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EXERCICIO

Considere a estrutura de bet3o (E=29 Gpa; 0=10" /°C) constituida por dois pilares e uma viga com sec¢des
retangulares conforme representado na figura.

Para além do carregamento, a estrutura estd submetida a seguinte variacdo de temperatura: +20 °C no
exterior e +10 °C no interior.

O apoio A sofreu um assentamento de 2 mm e uma rotagao de 0,001 rad conforme indicado na figura.
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Na resolucdo deste exercicio aplique o Método das Forgas desprezando a deformabilidade por esfor¢o
transverso.

a) Determine as reac¢des e trace os diagramas de esforgo axial e momentos fletores da estrutura.
b) Determine o deslocamento horizontal da sec¢do D.

c) Confirme os resultados obtidos nas alineas anteriores utilizando o programa FTOOL.

RESOLUCAO
ALINEA a

A estrutura é constituida por dois corpos unidos entre si por uma rdétula, o que configura um
arco-de-3-rétulas. Para ser isostatica teria de ter somente 4 incégnitas como reacées. Como apresenta
6 reacGes (2 momentos de encastramento, 2 rea¢des horizontais e 2 reagGes verticais), a estrutura é
hiperestdtica de grau 2.

Vamos adoptar para sistema base (So) a estrutura com apoios duplos em A e E, configurando assim um
arco-de-3-rétulas.

Na aplicacdo do Método das Forgas as 2 incégnitas hiperstaticas corresponderdo aos momentos de
encastramento nos apoios A e E.

versdo 0 1/20 Método das Forgas — Est. Cont. — F9-ex2
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40 kN

30 kN
—_—

$

Sistema Base (So) 30 kN/m —> 3m

L= A
i

\

\

3m ‘ 3m

A estrutura real (S) vai ser decomposta nos sistemas Sp, S1€ S, .

X1 — incdgnita hiperestatica, correspondente ao
momento de encastramento no apoio A.

S = So + X1XS1 + XzXSz

Xz — incognita hiperestatica, correspondente ao
momento de encastramento no apoio E.
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e Calculo do sistema So

Equagdes de equilibrio 40kN
de 3 rétul
(arco de 3 rétulas) 30 kN
O e S
. ] c D
SF. =0 —
—
Et >
Toda a estrutura ZFy =0 Z— 3m
8
2Mg=0 —
—
o AB. _ —
Corpo AB >Motg = A El__1
T T
3m } 3m
REFERENCIAL Va Ve
T@,
ZFX =0 HA+HE+30%x3+30=0 HA = —45kN
ZFy =0 VA+VE—-40=0 VA = -17,5 kN |
= =
>Meg=0 —VAX6-90%1,5+40%x3-30%x3=0 HE = —75kN
SMas. =0 HAX3+90x1,5=0 VE = 57,5 kN 1
40 kN
30 kN
O =1
. ] c D
—
—
E—
EE — 3m
o —=
(+r]
—
—>
~ 1A
> Elel —
A 45kN %z‘% 75kN
3m | 3m
Y 17,5kN 57,5kN
Barra AB
M, (z=0) = 0 V(z) = 45-30z2
M(2) = 452-1522 = {Mpy (z=1,5) = 33,75 kNm V=0 = Z=15m = M.,
MB (Z=3) =0
N (z) =M (z=3) = 17,5 kN

versdo 0
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Barra BC
Mg (2=0) = O
M) = -175z2 = {Mc(z=3) = -52.5KkNm
N (z) = -45 kN
Barra CD

MC(Z=O) = - 55,5 kNm

M(z) = -52,5-57,5z = {MD(Z=3)= 525 kN

N(z) = -45 kN

Barra ED

Mg (z=0) = 0

M) =75z = {MD(Z=3)= 225 kNm

N(z) = -57,5 kN

. o B é c é D
= -45 45
— n
am :\5 : B, SISTEMA S,
= Esforco Axial (kN)
1 b E
s Ay
} 3m } 3m }
-225
52,5 I
B 0
C D ~
n
3m c';. SISTEMA S,
(421
Momento Fletor (kNm)
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¢ Calculo do sistema S:

Equagdes de equilibrio

arco de 3 rotulas )
( ) Qs = =
>R =0
Toda a estrutura ZFy =0
— Al—> | —
Corpo AB ZMer'i'_B = '4"% Ha ’5‘% He
Va VE
REFERENCIAL
T@,
_ _ _ 1
2F =0 HA+HE=0 HA = _EkN -
SF, =0 VA+VE=0 VA =L kN 1
= = f
SMe=0 —VAX6+1=0 HE = SkN -
M, =0 HAX3+1=0 VEZ—% kN |
CB c D
1 kNm
v:\
~—— EA—
s 1 s
A sk 1kn
1 1
gkN gkNv

versdo 0
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] wi

] wie

Bol c LD
@ o q-nso@
Al E
N A
} 3m } 3m }

i
B c : D

1

- 3\/:,

Wﬂ\
\
0,5 L

=

1 g\/m

e Calculo do sistema S,

Equagdes de equilibrio
(arco de 3 rétulas)

I

SISTEMA S,
Esforcos Axiais (kN)

SISTEMA S,

Momentos Fletores (kNm)

3m } 3m
CB
2R =0
Toda a estrutura ZFy =0
2Meg=0
Corpoﬁ ZMer'i'_B =0
Al—p
/67% Ha
A
REFERENCIAL
Va

D
1 kNm
AL
e HEe
A
VE

versdo 0
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YF, =0 HA+HE=0 HAa =0
_1
¥R, =0 VA+VE=0 VA —gkN !
=
SM=0 -VAX6+1=0 HE =0
_ 1
ZMerli:B = HAX3 =0 VE = —g kN |
CB C D
1 kKNm
. AN
h T
1 1
gkN gkNv
—+  Boo = — P
3m @ H\ILD FI\LD@
r A ii ii E
pas A
} 3m | 3m }
B“W T
(D 3m
A E 1
i e

3m ‘

SISTEMA S,
Esforcos Axiais (kN)

SISTEMA S,

Momentos Fletores (kNm)

versdo 0
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e Determinacao das incégnitas hiperestaticas

METODO DAS FORCAS
N;.N M;.M Tig-T
(ZFextSIxAR =f ElA dz+f : dz+.[N1.a.Tméd dz+JM1.a inf H =2 d
| N,.N M5.M Tine-T
kzFextszxAR :fEZ—A dz+f 2 dz+fN2.a.Tme-d dz + sz.a inf h =P
( Nl'NO Nl'Nl Nl'NZ MI'MO
zFethleR =f A dZ+X1 ﬁdZ*’XZ EA dZ+ El d2+
M;.M; M;.M,
+X1f dZ+X2J- dz+
Tie-T
+fN1.a.Tméd dz+fM1.a inf__ sup
Considerando: h
{N:N0+X1N1+X2N2 ER
M= Mg + X1 My +X; M, - A sz.Nd « fNZ.Nld X sz.de sz.Mod
x =| ——dz+ ———dz+ ——dz+ z+
2 Fexts2 X Og EA 1 A 2| %A
M,.M M,.M
+X1f 2 1 dz+X2f 22 g7+
Tie-T
\ +fN2.a.Tméddz+fM2.a%dz
610+ 611.X1 + 612.X2 = O
Sistema de equacgdes para calculo das incégnitas hiperstaticas:
620+ 621.X1 + 622.)(2 = 0
N;.N M;.M Tig-T
610 =f éAO +f IIEI 9 dz+fN1.0L.Tméd dz+fM1.a % dz -3 Feys1 X AR
N..Nq M;.Mq
611 = + d
u f EA f E1 -
N;.N, fMl.Mz
6pp =| ——=dz+| ——dz
12 j EA EI
sendo:
N,.N M,.M Tig-T
670 =f EAO +f 20 dz+fN2.a.Tméd dz+fM2.a % dz - Y Feyiso X Ag
N,.Nq IMZ.Ml
o) =8 = + | ——dz
21 12 f El
N,.N, M,.M,
6y =| ——dz +| ——dz
22 f EA f EI
versdo 0 8/20 Método das Forgas — Est. Cont. — F9-ex2
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Caracteristicas das sec¢Oes transversais de todas as barras

b=0,30m EA = 4,35 x 10° kPa.m?
Secgdo retangular EI =90 625 kPa.m*
h=0,50 . PR
™1 Coef. dilatag¢3o térmica: a = 10° /°C

