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Ser engenheiro civii € motivo de grande satisfacdo e de muita
responsabilidade. A qualidade de um servigco de engenharia esta diretamente
relacionada com a capacidade técnica e préatica dos profissionais envolvidos.
Cursar a Especializagdo em Estruturas tem como propdsito aumentar o
embasamento tedrico no referido assunto, crescer a rede de contatos com
colegas de profissdo e com os mestres da UFMG que ensinam com tanta
sabedoria e diligéncia.

Apbés ser graduado pela FUNEDI / UEMG no fim de 2012, ingressei
como aluno regular no curso de Especializacdo em Estruturas. As disciplinas
cursadas foram: Projeto de Estruturas de Concreto |, Projeto de Estruturas de
Aco |, Projeto de Estruturas de Concreto Il, Projeto de Estruturas de Aco I,
Projeto de Estruturas de A¢co com Perfis Estruturais Formados a Frio, Projeto
de Estruturas Mistas de Aco e Concreto, Projeto de Estruturas de Fundacéo e
Concepcao de Estruturas de Edificios.

Para conclusdo do Curso de Especializacdo, além da obrigatoriedade de
cursar oito disciplinas afins, é necesséria a entrega de um Trabalho Pratico
Final. A proposta desenvolvida neste trabalho foi dimensionar e detalhar, a
flexdo e a puncgéo, uma laje lisa de concreto armado. Esse tema foi escolhido
visando aperfeicoamento no procedimento de calculo desse tipo de laje. Todo
processo de calculo utilizado esta de acordo com a NBR 6118:2003. As
dimensdes da laje sdo de 10,60m x 12,60m com 9 pilares de apoio. A primeira
etapa do Trabalho pratico é dimensionar e detalhar a laje lisa a flexdo. A
segunda etapa é verificar a puncéo todas as regifes da laje que estdo em
contado direto com os pilares.

O curso de Especializacdo em Estruturas da UFMG superou as minhas
expectativas, me dando mais seguranca e aumentando a qualidade dos meus
servicos de engenharia, o0 que me fez um engenheiro mais satisfeito com a
profissdo. Agradeco a todos os mestres do ensino e a todos os funcionarios
desta instituicdo. Em especial, agradeco ao grande amigo Ney Amorim Silva,
meu professor e orientador neste trabalho final, por toda a amizade construida,
por toda a dedicagéo e disponibilidade dedicada a mim.
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1 — Espessura da laje:
Lx = 515cm

Ly = 615cm
Lx = 515cm
L= {L}-‘z 615cm L = 615cm

L_, L 6lSem . _6l5em . _
6 "Ta0" 36 T gg oUemEa=Liom

[¥3]

h=16cm - Ry, = 16cm = ok!

2 — Dimensdes dos pilares:

Obs: A dimensao “a” do pilar € paralela ao lado “Lx” da laje e a dimensao “b” do pilar ¢
paralela ao lado “Ly” da laje.

r 30cm
Lx _ 515cm _ J57c
a1 20 20  oeem ~ a=30cm
R (296cm — 16cm)
pilar
_ — 18,67
15 15 cm
r 30cm
Ly _815m _ i 75em =~ 30
b=4 20 20 M EENE b — 30em
R (296cm — 16ecm)
pilar
= — 18,67
15 15 em

3 — Carregamentos:

3.1 — Alvenaria nas bordas:
EN

KN
0,20m x 280m X 13— =7,28—
m m

3.2 — Cargas distribuidas sobre a area da laje:

3.2.1 — Peso proprio da laje:

kgf Kgf

2500 —2% x 0,16m = 400 ——
iy m




3.2.2 — Revestimento:
kgf

mE

100

3.2.3 — Sobrecarga:

k
3{mi’:
iyt

3.2.4 — Carga caracteristica total:

k k k k KN
4{mﬁf+ 1{10£§+ 300—%: S{mﬁzf= 80—
Il Il Il Il Iml

4 — Carregamento nos porticos:

Obs: Considera-se “q” como carga acidental e “g” como carga permanente.

kgf
= 300

q me
k k k

g =400 g’:+1{]ﬂ ‘g’: = 500 ‘g’:
m m m
k k k

g = 300 ‘Q’: = 0,75 x g = 0,75 x 500 97 _ 375 g}:
™ me m

Portanto, g < 0,75g. Esta situacdo define qual o modelo de carregamento a ser
adotado.

4.1 — Direcdo x:
4.1.1 — Inércia das “vigas” dos eixos A e C:

_3,225m x (0,16m)°
N 12

Iv =1,10 x 1073¥m*

4.1.2 — Inércia das “vigas” do eixo B:

6,15m x (0,16m)’

— 3.4
2 2,10 x 10™*m

Iv=



4.1.3 — Inércia dos “pilares™:

_ 0,30m x (0,30m)°

= — —
Ip B 6,75 x 10~*m

4.1.4 — Modelo estrutural considerando o carregamento por faixa de 1m:

LS L

296 m

8.00 kN

73 kM

B.00 kN/m
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4.1.5 — Diagrama de momento fletor referente aos Eixos A e C (KN.m):
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4.1.6 — Diagrama de momento fletor referente ao Eixo B (KN.m):

LLELL

4.2 — Diregdo y:
4.2.1 — Inércia das “vigas” dos eixos 1 e 3:

_2,725m x (0,16m)°
N 12

Iv

=9,30 x 10~*m*

4.2.2 — Inércia das “vigas” do eixo 2:

_ 515m x (0,16m)’
N 12

Iv

=176 x 1073m*

4.2.3 — Inércia dos “pilares™:

_ 0,30m x (0,30m)*
N 12

= 6,75 x 10™*m*




4.2.4 — Modelo estrutural considerando o carregamento por faixa de 1m:

£
i B.00 kN/m B.00 kN/m |§
A A A A A A A A S A A
£
|L:_ 6lom = I':: SEu = !
4.2.5 — Diagrama de momento fletor referente aos Eixos 1 e 3 (KN.m):
Q{Ad “5 A/JA.'{”‘.
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4.2.6 — Diagrama de momento fletor referente ao Eixo 2 (KN.m):
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Momentos calculados (KN.m)
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Momentos
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5 — Dimensionamento:

5.1 — Largura das faixas na direcdo Xx:

615cm

= 153,75cm

5.2 — Largura das faixas na direcdo y:

515cm

= 128,75cm

5.3 — Altura util da laje:
H=16cm . d' = 4,5cm

d=H—d' =16cm —4,5cm = 11,5cm

5.4 — Area de aco minima:

2

CI
As,.. = 0,15%.b. h = 0,15% x 100cm x 16cm = 2,4 ————
mde laje
5.5 — Area de ago na direcdo x:
5.5.1 — Faixas externas:
MOMENTOS As

MOMENTO NO | % POR d fc As por ~

PAINEL (kN.m) | FAIXA P?:NF':;(A (cm) | (KN/em2) | PlEm) |k (t::::') metro (cm?) | C/AMETRO
'12’?7)(669'15 " 137,5% -29,5 11,5| 1,52 |153,75|0,13| 8,64 5,62 @10 ¢/ 14cm
'21’_51;26'215 = 137,5% -49,6 |11,5| 1,52 |153,75|0,22|15,56| 10,12 | @12,5¢c/12cm
11,1x6,15=

633 27,5% 18,8 11,5| 1,52 |153,75|0,09| 5,84 3,8 @8 ¢/ 13cm




5.5.2 Faixas internas:

MOMENTOS fc As
MOMENTO NO | % POR d As por R
POR FAIXA KN b k | total DIAMETRO
PAINEL (kN.m) | FAIXA (kN.m) (cm) ( 4““ (cm) (c"m“;) metro (cm?)
_12'5_)7)(669'15 - 12,5% -9,6 11,5| 1,52 |[153,75|0,04| 2,52 *2,40 @8 ¢/ 20cm
_21'_51226'215 - 12,5% -16,5 11,5| 1,52 |[153,75|0,07| 4,49 2,92 @8 c/ 17cm
11’16)(86?:15 - 22,5% 15,4 11,5| 1,52 |153,75|0,07| 4,49 2,92 @8 c/ 17cm
* Area de aco minima.
5.6 — Area de aco na direcdo y:
5.6.1 — Faixas externas:
MOMENTOS As
MOMENTO NO | % POR d fc As por R
POR FAIXA » | b(cm) k total 2 DIAMETRO
PAINEL (kN.m) | FAIXA (kN.m) (cm) | (KN/cm?) (cm?) metro (cm?)
-1 15 =
9’?9)(95;‘ > 37,5% 37,3 11,5 1,52 (128,75| 0,2 | 11,67 9,06 @12,5 ¢/ 13cm
-2 15 =
9’i;35'5 > 37,5% 57,6 11,5 1,52 (128,75(0,31| 19,85 15,42 @16 ¢/ 13cm
15’27)(853:15 - 27,5% 21,5 11,5 1,52 (128,75|0,12| 6,64 5,16 @10 ¢/ 15cm
5.6.2 — Faixas internas:
MOMENTOS As
MOMENTO NO | % POR d fc As por R
POR FAIXA b(cm) | k | total DIAMETRO
PAINEL (kN.m) | FAIXA (kN.m) (cm) | (KN/cm?) (cm?) metro (cm?)
-1 15 =
9’3_59)(954 > 12,5% 12,4 11,5 1,52 [128,75|0,07| 3,76 2,92 @8 c/ 17cm
-2 15 =
9’i;35'5 > 12,5% 19,2 11,5 1,52 (128,75|0,10| 5,46 4,24 @10 ¢/ 18cm
15,2 15 =
> 7X853' > 22,5% 17,6 11,5 1,52 (128,75|0,10| 5,46 4,24 @10 ¢/ 18cm
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Armaddra positiva, direcdo
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Armadura negativd, direcdo x
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Armaddra negativa,
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5.7 — Reforcos de borda:

2810mm corridos

‘ 35cm

o

. 232 ¢8mm ¢/ 20cm C=100cmm




PUNCAO

4 Msdi
] BORDA LIWVRE

Verificacdo dos pilares P1, P3, P7 e P9, usando como

Msdz
referéncia o pilar P1:

Gz

1 — Dados:

C; =40cm w
1.8
35

C, = 40cm g
[1:8
2

d=h—d =16cm — 4,5cm = 11,5cm
Fsd = Fz.1,4 = 113,63KN X 1,4 = 159,08KN (Compressao)
M.S‘dl = M_,}.. 1,4 = 1806KN.cm ¥ 1,4 = 25284KN.cm

Msd, =M_.1,4=2453KN.cm X 1,4 = 3434, 2KN.cm

., < {1,5.& = 1,5: LLSem = 17256m 17 25em
., < {1,5.& = 1,5;; 115em = 17.256m 17 25em
ST T,
% = {1’3; c, 1;5;51;1,2&11;62;? - @, = 17,25¢m

2 — Verificagdo do Contorno C:

u* = ay, +ag, = 17,25¢m + 17,25¢m = 34,5cm

2.1 — Andlise de Msdz:

C,®  C.C, (40cm)? N 40cm X 40cm

=— = 1200cm?
WPy 4+ 2 4 2 cm

—

Cy.a; —a;*+a,.Cy _ 40em X 17,25em — (17,25cm)? + 17,25¢m X 40cm
2.(a,+a,) 2% (17,25em + 17,25cm)

€1



e," = 15,69cm

Msd," = Fsd.e,;* = 159,08KN % 15,69cm = 2495,97KN.cm

0

=
MSdlffm - {M.‘S‘dl — Msd," = 25284KN.cm — 2495,97KN.cm = 32,43KN.cm
M'gdlfim =3243KN.cm
C, 40cm
Lo 1 LK, =060
C, 40cm

Fsd Msd 159,08KN 32,43KN. cm

TSdi El— + Ki. == ¥

= + ¥ -
u*.d wp,.d 34.5cm % 11,5cm 1200cm* ¥ 11,5em

KN
Tsd, = 0402—— = 4,02MPa
cm

Trd, = 0,27 d=0,27 (1 ka) (ka) 0,27 (1 ESMPQ) (ESMPQ)
" —_- ' . Cx . = f x —_—— x | = , x _ x
rds o fC 250 1,4 250 1,4

Trd, = 4,34MPa

Tsd, = 4,02MPa < Trd, = 4,34MPa .. ok!

2.2 — Andlise de Msdy:

)’ N C,.C; (40cm)®  40cm X 40cm

, = — = 1200cm?
e 2 4 2
. Cpa,—a,>+a,.C; 40cm X 17,25cm — (17,25cm)” + 17,25cm X 40cm
g, = =
- 2.(a, +ay) 2 X (17,25cm + 17,25¢cm)

e,” = 15,69cm

Msd,” = Fsd.e,” = 159,08KN % 15,69cm = 249597KN.cm

0
" =
MSd‘fﬂ'm - {M.’sdz — Msd,” = 3434,2KN.cm — 249597KN.cm = 938,23KN.cm

Msd, =93223KN.cm
“fim

. 40cm
—=——=1.K, =060
C;, 40cm



Fsd Msd, . .~ 159,08KN 938,23KN.cm

Tsd, = + K. = 6 X =
° ut.d ° wp,.d 34,5cm X 11,5cm 1200cm* X 11,5cm

KN
Tsd, = 0,442 — = 442MPa
CIm

Trd, = 4,34MPa
Tsd, = 442MPa > Trd, = 4,34MPa -~ nio ok!

Obs: Ao verificar o contorno C, chega-se a concluséo que serd necessario mudar algo na
estrutura para atender a condicdo proposta. Vou aumentar a secdo dos pilares da
estrutura para 50cm x 50cm.

A Msd1
A BORDA LNVRE

Msdz

L

Cz

BORDA LWVRE

3 — Dados:
C, = 50cm
C, = 50cm

d=h—d =16cm — 4,5cm = 11,5cm

Fsd = Fz X 1,4 = 113,63KN % 1,4 = 159,08KN (Compressao)
Msd, = M}. ¥ 1,4 =1806KN.cm x 1,4 = 2528,4KN.cm

Msd, =M_ X 14 =2453KN.cm X 1,4 = 3434,2KN.cm

- {1,5 ®xd=15%x115cm = 17,25cm

fyy = ¢, = 50cm wdgy = 17,25em



1,5Xd =1,5X 11,5¢cm = 17,25
gy = { el M . 4y, = 17,25¢cm
{1,5 xd=15X115cm=1725cm __ _ .
“=1 05xC,=0,5%50cm=25cm - /e
1,5 xd = 1,5 X 11,5cm = 17,25cm
. s, =
b2 = { 05X C, = 0,5 X 50cm = 25cm %2 = 17.25em

4 — Verificacdo do Contorno C:

u* = ay, +ag, = 17,25cm + 17,25¢m = 34,5cm

4.1 — Anélise de Msds:

-

c,? N Cy.C; _ (50em)? 50cm X 50cm

= = 1875cm”
WP Ty 2 4 5
. _Cpay—a,*+a,C;  50cm X 17,25cm — (17,25cm)? + 17,25cm X 50cm
e = =
1 2.(ay+ a,) 2% (17,25cm + 17,25cm)
e,” = 20,69cm

Msd," = Fsd.e,* = 159,08KN X 20,69cm = 3291,37KN.cm

0

=
Msdyp,, = {Msdl — Msd,* = 2528,4KN.cm — 3291,37KN.cm = —762,97KN.cm
Msdiﬁm =0
C, 50cm
—=——=1.K, =060
C, 50cm

Fsd Msdy . 159,08KN 0

Tsd, = — +K,. = + 0,60

= >
u*.d wpy.d 34.5cm X 11,5cm 1875cm” % 11,5cm

KN
Tsd, = 0,402— = 4,02MPa
cm

Trd, = 4,34MPa

Tsd, = 4,02MPa < Trd, = 4,34MPa - ok!



4.2 — Anélise de Msd>:

.cl_(5nm]9+50m><5nm
2 4 2

-
r

= 1875cm?”

Cr.a, —a,” +a;.C, 50cm X 1725cm — (17,25cm)* + 17,25¢cm X 50cm
g, = =
- 2.(a, +a,) 2 X (17,25cm + 17,25¢cm)

e,” = 20,69cm

Msd,” = Fsd.e,” = 159,08KN X 20,69cm = 3291,37KN.cm

0

. =
M'gd‘fim - {Msdz — Msd,” = 34342KN.cm — 3291,37KN.cm = 142,83KN.cm
M.‘sdzﬁm = 142 83KN.cm
C, 5S50cm
—=—=1 K, =060
C; 50cm “

Fsd Msd,.. 159,08KN 142,83KN.cm

Tsd, = + K,. = 6 X -

° utd © wp,.d 34,5cm X 11,5em 1875cm® X 11,5cm

KN
Tsd, = 0,405 —— = 4,05MPa
cm

Trd, = 4,34MPa

Tsd, = 4,05MPa < Trd, = 4,34MPa ~ ok!

5 — Verificagao do Contorno C’:

u*=ay+a, +md =17,25cm + 17,25em + 7 X 11,5cm = 70,63cm

5.1 — Andlise de Msdz:

c,* €,.C, .
wpy :T-F—E +2.0,.d+4.d° +

m.d.Cy

_ (50cm)*  50em X 50cm
4 2

+ 2% 50cm X 11,5cm + 4 X (11,5cm)* = 3554cm?

