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X N T>zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA x czyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA E:  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Intn.odag.ao 0 2 

LiAta de. AimboZoA atiZtzadoA 03 

Can.n.e.game.nto da* Zage.A 0 4 

Can.gaA naA vigaA 04 

CdZcaZo e.Atn.atan.aZ e dtme.nAtoname.to daA vtgaA 

Vtga 01 04 

Viga 02 0 7 

Vtga 03 0 8 

Vtga 04 10 

Viga 05 7/  

Vtga 06 13 

Viga 07 15 

Vtga 08 17 

Viga 09 19 

Vtga 10 20 

Viga 11 2 2 

Viga 12 2 3 

Vtga 13 2 5 

Viga 14 27 

Viga 15 2 9 

Vtga 16 31 

Dime.nAioname.nto de. piZan.e.A e AapataA 

Can.gaA no A piZan.e.A 3 2 

PiZan.e.A com can.ga ate. 20 Tone.ZadaA - P01 , P04, P09 3 3 

PtZan.€LA com can.ga ate. 30 Tone.ZadaA - P02t P 0 5 ,  P 0 7 .  .  .  .  3 4 

PtZan.e.A com can.ga ate. 40 Tone,ZadaA - P03, P06 3 6 

PtZan.e.A com can.ga ate. 60 Tone.ZadaA - P08 3 7 

De.taZhe.A de. viga 4 0 

De.taZhe.A de. piZan. e d e Aapata 4 2 

ConcZaAao 43 

Btbtiogn,a4ta 4 4 

A n e x o I  

http://Intn.odag.ao
http://dtme.nAtoname.to
http://Dime.nAioname.nto


0 pn.e4e.nte n,eZato n,io con^ta da-6 a t i v idade* 

de^envoZvida* peZo e^tagidn,io Fdbio S i t v e i n , a Man.tin^> de OZiveina, 

aZuno do cun-6ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA d e Engenh.an.ia CiviZ, Campus II da Univen,4idade 

F e d e ^ a ^ .  da Van.aX.ba ( UFPB ), matn.icuZado *ob nQ 8311411-3 , c u j o 

eAtdgio ^ o i n.eatizado no pen.iodo d e 09/11/9^ a 11/12/97, 

con^itando d e 40 honaA 4>eman.ai*6. / 

0 e^tdgio Ae de^e-nvoZveu dun.an.te, o pen.iodo c i t a d o , na 

dn.ea de cdZcuZo e^tnutun,aZ no quat o atu.no executou OA cdZcuZo* 

e4tn.utun.ai4 de am e d i ^ i c i o de. 03 pavimento4 pn,ojetado peto 

engenhein,o c i v i Z Jo4e B e n i c i o da SiZva FiZho, pn,o^e.44on. da An.ea 

de E+\tn.utun.a4 da Univen.4idade Feden.aZ da Pan.aiba, Campus I I .  

Dunante e4te p en, t o do, o e4tagidnio e4teve 4ob a 

on.ien.tag.ao do pn.o-(>e44on. Jo4e B e . n i c i o da SiZva, como tambem &oi 

auxiZiado peZo pno{,eA4on. Pen,yZZo Ramo* Bonba. 

http://pn.e4e.nte
http://Engenh.an.ia
http://Van.aX.ba
http://dun.an.te
http://atu.no
http://e4tn.utun.ai4
http://on.ien.tag.ao


D E S X M B X / - . O SzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA LIT I L. I Z AT20 $> 

/ U -  A, * ea d a - 4ec ao d e a c o a t ^ a c a o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A^min - An.ea minima, d e - dec ao d e a c o 

A' - i  -  A^ e a d a - oec ao d e a c o a c o p / t e ^ d o 

AA\UJ -  A^ t ea d a ^ e p a o d e a c o p a ^ a e ^ t ^ X b o ^ 

d -  AJituJia u t i l 

@ - Vidmetn.o da* ban,n.aA ZongitudinaiA 

# - Did.mo.tKQ do-6 e-6tn.ibo4\ 

M - Momenta ^Zeton. 

Mmax- Momento ^Zeton. mdximo 

Md -  Momento ^Zeton, de. dimen.4ion.amen.to 

\) - EAS^OKCO coKtante 

Vd - EAS^OKCO coKtante de. dime.n<6ioname.nto 

N - Can.ga ven.tio.at apticada no piZan, 

OJ - Coe&iciente de. ASegun.anca 

Fcf e -  Re,4\i4tencia can.acte.n,i>6tica do concn.eto a compKe+SAao 

£ c d - Te.nAa.0 do e+stado Zimite. {ten^ao de. cdZcuZo) 

kyd - Ten^ao de e^coamento do aco 

yd- Te.nAao de catcuto na an.madu.n.a de. compn.eA4do na n.uptun.a 

k i - Coe^icie.nte. de n.igidez de on.de.rn i 

d i - C o e { f i c i e n t e de. diAStn.ibu.icao de. ondem i 

£ - A l i a 

R\) - Somatdn.io da* - t eacoe- d ve.n.ticaiA 

X -  PoAicao do con.tante nulo (momento mdximo) 

http://Did.mo.tKQ
http://dimen.4ion.amen.to
http://ven.tio.at
http://on.de.rn
http://diAStn.ibu.icao


1.0 - CARREGAMENTO DAS LAGES 

1.1) PAVIMENTO TIPO 

Pe.A\o pn.6pn.io 

Re,ve.4t<Lme.n£o 

Sobn.eca.KQ a 

0,08x2500 = 200 

= 50 

= 150 

Total = 400 Kg^/cm2 

1.2) COBERTURA 

PeA\o pn.6pn.io 

Sobn.ecan.ga 

0,08x2500 = 200 

= 50 

Total = 250 Kg^/cm
2 

2.0 - CARGAS NAS VIGAS 

2.1) Pavimento t i p o 

* Con4\iden.amo4\ todaAS a* viga* com 4\ecao 10x40 

pe.A\o pn.6pn.io = 0,10 x 0,40 x 2500 = 100 Kg-d/m 

* TodaA\ aA\ vigaAS eAtao can.n.egadaA> com pan.edeA\ de t i j o l o &u.n.ado 

pe.A\o da pan.edezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 0 , 7 5 x 2,6 x 1200 = 470 Kg/m 

2.2) Cobe.n.tun.a 

* AAS vigaAS eA\tao can,n,egadaA\ com pan.edeA com altun.a de. 1m 

(platibanda) = 200 Kg/m 

*VigaAS de (10x30) => peASo pn.6pn.io = 7 5 Kg/m 

*VigaA> de. (10x35) => PCASO pn.6pn.io = 9 0 Kg/m 

3.0 - MOVELO ESTRUTURAL. 

Ven. ANEXO I . 

4.0 - CALCULO ESTRUTURAL E DIMENSIONAMENTO 

Viga 01 (10x40) ( p e l o PKOCCASASO de. CKOA\AS) 

(z1= ( 3 / 4 ) x ( i / l ) = ( 3 / 4 ) x ( j / 4 . 2 ) = 0,179 

f e2= ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 3 . 2 ) = 0,234 

f e = 0,413 

di= Izi/ to. 

d1 = 0,179/0,413 = 0,43 

d2 = 0,234/0,413 = 0 , 5 7 

4 

http://pn.6pn.io
http://Sobn.eca.KQ
http://pn.6pn.io
http://Sobn.ecan.ga
http://pn.6pn.io
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1310 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI  

0 , 4 3 I  0 , 5 7 

-2889 I 1878 < 

I  7 3 5 7 

-2889 I 3244 

- 410 I - 202 

= = = = = = I  = = = = = = 

- 3 0 4 7 I  3 0 4 7 

-  3 0 4 7 

7 0 6 0 

i  3396 

-3756 

M = -355 

3041 3041 I 3396 

1310 

I 4,2 

2 7 5 7 2 7 5 7 

-  7 2 4 + 724 

= 2027 = 3475 

Ra = 2027 Kg& 

X1= 2027/1310 = 7 , 5 5 

X2= 746/1060 = 0 , 7 0 

1696 

- 950 

= 746 

Rb = 4221 Kg& 

1060 

3,2 I 3756 

1 696 

+ 9 5 0 

•-3396 

= 6042 

Rc = 6042 Kg& 

MomezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,ntOs6 maximoA no* vcioA 

-Vao ab Mmax = 1310 x 7 , 5 5 /  2 = 7 0 7 5 Kg£m 

-Vao d c Mmax = - 3 0 4 7 + 7 0 6 0 x 0,70 / 2 = -2670 Kg&m 

Momento no* apoioA 

Mb= -3041 Kg&m 

Mc= -3756 Kg£m 

ARMAVURA POSITIVA 

Vao ab 

Md = 1,4 x 1015 = 1421 Kg&m 

i = 37 / (V 1421/0,1) = 0,310 => £ = 40,00 

A* = Md/(£xd) = 1421/40,00 x 37 => AA = 0 , 9 6 cm2 = 2 @ 8.0 

Vao be 

Md = 1,4 x (- 2670) = -3738 Kg&m 

AsimaduJta minima 

/ U= 0 ,  7 5 x 0 . 7 0 x 3 7 = 0 ,  5 5 cm2 => 2 @ 8.0 



Vao balanco 

An.madu.n.a minima 

A*= 0,15 x 0.10zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA x 3 7 = 0,55 cm2 => 2 @ 8.0 

ARMAVURA NEGATIVA 

Vao ab 

An.madun.a minima d e compn.<2.*4ao => 2 @ 5.0 

Vao be = apoio b 

Md = 1,4 x 3854 = 5395 Kg{,m 

n.= 37 I (V 5395/0, 1 ) = 0,1 59 => ARMAVURA VUPLA 

M d = M x b x d 2 x £ c d = 0 , 2 5 6 x 0,10 x 372 x 85,71 

l  

M d = 3004 Kg^m 

l  

M d = 5 3 9 5 -  3004 = 2391 Kg^m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 

