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FOREWORD 

During the last four decades the geophysical exploration industry, in,-.,the. ,,. 
non-communist world has grown rapidly to its present estimated cuuiual.,,! 
expenditure of some US. $3600 million. Although by, far the!j[bdIk..of{"this."C;V;'"̂ ^̂  
effort is concerned witJi t h e petiroleum and ̂ mi ning indiisljries ̂f;.the'reghcis'/:i:f. '••:•/; 
, nevertJieless, been. a ,slieady growtJi in tJie. application of. various geophysicai / 
techniques to civil' engineering and! ground-water; studies,isb/tthatVih;;!983^^%^ : I 
the';tot:al expenditnare in, tJie free;:world:in tJtiis aurea^was aroijnd/̂ :;f:v'̂ ?̂ ;̂ >;.!̂ ^̂ ^ | 
US $34 million. -(I-have taken' tijese figures'from the S.E.G.'s R e p o r t . ; - 6 £ ' J ^ x § : ' ^ r i ^ ' ^ f 
Gebphysical Activity in 1983., conpiled by ̂ Russel Senti and'pioblished iri. /.V";,'; ,:. ; | 
"The Lending Edge", July 1984).; , From'early applications; in .the 1930's;'. , | 
of. the seismic refraction method. to,determinatJ.on-bf deptJi-to-bedrock,. the 
subject has grown steadily so that, today, the'practice of engineerihg geophysics:'' 
probeJaly Encompasses a greater range of techniques•applied't»,a greater 
range of problems them cuiy otiher branch of geophysics. To a large extent .' 
t h e techniques emd equipment of. engineering geophysics have evolved from 
the other sectors, witJi the main dl ffer ences relating to the relatively. . ',-
shallow depths of investigatJ.on required, (rarely greater than 100; m) and .• ,; ^.j, •.•.; 
t h e need .for-light:weight and rugged portable equipment.- The wheel has'" almost/J. 
turned full.circle now, and techniques developed for particulau: engineering, 
problems.;are now being'adapted. for use-in, oil explbration (e.g.. the use:.of;.,-, 
shear ,__waves ):.->:; '•••••:-,• •--.-.: . , _. '- : „ ^ . A 7 ^ ) -.^-^h^'^'•y'ri^:' ' /: '- J, ' : . . ,-.-. ' 

'^ppli!caij,6nsV,;:"';'?|^i;'|'-!;£-*'!- |. ' There isi-."however,?':one"major^^dif^erenceibetH/ 
iis ^r..i , • ' of• geophys ics an t i ' t he o t h e r s i \whereas\pet:xoleim^ 
i l . r ' - ' - • gebphys ics a r e concernedTwith: tJ ie>detect ioni :and e v a l u a t i o n ; of;^anWTOOiio^ I 
x̂ 'V ' r e s o u r c e , e n g i n e e r i n g g e b p h y s i c s v i s t c o n c e r n e d ; e s s e h t i . a i l l y v w i t l v t h e : ^ £ ^ 

gfep.-"-; ..,-;.-:' . . 'assessment .of the.,groxmd.=;-emd-;itis;:sviit:abi'iity :to;.accept-i,some :m£m-made".|&;ii^^ 
^̂ 'v,";f> '̂A , r": stanictvire.~..'Geophysics, p i a y s ari^^^i^''''^^''^'"^''"*^'"'^'- ^"'^*'*^'*-'*"~ 
|i; >!- ?-. .-}r« p roces s , , f o r p r o j e c t s "as^di'verse-ue 
Sf- v;-̂ ; • .> S :̂',• t h e d i 
^;;%-: ?7-;'':;-/'f ̂  tJiat^^both'fJthe-engineering-

? 3 .:':̂ '̂̂ >f̂ '*'''̂ V-'.' 

1 % - : , ' . - . '•"•>' 

I -••• •••' 

il " ""̂  ^•^papers'bbnceming:'engiheeringiappiicatJx>ns^ bf^geophysics:^;'^ IriThisi' " ,. ; r--'.Iĉ î̂ V''' 
li'vci,;̂ ')::̂ .J int:roductoryvartJ.cle toi: that volume Charles-Drsike drew .attentJx«i tO; the^. : j;̂ ,̂;̂ ,:;, 
I'J'v • - -' relatively few papers?;oh engineering applications tliat had beeh;"published; Te:z-'-:"̂  
li!;: in "Geophysics" up to that'time*-and sugges-ted that the S.E.G.- form ah , ' 
iiji engineering geophysics Section.which wpuld'encourage the-, publication of, 

papers, on engineering geophysics." The S.E.G. does now have _its Engineering .• • 
and Groundwater Committee and. annual meetings of tJie Society now fealiure ,., 
regularly one or more sessions devoted to engineering applications.-: 

As yet, however, few institutJ.ons run detadled courses on engineering 
geophysics, and there is still no si?rgle source to which a geophysicist, 
engineer, or engineering geologist cem turn to, or consult, which will 

ip give a ready summary of the availability of published emd unpublished vv,̂  
II . material concerning tJie applications of, geophysical techniques to civil 
If! engiheering. Almost all the textbooks on geophysics are aimed at'oil or > 

mineral, exploration, and the ever-growing number of texts on engineering 
il!;.': geology and geotechnics only treat the subject of geophysics superficially; 

amd more them twenty years after Drake's article, there is still only a 

, ^ - 7 . %<. 
'';•/-



ll-; \ 

ii'!' -
illil'. ; 
lid: - • 

I . . • • • • • : : - •-

handful of papers on engineering geophysics appearing in "Geophysics" each 
year. However over the years as I became more and more in'volved in • .•„. 
engineering geophysics I realised that there is a surprisingly large body 

!̂-' of information relating to engineering geophysical metJiods emd case '̂ ; .'̂'.̂̂ ^̂̂ ^̂̂^ 
histories, albeit. scattered throughout dozens of, different jovurnalS'-iidvyT^C^ • ̂  

t; house publications from all;over the world, but iiost-of it readily,.f.availabie';ŷ :̂v;> | 
:̂  Initially for. my own purposes,^ but .later with possible put)licat:ion|in|mindj" ' ' 

I set. about .collect:ing.,as much of 
scrutiny of each paperj and .'.eurtiGle 
Selected Bibliography.j!of^approxim5U:ely,800''refefencesyv!^ 
classified, according: to'^its! primary sub ject; area^..'Thusv!:once:Jt^ 
(or other party), has decided; to at least consider lAe'use|ofIgeophysical̂ rjf̂ -f-'̂ ^̂ ^̂  -M 
methods, he will be able more easily to find out about the sub j ect-meitter •• - f! 
himself before approaching t:he specialist geophysicist with, his. partJ.cular I 
problem. Conversely, the practising, geophysicist.may:often be confronted, J 
with an unusual applicatiion or problem and will be able to see quickly if i - | 
tUiere are previous case histories, emd studies to which he cam refer.. . : 

-i:*. 

& 
m 
'.<' 

It is my hope that this•bibliography will prove as useful to my fellow 
engineering, geophysicists-as it has; tya-me,and I am grateful t o tJierS.E.G. 
for the opportunity tx> "̂ pui) lish it." .' - " 
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Brian W Darracott 
Maidenhead, U.K. 
October 1984 



CONTENTS 

Pa2€ 

FOREWORD 

INTRODUCTION 

i' Sources of references and scope " • •:'̂V'i >,-••/5 

lji' ' V - V GENERAL TEXTBOOKS "' ' ; ,' ':'V̂lf''''-"'̂ -̂'̂'"-''̂''*'" 
•:i.:K-< -v-i; 

GEOPHYSICAL METHODS 

I 

SEISMIC AND ACOUSTIC | 
Refraction • . — 

!" ' Ref lection - land 
Sheau: waves , 
Cross-hole , .Downhole emd Uphole 

^ . I n t e r - b o r e h o l e acbusl i ic 
•X R e f l e c t i o n - o v e r v r a t e r 

S i t e Scam S o n a r 

$ • - ; ' - . ' : : • , . ' • - RESISTIVITYA^and:EXECTROMAGNETIC:. /. 
I . . ^v_—: • -:GROUNb.FADARvf;-;-j-%i^!: • ' . : , ' 
I MAGNETICS-!•-::;!!_.•;•" !-
| . , • B O R E H O L E ; METHODS.: a n d WELL LOGGING 

fi . .r-' -. ENGINEEROKS-:. IMPLICATIONS . . 
P--'--'- -.-'.• - '• — ~ 
^ T ; " •' ' - . • • • • 

: > ' . • - • • • ' • - ' ••-

[ i j i , :. ,. ,- :v;.^ •• , - -; 

'-'.: ^•. ••'?^7:i'?t^iS'?'*V.v 

' l i . _ : i . - ' ' • . ' " - . 1 • r - r ~ " ' ' \ . ' '•• 

-,. J , . - - - ' • r • • , ^ ^ . . i ^ - ^ . , . - | -
. „w. , . , . ... f.'-X'-; ••:'.;•< „ • . . 

•f. 

'1 ;•!• ahd^Ti^iiNSPbRTaribN ?c-;v .'i:̂  <̂ 'T^'i ^i-! •. •<'r"' Y'-' •' •-• •• SS?^^" :'-> ;̂!̂ P?̂ !>v,'!/̂ -̂ ' ̂ '̂ ^ -T^^*'!^-'^ •̂ .?:"- / 
>ATiONS^w:*^^^':^----••^•-• - - • - • • - -K̂  :- '.->•''-:^.:'^^i-tH',-;^^•.'^;•.--,4-T-'W^-^i^^^ 
fcKSi^liLiiKslpP^f-^',-'^ - ' \ 1 ? ^ v - ' ^ v % - ' v v t ^ 0 # i ^ ^ f ^ P ^ 

-• ' • . \ ' . , - - L - : " ' . - • • • • ' ! i : f . ! . ; ' ' : ' ! t ^ " " ^ ' 

! ' j " " n ' ! ? ; i i ^ | - ; ? : ^ ; S r • • ( K ^ - ^ •-•••" ' ' - ,5^,y:^^ '• •• 'i^^'>'^' • 
•'•~^^^-V'-iv>-,';v--'::-*^--.."--:. '-.•;• . ? ? ' ^ - i V - s ^ " ' - • 

; :V ; ^ •: • DAMS^andjRESERVOIRS^:^;,;^ 
.̂  V-..• ••!'." ,TUNNEXS^-and;:^TOraffiLliira:?'.-V': ^̂ ^ i!./'-^"'^-^/r--'^-l-^^':,^ l-r^':^-: 

| ;- ' ' 'L; , ' -- ' ' - ' ! ; ' ' .^ "'̂ V.' " !..̂ ROADS'v 
I ' - ' - :•''';•'••'••;•.>'•' i.!!!":>;P00in)ATI0NSj;A|5g| 
I V ^ ' '':^!''"'̂ ?''•"^ '̂!: •;' "̂ .̂':'• !KBEDRCteK^ 
I ; MATEkrALS:EXPLORATION , ,...^ .̂  „... 
! " > ' • " ' ' EXCAVATION:;-ahd;/RIPPABILITY - . •• -"" . ;ii - - / l . ' ^ V V, • • ' - •" ' --•••- '^Mi iV^^:; 
I , ,..; 7 . : . ; ^ A a J y S T I C : E M I S S I O N ^ a n d , R O C K NOISE LOCATION •• ̂  . - ' • :Si-' . r.: V:.. -;: J. ":^.'i.3.Ay'v,;':rt-, 
I ' . " •• :• ̂ •'- !^ •;";*•:-/'LANDSLIPS•.Yn-:!::f:-;|!ii!-s^ " ' / ' , . 
I '' '"'^MARINE'SITE INVESTIGATION -

! GROUNDWATER ,, -C 
I . " • LANDFILL̂ ;-'̂  • !---•. ., .' 
I " FROZEN GROUND;-':.. 
ji SOIL CORROSIVITY and EARTHING" 
I- " . - NUCLEAR WASTE DISPOSAL 
I ' CAVITIES . !i:- , - - . . - . 
I LOCATION OF ABANDONED MINESHAFTS 

LOCATION OF BURIED OBJECTS 
PHYSICAL PROPERTIES OF ROCKS AJJD SOILS 
ENGINEERING PROPERTIES OF ROCKS 
ENGINEERING PROPERTIES OF SOILS 
ELASTIC MODULI OF ROCKS AND SOILS 

I PROPERTIES OF MARINE .SEDIMENTS 
I - PILE INTEGRITY TESTING 
?: MISCELLANEOUS APPLICATIONS 



B ; v : . ' ^ ' '- •!:. 

INTRODUCTION 

A work of tihis nature camnot. possibly claim t o be a.con̂ Jlete amd 
up-to-the-minute collectJ.on of every airticle and,paper ever printed , 
concerning engineering geophysics. It is therefore.'.'importiit;,,to.,expiairî !.g['̂ :t̂  
the basis upon which I have selected, the various references;^ and,,̂perfiaps'SI!?-<!,«.•• 

;:;;-|' 

equally importantly, to clarify what is. not included,-; 

Scope of Engineering Geophysics' '.:; •; .- ; 

Broadly speaking;'-'there "are four principal pb j ectJ.ves in 
engineering geophysical metJiods:- - ~ 

.:,*--̂-v. .-! 

-.•.'•:.-•-• -.- ;r •:;;.• «i-... A ; i - £ t - ; : . - i ^ - - f ^ . ' . \ : - i . . . A ' i y , ; .» 

f̂ iy;;;.--:;o.':r~^-»"H^'^:f*i?3^^ .:^'^S3ii:V'»S,| 

•the useof 

(i) Geological investigation : f geophysical;;methods ha-ye a major 
role to play in mapping sturatJ.graphy; determining the thickness 
of superficial deposits and the deptJi to- engineering rockhead; 
est:ablishing weatihering profiles; and the study of particular, 
erosional and structural features (e.g. location of buried 
channels, faults, dykes,, etc). . ' 7. . V;:,LI;.. X . 

U^ -̂

i . 

p 
it, 
mr'-i.. m̂ '-
i-?^' rn-

(ii) 

(iii) 

Resources assessment :. l o c a t i o n of a q u i f e r s amd determir ia t ioh 
of wate r q u a l i t y ; exploratJ .on of. sand and g r a v e l deposit:s•,;;.,?-! 
and rock f o r aggregate ; , . i d i e n t i f i c a t i o n . of; c l a y deposit^..^.i^v-s... 

s a r t e f act3> ,̂̂ ': '- 'e.g. 
-old . f o u n d a t i o n s ; 

abMdbne<i ,ĵ ;> ;. 
p i p e l i n e s ; " . 

DetectJ.on of • vo id s - andt-;buried^ 
mine shaf t is,! n a t u r a l c a v i t i e s ; 

•wrecks, a t sea,-:etc.:;!'^,;;'/'4:..;';;??,,-''/;:!:--',i-^:u//•"•;•' 
• ^ ' • • ' ' r - " .••• • ' , • . A - ' - , - • ' : • - y . - ' V * . . . - i " - t ^ j - ' - - : : ' . " ; • ' " ' } • - - • . - • ^ ' ' . 

'• ' ' • : ' . • , - ' • -'̂  • • • • ' • / ^ > ^ i ' ' • ^ / ^ - ^ • ^ • ^ - • ^ ^ • • ' w . ' . ; ^ ' J ? i ^ 

( iv) DeteniiinatJ.on; of: ragineerihg.;paramet:ers!isuchw 

. ; ' ; • • * / • • • / • • • • 

•-••̂  •• 
••M-.rf*,^*i 

^References,, d e a l i n g tw i th 
'"aibove'Vf ie lds : ! have ' been 

i»-^ ^syiiif 

.Seismicity and ; eaurthquake' dyn^iics; -The whole'! field'of!;';: 
?eaurthquadce-!seismology.vis..!a! siabjectJin..,itseif .and is fully,; 
;;'t:reated^-ih!-specialist:Vtext:s>and-;':jburnalsi^:!'>-."'Vv'!; i^-' ''̂ :')ftv̂ :$%J 
Nonces t:ructiive testing "of st:ructures, .except "pile integrity v' -•'^y% 

• testing which. happens-vfrequently to, be performed^by! geophysicists;' ,̂ 
using relatJ-velŷ  st:andard: equipment.:_,;., ..." .,' •;' ̂ : i'!:' - !. ' r> Viv "Y 
Groundwater - exploration and. water ..resources evaluation,* except;!. 
where the paper deals witJi am. aspect of groundwater that may -. , 
affect an! engineer ing.-pro ject, or deailswitJi am aspect of near "̂  
s\irface geology that may* be of wider interest.' i; I-justify 
this decision on tJie baisis that there is already an excellent 
bibliography, compiled by Frit:s vamder Leeden, which covers 
the field of groundwater as a whole (see Groundwater SectJ,on). 
VibratJ.on monitoring in general, on the grounds that tiliis is 
generally regarded as falling within t:he domain of eitJier 
environment:al science or structural engineering. 

As far as the geophysical methods themselves are-concerned I have 'included'-̂.-:*., 
references only to those papers amd eirtJ.cles which deal with t:he principles 
of practice and interpretation of the techniques which are generally used. 
Thus airborne methods, which aire rarely used in engineering studies, are 
not covered except occasionally in tJie applicatibns sectJ,ons (e.g. adLrbome 

" i i f& ,< 



r e s i s t i i v i t y f o r g r a v e l prospectJmg) . I have a l s o chosen oh ly those,. .5 , , ; 
r e f e r e n c e s which a r e r e l e v a n t t o t h e imderstamding and execu-tion of -̂  ;; • i-
r e l a t i v e l y sha l low e n g i n e e r i n g s u r v e y s . This r u l e s o u t fo r . example , much 
of what has; been p u b l i s h e d on se ismic , r e f l e c t i . on d a t a p r o c e s s i n g ramdj ;...;, 
in t :erpre1:a t ion. However, IJie r e ade r who f e e l s I have beenifbver-zealous!- ' / 
i n tJi is- s e l e c t i o n can do no b e t t e r t:han c o n s u l t tJie. '"Cumuiativetiindex.bf;i "-fc:--, '.-
Geophirsics" pub l i shed by t h e S.E.G.; as Vol..48, .No-IOA,! Octipber.;Vl983!|.p;H;§^5i|^^ 
Supplement... This covers a l l i s s u e s of "Geophysics"', from i936"t±!rbugh,il9i82:5^^-?..^'Ci."^ 

For p r a c t i i c a l r ea sons I; have r e s t : r i c t e d the.! r e f e r e n c e s t o ' tJibse; wri t i ten •in"'', ". ' ?: 5rt'! ':•'' | 
E n g l i s h , t h o u g h . t h i s i s n o t to . b e l i t t l e \ t h e work pub l i shed , . in o t h e r ' ; .-.•r,,! ; \ !!'!C-

'l l a n g u a g e s . The r e a d e r i s r e f e r r e d t o . tAe:import:ant ' ;"cont:ributibns. in:French'?.- ;;•;•;• 
!k - p a r l J . c u l a r l y tJiose pub l i shed , i n "Geophysical P r o s p e c t i n g " , amd by t h e 
:i Laiboratoi res des Ponts e t Chausees Framce, amd tiie. Cenlare Recherches e t 
r!;? d 'E tudes du Batiinent e t des Travaux Pvibl ics , Framce,and a l s o tihose i n f 
|- Japamese. " Some o f - t h e Japamese j o u r n a l s d e a l i n g v t t h geophys ics and s o i l • s 
^^c'i.-;y.vV. mechanics. feat i i re ; ' ta :amslat ions„, in E n g l i s h ;;?-tJiough ,,-;.:. . . . : - , I 
^ : : > ' - ' ' • " . : • r e a d i l y 'aK:cessible^.t:b! thosie ,ihvther:West!̂ .'̂ ::B''v^ -̂̂ !̂ j'̂ 4:v5^^^^ ••• .'"r.V-^-'.'̂ ^;'-^^:.. ''i/.-'^iV-J-' - '...'' '"'•;• | 
i i j iS-

. The principal', sources'have; been>geophysical, ;geological!!arid.vengineerinĝ Ĵ̂ ;̂ ?:;,v̂ ^ 
journals! 