WX 11,5cm X 50cm
B 2

= 903,21cm?



wp,; = 3554cm® + 903,21cm® = 4457,21cm?®

. _Cpa;—a,*+a,C+4a,d+8d* +mdC
e =
1 2.(a, +a, +m.d)

= 50cm X 17,25¢m — (17,25¢m)* + 17,25¢m X 50cm = 1427 44cm?
=4 X 17,25cm X 11,5cm + 8 X (11,5cm)? + m X 11,5¢m X 50cm = 3657,92cm?
=2 X (17,25cm + 17,25cm + 7 X 11,5¢m) = 141,26¢cm

. 1427 44cm? + 3657,92cm?
B 141,26cm

= 36cm

€1

Msd," = Fsd.e,;* = 159,08KN % 36cm = 5726,88KN.cm

0

Msdy gy, = {Msdl— Msd," = 2528,4KN.cm — 5726,88KN.cm = —3198,48KN.cm
Msd,,, =0
€, 50cm
A —1.K =060
€, 50cm

Fsd Msd, 159,08KN 0
Tsd, = — + K,. fim — 40,60 X

u*.d wp,. d 70,63cm ¥ 11,5em 4457,21em® X 11,5em

Tsd, = 0,20KN/cm* = 2,00MPa

. As, 0,8cm?
@10mm a cada 14cm ~ p, = = = 0,0035
Ac l4cm X 16cm
. As 1,25cm?
@12.5mm a cada 13cm ~ p, = —L = = 0,0059
Y Ac  14cm X 16cm

p = /[P5-P, =+/0,0035 X 0,0059 = 0,0045

o ;
Trd, =0,13.| 1+ 7 (100.p. fck)3

h
[ 20 1

Trd, =013 x| 1+ |

% (100 % 0,0045 X 25MPa)? = 0,68MPa
wl 11,5¢m

Tsd, = 2,00MPa > Trd, = 0,68MPa ~ Armar a puncio!



5.1.1 — Célculo da armadura de puncéo:
g = 90°% ~ 5en90® = 1,0

5= 0,75.d ~ 5, = 075X 11,5em ~ 5, = 8,63cm -~ 5, = 8,0cm

(h—15) (1l6cm — 15)
fywd = 250 + 185.———— = 250 + 185 X ————— = 259,20MPa -~
20 20
||5 1 d Asw. fywd.sen
Trd; =0,10.| 1+ [— |.(100.p. fck)3 +1,5.—.
1‘| d s, u.d
=0,10 X (1 + |0 ) X (100 X 0,0045 X 25MPa): =0,52MPa
1‘ 2 CTHL
11,5cm  Asw X 259 2MPa X1 MPao
=15X X = 0,69 X Asw X =
Scm 70,63cm X 11,5em CH1
MPa
Trdy; = 0,52MPa + 0,69 X Asw X 5
CH
Tsd, < Trd,
MPa

ZMPa < 0,5ZMPa + 0,69 X Asw X =
CIm

Asw, = 2,14cm?

5.2 — Andlise de Msdy:

c,* C,.Cy ,  md.C,
wp, =——+ +2.C,.d+4.d*+ 3

_ (50cm)? N 50cm X 50cm
4 2

T ¥ 11,5cm X 50cm

= 903,21cm?
2

wp, = 3554cm® 4+ 903,21cm® = 4457, 21cm”

&

C,a, —a,” +a,.C,+4.a,.d +8.d*+ n.d.C,
g, =
y 2.(a, +a, +m.d)

= 50cm X 17,25cm — (17,25¢m)? + 17,25¢m X 50cm = 1427 44cm?

KN
26—

+ 2X 50cm X 11,5cm + 4 X (11,5cm)* = 3554cm?



=4 X 17,25¢cm X 11,5¢m + 8 X (11,5¢m)? + 7 X 11,5¢m X 50cm = 3657,92cm?
=2 % (17,25cm + 17,25¢cm + 7 X 11,5cm) = 141,26cm

. 1427 44em? 4+ 3657,92em”
g, =
- 141,26cm

= 36cm

Msd,” = Fsd.e,” = 159,08KN X 36cm = 5726,88KN.cm

0

Msdyzip, = {Msd: — Msd," = 3434,2KN.cm — 5726,88KN.cm = —2292,68KN.cm
Msd,,, =0
€, 50cm
2T —1.K,=060
€, 50cm

Fsd Msdy . 159,08KN 0
Tsd, =—— + K,. = + 0,60 X s

“ utd ° wp,.d 70,63cm X 11,5cm 4457 21cm” X 11,5cm

Tsd, = 0,20 KN/cm?® = 2,00MPa
Trd, = 0,68MPa

Tsd, = 2,00MPa = Trd, = 0,68BMPa .. Armar a puncio!

5.2.1 — Célculo da armadura de puncéo:

g =907 » gen90° =10

5. %2075d ~5, 075X 11,5cm ~ 5. < 8,63cm ~ 5, = 8,0cm

B (h—15) (16em — 15) __KN

fywd =250+ 185.———— = 2504+ 185 X —— = 259, 20MPa . 26 —
20 20 I
||5 1 d Asw. fywd.sen o
Trdy =0,10.| 14+ |— |.(100.p.fck)3 +1,5.—.
1‘| d s, u.d
= 0,10 X (1 + |'1125im) % (100 % 0,0045 X 25MPa)= =052MPa
‘\J »
11,5em  Asw X 2592ZMPa X 1 MPa

=15x X = 0,69 X Asw X

8cm 70,63cm ¥ 11,5cm em?



MPa
Trdy; = 0,52MPa + 0,69 X Asw X =
i

Tsd, =< Trd;

MPa
2MPa = 0,52MPa + 0,69 x Asw x 5
cm

Asw, = 2,14cm?

5.3 — Armadura de puncéo total calculada:

Asw = Asw,; + Asw, ~ Asw = 2,14cm” + 2,14cm? -~ Asw = 4,28cm?

5.4 — Célculo da armadura de puncéo obrigatoria:

1 Fsd 1 159,08KN 5

Asw = —. S Asw - K ————— s dsw = 3,06cm
2 fywd 2 26 KN
cme

Serdo no minimo 3 contornos de armacéo a puncdo, entdo:

3,06cm?
Asw = —————— = 1,02cm?
3 contornos

Asw . 428em® = 1,02em? ~ ok!

5.5 — Disposicao construtiva:

Sy 05.d ~ s, <05 X 11,5cm ~ 5, < 5,75¢cm = s, = 5,00cm
s, <075.d ~s, < 0,75% 11,5cm =~ 5, < 8,63cm ~ 5, = 8,00cm

s,<2d~s, <2X11,5cm ~ s, < 23cm ~ s, = 23,00cm



50

i EORDA LIVRE
1

28

BORDA LWRE

® Bamas calculadas em Asw

¢ Bamas adicionais, fora de C'

p=28cm

6010.0mm = 4,8cm® = 4,28em® -~ ok! ~ Por contorno serdo 10010.0mm

6 — Verificacdo do Contorno C”:

p = 29cm

u' ' =ay,+a, +md+

u* = 116,18cm

6.1 — Andlise de Msd;:

c,* C,.C,

wpy, = +

4

_ (50cm)? N 50cm X 50cm

+2.C,.d+4.d* —

w.p
2

— =17,25cm + 17,25cm + 7w X 11,5cm +

4

2

T X 29cm

m.d. O T.p. O .
L Cptadp ety 2

+ 2X 50cm X 11,5cm + 4 X (11,5cm)* = 3554cm?



WX 11,5cm X 50cm

= 903,21cm?
2

T ®% 29m x 50cm .
=50cm % 29m+ 4 % 11,5cm % 29cm + 2 + (29¢cm)? = 4763,83cm?

wp, = 3554cm? — 903,21cm® + 4763,83cm? = 7414,62cm”

z z Tl z
. Cyay —ay “tag.C) +da,.d+8.d +rr.r.1".C'1+2.az.p+8.d.p+T+2.p

€1 = 2.{al+az+n.d+%]

= 50cm X 17,25cm — (17,25cm)? + 17,25cm X 50cm = 1427 44cm?
=4 X 17,25cm X 11,5cm + 8 X (11,5cm)? + w X 11,5cm X 50cm = 3657,92cm?
=2%17,25cm X 29cm + 8 % 11,50m X 290m = 3668,5cm?

T ¥ 29cm ¥ 50cm

> +2 % (29cm)? = 3959,65cm”

T X 29cm
—) = 232.36cm

=2 X (1?,2561’?1 + 17,25cm 4+ m %X 11,5em +

. 1427 44cm? + 3657,92cm? + 3668,5cm® + 3959,65cm?
B 232,36cm

£y =54 71cm

Msd,” = Fsd.e,;" = 159,08KN % 54,71cm = 8703,27KN.cm

0
Msd iy = {Msdl— Msd,* = 2528,4KN.cm — 8703,27KN.cm = —6174,87KN.cm
Msdy ., =0
€, 50cm
=" =1.:K, =060
C, 50cm

Msdy,. . 159,08KN 0
= 40,60 X .
7414 62cm” ¥ 11,5em

T L
5 [ . ]
Yowd YV wp,d  116,18cm X 11,5cm

KN
Tsd, = 0,119—— = 1,19MPa
cm®

Trd, = 0,68MPa

Tsd, = 1,19MPa > Trd, = 0,6BMPa . Colocar mais um contorno de armacio!



