Numerical Modeling of Embankment on Soft
Marine Clay Stabilized by Vertical Drains

by

Sam Wa Ngai

Master Degree of Science in Civil Engineering

Faculty of Science and Technology
University of Macau

DL |

Oy
£Aam



TABLE OF CONTENTS

LIS OF FIGUIES. ..cv vttt et b e v
LSt OF TADLES 1.t et e e viii
Chapter 1: IntrodUCHION .......over it s 1
Chapter 2: Review 0f LIETature .........ocovoeioeiiiiniiic s 3

2.1 Consolidation and Consolidation Settlement ........................ ST OUO OO 3

A R € 1= 1= ¢ | DO PO PO POURITOPRTO 3

2.1.2 Components of Settlement. ... 4

2.1.3 Normally Consolidated and Over Consolidated Soil ..........ccooveviniiiie 4

2.1.4 Consolidation TeSt.... ..ottt b et e 5

2.1.5 Estimation of One Dimensional Consolidation Settlement...........ccocoeeee 6

2.2 Effects of Rate and Time on the Behavior of Clays ... 8

2.2.1 Principle of One Dimensional Consolidation...........cooveeiiniinni 8

2.2.2 Hypothesis in Terzaghi’s Theory ..o 11

2.2.3 Limitations of Terzaghi’s Theory.......cccciviiiiiiii e 12

2.2.4 Relationship between Degree of Consolidation and Time Factor................ 13

2.2.5 Secondary COMPIESSION ....veveerreorieieiiiiiins it est st e et sae e 14

2.3 Prediction of Settlement by Empricial Methods........coooooiviiiiiiins 15

2.3.1 Asaoka Method........c.ooiieiiiiireieie e e 15

2.3.2 Rectangular Hyperbola Method.........cooiii 16

2.3.3 Macau EXPEIIECES . ..cocev it iieeieiee v n e 19

2.3.3.1 Weibull EQUAtIONS ......ocooveeieieiiiii e 19

2.3.3.2 Correlation Method.........cooieeiniiiiiicn e 21

2.4 Other Influencing FactoTS.....c.oo i 22

2.4.1 Behavior of Hydraulic Sand Fill..........oo 22

2.4.2 Effect of Short Duration of Load Increment ..o 23

2.4.3 Unreinforced and Reinforced Embankment on Soft Clay ... 24
Chapter 3: Theoretical Background.........cooooiii 26

B VI CAD DI BIIIS ettt eeeeee et eee e e e et e e e s et e e e e e e e e e e e e et s et tsbas s anr e reaaeneaeseenenere e eant s 26



3.1.1 History of Vertical Drains ........ccoccorveeeerecinnecicrinenannne et 26

3.1.2 Consolidation Theory for Ideal Well...........ccccoviiiiicii e 26
3.1.3 SMEAr BT ..ovooeeiiiieiie ettt e 28
3.1.4 Well RESISTANCE ...c.eovveiiiiirieeeieericrie ettt e e sne s 30
3.1.5 Coupling Smear Effect and Well Resistance..........ccocoooveviiieniiiiiinens 32

3.2 Numerical Modeling in Plane Strain Condition ..........cccooeeiiicoiicoinccneneeceee, 33
3.3 Constitutive MOodels. .. oot 39
3.3.1 Elastic and Plastic MOdelS.......ccoomvrieieereieeieree e 39
3.3.2 Critical State Model.........ccoceveriiiiiiiicreier e v 41
3.3.2.1 INtrOAUCHION «o.eeeeiiieieieeie et e st 41
3.3.2.2 Critical State PArameters .........cceevieeieerireiiee e eeeiessnec s s 41

3.3.2.3 Volume-Pressure Relation ..o 42

3.3.2.4 Critical State LIN€.....coooiiiiiniiiiieee e e e 42

3.3.2.5 Cam-clay and Modified Cam-clay ...................... SUNIURTUUURRUTINt 44

Chapter 4: Field Investigation ..o 47
4.1 Plan and SeCtiOnNS....c.overeeeeeiieeeerereeee e s et st e 47
4.2 Geological PrOfiles ..ot e 48
4.3 Parameters Of SO0l ..ot e 54
4.4 Actual Site Measurements during Construction..........coceecvcrerreeeeniresecrsieesenneenes 57
4.5 Soil Parameters used for Numerical Modeling...........ccocoenviiiniiinciiinnennn 58
Chapter 5: Computer Modeling and Comparison of Results ..o 60

