1 Direct Stiffness Method

1.1 Continuous beam

Use Direct Stiffness Method to calculate the internal forces of the continuous beam with rectangular
cross-section 0.4 X 0.6 m and draw them. The beam is at the both end fixed (clamped, built-in, made-in,
restrained) and in the middle of the span there is a mobile support. The loading of the beam consists
of a single force (point load) 20 kN at angle 60°, uniform load 5 kNm~! in length 2 m and a single
moment load 10 kNm (2 meters from the support b). See Fig. 1. The material of this beam has modulus
of elasticity £ = 36 GPa.
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Obréazek 1: Task scheme

We can write basic equation system:

K] - {r} = {F} (1)

where [k]| = stiffness matrix of the bar system, {F'} = force vector, {r} = displacement vector.

Cross-sectional area
A=b-h=04-0.6=0.24m>

The second moment of area

I

bbb = -0.4-0.63:0.0072 4
vy T 12 12 m

1. We label nodes a, b, ¢ and calculate degree of kinematic indeterminacy ny (degrees of freedom).
The kinematic degree of freedom is the number of independent joint displacements (rotations and
translations). In a planar task every joint has three degrees of freedom (u;, w;, ;). One translation
in the global X-direction, one translation in the Y-direction and one rotation about Z-axis (counter
clockwise). Displacement vector {r} consists of unknown degrees of freedom, in our case {r} =
{up, op}T = nyx = 2. We know displacement of some nodes (e.g. u, = 0 node a is supported in

X-direction, etc.). See Fig. 2.
up
{r}= { } (2)
#b

(0, 0,0) (u,, 0, ) (0,0,0)
rfal it {ch

Obrézek 2: Labels of nodes and degrees of freedom

2. We divide our continuous beam into two bars (members) a-b and b-c see Fig. 3.

Fy = F - cos(a) =20 - cos(60°) = 10kN
F, =F -sin(a) =20 -sin(60°) = 17.32kN

To calculate stiffness matrix of members — we use tab. 11.3a, because bars a-b and b-c are fixed
supported on both ends. The matrix is symmetric. The stiffness matrices [kap,] and [kp.] are identical
by reason of the same bar length, cross-sectional area, the second moment of area and modulus of
elasticity.
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Obrazek 3: Division of the beam into two bars a-b and b-c
[kab] = [kbC] =
1.44 0 0 —1.44 0 0
0 0.0144 —0.0432 0 —0.0144 —0.0432
B 0 —0.0432 0.1728 0 0.432 0.0864 1095
| —144 0 0 1.44 0 0 m
0 —0.0144 0.0432 0 0.0144 0.0432
0 —0.0432 0.0864 0 0.0432 0.1728

When we solve only displacement vector {r}, we need only some matrix elements of [k] and {R}.
These elements are highlighted below this text and in the next step 3.

[kab} =
u,(0) w,(0) ©a(0) up(1) wy, (0) on(2)
1.44 0 0 —1.44 0 0 u,(0)
0 0.0144 —0.0432 0 —0.0144  —0.0432 w,(0)
0 —0.0432  0.1728 0 0.0432 0.0864 ©a(0) [10°X]
—1.44 0 0 1.44 0 0 up(1) m
0 —0.0144 0.0432 0 0.0144 0.0432 wy,(0)
0 —0.0432 0.0864 0 0.0432 0.1728 ©b(2)
[kbc} =
ub(l) wb(o) QOb(Q) UC(O) We (0) QOC(O)
1.44 0 0 —1.44 0 0 up(1)
0 0.0144 —0.0432 0 —0.0144  —0.0432 wy(0)
0 —0.0432 0.1728 0 0.0432 0.0864 ©p(2) [10°)]
—1.44 0 0 1.44 0 0 1o (0) m
0 —0.0144 0.0432 0 0.0144 0.0432 we(0)
0 —0.0432 0.0864 0 0.0432 0.1728 00(0)
Using highlighted matrix elements, we will assemble global stiffness matrix of the system
1.44 - 10° 0
+1.44 - 10° +0 2.88 - 10° 0
[k:] = ) = ] (3)
0 1.728 - 10 0 3.456 - 10
+0 +1.728 - 108

3. Force vector {F'} is equal to nodal force vector {S} take away primary force vector { R} (the strip
above R signify that the vector is primary vector). In our case there is no nodal load this implies

(S} =0. )
{F} ={S} - {R} (4)



Primary vector { R,p, } of single force - see tab. 11.2¢ (14.10 row 2)

