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I.  INTRODUCCION

El objetivo de la presente tesis v trabajo escrijto, cs
la de mostrar el procedimicento para disenar una nave industrial

con elementos de concreto presforzado,

La nave cubre un drea de 1250 metros cuadrados, 25 me-
tros de claro por 50 rotros de largo. La cubierta eséa formada
por losas concreto celular para techo, que estan apoyadas en lar
pgueros de concreto presforzado, los que a su vez estan apoyadas
en trabes portantes presforzadas y estas descansan en columnas -
de concreto reforzado.

La cubierta consta de losas prefabricadas de concreto -
ligero de 10 cm de espesor y un peso de 065 kg/m2.

Los largueros son de concreto presforzado de 5 metros -
de claro y una seccion transversal rectangular de 15 por 30 cm.

Las trabes portantes son también de concreto presforza-
do de 25 metros de claro y de seccidn transversal 1 variable.

Las columnas son de 4.5 m de altura, de concreto refor-
zado y una secciln rectangular de 35 por 50 ¢n,

A continuacidén se dibuja un croquis en planta de la na-

ye en que:

Largueros de 5 m de claro.
[:] Columnas de 35 por 50 cm.

Trabes portantes de 2%m de claro y sceccidn | variable,
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IT. DISERO DE LARGUEROS

II.1. Datos para el disefio.

30cm
A Ay
5.0
O
15 emn

DATOS

- PR 4
Wey © 60 Kg/m
Wy o o® 65 Kg/m2 (peso de la cubierta)
W, o= 15 Kg/mz (impermeabilizante)
1 = 500 cm (claro del larguero)
fLo= 350 Kg/cm®

- , 2
fsr = 1,800 Kg/cm
b = 15 cm (ancho del larguero)
h = 30 cm (altura del larguero)

Separacifn de los largueros de 328 cm

flll]
Se empleardn torones de ¢ 16

(&1

11.2. Cdlculo de las caracterfsticas geométricas

A = bh




A = (15) (30)
A = 450 cm? ‘
| . _bh3
Y
3
I = ._i_l._s.ng.:;_O_)_._
I = 33750 cm®
Yi = 15 cm
Yg = 15 cm

I1.3., Determinacidén de los esfuerzos permisibles,
[1.3.1. En el concreto

- Inmediatamente después de la transferencia
fl. = 0.8 . = (0.8)(350) = 280 kg/cm’

. Compresibn

0.6 fry = (0.6)(280) = 168 kg/cm®
. Tensidn
2
féi = 280 = 16.73 Kg/cm
- Después de las pérdidas.

. Compresion.

0.45 f! = (0.45) (350) = 157.5 Kg/cm?
. Tensidn

2 fL = 2 350 = 37.42 Kg/cm




I11.3,2,

(52]

En el acero de presfuerzo

- Presfuerzo inicial

0.7 f,,. = (0.7)(18000) = 12600 Kg/cn®

Py = (0.372)(12600) = 4687.2 Kg (por cada toron de
5"
¢ 16~ )
Suponiendo un 20% de perdidas
0.8 (0.7f,) = (0.8)(0.7)(18000) = 10080 Kg/cn®

P = (0.372)(10080) = 3749.76 Kg (por cada toron de

5"
¢ 16 )

I1.4, Esfuerzos actuantes en secciones criticas

La seccidn critica que se presenta inmediatamente des

pués de

la transferencia se localiza er el apoyo; y 1a co- -

rrespondiente a largo plazo, es decir después de 1as pérdi--

das se encuentra al centro del claro.

I1.4.1.

I1.4.2,

Apoyo

Ma = 0
fi = 0
f5 = 0

Centro del claro

Cargas:

Carga viva 60 Kg/m2
Impermeabilizante 15 Kq/m2
Losa 65 Kq/m*

140 Kq/m¢




140 K& x 3.28m = 459.2 Kg/m

m
= i = = 2 _I/Lg
wpp Peso propio/m = A X Yconereto (0.045 m“) (2400 m2)
= 108 Kg/m
Weotal = 459.2 + 108 = 1672 Kg/m
W 2 " 2
M -t 17, (86290 (5)7 . y792.5 Kg-m
a 8 .
Ma = 177250 Kg-cm
Ma 177250 2
fi =-1—Y; = - 33950 {15) = ~78.78 Kg/cm® (tensién)
Ma 177250 2 .
fJ ol Yo TITED (15) = 78.78 Kg/cm™ (compresidn)

11.5, Capacidad de presfuerzo de la seccion

—
"

0.6 Kfl; = (0.6)(0.8)(280) = 134.4 Kg/cm? (impresion)

—
1l

k fl, = 0.8 280 = -13.39 Kg/cn® (tensidn)

11.6. Comparacidn de esfuerzos
Sumando los esfuerzos actuantes con los esfuerzos de-

bidos a la capacidad de presfuerzo se obtiene:

f. = 078.78 + 134.4 = 55.62 kg/cn’ (compresicn)
55.62 < 157.5
fs = +78,78 - 13,39 = 65,30 Kg/cm2 (compresian)

65,39 « 157.5




En consecuencia se nota que no es necesario dar la ca

pacidad mdxima de presfuerzo a la seccidn.

I1.7. Reduccion del presfuerso en la seccidn:

fi = 41,36 Kg/cmz (compresidn)

f, = 13.39 Kg/cm® (tension)

I1.8. Suma de 1os esfuerzos actuantes y los esfuerzos debi--
dos al presfuerzo reducido; y compararlos con los es--
fuerzos permisibles,

fi = 78,78 + 41.36 = -37.42 Kg/em? (tension)

37.42 = 37.42
f = +178.78 - 13.39 = 65.39 Kg/cn®

65.39 <« 157.5

1,9, Determinacidn de la fuerza de presfuerzo (P}, ndmero -

de torones (n) y la colocacidn.
13,34

ngl5uﬁn

19 cm

L
m

41, 3¢

p
() +13.39 45 99 4 41,36
5 30
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P .15 -
K =g (13.39 + 41.36) = 19.39
P = (13.985)(450)
P = 6293.25 Kg. )

. _6293.25
N * —3749.76 - 1-68

Consecuentemente se empleardn 2 torones de ¢ ?6

- I P 33 750 _
"t " B, [y - &1 ~Teoa525y(isy[41-36 - 13.985]
e{ =Yy -y 15 - 9.79 = 5.21 ¢cm

Colocacibn:
r 2 2 cm

- $ 0,7938
"toron = Te ¥ 2 F ?

= 2.397 cm = 2.5 cm
S 2 3¢ = (3) (0.7938) = 2.38 ¢m

S¢ = S 4+ ¢ = 2.38 + 0.7938 = 3.17 cm = 3.5 cm

/5
o

30

7 7

e, = 10 cm

[1.10. Revisi6n de esfuerzos
11.10.1. Seccidn critica inmediatamente después de la trans-

ferencia (apoyo).

_Pg Po p (2)(4687.2) . (2)(4687.2)(10)
fy = - Y 150 + 33760 (15)

= §2.5 Kg/cm2



1.

]

n

1

62.5 < 168
estd correcto

B - Doy, L g gt

20.83 Kg/cm?

20.83 > 16.73

se deberd colocar acero de refuerzo ordina-

rio para tomar las tensiones (II.11).

0.2. Seccibn critica después de las pérdidas (al centro-
del claro).
= P + E?_’.: - ...ri@___
iy Y5 I i
Per Ma

i

(2)(3749.76)
7499.52 Kg.

7499 ,52 (7499.52)(10) 17725
r50 Y TTIETEG (15)

~J
~
(]

[®
o
[$alR &)
oo
piiy
—
[S3]
-

-28.78 Kg/cm2 {tensidn)
28.78 « 37.42

estd correcta

7499.,52 (7499.52)(10)
450 B

177250

33750 (15) + “33555(15)

62.11 Kg/cm2 (compresion)
62.11 < 157.5

estd correcto
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I11.11. C4lculo de la cantidad de acero de refuerzo ordinario

necesario para tomar las tensiones; correspondiente a

la etapa inmediatamente después de la transferencia.

-20.83

[~

30

by
5o 62.5

62.5 + 20,83 _ 20.83
30 X

-
I
o[

(20.83)(7.5)(15)

-
n

1171.69 Kg.

Datos del acero de refuerzo ordinario:

£, = 4200 Kg/cm?
.

ag = 0.49 cm2

fo = 0.6

£, = 2520 Kg/cn?

E1 area de acero necesario serd:

- B 21
Ag = f

p

—

71.69

520

2
= 0,46 cm

w
rof
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Por 1o que una barra de ¢ %E seria suficiente. Sin-
embargo para facilitar el armado del acero transversal nece-

sario para cortante; se colocardn 2 barras de ¢%€ .

Finalmente quedard:

3 3
o

— y7

30ermn

sl

[ vvensam |
15 e

11.12. Revisidn por resistencia.
La seccion que se debe revisar, es decir la seccién -

critica, es la que se encuentra al centro del claro,

I1.12.1. Cdlculo del nomento Gltime actuante.

Ma = 177250 Kg-cm
Mua = F.C. Ma

= f
Mua (1.4)(177250)
Mua = 248150 Kg-cm

I11.12.2. Calculo de fcp

for

f.. = f (1 - 0.5 Pp flc
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A
P = ._S_p_
p bd
A, = 2(0.372) = 0.744 cm® .
sp
b = 15 cm
d = 25 cm
p - _0.744
p (15)(2%)
p = 0,002
p
_ , 2
fsr = 18000 Kg/cm
fr = 350 Kg/cm®
¢ = g/cm
] 18000
fsp = 18000 [1 - (0.5)(0.003) TED ]
- 2
fsp = 17081.69 Kg/cm

I1.12.3. Calculo de a.
A f

- ~£§?§§R"

f* = 0.8FL = (0.8)(350) = 280 kg/cm?
*
FU= (1,05 - o) A= (1,05 - T%%%) 280 = 231.28 Kg/cn®
_(0.744)(17081.69)
& TTI5)(2371.28)
a = 3,66 cm

11.12.4., Cédlculo de MuR

- a
Mor = Fr [Asp : fsp] (d- ?)]
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Mg = 0.9 [(0.744)(17081.69) (25 - 3;80)]
MuR = 264997.17 Kg-cm
MuR = 264997.17 Kg-cm > Mua = 248150 Kg-cm

estd correcto por resistencia.

II1.13. Verificacibn del tipo de falla
Se deberd cumplir que:

E + €, > L
] y

sp p

11.13.1, Cdlculo de ES

p
. a
¢ 0.8
_ 3.66
¢ 0.8
C = 4,575 cm
£ = (d-c)(0.003)
sp c
£ - (25-4.575(0.003)
Sp 4,575
Esp = 0.0134

11.13.2, Cdlculo de Ei

m™
fl
o
(e
o
(=2}
(=2
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I1.13.3.
sp + Ei = 0,0134 + 0.0066
Esp + Ei = 0.02
Eyp = 0,01
Esp + Ei = 0,02 » [yp = (0.01

. E1 tipo de falla es wuctil,

I11.14. Revisién del acero minimo

MuR 7 1.2 Magriet.
p
S S N .
Magriet ) y; - A tgyyp v 1l

, . 33750 . (2)(3749.76) (2)(3749.76) -
Magriet 15— | 50 * 73760 - (18) + 3%
Magricg = 196680.09 Kg-cn

MR = 264891.3 Kg-cm > 1.2 W oo = 236016.1 Kg-cn

.". cumple con el requisito de acero minimo

[1.15. Revisidn por cortante.
Se colocardn estribos de 5/16"; con fy = 4200 Kg/t:m2

- Las secciones criticas que se deben revisar son:
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A B C D
NI =
AB C D
4 = | -
030 [.0m 1.0~ — i
I5VTY)
[ {
I i
50m
xA = 30 cm
Xg = 5C cm
Xe © 150 cm
Xp ® 250 cm

- Cdlculo del cortante y momento actuante en cada scccion.

o

Yy

= Ry - WAZ
My = Rx - =5

"
=]

1)
x
>

R = gl . 1567.2)(5) . 1418 kg

V. = 1418 - 5.672x
2
M_ = 1418x - 5.672 §~

Para Xp - 30 ¢cm

V, = 1418 - (5.672)(30) = 1247.84 Kg

?
A (1418)(30) - (5.672) Li%l- = 39987.6 Kg-cm

=
u
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Para Xg = 50 cm:

VB = 1418- (5.672)(50) = 1134.4 Kg

2
MB = (1418)(50) - (5.672) _L2%1~ = 63810 Kg-cm

Para Xe = 150 cm:
VC = 1418 - (5.672)(15.) = 567.2 Kg

2
MC = (1418) (150) - (5.672) —Llégl— = 148890 Kg-cm
Para xD = 250 cm:
VD = 1418 - (5.672)(250) = 0

chy L
MD = (1418)(250) - (5.672) ~i§%gl~ = 177250 Kg-cm

Obtencidn de VC

= F Va
v, = FRbd(O.IS fx 4 50 i dy)
= (0.8) (15)(25) [0.15 280 + (50)(25) %g ]
= Va
Vo = 752,99 + 375000 4=
= *
vc maximo FR 1.3 bd fc
v = (0.8)(1.3)(15)(25) 280
C méx
= 2§
Ve mix 2509.98 Kg

-Fuerza cortante mdxima permisible:

Vua perm, (2.5)(0.8) (156)(25) 280
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Via perm, = 12549.9 Kg.

- Separaci6n por &rea minima:

S s Fr Ay fy _ (0.8)(0.98)(4200)

3.5y T3-5) 15) = 62.72 cm

- Por separacidn maxima:

"

Como: V £ 1.5 FR bd f

ua c (1.5)(0.8)(15)(25) 280

7529.94

S = 0.75 h = (0.75)(30) = 22.5 cm
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secciones -
A B c 0 Observaciones
conceptos
1 Va 1247.84 1134.4 5/.7 0 Kg
2 Ma 33.87.6 [v3sty lwdovy (177230 G- L
3 375000 '\;—“: 11702.13 | 6666.67 1428.571 0
4 Vc=752.994 37500 —vf% 12455,12 1 7419.66 | 2161.56] 751.99
V. .. =6525.95
5 v Cos s . ; ) ne C indx
c defini t\lvo 6525.95 16525.95 | 2509.98 | 2509.98 Vcnin=2509‘98
Y E—
6 Vua . Vuaméx 125499
no rcambia seccidn
7 V' = vua - Vc
F, A f ™ se raquieren estri-
8 S req.t R V—V-—-y-d bos pars especifica
g - N R . cidn.
FR I\v fd ) Separacién por
9 Sem © ”‘ﬂbj“ 62.72 62,72 62.72 1 62.72 {drea minima
10 né x 0.75 22.5 22.5 22.4 22.%
11 S 22.5 22.5 22.5 22.5
12 Sdef. 20 20 20 20
Revisifin
fn A f
13| vs Ry 4116 are |41t lane
14 VuR =V o+ 10641.95 {10641.95 |662%.98 [ 6514.98
15 VuR Vua Correcto [Correcto | Correcto] Correctol
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11.16. Refuerzo vertical en zonas de anclaje de presfuerzo.