A* = {[M d/(0 x 6'yd x d ) ] + [ M d/(c£ x 6yd) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 2 

/ U = ([3004 / (0,815 x 43,48 x 37)] * [2391 / (34 x 35,50)]} = 

AA = 4 , 2 7 c m
2
 = 4 & 12.5 

A'* = [ M d/(c£ x 4'yd)] 

2 

A*AzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = [2391 I (34 x 43,48)] = A1A = 1,62 cm2 = 3 & 10.0 

Vao c d = balance 

Md = 1 ,4 x 3756 = 5258 Kg{,m 

*= 37 / (V 5258/0, 1 ) = 0, 1 61 => ARMAVURA VUPLA 

M d = M x b x d 2 x £ c d = 0 , 2 5 6 x 0,10 x 372 x 85,71 

l  

M d = 3004 Kg£m 

l  

M d = 5258 - 3004 = 2254 Kg^m 

2 

A* = {[M d/(0 x i'yd x d ) ] + [ M d/(c£ x 4yd) = 

1 2 

/ U = {[3004 / (0,815 x 43,48 x 37)] + [2254 / (34 x 35,50)]} = 

A* = 4,16 cm2 = 4 @ 12.5 

AU = [ M d/(c4 x k'yd)] 

2 

A'A = [2254 / (34 x 43,48)] = A'4 = 7 , 5 2 cm2 = 2 & 10.0 



ARMAVURA DE CISALHAMENTO 

Vao ab 

VdzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 7 , 4 x 3 4 7 5 = 4 5 6 5 Kg6 1 = <j) x d = 0,322 

AAU = Vd I (Z x ^yd) = 4 8 6 5 /  (0,322 x 4 3 4 8 )  

/ Uw = 3 , 4 7 c m
2
 / m => # 5 . 0 c .  7 8 , 5 

Vd o b e 

= 7 , 4 x 2 6 4 6 = 3 7 0 4 Kg6 Z = fi x d = 0 , 3 2 2 

/ Uw = Vd /  ( Z x 4 y d j  = 3 7 0 4 /  (0,322 x 4348) 

A*w = 2,64 cm2 / m => # 5 . 0 e .  7 8 , 5 

Vao balango 

Vd = 7 , 4 x 3 3 9 6 = 4 7 5 4 Kgm Z = ft x d = 0,322 

AAU = Vd I (Z x 6yd) = 4754 / (0,322 x 4348) 

AASUJ = 3,40 cm2 / m => # 5 . 0 c .  7 8 , 5 

VIGA 02 (10x40) 

RV = 0 => Ra+Rb = 7 3 7 0 x 3 , 2 = > Ra = 4192 - Rb 

Ma= 0 => (1310 x 3,2 x 3,2 1 2 ) - 3,2Rb = 0 => Rb = 2096 Kg6 

Ra = 4192 - 2096 => Ra = 2096 Kg6 

Momento mdximo no vao 

X = 2096 I 1310 => X = 7 , 6 

Mmax = 209 6 x 1,6 I 2 => Mmax = 1676,8 Kg6m 

ARMADURA POSITIVA 

Vao ab 

Md = 1,4 x 1677 = 2350 Kg6m 

JL= 37 I (V 2350/0, 1 ) = 0,241 => £ = 3 7 , 6 7 

A- 6 = Md/(£xd) = 2650/37,61 x 37 => A* = 7 , 6 9 cm2 = 3 @ 7 0 . 0 

ARMADURA DE CISALHAMENTO 

Vao ab 

Vd = 1 ,4 x 2096 = 2935 Kg6 Z = ji x d = 0,322 

A- 6W = Vd / (Z x 6yd) = 2935 / (0,322 x 4348) 

A^ w = 2 , 7 0 cm2 / m = > # 5 . 0 c .  7 8 , 5 



VIGA 03 (10x40) ( p e l o p>iace**ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA d e Cio** ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f e / = ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 4 . 2 ) = 0,179 

k2= ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 3 . 2 ) = 0,234 

f e  = 0,413 

di= k i fzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA fe 

d1 = 0,179/0,413 = 0,43 

d2 = 0,234/0,413 = 0,57 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

| 33 96 

7 8 3 0 I  7 3 5 0 

4S 0,43 I 0,57 ^ 

- 4 0 3 5 I  7 8 7 8 < - 3 7 5 6 

I  7 7 2 8 

-4035 I 3615 M = -420 

180 I 239 

-3854 I 3854 

- 3854 

3854 3854 I 3396 

7 8 3 0 )  I  7 3 5 0 

I  4,2 I
 v

 J I  3 , 2 I  3 7 5 6 

3843 3843 2160 2160 

- 918 + 918 -1204 +1204 

= 2 9 2 5 = 4 7 6 /  = 3364 +3396 

= 6760 

Ra = 2925 K g * Rb = 8125 Kg{, Rc = 6 7 6 0 Kg £ 

X7 = 2925/1830 = 1,60 

X2= 3364/1350 = 2,49 

Momento* mdximo* no* vao* 

-Vao ab Mmax = 1830 x 1 ,60 / 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 1464 Kg/>m 

-Vao be Mmax = -3854 + 3364 x 2,49 12= 334 Kg&m 

Momenta no* apoio* 

Mb= -3854 Kg£m 

Mc= -3756 Kg£m 

ARMAVURA POSITIVA 

Vao ab 

Md = 1,4 x 1464 = 2050 Kgim 

K= 37 / (V 2050/0,1) = 0 , 2 5 8 = > £ = 38,26 

A* = Md/(£xd) = 2050/38,26 x 37 => A* = 7 , 4 4 cm2 = 2 & 10.0 

8 



VaozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA DC 

Md = 1,4 x 334 = 467 Kg6m 

*= 37 I (V 467/0,1) = 0,541 => £ = 40,48 

A* = Md/(£xd) = 467/40,48 x 37 => A* = 0,312 cm2 

AsimadusLa minima, => A*= 0,55 cm2 => 2 & 8.0 

Vao batango 

An.madu.n.a minima => A* = 0,55 cm2 => 2 & 8.0 

ARMAVURA NEGATIVA 

Vao ab 

An,maduta minima de, eompn.e**ao => 2 & 5.0 

Vao be = apoio* b 

Md = 1,4 x 2235 = 3129 Kgim 

n.= 37 / (V 3129/0,1 ) = 0,209 =>zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA £ = 3 5 , 0 0 

A* = Md/(£xd) = 3129/35,00 x 37 => A* = 2,42 cm2 = 2 @ 12.5 

Vao ad = baZango 

Md = 1 ,4 x 41 14 = 5260 Kg6m 

JI= 37 / (V 5260/0,1 ) = 0,1 61 => ARMAVURA VUPLA 

Md = M x b x d 2 x £ c d = 0 , 2 5 6 x 0,10 x 372 x 85,71 = 3004 Kg6m 

l  

M d = 5260 - 3004 = 2256 Kg^m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 

A* = {[M d/(0 x {,'yd x d ) ] + [ M d/(c6 x 6yd) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 2 

A* = {[3004 I (0,815 x 43,48 x 37)] + £ 2 2 5 6 /  (34 x 35,50)]} = 

A* = 4,17 cm2 = 4 & 12.5 

A'* = [ M d/(c6 x 6'yd)] 

2 

A'* = [2256 / (34 x 43,48)] = A'* = 1,52 cm2 = 2 & 10.0 

ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1,4 x 4761 = 6665 Kg6 Z = 0 x d = 0,322 

/ Uw = Vd / (Z x 6yd) = 6665 / (0,322 x 4348) 

A*w = 4,76 cm2 / m => # 5 . 0 c .  / 5 , 0 



Vao be 

Vd = 1,4 x 3364 =4110 Kg6 2 = 0 x d = 0,322 

A*u = Vd I (Z x 6yd) = 4110 / (0,322 x 4348) 

A*u =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 3,36 cm2 / m =>zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA # 5 . 0 c .  18,5 

Vao balanco 

Vd = 1,4 x 3396 = 4154 Kg6 Z = 0 x d = 0,322 

A*u = Vd I (Z x 6yd) = 4154 / (0,322 x 4348) 

A*w = 3,40 cm2 I m => # 5 . 0 c .  18,5 

VIGA 04 (10x40) ( p e l o pn,oce**o de CJLO**) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f e / = ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 4 . 2 ) = 0,119 

k2= ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 3 . 2 ) = 0,234 

f e  = 0,413 

dX.= k i /zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA fe 

d1 = 0,119/0,413 = 0,43 

d2 = 0,234/0,413 = 0,51 

1310 1 3 7 0 

0,43 I 0,51 

-3020 I 1153 

545 I 545 

= = = = = = = J = = = = = = = = 

- 2 4 7 5 I  2 4 7 5 

-  2 4 7 5 

M= -1261 

1310 

I  

2811 

- 589 

4,2 

2811 

+ 589 

= 2288 = 3466 

Ra = 2288 Kg6 

X1= 2288/1310 = 1,61 

X2= 1419/1310 = 1,04 

2415 2415 

2192 

+ 113 

= 2965 

Rb = 6431 KQ6 

Momento* mdximo* no* vao* 

-Vao ab Mmax = 2288 x 1,61 / 2 = 1910 Kg6m 

-Vao be Mmax = 1419 x 1,04 / 2 = 738 Kg6m 

Momento no apoio 

Mb= -2415 Kg6m 

1310 

3,2 

2192 

-113 

= 1419 

Rc = 1419 Kg6 

1 0 



ARMAVURA POSITIVA 

Vao ab 

Md =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA / , 4 x 1910 = 2614 Kg6m 

i = 31 I (V 2614/0,1) = 0,226 = > £ = 36,52 

A* = Md/(£xd) = 2614/36,52 x 3 7 => A* = 1,98 em2 = 3 @ 10.0 

Vao be 

Md = 1,4 x 138 = 1033 Kgj,m 

* = 3 7 /  (V 1033/0,1) = 0,364 => £ = 40,48 

A* = Md/(£xd) = 1033/40,48 x 31 = > A* = 0,69 cm2 = 2 & 8.0 

ARMAVURA NEGATIVA 

Vao ab = Vao be 

Md = 1, 4 x 2 4 7 5 = 3 4 6 5 Kg£m 

i = 31 / (V 3465/0,1) = 0,199 => £ = 33,91 

A* = Md/(£xd) = 3465/33,91 x 31 

A* = 2,16 cm2 = 4 @ 10.0 

ARMAVURA DE CISALHAMENTO 

Vao ab 

Vd = 1,4 x 3460 = 4844 Kg6 1 = 0 x d = 0,322 

/ Uw = Vd / (Z x 6yd) = 4844 / (0,322 x 4348) 

