Concreto Protendido

Ponte rodoviaria com vigas prémoldadas

Exercicio de calculo

. Luciana Mendes da Cunha
5° Ano

Rio de Janeiro, 11 de maio de 2001.
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Viga Prémoldada

Programa DEGEP para Determinacao de Propriedades Geometr
Versao 5 em Pascal, Revisao 0, 15 de Dezembro de 1991
ESCOLA DE ENGENHARIA / UFRJ

Designacao da secao

S2 S3 S4 S5

Unid  Larg_Super. Num_trap. Num_discont. Alt.
[L] [L] [] [] [L]
m 1.10 m 5 0 2.00m

Alturas e Larguras
hl bl h2 b2 h3 b3 h4 b4 h5
0.15 110 010 0.20 130 0.20 0.20 0.65 0.25

H=2.00000 m Z5=0.95602m Z1=1.04398 m
A=0.73750 m"2 WS=0.40328 m"3  WI=0.36930 m"3

< 1,10m >

015 %
0,10

0,20

< 1,30 2,00m
0,20
0,25

\ 4
065 .

icas

Cal_M_Est.

s|n
n

b5
0.65

1'Y=0.38554

Cal_Ef _Temp.
s|n
n




Secao final da viga = viga prémoldada + laje concretada no local

/| Laje concretada no local

/ 0,15

/ | | 0,07

/ 0,15
0,10 —

Pré-laje

Pré-laje
cm
7cm
0,20
L 1,30 2,22m
J/
Viga prémoldada
0,20
0,25
~ 0,65 R

Entre as prélajes existem juntas secas transversais e elas ndo tém
continuidade longitudinal. N&o fazem parte da secdo resistente.
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A (A0 - 080 « (ASSA R A ASAL (R a2 1Y . 5652 ¢ XN v

= (AW - 0 2%) x \SAR 5 o

Cabo o X | pa+kx|e et N = No.g ) (KN)
C1 8,5 188 | 0,084 | 0,919 15445
c2 7.5 188 | 0080 | 0,923 15513
C3 45 188 | 0,067 | 0,936 1571,7
C4 15 188 | 0,054 | 0,948 1592,4
| Total: 6259,9
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ESCOLA DE ENGENHARIA / UFRJ

Programa DEGEP para

Determinacao de Propriedades Geometricas

Versao 4 em Pascal, Revisao 0, 26 de Maio de 1991

Designacao da secao
secdo 01= S2 S3 S4 S5 =viga pré-moldada

Unid Larg Superior Num trapez Num discont Altura Cal Mom Esta
t(s|n)
m i DO 1 3] 0 2.00 m n

Alturas e Larguras

hl bl h2 b2 h3 b3 h4d b4 hS5 b5 h6é bé6 h7 bi...
0:15 P8, o 0.10 0.20 M P 0.20 D20 0.65
0.25 0.65

H= 2.00008 m ZS= £D.05602 = ZI= 1.04398
m

= 0.73750 m"2 WS= 0.40328 mnm"™3 WI= 0.36930
mh3

IY= 0.38554 m™4

Designacao da secao
segao 02 = S2 S3 S4 S5 =viga pré-moldada + laje superior concretada no local

Unid Larg Superior Num frapez Num discont Altura Cal Mom Esta
t(sl|n)
m 2.65 nm 7 2 2~22 R n

Alturas e Larguras

hl bl h2 b2 h3 b3 h4d b4 h5 b5 hé b6 h7 b7...
0.15 2.865 0.00 0.96 0.07 0.96 0.00 1.10
0.15 1:10 0.10 0.20 1.30 0.20 0.20 0.65
0.25 0.65

H= 2.22000 m ZS= 0.75658 m ZI= 1.46342
m

= 1.20220 m"2 WS= 0.95518 m"™3 WI= 0.49382
m”3

IY= 0.72267 m™4
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Perda de protensao - Seg¢éo 1/2 do vao