N;.Nog 1 8,75 8,75
Barra AB = dz = —X(——) x17,5%3 = - =- 3
EA EA 6 EA 4,35x10
N1.Ng 1 1 90 90 N1.Ng 127,5
Barras BCD =>f dz= —x—(-45)x6=- — =- ——— f =- -
EA EA 6 EA  4,35x10 EA 4,35x10
N;.Ng 1 1 28,75 28,75
Barra ED = dz= —x—=(-57,5)x3 =- =- :
EA EA 6 EA 4,35x10
M;.M, 11 33,75 33,75
Barra AB = dz = —x—=(-1)x33,75%3 = - =-
EI ET 3 EI 90 625
M;.M, 1 1 26,25 26,25
Barra BC = dz = —x=x0,5x(-52,5)x3 = - =-
EI EI 3 EI 90 625
M;.M,
Barra CD :f £l dz = M;.Mq q 618,75
z=-———
1 3 f El 90 625
=ﬁxgx(zxo,5><(-52,5)+2><1x(-225)+o,5x(-225)+1x(-52,5)) =
_ 333,75 ~ 333,75
" EI 90625
M;.M, 11 225 225
Barra ED =>J- dz = —x=x(-1)x225x3 = - — =-
EI ET 3 EI 90 625
1 & 20410 y
BarraAB = | Nj. . Tyeq dz= (—g) x3x107x =-7,5x10
1 20410 5 5
Barras BCD :f Ni.a. Tpheq dz = EXleo X =30x10 Ni. o . Tpeg dz =30x10
1 < 20+10 .
BarraDE = | Nj.a.Tgq dz= EX3X1O X =7,5x10
Ting T -1x3 10-20
Barra AB =>J M;.a inf__ sup z = x107°x =30x10°
h 2 0,50
Tine-T 1x6 10-20 Tine-T
Barras BCD =>f M. a -0 S g, = T2 %10 = -60x10” fMl Lo SR, — - 60x107
h 2 0,50 h
Tine-T -1x3 20-10
Barra DE =>f M; . a inf__ sup = x107°x =-30x107
h 2 0,50

1 400 .
2 Fexts1 X Qg = -g x 0,002 -1x0,001 = -T x 10

versdo 0
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N;.N M;.M Tis-T
610 :f éAO +f ! OdZ+fN1.OL.Tméd dZ+"-M1.a%dZ'ZFeXt51XAR=
127,5 618,75 s s 400 5 5
= - +30x10”-60x107 + — x 10~ = -582,356 x 10
4,35x10° 90625 3
1 1 1 1 1 1 1
zZ= —x(-—) x3x (——) =—X —=— X—
EA \ 6 6/ EA 12 12 4,35x10°
N4.Nq 1 1 1 1 2 2 1 N4.Nq 5 1
Barras BCD :f dz= —X=—XbX— = —X —=— X————— f dz = - X
EA EA 3 3 EA 3 3 4,35x10 EA 6 4,35x10
Ny. Nl 1 1 1 1 1 1 1
Barra ED = dz= —x—x3x— = —x —=— x———
EA 6 6 EA 12 12 4,35x10
M;.M 1 (-1)x(-1)x3 1 1
Barra AB :fl—l =—xu:—:
EI 3 EI 90625
B BCD fMl 1 1 1xlx6 2 P fMl.Ml 4
= _— = —X = — = =
arra S | = 90625 ET 90 625
1 1x1x3 1 1
Z = —X = — =
EI 3 El 90625
N;.N M;.M 5 1
611 :j# +f Y ldz = 2 x -+ = 4,43295 x 10°
EA EI 6 4,35x10 90 625
N4 1 1 1 1 1 1 1
Barra AB =>J- dz:—X(——)X3X<-—) = X o= X
EA 6 6 EA 12 12 4,35x10
Ni.N, J’Nl.Nz 1 1
= = = - X—
Barras BCD f dz =0 EA 6 *235x10°
N;.N, 1 1 1 1 1 1 1
Barra ED = dz= —x=%x3X— = —X —=— X ——
EA EA 6 6 EA 12 12 4,35x10
M;.M,
BarraAB > | ———dz =0
M;.M, 1 1X1X6 2 2 M;.M, 3,5
BarraBCD = | —— —x — = f =
EI 3 EI 90625 EI 90 625
1 1x1x3 1,5 1,5
= —X =
EI 2 EI 90 625
N;.N M,.M 1 1 3,5
5., =f N2 +f eV ~+ - 3,86590 x 10°
EI 6 4,35x10° 90625

