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Concreto resisténcia a compressao 8.2.4

1978 2003
idade 28d 28d e fy;
dosagem | f.,~f.x+ kes, NBR 12655
controle fek est NBR 12655
calculo fog=f /v | item 12.3.3

Concreto 12.3.3 resisténcia de calculo
do concreto

£ = S > 28d de idade
cd —
},C /:%

28

s(1- T)
£ = . ckj f x ®€ - qualquer idade, t
cd -
Ve Ve

$=0,385CPllleCPIV
S$S=025->CPleCPlIl
$=0,20-> CPVARI

t,) 2 idade em dias




Concreto

12.3.3 evolugao da resisténcia a
compressao

Analisis estatistica

AR YA

Acciones

. Coeficientes de .

Analisis determinista

A AN

Resisténcia
de los
Materiales

| ponderaccién |
i I Accién Solicitaccion
: f; . do calculo atuante
| I
Fi | | Fa-Fi V¢ Sa
|
i Sd < Ru
| I
fi I I fa= fi / Ym Ry
i Ym | Resisténcia Solicitaccion
. . de calculo resistente
| I




fib (CEB-FIP) Model Code 1990

bulletin d’information 213/214, May 1993

fcd = fck / Ye Yo = 1,4
G.q=0,85°f_

para f, =25 MPa -
f. o (estructura) = 17.8 MPa

Ye = Ye1®Ye2® Ye3

(1.20) * v = S da estructura2 s,
(1.05) * v, 2 f o (est.) # £, (c.p.)
(1.12) * y.; > duvidas sobre R
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para f, =25 MPa
> f., =17.8 MPa
YC = (1 !4) = 7'2 MPa ('Yc='Yc1 "Yc2"Yc3:

'Yc1 = (1 ,20) — 3,1 MPa (Sc.ef €Structura 2 s;)
Ye2 = (1,05) = 1,7 MPa (f. . #f. c.p.)
'Yc3 = (1 ,15) — 2,4 MPa (davidas sobre R)
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fex 25 MPa 80MPa

Ye 17.8 MPa 57 MPa
7.2 MPa 23 MPa

?
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Resisténcia a tracao

o > |

B <
BN /./ \
(=) AT ‘3
A I(T1 = J
f

ct,sp

Direta (determinada s6 em
pesquisa, tomada como

referéncia) fct = F/(bh)

Indireta (NBR 7222-94)
Compressao diametral

fet,sp= 2 FI(nLD)

E b
F imgy
A;/ I Flexdao (NBR 12142-91)
L fetf= Mc,/(bh?/6)

ﬁ;]/ 2 bh

l {

b

fct,f

13

concreto 8.2.5 resisténcia a tragao

f = 0,9+ s, 2 NBR 7222 - compresséo diametral
fee = 0,7f s > NBR 12142 - tracdo na flexao

fctk,inf = 0,213 fci - calculo

f — 03003 fz —> abertura de fissura, armadura
ct,m 2 ck transversal minima

Stk sup = 0,39 @3 fci - armadura longitudinal minima

f.,j 2 7 MPa, vale para f,;;
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concreto resisténcia a tragao

f, =f,/10 > NBR 6118/78 para f,, < 18MPa
f., = 0,06+f, + 0,7 > NBR 6118/78 para f,, > 18MPa

4.5 e L -

a4

NBR 6118
-8, 3.5 | 2003
£
S
S 3
2
=2
.2
8 25 NBR 6118
1978
2
1.5 -
20 25 30 35 40 45 50
sssss tencia a compressao
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Concreto 8.2.6 resisténcia no estado
multiaxial de tensdes

0'320'220'1

12 [ fou ] 1.3a1,4
o3Sf+4°0y

para f, = 20MPa 2> o; < 28MPa
para f, = 50 MPa - o; < 66MPa
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concreto  resisténcia a compressao

Resisténcia no estado multiaxial de tensoes

45 MPa 45 MPa
45 MPa
35 MPa 35 MPa
/\ M
CAD
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Dutilidade
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Dutilidade

— confinado

deformacao especifica
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Confinament

fc,cﬂnado =1 !4 ° fc
= 35 MPa 25 MPa

f. 70 MPa 50 MPa
175 MPa 125 MPa
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Concreto  8.2.7 resisténcia a fadiga

ltens 11.4.2.3 e 23.5.4
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concreto 8.2.8 médulo de elasticidade
NBR 8522 - 0,3 f,

