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Reinforced Concrete

patent in Belgium Francois
Hennebique

August 8, 1892

11 développe le Systéme Hennebique de béton armé.
Installe son entreprise avec le slogan:

« plus d’'incendies désastreux »

The end of disastrous fires




Systeme Hennebique
Paris, Rue Danton

7 floors
France 1900
30 m (98,4 feet)

Jo="7?

119 years old!

The oldest reinforced

concrete building in the
world.




Martinelli Building
Sdo Paulo
1929
Reinforced concrete.
The tallest concrete
building in the world in
its inauguration
30 floors - 106 m
(350 feet) high
90 years old
The oldest skycraper in

Brazil

ANDRAUS Building

Séao Paulo, Brazil

32 storey office building
115 m (377,3 feet)

Construction: 1957-1962
Fire: 24 Fev. 1972

Duration: 4 h
240 minutes

Nowadays: in use
Not colapsed!
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Nowadays: in use

Not colapsed!
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JOELMA Building

Sao Paulo, Brazil

26 floors
10 parking garage floors
+ 15 office storey

Construction: 1969-1971
Fire: 1 Fev. 1974

Duration: 6,5 h
390 minutes

In use
Not colapsed!
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Ribbed slab with band beams

https://pt.slideshare.net/macielshirlene/incndios-top-10
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WINDSOR Building

Madrid, Spain
2005
steel-concrete structure

37 floors
5 parking garage floors
+ 31 office storey
Construction: 1991

Fire: 12 Fev. 2005

Duration: 16 h
960 minutes

Partial damage (steel)
implosion
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fotoMadrid.com
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“the reinforced concrete structure, columns, beams and slabs under 16
hours severe fire condition could perform well and no collapse”

... “the penetration of the damaged, is heterogeneous and vary from 1.5 cm
in 19t floor to 3 em in 12 floor...

Dra. Cruz Alonso. IET, 2006.

20

10



21

waeredy wtassm YT .ru..,

Park Central Tower
East Tower

Caracas, Venezuela

221 m, 56 floors
Construction: 1979
Fire: 17.10.2004

Duration: 20 h
seismic zone: IV

concrete not collapsed
Recovered and in use
today

22
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Nowadays: in use
Not colapsed!
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Steel temperature rise fast due fire
exposure for unprotected steel column
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Figure A-9 Steel temperature rise due to fire exposure for unprotected steel column.




Temperature rise for a 50 x 50 cm (20 x
20 inches) concrete column

Polivka & = 850°C 1 ) 910°C
Wilson 450°C (842°F) l (1670° F) .
UC, 1976 ———
Berkeley 700°C
] (1292° F)
Clamdie. 50°C
UFES, 2002 82° F) 450°C
Vitoria (842°F)
0°C 250°C
B;zr;; & (842°F) (482°F)
Logman, [ .
1996 20°C
(68° F)
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Research
University of Sao Paulo
Brazil
2002 = 2010
PhD student: Carlos Britez
Supervisor: Prof. Paulo Helene
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e-Tower Building

Sao Paulo, Brazil

Jeom =125 MPa (18,000 psi)

HPCC world record

6 columns in 7 floors

2 months

Jan/Feb 2002

33

American

Concrete Institute

ACI

Concrete

International

magazine

December 2003

HPCGG in Brazilian
Office Tower

High-performance colored concrete offers strength, thinner columns,

T

1: Architectural rendering of the
wer

BY PAULO HELENE AND CARINE HARTMANN

urrently nearing completion,
C the e-Tower in Sio Paulo,
employs high-performance
strength) colored concrete
5 MPa.
1 five columns for

seven floors of the structure,

the HPCC was batched in a normal
commercial concrete plant, mixed
by truck on the way to the site
through heavy urban traffic, and
placed 40 to 60 min after leaving
the plant.
he experience represents a
sttime use in Brazil of such a

abje

ive of maximizing occupancy
e, easing concrete placement,
and thereby increasing productivity
At the same time, the coloring of
the concrete columns achieves
desired architectural effects in
occupied portions of the structure
and in its parking garage arca.