7 — Inserir mais um contorno de armacao:

Obs: Como o momento final é nulo e continuard sendo nulo com o aumento da
excentricidade, consegue-se estimar o valor de “p” para que a solicitagdo seja menor
que a resisténcia.

KN
Tsd, < Trd, - Tsd, < 0,68MPa -~ Tsd, < 0,068

p

cm?
Fsd 159,08KN 13,83KN
Tsd, = +0= = —
u*.d u*.11,5cm u* cm
13,83 KN KN
—— = 0,068— ~ u" = 204cm
u* cm cm?
2 Xp

. T
u*=aq+a, +m.d -I-?= 17.25ecmx 2+ X 11,E-cm-|-T

u*=7063cm+1,57xp

70,63cm + 1,57 X p = 204cm ~ p = 84,95cm

8 — Nova disposicédo construtiva:
5p=05.d ~ 5, =05 X11,5cm ~ 5, < 575cm = 5, = 5,50cm

s, <0,75.d ~s, < 075X 11,5¢cm ~ s, < 8,63cm ~ 5, = 8,50cm

s,<2d~s, <2X11,5cm ~ s, < 23cm ~ s, = 23,00cm
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5 ® Barras calculadas em Asw
é © Barras adicionais, fora de C°
a8 p=00,5cm

11@8.0mm = 5,5cm” = 4,28cm” ~ ok! . Por contornao serio 1708.0mm

9 — Verificacgdo do novo contorno C”:
p = 90,5cm

T.p .90,5cm
u*=ay+a, +m.d -I-? =17,25cm + 17,25cm + w.11,5cm + —

uw* = 212,79cm

9.1 — Anélise de Msd;:

c,?
4

C,.C, ” Cy T.p.Cy -
wpy = +T+2.C2.d+4.d‘— +C.p+4.dp+ 2 +p°



_ (50cm)? N 50cm X 50cm
4 2

+ 2X 50cm X 11,5cm + 4 X (11,5cm)* = 3554cm?

T ¥ 11,5cm X 50cm
B 2

= 903,21cm?

A P0,5cmx500m

= 50cm x 90,5cm+ 4 % 11,5cm x 90,5em + + (90,5cm)? = 20432,18cm?

wp; = 3554cm® —903,21cm” + 20432,18cm® = 23082,97cm’

».C

. Ciai—a,*+a;.C,+4.a,.d+8.8% +m.d.C +2.a; p+8.dp+ 24+ 2.p7

€1 2.(a, +ay +m.a+ZE)
(ay+az+m.a+™

+2.p

= 50cm X 17,25¢m — (17,25¢m)* + 17,25¢m X 50cm = 1427 44cm?
=4 X 17,25cm X 11,5cm + 8 X (11,5cm)? + 7 X 11,5¢m X 50cm = 3657,92cm?

=2 X 17,25cm X 90,5cm + 8 X 11,5cm X 90,5cm = 11448,25cm?

m ¥ 90,5cm ¥ 50cm . -
= 5 + 2 % (90,5cm)“ = 23488,35cm”

X 90,50m
—) = 42557cm

=2X (1?,2567?1 + 17,25cm +m ¥ 11,5em +

. 1427 44em® 4+ 3657,920m* + 11448,250m* + 23488,350m?
B 425,57 cm

ey =94 04cm

Msd," = Fsd.e,;* = 159,08KN X 94,04cm = 14959,88KN.cm

0

Msdy p, = {Msdl— Msd,” = 2528,4KN.cm — 14959,88KN.cm = —12431,48KN.cm

Msdy ., =0

C, 50cm

2="__=1.:K, =060

C, 50cm

reg = F59  o MS%pm  15908KN o 0

S = d T Y wpd | 212,79cmx 11,5em 23082,97cm® % 11,5cm

Fsd Msdy . . 159,08KN KN

Tsd, = — +K,. = +0 =0,065——= 0,65MPa
u*.d wpl.d 212,79cm X 11,5cm cm?

Trd, = 0,68MPa

Tsd, = 0,65MPa < Trd, = 0,68MPa . ok!



9.2 — Anédlise de Msdy:

c,* C,.C,

] :_+
e 4

m.d.C, m.p.C,
+C.p+4dp+

-

+p-

+2.C,.d +4.d* -

_ (50cm)*  50em X 50cm
4 2

+ 2% 50cm X 11,5cm + 4 X (11,5cm)* = 3554cm?

WX 11,5cm X 50cm

= 903,21cm>
2

A P0,5cmx 50cm

= 50cm x 90,5cm+ 4 % 11,5cm x 90,5em + +(90,5cm)? = 20432,18cm?

wp, = 3554cm® — 903,21cm” + 20432,18cm” = 23082,97cm’

B.C
Cp@z—az®+a,.Ca+4.a, d+8.° +m.d.C;+2.a, p+8.dpt 2 +2p?

€z = 2.{a=+ai+n.d+¥)

= 50cm X 17,25cm — (17,25cm)? + 17,25cm X 50cm = 1427 44cm?
=4 % 17,25cm X 11,5cm + 8 X (11,5cm)? + w X 11,5cm X 50cm = 3657,92cm?
=2 X 17,25¢cm X 90,5cm + 8 X 11,5cm X 90,5cm = 11448,25cm?

T ¥ 90,5cm ¥ 50cm

3 + 2 % (90,5cm)? = 23488,35cm°

T X 90,5cm
=2 X (1?,2567?1 +17,25cm+mw X 11,5cm + —)

= 425,57cm

. 1427,44cm? + 3657,92cm? 4+ 11448,25cm? 4 23488,35cm?
eﬂ ==
z 42557cm

= 94 04cm

Msd,” = Fsd.e,” = 159,08KN % 94,04cm = 14959,88KN.cm

0

Msdyfip = {Msd: — Msd,"* = 3434,2KN.cm — 14959,88KN.cm = —11525,68KN. cm
Msdy,,, =0
€, 50cm
2= _=1:2K,=060
€, 50cm z
reg. = F59 o M5%pim _ 15908KN 0

2= d T " wpyd | 212,79cmx 11,5cm 23082,97cm?® x 11,5cm

KN
Tsd, =0,065—— = 0,65MPa
cm®



Trd, = 0,68MPa

Tsd, = 0,65MPa < Trd, = 0,68MPa - ok!

Verificacdo dos pilares P2, P8, usando como referéncia o pilar P2:

Ca BORDA LNRE
1 — Dados: Msd:
a3 -
C; =50cm
C, = 50cm

d=h—d =16cm — 4,5cm = 11,5cm

Fsd = Fz.1,4 = 170,36KN X 1,4 = 238,50KN (Compressio)
Msd, =M_.14 =3811KN.cm % 1,4 = 53354KN.cm

Msd, = MJ..L-!L =0EN.cmx14=0KN.cm

a, <15.d - ay < 1,5 X 11,5cm = a, < 17,25cm ~ a, = 17,25cm

{1,5.::1 =15%x11,5cm = 17,25cm
=

0,5.C, = 0,5 X 50cm = 25¢cm &~ 17-23cm

2 — Verificagdo do Contorno C:

u*=2.a; +C, =2 X 1725cm + 50cm = 84,5cm

-

C,®> €., (50cm)®> 50cm X 50cm

=1 4 + = 2500cm”
YPLTTTTT 2 2

C,? (50em)? .,
wpy =~ +Cy.Cp = ——_——+ 50cm X 50cm = 3125¢m’

C,.ay —ay® + Elz_fl 50cm X 17,25¢m — (17,25cm)? + 20 - 20cm
e’:—‘ = =
2.0y + C, 2 X 17,25¢cm + 50cm

e* = 21,48cm

Msd," = Fsd.e* = 238,5KN X 21,48cm = 5122,98KN.cm



0

=
MSdifim - {Msr:il — Msd," = 53354KN.cm — 5122,98KN.cm = 212,42KN.cm

Msd, = 21242KN.cm
Fim
C; 50cm
—=—=1:~K, =060
€, 50cm
C, 50em

= =05 ~ K, =045
2.C, 2X50cm 2

F..S'd M‘gdlfim M..S'd:
Tsd = ——+K,.———— + K,.
u*.d wpy. d S wp,.d
238,50KN 212,42KN.cm 0
Tsd = + 0,6 + 0,45

* >
845cm ¥ 11,5cm 2500cm?® % 11,5¢cm 3125cm?® % 11,5¢m

KN
Tsd = 0,25— = 2,5MPa
cm

Trd, = 0,27 d=0,27 (1 ka) (ka) 0,27 (1 ESMPQ) (ESMPQ)
f —_- ' Lo, = f b4 ——|x|— | = , ® _ %
rd; S 250 1,4 250 14

Trd, = 4,34MPa

Tsd = 25MPa < Trd, = 4,34MPa - ok!

