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ABSTRACT 

 

 

 

 

A study was conducted to investigate the degree of accuracy of creep and 

shrinkage prediction models developed in other countries applied to Malaysian 

concrete.  Currently, creep and shrinkage strains for Malaysian concrete are predicted 

using foreign standard codes and prediction models developed in temperate countries.  

As creep and shrinkage are influenced by many factors including the constituent 

materials, temperature and relative humidity of the environment, it is therefore 

essential to study the appropriateness of using these models for Malaysian concrete.  

In this study, the test results obtained from concrete specimens having characteristic 

compressive strength of 20, 30 and 40N/mm2, respectively and loaded at 7 days and 

28 days were compared with Eurocode 2 (EC2), ACI 209 model (developed by 

American Concrete Institute), CEB-FIP 90 model (developed by Euro-International 

Concrete Committee and International Federation for Prestressing), B3 model 

( developed by Z. P. Bazant and S. Baweja), GL2000 model (developed by N. J. 

Gardner and M. J. Lockman ) and Australian Standard code model (AS3600).  From 

the study, AS3600 code model and B3 model were found giving the best prediction 

for creep and shrinkage, respectively. However, CEB-FIP 90 model was preferred 

than AS3600 code model as AS3600 code model predicts creep by interpreting graph, 

thus the accuracy of the predicted values are questionable. Modification factors were 

proposed to CEB-FIP 90 model and B3 model for predicting creep and shrinkage 

strains of Malaysian normal strength concrete. 

 

 

 

 

 



 v

TABLE OF CONTENTS 

 

 

 

 

CHAPTER TITTLE PAGE 

 

 DECLARATION   ii 

 ACKNOWLEDGEMENT  iii 

 ABSTRACT   iv 

 TABLE OF CONTENTS  v 

 LIST OF TABLES   viii 

 LIST OF FIGURES   x 

 LIST OF APPENDICES   xiii 

 

1 INTRODUCTION 

1.1 Introduction   1 

1.2 Problem Statement   3 

1.3 Objective of Study   4 

 

2 LITERATURE REVIEW 

2.1 Mechanism of Creep   6 

2.2 Mechanism of Shrinkage  7 

2.3 Factors Affecting Creep  8 

  2.3.1 Aggregate   8 

  2.3.2 Water/Cement Ratio  10 

  2.3.3 Curing Condition  10 

  2.3.4 Relative Humidity  11 

  2.3.5 Strength/Stress ratio  12 

  2.3.6 Age of Loading  13 



 vi

  2.3.7 Size of Specimen  13 

  2.4 Factors Affecting Shrinkage  14 

   2.4.1 Aggregate   14 

  2.3.2 Water/Cement Ratio  16 

  2.3.3 Curing Condition  17 

  2.3.4 Relative Humidity  17 

  2.3.5 Size of Specimen  18 

  2.5 Creep and Shrinkage Prediction Model  19 

   2.5.1 ACI209R-92 Model  20 

   2.5.2 CEB-FIP 90 Model  21 

   2.5.3 B3 Model   21 

   2.5.4 GL2000 Model  22 

  2.6 Correction Factors for Creep Prediction Model  23 

  2.7 Correction Factors for Shrinkage Prediction Model  24 

 

3 METHODOLOGY 

3.1 Experimental Work   25 

  3.1.1 Materials   25 

  3.1.2 Testing Condition  26 

3.2 Analysis Techniques   27 

  3.2.1 Step 1: Comparison of Experimental and 

   Predicted Strains  28 

  3.2.2 Step 2: Prediction Model Ranking  28 

  3.3.3 Step 3: Modification of the Selected  

   Prediction Model  29 

 

4 RESULTS AND ANALYSIS 

4.1 Experimental Results    31 

  4.1.1 Creep Strains   31 

  4.1.2 Shrinkage Strains  24 



 vii

4.2 Analysis   36 

  4.2.1 Comparison between Actual and  

   Predicted Strains  36 

   4.2.1.1 Comparison of Creep Coefficient  37 

   4.2.1.2 Comparison of Shrinkage  45 

  4.2.2 Ranking of Prediction Models  52 

   4.2.2.1 Ranking of Prediction Model for  

               Creep  53 

   4.2.2.2 Ranking of Prediction Model for  

               Shrinkage  55 

  4.2.3 Modification of Prediction Model  57 

   4.2.3.1 Modification of Prediction Model 

               For Creep  57 

   4.2.3.1 Modification of Prediction Model 

               For Shrinkage  63 

 

5 DISCUSSIONS 

5.1 Experimental Results  70 

5.2 Comparison of Experimental and Predicted Strains  70 

5.3 Ranking of Prediction Model  72 

5.4 Modification of Prediction Model  73 

 

