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PROLOGO

En primer término, debemos reconocer que, con referencia a los problemas de
porticos, existe una gran variedad de métodos para las soluciones, los que en ocasio-
nes resulian incomprensibles para los estudiantes o simplemente dificiles para optar
por determinado métedoe. Por otro lado, no siempre las diferentes formas de solucién
se encuentran reunidas en un sélo libro, sino que, para los diversos estilos de porti-
cos debemos consultar varios, con la consiguiente pérdida de esfuerzo y tiempo.

En consideracién a lo explicado, en el presenie trabajo, se frata de presentar
una cuidadosa seleccién de formulas practicas de las diferentes formas de pérticos,
‘més generalizados. :

1.os datos provienen principalmente de los tratados de Mecdnica Racional, Re-
sistencia de Materiales y Estructuras, esctitos por consagrados maesires en la maie-
ria, tanto del Japén como de Alemania, tales como los Doctores Okamura Masao,
Umemura Hazime, Takabeya Fukuhei, Kleionlogel, Gehler y el Dr. Miiller-Breslau.

Si mediante el presente trabajo, se evita la inconveniencia de la busqueda de de-
terminadas formulas a través de las consultas de diferentes libros, y se facilita a los
‘estudiantes, 1a solucion de los porticos de una manera sencilla y préctica, todos nues-
tros esfuerzos estardn compensados,

Finalmente, hay muchas personas a quienes deseo testimoniar mi agradeci-
miento, pero por el temor de omitir algunos, dado lo extenso de 1a lista, prefiero que
¢l tiempo me permita testimonidrselo a ellas, personalmente.

; Ing. Femnando Oshiro Higa
Lima, del dia en que florecieron las dalias
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Primero se llevaron a los comunistas
pero a mi no me importé

porgue yo no era.

Enseguida se llevaron a unos obreros

pero a mi no me importo
porque yo tampoco era.

Despues detuvieron a los sindicalisias
pero a mi no me importé
porque yo no soy sindicalisia.

Luego apresaron a unos curas
pero como Yo no soy religioso
tampoco me importo.

Ahora me llevan ami
pero ya es tarde.

Bertolt Brechi
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11 = Momento de inercia de la columna
: IEh
I2 = Momento de inercia de la viga i 1, T
h = Altura de la columma- .
L = Luz a largo de la viga
3EctT (h2 + 12) 3Eett (2 + 12
Hy=t R = 7 B Vﬁ“ VC= 3
Rl L L2h? (k1) L3n (k+1)
My = - Jeetl (0 + %)
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Momento de flexion en 1a columna : Mx' - ZhZ (ke) ¥

Nota : Los resultados presentados corresponden a Tos casos donde existe una
elevacidn de temperatura. En casa donde contrariamente, exista des
censo de temperatura, los esfuerzos se anotan con los signes contrarios.

Resolver el sjouiente pértico

5 1p756,000a® ¢

——
W= Ay
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5m
Ka/m
: L1;=20,000cn?
PN -

ol e,
U Lk~ 20,000x7
Vo= Vo= gt —’““[E = ey L.00065%5 = 5,083 Kg.
= ?::‘::} wh = g ?22+*1’}4 X 7,000x5 = 14,583 Kg.
He = gkfﬁ_ﬁj - wh = g"f_?:l;‘ X7,000 x5 = 20,417 Kg.
My -LW "‘fhz'“'ﬂz}‘lﬁT" % 7,000x5%5 == 14,583 Kg ~m.

2 = D
Mrax = —iosttloryoun? = A X 7,005 = 15,101 Kg -m.
- —(3k+d A R R = :
Yo = 7w k+1) h = Wj'}—— x5 = 2.08m.
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C 1,485Kg
# He e
1 7 TR
[ o ant . 11,015Kg
1,230,000 ]
i & 11,015kg-n
13,045Kg-m
I;= 15,0000m?
» Hy I2h . 30,000%4 _ 5, R 1,085k
k=""7L " 15,0000
18,985Kg
¥ Piab (L+b) 20x1x3 (4+3)
Debidoia [Py} o Hylo Hay = 51 = oA : g
! S e T e S Li0d%ike,
N Debido a (Py) b st
a +
Hyo = Hos o P28d __10x3x1 (441) - 391 K.
2hL2 (k1) 2x4x4xd (2+1)
Ha = Mo = 1,004 + 391 = 1,485 kg.
Hah
Vp = TPE + % {cuando T Hcc a)
Debido a (Py) : Voo Bt e RS ek. L aioeai 16,094 Kg.
L L 4 5 ;
: Pob ' Hah 10x1  0.391x4 i N
id PoVgus —S— g O + ——— = 2,891 kg.
Debido a (Pp A Tk s F T q
Vq = 165,094 + 2,891 = 18,985 Kg.
Hah
Yo = —PLa i i (cuando My = 0)
Debioo aulRodestinp il k. v BN, a0 R e T Kg.
IEe L 4 4 ‘ !
Lo e e G L P R i
¢ L L ) 73
Ve = 3,906 + 7,109 = 11,015 Kg.
My = -Hph = -1,485 x 4 = -5,940 Kg -m
M = Mg +Vaa = 5,940 + 18,985 x 1 = 13,045 kg -m (Mnax)

M:—: = 'e‘l:b = 11,015 x 1 = 11,015 Kg -m.



UDHCONECTA.COM

UDH»
s Mg=23 464 [T .
3, a/m Kg-m u'
11 £ ; .! “m"lllﬂiilum...._ =
B 1, | He ._ :
. Bm l
vV
£ Y, =4 84m ,933Kg
Bm _j
I Carga uniformemente
distribuida
w = 3,000 Kg/m 5
Debido a la carga ; Mmﬁx'Hzio’lgg el
uniformemente d?stribuida 5
Pl a Hy=17,067Kg.
‘T A s - 2 k Ap A
6,000 BRI o
S ?A s v, =2,933 Kg.
%BxEx
= LDXORSAE L 5 000 Kg.
ma e 0k
Debido a la carga trianaular :
W = Wi m ok A ER00I A B0 g
A e M B k) 60%8x(2+1) 3
S ¥4 = ¥g = 2,000+ 933 = 2,033 Kg.
Debido a la carga uniformemente distribuida :
Hyv = 3k+4 Ix244
e | = =
8l 1) S e 10,000 Kg.

Debido a la carga triangular :

Hih o 33k + 40 = ..6B * A9
A = T M S MR L 12,000 = 7.067 Kg.
60 (k+l) 60(2+1) 2 i

Hy = 10,000 + 7,067 = 17,067 Kg.

Debido a la carga uniformemente distribuida -
Hev = wh - Hav = 3,000 x 8 - 10,000 = 14,000 Kg.

Debido a Ta carga triangular : Hge = 12,000 - 7,067 = 4,933 Kg.
P HC = 14,000 + 4,533 = 18,933 Kg.
Mg = -Vl = - 2,033 x 8 =-23,464 kg -m

Para determinar el mamento mdximo de flexién en la columna, primero obtenemos la dis
tancia (ym:l. desde el punto (B), al punto donde 1a cortante es cero

2

= Im _ . . 12,000 Freaal
U= He i w,—hg—-o 3 18,933 - 3,000 ¥, o 0
750 _yr% + 12,000 v, - 75,732 = D Yy = 12,000 & N 12.0002+4x?5'0x?5.?32

2 x 750
- 12,000 + 19,266
—1,500—'—_ --—— desde donde Yo = 4.84 m,
wyzm 3 2

Mrae, = Aeym = Yeb - -—E'_ = :L_f = 18,933x4 .84-2,03358 - ..3..3@%‘_4_&_ 2

3
1,200x4.84"

e = 3099k
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I
UDH)»
> W = 600Kg/m , 1,200Kg-m = 2;‘?001(9'”‘
A [ L] =
: . ek s i 5 =7 iisoxg
e 1,0. Iin* 4 T SRR, 7= TR A il A
~ Zm— Bm i At 3 ! oy
| 1,200 b Pt
\I']: -
fg-m ( 2,160Kg
Em ki= Iih d
: : TL
~—11,=0.07m
L _ 0.14x8 _
J 0.07x8
] ] 150K
v i | ey | L ET]
e - A T :
v, s 3.900Kg
1 : .
Al W1 s00xexs BO0NZ2 . 50 kg,
C° Blkdh Z (ki'h 8 (241098 2 {2+1) % 8
: a sy Ll o S0 2 600x2%2+600%2
. L L e e Bl e LU L e
= 3,900 Kg.
Vo= w(L#y) - Vp = 600 (8+2) - 3,900 = 2,100 Kg.
|
.2
Mo = - w 21 =600 x B2 =-1,200 kg -m 3 Mgp =-Hgh = -150x8= -1,200 kg -m
N W% _ 2 o0xs - soox BB - 2,400 kg -
i S e e 7 100x8 - 600x = s g
Considerande como (xp) la distancia del punto (C) al punto de momento miximo.
i s R R S Y
] W B0OG
2 5
*m

Moax. =

2,100 x 3.5 - 600X -—-3-5§3-5 =

Vekp = W—m— = 3,675 Kg -m

Si hacemos como (xg} 1a distancia gque media entre el punto (€}, al purto donde el
momento de flexidn es cero ;

W’Xz
hie)
chﬂ - - 2 = 0
on
L e e O
2y
I [ £x7,100.
= . = T AL e
L *o W 500 i
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2 2
= L L
e Hy = He = 75— (n + 322}
L
Yo = S50 i o= M -1

|
|
t-.

e,

JE




CONECTA e

(27)
He
k:lis
IsL
me= s At &
A
om e el = (L4 f)z + k2
Il
Pab Pb— (1L em) M8
TR Ree sl G Y TR S R
B T ) A =0 W
Pb'MB Pa+MB
Uy = —— E—

2

2
e2 =(L+f) *h

Pa-(l+n)l‘-’nB

s (L4 f}2 - b
Ph + U. + H) HB
: f

Pa - (1 4 n) Mg
R

31
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UDH)»

E /’_1\\
e
] I 4
|
! o
h L
.j /’//f
i e gL
e i 5
/
M M kit
L - AR A
2 (1+Kk) " 2 (1 k)

32




Mg = - _Tkdh
60 (1+k)

Mo MM (3 - hD)
2he {1 + k)

(38)

Nota : En caso de descenso de la temperatura,
signos contraries.

T
S thl
@ e Moo i oy | My mioh
Esfuerzos por cambio de temperatura (39)

los esfuerzos se anotan con los

33
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UDH)

(41)

AT\-\
N 2 wh b St wh . sk
. By oo e e i T D e s e By
: 7
- uhe k(¥ $ )0
Yeoir el [ e J i
(42)
C H
e 2 Ih
pats Sl
{T_—;@/ I\ i Ils
15
= E v
; C m= 1+k
L A et
h . 5
L=
: ;
1
e it {h+f}2
H 4 e M wf 5
B RbE St et =l
_ J 8 &y A~ Bmh
Ve 5




‘I:%WW\N«M. C |

L
ns= _f_
5 .-
1]
LE m (h‘l—.f)z
{h+a}
A pPa - (1+")MB
H.'= P s L
h
(45)
Ih
k =L
IS
m=1+k
f
n= £
(f‘z bz - o) ) (1+“) HB
e s G
HC il e HA
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UDH)»
o S Ty k = L : _". -u

(49) =

el
BT )




: G
ey e
w\ I
B B
=
LLl e 5
h 8N
11 I.ls
i b g m= 1+k
A
2
o ol ol
HPl i HC -~ Bh m
(53) - € He
i . 51 Ioh
f// 2 . sany
15
= I:
X m= 1%k
il
h D E
I
L Pa[i(hz-dz) 1_2 +7 hﬂ
: oy 1 it
__r._.ull_l A ¢ 2hZs il
Ha A

(54) Esfuerzos por temperatura

C
He

=
f

o=

.

S
Nota : En

Iy

1
(T+n) M
NS S R
A g L

caso de descenso de la temperatura, los esfuerzos se anotan con Tos

signos contrarios.
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UDH)»
e B iy Al {55) ’?-'I"_
w B
BERR9% ) Wktoe, .
: T : f TR =
3 U1
= L Hllfh > _,|
v X
c %
h I5h
| I( = 2
TIL
Ay |
y JﬁM
A o =ea% s 3% s 18a% 4+ 1222 + 12262 5 12abe + 82
[ s 3wk Sl b s wh o
LS i [4 (2atb) - Sz |+ €7 AL [z * (6a3blk
&
Ve ORISR Tl : e R
Sl Lz (3k+4)L 7 (6&+3bjk] : el {2a+h)
Mom vl = M2 o aiby oy i
TG 7 S ot L
Momento de flexidn en la viga :
MX = .ch_}: X é C
7
M o= Mox __w_ixé_Cl_:_ BRI e
My Vex = whb {x-c- 2.) Y X 5 bre
Esfuerza por flexion en 1a columna : M e R :
. 3 e A (23 + b} o Hc_y

(56)
b 0
tt-._._w —--)TE-————- —)-| ]
- H
8 4 c
L ! A}
Ty
e ¢
b I h
I L ?
2 v
1 Bwb™ (dlctb £)
HA site ™ T3k LThJ_
" e
I Voo b (abPedberak?)
Yy ¢ 2 (3ksa) L3
Y= Wb :
2 M
M N o N SR




Esfuerzos por doblado o flexion en 1a vige :
Ml = Vix i R
b3 (] 2
M, = Vex - —2 x;_c LA
2
wh

Esfuerzes por flexion en Ta columna : Moo= Vel - —5r— + Hey

(57)
. a : b o
G )
- ol
B . He
1 4
G [
Vo
5 IlL
. 3 2 sl
1 @ = 8a° + 18a%b + 12a6° + 3b
A
DG 3ub
Af i L b ath) -
Hp = Mg = 7 (3k+4)h[4 (2a+h)
¥
¥ wh S (6a+3b)k-‘ Vo =wh = ¥
Yoo ZEmOL [ T iR C
M .-v L LR Me = Ul 50 & o
BT e T QR (
Esfuerzo ce flexién en la viga :
M. =¥.x wx? :
A C pid ¥ S i
Hx=\'cx-wb{x-%] X % b
Esfuerzo de flexidn en Ta columna : My = vl ":?b = (2a%b) + Hey
2
Encaso que a=b=-bh u=-'-$gl— B2 e = s ng%
. 36k+al 3 i R S e
VC W wl 3 'U‘J!\ mﬁr Wl
7 2 7 i 2
mee e 5 Moo=
Mg 32(3kea) "L S TR Ty
Esfuerzos de flexidn en la viga ¢
2
. 36k+4l WX =k
e s otaemy o MR % 2
R e Gy O RIS L
M 20k M R e L

Esfuerzos de flexitn en la celumma :

ekedl p o w2 21wy
S B 64 (3k+4) h



UDHCONECTA.COM
UDH»
(58) ﬁ;‘"
W i" g
: : “Hmm%““;g s > ¢
U i
ve l il
h i
I 1,h
o g
h/3
H 4 2
B—m Ha L 3 wl
AR 4(3k+4) h Al A
v oo — 3(kel) : Ma
A N T T
3ki5
YA " I (Bea) ML
2 2
Mg = — iy, P : My = e
2 (3k+4) 4 (3k+4)
Esfuerzo de flexidn en la viga : Wil
HX= VCX = 2
fi i 1 : - L
Esfuerzo de flexidn en la columna : My = Vel - s ey
(59)
T -
eI i v
Vi S il "“'“”i||l|"='§'|'I"”|'H||ﬂ“" ;
L Sl
; | =iy
4 G Mmix. '
1,h
[1 o= .2—
I1L
h/3
e TN
Wy~ Ha = HeT "To(3k+a)n
AT AL 4
_ 11410k M
Yy Y ) A
Voo ——oki8 D M- R SR R P e B
A~ 5 (3kHA) x 15 (3k+4) ' A 30 (3k+d)

Esfuerzo por flexidh en la viga :

3
Hx
Mg + Vpx -—5":2'

=
>
1}

Esfuerzo por flexidn en la columna :

Hy= My - Hpy




JOSE INGA BAEZ
{NGENIERO CIVIL

c.l.P. 22278
(60)
e
; Il | 11L
" e
W‘TA C 5 (3k+4)h
s Eh L i okee]
5 (3k+4)
vP.
__2W (Ek+B) 3l e 4L
VA~ T5(3k+4) I Ty M= TS (3k+0)
Esfuerzo de flexidn en la columna : My = M- Hay
r ; - 2 0 W i Sk+d
Esfuerzo de flexidn en la viga o e el X = P
X L2 ! & 5(3k+)
i 2HL (5k+4)  hk#4
Mogx. = T 15(3k+a) 5(3ke4)
P [61) o
T b -"l
0 : hcin
i i
an ot T
% 1 il
’ VC !
e I2L 1(— 2
h ks 5
: i
5t !
e sl
£8 i o
e il g = b 2(3L26eL 260) o
3 (3k+4)L3 M
A
vy = p. 3Pbead - 6afli2a’ Mg < . _2ab (beL) p
(3k+a)L3 (3k+4)L2
s ab (b+L) 5 _ Pab (3L%+6al - 2a%)
A (3kea)L2 - ka2
Esfuerzo de flexidn en la viga : M = VX RLeCli=sth
Mx & ‘n'cx -P (x-b) P b
Esfuerzo de flexidn en la columna ; My = VeL - Pa + Hey
: sl ! e
Siig=h = y w M ] R _iBkhS i
P iAo = ey R T e
6k+11 " 3
B M AE e el
Yo" T4 Gsa) £ 4 (3k+4)
i) L 6k+5
it e e Pl My, = ————— - PL
AT 8 (3kd) D g (3+8)
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UDH»
(62)
B L. He:
o
l\'c
Wi il
51 RO L
IiL
= = -
/,:*'T'V“ Ye 7 [3k74)
A& HA
_ _(3ks5)
v R TET
g = —3 (k). My s o ke S
Mo ey AT T e
My et ekl
4 (3k+4)
2
Esfuerzo de flexitn en 1a viga : M, = - — K . WO,
Fies 4 (3k+4) L

Esfuerzo de flexidn en la columna

2
M k wh 2+ 3(k+1) why - 2
s 4(3k+4) 2(3k+4) 3

(s b3REL e 9410k+3k2 2
2Bl G T VU

(63)
C
- ) G 5
TS
Ve
.
I,
e k Kh
V= Vo= _Hh_
A e (3k+4) L
HA ;H
g How (2L s32) i
A A 10{3k+4)

- Okt : k : 9k+16)
He = o (gke) M o= - "5 lagm) Wb 5 MA = -3y (Eieqy W
Esfuerzo de flexién en Ta viga : My = - 5(3: 7 .%? X
T

Esfuerzo de flexidn en 1a columna :

(9k+8) gt

k
My = - Tesed) W F Topaay WY -
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B L
: 2 | I [ He
i
a
0] ‘LV[;
h _ 1sh
e
bt ¥ Lt
Y, = V = 3kab2 p
M AL (3k+4)heL
Hy =P - H
A C
Va _
He = 3k (2ath) + 2 (at2h)} 2. Mye=- 3ka + 2 (ath) Pab
(3k+4) h® : (3k+4) h2
___ 3kab® (6ka + 2(at2h)1,. 2
e oS Skdbe T ; M= Pab
" (3k+3)n? ¢ b (3k+d)h3

Esfuerzo de flexidn en 1a viga @ 2
g o Bkabs
{_3k+4)h2l.

Esfuerzo de flexidn en la columna :

2
o . —3kab — b {3k (2atb) + 2 (ar2h)} g2, e va
Y (3k+4)h (3k+4)h3
3kab® o + 2 2
My = - —=28=— . P+ - Pby - P (y-a);y = a
? (3k+4)hZ (3ked)h3 el
s S S s g , _ _6kell
Staz-tbe Tk WY S B as o S
R (2 )
€ a(3k+d)
. _(3k#6) i At L boe o (3Re5)
MR e Eeror e L e e
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UDH)»

S
= i
M ?c—-—Lz‘i
Izh
b el [ZL
1 1 _
b Vi=y. --3bkihdc) WML o

Ha\ A {3k+2) 2

A
T hL
\ b {h+c(3k+1)} M M
A Ho= Hp = = St Lol Tt
A" e (3k+4) H3 B n2
3bM : 2ethec (3k+1)} 1 9
Mg = - ————— | k (h=3c) + i Myp= M <M
4 (3k+a)n? [ Lk h TR L
HA = M- ‘llrc]. = Hch
Esfuerzo de flexion en la viga : M, ==Vex
g 10 | Z
Esfuerzo de flexion en Ta columna My = - Vel - By e
My,=M~i'cL-H°y Yy = a
166)
(P
B I,
L 1
Yo
h :
1sh
i i
M
A = {.= oL
e — . I ey
T & M
Hy= H.= b ——
ALTC “aked Th
Va
S N s Lk i ) Sips LBS
Mec Sd Maar —qe M ¢ "a I+
Esfuerzo de flexién en 1a viga :
I PO s
Jk+d L
Esfuerzo de flexion en la columna :
My = 3K M O35 G Sy
3k+4 3k+4 h




p
(87)
l B g
. m——p
12 C
Ish
I 1
BPL
A R A e D
e HA A C h (3k+4)
I 3PLyk
V=t p oot b o e
Ya A L (3k+8)
3Ple 4PL.1 3PL1k-
Vo= ————13 Mgy -PL. 5 Mpp= ——— 1 Mye = - —=
& TG b B e ! R
i 2PL1 r . ; & PLkx
My id 3 Fsfuerzo de flexicrll en la viga : M= - 3L
Esfuerzo de flexian en la columna :
AR ZPLl A SPLly
¥ (3k+d) (3k+4) h
(68}
D
C’.‘: fie
8 I, ¢ |
|_.._
v
He Wil
h IL
L Ph
; M, = : Mo, =
A B B
m““H
S
vy ool PREBe2) | i
£ 3kea 7 BD
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UDH)

3bk (h-3c) Pa

Vs P+
(3k+4)h2L
ki R A =
2 (3ked)hcL (Bke4)nT -
R 3bPa 2cihtc (3k+1)3 3bk (h-3¢) Pa
M ) s M o==
DE (3k+2) h2 [ fhaze) h } B (3k+4) h2
MDAz Pa - MDB H MA = Pa - ‘.fcl. - Hch
Esfuerzo de flexion en la columna : My =—\!cL - Hcy ¥l g C
My“Pa-\’cL-Hc_‘( $h = s
Esfuerzo de flexidn en la viga : My = - Vpx
(70) M
3 _LL|,
: Moe
N
E
g = I2h Mog_7
IlL

Vo wat 30 (hedc) wa®
2 (3Ha)heL T

I v.o= 35K (h-3c)wa? e 3bfh+g(§k+1glwf
c 2 (3k+4)heL RTC (3k+a)h

2 I

Mg - e . ‘[k (hegelin Zeaihle o {3k+1}}]

2(3k+4}h h !
= , 2 3o 2
- _ _3bk (h=3c] wa b WA 7 R TE g I
. % 2k e ket e ooy wlehiniey

2 (3k+4) h ‘

Esfuerzo de flexifn en 1a wviga ek

Esfuerzo de flexidén sn Ta columna Hy = =Vl - Hey ¥ o c




(71)

Esfuerzos por carbio de temperatura -

{3k+a)h2L2
6eetl; [(3ke2) + K]

= ]

(3k+4)h%L

Momento de flexidn en la columna

. Nota :
Tos signos contrarios.

En caso de descenso de la temperatura,

(3k+4)h2L

Esfuerzo de flexidn en la viga :

M =
Y

MB-+ Hcy

los esfuerzos se a

B :
1 O He
2
L
TV
h
Ioh
I i
A R,
WA A
-3
S S e sretln (212 (3ke1) + 3k
SRR (3k+8)n°L
24312 2h2 + 3L2) k
e - EEstI:L(Zh )k : : SEstI]( 3L=)

.l"cx

netan con

Shlucion de problemas numEricos:

IFPD
I HC= Z0BKg

Vi =1,148kg

4,000K
E M
f-‘Em—;E 4&!._7 HB—-l.lll Ka-m Ih
3 O‘——H'C a
D, , 1,=45,000cm
= 4 1.=15,000¢m "
Ve 1
. M ascoos
¢~ 7,0715,000x6
Iy
hiz Bl
h-3=2.6m
—s ——rn
s Hy-208 Kg }J i
V=2,000kg 1'%y T3°0KIT
v, A
R s 3ab(b+£l o 3exAx{M6) 4000 = 208 Kg.
A (Bsd)t 2 (3x4+2) xBxEX6
a(3ebal-2a%) oo 2 (SN6XExA6x246-2x2x2)
(o= N e [376+H) X6x6%6

(35:4)L3

= 1,148 Kg.
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UDH»
e s G P
A (3k + 4) 13
= 4,d00 v 3x8x6x6x4 + Ax6X6X6 - 6:{2‘)(2_}46 +  2uPxixE = 2,852 Kg.
(3x4 + 4) x6xbxb
W = . eablbl) | o DA AME) oy ganns 1911 Kgem
(3k+4)L2 (3x4+4) x6x6
1 b{b+L i1 2xtx(4+6) 5
gy B ABIDLY e TR "'T"‘*?ifh_l__ X 4,000 = 556 Kg-m
A (3k+4)L2 %444 ) x6x6
e __pab (3L2k + Bal -~ 2a%)
D mix. (3k + 4)L2
4,000%2x4 (3x6x6x8 + 6x2x6 - 2x2x2) = 97,556 Ka-m
(3x8 + &) xB xB A
- 311 AN
Bm e 10m & 5 I
o I(_,_ M ﬁr‘__ —3.' MB--B,B?IZ
ﬁ% 400 Kg/mt.
3 LT . C He=1,084Kg
He
Ve 5 : | Ve=2,883Kg
1%m P bilir s =10,390Kg-m
= s = - {HT =
: : T "0.015.16 et O
1=0}015m .
e puede recurrir a la bi
A de ?as féymulas de los S?Qﬁ&ﬁ%é“” Ha=1.084 K
4 N°(56) y (58) © también (56) : e
4 Ha (57)
—} Mp=4,336Kg-m
vV Para 1a férmula del problema (56)
A P 3 s | Vp=8.717 ¥g

= 200 Kg/m: b =6m, y ¢ = 10m.

Para (58], Wo=400 Kg/m.

MbB(e + 62)  3wgl? | 3x200x62x(4x16x10 + 62) , 2x400x16%
= He =23k + 2)2n 4{3kkB)h ~  Bx(3xl +4)x162x12 A(3XT+A]x12

= 1,084 Kg. -
v, = MabP(3bPHabor3ki?) | Impl(kel) | 200x6°x(3x6%+ax6x10+3x1X16%) | 3x400x16(141) _
2 203k )3 2(3ke4) 2(3xI+A)x165 2(3x1+8)
= 2,883 Kg.

Vy = wib + wyl - Vo= 200x6 + 460x16 - 2,883 = 4,717 Kq.
2 2 : :
Mp=Vel - wrg_ 2 wz%_= 2,883x16 - ?ooxﬁxﬁ - 4D0x16X1€ = - B 672 Kg-m

MA: HB + ch = -B,672 + 1,084%x12 = 4,336 Kg-m

Fuerza cortante en el miembro (BC) 5 V = Vp- wx

51 hacemos como (x;) 1a distancia desde (C) al punto donde la cortante es cero (0).
Ve-we, =0 —— = 2,883 - 400x; - 0
%o = 752075 m
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v '
Luego, M. = Vex, - W N - 2,883x7.2075 - 400 ¢ _?_g_n:j__s_z_= 10,390 Kg -m
: o e 2 2 : AT :
2 ¥
My = Vg X 10 - wy —0-= 2,883x10-- 400 x 13- = 8,830 K -n

La distancia aproximada (x,) desde (C) hasta el punto donde el esfuerzo de mo-
mento es cero (0)

2 2

Me= ¥ex - wg £39) - Wy —E‘—

51 xq > 10m.

2
{xy - 10) %0
2 - Wp- E i)

Vexe - ¥

2
; (xg -10) %
2,883, --200x e ~400 + T = 0

2

300xC - 4,883% + 10,000 = 0

dondle 2 Xo = 2.6 .