Cabo | «° x |po+kx|e @™ N=No.e™* P (KN)
C5 25 14,02 | 0,144 | 0,866 1454.5
Ce | 25 ] 1202 ] 0,139 § 0870 . 1461,8
Total: . 2916,3
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A NBR 7187, item7.1.2, manda considerar
também uma carga de 2kN/m2 de recapeamento.

x -?qn\m“\c.fraa : A\ s
/ Usar 24kN/m2
> = 465w x OP v x QA KN = 4O x\
“\3 /\N\.
2
- W, o8
3
1
Mz 40t « (31,2) & 20533 K.«
1
= 1“\‘:;:3 .
€ = MO533 | 43305 ", - QAN W
(7<%
35513 b
b . a0s92 . 0,52 WRa
Mg . SARAS KN L T :
A MGR e
& =-30533 | 4142483 “, =-A 4D WL
QMa3RL . ot
Assuen -
QMM MR Nat W,
x 0,53 W%
Q‘ﬁa“?q o Q.S‘\\?.\ Ia-je V Q3
¥ h 7 203 W
_ viga
* - prémoldada
A
_ +
AR W FRAS Wa LCAY MR




Carga Movel — Método de Courbon
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Comentario : Método Direto para Momento Fletor de Carga Mavel

Dois Caminhdes se cruzando na ponte




METODO DIRETO - CARGA DE UM CAMINHAO SOBRE 2 VIGAS

Dimensdes Maximas: Resolu¢gdo CONTRAN n2 12/98 artigo 12

Largura:2,60 m Altura:4,40 m

A le1 7.408/85 determinou que fosse atribuida uma tolerancia de 5% ao limite de
45.000 kg para o PBT, passando o limite para a autuacgdo para 47.250 kg.
Através da Resolug@o n® 104 de 21/12/99, o CONTRAN alterou a tolerancia para
0 excesso de peso por eixo de 5% para 7,5%. PBT=48 ton

TRANSVERSAL
1 2,6 m(3m) | 1 2,6 m(3m) ]
| | | [
s N Y
sobrecarga
H < 4,40m y y =5kN/m2
O O od =
\ [0 N 5
—_| ' T ! ' ! !
: : 2Zm I ’ 2m *
I 1 :
;‘i; Ny, : AN Ny Vg Ve
I 265m | | 265m |
| |
T 5,3m T 5,3m T

LONGITUDINAL

15 ton.

|

15 ton.

H JH15 ton. /—

5,3m x 5kN/m2

1,5m

15m

37,2m




Comentario : Método Direto para momento fletor de Carga Movel

UM CAMINHAO DE 45 ton = 3 eixos x 15 ton/eixo
M =15t x37,2m /4 = 139,5 tm
+ 15t x (37,2m/2 - 1,5m) = 256,5 tm
M de 1 caminhdo =396 tm

2
CARGA DISTRIBUIDA DE 0,5 t/m
2
q=(2x2,65m=53m) x 0,5t/m =2,65t/m

2
M =2,65t/m x (37,2m)"/8 = 458,4 tm
M carga distribuida = 458,4 tm

M total de carga mével ( 2 vigas ) =396 +458,4 = 854,4 tm

M carga_movel em 1 viga =854,4 /2 =427,2 tm

Coeficiente de Impacto = 1,4-0,007 xL=1,4-0,007 x 37,2=1,14

M carga movel com 2 Caminhoes lado a lado =427,2 x 1,14= 487,01 tm

Com Courbon e apenas 1 Caminhdo : M=438,5tm

- O Momento Fletor com os dois caminhoes
centrados € maior que o momento fletor com um
caminhao excéntrico.

++ +
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Program Sheardes for shear design of beams according to the CEB-90
MC

Version 0.1, Modification 6 of 08/sept/1991

This program determines the compression force, the tensile force,
the concrete web thickness and the amount of steel stirrups

for flanged beams subjected to Axial force, Bending moment and
Shear force.

