 i i
=3 3 =3 2 2 2 28 0 3 2
275 1308 TV{l)= €B,51 /EI TW{1l)=-4E,26 /EX
waw:  FEC TRE RAISHG
SN 42,00 T R 2 sl el el ieives Type 4 in TN9, Tab, cursor in TSTRING and type
. . . , mm esmroms ) the four rows of data in TSTRING, .
*}(—-‘_ — e ﬁi:ﬁgkioﬁx =2 1,21,0,0,0,0,0,0,0,0 Enter etc. Cursor in TP9.
3 470
ImGxX- 68,51 /E1 X=0,003m P=1 Type 3 in TP9, Tab, cursor in TSTRING and type
the three rows of data,

1,1,2,0,0,1,1 Enter, etc.

274y 29 1505 .
l Click Beam load forces NQB(P), getting bold,
/ 3 2 - ¥ and type in TSTRING, with CSE=0,
£ 2 w 3 2,2,1,0,28,0,3 Enter and
2 3 a 2
¢ 4 2,2,2,28,0,3,2 Enter.

Click PrData, the data appear on the screen in
correct order.

Click Bgain, Calculate and DrawTSMSELC to get

the diagrams.
Click Reactions, Results and M5MaxZero.

Fig.l, 2a and 2b.

The force of 21 kN at joint 1 is resolved into
a force of 21 kN at joint 2 plus a couple of
forces with a moment of 21*2= 42 kNm acting at

joint 2.
e wwwn 2=mms In similar way the force of 15 kN at beam end 4
2RO ol B B FRTE Ko is resolved into 15 kN at joint 3 plus a couple
O SR e of forces with moment of 15*2= 30 kNm acting at
B e = b s joint 3.
112 60 1 1 2 Beam 1 and 3 are not loaded any more but they
;zéhi i“mz ; 50 are still there, so still 4 joints and 3 beams.
a 3
P o o3 2
i e
A a e N9=4 joints.
I FY PV UV SV X1 MZ PR UR SR
maT e 1 ¢ o0 0 0 0 0 0 0 0
R I - 1 o g o b g =@ f
I g — CAA
[~ aon- smmwene sma |, o g o 0 95 0 0 0 0
TEX= 35,07 X=0,00m P=2 DE{2,3)=-35,07 XN DE(3,2)= 34,93 XA
e e Going on with the example here above. Joint da-
» N 4 4 mew emamoewas sms | ta with som changes. o
=F - g 3 oviie 15 e e 6,26 fET Click CSE=0 To CSE=1 and type successively in
o0t e 000 m o3 Wiz= 0,00 I TM2I= f%smx TSTRING the changed joint data as follows,
= -42, ,00 = = 90, TR{3)= ~7,08 JEI
- T e m- /| FY(1)=0 Enter, FY(4)=0 Enter,
i i segrie 12,51 /EI Z= 0,003 Pe 1 MZ (2)=-42 Enter and MZ(3)=30 Enter.
JL,f:LaEHJJ/’,ﬂ:j'* e s =k Thg data of all beams are like given before.
Click PrData to see the changes.
2nGTx= 32,32 /B 3= 2,70® E=2 Again, Calculate and MSMaxZero to get the same
results for beam 2 as above.
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Examples EXAl to EXA8 to click on, with given

/O—é/v 7 data to check by clicking BrData.
/ 2, J ¢ e E |
’5‘__.._—;—: 7 =5 =re % r2) F Fig.l is EXAl.
LY Idm ; 2 2 . o
—+— t T 1 =N N9=3 joints.
)t/g.j T FY PV UV SV X1 MZ PR UR SR
1 0 1 Q Q Q Q Q 0 Q
o 2 0] 1 0 0 4 0 0 0 0
I T WWS W 2R E R 3 0 1 0 0 8 0 il 0 0
2 F Bl dE b 3 boks P9=2 beams/members.
2 it mnl gl il B4 Heale:s P LL HH NL NH BA EI
S e b 1 1 2 0 0 1 1
W=l I = LI 2 2 3 0 0 2 1
1 15 1
T 1L3 HLE B EX L
mom TR P NFB(P) I F22(P,I) L22(P,I)
s o 1 il 1 15 1
2 1 1 7 2
| 2.+38 RVih= 5,7 ¥
R¥i{2j= 5,35 X
EV{3)= 2,74 1X RE{3)= 2,45 3Be 3 o 1
T e i | Seamsweme th son the Bicevins printed, next
¥F1,2)= 0,00 X8 BF2,1)= 5,52 % e g g P ro
RETEN e e Reactions, Results, MSMaxZero. See the print.
M= 5,87 LF E=0,00x P= 1 Ef2:3l= —5:32}!5!?43.2]= 2:{9&
W= 9,00 X Wili= 5,45 /I The joints have the short stripes indicating
1 A}\Lvﬂ%ﬂ Bae soiuhel [aers [ovater the joint§ are seen as 'real joints' of which
= - NUC T BN the rotations are calculated,
P8k A~ 1,37 /T Im 2,053 B2 UR(1)= 9,45 UR(2)= -2,02 UR(3)= 0,00 /EI.
MEMNN= 5,B7p EI=1,003 P=1 L g.ﬁom 1=0.0?n Be 1
. . s = ek TSMAXX= 9,87 kN is the largest shear force,
. T " = sS-R2pmEELNniE=l a positive value, so as assumed according I—l_ ,
g3/ W= -5,52 Xm 3= 6,00 ® P=2
RN We 9,02 %8p Y= 1,30 ® P=3 .
ZnoXTe 9,58 /BT I= 1,543 =1 = e et M5MAXX= 9,87 kNm, the largest bending moment,
Em o 4aies Neldnz s a positive value, so as assumed according I-.._/ R

ZMAX= 8,93/EI the largest vertical displacement
by bending, a positive value, so as assumed

. p~:1
:vvg:f i:ag | TETES R downward.
A — | — 5
=% EY = 3 DE(L,2)=-10,4€ B DE{2,L)= 4,54 XH
L’ MF{},2)= @,00 XBo ¥F{2,1)= 3,1 kSm
DEi2.31m —4,31 X8 DE(.21= ~2,65 1N Assume a vertical translation UV(2)= 16/EI of
TRGE- 10,45 3§ Ee 0,00m P=1 23 3,18 W0 XE(3,n= 0,08 M= joint 2 and a joint rotation to the left
_ . _ Tw- ewsm mo- twm| UR(3)= -9/EI of joint/clamp 3.
% e 2 W= 9,00 /AT W= -5.00 /ET
\”‘,"// = o Eil2= 15,02 /E Beam end 1, joint 1, will be seen as a hinge
smave. 12,22 BT % 2,3lT E= I NL(1l)=1 instead of a 'real joint' NL(1)=0.
=gve. 19,4 XEp K= 10X F= 1 ZOaNE. 1€,90 /KT E= 0,00 = P= 2
1 3 3 B o B GaER Before input of these data click Again to make
—~_ 1 H ¥= 0,03 m E=3,3lx =1 all UV(I) and UR(I) zero. Next click CSE=0 to
Mo 3,1 XBn R= £,00m P= 1 .
) CSE=1 and type in TSTRING
mexre 15,22 BT T-23l® Bl & Sy e UV(2)=16 Enter and UR(3)=-9 Enter and
= = i waime=: . NL(1)=] Entex.
To carry out the calculation do not click Again
El- s because it deletes UV(2) and UR(3}!
g x e i} = .
R7iZ)=  3,3¢ _ So click Calculate, DrawTSMSELC etc. to get the
B¥{d)= 7,31 13 R4{3= 15,35 I -
i =13 second print.
= 1 — - DE4l,2)s -11,42 W DE2,I)= 3,58 W
b’J ={1,2= 4,30 Mm ¥, k)= -0,70 KEe
56i2,9= 5,51 W DEd,21- T, See the bold dot at joint 1 to indicate it is
TAN- 142 %500z 1 SR 050 e EEN- I5,35 M seen as a hinge. UR(1l)= 0,00/EI to be ignored
) , ] P asE R ipm | (not programmed)
— —— mEme Ga e mey- a0/ | e HE(1,2)= 15,02/EI separately calculated,.
w BE(L,2)= 17,55 (ET
IomESe .72 T 1=2,3lx = 1 The clamp moment is MF(3,2)= -0,08 kNm, assump-—
SO, 15,55 e E= 4003 P32 ZEMGS 15,00 AT - G00% =2 tion to the right, because of the negative va-
s 3 3 = bt ails 2= . lue not as assumed, so to the left, according
= — < we 5,70 MR T 400m =1 to l—"’v
Mo 3,7 ¥Hp = 3,00@m Z= 2
meT- 272 /R B 23w =i Sk im rcwn 2 With UR(3)=9, not -9, MF(3,2)= 15,35 kNm. See