•. geblogicaili! 
and: hews, 

.' . :<_. u,..:••:&: qi i iS r - i f ^ ' g l a n f ? A • -h ih i rn i i i gh ^ . t h i g * P I ' V . 1 •! /^/^rylaT^^lTy3M•^ 1 I a ' , e h o u t <-l^a4- - t - t ioT-oC •» a - m i l i-a-:7a:^iM^::';-:^ y^:-i:;i 

'^i'4!:';?^!?' range;ipif-;Engiish^!lamc^ 
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G e o p h y s i c a l * 

i''--̂ ''#!!?̂ •̂';••••• •;'••;/:.^:!Hollaridi^'' 
ii|'''̂ '!'fel>!̂ f''" ' "•'•̂  ••;''•:••. Geophysics;: 
iijiKr'C'D?-?r-'- •••••''•-•• G e o t e c h n i q u e ^ 
!|i: ! • •"•• • Grovind E n g i n e e r i n g V ( G e o , P u b l i c a t i o n s LtdV: UiKlOlT;,-- :!r "/;?:,!;̂ ;"tr, ! _ , / ' ' r 

lii Ground Water (National.Water-Well Association U.;.S.AV). ,! !• •, 
pl: The Hydrographic Joumail (The Hydrographic "Society, O.K.)^ 
i;;. ••• ;! journal of, Geotechnical Engineeririg; (Americam Society'pf: Civil Engineers.,-
:i|i . Formerly called Joumai of tJie Geotechnical_Engineering Division : ' \ ^ : ' ' ' " 1 -

- - • 1974 up t:o.l983, amd prior to that, Joumai of tJie Soil Mechemics amd - ; 
iiiii 'Foundation Division, of tJie ASCE; U.S.A.) 

Qucurterly Joumai of Engineering Geology (The Geological. Society, U.K.) 

I'i These journals should be scaimed regularly for new and up-to-date techniques 
ik and case histories..-^ 
i " •• ' . . - ' ••• . - . ' • • • • • - • • • - ' • " " . ••• \ , • • - • - ' • ' • ' • ' . . . r i ' S : 

;|i Most of the major natibnal and intemational conference proceedings have , t;! 
iiiii been included; however, the conference business has expanded rapidly in , 
jlj the last few years amd memy of the smaller events are just not well enough';'-
Hip publicised to gain more thain local attention. I-have not included 
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"aibstract only" publications such as aure produced for the aimual meetings .f-. 
of S.E.G., A.E.G. and E.A^.E.G., nor academic dissert:ations amd t h e s e s . -.-!'. '.-.' 
The question of publications of government.departments presented a difficult 
choice, since there is often only a thin line between readily availaJjle'I-'i•.-*(.-;#/( 
serial publications amd departmental reports which altJiough on "open'.file"̂ ;̂̂ '̂.̂ ;;:̂  
au:e not well.publicised.! In the event, 
me amd which, in-my opinion, contain relevant; 

e l s e w h e r e . :• ' .' •!•.,''/:•:•••"-•.•;-.„ :!!!:'!¥;f!!;r^.;SSSSS^&^;:Si^: 

repor ts which altJiough on "open'.f ile"w!,:<;.;:: 'iH. f 
;, "I have includedv:allptAose,3knoym|ito^^.»p;;:^-;{'^^^^ | ' 
relevant; mater ial?'thati'Us-riip-t^reproduced^^ 

F i n a l l y , i n compi l ing t h e s e , r e f e rences , ; : I.!.caimeyacross^ 
p u b l i s h e d b i b l i o g r a p h i e s : d e a l i n g w i t h related! 'material . ' i : ; ' ,Tliese concerned.J|i!;|,? 
r e s i s t i v i t y t e c h n i q u e s , g r o u n d w a t e r , amd .acouslJ.c emiss ion,! and. a r e listied";^:-^^^^^ I 
i n t h e r e l evamt s e c t i o n s i n t h i s b i b l i o g r a p h y . : • " - . ; - "| 

Use of t h e B ib l iography I 

The r e f e r e n c e s have been c l a s s i f i e d accord ing t o tJie p r i n c i p a l s u b j e c t : | 
m a t e r i a l - sometJiing n o t always obvious f rom. the t i t l e a l o n e . Thus ,a pape r ; | 
d e a l i n g witih s e i smic r e f r a c t i o n surveys a t a dam s i t e would be c l a s s i f i e d ..^-; j 
under "seismic^ r e f r a c t i o n " if. t h e a u t h o r ' s - p r i n c i p a l o b j e c t was t o pJ:eseiit;^ij^l^/•:^:i:,:: ,̂̂ ,. | 
a new i n t e r p r e t a t i o n procedure o r novel : f i e l d t e c h n i q u e , for_example,;V'''--;.:*.f'̂ *-.:4 '̂.̂ ^̂ ^̂ ^̂ ^ I 
whereas i f t h e • paper d e a l t w i th s t a n d a r d se i smic metihods t o p a r t i c u l a r ; dam ; ' . : ;} ^ 
s i t e i t would! be c l a s s i f i e d s under'v"dams^ and : r e s e r v o i r s " . , ixi'-.o-ther^'^iKirdsi^^^^^'J^'^f^/:'^ | 
I have a t t empted .t»;,,seE>au:ate-:out:;those/'papers,'..'^^ 

- geophysicad. teclmique,';frbin|;^hbiseSxaeiaiing;}pr!i^ 
of a i ' t echnique ,to a! g e o l o g i c a l :pTOt5iemvor^Terigirieering | 

,~ In . s e a r c h i n g ! for u se fu l : references ' ;S: the dreader : w i l l ,haye. ty3,,.thiJ^liate'raliy^?r,::.:;..^ 
• ' ,If the : reauier • s'• intefest^lsfdin!!the:applicatJ-ons-'of""geophysicai. 'nietAoda^1:o!i?i§^ 
Vi t h e •study ;of . foundatJ .ons;pf /dams,f-he. ishould,consul tJ^to 
'̂ ^ fo r . . genera l ::'aLrt:icles'^!!^dams!Vff<^ 

i l i" ' - ; ;ar idi"rock:!^prbper t ies ' ' t : forJpar t i !cuiar : :deta i l ;^ i f ,wrelw^ 

; .1.^.^ f i r a t : : seictionjj}list:sV-2(l o r ; so;f:textbopksf..arid-vs7imilair;^docn^^ 
rwit:h!.generad!:"!*priiiciples"''bf. geophysicis>1'jand:bb6ks<ton:engirieer!iiig-& 
s i t e f investJ .gatJ .ontyhich -have.;;usefuljacco\irits of-i^^:the-;rblei of:fg|eb"physic.i3f 
engineerdLng i n v e s t i g a t i b n v •"—"-^t.-_i._: j .^_i j ; _ _ ..ja.i. _: ..̂  -:..-i— • __ĵ '..'*«iii'::n-,>>*.̂ «?!, 
topic.will iae,; found 

imoduli" 

.In compiling;-the'section^ 

gone agairist the above "rules"'insofar as^I "have; pu't:':ajjuwo...c»A.ur«-ii'= >-,«•' -.t.., v '.'fsxr̂ -̂;- * 
references; dealing with 'raidar. methodsj.and- applicatibns together.. My;?reason!inĝ i|*̂ >;;, | 
is that this; is still a relatiively.new amd: vinfauniliar' method ̂ ! even-rto "many: î̂^ ::-.;! ':~. I 
geophysicists, and I hope tjie collection, will be more informatu.ve in tihis . ! i 
waiy. ^ 

Finally, a number of organisations and professional societies are, known by " ' 
various, acronyms, and these appear frequently in these:,reference'lists. 
These aure:- - . 

AEG 
ASCE 
ASTM 
ESI 
EAEG 
ICE 

Association of Engineering Geologists 
Americam Society of Civil Engineers 
American Society for Testing and Materials 
British Standards Institution 
European Association of Exploration Geophysicists 
Institution of Civil Engineers 
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ul Q J •. • 
Ul 

•X 

Xi 
C X3 

a 
U l , 
p 

C L ; 
05 CL 

D l . i . 
C f i : 

• t -4 ' - • 

c n >.'• 
D l , ' . 

< P V > , 
• r t j . , 

. . - A l ' • • : : • • 

• m 
:'. " J - - • • ; 

!P 
• ' . ^ . 

' - I . - - - - ' . 

4 - _ ; ; . 

• T J ^ y -•; 

• 0:n^-
• S Z - . ' i '• 

4 J - ; , " ; 

P : 

: 6 . ; ^; 

- • • 2 - 0 

. QJ O 
C.UD 

• . " T H 

f<r-?i'. 
• • o > . . 

- • -ro-
;ro T4 

"sth:»-
frrt a 

. • o 
U r H 

a 

• • L ' . • -
.ro 03 Ul -. 
• p y 

• r e e ; ' ' 
• L u i . a , - i 
p. - P ' 

- r H H - P • 
-x: o ro ^ 
'13. : , -

J:. i 'D 
03 .C 
r j • 
P ' : -
C UD 

• 3 . ^ 
U l * • 

4 J >••• 

.' u 
• QJ 

, a 
OD 

: Z n •• V 

• ' U l . ' 
: ^ p o^ 
- , - r t p . 

44 r-1 
• i . . I 

,- p ^ 
iV a r o ; 
;-• 0 Kl 
.•' L . : : 

• a a^' 

L 
03 
P 

e 
i n • .. 

U l 
cn u 
c . , 1 

Ul 
O J -
> . • • 
Oi ; - . 
2 • 

I 
X ' • ' . 

. 0 1 ' ' ! ' " 

cn !". 
c • ' -•' 

• r t . • 

Ul -ii 
3 UD" 

•r'l 
. c I 
• O - r H ' r 
• r l eJ- , 

4J K J 
13 • 
cn n , -

• r i •" ; , 
4 J •^:.. • 

Ul r i , 
• 01 Z ; ; 

> w ! 
c . 
•n O 

C 
3 -'.,-• 
4J - -
-n N ' -
P 0>- -
I . '• 
c > 

- U J 
r^ U 
h- ro 
tt- <r 

o 
L 

• 4 4 
IJI 

! i-
• 0 

4 J 
Ul 

.Oi 

' ,P Z 
• • x : 
• • 4 J -

;, 13 
• ' 4 - r-H 

P r r t 

O 
i f 4-1 

'•,. c 
• ; P 
•G 

• P 
• ' Su 
r 3 
, P 
... 03' 

P 
•; G 

3 
' - 4 J 

U 
P 

z 

u 
0 

Ld 

a 
G 

• y -
ro 

- 4 J , 

:< i 
. 0 ' . -

r H U 

• o 
- !u 
• a. 

3 

Z Q Z Ul 

- in 
P TJ • 
G c ' 
P 3 , 
;•! a 
L u . 
3, ' • 

GJ U 
U 0 
C L 
P 
L'^^f-
2 0 
n3' 
„ J 

G 
15 
c 

ffi - i 

rfi 
L 
3 

3 4-1 
O' U 

• r i - 1 

C ' T 
e -t-i 
u ro 
GJ 

•44 TJ 

c 
44 05 

U 
'fi cn 
a c 
G . . r t 

L 
OJ 
CJ 
c 

. r l 

e 

I 

Q; 
G 
G 
13 
r . LU 

TJ 01 
P J;J 
> Oi 
0 3 
L t r 
a e . 
G 4-' 

••H L 
03 

C UJ. 
< l 

- e r-D 
r i o I-''! 
ro rt r r t 

0- 4J I 
- i ITj r-l 

L r-l' 
- Oi '-• 
• c 

I - QJ a 
- '31 

I'd 
G 
3 > - r t 

Q' 'f i • 
• r t 2 > • 

•-1' O 

6 
in 

•l-l 

p 
U l 

03 
x; 
Ul 

c 
0 

• r l 

4J 
03 

e 
- r t 

G 
L 
P 

44 
P 
Cl 

y 
4J 
• r i 

U 
P 

r - i 

P 
> 
P 
> 
03 
2 

. 
-0 
«t 
0 
r H 

1 
• r - l 

^-
0 
• rH 

a 

-0 
3 

p 
c 

r-J 
r̂ i 
> 

L -
15 U l 
OJ UJ 

r . •it 
ro Ul 

y 
- x : 

N LT. 

<i o 
if- p 
T^i r j3 

• U l 
H CJ 

- •r^ 

> -D 
Ifi 3 
-D 4J 
• r t Ul 
P 
Z 

- C 
a 
c 
P 
ro 

cn 

o 
a 
x: 
Ul 

flj 
r-l 
0 
SZ 
a 
3 

s 
0 
L 

UI 
P 
> 
III 

0 -
UD 

I 
r i 
r-l 
c l -

a 
LL -

r-l 

UD 0 
- 0 c 
0 - -
r - l (••:, 

L 
QJ 
r-

iii 
p 
1-4 

• 
a 
Ul 
0 
L 

' j -

cn 
e B 

-n K' 
S.. C J 
P cr-
P I 
C UD 

•r4 O 

cno-
c 
p a 
c -

•rt CO 
h-

Ll Cil 
p 

. > . 
03 
2 

P 
Z 

L -
13 O 
P O 

S l r-l 
Ul . 

> 
LJ 

• r t 3-

G UJ 
Ul U 

• r t U l 

p <r. 
ro -

<S- . r t 

0 -

cn 
- c 
• UJ 

z 

X SZ 

u 
- G) 

y + j 
CJ 0 
C tU 
o ca 
o 
z 

4 J 
LJ 
15 

" p ^ 
U • 
n j 

c 
O 
L 

4-
G 
P 

4 J • 

Ul 
> 
U l 

P B 

> UD 
Oi -a 
2 r-i 

I 

u t-1 

G 
U! 

- r t 

P 

U l 

Ql 

e 

a 

r-l 

d 
z 

< j 

• 11 
z u 

• - r t 

X Ul 
y 

- e 
y a 
QJ O 
C lij 
O CD 

o 

K P ^ ^ ^ ^ ^ 
; r.̂  *r.>i.v..v.>v.r.*;:.;. V.V 



•.-... V,>')-•. ; . ' . - u a ^ f - . ' ...-«*.M-s-.*^4n-"-s4. - '•"'I--—»"=->r*^'.".WW,fC^»«:^^;?A}-,..».SV-rj>iiS!;'««<T'l'*^i>. ^ 

C 
o 
o 

to 
01 
> 
ti 
S 
u 
rt 

0) 

CO 

o 
M 
Ert 
CO 
t> 
O 
««; 

• ^ 
c 
rt 

s 
CO 
M 

w 
CO 

p . 
e 0-
4J r-l 

• • ; - z • 

0 1 -

4 - ' CJ 

e 4J 
tu 0 
e z 
a . 
P S l 

r-i U 
01 CJ 
> H 
QJ 

D ~. 
a 

- L 
O 0 
CO u 
0-
r-l O 

> • 

- o 
• 

, ! j i 

— SB 

Oi E 
4-1 Gl 
• r i 4 4 

L Ul 
p ; x 
Z Ul 

TJ Dl 
£ t̂  
03 -rt 

cn 
- cn 

rr'. 0 
ro rH 

• n QJ 
-C > 
LO ffi 
-n 2 
e 1 
Ifi CO 

J i : 

Oi e 
Z 0 

• r t 

- Ul 
• C 

i- i GJ 

- a. 
'Ti ul 
L 3 
3 U! 
O l 

a 

D l • -
e 

• r - i • 

L ' , - . ' • " • 

y p ,' 
4J GJ - : 

. • • • • -1 e -. • 

- u .rt - -.. r 
P D l ; 

rrt C , 
P UJ - ^ . 

. > 
p . 

Ol Ji^ 
> .03 •• 

- ,'-3 3 • 
2 cr 

e • '••• : 

L 4-J .•' 
rp Su • • 
Gl nj 

e UJ 
ro 

• 1 -

- 4-1 
ra ui 
r̂ - G< 
0 - 4J 
y - i 

- e 
. : 0 
• i i i . ••-< B 

- 4 - ! O 
0 03 UD 

£ ^ J-. 
0 4J t ' l ' 

• r ! QJ ^ t 

p-s "^ 
ro 0! a 

a 
TJ 
e TJ -0 
'13 L 

13 -- • 
- T J > 
• c 

X Ifi -
- 4J Ul 

•rt Ul U 
G •rt 
Ifi 15 6 
cn 13 
15 Dl e 
i l c y 

•rt o 
- L 
• 3 -rt 

Z TJ 15 
L 

P 4J 3 
4J e -̂ J 
P 'U LJ 
ro £ 3 

P iu 
- L 4J 

• 3 ro 
>• Ll 

- Ifi -a 
'fi GJ c 

4-" G U 
r 
b 

y 
4 J 

• . . • ' < • 

r H 

• 15 
r • - r t 

u 
. . p 

•:• Ul a 
• Q! ro 

• n 

.4J Ul • 
• n U 

u ro 
0 cc 

r - l 

GJ -

> = 
m 

GJ c 
> • r t 

Oi L 
2 P 
1 P 

Ct C 
• n 

Ql CJl 
C f 
•rt P 
6 
L - 1 
01 15 

4J U 
Qj -rt 
TJ C 

e 
0 u 

4 J . QJ 
4 J 

Q) P 
3 Ql 
cr CJl 

• , - t 

e c . 
r . - i r-l 
u 0--
p Ul r-.j 
4J "D 1 

P 0--
2 e N 
QJ -Ll C-J 
e P 

G a 
cr 

t - H r-

- Oi OS 
0 - U 44 
N rt c 
0- Ul 15 
• rH y r H 

x : 4J 
- c L c r 
. 0 

Q •QJ -

ro . 
. - = : 4 -

3 C 
e c 0 
CJl l-l LJ 
03 
Ld 

- p 
> 
l-fi 
2 

1 
cn 
TJ 
C 
15 

a. 
4 . 

0 

4 4 

c 
p 

s p 
L 
3 
Ul 
15 
P 
G 

Ul 
3 
P 
P 
e 
05 

4 J 
r - l 

3 
S 

• r l 

ro 

-
1-1 

CO 
0-
• r H 

.. 
B 

f - l 

• 
CL 

-
Ul 
Ul 

• r t 

p 
JZ 
4-1 
r - l 

3 
-C 
u 
ro 

• * 

Ul 
p 
L 
3 
-u 
P 
u 
p a.-

a 
D l 
C 

• r 4 

J . I 

Ul 
.'11 

4-1 

r - i 

• r i 

o 
Ul 

y 
L 
P 

4 4 
t i 
L 
Q 

J D 
05 

. - H 

r - t 

-fi 
c 
0 

- r l 

4 J 

C 
P 
> 
e 
0 
u 
CJl 

C 
• r i 

L 
3 
T l 

Ul 
,P 
• r t 

4 4 
• r t 

u 
0 

r - t 

P 
,> 

• 
h-
-0 
r-1 
1 

r-l 
^ 
r-l 

a 

-
"^ 

• 
> 
»* 

p 
3 
cr 

• r l 

e 
j r 
I J 

p 
4 4 

0 
P 
ro 
OJ 
r̂  

• r t 

&. 
ifi 
z 

' 
3 

4 4 
• . r t 

Ul 
1 
C 

" r t 

GJ 
JZ 
J - I 

L 
0 
•-*. 
P 
3 
CT 

• r t 

e 
e 
u 
GJ 

4 4 

cr 

.. 
•=7 

N 
Cf-
• r H 

-
B 

i t 
B 

U-
.-

r l 

r - l 

P 
2 
C 
P 

U 

TJ 
C 
15 

B 

Q 
a 

ro 
-

r j 

L 
rfi 
2 
.e 
I J 

ro 

>• 

p ' . 
C 
p 

. r t 

+4 
OS 
TJ 
C 
3 
P 

"4 -

tu 
c 

. r t 

L 
I f i 

G 

a 
GJ 
p 
•o 
L = 
0 M 

4 - < | 
1^ 

•:: 1 
Ul UD 

> UD 
^ h-

ui a 
P 

• r i r . 

