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CA Pf T ULO I 

I NTRODUg AO 

0 p r e s e n t e r e l a t o r i o c o n s t a d a s a t i v i d a d e s d e s e n v o 1 v i d a s p e 1 o 
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0 5 / 0 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ 8 7 a 0 6 / 0 2 / 8 7 ,  c o n s t a n d o d e 2 0 h o r a s s e m a n a i s . 

0 e s t a g i o se d e s e n v o l v e u d u r a n t e o p e r f o d o c i t a d o , n a a r e a 
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D u r a n t e e s t e p e r f o d o , o e s t a g i o e s t e v e s o b a o r i e n t a g a o d o 

e n g e n h e i r o c a l c u l i s t a D r . S e r g i o O s o r i o d e C e r q u e i r a , c o m o t a m b e m 

f o i s u p e r v i s i o n a d o p e 1 o p r o f e s s o r M i l t o n B e z e r r a d a s Ch a g a s F i l h o . 
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CAPFTULO I I 

ESTADO DA ARTE SOBRE CALCULO DE ESTRUTURAS 

2 . 1 -  INTRODUg AO 

Es t a r e v i s i o a b o r d a r a o s t o p i c o s p e r t i n e n t e s a o s o b j e t i v o s 

d o e s t a g i o . Pa r a c l a r e z a s e r a o a b o r d a d o s o s s e g u i n t e s t o p i c o s : 

-  C a r a c t e r i s t i c a s d o s p r o g r a m a s ce c a l c u l o d e e s t r u t u r a 

u t  i 1 i z a d o . 

-  M e t o d o s a p l i c a d o s a n a l i t i c a m e n t e p a r a o c a l c u l o d e e s t r u _ 

t u r a . 

2 . 2 -  CARACTER r ST I CAS DOS PROGRAMAS DE CALCULO DE ESTRUTURA UTJ_ 

L I ZADO . 

2 . 2 . 1 -  Pr o g r a m a p a r a C a l c u l o d o s E s f o r c o s em V i g a : 

-  0 p r o g r a m a d e c a l c u l o d o s e s f o r c o s em v i g a , u t i l i z a o 

raetodo d a s e q u a c o e s d o s t r e s m o m e n t o s p a r a s e u f u n c i o n a m e n t o , c a j _ 

c u l a o s e s f o r c o s em v i g a co m a t e t r i n t a t r a m o s , c o m 5 0 c a r g a s 

c o n c e n t r a d a s e 5 0 c a r g a s d i s t r i b u f d a s . C a l c u l a v i g a s c o m i n e r -

c i a c o n s t a n t e e raisulada co m i n e r c i a q u a l q u e r . 

2 0 2 . 2 -  D i m e n s i o n a m e n t o d e V i g a : zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-  0 p r o g r a m a p a r a d i m e n s i o n a m e n t o d e v i g a e s t a b a s e a d o n a 

N B1 / 7 8 ,  e e x e c u t a d o p a r a q u a l q u e r a g o , Fc K , ^ , ^ , V £ . U t i l i z a 

d i a g r a m a r e t a n g u l a r d e t e n s a o co m v e r i f i c a c a o d e f i s s u r a c i o . 

-  Pa r a c i s a l h a m e n t o l e v a em c o n s i d e r a c a o a c o n t r i b u i c a o d o 

c o n c r e t o . 
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2 . 2 . 3 -  Pr o - g r am a p a r a D i me n s i o n am e n t  o d e P i l a r : 

-  0 p r o g r a m a p a r a d i m e n s i o n a m e n t o d e P i l a r a d m i t e c i n c o r e 

g i o e s , t a i s c o m o a s i n d i c a d a s p e l o p r o f e s s o r Ja y m e F e r r e i r a d a 

S i l v a as q u a i s e i t a r e m o s a q u i : 

1 -  C o n s i d e r a as d u a s r e g i o e s co m p r i m i d a s . 

2 -  C o n s i d e r a as d u a s r e g i o e s t r a c i o n a d a s . 

3  -  C o n s i d e r a um a r e g i i o c o m p r i m i d a e o u t r a t r a c i o n a d a . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

h -  C o n s i d e r a um a r e g i i o c o m p r i m i d a e o u t r a t e o r i c a m e n t e 

z e r o . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5 -  C o n s i d e r a um a r e g i i o t r a c i o n a d a e o u t r a t e o r i c a m e n t e 

z e r o . 

-  Ba s e a d o na N B1 / 7 8 , e e x e c u t a d o p a r a q u a l q u e r a g o , FcK , 

^ S ' X c ' * ^ t ' ^ ' z a d i a g r a m a r e t a n g u l a r d e t e n s a o . 

-  Pa r a c i s a l h a m e n t o l e v a em c o n s i d e r a g i o a c o n t r i b u i g i o d o 

c o n e r e t o . 

2 . 3 -  METODOS A PLICA D OS ANAL I T I CAME NTE PARA 0 CALCULO DE EST RU-

TURA 

2 . 3 - 1 -  C a l c u l o e D i m e n s i o n a m e n t o d e V i g a 

-  C a l c u l o d o s e s f o r g o s em v i g a p e l o p r o c e s s o d e CROSS 

-  C a l c u l o n o e s t a d i o I I 

-  D i m e n s i o n a m e n t o d e s e g o e s r e t a n g u l a r e s co m a r m a d u r a 

s i m p l e s 

-  D i m e n s i o n am en t o d e s e g o e s r e t a n g u l a r e s co m a r m a d u r a d u -

p 1 a . 



k zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  2 . 3 . 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA -  C i l c u l o e D i m e n s i o n am en t o d e P i l a r e s 

R o t e i r o d e C a l c u l o d e a c o r d o co m a n o v a N B-  1/ 19 8 7 -

2 . 3 - 3 -  C a l c u l o e D i m e n s i o n am en t o d e Sa p a t a 

-  V e r i f i c a g i o d a Sa p a t a q u a n t o ao m o m e n t o f l e t o r ; 

-  C o n s i d e r a g i o d a i n f l u e n c i a d a t e n s i o d e c i s a l h a m e n t o 

d e v i d o ao e f e i t o d e p u n c i o . Se g u n d o a n o v azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 11 NB-  1/  

1 9 7 8 .  



CAP TTULO I I I 

M A T ERI A L DE ESTUDO E METODOS 

3 . 1 -  INTRO DUQAO 

Es t e c a p f t u l o d e s c r e v e o m a t e r i a l d e e s t u d o e m e t o d o s u t i 

l i z a d o s p a r a o c a l c u l o d e e s t r u t u r a . 

3 . 2 -  M A T ERI A L DE ESTUDO 

0 m a r e r i ' a l d e e s t u d o n o e s t a g i o f o i urn e d i f f c i o d e 2 2 p a v i 

m e n t o s d i v i d i d o s d a s e g u i n t e m a n e i r a : 

-  Pa v i r a e n t o d o P i l o t i s 

-  P a v i m e n t o d a Es p l a n a d a 

-  1 6 p a v i m e n t o s T i p o 

-  P i s o d o D u p l e x 

-  C o b e r t a d o D u p l e x 

-  Co b e r t  u r a 

-  C o b e r t a 

3 . 3 ~ ME*T0 DO S DE CALCULO 

Fo i u t i l i z a d o p a r a o c a l c u l o e d i m e n s i o n a m e n t o d e t o d a a 

e s t r u t u r a em e s . t u d o , o s p r o g r a m a s d e c o m p u t a d o r p a r a o c a l c u l o 

d e e s t r u t u r a s , d e s e n v o 1 v I d o s p e l o E n g e n h e i r o A n t o n i o A l v e s N e t o , 

e n g e n h e i r o d a ENGEDATA o s q u a i s f o r a m u t i l i z a d o s a t  r a v e s d o s 

s e g u i n t e s c o m p u t a d o r e s : 
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MICRO COMPUTADOR EXACTO DA CCE 

MICRO COMPUTADORzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA CP500 

MAQUINA TEXAS PROGRAMAVEL T I - 5 9 . 



7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CAPTTULO IV 

APRESENTAQAO E A N A L I SE DOS RESULTADOS 

4 . 1 -  I NT RO DUQAO 

Es t e c a p f t u l o t  r a t a d a a p r e s e n t a g i o e a n a l i se d o s r e s u l t a 

d o s d o e s t a g i o . Pa r a m a i o r c l a r e z a f o i d i v i d i d o em p a r t e s , a sa 

b e r : 

-  C a l c u l o d o s E s f o r c o s e d i m e n s i o n a m e n t o em v i g a a u t o m a t i 

cam e n t e . 

-  C a l c u l o d o s E s f o r c o s e d i m e n s i o n a m e n t o em v i g a a n a l f t i c a 

m e n t e . 

-  D i m e n s i o n a m e n t o d e P i l a r a u t o m a t i c a m e n t e . 

-  D i m e n s i o n a m e n t o d e P i l a r a n a 1 f t i c a m e n t e . 

-  C a l c u l o e d i m e n s i o n a m e n t o d e Sa p a t a a u t o m a t i c a m e n t e . 

-  C a l c u l o e d i m e n s i o n a m e n t o d e Sa p a t a a n a l f t  i c a m e n t e . 



J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  

4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-



8a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

6zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.V !i! 



9 

D I MENS IONAMENTO DE VIGA S 

( f e i t o p e l o C o m p u t a d o r ) 

O p g o e s o f e r e c i d a s : 

1 -  D i m e n s i o n a m e n t o a f l e x a o 

2 -  D i m e n s i o n a m e n t o a o c i s a l h a m e n t o 

3 -  I n e r c i a . 

-  -  -  -  Q u a l a o p g a o d e s e j a d a ? 