the tird print, bending moment M5= -15,35 kNm!.
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! 9 l 2k
[} oL 2
AT %, B r" =2 = |2
y -3 1 4 1 '2 e
T T T I
/429.2.
Ha= 3
E =N TV OV S EI  ¥Z IR TR SR
i 0§ 1 4 4 @& -ii § &4 4,0
2 o I & ¢ £ g I 0,0 g,C
3 o g 4 4 3 g 0 0.0 4,0
TE&= 2
= S - =X
e 152 WLIE =22 EI i
¥ = -
1 1 3 o 1 1 1 3
2 2 3 0 0 3 L 3
EER{)=1 I T2 1z
i g 3
e
j xe ) BVi1y= 3,57 BN
433 RPi2= 4,33 ¥ E40)= 2,35 Ok
'“——j RPt3)= 0,06 36
1 3 - 2
= 1 siord = 2E{l,3)= -3,67 BT 2¢{3, L= 3,79
" - o
I 3.67 i e - ? ¥Fi1,3)=-11,30 XBn ¥=(3,ij= d,00 Ex
3 E——
RS s :
r— DE42,3)= —+,33 ¥ D¢{3,2)= -3.%7 XB
IRMEE- £33 =30l P2 ME¢2,3)= 2,33 il MF(3,2)= 9,50 e
oo W= 8,60 /BT UR¢i)= —39,21 JET
3 . w2)= 9,30 /BT WR(Z= 1,30 /ET
= - _ 2 OV{3)= 83,44 /BT WR{3}= 15,23 /EI
F~ e = i3, 1)= -22,31 /EL
e l)=~Z2, s
Jalm qu'é
ZMEYR= ~23,44 /EI X= 3,00 @ 2= 1
=AayE- -11,00 3w E= 0,003 F= L Z2AXE= 33,44 /EI X~ 5,06 m F= 2
§ AT~ 3 5= 11,50 XBr Z= 0,003 =1
= T —__ = e | = 0,00 XBw = 3,00 x == 1
] i = 0,00 Mo I= 9,00 3 E= 3
== 1,34 e E=5,0lx Z=2
ZOMRt- 23,44 /EI %= 0,003 =2 M= 10,56 18n 2 3,0l = B-iR
' - = LB OE 35D =2
3= 3
- =TT TTr oy 3 s 2
I Y TV UV SV Xl ¥Z IR TR SH
I % 1 8 4 9 -1l 0 4,0 §,0
- . preg = e
< 4 1 4a g g 20 1 4,0 0,0
3 a & 4 4 3 4 & 0,0 0,0
o= 2
= e — s
S L1 3= HL B 22 EI LL
-
1 i 3 LUN S X I 3
-~ i - -
2 23 91 2 & 5
H==2y=1 I 2 1z
- 2
— H7il)= 3,47 38
Rii2)= 4,35 37 RMiZ)= -Z,33 Xbr
257 H EV(3)= 0,00 3F
1 L g
=3 5 DE(l,3)= -3,&7 MW D5, Li= 3,67
= I F{1,3)=-11,6 B ¥E(3,1)= 0,50 I¥n
= ETS
™ s
? 4A3 o£{2,31= -4,33 B DE(3,2)= -3.€7 H
Toorte £33 1§ 2= 0,00 Be2 uF(2,3)= —2,35 X ME{3,2;= 0,530 ifm
oD W= 6,00 /EI  UREL= - JET
f . d D= 5,00 /ET TRB= 1,07 BT
H e 3 = TF(33= —23. 4 /EI TRI3)= 5,00 /ET
= s 5£43,13= 22,31 /ET
eg 4.0 B3, 2= 26,23 /L
PEAVE- 11,00 ¥ E= D, 0= P=1 22OXN= 3,44 JET E= 3,060 @ =1
K ZDQXR= 23,44 /EI Z= 5,00 T F= 2
4 z = 5= -[1,00 k@D E= 0,00 ® F= L
= ; = ¥ 1.3 MWp Z=3,M0® =1
e -2,33 e = J,00m =2
= M= -11,00 Him Z= 2, ®» P= I
7oG¥e 53,44 /EI 2= 5,03 D=2 B ) oot eials] i

Example EXA2

Fig.2.

N9=3 joints.

I FY PV UV SV X1 MZ PR UR SR
1 0 1 0 0 0 -11 0 0 0
2 0 0 0 0 8 0 1 0 0
3 0 1 0 0 3 0 0 0 0
P9=2 beams/members.

P LL HH NL NH BA ET

1 1 3 0 il 1 1

2 2 3 0 0 3 1

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

2 b 1 8 3

Beam end 1, joint 1, is load with 11 kNm to the

left MZ(1)=-11 kNm, therefore NL(1)=0!, it
cannot be a hinge with NL(1)=1.

Click EXA2, next Again etc.

UR(1)= -38,81/EI and HE(3,1)= -22,31/EI so
beam P=1 is not a straight line, is bent.
Beam end moment MF(2,3)= -2,33 kNm, not as

assumed to the right, but to the left.
M5~/) = 2,33 kNm directed as assumed.

Suppose the beam axis systean:: of beam 2 is
placed at beam end 2, BA(2)=2, at the clamp,
and beam end 3 of beam 2 is seen as a hinge,
not NH({2)=0 but NH{2)=1.

50

No values for UV(I) or UR{(I) will be put in so
it's not necessary to click Again before input
like on the preceding page. Do it yet on behalf
of PrData before the calculation.

CSE=0 to CSE=1 and type in TSTRING
and NH(2)=1 Enter.

Click Again,
BA(2}=2 Enter

The load data of beam 2 must be changed.
P NEB(P) I F22(pP,I) L22(P,I)
2 1 1 -8 2

Click Beam load forces NFB(P), and with CSE=1

in TSTRING 2,1,1,-8,2 Enter.|
Click PrData to see the difference.

First case. Second case.

7Z8MAXX= -83,44/EI P=1 728MAXX= -83,44/EI P=1
7Z8MAXX= -83,44/EI P=2 7Z8MAXX= 83,44/EI P=2
MF(1,3)= -11,00 P=1 MF(1,3)= -11,00 p=1
MF(2,3)= -2,33 P=2 MF(2,3)= -2,33 P=2

In every case member end moments MF(L,H) and
MF(H,L) assumed direction to the right.

Moments M5 according the places of |\./ 4

M5= -11,00 kNm P=1 MS= -11,00 kNm P=1
M5= 10,96 kNm P=2 M5= -11,00 kNm P=2
The deformation of the beams is, ofcourse, the

same, the place of does not matter.
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Example EXA3

Fig.3.

Below the data to start with. The beam ends 1
and 3 are loaded with couples of forces with
moments 3 kNm with NL(1)=0 and NH(2)=