{Ru) =

Xab
Zab
Mab
Xra
Zva
My,

Primary vector {I_{%)C} of uniform load in length 2 m -

in the second column)

(Rl =1 b

0
—-9074
6111
0
—926
—-1667

—5000
—8660
12990
—5000
—8660
—12990

see tab. 14.10(row 11 — formulas are given

0
21 (12 - @) + ]
6~b2+3~a~b+a'l)
0
—g% (I+1D)
— e (30— 1)

Primary vector {Rﬁc} of single moment load - see tab. 11.2d (14.10 row 9)

{Ri.} =

Primary vector {Rbc}

{Ruc} = {Ri.}+ {Ri.} =

0
—9222
0
= N
0 [N]
2229
3333
Xbc O
Ze —11296
M. 6111
> [N] (6)
Xeb 0
Zet, 1296
My, 1666

Force vector {F'} see eq. 4. We use only elements in relation to unknown displacements up, and ¢y,.

{F}:={@}—*{
4. Solution of vector of unknown displacements {r}

)1

0 3.456 - 108

( 2.88 - 107 0

—5000 40

—12990 + 6111

Ub

©b

(:

}:
}:

| 5000
] 6879
5000
6879

1.736 - 1076
19.905-107¢

o)

5. Solution of end reaction Vector.{ﬁbc} is the secondary force vector. To solve this equation system

we need only highlighted columns, which are in relation to displacements differing from 0.

{Rap} = {Ran} + {ﬁab} = {Rab} + [kab] - {Tab}

(7)



{Ryc} = {Runc} + {ﬁbc} = {Ruc} + [kbe] - {rve} (8)

{Rab} = =

{Rbc} = =

—5000
—8660
12990
—5000
—8660
—12990

1.44
0
0
—1.44
0
0

0
—11296
6111
0
1296
1666

1.44
0
0

—1.44

0
0

0
0.0144
—0.0432
0
—0.0144
—0.0432

0
0.0144
—0.0432
0
—0.0144
—0.0432

0 —1.44
—0.0432 0
0.1728 0
0 1.44
0.0432 0
0.0864 0
0 —1.44
—0.0432 0
0.1728 0
0 1.44
0.0432 0
0.0864 0

0 0 0
—0.0144 —0.0432 0
0.0432  0.0864 0 10°
0 0 1.736
0.0144  0.0432 0
0.0432  0.1728 19.905
0 0 1.736
—0.0144 —0.0432 0
0.0432  0.0864 19.905 | 103
0 0 0
0.0144  0.0432 0
0.0432  0.1728 0

There is value 10 that we obtain by multiplying stiffness matrix multiplier 10° and displacement

vector multiplier 1076,

{Rab} =

{Rbc} =

Xab
Zab
M.y,
Xba
Zba
My,

Xbc
Zbc
My,
Xeb
Zen
Mcb

—7500.16
—9519.90
14709.80
—2500.16
—7800.00
—9550.00

2500
—12156
9550
—2500
2156
3385

6. Check force equilibrium on the bar — see Fig. 4.

Bar a—b

[N, Nm]

[N, Nm]



20kN
14.71 N -9.55 0.55 5kN/m 3.39
750 60°\ |17.32kN 09 g i
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Zla 10kN b 250 b N4 10kNm c77
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-9.52 -7.80 -12.16 2.16
Obrézek 4: Force equilibrium on the bar [kN, kNm)]
> F,=0:-750+10—-250=0
> F.=0:-952+17.32—-78=0
> M, =0:14.71-17.32-3 — (~7.8) - 6 + (—9.55) =0
Bar b—c¢
ZFI =0:250+(-2.50)=0
ZFZ =0:-1216+5-2+2.16 =0
.92
ZMb:0:9.55— +104+3.39—-2.16-6=0
7. Check force equilibrium in nodes a, b and ¢ — see Fig. 5.
M, 14.71 -9.55 9.55 3.39 M,
@\ 7] 250 7N\ b N 250 7N ZN
> < } { <t } / <
R, 7 a -7.50 ZAPYY ¢ 7 R,
-9.52 i .
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Obrazek 5: Force equilibrium in nodes a, b and ¢ [kN, kNm]

3 Fuo=0: Roy — (~7.50) = 0 = Ryy = ~7.50kN
S F.o=0: Ry +(~9.52) = 0= R,. = 9.52kN
ZMa =0:M.—14.71 =0 = M, = 14.71kNm

ZFM =0:-250+250=0
Zsz =0: Ry, —7.80 —12.16 = 0 = R}, = 19.96 kN
ZMb =0:-955+955=0

