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Museo de Arte de Sao Paulo 1968

f., = 45 MPa

Museo de Arte Moderna de Niteroi 1999
f.x = 50 MPa
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NIQUE Hotel Sao Paulo
fo = 40 MPa

12



September 11, 2001
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PERFORMANCE
 CONCRETE

1.483° 1,454
1,250
ase’
FPETRONAS SEARS EMPIRE EIFFEL
TOWERS TOWER STATE TOWER
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Petronas Towers
Kuala Lumpur
Malasia 1999

Altura 452 m

f.x = 80 MPa

record mundizl

Malasia rompe la barrera de
los 450 mts. de altura*

Se proyecta al futuro construyendo torres de concreto

Nadine Post y

Las torres mas altas, més que
por alcanzar, forman parte de
para transferir tecnologia y tre
todo un pafs. Dos rascacielos
de ellos casi nueve metros m¢
la torre Sears de 443 m que
récord de altura, se estén co
no en Chicago ni en Nueva
otro lado del mundo en Kus
ls capital de Malasia. Esta rest
del sureste de Asia con 19
habitantes estd venciendo toda:
en su blisqueds del desarrollo «

Un consumo voraz de nuev
glas importadas y de experien
jeras estd ayudando o Malasic
su ambicién de llegar a ser
naciones més dessrrolladas £
2020. Por otro lado, el pre
Centre de Kuals Lumpur (Kl
cubre 1.7 millones de metros
e incluye a las torres gemelas |
451.9 mdeslturs, sede de
nacional petrolers, estd cor

ampliamente s slcanzar ess m

Ademés de lss dos
218,000 m? cads una, ls

del desarrollo de un millén de
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Salvo Palace

: Tower
,.f% , Montevideo
;.”:‘: 23
£ MB« Uruguay 1926
,'g“_"‘ Altura 103 m
5 fck =?
record mundial

O inicio dos arranhacéus na
idade contemporanea foi em
1890 com a construcao do
edificio Wainwright
Chicago, USA.

Conhecido Escola de Chicago

Projetista
Arquiteto Louis Henry Sullivan
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Genesis, 11.4

O Povo de Deus disse:

que alcance o Paraiso e deixe gravado
nosso home na histéria antes de que
sejamos espalhados por toda a face da

Terra”

€ Vamos construir uma cidade e uma Torre

21

Torre de Babel
Iraque 580 A.C.
Arquiteto Ninrode
Jardins Suspensos da Babilonia

sobre colunas de 100m
Nabucodonosor & Anitis

22
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Grand Arch
La Defense
Paris
Franca 1990
f.x = 60 MPa

“high-tech
style”

13



Torre

Parque Central i
Caracas (”f‘ I |
Venezuela | | |

Enrique Siso y Daniel F.

27
Los concretos que se usaron en su mayoria fueron
dlsenados,parﬁ 350 kgf/cm?,
hubo muchos problenﬂs é os vaciados de pantallas
sobre M en las de
menor espesor (20 c ) “ .los sitios con cambios de
sec lj ‘- pn nde se
requeria mayor cantia "l ce ylu Je refuerzo, y en los f;@
que ‘ &

0 ICrelo l!
graba pasar entre I% ', ' Imﬂ' 0

‘v e ‘.*:A =
reparaciones con ell '

- <=

T ; i i'r‘ . ﬂl« i ’
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Buenos Aires, Argentina
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satisfacao espiritual mas tambem
atender as necessidades atuais

> Seguranca estrutural
> Vida Util

» Construtibilidade

» Economia

> Sustentabilidade

31

Martinelli Building
Sao Paulo
Brasil 1928
Altura 106 m
fox =13.5 MPa
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Martinelli

Building

VVVYVVYVYVY

+ Vida Otil

Carbonatacio

Cloretos

Fuligem » <<pH
Fungos » Corrosao
Lixiviacao » Fissuras
Retracao > Destacamento
Sulfatos

34
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Cloretos - difusao

C?%¢

t = e (anos)