2 — Verificagdo do Contorno C’:

u'=2.a+C,+2.md=2%1725cm +50cm + 2 X 7 ¥ 11,5cm = 156,76cm

Clz Cl.Cz 2z
wlz?—l-T—"z.Cz-d-l_B-d +T['d"C1
_ (50cm)* 50em X 50cm

> > 4 2 % 50cm X 11,5cm = 3650cm®

=8 % (11,5cm)? + 7 X 11,5cm X 50cm = 2864,42cm>

wp; = 3650cm” + 2864,42cm® = 6514,42cm”

-

=
-
&

4

wp, = +C.C+4.0.d+8d* +mdC,

(50cm)? 5
=—— 4+ 50cm X 50cm + 4 X 50cm X 11,5cm = 5425cm



=8 x (11,5cm)? + 7 X 11,5cm X 50cm = 2864,42cm?

wp, = 5425cm” + 2864,42cm?® = 8289,42cm?
Cra—a?+92 821 20,d +8.d7 + md.C
& —

© 7 2.a+C,+ 2.md B

.  GS0ecm+ 50cm .
=50cm X 17,25cm — [1?,25(:‘?‘?1:]‘ + 5 = 614,94cm

=2 % 50cm X 11,5cm + 8 % (11,5cm)? 4+ 7 X 11,5cm X 50cm = 4014,42cm?
=2 X 17,25cm + 50cm + 2 X 7 X 11,5cm = 156,76cm

. 614,94cm® + 4014,42cm?
B 156,76cm

e = 2953cm

Msd,” = Fsd.e* = 238,5KN X 29,53cm = 7042,91KN.cm

0
Msdy gy, = {Msdl— Msd," = 53354KN.cm — 7042,91KN.cm = —1707,51KN.cm
Msdy,,, =0
€, 50cm
A _1.K, =060
€, 50cm
c, 50cm

= =05 ~ K, =045
2.C, 2X50cm 2

Fsd Msd, . Msd,
Tsd = —— +K,.—L ™ + K, —
u*.d wp,. d “wp,.d
Tsd = 238,508 N + 0,6 % 0 + 0,45 x 0
sa= 156,76cm x 11,5¢cm  2500cm® % 11,5¢cm 3125cm® x 11,5¢cm

KN
Tsd = 0,132—— = 1,32MPa
cm

. As, 1,25cm”
012,5mm a cada 12em ~ p, = = = 0,0065
Ac 12cm ¥ 16cm
. As.. 1,25cm°
012.5mm a cada 13cm = p, = ¥ = = 0,006
Ac 13cm ® 16cm

p =[PP, =+/0,0065 X 0,006 = 0,0062



20 1

| =

Trd; =013.( 1+ |— ). (100.p.fck)?
N

|2EI

Trd, =013 x| 1+ |

1
% (100 x 0,0062 X 25MPa)3 = 0,75MPa
wl 11,5cm

Tsd = 1,32MPa > Trd, = 0,75MPa . Armar a puncio!

2.1 — Calculo da armadura de puncéo:
g = 90°% ~ 5en90® = 1,0

5, = 0,75.d ~ 5, = 0,75X 11,5cm ~ 5. = 8,63cm .~ 5, = 8,0cm

(h —15) (16cm — 15)
fywd = 250 + 185.——— = 250 + 185 X ————— = 259,20MPa ~
20 20
||5 1 d Asw. fywd.sen o
Trd, = 0,10.[ 14+ |— |.(100.p. fck)3 4+ 1,5.—.
| d s, u.d
N
=0,10 X (1 + |2 ) % (100X 0,0062 X 25MPa)= =0,58MPa
8 11,5cm
11,5cm  Asw X 259,2ZMPa X 1 MPa
=1,5X% X = 0,31 X Asw X —
Scm 156, 76cm ¥ 11,5cm CHL

MPao
Trdy; = 0,58MPa + 0,31 X Asw X 5
CHL

Tsd = Trd,

MPa
J

1,3ZMPa =< 0,58MPa+ 0,31 X Asw X

Asw = 2,39¢m?

2.2 — Célculo da armadura de puncéo obrigatdria:

1 Fsd 1 238,50KEN .

Asw = —, Adsw - K ————— o Asw = 4.590m
2 fywd 2 26 KN
£

Serdo no minimo 3 contornos de armag&o a puncéo, entdo:



4,59¢cm?
Asw = ————— = 1,53cm?
3 contornos

Asw & 2,39em* = 1,53em? =~ ok!

2.3 — Disposicéo construtiva:

sy £0,5.d ~ 5, <05 x 11,5cm ~ s, < 5,75cm ~ 5, = 5,00cm
s, <0,75.d ~s, < 075X 11,5¢cm ~ s, < 8,63cm ~ 5, = 8,00cm

s,<2d~s, =2X11,5cm ~ 5, < 23cm ~ s, = 23,00cm

SORDA LIRS . I“"I_"I | I I_IHI -
- —J_l—*— b b b —Ji—&;'— i @ Bamas calculadas em Asw
b= [ L O N © Bamas adicionals, fors de
e N
| S &4 44— —
= | | | L] | -°-
T ISeRN
I B e e e e I e A

| L—g——-

12@05.0mm = 2,40em® = 2,39¢m? =~ ok! ~ Por contorno serio 1605.0mm

3 — Verificagdo do Contorno C”:

p = 29cm

u'=2.a+C,+2.nmd+mp

w*=2x1725cm+ 50ecm+ 2 X 7w X 11,5cm + 7 X 29cm

u® = 247 B6cm

c,* €,.C, . T.p.Cy
?+T+2'C2'd+ 8.d°+md(, +C.p+8.dp+

_ (50cm)*  50em X 50cm
2 2

-

+2.p°

wp, =

+ 2% 50cm X 11,5cm + 8 X (11,5cm)? = 4708cm?



=7 X 11,5cm X 50cm + 50cm X 29cm + 8 X 11,5¢m X 29cm = 5924,42cm?

_ﬁngcmxfrl]cm

> + 2% (29cm)? = 3959,65cm”

wp; = 4708cm® + 5924,42cm? + 3959,65cm* = 14592,07cm?®

-

C,° 5 T.p. O .
Wps =, +C,.C,+4.C,.d+8.d"+mdC,+2.C.p+8.dp+ +2.p
_ (50cm)?

+ 50cm X 50cm + 4 X 50em X 11,5cm + 8 X (11,5cm)? = 6483cm?

=7 % 11,5cm ¥ 50em + 2% 50em X 29cm + 8 % 11,50m ¥ 29cm = 7374,42em?

_TIXEQCTHXEEICTH

> + 2 % (29cm)? = 3959,65cm”

wp, = 6483cm® + 7374,42cm? + 3959,65ecm* = 17817,07cm?®

Crha-a?+8T% 5 0 d48d2+md.Ci+Cop +8.dp+T28 10 2

ot — 2 2
2aa+l;+2md+mp

. S0cm + 50cm
= 50cm ¥ 17,25¢cm — (17,25cm) +f+ 2 % 50cm % 11,5cm = 1764,94cm?

=8 x (11,5cm)? + 7 x 11,5cm X 50cm + 50cm X 29cm = 4314,42cm”

X 29%9cm ¥ 50cm .
=8 %X 11,5cm X 29cm + 5 + 2% (29cm)” = 6627,65cm?

=2X17,25cm + 50em + 2 X w X 11,5em + 7w X 29cm = 247,86cm

. 1764,94em?® 4+ 4314 42em” L 6627,65cm?
B 247 86cm

e =51,27m

Msd," = Fsd.e* = 238,5KN % 51,27cm = 12227,90KN.cm

0
Msdypyp = {Msdl— Msd," = 5335,4KN.cm — 12227,9KN.cm = —6892,5KN.cm
Msdy,, =0
€, 50cm
A2 -1 .K =060
C, 50cm
c, 50cm

= =05 ~ K, =045
2.C, 2X50cm 2



T d F..S'd + K M‘gdlfim M..S'd:
50 = — .
u*.d Y owp,.d “wp,.d
Tsd = 238,50KN +06 0 + 0,45 0
5@ = 24786cm x11,5cm  14592,07cm®x 11,5ecm ' 17817,07cm®x 11,5cm

KN
Tsd = 0,084—— = 0,84MPa
cm®

Trd, = 0,75MPa

Tsd = 0,84MPa > Trd, = 0,75MPa - Colocar mais um contorno de armacio!

4 — Inserir mais um contorno de armacao:

Obs: Como o momento final é nulo e continuara sendo nulo com o aumento da
excentricidade, consegue-se estimar o valor de “p” para que a solicitagdo seja menor
que a resisténcia.