= 13.87 Luego, a 13.87 m del punto (C) &) momento de
flexidn es cero {DL

|
%
};
i
3
i
?:

(72) ¢
B I'lT',Il c Ag
e— alle b _;k— c
Izh
L k e
Iy o
: c 1
1
B H_‘ ; 3 ;
' A a = 4ath3r12abet12b%co12a2cH18bc248c
Vo g
o w i [&: - 8L (b%+3c +3bc)I
| i & 4mr<+3)|.2h
. v - k#3) o 6L (b2 + 3cBedbe)] 1 M= Mgr VL - (b+2c)
‘ll z(4k+3)L :
A ; 5 wh ) iy
i SR R s e w ki e b))
i Esfuerzo de flexidn en la columna : My = = Hpy
l Esfuerzo de flexitn en la viga ¢ My = —Hah + Vpx wgd
] . 2
h | W (x-a) :
i I"Ix = - HAh P UAx - 57 as xxath
g DL “ g R %
! Mx- HAh + ‘.‘Ax wb (x-a 5 ) XZa + b
i
.
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UDH»
5 ; wh3[3 (2ath) + (4a+3b) k] =
A 2 (8k3) L3 3
AL Ha 5
& 3 A 3
Hy =y = M2t 5 My e o0 (28:5]
Ly 4(ak+3)1%n 4 (4Kr3) 12
2
Mg = lighl el
Esfuerzo de flexion en la viga : M, ==Heh + Vex ;e e e
2
My ==Heh + Vex = x;a %t e
Esfuerzo de flexion en la columna : Hy =_HOY
(74) I
N
N
B I E C _‘} "
e b I e 3 IZh
L ) e
IVC .
n
I R I S %)
A C™ 7 4 @37
A G s 0 —“j'
E 3 HA A
Ya
e wb. L2 by i ey
A e [Liv?eaberac?) + Li(sbPioberac?) + be]
2112 12 2
T "%f‘“b (b7+Abc+be 5 "M -Heh + Vel - ug_
4 (ak+3) L2 :
u Esfuerzo de flexisn en la columna : My =-Heh + Vex - w’z‘ FA A
wb
Hx=— Hch + VB){- -—2— ‘z:‘_b} X = b

Esfuerzo de flexidén en 1a columna :

My = - Hcy
50




CONECTA e

W

L=}
t
o
o
o
—

. 2
I wl
i g A T WL i
HA = He ® i) )
; ¥ = 3 ik:l‘l}“d_ '
A Ly Hy A aeke) —.1{'
5k+3 Wl At 2+l 2
Vp= A e T Mp = ————
v € 2 (a3) M8 k) C 7 T4 (ake3)
A

Esfuerzo de flexidn en la columna :-M}r = - Hky

Esfuerzc de flexidn en la viga

i 2
2 -
Seth e o AR YIS - (3HOksk ) 2
v San R o S Tl s "™

(78)

WL
I HA = HE = Sakan
§ = _(M)_. W

5 Hp A 10(8Ks3)

v v el o I P LSS

10{4k+3) 5 (4k+3) 30 (4k+3)
Esfuerzo de flexion en la columna My = - HAy
Esfuerzo de flexion en la viga : 'h'x3
M}( =-HAh + \'AX TR

3L

ol Bk+9 T H _NL [Aske9) ./ (eke9) T 30
“m 10{4k+3) ° max 15 | (4k+3) 10(4k+3) [1k+3)
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UDH»
(77)
: E
k = E.EE
1L
h
3HL
e
AT P T (akean
.5 e, BRI 3 5 3
HA A 10 [#k+3)
Y SR Lok fieatd M oo
C 10 (4k+3) 8 ' 10 (4k+3)
v (7k+3) u
LR N R
¢ 15 (4k+3)
Esfuerzo de flexion en la columma M}' == HAy
. u 3
e a 2. U
Esfuerzo de flexion en la viga B M =M =5
3L
e e T e M[s(zm} (Zey 7k+3
m : 10 (4k+3) fax. 10(4k+3) 10(4k+3) 30(4k+3)
(78)
B fie
I.h
[ i
13k
v 1
: C
s
3ab
Hy = P
I Ao T (eayn?
; e g (3a+L) + 2 (at2L)k sz Yo =P - Uy
A {4k+3)L3 :
Bor e o 38D o B Me =-ML+,__L)_kpab
E (Ak3)L2 ¥ (Bk43)L2 :
gow B2t 2 (ar2l) k42
< {4k+3}1_3
* Esfuerzo de flexion en la columna : M)‘I =‘|'|A.V
Esfuerzo de flexidon en la viga
Hx='H.ﬂ.h+VAx R S
= H s, =
Mx I-‘Ah + o P {x-a) M B
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. (79)
B ChRY ey
T_- 1 IZ S =5
a = L i
D 1 Ish
2
k=, iy
h X'C IIL
5 . 3abk(b+h
. UA = V. = 5 « P
Sl (2k+3) Lh
s HA -
Hy = dak(3h-a) + 3h" . Ho= P - Hy
Ya (8k+3)h
: 7
Mr = M.p : Me = @.k_(..bi%l___.p : M= M-Pab
(4k+3)he (4k+3) K (4k+3)h
Esfuerzo de flexidn en la columna : My = Hpy - teles o
My = Hay - P (y-b) ¥
Esfuerzo de flexion en la viga : Mx= HAh - Pa + VAx
{ao0)
-Q
B C HB
1z
£ : s
=4 & I,h
) P S
-
B h
-
= 1 e ___3_|<_h_2__w
2 4 (sk+3)L
) - A 3{k+1)h b
AT' Ha A 2(4k+3)
v
A P e TS WL Mt LR
2 (4k+3) 2 {8k+3) {4k+3)
Esfuerzo de fiexion en la columna : )
- i 2
My = Hay -_ht)i : ym=—3—£3ﬂl«-.h; HM‘=M_"-WI!
2 2 (4k+3) 8 (4k+3)?
Esfuerzo de flekién en la viaa : wh
M. = H.h i e
% A 2 A
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UDH)»
81 -
o
B o \ He e, :
Vi 4 ;
y L 5 4
h 2\
.,J' g
W h 1L My
3 : 1y : T"
k
Yars pisee s e
T TR T TR I_
b.‘_‘i_. 3
A H A
A _ 11k + 10
Ha 5 (ake3)"
Vol
& Ok+3 7k
e — ] ; M oo R
¢ 5 (aks3) B 15 (ske3)
e LAY
e
30 (4k+3)
2
Esfuerzo de flexion en la columna : Hy = I-IAy - JZZ‘ - (3h-y)
3h
Esfuerzo de flexin en la yiga 'z M, = Vyx+ Hph - ..Z_g.fl_
(82)
Ade
-B
a w3
M D
E Gt
h ==
LAJ- g
1 H 2 o A
A My = - 201.(3b% - h?) -
lv, h? (ak + 3)

P S )
h® (4k#3)




CONECTA e

[B3)
B L ¢f
M 1 |
Ih
Vcl k = _I_ZI
h 1
et
o ks
A J‘-'-——-—b
Hy
.M g e
Ya HEa T e
3 R =
M St Hy
(84)
B R
_ He
P : ,
T I S 1
R R b k= _.2_
P a - | Ik
A
¥
3 0| h €
i salh2eke) - b% |
b (8k+3) R
1 2o
.\;A=p+__3 ak §3b +h%) P
5 i 2h2L(3r8)
A
s ol
vy el e ) SRR i i i
€ ohA (sks3) Rk (4k+3) he
2. 2 - o e
wo - k(3P0 bd) ooy ab [n2(00) 60 (lesiy, Mo = oa
2(8k+3)h2 (k+3)h3
e |
¥pa = : 5 i
(dk+3)h
Esfuerzo de flexidn en la columna My = Hay e
My = Hpy - Pa AT 5
Esfuerzo de flexiGn en la viga g B, = e e !5 )
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UDH)»

5 R 2 I,h
LI l it E
e e ve
3 Hy=He = _L__lhz he(ken) b2 W
2(8k+3}h°

2 S
b 1y vy m wa 4 325k (3b%h7) i
4 [4k+33heL

Va ke e
C g (a3l . e E ]
e 3b [hZ. (ki1) - b2 K. - (4k+3]h_wa2 MoK = 3a“b J:-h (k+1) - b kI
2 (ak+3)h 3 (8k+3)03
n PR
&%k (3b%+ h2) | ; _ _:a%k (3054h%),
"8 2 geanz " 7 "o 4 (4k+3)h
Esfuerzo de flexidn en 1a columna : Hy = Hpy ¥ty
2.
A | S W .
Hy Hpy b N R
Esfuerzo de flexion en la viga : Hx = = '-.'C & - '-.l:';-—}
3 (88)
-n]: g o N :
L 5 L I‘E
i < ' I3h
l o 2b
3L
1 ML O
(4 k+3) h
A ;: v - 5L1k
4 = ST R
Ha A (4k+3) L
i oL M PL " ol
U_ T ST 3 = L 5 g e el
€ (dks3)L 8D ! BA™ TUak+3)
5 .. 4L]k e 5 2L1k :
BC (5k+3) (4k+3)
Esfuerzo de flexidn en la columna : M)'r = HA_y
Esfuerzo de flexitn en la viga - M, =-Vp (x -'_Ii_)




[LI1T] cR,
Bf. | I B e
le— L]_——it(—-—!—- L
| 1,h
\i Je=s S el
h Ve 1L
T 2
1 3Ly
HA = HC = — W
A 2 (6k+3) h
B "
V, = whky + — P W
V.ﬂ. A 1 Gl+3)L >
2 ;2 a
k i i
c_._._.zﬂ..._._._..w - 20 :.E_I_; MBA.: At o
(4k+3)L 2 7 [dk+3)
Zi.zk sz
Moc= = L g = SobaLiilas
{8%+3) (H+3)
Esfuerzo de flexion en la columna : My = Hpy
Esfuerzo de flexi6n en la viga TN st (x - -Ié—)
(&8)
Po==r==t-0
e
e, He
B 1'2 Q
= L o
e
i Ve LL
it
1k Ph
Mo =~ -
4k+3
Al
Fa
Ph, (2k+1)
dﬂ,,rA G
4 k+3
Ph (2k+1)
Mg - P { A
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Esfuerzes por cambio de temperatura

(89)
; l
i l 'krc : Izh
{ L
:[ )
| BE=t1, (21% 317 ¥
e T {4k + 3) h2 (2 : ‘l
A L i
F 3 H a1 A
4§ sttty [2 (3) n%aL?
Vp =V
Ve . {8k+3) >
6Eet, (212 + 3n?) BECLT, [ (2k=3) he  + Lz}]
e = ; Mo = :
X (4k +3) pL? {(Ake3)nt®
Esfuerzo de flexion en la columna y My ==Hpy
Esfuerzo de flexion en la viga i M., = M.+

3 \".K
X B A

Nota : En caso de descenso de la temperatura, los esfuerzos se anotan con 1os
Is"gnos contrarios

Solucian de problemas numéricos :
3,000

SR ] R Iém

B ¥

fig
BT,
G I, = 30,000 cn’ :
v : |V~ 345Kg
E L = 12,000 an’ My=2,683 Ko-ni -
&m
I‘.
! o 12N 30,0006 .
ILL  12,000x6
A —ty : A 1= 87 kg
H 2 A
A Hp = HC = -.._.3_a_b_2_ P
i (Bke3)hl, ¥y= 1,158 Kg
A
Ll hRds
[Bx2.553): xbXERE X 3,050
e TG
v = _Mtu,k,-. .pb2 = .3 (3x346) + 2 (34246) X 2.5 | 3 000 x 3 % 3
| (ki) L [4%2. 543 ) xExbx6
. ! -+ : = i 5 <! 1 ;
= L1864 kg ; Vo = P - ¥y = 3,000 - 1,154 1,845 Kg
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2
3ab Ix3x3x3
e v oy Rl o ek -
Mg (ﬂk+3}[_2 - TR e x 3,000 519 Kg-m
M, 0 3 a2 {a;h;_k = RN +.2(3+_6} X 2.5 % 3,000 % 3 x 3
(4+3)L (4x2.5 + 3) x6 x6
= ==3,115 Kg-m
Mo = Mg oo ohR B el ki (B B B 25 X 3,000x3x3x3
(8ks3)L> (8x2.5+3)x6x6x6
S 2,683 g4 '
_.’a
w=800 Kq/m Mp=-554 Kg-m Mc=3,323Kam
IO e
Bl . 13-30 a0 § == H-=02Kq
=] -
e = .
o Yo & e Ve=2,862Kg
I | = 12,000 cnf L0000 §
: 12,000x6
= 2.5
o O Hy=92 Kg
FrCe WL
hrA A c 4 {4k+3) k VA=1,938 Kg
= B00xb6x6 < 92 Kg
A4 (4x2 5+3)x6
g = AR Wl
t 2 (4k+3)
2 3U25) gnoy 6= 1,938 Ko
2 (4x2.5 + 3)
e S B 28w iai oy =12 pesiin.
e = e BB 0 BARBRke
%
MB = Wik 1L 800 x6 x 6 = 554 Kg-m 3 Mc P _{-2k+1fg NLZ
4 (4k+3) 4 (8x2.5+3) 4(4k+3)
R N
4(4x2.543)
,I"’ ¥
i =~ 3,323 Kg-m
| =
| &
ML ﬂ%ﬂ_g___ wiZe Mmmm.sxgmxﬁxs_”gs Kg-m
o 'T‘ © g(ake3) 8 [4x2.5+3)°
A B Rl 32 5T s o s
“m 2(4k+3) 2 (hoe) o
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Mg=-674. Kg-
1,-45,000 o x : < He=4,842¢g
4 % C
—n B f§ 3 :
M-=3 ,36BKgm
=0 & 4 b .
i 1 i
= Ie Vc=1,884Kg
= ' Iph _ 45,000x8 :
| ‘. o i = g
86 k =70 = o006 - _
w=1,000 kg~ &m = =4,986 Kg-m
: m = L R G
e ; T’ .
= ="15.000 om
s Yi=316m
!
= L
:;d—-—-:—' L1 . .
aé  H L e TS A% H,=3,158 kg
& A Vo Ve Traaay ™ A
Jo= 1,688 X
A a4 V= 1 g
= x1000x8x8
4(8x8+3) %6
= 1,684 Kg
fy = — (ktl) e 3 (821D, 3000 5 & = 3,158 Ka..
2 (4k+3) 2 (4xd+3)
3 5K3 5x4+3 3
Ho = whe % 1,000 X 8 = 4,842 ¥g.
3 €~ Zaksa) 3 (dxd+3) s
Mp=oiik _ wpR By 1,000 %8 X8 = - 674 Keem
2 [4k3) Z (4x4+3)
k e 1
Me = s X 1,000 x 8 x B= 3,368 Ko=m
4 (8k+3) 4(axa+3)
2 A
Mooy =0 (ke whi 9(8+1) 7y 1000 x 8 » 8 =
i 8 (4k+3) glaxa+3)2
= 4,986 Kg-m
G Bl s B

2(8k+3) 2 (3x4 + 3)




CONECTA e

2 2
My = _NL_.. ¥ Mmoo ._.__.U!l'.._,.._
L S TR 2 B 12 (k1)

=

Mo L W2 (38410
24 (k1)

(o}

2
wl

Bt Mot een

Wl kwl ) §i L + kul.
2 CHIETEDIEE c 2 8 (k+l)

(1)

§ e P e A LT AR

1 Pab

1 M fEl
B 2 (e
; "'_L....p

H 2
& A e Pab :
Mpm - —P ]
L% (k1) Ha

Me = -~ Pab Lok+ (ke2) 2l
212 (ke1)

U Tk PR R G Nl e T

/ LS et PL - B Pl (3R
/ AR T T TR B 8 (k+1) * C 16 {k+'1§
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(93)
B e
> Gl
et I
2 R ﬁ,l a it
: Ve llL
W™ h
"
—
—H 1 i wh
1 b= R DR g
3 1 A 28 (k+1) ey
%Aég Hy
T Mz Kwhz
Va & 12 (k+1)
Mo e
2 24 (krl)
2
Vo = Ya 2 e : 2 ] wh | _ wh wh
el A c 8LTRFT) Hy e +Eik+l} B Hc‘T'- B(k+T)
(s4)
5 o8\ H
I3 SRR e
L 1 L
{ Vg -
W h
My= - Hh {3ked)
1 30 (k+1)
AN, kih
\ A 4 B 15 (k+1})
? A
!
\ 3 Kith
oy M= ot o
'|| B C 30 (ke1)
-I s %'(Hx Z h+M =M): Ho=W-H v-v——-—gnc
3 B A c Ry oA Gl




L ) i I_Z*i
T
]uc i+
Hics Pab[h + (2k+1) b]
2he (k+1)
. kpats
h2 (k<1)
Hiis ..kp_ﬂ?'b__ X i
b hefksr)y T A
A e S

vl e 7% e

My = MA3%E) (2)

2% (ke1)

L by
L2 (ke1) A

o= G- ) (i)
6.5 {ke1)

(97)




M
P 0 (98) BD.
=
by i A
L I8 L o H == |} Bl o
IZ % g = |Ii It Y
i
L N = = 1 "Be
) 1V k= 2 M
b C L BA
1 f Phy
4 BA =1
A b H kPhl A
CETEA A
Wf%ﬁ Mg = BT i
M
; A
UA MBU = Phl
M
= BA
My o =
M
= BC
i
{99) : Esfuerzos por cambio de temperatura
C7 H
I -%‘ :
I |
1 k=
h Vv
= b . BEgtly
¢ M2 = = e [“
i Byl 5Est12E o
% - D
Wa X BEetl, o2
(Mg = Mg) (M, - M)
Novsl e S ! PR T Bl ARSI o
R L - Bl h

Nota : EI presente problema corresponde al caso de incremento de temperatura.
En caso de descenso. 1los esfuerzos se anotan con los signes contra -
rios.
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CONECTA e

]
- GIIITTL . e , M ¢
I I S Rl e
DR Ay i
v
wh ; 2 J
v T T + 12L°k(2a+b
i C T8 (akelL [“ ( ﬂ
L
Vo= wb -V
A 8 A c
A
wh L J
HA % HE = VCL = -—E-— (Za+b] ”ﬁ
S5
a = b2 + 367 + 12abc + 12ab% + 128%c + 18a%b + 82
Esfuerzo de flexifn en Ta viga : My = Vpx X € €

3 2
My = ch___ﬂ_il_;ﬂ]_ S R e

ST

My = ch-‘-"zb- (2x-b-2c) o m st ik

=

Esfuerzo de flexitn en 1a columna :
b
My = Vil - —5 (2a+b)

;.é:
'.‘i i (100) ¢
i : \ T 5 By
7 I : 2 7 ] |!1 lI (e

A g ™
| Y R
: |

L by el

M= Mg = VgL - —HB(2a+b)
b 2 2 =
“,\ NA

Ve = '“*“‘m"T[ 3b° + 12ab% + 182% + Ba° + xsz-z{zml]
. B (31l

Esfuerzo de flexidn en la viga

2
M= flex = Xi-ves v 1D

My

W
2
Vox - M (zeb) T x o» b

Esfuerzo de flexion en la columna : My = VgL - ——"?i— (2a+b)
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F— b—.—..*._ C .
(102)
B . I C
e,
I:h
e
h Il
Ly .
\'A= wh - vc
“ e 2
g M= N =yL - _wb
BB ?
UA

"bz

Vs 2 A2
¢ W[dbc+3hl+ln]

Esfuerzo de fiexion en Ja viga ¢ My o= Vpx
Hx = vcx L W (X=C
2 2 whe
Esfuerzo de flexidn en la columna : My = Vgl - -5
(103)
W
B d
Ip Izh
L KEES
T ,l 1
i
h
Iy 3(4k+1) ==
Vo= BEm) ™ :
= 1245
AT g(3ks1)
1l
A 1 2
M Mp = ‘WL
ATTB B (3k+1) "
’ T ) 3 (4k+1)
Esfuerzo de flexibn en la viga : Ho = 5 GR)
Esfuerzo de flexidn en 1a columna : My =l
8 (3k+1)




JOSE INGA BAZz
INGENIERO CiviL

C.l.P. 22278
p
; (104} M
2 s e b s
o e o s ¢
D 1 ? Ih ', =
L 2 k=2 .
i L‘ Il L—X
h > a b
B
_ A {3L-a) + 6kL
Il 'l‘c— 3 - Pa
2 (3k+1)L
A " M= P- g
L+b
Vg Mo= M= ——— " 5}
LR T
3-a) + BkL. i
My - __1_(_-_3)_5____ . Pib
2 (3k+1)1
Esfuerzo de flexion en la viga : MX = 'ch XN b
M, = Vex - P (x-b) % 3tk
EsTuerzo de flexion en ia columr
S b
2 (3ks1)L2
)

C Izh
- P——— =
s { 11!..
VC ‘.I'A = !‘fc=
Hﬂ = wh
Yoty e 2L,
= 2 (3k+1)
k
Mo iz (3k+1)
Esfuerzo de fiexidn en la vigs : s 1 ¥
Esfuerzo de flexion en la colemir: iy h2 ,’L‘EE
2tk By A ST

67




UDHCONECTA.COM

UDH)

; Mpe ik gy
1 8 4 (3k+1) B
A - 9k+4
My= - Wh
Esfuerzo de flexitn en la viga : My = "TT_%H]THHX
k
Esfuerzo de flexitn en 1a columma : M, = ~—7 T G i
v 3h
(107)
E C
I I, % i
a L _ = 2.’1
P D by, 4k
h
b 2
= 3kb
1 A = V.= -P
i 1 T
sy . pi

3kb?
+

s T 38 e R e

Esfuerzo de flexibn en la viga

Esfuerzo de flexidy en la columna

M,

W, =

=
X

Y:

o
[3kb - 2 (3k+1) h] A
¥V, My = ¥ Pb

e
203k 1)L

Px

3kb°

B
T03ke1) . i (Constante entre B-D)

2
3kb Gle ;
2(3ke1)  h-Pya)i ¥y 3 a




UDH)»
8 C {108)
P
i 12 _"T‘
L A I\ah
vl il
|
= = 3k .
i W e sy
R Ho= P
"vn "A - i 3lr.+2 Ph
2 (3k+1)
My = | A
2 (3kel)
Esfuerzo de flexién en la viga - Mo = T Ph
Esfuerzo de flexifn en 1a columna ¢ M = _2(3%?)_ Ph - py

P
C
b
E
3 D_T s SN ke
a A hL (3k+1)
: h
= . 3kacP
' Ye AL (3ke1)

,

3kacp

Ma = " ey * Pe
PP 1Y
h (3k+1)

Esfuerzo de flexién en 1a vigar My = -Vex

Esfuerzo de flexién en 1a columna :
3kacP

Ny ey T R (@0
£ Jkacp D~ B
o Ll
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UDH)»
{110)
B C
T iy ; s
2 o IET >
15h ®
i L | bl Mo e x
LT b A nt I
D T h c E
h— 2 ——ny
: 3ka
3 Vp= wo+ —————=28 e
! i ' A 2 (3k+) L
'En"’. _L Vo=t — L RN .
Z (3k+1) hL Lr,J
v A
A noo hrdiha) o
A 2 {3k+1) h
3 3k o h+3k{h-a 2
= we * et _a e A = =
el "ot TEe R 2 Mt Tmen R M
3ka 2
=R e e g
Y5 2 (3k+1) h
Fsf e 5 = Jka T Z
tsfuerzo de flexion en la viga : Mx 7 {3ke1) L we K
Esfuerzo de flexidn en la columha: My = _h+ 3k {h-a) wcz percign (A-D)
2 (3k+1) h
Syt S kB il gvee PR M
My = 2 (k1) h we  porcion (D-B)
(119
L = [EE "f i
{E Tk [t
0 B I rit _ il pe
2 I b
1 %
Ve
h
: 3L ke
[ V=P + L
b J A (3L
5 -%m 3Ly kb
Ve ot
: €™ @) L
i ‘ PLy i
AT (3k+1)
PLy 3PLk
Bep et e e Mee S Ty
Esfuerzo de flexidn en la viga : o= S
Esfuerzo de flexidn en Ta columna: M_-,r = l
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Esfuerzo de flexion en la viga

Esfuerzo de flexitn en la columna

Nota

rios.

” ]
o [LLTIL]: ¢ il ¢
e In [ E .
ot g L et =S|
oL =
v 1
h
Il
& 3k 2
A P Vﬁ NLl + —--—---—-—2 {3R+1} L WLI
T 23 2 i
1 3 Vc = —'_'—"""'-_WLl k J
2 (3k+1) L HA
¥
A M_%
M= M = R
2
'WL ¥
Sp X 1 . L 3k 2
o ? : BeS TrEmT "y
Esfuerzo de flexién en la viga : ; e wi_zx
2 R 2 (k1) L 2
sz
Esfuerzo de flexidn en la columna : M_.,. = T’E-(?k:%.)—
Esfuerzo por cambio de temperatura (113)
Sl
C Lﬁ |"""Hl"“!ﬂﬂ"hunnmh“
: I ji' Ish g
z 2
L L =t
l It i __al
Ve
h Vo o y. o Eetljk
AN e
Iy
", L Hn MB =

4o
My
3Ectlqk
(3Kl 12
3Ectl K
My = - T71 Constante
(3k+1) L

E1 presente portico trata del problen- de aumento de temperatura,
en caso contrario, los esfuerzos se anotan con los signos contra

n
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UDH)»
W = 4D0Kg/m
-3,200Kg-m
f c 1:9 c
" {8 ] I,70.2n8
L#m 4 16 m.
12 m. Ve
3 L} 'z-mKﬂ
;<] 0, 15w ’
i 10 153.25 Kg-m
25 % E
My=-2 CODKL~m :
’ ATE TR L e 5,150 kg,

R R TR e
5t 0.15 x 16

Reaccitn debido a 1a carga en la viga 6C :
v -3k .y L 3X5, 40, 16w 3,000 K.

. 8(3k) B x4
Debido al volado :

B o : 4 i :
Ve e K? o D00 L g0k, " | yie 3,000 - 150 = 2,850 Kg.
C 203kl 2(3x1+1)x16 3§ L i kg

Nota: La reaccién hacia arriba se considera como signo positive
Va= WiL+L)) -V, = 400 (16 +4) - 2,850 = 5,150 Kg.

: il
MBD= - i l=4OQx_.'i‘;.x_‘n-'3,20(]xg-m
2 2 o

2 ) : i i
M. =VL -w—h— 2285 x16 .00 % 16x16 = - 5,600 Kg-m
BC. 'C 2 2

12 5 ;
Ma = Vel - w % + W 7 =- 5,600 + 3,200 = - 2,400 Kg-m

aa = - 2,400 kg-m

Para encontrar el punto de méximo esfuerzo de momento

V= Vo -m=0

2,850 - 400 x = 0 ; i 5 _2_;3_{5'0_ oy
2
Mdx = Vex - w.-T. = 2,850 x 7.125 ~ 400 x _?-135-.

= 10,153.125 Kg -m.
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M =12,000 Kg-m

B
c
To=0.2m* %
IS diems
W=
16,000 v
& 12m
: .15n%
{_
Ha
— LS Rt e
k= AT B T e
e W k e 1 x 16,000 x 12 = 750 K
5 A c F 3k ) L 4 x (3 +1) 16 ek 9-
Hy= W = 16,000 Kg.
M= Tt wh= b 416,000 x 12 = 12,000 Kgm
B 4 (3k+1) 1 x (3+1) : . -

9k+4

e T T L

~ 93:1‘" x 16,000 x 12 =-52,0000 Kg-m

Considerando como (yc) la distancia que media entre el punto (A) y el punta donde el
esfuerzo de momento es cero, tenemos :

3
Wyg

3ne

‘ 3
16,000 y : \
i 0 . S nlb iz iz L,

3% 12 x 12 . 16,000

3 X
yo= \]‘324 = 6.87 m.
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UDH)»
W T I,
B : Y
g 7 oo T, . e = 'ri‘......._i:
e— L '——)k—- L —-—)] ;o I L I
I 4 1 1
g 3k 2
3 WL ] .
L "8 = © 2z R e e
M
e B
Moer s (24_“21; N =
M M,
Hy = Hes —"hB He= - - o
(116)
W
slasdddSELIITITIT) . He 6
2 .AD Ip l‘: R I
e ] ——glc.__ E I e I
3 i S _ I
1 i Lik
1
2 2kt7 2
H Mg = il U
A ANLEL & (6kt7) 8(6ki7)
W/z
Do 1 2 K 2
Mg = : LI RO,
S Zeen G
3 I By e foptie
Hamlip= = 3 D= T (ekery M- W =g

wh WL
k= a 3 Mg = —h-E‘“
2 2
S i e B o i L
HP. hC 7 ih =  0.07813 w

(119)

| 2
= 015625 W .
h




..%?_uz fa e oz Al _%_ : Mg = - Pabzi; + 2b)

WA= Ho=t L o (3-402)

L

« 0.6875 wh

- 0.3125 wh
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2
k“Ll WL-I W[.l
s 8 (ki) 2 Y~ Tap o fketiLal . T
2 4L+ k (4L + L 2
4 = “Ll .[ 2 ( 2 * )] 3 & s ALY
Hy = He ; Mg = VYpx - Hp
8hL Seal k) Tl 2
(Mg = ch2 - Hch)

(127)
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c
A 1 C
5 iL—Lz )
Iss KPab(l,+a
\'A L WC k = 2281 ; MB Sl ___L__}_
i 1% 22 (k1)
L 3KPL,
ST a e b e oo NIRRT
i 7% T (D)
Considerand Ll v = _1_25’ (Lea) . of g o CPa
rando o 5 A . E C el
o AR e [2, + (3L a2- &1, K]
A C 2hL K+ 1
. h
Mp = Vga- Hp -—-L?— Mg = Vely - Heh
(129) p Rt g ('13UJL e 300
L L ESsil: P
1 1 2] 2 1 1

L L
Vo I ¥
A ¢ Vi
1.5 | Ins
kETZ_l. s
152 ; I1s2
m=_m M:-M
B 16 (k+1) B 3 (k+ 1)
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W
0
Hy &
VA v
Mg = Vck2 - Heh
oo kg o o ['ALZ + k(L + 4L2}]
A C T e e K+ 1
HA wh - Hc 2 2
o= A
X A

e 1152..
EEetIEL
Hais e =il h252 Tk+1) Mg = Hh
(134)
e I M
debdbdde bid NI
Pt N

s

L
- L S e P e
W = W 7 ¥ HA 9 WL W=w ' M.A = 2—4—- WL
5 1 1 1 i
My = TS RS - S o B Al v o
B a8 c 96 WL MB 33 WL HC 21 WL
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UDH»
P (6ac + 3bL - 2b%)- wb v, = {b#2c). w
A- D anL (2ki3). A 2L
o e BT Mp= Mo = - (6ac + 3bL < 26%).ub
' 4 L (2k+3)
e
Esfuerzo de flexién en Ta columna : My (6ac + 3bL - 2b%) . wb ¥
4 hL (2k + 3)
Esfuerzo de flexidn en la viga
w o= . (6ac + 3bL - 2b%). wb sbr2) w X £ a
4 aL (2k+3) 2L 5
M __ (Bac + 3bL - ZhZ).wb- L Abr2)wh  wWix-a) as x5 a * b
4L (2k + 3) 2L 2
M, =- (6ac + 3bL - 2b2). wb  (b+2c)wb, wb (2x - 2a - b) x> a + b
" 4L (2k + 3) 2L 2
xm =g b (b y ECJ
2L
M = L(2i43) (b+2c) (4al+b2+ 2bc) - (12 acks6bl®- afLY] .
max. 8LZ (2k+3) :
SE e 2ig i
: i 31.%-b i 5 ool
Hatp ahEizmg el S Ve T
D
e LT e
B & BL (2k+3)
] Goag _ (2k+3) (4a+b) L - [ 6 aL + 2b (L+a
= b M 8L (2k+3) (Leall

3 = L2 el Vo = —{lxc)oup Vo = -wbho
G B e e i 2L : 0

2 = L+2c i
T R % - G

4L (2k+3)

flexion en Ta columna : My =~ _({Lae) whzy

Esfuerzo de
anL (2k+3)




CONECTA e

Esfuerzo de flexidn en la viga :

2
i wh-(L+2c) M= wbillee) o e \ o
3L (2k+3) 2L o RS
2
= onbs fiLe2g) wh. {L+c) wb. .
Hy s ] “—g (%) B
b (L) e w? [ (1+e)® (2k1) + 2c”]
i 2L = 8L° (2k+a)
Sib=c= %
Slies ni? Sk ol el I Y
A D = g (2ke3) ; i 8 AR BT i
2
R S Al g
B ¢ 8 (2it3)
el (18 k+11) 2
o 2o e, foee
m g méx. © o8 (Zki3) M-
(141)

W w
o [L1IT] ¢
E F 12
= L olrer g el
IlL
h
I I
1 1
A D
H 3 P .‘_HD
s A
. K, (2 L+b) 7 A
H, = = = v ¥ wa
vy Vg D ZhL (2k+3) R
3 s (2L+b) 2
Esfuerzos de flexitn en la columna : M, = - _.__~_L2L_+E:t_.._wa2y
2hL (2k+3) :
2
Esfuerzo de flexion en la viga P e -——ﬁ:ﬁ%}waz + wax - _"‘ii,_ %

Me = Me = __(Ef'é.li}...‘waz
L {2k+3)

Entre los puntos (E) vy (F) el momento de deblado o flexitn es constante.
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W
MER! HlllllLLLL,
s
=t
h
I] Il
v
—_—p =
H.ﬂ 5 hE
vy ¥p
Z
% X, wl
s Mo = e
e
Esfuerzo de flexion en Ta columna : My = ol
4h (2k+3)
: w2 wL wxz
Esfuerzo de flexion en 1a viga 3 M, = T (2k43) i S AT =
Sk s B e
=2 Moax. = B (o W

|t— a f b —s (143)
M
B C
iL 12 Ioh
e
1
h
Il I1
—_— Y )Y, S— :
HA 4A pé HD
: & Wb (L +a) . - Wb
R e i2'k+3+ sl
v, vy
= =W Uha) - S 2 ()
3k 4L (2k+3)
Esfuerzo de flexidn en la columna : My = - Wb (Lta) >
4hl (2k+3)