4 . 22 . Dyzef’m

Cq ~>1abcm

Detci 2 0,15 a 2,7 ecm?/ano

35

Cloretos - difusao

e=2,0cm

fa=15 MPa > t =4 anos
f.= 50 MPa > t =150 anos
f.x= 25 MPa > t =23 anos

36
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Carbonatacao

- @2
= ¥ co2_ (anosy)
k2
co2

> e, —=2l1aScm

> k., 20.1a1.0 cm/ano12

co2

37

Carbonatacao

e=2,0cm

f.<=15 MPa > t =8 anos
f.= 50 MPa > t =350 anos
f.= 25 MPa > t =38 anos

38
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Centro
Empresarial
Nacoes
Unidas

Torre Norte

Sao Paulo
1998

Altura 179 m

fcx = S0MPa

2oL oA

de garantia.

\
‘ l\-‘
l:N(‘l:lvllx
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-High-Periormance Concrete”

rformance and Quality’of Concrete Structures |
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P. Helene
L.R. Prudéncio, Jr:
D.C.C. Dal Molin
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PLAZA CONTINENTAL
Sao Paulo Brasil

e Caesar ark Hotel

e Apart Hotel

e Torre de escritorios

e Academia de Ginastica

43

Plaza Continental
altura 100m
12 meses 34,000 m3
pilares f., = 50 MPa

lajes e vigas f.x = 35 MPa

44
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Por qué HPC. CAD?

Comparando com f,, = 25 MPa

v armadura: -13%
v concreto: -19%
v produtividade: - 9%
v custo estrutura: - 9%

v Economia:
v US $ 270,000

45

(R R

— E——. Se— — —— -

23



e-Tower

Sao Paulo

» 52.000 m? area construida
» 42 andares (4 sub solos)
» 800 vagas de garagem

» 02 restaurantes

» Acad. ginastica (19°)

» Piscina semi olimpica
(38°%)

47

Projeto (e-Tower)

24



Projeto (e-Tower)

, 440 m,
/ /

f, = 80 MPa

70

60 60

70
carga nos pilares

1500 t a 2000 t

100 100

90 90
f, =40 MPa

/ /
/410 m”
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Projeto (e-Tower)

» 4 vagas novas por garagem

» 4 x 4 garagens = 16 novas

» US $ 5,000 cada vaga na regiao
» ganho US $ 80,000

50
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Projeto (e-Tower)

» inicial secdo transv. =90 x 100 = 0.9 m?
» final secdo transv. = 60 x 70 = 0.42 m?
» economia = 0.9 —0.42 = 0.48 m?

» 53% volume de concreto

» custo C80 = 45% mais que C40

> economia de 8% no concreto

51

Concrete Design

Materials & Lab. Tests
Concrete Lab. Composition

Concrete Mixed in Trucks

Casting Columns in Parking Area

Resisténcias, cor,

e ?77?
Por que ?* trabalhabilidade, temperatura

52
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HPC composition

$ciac B

Portland Fine Coarse water
cement aggregate aggregate

Concreto comum

]

Admixtures
Additions + Pigments

HPCC

53
CH, — CH CH, — CH, —
c-|0 | (a) Monémero de um
-| c|:=0 policarboxilato
OCH; | OCH,CH,(E0);,CH,CH,0
» Conhecidos comercialmente
como de 3?2 geragao;
* Redugéao de até 40% de agua
da mistura
* Possuem grupos carboxilicos COOH,; (b) Esquematizacdo
+ Cadeia lateral longa. da molécula
54
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Cimento Portland + Agua

1

Floculacao

aprisoname@to de agua
entre os graos de
cimento

reducao da @uidez eda
area especifica disponivel
para hidratacgao

superplasticizer

55

Cimento Portland + Agua

y

Floculagao

4

aprisonamento de agua entre os
graos de cimento

reducgao da fluidez e da area
especifica disponivel para
hidratagao

superplasticizer

56
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Mineral Additions

Para obter maior Metakaolim and
compacidade e maior silica fume

resisténcia mecanica
> estrutura mais
compacta

> reagem com a cal
livre melhorando a
resisténcia e

adiciio de minerais ativos durabilidade.

