
MODELLING OF REINFORCED CONCRETE. BEAM FOR 

FLEXURAL BEHAVIOUR 


Lydia Kristen Binti Edward Mongudal 

Bachelor of Engineering with Honours
'fA 

(Civil Engineering) 683 . 2 

L983 2005 

2005 



NIVERS ITI MALAYSIA SARAWAK 


BO RANG PENYERAIIAN STATUS T ESIS 

Judul: ____________~ ·I~ ~~c(1 C ~ ______~~ o~d~e~ll~in~g~o=f~R~e~in~f~o rc~~~~o~n~c~r~e~te~B~e a~n~l______
for Flexural Behaviour 

Sesi Pengajian: 7004 - 2005 

Saya LYDIA KRISTE N BINTI E DW ARD M O NGUDAL 

(HURUF BESAR) 

rne ngaku rne rn benarkan le~is * loi dis impa n d i Pusa t Khidmat Ma klumat Akade mi k, Unive rs il l Ma laysia 
Sarawak de nga n sya ral-syarat kegunaa n seperli berikut : 

1. Tesis adalah hakrnili k Uni versil i Malays ia Sarawak. 

2. 	 Pusa l Khidmal Makluma l Akademik, UOI ve rs ili Ma laysia Sa rawa k dibenarkan membU<.I l sa li nan umuk 

IUJuan pengaJlan sahaj a. 

3 . Membua l pe ndig ita n unwk me mbangunkan Pangkalan Da ta Ka ndunga n Te lnpalan. 

'-L Pusa t Khidmat makl umat Akadem ik, C ni vers io Ma lays ia Sarawak dlbenarkan meUlb u3t sallnan Il;! s is Uti 

sebagai bahan pertukaran antara inst itusi pengajian tingg i. 

5. ** Sib tandakan ( .j) di ko tak berkeuaan 

CJ SULIT (M engandungi maklumat yang berda rjah kese lamatan atau kcpenftogan 
Malaysia seperti yang te rmaktub d i da lam AKTA RAHSIA RASM I 1972) 

CJ TERHA D (Mengandungl maklumat T ERHA D yang te la h di1en tukan u!eh 
organisastlbadan di mana penye lidlkan dJjaJankan). 

=:J TIDAK TERRAD 

Disahkan oleh: 

;.1- ~- ----. 
(TANDATANGAN p. U Ll S) 	 (TANDATANGAN PI:N e LlA) 

ALAJ\1AT TETAP: 	 ( J • 
P.O. Box 125, 

Kg. T ingka lanon, 	 Nama Penyelia 
Kota Marudu, 
Sabah. Ma lays ia . 

Tar ikh : I It I--~c, 

CAT.\TAN • 	 Tesis d i,,' aks udk;l n s{'bagai 1 c.~L~ b)lgi Ijal.ah Oo l. lO ~ F ,) I ~ a fa h . Sarj a na da n Sll~ja na .\ l ull a 
Jika lesis ini SU LIT a la t! Tf.RH AD. s ib l;l fTlpirk a n sural d<ll ripad a pi ha k llt' rk ll ..s;t,"" rt!a ni ~ ;I ~ i " (> r l. (> naan'. 
dt'nga n me n)' tuaka n ~ck" l i ~dJa b dan It' '''p" h lI~ i s ini perl " d il.d"$k:1n l>\"ba:!.ai S l LI T d a n n : RIL-\ O. 

http:l>\"ba:!.ai


This fina l year project attached here; 

Title : Modell ing of Reinfo rced Concrete Beam for Flexural Behavio ur 

A uthor- s name : Lydia Kristen Binti Ed ward Monguda l 

Matri x number: 6765 

Has been read and app roved by 

• Prof. Mad ya . Dr. N g Chee KJlOon Date 

Superviso r 

• 



oIIID2,..:'O::
l'U5:II n II II, I ,\lal;lurnat "kalll'mll.. 
L'lI\L 'SIIl MALAY~IA SAAAWAJ>. 