44 ^ 
• r t • r H 

y o 0 c-4 
r r t 

P u 
> H 
, O 
01 
> L 
05 QJ 
2 a 

05 
L CL 
Oi 
Qj r. 

x: c 
Ul 0 

4 4 
•4- Ul 
P 3 

p 
-i-l X 
C 
•OJ r J 

? ^ 
P O 
i _ 

3 . 
U1 u 
13 0 
P L 
6 0 . 

03 . , 
u : 

• r i ' ' •• 

P c • ' |-

J -c 03 U • 
• 2 C J : 

• 44 
L P 
03 QJ 

Pro ' 
Sl . 
P Ll 

• r - t 

U. G . 
•r t n j 

e e 
ui y - , 

-:;* Q . • 
GJ : 
Ul . 

B l 

3 e • 
4J l - l UD 
. r t >il 
P . . 1 

Ul -0 
C OJ LD 

l - l L 
3 a 

r .T'O 
ro QJ -

r̂  u "^ 
Ch 0 UD 
r-' L -0 

a 
- CL^ 
• TJ H 

cr QJ ro 
- Ul 

H 0 • 
4J a •-< 
•rt 0 XI . 
S. L 3 

u. a i x 
' 

n TJ • ' 
c c s::-̂  
OS n5 u 

P 
- Ul H 
• 44 . 

CO C • 
- GJ U 

TJ G P 
rH Ql a 

3 L ro 
cr 3 
• Ul z 
- .15 1 -
• OJ cn 

1 - G cr 
• 

CJ y : 
44 CJl 

- . r t C 1 
C U rt 1 

, 0 0 4J 
4J rH Ul 
4J QJ OJ 
•'S > \ ~ 

4 J 

CO 

! • , 

• - • ' . 

• rr . O 

.- ro 
UJ OJ r-l , 
, . > r r t 

Q 13 1 . 
- • 2 N 

- < i 
• e L r^i 

0 l i rH 
Ul P • 

L -c a 
OJ Ul -
TJ , o 
C P •-< 
<L L , M 

p r-1 

• " - ^ 

e m u 
rfl -4- h" 

4 - o 
r. G 

L 
•^ L QJ 

. 0 a 
Q 4- 05 
- „ ^ 

> OJ 
QJ U -

r - t • - : * C 

^ ? 0 
•rt P 4J 
e TJ Ul 
ro • 3 

- P 0 
. r-l X 

>~i 0 

,. e u 
or h-

- G O 
L 0 
ns 44 . 
0 -n U 

X P 0 
XJ L 

... ^ 0 . 
. r f i 

r-3 
. 4 - 4J r 

UJ P C 
' - , P 
•D ^ J - G 
rH C Ql, 
0 P L 
e G 3 
LI a Ul 

cr P Oi 
rH a' 

- OJ, 6 

. > 
X P y 

. Q 44 
i . ' - r t 

- - u 
QJ ro 0 
0 f ^ rrt 

J:i Ch QJ 
0 ^ > 1 

j j 

ro ! 

• - • ; • 

"; ' ! : '• ' ' ' - y y 
;;^-y-v:iUDs', 

: -•:- "̂ :•; 1 ^ : ? 

*- ' • • - '^O.y 
• ' >:-, "'•'l--iv 

: p . • ' M ' . . 
- ; L n • -G. ; -

• ' 3 rrt -.^a •-,--
13 W " 

P ' . u CL"^ 
x : -rt. 

; h - CJl' . - • • 
. - p ^ . ' 
. • T r - i > . 

' ^ - : P P • 
•rox: c 

- 0-- •^-' , : ; 
• r H r l I . . 

• r r t C - J -

-.. r-ii. 
. L . • 

.m P >:-
• - ' 4 - . • : , 1 

. ' j j 
• r H l.n . • 

- QJ ' P a , , 
, : S-' > " « ! • ' 

P '15 : p 
• J i ^ S L. • 
• r -n ' - - a . ' 

. • r i . r - i ' , • 

Z P • 
C 'Jl 

- ;TJ P y 
c rt e . 
05, Ll a ' 

Ul 0 
- P QJ-' 
.' L ro 

lid a . : 
- G . . ; * 

S. P Ul 
.-QJ IJ 4J 
• • e • e-^^ 
v.*̂ Ul T J - p . 
. Ul C : : G -
-..-H ru •.;H 

• .QJ • • TJ^ 
Z Ul OJ 

'• . - P P 
.-... - > 

: • . OS 2 
•0) , 2 0 

• - • ' , 

• , - - r r t 

, - ; L ' . L . r -H ; 
:; P ' f i ; 13 

r-i 'P e : 
e e Ul • 

i ' l i ,11 
i i i ' • J H - - . 
. -u.o-*. 

w - . ' r - t • 

, . G Ul 1 
X U l ' G 

- r * Gl 
rH P. rrt 
P Ul .Q 

, a 0 
• G 4- L 

! 3 o a 
i - 4J 

ro . 

.„. ' - J . 
• : - - : , " ' 1 • -

. r ' ^ ' ^ ^ i ' - l 
) ; ^ . < ; * - : • . 

•.•C{>.r-' • 

t ps- ' . 
'. G,',';'; , 
^ p ' " \ « • 
: :L-^6 '; 
' : - 3 ; ^ 

Ul . ' a • 
oi 'a 
p ' v -

:; G?'vO' 
- • '• 1 ' 

.-y•^o . 
' • •4J f>. 
• -rt ,-| ;, 

U CJ • 
> P Cd ' 
• • r r t . UJ 

P. 1 
> ' U 

• rUJ 
GJ Ld 

: • • > 

• 0 3 - : • . 

' 2 a 
1 P 

L i t 
,03 -

• P e 
e 0 

I Ul .ri 
: • • • 4 4 

: 3 03 
! 44 G 

• r t , 05 
1 Ul rH 

'• u 
C CJ 

i / r t i t 

'-, • 4 - - - . 
• • P 3 
' ,-:i CQ 
't C . •• 
r : P 44 
1 -rH C 
' 4J V H 
>• : 03 ; . 
; 3 4.1 

i r-i. a 
r 03. QJ 
i - ! > O 
i, • UJ . 
h -ro 

— . 
i vO 3 
•!-. h -
: • 0^ . . • 
1 y-i Ul 

V. QJ 

' -• 3 
1 '•• i • c r 
. cr .rt 
: • - C 
- P e 

! C ' U 
ti p p 
•; J i i 4-" 

• r i 

1 • > 

. -• - •'-.! 

' - , " . • : • • ' • 

rii •!. 

£ • - • • ' 

0 '. 
L : 

• • + • • • ' - ' • . 

U l -• • 

P 
> ' ." 
5 • ' 
'2 

u - • . ' 
• n hD-
G n 
Ul N 
- n . 1 
OJ UD 

0 ) rH 
h . 

^ 
-0 a 
UD 
Ch' -
rH K l 

r- g • 

• tJ 
_I z 

• 

£L -
- - r H 

p r-l' 
u . 
C > 
P 
L -
2 Ul 
Oi IJ 
_J • r i 

in 
TJ y 
c e 
13 a 

0 
- Ol 
• ro 

53 
> c t 

ro GJ 

- u 
Ul L. 
a 0 
rfi 4 -
P • • 

X r t 
• ns 

^ 4-1 
UJ C 

' •• 0 
" ^ hJ 

- -rt 
P L 
44 0 
•rt e 
SZ 
3 

'. e 
• • • 0 y 
,'l-rt cn' 
- 4 J 0 
. 0 3 r-t 
: c 0 ' 

• ' •> e 

, G ' 13 
i l C J 

: .P U 
; '4J a • 

P 
• a . • 

U " 
, P Q-
- e L 

• ^ CL 

• - L . . -
P Ul 

4 - 4-J-
C 

TJ OJ • 
0 G. 
e .rt 
4J TJ 
P CJ • 

. £ . Ul f-l 

3 . 03 <;" 
P Gl 
C Ul L -

1 P 
cr a a 

QJ m 
- Ql a 

M TJ -
ro e 
a- c P 
' H .r t 44 

Sl 
- y cn 
B 4 J . r i 

• U r t i . 
. u CQ 

CI 0 -
- r r t -

rH Ql f l 
r-l > ro 
.-fi n 
2 Ql CD 

r H > 

•rt tn . 
_J 2 4-

e 
•o L 0 
C .05 LJ 
•13 QJ 

S l r-i 
•• ' . . U l O i 

• a c 
• 3 P 

i X 44 rH 

• .C Ul H 
Ul ( c 
L e '•u 

, ;fi .H P • 
E 4-1 

-rJ '-h C 
• r i 0 l - i 

Sl 
- 2 

. B 

L 
0 

4 4 
Ifi 
! u 

a 
c 
p 
U l 

OJ 

<fi 

r Su 
15 
P 
JZ 
Ul 

- - t 

Ifi 
e 
0 

• r l 

in 
3u 

0 
4-J 

• : > 

P 
e 
< i 

r-

. r H 

CO 
i > 
y - i 

,. 
, 

3 

r - l 

Sl 
U l 
3 
0 

r - i 

U 

TJ 
c 
Oi 

r 

, 
n 

h H 

B-

c 
0 
3 

B 

ro 
r - l 

•43 
r H 

1 
!-•-
Q 
-0 
• rH 

a 
y - t 

T H 

P 
c , 

r> 

-0 
'-t 

>' 

Ul 
u 

• r t 

Ul 
y 
r 
a 
0 
p 
ca 

1 

p 
-> . 
03 O 
2 l ;-

1 
ro ro 
• UD 

•Q 
c a 
I U -

• rH 

L L 
0 
Cl 

4 - •• 

P o 
r-l 

c > 
0 

• r i " 
44 a 
13 !•'! 
L P 
GJ L 
C LL 
CJ 
CP • 

Ul 
p y 
Sl Sl 
4.J a 

0 
C 01 
o ro 

. . BB 

f-J Ul 

ro ^ 
0- u 
rH 0 
. - L. 
, 

CL P 

- c 
I * - • r i 

0 -rt 
Ul rrt 
C Oi 
e -p 
0 Ul 
n y 

L 
TJ U 
r -

03 C 
• r t 

B 

u y 
. . O l 

44 L 
SZ P 
•Jl c 

•rt 01 
k. 
3J 

. : » « . ? : ;.:-::4^'fe;s:.>^ ?ffllc¥;S5?vft2;s 
'.•/.•-•-•,:5Ki«^;,^;-.-* •:7<^-' 



- i : : - -< i—i i i - r r ' - i . - * ... i^.,.>i„4.nfi.^fi..li£S^r^ti -wu jwa , » « i a , j « f i j f t , , l ^ ; „ , , ^ j ^ ^ . j „ , , ^ ; _ , , . . ^ j , ; , . . ^ , . „ a . 

<J 
o -

0! • > 
Ul G , 

.r-t in -a 
3 
CL OS 
c 

.7t GJ -
P Cr-
UI N 

0-

c 
OS 

Oi 
u 

• r l 
c 
Ifi 
e 
u 
p 
G 

ro -
o- 0^ 
i-l UD 
r H (-.( 

I r H 

r H I 

ro r-. 
r-J UD 
rH r:j 

JD r r t 
a 

Ul - a 
> c-J -

• ^ - i O 
QJ ^ 

rH H h -
0 ro CD 
e 
1 .P o 
e c e 

o r-o UD 
"o '-• o 

TJ > 
c -
Oj UJ 

u 
Qj ro 
r-l cr 
p 
e • 
1 > 
Ul -n 
Ul Q 
0 
L • 
CJ cr 

r 
.-Ul 

r>. • 
h. e 
o- u 
r H QJ 

B - 4 J 

. o 
LQ P 

- ro 
TJ • 
r-l n 
3 

c r 

ro 
Ch 

r i 

rH 
1 

e 
o 

in 
Ul 
3 
u 
Ul r-* 

• r t - O 

TD O 
y ~ t 

• l - l 

c a 
P -
3 cr-
cr 
ru H • 
Ul ro 
XI 
3 P 
ul c 

SZ 
u 
p.: 

4 4 -
- o 

p-
CD 

cn 
e 

• r t 

4 J 
10 
QJ 

• t J 

U 

G ' . 
Ul hi 
•rt N 
01 r j 
Ul r r t 

p 
•0 
r-l o 

x: 
Ul 
,ui 
0 
s . - ' -
U f l 

a 

Su 1 -

p ro 
^ 4 -

•D 
o 

SZ 

p 
z 

o 
e 

r-l 

- > 
<i 
N -
Ch UJ 
rrt U ' 

ro 
• • - < r 
u." . 

• > 
i t -n 

, - Q 
•o 
i.. . 
'tS c n 
- 1 c 
- I UJ 
03 

LQ 

3 
4 J 

L 
P 

a 
13 rt u . 

Ul 
I . 
c u 

• r t i n 
• r t 

S. Z 
O 
s- -

cn 
Ul L 
Tl 3 
P -O 
e Ul 
-VJ J i -
P.u 

rrt c 
P 0 

• r l -rH 

4 - 44 
Oi 

U 4J 
••-< 0 1 
G 
U l 44 
•H e 
P OJ 

Brt ro G 

UD Ql 
r-- a 
cr- X 
rH UJ 

ro 

LO 
y 
ro 

L 
P 

4 4 
13 

• 3 ; 

G 
L 

•D c r 
c 
•'fi . 

ro 

• « 

u- 3 
id 

TJ 
L 
•B 

r - i 
—i 
•nj 
iXi 

• D 
1-1 

I 
UD 

I 
ro 

i : 
15 
I 

"p 
r - t 

o 
x: 
U l 
L l 
o 

, L 
U 

P 
y 
Oi 
2 

- L 
Ul P 

4-J 
rfi 
3 

£ 
L 
CI 

cn 

u :D 

- G -
ro LO ro 
r- . r l ! 
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GROUND RADAR METHODS ( c o n t . ) 

U l r i ks t i n , C . P. F. , 1 9 8 3 , C o m p u t e r p r o c e s s i n g o f s u b s ' - t r f a c e i m p u l s e r a d a r 
d a t a : B u l l . I n t . A s s . E n g . G e o l . , n o . 2 6 - 2 7 , p 3 3 5 - 3 4 0 . 

L J n t e r b e r g e r , R . R . , 1 9 7 S , Rada r p r o p a g a t i o n i n r o c k s a l t : G e o p h y s . P r o s p , 
. , ' ' - > / , „ . ^ ' n - . - T H r - i - T O O 
V . x l a , , I j 0 . . . i , p - j - i . : - j - i o . 

Vickers, R. , Dolphin, L.T., and Johnson, D. , (no date.) ,Archaeol ogical. ' 
investigations at Chaco Canyon using a subsurfac.e r a d s . n Rep. ' '-'"̂  
of Chaco Center,no.l, U.nvi . of New Mexico, Albuquerque. USA. 
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> TJ 
P O 

I r t 1 -
a 
Ul P 44 0 

•3 G L 
CP G 'X, 
G 
ffl 

r-l 

Ul 
e 
0 

• rH 

J J 
03 
> 
L 
P 

0 
c 

• 1 . 

a-H 

( " -< . 
- t 

> 
• 

a 

a 
Ul 

Ul P 
.a L 
o X 
u • 

.rH P 

L y 
44 S l 
a- a 
e P o P L ro 

4 4 

U 
G " 

rH Ul 
UJ e 

• r i 

a. OS 
(D 4-J 
h- L 
0- 3 
- H U 

- C 
. 0 

<£. rH 
. 4 4 

<r IS 
- J J 

y c 
r t fc: 
•n P 
CP U 

a 
r t 

XJ 'Cl 
C c 
Oi, P 

•rH 
a 4 4 

cr OS 
. L-

> - ; j 
a . r H 

y rt, 
j i ; 4 -
UI rt 
> J J 

O c 
-H 'TS 
Ul 
G -4-
CP o 
.G 
ffl 

tD 
I 

-0 
0-. 
r-4 

• . x : - ' 
• 4 J 

L 
, 05 
: OJ 

cr 

z 

15 CP 
> P 
O L 

llS CP r-H 
L 15 UD 
-M a f-l 
ro- G I 

G 0-
:-U Ul - ^ 
e r-l 
03 Q). 

r a 
- 4 J 
. r 

• c r CP •-' 
y n r-l 

< r -rH 
- r r t P 

y r H c 

> o 
r H l _ . . 
- r t 4 4 r H 
CP e P 
a o P 

u ro 

z b pl 
• -4- c 

UJ UJ 
p 

-,T3 • 
03 O U 

e-e P 
• r t . 4 J Ul 
G G Ul 
r j 6 cr 
3 

:•/ . , - i ' . 

OS 4-1 
- U' c 
. . r t i - H 

cr Ul 
. > . 

> e r-, 
- a rH 

y o 3 
j i : G ffl 
Ul CD 
> , ' - • 

0 - . . 
rH 0- Ul 
Ul r^ G 
O Ch 03 
CP T-H T J I 

^ i 

Hy 

• m.- ' fa,-

' U l ' 
i -sj.. • , 

,;n5',e! 
ffl LU. 

• p •: 
e ,T3, 
JJ c ' 

3 
4J P 
15 U. 

o e 
• r t u 

4J P 
' i S Z 

• O l . . ' • : 

• r i ' - r - i 

4 J , . r t i 
IJI/O. 
p ro 

, > • - - ' 

C .-'• 
• r t . u 

.G 
u ro 
G I-H 
cn 44 
•n '15 
G Z . 
Ul 
:•! e 
•e-03 
G • n 

• i H i - D 
4J C-
U. 
15 

• L 

P 
i t -

C 
- ;ti 

O JC 
-r- JJ 
0- P 
Trt OS • 

• r - l 

- OS 
, . X 
Z ' 

it P 
- 4 4 

G 
Ul Ul 
G 
ffl 

i--'l 

• '-; i -

; . v '• 

- . 'v ' 
• ; ' • " ' 

;.-. 
" -̂  
* -i 
y n 
Vi »i 

'.' '"̂  ' . ' . . . t 

. -̂' 

*-

' . ^ • 

,-. _ . • . 

y. I 

..;, 
' 

.. 
''" 
.' '' 

.̂  
- ; 

B 

ro 
r-. 
•irt 
1 

Brt^ 

! - . • 
B-r 

a 

• ^ 

M 
B 

0 
c 

.. 
0-

B-

y 

., 
_̂̂  

• r t 

e 
• r t 

DJ 
Q 

-•i';?••e•''^;!!';tf'^^ 
^:-'r-<^-.'*'i.>S-^.^;^fe--

iS^#y;':^ 
t'-lj/.i-^^^ro';'. 
-K:x:$%^j. : / - . 
, ? . j j . ; ; , . 5 r , | , . . ••'•^; ,-^.': : i r H - : ' 

• ' • • a - i n ' c i :. 
. 4J - ' y ; -M 

• • ' • < : : ; P ! ^ : . • 

'.-, Ln..;>r,a 
: ; , . U : L - ; > -
i - ' - r t - . 3 ' - • -
'"un'ro,-,-. 

• y • •^:;ro 
• - e ' r ^ . • 

a 13 UJ 
0 u - . . 

. 0) ••n:.<x .-
CP Ul ^ . 

f. y u i 
• 4 - x : . 