6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions   75 

 6.2 Recommendations  76 

 

REFERENCES     77 

 

APPENDICES     80-104 

 



 viii

LIST OF TABLES 

 

 

 

 

TABLE NO.   TITTLE PAGE 

 

 1.1 Deflection of beams (Neville, 1983)  2 

 2.1 Drying shrinkage at different elastic modulus  

  Of aggregate (Orchard, 1973)  15 

 2.2 Effect of aggregate size on shrinkage (Orchard, 1973)  16 

 2.3 Effect of specimen size on shrinkage (Orchard, 1973)  19 

 2.4 Limitation of prediction model (Vincent, 2003)  20 

 2.5 Correction factors for creep prediction model 23 

 2.6 Correction factors for shrinkage Prediction model 24 

 3.1 Materials and mix proportions (Omar, Tan and  

  Roslina, 2006) 25 

 3.2 Summary of test condition (Omar, Tan and Roslina, 2006) 27 

 3.3 Concrete compressive strength and modulus of elasticity  

  (Omar, Tan and Roslina, 2006) 27 

 4.1 Creep coefficient mean residual for specimens loaded  

  at 7 days 44 

 4.2 Creep coefficient mean residual for specimens loaded 

   at 28 days 44 

 4.3 Shrinkage residual mean for specimens at concrete age 

  of 7 days 51 

 4.4 Shrinkage residual mean for specimens at concrete age 

   of 28 days 52 

 4.5 Error Percentage of Creep coefficient  53 

 4.6 Creep coefficient prediction model ranking by Error 



 ix

   Percentage Analysis 54 

 4.7 Creep coefficient Residuals Squared Analysis 54 

 4.8 Creep coefficient prediction model ranking by  

  Residual Squared Analysis 54 

 4.9 Overall creep coefficient prediction models ranking 54 

 4.10 Error Percentage of Shrinkage  55 

 4.11 Shrinkage prediction model ranking by Error  

  Percentage Analysis 55 

 4.12 Residuals Squared of Shrinkage 56 

 4.13 Shrinkage prediction model ranking by Residuals 

  Squared Analysis 56 

 4.14 Overall shrinkage prediction models ranking 56 

 4.15 Multiplication factors for creep coefficient ,(α) 59 

 4.16 Multiplication factor for shrinkage (β) 65 

 5.1 Summary of range of error for CEB-FIP 90 and  

  Modified CEB-FIP 90 74 

 5.2 Summary of range of error for B3 and Modified B3 74 

 

 

 

 

 

 

    

 

 

 

 

 

 



 x

LIST OF FIGURES 

 

 

 

 

FIGURE NO   TITTLE PAGE 

 

