DISEÑO DE LOSA PARA PUENTE
Espesor de losa

H= (Le+3.05) / bw = (0.80+3.05) / 0.35 = 11cms →  usar H = 15cms.
Cuantificacion:

Wpp (Losa) = 2400kg/m3 * 0.15m = 360 kg/m2
Wpp (Asfalto) 2000kg/m3 * 0.0508m = 101.6 kg/m2
                                                             =  461.6 kg/m2
Momento muerto:
Momento (Pos.+) (Neg.-) = WL2 / 10 =(461* (0.80)^2) / 10 = 29.504 kg/m.

Carga puntual debido a sobrecarga por eje de vehiculo.

P = 8000kg

Momento vivo:
Mv =((S+0.06) / 9.75)) * P
Mv = ((0.80+0.06) / 9.75)) * 8000kg = 705.64 kg/m

 Se reduce por 0.80 por tener 3 ó mas apoyos continuos

Mv = 0.80*705.64kg/m = 564.51 kg/m2
Impacto:

I = 15.24 / (Le+38) ≤ 0.30 = 15.24 / (0.80+38) = 0.39 ≥ 0.30 → usar 0.30.

Momento vivo:

Mvt = Mv+I

Mvt = 564.51 + (564.51*0.30) = 733.86 kg/m

Momento de diseño:
MD = Mvt+Mm
MD = 733.86 kg/m + 29.504 kg/m = 763.364 kg/m

Chequeo de espesor de losa:
D = √(2MD/(Fc*K*J*b))
Donde:

Fc = 0.4* F´c = 0.4*210 kg/cm2 = 84 kg/cm2
n = Es / Ec = (2.1*10^6)/(15100* √210kg/cm2) = 9.6

r = Fs/Fc = (0.5*2800kg/cm2) / (0.4*210kg/cm2) = 25
k = n/(n+r) = 9.6 / (9.6+25) = 0.28

j = 1-(k/3) = 1-(0.28/3) = 0.91

D = √(2*763.364*100/(84*0.28*0.91*80) = 9.44 cms ≤ 15 cms Ok.
Diseño de refuerzo:
Aceero principal:

As = MD/(Fs*j*d) = 763.364*100/(2100kg/cm2*0.91*12.5cm) = 3.19 cms2

Usando Ø 3/8” As = 0.71 cms2
S = (Ab*80cm)/3.19 = 17.80 cms → usar Ø 3/8” @ 15 cms.

Acero secundario:
% As = 121/√S ≤ 67 % ; = 121/√0.80 = 135.28 ≥ 67 % 
                                       → usar 67 %*As.

Ass = 0.67*3.19 = 2.137 cms2
Usando Ø 3/8” As = 0.71 cms2

S = (0.71*100)/2.137 = 33.22cms → usar Ø 3/8” @ 25 cms.
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DISEÑO DE VIGAS DE INTERIOR
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Viga de puente:

L= 19.30 mts

Calculo de peralte minimo H = L/18 → ACI 318-2005
H = 19.30/18 = 1.07 mts → usar H = 1.10 mts
Cuantificacion:
W(nervios) = 2400kg/m3*(0.35m*0.95m) = 798.00 kg/m

W(losa) = 2400kg/m3*(1.10m*0.15m) = 396.00 kg/m
W(asfalto) = 2000kg/m3*(1.10m*0.0508m) = 111.76 kg/m
                                                            Wcm   = 1,305.76 kg/m
Momento muerto:

Mm= (W*(L^2))/8

Mm = (1305.76 kg/m*(19.30^2))/8 = 60,797.82 kg/m.
Factor de incremento:
F = S/1.5 ≥  = 0.80/1.5 = 0.53 → 0.53 ≤ 1 →No utilizar fctor de incremento.
Determinacion de cortante y momento vivo debido a sobrecarga por eje de vehiculo:

Posicion de las cargas para buscar momento maximo aplicando giro unitario: 
9.08 → £ 
19.30 → 10.22   →    £1 = (9.08*10.22) / 19.30 = 4.81
4.88 → £
19.3  →  10.22    →     £2 = (4.88*10.22) / 19.30  = 2.58
6.02  → £

10.22 → 4.81     →     £ = (6.02*4.81) / 10.10.22 = 2.83
Momento vivo:
Mv = 8000*(2.58) + 8000*(4.81) + 2000*(2.83) = 64,780kg/m.
Impacto:
I = 15.24/ (L+38) = 15.24/(19.36+38) = 0.27 ≤ 0.30 Ok.