N9=3 joints.
I FY PV UV SV X1 MZ PR UR SR
pt 0 il 0 0 0 -3 0 0 0
= o e - T B B -
= — R7{1)= 4,33 15 3 0 1 0 0 3 3 0 0 0
E‘J == DXL 2= —;.im Db 5o P9=2 beams/members.
= s R P 1LL HH NL NH BA EI
542,3)= 5,87 v 2)= ¢33 &
TGNt -5,§7 X8 E=40lm F=1 ;:z.;;- - =s§:i§§§.§:= —é.ﬁgx 1 1 2 0 0 1 1
Ov{i}= 0,36 /EI [R{L}= 3,3¢ /ET 2 2 3 O O 2 l
N . vi{2)= d.0¢ /BT  TR{)= 0,95 /EI
N ~ | UVi{s)= 0,50 /ET ORi3)= -3,3% /ET
= == R, P NFB(P) I F22(P,I) L22(P,I)
QNI 7,37 /BT B S%¢m 22 il 2 il 5 1.5
XY= —£,£S A Ex 5,50 ® B= 1 E—?.?Om Z= 0,00 =L l 2 2 5 4
BEaeElatah 5 P NFB(P) I F22(p,I) L22(P,I)
ey T IERILRIIE 2 2 : 5 gL
e —£,i8 ¥Rr X=0,00x P= 2 2 2 5
70X= 7,37 JEI %= 3, = P=2 B R e e
o iy e Click Again, Calculate, DrawT5SMSELC etc. to get
the first print.
s ggg éggg Suppose that support 2 is springy supported,
N T o e spring constant SV(2)=0.8EI and PV(2)=1 becomes
i ) ) ] P g
=] ¢ l_ll 7 e et PV(2)=0. With CSE=1 to type in TSTRING
=Er M A EEEE SV(2)=0.8 Enter and PV(2)=0 Enter.
THOTE- 5,12 IF  X=LOLx I § MF(23)= 3,34 Ko MF{S, D)= 3,00 M
W= 8,50 BT Wih= 7,57 Click Again etc.. The second print shows the
N . /&_ A e R o m displacement of support 2, UV(2)= 13,56/EI.
w \"":/ Z9aYX~ 1704 /EI 3= 3,38= E=1
Ak 151 /B 3-2,158 =2 The spring force F is SV (2)*UV (2],
g 5,5 W E= 5,303 B I = B = e = Rea =(0.8EI)*(13,56/EI)= 10,85 kN equals reaction
. . s - 3.2 i = L50w Ex 1 force RV (2)= 13,85 kN.
e ETIEEIIL , o '
El -5 = 5,50 © = MEO2) I/2.7) ME/. I 2
¥So -5,34 W ¥= 3,002 P2 / 2 F{ 2 Méﬂ.)
DAY= 17,14 /I e 2,153 =2 =, ot o R ({ = l ‘ (l ) l)
e N N Ky No 2 fS e Te D
26/1,2) Dé(ay) 26(2.3) 243,2)
EXas Bil= £, 33
H7{2)= 11,13 XK
s i_‘: — BV(3)= &4 1E 3 15'44/ ].5— 5.3y 53y !J’ rﬁ' 3
O™ [J7  s&Esshess in (¢ ) (l_gtp ( 2 2
TGXE- -5,5¢ k¥ 3= £,0l® F= 1 !Dgz.;;: :;.i:z!);g:i:; 43;; f* S® 452 Tj" 4 I b '51 1,,561
= = 2. RIA= F7 /X
N i 5, 235 18
ZDMANE=s 15,34 EL E= 2,28 » =1 ! L] L) T
IEMIT¥= 15,34 /EI M= 2,23 m F= 2
_ - ) Beam 1 is cut on the right of support 1 and on
MEEE= -, 10 If® E= 5,50 2 F= 1 ¥5= 3,00 x = d.00x: =1 i 0 N
S e the left of support 2. Equilibrium?
. o 30 =1
A _ Al _ 3 o miim % il =1 5. vert.=0 5+5 -4,58-5,42=0 ok
1 - - —€,13 P X= 35,30 F= L
' ‘ Y mom. about end 1.
o -Gl dmm T Lmw =2 5%1,5+5%4 -5,42%5,5 -3+5,34= 0,03 ok
290%t- 15,34 /FI  X= 2,833 B= 2 = 0,02 80 I=LIdx P=3 ) 4 y 4 !
4 ¥B= i xm E=4{00xn =21

Now joint 1 and 3 will also being supported by

2 springs with constant 0.8EI. CSE=1l, in TSTRING
l PV(1l)=0 Enter and §V{(1)=0.8 Enter,

/

Support 1 displaces UV{1)=8,05/EI
Spring force F=(0,8EI)*(8,05/EI)= 6,44 kN is
9{, reaction force RV(1l)= 6,44 KkN.

D6(1,2)= -4,44 kN 2+4,44= 6,44 eqg. support 1.
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Cg . —
L8 4T BT 4T 49 &
1 I I T T T
4 = I 4% |
/%h49
pxe2d DE4l,2)= 2,00 I DEQ,Ide 2,00 N
¥l )= 0,00 3w M2 4= 3,13 X
PN
g —I_;l [F] = = ~1,33 IE TA43,0)= -5,&7
Tl 3 W = 12,3)= -3,00 XWe MF{3,2)= £,£2 Mm
e f= -3, I DE(L3)e 4,33 5T
MTi3.d)= -4, EB KEe ¥T{L 3)= 3,50 XEe
I8 = -5,&7 3 ¥=4 0l P2
3€(4,5)= 2,00 I8 DE(S. A= 2,30 1§
¥E(L,5)= —3,50 e SF(5,4)= 5,50 ¥

=y 2E41,2)=
YL, 3=

1.3 3| 3 5 ==
=71 = |—_|_3_1 = w2, 3=

€43, 4)=
33,4
TRGEE- —6,45 I8 = 4,013 ¥ 2

DE44,5)=
BE{4,3)=

VL=
TFi2)=
wia=
TV
s

EMEvEs -2,1% M E= 5,30 3% B 2

pia s e ly
IDGE=
ZEMATR=
ZMANE=

22A¥R= 11,25 /EI R= 3,M 3 =1

9,00 X7 DE(2.31= 2,30
3,00 3Hm ¥F2,15= 1,00

-3,31 XB 3€{3,2)= —£,4%
2,30 Mn ¥F(3,2)= =Z,I2

—£,45 ¥ DEi4,3)= -3,5L
-8,18 ¥Wwp ¥ (4,39=

0,90 X8 DE(S. = 5,00
3,90 1Hm {5, 4= J,00

TRil}= 7,52
Wi2= 7,50
W3)= 9,99
TRi4j= ~7,3C
™{3)= -7,30

11,25 JET
0,50 /EX
9,90 /ET
2,00 JEE

-11,25 /EC

SETTEN L L LD

-1:,25 /BT
10,36 /ET
16,5¢ /B2 X=
-11,25 BT X=

%= 3,00p =1

A= 7 & b2 dey
.Ii: A T A, Y 4 .rﬂ: 4 / /.,
T i T T i (P y /O I

L 2289m , SFES
+ t +

[

g

0y
[ENFRSNE]

z2axe= 11,30 JEI X= 2,263 =1 R743)
Ti3)=

-18,27 IR mi3)= ~-17,0¢ i

Fig.4.

N9=5 joints.

I FY PV UV SV X1 MZ PR UR SR
1 2 0 0] 0 0 0 o] 0 0
2 Q 1 Q 0 1.5 0 Q 0 0
3 0 1 0 0 7 0 0 0 0
4 0 1 0 0 12.5 0 0 0 6]
5 2 0 0 0 14 0 0 0 0
P9=4 beams/members.

P LL HH NL NH BA EI

il 1 2 0 0 1 1

2 2 3 0 0 2 1

3 3 4 0 0 3 1

4 4 5 0 0 4 1

P NEB(P) I F22 (P, I) 1.22(P,I)

2 2 1 5 155

2 2 2 5 4

P NEB(P) I F22 (P, 1) L22(P,1I)

3 2 1 5 1.5

3 2 2 5 4

Click Again, Calculate, DrawTSMSELC etc. to get
the first print.

Suppose Beam load forces FY(1)=2 and FY (5)=2
are removed, then with CSE=1 to type in TSTRing
FY(1)=0 Enter and FY(5)=0 Enter.

Click Again, Calculate etc., see second print.

Example EXAS5.

Fig.5.

N9=3 joints.

I FY PV UV SV X1 MZ PR UR SR
1 0 1 0 0 0 0 il 0 0
2 0 0 0] 0 4 0 0 0 0
3 0 1 0 0 8 0 1 0 0
PO9=2 beams/members.

P LL HH NL NH BA EI

1 1 2 0 0 1 ill

2 2 3 0 0 2 il

P NFB (P) I F22(P, 1) L22(P,I)

1 3 1 10 1

1 3 2 9 2

1 3 3 8 3

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

2 3 1 -8 1

2 3 2 -9 2

2 3 3 -10 3

Again etc. to get the third print.
Joint 2 is not spported, PV(2)=0. Because of
'symmetrie' joint 2 does not displace, uv(2)=0.

place at beam end 3 of beam 2.
and in TSTRING,

Suppose
Glick Beam load forces NFB(P),

2,3,1,-10,1 Enter, Beam load forces NFB(P),
2,3,2,-9,2 Enter, Beam load forces NFB(P],
2,3,3,-8,3 Enter.

After Again etc., a print appears, not shown he-
deformation line,

re, with same elastic curve,
and same shear force signs and bending moment
signs, ofcourse!
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1 3 :
= — — 3 C€l1,2]= -2,73 KN D6(2,1}= -7,27 kN
= = 1 MEI1,2l=  C,CC kNm ME(2,1]=  €,8C kNm
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} = /‘—-./‘T | wvi2}= 0,00 /EI UR(2)= 1,18 /EI
‘\-.:%/ 1;/ 3 3 Uvid) - 4,00 /EL UR(3)= 4,03 /EI
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RV(Z}= 8,21 XN
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1 72 3 4
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= L il FH T - e V()= 0,00 /EI UR|3j= =2,76 /EI
s uvid= C,C0 /EI URfdi= 0,C0 /EI
S
HE(1,2]= €,37 /EI
—- -g,= " = 0, = 2 HS= ¢,0C kim X=C,CC=m P=1
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Example EXA6.

Fig.6.

N9=4 joints.

I FY PV UV SV X1 MZ PR UR SR
1 0 1 0 0 0 0 0 0 0
2 0 1 0 0 3 -10 0 0 0
3 0 1 0 0 g/ 0 0 0 0
4 0 il 0 0 10 10 1 o] 0
P9=3 beams/members.