versdo 0
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N,.Ng 1 1 8,75 8,75
Barra AB = dz = —><(——> x17,5%x3 = - =- 3
EA EA 6 EA 4,35x10
N,.N N,.N 37,5
BarrasBCD=>f 2 9 47=0 f 290 7= - 5
EA EA 4,35x10
N,.No 1 1 28,75 28,75
Barra ED =>f dz= —x—=(-57,5)x3 =- =- 3
EA EA 6 EA 4,35x10
M,.Mq
Barra AB = dz =0
EI
M,.Mg 1 1 26,25 26,25
Barra BC = dz = —x=x0,5x(-52,5)x3 = - =-
EI ET 3 El 90 625
M,.M,
BarraCD = £l dz = M;.Mq 697,5
1 3 f ET ° 90625
=Exgx(zxo,5x(—52,5)+2><1x(-225)+o,5x(-225)+1><(-52,5)) =
_ 333,75 33375
~ EI 90625
B D fMZ.MO q 1 1 (1)x225x3 337,5 337,5
arra = = —X=—X(-1)Xx X3 =- =-
El ~ EI 2 El 90625
1 5 20+10 5
Barra AB =>J. Ny. a. Tpheq dz = (—g) x3x107x =-7,5x10
Barras BCD =>f Ny.a.Tpmeq dz=0 fNZ. o.Tpheq dz=0
1 5 20+10 5
BarraDE = | Ny.a.Teq dz= €X3X10 X =7,5x10
Tine-T
Barra AB ﬁsz.a% dz =0
Tinf-Tsup 1x6 s 10-20 5 Tint-Tsup
BarrasBCD = | M, . a0 ——————dz=—x107x =-60x10 M, .a —— dz =-120x10"
f 2 h 072 050 f 24T T X
Tine-T 20-10
Barra DE =>J- M, . a %dz = —3X10'5xm =-60x10"

1 100 .
zFextSZXAR: -g x 0,002 = _? x 10

N,.N M,.M Tine-T
6,0 féAodz+j IZEIOdz+fN2.a.Tméddz+J‘M2.a%dz-zFextsz><AR=
37,5 697,5

5 100 5 5
= - 235x10° 90625 +0 -120x10™ + 3 x107= -857,184 x 10
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dz = &, = 3,86590 x 10

N,.N; fnvlz.m1
5,5 = dz + | ==L
21 fEA z El

N,.N, 1 1 1 1 1 1 1
Barra AB :f— dz= —X(——> x3x (—) =T ——X —=— X—————
EA EA 6 6 EA 12 12 4,35x10
N,.N, sz.Nz 1 1
BarrasBCD > | ——dz=0 dz = = x——
f EA O° EA 6 4,35x10°
N,.N, 11 _ 1 1 1 1 1
Barra ED zf dz=z —x—%x3x— = —x —=— x———
EA EA 6 6 EA 12 12 4,35x10
M,.M,
Barra AB = dz =0
EI
M,.M, 1 1xilx6 2 2 M,.M, 5
Barra BCD zf z=—X = — = dz =
EI EI 3 El 90625 EI 90 625
M,.M, 1 3
B ED = dz = —x(-1)x(-1)x3 = — =
arre f 1 97 = g D8 = 5 = 5has
N->.N M>.M 1 1 5
622:j#dz+f 22 47 = = x =+ = 5,52107 x 10°
EA EI 6 4,35x10 90 625
610+ 611.X1 + 612.X2 =0 {'582,356 +4,43295XX1 +3,86590XX2 =0
=
Oy0+ 651.X1 + 855.%, =0 -857,184 +3,86590 x X; +5,52107 xX, = 0

