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3.- CALCULO DE LA VIGA LONGITUDINAL

1,/,+ >i�gdndn _`g Jjh`ioj C/`^ojm t _`g @jmo\io` J�sdhjn,

1,/,/,+ >i�gdndn ojh\i_j ^jhj ^\mb\ n�gj `g k`nj _` g\ Mg\i^c\+Mg\o\ajmh\,

P` ojh\ ^jhj `g ^\nj h�n ^mdod^j* `g `a`^oj nj]m` TG\qdb\ dio`mdjm8
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J3 I3) 0J4 &I3 ) 4) ) J5 4 ) 2/3715 ) 2/3 715 ; L

&/' O`ndno`i^d\ _` J\o`md\g`n I PFKDBO + M\b 034



9

O`njgqd`i_j `g ndno`h\9 \_`h�n lp` JF t J5 nji dbp\g`n \ ^`mj* n` j]od`i` gjn nd [+

bpd`io`n hjh`iojn `i gjn \kjtjn8

J0 ; + 1/77 kpgb,g]n

J1 ; + 0105 kpgb,g]n

J2 = - 04/6 kpgb,g]n

J3 ; + 0105 kpgb,g]n

J� ; + 1/77 kpgb,g]n

@ji �nojn q\gjm`n _` Jjh`ioj* kj_`hjn ^\g^pg\m `g Ad\bm\h\ _` @jmo\io`9 t* \ k\m ,8

k\modm _` �no` gjn q\gjm`n _` g\n O`\^^dji`n `i gjn \kjtjn,

Rn\i_j `g h�oj_j _` g\n O`\^^dji`n Fnjno�od^\n t g\n O`\^^dji`n Edk`m`no�od^\n* j]o` +

o`i`hjn gjn _da`m`io`n q\gjm`n `i ^\_\ \kjtj* k\m\ bm\ad^\m `g _d\bm\h\ _` ^jmo\io`,

M\m\ `g om\hj `iom` gjn \kjtjn 1V0 &om\hj /' o`i`hjn8

CFDRO> 1,2

A,@,I, ABI QO>JL / M>O> I> L?QBK@FLK ABI @LOQ>KQB

,G jj ; 1O Ibsl pulg
JF ; L +d +d +d +d +d +d +d J9y ; 1/77 kpgb,g]

t+- LI ; 33! x t --;)
SF S0

A,@,I, Qm\hj /

,G `j= /. g]n- kpgb
+d+d+d+d+d+d+d

t+- Ll = 33! x t
053 g]n 053 g]n

Sdb\ Pdhkg` ^ji g\

@\mb\ Adnomd]pd_\

-



/.

O% 8 m`\^^d�i cdk`m`no�od^\

O% =MM - Mffi' ; 1/77 + L ; 36 g]n
L 33

Jy;L J0;1/77

tf-L¡ ;33! +oG x
36 g]n 36 g]n

Jjh`iojn _` @jiod+

ipd_\_ t O`\^^dji`n,

Ba`^op\i_j `g hdnhj kmj^`_dhd`ioj `i ^\_\ om\hj j]o`i`hjn gjn ndbpd`io`n q\gjm`n _`

O`\^^dji`n Fnjno�od^\n ` Edk`m`no�od^\n `i ^\_\ kpioj _` \kjtj,

CFDRO> 1,3

AF>DO>J> AB I>P OB>@@FLKBP FPLPQ>QF@>P B EgMBOBPQ>QF@>P AB I> SFD>

/ 2 1 2 3 4 5

o053 053o053 053o053 053o053 053o053 053o053 053o

+36 36 /4 +/4 +3 3 3 +3 +/4 /4 36 +36

0/5 07/ 05. 06. 037 111
333 037 06. 05. 07/ 0/5

oj_jn gjn q\gjm`n `i g]n,

CFDRO> 1,4

AF>DO>J> AB CORTANTE AB LA SFD>
111

q\gjm`n `i g]n 111



//

A`g Ad\bm\h\ _` @jmo\io`* j]o`i`hjn gjn q\gjm`n _` g\n m`\^^dji`n8

, Oy = 0/5 g]n

R0 = 402 g]n

O* = 34. g]n

O* = 307 g]n

x; 402 g]n

CFDRO> 1,5

OB>@@FLKBP BK @>A> >MLVL AB I> SFD>

o
0/5

q\gjm`n `i g]n

1 0 1 4 3 4 5

o o
402 307

o
34.

o o
307 402

o
0/5

A`g ^�g^pgj _` g\n �m`\n _`g _d\bm\h\ \io`mdjm* j]o`i`hjn `g Ad\bm\h\ _` Jjh`iojn,

CFDRO> 1,6

AF>DO>J> AB JLJBKQL AB I> SFD>

2354 2354

3199 2618 3199

I~ L¡ -) I ~ L0 +' I ~ I1 +' I ~ Io +' I ~ I3 +' I ~ d+&' +' I
q\gjm`n `i kpgb,g]n



/0

1,/,0 >i�gdndn ojh\i_j ^jhj ^\mb\ `g k`nj _`g E`gd^�ko`mj,

M< 603. g]n &k`nj `i ^\_\ mp`_\ + dhk\^oj'

>i\gdu\i_j gjn _d\bm\h\n _` ^jmo\io` t _` hjh`ioj _`g h\ip\g _` g\ >FP@* +

k\m\ _da`m`io`n `no\_jn _` ^\mb\* n` kp`_` `nodh\m lp` `g ^\nj h�n ^mdod^j lp`

kj_m�\ km`n`io\mn`* `n lp` `g c`gd^�ko`mj n` kjn` `i ^p\glpd`m\ _` gjn _jn om\+

hjn `som`hjn _` g\ qdb\* �noj `n* %`iom` gjn \kjtjn / t 09 j* `iom` gjn \kjtjn 4+

t 5, @jhj `sdno` ndh`om�\* ojh\m`hjn gjn \kjtjn / t 0,

>g \kgd^\mn` g\ ^\mb\ ^ji^`iom\_\ `i pij _` gjn `som`hjn _` g\,qdb\* `g

`a`^oj _` _d^c\ ^\mb\ `n h\tjm `i gjn \kjtjn /*0 V1* `i ^jhk\m\^d�i ^ji `g+

m`noj _` \kjtjn* kjm gj lp` n` ^jind_`m\m� `i `g \i�gdndn �id^\h`io` gjn om`n[+

kih`mjn \kjtjn,

M\m\ _`o`mhdi\m gjn q\gjm`n _` Jjh`ioj t @jmo\io`* podgdu\hjn g\n a�X

hpg\n t gjn _d\bm\h\n _`g J\ip\g >FP@,

EDRO>G,7

A* @, I, AB ILP 1 MOFJBOLP >MLVLP

M = 603. g]n

If-L/2-t~ f-L/2 -t I
of-LI ;33! -tof-L.1;33! -to
Og O0 O1

RI = /1-10 M = 1 130 g]n

O0 = //-/4 M = 3450 g]n
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O1 ; + 1-10 M ; + 551 g]n

CgDRO>1,/.

AFDO>J> AB @LOQ>KQB AB ILP 1 MOFJBOLP >MLVLP

3352

Sg 773
V3

V2

5672
Ixp0x/ f-,U2 ~ I ~ I0 ; 33! x I

S\gjm`n `i g]n,

Sy =Oy = 1 130 g]n

S0 = /7-10 M =2676 g]n

CgDRO>1,//

AF>DO>J> AB JLJBKQLP AB ILP 1 MOFJBOLP >MLVLP

92.17

42.54

Ixp0+)/ xp0x/ x L0 ;33! ~I
q\gjm`n `i kpgb,H

J&)'mi�s; /1-42 &M'&I' ; 70,/5 kpgb,H

J&+'mi�s; 1-10 &M'&I' ;20,32 kpgb,H
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Mjm `g h�oj_j _` npk`mkjnd^d�i* nph\hjn gjn q\gjm`n j]o`id_jn k\m\ gjn _jn `no\_jn

_` ^\mb\* ^ji gj lp` j]o`i`hjn gjn q\gjm`n h�sdhjn ojo\g`n _` Jjh`ioj t @jmo\io`[

_` g\ qdb\9 \n� ^jhj o\h]d�i g\ O`\^^d�i h�sdh\

S\gjm`n h�sdhjn8
O0 = 4,1H

J&)' = 72,30 kpgb,H

J& +' ; 23,52 kpgb,H!

q = 3,01 K

1,0,+ Adn`�j _` g\ Sdb\,

Bg >FP@ m`^jhd`i_\ lp` k\m\ qdb\n ^jiodip\n _` n`^^d�i ^jhk\^o\* `g _dn`�j n` +

m`\gd^` nj]m` g\ ]\n` _` gjn 7-/. _` gjn hjh`iojn i`b\odqjn h�sdhjn j^\^dji\[+

_jn kjm g\n ^\mb\n q`mod^\g`n* t gjn hjh`iojn kjndodqjn n` \ph`io`i `i /-/. _`g +

