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... ¢como los ingenieros diseian las

estructuras, edificios, puentes, para quedaren

parados, bajo las enormes fuerzas de la

naturaleza: la gravedad, los vientos, las

vibraciones, las inundaciones, los huracanes,

los sismos y el fuego???

Nota: Esta charla estd protegida por las leyes nacionales e internacionales de derechos de autor e imagen. Queda prohibida la grabacién,

reproduccién, distribucion, impresion y fotografia de la pantalla de presentacién, sin permiso del autor.
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acciones y materiales en las estructuras de concreto
Método semi probabilista — Partial factor format — fib Model Code 2020
Anailise estatistica Coeficientes de ponderacio Analise determinista
Coeﬁz:;:; ag;;ffafrét ou de Calculo das
/\ estruturas
— . JF
= Ax;é&s 'y Agdo de projeto S
Acgdes »| caracteristicas Fa=Freg*yr
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Condigdes
analiticas de Verificagio Ra = Sa
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cene Resisténcias de P
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de : fragilidade interagio
minoragio (parafa>40MPa)  Crescimento x Calculo das
decréscimo da segdes
resisténcia
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acciones y materiales en las estructuras de concreto

ACI 318 (2019/2022)
Analise estatistica Estatica e Coeficientes de . .
Resisténcia dos materiais ponderacio Analise determinista
- Calculo das Resisténcia requerida
g estruturas e loadfactors q 5 loﬂdﬂcre‘gf * load
esforgos
U —Muy, Vi, Tu, Pu

: ) Condigao v
: de $*Sn>U '
i j s i E seguranca
s o “ Strenght reduction factor ¢

¢*Pn — P -
L1l 0,65%(0,80%0,85% % 4g) Resisténcia de projeto
' &*Sn

v

Calculo das segdes
Sn— Mu, Vi, Tny Pn

...¢qué es la resistencia especificada (o
caracteristica) del concreto a la compresion, f°.?
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RESISTENCIA A COMPRESSAO

MC 2020 resistencia caracteristica ﬁ,k :

¢cual es la referencia para el
diseio estructural y
aceptacion de la resistencia
a la compresion del
concreto, f°,
en Argentina ?




18/11/2024

Drilled core
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Figure 7-21 Form factors
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referencial en ARGENTINA (CIRSOC?)
de resistencia a la compresion del concreto, /.

v el cilindro 15cm ¢ * 3ocm

v el cilindro 10cm ¢ * 20cm

v muestreo planeado

v'bien moldeado

v'bien compactado

v curado UR > 95%

v bien terminado y acabado en los topos

v ensayado carga axial monotdnica y rapida

referido a una cierta edad

11

¢f’. es la resistencia del concreto en la estructura?

No!
f’. es la resistencia potencial del concreto en
la boca de la hormigonera !

12
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No'!
f~. es laresistencia
potencial del
concreto de la
mezcla de esa
hormigonera,
medida através de
probetas patrén
moldeadas e
ensayadas en
condiciones
ideales!

SLe
es la resistencia
del concreto en la
cimentacion,
pilotes, columnas,
vigas y losas de la
estructura?

13

fe
es la resistencia del concreto de partida que el proyectista
para dimensionar y verificar la seguridad?

Si!
[ es la resistencia especificada del concreto a la compresién
= utilizada como valor de entrada en los programas de
dnmensionamlento y verificacion de la seguridad de estructuras !

14
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... y €se es un gran problema porque
algunos ingenieros y diseinadores
consideran que f’c
es la resistencia del hormigon que

hay en la estructura !..

15

... entonces, é¢cual es la resistencia a la
compresion "minima" del concreto en
la estructura que un ingeniero civil
puede considerar como disponible para
fines de diseno y construccion, de

manera segura, durante su VUP ?...