22
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concreto maédulo de elasticidade
NBR 6118/ 78

E = 6.600 (f. + 3,5)%5
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Modulo de Elasticidade para idades
diferentes a 28 dias
CEB-FIP MC90

E,; madulo de elasticidade do concreto na idade j

E.,; médulo de elasticidade do concreto aos 28 dias

NBR 6118-03
Mesma féormula de E,,
paraj > 7 dias

mas pode ser para
j = 3dias

0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60
fej/fcos

—— CEB-FIP MC90 O 3dias ¢ 7dias A 14 dias
X 56 dias X 63 dias = 90 dias « 126 dias
O 180 dias + 364 dias
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Modulo de Elasticidade
Ei;=0a,0,(5600f, 2
o, depende do agregado
Agregado graudo ay o
o, depende da consisténcia
Basalto, diabasio, calcario o .
sedimentar, denso 1,1a1,2 Consistencia a2
Fluida 0,9
Granito e Gnaisse 1,0
Plastica 1,0
Calcario metaférfico, 0.9
metasedimento ' Seca 1,1
Consisténcia obtida sem aditivos
Arenito 0,7
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Modulo de Elasticidade

Concretos com agregados de Sao Paulo (brita de granito)

j =3 a 364 dias
Teor de argamassa
seca constante
f..¢= 26 a 62 MPa

30 40
fcm (MPa)




E = 29,2 GPa
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Propriedades dos materiais

Parac, <0,5f, ou f,

Estado limite ultimo

Tens&o (MPa)

2%

e
B
L/

V

0

05 1
Deformagao (10 0, =03851, [1'(1' %—m)z]
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Propriedades dos materiais

8.2.11 Fluéncia e Retracao

Para 6, <0,5 f_ quando do primeiro carregamento, quando néo é necessaria
grande precisao, o coeficiente de fluéncia e a deformacéo especifica de
retragdo da tabela abaixo podem ser usados ( T entre 10 e 20 °C podendo -se
admitir entre 0 e 40°C; concreto plastico) :

30
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Resistencia

a Incendio

31

NISTIR 6726. National Institute of Standards and Technology, 2001

HSC water-cement ratio 0.22 to 0.57, 51 to 93 MPa

1.High-strength mixtures made with
very low w/cm (0.22) showed less
strength loss than with 0.33 w/cm.

2.Explosive spalling was observed
when the temperature of the
specimen center was in the range of
200 and 325 °C.

32
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3.

4.

NISTIR 6726. National Institute of Standards and Technology, 2001

HSC water-cement ratio 0.22 to 0.57, 51 to 93 MPa.

Preload seems to have a mitigating effect
on the development of explosive spalling.

For concrete samples casted with 0.22
w/cm, tested under restrained conditions,
explosive spalling never ocurred. Only
occurred with some samples casted with
0.33 w/cm.
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Figure A-6 Strength of steel at elevated temperatures (Lie 1992).
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A-12 Reduction of the compressive strength of two lightweight concretes (one with natural sand) at elevated temperatures
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Temperature (°F)
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Figure A-7  Modulus of elasticity at elevated temperstures for structural steels and stsel reinforcing bars (SFPE 2000).
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Distribucion de |la temperatura en
los perfiles metalicos

800 +—-------=-=----f---—~ S Pi= smmmmm e mm e S s s S s S —41,472
' W14x193, 4 ¢ '36"x16" box column, i

700 +—
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200 392
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. 32
5 20

Time (minutes)

Figure A-9 Steel temperature rise due to fire exposure for unprotected steel column.
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Distribucion de las temperaturas

en una columna de hormigon de 50x50cm

460 °C

Polivka & 4500 §6°$ o

Wilson 50°C 910°C .
UC, 1976

Berkeley

700°C
Calmon &
Claudio
UFES, 2002
Vitéria

°C
450°C

J

50°C
Bazant &
Kaplan
Logman,
1996

250°C

v
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en una columna de hormigon de 50x50cm

Distribucion de las temperaturas

500

400 ...... —
T oC 300

Después de:60 minutos
200
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, N . i . i
5 10 15 20 25
Distancia (cm)
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