REINFORCED CONCRET

STRUCTURES

Instructor: Prof. Eric M. Hernandez, Ph.D.



Why 1 s Concrete

>

Low technology to produce

Relatively cheap

Very durable

Water resistant

Fire resistant

Can take basically any shape

Strength can be controlled thru water/cement ratio.

RC structures are monolithic and continuous (higher
redundancy)

> > > > > > I
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Figure 5.1-2. Percentage of in-service bridges for main span superstructure material types from 1950 to
2022 including all roadway systems. (“Other” material types omitted for clarity.)

~ 3 outof4
bridges are made
Reinforced Concrete out Of concrete
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Figure 5.2-1. Comparison of the percentage of bridges built per year for different main span superstructure
material types for all roadway systems.
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Figure 5.2-4 Market share by main span superstructure material for bridges with maximum span length of
100 ftto 150 ft
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reinforcing

Rel nf or c

Volumetric partition of concrete

2% air
11% cement

17% water

3 70% sand and gravel




Want to learn how to design reinforced

concrete structures

Need to have an understanding how steel

and

concrete
loads

wor k”



Basic Assumptions

Essential Assumptions :

Simplifying Assumptions :

A

>

The reinforcing bars and the
surrounding concrete deform
together (no slippage)

Plane sections before deformations
remain plane after deformations.

A

>

>

>

>

For small levels of strain concrete
and steel are linear

Concrete is homogenous and
isotropic

The stress at any point in the
concrete depends on the strain.
Their relationship is given by the
uniaxial stress -strain relationship.

Tensile strength of concrete is
neglected

The steel is assumed elasto -plastic
(no strain -hardening)




Uniaxial Stress Strain Relationship of Concrete
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Uniaxial Stress Strain Relationship of Steel
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How do we know where to put reinforcing
st eel Il n rei nforced

have tension we
place reinforcing
steel

| l | Wherever we

How much and
how ?
O

O

po’
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What Is prestressed concrete?

|

- Stretched, high
/ strength steel cable.

/ Generates
compression where
£\ tension is produced

by the external loads.

Cancels the effects of
external loads!



Common problems in concrete
structures

A Cracking (could be good and bad)
A Corrosion in reinforcement

A Spalling

A Freeze 1 Thaw cycles

A Low cycle fatigue



A Bit of HI story

300 BC to 476 AD- Use of Pozzolana cement from Pozzuoli, Italy (Near Mt.
Vesuvius) was used to build the Appian way, Roman baths, the Coliseum, the Panth
in Rome and Pont du Gard aqueduct in the south of France. Animal fat, milk and
blood were used as admixtures (substances added to cement to increase its desirab!
properties)




17931 John Smeaton found that the calcination of limestone containing clay gave
a |1 me which hardened under water. He
Eddystone Lighthouse in Cornwall, England.

1818- Maurice St. Leger is issued patents for hydraulic cement. Natural cement
was produced in the USA.

1824- Joseph Aspdin of England invents Portland cement. The name Portland
cement was given due to the resemblance of cement to good quality stones found in
Portland England.

1867- Joseph Monier of France discovers reinforced concrete and presents his
results in the Antwerp Exhibition in 1885. But since he has no technical training
does not realize the engineering potential of the new material.

18871 G.A.Wayss, a german engineer, buys the reinforced concrete patent from
Moni er for a block sum and establishe:s
Constructiono. Begins research toget he
Ssystemo



18891 Independently, Francois Hennebique of France starts a
twelve yearesearch program which culminates in the

development of a complete system for design and construction

of buildings. In 1892 he patents his methods and by 1917
Hennebiqueds firm has compl ete
contracts and about the same number of designs in reinforced
concrete.

19021 Paul Christophe, a former
member of Hennebique
the first text on reinforced concrete
structures. He gave detailed derivation
of the formulas used at the time to
determine concrete stresses and the
amounts of steel required.

| 1 s he

Fig. 2-2. Hennebigue system for multistory reinforced-concrete

1904 1T The American Concrete Institute (ACI) is founded. The ACI
IS a technical and educational society which today has almost
16,000 members in 115 countries and 97 chapters in 32 countries.


http://en.structurae.de/photos/index.cfm?JD=78

1906 The fiBeton Kalendero is published
to concrete structures. It is still published today!

19217 The great American engineer Hardy Cross develops the moment distribution
method as a professor at the Univ. of lllinois. This methods allows for the analysis
of continuous reinforced concrete structures with relative ease.

19331 Robert Maillart designs and ~
builds the Salginatobel Bridge (434 ft. ) kss.&
in Switzerland. Declared world

in 1991.




19341 The French engineer Eugene Freyssinet develops prestressed concrete.
One of the great achievements in concrete structures which allows for great
slenderness and economy in long span systems.

193671 First major concrete dams, Hoover dam and Great Coulee Dam were
built in the USA. They are still there!

1975 CN Tower in Toronto, Canada is built. The tallest-$6pm building in the
world.

1997 CITIC Plaza is completed in China, at 1,283 ft tall is the tallest building in
the world with a structure built completely out of reinforced concrete.

20057 Tallest bridge in the world is completed in France, the Millau Viaduct.
This bridge is 918 ft tall and the majority of its structure is made of reinforced
concrete.



Amazing Reinforced Concrete
Structures Around the World
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Millau Viaduct
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Tallest bridge in the world : 1,125 ft !l (Empire State Building is 1,250 ft tall)
Length : 8,071 ft
Designer: Michel Virlogeux



Natchez Trace Bridge. U.S.A.
Designer: Eugene Figg.
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Bixbie Creek Bridge. U.S.A.