0 a -
• p = 

e P"ui 
,> ,o ro 4J 
. i - n = , ; . U 
. • 4 J - i . "^^P 
•; 05: e H 

:' u v .o 
1. -1 - r i ' S , L 

r-l - a 
• : a " . 
! . a-»J CP 
I -cr c e 
; ., P rt 
• ••' - G ' L 
!';vm a - G 
r u D . 0 ,P 
. ' • C h r H ' - l c , 
'Ij . rH P -.r|.;^ 
' . y , Ol 

1 - p . e . 
, •-. TJ G 

ro • - ' 
- - • u -D 
P , n " C 
C L Oi 
Ul -w ; 
OS^U rH 
Z ' P 03 

' rH U 
G ' G .rt . 

' - _ J P CP 
• L 0 

T I . i T l r t 
--- c y 0 

OS. J : L 
' • TJ . 

- y > 
. . • • P e 

f-D r 4 , . 
. • • ' . 1 ^ C P 

' . h 15, e 
>: ' - . r t 

- • •-••''•• c 

G P rt 
Ul C "G 

.- Ul P • 
' 3 x: e, • 
- m i t ••n 
\ . L . -
1 P- . • 

' ' i " ^ - ' , ' ' : ' .'"-'' •"' • 

' • " ' ' , - r - * ' " - ' • " • ' • ' • 

: e • ' . - " : 

P • , • • 
• r l 

+4 .. 
U Ul 
> u 
p ro • 

r-i.-<r 
p . -. . 

.*" H- . 

'• > 
• l - ^ 

C Q 
0 a ' • 
•ri CP 
44 -v.. 

, 1 ! LU , 
3 . 

- * SZ 
15 u 

•> P 
G J J . '; 

0 
L G 

, 0 ro 
4 - , ' 

1-3 

Ul 
y .; 
P 4J • 
> e 
L G r 
3 G • . 
Ul TJ r-l 

• e -0 
y ' , 3 n 
•̂ J 0 1 
•rt a u i 
> G UD • 
03 .ri,ro 
L' 
cn i l a 

, 0 . r t 
, L 0 -

u > e 
•rt L u 
Z G L 

Ul 13 
- G Z 

•-* L 
ro • -
u- 0 r'j 
rH 4J h -

,t3, 
- G • 

• 3 ' '.• 
• i i TJ P 
• • ' , C 

O Ul •. 
• G . - -
- CPf^ 

. L e 'O 
, P 01 rH 

•M j : • • 
r H U • > 
3 ' • 
•ffl 

+J 
U 
G • 

r t ' 

nj • 
Ul - 0 

• r-:' 
0 -1 

JJ D l 
f-l 

TJ 
G D . • 
'Jl 
3 -

' t 
i ^ • 
G > 
> -
i . • 
' 3 i r t ^ 

in 0 
P 

L Cll 
VJ • 

•::c r j l 
• L C 

rn cn 
- a c 

UI Ui 

cr • 
i H 

^ f - J 

• r i « 

r-. a 
, 0- . 
• T H 

aa 

.. CP 
'a C 

Q Q 
a ^ 

z .. CP 
Ul c 

, c P 
•rt X 
. i ; 
4-J c 
r i r t 
3 

•G 
• I D 4 J 

C -rt 
, rc- P 

.. G 

.' 13 
ro "o . 
•• 

v X P 
- c 

G -n 
2 L 
OS' 15 
e G 
Ul 
C 05 
Oi 
X 

S l 
•*J 

5. 
15 
G 

cn • 
C UJ 

•,H d ' -

44 c-l 
if i 1 , 
•rt rh 
;•: 'ffl 
C-J f ' l 

CP -a 
c 

• r t -
JJ tD 

' • 5 -

3 0 
r - l C 

13 
> -
G 'O 

f-J 
4 - a 1 

0 > 

TJ -
0 • 
I - r H , 

JJ P 
•D P 
S CD 

r r t . , 
13 D l 
IJ C 

•rt U ! 
Ul 
y • 

S l LJ 
a 0 
0 Ul 
G P 
cpcr 

cr • 
r r t 

a- r t 

f-l 3 
OJ ffl 
0-
r H 

. 8 

- 'Jl 
. J J 

z e , 
. . P 

_J G 

.. r 

,>. i G a 
/-H G 

TI P 
'15 
X 

P " ' 
e ^ -
-M u 

0 
L L a 
0 ^ 43 

4- 4 - l-.J 
0 43 

LO 1 
- r j UI rH 
0 P rH 

.C -n 4J 
4 J 4 4 , 

P L a 
Z P 

a -
- 0 j = 

<r L CP 
43 a L 
0^ 3 
•rH r H JD 

, 13 C 
- U- . r t 
a r i " • 

cr c !,u 
a 13 

-k J l r-
- t l Ul 

C P G 
r j £ ni 
G a 
k. TJ 
p e G 

• SZ IS CJl 
• U L 

CO r r t <n 
rc _ J 

U U 
e rt e 
OS Ll 0 

y 
- e Ul 
a a Ul 

-J . ^ 
P L 

- x : rp 
G •̂ •J e 
.r: 0 
'13 4- LJ 

. ̂ . ° B 

- C 4 -
. 0 C 

CQ • r t HH 

- 4 J 

G '13 r. 
0 C J-I 
L rt 03 

.-P G 
Ul L . 

rH P U 
P -^ 0 
Ul P L 
Ul -o X 
13 
X 

V. 
p 

• r t 
J - I 

u 
3 
L 

- l . l 

Ll 
e 
u 
u 

c 
l i 
T l 

ns 

4 4 

'Xi 

y 
p 

> L . 

3 
Ul 

C 
0 

• r t 

j J 

u 
Oi 
L 

v.-

G 
L 

'J 
• r l 

G 
Ul 

•rt 
G 
01 

-
r-1 

ro D-
T H 

'-B 

'•X 
a 

3 
?• 

-^4 

a 
3 
'i3 
.X 

. -Jl 
UD 
C--J 
1 

r-) 
U"l 
c-̂ i 

CL 

-
N 
f J 
1 

41 
f-J 

a 

0 
c 

a-

a 

l - l 

0 
p 

ro 
a 

CP 
c 
UJ 

B 

U 
0 
Ll 
m 

Cll 

a 

4 J 

C 
t—i 

• 

, t 

, . . j . 

3 
ffl 

r.. 

P 
4 J 

• rH 

«1 

e 
: P 

, - r H 

U 44 
•rt ns 
G CP 
P rt 

• n J J 

p in 
Ul CJ 

-.., 
P c: 

r H r t 

0 
r. 
G CJ 
L . 4 J 
G • n 
01 in 

-
t-1 c 
ro ."j 
0- TJ 
• rH 

- ni 
a 

SZ 
X c 

• r l 

-Ul 
C Ul 
G c 

•D 0 
- H .JH 

G^44 
X 05 

LJ 
TJ .-H 
e rrt 
13 a 

• IT 
- r i j 
a 

••-J G 

- > 
4J ITi 
13 2 

lli. 
•U P 

44 JD 
^ 3 
•rH 4 4 

e 
U TI 

ro c 
13 

-a 

X cn 
a r^ 

• ^ - r l 

— r t 
4 4 ..H 

G •-••. 

-4 6 
1. 

c a 
.P 
- i -

B 

41 
rjJ 
i 

Cl 
N 

n. 

-
T H 

• 

0 
c 

•-r H 

V> 

• 
> 
-a 

a 
Ul 
0 
i . 

I'i. 

a' 

Ul 
y 
e 
a 
9 
!!' 
'D 

> • 

I'u' 

- - • -

I 

3 
ui 

U 
• l - i 

G 
. Ui 

• : - i 

P 
i.n 
1 

- r - ' 

t ; 
• j ! 

G 
a 

. CJ 
r - l 

ai 

> 
a 
T3 

L 

•?• 

0 
i 1^ 

k. 
P 
• > 

• r H 

' X 

• r i 

c 
c 
3 
L 
3 
X 

=-
UT 

: r-. 
• c-

• rH 

a 

1 "V 

' 
CO 

!Jl 
j i ; 

LJ 
• r l 

- i -

, • ' • , ! . • - ; . V , • • • -

' : • < • ' • ' ' • - i f . 

. • srSsa-ii; , 



W-.-a-.^^/'.Crf^i-jgWV.-V'tf^a tJ.^ 

, . 
• 

• f * 

c 
o 

^—y 

O 
> 
g 
w 
S 

c 

. P 
4 J 
•r-l 
in 
1 
r: 

3. 
15 

4 -
0 

c 
0 

•rH 
. \ J 
T j 
r j l 

- r H 

- t4 

U! 
P 
> 

t t 

^ 
03 
^ ' • s 

•D-
a - l 

^ 
J 

<x 

. J 

^ 
c 
0 
Ul 
c 
r-
0 
r j 

• T l 

c 
IS 

.. 
^ 

ffl 

f l -

• ̂
 

c 
o 
U! 
c 
j n 
0 

l - l 

r -H 

13 
U 

• r i 

CP 
p 

r r t 
0 
GJ 
D l 

G 
LJ 
'd 

4 -i-
3 
cn 

-• 
1 — 

ifi 

l - l 

15 
u 

• r t 

Ul 
y 

"a 
0 
G 
cn 

P 
r t 

0 
.c 
i 

- • » 

0 
TD 

a. 

G 
r r t 

0 
e 
) 

r -H 

r -H 

• r t 

L 
Xi 

O l 

• r t 

r-J 
• r l 

i r t 

• r t 

J J 
. J 

-̂
0 -
C-l 

1 

U"J 
ro 
f-J 

a 

1 

f-l 

0 
c 

r* 

!iD 
r H 

> 
rr. 

, 
r - H 

0 
P 
ro 

, 
CP 
r 
& 
c 
l!i 

a 

IJ 
0 
Ll 
Ul 
c 

, 
l - l 

r t 

Zi 
ffl • 

aa 

15 
• ! • ' 

•13 
'13 

a . • 1 

• r t 

• r l 

' r j 

4 J ' ' . 

U - a '• 

G'e 
• ' 1 u -
ID L 
L 03 • 
X Z 

G - - . 
• 15 Kl 

C3 . 
n 

3 r • 

• H ŵ  
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f - l rH 

y -i-l r-1 
fh c 1 
T-l P . K ' 

- G ' y 

. p i 
3 > Q 

. fu X 

X a ! 
CI 

P T I 3 

L C X 
0 •'3 X 
0 

S" 

Oi . . 

2 . 
- . C 1,1 

Dl 0 
• r t Ul 

.e !ji 

<r 
C 

•rH I f l 

"O 
• Ul Hi 

•D ,0 
0 X 

e 
•P TJ 
U 0 

G 0 
LD 

I -H 

0) a 

tJ C 
•rH n i 

Ul 0 

y 
. U r. 

a c 
t l 0 
P .rt 

CD 44 

c 
•• G 

UD > 
^ C 
Ch 0 
•r^ U 

B 

•^ C 
. ' t^ 
H- f j ; 

-
> r 
15 4J 

TJ ro 
• r t s j -

p 
Z U 

0 
TJ L 

C 0. 

15 

- .a 

" Q l 
iX C 

• r l 

Z k. 
- Gi 

C G 

0 C 
Ul . r t 

L CP 

P e 
. • i J P 

••0 

X 

B 

ro 
<T 

•^l-
1 

C-l 

^ 
^ 

a 

-
k. 

p 
XJ 
G 
CJ 

4 J 

a 
p 
ro 

. -
e 
0 
0 

4 J 

13 

\.' 
Di 
'-"1 

Dl 

C 
r l 

-.) Ul 

>. y 
44 P 
• r ! ::^ 

,-> k. 
• r t I ' i 
4.1 Ul 

Ul 
•rH r-H 

Ul rH 

Sj. 0 
L Ul a 

0-
r - l r t T . | 

13 IS ! 
U Ll ..1) 

. r l • i t y - i 

L 4 ' 

JJ P n . 
J • ' ! 

P J-' -
- 1 m ^ 1 

G J J :-r i 

W 
G TJ 

. r ID L 
J-J e 0 

13 u 
4- G 

0 Ul o: 
TJ 

in 0 -a 
c e k. 
0 44 .13 

• t P 0 

•:J G XJ 
13 

4 4 . r t a 

• r t 03 Ul 

G U I ; ; 
• r l r i X 

r-H U l 

' • y y 

P x: -a 
G a .-< 
u P e 
03 P CP 

. ' i i . r t 

a. n - r 

UD 
4J C . . 
U- - ' . 
r H CX 

a- ca 1 -

. Ul i j 

i t 3 
a 4 J > . 

3 13 Oi 
- L .•3 

11 ig e 

44 a cn 
-M a -.H 

'3 '3 e 
r - l 

i l . 

TJ 
C 

15 

. ' • • 

^ 
• r i 

- • ' 

• r l 

J- ' 

Ul 
• r H 

Ul 
L-l 

k „ a 

^ 
s : r-. 
4.) 1 

I . h-
'-i \i) 
•ii 

.'• 
>-

XJ r. 

«;J-

v. . 
0 0 

•rH L". 
J . J 

Oi -

h <" 0 r-1 
|. i 

• - — : > 

X 

31 -
Ul 

y TJ 
LJ nj 
ri5 0 
•4- X 
k.. 

J U 
P •,H 

J j .—• 

J X I 
Cil : ; 

X 

UD . . 
r'-' i/l 

U- TJ 
r-H D 

e 
- .1 . . ' 

> G 
X G 

• 

Ui u 
•^ .,-.( 

TJ G 
t i n 

I'S - r t 

a G 
OJ Ul 

j ' 1 

ei 

i.=»J.1-,-



+> 
§ 

o 
M 
EH 

I 
PH 
CO 
:<? 

c 
0) 

CO 
PI 

o 
« 

.. 
cn-a 
c L -

•rH nJ 
-J 0 
13 ffl 
L 
cn a 

in 
0 PJ 
44 X 

LO ?.. 
•n 03 
0 2 
Sl e 
44 a i 
G • t 
G -X 

r . | a 

H U 
U D 

• r l L 
Ul X 
y 
JZ 
a aa 
G in 
G G 
CP G 

r H 

4- a 
0 0 

L 
C CL 
0 

• r t r 

+; 0 
15 rt 
U 4J 
r l U 

r-H 3 

a L 
a 4 J 
Oi Ul 

C 
'JJ r i 
x: u 
h-

y 
'• 03 

^0 3 • 
t ' l e r-
Cr- LP ro 
r-H •rH C l 

±1 1 
r-l . 

X k . r o 
• P Cl 

UJ e 
- 4 . ' a 

TJ n 

'3 "D > 
-Ci. t : 0 
'Hi 03 z 
. i l 
cn 

a 

a 
G 
X 

B B 

Ul 
- L 

Cl 0 
y 4J 
Cr- IJ 
rH ris 

4 -

•--a 

i i t 
- CJ 

L 2 
CJ £1 

4 4 4 4 

cn L 
• r l .Ti 

0' G 
G 
J x : 
03 4 J 

ffl rt 
2 

TI 
C 
Oi CO 

G 
— - r t 

• A J 
i t -rt 

- u 
Ul 0 
e I r t 
L G 
l i > 
G 
Z u 

• r i 

- G 
• Ul 

Z . . r t 
- G 

y Ul 
G 

r t -A-

3 0 
rs 

• u C 
u 0 

Z •rt 
4 4 

- 03 
• r - f 

K G 
- L 

e L 
-:J Q 
- r l U 
G 

CO 

a 

0-
Cl 
CL 
a 
-

Ul 
y 
13 
2 
x: 
Ol 

• r t 

X 
a 

> 
• r i 

ffl 
• 

4-
• r t 
1-1 

03 
U 

w 

h-
rD 
1 

Cl 
y 
1 

=t 
1 

V) 
0 
r H 

Cl 
1 

X 

z 1 

> 
X 
1 

cr 
u 

0 
c 

y 
4 J 
• r t 

r t 
• r l 

XJ • 
• r t X I 

cn 'iS 
03^_ l 
G 

1.1... . 

Ul 
P Cl 

4 4 I X 

3 
0 TJ 
L 03 

0 
ro X 

a 

c a 
. n Ul 

r-

C 13 
0 ,L 
rt r -

4 4 

U • 
05 C 
L P 

4- L 
QJ r i 

L > 
e 

U UJ 
• r t 
G 4-
11 0 

• r i 
G 4 4 

Ul a 
G 

H- Q 
0 

B 

G i i 
Ul • 
3 D 

G • • 

e 11 
1 - •rt 

IJ 
- 3 

r H _ J 
h . 
Ch JJ 
rH r j l 

.. 
a C 

Z • r t 
a. 

44 y 
L TJ 
OS 3 
2 J J 
G Ul 

J J 
ro 

a 

<* 
Cl 
«:l-

X 
_J 

4 4 

L 
0 • 

a 
G 

x 

> 
y - i 
G 0 
> P 
L LD 
3 
Ul a 

D l 
C C 
P UJ 

•rH 

A J a 

u u 
•"J 0 
k. Ul 

•4- in 
,G <a; 
k . a 

J J 

U c 
• r t t - l 

G a 
Ul r H 

• r t r H 

P 3 
Ul ffl 

' 
( 1 

aa 

- G 
r-:' L 
ro 0 
0- a 
•rH l j i 

cn 
- c 
• rt-

U IJ) 

• 
3 c 

- • r t 

y 
0 J J 

-J u 
G 

X i • n 
C 0 
'13 L 

a 
r-

• y 
ro OS 

• 2 
• 1 ^ U l 

- Ul 
CP G 
C L 
05 LD. 

> ;; 
P 

• c 
'ffl 13 

a 

CD L 
- 0 

c •-?-
•H 

!-

B 

-0 
CJ 
Vl 
1 

T-i 

Cl 
t-1 

a 

a-
• " • • . 

C-l 
1 

-b f-l 
a 

0 
r 

G 
A J 
- r l 

Ul 
a 

c a 
•rt Ul 

e 
Ul P3 
U L 

• n h -
L1 a. 
y c 
.e 0 
a k. 
0 • r t 

OJ > 
cn c 

UJ 
4 -

0 4-
0 

+4 
C 4 J 

P a 
e G 
Ul a 
Ul 
G a 
in •-: 
Ul a 
Oi Zi 

e . . 
cr c 

• r t 
- 03 

UD 44 
r - • r l 
th L 
r H jTQ 

- c: 
• - r i 

n 
• Ifl 

Z TJ • 
- 03 0 

c o r o 
0 L <J 

J J 
P L X 

rH 0 - J 
X I 4 - • 
G 
3 e XI 
Q 0 03 

•rH _ J 
T J J J 

C OS • 
03 CP Ul 

•rt p 
- 4 4 cc 
' 'Jl 

rj l G T! 
• > OS 

JJ C P 
Ul -rt X 
JiJ 
3 

m. 

http://Xk.ro


.' -T-*»-f*)».vWii>at«-' - .*V^ ^ ^ d J t - . ' a-

CO 

§ 
Ert 

I 

Ul 
L 

rji c 
c CP 
•1 c 
44 U! 
U a 
01 4J 
a G 
Ul JT 
G . 
L- C 
CL- r t 

Z 
r - l a 

I'U 4 J 
LJ in 

•rH C 
k. r-H 

JJ a 
U G 
G <X 

r t 

UJ a 
in 

- c 
0-̂  03 
r-J k. 
0- 1--

- LO 

CD ei 
• r l 

Ul X! 
- 0 

C i . 

o a 
Xi 
L C 
m 0 
C -rt 
P 4J 
G 05 

-J Tl 
C 

TJ 3 
e 0 
'3 4 -

C-l 

- 0 Ch 
44 0 -

T H 

TJ a 
p 

a aro 
Ul LL • 
0 03 > 
k. 