•
kmjh`_dj _` gjn hjh`iojn i`b\odqjn `i gjn \kjtjn \_t\^`io`n,

J&)'_dn`adj; 72,30 ) L,g` 23,52 ) 0,1' ; 74,70 kpgb,H
2

J&+'dgdn`adj; .,7 &23,52' ; 2/,/5 kpgb,H

1,0,/,+ A�n`�j kjm Jjh`ioj,

I\ Sdb\ ij od`i` g\o`m\g ^jiodipj,

Pd`i_j8
I 8 gjibdop_ _`g `g`h`ioj ^jind_`m\_j
I` 8 h�sdh\ gjibdop_ ij \mmdjnom\_\ ^ji pi `nap`muj _` agp`i^d\ _`

.,44 Ct
Ip8 h�sdh\ gjibdop_ ij \mmdjnom\_\^ji W1 `nap`muj _` agp`i^d\ _`

.,4Ct
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/' I < I`

0'I`: I:Ij
1' I >Ij

I\ qdb\ kp`_` `no\m `i ^p\glpd`m\ _` g\n ndbpd`io`n 1 ^ji_d^dji`n8

\' @jhk\^o\
]' M\m^d\gh`io` @jhk\^o\
^' Kj @jhk\^o\

P` \nph` ^\nj `g kmdh`m ^\nj* kjm gj o\ioj g\ qdb\ kp`_` n`m8

P` \nph` ^jhk\^o\* kjm gj o\ioj8

C] ; .,4 Ct ; 0/,4 fnd &/'

n ; J, ; 74,70 ; 2,26 kpgb%
Fb 0/,4

P` `gdb` `g M`madg PF 4(03, &>FP@,M\b /+46+47'

CFDRO> 1,/0

KLJBK@I>QRO> ABI MBOCFI PQ

¡---Iof' ---1-.L

T -tf'
"

d

l.

&/' Adn`ij A` Bnomp^opm\n J`o�gd^\n - J^@LOJ>@ + M\b /36



/4

PQ 4,��,038

P;4,.3 kpgb%* ..;03 g]-kd`* _;4 kpgb* or;.,465kpgb* oCL,437kpgb

ms;/,63kpgb* mt;/,.1 kpgb > f;/5-/4kpgb* ]C3,255kpgb,

S`mdad^\^d�i _` npkp`nojn8

\' @jhk\^o\8 &>FP@ a�m # /,7,/,0 +M�b 3+1.'

>g\8 >gh\8

bf. < 73

24 (Fyif2

73 ; /3,6 ,-,-
&Ct'g-0

= 0/,4 ,-,-

,%* Bg M`madg `n @jhk\^oj,

1) L>L¡::

I`; 130 mt[; &130' &/,.1' ; 4.,21 kpgb &PPO@'

(Fyif2 6

Ix; x ; &1' &07(/.1
', ;051,2 kpgb &PPO@'

Ct( _ &14' &4'
mt ( oa &/,.1' &.,437'

P` `gdb` `g h`ijm q\gjm _` g\n ^jmm`g\^dji`n \io`mdjm`n8

8, I ; 33! : Ix; 4.,21! ,-,-

@jhj `g k`madg ^phkg` ^ji g\n ^ji_d^dji`n \io`mdjm`n* n`bpdhjn ^\g^pg\i_j8

J&)' h�s+k`n^ kmjkdj ; .,.550 jjI0 ; 3,6 kpgb,H &>FP@ M\b 0+/05'
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Jojo\g ; 74,70 + 3,6 ; /.0,5 kpgb,H

a] ; J , ; /.0,5 ; /4,75 Hdkn < 0/,4 Hdkn ,-,-

P 4,.3

1,0,0,+ Adn`�j kjm @jmo\io`,

aq ; l ; 3,01 = /,04 Hnd

_( or &4' &.,465'

Cq;L,2Ct; /2,2Hnd| &>gP@a�m," /,3,/,0,/+M�b3,/6'

aq{ Cq ,-,-

1,0,1,+ >kg\no\hd`ioj _`g >gh\,

\' K k\m\ `g \kjtj h�n ^mdod^j8 &K 8 gjibdop_ _` \kjtj'

R . :9 .,53 Ct &>FP@ a�m," /,/.,6+M�b 3,13'

t; &K + f'

4,1 < 05

&.,465' &K + /5-/4'

K ; +/,.7

@jhj K _d� pi q\gjm i`b\odqj' `g h�idhj q\gjm lp` kp`_` ojh\m `n `g q\gjm _` f,

]' K k\m\ g\ ^\mb\8

O , < .,53 Ct &>FP@ a�m " /,/.,7+M�b 3,13'

tr &K) 0f'

K ; 2 kpgb & _d�h`omj _`g �m`\ kmjh`_dj _` g\ n`^^d�i _`
g\ mp`_\ k`b\_\ \g kdnj'

6,03 ; /,52 < 05

&.,465' &2 + 0(/5-y4'
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1,0,2,+ A`ag`sd�i J�sdh\,

I, :0.
d

&>FP@ M�b 3,/17'

Ji..:< 0.

4

7,0 < 0.

Mjm gj \io`mdjmh`io` `skp`noj* `g k`madg PF 4(03 * `n n\odna\^ojmdj* nd`i_j \_`h�n* `g [

más `^ji�hd^j* t\ lp` `g dih`_d\oj dia`mdjm _` �no`* `g PQ 4(0.,2 od`i` pi P; 2,06 di1

lp` `no� g`ejn _`g h�idhj i`^`n\mdj,



4.- CALCULO DEL MARCO RIGIDO .

Bg J\m^j O�bd_j h�n ^m�od^j* `n `g "0* kjm ^p\ioj g\n m`\^dji`n kmj_p^d_\n kjm `g k`nj

_` g\ kg\^c\ nji h\tjm`n `i gjn \kjtjn 0 t% 49 k`mj `g M�mod^j "0 `n h�n g\mbj, > h�n +

_` `noj n` ^jind_`m\ g\n ap`mu\n _`g c`gd^�ko`mj \kgd^\_\n ojo\gh`io` nj]m` g\ qdb\ _` `+z,

o` M�mod^j* ^ji gj lp` o`i`hjn `g ndbpd`io` _d\bm\h\ _` ^p`kj gd]m`8 ,

CFDRO> 2,/

i,@,I, ABI MLOQF@L

.,40 .,40 6,65 .,40 6,65 .,40 .,40

,/+ ,/+ x ,/+ x ,/+ ,/+
] yy;;5;7;+)+;89;;;Pg;+)+;9;;P;Z+)+;;9;;3;/+)+;;98;P;Z;+)+;9;;3;/;);;3;Z;x;9;;;5;7;;y9/ `

1
1-...+++++++++++242 �,1 d

gjibdop_`n `i kpgb\_\n
^\mb\n `i Hdkn

j

2,/,+ >i�gdndn _` Jjh`iojn y O`\^^dji`n,

Bg J\m^j O�bd_j `n ndh�omd^j* kjm gj lp` n` \i\gdu\m�* n�gj g\ hdo\_ _` �no`,

J�oj_j _` Adnomd]p^d�i _` Jjh`iojn,



0.

/>kmjsdh\^d�i

C\^ojm`n _` Adnomd]p^d�i Jj_dad^\_jn,

M\m\ ^\g^pg\m gjn a\^ojm`n _` _dnomd]p^d�i* n` \nphdm� kmdh`mj lp` g\n Fi`m^d\n _`

gjn `g`h`iojn _`g M�mod^j &qdb\ t ^jgphi\n' nji dbp\g`n \ pij,

CFDRO> 2,0

/>MOLUFJ>@FLK ABI MLOQF@L

~

.
Z88. 1

1=1 1=1
Ho..--) ~Hd

/ i
Va. Vd

H]\;I;[F[, =>
I 7.

H%]\; % H\]&ndhkg`h`io` \kjt\_j `i `g `som`hj'

H%]\ =21..:.
14.

H]^;I;I =>
I 242

H%]^ ; lh H]^ &Mjm Pdh`om�\'

H%]^;[F[,

706

!BH;7,2/ * /.+1/

8, CA']\; .,66 1\ CAc^ ; .,/0

\' JBM ^\mb\n8 +/ .76 kpgb,H &/'

]' JBM k`nj _` g\ qdb\8 +53 kpgb,H &/' &P` \nph` ..;3. g]n-kd`'

&/' O`ndno`i^d\ _` J\o`md\g`ng PFKDBO, Q\]g\ 5+0[ M\b 024



0/

Ha...