This program was prepared by B. Ernani Diaz for the students of th
e

Engineering School of the Federal University of Rio de Janeiro.

Project Designation
Verificacao da S2 lo caso

Design stresses of the beam elements(item 6.2.2.2)
Flange Concr, fcdl/fcd, Flange Steel, Web Concr, fcd2/fcwd, Stirr_
Steel

fcd fcdl/fcd fyd fecwd fcd2/fcwd fyw
d

23333.3 0.7310 1478260.0 23333.3 0.5160 434782.0

Designation of the section
52

Z coordinates for the location of the flanges and beam axis
Upper Fl. Lower Fl. Beam Axis
0.075 2.060 0.757

Angles [degrees] of the Upper Flange and Lower Flange
Upper Flange  Lower Flange
0.00 0.00

Angles in degrees of the concrete struts and stirrups in the web
Concrete Struts Steel Stirrups
45.00 90.00

Number pf Prestressing Cables in the Web
4

Cable Design Force(items 1.4.3.2,1.6.2.4), Z-coordinate and Angle
Cable Force(positive value) Z Coord. Angle]degree]
1296.00 0.65 -21.00




1296.00 1.36 -13.50
1296.00 1 .42 -8.00
1296.00 1.85 -4.00

Number of loadings
1

Loading Designation
carga total

Design Internal Forces (multiplied by safety factors)
Bxial Force Shear Force Bend Moment Addit Upper Force Addit Lowe
r- Force
Nd vd Md . design wvalue design
value
0.00 1031.70 89829.00 0.00 0.00

Design Distributed Forces (multiplied by safety factors)
Up Dist Force Lo Dist Force
0.00 0.00

carga total \
Computed Forces and Design

Upper flange
Force Necess. Area Material
-6679.706 0.391622 concrete

Lower flange
Force Necess. Area Material

1627.36 0.001101 steel

Distributed forces in the web [force/length] and Design
Z Coord Strut Forc Stirr_ Forc Long Forc Shear Forc Web Thickn St
eel As/g

0.075 5o | -3.05 3.05 -3.65 =(. 00 -0.
000007

1.068 6.11 -
000007

2 DED 8.1l -3.85 203 =3.,05 -0.00 -0.
000007

[¥8]

.05 3.05 =3,05 -0.00 i

The presented results are INCONSISTENT
The concrete struts are subjected to tensile forces

The presented results are INCONSISTENT
The stirrups are subjected to compressive forces

The sign of the concrete strut angle will be MODIFIED
and a NEW calculation will be performed

carga total




Computed Forces and Design

Upper flange
Force Necess. Area Material
-6673. 0.381266 concrete

Lower flange
Force MNecess. Area Material

1633.42 0,001105 steel

Distributed forces in the web [force/length] and Design
Z Coord Strut Forc Stirr_ Forc Long_ Forc Shear_ Forc Web_Thickn St
eel As/s

0.075 -6.11 3.05 -3.05 -3.05 0.00 0.
000007

1.068 -6.11 3.05 -3.05 -3.05 0.00 0.
000007

2.060 -6.11 3.05 -3.05 -3.05 0.00 0.
000007 :

Designation of the section Tado o cohaw

%\\L\*Q\R\l‘_ ; c.q\\\\\m

Rela  conawie S

cdacsa ol el .