16
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cemento

|

resistencia del concreto

agregados agua aditivos

| |

f ,c, ext,j

/

de la estructura

l

operaciones de execucion

resistencia real o efectiva del

9y
concreto en la obra f c ef j

Dosificacion
mano-de-obra

equipos f’
c

v

hormigonera ‘

operaciones de
ensayo y control

l

resistencia potencial

9
c,ensayo

Referencial de Disefio y Construccion
’
ACI3I8 & f. ~ fu
ACI 214 rd f ,c,control
ACI 214 yACl 437 =2 f,c,ext,j

10
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...¢ cOmo obtener la mayor resistencia a
compresion, 1, a cierta edad?

Concreto de una mezcla bien hecha:

puede moldear, curar y tratar a gusto !

yilusluslus

Grupo A Grupo B Grupo C Grupo D

21

TESIS de DOCTORADO

CREMONINI, R. A. Analise de Estruturas Acabadas: Contribuicao
para a Determinacao da Relagao entre as Resisténcias Potencial e
Efetiva do Concreto. Sao Paulo, EPUSP, 1994.

Ruy Alberto Cremonini. Prof. Associado, UFRGS

22
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Dias 21 a 25

Ve
Dia 28
Extraido e moldeado
Testigo versus probeta

23
Conclusiones
pilares/columnas: n= f:’ = f;k =].24
f::ext f::k,ext
losas & vigas n= f(_, _ f(_,k ~1.20
»f;ext »f;k,ext
24

12
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resistencia de “calculo/diseino” del concreto

MC 2020 & EN 1992-1-1
1

fek 740\ /3

Ye
r———————————= - F—————————— — — A
| parafu =30 MPa | | para fi = 50 MPa |
| 30 : | 0,33 I
| = — = 20\ 50
| fea = 085> 1+ : : fea =085+ (50) s
| | |
| | | |

Jok.ef (estrutura) = 17 MPa fekof (estrutura) ~ 26 MPa

25

edificaciones ot do fundacitn
ABNT NBR 6118 PABNT NBR 6122
fck
fea = O‘cc*nfc*z fd 20385*&
C
fck fk
fed 20'85*1*ﬂ- fed :0,85*207
de = 0,61 * ka fcdg 0,30 .fck

26
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0,50 0,70 0,90 1,10 1,30 1,50 1,70 1,00 2,10 2,3

v Pilote de fundaciéon: 485 testigos de concreto de 16 obras diferentes;

55

Frequéncia
O TR Y
& 8 & %

=
=]

o

o

0,10 0,30 0 2,50 2,70 2,00

ﬂ.belonada/fci'exl

v Promedio = 1,34 5% superior = 2,12
27
21.2—Strength reduction f for
rata g
21.2.1 Strength reduction factors ¢ shall be 1 accordance
with Table 21.2.1, except as modified by 21.2.2, 21.2.3, and
2124,
Table 21.2.1—Strength reduction factors ¢
Action or structural element ¢ ::::::n:r factores de
065t pretensioned members
Moment, axial force. of | 0033 | \here strands are not s/
o) R | B reduccion de la
2123
‘Additional requirements 4 4
of e | o |memeni resistencia
resist earthquake effects. °
(©) T 0.75 =
o=t — potencial del
© Post-tensioned anchorage 085 .
Zones
e e — concreto
Struts, ties, nodal zones,
and bearing areas
| it i | 075 - ACI 318
with strut-and-tie method
in Chapter 23
Components of
o e | | (2019/2022)
yielding of steel elements
m tension
(1) | Plam concrete elements 0.60 —
04510
Far— 075
O i | -
Chapter 17
28
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22.4.2 Maximum axial compressive strength

22.4.2.1 Nominal axial compressive strength P, shall not
exceed P, 4 in accordance with Table 22.4.2.1, where P,
is calculated by Eq. (22.4.2.2) for nonprestressed members
and by Eq. (22.4.2.3) for prestressed members. The value of
f shall be limited to a maximum of 80,000 psi.