0.88 0.12

lo

MEP - :1173
-----------
1032 141

1032 -1032

--> \,,,

,-/8+!
q j,,

J]\ + E\ &7.' = L

E\ = 1032/90 = //,25 K

S\ + L @\mb\n +M`nj kmjkdj _` g\ Sdb\ ; 0.,62 + /,71 ; //,16 H

2 2

2,0,+ Adn`�j _` g\ @jgphi\ t _` g\ Sdb\ _`g M�mod^j,

Ijn J\m^jn O�bd_jn `no\m�i njkjmo\_jn g\o`m\gh`io` `i g\ _dm`^^d�i V* kjm g\n Sd+

b\n gjibdop_di\g`n* lp` dm�i njg_\_\n \ ojk`* \ g\n qdb\n _` gjn J\m^jn, Mjm gj o\i+

oj Ht; /

I\n ^jgphi\n _` gjn J\m^jn `no\m�i njg_\_\n \ 1 Sdb\n Bnomp^opm\g`n _`g[+

^\n^j _`g ?plp`* lp` n` c\gg�i `nk\^d\_\n 23
5/8" `iom` `gg\n* ^ji gj lp` n` kmjkjm+

^dji\m� `g njkjmo` g\o`m\g `i g\ _dm`^^d�i X. Mjm gj lp` Hs ; 1

Se \nph`8

I < I` 9 y, ^jhk\^oj 8, Fb = .,44 Fy = 01,53 Hnd

n ; / .10 ; 21,23 kpgb%

01,53

8, TgL(23 x P ;27,/ &>FP@'



00

CFDRO> 2,1

BIBJBKQLPABI>F>MOLx\LK

r
\.!1 O*45 90"

',[[ I

/+++ 464'" -'--.-j

AFPB�j AB I> SFD>,

CFDRO> 2,2

A,@,I, AB I> SFD>, / >MOLx@FLK

11.4 7K

1032pulg.K 103s.e.ulg.K

++a//;+,,,-=--4-64-,,~-=-lf,) 11.47K

11.J8K 11.J8K

CFDRO> 2,3

KLJBK@I>QRO> AB RK MBOCFI T

t

I I

X X

- --tvv

I I

M\m�h`omjn _`g k`madg T/.(23 _` g\ qdb\8

>;/1,1 kpgb% 9 ..;23 g]-kd`9 Ct%; + Hnd 9 aQ;0,/6 kpgb 9 _/>C0,.1 9 /;026 kpgb!
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P;27,/ kpgb% 9 ms;2,10 kpgb 9 ry=2.01 kpgb 9 I^; 6,3 kd`n9 Ip;00,6kd`n

/' Ba`^oj _` @jgphi\

a\;I;//,25 ;.,640Hnd

> /1,1

Ht(I ; &/' &242' ; 01.,6

mt 0,./

x `n]`go`u bj]`mi\io`

x;&g' &242' ; /.5,2

ms 2,10

I\ m\u�i _` `n]`go`u ij kp`_` n`m h\tjm _` 0.. &>FP@ M\b 1+/3'* kjm gj o\ioj k\m\ g\+

qdb\ _`g k�mod^j* n` c\^` i`^`n\mdj* \kmjsdh\m \ jomj k`madg ^ji `g ndbpd`io` kjm^`io\e`+

_` �m`\ h\tjm8

0.. /..xj

01. U => U; //3$

P` m`^jhd`i_\ pi k`madg ^ji /3$ h�n _` �m`\

AFPB�L AB I> @LIRJK>,

M\m\ `g _dn`�j _` g\ ^jgphi\ _`g k�mod^j* n` _`]` ojh\m `i ^p`io\ \g `a`^op\m `g ^�g^pgj

_` g\ m\u�i _` `n]`go`u* lp`* ^jhj n` h`i^dji� \io`mdjmh`io`* g\n ^jgphi\n _`g k�mod^j

`no\m�i njg_\_\n \ 1 qdb\n `nomp^opm\g`n _`g ^\n^j _`g ]plp`* ^ji pi\ _dno\i^d\ h�sdh\

_` 235
/8» `iom` `gg\n* kjm gj o\ioj \g `a`^op\m _d^cj ^�g^pgj* n` pn\m� 02~ ^jhj gjibdop_

`a`^odq\ _` g\ ^jgphi\



24

CgDRO>2,4

A,@,I, AB I> @LIRJK> / >MOLUFJ>@FLK ,

1l.38K

~11.47K

"1 ld'32pulg.K

90'"

I
11.47K ~ I

11.38K

M\m�h`omjn _`g k`madg TFL(23 _` g\ ^jgphi\8

>;/1,1 kpgb% 9 mj;23 g]-kd`9 Ct%; + Hnd 9 mQ;0,/6 kpgb 9 _->C0,.1 9 F;026 kpgb!

P;27,/ kpgb% 9 ms;2,10 kpgb 9 mt;0,./ kpgb 9 I^; 6,3 kd`n9 I,p;00,6kd`n

/' Ba`^oj _` @jgphi\*

a\ ;L ; //,16; .,633 Hnd
> /1,1

H(I ; &/' & 02 ' ; /g,72

mt 0,./

C\ ; 0g,.3 Hnd &>FP@ Q\] 1+14,M\b 3+52'

LO\..!. ; .,.2/ :.,/3

C\

0' Ba`^oj _` Sdb\

a];J ;/.10;0/,.0Hnd

P 27,/



03

I ; 02! < I`; 64,2

8, C* ; .,44 Ct ; 01,53 Hnd

LlI..:. + ///,,8, x 1

C\ C]

.,.2/ + 0/,.0 ; .,703

01,53

El M`madg es satisfactorio para la Columna.

IlAproximación.

M\m\ g\ qdb\ n` pn\m� pi k`madg ^ji pi �m`\ /3$ h\tjm _`g \io`mdjm* `n _`^dm* /1,1(/,/3

;/3,1* kjm gj lp` n` podgdu\m� `g TgL(32* lp` od`i` pi �m`\ _` /3,6 kpgb%, M\m\ g\ ^jgph

i\ n` h\io`i_m� `g k`madg \io`mdjm,

CFDRO> 2,5

BIBJBKQLP AB I> i >MOLUFJ>@FLK

242+++;m
v/L<:23

r
90-

I

CFDRO> 2,6

i >MOLUFJ>@FLK ABI MLOQF@L

1=303
1=248

f- HcI

V el·
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AFPQOF?R@FLK AB JLJBKQLP,

H]\; FF I ; 026-7. ; 0,533 => HY\ ; $ H]\; 0,.445

L H; 0,1710

CA']\ ; .,641 1\ CAc^ ; .,/15

>i�gdndn _` Jjh`iojn t O`\^^dji`n,

\' JBM _` g\n ^\mb\n8 +/ .76 f,kpgb

]' 8JBM _`g k`nj kmjkdj _` g\ qdb\8 +6.,5|H,kpgb &..;32 g]-kd`'

0.863 0.137 /.
--¡--lo -)

MEP -:1179

1017 162

1017 -1017

Ha..

--> \,,

/.'\

I VD-

J]\ + E\ &7.' = L

E\ ; /./5 - 7. ; //,1 H

S\= &0.,62)0,.6' - 0 ; //,24 H

AFPB�L AB I> SFD>
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CgDRO>2,7

A,@,I, AB I> SFD> n>MOLUFJ>@FLK

11.3K

l017pulg.K 1017pulg.K

m* I~ ` lJ.3K

~I:~ ;;;+2+42+! ====.Irr
11,46K 11.46K

M\m�h`omjn _`g k`madg TF.(32 _` g\ Sdb\8

>;/3,6 kpgb% x Ct%;41,3 Hnd xmQ;0,53 kpgb9 _->C/,429 /;1.1 kpgb!

P;4. kpgb% 9 m'C2,15 kpgb 9*mt;;0,34kpgb9 I^;/.,4 kd`n9 Ip;06,0 kd`n

/' Ba`^oj _` @jgphi\

a\; M 1> ; 11.3/15.8 ; .,5/3 Hnd

Ht(I 1 mt ; &/' &242' 12.56 ; /6/,0 f- `n]`go`u bj]`mi\io`

Hs(I 1 ms ; &/' &242' 14.37 ; /.4,0

C\ ;2,33 Hnd &>FP@ Q\] 1+14, M\b 3+52'

a\-C\;.,/35 <.,/3

0' Ba`^oj _` Sdb\

8, &/.0(/.1 ^]l/0 x b ~&3/.(/.1 @]yF/0
Ctgg0 + aQ Ctgg0

&>FP@ M\b 3+00'
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`* ; /,53 + /,.3 * / .10 + .,1 &/ .10d x 0,1
+/.10 &+/.10'0

..0(/.1 ^]d
/0

; 31,01
Ctgg0

I, ;242 ; /46,5

mQ 0,53

&3/.(/.1 @]w//0; //7
Ctgg0

I, 0 &3/.(/.1 @]wgg0
mm Ctgg0

@p\i_j n` ^phkg` g\ m`g\^d�i \io`mdjm* n` _`]` \_`h�n q`mdad^\m lp` g\ m`g\^d�i _` `n+

]`Fo`u _` g\ n`^^d�i `i ^jhkm`nd�i* ij n`\ h\tjm _` 0..8

x :0..

mQ , /+%,
ry

/46,5 < 0..-/,.52 ; /64,/

P� n` ^phkg`i g\n m`g\^dji`n \io`mdjm`n* `g C] `n dbp\g \g q\gjm h\tjm _` g\n ndbpd`io`n 0

m`g\^dji`n* nd`hkm` lp` �no\n ij n`\i h\tjm`n \ 0/,4 Hnd, A` n`m h\tjm`n* C* n`m�
dbp\g

\ 0/,4 Hnd, &>FP@ M\b 3+00'