CJ 

-•---.• ;K'Jr-i;s:.v>3i i - ' 
>•,. -^^^- ' '^- '^^rP 
4^^..-U UD'i:r^;^4J 
0 yO-. ' t^ i^G 
" k;-M V . ; G 
Ul O- I -. 13 

-c 44 y '. . L 
P Ul y . , ro 

-rt . r l f - l •• a 
4J e 
Oi a • rH 
CP G • ' • r H 

• r t Ul - O 
44 ns hi Ul 
UI u • 

0 ,4-J 
c c 

G 

c 
Oi 

I 
m 

J - OJ rH 
CP 03 • 
P L > 
r^l Ul 
O rn -
G - H 
cn .. O 

G OJ 
cn+j ro 
C .r t . 

-rt Ul CP 
1-
p 
P c 
e 03 

e 
Ul 

u 
p 

CP a Ul 
C Ul 
Ul L cr 

p • 
" i t 

rH 0 rH 
ro a 3 
Ch OTl 
^ L 

- 03 
a G •• 

cr rH 
- LJ 

"CJ 3 
OS c 
L 

c r y . 

p 
-M 
•rt 
Ul 

TJ I 3 
C X U 
05 Z •rH 

•— 4 -
' 4 -

a r- .._i 

CJ: - t Xi 

4 - -T; 
'•»- r j 
. 0 44 

cn r l 
r t Z 
0 

Q 

. - • • T - * 

y r 
.-•;- h O . 
1 -- art 

c: a 

> 
G 

r-l 
G 
L 

TJ 
C 
Of 

CP 

p 
r-H 
O 
P 
CP 

G 
U 
03 

4 -
L 
3 
UI 
S3 
Zi 
<n 

cn r-.-i 
i . a 
P > 

44 
P a. 
G c 
i T i O 

05 c 
a o 

- J 
e 
CP .-

• r t , 

Ul u 
G O 

Q ro 
a . 

ro G 
• 4 4 

u 0 
G G 
L ro 

r̂  
^. 
t?-

G ^ 
-P L 
- n iTj 
U l 

44 CP 

c e 
13 .rt 

rH k-
a G G 

c 

i -

L 
P 
2 CP 
O c 
a G 
L ,-H 
ITi ;zi 
u u 

3 IJ C 
rH 3 e 

C U 
G 

ns JJ 
o 

4J G 
03 CP 

CP 
o 
e 
3 
CP 
L 
3 

ffl 

CP 

e 
• rH 

L 
OJ 
G 
C 

• r l 
cn 
e 
p 

0 
• r i 

44 
05 

TJ 
c 
3 
0 

O 43 
•J-J I 

0 -
• a ' : : l-

':;̂  a 
03 -

f-J 
e a 
15 0 

05 I.-) 

Ul > 

u 
• r t Ul 
tn i.^ 
y cn 
X c 
a u i 
0 a 

a > 
ro •rt 

u 
ID +j' 
UD Ul 
th C 
Trt l - i 

- L 
• "4 -

X <r 

r) (li 
• 

- Hi 
C C 
•rl ns 
r-l L 
Ul H 
C 
Ui 

• o 
o 
x: 
4J 
P 

6 

G 
in 

• r t 

Qi 
Ul 

G 
x: 
44 

XI 

Ul 
c 
0 a 

•rt o 
4 ! y 
15 I 

• O r t 
C 41 
3 

P a 
4 - -

CJ 
4 - a 
0 o 

c 
C a. 
0 hi 

15 
CP 

• r i 

AJ 
cn 

UI CP 
aj c 
> tu 
e a 

•rH > 

• r l 

P U 
e a 
I - 4J 

U l 
- e 

r-l t - l 
UD a 
0- L 
rH lA-

"<X 
i-" cn 

Q Ul 
- c 

e OS 

?>: 
p 
ro 

X 

-1. ;••-'^/iivlfft^oj.ip'"; -y- 4^!-

-•.c'-;;i>;;^:f^tiD.:^'..^,.,v-^tv 

c 

- p / 
y p 
P c 
> -rH 

L Z 
3 
in a 

a 
U 0! 

•rt Q 
c 
11 ns 

U l 13 
' G 

y ui 
TJ Cj 
3 1 -

4J 
Ul a 

a 
r j i OJ 
c. a: 
U l 
in 
0 
[• 

u 
4 J 

c 

JZ • 

u 
G 
h-

„ 
— 

G ns 
2 
L 
P 

• r l I 

e ', 
13 • : 

ffl G ros 
LO r H i 

TJ 05 rH j 

c h- 1 
0 - 4J ! 
U r-H • 

P U) rH 
CO 

JJ a 
- c 

y G -
r- G o , 
0- c c-l • 
rH CP • 

• r l > 

. <r -
LU • -

a 31 -iJ 
P L L 

- • r t 15 
C Ll a 
OS 2 P 
G O X 
.15 Q -•' 
P 

-Oi 
•rt 

c 
03 
> 

r t 

y 
p 
C" 

c 
G 

X 

G 
G 
L 

U 

Ul 

e 

•; , , ; - - 4 J - ' 0 3 . •;••• 
••v'.,V'^U^'L -,'-
. • : G u -

[• • t - V . V ) 
- - j - G ' P . 

", 0 > > 
I 'P , o 

- • • CP e -

,ilU:' j l f l . -
CP p r i . 

•,-l ' r - l 03 
nj l-i 

k. 
"5 

Z 

JJ 

m 

' y 
p 
> 
L 
3 
Ul 

f-l 

> 

ro' 

uJ 
01 

U L 
•rt G ' 
G 44 
Ul Ul 

• r l n 
P I 
ro 

G • 
Ul 
05 
u 

03 
U 

• H 
Ul 
y 
-C' 
. a 
0 
p 
ro 

15 TJ 
P 

4-
Q 

, Ul 

e 

°P 

f i 

0 
J;£ G 
u ro 
15 . . 

J J 
03 

44 
• r t 

' 6 
•rt 

CP 
L: 
CP 
c 

.e UJ 
+ j 

r r t 

rrt e f 3 

• Q 
c, 
OS 

e 

Ul • n 
r d i 4J 
• CP UI 

OS P 
+J > 
c . c 
03 

> 
TJ 
03 

+4 . . 
,05 G 
a> L 

p 
x:̂  

o 
y 
rh 

e 
Ul 
G 
CP 

-o 
• r t 
L 

XJ 
G 
OS 

u 

G 
4J 

G 
e 

- 4 4 

3 C 
a • r i 

X 
r. Ul 

r r t T I 
rrt O 
G -C 
2 JJ 
O 

Q 
U 

15 
44 • 
C - 0 
G c- l 
e rH 
rt I 
L Ch 
a rH 
a^rH 

4 4 UD 

' • ? . " ' 

'•5: a 

| f : . ' e - • 
o f44 r i 

•n : 3 -0 
44 '• 0 • 
U .•CO : > 
11 — 
L 

P 
L 

G 

m 
• r l 

P 

,ro 

y 

0-

u 

IJI 
. 4 J 

L 
p 

•XI 
• 0 
i t 

•TJ 
. C 
15 

z , : 
X 

44 G 
•Ll "n 
; 3 --I 

CP Ul 
• 3 Ji--
cr L 

ni 
:- j j X 
; I ~ - -

0 ' 
i X ' L 

44 
- Ul 
. 3 

^o cr ••-M r . 
• OS 4J 
-IJ 3 

•: Ll n 
01 

k. 
G • 
3 > 

. G L 

a 3 
. 0 1 

' I— 

ik! ' 
i G r t 
•.Sl 0 
-IJ IJ 

• k. t a 
0 
C Ul 

G 
TJ 41 
CJ G 
Ul Z 
0 
a ' y ; 0 

P Q.( t 

G 0 
a G 

ro 
1^ 

0 • 
4 - C3 

• 13 
• l - l 

( 1 
1 1 l y 
4 1 G 
- 1 Ul 
01 '"u • 
I'I' I--

t: ' 
0 'X 
G 111 
G u-
1,1 
Ll ; 

i l "u 
i j P 

-r-l •! 
in •rt 

3 c 
cr 13 

e 
m in 
X; rij 
4.' r - a 

-'"- ' l j 
AJ 0 -
ni rij j 

C UD 
y O CD 
a L 
> 44 a 
L •-! 
3 l l ! r 
in r t Ch 

U.I rH 
i.J • 

.r t -r* :> 
G in 
in j ; ^ ; -

•rt L - . 
P O 44 
cn 3: L 

15 
J3 
O 

' - - 'U X 

0- a -
r t G r. 

0 m 
- U '•sl 
, r-

X P -rt 

10 

- X ! a 
G L a 
L 15 G 
'C, r j a 

TI 
lii 
AJ 
. ' ' j 
r-'l 

P 
i_ 

1-1 
ry 

U! 
.1.J 
. r l 

Ul 
>. 
e 
fL 
Cl 
C-J 
ro 

0 -

r--
T - i 

; 
cn r-

u 
c 

---1 

a 

;> 
fJ 
a: 

s . 

l _ 

lij 

=̂; 
i 1 

d 

• i;i 
X CJ 

'• CD 
C! 
c =-

-•• Ul 
> JJ 
'r> c 

- J 'Ti 
r - l 

TJ a 

l i I 
P 

• 0 
LL a -

0-

r- k. 0-

" 1; i 
C r t i -• 

o u 0--
44 3 - I 
::•; c: 
•3 1-1 
cn y-

0 ' 
= CJl • 

. > J J r J 

y Ul r-i -. 
S l 0 • 
a ID u 
i . JJ t!J 

44 
I. 
iii 
a 

r-. 
r-4 
T H 

u 
03 

m 
fc 
0 

•iH 
. u 
15 
k. 

XJ 

C 
0 

• r l 

+4 
Oi 

TJ 

3 
O 
X 

Cl 
-0 
0-

UJ . 
' OJ 

'iX O'-
ro 

- i 
44 f-l 
L -0 
•Tl CO 
x: 
LJ a 

.r 
u 

-•• f l 

p ;.i 

11 o 

a 
Ul a 
Li: JJ 
L r l 

I 
P ffl Ul 

IJ 
• r l 

r -

1.1 
• r i 

11 
Ll 

13 

1. 
a 

4-

n 
k.. 
p 

J J 
G 
c 

is 
L 
13 
f l 

U 
• r t 

G 
13 

CJl 
r: 

• t 

L 
G 
: -

• r l 

Ln 
C 
fu 

r - 1 

03 
LJ 

• r t 

e 
.L 
u 
G 

4 J 

0 
p • 
CP - 0 

OJ 
e r-̂ i 

1 
•r-< 1 

in oi 
L r-l 
p 
.p a 

0-
y 
0-

e G 
^ 1 . c : a. 

Q 1-0 c-l 
L • 
13 > 
a -

• c 
c o 

'-H CP TJ 
•rt e 

?- Ul 0 
' G -J 

i l . a 

-H 6 U 
•Oi y Q 
i- to CD 

z 

• lan i * 
*115F 



FOUNDATIONS (cont.) 

W e a v e r , J . r - ' l . , r-77B, S e i s m i c s u r v e v f'Dr E i i i - s l te r p l a . i t f o u n d a t i o n s , 
P i e t : e r 5 b u r g , T i ' - ansvaa l (Scu- th A ^ T r i c a ) : B u i 1 . Assoc . Eng . GJecl . , v . 1 5 , 
n c . i , p 5 1 - 6 1 . 

Whi-tman jF'v. V. , C a s a g r a n d e , D. R. , K a r l s r u d , K . , and S i m o n , R . , 1 9 7 1 , • -l 
-Per-f o r m a n c e o f - f o u n d a t i o n • for ftLTAIR r a d a r : 3 . S o i l Mech . F o u n d . E n g . 
D i v . ASCE, V . 9 7 , n o . SM 1 , p l - 1 3 . • . \ 

Y a n g , Z . , and H a t h e w a y , A. W. ., 1 9 7 6 , D' /namic r e s p n s e o f t r o p i c a l m a r i n e 
i i r n e s t o n e : J . Geo-toch . Eng . D i v . ASCE, v . 1 0 2 , no GT2, p 123-1 .38 . 

6 

-.M 



• • • • • - • -> • • • ' ' ^ ^ - * ' . l i : . l y J i i i ^ ^ , ^ , , . . p , f i i y _ ^ f . - ^ . ^ . . ; ^ . ^ 

a 
IU 

• r l 

L 
.4 
XJ 

!._ 
3 
0 

JJ 
UJ 

lli 

x: 
XI 

u -

6 
c 
0 

• r t 
4 J 
13 

U 
0 

I r t 

!iJ 
r-

p: 
s-

«T 

ro 0-
r H 

-
a 

a 
r« 

A . 

P 

T l 
C 
0 
_J 

a 

r H 

P 
I J 

CD 

a 

CP 
c: 
ni 

1 

r-J 

d 
.-a 

in 
• . ' 1 
r i 
cr 

• t 

c 
Sl 
U 
Li 

44 

r H 

13 
U 

• r l 

f.'l 
-;.. 

ST. 

a a 
0 
r,P 

C 

a CM. - , , I P : ; : , - - : ; ! f v , - , . 4 . . . i • ' • ' . •-•' 
•D . •• C';^-'..;•?-'-?%):;?• C . ' ' 4J 
OJ 0 • O'••••-"-••;:'.>'••'-'•.. -rt - 05 

y -rt c -' r i ' i^ - : ' • ' • • - : ; , • • . ' : , 4J I CP u - y P 1 •>• ' r t L. - -rt t^.: ,-• .^, • , +^ 1 u - w 
LI TJ ' . e L - •, 4J, ' '>:"^ 'u i tN-; ' : •: UD rt .- o G L "?:• 
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Stacey,T.R; ; and Noble,G.W., 1'975, Seismic' eval uat ion-of f-sQi''-L, !•''-,•... ,̂;-;̂̂^̂̂ ^̂̂  h 
treiDchabi 1 ity: Proc. 6th Regional Conf.- for Africa, Soil Mechanics '.',-!;: '̂ 
and Foundation Engi neer.i'ng,Durban, v.2, Speciality Session C ^ - T 
Sampling in Soil and Rock, p 185-136. • .-.. '•'.~ "'. •''-,̂ '̂ _;.':, f. 

• , . ; ' • '. . . i ' • - ' ' . : - r . ^ - y ^ - - : - ' • ^ ' i . - 0 - 5 ^ } ? - ' . ^ 

Wea-ver, J. M.", 197b, Geological factors significant in the assessment, "-'!:,̂!f,vr'"̂  
of rippability: Trans. S. Afr i can Inst. Ci v. Engrs , v.,17,no. 12, p • •';,' !' 
313-316. . ' '- ' • ;•'• . ' •••• 



8 

CO 
M 
O 

w 

« 

u 
M 
EH 

i 
O 

' • O • 
UD 
y 

c 
P C X 
•rt trt J— 
Ul ro 
Ul . . 

• r t IZ " 
G O : 
G .r l G 

Ul U 
U n n 
•rt G JJ 
4J k. U 
Ul a 13 
3 G L 
O 0 X 
U Ll 

cr c p ^ 
•a c UD • 

- G rt rH 
rH C L I 
ro •rH P M 
0 - 4 - P 'S-
r-H C C T- l 

O -n 
- Ll tjn a 
• c c 

Z 3 Ul -

iX C rH h-
- . r t 15 tn 

L U <r 
P UI rH -
e G c Ul 
L a e TJ 
OJ y u Ul 
O 44 tu -
V -M > 

J:C 0 05 
•O U P L 
C 0 ro CD 
13 L 

C a 
• Ul rt UJ 

Z 3 
• O Ul X 

3 rt C 
- k. O TJ 

P 03 rt c 
a > Ul (3 
'Ti Ul 
U 4 - • t c 
U O G U 
Z UJ - t 

11 > 
- G U G 
• L -rt c: 

Z 3 44 k. 
• 44 Ul Q 

rro •13 3 
- e . P . 

G CP 'J X 
U rt c r a 

y Ul: > 
O 
ffl 

o 
c-i 
y t <• 

0 
P C 
k. 
3 4-J 
44 i_ 
U 0 
13 a -
L- G 

4- i t 

• - - 4 4 
- l i . r t 

Ll C ' 
0 -J 
L 

> v 

y CP 
L 0 

TD r t 
0 

•P G 
G un 

e r i 
- ' G 

ro 
X 
P r H 
X m 

4- "o 
p ^1 

ro 
cn 
c -

• r t a 

L rH 

P U 
4J ro 
•rH a 

C r r t 
0 0 
G G 

r j 
u 

• r t u . 

G 0 
Ul 

•rH A J 

G in 
ro c 

t r t 

.. r . a 

CO - i ; 
0 - a 
r H 3 

^ BB 

• y 
OJ L 

- 4 4 

e G 
•rH G 

a 0 
G G 
>5 Ol 
L-
U 

• ^ ' ' ! . - ' 

, '• . ' ^ • 

• ' • > 

P c 
G >-H 

• 3 
c r 4 . 
e 0 

• r i 

S l AJ 
- u a 

G G 
j J i t 

c n 
p p 

•rH C 
J J rt 
03 V 
G 

• r l a 

X 3 
0 ro 
L G 
a L 
a 3 
13 Ql 

P . 
> 01 

• r i a 

JJ :D 
13 
L 
G a. 
44 C 
Irt 0 

• r l 

- J J 
y 05 
y u 
Ch 0 
r H ^ 

• G 
U U 
1 L 

Z 3 
- 0 

C Ul 
3 
ro' u 

• r l 

TJ 6 
C Ml 
15 • r t 

P 
• Ul 

Z 0 
. L 

fiJ U 
•* -rH 

C G 
03 
G L 
e 0 
U 4 -
G 
Q 

. 
a 
n 
V> 
Cl 

a-

l^f 

UD 
C-l 
ro^ 

B 

P 
C 

J i i 

u 
0 
k-

I J 
0 rH 

• P 4 4 
UI 

Ul 3 
P 0 
3 u -
cr<r o 

• r t : UD 

c r--
e c 
U t r t X 
a 1 -
4J aa ro 

2 -
C ffl = 
0 .rt QJ 

• r l > U 

i n G •rH 

Ul L -P 
•rH U 
G OS Oi 
G L 

4J X 
U L 
•rt ns CP 
XJ 1 C 
11 G rH 
3 e L 
0 44 G 
U 1 P 
13 4 - C 

0 rt 

1 

, 
c-i 
0-
1 

* 

a 

22 
h-
01 
cr 

tn 
• D 

4 - 1 CPLU 
P G C 

4J UJ 
'P 03 
C A J r H 

0 Ul 13 
• n U 

J J 03 • r t 

13 C 
U 1 SZ 

-iH Ul U 

rH G P 
a L 44 
cr 3 0 

4J P 
- u ro 

r H 3 

ro L c 
tr- 4J rt 
rH Ifl 

m 
• l i . c 

X U P 
• 0 • r t 

X k. Ul 
Ul 

y ^ a -n 
TJ e G 
L •->; UJ 
15 
X 

a. 

y 
15 
L 

ro 
a 

LU 
B 

i t 

TJ 
C 
i3 

e 
u 

• r t 

> 
G 
C 
L 
Q 

a 

• X 

.•> 

P Ul -
U G rH 
C k. n 
P 3 e 
L 4J 44 
P U P 
4 - 3 3 
C k. 'ti 
G 44 rH 

U CO t;J 

4 4 rH^ 

P 03 " 
L U UD 

• r t .,H h -
X cpCr-

0 r - l 

P ^ 
CP 0 P 
c G e 

• r l G 3 
TJ l-D 
P C 
P .rt -
u y 
D ; . .4J 
L 4J rt 
X .rt Ul 

> L 
- . r t P 

y 4J > 
y IJ -rt 
Ch <r c 
rH D 

CJ 
^ .rH G 

Ul e 44 
TJ UJ Oi 
LU rt 44 
- G 01 

- Ul 
• 0 P 

3 L rt 
• u c 

u. .rt <n 

- z > C - ^ . r - l 

0 c y 
4J 0 Ul 
CP.rt c 

•rt Ul c 
G Ul P 
_J rt X 

G -
-a u Ul 
C r t 

03 u 13 
- H rH 

" A J L 
• un P 

X 3 44 
• 0 IS 

X u z 
• < r 

'•>- T J 

a e c 
L 0 13 
Oi 
X 

' 
' 

B 

Ul 
c 
0 

•rH 
4 4 

13 
U 

• r i 
r r t 

JD 
3 

X 
• 

.c 
u 
G 

1 -
a 

Ul 
e 
ns 
L 

1 -

.. 
r r t 

P , ' 03 
u Ul x : 
C G -P 
P L,U1 
L 3 3 
P 4J 15 

4 - U r-H 
C , 3 U 
O k . 