57

MINERAL ADDITIONS

Aumento 1500x
Concrete with

Metakaolin &

Silica Fume

Aumento 1500x

58
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RED PIGMENT

v Iron oxide Fe,0; > 98%
v grau 8 de solidez a luz solar
v 0,5% de sais solliveis

v 99,95% diametro de particula < 0,045mm
(#325) 0,05% de retencgao

v’ Densidade 4.500 kg/m?3

v Formato Particula: Esférica
v EN 12878 y ASTM C 979

59
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Casting Columns
in Parking Area

61

62
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Tempo e temperatura

Controle de tempo
Horario de inicio da mistura 12:55
Horario da saida da central 13:35
Horario chegada obra 14:30
Horario término da concretagem 16:00

Temperatura concreto na chegada na obra

37,5°C

70
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v 5.5 m
lancamento

v zero
bicheiras

v rapidez

75

Pilares em concreto de alto desempenho

76
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design
of concrete structures

50

& 50 ‘2()

confined
concrete design
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Temperatura

50
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horas ap6s concretagem
——P1 - forma ——P1 - janela —— P2 - férma P2 - janela P3 - forma —8— P3 - janela I

P1=133 P2=134 P3=135

79
Dosagem
materiais teor quantidade obs
CPVARIPlusRS | 1,00 460 kg/m> | 460 cim. + 163 escéria
adicdo 0,15 93 kg/m? silica & metacaulim
agregado 1,65 1.027 kg/m? | basalto, 19mm, MF 6,9,
gratido 3.020 kg/m3
agregado 0,88 550 kg/m? | quartz, 2,4mm, MF 2,0,
miudo 2.670 kg/m3
pigmento 0,04 25 kg/m? oxido de ferro
superplastificante | 0,01 6,2 kg/m? policarboxilato
retardador 0,0058 | 3,6 kg/m® | acido hydrocarboxailico
agua 0,19 135 kg/m? A/C = 0,19
80
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Two Union Square
Seattle 1998

.. 119 MPa
Cement 513 kg/m3
Microssilica 41 kg/m3
Coarse aggregate 1,195 kg/m?3
Fine aggregate 682 kg/m3
Superplasticizer 16 kg/m3
Retarder nihil
Water 130 kg/m3
W/C 0.25
W/C, 0.23

81
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CONTROLE

Moédulo
de Elasticidade

Resisténcia
a compressao

83
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Resisténcia a Compressao

Desvio

Lote Local foi (MPa) exemplar Média e | St | fekest
1 4° SS 80 4 142,6 | 7,0 5% 133
2 3° 88 80 4 127,0 | 5,0 4% 122
3 2° SS 80 4 124,6 | 7,5 6% 119
4 1° SS 80 4 126,6 | 5,5 5% 120
5 Térreo 80 8 128,4 7,5 6% 123
6 1° pavimento 80 7 127,4 7,9 6% 110
7 | 2°pavimento 80 4 1254 | 7,1 6% | 118
Desvio padrio e coef. variagido médio ponderado 7,0 5,5 118

85
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Claim ID: 22678
Membership Number: 22322

Thursday, May 16, 2002

Thank you for sending us the details of your recent

record proposal for 'Best concrete resistance in a building'.
After having examined the information you sent, and given full
consideration to your proposal, | am afraid we do think

that this item is a little too specialised for a body of reference
as general as ours.

We receive many thousands of record claims every year and
we think you will appreciate that we are bound to favour those
which reflect the greatest interest.

Yours sincerely,
Scott Christie

Records Research Services
Guinness World Records

87

Dear Paulo,

I have appreciated to read your letter and description of your
very high concrete strength achieved in the very beautiful high
rise.

At this stage fib is not really focused on selecting and
documenting "World Records” in concrete, concrete structures,
height of buildings or free spans of bridges.

However, we have full confidence and trust in the
documentation prepared and presented by you.

Therefore, I really would recommend you to write a well
documented technical paper for the fib Magazine "Structural
Concrete” that could be one very relevant place to publish this
fascinating story.

Steen Rostam
fib (CEB-FIP)

88
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Paulo:

I have received your letter regarding the high-
strength concrete record.