/,3,4,] C] = /5.(/.1 @] ; /5.(/.1 &/' ; 3,75

&I - mQ'0 (168.7i

t* /,3,5 Fi, - /0(/.1 Cb. ; /0(/.1 &/' , ; /3,54

I &_ I >a' &242'&/,42'

8, C* ; /3,54 Hnd
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b) J!-+ j'Q~ ~ 1
.,4 Ct C]

&>FP@ C�m" /,4+/]'

a]; J - P ; / ./5-4. ; /4,73 Hnd

@h; .,63 & Kp_jn ij kp`_`i _`nkg\u\m^`* c\t ^\mb\n `i `g kg\ij
_` ag`sd�i t `no� ndhkg`h`io` \kjt\_j'

@hj'Q...!.; .,63 * /4,73 ; .,7/2

C] /3,54

1' C\^ojm _` >hkgdad^\^d�i,

/ ;/,.36

/+a\gC`% C`%;</.4,0 ;/1,03 &>FP@ Q\] 7, M\b 3+57'

2' @c`lp`j,

\' j'~ + @hj'Q~ *

C\ C]

1 n 1
/+a\-C`%

&>FP@ C�m " /,4+/\'

.,/35 + .,7/2 &/,.36' ; /,/0-: /

.,507 + /4,73 ; /,// -:/

0/,4 /3,54

Bg M`madg ij `n n\odna\^ojmdj k\m\ g\ Sdb\ _`g M�mod^j,

AFPB�L AB I> @LIRJK>

M\m�h`omjn _`g k`madg T/.(23 _` g\ ^jgrii\8

>;/1,1 kpgb% 9 ..;23 g]-kd`9 Ct%; + Hnd 9 mQ;0,/6 kpgb 9 _->o;0,.1 9 F;026 kpgb!

P;27,/ kpgb% 9 ms;2,10 kpgb 9 mt;0,./ kpgb9 I*; 6,3 kd`n9 Ip;00,6kd`n



1.

CFDRO>2,/.

A,@,I, AB I> @LIRJK>QF>MOLUgJ>@gLK
11.46K

~11.3t<

I ~017PUIQ,K
90"

L
11.3t< ~ I

11.461<

/' Ba`^oj _` @jgphi\

a\ =M - > = //,24-/3,6 ; .,503 Hnd

H( I- at ; &/' &02' - 0,./ ; //,72

C\ ; 0/,.3 Hnd &>FP@ +M\b 3+52'

a\ -C\ = .,.12 < .,/3

0' Ba`^oj _` Sdb\

a] = J - P = /./5-27,/ = 0.,5/ Hnd

I:I^

Fb ; .,44 Fy ; 01,53 Hnd

.,.12 + .,650 = .,7.4 < /

Bg M`madg ndbp` nd`i_j n\odna\^ojmdj k\m\ g\ ^jgphi\

ID Aproximación.



1/

h�n _` �m`\* k\m\ lp` n`\ n\odna\^ojmd\ k\m\ g\ qdb\ M\m\ g\ ^jgphi\ n` n`bpdm� mp\io`,8

A`g ^c`lp`j \io`mdjm _` g\ qdb\* n` kp`_` `nodh\m lp` n` i`^`ndo\ pi k`madg ^ji pi /0$

id`i_j `g hdnhj k`madg,

]=248

HQ )

I
Vj,,

1=248

-/*:8 Hd

I
Vd

CFDRO> 2,//

BIBJBKQLP AB I> m >MOLUFJ>@FLK

y,+++242 ,,----ooooII m
%TZ.(23 90'"

A__ L

CFDRO> 2,/0

m >MOLUFJ>@FLK ABI MLOQF@L

1
]=341

C>@QLOBP AB AFPQOF?R@FLK

H\] ; 1/ L ; 026 - 7. ; 0,533 => H% \] ; % H\] ; 0,.44

H]^ ; 1/ I ; 12/ - 242 ; .,512 =>

L H; 0,2112

CA'\]; .,627 1\ CAc^; .,/3/
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10

>i�gdndn _` Jjh`iojn t O`\^^dji`n8

\' JBM _` g\n ^\mb\n8 +/.76 kpgb,f

]' GYyFBM _`g k`nj kmjkdj _` g\ qdb\8 + 67,5 kpgb,f &..; 4. g]-kd`'

0.849 0.151 :---l-b-)
MEP -1188

1009
-1009

179

1009

J]\ + E\ &7.' ; L

E\; /..7-7. ; //,0/ H

S\ ; &0.,62 + 0,10' - 0 ; //,36 H

AFPB�L AB I> SFD>,

CFDRO> 2,/1

A,@,I, AB I> SFD> FFF >MOLUFJ>@FLK

l009pul Q.K 1009pul g.K

11.21K +o�g8,,;++;++2+42+*;;;,/= 1121K

11.58K 11.58K

M\m�h`omjn _`g M`madg T/.(4. _` g\ Sdb\8

>;/5,4 kpgb!9 ..;4. g]-kd`9 Fy' -; mQ;0,55 kpgb 9 _->C /,279 F;12/kpgb
2
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ms;2,17 kpgb mt;0,35 kpgb 9 P;44,5 kpgb% 9 I^;/.,4 kd`n9 Ip;1/,/ kd

/' Ba`^oj _` @jgphi\

a\ ;M - >; //,0/-/5,4 ; .,415 Hnd

Hs(I - ms ; &/' & 242' -2,17 ; /.3,5

Ht(I-mt ; &/'&242' -0,35 ; /6.,3 f-

C\ ;2,36 Hnd &>FP@ M\b 3+52'

a\ - C\ ; .,415-2,36 ; .,/17 < .,/3

0' Ba`^oj _` Sdb\

I ; 242! > I* = 151! kd`n

&/.0(/.1 @]md ; 31,01
&Ct' //0

I- mQ=242-0,55 = /45,3

&3/.(/.1 @yGF-0; //7,.0

&Ctdg0

I- mQ < &/.0(/.1 @]x
&Ct' //0

L/rT< 0.. ,

mQ -mt

/45,3 : /63,3

8, /,3,4] C* ; /5.(/.1 @] ; 4,.3

(UrTi

/,3,5 r,= /0(/.1 @] = /5,13

I &_ - >f)

,, C* ; /5,13 Hnd
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fb=M/S=1009/66.7=15.12

.,/17 + .,65/ ; /,./

El M`ma�g es ligeramente `n^\nj para la Sdb\,

AFPB�L AB I> @LIRJK>

CgDRO>2,/2

A,@,I AB I> @LIRJK> h >MOLUFJ>@FLK

11.58K

~11.21K

I a].7kpgb*/:
90"

I11.21K :::-

11, 8K

M\m�h`omjn _`g M`madg T/.(27 _` g\ ^jgpih\8

A=13.3 kpgb!9 ..;23 g]-kd`9 Fy'= - Hnd 9 mQ;0,/6 kpgb 9 _->C0,.1 9 /;026 kpgb!

P;27,/ kpgb% 9 ms;2,10 kpgb9 mt;0,./ kpgb9 I^; 6,3 kd`n9 Ip;00,6kd`n

/' Ba`^oj _` @jgphi\*

a\ ; M 1> ; 11.581 /1,1 ; .,65 Hnd

H(I 1 mt ; &/' &02' 12.01= 11.94

C\ = 0/,.3 Hnd &>FP@ M\b 3+52'
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a\ - C\ = .,.2/1 < .,/3

0' Ba`^oj _` qdb\

a] ;J J P ; /..7 J 27,/ ; 0.,32 Hnd

I = 02! <I`= /.0!

Fb = .,44 Fy = 01,53 Hnd

a\-C\ )o!d*-C\ n i

.,.2/1 + .,642 = .,7.4

, Bg M`madg ndbp` nd`i_j n\odna\^ojmdj k\m\ g\ @jgphi\

Bi g\ �godh\ \kmjsdh\^d�i* g\ qdb\ `n gdb`m\h`io` `n^\n\ A`]d_j \ lp` n` c\ podgdu\_j+

k\m\ gjn ^�g^pgjn _`g k�mod^j* g\ ndop\^d�i h�n ^mdod^\9 t* lp` \_`h�n g\n qdb\n _` gjn _`

h�n k�mod^jn nji h`ijn g\mb\n* n` kp`_` `nodh\m lp` `g k`madg TF.(4. `n npad^d`io` k\+

m\ n\odna\^`m g\n ^ji_d^dji`n ijmh\g`n _` om\]\ej _` g\ `nomp^opm\

LQO>P @LKPFABO>@FLKBP,+

\' O`g\^d�i ^ji pi\ Bnomp^opm\ K\q\g,

Ijn \i�gdndn y _dn`�jn \io`mdjm`n* `n _`^dm gjn ^�g^pgjn _` g\ qdb\ gjibdop_di\g y _`g

k�mod^j* nji gjn _` pi\ `nomp^opm\ `i m`kjnj* k`mj g\ `nomp^opm\* n` `i^p`iom\ njh`od +

_\ \g ]\g\i^`j y ^\]`^`j _`g ]plp` kmj_p^d_jn kjm `g jg`\e`, Bg _`nkg\u\hd`ioj _`g