X, = -10,342

X, = 162,498

» Reacdes nos apoios: R= R® +X; xR*™

1 1
Va=-17,5-10342 x — +162,498 x = = 7,859 kN T

1
Hp = -45-10,342 x (—§> +162,498 x0 = -41,553 kN ¢
M, = 0-10,342 x1+162,498x0 = -10,342 kNm M)

1 1
Vg = 57,5-10,342 x <-g) + 162,498 x (-g) = 32,141 kN )
HE =

1
-75-10,342 x 3 +162,498 x0 = - 78,447 kN ¢

Mg = 0-10,342 x0+162,498x 1 = 162,498 kNm

12/20
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40 kN
5 30kN.
B c D
B
—
>
30 kN'm —— 3m
—
—
—>] 10,342 kNm 162,498 kNm
4_;{% 0,001 rad < YEl) EB
41,553 kN A$ - 78,447 kN A
7,859 kN 32,141 kN
} 3m } 3m }
 Diagrama de esforcos axiais nas barras:  N= N +X; x N®! +X, x N*
_ jB c D
SHle 4
am ] =N SISTEMA S,
- E Esforgos Axiais (kN)
1 ; A E
e e
} 3m } 3m }
1 1
3 3
ST
% % SISTEMA S,
g e "“"g Esforgos Axiais (kN)
} 3m } 3m }
R B(\: € =P
o, = £ SISTEMA S,
1) e el
g - Esforcos Axiais (kN)
| 3m | am |

versdo 0
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BarraAB = N=-17,5-10,342 x (é) + 162,498 x (%) = - 7,859 kN

N= NO+X; . N+X; N | BarraBCD = N=-45-10,342 x ; +162,498 x ¢ = - 48,447 kN

BarraED = N-=-575-10,342 x % + 162,498 x% = -32,141 kN

B c D
B -48,447 |
) 0 o
3m T 03 — Esforcos Axiais (kN)
1A E
Ao Aoy
} 3m } 3m }

 Diagrama de momentos fletores nas barras: M= M +X; x M +X, x M*?

-225

-52,5
T c D ]
n SISTEMA Sy
3m ~
s Momentos Fletores (kNm)
s s
} 3m } 3m }
B c - D
0,5 1
SISTEMA S,
s Momentos Fletores (kNm)
- A E i
ran ras
} 3m } 3m }
B o C D
2|
05 i Y
— SISTEMA S,
- % om Momentos Fletores (kNm)
A =
o ras
|
\
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N = N+ X, . NST+ X, . N2

BarraAB = N= -17,5-10,342 x (%) + 162,498 x (%) = - 7,859 kN

BarraBCD = N-=-45-10,342 x % +162,498 x % = - 48,447 kN

BarraED = N=-57,5-10,342 x % +162,498 x% = -32,141 kN

B C D
I % %
B -48,447 d
3m % % () %: Esforcos Axiais (kN)
=y
1A E
s e
} 3m } 3m }
SistemaSy = M (z) = 45z-157%
Sistema$1 = M (2) = 1+32
SistemaS, = M (z) =0
) s1 $2
Barra AB M= M7 +X xM™ +X;xM
, 1 , 124,658
M(z) = 45z-15z2 -10,342x(-1+§z)= -15 2%+ z+ 10,342
{MA(FO) = 10,342 kNm
Mg (z=3) = 0
Mmsx = V(2) = 41,553-302=0 = 2z=1,3851 = Mps= Mg 3gss = 39,119 kNm

M= MO +X;, x M +X, x M>

BarraBCD | \;. = 0-10,342x0- 162,498 x0 = 0
Mc = -52,5- 10,342 x 0,5 - 162,498 x 0,5 = 23,578 kNm
Mp = -225- 10,342 x 1 - 162,498 x 1 = 72,844 kNm

versdo 0 15/20 Método das Forgas — Est. Cont. — F9-ex2
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M= MO +X;, x M +X, x M>2

Barra ED
Mg = 0-10,342x0-162,498 x (-1) = -162,498 kNm
Mp = 225-10,342 x (-1) - 162,498 x (-1) = 72,844 kNm

-72,844

D
23 578 ?/
1.385 ? 1
1 oia :

O
72,844

39,119

Momentos Fletores (kNm)

X
3 =
A 5 s
} 3m } 3m }
ALINEA b - Deslocamento horizontal da sec¢do D
* Sistema virtual S
1 kNm
Equagdes de equilibrio T 5 c =1
(arco de 3 rétulas)
2R =0 3m
Toda a estrutura ZFy =0
2XMe=0 L S El—»
. T T
CorpoAB  YMAxy =0 3
m
Va Ve
ZFX =0 HA+HE+1=0 HA =0
REFERENCIAL XF, =0 VA+VE=0 VA = -0,5kN |
4\ = =
= —-VAX6—-1X%X3= E=-— -
@ YMp=0 VAX6-1x3=0 H 1 kN
>Mrges = HAX3=0 VE = 0,5 kN 1
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Sistema real S Sistema virtual S
sk
T 1kNm
+— —0 = 0> -+ O >
| Y8 c D B c
e D 0.50
0.30
£ : [Joso 030 [
am E | | oso 0.50 3m
e
—
e 1kN
e A O 0,001 rad E na
1y el u— )|
$2mm | *
6m
‘ ‘ 0,5kN Y [o,5kN
i 3m i 3m
o }3 % c % D NN B c Di
8 -48,447 g — —
omowd O [sm3© o3
=~ —] —
. aAH E R =
AN s s ras
} 3m } 3m } } 3m } 3m }
Esforgos axiais (kN) Esforgos Axiais (kN)
-72,844
-3
-1,5
o B c 3 - B
Q D g C D o
23,578 ? ~
3m g: 3m
[+2)
=t
1.385
&
1 LA % ~ E 1 ]A E
o S = A o s
} 3m } 3m } } 3m } 3m }
Momentos fletores (kNm) Momentos fletores (kNm)