 2.1 Creep of concrete made with different aggregates  

(Neville, 1983) 9 

2.2 Creep for different mixes of water/cement ratio  

 (Neville, 1983) 10 

2.3 Creep of concrete at different relative humidity  

  (Neville, 1983) 12 

 2.4 Creep of concrete at different size (Neville, 1983) 14 

 2.5 Relation between shrinkage and time for concretes  

stored at different relative humidity  (Neville,1990) 18 

 3.1 Framework of study 30 

 4.1 Control, creep and total strains for specimens G20 31 

 4.2 Control, creep and total strains for specimens G30 32 

 4.3 Control, creep and total strains for specimens G40 32 

 4.4 Creep coefficient for specimens loaded at 7 days 33 

 4.5 Creep coefficient for specimens loaded at 28 days 34 

 4.6 Experimental shrinkage strains for concrete at the  

  age of 7 days 34 

4.7 Experimental shrinkage strains for concrete at the  

  age of 28 days 35 

 4.8 Creep coefficients for specimen G20 loaded at 7 days 37 

 4.9 Creep coefficient residuals for specimen G20  

  loaded at 7 days 38 

 4.10 Creep coefficients for specimen G20 loaded at 28 days 38 



 xi

 4.11 Creep coefficient residuals for specimen G20 loaded at 

   28 days 39 

 4.12 Creep coefficients for specimen G30 loaded at 7 days 40 

 4.13 Creep coefficient residuals for specimen G30 loaded 

   at 7 days 40 

 4.14 Creep coefficients for specimen G30 loaded at 28 days 41 

 4.15 Creep coefficient residuals for specimens G30 loaded  

  at 28 days 41 

 4.16 Creep coefficients for specimen G40 loaded at 7 days 42 

 4.17 creep coefficient residuals for specimen G40 loaded  

  at 7 days  42 

 4.18 Creep coefficients for specimen G40 loaded at 28 days 43 

 4.19 Creep coefficient residuals for specimen G40 loaded 

   at 28 days  43 

 4.20 Shrinkage for specimen G20 at age of 7 days 45 

 4.21 Shrinkage residuals for specimens G20 at age of 7 days 46 

 4.22 Shrinkage for specimen G20 at age of 28 days 46 

 4.23 Shrinkage residuals for specimens G20 at age of 28 days 47 

 4.24 Shrinkage for specimen G30 at age of 7 days 47 

 4.25 Shrinkage residuals for specimens G30 at age of 7 days 48 

 4.26 Shrinkage for specimen G30 at age of 28 day 48 

 4.27 Shrinkage residuals for specimens G30 at age of 28 days 49 

 4.28 Shrinkage for specimen G40 at age of 7 day 49 

 4.29 Shrinkage residuals for specimens G40 at age of 7 days 50 

 4.30 Shrinkage for specimen G40 at age of 28 day 50 

 4.31 Shrinkage residuals for specimens G28 at age of 28 days 51 

 4.32 Experimental and CEB-FIP 90 creep coefficient  

  correlation for specimen G20 58 

 4.33 Experimental and CEB-FIP 90 creep coefficient  

  correlation for specimen G30 58 



 xii

4.34 Experimental and CEB-FIP 90 creep coefficient  

  correlation for specimen G40 59 

4.35 Creep coefficients for experimental and Modified  

  CEB-FIP 90 for specimen G20 60 

4.36 Creep coefficients for experimental and Modified  

CEB-FIP 90 for specimen G30  60 

4.37 Creep coefficients for experimental and Modified  

  CEB-FIP 90 for specimen G40 61 

4.38 Comparison of Residuals squared for CEB-FIP 90 

   and modified CEB-FIP 62 

4.39 Comparison of error percentage for CEB-FIP 90 and  

 modified CEB-FIP 90 62 

4.40 Comparison of range of error for CEB-FIP 90 and  

 modified CEB-FIP 90 63 

4.41 Experimental and B3 shrinkage relationship for  

 specimen G20 64 

4.42 Experimental and B3 shrinkage relationship for 

  specimen G30 64 

4.43 Experimental and B3 shrinkage relationship for  

 specimen G40 65 

4.44 Shrinkage for experimental and Modified B3 for  

 specimen G20 66 

4.45 Shrinkage for experimental and Modified B3 for  

 specimen G30 66 

4.46 Shrinkage for experimental and Modified B3 for 

 specimen G40 67 

4.47 Comparison of Residuals squared for B3 and modified B3 68 

 4.48 Comparison of Error Percentage for B3 and modified B3 68 

 4.49 Comparison of range of error for B3 and modified B3 model 69 

 



 xiii

LIST OF APPENDICES 

 

 

 

 

APPENDIX   TITTLE PAGE 

 

A Prediction Model Nomenclature and Equation  80-104 

  



 1

CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction 

 

 

Concrete is a commonly used construction material for Malaysia construction 

industry since centuries ago. One of the important behaviour of concrete is it 

undergoes volumetric changes throughout its service life.  These changes are a result 

of creep and shrinkage, which are time-dependent deformation of concrete.   

 

 

According toVincent, Townsend and Weyers (2004), creep is defined as the 

time-dependent deformation resulting from a sustained load.  Creep without moisture 

loss is referred as basic creep whereas with moisture loss is referred as drying creep.  

Therefore, total creep strain comprises of basic creep and drying creep.  Shrinkage 

deformation on the other hand is the time-dependent deformation that occurs in the 

absence of an applied load.  It is caused by loss of water due to evaporation, 

hydration of cement and carbonation. There are four types of shrinkage in a hardened 

concrete, which are plastic, autogeneous, drying and carbonation shrinkage.   Plastic 

shrinkage occurs due to moisture loss before the concrete has set.  Autogeneous 

shrinkage is a result of the hydration process.  Drying shrinkage occurs as surface 

water evaporates and internal water moves out in an attempt for hygral equilibrium.  

Carbonation shrinkage occurs with the carbonation of the hydrated cement products 

with carbon dioxide in the atmosphere. 
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Creep and shrinkage of concrete had been researched since the early decades 

of the last century to provide a good understanding of the effect of creep and 

shrinkage on concrete and the processes through their evolve.  Hatt of Purdue 

University, USA had published the first data on creep of reinforced concrete in the 

1907 Proceedings of the American Society for Testing Materials. He tested 200mm 

wide beams with an effective depth of 250mm, made of 1:2:4 concrete, loaded at 

third-points over a span of 2.4 to 3.6m.  The percentage of longitudinal 

reinforcement varied between 0.75 and 1.50.  The beams were loaded at the age of 

two months in an outdoor location.  Hatt found that the deflection of beams increased 

under sustained load as shown in Table 1.1.  The importance of Hatt’s results lies in 

the fact that concrete demonstrates a large non-elastic deformation under sustained 

load.  He also found that the instantaneous deflection approximately double after two 

months (Neville, 1983). 