Esfuerzo de flexidn en la viga

W Hb_l'L:a o e : S

: : 3
EC o e Wi
My 4L (2k+3) L D

82




CONECTA e

(144)
M
8 Ip c
I
h e
1L
4 I
—'T ! —
A Ddl H
HA 1]
vﬁ VD
Ha
Vs o2y s WL
= Sl O
: i6n e 5 Tt S eI
Esfuerzo de flexisn en la columna My i O
| ol e
Esfuerzo de flexidn en la viga : Tl L sy
=t 4 (2k13) 520 3
—t VSRR
i M = iy
T : 108 (2k+3)
: b (145)
5= e =¥
-
B E IE & Izh
Lesensd ok Sl
IlL
b
I Ph
: I
e kb
Ha g
o =
‘nI'A D
3t o
A = T e
: 3ab g s ab (4k+3) 5
Hg = L ey i/ i T
Esfuerzo de flexion en la columna : Ma s sub Py
y 2hL (2k+3)
i : - . 3 P+ _Pb s T G
Esfiuerzo de flexidn en Ja viga : M TR !
S i_'_._-,.
M, 2L (2k%3) ERs T {x-a)~x za
Sia=bhs= —f.!‘-—
Ha= Hp= ——3L_ > Vi = Vg =P
Bh (2k+3) | 5
Mp= M= - —— > . p Mg = e ke =1l
% Aitzias) 8 (2ke3)
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M
(146) B
B C
= ] :
L
Gt — =
. Lh —
e Soe—
LL ——
L e
J . cf ol
D Hp A D
wb b
0 e S by
! 2atb) [ en? (4 k (2a%+ 2ab + p?2) ]
Ha = b - _(&J\__L?J%—M,wb
i 8h (2k+3)
e N {2a£+ 2ab + p2) 7 Wb My Hgh - wb g
(2k+3]
2
Me = — —(zatp 6n’ kt1) - Eaz + 2ab=+ b wh
8h° (2k+3) |
Esfuerzo de flexion en 14 Columna : , = Hay —m— L e
)2
My = Hpy - W 2‘“ i L S
M, = j " (2y-2a-b) Bl
=t i T \ey-fasb) = y a
Momento de flexign en la columna cp My =- Hpy
Esfuerzo do momento en Ja viga My = M o+ —-—“['E— (a + —-g-) X
{147)

theal ] o0 frny .y 2, %) 7
=L ) -k 4 7))

8 0% (2ks3)

(hoa) [ 6h2 (e1)oy (h2 4 azﬂ e
8h3 (2k+3) :
Mo ==—{ma) [ 6n? (ker) - i g2 il
8n° (2k+3)




Esfuerzo de momento por flexign en la columna (AB)

I-'Iy = -Hh‘f LS e a
2
M, o= Hy = ¥ly-a) yoEres
y A 2
Esfuerzo de momento por flexidn en la columna [CD) : Hy ==Hpy

Esfuerzo de flexid Ta viga :
e flexién en g Mx E Mc 5 —Zflf‘ barh) %

: h
Siais b a1 2 e
20 SipayaT edhaw S e b e e G
Var Vo SEae s Mesessm it L s e o

s e e BT T
e i e W R e

> B
E 2
: L
5
b
.I1
Lw
e
A HA ; ;
""Vﬂ. vy Hp = wb - 6h” (k+l) - kb™ whe
; 8> (2k+2) i ’
6helit) - Kh? 6h" (k+1)=(kb
Hp = ohatie he h? 3 Mg= Hph - %h (b+2c) 5 Moo= - { i)l b2
8h? (2k+3) gh? (2k+3)
: : Z
Esfuerzo de flexidn en 1a columna AB : M, = Hay - _w% % e
My = Hay - 2 (2y-b)—y > b
Esfuerzo de flecion en la columna €D : My = - Hpy
Esfuerzo de flexion en 1 : - L
sfuerzo de flexidn en la viga M_x = MC + T ®
2
e diay = - wh
Sibimiew S = ey
__ 105k+168 ; . 23ks28
R = 18 et Hp* 128 (2k:3) wh

ke Gl ot : ___ [z3k+24) wh2
B 128 (2k+3) % 128 (2k+3)
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(b b LLI0T]

2
e

Va Yo

8 (2k+3)

, 3(k+2) 2
Mg = =t

Esfuerzo de flexidn en la columna AB : My

__11ks18 : 5k+6
AT B2k M Wbt prapn
e (5k+6)  wh?
8 (2k+3)

11k+18

2
Wy
8 (2k+3) WY - 2

11k+18 (11k+18)° 2
e i} H s, Ei—————— __3h
m 8 i?‘f("‘gi ’E‘nﬂx‘ 128 (Ek+3}2
Esfuerzo de flexién en 1a columna CD - M S 3 5?; “why
+
Esfuerzo de flexidn en la viga My = o gE+5+ .whZ & -—"ha—z

(150)
R
ol |
- L
- 1
— g
]
- M
e v e im0
-
g
i
i =
— 4 =
i ;
AN, o e lRTE) k
Homfp o b e T,
A 0 4(2ke3) 8 ¢ A(2k43 vh
Esfuerzo de flexidn en la columna :
M, = I k+2) Sy - oWyt
4 (2k+3) 2
Z
e 3fmdly e Bes) i
T8 (2k3) e 32 (2k+3)°
Esfuerzo de flexion en la viga : My = - —._k____ he
% 7 23) W (constante)

2




{151}
B E
Iy
Lol
o L k= —2--|-
; Tl_
W
g h . y h i
; Pt M
I I =

pEE R
Al Hy & E H
v ¥
: e e e
L 0~ 20 (2k+a)
= 13k+30 e 7 o ke Wh
Mg 60 (Zk+3] ML % 20 (2k+3) ;

. faTk¥o)

Esfuerzo de flexién en 1a columnz AB = My, = 5 BT Wy = gi; {3n=y)

= 10 f‘ e - =
e n L/ s ] 1o | - | i

I:g x"‘ 9%F10 7 ] r 1 | _ék"f_l@" ".'-I

/ — "l - '—v‘-—

Y 20 (2ke3) LA/ 2oizken) |

My = = {95&]0"__"__“'
o 50 (2hes)

Esfuerzo de flexidn en la viga : M= - ?Jgk+10)_‘ s
20 (2k*3)

Esfuerzo de flexicn en la columna DC :

=

> =

&

o
— ;
< H

3 k20
? Hy fip 00 k)
f"lE = T'%L. 2 >
11 ke :

Esfuerza de flexidn en la colimna : L S L e

¥ 10 {2k3) 2
Esfuerzo da fiexidn en la viga : M =--—75-?EK:§T Wh . [(constante)

7k
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] 1]
oy 1 o) R
e
= : £ k= I—z.ll_
IlL
h
e !1 II \"R = VD =0
Lk B S Wy Dk -
ws W W MoV ek A e
0 \"A VD[ a LEE ! 2k+3 20 2k+3
2
SO R e 7k
ey pe i e e e s e e e
Nota : para haHar{Hméx) analizar el problema (12)
154
< 3 {154)
I
b L > K 12]’1
1.k
1 & !
P-—1—P E h
i \"A= UDE P2
a L
L HAE P - HD
Sty e
5 h SLE! H
A A D
Y Y s 3n% + k (3n°- 2%
D : h3(21+3)
M o= ~ HoR R
o Pa HD MC HDh
P
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[ Ha  Hp l
v 3pPL
A VD z 1

D~ 2 (2k+3)h

3P
Ll

= L e e S
Men = 7 (2ke3) G BG C TA(ZRER) Lt C
I 3PL1y
Esfuerzo de flexidén en Ta columna : My = Tk h
3PL
Esfuerzo de flexidn en la viga : My P

2 (2k+3)
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Yoa= Mo = Tk My B OF = = 5 5 MacMeB™ e MY
Esfuerzo de flexion en la columna : Ny T Tﬁi_aﬁ i way
. : k 5
Esfuerzo de flexidn en viga : Hx (2k+3) * le {constante
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(166)
p B C
— k= I_Z_E
Iy
h F
a L+L1
i I et
o) et i
Al e L
H Hp o midy
v [ 2 ]
v _L_lﬂ;a_)_k_ﬂl___
2 (2k+3) h
2
e 3[[*1-a)k+hi. g et o
it 2 (2k+3) he B 2B 2 (2k+3) h2
= 3 2 2
B E RS BT T EY o Y O ST 117, SO
EB 2 (2k+3) h3 2 (2k+3) po
Esfuerzo de flexidn en la columna AB : Py = Hpy ¥ s a
Mj" = HA)" = ?L}. ¥ - a
en la columna DE : M), = HDy
L
: = [ h -a J k + h }] 1
Esfuerzo de flexidn en la viga : M = ( P -
X 2 (2k+3) e -
B c
I, 1
W I I
1 1
thid
F E _"T o
= berfe——
d
A ll‘-—l- D
Hy Hy
'I'A VD Hﬁ H = 3Lk gn2_62j h2 Ll
4 (2k+3) n? -
2 7 ¢ k- (h? + 3a2) + 3p2 .2 . ARy
3£k_(h_a_)_+2.h_] ; Mg =~ __(___L?_ “'Ll P Mppe- e
2 (2/43) h 4 (2k+3)h
- L 2 h3zie) - 3t (n2a?) ks h%hﬁ oo 3Lk (n20%) + 05 2
EB 4 (2ks3) H2 EA & (2k+3) b3 L
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Esfuerzo de flexién en 1a columna 4B -

)] 2
M, - 3]k;h2-a21+_h_2_.m_ly ¥ 5

A

4 (2k+3) h3
2
Wl
sl iyt el M
= i ST YR A
) 4 (2kr3) b3 :
Esfuerzo de flexion en la columna CD -
M, = Lk (he- Loz a2) +n2] 3" 2l wmBy 3
4 (2k+3) h 3[(h2 - a?) k + #2] s
Esfuerzo de flexidn en la viga : M, = 4 (7ka3) B2 i ST

h F H
V= Vg =P
B
1y u
H D
o 2 2 0
I Ho2 g = sLn’oa k+h2JPL1
: A b (2k43) h3
3]
202
Mo e _[_R_i)__k___ . s W
B C (2ks3) 02 |1 des i
g = we - W n [t 0]
EB FC (2k+3) 03 :
% 2 77
M S 3[!h-a}k+h_i‘p|_
EA T T (2k+3) h3 1
Momento de flexidn en 1a columna My = Huy Al iy
J*'I:'J i PLy LA
Esfuerzo de flaxisn en la viga :
(3a2-p% k) .
s SR e R 5PLy  (censtante)

* (2k+3) n
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8 c (169)
I 1zh
2 2
e
L, | [,
Lyse—— L L
a ]1 ]1 UA = Vg= WL]_
L ¥ D—— —
A% HA HD —F.D
2
Va Vo sl [k (02 - a2) + n2]
HA = ﬂD =
2 (2k+3) h3
2
212 wL
MB S Q_uJ_"_wa HEG = MFH = —]'._
2
2 (2k+3) h 2
R T N G
EB FC 2 (2k+3) h3 I
: 3w,aLE [k (h? - 22) + hz:l
HEps ey = ;
2 2 (2k+3) hd 2|_
2 2
3 X
Esfuerzo de flexion en la columna : My = " "k((h aa} - hg_‘f —-a-‘}' ER
2 (2k+3) h
2 )
3NL1_|:k (h%-a%) + hZJ wl?y
Lo 2 (2k+3) B3 23 et
Esfuerzo de flexion en la viga : M m=ee ﬁ:—f;&—f;}:—z wL% (constante)
E (170)
P = X
hy
B G
Iy
E k=
a
h
Va=Vp =T
I £ i e
Hp =P - Hy
3 e

_ P (Zkh+3a) . H. = P -H
Hy= 2h(2k+3) D A

M = Hzh % MBC = MBA+ph1 = Hﬁh + F’h1

Mg = Mcp = - (P-Hplh Mpg = -Phy
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F
Cj
I
(@) ]
O
Yy fes (P=P') 2kh + 3 {Pa + P'a') -6 P' h
D 2h (2k+3)
Pa - P' a'
\fA.-_ Vaa -—L_.......-.
i

“BE = MBA + Ph1; MCB = “m,lg. pr hi : MCD ?!{Dh

i 57 o Ly
8 HA= HD‘”'.‘SP k(h" -a")+h
2h3 (2k+3)
& Meg = - Hh'= Mep
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UDH»
(173)
B G
1 : 1
p 200 [P
= _i r &' 1.h
i k = S
T F F H & L
| F—— L —— &
d
‘ I I
I S - 2
A AI &1 HD
x Blig' + P (L-e
e
Vg = Pe By ( PL' gl
2 2 2
e Hypow ) M3 (pepralty el e = a7 ) e RE ) A SN o
I} H Pe - Hh = M
J 2h? (2k+3) BE BC
Yon= Plel cibns Mesl o Mey s e Mep =~ Hpa
HEB SonsHrqiEEs e 3 Mgc = - Hpa + p's’
Esfuerzos por cambic de (174)
Temperatura
B C
I:J i Izh
L —— 1;
: V,= V.=0
£ty
IZ [1
) e S
Fig A 0 iy
3Eetl
Hym e B
A i (3+2k)h
3Eetl
Mg= M= - Rl Y
(2k+3) h2

Nota = E1 presente problema corresponde al caso de aumento de temperatura. En
caso de descenso, los esfuerzos se anotan con los signos contrarios.
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Problemas Numéricos Mg=-384 Ka-m Mc=-3B4 Kg-m
200 Kg/m 200 Ka/w L}
A cr 1
# e ol
vi i s e 1L
. 0.2x4
0.2x4
1,20.2m%
Yméx.
1.4 . D
Hip= ! Hio=
L. H[} o 1_ _L/__l A n=1,104ky D 1,104kKg
200Kg/m.  600Kg/m 600Kg/m.  200Kg/m
De acuerdo a (153) :
e U I
B, 4 2k+ 3 20 % + 3
LR 12 + 600x4 11420 L 104 ]
7 X 200xdx i 5 1 Kg
VA M VD =0
2
Mg - M Woh k_ _ whe 7k 200x4x4 1 _ 60Oxdx4 7 _ il
; 4 Zke3 6D 2Ke3 4 243 60 RN
Similares resultados se gbtienen descomponiendo las cargas como uniformemente distribuida
y de forma triangular :
3 600x4
W = 200 Kgém : Wi s
Carga uniformemente distribuida : e S R R wh
A D 4 (2k+3)
o 3x (142) -3
= “ax (23) X 200 x 4 60 Kg
Carga triangular :
sl R W R T 1.200 = 744
D™D .\" 15 (zke) Toiziay e k.
o= Hp < 360 + 704 = 1,108 kg
Carga uniformemete distribuida : W' o M' _ k WAhe
Ei il T (zkea) oh
= - j—f—%ﬁj—-x20914x4=~1601(g»m
Carga triangular : i f
Mo Mol oS vk g e ) X 1200 x 4 = -224 Kg -m
30(2k+3] 30 (2+3)
MB = MC = = 160 - 224 = _3p4 Kg -m

51 consideramos como {yp) 1a distancia que
flexion es maxima (Myze )

Voo

HR-

media entre (A) y el punto donde el esfuerzo de

(2hy )

he

¥2)

Wm0 ety
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UDH)»
Pidiyes o e
1,104 - 200y, - 1,200x i | Y ) =0
4 x4
?5y2
o SODym + 1,104 =0 Yoo = 1063 .
Mmax. = HaY, '% Wy
i i T e Lol =
) o (3h-y.)
= 1,104x1.63 - 200 x — 1.63x1.63 _  1,200x1.63x1.63 x (3x4-1.63
Z Ixdxd vt
= 845,02 q.

1,000 Ka/m
FITPINIIIITTY) 2
E B T I,=0.2m" “m""PIH
L Im 4m ke
: {
BA = _ 1
-500Kg~m *
Ll sl
It
A 0] 0.2x4 _ 4
Hp 0.2x4
Vp=3,000 K
vy vy j A g :
w(L+2L,)
Vy = Vp = ” 1o 1.000(; + 2x1) o 3,000Kg
Carga en (B-C) - 142 - 2
=t Wt 1,000x8x4 _ paoxg
A 4(3+42K)h  4(3+2)x4
Carga por volado - 165 - 3w]_2
B =H" = 3 3x1?000x1x1 S ny
D plake3)n  2(2+3) x4 :
HA=HD = 200 - 75 = 125Kg Nota: tener cuidado con los signos.
sz
HBE = MCF = % i l,ougﬂ)ﬂ = - 500Kg-m I

MBA = HCD L HAh = -125 x 4 =- 500 Kg-m

MBC = MCE = - 500 - 500 = — 1,000Kg-m

Maximo esfuerzo de flexidn o doblado (Mmﬁx')

L s e
R R i o ey B L e 7 (1+5)
= 1,000 kg-m




(175}

W
TI1EE88L ¢
I
L K Iohy
Py B IiL
o
g Al
1 R ST 202
PR
i 3
B
e R e s o,
A o 2 2
4 '}
i e K h) + bhy (hl + hy)
hy h o
i itk oy 11T SR Bee i
2 T e = -uHhy b
: i L 8 1 c 2
M = M & i, WA Y
0 I:C 5 L {MB -ME}I siendg Hu == (L - x)
i (176)
a-—p-— b —
A c
E I.?. k1= {3 hl
T

v
s AI D .
v Hy=HpHe 3abP (ah + bhy)

n‘ T
‘ 2 . 3 = :
2L (k1h1+k2h%} + 3ahy {L+a) + 3bhy(L+a) + 3h.h, (2 + B4

s ol 2 ¥n = a hy-ha ¥
+ H 3 = p. @ _y 1777 . Mg =-ph, 5 Mg os-Hhp
L L D i3 T B 1 C 2

ME =+ Ypa —Hhy = Upb - Hihy
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UDH)

(177}
B ¢
A
'—_-: I Ip kl 3 Il
5 e 3
b
-
—
gt h2 1h
oY e AR ! e
L i
o, i3 S s
e e
B gt
- DT Hp
a,_l_ g
A H 2 2 :
A i 3k, by + 8kohs  + 6hy (hl 4 2h2} it
"l"\|"¢:,l A 2 2 ) 1 A
8 (klh1 + kzh 2) + 12!11 (hl+h2)
wh (h~ﬂ]+l-i{h—h} wh
g A 107 e G A S
A 7 : B M Z
M = Hphy
8 >
< L
e L by
& 1
|
B A
l "r,;
k(263 +c®-3ch?) + 2k.n b2 + 3B (k. ~coh )
T 1 oy la ki -cth, R
A Z i ; A
Hi[zhlﬂj + h2(33<1+2k2h1h2] !
Sah P{h2+c~h1} + HA(hl'hz)
R
Mg o iy o b e) e M i h, M W
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= ;
+k (1+n3)}

2
K X Sy L - o i+tn
My = - Hh 5 M nHh 5 Hméx, ._lﬂg__. Hh{_._z__:]

Cuando la carga uniformemente distribuida acciona perpendicularmente en la cara
de proyeccidn de la viga :
= ¥y o= Vp= whe (2% - 1) et VDR L Sl e e e L

2L ATTE P
Mc = -nh {wh (n-1) - Hp} a= 803k (n1) + 703 = 202 = 3n - 1
2+k(1+n3}

aateran A0 T RS

vy o RS =H_' Pab { L (2#n) + a (n-1)}
AT D 2h2 {1+ n + 0l + k (10n3))
Mol = 28D g £ -2 (oh - 0))
S!a=b=—-|2'7- : VA=V9=%; HA=HD=H=%"“:—H}
e=1+n+n2+k(1+n3}
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P
vy
a
s
(]
L
5

1+n+n2%k+n2k'

Hy = Hy = H =_§§_ WL-(1%n} W : Carga total

MB = Hh 3 MC = Hhn

(182)

wh i (5k + 4 + Zn)
8 {1+ n+n°+k (14n9))

QA __wnth 5Pk + 2 (1e2n))

8 11+ n + nok {I+n°})

M3 = Hgh ; Mo = WL - niih




(184)

C
= 1
2 i\ 1‘-1=—1
3 T "2
/ nh .\2=_I_§,_
2
3 k':IS
Tr_,_...,. 8 3
A D 5}
el i L Ho= -yH 0+ 7 +48n+n ;
1+ 0+ 0+ k + nlk! 8
Weltp 5 M= (W +Hp) b ;Mg =y nh W : Carga total
(185)
1 I
1 £ 3
X :-—-—.l = e
1 I 2 1,
e :
1+n+n2+k+n2k'
Hp = -%P(2+n+2k');HA=P+HD
Mg = (P +Hp) h M. = Hp nh
(186)
1
1
Ay s
2
i
3
nh "2’—“‘—
Ly
" Ho = -—X- P(2+n+2k)
o 2 2y D 2
1+n+n°+k+n%k
= P+ Hy Mg-=(P+Hp) h :M{::Hanh
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M

= —%-Pu€k(u2-3u+4) +

il

1+n+n2+k+n2k'

n+ 2; th H =

140 +0 4 k4 g

A D S M(2+n+3k-3ku®) 5 Mg =HN M 5 Mc = Hoh
P (189)
5 _/\
(/ — I,
2 3= t
E : ik
L—a L nh R2= 13
h I I, L
L‘“‘T e
A “A ] b
Y ; P
. I+n+n3+.k+_n2k-
H = H = = .
A DEH= 50— Pa(24n) i Mgy =Hh ;Mg = Hh - Pa: Me = Hnh




(190)
/_f;’. C
S —
/ 2 |
ekl L)
+ nh
E G H E
B
I I '
1 Dl ‘ e
HA ap 4 0
V
Vs 0 Los Y=
. k (2bh - b2 + 25 nh-bi) + h& (1+n)
Hy= Hy=H = g - 5
Zh 1+n+n +{1+n3}i<
Mgg = Mpp = - Hh + Pa i Meg =Mpp =Hnh+Pa; Mgy = Mop = ol (h-b)
Meg = Mee = = H (h-b) + Pa
- AJP (101)
: ¥
5
> I5h
/ C k = _2_
1.5
\\ ; 2 iz
P
nh vﬁf La
h L
1 I y = Llbsa)
L 1 1 o] L
g — D_\
A HF\ D f
y Vg Het o e e 1t 2n
A A 2Zh 1 +n+nl+ (143) k
M = = - = =
') Hnh 3 Meg Hoh Pa 3 Mpp MBC + Hh

Pa_ L e

2h 1+4n+n°+ (1409) K

Maa = s 50 - Mg =Hh - Pa Mep = M = Hnh
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UDH)

n (Znh + 2nlhk + c} + 2¢ - 2h
1+n+n2+k (1)

MBC =¥ - (P—HA} h

= = s e i
vA = VD v -—t—— = MBA i HA h H
Mg = Mep = = {P = Hplnh : Mee = - (e-h) P
(194) Esfuerzos para cambio de temperaturg.—..
M b

m\\\\\\&\m\\\\\\\\\\\\\\\

B

H.H' i:l:D
For aumento de temperatura Por descenso-
SEEIZ tL
Hy= Hy =hH = < MgisHhio - Mg = Hnh
hs ik (n2+l) + (n2+n+1}}
(195)
W
p Izh
T s Sl ek
i 5
ey 1 =
L h =
e =]
—
h' —
n L 3 I = = =
L I3 =
=
H P A E
A < B
Y ;
R f
L ._P& = [ k) 26l L
Va & 1 My Y= 1 +2n (1+kY o}
N=3+n~‘-=2[1+k+n+n2(1+k')]
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ab .

o

2 {1#k) + n ¢

1+ 2m (1+k")

g+ ny .= 2{1+k+n+n2!§l1+k;jgi

(L+a}; HA"HD-H iy BC hI::B
N

=g Mt e Mg = = Hh'

“‘a\_\\\\\\\\mu o

2 L

2 A+kFn+nd (15K

wm

+
3
=
"

Mo by
= g
D L

MC = Hh'
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UDH»
{198)
D R -\
— 2 A k=£52—
—_— ,,—-"/ Il
B S
\-'/ m= _h_
f
L h'
ik e (S
| h
i
'R =2 (14k) % n
hHg\r=1+2l‘t[l+k'}
, Mo gsmy =2 1+ k+n+n2(1+k)
= uf 4mp+1+N, V=v=\f:”f2(1+2”‘)+HDv
4h N N : il
Mg = (wf - Hp) h ; Mg =y = gt
(199)
b oL '
e po S I Kes
e £ .
\ 2 =-h.
B iy :
—
L) h' Mg
2 . i
_‘zh 1 :
— e =
B 3 B=2(1+k)+n
l—! Ly
. —Hp y=1+2n (1+k') OR
v
L =E+ny =2 {l+k+n +nf (Lek')}
A
= wh - H Hy = wh{2g+ k)
g g an
2 Hov 2
= = :Wh 4 3] =Nh_ = = |
Vg =V 5 o Mg = - tigh 5 M = - Hph




L
S
& ahi
LIRE
hl g 1
o
g= 2 (1) +n
e = 1420 (14 k) 9
VQ N=ag+ny =2 {1+k+n + 2 (1+k'}1
Hee = = 22D (b} ;  Hop = - Pab (54a)
A % L a
2f w8 272
Heo +  nH P (h+a) + Hpv
D i SO, \r:——[T)mJQ—

N=gsny =23 (1+k+n+nl(l+k))

3 Pab . Hy
T g s (h + B) B P - 2R ER
BA o fip h

Pa + Hpv

=—'L-——; HB=Pa-HDh; HC=-HDh‘
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UDH)»
(202)
= Izh
% 115
m= 0
f
f L Pt
10 1] | k
—'P'-Q,m.. g |
q\ _ | B =2 (1%k) +n
i |
4 DLy = 1+ 2n (1+k') .
UA o ._,.u HD
\// N=g+ ny = 2 {1+K+n+n (1+k)}
. Ph+ H._v
5 LD L ; AR D
Yo e S sillgss s gt e o
Mg = (P =Hp)h Mi= - HA
- Esfuerzo por cambic de temperatura (203)
I9h
k= —
3 s 1,8
—
£ §/ 2
h
b m e s
B e
< i
h Iy Ll ntn-_0
I - 5= 2 (1) +n
i = 1+ 2n (13k')
i D D 4
“.’A\ 74 HD
B Y o
™ b N=grtmy =2 {1 +k+n+n° (1"}
\\/ Ly
2 2 BEEIatL
F E™ o+ oy = EL12
Hy = H.=H = o T = :
A i} &E (I LE Shz
SILHY
el
T"IB = - Hh I'-‘IC = -.Hh*
Nota :

El preseate problema corrresponde al case de aumento de temperatura.
.En caso de descenso, los esfuerzos se anotan con los signos contrarios.
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-

(204)

[ 3 abe + (3L-2c)c? + (L+c- % Jb2 +3kL2 (b+2c) :J S0 Sl

Vp = = b
(Bk+1)L
[[3abe + (3L - 2a)a? + (Lsa = g )b + 3.2 (biza) |
Vi s s
2 (6k+1)L3
N {6ac + 3bL-2b2)
HA = HD a— 2T wh
b [5 Z) + b(10bL-3L2-6b%) + 6ka(7cL+ab-2c2)
Mp = o | 6a(3cL+2ab-dc (10bL-3L a(7cl+ab-2¢c
A 121%(k+2) (Bk+1) i

+ 3bk({5L2 - za.L-b?J]

At S
D 1212(ks2)(6k + 1)
+ 3bk (5.2 - 2pL-b2) ]

Mg = Ma - Hgh ;

-

Momento por flexién en la columna AB

columna CD

Momento por flexién en la viga :
Mx = P'EA - Hph 4 VAx
i
wix-a

= Hh +Vx

R o A 2

Wb (2x-~2a-b)

‘:Ec{3a_L+2ch—4a2) + b (10bL-3L2-6b2) + ﬁkc{?aubc_zazj

Mg =My - Hgh

M

M

L

R a
2 5 XS a+ b
> a+ b
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UDH»
F e e (205)
v
B sibidlilc
T Iy
|
i | I
| - Izh
b &
IlL
‘1.1! 13
A ';: D
-‘k % HA HD o =)
Va Yp
5 (L—%)b+3kL2
Er e ) e haRe S i fia
A= D= Tk P YA T o
(3L-2a)a + (L+a - %}bzﬂkLz (b+2a)
¥p = — WD
(6k+1)L3
2 2 2 2
My (9a” + dab + b") + 3k (7a” + 2b" + 8ah) Wb Mg = My - Hph
12 L2 (ki2) (6k+1)
ekl 2l e?
e (10 bL - 3L 6::2)1» 3k (5a° + 2b° + Bab) 42 Mo = My ~ Hoh
1215 (k+2) (6k+1)
Momento de flexidn en la columna AB @ My = My - Hpy
¥ columna CO My = Mpi= HDy
1
Momente de flexidn en la viga i [
MX=MA—HAh+VAx s a

. wix-a
Nx—HA-HAh+VAx-—L2——l 2 a

- L ’
SELT GO B e
3 vy = —{12k:13) Wl

J pal 3 (BREE
32 (Bk+l) A~ T3 (6kel)
A
e Eimpggre s
BRS= Wpins i rp sy M 5193 0k2) (eren) M-

2 A5kz2 e L (o3k410) 2
" 192 (k=2) (6ee1) "Wk My == T53(k+2) (6ke1) "k

il (99 v 22) .2
192 (k+2) (6k+1)

[~}




UDH»
W {206)
slaltfllddlill
J L i Ih
LG
; 1
IlE i
e
Va Vg )
w2 wl vﬂ.z _ fwi.z.