5.1 INTOAUCHION «oeeeeee ettt et et e e e e s e r e s me s sanas 60
5. 1.1 CRISP ...ttt e s rc et e e ne s i 60

S L2 FLAC oottt ettt bttt h et ar e st n e n e 61

5.2 Modeling MethodOlogy ....c.ooveveriniice e e 62
5.2.1 Equivalent Permeability Method ..., 62
5.2.1.1 Introduction ....c.coceiiniiininne e reeeeee et e et enraas 62
5.2.1.2 Verification of the Equivalent Permeability Method ...................... 63

5.2.2 Procedure for Modeling Settlement of Embankment...............cocos 69
5.2.3 Criteria of COMPAariSON .......ooeviieiiiiiiiir e 69

5.3 Modeling using CRISP ......ccoooirieiirecccc e 70



5.3.1 GEIETAL ... et ters et e e st e e st e et s n e s n s e ab s e e e e e ne e eabeeanraaas 70
5.3.2 Comparison of CRISP Results and Actual Site Measurements ................... 73
5.4 Modeling using FLAC ..ot 87
5.4.1 GENETAL...coviivierrierieie ettt bbb e as s shn e s ar e s s e 87
5.4.2 Comparison of FLAC Results and Actual Site Measurements .................... 88
5.5 Comparison of FLAC and CRISP Analyses..........oooconiiiinicinn 102
5.5.1 Advantages and Disadvantages of using CRISP and FLAC for
Estimating Settlement of Embankments............coovvvrvioiinine, 102
5.5.2 Comparison of Results between CRISP and FLAC Analyses ................... 103
Chapter 6: CONCIUSIONS. .....ccoiiiiitieiiie it s 104
Chapter 7: Suggestions for Future Research ... 106
RETEIEIICES .veevieeeeseteereeeereteeiae e seeste s e et et e e e e assesrn s b e s R e s s e e e eass s d s s era e n s n e aneranesaneasnas 107
APPENDIX A: Site Data — VU3.3 Road between Roundabout NU4 and
Roundabout NUZ ..o sttt me et sae s e s e seae sttt bae s ehas s aas s ean e e s snaes e e 111
APPENDIX B: Soil Parameters Used for Analysis........ccceoeeericiiciiniiinniiensiiniene 130
B.1 Soil Parameters Used for FLAC ... 130
B.2 Soil Parameters Used for CRISP ..o e 130
APPENDIX C: FLAC Scripts for Estimating Settlement of Embankment............... 137
C.1 Development 0f FLAC SCIPLS ....vociiiiinieriieecen st 137
C.1.1 Main Script (VU33Main.dat).......ocoourveviiemiiie e 137
C.1.2 Script for Soil Parameters (VU338011118) c.cooeininii 138
C.1.3 Script for Filling Parameters (VU33FilL{is) ..o 138
C.1.4 Other Procedures (VU33Proc.fis) .....cccoormoniimininiinn e 138
C.2 FIOW ChIAIES ..o ooociiiiieieceeeee e ae s e see st et sae sreesaesn s s ra e san s samn s seessasibaa bbb erasaane 139
C.3 Input Varables.....c.c.ooiiiiiirimee ettt s 141
C.3.1 VUSSBFILEIS oottt secems s e 141
C.3.2 VUIZSO0ILFIS .. oottt ettt sn s e ene b as e s 141
C.3.3 VU33PIOC.FIS oot 142
C.3.4 VUIBMEINDAT ..ottt st 142
.4 SCTIPLS cuevrerersrsreeeeretreeraiscestias st em st shs s bbb s e 143
C.4.1 VU3ZFILFIS oottt ettt et rm s e sbe bbb ne e 143



C.4.2 VU3380il.FIS..
C.4.3 VU33Proc.FIS.
C.4.4 VU33Main.Dat

...........................................................................................

...........................................................................................

...........................................................................................

v _ T E e

Py



