PEF 3502
Estruturas subterraneas

Estruturas internas

Condutos e galerias



Condutos - conceitos gerais (Watkins)

e Solo

— Nao compressivel: caso especifico, visto de forma
simplificada como fluido com a densidade do solo
(“solo hidrostatico”);

— Compressivel: caso geral, com resisténcia ao
cisalhamento;

* Conduto
— Flexivel;
— Rigido;



Conduto flexivel em “solo hidrostatico”

* A falha se da por flambagem;
* EI/D3é arigidez do anel;




* Equacao proposta por Southwell (1915): on
the collapse of tubes by external pressure;
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Aplicacao da equacao de Southwell ao

concreto
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Exemplo (adaptado de Watkins)
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SECAO TRANSVERSAL

A=18,89cm?*/m

| =14,23 cm*/ m

Pressao no topo do bueiro:
P=2,4x19+3x10=75,6 kN/m?
Tensdao de compressao na secao do bueiro:

0=756x1,2/(2x18,89) = 2,4 kN/cm?
Calculo de f:
f.,. = 8,1 kN/cm?
Calculo do fator de seguranca:
FS=8,1/2,4=3,375



Bueiro em concreto
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*Tensao de compressao na sec¢ao do bueiro:

0 =75,6 x 1,325/ (2 x 326) = 0,17 kN/cm? L . n
( ) A, =25X100+2 X5,7X 6,67 =326cm~

*Calculo defr: . 3 . 2 __ . - 4
.fcrz 3’031 kN/cm2 I = .2.5 - 5.7 X 6,67 X 7,5 = 2164cm

*Calculo do fator de seguranca:
eCS =3,31/0,17=19,5>> 3,0



Ensaio dos trés cutelos
(Three edge bearing test




Esforcos no ensaio

MOMENTO FLETOR FORCA NORMAL FORCA CORTANTE
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Solo “compressive

CONDUTO RIGIDO CONDUTO FLEXIVEL



Properties




Plate properties

Material set -~ Properties
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HAoxdial forces
Extreme axial force -144,63 kN/m
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Momentos na estrutura rigida
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Bending moments
Extreme bending moment 19,33 kMNm/m




Carregamentos para projeto (Marston-Spangler)

Figure 1. Arch action over underground conduits.
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Figure 5. Relation of p, K, and Kpu.
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Figure 4. Calculation diagram. Table 1. Values of constants A and X for extrapolating
values of C, versus H/B..
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LONG-TIME MEASUREMENT OF LOADS ON THREE PIPE CULVERTS
Merlin G. Spangler, Engineering Research Institute, lowa State University

Figure 6. Experimental culverts before fill construction.




Figure 10. Time-load curves.
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Fatores de berco

TABLE 23.3 LOAD FACTOR FOR RIGID PIPES
(ACPA, 1970, p. 336-339) BASED ON SPECIFIED
CLASSES OF BEDDING

Class A Class B Class C Class D

Fig. 23.12 Class A—concrete cradle; B—compacted granular mate-

rial; C—compacted granular material of densely compacted backfill;
D-flat subgrade.

Class A Class B8 Class C Class D
Embankment 4.8 2.6 2.0 1.2
Trench® 48 1.9 1.5 1.1
3.4
2.8

24.8 for 1.0% reinforcing steel; 3.4 for 0.4% reinforcing steel; 2.8
for plain.



Galerias

*Consideracao das fases de
construcao;
*Carregamentos;
*Subpressao;
*Estanqueidade;

*Sistemas estruturais;



Sistemas estruturais
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Vaos pequenos: digamos3 ma 10 m






Grandes alturas: pergolado
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TERRENO NATURAL
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MANTA | | ' LASTRO MAGRO 10cm
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POSTERIOR : JUNTA FUNGENBAND 0O-35/10
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LASTRO MAGRO 10cm
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LASTRO DE BRITA 30cm






Grandes vaos







TERREND ADUTORA

PAREDE DE

GEOCOMPOSTO
PARA DRENAGEM
TIPO MAG DRAIN |
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