]plp` `n \kmjsdh\_\h`io` 15..oji9 `g k`nj _` g\ ip`q\ `nomp^opm\* di^gp� _j `g c`gd +

^�ko`mj `n \kmjsdh\_\h`io` 35,goji* kjm gj lp` ^ji `g _`nhjio\e` _` g\ `nomp^opm\+
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\^op\g _` g\ pid_\_* q\md\m� `g _`nkg\u\hd`ioj `i \kmjsdh\_\h`io` /$* gj lp` _`n_` [

`g kpioj _` qdno\ i\q\g* n` kp`_` n`m ^jind_`m\_j hpt k`lp`�j* k\m\ `a`^op\m ip`qjn ,8

^�g^pgjn _` gjn `a`^ojn _` g\ jg\ `i \mmpaj t lp`]m\ioj ^ji g\ ip`q\ ^jiadbpm\^d�i _` g\+

Rid_\_,

]' @pmq\opm\ _`g M�mod^j,+

I\n ajmh\n _` ]plp`* `i np h\tjm�\ od`i`i ajmh\ k\m\]�gd^\9 k`mj `i g\ n`^^d�i _` +

g\ ^p]d`mo\ _` qp`gj* `g m\_dj _` ^pmq\hm\ `n bm\i_`* kjm gj lp` k\m\ `g ^�g^pgj* n` +

kp`_` pn\m g\ a�mhpg\ _` g\ qdb\ m`^o\* lp` `n a ; J V- /,

CFDRO> 2,/3

@ROS>QRO> AB I> @R?FBOQ> AB SRBIL

`' M\mo` B^ji�hd^\,+

@jind_`m\i_j `g k`nj g\ kg\^\ kg\o\ajmh\ &/734. g]n'* g\n qdb\n gjibdop_di\g`n (69Q

g]n'* gjn k�mod^jn &0/7.. g]n'* o`i`hjn pi k`nj `i ]mpoj _` \^`mj _` 20/3. g]n* kjm+

gj lp`* ojh\i_j ^jhj ]\n` `g km`^dj kmjh`_dj _` gd]m\ _` \^`mj `i `g h`m^\_j di[+

o`mi\^dji\g lp` `n _` #4,3. RPA* `g ^jnoj _` g\ `nomp^opm\* ndi ^jind_`m\m g\ h\ij +

_` j]m\ `no\m�\ \gm`_`_jm _` #052 ... RPA, Bi `g hjh`ioj _` g\ ^jinomp^^d�i* g\ +

>OJ>A> _`]`m� gg\h\m \ pi\ gd^do\^d�i gd]m` _` ja`mo\n* k\m\ g\ \_lpdnd^d�i _` gjn
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k`madg`n* t\ n`\ `i `g h`m^\_j i\^dji\g* j dio`mi\^dji\g,

4.3 Adn`�` de la Rodilla.-

M\m\ `g _dn`�j _` g\ mj_dgg\* n` pn\m�i gjn _\ojn j]o`id_jn `i g\ m \kmjsdh\^d�i8

J ; /..7 kpgb,H

E; //,0/ H

S;g/,36H

CgDRO>2,/4

OLAFII> ABI MLOQF@L

A ,---------,

l J
V M

B
`

--/,""7 H

"'"'-~ M

IV
%q-g.(23

T/.(4.8 _* ; /.,00! 9 or];.,20! 9 ]a]; /.,.6! 9 oa]; .,46!

T/.(238 _^ ; /.,/! 9 or ;̂ .,13! 9 ]a^; 6,.0! 9 oa^; .,40!

M\m\ _`o`mhdi\m n� g\ mj_dgg\ i`^`ndo\ j ij mdbd_du\_jm`n* g\ ndbpd`io` `skm`nd�i _`]` ,8

n`m h`ijm lp` `g `nk`njm _`g \gh\ _` g\ qdb\8 &>FP@ P`^j # 0,3* M\b 3+/31'

tw &m`lp`md_j'; 01 J

&_]'&]^' Fy
; 01 &/..7' , ; 4,02!

&/.,00' &/.,/' 14
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tw &qdb\' < gr &m`lp`md_j'

8, n` i`^`ndo\ mdbd_du\_jm`n,

P`b�i `g _dn`�j kg�nod^j `g �m`\ &>no' m`lp`md_\ _Fjn mdbd_du\_jm`n* n` j]od`i` _` g\ nd+

bpd`io` `skm`nd�i8

>no ; [/[, r /,.31 J + .,33 ( twb (_^ l
cos ` L _* Ct, J

ob ` = /.,/ -/.,00 = .,766

>no ; [/[, r /,.31 &/..7' + .,33 & .,20' &/.,/' l
.,5// L &/.,00' &14' G

8, P` pn\m� 0 Mg\^\n _` Yz .• /1-/4,

Ijn m`lp`mdhd`iojn _` k\i_`j gj^\g _`]`i n`m n\odna`^cjn k\m\ g\ kg\^\ >FP@ P`^^d�i+

0,5 + Pag 3+44,

M\m\ Ct ; 148 l2i-'. n 6,3

0om

+},m` , ; 4,3 < 6,3+++
2tfe

x+%, ; 5,2 : 6,3

2ttb

ege8, ; /1-/4, ;/1-/4:6,3++ +x
0oa 'mdbd_, 0&gc'

Ijibdop_ _`g mdbd_du\_jm @A,
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I\ ^\k\^d_\_ _`g \gh\ _` g\ qdb\ k\m\ lp` njkjmo` g\ ^jhkm`nd�i _`g \g\ _` g\^jgphi\+

`i @ `n8

Pbf= Fy . twb (tfc + 3 kb ) = 14 &.,20' X .,40 + 3 &/3
-/4' Z ; //6 H

@p\i_j `g \g\ _` g\ qdb\ gg`b\ \g g�hdo` kg�nod^j* Pbf `n8

Pbf= FYbf * bfb * tfb = 14 &/.,.6' &.,46' = 024 K

I\ ap`mu\ lp` _`]` njkjmo\m `g mdbd_du\_jm @A `n 8

C@A = 024 + //6 = /06 K

I\ m`ndno`i^d\ _` g\ njg_\_pm\ `n &\'8

O`ndn, Pjg_j = &0/' &.,5.5 mj' &I' &2' mj; /-2%
%Q2 g\_jn

I = /06 , ; 6,4! => 7!

&0/' &.,5.5' e/4) (4)

I\n _dh`indji`n _` g\ kg\^\ @A n` g\n j]od`i` _`g >FP@ P`^^d�i /,/3,3,2 + M\b 3+25,

>m`\ _`g mdbd_du\_jm ; /22, ; /06 , ; /,55 -t n` pn\m� 0 kpgb% I kg\^\

, 0 Fy 0&14'

&/' ]no � /. ,.6 - 1 ) .,13-0 ; 1,32 -t n` pn\m� 2!

r >m`\; 0!

&0' tno � .,46 - 0 ; .,12! -t n` pn\m� lh"

>_`h�n ]no - 0 ono _`]` ^phkgdm ^ji gjn g�hdo`n _\_jn `i `g >FP@ P`^^d�i 0,5+M�b 3+44

&\' @\nj \i\gdu\_j `i `g ^\k�opgj _` njg_\_pm\,
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k\m\ `g k\i_`j gj^\g8

]no - 0 tno P 6,3

Rn`n` 0 kg\^\n _`8 Vu ( 2 (7

2,2 Adn`ad,j _` g\ Mg\^\ ?\n`,+

I\ ^jgphi\ `no\m� \kjt\_\ nj]m` g\ n`bpi_\ ^p]d`mo\ dia`mdjm _`g ]plp`, Bno\ ^p]d`mo\+

`no� ^jhkp`no\ kjm pi\ kg\i^c\ _` \^`mj A-36, g\ hdnh\ lp` `no� njkjmo\_\ kjm g\n qd+

b\n t kpio\g`n `nomp^opm\g`n _`g ]plp`,

>m`\m`lp`md_\;x ; //,36 ; .,14 kpgb%
.,7 Ct 10,2

A`]d_j \ lp` `g �m`\ m`lp`md_\ `n hpt k`lp`�\* g\n _dh`indji`n h�idh\n _` g\ kg\^\ +

]\n`* n`m�i g\n _dh`indji`n _`g �m`\ om\inq`mn\g _` g\ ^jgphi\8 8889// * 7 = 77 kpgb%*

CFDRO> 2,/4

AF>DO>J> AB I> MI>@> ?>PB

~

M V'///// '// '1

f
.95d

 ,

f/////. '///

M I f
t ;+



M\m\ _`o`mhdi\m `g `nk`njm t _` g\ kg\^\* `n i`^`n\mdj _`o`mhdi\m `g q\gjm h\tjm `iom`~

h* i* i%* k\m\ m``hkg\u\m _d^cj q\gjm `i g\ ^jmm`g\^d�i ^jmm`nkji_d`io`,

0 n + .,6 ] = 7

n; /,07!