> Fue=0:Rey — (~2.50) = 0= Rey = —2.50kN
Y F.e=0:R. +216=0= R, = ~2.16kN
> M.=0:M,—339=0= M, =3.39kNm



8. Internal forces diagrams (N — normal force, V — shear force, M — bending moment) — see Fig. 6.
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Obrazek 6: Internal forces



1.2 2D Frame

Use Direct Stiffness Method to calculate the internal forces of the frame and draw them. See Fig. 7. Ma-
terial parameters: modulus of elasticity £ = 24 GPa and coefficient of thermal expansion o, = 107° K~ 1.

4.0m

M =4kNm E=4kN
(7 Att:l-Z"C

E=6kN
E; =1 OkN bar a-b:

§

b At=6"C ¢

[mm]

q=8kN/m

bar b-c and c-d:
400

AT

v 2 [mm]

L 2.0m J< 3.0m J

Obrazek 7: Left:2D frame, right: model scheme.

Cross-sectional area

Agpy =b-h=04-0.6=0.24m?>
Ape = Aeg =b-h=04-0.3=0.12m>

The second moment of area

1 1
2P — — . p.p3 = .04-0.6% = 0.0072 m*
v 13 13 0.4-0.6° =0.0072m
1 1
IbC:ICd:i~ . 3:7. _4~ _3: . 4
v y 13 b-h 17 0.4-0.3° = 0.0009m

1. degree of kinematic indeterminacy (number of degrees of freedom)

ne = 5
2. displacement vector and nodal force vector
Up 0
Wp 0
{r}=4 v {§} =4 —4000 , [N,Nm] (9)
U —10000
We 6 000

=270

Obrézek 8: a) global coordinate system zz, b) local coordinate system of the general bar x*z* and
determination of angle v (clockwise) c¢) angle v of our bars a-b, b-c and c-d

3. stiffness matrix in global coordinate system



(a) bar a-b — tab. 11.4a, angle y =270° = s = —-1,¢=0

[kab] =

Ua  Wa

(b) bar b-¢ — local coordinate system of the bar is same as global coordinate of the system — we

can use tab. 11.3b

[kne] = [kic] =

Up Wp
1440
0 8.1
0 ~16.2
~1440

0 ~8.1
0

up,
—32.4
0
64.8
32.4
0
64.8

¥b
0

—16.2

32.4
0
16.2
0

Wp
0
—1440
0
0
1440
0

Uc
—1440
0
0
1440
0

(c) bar c-d — tab. 11.4d, angle vy = 53.130° = s = 2,c =

[kcd] =
uC wC
207.36 276.48
276.48 368.64
0 0
—207.36 —276.48
—276.48 —368.64
0 0
(d) stiffness matrix of the system
k] =
Up
32.4 + 1440 0+0
040 1440+ 8.1
64.84+0 0+ (—-16.2)
—1440
0 —-8.1

Pc Uuq

®b

64.8+0
0+ (-16.2)
172.8 4+ 32.4
0
16.2

b
—64.8 Uy
0 Wa,
86.4 Pa
64.8 Up
0 W
172.8 ¥b

—8.1
16.2

o

Wq

8.1

o O O O o O

®d
Uc
We
(pC
Ud
Wq
®d

Uc

—1440
0
0

1440 + 207.36

0+ 276.48

Up
Wh
o [a0ey]
Uc
We
Pe
[10°%]
We
0
—8.1
16.2
0+ 276.48
8.1+ 368.64

Un
W
2
U

We

[10°3]



Ub Wh

1472.4 0
0 1448.1
64.8 —16.2

—1440 0
0 —8.1

¥b

64.8
—16.2
205.2

0

16.2

4. primary vectors of end reactions in local coordinates of the bar

(a) bar a-b — tab 11.2a (tab. 14.10 row 13)

{RZb} =

— transformation to the global coordinate system

(Ru) =

Xab

Zab
Mab
Xva
Zba
My,

Ue We
—1440 0

0 -8.1

0 16.2
1647.36 276.48
276.48 376.74

0

—16

10.6 ‘

['103 N,Nm]

0

—16
—10.6

—16

0

10.6

0.0 [-10° N, Nm]
—16

—10.6

Up
Wp
®b
Uc

We

[10°3]

(b) bar b-c — force Fi: tab. 11.2¢ (tab. 14.11 row 2) and thermal load ¢: tab. 11.5b

