__V

- SOIL
IMPROVEMENT

GEOSYNTHETICS

VOLUME 2
Geotechnical Special Publication No. 30

Proceedings of the conference

sponsored by the

Geotechnical Engineering Division

of the American Society of Civil Engineers

In cooperation with the
International Society of Soil Mechanics
and Foundation Engineering— ISSMFE, TC-17

New Orleans, Louisiana
February 25-28, 1992

Edited by Roy H. Borden, Robert D. Holiz and llan Juran

Published by the

American Society of Civil Engineers
345 East 47th Street

New York, New York 10017-2398




CONTENTS

Volume 1
A. Keynote Lectures

Grouting Improvement of Foundation Soils

Franceson CRRIRNTERY . . o ouimvms soisimes oo im s s s b S0 S 8 6o o s e 1
Ground Anchorage Technology—A Forward Look

SotartTAtIIONN ovis v iepemospimin wissms i a0 40 S0 ST TR A e 39
Remaining Technical Barriers to Obtain General Acceptance of Geosynthetics

Robert M. Koerner, Yick Hsuan and Arthur E. Lord, Jr. ............ccvivniinniann 63
The Role of Soil Modification in Environmental Engineering Applications

James K. Mitchell and Wade A. Van Court ..........c.0tieririiniiniinnnnannas 110

B. Jet Grouting

Jet Grouting for a Self-standing Wall
Gohichi Miyasaka, Yutaka Sasaki, Toshiaki Nagata, Mitsuhiro Shibazaki, Masahiro Iji

wid MasiinE ol 12 : dlon b o chirsion b s i e R R e S R e e 144
Stabilization of Pier Foundation Using Jet Grouting Techniques

R. Parry-Davies, R.M.H. Bruin, G. Wardle and M.G. Nixon ..................... 156
Jet Grouting: State-of-the-Practice

J.L. Kauschinger, E.B. Perry, and R. Hankour ........cccestmmnvrmesnssasnnasons 169

Jet Grouting in Airport Construction
Yoshiomi Ichihashi, Mitsuhiro Shibazaki, Hiroaki Kubo, Masahiro Iji and

AR NIOEE oo s e e i e T S S e T s S N B R R e 182
Methods to Estimate Composition of Jet Grout Bodies

L. Joseph Kauschinger, Rachid Hankour and E.B. Perry ...........c00vvninninnns 194
Jet Grouting in Contaminated Soils

Herff N. Gazaway and Brian H. Jasperse ..............cooiiiiioiiiiiiiannn... 206

C. Compaction Grouting
A Design Theory for Compaction Grouting

John H. Schmertmann and James F. Henry ......... ..ot 215
Compaction Grout: Rheology vs. Effectiveness

SR WA ... et Al b st Ml it s nn e onfn o crbiatr o oot indi | 229
Settlement, Structural Failure and In-place Repair of Above Ground Storage Tanks

Richard M. Berry and Robert P. Buhrow .. ... e B T I (MNR L W 240

Recent Advances in Compaction Grouting Technology
James Warner, Norbert Schmidt, John Reed, Don Shepardson, Russ Lamb and

S WO~ s s e e R R R S D S e B e 252
Wanaque Filtration Plant Subgrade Stabilization: A Case History
Joseph D Chastanet and Faul M. BIaKI < - o s ssimiine sl smmamvnsmmmsmasivie 265




Compaction Grout, 1992
B ard T SRR o oo mmin s s 5 e 0 e e SR R R
Limited Compaction Grouting for Retaining Wall Repairs

MheHack T BYIE o imem it m s w v i i b S A e A

D. Grouting Practice

Recent European Developments in Constructing Grouted Slabs

Norbert Tausch . L.

Some Factors Related to Injected Shape in Grouting

Akira Mori, Masahito Tamura, Hideo Hayashi and Hideaki Shibata ..............

Development of a Gas-Liquid Reaction Injection System

Shunsuke Shimada, Masanori Ide and Hiromu Iwasa .. ... ... ... oo,

The Effects of Fillers and Admixtures on Grout Performance

Sandraf. Toscaand - Taffrey GBS, womroons g 5o is s e s 1 ins

Exploration/Grouting in Cambro-Ordovician Karst

Joseph A. Fischer, Richard W. Greene, Frank W. Gregory and Joseph J. Fischer .....

Fracture Grouting with Bentonite Slurries

12 Hanand K INaenmeny: oo @e i s dw s B G Ve SO IR e

Estimation of Chemical Grout Void Filling By Electrical Resistivity

Hideo Ko m T s s e o S R s s A e s e o o e an o

E. Ground Treatment for Tunnels

Soilerete Cut-Off Wall for Undercrossing a Busy Rail Line

Walter Steiner, Ernst Schneider and Manfred Cartus . ..............cvviorrnn.