At completion, e-Tower will be a
modern office building (Fig. 1)
offering 800 parking garage spaces,
two excellent restaurant
convention and business center, a

DECEMBER 2007 | Conerate International

more usable space, and aesthetics

wimming pool
d a rooftop

helicopter landing pad. It will also
have an “intelligent” air conditioning
system and provisions for enery
and water system savings. Floor

area for the completed 162-m-high,
tory tower will be 52,000 me.

Among the five tallest buildings in
Brazil, the e-Tower
a highwrise structur
under the international class
adopted by the Counil on
Buildings and Urban Habitat.

BRAZILIAN CONCRETE
BACKGROUND

Brazil is one of the most advanced
nations in concrete technology in

an be considered

South America, having a tradition of
constructing tall buildings over 100 m
high. It is a long tradi

four years ago, in 19
engineers designed the Martinelli
Building, reputed to be the highest
concrete tower in the world at the
time with its height of 106 m above
the streets of Sao Paulo. In 1960,
they inaugurated the Palacio
Zarzor Kogan concrete tower, the

34
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Column Mockup (Lab POLI.USP)

v 70 CM X 70 M (28 in x 28 in)

v height: 2 m (6,5 feet)

v mass: 2.500Kkg (5500 lb)

v age: 8 years old

v fek,est = 112 MPa (16,000 psi)

v fem = 125 Mpa (18,000 psi)

v concrete cover: 25 mm (1 in)

v w/c ratio = 0,19
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Mockup: cut, lifting and transport

Diamond wire
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140 MPa (20,000 psi)

cores withdrawal

after 8 years

cylinder specimen
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La

gas oven

v masonry closure
0o, , (refractory)
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Stmulation draft (plan view)
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Grouted masonry
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Temperature rising
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Mockup integrity after 180 minutes

v only sallow spalling observed;
v start: 36 minutes (initial);

v “popping” sound, then it stops;

"M - intact edges;

v depth: from 0 to 48 mm (o te 2 in)

= v average spalling: 9,3 mm (3/8 in)
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Prof. Dr.
Venkatesh
Kodur
& Dr. Carlos
Britez
IPT, 2010

Prof. Dr.
Venkatesh
Kodur
& Brazilian
Researcher Engineer
IPT, 2010
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Conclusions

v Concrete is a bad heat conductor;
v Concrete resists well to high temperatures

v Up to 3h, 4h, 6h, 12h, 20h...
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data
 Architect: Roger Zmekhol (died)
» Contractor: Morse & Bierrenbach (closed, 2001)
» Structural design: not found, yet
* Construction: 1961 - 1965
* Floors: 24
» Building area: 12.000 m2 (130,000 sq ft)
» Collapse: May 1%, 2018
47

ROBERTO NOVELLI FIALHO

Edificios de escritérios na cidade de Sao Paulo

background

research

Tese apresentada @ FAUUSP para obtenc&o do titulo de doutor
Area de concentracéo: Projeto de Arquitetura
Orientador: Prof. Dr. Rafael A. C. Perrone

SAO PAULO
2007

48
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PROJETOS ARQUITET_S

Edificio Wilton Paes de Almeida

ARQUITETO: Roger Zmekhol
ANO: 1961

AREA DO TERRENO: 650 m2
AREA CONSTRUIDA: 12.000 m?
N° DE PAVIMENTOS: 2

USO: Servigos

PAISAGISMO: Nao possui
ARTE:
CONSTRUGAO: Morse & Bierrenbach

LOCAL: Rua Antonio de Godéi (esq. Av. Rio Branco) - n° 22 - Repliblica - Sao Paulo - SP -
Brasil

ESTRUTURA: Metalica com lajes em concreto

PROJETO ESTRUTURAL:

http://www.arquivo.arq.br/edifcio-wilton-paes-de-almeida

PERIODO DE CONSTRUGAO: 1961 - 1968
ESTADO DE CONSERVAGAO: Péssimo
BEREASacERR7 ACAO: Baixa

Structure: Steel columns with concrete slabs

PUBLICACOES:

- Acrépole, n° 323, p 34-37, nov 1965.