L e S el T e

Momento por flexidn en la columna : 2 2

0 wl WLy
Y12 (k#2) T 4 (k+2) h
Mmenlt-‘,o por flexion en la viga : s : {‘:\-;) gl I
= = 3kt + i o
Xm= 7 Mndx, = ﬁg— -l :
W (207)
K C Ih
L li
i ol " I
h L s WL
= o = T h
I I
1 1 20k+3
Yn = lU%Gkiﬂ 4
D .
T TR (sosry | ed L
A D - +7) ke
I I o = 10 (6k1) e Wy Mp
o Vp '
Mo (31k+7)
60 (k+2} (Bk+1)
Mp = —(29k#3) Mg = - (59K+8) W
S0 Lok i) 60 (k+2) (6k+1)

R (61k+12 WL
C 7 60 (k+2) [Bk+1

Esfuerzo de momento por flexion en la columna AB :

Mo (31k+7 )WL WLy
Y = TE0 (k+2) (6k+1) T &(k+2}h
; SISl ety Ly
Columna DC : My = =5 (k+2)(6k+1)" 4 (k+2)h
3
3 _ (59k+8) Mo+ (20K43) gy o WX
Viga BC M 80 (k+2) (6k+1) 10 (6k+1) AL

essighins [ 2k0.3
m BE+1
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3 CONECTAceee

7 (k+2)(6k+1) L2 2 (k+2) (Gk+1) 12

Momente por flexidn en la columna AB ;

2 (k+2) (bk+1) L2 2{k+2)hL

Viga BC

Moo= _(13k=a)1 + Za(k+2) _Pab + Pb y 4 Pab(l-Za)x
2(k#2) (Bk+1) L2 L (6k+1) L3

slivz) 4 (k+2)

o A5k-1)L - 2a(k+2) T 3paby
0 (ke2) (k)R 2(k+2)hL
Columna CD -
M. = _(_?k+3)l_ - Palk+2) Pab o 3Paby

P
(208)
Fa—=k— b —31
B : ¢
E Iz
L & ; Lok
I,L
h
i Iy
Yp
2y 3al = ?aE}
IS g e SRl Bl DD Pab{L-Za]_v = SPa ROkl s
A "D - TRlk+ZThL e R (Bk+1jL3 * 'D L3 {6k+1)
s (Bk=1)L + 2alkt2)yyy, -, e (Tk33)L7= 2a (k*2) o0
2 (ke2) (6k+1) L2 2 {kt2) (6k+1) L2-
oo (LAl 2alker) o S A KL 422 (ke2)

£

M, = - (18ks)L + 2a(k+’2% pab+ Pby o Pab (Zale _p ol o
2 (kiz) (Bke1) L L (6k+1)L3
M = - (I3KH)L + Palks2lpy,  Pab ,  Pa’h (L-7a)
Z (l+2) (Bk+1)12 L (6 k1) L3
-
% L 3L P
SILA —b = el IRL Vp =y = P
2 N BT T e : N
 Jaat LA :
el pa e N B . = (ks
MpsmMp= o Pbo Mg M- - P Mp = _(kxl)  pg




L e
B < c
E 1 F
b > 3
L gt ok
W L
I iy
A D
gam W
\'ﬂ VD
L hn= . SPab 4 2 v PR Rab e = _ _ PPab
Hy = Hp= Tksd) R Ya=V¥p=P Ma = Mg T2l Mg = Mc (L
Me = Pa - & P RABIG TN Momento por flexidn en la columna
t ke :
Al Pabili b 3Paby
My [k+2) L {k+2) hL
e 2Pab
En 1a viga : ® o= . 4+ Py A e
? 7 (ke2)L

Esfuerzo de momento por flexidn entre las cargas : My = Pa - _.%_Eg.tz? e {constante)

i

3
L
W h
I
A L
M M
v Yol ol ulBlela) (LR skt eiaDiets) o
D= Tafkeay (T T el
- _(18k%435ki8) oo =k [6k¥23) .5 = ook (BRG] 2
= 2 e e ™ ¢ e et e = - FteR) o
Esfuerzo de momento por flexidn en la columna AB :
My = - 800 73as) o blela gy o e
? 24 (k+2( Blk+1) 8(k+2) 2
L
cot ; - [(1BKk2435k+9) A ) -
oiumna CD My 24%__“(k+2)(6k+1) W 8(k2) wh y
Viga BC = K !5k+23! ! }.:2 & k ) )
: e = 22 o) ekt TR
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UDH»
sl
: ; &
: : L5
12 \ — :
- —
=
i —
W h ::w
1 n =
HER
e
Sl
2 fip W
HA = Hp = —{%;l}-—-wh .
+7 o R ol k33) 0 a Epl k )
oty 12{4«'2%_ whe 3 MgeMe= - —ptromwewh
2 ; v (k+3) (2k+5) 2
Esfuerzo de flexi6n en la columna : M = - Ty Wi + ATkezy Wy - “g
Esfuerzo de flexidn en la viga : M= -.—--lz—hrﬁ_ wh?
(212) Mg ‘"C
c _ _I2h
k Tt
5 g el
Va =YD = Slekel)
" 17k+36
= {17k+36) y
1y HA = o0ike2)
)
b
& D 3 | O ko4
i Y
T (aked)
0 = Zatizy
i (53k2+151k+233m G (27Kk2+49k+12) k (3k+28)
e e S . e e i e NI St
A 60(k+2) (6k+1) Y D “g0(k+2)(6k+1) B~ So(key (o) D

e k (27k+32)
o 60(ke2) (6ke1) 0

Momento por flexifn en la columna AB :

- _(63kP¥151ks28) 17k36) e o MYE
M- B ey s s R )
G 27kP449k+12 (3k+4)

Columna CD : My = g5(pa7) Iﬁﬁﬂ ‘Wh = 5 Ikrzg Wy

k (3k+28) ik k
60 (k+2) (6k+1) T 2(6k+1) i

VAga RGN RS My =
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B
L2
fe—— - L
W
L1
A e
il 2
: Ly d
4 k
Hy = Hy = —ZKHO) .y My = My o= - (3K58) g Moo= Ry
10 (k+2) 30(k+2) 15 (k+2)
Esfuerzo de momento por flexion en la columna :
2
Sl (3ke8) (7k+16) o - WY
My k) Mt —qopeey W gy
k

En la viga : M, = - mrﬂh

(218)
B - C
2 Ioh
e L K= =g
P 3
h Vo = W =
’ i 2 A= Vp
3 322k
(6k+1)hL
—
A Hy
“VA

a2 [3k(k41) - a (2ke1)]

2 (k+2)h3 - a%[3h (k+1) - a{2k+1ﬂ

Ha = et
i 2(k+2)h? 2 2 (ke2)nd
2 :
My < - pa s LUSKE26KIN - 0 (k1) (6k1)] 5,2
2 (k#2) [Bk#1) he
A [(9 2514k43)h - a (kel) [5k+]}] e [algk+1) - (3k=5)] o
¥ 2 (kt2) (6k+1)2 B 2(k+2) (6k+1) h2
Me = _ kl(3k+7)h - (sk+zga by R
2(k+2) (6k+1)h Eifs i AT
Esfuerzo de flexion en la columna AB : My = My + Hpy R
My =My + Hay = P (y-a) ¥ Hioa
columna €D |'~1“‘”r = MD Al H[},,r
viga BC M, = My - Vax
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UDH»
(2325
P ;B 7 C
2 k=
L
h ¥n = Vp =
11 Iy
H.=H =
. o T
e Hﬂ HD £ ./r e
+Va ¥p
e LR T SN (< b JOST N | SIS
A" 2 6ka1) D" Z(6keT) B~ Toleke1) c 2(Bk+1)

Esfuerzo de momento par flexion en la columna AB :

P 3k+1 ; P
AT e U

columna €O : My = . (3kH) oy P
0 ¥ 7 (6k+1) ke

Viga BC ¢ My ® —rgorr— - Ph - —gpr— - Ph

RS - i 2 3 . ¥
Yo Tekea) 2Py 30 HpsHp= 2(k+2)h £y

Tkt 3

o (5k-1) Bl s e S . =
"8 == 3 ke2) (6ke1) b " s ammentt Mg PLy
BN (13k+4) Plys  Mgee KU2kH3) il 11k Ly

2(k+2) (6ke1) Z(k+2) (k1) 1 " 7 (k+2) (6Kke1)

Esfuerzo de flexidn en la columna AB :

P 5k.1 3
M= - PLy # PL.y
¥ olk2)(eki1) ! 2 (k#2) h 1
P DAUTRG r, dr( ARNE ELTE TIE R
colimrtlEall 2(2) (6Ke1) 7 (k2lh
: i 74 k (1713} L B 6k =
Viga BC : M, = - Pl ~pxe- SeBK Ly
\ S &8 2(k+2) (6k+1) el T o
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(k+2) (Bk+1}

217 Mg BC
i oo A
m B c ! il i H_]ﬂ!ﬂlm.._ i
EL_ Iy 3 E=
k L
L1 oo T
. BE L
h
' 2
4 (k+2) h
A D
. Ha Hp .3}(le L_M_J iﬁ"‘
Vyo= w4 s
7 Vpf A1 eyl A :
il 2 Bka1) w2
- v _3kul%, M, = (5k=1) wL
{6k+11L d 4 (6kt1) (k+2)
2
e (Tkespuly Wy w oo (13ke) wl?
D" " a(ek+l)(ksZ) © BE 2 ; BA  d(6k+l) (k+2)
k» (12k+13)wmt 2 11kul$
L i e e ot M T o] AN o
BC " T ekeD) (ko) C ™ T k) (kD) ;
Bk- 2 ;
Esfuerzo de flexion en la columna AB : ly == _( K1) 1 3l
4(6k+1) (k+2) 4(k+2) h
2 {2
Columa €D : M, = - (ZK3WLE, il TR
4(6k+I) (k2) 4 (k+2) b
11kl %y 3wl 2y
Vi BC & o
e e i (ke TIL i
£
P -3
5!
3
B ] T C
L
-l
h
11 }1
A " 1]
g bcean i
1o bt
;
Uﬂ. o
? (h+hy) Map~M
Uy = Vp ) 1 ABL De .
kAt Z
i by (1=5k) + h [3K%+74ct2) e hi(12k+13) + 3h (k+2)
AB 2 (k+2) (6k+1) 7 (k+2) (Bk+1)
= 11hy + 3h (k+2)
Yp =Mgc -Phy i Mgp = Mg = - Bk .
2 (k+2) (6k+1)
p o hy(7k+3) 4 h (324 Tke2) '
b
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UDH» | N

s b ) M = Moe
\f‘q = ‘!‘D = T + L

1 —_— 2
- hyl3-5K) + h (3K“+7k+2)
LT sk L : Z i
Mag= 3 (k+2) (6RrD) 5 Mgy = Mge - Phy

Pl 11h1+ 3h Ek'}'ﬂj

Pk h1(12k+13} +3h (k+2)

ORI 5 M Al R i RS
Mg 2 (2] (6k+1) LR k+2) (6k+1)
o ey hy (7k+3) + h (3k%47ks2)
i I oyl -
i {k+2) (Bk+1)

h
By I
A ‘ D
Hy  Hp ‘r
Ya D
PLy
Sl Bieiie o i
kPLy
Mge = Mcp = Ta)
! PLl 3?!.1
Esfuerzo de flexifn en l1a columna : M = - * .y
¥ {(k+2) (k+2}h
kPL
En 1a viga : M, T‘-;}mﬁ (constante)
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M
(221) Msc  "cp
“* " I
yiildlc ] I F
B Iy C . 15h B
— b : L e— L7 —3 k -il_l-
h
VA gl VD T wj_l
Iy L
o
A 0 3wL21 L
Hy H 7 Ha= Hp = —
A 2(k+2)h Lh" i
v v : "o
A
w2, S Wt
o= Mo oy st BBET Moel® LT e, miiep s
knLZ
MBC = MCB =" Tt E(Tl
T ;
2) szl 3wL2‘
Esfuerzo de flexifn en 1a columna : M, = - + g v
Y 2(k+2) 2(k+2) h
en la viga S kWLEI { ) PEs R
g H ¥ ‘.I' —m—- constante
(222)
B C

3re Zaki{h-a) + a {2h-a 4 i
Hy= Hpie s e Mg = Wiy % tige =060 5 Rl b pe
2 2 2
P k (4ah - 3a® -h°) + (6ah - 2h° - 3a
M M he j (4a . { )
Esfuerzo de flexidn en la calumna AE : My = Mg - Hy

celumna EB : My = Mg + Pe - Hy
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Esfusrzo por cambio de temperatura : (223) e 0 e
P _ 2l MB t@'i ”[‘,‘
B c ? Il
Iz
I2h
£ LS
h
Va= Vp=10
Iy I R D
A D
e Mo e
Hy - #p A 5
et (2k+1)
Ha = Hy = ek
k (k:2) hZ
3Eetl (k+1) 3JEet]
Mis My ed e S = N 1
k (k+2) h B B {(k+2) h
EEEtIZ (k Sy v 1
55 = e N . + - + .
Esfuerzo de flexidn en la cu'lumn_a ; My AT [ 1} - (2k+1 =

3Eetl

en laviga : M, = - —rm-’-zh— (constanter)

Nota : E1 presente problema corresponde al caso de aumento de temperatura, en
case de descenso, Tos esfuerzos se anotan con 10S signos contrarios.,

solucion nurérica on e tele TS e o
. L 0. 07x4
P = w = 1,000 Kg/m
3,000Kd SIITITITITT Debide a Ta carga uniformemente distribuida
2 c :
15-0.056m i (C.1.D)
4 = |
e I P
< ; UA = = 2,000 g
T 'I1 =
5m 0.07 v Uebido a la carga concentrada (C.C.)
£x {215)
" 3k . 3ul
I 1 BT TeRIT Ph T - e %3000
A D i
boomes: %, o ——p i : b
f%?‘ Hy T i Hp NEd Uﬂ = 2,000 Kg - 1,607Kg =393 Kg. (hacia arriba)
Y Y Vp = WL - Vy = 1,000x4 - 393 = 3,607
(hacia arriba)
2
; . L _ 1,000x8x4  _ i
Debido a C.U.D (208) : H,all * kTR - W 267 kg (hacia Ji derecha)
Debido 2 C.C. (218) = My = - 2= =BW0 509 kg (hacia Ta Tzquierda)
ki Hy = 267 - 1,500 = = 1,233 kg (hacia Ta izquierda)
By i Hy = 3,000 - 1233 = 1,767 Kg . {hacia la derecha + )
: :
Debido a C.U.D. (206) : e wl Lo 1,800x%4%4 =
A S (o e & ok
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= MY (3k+1) PhH = §3x1+1! : A &
Debido a 1a C.C. 7 l',iA 7 (6k+1) 3(6x1+2) %3,000x 4.286 Kg-m
My = 844 - 4,286 =-2,842 Kg-m 2
_ (3k+1) w2 o
M = gy Pt ) 4,286 + 444 = 4,730 Kg-m,
Debido a Ta C.U.D ¢ Mp=-—L _ w?-_ _L000XAKE . _gag goq
6 (k+2) 6 (1+2) ;
Debido a 1a C.C. M- 3K gy 3 43,000%5 = 3,214 Kg-m
B 2 [6k+1) 2 (6%l +1) ¢
. Mg= - 889 +3,214 = 2,325 Kg-m :
Mo=- —L _ow? - 3K __.pp = . 889 - 3214 =-4,103 Kgem
& (k2) Z (6k#1) = ’
Considerando como {xm} la distancia entre (B) v el punto donde la cortante es cero :
Vo = wiy 333 = 1.000x xm = 0.393 m.
2
i m
M e e iy R
2,325 + 393 x 0,393 - 1,000 x —9-3—’3%‘1-—3—33’— = 2,402 Kg-m
- 4,752 Kg-m 3
I = 120,000 cn Mp = -4,752 Ko-m_.
B c
11 = i
{00000t £ = 0.0000055/1°F
t = 30°
5m
= z
1, 1 E = 140,000 Kg/cm
| = 12h _ 120,000%5
A D I,L  100,000x4
ey t—7rm : s 7
HA HD = h
3Ectl, (ki) =15 My =7,920 kg-m  Mp = 7,920 Kg-m
s k (k+2] h
2x140,000x%0.0000055x30x120,000%(1.5+1)
- 792,000 Kg-cm = 7, 5
1.5 (1.5+2)x500 e AU
3Eetl
Mg = M Z-MW%F’* =*MA>{‘-—1ék— =-7,90x . 1.5 - _ 4735 Kg-m
1.5
3Eetl,(2k+1) ;
SR 2 n 2kl _ 2x1. 5 e
hota : En caso de descenso de temperatura se modifican los signos. -
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UDH»
T -
T 5 B
@ f/ fom 2l
an Ils
s
g Ioh'
e '1'2*
R 1 - 1, 3s
A S
Hy no= D
' A
I D enehal
- L
/ak : HD
g . i
N o= (lekek'+3kk') (kenPk') + 3kk! (1+n+n°)
ap = 2k + 202k (1+k') + (843n) K'k ; as = k| ok zazeen) k]
a3 = 3k [ 142 (2+0n) k'] ; By = k' [ n?k + 2 (243n) k]
87 = 2nfk' + 2k (14k) + n (3+8n) kk' B3 = 3k [ n+ 2 (1t2n) K]
Yy = nkk' (2+4n+3nk') S ¥p = nkk' (#42n#3K) 5 vy = k[ 2+2kekk! + (843n) k']
61 = k (2k+6kk! - nk') 3 82 = k (2nk's6kk'-k) ; 83 = k{1+2ksdk' + 12KK')
. w2 : wb S Thal i
Vi I o1 PSR s € e Y e e SO | e T e Al
M. _M 2
Wit e e HE . v
G e e e i G (O Mp = Mg + Hh
R _wlf (ap + 8) S My = Mo+ R
Mota : Los datos deducidos son también utilizables para los problemas que siguen,
126



1 1
Mg = 2w (%16c * &1%s) s My = Mg+ Hh s Me =—5g(%Cpe + Bylep)

pEaie et e s Hy s g = Hoem _H‘“scsc”’sccs)
Vp = E(Pb-MBi-HCi-Hf) Vs B =y
(226)
I,h
2
F, k =
3 ¢ I1s
T2
Otros datos,
referencia
S (224)
hl
I I
Hy = wf = Hy :
)
VDT 2
2 e o -
Mg = = 12w vy~ (ag + 8y)]

2 : ,
= - [1n¥, + @ 48] ¢+ Hy - 12Nh[12"'73 @y +By) ] Howf -ty
Hﬂ = M B~ (wf - HD] h 3 MD e HC + H[}h'

2
= = i f!
\‘A— Ml =i (w-—2+MB - Mg —HDf}
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(227)
c Lh
T ; 58 Izs
f _ 1
B ; s-”z/
! h
I1 13 :
i, Ha = wh-Hy
va) oy
Yp
3 whe A < Whe b = Whe
Mg, AN (4 Y= 51] i : My = Mg + Hph - s Me= - x (4 \"2+‘52}
i ' z = Wi :: = ol
My = Mok M s My s (47 6 5 Va=vp=v =L Mg - )

128

Mg = hglﬂ— (%1 Cac*81Ccp + vq Ph)

1 . 1
Mo = i (ap Cgo * B Cog = vp PR} Hy = “mjp kag Cpe = B3 Cog + v Ph)
Hy =P - Hp 5 My =Mg - (P - Hplh

My = M + Hph' Vp=Vp= V=1 (Mg~ Mc+Pa-Hpf)




UDH)» ,
ANESEA , T
-.‘_'_.'5
(229)
£ ./-’\G e
Ly
b C e
f_ - AB
x S AL
a Il 13 C Ed b
_ .
HA =l
! D

S sy 5 + 1
2(Pat+Cyp+ - : = ¥ £
Me W-fr (Pa+CagtCap) - S2Cgy] i Hp = —[3 (ParCppiCa) - 83 Cp]
H,q= P - HD 3 MA = MB - H.Dh - Pa \ MD = ﬂc + thl
VA= wu=v=.1L.(MB—MC-HDf)

P
h
T
1
A
"vA
HP«=HB_ (p - HD}h Mp = Mg + Hph'
v s v = —l—'fﬁ M Hof)
L = L | A b A T
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(231)
e
'115
N
Ys¢ \\E\N
o
B
o M
Mga = 012N
M
e i
Hy ¢ T2y
VA
; Hy = Hp = H
Mp = Mga - Hph : Mac = Mgy - M
1
Hl:':MC - th' 3 “A= ?D=L—‘{H+ﬁc -HB-HD‘F)
(232)
Esfuerzo por cambio de temperatura
g Ioh
Ils
i
i - Otros datos
¥ L b E'efe;encia
224
;{(—E - 5 /
h L h'
g d L I
Ha _1(
Vv
A
& HD
vﬂ
A T (E § X iy BF & 2 B
R e R R B e O S . |
2 e 2 83
Ha=Hp ~H =~ | vh (63—u3) + (L vf}T
M, = M. - Hf 3kl et
B C 2
Vg =Vq=V = —— Agui T =
ey L e sLh
Mota :

El presente problema corresponde al incremento de temperatura.

En caso de descenso, los esfuerzos se anotan con los signos contrarios.
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g Vg = ]

P (x-a}zlx'—al S(bix'-a) | Hog = - L("_"gg_&"'_'ﬂ)_ (b+x-a)

2b
Pa Hge + Heg

2l wa (2L-a) wa? ; e
VD YA = BT 3 \"B = 7L ':,'-'

k ek
2 SRR vttt ol =)




UDH)»

UDHCONECTA.COM

a—3r—b —— a —

P

Hh - Va

Mg =

Hh + Va

Mga=
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* 1
Y e S |
ol =|
HB m —
1 =
0 I
i
=
R 2k
i e
i i’ =
n m a
. i I s
am T
- | > n
£} m
: )
hN D& fhr =
+ m w ; _
1, ;
B 2l z| ES
h_d. o 5 3 *
: i = =
l__
= +
= )
i 3 -
£ i i > g 3
~ e E o o K g g
g = % 7 i _H
i
[~
=
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UDH» i
(242) Esfuerzo por cambio de temperatura
=5 I
=
Ips A
k= 5 E
32k
VA = VD =0
HA *
3EIHEtL
Hy = Hy = H = 5 3o Mg = Moo= - fh
Nota:, El presente problema corresponde mh=b
* al caso donde existe incremento
de temparatura.
(243)
r_. S a —s "5 MC
,\-Tm?ﬁ L3 T
/ B ’1‘ T
S
/ h
Il JI/
t Hy !
Va
Hy= Hp= H = vib Va
£— a b——e—a —
iy
e Lle
5 Iy
h
s s, J
N HA HD Ty
L
Ya Yo
Hi= by e P 3(el - xd - na) k1) a
2 e
v o= -—LE.Y—[E"L% [tkn) a —ax ] L2420+ 2n ~2k) a2 s 0x? - 3xa] L - {ua—kx)aZ]
: s
pldiong o et ey S pla(l-x)+(k-n) a] .
= g e R e H o+ + =
A L R A 2k+1 2 (2ket) 2"
HD = - MA = vl
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{245)

W wa” (a1 (11ra)ia + 8 (2k41)a2
- = . :
? . .
_ wat (k+3) L y . Wi
MA_ PR {:k'l-z)— + 1 H HD' Mg\- vL s \FD = o Y
A6
(2t6) e

2
Hp= Hp= H= __F'éL,?_a-.i.H_l}E_ﬁ_(_mn

J o P (6k=3kar1)L? < 2(Bkeka2)La + 4(2k1)a? Sl e LN
< L : ¥ A L
O (O B R o et 5 5 B ; g
A e H 7 [2%rD) i i Mp= Mg - wl o Vo e

.2 b 23— (247)

| B taicit I

| Tt e AT
? I
s s B ;
W E referencia

" \11 J (243) >
= Ha = wh-H i Sain
L A i} Hp M i

v E 7
Uy Vp

2 2kt he
vh 3 \ W k{2l-a

HD = g o——-é--—- N VA - JB = iyl ] __)_

#) ¥

i
My = wh® {7k15) . L

_ . _whZ (5kig Bl
i 24 (k+2) z Mg = = “?Z"('Eif%‘""“" b =
a0 )
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3 (248) : Esfuerzo por cambio de temperatura
D e @- - ﬁﬁ‘ T m ~M
b w2
fa € \ ks Ilb 8
s
h
Il |
H ik i
0= "D
L 3 M
A M
L, b
+ 3(2k+1) EetLI, £ 3(k+l) Eetll,
Hp= Hp= H= ———————— My = Mp =
> 2 (k:2) h? s (k2)h
Nota : E1 presente problema corresponde al incremento de temperatura. En caso de

descenso,

los esfuerzos se anctan con los signos contrarios.

{249)

D
a
1
a, -
Vy e hi ) n
DS n= g PRz Tpemdies ST
-Erl= "n+ 2m (1+k) : *o=m+ 2n (1+k!) 3 }-1= $q (1 -ay) tHoa,
N =—22- Emslwﬁ}z)z = nz[mE (1+k) + mn + n2 (1+k')] ; 2‘2=€}la1+ %, (1 -6, )
N -l a' a
HA'HD'F‘ s [ 2 al 61{1+25-)+ 2a2€~2 (1+2‘—5—} +m+n:J
__ub H
VA= =7 (1-og-uy) A% Vo=wb-¥y 5 Mg=Vaa-Hh ; M= Vpa' - Hh'
RS F b ol {250)
PR Xt
T /f\ p 1,8
=
ARG &
| x(__ “_x'_f a' \ h' -
B 5 | L Ips
11 e D c
Yp f Nota : Otros dates refe
J A rencia (249}
Hp N h |
. P (x-a) (x'-a') SR
A Mg = - = (bhx - a')
P! He o Px-tv = P (x-a) (x' - a') =
a PGl L S e L 202 (i)




2
wa Hy wa
S L S V= A=) Mg = —5—(1-4) -Hhy

2
-‘:'-g— =y -th

C?
]

! }}]_Px- 2imkH g
7 2Nh

3 Mg =ap Pri= th

llpa
HA:. HDE H = ZNh

vy = (1 -ag)y pat¥ . oy o e MB=[1_32) Pa - Hhy 3 Mg = %2 Pa-Hh,

L o L

Nota : Para otros datos se Ituma como referencia (248)
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UDH»
{254)
2;1' D
D
HA oL
A+ Pa !
o= loelte = LA
Hy=H N Uy = (10 }p‘ +
azPa ~ Hhy s Yo P Hv
(255)
a b a'— ,\1[2
r piliaed =';_E_‘i
LA wE 1
oW - n "2 =l
| I '
I 3 ¢
M e -
= = Jil Nota: Otros datos
Hy = wh - Hp {249)
wh
¢ v o Hym o (gl 3 Hy = who-Hp
; : wh? Hy I _ _wht 2 ] wh2
Vp = '|"D= \"=—2-[————-[—--', MB-—E—'(I— 1}-Hh1;«M{:=.T~—u2_—-Hh2
e
p
e = i
.‘\L Hn = Ph= HD L P P h2_ 2) _\1 Py-kaHBA
v Hppy = - 52 30 Hp s 2R
A
Ha= P ~Hg &  Ug= Vp= V= —PLZHC . Mg = (1-0y) Py - Hny

MC = i Pl = th




(257)

Mg = (P-Hy) - Va ; Me = - Hph' + va'

tsfuerzos por cambio de temperatura :  (258)

— a b 8l

Sl
\‘\
o
A
e
P"._
It
g
T m

. hy i
/ 1 | ] 3 UD “
% D o HD tros datos @ (249)
: W 5L S ?
A : | (L+ v}
L ,[ 3Est12 LtV
H = HA= Hp-=
'”J il Nnbh? L
SR e e ANV L
Vy = Ve Va5 M= oHhy ; Mg =i

Wota : En caso de descenso de temperatura, 1os esfuerzos se anotan con los signos con-
trarios.

¥ 2
2lh (3-2a) + £ (3% - 220) .

ru o
=
L}
X
m
==
o

BLE [ he (k#3) + £ (3hee) ]



UDHCONECTA.COM

UDH)» G .
2Lh (3L-2a) + £(312.2a%) 2
Mg = My = - T = wa‘h
8L% [n2 (k+3) + F (3h+f)]
Moo= - 2LhGloa) ve (122a]) L2 hae) o wal
¢ 8L [ h? (ke3) + £ (3h+f) | :
Esfuerzo de momento por flexidn en las columnas AB y ED: My = - Hpy = - Hpy

Momento por flexidn en la viga CD : My = - Hey + VEx

(¥) representa Ta distancia perpendicular desde el punto (E), y
{x} la distancia lateral desds el mismo punto.
Esfuerzo de flexion en la viga BC :
£
i = WX
My s RV e X

M= - Hay +VAX-L(§ﬁJ_ S

Aqui, (y) representa la distncia perpendicular desde el punto (A), y
{x) la distancia lateral desde el mismo punto.