Table 22.4.2.1—Maximum axial strength

Transverse
Member reinforcement P max
Ties conforming to i
2424 0.80F @
Nonprestressed
Spirals conforming to
22425 0.85P, ®)
Ties 0.80P, (c)
Prestressed

Spirals 0.85P, (d)

Deep foundation member Ties Ci{:":‘;mg to 0.80P, (e)

22.4.2.2 For nonprestressed members, P, shall be calcu-

lated by:

P,=0.85/"(Ag — Ay) + [y A (22.4.2.2)

Maxima resistencia a la compresion para diseiio

R22.4.2 Maximum axial compressive strength

R22.4.2.1 To account for accidental eccentricity, the
design axial strength of a section in pure compression is
limited to 80 to 85 percent of the nominal axial strength.
These percentage values approximate the axial strengths
at eccentricity-to-depth ratios of 0.10 and 0.05 for tied
and spirally reinforced members conforming to 22.4.2.4
and 22.4.2.5, respectively. The same axial load limita-
tion applies to both cast-in-place and precast compression
members. The value of £ is limited to 80,000 psi because the
compression capacity of the concrete is likely to be reached
before this stress is exceeded. The transverse reinforcement
requirements for columns do not apply to deep foundation
members. Chapter 13 provides the detailing requirements
for these members.

29

resistencia de “calculo/diseino” del concreto
ACI 318 (2019/2022)

compression-controlled

paraf’. = 30 MPa
0,65 * 0,85 = 0,80 * 30
Seef (estructura) = 13 MPa

0,65 *0,85%0,80% 50
JSeef (estructura) = 22 MPa

30
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naturaleza del concreto

La resisténcia del concreto crece
con la edad

La resisténcia del concreto baja con
la carga mantenida

31

... 6cOMo crece la
resistencia del concreto

con la edad ?...

32

16
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f cj
f cref

() 22
Sc|1- *
t Lref

Crecimiento de la Resistencia
Jfib Model Code 2020

Jfib Model
Code 2020
Item 14.9.1

Resisténcia a compresséo do Concreto Sc
(MPa) Classe CS Classe CN Classe CR
fe=35 06 0,5 0,3
35 < fe < 60 0,5 0,4 0,2
fe=60 04 0,3 0,1

Nota: As Classes CS, CN e CR s&o determinadas em fung&o do tipo e da classe de resisténcia do cimento. Pode-
se admitir, para efeitos de equivaléncia com os cimentos nacionais: CS (CP lll ou CP IV), CN (CP lou CP Il) e CR
(CP V). Para determinagédo das Classes CS, CN e CR, consultar Tabela 14.6.8 “Strength development classes of
concrete” do fib Model Code 2020, ou a Table B1 “Strength development classes of concrete” do Eurocode 2:2023
e anorma EN 197-1 “Cement — Part 1: Composition, specifications and conformity criteria for common cements”.

33
2
0,5 0,5
j i E ' ] 2 f } 1,78 sc = 0,6
Fej _ glsd1-(3) 139) =
fc,28 1,62 sc=0,5
1,5 1,47 sc=0,4
> 1,33 sc=0,3
%_ UEY 1,21 SC= 0,2
§ / 1,10 SC= 0,1
\t\ 1
0,5
28‘dias 50{anos
0
0,01 0,1 1 10 100 1000 10000 100000
tempo em dias
34
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Crecimiento de la Resistencia del Concreto
ACI 318 2> ACI 209.2R(2008) Appendix A

The general equation for predicting compressive strength

ACI 209.2R-08 at any time 7 is given by
o = |11, A-17
Teme = | i Jemas (A-T7)
where f,,»g is the concrete mean compressive strength at

28 days in MPa or psi, a (in days) and b are constants, and 7
is the age of the concrete. The ratio a/b is the age of concrete
in days at which one half of the ultimate (in time) compressive

Guide for Modeling and Calculating strength of concrete is reached.
Shrinkage and Creep The constants @ and b are functions of both the type of
in Hardened Concrete cement used and the type of curing employed. The ranges of

a and b for the normalweight, sand lightweight, and all light-

weight concretes (using both moist and steam curing. and

Types I and I1I cement) are: a = 0.05 t0 9.25, and b = 0.67 to
Reported by ACI Committee 209 0.98. Typical recommended values are given in Table A.4.

