Michel Bolafos Guerrero Fecha: 4/12/2025 6:42:49 p. m.

Con el método de 1a Carga Unitaria Ficticia, resuelva las deformaciones por
desplazamiento de 1os nudos 3 y 4 de 1a estructura siguiente:

ulﬂ -0
—»-3KN (+X)

Columna:

30cm —I

'

w

E=2x10"4 MPa

i I _. 20cm

dm

Y

2KN/m(+K)

Vigas:

10cm

Y

g 15cm
| ————

#1: [CaseMode := Sensitive, InputMode := Word]

Inercias y médulo de elasticidad:

. -
E :=2.10 0
1 3 1 3
I1x = ——-(0.2-0.3 ) Ily = —.(0.3.0.2 )
12 12
#2: 1 3 1 3
12z = ——-(0.15.0.1 ) I2y = ——.(0.1.0.15 )
12 12
1 3 1 3
I3z = ——.(0.15.0.1 ) I3x = ——-(0.1-0.15 )
12 12 i
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[ E := 20000000 0
9 1
I1x = — Ily ==
20000 5000
#3: 1 9
2z = — T2y = —
80000 320000
1 9
I3z = —— I3x = —m8 —
80000 320000 |
7
E :=2-.10 0
I1x := 0.00045 Ily := 0.0002
#4: -5 -5
I2z = 1.25.10 I2y = 2.8125-10
-5 -5
| I3z :=1.25.10 I3x := 2.8125-10
1125
#5: [E-I1x, E-Ily, E-I2y, E-I2z, E-I3z, E-I3x] = 9000, 4000, , 250, 250,
2
1125 ]
2
1 1 1 1 1 1 1 1 2
#6: y y y y y = ] y )
E-I1x E-Ily E-I2y E-I2z E-I3z E.I3x 9000 4000 1125

1 1 2 ]
250 250 1125

Momentos flectores "mindscula" de la estructura con cargas unitarias ficticias en el
nudo 4:

mflx4(x) := mf2x4(x) := mf3x4(x) :=
#7: mfly4(x) == mf2y4(x) == mf3y4(x) :=
mflz4(x) := mf2z4(x) = mf3z4(x) :=

Calculo de Tlas reacciones del nudo 1 empotrado:
[DFx=0;>Fy=0;>Fz=0;>Mx1=0;>My1=0;>Mz1=0]

#8: [X1 :=, Y1 :=, Z1 :=, Mx1 :=, Myl :=, Mzl :=]
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X1 +24+5=0

YL+ 6 =0
Z1 -1 -7=0
#9:
Mx1 - 6:4 - 7-2=0
Myl + 2:4.-2 + 54 + 1-3 =0
Mz1 = 0
#10: [Mx1 := 38, Myl := -39, Mzl := 0, X1 := -13, Y1 = -6, Z1 := 8]

Diagramas de cuerpo 1ibre de los elementos individuales:

x21 = y21 = z21 = x23 = y23 = z23 = x24 = y24 = z24 ==
#11:
mx21 := my2l := mz2l = mx23 = my23 = mz23 = mx24 = my24 = mz24 :=
L v
Diagramas de cuerpo 1ibre
de los elementos
individuales:
A e
w2t g
1bmﬂd
i}
v21 ¥ my21
™ I 23 #l“[—ﬂ
— > —>>
o o __}Eu_% —>-5KN(+10
myz3 7 V23 |3
T mz23
E——F
=
o |——
. o |
LESN L -
> 4
. 1
My1
M
YF=0 y )M respeto a ejes en el nudo 2=0
Columna 1:
X1 + x21 +2:4=0 Y1 +y21 =0 71 + z21 = 0
#12:

Mx1 + mx21 + Y14 = 0 Myl + my2l - 2-4.2 - X1-4 =0 Mzl + mz21 =0
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#13: [mx21 := =14, my21 := 3, mz21 = 0, x21 = 5, y21 := 6, z21 := -8]
Viga 2:

x23 + 5 =0 y23 =0 z23 -1=0
#14:

mx23 = 0 my23 + 1-3 =0 mz23 =0
#15: [mx23 := 0, my23 := -3, mz23 = 0, x23 = -5, y23 := 0, z23 := 1]
Viga 3:

x24 = 0 yv24 + 6 = 0 z24 -7 =0

#16:

mx24 - 7-2 my24 = 0 mz24 = 0
#17: [mx24 := 14, my24 := 0, mz24 := 0, x24 := 0, y24 := -6, z24 == 7]
Chequeo de equilibrio en el nudo 2:
YFinternas=)Fexternas