KN
Tsd < Trdy, ~ Tsd < 0,75MPa -~ Tsd < 0,075—

cm*
Fsd 238,5KN 20,74 KN
T.S-'d = + 0= = -
u*.d u*.11,5cm u* cm
2074 KN KN
— = 0,075—— -~ u® = 276,53cm

u* cm lov i
u'=2a+C,+2.nd+mnp
u* ' =2x1725em+ 50em+ 2 X w X 11,5em + T X p
u* = 156,76em+m X p

156,76cm + T X p = 276,53cm ~ p = 38,12cm

5 — Nova disposigéo construtiva:

Sy =05.d ~ s, <05 X 11,5cm ~ 5, < 5,75¢cm = s, = 5,00cm
s, <0,75.d ~»s, < 0,75% 11,5¢m ~ s, < 8,63cm ~ 5, = 8,00cm

s,£2.d~s, £2xX115cm + s, < 23cm =~ 5, = 23,00cm
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K ] L L R B
F]___é_é_é-_{?—%_ér —+—+—‘¢|—'&—J"*‘__' @ Bamas calculadas em Asw
= |||_.. ...lll F © Bamas adiclonals, foR de &
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L y_ e S B e la—— % L

14@5.0mm = 2,74em” = 2,39¢m?’ -~ ok! - Por contorno serio 18@5.0mm

9 — Verificagao do novo contorno C”:

p = 45cm

u*=2.a+C,+2.nmd+mp

u*=2x17,25cm+ 50cm + 2 X w X 11,5cm +m X 45cm

u® = 298,13cm

c,* C,.C, ., T.p. Cy .,

WPy = ,,d+8.d°+ndC, +C.p+8.dp+ +2.p°
(50cm)?  50cm X 50cm . .
= > + 3 + 2% 50cm X 11,5cm + 8 ¥ (11,5cm)* = 4708cm”

=17 % 11,5cm ¥ 50em + 500m X 45cm + 8 ¥ 11,50m X 450m = 8196,420m?

_?IX45mn>(5lJcm
B 2

+ 2 % (45cm)* = 7584,29cm”

wp; = 4708cm® + 8196,42cm? + 7584,29cm® = 20488,71cm®

m.p. O, -
wp, = ,+4.C,.d+8.d*+m.dC,+2.C.p+8.dp+ pz =+ 2.p°

(50cm)? . ,
=—— 4+ 50em X 50cm + 4 X 50cm ¥ 11,5cm + 8 X (11,5cm)* = 6483cm®

=7 % 11,5cm ¥ 50em 4+ 2% 50em X 45cm + 8% 11,50m X 450m = 10446,42em”



_?rx45c.‘m>(5l:lcm

> + 2 % (45cm)? = 7584,29cm”

wp, = 6483cm” + 10446,42cm® + 7584,29cm” = 24513,71cm?

C'1+C' p 1

Cia—a’+ 3 - —f42.0,d+8d*+mdCy+Cup+8dp+—5-—1 5 + 2.p?
3:
¢ 2aa+l;+2md+mp
. S0cm + 50cm 2
= 50cm x 17,25¢cm — (17,25¢cm) 2 s 2 % 50cm x 11,5¢cm = 1764,94cm

=8x (11,5cm)? + 7 X 11,5cm X 50cm + 50cm X 45cm = 5114,42cm?

T X 45cm ¥ 50cm . )
=8 x11,5cm X 45cm + 5 + 2 X (45cm)” = 11724,29cm

=2X17,25cm + 50cm + 2 X w X 11,5em + 7 X 45cm = 298,13cm

1764,94cm?® + 5114,42cm? + 11724,29¢0m?
gf = = 62,4cm
298,13cm

Msd," = Fsd.e* = 238,5KN X 62,4cm = 14882,4KN.cm

0
Msdy gy, = {Msdl Msd," = 53354KN.cm — 14882,4KN.cm = —9547KN.cm

L = = l:l,5 ~ K, = 0,45
2.C, 2 X50cm 2

Tsd = =d M5d1ﬂm - Ms=d,
u*.d wp,. d “wp,.d
Tsd = 238,50KN +06 0 + 0,45 0
%% = 39813cm x 11,5cm " 20488,71cm2 X 11,5cm '~ 24513,71cm® x 11,5cm

KN
Tsd = 0,070—
cm*

= 0,70MPa

Trd, = 0,75MPa

Tsd = 0,70MFPa < Trd, = 0,75MPa .. ok!



Verificacdo dos pilares P4 e P6, usando como referéncia o pilar P4:

1 — Dados:

BORD® LWRE

C; =50cm
Msds

e
o

C, = 50cm

d=h—d =16cm — 4,5cm = 11,5cm Msdz

L )
L J

Fsd = Fz. 1,4 =178,84KN X 1,4 = 250,38KN (Compressio)

Msd, = M,.1,4 = 2706KN.cm X 1,4 = 3788,4KN.cm

Msd, =M_.14=0KN.cm X 1,4 = 0 KN.cm

a, <15.d ~ ay < 1,5 X 11,5¢cm - a, < 17,25cm ~ a, = 17,25¢cm

a: {1,5.::1 =15%X11,5cm = 17,25cm

0,5.C, = 0,5 X 50cm = 25¢cm &~ 17:23cm

2 — Verificacdo do Contorno C:

u*=2.a; +C, =2 %X 1725cm + 50cm = 84,5cm

-

C,> €., (50cm)®> 50cm X 50cm

=—+ + = 2500cm?

YPLTTTTT 2 2
C,? (50em)? .

wpy =~ +Cy.Cp = =—_——+ 50cm X 50cm = 3125¢m’

C,.ay —ag® + Elz_fl 50cm X 17,25¢m — (17,25cm)? + 20™ N 20cm
ei-‘ = =

2.0, + C, 2 X 17,25¢cm + 50cm

e* = 21,48cm

Msd,” = Fsd.e* = 250,38KN x 21,48cm = 5378,16KN.cm

0
Msdypyp, = {Msdl— Msd," = 3788,4KN.cm — 5378,16KN.cm = —1589,76KN.cm
Msdy,, =0
¢, 50cm B
= —1.K =060



C, _ 50cm
2.C, 2 X50cm

=05 ~ K, =045

Fsd Msd, Ms=d,
Tsd = R — T g, 2
u*.d wp,. d “wp,.d
250,3BKN 0 0
Tsd = + 0,6 + 0,45

% %
84,5cm ¥ 11,5cm 2500em?® ¥ 11,5cm 3125cm?® % 11,5¢m

KN
Tsd = 0,258—— = 2,58MPa
Cim

frk frk
Trd, =027.u,.fcd = 0,27 % (1 - —) x (—) =027 % (1 —

ESMPG,) (ESMPG,)
250 14 X

250 1,4
Trd, = 4,34MPa

Tsd = 258MPa < Trd, = 434MPa ~ ok!

3 — Verificagdo do Contorno C’:

u'=2.a+C,+2.md=2%1725cm +50cm + 2 X 7 ¥ 11,5cm = 156,76cm

Clz Cl.C: Z
WI=?+T+2.C2.d+E.d +T['d'cl
_ (50cm)*  50em X 50cm

> > 1 2% 50cm X 11,5cm = 3650cm”

=8 x (11,5cm)? + 7 X 11,5cm X 50cm = 2864,42cm?>

wp, = 3650cm” + 2864,42cm® = 6514,42cm”

"

=
-
&

4

wp, = +C,.C+4.C.d+8d*+mdC,

(50cm)? 5
=—— 4+ 50cm X 50cm + 4 X 50cm X 11,5cm = 5425cm

=8 % (11,5cm)? + 7 X 11,5cm X 50cm = 2864,42cm>

wp, = 5425cm” + 2864,42cm?® = 8289,42cm?
Cra—a*+597 %4 0.c,d+8.d7 +md.C,
L J— j—

© - 2.a+C,+ 2.m.d B




.  GS0ecm+ 50cm .
= 50cm ¥ 17,25em — (1?,25(:‘?‘?1]‘ + 5 = 614,94cm

=2 % 50cm X 11,5cm + 8 X (11,5cm)? + 7 X 11,5cm X 50cm = 4014,42cm?

=2 X 17,25cm + 50em + 2 X mw X 11,5em = 156,76cm

. 614,94cm? 4+ 4014,42cm?

= 2953cm
156,76cm

e

Msd," = Fsd.e* = 250,38KN X 29,53cm = 7393,72KN.cm

0
Msdy gy, = {Msdl— Msd," = 3788,4KN.cm — 7393,72KN.cm = —3605,32KN.cm

=05 ~ K, =045

sd Msd, . Msd,
Tsd = 4K — T g,
*.d wp,. d S wp,.d
250,38KN 0 0
Tsd + 0,6 x + 0,45 %

- 156,76cm ¥ 11,5cm 6514,42cm* x 11,5¢m 8289,42cm* x 11,5¢m

KN
Tsd = 0,139— = 1,39MPa

cm
. As, 0,8cm?
@10mm a cada 14cm -~ p, = = = 0,0036
Ac l4cm X 16cm
. As, 2em?
@16mm a cada 13ecm . p, = = = 0,0096
¥ Ac  13cm X 16cm

p =./p.-p, =+/0,0036 X 0,0096 = 0,0059

20 1
| =
Trd, =0,13.| 1+ " .(100.p. fck)3
N
| 20

1
Trd, =0,13 x| 1+ | X (100 X 0,0062 X 25MPa)3 = 0,75MPa

(11,5
WI £



Tsd = 1,39MPa > Trd, = 0,75MPa .. Armar a puncio!