Table A.4—Values of the constant a and b for use
in Eq. (A-17),

. Moist-cured concrete Steam-cured concrete
Type of
cement a b a b

. . I 4.0 0.85 1.0 0.95
American Concrete Institute®
11 2.3 0.92 0.70 0.98

35

Type A -+

/ 1,05

1,2

o
00

’ Steam-cured concrete ‘

femt t

femzs 1+ 0,95t

o
o)

fem(t)/fem(28)

’ Moist-cured concrete

(=)
S

femt _ t
femzs 4+ 0,85t

=
N

0,01 0,1 1 10 100 1000 10000 100000

tempo

36
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V4 o
Analise istorica, década 90)
2.046 Registros Analisados, CP III

250 f;'k,63

ck,28
200
(3]
o 1501
o
<D
=
> 100
f
L
50 A
(o]
1 1,04 1,08 1,12 1,16 1,2 1,24 1,28 1,32 1,38 14 1,44 148 1,52 1,56 1,6
1,02 1,06 1,1 1,14 1,18 122 126 13 134 138 142 146 15 154 158 1,62
37
V4 [
Analise Geral ¢istosrica, década 00)
8.429 Registros Analisados, todos os cimentos
800 fck,63
700 fck,zs
600
'g 500 —
= Média = 1,1289
«@D 400+
=
@ 3004
py
(1
200 -+
100 -
N
1 1,04 1,08 1,12 1,16 1,2 1,24 1,28 1,32 1,38 1.4 1,44 148 1,52 1,56 1,6
102 106 11 1,14 118 122 126 13 134 138 142 146 15 154 158 162
38
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Efecto Riuisch

... ccOmMo decrece (baja) la

resistencia con la edad ?

39

Resistencia bajo Carga fib Model
. Code 2020
Mantenida Item 14.6.1.6.3

(efecto Riisch)

-0,1
Besus (t,to) = Bro(to) + [1— Bro(to)] * Il + 104 ¢ ;()tO)I

Sendo:
Beo(to) = 0,64 + 0,01. In(t,)

> ten dias
> t, 2 edad de aplicacion de las cargas
> t—t,> 15 minutos

40
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tiempo largo

carga constante por

Fluencia

carga de larga duracion
( 1 (> 10 minutos)

e

aumento de las fleformaciones
con la edad
“deformacion lenta, def. diferida”

41

carga delarga duracion
(> 10 minutos)

Relajacion

=N

ﬁﬁ retirando carga para
(%} mantener deformacion cte.

deformacion constante
a lo largo de¢l tiempo (edad)

e

42
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— [ Title No. 57-1

From the work of

Comite Européen du Béton

Researches Toward aGeneral Flexural

Theory for Structural Concrete
By HUBERT RUSCH

This paper is directed foward formulation of a general flexural theory
based on a careful study of all important factors regarding the properties
of concrote. Tho fact that strength and deformation of concrete depend
on time is considered. The theory is based on recent tfests permitting
determination of the behavior of the compression zone in flexure for con-
finuous load increase at different strain rates, and for constant sustained
load. Having derived stress-strain relationships for these various types of
loading, other factors were studied systematically, such as effect of concrete
strength, position of neutral axis, and shape of cross section. The general
theory developed is primarily a study of the true behavior of structural
mem simplified assumptions are avoided, it naturally does not
lead to simple formulas such as are desired for structural design. The theory
fulfills the important function of furnishing a reliable method for the eval-
uation of simplified design formulas. It is also possible, however, fo prosent
all new concepts and results of this theory in the form of a simple diagram
which can be used for the solution of design problems for selected cross
sections ranging from pure bending fo pure compression, regardless of
concrete quality and the type of steel used. and independent of whether
prestrossing is applied or not.