[ x21 + x23 + x24 = 0 y21 + y23 + y24 = 0 z21 + z23 + z24 = 0

#18:

mx21 + mx23 + mx24 = 0 my2l + my23 + my24 = 0 mz21 + mz23 + mz24 = 0

true true true

#19:

true true true
Calculo de los momentos flectores ''maylscula'" de la estructura con la carga original:

MF1x(z) := MFly(z) :

#20: MF2y(x) := MF2z(x) :=
MF3x(y) := MF3z(y) :=
Columna 1:
4 Mx1
o ] > i
c)‘ B I ‘ Q)
My1 1
X1 2 KN/m (+)0 Y1

z
#21: [MFly(z) = Myl + X1.z + 2.2z.—, MF1x(z) := Mx1 + Yl-z]
2

2

#22: [MFly(z) =z -13.z + 39, MF1x(z) := 38 - 6-2]

Viga 2:
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My23 Mz23
) | 9
$223 { NPE
#23: [MF2y(x) := my23 + z23-x, MF2z(x) := -mz23 + y23-x]
#24: [MF2y(x) = x = 3, MF2z(x) := 0]
Viga 3:
Mz24
Mx24 (?g
(:m.324 1'E24
#25: [MF3x(y) := —-mx24 + z24-.y, MF3z(y) := mz24 + x24-.y]
#26: [MF3x(y) = 7.y - 14, MF3z(y) := 0]

Deformacion en X del nudo 3 con el método de 1a Carga Unitaria Ficticia:

Diagramas due cucrpo libre

de Tos elementias
individeales:
1
—-
il
m_;-’m
m|.>
s e
o ma
il 1]
ma x| "‘*ﬂ#h
it g
"Wy 11 8
>
#27: [x1 :=, y1 :=, z1 :=, mx1 :=, myl :=, mzl :=]
x21 = y21 = z21 = x23 = y23 = z23 ==
#28:
mx21 := my2l := mz2l := mx23 := my23 := mz23 := mx24
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x1 +1 =0
yl =0
z1 =0
#29:
mx1l =0
myl + 1-4 =0
mzl =0
#30: [mx1 := 0, myl := =4, mz1 := 0, x1 := -1, y1 := 0, z1 := 0]
Columna 1:
x1 + x21 =0 yl + y21 =0 z1 + 221 =0
#31:
mx1l + mx21 + yl1l-4 myl + my2l - x1-4 =0 mzl + mz21 = 0
#32: [mx21 := 0, my21 := 0, mz21 := 0, x21 := 1, y21 := 0, z21 := 0]
Viga 2:
x23 + 1 =0 y23 = 0 z23 =0
#33:
mx23 = 0 my23 =0 mz23 =0
#34: [mx23 := 0, my23 := 0, mz23 := 0, x23 := -1, y23 = 0, z23 = 0]

Viga 3=0

Momentos flectores "minuscula" de la estructura con cargas unitarias ficticias para
desplazamiento en el nudo 3:

0 ]

0

my23 + z23-x  mf3xd3(y) :

[ mfixd3(z) = mx1 + yl-z mf2yd3(x) :
#35:

mflyd3(z) -myl + x1.-z mf2zd3(x) := -mz23 + y23.-x mf3zd3(y) :

[ mflxd3(z) = 0 mf2yd3(x) := 0 mf3xd3(y) = 0 ]
#36:
mflyd3(z) = 4 - z mf2zd3(x) = 0 mf3zd3(y) = 0

Aplicacion del método de 1a CUF:

1 4 1 4
#37: 83x = — [ MF1x(2) -mflxd3(z) dz + —— [ MFly(z) -mflyd3(z) dz +
E-T1x 0 E-Ily 0
1 3 1 3 1
—— [ MF2y(x) -mf2yd3(x) dx + —— [ MF2z(x) -mf2zd3(x) dx +
E-T2y 0 E-I2z 0 E-I3z
1 2
MF3z(y) -mf3zd3(y) dy + —— ] MF3x(y) -mf3xd3(y) dy
E-I3x 0
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1 1 584 2 1 1 2
#38: 63x := 0 + . + .0 + .0 + .0 + -0
9000 4000 3 1125 250 250 1125
73
#39: 63x :=
1500
#40: 83x = 0.04866666666

Deformacion en Y del nudo 3 con el método de 1a Carga Unitaria Ficticia:

Diagramas de cucrpo libre
-.h- .II'.- '\.'.l'ml"llll‘-

individeales: /
;l e
™1 wyid " t—ﬂ

i foon

m_fmm

| X ey e

- >
g madi i .r:(fm 7
e} 1

gy
_II'I_I'L %1 -,';:'!'LITH
mEL¥'T1 m $w
ma 4

#41: [x1 :=, y1 :=, z1 :=, mx1 :=, myl :=, mzl :=]

x21 == y21 == 221 = x23 = y23 := z23 = x24 = y24 = z24 ==
He | mx21 = my2l = mz2l = mx23 = my23 = mz23 = mx24 = my24 = mz24 :=
x1 =0
yl+1=0
z1 =0
#43:
mxl - 1-4 =0
myl =0
| mz1 + 1-3 = 0 |
#44: [myl := 0, mx1 := 4, mzl := -3, x1 := 0, yl := -1, z1 := 0]
Columna 1:
x1 + x21 =0 yl + y21 = 0 z1 +2z21 =0
#45:

mx1l + mx21 + yl1-4 myl + my2l - x1-4 =0 mzl + mz21 = 0
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#46: [mx21 := 0, my21 := 0, mz21 := 3, x21 := 0, y21 := 1, z21 := 0]
Viga 2:
x23 =0 y23 +1 =0 z23 =0
#47:
mx23 =0 my23 =0 mz23 + 1-3 =0
#48: [mx23 := 0, my23 := 0, mz23 := -3, x23 = 0, y23 := -1, z23 := 0]

Viga 3=0

Momentos flectores "minuscula" de la estructura con cargas unitarias ficticias para
desplazamiento en el nudo 3:

my23 + z23.-x mf3xd3(y) :

mfixd3(z) = mx1 + yl.-z mf2yd3(x) :
#49:

1 1
o o
| I

mflyd3(z) := -myl + x1.z mf2zd3(x) = -mz23 + y23.x mf3zd3(y) :

[ mflxd3(z) =4 - z mf2yd3(x) := 0 mf3xd3(y) :
#50:

1 1
o o
| I

mflyd3(z) = 0 mf2zd3(x) := 3 - x mf3zd3(y) :

Aplicacion del método de 1a CUF:

1 4 1 4
#51: 83y = —— [ MF1x(2) -mflxd3(z) dz + —— [ MFly(z) -mflyd3(z) dz +
E-T1x 0 E-Ily 0
1 3 1 3 1
—— [ MF2y(x) -mf2yd3(x) dx + —— [ MF2z(x) -mf2zd3(x) dx +
E-T2y 0 E-I2z 0 E-I3z
1 2
MF3z(y) -mf3zd3(y) dy + —— -] MF3x(y) -mf3xd3(y) dy
E-I3x 0
1 1 2 1 1 2
#52: o3y := <240 + -0 + -0 + -0 + -0 + -0
9000 4000 1125 250 250 1125
2
#53: o3y = ——
75
#54: 63y = 0.02666666666

p. m.

