
A STUDY ON THE INFLUENCE OF GGBS TO 
CONCRETE WORKABILITY, STRENGTH AND 

RESISTANCE TO CARBONATION WITH 
APPLICATION TO AGGRESSIVE ENVIRONMENT 

INSTITUTE OF RESEARCH, DEVELOPMENT 
AND COMERCIALISATION 

UNIVERSITI TEKNOLOGI MARA 
40450 SHAH ALAM, SELANGOR 

MALAYSIA 

BY: 

GOH LYN DEE 
CLOTILDA PETRUS 

SYAHRUL FITRY SENIN 

DECEMBER 2005 



Surat Kami : 

Tarikh : 

Encik Mohd Halil Marsuki 
Penolong Akauntan 
Unit Kewangan Zon 17 
UiTM, SHAH ALAM 

Tuan 

GERAN PENYELIDIKAN 

600-IRDC/ST 5/3/741 

07 Julai 2004 

UNIVERSITI TEKNOLOGI MARA 
Institut Penyelidikan, Pembangunan dan 
Pengkomersilan (IRDC) 
Institute of Research, Development and 
Commercialisation (IRDC) 
(Sd'Clum ini dikenali scbaviri Biro Pemjditlikan dan P^nimiin^tm) 

40450 Shah Alam, Malaysia 
Website: ht tp/ / : www.uitm.edu.my/brc 

Perkara diatas adalah dengan segala hormatnya dirujuk. 

Sehubungan dengan itu, bersama-sama ini dimajukan salinan surat kelulusan menjalankan 
penyelidikan untuk pensyarah dari Universiti Teknologi MARA Cawangan P. Pinang; 

Tajuk Projek 

Ketua Projek 
Kos Diluluskan 
Jenls Geran 

A Study on The Influence of GGBF to Concrete Workability, Strength 
Resistance to Carbonafion with Application to Aggressive Environment 
Pn. Goh Lyn Dee 
RM 20,000.00 
Geran Dalaman 

Diharap dapatlah sekiranya pihak tuan menguruskan penghantaran geran penyelidikan ke 
Universiti Teknologi MARA Cawangan P.Pinang bagi tujuan tersebut diatas. Atas kerjasama 
serta perhatian tuan dalam perkara ini kami dahului dengan ucapan ribuan terima kasih. 

Sekian. 

Yang benar 

PROj\MAD.VA Dlt: MANSUR AHMAD 
CeTuaPeny Jlidik an ( Sains & Teknologi) 
b/p Penolong Naib Canselor (Penyelidikan) 

s.k. Pengarah Kampus 
UiTM Cawangan Pulau Pinang 

ii. Koordinator URDC 
UiTM Cawangan Pulau Pinang 

iii. Penolong Bendahari 
UiTM Cawangan Pulau Pinang 

iv. Pn.GohLynDee 
Ketua Projek 
UiTM Cawangan Pulau Pinang 

/sam. 

ELIDIKAN, PEMBANGUNAN DAN PENGKOMERSILAN LANDASAN KEWIBAWAAN DAN KECEMERLANGAN 

aiisel«r(PcnyulidiUn) 
:.Tn (S.iins Sosi.il d.lfl rvnj;iiiiis.in) 
.»»(SaiiwS.NMlAmTckiuiIuS i) 

,\n <KtMV.111g.111) 

03-55442094/3 
03-55442097 
03-55442091 
0.1-334427511 
03-55442090 

Ketiu I\-rondingdn 
Ketua I'lmgkomersil.ui 
Ketua H.irt.i tntelek 
IVnukms [Vnd.itl.ir 
r-U8.iw.ii Eksokulif 

03-53442100 
03-55442750 
03-55442753 
03-55442042 
03-55442098 

roj.ib.it Am 

F.ix 
Unit Kcu-on^.in Zon 17 
lY'iluloni; Ak.uint.in 

03-554421 193 
03-55442III I 
03-354420% 
03-55443440 
03-5544209'-) 

<m 
SIRIM 

9 
»7, 

MS ISO 9001 REG NO Aft2a57 

http://www.uitm.edu.my/brc
http://Sosi.il
http://KtMV.111g.111
http://r-U8.iw.ii
http://roj.ib.it


TABLE OF CONTENTS 

CONTENTS PAGE 

PREFACE i 

LETTER OF APPROVAL ii 

LETTER OF SUBMISSION iv 

PROJECT TEAM MEMBERS v 

ACKNOWLEDGEMENT vi 

TABLE OF CONTENTS vii 

LIST OF FIGURES xii 

LIST OF TABLES xv 

LIST OF APPENDICES xvi 

ABSTRACT xvii 

CHAPTER I INTRODUCTION 

1.1 Background Of The Study 1 

1.2 Problem Statement 2 

1.3 Objectives Of The Study 3 

1.4 Scope Of Study 4 

1.5 Significant Of Study 5 

vii 



CHAPTER II LITERATURE REVIEW 

2.1 Production of GGBS 6 

2.2 Properties Of GGBS 9 

2.2.1 Chemical Composition And Reaction 

OfGGBS 9 

2.2.2 Alkali-activated GGBS 11 

2.2.3 Hydration GGBS With Portland Cement 12 

2.3 Strength Of Concrete With GGBS 14 

2.3.1 Strength Development 14 

2.3.2 Temperature Effect To Strength Development 18 

2.3.3 Flexural Strength 21 

2.4 Mechanical Properties Of Concrete With GGBS 21 

2.4.1 Carbonation 21 

2.4.1.1 Effects Of Carbonation 22 

2.4.1.2 Rate Of Carbonation 23 

2.4.1.3 Factors Influencing Carbonation 24 

2.4.1.4 Curing Effect On Carbonation 

Of Concrete 25 

2.4.1.5 Carbonation Test 26 

2.4.2 Chloride Attack 28 

2.4.2.1 Colourmetric Test 31 

2.4.3 Alkali-Silica Reaction (ASR) 32 

2.4.4 Sulfate Attack 35 

2.4.5 Anti-corrosion Effect 39 

2.4.6 Curing 40 

viii 



ABSTRACT 

The use of slag as partial cement replacement material offers benefits with 

respect to the cost of manufacturing of concrete, because this raw material is 

produced as by-products of steel production. The scope of this research is to study 

the effect of slag as cement replacement material for workability, strength 

development, compressive strength, depths of chloride ions penetration and 

carbonation into concrete. The study is based on the application to the Malaysia 

environment. From the results attained, it shows that the workability of concrete 

mixes added with slag at various percentage increases with the increase of 

percentage of slag added. For the strength development, the result shown that 

concrete added with slag will only achieve to its strength at later ages. The 

incorporation of slag up to 70% to partially replace Portland cement in concrete 

shows an increase in long-term compressive strength. Mixes containing more than 

70% slag replacement shows a poor result in strength. It is also observed that by 

increasing the amount of slag in the mix resulted in a decrease of depth of chloride 

penetration into the concrete immersed in the artificial sea water but the carbonation 

depth is also increasing. However, it has to be noted that the study is only based on 

the short-term period. The influence of additions of slag into the concrete has been a 

subject of much interest of researchers as there are still some disagreements as to its 

effects. The reasons for much of this debate to be related to the test procedures and 

conditions used in the studies and to the basis on which comparisons have been 

made. 
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