'J~ )Ift' ""t.. S:amar.man 

MODELLING OF REINFORCE D CO 'CRETE BE M FOR FLEXURAL 
BEHAVIOUR 

P_KHIDMAT MAKlUMAT AKAOEMIK 
UN 1M AS 

1l1li11111111111111111111111 
1000 14 3629 

LYDIA KRISTEN BlNTI ED W RD 1\10 GUDAL 

• 

Th is Report is Submitted to Facul ty of Engineering, Univcrsili Malaysia 

Sarawak ill Partial Fulfillment of tbe Requirements for the Degree of 


Bachelor of Engineering with lIonours (Civil Engineering) ZOOS 




Dedicated to beloved Mom amI Dad, 


Roy, EVil, Beeea and Ronn . 




I 

ACKNOWLEDGEMENT 


Thank GOD for giving me enough time, strengthen me in pain, inspiring and 

guiding me throughout the completi on o f this project. For without Him, it is 

impossibl e for me to complete this project on time thus successful. 

Having thi s opportunit y, I would like to express my highly gratitude to my 

supervisor, Prof. Madya. Dr. Ng Chee Kboon for the ad vise, guide and support in 

order for me to produced a quality report. 

Special thanks goes to my be loved mom and dad for their unceasing love, prayer, 

and financial supports. To my dearly brothers, sis ters, relatives, co urse mate, and 

fri ends, I thank God once again fo r giving me a lovely person like yo u all. To 

Miss. Esther Sanggedha Anandaraj, thanks for the guide, prayer, and support in 

time of need. 

I wish ftnally to express my deep appreciation to all the Faculty of Engineeling 

lecturers, staffs, technici ans, especially Mr. Rhyier Juen for allowing me using 

CATIA Lab in fi ni shing my FORTRAN program. 

III 



ABSTRACT 


A FORTRA N program for the non-linear anal ys is of reinforced concrete 
beam has been developed in this study. This program is able to produce the 
complete load-deflection behaviour and moment-curvature rel ationship for the 
whole fl exural response of the beams. The computational results have been 
verified by manu al calculations, indicating that any error in the calculation has 
been avo ided. However, thi s program is only applicable to simply-supported T­
beams with both compression and tension reinforcements. 
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ABSTRAK 


Satu program FOTRAN bagi anali sa ketidak linea ran rasuk konk rit 
bertetulang telah dibina dalam kaj ian ini . Program ini mampu menghasilkan 
tindakan beban-pemesongan dan hubungan da ya-k elengku ngan yang lengkap bagi 
kesemua respons kclen tumn rasuk tersebut. Hasil pengiraan telah di sahkan 
melalu i pengiraan man ual , menunjukkan sebarang kesil apan dalam ki raan telail 
dielakkan. Walaubagaimanap un, program in i han ya bo leh digunakan unruk ras uk­
T sokongan-mudah bersama kedua-dua tetul ang kemampatan dan ketegangan. 
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CHAPTER 1 


INTRODUCTION 


1.1 General 

Beam is one of the most common elements in des ign o f reinforced concrete. 

Concrete beam in nature has a character which is strong in compression and weak 

in tension. In ord er to res ist the tension, embedded materials, usually in the form 

steel bars, are provided in the concrete beam. Such combination create reinforced 

concrete beam. Reinforced concrete beam has the ab ility to rcsist both 

compressive and tensil e stresses. If a reinforced concrete beam is designed 

properl y, it can perfo rm well to resist the bending moment due to subjected load 

applied to the member. Thus, it is essential to study the load-deformation response 

of a reinforced co ncrete beam to provide the designer the principles required to 

apply in the design consideration. 

1.2 Ilistorical Developmenl IIf Reinforced Concrete 

Reinforced concrete has been used as building material since last decades 



and still preferable nowadays. It is widely used in most countries because of the 

wide availability of reinforcing bars and economy of concrete constituents such as 

cement, aggregate and water. 

