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dbydy (Eq. 5.8.2.9-1)

= Maximum spacing for transverse reinforcement (Smax)

Vo = 0.41 (MPa) < 0.125-fc = 431 (MPa)
Smax = Min[0.8dv, 24.0(mm)] = 609.6 (mm) (Eq. 5.8.2.7-1)
S = 100.0 (mm) < Smax OK
3) Minimum required transverse reinforcement (Av,min)
bvs
Av,min = 0.0316 fc = 25.9 (mmz)
fy (Eq. 5.8.2.5-1)
Ay = 258.064 (mm?) =  Aymin * Defining "OK" or "NG" will be checked in
checking Shear resistance by transverse reinforcement
4) Longitudinal Strain(es)
r T i —C
0.5h
= d\"
0.5h tension
side T
Section Longitudinal  Longitudinal
Strains Forces
(IMul/dv + 0.5Nu + |Vu-Vp|-Apsfpo)
& = = -0.00312 , 0.0 <e&<0.006 (Eq. 5.8.3.4.2-4)
EsAs+EpAps
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€s = 0.00000
where, My = Max[Mu, [Vu-Vpdy ] = Max [ 3850.81 207.46 ]
= 3850.812 (kNem)
fpo = 0.7fu = 1304.28 (MPa)
5) Component of shear resisted by tensile stresses in concrete (Vc)

= Factor indicating diagonally cracked concrete to transmit tension (B).

B = 48 = 4.800 A 2 Aumn

(1+750¢s) (Eq. 5.8.3.4.2-1)

= Nominal shear resistance provide by concrete

Ve = 0.03168 Vf'cbvdy = 826.71 (kN) (Eq. 5.8.3.3-3)

6) Component of shear resisted by transverse reinforcement (Vs)
= Area of transverse reinforcement required (See 5.8.2.4)
0.50(Vc+Vp) D(Vc+Vp) Vu
383.37 kN 766.75 kN 154.34 kN
Vu < 0.59(Vct+Vp) No shear reinforcing
= Component of shear resisted by transverse reinforcement (Vs)
Av-fy-dv(cotB+cota)sina
Vs = = 3094.87 (kN)
S (Eq. 5.8.3.3-4)
where, 0 = 29+3500es = 29.000 (deg.) (Eqg. 5.8.3.4.2-3)
a = 90.000 (deg.)

7) Shear resistance.
= Nominal shear strength
Vc+Vs+Vp =

Vn =

3946.82 (kN) > 0.25-fchudy + Vp =
0.25-Febudv+Vp = 3072.07 (kN)

3072.07 (kN)
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= Factored shear resistance (V).

Vr = ®Vn = 2764.86 | (kN) 2 Vu = 154.34 | (kN)
8) Interface Shear
= Nominal interface shear resistance (Vni)
Vi = C-Acv + P(Avr-fy + Pc) = 1120.47 (kN)
The nominal shear resistance, Vni, used in the design shall not be greater than the lesser of:
Vi < K1-f'c-Acv = 224.86 (kN)
Vhi < K2:-Acv = 337.29 (kN)
S Vni = 224.86 (kN)
Cohesion and Friction Factors (Case) = Roughened(CIP slab)
where, c = 1.93 (MPa)
M = 1.00
K1 = 0.30
K2 = 1241  (MPa)
Acv = 27178.00 (mm?)
Avt = 2580.64 (mm?)
Fy = 413.69 (MPa)
Pc = 0.42 (kN)
= Factored Interface shear force (Vu)
Vi = Vu / bvidy = 0.06 (kN)
where, Vu = 154.34 (kN)
bi = 1070.00 (mm)
dv = 1606.93 (mm) (kN)

= Factored Interface shear resistance (V)

Vi = DVni = 224.86 (kN) > Vi = 0.06 (KN)
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OK

(Eq. 5.8.4.1-3)

(Eq. 5.8.4.1-4)
(Eq. 5.8.4.1-5)

(Eq. 5.8.4.3)

(Eq. 5.8.4.2-2)

(Eq. 5.8.4.1-2)
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where, (0} = 1.0

B Minimum Shear

- Section type : Nonsegmental-Solid

- The Strength Limit Load Combination :

- The factored Shear force :

- Factored moment :

- Factored axial force :

- Resistance factor for shear :

- Component of prestressing force

in direction of the shear force :
1) Effective depth

-

cLCB1

Vu = -37.54 (kN)

Mu = 2129.67 (kNem)

Nu = -3251.77 (kN)

() = 0.90

Vp = 2 Aps-fe(z-din = 25.23 (kN)

by

de

dv

220.0 (mm) : Effective web width
Apsfpsdp+Asfsds . .
= 1658.4 (mm) : Effective depth for Bending
ApsfpS+Asfs
Mn .
Max [ , 0.9de , 0.72h ] . Effective depth for shear
ApsfpS+ASfS
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Max [ 1606.9 1492.6 1375.2 ]
= 1606.931 (mm)

2) Maximum spacing for transverse reinforcement (Smax)
= Shear stress on concrete (vu).
[ Vu - ®Vp |

W= = 0.19 (MPa)

= Maximum spacing for transverse reinforcement (Smax)

Vu = 0.19 (MPa) < 0.125-fc = 431 (MPa)
Smax = Min[0.8dv, 24.0(mm)] = 609.6 (mm) (Eqg. 5.8.2.7-1)
S = 100.0 (mm) < Smax OK
3) Minimum required transverse reinforcement (Av,min)
bvs
Av,min = 0.0316 Vf'c = 25.9 (mm?)
fy (Eqg. 5.8.2.5-1)
Av = 258.064 (mm?) =  Aymin * Defining "OK" or "NG" will be checked in
checking Shear resistance by transverse reinforcement
4) Longitudinal Strain(es)
[3
r e € —
0.5h
- d\'
Flexural
tension €
side T
K [\
Section Longitudinal Longitudinal Y DISENOS PARA EL TERCER PUENTE SOBRE EL RiO SINU, 353
Strains Forces MONTERIA, CORDOBA
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(lMuI/dv + 0.5Ny + |Vu-Vp|-Apsfpo)

8206

€& = = -0.00435 , 0.0 <es<0.006 (Eq. 5.8.3.4.2-4)
EsAs+EpAps
€s = 0.00000
where, [Mu| = Max|[Mu, [Vu-Vpdy ] = Max [ 2129.67 100.88 ]
= 2129.667 (kNem)
fpo = 0.7fu = 1304.28 (MPa)
5) Component of shear resisted by tensile stresses in concrete (V¢)

= Factor indicating diagonally cracked concrete to transmit tension (B).

B = 48 = 4.800 A 2 Aumn

(1+750¢s) (Eq. 5.8.3.4.2-1)

= Nominal shear resistance provide by concrete

Ve = 0.03168 Vf'cbvdy = 826.71 (kN) (Eq. 5.8.3.3-3)

6) Component of shear resisted by transverse reinforcement (Vs)
= Area of transverse reinforcement required (See 5.8.2.4)
0.50(Vc+Vp) D(Vct+Vp) Vu
383.37 kN 766.75 kN 37.54 kN
Vu < 0.50(Vct+Vp) . No shear reinforcing
= Component of shear resisted by transverse reinforcement (Vs)
Av-fy-dv(cotB+cota)sina
Vs = = 3094.87 (kN)
s (Eq. 5.8.3.3-4)
where, 0 = 29+3500es = 29.000 (deg.) (Eqg. 5.8.3.4.2-3)
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7) Shear resistance.
= Nominal shear strength
Ve+Vs+Vp =

Vn =

3946.82 (kN)
O.25'flcbvdv+Vp =

= Factored shear resistance (V).
Vr = cDVn

8) Interface Shear
= Nominal interface shear resistance (Vni)
Vi = C-Acv + P(Avr-Ty + Pc)

2764.86 | (kN) > Vu =

= 1120.47

90.000 (deg.)

> 0.25-f'cbvdv + Vp =
3072.07 (kN)

-37.54 | (kN)

(kN)

The nominal shear resistance, Vni, used in the design shall not be greater than the lesser of:

Vi < K1-f'c-Acv = 224.86 (kN)
Vi < K2-Acv = 337.29 (kN)
Vi = 224.86 (kN)
Cohesion and Friction Factors (Case) = Roughened(CIP slab)
where, c = 1.93 (MPa)
¥ = 1.00
K1 = 0.30
K2 = 1241 (MPa)
Acv = 27178.00 (mm?)
Avt = 2580.64 (mm?)
Fy = 413.69 (MPa)
Pc = 0.42 (kN)
= Factored Interface shear force (Vui)
Vi = Vu / bvidy = -0.01 (kN)

3072.07 (kN)
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(Eq. 5.8.3.3.-1)

OK

(Eq. 5.8.4.1-3)

(Eq. 5.8.4.1-4)
(Eq. 5.8.4.1-5)

(Eq. 5.8.4.3)

(Eq. 5.8.4.2-2)
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where, Vu = -3754 (kN)
bvi = 1070.00 (mm)
dv = 1606.93 (mm) (kN)
= Factored Interface shear resistance (V) (Eq. 5.8.4.1-2)
Vi = DVii = 224.86 (kN) 2 Vui = 0.01 (kN) OK
where, 0] = 1.0 (Eq. 5.7.2.1)
4.Torsional design for a section
B Case of Vmax.
- Section type : Nonsegmental-Solid
- The Strength Limit Load Combination : cLCB1
- The factored Torsional moment : Tu = 18.70 (kNem)
- The factored Shear force : Vu = 154.34 (kN)
- Factored moment : Mu = 3850.81 (kNem)
- Factored axial force : Nu = -3230.52 (kN)
- Resistance factor for shear : O] = 0.90
- Component of prestressing force
in direction of the shear force : Voo o = ZApstean = 25.23 (kN)

1) Notation

Ao = Area enclosed by the shear flow path,

including any area of holes therein
= 1.386E+06 (mm?)
pn = Perimeter of the centerline of the
closed tranverse torsion reinforcement.
= 11532.3 (mm)
Acp = Total area enclosed by outside
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Perimeter of the concrete section.
1.386E+06 (mm?)

pc = The length of the outside perimeter of
concrete section.
= 387.1 (mm)
2) Checking Torsional Effects
= Torsional cracking moment (Ter).
Acp? fpc
Ta = 0.125-f' ( 1+ ——— )2 = 569.17  (kNem)
pc 0.125Vf'
where,
Acp2lpc = 160441577 (mmd)
fpc = Compressive stress in concrete due to effective prestress only.
_ 2 Aps-fe(x-din 2 Aps-Te(x-din: €p* Yioint _ 248 (MPa)
Ag ly
Tu = 18.70 | (kNem) < 0.250Tr = 128.06 | (kNem)

. Tu £ 0.25@Te, Ignore Torsional Effects.

m Case of Vnmin.

- Section type : Nonsegmental-Solid
- The Strength Limit Load Combination :

- The factored Torsional moment :

- The factored Shear force :

- Factored moment :

- Factored axial force :

- Resistance factor for shear :

- Component of prestressing force

in direction of the shear force :

cLCB1

Tu = -46.57 (kNem)

Ve = -37.54 (kN)

Mu = 2129.67 (kNem)

Nu = -3251.77 (kN)

() = 0.90

Vp = > Aps-Te(z-din = 25.23 (kN)
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1) Checking Torsional Effects

= Torsional cracking moment (Ter).

Acp? fpc
Tar = 0.125-Vf'c ( 1+——— )12 = 569.17  (kNem)
Pc 0.125+f'c
where,
Acp?/pe = 160441577 (mm3)
foc = Compressive stress in concrete due to effective prestress only.
_ 2 Aps-fe(x-dir) > Aps-Tex-din-€p-Yioint _ 248 (MPa)
Ag ly
Tu = -46.57 | (kKNem) < 0.25PTer = 128.06 | (kNem)

. Tu £ 0.250T«, Ignore Torsional Effects.
® Case of Tmax.
- Section type : Nonsegmental-Solid
- The Strength Limit Load Combination : cLCB1
- The factored Torsional moment : Tu = -46.57 (KNem)
- The factored Shear force : Vu = -37.54 (kN)
-Factored moment : Mu = 2129.67 (KNem)
- Factored axial force : Nu = -3251.77 (kN)
- Resistance factor for shear : () = 0.90
- Component of prestressing force

in direction of the shear force : Vp = 2 Aps-Te(z-din) = 25.23 (kN)

1) Checking Torsional Effects

= Torsional cracking moment (Ter).

Acp? fpc
Ter = 0.125-Vf'c ( 1+ ——— )12 = 569.17  (kNem)
pc 0.125+Vf'¢
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where,
Acp?Ipe = 160441577 (mm3)
fpc = Compressive stress in concrete due to effective prestress only.
_ > Aps-Te(x-din N > Aps-fe(x-din-€p- Yjoint _ 248 (MPa)
Ag ly
Tu = -46.57 | (kNem) < 0.250Ter = 128.06 | (kNem) (Eq. 5.8.2.1-3)

. Tu £ 0.25@Te, Ignore Torsional Effects.

5.Crack check

® Bottom
- The maximum Service Limit Load Combination : cLCB20
- The maximum spacing of steel reinforcement in layer closet to the tension face(Smax) (Eqg. 5.7.3.4-1)
700'Ye
Smax = — - 2dc = 4611.0 (mm) 2 Suse = 152.5 (mm) OK
Bs-fss
where, dc
Bs = 1 + — = 1.038
0.7(h-dc)
de = 50.0 (mm)
Ye = 1.00 - Exposure factor
fss = 25.060 (MPa) - Tensile stress in bar at the service limit state
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3.4.15.1. VERIFICACION POR MOMENTO FLECTOR
Tabla 16. Verificacion de capacidad de disefio a flexion positiva
Elem Zggga’veé (to'\f]‘]f!m) (toMnffm) (to'\f]rf‘j’m) (Tgm% Ratio (Muy/PhiMny) | PhiMny/ min(1.33Muy,Mcr) | CHK
1 Negative -110.76 392.79 345.21 345.21 0.32 2.34 OK
2 Negative -48.38 335.32 300.00 300.00 0.16 4.66 OK
3 Negative 0.00 281.90 257.58 257.58 0.00 larger than 100 OK
4 Negative 0.00 233.10 219.03 219.03 0.00 larger than 100 OK
5 Negative 0.00 189.50 185.38 185.38 0.00 larger than 100 OK
6 Negative 0.00 151.66 157.67 157.67 0.00 larger than 100 OK
7 Negative 0.00 120.42 136.69 136.69 0.00 larger than 100 OK
8 Negative 0.00 96.08 122.64 122.64 0.00 larger than 100 OK
9 Negative 0.00 79.23 114.98 114.98 0.00 larger than 100 OK
10 Negative 0.00 70.34 112.19 112.19 0.00 larger than 100 OK
11 Negative 0.00 70.55 112.19 112.19 0.00 larger than 100 OK
12 Negative 0.00 79.66 114.98 114.98 0.00 larger than 100 OK
13 Negative 0.00 96.63 122.64 122.64 0.00 larger than 100 OK
14 Negative 0.00 120.99 136.69 136.69 0.00 larger than 100 OK
15 Negative 0.00 152.11 157.67 157.67 0.00 larger than 100 OK
16 Negative 0.00 189.53 185.38 185.38 0.00 larger than 100 OK
17 Negative 0.00 232.68 219.03 219.03 0.00 larger than 100 OK
18 Negative 0.00 281.05 257.58 257.58 0.00 larger than 100 OK
19 Negative -52.08 334.08 300.00 300.00 0.17 4.33 OK
20 Negative -116.00 391.19 345.21 345.21 0.34 2.24 OK
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Positive/ Muy Mcr Mny PhiMny : . : .
Elem Negative (tonf*m) (tonf*m) (tonf*m) (tonf*m) Ratio (Muy/PhiMny) | PhiMny/ min(1.33Muy,Mcr) | CHK
21 Negative -192.08 451.77 392.01 392.01 0.49 1.53 OK
MIDAS/Civil
PostCs - POST-PROCESSCR

BSC DESIGHN

Flexure-y

1124.07
l 956.24

545.42
T 710.5%
— 572.76
—T 434,94
— 287.11

159.25%
- 0.0
T -116.38

R s - -254.1%9
-382.01

Postls
ALL COMBINATION

MRE : 21

MIN : 1

FILE: FPUENTE RIO -~
TNIT: tonf*m

Figura 168. Verificacion de capacidad a disefio de flexion positiva
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3.4.15.2. VERIFICACION POR FUERZA CORTANTE
Tabla 17. Verificacion de capacidad de disefio a fuerza cortante
| WMErdiin | S (tXﬁf) (toll\wﬂflim) (tX:f) Ha (tggf) (tgﬁf) (tglgf) Ttglr\llfr)] (dnf) (?7\1/) (Eggg—,]l) iz (Q\@) (nﬁ\ftz) (mAﬂlz) (?7\1/) (t\cfrnlf) (t\c/)lrilf) sLnetaerrngi)
1 | Max | OK | -71.40 | -110.76 | 294.40 | 0.90 | 49.74 | 248.15 | 28.52 | 264.96 | 0.91 | 1.38 | 31.10 |3.31| 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.03 oK
1 | Min | OK |-118.96 | -9557 |232.05|0.90 | 22.15 | 181.38 | 28.52 | 208.84 | 0.91 | 1.38 | 39.54 | 1.47 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.05 oK
2 | Max | OK | -60.77 | -48.38 | 293.68 | 0.90 | 67.97 | 266.92 | 27.79 | 264.31 | 0.82 | 1.38 | 29.29 | 452 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.03 oK
2 | Min | OK | -102.64 | 2351 |253.64 |0.90 | 26.71 | 199.13 | 27.79 | 228.28 | 0.82 | 1.38 | 36.94 | 1.78 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.05 oK
3 | Max | OK | -50.67 | 420 |292.45|0.90|72.14 | 270.08 | 26.56 | 263.20 | 1.37 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.02 oK
3 | Min | OK | -88.07 | 37.31 |292.45|0.90 | 72.14 | 270.08 | 26.56 | 263.20 | 1.37 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.04 oK
4 Max OK | -41.46 47.55 291.30 (| 0.90 | 72.34 | 270.81 | 24.69 | 262.17 | 1.43 [ 1.38 | 29.00 | 4.80 | 0.00 0.00 0.00 | 0.22 | 22.93 | -0.02 OK
4 Min OK | -74.49 87.62 291.30 (| 0.90 | 72.34 | 270.81 | 24.69 | 262.17 | 1.43 [ 1.38 | 29.00 | 4.80 | 0.00 0.00 0.00 | 0.22 | 22.93 | -0.03 OK
5 | Max | OK | -32.84 | 82.45 |300.46 |0.90 | 75.42 | 282.34 | 22.51 | 270.42 | 1.49 | 1.44 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.01 oK
5 Min OK | -61.66 128.31 | 300.46 | 0.90 | 75.42 | 282.34 | 22.51 | 270.42 | 1.49 | 1.44 | 29.00 [ 4.80| 0.00 0.00 0.00 | 0.22 | 22.93 | -0.03 OK
6 | Max | OK | 2535 | 10952 | 307.55 | 0.90 | 78.15 | 292.58 | 19.51 | 276.80 | 1.54 | 1.49 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.01 oK
6 | Min | OK | -50.10 | 160.07 |307.55 | 0.90 | 78.15 | 292.58 | 19.51 | 276.80 | 1.54 | 1.49 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.02 oK
7 | Max | OK | -16.45 | 347.88 | 312.89 | 0.90 | 80.48 | 301.29 | 16.28 | 281.60 | 1.59 | 1.53 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.01 oK
7 | Min | OK | -39.17 | 18451 |312.89 | 0.90 | 80.48 | 301.29 | 16.28 | 281.60 | 1.59 | 1.53 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.02 oK
8 | Max | OK | -8.15 | 373.77 |315.53 |0.90 | 82.32 | 308.19 | 12.12 | 283.98 | 1.62 | 1.57 | 29.00 | 480 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.00 oK
8 | Min | OK | 29.61 | 20157 |315.53 | 0.90 | 82.32 | 308.19 | 12.12 | 283.98 | 1.62 | 1.57 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.01 oK
9 | Max | OK | 001 | 388.32 |316.06 | 0.90 | 83.62 | 313.04 | 7.87 | 284.45 | 1.65 | 1.59 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.00 oK
9 | Min | OK | 2037 | 212.07 |316.06 | 0.90 | 83.62 | 313.04 | 7.87 | 284.45 | 1.65 | 1.59 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.01 oK
10 | Max | OK | 699 | 391.99 |313.27 |0.90|84.30 | 31550 | 2.58 | 281.94 | 1.66 | 1.61 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.00 oK
10 | Min | OK | -12.58 | 216.52 | 313.27 | 0.90 | 84.30 | 31550 | 2.58 | 281.94 | 1.66 | 1.61 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.00 oK
11 | Max | OK | 1417 | 392.62 |313.26 | 0.90 | 84.30 | 31550 | 2.57 | 281.94 | 1.66 | 1.61 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.01 oK
11 | Min | OK | 500 | 216.99 |313.26 | 0.90 | 84.30 | 31550 | 2.57 | 281.94 | 1.66 | 1.61 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.00 oK
12 | Max | OK | 21.63 | 389.73 |316.02 | 0.90 | 83.62 | 313.04 | 7.83 | 284.42 | 1.65 | 1.59 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.01 oK
12 | Min | OK | 206 | 21302 |316.02 | 0908362 | 313.04 | 7.83 | 284.42 | 1.65 | 1.59 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.00 oK
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Sl | MErdin | S (tX;:f) (to'rflim) (tgrr::f) i (t:)/gf) (tgﬁf) (tXﬁf) F&T)'r\]’f? (dnf) (?1;/) (EQZ;?) iz (QX‘Z) (rﬁfs\tz) (mAﬂlz) (?X) (t\érnlf) (t\(/)Lrjllf) sLn.at:rr{éﬁi)
13 | Max | OK | 30.67 | 375.68 |315.44 |0.90 | 82.32 | 308.19 | 12.04 | 283.90 | 1.62 | 1.57 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.01 OK
13 | Min | OK | 1029 | 202.72 | 315.44 | 0.90 | 82.32 | 308.19 | 12.04 | 283.90 | 1.62 | 1.57 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.00 oK
14 | Max | OK | 40.03 | 350.02 |312.74 | 0.90 | 80.48 | 301.29 | 16.13 | 281.46 | 1.59 | 1.53 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.02 oK
14 | Min | OK | 1840 | 17348 |312.74 | 0.90 | 80.48 | 301.20 | 16.13 | 281.46 | 1.59 | 1.53 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.01 oK
15 | Max | OK | 50.85 | 311.90 |307.33 |0.90 | 78.15 | 292.58 | 19.29 | 276.60 | 1.54 | 1.49 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.02 oK
15 | Min | OK | 2547 | 111.78 |307.33 | 0.90 | 78.15 | 292.58 | 19.29 | 276.60 | 1.54 | 1.49 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.01 oK
16 | Max | OK | 6208 | 261.81 |300.21|0.90 | 75.42 | 282.34 | 22.25 | 270.19 | 1.49 | 1.44 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.03 oK
16 | Min | OK | 3285 | 83.73 |300.21|0.90 ]| 75.42 | 282.34 | 22.25 | 270.19 | 1.49 | 1.44 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.01 oK
17 | Max | OK | 7458 | 200.39 | 291.03 | 0.90 | 72.34 | 270.81 | 24.42 | 261.93 | 1.43 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.03 oK
17 | Min | OK | 41.30 | 47.59 |291.03 |0.90 | 72.34 | 270.81 | 24.42 | 261.93 | 1.43 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 |0.22|22.93 | 0.02 oK
18 | Max | OK | 87.79 | 124.93 |292.16 | 0.90 | 72.14 | 270.08 | 26.27 | 262.95 | 1.37 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.04 oK
18 | Min | OK | 5030 | 282 |292.16|0.90] 72.14 | 270.08 | 26.27 | 262.95 | 1.37 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 |0.22|22.93 | 0.02 oK
19 | Max | OK | 10208 | 3491 |293.39|0.90] 72.14 | 270.08 | 27.50 | 264.05 | 1.30 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.04 oK
19 | Min | OK | 6023 | -51.29 |293.39 |0.90| 72.14 | 270.08 | 27.50 | 264.05 | 0.82 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.03 oK
20 | Max | OK | 117.23 | -69.99 |294.12 | 0.90 | 63.40 | 263.06 | 28.23 | 264.71 | 0.91 | 1.38 | 29.64 |4.22 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.05 oK
20 | Min | OK | 70.91 | -115.29 | 294.12 | 0.90 | 72.14 | 270.08 | 28.23 | 264.71 | 0.91 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 0.22 | 22.93 | 0.03 oK
21 | Max | OK | 133.30 | -190.04 | 274.10 | 0.90 | 31.64 | 214.01 | 28.45 | 246.69 | 1.01 | 1.38 | 34.97 | 2.11| 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.06 oK
21 | Min | OK | 8211 | -189.61 | 294.34 | 0.90 | 55.46 | 255.13 | 28.45 | 264.91 | 1.01 | 1.38 | 30.40 | 3.69 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.04 oK
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Figura 169. Verificacion de capacidad a fuerza cortante
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3.4.15.3. VERIFICACION POR CORTANTE Y TORSION COMBINADA

Tabla 18. Verificacion de capacidad de disefio a cortante y torsion combinada

Vu Mu Tu Vn Tn phi | Phi t Ve Vs Vp PhivVn | Phi_tTn de dv theta bv | bv_min
(tonf) | (tonf*m) | (tonf*m) | (tonf) | (tonf*m) — | (tonf) | (tonf) | (tonf) | (tonf) | (tonf*m) [ (m) | (m) | ([deg]) (m) (m)

T-Max |-118.96 | -95.57 -24.42 | 232.05| 365.60 [0.90| 0.90 | 22.15 | 181.38 | 28.52 | 208.84 | 329.04 | 0.91|1.38| 39.54 |1.47|0.22 0.13 OK
V-Max | -71.40 | -110.76 -11.50 | 294.40 | 500.18 [0.90| 0.90 | 49.74 | 248.15 | 28.52 | 264.96 | 450.16 |0.91|1.38| 31.10 |3.31|0.22 0.09 OK
V-Min |-118.96 | -95.57 -24.42 | 232.05| 365.60 |[0.90| 0.90 | 22.15 | 181.38 | 28.52 | 208.84 | 329.04 |0.91|1.38| 39.54 |1.47|0.22 0.13 OK
T-Max |-102.64 | -23.51 -6.37 253.64 | 401.38 [0.90| 0.90 | 26.71 | 199.13 | 27.79 | 228.28 | 361.24 |0.82|1.38 | 36.94 |1.78|0.22 0.12 OK
V-Max | -60.77 -48.38 -1.53 293.68 | 538.01 [0.90| 0.90 | 67.97 | 266.92 | 27.79 | 264.31 | 484.21 |0.82|1.38 | 29.29 |4.52|0.22 0.08 OK
V-Min | -102.64 | -23.51 -6.37 253.64 | 401.38 [0.90| 0.90 | 26.71 | 199.13 | 27.79 | 228.28 | 361.24 |0.82|1.38 | 36.94 |1.78|0.22 0.12 OK
T-Max | -58.60 | 127.83 11.17 | 29245 | 544.38 |0.90| 0.90 | 72.14 | 270.08 | 26.56 | 263.20 | 489.94 |1.37|1.38| 29.00 |4.80|0.22 0.08 OK
V-Max | -50.67 4.20 1.80 292.45 | 544.38 [0.90| 0.90 | 72.14 | 270.08 | 26.56 | 263.20 | 489.94 | 1.37 | 1.38 | 29.00 |4.80 | 0.22 0.07 OK
V-Min -88.07 37.31 0.22 292.45| 54438 [0.90| 0.90 | 72.14 | 270.08 | 26.56 | 263.20 | 489.94 |1.37|1.38 | 29.00 |4.80|0.22 0.10 OK
T-Max | -46.85 | 201.33 12.30 | 291.30 | 544.38 |0.90| 0.90 | 72.34 | 270.81 | 24.69 | 262.17 | 489.94 |1.43|1.38| 29.00 |4.80|0.22 0.06 OK
V-Max | -41.46 47.55 2.59 291.30 | 544.38 [0.90| 0.90 | 72.34 | 270.81 | 24.69 | 262.17 | 489.94 |1.43|1.38| 29.00 |4.80|0.22 0.06 OK
V-Min -74.49 87.62 1.78 291.30 | 544.38 [0.90| 0.90 | 72.34 | 270.81 | 24.69 | 262.17 | 489.94 |1.43|1.38 | 29.00 |4.80 | 0.22 0.09 OK
T-Max | -35.81 | 261.23 11.33 | 300.46 | 544.38 | 0.90| 0.90 | 75.42 | 282.34 | 22.51 | 270.42 | 489.94 |1.49 |1.44| 29.00 |4.80|0.22 0.05 OK
V-Max | -32.84 82.45 241 300.46 | 544.38 [0.90| 0.90 | 75.42 | 282.34 | 22.51 | 270.42 | 489.94 |1.49|1.44| 29.00 |4.80|0.22 0.05 OK
V-Min -61.66 | 128.31 1.42 300.46 | 544.38 [0.90| 0.90 | 75.42 | 282.34 | 22.51 | 270.42 | 489.94 |1.49|1.44| 29.00 |4.80|0.22 0.07 OK
T-Max | -25.88 | 309.97 9.74 307.55 | 544.38 [0.90| 0.90 | 78.15 | 292.58 | 19.51 | 276.80 | 489.94 |1.54|1.49 | 29.00 |4.80|0.22 0.04 OK
V-Max | -25.35 | 109.52 1.96 307.55 | 544.38 [0.90| 0.90 | 78.15 | 292.58 | 19.51 | 276.80 | 489.94 |1.54|1.49 | 29.00 |4.80|0.22 0.04 OK
V-Min -50.10 | 160.07 0.48 307.55 | 544.38 [0.90| 0.90 | 78.15 | 292.58 | 19.51 | 276.80 | 489.94 |1.54|1.49 | 29.00 |4.80|0.22 0.06 OK
T-Max | -16.45 | 347.88 8.14 312.89 | 544.38 [0.90| 0.90 | 80.48 | 301.29 | 16.28 | 281.60 | 489.94 |1.59 | 1.53 | 29.00 |4.80 | 0.22 0.03 OK
V-Max | -16.45 | 347.88 8.14 312.89 | 544.38 [0.90| 0.90 | 80.48 | 301.29 | 16.28 | 281.60 | 489.94 |1.59 | 1.53 | 29.00 |4.80 | 0.22 0.03 OK
V-Min -39.17 | 184.51 -0.48 312.89 | 544.38 |[0.90| 0.90 | 80.48 | 301.29 | 16.28 | 281.60 | 489.94 |1.59|1.53 | 29.00 |4.80|0.22 0.04 OK
T-Max -8.15 373.77 6.74 315.53 | 544.38 [0.90| 0.90 | 82.32 | 308.19 | 12.12 | 283.98 | 489.94 |1.62 | 1.57 | 29.00 |4.80 | 0.22 0.02 OK
V-Max -8.15 373.77 6.74 315.53 | 544.38 [0.90| 0.90 | 82.32 | 308.19 | 12.12 | 283.98 | 489.94 |1.62|1.57 | 29.00 |4.80|0.22 0.02 OK
V-Min -29.61 | 201.57 -1.23 315.53 | 544.38 [0.90| 0.90 | 82.32 | 308.19 | 12.12 | 283.98 | 489.94 |1.62 | 1.57 | 29.00 |4.80 | 0.22 0.03 OK
T-Max 0.01 388.32 5.52 316.06 | 544.38 [0.90| 0.90 | 83.62 | 313.04 | 7.87 | 284.45 | 489.94 |1.65|1.59| 29.00 |4.80|0.22 0.01 OK

Elem | Max/Min beta CHK

OC|lOo|0| (N[N N|J|ojlojofaunjfa|la|dD|B[AR[W[W|W|IN|ININ[R|[FL|RF
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Vu Mu Tu Vn Tn Vc Vs Vp PhiVn | Phi_tTn de dv theta bv | bv_min

Elem | Max/Min | 4onf) | (tonf'm) | (tonf'm) | (tonf) | (tonf'm) (tonf) | (tonf) | (tonf) | (tonf) | (tonf'm) | (m) | (m) | ((deg]) m | (m)

Phi | Phi_t beta CHK

V-Max 0.01 388.32 5.52 316.06 | 544.38 | 0.90| 0.90 | 83.62 | 313.04 | 7.87 | 284.45 489.94 |[1.65|1.59| 29.00 |4.80|0.22 0.01 OK

V-Min -20.37 | 212.07 -1.77 | 316.06 | 544.38 | 0.90| 0.90 | 83.62 | 313.04 | 7.87 | 284.45 | 489.94 |1.65| 159 | 29.00 |4.80|0.22 0.02 OK

10 T-Max 6.99 391.99 4.53 313.27 | 544.38 | 0.90| 0.90 | 84.30 | 31559 | 2.58 | 281.94 | 489.94 |1.66 |1.61| 29.00 |4.80]|0.22 0.00 OK

10 V-Max 6.99 391.99 4.53 313.27 | 544.38 [0.90| 0.90 | 84.30 | 315.59 | 2.58 | 281.94 | 489.94 |1.66|1.61| 29.00 |4.80|0.22 0.00 OK

10 V-Min -12.58 | 216.52 -2.13 313.27 | 544.38 | 0.90| 0.90 | 84.30 | 31559 | 2.58 | 281.94 | 489.94 |1.66 |1.61| 29.00 |4.80|0.22 0.01 OK

11 T-Max 14.17 392.62 3.75 313.26 | 544.38 [0.90| 0.90 | 84.30 | 315.59 | 2.57 | 281.94 | 489.94 |1.66|1.61| 29.00 |4.80|0.22 0.01 OK

11 V-Max 14.17 392.62 3.75 313.26 | 544.38 [0.90| 0.90 | 84.30 | 315.59 | 2.57 | 281.94 | 489.94 |1.66|1.61| 29.00 |4.80|0.22 0.01 OK

11 V-Min -5.00 216.99 -2.46 313.26 | 544.38 [0.90| 0.90 | 84.30 | 315.59 | 2.57 | 281.94 | 489.94 |1.66|1.61| 29.00 |4.80 | 0.22 0.01 OK

12 T-Max 21.63 389.73 341 316.02 | 544.38 [0.90| 0.90 | 83.62 | 313.04 | 7.83 | 284.42 | 489.94 |1.65|1.59 | 29.00 |4.80|0.22 0.01 OK

12 V-Max 21.63 389.73 3.41 316.02 | 544.38 [0.90| 0.90 | 83.62 | 313.04 | 7.83 | 284.42 | 489.94 |1.65|1.59| 29.00 |4.80|0.22 0.01 OK

12 V-Min 2.06 213.02 -3.24 316.02 | 544.38 [0.90| 0.90 | 83.62 | 313.04 | 7.83 | 284.42 | 489.94 |1.65|1.59 | 29.00 |4.80|0.22 0.00 OK

13 T-Max 10.29 202.72 -4.27 315.44 | 544.38 [0.90| 0.90 | 82.32 | 308.19 | 12.04 | 283.90 | 489.94 |1.62|1.57 | 29.00 |4.80 | 0.22 0.00 OK

13 V-Max 30.67 375.68 3.06 315.44 | 544.38 [0.90| 0.90 | 82.32 | 308.19 | 12.04 | 283.90 | 489.94 |1.62|1.57 | 29.00 |4.80 | 0.22 0.02 OK

13 V-Min 10.29 202.72 -4.27 315.44 | 54438 |[0.90| 0.90 | 82.32 | 308.19 | 12.04 | 283.90 | 489.94 |1.62|1.57 | 29.00 |4.80|0.22 0.00 OK

14 T-Max 18.65 185.60 -5.45 312.74 | 544.38 [0.90| 0.90 | 80.48 | 301.29 | 16.13 | 281.46 | 489.94 |1.59 |1.53 | 29.00 |4.80 | 0.22 0.00 OK

14 V-Max | 40.03 350.02 2.55 312.74 | 544.38 |[0.90| 0.90 | 80.48 | 301.29 | 16.13 | 281.46 | 489.94 |1.59|1.53| 29.00 |4.80|0.22 0.02 OK

14 V-Min 18.40 173.48 -4.74 312.74 | 544.38 [0.90| 0.90 | 80.48 | 301.29 | 16.13 | 281.46 | 489.94 |1.59 |1.53 | 29.00 |4.80 | 0.22 0.00 OK

15 T-Max 28.10 160.67 -6.88 307.33 | 544.38 [0.90| 0.90 | 78.15 | 292.58 | 19.29 | 276.60 | 489.94 |1.54|1.49 | 29.00 |4.80|0.22 0.01 OK

15 V-Max 50.85 311.90 1.79 307.33 | 544.38 [0.90| 0.90 | 78.15 | 292.58 | 19.29 | 276.60 | 489.94 |1.54|1.49 | 29.00 |4.80|0.22 0.03 OK

15 V-Min 25.47 111.78 -0.77 307.33 | 544.38 [0.90| 0.90 | 78.15 | 292.58 | 19.29 | 276.60 | 489.94 |1.54|1.49 | 29.00 |4.80 | 0.22 0.01 OK

16 T-Max 37.87 127.39 -8.43 300.21 | 544.38 [0.90| 0.90 | 75.42 | 282.34 | 22.25 | 270.19 | 489.94 |1.49|1.44| 29.00 |4.80|0.22 0.02 OK

16 V-Max 62.08 261.81 0.85 300.21 | 544.38 [0.90| 0.90 | 75.42 | 282.34 | 22.25 | 270.19 489.94 |(1.49 |1.44| 29.00 |4.80|0.22 0.04 OK

16 V-Min 32.85 83.73 -1.24 300.21 | 544.38 [0.90| 0.90 | 75.42 | 282.34 | 22.25 | 270.19 | 489.94 |1.49|1.44| 29.00 |4.80|0.22 0.01 OK

17 T-Max 48.69 84.82 -10.01 | 291.03 | 544.38 [0.90| 0.90 | 72.34 | 270.81 | 24.42 | 261.93 | 489.94 |1.43|1.38| 29.00 |4.80|0.22 0.02 OK

17 V-Max 74.58 200.39 -0.09 291.03 | 544.38 [0.90| 0.90 | 72.34 | 270.81 | 24.42 | 261.93 | 489.94 |1.43|1.38 | 29.00 |4.80 | 0.22 0.05 OK

17 V-Min 41.30 47.59 -1.71 291.03 | 544.38 [0.90| 0.90 | 72.34 | 270.81 | 24.42 | 261.93 | 489.94 |1.43|1.38| 29.00 |4.80|0.22 0.02 OK

18 T-Max 60.14 32.33 -10.94 | 292.16 | 544.38 |0.90| 0.90 | 72.14 | 270.08 | 26.27 | 262.95 | 489.94 | 1.37 | 1.38 | 29.00 |4.80 | 0.22 0.03 OK

18 V-Max 87.79 124.93 -0.44 292.16 | 544.38 [0.90| 0.90 | 72.14 | 270.08 | 26.27 | 262.95 | 489.94 |1.37|1.38 | 29.00 |4.80|0.22 0.06 OK

18 V-Min 50.30 2.82 -1.89 292.16 | 544.38 [0.90| 0.90 | 72.14 | 270.08 | 26.27 | 262.95 | 489.94 | 1.37 | 1.38 | 29.00 |4.80 | 0.22 0.02 OK

CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU,

DE 2021 MONTERIA, CORDOBA 366




8219

VOLUMEN VIII ESTUDIO Y DISENO DE
CONSORCIO PUENTE SINU FIA | ESTRUCTURAS DE PUENTES, OBRAS DE ARTE | Fecha: 02-09-2022
Y OTRAS ESTRUCTURAS DE CONTENCION

Vu Mu Tu Vn Tn Vc Vs Vp PhiVn | Phi_tTn de dv theta bv | bv_min

Elem | Max/Min | 4onf) | (tonf'm) | (tonf'm) | (tonf) | (tonf'm) (tonf) | (tonf) | (tonf) | (tonf) | (tonf'm) | (m) | (m) | ((deg]) m | (m)

Phi | Phi_t beta CHK

19 T-Max 72.62 -30.94 -9.80 293.39 | 544.38 |0.90| 0.90 | 72.14 | 270.08 | 27.50 | 264.05 | 489.94 | 0.82|1.38 | 29.00 |4.80| 0.22 0.04 OK

19 V-Max | 102.08 34.91 1.10 293.39 | 544.38 [0.90| 0.90 | 72.14 | 270.08 | 27.50 | 264.05 | 489.94 |1.30|1.38 | 29.00 |4.80|0.22 0.07 OK

19 V-Min 60.23 -51.29 -1.11 293.39 | 544.38 |0.90| 0.90 | 72.14 | 270.08 | 27.50 | 264.05 | 489.94 | 0.82|1.38 | 29.00 |4.80 | 0.22 0.03 OK

20 T-Max | 117.23 | -69.99 7.67 294.12 | 530.24 [0.90| 0.90 | 63.40 | 263.06 | 28.23 | 264.71 | 477.21 |0.91|1.38| 29.64 |4.22|0.22 0.08 OK

20 V-Max | 117.23 | -69.99 7.67 294.12 | 530.24 |0.90| 0.90 | 63.40 | 263.06 | 28.23 | 264.71 47721 [ 0.91|1.38| 29.64 |4.22]0.22 0.08 OK

20 V-Min 70.91 | -115.29 2.20 29412 | 544.38 |[0.90| 0.90 | 72.14 | 270.08 | 28.23 | 264.71 | 489.94 |0.91|1.38 | 29.00 |4.80|0.22 0.04 OK

21 T-Max | 133.30 | -190.04 25.68 | 274.10 | 431.36 |0.90| 0.90 | 31.64 | 214.01 | 28.45 | 246.69 | 388.22 |1.01|1.38| 34.97 |211|0.22 0.10 OK

21 V-Max | 133.30 | -190.04 25.68 |274.10 | 431.36 |0.90| 0.90 | 31.64 | 214.01 | 28.45 | 246.69 388.22 | 101|138 | 3497 |211]|0.22 0.10 OK

21 V-Min 82.11 | -189.61 12.13 | 294.34 | 514.25 |0.90| 0.90 | 55.46 | 255.13 | 28.45 | 264.91 | 462.82 |1.01|1.38| 30.40 |3.69 | 0.22 0.05 OK
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. MIDAS/Civil
PostCs I POST-PROCESSCR
PSC DESIGN

Torsion (Vimx)

459,94
' 445.40
400.8¢

PostCS
ALL COMBINATICN

MRE : 1

MIN : 1

FILE: PUENTE RIO ~
UNIT: tonf*m

Figura 170. Verificacion de capacidad de torsién combinada (Vmx)
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.|
11

Figura 171. Verificacion de capacidad de torsion combinada (Tmx)

MIDAS/Civil

BOST-FROCESSOR

BSC DESIGN

Torsion (Tmx)

1&0.
III[ 138.

Postls
ALL COMBINATICN
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MIN = 1

FILE: FUENIE RIO ~

THIT: tonf*m
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3.4.15.4. VERIFICACION POR ANCHO DE FISURA POR CARGAS DE SERVICIO
Elem | Top/Bottom | FT (kgf/lcm”2) | FB (kgf/cm”2) | fss (kgf/lcm”2) | s_use (cm) | s_max (cm) | CHK
1 Bottom 1.96 -7.28 50.13 15.25 | 2391.55 [OK
2 Bottom 3.58 -13.46 92.60 15.25 | 1290.04 | OK
3 Bottom 5.07 -19.18 132.00 15.25 902.01 |OK
4 Bottom 6.35 -24.11 165.95 15.25 715.42 | OK
5 Bottom 7.41 -28.19 194.02 15.25 610.46 |OK
6 Bottom 8.36 -31.78 218.75 15.25 540.34 | OK
7 Bottom 9.14 -34.62 238.27 15.25 495.25 | OK
8 Bottom 9.66 -36.47 251.00 15.25 469.62 | OK
9 Bottom 9.92 -37.31 256.74 15.25 458.90 | OK
10 | Bottom 9.91 -37.12 255.45 15.25 461.26 | OK
11 | Bottom 9.89 -37.17 255.78 15.25 460.66 | OK
12 | Bottom 9.92 -37.42 257.57 15.25 457.40 | OK
13 | Bottom 9.66 -36.66 252.34 15.25 467.08 | OK
14 | Bottom 9.14 -34.88 240.08 15.25 491.43 | OK
15 | Bottom 8.38 -32.11 221.01 15.25 534.70 | OK
16 | Bottom 7.42 -28.56 196.59 15.25 602.35 |OK
17 | Bottom 6.37 -24.57 169.12 15.25 701.84 | OK
18 | Bottom 5.09 -19.70 135.58 15.25 877.95 | OK
19 | Bottom 3.61 -14.03 96.55 15.25 | 1236.84 | OK
20 | Bottom 1.92 -7.62 52.45 15.25 | 2285.12 | OK
21 | Bottom -0.19 -0.65 4.56 15.25 ]26366.36 | OK
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3.4.16. ELEMENTOS VIGA | POSTENSADA - L=30.0m

8223

3.4.17. GEOMETRIA DE LOS CABLES

Luz =30.0m

Figura 172. Numero de elementos viga 30.0m

Y FUERZA DE TENSIONAMIENTO

El esfuerzo maximo permitido por la Norma antes de cualquier tipo de pérdidas corresponde a un 70*fpu, para efectos practicos se

tensionaran los cables a un esfuerzo igual a:

fpi = 13300 kg/cm?

El cual corresponde a un 70% de fpu, de esta manera cada torén se tensionara a una fuerza de:
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kg

Fpi = 13300
pt cm?

* 1.40 cm? = 18620 kg = 18.62 tn

Si cada cable tiene 15 torones, la carga total por cable es fpi*# torones = 15*18.62 = 279.30 ton (279300 kg)

Sobre la viga | postensada se dispondran 3 cables de 15 torones de 5/8” en primera etapa de tensionamiento, mientras que para la segunda
etapa de tensionamiento, se dispondra de 2 cables de 15 torones de 5/8”, tal como se presenta en las siguientes figuras:

. r r r T T 1 r f T 1 1 [ T T T T [ T T T [ T T T T T [ T 1

Figura 173. Configuracién de los cables en la viga | postensada primera etapa

. r r  r r fr r 1 f T T [ T [ T T [ T T T T T [ T T T T T T 1

Figura 174. Configuracion de los cables en la viga | postensada segunda etapa

Se presenta en las siguientes tablas la geometria de los cables y la variacion tanto en los ejes coordenados X, Y la coordenada Z medida
desde la cara inferior de la viga, para toda la longitud del puente
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Tabla 19. Geometria y posicion de los cables vig

as — L.=30.0m

TENSIONAMIENTO ETAPA 1 TENSIONAMIENTO ETAPA 2
CABLE C1 CABLE C2 CABLE C3 CABLE C4
7 torones 7 torones 7 torones 7 torones

X(m) [Y(M)|Z(m)| | X(m) [Y(m)|Z(m)| | X(m) |Y(m)|Z(m) X (m) Y(m) | Z(m)
0.000 | 0.000|0.350 0.000 | 0.000 | 0.750 0.000 | 0.000|1.150 - - -
1.000 | 0.025]0.325 1.000 | -0.025 | 0.685 1.000 | 0.000|1.045 - - -
2.000 | 0.050 |0.300 2.000 |-0.050]0.621 2.000 | 0.000)0.941 2.000 0.000 1.500
3.000 | 0.074|0.276 3.000 |-0.074|0.558 3.000 | 0.000 | 0.839 3.000 0.000 1.350
4.000 | 0.098|0.252 4.000 |-0.098 | 0.496 4.000 |0.000]0.740 4.000 0.000 1.202
5.000 |0.120|0.230 5.000 |-0.120|0.437 5.000 | 0.000 | 0.644 5.000 0.000 1.057
6.000 | 0.142|0.208 6.000 | -0.142|0.381 6.000 | 0.000 | 0.553 6.000 0.000 0.918
7.000 |0.162|0.188 7.000 |-0.162|0.328 7.000 |0.000)0.468 7.000 0.000 0.786
8.000 | 0.181|0.169 8.000 |-0.181)0.279 8.000 | 0.000 | 0.389 8.000 0.000 0.663
9.000 |0.198|0.152 9.000 |-0.1980.235 9.000 | 0.000)0.318 9.000 0.000 0.550
10.000|0.213|0.137 10.000|-0.213 | 0.196 10.000 | 0.000 | 0.255 10.000 0.000 0.450
11.000|0.226 | 0.124 11.000 | -0.226 | 0.163 11.000 | 0.000 | 0.202 11.000 0.000 0.365
12.000|0.236|0.114 12.000|-0.236 | 0.136 12.000 | 0.000 | 0.159 12.000 0.000 0.295
13.000 | 0.244 | 0.106 13.000 | -0.244 | 0.117 13.000 | 0.000 | 0.127 13.000 0.000 0.243
14.000 | 0.248 | 0.102 14.000 | -0.248 | 0.104 14.000 | 0.000 | 0.107 14.000 0.000 0.211
15.000 | 0.250 | 0.100 15.000 | -0.250 | 0.100 15.000 | 0.000 | 0.100 15.000 0.000 0.200
16.000 | 0.248 | 0.102 16.000 | -0.248 | 0.104 16.000 | 0.000 | 0.107 16.000 0.000 0.211
17.000 | 0.244 | 0.106 17.000|-0.244 | 0.117 17.000 | 0.000 | 0.127 17.000 0.000 0.243
18.000|0.236 | 0.114 18.000 | -0.236 | 0.136 18.000 | 0.000 | 0.159 18.000 0.000 0.295
19.000|0.226 |0.124 19.000 | -0.226 | 0.163 19.000 | 0.000 | 0.202 19.000 0.000 0.365
20.000]0.213]0.137| |20.000 |-0.213|0.196 20.000 | 0.000 | 0.255 20.000 0.000 0.450
21.000/0.198]0.152| |21.000|-0.198]|0.235 21.000) 0.000|0.318 21.000 0.000 0.550
22.000/0.181)0.169| |22.000|-0.181|0.279 22.000 | 0.000 | 0.389 22.000 0.000 0.663
23.000]0.162]0.188 | |23.000|-0.162)|0.328 23.000 | 0.000 | 0.468 23.000 0.000 0.786
24.000|0.142]0.208 | |24.000|-0.142|0.381 24.000 ) 0.000 | 0.553 24.000 0.000 0.918
25.000]0.120|0.230| |25.000 |-0.120|0.437 25.000 | 0.000 | 0.644 25.000 0.000 1.057
26.000 | 0.098 | 0.252 | |26.000 |-0.098|0.496 26.000 | 0.000|0.740 26.000 0.000 1.202
27.000]0.074 | 0.276 | | 27.000 |-0.074 | 0.558 27.000 | 0.000 | 0.839 27.000 0.000 1.350
28.000 ] 0.050 | 0.300| |28.000 |-0.050|0.621 28.000 | 0.000 | 0.941 28.000 0.000 1.500
29.000 | 0.025]0.325| |29.000 |-0.025|0.685 29.000 | 0.000 | 1.045 - - -
30.000 | 0.000 | 0.350 | |30.000 | 0.000 |0.750| |30.000|0.000]1.150 - - -
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3.4.18. RESULTADOS DEL MODELO VIGAS - L=30.0m

3.4.19. DIAGRAMAS DE MOMENTO Y CORTANTE

Se presentan los principales resultados del modelo estructural teniendo en cuenta los estados
limites de resistencia, extremos y de servicio.