 

 

Table 1.1  Deflection of beams (Neville, 1983) 

Initial stress in steel 

 

(MPa) 

Centre deflection 

immediately after loading 

(mm) 

Deflection after 47 days of 

sustained loading 

(mm) 

20.7 1.0 2.5 

55.2 2.5 4.3 

110.3 3.8 7.4 

204.8 5.1 9.4 

 

 

The structural significance induced by shrinkage was observed by White in 

1911.  He had published his paper to American Society for Testing Materials 

regarding the stresses developing due to shrinkage.  McMillan was another scientist 

who had carried out earliest studies in 1915 on time-dependent deformation of both 

loaded and non-loaded concrete.  The phenomenon of creep recovery was first 

discovered by Smith in 1917. He pointed out that creep undergoes recovery when the 

load was removed from the concrete structure.  The research of creep and shrinkage 

of concrete continues to be active and the literature on concrete creep and shrinkage 

has been growing at a rapid pace.  In 1967, the American Concrete Institute 
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published an Annotated Bibliography on Shrinkage and Creep in concrete.  this 

contains 487 items.  In 1972, a second volume of Annotated Bibliography containing 

271 references was published.   

 

 

From past research, it was found that creep and shrinkage have important 

effects on the behaviour of concrete structures.  They contribute to the increase in 

deflection and curvature of beams, cracking, loss of prestress in prestressing 

elements and redistribution of stresses in the structures. It was reported by Petersen 

and Watstein (1968) that, the losses in prestressing members due to creep and 

shrinkage may reach up to about 45% for concrete which is prestressesed at 60% of 

its compressive strength and cured in relative humidity of 50%.   The reduction in 

compressive stress induced by the prestressing force may lead to the formation of 

cracking in prestressing elements (Neville, 1970).  On the other hand, the shortening 

of vertical members due to creep and shrinkage in high rise building will induce 

redistribution of stress in structure. It is estimated by Park (2003) that, the maximum 

vertical shortening due to elastic, creep and shrinkage deformations is approximately 

3.6 inches for a seventy storeys building.  In addition, the maximum differential 

shortening between the exterior and the interior wall is approximately 1 inch.  Hence, 

it is critical for creep and shrinkage sensitive structures, such as prestressed 

members, high rise buildings and long span bridges to use a realistic creep and 

shrinkage prediction model for the analysis of its time dependent behaviour.  

Inaccurate prediction of creep and shrinkage can result in serviceability and 

durability problems through its service life.  

 

 

 

 

1.2 Problem Statement 

 

 

In practice, local engineers predict the creep and shrinkage strains by using 

standard codes or other available prediction models which were developed in 

temperate country.  These prediction models consist of Eurocode 2 (EC2), ACI 209 
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model (developed by American Concrete Institute), CEB-FIP 90 model (developed 

by Euro-International Concrete Committee and International Federation for 

Prestressing), B3 model (developed by Z. P. Bazant and S. Baweja), GL2000 model 

(developed by N. J. Gardner and M. J. Lockman ) and Australian Standard code 

model (AS3600).  These prediction models were derived by empirical approach, in 

which time functions were determined by curve fitting of test results.  It is well 

documented that creep and shrinkage are influenced by various factors such as 

constituent materials, temperature and relative humidity of environment.  Therefore, 

creep and shrinkage for Malaysian concrete is deemed to have different magnitude 

from the predicted values by those prediction models. However, local experimental 

works are scarcely available to study the effects of the influencing factors for 

Malaysian concrete.  In addition, the degree of difference in creep and shrinkage 

values by implementation of these models in tropical country and how critical is the 

problem is never significantly verified.  Hence, it is difficult for local design engineer 

to predict creep and shrinkage related behaviour such as deflection and prestress loss 

with confidence.  

 

 

 

 

1.3 Objectives of Study 

 

 

Based on the data obtained from experimental works carried out in Universiti 

Teknologi Malaysia for concrete grade 20, 30 and 40, a study was conducted to 

analyse the degree of accuracy of creep and shrinkage prediction models developed 

in other countries applied to Malaysian concrete.  The aim of this study is to provide 

Malaysian engineers with an accurate design value of creep and shrinkage to predict 

the magnitude of long-term deformation with confidence.  The objectives of this 

study are: 

 

1. To compare the predicted creep and shrinkage to the values obtained by 

experimental works based on local environment and material. 
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2. To verify the best creep and shrinkage prediction model for Malaysian 

concrete. 

3. To propose modification factor to the best prediction model to achieve a 

better accuracy of creep and shrinkage strains. 
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