P LL HH NL NH BA EI

1 1 2 il 0 1 1

2 2 3 0 0 2 1

3 3 4 0 0 3 1

P NFB (P) I F22 (P, 1) L22 (P, 1)

s 1 1 10 1.5

Joint 2 is loaded with a couple of forces with
a moment of 10 kNm to the left, Mz (2)= -10 and
joint 3 is loaded with a couple of forces with
a moment of 10 kNm to the right, MZ(3)= 10 kNm.

Click Again, Calculate, DrawT5M5ELC etc. to get
the first print, by clicking PrPr to get the
printer print.

The joints with the little stripes give the
calculated joint rotations UR(I} of the joints
2, 3 and 4, joint 1 is not a 'real joint', the
member end rotation is separately calculated,
HE(1,2)= 2,22/EI, see the bold dot, a hinge.

With no maximum displacements ZB8MAXX, they are
printed on the screen when double clicking PrF

shown here below.
IEEEN=  1,E% JEI ¥=1,ZExm I= 1
e -2,08 JET EI= 2,85 =2
TEMETE= 1,7% FI ¥= 1,00 x I= 3
Suppose the joint load moments are given an

opposite direction, then with CSE=1 to type in
TSTRING MZ (2)=-10 Enter and MZ(3)=-10 Enter.
Click PrPr to get the second print. With
HE(1,2)= 6,37/EI to the right.

A third change.

Going on with the second case.

Suppose joint 2 loaded with 10 kNm to the left
like the second case, no change, and joint 3
loaded with 10 kNm to the right like the first
case. CSE=1 and Mz (3)=10 Enter.

Also beam load force of 10 kN of beam 1 is re-
moved.

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

1 i 1 0 155

Click Beam load forces NFB(P) and type,

with CSE=1 in TSTRING 1,1,1,0,1.5 Enter.

And the clamp at beam end 4 will be removed,
CSE=1, in TSTRING PR{4)=0 Enter.

Again, etc. and PrPr to get the third printer
print. A print with nice diagrams with
HE(1,2)= 3,33/EI, to the right.
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Example EXA7.

4 g
L —~a[ [ r— ¢ 7
9=4

/
/s & =5 2 &y v-r-.a €y joints.
4}3 ‘4 JI[_\; % =\_/ '? I| olnts

F

Y PV UV sV X1 MZ PR UR SR

. 0 1 0 0 0 0 i 0 0

Fig.Z 0 1 0 0 4 0 o 0 0

0 1 0 0 8 0 0 0 0

RV(l)= 27,75 kN RM(l)= -15,66 kNm 0 1 O O 12 O O O O

o RV(2)= 34,62 kN
RV(3)= 33,45 RN

e 619 kN 9=3 beams/members.

WNRPRH-WNREPghes wND P H
=

|l el - LR ) TN T
lz;ln DE(Z’B)- —22‘35 kN D6(3,2)= -11,64 kN 2 0 O 1 1
TRAXK= 27,75 KN X= 0,00 m P= 1l ME(231m 1134 b MG 2= 12,56 ke 2 3 0 0 2 1
D6(3,4)= -21,8L kN D6(4,3)= =-6,19 XN 3 4 0 1 3 1
/s“ MF(3,4)= -12,56 kNa MF({4,3)= 0,00 kNn e
N oA A Y e G/ (e [ NQB(P) I  Q33(P,I) Q44 L33(P,I) L44
S AT R iEE mar san ! 20 0 0 s
ovid)= 0,00 /BRI TR({4)= 0,00 /EI 1 1 17 O o 4
BE(4, 3= -9,05 /EL 1 1 14 0 0 4

MRMAXK= -15,66 kim X= 0,00 m P=1

ME= -15,86 kil X= 0,00 m F= 1
MS= 0,02 XNn X= 0,76 m P=1
‘Wﬁj e dinin = ioallE= Click Again, Calculate, DrawT5M5ELC etc. Then
MS5= -11,34 kNm X« 4,00 PE=1 ] — pii Y v .
P e = o = click PFB=0 to PFB=1 to get a 'bold' print by
22 W5~ 0,04 XNm Xe 0,678 P=2 the printer, click PrPr, see the print.
Z@MAXX= 10,83 /ETI X= 2,13 m P= 3 MS= 5,59 kNg X= 1,66 » P= 2
= -0.08 W Te 2638 =2 NH (3)=1 therefore HE(4,3)= -9,05/EI.

Example EXAS.

Fig.8.

%) -—L«‘//m I/]NE_//)TFTQ Ah, irregqular joint numbering.

N9=4 joints.

FHE O er = A & =[S EST FY PV UV SV X1 MZ PR UR SR
r I 48,29 % . o 1 0 0 0 o 1 0 o0
.8 0 1 0 0 4 0 0o 0 O

/9.0 0 1 0 0 8 0 0 0 o

0 1 0 0 12 0 0o 0 O

9=3 beams/members.
LL HH NL NH BA EI

RV(l)= $8,15 XN
RV{2)= 76,67 XN
?.a.n& RV(3)= 116,40 kN

WP "YW H

N — 1‘ RV(4)= 68,77 XN 1 2 0 1 1

= T \ __.-:E = A D6(2,3)= -76,67 KN D6(3,2)= -43,33 kN .
;?667 W MF(2,3)= 0,00 kNa MF(3,2)= 56,65 ki 2 3 0 0 § 1
D6(1,3)= 61,92 KN D6(3,1)= -73,08 kN 3 4 0 0] 3 1

| MF(1,3)= 30,57 kSm MF(],1)= -56,65 kim N
TSMAKRe 76,67 KM X= 0,00 m P=1 Beam axis system of beam 2 to at beam end 3!
| D6(1,4)= -36,23 XN D6{4,1)= -68,77 kN

5‘66- MF(1,4)= -139,52 k¥s HF(4,1)= 0,00 kNm
L AN A ¢ mmosme mer gwm| PoNGB(R) I 033(R,I) 044 L33(R,I) L4
= - V(3= 0,00 /EI UR(3)m= -13,32 /EI 1 1 1 60 0 0 5

V()= 0.00 /EI UR{d)= -46,45 /BRI

4_’:;"_9...';56'0 = oo e The beam axis system of beam 2 is placed at
G h H R S el B o T e member end 1! So —-90 i.s.o. 90.
o oy SRR ], T oo 0 s
L T T A MS= 047 kNa X= 0,71m P= 2 2 2 2 -90 0 1.5 3
- e e e 3 1 1 0 70 0 4
ZRAXX~ 203,92 /EI X= 2,04 m g=1 Kem SR mm e a00m R Again etc., and PFB=1 for 'bold' printer print,
MEe <3992 kin X= 0,00 & P=3
M= no2ptwm v iisoP=3 click PrPr.
D8 RV(1)= 150,07 kN Second case.
114,60 Ans Al e The distributed load of beam 2 will be removed,
3 /T-*&l 2 A el and replaced by a load force of 225 kN placed
B = T T M. Teorw= | in the middle of the beam.

sag-amsw moneuesww | P NOB(P) I 033(P,T) 044 IL33(R,I) L4d
TSMAYX= 116,90 kN X= 3,01 @ P= 2 2 2 etc.
D6(1,4)= -41,97 kN D6(4,1)= -6€3,03 kN

WP(L )= -62,80 km ME(4,1)= 0,00 Ka Click Beam load forces NOB(P), in TSTRING

AN T gmm moimsm | 2,0 Enter, only 2,0 that's enough. Number of
Vhgna mor mem mazarmar| g-loads was 2, now O.

M5 0,00 kNe X= 0,00z P= 1
ineng ke *5o'S &L i ogsam %3 w1 P NFB(P) I F22(P,I) L22(FI)
s CARSEEEE G, Ty 1 pst 1
— . X= 0,00 m P= . L
N T s 0,50 ke x- 0,59 % P=2 Next click Beam load forces NFB(P), in TSTRING
M= 0,09 %@ X=2,35m P=2 2,1,1,-225,1.5 Enter, minus 225 because of the
Z8MATt= 77,16 /RI Xm 1,86 m Pa 1 O e 1 f the b i t
; N = N place o the beam axis system. _
HEm O e 2 f2a Ze ) Again, Calculate etc., third printer print.
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Examples EX1.

& Click them, calculation is carried out, dia-
e grams appear, with clicking Reactions, Results
g;}_“£i7 3 =y 3 and MSMaxZero results are printed.
L 5—' " - —_—_—
J .
3 Fig.l. Length A-C is 5 m.
Exsa  Fig.l

Example EXla after clicking EX1.