Deformacion en Z del nudo 3 con el método de 1a Carga Unitaria Ficticia:
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Diagramas de cucrpe libre
de los elementos

individuales:
'“tf')q;ﬂ‘_1z&
1 -
1 mﬂ$
A2 " e
m-ﬂ;-15| m. =
" nﬂg’13¥ﬂ i
ma a | 'L“L“"'Tn
—p P
w7 o S 3
> -t

#55: [x1 :=, yl :=, z1 =, mx1 :=, myl :=, mzl :=]

x21 = y21 := z21 := x23 = y23 = z23 = x24 = y24 = z24 ==
#56:
| mx21 := my2l := mz21l := mx23 := my23 := mz23 := mx24 := my24 = mz24 :=
x1 =0
yl =0
z1 +1=0
#57:
mxl =0
myl — 1.3 =0
mzl =0
#58: [mx1 := 0, myl := 3, mzl1 := 0, x1 :=0, yl :=0, z1 := -1]
Columna 1:
x1 + x21 =0 yl + y21 =0 z1 + z21 =0
#59
mx1l + mx21 + yl1l-4 myl + my2l — x1-4 = 0 mzl + mz21 = 0
#60: [mx21 := 0, my21 := -3, mz21 := 0, x21 := 0, y21 := 0, z21 := 1]
Viga 2:
x23 =0 y23 = 0 z23 +1 =0
#61:
mx23 =0 my23 - 1.3 =0 mz23 =0
#62: [mx23 = 0, my23 := 3, mz23 := 0, x23 := 0, y23 := 0, z23 := -1]
Viga 3=0
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Momentos flectores "minuscula" de la estructura con cargas unitarias ficticias para
desplazamiento en el nudo 3:

[ mfixd3(z) = mx1 + yl-z mf2yd3(x) := my23 + z23.-x mf3xd3(y) = 0 ]
#63:

mflyd3(z) := -myl + x1.z mf2zd3(x) := -mz23 + y23.-x mf3zd3(y) = 0

[ mfixd3(z) := 0 mf2yd3(x) := 3 - x mf3xd3(y) :
#64:

1 1
o o
| I

mflyd3(z) := -3 mf2zd3(x) == 0 mf3zd3(y) :

Aplicacion del método de 1a CUF:

1 4 1 4
#65: 83z = —— [ MF1x(2) -mflxd3(z) dz + —— [ MFly(z) -mflyd3(z) dz +
E-T1x 0 E-Ily 0
1 3 1 3 1 2
—— [ MF2y(x) -mf2yd3(x) dx + —— [ MF2z(x) -mf2zd3(x) dx + ——-
E-T2y 0 E-I2z 0 E-I3z 0
1 2
MF3z(y) -mf3zd3(y) dy + —— ] MF3x(y) -mf3xd3(y) dy
E-I3x 0
1 1 2 1 1 2
#66: 53z := .0 + . (=220) + (-9 + -0 + -0 + -0
9000 4000 1125 250 250 1125
71
#67: 63z = -
1000
#68: 63z = -0.071

Deformacion en X del nudo 4 con el método de 1a Carga Unitaria Ficticia:

_+ 1
1 Urld.:r'd!d:.- de cuerpe libre —
o rer vy il
¥l oy,
i T
*IH‘N
ruII*
m_fmm
m|.> =
g mad ﬂi" :
nnal'”tn
m.'.’n’l*
i [T
mel i _-.".J'.*
— > F D
myl "’frl *
ol -
mat A
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#69: [x1 :=, y1 :=, z1 :=, mx1 :=, myl :=, mzl :=]

x21 =  y21 = z21 = x23 = y23 = z23 = x24 = y24 = z24 ==

#70:
| mx21 = my2l = mz21l = mx23 = my23 = mz23 = mx24 = my24 = mz24 :=
x1 +1=0
yl =0
z1 =0
#71:
mx1l =0
myl + 1-4 =0
| mz1 - 1.2 = 0 |
#72: [mx1 := 0, myl := =4, mz1 := 2, x1 := -1, y1 := 0, z1 := 0]
Columna 1:
x1 + x21 =0 yl + y21 =0 z1 +2z21 =0

#73:

mx1l + mx21 + yl1-4 myl + my2l - x1-4 =0 mzl + mz21 = 0

x1 + x21 =0 yl + y21 = 0 z1 +2z21 =0
#74:
mx1l + mx21 + yl1l-4 myl + my2l - x1-4 =0 mzl + mz21 = 0

Viga 2=0
Viga 3:

0 z24 = 0

x24 + 1 =0 y24
#75:

mx24 = 0 my24 =0 mz24 - 1-2 =0

#76: [mx24 := 0, my24 := 0, mz24 == 2, x24 == -1, y24 == 0, z24 = 0]

