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i

ABSTRACT

The main objective of this thesis is to study the strength behavior of reinforced concrete simply supported deep
beams containing carbon fibers. For this purpose, a series of deep beam tests were performed to study, their results
are discussed and compared with results mentioned in the literature.

The experimental program consisted of testing 16 deep beams, 1100 mm long, 100mm wide and overall depth which
varied from 300 mm to 600 mm at

100mm increments.

Two different carbon fibers volume fractions were used, namely 0.25 % and 0.50 % by volume of concrete. The shear
span - to - depth ratios (a/h) varied from 0.79 to 1.58. The amounts of longitudinal main reinforcements were kept
constant, while the amounts of vertical and horizontal web reinforcements were changed. The beams were supported
and loaded identically with a single vertical concentrated load acting at the top of the beams at mid - span.
Measurements made during each test include mid - span deflections, steel, concrete strains and the developed
cracks were marked at each load increment.

Most of the beams failed due to the formation of diagonal shear crack with an improved ductility when carbon fibers
is used.

The Strut-and-Tie model (STM) procedures were used to analyze deep beams of this investigation and a compari-
son of results was made with STM procedure given in ACI code and with other procedures mentioned in the
literature.

The results of this study indicate that as the a/h ratio decreases, the value of the failure loads increased, when a/h
decreases from 1.58 to 1.19, 1.19 to 0.95 and 0.95 to 0.79, the failure load increased by about 49%, 35% and 15%

36




respectively.

It was found that the vertical web reinforcement is more effective than horizontal web reinforcement in transferring
shear forces in deep beam. Results showed that the induced stress in vertical web reinforcement was about 213.85
ii

MPa, while it was about 56.8 MPa in horizontal web reinforcement for deep beams at failure. For deep beams con-
taining minimum amounts of vertical and horizontal web reinforcement as given in the ACI code, the steel strain read-
ings showed that the minimum amount of web reinforcement given in Appendix A of the ACI code is conservative.
The STM procedure given in Appendix A of the ACI code does not account for the tensile strength of concrete. The
results of this investigation indicate that the efficiency of this method in calculating failure load of deep beams can
be improved by the inclusion of concrete tensile strength.

The amendment made in this investigation on the modified STM procedure mentioned in the literature for
determination of ultimate shear strength of deep beams by including the effect of shear span to depth a/h ratio
traces the experimental failure load of deep beams of this investigation and the results of others to a higher degree
of accuracy.
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The Longest Rivers - Deepest Dceans
in the World - iinsatl and Seas

Length in kilometers

Mile Pacific Ocean
Armazon ) Indian Ccean
Yangtzs Atlantic Ocean
Huang He 463 (N Caribian Sea
Ob-Irtysh \ Sea of Japan
Arnur L Gulf of Mexico 1,614
Lena 1) Mediteranian Sea m:]
Congo Lt Bering Sea _
Mackanzie 4,241 | South China Sea

Mekong 4,183 ‘ Black Sea mﬁ
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Countries with the
Most Billionaires

Headcount

United States

Japan

Garmany
taly
Canada

Switzertand

France

Hong Kong 14
Mexico l]13
United Kingdem  {[J12

Source: wwwowatchmaojo.com, According to Aneki.com
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million people
China

Incia

UsA

Indonasia
Brazil
Pakistan
Bangladesh

Russia
Migeria
Japan

Sowurca: www.watchmojo.com ascording to
US Census Bureaw, International Detabase (2008 estimates)
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Sold cars of the
First 6 months of 2005

Ford F-Series
Ghewrolet Sitverado (NN |
ToyotaCarry (ESCCETE) 0020 )
Dodge Ram '
Honda Accord  (RELIEEEY)

Honda Givic
Ford Explorer [ 134,760 |]
Tlimzmiry Aibinns m_
Drxdge Caravan 126.270 |}

SIS Siwrm 126,184 |
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The Largest Countries
in the World

in million square kilometers

Russia
Canada
China
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Birazil
Australia
India
Argentina
Kazakhstan
Algeria
Sowrce: www.watchmojo.com ascording 1o

US Cengsus Bureau, International Detabase
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Finland
Morway
Canada
Swedean
Switzerland
New Zesaland

G Australia

“ Austria
“ lceland
m Denmark
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TOP TEN
Countries with the most airports

According to 2001 stats

United States (14,695 airports)
Brasil (3,365 airports)

Russia (2,743 airports)

Mexice (1,852 airports) .
Canada (1,419 airports)
Argantina (1.369 airports)
Bolivia (1,109 airports)
Colombia (1,066 alrports)
Paraguay (892 airports)

South Africa (740 airports)

Sourga: www.watchmojo.com according to Areki.com
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Household

Irag

Equatorial Guinea (I - ||
Pakistan . ss{l
Yemen . s7HN
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Fiji
Sudan
India
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Countries with the
Highest Divorce Rates

Divorces per 1,000 inhabitants per yvear

Maldiveas

Belarus

United States
Cuba

Estonia

Panama

Puerto Rico
Croatia

Ukraine

Antigua / Barbuda

Sourga: www.watchmojo.com according to United Nations
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Lowest Average
Birth Weights

Percentage of live births classified "\
by the OECD as of low birth weight.