A*u) = 3 , 5 2 c m
2
 / m = > # 5.0 c. 18,5 

Vao be 

Vd = 1,4 x 2965 = 4151 Kg6 Z = 0 x d = 0,322 

/ Uw = Vd / (Z x 6yd) = 4151 / (0,322 x 4348) 

A*u> = 2,64 cm2 / m = > # 5 . 0 c .  18,5 

VIGA 05 (10x40) ( p e l o pjtoee^^o de CKOAA) 

k1 = ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( i / 4 . 2 ) = 0,119 

f e2 = ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 3 . 2 ) = 0,234 

f e = 0,413 

dX.= f e- c/  f e 

d l = 0,119/0,413 =0,43 

d2 = 0,234/0,413 = 0,51 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

11 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Y 



8 5 0 8 5 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0,43 I 0,57 

-1875 I 1088 

338 I 449 

========= i ======== 

-1537 I 1537 

- 1537 

787 

I 

1785 

-  3 6 6 

= 1419 

850 

4,2 

1 7 8 5 

+ 366 

= 2151 

1537 1537 

1360 

+ 480 

= 1840 

850 

3,2 

1360 

-480 

= 880 

Ra = 1419 K g *  Rb = 3991 K g *  Rc = 880 K g *  

X1= 14191 850 = 1, 67 

X2 = 8 8 0 /  8 5 0 = 7 , 0 4 

Momento* mdximo* no* vao* 

-Vao ab Mmax = 1419 x 1,67 / 2 

-Vao be Mmax = 880 x 1,04 / 2 

Momenta no apaio 

Mb= - 7 5 3 7 Kg * m 

7 7 8 5 Kg * m 

4 51 Kg * m 

ARMADURA POSITIVA 

Vao ab 

Md = 1,4 x 1185 = 1659 Kg * m 

si= 37 I (V 1 659/0, 1 ) = 0,287 => £ = 3 9 , 5 7 

A*zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = Md/(£xd) = 1659/39,57 x 37 => A* = 1,13 cm2 = 2 & 10.0 

Vao be 

Md = 1,4 x 451 = 6 3 7 Kg * m 

n.= 37zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA /  (V 631 /0,1 ) = 0,466 => £ = 40,48 

A*zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = Md/(£xd) = 631/40,48 x 37 

A* = 0 , 4 2 em2 = 2 & 8.0 (an.madu.n.a minima) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 2 



ARMAVURA NEGATIVA 

Vao ab = Vao be 

Md =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 7,4 x 7 5 3 7 = 2152 Kg6m 

*= 37 I (V 2152/0,1) = 0,252 = > £ = 38,04 

A* = Md/(£xd) = 2152/38,04 x 3 7 

A* = ; , 5 3 c m
2
 = 3 @ 10.0 

ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1,4 x 2 7 / 5 = 2 9 6 7 Kg6 1 = 0 x d = 0,322 

/ Uw = Vd / (Z x 6yd) = 2961 / (0,322 x 4348) 

A*u = 2,11 cm2 / m => # 5 . 0 c .  7 5 , 5 

Vao be 

Vd = 1,4 x 7 5 4 0 = 2 5 7 6 Kg6 Z = 0 x d = 0,322 

/ Uw = Vd / (Z x 6yd) = 2576 / (0,322 x 4348) 

A*u) = 1,84 cm2 / m => # 5 . 0 c .  7 5 , 5 

VIGA 06 (10x40) ( p e l o pn,oee**o de CIOAA) 

k1= ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 2 . 7 ) = 0,278 

f e2= ( 3 / 4 ) x ( j / J L ) = ( 3 / 4 ) x ( j / 3 . 7 ) = 0,203 

f e = 0 , 4 5 7 

d1 = 0,278/0,481 = 0 , 5 5 

d2 = 0,203/0,481 = 0,42 

J. 2 5 3 9 

700 700 

As 0 , 5 5 I  0 , 4 2 As 

-3167 > + 7 5 5 4 I  7 7 5 9 

-  6 3 8 I  

9 4 6 I  7 7 8 9 M = -2144 

-1244 I - 900 

= = = = = = J = = = = = 

-  2 9 8 I  2 9 8 

-  2 9 8 



3 / 6 7 

2 5 3 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1062 

+ 945 

+ 2539 

= 4546 

700 

2,7 

J298 298, 

1062 

+ 945 

-117 

/ 2 9 5 

+ 80 

= 1385 

700 

3,7 

1295 

+ 80 

+ 1214 

Ra = 4547 K g *  Rb = 7 2 5 8 K g *  

X/  = 4 5 4 7 /  7 0 0 = 2 , 8 7 

X2 = 1214/ 700 = 1,73 

Momento* mdximo* no* vao* 

-Vao be Mmax = 1214 x 1,73 / 2 = 1050 Kg * m 

Momento no* apoio* 

Ma= -3164 Kg* r o 

Mb= - 298 Kg£m 

Rc = 1214 K g *  

ARMADURA POSITIVA 

Vao ab = Vao bataneo 

An.madan.a minima => A* = 0,55 cm2 => 2 @ 8.0 

Vao be 

Md = 1,4 x 1050 = 1470 Kg * m 

n,= 37 / (V 1470/0,1 ) = 0,305 = > £ = 40,00 

A* = Md/(£xd) = 1470/40,00 x 37 

A* = 1,00 cm2 = 2 @ 8.0 

ARMADURA NEGATIVA 

Vao ab = Vao do bataneo 

Md = 1,4 x 3167 = 4434 Kg&m 

JI= 37 I (V 4434/0,1 ) = 0, 1 76 => £ = 29,13 

A* = Md/(£xd) = 4434/29,13 x 37 => A* = 4,11 cm2 = 4 & 12.5 

Vao be = apoio b 

Md = 1,4 x 1044 = 1462 Kg * m 

JI= 37 I (V 1462/0,1 ) = 0,306 => £ = 40,22 

A* = Md/(£xd) = 1462/40,22 x 37 => A* = 0,98 em2 = 2 % 8.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1 ,4 xzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2 5 3 9 = 3 5 5 4 K g *  Z = </  x d = 0,322 

/ Uw = Vd I (Z x * y d j  = 3 5 5 4 /  (0,322 x 4 3 4 8 )  

/ Uw = 2 , 5 4 cm2 I m => # 5 . 0 c .  16,0 

Vao be 

Vd = 1,4 x 2008 = 2811 K g *  Z = 0 x d = 0,322 

AAU = Vd I (Z x 4yd) = 2811 / (0,322 x 4348) 

Axsw = 2,01 cm2 I m => # 5 .  0 c . 18,5 

Vao bataneo 

Vd = 1,4 x 1386 = 1940 K g *  Z = 0 x d = 0,322 

A*w = Vd I (Z x 6yd) = 1940 / (0,322 x 4348) 

A*u> = 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,39 cm2 I m => # 5 . 0 c .  18,5 

VIGA 07 (10x40) ( p e l o pn.oce.A*o de CKOAA) Ven. detalhe.* pay 46. 

k1= ( 3 l 4 ) x ( i U ) = ( 3 / 4 ) x ( j / 2 . 7 ) = 0,278 

f e2= ( 3 / 4 ) x ( j / J L ) = ( 3 / 4 ) x ( j / 3 . 7 ) = 0,203 

f e = 0,481 

di= k i / f e.  

d1 = 0,278/0,481 = 0,58 

d2 = 0,203/0,481 = 0,42 

2096 

700 700 

As 0,58 I 0,42 AS 

-7282 > +3641 I 2654 

- 638 I 

3003 I 2654 M = -5657 

-3281 I -2376 

= = = = = = = = i  = = = = = = 

- 278 I 278 

- 278 

I 5111 J 2 0 9 6 
v ^\278 178, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi  

700 700 

7282 I  2 , 7 I W 3 , 7 I  

9 4 5 9 4 5 / 2 9 5 1295 

+ 2 5 9 4 - 2 5 7 9 + 7 5 -  7 5 

+ 5 / 7 /  = - 7 6 4 9 + 7 3 6 0 + 7 3 6 

= 8 6 5 0 = 2 7 3 0 = 7 9 5 6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 5 



Ra =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 8650zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA K g * Rb = 1081 K g *  Rc = 1956 K g *  

Momento* mdximo* no* vao* 

-vao ab Mmax = -7282 +{[(3539+1649)/2)]x 2,7} = - 2 7 8 Kg * m 

-vao be Mmax = [(245+1 956/2)x2,4J = 2641 Kg * m 

Momento no* apoio* 

Ma= -1282 Kg * m 

Mb= - 278 Kg * m 

ARMAVURA POSITIVA 

Vao ab = Vao balaneo 

An.madu.fia minima => A* = 0,5 5 cm2 => 2 @ 8.0 

Vao be 

Md = 1,4 x 2641 = 3697 Kg * m 

3 7 /  (V 3697/0,1) = 0,192 => £ = 32,61 

A* = Md/(£xd) = 3697/32,61 x 37 => A* = 3,06 cm2 = 3 @ 7 2 . 5 

ARMAVURA NEGATIVA 

Vao ab = Vao do balaneo 

Md = 1,4 x 7282 = 10195 Kg * m 

n.= 37 I (V 10195/0,1) = 0,116 => AUMENTAR A ALTURA 

Con*ide.n.ando a altun.a = 55 cm => d = 52 

M d = M x b x d 2 x * c d = 0 , 2 5 6 x 0,10 x 522 x 85,71 

l  

M d = 5933 Kg * m 

l  

M d = 10195 - 5933 = 4262 Kg * m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 