E

& postcs -

% Postcs

MIDAS/Civil
POST-FROCESSOR

BEAM DIRGRRM
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5T: SELFWEIGHT

& Postcs R
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317.95

—t 282.53
—t 247.11
—t 211.69
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PostCs

MIDRS/Civil
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BERM DIAGRAM
SHERR-¥, z
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- -23.23
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- -4z2.01
-51.40

Post(S
5T: SELFWEIGHT

MRE : 241 MRX : 185
MIN : 241 MIN : 228
UNIT: tonf*m UNIT: tonf
Figura 175. Resultados Momento flector y fuerza cortante para carga muerta
MIDRS/Civil MIDAS/Civil
4 By POST-PROCESSOR % Postcs 2| POST-FROCESSOR
BEAM DIRGRAM BEAM DIRAGRAM
MOMENT-v, = SHERR-¥,z
276.04 43.5%
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—T 165.83 —T 13.82
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T 110.73 T 0.00
83.18 -l2.61
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PostCS PostCs
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MRX @ 121 MRX : 165
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Figura 176. Resultados Momento flector y fuerza cortante para carga viva vehicular
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& postcs R

Figura 177. Resultados Momento flector y fuerza cortante para carga de postensado
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Figura 178. Resultados Momento cortante para la envolvente de resistencia
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N N MIDAS/Civil N N MIDAS/Civil
Hi Postcs SR POST-EROCESSOR Hi Postcs 1 hH POST-EROCESSOR
BEZM DIAGREM BEAM DIAGREM
MOMENT-v, z SHERR-v,z
414.06 138.92
. 357.98 . 114.11
— 301.29 — 89.29
— 245.20 — €4.47
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Figura 179. Resultados Momento flector y fuerza cortante en servicio

3.4.20. REVISION DE ESFUERZOS

Se calculan los esfuerzos producidos en la viga | postensada debido a la combinacion de
Estado Limite de Servicio | y Estado Limite de Servicio IlI.

Para la revision de los esfuerzos tanto en fibra superior como inferior se empled la siguiente
formulacién:

Y, Y,

p sup sup
Osup = —— Mp———Mp, —
A I I
p Yinf Yinf
Omp = 7+ Mp——+ Mp, —
A I, I,
Donde:
P Carga axial por el tensionamiento de los cables (t)
M,  Momento por presforzado debido a la excentricidad de los cables.

Mp; Momento debido a la carga muerta, sobrecarga y carga viva.

Youp € Yiny Son las distancias desde el centroide a la fibra extrema superior e inferior
respectivamente.

I, Inercia total de la seccién
A Area de la seccién transversal.
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Input Paramaters

Tendon Type
(® Low Relaxation Tendons
(O stress Relieved Tendons

O Prestressing Bars

Exposure Factor for Crack Width
(® Class 1(1.0)
(O Class II (0.75)
O User 1

Qutput Paramaters
At Construction Stage/Service Loads
Stress by Construction Stage
Stress by Service Load Combinations

Stress in Prestressing Tendons

Se define los parametros de disefio para la seccion PSC (prestressed concrete)

Corrosive Condition

(® Severe (O Moderate Mild
Flexural Strength

(@) Code () Strain Compatibility
Construction Type

() segmental (®) Non-Segmental

At Factored Loads
Flexural Strength Check
Shear Strength Check
Combined Shear and Torsion Chedk

Principal Stress by Construction Stage

Principal Stress by Service Load Combinations
(Max Shear)

Principal Stress by Service Load Combinations
{Max Torsion)

o
Bladieisds Select All Unselect All

Figura 180. Parametros de disefio de concreto postensado NO-SEGMENTAL

3.4.20.1. REVISION DE ESFUERZOS EN ETAPAS CONSTRUCTIVAS:
Elem: nimero de elemento
Comp./Tens.: Compresion o Tension

FT: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My) y fuerza
axial en la fibra superior

FB: Esfuerzo combinado debido al momento de flexién sobre el eje mayor (My) y fuerza
axial en la fibra inferior

FTL: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra superior izquierda

FBL: Esfuerzo combinado debido al momento de flexidn sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra inferior izquierda

FTR: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra superior derecha

FBR: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra inferior derecha
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ALW: Esfuerzo admisible en el hormigdn en el estado limite de servicio.

CHK: comprobacion de esfuerzos combinados para cargas de servicio
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Tabla 20. Verificacion de esfuerzos a compresion y traccion en fibra superior

FT FTL FTR ALW FT FTL FTR ALW
Elem | Comp./Tens. |  -tiema2) | (kgflemn2) | (kgficmn2) | (kgfiemn2) | CHK | | Elem | Comp./Tens. |y oqemng) | (kgffemn2) | (kaffemn2) | (kgifemn2) | CHK
106.0 | Compression 42.00 42.27 41.73 175.32 OK 106.0 Tension 42.00 42.27 41.73 -34.40 OK
107.0 | Compression 42.27 42.41 42.12 175.32 OK 107.0 Tension 42.27 42.41 42.12 -34.40 OK
108.0 | Compression 42.84 42.89 42.79 175.32 OK 108.0 Tension 42.84 42.89 42.79 -34.40 OK
109.0 | Compression 42.21 42.20 42.22 175.32 OK 109.0 Tension 42.21 42.20 42.22 -34.40 OK
110.0 | Compression 41.28 41.22 41.33 175.32 OK 110.0 Tension 41.28 41.22 41.33 -34.40 OK
111.0 | Compression 40.10 40.01 40.18 175.32 OK 111.0 Tension 40.10 40.01 40.18 -34.40 OK
112.0 | Compression 38.74 38.64 38.85 175.32 OK 112.0 Tension 38.74 38.64 38.85 -34.40 OK
113.0 | Compression 37.28 37.17 37.39 175.32 OK 113.0 Tension 37.28 37.17 37.39 -34.40 OK
114.0 | Compression 35.78 35.68 35.88 175.32 OK 114.0 Tension 35.78 35.68 35.88 -34.40 OK
115.0 | Compression 34.32 34.25 34.38 175.32 OK 115.0 Tension 34.32 34.25 34.38 -34.40 OK
116.0 | Compression 32.99 32.89 33.09 175.32 OK 116.0 Tension 32.99 32.89 33.09 -34.40 OK
117.0 | Compression 31.87 31.72 32.02 175.32 OK 117.0 Tension 31.87 31.72 32.02 -34.40 OK
118.0 | Compression 31.03 30.86 31.20 175.32 OK 118.0 Tension 31.03 30.86 31.20 -34.40 OK
119.0 | Compression 30.53 30.31 30.75 175.32 OK 119.0 Tension 30.53 30.31 30.75 -34.40 OK
120.0 | Compression 30.45 30.15 30.75 175.32 OK 120.0 Tension 30.45 30.15 30.75 -34.40 OK
121.0 | Compression 30.83 30.58 31.07 175.32 OK 121.0 Tension 30.83 30.58 31.07 -34.40 OK
122.0 | Compression 31.61 31.44 31.79 175.32 OK 122.0 Tension 31.61 31.44 31.79 -34.40 OK
123.0 | Compression 32.71 32.60 32.81 175.32 OK 123.0 Tension 32.71 32.60 32.81 -34.40 OK
124.0 | Compression 34.05 34.04 34.07 175.32 OK 124.0 Tension 34.05 34.04 34.07 -34.40 OK
125.0 | Compression 35.57 35.67 35.48 175.32 OK 125.0 Tension 35.57 35.67 35.48 -34.40 OK
126.0 | Compression 36.89 36.89 36.90 175.32 OK 126.0 Tension 36.89 36.89 36.90 -34.40 OK
127.0 | Compression 38.24 38.17 38.32 175.32 OK 127.0 Tension 38.24 38.17 38.32 -34.40 OK
128.0 | Compression 39.55 39.44 39.65 175.32 OK 128.0 Tension 39.55 39.44 39.65 -34.40 OK
129.0 | Compression 40.73 40.63 40.83 175.32 OK 129.0 Tension 40.73 40.63 40.83 -34.40 OK
130.0 | Compression 41.73 41.65 41.82 175.32 OK 130.0 Tension 41.73 41.65 41.82 -34.40 OK
131.0 | Compression 42.49 42.45 42.53 175.32 OK 131.0 Tension 42.49 42.45 42.53 -34.40 OK
132.0 | Compression 42.93 42.96 42.91 175.32 OK 132.0 Tension 42.93 42.96 42.91 -34.40 OK
133.0 | Compression 42.99 43.08 42.90 175.32 OK 133.0 Tension 42.99 43.08 42.90 -34.40 OK
134.0 | Compression 41.70 41.83 41.56 175.32 OK 134.0 Tension 41.70 41.83 41.56 -34.40 OK
135.0 | Compression 40.73 40.73 40.73 175.32 OK 135.0 Tension 40.73 40.73 40.73 -34.40 OK
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Tabla 21. Verificacion de esfuerzos a compresion y traccién en fibra inferior

= FTL FTR ALW FT FTL FTR ALW
Elem | Comp./Tens. | wtemn2) | (kgficmn2) | (kgtemn2) | (kgffemaz) | CHK | | Elem [Comp./Tens. | ooomnny | (kgffemr2) | (kgfiemn2) | (kgfiema2) | CHK
106.0 | Compression | _ 59.03 59.21 58.85 17532 | OK | |106.0] Tension 59.03 59.21 58.85 3440 | OK
107.0 | Compression | _ 58.81 58.91 58.71 17532 | OK | [107.0] Tension 58.81 58.91 58.71 3440 | OK
108.0 | Compression | _ 58.96 59.00 58.93 17532 | OK | [108.0] Tension 58.96 59.00 58.93 3440 | OK
109.0 | Compression | _ 59.73 50.72 50.74 17532 | OK | [109.0] Tension 59.73 59.72 59.74 3440 | OK
110.0 | Compression | _ 60.85 60.81 60.89 17532 | OK | [110.0] Tension 60.85 60.81 60.89 3440 | OK
111.0| Compression | _ 62.24 62.18 62.29 17532 | OK | |111.0] Tension 62.24 62.18 62.29 3440 | OK
112.0| Compression | _ 63.81 63.74 63.88 17532 | OK | [112.0] Tension 63.81 63.74 63.88 3440 | OK
113.0| Compression | _ 65.53 65.46 65.60 17532 | OK | [113.0] Tension 65.53 65.46 65.60 3440 | OK
114.0 | Compression | _ 67.31 67.25 67.38 17532 | OK | [114.0] Tension 67.31 67.25 67.38 3440 | OK
115.0 | Compression | __69.05 69.01 69.10 17532 | OK | [115.0] Tension 69.05 69.01 69.10 3440 | OK
116.0| Compression | _ 70.57 70.50 70.64 17532 | OK | |116.0] Tension 70.57 70.50 70.64 3440 | OK
117.0| Compression | 71.84 71.74 71.94 17532 | OK | [117.0] Tension 71.84 71.74 71.04 3440 | OK
118.0 | Compression | _ 72.83 72.72 72.95 17532 | OK | [118.0] Tension 72.83 72.72 72.95 3440 | OK
119.0| Compression | __73.48 73.34 73.63 17532 | OK | [119.0] Tension 73.48 73.34 73.63 3440 | OK
120.0 | Compression | _ 73.69 73.49 73.89 17532 | OK | [120.0] Tension 73.69 73.49 73.89 3440 | OK
121.0| Compression | _ 73.08 72.92 73.25 17532 | OK | |121.0] Tension 73.08 72.92 73.25 34.40 | OK
122.0| Compression | 72.10 71.98 72.22 17532 | OK | |122.0] Tension 72.10 71.98 72.22 3440 | OK
123.0 | Compression | _70.82 70.75 70.89 17532 | OK | [123.0] Tension 70.82 70.75 70.89 3440 | OK
124.0 | Compression | __69.26 69.25 69.27 17532 | OK | [124.0] Tension 69.26 69.25 69.27 3440 | OK
125.0| Compression | _ 67.54 67.60 67.48 17532 | OK | |125.0] Tension 67.54 67.60 67.48 3440 | OK
126.0 | Compression | 66.04 66.04 66.05 17532 | OK | [126.0] Tension 66.04 66.04 66.05 3440 | OK
127.0 | Compression |  64.51 64.46 64.56 17532 | OK | |127.0| Tension 64.51 64.46 64.56 34.40 | OK
128.0 | Compression | _63.04 62.97 63.11 17532 | OK | [128.0] Tension 63.04 62.97 63.11 3440 | OK
129.0 | Compression | _ 61.71 61.64 61.78 17532 | OK | [129.0] Tension 61.71 61.64 61.78 3440 | OK
130.0 | Compression | _60.57 60.51 60.62 17532 | OK | [130.0] Tension 60.57 60.51 60.62 3440 | OK
131.0 | Compression 59.67 59.64 59.70 175.32 OK 131.0 Tension 59.67 59.64 59.70 -34.40 OK
132.0 | Compression 59.07 59.08 59.05 175.32 OK 132.0 Tension 59.07 59.08 59.05 -34.40 OK
133.0| Compression | _ 58.87 58.93 58.81 17532 | OK | [133.0] Tension 58.87 58.93 58.81 3440 | OK
134.0 | Compression | _ 59.48 59.58 59.39 17532 | OK | [134.0] Tension 59.48 59.58 59.39 3440 | OK
135.0 | Compression | __60.43 60.43 60.43 17532 | OK | [135.0] Tension 60.43 60.43 60.43 3440 | OK
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3.4.20.2. REVISION DE ESFUERZOS EN ETAPA DE SERVICIO:
Elem: nimero de elemento
Comp./Tens.: Esfuerzo de Compresidn o Tensién

FT: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My) y fuerza
axial en la fibra superior

FB: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My) y fuerza
axial en la fibra inferior

FTL: Esfuerzo combinado debido al momento de flexién sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra superior izquierda

FBL: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra inferior izquierda

FTR: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra superior derecha

FBR: Esfuerzo combinado debido al momento de flexion sobre el eje mayor (My), el eje
menor (Mz) y la fuerza axial en la fibra inferior derecha

ALW: Esfuerzo admisible en el hormigon en el estado limite de servicio.

CHK: comprobacion de esfuerzos combinados para cargas de servicio
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Tabla 22. Verificacion de esfuerzos a compresion y traccion en fibra superior

FT FTL FTR ALW FT FTL FTR ALW
Elem | Comp./Tens. | -tiema2) | (kgflemn2) | (kgficmn2) | (kgfiemn2) | CHK | | Elem | Comp./Tens. | oqemng) | (kgffemn2) | (kaffemn2) | (kgifemn2) | CHK
106.0 | Compression 52.33 61.24 43.43 210.92 OK 106.0 Tension 52.40 61.11 43.68 -29.87 OK
107.0 | Compression 56.23 65.83 46.63 210.92 OK 107.0 Tension 56.42 65.77 47.07 -29.87 OK
108.0 | Compression 78.94 87.36 70.53 210.92 OK 108.0 Tension 83.52 90.02 77.02 -29.87 OK
109.0 | Compression 88.15 92.74 83.57 210.92 OK 109.0 Tension 85.74 90.42 81.07 -29.87 OK
110.0 | Compression 90.46 93.38 87.54 210.92 OK 110.0 Tension 87.51 90.52 84.50 -29.87 OK
111.0 | Compression 92.30 93.88 90.73 210.92 OK 111.0 Tension 88.83 90.51 87.15 -29.87 OK
112.0 | Compression 93.72 94.30 93.14 210.92 OK 112.0 Tension 89.76 90.44 89.07 -29.87 OK
113.0 | Compression 94.74 94.52 94.96 210.92 OK 113.0 Tension 90.33 90.35 90.32 -29.87 OK
114.0 | Compression 95.48 94.86 96.11 210.92 OK 114.0 Tension 90.64 90.26 91.02 -29.87 OK
115.0 | Compression 95.94 95.14 96.74 210.92 OK 115.0 Tension 90.69 90.16 91.22 -29.87 OK
116.0 | Compression 96.18 95.38 96.97 210.92 OK 116.0 Tension 90.56 90.08 91.04 -29.87 OK
117.0 | Compression 96.26 95.64 96.89 210.92 OK 117.0 Tension 90.32 90.11 90.53 -29.87 OK
118.0 | Compression 74.27 76.65 71.89 210.92 OK 118.0 Tension 90.05 90.07 90.03 -29.87 OK
119.0 | Compression 73.47 77.37 69.57 210.92 OK 119.0 Tension 89.84 90.16 89.52 -29.87 OK
120.0 | Compression 72.97 79.51 66.42 210.92 OK 120.0 Tension 89.80 90.44 89.15 -29.87 OK
121.0 | Compression 73.64 77.62 69.65 210.92 OK 121.0 Tension 90.02 90.57 89.47 -29.87 OK
122.0 | Compression 74.77 77.40 72.14 210.92 OK 122.0 Tension 90.57 91.00 90.14 -29.87 OK
123.0 | Compression 97.18 96.44 97.92 210.92 OK 123.0 Tension 91.17 90.76 91.59 -29.87 OK
124.0 | Compression 97.44 94.14 100.74 210.92 OK 124.0 Tension 91.76 88.69 94.82 -29.87 OK
125.0 | Compression 97.52 87.23 107.80 210.92 OK 125.0 Tension 92.20 82.09 102.30 -29.87 OK
126.0 | Compression 97.05 94.61 99.50 210.92 OK 126.0 Tension 92.15 89.86 94.43 -29.87 OK
127.0 | Compression 96.11 96.76 95.46 210.92 OK 127.0 Tension 91.64 92.34 90.93 -29.87 OK
128.0 | Compression 94.79 96.80 92.79 210.92 OK 128.0 Tension 90.78 92.84 88.73 -29.87 OK
129.0 | Compression 93.06 95.95 90.18 210.92 OK 129.0 Tension 89.55 92.49 86.61 -29.87 OK
130.0 | Compression 90.89 94.67 87.11 210.92 OK 130.0 Tension 87.90 91.72 84.07 -29.87 OK
131.0 | Compression 88.22 93.06 83.37 210.92 OK 131.0 Tension 85.77 90.66 80.89 -29.87 OK
132.0 | Compression 78.53 86.46 70.61 210.92 OK 132.0 Tension 83.15 89.17 77.13 -29.87 OK
133.0 | Compression 76.86 85.18 68.53 210.92 OK 133.0 Tension 77.09 85.23 68.96 -29.87 OK
134.0 | Compression 51.01 57.84 44.18 210.92 OK 134.0 Tension 51.12 57.84 44.41 -29.87 OK
135.0 | Compression 46.11 46.11 46.11 210.92 OK 135.0 Tension 46.11 46.11 46.11 -29.87 OK
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VOLUMEN VIII ESTUDIO Y DISENO DE
CONSORCIO PUENTE SINU FIA | ESTRUCTURAS DE PUENTES, OBRAS DE ARTE | Fecha: 02-09-2022
Y OTRAS ESTRUCTURAS DE CONTENCION

Tabla 23. Verificacion de esfuerzos a compresion y traccion en fibra inferior

FT FTL FTR ALW FT FTL FTR ALW
Elem | Comp./Tens. |  -tiema2) | (kgflemn2) | (kgficmn2) | (kgfiemn2) | CHK | | Elem | Comp./Tens. |y oqemng) | (kgffemn2) | (kaffemn2) | (kgifemn2) | CHK
106.0 | Compression 107.61 113.52 101.70 210.92 OK 106.0 Tension 107.35 113.14 101.57 -29.87 OK
107.0 | Compression 90.90 97.27 84.53 210.92 OK 107.0 Tension 90.30 96.50 84.10 -29.87 OK
108.0 | Compression 88.56 94.15 82.98 210.92 OK 108.0 Tension 71.55 75.86 67.24 -29.87 OK
109.0 | Compression 52.98 56.02 49.93 210.92 OK 109.0 Tension 61.75 64.85 58.65 -29.87 OK
110.0 | Compression 43.42 45.35 41.48 210.92 OK 110.0 Tension 54.11 56.11 52.11 -29.87 OK
111.0 | Compression 35.89 36.93 34.84 210.92 OK 111.0 Tension 48.37 49.49 47.26 -29.87 OK
112.0 | Compression 30.11 30.49 29.72 210.92 OK 112.0 Tension 44.28 44.73 43.82 -29.87 OK
113.0 | Compression 26.65 26.51 26.80 210.92 OK 113.0 Tension 41.63 41.64 41.62 -29.87 OK
114.0 | Compression 23.61 23.20 24.03 210.92 OK 114.0 Tension 40.00 39.74 40.25 -29.87 OK
115.0 | Compression 21.68 21.15 22.21 210.92 OK 115.0 Tension 39.35 38.99 39.70 -29.87 OK
116.0 | Compression 20.47 19.94 20.99 210.92 OK 116.0 Tension 39.28 38.97 39.60 -29.87 OK
117.0 | Compression 19.88 19.47 20.30 210.92 OK 117.0 Tension 39.71 39.57 39.85 -29.87 OK
118.0 | Compression 98.33 99.91 96.75 210.92 OK 118.0 Tension 40.43 40.44 40.42 -29.87 OK
119.0 | Compression 101.58 104.16 98.99 210.92 OK 119.0 Tension 41.42 41.63 41.21 -29.87 OK
120.0 | Compression 104.24 108.58 99.90 210.92 OK 120.0 Tension 42.32 42.75 41.89 -29.87 OK
121.0 | Compression 101.18 103.83 98.54 210.92 OK 121.0 Tension 40.92 41.28 40.56 -29.87 OK
122.0 | Compression 97.68 99.42 95.93 210.92 OK 122.0 Tension 39.62 39.91 39.33 -29.87 OK
123.0 | Compression 18.84 18.35 19.34 210.92 OK 123.0 Tension 38.69 38.42 38.97 -29.87 OK
124.0 | Compression 19.25 17.06 21.44 210.92 OK 124.0 Tension 38.09 36.06 40.12 -29.87 OK
125.0 | Compression 20.30 13.47 27.12 210.92 OK 125.0 Tension 37.98 31.28 44.69 -29.87 OK
126.0 | Compression 22.44 20.82 24.07 210.92 OK 126.0 Tension 38.83 37.32 40.35 -29.87 OK
127.0 | Compression 24.91 25.34 24.48 210.92 OK 127.0 Tension 40.65 41.12 40.18 -29.87 OK
128.0 | Compression 29.36 30.69 28.03 210.92 OK 128.0 Tension 43.52 44.89 42.16 -29.87 OK
129.0 | Compression 35.43 37.34 33.51 210.92 OK 129.0 Tension 47.90 49.85 45.95 -29.87 OK
130.0 | Compression 43.33 45.84 40.82 210.92 OK 130.0 Tension 54.00 56.54 51.46 -29.87 OK
131.0 | Compression 53.28 56.50 50.07 210.92 OK 131.0 Tension 62.03 65.27 58.79 -29.87 OK
132.0 | Compression 89.35 94.61 84.09 210.92 OK 132.0 Tension 72.19 76.18 68.19 -29.87 OK
133.0 | Compression 96.45 101.98 90.93 210.92 OK 133.0 Tension 95.80 101.19 90.40 -29.87 OK
134.0 | Compression 109.16 113.70 104.63 210.92 OK 134.0 Tension 108.85 113.31 104.39 -29.87 OK
135.0 | Compression 128.83 128.83 128.83 210.92 OK 135.0 Tension 128.83 128.83 128.83 -29.87 OK
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Figura 184. Verificacion de esfuerzos a compresion y traccion en fibra inferior
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3.4.21. PERDIDAS INSTANTANEAS DE CABLES DE POSTENSADO

CABLES C1
Force (After Force(Elastic Force(After All
Elem Force Immediate | Elastic Deform. Loss)/ _ Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Force(After

(tonf) Loss) Immediate Loss)

The Loss of tendon group [L2-V1-C1] at the stage of [CS1]
106.00| 130.34 120.64 0.11 1.00 -2.70 -1.13 0.93
107.00| 130.34 120.74 0.12 1.00 -2.70 -1.13 0.93
108.00| 130.34 120.86 0.13 1.00 -2.72 -1.14 0.93
109.00| 130.34 120.97 0.14 1.00 -2.75 -1.14 0.93
110.00| 130.34 121.11 0.15 1.00 -2.79 -1.15 0.93
111.00| 130.34 121.25 0.16 1.00 -2.85 -1.16 0.93
112.00| 130.34 121.39 0.18 1.00 -2.90 -1.16 0.93
113.00| 130.34 121.56 0.19 1.00 -2.97 -1.17 0.93
114.00| 130.34 121.73 0.20 1.00 -3.03 -1.18 0.93
115.00| 130.34 121.90 0.21 1.00 -3.10 -1.19 0.94
116.00| 130.34 122.10 0.22 1.00 -3.16 -1.20 0.94
117.00| 130.34 122.30 0.23 1.00 -3.21 -1.21 0.94
118.00| 130.34 122.50 0.24 1.00 -3.25 -1.22 0.94
119.00| 130.34 122.73 0.25 1.00 -3.27 -1.23 0.94
120.00| 130.34 122.94 0.25 1.00 -3.28 -1.24 0.94
121.00| 130.34 123.13 0.25 1.00 -3.26 -1.25 0.94
122.00| 130.34 123.35 0.24 1.00 -3.22 -1.26 0.95
123.00| 130.34 123.55 0.23 1.00 -3.17 -1.27 0.95
124.00| 130.34 123.75 0.21 1.00 -3.11 -1.28 0.95
125.00| 130.34 123.94 0.14 1.00 -3.05 -1.29 0.95
126.00| 130.34 124.11 0.20 1.00 -2.99 -1.30 0.95
127.00| 130.34 124.28 0.19 1.00 -2.94 -1.31 0.95
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128.00| 130.34 124.44 0.18 1.00 -2.88 -1.31 0.95
129.00| 130.34 124.58 0.17 1.00 -2.83 -1.32 0.96
130.00| 130.34 124.72 0.15 1.00 -2.79 -1.33 0.96
131.00| 130.34 124.79 0.14 1.00 -2.75 -1.33 0.96
132.00| 130.34 124.67 0.13 1.00 -2.73 -1.33 0.96
133.00| 130.34 124.56 0.12 1.00 -2.71 -1.32 0.96
134.00| 130.34 124.47 0.10 1.00 -2.71 -1.31 0.95
135.00| 130.34 124.38 0.09 1.00 -2.72 -1.31 0.95
CABLES C2
Force (After Force(Elastic Force(After All
Elem Force Immediate | Elastic Deform. Loss)/ . Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Force(After

(tonf) Loss) Immediate LoSS)

The Loss of tendon group [L2-V1-C2] at the stage of [CS1]
106.00| 130.34 122.36 0.08 1.00 -2.55 -1.21 0.94
107.00| 130.34 122.47 0.09 1.00 -2.57 -1.22 0.94
108.00| 130.34 122.60 0.10 1.00 -2.61 -1.22 0.94
109.00| 130.34 122.74 0.11 1.00 -2.65 -1.23 0.94
110.00| 130.34 122.91 0.12 1.00 -2.69 -1.24 0.94
111.00| 130.34 123.10 0.14 1.00 -2.75 -1.25 0.94
112.00| 130.34 123.30 0.15 1.00 -2.82 -1.26 0.95
113.00| 130.34 123.53 0.17 1.00 -2.89 -1.27 0.95
114.00| 130.34 123.78 0.18 1.00 -2.97 -1.28 0.95
115.00| 130.34 124.03 0.20 1.00 -3.05 -1.29 0.95
116.00| 130.34 123.88 0.21 1.00 -3.12 -1.29 0.95
117.00| 130.34 123.56 0.22 1.00 -3.18 -1.27 0.95
118.00| 130.34 123.26 0.23 1.00 -3.23 -1.25 0.95
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CONSORCIO PUENTE SINU FIA

VOLUMEN VIII ESTUDIO Y DISENO DE
ESTRUCTURAS DE PUENTES, OBRAS DE ARTE
Y OTRAS ESTRUCTURAS DE CONTENCION

Fecha: 02-09-2022

119.00| 130.34 122.90 0.24 1.00 -3.26 -1.24 0.94
120.00| 130.34 122.57 0.24 1.00 -3.27 -1.22 0.94
121.00| 130.34 122.19 0.23 1.00 -3.25 -1.20 0.94
122.00| 130.34 121.83 0.22 1.00 -3.21 -1.18 0.93
123.00| 130.34 121.52 0.21 1.00 -3.15 -1.17 0.93
124.00| 130.34 121.20 0.21 1.00 -3.08 -1.15 0.93
125.00| 130.34 120.90 0.25 1.00 -3.01 -1.14 0.93
126.00| 130.34 120.65 0.17 1.00 -2.93 -1.13 0.93
127.00| 130.34 120.39 0.15 1.00 -2.86 -1.12 0.92
128.00| 130.34 120.15 0.14 1.00 -2.80 -1.10 0.92
129.00| 130.34 119.95 0.13 1.00 -2.74 -1.09 0.92
130.00| 130.34 119.75 0.12 1.00 -2.69 -1.08 0.92
131.00| 130.34 119.57 0.11 1.00 -2.65 -1.08 0.92
132.00| 130.34 119.42 0.10 1.00 -2.61 -1.07 0.92
133.00| 130.34 119.28 0.09 1.00 -2.58 -1.06 0.92
134.00| 130.34 119.16 0.08 1.00 -2.55 -1.06 0.91
135.00| 130.34 119.07 0.08 1.00 -2.52 -1.05 0.91
CABLES C3
Force (After Force(Elastic Force(After All
Elem Force Immediate | Elastic Deform. Loss)/ . Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Force(After

(tonf) Loss) Immediate Loss)

The Loss of tendon group [L2-V1-C3] at the stage of [CS1]
106.00| 130.34 118.03 0.07 1.00 -2.39 -1.00 0.91
107.00| 130.34 118.17 0.08 1.00 -2.44 -1.01 0.91
108.00| 130.34 118.33 0.09 1.00 -2.50 -1.02 0.91
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CONSORCIO PUENTE SINU FIA | ESTRUCTURAS DE PUENTES, OBRAS DE ARTE | Fecha: 02-09-2022

VOLUMEN VIII ESTUDIO Y DISENO DE

Y OTRAS ESTRUCTURAS DE CONTENCION

109.00| 130.34 118.51 0.10 1.00 -2.54 -1.03 0.91
110.00| 130.34 118.74 0.11 1.00 -2.59 -1.04 0.91
111.00| 130.34 119.00 0.12 1.00 -2.66 -1.05 0.91
112.00| 130.34 119.25 0.14 1.00 -2.73 -1.06 0.91
113.00| 130.34 119.57 0.16 1.00 -2.82 -1.08 0.92
114.00| 130.34 119.92 0.17 1.00 -2.91 -1.09 0.92
115.00| 130.34 120.26 0.19 1.00 -3.00 -1.11 0.92
116.00| 130.34 120.67 0.21 1.00 -3.09 -1.13 0.93
117.00| 130.34 121.11 0.22 1.00 -3.16 -1.15 0.93
118.00| 130.34 121.52 0.23 1.00 -3.22 -1.17 0.93
119.00| 130.34 122.02 0.24 1.00 -3.26 -1.19 0.94
120.00| 130.34 122.48 0.24 1.00 -3.28 -1.22 0.94
121.00| 130.34 121.89 0.24 1.00 -3.25 -1.19 0.94
122.00| 130.34 121.39 0.23 1.00 -3.20 -1.16 0.93
123.00| 130.34 120.98 0.22 1.00 -3.13 -1.14 0.93
124.00| 130.34 120.54 0.20 1.00 -3.05 -1.12 0.92
125.00| 130.34 120.13 0.18 1.00 -2.96 -1.10 0.92
126.00| 130.34 119.79 0.17 1.00 -2.88 -1.09 0.92
127.00| 130.34 119.44 0.15 1.00 -2.79 -1.07 0.92
128.00| 130.34 119.12 0.14 1.00 -2.72 -1.06 0.91
129.00| 130.34 118.87 0.12 1.00 -2.65 -1.04 0.91
130.00| 130.34 118.61 0.11 1.00 -2.59 -1.03 0.91
131.00| 130.34 118.38 0.10 1.00 -2.54 -1.02 0.91
132.00| 130.34 118.20 0.09 1.00 -2.50 -1.01 0.91
133.00| 130.34 118.04 0.08 1.00 -2.46 -1.00 0.91
134.00| 130.34 117.90 0.08 1.00 -2.39 -1.00 0.90
135.00| 130.34 117.80 0.07 1.00 -2.33 -0.99 0.90
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VOLUMEN VIII ESTUDIO Y DISENO DE
ESTRUCTURAS DE PUENTES, OBRAS DE ARTE
Y OTRAS ESTRUCTURAS DE CONTENCION

Fecha: 02-09-2022

CABLES C4
Force (After Force(Elastic Force(After All
Elem Force Immediate | Elastic Deform. Loss)/ ' Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Force(After

(tonf) Loss) Immediate Loss)

The Loss of tendon group [L2-V1-C4] at the stage of [CS2]
108.00| 130.34 116.15 0.01 1.00 -0.94 -0.92 0.89
109.00| 130.34 116.32 0.02 1.00 -0.87 -0.93 0.89
110.00| 130.34 116.56 0.02 1.00 -0.80 -0.94 0.89
111.00| 130.34 116.82 0.02 1.00 -0.73 -0.95 0.90
112.00| 130.34 117.17 0.02 1.00 -0.66 -0.97 0.90
113.00| 130.34 117.58 0.03 1.00 -0.61 -0.98 0.90
114.00| 130.34 117.99 0.03 1.00 -0.57 -1.00 0.91
115.00| 130.34 118.51 0.03 1.00 -0.53 -1.03 0.91
116.00| 130.34 119.09 0.03 1.00 -0.51 -1.05 0.91
117.00| 130.34 119.73 0.04 1.00 -0.50 -1.08 0.92
118.00| 130.34 120.34 0.04 1.00 -0.50 -1.11 0.92
119.00| 130.34 121.08 0.04 1.00 -0.50 -1.15 0.93
120.00| 130.34 121.79 0.04 1.00 -0.50 -1.18 0.93
121.00| 130.34 120.90 0.04 1.00 -0.50 -1.14 0.93
122.00| 130.34 120.16 0.04 1.00 -0.49 -1.10 0.92
123.00| 130.34 119.55 0.04 1.00 -0.50 -1.08 0.92
124.00| 130.34 118.91 0.03 1.00 -0.51 -1.05 0.91
125.00| 130.34 118.33 0.03 1.00 -0.53 -1.02 0.91
126.00| 130.34 117.81 0.03 1.00 -0.57 -0.99 0.90
127.00| 130.34 117.39 0.03 1.00 -0.61 -0.98 0.90
128.00| 130.34 116.99 0.02 1.00 -0.66 -0.96 0.90
129.00| 130.34 116.64 0.02 1.00 -0.73 -0.94 0.89
130.00| 130.34 116.37 0.02 1.00 -0.80 -0.93 0.89
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VOLUMEN VIII ESTUDIO Y DISENO DE
CONSORCIO PUENTE SINU FIA | ESTRUCTURAS DE PUENTES, OBRAS DE ARTE | Fecha: 02-09-2022
Y OTRAS ESTRUCTURAS DE CONTENCION

131.00| 130.34 116.14 0.02 1.00 -0.87 -0.92 0.89
132.00| 130.34 115.96 0.02 1.00 -0.94 -0.91 0.89
133.00| 130.34 115.85 0.01 1.00 -1.01 -0.91 0.89

Force (After e (e Al : Force(Elastic : : Force(After All
. Loss) (tonf) Elastic Deform. Loss)/ Creep/Shrinkage Relaxation
Elem Immediate X : Loss)/ Force(After
Loss) : A (tonf) Loss : B (tonf) Force(Immediate Loss (tonf) Loss (tonf) Immediate Loss)
Loss)
108.00 251.66 226.12 0.19 1.00 -21.63 -4.10 0.90
109.00 251.89 226.42 0.30 1.00 -21.65 -4.13 0.90
110.00 252.20 224.46 0.70 1.00 -24.37 -4.06 0.89
111.00 252.57 225.49 0.93 1.00 -23.88 -4.13 0.89
112.00 253.05 226.50 1.23 1.00 -23.56 -4.21 0.90
113.00 253.55 227.44 1.59 1.01 -23.42 -4.28 0.90
114.00 254.20 228.37 1.99 1.01 -23.47 -4.36 0.90
115.00 254.94 229.21 2.43 1.01 -23.70 -4.45 0.90
116.00 255.65 229.91 2.88 1.01 -24.10 -4.52 0.90
117.00 256.55 230.62 3.34 1.01 -24.65 -4.61 0.90
118.00 257.40 231.18 3.79 1.01 -25.32 -4.69 0.90
119.00 258.47 231.82 4.21 1.02 -26.08 -4.79 0.90
120.00 259.45 232.31 4.60 1.02 -26.87 -4.87 0.90
121.00 260.68 232.94 4.94 1.02 -27.68 -4.98 0.89
122.00 261.79 233.46 5.21 1.02 -28.46 -5.08 0.89
123.00 263.17 234.22 5.41 1.02 -29.17 -5.20 0.89
124.00 263.97 234.45 5.52 1.02 -29.76 -5.27 0.89
125.00 262.44 232.71 5.52 1.02 -30.16 -5.09 0.89
126.00 260.84 230.90 5.39 1.02 -30.41 -4.91 0.89
127.00 259.49 230.07 5.51 1.02 -30.17 -4.78 0.89
128.00 258.00 229.10 5.51 1.02 -29.75 -4.64 0.89
129.00 256.79 228.49 5.40 1.02 -29.15 -4.54 0.89
130.00 255.46 227.80 5.20 1.02 -28.44 -4.43 0.89
131.00 254.40 227.31 4.92 1.02 -27.67 -4.34 0.89
132.00 253.25 226.73 4.59 1.02 -26.87 -4.24 0.90
133.00 252.32 226.28 4.20 1.02 -26.09 -4.17 0.90
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VOLUMEN VI11 ESTUDIO Y DISENO DE
CONSORCIO PUENTE SINU FIA | ESTRUCTURAS DE PUENTES, OBRAS DE ARTE | Fecha: 02-09-2022
Y OTRAS ESTRUCTURAS DE CONTENCION
134.00 251.33 225.70 3.78 1.02 -25.34 -4.08 0.90
135.00 250.55 225.19 3.33 1.01 -24.68 -4.01 0.90
136.00 249.72 224.54 2.88 1.01 -24.13 -3.93 0.90
137.00 249.06 223.91 2.42 1.01 -23.73 -3.86 0.90
138.00 248.39 223.11 1.99 1.01 -23.49 -3.79 0.90
139.00 247.81 222.23 1.58 1.01 -23.45 -3.72 0.90
140.00 247.36 221.33 1.22 1.00 -23.60 -3.65 0.89
141.00 246.92 220.33 0.91 1.00 -23.92 -3.58 0.89
142.00 246.60 221.84 0.46 1.00 -21.61 -3.62 0.90
143.00 246.32 221.36 0.26 1.00 -21.64 -3.59 0.90

3.4.22. PERDIDAS A LARGO PLAZO DE CABLES DE POSTENSADO

CABLES C1
Force (After Force (After _ Force(Elastic _ _ Force(After All
Elem Force Immediate All Loss) Elastic Deform. Loss)/ _ Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Force(After
(tonf) doimy) Loss) Immediate Loss)
The Loss of tendon group [L2-V1-C1] at the stage of [CS22]

106.00| 130.34 120.64 115.47 0.63 1.01 -12.24 -2.17 0.89
107.00| 130.34 120.74 116.15 0.91 1.01 -11.85 -2.20 0.89
108.00| 130.34 120.86 116.00 0.87 1.01 -11.96 -2.20 0.89
109.00| 130.34 120.97 116.12 0.95 1.01 -11.93 -2.22 0.89
110.00| 130.34 121.11 116.16 1.01 1.01 -11.96 -2.23 0.89
111.00| 130.34 121.25 116.12 1.05 1.01 -12.04 -2.25 0.89
112.00| 130.34 121.39 116.04 1.08 1.01 -12.15 -2.26 0.89
113.00| 130.34 121.56 115.91 1.10 1.01 -12.28 -2.27 0.89
114.00| 130.34 121.73 115.77 1.11 1.01 -12.44 -2.28 0.89
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VOLUMEN VIII ESTUDIO Y DISENO DE
ESTRUCTURAS DE PUENTES, OBRAS DE ARTE
Y OTRAS ESTRUCTURAS DE CONTENCION

CONSORCIO PUENTE SINU FIA Fecha: 02-09-2022

115.00| 130.34 121.90 115.61 1.12 1.01 -12.60 -2.29 0.89
116.00| 130.34 122.10 115.47 1.12 1.01 -12.74 -2.31 0.89
117.00| 130.34 122.30 115.34 1.12 1.01 -12.87 -2.32 0.88
118.00| 130.34 122.50 115.23 1.12 1.01 -12.98 -2.34 0.88
119.00| 130.34 122.73 115.16 1.12 1.01 -13.05 -2.36 0.88
120.00| 130.34 122.94 115.13 1.12 1.01 -13.09 -2.38 0.88
121.00| 130.34 123.13 115.18 1.11 1.01 -13.03 -2.40 0.88
122.00| 130.34 123.35 115.27 1.11 1.01 -12.94 -2.43 0.88
123.00| 130.34 123.55 115.36 1.09 1.01 -12.84 -2.46 0.89
124.00| 130.34 123.75 115.39 1.03 1.01 -12.74 -2.48 0.89
125.00| 130.34 123.94 115.27 0.87 1.01 -12.70 -2.50 0.88
126.00| 130.34 124.11 115.74 1.05 1.01 -12.42 -2.53 0.89
127.00| 130.34 124.28 115.98 1.10 1.01 -12.23 -2.56 0.89
128.00| 130.34 124.44 116.11 1.09 1.01 -12.10 -2.58 0.89
129.00| 130.34 124.58 116.17 1.06 1.01 -12.00 -2.60 0.89
130.00| 130.34 124.72 116.19 1.02 1.01 -11.94 -2.62 0.89
131.00| 130.34 124.79 116.13 0.95 1.01 -11.93 -2.62 0.89
132.00| 130.34 124.67 115.99 0.86 1.01 -11.98 -2.61 0.89
133.00| 130.34 124.56 115.75 0.74 1.01 -12.08 -2.59 0.89
134.00| 130.34 124.47 115.44 0.62 1.01 -12.28 -2.56 0.89
135.00| 130.34 124.38 114.71 0.33 1.00 -12.71 -2.52 0.88
CABLES C2
Force (After Force (After _ Force(Elastic _ _ Force(After All
Elem Force Immediate All Loss) Elastic Deform. Loss)/ Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A (tonf) Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Forc_e(After
(tonf) Loss) Immediate Loss)
The Loss of tendon group [L2-V1-C2] at the stage of [CS22]

106.00| 130.34 | 122.36 | 115.65 | 0.42] 1.00]| -11.86 | -2.35| 0.89
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107.00| 130.34 122.47 116.02 0.60 1.00 -11.69 -2.37 0.89
108.00| 130.34 122.60 115.56 0.49 1.00 -12.03 -2.37 0.89
109.00| 130.34 122.74 115.69 0.60 1.00 -12.01 -2.39 0.89
110.00| 130.34 122.91 115.78 0.70 1.01 -12.02 -2.41 0.89
111.00| 130.34 123.10 115.82 0.79 1.01 -12.07 -2.43 0.89
112.00| 130.34 123.30 115.82 0.87 1.01 -12.16 -2.45 0.89
113.00| 130.34 123.53 115.77 0.93 1.01 -12.28 -2.47 0.89
114.00| 130.34 123.78 115.68 0.99 1.01 -12.42 -2.49 0.89
115.00| 130.34 124.03 115.56 1.03 1.01 -12.58 -2.52 0.89
116.00| 130.34 123.88 115.43 1.05 1.01 -12.73 -2.49 0.89
117.00| 130.34 123.56 115.29 1.07 1.01 -12.88 -2.45 0.88
118.00| 130.34 123.26 115.17 1.07 1.01 -13.00 -2.42 0.88
119.00| 130.34 122.90 115.05 1.05 1.01 -13.10 -2.37 0.88
120.00| 130.34 122.57 114.96 1.03 1.01 -13.15 -2.34 0.88
121.00| 130.34 122.19 115.04 1.04 1.01 -13.08 -2.30 0.88
122.00| 130.34 121.83 115.14 1.04 1.01 -12.98 -2.27 0.88
123.00| 130.34 121.52 115.29 1.04 1.01 -12.83 -2.24 0.88
124.00| 130.34 121.20 115.51 1.06 1.01 -12.64 -2.22 0.89
125.00| 130.34 120.90 115.92 1.19 1.01 -12.36 -2.20 0.89
126.00| 130.34 120.65 115.72 0.98 1.01 -12.34 -2.17 0.89
127.00| 130.34 120.39 115.72 0.89 1.01 -12.25 -2.14 0.89
128.00| 130.34 120.15 115.75 0.83 1.01 -12.15 -2.12 0.89
129.00| 130.34 119.95 115.77 0.76 1.01 -12.07 -2.10 0.89
130.00| 130.34 119.75 115.73 0.68 1.01 -12.03 -2.08 0.89
131.00| 130.34 119.57 115.64 0.59 1.01 -12.02 -2.06 0.89
132.00| 130.34 119.42 115.51 0.49 1.00 -12.04 -2.04 0.89
133.00| 130.34 119.28 115.35 0.38 1.00 -12.08 -2.02 0.89
134.00| 130.34 119.16 115.62 0.43 1.00 -11.87 -2.02 0.89
135.00| 130.34 119.07 115.29 0.26 1.00 -12.02 -2.00 0.88
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Y OTRAS ESTRUCTURAS DE CONTENCION

CABLES C3
Force (After Force (After _ Force(Elastic _ _ Force(After All
Elem Force Immediate All Loss) Elastic Deform. Loss)/ _ Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A (tonf) Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Forc_e(After
(tonf) Loss) Immediate Loss)
The Loss of tendon group [L2-V1-C3] at the stage of [CS22]