Vamos aplicar o TTV com sistema real S e o sistema virtual S

= Weyt = Wine

N.N M.M _ _
2 FextsxBg = adz'*' Fd2+ N.a.Thneq dz + IVI.OLT

Tinf' Tsup dz

versdo 0
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2 Fexts X Bg = 1x 6}[1) +0,5x% 0,002

N 1
Barra AB ﬁf— dz = —x0,5x(-7,859) = =% (-11,7885)
EA A 4,35x10
N.N N.N 36,423
Barras BCD =>f—dz=0 —wdz=———=
EA EA 4,35x10
N.N 1 1
BarraED = | — dz = —><( 0,5)x(-32,141)x3 = —————x48,2115
EA EA 4,35x10
M.M
Barra AB =>f— dz =
EI
M.M 1 (-1,5)x23,578x3 35,367 35,367
BarraBC > | —— dz = —x = - = -
El EI 3 EI 90 625
M.M
Barra CD =>j— dz = M.M 141,849
1 f EI 90625
=7 (2x( 1,5)x23,578+(-1,5)x(-72,844)+(-3)x23,578+2x(-1,5)x(-72,844) ) =
202,431 202,431
~ EI 90625
1 3x3 25,215 25,215
Barra ED :f— dz = —x—(-162,498+2x72,844) = - = -
EI 6 El 90 625
_ & 20410 5
BarraAB = | N.a.Teq dz =0,5x3x107% =22,5x10
Barras BCD :fN.a.Tméd dz=0 fﬁ.a.Tméd dz=0
_ 5 20+10 5
BarraDE = | N.a. Tpeq dz=(-0,5)x3x107x =-22,5x10
R W
Barra AB sz.a mfh P dz =0
_ Tine-T -3x6 10-20 _ Tine-T
Barras BCD =>f M. o — P dz = ——x10"x = 180x10°8 fM a % dz =270x10°
_ T-T -
Barra DE =>J- M. a udz = 4,5x107x =90x10
h 0,50
N.N M.M _ T Teu
SFexisXAg =| =— dz+ | ——dz+ | N.a.Tpgq dz+ | M. ———— dz
EA EI
o 36,423 141,849 5 N i
1x6p+0,5%0,002 = e+ + 0+ 270x10° = 6p = 3,274x107° m = 3,274 mme»
4,35x10° 90625

versdo 0
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ALINEA c - FTOOL

O

3.00m

E
£
0.001 radhi R
CW el <
= 2.00m l— 300m =
Section Properties
sl v
Material Parameters R
ml ~ B B
—_ al — -
T Motz o3 O
== & -
il ! R Rectangle
e[ 29000/MPa I:l d
v 0.20 .
=i 0.000010|/°C d: 500 mm
b: 300 mm
m 250 mm
A:|1.5000e+05 | mm®
As:[1.2500e+05 mm?
I:| 3.1250e+ 09| mm*

20 °80.00 KN/m
VY YYryyyryy)

10°C

2.000 mm!

0.001 rad

20°C

~
Yo7

versdo 0
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-48.447

ESFORGOS AXIAIS
(kN)

REACOES

41.553 ka.saz kNm

-48 447

-32.141

78447 kN % 162.498 kNm

Z Z
@ -~
2 3
~ o~
L]
72.844
()
-
e 3
23578 o
‘\2
MOMENTQOS FLETORES p
2
(kNm)
-]
A -
(*)
Nodal
Displacements:
Dx = 3.274e+00 mm
Dy = 4.278e-01 mm
Rz = -2.83%e-04 rad
DEFORMADA
=73 Feecad
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