U 4 J - " 
rom 

TJ r^ 
C rrt 0-
0 nS rH 
u u . 
P .,H k. 
ro cji 'P 

0 S3 
Ul rrt G 
cn 0 P 
C G > 

-rH CO P 
TJ Z 
G c 
p .rt -
u y 
0 > 4J 
L 44 rt 

X . t Ul 
> L 

- r i • Ci 
O 44 > 
ro u rt 
0- <r c 
rrt D , 

u 
, - •rt p ' 

Ifl c -P 
•Q UI OS 
LU -rt 44 
- G CO 

• Ul 
3 0 -05 

• L -n 
X u c 

- • r t 15 

c z > 
G ^ r H 

4J c y 
e 0 P 
cn .rt c 

•rt Ul c 
P Ul P 
_J .rt X 

G -
T l LU Ul 
C r t 

ro u Oi 
t - r i 

" A J L 
« Ul OJ 

X 3 4J 
. 0 OS 

X U z 
- c r 

y TJ 
TI c c 
L O 03 
13 
X 

* 

m 

Ul 
c 

P 
•r-l 

44 
Oi 
u 

. r t 

r t 

S3 
3 

X 
B 1 

e . 
u 
G • 

1 -
B 

in 
e 
03 
L 

1 

J 

: • ' - ! ' 

4 - - • - . 

0 
Ul ; 

cn rH TJ 
C OS UJ 

• r i U 

L .rt -
o c y 

44 JC 05 
•rH U L 
c G ro- • 
P 44 , , ' 
G 0 • 

G UJ 
• c ro • • 

G . i t -
•rH e 
Ul .rH TJ 
11 - c 

•r t Ul OS 
' G e 

p 0 e 
,.rt u 

u in rt 
•rt UI > ' 
4J .rt P-
Ul G c 
3 Ul L 
G Q 
I J U ' • 

cr .rt . 
44 X 

- in • 
r - l 3 > 

ro 0 
0- U -
rH <1 O 

= UD 
- c y 
« »-H 

E X . 
. . . 1 - • 

X cn C/J ' . 
- C - ' ' 

L •rH -Qi 
P JJ u 
C 3 rt • 

L 0 44 
P L U • . 
P cn OS tD 
y . L 43 

JH< X r H 

TJ U . 1 
c 0 cnuD 
13 L C UD , 

• r l r H 

- a L 
. c QJ a 

••D 05 P 
c -

X l - l rt z 
" r i CP J— 

.i- ' 0 e ro 
u Ul L'J cr 
3 
X 

. . • ' . . . 

' • - • ' ' r H . 

: M : 
U art - ' 

• r t 1 ' • 

•p, y 
P r o 
3 
o a 

. u . 
O i - ; -
' •; UD '-

' ; 4 - . -, • 

p .> ,_ ; 

'.-* 
. , - > • • 
. iTJ' . r t • 
' 3 u , 

44 cn , 
U l ' a 1-

, ' c ••• 

cr .rt , 
z 

B 

- J : -
m u 
43 G 
0- z 
t r t . 

— • j ^ 

• u 
3 0 

• i t 
<C' . 

- n 
G . 
C 4J 
P C 

r t t r t 

Oi 
Z 

J B 

TJ Jii-
c u • 
03. 0 
, L . 
t 

cr TJ 
. G • 

r a UI 
- Ul 

C G 
• n L 
r t A J -

• J i i Ul 
C 
13 G 
L 0 
X L 

4 -

-
• c 

- i 0 
• - r t 

>~l Ul 
- Ul 

r H .rH 

rH G . 
•rt G 
C 

• . . , ' 

Cl 
- O' 

- - . • r r t , 
B 

.> ' '; U a 
•r t UJ 
4 J L J • 
P r o . 
n <r 

':o 
i -u • 
;cr > 

• . r l 

.; - o 
..^ • 
• y . 

; ' ( > CP 
!: • ' - ' C 
J , ' . UJ 

. ;-'r • a 
•?-3 e 
:••: •• u 
• • r > Ql 

~ " A J 
'•'• C 0 

Oi G 
L ro 
1. 
3 a 
U r-J 

TJ 
C aa 

'3 Ul 
r t 

• •rH 

Z 0 
• Ul 

3 
•> k. 

G 03 
S3 r t ' 

-Oi 3 
; u C , 

•• U n3 

Z k. 
.'••; c n 

-
• 4 -

UJ 0 . 
. . • B * 

^cr k. t-1 ' 
--.• - 3 N. 

TJ 0 t^ ' 
••• V. . r i \ : 

P > -H 
;_J Oi 43 

x : r-s 
- G 
. S3 a 

z a C -

. LL' 0 y ' 
- .rH 

L Ul h-
. p Ul ro 
- C •rH 

L e G 
P G e 
0 
i i 

L 
. 3 • 

. G -
• • i t 

> '.. 05 
e ' 
p 
XJ 

C 
, 0 
• r i r. 

Ul OJ 
in h-

• -rj ro 
..G . 

G 0 
• C , 1 , 

u , 
• r t >-

4J tD 
P . O 
3 r H 

0 . 
u > 
o: 

. a. 

- U J 
y u 
y ro 
0 - <C 
T H , . . 

a 

• > 
Z . r l 

• P 
3 -a-

- CP 
P e 
a LU 
05 a 

. U Sl 
u u 
Z G 

,+J 
. T J O 

C G 
, i3 ro 

- a 

• n 
. UJ 

• a 

c .-- • 
- Ll 

-TJ -H 
L rt 
P P , 
_J Ul 

- G 
• > • 

Z rt 'O 
• Ul UJ 

X . G ro 
- e 1 

. L c r - -
G u tD 
C CO 
L 4 -
p 0 a 
P 
i i i 

r t 

f l 

u 
• r t 

e 

^ ^ 
u z 

• ' ^ r ^ 
JJ ro 

C 0 ''X 
C t i " 

•rH " 1 Ul 

Ul I J 
Ul c: Ui 

• r t • r t " 

G y 
G i n riS 

^ >^ 
11 0 ro • 

•rH . r l 

4J in • 
Ui Ll Ul 
3 rt • 
0 G X 
u UJ 

•cr T l 
IJ •;: 

- . r t n j 
r H ,;.s 

cu Ul .e 
0- 3 IJ 
r H 0 • r t 

- IJ > 
• cr P 

Ul : e 
; ^ ^ - • 

cr trt a 

-T J aa a 

L Ifl Cl. 
0 r - l . 

- J . r l : > 

0 -
Xi Ul o 
C UD 
03 4 . y 

0 
X 

• CPr~ 
z c ro 

• -rH — 

3 L P 
^ 0 U 

P 44 rt 
a .rt 44 
13 C U 
U 0 15 
U G L 
Z LL 

a 
- C CP 
• 13 C 

Z - r t . 

' L L r - l , 

X 0 P t 
- r t P r H 

L > C 1 
'U .03 -rt Kl 
c: e cpf^ 
L G C 
P .a UJ a 

q i i i 

Ul 
p 
3 
IT 

. r t 

e 
e 
u 
G 

4 4 

c 
0 
rt 

-p 
15 
U 
0 

r-H 

0! 
U 
L 
3 
0 
Ul 

p 
Ul 

• r l 

0 
c 

.... 
"u 
0 

X 

-
0 
t'^ 
0-
T-* 

»s 
t 

^ 
»• 

•' p 
J j i 

13 
r - t 

ffl 

a 
c 
03 

a-

a 

X 
•-

e 
0 

44 
e 
CP 

• r t 

Hi 
_ j 

a 

a 
a 
ro 
r t 

a-

r-i 
t-l 
ST 

y 

a 

^ 
c 

t r t 

4 -
0 

4 J 

a 
21 
-it 

\s\ 
G 
r 

• r t 

z 
a 

3 
ffl 

. 
ro 

• 
r j 

CP 
c 

•rH r. 

> 41 
0 M 
i - 4J 
a y 
G 
r i a • ' 

•> 
J^ t̂ ^ • 
0 I-H 

4-
4-

•y ° 
0 
e 44 
4J a 
P p 
G X 

Ll Ul 
P P 
L C 
ra .rt 
•-j z 
r j a 
in" 3 

ffl 
4 4 

Ul a 
13 CO 
P . 
• H r j 

cr 
vv 

- ' i l 
Cl Ul 
r - • r l 

0- 0 
rH e 

- J-i 
• i J 

• - ' 0 

_ ; L 
. : i 

- 4 -
r H 0 
r t 

Oi C 
> n 
3 - r i 

P +J 
•3 

TJ U 
C 0 
Oj r H 

r G 
' U 

X L 
*- 3 

C 0 
ID in a 
44 a 
e G a 
cn r. 0-

- r l A J r H 

G 
_J 

a 

Q 
e 

a 
c -
'3 a 

> 
cn r 
e n 

•rH 

J J H^ 

U 0 
P 

4 J 4 J 

P a 
TJ G 

u; 
L 
G Ul 

' - i - fiJ 
C 

Ul .rH 

T-J Z 
0 a 

X- 3 
44 PJ 
0.! 
G . 

CD 
. U a 

•rt ZJ 
G 
LO a . 

• r t G 

nj u 
01 C 

a 
- T J 

r - l . 1 

43 Ul 
0- XI 
r - l 3 

Ll 

l - l 111 

• u 
2 03 

- 4 -

- H L 
r H 3 
Oi 'Jl 
> a 
3 3 
P Ul 

TD CJl 
• c C 

13 - r t 

J J 

- '3 
• G 

- J C 
** -r-i 

- i - ' r - l 

L G 
P TJ 
a 
0 

• CL 
a 
ro 
r-l 

y 

C-i 
01 
03 
UD 

X-X :̂:K^S*S : :V ;33 ; :S^K:S®S ' 



CO 

M 

p 
J2 
AJ 

k_ a 
P r-H 

4- r^ 
UD 

Ul 1 
TJ CJ 
G 43 
SZ UD 
JJ 
IJ a 
G -

Vl 
1—1 a 

Oi 0 
u c 

• r t . . 

Ul f l 
y ' i -
e . 
a > 
0 -
p Ifl 
ro u 

• r i 

" Ifl 
h- y 
y e 
0-- a 
rH 0 

- G 
. [ f j 

cr 
a aa 

cr ul 
- G 

y T j • 
> r l 

r t l - l 

•rt Ul 
CPT3 
O C 

13 
TJ r t 
C 
13 u,. 

6 
<n c 
- ' P 
! > • r t 

- JJ 
y 03 

Ji i IP 
U l ' - r t 
> j j ' 
O Ll 

rH G 
Ul > 
0 C 
C P r t 
0 
ra 

u -

• L 
4 4 

P 
G UJ 
6 u 

- r 4 - r H a 

G <r. - r i 
c ^ cr̂  
cn c CJ 
03 >^ 1 
Z TJ -D 

ro 
- P c-l 

y e a 
y j j 
a-
r t l i . C l 

0 • 
0 

" C Cl 
cr 0 -

. •rt UD 
Z 4-1 Cl 

- 05 • 
oi CP > 
> . r t 
0 44 -
e Ifl • 
j j G a 
OS > Ul 
k. c P 

44 . r l L 
ro X 

G 
X i S l • 
C JJ Ul 
13 >-

L e 
- 0 a 
• 4- P 

cr p 
• Ul ro 

CI a 
- 0 .. 

y e p 
'-•> J J G 

I-H G Ul 
• r i G Ul 

cn G 
a u u 

•rt 0 
- L L 
. JJ a 

•cr G 
. g G 

> 0 TJ 
- k . • rH 

y J-J rH 
J J U Ul 
Ul G T I 
> rrt C 
fJ G I'u 

r r t r H 

bl -D 
0 C -t-
r j i Oi 0 
0 
ffl 

c 
Cl r 

• r - i • 

JJ a 
% G 
u y 
•fn ro 
r t 

a • 
a - e 
n u 

G 
TJ Z 
c 
03 Jii 

U 
C 0 
C p X 

• H 

Ul c 
G oi 

P rH 
. TJ 

- OS 
ro c 
43 13 
0- u 
y t 

JZ 
- - p 
a UD 

2 
a a 

U Cl 
- 0 

CP L 
C X 
0 
L • ' 

JJ P 
cn G 
G U 
L • " 
<r > 

P 
TJ a 
c 
Oi U 

• r l 

- G 
a P 

P •H 
a G 

U Ul a 
- P ID 

JJ L O 
C IJ rH 
G n 1 
a G rH 
TI Ch 
oi 4-
0 0 a 
k. 
ffl 

L 
OS 
G 
C 

P • 
TJ 
• r i 

r t 

P 
TJ 
C 
15 

r H 

, 
'3 K' 

hv 
4 - 1 
0 r-l 

JJ 
c a 
0 

•rt a-
44 rH 
r3 Trt 
D l . 

• n > 

4 4 -

u i - c 
P 0 
> 4J 
C 03 

• r l k . 

0 
r r t r H 

'3 a 
U X 

• n as 
in 0 
y G 
x: ro 
a 
0 . . 
P 03 
LD •rt 

C 
- L 

tD 0 
y 4-
0-- •rt 
r H r H 

Oi 
- u 
B r> 

X G 
.• ul 

n a 
- 1 - 3 

p 
Jii c 
P Oi 
0 ro 
L 
ffl^ 

LJ 
• r i 

G 
UI 

• r t 

d i aa 

ro 0 
a 

- 13 
03 L 
-0 0 
f h rH 
rH 0 

u 
a . . 

ro G 
•• TJ 

U -rH 
" r t 

C Ul 
0 TJ 
Ul c 
C 03 

•r! _J 
S3 
0 c 

Ct • r l 
in 

TJ ns 
e ffl 
13 

a 
- c 
• 03 

X rrt 
• p 

r j > 
- 0 

JJ _ ) 
44 
P G 
U SZ 

r j l 44 

- 4 -
• 0 

1-
• 'J1 

X G 
- - r t 

G -a 
Q J . 3 

- I A-I 
Ul 

• c 
P o 

• - r H 

X 4J 
- U 

r t ns 
rH L 
P 4-
k. G 
L L 
03 
U 

a 

y 
ro 
ffl 
1 

V) 
ro 
ffl 
a 

r-

ffl 
1 

o 
I—I 

<I 

L 
G 
a 
P 

CL 
a 

4-
0 
L 
X 

B 

> 
k. 
3 
CO 

a 

r H 

0 
P 
ro 

a 

ro 
a 

n 

L 
p 

4 . a 
I r t 

X) • 
0 i t 
SZ 
44 H J 

G L 
G 0 

a 
-a P 
G i t 
ip 
03 Ul 

XJ P 
1 e 
y rt 
44 Z 
• r i • 

U 3 
0 ffl 

r t 
G -
> ' 

JJ 

- e 
4 3 I-H 

y • 
C<- 44 
r^i a 

G 
- p 
• 

ro •' 
a ro 

z • 
^ 2 3 
c 
P 
> • • 

P c 
e P 
e •r^ 
Q 4J 
Xi U 
3 P 

0 4J 
P 

-D TJ 
c 
03 P 

L 
- 3 
. r H 

X rt 
. 13 

ro 4-
.. 

C P 

a 

0-
T H 

a 
a 

9 -

13 a ' t 
G 0 
S l r t 

u un 
p 
Q 

t> 
r H 

ra 

c 
p 

•rt 
44 
03 
CP 

• r i 

44 a. 
Ll ro 
P . 
> •> 

c -
t r t . ' 

r t 

" 0 
UD G 
y r o V. 
Ch 
r-H CP 

C 
- CP 
• C 

X UJ 
r- , 

L r t 
p n 
i P . 

c a 
•rt 
Oi . . 
L J J 

LD G 
Ul 

TJ L 
C 0 „ 
05 P • 

- e 
. 4J 

Z 3 
• 0 

P G 
- L 

C Oi 
c e 
15 u 
u 
U 4 4 ' 

Z OS 

- a 
• r l 

3 rH 
• Ul 

. ffl -a 
- c 

y OS 
03 r t 
2 
C rH 
0 03 
U 4J 

- Ifl .. 
. 05 'O 

ffl 0 T 
- U rH 

Ul I 
m 05 0-
G rH 
C 4 - r l 

c 0 a 
G 
P 

' 

r-

UD 

Q 
C 

SZ 
11 *• 
i l rH 
OS f- l 
P . 
LO > 
P 
L -

. 
u a 
•n Ul 
+4 0 
P L 
C X 
P 
CP .-

Ul 
TJ y 

c e 
03 a 

0 
CP G 

c ro 
• r H 

44 
Ul . . 
Oi -0 
U 0 
P SZ • 
1 . 4J 
0 P 

'4- , G 

4J > 
P 44 
L rH 
3 > ' • 
XJ 05 
/ L 

J:-' CP • 
U 0 
0 L 
i t U 

• r t 

- G 
r-D 
m y 
0 - S3 
r t 

Ul 
- G 
• C 

M •rt 
- G • 

H UD 
LJ rrt 43 

• r i in y 

2 0 1 
G u ro 

rH r t 
j ; i c y 
• ' -1 rH a 

05 

u. 

Ul ' • 

p 
TJ 
•rt 
r t 

P 
TD 

c 
OS . 

r - H 

e 
•rt 

P 
P 
U 

• OS 
4 -
L 
3 
Ul 

Ci. 
• r i a 

- 1 r-l 
Ul UD 

f-l 
CP 1 
CUD 

•rH f l 

4J CJ 

ro 
u a 
0 

I—I • * 

• ^D 
4 - . 
p p 

c • 
Ul 

T l -
0 0 

SZ C l 
A J . 

p > 
z -

. 
- r t 

V! 0 

m G 
0- ro 
r H • 

CP 
- C 
• U l 

• z 
B • 

r> u 
- 0 

e LO 
0 Ul 
Ul <r 
C a 

• r t r - l 

r rrt 
• U 3 

+J ffl 
3 
X 

; 1 - ' , - • -

• ' • < • . ' • 1 , 
' "• • * - , 

. " • ' C -

; - 0 
* • . - ( H , 

• V-*^ 
05 . 

G 3 C l • 

x: c 0-
-44 G f-J 

. 4J 1 
c n j j y 
c OS m 

•rH C l 
L " G 
0 > a 
JJ OS -
•n 2 f-l 
C 

P u > 
Z -r^ " 

44 X 
- Ul 3 

0- 3 tu 
y 0 L 
Ch U 4J 

, rH OS C 
0 

- 4 - Z 
• 0 

t r t .-
- Ul • 

G C -C 
JJ 03 0 ' 
trt G P 

G Z 
TJ 
c y Jii 

P a u 
' - P 

. - P K 
• G 

• ^ L . 
- 3 U 

03 J J 0 

p u ro 
Ul .3 

r l ^ • 
ro 44 44 

m c 
. -w . t t 

• . i i 
t - l u • 

- 0 L 
• P L cn 

3 C 
0 4 . 0 
C O U 

HH 

y x : 
- 4 J 4J 
. n •=»-

i i r r t 

..._, . 
p a LJ 
Jii 03 0 
P JJ L 
C Ll X 

• '3 
i i i 

C 
0 . -
•rt-xt-, 
UJ O -
LO r H ., 

• r t ' • ---

G ; y . • 
G 

r* 

U UJ , 
•rt U ' 
-M UJ ' 
Ul <n 
3 -

0 • 
u > 

c r •rH 

p 
B* B 

ra CP 
y r: , 
0- Ul 
T - l . 