A
=4

Entre (x) e [yi existe una relacidn constante: = ~%~— {y=H)  %x'=

o también ¥ =(-?="_"L—+ h)

< 2
= 8h + 57 2o e = 8h° + 5hF 2
Hy = He b WLE 5 Mg = Mp i Wl
" SA[RA(k3) + T (3mAY] 54 [ 1% (k+3) + (aner) ]
Wore e L (8h#5F) (htf) il
16 64 [ he (k#3) + £ (3htr) |

Esfuerzos de Flexi6n en las columnas AB ¥y ED My T Hap = HEy

Esfuerzos de flexidn en la viga €D - My = - Hey + Vpx

viga BC : Hx=‘HAY +vAx e




8h + 5f 2
Hy = He = H Wl
Aok 32 [h(ke3) + £ (3h+f) ]
b 8h% + Shf SLZE S W2 (8hesf) (hef) il
B D T T [ne(ke3) + T (3n+f)] €78 " 32 [h(k3)eF3k:)]
Esfuerzos de flexidn en las columnas AB y ED : My = - Hpy = - Hgy
Esfuerzos de flexifn en las vigas BC y DC :
My = - Hay + MXo(L-x) = = iy (2R am) ¢ X J(1x)
(262)

I;s
W : Resultante de las fuerzas externas
WL Bh + 5f
Mp=Hg = H=- i
i B4 W2 (k+3) + T(3n+5)
ek S
It teas e

Nota : Similar al problema (26G)

141




UDHCONECTA.COM

UDH»
W {263)
C
B D i
o
Pl |
- - Ts
1
L h
it I :
A Sotemer Hy He —WFE—J : '
v, ' Ve il : Resultante de las fuerzas externa:
r: iy WL 8h + 5F WL
Ha= He=H = = - 2 ¥ = =
s 3% p (e3) + flomer) P : z
Prcblema similar a  (261)
(264)
Ih
k= IIS
Pb
Ya= L
i A
Yo o
pe e o2 [6hbL. + f(3L2~ 4a2}] Py Mg =M= - ah LenbL + £ (3L2 - 4a2'}] P
4L [He(ke3) + £ (3h+f) aL? [R2(k+3) + £ (3h+F) |
oo P alenot o ¢ (12408 () o 3 Pab afni+2fa) [BhbLs£(3L2-4a%) |
Lisier 422 (ke3) + 7 (3heF)] ° L A3 (12 (k+3) + 7 (3n+6)]
Esfuerzo de flexidn en Tas columnas AB y ED : My = e HEy
vi 4 iR 2%y
ga €0 @ My = VEx - HE(h+-—[—,
viga 8C
i 2f
Moo= Vax - Hy (h+ —52% g
My = Vax -HA(h+%-}-P{x~a] X1l
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(265)

8
L h
Tii
1
E
AEL qu H &F
y V.
A £ o s 3ho+ Z2F
AR [ hl(ke3) + £(3hen) ]
2
Mo = 3h° + 2hf Mgyt e e ER (3n¥2f) (h+f) PL
B B T T R (st ] b T TS TR (ke a) (30 ) ]

He

Esfuerzo de flexitn an las columnas AB o ED : M - Héy = - Hpy 26%
M= o x —ha (0 -2EK

¥iga BC o DC :

LS | |

—

E h
11 I'1
e
A‘f—-b- HA HE—?E :
i ; i st Lenbe + f(31%-4a%)]
A E A F 2[R (gea) 4 “F(3h+f)f
I 2_g22y] _
Mg= Mp= -- ahibhbl + f (3L"=4a")} » : Mg = Pa - HA(h-}fj
2L2] h2(k+3) + £ (30+F)]
M. = Pa - Hy (h+ 220 )
Esfuerzo de flexion en T1a columna AB o ED + !‘-1‘.rf AR H,qy SE T )

=

|
|

viga BCoDC: M= Pa -Hp (e ZRy o<
|

M, = Pa - Hy(mEX)p(xaa)x 5 a
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UDH)

Shk + 6 (2h+f) 2

He= T6THE (o3 vt (Bhef) ]

e %\
W | 2o 5Pk + 6 (2heE)h Lwh e = 1 Bhk + 520+ f)] (hte) [ wh®
B g [h2(ks3) + f {3h+f)]J g ¥ 4 [he(k+3) + £(3n+f)] g
Sh’k + 6 (2htf) h .2
fip=i= 672 (k13) f' 7 -—f—ﬁ»wh Esfuerzo de flexion !’IE
] +3) + f+ i 2 = =
L n columna. AB : My Hp‘y >
columna’ ED : Hy Frs sty
Esfuerzo de flexi6n viga BC :
Mo=H, (h Xy gh (b 2Py v {x) representa la distancia
: L 2 L lateral desde el punto (A)
viga CD :
My = - He (h + —zii) + Vex aqui. (x) representa la distancia
lateral desde el punto (E)

WE

B

A

8h° (i23) + 5 (4hsf) wf
16[h% (k+3) + £ (3he)]
Yy = Ve M)
2L

Mg = (wf - HEdh s Moo= ML - b (i) Mp = - Heh
Esfuerzo de flexion columna AB 3 My = (wf-HE) ¥v. » My = - HEY (columna ED)

2
: 5 L (y-h
Esfuerzo de flexidn viga ; BC ; My = (wf-Hp)y - ﬂﬁ—hL A _(’!?—L
viga ; M, = - Hy+ UE,L(.E.}‘_)_

(e epi
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UDH)»
) (269)
5 T
g
) Ih
1 5 5 1 i 2
‘ 2 bt
2
i L ok 5 Wps¥e= _'Lh."'_:{):_w
5 Iy Hp= W (h+E) ~Hp
Ha 4 A
U i3 (5ke12) + oh2F (Ake15) + 20n€7 4 6%

H
; 16 [ K2 (k23) + £ (3hef) ]

: ; ; .
Mp= w-(*g-"'f)h-HEh 2 rﬂlc=—"‘-—(—ﬂ"—f-l - Hg (m+f) . 3 MD = - HER

2
Esfuerzo de flexibn en la columna AB : My = w (hfly = Hey = JL’.E._

columna ED : My = - Hpy

Esfuerzo de flexion en 2 i
la viga EC : My = w (h+F) y - Hpy - "“g -y - g h)
- = L (y=h
viga OC : iﬂtx = 'HEy T vE 3 -

ph [ 2hic+ 3 (2her)]

E” T A[HE (ke3) *+ £ (3h+D)]

Me= (P-H

: L iPh X 4
5 YA M et - He () 5 My Hh

E €

Esfuerzo de flexion en 1a columna AB : Hy = RyaS HE.V

columna ED : H}, - HEy
Ph (y-h
2F

viga CP S __.Flz_%!.‘ﬁ}.

viga BC @ My = Ph - Hpy -
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UDH)

{271)
o I h
IIS
bl P
L
Hy= P - H /
A(YH . i i T
I A E S -
vy b2
Ve Pbl k (3h= ——) + 3 (2h+f)
Hg =
2
a[h (kt3) + f (3n+f]]
Me = Hab 2 Mo=Ph- Hch o SRt R s R S b
=k s My gh s G == e el G =y e e
Esfuerzo de flexion en Ta columna AR : My = (P-Hg) ¥ 7 Y = b
My = Pb = Hpy YiEEEh
columna ED : J'*I',“r = - ijgy L

viga BC : My= Pb - Hey - Va.
-

viga b : M

{
I
x
T
+
-
]
bl

(272)
p _ Iph
- Is
= ”E: h:a
=P - H

2nk + 3 (h+a)} {(2n+f) - _?_2 (3h+a)
4[ hZ (k+3) + 7 (3h+f}j

e P e B YR ; Rl : o
MF A ( +a) _‘—‘—2‘?‘— ) MC il P HE (h"'f) ) MD 'HEh

Esfuerzo de flexion-en la columna 4B : MY = Hyy i columna ED : My =izt

viga BC - 3 -njL
M, = Hy VA.__LLHL ¥y < hta
L . {y-hlL {y=h-a) L > h+a
N = llay = e
-h)L

VIR G 5 e ailey T Nt
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: Lo P (h+£) (y-h)
viga DC : M= - ¥4 000 V)

Esfuerzo de flexién en la columna AB : MY='§T f “columna ED My= -5y
A

Esfuerzo de flexifn en la wviga BC : Mx=§z - P(h+f;( =2

Hp,

SIS

MBC=I-!h—M

(274)

k=

e
R

hy=(1+n)h

E N =

vpevp=v =t

3+ k+p (30)

o=

Mipd= My A et Sl = e =
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UDH)»
2h 4 £ + kh(l- j2)
i (k+3) + £ (30 + f)
(277) =
I.h
= il
Ils
Vi P (L-e) M
I I
i A | £
E H } O
H E
3 e Sore 3pe e =t ) R (En )
v e it = 7
Ya E he (k+3) + T (3h+E)
Mo, == H Mg = H Mg = P Hh'H=EgH(h+f)' My = Hh
= ERH H FB—PE-&; [k g e ’GZ 5 1
Fi

148

H e
/ & v Be .k (h® - a%) + b (2hef)
' s et SN
Ve ne (k33) + £ (3nef)
- Ha i Weg = Pe-Ha 5 Mg=Mp=Pe-Hh 3 Me = Pe - H (hif)




3 Pa {Zh+f) e O A ! Mo m B
i S iR : BC 3
RO 4 W2 (k:3) + £ (3h+f) ;
L.
He = H (h+f) - Vge = 3 Mp=Hh
{280}
P P
4
1 \“_l
3 I 1, N ¥6
3 z i
¥
g -El—l
L 4 5 S toh
I.s
- L G i

\.I =
R N e SN T D ERaes
S Rl Sl e e e

Esfuerzos por cambio de temperatura : (281)

o
T I

g

3Eetl,l : 3Eetlolh
mtnns ‘ = Moo= .
gt 251 he (k+3) + F(3h+F)] % it 25 [n2(k+3) +  (3h+6)]
3EetLL (hef) &
M L
s i

25 [h2(k+3) + £ (3heF)]
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Esfuerzos de flexi6n en las columnas AB y ED :

My-_ o

3Eet Izl-.v

Nota :

el presente problema
corresponde cuando -

25 | h2 (k+ ( hay incremento de -
Lh2 (ke3) + £ (3n+£)] il LB
En las vigas BC y OC : 3E$t12Ly
2?_]:?'!2 (ke3) + £ (3her) ] ok
S0lucidn del problema Dates : Py = 1,000 Kg 3 Pp= 2,000 Kg.
g A1 v 4
P I C I, =0.18 m i I, =0.35m
S 25} 1
] 5 £ 4 s = 8,50 3 L =16.6 «m
\e— s/ -
T R 3 R =94 0m
1 1 f
1 1 kz_z_zﬁz OS85 5005 (R0
A E I 0.18 x 8,50 °°
u lj; F 3 I;
f L > Vp = Ve = 2990 4 4 000 = 2,000 K.
v Yo
Hy = S 2f - PoL  (265)
8[ h% (k+3) + £ (3h+F)]
= JAS SRR x 2,000 x 16.56 = 257 Kg.
Bx [ 9.5x9.5x5.15 # 2.2x (3x9.5 +2.2)]
Mg =My=-Hh =-Hh = - 257%9.5 = 2,481.5 Kg - m
% RV s 3 o diB 16.6
Mo = = Hy (BHf) + Vgo 5 - Beo= - 267x(9.5¢2.2) + 2,000x ——52— 1,000 x :
= 5,293.1 Kg-m
w=400 Kg/m. 1_h
2 0.35x9.5 -
k= = : = 2,
DT TS T R
. ¥
gL D
B ""‘-;;tdfg“kmm 52 ; ¥)= VE = 400 x 6.6 _ 3 359 Kg.
h desde (261)
Iy b
By mis 8h + &F -2
e f“ T Qe RSl 32 [h® (k+3)+F(30+F)]
Hy L HE
. l = y
v e 8x9.5 + 5%2.2 Dk
32[9.5x9.5x5.15 + 2.2x(3x9.5+2.2) ]
= 563 Kg :
Mg =My= -Hwb = -Hh = 56395 = -53485 Kg-m
L
7
L e 16.6 400x16.6x16.6
Mg = = Hp(hef) + Vpo — - M= 663 (9.5+2.2) + 3,320 x =2 -
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(282) c

Ioh
Iys

(44k+15) W
32 {3k+1)

(ki)

32 (3k+1)

i [k (anese) + £ Jw? [ bkeohase) +(6hf) £ 5 Jur?
E - 16 [ (hk+£)2 + ak(n2+hfer2)] N | (hiHF)2 + 4k(h2thf + £2)  2(3k+1) | 96
hk(16n+15F) + f2 g 3 . w2
(hk+F)2 + 4k (h€ +hf+fo) 2 (3k+1) 96
7 2
AL fik (16h+15F) + f 3 5 W
(hk+fj£ + 4k {hz +hf‘|‘f2] Z{3k+1) o6
e bk (Bn+157) + 6(h-F)f  , 3 Ll
E (hk#F)2 + 8k (h2 + hf + £9) 2 (3k+1) 26
e ' L
Moo= g AF) o Mo ¥ Yowinme
Esfuerzo de flexion en Ta columna AB : M:'f = Pt HAy, columna ED : My = Mg - Hey
viga BC : A
M. =My - H £\ {y-n)L R L
X A A}"’ A 2F Efg

Viga CD: M, = Mg Hey Vg (EE)L

W (283)
dligiddad
© .
2 5 Ih
i e
B 25 L \23}/ i k = $
v'.g' = ‘urE =
L b
Il 11
A E
i - ” ” ;‘r—-
HA z..,-,?/ /T HF
\"A VE

k (4nt5F) + F a

Hy = He = v W
AT T ST (hkat)Z + Ak(nE+hf+f2)]

1
|

A ™ hk (8h+15f) + f (6h-f) 2
Ma = Mr = E WL
A TR 48 [ (hk+yerale (he+hreFe) ]
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UDH)»

Sophect hk (16h+157) + £2 e
Mg = M 7 i
a8 [ (nk+£)= + ak (A2 + hfefo)

2
He = - Hy (h#f) + My + *i‘;,f

Esfuerzos da flexifn en las columnas AR y ED: My_z ”A" Hpy = !"‘.E - HEy

2 SEAE
vigas BE y €D 5 My =Mp - Hay + _“‘_’L.?._i]%.'.h_}'_____._. 4 “Jﬂ-é'&—g-_@

(280)
I,h
f= 2
Ils
L h
k{ h
A E
Wa % 7“ He
i
vy Ve !
o o laa?+b (sza)l R Lar? + a (een)]
2 (3k+1)L3 2 = (3k+1)L7
by b= Pa Lou® (ef) - salrye) - sal (k=f) |
[ {hk=F)2 ak (h% + hf + £)]L°
" 3KLbh + 3nfL(Zaski) - F2L(L-4a)-8aPhF(k+2) - 4a°f" + b (b-a) | Pa
HA (nk+£2) + 8k (h2+hfefe) : (3k+1) 212
-l
= ; - e = :
Mg = = Hph +My HC--HA(Mf}+HE+uE.T, My = < Heh + M
Mg = = Halh + g_a‘__f) +  Ma + Vpa
Esfuarzo de flexioh en la columna AB : M}, = My - Hpy
columna ED = !~‘I}r = Mg - HEy
. N & 4 -h) L 2af
viga BC .r-1x—I\'1},l HAyJ""rA"‘L’%‘?L"“ ysh+ T
¢ A C Zaf
TR ) —P[U’“JL —a] b+
R e 2f 2f i L
viga CD

My =Mc - Hey + 'ﬁfE-*—(%&
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e 2pa 3.2k (hof) + dak (ke1) - 3al (hk-f)
HA = HE = H = Lz_ . 2 2 2
(hk+F) + 4k (h“thfHfe)
Chfet S PR ' 1 Ez 2k + 3hLf(2asLk)-f2L (L+8a) -
Map = Mgp= Lz (hk+£)2 + 4k ¢ (h2+hf+f2) x| 2% hLf(2a+Lk) (L+4a)
dalhf(ke2) - ¢a2f2]
in 2fa
Man = Mec = Mpc = MDEr'Hh*‘MABL H MF--H(h+—T——}+Hm+Va
Mop = Mon = - HlhER) i Mg N

(286)

5 & (3h40F) + £ [ 02k « ne (2651 1 51

Hy= Hp = T

4 [ (hk+£) 2 ak(n2+hf+2) | 3 [(nk+F)2 + 3k (n2+hf+f2)]

gl h )L . M. Sty (hef) + W 4 PL
: : 2 [ (hk#£)2 + ak (h2+hf+f2) ] ¢ A " T

Esfuerzos de flexidn en las columnas AB y ED 3 M, =My - Hpy =M - Hpy

vigas BC y CD : M= My - Hyy + _Ejjax;h!L
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UDH)» ' ‘

L
L
o [kn? (3ke13) + 22inf + a72(aken) 1 fe = wh?k [h (103) + 2¢2 ]
A o [ihkep)? + sk (hP+hesf2) | sl (nen)? + 2k(nhear?) |
2 2 4 2 2
wn? [ (12ke6) . h2 k(ke6) + kf (15h+16f) +6f:[. Moos e e e T
AT 24 | (@) (hkeF)2 + 4k (REHFHD) Bt R

2 2
wh £12k+5a h2 k{ke6) + K (15h+16f) +6F L
e il — - 5 Ms = Mg + VE“E' . HE U‘H"f)
) L i (nk+£)% + 4k (n2s nfafl) G

Mj = Mg - Hgh

Esfuerzos de fiexidn en la columna AB : My = Mp+ Hpy - —"’-;E
' ; columna ED : H_Y = Hg - Hgy

Viga BC ¢ My = My + Hay - wh {y-%)-‘u’—tﬂ&

AT aF
Viga CD @ My = Mg - Hpy + vEnixé%JL

(288)
Izh
e
He
[s5 + 12k (har) 1
LR f
YnerAe g {(3k+1) L i
el [2kn? (ked) + 16khf + £2 (11ks3)] i [skr (2nr) + 2602 (ivd) + £2 i
B e, & = N
8 [(nk+)2 + dks (n2ehtes2) ] al(nks£)? + 4k (h + b + £2)]
yoo . Wf [ 12h (3k#2) +3F £ 1 hk (4htSf) + £(6htF)]
K 24 (6k+2) (hk+£)2 + 4k (h2 + hf + 72)
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Mos M [[12n(3k+2) +3f £{ hk (4ns9s) 4 f(ﬁmf)}_} Mg = My b Hgh

24| (6ke2) Chich ) 24ak(n24h 472)
= L L
MC iy ME al HE (h+f) + UE 7 MD = ME - HEh
Esfuerze de flexion en la columna AR : B"Iy = My * Hyy

columna ED - My = Mg - Hey
Viga BC : My = Mp + Hay - -l (y-h)L

oF
Viga OO & M= Mo - Hey - Vg —(Y-Ei;J-L

LT

o472 (5e10k) + Akh (3Een))
8 (3k+1)L ]

W

X l:{kh3 (3k+13) + £3(11k+3)+ 2hZ kF (k+15 )

Hy = 1
A 2 Z+hTEFe) L
4{ (hk+f) c+Ak (hethT+ )} 2hf2 {15k+2) } w:[

6% Ge3) + 3 (5ke1) > t0knf (nef) + 2kPh2E)- -

H
E a{(nker)? + 4k (h? +he +£2))
2
- _ W | 12kh (2he3F) + 12k (he2f) + 3F
Ha 'ZT{ T6R+2) i
¢ _ k2 {n2(ke6) + £ (15h#166)}  « 2 { kn (4 396) & £ (6hef) + 6h2}:|
(hk+F)2  + 8k (hZ +hf+f2)
Mo M [ 12kh (2h+3F) + 12h (h42f) + 372 _
E 2 (6k+2)

- _h? {h%(re) + £(15he16.) Y+ 2 [ hk(am9f) + F (6hes) + 6n’) 1
(hk+f)2 + 4k (h? + hfsfl) 1

My iy M St S e L ;
B— ﬂ —2 'HE » E_ E VE?_ 1o E(h“’f} » MDBME‘HEh

2
s , gt i’ W,
Esfuerzo de flexidn en la columna AB : I\‘I_‘”r = MA+ HAy i —);_—

columna ED : M:.J =M. - H_y

E E
2 =
viga BC i My = Mg+ Hpy - WO _VA_{L?%&

viga CD : M= M -y o+ yp WL
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UDH»
i
{290)
4o o
15
3kPh
= Ve T e 1
7 | Ty i
S T F E L
A E
’n i
_ Lkn2 4 o2 + k (anPaontesed)] < kh[h (e4) + 37]
"7 T2lnenZ A (R ] oM TH[kn)Z + 4k (n2rheeel)
LR, f (kh+f+2Kf 7 B2 | | ) ; it _
M= "2 | Tawn)Z + 6k (neshrer?) sm] e et 3 B S SRR
_ PR __f (khefi2kf) ] e R
"E 2 L (kh+f)2 + Ok (h2 +nf+f2) Gkk2 | C ETE CHt e
Esfuerzo de flexidn en la columna AB : My = My + Hay
columna ED @ I\‘Iy = M- - Hey

iga BC: M= Hoy - U = yehYL
Viga B : HA+ Y P (y-h) Va =

Viga CD : M= M- Hoy + Vg iLgl-‘*-

E Lzr + 3k (hizf)]
Vp = Vp = P
_ ASE 2 (3k+1) L
Jel s e st By et : o I T B
R e LSSy R R e e LR
3k

A e TRl ¥ ; : i
Mp= T (3ke1) Fh ; . Esfuerzo de flexidn columna AB : "y I-'tA -+ !-[P:y

columna EO : M_‘r’ = HE ~ ey

- HE‘Y Y ._(Z:_hj.]:

; y  Ay=hibL | % X LR
Viga BC &« M= My + Hey - Vg aF > viga cb : ”x P‘IE E e

156




= 4l + (en}e Ny =1+ 3
= (1+k) (k-h}2 {0 %1 = 3kdnk + n H 8y =3k + 2nk - n
= k +2nk + n 4By = b)) g 83 = 2 + 3k
= k (d+k+3n} 3 Yy =k (2-k#3n) ; Yy = 2lmn XYy
2 .
_ =P (f-b) b? . ¢ 23 BRI BRI (fzb e gy
£ 2 2f

- agPh + a1(Pa-Ceg) - %2 CBC R

20i5h
Pb+C +8,4C g-Ph - 2H
=3 p1{PhCop) Bolge B3 Bl o= Mg =(P -Hg) b + My
2Ny a2 :
Ph. - 2H
. B PBEeg) e Cer B3 BR S e s g,
2N, aw, e el

VE=V=_I{‘_(pﬁ+MA'ME} e

1
=
i
'
= =
m
=

Otros datos : referencia (292)

; Pa+C i
Doroeaebi O Lo pal e | 8 B (PatCan) + YyCoq
AT n2 * Vhg he *E 2N;h

Pa + Mp - Mg
Hp = P = He : e s e L

L
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UDH»
N B, P& = 2kmd @ vy C i
1 AB 3 BA 33 Pa - k(€ +C ) 3
My = ; - W AR BAL f’s = Pa + My - Hch
2

nB. Pa-2kmcC -y ( B.Pa - 3k{C,. +C..)
Mo i AB B7BA . _ "3 V- T . sl i
E I * s e m il oty
My = M - Hch

Otros dates : referencia (292)

i %y B
o = — 3mkM 5 i kM o M RATIR 1
HA-HE—H———--‘—‘—— VA—VE=V-—-—-——, MA--—Z'—[ s ]

NaL

BPa  hk(h+ftbk) - bk(bk+b+f)

Ha = H,=H =
ATE o -(hkef) 2 ak(h2enfs£2)

Map= Meg= P2, Vi ; h2k (2bk+2h+37) - bfk{6h+3b+4f) -h (3b2kZ+
; %) T
k+f) %o 4k(hSthk+kS)
s + 92452 |
Mea= Mop= = H (h-b) + Map 3 Mo = Mo = - Hh + My + Pa

M = M =-H(h-b) + M 4+ p 214
FBGD ot} Myt

1
MCB = - H (h+f) + HAB +.Pa + VE 5
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: (296)

r—» Hy He—ng
BEetIL {k+1)

U Z Z
s [(hiﬁ‘f] + ak(h +hf+-f—'2)1
. 3Eetl,L [sh (ke2) + 7] e 3Eetl,L (hk - )
E s [(bktn)? + ak(h2ehr+?) ] THeRNEs s [ (nke)? + gk {n2+nf+f21]
= 3Eetlpl [hk + 7 (2k41)] Nota ; E1 presente problema corresponde
s [(hk;—f’}z + gk (hzq.hfq.fz}] al incremento de temperatura. -
! M. = 8,793 Kg -m
w = 600. Kg/m My = 8,634 Kg-m ¢ :

k: . ) e L
T ? i Hy= 1,873 kri" 5,356 K iy "
16,6 8 L R g- M
| i K@T £
v © Vp= 4,980 Kg.
A Ve A g Ve
Igh 0,35 %x9.5 _ ; v . WL _ 600x16.6 _
TE e LR e e R
- = Kk (4he5F) + f 012
8 [(hk+F)? +ak (nPrhfeg?) ]
= 2. 15 (4u0 54842 2) 4 2,2 % ﬁ(}{]xlﬁ‘ﬁz = 1,473 Kg
8 [(9.6x2.15+2.2)2 + 4x2,15x(9.5%+9.5x2.2 +2.2%) |
e - [nk (8n+15F) +f (6h-flwr2 9 5y0 16x(Bxg.5416x2.2)+ .
48 [ (hk+)2 + 4k Ch24nf+£2) ] 48 x 1,509.4045
x 600 x 16.62 = 5.356 Kg - m.
e hk(16h+15F) + f2
B]

48 [ (hk+F)2 + dk(nPehf+el) |

2

= ' [9.5x2.15x(16x0.5 + 15x2.2) £ 2.2° ; 400 ¥/ 16.6° =-8,634 Ka - ®

48 x 1.,508.4046
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UDH)

Me = = Hy (h+f) + My +

2
= 1,473 (9.5+2.2) + 5,356 + SDOMI6.6 . g 793 yg

Meg® Men™ Moo= Mpg = Hh+ % £

297)

=

:
1
L

[ewe——  h e 0‘1

T

2 (a+2h)c + hk, (L+dc)
2a% (k,+1) + 2ah + hA (2+3k,)

Mméx A

=M =M

Ba = Hy

M =
BC EF MEI]

wh

- Hh +

L
2

(298)

K, L2
Ils
2 135

VA=VFwwc

th2 +5h + 3a
2a% (ky+1) + 2ah + h2(2+3k,)

2
i

we

Mgp= Mge= Mee= Mep= - Ha 3 Meps Mog® Moo Mge= - Hb -
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(299)
P
g M} IEE
e d:-—. rg—-)- k]. = ‘I?S- i
Sl SEE e T
I7 i pxt
G b ____.J._c > V=i
B E
h
a L VF = PLX
I I
) Foet— Hp
Ly f
UA \I’F

p be (2h+a) + 3hk, (bx-d?)
HA = HF = |} 1= T
2a® (kp#1) + 2ah + h2 (3k,#2)
dc (2h+a) + Shk2 {dctb)

P

1 de d = i it H = — —
En el caso donde e 2 8 2a2(k1 +1) + 2 ah + h2(3k2+2)
T Yer e sty o e i s s RIT e
MCB=MCD= = Hh + ¥pe 3 MG = - Hh + \:’Ax
By 42 (300)
& C b S0
M\ A
C I - . Ipa
s s =
( ' A 115
2 2\ 2
B ol
h kz 135
2 L {
| 1 Iy
_L,‘A Fu—‘}——]ﬂ__
IvA uJ e s
1o L = R L
X (P +ch[h(3k+2)+a
o Ko T 1 £ i = S = = um 1l
HA = HB =} = ] MBA ME_C MED HEF Hh

22% (ky#1) + 2ah + h* (3k,+2)

i Mpo = Mop = = Hh ¥ Vo

Wep= MCD= ~ Hh + Ve

is1
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UDH»
t Cowe—— b C - (301)
T c| D
=14 | 1 Iz
{WE / 57 : <s \ T——Iza
- / : k1 7 15
&
I G fed
. Iob
a K2." i Tas
L P L
P'i..._._p A= WE = Hp T-q—— He
Vy Ve S e SR Ha= wf - He
a2(8k.+9) + hJ:Za (3k,+3) + h (6k +5}j
N “1 2 2 il Al
B = . Mep = Mep = —Hea
E g 7 4
2a”(k;+1) + 2ah + h (3k2+ z)
HBR = HBC = {wf-HF)a 3 MCB = MCD =y (L-¢) =Egh 5 hhcz MDE=~H§J1— VFC

- b Bl (202)
SItAE Iy D B K . lea
1 I1s
2 I >
B E I;b
[ ke e
5
3
a : !
S WE
w Iy Iy Ve
T
2 6h [k2+1) +a {5k1+6}
Wl
He = .
B 8

2a% (ky*1) +.2 ah + h $(3k,t2)

RN

2 10h [k2+1] + 2 (Bkli-lﬂ}

W = WA T
402 (1+ky) a2 + 2ha + h2 (3kp42)
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Esfuerzos por cambio de tempermturas (304)

M
T S
Vi i S v
D
. } T AN Ipa '
5 k'l = — 4
B % ; I15 Mg
\./ \/ E
r h ¥ Izb
e L S s
l Iy I
i
Hy A F o He A 2
: 3Eetl,L
A sz (k1) a® + 2ha + W (3kps2]]
Mg = Mg = '- Ha . Mg = Mp= - Hh
Nota : El presente corresponde al problema de incremento de temperatura.
En caso de descenso, los esfuerzes se anotan con los signos con -
trarios.
= a
£
- £
B
o
[ 11

A
B = ky (ki+ 2kovd) hE + 6k, (k#1) hof + (6K k+Ak+2k#1) 5 Vg o= Vp = M2
o e 2
¥ = (6k1+k2+6) L 4 (k2+3} ,la + 8 (k2+ 2) a
fy Al g =D [kl{kzs_ 42 (2kp#3) a) hy + Kp(Zkot1)L + 2 (kptl) (4k1+1)a] f
(kitkpt2)hy +- (kp1)f ) [ kgl + 2 (kp+3) 2]
L 7Ky Fkp ¥ 2 12 (2k#kp+2)

163



UDHCONECTA.COM

UDH»
= b ‘*"I (306)
X
1_5 bl 2 Ky = ,I.g.h_l
Is 4 1=
}t 2
—1B
i 1,b
h L e i
1 I3s
Il.
al- Otros datos
Ry refencia
-W’fg”' Hy (305)
Ya
\u’&z k1{5k2+8)hl + {12klk2+10k1+3k2+ 2)f
R laies et 7 /
wa? (kL2 - (Bkp+il) La + dp(kp+2)a’ wa (L-3) i
S 50 e BV e o
2L % i1
2
(k-+kot2ihyt{k +1) £ wa™ (3k.+4) L
eyt By A B o Vi Mp= M-l
: 2y ko +2 12 ( 2k, +k,+2)
e (307)
e K| T
Pt k4 D
Y N ARl
f< I;_: i > 1 Ils
] I5b
B E : Ky E‘;
L
X = gt
a = nb
—p} H — otros dates :
f (305)
Hy= e = Bo= 53l | o(Lox) + (L-kpn) a) by + | Skp(eki#1)aToan-na) + ( dk;=le,+1a} ]
p [ - , 2 S 2
V= [ kol +3 '\1'5(2!"'.' a- kzm(} L™+ 2 { (koo + Ekzn-.{} a“+ ky ox - 3xa } L-
B (kon a-x}ael
‘JAZP—(::-—K-l Ty 3 \rF. lif-— -V
(leotk +2) h+ (kotl) f ,D[k L) + [12Kn) a]
i et s 1 2 L ko) S W B
My= - TRy rkgre Ht S TR o
Me = - My - L
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Lo b ——(—H- (308)
B
¢ o s

B E Ib
h k= fatiid
: £ I3s
1 §I i
Xy : Otros datos :
(305)
A HA HE F
i'u"A VF

=Hp=H = —;—;—E’;kl (21(2'1’2-::}}11 + { 3 (ko*1) (Zkg"'u) = {2k1+k2+2]¢;2 ‘} _F:l

ek kp#6-3a)L°- 2 (2k,*6-02) La + 4 (kg+2) 22

& . .
VA = ..P(%L_ + ¥ : VF - __P‘)'(_ i
% L
(St o Uoaif oo il B gt ! 7
{ Zk1+kzHZ] : Z [Zki+kz+2) "5"" 3 MF =% MA - vL

; (309)
e b =3
T _DTTl
Lf 7 13 N\ 2Ly
s s 1 I,
E
I.b
h I
1= 2 1Ias
Iy
Otros datos
r (3057
el HH—T
Y

—3—; E4k1(k1+2kz+4} hi + 2k1 (9kp+10)hyf + {3k2{4k1+1)+z{5k1+13f2_|

[}

2l 3y Bkl £ L -fa

L Dt + Gkt £ e (B skriadn + (SkpSkss) £
2kytkp+2 & 2kqtkyt2 2
Mp = - _%_ wf (Pha+f) My + VL
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UDH»
r—a b A (310)
F A r/N
;e ;sf Iq \.; : Izh1
4/ " 2 N 17 s
B 5 )
. h IEb
kp = ——
hy L Z =
W I]_ I]_|
HA =Wh1—Hp
—W T 2 Otros datos
A 305
Va Ve e
32
why k. (2K, +3k,46)h, + dkq(k+1) £
Hy = BI_ Rty e ' Bl
i B8
wh
et "——EEIE—‘—
y - Ukrtkpr2ing (Rptl) f Wit (5K #3ky+6) L
Wi . ke vl T 2) I -
i
Mo W2 M L
(311) N

: o Iohy Ay
15 g *\Qg
1 SN
. &\\“ Mo ik
k_zz Ll =N
Is B

(305
e _:_;1 i ky (3kg+ 4k2+8}hé. + 5ky (ko) £ . Hy - —%—whl gl
Vp = Vg = l”i:_ii i Mle'--é-— Whe My # VL
hy (kptko#2)hy + (kptl) £ 'H;- whf (7kyHko+8)

2kqtkot 2 : 24 2k +ko42)
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HA: HF: H =

3 (2ky + Ky#2)Eetll,

T Mo
il 2
Esfuerzos por ele ASS D //&,
vacion de Temper 2 ﬂf% [
tura M;B . E.
Ish
o 12 ;
: s
1
1zh !
kz 135 2 / ‘.
otros datos -J L—HJ
(305) 'R F

SR
Nota :

signos contrarios.