Empleando el p

rocedimiento para reforzar los extre--

mos de las vigas para

e . 10

R 30

e _

B 0.33

Pe = (2)(3849.76)(10) = 74995.2 Kg-cm.
y % %% M Kg-cm
030 0 0
310.1 0.04 2999 .8
610.2 0.1 74599.52
910.3 -0.01 -749,95
1210.4 -0.09 -6749.57
1510.5 -0.11 -8249.47
18 1 0.6 -0.1 -7499 .52
2110.7 -0.08 -5999.62
24 10.8 -0.03 -2249.86
27 10.9 0 0
3011.0 0 0

Mméx = 8249.47 Kg-cm
.M 8249.47 : ,

T = ’h‘:"i 30"‘:7.5 = 366,064 }\g
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£ Fé Wy
g = 1.67 [ —-—a; — ] x 0.6 fy

-
[

6
1er [ xa0D) (350) (0.0 2

fS = L
- 2 " 2 .
fS = 1212 Kg/cm™ <« 2520 Kg/cm 0.6 fy
A = T . _366.64
5 F;“ 121
AS = 0,3 cm2
A
S 0.3 .,
"o, ey 9

.. Prdcticamente no es necesario colocar refuerzo vertical-
adicional al que se necesita por cortante en las zonas -

de anclaje de presfuerzo,

I11.17, Armado propuesto

o i
»;3_4 ;:3;//7’ 2 harraa de /uﬁ"w'xﬂdau{wwv;f e d "/‘22‘

F—-—“—;r‘;ﬂm1 3

- o " @ Cem

30 em
i
- (,) [—:7'1(1'7\»/1 ,‘J /z?
ESB'y
— L
— —
3 3
o {
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ITI. DISERO DE TRABES PORTANTES

I11.1. Datos para el disefo.

B Y

‘ 25 m

- Datos:

1 = 25 m

fU = 350 Kg/cn?
_ 2

fop = 18000 Kg/cm

1t

Se emplearon torones de o5

- La seccidn transversal varia de la siquiente forma:

De 0 m {apoyo) a 0.8 m, la seccidén es rectangular,

50cm

564cm

35 cm

Extremo '

b
3:) Ty

a 80 cm del extremo
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- De 0.8 ma 12.5 {centro del claro), la seccidn es 1.

/8 I8

10 10

/4 5.

/2

15

35 cm
a 0.8 m del extremo (15 (Sern

12
15

35cm
al centro del claro




- Cédlculo de las cargas.

- 2
Weubierta - 8% Kg/m
- 2
Wey = 60 Kg/m
- 2
Wi = 15 Kg/m

Iw 140 Kg/mz

(140 Kg/m?)(5m)(3.28m) + 540 Kg = 2836 Kg.
(140 Kg/m?) (5m)(1.64m + 1.33m) + 540 Kg. = 2619 Kg.
(140 Kg/m%){5m)(1.33m) + 540 Kg = 1471 Kq.

Vol. larguero y_g.pecto = (0-225 n°)(2400 —§ ) = 540 Kg

m

Cdlculo de las dreas transversales en el extremo, a 80 cm

del extremo; y al centro del claro.

AO = 1750 cm2 {extremo de la trabe)
Agor © 1974 cn® (izquierda)

ASOD = 1726 cm2 (derecha)

A = 3130 cm2 (centro del clarog)

Ay = (0.175)(2400) = 420 Kg/m

o'concreto

(0.1974)(2400)

"

Ago1 Yconcreto A73.76 Kg/m

n
1}

A (0.1+426)(2400) 414.24 Kg/m

800 Yconcreto

L
(]

A ¥ (0.3130)(2400) 751.2 Kg/m

concreto




/
08m
~
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[11.2 Cdalculo de las caracteristicas gcométricas

- Al centro del claro.

35
Pt
e
10
a5 | 150 om
4 12
5
et
o 15 10
- - 2 2
Elementos| A ¥ Ay d d Ad I
2250 75 168750 | -0.69 0.4761 | 1071.23 4218750
360 | 141.67 50760 65.31 4265.4 | 1535542.6 9720
100 | 128.67 12867 52.98 2806,88] 280688.04 ]555.56
120 19 2280 | -56.69 3213.76| 385650.73 960
300 7.5 2250 1-68.19 4644 .88 1 1394962.83| 5625
3130 236907 3597915,43 | 4235610.56
A 3130 cm2
¥y ~%%x~ = *ggggglm = 75,69 cm.
Y5 75,69 cnm
74,31 cm




< A 11 m del extremo de 1a trabe.

21 + pAd?

26

4235610.56 + 3597915.43

7833525.99 cm

75.69 - 15.3

60.39

cm

4

= 60.39 cm

35
et
3 ‘ ) | 10
138em ! 83
- “4 b /2
5 ij =
et —ip
1015 o
Elemen } } n ?
tos. A Y Ay d d Ad” |
1 2070 69 142830 -0.65 0.422% 874.58 3285090
2 360 | 129 46440 49,35 3522.42 | 1268072.1 9720
3 100 |116.67| 1666.7 | 47.02 2210.88 | 221088,04 555.56
4 120 19 2280 -50.65 2565.42 | 3078850.7 960
5 |30 | 7.5 | 2250 |-62.15 | 3862.62 | 1158786.35 | _ 5625
p) 2950 205466,7 2956672.17 | 3301950.506
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= 2950 cm2

_ ZAy . 205466.7 _
= IA- " T 2950 69.65

= 69.65 cm
= 68.35 cm

= g1 + £Ad® = 3301450.56 + 2956672.17
- 6258622.73 cm”

= 54,35 cm

A 10 m del extremo de la trabe,

35
ia
(0
130em 15
T
15

ety
101510
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Elemen - - 2 2
tos. — A y Ay d d Ad I
1 11950 § 65 126750 | -0.62 0.3844 | 749.58 2746250
2 360 12.1 43560 | 55.38 | 3066.94 1104019.98 9720
3 100 }108.67 10867 { 43.05 | 1853.3 185330.25 555,56
4 120 19 2280 1-46.,62 | 2173.42 | 260810.93 960
5 300 7.5 2250 |-58.12 | 3377.93 1013380.32 5625
2830 185707 2564371.06 | 2763111.56
A = 2830 cm?
. IAy 185707 _
Yi * IR 58,30 - 09.62
Y3 = 65,62 cm
Y = 64.38 cm
I = 5l + £Ad®

2763110.56 + 2569371.06

5327481.62 cm

4

50.32 cm.
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- A 9 m del extremo de la trabe.

a5
18
io
{22 om 6f
i2
=
g
o 1510
Elemen - - 2 2
tos. A y Ay d d Ad I
1 1830 | 61 111630 -0.59 0.35| 63702 2269810
2 360 {113 40680 51.41 | 2642.99( 951475.72 9720
3 100 1100.67 10067 39.08 1 1527.25] 152724.64 554,30
4 120 | 19 2280 | -42.59 | 1813.9 | 217668.97 960
5 300 7.5 2250 | -54.09 | 2925.75| 877718.43 5625
L 2710 166907 2200224,86 1 2286670.56
A = 2710 cm2
_ LAy . 166907 -
Yi = §61.59 ¢m
Yo 60.41 cm
I =1+ xAd2 = 2286670.56 + 2200224 .86

4486895.42
46,20 cn

CIH4
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- A 8 m del extremo de la trabe.

35
premm e
18
10
H4.em 5
|2
15
Elemen - - 2 2
tos. A y Ay d d Ad 1
1 1710 | 57 97970 | -0.55 | 0.3025 5172 1851930
2 360 |105 37800 | 47.45 | 2251.5 | 810540.9 9720
3 100 | 92.67} 9266.67}1 35.12 | 1233.41] 123341.44 555.56
4 120 } 19 2280 -38.55 | 1486.1 { 178333.3 960
5 300 7.5 2250___~ -50.65 | 2565 751500,75 562%
L 2590 949066.67 1864332.67 | 1868790.56
A = 2590 cnd
yi = EAX = 143233'67 - 57.55 cm
yi = 57.55 cnm
Yo © 56.45 cm

1 =gl + 5Ad® = 1868790.56 + 864232.67
1 = 3733023.22 cn’
e = 57,55 = 15,3 = 42,25 cm

e = 42,25 cm
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- A7 m del extremo de la trabe

35
[ 18
3 10
106 em 51
4
12
/5
t—t——t—
10 1510
Elemen
tos.
1 1590 | 53 84270 -0.52 | 0.2704 429.94 | 1488770
2 360 | 97 34920 43.48 | 1890.51 | 680583.71 9720
3 100 | 84.67 | 89667 31.15 970,32 97032.25 555. 56
4 120 {19 2280 -34.52 | 1191.63 | 142995.65 960
5 300 7.5 2250 046.02 | 2117.84 | 635358.72 5625
) 2470 132186.7 | 1556393.7 | 1505630.56
A = 2470 cm’?
- _rAy _ 132186.7 _
Yi 8T 5470 53.52 cm
yi = 53.52 cm
Yy ¢ 52.48 cm

u

1

I+ 3Ad® = 1505630.56 + 1556393.7
3062024.26 cat

38,22 cm
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- A 6 metros del extremo de la trabe

35
T 18
/10
98em 43
/2
15
Elemen - - 2 2
el oA |y Ay d d Ad 1
1 |1470]49 | 72030 | -0.48 0.23| 21038.09 | 1176490
2 360 |89 | 32040 | 39.52 | 1561.83| 562258.44 9720
3 100 | 76.67| 7666.7 | 27.19 | 739.3 | 73929.61 555,56
4 120 | 19 2280 |-30.48 | 939.03| 111483.65 960
5 300 | 7.5 | 2250 |-41.98 | 1762.32 | 528696 5625
. 116766.7 1276707 1193350, 56
A = 2350 cm2
IAY . 116266.7
yi = ):A = 2350 = 49148 cm
¥y 49,48 cm
Yo 48.52 cm
I =zl + pAd® = 1193350.56 + 1276707
1 = 2470057.57 cm’
e = 49.48 - 15.3

e = 34,18 cm
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- A 5 metros del extremo de la trabe

35
8
3 [0
40em 35
4 4 12
115
’-‘+—‘—+—I—‘
10 15 10
Elemen - ? ?
tos. A v Ay d d Ad I
1 1350 { 45 60750 -0.43 0.184 249.62 | 911250
2 360 { 81 29160 35.87 1265.22 | 455480,96 9720
3 100 | 68.671 6866.7 23,29 540,097 | 54009.76 565,56
4 120 19 2280 -26.43 698.5 83825.39 960
5 300 7.5 1 2250 -37.93 | 1438 431605.47 5625
2230 101306.,67 928110.,56
A = 2230 cmé
yi = %A%~ = ~—9;%%%¢§Z~ = 45,43 cm
yi 45,43 cm
Y ° 44.57 cm
I =] + £Ad® = 928110.56 + 1025171.197

24

1953281.76 cm”

30,13 cm
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- A 4 metros del extremo de la trabe

EE)
[
2. 21 18
SR
3 I
82 cm / 2f
W i
5 5 11
I——
10 15 40
Elemen - - 2 2
toa 2| A Ay d d Ad 1
1 | 1230 |4 50930 | -0.38 | 0.1449 177.61 | 689210
2 | 360 |73 26280 | 31.62 | 99982 359936.78 | 9720
3 100 | 60.67| 6066| 19.29 | 378.1 27810.41 555.56
4 120 |19 2280 | -22.38 | 500.86 | 60103.73 960
5 | 300 | 7.5 2250 | -33.88 | 1147.85| 344356.32 | 5625
L | 2110 87306 801784.85 | 706070.56
A = 2110 cm2
yi LAY 87306 . 41.38 c¢cm
LA 2110
y; = 41,38 cnm
yg = 40.62 cm
I = rl + pAd® = 706070.56 + £01784.85
I = 1507855.41 cu”

r

1"

26,08 cm




- A 3 metros del extremo de la trabe.

35
/8
3 3 110
Fiem 19
LR 1~
/5
r-—-’-—.—'-—l
101510
Elemen - - 2 2
tos. — A y Ay d d Ad I
1 1110 | 37 41070 -0.32 | 0.1024 113.66 | 506530
2 360 | 65 23400 27.68 | 766.18 | 275825.66 9720
3 100 | 52.67 | 5266.7 15,35 | 235.62 23562.25 565.56
4 120 1.9 2280 }-18.32 | 335.6¢2 40274.69 960
5 300 f 7.5 | 2250 [-29.82 | 889.23 | 266769.72 | _ 5625
by 1990 74266.7 b606545.99 | 523390.56
A = 1990 cm
LAY 74266.7 .
Y, T g9~ = 37.3¢ cm
y; = 37.32 cm
Yo < 36.68 cm

I =gl + zAd% = 523390.56 + 606545.99

I = 1129936.55 cn’

e = 22.02 cm
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- A 2 metros del extremo de la trabe

35
/8
10
3
G6em 4 1
12
5
-
[0 510
Elemen - - 2 2
i I Ay d d Ad 1
1 990 | 33 32670 | -0.25 | 0.0614 61.88 | 359370
2 | 360 | 57 20520 | 23.75 | 564.06 | 203062.5 9720
3 100 | 44.67| 4466.7| 11.42 | 130.42 | 13041.64 555.56
4 120 | 19 2280 | -14.25 | 203.06 | 24367.5 960
5 | 300 | 7.5 | 2250 |-25.75 | 663.06 | 198918.75 | _ 5625
(1870 62186.7 439952.26 | 376230.56
A = 1870 cm2
g AV . 621867 33 5
IA 1870
Yy ® 33.25 cm
yg = 32.75 cm
I = g + sAd® = 376230.56 + 439452.26

[y
n

815682.83 cm

17.95 cm

G|
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- A B0 centimetros del extremo de la trabe.
35
564em
Elemen
tos.
1 846 | 28.2 23857.2 | -0.17 | 0.0289 | 24.45 224257.68
2 360 | 47.4 17064 19,03 | 362.14 | 130370.72 9720
3 100 | 35,07 3506.67 6.7 44 .89 4489 555,56
4 120 {19 2280 -9.37 87.8 10535.63 960
5 300 7.5 2250 1-20.87 | 435.56 | 130667.07 5625
I 1726 48957 .87 276086.87 | 241118.24
A = 1726 cm2
_ LAy _ 48957.87 _ .
AT S b S
Yi *® 28.37 cn
Yg ¢ 28.03 cnm
I = £l + zAd® = 241118.24 + 276086.87 = 51705.11

517205.11 ¢’
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II1.3. Determinacién de Jlos esfuerzos permisiblies.

IIT.3.1. En el concreto.

- Inmediatamente después de la transferencia

fly= 0.8 fL = (0.8)(350) = 280 Kg/cm?

Compresi6n,

0.6 £, = (0.6)(280) = 168 Kg/cm®

Tensidn.

fly = 280 = 16.73 Kg/cmé

- Después de las pérdidas
. Compresion

0.45 ! = (0.45)(350) = 37.42 kg/cm?

111.3.2. En el acero de presfuerzo
- Presfuerzo inicial

| o]
0.7 £, = (0.7)(18000) = 12600 Kg/cm®

Py = (0.516)(12600) = 6501.6 Kg (por cada toron de ¢ 3

- Presfuerzo efectivo
Suponiendo un 20% de pérdidas por relajacidn del acero de
presfuerzo se tiene:

0.8(0.7f, ) +(0.8)(0.7)(18000) = 10080 Kg/cn’

P = (0.516)(10080) = 5201.28 Kq (por cada toran de i"
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I11.4. C&lculo de la capacidad de presfuerzo.