3.1 — Calculo da armadura de puncéo:

¢ = 90° ~ sen90” = 1,0

5.=075d ~5,=075x11,5cm ~ 5, = §,63cm ~ 5, = §,0cm

(h —15) (16cm — 15) KN
fywd =250+ 185.——— =250+ 185 X ——— = 259,20MPa - 26—
20 20 I
||5 1 d Asw. fywd.sen o
Trd; =0,10.| 1 + [— (100.p. fck)® +1,5.—.
1‘| d s, u.d
20 1
=0,10%x]| 1+ ! % (100 x 0,0059 X 25MPa)? = 0,57MPa
[11,5cm
\
11,5cm  Asw X 259 2MPax 1 MPa
=15x X = 0,31 X Asw X 5
2cm 156,76cm ¥ 11,5cm CHL

MPao
Trdy; =0,57MPa + 0,31 X Asw X 5
CHL

Tsd < Trd,

MPao
14MPa = 0,57MPa+ 0,31 X Asw % 5
cm

Asw = 2,68cm?

3.2 — Célculo da armadura de puncéo obrigatoria:

1 Fsd 1 25038KN 5

Asw = —. mAsw - X ————— o Asw = 4.82em
2 fywd 2 26 KN
S

Serdo no minimo 3 contornos de armagéo a puncao, entao:

4,82cm? )
Asw = —— = 1,61cm
3 contornos

Asw o 2,68em” = 1,61em?® ~ ok!



3.3 — Disposicao construtiva:

5, =05.d ~5,=05x11,5cm =~ 5, = 575cm ~ 5, = 5,00cm

s, < 0,75.d ~5, < 075X 11,5¢cm ~ s, < 8,63cm ~ 5, = 8,00cm

s,<2.dx~s, £2X115cm ~ s, < 23cm ~ s, = 23,00cm

11T |

1 I A i
FImaeenalE
i i i o g B G
44—+

@ Barras calculadas em Asw
0 Barras adiclonals, foa de

p=20cm

BORDA LIVRE

1206.3mm = 3,78cm” = 2,68cm” -~

ok! =~ Por contorno serdo 1606.3mm



4 — Verificagdo do Contorno C’:

p = 29cm

u*'=2.a+C,+2.nd+mnp

u*=2x1725cem +50cm + 2 X w X 11,5cm + 1w X 29cm

u® = 247,86cm

c,* C,.C, ., T.p.Cy .,

wpy = -+ +2.C,d+8.d°+md.C,+Cpp+8.dp+ +2.p°
(50cm)?  50cm X 50cm . .
= > + 3 + 2% 50cm X 11,5cm + 8 ¥ (11,5cm)* = 4708cm”

=1 % 11,5cm ¥ 50em + 500m X 29cm + 8 ¥ 11,50m X 290m = 5924 ,420m?

_TIXEQCTHXEEICTH
B 2

+ 2 % (29cm)? = 3959,65cm”

wp; = 4708cm” + 5924,42cm? + 3959,65cm* = 14592,07cm”

"

Gy 2 T.p.C, .
Wps =, +C,.0,+4.0,.d+8d° +nmd,+2.C.p+8.dp+ +2.p°
_ (50cm)?

+ 50cm X 50cm + 4 X 50cm X 11,5cm + 8 X (11,5cm)? = 6483cm?

=m X 11,5cm X 50cm + 2 X 50cm X 29cm + 8 X 11,5cm X 29¢cm = 7374,42cm”

_TIXZ?CTRXSGCTH

> + 2% (29cm)? = 3959,65cm”

wp, = 6483cm® + 7374,42cm* + 3959,65cm* = 17817,07cm”

Cra—a?+83 8 o 0 41 8.4d%2+md.Cy+Cop +8.dp+ Bl Lo 2

ot — 2 2
Za+l;+2md+mp

. S0cm + 50cm
= 50cm x 17,25¢cm — (17,25¢m)? +f+ 2 % 50cm x 11,5cm = 1764,94cm?

=8 X (11,5¢m)? + 7 X 11,5cm X 50cm + 50cm X 29cm = 4314,42cm®

X 29cm X 50cm .
=8 %X 11,5cm X 29cm + 5 + 2% (29cm)” = 6627,65cm?

=2 X1725cm + 50cm + 2 X w X 11,5cm + w X 29cm = 247,86cm



. 1764,94cm?® + 4314,42cm® + 6627,65cm>
B 247,86¢cm

e =51,27m

Msd," = Fsd.e* = 250,38KN % 51,27cm = 12836,98KN.cm

0
Msdy gy, = {Msdl— Msd," = 3788,4KN.cm — 12836,98K N.cm = —9048,58K N.cm
Msdy,,, =0
;  50em
A _1.K =060
€, 50cm
c, 50cm

= =05~ K, =045
2.C, 2x50cm 2

Fsd Msd, Mszd,
Tsd = —— +K,.—L ™ + K, —
u*.d wp,. d “wp,.d
Tsd = 250,38KN +06 0 + 0,45 0
S0 = 54786cm x 11,5cm - 14592,07cmE X 11,5cm - 17817,07cm® x 11,5cm

KN
Tsd = 0,088—— = 0,88MPa
cm*

Trd, = 0,75MPa

Tsd = 0,88MFPa = Trd, = 0,75MPa . Colocar mais um contorno de armacio!

5 — Inserir mais um contorno de armacao:

Obs: Como o momento final é nulo e continuard sendo nulo com o aumento da

excentricidade, consegue-se estimar o valor de “p” para que a solicitagdo seja menor
gue a resisténcia.

KN
Tsd < Trdy, ~ Tsd < 0,75MPa -~ Tsd < 0,075—

cm?
Fsd 250,3BKN 21,77TKN
Tsd = +0= = —
u*.d u*.11,5cm u* com
21,77KN KN
— = 0,075 — .~ ut = 290,27cm

u* cm cme
u'=2.a+C,+2.md+mp

w'=2x1725em+50em+ 2 X w X 115em+w X p



u* = 156,76em+mT X p

156,76cm + m X p = 290,27cm ~ p = 42,51cm

6 — Nova disposi¢do construtiva:

Sy 05.d ~ s, <05 X 11,5cm ~ 5, < 5,75¢cm = s, = 5,00cm
s, <075.d ~s, < 0,75% 11,5cm =~ 5, < 8,63cm ~ 5, = 8,00cm

s,<2d~s, <2X11,5cm ~ s, < 23cm ~ s, = 23,00cm
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% 0 Bammas adiclonals, fora e CF
= p=d5cm

14@5.0mm = 2,74em” = 2,68cm? ~ ok! ~ Por contorno serio 1805.0mm



7 — Verificacao do novo contorno C’:

p =45cm

u*'=2.a+C,+2.nd+mnp

u*=2x17,25cem + 50cm + 2 X w X 11,5cm + 1w X 45cm

u® = 298,13cm

c,* C,.C, ., T.p.Cy .,

wpy = -+ +2.C,d+8.d°+md.C,+Cpp+8.dp+ +2.p°
(50cm)?  50cm X 50cm . .
= > + 3 + 2% 50cm X 11,5cm + 8 ¥ (11,5cm)* = 4708cm”

=17 % 11,5cm ¥ 50em + 500m X 45cm + 8 ¥ 11,50m X 450m = 8196,420m?

_?IX45mn>(5lJcm
B 2

+ 2 % (45cm)* = 7584,29cm”

wp; = 4708cm” + 8196,42cm? + 7584,29cm® = 20488,71cm”

"

Gy 2 T.p.C, .
Wps =, +C,.0,+4.0,.d+8d° +nmd,+2.C.p+8.dp+ +2.p°
_ (50cm)?

+ 50cm X 50cm + 4 X 50cm X 11,5cm + 8 X (11,5cm)? = 6483cm?

=m X 11,5cm X 50cm + 2 X 50cm X 45cm + 8 X 11,5cm X 45cm = 10446,42cm?

_?rx45c.‘m>(5l:lcm

> + 2 % (45cm)? = 7584,29cm”

wp, = 6483cm® + 10446,42cm* + 7584,29cm” = 24513,71cm?

cl.a—a2+%+z.cz.d+ 8.d2+m.d.Cy + Co.p + 8. d.p+%‘c‘1+2.pf
g* =

Za+l;+2md+mp

. S0cm + 50cm
= 50cm x 17,25¢cm — (17,25¢m)? +f+ 2 % 50cm x 11,5cm = 1764,94cm?

=8 X (11,5¢m)? + 7 X 11,5cm X 50cm + 50cm X 45cm = 5114,42cm®

X 45ecm X 50cm .
=8 %X 11,5cm X 45cm + 5 + 2 % (45cm)” = 11724,29cm?