Project Designation
Verificacao da S2 20 caso

Design stresses of the beam elements{item 6.2.2.2)
Flange Concr, fcdl/fcd, Flange Steel, Web_ Concr, fcd2/fcwd, Stirr_
Steel '

fed fedl/fed fyd fewd fcd2/fcwd fyw
d

23333.3 0.7310 1478260.0 23333.3 0.5160 434782.0

Designation of the section
52

7 coordinates for the location of the flanges and beam axis
Upper Fl. Lower Fl. Beam AXis
0.075 2.060 0.757

Angles [degrees] of the Upper Flange and Lower Flange
Upper Flange Lower Flange
0.00 0..00

Angles in degrees of the concrete struts and stirrups in the web
Concrete_ Struts Steel stirrups
45,00 90.00

Number of Prestressing Cables in the Web
4

Cable Design Force(items 1.4.3.2,1.6.2.4), Z-coordinate and Angle
Cable Force(positive value) Z Coord. Anglel[degree]
1296.00 0.65 -21.00




1296.00 1.36 -13.50
1296.00 : l.62 -8.00
1296.00 1.85 -4.00

Number of loadings
1

Loading Designation
carga total

Design Internal Forces (multiplied by safety factors)
Axial Force Shear Force Bend Moment Addit_Upper Force Addit Lowe
r Force
Nd vd Md design value design
value
0.00 1050.50 9271.00 0.00 0.00

Design Distributed Forces (multiplied by safety factors)
Up Dist Force Lo Dist Force
0.00 0.00

carga total
Computed Forces and Design

Upper flange
Force Necess. Area Material
-6389,25 0.374590 concrete

Lower flange
Force MNecess. Area Material
1355.65 0.000917 steel

Distributed forces in the web [force/length] and Design
Z Coord Strut Forc Stirr Forc Long_Forc Shear Forc Web_Thickn St
eel As/sg

0.075 -12.83 6.42 -6.42 6.42 0.00 0.
000015

1.068 -12.83 6.42 -6.42 6.42 0.00 0.
000015

2.060 -12.83 6.42 -6.42 6.42 0.00 0.

000015
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ESCOLA DE ENGENHARIA / UFRJ

Programa DEGEP para

Determinacao de Propriedades Geometricas

Versao 4 em Pascal,

Designacao da secao
secgao 01

Unid Larg Superior
t(sin)
m

1.10 m

Alturas e lLarguras

hl bl h2 b2 h3
0.15 1.10
0.25 0.065

H= 2.00000 m

m

= 1.02750 m™2

m™3

1Y= 0.43714 m"~4

Designacao da secao
segao 02

Unid Larg Superior
t(s|n)
m 2.65 m

Alturas e Larguras

hl bl h2 b2 h3
0.15 2.65
8,15 1.10
0,25 0.65

H= 2.22000 m

m

= 1.4%220 m™2

m"3

IY= 0.80949 m"~4

Revisao 0,

Num trapez

5
b3 h4 b4
0.10 0.4
ZS='
Ws=

Num_ trapez

7
b3 h4 b4
0.00 0.9
0.10 0.4
Z8=
WS=

26 de Maio de 1991

Num discont Altura

Cal Mom Esta

0 2.00 m n

hS b5 hé bé h7 b7...
0 1.30 0.40 0.20 0.65
0.94751 m ZI= 1.05249
0.48136 m™3 WI= 0.241534

Num discont Altura

Cal_Mom_FEsta

2 2.22 m n

h5 b5 hé bé h7 b7...
6 0.07 0.96 0.00 1.10
0 1.30 0.40 0.20 0.65
0.83223 m ZI= 1.38777
0D.97268 m™3 WI= 0.58330
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Program Sheardes for shear design of beams according to the CEB-90
MC

Version 0.1, Modification 6 of 08/sept/1991

This program determines the compression force, the tensile force,
the concrete web thickness and the amount of steel stirrups

for flanged beams subjected to Axial force, Bending moment and
Shear force.

This program was prepared by B. Ernani Diaz for the students of th
e
Encineering School of the Federal University of Rio de Janeiro.