D i m e n s i o n a m e n t o a f l e x a o 

I n e r c i a c o n s t a n t e 

A g o CA - 5 0 B 

C o e f . m e n o r d o A g o G g =  1 . 1 5 

C o e f . m e n o r d o C o n c r e t o G = 1 . 5 

c 

C o e f . m a i o r d o s E s f o r g o s B f =  1 . 1 4 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

( Fc K 1 5 0 K g f / c m 2 ) FcK =  1 8 0 

Re c o b . d a s A r m a d u r a s ( 3 c m ) d 1 =  3 

A b e r t . F i s s u r a s (2 m m ) W =  2mm 

D i m e n s i o n a m e n t o co m a r m a d u r a s n a s f a c e s m a i s s o l i c i t a d a s . 

Se g o e s o f e r e c i d a s : 

1 -  R e t a n g u l a r 

2 -  T 

3 -  C o m p o s t a 

- - - - - -  Q u a l a o p g i o d e s e j a d a ? 

1 -

3 -



1 -  R e t a n g u l a r 

Bas e d o r e t a n g u 1 o ( 1 2 c m ) b =  12 

A l t u r a d o r e t a n g u l o (A Bc m ) h =  6 0 

A g o CA - 5 0 B 

G s =  1 , 1 5 

FcK =  l 8 M Pa 

Bf =  1 0 cm BW =  l Q c m 

H f =  4 8 c m H t =  6 0 c m 

3 cm M j =  9 . 1 7 M t f 

Gf =  1 . 4 M 2 =  9 • 1 7 M t f =  1 . 1 4 

Q, =  3 . 9 5 t f / /  5 c 2 8 c m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0-  = 15 . 70 t f  

M o m e n t o f l e t o r ca r a c t e r f s t i c o ( M t f ) M =  2 . 5 1 

- - - - - -  A r m a d u r a I n f e r i o r : 3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f t  10mm 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

M o m e n t o f l e t o r c a r a c t e r f s t i c o ( M t f ) M =  3 - 54 

- - - - - -  A r m a d u r a S u p e r i o r ; 3 f t  10mm 

- - - - - -  Q u e r f a z e r a l t e r a c o e s (S o u N )? 

M o m e n t o f l e t o r c a r a c t e r f s t i c o ( M t f ) M =  1 . 3 4 

- - - - - -  A r m a d u r a I n f e r i o r : 2  f f  10mm 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N ) ? 

M o m e n t o f l e t o r c a r a c t e r f s t i c o ( M t f ) M =  0 , 6 3 

-  -  -  -  -  -  A r m a d u r a S u p e r i o r : 2 f f  10mm 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

M o m e n t o f l e t o r c a r a c t e r f s t i c o ( . M t f ) M =  0 , 5 6 

- - - - - -  A r m a d u r a I n f e r i o r ; 2  f f  10mm 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

M o m e n t o f l e t o r c a r a c t e r f s t i c o ( M t f ) M =  -  7 -  0 8 
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- - - - - -  A r m a d u r a S u p e r i o r : 4zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f f -  1 2 . 5 m m 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N) ? 

M o m e n t o f l e t o r c a r a c t e r f s t i c o ( M t f ) M =  1 0 . 1 6 

- - - - - -  A r m a d u r a S u p e r i o r : 2 § 7 . 0 m m 

- - - - - -  A r m a d u r a I n f e r i o r : 4  f f  1 6 . 0 m m 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

O p g o e s o f e r e c i d a s : 

1 -  D i m e n s i o n a m e n t o a f l e x a o 

2 -  D i m e n s i o n am en t o a o c i s a l h a m e n t o 

3 -  I n e r c i a 

-  -  -  -  -  -  Q u a l a o p g a o d e s e j a d a ? 

1 -  D i m e n s i o n a m e n t o ao c i s a l h a m e n t o 

3 -  I n e r c i a c o n s t a n t e 

- - - - - -  Se g o e s o f e r e c i d a s : 

1 -  R e t a n g u l a r 

2 -  T 

3 -  C o m p o s t a 

-  -  -  -  -  -  Q u a l a o p g a o d e s e j a d a ? 

1 -  Re t a n g u 1 a r 

Ras e d o R e t a n g u l o ( 1 2 c m ) b =  12 

A l t u r a d o R e t a n g u l o ( 4 8 c m ) h =  6 0 

A g o CA - 5 0 B Bf =  1 0 cm BW =  1 0 cm 

G = 1 . 1 5 H f -  4 8 c m H f =  6 0 c m 
s 

FcK =  18 MPa d ' =  3 cm M ] =  9 . 1 7 M t f 

G c = 1 . 4 Gf =  1 . 4 M 2 =  - 9 . 1 7 M t f 



Q, = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 3. 95 t fzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA # 5c  2 8 Q 2 =  15 - 70 t f  

Es f . c o r t a n t e c a r a c t . ( t f ) 0.K =  ? 2 . 5 7 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d a s B a r r a s ( 1 2 . 5 mm)  BT =  ? 10 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A

s w
 = 1 , 7 8 c m 2 / m

 #
 5 c 2 0 c m 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

Es f . c o r t a n t e c a r a c t ( t f ) .,. QzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA., = ? 3 . 9 8 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d a s B a r r a s ( 1 2 . 5 mm) BT =  ? 10 

A

s w
 = 2

'
7 5 c m 2 / m

 #
 5 c 2 0 c m 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

Es f . c o r t a n t e c a r a c t . ( t f ) Q K =  ? 3 - 37 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d e B a r r a s ( 1 2 . 5 mm)  BT =  ? 10 

A SW =  2 ' 3 3 c m 2 / m # 5 c 2 0 c m 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

Es f . c o r t a n t e c a r a c t . ( t f ) Q K =  ? 2 . 1 4 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d e B a r r a s ( 1 2 . 5 m m ) BT =  ? 10 

A $ w =  1 , 4 8 c m 2 / m # 5 c 2 0 c m 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N )? 

Es f . c o r t a n t e c a r a c t . ( t f ) Q^  =  ? 1 . 7 5 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d e B a r r a s ( 1 2 . 5 m m ) BT =  ? 10 
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2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A $ w =  1 , 2 1 cm / m 5 c 2 0 c m 

- - - - - -  Q u e r f a z e r a l t e r a g o e s (S o u N ) ? 

Es f . c o r t a n t e c a r a c t . ( t f ) Q =  ? 3 . 5 4 

K 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d e B a r r a s ( 1 2 . 5 m m ) BT =  ? 10 

A SW =  2 , / * 5 c m 2 / m 5 c 2 0 c m 

Q u e r f a z e r a l t e r a g o e s (S o u N ) ? 

Es f . c o r t a n t e c a r a c t . ( t f ) Q K =  ? 5 . 4 7 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d e B a r r a s ( 1 2 . 5 m m ) BT =  ? 16 

A SW = 3 , 7 8 c m 2 / m 5 c 1 5 

Q u e r f a z e r a l t e r a g o e s (S o u N ) ? 

Es f . c o r t a n t e c a r a c t . ( t f ) Q K =  ? 5 . 4 7 

N u m e r o d e B a r r a s ( 2 ) NB =  ? 2 

B i t o l a s d e B a r r a s ( 1 2 , 5 m m ) BT =  ? 1 6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A

s w
 = 3

'
8 5 c m 2 / m 5 c 1 5 



CALCULO DOS ESFORgOS DA VIGA V j -  PELO PROCESSO DE CROSS 14 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 -  CARREGAMENTO 

1, 31 t f / m 
l , ! 6t f / r 

l „ l 8t f / m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 

1 J 5 t f / m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3r 

5, 72 t f / m 

0, 77 t f / r 

^ D 

4, 75r  

5, 00m i 4, 75m j _ 4, 75m 6, 90m 

^  E 
1 1 \  
J C [ 

i N£ RCI A CONSTANTE 

2 -  S I S T E MA P RI NCI P AL DA ESTRUTURA 

A " 
A 

1 

B 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7T 
C 

3 

7 1 71 

3 -  CALCULO DOS MOMENTOS DE ENGASTAMENTO PERFEITOS 

— 1, 31zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt f / m 

A 

1 , ! 6 t f / r 

1 , 1 5 t f / m 

BA 

BC 

0 , 7 7 t f / m 

CD 

q L 2
 = _ 1, 31 x  5

2 

4, 1 t f m 

-  M -  S t * -  ] > 1 6 x  4 , 7 5
2 

CB 12 12 2 , 1 8 t m 

^  +  [ 1 2 a b 2
 + c 2 ( L -  3 b ) ] + f a b ! 

12 1 2 L Z i 

+ 1 J 8 x  1, 2 x  3 , 55
2

 = 

4 , 75
2 

2, 43 t f . 
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, 15t f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/ m 

1, 18t f  

0, 77t f / m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

±  K DC 
12 1 2 L' 

12a zb +  c / (L -  3a)  Pa^ b 

DC 
0, 77 x  4, 75 0, 38 x  1, 2 . „ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA n r i  7zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA , , o , 0 2 ? r r  

~ —  - ~ -  12 x  0 , 6
Z
 x  4, 15 + 1, 2

2
 ( 4, 75- 3x0, 6)  -

]
>

l 8 x ]
>

2
 * 3>55 

1 2
 12 x  4 , 75

2
 ^ 7 5 2 

DC 1, 75 t f . m 

0, 77t f / m 
i 5, 72t f / m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

± ± i_ -A 
'DE 

^  + J ^ _ ( L +  b ) 

8 2 L 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

HOE - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

 +  5'72 VI  ^  + " «•« *  
o 2 x 6 , 9 

4)  CALCULO DOS CO EFI CI EN T ES DE D I ST RI BU i g A O 

^ BA 4  X L T~
 x

 "4775
 =

 ° '
l 6 j 

NO ^ K = 0 , 3 7 5 

"BC 
L 4, 75 

= 0 , 2 1J 

= ^ BA 0 , 1 6 5 _ .  