-+
n

0.6 kfl. = (0.6)(0.8)(280) = 134.4 Kg/cm® (compresién)

£ o=k f 08 280 - -13.39 Kg/cm® (tensién)

S ci

I1I1.4.1. Capacidad de presfuerzo en el extremo de la trabe,

/13.39
T [
50em h
/A
+
. 1344
35 ¢m
P
134.4 + 13.39 _ 13.39 + A
h - Y
p ys .
£ =y (1344 +13.39) - 13,39

oc
Boe B2 (1309 4 13.39) - 13.39

,p. = [« 2

i 60.5 Kg/em

P = (60.5) A = (60.5) (35) (50)
P = 105883.75 Kg



ev =y Ly -g
35)(50)° 1
o= St - 364583.33 om

3.64583.33 -
T (iossETyyreE) [ 134,94 - 60.5 ]

ey 10.18 cm
CL' = 14.82 c¢m (distancia del centroide del presfuerzo a 1la

fibra infevior)

IH1.4.2. Capacidad de presfuerzo on ol oxtremo de la seccidn |,

1331
28,03
2837
)
. \\\\
134
A - 1726 cm?
1= 517205.11 o
‘)
13.39 4 13.44  13.39 1 A
5%.4 : 26,03

s on
k 52”23 [ 13.39 ¢ 134.4 1 - 13.39
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P _ 2
ic 60.06 Kg/cm

P = (60.06)(1726)
P = 103662.76 Kg

] p
et“p‘y';[fi'ﬂ

517205.11
t = TT03662.76) (28 37, L 134-4 - 60.06 ]

(17}
1

13.07 cm

1]
"

1]
n

t 15.3 cm (distancia del centroide del presfuerzo a la fi
bra inferior)

II1.4.3. En resumen en 1a seccidn rectangular se tiene:

hgv]
1]

105883.75 Kg

14.82 cm

(17
]

y en la seccidn | se obtiene:

<
——
1}

103662.76 Kg.

15.3 ¢cm

[e]
it

Consecuentemente como:

=
i

I 103662.76 kg <« Po = 105883.75 Kg

156.3 cm > e
I Lo

m
L

= 14,82 cm

el presfuerzo que rige en la trabe portante la define la sec

cién critica I, (a 80 cm del apoyo).
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I[I1.5, Determinacién de la fuerza de presfuerzo (P), nlmero

de torones (n) y la colocacién.

18em L
[0em
(4 om — e _
43 50m 83
[&em
I5em [3em
1 ot e 251

78 68 606 88 8 7
P = 103662.76 Kg

n=19,93 = 20 torones

La colocacidn de los torones deberd cumplir con:

]

2 cm + -% -2 o4 93525 2,476 cm * 2.5 ¢cm

1

2,5 cm




43

5, - 5 4+ 4 - 3a 4+ & = 3(0.9525)40.9525 - 3.81 cm - 4 cm.

- 4 cm

La distancia del centroide del presfuerzo a la fibra extre-

ma inferior es de:

]

{ *.3..)._(_2.__-_5,)..,.".,,4.(.8.)..,(.1.3_)_2:6 (12)(43.5) + (2)(47.5)

15.3 ¢m

e
"

I11.6. Revision de esfuerzos

) - } ol 1, 7 4

l0 nPovon (20){6501.6) 130037 Kq.

p n '\annu (Z0)(h201.28) 10405 .6 Ky.
a ! i K

Close 1H.o3 cm

FHILO. T, Inmediatamenle despudcs de la Lransterencia

- Apoya (Svccidon A)

A 1870 cw
e, 25 - 1.3 - 9.7 ¢m
A - 4
] 30A%83.33 wm
Y, 75 ¢m
Y. 29 ¢
Po v“ )
f A Yy
i ;30932 ' ggsugxf)go./) (71)
1 1750 304583.33
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fi = 160.79 Kg/cm2 {compresidn)
160.79 < 168
‘. estd correcto
P e
.0 _ _0_r
fs 3R Vs
- _ 130032 _ (130032)(9.7)
fs = “T750 T54583.33 (25)
fs = 12.19 Kg/cm2 (tensidn)

12.19 < 16,73

estd correcto

Seccidn C izquierda (a 80 cm del apoyo)

A = 1974 cm2
er = 28.2 - 15.3 = 12.9 cm
| = 523267.92 cm’
Y; *® 28.2 cm
Yg ® 28.2 cm
P P e

= 8 4 0

fl A * I y1

f. = 156.27 Kg/cm2 (con presidn)

166.27 < 168

estd correcto

(%]
=
Pt
<
(%}

¢ . 130032 (130032)(12.9) (.5
S 1974 523267.92 et




f = -24.53 Kg/cm® (tensicn)

24.53 »16.73
se necesita refuerzo ordinario para tomar -

la tensiodn.

- Calculo de Ya fuerza de tensidn TB en la seccidn B.

24.53

25.453 24.653 + 156.27

(24.53) (56.4)
54753 ¥ 156,27

% = 7.65 cm

- 124.53)(7.65)(35)
B 2

—
1]

= 3284.84 Kg

- Seccibén C derecha (a 80 cm del apoyo)

A = 1726 cm2

e. * 28.37 - 15,3 = 13.07 cm
I : 4

I = 517205.11 cm

y., = 28.37 cm
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y. = 28.03 cm

. Po Pg €y
LT S S

_ 130032 , (130032)(13.07) .
f° 1796 * c17705. 11 (48-37)

f. = 168.56 Kg/cm’ (compresion)

estd correcto

p P e
- (0] 0 r
fs= A ~7T7 Y
130032 (130032)(13.07) (p0 -
fs = 1956 - ~517205.11 (28.03
fs = -16.77 Kg/cm2 (tensidn)

16.77 = 16,73

esta corrccto

- Seccidn D {a 2 m del extremo)
A = 1870 cm®
er - 33.25 - 15.3 = 17.95 ¢m
1 = 815682.83 cm’
Yy ¢ 33.25 cm
Y = 32.75 ¢m
_ Py Po €
fv = Y0y
. 130032 (130032)(17.95) .,
f 870 t " sisess.gy o (33.25)
f. = 164.68 Kg/cm2 {comproesidn)

16468 < 168
‘.oestd correcto
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Py Po ey
fs =x - 1

_ 130032 (130032)(17.95)
fs 1870 -~ — B15682.83  (32.75)
fs = -24.28 Kg/cmz (tensidn)

24.18 » 16.73
se deberda colocar acero de refuerzo ordina-

rio pa.3 tomar las tensiones,

Calculo de la fuerza de tensidn TC en la seccion C.

3

24.18

66 em

164.68

24.18 _ 24,18 + 164.68

X - 66
X = 8.45 cm
T. = (24.18)(66)
C 24,18 + 164.68
TC = 3575.65 Kg

- Seccién £ (a 3 metros del extremo de la trabe).
A= 1990 cm®

e. = 37.32 - 15,3 = 22.02 cm
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1129936.55 cm®

n

37.32 ¢cm

i

36.68 cm

_ Po Po ey
R W

130032 (130032)(22.02)

1990 1129936.55

[H

(37.32)

159.91 Kg/cm2 {compresidn)

1)

159.91 <« 160

estd correcto

Po Po ep
A T Vs

130032 (130032){22.02)

1990 1129936.55

(36.68)

27.6 Kg/cm2 (tensidn)

27.61 » 16.73
se deberd colocar acero de refuerzo ordina-
rio para tomar las tensiones.

, Cdlculo de ta fuerza de tensidn TD en la seccidn D,

2 F6l
x |

T4em
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27.61 _ 27.61 + 159.91

X 14
X = 10.9 cm
T - (27.61)(10.9) (35)
D 2
TD = 5264.47 Kg

- Seccidn F (a 4 metros del extremo de la trabe)

A = 2110 cm?

1

I = 1507855.41 cm®
e = 41.38 - 15.3 = 26.08 cm

y. = 41.38 cm

Yo © 40.62 cm

f = P._Q PO er

i A B
. 130032 (130032)(26.08)
fi = “2110° * ~1s07855.41  (41.38)
fo - 154.69 Kg/cmE (compresion)
154.69 < 168
. estda correcto
¢ =0 _Poer
S A 1 3
. 130032 1130032)(26.08)
fs ® 72110 T507855.47  (40-62)
fs = -29,73 Kg/cm2 (tensién)

29,73 » 16,73

+

se deberd colocar acero de refuerzo ordina-

rio para tomar Yas tensiones,




Tt

50

Célculo de la fuerza de tensidn TE en la seccidn &,

2973
X
82
159, ¢4
29.73 + 29,73 + 154,69
X 82
X = 13.22 cmw

(29.73) (13.22)(35)

2

6878.04 Kg

- Seccifn G (a 5 metros del extremo de la trabe)

A

1t

i

1

2230 cm*
1953281.76 ci’
45.43 cm

44.57 cm

45.43 - 15.3 = 30.13 cm

S R

130032 (130032)(30.13)

2230 953751 7¢ " (45.43)

]
149,43 Kg/em®  (compresién)




149.43 < 168

estd correcto

f = b - po e}‘
S A I Vs
_ 130032 (130032)(30.13)
fs 2230 1953281 .76 (44-57)
f. = -31.09 Kg/cm® (tensidn)
31.09 > 16.73
se deberda colocar acero de refuerzo ordina-
rio para tomar las tensiones,
.09
XI
90
+
199 43
31.09 _ 31.09 + 149.43
X% 90
X . (31.09)(90)
31.09 + 149.43
X = 15.5 cm
T . (31.09)(15.5)(35)
F 2
TF = 8433,28 Kg

- Seccidn H (a 6 metros del extremo de la trabe)

.
IR e300 o’
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2470057.57 cm’
49,48 cm
48,52 cm

49.48 - 15.3 = 34.18 cm

130032 (130032)(34.18)
2350 2470057.57

(49.48)
144,36 Kg/cm2 {compresion)
144.36 < 168
estd correcto.

Po Po er

R Vs

130032 _ (130032)(34.18)
2350 2470057.57

(48.52)

31.97 Kg/cmé  (tension)

31.97 » 16.73
se deberd colocar acero de refuerzo ordina-

rio para tomar las tensiones.

%ﬁz
SN

AN 98u~n




31.97 31.97 + 144,36

+
X 98
X = 17.77 ¢cm
T - (31.97)(17.77)(35)
G 2
TG = 9940.84 Kg

- Seccién I (a 7 metros del extremo de la trabe)

A = 2470
I = 3062034.26 cn®
y; = 53.52
ys = 52.48
e, * 53.52 - 15.3 = 38.22 cm
Py Py oy
R S S
. 130032 (130032)(38.22) cq «
f 2470 3062034 26 (53.52)
11 = 139.5] Kg/cmz (compresidn)
139.51 « 168
estd correcto
P Pn €y
fc = 2L ._g~~'!._ .
- A 1 e ]
- 130032  (130032)(38.22)
fg 70 T 3060008 6 (52.48)
f = 32,53 K(J/crn2 {(tensian)




16.73

32.53 »

se deberd colocar acero de refuerzo ordina-

rio para .tomar las

tensiones.

. Cdlculo de la fuerza de tension TH en la seccibn H

32.53

SN

t+ \
.
139.5/
32.53 32.53 + 139.51
X 106
. (32.53)(106)
32.53+139.,51
X = 20,04 cm
. 35

- Cdlculo del centroide

Elemento

JECI S

o e

30.92

Area

630
63.08
.16

ICE
y Ay
9 5670
19.02 1199.78
18.08 77.71

f957 049




- . _EAy

y 5 TR

- 6947.49

Y 697.24

y = 9,96 cm

32.53 _ _fy

20.04 9.96

fy = 16.17 kg/cm:

Ty = fy(zA) = (16.17)(697.24)

—
1]

W= 11277.5 Kg/en?

- Seccidn 4 {(a 8 metros del extremo de la trabe)

A = 2590 cm?
I = 3733023.22 cn’
y; ¢ 57.55 c¢cm
Yo ° 56.45 cm
e, * 57.55 -~ 15.3 = 42.25 ¢cm
p pP.e
. 0 o °®r
Ty =R T Yy
_ 130032 , (130032)(42.25) .
fs 50 ' 373300390 (57.55)
f, o= 134.9 Kg/cm®
134.9 - 168
‘. estd correcto
p p e
- _“Q - _0“ r
fs h Y

A 1
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130032 (130032)(42.25)

2590 3733023.22

(56.45)

"

-32.87 Kg/cn?

32.87 » 16.73
se deberd colocar acero de refuerzo ordina-

rio para tomar las tensiones.

. Cdlculo de la fuerza de tensidn TJ en la seccidn J.

3267
X [

19
134.9
32.87 _ 32.87 + 134.9
X 114
X = 22.34 cm
35
[8




+ Cdlculo del centroide

57

Elemento Area y Ay
1 630 9 5670
2 114.23 20.17 2304.02
3 18.84 19.45 366.44
by 163.07 8340.46
- _ _Ihy
v ZA
~ _ _8340.46
J ~763.07
y =10.93 ¢m
32.87 . _fy

22.34 ~ 10.95

fy = 16.08 Kg/cm®

L fy (zA) = (16.08)(763.07)

T, F 12271.75 Kg

- Secci6n K (@ 9 metros del extremo de la trabe)

A = 2710 cm?
1 = 4A486895.42 cm
Yy = 61.59 cm
y = 60.41 cm

e, = 61.59 - 15.3

4

46,29 cm
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_Po . Pg oer
R S

_ 130032 , (130032)(46.29)
f 2710+ " a4sesgs.4z - (61.99)
f. = 130.6 Kg/cm@

130.6 < 168
estd correcto

130032 (130032(46.29)
fo = 5370 - —4486895.47  (60.41)
f, = -33.06 Kq/cm?

33.06 » 16.73
se deberd colocar acero de refuerzo ordina-

rio para tomar las tensiones.

. Cdlculo de la fuerza ce tensidn Ty en la seccidn K.

3

33.06

|22

130.6

23.06 + 33.06_+ 130.6
X 122

X = 24.64 cn




35
/8
G649
21 72
+ Cdlculo del centroide
Elemento Area y Ay
1 630 9 5670
2 144,22 21.32 3074.79
3 44,09 20.21 891.06
p 818.31 9635.84

5 _HAy

y - T A

j = 11.77 cm
32.87 _ _fy
24.64 11.77

7 = 15.7 Kg/cm®
TK =

1]

12848.53 Ky

fy(rA) = (15.7)(818.31)
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- Seccidon L (a 10 metros del extremo de la trabe)

A = 2830 cm®

I = 5327481.62 cm’
y. = 65.62 cm
y. = 64.38 cm

e = 65.62 - 15.3 = 50.32 cm

r
fo= Po Po €y
i A I RA

130032 , (130032)(50.32) \
fi ® ~530 * “E3o7481.65  (65.62)
f, = 126.5 Kg/cm®

126.54 < 168
estd correcto

_ Po Po &y
fo = 7 - T Ys
. 130032 (130032)(50.32)
fo = 383, - 53748t 60 (64.38)
fo = -33.12 Kg/cm?

33,12 ~ 16.73
se deberd colocar acero de refuerzo ordina

rio para tomar las tensiones.

, Cdiculo de la fuerza de tensidn TL en la seccidn L

3310
x ] ST
N 130
\\ “
T \\\
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33.12 _ (33.12 + 126.54

X 130
X = 26.97 cm
35
18
8.19F
oy
| %06
+ Cdlculo del centroide
Efemento Area (A) y T TRy T

1 630 9 5670

2 153.03 1 22.48 | 3440.88

3 80.46 1 20.99 | 1688.85

h 863.49 10798.96
— A
P
7 - 10799.73
y 863.49
y =12.5 cm
33.12 . _ fy_
26.97 12.5
- - 1F 2
fy = 15.36 Kg/cm

—
u

‘ fy(zA) = (15.36) (862.49)

{L - 13240 .97 Kg
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- Seccidén M (a 11 metros del extremo de la trabe)
N 2

A = 2950 cm
I = 6258622.73 cm’

Y. = 69.65 cm

y_ = 68.35 cnm

S
e. = 69.65 - 15.3 - 54.35 cm
P P e
. .0 0
LT w i Yy

£ = 130032 (130032)(54.35)

i T 72950 655867773 (69.65)

f. = 122.73 Kg/cm2 (compresidn)
122.73 < 1A8

esté correcto

o =8 "1
_ 130032 (130032)(54.35) .
fo = “7955 = ~ooseess. gy (68.35)
fs = -33,1 Kg/cm2 (tensidn)
33.1 » 16.73

se deberd colocar acero de refuerzo ordina-

rio para tomar las tensiones.
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. Cdlculo de la fuerza de tensian TM en la seccion M.