RV(i}= 8,00 XN RM(1)= -40,00 kNm N9=2 joints.
RV(2)= 0,00 kN
i FY PV UV S\Y X1 MZ PR UR SR

D6(1,2)= -8,00 kN D6(2,1)= #,00 kN

: Kby 2 wF(1,21= -40,00 xNm MF(2.1)w 0,00 kNm 1 0 1 0 0 0 0 1 0 0
|I.T t - —l uv(ly= 0,00 /EI OR(1)= 0,00 /EI 2 8 0 0 0 5 0 0 0 0
o = =] TV(2)= 333,33 /EI UR(2)= 100,00 /EI P9_1
TSMAXX= 8,00 KN  X= 0,00 m P= 1 b= Woroohae pragteonin B o ‘_—_geil_ﬂ.
00w s00 e = P LL HH NL NH BA EI

q ) 1 1 2 o o0 1 1

= : Click Calculate, DrawTSMS5ELC, Reactions and

TR

= 1
e Results, M5MaxZero.
: UV(2)= 333,33/EI and UR(2)= 100,00/EI.

MEMAXX= 40,00 kMg X= 0,00 m P=1

T T
BES SN

PR

l./l ({3 Calculating the displacement at 2 m.
- _‘j;““““===‘ el St With TPMG it is not programmed to calculate the
T " o displacement at each step G (pity). But shear
il force and bending moment can be calculated
first and after that the displacement, the end
S&w of a clamped beam of 2 m.
44 s )2{1é4/m With CSE=1 to type in TSTRING P=1,G=2 Enter.
/ 2m % ) fﬁ(/é Next click PTMG, see the results added to the
i} ; first print. 1
f@?2- At 2,00 m T5= 8,00 kN, as assumed so & , and

M5= -24,00 kNm, notw.~ as assumed sor—j>

Fig.2. Length A-B is Z2m.

Example EX1lb after a click on EXla.

To get the displacement at 2 m the calculation
like above can be carried out for a beam with
length 2 m with 8 kNl and 24 anL) as beam end
loads.

N9=2 joints.

I FY PV UV SV

MZ PR UR SR

X1
Mivis —47,70 e ¥= 3,30 =1 l O 1 O O O O l O O
LA 8. 2 8 0 0 0 2 24 0 0 0
- | P9=1 beam.
) 2m 633?/&7 P LL HH NL NH BA EI
7o £7,33 EL %= 0T =1 1 1 2 0 0 1 1
Click Calculate, DrawT5M5ELC, Reactions and
: Results, MSMaxZero.
4 C St UV (2)= 69,33/EI and UR(2)= 64,00/EL.
47

Fig.3. Length BC is 3 m.

Example EX1lc after a click on EX1b.

Now part C-B with length of 3 m can be treated
like above with UV(2) and UR(2) as start va-
lues at the clamp. Data to put in here below.
Length C-B is 3 m.

N9=2 joints.

i FY PV UV SV X
1 0 169.33 O

2 8 0 0 0
P9=1 beam.

12 LL HH NL NH BA ET

il 1 2 0 0 1 1

W2 : £l 3m . 3@k Click Calculats, DrawI5MSELC, Reactions and
’ Results, M5MaxZero.

Results see the third print, like tirst print,
UV (2)= 333,33/EI and UR(2)= 100,00/EIL.

MZ PR UR SR
1 64 0

wo B
o
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[ 2 1

wwsEa -5,72 @fFe 3= 0, X003 3= 2 =24
o=
E 4 5 =
_:____..-&‘-"_ :“"“-E-H.M_ =
e
o=
v 14,27 BT 3= 3,00 T = 2 g
e
(surprise... SO many Zeros...)
Rily= 3,30 1IN
RVi2)= 14,33 2R R¥{2)= 0.00 XFn
RV({3)= 3.30 XF
1 39 =3
PSi1.2)= -3.30 2N DE(2.1)= -7.50 &N

D6(2.3)= -7.50 TN DEB.2)= -5.30 XF

THPIX~ -7.50 2§ X< 3,01 m Pe1 M(2.3)= 0.15 MR ¥F(3.2)= 0,00 kix
W)= -14.87 /I Wili= $.04 /BT
1 2 3 W)= 0,00 /EI  DR{2i= 0,00 /EL
T F3 V(3= -14.87 /ET  WR(3i= -3.04 JEL

S L

I9OTE- -14.87 /BT X~ 0.00®m =1
TEXI~ -14.67 /EI T=3.00xm P=2

wril,2)= 0,00 XRe ¥F{2.1)= -0.13 k¥e

©0.00 ¥¥n EX=0.003 P 1
0.03 ke X-0.01m P= 1
4.2 E<1.762 P11
0.13 xfn XI=3.00% P=1

0,135 I=- 0.00® P=2
4,58 n ¥=1.253 F= 2
0.50 ¥Rz X« 3002 P=3

TG weRy

Example EX1d after a click on EXlc, diagrams
appear, calculation results can be added by
clicking Reactions, Results and MSMaxZero.

Fig.4.

N9=3 joints.

I FY PV UV SV X1 MZ PR UR SR
il 0 0 0 0 0 0 0 0 0
2 0 ill 0 0 3 0 1 0 0
3 0 0 0 0 6 0 0 0 0

Type 3 in TN9, Tab, cursor in TSTRING and type
there each row of data.

1,0,0,0,0,0,0,0,0,0 Enter,
2,0,1,0,0,3,0,1,0,0 Enter and
3,0,0,0,0,6,0,0,0,0 Enter.
P9=2 beams

P LL HH NL NH BA EI
1 1 2 0 0 1 1

2 2 3 0 a 2 1
Cursor appears in TP9. Type there 2, Tab, cur-
sor in TSTRING and type two rows of data,

1,1,2,0,0,1,1 Enter and

2,2,3,0,0,2,1 Enter.

P NQB(P) I Q33(P,I) 044 L33(P,I) 1L44
1 1 1 6 6 1.2 1.8
2 1 1 6 6 0 1.8

Input of distributed beam loads.

Click Beam load forces NQB(P), getting bold,
and type in TSTRING

1,1,1,6,6,1.2,1.8 Enter, bold disappears,
click Beam load forces NQB(P), getting bold,
2,1,1,6,6,0,1.8 Enter.

Click Again, Calculate, DrawT5SMSELC, next
Reactions, Results and M5MaxZero, first print.

Suppose beam ends 1 and 3 are given a displace-
ment 14,87 upward. When going on with the la-
test results as follows.

First click Again to make all UV(I) and UR(I)
zero, next click CSE=0 to CSE=I, getting red,

and type in TSTRING
Uv(l)=-14.87 Enter
Uv(3)=-14.87 Enter

and PV(1l)=1 Enter,
and PV(3)=1 Enter. (*)

Click Calculate, DrawTSM5SELC, next
Reactions, Results and M5MaxZero,

second print.

Bending moment diagram Looks strange...?, but
there is a bending moment of 0.19 kNm at sup-
port 2, the clamp.
MF(2,1)= -0,19 kNm and MF(2,3)= 0,19 kNm.

Fig.5.

Going on with the example of the second print.
To get this situation with supporta at beam end
1 and 3, click Bgain to make all UvV(I) and
UR(I) zero, so UV(1l)=0 and Uv(3)=0.

Already are PV(1)=1 and PV(3)=1 (*)

(Or PR(2)=0, then same results, symmetrie.)

Click Calculate, DrawI5M5ELC, next
Reactions, Results and MSMaxZero,

third print.
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WwaTIe €5, 10 K 3= 100z =

! 3

= =) ==

ZIVAVN= 324,35 BT M= 2,401 E= 1

MRV 2l G2 s 4= 3,003m 3= 2
- -

=1 =
___.-I"-‘;"F.-_

2vase 20,72 BT Y= 9,33 T 3= 1

Example EXle after a click on EX1d.
Fig.#6.

N9=3 joints.

I FY PV UV SV X1 MZ PR UR SR
il 0 0 0 0 0 0 0 0 0
2 0 0 0] 0 2.4 0 0 0 0
3 0 0 0 0 4.8 0 1 0 0
1,0,0,0,0,0,0,0,0,0 Enter,
2,0,0,0,0,2.4,0,0,0,0 Enter and
3,0,0,0,0,4.8,0,1,0,0 Enter.

P9=2 beams.

P LL HH NL NH BA ET

1 bl 2 Q 0 1 1

2 2 3 0 0 2 1
1,1,2,0,0,1,1 Enter and

2,2,3,0,0,2,1 Enter.

P NQB(P) I Q33(P,I) Q44 1L33(P,I) L44

1 1 1 0 12 0 2.4

2 1 1 12 0 0 2.4

Click Beam load forces NQB(P), getting bold,
and type in TSTRING
1,1,1,0,12,0,2.4 Enter, bold disappears,

click Beam load forces NQB(P), getting bold,
2,1,1,12,0,0,2.4 Enter, bold disappears.

Click Again, Calculate, DrawTSM5ELC, next
Reactions, Results and M5MaxZero, first print.

Fig.7.