BA EK 0 , 3 7 J ' *  

_ ^ BC 0 , 2 1 J 
BC EK 0 , 37J = 0 , 5 7 



NO 2 Z K =  0 , 4 2 5 

CD 

CB 

4 , 7 5 

CB 0 , 2 1 a 

ZK 0 , 4 2 a 

=  0 , 2 1 J 

=  0 , 5 

CD 

CD = 0 , 2 1 J 

ZK 0 , 4 2 J 
=  0 , 5 

DC 

DE 

^ , 7 5 

=  0 , 2 1 J zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

7̂9 

=  0 , 3 1 9 J 

0 , 1 0 9 J 

K 
DC 0 , 2 1 J 

DC ZK 0 , 3 1 9 J 
=  0 , 6 6 

K D EzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 0 , 1 0 9 J 

DE ZK 0 , 3 1 9 
=  0 , 3 4 



1 7 

5 ) 

CD 

CROSS: 

0 , 4 3 0 , 5 7 0 , 5 0 , 5 0 , 6 6 0 , 3 4 

ME P ^  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk~~ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ~ i  

- 4 , 1 

L A 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 1 8 - 2 , 1 8 

k  A 

2 , 4 3 - 1 , 7 5 

kzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA A 
1 0 , 1 5 

0 , 5 5 

0 , 0 3 

0 , 6 3 + — 1  , 26 

- 2 , 7 7 * — - 5 , 5 4 - 2 , 8 6 

0 , 5 5 

0 , 0 3 

0 , 6 3 + — 1  , 26 1 , 2 6 — •  0 , 6 3 

- 0 , 1 8 

0 , 5 5 

0 , 0 3 

0 , 7 4 0 , 3 7 

- 0 , 1 « — - 0 , 1 9 - 0 , 1 9 ft . - 0 , 1 

- 0 , 1 8 

0 , 5 5 

0 , 0 3 

0 , 0 4 < * — 0 , 0 8 

- 0 16 * ~ 0 ' 3 5 
- 0 , 1 8 

0 , 5 5 

0 , 0 3 

0 , 0 4 < * — 0 , 0 8 0 , 0 8 » 0 , 0 4 

- 0 , 0 1 

0 , 5 5 

0 , 0 3 0 , 0 3 •  0 , 0 1 6 

- 0 , 0 0 8 —• » - 0 , 0 0 4 

- 0 , 0 1 

- 0 , 0 0 8 - 0 , 0 0 8 —• » - 0 , 0 0 4 

- 0 , 0 1 - 0 , 0 1 * 0 , 0 2 - 0 , 0 1 

MF - 3 , 5 2 3 , 5 2 - 0 , 6 5 0 , 6 5 - 7 , 1 7 , 1 



6 )zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA CALCULO DAS REAQOES DE APuMOS 

1 , 3 1 t f / m 3 , 5 2 t f  
m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

±zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA *  ± ± 

3 , 2 8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 
[ 0 , 7 0 

2 , 5 8 t f  

3 , 2 8 

0 ,70 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

t 

t 

3 , 5 2 t f / m  1,16 t f / m  0 , 6 5 t f r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

*  *  ± ± ± 

B 

|  2 , 7 6 

0 , 6 0 

3,36 t f  

2 , 7 6 

0 , 6 0 

2, I 6 t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf  

0 , 6 5 t f r 

1 , 1 5 t f / m 

1 ,36 

0 , 8 8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

J 1 ,8 3 

f  0 , 4 0 

1,75 t f  

l , l 8 t f  

0 , 7 7 t f / m 7 , l t f m 7 , l t f m 0 , 7 7 t f / r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

* * * * t  

1 , 3 6 

0 ,30 

1 , 8 3 

0 , 0 6 

3,55 t f  

i i *  ± i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f 2 , 6 6 

\  1 ,78 

I 
|  1 ,0 3 

5 , 4 7 t f  

5 , 72t f  

2 , 6 6 f 
I 

3 , 9 4 f 

1 ,0 3 

5 , 5 7 t f  

M o m e n t o s e Re a c o e s F i n a i s zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A 

2 5 8 t  
f  

3 , 5 2 

3 , 9 8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

t f r  t f r  0 , 6 5 

3, 36 2,16 

7,34 t f  3 , 9 1  t f  

7 ,1 0 t f r  

1,75 3 , 5 5 5,47 

9 , 0 2  t f  

5 , 5 7 t f  



DI AGRAMA DE MOMENTO F LETOR ES CALA - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1:10 0 



2 0 

DI MENS.  J  0 NAMENTO A F L E Xf l O FE I  TO ANA L I  T I  CAME NTE 

VI GA V
1
 DO P1 LOT I S .  

1 -  Os  e s f o r c o s  f o r a m c a l c u l a d o s  p e l o c o m p u t a d o r  e  a n a l i t j _ 

c a , me n t e  p e l o p r o c e s s o d e  CROSS o s  q u a l s  t i v e r a m r e s u l t a d o s  q u a s e  

i d e n t i c o s .  S e n d o a s s i m ,  e s - t o u u t i l i z a n d o o s  e s f o r c o s  d e  mo me n t o s  

f l e t o r e s  e  c o r t a n t e s  d a  v i g a  c a l c u l a d a  p e l o c o m p u t a d o r ,  p a r a  d i me j i  

s l o n a r  a s  a r ma d u r a s  e  f a z e r  u ma  v e r i f i c a c a o c o m o r e s u l t a d o d i me n 

s i o n a d o ,  f e i t o p e l o c o m p u t a d o r .  

2 -  D i m e n s i o n a m e n t o a  f l e x a o :  

F o r mu 1 a  

Ac o CA- 5 0 B F c K = 1 8 0 k g / c n i  o uzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 18 MPa  

M
d
 = 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ,k M 

h = d + 2 c m d = h -  2 c m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAITzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA T 
2 0 
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2 1 



Mo me n t o s  ma x i mo s  n a  v i g a :  

2 1 

2 , 5 1 m t f  

- 3 , 5 4 m t
f  

Mj -  = 0 , 5 6 mt  f  

M,  = - 7 , 0 8 m t f  

1 , 3 4 m t f  

- 0 , 6 3 m t f  

M
7
 = 1 0 ,  1 6 m t f  

S e c i o d a  Vi  g a  1 2 / 6 0 
h = 6 0 c m 

b = 1 2 c m 

F c K = 1 8 0 k g / c r t i  •> r  = 0 ,  1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Ik 

d o = 0 , 1 Ik 
1 , 4 x 2 5 1 0 

0 , 1 2 
* d

0
 = 3 0 c m 

d = 6 0 -  2 

d -  5 8 c m 

d > 6Q-*- ( s u b a r ma d a )  

d
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 = 5 8 
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Md 

5 8 

1 , 4 x 2 5 1 0 

= 0 , 3 4 T
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 •*zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a = 4 0 , 4 8 

0 , 1 2 

1 , 4 x 2 5 1 0 

' S i  4 0 ,  4 5 x 5 8 
= 1 , 5 c m 

d o -  0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 1 7 M / ' ' \ * 1 ^
0

 -  3 5 c m d > d
Q
 ( S u b a  r ma d a )  
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d
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0 , 1 2 
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0 1

 ->zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a = 3 8 , 0 4 

0 , 1 2 
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 ( S u p e r a r m a d a )  

S o l u c a o :  C o l o c a r  a r m a d u r a  d u p l a  

6 0 

o a  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA• • •  
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d
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d
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C = d -  3 C = 5 4 c m 
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DI  MENS I ONAMENTO AO CI S AL HAME NT O F E I T O ANAL I T I  CAMENTE 

VI GA V]  DO P I L O T I S .  

-  C i s a l h a m e n t o c o m b a t i d o s o me n t e  c o m e s t r i b o s  

Us a n d o ur n s o e s t r i b o ,  t e r e m o s :  

SC Z f Y d 
Z = 0 , 8 7 d Qd =

 1 

Ag o CA- 5 0 B F c K = 1 8 MPa  f Y d = 
5 0 0 0 

1 , 1 5 

S e c a o d a  v i g a e m e s t u d o :  b = 1 2 c m 

d = h -  3 + d = 6 0 -  3 •> d = 5 7 c m 

1 , 4 x 2 5 7 0 

SC 

0 ,  8 7 x 0 , 5 7 x 
5 0 0 0 

1 , 1 5 

= 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 6 7 c m / m 

p /  A
$ c

 = 1 , 6 7 c mVr n T
) 7 B

 # 5 C2 0 c m 

0
s

A
 1 , 4 x 3 9 8 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 0 CQ  2 ,  

2 j  A
s c

 = = 2 , 5 o c m / m 

0 , 8 7 x 0 , 5 7 x 
5 0 0 0 

1 , 1 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0/ A
s c

 = 2 , 5 8 c m
2

/ m T
] 7 B

 # 5
 c

l 4 c m 



3 )
 A c r

 = - L l *
 x 3 3 7 0

 = 2 , 1 9 c m
2

/ m 
SC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 , 8 7x 0 ,57 x 
50 0 0 

1 ,15 

p /  A
s c

 = 2 , 1 9 c m
Z

/ m T
1 ? B

 # 5
 c

l 6 c m 

i \  _ 1 , 4 x 2 1 4 0 .  _
Q
 2 ,  

4 )  A
$ c

 =
 2

 = 1 , 3 8 c m / m 

0 , 8 7x 0 ,57 x 
50 0 0 

1 ,15 

p /  A
$ c

 = 1 , 3 8 c m
2

/ m T
] y B

 # 5
 c

2 4 c m 

5 )  A
$ c

 =
 2

 = 1 , 1 4 c m / m 

0 , 8 7 x 0 , 5 7 x 
50 0 0 

1 , 1 5 

p /  A
s c

 = 1 , 1 4 c m / m T
] 7 B

 # 5
 c

3 0 c m 

6
)

 A $ c
 .  _ J _ ^ x _ J 5 4 l _

 = 2 > 3 0 c m
2

/ m 

0 , 8 7x 0 , 5 7 x 
50 0 0 

1 , 1 5 

p /  A
$ c

 = 2,30 c m
2

/ m T
] ? B

 # 5
 c

1 5 , 5 c m 

7
)

