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P u r p o s e  an d  S c o p e  

T h e  p u r p o s e  of t h e  G e o t e c h n i c a l  
Testing Journal is  {11 to prov ide  a 
p u b l i c a t i o n  of q u a l i t y  t h a t  i n f o r m s  t h e  
p r o f e s s i o n  of n e w  d e v e l o p m e n t s  in  soil  
a n d  r o c k  t e s t i n g  and  r e l a t e d  f ie lds ;  (21 
to  p r o v i d e  a f o r u m  for t he  e x c h a n g e  of 
i n f o r m a t i o n ,  p a r t i c u l a r l y  t h a t  w h i c h  
l eads  to  the  d e v e l o p m e n t  of n e w  t e s t  
p r o c e d u r e s ;  a n d  (3) to s t i m u l a t e  a c t i v e  
p a r t i c i p a t i o n  of t he  p:rofession in  t h e  
w o r k  of A S T M  C o m m i t t e e  D- I  8 on  
Soil  a n d  Rock.  

T h e  e d i t o r i a l  scope  of t h i s  j o u r n a l  
i n c l u d e s  papers ,  t e c h n i c a l  n o t e s ,  l e t t e r s  
to  t h e  ed i tor ,  d i s c u s s i o n s  of p r e v i o u s l y  
p u b l i s h e d  papers ,  a n d  b o o k  r e v i e w s  
that  dea l  w i t h  t e s t  m e t h o d s  for soil  a n d  
rock.  S i m i l a r  m a t e r i a l  c o v e r i n g  
s a m p l i n g ,  n o n r e n c l a t u r e ,  a n d  p r a c t i c e s  
r e l a t i n g  to t h e  d e t e r m i n a t i o n  of 
p r o p c r t i e s  a n d  b e h a v i o r  of soi l  a n d  rock  
for  e n g i n e e r i n g  p u r p o s e s  wi l l  be  
i n c l u d e d .  T o p i c s  of i n t e r e s t  i n c l u d e  
n e w  t e s t i n g  e q u i p m e n t ,  appa ra tu s ,  a n d  
p r o c e d u r e s  for  b o t h  f ie ld  a n d  l a b o r a t o r y  
a p p l i c a t i o n s ,  e v a l u a t i o n  of e x i s t i n g  
A S T M  s t a n d a r d s  a n d  r e c o m m e n d a t i o n s  
for  n e w  s t a n d a r d s  for  a p p a r a t u s  or t e s t  
p rocedu re s ,  and  t e s t  r e s u l t s  t h a t  give 
i n s i g h t s  i n t o  t e s t  p r o c e d u r e s  and  
t e c h n i q u e s .  T o p i c s  m u s t  be  r e l a t ed  to  
so i l  a n d  rock,  b u t  c an  i n c l u d e  h i g h w a y  
m a t e r i a l s  t e s t ing ,  s u c h  as aggrega te  
p r o p e r t i e s  or p a v e m e n t  p e r f o r m a n c e  
m e a s u r e n r e n t ,  a n d  g e o p h y s i c a l  
e x p l o r a t i o n .  

E D I T O R I A L  B O A R D  

Dr. Gitbert Y. Ba[adi D ~ Ncx~sEdit,~ 
Dept. ot Civil E~i,u:c:_~in< 
Nhch,gai~ State Universit?. 
East kan.qn£. 5.11 48824-12 t 2 

Dr. Gualtie~o Baldi 
I.S.M.E.S. 
Viale Giulio Cesa~c 29 
24100 Bergamo, italy 

Dr. Christopher R. 1. Clayton 
Universi ty of Surre} 
Dept. of Civi] Engineering 
Guildford, Surrey GU2 5XIq 
United Kingdom 

fir. Sergio W. Ct~var~ubias 
Tecnologia y Sistclqta~ 8.A. 
AP60-613 
03800Mexico,  Df \ icxico 

Dr. Vincent  P. Dmevich,  D 18 News t!ditor 
Dept. ot Civil Engineering 
Purdue University 
W. Lafayette, IN 47907 