You have certainly gotten into HSC in a very big way!

We can discuss later which can be the best way....

Terry
ACI President

89
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Propriedades mecanicas
ofe = 118 MPa of = 25 MPa
of’, = 17,000 psiof’. = 3,600 psi
f. 7 days 111 18
f. 28 days 125 32
f. 63 days 139 37
f. 91 days 155 39
E.; 28 days 50 30
f.. 28 days 10 3,1
Ultrassom m/s 4950 3250
esclerometria 52 23
91
Durabilidade
fox fox

125 MPa 25 MPa
Carbonatacao
28+63d 25°C 65% 5% zero 29mm
Absorcao H,0 0,40% 7,5%
Volume vazios 1% 17,5%
Densidade kgm3 2530 2310
Absorcao capilar 0,1 gicm? 2,7 gicm?
Ascensao capilar Ocm 30 cm
Cloretos 43 C 8.400 C
Abrasao cm3cm? 0,019 0,051

92
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Vida Util usando
segunda lei de Fick
para agressividade

por carbonatacao
980 anos!!!!

93

Resisténcia a
Incendio e
Temperaturas
Elevadas

94
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1.

NISTIR 6726. National Institute of Standards and Technology, 2001.

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

High-strength mixtures made with very low w/cm (0.22)

showed less strength loss than with 0.33 w/cm.

Explosive spalling was observed when the temperature of the

specimen center was in the range of 200 and 325 C.

of explosive spalling.

Preload seems to have a mitigating effect on the development

Concrete samples cast with 0.22 w/cm had a greater potential

for spalling under unrestrained condition than samples cast
with 0.33 w/cm. However, when the test was conducted under
restrained conditions, explosive spalling only occurred with

samples cast with 0.33 w/cm.

95

Strength Reduction Factor Fyy/Fy
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ure A-6  Strength of steel at elevated temperatures (Lie 1992).
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Figure A-12 Reduction of the compressive strength of two lightweight concretes (one with natural sand) at elevated temperatures
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Figure A-7  Modulus of elasticity at elevated temperatures for structural steels and steel reinforcing bars (SFPE 2000).
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The standard time-temp e curve
Temperature rise (°C)
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Distribuicao da temperatura nos perfis metélicos'
: b i e A SR R R — —11,472
800 4—-------=----==f----- et et ; i
1 'Wi14x193, ¢ ,':36"x15" box column,
' uL1709 / ¢ UL1709 ,
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600 —--------som=-n- r””—ll_”}l ——————— e e A
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Figure A-9 Steel temperature rise due to fire exposure for unprotected steel column.
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Distribuicao das Temperaturas
Concreto pilar 50x50 cm
Wit 450°C 80T 4100 -
UC, 1976
Berkeley '
700°C
Calmon & 50°C
Claudio
UFES, 450°C
2002
Vitéria 450°C
250°C
Bazant & -
Kaplan .
Northweste 20°C
m
Logman,
1996 centr

100
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Distribuicdo das Temperaturas
Concreto pilar 50x50 cm

500

Ty U S SO S S _
Tem- 300
pera- Apos 60 minutos
tura

°C
100
0 ] o i
0 5 10 15 20 25
Distancia (cm)
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Sustanaible
Development

“Increasing service life of concrete structures we can preserve
the natural resources.

If we develop the design and construction ability we can get
concrete structures with 500 years service life. Doing this

we can multiply by ten our productivity which means preserve
the 90% of them”

Kumar Mehta

Reducing the Environmental Impact of Concrete
Concrete International. ACI, v.23, n. 10, Oct. 2001. p.61-66

102
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Os Arquitetos e os Engenheiros
Civis constroem os marcos de
pujanca, de grandeza, de
desenvolvimento e de poder
das civilizacoes.

Traduzem sua historia,
seus sonhos e ideais em
majestosas y duraveis obras

que elevam a auto estima
de seu povo.

103

O HPC é uma
das maiores
oportunidades
atuais de
regaftar essa
importancia e
vocacdo da
arquitetura e da
engenharia civil
brasileira

104
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