- FIALHO, Roberto Novelli. Edificios de escrit6rios na cidade de Sao Paulo. Tese
(Doutorado). Faculdade de Arquitetura e Urbanismo - Universidade de Sao Paulo.
2007.
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background
research

Structure: Steel
columns with
concrete slabs
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REFERENCES:

O Estado de S. Paulo — Feb/28%, 1961
O Estado de S. Paulo — Jul/03", 1965
O Estado de S. Paulo — May/12%, 1979

https://pt.aleteia.org/2018/05/02/a-trajetoria-do-predio-que-desabou-no-centro-de-sao-paulo/
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May 15t, 2018 at 4:00 PM

(R N R R AT

Revista Acropole Ntimero 323 Ano 27 Novembro 1965
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background research
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Columns

geomeiry

59
Cross section of columns in each floor
20°, ;/!:’Ve 18° 17° PAV 16° PAV 15° PAV 14° PAV.
| - (85 x 85)cm
(35x35)in
60
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[ )
Fire
Dawn of May 1%, 2018, at 1:30 AM, fire starts in the 5% floor

and propagate to the other floors (underground floors to 10t
floor + penultimate)

SAO PAULO

Incéndio em prédio de SP foi causado por
curto-circuito em tomada no 5° andar, diz
secretario

Em depoimento, moradora disse que fogo comegou em tomada onde estavam ligados TV, micro-
ondas e geladeira.

Edificio Wilton Paes de Almeida
n v
Area construida: 11.083 m?
Area do terreno: 660m”
Dono: Governo federal
Moradores: 372 pessoas
de 142 familias**

Prédio era revestido

1h30

Segundo a policia,

o incéndio comegou com
um curto<circuito em uma
tomada no 5° andar

2h50
Horério aproximado em
queo prédio desabou.

62
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fire start at 1:30 AM (video)

Collapse at 2:50 AM (video)
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Analise dos escombros

Diretor-técnico do Instituto Brasileiro do Concreto, Helene diz ter obtido
autorizagdo da prefeitura para colher materiais nos escombros. Os itens serdo
analisados em laboratdrio para que se elabore um diagndstico sobre as causas da
queda. Ele estima que a analise possa levar até um més

"Estamos falando de uma estrutura da década de 60 sobre a qual se tem pouca
informagao até agora. Queremos medir, por exemplo, a resisténcia e a porosidade
do concreto, caracteristicas que sao importantes para conhecermos melhor o
projeto e podermos chegar a alguma concluso”.

Term of technical
and scientific
cooperation between
Sao Paulo City Hall,
SPObras, Urban
Infrastructure
Secretary and
IBRACON (Brazilian
Concrete Institute)

May 2018

69

Colecting samples to test

IBRACON

S’0bras

‘CONSTRUNDO A s ARLS 00 FUTORS

70
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Investigation and test plan

As built survey in slabs, beams and columns;
Rebar tests: tension, bending, stretching and
ductility yield, chemical composition and
metallography;

Mineralogical characterization of aggregates;
Obtaining concrete cores to strength and
modulus tests;

Rebar scanning;

Ultrasound and dynamic modulus tests;
Water absorption, permeable void index and
specific mass;

Mineralogical characterization by X ray
diffractometry and thermal analysis by ATD-
TG;

Mix reconstitution of concrete and cement
content;

Carbonation depth;

Granular material analysis

Structural Check (“assumption”)
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Sample preparing

v Rebar cut with acetylene
torch
v Concrete cut with diamond
wire
Mackenzie University

72
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Cores withdrawal

Mackenzie

University

73

Petrographyc analysis
by Prof. Claudio Sbrighi Neto
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Petrographyc analysis
by Prof. Claudio Sbrighi Neto

* Crushed granite : igneous rock, D,qx = 25 mm

* Coarse sand washed from river

* Quartz was preserved: concrete shall have been exposed to
temperatures under to 573 © C.

» Aggregates were not cracked or chipped.

calcined thickness obtained by
thermogravimetric analysis and x-ray

diffraction
<1,0cm
75
Mix design reconstitution
Table 1 - Mix reconstitution in parts of mass
sampls id, Composition
Cement Aggregates
Column 1 5.9
Structure 1 6.2
76
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Table 2 - Determinaton of absorption, void index and specific mass

Sample
Test
Column Structure
Absorption after plunge and boiling (%)  6.52 6.68
Void index after saturation and boiling (%)|  14.75 15.21
Specific Mass of dry sample (g/cm®)]  2.26 228

- cement content 309 kg/m3

77

Compressive strength

v' Average strength: 21,8 MPa

(3,200 psi)

f;:k =15 MPa
(2,200 psi)

78
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Tensile strength

v Average strength: 2,1 MPa

(300 psi)
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Ultrasonic and Modulus of elasticity

Average value of Dynamic Modulus of Elasticity: 27 GPa
Static Modulus E , , ;. = 24GPa

Ultrassom (m/s)
3663
3788
3669

80
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Carbonation depht

.