In 1801 , Frenchman, F. Co ignet has published his statement of principles of 

construction, recognising the weakness of concrete in tension. He then, published 

a book illustrating the uses of reinforced concrete in 186 1. For the first ti me, in 

1848, anoth er Frenchman, J.L. Lambot construct a rowboat o f concrete rei nforced 

with wire for exhibition in the 1855 World's Fair in Paris. His model included 

drawings of a reinforced concrete beam and a column reinforced with four round 

iron bars (MacGregor, 1992). 

In 1850s, an American lawyer and engineer, Thaddeus Hyatt has carried out 

an experiment of reinforced concrete beams. He provides longitudinal bars in 

tension zone and vertical stirrups for shear in his beams. Unfortunately, Hyatt's 

work was not known until he privately published a book describing his tests and 

building system in I 877(MacGregor, 1992). 

In 1867 , J. Monier, owner of French nursery garden, has patented concrete 

containers reinforced with metal frames for planting trees. His same patent then 

was used to patent another reinforced concrete structure such as reinforced pipes 

and tanks (1868), flat plates (1869), bridges (1 873 ), and stairs (1 875) (MacGregor, 

1992). 
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Professors Morsch and Bach of the University Of Stuttgart has carried out an 

experiment to test the s trength of reinforced concrete and the method of 

computing the strength of reinforced concrete was developed Mr. Koenen, chief 

building inspector for Prussia. He published the first manuscript on the theory and 

design of concrete structures in 1886. In his book, he presented an analysis which 

assumed that the neutral axIS was at the midheight of the member (MacGregor, 

1992) 

W.E. Ward, a mechanical engineer built the first reinforced concrete building 

in the Uni ted States in I ::: ~:;. It was a house built on Long Island . In 1988, E.L. 

Ransome constructed a building ha ving cast-iron columns and a reinforced 

concre te floor system consisting beams and slab made from flat metal arches 

covered with concrete. In 1890, Ransome built the Leland Stanford , Jr. Museum 

in San Francisco. This two-s tory building used disca rded cable car rope as beam 

reinforcement. In 1903 , he built the fLrst building in the United States completely 

framed with reinforced concrete in Pennsylvania. In 1906 , C.A.P. Turner 

developed the first flat slab without beams (MacGregor, 1992). 

In the last two decades, many books, technical ar1icles, and codes present the 

theories of mechanical behaviour of reinforced concrete and help the engineer 

came to understand the principles applied in design procedures. As in 1894, 

Coignet (son of the earlier Coignet) and de Tedeskko ex tended Koenen 's theories 

to develop the working stress design method for fl exure (MacGregor, 1992). 
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1.3 Problem Statement 

Understanding on the behavio ur of the reinforced concrete beams has 

become more important as it is a basis of ideas for desi gning a reinforced concrete 

member Before proceeding to design process , a section should be analyzed to 

determ ine if its nominal resi st ing strength is adequate to carry the load applied to 

the member. However, because of a large numbers of parameters that should be 

considered in analysi s, such as geometrical width , depth, area of reinforcem ent , 

steel strai n, concrete strain, steel stress, and so on, computer programs arc 

required to assist the analysis. 

This project studies on the flexural behav iour o f rein fo rced concrete beam 

with a computer model based on section analysis. Non-linear behav iour of 

materi als are seldom cons idered in computer mode ls, but it will be considered in 

thi s stud y. 

1.4 ;\ i m and Objectives 

The main aim of this project is to model the flexural behavio ur of reinforced 

concrete beams. Development of this model is made using Fortran 90 program . 

The flex ural resistance will be calculated by using cross section analysi" based on 

force equilibrium and compatibility. Deflection of the beam will be ca lcul ated by 

conjugate beam method based on curvature. Therefore, the load-deflection 
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response is obtained . All calculation will be based on ACI Building Code (1999) . 

1.5 Chapter Overview 

This project is divided into two parts. The first part cons ists of three chapters. 