 A
 = _ M x 5 4 7 0

 = 3 ) 5 5 c m
2

/ m 

Q,
8 7 X

0 ,
5 7

 x * &* |  

27 



p /
 A

s c
 =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 3,55 c m / m F

l 7 B
 5 C

10 c m 

8 )  A 
SC 

1,4 x 5570 

n 8 7 n C7 5 0 0 0 
0 , « 7 x 0 , 5 7 x T7T5 

3 , 6 2 c m / m 

P/  A
$ c

 = 3 , 6 2 c m / r a  F ^ C 
17B

 15 L

9 , 5 c m 



D I M EN S I O N A M E N T O DO P I L A RzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA P6 

5 ?  T e t o 

ESQUEMA DE CARGAS 

5 0 8 , 2 0 t f  

E 
o 

o 
o 
c i  

4 ?  T e t o 5 3 8 , 8 0 t f  

E 
u 

o 
o 
m 

3 ?  T e t o 5 6 3 , 4 0 t f  

E 
o 

o 
o 

2 °  T e t o 6 0 3 ,  70 t
f  

E 
o 

a  
o 
m 

1 ?  Te  t o 6 3 8 , 5 0 t f  

E 
O 

o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
CD 

CI NT AS 6 3 9 , 5 0 t f  

SEQ A O T R A N S V E R S A L DO P I L A R 

2 5 c m 



• zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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-
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1 . 4 B 0 - 0 0 0 •  0 0 1 0 . - S 3 
7 
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i _ w 7 « 1 . 4 B 0 . 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 1 « 3 0 
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• zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. i c c •  a = - • 

J 7 ' cr 
1 6 0 D r n 2 3 4 = 3 t - f E == 2 3 0 E n s 2 3 0 C m 

G f D I R B e t a N E T C % ) R s ( c r n 2 > B I ^ C L P S 3 

6 0 3 . 7 0 6 « 0 4 1  r /  
7 O .c^ 

1 2 ? . . 3 0 4 2 # 2 0 . 0 

0 . 0 0 3 2 - 2 0 1 «•  6 2 
7 1 *"•• 

1 2 ° . 0 0 T> 7 - jfjf 2 5 ., 0 

. . « = , 

1 6 0 D m - 2 3 4 - 8 t - f _ B = 3 0 0 C r " = 3 0 0 C m 

B e t a N B B I T C L n S s 

6 3 S - 5 0 X - Q 1 6 2 » S 6 3 4 ft 2 5 . 0 

3 6 - 3 4 1 . 5 7 i_.> 3 •  6 1 

E i i  »  t >  • e  . . . ,  .  ,  t »  c p  =  
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3 1 

CALCULO ANAL f T I C O 

CALCULO DO P I L AR P6 NO 1 9 ,  2 ? ,  3 ? ,  4 ?  e  5 ?  TETO 

N = 6 3 8 t
f
 -  1 ?  T e t o 

Da d o s  A
c
 = 1 6 0 x 2 5 -  4 0 0 0 c m

2 

C a l c u l a r  A
$
 = ?  

F c K = 1 8 0 K g f / c m
2 

Ac o = CA- 5 0 B 

N = 6 0 3 , 7 0 t f  -  2 ?  T e t o 

N = 5 6 9 , 4 0 t
f
 -  3 ?  T e t o 

N = 5 3 8 , 8 0 t
f
 -  4 ?  T e t o 

N = 5 0 8 , 2 0 t
f
 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 5 ° T e t o 

AC,  

W N, 

0 , 85 f e d + P mi  n F y
 1

 d 

W N
d
 -  0 ; 8 5 f e d A

C 

S f ' y d 

w = 
6 

w = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ - ~ — 

b 
•* w = 1 + -

25 
•> W = 1 , 2 4 

F e d = 
F c K 

T74"  
•+ F e d = + F e d = 1 2 8 Kg f  / c m

2 

A = 
f  /  a mb 

0 , 2 8 9 b 
A

 = 0 , 2 8 9 x 2 5 *
 A = 4 l

'
5 c m 

A <_ 3 0 •*•  p = 0 , 5 •* s u p e r  r o b u s t o 

0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ,8%  < p < 6%  •*•  A 
q u a  1 q u e  r  

A -  < 1 4 0 
ma x — 

N .  = 1 , 4 x 6 3 8 0 0 0 + N
d
 = 8 9 3 2 0 0 K g f  

AC 
_,  1 , 2 4 x 8 9 3 2 0 0 1 1 0 7 5 6 8 _ 

1 "
 0

 ,
 8 5 x 1 2 8 + x 3 5 5 0

 A

C1 " 10 8 , 8
 +

 2 8 , 4 ~
 A

C l ^ 7 3 



A
C 1

 =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 8 0 73 c m 

32 

2 

A
c
 = 4 0 0 0 c m 

A

C < A
C l  

A
s
 =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

 ]

>
2 k x 8 9 3 2 0 0 x 1 2 8 x

 *
0 0 0

 « 1 8 9 , 4 c m
2

 * 4 0 * 2 5 

p /  1 ?  T E T O,  t e r e m o s  38 j )  2 5 mm 

N = 60 3 , 70 t
f
 A

c
 = 4 0 0 0 c m

2

 N = 1 , 2 4 F c d = l  2 8 Kg f  / c m 

Nd = 8 4 5 t f  A = f f
x 2 5

 « 3 8 , 8 c m 

n
 ,  1 , 2 4 x 8 4 5 0 0 0 .  . 1 0 4 7 8 0 0 .  

A

C i  =
 !  2

 n~~R "*
 A

C i  =
 i n

f t  f t l oA E *
 A

C i  = 7 6 3 7 c m 
1

 o , 8 5 x 1 2 8
 +

 Q x 3 5 5 0
 1

 1 0 8 , 3 + 2 8 , 4 1 

A

C <
 A

C
r  

1 , 2 4 x 8 4 50 0 0 - 0 , 85 x 1 28 x  4 0 0 0 , _
0
 ,  2 , , , , , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

S = — 2 J T ^ - Q = 172,6 c m -> 36 * 25 

p /  2 ?  T E T O,  t e r e mo s  36 d)  2 5 mr n 

N = 5 6 9 , 4 0 t f  •> N .  = 1 , 4 x 5 6 9 4 0 0 + N
d
 = 7 9 7 1 6 0 K g f  

.  1 , 2 4 x 7 9 7 1 6 0 .  -
0 f t c

 2 

A
C
-  = 1 3 7 , 2 ^

 A

C ]  = 7 2 0 5 c m 

Ac < A
C 

^
 =

 1 , 2 4 x 7 9 7 1 6 0 -  4 3 5 2 0 0
 =

 ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ^ 2 ^ ^ ^ ^ 

p /  3 ?  T E T O,  t e r e m o s  3 2 <J> 2 5 mm 



N =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 5 3 8 , 8 t
f
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d
 = 75432Q K g f  
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 >
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A f < A C 
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 =
 ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ^ 2 ^ ^ ^ 

3 5 5 0 

p /  4 ?  T E T O,  t e r e mo s  2 8 j )  2 5 mm 

N = 5 0 8 , 2 N
d
 = 1 , 4 x 5 0 8 2 0 0 = 7 1 1 4 8 0 K g f  

n 1 , 2 4 x 7 1 1 4 8 0 .  , ,  ,
n A

C 1 = 1 3 7 , 2 *
 A
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 6

^ 0 A
c
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c  

A
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'
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 1 2

^ -
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34 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

DI  MENS I ONAME NTO DA S AP ATA -  S P 6 

a )  C a l c u l o d a s  d i me n s o e s  d a  s a p a t a  :  

N = 6 39 t f  

4 0 t / m
2 

N = C a r g a  n a  f u n d a g a o 

o *
t
= T e n s a o a d m i s s f v e l  d o t e r r e n o 

A = 
1 , 0 5 x N A

n
= A r e a  n e c e s s a r i a  d a  s a p a t  

A
n
 = 1 ^ 5 ^ . 6 1 9zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

 m 1 6 > ? 7 m
2 

n

 4 0 

b -  a  

n _
 2 

B = L a d o ma  i  o r  d a  s a p a t a  r e t a n g u l a r  

B = 16 , 77 ±  ' ?
6

 I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ° '
2 5

 = 4 ,8 0 m 

A -  _ B _ •
 A

 -

a  = 2 5 c m 

b = 1 6 0 c m 

b )  C a l c u l o d o s  mo me n t o s  f l e t o r e s  n a  s a p a t a  

M.  =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a t x B x (
A

 "
 a

)
2

 x 0 , 5 

M,  = 4 0 x 4 ,  8 0  ( 1 ,  5 -  0 ,  2 5
}

2
 x Q

^
 =

 ^  ^ ^ 



3 5 

M
M
 =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a t x A

 x
 ( ^ ~ ^ - )

2

 x 0 , 5 

H
M
 -  4 0 x 3 , 5 0 x ( ^

8

°  I
 ]

>
 6 0

)
 2

 x 0 ,  5 -  1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 79 , 2 t
m 

c )  C a l c u l o d a  a l t u r a  d a  s a p a t a  v e r i f i c a n d o a  p u n c a o n o 1 i m i t e  

h = d + 5cm ! = 0 , 2h < 30cm  ( T a b u a )  

d = ( - 0 , 5 x C
( m )

 + 0 , 2 5 x C
2

 + 0 , 0 1 6 x N
( t )

)
 x

 0 , 5 ( m)  

C o n s i d e r a n d o f c K = 1 5 0 K g f / c m'  

C = a  + b 

C = 4 a  

s e  

s e  

b < 3 x a  

b > 3 a  

d = ( -  0 ,  5 x 1 ,  0 0 + 0 ,  2 5 x 1 ,  0 0
2

 + 0 ,  0 1 6 x 6 3 9 )  x 0 ,  5 = l , 3 7 i  

h = 1 ,  3 7 + 0 ,  0 5 = 1 , 4 2 m = 1 , 4 5 m 

h ,  = 0 ,  2 x 1 , 4 5 = 0 ,  2 9 = 0 , 3m = 30 c m 



3 6 

h
2
 =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1,45 -  0 , 3 = 1,15m  = 1 1 5 c m 

A c o t a  d a  f u n d a c a o f i c o u d e f i n i d a  e m f u n c a o d a  s o n d a g e m d a d a  

- 1 , 5 5 m 

Nf VE L DO TERRENO 

D i me n s 1 o n a me n t o d a  s a p a t a  S P 6 a u t o m a t i c a m e n t e  .  