{RZC}FI = {RbC}Fl =

{RZC t {Rbc}t =

(Ri.) = (R} =

0
—2.75
L5
[10° N, Nm)]
0
-1.25
0
57.6
—4.32
8.64
[-10° N, Nm]
—57.6
4.32
0
57.6
—7.07
10.14
_ ] [110° N, Nm)]
—57.6
3.07
0

(11)

(12)



(¢) bar c-d — similar to simply supported beam

{R:d} = 7

— transformation to the global coordinate system

Xcd
ch
_ M,
{Rcd} = S d
Xdc
ch
Mdc
(d) primary vector of the system
—16 4 57.6
0+ (=7.07)
{R} ={ -10.6+10.14
—57.6+0
3.07 4+ (—5)
5. force vector
0
0
{F}={S}-{R}=q -4 ;- 10°-
—10
6
6. equation system
(K] -
1472.4 0 64.8 —1440
0 1448.1 —16.2 0
64.8 —16.2 205.2 0
—1440 0 0 1647.36
0 —-8.1 16.2 276.48

7. End reaction vector of the bar

—4
-3
0 3
= A [-10° N, Nm]| (15)
-3
0
0
-5
0 3
=1 o [-10° N, Nm]| (16)
-5
0
41.6
—-7.07
10 =< —0.526 p [-10° N, Nm)] (17)
—57.6
~1.93
41.6 —41.6
—7.07 7.07
—0.526 p-10°=¢ —3.473 5 [10°N,Nm] (18)
~57.6 47.6
-1.93 7.93
{r} ={F} (19)
0 Up —41.6
-8.1 w, 7.07
16.2 S108-8 ¢ p =< —3.473 103
276.48 Ue 47.6
376.74 we 7.93
uy, 39.171
wy, 4.429
©b = —26.783 [-1076 m, rad]
Ue 67.736
we —27.414
(20)

{Rab} = {Rab} + {Rab} = {Rab} + [kab} {Tab}

10



—324 0 —64.8
0 —1440 0
{ﬁ }_ 64.8 0 86.4
abf = 32.4 0 64.8
0 1440 0
64.8 0 172.8
1440 0 0 —1440 0
0 8.1 ~16.2 0 8.1
{R }_ 0 ~16.2 324 0 16.2
bef Tl Z1440 0 0 1440 0
0 —8.1 16.2 0 8.1
0 0 0 0 0
207.36 9276.48
9276.48 368.64
|
ed —207.36  —276.48
_976.48  —368.64
0 0
—15533.602
—6377.76
10890.896 . X
{R.p} = 16466.308 transform {Ry} =
6377.76
—12765.4886
16466.4
—6378.187
8756.374
R\ = {R' )} =
{Roct = {Ric} —16466.4
2378.187
0
6466.314
3621.752
0 SN X
{Req} = 466,314 transform {R},} =
—13621.752
0

11

0 466.398
0 —6377.76
224.2
0 = 30 [N, Nm]
39.171 —466.398
4.429 6377.76
—926.783 —2089.822
0 39.171 —41133.6
0 4.429 691.813
0 —26.783 | ] —1383.626
0 67.736 [ 41133.6
0 —927.414 —691.813
0 0 0
67.736 6466.314
—97.414 8621.752
0 = 0 [N, Nm]
0 —6466.314
0 —8621.752
0 0
6377.76
—15533.6
10890.896
0890.896 N, N
—6377.76
—16466.398
—12765.4886
[N, Nm]
6777.19
—3000
0 [N, Nm]
—14777.19
—3000
0

[N, Nn



10.891 SkN/m  JRT56 8. 756 L0KN

Xo16kN
T _ 6.177 : T
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1.0 2.5
i -15.534 1-16 466 -6.378 2.378 -3.0

Obrazek 9: Force equilibrium on the bar [kN, kNm]

8. Check force equilibrium on the bar — see Fig. 9.

Bar a—b
> F,=0:6.378+ (—6.378) =0

ZFZ =0:-15.534+8-4—16.466 = 0

42
> M, =0:10.891—8- 5 + (12.756) — (~16.466) - 4 =0

> F=0:16.466 + (—16.466) = 0

ZFZ:0:—6.378+4+2.378:O
ZMb:0:8.756—4-1—2.378-2=0

> Fe=0:6.777+8 + (—14.777) = 0
> F,=0:-34+6+(-3)=0
> M, =0:6-25+(-3)-5=0

9. Check force equilibrium in nodes a, b and ¢ and support reactions — see Fig. 10.

_ T 6.378 -13.622
2 M=4kNm g 7¢= =6kN —6 466
S -15.534 (7 b /:\; 16,466 _ —10kN
16,466 16.466 i =
* T-6.378 -2.378 6 466 T
M, —
<\\ R.. 8756 T6.378 T 3.622

In.

