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Il développe le Système Hennebique de béton armé.
Installe son entreprise avec le slogan:

« plus d’incendies désastreux » 

The end of disastrous fires

patent in Belgium

August 8th, 1892

François 
Hennebique

Reinforced Concrete
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Système Hennebique
Paris, Rue Danton

7 floors
France 1900

30 m (98,4 feet)

fck = ?
119 years old!

The oldest reinforced 
concrete building in the 

world.
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Martinelli Building

São 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
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ANDRAUS Building

São 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

São 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
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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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“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 19th floor to 3 cm in 12th floor… “

Dra. Cruz Alonso. IET, 2006.
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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
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11h
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17h
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Nowadays: in use
Not colapsed!
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Modulus of elasticity

concrete Ecs

structural
steel Es

Modulus of elasticity
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Steel temperature rise fast due fire 
exposure for unprotected steel column
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Polivka & 
Wilson

UC, 1976 
Berkeley

Calmon & 
Claudio

UFES, 2002
Vitória

Bazant & 
Kaplan
Logman, 

1996

Temperature rise for a 50 x 50 cm (20 x 
20 inches) concrete column
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Research
University of São Paulo 

Brazil
2002 à 2010

PhD student: Carlos Britez
Supervisor: Prof. Paulo Helene
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Background

e-Tower Building

São Paulo, Brazil

fcm = 125 MPa (18,000 psi)

HPCC world record

6 columns in 7 floors

2 months 

Jan/Feb 2002
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American 
Concrete Institute

ACI

Concrete
International

magazine

December 2003
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ColumnMockup (Lab POLI.USP)
ü 70 cm x 70 cm (28 in x 28 in)

ü height:  2 m (6,5 feet)

ü mass:  2.500kg (5500 lb)

ü age: 8 years old

ü fck,est = 112 MPa (16,000 psi)

ü fcm = 125 Mpa (18,000 psi)

ü concrete cover:  25 mm (1 in)

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

Diamond wire
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cores withdrawal

after 8 years

140 MPa (20,000 psi)

cylinder specimen
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ü masonry closure 
(refractory) 

Lab gas oven
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Lab gas oven
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Simulation draft (plan view)

Grouted masonry
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Temperature rising

Oven termocouple:
Standard curve ISO 834

Termocouple # 2, 7, 9 e 16 
(cover zone)

Remaining 
termocouples 

(twelve )
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Mockup integrity after 180 minutes

ü only sallow spalling observed;

ü start: 36 minutes (initial);

ü “popping” sound, then it stops;

ü intact edges;

ü depth: from 0 to 48 mm (0 to 2 in)

ü 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

ü Concrete is a bad heat conductor;

ü Concrete resists well to high temperatures

ü Up to 3h, 4h, 6h, 12h, 20h…
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Wilton Paes de 
Almeida Building

53 years old
ü Build collapse in 1 h 20 min

ü How to explain?!
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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 1st, 2018

47

background
research
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Structure: Steel columns with concrete slabs
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background
research

https://pt.aleteia.org/2018/05/02/a-trajetoria-do-predio-que-desabou-no-centro-de-sao-paulo/

REFERENCES:
O Estado de S. Paulo – Feb/28th, 1961
O Estado de S. Paulo – Jul/03rd, 1965
O Estado de S. Paulo – May/12th, 1979

Structure: Steel 
columns with 
concrete slabs
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May 1st, 2018 at 4:00 PM
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background research

Revista Acrópole Número 323 Ano 27 Novembro 1965
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Revista Acrópole Número 323 Ano 27 Novembro 1965

background research
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background research
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Columns 

geometry
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Cross section of columns in each floor

(85 x 85)cm
(35 x 35) in
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Fire
Dawn of May 1st, 2018, at 1:30 AM, fire starts in the 5th floor
and propagate to the other floors (underground floors to 10th

floor + penultimate)
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fire start at 1:30 AM (video)
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Collapse at 2:50 AM (video)
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After collapse...
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After collapse...
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Term of technical 
and scientific 

cooperation  between 
São Paulo City Hall, 

SPObras, Urban 
Infrastructure 
Secretary and 

IBRACON (Brazilian 
Concrete Institute)

May 2018
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Colecting samples to test
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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
ü Rebar cut with acetylene 

torch
ü Concrete cut with diamond 

wire
Mackenzie University
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Cores withdrawal

Mackenzie

University
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Petrographyc analysis 
by Prof. Cláudio Sbrighi Neto
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• Crushed granite : igneous rock, Dmax = 25 mm

• Coarse sand washed from river 

• Quartz was preserved:  concrete shall have been exposed to 

temperatures under to 573 º C.

• Aggregates were not cracked or chipped.

calcined thickness obtained by 
thermogravimetric analysis and x-ray 

diffraction
< 1,0 cm

Petrographyc analysis 
by Prof. Cláudio Sbrighi Neto
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Mix design reconstitution
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à cement content 309 kg/m³
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Compressive strength

ü Average strength: 21,8 MPa

(3,200 psi)

fck = 15 MPa
(2,200 psi)
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Tensile strength

ü 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 Eci 0,3 fc = 24GPa

80
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Carbonation depht

2,5 cm to 3,0 cm

1 to 1 1/2 in
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Carbonation depht
2,5 cm to 3,0 cm (1 to 1 1/2 in)
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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
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reconstitution of band beam

Above rebar: 12 ø 20 mm (3/4 in)
Below rebar: 6ø 20 mm (3/4 in)

Total steel area: 56,6 cm² (8.8 in²)
Cross section area: 2890 cm² (477.9 in²)

Band beam steel ratio: 1,96%

85 cm (33 ½ in)

34
 c

m
(1

3 
½

 in
)5th floor

4th floor103 cm (40 5/8 in)
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Reconstitution of column cross section

Concrete cover = 0,5 cm to 4,0 cm
(13/64 in to 1 ½ in)

4th floor to 5th floor columns stretch
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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

ascensour and 
stairs
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Band Beams

Av. Antônio de Godói
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Cantilever slab

Av. Antônio de Godói
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Plan measures

Av. Antônio de Godói
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29,2 m (95 ft)

29,8 m (97 ft)

13
,8

 m
 (4

5 
ft

)

94



48

Cross section of ribbed slab

Av. Antônio de Godói

A
v.
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Cross section of ribbed slab
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ULTIMATE 
DISPLACEMENTS

ULS Model with 
thermal variation 
and wind speed of 

May 1st 2018
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Caracu Building 
attached to the back 
façade

à rotation constraint
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Torsion due the vertical load, thermal 
load and wind of the day of collapse.
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Caracu
Building

Constraint of building attached
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Assumption of collapse mechanism

101

Variation of 200º C:
SLS combinations à 21 cm (8 ¼ in)
ULS combinations à 28 cm (11 in)

Variation of 500º C:
SLS combinations à 36 cm (14 ¼ in)
ULS combinations à 58 cm (22 ¾ in)

temperature à 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

103
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Neighbor Building at

Av. Rio Branco

in front of church:

Glass Windows 

Façade
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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

conclusion: Lessons Learned (actions)
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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

conclusion: Lessons Learned (actions)
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