A s a p a t a  e  d i m e n s i o n a d a  a  f l e x i o ,  s e n d o q u e  e n t r a m o s  c o m o s  da_ 

d o s  n o c o m p u t a d o r  p a r a  u ma  v i g a  c o m s e c a o c o m p o s t a .  E,  e n t i o ,  o 

c o m p u t a d o r  n o s  f o r n e c e  s e c a o d e  a g o p a r a  o s  r e s p e c t i v o s  mo me n 

t o s  .  

-  H i p o t e s e  d o P r o g r a ma :  

- A c o a s e r u s a d o - A 9 0 C A - 5 O B 

-  C o e f i c i e n t e  Me n o r  d o Ac o -  = 1 , 5 

-  C o e f i c i e n t e  Me n o r  d o C o n c r e t o -  = 1 , 4 

-  C o e f i c i e n t e  Ma i o r  d o s  e s f o r c o s  -  G<» = 1 , 4 

-  F c K ( 1 5 0 '  Kg / c m
2

)  -  F c K ?  1 5 0 

-  R e c o b r i m e n t o d a s  a r m a d u r a s  ( d ' = 3 c m)  -  d
1

 = 4 

S e c o e s  Of e  r e  c  i  d a s :  

1 -  R e t a n g u l a r  

2 -  T 

3 ~ Co mp o s  t a  

c m 



-  S e c a o e s c o l h i d a  S e c a o C o mp o s t a  

E s q u e ma  d a  S e c a o C o mp o s t a  p a r a  d a d o s  n o c o m p u t a d o r  

3 7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

( 1)  -  E l  e r n e  n t o 1 

( 2) -  E l e m e n t o 2 

H
 t
 -  A l t u r a  d a  S e c a o 

B -  B a s e  S u p e r i o r  d o e l e m e n t o 1 
o

 r  

B j  -  Ba s e  I n f e r i o r  d o e l e m e n t o 1 

Ĥ  -  A l t u r a  d o e l e m e n t o 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

&2 ~ B a s e  I n f e r i o r  d o e l e m e n t o 2 

H
0
 -  A l t u r a  d o e l e m e n t o 2 
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1 )  C a l c u l o d a  a r m a d u r a  d a  s a p a t a  p a r a  o 1 ?  mo me n t o c a r a c t e r T s t i  

c o .  

-  A l t u r a  d a  S e c a o ( c m)  H.  •  1 4 5 

-  B a s e  S u p e r i o r  d o e l e m e n t o 1 ( c m)  .  .  .  B
Q
 = 25 

-  B a s e  I n f e r i o r  d o e l e m e n t o 1 ( c m)  .  .  .  B
1
 = 350 

-  A l t u r a  d o e l e m e n t o 1 ( c m)  = 1 1 5 

-  B a s e  I n f e r i o r  d o e l e m e n t o 2 B 2 = 

-  A l t u r a  d o e l e m e n t o 2 H
 0
 = 30 

P a r a  a  S e c a o e m e s t u d o a  me s ma  s u p o r t a r a  o s  s e g u i n t e s  e s f o _ r  

c o s  :  

M
 1

 = 363 , 0 4 Mt f  

M
2
 = - 1 3 2 1 , 0 0 Mt f  

a
1
 = 1 9 , 7 6 t

f  

Q
2
 = 6 7 , 4 4 t f  

-  Mo me n t o f l e t o r  c a r a c t e r ' s t i c o ( Mt f )  = 2 5 3 , 5 1 t f . m 

2 

1 -  / Vr ma d u r a  I n f e r i o r  A<.  = 7 0 , 2 1 c m 

2) C a l c u l o d a  a r m a d u r a  n a  s a p a t a  p a r a  o 2? mo me n t o c a  r a c t e  r  f s  t j _ 

c o .  

-  A l t u r a  d a  S e c a o ( c m)  H
t
 = 145 

-  B a s e  S u p e r i o r  d o e l e m e n t o 1 ( c m)  .  .  B
Q
 = 160 

-  B a s e  I n f e r i o r  d o e l e m e n t o 1 ( c m)  .  .  B^ = 480 

-  A l t u r a  d o e l e m e n t o 1 ( c m)  H
1
 = 115 
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-  Ba s e  I n f e r i o r  d o e l e m e n t o 2 ( c m)  .  B
2
 = 480 

-  A l t u r a d o e l e m e n t o 2 ( c m)
 H

2
 = 3 0 

P a r a  a  S e c a o e m e s t u d o a  me s ma  s u p o r t a r a  o s  s e g u i n t e s  e s f o r -

M
1
 = 4 9 7 , 8 8 Mt

f  

M
2
 = -18 1 1 ,6 5 Mt

f  

d j  = 27,11 t
f  

Q
2
 = 9 2 , 4 9 t

f  

-  Mo me n t o f l e t o r  c a r a c t e r f s t i c o ( M t f )  = 179 ,2 t f .  

2 -  A r ma d u r a  I n f e r i o r  • £ A
$
 = 4 3 , 12 c m

2 

DI  MENS I ONAMENTO DA ARMADURA DA S AP ATA SP6 

D i  r e  g a o 1 

p /  A
S ]

 = 70 , 21 c m
2

 57 cp 12,5 

E s p a c a me n t o d a  a r m a d u r a  

475 

e  = — - * •  e  = 8 , 5cm 

T e r e mo s  e n t a o n a  d i r e g i o 1 - 57 <j> 12,5 "  e  8 ,5cm 

D i  r e  g i o 2 
p /  A

$ 2
 = 43 , 12 c m

2

 * '  35 (p 12 ,5 

E s p a g a me n t o d a  a r m a d u r a :  

e  =
 3

^ -> e  = 10cm 

T e r e mo s  e n t a o n a  d i  r e g a o 2 - 35 *  12,5 ~ e l O c m 

m 



Dl MENS ! ONAMENTO DA S AP ATA DO P I L AR P6 

D i m e n s i o n a m e n t o f e i t o a n a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 i t i c a m e n t e  

I  I  

<5d 4h ( h + a )  

= d + 3 c m 

dzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ~TT^ 



CALCULOS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

s = 139000 = ] 5 9 7 5 0 c m 2 

639zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA + ( 1 , 6 - 0 , 25) B = „  ? 0 m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
kO 2 

A =
_ | _

 A
 = 1 3 9 7 5 0

 A = 3 j
,

0 m 

639 /  4 , 7 0 _ Jj 6 
)  M,  = 123 t

m 

Md ,  = 1 , 4 x 1 2 3 = 1 7 2 , 2 t
m
 = 1 7 2 2 0 0 Kg f . m 

Md , , = 1 , 4 x 1 6 1 = 2 2 5 , 4 t
m
 = 2 2 5 4 0 0 Kg f . m 

d =  Q , l 9 1 v / 2 ^ 4 0 0 h = 1 8 , + 3 

d = 181 c m 

1 , 4 x 63900,0 6 G -s 6 , 0 K g f / c m
2 

£ d 4 x i 8 l ( 1 8 1 + 2 5 ) ' 6 d 

^ d < g d 6 , 0 < 8 , 7 5 , f a z e n d o c o m q u e  

t e ,  t e r e m o s ;  

1 , 4 x 6 3 9 0 0. 0.  n
 7 C

 „
r i f /

,
m

2 

d "  T t ^ r T d ~ 2 5 )
= 8

'
7 5 K g f / c m 

d = = 8 , 7 5 K g f / c m
2 
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894600 = 35 d
2

 + 875d 

3 5 d 2 + 8 7 5 d - 894600 = 0 

d - -  875 t  X/ 875 2 + 4 x 35 x 894600 
= 148cm 

2 x 35 

d

 =
 l 4 8 c m

 h = 1 4 8 + 3 -> h = 1 5 1 c m 

T o ma n d o d = 1 4 8 c m,  c a l c u l a m o s
 d zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

TA =
 1

* 6 3 9 0 0 0 o
 7

,
 9 

6
d

 4 x l 4 8 x ( l 4 8 + 2 5 )  ~ '
7 3

 K g f / c m
2 

2 d < £ d 8 , 7 3 Kg / c m
2

 < 8 , 7 5 Kg / c m
2 

A d o t a n d o d = h = 1 5 0 ,  t e r e m o s :  

1 5 0 
r

 = = 0 , 1 5 8 a = 2 9 , 3 5 F 3 

/  2 2 5 4 0 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

V 0 , 2 5 

A -
 M d

 -v a  2 2 5 4 0 0 

S ]  ~zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA — r  *
 A

S l  = 2 9 , 3 5 x 1 5 0 *
 A s

1
 = 5 2 c m

'  

r  = H i  
1 

7 2 2 0 0 

1 , 6 0 

= 0 , 4 5 7 -> a -  4 0 , 4 8 F 3 
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DE F I Ni g AO DAS ARMADURAS NA S AP ATA 

D i  r e  g i o 1 

p /  M
d ]

 = 2 2 5 4 0 0 -> A
S l

 = 5 2 c m
2

 •* 4 3 (j) 1 2 , 5 

E s p a g a me n t o d a  a r ma d u r a  

e  -  * e  -  „ . « 

t e r e m o s  e n t a o n a  d i r e g a o 1 :  

4 3 * 1 2 , 5 C 1 1 c m 

D i r e g a o 2 

p /  Md
2
 = 1722a0-zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA + A

$ 2
 = 2 9 c m

2

 -> 37 * 10 

E s p a g a me n t o d a  a r m a d u r a  

e  = e  = 9 , 5 c m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
36 

t e r e m o s  e n t a o n a  d i r e g a o 2 

38 * 10 C 9 , 5 c m 



Calculo da altura minima de secoes retangulares com armadura simples 

(secao normalmeate armada) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM4 

a d 
tu-l* b&]ed zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA, -

Mi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
dmin 

M, 

Md em kgm, 6 cm m, A , em cm 2, d em era (F6rmulas adimeasionais) 

x - id 

y — ad 

Ago 3v* 
t a 

Valores de r para y c - 1,4 e/ et(kg / cm !) igual a: 