0h ) .,73 _; //

h = .,5!

i% ; 1,20! f- &>FP@ M\b 1+/..'
8, o* ; X &1 ak i*0' - Fb ]1f2 &>FP@ M\b 1+/..'

o9* ; C - > ; //,36 - 77 ; .,//5 Hnd

Fh ; 05 Hnd &>+14'

tp ; .,167 kpgb =1-6!



5.0 DISEÑO DE LAS UNIONES SOLDADAS.-

M\m\ oj_\n g\n pidji`n n` pn\m�i `g`^omj_jn B 5./6

3,/,+ Rid�i _` g\ Mg\i^c\ Ppk`mdjm \ g\ Sdb\ Ijibdop_di\F,

CFDRO> 3,/

AF>DO>J> AB PLIA>ARO> AB I> RKGLK

x
~~s ~ 1/4 -,

}<

---------------. %----
'//. ,------

~
s
s

~~
s

` /-2

M\m\ gjn ^�^pgjn _` njg_\_pm\ ojh\hjn `g `nk`njm //-/4!* lp` `n `g `nk`njm o\ioj +

_`g \gh\ _`g k`madg PQ* ^jhj `g _` g\ kg\^\ kg\o\ajmh\

J�idhj `nk`njm _` adg`o` k\m\ FAg `nk`njm _` //-/4 &>FP@ Q\] 1.17.2A - M\b 3+30'

`n8 ^j= Ij,¡"

-



21

I\ gjibdop_ h�idh\ _` gdg\ njg_\_pm\ _` adg`o`* ij _`]` n`m h`ijm _` ^p\omj q`^`n g\ _d+

_dh`ind�i ijhdi\g _`g g\_j _` g\ njg_\_pm\ & >FP@ /,/5,2 + M\b 3+31 ',

gjibdop_ = 6 mj = 0!

I\ ^\k\^d_\_ kjm kpgb\_\ _` gdg\ njg_\_pm\ _` adg`o` _` 3/8", `n8

e/4) &.,5.5' &0/' &9*'= 1,5/ K

@\k\^d_\_ ojo\g _` njg_\_pm\ `i g\ pid�i8

&1,5/' &0' &2' ; 07,46 H

@jhj n` ^\g^pg�* `i `g np]+^\k�opgj 1,0,0* g\ ap`mu\ ^jmo\io` h�sdh\ njkjmo\_\ kjm g\

qdb\ gjibdop_di\g `n 3,01 H* kjm gj lp` g\ njg_\_pm\ _dh`indji\_\ `n npad^d`io`,

Bnojn q\gjm`n _` njg_\_pm\ n\odna\^`i o\h]d�i `g `hkjom\hd`ioj _` g\ Mg\^\ `i oj_jn +

npn ]jm_`n,

3,0,+ Unión de la Viga Longitudinal a la Viga del Pórtico.

Bno\ pid�i njkjmo\ hjh`ioj t ^jmo\io`* kjm gj lp` n` _dn`�\m� g\ njg\_pm\ _`g \g\

_`g k`madg Q* k\m\ njkjmo\m `g hjh`ioj9 t* g\ njg_\_pm\ _`g \gh\ k\m\ njkjmo\m `g +

^jmo\io`

Ri\ km�^od^\ ^jh�i `i ^ji`^^dji`n njg_\_\n m`ndno`io`n \ hjh`iojn* `n njg_\m \+

&\' Bnap`muj k`mhdnd]g` _` g\ np`g_\ k\m\ `nojn ^\njn, J^ @jmh\^ + Q\] //+/ + M\b 124
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ojk` g\n \g\n _` g\n qdb\n,

CFDRO> 3,0

AF>DO>J> AB I> RKFLK

VigO cle>l

LonQi1:uclinol

@jind_`m\i_j pi\ njg_\_pm\ \ ojk` \^c\ag\i\_\ k\m\ g\ \i^cpm\ _`g \g\ o`i`hjn8

Q = ap`mu\ kjm om\nhdodm

= hjh`ioj _dqd_d_j k\m\ g\ _dno\i^d\ _`g ^`iomj _`g \g\ h�n `g \gh\

Q; J ; 74,70;/5,/H

_ + &oa-0' 3,45

O`ndno`i^d\ _` g\ njg_\_pm\ \ ojk`* `i o`ind�i* k\m\ g\ \i^cpm\ _`g \g\8

; ]a ( oa ( 02 ; &3,030' & .,437' &02' ; 61,/ H !%%%%

M\m\ njkjmo\m `g ^jmo\io`* n` pn\m� pi\ njg_\_pm\ _` adg`o`* ^ji g\n hdnh\n _dh`indji`n+

lp` n` ^\g^pg\mji k\m\ pidm g\ qdb\ ^ji g\ kg\^\* `noj `n8 L' = /-2* Vgjibdop_ = 0! * kjm +

\h]jn g\_jn _`g \gh\* kjm gj lp` o`i`hjn8

&.,1(5.' &.,5.5 * //2 (0' &0' = /2,62 H

Bno` q\gjm `n npad^d`io` k\m\ njkjmo\m `g ^jmo\io` h�sdhj _` 3,01 H* lp` `no� \a`^o\i_j+

\ g\ qdb\ `i _jn _` npn \kjtjn,
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3,1,+ Pjg_\_pm\ _` g\ Oj_dgg\ _`g J\m^j O�bd_j

CFDRO> 3,1

OLAFII> ABI MLOQF@L

A ~-------,

B
`

/H

~M

/Í\V

T/.(4.8 _* ; /.,00!9 or]; .,20!9 ]a]; /.,.6!9 oa]; .,46!

T/.(238 _* ; /.,/!9 or^; .,13!9 ]a^; 6,.0!9 oa^; .,40!

/' Bnk`njm _` njg_\_pm\ \ gj g\mbj _` >?

Bno\ njg_\_pm\ _`]` n`m \_`^p\_\ k\m\ om\inhdodm `g hjh`ioj kg�nod^j _`g \g\ _` g\ +

^jgphi\* \g \gh\ _` g\ qdb\ \ gj g\mbj _` >?

Cp`mu\ `i `g \g\ _` g\ ^jgphi\ ; Ct ( >a; 14 &6,.0' &.,40' ; /57 H

@\k\^d_\_ _` g\ njg_\_pm\ ; Cq * >m`\ ; &.,1 ( 5.' & .,5.5 L' I'

I; X_* + 0 &oa]'Z 0 ; X/.,00 + 0 &.,46'Z 0 ; /5,50!

o\h]jn g\_jn

L' = /57 , = .,46!

&0/' &.,5.5' &/5,50'
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0' Bnk`njm _` njg_\_pm\ \ gj g\mbj _` ?@

I\ ^ji`sd�i _`g \gh\ _` g\ ^jgphi\* \g \g\ _` g\ qdb\* _`]` njkjmo\m gjn `nap`mujn [

_`]d_j \ g\ ag`sd�i* ^\mb\ \sd\g y ^jmo\io`, Bi `g kpioj _ji_` `g `nap`muj n`\ h�sdhj

* `g hjh`ioj kg�nod^j ^\pn\m� `nap`muj _` agp`i^d\ _` o`ind�i nj]m` k\mo` _`g \gh\

@jhkji`io` _` o`ind�i8 Ct twe ; 14|&.,13' ; /0,4 Hnd

@jhkji`io` _` ^jmo\io`8 [[ S%++++!+ = //,36 , = /,1 Hnd

_` + 0 oa^ &/.,/' + 0 &.,40'

@\mb\ m`npgo\io`8 +S &/0,4a + &/,1'0 = /0,44 Hnd

O`ndno`i^d\ _` g\ njg_\_pm\ = &.,1 ( 5.' &.,5.5 ..I'

O`ndno`i, _` g\ njg, - I = &.,1(5.' &.,5.5 &.' 0

t \h]jn g\_jn

..= /0,44 = .,20!

&0/'&.,5.5'0

P` pn\m� ..; 5-/4!

1' Pjg_\_pm\ m`lp`md_\ \ gj g\mbj _`g mdbd_du\_jm*

Bno\ njg_\_pm\ _`]` _`n\mmjgg\m g\ ^\k\^d_\_ _`g mdbd_du\_jm,

Qn = Ct * >no ; 14 & V0 * /1-/4' ; /2,42 H

O`ndno`i^d\ _` g\ njg_\_pm\ = &0/' &.,5.5.. I' 2

t \h]jn g\_jn _` gjn 0 mdbdu\_jm`n
I; _` - ^jn 6; &/.,/' - &.,5//' ; /2,0!

..; /2,42 ; .,./5!
&0/' &.,5.5 ( /2,0' 2
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P`b�i `g >FP@ Q\] /,/5,0> + M\b P+30* `g h�idhj `nk`njm _` njg_\_pm\ k\m\ pi `gx

h`ioj _` W' _` `nk`njm `n &L = 3/16"

2' Pjg_\_pm\ m`lp`md_\ \ gj g\mbj _`g mdbd_du\_jm @A

Cmdbd_ @A = Pbf kg�nod^j + Pbf \^op\g

C`A ; 024 +//6 ; /06 H &/'

Bg `nk`njm _` g\ kg\^\ `n _` /-0!* kjm gj o\ioj `g h�idhj `nk`njm _` njg_\_pm\ `n &L

�116" ; k`mj pn\i_j `no` `nk`njm _` njg_\_pm\* g\ gjibdop_ _` g\ kg\^\ mdbd_du\_jm\

* `s^`_` g\ gjibdop_ _`g \gh\ _` g\ qdb\ Mjm `no\ m\u�i n` pn\m� pi q\gjm _` &L = l/.¡.