Settlement Reduction by Soil Fracture Grouting

Marto:F:: Pototsennele s s st SO S DD U i i g B gy
Integration of Chemical and Cement Grouting Techniques for Controlling Mine Water

Inflows through Fractured Ground

Trevor G. Carter, Stephen H.E. Phillips and Patrick C. Cochrane ................

Temporary Tunnel Excavation Support by Chemical Grouting

Francis B. Gularte, Gary E. Taylor and Roy H. Borden .. ......................

Tunnel Seepage Control by the Interior Grouting Method

Bruce A. La Penta, Reuben H. Karol and Charles H. Arnold ...................

Classification of Jointed Rock with Emphasis on Grouting

Lars Héssler, Ulf Hikansson and Hikan Stille . ... ... . s

Computer Simulated Flow of Grouts in Jointed Rock

Lars Hissler, Ulf Hakansson and Hikan Stille .. ... .. ... ... ... ....c0viiiurnnn.

F. Cement Grouting

Fundamental Observations on Cement Based Grouts (1): Traditional Materials

B. De Paoli, B. Bosco, R. Granata and D.A. Bruce ................. ...

Fundamental Observations on Cement Based Grouts (2): Microfine Grouts and
the Cemill® Process

B.DePaoli, B. Bosco, R. Granata and INA. Bruce .. ... oo iiiiivinnnenanan

Properties of Cement Grouts and Grouted Sands with Additives

C. Vipulanandan:and S SHENOY v mamnibad s s asmimis s s vt

Effects of Mixing on Rheological Properties of Microfine Cement Grout

Lois G. Schwarz and Raymond J. Krizek ....... .. ..o

.. 288

.. 301

.. 313

1325

.. 337

350




Preferred Orientation of Pore Structure in Cement-Grouted Sand

Kiain Helil and Raymond 3. KHZEK: 1. oo brein 2 9eanmen aam et o st Sobabsins sbis 526
Anisotropic Behavior of Cement-Grouted Sand

Raymond J. Krizek and Maan Helal ... ... c000pieiiiiiiiiiiiiiiiiiiiiinen. 541
Rheological Properties of Microfine Cement Grouts with Additives

UIf Héakansson, Lars Hiissler and Hakan Stille .. ...... ... . ... oiiiiiiiinina.. 551

G. Remedial Grouting for Dams, Locks and Liquefaction Control

Shallow Soil Mixing—A Case Study

David Broomhead and Brian H. Jasperse ...............c.ciiiiniiiiniiiinnnnnnn 564
Hybrid Grouting Techniques to Stabilize a Weakly Cemented Sandstone at
King Talal Dam, Jordan

B.A. Anthony, M.P. Bruen, R.R. Mannand Z. Alem ...............coiviiiienn, 577
Effectiveness of Injected Cement Grout under Harsh Environmental Conditions

G; Ballivy, 1.C. Colinand T2 MRIE i siiieiiiiimasieiiemdmiaslins sals 588
Progress and Developments in Dam Rehabilitation by Grouting

Dl A, Brooe 1) i isie s o S m i i i s e e AR R A e 601
Rehabilitation of Concrete Dams: Laboratory Simulation of Cracking and Injectability

G. Ballivy, K. Saleh, T. Mnif, J. Maniez, L.M. Landry and M. Nadeau ............ 614
Ultrafine Cement Tests and Dam Test Grouting

William J. Clarke, Millard D. Boyd and Maan Helal . ........................... 626
A Geologist's Perspective on Dam Foundation Grouting

KERREII D WREVELD i wiwincmimin iiiscisspiisminsersmin. - ssmi ies i i io o S A RS S 1S 639

H. Chemical Grouting

Chemical Based Cement Grout System for Rock Grouting

AN SEFF R TELSHAN . . comommnimgemn oh 5 oottt Amiiy coragBs 1 651
Time-Viscosity Relationships of Newtonian and Binghamian Grouts

AN N REOEETEEVE, BHAR o vs s mss wan b i A e e 663
Microfine Cement/Sodium Silicate Grout

Hung-Jiun Liao, Raymond J. Krizek and Roy H. Borden ......................... 676
Mechanical Properties of Microfine Cement/Sodium Silicate Grouted Sand

Raymond J. Krizek, Hung-Jiun Liao and Roy H. Borden ......................... 688
Bonding Strength of Grouts and Behavior of Silicate Grouted Sand

€N ipalanamdanc G K Al oo Dt A R SRR A e R 700
Engineering Properties of Acrylate Polymer Grout

Raymond J. Krizek, Dominique F. Michel, Maan Helal and Roy H. Borden ......... 712
Current Chemical Grout Engineering in Japan