Ago 3v* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA§ M 
a 

90 100 11 120 130 140 150 160 170 180 190 200 210 220 

CA-25 2 500 2.174 0.772 0.618 0.691 0.363 15.02 0.207 0 . 1 % O.ll 0.179 0.172 0.166 0.160 0.155 0.150 0.146 0.142 0.139 0.135 0.132 

•CA-32 3 200 2 783 0.725 0.580 0.710 0.350 19.75 0.211 0.200 0.1 0.182 0.175 0.169 0.163 0.158 0.153 0.149 0.145 0.141 0.1-38 0.135 

CA-40A 4 000 3 478 0.679 0.543 0.718 0.336 25.34 0.215 0.204 0.2 0.186 0.179 0.172 0.167 0.161 0.156 0.152 0.148 0.144 0.141 0.138 

CA-40B 4 000 3 478 0.489 0.391 0.804 0.267 27.98 0.241 0.229 0.2 0.209 0.201 0.193 0.187 0.181 0.175 0.170 0.166 0.162 0.158 0.154 

CA-50A 5 000 4 348 0.628 0.503 0.749 0.320 32.55 0.220 0,209 0.1 0.191 0.183 0.177 0.178 0.165 0.160 0.156 0.152 0.14S 0.144 0.141 

CA-50B 5 000 4 348 0.462 0.370 0.815 0.256 35.44 0.246 0.234 0.2 0.213 0.205 0.198 0.191 0.185 0.179 0.174 0.170 0.165 0.161 0.158 

CA-60A 6 000 5 217 0.585 0.468 0.766 0.305 39.97 0.226 0.214 0.2 0.196 0.188 0.181 0.175 0.169 0.164 0.160 0.155 0.152 0.148 0.144 

CA-60B 6 000 5 217 0.438 0.351 0.825 0.246 43.03 0:252 0.239 0.2 0.218 0.209 0.202 0,195 0.189 0.183 0.178 0.173 0.169 0.165 0.161 

Valores de jcd para eiitrada quando y e 1,4: 64 71 7 86 93 100 107 114 121 129 136 143 150 157 

TA BELA 20A 

Calculo da altura mfnima de secSes retangulares com armadura simples 
(secao normalmeate armada) 

AM 

* " r ° V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-7T 
A, 

M era kgm, b em m, A, em cm 8, d em cm 

MizyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA - n„  bcPjcd A, 
Mi 

dmin 
fojvddzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA i  b no 

(Formulas adimensionais) 

y • * d 

Valores de r„  para j e k (kg/ c m 2) igual a: 

Aco u t Ho Aco u C 8 Ho 

90 100 11 120 130 140 150 160 170 180 190 200 210 220 

CA-25 2 500 2 174 0.772 0.618 0.494 0.259 10.73 0.245 0.232 0.2.0.212 0.203 0.196 0.189 0.183 0.178 0.173 0.168 0.164 0.160 0.156 

CA-32 3 200 2 783 0.725 0.580 0.507 0.250 14.11 0.249 0.237 0.2:0.216 0.208 0.200 0.193 0.187 0.182 0.176 0.172 0.167 0.163 0.160 

CA-40A 4 000 3 478 0.679 0.543 0.520 0.240 18.10 0.255 0.241 0.210.220 0.212 0.204 0.197 0.191 0.185 0.180 0.175 0.171 0.167 0.163 

CA-40B 4 000 3 478 0.489 0.391 0.575 0.191 19.98 0.285 0.271 0.2J0.247 0.237 0.229 0.221 0.214 0*208 0.202 0.196 0.191 0.187 0.183 

CA-50A 5 000 4 348 0.628 0.503 0.535 0.229 23.25 0.261 0.248 0.22 0.226 0.217 0.209 0.202 0.196 0.190 0.185 0.180 0.175 0.171 0.167 

CA-50B 5 000 4 348 0.462 0.370 0.582 0.183 25.31 0.292 0.277 0.21 0.253 0.243 0.234 0.226 0.219 0.212 0.206 0.201 0.196 0.191 0.187 

CA-60A 6 000 5 217 0.535 0.468 0.547 0.218 28.55 0.267 0.254 0.2< 0.232 0.223 0.214 0.207 0.201 0.195 0.189 0.184 0.179 0.175 0.171 

CA-60B 6 GOO 5 217 0.438 0.351 0.589 0.176 30.73 0.298 0.282 0 2< 0.258 0.248 0.239 0.231 0.223 0.217 0.211 0.205 0.200 0.195 0.190 

Valores de j i para eiitrada quando 7«  9* 1,4 64 71 7t 86 93 100 107 -114 121 129 136 143 150 157 



Calculo da armadura para secoes retangulares com armadura simples zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

d zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A. -

a d 
A. 

M t 

Vlvdd 
yzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA M a d zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

\  
Md em kgm, b em m, d em cm, A, em cm 1 

(Formulas fidimensioimis) 

• <P 

Valores de a pa ra aco: Valores de r para y e = 1,4 e jck (kg/ cm*) igual a: 

• <P 

25 32 40 50 60 90 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIO0 110 120 .130 140 150 100 170 180 190 200 210 220 

0.048 0.921 0.041 20.24 25.91 32.38 40.48 48.57 0.616 0.584 0.557 ).533 0.513 0.494 0.477 0.462 0.448 0.436 0.424 0.413 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 

0.403 0.394 

0.138 0.931 0.109 20.24 25.91 32.38 40.48 48.57 0.378 0.358 0.342 )zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 327 0.314 0.303 0.293 0.2S3 0.275 0.267 0.260 0.253 0.247 0.242 

0.140 0.930 0.111 20.22 25.88 32.35 40.43 48.52 0.375 0.356 0.339 ) 325 0.312 0.301 0.290 0.281 0.273 0.265 0.258 0.252 0.245 0.240 

0.150 0.925 0.118 20.11 25.74 32.17 40.22 48.26 0.363 0.344 0-329 ) . 3 1 5 0.302 0V291 0.281 0.272 0.264 0.257 0.250 0.244 0.238 0.232 

0.1G0 0.920 0.125 20.00 25.60 32.00 40,00 48.00 0.353 0.334 0-319 ) . 3 05 0.293 0.2S3 0.273 0.264 0.257 0.249 0.243 0.237 0.231 0.226 

0.170 0.915 0.132 19.89 25.46 31.83 39.78* 47.74 0.343 0.325 0.310 ).297 0.285 0.275 0.266 0.257 0.250 0.243 0.236 0.230 0.225 0.219 

0.180 0.910 0.139 19.78 25.32 31.65 39.57 47.48 0.234 0.317 0.302 ).27() 0.278 0.268 0.259 0.251 0.243 0.236 0.230 0.224 0.219 0.214 

0.190 0.905 0.146 19.07 25.18 31.48 39.35 47.22 0.326 0.310 0 295 ).283 0.271 0.262 0.253 0.245 '0,237 0.231 0.225 0.219 0.214 0.209 

0.200 0.900 0.153 19.56 25.04 31.30 39.13 46.96 0.319 0.303 0.288 .276 0.265 0.256 0.247 0.239 0.232 0.226" 0.220 0.214 0.209 0.204 

0.210 0.895 0.160 19.46 24.90 31.13 38.91 46.70 0.312 0.296 0 282 ).270 0.260 0.250 0.242 0.234 0.227 0.221 0.215 0.209 0.204 0.200 

0.220 0.890 0.166 19.35 24.77 30.96 38.70 46.43 0.306 0.290 0 277 ).2G5 0.254 0.245 0.237 0.22Q 0.222 0.216 0.210 0.205 0.200 0.196 

0.230 0.885 0.173 1924 24.63 30.78 38.48 46.17 0.300 0.285 0271 >.2G0 0.250 0.240 0.232 0.225 0.218 0.212 0.206 0.201 0.196 0.192 

0.240 0.880 0.180 19.13 24.49 30.61 38.26 45.91 0.294 0.279 0.266>.255 0.245 0.236 0.228 0.221 0.214 0.20S 0.203 0.198 0.193 0.188 

0.250 0.875 0.186 19.02 24.35 30.43 38.04 45.65 0.289 0.274 0.262 .251 0.241 0^232 0.224 0.217 0.211 0.205 0.199 0.194 0.189 0.185 

0.200 0.870 0.192 18.91 24.21 30.20 37.83 45.39 0.284 0.270 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.257 .246 0.237 0.288 0.220 0.213 0.207 0.201 0.196 0.191 0.186 0.182 

0.270 0.865 0.199 18.80 24.07 30.09# 37.61 45.13 0.280 0.266 0.253 .242 0.233 0.224 0.217 0.210 0.204 0.198 0.193 0.188 0.183 0.179 

0.280 0.860 0.205 18.70 23.93 29.91 37.39 44.87 0.276 0.262 0.249 .239 0.229 0.221 0.214 0.207 0.201 0.195 0.190 0.185 0.181 0.176 

0.290 0.855 0.211 18.59 23.79 29.74 37.17 44.61 0.272 0.258 0.246 .235 0.226 0.218 0.210 0.204 0.198 0.192 0.187 0.182 0.178 0.174 

0.300 0.850 0.217 18.48 23.65 29.57 36.96 44.35 0.268 0.254 0.942 .232 0.223 0.215 0.208 0.201 0.195 0,189 0.184 0.180 0.175 0.171 

0.310 0.845 0.223 18.37 23.51 29.39 36.74 44.09 0.264 0.251 0.239 .229 0.220 0.212 0.205 0.198 0.192 0.187 0.182 0.177 0.173 0.169 

0.320 0.840 0.228 1826 23.37 29.22 3G.52 43.83 0.261 0.248 0.236 j.22C 0.217 0.209 0.202 0.196 0.190 0.1S5 0.180 0.175 0.171 0.167 