I)r. Richard J. FragasT_y 
Washington State Universi ty 
Civil Engineering Dcpartme)~t 
Pulhnan,  WA 99"i 64-2910 

Dr. Charles J. Haas, Book Review Editor- 
Rock Mechanics 

Depar tment  of Mining Engineering 
Universi ty of Missouri Rolla 
Rolla, MO 65401 

Dr. Suzanne Lacasse 
Norwegian Geoteehnical  Inst i tute  
P.O. Box 40, Taascn 
Oslo 8, Norway 

Dr. Pou] V. Lade, Testing Tips Edito~ 
Dept. of Civil Engineering 
317,3 Engineering I, UCLA 
Los Angeles, CA 90024-1600 

Dr. W. AIlcn Mart  
Geocomp Corporation 
.342 Sudbury Road 
Concord, MA 01742 

Dr. Paul W. Mayne 
Georgia Inst i tute of Technologv 
School of Civil Engineering " 
Atlanta, GA 30332 

Dr. Harold W. Olscn 
U.S. G<:o[ogical Survey 
1 ~ O. [~ox 25046, MS 966 
Demer ,  CO 80225-0007 

Dr. !ohn F. Peters, Book Review Editor, Soil 
Mechanics 

U.S. Army Coups of Engineers 
Waterways Exp. Sta. 
P.O. Box 631 
Vicksburg, MS 39180 

Dr. Harry C. Poulos 
Sydney University 
School of Civil and Mining Engineering 
Sydney NSW, Australia 2006 

Dr. Ernest T. Selig, Past Technical  Editor 
Universi ty of Massachuset ts  
Marston flail  235 
Amherst ,  MA 01003 

Dr. Vincent  Silvestri 
Ecole Polytechnique, Montrcai  Univ. 
P.O. Box 6079 A 
Montreal,  Quebec, Canada H3C 3A7 

Dr. Stein Stme 
Dept. of Civil Engineering 
University of Colorado at Boulder 
Boulder, CO 80309-0428 

Mr. L. David Suits, D-35 News Editor 
New York State Dept. of Transportat ion 
1220 Washington Avenue 
Albany, NY 12232 

Dr. Fumio Tatsuoka 
Universi ty of Tokyo 
22-1, Roppongi 7 Chome 
Minat0-ku,  Tokyo 106, Japan 

1)r. Fernando H, Tmoco 
Universidad Simon Bolivar 
Apartado 66252 
Caracas, 1061-A, Venezuela 

Dr. Shoud Tsien 
Inst i tute  of Mechanics 
Chinese Academy of Sciences 
Beijmg, People's Republic of China 

Geotechnieal Testing lournal itSSN 014961131 is published quarterly by ASTM as part of the Testing 
and Evaluation Series, which includes the lournal of Testing and Evaluation {published bm~onth!y), Iournal 
of Composites Technology & Research {published quarterly], and Cement, Concrete, and Aggregates ipub 
fished semiannuatlyl. 

Copyright ~ 1991 AMERICAN SOCIETY I:OR TES~I ING AND MATERIALS, Philadelphia, PA. All rights 
reserved. This material may not be reproduced or copied, in whole or in part, m any printed, mechanical, 
electronic, film, or other distribution and storage media, without the written consent of the publisher. 

Subscriptions: [ Jni ted States and Canada fo~ 1 },ear $60.00 [members $48.001, for 2 years 8102.C)0 (members 
$82.00), for 3 years S135.00 (members $108.001. Foreign for 1 year $66.00 imembers $53.0(11, for 2 years 
$112.00 imembers S90.001. for 3 years S 150.00 imembers $119.00!. Single cnpies arc $25.00. I'o subscribe, 
please send prepaid order to ASTM, Customer Service, t916 Race St, Philadelphia, PA 19103. The Geo- 
technical Testing lournal is indexed rcgularly by Engineering Information, Inc., and is available on microfilm 
from University Microtilms, a Xcrnx company Ann Arbor MI. 