Chapter I gives a brief introduction of reinforced concrete beam. Historical 

development of reinforced concrete, problem statement , aim and objectives, and 

chapter overviews are included . Chapter 2 presents computer programming 

background and reason argument about flexural behaviour of reinforced concrete 

beam. The method of anal ys is used in de term ining the fl ex ural resistance and 

deflection are discussed in Chapter 3. 

[n the second part of thi s project, Chapter 4 gives the case scenario and based 

on thi s, the data given will be used in Fortran computation to get the flexural 

response. After the completion of the computational program, the results both 

from manual and Fortran computations are discussed. Chap ter 5 presents the 

conclusions indicating the achievement of the aim and objectives of this project 

and some recommendations for future use. 
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Computer Program and Engineering 

20thThe computer is the most important invention of the century. A 

computer is a spec ial type of machine that stores infonnation and can perfonn 

mathematical calculations on that infonnation at speeds much fas ter than human 

bei ngs can think (Mayo and Martin , 1991). A program, which is sto red in the 

computer's memory, tell s the computer what sequence of calculations are required 

and which infonnation to perfonn the calculations on. 

Engineers and scientists were among the first large-scale computer users 

dating back to the earliest back of the invention of computers. Eng ineers use 

computers in many ways, but the software that they used 'Jsually falls into two 

broad categories. The first contains utilities, such as word processing and graphics 

programs, that are low-cost packages and require no programming. The second 

ca tegory includes programs devoted specifically to engineering applications. This 

requires that the engineers to write their own program. Sometimes it is poss ible to 

modify an exis ting program, but some programming is unavoidable. There 



are five major uses of computers in engineering such as modelling and 

simulations, data acquisition, data analysis, process control , and des ign. 

There are various programming languages of interest to engineers. Table 2. 1 

li st some of the programming languages and its strong points (Mayo and Martin, 

199 1). 

Table 2.1: Partial li st of programming languages of interest to engineers 

I'rogrammlng 

Languages 

Description 

a) FORTRA~ A compiled language widely used for engineenng 
ap plications. Contains a ful l range of stnlctured commands 
and uses of subroutines which promote good sty le . Periodic 
revisions update the language to include new advances. 

b) BASIC' An interpreted language primari ly used for its simplicity. TI1e 
lack of stnlctured commands tends to produce the prob lematic 
spaghett i code. The stnlcture of a subro utine usmg the 
GOSUB statement prevents developmellt of long programs. 
Propri etary dialects, such as QuickBAS IC eliminate so me of 
these problems. 

c) Pascal A compiled language which utilizes stnlctured conSlnlcts. 
Promotes good programming practice. Very good for handling 
non.llumen c data, but somewhat limited for computational 
work. 

d) C Very powerful compiled language which combines ,;ystem 
level and high-level commands. Requires an advanced level o f 
programming experience and can be somewhat difficult to 
debug. Debugging problems are most severe for lengthy 
programs. 
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2.2 Applica tion of FORTRAN Programming Lnnguagc In Ci\'il 

Engineering 

Programming language has been used in Civil Engineering in a var iety of 

applicat ion. Computer program such as ABAQUS , ANSR, and FEAP were 

written in the FORTRAN computer language for the structural analysis (Austin ct. 

a!. 1995). These programs offered a restricted , but well implemented, set of 

numerica l linear/ no nlinear time-hi story response calcu latio ns. 

The LSTRLP a lgorithm is impl emen ted by an optimization code wri tten in 

Fortran 90 (Lamberti and Pappalettere, 2003 ). The op timization code is tusted in 

eight cases of wei ght minimization of bar truss and frame structures . The Gauss­

Legendre method was used for th e numerical integration of each of th e int egra ls. 

The system of non-linear eq uatIOns (including contributions from all e lements) 

was solved using FORTRAN. A good agreement between experimental and 

pred icted data was ob tained (Yamsaengsung and Moreira , 200 I). In 2004, ESOU 

90002 introduces a FORTRAN program , provided in both compiled and 

uncompiled forms as ESOUpac A9002 , fo r calculating the flexural buckling 

strength, and the loca l and inter-rive t buckling stresses. f uniform sectio n S lruL~ . 
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