0.330 0.835 0.234 18.15 23.23 29.04 36.30 43.57 0.258 0.245 0.232 1.223 0.214 0.207 0.200 0.193 0.188 0.182 0.177 0.173 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 .169 0.165 

0.340 0.830 0.240 18.04 23.10 28.87 36.09 43.30 0.255 0.242 0.230 ).221 0.212 0.204 0.197 0.191 0.185 0.180 0.175 0.171 0.167 0.163 

0.350 0.825 0.245 17.93 22.96 28.70 35.87 34.04 0.252 0.239 0.228 '.218 0.210 0.202 0.195 0.189 0.183 0.17S 0.173 0.169 0.165 0.161 

0.360 0.S20 0.251 17.83 22.82 28.52 35.65 42.78 0.249 0.236 0.225 >.216 0.207 0.200 0.193 0.187 0.181 0.176 0.171 0.167 0.163 0.159 

0.370 0.815 0.256 17.72 22. G8 28.35 35.43 42.52 0.246 0.234 0.223 1.213 0.205 0.198 0.191 0.185 0.179 0.174 0.170 0.165 0.161 0.158 

0.3S0 0.810 0.262 17.61 22.54 28.17 35.22 42.26 0.244 0.231 r.22i ».211 0.203 0.196 0.189 0.183 0.177 
i  

0.172 0.168 0.164 0.160 0.156 



s zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Valores de a para aco: 
I 

s 

25 32 40 50 60 90 100 110 

0.390 0.805 0.267 17.50 22.40 28.00 35.00 42.00 0.241 0.229 0.218 

0.400 0.800 Y 2 7 2 17.39 22.26 27.83 34.78 41.74 0.239 0.227 0.216 

0.410 0.795 0.277 17.28 22.12 27.65 34.57 41.48 0.237 0.225 0.214zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 
0.420 0.790 0.282 17.17 21.98 27.48 34.35 41.22 0.235 0.223 •0.212 

0.430 0.785 0.287 17.07 21.84 27.30 34.13 40.96 0.233 0.221 0.211 | 

0.440 0.780 0.292 16.96 21.70 27.13 33.91 40.70 0.231 0.219 0.209 ! 

0.450 0.775 0.296 16.85 21.57 26.96 33.70 40.43 0.229 0.217 0.207zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA i  

0.400 0.770 0.301 16.74 21.43 26.78 33.4S 40.17 0.227 0.216 0.206 

0.470 0.765 0.306 16.63 21.29 26.61 33.26 39.91 0.226 0.214 0.204 

0.480 0.760 0.310 16.52 2 i : i 5 26.43 33.04 39.65 0.224 0.213 0.203 

0.490 0.755 0.314 16.41 21.01 26.26 32.83 39.39 0.222 0.211 0.201 

0.500 0.750 0.319 16.30 20.87 26.09 32.61 39.13 0.221 0.210 0.200 

0.510 0.745 0.323 16.20 20.73 25.91 32.39 38.87 0.220 0.208 0.199 

0.520 0.740 0.327 16.09 20.59 25.74 32.17 38.61 0.218 0.207 0.197 i  

0.530 0.735 0.331 15.98 20.45 25.57 31.96 38.35 0.217 0.206 0.196 

0.540 0.730 0.335 15.87 20.31 25.39 31.74 38.09 0.216 0.204 0.195 

0.550 0.725 0.339 15.76 20.17 25.22 31.52 37.83 0.214 0.203 0.194 

0.500 0.720 0.343 15.65 20.03 25.04 31.30 37.57 0.213 0.202 0.193 

0.570 0.715 0.346 15.54 19.90 24.87 31.09 37.30 0.212 0.201 0.192 ; 

0.580 0.710 0.350 15.43 19.76 24.70 30.87 37.04 0.211 0.200 0̂ .191 

0.590 0.705 0.354 15.32 19.62 24.52 30.65 36.78 0.210 0.199 0.190 

0.600 0.700 0.357 15.22 19.48 24.35 30.43 36.52 0.209 0.198 0.189 j 

0.6,10 0.695 0.360 15.11 19.34 24.17 30.22 36.26 0.208 0.197 0.188 • 

j 
0.620 0.690 0.364 15.00 19.20 24.00 30.00 36.00 0.207 0.196 0.187 

0.630 0.685 0.367 14.89 19.06 23.83 29.78 35.74 0.206 0.195 0.186 

0.640 0.6S0 0.370 14.78 18.92 23.65 29.57 35.48 0.205 0.195 0.186 

0.650 0.675 0.373 14.67 18.78 23.48 29.35 35.22 0.204 0.193 0.185 1 

j 
0.660 0.670 0.376 14.56 18.64 23.30 29.13 34.96 0.203 0.193 0.184 j 

0.670 0.665 0.379 14.46 18.50 23.13 28.91 34.70 0.203 0.192 0.183 : 

0.680 0.660 0.381 14.35 18.37 22.96 28.70 34.43 0.202 0.192 0.183 

0.690 0.655 0.3S4 14.24 18.23 22.78 28.48 34.17 0.201 0.191 0.182 

0.700 0.650 0.387 14.13 18.09 22.61 28.26 33.91 0.201 0.190 0.181 

0.710 0.645 0.3S9 14.02 17.95 22.43 28.04 33.65 0.200 0.190 0.181 

j 1 

Valores do r para y0 • 1,4 czyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA jek (kg/ cnr) igual a: 

120 130 140 150 160 170 180 190 200 210 220 

0 209 0 201 0 194 0 187 0 181 0 176 0 171 0 .166 0.162 0 .158 0.154 

0 207 0 199 0 192 0 1S5 0 179 0 174 0 169 0 .165 0.160 0 .157 0.153 

0 205 0 197 0 190 0 181 0 178 0 172 0 168 0 .163 0.159 0.155 0.152 

0 203 0 195 0 188 0 182 0 176 0 171 0 166 0 .162 0.158 0 .154 0.150 

0 202 0 194 0 187 0 180 0 175 0 169 0 165 0 160 0.156 0 .152 0.149 

0 200 0 192 0 185 0 179 0 173 0 168 0 163 0 159 0.155 0 .151 0.148 

0 198 0 191 0 184 0 177 0 172 0 167 0 162 0 158 0.154 0 150 0.147 

0 197 0 189 0 182 0 176 0 171 0 165 0 161 0 156 0.153 0 149 0.145 

0 195 0 188 0 181 0.175 0 169 0 164 0 160 0 155 0.151 0 148 0.144 

0 194 0 186 0 180 0 174 0 168 0 163 0 158 0 154 0.150 0 147 0.143 

0 193 0 185 0 178 0 172 0 167 0 162 0 157 0 153 0.149 0 146 0.142 

0 191 0 184 0 177 0 171 0 166 0 161 0 156 0 152 0.148' 0 145 0.141 

0 190 0 183 0 176 0 170 0 165 0 160 0 155 0 151 0.147 0 144 0.140 

0 189 0 182 0 175 0 169 0 163 0 159 0 154 0 150 0.146 0 143 0.140 

0 188 0 180 0 174 0 168 0 163 0 158 0 153 0 149 0.145 0 142 0.139 

0 187 0 179 0 173 0 167 0 162 0 157 0 152 0 14S 0.145 0 141 0.138 

0 186 0 178 0 172 0 166 0 161 0 156 0 152 0 147 0.144 0 140 0.137 

0 185 0 177 0 171 0 165 0 160 0 155 0 151 0 147 0.143 0 140 0.136 

0 184 0 176 0 170 0 164 0 159 0 154 0 150 0 146 0.142 0 139 0.136 

0 183 0 175 0 169 0 163 0 158 0 153 0 149 0 145- 0.141 0 138 0.135 

0 182 0 175 0 168 0 163 0 157 0 153 0 148 0 144 0.141 0 137 0.134 

0 181 0 174 0 167 0 162 0 157 0 152 0 148 0 144 0.140 0 137 0.134 

0 180 0 173 0 167 0 161 0 156 0 151 0 147 0 143 0.139 0 136 0.133 

0 179 0 172 0 166 0 160 0 155 0 151 0 146 0 142 0.139 0 135 0.132 

0 178 0 171 0 165 0.160 0 154 0 150 0 146 0 142 0.13S 0 135 0.132 

0 178 0 171 0 164 0 159 0 154 0 149 0 145 0 141 0.138 0 134 0.131 

0 177 0 170 0 164 0.15S 0 153 0 149 0 144 0 141 0.137 0. 134 0.131 

0 176 0 169 0 163 0.158 0 153 0 148 0 144 0 140 0.137 0. 133 0.130 

0 176 0 169 0 163 0 157 0 152 0 148 0 143 0 140 0.136 0 133 0.130 

0 175 0 168 0 162 0 156 0 151 0 147 0 143 0 139 0.136 0 132 0.129 

0 174 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 167 0 161 0 156 0 151 0 146 0 142 0 139 0.135 0 132 0.129 

0 174 0 167 0 161 0.155 0 150 0 146 0 142 0 138 0.135 0 131 0.128 

0 173 0 166 0 160 0 155 0 150 0 146 0 141 0 138 0.134 0 131 0.12S 
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f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/ 

/ 

t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

TA B FLA 17zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA B 

SECgA O D EzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA FERHO POR METRO PARA ESTRIBOS 

DE DDIS RA MOS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3/16" 1/ 4' 5/16" 

5,0 

5,5 
6.0 

6,.r> 
7,0 

7,5 
8zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,0 
8,5 
9,0 
9.5 

10,0 
10,5 
11,0 

11,5 . 