O`ndno`i^d\ _` g\ njg_\_pm\ ; &0/' &.,5.5&. * I' 2

o \h]jn g\_jn _` gjn 0 mdbd_,

; 0/&.,5.5 *1/4 * 7' 2 ; /11,4 H

3,2 Rid�i _` g\ @jgphi\ _`g M�mod^j \ g\n Sdb\n Bnomp^opm\g`n _`g @\n^j _`g

?plp`,

CFDRO> 3,2

R?F@>@FLK AB I>P SFD>P BPQOR@QRO>IBP ABI ?RNRB
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CFDRO> 3,3

AF>DO>J> AB I> RKFLK

f
19 11

> t
f

23 5

<--.l
90" Y

) v

-/4!

18'

~ T estructural

r.,
'colunno.

A`]d_j \ lp` ij `sdno`i ap`mu\n kmdi^dk\g`n \^op\i_j _dm`^o\h`io` nj]m` `no\n pidji`n*

n` njg_\m� ^ji pi\ njg_\_pm\ _` adg`o` `i ^\_\ ^jm_�i* ^ji `g `nk`njm h�idhj m`lp`md_j

k\m\ `g \g\ _` g\ ^jgphi\ lp` `n _` 114".

O`ndno`i^d\ _` g\ njg_\_pm\ = &0/' &.,5.5 (/-2 ( 6,.0' 1 = 67,1 H

3,3 Rid�i _` g\ @jgphi\ \ g\ Mg\^\ ?\n`,

CFDRO> 3,4

AF>DO>J> AB I> RKFLK

I ~

,
,

)

H=11.21H
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E; //,4/ H

&L = 1-/4

Rn\i_j g\ h�idh\ gjibdop_ _` 2! _` njg_\_pm\ _` adg`o` kjm \h]jn g\_jn _`g \gh\ _` g\

^jgphi\ o`i`hjn8

&0/' &.,5.5 * 1-/4 * 2' &0' = 00,05 H

M\m\ `g _dn`�j _` g\ kg\^\ ]\n`* n` c\ ^jind_`m\_j `g k�mod^j* ^jhj ndhkg`h`io` \kjt\

_j, Ri _dn`�j h�n m`\gdno\ n`md\ m`njgqd`i_j `g k�mod^j ^jind_`m\i_j gjn hjh`iojn `i +

gjn `som`hjn t _dn`�\i_j g\ kg\^\ ]\n` t g\ njg_\_pm\ k\m\ lp` m`ndno\8 hjh`ioj ag`^ojm

* ap`mu\ \sd\g t ap`mu\ ^jmo\io`,

Bg jg`\e` \ lp` `no� njh`od_j `g ]plp`* kp`_` kmj_p^dm ap`mu\n `so`mi\n cjmdujio\g`n* ij

^jind_`m\_\_, Bno\n ap`mu\n nji \]njmqd_\n kjm gjn \kjtjn g\o`m\g`n _` gjn `e`n U t V +

\io`mdjmh`io` h`i^dji\_jn9 t* �nojn \ np q`u om\inhdo`i \g m`noj _` g\ `nomp^opm\ _`g ?p+

lp`* kjm gj lp` np diagp`i^d\ n` c\^` _`nkm`^d\]g`,

-



\m` \8

Mpgb\_\n

Hdgj+gd]m\n

Hnd

Mpgb\_\n%

4,.,+ PROGRAMA.

Bg ndbpd`io` kmjbm\h\ `no� ^jiadbpm\_j* `i ajmh\ `nk`^dad^\ k\m\ g\n ^ji_d^dji`n t m`n

omd^^dji`n _` `no\ Q`ndn, P� n` _`n`\ `g kmjx\h\* k\m\ pi\ podgdu\^d�i b`i`m\gdu\_\* n`+

_`]`m� ^jinpgo\m* ^ji `g \pojm* k\m\ g\n \^g\m\^dji`n ^jmm`nkji_d`io`n,

I,,%gP pid_\_`n \ podgdu\m^` n`m�i8

gjibdop_8

ap`mu\ 8

`nap`muj8

k\m�h`omjn lp` n`\i j]o`id [

_jn _`g J\ip\g _`e\ >FP@* n` m`nk`o\m�i npn m`nk`^odq\n pid_\_`n _` ^jmij n` `i^p`i[

om`i `i �no` o\]pg\_jn,

>' Cgpejbm\h\,



3/

(_-.-----.J)

/PL=?/ HE=-'?

I
P(1)=-PL
P(2)=PL
P( 3)=-PL-t-HE
P(4)=-PL
P(5 )=PL +HE
P(6)=-PL
P(7)=PL

I
Al =-79
X2=-51
MT=O
MTC=-O

I
I M(l )=-(PCl »)109*«(464-79) .....2)/215296 I

I,++++++: .J=2 TO 7>

I
M.J=-PC..J)*(A1-t-X 2)*( 464- (Al + X2))"'{2)/2l5296

~INT: MTC/

I

-rFKxLQ8 -\N,Lv,Le
__ .------J

Mp=--1,49515

Kl =O.75/Lc
K2=-O.5/L v
SUMK=Kl+K2
F"l=Kl/K2
MT=--(MTC+Mp)F"l
S=-MT/23.75
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/++++++.
INPUT:

DATOS DE VJGA (1)
ATOS DE COLUM, (2)

Kl =(3*Jc)/4*Lc*3.75
k2=.O,5·~nv /L v
SUM K=K1+K2
Mp=.-1.49511 (%Tq
MT =-(MTC+Ml O)F 1
H=MT/90
V=(P+ \./v'*O,38·66 7)/2

PF
1-----<: N=O

NO

PRINT:
JRV ESBEL.

/



¡::II~;~;Z#G

GOTO®

ixg ; /,3,4. 1----"'::::.

31

0

NO

..J,-+[P[g+++++gX Fb :. 21 .6

I
GOTD@)

Pg Fk>1 ; 1x}[xj[j
I Q (Z)"'2

NO

NO

SJ IFb=Flol



;[x+o+B+o+ /
C\, X++&a%j-C`%'

D2=-f'o/2J.6 + f'1c/no

PF

f'1o=M1/sez)
C=f'o/F'o

D=Crf'b/Fb

f'b=MT /(Z)

E =O,85*f'101 F'1o

PRINT,
KX*L/Rxez)

F'e'=?

NO

32

NO

OTO

PF

D2<1

GOTO@

GOToev
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B) Corrida del Programa.

/... @IP
/..2 MOFKQ!
/..3 MOFKQ!
/./. MOFKQ �BI PFDRFBKQB MOLDO>J> BPQ> BPQOR@QRO>AL MMG,=> I>P @LKAF@FLKBP
BPMB@FC/@>P AB I> QBPFP8!
/./0 MOFKQ% AFPBxL AB RK> MI>Q>CLOJ> MLOQ>+EBIF@LMQBOLP

/./3 MOFKQG
/./4 MOFKQ n

/.0. MOFKQ| PB OBPMBQ>O>K I>P RKFA>ABP OBPMB@QFS>P AB @>A>M >O>JB/OL >
FKQOLAR@FOPB PBDRK BI J>KR>I AB I> >FP@, ft

/.2. MOFKQ � LQOLP M>O>JBQOLP > FKQOLAR@FOPB PBO>K 8 @>OD>P BK HFILIg?O>P*
ILKDFQRABP BK MRID>A>P,| ,

/.4. FKMRQ% FKQOLAR@FO @>OD>J>UFJ>kBMI>K@E>AL MI!9 MI
/.6. FKMRQ � FKOLAR@FO MBPL J>UFJ8L ABI EBIF@LMQBOL MLO @>A> ORBA> J>P
FJM>@QL MBPL EB ,* EB
//.. M&/' ;MI8 M&0' ;MI8 M&1' ;MI) EB8 M&2' ;MI8 M&3' ;MI) EB8 M&4' ;MI8 M&5';MI
//0.>/ ;578U0;3/8Ja;.8Ja@;.