106.00| 130.34 118.03 115.90 0.27 1.00 -11.43 -1.92 0.89
107.00| 130.34 118.17 116.07 0.42 1.00 -11.43 -1.93 0.89
108.00| 130.34 118.33 115.32 0.25 1.00 -11.96 -1.92 0.88
109.00| 130.34 118.51 115.49 0.39 1.00 -11.95 -1.94 0.89
110.00| 130.34 118.74 115.61 0.52 1.00 -11.96 -1.97 0.89
111.00| 130.34 119.00 115.69 0.63 1.01 -12.01 -2.00 0.89
112.00| 130.34 119.25 115.72 0.74 1.01 -12.09 -2.03 0.89
113.00| 130.34 119.57 115.69 0.83 1.01 -12.21 -2.06 0.89
114.00| 130.34 119.92 115.62 0.91 1.01 -12.36 -2.09 0.89
115.00| 130.34 120.26 115.52 0.97 1.01 -12.52 -2.12 0.89
116.00| 130.34 120.67 115.40 1.02 1.01 -12.69 -2.16 0.89
117.00| 130.34 121.11 115.29 1.06 1.01 -12.84 -2.20 0.88
118.00| 130.34 121.52 115.18 1.08 1.01 -12.97 -2.24 0.88
119.00| 130.34 122.02 115.09 1.08 1.01 -13.07 -2.28 0.88
120.00| 130.34 122.48 115.04 1.08 1.01 -13.12 -2.33 0.88
121.00| 130.34 121.89 115.10 1.07 1.01 -13.05 -2.27 0.88
122.00| 130.34 121.39 115.19 1.06 1.01 -12.94 -2.22 0.88
123.00| 130.34 120.98 115.30 1.03 1.01 -12.80 -2.19 0.88
124.00| 130.34 120.54 115.42 0.98 1.01 -12.64 -2.15 0.89
125.00| 130.34 120.13 115.52 0.93 1.01 -12.48 -2.11 0.89
126.00| 130.34 119.79 115.62 0.87 1.01 -12.32 -2.08 0.89
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127.00| 130.34 119.44 115.69 0.80 1.01 -12.18 -2.05 0.89
128.00| 130.34 119.12 115.72 0.72 1.01 -12.08 -2.01 0.89
129.00| 130.34 118.87 115.68 0.62 1.01 -12.00 -1.99 0.89
130.00| 130.34 118.61 115.60 0.51 1.00 -11.96 -1.96 0.89
131.00| 130.34 118.38 115.48 0.39 1.00 -11.95 -1.93 0.89
132.00| 130.34 118.20 115.32 0.26 1.00 -11.97 -1.91 0.88
133.00| 130.34 118.04 115.16 0.12 1.00 -11.99 -1.88 0.88
134.00| 130.34 117.90 115.94 0.30 1.00 -11.42 -1.90 0.89
135.00| 130.34 117.80 115.92 0.19 1.00 -11.32 -1.89 0.89
CABLES C4
Force (After Force (After _ Force(Elastic _ _ Force(After All
Elem Force Immediate All Loss) Elastic Deform. Loss)/ _ Creep/Shrinkage | Relaxation Loss)/
(tonf) Loss): A (tonf) Loss : B (tonf) | Force(Immediate Loss (tonf) Loss (tonf) Forc_e(After
(tonf) Loss) Immediate Loss)
The Loss of tendon group [L2-V1-C4] at the stage of [CS22]

108.00| 130.34 116.15 117.68 0.18 1.00 -9.64 -1.82 0.90
109.00| 130.34 116.32 117.79 0.22 1.00 -9.58 -1.84 0.90
110.00| 130.34 116.56 117.89 0.27 1.00 -9.52 -1.87 0.90
111.00| 130.34 116.82 117.98 0.31 1.00 -9.48 -1.90 0.91
112.00| 130.34 117.17 118.06 0.35 1.00 -9.46 -1.94 0.91
113.00| 130.34 117.58 118.10 0.40 1.00 -9.46 -1.98 0.91
114.00| 130.34 117.99 118.10 0.44 1.00 -9.49 -2.03 0.91
115.00| 130.34 118.51 118.09 0.48 1.00 -9.54 -2.08 0.91
116.00| 130.34 119.09 118.06 0.52 1.00 -9.60 -2.14 0.91
117.00| 130.34 119.73 118.01 0.55 1.00 -9.67 -2.20 0.91
118.00| 130.34 120.34 117.96 0.58 1.00 -9.74 -2.27 0.91
119.00| 130.34 121.08 117.92 0.59 1.00 -9.79 -2.34 0.90
120.00| 130.34 121.79 117.88 0.60 1.00 -9.83 -2.41 0.90
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121.00| 130.34 120.90 117.92 0.58 1.00 -9.79 -2.32 0.90
122.00| 130.34 120.16 117.96 0.56 1.00 -9.73 -2.25 0.91
123.00| 130.34 119.55 118.00 0.53 1.00 -9.67 -2.18 0.91
124.00| 130.34 118.91 118.02 0.49 1.00 -9.60 -2.12 0.91
125.00| 130.34 118.33 118.05 0.45 1.00 -9.54 -2.06 0.91
126.00| 130.34 117.81 118.06 0.41 1.00 -9.50 -2.01 0.91
127.00| 130.34 117.39 118.06 0.38 1.00 -9.47 -1.96 0.91
128.00| 130.34 116.99 118.04 0.34 1.00 -9.47 -1.92 0.91
129.00| 130.34 116.64 117.97 0.30 1.00 -9.49 -1.88 0.91
130.00| 130.34 116.37 117.89 0.26 1.00 -9.53 -1.85 0.90
131.00| 130.34 116.14 117.80 0.23 1.00 -9.58 -1.83 0.90
132.00| 130.34 115.96 117.71 0.19 1.00 -9.62 -1.80 0.90
133.00| 130.34 115.85 117.64 0.15 1.00 -9.65 -1.79 0.90

3.4.23. ALARGAMIENTO DE CABLES DE POSTENSADO

Se calcularan los alargamientos en los cables luego del tensionamiento, para el calculo de alargamientos se consideran Unicamente las
pérdidas instantaneas, utilizando la expresion:

5 =

PxL
AxE
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Tendon Elongation Element Elongation Summation
Tendon Name Begin End Begin End Begin End
{cm) {cm) (cm) {cm}) {cm) {cm)
L231-C1 19.5509 0.0000 0.0837 0.0000 196347 0.0000
L2102 0.0000 15 4045 0.0000 0.0830 0.0000 19 4877
L2-w1-C3 9.8348 58154 0.0756 0.0751 596504 9.8905
L2-w1-C4 85730 8.5014 0.0325 0.0322 3.6055 8.5336
L22-C1 19.5510 0.0000 0.0837 0.0000 196347 0.0000
L2202 0.0000 15 4045 0.0000 0.0830 0.0000 19 4877
L2203 9.8348 58154 0.0756 0.0751 596504 9.8905
L2W2-C4 85730 35014 0.0325 0.0322 3.6055 8.5336
L233-C1 19.5510 0.0000 0.0837 0.0000 196347 0.0000
L2302 0.0000 19 4045 0.0000 0.0230 0.0000 19 4877
L2303 9.8348 58154 0.0756 0.0751 596504 9.8905
L2-W3-C4 85730 2.5014 0.0325 0.0322 &.6055 8.5336
L24-C1 19.5510 0.0000 0.0837 0.0000 196347 0.0000
L2-wa-C2 0.0000 159.4045 0.0000 0.0830 0.0000 19.4877
L2-w4-C3 9.8348 58154 0.0756 0.0751 596504 9.8905
L2-w4-C4 8.5730 8.5014 0.0325 0.0322 &.6055 8.5336
L25-C1 19.5510 0.0000 0.0837 0.0000 196347 0.0000
L2502 0.0000 15 4045 0.0000 0.0830 0.0000 19 4877
L2503 9.8348 58154 0.0756 0.0751 596504 9.8905
L2-W5-C4 85730 8.5014 0.0325 0.0322 3.6055 8.5336

Figura 185. Alargamientos tedricos de cables de postensado
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3.4.24. REVISION DE CAPACIDAD A FLEXION, CORTANTE Y TORSION

Se verifica la seccién critica en el centro de la luz, es decir a 10.50 m.

8253

Se revisa la capacidad del puente teniendo en cuenta la resistencia a flexion de los cables de postensado, la capacidad del puente se tomd

como:
a
— _Pr
OMy = 8 % Apg * Fps * (dp — L)
Donde:
Aps Area de acero presforzado.

[ps Tensiones efectivas de presfuerzo, calculadas segun el 5.7.3.2.2)

d
P
evaluarse si la seccion estad sometida a un momento positivo o negativo.

a Profundidad del blogue de compresion del concreto, calculada como a, = g * G,
Siendo C la distancia del eje neutro a la fibra extrema a compresion.

Aps * fou + As * fs —A's * f's

= o
O.85*f’c*,8*b+k*Aps*d—p
1. Design Condition
Design Code Element Node(l/J) Section
AASHTO-LRFD2016 121 | Composite

DE 2021 MONTERIA, CORDOBA
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® Section Properties

- Gross section

- Transformed section

Before After Before After
H (mm) 1610.0 1910.0 H | (mm) 1610.0 1910.0
B (mm) 1070.0 2840.0 B | (mm) 1070.0 2840.0
Cap | (mm) 785.2 341.9 Cz | (mm) 809.5 371.0
Cam | (mm) 824.8 1268.1 Czm | (mm) 800.5 1239.0
Czps | (mm) 641.9 Czps | (mm) 671.0
Czms | (mm) 391.9 Czms | (mm) 421.0
As | (mm?) 6.759.E+05 1.256.E+06 Ag | (mm?) 7.219.E+05 1.302.E+06
ly (mm?) 2.234.E+11 5.142.E+11 ly | (mm?4 2.426.E+11 5.572.E+11
St [ (mm3) 2.845.E+08 6.533.E+08 St | (mm?) 2.996.E+08 6.537.E+08
Sb | (mmd) 2.708.E+08 1.762.E+08 Sb | (mm3) 3.030.E+08 1.958.E+08
Sts | (mmd 8.010.E+08 Sts | (mm? 7.662.E+08
Sbs | (mm? 1.312.E+09 Sbs | (mm?d 1.221.E+09
® Materials
- Concrete
it Ec f=0.20Vf" B
(MPa) (Mpa) (Mpa)
Girder 34.474 28091.2 3.083 0.800
Slab 27.579 25125.5 2.758 0.850
* B1is 0.85 in lower f'c 4ksi, the others are 0.85-0.05(f'c-4.0)=0.65
- Prestressing steel Information
‘ No. ‘ Tendon Name | ?ond ‘ 2 ‘ Apsz ‘ Strength (MPa) =
ype (mm) (mm?) foy fou (MPa)
| 1| S_L2-V1-C4 | Bond | 1710.1 | 970.9 | 1676.9 1863.3|  196500.6
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RiO SINU, 402
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S_L2-V1-C3 Bond 1810.1 970.9 1676.9 1863.3 196500.6
S L2-Vi1-C2 Bond 1810.1 970.9 1676.9 1863.3 196500.6
S_L2-V1-C1 Bond 1810.2 970.9 1676.9 1863.3 196500.6
* dp is Distance from extreme compression fiber to centroid of prestressing tendon.
- Longitudinal non prestressed steel reinforcement Information.
Girder Slab Bottom for Flexure Top for Flexure Torsion
Es ‘ fy Es ‘ fy ds ‘ As ds As Al
(MPa) (MPa) (MPa) (MPa) (mm) (mm?2) (mm) (mm?) (mm?)
199948.0 | 4137 199948.0 | 413.7 1139.6| 37097 | 00/ 00| 37007
* ds or d's is Distance from extreme compression fiber to centroid of non prestressing reinforcement.
- Tranverse non prestressed steel reinforcement Information.
’ ‘ ‘ Shear Torsion
Es fy a
(MPa) (MPa) (deg.) (mAnqu) (msm) (mﬁ; 2 : msrtn)
| 199948.0 | 413.7 | 90.0 | 258.1 | 100.0 258.1 | 100.0
* ais angle between longitudinal and stirrup.
m Sectional forces/stresses due to effective prestress
‘ No. ‘ Tendon Name ?;’Sg (n?rpn) AP(Slf(f;:IZ)-dir) Apaieﬁ)-dir) ‘ AP(SIIEN(X.‘::))eP ‘
1 S L2-V1-C4 Bond -1039.1 0.00 1079.32 1121.54
2 S_L2-v1-C3 Bond -1139.1 0.00 1059.62 1207.03
3 S L2-V1-C2 Bond -1139.1 0.00 1060.24 1207.72
4 S L2-V1-C1 Bond -1139.1 0.00 1064.77 1212.89
)2 0.00 4263.95 4749.17
* epis Distance from centroid of section to centroid of tendon
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2.Flexure design for a section

Il Moment Direction : Positive

Code
- The maximum Strength Limit Load Combination :

- The maximum factored moment (My) :

- Method of Calculation :

cLCB1

10684.849  (kNem)

1) Depth of neutral axis to compression face (c).

(see.5.7.3.1)

Strain Stress

Axial force in concrete (compressive zone)
C a=B:LC Ac ac Cc=0.85f'cAc (kN) CC(C-ac) (kN-m)
152.017 129.214 366968.08 64.61 8602.53 751.94

Axial force in reinforcement steels

tensile zone

Ts=Asfs (kN)

compressive zone

2 Asfs(ds-c)

Cs=A'sf's (kN)

ZA'sf's(C-d's) (kN-m)
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| 1534.64

151558 | 0.00 |

0.00

‘No.‘

Axial force in tendons(Bond) by Code

Tendon Name k fps (MPa) Tps=Apsfps (KN) Apsfps(dp-c) (KNem)
1 S_L2-V1-C4 0.280 1816.89 1764.02 2748.57
2 S L2-V1-C3 0.280 1819.45 1766.50 2929.10
3 S_L2-V1-C2 0.280 1819.45 1766.50 2929.10
4 S_L2-V1-C1 0.280 1819.45 1766.50 2929.10
z 7063.53 11535.87
* fps = fpu(1-k c/dp) k = 2(1.04-fpy/fou)
‘ ‘ Compression Force (kN) Tensile Force (kN) Tolerance
¢ (mm)
Ce Cs Ts e (Cm)
| 152.017 | 8602.53 0.00 1534.64 706353|  1.00051
2) Flexural resistance
= Nominal resistance(Mn). (see.5.7.3.2)
Mn = 2 Asfs(ds-C)+Z Apsfps(dp-c)+Ce(C-ac)+ZA'sf's(c-d's) = 13803.39  (kNem)
= Resistance factor(®).
dt = 1860.0 (mm)
€t = 0.003(di/c-1) = 0.03371 : Net tensile strain in the extreme tension steel
) = 1.00 : Tension Controlled Range, 0.005 <g;
= Factored resistance(Mr = ®Mn)
M = 13803.39 (kNem) = My = 10684.85 (kNem) OK

3) Minimum reinforcement
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= Judgement

M = 13803.39 (kNem) <

= Cracking moment.(Mcr)
Mer =

where, Manc
Sc
Sne
Y1
Y2
Y3

fcpe

= Checking minimum reinforcement

y3 [ (y1-fr + y2-fepe) Sc - Manc(Sc/Sne-1) ]

> Aps-fe(x-din / Ag

1.918E+03 (kNem)
4.497E+08 (mmd)
3.030E+08 (mm?)

1.60

1.10

1.00

1.33Mu =

14210.85 (kNem)

(see.5.7.3.3.2)

check mimimum reinforcement

= 8764.89 (kNem)

: Non-Composite dead load moment

(Eq. 5.7.3.3.2-1)

: Composite Section Modulus for extreme fiber

: Non-Composite Section Modulus for extreme fiber

: flexural cracking variability factor

: Prestress variability factor

: Ratio of yield strength to ultimate tensile strength

of the reinforcement

Compressive stress in concrete due to effective prestress only.
+ ZAps'fe(x-dir)'ep/ Sh

= 15.11 (MPa)

Mr = 13803.39 (kNem) > Mer = 8764.89 (kNem) OK
l Moment Direction : Negative
- Method of Calculation : Code
- The maximum Strength Limit Load Combination : cLCB3
- The maximum factored moment (My) : 0.000 (kNem)
1) Depth of neutral axis to compression face (c). (see.5.7.3.1)

Axial force in concrete (compressive zone)
[ a=fic Ac ac Cc=0.85f'cAc (kN) Ce(c-ac) (KNem)
244,346 207.694 147404.62 103.81 3455.49 485.63
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Axial force in reinforcement steels
tensile zone compressive zone
Ts=Asfs (kN) 2 Asfs(ds-C) s=A'sf's  (KN) 2A'sf's(c-d's) (KNem)
1014.19 894.62 454.71 83.06
‘ No ‘ Axial force in tendons(Bond) by Code
Tendon Name k fos (MPa) Tps=Apsfps  (KN) Apsfps(dp-c) (KNem)
1 S L2-V1-C4 0.280 1225.39 1189.73 -52.94
2 S_L2-V1-C3 0.280 586.56 569.49 -82.29
3 S_L2-V1-C2 0.280 586.56 569.49 -82.29
4 S_L2-V1-C1 0.280 586.56 569.49 -82.29
z 2898.22 -299.81
* fps = fou(1-k c/dp) k = 2(1.04-fpy/fou)
‘ ‘ Compression Force (kN) Tensile Force (kN) Tolerance
¢ (mm)
Ce Cs Ts T (CIT)
‘ 244.346 ‘ 3455.49 454.71 1014.19 2898.22 0.99943
2) Flexural resistance
= Nominal resistance(Mn). (see.5.7.3.2)
Mn = 2 Asfs(ds-C)+ZApsfps(dp-C)+Ce(C-ac)+ZA'sf's(c-d's) = 1163.51  (kNem)

= Resistance factor(®).
dt =

& =

® =

1560.0 (mm)
0.003(di/c-1) =
1.00

= Factored resistance(M; = ®Mn)

0.01615
: Tension Controlled Range,

: Net tensile strain in the extreme tension steel
0.005 <g;

CONTRATO No. 1550
DE 2021

ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU,

MONTERIA, CORDOBA

407

8259



- Section type :

CONSORCIO PUENTE SINU FIA

VOLUMEN VIII ESTUDIO Y DISENO DE

ESTRUCTURAS DE PUENTES, OBRAS DE ARTE
Y OTRAS ESTRUCTURAS DE CONTENCION

Fecha: 02-09-2022

-

(see. 5.7.3.3.2)

Mr = 1163.51 (KNem) 2 Mu = 0.00 (kNem)
3) Minimum reinforcement
= Judgement
Mr = 1163.51 (kNem) 2 1.33My = 0.00 (kNem)
No check.
3.Shear design for a section
® Maximum Shear
Nonsegmental-Solid
- The Strength Limit Load Combination : cLCB1
- The factored Shear force : Vu = 148.13 (kN)
- Factored moment : Mu = 10684.85 (kNem)
- Factored axial force : Nu = -4528.74  (kN)
- Resistance factor for shear : () = 0.90
- Component of prestressing force
in direction of the shear force : Vp = T Aps-fe(z-din = 0.00 (kN)
1) Effective depth
4 Jc -+ +—¢C
Neutral
axis
d, d,
T
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by = 220.0 (mm)
d B Apsfpsdp+Asfsds _
) Apsfos+Asfs
Mn
dv = Max [ f
ApsfpstAsfs
= Max [ 1605.4 ,

= 1605.388 (mm)

. Effective web width

2) Maximum spacing for transverse reinforcement (Smax)

= Shear stress on concrete (Vu).

[ Vu - ®Vp |
Vu = =
®bvdy

= Maximum spacing for transverse reinforcement (Smax)

Vo = 0.47 (MPa) <
Smax = Min[0.8dv, 24.0(mm)]
S = 100.0 (mm)

3) Minimum required transverse reinforcement (Av,min)

bvs
0.0316 Vf' =
fy

258.064 (mm?) =

Av,min

Ay =

4) Longitudinal Strain(es)

1670.0 (mm) . Effective depth for Bending
0.9de , 0.72h ] : Effective depth for shear
1503.0 , 1375.2 ]
0.47 (MPa)
(Eq. 5.8.2.9-1)
0.125-fc = 4.31 (MPa)
= 609.6 (mm) (Eq. 5.8.2.7-1)
< Smax OK
25.9 (mm?)
(Eq. 5.8.2.5-1)
Av,min * Defining "OK" or "NG" will be checked in

checking Shear resistance by transverse reinforcement

€s
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(IMul/dv + 0.5Nu + |Vu-Vp|-Apsfpo)

€s = = -0.00047 , 0.0 < &s< 0.006 (Eq. 5.8.3.4.2-4)
EsAs+EpAps
€s = 0.00000
where, |Mu| = Max[Mu, |[Vu-Vpdv ] = Max [ 10684.85 237.80 ]
= 10684.849 (kNem)
fpo = 0.7fpu = 1304.28 (MPa)
5) Component of shear resisted by tensile stresses in concrete (Vc)
= Factor indicating diagonally cracked concrete to transmit tension (B).
B = 48 = 4.800 A 2 A, min
(1+750¢s) (Eq. 5.8.3.4.2-1)
= Nominal shear resistance provide by concrete
Ve = 0.0316B Vf'cbvdy = 825.91 (kN) (Eq. 5.8.3.3-3)
6) Component of shear resisted by transverse reinforcement (Vs)
= Area of transverse reinforcement required (See 5.8.2.4)
0.5P(Vct+Vp) D(VctVp) Vu
371.66 kN 743.32 kN 148.13 kN
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Vu < 0.5 (Vc+Vp)

No shear reinforcing

= Component of shear resisted by transverse reinforcement (Vs)

Av-fy-dv(cotB+cota)sina

Vs =
S

[en]
I}

where,

7) Shear resistance.
= Nominal shear strength
Ve+Vs +Vp =
Vh = 0.25-f'cbvdv+Vp

= Factored shear resistance (V).

29+3500¢s =

3917.82 (kN) >

= 3091.90 (kN)

29.000 (deg.)
90.000

0.25-f'cbvdv + Vp =
= 3043.91 (kN)

Ve = dVn = 2739.52 | (kN) 2 Vu = 148.13 | (kN)
8) Interface Shear
= Nominal interface shear resistance (Vni)
Vhi = C-Acv + P(Av-fy + Pc) = 1120.47 (kN)
The nominal shear resistance, Vni, used in the design shall not be greater than the lesser of:
Vhi < K1-f'c-Acv = 224.86 (kN)
Vhi < K2-Acv = 337.29 (kN)
Vi = 224.86 (kN)
Cohesion and Friction Factors (Case) = Roughened(CIP slab)
where, c = 1.93 (MPa)
M = 1.00
K1 = 0.30
K2 = 1241 (MPa)
Acv = H#H#HH (Mm2)

(Eq. 5.8.3.3-4)
(Eq. 5.8.3.4.2-3)

(Eq. 5.8.3.3.-1)

3043.91 (kN)

OK

(Eq. 5.8.4.1-3)

(Eq. 5.8.4.1-4)
(Eq. 5.8.4.1-5)

(Eq. 5.8.4.3)
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Avt = 2580.64 (mm?)
Fy = 413.69 (MPa)
Pc = 0.42 (kN)
= Factored Interface shear force (Vui) (Eq. 5.8.4.2-2)
Vui = Vu / bvi.dv = 0.06 (kN)
where, Vu = 148.13  (kN)
bui = 1070.00 (mm)
dv = 1605.39 (mm) (kN)
= Factored Interface shear resistance (Vi) (Eq. 5.8.4.1-2)
Vi = Vi = 224.86 (kN) > Vi = 0.06 (kN) OK
where, ® = 10 (Eq. 5.7.2.1)
® Minimum Shear
- Section type : Nonsegmental-Solid
- The Strength Limit Load Combination : cLCB1
- The factored Shear force : Vu = -158.36 (kN)
- Factored moment : Mu = 5947.49 (kNem)
- Factored axial force : Nu = -4612.24 (kN)
- Resistance factor for shear : () = 0.90
- Component of prestressing force
in direction of the shear force : Ve = ZApsfedn = 0.00 (kN)
1) Effective depth
r 4 Jc -+ +—¢C
Neutral
axis
d, d

‘NOS PARA EL TERCER PUENTE SOBRE EL RiO SINU,

MONTERIA, CORDOBA
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by = 220.0 (mm) : Effective web width
Apsfpsdp+Asfsds . .
de = = 1670.0 (mm) : Effective depth for Bending
ApsfpstAsfs
Mn .
d = Max [ , 0.9de , 0.72h ] : Effective depth for shear
Apsfps+AsfS
= Max | 1605.4 1503.0 , 1375.2 ]

= 1605.388 (mm)

2) Maximum spacing for transverse reinforcement (Smax)
= Shear stress on concrete (vu).
[ Vu - ®Vp |

Vu = = 0.50 (MPa)

= Maximum spacing for transverse reinforcement (Smax)

Vu = 0.50 (MPa) < 0.125-fc = 431 (MPa)
Smax = Min[0.8dv, 24.0(mm)] = 609.6 (mm) (Eq. 5.8.2.7-1)
S = 100.0 (mm) < Smax OK
3) Minimum required transverse reinforcement (Av,min)
bvs
Av,min = 0.0316 Vf'c = 25.9 (mm?)
fy (Eq. 5.8.2.5-1)

CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU,
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Av = 258.064 (mm?) = Avmin * Defining "OK" or "NG" will be checked in

checking Shear resistance by transverse reinforcement

4) Longitudinal Strain(es)

r T i T
0.5h
- d\"
Flexural
0.5h tension
side T
Section Longitudinal  Longitudinal
Strains Forces

(IMul/dy + 0.5Nu + [Vu-Vp|-Apsfyo)

€s = = -0.00314 , 0.0 < &s < 0.006 (Eq. 5.8.3.4.2-4)
EsAs+EpAps
€s = 0.00000
where, |Myl = Max[Mu, |Vu-Vpdy ] = Max [ 5947.49 254.23 ]
= 5947.494 (kNem)
fpo = O.7fpu = 130428 (MPa)
5) Component of shear resisted by tensile stresses in concrete (Vc)
= Factor indicating diagonally cracked concrete to transmit tension ((3).
4.8
B = = 4.800 Av 2 Av,min
(1+750¢s) (Eg. 5.8.3.4.2-1)

= Nominal shear resistance provide by concrete
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Ve = 0.0316B Vf'cbvdy = 825.91 (kN) (Eq. 5.8.3.3-3)
6) Component of shear resisted by transverse reinforcement (Vs)
= Area of transverse reinforcement required (See 5.8.2.4)
0.50(Vce+Vp) D(Vct+Vp) Vu
371.66 kN 743.32 kN 158.36 kN
Vu < 0.5P(Vct+Vp) No shear reinforcing
= Component of shear resisted by transverse reinforcement (Vs)
Av-fy-dv(cotB+cota)sina
Vs = = 3091.90 (kN)
S (Eq. 5.8.3.3-4)
where, 6 =  29+3500es = 29.000 (deg.) (Eqg. 5.8.3.4.2-3)
a = 90.000 (deg.)

7) Shear resistance.

= Nominal shear strength (Eq. 5.8.3.3.-1)
Ve +Vs +Vp = 3917.82 (kN) > 0.25-f'cbyvdy + Vp = 3043.91 (kN)
Vn = 0.25-fchvdv+Vp = 3043.91 (kN)
= Factored shear resistance (Vr).
\ = ®dVn = 2739.52 | (kN) > Vu = -158.36 | (kN) OK
8) Interface Shear
= Nominal interface shear resistance (Vni)
Vi = C-Acv + P(AVfy + Pc) = 1120.47 (kN) (Eq. 5.8.4.1-3)
The nominal shear resistance, Vni, used in the design shall not be greater than the lesser of:
Vi < K1-fc-Acv = 224.86 (kN) (Eq. 5.8.4.1-4)
Vi < K2-Acv = 337.29 (kN) (Eq. 5.8.4.1-5)
Vi = 224.86 (kN)
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 415
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Cohesion and Friction Factors (Case)

= Roughened(CIP slab) (Eq. 5.8.4.3)
where, c = 1.93 (MPa)
M = 1.00
K1 = 0.30
K2 = 12.41 (MPa)
Acy = #aas# (mm?)
Avt = 2580.64 (mm?)
Fy = 413.69 (MPa)
Pc = 0.42 (kN)
= Factored Interface shear force (Vui) (Eq. 5.8.4.2-2)
Vui = Vu / bvdv = -0.06 (kN)
where, Vu = -158.36 (kN)
bui = 1070.00 (mm)
dv = 1605.39 (mm) (kN)
= Factored Interface shear resistance (V) (Eq. 5.8.4.1-2)
Vi = PVii = 224.86 (kN) 2 Vi = 0.06 (kN) OK
where, ® = 10 (Eq. 5.7.2.1)
4.Torsional design for a section
H Case of Vmax.
- Section type : Nonsegmental-Solid
- The Strength Limit Load Combination : cLCB1
- The factored Torsional moment : Tu = 30.71 (kNem)
- The factored Shear force : Vu = 148.13 (kN)
- Factored moment : Mu = 10684.85 (kNem)
- Factored axial force : Nu = -4528.74  (kN)
- Resistance factor for shear : O] = 0.90
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 416
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- Component of prestressing force

in direction of the shear force : Vp = 2 Aps-Te(z-din = 0.00 (kN)
1) Notation
{ Ao = Area enclosed by the shear flow path,
including any area of holes therein
= 1.386E+06 (mm?)
pn = Perimeter of the centerline of the
Loy closed tranverse torsion reinforcement.
= 11532.3 (mm)
Acp = Total area enclosed by outside
Perimeter of the concrete section.
= 1.386E+06 (mm?)
pc = The length of the outside perimeter of
concrete section.
= 387.1 (mm)
2) Checking Torsional Effects
= Torsional cracking moment (Ter).
Acp? (Eq. 5.8.2.1-4)
Ta = 0.125-Vf'c )/2) = 625.71  (kNem)
Pe 0.125+f'
where,
Acp?/pc = 160441577 (mm?®)
fpc = Compressive stress in concrete due to effective prestress only.
_ 2 Aps-fe(x-din > Aps-e(x-din - €p- Yioint _ 3.40 gMpa
Ag ly
Tu = 30.71| (kNem) < 0.25@Ter = 140.78 | (KNem) (Eqg. 5.8.2.1-3)
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 417
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. Tu £ 0.250T«, Ignore Torsional Effects.

® Case of Vmin.

- Section type : Nonsegmental-Solid

- The Strength Limit Load Combination : cLCB1
- The factored Torsional moment : Tu = -59.06 (kNem)
- The factored Shear force : Vu = -158.36 (kN)
- Factored moment : Mu = 5947.49 (KNem)
- Factored axial force : Nu = -4612.24 (kN)
- Resistance factor for shear : () = 0.90
- Component of prestressing force
in direction of the shear force : Ve = 2 Aps fe(z-din) = 0.00 (kN)

1) Checking Torsional Effects

= Torsional cracking moment (Ter).

T = 0.125-fe Ao’ ( 1+ e )w2) = 625.71  (kNem) (Fq.58.2.1-4)

Ppc 0.125Vf
where,
Acp2lpc = 160441577 (mmd)
foc = Compressive stress in concrete due to effective prestress only.
_ > Aps-fe(x-dir 2 Aps-fe(x-din-€p-Yjoint - 3.40 (MPa
Ag ly )
Tu = -59.06 | (kNem) < 0.250Te = 140.78 | (kNem) (Eq. 5.8.2.1-3)

. Tu £ 0.250T, Ignore Torsional Effects.
® Case of Tmax.
- Section type : Nonsegmental-Solid
- The Strength Limit Load Combination : cLCB1

CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 418
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- The factored Torsional moment : Tu = -59.06 (kNem)
- The factored Shear force : Vu = -158.36 (kN)

- Factored moment : Mu = 5947.49 (kNem)
- Factored axial force : Nu = -4612.24 (KkN)

- Resistance factor for shear : () = 0.90

- Component of prestressing force

in direction of the shear force : Vp = 2 Aps-fe(z-din = 0.00 (kN)

1) Checking Torsional Effects

= Torsional cracking moment (Ter).

Acp2 fpc (Eq 5821'4)

Ta = 0.125-Vf'c ( 1+ ——— )2 = 625.71  (kNem)

Pe 0.125+f'c
where,
Acp?/pc = 160441577 (mm3)
fpc = Compressive stress in concrete due to effective prestress only.
_ 3 Aps-Te(din .\ 2 Aps-fe(x-dir)-€p-Yjoint - 3.40 (MPa
Ag ly )

Tu = -59.06 | (kNem) < 0.259Ter = 140.78 | (kNem) (Eq. 5.8.2.1-3)

. Tu £ 0.25@Te, Ignore Torsional Effects.

5.Crack check

= Bottom
- The maximum Service Limit Load Combination : cLCB20
- The maximum spacing of steel reinforcement in layer closet to the tension face(Smax) (Eq. 5.7.3.4-1)
700-ye
Smax = ————— - 2dc = 1516.4 (mm) > Suse = 152.5 (mm) OK
Bs-fss
where, dc

= 1.038

S

0.7(h-do)

CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RiO SINU,
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de =
Ye =

50.0
1.00
73.038

(mm)

(MPa)

Exposure factor

Tensile stress in bar at the service limit state

8272

3.4.24.1. VERIFICACION POR MOMENTO FLECTOR
Tabla 24. Verificacion de capacidad de disefio a flexion positiva
Elem zg;ga/vee/ (to'\fllfj’}/m) (toMn:‘:*rm) (toﬂ?ym) (thgrlm% Ratio (Muy/PhiMny) | PhiMny/ min(1.33Muy,Mcr) | CHK
106 Negative -63.90 389.67 359.15 359.15 0.18 4.23 OK
107 Negative 0.00 326.52 326.92 326.92 0.00 larger than 100 OK
108 Negative 0.00 354.48 455.87 455.87 0.00 larger than 100 OK
109 Negative 0.00 280.88 403.43 403.43 0.00 larger than 100 OK
110 Negative 0.00 211.34 353.54 353.54 0.00 larger than 100 OK
111 Negative 0.00 146.31 307.15 307.15 0.00 larger than 100 OK
112 Negative 0.00 86.30 264.86 264.86 0.00 larger than 100 OK
113 Negative 0.00 31.70 227.41 227.41 0.00 larger than 100 OK
114 Negative 0.00 -17.09 195.34 195.34 0.00 larger than 100 OK
115 Negative 0.00 -59.64 168.61 168.61 0.00 larger than 100 OK
116 Negative 0.00 -95.46 148.01 148.01 0.00 larger than 100 OK
117 Negative 0.00 -124.25 133.52 133.52 0.00 larger than 100 OK
118 Negative 0.00 -145.61 124.57 124.57 0.00 larger than 100 OK
119 Negative 0.00 -159.27 120.12 120.12 0.00 larger than 100 OK
120 Negative 0.00 -164.70 118.64 118.64 0.00 larger than 100 OK
121 Negative 0.00 -160.16 120.12 120.12 0.00 larger than 100 OK
122 Negative 0.00 -147.49 124.57 124.57 0.00 larger than 100 OK
123 Negative 0.00 -127.13 133.52 133.52 0.00 larger than 100 OK
124 Negative 0.00 -99.36 148.01 148.01 0.00 larger than 100 OK
125 Negative 0.00 -64.64 168.61 168.61 0.00 larger than 100 OK
126 Negative 0.00 -21.91 195.34 195.34 0.00 larger than 100 OK
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Elem Ilflg;gn/veé (tol\ﬁl]f’ym) (toMn?*rm) (tol\ﬁl]rf]ym) ggr'm% Ratio (Muy/PhiMny) | PhiMny/ min(1.33Muy,Mcr) | CHK
127 Negative 0.00 27.08 227.41 227.41 0.00 larger than 100 OK
128 Negative 0.00 81.91 264.86 264.86 0.00 larger than 100 OK
129 Negative 0.00 142.20 307.15 307.15 0.00 larger than 100 OK
130 Negative 0.00 207.54 353.54 353.54 0.00 larger than 100 OK
131 Negative 0.00 277.46 403.43 403.43 0.00 larger than 100 OK
132 Negative 0.00 351.53 455.87 455.87 0.00 larger than 100 OK
133 Negative 0.00 429.18 510.24 510.24 0.00 larger than 100 OK
134 Negative -67.54 387.81 359.15 359.15 0.19 4.00 OK
135 Negative -192.32 454.36 392.01 392.01 0.49 1.53 OK

1 Positive 0.00 540.55 817.56 817.56 0.00 larger than 100 OK
2 Positive 40.06 568.42 867.77 867.77 0.05 16.29 OK
3 Positive 127.83 596.64 916.12 916.12 0.14 5.39 OK
4 Positive 201.33 624.70 961.70 961.70 0.21 3.59 OK
5 Positive 261.23 651.71 1003.53 1003.53 0.26 2.89 OK
6 Positive 309.97 676.93 1040.69 1040.69 0.30 2.52 OK
7 Positive 347.88 698.42 1072.24 1072.24 0.32 2.32 OK
8 Positive 373.77 716.23 1097.27 1097.27 0.34 2.21 OK
9 Positive 388.32 729.25 1114.84 1114.84 0.35 2.16 OK
10 Positive 391.99 736.75 1124.07 1124.07 0.35 2.16 OK
11 Positive 392.62 736.10 1124.07 1124.07 0.35 2.15 OK
12 Positive 389.73 727.85 1114.84 1114.84 0.35 2.15 OK
13 Positive 375.68 714.30 1097.27 1097.27 0.34 2.20 OK
14 Positive 350.02 696.05 1072.24 1072.24 0.33 2.30 OK
15 Positive 311.90 674.37 1040.69 1040.69 0.30 2,51 OK
16 Positive 261.81 649.90 1003.53 1003.53 0.26 2.88 OK
17 Positive 200.39 623.74 961.70 961.70 0.21 3.61 OK
18 Positive 124.93 596.49 916.12 916.12 0.14 551 OK
19 Positive 34.91 569.00 867.77 867.77 0.04 18.69 OK
20 Positive 0.00 541.82 817.56 817.56 0.00 larger than 100 OK
21 Positive 0.00 515.55 766.47 766.47 0.00 larger than 100 OK
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Elem Ilflg;gn/veé (tol\ﬁl]f’ym) (toMn?*rm) (tol\ﬁl]rf]ym) ggr'm% Ratio (Muy/PhiMny) | PhiMny/ min(1.33Muy,Mcr) | CHK
106 Positive 4.94 533.18 802.25 802.25 0.01 larger than 100 OK
107 Positive 177.16 548.27 837.74 837.74 0.21 3.56 OK
108 Positive 343.80 588.80 944.54 944.54 0.36 2.07 OK
109 Positive 471.12 622.17 1005.31 1005.31 0.47 1.62 OK
110 Positive 585.03 656.06 1064.31 1064.31 0.55 1.62 OK
111 Positive 685.85 690.02 1120.82 1120.82 0.61 1.62 OK
112 Positive 774.12 723.56 1174.16 1174.16 0.66 1.62 OK
113 Positive 850.39 756.26 1223.63 1223.63 0.70 1.62 OK
114 Positive 916.46 787.34 1268.62 1268.62 0.72 1.61 OK
115 Positive 971.09 816.06 1308.43 1308.43 0.74 1.60 OK
116 Positive 1015.11 841.26 1342.42 1342.42 0.76 1.60 OK
117 Positive 1048.65 862.36 1369.98 1369.98 0.77 1.59 OK
118 Positive 1072.06 878.57 1390.42 1390.42 0.77 1.58 OK
119 Positive 1085.33 889.48 1403.15 1403.15 0.77 1.58 OK
120 Positive 1089.33 894.03 1407.55 1407.55 0.77 1.57 OK
121 Positive 1086.98 888.25 1403.15 1403.15 0.77 1.58 OK
122 Positive 1075.55 876.65 1390.42 1390.42 0.77 1.59 OK
123 Positive 1053.72 859.83 1369.98 1369.98 0.77 1.59 OK
124 Positive 1021.71 838.14 1342.42 1342.42 0.76 1.60 OK
125 Positive 979.33 812.63 1308.43 1308.43 0.75 1.61 OK
126 Positive 924.44 784.69 1268.62 1268.62 0.73 1.62 OK
127 Positive 857.51 754.41 1223.63 1223.63 0.70 1.62 OK
128 Positive 780.01 722.47 1174.16 1174.16 0.66 1.63 OK
129 Positive 690.16 689.61 1120.82 1120.82 0.62 1.63 OK
130 Positive 587.40 656.32 1064.31 1064.31 0.55 1.62 OK
131 Positive 471.27 622.98 1005.31 1005.31 0.47 1.61 OK
132 Positive 341.57 589.91 944.54 944.54 0.36 2.08 OK
133 Positive 197.79 557.58 882.83 882.83 0.22 3.36 OK
134 Positive 0.00 534.92 802.25 802.25 0.00 larger than 100 OK
135 Positive 0.00 521.26 766.47 766.47 0.00 larger than 100 OK
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Figura 186. Verificacion de capacidad a disefio de flexion positiva
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157.14

- 0.00
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3.4.24.2. VERIFICACION POR FUERZA CORTANTE
Tabla 25. Verificacion de capacidad de disefio a fuerza cortante
Elem | Max/Min | cHK Vu Mu Vn Phi Ve Vs Vp | Phivn | de | dv | theta beta Avs Ast Al bv Vri Vui Interface
(tonf) | (tonf*m) | (tonf) (tonf) | (tonf) [ (tonf) | (tonf) | (m) | (m) | ([deg]) (m~2) | (m”2) | (m~2) | (m) | (tonf) | (tonf) | Shear(CHK)

106 Max OK |-121.59 | -63.90 |234.50|0.90 | 24.15 | 189.75 | 20.60 | 211.05 | 0.94 | 1.38 | 38.27 | 1.61| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.05 OK
106 Min NG |-186.68 | -44.40 | 160.06 |0.90 | 13.19 | 126.27 | 20.60 | 144.05 | 0.94 | 1.38 | 49.86 | 0.88 | 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.08 OK
107 Max OK |-110.38 | 48.44 |286.27 |0.90 | 72.14 | 270.08 | 20.39 | 257.65 | 1.26 | 1.38 | 29.00 |4.80| 0.00 | 0.00 | 0.00 |0.22| 22.93 | -0.05 OK
107 Min OK | -171.46| 80.49 |286.27|0.90| 72.14 | 270.08 | 20.39 | 257.65 | 1.26 | 1.38 | 29.00 |4.80 | 0.00 0.00 0.00 |0.22 | 22.93 | -0.08 OK
108 Max OK | -82.13 | 158.87 |301.26 | 0.90 | 72.14 | 270.08 | 35.37 | 271.13 | 1.16 | 1.38 | 29.00 |4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.04 OK
108 Min OK |-139.51| 201.91 | 301.26 |0.90| 72.14 | 270.08 | 35.37 | 271.13 | 1.16 | 1.38 | 29.00 | 4.80 | 0.00 0.00 0.00 |0.22 | 22.93 | -0.06 OK
109 Max OK | -71.72 | 233.74 |300.44 | 0.90 | 72.14 | 270.08 | 34.55 | 270.39 | 1.22 | 1.38 | 29.00 |4.80| 0.00 | 0.00 | 0.00 |0.22| 22.93 | -0.03 OK
109 Min OK |-125.51 | 286.33 |300.44 | 0.90 | 72.14 | 270.08 | 34.55 | 270.39 | 1.22 | 1.38 | 29.00 |4.80| 0.00 | 0.00 | 0.00 |0.22| 22.93 | -0.06 OK
110 Max OK | -62.02 | 299.02 |299.18 | 0.90 | 72.14 | 270.08 | 33.29 | 269.26 | 1.29 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.03 OK
110 Min OK |[-112.40 | 359.81 |299.18 | 0.90 | 72.14 | 270.08 | 33.29 | 269.26 | 1.29 | 1.38 | 29.00 |4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.05 OK
111 Max OK | -52.78 | 355.16 |297.68|0.90| 72.14 | 270.08 | 31.80 | 267.91 | 1.35| 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.02 OK
111 Min OK | -99.88 | 422.89 |297.68|0.90 | 72.14 | 270.08 | 31.80 | 267.91 | 1.35 | 1.38 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.04 OK
112 Max OK | -43.30 | 673.82 |295.73|0.90| 72.14 | 270.08 | 29.85 | 266.16 | 1.41 | 1.38 | 29.00 | 4.80 | 0.00 0.00 0.00 |0.22 | 22.93 | -0.02 OK
112 Min OK | -88.18 | 476.07 | 295.73|0.90| 72.14 | 270.08 | 29.85 | 266.16 | 1.41 | 1.38 | 29.00 |4.80 | 0.00 0.00 0.00 |0.22 | 22.93 | -0.04 OK
113 Max OK | -33.94 | 739.27 |298.19 | 0.90 | 73.48 | 275.06 | 27.40 | 268.37 | 1.46 | 1.40 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.01 OK
113 Min OK | -77.25 | 519.70 | 298.19 | 0.90 | 73.48 | 275.06 | 27.40 | 268.37 | 1.46 | 1.40 | 29.00 |4.80 | 0.00 0.00 0.00 |0.22 | 22.93 | -0.03 OK
114 Max OK | -25.01 | 795.11 |305.18 |0.90 | 76.10 | 284.88 | 24.73 | 274.67 | 1.52 | 1.45 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.01 OK
114 Min OK | -66.70 | 554.31 | 305.18 |0.90 | 76.10 | 284.88 | 24.73 | 274.67 | 1.52 | 1.45 | 29.00 |4.80 | 0.00 0.00 0.00 |0.22 | 22.93 | -0.03 OK
115 Max OK | -16.64 | 840.52 |310.70 | 0.90 | 78.42 | 293.57 | 21.69 | 279.63 | 1.56 | 1.49 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.01 OK
115 Min OK | -56.72 | 580.43 |310.70 | 0.90 | 78.42 | 293.57 | 21.69 | 279.63 | 1.56 | 1.49 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93| -0.02 OK
116 Max OK | -9.17 | 876.34 |314.34|0.90 | 80.41 | 301.02 | 18.00 | 282.91 | 1.60 | 1.53 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22|22.93 | 0.00 OK
116 Min OK | -47.50 | 598.90 |314.34|0.90 | 80.41 | 301.02 | 18.00 | 282.91 | 1.60 | 1.53 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.02 OK
117 Max OK | -1.88 | 902.80 |316.44 |0.90 | 82.02 | 307.05 | 14.16 | 284.80 | 1.63 | 1.56 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22|22.93 | 0.00 OK
117 Min OK | -38.43 | 610.14 |316.44 |0.90 | 82.02 | 307.05 | 14.16 | 284.80 | 1.63 | 1.56 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.01 OK
118 Max OK 541 | 1072.06 | 316.65|0.90 | 83.22 | 311.53 | 9.95 | 284.98 | 1.65|1.59 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93| 0.00 OK
118 Min OK | -29.75 | 614.76 |316.65|0.90 | 83.22 | 311.53 | 9.95 | 284.98 | 1.65|1.59 | 29.00 | 4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | -0.01 OK
119 Max OK | 11.99 | 1085.33 | 314.45 | 0.90 | 83.96 | 314.32 | 5.01 | 283.01 | 1.67 | 1.60 | 29.00 |4.80| 0.00 | 0.00 | 0.00 |0.22|22.93 | 0.00 OK
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Sl | MErdin | S (tl’h‘f) (to'rflim) (tggf) i (t:)/gf) (tgﬁf) (t:)/ﬁf) Zrcl)lr\I/]‘r)] (?1?) (?1;/) (EQZ;?) iz (2\@) (rﬁ’s‘tZ) (mAﬂlz) (?7\1,) (t\érnlf) (t\(/)Lrjllf) sLn.at:rr{éEi)
119 | Min | OK | -21.80 | 613.14 |314.45 | 0.90 | 83.96 | 314.32 | 5.01 | 283.01 | 1.67 | 1.60 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | -0.01 OK
120 | Max | OK | 18.70 | 1089.33 | 310.39 | 0.90 | 84.22 | 315.29 | 0.00 | 279.35 | 1.67 | 1.61 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 |22.93 | 0.01 oK
120 | Min | OK | -12.58 | 606.28 |310.39 | 0.90 | 84.22 | 315.29 | 0.00 | 279.35 | 1.67 | 1.61| 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.00 oK
121 | Max | OK | 21.36 | 1086.98 | 314.44 | 0.90 | 83.96 | 314.32 | 5.00 | 283.00 | 1.67 | 1.60 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 |22.93 | 0.01 oK
121 | Min | OK | -9.89 | 614.40 |314.44 | 0.90 | 83.96 | 314.32 | 5.00 | 283.00 | 1.67 | 1.60 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.00 oK
122 | Max | OK | 30.85 | 1075.55 | 316.62 | 0.90 | 83.22 | 311.53 | 9.92 | 284.96 | 1.65 | 1.59 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.01 oK
122 | Min | OK | 2.85 | 617.66 |316.62|0.90 | 83.22 | 311.53 | 9.92 | 284.96 | 1.65 | 1.59 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.00 oK
123 | Max | OK | 39.87 | 1053.72 | 316.40 | 0.90 | 82.02 | 307.05 | 14.11 | 284.76 | 1.63 | 1.56 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.02 oK
123 | Min | OK | 427 | 568.83 |316.40|0.90 | 82.02 | 307.05 | 14.11 | 284.76 | 1.63 | 1.56 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 |22.93 | 0.00 oK
124 | Max | OK | 49.07 | 1021.71 | 314.27 | 0.90 | 80.41 | 301.02 | 17.92 | 282.84 | 1.60 | 1.53 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.02 oK
124 | Min | OK | 11.61 | 561.09 |314.27 | 0.90 | 80.41 | 301.02 | 17.92 | 282.84 | 1.60 | 1.53 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.00 oK
125 | Max | OK | 57.75 | 979.33 | 310.61|0.90 | 78.42 | 293.57 | 21.50 | 279.55 | 1.56 | 1.49 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.02 oK
125 | Min | OK | 1853 | 546.65 |310.61|0.90 | 78.42 | 203.57 | 21.50 | 279.55 | 1.56 | 1.49 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.01 oK
126 | Max | OK | 68.08 | 924.44 | 305.07 | 0.90 | 76.10 | 284.88 | 24.62 | 274.57 | 1.52 | 1.45 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.03 oK
126 | Min | OK | 27.04 | 523.10 |305.07 | 0.90 | 76.10 | 284.88 | 24.62 | 274.57 | 1.52 | 1.45 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.01 oK
127 | Max | OK | 77.93 | 857.51 | 298.07 | 0.90 | 73.48 | 275.06 | 27.28 | 268.26 | 1.46 | 1.40 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.03 oK
127 | Min | OK | 3529 | 490.75 |298.07 | 0.90 | 73.48 | 275.06 | 27.28 | 268.26 | 1.46 | 1.40 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.02 oK
128 | Max | OK | 88.88 | 780.01 | 29561 |0.90 | 72.14 | 270.08 | 29.72 | 266.05 | 1.41 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.04 oK
128 | Min | OK | 4426 | 408.58 | 295.61|0.90 | 72.14 | 270.08 | 29.72 | 266.05 | 1.41 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.02 oK
129 | Max | OK | 100.74 | 690.16 | 297.55]0.90 | 72.14 | 270.08 | 31.67 | 267.80 | 1.35 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.0 oK
129 | Min | OK | 52.90 | 359.80 | 297.55|0.90 | 72.14 | 270.08 | 31.67 | 267.80 | 1.35 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 |22.93 | 0.02 oK
130 | Max | OK | 113.30 | 587.40 | 299.05|0.90 | 72.14 | 270.08 | 33.16 | 269.14 | 1.29 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 |22.93 | 0.05 oK
130 | Min | OK | 62.16 | 302.15 |299.05|0.90 | 72.14 | 270.08 | 33.16 | 269.14 | 1.20 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.03 oK
131 | Max | OK | 126.38 | 471.27 |300.31 | 0.90 | 72.14 | 270.08 | 34.42 | 270.28 | 1.22 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.06 oK
131 | Min | OK | 71.82 | 23527 |300.31 |0.90 | 72.14 | 270.08 | 34.42 | 270.28 | 1.22 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.03 oK
132 | Max | OK | 14020 | 341.57 | 30113 |0.90 | 72.14 | 270.08 | 35.24 | 271.01 | 1.16 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.06 oK
132 | Min | OK | 8212 | 158.79 |301.13 | 0.90 | 72.14 | 270.08 | 35.24 | 271.01 | 1.16 | 1.38 | 29.00 | 4.80 | 0,00 | 0.00 | 0.00 |0.22 | 22.93 | 0.04 oK
133 | Max | OK | 154.74 | 197.79 | 301.58 | 0.0 | 72.14 | 270.08 | 35.69 | 271.42 | 1.09 | 1.38 | 29.00 |4.80 | 0.00 | 0.00 | 0.00 | 022 |22.93 | 0.07 oK
133 | Min | OK | 93.02 | 7214 |301.58 | 0.90 | 72.14 | 270.08 | 35.69 | 271.42 | 1.09 | 1.38 | 29.00 | 4.80 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.04 oK
134 | Max | NG | 187.00 | -2.30 |199.10|0.90 | 18.04 | 160.57 | 20.49 | 179.19 | 0.94 | 1.38 | 43.00 | 1.20 | 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.08 oK
134 | Min | OK | 121.54 | -67.54 | 286.38 | 0.0 | 49.26 | 247.51 | 20.49 | 257.74 | 0.94 | 1.38 | 31.17 |3.28 | 0.00 | 0.00 | 0.00 | 022 |22.93 | 0.05 oK
135 | Max | NG | 202.87 | -192.32 | 184.32 | 0.90 | 16.01 | 147.79 | 20.52 | 165.89 | 1.01 | 1.38 | 45.37 | 1.06 | 0.00 | 0.00 | 0.00 |0.22 | 22.93 | 0.09 oK
135 | Min | OK | 133.00 | -192.32 | 261.56 | 0.90 | 30.41 | 210.63 | 20.52 | 235.41 | 1.01 | 1.38 | 35.40 |2.02| 0.00 | 0.00 | 0.00 | 022 | 22.93 | 0.06 oK
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Figura 187. Verificacion de capacidad a fuerza cortante
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3.4.24.3. VERIFICACION POR CORTANTE Y TORSION COMBINADA