A* = ([M d/(0 x i'yd x d ) ] + [ M2 d / f c *  x 6yd) = 

l  

A* = {[5933 / (0,815 x 43,48 x 52)] + [4262 / (49 x 3 5 , 5 0 j j j  = 

A* = 5 , 6 7 cm2 = 3 @ 7 6 . 0 

A** = [ M2d/(c6 x 6'yd)] 

A'* = [4262 I (49 x 43,48)] => A'* = 2 , 0 0 cm2 = 3 & 10.0 

Vao be = apoio b 

Md = 1,4 x 284 = 389 Kg * m 

* = 3 7 /  (V 389/0,1) = 0,593 => £ = 40,48 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 6 
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A* = Md/(£xd) = 389/40,48 x 37 

A* = 0,26 cm2 = 2 @ 5.0 (astmaduia minima) 

ARMADURA DE CISALHAMENTO 

Vao balango 

Vd = 1 ,4 x 5111 =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 7 / 5 5 K g *  Z = 0 x d = 0,452 

AAW = Vd / (Z x 6yd) = 7 7 5 5 /  (0,452 x 4348) 

/ Uw = 3 , 6 4 cm2 / m => # 5 . 0 c .  2 7 , 5 

Vao ab 

Vd = 1,4 x 3539 = 4955 K g *  Z = 0 x d = 0,452 

A*w = Vd / (Z x 6yd) = 4 9 5 5 /  (0,452 x 4348) 

A*u) = 2 , 5 2 c m
2
 / m => # 5 . 0 c .  7 8 , 5 

Vao b e 

Vd = 1,4 x 2671 = 3739 K g *  Z = 0 x d = 0,322 

/ Uw = Vd I (Z x 6yd) = 3739 / (0,322 x 4348) 

A*u = 2 , 6 7 c m
2
 / m => # 5 . 0 c .  7 8 , 5 

VIGA 08 (10x40) ( p e l o pioceAAo d e CIOAA) 

f e/  = ( 3 / 4 ) x ( i / l ) = ( 3 / 4 ) x ( j / 2 . 7 ) = 0,278 

f e2 = ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 3 . 7 ) = 0,203 

f e = 0,481 

di= k i /zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA fe 

d1 = 0,278/0,481 = 0,58 

d2 = 0,203/0 ,481 = 0,42 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I 880 i 2096 

700 700 

As 0,58zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I 0,42 AS 

-2304 > + 7 / 5 2 I  2654 

-  6 3 8 I  

5 7 4 I  2654 M = -3168 

-1837 I -1331 
= = = = = = = = J = = = = = = 

-1323 I 1323 

- 1323 

1 7 



I 2000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
v 

J 323 1323, 

I 
v 

2096 

700 

2304 I 

945 

+ 363 

+ 2000 

2,7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7 0 0 

3 1 3,7 

945 

- 363 

582 

1295 

+ 358 

+ 1360 

= 3013 

Rb = 3 5 9 5 K g *  Rc = 

= 3308 

Ra = 3308 K g *  

XI = 1308/700 = 1,87 

MomezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.nt.oA mdximoA noA vaoA 

-vao ab Mmax = -2304 +[(1,87x1308)/2] = -1081 Kg * m 

-Vao be Mmax = [ (1673+7) /2] x 2,4 = 2016 Kg * m 

7 2 9 5 

-  3 5 8 

+ 736 

= 1673 

1673 K g *  

Mome.nto noA apoioA 

Ma= -2304 Kg * m 

Mb= - 1 3 2 3 Kg * m 

ARMAVURA POSITIVA 

Vao ab = Vao balaneo 

Asimadusta minima => AA - 0 , 5 5 cm2 => 2 Q 8.0 

Vao be 

Md = 1,4 x 2016 = 2822 Kg *  

n.= 3 7 /  (V 2822/0,1 ) = 0,220 => £ = 3 5 , 8 7 

AA = Md/(£xd) = 2822/35,87 x 37 

AA = 7 , 77 cm2 = 4 @ 8.0 

ARMAVURA HEGATIVA 

Vao ab = Vao do balaneo 

Md = 1,4 x 2304 = 3226 Kg * m 

JL= 52 I (V 3226/0,1 ) = 0,290 => £ = 39,57 

AA = Md/(£xd) = 3226/39,57 x 52 => AA = 1,57 cm2 = 2 & 10.0 

Vao be = apoioA b 

Md = 1,4 x 1323 = 1852 Kg * m 

*.= 37 / (V 1852/0,1 ) = 0,272 => £ = 38,91 

AA = Md/(£xd) = 1852/38,91 x 37 => AA = 1,29 cm2 = 2 & 10.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 8 
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ARMAVURA VE CISALHAMENTO 

Vao balaneo 

Vd = 1,4 x 2000 = 2800zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Kg *  Z = 0 x d = 0,452 

AAU = Vd I (Z x 6yd) = 2800 / (0,452 x 4348) 

AAU = 1,42 cm2 I m => # 5 . 0 c .  2 7 , 5 

Vao ab 

Vd = 1,4 x 1308 = 1831 K g * Z = 0 x d = 0,452 

AAU = Vd I (Z x 6yd) = 1831 / (0,452 x 4348) 

AAW = 0,93 cm2 I m => # 5 . 0 c .  2 7 , 5 

Vao be 

Vd = 1,4 x 3013 = 4218 Kg *  Z = 0 x d = 0,322 

AAUJ = Vd I (Z x 6yd) = 4218 / (0,322 x 4348) 

AAUJ = 3,01 cm2 I m => # 5 . 0 c .  18,5 

VIGA 09 (10x40) 

RV = 0 => Ra+Rb = 700 x 3,7 => Ra = 2590 - Rb 

Ma= 0 => (700 x 3,7 x 3,7 1 2 ) - 3,7Rb = 0 => Rb = 1295 K g *  

Ra = 2590 - 1295 => Ra = 1295 K g *  

Momento mdximo no vao 

X= 7 2 9 5 / 700 => X = 1,85 

Mmax = 700 x 1,85 / 2 => Mmax = 6 4 7 , 5 Kg * m 

ARMAVURA POSITIVA 

Vao ab 

Md = 7 , 4 x 647 = 1677 Kg * m 

* = 3 7 /  (V 1 677/0, 1 ) = 0,280 => £ = 3 9 , 3 7 

AA = Md/(£xd) = 7 6 7 7 / 3 9 , 3 7 x 37 => AA = 1,17 cm2 = 2 & 10.0 

ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1,4 x 1300 = 1820 K g * Z = 0 x d = 0,322 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 9 

V 



AAUJ = Vd / (Z X 6yd) = 1820 / (0,322 x 4348) 

AAWzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 7 , 2 7 c m
2
 / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA m => # 5 . 0 c .  1 8 , 5 

VIGA 10 (10x30) (pe.Ho pn.oo.eAAo de CKOAA) 

f e7 = ( 3 / 4 ) x ( j / t ) = ( 3 / 4 ) x ( j / 4 . 2 ) = 0,119 

£ 2 = ( 3 / 4 ) x ( J / J t ) = ( 3 / 4 ) x ( j / 3 . 2 ) = 0,234 

f e = 0,413 

di= k i /zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA fe 

d1 = 0,179/0,413 = 0,43 

d2 = 0,234/0,413 = 0 , 5 7 

^ 5 

4 0 0 400 

As 0,43 I 0,57 AS 

- 822 I - 996 < -1992 

I  + 5 7 2 

- 822 I - 484 M = +1306 

627 I 679 

= = = = = = = J = = = = = = 

-  7 9 5 I  7 9 5 

-  7 9 5 

7 9 5 

400 

4,2 

840 

- 46 

840 

46 

7 9 4 = 886 

195 

400 

I 1565 
v 

3 , 2 I  7 9 9 2 

6 4 0 6 4 0 

-  5 6 7 + 5 6 7 

7 9 + 7 5 6 5 

= 2 7 6 6 

Ra = 794 K g *  

X1= 794/400 = 1,98 

X2 = 79/400 = 0,20 

Mome.nt.oA mdxtmoA noA vaoA 

Rb = 964 K g *  Rc = 2766 K g *  

-Vao ab Mmax =794x1,98/2= 788 Kg * m 

-Vao be Mmax = -195 + 79 x 0,20 / 2 = 179 Kg * m 

Momento noA apoioA 

Mb= -195 Kg * m 

Mc= -1992 Kg * m 

20 
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ARMAVURA POSITIVA 

Vao ab 

Md = 1,4 x 788 = 1 103 Kg^m 

t = 27 I (V 1103/0,1) = 0,257 = > £ = 38,26 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/U = Md/(£xd) = 1103/38,26 x 27 => A* = 0,78 cm 2 = 2 @ 8.0 

Vao be 

Md= 1 7 9x 1.4 = 251 Kg£m => An.madu.n.a minima 

AA= 0,15 x 0.10 x 27 = 0,41 cm2 => 2 Q 8.0 

ARMAVURA NEGATIVA 

Vao ab 

Md = 1,4 x 8 = 13 Kg^m 

fi= 27 / (V 13/0, 1 ) = 2,36 => £ = 40,48 

A* = Md/(£xd) = 13/40,48 x 37 

A* = 0,01 cm2 =>zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA aJiamduna minima => 2 & 5.0 

Vao be = Vao bataneo 

Md = 1,4 x 1992 = 2789 Kg^m 

i = 27 / (V 2789/0,1) = 0,162 => AUMENTAR A ALTURA 

ConAlde.siando a a t t a / t a = 35 cm => d = 32 

M d = M x b x d 2 x bed = 0,256 x 0,10 x 322 x 85,71 

l 

M d = 2247 Kg^m 

l 

M d = 2789 - 2247 = 542 Kg^m 

2 

A* = {[M d/(0 x {,'yd x d ) ] + [ M d / ( c { f x £yd) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 2 