Obréazek 10: Force equilibrium in nodes a, b, ¢ and d [kN, kNm]

Node a
> Fra =0: Rax — (—15.534) = 0 = Ray = —15.534kN

> F.o=0: Ry + (—6.378) = 0 = Ry, = 6.378kN
> M, =0:M,—10.891 = 0 = M, = 10.891 kNm

Z Fa =0: —16.466 + 16.466 = 0
> Fa =0:6.378+ (—6.378) =0
> My =0:8.756+ 4+ (—12.765) = 0

12



ZFM =0:-16.466 4+ 10 + 6.466 = 0
D Fe=0:-237846+ (~3.622) = 0

> Fua=0: Ray — (—6.466) = 0 = Rayx = —6.466kN
Zde =0: Ry, + (—13.622) = 0 = Ry, = —13.622kN

10. Internal forces diagrams (N — normal force, V — shear force, M — bending moment) — see Fig. 11.

10.891 -12.756 8.756
8kN/m 10kN
T I ams 7, AN 6.777 NN 14777
6.378 Aa b7 16.466 4P ¢ -16.466 ¢ 8kN d
4.0 1.0 1.0 2.5 2.5
-15.534 -16.466 -6.378 2.378 -3.0 -3.0
6.378
-6.777 I
164

1.94175m

®

378 15.534
14777

Obréazek 11: Internal forces of the frame — N, V, M

ST TS
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1.3 Priihradova konstrukce

Obecnou deformac¢ni metodou vyteste vnitini sily na jednoduché prihradové konstrukei. Prifezova plocha
prutii je A =15-10"*m? a modul pruznosti £ = 210 GPa.

\\{Zob,u

Obrazek 12: Prihradova konstrukce a vypoctovy model

1. Uréeni minimalniho stupné pfetvdrné neurcitosi ny, a vypoctovy model. Z obrdzku 12 vpravo vyplyva
stupen pietvarné neurcitosti n, = 3.
2. Globélni vektor nezndmych deformaci r a jemu odpovidajici globalni vektor uzlovych (styénikovych)
zatizeni S.
Ui
{r}=4q w (21)
U2
Vektor uzlovych zatizeni obsahuje sily odpovidajici deformacim obsazenym ve vektoru nezndmych

deformaci. Deformaci u; ve sméru globalni osy x ve sty¢éniku 1 vyvola sila 5000 N. Ve sty¢niku 3 se
nenachazi zadna sila ve sméru osy x, kterda by zpusobila posun ug, proto 0.

5000
{8} =< 20000 ;[N] (22)
0

3. Vypocet globédlnich matic tuhosti pro jednotlivé pruty (volim pruty 21, 13, 23) a sestaveni globaln{
matice tuhosti soustavy.

ProtoZe jsou vSechny pruty oboustranné kloubové pfipojené (kloub-kloub), budou nésledujici matice
tuhosti zjednoduseny na matice 4 x 4. Pro vypocet matic tuhosti sikmych prutii pouzijeme tabulku

8.2d.
=¥
22"
Parametry pro prut 21 -1 =2.5m, s = —% ac= %
U2 Wa U1 w1
. —45.36 60.48 Ug
[ka21] = . . 60.48 —80.64 w2 g6 ]
45.36 -60.48 Uy m
-60.48 80.64 w1y

14



Parametry pro prut 13 -1 =2.5m, s = % ac=

(ki3] =

U
45.36
60.48

-45.36
—60.48

[S31[°4}

w1 us ws
60.48 -45.36 . uUq
80.64 -60.48 .
108 [N
-60.48 45.36 . U3 m
—80.64 60.48 . w3

Lok&lni i globélni soufadny systém prutu 23 jsou totozné, proto muzeme pouzit tabulku 8.3d pro
lokélni matice tuhosti prutu.

(k23] =

w2 us w3
—105 . Ug
0 .
e (]
105 . U3 m
0 . ws

Globéalni matici tuhosti soustavy pruti ziskdme sectenim prislusnych tuhosti pro nase neznamé
deformace (Sedd policka v maticich tuhosti). Vznikne tak matice o velikosti n, x np.