Tabla 26. Verificacion de capacidad de disefio a cortante y torsion combinada

. Vu Mu Tu Vn Tn . . Ve Vs Vp | PhiVn | Phi_tTn | de dv theta bv | bv_min
B || i Phi 1 PRt ony | (tonf) | (tonf) | (tonf) | (ontm) | m) | m) |qdeg]) | P& | m) | (m)

(tonf) | (tonf*m) | (tonf*m) | (tonf) | (tonf*m)
106 | T-Max |-186.68| -44.40 | -23.43 |160.06 | 254.51 | 0.90 | 0.90 | 13.19 | 126.27 | 20.60 | 144.05 | 229.06 | 0.94 | 1.38 | 49.86 | 0.88 | 0.22 0.19 OK
106 V-Max |-121.59 | -63.90 -10.44 |234.50| 382.47 | 0.90 | 0.90 | 24.15|189.75|20.60 | 211.05| 344.22 | 094 | 1.38 | 38.27 | 1.61 | 0.22 0.13 OK
106 V-Min |-186.68 | -44.40 | -23.43 |160.06 | 254.51 | 0.90 | 0.90 | 13.19 | 126.27 | 20.60 | 144.05 | 229.06 | 0.94 | 1.38 | 49.86 | 0.88 | 0.22 0.19 OK
107 T-Max |-122.89 | 177.16 4.14 286.27 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 20.39 | 257.65 | 489.94 | 1.26 | 1.38 | 29.00 | 4.80 | 0.22 0.13 OK
107 | V-Max |-110.38| 48.44 -0.47 |286.27 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 20.39 | 257.65 | 489.94 | 1.26 | 1.38 | 29.00 | 4.80 | 0.22 0.12 OK
107 V-Min |-171.46 | 80.49 -3.96 |286.27 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 20.39 | 257.65 | 489.94 | 1.26 | 1.38 | 29.00 | 4.80 | 0.22 0.17 OK
108 | T-Max | -92.20 | 343.80 10.66 |301.26 | 544.38 | 0.90 | 0.90 | 72.14 |270.08 | 35.37 | 271.13 | 489.94 | 1.16 | 1.38 | 29.00 | 4.80 | 0.22 0.11 OK
108 | V-Max | -82.13 | 158.87 2.86 |301.26| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.37 | 271.13 | 489.94 | 1.16 | 1.38 | 29.00 | 4.80 | 0.22 0.10 OK
108 V-Min |-139.51 | 201.91 2.71 301.26 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.37 | 271.13 | 489.94 | 1.16 | 1.38 | 29.00 | 4.80 | 0.22 0.16 OK
109 | T-Max | -79.48 | 471.12 11.71 |300.44 | 544.38 | 0.90 | 0.90 | 72.14 |270.08 | 34.55 | 270.39 | 489.94 | 1.22 | 1.38 | 29.00 | 4.80 | 0.22 0.10 OK
109 V-Max | -71.72 | 233.74 3.68 300.44 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 34.55 | 270.39 | 489.94 | 1.22 | 1.38 | 29.00 | 4.80 | 0.22 0.09 OK
109 V-Min |-125.51 | 286.33 4.13 |300.44 | 544.38 | 0.90 | 0.90 | 72.14 |270.08 |34.55|270.39| 489.94 | 1.22 | 1.38 | 29.00 | 4.80 | 0.22 0.14 OK
110 | T-Max | -67.63 | 585.03 10.76 |299.18 | 544.38 | 0.90 | 0.90 | 72.14 |270.08 | 33.29 | 269.26 | 489.94 | 1.29 | 1.38 | 29.00 | 4.80 | 0.22 0.09 OK
110 | V-Max | -62.02 | 299.02 3.58 [299.18| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 33.29 | 269.26 | 489.94 | 1.29 | 1.38 | 29.00 | 4.80 | 0.22 0.08 OK
110 V-Min |-112.40 | 359.81 3.28 [299.18| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 33.29 | 269.26 | 489.94 | 1.29 | 1.38 | 29.00 | 4.80 | 0.22 0.13 OK
111 | T-Max | -56.37 | 685.85 9.34 |297.68| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 31.80 | 267.91 | 489.94 | 1.35 | 1.38 | 29.00 | 4.80 | 0.22 0.08 OK
111 | V-Max | -52.78 | 355.16 3.21 |297.68| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 31.80 | 267.91 | 489.94 | 1.35 | 1.38 | 29.00 | 4.80 | 0.22 0.07 OK
111 V-Min -99.88 | 422.89 1.91 297.68 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 31.80 | 267.91 | 489.94 | 1.35| 1.38 | 29.00 | 4.80 | 0.22 0.12 OK
112 | T-Max | -45.84 | 774.12 7.96 |295.73| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 29.85 | 266.16 | 489.94 | 1.41 | 1.38 | 29.00 | 4.80 | 0.22 0.07 OK
112 | V-Max | -43.30 | 673.82 7.19 |295.73| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 29.85 | 266.16 | 489.94 | 1.41 | 1.38 | 29.00 | 4.80 | 0.22 0.06 OK
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Vu Mu Tu Vn Tn Vc Vs Vp | PhiVn | Phi_tTn | de dv theta bv |bv_min

(tonf) | (tonf*m) | (tonf*m) | (tonf) | (tonf*m) (tonf) | (tonf) | (tonf) | (tonf) | (tonf*m) | (m) [ (m) | ([deg]) (m) (m) Cisl

Elem | Max/Min Phi | Phi_t beta

112 V-Min -88.18 | 476.07 0.66 295.73 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 29.85 | 266.16 | 489.94 | 1.41 | 1.38 | 29.00 | 4.80 | 0.22 0.11 OK

113 T-Max | -36.05 | 850.39 6.89 |298.19| 544.38 | 0.90 | 0.90 | 73.48 |275.06 | 27.40 | 268.37 | 489.94 | 1.46 | 1.40 | 29.00 | 4.80 | 0.22 0.05 OK

113 V-Max | -33.94 | 739.27 6.22 298.19 | 544.38 | 0.90 | 0.90 | 73.48 | 275.06 | 27.40 | 268.37 | 489.94 | 1.46 | 1.40 | 29.00 | 4.80 | 0.22 0.05 OK

113 V-Min | -77.25 | 519.70 -0.33 | 298.19 | 544.38 | 0.90 | 0.90 | 73.48 | 275.06 | 27.40 | 268.37 | 489.94 | 1.46 | 1.40 | 29.00 | 4.80 | 0.22 0.09 OK

114 T-Max | -26.66 | 916.46 6.21 305.18 | 544.38 | 0.90 | 0.90 | 76.10 | 284.88 | 24.73 | 274.67 | 489.94 | 1.52 | 1.45 | 29.00 | 4.80 | 0.22 0.04 OK

114 V-Max | -25.01 | 795.11 559 |305.18 | 544.38 | 0.90 | 0.90 | 76.10 |284.88 |24.73 | 274.67 | 489.94 | 1.52 | 1.45 | 29.00 | 4.80 | 0.22 0.04 OK

114 V-Min | -66.70 | 554.31 -1.19 |305.18 | 544.38 | 0.90 | 0.90 | 76.10 | 284.88 | 24.73 | 274.67 | 489.94 | 1.52 | 1.45 | 29.00 | 4.80 | 0.22 0.08 OK

115 T-Max | -17.82 | 971.09 571 310.70 | 544.38 | 0.90 | 0.90 | 78.42 | 293.57 | 21.69 | 279.63 | 489.94 | 1.56 | 1.49 | 29.00 | 4.80 | 0.22 0.03 OK

115 V-Max | -16.64 | 840.52 5.13 |310.70| 544.38 | 0.90 | 0.90 | 78.42 |293.57 | 21.69 | 279.63 | 489.94 | 1.56 | 1.49 | 29.00 | 4.80 | 0.22 0.03 OK

115 V-Min -56.72 | 580.43 -1.84 |310.70| 544.38 | 0.90 | 0.90 | 78.42 | 293.57 | 21.69 | 279.63 | 489.94 | 1.56 | 1.49 | 29.00 | 4.80 | 0.22 0.06 OK

116 T-Max -9.84 | 1015.11 530 |[314.34| 544.38 | 0.90 | 0.90 |80.41 |301.02|18.00 |282.91| 489.94 | 1.60 | 1.53 | 29.00 | 4.80 | 0.22 0.02 OK

116 V-Max -9.17 | 876.34 474 |314.34| 54438 | 0.90 | 0.90 |80.41 |301.02|18.00|282.91| 489.94 |1.60| 1.53 | 29.00 | 4.80 | 0.22 0.02 OK

116 V-Min | -47.50 | 598.90 -2.33 | 314.34| 544.38 | 0.90 | 0.90 |80.41 |301.02|18.00|282.91| 489.94 | 1.60 | 1.53 | 29.00 | 4.80 | 0.22 0.05 OK

117 T-Max -1.99 | 1048.65 492 |316.44| 544.38 | 0.90 | 0.90 | 82.02 | 307.05| 14.16 | 284.80 | 489.94 | 1.63 | 1.56 | 29.00 | 4.80 | 0.22 0.01 OK

117 V-Max -1.88 | 902.80 434 |[316.44| 544.38 | 0.90 | 0.90 |82.02 |307.05|14.16 |284.80 | 489.94 | 1.63 | 1.56 | 29.00 | 4.80 | 0.22 0.01 OK

117 V-Min | -38.43 | 610.14 -2.67 |316.44| 544.38 | 0.90 | 0.90 | 82.02 | 307.05 | 14.16 | 284.80 | 489.94 | 1.63 | 1.56 | 29.00 | 4.80 | 0.22 0.04 OK

118 T-Max 5.41 | 1072.06 453 |[316.65| 544.38 | 0.90 | 0.90 |83.22 |311.53| 9.95 |284.98 | 489.94 | 1.65| 1.59 | 29.00 | 4.80 | 0.22 0.00 OK

118 V-Max 5.41 | 1072.06 453 |316.65| 544.38 | 0.90 | 0.90 | 83.22 | 311.53| 9.95 | 284.98 | 489.94 | 1.65| 1.59 | 29.00 | 4.80 | 0.22 0.00 OK

118 V-Min | -29.75 | 614.76 -3.19 |316.65| 544.38 | 0.90 | 0.90 | 83.22 | 311.53 | 9.95 |284.98 | 489.94 | 1.65| 1.59 | 29.00 | 4.80 | 0.22 0.03 OK

119 T-Max 11.99 | 1085.33 450 |[314.45| 544.38 | 0.90 | 0.90 |83.96 |314.32| 5.01 | 283.01 | 489.94 |1.67 | 1.60 | 29.00 | 4.80 | 0.22 0.01 OK

119 V-Max 11.99 | 1085.33 450 [314.45| 544.38 | 0.90 | 0.90 | 83.96 |314.32| 5.01 |283.01| 489.94 | 1.67 | 1.60 | 29.00 | 4.80 | 0.22 0.01 OK

119 V-Min -21.80 | 613.14 -3.74 |314.45| 54438 | 0.90 | 0.90 |83.96 |314.32| 5.01 |283.01 | 489.94 | 1.67 | 1.60 | 29.00 | 4.80 | 0.22 0.02 OK

120 T-Max | -12.58 | 606.28 -4.78 |310.39 | 544.38 | 0.90 | 0.90 | 84.22 | 315.29 | 0.00 |279.35| 489.94 | 1.67 | 1.61 | 29.00 | 4.80 | 0.22 0.01 OK

120 V-Max 18.70 | 1089.33 4.40 |310.39| 544.38 | 0.90 | 0.90 | 84.22 | 315.29| 0.00 |279.35| 489.94 | 1.67 | 1.61 | 29.00 | 4.80 | 0.22 0.01 OK

120 V-Min -12.58 | 606.28 -4.78 |310.39| 544.38 | 0.90 | 0.90 |84.22 |315.29 | 0.00 | 279.35| 489.94 | 1.67 | 1.61 | 29.00 | 4.80 | 0.22 0.01 OK

121 T-Max -9.89 | 614.40 -4.68 |314.44| 54438 | 0.90 | 0.90 | 83.96 | 314.32 | 5.00 |283.00 | 489.94 | 1.67 | 1.60 | 29.00 | 4.80 | 0.22 0.01 OK

121 V-Max | 21.36 | 1086.98 447 |314.44| 544.38 | 0.90 | 0.90 |83.96 |314.32| 5.00 | 283.00 | 489.94 |1.67 | 1.60 | 29.00 | 4.80 | 0.22 0.01 OK

121 V-Min -9.89 | 614.40 -4.68 |314.44| 54438 | 0.90 | 0.90 | 83.96 | 314.32 | 5.00 |283.00 | 489.94 | 1.67 | 1.60 | 29.00 | 4.80 | 0.22 0.01 OK

122 T-Max 30.85 | 1075.55 448 |[316.62| 544.38 | 0.90 | 0.90 |83.22 |311.53| 9.92 | 284.96| 489.94 | 1.65| 1.59 | 29.00 | 4.80 | 0.22 0.02 OK

CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU,

DE 2021 MONTERIA, CORDOBA 428




8281

VOLUMEN VIII ESTUDIO Y DISENO DE
CONSORCIO PUENTE SINU FIA | ESTRUCTURAS DE PUENTES, OBRAS DE ARTE | Fecha: 02-09-2022
Y OTRAS ESTRUCTURAS DE CONTENCION

Vu Mu Tu Vn Tn Vc Vs Vp | PhiVn | Phi_tTn | de dv theta bv |bv_min

Elem | MaxMin | 506 | (tonf*m) | (tonfm) | (tonf) | (tonf*m) (tonf) | (tonf) | (tonf) | (tonf) | (tonf*m) | (m) | (m) | ([deg]) (m) | (m)

Phi | Phi_t beta CHK

122 V-Max 30.85 | 1075.55 4.48 316.62 | 544.38 | 0.90 | 0.90 | 83.22 | 311.53 | 9.92 |284.96 | 489.94 | 1.65| 1.59 | 29.00 | 4.80 | 0.22 0.02 OK

122 V-Min -2.85 | 617.66 -3.72 |316.62 | 544.38 | 0.90 | 0.90 | 83.22 | 311.53 | 9.92 |284.96| 489.94 | 1.65| 1.59 | 29.00 | 4.80 | 0.22 0.01 OK

123 T-Max 39.87 | 1053.72 6.98 316.40 | 544.38 | 0.90 | 0.90 | 82.02 | 307.05|14.11 | 284.76 | 489.94 | 1.63 | 1.56 | 29.00 | 4.80 | 0.22 0.02 OK

123 V-Max | 39.87 | 1053.72 6.98 |316.40| 544.38 | 0.90 | 0.90 |82.02 |307.05|14.11 |284.76 | 489.94 | 1.63 | 1.56 | 29.00 | 4.80 | 0.22 0.02 OK

123 V-Min 4.27 568.83 -0.21 |316.40| 544.38 | 0.90 | 0.90 | 82.02 | 307.05 | 14.11 | 284.76 | 489.94 | 1.63 | 1.56 | 29.00 | 4.80 | 0.22 0.01 OK

124 T-Max | 49.07 | 1021.71 | 13.96 |314.27| 544.38 | 0.90 | 0.90 | 80.41 | 301.02 | 17.92 | 282.84 | 489.94 | 1.60 | 1.53 | 29.00 | 4.80 | 0.22 0.03 OK

124 V-Max | 49.07 | 1021.71 | 13.96 |314.27| 544.38 | 0.90 | 0.90 | 80.41 |301.02|17.92 |282.84 | 489.94 | 1.60 | 1.53 | 29.00 | 4.80 | 0.22 0.03 OK

124 V-Min 11.61 | 561.09 6.81 314.27 | 544.38 | 0.90 | 0.90 | 80.41 |301.02 | 17.92 | 282.84 | 489.94 | 1.60 | 1.53 | 29.00 | 4.80 | 0.22 0.00 OK

125 T-Max 57.75 | 979.33 32.94 |310.61| 544.38 | 0.90 | 0.90 | 78.42 |293.57 | 21.59 | 279.55| 489.94 | 1.56 | 1.49 | 29.00 | 4.80 | 0.22 0.03 OK

125 V-Max | 57.75 | 979.33 32.94 |310.61 | 544.38 | 0.90 | 0.90 | 78.42 | 293.57 | 21.59 | 279.55| 489.94 | 1.56 | 1.49 | 29.00 | 4.80 | 0.22 0.03 OK

125 V-Min 18.53 | 546.65 25.82 |310.61| 544.38 | 0.90 | 0.90 | 78.42 | 293.57 | 21.59 | 279.55 | 489.94 | 1.56 | 1.49 | 29.00 | 4.80 | 0.22 0.00 OK

126 T-Max 29.23 | 561.66 | -34.00 |305.07 | 544.38 | 0.90 | 0.90 | 76.10 | 284.88 | 24.62 | 274.57 | 489.94 | 1.52 | 1.45 | 29.00 | 4.80 | 0.22 0.01 OK

126 V-Max 68.08 | 924.44 | -26.44 |305.07 | 544.38 | 0.90 | 0.90 | 76.10 | 284.88 | 24.62 | 274.57 | 489.94 | 1.52 | 1.45 | 29.00 | 4.80 | 0.22 0.04 OK

126 V-Min 27.04 | 523.10 | -33.58 |305.07 | 544.38 | 0.90 | 0.90 | 76.10 | 284.88 | 24.62 | 274.57 | 489.94 | 1.52 | 1.45 | 29.00 | 4.80 | 0.22 0.00 OK

127 T-Max 37.95 | 526.22 | -15.31 |298.07 | 544.38 | 0.90 | 0.90 | 73.48 | 275.06 | 27.28 | 268.26 | 489.94 | 1.46 | 1.40 | 29.00 | 4.80 | 0.22 0.01 OK

127 V-Max | 77.93 | 857.51 -7.91 |298.07 | 544.38 | 0.90 | 0.90 | 73.48 | 275.06 | 27.28 | 268.26 | 489.94 | 1.46 | 1.40 | 29.00 | 4.80 | 0.22 0.05 OK

127 V-Min 35.29 | 490.75 | -14.83 |298.07 | 544.38 | 0.90 | 0.90 | 73.48 | 275.06 | 27.28 | 268.26 | 489.94 | 1.46 | 1.40 | 29.00 | 4.80 | 0.22 0.01 OK

128 T-Max | 47.75 | 481.36 -8.66 |295.61| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 29.72 | 266.05 | 489.94 | 1.41 | 1.38 | 29.00 | 4.80 | 0.22 0.02 OK

128 V-Max | 88.88 | 780.01 -1.43 | 295.61| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 29.72 | 266.05 | 489.94 | 1.41| 1.38 | 29.00 | 4.80 | 0.22 0.06 OK

128 V-Min 44.26 | 408.58 -3.53 |295.61| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 29.72 | 266.05 | 489.94 | 1.41| 1.38 | 29.00 | 4.80 | 0.22 0.02 OK

129 T-Max 58.47 | 426.59 -6.93 | 297.55| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 31.67 | 267.80 | 489.94 | 1.35| 1.38 | 29.00 | 4.80 | 0.22 0.03 OK

129 V-Max | 100.74 | 690.16 0.38 297.55| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 31.67 | 267.80 | 489.94 | 1.35 | 1.38 | 29.00 | 4.80 | 0.22 0.07 OK

129 V-Min 52.90 | 359.80 -2.40 |297.55| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 31.67 | 267.80 | 489.94 | 1.35| 1.38 | 29.00 | 4.80 | 0.22 0.02 OK

130 T-Max 69.87 | 361.55 -7.37 |299.05| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 33.16 | 269.14 | 489.94 | 1.29 | 1.38 | 29.00 | 4.80 | 0.22 0.04 OK

130 V-Max | 113.30 | 587.40 0.07 |299.05| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 33.16 | 269.14 | 489.94 | 1.29 | 1.38 | 29.00 | 4.80 | 0.22 0.08 OK

130 V-Min 62.16 | 302.15 -2.30 | 299.05| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 33.16 | 269.14 | 489.94 | 1.29 | 1.38 | 29.00 | 4.80 | 0.22 0.03 OK

131 T-Max 81.71 | 285.85 -8.64 |300.31| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 34.42 | 270.28 | 489.94 | 1.22 | 1.38 | 29.00 | 4.80 | 0.22 0.05 OK

131 V-Max | 126.38 | 471.27 -1.13 | 300.31| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 34.42 | 270.28 | 489.94 | 1.22 | 1.38 | 29.00 | 4.80 | 0.22 0.09 OK

131 V-Min 71.82 | 235.27 -2.59 |300.31| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 34.42 | 270.28 | 489.94 | 1.22 | 1.38 | 29.00 | 4.80 | 0.22 0.04 OK
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Vu Mu Tu Vn Tn Vc Vs Vp | PhiVn | Phi_tTn | de dv theta bv |bv_min

(tonf) | (tonf*m) | (tonf*m) | (tonf) | (tonf*m) (tonf) | (tonf) | (tonf) | (tonf) | (tonf*m) | (m) [ (m) | ([deg]) izl (m) (m) Cisl

Elem | Max/Min Phi | Phi_t

132 T-Max 94.26 | 199.06 -9.74 | 301.13| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.24 | 271.01 | 489.94 | 1.16 | 1.38 | 29.00 | 4.80 | 0.22 0.06 OK

132 V-Max | 140.20 | 341.57 -2.13 | 301.13 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.24 | 271.01 | 489.94 | 1.16 | 1.38 | 29.00 | 4.80 | 0.22 0.10 OK

132 V-Min 82.12 | 158.79 -2.77 | 301.13| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.24 | 271.01 | 489.94 | 1.16 | 1.38 | 29.00 | 4.80 | 0.22 0.05 OK

133 T-Max | 107.53 | 100.55 -8.93 |301.58 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.69 | 271.42 | 489.94 | 1.09 | 1.38 | 29.00 | 4.80 | 0.22 0.07 OK

133 V-Max | 154.74 | 197.79 -0.94 | 301.58| 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.69 | 271.42 | 489.94 | 1.09 | 1.38 | 29.00 | 4.80 | 0.22 0.11 OK

133 V-Min 93.02 72.14 -2.07 |301.58 | 544.38 | 0.90 | 0.90 | 72.14 | 270.08 | 35.69 | 271.42 | 489.94 | 1.09 | 1.38 | 29.00 | 4.80 | 0.22 0.06 OK

134 T-Max | 187.00 | -2.30 5.48 199.10 | 323.65 | 0.90 | 0.90 | 18.04 | 160.57 | 20.49 | 179.19 | 291.28 | 0.94 | 1.38 | 43.00 | 1.20 | 0.22 0.16 OK

134 V-Max | 187.00 | -2.30 5.48 199.10 | 323.65 | 0.90 | 0.90 | 18.04 | 160.57 | 20.49 | 179.19 | 291.28 | 0.94 | 1.38 | 43.00 | 1.20 | 0.22 0.16 OK

134 V-Min | 121.54 | -67.54 1.13 |286.38 | 498.88 | 0.90 | 0.90 | 49.26 | 247.51 | 20.49 | 257.74 | 448.99 | 0.94 | 1.38 | 31.17 | 3.28 | 0.22 0.09 OK

135 T-Max | 202.87 | -192.32 | 24.66 |184.32| 297.90 | 0.90 | 0.90 | 16.01 | 147.79 | 20.52 | 165.89 | 268.11 | 1.01 | 1.38 | 45.37 | 1.06 | 0.22 0.17 OK

135 V-Max | 202.87 | -192.32 | 24.66 |184.32| 297.90 | 0.90 | 0.90 | 16.01 |147.79|20.52 |165.89 | 268.11 | 1.01 | 1.38 | 45.37 | 1.06 | 0.22 0.17 OK

135 V-Min | 133.00 | -192.32 10.96 |261.56| 424.55 | 0.90 | 0.90 | 30.41 | 210.63 |20.52 |235.41| 382.10 [ 1.01| 1.38 | 3540 | 2.02 | 0.22 0.11 OK
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Figura 188. Verificacion de capacidad de torsién por fuerza cortante (Vmx)
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N . MIDRS/Civil

7 PostCs = | POST-PROCESSOR
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445.40

400.28

356.32
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- 29.08
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Figura 189. Verificacion de capacidad de torsion combinada (Tmx)
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CONSORCIO PUENTE SINU FIA Fecha: 02-09-2022

3.4.24.4, VERIFICACION POR ANCHO DE FISURA POR CARGAS DE SERVICIO
Elem | Top/Bottom (kgf/f:-lr—n"Z) (kgf/Fc?n"Z) (kgfjiil"Z) S(?:L;f)e S_max (cm) CHK
106 | Bottom 2.75 -10.47 72.03 15.25 1661.35 OK
107 | Bottom 5.33 -20.54 141.40 15.25 841.40 OK
108 | Bottom 7.81 -30.17 207.64 15.25 569.78 OK
109 | Bottom 10.16 -39.29 270.45 15.25 435.12 OK
110 | Bottom 12.36 -47.90 329.73 15.25 355.10 OK
111 | Bottom 14.42 -55.94 385.05 15.25 302.65 OK
112 | Bottom 16.32 -63.42 436.52 15.25 265.78 OK
113 | Bottom 18.07 -70.38 484.50 15.25 238.47 OK
114 | Bottom 19.72 -77.12 530.90 15.25 216.76 OK
115| Bottom 21.15 -83.27 573.28 15.25 199.99 OK
116 | Bottom 22.31 -88.86 611.79 15.25 186.77 OK
117 | Bottom 23.08 -93.90 646.58 15.25 176.19 OK
118 | Bottom 22.76 -98.79 680.56 15.25 166.89 OK
119| Bottom 21.36 -103.43 712.94 15.25 158.86 OK
120 | Bottom 18.63 -107.94 144.74 15.25 151.65 OK
121 | Bottom 21.54 -103.41 712.75 15.25 158.90 OK
122 | Bottom 23.00 -08.78 680.44 15.25 166.92 OK
123 | Bottom 23.18 -94.00 647.24 15.25 176.00 OK
124 | Bottom 22.34 -89.01 612.84 15.25 186.44 OK
125| Bottom 21.16 -83.44 574.40 15.25 199.58 OK
126 | Bottom 19.71 -77.29 532.10 15.25 216.25 OK
127 | Bottom 18.04 -70.56 485.75 15.25 237.84 OK
128 | Bottom 16.26 -63.62 437.92 15.25 264.90 OK
129 | Bottom 14.33 -56.17 386.64 15.25 301.36 OK
130 | Bottom 12.24 -48.15 331.50 15.25 353.15 OK
131 | Bottom 10.00 -39.57 272.40 15.25 431.94 OK
132 | Bottom 7.64 -30.44 209.59 15.25 564.38 OK
133 | Bottom 5.17 -20.81 143.26 15.25 830.32 OK
134 | Bottom 2.63 -10.79 74.29 15.25 1610.53 OK
135| Bottom 0.00 0.00 0.00 15.25 [639745508.49 | OK
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3.4.25. DISENO DEL TABLERO

3.4.25.1. ANCHO DE FRANJA EQUIVALENTE

Para el disefio del tablero se utilizo el método de andlisis aproximado de las franjas, tal como
se especifica en el numeral 4.6.2.1.1, en donde el tablero de subdivide en franjas
perpendiculares a la direccion del trafico

Se tomara una porcion equivalente de tablero como muestra representativa para el disefio del
tablero, por tanto, el ancho de franja equivalente se determind con base a la tabla 4.6.2.1.3-1
de la CCP-14, que para el tablero de concreto vaciado en sitio se tiene lo siguiente:

Momento Positivo (+M): S;M* =0.66+0.55%S =0.66m + 0.552.84m =
2.22m

Momento Negativo (—M): S;M~ =122+0.25%S5 =122m+ 0.25* 2.84m =
1.93m

Nota: para las franjas de disefio perpendiculares a la direccion del trafico no existe limites
en el ancho de la franja.
El disefio estructural del tablero aplica para los dos tramos, de luz de 21.0m y luz de 30.0m

3.4.25.2. FACTOR DE PRESENCIA MULTIPLE

La fuerza de carga viva para el disefio se determin6 considerando las combinaciones posibles
del numero de carriles cargados afectados por un factor correspondiente de presencia
multiple, el cual tiene en cuenta la probabilidad de ocupacion simultanea de los carriles de
carga por la carga viva CC-14 completa. Se presenta los factores de presencia mdltiple
empleados con base a la tabla 3.6.1.1.2-1 de la CCP-14.

e Fpm=120 Un (1) carril cargado
e Fpm=1.00 dos (2) carriles cargados
3.4.25.3. CARGAS VIVAS APLICADAS

Para estudiar la influencia tanto para momento positivo como negativo de la carga viva en el
tablero, se evaluaron los esfuerzos causados por uno (1) y dos (2) camiones y actuando
simultaneamente con uno (1) y dos (2) carriles, tal como se muestra a continuacion:

La carga de camion por metro de tablero para uno (1) y dos (2) carriles cargados esta dado
por:

Momento Positivo
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_ EcFm(1+IM)  80kN* 1.2+ (1+033) _ . 51k_N
! SM+ 2.22m Tm
EcFym(1+1IM) 80 kN = 1.0 * (1+ 0.33) kN
b= = 2.22m = 4792
Momento Negativo
_ EcFm(1+IM)  80kN* 1.2+ (1+033) _ 66 15k_N
! SM+ 1.93m m
b Echom(1+1M) 80 kN+ 1.0+ (1+0.33) . 13k_N
2 Sy M+ 1.93m m

La carga de carril por metro de tablero para uno (1) y dos (2) carriles cargados esta dado por:

W-E 10.3 k—N* 1.2 kN

We = —2 = m =412 —
3.0 3.00m m?

W-E 10.3 k—N* 1.0 kN

We, = —2% = m =344 —
3.0 3.00m m?

Se tomaran las condiciones mas desfavorables para el disefio del tablero, es decir, la
condicion para momento negativo con un carril

3.4.25.4. MODELO ESTRUCTURAL

Se model6 el tablero estructural en| MIDAS CIVIL como un elemento de ancho unitario y
espesor 0.25 m correspondiente al espesor seleccionado del tablero, los apoyos del tablero se
consideraron como articulaciones en las vigas longitudinales, tal como se muestra a
continuacion.

Figura 190. Modelo del tablero en MIDAS CIVIL
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Section ID . Solid Rectangle -

Mame | viga transversal | (®) User (DB AISC10(US)
Sect. Mame
——E—
T Built-Up Section
H
L AISC10{US)
H 0.25

Figura 191. Seccion transversal del modelo del tablero

CARGAS APLICADAS

Carga Muerta

= Self Weight Factor
|SEhc Weight j J Load Case | X | Y | Z | Group
Wt

* gty CARGAMUE... 0 0 -1 Default
Load Case Name
CARGA MUERTA i Z 4
Load Group Name w ' gt

4 T b

Default hd X

Figura 192. Asignacion de la carga muerta en el modelo del tablero

CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU,
DE 2021 MONTERIA, CORDOBA

436




8289

CONSORCIO PUENTE SINU FIA

VOLUMEN VIII ESTUDIO Y DISENO DE
ESTRUCTURAS DE PUENTES, OBRAS DE ARTE
Y OTRAS ESTRUCTURAS DE CONTENCION

Fecha: 02-09-2022

Bordillo: 0.15 t/m

Wi
_
<

Figura 193. Asignacion de la carga de bordillo en el modelo del tablero

DE 2021
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Fecha: 02-09-2022

Baranda: 0.10 t/m

=
—_
[}

Figura 194. Asignacion de la carga de baranda en el modelo del tablero

DE 2021
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New Jersey: 0.10 t/m

La carga de barrera New Jersey se aplica a 0.55 m del eje de la viga externa izquierda y a
0.58m del eje de la viga interna

v
o
=

Figura 195. Asignacion de la carga de New Jersey en el modelo del tablero
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Andén:

Andén derecho: (1.60m + 2.60m + 0.30m) * 0.22m * 2.40 ton/m3 = 2.40 ton/m
Andén izquierdo: 1.60m * 0.22m * 2.40 ton/m3 = 0.85 ton/m

Para el andén derecho, se tiene un ancho de pasarela de 4.50m y espesor de 0.22m; se aplica
como carga distribuida con una excentricidad de 0.98m medidas desde el eje de la viga
externa derecha del puente.

Para el andén izquierdo, se tiene un ancho de pasarela de 1.60m y espesor de 0.22m; se aplica
como carga distribuida con una excentricidad de 0.47m medidas desde el eje de la viga
externa izquierda del puente.

Figura 196. Asignacion de la carga de andén en el modelo del tablero
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Pavimento:

Espesor pavimento méas repavimentacion e=0.075m
Ancho de doble calzada 7.0m
Densidad pavimento ypav = 2.25 ton/m3

DW =0.075m * 7.0m * 2.25 ton/m3 = 1.20 ton/m

La carga de pavimento se aplica sobre dos vigas internas, es decir:

DW = 1.20 ton/m / 2 vigas = 0.60 ton/m por cada viga

Figura 197. Asignacion de la carga de pavimento en el modelo del tablero
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Peatonal:
Es decir, la carga aplicada es de 90 libras por pie cuadrado (1 psf es equivalente a 0.0478803
kPa) aproximadamente 4.40 kN/m? (0.45 ton/m2), con el fin de calcular los efectos

torsionales producidos por la carga parcial de la pasarela, la carga viva peatonal y ciclo-ruta
estd determinada por

PL=04501/ ,x160m =075 L1/,

La carga peatonal del costado izquierdo, se aplica con una excentricidad de 0.47m

PL=045%01/ ,%450m = 2.05 L0/,

La carga peatonal del costado derecho, se aplica con una excentricidad de 0.98m

)
r
=

Figura 198. Asignacion de la carga de peatonal en el modelo del tablero
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Carga Viva

Se gener0 un Lane Transversal para cargar el eje trasero del camién de disefio

Figura 199. Lane Transversal para la carga viva en el modelo del tablero

Eje Camion:
Vehicular Load Properties Vehicular Load Properties
Vehicular Load Mame : | pos | Vehicular Load Mame : | neg |
oML ] Y2 __. oML, Voo, (R T V2., R S Voo _.
P PP P P PLPP P PP P PP P
: l::l l: :[ I::] l: :l l::l ]: :l l::] l:
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 m 1 1 1 1 1 1 1 1 m 1 1 1 1
1 1 1 1 i 1 1 1 1 1 1 1 1 0 1 1 1 1
IDe Dw Dv Dw De| Mw IDe Dw Dv Dw De| Mw
) Ml i : MI '
——— w heion)
Distribution Width m Distribution Width m
Longitudinal Width m Longitudinal Width m
Max. Mumber of Lanes {n) 1 S Max. Mumber of Lanes {n) 1 o
Distance between Wheels (Dw) m Distance between Wheels (Dw) m
Min. Distance between Vehide ([Dv) m Min. Distance between Vehide ([Dv) m
Edge Distance of Wheel Loads (De) m Edge Distance of Wheel Loads (De) m

Figura 200. Carga viva de 1 carril para momento positivo y negativo
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3.4.255. SOLICITACIONES DE DISENO MOMENTO POSITIVO Y NEGATIVO
Se presentan los momentos ultimos de los respectivos modelos estructurales del tablero.

MIDAS/Civil
! Base Ak POST-PROCESSOR
T T 0ST-FROCESSO
BEAM DIAGRAM
MOMENT-y, z
5.66
4.67
3.67

2.63

1.69

0.69

‘ J 0.00

— ) Ll “1-30

-2.2%

-3.29
-4.28
-5.27

CBALL: MEG

MRX : 107
MIN : 103
FILE: PUENTIE 5I~
UNIT: tonf*m
Figura 201. Momentos maximos positivo y negativo
MOMENTOS DE DISENO
M* =566t.m
M~ =527t.m
CONTRATO No. 1550 | ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 44
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1. Design Information

Design Code D AASHTO-LRFDI1G

Unit System : tonf, m

Material Data : fo= 281228, fy =421842 fys=421842 tonfim*2
Beam Span 14535 m

Section Property : vigatransversal (Mo : 2)

2. Section Diagram

" EMCH] . 1 | . |
. .

TOP1 10-25, TOP1 : 10- 25, TOP1 : 1025,

TOPEZ TOPZ TOFZ :

BOT 1025, BOT @ 10- 25, BOTH : 10- 25,

BOTZ: BOTZ: BOTZ:

ETIRFUFZ | 2.0~ 100 STIRFLUFE [ Z.0-z4 100 ETRFUFE 2.0~ 100

3. Bending Moment Capacity

END-1 MID EMND-J
Megative Moment (hu) 527 4.33 527
(-} Load Combination Ma. 2- 2- 2-
Factored Strength (Mr) 14.58 14.58 14.58
Check Ratio (Mu/Mr) 0.3618 0.2671 0.3618
Positive Moment (Mu) 3.63 5.66 3.63
{+) Load Combination MNo. 2+ 2+ 2+
Factored Strength (Mr) 13.82 13.82 13.82
Check Ratio (Mu/Mr) 0.2629 0.4098 0.2629
Using Rebar Top (As_top) 0.0020 0.0020 0.0020
Using Rebar Bot (As_bot) 0.0020 0.0020 0.0020

CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 445
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4. Shear Capacity

DE 2021

END-I MID EMND-J

Load Combination No. 2- 2- 2+

Factored Shear Force (Vu) 17.47 15.80 16,94

Shear Strength by Conc.(PhiV) 20.23 2286 21.57

Shear Strength by Rebar.(PhiVs) 2019 30.31 2870

Using Shear Reinf. (4v) 0.0001 0.0001 0.0001

Using Stirrups Spacing 204 @100 204 @100 204 @100
Check Ratio 0.3536 0.2971 0.3370

5. Torsion Capacity
END-I MID EMND-J
Load Combination No. 2+ 2+ 2+
Factored Torsion (Tu) 0.00 0.00 0.00
Torsion Resistance (Tn) 27.64 27.64 2725
Fequired Stirrups Spacing 0.00 0.00 0.00
Check Ratio 0.0000 0.0000 0.0000
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 446
MONTERIA, CORDOBA
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MIDAS/Civil - RC-Beam Checking [ ARSHTO-LRFD1& ] Ciwvil 2014

¥ MIDLS/Ciwvil - RC-BEAM Analysis/Design Program.

¥, PROJECT :
*,DESIGN CODE : RRSHTO-LRFD1&, ¥, UNIT SYSTEM : tonf, ©m
¥ . MEMBER : Member Type = BELM, MEME = 101
¥ DESCRIPTION OF BERM DATA (iSEC = 2) : wviga transversal
Secticn Iyvpe : BRectangle (RECT)
Beam Length (Span) = 0.450 m.
Section Depth (Hc) = 0.250 m.
Section Width (Bc) = 1.000 m.
Concrete Strength (fc") = 2812.279 tonf/m"2.
Main Bekar Strength (£y) = 421584.188 tonf/m"2.

42154.188 tonf/m"3.
20335024.157 tonf/m*3.

Stirrups Strength (£ys)
Modulus of Elasticity (Es)

*.FORCES AND MOMENTS AT CHECE POINT <I>

Positive Bending Moment P-Mu = 0.52 tonf-m., LCB = 2+
Negative Bending Moment H-Mu = 5.27 tonf-m., LCB = 2-
Shear Force Vua = 17.47 tonf. , LCB = 2-
¥ .REINFCRCEMENT FATTEEN :
Location i di{ m.) Rebar L3i{ m~2.)
Top 1 0.040 10- #5 0.00200
Bottom 1 0.0350 10- £5 0.00200
[[[*11] ANALYZIE NEGATIVE BENDING MOMENT CAPACITY.
{ ). Compute parameter.
-. phi = 0.%0
-. Rlpha = 0.85
-. Beta = 0.85
-. d = 0.2100 m.
-. 8cu = 0.0030
{ }. Compute maximim and minimm reinforcement.
—. Bhominl = (1.2)*Mcr/[ phi*fy*b*d*{d-a/2) ] = 0.0028
-. Bhomin2 = 1.33*Mu/[ phi*fy*b*dy{d-a/2) ] = 0.0044
—. Bhomin = MIN[ Rhominl, BEhomin2 ] = 0.002&
-. B3 min = PBhomin * g = 0.0008 m~2.
{ ). Check tensile reinforcement.
-. Aks = 0.0020 m~2.
-. B3 min < A= -—>> 0.K !
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{ ). Check moment capacity.
-. C = 0.0413 m.
-. Co = 54.00 tonf.
-. I= = 54.37 tonf.
—. Mr = 14.58 tonf-m.
-. Mu/Mr = 0.362 -—> O0Q.K'!

[[[*111 ANALYZE POSITIVE BENDING MOMENT CAPRCITY.

{ ). Compute parameter.
-. phi = 0.90
-. Rlpha = 0.85
-. Beta = 0.85
-. d = 0.2000 m.
-. BCU = 0.0030

{ ). Compute maximim and minimum reinforcement.
—. Bhominl = (l.2)*Mcr/[ phi*fy*b*d*{d-a/2) ] = 0.0028
-. Bhomin2 = 1.33%Mu/[ phi¥fy*b*d¥(d-a/2) ] = 0.0005
—. Bhomin = MIN[ Bhominl, BRhomin2 ] = 0.0005
-. 43 min = FEhomin * Rg = 0.0001 m~2.

{ ). Check tensile reinforcement.
-. k3 = 0.0020 m~2.
-. A3 min < As -—> 0.K !

{ ). Check moment capacity.
-. C = 0.0413 m.
-. Cec = 34.00 tonf.
-. I= = 54.37 tonf.
—. Mr = 13.82 tonf-m.
-. Mu/Mr = 0.038 ---> O0.K'!

[[[*111 ANALYZE SHERR CRPRCITY.

{ ). Compute shear parameter.
-. phi = 0.890
-. Bv = 0.0003 m*2.
—. bW = 1.00 m.
-. dv = MRX[ dv, 0.9%d, 0.72%Hc ] = 0.19 m.
—. theta = 32.85 Deg. [Clause 5.8.3.4.2]
-« beta = 2.683

{ ). Compute shear strength of concrete.
-. WV = 17.47 tont.
-. Vo = 0.031&6*beta*3QRT [fc"] Ybvwidv = 22.47 tonf.
-. phiVc =phi * Vc = 20,23 tonf.
-. Vn_lim = 0.25%fc"*bwidv = 135.24 tont.
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{ ). Compute stirrup spacing.
-. Maximum spacing smax = MIN[ 0.8%dv, 24 in ] = 0.154 m.
-. phiVc/2 < Vu < phiVec ---> Required minimum shear reinforcement.
- sma¥ = MIN[ smax, Av/(0.031e*30RT(fc"')*bw/fys) ] = 0.154 m.
-. Lhpplied spacing s = 0.100 m.

{ ). Compute shear strength of reinforcement.
-. Va = Ay¥fyatdvicot(theta) / 8 = 32.43 tont.
-. V3_lim = 0.25*fc"*bvidv - Vo = 112.77 tonf.
-. W3 = MIN[ V3, V3_lim ] = 32.43 tont.
-. phiVs = phi*Vs = 29.19 tonf.
-. phiVs > (Vu-phiVe) ---> O0O.K !
-. Using Av/s = Ws / (fys¥dv¥*cot(theta)) = 0.0026 m~2/m.

{ ). Check tensicn force in the longitudinal reinforcement caused by shear.
-. phil = 0.90
-. phiwv = 0.%0
-. Wsl = MIN[ Vs, Vu/phiv ] = 19.42 tont.
-. A3 req = [ Mu/(phib*dv) + (Vu/phiv - 0.5%Vsl)*cot(theta) ] / fy = 0.0011 m*2.
-. Lks = 0.0020 m*~2.
-. A3 _req < A3 ---> O0.K !

[[[*]11] BNALYZE TORSION CAPACITY.

{ ). Compute torsion parameter.
-. phi = 0.90
-. Acp = 0.25 m*2.
-. Pc = 2.50 m.
-. hoh = 0.1% m~2.
-. Lo = 0.85%Ach = 0.l m 2.
-. Ph = 2.25 m.
-. Tu = 0.00 tonf-m.
—. theta = 32.02 Deq.
-. Tcr = 0,125%30RT (£c") ¥Acp~2/PCc = 4.39 tonf-m.