A* = {[2247 / (0,815 x 43,48 x 32)] + f 5 4 2 / (29 x 35,50)]} = 

A* = 2,51 cm2 = 2 @ 12.5 

A'* = [ M d/(c6 x i ' y d ) ] 

2 

AU = [542 / (29 x 43,48)] => A'<s = 0,43 cm 2 = 2 & 8.0 

ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1 ,4 x 886 = 1240 Kg£ I = fS x d = 0,235 



A^w =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Vd I ( 1 x 6yd) = 1240 / (0,235 x 4348) 

A.4W = / , 21 cm2 I m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= > # 5.0 c. 15 

VaozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA DC 

Vd = 1 ,4 x 1201 = 1 681 Kg{> 1 = 0 x d = 0,278 

A^w = Vd I (Z x j>yd) = 1 681 / (0,278 x 4348) 

A*u = / , 39 cm 2 / m => # 5.0 c. 77,5 

Vao batango 

Vd = 1 ,4 x 1565 = 2191 Kg{, Z = 0 x d = 0,278 

AAU = Vd I (Z x ^yd) = 2191 / (0,278 x 4348) 

A-6U = 1,81 cm2 I m => # 5.0 c. 15 

Vlga 11 (10x30) 

RV = 0 => Ra+Rb = 200 x 3,2 + 400 x 1,6 + 925 

Ra = 2205 - Rb 

Ma= 0 => -(200x3,2x3,2/2) - 400x 1,6 x4 - 925x4,8 + 3,2Rb = 0 

Rb = 2507 Kg& 

Ra = 2205 - 2507 => Ra = 303 Kg£ 

Mome,nto no apolo* 

Mb = [(1565 + 925)12] x 1,6 

Mb = 1992 Kg^m 

ARMAVURA POSITIVA 

Vao ab 

Anmadusia minima 

A*= 0,15 x 0.10 x 27 = 0,41 cm2 => 2 @ 8.0 

ARMAVURA NEGATIVA 

Vao ab = Vao batango 

Md = 1,4 x 1992 = 2789 Kg^m 

i = 27 / (V 2789/0,1) =0,162 => AUMENTAR A ALTURA 

Con*lde.n.ando a attaxa = 35 cm => d = 32 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Md = M x b x d 2 x 6cdzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 0,256 x 0,10 x 322 x 85,7/ 

l 

M d = 2247 Kg6m 

l 

M d = 2789 - 2247 = 542 Kg6m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 

A-6 = {[M d/(0 x it* yd x d) ] + [ M d/(c6 x 6yd) = 

1 2 

A* = {[2247 I (0,815 x 43,48 x 32)] + [542 / (29 x 35,50)]} = 

A* = 2,5/ cm2 = 2 & 12.5 

A'* = [ M2d/(c6 x 6'yd)] 

A'A = [542 / (29 x 43,48)] = A'4 = 0,43 cm2 = 2 @ 8.0 

ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1,4 x 943 = 1320 Kg6 Z = x d = 0,278 

A*u = Vd I (Z x 6yd) = 7320 / (0,278 x 4348) 

A*u = 1,09 cm2 I m => # 5.0 c. /7,5 

Vao baZanco 

Vd = 7,4 x 1565 = 2191 Kg6 Z = 0 x d = 0,278 

AAU = Vd I (Z x 6yd) = 2191 / (0,278 x 4348) 

A*u) = 1 ,8/ cm2 I m => # 5.0 c. 15 

Vlga 12 (10x30) (pe.Jto pn.oc.i2.AAo de CKOAA) 

fe/= ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 4 . 2 ) = 0,179 

fe2= ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 3 . 2 ) = 0,234 

fe = 0,473 

dl= k l / fe 

d l = 0,179/0,413 = 0,43 

d2 = 0,234/0,413 = 0,57 

400 400 

4s 0,43 I 0,57 

- 882 I 5/2 

778 I 192 
======= i ====== 

- 704 I 704 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-  7 0 4 

4s 

M= 370 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. 2 3 

V 

i 
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704 7 0 4 ^ -

400zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ) I 400 

I 4,2 I 1 - * I 3,2 I 

840 840 640 640 

- 7 68 + 768 + 220 -220 

= 672 = 1008 = 860 = 420 

Ra = 672 Kg& Rb = 1868 Kg& RC = 420 Kg£ 

X1= 612/400 = 1,68 

X2= 420/400 = 7,05 

Mome.nt.oA mdxZmoA noA VdoA 

-Vao ab Mmax = 672 x 1,68 / 2 = 565 Kg£m 

-Vao be Mmax = 420 x 1,05 / 2 = 221 Kg^m 

Momento noA apoloA 

Mb= -704 Kgtn 

ARMAVURA POSITIVA 

Vao ab 

Md = 7,4 x 565 = 791 Kg£m 

*= 27 / (V 791/0,1) = 0,303 = > £ = 39,78 

A* = Md/(£xd) = 791/39,78 x 27 => AA = 0,74 cm2 = 2 @ 8.0 

Vao be 

Md = 1,4 x 221 = 310 Kg^m 

K= 27 / (V 310/0,1) = 0,485 => £ = 40,48 

AA = Md/(£xd) = 310/40,48 x 37 => AA = 0,69 cm2 = 2 & 8.0 

ARMAVURA NEGATIVA 

Vao ab = Vao be 

Md = 1 ,4 x 705 = 986 Kg{,m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

M= 27 / (V 986/0,1) = 0,272 => £ = 38,97 

AA = Md/(£xd) = 986/38,91 x 27 => A* = 0,94 cm2 = 2 @ 8.0 

ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1,4 x 1007 = 1410 Kgi Z = 0 x d = 0,235 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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AAW = Vd / (Z x 6yd) = 1410 I (0,235 x 4348) 

AAU) = 1,38 cm2 I m =>zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA # 5.0 c. !5 

Vao be 

Vd = 1,4 x 860 = 1204 KQ6 Z = x d = 0,235 

AAU) = Vd I (Z x 6yd) = 1204 / (0,235 x 4348) 

AAU = 1,18 cm 2 I m => # 5.0 c. 18,5 

Vi.ga 13 (10x35)zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ( p e t o pn.oce.AAo de. CKOAA) 

k1= ( 3 / 4 ) x ( j / l ) 

k2= ( 3 / 4 ) x ( j / j t ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

f e  = 0,481 

dl= k i t fe 

d1 = 0,21810,481 

d2 = 0,203/0,481 

(3/4)x(d/2.1) = 0,218 

( 3 / 4 ) x ( j / 3 . 1 ) = 0,203 

0,58 

0,42 

511 1 

4S 

-1111 

800 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

\ ^
 2 0 9 6 

800 

0,58 I 0,42 

> + 858 I 1396 

- 129 I 

129 I 1396 

- 885 I - 640 
======== J ====== 

- 756 I 756 

- 756 

M = 1525 

4>1 

953 

7 7 7 71 I 

> 7 080 

+ 356 

+ 7953 

= 3389 

Ra = 3389 K96 

800 

2,1 

J56 756 

7 080 

356 

724 

Rb = 2408 K96 

800 

3,1 

1480 1480 

+ 204 - 204 

= 1684 = 1216 

Rc = 1216 K96 

X7= 1436/800 = 7,80 

X2 = 1216/800 = 1,60 

M0me.nt.0A mdxlmoA noA VOLOA 

-Vao ab Mmax = -1111 + [ ( 1 436x1 , 8 ) /2) ] = -421 Kg6tn 

-Vao be Mmax = 1,4x1216x1,6/2 = 1429 Kg6m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Momento noA apoXoA 

Ma= -1717 Kg^m 

Mb= -zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 756 Kg^m 

ARMAVURA POSITIVA 

Vao ab = Vao baZaneo 

An.madu.fia mX.aX.ma 

AA = 0,15 x 0,10 x 32 = 0,48 cm2 => 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA @ 8.0 

Vao be 

Md = 1,4 x 1021 = 1430 Kg£m 

n= 32 I (V 1430/0,1) = 0,267 = > £ = 38,70 

AA = Md/(£xd) = 1430/38,70 x 32 => AA = 1,15 em2 = 2 @ 10.0 

ARMAVURA NEGATIVA 

Vao ab = Vao do baZaneo 

Md = 1,4 x 1717 = 2404 Kg^m 

n.= 32 / (V 2404/0,1 ) = 0,206 => £ = 34,57 

AA = Md/(£xd) = 2404/34,57 x 32 => AA = 1,89 cm2 = 3 @ 10.0 

Vao be = apoXoA b 

Md = 1 , 4 x 756 = 1058 Kg/>m 

n.= 32 / (V 1058/0,1 ) = 0,31 1 => £ = 40,00 

AA = Md/(£xd) = 1058/40,00 x 32 => AA = 0,82 cm2 = 2 & 8.0 

ARMAVURA VE CISALHAMENTO 

Vao baZaneo 

Vd = 1,4 x 2753 = 3854 Kg£ 1 = 0/ x d = 0,278 

AAOJ = Vd / (Z x />yd) = 3854 / (0,278 x 4348) 

AAW = 2,26 cm 2 / m => # 5.0 c. 7 6 

Vao ab 

Vd = 1,4 x 1360 = 1 904 Kg6 Z = Of x d = 0,278 

AAU = Vd / (Z x i y d ) = 1904 / (0,278 x 4348) 

AAU> = 1,58 cm2 / m => # 5.0 c. 16 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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http://An.madu.fia
http://mX.aX.ma


VaozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA be 

Vd = 1,4 x 16S4 = 2358 Kg£ I = 0 x d = 0,278 

AAUzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = Vd I (Z x ^yd) = 2358 / (0,278 x 4348) 

AAUJ = 1,95 cm2 I m = >zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA # 5.0 c. 16 

Vlga 14 (10x45) (pelo pn.oc.eAAo de Cn.oAA) 

k1 = ( 3 / 4 ) x ( d / t ) 

k2 = ( 3 / 4 ) x ( d / l ) 

k = 0,481 

dl= k l / k 

d1 = 0,278/0,481 

d2 = 0,203/0,481 

( 3 / 4 ) x ( j / 2 . 7 ) = 0,278 

( 3 / 4 ) x ( j / 3 . 7 ) = 0,203 

0,58 

0,42 

I 5111 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
v 

-4525 

1200 

0,58 I 0,42 

+2262 I 2054 

-1094 I 

1168 I 2054 

-1869 I -1353 

====== J ===== 

- 707 I 707 

- 707 

7 200 

4\ 

M = 3222 

i 
3788 

1200 

4525V I 2,7 

> 1620 

+ 259 

+ 3788 

= 5149 

RazyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 5 / 4 9 K96 

X1 = 1361/1200 = 1,13 

X2 = 2409/1200= 2,01 

701 701. 