).‘

331
x|
138
+
>
22 F3
33.1 _ 33.1 +122.73
X 138
X = 29.31 cm
35
18
10
/.3
P
5
+ Cdlculo del centroide
Elementos Area (A) y Ay
1 439.65 14.65 1 644,07
2 360 9 3240
3 100 21.3312133.33
T 899.65 11816.41
LEAY
sA
11816.41
899.65
13.13 ¢cm

L
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33'1 = _f:Y__._
29.31 13.13
~ - 3
fy = 14,83 Kg/cm
TM = fy(zA) = (14.83)(899.65)
TM = 13344.36 Kg
- Seccién N (al centro del claro)
A = 3130 cm2

I = 7833525.99 cm®
y., = 75.69 ¢tm

y. = 74.31 cm

e = 75.69 - 15.3 = 60.39 cm

r
Po Po ep
TR i e}
_ 130032 , (130032)(60.39)
Ty = 3i30- * 783380599 (75.69)

f, = 117.42 Kg/cm2 (compresién)
117,42 < 168
‘. estd correcto

p PO e

P To by
fs =% I Vs
_ 130032, (130032)(60.39)
fo ® "3130 -~ 783352%.99 (74.31)

f = 32.95 Kg/cm2 (tensidn)
32.95 > 16.73

se deberd colocar acero de

refuerzo ordinario.



65

329

X J
150
[1F.42
32.95 + 32.95 + 117.42
X 150
X = 32.87 cm
35
T ‘ T
2 » 18
.
5 13/ 2]
o S/ /
467
[ S——
+ Calculo del centroide
ETemento [ Area (AY | "y TRy
1 493,05 16.435 | 8103.28
2 360 9 3240.00
3 100 21.33 3133.33
v — v — - .* ——
b 953.05 | 13476.61
D PSS S —
. Ay
Y LA
1347661

963,05




y = 14.14 cnm

32.95 _ _fy
32.87 ~ 14.14

fy = 14.175 Kg/cm?
T, = fy(zA) = (14.175)(953.05)
Ty = 13509.41 Kg

I171.6.2, Cdlculo de la cantidad de acero de refuerzo ordina
rio necesario para tomar las tensiones; correspon-
dientes a la etapa inmediatamente después de la -

transferencia.

La fuerza de tensidn critica (F), en la trabe por-
tante, es la que se presenta al centro del claro y
vale:

F = 13509.41 Ky

Datos del acero de refuerzo ordinario:

fy = 4200 Kg/cm®

f, = 0.6 fy
f, = (0.6)(4200)
f, = 2520 Kg/cm®

El drea de acero necesario sera:

h= P 130901 e

% A
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Por 1o que serdan necesarias 3 barras de ¢ % que dan
5.94 cm?.
Pero a los 6 metros del extremo de la trabe:

F = 9940.84 Kg

. 9940.84
s 2520

.. A = 3.95 cmz; por lo que serdn necesa

rias 2 barras de ¢ %»que dan 3.96 cmz.

ld = 50 cm (longitud de desarrollo)

De 0 a 5.60 m se empleardn 2 barras.

De 5.60 al se empleardn 3 barras.

[I1.6.3. Revisib6n de esfuerzos después de las pérdidas.

_p, Per Ha
BERY LY T Y

. P Per Ka
fs =%~ 1 Ys?* T Ys
P = "ptoron = (20)(5201.28)

P = 104025.6 Kg

+ Seccién N (al centro del claro).
Ha = (18355.33)(12.5)-(1471)(12.5)-(2619)(9.84)-(2836)(6.56)

- (2836)(3.28)-(357,5)(12.092)-(6817.82)(5.286)
Sy’ \i;~//
X P-4

(420)(0.8)(0.4) + 153';5)(0'8) , 038
xl = = 0.392 m

(420)(0.8)  + iél;%ﬁlig;ﬁl

= 2,5 -~ 0.8 + 0,392 = 12,092

*1
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_(414.24)(11.7)(5.85) + (336~95%(11-7) RS

X2 =5.286 m
(414.24)(11.7) + (335-95%(11-7)

M, = 117015.04 Kg-m
A = 3130 cm?
I = 7833525.99 cm®
yi = 75.69 cm
Y = 74.31 cm
e, = 60.39

_ 104025.6 , (104025.6)(60.39), 11701504
B 3130t 7833505.99  \/9-697533575, 99 (75-69)
f; = 19.13 KQ/Cm2 (tensidn)

19.13 < 37.42
*, estd correcto.

_ 104025.6  (104025.6)(60.39) 11701504
fs 3130 ° 7833525.99 (74.31)4+————(74.31)

- 2
f. = 84.64 Kg/cm

84.64 < 157.5

. estd correcto

+ Seccidn M (a 11 metros del extremo de la trabe)

My = (18355.33)(11)-(1471)(11)-(2619)(8.34)-(2836)(5.06)-(2836) (1,78)

- (357.5)(10.592) - (5723.42)(4.65)
e Sy’

F X




1

"’

_ 104025.6

+ .2
Foo( 108+ 414.24

4

x|
n

69

10.2 = 5723.42 Kag

(414.24)(10.2)(5.1) + (%)(293.76)ﬂ0.2)(

)(10.

(R

2)

(414.24)(10.2) +(%)(293.75)(1o.2)

4.65

|
i

114086.39 Kg-m
11408638.7 Kg-cm

104025.6 Kg

2
2950 cm”
6258622.73 cm”
69.95 cm

68.35 cm

54,35 ¢m

104025.6 (104025.6)(

4.35)

5
3950 6258622.7
28.78 (tensidn)
28.78 « 37.42

es correcto

5 (104025.6) (

(o8

~

2950 6258622.73

96.11 Kg/cm2 (compresid
98.11 <« 157.5

estd correcto

54,35)

nj

68.35) +

11408638, 7
6558622.73

(68.35)




~!
Fam)

+ Seccidon L. {a 10 metros del extremc de la trabe).

Ma = (18355.33)(10)-(1471)(10)-(2619)(7.34)-(2836)(4.06)-(2836)(0.78)

(357.5)(9.592)-(5029.82)(4.23)

F ¥

Poeo( 879.2 *2414'24 19.2 - 5029.82 Kg

(4164.29)(9.2)(4.6) + (1)(264.96)(9.2)(1)(9.2)

3
) (264.96)(9.2)

x|
H

(414.24)(9.2) + (

4.23 m

x|
i

M, = 111168.32 Kg-u

M, = 11118832.14 Kg-c-
P = 104025.6 Kg

A = 2830 cm2

1 = 5327481.62 cm’

Yy - 65.62 cn

Yo = 64,38 cm
er = 50.32 cm

_104025.6 . (104025.6)(50.37) ., 11118832, 15 (11 oos
Ty = Togsg * emmbt.es o (65:62) - sypyagT gy (6964

—
i

35.72 Kg/cm2 (tensidn)
35,72 - 37.4¢2

. estd correcto




+ Seccidn K

Ma

#

fl

(a 9 metros del extremo de la trabe)

= (18355.33)(9)-(1471)(9)-(2619)(6.34)-(2836)(3.06)

- (357.5)(8.592) -(4365.02)(3.797)

(

X

%)(?36.16)(1.3)

e Bl
X F
1

X, = 9 - 0.8+ 0.392 = 8.592
_(A14.20)(8. (A 4 (5)(236.16)
Xom s mmmomem e e o -

(434.24) (8.2) +
%os 03,797

8.2

He

1070630.73 FKag-m»

10703072.91 hg-om

104025.6 Kg
2710 cm?

4486895.42 cm’

T 61.59 cm

60.41 ¢m

G 30h 6.

= 46.24 cm
. 104025.6 , (104025.6)(46.24) ¢} 59y 107039
2710 4386895.472 v 448689

= 42,5 Kg/cm2 (tensidn)
d2.5 ~ 37.4¢2

5¢ debe colocar

arevo de vefuer,

2.2} (4)(.82)

b

(i

nas




- 104025.6 (104025.6)(46.24) 10703072.91
fs 2710 -  4486895.42 (60.41)+ ~55g5895-42(00.41)
fs = 117.73 Kg/cm2 {compresidn)

117.73 < 157.5
estd carrecto.
. Calculo de la fuerza de tensién,
N33
\\ T "—'“1 T
\\
. ‘
. 'f“ l
\\\k !
‘\‘ I”?\7

/

[
/

ot 127
X = 32.36 cm
15
r——.—-—-—-——«

[ —————

35
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Calculo del centroide.

Elemento Area (A) v Ay
1 485.4 16.18 | 7853.77
2 120 19 2280
3 300 7.5 2250
I 905.4 12383.77
LAy
Y7 A
— = 12383.77
y 905.4

Yy = 13.68 cm

42.5 fe

32.36  18.68

f, = 24.53 Kg/cm’

Tq = ft(xA) ={24,53)(905.4)

Tq = 22212.5 Kg.

+ Seccidn J (a 8 metros del extremo de la trabe)

Ma = (18355.33)(8)-(1471){(8)-(2619)(5.34)-(2836)(2.06)

- (23567.5)(7.592) - (3729.02){3.36}
e e 2 R
y




v

b

> |

74

(414.28)(7.2)(3.6)+(

)

)(207.36)(7.2)(%)(7.2)

(414:24)(7.2)+(207.36)(%)(7.2) -

- 3.36m

100003.37 Kg-m
10000337.28 Kg-cm

104025.6
2

2590 cm
57.55 cm
56.45 c¢m
42.25 ¢cm

104025.6 (104025.6)(42.25)

( i Ahegubied St 7 A
7590 373302527 (°7-958) - 373305355 (57.55)
2
46.25 Kg/cm“ (tensidn)
46.25 > 37.25

se debe colocar acero de refuerzo ordinario.

104025.6  (104025.6)(42.25) . 10000337 26
SEG0 T 3733003, 27 (56.45) + yyrapsy 5o (56.45)

124.93 kg/cm” (compresidén)

124.93 « 1t7.5

‘. estd correcta.




. Cdlculo de la fuerza de tensioan.

124.93

9

AN

N\

N,

46.25

46.25 _ 124.93 + 46.25

x 114
X = 30.8 cm
15
T T3.8
S
% o e
06| £ 1
30 13| s
35
Cidlculo del centroide
1—]1‘7‘];“;‘ Are:aw ‘w—:y T
1 462 15.4
2 120 19
3 300 7.5
- i 88¢

_EAy

Ry
7114 .8
2280
2250

11644 .8




. 11644.8
Y 887
y = 13.2 cm
a6.25 Tt
30.8 ~ 17.6
i} 2
ft = 26,43 Kg/cm
Ty = ft(zA) = (26.43) (882)
T, = 23310 Kg

+ Seccién 1 (a 7 metros del extremo de la trabe)

M, = (18355.33)(7)-(1471)(7)-(2619)(4.34)-(2836)(1.06)
(357.5)(6.952) - (3121.82) (2.92)

c Z . ‘2{ Ls v
P (2288 L2 (6 2) - 312182 xy
(414.24)(6.2)(3.1) + (3)(176.56)(6.2) () {6.2)
KB e e e o e e aee e = -
(414.24) (6.2) + ($)(178.56)(6.2)
X = 2.92 m

M. = 92345.34 Kg-m
M. = 9234533.56 Kg-cm

P o= 104025.6 Kg

A = 2470 cm2
| = 3062034.26 cm’

y. = 53.52 cm

) e
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e = 38.22 cm
r
_ 104025.6 , (104025.6)(38.22) ,y_ 9234533.56
£ 7470 ' T 3062074.76 (53.52)~ F5e070 36
- 2
fi = 49.8 Kg/cm
49.8 > 37.42
se debe colocar acero ordinario.
¢ = 104025.6  (1040:5.6)(38.22) 155 yqy, 3234533.%
S 2470 3062024.26 : 3062024.26
£ = 132.24 Kg/cm?
s . g/em
132.24 < 157.5
estd correcto

Cdlculo de la fuerza

132.24

A
AN

i
i&o

>
o

de tensidn.

10¢

(52.48)
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T 2
12
24
15
35
. Calculo del centroide
Elemento Areca y Ay
1 435 14.5 630.5
2 120 19 2280
3 300 7.5 2250
e T
b 855 10837.5 1
= . _BAy _ 10837.5
7 LA 855
y = 12.68 cm
45,8 Tt
29 16.32
f, = 28.03 Kg/cm? 28.03
T1 = ft (£A)
T, = (28.03) (855)
T, = 23961.7 Ky
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+ Seccidon H (a € metros del extremo de lg trabe)
Ma = (18355.33)(6) - (1471)(6) - (2619)(3.34) - {2836)(0.06)

(357.5)(5.592) - (2543.42) (2.47)

F X

564 + 414.24

F={ : ) (5.2) = 2543.42 Kg
_ (414.24)(5.2;02.6) + ($)(149.76)(5.2)(§)(5.2)
* e (414.24)(5.2) + (%)(149.76)(5.2)

X = 2.47m

M_ = 84106.97 Kg-m

M_ = 8410697.26 Kg-cm

P = 104025.6 Kg

A = 2350 cn®

I = 2470057.57 cm®

y. = 49.48 cm

y = 48.52 cnm

S
er = 34.18 cm
_ 104025.6 , (104025.6)(34.18) 8410697. 26
fi 2350t o aso0s7. 57 (49.48) - wpsager ey (49.48)

f. = 52.99 Kg/cm?

1
52.99 > 37.47
se debe colocar acero ordinario
. 104025.6  (104025.6)(34.10) (s 1oy , BAIOGIT.ZC W0 )
fo = “o3s0- - Teavtosz.or o (ASR2) Y pgngeyiey (4857



£ = 139.64 Kg/em®

139.64 < 157.5

estd correcto.

Cdlculo de la fuerza de tensidn.

139. &4

52.49

52.99 _ 139.64 + 52.99
X 98

26.96 cm & 27 cm

>
n

|5
et
S }
N |
2F B
5! - 15
A —




. Cdlculo del

y -

52.95

27

LAy

centroide

Elemento Area
l a05

2 120

3 300

S(.J)

9997.5

LA
9997.5

825"

12.12 c¢m

e

14.88

o]
29.2 Ka/em”

(29.2)(8

24092.79 Kqg.




jes)
N

+ Seccidn G {a 5 metros del extremo de la trabe)

M, = (18355.33)(5)-(1471)(5)-(2619)(2.34)-(357.5)(4.592)
(1993.82)(2.01)

Foe (23222 41020 y(4.2) = 1993.82 Ko

_ o (a1a.20)(4.2)(2.1) + ($)(120.96)(4.2)(})(4.2)
x P - —
(414.24) (4.2) + (3)(120.96)(4.2)

x = 2.01 ¢m

M_ = 72643.97 Kg-m

M. = 7264397.18 Kg-cm
P = 104025.6 Kg

A = 2230 cm?

| = 1953281.76 cu’

Yy ¢ 45.43 cw
Yo~ 44.57 cn
e, 30.13 cm

_104025.6 . (104025.6)(30.13) |0 4y . 726439718 o .
05 = %535 * 1953261, 76 (45.43) - ygeyzay 7 (45-4%)
f, = 49.41 Kg/cn® (tension)

49.41 » 37.47
se debe colocar refuerzo ordinaric.

L 1040256 (108025.6)(30.13) gy oyy 4 TEGA397.0E 40

fo = 230 - Tigoaswl.de - (4457) * ygeymartyg (44.57)




jes)
f&n]

fg = 140.89 Kg/cm® (compresion)

140.89 < 157.5

estd correcto

Cdlculo de la fuerza de tension.