45.36 —60.48
45,36 | +60.48 | 0O
60'48 %0 (‘54 90.72 0 —45.36
[k] = ’ ' —60.48 | -10°% = 0 161.28 —60.48 | -10° (23)
+60.48 +80.64
1536 —45.36 —60.48 150.36
—45.36 —60.48 '
+105
. Resen{ soustavy linedrnich rovnic (napf. Gaussova eliminaén{ metoda):
(k] -{r} ={F} (24)

Protoze se jednd o pifhradovou konstrukei, kde je zatizeni soustfedéno ve sty¢nicich, vektor sil {F'}
je roven vektoru uzlovych zatizeni.

{F}={S} (25)
90.72 0 —45.36 U1 5000
0 161.28 —60.48 w1 =< 20000 p [N] (26)
—45.36 —60.48 150.36 Ug 0
Vytesenim soustavy ziskdvame neznamé deformace konstrukce:
Uy 1.027337
wy p =14 1.597222 3 -10"*[m] (27)
Uy 0.952381

. Vypocet globalnich vektori vyslednych koncovych sil a jejich transformace do lokélniho souradného
systému jednotlivych prutta. Vysledné koncové sily jsou rovny sekundarnim koncovym silam, protoze
konstrukce neobsahuje zatiZeni na prutech (zadné vektory primérnich koncovych sil).

R, = Ry, (28)
—45.36 60.48 0 5000
S 60.48 —80.64 0 —6666.6
[Ro1] = : -10% = [N]
. 45.36 —60.48 1.027337 —5000
—60.48 80.64 1.597222 6666.6

15



6.

Pozn. 1:

Pozn. 2:

Pozn. 3:

Pozor na vliv zaokrouhlovéni! Pfi pouziti {re;} = {0, 0,103, 160}T~1(T6 dostaneme vektor vyslednych
koncovych sil {Ra1} = {5004.72, —6672.96, —5004.72, 6672.96} .

45.36 60.48 —45.36 . 1.027337 10000
60.48 80.64 —60.48 . 1.597222 13333.3
(R3] = : 1107 = [N]
—45.36 —60.48 45.36 . 0.952381 —10000
—60.48 —80.64 60.48 . 0 —13333.3
Pozor na vliv zaokrouhlovéni! Pii pouziti {ris} = {103,160,95,0}" - 10~5 dostaneme vektor

vyslednych koncovych sil {R;3} = {10039.68, 13386.24, —10039.68, —13386.34}T.

—105 . 0 —10000
0 : 0 0
[R23] = : -10* = [N]
105 . 0.952381 10000
0 : 0 0

Pozor na vliv zaokrouhlovani! Pfi pouziti {rs3} = {0,0,95,0}" - 106 dostaneme vektor vyslednych
koncovych sil {Rps} = {—9975,0,9975,0}".

Sily v globalnich vektorech vyslednych koncovych sil mtzeme vykreslit piimo do piislusnych stycnikia
a pomoci rozkladu sil ziskat osové sily na prutech, coz je to samé jako provedeni transformace:

R, =T.Ru (29)
3/5 —4/5 0 0 5000 8333.3
N 4/5 3/5 0 0 —6666.6 0
{R} = = 5
0 0 3/5 —4/5 —5000 —8333.3
0 0 4/5 3/5 6666.6 0
3/5 4/5 0 0 10000 16666.6
. —4/5 3/5 0 0 13333.3 0
{Ru} = = =
0 0 3/5 4/5 —10000 —16666.6
0 0 -—4/5 3/5 —13333.3 0
Vykresleni vnitrnich sil na konstrukei.
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Obrazek 14: Globélni a lokalni vysledké koncové sily na jednotlivych prutech

Protoze se jedna o jednoduchou staticky urcitou konstrukci, muzete provést kontrolu vysledku
pomoci styénikové metody (viz Zaklady stavebni mechaniky).

Pokud by se mély pocitat pouze deformace, staci vycislovat pouze Seda policka matic tuhosti a
priméarnich vektortu. Pokud se pocita cely priklad, je potfeba vycislit celé sloupce matic tuhosti
nélezici nezndmym deformacim a celé primarni vektory.

Pro vypocty sin a cos je obvykle (Skolni ptiklady) vyhodnéjsi zapis pomérem stran pravouhlého
trojuhelniku nez prepocet pres thel (obvykle pékné zlomky = mensi zaokrouhlovaci chyby).
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Obrazek 15: Normélové sily prihradové konstrukce
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