//2. J&/' ; +&M&/' � 57 � &242 +57' 1\ 0' 1215296

//4.CLOe ;0 Q.5

//6. J&e' ; +M&e' � &>g ) U0' � &&242 + &>g ) U0'' 1\ 0' 1215296

/0..>g ;>g )U0
/00. KBUQ e

/02. MOFKQ � JLJBKQL BJMLQO>AL MBOCB@QL MLO @>A> @>OD>*JBM|
/04. CLOe ; / QL 5
/06. MOFKQ ft JBM ;%, J&e'
/1.. Ja@ ; JQ@ ) J&e'
/10.KBUQ e
/11. MOFKQ /

/12. MOFKQ !JLJBKQL AB BJMLQO>JFBKQL MBOCB@QL QLQ>I AB @>OD>%* Ja@
/13. MOFKQ *

/14. M ;M&/' ) M&0' ) M&1' ) M&2' ) M&3' ) M&4' ) M&5'
/16. MOFKQ � FKDOBPB MBPL AB SFD> T%
/2..FKMRQT

/20. MOFKQ � FKDOBPB ILKDFQRA AB SFD> / �
/22. FKMRQ| I/;%9 Ig

/24. MOFKQ! FKDOBPB ILKDFQRA AB @LIRJK> 0!
/26. FKMRQ !I0;%9 I0
0... JF. ; +/,273// |T

0.0. H/ ; .75/L2: H0 ; .5/L1

0.2. H1 ; H / ) H0
0.4. Cg =KI/K3

0.6. Ja ; +&Ja@ ) JF L' � Cg
0/.. PF ; JQ 123.75

0/0.MOFKQ| JLARIL AB PB@@FLK;!* PF
0/2. MOFKQ! JLJBKQL QLQ>I!* Ja
0/20 V;L8 N;1
0/22 /C V ; LQFgBK DLQL 0/4.
0/23 MOFKQ !ABPB> @>J?F>O ILP A>QLP AB ILP MBOCFIBP >KQBOFLOBP8 AFDFQ>O!
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0/24 MOiFQ !
0/25 MOiFQR

0/26 MOiFQ //

0/27 MOiFQ //

0/3. FKMRQ N
0/3/ gC N ; 0 QEBK DLQL0/4.
0/30gC N ; /QOBK DLQL002.
0/33 gC N ; 1 QOBK DLQL01..
0/4. V;V) /
0/43 MOiFQ!
0/5. MOiFQ| gKQOLARW@>A>QLPABMBOCgIAB SFD> H

0/6. MOiFQ ! >* T* OQ*_->a* /* P* OU* OV* I@* IR* I!
00.. FKMRQ >&/'* T&/'* OQ&g'* M>&g'* /&/'* P&/'* OU&g'* OV&/'* I@&/'* IR&g'* I&/'
00.3 MOiFQ !NRFBOB@LOOBDFO>IDRKA>QLAFDFQBL*NRFBOB @LKQFKR>OAFDFQB /!
00/. FKMRQ K
00/3gCK;LQEBK DLQL0/24
000. gC N= LQEBK DLQL0071
002. MOFKQ% gKQOLARW@>A>QL AB MBOCFI AB @LIRJK>!
004.MOiFQ| >* T *OQ* _->a */* P *OU* OV *I@ *IR *III

006. FKMRQ >&0'* T&0'* OQ&0'* M>&0'* /&0'* P&0'* OU&0'* OV&0'* I@&0'* IR&0'* I&0'
0063 MOiFQ !NRFBOB@LOOBDFO>IDRKA>QLAFDFQBL*NRFBOB @LKQFKR>OAFDFQB /!
007. FKMRQ K
0071 I@&/' ; I@&/' � /08 IR&/' ; IR&/'| /08 I@&0' ; I@&0' � /08 IR&0' ; IR&0'| /0
0073 gC K = LQEBK DLQL0/24
01.. Hg ; &1 %! /&0'' - &2%! I&0' %! 1,53'
010.H0;&,3 !%/&/''-I&/'
012. H1 ;H/ + H0
014. C/ ;H/-H1
016. JgL ; +/,273// � T&/'
02.. JQ ; +&JQ@ ) JF L'� C/
020. E&/' ; JQ - 7.
022. E&0' ; &M ) T&/'| ,.16445' -0
024. MOFKQ !JLJBKQLQLQ>I; ,* JQ
026. MOFKQ !@LOQ>KQBELOFWLKQ>Ix* E&/'
03.. MOFKQ // @LOQ>KQBSBOQF@>I; //* E&0'
030. MOFKQ| ABPB>@LOOBOMOLDO>J>M>O>SFD>L @LIRJK>!
032. MOiFQ !AFDFQBLM>O>SFD>*AFDFQB /M>O> @LIRJK> //

034. FKMRQ K
036.gCK; /QEBK
037. @IP
04.. MOFKQR
040. W;0
042.BIPB
043. @IP

, 044. MOiFQ R

046. W; /
05..BKAgC
050. Dg ;E&W'- >&W'
052. IV&W';I&W' -OV&W'
054. FC IV&W' > 0.. QEBK
056. MOFKQ !BgBJBKQL ABJ>PF>ALBP?BIQL?RPNRB LQOLMBOCgI!
06.. MOiFQ| Ht!%IgOt;%* IV&W'
060. DLQL 0/24
062.BIPB

j @>J?F>A>QLPAB SFD>+
/ @>J?F>A>QLPAB @LIRJK>!
0 @>J?F>>J?LP!
1 8J>KQFBKBA>QLP|

AFPBxL AB @LIRJK>�

AFPBxL AB SFD> //
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064. MOgKQ| &HV!%I'FO,V;!*IV&W'
066. MOgKQ% FKQOLARW@>S>ILOC\ &,>GP@+ M>D 3+52'!
07.. FKMRQ D0
070. IU&W' ; I&W' - OU&W'
072. gCI@&W' < I&W' QOBK
074. MOgKQ !C]; 01,53!
076. D2;01,53
1... DLQL 144.
1.0.BIPB
1.2. gC IR&W' < I&W' QOBK
1.4. MOgKQ /FC];0/,4.%
1.6. D2 ; 0/,4
1/.. DLQL 144.
1/0. BIPB
1/2. IQ&W' ; I&W' - OQ&W'
1/23 W/.; L
1/3. W/.; 0..%! OV&W' -OQ&W'
1/4. gCIQ&W' < W/. QOBK
1/6. MOgKQ n BIBJBKQLABJ>PF>ALBP?BIQLBKBI MI>KL AB @L8K,R%OBPFLK
ROQ;!*IQ&W'
10.. DLQL0/24
100. BIPB
102. gCIQ&W' :; 31,01 QOBK
104. MOgKQ !C];0/,4|
106. DLQL 144.
11.. BIPB
110. gCIQ&W~; //7QOBK
112. D3 ; /5....- &IQ&W~ 1\ 0
114. BIPB
116. D3 ; 14 %! &0-1' + &14 %! &IQ&W~ 1\ 0' - &/31....'
12.. BKAgC
120. BKAgC
122. BKAFC
124. BKAFC
126.BKAFC
13.. D4 ; /0...- &I&W' %!M>vW'
130. FC D3 < D4 QOBK
132. D2;D3
134.BIPB
136. D2;D4
137. MOgKQ,!C];!*D2
14.. BKA FC
140. FC D2 <; 0/,4 QOBKD2 ; 0/,4
142. BKA FC
144. D5 ; D/ - D0
146. FC D5 :; ,/3 QOBK
15.. D1 ;Jm - P&W'
150. D5 ; D/ - D0
152. D6 ; D5 + &D1 - D2'
154. MOgKQ //OBI>@FLKAB CIBUL@L8K,R%OBPFLK!
156. MOgKQ| &a\-C\' + &a]gC]' ;!* D6
16.. FC D6 <; /QOBK
160. MOgKQ // MBOCFI KL P>QFC>@QLOFL//

162. BIPB
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164. MOgKQ �MBOCgI P>QFC>@QLOFL�
166. BKAFC
17.. MOgKQ| ABPB>SLISBO> @LOOBOBI MOLDO>J>AFDFQB L�
170. MOgKQ �ABPB>QBOJFK>OAFDFQB / �
172. FKMRQK
174. FC K ; L///BK
176. DLQL 0/24
2... BIPB
2.0. DLQL234.
2.2. BKAFC
2.4.BIPB
2.6. D1 ; JQ - P&W'
2/.. D7;&D1-D2' ���,63
2/0. MOgKQ n S>ILOAB IU ;!* IU&W'
2/2. MOgKQ � FKQOLARW@>S>ILOAB C`% &>FP@Q>?I>7 M>D 3+57 '!
2/4. FKMRQCB
2/6. DgL ; D5 ) &D7%! &/- &/ + &Dg-CB~~
20.. D// = &D/-0/,4' ) &D1- D2'
200. MOgKQ !&a\FC\')&@h!%a]gC]-&/+&C\gC`%~;!* D/.
202. MOgKQ! a\-L,4Ct) &a]-C]e;!* DFg
204. FC DF. < /QOBK
206. FCDgg < /QOBK
21.. MOgKQ �MBOCFI P>QFPC>@QLOFL!
210. BKAFC
212. BIPB
214. MOgKQ D MBOCFI KL P>QFPC>@QLOFLn

216. BKAFC
22.. MOgKQ |MBOCFIKL P>QFPC>@QLOFL!
220.BKAFC
222. MOgKQ !ABPB>SLISBO> @LOOBOBIMOLDO>J>AFDFQB L!
224. MOgKQ �ABPB>QBO,JQcQ>OAFDFQB / �
226. FKMRQK
23.. FC K ; LQOBK
230. DLQL0/24
232. BKAFC
234.BKA



· I

423//

5111

46411

I I I I 7k%
1.. 330'.' .1
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