Photocopy Rights: Authorization to photocopy items for internal or personal use, or the internal or 
personal use of specific clients, is granted by the AMERICAN SOCIETY FOR TESTING AND MATERIALS 
for users registered with the Copyright Clearance Center (CCC) Transactional Reporting Service, provided 
that the base fee of 82.50 per cop?', plus $0.50 per page is paid directly to CCC, 27 Congress St., Salem, MA 
019701 Tel (5081 744 3350. For those organizations that have been granted a photocopy iiccnse by CCC, a 
separate system of payment has been arranged. The fee code for users of the Transactional Reporting Service 
is 0149-6115/ISSN0149-6115/03-91 $2.50 *- .50. 

Change of Address: Please return entire addressing label on wrapper to ASTM, lournal Subscriptions 
Dept.--.GTJ, 1916 Race St., Philadelphia, PA 19103. 



ASTM 
Editorial Staff 
David D. Jones,  Editor. Books and Periodical Publications 
Barbara Stafford, Administrative Assistant, Acquisition 

Review 
Kathy Greene,  Manager, Acquisition & Review 
Susan k Gebremedhin ,  Manager, Books and Journals 
Roberta Starer, Director, Editorial Services 
M. Bruce Vieth, Director, Production and Graphic Arts 

Officers 
John A. Millane, Chairman 
Emery Farkas, Vice-Chairman 
Nancy M. Trahey, Vice-Chairman 
Henry  J. Roux, Treasurer 
David M. Greason,  Past Chairman 
Albert J. Bartosic, Past Chairman 
Joseph  G. O:Grady,  President 

DIRECTORS 

Donald S. Abelson 
Norma L. Bottone 
Frederic B. Clarke, III 
Sheldon W. Dean, Jr. 
Edward F. Diekmann 
Betty I. Dunbar  
J an  A. Epps 
Allen W. Grobin, Jr. 
Cyrus P. Henry, Jr. 

John  J. Henry 
Ben M. Hillberry 
A. Ivan Johnson  
Anthony  G. Keane 
Harry E. Lunt 
George  C. Moran 
John  M. Scanlon. Jr. 
C. Ross Thomson  
Graver  C. Williams 

PAST CHAIRMEN 

Albert J. Bartosic 
David M. Greason 

Committee on 
Publications 

Information for Authors 
ContdbutioTls to tile Geotechnicoi Testing Journal are subject to 

peer review, in accordance with the policy established by the ASTM 
Committee ol; Publications. The paper must either contribute to 
the permanent literature or be of immediate interest to ASTM 
membership. The subject matter must not be of a speculative nature 
and the contents must not include materials of an advertising na- 
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and structure, continuity of thought, and clarity of expression. The 
substance of the paper should not have been published previously 
in the open literature. 

Authors preparing papers for submittal should observe the con- 
ventions of style explained in the ASTM Style Manual. Since the 
journal does not request page charges, the author is expected to 
conform to these standard conventions for style. SI units are to be 
used throughout: if data were not measured in SI units, a note 
should appear to that effect and the original units should be in- 
cluded in parentheses after the SI units. Key words should be 
chosen in accordance with the latest edition of ASTM D 3584. 
Recommended Practice for Indexing Papers and Reports on Soil 
and Rock for Engineering Purposes. 

The original manuscript and four clear copies, including the orig- 
inal illustrations, should be submitted to Kathy Greene, Manager, 
Acquisition and Review, ASTM, 1916 Race St., Philadelphia, PA 
19103. Papers are eligible for the following ASTM awards: the 
C. A. Hogentogler Award (papers on soils for engineering pur- 
poses), the Sanford E. Thompson Award (papers on concrete and 
concrete aggregates), and the Richard L. Templin Award (papers 
on new and useful testing procedures and apparatus). 

General 
This publication is one of many issued by ASTM in connection 

with its work in promoting knowledge of the properties and per- 
formance of materials, products, systems, and services, as well as 
in developing standard specifications and test measurement tech- 
niques to establish their value. Much of the information results from 
the voluntary contributions of many of the country's leading tech- 
nical authorities from industry, scientific agencies, and government. 
A list of publications and information on the work of ASTM will 
be furnished on request. 
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