En caso de descenso de temperatura,

3 [(kqkpr2)hy + (kot1)F] Eetll,

=
esfuerzos se anotan con los

Nﬂ.: HF=

Tos

(313)
W
R NE R AR
Tf Bl s . Lyh o
! o ot
1® i e S =
e X -}(1 h '-_g
—
T4 =
h = =
: e
pardbola =
Y h x
i
A Fs ; H'
0
VA vy o =5 (2k+3)+ 4n (Zm6) 5 Ly = Iz sec @
2 2
L ul (5h + af)
Hy = Hy = B = — e (4ns5) = —H—
2 ; : [5h2 (2k+3) + 4f (sheaf)]
Va=Vpsv= M
M= = ! WL2 wm{i
Rz M= B SR N 5 1y 3 My= 5 - H (h+y)
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E 1 (314)
X - < X
1 -;E/r-s
i - 42 = 1_2.,1
¥ c I3k
B
3 £
hy S
h L
otros datos
i il (313)
i e
:‘ A i i
Y r
SPxx 5px (3hLZ + 2 fL2-45x2L + 2667y
HA—HQ—H!——Z"';L—h-—[a-pzﬁ{lq-gﬂl: 3 > R
: 2L® [ 5h2 (2ke3) + 4£(5h + 2F)]
Mo = Mr = b : SRR . LR L PR
s Bl Y ; Yy =t S s
1
2 XX .
Mo = ‘LL— = H (h#48vs) ; Mo=M-H(hty} 3 M : esfuerzo de flexion
g ; de Ta viga BC

(315)
T s Lo
f RRIE T
1
- X i« xl - (B
= ool —
hy s e —7
: g — %
e 8 L 4
h =
i : otres datos =
— (313) z
= bl i H
i —-iu HA:WI"I-HD H[] ! I
A ) :
Ha = wh - K o Vp = - wh2
3 : /gl el e TR 7 R L S
A D
Buih Suh” [h (5ks6) + af]
Hy = 6+ 5k + 4n) = .
D Ba o 8 L[ 5n2 (2k+3) + 4F (5he2f) ]
whe : _whZ
My s My= = Hyf SN e

AB-—-*-M=wy(h—-a2L) = Hy¥
L-x /
g s

Esfuerzo de flexion en gada miembro
BC—= M= ¥

Ch——M = - Hpy
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(316)
5 u
. 1
¥ 2
5 xt ¢ figah g
B T,
023 7
n= 7R
L
otros datos
I 1 ; (313)
HA =wf-HD 8]
: Y e
A of
- 'Q = v =
A= 'p
!rVA ) \.I’D
wt L7on? (2k+3) + £ (2260 + 685
28 [Bh2 (2k+3) + 4F (Sh+f)] :
Hah . Mg = - Hgh M

il

_.q...numnlllﬂ!ﬂﬂlmlml

spa [3h° (ke1) + 2h - k]

H = “
D 2h  [ep2 (2k+3) + 4F (Bhe2f)]
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UDH»
( (318)
i P
£ i Ioh
P sl o ¢ Il
B
Iy Iy n = _:-—
hy
h L otros datos
(313)
HA :P‘-HD HD
\,_s_._.ﬁ\,._ D .'
+Vy L) Hy = 5P (3+2k + 2n)
o
3 : o RO =l
M= P = B R Mg 5 Highy 2 My Hah
¥ Ph
WA Ny L
(319)
% t
1
B Y . ko= Egi
x—‘ie-—— xl C s 11
M
L L f
: ' 0S T
—_— s h
otros datos
(313)
Hy -l--—‘i A D__.‘;_..HD
v +p i Rl e
A A D=H Zah
Mgp = Mo = Hh Moy Ik g el
Ba = Mg ; pc = Hh-M H Mo = ihat = =
Vs g = g g
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20 [5n° (2ks3) + 4F (5h+2f)]

otros datos
F (313)
L
151
D(’I—
- HD
v
Vy A
_ _5Pe L2k (h?-2%) + h (3he2f)] ; Mep =

Caso [(A)

g |

Caso. (B)

: ..._..uuluﬂlllllﬁlml]f

—pHy Hpy = D

descenso de temperatura

IEL . incremento de temperatura
1
155512t ISEEIEt
oh? ' She (2k+3) + AF (Sht2f)
M =-Hhy

m




UDHCONECTA.COM

Datos : t =+ 20 oL
£ = 1/105 = 1079
£ =2.1x 10° kg/n?

0.207 , 3.9

1,200 Kg/m.

= 1,816 Kg.

‘% 8.2 x 8.2~ 1,816x4 = 2,822 Kg -~ m

w = 600 Kg/m.

UDH»
1,200 Kg/m
TITITTIS LIS LI 43114
% 10
e] = 0.20m |
—#E T c
e
6004+ espesor 3k
Ke/m e = 0.32m E
-
—i
et 1 b
 ——0 —x
o 8.20 m - oA
v ol
(a) Carga vertical uniformemente distr'ibu‘ir_!a =
Z +
by = w: “ - (shtaf)
She(2k+3) + AF (Ghi2f)
1,200x8. 20° : Ex3+4x1
[ 5x3x3 (2x0.09+3) + 4x1 (5x3+2x1)
Mg =HC = -Hh = - 1,816 x 3 = - 5,448 Kg-m
2
= Wl - 1,200
My = ﬂg— Sl e
(b} Carga lateral uniformemente distribuida :
. Bwh® Lh (k) + 4f ]
HD 5 B

? 2
_ wh _ 600x3
My = S - Hph = :
? Z
wh - BBOx3
Ms =—7— - Hphy T

5 % 600x%3%

[5h2 (2k+3) + 4f (5hs2f]]
[3 (5x0.09+6) + 4x1]

2 I:Sx:'fz (2x0.08 +3) + 4x1 (5x3+2x1)]
Hy = wh - Hy = 600 x 3 - 373 = 1,427 Kg.

= 373 Kg.
N
WWw=¥Yp= 7 Baz o ey

- 373 x 3 = 1,581 Kg-m ; Mp=-Hph =-373x3=-1,119 Kg-m

- 373 x 4 =-142 Kg-m,

L5
Me= 600x1.5(3- —7 )-373x 1.6= 1,466 Kg-m

1,816 Kg
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4,920 Kg

Caso de carga vertical

Caso de carga lateral




"
o
: g ;
: ! W, -
{c): Esfuerzos debido a cambio de temperatura é}pﬁ‘_
15ETpet Cin TG
Hy=Hp = H= ) ‘¢ 5
5h(2k+3) + 4 (5h+2t)
g pzd e
il e (e o S SR [ .
= 12.._____.. e Kg
5x32 (2x0.06+3) + 4x1 (5x3+2x1)
MB = - MC = -Hh_= - 20x3 = -60 Kg-m
Mg = - Hhy= - 20x4 = - BD Kg - m

=80 Kg-m

- 80 e UHIM=6D Kg-m

Esfuerzos debido al cambio de
temperatura

(322)
W
RIRRREPRRREs
A
S (4]
¥ C BN s gt
S b % c 1L
i | .
Flkaty
h L FoRa
i
4f
Y= N
L?
(parébaTa}A
H _Jh e A,{- WB ./;q‘——. HU s %
S s ; Ly (et}
: " %
Vp y

2

‘; =k (2+k+2n) : ?‘.2

K (3t4n)y M) = ska12nke2n ;o = 15ki30nk-4n

i

= 33kiZn 5 oy = 16k (24k) + 12 nk (5+4n) + 4n@ mp = 1 + 6k

7

2 % W
= H = - -, + . = 1, = N'L

p=H 4““—7*' (15k+2dnk+2n) Vg = ¥p =¥ .
e w.? e
= My = H o L il R

D 3 (2ke1) 12 (2k+1) S HEftrep) oty

. 2

RO T £, e £ Wl &

o MA Hh : f-‘is 5 + M, th
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UDH»
P {323)
F E1f s
£
Y 1 19 Ish
C k=<
5 X It
h ol
TRL v h
h L—
otrps datos
L Il {322)
A 0| H
Hh—P7 ot "
& I
Uy Yy

o e TR 1,1
Hy =ty = ‘ﬂ"l‘%{t["z*z"“ B {2k+1}1 ;M= —%— (Px 4. My + My} .~ Hhy

i Tl 1 5]
L Pxx 1.1 B* P(x =x} . P 1 st 1
My = [uprionatetn] - o2 2bCt) g - “E?i‘"rﬁ’a"“’"“ o]+ £ u:{x g

quL

iX ' : !
Mg = Ma-Hh i Moo= Mp - Hh s M = BXC dplyp lyy 4w (hea olplp)

VA=BIP-MA+M[J 5 VD=|11P+HA-MD
e erhnl . Jeh 1
Otra forma de solucién ¢ Kk = _Ii[— Lo |
Y o= 6k 41 B = 15k (k+2) h® + 6OKFh + 4 (12k+1)72
Hy = M= b= 19M(Ln) |k (hiaf) + 2 (rt)tal (al) | p(ew) | ab(12 6]y
g - 2 B Y
L pxl
e S v =_J%L__ v
{324)
L
Il -
= ——fm
LS
otros datos
¥ (322)
i
5 (6%, =A,) wh s
e T © Hys wheHy i Vaw Vp= ¥ oe——RWL

8oy
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UDH)

2 2

. wh 5 v (1+dk)wh® | ool +

T g e F demi il ——@“}5— Rl Ty U
w2 .f1+.1'_)-_-h2

= A R T 1 _NLTRKJ WA o =! 4

iy = 240, (@ +12nu; +u,)  + s, 3 Mo = My - Hoh
wh Ma + Mp ;
TR T T e
Uso de férmula diferente : Hp = —%’-;L- S 2k+§ h s Bkf
B
donde @ g = 15k (k+2)h? 4 BOKFh + 4 (12ke1)F2
2 -,
V= NE = siendo ¥ = 6ltl
b

= - 3 (ktl}h +2F wh2(3k#3) | L RN TS
M= Hp + =5V My e—s—wh® + M+ L
A 3 (Zk+H) 0 6 (k1) 2 R A

{325)
+

T . 5 |
f Ih

-

% Ly G| 111.
B [

& M
g =15k (k2) W2+ Goken + 4 G2k 2 3

3wf 35k (k+2}h2 + 112kFh + 4(16ki1) £°
i3 5 B =3

Hp = i Hy=wf - Hy
o wf | 12kh + (12ke1) £ X : 1 )
e e My = = o wF (2hF) My
L {k+1)h + 2f Wi [10{3k+2)h + [10k+8) F] L
LY i ( A
3 (2k+1) 20 (2k+1) 2
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{326)
S
¥ i) Ih
s £ xt BRI
h-a z
5 6 1 1yg= _E‘
h I 3
a I1 11 otros datos
i (322)
} l A . D fp
/o Hp=P-Hp T s
lVA vD Pa (h )2 Pa2 h—ﬁ
a (h-a : (h-a)
e g =——¢
e 4 ; s
I—.D = Za; I:ll(Pai-CAB-CBA] + AﬁCBA}] s Hg = P - Hy
]! i 1
My = =7 = [zn uy(PatCyp - CBA:’ - 01Cpa- W EB;—EEEEHZI;)P&-%(CAB fe CBA]J

== ——zél—lmznu] {Pa+CAB - CBA ) - oy c]\B Uy CBEI i —2“‘;5_. (1+2k) Pa - 3k (CAB * Cﬁﬁ} l
T = e - 1 ? = -, = -
"B = Pa + MA_ hDh 3 VA = \fD e = (Pa + "A _“D.! 3 Mc HD - HDh

Ly :
——-é-—-'ﬂ._tf-lu H.h

1
MX = (Pa+ MA) ;f— + M[} —E-— —HD (h+y) i oM D

5

fy
-~ otros datos
1 {322)

A D ¢
T T -
Ha=P-Hp £ D e
154, P
5] e Ok,
Hp = 207 g HAsP-HB : VA g asl
5 ik ST BRI LR AT
""‘:‘T_HS}_Z—@ ; o = T
Me = Mp - Hoh ; M3=Hl]+_lf_VL - Hphy
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descenso,

(328)
I 5
f |
(/" / i}’ x] 12 . i ﬂ
AW 1L
M Wi,
h. otrpos datos
3 ’
. i (322)
]1 Il
A D
3 e
Hy P ? D
A o g
152 M ¢ ;
6kM M
oLy ) ; S 2 M
Hp = Ho = H _Zu'lh H VA-VD-V-C‘EL i F!A:_Zﬂtl +—'Ea-z—'
s " :
Vi pis el i Mpc = Mgy - M
Mg = Mp+Hnp -—Y—  ;  Mc=Hp +Hh
(329)
Esfuarzos por cambic de temperatura
f s
I»h
£ v 12 k= 12
B 1 1t
X X C
otros datos
i o (322)
h ]
Il I1
Ha A D. Lde
-!irg;éz; g;ézgi 'a Jﬁ ”
15EL et R ¥p
e 3 (1#2k) 2
f h agn
15EI22t
HA= HD=m'__ﬁﬁ__ HB=MC=MA-H?| X MsﬂﬂA-th
Otra forma de solucidn : 45 (2k+1) Eelpt
HA = HD =iH = g
- 15 {3 (k#1)h + 2f} Elset
Ma=Mp = B
Nota E1 presente problema corresponde al ineremento de temperatura, en case de

los esfuerzos se anotan con los signos contrarios.
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— i mlv
fin % 3 )
s .
/‘.I..r[tt T ,
= % =
— M___% oz o =\
= B0 e\ =
T AR =8
: = :
= Ty =
e = Y =& T
= Tl& W i . =
— =) £ .m_% ﬂ_w / B.u
= el
= \h = n 1t ; -WB
P 1 4, .
et — - ] i In.r- e HA HB ‘F i =
i o i i
af G = %
8 s
= = 3 5
o £ -
o w‘l. >
= i s =
.H-' —tfe wi~ | — B
£ <+ fes -
- = X =l me Y
H" /L. i T L =
el ‘ o i =
= #a 2 ‘ = M_'.D
-l
-4 L | ! ZLT ;
* . £ m_ﬂ _ __ :
i [} =
- _ = e =
e
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PL 2 B-al, [ _ B-w
_Mﬂ.:T“B[W *wﬂ: Me= 'zf[m ?EFT]IB

sl Pxt [ sl ]
L2 2 (k+2)

(334)

s (k+3) wh?
e 24 (k+2)
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UDH)»

o .
elddl eI ITIITITITT]C |
Il Il

1
AL D
L i
Lh
e IEL K -
1
P = k2
al = 2kaakt = kt2kl
kwLZ
My = Mp = 1244
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i
b

il

T

it

BRI
Hiki

S

Y= 3k+1
vl= 3kl
] 5
= a Wb :: Wi
Hal=Mes = s T Me= —= -




£ {337)
_Lllllll_ll&i”ll“ e
L
h
5 1 S
I D
 EEEEEEEEEEEERE R
W
e —
k= %—t K =ii 5 otros datos, referencia (338)
7
1 1 : = = L Ll E T
i Hﬂ“ -W(Sk + 2kk* - ‘(‘ - HB = Mc— - “‘—‘—‘12‘,'1 (3k kk +Ek)
q 1 (338)
= bt
e X T
B nls c
k=.—
b 5
oA
kS
! D ¥ i
: 7
" ptros datos 0
b 3 (336)
R ) Comioit
1,2 2.1 BC © “cB BC ~ “CB
ol Pxler) N i e S L
Cag EEEAL R TR AR, S Ty
b
Mo e e e e i LERG. +Coph ™ 0 et Uen
0 2 Hy 2 Uy 2 2 s
5 o e pald ;
4 % E R X =
o sgulcs’ Bgu:B et _[M3+ ri”c-”a}]
c
I2
b Ll s
W
Tiilitiddidisidly
e T ==h
L L ]
2
X S el
SR e
M, = R s < My s M ~w? - M
A Cap (1) (3] i E 8 A
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UDH»
(340)
1o
1 51 I
P
e %1
b 1
A 2p
L ; i
Ih i
k= —I*{L— 3 K err ; otros dates (336)
1.2 2 St e
T e S m;_“k(cAnﬂnA}, K€y~ Cpa)
AD 2 DA T 7 e
v oo WG - ) (O | k(G - o)
: SR 2 bt 28y L
kLGt el ey
AD" “DA ADTFDAS | £ Pxx
Mg = : + s M n+x Mp-M
- 21-11 21.12 _[ A (D ﬂj]
L r % 7
(341)
B g
T
£y 2 [
e
W : I I
- 1 i h
-_
s
-
el
iz 1 J
= Z2 )
L : ]
Tsh 1 ;
Seenl b Chg otros datos (336)
IL i
wh (k+; 411 1 : _wn? K (en), T
I W=—2 i 6u1 My
e _y_nf Tk {k+3k1} , 2w
B s i 'Eul y
(342)
B e -
I ] ka%z—-
5
uw RIS
I
I J
o ey
i 1 L 1
156k+k1

1
2 K (2103)
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9k + 2 " . o r'3,|<+a oSk J
SR e i TR
3kezid : ALY .Hh[.?k-ﬁ'kl 32kt J
i m:[ P F- ) I B e
(343)
c
*

‘_.

s

Chme

rshoang

o

1] — h

bt

gt

o ="

s j

= =3

i R ™

J i "umi
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: (346)
G c
I
= 2
Ty 57 e
I
Al S
| CRE R e S
Igh 1o s
= I"l_L (e i F otros datos, referencia (336)
e S B 2 x M k k]
e + 5 4] oomps o ] o
s &l T M . 1
[0 b atic SN =l e e e
BA C 5 [ T = c : [“1 5 BC = Mga F‘
y
ir
(347) My i
4 2
I
1 2 I
1 1 h
E
p"'——r'-“
a
} i
Ay
b 3 T
Ish 1 !
e : el 3 otros dates (336)
;L I
2 2
o Palh-a) ; e Pa” (h-a)
_C,qg K2 2 Cah h
‘ =k {BC’Q'B"' CBA) 5 YPa - 3k (CAB + CBA)
0 Zl-li AT
k (klcﬂg + 8lcg,) ; v'Pa + 3k (Cap + Cpp)
Mp = AT | 21y
K(KLCpgt BLCHy) 71Pa + 3k (Cypt Cpy)
HC'= Zn i EI-l
1 2
k (B0, + C v P3 =3 k (¢
T a5t Cap! r K A€2C50)
213 2 up




My

1
Mpg = —-Pf‘-—[ (243 ) n + m:l

i ) |||||ﬂi|lﬂ|ﬂ%:ﬂm'||1|||ﬂ||"|||||
== B (m) Mo = =

B I
I 1
I
- L
R o AN LR
Tk R 2 o : 7 1 TS
- el g 2k K (2k43)
|""|_E|=E%1- E-%n—{lﬁkh : jnﬂ 3 Mp =.-P§h- [%‘rﬁ (1+3k + %)m]
Soin
Mgp = - —th— [(2+3 t—}—;— n = (k! #3K - ﬁ ) m]
SN TN o X :|
MC—~—2-[(2+BE)hn+\k +3k—h)m
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UDH)»

E 1 B
i g
il
l
h I
|
|
| i
SR
4 L
I,h 1 1
b= ﬁ : i, TE ; i r s S 1 (R
1 1+6k+k 2_‘_“ (2k+3}
= : i 25 kl\ i . 5
Mp = My - Pxn ! MBR‘ Pl.x {2+3 TN 3 MBC = HBA - Px

1 ' (351) I Mae
| 1
_ ) C F m.lll'.’IHHlmnn... "
& iz I BN ‘CF
; |
h L h =
M
D
I A,
e D
le L 1
1ok )
ko= —121_ 3 K =}rg.;m= ; 1 : n=____11__._
. 1k + k 24kt E. {2k+3)
My = Pxm=-My= Mgg = =Mcy sl Rt o S Y R 2

E—phE
i
B ]2
Iy
1
)
L
LIS b ST e i e P G e L
Lt - 1+6krk! 24k .:_ (2443)
1
S o - L (5 G o =
HA— Pxn = MD 2 MBPu Py (243 ! n MBC MCB HCD




UDH»
P gy £ [
%
('3
B I,
il
1
A e
L .
Lh Towile 1 1 :
= AI—L % k= T - me= —-—i—— Y n:-—kl——- -----
1 LBkt 24kt © (2k3
Ma= -Mp= =P [ hos)+x Im s Mga = -Mgp = P [ U'i1+35<}‘2&'__155
Yol o Mepa T Mt B

Solucion de problemas numéricos =
w = 1,000 Kg/m

eJdii2dsdlitititic
12 = 720 em™
1, = 600 eni’ 5 (5
4m
I=720 cn
A 5y
an . J
R () 1 1z 720
= S or e T o T : ot il o) i
o = 3= k124 3=54 ;5 oadc Zk+akt= 20+ 31 =504
B = k#2=1.242= 3.2 s My o= kad kla=1.243.2 + 1x5.4 = 9.24
P 102 B.4x1,000x4x4
o Mae KWLS_ 1.7x1.000x4x4 : S ne e AR U G S ST
My Moy 7~ T iEm 173 kgams) Mgrllos =S 12x9.24 K-t
2 e
M = !Lg‘__ MB EL%E_ - 779 = 1,221 Kg=m
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UDH)»
1,000 Kg Mg = - 198.78 Kg-m |-|,;=-239.54
T am 1m _.a.l Kg-m
B ok 2. iy B
I, = 720 cnt E : m“m'mm||||m” m“l””‘“t =5
i :_E
1y = 600 cn’ i s
&m
I = 7728 C!TI4 &
W 7D A My = 69.08 K b*
= _ —m -
L 4m I A ! My 28.32 Kg-m
o doe s R s
SNy e e st = e Ty
Crp =is LS (M? | 1,000K31x1 | _ 187.5 Kg-m 3 Y = 3k+1=3x1.2+1 = 4.6
7 ol -5.Kg-m : =3x1, =4,
2,1
o _m._PxL?__ - —1-°°gi—i"3“ = - 562.5 Kg-m 3  Yl=3kekl= 3x1.241 = 4.6
a = 2kt3=2x1.243 = 5.4 ;  ol= 2ke3k) = 2x1.243x1 = 5.4 ; B =kk2=1.242 = 3.2
wi= kerkda = 1.2%3.2 + 8.4 = .24 4 we b xl = 46446 = 9.2
klg, +G ety = 66D . 7
o et 1975 saz.a)‘j CIBL5) SS625) L o8 kg - m
A 21 24
woe o2 (CactCep) Cec ~Cep. ., S 4[( 187.5)+(-562. 5] (-187. 5) - ( 562.5) - 198 78
2 2y i X928 2X9.2 K
A 0 CyetCep) Cpc-Cem _ | 5.40(-187.5)#(-562.5]] _(-187. 5) ( 562,5) —_.p3g.54
G 2]-[1 2“2 2%9.24 4 9.2 Kg-m

1
PR
Mg = -2 -
£ .

b5
[ Mia T )] =1=—“-°ﬁ"ﬂ —[-19333 + __;;'_{-239.54+193.78)] =

979,35 Kg-m
s K {ng*’f;m) CBS f;.a_ 1.24(= 12?:%-9-54562 .50} (=187. 5}-;;53225}= 28.32 Kg-m
; B e g (TR ‘Mt
q
Iz = 15,000 en® :
L I3 = 24,000 ent Il

1= 15,000 e 5 A __

= - Teso RO o
g 3 Mg =-362 Kg -m Mp=-362 Kg-m
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15,000%4 . 1 1 15,000
= e : S e il |
500% oA L e

1 4 1 Skt 1 " 1
16k 1+6x0, 5+1 5 2ok “:_1_ (2k+3) 240,54 _0_13_ (2x0.5+3)

== —22 (3k+8) n 5 = _’_frf_
1,500x4x L. x4
= oyt (30.5¢8) X —ypp— = - 362 Kg-n

1,500%4% —2- x4
T e R e s S PR SR
—0 05 _

(354)

W
SEIITTIL IR ITITIL] ©

@ |$

g Hi=ike S : M= Yo Y

gl o E bt : e =5 iy 5_
1 1 -1
2krakt Bhe ezl 3 T = k] ety gl ke
2
1
2 AE 5
2 Ayl & (6, 6
5 “£ = NLZ “ ‘ 1% BC CB
12 FRE e e S 12 3
RkEwl 4 6 46
o Pl BT i BE 8
= = 12
n TR 1 \ 1
i =R + o [ 2 3 D=
M rm A My 3 VEWHp) X% P "
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I .
20 : ) ; ~otros datos, peferencia (354)
It T
RN e ST Rl
BC AR cB BN R ]
: akIpL + 6K{Cyp + Cpp) klp (b-a) - 10 (Cye = Cop)
B 12, BRI ; 20 v,
akPL + 6K (Cap * Cpp) klp (bta) = 10 (Cge - Cop)
i +
M 12 4y 2005
KkIPL +6a'(Cge + Cop) RIS B T 7 IS R
ik T7u7 7 200,
1 1t ¥ 1 = = i 4
: kklPL +5m LCBC + ccs) : kip (b-a) 10 (CBC Bca‘
L R " I
¢ S s : G
M, = AlMp + AMp 4 % (B0 ARl 5P 2 EE""“ by R Ea'b

o i
e P 1h By
k= — 5 k= === etros datos
I " (358)

w? [ k(s ookt [ wd k(3 5+20k-k’
S SR TR Sup ; T TR L)

whel_ k(iaad) © 2 (5ke3k)) whe [k (keakl) . 2(5ke3k!)
=4 Buy 5w | ¢ i S R T 5y

o

1 2 2
; : 3 Jwh
"x =.:\1MA - mu i J!g_ i P _.1_2_..._



C
I, [
v |
1
1 h
e
I ]
z{f’?’ T " %
Bife e
e 1
Ish 1 )
Iil'."' ; & e "I—E otros datos @ (354)
pa(h-a Pa® (hea)
[ 3 ol BEAT T
k (8Cys + Coyl 8Pa - 3k (Cpg * Lpg) o k (BCag * Cgp) _6P3"3K{CAB+EBA}
e e FilE] i 21 702

k(kleyptaiCay)  83Pa-3k(Cogtlay)

241

AlMa + aMp

k (klcqu “‘BICBA) - §1Pa-3% [GAB # C_B_Al ;

- g Pa p=

21 Z patl 1 21;2

fiPa
12

5=k ]
" | - . fii iy . :
s P age et L M= At Mg
_ M
L2 '

|
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(359)
= B [
& 5
L
Jiy : If n A
e A Xl £==_
1 ==
P
e Tp
Ioh 1 I
ko2 — [l : s otros datos, referencia (354)
Il 1
e gPh ) e RS e SPIRL _ . 6Ph
Mg = "%E ] Mg =+ s * .MC T My ‘?ﬁs p LQ‘
= (X -al)}Mpy.- nPh
W
AIestiddidbbitidlEIA
& iy
21 I_}
w B ' Bl
h
G
A A
W
1,0
2 h
o= =) = ; Mp = Ma
TiL 2 A

Mota : S5e ha expuesto €1 problema de la accion de la carga (w) externa.
En caso donde las fuerzas provengan desde el interior del marco, los es-
fuerzos de flexidn poseen signos contrarios.