Project Designation
Verificacao da secaoc S1

Design stresses of the beam elements(item 6.2.2.2)
tlange Concr, fcdl/fcd, Flange Steel, Web_Concr, fcd2/fcwd, Stirr
Steel

fed fedl/fed

t

yd fcwd fed2/fcwd fyw
d

[N

23333.3 0.7310 1478260.0 23333.3 0.5160 434782.0

Designation of the section
31 lo caso

7 coordinates for the location of the flanges and beam axis
1. Lower Fl. Beam AXis
5 2.020 0.832

Angles [degrees] of the Upper Flange and Lower Flange
Upper Flange ower Flange
0.00 0.00

)
L

Angles in degrees of the concrete struts and stirrups in the web
Concrete Struts Steel Stirrups
45,00 90.00

b=

Number of Prestressing Cables in the Web

[N

Cable Design Force(items 1.4.3.2,1.6.2.4), Z-coordinate and Angle
Cable Force(positive value) 7Z_Coord. Angle[degree]
1296.00 1.06 -9.00




1296.00 1.44 -7.50
1296.00 1.73 -5.00

Number of loadings
1

Loading Designation
carga total

Design Internal Forces (multiplied by safety factors)
Axial Force Shear Force Bend Moment Addit Upper Force Addit Lowe
r_Force
Nd vd . Md design value . design
value
0.00 1339.50 5554.80 0.00 0.00

Design Distributed Forces (multiplied by safety factors)
Up Dist Force Lo Dist Force
0.00 0.00

carga total
Computed Forces and Design

Upper flange
Force Necess. Area Material
-3636.07 0.213176 concrete

Lower flange
Force Necess. Area Material

631-6 2 t ’\ =\ .\ = le — Q&
5 -

s
. SraERE e
Pl a by N

Distributed forces in the web [force/length] and Design
Z Coord Strut Forc Stirr Forc Long Forc Shear Forc Web Thickn St

eel As/s

0.075 -878.81 439.41 -439.41 439.41 0.07 0.
001011 -

1.048 -878.81 439,41 -439.41 439.41 0.07 0.
001011

2.020 -878.81 439.41 -439.41 439.41 0.07 0.

001011 &\

Designation of the section
S1 20 caso

Z coordinates for the location of the flanges and beam axis
Upper Fl. Lower Fl. Beam AxXis
0.075 2.020 0.832

Angles [degrees] of the Upper Flange and Lower Flange
Upper Flange Lower Flange
0.00 0.00




Angles in degrees of the concrete struts and stirrups in the web
Concrete Struts Steel Stirrups
45,00 90.00

Number of Prestressing Cables in the Web
3

Cable Design Force(items 1.4.3.2,1.6.2.4), Z-coordinate and Angle
Cable Force(positive value} Z Coord. Angle[degree]

1296.00 1.06 -9.00
1296.00 1.44 -7.50
1296.00 1.73 -5.00

Number pf loadings
1

Loading Designation
carga total

Design Internal Forces (multiplied by safety factors)
Axial Force Shear Force Bend Moment Addit Upper Force Addit_Lowe
r Force
Nd vd Md . design value design
value
0.00 1344.20 .. .. 53917.90 0.00 .0.00

Design Distributed Forces (multiplied by safety factors)
Up Dist Force Lo Dist Force
0.00 0.00

carga total
Computed Forces and Design

Upper flange
Force Necess. Area Material
-3553.05 0.208309 concrete

Lower flange
Force Necess. Area Material
556.37 0.000376 steel

Distributed forces in the web [force/length] and Design
Z_Coord Strut_Forc Stirr Forc Long Forc Shear Forc Web_Thickn St
eel As/s

0.075 -883.65 441.82 -441.82 441.82 0.07 0.
001016 o

1.048 —-883.65 441,82 -441.82 441.82 0.07 0.
001016

2.020 -883.65 441.82 -441.82 441.82 L0.07 0.

001016
TN AO|46 cwviyéyb <</)

E ::%; e+ éaﬁn&L&t::‘
Page 3 veal ) (Fem)

= fdcm

Estribo necessario = 10,16cm2/m

Espessura necessaria na alma da viga = 7cm + 7cm ( bainha) =14cm
+++