-. Tu < 0.25%phi*Tcr
—-—-» Torsion che

= 0.9% tonf-m.
ck is not required.

DE 2021
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[[[*11] ENRLYZE CRACK.
{ ). Check crack contrcl of top reinforcement. {( LCB = 14- )
-. Mu = 4.358]1 tonf-m.
-. h = 0.2500 m.
-. de = 0.0400 m.
-. Beta_s = l+dc/(0.7*%(h-dc)) = 1.27 m.
-. Gamma & = 1.00
-. C_Cr = 0.064% m.
-. Icr = 0.0004 m~4.
-. fas = 11713.862 teonf/m~2.
-. 5 = 0.0976 m.
-. 3a = T00*Gamma_e/ (Beta s*fags)-2%dc = 0.7589 m.
-. 3 < 3a —> O.K !
{ ). Check crack controcl of bottom reinforcement. { LCB = 14+ )
-. Mu = 0.5960 tonf-m.
-. h = 0.2500 m.
-. de = 0.0500 m.
-. Beta_s = l+dc/(0.7*%(h-dc)) = 1.36 m.
-. Gamma & = 1.00
-. C_Cr = 0.0617 m.
-. Icr = 0.0004 m~4.
-. £33 = 1683.609 tonf/m~2.
-. 5 = 0.0954 m.
-. 3a = T00*Gamma_e/ (Beta s*fags)-2%dc = 5.3710 m.
-. 8 < 3a —> 0.H!
3.4.25.6. DISENO REFUERZO DE DISTRIBUCION

Para garantizar la distribucion de las cargas concentradas, se debe colocar longitudinalmente,
en la cara del refuerzo principal del tablero, un porcentaje del refuerzo requerido para el
momento de disefio, el porcentaje de distribucion estd dado por (9.7.3.2):

3840 3840
%dist = ——= < 67%; = ——=72.05%, Se elige %d;s; = 67%
VS V2840

As = 0.67 * 19.90 cm? = 13.33 cm?
Empleando barras No.5 cada 0.15
Agsumin = 1.99cm? * 7 barras = 13.93 cm? Agsumin > A; OK, cumple

Por lo tanto, se empleara barras No.5 cada 0.15 en el sentido longitudinal y barras No.5 cada
0.10 en el sentido transversal, es decir en la cara inferior del tablero

3.4.25.7. DISENO REFUERZO RETRACCION Y TEMPERATURA
El refuerzo dispuesto por retraccion y temperatura debe cumplir lo siguiente (C5.10.8):

A > 0.0018 * b * h = 0.0018 = 18 cm = 100 cm = 3.24 ¢m?
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Los cuales se deben distribuir en un ancho de 1.0 m, y seran atendidos con barras N4 cada
0.30 m.

3.5. DISENO DE VIGAS DIAFRAGMA

Para el disefio estructural de las vigas diafragma se plantea como elementos tipo Frame, los
cuales sirven para poder redistribuir cargas y evitar la torsion y pandeo de las vigas
postensadas.

Se presenta la geometria de las vigas diafragma extremas e intermedias.

DB/User l
Value Unit

) Area 3.500000e-001 | m"2
EEEEIIE . Solid Rectangle ~ | Asy 2 916667=-001 | m"2
Asz 2.916667e-001 | m"2
MName (®) User (DB AISC10(US) lxx 65.471424e-003 | m"4
byy 5.716667e-002 | m"4
lzz 1.822917e-003 | m"4

Eeclane Cvp 1.250000e-001 [ m

Built-Up Section Cym 1.250000e-001 | m

Czp 7.000000e-001 | m

Czm 7.000000e-001 | m
Qyb 2.450000e-001 | m"2
AISC10{US) Qzb 7.812500e-003 | m"2

Peri:0 3.300000e+000 | m

Peril 0.000000e+000 | m

Center: 1.250000e-001 | m

H 1.4 o Centerz 7.000000e-001 | m

il -1.250000e-001 | m

E 0.25 @ 21 7.000000e-001 [m

y2 1.250000e-001 | m

z2 7.000000e-001 | m

v3 1.250000e-001 | m

z3 -7.000000e-001 | m

y4 -1.250000e-001 | m

z4 -7.000000e-001 | m
Close

[~] Consider Shear Deformation.
[ Consider Warping Effect(7th DOF)
Offset: Center-Top
Change Offset ...

Figura 202. Viga diafragma viga 21.0m y 30.0m
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MIDRAS/Civil

i postcs ol DOST-PROCESSOR < postcs NG
BEAM DIAGRAEM
MOMENT-y, =
102.95
- 73.24
= 13.52
= 0.00
— -15.82
— -15.€3
1 -75.35
— -105.07 r
= ~134.79 )
= -164.50
-194.22
- -223.54 .
BostCs
CBALL: STL ENV ST~ =
MEX : 5283
P MIN : 5271
FILE: PUENTE RIO ~
UNIT: kN*m

Figura 203. Momento flector y fuerza cortante para vigas diafragma

SOLICITACIONES DE DISENO ESTRUCTURAL

My =102.95 kN.m V™ =102.77 kN
M, = —223.94kN.m v, = —142.97 kN
DISENO A FLEXION POSITIVA
Resistencia del concreto f'c 280 kg/cm?
Fluencia del acero de refuerzo Fy 4200 kg/cm?
Momento de disefio Mu 102.95 kN-m/m
Momento de disefio Mu 10.51 ton-m/m
SECCION

drLuencia 0.9
Ancho b (cm) 25.0cm
Altura h (cm) 141.0 cm
Recubrimiento (cm) 5.0 cm
Profundidad efectiva d (cm) 136.0 cm
Cuantia Calculada pcaic 0.00060
Factor del bloque a comp. B1 0.85
Cuantia Balanceada py 0.02856
Cuantia Minima pminima 0.00333
Verificacién Cuantia Maxima MENOR QUE LA BALANCEADA
Verificacién Cuantia Minima MENOR QUE LA MINIMA
Cuantia Seleccionada pseleccionada 0.00060
As a Utilizar (cm?) 2.05 cm?
As a Colocado (cm?) 1.61 cm?
Cuantia calculada 0.0005

MIDRAS/Civil
POST-PROCESSOR
BERM DIAGRRM
SHEAR-y, =
102.77
80.43
55.09
35.75
13.41
0.00
-31.27
-53.€1
-75.95
-95.29

-120.63
-142.397

PostCs
CBALL: STL ENV ST~

MRY : 5230

MIN : 5233

FILE: FUENTE RICQ ~
UNIT: kN
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Prof. Bl. de Compresién a (cm) 1.45cm
Prof. Eje Neutro C (cm) 1.71cm
Resistencia a la flexion refuerzo utilizado ¢Mn (Ton-m) 8.25 ton-m
VERIFICACION RESISTENCIA NO CUMPLE
REFUERZO A FLEXION
Tipo de Barra a usar N4
Area de la barra (cm?) 1.29 cm?
Separacion (m) 0.157 m
Separacion Seleccionada (m) 0.200 m
Numero de barras 1.593
Numero de barras seleccionada 2

Por lo tanto, para momento positivo se emplean dos barras No.4 en la cara inferior de la viga
diafragma.

_ DISENOAFLEXIONNEGATIVA

Resistencia del concreto f'c 280 kg/cm?
Fluencia del acero de refuerzo Fy 4200 kg/cm?
Momento de disefio Mu 223.94 kN-m/m
Momento de disefio Mu 22.85 ton-m/m
SECCION
dDFLUENCIA 09
Ancho b (cm) 25.0cm
Altura h (cm) 141.0 cm
Recubrimiento (cm) 5.0cm
Profundidad efectiva d (cm) 136.0 cm
Cuantia Calculada pcaic 0.00132
Factor del bloque a comp. B1 0.85
Cuantia Balanceada ps 0.02856
Cuantia Minima pminima 0.00333
Verificacién Cuantia Maxima MENOR QUE LA BALANCEADA
Verificacién Cuantia Minima MENOR QUE LA MINIMA
Cuantia Seleccionada pseleccionada 0.00132
As a Utilizar (cm?) 4.50 cm?
As a Colocado (cm?) 5.00 cm?
Cuantia calculada 0.0015
Prof. Bl. de Compresién a (cm) 3.17 cm
Prof. Eje Neutro C (cm) 3.74 cm
Resistencia a la flexion refuerzo utilizado ¢Mn (Ton-m) 25.40 ton-m
VERIFICACION RESISTENCIA CUMPLE
REFUERZO A FLEXION
Tipo de Barra a usar | N5
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Area de la barra (cm?) 2.00 cm?
Separacion (m) 0.111m
Separacion Seleccionada (m) 0.100 m
Numero de barras 2.249
Numero de barras seleccionada 3

Por lo tanto, para momento negativo se emplean tres barras No.5 en la cara superior de la
viga diafragma.

Se incluye refuerzo de piel con barras No.4 cada 0.20 en las paredes laterales de la viga
diafragma
Disefio a Cortante
La resistencia nominal a cortante se tomara como:
=Vt

La cortante ultima es: V; = 142.97 kN) y la resistencia al corte del concreto en la garganta
(H=1.41mydv=1.36 m) se calcula como:

Ve=0+0.083«p*./fc*d, * b,
Ve = 0.083 * 2 V28 MPa * 250 mm * 1360 mm = 298652 N = 298 kN

Vu < @Vn
Vu< @ WVc+Vs)
Vu < 0.90(298 + 0)
Vu=14297 kN < ¢Vn = 268 kN OK,CUMPLE

Por lo tanto, no se requiere el uso de estribos de cortante, el concreto es capaz de soportar
todas las solicitaciones a fuerza cortante, sin embargo por temas de confinamiento, se
empleara estribos No.4 cada 0.20, equivalente a dos ramas de acero transversal.
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3.6.

#400.20

030
345
- T

-

0.05
At e

SECCION A—A

| 0.05

ESC 1:25

S 244 (D

] )

L% B

= 1.61

H viga

DISENO DE APOYOS ELASTOMERICOS

Se define la mayor carga que desciende por cada viga de concreto reforzado proveniente de
la superestructura, tanto para las vigas postensadas de luz 21.0m (izquierda) y luz de 30.0m

(derecha) respectivamente

Ti PostCs R

FORCE-Z

UNIT: tonf

MIDRS/Civil
POST-FROCESSOR
RERCTION FORCE

MIN. REARCTION

NODE= 4305
FZ: 40.44
MRX. RELCTION

WODE= 4309

FZ: 55.41

Poatls

CB: D

MAX : 4909

MIN : 4905

FILE: PUENTIE RIC ~

i postcs

Figura 204. Reacciones debidas a cargas muertas en servicio

i Pastcs

MIDAS/Civil

PostCs
5T: PAVIMENTO
MRX
MIN :
FILE:
UNIT:

4505
4809

PUENTE R
tonf

POST-PROCESS0R
REZCTION FORCE

N

FORCE-Z
MIN. REACTIOI
.| BHODE= 4308
FZ: -0.30
MRX. REACTIO
NODE= 4305
Fz: 4.71

Hi postcs

N

o B i

Al

MIDAS/Civil
POST-PROCESSOR
RERCTION FORCE

FORCE-Z
MIN. REACTION
HODE=
FZ: &l.40

288

MRX. REACTION

HODE= 283
FZ: 75.55
PostC3
CB: D
MRY @ 283
MIN : 268
FILE: PUENIE RIO ~
UNIT: tonf

MIDAS/Ciwvil
POST-PROCESS0R
REACTION FORCE

FORCE-Z
MIN. REACTION
HODE= 269
FI: 0.65
MAX. REACTION
HODE= 2683
FZ: 5.62
PostCs

5T: PRVIMENTO
MEX
MIN :
FILE:
UNIT:

268
269

tonf
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Figura 205. Reacciones debidas a cargas de pavimento en servicio

[

Hi Pastcs

MIDAS/Ciwil
POST-PROCESSOR

FORCE-Z
MIN. REACTION
HODE= 4904
FZ: 12.37

MAX. RERCTION
HODE= 4308
FZ: 39.51
PostCs
CBALL: LL

REACTION FORCE

H: Postcs R

MIDAS/Civil
POST-PROCESSOR
REACTION FORCE

FORCE-Z
MIN. REACTION
NODE= 269
Fi: 18.08

MRX. REACTICH
WODE= 272
FZ: 46.%¢
FostCs
CBALL: LL

MEX : 4906
MIN : 4904
FILE: PUENIE RID ~

Figura 206. Reacciones debidas a cargas vivas en servicio

MRX

T ? f.. E:ILE;

UNIT: tonf UNIT:

272
269

PUENIE RIO ~
tonf

ton APOYO INTERMEDIO 3 - VIGA 21.0m Maxima Carga total
CARGA MUERTA 50.60 41.00 40.50 48.00 55.30 55.30 235.40
PAVIMENTO 1.50 4.70 4.70 2.00 -0.30 4.70 12.60
CARGA VIVA 28.30 39.10 26.90 13.60 12.40 39.10 120.30
ton APOYO INTERMEDIO 4 - VIGA 21.0m Maxima Carga total
CARGA MUERTA 50.60 40.90 40.40 48.00 55.40 55.40 235.30
PAVIMENTO 1.50 4.70 4.70 2.00 -0.30 4.70 12.60
CARGA VIVA 29.50 39.90 28.00 15.20 14.20 39.90 126.80
ton APOYO INTERMEDIO 4 - VIGA 30.0m Maxima Carga total
CARGA MUERTA 67.04 61.40 62.06 68.59 75.32 75.32 334.41
PAVIMENTO 3.74 5.62 5.24 2.75 0.65 5.62 18.00
CARGA VIVA 37.34 44.25 31.95 19.41 18.08 44.25 151.03
ton ESTRIBO 2 VIGA 30.0m Maxima Carga total
CARGA MUERTA 67.37 61.96 62.68 69.12 75.55 75.55 336.68
PAVIMENTO 3.73 5.61 5.28 2.75 0.68 5.61 18.05
CARGA VIVA 39.28 46.86 34.29 21.28 19.84 46.86 161.55

En resumen, se realiza el disefio estructural de los apoyos de neopreno para las mayores

cargas

Vigas Postensadas Méaxima Carga Vigas Postensadas 30.0m Méaxima Carga

21.0m (ton) (ton)

CARGA MUERTA 55.40 CARGA MUERTA 75.55

PAVIMENTO 4.70 PAVIMENTO 5.61

CARGA VIVA 39.90 CARGA VIVA 46.86
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Y OTRAS ESTRUCTURAS DE CONTENCION

Se disefia para la condicion mas critica, es decir para las solicitaciones provenientes de la luz
de 30.0m, debido a que se tiene la misma seccion transversal y peralte de la viga postensada

y que se utiliza para las luces de 21.0m y 30.0m.
1. DATOS DE ENTRADA

carga muerta DC ¥5.55 ton
pavimento DWI5.61 ton

carga viva sin impacto LL 46.86 ton
Luz del puente L 30 m

carga total PT 128.02 ton

Mota: sin impacto segdn 14.4.1

Estado limite de senvicio 1
neoprena dureza 50 en escala Share A
Metodo disefio tipo A (14.7.6)

max temp 22 °C

min temp -10 °C

ternp instalacian 23 °C

AT 32 °C
acortamiento por postensado Apost 10 mm
por retraccion de fragua Afragua 9 mm
Coef. Dilatacidn concreto a 1.08E-05 1 C

defor. Unitaria por flujo plastico £p 0.0003
Acero A36 Fy 250 Mpa

2. DEFORM. CORTANTE DEL APOYO NEOPRENO

La altura total de las capas de neopreno hrt exteriores
e interiores, que conforman el apoyo debe cumplir con
la siguiente condicidn

hrt 2% Tu*As  14.7.6.3.4-1
Atemp a*LFAT
Atemp 10.368 mm

yTu 1.2
AS 2037
As 3524 mm

Espesor minimmao requerido de las capas de
elastomérico

DE 2021 MONTERIA, CORDOBA
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De acuerdo con tabla 3.4.1-1 y para el estado limite de
sanvicio se tiene

Sutituyendo valores en 14.7.6.3.4-1

hrt  70.4832 mm

hrt 71 mm
Tabla 14.7.6.2-1 — Propledades Fislcas Correlacionadas
| Dhaeza | Shors Al
50 [ T
Modulo de Cortante @ -
23°C (MPa) G66-050 | 0.50-138 1.3%5-2.07
Dieflexacm de flmo plastco
a 15 adies dividida por la 023 0.35 045
deflexsin micial

' Solo para PEP. FGP. v apoyos elistoméncos reforzados con acero com ua
deshizador de PTFE o equivalente encima del apoyo

mddulo de elasticidad a cortante

dureza 60 G 0.8 Mpa
dureza 60 G 914 kg/m2
as req PTIA 4572 kglcm2

3. ESFUERZOS Y RELACIONES GEOMETRICAS DEL APOYO

de acuerdo con 14.7.6.3.2, los esfuerzos sobre el
apoyo de neapreno debe cumplir lo siguiente

a, <1.25GS, ¥ (14.7.6.3.2-T)
o, = 8.6MPa (14.7.6.3.2-8)
as 8.6 Mpa

as 87.72 kglcm2

determinacian del ancho W (normal al eje del puente)
del apoyo de neoprenao
Areq PTias
Areg 1459416 cmz

Wselec 70 cm
Wes la supericie de contacto con neoprenao

determinacian de la longitud L (a lo largo del eje del
puente) del apoyo de neoprenao
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L_DC+DH’+LL
- g5+ W

L 208488 cm
L 21 cm

se toma longitud de apoyo de neopreno tal que se
tenga en cuenta el cumplimienta de requisitos
adicionales dimensionalas

L selec 40 cm
Area 2800 cm?2
OK CUMPLE

determinacion del factor de forma

L8
oo~ —min= 4.00

Y

3

Grosor de una capa interna del

elastdmero
s,z - —h, € — (14.7.5
2h (L +W) 25 (L +W)
hri 318 cm
hri 31.79 mm
hri selec 20 mm

hri selec debe ser menor que hri

Si G.36
OK CUMPLE
as req s max
5 4 57 = g6 OK CUMPLE
Mpa Mpa

grosor espesor capas externas

. =

DE 2021 MONTERIA, CORDOBA
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hre 14 mm
hre selec 14 mm
factor de forma externao
Se 9.09
numero de capas interiores
Siende b, =t +2h,
n 215
n selec 3
5 - 1012 =< 20  OKCUMPLE
Espesortotal elastémero
h, =nh, +2h, hrt 88 mm
Espesor placas de refuerzo
= En el estado limite de servicio:
3h o,
h, = 2% (14.7.5.3.5-1)
F,
s _ 110 mm « 20 mm
F,
OK cumple
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+ En el estado limite de fatiga:

J
h, 2 24OL (14.7.5.3.5-2)
AFy
LImbral de fatiga 6.6.1.2.5-3 AFTH 165 Mpa
2.0y 0.41
—_— =
APy A1 mm
aL PLL/A  16.73571 kalcm2
QK cumple
hs 1.10 mm
hs selex 3 mm
altura total elastémerao
N=he +(n+1Dh, H 100 mm
verificaciones par estabilidad
el espesortotal es H=100mm y no debe exceder el
menorvalor entre
L3y Wi3
L= 13333 ITirm = 100
OK CUMPLE
Wi3= 233.33 mm = 100
OK CUMPLE

Verificacidn de |a condicidn requerida 14.7.6.1

« Apoyos elastoméricos reforzados con acero en
los cuales §; [n <22, y para los cuales la rotacion

principal es alrededor del eje paralelo al gje
transversal del puente; y

20 mm

mm

mm
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Si*3iin 13.50 = 22

OK CUMPLE METODO A

4, DEFORMACIONES DEL APOYO DE NEOPRENO

CAPA CARGA B o (Mpa) [ unitaria %
INTERIOR MUERTA 6.36 2.84 2.2%
TOTAL 6.36 4.57 3.0%
EXTERIOR MUERTA 9.09 2.84 2.0%
TOTAL 9.09 4.57 2.6%
FA: T 11.03
16 T X {
E Factor n"c_}bmm 12 /9/ }/ / 11.03 E Fm:l.'r»‘ de forma |12 /‘SA {‘/ / -
14 | ] va 9.65 L . I // / Y %
S t Apovas
= 18 ;'Ij.‘i::"u:kn // / S / ~ 8.27 3 %5 reforzadas & y / / A =
= | i H 60. // 4 / / R e dureza 60 /// / w
= dureza = E A 2] a
5 10 /A yd mi § X Z |7 (gl o 2
| £ 4 £
;-:- 0.8 // ,/ 4/ 552 g % 0.8 / g // 552 L
-l AP PoL /1A 1)
“:‘: 0.6 / L J o é ik | ////r ’// a1a g
:E: 2 h A//;Q/ 2.76 E “:E:‘ = /7‘/ LT = 278 E
g | // // N [
0.2 L . 22 138
. T
O s+ 5 & 7 & % 1 2 3 4 5 & 7 & 3%
Defarmacidn por compresicn (%) De/drmacidnpor. conpresion(h)
L6 T T 7 11.03 L6 T T 7 11.03
B leu’r.!r de forma |12 %/ // e B + Fd.'_'i.’ur de forma | 12 /‘SA/‘ // e
Apovos I Apovos
f,j ie rcfﬁ:r:ddm / / ,/ “/,/ // 8.27 :;: L2 r\r.:fb:'mdos / ;/ ‘// /-/ 8.27
ROy 7D APANE Nty 79 aPaN
S ol //’ / ’/ ;/ s2d © osf ok / / ;/ ss2 i
'é':‘ 0‘6’ / /r/i / 4-m§ "‘:;: O_G- //r/-J — a.1a§
g 0.4 /. // 2?s§ EE:I | ///’f// // E
g | / = /’ S I | // = L 278 8
0.2 ,A g Las o.p ,A// .
0.0 0.00 0.0 - - - - 0.00
a i 2 ) 4 5 [ 7 8 El 0 | 2 3 4 5 & 7 8 9
Deformacion por compresion (%) Deformacién por compresion (%)
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deflexidn por compresidn inicial del dispositivo

i
i
5]

a= 25828 mm

Esfuerzo promedio sobre el apoyo de neopreno debido a la
carga permanente de servicio

D + DWW

T

a 28986 ton/m2

a 2.84 Mpa
Deflexidn pc TEresig cial debido a la caraa muerta (14.7.5.3.6-2)
h = :t-.' +: :*‘ £
Gdc= 1.880 mm
Daflaxidn por comprasidn debidso a la carda viva
b, =86-p.
GlLL= 0.648 mm

La deflexibn de largo plazo de carga muera,
incluyendo los efectos de flujo plastico, debe tomarse

asi:
:I'!r = :Fdl 4':'1'“_\3& {14.?53.6—3]
deflexidn por flujo plastico acr= 0.35
Goreep= 0.658 mm
Gcreep+lLL= 1.306 mm
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 464
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De acuerdo con 14.7.6.3.3, la deformacian por
compresidn debe ser menor que 0.09%hri

S05n por compresion mncal de una cara intenor de elastomero

0.09%hri= 1.8 mm
hri*e unitaria int= 0.60
0.60 = 18
OK CUMPLE

5. FUERZA CORTANTE GENERADA EN EL APOYO DEBIDA A LOS
MOVIMIENTOS POR TEMPERATURA

La fuerza debida a la deformacion de un elemento
elastomeérico debe tomarse asi:

A
Hy, = Gd— (14.6.3.1-2)
i,
donde:
G = modulo de cortante del elastomero (MPa)
A = area en planta del elemento elastomeérico o

del apoyo {mmzj

A, = deformacién de cortante, obtenida de las
combinaciones de carga de resistencia
aplicables y evento extremo de la Tabla
34.1-1 (mm)

k = espesor total del elastomero (mm)

14.7.5.2 — Propiedades Fisicas — E| modulo de
cortante del elastomero a 23°C debe usarse como
base para el disefio.

El elastomero debe tener un médulo de cortante
especificado entre 0.55 MPa y 1.21] MPa.

DE 2021 MONTERIA, CORDOBA
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G 0.9 Mpa
G 9.144 kg/lcm2

Au 1.2%As
Au 352416 mm

Hu GEWEL*Au/hrt
Hu 0101 MM
Hu 10.440 ton

COn U= 0.200
Ff= u*Pdc
Ff 15.1 ton
coma Hu = Ft
OK CUMPLE

MO REQUIERE ANCLAJES

Resumen
W= 700 mm
L= 400 mm
HT 100 mm
capas externas - hrs 2 und 14 mm cada una
capas internas - hri 3 und 20 mm cada una
laminas de acero - hs 4 und 3 mm cada una
« &
Senr-ggl I::&ﬂ;::d?ﬂd L —

— —
.
e

HHHEE
|
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CALCULO DE RIGIDEZ NEOPRENO

se describe |a geometria del apoyo elastdmero a considerar

Base Elastdmero W= 700 mm
Largo Elastdmero L= 400 mm
Altura total Elastdmero HT= 100 mm

_arigidez K de un elemento lineal elastico, se puede definir comao la relacian
entre la fuerza P aplicada en el elemento v al deformacion & resultante:

P=K*8
Despejando K setiene
K=P/a
Asi mismo, teniendo en cuenta |a resistencia de materiales de los

elementos, el desplazamiento esta definido como

5= PL
AL

despejando lavariable &, se tiene lo siguiente.

& es el drea en planta del elastdmero

_eslalongitud del elemento, tomado como el espesor HT del neapreno

E es el mddulo de elasticidad del material, se tomara como madulo efectivo
a compresidn del apoyo Ec, acorde con el C.14.6.2.2-1, el cual esta definido
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Ec=48*G*S*5 (Mpa)

A= 280000 mm2 0.28 m2
L= 100 mm 0.1 m
0.07
= 0.8 Mpa 91.776 ton/m2
S= G.36

Ec= 174.94 Mpa
1783936 Ton/m2
La rigidez vertical del elemento esta definida como

K= 713574 ton/m

La rigidez horizontal, acorde con el numeral 14.6.3.1-2, se define como

Kel= G*A
hrt
kel= 257.0 ton/m

3.7. DISENO DE JUNTAS DE EXPANSION

Se disefia para la condicion mas critica, es decir para las solicitaciones provenientes de la luz
de 30.0m, debido a que se tiene la misma seccidn transversal y peralte de la viga postensada

y que se utiliza para las luces de 21.0m y 30.0m.

PAVIMENTO DW

MIDAS/Civil
POST-PROCESSOR
DEFORMED SHAPE

X-DIRECTION

X-DIRs 0.37
NODEe 142
Y-DIR= 0.00

NODE= 1
-Dift= 0.00
NODEs 1
coMB.= 2.21
NODE= 126
SCALEFACTOR=

€ 0
L
ST: PAVIMENTO
MAX : 142
MIN : 171
FILE: PUENTE RIO -
UNIT: ==
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CARGA MUERTA DC

VIENTO WS

MIDAS/Civil
POST-PROCESSOR
DEFORMED SHAFE

X-DIRECTION

X-DIR=s €.19
NODEZ= 235
Y-DIR= 0.00
NODE= 1
Z-DIR= 0.00
NODE= 1
COMB.= 33,61
NODE= 250

SCALEFACTOR=
2.4238402

Postls

CB: D

MAX : 23§

MIN : 264

FILE: PUENTE RIO -

URIT: =

MIDAS/Civil

FOST~FROCESSOR
DEFORMED SHAPE

X-DIRECTION
X-DIR= -0.44
NODE= 173
¥-DiRs 0.00
NODE= 1
| Z-DIR= 0.00
NODE= 1
.= S5.16
NODE- 188
SCALEFACTOR=
+0

podeddie0s
ST: VIENTO ESTRU~
MAX : 202
MIN : 173
FILE: FUENTIE RIO ~
UNIT: =
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Carga viva + peatonal

SISMO E

X-DIR=
HODE=
Y=DIR=
HOTE=
Z-DIR=
NODE=
COMB.=

RODE=-

X-DIRECTION

MIDAS/Civil
POST-FROCESSOR
DETORMED SHAPE

5.29
141

0.00

18.04

12¢

SCALEFACTOR=
2 237E402
Po?ifg S
C8ALL: LL
MAX : 141
MIN : 140
FILE: PUENTE RIO ~
UNIT: em

MIDAS/Civil
POST-PROCESSOR

DEFORMED SHAPE

X-DIR=
NODE=

7] ¥-DIR=

NODE=
2-DIR=
NODE=

COMB .=
NODE=

CBCALL:

Poéé S

X-DIRECTICON

138.¢6¢
172

SCALEFACTOR=

I4E+01
EE

MAX : 172

MIN : 2&4

FILE: PUENTE RIO ~
UNIT: mm
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Las juntas de expansion seran disefiadas para acomodar los desplazamientos que se derivan de
condiciones especificas

1. Maximo desplazamiento debido a combinaciones de estado limite de servicio que se obtienen del
modelo estructural, mas los desplazamientos reologicos del concreto (temperatura, contraccion y flujo
plastica), mas un porcentaje del desplazamiento maximo producto del sismo de disefio.

2. Maximo desplazamiento debido a las combinaciones de estado limite de resistencia que se obtiene
del modelo estructural, mas el desplazamiento por el acortamiento del concreto, mas 1.2 veces el
desplazamiento debido al cambio uniforme de temperatura.

A DW= 037 mm
ADC= 6.19 mm
AWS= 0.44 mm
AlLlL= 529 mm
AE= 1396 mm
% sismo 30%

A sismo disefio 4188 mm

Segin el numeral 5.4 2 3 2 de la CCP-14, el coeficiente del flujo plastico puede calcularse como:

'll.r = 1.9!{5 Kh ch}'l.’a-d t:- -0.118

Edad al inicio de carga, t; 28 dias
Tiempo final de calculo, t; 4000 dias
Resistencia del concreto f'c 35 MPa
% Resistencia al momento de carga f'ci 80%
Resistencia al momento de carga f'ci 28 MPa
Humedad relativa, H 9%
F. relacion de volumen, K; 1.00 {para vigas presforzadas)
F. humedad, Kne 0.96
F. resistencia concreto, K 0.83
F. desarrollo de tiempo, Kia 0.99
Coeficiente flujo Plastico, 0.565

El movimiento provocado por el flujo plastico, se calcula multiplicando los desplazamientos elasticos
debidos a las cargas muertas por el coeficiente de flujo plastico

ACreep = 3.706 mm

Para concreto no restringido, la deformacion por contraccion maxima despues de la instalacidn, 2,
puede suponerse igual a 0.0002 (WSDOT,2011). El acortamiento del tablero, A Shrink, se calcula
coma:
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Asgrmir= B(1)Lerin

Deformacion unitaria maxima, = 0.0002
F. efecto de restriccién, p= 0.5 (para vigas de concreto presforzadas)
Longitud tributaria Ltrib= 30 m
A Shrink = 3 mm

El desplazamiento debido al cambio de temperatura uniforme se calcula:

&tsmp = ﬂ(‘!‘trib )ST

Coef. De expansion térmica, a= 8 00E-06
Variacion de temperatura, 6T= 10 °C
Atemp = 2.70 mm

El desplazamiento total se determina:

Caso 1= 83.27 mm
Caso 2 = 2750 mm

gobierna el mayor desplazamiento
63.27 mm

Se presentan catdlogos comerciales de juntas de dilatacidn elastomérica, queda a criterio
del constructor definir la marca y especificacion técnica de cada una de ellas; se recomienda
gue el GAP minimo de desplazamiento longitudinal no sea menor de 100mm+50mm.

Segun el cdlculo, se registra un desplazamiento maximo de 63.27 mm - CUMPLE OK

e Catalogo FREYSSINET

Existen dos disefios diferentes: la junta de médulo simple y
la junta puenteada. Estos disefios se derivan del movimiento
admisible de la junta.

I

Elemento Multifiex 5X . B G E H

||| p— Tipo Médulo min.  max. min.  méx min. min.

;h_[ L bl - ]»t SX80 simple 235 315 10 %0 195 190
Tk || Fiation mediante | " Firian mediante SX100 simple 305 405 10 110 225 190
| g abraeacer [ =% 5 B eriperamiento X120 simple 330 450 10 130 235 210

. L_..E;.._._G_,J EEmE SX160 simple 390 550 10 170 265 230

SX180 simple 410 590 10 190 275 230

e Catalogo AGOM
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DEAE, ENGINEERNG ARD MANUFACTURE

Technical Specifications: AGFLEXJ-series expansion joints

Model Mi:il:\:ﬂm‘l]Eﬂt DII‘I‘IEI‘I?::;S]AXHXL [ml:'n] Weight [kg/m]
AGFLEX] 30 + 15 269 X 32 X 2000 200 17
AGFLEX] 50 + 25 272 X 41 X 2000 200 25
AGFLEX] 80 + 40 358 X 46 X 2000 250 32
AGFLEX] 100 + 50 388 X 53 X 2000 250 37
AGFLEX] 120 + 60 427 X 69 X 1000 250 59
AGFLEX] 140 + 70 465 X 80 X 2000 250 81
AGFLEX] 160 + 80 498 X 84 X 2000 250 88
AGFLEX] 200 = 100 802 X 71 X 2000 250 135
AGFLEX] 250 + 125 882 X 78 X 2000 250 170
AGFLEX] 330 + 165 1108 X 100 X 1000 | 250 285

e Catalogo E&M

JzEsM

AISLADORES APOYDS Y JUNTAS DE DILATACION

JUNTAS oe
DILATACION
ELASTOMERICAS

L L P. DESP.
LONGITUD APLICACIONES
MODELO DE JUNTA DINAL TRANRSAL RECOMENDADAS
EsM 50
eI 200010 264+10 3915 50(+25) 50(+25)
Losas de puentes, losas de
EM G4 parqueo, rampas, estribos,
(| 2000+10 343+10 4545 B4(+32) 64(£32) estructuras elevadas,
sobrepasos, presas, estadios
¥ juntas de alivio de presion.
EM B0
(e 200010 35710 4615 B0(+40) B0(x40)
EM100
LEJ 2000+10 380+10 5345 100(+50) 100{+50)
EM140
(e - 2000+10 440+5 5445 140(£70) 140(£70)
BEM160 .
2000£10 | 500410 8045 160(£80) 160(80) Losas de puentes, estribos y
[ | estructuras elevadas.
EM 180
2000+10 480+5 6615 180(+80) 180(+90)
Loy~ |
EsM 200
2000+10 480+5 BE6+5 200(+100) 200(+100)
(), W)

e Catalogo HERFLEX SISTEMAS

DE 2021
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' Herflex

- Sis

temas

JUNTAS D€ DILATACION PARA PUENTES

El sistema Herflex HF permite absorber grandes movimientos debido a su elemento elastico, de deformacion
multidireccional. Se asegura un sellado eficaz, bajo mantenimiento y facil reposicion.
Los modelos Herflex HF 50-180 cubren un rango de movimiento que va desde 50mm a 180mm y los modelos
Herflex HF 195-380 desde 195mm a 380mm.

e

B

(__APUCACIONES PRINCIPALES )

Puentes con recorridos inferiores a

180mm

€structuras de tamano medio
Parkings
Viaductos y puentes

MODELO MODULO e

Recorrido D* Peso Mxc
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (ko) (mm)

50 (+25) 1830 240 35 190 334 40 26 M14x 170

80 (+40) 1830 274 40 220 305 55 35 M14x170

110 (+55) 1830 356 46 279 305 70 55 M16x170

140 (+70) 1830 432 54 342 305 85 75 M18 x 196

180 (+90) 1830 480 66 390 305 105 109 M20 x 196

* Maxima abertura estructural en el momento de la instalacién a temperatura media.
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 474
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3.8. DISENO

DE BLOQUES SISMICOS

Se define la carga muerta que desciende de la superestructura, esta debera ser soportada por
los topes sismicos ante algun movimiento teldrico. La masa gravitacional por la aceleracion
horizontal del espectro de aceleraciones, genera la fuerza horizontal que debera soportar el
blogue de cortante o tope sismico.

Se disefia para la condicion mas critica, es decir para la luz de 30.0m.

MIDRS/Civil MIDAS/Civil
i Ppostcs o R E0ST-PROCESSOR i postcs 3 | R B0ST-PROCESSOR
REACTION FORCE REACTION FORCE
FORCE-Z FORCE-Z
MIN. REACTION MIN. REACTION
NODE= 4805 NODE= 263
FZ:  40.44 FZ:  6l.40
MAX. REACTION MAX. REACTION
NODE= 4509 NODE= 283
FZ: 55.41 FZ: 75.55
PostCSs PostCs
cB: D 5 CB: D
MR : 4908 VeUEn g MRX : 283
MIN : 4905 [ MIN : 268
FILE: PUENTE RIO ~ T FILE: PUENTE RIO ~
UNIT: tonf UNLT: tonz
Figura 207. Reacciones debidas a cargas muertas en servicio
|Fluencia del acero de refuerzo Fy 4200 |kg,fcm2
R: coef. de modificacidn de respuesta = 0.80
P, Carga muerta sobre el estribo (ton) 76.0 ton
My, : numero de bloques de cortante = 1
Coef. para presidn lateral de tierra b; = 1.30
Maxima Aceleracion Horizontal As 0.225
Cs=As/R= 0.281
| V= LO0*b*Py *Cs/Nyy =|  27.8ton |(P0r blogue de cortante)
| Cortante por friccion : Av |
Coeficiente de friccion para concreto vaciado contra
concreto endurecido con su superficie intencionalmente
rugosa
W 1.00
f: coef. de reduccion de resistencia = 0.90
A, =vu/ (*fy*u)| 7.35cm?
Tipo de Barra a usar N6
Area de labarra (cm®)| 2.84cm?®
Ramas N6 1.29 u
Se usaran 2.00 Ramas M6 por cada blogue
Por lo tanto, se requieren minimo 2 ramas No.6 por cada bloque sismico.
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TJERCER PUENTE SOBRE EL RIO SINU, 475
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3.9. DISENO DE LOSA DE ACCESO

Parametros de Diseno

Peso especifico Suelo s 2.0t/m=?
Peso especifico Concreto Ye 2.4t/m?
Angulo de Friccidn 33°
Fy 420 Mpa
f'c 28 Mpa
Ancho del estribo Bz = 15.00 m
Ancho losa de aproximacion By, = 1500 m
Longitud losa de aproximacion L., = 3.00 m
Espesor losa de aproximacion B, = 025 m
Espesor altura de pavimento Epzvimene = 0075 m
Altura lleno sobre losa by, = 145 m
AVALUO DE CARGAS
1. Carga Muerta
PD = El{:ns-aJ'cr.'r-:irncr.-:*Bl{:ns-aj'c]-'l{:ns-ar"2
Pp= 13.50 t
2. Carga Viva
Numero de carriles n_ = 2U
Longitud entre ejes de mas carga L,;.. = 430 m CCP14
Carga Li
T m
Eje trasero P, = 16.00 3.00
Eje trasero P, = 0 ]
Eje delantero P; = 0 0
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Impacte I =

3. Lleno

Pp = ((P*L7Py* Ly +P5* L3 ) L) 0,
P, = 3200t
33% Py= 4256 t

_ X, * & !
Pll—r_{: _hll-:m Y smelo Blas.a ]-'l{:us.ar'2

Py = 65.25 t

4. Pavimento

_ . k] E
P]:-a'.-'im-:r.ta - hpa*.'iﬂ.ﬂ'.t{: ¥ comereto Blas.a Llas.

Posvimento 405 t

DIMENSIONAMIENTO

Cortante actuante

V, = 1.25*Pp, o+ 1.30*Plleno+1.50Ppavimento + 1.75*P_;

V.= 18226 t
Se tiene ademas que : Vo= 0*0.85%f ' FA .
b = 0.85
A= 900.91 cm’
A—n‘.—:r_aula = bn'.—:r_aula * Ln’.—:r_aul,a : siendo bn'.—:r.;.ul,a = 1-.5[}["-["[" Cim
Longitud de apoyo o longitud de mensula L. ..y, = 0.60 cm
Setoma L ... = 30.00 em
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ALTURA ENLA CARA DEL APOYO

Se tiene que : Ve =0*V, = d™0.2% ' *A_ L.
= 0.85
A= 3.828.89 cm’
*%-c min bﬂ.—:r.aula * 'i:n’l.r : siendo hma'.aul,a = 1.500.00 cm
d, min = 255 cm
Setomad, 5, = 30.00 cm
Altura constante de lamensula h; = 30.00 cm
Altura constante de la mensula h, = - cm
Altura total de lamensula h , .. = 30.00 cm
DETERMINACION DEL REFUERZO
1. A spara cortante por friccion
Se tiene que : Vo< o™V, =¢*p*f *A -
Factor de friccion para construccién monolitica p = 1.00
= (.85
A= 51.05 cm’
2. A_ para traccién directa
Se tiene que : Ne S ™A v Nye = 0.20*VY, epanes
b= 0.85
A= 1021 em’
3. Acpara flexion
Se tiene que : M,=V, *a+N,*(hd)
a= 15.00 cm
M, = 2,733,825 kg-cm

DE 2021 MONTERIA, CORDOBA
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Se tiene que : My<dp*f,*m*d* A,
u= 0.0
= 0.85
A= 28.36 cm’

4. Calculo de refuerzo principal

L AT+A =S 38.57 cm”
B (23)*A+ A = 4424 cm’
i p =14/ £,= 0.00333
A gia= 150.00 cm’
No 4@ 12.70 cm o Noi@ 19.90 cm
Se usara No.5@ 10.00 cm
P =3840/(8)0.5) < 67% P= 70.11%
escoger P=  G67.00%
As min por metro lineal 10.00 cm®/m
As distribucion Asmin*P= 6.70 cmem
No.4@ 0.19 cm o Nos@ 030 cm
Se usara No.5@ 0.1 cm

6. Calculo del refuerzo de retraccion v temperatura

As refraccion Asmin 2.196 cmim
No.4@ 0.58 cm o Nos@ 0091 cm
Se usara No.4 cada 0.30 cm

Pot lo tanto, se requieren barras No.5 a flexion positiva y barras No.4 a 0.30 para retraccion
y temperatura.
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3.10. DISENO BARRERA DE PROTECCION METALICA PEATONAL

Para el disefio estructural de las barandas metélicas vehiculares, Segun la CCP14, en el
capitulo 13, correspondientes a barandas, se especifica lo siguiente

Tabla A13.2-1 — Fuerzas de disefo para barandas vehiculares

Fiisorss diioefier oy simibiogha Niveles de Ensayo para las Barandas

TL-1 TL-2 TL-3 TL4 TL-5 TL-6
Transversal F; (N) 60.000 120.000 240.000 240.000 550.000 780.000
Longitudinal Fy (N) 20.000 40.000 80.000 80.000 183.000 260.000
Vertical descendente F, (N) 20.000 20.000 20.000 80.000 355.000 355.000
L,y L; (mm) 1220 1220 1220 1070 2440 2440
L, (mm) 5500 5500 5500 5500 12.200 12.200
H, (min.) (mm) 460 510 610 810 1070 1420
Minima altura del riel & (mm) 685 685 685 810 1070 2290

Para el disefio de estas estructuras, segun estudios, se contempla el uso de ensayo tipo 4 TL-
4, que corresponde al uso para la mayoria de las aplicaciones en carreteras de alta velocidad,
autovias, autopistas y carreteras interestatales en las cuales el trafico incluye camiones y

vehiculos pesados.

La carga de colision se aplica como carga distribuida en un ancho Lv, ya que es la longitud
efectiva donde se desarrolla las mayores tensiones debido a la colision frontal de un vehiculo

Fuerza de disefio P = 240kN/5.50m =43.63 kN/m
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DISENO BARRERA DE PROTECCION METALICA

MATERIAL

Poste
Acero

fy

Tubos longitudinales
Acero ASTM - A500 Grado C

fy

DISENO TUBO LONGITUDINAL

DIMENSIONES
Separacion poste Sp
Fuerza disefio P
Momento . _ PxSp M
]
Modulo de seccion 5
5 — M
0.6fy

Tubo seleccionado

Diametro nominal

Diametro exterior d
Diametro Interior dint
Espesor pared e
Modulo de seccidn 5

A-36
250

345

1.50
43.63
10.91

52.69

11.35
10.08
6.35
54.25

MPa

MPa

kN/m
kN-m

cm

cm
cm

cm? OK!!!
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DISENO POSTE

Distancia a 25 c©m ;/,—_\ o . i

Distancia b 25 cm N I

Momento poste Mpost 1636.1 kN-cm | = = J 4 :

Modulo de seccion S 109.08 cm? ../ \‘.. ! | i _:E.;F
R 1

Diametro pernos 1 in = : — A | x

Distancia de borde al centrode  x 25 mm e

Longitud platina y 20 com _ ! | )

Espesor platina e 095 om I

Distancia | platina | 18.1 cm

Ancho platina Bplat 300 mm

Longitud platina Lplat 300 mm

Inercia del poste I 4E+03 cm4 I =Y 10+Y Adi®

Modulo de seccion calculado 5 427.23 cm? oK

DISENO PERNOS DE ANCLAJE

Pernos Acero G-60 fy 420 N/mm?2 M

Distancia entre pernos dp 25.0 com - d_p -—- :—-

Tension del perno T 65.45 kN T

Area perno requerida a tension Asp 130 mm? P = 0.60fy

Area acero suministrado Asp 510 mm? oK i _—

Previendo fabricacion de rosca 11/8 in

utilizar barilla
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3.11. DISENO BARRERA DE PROTECCION VEHICULAR

DISENO DE LAS BARRERAS NEW JERSEY

El disefio de las barandas o barreras de seguridad se realiza acorde con lo
especificado en los articulos 13.7; 13.8 v 13.10 de la Norma CCP-14, el disefo se
realiza para un (1) metro lineal de barrera.

MATERIALES
fc= 28 MPa
Fy = 420 MPa

CARGAS DE DISENO

Para definir la fuerza de disefio se debera determinar en primera instancia el Nivel
de ensayo correspondiente a la baranda a disefiar.

Las fuerzas de disefio para la baranda wvehicular son las presentadas en el
apendice A13.2 de la Norma, la cual presenta la siguiente configuracion de cargas.

fonas de alta velocidad, autovias, autopistas y carreteras interestatales en las
cuales el trafico incluye camiones vy vehiculos pesados.

MNivel de ensayo = TL-4
Fuerza Transversal, Ft= 240t
Fuerza Longitudinal, FL= 8.0t
Fuerza Verical, Fv= 8.0t
Longitud Transversal Lt = 1.070m
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Longitud Longitudinal L, = 1.070m

Longitud Vertical, Lv = 5.500 m

Altura de aplicacion de carga, He = 0.810m
Altura minima del parapeto, H= 0.810m

Acorde con 13.7.3.2

GEOMETRIA

Se describe la geometria de la barrera propuesta:

H1=0.08m
H2 =025m

H3=052m

- 0.90

{I.SCI_1

070
0.0
- .50

Y 0.44

030
0.20

i 0.1

£.00

-0.200  0.00 0.20

B1=015m
B2=005m

B3=020m

0.40 0.60

B4 =040m
H4 = 0.85m

Ver Hy,: OK

Se calcula el refuerzo requerido en la base de la barrera para soportar €l momento
generado por la carga de impacto, la cual se calcula como:

M, = (Py/Ly) - He
M, = 22.43 t/m - 0.81 m
M, = 18.17 t-m/m
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Ancho Barrerab = 1.000 m fc= 28 MPa
Altura Barrerah = 0.400 m Fy = 420 MPa
Recubrimiento = 0.040 m Pruencia= 0.9

Profundidad efectiva d = 0.360 m

Cuantia Calculada pgs = 0.00379
Factor bloque a comp. B1 = 0.85
Cuantia Balanceada p, = 0.02856 Menor gue la balanceada

Cuantia Minima pyiims = 0.00333 Mayor gue la minima

Cuantia Seleccionada p, = 0.00379

As a Utllizar = 13.64 cm? As a Colocado = 14.20 cm?
Barra a usar = NG Prof. Bl. de Compresion 2.51 cm
Area de la barra = 2.84 cm? Prof. Eje Neutro c = 2.95 cm
Separacion de barras calc = 0.21 Resistencia a flexion = 18.88 t-m
Separacion seleccionada = 0.20 VERIFICACION CUMPLE
Revision a cortante Peortant = 0.9

Se revisa la cortante resistente en la base de la barrera, en la cual se genera una
interfaz de transferencia de cortante, cortante por friccion:

La resistencia nominal a cortante en el plano de interfaz debe tomarse como:

[:ii" = CI"IH' + !'l( ‘_;'lff! + "'Df‘ ]
Donde:

A, @rea de concreto que participa en la transferencia de cortante por friccion

A, s area de refuerzo a coriante de interfaz que cruza el plano de corte.

c: factor de cohesidn.

u: factor de friccion

Pc: Fuerza permanente neta a compresion perpendicular al plano de corte.
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Para este caso se considera que la transferencia se da de la siguiente manera:

Concreto de densidad normal vaciado con superficie intencionalmente rugosa

Por lo cual,
= 170 t/m#
=1.00
K;=025
K; = 1000 t/m*
Cortante resistente, V;; = 114.9 t =Vu=240t OK
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3.12. DISENO ESTRUCTURAL DE SUBESTRUCTURA

El disefio estructural de la subestructura del puente estard acondicionado por dos estribos
extremos y cuatro (4) apoyos intermedios que soportan la superestructura; la subestructura
del puente esta construida en concreto reforzado de 28 MPa para caissons y vigas cabezales,
mientras que las pilas principales tendran la misma resistencia de 45 MPa.