Mvt = Mv+I ; Mvt = 64,780.00 + 64,780.00*0.27 = 82,270.60kg/m.
MD = Mm+Mv
       = 60,797.82 kg/m. +  82,270.60kg/m. = 143,068.42kg/m
Cortante muerto:
Vm = (W*L)/2 = (1,305.76kg/m*19.30m)/2 = 12,600.58kg
Cortante vivo:
1 → 19.30

β1 → 15.10    →  β1 = (15.10*1)/19.30 = 0.78  

1 → 19.30

β2 → 15.10    →  β2 = (10.90*1)/19.30 = 0.56  

Vv = (1*8000kg) + (0.78*8000kg) + (0.56*2000) = 15,360.00kg.
Chequeo de peralte:
b´* d = Vo/υ 

d = Vd/ υ * j * b´
0.06 * F´c ≤ υ ≤ 0.075 F´c

   0.06*210kg/cm2 = 12.60 kg/cm2

n = Es / Ec = (2.1*10^6)/(15100* √210kg/cm2) = 9.6

r = Fs/Fc = (0.5*2800kg/cm2) / (0.4*210kg/cm2) = 25

k = n/(n+r) = 9.6 / (9.6+25) = 0.28

j = 1-(k/3) = 1-(0.28/3) = 0.91

d = 27,960.58kg/(12.60kg/cm2*0.91*35cm) = 69.67 cms ≤ 95 cms Ok.

Diseño de viga:
Determinacion de área de acero necesaria:
As = MD/(Fs*(d-(t/2)))

     = 143,068.42kg/m*100/(2,100kg/cm2*(95cm-(13/2))) = 76.55cm2
Usando Ø 1” As = 5.07 cms2

# de barras = As/Ab = 76.55cm2/5.07 = 15.09 Barras 
 → usar  16 Ø 1”.

Diseño a cortante:
Vu = 1.2 Vm + 1.6 Vv → ACI 318-2005

Vu = (1.2*12,600.58kg) + (1.6*15,360.00kg) = 39,696.70kg.
ΦVn = (0.75*Ab*Fy*d )/S + (0.75*0.55*(√F´c)*b*d)
Vu = ΦVn
39,696.70kg = ((0.75*(2*0.71cm2)*2800kg/cm2 *95cm)/S) + (0.75*0.55*(√210kg/cm2)*35cm*95cm)
39,696.70kg = (283,290.00kg/cm2/S) + 19,875.83kg/cm2
S = (283,290.00kg/cm2)/(39,696.70kg – 19,875.83kg/cm2 =14.29cm.

                d/2 = 95cm/2 = 47.5cm.

Smin. = 

                48*db = 48*0.95 = 45.72 cm
Usar estribos Ø 3/8” @ 10 cms.

Diseño de muro de apoyo (Cabezal):
γs = 1,800kg/m3

θ =30º

Ka = Tang^2*(45-(θ/2) = 0.333

Según ranking:

Pa = ((1/2)*Ka* γs*H^2
Pa = ((1/2)*0.333)*1800*(5^2) = 8,167.50kg/m → Empuje triangular del terreno.
Suponiendo una sobrecarga:

Sc = 0.96 ton/m2

Empuje rectangular por sobrecarga:

Psc = Er = Ka*Sc*H = 0.333*0.96*5.00 = 1.58ton/m
Posicion lateral de los empujes:
Pos = ((8.167*5.00)/3)+((3.35*5.00)/2)/(3.35+8.167) = 1.90m
Momento actuante:
1.90*(3.35+8.167) = 21.88ton*m/m

Reacciones muertas:
Ro7 = (W*l)/2 = (1,305.76 kg/m*19.30)/2 = 12.60 Ton*8Vigas =100.80 Ton
Ro7/Ancho = 100.80Ton/7.7m = 13.09ton/m
γc = 2.4 Ton/m3

γs = 1.8 ton/m3

	γ x Area

	Seccion
	Area
	Peso/L
	Brazo
	Momento

	W1
	2.275
	5.46
	1.15
	6.279

	W2
	0.39
	0.936
	1.65
	1.5444

	W3
	0.045
	0.108
	1.6
	0.1728

	W4
	2.8
	6.72
	1.75
	11.76

	W5
	7.395
	17.748
	2.65
	47.0322

	Wt6
	7.14
	17.136
	2.65
	45.4104

	Ro7
	 
	13.09
	1.2
	15.708

	Wt8
	0.825
	1.98
	1.65
	3.267

	Wt9
	0.045
	0.108
	1.7
	0.1836

	Wt10
	1.43
	3.432
	4.15
	14.2428

	Wt11
	0.325
	0.78
	3.93
	3.0654

	
	Σ
	67.498
	Σ
	148.6656

	
	
	
	
	

	
	
	
	MR=
	148.6656


Columna de agua:
γWcH = 1Ton/m3*2m = 2Ton*m2

Mw = 2(2/2)*(2/3) = 1.33
M actuante total = M.act. + Mw = 21.88+1.33 = 23.21 Ton/m

Chequeo al vuelco:
Fs = Mr/M.act = 148.67/23.21 = 6.40 >2 Ok.
Chequeo al deslizamiento:
Fs = [ΣV* Tang Φ + BC2 +Pp] / Emp.T

Kp = Tang^2*(45+( Φ2/2))

Pp = (1/2) Kp*γ2*D^2+2C2*(√Kp)*D
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Empuje total= 8.167ton/*m+1.58ton/m+2ton/m = 11.747ton/m

Kp = Tang^2*(45+( 32/2)) = 3.25

Pp = (1/2)*(3.25)*(1.925)*(2^2)+2*(0.5)*(√3.25)*2 = 14.31Ton/m
Fs = [67.49*Tang32+3.50*0.50+14.31] /11.747= 3.23>1.50 Ok.