A ¢ 2 A
Iz W It
B W W h
W
RN R ORONE:;
A C i A
L
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W (361)
Hiddddaddid el il
B ke == 5
— L =
& . h
— it
g T e I I
I K.l = h_ i 12 1 e {
f A A
.f ( =)
L 4 i 3y 1
Wo W [""1'1"6d
Ll
szE(ME)n _ew? wyh?(3+e)e i “0h2(3+3f‘=)-‘- EN
YAD = 127 (Zre)e + (3v25)n) 12(Z+e)er(3+2¢) n} 60 ((Z+e)er(3+2elnd :
A anwzfi?' - wL? (3n + 2¢) w1h2(3n-c}£ wohE{Tn+2st 4
"ac 12 ((2te)er (3:2e)n? | 12 { (2re)e + (3+2e)n) 60 {(2%c)e * (3%2e)n} M8
En caso donde I =15, entonces n = 1, ¥ siwp =w, tenemos :
o ng 3 "1"‘25 ! wchz (8+3e)e Liomy
ap® T2(1%e) © 12(Tre)  © p0(e2+4s +3) i
2 wlhze wuhz{ﬂzt)a
M. =- i — = - M
BC 12(1+<) 12 (1+¢) 60 [(e2+4e + 3)e BA
Método de solucidn ho1 B Is o )
diferent = 3 ko = H = (2+k 2+k -1
iferente K s Toas 2 E T 2 i ¢
_ o (32kp) w2 + ky szE (3+ky) Ky wih? (7-2kp) ky : woh?
B o 12 a 12 o ' 12 i o 60
2 2 2
o e o (3+2k,) : w,l : (3+k;) ko .wlh - {B+3k1}k2 A “Oh
A a 12 o 12 o i a 60
(w, W)LY " (wyew)L
i W Z
W W
TP TITT I TTToTT] !
B g Che
G
==y
L : :
-
I I h
e e
[ 1 1
A 2 0 )
STy
Yo 4 iy H1 g
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: (362)
AL I T I TI T ]
T ¥
i I c 12 I
B 3
i
hud 31 .
ol ® 1 Bl w0
I, Lols- ]
o G }
ALl EEEEE A EET
L e

L h Wl 1+2nfk bl
L= T H r'i-"‘L— H HAF--TE-—'——EEE—; Mg'= My + =
Moo o M2 1e(3n?) & ; - ol 25n?) ¢
¢ 12 172k : 2 T+2K
Nota :  Cuando la carga acciona desde 1a parte externa, el miembro interto
trabaja como columna de soporte, en case contrario se convierte en
elemento de amarre, (2] representa la fuerza en sentido axial.
'H'z w?
ATTII] A Alidddddddeddfdaddlin
. Iy C Iy e e ]
= —1 W -+ s
—s{ 1 1.4 il z Wy
— ] 184 h [ h
|~ Z 4 ] :_—
it :: v ) L
- o i =
= : I it iy =
. Iz c 20— > WE
0 T Ly ADTIITITITITTITETIL A
w2 L L
L ! L I;L o L
Zuh?k. + wpl? i Wb k- (3k1) . w2
M 12 (2k+1) i ¢ 12 (2k+1)
sz
51 wp= Wwg y h=1L entonces : M =it S 5
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¢l al (363) 1 ¢l al
I, i : 5 B
1 L I I e
1 1, E 1, 9
| A c A
- L CJ‘-- e AWJ L—whu-—-—!_ — k] —————eW
) Izh
I,L
" __ wh(12kt61) Mo = o wnA(2k29) K
ki 120 (2k+1) (k*6) 120 (2k+1) (K+6)
My = - . wh2 (Blk5D) k M= w2 (Tk31) ko
AT T 120 (2k+D) (kS ¢ 120 (71} (kF6)
Wy (364)
1
ATTEIITIIIIT 11 $45d B i
GF 1, fo Tel - B ot
- | ST R i
o o
31 : il il 2upt? + 5w, he K
I oy U A PRETS)
W = v W 2 3
L e e 3 {(2k+1) WpL” - Wih“k
B Iz |t C B Mg = =
! wid 12 (5k+3)
S EEaEEE R EEERREAERAL
\\'2
e F T o
w
ATTITITTIEEEL2346d4 14
e [& 12 C b— N
= f—]
- Y-
- e—
w i B Z b B "
| e— _h
3 i
- —
— G
| n ¢
e I} —
PO o ol
: W
\L— 12 —)L i —+[€— L —
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S R : e
TR 3 R iy : T e T+ Gk
Bsm ohE g T S Genfid 7= Wl 6+ (11-nd)k
REA 8 i c 12 3+ 5k 3 i 3+ Bk

Se reitera la#nota explicada en el problema (362)

2 .
al ““E;i[' I.J.H,g.1 1I1TY]s! wol? (3kk1) + (Ske2) wih2 %
4 e H e —

B o Ant 12 (k% + Bk + 1)
— L
n B - wol? (6Kk246k+1) - (k+1) wih%k
] = Hopoo= 12 (5k2 ¥ 5k01)
" e "1
] 1\r2L2K = wlhzk
C £ ! MCCI = ——r-—'z‘—":;]l‘
. ¥ 5 12 (5k% + 5k#1)
o T S e
L—-l— L—te— L —= S e
: : w 12 [BKE 4 Bk
s Igb
'IlL
(366)
Wz
APV TTT sl Lh awl shan®x
I, ol Iz DlT 2 oY 1, ¢l PR SN 12 (7ks8)
Wy 1 Zwlhak - (gke) w,l?
) Iy 14 M, =
12 (7k+4)
] wlhzk + (6k+d) w7L2
jipate o} boppilete ty = 12 (7k+d)
A TTT?T_‘ITT?T THITIRTeR L s
| W
e s L e, [y =
i (367)
A LI ITIITTTTET]A
'if' - 12 C -
8 s« -
PO I] 22 Il M ki
¥ .
- -]
——i, i
W i i
3 4=
I~ B Zi B fed
= ie—
— — n =
N i
RS -
o : —
) 2 C e
ALETTTT T It T IT T I A
v i
L ' L 5
5 L2 1mfk . S (342k) R2-1 . 4 wl? 2+3k] = nlk




oo Wl (wsk) -nPk oo w2 (5t n? -1
1 i T+K : 2

" 4n I+k
Observar la nota del problema (362)

Solucion de problema numérico :

2
= - —m Wl e =
3 t,fm MBC 3,933 £ !'R‘ '—'E- § t-m

2 tfm £ tim

-

Le*_tfﬂ, E i e X . ,‘I_t;

=]

—l
3t
dm. i
Referencia (361) =
2 Z L 2
wEL (3+2e)n - =wl wlh {3+e)e woh (8+3e)e
Mao® 15 T(ove)e + (B2t | R i(2rde E (201 B0 T (el ¥ Geze)
_ a3+ xl - 1x3x4xd s 2xdx4 (3+1) x1
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2 Z
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Debido a gque la aplicacitn del métedo exacto, para la solucion del esfuerzo de
momento positivo de los murdps extramos. es sumamente fatigoso. se recurre a
un sistema abreviado, considerando una carga uniformemente distribuida

.%_ (248) = 3 t/m _.3_x_g><."r._ 2 %_ (4.066+3,933) =6 - 4 = 2 t-m.
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1h :
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120(1+2x1. 268) (54-1 .2568)

+
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Ve Ve * AB , DF = 40 cm.
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(d3) del miembro BD = 60 cm.
1 d I dy
LS L
I3 2 I g5
L3h 5 I1h Bl
4 el e S = 0,512 x —— = 0.43
W LE L
von = e o t1 (B020)20LoKy _100436(30240.5)-2x100x100x0,43 e
SRR 8 (3+2k+3kp) 8 (3+2x0.5+3x0.43) :
2 2 2
g s NG B RoR R (T S - 3K120x36 - 2XIAXI00_ 0 o
Beeis i%Es e ey 8 1y 8 (3+2x0.5+3x0.43) il
Mpp = Mpp = - 700.9 - 374.3 =-1075.2 ¥Kg -m
T owak
ol L | e 12036 5
Va =L—1L 5 = (Mg + Mg J = [—f—- - (0 + 700.9) = 203,2 Kg
wole T :
Vo =wgly - ¥+ TZ2 =720 - 283.2 + 720 = 1196.8 Ko
H -
¢ 72.3
Ho'= Hg = = —poe =4 323 ogag i
(421)
I3h Izh Iolg
= Y E St S, ERii s = ko +
kl IlL 3 k2 ISL 5 k3 I.QL m k.ﬂ + k2k3 ka
Al Ll s L
Hai= 3am + kskg "o = R Bkll'l'l H 8= T H S Ll
M., M
£ . Mg
Mga = Mpp - Mg ¥ Mrr MrD - MEg 358 M s b o
2
HDE MFG - \'ﬂ_lka |— 3+3k1 e ]
Heifatspea st i HnE = e i Mac 16 (T i
2 & 2
wL Sk 348k WLS kok : 2k
L 1 3 s Mo e g o ks [ 1 2ky.
Mg 1€ [ R U1J 80 3 s
2 2 i
PN AT g o Ykt Shalie
FD = a i My OB 2 iy iy
226




UDHCONECTA.COM

UDH)»
I, D ST BT A
L L L Ll-AJ
| H
el b I,
1
il
L b R
5?4—— —plE G T4—HG
e Vg Vg
2
wlikpks T > WL Kok e
P B _1___1_J oo el R RSN T
OF 8 ey ty 4 2 L
S Men Mpp-Map Mey "F - M
"'rC = L + T b VG = - e
2 L3 Ly L
: :
N Sl TSR R R R R

—

-

g P
f 2 _)1 :
Hp‘ - il k = _2.!:_ " = - 2
Ag Iy LB Iy b In B In H i Lk :
L I8 L L, J
L 1 . Taly otros datos (431)

: ¥ _ by
A k -
) H 3 141_

c —J G
T‘ He '] T' 1
¢ He 5 i3 e _MBa o Mop- Mg
Ve £ v i L L

o
T
ok
Gr
—

G 1
1 "y e " e
Yo Mg - My Mo M) bt o T
2 2 £ =)
e Pa (1 -4u .);".3 [ 348k, i _3]‘ S Pa (1 - o%)ks [ 348Ky 3
BC HZ Ltl F& . 2 ‘12 .JI J
Thgky
: 142k Wik m' o SRal (1 g 2 i L0 _ﬁ_.}___]
= ) 1 1 FD 253
Map Pa (1 g%) koks .[_u-l- +—U-2—J e e
& y Pa (1 - o?)kzk3[1 1 W
Mgp = Mgp - M A =M M : T S e Vol M TR
BA D - Mg FH Fp ~Mrg DB > v iz
2 _ ;
op e e e [ : l]' p gl B - ekl
oF —— s R i DE
2 u 7] i
1 2 2

M My Hen M
L= s ) FG FH
He = He =r—pe : HA:HE+HG'HE . Hﬁz_..h_._ ;VH=___E.1_

227




UDHCONECTA.COM

UDH)»

eae e

s 2
WL (mkoks) [ 1 1 WL (mtkaks)
o= i ToE pR e GEE T e 8

; 2 mikok
Lo ui I 5 Mgy Mgy Mg 5 Mgy = Mgy Mg
BoE = = S Mea LS .

o

HE

1

1
= |
=
7
n
:"l
-
=
I

I
'_’

et

-
L]
L

]

Vg > +

v ko= y  otres datos
_ H 3Tt (431)
I h
3 L Iy Lo a
B
e u%c_ b HE¥ g H
. r t\,ﬁ "Bp = Maa * Mgc 3 Mep = MpyMeg
¢ E
fops Mogen alie
\ .o Pl [ (o8) Brq) 48y g s;} sl
BA 7 i Y = h
e . Pal-gk [ (1-5) (3%4k) + 4k, - “-ﬁ)}, s e
FH™ - = - ;
2 iy i E R
s Pa (1 +_5)k3{:(1-5) (344 )4k, L3 8 okl M
BC 2 i PR | g ¢ E R
Pa (1 # 8)k_ [ (1-8) (3+4k,)+dk 3(1 -8
o 3 2 (sital 3 i
FG 2 1
u2
Pa (1 - 6) : : 1 ] &
= e ST = o i ]. . = Ba
Mye = - . [2 (1+8)m - (2-8) (kytks) | [ 0 + “EJ’ Vs i
#pg = Mpp

228



UDHCONECTA.COM

UDH)»
M M M. -M
. FH FH | FD_ DF
=P F — . = el
R [(MBEIB B O b ’] I e e e + L
Vo =P (1- 6} __A DBE-BD ; Hy = Ho +Ho - H
(435)
I5h Ioh 1Al
e 2 2+1
H ko ===t R e - LEE
<A 11t N k3 Tyl
A
m = k2+k2k3+ i{a & Hi = Im + kdk'i
L'} Z
A
o T g + Sklm
n =3 .‘3k1 + 4k2 (1+gkl}
M {436)
H" A Ig B Iz /l;\ 12 13 I H A ik H
i B ' =
v, Ly L | ST L - =
| i £
I 1 h I E
3 1 3 EN
E_l j FG
“I‘— TR 8 T'—
i Yo'y 2l R I fo e oLy
ik Ial 3 Il
= L
TRy kg e ok BLoh Bk 5 A== g e b
B= 3 +8kg + dkg (142ky) 1
2k, k i : g
Vo= S M e Ak e eMiepky 2MK, kg
42- JAE ¥ ‘BC 1"'2 - MFG = . --_.u_.z_,
M= M. +# : = _ Gk
BD BA - BC L TS "_T;_ Lo s gD
12



UDHCONECTA.COM

UDH»
i L Mg M
e e ti= At Mg = M i el 5.8 Ll =ifle e
M | M-
g 3 "BA , 'BD_ 08B
U e S AL MRS oo s P g
M (437)
; A (-B‘\ phe= F H :
e : ral R
Ha I 4 Iz I2 14—1 Bl
3 el i e
A Vy
He e Hg
G —— G e

1 !
Ve Ve Vo Ky

L
m: = ko + koks + kg 3 B = 3m+kokz 5 Hpg= opp o+ Bk o5 ¥y =_%-, Ao= oo
=3 Bk1+ Gkp(1+2kq) '

3+ 8K, Mk, [ 248k Mk, | 348K T
e O PR e T H v
"ga™ * ‘ l_hﬁ]’MFH_-T— iz = Ul]’MBC Epate 1*3+ 1—'1J
% [_1_k1+2'<1"[. A ( 1+?k1‘ SR T A Ee
MBD——EHkEka LT]_ Ué _‘QMFD' = EMkzk s ?MDB-TMKEkB -__.a.i_.r _|_-2_
Mk 3+8k 7 ]’ |
: : : i 1 1
Mg + Mon= Mo =M =0 5 NFG—-—L T—-—— | §MDF = + Migk3 | —— - —
BA " TBCT TBD 2 ST _I L Lz_i
Hkgks Mg MpE Mg
SR s e e Sl R S R temrn e e
b o
Hyo =oHoF Ha = Hool v:ﬂ%ﬂ- v:-MFH \;:_'_'J_E_&,(MDB "5
e S e A i e o B
v. = My Mor - Mep : v B e o e 6 e
GURSEs R : E T
fy FAER i e Ay
A
1 jis
ik
v,
h I
't lE
c
v & v
c E

m = kz + kzks*’ k3 4

n =31—8k1+4k2{1+2k1)




' UDHCONECTA.COM

2 et ke 348Kk LR
s 1_ a1 3—.~] PoMgy = - R [—-1— - 215 Mge = Mgp - Mgy
16 Al ' 16 g 1 ;
2 2 :
whek. k +7k wheks k 142k 1.
Zi ke 3[m1 ) Satals ];rzm S s e B G R T
4 ]Jl ”2 4 1-1 1-'2
Fh2k2k3 [ _’+ } i whzkzka P LR
Vo R OF g uy T Mg
wh2k,k _wh o, MBC Mpe Meg
" kg 5 3 : 2wt S PHE e B ERE O
& Iy > Mg Mpr 3 e 2 ~ i Hg h A i h

2 + k2k3+ k3

Ly
an # koks 3 mp=wp + Bkgm 5 no= 3+ 8k +dkp(le2kg) 5 NF T
N
Pe (1 - 8% k 38k, S = e (e
— ™ = RO T St
: 2 il
Be(l- B9)k 3+8k 3 1 1+2k
ke ) 1l | ¢ my, =~Pe(d-B ”‘2}‘3 Sh _uJ_J
+ Hy 1 Gt 2
2 1 142k & e { Ly i
Sassl e B e i Mpo = Mgy = Mg, 7 Mpg = Mpp T Mgy
i 2
2
BBk Lt AR ! Pe(l- B )k2k3 T
SRS e R DR R T T Rk
2 1 ; M
Pe(1- B "1k k4 AL 1) o ARHEE i
Mop :+____£.;.__ﬂ i B e Hy = PB = Hp - Hg
M H Men M Mpp + Map
2 g R S e U e g G
Ho = P(1-8) +—— i He n v A oy c Lj i
My Mpp = Mgy * Mpp o Mpp o Meg | Mpr - Mep
i e S A ;o Vg = — + -
H T, E T 1

231



UDHCONECTA.COM

UDH)»

c
G Ky
m= ks & kakad kg 4 g = 3mobkoka s t,
no= 3.+ 8ky + dko(l2Zky) ; 8= m%-
Lt kyks 5
M‘FH =+ Pa [:1'32)‘+2 H MBC = - Pafl-g=)

Mg = tan F Muet s SMeaimittyy = Mep i o Mpp SiedRe(1587)
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UDHCONECTA.COM

UDH)» ’
M = 12h [(m) (4k%+3a) + 2K (a2+5<=+1)]
o1 [ 2 ‘_I. 2 2
[k (542) + 36 (o4 ul® -k (1-20) WL, .
Hy= [l 3 e _—1—M__"—_2
[k (7e1) + 3 alar1) |wi? Il g— By i = b o Hoba
WAL 1 o 4 e R
Bz ¥ * i 2Ly '—2)2
Ll |.1 I-(Ll i LZ} ) L']. WLl
pativelom bl =  Entes vl Ve S o
W (443) _
D ef LISLELELT r x fl
5 Y 4
s s :
I I3 h 12 My
A A .
T s G CT He
Va e Yo ey
Ioly Ishy L
Nota : Dates (D) y (M) ver en (442)
2 2
wl Wl
o i -
s -2'4—(!‘-2-3k1+uk2} X ST - =-Wﬂk1+k2+3) ('1+1J+3k1]x _hz_
A D x50 D
i WLZ »
- B A
; 5 [{k_1+3) (at1) + ﬁk;I % aa L, g
B D A C Ly ZLl
A0S W 2L
3[ e 2t b
S Wy Ao+ HAh+Hch&] i Mottty by
€ 25.2“ +u) B L1 € Ly
Momentos de flexidn en las columnas, AD —= My = Hgy o BE = My = = Hpy
CF —= My = = Hgy
luego, Moa = Hgh 3 Mg = - Hgh 3 Mee = - Heh
Momentos de flexidon en las vigas, L= Mx = HAh + UAx
2
EF —= My = -Hgh + Vox - ‘%‘u
wL
luego, Mep = Hph + Velo- —2-2—
wlo
Meg = =Hph 4 Vplo- 222
EF [ 62 2 ag (E-a)WLg o Ik{cﬂ—?) + 3{:1-&1)]
51 I = I3, entonces kg = ky = k Hy = e ———'ﬂ'——"——-
3 o Ec(zcﬁsl = 3 (cﬁ'lﬂng 5t 3 [ng (31‘_+%} - HAh + Hch“:l
b= ] ¢~ 2Ly (1%a)
2 tkn 2
o MG 5 ke L
BT ) ke EET A Ul e s
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TTIITCITLT
I1 H

e Ll i

I I3 h

; i

Hp» f Hg Ta

vy Vs
otros datos (442)
[ (kytkpt3a) (14a) + 3ak, ] wd - o (km3kpak,) Wil

RN
HA = 5 ;
| 3 ot |
S s [ kprka3) (120) +3k1] W2 - L (el -3%) .wl,l_
(e 5 D LR
; ; Wl . i
g mes = [0) aper |5 Ap[ G | 57
B D
2
2 3 s Wl ] 7
; 3 [:HLE ( 3 + n ) T HAh + Hchu i "'IC [L1+L?} o (L1+ sz
¢ 20, {1+a) 1’8 [ 2L,
Rigt
Va = V¢ EZ Sk “‘%iLlJ i Momentes de flexidn en las columnas
1 1 AD =Wy = Hay 3 TEE = My =ty
CF . o I =Hiy
Tuego, Mpp==ph ;  Meg == Hgh © ~al Meg ' ® = Heh
o
Momentos de flexifn en las wvigas, DE===SiMu s gl A f"-%—
2
S E) ETR
EF MX = Hch + VCX T
WL2
wh e
Tuego, MED HAh+ Valy 5
51 I = 13, entonces Ky = ky = k
wLE
2
e S o e

[k (sae2) + 3m(es) ] M5 - ek (2-0) W

HA — 1
o [k (2a+5) + 3(a+1]]wL§ - k (2a-1) wi
Hc T M
2
a [k_(u+?]+3{q+1} :l wi.z - I: k(?ﬂ+1)+3°l(&+1)] le
Hg = m
'wL2
By sl o ]
S 3[wL2(§-.1-E]-—~—12 HAh+Hchu
Ei sl 2L5(14)
3 i
S R R L L L O L
2 1+ L)~ = 2 _w (b 1
Vg =—2= Li + o Adom B
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W
D kbbbt bidd ; F
b It
e L
I Wt :
H
A B c
TA B He
Ya Y V¢ Lyh Lyh
: R ; k, =
1 IL 2 RE
E= (45 +8Kkika+ 15k1 + 6k2 + 8) 3 N = 24 - (4ke3) - (kb1)
s R o R L DR e e N ®
A aE ho? B aE e 3 8E f
2 4" .
e (77 + 18K1ky + 27Ky + 12kp + 18) ASLES (SKE + 10k k, + 18K +6ky + gj_wL
A aE LD ZE
5 2 2
a0 (ky+2ko¥3) ey L , _{5k1+<k2+5) Wt 1 {4k#3) Wl
€ T E SR D 8E 2 ER 4F
: 2 ; 2
o (3k1 2k,) WL . B (2k; + Ak Ky + 3k; + 2k,) WL
8E ’ EF BE
i 2
ZKE+Hk k
i { 7 12+11k1+252+e}m
ED 8F
Esfuerzo de flexi6n en las columnas, AD —— My = - HaY
BE —= M, = = HpY
CF —= M, = HY
2
Momentos de flexidn en las vigas, DE “— M, '= - Hah + Vpu - M
EF —= M = Hch +Ux
51 12 = 13, entonces Kl = kE = b
_(7kie) w2 Al wi? ko wl? 7kt6
fy = M o T8 (e R4 e es Sn 30 S S o
Vg = 5k+2 Wl 3 Ve=- -4--(-4-1(—3-}—1‘ = Wl 3 Mp T?k+5 -wL2 3 Meg = WT}_'1+ -1-:]."‘2
Mep = _6k +13k+6_wL2 ; MEp = - (Bk+5) w2 it MF = %-WLE
e for el i tros datos (445
I_H' 2-13_L ; otros datos  (445)
{ky#2kyt3) w2 (5k5+10kqkpt 18Ky + Gkos
S 2180y, A . 3 1kp 1 2+9)
Ha = Hp TE et Hp =0 ) T wl
(3kZ+6k k,+12Kk, +6k,+9) (ky * 2k+3)
Vo = ¥ = F -oowl g MDZMF=‘—’1'E2_’WL
{2k, +a4k, k +7k: + 2k, + 3)
Meg = o % Mep = Mpp = 112 71 2 .wi.z

Momentes por flexion en las columnas.,
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UDH»
W
pldddddddididddisldd ]
Ly ok I
'L L 5
I I3 r[\ 12
H A B gt C
A T ? g f! He
Esfuerzos de momentos en las vigas, DE ¥ EF Mx = - HA'n 4 VA?c - %‘
| I2 = I3 , entonces k1 = k2 = k, donde
2
L = Wl . 5 i, oAl S BT T 2l B ]
FA = HC = _mi?rj)—oﬁ-— , HB =0 3 ‘h'& - "-'i: T —-2 ka3 wl ¥ VB = \-JK+ -WL
2
& L Wl v = ; o Rt 2K+l a2
Mg =Mty ¢ RS 00 So¥ED = MR S g
W
1 Wo (447)
5 IRRETRR A
I E I
1 1 I:h
L L fa
i Iob
Lol Ip 1
H B H C H
A T‘— 3 T‘-“ C
Va Vg Ve N = 24 (4k+3) (k1)
N (7ks6)uy - kg L2 {wyi= wp) 2 (Tk+8)uwy - oy L2
i S e Sl T e e DL el e e
Tk+ = kg =
e NpRgte SR IR e i G by
4 (4k+3) 2[4k+3) 7 4 (4k+3)
(Th+6) W, = kw Wqoe Wa) Tk+6 = -lewt
= e e S22 M= ( L e Mg = ..{__._}“._Z___._‘l_“-. 2
i N 12 (k+l} 2 N
B (6k1+13k+£) + wek(6k45) (2, Vinls o ik (6k +13k+:]ﬂ1k(6k+5) 12
Momentos por flexidn en Tas columnas, AR —== ﬂy = =y
it == My. = & Hpy
EFi =t H_E' = = Hc}"
Momentos por flexifn en las vigas :
' wlxz
e My = - HAX o VA‘A —2
< i W2
PR MX = = ch ‘?'VE:X - —?-
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P (448)
2 %‘ : ]
D F
SRS T BT
L L I;h
i SRl
12 I2 | Iz
Hy el A B Ga—tB c
c
v |v3 Vo
Hy = 2 (4k3) + b (10ki9) ST A SRR 1 ._Pab
- a(ke1) (Ak43) L2 e 7] 2
g = a.(Ak3) - b {7ks3) L Pab .y Dk(sasrob®ear?) 4 3(3aben? 12) ] ey
(k1) (B3] hLZ % 2 (43013 :
o 2
v l2k(erd-an2op?)sai3-2ab2-02) ], .y, .2 l3(b-a) - 2k(brza)],,
e (4k+3)13 ¢ 2 (4e3)L3
a (4k+3) + b (10k+3) _ Pah pab a(4k+3) = b(2k+3) Pab
Mn = - = - - Me= = Me = - L
2 4 (k) (4k+3) 12 e TN A1) (8k3) 2
g = Lak®(zabrab?eai?) + 2k (12ab+4b%4%) + 3 (4abeL?)] Pab
§ (k+1l) (8k+3) L3
Momentos por flexifn en las colummas , AD _M‘Y EeHay e BE = M), = Hpy
CF— M, = Hy
Momentos de flexidn en las vigas : DE — M, =-Hah + Vax X <a
Mg ==Hgh + ¥ax - P (x-a) % ra
EF — Mx = ch + ch
4 2 (449)
. oa i_ b b 3 Al
D & F
i g2 17 &
1 L e
Iz By n I,
Hn-»rf A B B cfr-u He
V
v Vg ¢ "

ak(2L3-ap2-2b%) + 6 (1L3-3ab2-b2) P

2k(a+ Pl =
. 2k(a#2l) + 3 (Zatl) Pb° Vo s

V, = ¥
AT TC {4k+3) L {(Bk+3) 3
SRR 32 P Al 3 2k (a+l) +3a  Pab
D ®UF "7 Wke3) 2 : E (VIgR) =~ (4k+3) 12

2 L gss Ny

2k (a+2L) + 6a Pab® .
Mg = T8kF3) B T Momentos de flexién en las columnas AD y CF
My =s=Hpy = - Hey

Esfuerzos de flexidn en las vigas DE y EF :

My = —Hhh+Vﬁx = =THeh + Ve ==s=s-e X8
238 '
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M, = Hpp # Vpx - P (x-a)
= - Heh + Vex- P (x-a2) e e
(450)
0 L E Iy F
o
: L \\ Ly
L J;
2 3 1,
|
: H H
M A B . c ¥
Yy Ve v, ;

-
L

(140) (94 3uk o3kt BRIk 18KE ) + 3Ky (1+8ata?)
P = 4Kk% (1#a) + 2k (I+Sata?) + 3u(lwa) 3 R= (ky#2kprd) (4kp+3)

e uh [3(119) (3akpt3kp#8k1kp#3K]) + Bk (r2ae3a8) + 12(oky ) (Botaktlcy) + 188 (wi2) ]
7 &7

_wh [18(0+1)G+20k§+12k1+Ei’Jkl+uk1(15“+2[!k1)].Hc _ wh (189330044 (345K;) (140) Kp )
L] i

B 8F BF
_ whP[B92(3ktks) +  (Bkpr1Sky+ kikpt 8KE) + 3Kg (3K - kp)]
4L4F i
whi [y (9047k; +3-307 - daky) + ik, (7a-1) + (1-a] (9843, +3uky) ]
e : 207
_ wh2[ K (33046411k1) + kg (646a) + Kpkp (74150) + 184 ]
¢ 4LF :
. _ !
WS wh? [12 (atkq) (Satakytky) - 3k (at8) - 4k§ (1) - 18a ]
D~ 8F
2
_ 2] 1mPiaky (184150420k) 4 Bkyk, - 262 - 10akjk, |
e 8F
i wh [[33ak +10ak K, ~ Bkyky + 18a:12ky + 22k§ 1]
M= i BF
uh? [18(14a )0 +20kd +12K 45 lak uk (15a420K;) ]
Mep=" 8F
wh? [ 182433k +4 (345,) (1+a) "2] _
e = - 5F 5 51 Iy =15, entonces k, = kg =k, donde :
i = o [56(14)i% (24410004 3302) K + 18 (2430)a]
24P
W = wh [20(140)k? + (124510 + 15a2) k + 18 (1+a)ul
B , 24p
He = wnL 20 (130)is 2ea5a) oagal. v, wh? L(2438) K24(74a) aksga? ]
24p ’ a7P
__ whZL(6e3n) K2 (410008 kho(1oae], | wh? [(6450)2 3 (4130 kepa ]
Y=o BLP PIE 4P
wh [ 8 (1+a)k? + 3 (8¢30) ak + 18s2 nz[(4 2 ;2
Mp = (Lia) 2 (8+30) ak + 187 | Mep = - [ +1f}a)§4p+ (18+15a)aks1842]
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UDH»
oo = 2L (16010 )k2e (124330) k v 186, gy - wh® [20 (1) k2 + (12+456) ke18a]
Mep = — 4P feiins 74P
W o . w220 (14e) ¥ + (12453ar 1502) k4 18 [146e]
BB/ 745
S BETN O R
i LI = L2 = L, entonces |"1 = f-p_‘-i._ 3. Mol wepel HEQO
ik ; (5k.+6
| (st s kA k) 16 3
Hq = W H B
' 23k 8 (ky* 2kp + 3)
(40K 1k + 24Kkp+33k1+18) {5k1+6)wh? ] 3kqwh?
G ) B e e T TV TR e b e i
= 2
o [1kpre) wh? g o (-8k% * 28kjkpt 9ky + 24kp + 18) wh
Yo = TwmpnT - D= TER
(18K2 = Ak .+ 33ko+ 18) whl (22k7 + 4k K+ 45k + 18) whi
M NE, 1 1 i =S i) : M = 1 12 1
ED 16R = i SER T6R
(5kq+6) el . (80kgky + 28kp ¥ 33k +18) o
G Bl e e e R S T :
51 Ly = Lkz =L, Iy =1p= I3, b sed cuando Ki- = k» =k
(112k%+201k+90 5kt6 . _(40K+57k+18)
Hy = T ) wh Hp = —z-é—-?ﬁ_;%}wh 3 Hp .= ‘1(58‘(1?4-'1')‘(313*3‘]‘ wh
O (1 SRR e g - (11k#6)wh?
A B (8kF3)L ? B ERETEa ! ‘e "B (§E+3)0
. _(6k233kr8)un® o (1023318 (2642445kck18)wh2
g Bgees) ¢ Mt Twmnees ¢ %P a (1) (4k43)

___(5k+6) wh?
Mep == 52" (1 ;

Mo = _ _(40KZ +57k+18)wh?
Freis I8 {kF1)(2k3)

Esfuerzos de momentos por flexifn de las columnas.