El disefio estructural de la subestructura del puente estara acondicionado por el estribo 1 con
una viga cabezal de 3.20m de ancho por 2.25m de alto, apoyada sobre tres (3) pilotes de
didmetro de @2.0m separados cada 5.0m.

El apoyo intermedio 1 esta constituido por una columna rectangular hueca de 7.10m de largo
por 5.0m de ancho y 0.60 m de espesor, la altura de la columna es de 8.0 m que se conecta
monoliticamente a un encepado de concreto reforzado de 21.0m de ancho por 21.0m de largo
y 3.50m de altura, que a su vez estard apoyado sobre 16 caissons de didmetro @2.0m, a fin
de poder distribuir equitativamente las cargas gravitacionales hacia el suelo de cimentacion;
los caissons se encuentran separados 6.0m centro a centro.

El apoyo intermedio 2 esta constituido por una columna rectangular hueca de 7.10m de largo
por 5.0m de ancho y 0.60 m de espesor, la altura de la columna es de 10.0 m que se conecta
monoliticamente a un encepado de concreto reforzado de 21.0m de ancho por 21.0m de largo
y 3.50m de altura, que a su vez estard apoyado sobre 16 caissons de didmetro @2.0m, a fin
de poder distribuir equitativamente las cargas gravitacionales hacia el suelo de cimentacién;
los caissons se encuentran separados 6.0m centro a centro.

El apoyo intermedio 3 esta constituido por una viga cabezal de 3.50m de ancho por 2.45m
de alto que conecta monoliticamente a una columna rectangular hueca de 7.10m de largo por
3.50m de ancho y 0.60 m de espesor, la altura de la columna es de 5.08 m que se conecta
monoliticamente a un encepado de concreto reforzado de 11.0m de ancho por 11.0m de largo
y 3.50m de altura, que a su vez estara apoyado sobre cuatro (4) caissons de didmetro @2.50m,
a fin de poder distribuir equitativamente las cargas gravitacionales hacia el suelo de
cimentacion; los caissons se encuentran separados 7.50m centro a centro.

El apoyo intermedio 4 esta constituido por una viga cabezal de 1.90m de ancho por 1.50m
de alto que conecta monoliticamente a cuatro columnas circulares de diametro @1.50m,
separadas equitativamente 4.0m centro a centro; estas columnas se convierten en pilotes de
cimentacion cuando entra en contacto con el suelo de cimentacion.

El estribo 2 esta constituido por una viga cabezal de 1.60m de ancho por 1.50m de alto, que
conecta monoliticamente a cuatro columnas circulares de diametro @1.50m, separadas
equitativamente 4.0m centro a centro; estas columnas se convierten en pilotes de cimentacion
cuando entra en contacto con el suelo de cimentacion.
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Teniendo en cuenta toda la informacion presentada, se realiza el modelo digital basandose
en la geometria estructural de los apoyos intermedios, estribos y vigas postensadas y dovelas
sucesivas.

3.12.1. PARAMETROS DE DISENO

RESISTENCIA DE LOS MATERIALES

CONCRETOS

Resistencia especifica en estribos, apoyos intermedios y aletas  f°'c =28 MPa
Resistencia especifica en ménsulas, topes sismicos, bordillos f’c =28 MPa
Resistencia especifica en encepados, pilotes y caissons f’c =28 MPa

Resistencia especifica columnas rectangulares principales f’c =45 MPa

Madulo de elasticidad Ec =0.043K1wcl.5 Vfc
MPa
Coeficiente de expansion térmica a=1.08 * 10-5/°C

ACERO DE REFUERZO

NTC 2289 (ASTM A706)

Resistencia a la fluencia del acero fy = 4200 kg/cm2
COEFICIENTES DE RESISTENCIA

Se consideraran los siguientes coeficientes de resistencia dados en el titulo 5.5.4.2.1.

Flexién y traccién en concreto reforzado $=0.90
Cortante y torsion en concreto de densidad normal ¢ =0.90
Apoyo en concreto ¢=0.70
Compresion en modelos de puntal - tirantes ¢ =0.70
Compresion en zonas de anclaje para concreto de densidad normal $=10.80
Traccion en el acero en zonas de anclaje ¢ =1.00

3.12.2. MODELO ESTRUCTURAL

Para el modelo estructural de la subestructura del puente fue implementado el software de
disefio estructural MIDAS CIVIL, donde se incluye las diferentes secciones empleadas para
el modelado estructural, las diferentes propiedades mecénicas de los materiales, condiciones
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de contorno para los apoyos y las diferentes cargas provenientes y aplicadas a la
superestructura.

En las siguientes figuras se presentan el modelo estructural creado en el software MIDAS
CIVIL, conformado por una estructura tipo puente en vigas postensadas y cimentacion
profunda.

Figura 208. Modelo estructural software MIDAS CIVIL (1/2)

Figura 209. Modelo estructural software MIDAS CIVIL (2/2)
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3.12.3. PROPIEDADES MECANICAS DE LOS MATERIALES

Se definen las propiedades mecénicas de los materiales empleados para el modelo estructural

en la siguiente figura.

Figura 210. Propiedades mecanicas para los concretos de 28 MPa (280 kg/cm2)

Figura 211. Propiedades para concreto de 45 MPa (450 kg/cm2)

General

Meterial D Name
Elasticity Data
i Steel
Type of Design Concrete s
Standard
DE
5 Concrete
Standard | ASTM(RC) ~
Tge of Material ; Code
Isotropic Crthotropic
P ? DB Grade C4000 w
Steel

Modulus of Elasticity : 0.0000e+000 | kgffan~2
Poisson's Ratio : 0

Thermal Coeffident : 0.0000e+000 | 1/[C]

Weight Density : 0| kafjem~3
Use Mass Density: 0 kgffem~3fg

IE‘Concrete

Modulus of Elasticity : 2.5621e+005 | kgffem~2

Poisson's Ratio : 0.2

Thermal Coefficent 9.0000e-006 | 1/[c]

Weight Density : 0.002403 | kgffem~3

[ use Mass Density: 2.45e-006 | koffem~3/a

General
Elasticity Data
i Steel
Type of Design Concrete s
Standard
DB
5 Concrete
Standard | Mone ~
Type of Material Code
(®) Isotropic (O Orthotropic o8
Steel

Modulus of Elasticity : 0.0000e+000 | tonffmm~2
Poisson's Ratio 3 0

Thermal Coefficent : 0.0000e+000 | 1/[C]

Weight Density - 0 | tonfjmm~3
Use Mass Density: 0 tonfjmm~3fg
IE‘Concrete

Modulus of Elasticity :

Poisson's Ratio

Thermal Coefficent :

Weight Density

[ Use Mass Density:

tonffmm~2
e
tonffmm~3

2.452-013 | tonfjmm~3/a
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3.12.4. PROPIEDADES GEOMETRICAS DE LOS ELEMENTOS

Definidas las diferentes caracteristicas de los materiales, se definen las secciones y elementos
estructurales con sus respectivas propiedades geométricas empleadas en el modelo

estructural.

DB/User l

—E—1

{

Value Unit
i Area 7.200000e+000 | m"2
Section ID . Solid Rectangle w | Asy 5.0000002+000 | m~2
Asz 6.000000e+000 | m"2
fame (@) User (@] AISC10(US) xx 6.877552e+000 | m"4
| by 3.037500e+000 | m"4
lzz 6.144000e+000 | m"4
Sect. Name Cvp 1.600000+000 | m
Built-Up Section Cym 1.600000e+000 | m
Czp 1.125000e+000 | m
Czm 1.125000e+000 | m
| Qvb 6.328125e-001 | m"2
AISC10(US) Qzb 1.280000e+000 | m"2
Peri:0 1.090000e+001 | m
Peri:l 0.000000e+000 | m
Center: 1.600000e+000 [ m
H 2,25 m Centerz 1.125000e+000 | m
3 32 m il -1.600000e+000 | m
z1 1.125000e+000 | m
y2 1.600000e+000 | m
z2 1.125000e+000 | m
v3 1.600000e+000 | m
z3 -1.125000e+000 | m
v -1.600000e+000 | m
z4 -1.125000e+000 | m
Close

Offset: Center-Top
Change Offset ...

Consider Shear Deformation.
[ consider Warping Effect(7th DOF)

Figura 212. Viga cabezal estribo 1

DE 2021
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DB/User l
Value Unit
i Area 8.575000e+000 | m"2
EZETD . Solid Rectangle ~ [Asy 7 1458332+000 | m"2
Asz 7.145833e+000 | m"2
fame ®) User (@]} AISC10(US) lx 9.742234e+000 | m"4
| by 4.289286e+000 | m"4
P e lzz 8.753646e+000 | m"4
—b— Cyp 1.750000e+000 | m
Built-Up Section Cym 1.750000e+000 | m
T Czp 1.225000e+000 | m
H Czm 1.225000e+000 | m
| Qvb 7.503125e-001 |m"2
L AISC10(US) Qzb 1.531250e+000 | m"2
Peri:0 1.190000e+001 | m
Peri:l 0.000000e+000 | m
Center: 1.750000e+000 [ m
H 2,45 m Centerz 1.225000e+000 [ m
B 35 il -1.750000e+000 | m
z1 1.225000e+000 | m
y2 1.750000e+000 | m
z2 1.225000e+000 | m
v3 1.750000e+000 | m
z3 -1.225000e+000 | m
v -1.750000e+000 | m
z4 -1.225000e+000 | m
Close
Consider Shear Deformation.
[] consider Warping Effect(7th DOF)
Offset: Center-Top
Change Offset ...
Figura 213. Viga cabezal apoyo 3
DB /User ]
Value Unit
: Area 2.850000e+00 |/m~2
Section ID . Solid Rectangle ~ Asy 2.375000e+00|m~2
Asz 2.375000e+00 |/m~2
Name: (®) Uiser (DB AISC10(US) e 1.108790e+00 | m™4
vy 5.343750e-01|m"4
Sect. Name lzz 8.573750e-01 m"4
) Cyp 9.500000e-01m
1 Built-Up Section Cym 9.500000-01|m
T Czp 7.500000e-01m
H Czm 7.500000e-01 m
| Oyb 2.812500e-01 m"2
L AISC10(Us) Qzb 4 512500e-01 m"2
Peri:0 6.800000e+00 |/m
Peri:l 0.000000e+00 |m
Center 9.500000e-01m
H 1.5 m Centerz 7.500000e-01|m
E 13 ¥l -9.500000e-01|m
z1 7.500000e-01 |m
y2 9.500000e-01 ' m
z2 7.500000e-01|m
¥3 9.500000e-01 ' m
z3 -7.500000e-01 |m
y4 -9.500000e-01 |m
24 -7.500000e-01|m
Close
Consider Shear Deformation.
Offset: Center-Top [ consider Warping Effect{7th DOF)
Change Offset ...

Figura 214. Viga cabezal apoyo 4
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DBfUser l
Value Unit
Area 2.400000e+00|m"2
Section ID 27 5
[ solid Rectangle ~ sy 2.000000e+00 | m"2
- Asz 2.000000e+00 [m"2
Name (®) User (DB ATSC10(US) L 8.053116e-01|m"4
vy 4.500000e-01|m"4
Sect. Name lzz 5.120000e-01|[m"4
Cyp 8.000000e-01|m
Built-Up Section Cym 2.000000e-01|m
Czp 7.500000e-01|m
Czm 7.500000e-01|m
| Ovb 2.812500e-01|m"2
AISC10{US) Qzb 3.200000e-01 [m"2
Peri:0 6.200000e+00|m
Peri:l 0.000000e+00|m
Center: 8.000000e-01|m
H 1.5 m Centerz 7.500000e-01|m
3 16 n vl -8.000000e-01|m
z1 7.500000e-01|m
y2 8.000000e-01|m
z2 7.500000e-01|m
¥3 8.000000e-01|m
z3 -7.500000e-01|m
v -8.000000e-01|m
z4 -7.500000e-01[m
Close
Consider Shear Deformation.
Offset: Center-Top [] consider warping Effect{7th DOF)
Change Offset ...
Figura 215. Viga cabezal Estribo 2
DBjUser I
Value Unit
. Area 1.380000e+001 | m"2
Section ID [ r-Octagon v [Asy 5.880000e+000 | m"2
Asz 4.920000e+000 | m"2
MEnE ®User Oos AISC10(US) licx 9.005064e+001 [ m™4
| by 4.907480e+001 | m™4
lzz 8.955230e+001 | m™4
BEEL IENE Cvp 3.5500002+000 [ m
Built-Up Section Cym 3.550000e+000 | m
Czp 2.500000e+000 | m
Czm 2.500000e+000 | m
| Qvb 1.012500e+001 | m"2
AISC10(US) Qzb 1.330125e+001 | m"2
Peri:0 2.420000e+001 | m
Peri:l 1.799411e+001 | m
Center: 3.550000e+000 | m
H 05 m Centerz 2.500000e+000 | m
71 ¥1 -3.550000e+000 | m
g : B z1 2.500000e+000 | m
a 0.6 m y2 3.550000e+000 | m
b 5 m z2 2.500000e+000 [ m
5 ¥3 3.550000e+000 | m
& & 23 -2.500000+000 [ m
2 6 m v -3.550000e+000 | m
= 0 m =4 -2.500000<+000 [ m
Close
Consider Shear Deformation.
[ consider Warping Effect(7th DOF)
Offset: Center-Center
Change Offset ...

Figura 216. Pila - Columna apoyo intermedio 1y 2
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DB/User l
Value Unit
) Area 1.200000e+001 | m"2
Section ID 22
B r-octagon v | Asy 8.830000e+000 | m"2
- Asz 3.120000e+000 | m"2
REn= @®) User (@)% AISC10(US) lix 4.536032e+001 | m"4
Iy 2.004980e+001 | m"4
lzz 7.048580e+001 | m"4
e Cyp 3.550000e+000 [ m
Built-Up Section Cym 3.550000e+000 | m
Czp 1.750000e+000 | m
Czm 1.750000e+000 | m
Qvb 6.093750e+000 | m"2
AISC10(US) Qzb 1.086375e+001 | m"2
Peri:0 2.120000e+001 | m
Peri:l 1.499411e+001 | m
Center: 3.550000e+000 | m
H 3.5 m Centerz 1.750000e+000 | m
71 il -3.550000e+000 | m
£ : i 21 1.750000e+000 | m
a 6 m y2 3.550000e+000 | m
b 5 o z2 1.750000e+000 | m
= 5 v3 3.550000e+000 | m
. " 23 -1.750000e+000 | m
2 6 m yi -3.550000e+000 | m
3 0 o z4 -1.750000e+000 | m
Close
Consider Shear Deformation.
[ Consider Warping Effect(7th DOF)
Offset: Center-Center
Change Offset ...
Figura 217. Pila - Columna apoyo intermedio 3
DE/User ]
Value Unit
. Area 1.767146e+000 |m"2
TR . Solid Round ~ | Asy 1.590431e+000 |m~2
Asz 1.590431e+000 |m"2
Mame (®) User (@] AISC10(US) lxex 4.970098=-001 |m"4
Iyy 2.48504%9e-001 [m"4
lzz 2.48504%e-001 [m"4
BEEE IENE Cvp 7.500000=-001 [ m
Built-Up Section Cym 7.500000e-001 | m
Czp 7.500000e-001 [m
Czm 7.500000e-001 [m
Qyb 1.875000e-001 |m"2
AISC10{US) Qzb 1.875000e-001 |m"2
Peri:0 4.71238%e+000 [m
Peri:l 0.000000e+000 | m
Center: 7.500000e-001 [m
Centerz 7.500000e-001 |m
] 5
" il 0.000000e+000 | m
z] 7.500000e-001 [m
¥2 7.500000e-001 [m
z2 0.000000e+000 | m
¥3 0.000000e+000 | m
z3 -7.500000e-001 |m
v4 -7.500000e-001 |m
zd 0.000000e+000 | m
Close
Consider Shear Deformation.
Offset: Center-Center
Change Offset ...

Figura 218. Pilote @1.50m
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DB/User l
Value Unit
) Area 3.141593e+000 | m"2
Section ID 17 .
@ soiid Round 4 | Asy 2.827433e+000 [ m"2
- Asz 2.827433e+000 | m"2
Name (®) User [@]:] AISC10{US) Lx 1.570796e+000 | m"4
| by 7.853982e-001 | m*™4
lzz 7.853982e-001 |m"4
EEEEITE Cwp 1.000000e+000 [ m
Built-Up Section Cym 1.000000e+000 | m
Czp 1.000000e+000 | m
Czm 1.000000e+000 | m
| Qvb 3.333333e-001 | m"2
AISC10{US) Qzb 3.333333e-001 | m"2
Peri:0 6.283185e+000 | m
Peri:l 0.000000e+000 | m
Center: 1.000000e+000 [ m
o 2 m Centerz 1.000000e+000 [ m
il 0.000000e+000 | m
z1 1.000000e+000 | m
y2 1.000000e+000 | m
z2 0.000000e+000 | m
v3 0.000000e+000 | m
z3 -1.000000e+000 | m
v -1.000000e+000 | m
z4 0.000000e+000 | m
Close
Consider Shear Deformation.
Offset: Center-Center
Change Offset ...
Figura 219. Pilote @2.0m
DBjUser l
Value Unit
. Area 4.80873%e+000 | m"2
Section ID 21 5
ecton . Solid Round ~ | Asy 4.417865e+000 | m™2
- Asz 4.417865e+000 | m"2
REnE (®) User [@]:] AISC10{US) bex 3.834952e+000 | m™4
| by 1.917476e+000 | m"4
lzz 1.917476e+000 | m"4
BEEEREDR Cvp 1.250000e+000 [ m
Built-Up Section Cym 1.250000e+000 | m
Czp 1.250000e+000 | m
Czm 1.250000e+000 | m
| Qb 5.208333e-001 |m"2
AISC10{US) Qzb 5.208333e-001 |m"2
Peri:0 7.853982e+000 | m
Peri:l 0.000000e+000 | m
Center: 1.250000e+000 | m
Centerz 1.250000e+000 | m
D m
- ¥l 0.000000e+000 | m
z1 1.250000e+000 | m
y2 1.250000e+000 | m
z2 0.000000e+000 | m
¥3 0.000000e+000 | m
z3 -1.250000e+000 | m
v -1.250000e+000 | m
z4 0.000000e+000 | m
Close
[] Consider Shear Deformation.
Offset: Center-Center
Change Offset...

Figura 220. Pilote @2.50m
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a—

(®) In-plane & Out-of-plane | 4

() In-plane o

Qut-of-plane 0

Plate Offset
(®) Thickness Ratio
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Figura 221. Espesor encepado apoyos intermedios 1y 2
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Figura 222. Espesor encepado apoyo intermedio 3
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3.12.5. CONDICIONES DE CONTORNO

Para las diferentes condiciones de contorno, fue utilizada un Unico tipo de condicion:

1. Apoyos moviles, con un (1) grado de restriccion al desplazamiento vertical.

Support Type (Local Direction)
Z
ga T Ry Dy %

Rz
Dx

Rz T
Dz

pid

[~ D-ALL
ok [ DOy [ Dz |v

[~ R-ALL

Rx [ Ry [ Rz [

Figura 223. Condiciones de contorno

En cuanto al disefio estructural, este se realiza utilizando los pardmetros e informacion
definidas por La Norma Colombiana De Disefio De Puentes LRFD CCP-14 y norma
americana AASHTO LRFD, donde se determina las combinaciones de carga que seran
impuestas al modelo estructural para determinar de manera mas aproximada las solicitaciones
actuantes, a fin de poder disefiar todos y cada uno de los elementos estructurales. El disefio
se realiza bajo las combinaciones de carga para los siguientes grupos:
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Load Combination List

Load Cases and Factors

No Name Description
» 1 Strength-I-1.250C+1 5DW+1.75M[1]+1.76CF+1 75BRK[1]+1.75LS+0 5T[1]+1.25(cD)}+1___

2[cLCB2 Strength-1:1.25DC+1.5DW+1.75M[2]+1.75CF+1.75BRK[1]+1.75LS+0.5T[1]+1.25(cD}+1...
3lcLCB3  [Strangth-ll-1.25DC+1 5DW+1 36M[1]+1 35CF+1 35BRK[1]+1.35L5+0 5T[1]+1.26(cD)+___
4fcLCB4 Strength-ll:1.250C+1.5DW+1.35M[2]+1.35CF+1.35BRK[1]+1.35L5+0.5T[1]+1.25(cD)+..
5|cLCB5 Strength-lll:1.25DC+1.5DW+1.0W[1]+0.5T[1]+1.25(cD}+1.25(cEL1)+1.25(cEL2)+1.0...
6|cLCB6  [Strength-ll-1. 25DC+1 SDW-1.0W[1]+0.5T[1]+1.25(cD)+1.25(cEL1)+1.25(cEL2)+1.0__
T|cLCBT Strength-IV:1.5DC+1.50W+0.5T[1]+1.5(cD}+1.5(cEL1)+1.5(cEL2)+1.0(cTs}+0.5(cCR...
8|cLCBS Strength-V:1.25DC+1.50W+1.35M[1]+1.35CF+1.35BRK[1]+1.35LS+1.0W[1]+1.0WL[1]+0...
9|cLCBY Strength-V:1.25DC+1.6DW+1.35M[1]+1.35CF+1.35BRK[1]+1.35LS+1.0W[1]-1.0WL[1]+0_..
10{cLCB10  [Strength-V:1.26DC+1.6DW+1.38M[1]+1.35CF+1.35BRK[1]+1.35L.8-1.0W[ 1]+ 1.0WL[1]+0...
11fcLCB11 Strength-V:1.25DC+1.6DW+1.35M[1]+1.35CF+1_35BRK[1]+1.35LS-1.0W[1]-1.0WL[1]+0..
12|cLCB12  [Strength-V:1.25DC+1.5DW+1.35M[2]+1.35CF+1.35BRK[1]+1.35L.8+1.0W[1]+1.0WL[1]+0...
13|cLCB13  [Strength-V:1.25DC+1.5DW+1.35M[2]+1.35CF +1.35BRK[1]+1.35L.8+1.0W[1]-1.0WL[1]+0...
14{cLCB14 Strength-V:1.25DC+1.6DW+1.35M[2]+1.35CF+1_35BRK[1]+1.35LS-1.0W[1]+1.0WL[1]+0_..
15|cLCB15  [Strength-V:1.25DC+1.6DW+1.36M[2]+1.35CF+1.35BRK[1]+1.35LS-1.0W[1]-1.0WL[1]+0...
16|cLCB16  [Extreme-l::1.0DC+1.0DW+0.5M[1]+0.6CF+0.6BRK[1]+0.5L5+1.0(cD)+1.0(cEL1)+1.0(c...
17]cLCB17  |Extreme-l::1.0DC+1.0DW+0 5M[2]+0 5CF+0 5BRK[1]+0.6LS+1.0(cD)+1.0(cEL1)+1.0(c__.
18|cLCB18  |Extreme-l::1.0DC+1.0DW+0.56M[1]+0.5CF+0.6BRK[1]+0.5LS+1.0ESP[1]+1.0(cD)+1.0(c...
19]cLCB19  |Extreme-l 1.0DC+1 0DW+0 5M[1]+0 5CF+0 5BRK[1]+0 6LS-1 0ESP[1]+1.0(cD)+1 0(c___
20/cLCB20  |Extreme-l::1.0DC+1.0DW+0 5M[1]+0.6CF+0.5BRK[1]+0.5L.5+1.0ESP[2]+1.0{cD}+1.0{c..
21]cLCB21  |Extreme-l::1.0DC+1.0DW+0.5M[1]+0.5CF+0.5BRK[1]+0.5LS-1.0ESP[2]+1.0(cD)+1.0(c...
22|cLCB22  |Extreme-l-1.0DC#1.0DW+0 5M[2]+0 5CF+0 5BRK[1]+0 5LS+1.0ESP[1]+1.0{cD)+1.0c._.
23]|cLCB23  |Extreme-l::1.0DC+1.0DW+0.6M[2]+0.5CF+0.5BRK[1]+0.5LS-1.0ESP[1]+1.0(cD)+1.0(c...
24|cLCB24  |Extreme-l::1.0DC+1.0DW+0.6M[2]+0.5CF+0.5BRK[1]+0.5L.5+1.0ESP[2]+1.0{cD}+1.0(c...
256|cLCB25  |Extreme-l-1.0DC+1.0DW+0 5M[2]+0 5CF+0 5BRK[1]+0.6LS-1.0ESP[2]+1.0{cD)+1.0(c._.
26|cLCB26  |Senice:1.0DC+1.00W+1.0M[1]+1.0CF+1.0BRK[1]+1.0LS+1.0W[1]+1.0WL[1]+1.0T[1]...
27|cLCB27  [Senice1.0DC+1 0DW+1 OM[1]+1.0CF+1 0BRK[1]+1.0LS+1 OW[1]-1. OWL[1]+1 0T[1]
28|cLCB28  |Senice:1.0DC+1.0DW+1.0M[1]+1.0CF+1.0BRK[1]+1.0LS-1.0W[1]+1.0WL[1]+1.0T[1]_
29]cLCB29  |Senice-:1.0DC+1.00W+1.0M[1]+1.0CF+1.0BRK[1]+1.0LS-1.0W[1]-1.0WL[1]+1.0T[1]...
30[cLCB30  [Service-1.0DC+1.0DW+1.0M[2]+1.0CF+1.0BRK[1]+1.0LS+1.0W[1][+1.0WL[1]+1.0T[1]
31|cLCB31  [Semvice:1.0DC+1.00W+1.0M[2]+1.0CF+1.0BRK[1]+1.0LS+1.0W[1]-1.0WL[1]+1.0T[1]...
32|cLCB32  [Semvice-:1.0DC+1.00W+1.0M[2]+1.0CF+1.0BRK[1]+1.0LS-1.0W[1]+1.0WL[1]+1.0T[1]...
33|cLCB33  |Service-:1.0DC+1.0DW+1.0M[2]+1.0CF+1 0BRK[1]+1.0LS-1.0W[1]-1.0WL[1]+1.0T[1]_
34|cLCB34  [Semvicel:1.00C+1.0DW+1.3M[1]+1.3CF+1.3BRK[1]+1.3LS+1.0T[1]+1.0(cD)+1.0(cEL...
35|cLCB35  |Service-l-1.0DC+1.0DW+1.3M[2]+1 3CF+1 3BRK[1]+1.3LS+1 0T[1]+1.0(cD)+1 0{cEL _
36]cLCB36  |Service-l-1.0DC+1.0DW+0 8M[1]+0 8CF+0 8BRK[1]+0.8LS+1.0T[1]+1.0(cD)+1.0(cE
37|cLCB37  [Semvice-ll:1.0DC+1.0DW+0.8M[2]+0.8CF+0.8BRK[1]+0.8L5+1.0T[1]+1.0{cD}+1.0(cE...
38|cLCB38  |Service-V:1.0DC+1 0DW+1.0W[1]+1 0WL[1]+1.0T[1]+1.0{cD)+1 0(cELT)+1.0{cEL2)+
39|cLCB39  [SemviceV:1.0DC+1.00W+1.0W[1]-1.0WL[1]+1.0T[1]+1.0(cD}+1.0(cEL1)+1.0{cEL2)+...
40]cLCB40  |Senice-V:1.0DC+1.0DW-1.0W[11+1.0WL[1]+1.0T[1][+1.0(cD}+1.0(cEL1}+1.0(cEL2)+...
41]cLCB41  [Senice-V-1.0DC+1.0DW-1.0W[1}-1.0WL[1]+1 0T[1]+1.0{cD)+1.0(cEL1)+1.0{cEL2)+
42[cLCB42  |Fatigue-l:1.75CF

43|cLCB43  |Fatigue-l:1.75M[1]+1.75CF

44|clLCB44 Fatigue-I:1.75M[2]+1.75CF

LoadCase Factor [~
[l 5ARRERA NJ(ST)
BARANDA(ST) 1.2500
BORDILLO(ST) 1.2500
ANDEN(ST) 1.2500
PAVIMENTO(ST) 1.5000
3C_I_C_D{MV) 1.7500
FUERZA CENTRIFUGA(ST) 1.7500
FRENADO(ST) 1.7500
PEATONAL(ST) 1.7500
TEMPERATURA(ST) 0.5000
Dead Load(CS) 1.2500
'Wet Concrete(CS) 1.2500
Form Traveler(CS) 1.2500
Tendon Secondary(CS) 1.0000
Creep Secondary(CS) 1.2500
Shrinkage Secondary(CS) 1.2500
*

El andlisis sismico y célculo de las cargas dinamicas se realizara de acuerdo al Titulo 3.10
del CCP-14; adicionalmente considerando el tipo de estructuras teniendo en cuenta lo
expuesto en el titulo 3.10.5 — Clasificacion Operacional este puede clasificarse como puente

esencial.

El espectro de disefio, se realizara teniendo en cuenta los parametros sismicos dados en el
estudio geotécnico y se tendran en cuenta los efectos ortogonales del sismo, donde se
considerara el 100% actuando en la direccién longitudinal mas el 30% del sismo en la
direccion transversal y posteriormente el sismo actuando 100% en la direcciéon transversal y
30% en la direccion longitudinal.

El modelo estructural debe ser afectado por las fuerzas sismicas generadas por el espectro de
aceleraciones de disefio, grafica que dependen de los siguientes pardmetros sismicos:

Coeficiente de aceleracion pico efectiva PGA

Coeficiente de Aceleracién Espectral Horizontal Ss
Coeficiente de aceleracion de respuesta espectral horizontal S1

Region 3 =0.15
Region 3 =0.30

Region 4 =0.20
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Function Name Spectral Data Type
AASHTO-LRFDEth(2012) | (®) Normalized Accel. () Acceleration () velodity () Displacement
Scaling Gravity Graph Options
Import File Design Spectrum (®) Scale Factor I:l m,:'sec"l [ -axis log scale
Fézgg;j SDECt(rga]I Data] » () Maximum value 0 g D-W [ ¥-axis log scale
1 0.0000 0.2250
2 0.0600 0.3103 0.a48€
3 0.1200 0.3956 R
4| 01709 0.4680
5| 01800 0.4680 s O
i 0.2400 0.4680 & 0.25ee
7 0.3000 04680 = o.246
8 0.3600 0.4680 E o 1oee |
9 0.4200 04680 n
10| 04800 0.4680 e-raeey
11 0.5400 0 4680 0.05&E
12 0.6000 0.4680 0.048€ ! ! ! ! ! ! ! ! ! ! ! !
12 0.6600 0.4680 0.01 1.01 2.01 2.01 1.01 5.01 £.01
14| 07200 0.4680 | ¥ Fericd (s=c)

Description AASHTO-LRFD12: Soil=D PGA=0,15 55=0,30 51=0,20 RMF=1,00

Figura 224. Espectro de aceleraciones de disefio CCP14

3.13. DISENO ESTRUCTURAL ESTRIBO 1
3.13.1. DISENO ESTRUCTURAL VIGA CABEZAL

Para el disefio estructural de la viga cabezal, se plantea un modelo estructural desarrollado
en el software MIDAS CIVIL 2022, que cumple con el disefio geométrico para determinar
las solicitaciones tanto para momento flector, como para fuerza axial y cortante, y asi,
determinar el refuerzo requerido que se dispondra tanto en la seccion transversal propuesta
del estribo 1. En la Figura 225 esta representado el modelo estructural que serd empleado en
el software para el disefio estructural estribo 1.
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Figura 225. Modelo digital en software MIDAS CIVIL 2022

Para determinar las respectivas solicitaciones, se realiza el modelamiento estructural
completo, integrando la superestructura y subestructura por medio de links elasticos que
simulan la rigidez vertical y torsional de los neoprenos, a fin de poder transmitir las cargas
de la superestructura a la viga cabezal, siendo estas zonas las que se veran mas afectadas a
momento flector tanto positivo como negativo, valores con los cuales se podra determinar el
refuerzo necesario para suplir estas solicitaciones.

Se realiza el disefio estructural y se aprecia las solicitaciones maximas para momento flector
positivo y negativo, ademas de la fuerza cortante respectivamente, que estéa siendo sometida
laviga cabezal de los estribos a las diferentes combinaciones de carga impuestas en el modelo

estructural.

1

MIDAS/Civil
POST-FROCESSCR i pastcs il
MOMENT-y, z
595.51
485.11
374.72
264.33 W
153.94
0.00
-66.85
-177.24
-287.63
-398.02
-508.42
-618.81

PostCs
CBALL: E

MAX : 4174

MIN : 4178

FILE: PUENTE RIO ~
UNIT: tonf*m

Figura 226. Maximo momento flector y fuerza cortante

MIDAS/Civil
POST-FROCESSOR

BERM DIRGRRM
SHERR-v,Z

407.17
333.57
259.97
186.37
112.77

39.17

0.00
-108.03
-181.63
-255.22
-328.82
-402.42

PostCs
CBALL: E

MAX : 4176
MIN : 4132
FILE: PUENTE RIO ~
UNIT: tonf
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SOLICITACIONES DE DISENO ESTRUCTURAL

+ +
MU( ) = 595.51 ton.m VU( ) = 407.17 ton
M, = —618.81 ton.m v, = —402.42 ton
MEMB Section fc
secT |SEL| Bc | He | & |Pos| chik | asTo NG) | NO) | PO | P g 3
p| AsBot [ o e [res|rarn| LT | cal Rate| o pv |LcB| Ratv
Span bf hf fys
173 VIGA 32X22| 261228 | 1 | OK | 0.0107 | 0.0107 | 7.03897 | 868.127 | 25+ | 0.008 | 577369 | 868.127 | 20- | 0.007 |8.73122 | 2008.10| 7 | 0.005
120 | [~ [3200]2250| 421862 | M | OK | 0.0107 | 0.0107 | 16.8678 | 868.127 | 25+ | 0.019| 260616 | 868.127| 20- | 0.005 | 29.1937 | 185208 | 7 | 0.016

1.5000 0.000 | 0.000| 421242 0.022
4174 VIGA 322 2| 281228 OK..- | 0.0107 | 0.0107 | 0.00000 | 868127 | 2+ | 0.000(621.905)|868.127| 1+ | 0.716| 282.051 | 996.109 | 20+ | 0.283

1 oK 0.0107 | 0.0107 | 281837 | 868127 7| 0.034 | 0.00000|358.127| 2+ | 0.000| 385245 | 1728475
|

120 | [T |3.200(2250| 421842 | M oK 0.0107 | 0.0107 | 106.292 | 868.127 | 21- | 0.122 | 459.577 | 868.127 | 1+ | 0.529 | 308.865 | 953.426 | 20+ | 0.324
J
|

-

3.1000 0.000 | 0.000| 421342 0K 0.0107 | 0.0107 | 336.515 | 868.127 | 21- | 0.383 | 202.645 | 868.127 | 20+ | 0.233 | 322273 | 933.421 | 20+ | 0.345
4175 VIGA 3.2X2 2| 281228 oK 0.0107 | 0.0107 | 234.078 | 868127 | 21-| 0.270 | 274.264 | 868127 | 20+ | 0.316 | 216.850 | 1137.44 | 21- | 0191
120 | [T |3.200(2.250| 421842 | M oK 0.0107 | 0.0107 | 91.2399 | 868127 | 21-| 0.105|291.909 | 888127 | 1+ | 0.335 | 203.442 | 1167.90 | 21-| 0174
3.1000 0.000| 0.000| 421842 | oK 0.0107 | 0.0107 | 67.2300 | 868127 | 21-| 0.077|364.668 | 888127 | 20+ | 0.420 | 176.627 | 123470 | 21- | 0.143
4176 VIGA 3.2X22( 281228 | | 0K 0.0107 | 0.0107 | 131.596 | 868.127 | 21- | 0.152 | 378.236 | 868.127 | 1+ | 0.436 | 382.515 | 847.033 | 20+ | 0452
120 | [T |3.200(2250| 421842 | M 0K 0.0107 | 0.0107 | 445.041 | 868.127 | 21- | 0.514|359.456 | 868.127 | 20+ | 0.414 | 398.950 | 827 442 | 20+ | 0432

1

|

1.8000 0.000| 0.000| 42184.2 oK 0.0107 | 0.0107 | 618.808 | 868.127 | 21- | 0.713 | 376.839 | 868.127 | 20+ | 0.434 | 407.167 | 817.948 | 20+ | 0.498
4181 VIGA 3.2X2 2| 2812.28 oK 0.0107 | 0.0107 | 281937 | 868127 7| 0.034 | 0.00000| 868127 | 2+| 0.000| 38.9245 | 178475 7| 002z
120 | [T |3.200(2.250| 421842 | M oK 0.0107 | 0.0107 | 16.8728 | 868.127 | 25+ | 0.019| 460738 | 868127 | 20- | 0.005| 28.1837 | 1852.09 7 006
1.5000 0.000| 0.000| 421842 | oK 0.0107 | 0.0107 | 7.04019 | 868127 | 25+ | 0.008| 577312 | 868127 | 20- | 0.007|9.73122 | 2008.10 7| 0005
4182 VIGA 3222 281228 | | OK.- | 0.0107 | 0.0107 | 430.864 | 868127 | 21- | 0.496 | 563.632 | 868.127 | 20+ | 0.549 | 402422 | B44.780 | 21- | 0.476
120 | [T |3.200(2250| 421842 | M oK 0.0107 | 0.0107 | 256.305 | 868.127 | 21- | 0.295|547.525|868.127 | 20+ | 0.631| 394205 | 854844 | 21- | 0.461
1.8000 0.000| 0.000| 421842 | J oK 0.0M07 | 0.0107 | 0.00000 | 868.127 | 2+ | 0.000|600.532 |868.127| 1+ | 0.682 | 377.770 | 875.644 | 21- | 0.431

1. Design Information

Cresign Code  AASHTO-LRFD1&

Unit System : tonf, m

MMaterial Data : fo=2812.28, fy =42184.2, fys=42184.2 tonfim"2
Beam Span 1.8 m

Section Property  : VIG4 3.2X2.25 (No : 120)

2. Section Diagram

EMD-] pAacy EMD-1
[t w w
[+] [+] [+]
'] ']
(v} N (v}
(¥} (¥}
n w w
Gt TEIITE Gt TTIITS Gt R
L] o o
3z 3z 3z
TOP :21-28, TOP1 :21-28, TOPY [ 24-=8,
TOPZ TOPZ: TOPZ
BOTY 21-28, BOTT 1 21-28, BOTT  21-28,
BOTZ: BOTZ: BOTZ:
ETRFRLUFE  4.0-85 &0 ETRFRUFE (4.0-85 0 ETRFRUFE 4.0-85 §0
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3. Bending Moment Capacity

Megative Moment (Mu)
(-} Load Combination Ma.
Factored Strength (Mr)

Zheck Ratio (Mu/Mr)

Paositive Moment (WMu)
(+) Load Combination Mo.
Factored Strength (M)

Check Ratio (Mu/hr)

Using Rebar Top (As_top)

sing Rebar Bot (As_bot)

4. Shear Capacity

Load Combination MNo.
Factored Shear Forcs (WVu)

Shear Strength by Conc(PhiV)

Shear Strength by Rebar.(PhiVs)

Using Shear Reinf. (Av)
Using Stirrups Spacing
Check Ratio

Required long. rebar

5. Torsion Capacity

Load Combination MNo.
Factored Torsion (Tu)
Torsion Resistance (Tn)
FRequired Stirrups Spacing
Check Ratio

Required long. rebar

END-I MID EMD-J
430.86 445.04 518.81
21- 21- 21-
868.13 868.13 868.13
0.4963 0.5138 07128
521.90 547.53 500.53
1+ 20+ 1+
868.13 868.13 86813
0.7164 0.6307 05918
0.0107 0.0107 0.0107
0.0107 0.0107 0.0107

END-1 MID EMD-J
21- 20+ 20+
40242 398.95 407.17
35579 34642 341.35
488.99 481.02 476.60
0.0001 0.0001 0.0001

4.0-#3 @0 4.0-#5 @0 4.0-#53 @0
04754 04821 04278
Lr e b oo d Wik
END-1 MID EMD-J
18- 18+ 18+
54.73 55.21 55.21
896.04 892.73 87846
0.00 0.00 0.00
0.0611 0.0618 0.0628

i

dedcdedcdr

edchdcd

DE 2021
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MIDAS/Civil — RC-Beam Checking

[ AASHTO-LRFDI1E ]

iwil 20233

* MIDA3SCivil — RC-BEAM Analysis/Design Program.

* _FROJECT H
* DE3IGZHN CTCODE : ARJHTO-LREDLE, * UNIT SYSTEM tonf, m
* .MEMEER : Hember Type = BEAM, MEMB = 417¢
* _DE3CRIPTION OF BEEAM DATA (i3JEC = 120} : VIGA 3.3X2.35
Section Type : Rectangle ([RECT]
Beam Length [Spanl = 1.500 m.
Section Depth [Hcl 2.250 m.
Section Width ([(Bcl 2.200 m.

Concrete Jtremn
Main Rebar 3tr
Stirrups Jtrem
Mpdulus of Ela

20812.279% tonffm"2.
42184_188 tonf/m"2.
421684.188 tonffm"2.

20285024.157 tonf/m"2.

gth [(£c"}
ength [f£y)
gth [(£ys}

sticity (Es)

* PORCE3 AND MOMENTS AT CHECE POINT <Ik-

278.24 tonf-m., LCB

Positive Bending MHoment P-Mu = = 1+
Hegative Bending Homent H-Mu = 121.€0 sonf-m., LB = 3l1-
Shear Force Tu = 282.51 tomnf. , LCB = 30+
* _.REINFORCEMENT FATITERN :
Location i dil m.} Be=bar Ami[ m™2.}
Top 1 0.073 21— #8 0. 01070
BEottom 1 0.073 21— #8 0. 01070
Jtirrup= : 4.0-§5 @150
[[C*11]1 BNALYZE WEGATIVE BENWNDING MOMENT CREACITY.
[ }. Compute parameter.
—. phi = 080
-. Alpha = 0 _85
-. Beta = 0.85
-. d = 2.1750 m.
—. ecu = 0o.0030
[ }. Compute maximuim and minimm reinforcement.
-. Iyy = 2.0275 m™4.
—. shar = 11350 m_
-. f£r = 0.2494*3QRT[Ec"] = 227.47 tonffm"2.
-. 3c = Iyy / shar = 2.7000 m™3.
—. Mcz = 1.3*8c*frx = 1053 .41 sonf-m.
=. Bhominl = Mcr/ [ phi®*fy*b*d® (d-af2} ] = o.001s
—-. Bhomin2 = 1.22%Hu/[ phi*fy*bk*d* (d-af2} ] = g.o002
—. Phomin = MIN[ Bhominl, Rhomin2 ] = g.o0o02
=. As min = PRhomin * Ag = 0.0022 m"2 .

Check tensi
-. A= =
—. As min <

Check momen
-. ©
-. CTc

-. I=s

le reinforcement.
0.0107 m~2.
As -———> O.K !
%t capacity.
0.0€E68 m.
447.€5 tonE.
451.51 tonf.

Madading, Iregated Design & Anslyeis Softasrs

i Fararw MidisUser com

Prird Doty Tirnas: DB 2135
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PROJECT TITLE :
Company JORGE FANDIND SAS Cliant
m Author rojaswalter3333@gmail com Fila ¥ame puente rio sing COMPLETO geoteonia.ros
-. Mr = BEB_12 tonf-m.
- Mu/Mr = o.153 —-—> ©O.EK !

[rr*111 ANALYEE POSITIVE BENDING MOMENT CAPACITY.

[ }. Compute paramster._
—. phi = 080
=. Alpha = 0.85
-=. Beta = 0.85
-. d = 2.1750 m.
-. ®cm = o.0020
[ }. Compute maximim and minimm reinforcement._
-. Iyy = 2.02375 m™~4.
—. shar = 1.1250 m.
-. £z = 0.24%3QRT[£c"] = 227.47 tonffm"2.
-. 3c = Iyy [/ sbar = 2.7000 m~2.
—. Mcr = 1_2*3c*frx = 1052 .41 tonf-m.
=. Bhominl = Mcr/ [ phi®*fy*bod® (d-af2} ] = o.001s
-. Phomin2 = 1_22*Mu/[ phi®*fy*b*d® (d-af2] 1 = o.o00s
=. Phomin = MIN[ Phominl, Bhomin2 ] = Q0005
=. A=s min = PRhomin * Ag = 0.00e4 m"3.
[ }. CTheck ten=sile reinforcement.
=. BEm= = 0.0107 m™~2._
—. As min < A= -——= ©O.K !
[ }. Check moment capacity.
-. c = 0 .0E88 m.
-. Cc = 447 . €5 tonf.
-. I=s = 451.51 tonf.
—. Mr = BEE.12 tomf-m.
- Mu/fMr = .42 -——»= O.E !
[Cr=111 BANALYEE SHEAR CAPACITY.
[ }. Compute shear paramster.
=. phi = 0,80
-. Aw = 0.0008 m™2.
-. bw = 2.20 m.
-. dwv = MAX[ dv, 0.5%%d, 0.72*Hc 1 = 2.15 m.
=. theta = 41_5€ Deg. [Clause 5.8.2.4.2]
—. beta = 1.30
[ }. Compute shear strength of concrete.
-. Vu = 282.51 tomf.
-. Ve = 0.021€*bata® IPAT [Ec "] *bvidy = 25€.€5 tonf.
—. phi¥c = phi * ¥Vc = 257 .02 tomnf.
=. ¥n_lim = 0.35%fc"*bvidr = 4827.1% tonf.
[ }. Compute stirrup spacing.
—. Maximum spacing smax = MIN[ 0.8%dv, 24 imn ] = Q.10 m.
—. Wu > phi¥c -—-> PReguired shear reinforcement.
-. smax = MIN[ smax, Av/(0.021€*3QRT (fc'}*bv/Eys} 1 = 0.237 m.
—. Applied spacing = = 0,150 m.
[ }. Compute shear strength of reinforcement.
-. W= = Av*fys*dv*cot(thetal S o= = 544 _4€ tonf.
=. Ws_lim = 0.25%fc'"*bridv — Ve = 4430.50 tonf.
-. W= = MIN[ Vs, Ws_lim ] = S544.4€ tonf.
Muadeding, Inegrated Desion & Aralvsis Softsare Prir Dastes Tirner: DB242022 21:35
i MidesUser com
MIDASC Va1.0 -213-
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=. phiVs = phi®*¥s = 450.01 tonf.
=. phi¥Vs > [(Vu-phiVc] -=—=z C.E !
—=. Using Avfms = Vs [ (Ey=s*dv?®cot (thetal} = 0.0052 m~2/m.
[ }. CTheck tension force in the longitudinal reinforcement caused by shear.
—. phib = 0. 50
—. phiw = 0. 50
-. V=l = MIN[ Vs, Vufphiv ] = 425.02 tonf.
—-. A= req = [ Huf (phib#*dvw} + ([(Vuo/phiv — 0.5*Vsl}*cot(thetal ] f fy = 0_00%8 m"32 .

[rr*111 ANALYZE

TOR3SION CAPRCITY.

[ }. Compute torsion parameter.
-. phi = 050
—. Acp = 7.20 m™3.
-. Pc = 10.50 m.
-. hoh = €.74 m™2.
-. REo = 0.85%Rkch = 5.72 m™2.
-. Fh = 10.5€ m.
-. Tu = —52.€l tonfm.
—. theta = 230.07 Deg.
=. Ter = 0_125*30RT(fc"}*RBcp 2fBc = 825.5%4 tonf-m.
—-. Tu < 0.35*phi*Tcr = 1868.05% tonf-m.

———» Torsion check is not required.

[rr*111 ANRLYEZE CRACE.

[ }. Theck crack control of top reinforcement. ([ LCE = 44- }
—. MHu = 0.772€ tonf-m.
-. h = 2.2500 m.
-. dc = 0.0750 m.
—. Beta = = l4dc/(0.7*(h—-dc}} = 1.05 m.
—=. Gamma = = 1.00
-. c_cr = 0.2851 m.
=. Ier = 0.2224 m™4.
-. f== = 24.785 tonf/m"2.
-. = = 0.145€ m.
—. =a = TDD‘Samma_:f[B:ta_z‘fzz:—ﬂ’d: = 0.4572 m.
-. = &£ ma —-—-> O.EK!
[ }. CTheck crack control of bottom reinforcement. [ LCB = 25+
-. Hu = 255.7051 sonf-m.
-. h = 2.2500 m.
-. dec = 00750 m.
- tha_: = 1+def(0.7*(h-dc}} = 1_.05 m.
—. Gamma = = 1_00
-. © €I = 0.2551 m.
-. Icz = 0.22329 m™4.
=. E== = 1325%€.5%25 tonf/m™2.
-. = = 0.145%€ m.
-. =ma = TUU‘S:mm:_!f[BEt:_!‘f!!l-ﬂ‘d: = 0.4572 m.
-. = < =mg ———> O_EK1!