Ryozo Yonekura and Munehiko Kaga ............cocoiiiiiiiniiiinniiiinnns 725
Baect Tilex - . ..o Snm e s bl e Mo s s Than bl L B 737A
L e T38A

Volume 2
I. In-Situ Slope Stabilization

French Research Program CLOUTERRE on Soil Nailing

F. Schlosser, P. Unterreiner and C. Plumelle ...........ccouueninnnnnnnrnncnannn 739




Soil Nailing: A Simplified Kinematic Analysis

R TORE BYFDE oo msitmsmin om0 e A o S N A S s 751
Recent Progress in American Pinpile Technology

DIOBRAIE A BIEE s ivsi oo i w8 S PR, B 765
Permanent Excavation Support and Underpinning in Sands: A Case History

Russell J. Morgan, Lawrence F. Johnsen and Franklin M. Grynkewicz .............. 778
Retention System Using Compaction Grouting in Clay Soils

Gary T.-Brilt:and Kenneth-E. Darnell .. oo v simusmasmieavisnieas 791
Use of Cement-Bentonite for Cutoff Wall Construction

B.L. Kilpatrich and 5o GAENET 5 q i bl i i s e s s R e i s 803

J. Reinforcement of Foundation Soils

Site Improvement for a Steel Mill Complex

Eun C. Shin, Braja M. Das and Bang W. Shin .......cciimeiniiiveiivnain e 816
Design of Floating Stone Columns in Hydraulic Fill

Raymond A. DeStephen, Frank J. Swekosky and David W. Kozera ................ 829
Design and Performance of Two Port Silos on Improved Ground

ML BB s e s A e A 5 S S R e S 842
Effect of Soil Treatment on Dynamic Response of Foundations

NEHL Maberand TP Welsh s v s aiiein et s i 855
The Use of Vibro Systems in Seismic Design

Roberto A. Lépez and Robert F. Hayden . ........ ..o iiiiiiiiieninnnnn 1433
Seismic Repair at Seventh Street Marine Terminal

John A. Egan, Larry L. Sheibel, Mahmut Otus, Robert F. Hayden and

Gerald M SEEvent- oo s neui s A S e S S R S S R 867
Grouting for Earthquake Support in Sands

Edvward D Gral .ol e s s e S s e 879

K. Densification of Foundation Soils
Deep Compaction by Vibro Wing Technique and Dynamic Compaction

Kaare Senneset and Jarle Nestvold ' v iuve civiivinssnna iivsiaiiai s s s s aaiis 889
Compaction of Granular Soils—Remarks on Quality Control

Michelle Jamiolkowski and Erio Pasqualini .......................0000iiian 902
A New Technique for Quality Control of Dynamic Compaction

Chaim J. Poran, King-Sen Heh and Jorge A. Rodriguez . ......................... 915
Dynamic Compaction: Predicting Depth of Improvement

Vince/nongomhin G oaethib s Sl we Doh _bov oy daatEn Sone ol Lie, e 927
Dynamic Compaction Engineering Considerations

A BT 1 T L T L L D 940
Densification of Loose Sands by Deep Blasting

Ulrich La Fosse and Theodore von Rosenvinge IV ... ... ..coviuiiuirnnnneanns 954
Investigations on Influence of Vibration Parameters on Compacting of Cohesionless Soils

B I T T T O 0 NI O AR L S SO ORI - et 969

L. Improvement of Fine Grained Soils
Cement-Stabilized Soil for Coal Retaining Berms

Gary J. Van Riessen and Kenneth D. Hansen ....................cc0vviivnnnnns 981
Flow Capacity Effect on Vertical Drain Performance
R. Robert Goughnour . .. ..........i.iiiuteeteeiteeeiieieeiiaeineanareenns 993
vi




Selection and Laboratory Evaluation of Medifying Additives for Soil-Cement-Bentonite

T8 MeéFarlineand DV HOUZ: ssvmamumssi e iimserinusyasye s
The Design of a Reclamation Scheme by Preloading

O RS NTATEN o o SR T S s L e B R B P L
The Influence of Particle Structure on Properties of Fly Ash and Sand

Krzysztof Parylak . ........cociiiiiainiiinimniaiioii it
Stabilized Active Clay by Sand Admixtures

Pat T. Leelani, Maen M, Shaar and Phil V. Compton ...........................
Seepage Control in Kaolinite Clay with Simulated Cracks

C. Vipulanandan and M. Leung . .........oooiiniinin i

M. Geosynthetics —Subgrade and Road Layers

Subgrade and Pavement Improvement with Asphaltic Membranes

Ilan Ishai, Nathan Livnat and Moshe Livoeh ......... . ... ... ... .. ... ... ...
Experimental and Theoretical Study of Flexural Behavior of Polymer Fiber Reinforced,
Cement-Treated Soils

Pl BIange soms oo v aos i e e s e sl
Soft Clay Subgrade Stabilisation Using Geocells