7
T S 5 B i
AD My =Hy - ML 5 By
Momentos en las vigas DEi== Hx =
EF —= M, =
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= Heh + Vex
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UDH»
(451)
D
L 1'2
A
'a el o S
LSE T i I
otros datos (450)
Hy =W E14(1+«)k§+(¢0+332m+ 332%) kﬁl:;él-m] kikp+20(2+50+3 ?‘f__)_k2+30{4+5ﬂ)ai
Eﬁ(&+])k%+(2?ﬁ2+8?u.+20)K1+3Dﬁ(u+lij . [61&k1+35{]_+c(:] k1k2+20[1+\:¢}k2+30\1:{
B r R A SR i, s D eaE AT
v o ML (a00 21 )i ha (574300 kp# (39-0) kg p# 30( 14 )akp #9007 |
L S 300F e
Wh [(sz-zmn)k§+(30+126a-3m2)kl+(32a+2_jk1k2+30(a+1)(1—m}k2+gg (1) |
Y =in 0¥ )
Wh£61k2+'(183ﬂ+30]k F(Blo+41) k. k. +30 (1+a)k +9002"
Vo 1 U 35 ks J
30LlF
Lk whtzs(lw)ki +(36-21)ak; #52(Lia)k k, #60(1+e)aky+00e” |
e 60F
Wh E(maﬂ‘”)kgmfﬂcil?ﬁ)kl + (26-540 )k k#9002 |
Hepines BOF
wh [[1222 + (83a460)k, +(54a-26)k kp 490 a) |
e 60F
o o M0 L36(0a)k2 +(2762+870+20)K) 300 (140) ]
ESIS 207
Ao wh [51qk1+35(1~;33 kqkp+20(14a)k 430 o ]
i Lp = Ly, entonces Ky = ka =k, ' luego
i W [168(1+)K2 + (80+4320+9302)k + 30(4+50)s |
A 60P % ¥
: W[ 36 (14a)k2+ (20487042702 )k + 30(14a) o] - W L36(140)k2+(20+81a)k+30s |
B BUP ; 607
s - Wn [(13+6)k? +(200+29)ak+30s ] s ¥n oo b [ 7(200)i4 (1042101062 k515 (1) ]
S 30L1P i 150
y Wh [{270+34)Kk2 +(710+20) k+ 30 ] -y = Mh [8 (1+e)k? +(324130)k+3002 1
c 3007P L 60P
_ Wn [ (4+18e)k2+a(270+26)k+30 2] _  Wh [(32+18x)k2+{204610) k302 1
Mep == MEF= - {
60F 500
Mew = M [ (36+360)k? +(27a2+870+2D) k+30a(s+1)] 'M‘ __ un [36010) k2004810 k300
EB 0P 7 50P
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UDH»
> Iqh 1ih
59 Ll = L2_= L s entonces kl e 3 k2 Do
ol I3k
> (Eak +243k1k2+405k1+20nk2+2'?0} 3 L9k1+10\
H = L B Y e— S —— ——
A ion B 20 (kyveky + 3)
oy A7R2RkorA0ko £61K+30) S g s M SRS Tuihky
Ly G R : AT O (FF3y vB o TOLTARTAET
y . Wh{B1k;+30) ! R {—55k;'r194k1kg-+15!-:1+120k;3+90}
€~ "ROLUAK=3) : i Sk T20R
ce s
A (94kT-28k; ko+159ks+30) i) el {1225\l+2an_1.<2.243k1+~_-n)
ED TZ0R EF ; 7R
(9 +10) 72k K+ 80ko+6 1k, +30)
i 5 i i L Ty
MEB = - M ey s e 708

R e L L e e = 4 (336k24605k+270)
LS L e B T I3 = 1z, entonces ki =ko =k donde : Ha W \iﬂo(km—

s (Ok+10) -y (72k24 101430 S 19k:30
i = M—ntiery LR e Rt
T e : i uhta'lkfau] .M _ (1BkS+45k+30)
B TOLTARF3Y 7 BULTAE = 120 ( 4k+3)
(22k%+53k+30) . 150K%+81k+30) . {9k+10)
= Bt I b i 7 i ==Wh e
Yeo® = ¥ oo @) o Yer = W mrte T (e3) e S e
Me = Wh (50%+81K+30)
T20(kk1) (4k+3)
Esfuerzos de momentos por flexidén en las columnas :
ety . W : e
AD My = Bay - o5 (hye- o N U T

Esfuerzos de momentos por flexion en las vigas :
DE -—= My = Hgh -Z uh +Vpx

B e M=t v

(452)
n 11
L 5
[ ll-h
I, e
W
11h
[l
A Hy 2 1L
n
Hy = Ho=
2 2 :
3K, wh : 3k1 wh kg 2
Vo= ¥ i i e N = . s Y= e Pt o SR
RS 4[4k1+3] 2 \CisleTy rae el fa Ak +3) "
Mep = Mep wh? : Mo, =0
ED IWTW_ 2 EB
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UDH»
mentas por flexion en las columnas AD y CF :
3 wy? _ny?
hy sty B oy -
Momentos por flexion en las vigas : DE y FE
2 2
Mg = Hah - “”E‘ +Vax = Hch - "E; + Vex

He = (1KHO) o) by = 0

Va 5 (4k=3) i

7k Tk 7k ;
B ¢ o LR R S R s
s 2 7k ; y =

Meo™ Yer T SoTaRemy oW s Mg = 0
WMomentos por flexion o doblade en las colwmnas AD y CF,

W= Lol 2 by - S 2. y3

Mom s St e ) = ey L P 2
Momentos por flexidn en las vigas DE y FE,

: 2. £ 2
s bl = s MgV ar = ehic. 5= Wnes e

W
r—‘L\D Fl E I]_
h
I L ke
|
o A B k'
Wy i L (L
s o Akih®  (Bwy + Twp)
Mpe s St [3¥%7)
2k b2 (8w.+7w,)) '
Mep = Mpp = 1 . e
EF 120 (34, )
I1h (8w + Tuy)
S = = - = i LEAKRe
(AN D R Tol donde - M Mp o (3545

' okn? (8wq + Twy)
T (352K)

~ Mep = Mep
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(455)
o I
B .
L
Iz
A HA
¥
A
11h 11k
E = (ks 2k+3) VIR L 7 e e
(4kp+3) (2ky+3) (8ks+3) Ph
HA‘—% ast s TR g 4G : VA"_EL_’ Vp=0
7 f:
= CPHES L P LAkatRl S = (2kq+3) . o e B
Ve 2L 3 Mp = pr P 5 MEE 5 Ph : Mgp = = .Fh
(2kqy+3) {8kot+3)
A 3 A it e T
31 I = I, entonces kg = k? =k
S A3 3 _ Pk+3 { e s SN ] Al
HA = Heo T = w e Hg = -6—':;-k«+1-}-«|9 x Vg = S Vg = 0 k Yo = L
2 4k+3 . : L PR e A o (P
"l o Mt B s g
Mpp= —(2KE3) oy - (Aki3) oy
3 12{k+1) ; P 12{k+1)
Momentos por flexign en las columnas,
AD —= My = Hpy v BE S M Hn iR Shse . = Hey
Momentos de flexidn en Tas vigas : DE — My = Hph + Vax
ERiie e Mx =-Hch = '\fcx
Esfuerzos por cambie de temperatura (456)
) E F
Iy 5
A Ll. : R B _ I
! 13
IE i _I Iy I2h1
H
HP. A NE—TB. CTQ— 13
it
\'A VB VE kE = -_Ih
Islp
S = (35k1k2 + Bkl + 8ka + 3)
4Eetl (Al +8knt3) Lo lsEetTi(ky - ko) _ AEetly(8kp#8Ky+3)
H= SE g I ShZ o= She
BEctl, {4k, +Bk,+3) 6Ectly [ (Bkp#BK#3)Ly + (Skpt8Kq+3)L, |
Ua SRL; 7 Siiees ShiqLz
6EetIy{dko+8iy+3) : __ Gketli(4ki+8kpt3) R 16 Eetl1 (k1 = kz)
Vo = Sz ¥ i e T e L Sh
2Eetl, (Bk+8ka+3) 3Eetl; (dky+8k +3 4 Eetl (4ky+8k 23)
YeD= 1 Shl 2 ; Mep= —-2--5}—;——-*—— el
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: 12Ei:t11
i L1 =L2= L, entonces ky = = k, dond H =H="“*'—5-—;H=
T ik L A TS T e g
V4 =¥ SoEst v ey Nota : E de d de
- = Fo¥plsi s et A 2 : En caso escenso
A= YC = R RN T T temperatura, se nglndif'i
2 12Eet] BEetlq! can los signos de los
My =ip o cetebl] i M= A hal
D E (237 " Tak+3)h esfuerzos
Solucién de problema numérico :
W1=800Kg/m Wo=600 Kg/m =L
— WL 3 e
T D Ij=p-zm E I;=0.2m F = III“" HHHJHI"
5im 8m - Bm 2y
L I5=0.1md I5=0.1m? Ip
oA OB cCo HA
Lh  o.2xs Va B ¢
k=Tt “o1xe - 1%

e [ (7x+6)u-kiy 2 (1. 25x716) x800 - 1.25x600 | x8x8 . 37 ¥
N AT T 2RI (1.25¢1)x5 4

ety = Lo L{1.25x746)x600 - 1.25x600 xs _ e
A 4(4k+3) £ 4(4x1,25+3) TG
(wy-w, )12 _ (5K53) (wyiw )
T e = (800-600)x8x8 _ _ ¢ AN 1
i e s T2(1.25+1) x5 R S E RICTTE
5;i 2§;~3258{}0+600 8 = 6,475 Kg
i 5 2 5 (a Ay
o L7ktE)ey — k] = L(2a.256) - 125800 1 x8x8 . py5
C = “2a(@k+3)(kr1) 1 24 (4x1.25+3)(1.25+1)x5
[ Tks6dm, - k] L [ (7x1.25+6)x600 - 1.25x800 | xa
¥ = 5 lkE) s ax (4x1.25+3) = 113683/ Kg
(7k+6) - ku, 3 (wp-wy) L2
Mp=-— 24(8Kk+3) (k51 L™ ==1.637 kgm ; —-——(—-——12 G 474 Kgm
\v1(6k2+13k+6} + Wk (Bk+b) B
- | ol S
MED 74 (4k73) (ke1) k: 5,137 Kgm
W[ BK2HT3K46 )+, k(6145
Mep = Wo(BKEHI3KIB) 1wk (6ki5) 2 --4.,663 Kgn
24 (4k4+3) (k+1)
(?kﬂ'ﬁ}\ﬂ'z = k\'fl 2
L e s LS =LA to
Ubicacidn del punto de miximo momento, desde el extremo (D)
2
y WX
1 2,762.5 . 1
VA= waxty ——— % = B et e R < Moay Mo W
= 3,132.6 Kgm.
; S e '
Desde el extremo (F) ; Vg = WoXm —= ¥p = W —1-5-50— = 3.27 m.

= b, e
Mmax, = Mg+ Vox- —5—— =-1,163 + 6417.4 - 3207.9

= 2,046.5 Kdn
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UDH)»

wy=18.1 Kg/m

!“.a-—' =A308 Kam

[0 BoL EL T
|
T3 bin I:,_\
a1
i C ol
& B l
g W,=338. 1Kg/m Altura 0tiY (dq) del wiembro DE
48 cm,
d AT (R Nl = (s o i 5
aé_ - B~ 2 _dé""'j S {da) del muem.!:rc_sopa:te% Gy
Iyh s
ky = _’E!—_ R e
ephe  (Bug i) 4x1%6x6  (Bx18.
My =iMp == 30 e P R e "L“{T{:m'- Ko
2k (E\'Il"'?wz} 2 r et L
et i _2ulxbxo {8){18;1 + 7%338.1) Ayp
il S v et e e v b g 215.3  Kgm ¢
Mep =0

(457)

Ho= (k1) (6K + 9k+1)

3

L (2 sy )2 1 s Y e SR e
B e e B ) T h
< . : 7 "
Yy = AZTRCSEEREA0kIA), Vo = Bk} Kl Vo= (35481l
A W B e e g iRl
= 2 i
oo bekTH 8k & BYwLT | (9kel) wLE o kw2
A 280 : M 24T i 241
W = - lisPiaeuey w? O Me - (9P 27KPa10K?) Wil2
D Ak a3 ED 244
: : 2
 (adazke) kit e (1ske2)uL’ o 3L
TEf 24 : S R IO e e T
Momentos per flexitn en las columnas @
AD === My = Mg - Hay 25+ BE e Mg =M= Hgy b G s e - b ey
WiE™
Momentos por flexign en las vigas: DE — Hx‘ = e Hah S Vs b e
= Yex

246
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" ; (458)
2
DL ey -
I o 11
RS L il
: 2L
i 12

otros datos (457)

s = Ttk inl? - Pul? (81} (w-wy) L2

8Hh : g = B8Th
: (7k2+9k+1)wol® - K2wiL2 j Vi - (2ixd+5ek2 a0k )Wl - (3RZ4Bki1) kgl
‘= o . : B
(SKk+8) (wytwp) L s (21k3+56k2+ 40k W,L - (3kB45K+JkwyL
T v b M i s T
(6k28K1)wgL2 + kgl il (9c+1) wy -wz}f et (BkE8k+1 hwal =k L
A = o e 0 24T gl 24H
oo (15K2 49ks2pt2 - (3h1 Y kb ? s sk, e ot
D 24H 2 EB 247
(sk2+12kk2)wy L2 + (9k3+27K2+19K+2) ol
Moo 2 ;
2 vk ! ih i
o (15k2418k+2 ), L. (3k1) by L
288
(9k3427K2419k+2)w L? + Kk (9KZ+12k52) wol?
Mep== 280

Momentos por flexion en las columnas, AD ——— M}r = My - Hpy

BE —= M, =My - Hgy 5 CF =M, = Mg = Hey
W]_)(z
Momentos por flexifn en las vigas. DE —= My = My - Hah + Vgx - 5
s

e
FE— =Ml =M ~Eh & o 2

En caso donde Wy = Wy =W

[ W
ol LT TTTLL S48 0L 1
B E Iy |
MR : e ) |
h 12 12 . 3 g 1
Vg Ve My Me
2 = ) o
vl - 1 C o3kt i Sk+diul
Hy, S = EEAIR v e ] Vr“c-%(mr- VB'JWF)I_F
MA = Me = w2 Moo= 0 : Mp = Mf = S WERE - (3ke2)uLd
34 (k+1) B (et} » Mep = Mer TToaGer)
M= 0
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Esfuerzos de momentos por flexidn en las colummas

ADCy CF——M, =Ma - Hay = Mc - Hey

2
3 i i 5 P = j WX
momentos en las vigas ¢ DE y FE~M = Ma - Heh - Mhxo- —

Ubicacion del punto donde se genera al maximo momento de doblads o flexidn
(5k+d) (2712+40k+6)

WS TRy = Muax = s w2
(459)
Te
il
LL

otros datos %
ver (457)

2 (9kZ+13ks1) - (15k2+20k+2) D 4 12ks]
) =iPp (2 [f( 105 J];Hr-Pb[P.-l);(_L_,____]_
(i =M 2Hh E L 2Th
b : 1
e AN [f (9k2+18142) - (3KP47kel) |
s s ZHh
B 4
bl B (3K3riskPz2kea) - 3 B (7k2411Ke2) - 3k (5k2+9k+3]]
¥p=P el L
& [ e ZHL
i b‘
pralatpeb e Lk wtetme 8 ]
= 2(kA 1)L RS L 2RL
=
B (2KZezk-1) - B (Bk2+7k-1) + (k% + 5)—{
e L =
My = Pb e
[~ 2o + (sk) ]
Mg == Pb f%—l) - :
: [{1 (akE47ks2) - (2k2-+4k+1)]
Me=Pb (2-1) -
e
f‘b|_- T (7K2+11ks2) + f (18Kk%326k+4) - (11k2+15k+2}]
L
My = —n
b and ] b
3 i : [f (3KZ45kH) + K (3k+2) | i b [L (k+2) + ?k]
M= P (2 - 1) (we) - Mep=Pb (p-DE— o .
Sl 1}i"% () (Bt + K (3Brk-3) |
EF i 3 2
- G e T - (e
ot fb A L 2
S el 7
3 b2
Pb [—fa (k3182 + ozea) ~ a2 (10 + Iez) - P ISKOKE - l?k-4}+k(12k2+19k+.5}
e S 2H
Momentes en las columnas, A0 —— M}, = My - Hpy 5 BE I\‘Iy = Mg - Hpy
' CF —— W, = M¢ + Hey

248



omentos en las vigas : B e I“i'x = Mp + Vgx xg b

M, =My o+ Vpx =P (x-b) X3
EF ——= M, =M - Vex
2
i v 5 (21KkZ+27K+3) o (28k) R Ak
Shb=s i L TR o rBeTlEEERe o e
: = 2
_ o (39k3+ 108k2 + BOK+E) 9 {11k + 8) ) - p. 3 (3K345k2eK
BT T Liv e = e Pm;raﬁ'—l
Bk 48k 1 {9k+1 S TR (251341942
My = PL""L"__IEH_J' 30 Mpi= PP'*'Tsrl‘ ; Mg = PL g Mp = -PL
(k+2)(9K249K+1) k{9k2s12k+2) (15 + 2)
MER=L S Bl R s e R SR e £y e
§ g, 2
o oy .k (Bk1) ; oy . 39K7+78K2+azk+4
M = PL = 5 Mg = pLo SIS EIECS

b? b ]_
(B 132 : Eb[rf {k+4)-6 2- 3g ]

Hy = Hg = 3Pb+ — Ty, ; Hg =0 N R TZ (k) L
b2 b (B iy
T (k+d) - 5-1:- - 3k;|. . _ T S
Vp = - Pbb ey o My = Mgl= P ——=—oy # U
J 4 [b (k+2) + k_]
S e U St B gy et
MU MF Pb o) P Me Phb (L 1) _.____i..(.RTIY_
L
R o +8
2 2 L 3 Lok e SR B L
A e B e el ATC 16(%+1)

o - (ihes) - Ty

1 ! | = 1
: e : o el U SR PL
B~ Bk 30 My =M s Sy e e v My= M=~ —promy

= 3R} T o LSKHAY oy
e = et G~ 32(kH)

Esfuerzos de momentas por flexidn o doblado en las columnas :
8 R e My='HA—HNr

Momentos en las vigas : DE' y EF —= M '= My - Hph & Vpx . L

= = = F et R
M= My - Hph + Vax P (x-b)

249



UDHCONECTA.COM
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{461)
D E F
I M
;I_ L . S ehi
P—T—n_ G _ L
a Il h II I1 Otros datos
g oA ¢ (457)
=T, P Fome He 3
TV;,_ TVB ?"’c
: a2 [ (72K3+144K2 + 6okce6) - % (48K3+8142+29k52) |
LB [ Ve 6heH ]
¢ 5 a2 ]:3{12k2+12k+1) = % {24k2+12k+1)]
i Bh2T : B
a2B35k3+rzk2+30k+3) -2 {24k3M5k2+13k+1)J
He =P pre
a2|:- 6k3 - 6kZ 4 3k + g (gk3+13kg+k}:|
b ZhLH '
32[- (18ke+27k-9)k + % (18k2+2}‘k+3}k:|
¥ =P HLH =
. aZE(4k2+?k+2)k o %'(9k2+14k+2}k ]
s ZhLH
" a2[3 (1863 + 412 + 2aka2) - 2 (2445 + 48k2+23k+2}]
My =-P| 1- - e
6hH : 3
a? [ 3 (6k2+7k+1) - 2 (12k%s0k01) | a?[-exd-7kPaks f (8311 |
Mg =P T ity = 258
! .
a? [[18k3+39k2+21k+3} -2 (12k3+24k2+10k+1):|
Sk hH
a?(ke2) (1+ k 2 )k a2y [(6k3+10k+3) -2 (5k2+7k+1):l
MoV E 2hi AR Zhi
2 rer? gl ]
azk]j(ﬁk.*ﬂ 3 .ah_ f“ﬁl}] ack| (6k +11k+3) H (2k“+7k+1)
MER! = =P i Mp=-p -
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' (462)

Ih

b H
1
IlL

e,

I3 ke =

te

g

(Bk2¥9kt1) = T

2 2 i
o (1265va5k+2) L _ (ekS+12k+1) _ (12k55ke2)
Hy = = P gt e p S e et
2
- (3ktd)k | Ph Aiyine - (Bktt) Ph Loy o o o (GkEHOKEZ) o
b e i Yemilis « i A ST i
_ (3kP+ekl) | . _ (6k249k+2) B EERR
by = i Ph 3 Mg = Ph My =
T LS e R RN L ST e o R SR LY S
Momentos por doblado en las columnas, AD —— My = MA + HAy
BE —=M, =Mz - Hpy 3 P ——"M, = M - Hey
Momentos en las vigas : PE My = Ma + Hah + Vax
FE——7 My = Mg = Heh-+Nex
(463)
D E F
1
= L b
Wi o
e 15 f I I
e
A g ]
Lz W“"Hf a1 5@‘- He
T"’A Vg ¥e
jellih: : otros datos (857)
Iy
3 3e20k2 341712
fy = 32 +83k2458k46 ‘ = K20k o xRS 1. 2 S B
v o . (K245ke5)  wh? bl Bk AR kTl ik wh
A & L 5 BH L "8k L
_ = (7k%+14ki6)k . wh? | 24Kk3+60Kk2HATkE o _ 12Kk%419k+3 »
Ygi= 3 HEE L e YBIE e
__12k3+28k%418k43 2. _ _ (5k+7)k il _ (2} (3kak o
ME = 241 _swh H MD 24K wh MED—‘- 241 wh
_ (9Kk2+1ok+9)k e A kgt o _ _(12k2+23keg)k 2
Mer 24H - M e 247 Mb S vl A
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Estuerzos de momentas por flexidn en las columnas,

5 -

S = Al s Al i i . T
AD M= My Hoy s BE My= Mg - Hpy 3 1 GF MyMe- Hey
Ubicacion del punto donde sé genera el memento maximo, |

Z 2

- _16k%erk®r poke2 . oo L enik s et mi) 2
¥ & ke R 128(k+1)= (6k2+9K+1)2 2
Esfuerzos de momentas por flexi6n en las vigas:

BE —= M. = wh?
My = Mg + Hgh - —5— + Vpx

FEI=—=

sl

et
e S TR Hy
3k 2 wd k
B Tame ¢ MM - aam PoMeD s M Mo s - ey W
sz _“":i ey
M =M = - —1. 3 M = Mep= 21 i M = M = 2 ' -
DG = Mpy > DA = MFC* o ey EF ED 4 (14K) wiy  Mgp =0
Yo r ¥ (465)
cLetd SPTITITILITTTITTITITTIL ,
T O e T 12 E
— 5 £ £yl
o C
i T y G : He
v, Vg Tuc SR
—— [4Kk+8)+3k
2 L
L2. 1] :[ (344} Jle J 2
AU ; T e - wl.
A Hg S [ 8(1+K)h R T OrgL 1
2 2
a+5k 2 3k 2 M s
Vo = P e — M = = = 5 = e
T R T E PR A ) aic)* o6 = Mew F)
NLZ kwL%
Moe= MPE = - prieRy - 2wy 0P MoA T Mrc s (Mpe - Mped = (Mg - Mgp)

etk 2 S, Oy
% TTETTA I e T K] (S1
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3PL1
H, = g o _enanh 2
h " e = w

Vg = UTr[LfkTL i M

PLy kPLy
Mog = Mep s SR s Mgt S ler = ey Meo = Mer = (1)
Mg = 0
(467)

1h o (ak41) ]
al o ] = = iy '_“_L_ - 3 - . - —
" s WA sHeREe ——erts Hpsi0s 3 Vs SEetl —=rre
. _ 1
Vo = 18Eetl
B s hL(k+1)
LR ZRERE S : g T el
M= Mg = SEetl il M= 0 SR T T R e

i
Mg = 3Eetl TR

Nota : En caso de descenso de temperatura, 1les signos son opuestos a las presentadas.
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Problemas numdricos
w = 1,600 Kg/m Mp PH
cleltra LILEE LR TITTITIITT] ]
D I E SRR G G
T b s b Ly
' il BT 1
-E:-l 1
H}l '_,’z_’/?/.-/E/_ z:z,’%;\l i Lz 7 .HC ,r
[ Tu l b M
vy '8 Ve ¥g=5,600kg  VB=6,000Kg _Ilccw&,ﬁﬁi}l{g
Datos L1 = 2m, ¢+ L =4m b= 3m. K= %—% = --—gf;&—;-%g—- =]
= 0.0 1= 0,2 md - 1 1
41 . il
[ ] 4
S Hp s w et L i Sxdie BRBRE (L Isep
Ha = Hg W I: TEPATY ! 1,600 % 8-(171}::3 66 Kg
ko (k) + 3&] ' Ax1+8Y + 3x1
& L(3k+d El‘l ‘ Zrie _‘%zmg [z r
AT “—BTLIc_TL+1 T THRL e UL i oy i Y
% 1,600x2x2 = 6,600 Kg.
| Lo A5k ? Al (4#5x1) . Mg IO
Yp = wlgriaes oL --(-H< = 1,600x4 W - 1,600x22 * mriqyg = 65000 Kg.
2
: L -
cpe = M2 T e00xdxE | 1,600x2x2 . . 55
"a = M = o F e i 7T g TS Wenmy T o
e ] 2 kwl.%
Bog = Moo= = 1 o 1LBO0NENZ . 3,900 Kgemop Mos = Mep = o AL i QU
JG MFH 3 2 3 il DE FE 12{1+k) 2 (1+k)
- 1.600xAxd  1x1.60082x2  __, cee
Mpa = Mpe = 3,200 - 2,666 = 534 Kg-m 12(1+1) Z(1+1) - Kg - m
(2+3k) 2 KA D e (B ) i b i
Mg 24(1+K) wLe + = TS iy {11) % 1,600x4x4 + — (1+1) * 1.600x2x2
= 1,866 Kg-m
4 ton =
1o I=1m3
L=10m
I;=0.6m3 11l h=6n
%‘-‘—' g

K Skl HAPLMT_I‘M)_‘P - 1208
: 6(6k%+9k+1)

L éfziﬁiﬂ;” S ”_-E?;ism X 4= 1.563 t.

e élf:i;,«_lfiﬁi_ i %x 4=1,208 t.

a7 ?.(éi;::[ifn e ST R - 0.525 ¢
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(3ka)k Pho_ (3a) 4x6

= LE P & : : -
: ! 2 (6k2+9kr1) L 7 (6¥9+1) © 0 0.525 t
é ¢
= (Sebn) g s a5 = - 4.5 tm
6 (Bk+ 9k+1)

- (3fipkn Pho= . {3¥6¢1 Saig hn

3 (6kZ49k1) 3 (630+1
5 i
Me = — (6k=+0k+2) phe._ (B¥0+2) !
G~ TE{6KkZrok1) i Ty Bt b 4.25 tm
= (k+1)k _(i-‘f'].))ﬂl
E Ph= :
" o s 9k+1) e
= k+2)k 1+2)
TN )L Sl e £ 7 R s
ED™ " 2 (6kZroks1) 2 (640+1) " 2.25 tm.

M. = {k+2)k = 142 h
T R A -L—:'—~+9+” Xax6 = 2.25 tm.

Mep= (k+2)k phe= e (TP e sl

(6k2 +9k+1) (6+9+1)
(ke Jk (1+1) :
Briss h = - e
2 (6k=+9k+1) 2 6oy (€ --3  tm
W (468)
E elddbilil]s
I Ia L
L1 Lo |_1.__)
Id h I i

kl: I:]h : i _10].1 ; g _Iah : i I]"I
; Gl Ly Gl T LT
L9+ 12kp+ 12k + Guky + 2k7ks (6+80) 3
2 . 2
k 2
20h ] ~ 43h AR B 200
2
J+k (34k,) :JM' 2
A [ 1oy 2 2 kgl ky (14 w5
gV 53 M=M= Mppeblo] = = mmmetee
oL 2
[3 ¢ atkprkprkik) | w2 (3“‘"2) W,
Mrg = Mg = - S = -
4 FB = Nuc 0
Si I, =I5, entonces k; = k, = k s [8 +12k® woa + 29k (3ak) ] -
2 2 2
janr kw5 (4K+3)w . k (342kim 5
ATTRTET R e e S s~ Uy =

1
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UDH»
Ly
U+ k — (3+k) | wlp 2
i L K3 (k) wis
g Ve = o 3 Ol e e S Mg T
(4Kk2egi+3) w2 (4k+3) w2
Mo,=MW_ =2 Mo =M =~ T
F& & GF ay FBE~ “eC 40
§i Ly =1L, =1L, entonces I = I, {20k ko+12ko+ 18kg+ ) =V
ot k]\-ﬂ; ; " I _(Brakp) wi? w2 : S kg (342K, Jul
Q=D 2Vh 2 B (R (T SRE S 2y
(22K, ko #12k £21K +0)wL. kw2
o i : S e
¥p= Vo= v 5 Me=Mp -
2 B kot 0|2
W i = i Mo = Her - - L 3T SOkl
v a :
I
; MFB ~ MGC i av
Sily=fh=sl,  Ir=I, (20kE+30Kk+9) = W
ST el R 2 Ak+3)ul 2 e S
g = Hy = —5 W H Hp = Hg -(—4%—)3!‘ Y= Vg = —(—QW—’—
2 k2 TN
Vg = 7 +3§E+9? WL 5 Mg =M - aww G M - Mg = (k1] wl
B S A o o (4k2+8ke3)uL 2 ; Mty 4 __'(_4__!_@_3_}_“'[\,2
L GF flw = FB GC 4y
Momentos por flexidn en las colummas
AE y DL :HAy=HDy - EFyCG—"-M},=—HE_vT-HEy
Momentos por flexién en las vigas :
EF y GL—— M, =Hph - Vpx =Hph =~ Vpx
F& - M, = Hph +x) + ¥ e
= Rahs e Hgh = =y Alybad ¥ Vpk = o
(459)
W
E £l
Iy
= Ly
IE i3 h
A ¥
THA Hg B
Y Vg
Igh Ialy Ih I1h
k - = 3 o,kl et i k?z el
T T ity I, Toby
Qtros datos ({A66) (346K, +2aky Jwi 2 (1+ko)ul]
Hy =Hp = ————=% = HC
43h agh
y [9 + 15k, + 9k, + 6ak 46k k,(24a) w,Lll

2




Mep = M= - (8k2a8Kea)w 2
FE Gk )

Homentos por flexidn en las vigas :

EFyGL——a-Mx=-HAh+UAx~
:—HDh+\FDx~
P ————= M=ty (

AE v DL ——=— My =-HAy =-HDy

i [9 * 9k + 15Kk, +bak, 12Kk ky {6+50) ] ey e (3+6k1+2af:—1)wL;~f
C j 2J : E L 4
(346K + 20k + Ak k, Jul 2 (3k+ 2ak. +Ack. kw2
Bt s g A T MRE i e S D ST
4 43
3(14ky 0L 2
Mep = Mgg = ___%
i (36K k) wlS
51 I = I3, entonces k1 = kz = k 3 Ha=Hp = ————4-1}-'_.—]—
: 3(1+k)wLE : [s(z+m1k2+ﬁuk+24k+g ]wL
Hg = HC = ——e—— Va = Vp = U 1
. [2(6450) kPrbak+28ken | iy : (3+6k+2ak)- w:_%
Vg =V = = : ME=ML=_-_—4LI—H'__
3+6k+2uk+dak?)wLs (3+20+4ak ) kul &
2 = 1 ! 2 s 1
Mpe = Mg = T IR e e
3{l+k)wL2
Mpg = Mge = TLF'"L
{348k, w2 3(1kp )Wl
SRS S [t : e e el e
Ey sy o 1 Ha = Hp avh ; HB = Hg VP
gt (18k1k2+9k2+21k1+9) Wl . o (22k1k2+15k1+15k219] wl
et hlER e ok Neetes 2
3+ 2 iy {346k 42k +8k. k) wl2
ME=M=_M_ Moo = M oo 2 1_,12}“
L 4y FE &L ay
{Bleyt2k + 0k ks Jwl e 3(1+k,) Wil
Mrg= Mgr = - _2___1_._1_2___w 5 Mpp = Mg = ___WZ__
2 - 2
: o (e g s Hp = Hp = (3BK)uL® _yo 3 [ERwWLE
SISSRess of=tli =i n — g A D i i Hp= o
i 3(6kZ+101+3) WL . (22k2+30k+9 )wl 8k+3 jul 2
VA F UD - —-—._._,._...Eh - ‘J'B = ‘.I'C = —-_.__._......_Ew 5 ME = ML = -—(——41"

Mee= Mep= (86%8K0Z Loy o - 3(1HQWLZ
Fa= MaF = 3 Mep= Mag _"_)'__w

Momentos por flexidn en las columnas :

Bl S S———ne ?-'Iy=HBy = Hey

w2
2

WX2

L

constantz)
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UDH»
Wy 2 Nl
o LU T,
I1 F i Iy G Iy
— 11 Ly — L] —
b, I h I3 Iz

Hy f A ug TB
v Vp

I;h 1oh; I h I;h
SLE ofl1 o g LS
= = : P : aky= 0 ky = Eo otros datos (468}
2 2 2 2
oL (346k +20k;) - 2w,LS K, : G Wolo(34aky) = BwgLy(132k,)
AR L 4hJ j 4hJ
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