Modeading, biepated Desiogn & Analyes Softasre

i Favara MickesUser com

Prird Dot Tirnas: DB242022 21:38
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3.13.2. DISENO DE CAISSONS CIRCULARES @ =2.0m

Para el disefio estructural de la estructura tipo caisson circular de concreto reforzado, se hace
necesario utilizar el software MIDAS y determinar el refuerzo necesario para suplir todas las
solicitaciones impuestas y que se encuentran generadas por el modelo, de esta manera, los
pilotes se encuentran subdivididos en segmentos de 1.0 m de altura.

Del modelo estructural, se requiere determinar la carga gravitacional que desciende de la viga
cabezal a los caissons de los estribos y posteriormente al suelo de cimentacion.

PK | 0+138.00 | 0+218.00 | 0+378.00 | 0+458.00 [ 0+479.50 | 0+509.60 |
ENVOLVENTE DE RESISTENCIA ULTIMA
Pcaisson 2.00 2.00 2.00 2.50 1.50 1.50
Sep. Caisson C.A.C. 5.00 6.00 6.00 7.50 4.00 4.00
cargas en ton ESTRIBO1 | APOYO1 | APOYO2 | APOYO 3 [ APOYO 4 | ESTRIBO 2
P1 325.00 700.00 873.00 | 894.00 | 667.00 | 424.00
P2 400.00 1003.00 | 1170.00 | 637.00 | 449.00 | 289.00
P3 347.00 1160.00 | 133400 | 888.00 | 357.00 | 256.00
P4 1105.00 | 1283.00 | 645.00 | 236.00 | 132.00
P5 845.00 893.00
P6 1169.00 | 1189.00
P7 1384.00 | 1425.00
P8 1336.00 | 1412.00
P9 896.00 800.00
P10 1199.00 | 1125.00
P11 1418.00 | 1365.00
P12 1371.00 | 1366.00
P13 859.00 632.00
P14 1163.00 933.00
P15 1312.00 | 1115.00
P16 122200 | 1110.00
Long. 34.00 50.00 40.00 30.00 | 35.00 20.00
PROMEDIO PILOTE ton | 357.33 1133.88 | 1126.56 | 766.00 | 427.25 | 275.25
PROMEDIO PILOTEKN | 3573.33 | 11338.75 | 11265.63 | 7660.00 | 4272.50 | 2752.50
TOTAL ton 1072.00 | 18142.00 | 18025.00 | 3064.00 | 1709.00 | 1101.00
TOTAL kN 10720.00 | 181420.00 | 180250.00 | 30640.00 | 17090.00 | 11010.00
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ENVOLVENTE DE EVENTO EXTREMO

@caisson 2.00 2.00 2.00 2.50 1.50 1.50
Sep. Caisson C.A.C. 5.00 6.00 6.00 7.50 4.00 4.00
cargas en ton ESTRIBO1 | APOYO1 | APOYO 2 | APOYO 3 | APOYO 4 | ESTRIBO 2
P1 437.00 1073.00 1289.00 | 1167.00 | 583.00 38.00
P2 303.00 1100.00 1338.00 | 1005.00 | 314.00 186.00
P3 467.00 1233.00 1436.00 | 1132.00 | 287.00 186.00
P4 1298.00 1525.00 992.00 333.00 210.00
P5 1203.00 1189.00
P6 1097.00 1167.00
P7 1235.00 1309.00
P8 1544.00 1516.00
P9 1292.00 1057.00
P10 1174.00 1031.00
P11 1344.00 1213.00
P12 1617.00 1457.00
P13 1281.00 969.00
P14 1384.00 1023.00
P15 1465.00 1156.00
P16 1569.00 1308.00
Long. 34.00 50.00 40.00 30.00 35.00 20.00
PROMEDIO PILOTE ton 402.33 1306.81 1248.94 | 1074.00 | 379.25 155.00
PROMEDIO PILOTE kN 4023.33 13068.13 | 12489.38 | 10740.00 | 3792.50 1550.00
TOTAL ton 1207.00 20909.00 | 19983.00 | 4296.00 | 1517.00 620.00
TOTAL kN 12070.00 | 209090.00 | 199830.00 | 42960.00 | 15170.00 | 6200.00
ENVOLVENTE DE SERVICIO
@Pcaisson 2.00 2.00 2.00 2.50 1.50 1.50
Sep. Caisson C.A.C. 5.00 6.00 6.00 7.50 4.00 4.00
cargas en ton ESTRIBO1 | APOYO1 | APOYO 2 | APOYO 3 | APOYO 4 | ESTRIBO 2
P1 260.00 436.00 711.00 715.00 518.00 329.00
P2 327.00 634.00 931.00 517.00 344.00 220.00
P3 292.00 780.00 1052.00 704.00 284.00 200.00
P4 732.00 1004.00 524.00 199.00 111.00
P5 650.00 739.00
P6 859.00 960.00
P7 1052.00 1151.00
P8 1016.00 1127.00
P9 740.00 642.00
P10 969.00 838.00
P11 1149.00 1037.00
P12 1098.00 1034.00
P13 699.00 437.00
P14 928.00 624.00
P15 1040.00 775.00
P16 962.00 760.00
Long. 34.00 50.00 40.00 30.00 35.00 20.00
PROMEDIO PILOTE ton 293.00 859.00 863.88 615.00 336.25 215.00
PROMEDIO PILOTE kN 2930.00 8590.00 8638.75 | 6150.00 | 3362.50 2150.00
TOTAL ton 879.00 13744.00 | 13822.00 | 2460.00 | 1345.00 860.00
TOTAL kN 8790.00 |137440.00 | 138220.00 | 24600.00 | 13450.00 | 8600.00
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Estribo 1 — PK0+138

Segun el Volumen IV. ESTUDIO DE SUELOS PARA DISENO DE FUNDACIONES Y
OBRAS COMPLEMENTARIAS, para transmitir la carga vertical adecuadamente al suelo
de cimentacion, se requiere tener un didmetro de caisson de @=2.0 m hasta completar una
longitud total de 34.0 m segun recomendaciones del estudio de suelos y geotecnia.

Capacidad de Carga del pilote - Estado Limite de Resistencia (toneladas)

¥
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Figura 227. Resistencia Reducida Caissons Estribo 1
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De la anterior gréfica, se puede estimar una carga por resistencia Ultima de 381 ton por
caissons, y una carga promedio de 358 ton por caissons, con factor de seguridad de
Demanda/capacidad FS=381 ton/ 358 ton = 1.06

Capacidad de Carga del pilote - Estado Limite de Servicio (toneladas)
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Figura 228. Resistencia evento extremo Caissons Estribo 1

De la anterior gréafica, se puede estimar una carga por evento extremo de 866 ton por caisson,
y una carga promedio de 402 ton por caisson, con factor de seguridad de Demanda/capacidad
FS =866 ton / 402 ton = 2.15.

Del mismo modo, del Volumen IV. ESTUDIO DE SUELOS PARA DISENO DE
FUNDACIONES Y OBRAS COMPLEMENTARIAS se extrajeron los modulos de
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reaccion horizontal del suelo, los cuales se utilizaron para determinar los resortes en el
modelo estructural de los pilotes, a fin de poder determinar la interaccion suelo-estructura
ante las solicitaciones presentadas.

VARIACION DE MODULO DE BALASTO

Imicia Fin Diametro Diametro Bal Didmetro
(#) {m) {m) (m) g/c () J [m| J
1 0 3 1.8 0.1808 2 0.1605 2.2 0.1455
2 3 5 1.3 0.2917 2 0.2626 2.2 0.2387
3 5 9 1.8 0.6178 2 0.5560 2.2 0.5055
| 4 9 30 18 0.5370 2 0.4833 22 0.4393
ESTRIBO 1

Diametro de pilote (m) @

2.00

Altura elemento h=1.0m

Profundidades (m) Madulo de reaccion | Médulo de reaccion | K
De A (kg/lcm?®) ton/m3 (ton/m)
0.00 3.00 0.1605 160.50 321
3.00 5.00 0.2626 262.60 525
5.00 9.00 0.5560 556.00 1112
9.00 30.00 0.4833 483.30 967

Se presenta la interaccion suelo-estructura debidamente incluida en el software MIDAS

CIVIL
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Figura 229. Mddulos de reaccion horizontal Kh Estribo 1
Para el disefio estructural de elementos sometidos a flexo-compresion se debe realizar de
manera iterativa hasta determinar qué cantidad de refuerzo cumple con la cuantia requerida
y con la cuantia minima, en este orden de ideas, se plantea una alternativa para los caissons
del estribo 1.

Con ayuda del software MIDAS CIVIL se pudo determinar la cuantia requerida para atender
las solicitaciones a momento flector y fuerza cortante generada por la variacion entre
combinaciones de carga establecidas por el codigo CCP-14.
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MIDAS/Civil . .
FOST-PROCESSOR Hi postcs Wl g

BELM DIAGERM
MOMENT-vy, =

415.00
- 326.58
T 238.16

149.74
- 61.32
—T 0.00
—T -115.52

T -203.94
—— -292.36

—380.78
l -4£9.20
-557.62

Post(s
CBCALL: ENV

MAX : 4188
MIN : 41386

FILE: PUENTE RIO ~
UNIT: tonf*m

MIDAS/Civil
POST-PROCESSOR

BELM DIAGRAM

SHERR-y, z
I .
1 23.
= B
T -11.
T -20.
T -29.

—-38.0
l e
-55.

Post(S
CBCRLL: ENV
MRY : 4123
MIN : 4136

32.6

6.

0.00

FILE: PUENTE RIO ~

TUNIT: tonf

Figura 230. Momento flector y fuerza cortante para la envolvente de carga Estribo 1

SOLICITACIONES DE DISENO ESTRUCTURAL

M, = 415.00 ton.m

MO = —

vy, = 41.48 ton

557.62 ton.m VU(_) = —55.76 ton

Disefio a Flexo-compresion
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Diesign Code
Linit System
Member Number
Material Data
Column Height
Section Property
Rebkar Pattern

2. Applied Loads

1. Design Condition

AASHTO-LRFD16

tonf, m

4188 (PM), 4188 (Shear)

fo=281228, fy=421842, fys=421842tonfim"2

1.05m

pilote &2.0 estribos (No : 170)

Pos 1

Pos 2

Pos 3

Layer 1

4010

Total Rebar Area Ast= 00327741 m"2 (Rhost=0.0104)

Load Combination 20+ AT (l) Point
Pu = 45737 tonf, My =45.0422, Mz = 415.001,
3. Axial Forces and Moments Capacity Check
Concentric Max. Axial Load Pr-rnax = 5288.39 tonf
Axial Load Ratio PuiPr = 45737 /-104.27 = 0430
Moment Ratio Py Miry = 45,0422/ 103.079 =0.437
Mz Mrz = 415.001 / 938.205 =0.442
M WA = 417 438/ 043040 = 0442
4. P-M Interaction Diagram
F'(tcmp:}?,,
Theta=B3.730eg. Pritonf)
Te3E N A=B3 810eq
6610.49
o804
5238.57
=2 e ]
U N P R = R Y AU SO A 4338.02
“as3e 3574.28
24032 2064.52
— 2560.61
2277.31
1134
2003.93
ﬂ J
%{"”‘-”‘4’ Mitonf-rm) 1605.62
1134 124827
oo68 5 - - o w - F - - 4 588.17
m w o (%] 2] ] - 1 [ =]
o 1 o ri] 1 - ] "] L] =] L] -253.98
- - - - ol ol
-1244 29
5. Shear Force Capacity Check
Applied Shear Force Vu = 56.6440 tonf (Load Combination 25-)
Shear Strength by Conc Phiv =482.718 tonf
Shear Strength by Rebar PhiVs =315.321 tonf (2.0#5 @0 )
Shear Ratio VulVr = 56.6440 / B08.030 =0.070 <1.000 ...

<1.000 ... O K
=1.000 ... OK
=<1.000 ... OK
<1.000 ... O K

Mr(tonf-rm)

0.00
950.92
1351.82
1363.48
1665.13
1743.22
177870
1789.63
1778.85
1675.68
1369.73
837.28

o.00

=417 438 tonf-m

o
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MIDAS/Civil

C Columin Checking Result

FPROJECT TITLE :

Company JORGEE FAMDIFNG SAS Chant
m Author rojaswalterd3dd@gmail com File Name |2 rio sind COMPLETO geotecnia hzapsta=3.
MIDAS/Civil - RBC-Column Checking [ AASHTO-LRFDLE ] Ciwil 2022
* MIDAS/Civil — RC-COLTMN Analysis/Design Program.
# _DE3IGN CODE : ARIHTO-LEFDI1E, # UNIT SY3TEM : tomf, m
* _MEMEER : Member Type = COLUMN , MEME = 4188, LCE = 20+, PO3 = I
# _DE3CRIPTION OF COLUMN DATAR (i3EC = 170} : pilote @2.0 estribos
Colummn Height (L} = 1.000 m.
Section Type : 30LID ROUND (3R}
Section Diameter (D} = 2.000 m.
Concrete Strength (£c) = Z2012.27% wonfE/m"2.
Main Bebar Strength (£y] = 421684. 188 tonf/m"~32.
Ties/3pirals Strength [(fy=] = 421684. 188 tonf/m~2.
Modulus of Elasticity [Es} = 2028%024.157 tonffm"3.
*# _REINPORCEMENT PAITERN :
Layer Fosl A= m~2_} Fo=2 As[ m™2_} Fo=3 As[ m~3_}
1 40-§10 | 0.0228)} - -
# Ties 2.0-¥5 @go
[[C*111 CALCULATE JLEWDERNES3 RATIOI, MAGNIFIED FORCES/MOMENTI.
{ }. FPactored forces/moments caused by unit load case. Unit : tonf., m
# Load combination ID = 20+
Load Case Fu max Myi Myj Mzi Mg j
DL 150.10 14 . 59€ 20,049 —€0.523 -54.24
LL -2.87 0.18 0.27 2.71 2.53
DL+LL lg€.22 15.15 20.21 -58.22 -51.71
Others -231.87 2% .80 25,19 472.22 425.223
DL+LL+Others -45.74 45 .04 55.50 415.00 a7a.52
[C[C[*111 ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLIMN.

. Compute design parameter.

—. phi = 0. 50
=. Alpgha = 0.85
-. Beta = 0.85
-. ecu = 0.0030

. Compute maximim and minimm reinforcement

—. FPhomaxl = 0.0300 (User Input]
=. Bhomax = MIN[ Phomaxl, 0.08 1 = o.g200
-. Phomin = 0.125%fc'ffy = 00050

Check tensile reinforcemsnt.
Bho 0.0104
Rho_min < Rho < Fho max

- _—

oK !

[

Check moment capacity.

M oxceding, Irbescpasiesd Dession & Arulhysis Sofasrs
P ararar Wikl lmer com

Prirs Drates Tirner: SA01/2022 22409

MIDASICH VaL1LO -143-
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RC Column Checking Result

PROJECT TITLE :

Company JORGE FANDIND 245 Cliant
m Author rojaswalter3 333 Eymail. com Fila Name |= rio sind COMFPLETO geotecnis hzapata=3.
—. Pr_max = 5208.351 tonf.
-. Pr = -104.272 tonf.
-. MHry = 103.07% tonf-m.
—. MHrs = 530.255 tonf-m.
—. Mr = 542.540 tonf-m.
-. BufPr = 0.43% --—»= O.E !
= Muy/Mry = 0.227 H
-, Mus/Mrz = 0.4432 1
- Mu/Mr = 0.442 H
-. Ratio = 0.443 H
[[[*111 ANALYZE 3JHEAR CAPACITY OF BIANIALLY LOADED RC-COLTRMM.
{ }. Compute shear parameter. ([ LCB = 25, P03 = T }
-. phi = 0,50
-. Aw = 0.0004 m™2.
-. PFu = 448.82 tonf.
-. Vus = 14.8% tonf.
-. Huy = -14.549 tonf-m.
-. bvs = 2.00 m.
-. dvs = MEEL[ dvs calc, 0.%%*d=z, 0.72*Hc ] = 1.72 m.
=. thetaz = 20.58 Dag. [Clause 5.8.2.4.2]
—. betas = 2.55
-. Vuy = 54.€5 tonf.
-. Hus = -522.57 tonf-m.
—. bwvy = 2.00 m.
-. dwvy = HAI[ dvy calc, 0.%%*%dy, 0.72*Bc 1 = 1.72 m.
—. thetay = 20.58 D=g. [Clau=e 5_H_.2.4.2]
-. besay = 2.55
[ }. Compute shear strength of concrete.
-. Vus = 14_8% tonf.
-. Vcm = 0.03le*betas® 3QRT [fc"1*bvs*dvs = 547.4€ tonE.
—. phiVcs = phi * Ve = 452 .72 tonf.
-. Vuy = 54_ €5 tonf.
-. Vecy = 0. 03le*betay* IQRT [Ec "] *brvy*dvy = 547.4€ tonf.
—. phiVecy = phi * WVcy = 452 .72 tonf.
[ }. Compute maximum spacing of ties.
=. Mamimum spacing smax = = MIN[ 0_8%dwz, 24 in ] = 0.€10 m.
-. Vusz < phiVez/2 —-—->* WMot required shear reinforcement.
—. Applied spacing =5_=z = 0.140 m.
—. Mamimum spacing smax y = MIN[ 0.8*dvy, 249 in ] = O.E10 m.
-. Vuy < phiVcy/2 -—-> Hot required shear reinforcement.
—-. Applied spacing = ¥ = 0.140 m.
=. Applied spacing = = MIN[ =_¥., =_z ] = 0.140 m.
[ }. Compute shear strength of reinforcement.
=. Vasm = Av? fys*dvs®cot (thetas) JS == 3A50. 2€ tomf_
—. V=g lim = 0.25*fc"*bvs*dvs — Vcos = 1l8€7.087 tomnf.
=. Vaz = MIN[ Vsz, Waz lim ] = 250.32€ tonf.
—. phiVas = phi*Vsx = 215.22 tonf.
—. phi¥Vss > [Vus—-phiVcs) -———= ©Q.E !
—-. Using Avsfs = Vas / (fys*dvs*cotithetas}) = 0.002% m™2/m.

-. V=ay = Av®fys*dvy®cot (thesay) / = = 350.3€ somf.
—=. Vay lim = 0.25*fc'*bwy?dwvy — Vcy = 18€7.87 tomf.

-. Vay = HIN[ V=y, ".-'::-,r_:l.:i.m 1= 250.32€ tonf.

—. phiVsy = phi*Vay = 215.22 tonf.

Modading, Infeyated Desion & Anclyas Softacre
i MickeUser com

Prirt DestesTirna: GR0172022 22408

MIDASICinil V1.0 -213-
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m Author rojaswalt=r3 33 3@gmail. com FileMame |e riosind COMPLETO geoteonia hzapata=3.
=. phiVsy > [(Vuy-phiVeyl -—=> 0O.K !
—. Usming RAvyf=s = Vsy [/ [(fys*dvy*cotithetayl} = 0.002% m*2/m.
-. T = 5€_€45 tonf.
-. ¥r = B08 .025% tonf.
=. Ratio =%vu / ¥r = 0.070 ---> O.E !

ompute minimim longitudinal reinforcement by shear.

—. phia = 0.75

—. phik = 0. 50

—-. phiw = 0. 50

—. Valy = MIN[ Vsy, Vuy/phiv ] = €2 .54 tomfE.

—. V=ls = MIH[ Vas, "."us.-"phi:'] = €2 .54 tomfE.

—. Asy Teg = [ Hus/ (phib*dwy] - 0.5*FPu/phia + (Vuy/phiv — 0.5*WVsaly] *cot (thetay} ] [/ £y
= 0. 0024 m~3.

—. Asm Teg = [ !{u:-,r.-"[phib‘d?si: - D.E‘:—‘u.-"phia + ['."us.-"ph:i:' - 0.5*VWsls) *cot (thetas) ] £
= 0.0024 m~2.

=. As regq = MAN|[ Rsy reqg, Ass_reg ] = 0.0024 m™3 .

=. A= = 0.0328 m™2.

-. As reg < As ---> O.E!
Modaing, kegated Desion & Aralves Softacre Pririt DraterTirne: GA012022 22-10
bt Pararar Wikl ser com
MIDASICil Va.1.0 -313-
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3.14. DISENO ESTRUCTURAL APOYO INTERMEDIO 1
3.14.1. DISENO ESTRUCTURAL COLUMNA RECTANGULAR

Para el disefio estructural de la columna rectangular, se plantea un modelo estructural
desarrollado en el software MIDAS CIVIL 2022, que cumple con el disefio geométrico para
determinar las solicitaciones tanto para momento flector, como para fuerza axial, cortante y
torsion y asi, determinar el refuerzo requerido que se dispondra tanto en la seccion transversal
propuesta del estribo 1. En la siguiente figura esta representado el modelo estructural que
sera empleado en el software para el disefio estructural del apoyo intermedio 1.

Figura 231. Modelo digital en software MIDAS CIVIL 2022

Para determinar las respectivas solicitaciones, se realiza el modelamiento estructural
completo, integrando la superestructura y subestructura, a fin de poder transmitir las cargas
de la superestructura a la columna rectangular, siendo estas zonas las que se veran mas
afectadas a momento flector tanto positivo como negativo, valores con los cuales se podra
determinar el refuerzo necesario para suplir estas solicitaciones.

Se realiza el disefio estructural y se aprecia las solicitaciones maximas para momento flector
positivo y negativo, ademas de la fuerza cortante respectivamente, que esta siendo sometida
laviga cabezal de los estribos a las diferentes combinaciones de carga impuestas en el modelo
estructural.
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MIDAS/Civil MIDAS/Civil
u —+ u
T POST-PROCESSOR h'{ PostCs Al i POST-FROCESSOR
BEAM DIAGRRM M BERM DIAGRRM
MOMENT-¥, = SHERR-¥, Z
28163.70 1106.6%
2239063 794.08
1£617.5¢6 431.48
10844.48 168.88
5071.41 0.00
0.00 -456.32
-£474.74 -768.92
-12247.81 -108l.52
-18020.89 -1394.12
-23793.96 -1706.72
-29567.03 -2019.33
-35340.11 -2331.93
PostCs PostCs
CBCALL: ENV CBCALL: ENV
MAX : 10324 MRX - 10324
MIN : 10324 MIN : 10324
FILE: PUENTE RIO ~ FILE: PUENIE RIO ~
UNIT: tonfrm UNIT: tonf
Figura 232. Maximo momento flector y fuerza cortante
+ +
M, = 28163.70 ton.m v, = 1106.69 ton
M, = —35340.11 ton.m v, = —2331.93 ton
MEMB Section| Bc | Hc fc fy Ast Pu Pr Rat-P Asvy Wu
SEL - CHK|LCB|POS Pr-max LCB|
SECT (i a b | Height fys Rho Mc Mr Rat-M AsvE Rat-V
) COLUMN | 7.100 | 5.000 | 4588.72 | 42184.2 0.258% 10248.4 | 15879.9 | 0645 0.0001 | 228740
r oK | 1+ J 36557.8 18-
78 0.6000 |0.000(0.000( 1.0000 | 421842 0.0192 30044.4 | 458939 | 0.650 0.0001 | 0.787
10318 COLUMM | 7.100 | 5.000 | 4588.72 | 42184.2 0.2589 10287.7 | 15906.3 | 0.647 0.0001 | 2294.11
r oK | 1+ 36557 8 18-
79 0.6000 |0.000(0.000| 1.0000 |42184.2 0.0192 20007.2 | 46775.6 | 0.652 0.0001 | 0.789
10319 COLUMN|7.100 | 5.000 | 4588.72 | 42184.2 0.258% 10327.0 | 159331 | 0648 0.0001 | 2300.70
r oK | 1+] 4 36557.8 18-
79 0.6000 |0.000(0.000| 1.0000 |4218342 0.0192 209535 | 48650.4 | 0853 0.0001 | 0.791
10320 COLUMN | 7.100 | 5.000 | 4588.72 | 42184.2 0.2589 10366.2 | 159626 | 0649 0.0001 |2307.18
r oK | 1+| 4 36557.8 19-
79 0.6000 |0.000(0.000| 1.0000 |421842 0.0198 299127 | 465265 | 0.655 0.0001 | 0793
10321 COLUMN | 7.100 | 5.000 | 4588.72 | 42184.2 0.258% 104055 | 161257 | 0645 0.0001 | 231353
r oK | 1+ J 36557.8 18-
78 0.6000 |0.000(0.000( 1.0000 | 421842 0.0192 20874.1 | 46304.4 | 0656 0.0001 | 0.795
10322 COLUMM | 7.100 | 5.000 | 4588.72 | 42184.2 0.2589 10444.3 | 16161.6 | 0.646 0.0001 |2319.77
r oK | 1+ 36557 8 18-
79 0.6000 |0.000(0.000| 1.0000 |42184.2 0.0192 20238.1 | 46182.0 | 0.857 0.0001 | 0.796
10323 COLUMN|7.100 | 5.000 | 4588.72 | 42184.2 0.258% 104841 | 182035 | 0647 0.0001 | 2325.90
r oK | 1+] 4 36557.8 18-
79 0.6000 |0.000(0.000| 1.0000 |4218342 0.0192 202029 | 450889 | 0858 0.0001 | 0798
10324 COLUMN | 7.100 | 5.000 | 4588.72 | 42184.2 0.2589 10565.1 | 15936.0 | 0663 0.0001 |2331.93
r oK | 11+] ) 36557.8 19-
79 0.6000 |0.000(0.000| 1.0000 |421842 0.0198 31171.1 | 473935 | 0.661 0.0001 | 0.800
€ >
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1. Design Condition

Design Code
Unit System
Member Murmber
Material Data
Column Height
Sedlion Property

Rebar Pattern

2 Applied Loads

Load Combination

AASHTO-LRFD16 l

tonf, m g:]:

10324 (PM), 10324 (Shear)
fo=4588.72, fy =42184.2, fys=42184.2 tonfim*2

1m

COLUMNA 7 1X5.0 (No : 79)

Paos 1 Pos 2 Pos 3 gI _l'
Layer 1 4510 4010 — o6
Layer 2 39810 3410 -

Total Rebar Area Ast=0.2388916 m*2 (Rhost= 0.0198)

11+  AT(J) Point

Pu = 10565.1 tonf, My =18615.7, Mcz = -2.5e+04, M = 311711 tonf-m

3. Axial Forces and Moments Capacity Check

Axial Load Ratio

Moment Ratio

Concentric Max. Axial Load Pr-max = 36357.8 tonf
Pu/Pr =10565.1/15936.0 =0.663 <1.000 ... (a7,
My My = 186157/ 281656 =0.661 =1.000 ... Ok
MeziMr= =-2 5e+04/ 38116.2 =0.656 =1.000 ... Ok
M MIF =31171.1/47393.5 =0.658 =1.000 ... (a4
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4 P-M Interaction Diagram

F.l:tc"HAGBD
Theta=53.534Deg. Pritonf) Mritonf-rm)
gat1al M A=AG 660
45607.27 0.00
52103
30554.28 3799596
44235
25244 16 4335281
S I I I IR = N I R I R 20708.95 45454.81
28350 17238.23 46348.30
cpaim 14907.24 48007.57
13092.24 4878214
12474 e
oshs =1 o 11257.29 4802897
4530
o 9117.43 48400.63
-2a0z tlitorrrm) 5894 97 44537.02
-11340 S B - B e ] 1234.61 34887 44
m & & m ® o m B o n
o n & 2 & 2 8 9 &8 £ & -5017.65 17344 47
- - o " L] =t 1] u w
-0829.93 0.00
5. Shear Force Capacity Check
Applied Shear Force Yuy = 884 408, Vuz =2331.03 tonf (Load Combination 19-)
Shear Strength (Y-Direction) PhiVy =1601.01, PhiVsy =2356.95tonf (4.0-%#5 @0 )
Shear Strength (Z-Direction) Phivz =1237.05, PhiVsz =1678.68 tonf (4.0-#5 @0 )
Shear Ratio VulVr =2331.93/ 201574 =0.800 <1.000 ... oK
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MIDAS/Civil

RC Column Checking Result

PROJECT TITLE :
Company JORGE FANDING SAS Clent
m Author rojaswalterd 33 M@gmail com Fila ¥ ame puenta rio sind COMPLETO geoteonia.res
MIDAS Civil - RC-Colummn Checking [ AAIHTO-LRFD1E ] Ciwil 2022
# _ MIDATF/Civil - RC-COLUMN Analysis/Design Program.
* .DE3IZN CTCODE : AAJHICO-LREDI1E, *# . UNIT 3Y3TEM tonf, m
i MEMEER : Mexmber Type = COLUMN , MEME = 10224, LCE = 11+, P03 = J
*# _DE3CRIFTION OF COLUMKN DATAR (i3EC = 7%) : COLUMNA 7.1X5.0
Columm Height ([L} = 1.000 m.
Section Type - BOX (B}
Section Depth [Hel = S.000 m.
Section Width [Bel = T.100 m.
Section Thick [t} = O_€00 m.
Concrete Strength (£c) = 4508.722 tonEfm"2.
Main Rebar Strength (£y] = 42164. 188 tonf/m"2.
'I:'u::l.-"ﬂp:i::al:l Jtrength (£ys] = 42184. 188 tonE/m"2.
Mopdulus of Elasticity (Ea=} = 2028%024.157 tonf/m"3.
# _BEINFORCEMENT FATTERN :
Layer Fo=l Asl m~2 .} Eo=l As[ m™~2.} Eo=3 Axl m~2 .}
1 a5-§10 | 0.02€5] 40-§10 | o.0228] -
2 as—§10 | 0 ._0220) 24-§10 | 0_027%) -
* Ties 4. 0-§5 @0.15
[[0*111 CALCULATE SLEWNDERNE33 RATIOS, MAGNIFIED PORCES/MOMENTI.
{ }. FPactored forces/moments caused by unit load case. TUnit : tonf., m.
# Load combination ID = 11+
Load Cass= Fu max Myi Mgi Mz 5
DL SGEE2.B1 103237.7€ 11080.592 -2lasa.22 -21215.2%
LL -15.2€ €370 .62 €1€7.41 B51.50 BES.B82
DL+LL SE47.45 1ET08 .38 17248. 24 —-20501.43 -20333.48
Others 717 _€0 1€87 .22 12€7.25 -4502.5¢€ -4€€08.2€
DL+LL+0thers 105€5.05 18355.€1 1B€EL5. 72 -25002.5% -25001.84

[ 3.

[

[

End MHoments
End Moments

(Hyl] 1B385.€
(M2} 1BELS .7
Jlenderness ratio limits.
3Ry (Unbraced] 232.00
Badii of gyration [Roy)
Unbraced lengths (Ly}
Effective length factors
JLEN ¥ Ey*LyfRoy

[Ex}
0.52

DBy 1.00 [(Default wal

Compute magnified moments.

Ho sidesway momsnts.

gMb y = My G = 17248._24
Jidesway moments.
QMs_y = My 3§ = 12€7. 39

Computs mag:n;f:i:d. moments .

1l tonf-m.
2 tonf-m_

1.855
1.000
1.000
SRy

B <«

1 |

tonf-m.

tonf-m.

_—

Chack slenderne== ratios of BRACED/UNERACED frame.

WOT JLENDER.

Compute moment magnification factors for major amis(DBy,D3y).

Meacedirg, Iresyastend Desion & Aralveis Softacre
i e ikl mer com

Prirs DresteyTirnae: 071 7I2022 2024

MIDASICivil V.10 -1/3-
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 591
DE 2021 MONTERIA, CORDOBA




8373

CONSORCIO PUENTE SINU FIA

VOLUMEN VIII ESTUDIO Y DISENO DE
ESTRUCTURAS DE PUENTES, OBRAS DE ARTE
Y OTRAS ESTRUCTURAS DE CONTENCION

Fecha: 02-09-2022

MIDAS/Civil

RC Column Checking Result

PROJECT TITLE :

Company JORGE FAMDIMG SAS Chant
m Author rojaswalter2 33 3@ gmasil com Fila ¥amsa pusnte rio sind COMPLETC geoteonia.rcs
Mcy = DEBEy*QMb_y + DIy QMs_y 18€15.72 tonfm.
[ }. Check slendernes=s ratios of BRACED/TUWERACTED frame.
—. End Moments (Mzl} = 25001 .84 tonf-m.
—. End Moments [Mz2} = 25002 .5%% tonf-m.

—. Slenderness ratio limits.
3Bz (Unbkraced] = 22.00

=. Radii of gyration [(Rosz} = 2.532€ m.
—. Unbraced lengths L=} = 1.000 m.
—. Effective length factors (Es} = 1.000
-. 3LEWNz = Ecz*Lz/Ros = 0_.25%4 <« HBm -—---» NOT 3LEWDER.
[ }. Compute moment magnification factors for minor axis(DBs,D3s).
-. DB= = 1.00 [(Default wvalue)
[ }. Compute magnified moments.
—. Ho sidesway moments.
Q!‘Eb_s = !{5_5 = -203233. 48 tonf-m.
—. Jidesway moments.
M= = = Mz 3 = -4€€8. 2€ tonf-m.
—. Compute magnifisd moments .
Mex = DBs‘Q!‘Zb_s + Dﬂs‘@-{s_s

-25001.84 tonf-m.

[[C[*111 ANALYZE CAPACITY OF BIAXIALLY LOADED RC-COLIN.
[ }. Compute design parameter.
=. phi = 080
—. Alpha = 0.85
-. Beta = o.72
—. ecu = 0o.0030
[ }. Compute maximum and minimum reinforcement.
—. Bhomaxl = 0.0200 [(Us=r Input]
=. Phomax = MIN[ Phomaxl, 0.08 ] = o.0a00
=. Phomin = 0.135%fc'ffy = 0.0147
[ }. CTheck tensile reinforcement._
-. Pho = 0.0188
—. Fho_min < Rho < Rho max -———3> OQ.K !
[ }. CTheck moment capacity.
—. Pr max = 2€557.812 tomf.
-. Fr = 15925.9€€ wonf.
—. Mry = 2081€5.592 tonf-m.
—. Mrs = 20811€.21¢€ sonf-m.
—. Mr = 4725%2_525% tonf-m.
-. BufPr = g.€€2 -—>»= O.E !
= Muy/Mrcy = 0.€€1 ---» O.E !
-. Muz/Mrxg = J_ESE —_— oK !
-, Mu/Mr = 0.e€a -—> O.E !
-. Ratio = g.€€2 -—-»= O.E !
[[C[*111 ANALYZE SJHEAP CAPACITY OF BIAXIALLY LOADED RC-COLUMN.
[ }. Compute shear parameter. ([ LCE = 15, P03 = I }
=. phi = 0.50
-. Aw = 0.0008 m~2.
-. Pu = B457_5% tonf.
—. Vus = 2331.523 tonf.
-. Muy = —-7524.18 tonf-m.
-. bvs = 1L.20 m.
—. dwvs = MAX[ dvs_calc, 0.%%ds, 0.72%*Hc ] = 4.70 m.

M odeding, iegrated Design & Aralyss Soffasre
g Faracar MickesUser com

Prir DastesTimme: TN 702022 2024
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MIDAS/Civil

RC Column Checking Result

PROJECT TITLE :

Company JORGE FAMDING SAS CHiant
m Author rojaswalterd 33 3@ gmail com Fila Mamsa puente rio sind COMPLETO geotecnia.rcs
=. thetas = 25.355 Deg. [Clan=e 5.8_.2_.4_.2]
—. betas = 4.25
-. WVuy = B84.41 tonf.
—. Mus = —28352.3223 sonf-m.
—-. bwy = 1.20 m.
—. dwvy = MARE[ d?:.,r_l::lll:, 0_9*dy, 0.72*Bc ] = E.75 m.
—. thetay = 30.13 Deg- [Clanse 5.8.3.49_21
—. betay = 2.87

Compute shear strength of concrets.

1 r

. WVus = 2331.52 sonf.

-. Vem = 0.031l€*betas* 30RT[Ec"] *bysidvs = 1374.51 tonf.
—. phiVcs = phi * Vem = 1227 .0€ tonf.

—. Wuy = B884.41 sonf.

-. WVcy = 0.021l€*batay* IQRT[£c"] *bryidry = 1778.8% tonf.
=. phiVcy = phi * Wcy = 101 .01 tonf.

Compute maximum spacing of ties.
. Maximm spacing smax = = MIHN[ 0_8%dwvs,

T

24 imn ] = 0_€10 m.

=. Wuz > phi¥Vcz -——> FEFegquired shear reinforcement.

- =max = = MIH[ smax_=, AvwS (0.021€*33RT(Ec") ‘b'.'s.n"fy:n 1= 0.4%5 m.
—. Applied spacing =_= = 0.150 m.

=. Maximum spacing =max y = MINH[ 0.8*dvy, 24 imn ] = O.€10 m.

—. phiVey/f2 < Vuy < phiVcy > Reguired minimum shear reinforcement.

- msmax ¥y = MHIHN[ smax_y. AwS (0. 021€*3QRT(Fc") ‘b?:.,r,n"fy:: 1= 0_4%5 m._

- Applied spacing =_¥ = 0.150 m.

. Applied spacing = MIN[ = ¥, s_= 1 = 0.150 m.
ompute shear
. Was =

strength of reinforcement.
Av® fya*dvs*cot (thetas) f o=
0. 25*fc " *bes?devs — Vea =

[x

1BES.20 tonfE.
50595.77 tonf.

. Vaz lim

—. Vaz = MIN[ Vasz, Vaz lim ] = 1Be5.20 tonf.
—. phiVas = phi®*Vas = 1€78.608 tonf.
—. phiVas > (Vus—phiVcs]) -—=> O.K !

. Using Avs/s = Vag / (Ey=s*dvs*cotithetas)] = 0.0052 m™2/m.

2€18.684 tonf.
7515.50 tonf.

Av® fys*dvy®cot (thetay} [ =
0. 25%Ec " *bryidey — Vey =

. Way
- Vay lim

—-. W=y MINI[ Vsy, Vay lim ] = 2€18.84 tomf.
—. phiVsy = phi®*Vay = 235€.55 tonf.
—. phiVay > (Vuy-phiVcy] -—=> O.K !

. Using Avy/s = Vay / (Ey=s*dvy*cotithetayl] = 0.0052 m™2/m.

—. Vu = 2331 .527 wonf.

- ¥Vr = 2515 _.728 tonf.

—. BRatio =%Vu / Vr = 0.800 -—> OQ.E !

[ }. Compute minimum longitudinal reinforcemsnt by shear.

—. phia = 0_.175

—. phib = 0. 50

—. phiw = 0. 50

—. Wsly = MIN[ Vay, ".-'u:.,r,-"ph:i?] = G822 _€8 tomf.

=. Vals = MIN|[ V=z, Vug/phiv ] = 1865 .20 tonf._

—. BAay reg = [ Muz/ [phibk*dw ¥} - 0.5*Pufphia + (Vuy/phiv - 0.5*Vsly) *cot (thetay) 1 F £y
= —0.0035 m"~3.

—. A=z _req = [ Muy/ (phib*dw=] - 0_.5*BPufphia + (Vuz/phiv - 0_.5%Vslx] *cot (thetam} 1 / £y
= —0.0327 m"~3.

—. As req = MEY| Asy req, Ass reg ] = -—0.0035 m™3.

- R&s =  0.2585 m"Z. B

-. As reg < As ---> O.E!

W cxcleding, Irescrastesd Dession & Aredysis Sofracra
et e Mkl o
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3.14.2. DISENO ENCEPADO APOYO INTERMEDIO 1 - H=4.0m

Para el disefio estructural de los encepados cuadrados de concreto reforzado, se hace
necesario utilizar el software MIDAS CIVIL y determinar el refuerzo necesario para suplir
todas las solicitaciones impuestas por la transmision de cargas provenientes de la
superestructura a los Caissons de cimentacion y que se encuentran generadas por el modelo.

El encepado del apoyo intermedio 1 corresponde a la geometria cuadrada; Se dispone de una
zapata rectangular de 21.0 m de ancho por 21.0 m de largo y 3.50 m de espesor, el cual se
apoya directamente sobre 16 caisson de 2.0 m de diametro.

En la siguiente figura esta representado el modelo estructural que sera empleado en el
software para el encepado.

Figura 233. Modelo digital en software MIDAS CIVIL

Se realiza el disefio estructural y se aprecia las solicitaciones maximas para momento flector
positivo y negativo, ademas de la fuerza cortante respectivamente, que esta siendo sometida
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el encepado del apoyo intermedio 1 a las diferentes combinaciones de carga impuestas en el
modelo estructural, conforme la siguiente figura.

DAL s:

K postcs

Figura 234. Maximo momento X y momento Y - Apoyo intermedio 1

B H

Hi postcs

MIDRS/Civil
POST-PROCESSOR

PLATE FORCE

R

MOMENT -Mxx

FILE: PUENTE RIO -~
UNIT: kKN*m/m

MIDRS/Civil
POST-PROCESSOR

PLATE FORCE

B H

4 Postcs

SHERR-VEx
15175.04
13088.17
11001.31

§914.44
6827.58
4740.71
2653.35
.00
-1515.88
-3606.74
-5693.61

-7780.47

MRX : 11631
MIN : 12188
FILE: FUENIE RIO ~
UNIT: kN/m

K postcs

27518.91

24844.40

22165.5%

19485.32

16820.87

14148.38

11471.85

8797.33

6122.82

3448.31

0.00

-1800.71
PostCS
CBCALL: ENV

ELEMENT

MRX : 1lsss

MIN : 11045

MIDRS/Civil
POST-PROCESSOR

PLATE FORCE
MOMENT-Myy
27692.74
24975.37
22258.01
15540, 65
16823.28
14105.92
11388.56
2671.1%
5953.83
3236.47
0.00

-2198.26

PostC3
CBCALL: ENV
ELEMENT

MAX : 11933
MIN : 12084

FILE: PUENTE RIO ~
UNIT: N*m/m

MIDAS/Civil
POST-PROCESSOR

PLATE FORCE

SHERR-VYY
14943.58
12500.40
10052.23
T604.05
5155.88
2707.71
.00
-2183.64
-4636.81
-7054.59
-9533.1¢6

-11931.34

MAX @ 11938
MIN : 11904
FILE: FUENIE RIO ~
UNIT: kN/m

Figura 235. Maxima fuerza cortante X y cortante Y - Apoyo intermedio 1

Se define en dos direcciones principales:

- Ladireccion 1 en el sentido longitudinal del puente, es decir, el eje cartesiano X
- Ladireccion 2 en el sentido transversal del puente, es decir, el eje cartesiano Y
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DIRECCION 1-SENTIDO LONGITUDINAL AL PUENTE, EJE CARTESIANO X

1. Design Condition

Design Type : Plate Beam (100)
Sub-Domain oz

Design Code D AASHTO-LRFDAG
Unit System kM, m, fm

Material Data

Thickness 135 m

2. Section Diagram

. fo= 27570, fy = 413686, fys=413686 KPa

Element Mo :

118938

Top(Negative) Bottom(Positive )
Layer 1 #10@010 #10@0.10
Layer 2 - #10@0.10
Layer 3 - #10@0.10
Layer4 - #10@0.10
3. Bending Moment Capacity
Top( Negative) Bottormi Positive )
lu 0.00 27518.91
Element No. 11938 11938
Load Combination cLCBA1 cLCB20
e 10108.60 35125.29
Check Ratio (Mu/hr) 0.0000 0.7835
IUsing Rebar{4As) 0.0082 0.0307
4. Shear Capacity
Element Mao. 11938
Load Combination ol CB11
Applied Shear Force Vu =15085.3
Shear Strength [(Out of plane) Vr =19093.1
Shear Ratio Ve =415095.3/19093.1 =0.791 =1.000 ....... Ok

5. Crack Spacing Resistance Check

Topi Negative) Bottormi Positive )
Element Mao. 11938 11938
Load Combination cLCB42 cLCB20
Crack Width{w) 0.1000 0.0800
Allowable Crack Widthi{wa) 0.4572 0.3087
Check Ratio 0.2187 0.2592
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MIDAS/Civil RC Beam Design Result
PROJECT TTLE:
Gompany JORGE FAMDIND SAS Glient
L} - .
- Author rojaswalterd 333@gmail. com FilaMame |ricsinu COMPLETO geotecnia hzapata:
MIDRS/Ciwvil - RC-Plate Beam Checkinog [ ARSHTO-IRFD1E 1 Civil 2022
¥ MIDRS/Ciwvil - RC- PLATE BEZM Analvsis/Desion Program.
¥ [ESI@T CCDE : RRSHTO-LEFDLE, ¥ _UMIT S¥STEM : kM, m, /m
*  SUB-DCMETIN - Hember Type = PLATE BERM (1D, Dir =1
* DESCRIPTION OF PLATE BERM DRTR : (Elem : 11538)
Thickness = 3.500 m.
Unit Width = 1l m

Concrete Strength (£co)
Main Rebar Strenoth (£fwv
Stirrups Strength (£vs)
Modulus of Elasticity (Es)

27575.038 EPa.
413685 5€€ FPa.
413225 .5e€ EDa.
1559548023 .74€ EPa.

< Selected Elements =

115838
< Positive Bending Moment =
b-Hu = 27512 .51 ¥W-m/m., EIEM = 11538, LCB = 204F¥, MODE = 1B50&
< Megative Bending Moment =
N-Hu = 0.00e+00 MM-m/m., EIEM = 11533, ILLB = 1+F¥, MOLDE = Center
< Shear Force =
T = 150585 .34 ¥N/m. , EIEZM = 11538, ILB = 114F¥, MODE = 18691
* _REINFORCEMENT PATTERN :
Location i di( m.) Rebar Asi( m"2/m.)
Top 1 0.0232 $10@0.10 0.0081¢%
Bottom 1 0.022 $10@0.10 0.0081¢%
Bottom 2 0.0232 $10@0.10 0.0081¢%
Bottom 2 0.022 $10@0.10 0.0081¢%
Bottom 4 0.022 $10@0.10 0.00818%

rrre1n BNALYZE POSITIVE BENDING MCHMENT CRPARCITY.

{ ). Commute Darameter .

-. phi = 090
—. Alpha = 0.85
—. Beta = 0.85
-. d = 3.3500 m.
-. ecu = 0.0030

{ ). Compute maximm and minimm reinforcement.

—. Bhominl = (1.2)*Mer/[ pghi¥fyib*d* (d-as2) ] = 0.0020
—. Fhomin2 = 1.33*Mu/l chi*fvib*d*{d-a 2) 1 = 0.00%&
—. Fhomin = MIN[ Bhominl, Bhomin ] = 0.0020
—. Bs min = PRhomin * Rg = 0_0069 m 2/ m.
{ 1. Check tensile reinforcement.
-. Bks = 0.0307 m"2/m.
—. Bs min < RAs —=>= OD.E !
{ 1. Check moment capacity.
- = 0.8335 m.
-. Ce = 28322 .30 WN/m.
-. TIs = 12710.20 K¥N/m.
—. Mr = 35125.2% KHN-m/m.
=. Mu/Mr = g.783 -—» OQE!
[[I*]11] ANALYZE MEGRTIVE BENDING MCMENT CAPRCITY.
Maodsling. ntegraed Cesign EAnshs=Sotvas PrantDateTime 07242022 1356
Rt faww MidssUsr.om
MIDASCarilv3.10 -113-
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MIDAS/Civil RC Beam Design Result
PROJECT TITLE:
Company JORGE FANDING SAS G lnt
L] v N
- Author rojaswalterd 33 3{@gmail.com FilaMame [ricsinu COMPLETO gectecnia hzapata:

. Compute parameter.

=. tvhi = Q.90

—. Blpha = 0.85

-. Beta = 0.85

-. d = 3.4000 m.
-. ecu = 0.0030

. Commute maximm and minimm reinforcement .

—. Fhominl = (1.2)*Mcr/ [ phi*fy*b*d* (d-a/2) ] = 0.001%
—. Fhomin2 = 1_33*Mw/ [ vhi*fuv*b*d* (d-a/2) 1 =0.0000e+00
—. Fhomin = MIN[ Rhominl., Fhomin2 ] =0. 0000e+00
-. ks min = Fhomin ¥ RAg = 0.0000e+00 m~2,/m.

. Check tensile reinforcement.
-. ks = 0.0082 m™2/m.
-. Bs min < Rs —=> O.E !

. Check moment capacity.