0. 849

——— ——— e

+.

4941
49.41 . 44,41 r 140.8°
X 30
b3 - 23.37 cm.
21.05
a—— 1
V — T
/’ N &
2330 |
| 15
- L
{ {
35
.__j = * 3.7
b

¥ - 6.97% cm

90

.

~



. Cdlculo del centroide

84

Elemento Area y Ay

1 491,94 11.68 5748.3
2 58.38 17.79 1038.59
3 309.25 7.5 1569.38
T 759.57 8356.27

_=.__§Bl

y LA

— _ 8356.27

y 759.57

y =11 cm

49.41 _ _ft

23.37 12.37

f, = 26.15 Kg/cm?
TF = ft(zA)
Te = (26.15)(759.57)

—
It

p = 19863.12 Kg.

+ Seccidn F {a 4 metros del extremo de la trabe)

Ma = (18355.33)(4) - (1471)(4) - (2619)(1.34) - (357.5)(3.592)

- (1473.02) (1.5

F oo 806.4 + 414,24

2

)(3.2) = 1473.02




n

=

x|

85

(414.24)(3.2)(1.6) + (%)(92.16)(3.2)(
(414.24)(3.2) + (%)(92.16)(3.2)

)(3.2)

o

1.55

60460.54 Kg-m
604653.9 Kg-cm

104025.6 Kg
2110 cm®
1507855.41 cm®

41.38 cm
40.62 cm

26.08 cm

104025.6 | (104025.6)(26.08) 6046053.9

2110 1507855.41 (41.38) - Te57g55.41(41-38)

-42.17 Kg/cm? (tension)
42.17 > 37.42

se debe colocar refuerzo ordinario.

104025.6 _ (104025.6)(26.08)

7110 1567855.41  (40-62) + yeg7gee g (40.62)
2
139.09 Kg/cm

139.09 < 157.5

*, estd correcto,
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. Cdlculo del centroide

Elemento Area y Ay
1 538.06 9.54 | 5133.05
2 13.87 16.36 226.95
3 102 7.5 765
L 653.93 6125.00
- . _IAy
y A
- 6125
Y © §53.93
y =9.37 cm
a1.17 _ ft
19.08  9.71
£ = 21.46 Kg/cm®
t = . g/cm
TE = ft (zA)
Te = (21.46)(563.93)

—
i}

£ = 14033.81 Kg.

+ Seccidén E {(a 3 metros del extremo de la trabe)
Ma = (18355.33)(3)-(1471)(3)-(2619)(0.34)(-(357.5)(2.,592)
- (981.02)(1.074)

Foe (4226 % 213:20 ) (5.9) = 981.02 kg




> |

1

88

(414.28)(2.2)(1.1) + (%)(63.36)(2.2)(%)(2.2)
(414.24)(2.2) + (%)(63.36)(2.2)
1.074 m

47782.28 Kg-m
4778227.45 Kg-cm

104025.6 Kg
1990 cm2
1129936.55 cm?

37.32 ¢cm
36.68 cm

22,02 cm

104025.6 , (104026.6)(22.02) 477822745
1950 112093655 (37-32) - Trag9sEs (37.32)

-29.89 Kg/cm2 {(tensidn)

29.89 < 37.42

., estd correcta

104025.6 _ (104025.6)(22.02) . 4778227.45
1990  1129936.55  (36-68) * yy7gq35TEs (36.68)

133,03 Kg/cm2 (compresidn)

133.03 « 157.5

. estd correcto




&3

+ Seccidn D (a 2 metros del extremo de la trabe)
Ma = (18355.33)(2) - (1471)(2) - (357.5)(1.592)
(517.82)(0.592)

Fo=( 88201020 (1.2) = 517.82 kg
o (814.24)(1.2){0.6) + ($)(34.56)(1.2)(§)(1.2)
- b
(414.24)(1.2) + (%)(34.56)(1.2)
X = 0.592

M. = 32892.97 Kg-m
M. = 3289297.06 Kg-cm

P = 104025.6 Kg

A = 1870 cm2

1 = 815682.83 cm”

y. = 33.25 ¢cm

Yo © 32.75 cm
e, = 17.95 cm
. 104025.6 . (104025.6)(17.95) 3289297.06
i %m0 * 7 sreese.gs - (9%025) - giegeogy (33-29)

f = 2.37 Kg/cm®
2.34 < 37.42

estd correcto

. 1040256 _ (104025.6)(17.95) 4, 3 .
fs 1870 815682 .13 (32.75) + Fiereses (32.75)




f, = 112.72 Kg/cm2 (compresidn)

112.72 < 157.5

", estd correcto

90

+ Seccidn C derecha (a 80 cm del apoyo)

Ma

M,

(18355.33)(80) - (357.5)(39.2) - 1471(80)

1336732.4 Kg-cm

104025.6 Kg
1726 cm
517205.11 cm

28.37

28.03

13.07

104025.

2

cm

cm

6

4

(104026.6) (13.07)

1726

61.52

104025.

1726

59,03

+

517205.11

(28.37) -

Kg/cm2 {compresidn)

55.07 < 157.5

.'. estd correcto

6

_ (104026.6)(13.07)

517205.11

(28.03) +

Kg/cm2 {compresidn)

65,41 < 167.5

’

]

’

estd correcto

. 1336732.4
617205.11

(38.03)
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I11.6.4. Cdlculo de la cantidad de acero de vefuerzo ordina
rio necesario para tomar las tensiones; correspon-
dientes @ la etapa después de las pérdidas. La --

fuerza de tensi6n critica T, es:

T = 24092.79 K¢

Datos del acero de reiuerzo ordinario:

f, = 24092.79 Kg

y
fo = 0.6 F,

£, = (0.6)(4200)
f, = 2520 Kg/cm?

£l drea de acero necesario serd:
- T _ 24092.79 _ 2
Ao = g T Tamze T 96 en
Por 1o que serdn necesarias 2 harras de & 1", Estas 2 barras
deberdn colocarse a partir de 3.30 metros del extremo de la

trabe hasta 9.70 metros, es decir en 2 segmentos.

La longitud de desarrollo es de 69 cm.

IIT.7. Revisibn por resistencia

+ Seccib6bn N. (al centro del claro)

Ma = 11701504 Kg-cm
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Mia

1t

(1.4)(11701504)

=
]

uva 16382105.6 Kg-cm

- Cdlculo de fs

p
f
- _'sr_
fop = for (1-0.5P 7 )
A 20)(0.516
p =-—sp _ (20)(0.516)
p bd (35V(134.7)
= 0.0022
Po
- i 18000
fgp = 18000 [ 1 - (0.5)(0.0022) 15359 ]
) 2
fgp = 16986.81 Kg/cn

- C&lculo de a

Ao f
2 = e
[
f£ = 0.8f. = (0.8)(350) = 280 Kg/cm?
" - fé
£ = (1.05 - 1555 ) 280
fr = 231.28 Kg/cm?
.. (10.32)(16986.81)
(355 (231 28)

a = 21.66 cm » t = 18 cm

'

.. la seccidn trabaja como T,
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C=T
| LI
Acfe = Asp fsp
Ac = Area de concreto hipotética que trabaja con 231.28 Kg/cm2
A = Asp Ts
c fc
n = £10.22)(16986.81)
c 231.28
A, = 757.97 cn’
35
/8
31
—t
Z
2

A - Al = 757.97 - 630 = 127.97 cm

35z - 2% = 127.97

z° - 35z + 127.97 = 0

36+ (35)2 -2(4)(127.97)

_ 35 + 26.7
z = ?
z = 4,15 cm (la otra rafz se descarta)
a =18 + 4.15
a = 22.15 cm
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_a

© % o.8
22,15

¢ 0.8

¢ = 27.69 cm

L 35 i
/ ‘ o
VST 1445
26, F
Elemento Area vy Ay
] 630 9 5670
2 110.8 20.07 | 2223.70
3 17.22 | 19.38 333.72
758.02 8227.48
- .8227.48
Yee 758.02
Yeg = 10.85 cm
Mg = F-R. T2 A_ (d-10.85)
Mg = (0.9)(231.28)(757.97) [ 134.7 - 10.85 ]

=
]

uR 19540182.51 Kg-cm > MuR = 16382105.6 Kg-cm

’

. estd correcto,




- Verificacion del tipo de falla.

Esp Y By > Eyp
0.003 _ Esp
c d-c

(134.7 - 27.68)(0.003)

sp 27.68
Esp = 0.0116
fj
E. [ JE S
i E,
£ 12600
[om
1.9 x 106
E;, = 0.0066
Esp + Ei 0.0182 » Eyp = 0.01

se presentard falla ductil.

- Revisidon del acero minimo

MuR g 1.2 Magriet
L op, Pe -
Magriet Y [ At i t2 fc ]
_ 7833525.99  104026.5 , (104025.6)(60.39)
Magriet T5.60 L 3130t 7833505.09 (715:69) + 2 350 ]
Magriet = 13594182.42 Kg-cm

1.2 M = 16313018.9 Kg-cm

agriet




96

MuR = 19540182.51 Kg-cm > 1.2 M = 163130186.9 Kg-cm

agriet

", estd correcto.

+ Seccién M. (A 11 metros del extremo de la trabe)

M

a °© 11408638.7 Kg-cm
Mua = (1.4)(11408638.7)
Mua = 15972094.18 Kg-cm

- Calculo de fs

p
£ =f (1-0.5P for )
sp sr ) pfc
P =A_SB = 10...‘32._..
p  bd 35){(122.7
P = 0.0024
p
- 18000
fsp = 18000 [ 1-(0.5)(0.0024) HEG ] ,
. ?
fsp = 16887.72 Kg/cm

- Calculo de a

_ Psp Tsp
b 17

4]

fu = 231.28 Kg/cm®

. (10.32)(16887,72)
(35)(231.28)
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a = 21.53 cm > t = 18 cm

*. la seccidn trabaja como T.

c

Acfc Aspfsp

"
-

Ac = Area de concreto hipotética que trabaja con 231.28 Kg/cm2

A = ﬁiﬂiiﬁ
o fg

A = (10.32)(16887.72)
c 231,28

753.55 cm?

>
"

T
i

18

=
t

b
n

| = 753.55 - 630 = 132,55 cm?

35z~ 22

n

123.55

22 . 352 4 123.55 = 0

35 + (35)2 - (4)(123.55)
?

35 27,03

i

~
H

3,98 (1a otra raiz se descarta)
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a =18 + 3.98
a = 21.98 cm
. a
¢ % o.8
_21.98 -
¢ =58 c 27.475 c¢cm

- Cdlculo del momento Gltimo resistente

35
/8
3 3 39f
Elemento Area y Ay
1 630 9 5670
2 107.62 19.99 2151.32
3 15.84 19.33 306.13
753.46 8127.46
_ 8127.46
Yea 753.46
= 10.79 cm

Yea

MuR = Fng Ae (d - 10.79)
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M

uR (0.9)(231.28)(753.46) [ 122.7 - 10.79 ]

1

MuR = 17551315.99 Kg-cm > Mua = 15972094.18 Kg-cm

‘. estd correcto

- Verificacidn del tipo de falla.

+ b, -~
ESp E] Eyp
0.003 _ Esp
c d-c
£ . (0,003)(122.7 - 27.475)
sp 27.475
ESp = 0.0104
Ei = 0.0066
[sp + E] = 0.0104 + 0.0066
Esp + Ei = 0,017 > Eyp = 0.01

se presentard falla ductil

- Revisidn del acero minimo

uR agriet
s 1P, Pe
Magriet. ~ Y Lat—T-v,t2 fL ]
_ 625862273  104025.6 _ (104025,6)(54.35) ,
Magriet. =~ 69.65 L ~72550  *  6258692.73 (69.65) + 2 350 ]
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Magriet. = 12184638.49 Kg-cm
1.2 Magriet.= 14621566.19 Kg-cm
MuR = 17551315.99 Kg-cm » 1.2 hagriet. = 14621566.19

‘., estd correcto

+ Seccidén L, (A 10 metros del extremo de la trabe)

Ma = 11118832.14 Kg-cm

Mua

Mua

1"

(1.4)(11118832.14)

n

15566365 Kg-cm

- Cdlculo de fs

p
- f S
fsp = fsr (1 - 0.5 %-—z~— )
P = Sp_ . 10.32
p bd G5y (114.7)
p = 0.0026
P
. 18000
fsp = 18000 {1 - (0.5)(0.0026) 5E6 ]
- 2
fsp 16810 Kg/cm

- Cdlculo de a
A

_Psp Top
a = b Fy

fo = 231.28 Kg/cm?




143

_ (10.32)(16810)
(35)(231.28)

21.43 cm > t = 18 cm

-4
un

Ta seccion trabaja como T.

=T

Acfc : Aspfsp

AC = Area de concreto hipotética que trabaja con 231.28&&/@@
a, = sprsp
c o)
c

p = £10.32)(16810)

C 231.28
A, = 750.08 cm?
35
I
/8
2

A(_-Al = 750.08 - 630 = 120.08 cm

352 - 22 = 120.08

22 - 357 + 120.08 = 0

35 * 352 - (4)(120.08)
2

7= -
z = 3.865 cm
a = 3,855 + 18

u

21.855 on
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[¢]
)
N
~
LN ]
—
oo
[¢]
3

- Cdlculo del momento Ultimo resistente.

35

Elemento Area y Ry

1 630 9 5670

2 105.2 16.93 2096.37

3 14.86 1 19.28 286.57

b 750,06 8052.94
. 8052,94

Yee 750,06

Yeg © 10.74 cm

Bop = FeRot! b A (d-10.74)

MuR

u

(0.9)(231.28)(750.06) [114.7 - 10.74)

=
"

R 16230909.81 Kg-cm » Mua = 15566365 Kg-cm

,.oestd correctu,
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- Verificacidn del tipo de falla

Egp * By > By
£ = (0.003)(d-c)
sp c
e - {0.03)(114.7-27.318)
sp 27.318
Egp = 0.0096
E, = 0.0066
Eg, + E; = 0.0066
Egp * E; = 0.0162> € = 0.01

. se representard falla ddactil,

+ Seccidn K (a 9 metros del extremo de la trabe)

Ma = 10703072.91 Kg-cm
Mua = (1.4)(10703072.91)
Mua = 14984302.07 Kg-cm

-~ Cdlculn de fsp

f

f
sr
5p fsr (1 - 0.5 ﬂ) -t )

A
Po = Bd T T3Y(106.7)

-
1t

18000 [1 - (0.5)(0.0028) 15999

16720.93 Kg/cn®

-
[t
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- Cdlculo de a

CAspTp + Asfy
b ¥ 7

n

f = 231.28 Kg/cm?

a . (10,32)(16720.93) + (10.14)(4200)
{(35)(231.28)

a = 26.58 cm >t = 18 cm

. la seccibén trabaja como T.

o
]
—

Aofe = Agpfe, + AT,

- Aspfsp + Asfy
c fr

-]
|

a - {10.32)(16720.93) + (10.14)(4200)

¢ 231.28
A, = 930.25 cm?
35
T ]
2 2 18
- |
31.32 ___; /
3, [
1335




A2 + A3 = 460 cm2
930.25 - 460 = 470.25 cm®
15x = 470.25
x = 31.35 ¢cm

a = 31.35 cm

31.32
¢ *70.8
¢ = 39.19 cm

todo el presfuerzo trabaja a tensidn.

- Cdlculo del momento Oltimo resistente.