B RESEARCH IN THE STRUCTURAL CONCRETE FIELD is faced today with
problems of unusual challenge. We find ourselves in a period of change

ized by the ab of the elastic theory in favor of the

plastic theory, and by a conversion from allowable stresses as a basis
of design to ultimate strength design. Although these trends have
persisted for some time, the new methods are finding slow acceptance
among design engineers in some countries. This is probably at least
in part due to the fact that structural engineering can look back on a
thousand-year tradition, and this tradition is by its nature a conservative
one. Another reason of equal importance is the lack of detailed and
extensive knowledge regarding the properties of materials desirable
in the development and introduction of new methods.

In recent decades, progress has been made toward replacing struc-

tural design methods disregarding plastic properties of materials by

RUSCH, Hubert.
Researches Toward a
General Flexural
Theory for Structural
Concrete. ACI Journal:
Proceedings. [s.l.] Julho,
1960. 28p.

(download y consulta free
en la biblioteca de la PhD-

www.phd.eng.br)
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Decréscimo de la Resistencia

1,5

28)

Je)lfe(

0,5

Jei _ foa1-()"7](22)°)
fc,28

/ , .

Besus tto) = Pro(to) + [1 = Bro(to)] * [1 + 10* s

=t )]—0,1

to

28 dias

Y

100

=0,75

10Janos  50}anos

1000 10000 100000
tempo em dias

44
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...combinando crecimiento con

decrecimiento a partir de

28dias ...

45

Resistencia del Concreto “cargado” a lo largo de la edad

2
0,5 0,5
Al 0,4|1-(28) 7 [«(28)" _+ 3101
Ser _ e{ [ (:) ] (zs) }* Bro(to) + [1 = Bro(to)] * [1 + 104“_%)]
fe28 T
e =1,47
% Sendo: m i
= Beo(to) = 0,64 + 0,01.In(t,) g (1,47°0,75)
& . 10 = 28 dias g
0,85 (Wt
} =0,75
0,5
28 dias
50 anos
10 anos
0
0,01 0,1 1 10 100 1000 10000 100000

tempo em dias

46
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V.4 l l 1 V4 V.4 [ d
Calculo del f,; segan varios codes
Serog =f s = 20 a 40 MPa con (s=0,2)
trer= 28 dias
tcarga = 28 dias tearga = 56 dias tearga = 91 dias
56 dias Ldia ﬁb Model
15 28.,mmm ACI 318 Al\];g;r Code Eurocode
2 - 2019/2022 A 2020 2: 2023
5 ﬂ/‘ﬂ/|ﬁ//— 1,2 6118:2023 (MC 2020)
\::,815 l % ~0,9
0,442 0,60%*f% | 0,61%fu 0,67*fuk 0,67 fck
i 0,442 0,60%f" |  0,61%fe 0,67*fck 0,67*fck
, 28 dias 50 anos 0,44 2 0,60%f. 0,61%fck 0,67*fex 0,67*fck
,01 0,1 1 10 100 lOﬂtzmpo . dlifzoﬂ

47

Calculo del f,; segan varios codes

So: =01 = 20 a 40 MPa con (s=0,3)

tref = Q1 dias
tearga = 91 dias tearga = 182 dias tearga = 364 dias

H
%
B
.
;;'
-

)5

L ﬂ ~1.3 ABNT | fib Model
ﬂV ACI 318 NBR | Code 2020 E;rgggge

fs; T =10 | 2019/2022 | (1145053 | (MC 2020)
05 0,44 a 0,60%f, nihil 0,57*fex 0,57*fk
0,44 a 0,60%f, nihil 0,57*fex 0,57*fx
0 o1 dias 50 anos
001 o ' z oo 0,44 2 0,60%f" | nihil 057 | 057

48
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Introducion de la sostenibilidad en el diseno estructural

Edificio residencial de estructura de
concreto armado con 24 pisos tipo + 2
subsuelos.

Area del piso tipo: 365 m?

corto de seccion quadrada, localizado
entre el 1° e 2° piso (altura 2,88 m).