1620 

259 

1879 

Rb = 4288 K96 

1 200 

3,7 

2220 

+ 189 

= 2409 

I 

2220 

- 189 

= 2031 

Rc = 2031 K96 

M0me.nt.0A mdxlmoA noA VaoA 

-Vao be Mmax = - 7 7 7 7 +[(1361x1,13) /'2)] = -3756 Kg&m 

-Vao c d Mmax = 2031x1,69/2 = 7777 Kg£m 

Momento noA apo-ioA 

Ma= -4525 Kg£m 

Mb= - 701 Kg£m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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ARMAVURA POSITIVA 

Vao ab = Vao bataneo 

Aimadun.a minima => AA = 0,15 x 0.10 x 42 = 0,63 cm2 => 2 & 8.0 

Vao be 

MdzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 1,4 x 1111 = 2404 Kg£m 

1= 42 I (V 2404/0,1) = 0,210 => £ = 38,91 

AAzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = Md/(£xd) = 2404/38,91 x 42 = > AA = 1,41 cm2 = 2 @ 10.0 

ARMAVURA NEGATIVA 

Vao ab = Vao do baZaneo 

Md = 1,4 x 4525 = 6335 Kg£m 

n.= 42 / (V 6335/0,1 ) = 0,131zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA =  > AUMENTAR A ALTURA 

ConAldestando a a J L t u i azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 55 cm = > d = 52 

M d = M x b x d 2 x £cd = 0,256 x 0,10 x 522 x 85,11 

l 

M d = 5933 Kgj>m 

l 

M d = 6335 - 5933 = 402 Kg{,m 

2 

AAzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = {[M d/{0 x 6'yd x d ) ] + [ M d/(c& x £yd) = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 2 

AA = {[5933 / (0,815 x 43,48 x 52)] + [402 / (49 x 35,50)]} = 

AA = 3,25 cm 2 = 3 & 12.5 

A'A = [ M d/(c£ x 6'yd)] 

2 

A'A = [402 I (49 x 43,48)] = A'A = 0,19 cm2 = 2 & 8.0 

Vao be = apoloA b 

Md = 1,4 x 101 = 981 Kgim >i= 42 / (V 981 /0,1 ) = 0,424 => £ = 40,48 

AA = Md/(£xd) = 981/40,48 x 42 => AA = 0,58 cm 2 = 2 Q 6.3 

ARMAVURA VE CISALHAMENTO 

Vao batanco 

Vd = 1 ,4 x 3188 = 5303 Kg{, 2 = Of x d = 0,452 

AAUJ = Vd / (Z x £yd) = 5303 / (0,452 x 4348) 

AAUJ = 2,70 cm2 / m => # 5.0 c. 26 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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V do ab 

Vd = 1 ,4 xzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 7 879 = 2631 Kg{, Z = 0 x d = 0,452 

AAUJ = Vd / (Z x 4 y d j = 2637 / ( 0 , 4 5 2 x 4348) 

AAUJ = 1,34 cm2 / m = > # 5.0 c. 27,5 

UaozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA DC 

I'd = 7 , 4 x 2409 = 3373 Kg{> Z = 0 x d = 0,365 

A^w = Vd I (Z x 6yd) = 3373 / (0,365 x 4348) 

AAUJ = 2,18 cm2 / m = > # 5.0 c. 22,5 

Vi.ga 15 (10x35) (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApelo px.oce.AAo de CKQAA) 

k1 = ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 2 . 7 ) = 0,278 

fe2 = ( 3 / 4 ) x ( j / l ) = ( 3 / 4 ) x ( j / 3 . 7 ) = 0,203 

fe = 0,487 

dl= k.X.1 fe 

d7 = 0,278/0,487 = 0,58 

d2 = 0,20310,481 = 0,42 

I 7 540 
v 

700 870 

0,58 I 0,42 ^ 

-7 568 > + 784 I 7 489 

- 638 I 

746 I 7489 M = 7635 

- 948 I - 687 
======== J ====== 

- 802 I 802 

- 802 

1540 

1 568\^I 

945 

+ 297 

+ 7 540 

= 2188 

700 

2,7 

,802 802/ 

945 

297 

= 7242 

7 6 7 0 

+ 277 

= 7827 

870 

3,7 

7 6 7 0 

- 277 

= 7393 

Ra = 2188 Kgj, Rb = 3069 Kg& Rc = 1393 Kg£ 

X1 = 648/700 = 0,93 

X2 = 1393/780= 1,60 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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MomentoA ma.xi.mo* noA VaoA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-Vao be Mmax = -156S + [ ( 648x0 , 93 ) /2 ) ] = -1267 Kgim 

-Vao cd Mmax = 1393x1 ,60/2 = 1 1 14 Kg{,m 

Momenta noA apoloA 

Ma= -1568 Kg{,m 

Mb= - 802 Kg£m 

ARMAVURA POSITIVA 

Vao ab = Vao baZaneo 

Ax.madu.ia minima => AA= 0,15 x 0,10 x 32 = 0,48 cm2 => 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA @ 8.0 

Vao be 

Md = 1,4 x 1114 = 1560 

K= 32 / (V 1560/0,1) = 0,256 => £ = 38,26 

AA = Md/(£xd) = 1560/38,26 x 32 => AA = 1,27 cm2 = 3 @ 8.0 

ARMAVURA NEGATIVA 

Vao ab = Vao do baZaneo 

Md = 1,4 x 1 568 = 21 95 Kg{,m 

K= 32 / (V 2195/0,1 ) = 0,216 =>zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA £ = 36,65 

AA = Md/(£xd) = 2165/36,65 x 32 => AA = 1,87 cm2 = 3 @ 70.0 

Vao bezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = apoloA b 

Md = 1,4 x 802 = 1123 Kg£m 

Jt= 32 / (V 1 123/0, 1 ) = 0,301 => £ = 39,78 

AA = Md/(£xd) = 1058/39,78 x 32 = AA = 0,88 em2 = 2 & 8.0 

ARMAVURA VE CISALHAMENTO 

Vao baZaneo 

Vd = 7,4 x 1540 = 2156 Kg£ Z = 0 x d = 0,278 

AAUJ = Vd / (2 x i y d ) = 2156 / (0,278 x 4348) 

AAUJ = 7,78 cm2 I m => # 5.0 c. 7 6 

Vao ab 

Vd = 1,4 x 1242 = 7739 Kg& Z = 0 x d = 0,278 

http://ma.xi.mo*
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AAU = Vd I (Z x &yd)zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 7 739 / (0,278 x 4348) 

AAW = 1,43 cm2 I m => # 5.0 c. 16 

Vao be 

Vd = 1,4 x 1827 = 2558 Kg/> Z = & x d = 0,278 

AAU = Vd I (Z x 4 y d j = 2558 / (0,278 x 4348) 

AAW = 2,H cm 2 / m => # 5.0 c. 7 6 

Vlga 16 (10x30) 

RV = 0 => Ra+Rb = 500 x 3,7 => Ra = 7850 - Rb 

Ma= 0 => (500 x 3,7 x 3,7 1 2 ) - 3,7Rb = 0 => Rb = 925 Kg£ 

Ra= 7850 - 925 => Ra = 925zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA K96 

Momento maxlmo no Vao 

X= 925 / 500 => X = 7,85 

Mmax = 925 x 7,85/ 2 => Mmax = 855,3 Kg£m 

ARMAVURA POSITIVA 

Vao ab 

Md = 1,4 x 856 = 7 7 98 Kg&m 

K= 27 I (V 1 1 98/0, 1 ) = 0,247 => £ 

AA = Md/(£xd) = 1198/37,83 x 27 => 

ARMAVURA VE CISALHAMENTO 

Vao ab 

Vd = 1,4 x 925 = 1295 Kg{, Z = 0 x d = 0,235 

AAU = Vd / (Z x 4yd) = 1295 / (0,235 x 4348) 

AAUJ = 1,27 cm2 / m => # 5.0 c. 15 

= 37,83 

AA = 1,16 cm2 = 2 @ 10.0 



5 . 0 - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA DIMENSIONAMENTO DE PILARES E SAPATAS 

Canga* no* pllan.e.4 

P l l a n . 01 - P01 

P01 = 3,5 x (zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA P<LAO pnzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.6pn.lo + RaV01 + RcV06 ) + RaV10 + RcV13 

P01 = 3,5 x [ (0,15x0,30x2,7x2500) + 2027 +1214 ] + 794 + 127 6 

P01 = 14477 Kg 

P l l a s t 02 - P02 

P02 = 3,5 x ( pe.4Q pn.6pn.lo + Rb\)01 * RcV07 ) + Rb\J1Q + Rc\J14 

P02 = 3,5 x [ (0,15x0,30x2,7x2500) + 4221 +1956 ] + 964 + 2031 

P02 = 25678 Kg 

Pllan 03 - P03 

P03 = 3,5 x ( p<L*o pn.6pn.lo + Ra\)01 + RcVOS ) +zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA R c f / 0 + R c f / 5 