Designer: Harvey Stover



Sunniberg Bridge. Switzerland

Designer: Christian Menn
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Ganter Bridge. Switzerland

Designer: Christian Menn



Crestawald Bridge. Switzerland

Designer: Christian Menn



Zakim Bridge. Boston, USA

Designer: Christian Menn
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The right structural form is everything!

Restaurant Los Manantiales. Mexico

(@4

Thickness of shell = 1 |

Designer: Felix Candela



Bacardi rum factory. Mexico

Designer: Felix Candela
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To appreciate the beauty of his designs you need to
understand the mathematical aspects behind his work



http://www.google.com.do/imgres?imgurl=http://www.arch.mcgill.ca/prof/sijpkes/D%2BC-winter-2005/pavillions_concrete/candela.gif&imgrefurl=http://pc.blogspot.com/2006/11/restaurant-at-xochimilco-felix-candela.html&h=1488&w=2513&sz=2432&tbnid=0vKVHQBsw6eFJM:&tbnh=89&tbnw=150&prev=/images%3Fq%3Dfelix%2Bcandela&zoom=1&q=felix+candela&hl=es&usg=__LSvHRxvfTRWKnuO-dRZv8tlf18g=&sa=X&ei=JForTbjcNYKC8gb4ouWrAQ&ved=0CBwQ9QEwAg
http://www.google.com.do/imgres?imgurl=http://www.arch.mcgill.ca/prof/sijpkes/D%2BC-winter-2005/pavillions_concrete/candela.gif&imgrefurl=http://pc.blogspot.com/2006/11/restaurant-at-xochimilco-felix-candela.html&h=1488&w=2513&sz=2432&tbnid=0vKVHQBsw6eFJM:&tbnh=89&tbnw=150&prev=/images%3Fq%3Dfelix%2Bcandela&zoom=1&q=felix+candela&hl=es&usg=__LSvHRxvfTRWKnuO-dRZv8tlf18g=&sa=X&ei=JForTbjcNYKC8gb4ouWrAQ&ved=0CBwQ9QEwAg
http://www.google.com.do/imgres?imgurl=http://www.arch.mcgill.ca/prof/sijpkes/D%2BC-winter-2005/pavillions_concrete/candela.gif&imgrefurl=http://pc.blogspot.com/2006/11/restaurant-at-xochimilco-felix-candela.html&h=1488&w=2513&sz=2432&tbnid=0vKVHQBsw6eFJM:&tbnh=89&tbnw=150&prev=/images%3Fq%3Dfelix%2Bcandela&zoom=1&q=felix+candela&hl=es&usg=__LSvHRxvfTRWKnuO-dRZv8tlf18g=&sa=X&ei=JForTbjcNYKC8gb4ouWrAQ&ved=0CBwQ9QEwAg
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St. Louis Airport. U.S.A.

Designer: Anton Tedesco



Highway Bridges. Germany

Designer: Fritz Leonhardt und Partners



TV transmission towers. German

Designer: Fritz Leonhardt
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815 ft. tall)

CN Tower. Canada (1

Designer: Ned Balwind
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Citic Plaza. Guangzhou, China. 80 stories (1,283 ft. tall)

Designer: DLN architects and engineers

Tallest Building with a structure built completely with reinforced concrete



Burj Dubal, UAE. 160 stories (2,717 ft. tall)

Designer: Skidmore, Owings and Merrill (Bill Baker, chief Engineer)

Reinforced concrete up to (1,988iftHighest concrete pump


http://www.flickr.com/photo_zoom.gne?id=516342972&size=o

Rose Marguerite Taulé Casso
First Female Dominican Structural Engineer

Structural Designer of the Dominican Building of
Congress



MY OWN EXPERIENCE WITH
CONCRETEZE
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Structural system
- RC Walls. Shear wall behavior in
longitudinal dir., frame behavior in
transverse direction.

Structural Analysis
-ANSYS:
- Dead
- Live tﬁ’ _
. . Size of one tunnel
- Seismic response spectra chamber B®6 x 146
analysis. Flexible and fixed base.
- Wind
- Tornado, missile impact
- Static earth pressure
- Construction loads
- Automated computation of load
combinations (81)

Foundation Mat

-SASSI:
- Dynamic soil-structure interaction
analysis
- In-structure response spectra




Issues

- 4 in. expansion joint. This EPTTE—:
resulted in unbalanced lateral '
loads = -

- Overturning 7 resolved by - S
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extending base slab 10 ft outside &)

of tunnel ) | - [y S
- Sliding i resolved by adding o BERER ] : § s
shear keys e mmmuuumnf
- Uplift concentration at corner 1] T
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- Ductile detailing T moment -
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157.8

1477

9721

8712

racking due to -
presence of shear walls

at 90° turn. dee =
3IBEY
High bending moment - .
demand due to racking. l
16.48
E.333 =

-3.698
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High in-plane shear
due to overturning
restraint provided by
shear walls. Uplift
concentration at
corner.
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Envelope of Maximum In-Plane Shear Demands

Visualization of results in FEMAP

High out-of-plane
shear due to
overturning

High out-of-plane
shear due to
racking

B.142

104.

3714

£2.05

56.23

BT

28.95

2213

15.32

2436

1.677
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Conclusion:

If you are passionate about structural engineering
and you wish to design or construct reinforced
concrete structures, you must possess a clear
understanding of how reinforced concrete
structures develop their strength and deformation

capabillities.
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