Beam axis sytems placed at other beam ends.
With CSE=1 in TSTRING
BA(1)=2 Enter and BA(2)=3 Enter.

The distributed loads.

P NQB(P) I Q33(p,I) Q44 L33(P,I) L44

1 1 1 -12 0 0 2.4
2 1 1 0 -12 0 2.4
Click Beam load forces NQB(P), getting bold,
and type in TSTRING
1,1,1,-12,0,0,2.4

Enter, bold disappears,

click Beam load forces NQB(P), getting bold,
2,1,1,0,-12,0,2.4 Enter, bold disappears.

And, beam end 1 seen as a hinge, with CSE=1 in
TSTRING NL(1l)=1 Enter.

Click Again etc. second print.

HE(1,2)= -96,77/BEI because beam end 1 seen as a
hinge, it is UR(1)= -96,77/EI of fig.6.

Fig.6. M5= -69,12 kNm X= 2,40 m P=2
Fig.7. M5= 69,12 kNm X= 0,00 m P=2
Difference in negativ or positive value because
of different place of beam axis system!

Fig.8.

Going on with fig.7, now beam end 1 will be
supported, with CSE=1 PV(1l)=1 Enter.

Again, Calculate, etc. third print.
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Examples EX2a etc.

Fig.1l.
Fxample EX2a after a click on EX2. Diagrams
appear, click Results, Reactions first print.

Beam numbering from left to right 1 2 3 4 and
joint numbering from left to right 5 4 3 2 1.
N9=5 joints.

FY PV UV SV 1 MZ PR UR SR

I X

il 0 1 0 0 8 0 0 0 0
2 0 ifl 0 6] 6 ¢] 0 0] 0
3 0 il 0 0 4 0 0 0 0
4 0 1 0 0 2 0 0 0 0
5 0 il 0 0 0 0 0 0 0
P9=4 beams.

P LL HH NL NH BA EI

1 4 5 0 0 5 1

2 3 4 0 0 4 1

3 2 3 0 0 3 1

4 1 2 0 0 2 1

P NFB(P) ii Q33(P,I) Q44 L33(P,I) L44
1 1 ill 0 18 0 2
2 1 ill 18 18 0 2
3 1 il 18 18 0 2
4 1 1 18 0 0 2

Suppose the distributed beam loads of beam 1
and 4 are removed.

P NOB(P) I Q33 (P, I)
1 0

Click Beam load forces NOB, type in TSTRING
1,0 Enter, NQB(l) has become zero, and beam 4,
Click Beam load forces NQB, and 4,0 Enter.

Q44 133(P,I) L44

Click PrData to see beam 1 and 4 without loads.
Click Again, Calculate, DrawT5MSELC, etc. for
the second print.

Fig.2.
Example EX2b after a click on EXZ2a, third print

with Results and Reactions.

Suppose beam end 5 and 1 seen as hinges, and at
support 3 a hinge, then with CSE=1 in TSTRING
NH(1)=1 Enter, NL(4)=1 Enter and

NL{(2)=1 Enter.

Again, etc., Results, fourth print here below.
With this case just accidental UR{4)=0 and
UR(2)=0. With formulas for separated beam 1,
(24%242) /16EI - (18%243)/24EI= (6-6)/EI= 0 /EI.

Py

=
T
=
i
=
el
=
Faid




Example EX2c after a click on EX2b.
129-94“ _ /84n/la 12& /8

g 2 i 2 E_ i 7 3. Going on with EXZ2Db. . ‘
= The supports are springs, spring constant 12ET.
With CSE=1 to type in TSTRING
V]
- i 2§ o L 3 —=  Sv(1)=12 Enter, PV(1)=0 Enter,
) SV (2)=12 Enter, PV(2)=0 FEnter,
fj?.ﬁ- SV(3)=12 Enter, PV(3)=0 Enter,

SV (4)=12 Enter, PV(4)=0 Enter and

T€ig,.51= —15.35 &
¥Ei{,5)=  <.€0

SV(5)=12 Enter, PV(5)=0 Enter.

LAi= 17,6 X
£y 3.3 3y ME(LL3)=

Again, Calculate, DrawT5SMSELC etc.

D2, 5= 12,42 & I&{3,Z)= -1L,3% &
T e MTi3,20= -5.54 & .
Joint/support 3.

p s

-3

CE(l 2= -14,€1 ¥W (2, 1y=-2L35 X
-

ET

EF(L, 2= Q00 R MEL2, L= ~E, 3 3 3 2
5 /t\/}h A\ 1 Wil T Win= » ﬁ-- l Eél -
VAR Z A 17,67 .
T7{4)= JEL WRiD= JEL
T BT WR{Si= 4, T4 /ET & sz 2§
=nEYe 2,70 Xz Xx 1,0 =1 . = T IR s
N ) . zmam- = mones =2 Beam end forces D6(,) assumed downward.
W mas ey = LR D6(3,4)= -17,67 kN and D6(3,2)= -11,58 kN
- = RV(3)= 29,25 kN is 17,67+11,58
7ovaER- 4,13 JET E LOET Be f i
sridie 3 es 3w RV (3)= UV{3)*SV(3)= (2,44/EI)*12EI= 29,28 kN ok

Example EX2d after a click on EX2c.

Like fig.3. With a hinge at support 3.
Going on with EX2c.

With CSE=1 in TSTRING NL(2)=1 Enter.
Again etc. second print.

MF (3,4)=0 kNm and MF(3,2)=0 kNm.
HE (3,4)= -4,10/EI and UR(3)= 4,05/EI

e

Example EX2e after a click on EX2d.

Adding more hinges. Going on with EX2d.

With CSE=1 NH(2)=1 Enter and NH(4)=1 Enter.
Third print. Again etc. third print.

D6(3,4)= —14,20 kN D6(3,2)= -8,11 kN

RV(3)= 22,31 kN is 14,20+8,11= 22,31 ok

Example EX2f after a click on EXZe.
RV(3)= (1,86/EI)*12EI= 22,32 kN ok
All supports with hinges, 'full' hinges.
- lgl _g__ NH(1)=1 Enter, NL(1)=1 Enter,
NH(3)=1 Enter, NL(3)=1 Enter and
| 420 8.4 NL(4)=1 Enter.
114 3/ Again, Calculate, DrawT5M5ELC etc. 4th print.

zowavy= 3,30 JET X= LI0x F= 3

BAARAAAS
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Click examples EX3a to EX3e.

12 4 J2
2 J B4 /7 3 Example EX3a after a click on EX3.
—E— 2 == 3 %
= C ey am , 2 AN Fig.1l.
= ! ! W F Statically 3-fold undetermined.
F@;-ﬁ Joints are regularly numbered, 2 4 1 3, beams
are regularly numbered, 1 2 3.
8.06 M 234 ¥ N9=4 joints.
= :::: ;;: I FY PV UV SV X1 MZ PR UR SR
-_ L}_F I_T DE{2.43= -3.34 AN DE(4.2)= -8.06 IN : : ) 0 0 é . 0 0 0
et ¥r(z.0= 0,00 e NF(4.2)= 4,15 0E 2 0 1 0 0 Q 0 0 0 0
THoETe 3,338 %= L00® B1  pgaaj= 4.00 B De.1)= 6,00 BN 3 0 1 0 0 8 0 0 0 0
St W)= 4,13 MEn MF(4,1)= 4,13 1Re 4 0 1 0 0 2 0 0 0 0
//1\ 3 DE(L.3)= -6,06 W D6, = -3.94 kN
i/ \—/ \%// Wr(1,3)= -4.13 kR ¥F(3,I)= 0,00 XKz P9=3 beams
il W- 0,00 AT W= 0.25 AT P LL HH NL NH BA EI
L2 W)= 0.00 /EI TR~ 1.63 /EI
EIAXT- 4,13 IBE Ee 2,003 Be L V@)= 0.00 BT WG -1.63 /EL 1 2 4 0 0 2 1
ovi#)= 0,00 /EI WR{4)= 0,25 /KT 2 1 4 0 0 4 1
3 4 4 3 0.9 /Kf ¥ 0,51m =1 3 1 3 0 0 1 1
_— _—— . "
N e
R 2 [ P NFEB (P) I F22 (P, I) L22(P,I)
2O 2,42 /B X= 3,00m EF= 2 ’ 12
£Xx3a 1 1 1 12 1
2 1 1 8 2
/ 12
24y 4 3 1 1 12 il
/ 2 3 v
— = v - =
- 7 — 2 3 = A click on EX3 gives the diagrams, next
qut 2 2 | 2 I T AR Reactions and Results to get the print shown on
5 the left.
Fi9.2.
Example EX3b after a click on EX3a.
BV{ly= 3,34 k¥
,—l e Fig.2.
E_} = ) O R/0= 3.5 2N Like fig.l but now the joints are regularly
L_j DELL.F)= <3.04 kS D4 numbered as well, 1 2 3 4.