P03 = 3,5 x [ (0,15x0,30x2,7x2500) + 6042 + 1673 ] +2766 + 1393 

P03 = 32225 Kg 

Pllan 04 - P04 

P04 = 3,5 x ( P<LASO PKOPKIO + RaV03 + RbV06 ) + RbV13 

P04 = 3,5 x [ (0,15x0,30x2,7x2500) + 29/5 + 1258 ] + 2408 

P04 = 18077 Kg 

Pllan 05 - P05 

P05 = 3,5 x f pe^o pn.6pn.lo + RbV03 + RbV07 ) + RbV14 + RaV11 

P05 = 3,5 x [ (0,15x0,30x2,7x2500) + 8125 + 1081 ] + 4288 + 303 

P05 = 37876 Kg 

Pllan 06 - P06 

P06 = 3,5 x ( pe.*o pn.6pn.JL0 + RcV03 + RbVOS ) + RbV1 1 + RbV15 

P06 = 3,5 x [ (0,15x0,30x2,7x2500) + 67 60 + 3595 ] + 2507 + 3069 

P06 = 42088 Kg 

Pllan 07 - P07 

P07 = 3,5 x ( pe.*o pn.6pn.lo + Ra\J04 + RaV06 ) + RaV13 

P07 = 3,5 x [ (0,15x0,30x0,7x2500) + 2288 + 4547 ] + 3389 

P07 = 28375 Kg 

Pllan 08 - P08 

P08 = 3,5 x ( p<L*o pn.6pn.lo + RbV04 + RaV07 ) + RaV14 

P08 = 3,5 x [ (0,15x0,30x2,7x2500) + 6431 + 8650 ] + 5/49 

P08 = 58996 Kg 

P l l a n . 0 9 - P09 

P09 - 3,5 x f pn.6pn.lo + Rcf 04 + Ra\)08 ) + Ra\)15 

P09 = 3,5 x [(0,15x0,30x2,7x2500) + 1419 + 3308 ] + 2188 

P09 = 19796 Kg zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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Pllan.ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.A com can.ga ate. 20 tonz.La.dcLA (15x30) => (P01zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA - P04 - P09) 

Ve.n. detalheA pag 4 1 

VlmenA4.oname.nto do p l l a n . 

Nd = 1,8 x 20000 x ( 7 + 6 / 7 5 ) => Nd = 50400 Kg& 

X = U / ( b / 3,46 ) => X = 2,7 / ( 15 / 3,46 ) => X = 62,28 

Ac = uNd I (0,85 bed + 0,008 b'yd) 

l 

Ac = 50400 I (0,85 x 85,11 + 0,008 x 3550) 

l 

Ac = 50400 I 101,26 => Ac = 497,7 cm 2 

l l 

Ac = 15 x 30 = 450 cm2 

Como Ac >Ac, AA = wNd - 0,85 x bed x Ac / 4'yd 

l 

AA = 50400 - 0,85 x 85,71 x 450 / 3550 = > AA = 4,94 => 4 @ 72.5 

EAtnlboA 

# 5.0 c. 75 

DlmenAlonamento da Aapata 

ConAldeiando Aen. o Aolo an.enoAo (maAAame bom), temoA pelo quadno 

6.1 do llvno "C0NCRET0 ARMAVQ" do PKO^. Aden.Aon Mon.e.ln.a: 

Taxa de tenAao admlAAlvel do ten.n.eno = 2 Kg /cm2 

P = 1,05 x N = 1,05 x 20000 => P = 21000 Kg 

A = P / tenAao => A = 21000 1 2 => A = 70500 cm 2 

ConAlde/tando Aen. a Aapata n.etangulan, onde. urn lado Aend o dobno 

do outn.o, ten.emoA: 

A = a x b = ( 2 x b ) x b = > b = V A / 2 = V 10500 /2 = 72,4 cm 

Adotando b = 80 cm, ten.emoA a = 160 cm 

M = (P/4)x[(a /3)-(b 12)] = (21000/4) x [(1,6 / 3 ) - (0,3 / 2)] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 l l 

M d = 2817 Kg£m 

l 

M = (P/4)x[(a /3) - (b /2)] = (21000/4) x [(0,8 /3)-(0,15 /2)] 

2 2 2 

M d = 1409 Kgbm 

2 

d mln = n V M d / d = 0,213 V 2817 / 0,15 = 29,2 cm 

l l 

d mln = n. V M d / d = 0,213 V 1409 / 0,30 = 14,6 cm 

2 2 

fzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 3 3 
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Adota.sie.moA h = 35 cmzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA => d = 32 cm 

n. = 32 I (V 281 7/0,15) = 0,233 = > £ = 36,96 

l 

n = 32 / (V 1409/0,30) = 0,466 = > an.madun.a minima. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 

AA = Md/(£xd) = 2818/36,96 x 32 

l 

AA =2,36 cm2 = 8 @ 6.3 c.10 

l 

AAmln = 0,15 x b x h = 0,15 x 0,30 x 0,35 = 1,58 cm2 

AA =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 5 & 6.3 c.10 

2 

\Jen.lilcag.a.o a puncao 

"5 = 21000 x 1 ,4 / { 35 x [ 2 x ( 1 5 + 35) + 2 x (30 + 35) ] } 

~6 = 29400 / 8050 

~6 = 3,65 < 2 x \) 120 f 1,4 = 15,6 => Ok zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Vltan.e.A com casigA ate. 30 tone.ladaA (15x30) => (P02 - P05 - P07) 

VlmenAlonamento do p l l a n . 

Nd = 1,8 x 30000 x ( 1 + 6 / 15 ) => Nd = 75600 Kg& 

X = U I ( b I 3,46 ) => X = 2,7 / ( 15 / 3,46 ) 

X = 62,28 

i c d = 120 / 1,4 = 85,71 

Ac = wNd / (0,85 4cd + 0,008 6'yd) 

l 

Ac = 75600 / (0,85 x 85,7/ + 0,008 x 3550) 

l 

Ac = 75600 / 101,26 => Ac = 746,6 cm2 

l l 

Ac = 15 x 30 = 450 cm2 

Como Ac >Ac, AA = uNd - 0,85 x £cd x Ac / 4'yd zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I  

AA = 75600 - 0,85 x 85,7/ x 450 / 3550 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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AAzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = 12,06 => 10 @ 12.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

EAtJilboA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

# 5.0 c. 75 

Dlme.nAA.onawe.nto da Aapata 

Taxa de. tenAao admlAAlveJL do ten.n.enozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2 Kg/cm2 

P = 7,05 x N = 7,05 x 30000 => P = 37500 Kg 

A = P / tenAao => A = 31500 / 2 => A = 75750 cm2 

ConAlde.n.ando Aen. a Aapata /vetangalan., onde urn lado Aen,d o dobn.o 

do oatn.o, tenemoA: 

A = a x b = ( 2 x b ) x b = > b = V A / 2 = V 75750 12 = 88,7 cm 

Adotando b = 100 cm, ten.emoA a = 160 cm 

M = ( P / 4 ) x [ ( a 13) - (b 12) 1 = (31500 /4) x [ ( 1 , 6 / 3 ) - (0,3/ 2) 1 

l l l 

M = 5382 Kg&m => M d = 7535 Kg^m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 l 

M = ( P / 4 ) x [ ( a /3) - (b / 2 ) J = (31500/4) x [ ( 1 , 0 / 3 ) - (0,15/ 2 ) ] 

2 2 2 

M = 3216 Kg{,m 

2 

M d = 4502 Kg^m 

2 

d mln = M V M d / d = 0,213 V 2811 / 0,15 = 29,2 cm 

l l 

d mln =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA JL V M d / d = 0,213 V 1409 / 0,30 = 14,6 cm 

2 2 

Adotan.emoA n = 55 cm => d = 52 cm 

JL = 52 / ( 1 / 1535/0, 15) = 0,232 => £ = 36,96 

l 

Ji = 52 / (1/ 4502/0,30) = 0,424 = > £ = 40,48 

2 

AA = M d/(£xd) = 1535/36,96 x 52 

l l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 5 
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AA = 3,92 cm2 8 @ 8.0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA c. 72,5 

l 

AA = M d/(£xd) = 4502/40,48 x 52 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 2 

AA = 2,13 cm2 => adotan. an.maduna minima 

2 

AAmln = 0,15 x b x h = 0 ,15x0,30x55 = 2,47 cm2 => 8 & 6.3 c.20 

\Jen.l{,lcag.ao a pungao 

7> = 31500 x 1,4 / { 55 x [ 2 x ( 15 + 52) + 2 x (30 + 52) ] } 

"5 = 44100 / 1 6390 

"5 = 3,65 < 75,6 = > Ok 

PllanzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.e.A com catxga ate. 40 tone.ladaA (20x30) => (P03 - P06) 

DlmenAlonamento do p l l a n . 