- e 
. u 

z P-
a J J 

3 0 
,. G 

as ro-
n • 
ns n. 

• i i ' 
u •• 

z y 
44 

TJ - H , 
e rH 
Oj -rt 

S3: 
a. 13 
. JJ 

UJ Ul 

. 
c r rH .. 

a- -rt a 

a 0 f-l 
L,ui ro 
0 UD 
_J 4- 1 

0 Trt 

h-
. CPUD 

: Z . e a 
a r i 

X L -
- 0 UD 

L 4J H-
G 'H ro 
C C -a 
L P 0 
G 6 c 
0 
x_/ 

»-
Ul 
z 
( -1 

L <X 
.P 1 
4 - a 

Ol 

P c 
3 Ul 
cr . 

•rH i : 
C r l 

e z 
Cl a 

P 'J 
4J 0 

CD 
C a 
0 Ul 

• r l C 
4 ' Oi 
U L 
05 h-
k. 

4 - aa 

P Ifl 
L G 

a 
U 0 

- r t - t 

G Ul 
p 

• r i 4 4 

Q rt 

ro a 

r7 ^ 
f-J •rt 
y 
r j - Ul 
rH ro 

- G 
• L 

U ns 
B 

y- Gi 
** f - H 

.0 -Cl 
i i i Oi 
. • - P 
TJ Ul 

c c 
I-li ^3 

-
. : ^ 

. ^ c 
• - • . r l 

Z 44 
- 03 

L G 
OJ e 

41 .r t 
L r t 
OS Ql 
U TJ 

u 
z 

I 

• 

m 
y 
tD 
1 

<d-
y 
ID 
a 

•> 

f-̂ i 
UD 
f l 

a 

-., 

Ul 

c 
0 ' 

• r i 

4 4 a 

Oi U 
'-'> G 
U X 
r" 
C TI 
i - l L 
: ro 
e 0 

t-H Q j 

• 

" U! 
Ul G 
P X 

T I a 
• r i a 
r-1 Ifl 
Ll C 
TJ ns 
C L 
r i i L . . 

r - i 

a 

4- L l 
0 a 

X ' 
C a 

fJ z 
• H 

JJ : 
U Ul 
P r t 

AJ rt 

P 0 
Xi Ul 

•J 4-
•rt 0 
C 
0 C 
Ll 0 
0 rt 
k. 44 

• u 03 

'^ *-
Z 0 

r t 

- a 
•J3 X 
y G 
0-
TH G 

- u 
. ITS • 

_J 4 - 'O 

• k. tD 
Z 3 1 

- UI UD 

y a Cl 
G 3 a 

rH m -
3 r-l 

OS c ro 
U r t UD 

u 
z 

0-
a. !J Ol 43 
C -r t 4J C l 
0 G î i 1 
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'J Ci 

— r r t 

• Ul a 
CO 

- G "-
TJ x : -0 
03 J J T H 

Ul 
0 C 0 
> -rH C 

0 
z 

m̂ • M < -•.-c|?fl^.-'>T';'-':':-&s-.=K-S;-i-Zi ~^mmy': 



L-AKDSLIPS (cont.) 

Stewart,M., and Cells, A., 1976, The 'J.se of geophysics in landslide 
studies; U.K. Dept uDf Environ. Transp.Road F;'=s. Lab. Report LR'703. 

Takada,Y., 1963, A geophysical stuidy of landslides: Bull. Disaster 
Prev. Research , Inst. , K'/oto Univ., Japan,v.13, p 37. 

Tamald,,!. , and Ohba, Y. , 1971 , Shallow reflection method and it-s use 
for landslide investigation: Proc 4th Asian Reg.Conf.on Soi1 . Mech. 
and Found. Eng. ,Bangkok , v. 1 ,• p227-233. 

Trantina, J. A. , 196.3, Investigation of landslides by seismic and 
electrical methods: ASTM Spec.Tech.Pub. 322,p120-134. 

Yamaguchi,S.,Takada,Y., Takeuchi,A., and Nakagawa,A., 1969, Determination 
of the effectiveness of laindslide preventive engineering works 
'asing el-ectricai resistivity method in the Kushibayashi Landslide 
a r e s : Bui 1 . Di sas. Prev. Res. Inst., K''/oto Univ, Japan, v. 19, Ft 2, 
p 25-42. 



G 
C 
C . . 
Id C G 
e !-< OS 
u G 

•rt 4 J 
4J . . o 
r-l UI L. 
3 G r -
g • t 

Xi Xi 
c u r . 
n Al m 

• r l U1 
J J G 
3 c OS 

0 S l 
iH rn 
P L 

G 03 ro 
L cn 

0 
'il 

e JJ 
cn Ul 

. r t G 

o 
r-

o 

C 4J 
13 
CP 

P 
JJ 

Ul 
G 

ITi G 
U L 
rt 0 

r-H e 
a Ul 
a 4 -
03 Vf. 

O 
P 
e a 
I— 4J 

- Ul 
O G 
CO 3 
0- cr 
T-H - r l 

c: 
- e 
• u 

i t G 
• - p 

U 
• u 

n - r l 
- G 

L Ul 
3 •ri 

JZ G 
JJ i j l 
k. 

G 
44 
• r t 

ro 
p 
L 
0 

|-" , 
Ul 41 

ro 
I 

y 
y 
a 

e 
o 
a 
c 
O 

cr TI 
• 44 

c 
. p 

•ri 
4 J -

2 U UD 
O C J i C l 

r-H . r l y 
' r-l 44 f - l 

OS Ul 
e G u 
ro y t -

c u 
• o 
ro 
0 -

L 
P 

ro a 
rrt IJ lis 

- • r t X 
« CP -

cr d e 
• r l o 

UJ 0 44 
- G Ul 

15 CP :J 
N 0 
P TJ X , 
C G 

•rt . r t U 
a r H H 
ui a O 

Ul a • 
Oi u 

0 
L L 
O 0 . 

4- ' 

ID 
C 
15 

• Ul 

<T. y 

n 
G 
> 

- k. 
Oi 3 
t-l Ul 
15 

P -H 
u 

- u 
• r t 

'-3 e 
- e 

P u 
-iJ G 
C J J 
p 

44 
3 
ffl 

O 
G 
cn 

•CJ 
C 
13 

U-

- G 
4J Ifl 
O -rH 

n G 
L Ifl 
13 

ffl 

3 ro 
ro 0-

r^D 
P I 
e c-
44 ro 

v> 
c 

•n a 

CP 
C 

. r t 

y 
e as 
4 4 > 

a L 
P 3 
TJ CO 

a 

G n 
0 

4 4 . . 

44 CP 
0 c 

a •rt 
\ - Ul 

a LO 
3 0 
ro L 

u 
0 y -H 
-0 03 Vl 
0- m 1 
T r t £ > 

. - Q j a r t 

• J i i 

X 03 a 
• G 

ro a -
- 03 f ' l 

£ "1 -T 
0 as Zi 
44 JT ro 
44 u 
3 0 
01 TJ n 

,G -
TI in 43 
c o r o 
13 a • 

0 > 
" ^ 1 r 
. a U j 

_J u 
. L ro 

LJ 0 • I 
- 4 - -

p 
J ; i i > > 

03 G -rH 
L > P 
P - L 

- 3 CP 
. UI c 

U • r i 

• L a 
3 G a 

- "D oi 
C L Z 
Oi 0 
G u a 
Jii G C 
U L OS 
P 

ffl 

A , 

0 
L U 

Ul 
C 
G 

• r l 

4 J a 

ra 44 
CJl a 

. r t G 
44 0 1 
U l -
G cn 
> c 
C n 

• r H L 

.P 
G 01 

J J C 
. r H • r H 

ro CP 
C 

r U 
C! 
- • d r H 

C h - r t 

r H > 

a. • rH 

a U 
h-

B • • 

3 Tl 
- C 

Ul OS 
U l r t 

as AJ 
C P 
•rt u 
3 ro 
ro 
u c 

Z r l 

TJ OJ 
C LP 
15 a 

• r l 

- L 
a S 3 

u a a 
3 P 

r Ul 

C 0 
IS a 
G 0 

Ji i L 

u a 
p 

• ffl 

4 -
0 

0 15 
• ^ > 4 4 

r t 

-0 P 
G a 

4 J 

ns L 
r - l P 

G • > 

L - r H 

Ct 
P 
a P 
L u 
rd 0 

• N C 
<i3 ••-* 
r L 

a 
r t 

If) P 
u x: 

• r t 4 J 

CP 
0 C 

r t - r t 

0 
G C 
ro P 

• r t 

- 4 4 

Ch U 
y 3 
0- L 
r t A J 

a. U l 
a C 

X P 
. u 

l-.) 
- T J 

+J c 
0 '13 
XJ 

B 

0-
f-l 
v> 
1 

hD 
M 
r-1 

a 

.-
UD 
0-
r-i 
r-:' 

u 
h-
0 

L 
G 
a 
03 
X 

• * 

C 
0 

4 J 

m 
3 
0 
X 

u 
!~ L CPQ 

OS C 
ffl •rt 

r t 

- a r t 
C - r H 

05 L 
TJ 

-a P 
r ) k. 

- 0 
0 e 
Jii P 
C '4-
G 4-
+J 0 
- I 

ffl 

a 

u 
0 
L 
X 

aa 

05 
r r t 

G 
3 
N 
P 
1 — 

G 
> 

TI 
c . 
05 U 

0 
r - i L 

OS fL 
U 

. | H a . 

e in 
e G 
U 4 - J 

G - r , 

X' Ul 
P 
OJ L 
ro G 

J J 

- Oi 
•f-l 2 
rxi 1 
Ch a 
r t e, 

- G 
• a 

' • •3 

• '4-
U 0 

r> 

Ul C 
L 0 
G .r t 

r t 4 4 

e 05 
UJ CP 

• r t 

TJ 4J 

• c m 
05 G 

;. 3 . r -

• - r t 

z 
B 1 

ffl 05 
- U 

C - r H 

0 CP 
Ul 0 

n r t 

S. 0 
p p 

CP 

-. CP 
n C 

• - r l 

i i i L 
- G 

r r t as 
!-< C 
G •n 

1 • 

. 
y 
ID 
1 

UD 
Cl 

a 

-
0-
43 
T H 

e j -

U 
H 
0 

L 
P 
a 
05 

X 
-

c 
0 

J J 

Ul 
3 
0 

X 

J3 C P U 

a c 
G G 
OS 

u 

\-
0 

a
n

ti
c
 

24
. 

rH <:r 
4J 1 
<r 0-

T H ' 

P 1+ 
JZ' 
44 a 

e -
0 m 

CJ 
in y 

• i H V l 

Ul 
•>.u 

. r t t -

05 Q 
c 
03 L 

P 
UI a 
a P 
L X 
03 -
N C 
05 0 
X 44 

UI 
- 3 

0 P 
OT X 

°^ r r t U 

- h -
. Q 

U • 
• a U 

n 0 
- 1. 

y x 
e 
4 4 • • 

L 4-
n3 I -H 

CJ P 
u x: 

Z OJ 

T J I t 

C 03 
03 44 

C 
a. as 
. c 

ffl -rH 
. J J 

ro c 
- 0 

L u 
p 

44 L 
C P 
G 4J 
a 3 
L 0 
03 

r-J 

P • 
. L . • 

• 0. 
- J = 1 • 

Ul 
I. . 
03 
G 
e 
p ' 
Sl 
A J 

c 
• r i 

C P ' • 

c ^ 
, •rt UD 

•^-"^ 
P 1 
> t-J 
L ^^ 
3 y 
un 

a 
L 
0 -
0 -H 
r t Cl 
4- Cl 
03 Cl 
G 
ro u 

p-
.-o 

. UD 
y L 
Ch P 
rH a 

- 03 
'a X 

1 ^ -

. C 
Ct 0 

- J J 

• X Ul 

0 3 
r r t P 

. r - l X .. 

03 

z u 1-
TJ • 
C • -
01 U 
- 0 
. L 

ffl X 
' a 

>~) • • • 

,. G 
• r t C 

- e P 
03 N 

- r H 

13 

- - - • t S N S I r S i * ' - - - . 

•••'. :• • r t , ' - , ' . 

••••'' 4 J . ' " " ^ -

' CJl 0 5 ' .-; 
: c cn . 

. r l • • r t - . 

CP+J - • 
CP .P ' • 
0 P, • 

r r t > , • -

- • ' c ' - -

• r i I -H 

r r t 

3 P 
a ' + J • 
0 r i < • 

6 U) 

U P 
•rt L 
4J P -
Ul -C ! -
03 P 

r -H 4 -

G 4-
• 0 

LJ = 
• r t -

6 - ^ . 
OS TI CJ 

• C Ul hi 
y ^ rH 
P Ul 1 

3 T r t 

- TJ r-J 
0 !-. rH 

ro cr 
0- •• a 
r H c r a-

- • C 
a P 0 

P " . TJ 
- c: c 

e 1-H 0 
44 _ l 
• r l • « . 

G« Ul -
ro rH -n 

•TS 4 4 
- L rt _J 

0 L -
rH G C 
y + j ITS 
Oi Oi G^ 
h- 6 44 

G 
a c L 
C P H 
03 - r l 

•p -v 
- 03 c 

. . TJ OS 
Z C i 

. 3^ 6 
cr 0' 03 

-"+- e 
Ul 03 

• r t 4 - k . 

> 0 (B 
03 • 

p 

• i 4 -

G ' 
Ul. 
r i 

P 
IP TJ • 

C . 
C Oi 
p • 

• r i C P 

4 4 L : • 

U . r l 

P UI 
. rH in 
• 4 - G 

P U 
L 0 

L 
c a 
0 

• r i a . 0 

-p c f-l 
3 0 1 

r H . r H C h 

G JJ 
Ul .rt a . 

, G Ul -• 
' L .rt UD 

1 3 • 
r a 0 
CP u e 

•H rn -
X r t 

1 • •• 

- 03 >-
V l 4 J - • 

ca t (u 
Ch G UJ 
rH Q <r 

Ui 
• e -

i i i u J i 
- J J 13 

cn 3 P 
•rt p L 
S3 ffl . 
r t as 
. Qi JZ AJ 
I 44 Ul 

L , 
a c rt 
C - r i IJL -
m . - •-

4 J • • 

- 03 C 
• r H 0 

r j H- -n 
44 . 

l - J r H OS • 

- • 1 3 4 4 

r H - Q G • 

IS rt L 
a 44 a 
C L 

• P 01 P , 
C 44 
L C C 
0 0 -n-
0 

P 

} • -

P 

c 
• r i 1 

r t Ch G 0 
• a r-D 
• rH 1 

a r-l , - ^ i 

0 tD 
4 4 

• a 

e •• 
0 . : 

. r H i ; - . 

J J = 

.03 3 
r H 

as c 
L Q 

4 J 

c x: 
• t t j > 

• r t 

>. L 
cpffl 
0 

i t " 

0 in 
.nj f - N 

CP*-' 
0 

r - t 

ns r t 
A J 4 J 

e c. 
G *-* 
G 
c y 
0 CP 
L 0 

. ^ r H 

> 0 
c c 

- G OS 
P 

05 U 
G 0 
ro U 
e P 
4J L 
L X 
0 
z •• 

UI 
- p 

UD L 
y 3 
Ch XJ 
r H U 

• - 3 
a L 

. < ! +J 
. P 

X 
- a 

c c 
• G 15 

a 
. 'JJ 

aa 

TJ 
c 
rii 

r H 

a L 
c P 
iTS a 

t 

rrt b 
-13 Iffl 
u 

• r l 15 

C P ^ r t 

0 c 
- H k . 

0 0 
a H-

L D - rH 
r r t 

~ 13 
0 u 
ro -
Ch i l l 
- 1 9 . 

" Zi 
a r t 

CD Ll 
, 

Ul 111 
- c : 

y • r - i 

G L 
. i i It: 

3 G 
, - 1 . 0 

LJ 3 
Ul 

TJ 
C 15 
13 

4 -

- a 
a 

UJ Ul 
a - r t 

Z tn 
- • > -

T l r H 

r r t 'T l 

IJ C 
• rt 13 

X 

• a - ' m 

a U 

P -n 
a C 

ffl e 
- L l 

in G 
a -p 
L 0 
03 G 
2 IJI 

a 
L.d 

• 

0 
•t-H 

=t 
1 

0-
0-
tD 

LL 

43 
C! 
h-
ID 

U 
1 — 

b 
k. 
G 
a 
Oi 
a 

c 
0 

4 4 

Ul 
3 
0 
X 

u 
!_. 
b 

a 

u 
0 
L 
X 

B 

• 4 1 
"=t 
y 
1 

tD 
r H V l 

d r-
i j a 

• r t 

L -
-p r-J 
I J r H 

11 0 
r-H C- l 
( i t 

" u L -f-
0 a 

•-1-
L 

Ul G 
' - fX 
0 ni 

• r H a 

J J -

ro c 
U 0 

- • r t A J 

r t i n 

a 3 
a 0 
"3 x 

tPLJ 
C ^-
•H b 

G u 
P 0 
C L 

• r H L L 

131 
r ^ 

G BB 

Ul 
C G 
' " 3 
P CT 
U i H 

o c 
e 

- u 
' T G 
y XJ 
0-
- r H y 

- 4 4 

• - r t 

cr > 
• - r H 

X 4J 
- in 

r H . r l 

3 in 
e G 
! -J .L 
L 

Ul -

T I 
L 
0 

- ' - 1 . . 

4- 0-
fD 

a r - l 

p 1 
P y 

- I J - I t 

r H 

G 
•0 a 
. ~ i 

UD -
n 

' 3 a 

D 
c c 

• r l 1 -

T - » 

c; = 
a > 

• t 

A - 1 

t l ) r 

t. y 
0 Ol 

r r t 0 

O - r t 

;c 0 
i^ c 

Sl 
' H U 

• r l m 

0 4 - 1 

ro 0 
i l l 

-CD 
UD 
y 'li 
0- r 
T H . ^ , 

- L 

• '13 

Z Z 
B^ 

3 . . 
a >, 
C ro 
•a S 

1"^ L . 
0 

TJ Z 
C 
Oi C 

L 
- P 
• 4 J 

ii-; UI 
- G 

p 3 
4 J 

13 C 
IT3 • t 

- - i 

I.L 

u 
• r i 

rz 

ui 
T - * 

PJ 
U1 

r: 
Q 

• r l 

4 4 

m 
L 
0 

r H a 

a r i 
X Q3 
P 41 

r i 
G 1 
0 f . 
L h. 
4- .0 

Cl 
C 
a LL 

• rH 

-p t:' 
•^ J i 
G ^0 
L l-l 
0 

"•i- LJ 

• rH O 

C '^ 
0 G 

• rH a 

4J ns 
Oi a 

TJ r 
C c 
J 0 
0 x ; 

'X. ,U1 
3 

- 0 
cr- X 
y 
rj- u 
r l | _ . 

- C l 
t 1 

P u 
• Q 

T l k. 
- X 

c 
r l a . 

15 ns 
J J . u 
e n3 
.3 TJ 
0 

U. 

u 
1-
0 

a 

u 
0 
L 
n_ 

.. 
13 

4-1 

1 ) 

Tl 

U 
. | H 

c 
in 

• r i 

G 
Ul 

e 
JJ 
- t 

2 

U l . 
a h. 
I . T - l 

ni o-
N 1 
15 r H 

e -.-i 

=*-
-.3 
3 a 
G 

a. hv 
C Cl 

• r t r - . 