: Analisis de un tramo pilar/columna

ARMTRRARRRRRRRRReeeti

Edificio con 1008 tramos de pilar

49

Premisas para el dimensionamento del pilar/columna

4.000 kN
400 tf

Fuerza normal nominal:

120 kN.m
Nsk = 4000 KN = 400 tf 12 tf.m

Momentos totales nominales:

Mxsk = 120 kN.m = 12 tf.m :
Mysk =120 kN.m = 12 tf. m

Considera-se que las acciones live loads

corresponden a 25% de la fuerza normal
total

50

25
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Normativas utilizadas

v ABNT NBR 6118:2023 @N]\

v' fib Model Code 2020 vl

/ Eu rOCOde 2 :2023 fomsm i sl -

51

Dimensionamiento del pilar corto

v’ 2 cuantias de acero/armadura: una minima (= 0,4%) e una
maxima para emendas por traspasse (< 4,0%);

v’ 2 diferentes clases de resistencia del concreto, C20 e C50, con fck
referido a 3 diferentes edades: 28, 56 y 91 dias.

v’ concretos mezclados con dos diferentes clases de cemento; CR
(alta resisténcia inicial) e CS (lentos, con adiciones).

52
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acero/armadura
20 0,4% 50
MPa MPa
4,0%

cemento; agregados; aditivos; mezcla; fecha del 1.

53

dosificacion del concreto

f’. =20 MPa f’. =50 MPa

/ - 28 dias \ / ~ 56 dias \

.f;m:f,C'i‘8=28MPa .f;mzfyc+8:58MPa
- 28 dias = 56/1,12 = 50 MP
- cemento CR - 9 kg/MPa fas > 56/ 5 a

« contenido = 28*9 = 252 kg/m3 * cemento CR - 7,0 kg/MPa
* contenido = 50*7,0 = 350 kg/m?3

» cemento CS - 10 kg/MPa
« contenido = 28*10 = 280 kg/m3 * cemento CS - 7,5 kg/MPa

\ / &contenido = 50%7,5 = 375 kg/y3

54
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para los calculos de las emisiones de CO, fueran
utilizados datos disponibles en:

— E PD‘ Cimento CP III Santa Helena -Votorantim 384 kg CO,, eq. por tonelada.
Cimento CP V Santa Helena -Votorantim 852 kg CO, eq. por tonelada.

THE INTERNATIONAL EPD® SYSTEM

CECarbon

s d)

Institut Bauen
und Umwelt eV.

THIRD-PARTY VERIFIED

1S0 14025 and EN 15804

sidac

sistema de informacao
do desempenho ambiental
da construgao

8 kg CO,, eq. por metro quadrado de forma.

Aco CA 50 ArcelorMittal Piracicaba 786 kg CO,, eq. por tonelada.

Los datos utilizados ficaram dentro de los
intervalos de SIDAC.

55

440 kgCO.eq. 180 kgCO.eq.

50 cm 45 cm
JSor 28 dias Je 56 dias
CR
20 50 CS
4,0% MPa MPa 1,0%
()
0,72 m3 24 % 0,58 m3
56

28
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440 kgCO.eq. 200 kgCO.eq.

Jor 28 dias
CR

4,0%

50 cm 50 cm
fo. 56 dias
CS
20 50
MPa MPa 0,8%

1008 tramos =2 242 toneladas

57

58
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59

sabendo que:

resistencia crece o (tren\*] (28
fej _ eSc _( ) *

asi 2 Boe = 2L =

resistencia

decrece asi > | g . (t.t0) = Broto) + [1 - Beolto)) [1 +1

0,1 A
04(t_t0)l '
t
0 %

60
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Porque usar coeficientes o factores empiricos?

fek
acc=%,00 [ fcd - %n}cc k L Nfe ( < 1,0 MPa
Yc
[ (0,65 2 0,90) %a 0,85) * 0,80 * £, }

qUiZé usar = [ fea = Bee * Bc,sus * & }
c
61
GRACIAS POR SU ATENCION
www.phd.eng.br
Ph D 11.2501.4822 / 23
11.9.5045.4940
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