Cdlculo del centroide de Ac

Elemento A y Ay
1 470.251 15,67 7371.77
2 360 9 3140
3 100 21.33 2133.33
by 930.25 12744.5
. 12744.5
Yea T 930,75
Yeg © 13.7 ¢cm
MUR = F.R.fg Ac (d - 13.7)

., Calculo de d
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(Tsp)("rs) + (T)(r")

r‘ =
TSp + T

Tsp = Aspfsp = (10.32)(16720.93)

Tsp = 172560 Kg

T = Asfy = (10.14)(4200)

T = 42588 Kg

Frg = 15.3 ¢cm

r' = 7.5 c¢cm

, - (172560)(15.3) + (42588)(7.5)
172560 + 42588

r=13.76 cm

d = 122 - 13.76
d = 108.24 cm

Mip = (0.9)(231.28)(930.25)(108.24 - 13.7)

u

MuR 18306101.45 Kg-cm » Mua = 14984302.07 Kg-cm

.. estd correcto

- Verificacidon del tipo de falla.

Cop v & 2 By

E = .L.Q 2 .9_9_3_).&.1‘1.7.(_: )
Sp o

¢ - {0.003)(108.24 - 39.19)
5p 39.19

Lsp - 0.0083
L, = 0.0066
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u

0.0053 +

0.0119 > E
YP

0.0066

= 0.01

se presenta falla ductil

- Revision del

acero minimo

MuR 2 1.2 Magriet.
N S
Magriet. B vy L7+ Yyt fe ]
M. . 2486895.42 [lﬂﬂ@ﬁhﬁ 4.LEMQELﬁlﬁﬂL?Q
agriet. 61.59 2710 4486894 .42
Migriet. = 10337628.84 Kg-cm
MR = 18306101.45 Kg-cm 1.2 M

‘. estd correcto

9) (61.59) + 2 350]

= 12405154.61 Kg-cm

+ Seccidn J (a 8 metros del extremo de la trabe)

Ma

1t

Mua

Mua

n

- Cdlculo de fs

10000337.28 Kg-cm
(1.4)(10000337.28)

14000472.19 Kg-cm

P

- fsr
fsp = f.. (1 -0.507 ()
C
b= Rsp 10,32
p bd {(35)(98.7)
P = 0.003




sp

sp

"

16617.26 Kg/cm®

18000 [ 1 - (0.5)(0.003)

108

18000

350

]

- Cdlculo de a
f

. Asp fsp + Asfy
b fll

C

fL

231.28 Kg/cm®

_ (10.32)(16617.26) + (10.14)(4200)

26.45 cm

la seccion

1

A f“
e

A
C

(35)(231.28)

t 18 cm

trabaja como T,

p = 410:32)(16612.26) 1
C 4 fv Lo
= Qon ‘ :
AC 9z2%.0: %m
27
T “"‘“i *] T
8 i ¢ ‘ s
i
3404 /
AN o; ./)
A
\l ) -4 \
b g

(10.14)(4200;
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A, + A, = 460 cm®
2 3
925.62 - 460 = 465.62 cm®
15x = 465.62
x = 31.04 cm
a=31.04 cm
¢ = 31.04
0.8
c = 38.8 cm

47.5 < 75.2 = 114 - 38.8

todo el presfuerzo trabaja a tension,

- Cdlculo del momento Gitimo resistente.

Cdlculo del centroide de AC

Elemento A y Ay
1 465.6 15.52 7226.11
2 360 9 3240
3 100 21.33 2133.33
b3 925.6 12599,44
. 12599.44
Ye6 T 9256

Yeg © 13.61 cm

MuR = F.R.fg A, (d-13.61)
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. Cadlculo de d

d=h-r
_(Tsp)(Mrs) + (T)(r")
r T T
sp
Tsp = Aspfsp = {(10.32)(16617.36)
Tsp = 171490.12 Kg
L = 15.3 cm
T = Asfy = (10.14)(4200)
T = 42588 Kg
r' = 7.5 cm
o= (171490.12)(15.3) + (42588)(7.5)
171490C.12 + 42588
r = 13.75 cm
d = 114 - 13.75

=
3

uR © (0.9)(231.28)(930.25)(100.25 - 13.61)

=
t

uR © 16776397.6 Kg-cm > Mua = 14000472.19 Kg-cm

+ Seccién 1 (a 7 metros del extremo de la trabe)

1]

M

a 9234533.56 Kg-cm

Mua

Mua

"

(1.4)(9234533.56)

n

12928346.98 Kg-cm
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- Calculo de fs

p
fsp = fgr (1-0.5 PP iiﬁ
o o Asp . _10.32
p bd (35)(90.7)
P, = 0.0033
fgp = 18000 [ 1 - (0.5)(0.0033) e
fgp = 16495.29 Kg/cm?

- Cdlculo de @

- Asp fep + Ag Ty
bF

C
fr = 231.28 Kg/cm®

_ (10.32)(16495.29) + (10.14)(4200)
(35)(231.78)

a =26.29 cm > t =18 cm

*. 1a seccidn trabaja como T,

C =71

Afe = Agpfep + Agf,

. {10.32)(16495.29) + (10.14)(4200)
c 231.78

A = 920.18 cm2

35
20! T
3068 | L.’ .
: - |10
e .68
(R
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A2 + A3 = 460 cm2
920.18 - 460 = 460.18 cm?
15x = 460.18
. =

30.68 cm

]
]
(7% )
o
(<))
(=)
8]
3

¢ = 30.68
0.8
¢ = 38.35 cm
47.5 < 67.5

*. todo el presfuerzo trabaja a tensiodn,

~ C&lculo del momento Gltimo resistente.

Cdlculo del centroide Ac

Elemento A y Ay
1 460.2 15.34 7059.47
2 360 9 3240
3 100 21.33 2133.33
L 920.2 12432 .80

i

. 12432.80

Yee 920.7

Yeg © 13.51 cm

MuR = F.R.chc (d-13.51)
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. Cdlculo de d

d=h-r
C(Tsp)("rs) + (T)(r")
r T+ 71
Sp

Top = Aspfsp ~ (10.32)(16495.29)
Tep = 170231.39 Kg
Vrg ~ 15.3 cm

T = Af, = (10.14)(4200)

T = 42588 Kg

r' = 7.5 c¢m

(170231.39)(15.3) + (42588)(7.5)
170231.39 + 425868

r = 13.74 c¢cm
d = 106 - 13.74
d = 92.26 cm

1]

Mur © (0.9)(231.28)(920.2)(92.26 - 13.51)

=
'

uR © 15083890.79 Kg-cm > Mua = 12928346.98 Kg-cm

+ Seccidn H (a 6 metros del extremo de la trabe)

Ma = B410697.26 Kg-cm

M

ya = (1.4)(8410697.26)

1

M

ua 11774976.16 Kg-cm
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- Célculo de fsp

f

1

f
f (1 -0.5P —2)

sp sr p fé
p = Rsp . 10.32
b “Bd " (35)(82.7)
P, = 0.0036
fgp = 18000 [ 1 - (0.5)(0.0036) S
fop = 16349.74 Kg/cm?

- Cdlculo de a

_Pspfsp + Asfy
a = b f“
C
f1 = 231.28 Kg/cn’
, . (10.32)(16349.74) + (10.14)(4200)
(357 (731.28)
a = 26.11 cm > t =19 cm

.. 1a seccibn no trabaja como rectangular

C =7

=
(g
-+
o=
"

Moplop * Afy
A = lspfsp + Asfy
C

A - 10.32)(16349.74) 4 (10.14)(4200)

c 231,28

el
913.69 cm"”

=4
1




35
‘ —
/8
3&25
/10
IR F2.25
/15
A, + A, = 460 cm?
2 * Ry
913.69 - 460 = 453.69 cm®
15x = 453.69
x = 30.26
= 30.25 ¢cm
_ 30,25
0.8
= 37.81 cm

47.5 < 60.19

. todo el presfuerzo trabaje a tensidn

Cdlculo del momento Gltimo resistente.

Cdlculo del centroide de AC

Elemento A y Ay
453.75 15.125 6862.97

360 9 3240
3 100 21.33 2133.33
L ) 913.74 12236.3




Yee T

Yee

M
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(Yol
—
w
~3
(&)

= 13.39 cm

uR © F.R.ngc (d - 13.39)

. Cdlculo de d

d

sp

sp

rs

- —

d
d

=
b

=
1t

h -r

)

(Tsp)(Trs) + (T)(r'
Tsp + Y

Aspfsp

168729.32 Kg
15.3 cm

Asfy
(10.14)(4200)
42588 Kg

7.5 ¢cm

(168729.32)(15.3)

= (10.32)(16349.74)

42588)(7.5)

t
168729.32 "+ 4

13.73 cm
9¢ - 13.73
84.27 cm

= F.R.fé Ac (84.27 - 13.39)

2588

uR (0.9)(231.28)(913.75) (84,27 - 13,39)

i

uR

= 134812,97,33 Kg-cm >

"

ua

= 11774976.16 Kg-cm
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+ Seccion G (a 5 metros del extremo de la trabe)

Ma = 7264397.18 Kg-cm
Mua = (1.4)(7264397.18)
Mua = 10170156.05 Kg-cm

- Cdlculo de fs

p

fo o= f. (1 -0.50P ~f$£_ )

sp sr ' p fc

p - Asp - 10,32

p  bd (35)(74.7)
P = 0.0039

p

fgp * 18000 [ 1 - (0.5)(0.0039) 18000

. 2
fgp = 16173 Kg/cm

- Calculo de a

_Aspfsp ATy
da = T
b7

. (10.32)(16173) + (10.14)(4200)
(35) (231.28)

o
1

25.88 cm > t = 18 cm

la seccidn no trabaja como rectangular

C=7

AT

[
ASP 5p 'l y

Acfe
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A = (10.32)(16173) + (10.14)(4200)

¢ 231,28
AC = 905.8 cm2
35
21 2] |l
aqr| | .ol
: ! 10
172
15
Ay + Ay = 460 cm
905.8 - 460 = 445.8 cm
15x = 445.8
x = 29.72 cm
= 29.72 cm
0.8
= 37.15 cm

47.5 < 52.85

,". todo el presfuerzo trabaja a tensién,

Cdlculo del momento Gltimo resistente
Cdlculo del centroide de AC

Elemento Ay TRy T
1 445.8 14.86 6624.59
2 360 9 3240
3 100 21,33 2133,33
) 905.8 114697.92
. T L. .
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- 11997.92
Yea G05.8
Yeg = 13.25 cm
MuR = F.R.fé Ac (d - 13.25)

. Calculo de d
d=h=-r

= (Tsp)(rrs) + (T)(r')

Tsp + 7
TSp = AsfSp = (10.32)(16173)
Tsp = 166905.36 Kg
Prg = 15.3 ¢cm
T = Asfy = (10.14){(4200)
T = 42588 Kg
r' =‘7.5 cm

(166905.36)(15.3) + (42588)(7.5)
166905.36 + 42588

r=13.71 cm
d = 90 - 13.71
d = 76.29 cm

=
1]

uR (0.9)(231.28)(905.8)(76.29 - 13.25)

=
1

uR 11885818.91 Kg-cm > Mua = 10170156.05 Kg-cm
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- Verificacion del tipo de falla

Esp ¥ Ei > Eyp

¢ . (0.003)(d-c)

sp c
£ - (0.003)(76.29) - 37.15)
sp 37.15
ESp = 0,0032
Ei = 0,0066
Esp + Ei = (0,0032 + 0.0066
+ E, = 0.0098 2 = 0.
ESp E1 0098 Eyp 01

se puede considerar falla dactil,

+ Seccidn F (a 4 metros del extremo de la trabe)

Ma = 6046053.9
Mua = (1.4)(6046053.9)
Mia = 8464475.46 Kg-cm

- Calculo de |

sp

fop = fop (1= 0.5 A :ii )

P, - %(Sjp

< ) - e o0

fop = 18000 [ 1-(0.5) (0.0032) “}‘,}80 ]
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- Cdlculo de a

- Aspfsp + Asfy
b e

. (8.256)(16529.54) + (10.14)(4200)
(35)(231.28)

{
a = 22.12 cm > t =18 cm

la seccifn no trabaja como rectangular

C =1
Ao = A fop * AT,
A - {8.256)(16529.54) + (10.14)(4200)
¢ 531,28
) 2
Ac = 774.2 cm
774.2 - Ay = 774.2 - 630 = 144.2 cnt
35x - xZ = 144.2
x2 - 35%x + 144.2 = 0

. 35t 1225 - (4)(144.2)
2

X
x = 4,77 cm (la otra raiz se desecha)
35
2077 Ay




- Cdlculo
Cdlculo

sp

sp

H

1H

a = 22.77 ¢cm
_ 22.717
€ *70.8

c = 28.46 cm

122

del momento Gl1timo resistente.
del centroide de AC
Elemento A y Ay
1 630 9 5670
2 123.64 | 20,38 2519.78
3 22.75119.59 445.73
b 776.39 8635.51

Yeg F 11.12 c¢m
F.R.fg AC (d' - 11.12)

d* = h - r

h = 82 cm

oo (Tsp) (rrs) + (1) (r')
R
SP

Asp fsp

(8.256) (16509, 54)
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Fr.e © E;éﬁi_lg = 7.75 cm
rs s
T = Asfy = (10.14)(42000)
T = 42588 Kg
r' = 7.5 cm
_ (136467.88)(7.75) + (42588)(7.5)
r 136457.68 + 42588
r = 7.69 cm
d' = h -r

d' = 82 - 7.69
c' = 74.31 cm

MuR = (0.9)(231.28)(774.2)(74.31-11.12)

=
1

= 10183149.28 Kg-cm > 8464475.46 Kg-cm

. estd correcto.

- Verificacion del tipo de falla.

Esp + [i > Eyp

¢ . (0.003)(d-¢)
C

sp
[ . (0.003)(74.3)1 - 28.46)
sp 28.460
sp " 6.004¢
Li = (),00060
r 4 T =

0.0114 L ‘

Pt s o i
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- Revision del acero minimo

MuR 2 1.2 Magriet.

I P Pe ]
Magriet. 'yr[h"* p Yyt fol

. _ 1507855.41 . 104025.6 , (104025.6)(26.08),

Mgriet. 1138 L1100 b 15078554l (41.38) +2 350 ]
Magrict, = 5872917.89 Kg-cn

Myn = 10183149.20 Kg-cm » 1.2 M, ... = 7047501.46 Kg-cm

., estd correcto

+ Seccibn E (a 3 metros del extremo de la trabe)

Ma = 4778227.45 Yg-cm
Mua = (1.4)(4778227.45)
Mua = 668951E.43 Kg-cm

" Ter
fop = Topll = 0.5 P “féﬂ—) .
pooo= Bop _ (16) (0.0 L2850 L o gnac
I Tl T 3§)fﬁb Y cYGTrE 303

gp © 18000 [ 1 - (0.5)(0.0036) J%QPQ 1




- Cdlculo de a

. Asplsp

a = =TT
bfc

£' = 231.28 Kg/cn®

¢ = . (g/cm

4 = 48.256)(16352)
(35)(231.28)

a = 16.68 cm <« 1 - 18 cm

¢ = 20.85% cm

la seccidn trabaja como rectangular

4

Cdlculo del momento Gltimo resistente

n

14 FRO[ abf? (d - 4y

uR 2

My = 0.9 [ (16.68)(35)(231.28)(66.25) - 16.68

"

M

r = 7037173.26 Kg-cm > 0

g = 6689518.43 Kog-am
- Verificacidn del tipo de falla

: + L. > &
Lsp i fyp

£ . (0.003)(66.75 - 20 85}

m
I3
i1

0.0065

L. = 0.0066

r—
&

~
¥

0.0131 +  ae

e observae falla duct
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- Revision del acero minimo

MuR = 1.2 Magriet.