Momentos flectores "mindscula" de la estructura con cargas unitarias ficticias para
desplazamiento en el nudo 4:

0 mf3xd3(y) :

[ mfixd3(z) = mx1 + yl.-z mf2yd3(x) : -mx24 + z24.y ]
#77:

mflyd3(z) -myl + x1.-z mf2zd3(x) := 0 mf3zd3(y) := mz24 + x24-.y

mflxd3(z) = 0 mf2yd3(x) :
#78:

0 mf3xd3(y) = 0 ]

mflyd3(z) = 4 - z mf2zd3(x) = 0 mf3zd3(y) =2 -y
Aplicacion del método de 1a CUF:
1 4 1 4

#79: 84x = —— [ MF1x(2) -mflxd3(z) dz + —— [ MFly(z) -mflyd3(z) dz +
E-T1x 0 E-Ily 0
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1 3 1 3 1 2
—— [ MF2y(x) -mf2yd3(x) dx + —— [ MF2z(x) -mf2zd3(x) dx + ——-
E-T2y 0 E-I2z 0 E-I3z 0
1 2
MF3z(y) -mf3zd3(y) dy + —— ] MF3x(y) -mf3xd3(y) dy
E-I3x 0
1 1 584 2 1 1 2
#80: 84x = -0 + . + -0 + -0 + -0 + -0
9000 4000 3 1125 250 250 1125
73
#81: 04x :=
1500
#82: 64x = 0.04866666666

Deformacion en Y del nudo 4 con el método de 1a Carga Unitaria Ficticia:

Diagramas de cucrpe libre
de Tos elemenlos
individuales:

Yooy —
wyid ¥ ﬂ:m i
*ln‘?ﬂ.
medl
J:Liﬂmm
eyl
_tl_m ﬂa_:-. l%
wyid ¥ ¥¥ [1r3
mzEd
L)) 4]
ma xi > _""u.rT”
mi, 7 n "
b oL il
mord
#83: [x1 :=, yl :=, z1 =, mx1 :=, myl :=, mzl :=]
x21 = y21 = z21 = x23 == y23 := 223 := x24 := y24 := z24 :=-
#84:
mx21 := my2l := mz2l := mx23 := my23 := mz23 := mx24 := my24 iz mz24 :=
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x1 =0
yl+1=0
z1 =0
#85:
mxl - 1.4 =0
myl =0
mzl =0
#86: [mx1 := 4, myl := 0, mzl := 0, x1 :=0, yl := -1, z1 := 0]
Columna 1:
x1 + x21 =0 yl + y21 =0 z1 + 221 =0
#87:
mx1l + mx21 + yl1l-4 myl + my2l - x1-4 =0 mzl + mz21 = 0
#88: [mx21 := 0, my21 := 0, mz21 := 0, x21 := 0, y21 := 1, z21 := 0]
Viga 2=0
Viga 3:
x24 =0 y24 +1 =0 z24 = 0
#89:
mx24 = 0 my24 = 0 mz24 = 0
#90: [mx24 := 0, my24 := 0, mz24 == 0, x24 == 0, y24 = -1, z24 = 0]

Momentos flectores "minuscula" de la estructura con cargas unitarias ficticias para
desplazamiento en el nudo 4:

mfixd3(z) = mx1 + yl.-z mf2yd3(x) = 0 mf3xd3(y) := -mx24 + z24.y
#ols [ mflyd3(z) = -myl + x1.z mf2zd3(x) := 0 mf3zd3(y) := mz24 + x24.y ]
mfixd3(z) = 4 - z mf2yd3(x) := 0 mf3xd3(y) = 0
e [ mflyd3(z) = 0 mf2zd3(x) := 0 mf3zd3(y) = 0 ]

Momentos flectores "minuscula" de la estructura con cargas unitarias ficticias para
desplazamiento en el nudo 4:

Aplicacion del método de 1a CUF:

1 4 1 4
#93: 84y = —— [ MF1x(2)-mflxd3(z) dz + —— [ MFly(z) -mflyd3(z) dz +
E-T1x 0 E-Ily 0
1 3 1 3 1 2
—— [ MF2y(x) -mf2yd3(x) dx + —— [ MF2z(x) -mf2zd3(x) dx + ——-
E-T2y 0 E-I2z 0 E-I3z 0
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1 2
MF3z(y) -mf3zd3(y) dy + —— - MF3x(y) -mf3xd3(y) dy
E-I3x 0
1 1 2 1 1 2
#94: o4y := <240 + -0 + -0 + -0 + -0 + -0
9000 4000 1125 250 250 1125
2
#95: o4y = ——
75
#96: 64y = 0.02666666666

Deformacion en Z del nudo 4 con el método de 1a Carga Unitaria Ficticia:

' Diagramas de cucrpe libre 1
':!I' ln‘- I'.II'I'I'II'!'IIIJ"u
individuales: _*/i
YU @
wild® T
*ln‘ﬂ.
el
jﬁaﬁmm
Fry
._§| med ﬂﬂ_:-_ll.
mﬂLﬂrﬂﬂEE
mna$
W 1]
ma x| . 'dhvftt
"'f;::'ﬂ*" %m
—
#97: [x1 :=, y1 :=, z1 :=, mx1 :=, myl :=, mzl :=]
x21 =  y21 = z21 = x23 = y23 = z23 = x24 = y24 = z24 ==
#98:
mx21 := my2l := mz2l = mx23 = my23 = mz23 = mx24 = my24 = mz24 :=
x1 =0
yl =0
z1+1=0
#99:
mx1 + 1.2 =0
myl =0
mzl =0
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#100: [mx1 := =2, myl := 0, mzl := 0, x1:=0, yl :=0, z1 := -1]
Columna 1:
x1 + x21 =0 yl + y21 =0 z1 + 221 =0

#101:

mx1l + mx21 + yl-4 myl + my2l — x1-4 =0 mzl + mz21 = 0
#102: [mx21 := 2, my21 := 0, mz21 := 0, x21 := 0, y21 := 0, z21 := 1]
Viga 2=0
Viga 3:

x24 = 0 y24 = 0 z24 +1 =0

#103:

mx24 + 1-2 =0 my24 = 0 mz24 = 0

#104: [mx24 := =2, my24 := 0, mz24 := 0, x24 := 0, y24 := 0, z24 := -1]

Momentos flectores "minuscula" de la estructura con cargas unitarias ficticias para
desplazamiento en el nudo 4:

[ mfixd3(z) = mx1 + yl.-z mf2yd3(x) := 0 mf3xd3(y) := -mx24 + z24.y ]
#105:
mflyd3(z) := -myl + x1.-z mf2zd3(x) := 0 mf3zd3(y) := mz24 + x24.y
mflxd3(z) == -2 mf2yd3(x) := 0 mf3xd3(y) =2 -y
#106:
mflyd3(z) := 0 mf2zd3(x) := 0 mf3zd3(y) == 0

Aplicacion del método de 1a CUF:

1 4 1 4
#107: 84z = —— [ MF1x(2) -mflxd3(z) dz + —— [ MFly(z) -mflyd3(z) dz +
E-T1x 0 E-Ily 0
1 3 1 3 1 2
—— [ MF2y(x) -mf2yd3(x) dx + —— [ MF2z(x) -mf2zd3(x) dx + ——-
E-T2y 0 E-I2z 0 E-I3z 0
1 2
MF3z(y) -mf3zd3(y) dy + —— -] MF3x(y) -mf3xd3(y) dy
E-I3x 0
1 1 2 1 1 2 56
#108: 04z :=- - (-208) + .0 + -0 + -0 + -0 + -l-
9000 4000 1125 250 250 1125 3
38
#109: 64z = - ——
675
#110: 54z = -0.05629629629

Resultados finales agrupados:

Archivo: Portico Iso 3D.dfw Pag. 15



Michel Bolafos Guerrero Fecha: 4/12/2025 6:42:49 p. m.

73 2 71

83x 83y 83z 1500 75 1000
#111: =

64x b4y 64z 73 2 38

1500 75 675 |
[ 83x 63y 83z ] [ 0.04866666666 0.02666666666 -0.071
#112: =
84x b4y &4z 0.04866666666 0.02666666666 -0.05629629629
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