2,5 cm to 3,0 cm

1to1'2in

81

Carbonation depht

2,5 cm to 3,0 cm (1 to 1 ¥2in)

e T

82

41



Rebar

Notched rebars with diameters of 22, 20 e 16 mm (1, 3/4 and 5/8 in) CA 60
Stirrups with diameters of 8 e 10 mm (5/16 and 3/8 in) CA 37

ArcelorMittal
Labs.

83

reconstitution of
cross section of
band beam and
column

84
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| N
1 1
Above rebar: 12 o 20 mm (3/4 in)
Below rebar: 6g 20 mm (3/4 in)
Total steel area: 56,6 cm2 (8.8 in2)
Cross section area: 2890 cm?2 (477.9 in2) &

Band beam steel ratio: 1,96%

| I
| 5th floor | =
JE— iooooooooooool g =
38
’o oo e ol ?,- )
35 cm (33 Y21in) | ~
1!03 om (40 in)! ' 4th floor

reconstitution of band beam

85

Reconstitution of column cross section

88

89

Concrete cover = 0,5 cm to 4,0 cm
(13/64into 1 ¥2in)

4th floor to 5th floor columns stretch

[ Secdo da amostra
[[] Possivel segéo original

Barras presentes na amostra

® possivel possi¢éo das barras faltantes

86
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modelling
reinforced
concrete
structure
floors
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modelling

reinforced
concrete
structure

compartmentation
fire wall
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modelling

reinforced
concrete
structure
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Av. Rio Branco

Av. Antonio de Godéi
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Av. Rio Branco

Band Beams

I

Av. Antonio de Godéi
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Cantilever slab
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Plan measures
P 29,2 m (95 ft)
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Av. Antonio de Godéi
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Cross section of ribbed slab
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Cross section of ribbed slab

233

300
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ULTIMATE
DISPIACEMENTS

ULS Model with
thermal variation
and wind speed of

May 15t 2018
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2. | Caracu Building
- attached to the back
Jacade

-2 rotation constraint

http://www.arquivo.a
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Torsion due the vertical load, thermal
load and wind of the day of collapse.
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Constraint of building attached

u
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Caracu
Building
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Assumption of collapse mechanism

[ [T
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Variation of 200° C:
SLS combinations 2 21 cm (8 ¥4 in)
ULS combinations 2 28 cm (11 in)

Variation of 500° C:
SLS combinations = 36 cm (14 %4 in)
ULS combinations = 58 cm (22 34 in)

temperature - increasing of more than 10
times to the bending moments on elevator region
columns when compared with results from just
vertical loads.
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Assumption of collapse mechanism
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Neighbor Building at
Av. Rio Branco
in front of church:

Glass Windows

Facade

105

DESDE 1921 % % % UM JORNAL A SERVIGO DO BRASIL

FOLHA DE S.PAUL

11108 MAIO D 2018

Geisel avalizou
execugdes na
ditadura, diz
documento

SP tem 25 mil
edificios fora
de regra mais
' dura antifog

KIMSEREUNIRAOEM IZDEJUNHO
o Estados U

esos
ontem, reunio entreos dkres ocorrers o Coapurs
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cotidiano FOLUA DESPAULO «+s

Quase metade dos prédios de SP sao de
antes das regras duras contra incéndio '’

24,7 mil foram const
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conclusion: Lessons Learned (actions)

1.  Architectural Final Project (City department records);

2.  Check of structural project to thermal loads (due fire) and
peer review;

3. Redundancy & Robustness in design;

4. Structural final project or as built filed on City department
records to obtain the license to use (clouds);

5. Periodic Surveys
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E
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NVIRONMENT & LOADING

conclusion: Lessons Learned (actions)

1. Architectural Final Project (City department records);

2. Check of structural project to thermal
loads (due fire) and peer review;

3. Redundancy & Robustness in design;
4. Structural final project or as built filed on City department records to obtain the license to use
(clouds);
5. Periodic Surveys
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