Pe .
+T'y1“‘2 fc]

= I

Magriet. Yy

>

M

. 11299%.55 . 104026.6 , (104025.6)(22.02)

agriet. 732 L 1990 T 11290365 (37.32) + 2 350 ]
Magriet. = 5006207.77 Kg-cm
Mg = 7037173.26 Kg-cm > 1.2 M, oo\ = 6007449.32 Kg-cn

‘. estd correcto.

+ Seccidn D {a 2 metros del extremo de la trabe)

M, = 3289297.06 Kg-cm
Mua = {1.4)(3289297.C6)
X - - 1
Aua 4605015.89 Kg-cm
- Cdlculo de fsp
- for
fsp = fSr (1 - 0.5 ﬁ) ?zm )
- . 18000 -
fsp 18000 [ 1 (0.5)(0.004) i ]
f = 16125.64 Kg/cm®

sp
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- Calculo de a

LTI
bf"
c
£ = 231.28 Kg/cm”
. - (8.256)(16125.64)
(35)(231.28)
a = 16.46 cm < t = 18 cm
la seccidén trabaja como rectangular
c = =9
0.8
¢ = 16.45
.8

c = 20.56 ¢cm > 13 cm

los 16 torones trabajan a tensidn.

- Cdlculo del momento Ultimo resistente,.

- " 13 __a_
Mg = F R [ abfl (d-35) 1]

0.9 [(16.45)(35)(231.28)(58.25 - 16,45 3

M R 5

uR 5995171.79 Kg-cm > Mua = 4605015.89 Kg-cm

estd correcto.

+ Seccidn C derecha (a 80 centimetros del extremo de la ---

trabe).
Ma = 1454412.4 Kg-cm
M = (1.4)(1454412.4)

ua
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Mua = 203677.36 Kg-cm

- Cdlculo de f

sp
f. =f__ (1 -0.5P Tsr )
sp Sr ' p fé
A
p = _SP 8.256

p T bd - [35)(48.65) - 0.0048

~
n

18000 [ 1 - (0.5) (0.0048) 18000

sp 350

15755.78 Kg/cm®

~
"

sp

- Cdlculo de a

. =Psp fsp
b f"
C
a = (8.256)(15755.78)
{35)(231.28)
a = 16.07 cm < L = 18 cm
la seccidn trabaja como rectangular,
¢ o= =B
0.8
¢ - 16.07
0.8
¢ = 20.09 cm < 13 cm

los 16 torones trabajan a tensidn.
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- Cdalculo del momento 0ltimo resistente.

M

FR [ abf! (d-3) ]

uR 2
a 16.07
MuR = 0.9 [ (16.07)(35)(231.28)(48.65 - 5
MuR = 4755004.88 Kg-cm « Mua = 2036177.36 Kg-cm

esta correcto.

- Verificacidn del tipo de falla.

Esp + Ei > Eyp

. (0.003)(d-c)

Esp o
E - (0.003)(48.65 - 20.09)
sp 20.09
Esp = 0.0043
Ei = 0.0066
+ = N M g = .
ESp E] 0.0109 Eyp 0.01

‘. se presenta falla ductil.
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[I11.9. Revision por cortante

- Las secciones criticas que se deben revisar y sus respec-

tivos cortantes y momentos actuantes son:

Seccidn Va (Kg) Ma (Kgwcm) giiﬁgggi?m?] Vua (Xg)
A 16777.23 420770 0.25 234E8.12
B 16526.83 1336732.4 0.8 23137.56
C 16009.01 3289297.06 2.0 22412.61
D 12926.81 4778227.45 3.0 18097.53
E 12434.81 6046053.9 4.0 17408.73
F 11914.01 7264397.18 5.0 16679.61
G 8528.4] 8410697.26 6.0 11939.77
H 7950.01 9234533.5¢ 7.0 11130.01
I 7342.81 | 10000337.28 8.0 10279.93
J 6706.81 | 10703072.91 9.0 9389.63
K 3206.01 {11118832.14 10.0 4488.4)
L 2612.41 ] 11408638.7 11.0 3517.37
M 1418.01 1 11701504 12.5 1985.21

, . . 3"
- Se emplearan estribos del nlmero 3, es decir de 4 T

+ Seccidn A
La seccidn es presforzada.

- Obtencidn de VC

Vc min - F.R, 0.5 bd fz




Com

VUB

se

Por

Por

131

"

min (0.8)(0.5)(36)(44.25) 280

min 10366.22 Kg

FR 1.3 bd f*
c

max (0.8)(1.3)(35)(44.25) 280

0 X 26952.17 Kg

- x Va dt
F R bd (0.15 fc + 50 "-—ﬁ’a‘“

RS
it

RS
1

(0.8)(35)(44.25) [0.15 280 + (50(44.25)

-
n

26952.17 Kg

o:

= 23488.12 « Vc = 26952.17

requieren estribos por especificacion.

drea minima:

FR Av fy
35D

(0.8)(1.42)(4200)
(3.5)(35)

38.95 cm

separacidon maxima:

2 0.75h

(0.75)(52)

L 39 cm

la separacion definitiva serd:

[N

Ih oy

16777.23

420770




4 Seccidn B (seccidn 1)

La seccidn es presforzada.

- QObtencidn de VC

Como:

c max.

c mix.

c def,

ua

F.R. 0.5 (b'd + t?) Fx

(0.8)(0.5) [(15)(48.65) + (18)%] 280
7053,04 Kg

F.R. 1.3 (b'd + tf) £

(0.8)(1.3) [(15)(48.65) + (18)°] 280

18337.91 Kg.

Va

FR (b'd + t4)(0.15 f* + 50 =2 dr)
C M3

1626.
(0.8) [(15) (48.65)+(18)%] [0.15 280 + (soyfj§g7§%¢g~(aa.65)]
27468.69 Kg.

18337.91 Kg.

= 23137.56 Kg > Vc = 18337.91 Kg, se colocardn

estribos por especificacidn,

Sreq.

[

req.

req.

S
an

R.Avfyd

VuaVe
0.8)(1.42)(4206)(48.65)
3137.56 - 18337.91

8.36 cm




am

am
Sméx.
méx,

max,

S

Sdef.

+ Secc
La s

- Obte
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c méx.

c méx.

c max.

90.88 cm

n

0.75 h

u

(0.75)(56.4)

42.3 cm

42.3 cm

n

40 cm

ién C
eccidon es presforzada

ncidon de Vc

1

F.R. 0.5(b'd + t7) f*

= (0.8)(0.5) [(15)(58.25) + (18)%] 280

= 8016.88 Kg
- . 2
= F.R. 1.3 (b'd + t fé

= (0.8)(1.3) [(15)(58.25) + (18)%] 280

= 20843.88 Kg

= FR (b'd + t°)(015 f£ 4 (18)°] 280

= ! N 2 !ﬂ ,
c = FR(b'd+ £2) (0,15 ff + 50 i dt)
= (0.8) [(15)(58.25) + (18)°] [0.15 280 + 50 HRREET

- !
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h < 1m
- h_ .66,
h = b 5 4.4 < 6

‘. estd correcto.

v = 15987.68 Kg,

c def.

Vua - Fc def.

V 1

= 22412.61 - 15987.68

6424.93 Kg

Se requieren estribos por especificacién.

.5 - FRAv fy d
req. v
5 . (0.8)(1.42)(4200)(58.25)
req. 6424.93
-5 . FR Av fy
an 3.5 b!
5 . (0.8)(1.42)(4200)
am (3.5)(15)
Sam = 90.88 cm

- 1,5 FR bd f* = )1.5)(0.8)(15)(58.25) 280

Vua = 22412.61 Kg > 17544.76 Kg
Sméx = 0,37 h
sméx = (0.37)(66)
sméx = 24,42 cm
S = 24.42 cm

sdef.= 25 c¢cm

17544.76
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+ Seccion D

La seccion es presforzada

- Obtencion de Vc

- ) 2
Vc min, ° FR 0.5(b'd + t°) fé
- 2
Vc min. - (0.8)(0.5) [(15)(66.25) + (18)°] 280
Vc min. = 8820 Kg
- ) 2
VC maix. - FR 1.3 (b'd + t°) fé
= 2
Vc maX. (0.8)(1.3) [(15)(66.25) + (18)°] 280
Vc max. = 22932.18 Kg
_ ) 2 Va
Vc = FR (b'd + t~) (0.15 fé + 50 ﬁ~] 280
a
v, = (0.8) [(15)(66.25)+(18)%][0.15 280 + 50
V. = 12093.23 Kg
h =74 cm < 6
‘. estd correcto.
Vc def. = 12093.23 Kkg.
- Obtencidn de V'
vios Via - Vc de?t.
V' = 18097.53 - 12093.23
V' = 6004.3 Kg.

12926.81

4778227.45
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Se requieren estribos por cspecificacidn,

- s . FR Av fyd
req. V'
S . (0.8)(1.42)(4200)(66.25)
req, 6004.3
Sreq = 52.64 cm
-5 . FR Av fy
am 3.5 b!'
S . (0.8)(1.42)(4200)
am (3.5)(15)
Sam = 90.88 cm
- 1.5 FR v'd f; = (1.5)(0.8)(15)(66.25) 280 = 19954,34 Kg

Sdef.

+ Secc

Tt = T

Tref.

18097.53 < 19954.37 Kg

0.75 h

(0.75)(74)

56.5 cm

52.64 cm
= 50 cm

ion E

kT

pref. = 'ref.

= Aspfsp = (8.256)(16529.54)




pref.

ref.

ref.
Tt

Tpref.

n

"
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136476.88 Kg

Agf, = (10.14)(4200)
42588 Kg.

179055.88 Kg.

136476.88 > 0.40 Tt = 71622.35

. se considera la seccidn presforzada.

v

v

c min.

c max.

c max.

c max.

"

¢ def,

FR 0.5 (b'd + t?) 2

(0.8)(0.5) [(15)(74.25) + (18)% 280
9623.26 Kg

FR 1.3 (b'd + t?) 2

(0.8)(1.3) [(15)(74.25) + (18)%] 280

25020.48 Kg.
' 2 x Va
FR(b'd + t©)(0.15) fc + 50ﬁ~ dt)
a

(0.8) [(15)(74.25) + (18)%] [0.15 280 + 50

11676.35 Kg.
h =82cm < 1m
N %% = 5,47 < 6

- VC estd correcto

11676.35 Kg.

12434.81
6046053.9

74.31]
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Obtencidn de V'

' = -
vt o= Viua Ve def.
y' = 17408.73 - 11676.35
V' = 5732.38 Kg
', se requieren estribos por especificacion.
-5 . FR Av fy d
req. V'
S . (0.8)(1.42)(4200)(74.25)
req. 5732.38
Sreq. = 61.8 cm.
- s . FR Av fy
am 3.5 b'
s _ (0.8)(1.42)(4200)
am (3.5)(15)
Sam = 90.88 cm
- 1,5 FR b'd f; = (1.5)(0.8)(15)(74.25) 280 = 22363.92Kg.
vua = 17408.73 Kg < 22363.92 Kg
Sméx. = 0.75 h
Sméx. = (0.75)(82)
Sméx. = 6) T cm

w
#"

61.5 cm.
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+ Seccién F

Tt = Toresf. * Tref.
Tpresf. = ASp fsp = (10.32)(16173)
Tpresf. = 166905.36 Kg
- Tref. = (10.14)(4200)
Tref. = 42588 Kg
Tt = 209493.36 Kg
Tpresf. = 166905.36 Kg > 0.40T, = 83797.34 Kg.
se considera la seccibén presforzada.
= ' 2
Ve min. = FR 0.5(b'd + t°) fe
= 2
Ve min. = (0.8)(0.5) [(15)(74.7) + (18)%] 280
Vc nin. - 9668.44 Kg,
= | 2
Vc nix. - FR 1.3(b'd + t°) fé
= 2
Ve mix. = (0.8)(1.3) [(15)(74.7) + (18)°] 280
Ve néx. - 25137.95 Kg.

V. = FR(b'd + t?)(0.15 f* + 50 - dt)
d

V= (0.8) [(15)(74.25) + (18)%] [0.15 280 + 50 213400 56 599

V_ = 10082.62 Kg.

h = 90 cm < Im




. V. =10.8 VC

(0.8)(10082.62)

8066.1 Kg.

def. = 9668.44 K..

Obtencion de V.

140

= Vya " Ve def.

= 16679.61 - 9668.44

= 7011.17 Kg.

se requieren estribos por especificacidn,

5 . FR_Av fz d

req. v

5 _ (0.8)(1.42)(4200)(74.7)

req. 7011.17 Kg.
Sreq. = 50,83 c¢cm

am 3.5 b

g . (0.8)(1.42)(4200)
am {3.5)(15)

Sam = 90.88 cm

1.5 FRb'd fz = (1,5)(0.8)(15)(74.7) 280 = 22499.46 Kq.

Vua = 16679.61 Kg.

<

22499.46 Kg.
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0.75

max
Smix. © (0.75)(90)
sméx. = 67.5 cm

S = 50.83 cm.

+ Seccifn G

Tt ; Tpresf.+ Tref.

Toresf, = Agp fgp = (10.32)(16349.74)

Tpresf. = 168729132 Kg.
Tref. = Asfy = (10.14)(4200)
Tref. = 42588 Kg.
Tt = 211317.32 Kyg.
presf = 168729.32 Kg » 0'40Tt = 84526.93 Kg.
se considera la seccion presforzada,
- 2
VC min. - FR 0.5(b'd + t°) fé
- : 2
VC nin. ° (0.8(0.5) [(15)(82.7) + (18)°] 280
VC nin. - 10471.64 Kg.
Voo = FR1.3(b'd + t%) f*
c mdx, ¢
' ?
VC mix. © (0.8)(1.3 [(15)(82.7) + (18)°] 280
) ©2722G.20 Ko,

¢omay,




ar

2

! . Vﬂ
VC = FR (b'd + t“) (0.15) fz + 50 ﬁ; dt)
. 2 _8528.41

VC (0.8) [(15)(82.7) + (18)°] [0.15 280 + 50 8410697 76 84.27]
VC = 8488.92 Kg.

h = 98 ¢cm < lm

h _ 98 _

5 1% 6.3 > 6

se toma 0.8 VC

VC = (0.8)(8488.92)

VC = 6791.14 Kg.
VC def. © 10471.64 Kg.

- Obtencidon de V'

L -
v vua vc def.
V' = 11939.77 - 10471.64
V' = 1468.13 Kgq.
se requieren estribos por especificacion.
.5 - FRAV fyd
req. V!
¢ . (0.8)(1.42)(4200)(82.7)
req. 1468.13

Sreq, 268.76 cm.
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-5 - ﬁﬁ_ﬁx_ix

an 3.5b

5 . (0.8)(1.42)(4200)

an (3.5)(15)

S = 90.88 cm

am
- 1.5 FR b'd fg = (1.5)(0.8)(15)(82.7)
Vua = 1193.977 Kg < 24909.04 Kg.
Sméx = 0.75 h
Sméx = (0.75)(98)
Sméx = 73.5 ¢cm

S =73.5 ¢cm

+ Seccidn H

Te ™ Torer. * Tref.

Torer, = Asp fsp = (10.32)(16495.29)
Toref, = 170231.39 Kg.

Tref., °© Asfy = (10.14)(4200)

Toof, = 42588

Ty = 212819.39 Kg.

Toper, = 170231.39 Kg > 0.40 T =

*, se considera la seccidon presforzada.

280

85127.76 Kg.

24909.04 Kg.




¥ . = FR O0.5(b'd + t¢) -

Vo en. = (0.8)(0.5) [(15)(90.7) + (18)%] 280

v p = 11274.83 Kg.