Factor de capacidad contra falla por capacidad:

Excentricidad:

e = B/2- (ΣMr-Σmo)/ Σv = (3.50/2)-(148.67-23.21)/67.49 = 0.11 Excentricidad B/6=3.50/6 = 0.58

Si e < B/6; Pequeña Excentricidad.

Gmax Talon = (Σv/B)*(1+((6*e)/B) = (67.49/3.50)*(1+((6*0.11)/3.50)) = 22.91Ton/m2

Gmax Punta = Σv/B)*(1+((6*e)/B) = (67.49/3.50)*(1-((6*0.11)/3.50)) = 15.64Ton/m2
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Ecuacion general:

Gw = Cnc*Fcs*Fcd*Fci+Gng*Fgs*Fgd*Fgi+(1/2)* γB*Nγ*Fγs*Fγd*Fγi

C= Cohesion

G = Esfuerzo efectivo a nivel del fondo

γ= Peso especifico del suelo
B = Ancho de la cimentacion

Fcs, Fgs, Fγs = Factores de forma

Fcd, Fgd, Fγ = Factores de profundidad

Fci, Fgi, Fγi = Factores de inclinacion de la carga

Nc, Ng, Nγ = Factores de capacidad de carga.

Factores de capacidad de carga:   Φ = 32º
[image: image1.emf]
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Ng = Tang^2*(45+(Φ/2))*E^(Л*Tang Φ) = 23.03
Nc = (Ng-1)*Cot Φ = 35.26

Nγ = 2(Ng+1)*Tang Φ = 30.03

Factores de seguridad:

Df/B ≤ 1;     2.00/3.50 = 0.57 Ok.

Fcd = 1+0.4*(Df/B) = 1+0.4*(0.57) = 1.228

Fgd = 1+2*Tang Φ *(1-Sen Φ) ^2*(Df/B) = 1.157
Fγ = 1

Factores de inclinacion:

Fci = Fgi = (1-(B/90º)) ^2 = (1-(0/90º)) ^2 = 1

Fγi = (1-(B/ Φ)) ^2 = (1-(0/32)) ^2 = 1

Gu = C2*Nc*Fc2+G*ng*Fgd*Fgi+(1/2)*γ2B´*Nγ*Fgd*Fgi
G = γ2*Df = 1.925*2.00 = 3.85

B´= B-2e = 3.50-(2*0.11) = 3.28             C2 = 0.50

Gu = 0.50*35.26*1.228+3.85*23.03*1.157+(1/2)*1.925*3.28*30.03*1*1 = 

Gu = 219.30 Ton/m2
Fs = (Gu/Gmax) ≥ 3   Fs = 219.04/22.91 = 9.56 ≥ 3 Ok.
Diseño de pantalla de estribo a la rotura:

Momento actuante:

Mu = 23.21Ton/m*1.6 = 37.136Ton/m

Cuantia mecanica:

W = 0.848-(√(0.719-((37.136*10^5)/(0.53*100*210*(65^2))) = 0.048

Cuantia real:

ρ = 0.048*(210/4200) = 0.0024
ρmin = 14/Fy = 14/1200= 0.003

As = 0.0033*100*65 = 21.45Cm2/m 
Usar Ф 3/4 “ @ 13 Cms  Del lado del relleno

Momento para el lado donde no ahay relleno:
M = 6.68Ton/m

Diseño de punta-talon:
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Peso = 2.4*0.7*2=3.36Yo/m
Para un metrode ancho:
Mu = (6.12+3.36)*1.2*((2^2)/2) = 22.75Ton/m

G = 0.848-(√(0.719-((22.75*10^5)/(0.53*100*210*(65^2))) = 0.0290

Cuantia real:

ρ = 0.0290*(210/4200) = 0.00145
ρmin = 14/Fy = 14/1200= 0.003
As = 0.0033*100*65 = 21.45Cm2/m 
Usar Ф 3/4 “ @ 13 Cms.

Diseño de punta-talon:
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5.74→(21.91-15.64)

15.64→X                      X = 17.07
Peso propio = (2.4*0.70*0.80) = 1.344Ton/m

Mu = [(3.60*0.80*0.40)]*1.6+(1.2*1.344)-0.90[((17.07+15.64)/2)*0.80*0.40)] = 1.26Ton/m.
G = 0.848-(√(0.719-((22.75*10^5)/(0.53*100*210*(65^2))) = 0.0290

Cuantia real:

ρ = 0.0290*(210/4200) = 0.00145
ρmin = 14/Fy = 14/1200= 0.003
As = 0.0033*100*65 = 21.45Cm2/m 
Usar Ф 3/4 “ @ 13 Cms. 