•a f-l 
n 
13" U 
Z 1— 

ro 
'-• L 
03 G 
Ch a 
T H . l i S 

- C i . 
a 

a. 

• r 
1- 0 

- 4 J 

C U! 
0 3 
JJ r i 
-H X 
3 

1 4 . 

W v : 
. . •- ......•.•.•••!;£<•.•.: 



.Fa'-Jt ^UUVCi-T — 

o 

§ 
M 
EH 

M 
EH 

W 
EH 
M 
CO 

a 

• • 

CP 

c 
• rH 

r r t 
F - l 

• l i 

- l ^ . 

"ri 
1.1 
k. 
G 

4 -
51 

-D 

Ul 
"iJ 
L 
nJ 
H 
li i 

-C 

U l 

c 
• r l 

r -H 

r i 

• r l 

k. 
T3 

4 -
0 

Ul 
J--

c; 
P 
G 
iii 
L 
3 
Ll 
13 
G 
Z 

0-
h-
0-
T H 

** 
—T 
. f i -

" 
r ) 
" 

p 
Ul 
- i J 
'Ti 

T ^ 

a 

o 
03 
CJ 
C-l 
1 

tD 
h . 
Cl 
Cl 

a 

-
0-
r H 

-0 
tD 

U 
h-
D 

L 
G 

a 
13 

X 

»» 
C 
0 

X J 

Ul 
3 

a 
X 

LJ 
1 -

a 
• 

u 
0 
L 

X 

G 
C 

• r t 

I - H 

P 

a 
• r l 

a 

p 
c 

. -rH 

L 
13 

e 
XJ 
3 
U1 

'̂ -
0 

p 
u 
c 
15 
C 
G 

4 4 

C 
• r t 

03 
E 

a 
c 
15 

B 

03 
V) 
1 

43 
f- l 

a 
• ^ 

r r t 

• r t 

L 

a 
CP <r 

e • r t 

c 
c: 
15 

r t 

Cl. 

- " 
o 
r̂  
0-
T H 

-
• 

.:> 
• 

-D 

— 
in 
P 
y 
15 

- r -

-
r t 

• r i 

CD 

Xi 

c 
03 

G 

a 
0 
L 
3 

U 

r a 

in 
p 
u 
3 
0 
L 

y 
4 4 
• r l 

> 
OS 
L 

cn LP 
c 

• r i nS 

• C G 

r: ro 
m • 

rH e 
a 4 J 

i . 
OJ 0 

e z 
1 -

15 

-
-0 L 

• y 0 
0- .<-
%-H 

Ul 

- c-
• 0 

P -rH 
• J J 

1 - 13 

B 

':r 
y 
1 

1-H 

-0 

a 

-
' O 
V) 

- C P i T 
tn r t 
U! 44 
G Ul 

• r t as 

S3 > 
Oi C 

—1 • r t 

a G 
C 44 
13 .r t 

Ul 

-
• G 

X k. 
- 0 

2 e 
!-i5 Ul 

e ••!-
Ul 4-
Xi 0 
05 
L H-

ffl 0 

- e 
. . : 0 
c r •rt 

• 4J 

ro 3 
- U 

Ul G 
i-Jl X 

C iU 
• r l 

x : TJ 

u c 
44 tn 
• r i 

X 

Cl 

u 
h-

o 
L 
p 
a 
05 

X 

-
e 
p 

J J 

ifl 
3 -
0 
X 

( J 
y-

b 
• 

u 
0 
L 
X 

nm 

G 
L 
0 

4 -
J J 

ro 
- H 

Q. 

m 

u 
0 
k. 

X 

B B 

Ul 
2 
0 

r - l 

4 -

lb 
3 
G 

U 
4 J 
. - H 

P 
P 

- r t 

a 
a 

• r l 

Ll 
Ul 

• r i 

Ll 
Ul 

• n 

i -

C 
• rH 

un 
L 
P 
- X 

OS 
r r t 

r t 

rd 
4 ' 
Ul 
3 
L 

U 

r-

o 

a 

y ' 

ro 
f-l 
1 

y 

r'̂ . 
Cl 

a 

-I—I 

y 
y 
tD 

u 
1 -

o 
L 
P 

a 
05 

CO X 

c-
r t 

-
a 

Ct 
m 

n 
-

L 
G 

a 
0 
0 

X 

.. 
e 
0 

4 4 

Ul 
3 
0 

X 

U 
1 — 

b 

p 
4 ' 
• r t 

Ul 

1, 

p 
4 -

Ll 
TJ 
0 

e 
J J 
G 
G 

I -H 

r j 
U 

• r l 

Ul 

> 
I -

r . 

c 
0 

• r H 

+4 
05 
CP 

• r i 

44 
Ifl 
G 

> 
C 

1-H 

P 
- l - l 
• r t 

to 
G 
l . 
0 
I — 

Ul 
>-i~ 
^•f-

o 
: 
y - . 

a a 
0 
G 
CP 

2 
G 
e 

4 -

P 

4 4 

C 
P 
G 

a 
0 

r r t 

P 

> 
P 

a 
a -

ry 

ro 
0-
r H 

-
. 

3 

. 
Ct 

— 
Ul 

e 
• t 

Sl 

u 
4 4 

— 1 

X 

U 

-̂• 
Ul 
3 

a 
L 

cr 
a 

cr 
• 

Q 

B B 

C 
1-H 

aa 

Ul 
p 

• r t 

-D 
3 

4 4 

Ul 

C 
0 

• r t 

4 4 

Oi 
CP 

• r t 

4 4 

Ifl 
p 
> 
c 

• r t 

a 

r-l 
o 
T r t 

1 

r̂ -
ro 
a 

r . 

C 
0 

Xi 

c 
a 

_ j 

r^ 

TJ 
4 4 

_1 

c 
Oi 
G 

J J 

0 
L 

h-

a 
e 
ns 
G 
Oi 

e 
15 
k. 

ro 

0 
4 4 

TJ 
• r i 

ro 
C 
15 

P 
IS 

U 
• r l 

G 
Ul 

• r t 

P 
Ul 

2 
0 

r - l 

r t 

03 
JZ 

ro 
a. 

ro 
y 
0-
r H 

-
a 

X 
a 

cr 
T -

P 
l -H 

• a 
• a 
• r i 

ffl 

T3 
C 
15 

-
a 

..,,/ 
a 

I'D 

-
OS 

S 
3 
G 

r t 

o 
L 

4 J 
P 

Q. 

G 
L 
0 
e 
Ul 

4 -
4 -

o 
r-
15 
G 
a 
G 
k. 
3 
Ul 

a 

U 
0 
k. 

LL 

. a 

Ul 
c 
G 

• r i 

. L l 

13 
r H 

r - l 

Oi 
4 J 

Ul 
r; 

• r l 

01 
L 
0 
e 
Ul 

i j -

4 -
0 

cn 
c 

. r H 

CP4J 

c 
. r t 

P 
y 
3 

I 

Oi 
U 
0 

I -H 

' 

a 

Cl 

r-D 
•T 
1 

UD 
Cl 

<* 

a 
a. 

ID 
r t 

T H 

x 
D 
UJ 

L 
P 

a 
'0 

X 

-
a 

4 -
C 
0 

u 

S B 

Ul 
G 

r t 

SJ 
<ri 
U 

G 
C 

• r t 

L 
Oi 
G 
a 
3 
Ul 

Ul 
G 

4 1 
03 
LJ 
0 

r - t 

L 
G 

J J 

P 
G 
0 

4J 
G 
e 
CP 
03 
G 

G 
c 

• r H 

k. 
OS 

z 
a. 

UD 
y 
Ch 
^ H 

.. 
I • 

cr 

uJ 
a. 

r 
d 
Ul 
c 
e 
0 
rs 

. 

a 

4 4 

a 
G 

ro 
-

y 
CP 
0 

r r t 

0 
C 

e 
U 
P 
h-

'15 
P 

CO 

•a 
e 
05 

CP 

c 
• r i 

y 
03 

r H 

a. 

. 
<Z 
CO 

i ir-zi 
• c 

• r t 

4 4 
3 
0 
L 

P 
e 

• r i 

r r t 

P 

a 
• r H 

a 
Ul 
1-U 

CP 

a 
c 
03 

r - l 

• r H 

a 
r" 

rD 
ro 
0-
T H 

«̂  
a 

u 
c 

t - l 

p 
G 

4.1 

Oi 
• r t 

U 
0 
Ul 
Ul 

cr 

c 
• r t 

G 
r t 

i i i 

.. 
G 
G 

r t 

m 
CO 

y 
L 
13 
3 
c 
Oi 
m 

V> 
0 
0 
0 
0 
rD 
UD 
art 

G 
J J 
0 

z 
Ul 
c 
0 

• r H 

A J 
03 
U 

• r l 

l - H 

a 
a 
<x 
wa 

c 
0 

• r t 

4 4 

U 
G 
a 
Ul 
e 

• r i 

-
r . 

a 
- rH 

Ul c ' 

u e 
•rH i s - . . 

C G 
ro f -
e , ". 
U Ul 
11 c 

' G 0 
• r i 

r r t 4 4 

• r t .rH 

. P -J 
in u ' 

.. 
G Ul 
L .rt 
0 L 
e ro 
.Ul 0 
•4-
4 - . a 

G Ul 
G , 

T! L 
'C 3 , 
ns 44 

u • 
OJ 3 
U L 
e 44 ' 
03 UI , 
Ul 
Ul G 

• n 3 
15 G 
e r t 
C 0 
P L 
U 44 
P G 
L a 

TJ 4- -
P 0 
S3 
13 e 
G 0 • ' 

ro .rt 
j j 

- 03 
0 - r r t 
y r-4 

0- OJ 
r H 4 4 

- Ul 
• C 

X •rH 

44 G 
c e • • 
OS JJ a 
k. a 
• r t k . r o 
h- 0 'C 

4- UD 
P 
_l 

- • ' • ? " 

, :'cp .• 
' , " ' • c --^Y' 

• r t 

" • k . -• . - " : ' • 

. P •'; 
', L G • " 
' , P c ••• 

3 n-
0 Ul . 

- ! C • • • 

G • 
e 

•rH r r t • ' 

.15^ , 
•Ul U 
G .r t 
> c ' • ' 
Oi e 
2 u 

p 
-n 44' 
e 0 !•; 
U G ' - / ' . 

ro cn ,, 
- c • . 

0- .rH r-l 
y < • 
0- Ul C l ' 
rH "O 1 
' - 0 ID : 

a X : r H 

<r + j C l " 
• G a • 

ffl G 

• J i i r r t d " 
,u 13 'JJ , 
P LJ C 
2 •IH IS 

r-H Ul r H 

• r t > , 4 4 

U x; cr 
a -

a 0 P 
C G LJ 
15 ro c 

: P 
- . . L 

. r P 
T t r t 4 - • 

c 
u .. 0 

- ns U ' 
Ul J i i 
L Ul y 
P 05 44 

r t r l rH 
SZ <L r t -
UJ -"OS 

1 4 4 rt 

- G U 
• • r r t P 

cr, c a ' 
- t r t ro 

a 
G . i i UJ 
P 0 u 
G 0 ro -
e u cr 
03 

Z 

' L 
G 
•0 
l - H 

H- • 
Oi 
P . 

- O J 
U 

- P -

o . a 
ro 
Ch . k. 
^ CĴ  
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orientation in fine g.î ained rocks .(serpsnti .ni tes fro.m the. Indus 
ophiolitic belt, K a s h m i r Hi mal aya, Indi a) by •an acoustic method: 
Geoexploration, v.19, p 81-39. 

P,'ubin,L. A. , and Marino,G. G. , 1978, Recorded signatures of actual "exposed " 
discontinuities: In "Si te Charactceri zati on and Exploration", ASCE 
Speciality Conf. Northwestern Univ., Illinois, June, p .336-360. 

Sjogren,B., OfsthLis,A., and Sandberg,J., 1979, Seismic classification 
cf rock mass qualities: Geophys- Prosp- v.27, nc.2, p 409-442. . 

Soona'wal a,N. M. , 1983, Geophysical logging in granites: Geoexploration, 
V . ..1. 4 , n O . N.' , p ,.:. ,.1,1 — ,^ ..• I.J . 

Stacy,T.R., 1976, Seismie assessment of rock masses: In Z.T. Bienia'wski 
(Ed) Proc.Symp.Exploration for Rock Engineering, Johannesburg,November : 
v.2,' p 113-117. - - !. 

Stephansson ,0. , Lande,G.', and Bodare',A.", 1979, A seismic study of ,'shal-lpw ; 
jonted roeks: Int .,J. Fi'oc.k Mech-.,Min. Sci . v. 16, p•319-327^ T'lh'-'-o' , ? 

Thill,R.E., and D-'Andrea ,D. V. , 1976, AcoListic c e r e logging in blast-:;':. . •• -^ 
damaged rock: Engineering Geol ogy, v.. KI), pl3-;36. .'.'•. r-

- • - ' • ' ; " - h 

ToDmbs,A.F. , 1978, The p r o p o g a t i on . o f -LI I t i^ascni e waves in s t r o n g rock.s ;'•;-• *,' 
U.K.. Dept of E n v i r o n . T r a n s p . F:oad Res , Lab. Repor t SR 334 . - ' "' !.'r^,!'''! ^ 

% 
Vijaya Raghava , M-S. , Jawahar,(3., and Eherb-akova , T. V. , .1977,. An u.ltra-

scnic profiling investigation cn some^ fresh and weat'iered granites 
I of Hyderabad , I.ndi a: 'Geophys. Prosp. ,-v. 25, p 766-779. 

Wi therspoon , P. A. , B a l e , , J . , Nelson,P., Doo,T., Thorpe,R., Forster,C, 
a.nd Paul sson ,.B. , 1979, Rock mass characterization for storage of 
nuclear waste in granite: Proc. 4th Congr. Int. Boc. Reck Mechanics, 
Montreux,V-2, p 711-718. 

Young,R.P., Coffey,J.R., and Hill,J.^J., 1979, Tha application of spectral 
anal'/sis to .-ock q'uality evaluation -for mapping pLirpcses: 'S'xlletin 
T -i cr p , - , r i i '-p r, •pi,a_.~-7il 

'Young ,.R." P. , and Hi 1 1 , J . J . , 19S2 , Statistical analysis cf s--3ismic spectral 
signatures for rock quality assGssm^riJnt: Gece;:pl or̂ -sti on , v.2(1:, 
n •-- 1 / •-? '1 ~ ' i ~ , ~ C i ' - i 



ENGINEERING PROPERTIES OF SOILS 

Bely,L.D., Nazarov , S., N- , C'n'ebkasova , E-V. , and Chu-Machenko , A. N. , 1983, 
Seismic methods fcr.study of soil building properties: Bull. Int. 
Assoc- Eng. Geel., no 26-27, p 167-169. 

Davis,J.L.,Topp,G.C, and Annan,A.P-, 1977, Measuring soil water content_ 
in situ using time-domain ref I ectometry techniques: .Rsp. O-f •act ivi tiss,_ 
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Testing, Amsterdam, May 24-27,,.p 85-90. • '. ;̂^̂  v.V T;. •!'!'CV!:J^'-:;'V,.:-. ; 

. •-. .' • .• ' "- . • • • : - - ' • ; - • . V : ' ^ i y ^ ' " : - ^ - d ' ' M : ' : . •• 
. . _ ' . . ' . . ' , • . . . . -, • • • - : : 7 •'-•:,~..ii.":i'''.^' ' 

Lew,M., Chi eruzzi:-, R. , antj Campbell, K. W. , and •DLike,.C. M. ,, 19.81 ,̂ -'C6rriei!atibn"s:: 
of seismic velocity with depth: Proc. Int. Conf. on Recent 'Advanceŝ '̂ G'̂ :''' ' 
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significance in engi nee.î i ng projects: Buil. Disaster Preventio'n . 
Res. Inst., v. 15, part 2, no.'92, p 19-.41. • . 

kiu jundzic , B. , and Grujic,N. , 1966,.-Cc.>'rei ati on between stati'c and 
dynamic investigations of rock mass "in.situ": Proc. _,lst̂  Congr.. 
Int. Soe.- Rock Mechs. Lisbon, vi; 1 i" p. 565-570. . t • " ' ' ," • . :v • 

Lincwski,H.,. 1969, On the relation between dynamic and static moduli 
• q-t elasticity (Young's moduli): Acta Gedph'/si.ca Pol on ica, v. 17, 
no. 1 ,~ p 53—65. .' , ^ .. _ .,- . . . . . . . • 

Link,H., 1964, Evaluation of elasticity moduli of da.m foundation rdrA:-
determined seismically in compariso.n to those arrived at statically: 
Proc Sth Int. Conf. on Large Dams, Edi.nb'urgh. p 8.33-353, 

Masuda,H., 1964, Utilization CDf elastic 1 engi tLtdi nal wa-ze velocity 
for determining the el ast i c • propert*/ of d.€im fcundatJcn rocks: 
Proc. 8th Int. Cent, on Largs Dams, Edinta'urgh, v.l, p 25.3-270. 

McCann,D.M., .and Hobbs, P.R., 1977, Staitic and dynamic elastic moduli 
of Jurassic 1 imestones From the Dorset coast: 'In;"F;cci;; PIngi netsr i ng" , 
Proc. Conf, Brit. Gc-̂ ctach . S<DC . , Nawcest 1 e ., Apr i .• , p 155--1S0. 

Morris,D.v., and AbbiGs,C.'P., 1979, Static modulus cf Gauit Clay' 
predicted from seismie tests: Grcund Engineering. Nov., p 44-50. . 

MLtrphy, V. J - , and Holt, F;.J-, 1966, Seismic •.'elocities and elastic 
mod'uli measurements, Mcunt HDlyoj::e Range, Maŝ sach'̂ -isatts , U. S,. A,. : 
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shî 'lf surveys: Proc- Int- S'̂ 'mp- "Nu-Clear tschni qLies in exploration, 
extraction and processing of mineral rescL;rce^3''. I.A.E.A., Vien'na, 
March Ref IAEA/SM/216/62. ' '-

Morgan, N. r̂ . , 1969, Physical properties of marine sediments as i-̂ elated '; 
to seis.mic velocities: Geophysics, ••.34, no. 4, p 529-545. 

Pace,F-J. 6, , and Ceen , R. V. , 1982, Seabed classification using the'back '' y 
scattering of normally incident broad band acoustic pulses: The 
FHydrographic Journal, no.26, p 9-16. \ 

,Si mpkin ,P. G. , 1973 , E'/al uat i on .of broadbamd Fiigh resolution seismic e 
data fo.-̂  seafloor sediment classification: Proc.Conf. Oceanology ~ 
International '78,Brighton,U.K., p25-30. 

Strachan ,P. A. , 1981, An investigation of the correlation bettieen 
geophysical and dynamic properties oF sand: Proc. S/.mp. Oceans 
'31, U.S.A., pl-5. 

TaylorSmith D., 1975, Geophysical assessment of sea-flccr sediment 
properties: Proc. Conf. Oceanology International '75, Brighton 
U.K. , p 320-323. . ,. -

- - . - • • t 

Tyee,R'. C. , 1931 , Estimating acoListic attenuation from a quantitative 
seismic profiler: Geophysics, v. 46, no. 10, p 1364-13-73. • , 

Wiing,M.C., Nacci,.V.A. and Markert, . C. D, , 1976, Electrical resistivity I 
method for marine sediment consolidation study: .Proc OTC HoListcn, 
Paper OTC 2623, p 45-54. - • ' • " ' • .•'\. -'V.' \ 

Waters,3., and Moore,N. , 1978, Pore pressure predictions f rom! ĥ igh' , '"•" '. v 
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