V. . = FR 1.3(b'd + t%) Fx

Vo gy = (08.)(1.3) [(15)(90.7) + (18)%] 280

V_ sy = 29314.56 Kg.
V. = FR(b'd + t2)(0.15 f* + 50 Va dt)
c : ¢ i
i _5950.01
v, = (0.8) [(15)(90.7) + (18) 2] [0.15 280 + 5C T 92.26]
V_ = 8734.22 K.
h > 1Im
h . 106
-b*r = “1*'5 7.1 > 6

‘. no trasciende.

Vc def. = 11274.83 Kg.

Como: Vc dof., © 11274.83 Kg > Vua = 11130.01 Kg,

se requieren estribos por especificacion.

-5 = FR Ay fy
am 3.5 b

s - (0.8 8)11 42)%4&00)

am n) (1 b

w
1

am - 90.88 cm




" Smas.

1.5 FRb'd fé = (1.5)(0.8)(15)(90.7) 280 = 27318.62

Vua = 11130.01 Kg < 27318.62 Xg.
Sméx.= 0.75 h
Sméx.= (0.75)(106)
Sméx.= 79.5 cm
S = 79.5 cm.

+ Seccibn |

Tt ] Tpresf.+ Tref.

Tpresf. = Aspfsp = (10.32)(16617.26)
Tpresf = 171490.12 Kg.

Tref. = Asfy = (10.14)(4200)

Tref = 42588 Kg.

T, = 214078.12 Kg.

Tpref. = 171490.12 Kg » 0'40TL = 85631.25 Kg.

se considera la seccién presforzada.

. 2
Vo min, = FRO.5 (b'd + t°) f
_ , 2
Vo nin. = (0.8)(0.5) [(15)(98.7) + (18)°] 280
v = 12078.02 Kg.

¢ min.
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- P44 42 :
Vo max. = FR 1L.3(b'd + t%) f*
- 2
Vc mix. - (0t8)(1.3) [(15)(98.7) + (18)°] 280
Vc mix. = 31402.86 Kg.
Vc nax. = 31402.86 Kg.
Vo= PR (b'd + t2)(0.15 £+ + 50 ‘2 dt)
c : o Ma
- 2 _7342.81
V. (0.8) [(15)(98.7) + (18)°] [0.15 280 + 50 16060337 .78 100.25]
Vc = 8936.52 Kg; hom y —%T > 6 son intrascendentes.
Vo gef. = 12078.02 Kg.
Como: Vc def. © 12078.02 Kg » Vua = 10279.93 Kg.

se requieren estribos por especificacién.

.5 = FRAv fy
am 3.5 b'
s . (0.8)(1.42)(4200)
an (3.5)(1%)
Sam = 90.88 cm
" Snsx.

1.5 FRb'd fé = (1.5)(0.8)(15)(98.7) 280 = 39728.2 Kg.

Vua = 10279.93 Kg < 29728.2 Ky.
Sméx. = 0.75 h,
S = (0.75)(114)

max.,
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= 85.5 ¢cm

max.

S =

+ Se

T, =
Tpre
Tpre
T
T
Tt =

Tpre

cm

cm
cm
cm

cm

V. m

-l
1t

-l
n

ref.

ref.

85.5 cm

ccion J

Tpresf. + Tref.

= A = (10.32)(16720.93)

sf. spfsp

i

Sf. 172560 Ky

= Asfy = (10.14)(4200)

42588 Kg.
215148 Kg.
¢ = 172560 Kg > 0.40T, = 86059.2 Kg.
se considera la seccidén preforzada.
- . 2
cn. = FRO.5(b'd + t?) £
oy = (0.8)(0.5) [(15)(106.7) + (18)%] 280
¢y, = 12881.22 Kg.
- . 2
s, = FR1.3(b'd + t%) 280
5 = (0.8)(1.3) [(15)(106.7) + (18)%] 280

x. = 33491.17 Kg.
FR(b'd + t%) (0.15 £+ 50 5

5 - (18)° _b706.81 _
(0.8) [(15)(106.7) + (18)°] [0.15 280 + 50 y5763853 6

108.24]
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VC = 9085.6 Kg; h>1m, y g% > 6 son intrascendentes.
VC def. = 12881.22 Kg.
Como: Vc def. = 12881.22 Kg » Vua = 9389.53 Kg.
se requieren estribos por especificacidn.
-5 - FR_ Av f
am 3.5 b'
S . (0.8)(1.42)(4200)
am (3.5)(19)
Sam = 90.88 c¢m
" Spax.

1.5 FRb'd fé = (1.5)(0.8)(15)(98.7) 280 = 29728.2 Kg.

Vua

S

Sméx

Sméx

S =

+ Se

La

Vc min,

max.

= 9389,53 Kg < 29728.2 Kg.

0.75 h

(0.75)(122)

B

91.5 cm.

90.88 cm.

ccibn K

seccidn es presforzada

FR 0.5(b'd + t%) r*

n

(0.8)(0.5) [(15)(114.7) + (18)° 280

13684,41 ky.
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- 2
VC néx. - FR 1.3(b'd + t%) fé
- 2
VC nadx. - (0.8)(1.3) [(15)(114.7) + (18) 280
VC nix. - 35579.47 Kg.
V= FR (b'd + t2) (0.15 £% + 50 12 dt)
C ’ C Ma
= 2 3206.01
VC = (0.8) [(15)(114.7) + (18)°] [0.15 280 + 50 11118837 14 114.7]
V. = 6810 Kg; h>1 vy &. > 6 son intrascendentes

VC def. * 13684. 41 Kg.

Como:

v = 4488.41 Kg < V

va = 13684.41 Kg.

¢ def.

se requieren estribos por especificacion.

Los drea minima
s = FR Av fy

m  3.5b'

s = (0.8)(1.42)(4200)
m (3.5)(1%)

Sm = 90,88 cn

Por separacidn maxima:

V1in1 = 1.5 FR bd fé = (1.5)(0.8)(15)(114.7) 280 - 34547.37 Kg.

v

4488.41 Kg < 34547.37 Kg.

ua
S =10.76 h
S = (0.75)(130)
S =97.5 cm,

S = 90.88 cm.




+ Seccibn L

La seccidon es presforzada

-
iy
i

FR 0.5(b'd + t2) Fx

) 2
Vo nin. = (0.8)(0.5) [(15)(122.7) + (18)%] 280
V. . = 14487.6 Kg.

] ?.
Vo max. = FR1.3(b'd + %) %

Vo ase. = (0.8)1.3) [(15)(122.7) + (18)% 280

V_ .. = 377661.77 Kg.

V. gy ° 37667.77 Kg.

Vo= FR (b'd + t2) (0.15 f+ + 50 32 dt)

c ' c Ma

v, = (0.8) [(15)(122.7) + (18)%] [0.15 280 + 50 —oi2:8l 195 9

11408638.7

-
i

c 6685.763 h > 1 vy 7 6 son intrascendentes.
v def. = 14487.6 Kg.

Como:

Vua = 3517.37 Kg < Vc def. © 14487.6 Kg.

se requieren estribos por especificacion,

Por drea minima:

S = _EB_....M
m 3.5 b'

_ 1.
Sn T (3.5)1(
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Sm =.90.88 cm.

Por separacidn minima:

V]inl = 1.5 FR bd fé = (1.5)(0.8)(15)(122.7) 280 = 36956.95 Kg.

Vua = 3517,37 Kg < 36956.95 Kg.
S =10.75h
S = {0.75)(1,8)
S = 103.5 cm

S = 90.88 cm.

+ Seccion M

La seccidn es presforzada

- ‘ 2 .
VC min. = FR 0.5(b'd + t°) fé
= 2
Vc nin. ° (0.8)(0.5) [(15)(134.7) + (18)°] 280
Vc min. = 15692.4 Kg.
= ' 2
Vc nax. - FR 1.3(b'd + t*) fé
= 2
Vc max. (0.8)(1.3) [(15)(134.7) + (18)°) 280
Vc mix. - 40800.23 Kg.
v
V.= FR (b'd + t2)(0.15 f* + 50 ;2 dt)
o ¢ Ma
= N 2 b -<1.[}.1._8.3-Q.1.
Vc 0.8 [(15)(134.7) + (18)°] [0.15 280 + 50 1i761504 134.7]
Vc = 6238.5 Kg; h > 1y -g%n > 6 son intrascendentes.

V. gef, = 15692.4 Xg.
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Como:

Vy, = 1985.21 Kg < V_ 4.0 = 15692.4 Kg.

se requieren estribos por especificacidn.

Por drea minima.

s = FR AV fy
m 3.5 b
¢ . (0.8)(1.42)(4200)
m (3.5)(15)
= 90.88 cm

S m

Por separacidn mdxima:

Vliln. = 1.5 FR bd fz = (1.5)(0.8)(15)(134.7) 280 = 40571.32 Kg.

Vua = 1985.21 Kg < 40571.32 Kg.
S = 0.7% h
S = (0.75)(150)
S = 112.5 cm

S = 90.88 cm.

- Se colocardn estribos del nimero 3 a cada 25 cm, en toda-

la extension de la trabe portante,.




IV. DISENO DE COLUMNAS

IV.I. Cdlculo de la fuerza sismica.

Se considera a la columna empotrada en su base y 1i

bre en el extremo superior.

E1 peso concentrado en el extremo superior es:

W= (2)(11)(18355.33) + (0.35)(0.5)(2400)(2.26)
W = 404762.26 Kg.
¢ = (22) 123£1
h
h = 450 cm
E = 10000 f. = 10000 200
E = 141421 Kg/cm?
3
. _bh”
L= 12
[ - (35)(50)3
12
1 = 364583.33 cm”
(= (22) [ (12)(141421)(364583.33) |
(450)
K = 149374.,72 Kg/cnm




Se supone que la nave se localiza en la zona III
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(terreno compresible); segln su uso se clasifica en el gru-

po B, y el factor de ductilidad es de 2.

Como:

a*

[0.06 + (0.24 - 0.06)

0.1343g

1 +(Q-1)

1+ (2 ~-1)

1.4125

_ 0.1343g
1.4125%

n

0.0951

g

T

"-f'l

o

.33

o

.8

]

m = W _ 404762.26
g 981
kg se 2
m = 412.6 _g___.g._.
cm
W = K . 149374.72
m 412.6
w = 19.03 rad/segq.
_ 2= .
T = = (periodo
_ 2n
T = 1903
= 0.33 < T1 = 0.8, se tiene
T
o Fle-ag)srly
06

g
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La fuerza que produce esa aceleracidn es:

F = ma
- X
F = g 0.0951 g
F = (404762.26)(0.0951)

F

38484.65 Kg

es decir, en cada columna se tendrd una fuerza de:

- F_
Fs 22

-
n

1749.3 Kg.

IV.2. Disefio de la columna.

IvVv.2.1. Datos:

F = 4200 Kg/cm®
. y
FL = 200 Kg/cn?
) 2
Ec = 141421 Kg/cm
50em M, = 787185 Kg-cm
P, = 18355.33 Kg.

35¢m

IV.2.2. Determinacién del factor de amplificacidn del momen

to "s&'",

ﬂ
Hi
of




- 364583.33
1750
r = 14.43 cm
_k1 _ (2)(450)
r 14.43

De manera que la relacifn de esbeltez es:

— = 62,37

En esta columna se tiene que:

M

34-12 0 =34 <« KL <62.37 <100
MZ r
por lo que se trata de una columna esbhelta.
Cm
T
1 -
FRP
Cm = ]
p ._.“..2.[;:}
(K1)?

El = _0.;4,_..{72_C g

£l = (0.4)(141921)(364583,33)
1 +0

i

El = 2.06 x 1010
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o . 122,06 x 10'0)
(900)°
P = 251295.91 Kg.
§ = L
) 2569646
(857(251295.51)
5= 1.14

IV.2.3. Determinacién de 1a cantidad de acero empleando -

las ayudas de disefo; para % = 0.9, se tiene.

R = My _ (1.14)(1.4)(1749.3)(450)
FRbhzfg (0.85)(35)(50)%(136)

R = 0.1242

K= —tu__ (1.4)(18355.33)
FRbhf!  (0.85)(35)(50)(136)

<
il

0.127

0.127 se tiene:

ft

Con R = 0.124 y K

s
n
o
s
o
(3]

o

H

L
-

(0.185) 7735

©
u

0.006

x
i

A =0bh
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As = (0.006)(35)(50)

AS = 10.5 cm.

Se empteardn 8 varillas de % de didmetro

8 ¢% = 10.16 cm?

IV.2.4. Colocacidn del acero

}i 12.5'?/2.5 5
ST [
20
' ' 50cm
20
s 1Lt

35em

8 barras del ndmero 4

1v.2.5. Revisidon de la columna.

d . 45

h 50

d _

e 0.9
Ag




"
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10.56
(35)(50)

0.0058

0.1793
FS hC
o C-

(1749.3)(450)
18355.33

42 .89 cm.

De 1a fig. 9 de las ayudas de disefio de las normas-

de concreto

nieria, con

K =
R =
de donde:

PuR

PuR

de la publicaci6n No. 401 del Instituto de Inge

q = 0.1793 y % = 0.86 se tiene:
0.15

0.125

= K Fp bhf!

(0.15)(0.85)(35)(50)(136)
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puR = 30345Kg > Pua = 25697.46 Kg.

esta correcto

2

=
!

=R F, bh

uR

R fe

=
|

uR " 1264375 Kg-cm > Mua = 1256347.26 Kg.-cm

estd correcto.

IV.3. Disefio por cortante

IV.3.1. Obtencidn de Vua

Vua = F C Va
Vua = (1.4)(1749.3)
Vua = 2449.02 Kg

IV.3.2. Obtencidon del cortante que resiste el concreto (Vc)

0.7 fE Ag + ZOOOAs = (0.7)(160)(1750) + (2000)(10.16) = 216320 Kg

va - FC Pa

Pua = (1.4)(18355.33)
Pua = 25697.46 Kg.
EItE

. _.3.81
P = T357(50)
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1

p = 0.0022

Se tiene:

Pua

n

25697.46 Kg < 0’7fEAg + 2000 As 216320 Kg.

p 0.22 < 0.01

p
- Sua
. Vc FR bd (0.2 + 30p) fé [1 + 0.007 3 ]

(0.8)(35)(40) [0.2 + 30 (0.0022)] 160 [1 + 0.007 35%%%6591

-
n

-
H]

4155.78 Kg.

I1V.3.3. Separacion de los estribos.
Se empleardn estribos de 3/8" de didmetro.

Se tiene:

Vua = 2449.02 Kg < Vc = 4155.78 Kg

se colocardn estribos por especificacidn.

[92]
A

c 34.83 cm.
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La separacidn maxima de los estribos debe cumplir -

también con:

850 4y = 830 (] 27y = 16.66 cm
fy 4200
S s 48 d,, = (48)(0.95) = 45.6 cn
t oo = 35 cu

S . = 16.66 cm

IV.4., Armado propuesto.
5 125 1255
-t + T

-

57 T
e
20
: L 50
20
5 e
35cm
Acero longitudinal: 8 barras de ¢ ;“
Acero transversal: ¢ 3" 15 cm.

8




V. CONCLUSIONES

Se deja pendiente el cdlculo de las conexiones coO-~--
Tumna suelo y columna vrabe portante; as? como los planos,-
porque seria extenso para los fines de la presente tesis o

trabajo escrito.

Las ventajas de emplear elementos de concreto pre--
tensado en las construcciones es la obtencion de mayor rapi
dez de construccidén y menos volumen de concreto, ya que es-
tos elementos son prefabricados. También se obtiene ecoro-
mia en cimbra y obra falsa, y mayor control de calidad, --

puesto que se fabrican en plantas de presfuerzo.

Las desventajas de este tipo de obra es que requie-
ren transporte y montaje, asi como la ejecucidn de conexio-
nes especiales y ademds la elaboracibn de planos y el cdlcu

1o estructural son mas laboriosos.
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