TRoi- -8,0€ ¥ 3= 100z E=1

AN AN
AVARR V¢

EMoEEs 4,13 M¥p 3= 2,003 =1

1, 2 3

ZEMRFX= 2,43 JEI E=2,00= B=2

»¥(l,2)= 0m).ﬁﬂ(21)= 4,13 tix

D6(2.3)= —4.00 2F D6{3.2)= —4.00 kN
MF(2,3)= —4,13 Xim ¥(3,2)= 4£.13 Xim

DE(3 . 4)= 6,06 kN DE(4.3)= -3.32 kN
(3. 4)= —4.13 XEn ¥'{4.3)= 0,00 kKm

W=
W=
V=
W=

0,00 /EI TTR{= 1
0.00 /EI TWR{2)= -0.
0.00 /EI WRG)= 0.
0,00 /BT 4= -1.€5

um‘m
CEEE:

/fEl =092 P<1
JEI ¥=2.00m P=2
J/EI ¥=1,10m P=73

X34

nmn
'EY]

= —4,131a X~ 0,00 P=2
¥ 0,042s E 1,04 P-2
B> 3,87dm X=2,00x P-2
W= O0,00%Em X-2.97% P=2
W= 4,13 2m XI=4,00m P=2

Qb
==
: J 3t | —
T _-I_F d
Z00

TRAYE= -Z,1f KB %= [, 003 ¥= I

i AN AN
X/ TN NV

MQVR= —4,31 ¥@x E= 3,003 B 2

“\4;/‘““*““’1\/

.Ho a9y

ID2XR= ‘3,34 JEI 3=1,103 7= 32

11,2

2€43,4)= —Z,I1& T IT€id,31= -3,83 X
¥F{3,4)= ~4,31 Be EF{{ 3= 5,07 i
THli= 0,06 /EL UR(I)= 1.5€ /EX
T¥i2)= Q.90 /EI  TR¢)= -1,13 /EI
T9{3)= 2,20 /ET TMR{3}= 5,13 /EI
W)= A,40 /EX  TR)= -1,5¢ /BT
ZE 3,5 /EI X=3,51m =1
IR~ 0,41 /EI X=2,00m =1
Z8MEHe 0,54 JEI 3= L 10x 2= %

N9=4 joints. With changed X1(I).

I FY PV UV sV X1 MZ PR UR SR
it 0 il 0 0 0 0 0 0 0
2 0 il 0 0 2 0 0 0 0
3 0 1 0 0 6 0 0 0 0
4 0 il 0 0 8 0 0 0] 0
P9=3 beams. With changed LL(P), HH(P), BA(P)
P LL HH NL NH BA ET

dl 2 4 0 0 2 1

2 1 4 0 0 4 1

3 il 3 0 0] 1 1

P NEFB(P) I F22(P,I) L22(P,I) No changes.
il 1 1 12 1

2 1 1 8 2

3 1 il 12 1

Reactions, Results, the final results are the
same, see some underlined values.

Going on with EX3b.

Suppose the bending stiffness of beam 1 becomes
5EI instead of 1EI.

Then with CSE=1 in TSTRING EII(1)=5
Again, Calculate, DrawTSMSELC, etc.

Enter.

78MAXX was 2,42/EI and now 0,94/EI.

The largest displacement determines how the
deformation line is drawn. First time 2, 42/ET
and the second time 0,94/EI.
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12
) a 3

l&éu

%

2

7 =

3

} | + f=
;29.3-
€41,2)= 5,52 &8 IEZ,L)= -I,08 oF
MW=Ly 5,00 WEm WE(Z,1j= 4,16 i
: | = N [F a4 DEE2 400 W
ET =T = |— 1 1,15 WpEG5,0= 1,30 e
S€43,4)m -4,00 K ZEl4,5)= —4,05 X
F3, 4= 9,00 XEm ME{4,3= 5,00 IEm
TEMA¥Ee -2,05 1 ¥= 130 ® F= I
W
AN .
i AN v £ )
=
\:/ == \:'1/—-.- -\;-’/ ==
ET
JET
AT 4,15 1% 3= 1,043 =4 =
(ET
s K i 5 % =
L 1 L b i/E
- W =
243,22 1,54 JH
=)= LI
- el (U, 5i= —1.5% /BT
PEL U RNy - . SN = =
. . @,5= L B £x3c
Ki{li=
Ri{2y=
RFidi=
RFi{)=
v g T
EF{3)=
Ki{ei=
DéeL, M= -3,52 M DEZ,l)= -5,95 iF
Wi,z 0,00 Ok ¥Ei3I1= 4, 1€ W
j = E = T S€iZ.3)= 4,56 I DE3, 2= 4,20 i
E =l e ME2,3p= —f,1F SSv ME(3,2= 1,10 iEE
ZE43, 4= —4,00 KT Zé4d,5v= —4,00 BT
¥E(3, )= 0,00 MEp ME{4,3)e 0,00 EHEm
Tomme -£,02 3 Y= LO0® B=1
TE(4,5= 4,00 N TEI5, 4= 4,00 1§
X WE(4,5)= 0,00 Kk (5, 4)= 4,1 PR
e .A\_:‘i ‘{/*'TS __ % DEis,&r- -B.B M DE{ES)= 3,521
\z/ ] \\;1/ 3 V ¥55,83= —4,1Z o WF(E,5)= 0,00 Xz
Wilye 0,60 jEI
w™i2= 6,90 /ET
IR 4,16 Mp T= 1043 B4 WA= 1,28 BT
TH4)s 1,06 (ED
: - . ~ TES)= 1,00 /ET G431
2 3.3 . £ THéde 0,00 BT TREE= 0,05 /I
VW a“i—’ < i gl
Eil,2)= L€l /EL
BE(3,2)= 1,34 EL
mars= 2,0 B e asem w3 2ihSm -LA/E
HE(E,5)= -l JEL
SEqL2= -3,54 ;M D62 11= -£,08 I
WE{L.2)=  §,50 38n ¥R3,l= 4,15
1 2l 3 ITH A DEE3)= 4,00 B SES,e 4,00 o8
= =T 3% =2 I— T =F(2,3)= 4,13 Min ¥F{3,2)= 0,04 i¥x
TE(3,£)= —4,00 B SE(4,31= 4,00 =
W3, 4= 3,04 MEp MT{4,3)= 0,03 B
TEQ¥Ie 5,06 1§ = LOd 3 =1
DEf,5)= 4,06 B DE(5,4)= -4.00 X5
¥{4,5)= 0,03 B (5, 0= 4,13 E
1 /4\ /I\ ¢
e A/EN P ss.d= -2,08 X8 DEMES)- 3,54 I
\/ 2 \3/ + \:/ ¥Ei5,80= 4,13 T80 ME(E,54= 0,50 &
Wii= 9,90 /BT TRAL)=
Uv(zi= 0,00 EI TRi2)=
EMATI- 4,13 e E- 2,003 F= 1 TP{3)= 1,22 /I TR3)=
T7i4)= 1,22 /EI  TR{dj= -
2 S - . Wis)= 9,50 /ET  TRUE=
=1 1 =11 = T¥{e)= 9 ¢ i
—= T —— (€)= 49,00 (BT W&
AL 2)=  1,€3 /ED
HE(E,S)= 1,83 JEX FX3d
77N 2,42 BT I= G, m B 3
25GXe= 0,58 /EI %= 0,ELx = L
IoaTTe 48 P e i Wiw Do D
| P in —rd= TEa & Wot

Example EX3c after a click on EX3b.

Fig.3, see fig.2.

The continuous beam is made statically deter-
mined by placing two hinges at the place of mo-
ment zero points of beam 2 found by MSMaxierc

of EX3a.

N9=6 joints.

I FY PV UV SV X1 MZ PR UR SR
1 0 1 0 0 0 0 0 0 0
2 0 1 0 0 2 0 0 0 0
3 0 0 0 0 3.04 0 0 0 0
4 0 0 0 0 4.96 0 0 0 0
5 0] 1 0 0 6 0 0 0 0
6 0 1 0 0 8 0 0 0 0
P9=5 beams.

P L HH NL NH BA EI

1 1 2 0 0 Bl il

2 2 3 0 1 2 il

3 3 4 1 1 3 in

4 4 5 1 0 4 il

5 5 6 0 0 5 il

P NEFB(P) I F22(P,I) L22(P,I) No changes.
1 1 1 12 1

3 1 1 8 0.96

5 1 1 12 1

Click Results, double click PrF to get the
screen print shown on the left. (Rh, not enough
space for ZBMAXX results.) The bold dots indi-
cate the hinges, separately calculated HE(,) .
Shear force and bending moment diagram equal
those of the second case EX3b of the preceding
page, but the deformation line is different.