-. c = 0.1€8€ m.

-. Cc = 2359.8% KN /m.

-. Is = 3389 .55 ¥N/m.

-. Mr = 10108 .60 MH-m/m.

—-. Mu/Mr = 0.000e+00 -——> O.K !

[0I*111

AMALYZE SHERR CRPRCTITY.

. Commute shear parameter.

. Compute stirrup spacing.

—. Maximm spacing smasx = MINT 0.4%r. 12 in 1 = 0.305 m.
-. W > phiVe —-> BEegquired shear reinforcement.
-. Epplied spacing s = 0200 m.
. Commute shear strenoth of reinforcement.
-. Vs = Awy¥Eystdvreoot(theta) [/ 5 = 48664.57 kN/m.
—. Vs 1lim = 0.25%c"*bvddvy — Vo = 19372.08 KN/ m.
-. Vs = MIN[ Vs, Vs lim ] = 15372.08 kN /m.
—. phiVs = phi*Vs = 17434 .37 K/m.
—. ©hiVs = (Vu-phiVe) ——>= O.EK !
—. Using B2+ = Ws / (Eys¥d) = 0.0003 m"~2/m.

[[I*1]11

MNMALYZE CRRECE.

[

Check crack control of Bottom reinforcement. ( LCB = 25+EX )
—-. M = 21105.€0%% MMN-m/m.

-. h = 3.5000 m.

-. de = 0.1000 m.

—. whi = 0.50
-. R = 0.0066 m~2,/m.
- = 0.03 m.
-. dw = 3.07€5% m. (for Beta Caloulation)
—. theta = 0.705% Rad.
—. Epsilon s = MINT (|Mul/dv + 0.5%Ma + |Vul|)/(Es*As), 0.00e ] = 0_.0033
-. beta = 4.8/(l+750%Epsilon s) = 1.3742
. Compute shear strength of concrete.
—-. b = MRX[ dw. 0.9%d, 0.72*Hc ] = 3.08 m.
-. Vu =1_5letd4 kN /m.
-. Vo = 0.0316*beta*SCRAT[fc"] *bwrdw =1842.43 kN/m.
—. mhiVc = phi * Vo =1&52.1% kN /m.
=. Vn_lim = 0.25%fc"*bv*dv =2.12e+04 KN/m.

Madeling Integraed Design &AnalsisSotwar
hiohyww MidasUsr.om

PontDateTime (072402022 1957

MIDAS Wil Va1 0 -213-
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-. Beta 5 = l+deo/(0.7*(h-de)) = 1.04
—. Famma e = 1.00
—-. C Cr = 1.018€ m.
-. Icx = 1.7314 m™4/m.
—-. fss5 = 231275.428 EPa.
-. = = 0.0200 m.
—. sa = T00*zamma e/ (Beta s*fss)-2%dc = 0.3087 m.
-. 5 < 5a ——> 0O.E!

{ ). Check crack control of Bottom reinforcement reguirements.

-. &s reg = 0.000€ m~2/m.
—. As(Cutermost lawver) = 0.0102 m~2/m.
—-. Bs req < BAs —-= O.K !
—. Max. spacing smax = 0.4572 m.
—. sifutermost lawver! = 0_0800 m.
—. 5 < gmax ——> QK !
{ ). Check crack control of Top reinforcement. ( LCB = 42 )
—. M = 36.59430 H-m/m.
-. h = 3.5000 m.
-. de = 0.1000 m.
-. Beta 5 = l+dc/{0.7*(h-dc)) = 1.04
—. GFamma & = 1.00
—-. C CE = 0.43€2 m.
—. Icr = 0.6171 m~4/m.
-. fss = 1325.71¢€ EPa.
-. 5 = 0.1000 m.
-. sa = T00%Zamma e/ (Beta s¥fss)-2¥%dec = 0.4572 m.
-. s <sa-—>» OE! -

{ ). Check crack control of Top reinforcement regquirements.
—. Bs redg 0_0004 m~2/m.
—. As (Outermost laver) 0.0022 m~2/m.
—-. ks reg < As —-=>= O.
—. Max. spacing smax
-. si{futermmost lawer)
—-. 5 % smax ———* OQO.E !

0.4572 m.
0.1000 m.

=

[[[*111] SHRTNERCE RND TEMPERATURE REINFORCEMENT.

* _REINFORCEMENT PATTERN :

Location i di( m.) Rebar Asi( m"2/m.)
Top 1 0.032 $10@0.10 0.0081¢
Bottom 1 0.0232 $10@0.10 0.0081¢
Bottom 2 0.0232 $10@0.10 0.00819
Bottom 3 0.022 $10@0.10 0.00819
Bottom 4 0.0232 $10@0.10 0.0081¢%

{ ). Check Bottom Shrinkage and Temperature Beinforcement .
-. &s Reg = 1.3%*h /(2% (bth)*£fys) = 0.0003 m™2/m.
-. Bs = 0.0307 m~2/m.
—. Bs Req < ks ——>= O.E !

{ ). Check Top Shrinkage and Temperature Reinforcement.
—. &s Reg = 1.3"*h/ (2% (bthi*fys) = 0.0003 m*2/m.
-. Bs = 0,024 m~2,/m.
-. bs Reqg < ks ——-> O.E !

Maodeling. Integraed Design &dnalssSotwam PantDateTme -07/24/2022 1958
Ao fwww MidasUsrom
MICASMCwilv9.10 -373-
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DIRECCION 2 - SENTIDO TRANSVERSAL AL PUENTE, EJE CARTESIANO Y

1. Design Condition

Design Type : Plate Beam (10}
Sub-Domain -4

Design Code ;D AASHTO-LRFD1G6
Unit System B A o

Material Data

Thickness 135 m

2. Section Diagram

: fo= 27570, fy =413686, fys=413686 KPa

Elemant Mo :

11938

Top(Negative) Bottom(Positive)
Layer 1 #10@0.10 #10@0.10
Layer 2 - #10@0.10
Layer 3 - #10@0.10
Layer4 - #10@0.10
3. Bending Moment Capacity
Top({ Negative)
ML 0.00
Elemant Mao. 11938
Load Combination cLCBA
MAr 10108.60
Check Ratio {WMu/hr) 0.0000
Using Rebar{is) 0.0082
4_Shear Capacity
Element Mao. 11938
Load Combination clLCB11
Applied Shear Force Wu =14948.6
Shear Strength (Out of plane) Wr =19093.1
Shear Ratio Vulvr = 14948.6/ 19093.1 =0.783 <1.000

5. Crack Spacing Resistance Check

Botiom{ Positive )
27692.74

11938

cLCB11
35125.29

0. 7884

0.0307

Top( Megative) Botiom( Positive)
Elemsnt No. 11938 11938
Load Combination cLCBE42 cLCE20
Crack Width(w) 0.1000 0.0800
Allowable Crack Widthijwa) 0.4572 0.3099
Check Ratic 0.2187 0.2581
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MIDR&S/Ciwvil — RC-Flate Beam Checkino [ ARSHTO-IRFDI1E 1 Ciwil 2022

Y MIDRS/Ciwvil — RC- PLATE BEMM Analvsis/Design Program.

* _DESIE CCDE : BRSHTO-LEFD1E. ¥ _UNIT S¥YSTEM : kM. m. /m

¥ SUB-DOMAIN sl Member Type = PLATE BERM (1D), e =2 )

¥ DESCRIPTION OF DPLATE BERM DRTA : (Elem : 11532)

Thickness
Unit Width
Concrete Strenocth (£c

Main Rebar Strength (£v)
Stirrups Strength (fvs)

Modulus of Elasticity

< Selected Elements =

= 3.500 m.

1l m.

27579 038
413685 .56€
413685 5€¢€

155548023 .74¢

(Es)

FPa.
FPa.
FPa.
EPa.

I =

LB =

I =

11+F¥, NOLOE =

1350&

1+F¥, MOLE = Center

11+F¥, NOLOE =

1370&

11938
< Positive Bending Moment =
BHu = Z7€92 .74 ¥N-m/m., ELEM = 11538,
< Hegative Bending Moment =
N-u = 0.00e+00 ¥N-m/m., ELEZM = 11538,
< Shear Force =
T = 14545 558 ¥N/m. , EIL=EZM = 11538,
* _REINFORCEMENT PATTERN :
Location i di( m.)
Top 1 0.0232
Bottom 1 0.022
Bottom 2 0.022
Bottom ke 0.022
Bottom 4 0.o022

$10@0.
$10@0.
$10@0.
f$10@0.
$10@0.
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[0I*111 ENELYZE

BOSITIVE BEMDIMG MOMENT CRPRCTTY .

{ ). Compute par
=. phi
Rloha
Beta
d
ecu

{ ). Compute max

ameter .
0.50
0.85
0.25
3.3500 m.
0.00z20

imm and minimm reinforcement.

=. Bhominl = (1.21*Mcr/ [ chi*fv'b*d¥(d-ar3) 1 = 0.0020
—. Bhomin2z = 1.33*Mu/[ phi*fy*b*dY(d-ar2) ] = 0.00%&
—. Bhomin = MINI Bhominl. Bhomin2 1 = 0.0020
—. BAs min = Fhomin * ARg = 0_00e% m~2,/m.

{ ). Check tensile reinforcement .
-. &s = 0.0307 m~2/m.
=. bs min < Rs —=> 0.E !

{ 1. Check moment capacitwv.
- o = 0.8335 m.
-. Ce = 230 KMN/m.
-. Is = 20 KN/m.
-. Mr = 5.2% KN-m/m.
—. Mu/Mr = a.73g -—>= O.E !

[[I*111] AMNRALYZE NEGATIVE BENDING MOMENT CRBRCITY.
Maodeling. Integraed Cesign EAnaksisSotwas Prnt DateTme -07/242022 20401

Ao Mwww MidssU=sr.om

MIDASCanlva 1 0 -1/3-
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MIDAS/Civil RC Beam Design Result
PROJECT TITLE:
Gompany JORGE FANDING SAS Glent
WADAE -
- Author rojaswalterd 333 @gmeail. com FileMame [ ricsind COMPLETO geotecnia hzapata=
{ ). Commute parameter.
—. phi = a.50
—. Blvha = 0.85
-. Beta = 0.85
-. d = 3.4000 m.
—-. ecu = 0.0030
{ ). Compute maximm and minimm reinforcement .
—. Bhominl = {1.2V*Mce/ [ chi*fvibrdrid-as2) 1 = 0.001s
—. FhaminZ = 1_33*Mu/ [ phi*fy*b*d*{d-a/;2) ] =0.0000e+00
—. Bhomin = MINI Ehominl. Fhomin2 1 =0.0000e+00
=. Bs min = Bhomin * Rg = 0.0000e+00 m~2,/m.

Check tensile reinforcement.

-. ks = 0.0082 m~2/m.
-. Bs min < RAs —=>= O.E !
{ ). Check moment camacity.
-. £ = 0.1€8€ m.
-. Cec = 2359.8% KN /m.
-. Is = 33859 .55 KM/m.
-. Mr = 10102 .0 kN-m m.
-. Mu/Mr = 0.000e+00 -—» O.E !
[[I*11] AMALYZE SHERR [RPRCTITY.

I

Corpute shear parameter.

—. vhi = a.50
-. Rr = 0.006€ m~2/m.
-. bwr = 0.03 m.
-. obr = 3.076% m. (for Beta Caloulation)
—. theta = 0.702 Rad.
—. Epsilon s = MIN[ {|Mul/dv + 0.5*Ma + |[Val)/(Es*ks), 0.008 ] = 0.0032
-. beta = 4.8/(1+750*Epsilon s) = 1.4030

{ ). Commute shear strenoth of concrete.
-. obr = MRE[ dv, 0.9%d, 0.72%Hc ] = 3.08 m.
-. T =1.4%=+04 kN/m.
-. Ve = 0.0316%beta*SCRTI£o" ] *bvrdw =1885. 17 EN/m.
—. phiVe = phi * Vo =1700.2€ kN/m.
—. Vn_lim = 0.25%fc"*by*dv =2 .12e+04 KHN/m.

{ ). Cormute stirrur scacing.
—. Maximmm spacing smax = MIM[ O.4%r, 12 in ] = 0.305 m.
—. W = vhiVe —-* BReouired shear reinforcement.
-. kpplied spacing s = 0.200 m.

{ ). Compute shear strength of reinforcement.
-. Vs = Mytfustdvrootithetal F s = 45363.47 EN/m.
—-. WVs 1lim = 0.235%fc"*bv*dvy — Vo = 19325.34 KN/m.
-. Vs = MIN[ Vs. Vs 1lim ] = 15325.34 kN/m.
—. phiVs = phi*Vs = 17352 .21 KN/m.
-. thiVs > WVu-vhiVel —> OQ.E !
—. Using &v = Vs / (Eys*d) = 0.0003 m~2/m.

rrrs111 AMALYZE CRRECE.
{ ). Check crack control of Bottom reinforcement. | LCB = 254+FE )

21053 .882¢ HMN-m/m.
3.5000 m.

-. h

Maodeling. Integraed Cesign EAnaksisSotwae

PontCateTime (072472022 2001

hito:fwww MidasU=r.om
MICASICwilve.10
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MIDAS/Civil RC Beam Design Result
PROJECT TTLE:
Gompany JORGE FANDING SAS Glient
oA -
- Author rojaswalterd 333@gmail. com File Mame |ricsind COMPLETO gectecnia hzapatas

-. de = 0.1000 m.
-. Beta 5 = l+des/{0.7*(h—dc)) = 1.04
—. Gamma & = 1.00
-. . cr = 1.012€ m.
-. Ierx = 1.73l4 m~4/m.
-. fss5 = 2307028.600 FPa.
-. = = 0.0800 m.
—-. sa = Tl0*Zamma ef (Beta s¥fss)-2%dc = 0.30599 m.
-. 5 < sa-——» ODE!~ -

). Check crack control of Bottom reinforcement reguirements.

)

I

—. ks reg

—. Bs (Dutermost laver)
—. Bs reg < ks —->= Q.
—. Max. spacing smax

0,000 m~2/m.
0.0102 m™2/m.

0.4572 m.

=

—. s{Outermost lawver) 0.0200 m.

—-. 5 < smax —-—3> OQO.K I

Check crack control of Topo reinforcement. [ LCB = 42
—-. Ma = 1%.001¢ KNM-m/m.

-. h = 3.5000 m.

-. de = 0.1000 m.

—. Beta 5 = l+dc/(0.7*(h—dc)) = 1.04

—. Famma e = 1.00

-. o cr = 0.483€2 m.

-. Iex = 0.6171 m™4/m.

-. £ss = 714.755 EPa.

-. = = 0.1000 m.

-. sa = T00*Gamma_e/ (Beta s*fss)-Z*dc = 0.4572 m.
-. 5 < s5a —» QE!

Check crack control of Top reinforcement requirements.

—-. BEs reqg
—. REs (Outermost lawver!
—. Bs req < ks —->= Q.

00004 m™2/m.
00082 m™2/m.

=

—. Max. spacing smax 0.4572 m.
—. s{Outermost lawer) 01000 m.
—-. 5 < smax —-—3> OQO.K I

rr 1

SHRINFAZE BND TEMPERATURE REINFORCEMENT.

t-

[

* _.REINFORCEMENT PATTERN :

Location 5 di( m.) Rebar Asi( m"*2/m.)
Top : L 0.0232 $10@0.10 0.00819
Bottom 0.022 $10@0.10 0.00819
Bottom 2 0.022 $10@0.10 0.00819
Bottom 2 0.022 $10@0.10 0.00819%
Bottom 4 0.0232 $10@0.10 0.00818

Check Bottom Shrinkage and Temperature Beinforcement .
. bs

Ls

Rea 1.3*b*h/ (2% (bth) *fys) = 0.0002 m~2/m.

= 0.0307 m"~2/m.

- Bs Reg < Bs ——> O.E !

Check Tow Shrinkage and Temperature Reinforcement.
. Bs

Ls

Beg = 1.3%*h/ (2% (bth) Yfys) = 0.0003 m~2/m.
= 0.024€ m~2,/m.

-. As Reg < Rs ——> O.E !

Maodeling. Integraed Design &AnalsisSotwam
hito:fwww MidasU=rom

PrntDateTime -07/24/2022 20:02
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3.14.3. DISENO DE CAISSONS CIRCULARES @ =2.0m

Para el disefio estructural de la estructura tipo caisson circular de concreto reforzado, se hace
necesario utilizar el software MIDAS y determinar el refuerzo necesario para suplir todas las
solicitaciones impuestas y que se encuentran generadas por el modelo, de esta manera, los
pilotes se encuentran subdivididos en segmentos de 1.0 m de altura.

Del modelo estructural, se requiere determinar la carga gravitacional que desciende de la
columna rectangular al encepado de concreto reforzado y posteriormente a los caissons

Se presenta las cargas actuantes para los diferentes estados de carga.

PK | 0+138.00 | 0+218.00 | 0+378.00 | 0+458.00 | 0+479.50 | 0+509.60 |
ENVOLVENTE DE RESISTENCIA ULTIMA |
@Pcaisson 2.00 2.00 2.00 2.50 1.50 1.50
Sep. Caisson C.A.C. 5.00 6.00 6.00 7.50 4.00 4.00
cargas en ton ESTRIBO1 | APOYO1 | APOYO2 | APOYO 3 [ APOYO 4 | ESTRIBO 2
P1 325.00 700.00 873.00 | 894.00 | 667.00 | 424.00
P2 400.00 1003.00 | 1170.00 | 637.00 | 449.00 | 289.00
P3 347.00 1160.00 | 1334.00 | 888.00 | 357.00 | 256.00
P4 1105.00 | 1283.00 | 645.00 | 236.00 | 132.00
P5 845.00 893.00
P6 1169.00 | 1189.00
P7 1384.00 | 1425.00
P8 1336.00 | 1412.00
P9 896.00 800.00
P10 1199.00 | 1125.00
P11 1418.00 | 1365.00
P12 1371.00 | 1366.00
P13 859.00 632.00
P14 1163.00 933.00
P15 1312.00 | 1115.00
P16 1222.00 | 1110.00
Long. 34.00 50.00 40.00 30.00 | 35.00 20.00
PROMEDIO PILOTE ton | 357.33 1133.88 | 1126.56 | 766.00 | 427.25 | 275.25
PROMEDIO PILOTE KN | 357333 | 1133875 | 11265.63 | 7660.00 | 4272.50 | 2752.50
TOTAL ton 1072.00 | 18142.00 | 18025.00 | 3064.00 | 1709.00 | 1101.00
TOTAL kN 10720.00 | 181420.00 |180250.00 | 30640.00 | 17090.00 | 11010.00
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ENVOLVENTE DE EVENTO EXTREMO
@Pcaisson 2.00 2.00 2.00 2.50 1.50 1.50
Sep. Caisson C.A.C. 5.00 6.00 6.00 7.50 4.00 4.00
cargas en ton ESTRIBO1 | APOYO 1l | APOYO 2 | APOYO 3 | APOYO 4 | ESTRIBO 2
P1 437.00 1073.00 1289.00 | 1167.00 | 583.00 38.00
P2 303.00 1100.00 1338.00 | 1005.00 | 314.00 186.00
P3 467.00 1233.00 1436.00 | 1132.00 | 287.00 186.00
P4 1298.00 1525.00 992.00 333.00 210.00
P5 1203.00 1189.00
P6 1097.00 1167.00
P7 1235.00 1309.00
P8 1544.00 1516.00
P9 1292.00 1057.00
P10 1174.00 1031.00
P11 1344.00 1213.00
P12 1617.00 1457.00
P13 1281.00 969.00
P14 1384.00 1023.00
P15 1465.00 1156.00
P16 1569.00 1308.00
Long. 34.00 50.00 40.00 30.00 35.00 20.00
PROMEDIO PILOTE ton 402.33 1306.81 1248.94 | 1074.00 | 379.25 155.00
PROMEDIO PILOTE kN 4023.33 13068.13 | 12489.38 | 10740.00 | 3792.50 1550.00
TOTAL ton 1207.00 20909.00 | 19983.00 | 4296.00 | 1517.00 620.00
TOTAL kN 12070.00 |209090.00 | 199830.00 | 42960.00 | 15170.00 | 6200.00
ENVOLVENTE DE SERVICIO
@Pcaisson 2.00 2.00 2.00 2.50 1.50 1.50
Sep. Caisson C.A.C. 5.00 6.00 6.00 7.50 4.00 4.00
cargas en ton ESTRIBO1 | APOYO1l | APOYO 2 | APOYO 3 | APOYO 4 | ESTRIBO 2
P1 260.00 436.00 711.00 715.00 518.00 329.00
P2 327.00 634.00 931.00 517.00 344.00 220.00
P3 292.00 780.00 1052.00 704.00 284.00 200.00
P4 732.00 1004.00 524.00 199.00 111.00
P5 650.00 739.00
P6 859.00 960.00
P7 1052.00 1151.00
P8 1016.00 1127.00
P9 740.00 642.00
P10 969.00 838.00
P11 1149.00 1037.00
P12 1098.00 1034.00
P13 699.00 437.00
P14 928.00 624.00
P15 1040.00 775.00
P16 962.00 760.00
Long. 34.00 50.00 40.00 30.00 35.00 20.00
PROMEDIO PILOTE ton 293.00 859.00 863.88 615.00 336.25 215.00
PROMEDIO PILOTE kN 2930.00 8590.00 8638.75 | 6150.00 | 3362.50 2150.00
TOTAL ton 879.00 13744.00 | 13822.00 | 2460.00 | 1345.00 860.00
TOTAL kN 8790.00 |137440.00 | 138220.00 | 24600.00 | 13450.00 | 8600.00
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Apovyo Intermedio 1 — PK0+218

Segun el Volumen IV. ESTUDIO DE SUELOS PARA DISENO DE FUNDACIONES Y
OBRAS COMPLEMENTARIAS, para transmitir la carga vertical adecuadamente al suelo
de cimentacion, se requiere tener un didmetro de caisson de @=2.0 m hasta completar una
longitud total de 50.0 m segun recomendaciones del estudio de suelos y geotecnia.

Capacidad de Carga del pilote - Estado Limite de Resistencia (toneladas)

400 G600 800 1000 1200 1400 1600 1600 2000

b o i i
L e g R =k S5 00 00 = U L R =

W= N ]

BB = =t s b s

P
L B

Profundidad (m)

L— Cota Desplante = 4.0 m.s.n.m

— e o o o o o o o o e e s o S o o

=—Diametro de 2m

= Diametro de 2.5m

—Diametro de 2.8m

(5.1
53 ks
[ —

Figura 236. Resistencia Reducida Caissons Apoyo intermedio 1
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De la anterior gréfica, se puede estimar una carga por resistencia ultima de 1200 ton por
caissons, y una carga promedio de 1134 ton por caissons, con factor de seguridad de
Demanda/capacidad FS=1200 ton / 1134 ton = 1.06

Capacidad de Carga del pilote - Estado Limite de Servicio (toneladas)

1000 1200 <000 2300 J000 200 4000 4500

o O 2N B G B

gy
= = =

T R A W g gy
& S0 e~ 0h O B W PO

-

Frofundidad (m )
il
4

r—— CotaDesplante = 4.0 m.s.n.m

—Didmetro de 2m

= Didmetro de 2.5m

= Didmetro de 2.8m

b

Figura 237. Resistencia evento extremo Caissons Estribo 1

De la anterior gréfica, se puede estimar una carga por evento extremo de 2700 ton por caisson,
y una carga promedio de 1307 ton por caisson, con factor de seguridad de
Demanda/capacidad FS = 2700 ton / 1307 ton = 2.06.

Del mismo modo, del Volumen IV. ESTUDIO DE SUELOS PARA DISENO DE
FUNDACIONES Y OBRAS COMPLEMENTARIAS se extrajeron los médulos de
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reaccion horizontal del suelo, los cuales se utilizaron para determinar los resortes en el
modelo estructural de los pilotes, a fin de poder determinar la interaccion suelo-estructura
ante las solicitaciones presentadas.

VARIACION DE MODULO DE BALASTO

Inicio Fin Diametro Balasto Diametro Balasto Diametro Balasto
(#) (m) (m) (m) kh (kg/cm3) (m) kh (kg/cm3) (m) kh (kg/cm3)
1 0 35 2 0.1359 25 0.1087 2.8 0.0971
2 35 6 2 0.2328 25 0.1709 238 0.1663
3 6 20 2 0.4818 2.5 0.3855 2.8 0.3442
4 20 50 2 0.8068 25 0.6454 2.8 05763
APOYO 1
Diametro de pilote (m) @ 2.00 Altura elemento h=1.0m
Profundidades (m) Moaédulo de reaccion | Médulo de reaccion| Ky
De A (kg/lcm?®) ton/m3 (ton/m)

0.00 3.50 0.1359 135.90 272

3.50 6.00 0.2328 232.80 466

6.00 20.00 0.4818 481.80 964

20.00 50.00 0.8068 806.80 1614

Se presenta la interaccion suelo-estructura debidamente incluida en el software MIDAS
CIVIL

Figura 238. Mddulos de reaccion horizontal Kh Apoyo intermedio 1
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MIDAS/Civil
POST-PROCESSOR

BEAM DIAGRAM

Hi Postcs

MOMENT-¥, =
1624.7¢
1281.13

857.51
€23.88
290.26
0.00
-376.9%
-710.62
-1044.24
-1377.87
-1711.4%
-2045.12

PostCs
CBCRLL: ENV

MRY @ 10334
MIN : 10333
FILE: PUENTIE RIO ~
UNIT: tonf*m

SOLICITACIONES DE DISENO ESTRUCTURAL
M, = 1624.76 ton.m
M, = —2045.12 ton.m

Disefio a Flexo-compresion

v, =137.91 ton
v, = —173.65 ton

Para el disefio estructural de elementos sometidos a flexo-compresion se debe realizar de
manera iterativa hasta determinar qué cantidad de refuerzo cumple con la cuantia requerida
y con la cuantia minima, en este orden de ideas, se plantea una alternativa para los caissons
del apoyo intermedio 1.

Con ayuda del software MIDAS CIVIL se pudo determinar la cuantia requerida para atender
las solicitaciones a momento flector y fuerza cortante generada por la variacion entre
combinaciones de carga establecidas por el cdigo CCP-14.

MIDAS/Civil
POST-FROCESSOR
_ DERM DIAGRRM
SHERR-Y, =
137.91
109.59
g8l.26
52.94
24.62
0.00
-32.03
-60.36
-83.68
-117.01
-145.33
-173.65

Post(Cs
CBCRLL: ENV
MRY @ 10334
MIN : 10336
FILE: PUENTE RICO -~
UNIT: tonf

Figura 239. Momento flector y fuerza cortante para la envolvente de carga Apoyo intermedio 1
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1. Design Condition

Design Code AASHTO-LRFD

nit System tonf, m
Member Number

Material Data

16

10336 (PM), 10336 (Shear)

fo= 281228, fy=421842 f{ys=421842tonfim"2

Column Height 1m

Section Property pilote E2.0 (Mo : 82)

Rebar Pattern Pas 1 Pos 2 Pas 3
Layer 1 42-#F10 —_ —_—
Layer 2 42-F#10 - -

Total Rebar Area Ast= 00888257 m*2 (Rhost=0.0219)

2. Applied Loads

]

Load Combination 20+ AT(l) Point
Pu = 454 25 tonf, Mey = 456.228, Mz = 158979, e = 1653.96 tonfm
3. Axial Forces and Moments Capacity Check
Concentric Max. Axial Load Pr-rax = 514917 tonf
Axial Load Ratio Pu/Pr = -454.25/ 456.00 =0.904 =1.000 ... oK
Moment Ratic ey /My = 456.228 / 450 877 =0.992 <1.000 ... oK
Mcz/Mrz = 158070/ 1506.32 =0.006 <1.000 ... oK
A I = 1653.95 / 1661.24 =0.906 =1.000 ... oK
4. P-M Interaction Diagram
p“ﬂ”lq 340
Theta=F3.930eg. Pr(tonf) Mr(tonf-rm)
2800
TE85.46 0.00
83e1
5858.23 1204.01
oe17T
4813.30 1671.63
migp  me
Sasz 380858 1951.38
30e0 313832 2119.14
mape 2605.33 2267.36
2215.83 2342.40
1021
o 1853.26 2381.03
454
sz 1essy Mitontmj 1437.82 2302.68
1ez2 247 88 2200.89
-3402 T TR S -5.00 1613.20
T 2 3 3 F B 3 B - 9 1175.65 1187.10
o " o - - - @l ol ol M M - - -
-2613.02 0.00
5. Shear Force Capacity Check
Applied Shear Force Vu = 100.083 tonf (Load Combination 10
Shear Strength by Conc Phiv =251.096 tonf
Shear Strength by Rebar PhiVs =235.824 tonf (2.0-%5 @0 )
Shear Ratio Vulr = 100.083 /| 486.01G =0.362 =1.000 ... Ok
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MIDAS/Civil RC Colsmn Checking Result

PROJECT TITLE :

Company JORGE FANDING SAS Client
m Author rojaswalterd33 3@ gmail com Fila Mame  |= ric sing COMPLETO geotecnia hzapata=3.
MIDASSCivil — RC-Columm Checking [ AAFHTO-LRFDIE ] Ciwil 2022

# MIDA3 Civil — RC-COLUMN BAEnalysis/Design Program.

* _DE3IGH CODE : AARSHTO-LEFDI1E, # THIT SY3TEM : tonf, m
* MEMBER : Hember Type = COLUMN , MEME = 1033¢€, LTE = 20+, PO = I

# _DESCRIPTION OF COLUMNM DATIA (i3EC = B2} : pilote @2.0
Column Height (L] = 2.500 m.

Jection Type : 30LID ROUND (3R}

Jection Diameter (o} = 2.000 m.
Concrete Strength (£c] 2812.27% tonffm~2.
Main Rebar Jtrength (£y] 42164. 1668 tonf/m"2.
Ties/3pirals Strength [(fvs) 42184. 188 tonf/m™2.
Modnlus of Elasticity (Es} 2032A%024. 157 tonf/m"2._

* _REINCORCEMENT FAITERN :

Layer Fosl As[ m™2 .} Fo=2 As[ m~2_} Fo=2 A= m™2.}
1 a2-f10 | 0.0244} - -
a2 42-§10 | 0.0244}) - -
& Ties : 2_.0-§5 @0.14

[IC*111 CALCULATE SLENDERNESS RATIOS, MAGNIFIED FORCES/MOMENT 3.

{ 1. Factored forces/moments caused by unit load case. Unit : tomf., m.
* . Load combination ID = 20+
Load Case Fu max Myi Mz i Mz 5
oL 2ls.40 -254 .54 -157.€2 -117.54
LL -22.82 18.14 2.2€ 1.€4
DL+LL 25E.5% -22€ .40 -155.2¢€ -11€.20
Others -750.84 €532 . €3 1745.05 1225.04
DL+LL+Others -454_25 45€ .22 325.05 158575 1108.74
[[[*111 ANALYZE CAPACITY OF BIRXIARLLY LOADED RC-COLTRET.
[ 1. Compute design parameter.
=. phi = 0.50
—. Alpha = 0.835
-. Beta = 0.835
-. ecu = 0.0020
[ }. Compute maximum and minimum reinforcement.
=. Bhomaxl = 0.0200 (User Input}
—. Phomax = MIN[ Bhomaxl, 0.08 1 = o.oaon
—. Bhomin = 0.135°fc'ffy = 0.0050
[ 1. Check tensile reinforcement.
-. Pho = 0.021%
—-. Bho_min < Rho < BFho_max -———»> O.E !
Moding, Iecrated Desion & Arolysi= Softacre Priri DrasesTornes: G8012022 22-29
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Check moment capacity._

—. Pr max = €145%.1€7 tomnf
-. Fr = -45€.0%% tvonf
-. Mry = 459.877 tonf-m.
-. Mrs = 15%€.221 tonf-m.
—. Hr = l€€1.242 tonf-m.
-. BufEz = 0.554
=. Muy/Mry = 0.gg2
-. Mus/Mrs = 0.95%E
-, MufMr = 0.9
-. Ratio = 0.55E
[[C[*111 AWNALYZE SHEAR CAPACITY OF BIAXIALLY LOADED RC-OCOLTUMN.
[ }. CTompute shear parameter. [ LTB = 1%, FO3 = I }
-. phi = 0.80
-. Aw = 0.0004 m™2.
-. Pu = BB2.5€ tonf.
—. WVus = 173.€5 tonf.
-. Muy = —20232.18 tonf-m.
-. bws = 2.00 m.
-. dvs = MARI[ d?s_l::lll:, 0.%%dx, 0.72*Hec ] = 1.47 m._
—. thetas = 235.40 Deg. [Clau=e= 5.B.2.4.2]
-. betas = 2.02
-. Vuay = 79.45% tonf.
-. Muz = -555.04 tonf-m.
-. bwy = 2.00 m.
-. dwvy = MRI[ d.?:-,r_:al:, 0.8%dy, 0.73*Bc ] = 1.54 m._
-. thetay = 235.33 Deg. [Clau=e= 5_B.2.4_2]
-. betay = 2.04

ompute shear

(=]

strength of concrete.

. Vus = 173.€5 tonf.
-. Ve = 0.021€*batas®* 3QRT [Ec "] *bysidys = 2€3.684 tonf.
—. phiVcs = phi * Vecs = 227 .4€ tonf.
-. WVuay = 75.4% tonf.
-. Vcy = 0.031€*becay* IQRT [fc "] *byy*dvy = 275.00 tonf.
-. phiVcy = phi * Vecy = 251 .10 womf.

[ }. Compute maximum spacing of
—. Mawximum spacing smax oS

. phiVes/2 < WVuaz < phiVes

- Applied spacing =_y

. Applied spacing =

tims .

—_—

.

MIN[ 0.8*%dva,

24 imn ] 0.€10 m.
Required minimum shear reinforcement.

140 m_

0.140 m.

- smax 5 = MIN[ smax_s, Aw/ (0. 021E*3QRT (£c")} *bes/fys} 1 = 0.150 m.
- Applied spacing s = = 0.140 m.

. Maximum spacing smax y = MIN[ 0.8%dwy, 24 imn ] = 0.€10 m.

. phiVey/2 < Vuy < phiVey ---> Reguired minimum shear reinforcement.

- smax ¥y = MIN[ =smax_y, Aw/ (0. 021E*3QRT (£c") *bey/fys} 1 = 0.150 m.

[

. Vax
- Vas_lim
. Vacs

. phiVag

. phiVag

- Vay

Compute shear

=

. Using Avwz/=

MIN[ =_¥r 3_% 1 =

strength of reinforcement.

= Av? fystdvo?cot (thetas) Jf == 248.71 tomf.
= 0.25%c"*bvs*dvs - Vcs = 1757.55 tonf.
MIN[ Vaz, Vzz lim ] = 248.71 tonf.

phi*Vsg = 223.849 tonf.
(Vus—-phiVecs) ——=-z O.KE !
= Vaz / [Eys*dvs®cot(thetas)} = 0.002% m™2/ m.

= Av*fy=*dvy*cot (thetay} [ = = 2€2_02 tomnf.

Modding, ecpated Desion & Analysi= Softacre

Prirt Drestes Tirner: 08012022 22:29

i MickesLUser com

MIDASCivl Va.1.0 -213-
CONTRATO No. 1550 ESTUDIOS Y DISENOS PARA EL TERCER PUENTE SOBRE EL RIO SINU, 543
DE 2021 MONTERIA, CORDOBA




8395

CONSORCIO PUENTE SINU FIA

VOLUMEN VIII ESTUDIO Y DISENO DE
ESTRUCTURAS DE PUENTES, OBRAS DE ARTE
Y OTRAS ESTRUCTURAS DE CONTENCION

Fecha: 02-09-2022

MIDAS/Civil

RC Column Checking Result

PROJECT TITLE :

Company

JORGE FANDIND SAS (=

RiGAZ

Author

rojaswalterl33 LEgmail. com File Mame (= rio sind COMPLETO geotecnia hzapata=3.

- W=y lim
. W=y

- phiVsay

. phiVay > [(Vuy—-phiVcy)
. U=ing Awyfs =

0.25%€c " *beyidvy — Vocy = 1887. €7 tonf.
MIN[ Vasy, Vay lim ] = 2€2.02 tomf.
phi*Vay = 235.682 tonEf.

oK !
[Eys*dvy*cot (thetayl} =

—_——

Vay F) 0.002% m~2/m.

-. WVu = 150.582 tonf.

-. VI = 48€.515 tonf.

-. Ratio =%Vu / Vr = 0.23%2 -—> O.K !

[ }. Compute minimum longitudinal reinforcement by shear.

—. phia = 0.75

—. phik = 0. 50

—. phivw = 050

—. Wsly = MIH[ V=¥, '."u:-,r.-"ph:i?] = 212 .20 tonf.

=. Vals = MIN[ Vas, Vus/phiv 1 = 212.20 tonf.

—. BAsy reqg = [ Muz/ [phib*dv ) - 0.5*Pufphia + (VuySphiv — 0.5*Vsly} *cot (thesay} 1 f £¥
= 0_0280 m™3.

=. A=z reg = [ Muy/ (phibk*dvs] = 0.5*Pufphia + (Vus/phiv — 0.5*Vsls) *cot (thesaz} 1 / £¥
= 0.0200 mhE.

—. As req = MRX[ Asy reg, Ass regq ] = 0.0300 m™3.

-. 2= = 0.0688 m*2. -

=. A= req < A=

—_——

oK !

Modeding, Iriegraed Design & Aralysis Softasre
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3.15. DISENO ESTRUCTURAL APOYO INTERMEDIO 2
3.15.1. DISENO ESTRUCTURAL COLUMNA RECTANGULAR

Para el disefio estructural de la columna rectangular, se plantea un modelo estructural
desarrollado en el software MIDAS CIVIL 2022, que cumple con el disefio geométrico para
determinar las solicitaciones tanto para momento flector, como para fuerza axial, cortante y
torsion y asi, determinar el refuerzo requerido que se dispondra tanto en la seccion transversal
propuesta del estribo 1. En la siguiente figura esta representado el modelo estructural que
sera empleado en el software para el disefio estructural del apoyo intermedio 2.

Figura 240. Modelo digital en software MIDAS CIVIL 2022

Para determinar las respectivas solicitaciones, se realiza el modelamiento estructural
completo, integrando la superestructura y subestructura, a fin de poder transmitir las cargas
de la superestructura a la columna rectangular, siendo estas zonas las que se veran mas
afectadas a momento flector tanto positivo como negativo, valores con los cuales se podra
determinar el refuerzo necesario para suplir estas solicitaciones.

Se realiza el disefio estructural y se aprecia las solicitaciones maximas para momento flector
positivo y negativo, ademas de la fuerza cortante respectivamente, que esta siendo sometida
laviga cabezal de los estribos a las diferentes combinaciones de carga impuestas en el modelo
estructural.
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MIDAS/Civil N N MIDAS/Ciwvil
s POST-PROCESSOR H% Ppostcs T POST-PROCESSCR
BERM DIAGRRM BEARM DIAGRREM
MOMENT-v, = SHERR-¥,Z
7734.28 2071.43
3644.11 l 1772.83
0.00 1474.22
-4536.19 —t 1175.61
-8626.35 —t 877.00
-12716.50 —t 578.40
-16306.65 —t 279.79
-20896.30 0.00
-24986.95 - -317.43
-29077.10 —t -616.03
-33167.25 -914.64
-37257.41 - -1213.25
Postls PostCS
CBCALL: ENV CBCRLL: ENV
¥EX : 5058 MEX : 10333
MIN : 10333 MIN : 10333
FILE: PUENTE RIO ~ FILE: PUENTE RIO ~
UNIT: tonfm UNIT: tonf
Figura 241. Maximo momento flector y fuerza cortante
+ +
M, ™ = 7734.26 ton.m v, = 2071.43 ton
M, = —37257.41 ton.m v, = —1213.25 ton
MEMB Section| Bc | He fc fy Ast Pu Pr Rat-P Asvy Vu |~
SEL - CHK | LCB| POS Pr-max LCB
SECT (s a b | Height fys Rho Mc Mr Rat-M AsvE Rat-V
5058 COLUMN|7.100{5.000| 4588.72 | 42184.2 0.2589 £8493.96 | 116732 | 0.728 0.0001 |2021.73
r oK | 21-] | 365578 20+
79 0.5000 | 0.000|0.000| 1.0000 | 4218432 0.0198 351814 | 479967 | 0.747 0.0001 | 0.685
10325 coLUMN| 7.100{ 5.000] 458872 | 421842 0.2588 B556.86 | 114888 | 0.745 0.0001 | 202761
r oK | 21-| 4 36557.8 20+
79 0.6000 | 0.000|0.000( 1.0000 | 421842 0.0198 366822 | 489292 | 0.773 0.0001 | 0887
10326 coLUMN|7.100] 5.000] 458872 | 421842 0.2589 858833 | 111248 | 0.772 0.0001 | 2033.41
r oK | 21| J 36557.8 20+
79 0.6000 [0.000]0.000] 1.0000 [ 421842 0.0198 37564.4 | 450099 | 0.788 0.0001 | 0589
10327 COLUMN| 7.100(5.000| 458872 | 421842 0.2589 8619.80 | 108941 | 0.784 0.0001 | 2039.11
r oK | 21-] 365578 20+
79 0.6000 | 0.000|0.000| 1.0000 | 421842 0.0198 38539.0 | 450665 | 0.805 0.0001 | 0690
10328 coLUMN|7.100] 5.000] 458872 | 421842 0.2588 885127 | 107437 | 0.805 0.0001 | 2044.72
r oK | 21-| 4 3B557.8 20+
79 0.6000 | 0.000|0.000] 1.0000 | 421842 0.0198 39615.8 | 450687 | 0.826 0.0001 | 0592
10329 COLUMN| 7.100[ 5.000] 458872 | 421842 0.2589 8682.73 | 104905 | 0.828 0.0001 | 2050.25
r oK | 21| J 3B557.8 20+
79 0.6000 | 0.000[0.000[ 1.0000 [ 421842 0.0198 40795.1 | 4020.2 [ 0.852 0.0001 | 0693
10330 COLUMN|7.100{ 5.000| 4588.72 | 42184.2 0.2589 871420 | 100976 | 0.863 0.0001 | 2055.68
r oK | 21-] 365578 20+
79 0.5000 | 0.000|0.000| 1.0000 | 4218432 0.0198 470823 | 489122 | 0.883 0.0001 | 0594
10331 COLUMN| 7.100{ 5.000] 458872 | 421842 0.2588 874566 | 9823.10 | 0.890 0.0001 | 2061.01
r oK | 21-| J 36557 8 20+
79 0.6000 | 0.000|0.000[ 1.0000 | 421842 0.0198 43459.4 [ 487930 | 08 0.0001 | 069
10332 coLUMN|7.100] 5.000] 458872 | 421842 0.2589 877713 | 942373 | 0.830 0.0001 | 206627
r oK | 21-| J 36557.8 20+
79 0.6000 | 0.000|0.000| 1.0000 | 421842 0.0198 449574 | 482295 | 0.932 0.0001 | 0897
10333 COLUMN| 7.100{5.000] 4588.72 | 42184.2 0.2589 8808.59 | 9054.49 | 0.973 0.0001 [2071.43 |
- oK | 21 AREET A 20+
£ >
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1. Design Condition
Design Code AASHTO-LRFD16 4 ’ 4
Linit System tonf, m g:]:
Member Mumlber 10333 (PM), 10333 (Shear)
Material Data fo=4588.72, fy =42184.2, fys =42184.2 tonffm*2
)
Column Height 1m
Section Property COLUMMA 74X%5.0 (Mo : 7G)
Febar Pattern Pos 1 Pos 2 Pos 3 gj: __+
Layer 1 4510 4010 — s 0TS
Layer 2 30810 3410 -
Total Rebar Area Ast=0.238816 m*"2 (Rhost=0.0198)
2. Applied Loads
Load Combination  21- AT (J) Point
Pu = 8808.50 tonf, Mcy =_2.8e+04, Me= =_3.Te+04, Me = 46526.9 tonf-m
3. Axial Forces and Moments Capacity Check
Concentric Max. Axial Load Pr-mas = 365357.8 tonf
Axial Load Ratio PuiPr = 8808.50/ 0054.40 =0.973 <1.000 ... Ok
Moment Ratio My My =-2.8e+04 /203164 =0.051 =1.000 ... Ok
Mz Mz = -3 Te+l4/37610.2 =0.0090 =1.000. . . Ok
M MAF = 46526.0/ 47603.3 =0.976 =1.000 ... Ok
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4. P-M Interaction Diagram

P“GmEBD
Theta=52.07Deg. Pr{tonf) PAr(tonf-rm)
sota MA=E3.250eg.
45607.27 0.00
s2183
30440.88 37453.43
44225
25080.93 42391.73
N I A =t A RN I I 2086527 44244 02
28350 17398.74 45348.27
cnanm 15139.45 47115.68
13223.24 47978.32
12474
1137279 48197.63
J— DS AEDE3)
o 9218.18 47752.83
-3400 Peli tomrf=rm 5975.30 44021.57
-113240 . B - N 1282.03 34633.41
m 5 o m ® o m @ o m
oo & 3 B 2 38 3 &8 2 4 -5023.81 1723377
- - ] ] ] = in n w0
-9829.93 0.00
5. Shear Force Capacity Check
Applied Shear Force Vuy =1019.24, Vuz = 207143 tonf (Load Combination 20+)
Shear Strength (Y-Direction) PhiVy =1987.52, PhiVsy = 246747 tonf (4.0-#5 @0 )
Shear Strength (Z-Direction) PhiVz =1278.78, PhiVsz =1688.82tonf (4.0-#5 @O )
Shear Ratio VulVr = 2071.43/ 2966.50 =0.698 <1.000 ... oK
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PROJECT TITLE :
Company JORGE FANDIND SAS CHank
m Author rojaswalter3 33 3@ gmail. com Fils M ame puen te rio sind COMPLETO geotecnis.ros
MIDASSCivwil — RC-Column Checking [ AAIHTO-LRFD1E )] Ciwil 2022
& MIDAS Civwil - RC-COLTMN Analysis/Design Program.
# _.DE3IGN CCDE : BASHTO-LRED1E, # UMIT 3YSTEM : tonf, m
* MEMBEE : Member Type = COLUMN , MEME = 10223, LCE = 21—, PO3 = J
# _DESCRIPTION OF COLUMN DATR (i3EC = 7%} : COLTMMAE 7.1X5.0
Column Height (L] = 1.000 m.
Jection Type : BOX (E}
Jection Depth [(Hel = S.000 m.
Jection Width [(Be} = T.100 m.
Section Thick [t} = 0. €00 m.
Concrete Jtrength (f£c] = 45088. 722 tonf/m"2.
Main Rebar Strength (£fy] = 421064. 1668 tomffm"2.
'I:i::.-"ﬂp:i:::tl: Strength (fys=} = 421084. 188 tomE/m"2.
Modulus of Elasticity (Es} = 20285%024.157 tonE/m"~3.
# _REINFORCEMENT EATTERN :
Layer Fo=l A= m™2 .} FPo=2 A= m™3.} Fo=2 A= m™2 .}
1 a5—-§10 0.02€5]) 40-§10 0.0328] -
2 25—§10 0.0220] 24-§10 [ 0.0275]) -
® Ties : 4_.0-§5 RO.15
[[[*111 CALCULATE SLENDERNE33 BATIQ3, MAGNIFIED FORCE3/MOMENTI.
{ }. Factored forces/moments caused by unit load case. TUnit : tonf., m.
* Load combination ID = 21-
Load Case Fu max Myi Mg Mzi Mz
DL TSEB.0G -l120€.52 —11851. 5€ -17574.42 -17502.75
LL 217.04 —2022.€0 -1555.235 -182.47 -185.0€
DL+LL gles.123 —-13230.52 —-lag07.21 —1B15€.085 —-lB0B8B8.8€
Others €23.43 -12350.17 —140€0. 58 —180584.80 —-151€0.55
DL+LL+Cthers BO0B.5% -2 €580 . €5 —2THED. 20 -272357.41

(

}. Check slenderness ratios of BRACED/UWNERACED frame.

End Moments ([Myl}
End MHoments ([(My2)
Slenderness ratio limits.

SRy (Unbraced) = 22.00
=. Radii of gyration (Royl
—. Unkraced lengths [Ly]

Effective length factors
SLEN ¥y Ey*Ly/Roy

—. DBy 1.00
Compute magnified moments.

—. Ho sidesway moments.

[Ex}
0.528

Qb y = My & = -12807.21
—. Sidesway moments.
QMs y = My 3 = —1l40€0. 58

Compute magnifisd moments.

2E580.€5% tonf-m.
27HER 20 tomf-m.

1.8595

1.000

1.000
< 3Ry

tonf-m.

tonf-m.

—_—

ROT JLENDER.

ompute moment magonification factors for major axis(DBy,D3y].
(D= fault value}
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