MMexico

Jdapan

Hungary

Greace

United States L
United Kingdom (Y|
Portugal
Luxembourg (Y | 0
Slovakia 6.7
Germany 651

Sourca: www.watchmojo.com according to OECD
Phoio: € bilderbox . com 2 grafikdienst com
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Countries with the
Most Births Per Year

million births in 2005
Incia

China
Migeria
Indonasia
Pakistan
Bangladesh
us

Braxzil

DR of Congo
Ethiopia

Sourca: www, watchmajo.com
socording to US Census Bursau, International Database
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Top Ten Countries with
Highest Life Expectancy

Indication in years
7

Andorra
San Marino
Jdapan
Singapore
Australia
Switrerland
Sweden
Hong Kong
Canada

loeland

Sourca: www. watchmajo.com
socording US Census Bureaw, International Database
Photo: £ bilderbox.com = grafikdienst com

Deaths per 1,000 population

Botswana
Angola
Lesotho
Zimbabwe

na
BEN
-
T

Swaziland

Pl alawi

Miger G
Afghanistan 21.12 |}
Siarra Leons

;
:

Mozambique

Sgurca: According 1o ClA Factbook
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TOP TEN Countries with the
Best European Cities to Visit Highest Suicide Rates

Number per 100,000
inhabitants per year

Rome ] Lithuania
Florence # 3 Russia
Istanbul = X ; Belarus
Prague et _' ) h, Latvia
Venice — Estonia
Paris Hungary
Barcelona Slovenia
Salzburg Ukraine
Vienna Kazakhstan

Krakow Finiand

Sourca: www.watchmojo.com according to Travel & Leisurs Sourca: www.watchmojo.com according to BBC
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Cusid OBl 55l sebYy &

Botiled Water

Drinking Nations

in liters per capita ;
Paris, France " Italy
Rome, Italy Spain
Venics, |taly : = ' France
Bahamas o b Mexico
Florence, Italy Belgium
Sydney, Australia Germany

Londeon, England Switzerland

8. WEL Austria

“ Franch Riviera FPortugal

| 10. WS Argenting

Source: www.watchmojo.com according to MNational Geographic Source: www.watchmojo.com, According to EuroMaonitor, 2003
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Top 10 Nations with ~ The Biggest Car Production

i iAo SllOble WOrkers - - Passenger car production by country 2002
in million cars

China Japan

India . ) Germarny

usa [ 1RE United States
Indonesia -} 102 France

Brazi k] Korea, Scuth
Pussia m T8 Spain
Bangladesh @l s° United Kingdom
Japan 8l se Brazil

Pakistan .}52 [ Canada

Migaria ']4_5 I Italy

Source; www.watchmojo.com according to Mationmastar
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Bread Consumers

kg per capita
Iraland

K

New Zealand
uss

Australia

France

Saudh Arabia
Swizerland
Likcraien

Canada / Mexico

=
&
-

SOUCTEC WL WALC IO o corm,
According to Euromoniior (2004 data)
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Coffee Drinking
Nations

cups per capita
Finland

Denmark

MNarway

Belgium

Swedean

Austria
Switzerland
Garmany
Mathwelands
France

Source: www.watchmojo.com,

According o International Coftee Organization (2002 data)
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Biggest Alcohol
Consumption

Litres per capita by population _
aged above 15. (Data for 2000)

Luxembourg

Irelarnd

Portugal

Hungary

Czech Republic

Spain

Denmark

Austria

Switzarland

France 10.5

Source; wyow.watchmojo.carm acconding to OECD Health Data 2004
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Aragawa, Tokio

Arpege, Paris

Eigensinn Farm, Toronto

Sketch - Lecure Room & Library, London
Petermann's Kunststuben, Zirich
Tetsuya's Restaurant, Sydney

Witrum, Berlin

Steirerack, Vienna

Yamazato, Amsterdam

Zalacain, Madrid

Sogurce: www.watchmojo.com according to Redift
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Chocolate
Consumers

kg per capita
Switzerland
LI

|e

e
=]

Baigium
Garmmany
Iretand

I

Denmark
Morwary
Austria
Poland
usa

Source: www.watchmojo.com,
According to Euromonitor (2003 data)
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Countries with the
Most Number of Cows

Indication in million cattle

Indis

Braxzii

China

UsA

Argentina

Sudan

Ethiopia

Mexico

Australia

Russia r
Sourca: www watchmojo.com according to Food and

Agriculture Organization of the United Mations (2003 data)
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