AIN SHAMS UNIVERSITY

FACULTY OF ENGINEERING

STRUCTURAL ENGINEERING AN SHAMS UNIVERSITY
DEPARTMENT FALTTTY (F ENGINERRING

BEHAVIOR OF STATICALLY DETERMINATE
PRESTRESSED CONCRETE BEAMS SUBJECTED TO
FIRE

By
Eng. Anwar Mahmoud Mohamed Ismail
B.Sc. Civil Engineering -Helwan University, 2001

M.Sc. Civil Engineering -Helwan University, 2006

A Dissertation

Submitted in Partial Fulfillment for Requirements of the Degree of Doctor of
Philosophy in Structural Engineering

Supervisors
Prof. Dr. Amr Ali Abdelrahman Prof. Dr. Nadia M. Noufal
Professor of Concrete Structures Professor of Properties and Testing of
Faculty of Engineering, Materials, Housing and Building National
Ain Shams University Research Center
Assoc.Prof. Ahmed Hassan Ghallab Dr. Tamer Hassan K. El-Afandy
Associate Professor, Structural Assistant Professor of Reinforced
Engineering Department, Faculty of Concrete, Housing and Building National
Engineering, Ain Shams University Research Center

2011



AIN SHAMS UNIVERSITY

FACULTY OF ENGINEERING
STRUCTURAL ENGINEERING AIM SHAMS UNIVERSITY
DEPARTMENT FACTTTY OF TNGINEERING

APROVAL SHEET

Thesis: Degree of Doctor of Philosophy in Structural Engineering

Thesis Title: “Behavior of Statically Determinate Prestressed Concrete

Beams Subjected to Fire"

By: Eng. Anwar Mahmoud Mohamed

Examiners Committee: SIGNATURE

Prof. Dr. Khalid A. Soudki = eeeeeeceeeeciincien

Professor and Canada Research Chair in Innovative Structural
Rehabilitation, Department of Civil and Environmental

Engineering, Waterloo University, Canada
Prof. Dr. Ahmed Sherif Essawy ~ ceeeeseeseeceeeeeen

Professor of Concrete Structures

Faculty of Engineering, Ain Shams University
Prof. Dr. Amr Ali Abdelrahman ~ creeeeeeseeeeeeeeen

Professor of Concrete Structures

Faculty of Engineering, Ain Shams University
Prof. Dr. Nadia M. Noufal ~  erreereeeneceeeeeen

Professor of Properties and Testing of Materials

Housing and Building National Research Center



gl &
AIN SHAMS TURTFERMTY 4&3@}” M.‘u@_&\ Hﬂ

FAULLTY (M LRGINEERIMNG

" aaoall il cad Tl 3aaaal) g dlgay) Al duibu A0 & jasl) & gl

dac
i Lans) 2ana 3 gana 58] /uigall
Yood Olsla faals dpnall dunigl) (g ) IS
Yoot o dadls duina) dutidl givale
Ol (e Arala Aunigh 4408 ) dadie Al
ol siSall 4a 3 e J saall clidlaia (e ¢ a8
Agadl Lanigl) 3

o i) Caa

Jasi agana dpali ] Gaallas o g e o]
Jasca g elill 3l ga ¢ gay dgaay i Al Al claid) sl
Csaal agill S pall 3 gall . e e
: paasd s 4
G JlaS Cpun pald 3 M n daa J,e,i
Al Al Chsa dgaas e )M Loigh) and — 2o lise i
sl 5 Sy e (e daala Awsaigll 4408

2011



WERERS

iy dwaigl) Al
ATM SHAMS URNTYERSITY " “y
FACLLTY (0 ERGINEERING

o

caldl aud
i o] 2ana 3 gana 6 1 (udigeal

cadl &) gie

" Goad) el il Ll Basaal) g alga¥) diile Auibu Al &l pasl) & glu

a5 asal] dial

...................... B ol AW

IS gl 39 Aaala — Al Ad) cilddal) M

...................... G oas iy pddaaf 3, ]

ceadi (e Aaala duaigh) A1 Auilu Al cildial) S

...................... Caadl s o g 3

Cwad cpe Arala Auutigd) A0S Al Al cLidal i
...................... Jos5 3 gana 4ol o]

3 gall daglia g Gl g3 M
83 gad) Jasda g £ i) 31 ga &g 2g2a
sUall g LSyl & gad (o0 5811 S sl



Abstract

ABSTRACT

Prestressed concrete is widely used in the construction industry in buildings,
bridges, towers, pressure vessels and offshore structures. In numerous
structures, the architectural requirements prescribe the incorporation of long
span and slender elements in which the prestressed concrete is rendered the
most feasible design alternative. The strength and serviceability of reinforced
concrete (RC) and prestressed concrete (PC) elements are generally affected
after fire exposure. The basic design objective for such elements would be life

safety and collapse prevention.

The main objective of this investigation is to the study behavior of statically
determinate prestressed concrete beams subjected to fire. In this respect, an
extensive experimental/ analytical investigation was conduced on number of
medium scale post-tensioned concrete girders subjected to fire. The
experimental program consisted of testing twelve beams, five of which were
partially prestressed, five beams fully prestressed and the remaining two
beams are non prestressed beams. The beams had an overall width, depth and
length of 160, 340 and 4400 mm, respectively. The beams were simply
supported with a clear span of 4000 mm. The prestressing strand had a harped
profile similar to the shape of the applied bending moment. The main test
variables are concrete compressive strength, concrete cover and prestressing
index. All prestressing specimens were cast using bonded prestressing
strands. The strands were stressed after the concrete had reached an age of 28
days, and then grouted with cementitous grout. The test program was divided
into two phases. Five beams were tested as control beams and the remaining
seven beams were loaded and exposed to fire at level of 600°C for a three

hours duration.
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Abstract

The beams were tested using two concentrated loads at mid span by two
hydraulic jacks. The previously described setup was provided with a furnace
located at the beam middle part. The tested beams were loaded up to its
working load, then the middle 1000-mm was exposed to fire at temperature
level of 600 °C for three hours. The specimens were left to cool gradually,
while the load was maintained. The load was released and the beams were
loaded again up to failure. The beams were tested up to failure using a stroke
control system. The test parameters included fire exposure, concrete

compressive strength, prestressing level and concrete cover.

Modes of failure, ultimate load carrying capacity, deflection and strain of both
steel reinforcement and concrete at critical sections were monitored. The
cracking behavior of prestressed and non prestressed concrete beams was
presented. Analyses and comparisons of the experimental test results were
also introduced. Analytical investigation based on strain compatibility
approach was used to predict the deformational behavior of the tested
prestressed and non prestressed concrete beams before and after fire exposure.
Comparison between theoretical and experimental test results was also

introduced.

The results showed that the partially and the non prestressed concrete beams
with concrete cover equal to 25 mm have higher resistance to fire exposure
than that of fully prestressed concrete beam in terms of ultimate capacity and
ductility. Also the high strength partially and fully prestressed concrete beams

had lower fire resistance than normal strength beams.
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