HE(4,3)= -1,84/EI
HE(4,5)= -1,94/ET

1,94/EI
1,84/EI

HE(3,2)=
HE(3,4)=

Second print on the left.

Suppose beam ends 3 and 4 of beam 3 are 'real
joints', then with CSE=1 to type in TSTRING
NL(3)=0 Enter and NH(3)=0 Enter.

And beam end 1 of beam 1 and beam end 6 of beam
5 seen as hinges, then in TSTRING
NL(1)=1 Enter and NH(5)=1 Enter.

Again, Calculate, DrawTSMSELC and Results.

HE (3,4)= 1,84/EI is replaced by UR(3)= 1,84/EI,
HE (4,3)=-1,84/ET is replaced by UR(4)=-1,84/EI.

UR(1)= 1,61/EI is replaced by HE(1,2)= 1,61/EI,
UR(6)=-1,61/EI is replaced by HE (6,5)=-1,61/EI.

Example EX3d after a click on EX3c, or going on
with EX3d.

the hinges, with CSE=l,
and MNL(4)=0 Enter,
and NL(3)=0 Enter.

One may remove
NH(2)=0 Enter
NH(3)=0 Enter

Again, Calculate, DrawT5MSELC and Results to
get the third print. See the short stripes, the
two hinges are gone, the construction has beco-
me 2-fold statically undetermined.
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1 ]—;]_s_ . o B
=ERE UL

TIAX%= 7,55 K = 3,302 E= 35

N NN

DEfL,2)= —£, 11 X DE(2,li= -7,55
MF{l,2)= 9,50 3w M={2,li= 3,3°%

DE2,3)= -£,30 F DE13.2= 4,30 X
¥E(2,3)= -3,3° e MF43,21= -0,12 kB

ZE{3, = ~4.00 B DE{4.3)= -1.0d
¥F{3,4)= 1,12 IHw ME{4,3)=

0,
DE(E,51=  £,90 3§ DES. 4= -,
W4, 5)= 4,lE Mw ¥F(3 . dj= 3,

DE{5.6)= -7,5% BB DE{¢, 5= -4,01 38
MF(5,&)= -3,58 ifm ¥F(E,35)= 1.90 D

el TVl 3,60 JEI WRID= 2,97 JEL
V()= 0,20 /AT WR(2= 5,05 EL
MO 4,02 B Xe 3,5 W B3 T¥{I= 2,35 /EI  TR{3= 2,02 /EL
T7{4y= 2,25 /EL a2 /ET
4 5 @ R a wYis)= 2,20 /EX =
W Wigl= 3,36 EX JET
2257 ZoaWGe E 4L /BT Z=L02® P=1
A 29MAX%= 2,35 BT X= L4 T B= 2
5 225G 3,32 /EI 3~ 0,563 P= 3
IR = I, 3
2 LS 2 o Imam= 2,35 FI %= 5,00 m =4
2T 143 T Ip N Ss oy e S
oy
4
4
2,027 ha |92
el
L0044

Fig 4.

oY1= ~3,07 JET

2 5,00 B= 1

Déti,2ys 3,50 B DE{2,1lj=-12,30 1IN
¥F(i,2)= -5,30 Mo MF{2,l)= 17,00 &

DE42,3)= —4,56 X¥ DE(3.2)=  £00
MF{2,3)=-17,00 ¥y ¥={3,0)= =24
SE(3, = 4,00 IF e 5= 1,26
MF(3, )= 12,24 e MF{{, = 12,3
DE{4,5:= 4,00 2 DE{5. 41= -1,20
MF4,5)= -12,24 I ME{3,$)= 17,00
DE{S, &)= -12,00 XB DE{&.5i= 5,30
ME(3,8)= -i7,30 Ko MF({E,51= 3,39

W¥ill= 73,97 JEI WR{L}= 32,30

IF{2=  L.07 /BT UR{2i= -2£,00
o9¢3y=-17,53 /BT WR{31=-10,48
TZ{d)= =27, 5.
Ti5)=
Wie)=

CTEUT RRARNE BE OBE BN BE

AU

1 [2Z 3 4| 5 §
==T—1ﬁl=-r‘*ﬁ—ili-

TRD- 16,00 & X=0.00® P=35

e A
= = - 3 & - =

MEMRNT= -27,00 kHe X- 0,00 m P- 5

T T S R

*=r "* 3

1 o0 /BRI X=200m P=35

-6.00 xR X=0.00x P=1
4,50 ke X=1.00= FP=1
-15,00 e X=2.00: F=1

-16.00 x¥e X< 0,00 = P=2
-8.00 ¥¥n X=1.04 7= 2

—4.68 B X-000m 2= 3
X 0,752 P=3
140 ¥im X-0.95= P=3
0,00 a¥m I-1.323 73

0.00 ks I=- 0.00 s FP=4
-16,00 280 =103 P=4

PO 59 FUEE UV OBy
5
¥

-27,00 Aa E- 0.00 m
-3,00 Y= E= 2.00 2

ks

Example EX3e after a click on EX3d.

When going on with EX3d.

Joints 2 and 5 will be supported by springs
with spring constant 15EI.

With CSE=1 to type in TSTRING

SV (2)=15 Enter and 8V(5)=15 Enter,

NL(1)=0 Enter and NH(5)=0 Enter and
PV(1)=1 Enter and PV(5)=1 Enter to remove
the 'beam end hinges'.

Again, Calculate, DrawTSMS5ELC etc. lst print.

Fig.4.

Calculating the displacement dm of the middle
of beam 3, startng with beam end 3.
Section just left of the load force of 8 kN.

The shear force sign._lL determines the direc-
tion of 4,00 kN, that's downward.

the bending moment sign~_)) determines the di-
rection of 4,02 kNm, that's to the left.

Joint 3 displaces 2,25/EI is dl 1 = 2,25/EI.

d21=

a3 |

]l

displacement of beam end 3 of beam 3

(2,02*%0,96/EI= 1,94/EI

(4,00%0,96~3) /3EI= 1,18/EI

(4,02%0,9672)/2EI= 1,85/EI

dm l = (2,25+1,21-1,85+1,94) /EI= 3,52/ETI ok
Slope deflection, angle hm in the middle.
h2~== 2,02/EI

h3——= (4,00%0,96~2)/2EI= 1,84/EI

h4=== (2,02*0,96) /EI= 3,86/EI

hMme—= (2,02+1,84-3,86)/EI= 0 ok

Example EX3f after a click on EX3e.

Going on with EX3e.

Supports 1 and 6 will be removed, with CSE=0 to
type in TSTRING

PV(1)=0 Enter and PV(6)=0 Enter.

And beam end load moments added at beam end 1
Ci—-and beam end 6==g;.
5 c)

and MZ(6)=5 Enter.
second print.

MZ(1)=-5 Enter
Again, Calculate etc.

Suppose a hinge at beam end 4 of beam 3 and 4,
NH(3)=1 Enter and NL(4)=1 Enter,

Again, Calculate etc., third print... collapse!
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e
I
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I

fae]
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iF:éﬁl

1 ¥ g

! EJ LZ

| = %H\
F*LA2/ (2*EI) Z= F*L 3/ (3*REI)

Q AN /m
i) |

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

D ki

T

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

)

1/"/Tm
=

Q*L"~3/ (8EI) 7= 11Q*L~3/(120EI)
4 ;>ﬁ7 AN

= M*L/EI 7= M*LAZ/(Z*EI)
R . i

A oy B
. z| &7
A= 7 %}
e S

HA= F*a*b* (L+b)/(6*L*EI)
HB= F*a*b* (L+a)/(6*L*EI)
ZD= F*a~2*b~2/ (3*L*EI)

F
4 ¢ B
' e

— &y
2./, Ly
/< L i

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

ZC= E*L"3/(48*EI)
T |
A ' | B
> - A5

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

ZC= 5*Q*1"4/ (384*EI)

HA= Q*L"3/ (45*EI)
HB= 7*Q*1L"~"3/ (360*EI)

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

92 (_Q’L_\‘ ¢

A C

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

j E Z=F*1,

1 EA i /EA
@

; [ — j Z=Q*L~2/{2*ER)

1 EA 2

-‘— P—— __‘_ _f_

1f.;.1’_’:=j Z=Q*L 2/ (3EI)

4
A e 3 7
A= M
o 7/

HA= M*L/(G*EI) HB= M*L/(3*EI)

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

=

r'Av‘

HB= M*L/ (4*EI} ZC= M*L"2/(32*EI}

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

MA=3*EI*Z/ (1.~2) HB= 3*Z/(2*L)

AV=BU= 3*EI+Z/(L~3) ZC= M*L~2/(32*EI}
)

2

jAv

ME=IE= G¥EL*Z/ (L"2) ZC= /2

BY=BY= 12*EI*Z/(L"3])

3/