=2X17,25cm + 50cm + 2 X w X 11,5cm + w X 45cm = 298,13cm



. 1764,94cm® + 5114,42cm® + 11724,29cm?
B 298,13cm

e =624cm

Msd," = Fsd.e* = 250,38KN X 62,4cm = 15623,71KN.cm

0
Msdy gy, = {Msdl— Msd," = 3788,4KN.cm — 15623,71KN.cm = —11835,31KN.cm
Msdy,,, =0
;  50em
A _1.K =060
€, 50cm
c, 50cm

= =05~ K, =045
2.C, 2x50cm 2

=d Msd, Mszd,
Tsd=—— +K,,— L2 4K, —>
u*.d wp,. d “wp,.d
Tsd = 250,38KN +06 0 + 0,45 0
%% = 30813cm x 11,5cm ' 20488,71cm® X 11,5cm | '~ 24513,71cm? x 11,5cm
KN
Tsd = 0,073—— = 0,73MPa

"
Trd, = 0,75MPa

Tsd = 0,73MFPa < Trd, = 0,75MPa .. ok!

Verificacdo do pilar P5:

& Msdz
I

1 — Dados:
G s
Msd1
C; = 50cm
C, = 50cm Cz

d=h—d =16cm — 4,5cm = 11,5cm
Fsd = Fz.1,4 = 253,38KN X 1,4 = 354,73KN (Compressio)
Msd, =M,.1,4 =0KN.cm X 1,4 = 0 KN.cm

Msd, = M,.14=0KEN.cmXx 14 =0KN.cm



2 — Verificacdo do Contorno C:

u=2.(C; +C,) = 2% (50em + 50cm) = 200cm

c,’ (50em)* 2
wpy =——+ Cy.C; = =————+50cm X 50cm = 3750cm
C,? (50cm)? .,
wpy = —=+;.C; = ————+ 50em X 50cm = 3750m’
C; 50cm
_:—:1'.K1:D,60
C, 50cm
C, 50cm
2= =1.K,=060
C, 50cm -
red sel Tk Msd, N Ms=d,
5 = — +a
wd = Ywp.d Y wp,.d
354,73KN 0 0
Tsd = + 06 +0,6

> X
200cm ¥ 11,5cm 3750cm® ¥ 11,5cm 3750cm® ¥ 11,5¢m

KN
Tsd = 0,154—— = 1,54MPa
cm

T'rd, =027 d = 0,27 (1 ka) (ka) 0,27 (1
a4 = . S = u, - == — | = -
Tids s wfe X 350 X 14 x

ESMPG,) (ESMPG,)
250 X 1,4

Trd, = 4,34MPa

Tsd = 1,54MPa < Trd, = 434MPa -~ ok!

3 — Verificagdo do Contorno C’:

u=2.(C;+C,)+4.m.d=2x(50cm+50cm) +4xmx115cm = 34451cm

-

C rs
wp, = %Jr C,.C, +4.Co.d + 16.d* + 2.m.d. C,

(50cm)? )
=—+50cm ¥ 50cm+ 4 X 50cm ¥ 11,5cm = 6050cm

=16 x (11,5(:11"1]2 +2x¥xmx11,5cm ¥ 50cm = 5?28,83(:1112

wp,; = 6050cm® + 5728,83cm”® = 11778,83cm*



-
r

"
=

wp, =—+C,.C; +4.C,.d+ 16.d* + 2.m.d. C,

(50cm)? )
=—+50cm ¥ 50cm + 4 X 50cm ¥ 11,5cm = 6050cm

=16 X (11,5cm)? + 2 X mw X 11,5cm X 50cm = 5728,83cm?

wp, = 6050cm” + 5728,83cm® = 11778,83cm?

C; 50cm
—=——=1:K, =060
C, 50cm
C, 50em
—=——=1:K, =060
C; 50em
red sd+ K Ms=d, N Ms=d,
sd = — 2
u. d Ywp,.d “ wp,.d
Ted = 334,73KN 06 0 06 0
== 344.51cm x 11,5cm Thex 11778.83m* x 11.5cm Thox 11778.,83cm* x 11.5cm

KN
Tsd = 0,090—— = 0,90MPa
cm

. As, 1,25cm?
012,5mm a cada 12em ~ p, = = = 0,0065
Ac 12cm X 16cm
. HS}_ 2em?
@16mm a cada 13ecm . p, = = = 0,0096
¥ Ar 13cm X 160cm

p = ./Ps-Py =+/0,0065 X 0,0096 = 0,0079

||5 1
Trd, =0,13.| 1+ [— |.(100.p.fck)3

I d

N
[ 20 1

Trd, =013 x| 1+ |

% (100 X 0,0079 X 25MPa)? = 0,81MPa
wl 11,5¢m

Tsd = 090MPa > Trd, = 0,81MPa ~ Armar a puncio!

3.1 — Calculo da armadura de puncéo:

¢ = 90° ~ sen90” = 1,0



5. = 0,75.d ~ 5. = 075X 115cem ~ 5, =< 8,63cm «~ 5, = 8,0cm

(h —15) (16cm — 15) KN
fywd =250+ 185.——— =250+ 185 X ——— = 259,20MPa - 26—
20 20 I
||5 1 d Asw.fywd.sen o
Trd; =0,10.| 1+ |— .(100.p. fck)3 +1,5.—.
1‘| d s, u.d
20 1
=0,10x| 1+ ! % (100 x 0,0079 X 25MPa)? = 0,63MPa
[11,5¢cm
\
11,5cm  Asw X 259 2MPa X1 MPao
=15x * = 0,14 ¥ Asw X =
Scm 344 51cm % 11,5cm CH1
MPa
Trdy; = 0,63MPa + 0,14 X Asw X 5
CHL
Tsd < Trd,
MPa

0,90MPa =< 0,63MPa+ 0,14 X Asw X =
CH

Asw = 1,93cm?

3.2 — Célculo da armadura de puncéo obrigatoria:

1 Fsd 1 354,73KN 5

Asw = —. LAsw B K ——— & Asw = 6,84em
2 fywd 2 26 KN
cms

Serdo no minimo 3 contornos de armacéo a puncdo, entdo:

6,84cm?
Asw = —————— = 228cm*
3 contornos

Asw = 1,93em?® < 2,28em?® ~ Nio ok!

Obs: Portanto, se for detalhado apenas 3 contornos de armacgao, € necessario armar
considerando 2,28cm? por contorno ao invés de 1,93cm? por contorno.

3.3 — Disposicao construtiva:

5, =05.d -5, 05 % 11,5cm ~ 5, = 575cm ~ 55 = 5,00cm



s, < 0,75.d ~s, < 0,75 X 11,5¢cm ~ 5, < 8,63cm ~ 5, = 8,00cm

s,<2.dx~s, £2X115cm ~ s, < 23cm ~ s, = 23,00cm

L

i

13

it

@ Damas calculadas em Asw
o Baras adickonals, fora ge .

p=2%cm

2405.0mm = 4,80cm?® = 1,93cm? =~ ok! =~ Por contorno serio 2405.0mm

4 — Verificagao do contorno C”:
p = 29cm
u=2.(C,+C,)+4md+2.np

u=2%(50cm+50cm) +4Xm7x11,5cm+ 2 X 7 X 29m = 526,73cm

-
&

C 5 5
wpy = ?1+ 6.0, +4.0,d+16.d*+2.mdly+2.0,.p+ 16.dp+4p-+mlp

(50cm)* . .
=—— 4+ 50cm X 50cm + 4 X 50cm X 11,5cm + 16 X (11,5cm)” = §166cm”

=2XmX11L5cm X 50cm+ 2 X 50cm X 29cm = 6512,83(:7?12
=16 X 11,5cm ¥ 29cm + 4 X (E‘chjz + 7 X 50cm X 29cm = 13255,31cm?

wp; = 8166cm” + 6512,83cm?® + 13255,31cm” = 27934,14cm?



-

r
-
rs

wp, = + 7.0 +4.C.d+16.d° + 2. md. O+ 2.Cy.p+16.dp + 4.p? + .Cop

(50cm)? ., ,
=———+50cm X 50cm + 4 X 50cm X 11,5cm + 16 X (11,5cm)* = 8166cm”

=2xmwx¥115cm X 50em 4+ 2 ¥ 50em X 29em = 6512,83em”
=16 X 11,5cm X 29cm + 4 X (29cm)* + m % 50cm X 29cm = 13255,31cm?

wp, = 8166cm® + 6512,83cm?* + 13255,31cm® = 27934,14cm?

€, 50cm
2= =1 .K, =060
C, 50cm
€, 50cm
2="_""=1:K, =060
€, 50cm 2
Fsd Msd, Ms=d,
Tsd = —+ K;. + K.
u. d wp,.d wp,.d
Tsd — 354,73KN 406 0 06 0
S = 526,73cm x 11,5cm ' '27934,14cm®*x 11,5cm = 27934,14cm* x 11,5cm

KN
Tsd = 0,059——= = 0,59MPa
cm*

Trd, = 0,81MPa

Tsd = 0,59MPa < Trd, = 0,81MPa -~ ok!