Sy Mhgickapand FNSMandal e i s
Reinforced Granular Soil for Track Support

G.P. Raymond, M.S.A. Abdel-Baki, R.G. Karpurapu and R.J. Bathurst ...........
Eccentrically Loaded Plates on Reinforced Subgrades

Vito A. Guido and John J. Nocera . ......... .ot ia e

N. Geosynthetics I—Embankments and Slopes

The Evolution of Geotextile Reinforced Embankments

C. Joel Sprague and Michael Koutsourais . ..........ociviiniiniiiniiininnans
Stability of Embankments over Weak Soils of Limited Thickness

Radoslaw: L, Michalawsks . 000 C o oo o e o s b sl a5 e e i
Factors Influencing Passive Pullout Resistance

Joon-lk Sohn, Young-Jin Kim, Soo-Il Kim and Dong-Deok Yoon .................
A New Chart Design for Reinforced Embankments

M. Soubra, C. Coulet and D. Rakotondramanitra ..............coovvmneeninnnn.n
Interface Friction of Polypropylene Straps

Meijiu J. Wei and Abdelmalek Bouazza ...............cooiiiiiiiiiiiiiiiiias

0. Geosynthetics III—Walls

Design of Geosynthetic-Reinforced Soil Structures

B Fanasandil, TR oot ot et e s st imin o am s ca s omians e, o e e o i
Two Full Size Structures Reinforced by Geotextiles

Ph. Delmas, Ph. Gotteland, J.P. Gourc and S. Haidar ...................c.couun.
Finite Element Analysis of a Geogrid Reinforced Soil Wall

Richard J. Bathurst, Rajagopal Karpurapu and Peter M. Jarrett ...................
A Computer Program for the Analysis of Reinforced Soil

F. Reyna, D. Humphrey, B. Christopher and J.L. Chameau .....................
The Behavior of Reinforced Soil Walls Constructed by Different Techniques

A. McGown, K.H. Loke and R.T. Murray .............ccciiiiiiiieiiinnnnnnns

vii



Centrifuge Mudels of Clay-Lime Reinforced Soil Walls
Erol Giler and Deberah 1. 'Goodings: -« covw v wduiiuyssima s e i sy, 1249

P. In-Situ Waste Stabilization

Three Case Histories of Waste Stabilization

Edward L. Kosinski, David S. Martin and Alan R. Ringen ......................126]
Stabilization and Fixation Using Soil Mixing"™

Brian H. Jasperse and Christopher R, Ryan ........... ..., R, 1273
Improvement of Fuel Oil Contaminated Soils by Additives

Sibel Pamuoken and Hazem: Hijazi occisiumamiems e bo i s s ahissiis i 1285
Hazardous Waste Containment with a Bentonite Cutoff Wall

Chikashi Sato, Derek A. Braithwaite, Angelos Protopapas and Paul P. Stewart ... ... 1298
The Use of Dynamic Compaction to Consolidate Nuclear Waste

Cliff Schexnayder-and Robert Gu LKA . . o vumndli b oo d s B oW vad 0 i 2 re 1311
Ground Improvement of Rubbish Dump Over Reclaimed Tin Mine

Aziz Mustafa and Mohd Raihan Taha ...............coiiiiiiiiiiiiinnana... 1324

Grouting for Hazardous Waste Site Remediation at Necco Park, Niagara Falls,
New York
K.D. Weaver, R.M. Coad and K.R. Mclntosh ...........cooiiiiiiiiiin.. R IF
Q. Soil Modification and Environmental Geotechnology
Properties of Tire Chips for Lightweight Fill

Dana N. Humphrey and William P. Manion . ...........ccoiiiiniiiiinenenn..s 1344
Improved Resilient Modulus Realized with Waste Product Mixtures

Senng W, Lee and K F. BISHIMAN, . oot @0 s ssime s s @i o sy 1356
Plastic Waste for Low-Weight Embankments

H. El Ghoche, C. Coulet and D. Daudon . ...........oviiiiiiiiinrnnnnnaiana, 1368
Principles of Ground Modification with Electromagnetic Waves

J.C- Santhenaring snd Y NOWABIN. s e s o s S e s e 9SS S SEN S 1380
Contaminant-Grout Interaction

TSR e G R T T L R e s S e N 3 1 ) (SR ) e & A . B 1393
Permanence of Grounted Sands Exposed to Various Water Chemistries

John M. Siwula and Raymond J. Krizek .. ... ...t iiiiniaens 1403
Electrokinetic Soil Processing (A Review of the State of the Art)

b I PR T T e R el e manntl L st D AR o 1420
Subject Index ............ S e S M A R S R . 1447
AMTIIETIIMARX. & 4oyt imsn o s o 5 R T S B 1451

viii