Nd = 1,4 x 40000 x ( 1 + 6 / 20 ) => Nd = 12800 Kg-fr 

XzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = U I ( b I 3,46 ) => X = 2,1 / ( 20 / 3,46 ) => X = 46,11 

£cd = 120 I 1,4 = 85,11 

Ac = uNd I (0,85 bed + 0,008 yd) 

l 

Ac = 12800 I (0,85 x 85,11 + 0,008 x 3550) 

l 

Ac = 72500 / 101,26 => Ac = 118,9 cm2 

l l 

Ac = 20 x 30 = 600 cm2 

Como Ac >Ac, AA = wNd - 0,85 x £cd x Ac / ^'yd zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I  

AA = 12800 - 0,85 x 85,11 x 600 I 3550 => AA = 8,19 => 8 @ 72.5 

EAtnlboA 

# 5.0 c. 75 

Dlme.nAloname.nto da Aapata 

Taxa de tenAao admlAAlve.1 do ten.n,eno = 2 Kg /cm2 

P = 1,05 x N = 1,05 x 40000 => P = 42000 Kg zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 6 
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AzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = P IzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA tenAao => A = 42000 12 => A = 21000 cm2 

ConAldeJiando AeJt a Aapata tie. tan gala*, onde am lado Ae.Jtd o dobsio 

do out/to, teJiemoA: 

A = a x b = ( 2 x b ) x b => b = V A / 2 = V 21000 12 = 102,5 

cm 

Adotando b = 120 cm, tenemoA a = 175 cm 

MzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = ( P / 4 ) x [ ( a I 3 ) - ( b / 2 ) ] = (72800 14) x[(1,75/ 3 ) - (0,3/ 2 ) ] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

l l l 

M = 13347 Kg£m => M d = 18685 Kg/>m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 l 

M = ( P / 4 ) x [ ( a / 3 ) - ( b /2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) 1 = (72800/ 4) x [ ( 1 , 2 / 3 ) - (0,20/ 2 ) ] 

2 2 2 

M = 9100 Kgim => M d = 12740 Kgim 

2 2 

d mln = n. V M d / d = 0,213 V 1 8685 / 0,20 = 65,1 cm 

l l 

d mln =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA JL 1/ M d / d = 0,213 V 127 40 / 0,30 = 43,9 cm 

2 2 

Adotan,<LmoA h = 70 cm => d = 67 cm 

JL = 6 7 / ( 1 / 1 8685/0,20) = 0,219 => £ = 35,87 

l 

JL = 67 / ( 1 / 12740/0,30) = 0,325 => £ = 40,48 

2 

AA = M d/(£xd) = 18685/36,96 x 67 

1 l 

AA = 7,77 cm2 = 77 0 70.0 c. 77,5 

l 

AA = M d/(£xd) = 12740/40,48 x 67 

2 2 

AA = 4,68 cm2 => 7 0 10.0 c. 20 

2 

AAmln = 0,75 x b x h = 0,75x0,30x70 = 3,75 cm 2 => 8 0 6.3 c. 20 

UeJLl^lcacao a puncao 

6 = 42000 x 1,4 / { 70 x[ 2 x (20 + 67) + 2 x (30 + 6 7 ) ] } 

6 = 58800 / 25760 

6 = 2,28 < 15,6 => Ok 

PllaJte.A com caJiga ate. 60 tone.ladaA ( 20x35 ) => ( P08 ) 

VlmenAlonamento do pllaJL 

Nd = 7,4 x 60000 x ( 1 + 6 / 20 ) => Nd = 109200 Kg& 

X = U I ( b / 3,46 ) => X = 2,7 / ( 20 / 3,46 ) => X= 46,77 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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4cd =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 120 I 7,4 = 85,7/ 

Ac = ujNd I (0,85 £cd + 0,008 yd) 

l 

Ac = 109200 I (0,85 x 85,7/ + 0,008 x 3550) 

l 

Ac = 109200 I 101,26 => Ac = 1078,4 cm2 

l l 

Ac = 20 x 35 = 700 cm2 

Como Ac >Ac, AA = wNd - 0,85 x £cd x Ac / 6'yd 

l 

AA = 109200 - 0,85 x 85,7/ x 700 / 3550 

A-i = 16,40 => 14 @ 12.5 

EAtn.lboA 

# 5.0 c. 15 

Dlme.nAloname.nto da Aapata. Ven detatheA pag 41. 

Taxa de tenAao admlAAlvel do ten.yie.no = 2 Kg/cm2 

V = 7,05 x N = 7,05 x 60000 => V = 63000 Kg 

AzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA = V / tenAao => A = 63000 / 2 => A = 31500 cm2 

ConAlden.ando Ae.n. a Aapata n.etangulan., onde urn Zado Aend o dobn.o 

do oatn.o, ten.emoA: 

A = a x b = ( 2 x b ) x b = > b = U A / 2 = V 31500/2 = 125,5 cm 

Adotando b = 150 cm, ten.emoA a = 2/0 cm 

M = ( P / 4 ) x [ ( a / 3 ) - ( b / 2 ) ] = (63000/ 4) x [ ( 2 , 1 / 3 ) - (0,35/ 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) 1 

l l l 

M = 13782 Kg£m => M d = 79295 Kg£m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 l 

M = ( P / 4 ) x [ ( a 13)  - (b 12) 1 = (63000/ 4) x [ ( 1 , 5 / 3)-(0,20/ 2) 1 

2 2 2 

M = 9450 Kg^m => M d = 13230 Kg/>m 

2 2 

d mln = n. V M d / d = 0,213 V 1 9295 / 0,20 = 66,2 cm 

l l 

dzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA mln = n. f M d / d = 0,213 V 13230 / 0,35 = 41,4 cm 

2 2 

Adotan.emoA h = 70 cm => d = 67 cm 

n. = 6 7 / ( 1 / 1 9295/0,20) = 0,2/6 => £ = 35,65 

l 

n. = 67 / ( f 13230/0,35) = 0,345 => £ = 40,48 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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AA = M d/(£xd) 19295/36,96 xzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 67 

AA =8,01 cm2 11 & 10.0 c. 77,5 

AA = M d/(£xd) 1 3230/40,48 x 67 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 2 

AA =4,87 cm2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
> 7 <3 70.0 c. 20 

2 

AAmln = 0,15 x b x h = 0, 15x0,30x70 = 3,15 cm2 => 8 @ 6.3 c. 20 

\Je./t-L{fA.caga.o a puncdo 

"6 = 63000 x 1 ,4 / ( 70 x [ 2 x [20 + 67 ) + 2 x (35 + 67 ) ] } 

"5 = 88200 / 26460 

~6 = 3,33 < 15,6 => Ofe 

39 
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\J I G A O V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

ARMAVURA LONGITUVINAL 

3 0 16.0 -zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 4 7 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

u 

2 0 8.0 - 500 

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

• ri 

P 08 P05 P02 

40 460 
1 

3 5 

5 0 

3 0 12.5 -  5 3 5 

4 2 5 5 0 

3 0 10.0 - 525 

ESTRIBOS 

I 
5 2 

# 5 . 0 C .  2 7 . 5 -  7 2 5 

# 5 . 0 C .  7 8 . 5 -  9 5 

: 7Q 
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U ^ T A l - H ^ SzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA D O T=>I L A R H S A T * A T A O ~7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

10 1A5_ 10 

8 0 6.3 C. 10 175 

ESC. 1 : 20 

20 

15 

N.T zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

o o o o O o o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

x#x#x#x#x#x#x#x#x#x#x#x#x#  
_x#x#x#x#x#x#x*x#x#x#  <f-zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 5 

Re.gutaA.4.zacao 

Te.juie.no na.tu.n.a.1 

ESC. 1 : 20 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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B X B Z - X O G R / X ^ X / V zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

/ - CURSO DE ANALISE ESTRUTURAAL, Volume. 3. 

JoAe CanloA SuAAeklnd 

2 - CONCRETO ARMAVO, Volume. 1, 2, 3. 

A6.en.Aort Mon.eX.na. da. Rocha. 

3 - CURSO DE CONCRETO, Volume 1, 2. 

JoAe CanloA SuAAeklnd 

4zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA - NORMAS BRASILEIRAS 
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C O N C L . U S A O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

EAte. eAtdgXozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Aen.vXu em gn.ande. pan.te, pasta. Aanan 

du.vX.daA e aumentan OA conhe.cX.me.ntoA com n.eZacao ao cdZcuZo 

e-AtA.utuA.aZ de edX.hX.cX.oA, atXngXndo a pnXncXpXo, o objetXvo 

aZmejado no que concenne moAtn.an. a neaZXdade. te.cnXca ao 

engenhe.Xn.o de.ntn,o doA padnoeA daA non.maA bn.aAXle.Xn.aA. 

0 eAtagXdn.Xo, com a teon.Xa adquXnXda noA ZXvnoA e 

com OA pn.oheAAon,e.A, neceAAXta de exe.n.cXcXoA pndtXcoA, no AentXdo 

de haven, uma maXon. apZXcabXZXdade da teon,Xa com a pndtXca, o que. 

neAta opon.tunXdade houve gn.ande apn.oveXtamento. 

TodoA OA me.todoA empn.egadoA pan.a OA cdZcuZoA da 

edXiXcagao, kon.atf.rn vXAtoA peJio eAtagXdn.Xo na UnXvetAXdade, o que 

hacXZXtou muXto, pana o entendXmento daA eAtn.utun.aA. 

A gn.ande opontunXdade dada ao eAtagXdnXo, ^oX no 

que dXz n.eApeXto ao Zancamento da e.Atn.utun.azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, onde o meAmo j d 

tXnha atgunA conceXtoA, OA quaXA &on.am ampZXadoA. 

ConcZuXmoA entao, que o eJdgXo teve. gnande. 

apnoveXtamento, dando ao eAtagXdn.Xo, uma ampZa VXACLO de cdZcuZo 

de eAtnutunaA em concneto anmado. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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4-zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1.50 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

- a _ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

.30 2.45 

- b_ 

.30 

^6 C-tO xzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 4 o ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 

).<0 

o 0 

3 . 3 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-  c _ 

.30 

z.eo 

I  -1 

o x 

O 

T7~ 

o 
K 

\/7 QO *55 ) - Q zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

o 
x 

0  

33 
- b - ( JO x 55 ) 

V 

- a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CD 

' o 
cr x 

- C -

' o o 

I O 

i . ao 

/|6(lOKO) 

5 

T7 

- C -

o 

0 



U I G AzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA o r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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U I G A OS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

850 

V08 l\ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA006 

4,20 

007 A 
3,20 

Ra 005 

700 

A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4-7,60 4v-

P07 

U T G A 0 7 

Rb 005 

71 
P04 

2,70 3, 70 

Ra 002 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I s />30 

P0 7 

A 
P08 

% 1,60 ^- 2,70 

700 

P04 P01 

3,70 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

O I G A OS 

Rc 005 Rib 002 

-Hr— ' >30 -v 

700 

3,70zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA V 1 , 60 

71 
4-

P09 

2,70 

A P05 

V 

V I G A O <2 

700 

A 
003 

3,70 