12,0 
12,5 
13,0 
13,5 
14.0 ! 
14,5 - 4 
15,0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I  
15,5 ! 
16,0 j  
16.5 
17,0 I 
17,5 

iso 
18,5 
19,0 
19,5 
20,0 
22.0 
24.0 
26,0 
28,0 
30,0 
32,0 
34,0 

7,12 
G,4h 
5,94 
5,48 
5,08 
4,74 
4,44 
4,1 S 
3,96 
3,74 
3.56 

; M O 

3,24 

3,10 
2,96 
2,84 
2,74 
2,64 
2,54 
2,46v 
2,38 
2,30 
2 22 
2.\u 
2,10 
2,04 

l ,W 
1,92 
1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, -ss  

1,82 
1,78 
1,62 
1,48 
1,36 
1,28 
1,W 
1,12 
1,04 

12 68 
11,52 
10,56 
9,74 
9,06 
8,44 
7,92 
7,46 
7.04 
6,68 
G.34 
6 04 
5,76 
5,50 
5.2s 
a,06" 
4,s> 
4,7(1 
4,52 
4.3* 
4,22 
4.0s 
3,96 
3,84 
3,72 
3,62 
3,52 
3,42 
3.34 
3,24 

- 3 16 
2,88 
2.64 
2.44 
2,26 
2 12 
1,118 

1,86 

19..V0 
18,00 
16,50 
15,24 
14,14 
13,20 
12,38 
11,64 
11,00 
10,42" 
9,90 
9[42 
9.00 
s,60 
S2% 
7,92-
7.62 
7,34 
7,0s 
6,82 
6,60 
6,38 
6.1S 
6,00 
5,82 
5,60 
5,50 
5,36 
5,22 
5,0s 
4 ,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ 

4,50 
4,12 
3,80 
3.54 
3,30 
3,10 
2,92 

3/8' 

28,48 
25,88 
23,74 
21,92 
20,36 
19,00 
17,82 
16,76 
15,84 
15,00 
14.24 
13,56 
12.94 
12,3s 

11,86 

I I . 40 

10,96 
10,54 
III, 18 

9,82 
9,50 
ft. Is 
8,90 
8,64 
s,3s 
8,14 
7,92 
7.70 
7..50 
7,30 
7 12 
6.4s-

5,94 
5,48 
5,0s 

4,76 
4,40 
4.20 

3,4 mm 

3,64 
3.30 
3,02 
2,80 
2.60 
2,42 
2.26 
2.14 
2,02 
1,92 
1,82 

1,72 
1.66 
1.5S 
1.52 
1,46 
1,40 
1,34 
1 30 
1,26 
1.22 
1,18 
1,14 
1.10 
1,06 
1,04 
1,00 
0,9* 
0,96 
0,94 
0,90 
0 K2 
0,76 
0,70 
0.64 
0,60 
0,65 
0,54 
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ANQORAGENS E O. STRI BU. CAO DE F E RROS POR CAMAOAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA (nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA>m) 5 6.3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAL 7 8 10 125 .6 20 2 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.2. 25 

p (Pol.) 3/18 1/4 5/16 3/ iT" 1/2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 5/8 3/4 7/8 1"  
AS (cm*) 0.196 0.312 [573% 0.50310.785 1.227 2.Oii 3.142 3.871 ,4.909 
? (kg/m) 0.154 0.245 07362 0.:. 0.617 0.963 1.578 ?.'.'." <• 3036 13.6 53 

40 50 55 6 5 eo ' 100 130 165 180 205 
L2(cm) 30 35 40 4 5 5 5 ' 70 85 1 i o - 1 120 1 35 

tStcmJ 25 30 30 3 5 4 5 5 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAto 90 I O C 1 10 
L4 ( cm ) 15 20 20 2 5 30 3 5 4 55 6 0 70 
C ( t r i m ) 5 6.3 7 8 h 1 0 12.5 1 6 20 2 2.2 Z 5 

N 2 7 7 8 8 8 9 9 To FT i 2 
3 _J0__ 1 p 1 0 1 0 1 1 1 2 1 3 1 4 ' 5_J 17 
4 12 „ | 13 f 3 14 1 5 16 1 1 8 2 6 22 
5 14 .

 1

 6 1 6 17 18 , 2 0 1 2 2 24 27 

6 17 18 1 8 t 9 . 20 2 2 24 2 6_ 2 9_ 
• 7 2 0 ["20 2 1 j 2 2 2 3 U

2 5 2 7 3 0^ 3 3 
8 22 I 2 3_ 1 24 2 4"  2 6 2 8 3 1 34 3 6-" 1 " 4 2 
9 25_ 2 6 26 29 3 I - 1 34 ~ 3 8 4 2 47 

10 2 7 8 e 29 30 3 2 _ 3 5 38 • 4 2 4 6 5 2 
1 1 30 3 1 3 2 3 3 j 3 5 3 8 [ 4 2 46 5 1 

12 3 2 34 o4 3 6 3 8 4 1 4 5"  SO 5 5 62 

i> f3- (2n- i ) p-4 e b f ? n ( ^ + 2) + 2 Pf« 5mm 

D E T A L H E DA F E RRAGE M 

ccmp-  H 

if 24 

Y P/ pilorea 

O- V 5 c 12-
£ l2--?f 5 c 15 

16- V5 c20 
p 20- 6.3 c-20 

Eve 

pL3f 2L2 - 0 1 

1.4 

le 

26/02/87 
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CONCLUSAO 

Es t e e s t a g i o ,  s e r v i u em g r a n d e p a r t e ,  p a r a s a n a r d G v i d a s e 

a u m e n t a r o s c o n h e c i m e n t o s com r e l a c i o ao c a l c u l o e s t r u t u r a l  de 

e d i f i c i o s a t i n g i n d o ,  a p r i n c f p i o ,  o o b j e t i v o a l m e j a d o n o q u e c o n 

c e r n e m o s t r a r a r e a l i d a d e d a s a t i v i d a d e s t e c n i c a s d o E n g e n h e i r o 

d e n t r o d o s p a d r o e s d a s n o r m a s b r a s i l e i r a s .  

0 e s t a g i a r i o ,  com a t e o r i a a d q u i r i d a n o s l i v r o s e c om os 

p r o f e s s o r e s ,  n e c e s s i t a d e e x e r c f c i o s p r a t i c o s ,  n o s e n t i d o de h a 

v e r uma m a i o r i n c i d e z da t e o r i a com a p r a t i c a ,  o q u e n e s t a o p o r t u 

n i d a d e h o u v e g r a n d e a p r o v e i t a m e n t o .  

T o d o s o s m e t o d o s e m p r e g a d o s p a r a o s c a l c u l o s d a e d i f i c a c i o ,  

f o r a m v i s t o s p e 1 o e s t a g i a r i o na U n i v e r s i d a de ,  o q u e f a c i l i t o u m u i 

t o ,  p a r a o e n t e n d i m e n t o d a s e s t r u t u r a s .  

A g r a n d e o p o r t u n i d a d e d a d a ao e s t a g i a r i o f o i n o q u e d i z 

r e s p e i t o ,  ao l a n c a m e n t o d e e s t r u t u r a ,  o n d e o m esm o j a t i n h a a l  

g u n s c o n c e i t o s ,  o s q u a i s f o r a m a u m e n t a d o s .  No p r e s e n t e r e 1 a t o r i o ,  

a p r e s e n t a m o s uma p r a n c h a de f o r m a d o p a v i m e n t o P i l o t i s d o e d i f f  

c i o em e s t u d o e uma p r a n c h a com d e t a l h e s de a l g u m a s p e c a s d o m es 

m o .  

C o n c l u f m o s e n t i o q u e o e s t a g i o t e v e g r a n d e a p r o v e i t a m e n t o ,  

d a n d o ao e s t a g i a r i o ,  uma a m p l a v i s a o d e c a l c u l o de e s t r u t u r a s de 

c o n c r e t o a r m a d o .  
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CAPf T ULO VI 

SUGESTOES PARA ESTAGIOS FUTUROS 

6 . 1 - 0 ESTUDANTE DE VE TER CONH EC I ME NTO E SEGURANQA DOS SEUSzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA OB 

J ET I VOS.  

6 . 2 - ESTAR AT UAL I ZA DO COM OS CONTEODOS DAS D I SCI PL I N A S,  EST A BI -

L I DA DE DAS CONSTRUQOES,  CONCRETO ARMADO I ,  CONCRETO ARMA 

DO I I ,  ARQUI TETURA E URBANISMO, FUNDACOES E EMPUXOS DE TER 

RA,  MECANICA DOS SOLOS.  

6 . 3 - TER NOQAO DE LANQAMENTO DE ESTRUTURA,  DETALHES DE ARMADU 

RAS E ARQUI TETURA EM FI M UMA VI SAO DE PROJETO DE ESTRUTURA 

E ARQUI T ET URA.  

6 . 4 - NAO TER Mf  DO DE FAZER PERGUNTAS E T I RAR TODAS AS DUVIDAS ,  

POIS ESTA A L f  PARA APRENDER.  

6 . 5 - TER SEGURANQA EM Sf  PROPRIO E SABER QUE ELE £ CAPAZ DE EŜ  

TAR EST AGI ANDO. 

6 . 6 - SABER MANUSEAR COM COMPUTADOR. 
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(71 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

~70 J/ 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f<t>/£>-22& 

4 

2</>/Q- 336 

!3o 

+ 

£-34° zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/&> 

gj MzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 7-54Q 

/ 4 

/ 4>/o-4fo 

/ 0-/Q/Q 

U£></>/6-4£'o 

4S 

74o 



DETALHE DE ARMACAO DA SAPATA - SP6 

ESCALAS - 1. 50 - I:  2 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

X 
00 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

MzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 77 

777=7/ 7 "/ ?/ ?/ / / £/ / /  

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

>  
S 

,  / yezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

® 

Ik zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

®  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I  



DETALHE DE ARMAQAO DO PILAR - P6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ESC ALAS -  I; 5 0 -  I: 2 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

OzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA T /S 

0 

C/MTAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

% 

i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Si 

\  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I  

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 

A ) 

/GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

£3#e±3- 37o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/se 

7* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 



55 

B I BL I OGRA FI A 

1 . CURSO DE ANALI SE ESTRUTURAL,  V o l u m e 3 .  

- J o se C a r l o s Su s s e k i n d 

2 .  CONCRETO ARMADO,  V o l u m e 1 ,  2 ,  3 .  
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