
Engineering GcopltY8ics - A New Conccpt 

A. E. SCHEIDF.GGEH * 

SU)DIARL In :lll:ll\) g~' to "('ugin(ll'l'ing j,h,ysil·II". "cn"inc(, l'iul{ gco· 
ph ,'"I>ÌC's" is ,]('fiued a!! thc cligi lll'el'ing uppli('atious of gpophysir:l l plu;: uo!llcua. 
'l'hl 's(J Ìue!m](' ]ll'(){'rSSCS uCC' U1'l'ing all,vwhrl'r il'O!ll t lH' F.nrth's ('01'(\ to the 
Il]l]lrr at!llo~pll('rr: tlms, thPl\i i ~ \I va!!t l'angc oi pO~lIihl., :l}lpJÌC'n tiol)s. lu 
th i ~ pllpcr a lliS('llssioll i~ j:h'cll (Ii cngint'crinl-( al'plinl tin l1 8 (l I Ow pllJ~ Ì ('~ 

ot Ihe soli,I J:a r th (i lwlwH1\jl S(,is lllll]ng~", "o!t-:ulfllngy 11114 \ gC"lIu'('}lau il'S), 
,, ' 111(, I.II)'8i('s 01 tJlI~ h y ,l r,u'l'lwrtl (i nf llltling hJtl ml()~.\· ) aI .. 1 (.1 Il,.' l,h.\"Il il'8 
(l I Il,c a lll>osJ.hcm (i I1 I'1Ulli ll;; Inl'nll ,loCII rlmlligh ln ing), 

1~ ' '''SSUK I:0 , - Anll]ogtHl1énto a l tCl'lII iUé "1I6i(':\ illgeJ.tucrislicn", 
"gcn fl llil~a ingrgnCl'Ìsticu " ~i d ('fl n i~ ('C CO III(' ap!,!il' l\zinn c all' ingcgllc l' Ìn ,li 
fe nn!!\cni gcofisici. Qucsti l'OIll]u', 'nllnno Ì 1'I'o('('ssi l'llti ,n"n'ng(lI\o in Illl 'l11a­
lUlil]UC j,unto tlalnudllO Ilell .\ '1'enll all'altn al'lIIollfl'nl.; Ili lini l'enorJllc ('a!lljJO 
I] i i''' s!;il) Ìli al'plÌl'azinni. In '1 \1eal(l 1[1\'01'0 "ieue fatta unii ,!is('u8siollt: sull'ap. 
pl il'l\ziouli all'ingl'gn cri,\ ,Iella fil>i<'n ,Iella Terra ~nlilla (<'O!!\IH'elHlentc sisJII(I­
logia \·ulcnnnlogia c gCU !llc('culli ('u), lidi" fisil'a tlel l'i ,iL'( I ~ fCi'[I (indudcllIlo 
J'iol rn l"gia ) e infine .Iella l:I~i l'a Ii llJ\' a t mlll,f" )'a (inl'hlt\l!nt e i h.rum] .. c i Inl­
mi .. i). 

1. - l'XT1WDUC'TIO!'i". 

If ono tramlates tllO wOl'd Ugeophysies" from Ol'(!tl k inliu Bngli.~h) 
it signilies Uthe na.ture (lf tho Eal'th". Meant is (lf e(H\rse the ,~tUlly 
of the nature of thc Eal' th. In the motlerll connorot ion, the \l'(ml 
Uphysies" ,1oc,'1 not mc... .. n " nature" in gt'>uel'al ali)" more, huì- the work­
i llgs o[ t he ma·tcrials in volved oxchuling changcs i n compositioll . 

• Tcc hn ilwhc Hod,sclmle \Yil~n , Jw;IÌl ut flil' (: l'O JlII ~'si ]i A - I O ~jl \rien 
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By its (1l'jinition, "geophy~i(ls" iH therefore the ~t.ndy of the physies 
of the Ii:al't.h. C'ommonly, thi~ inelndes no\\' the gamut fnnll t.he Eart.h's 
(10m lo tlw f!OlaT-telTestriaI l'elat.ionship~. App!itèatùm8 of geophysies 
to the economie fiehl have, t.hlls far, mostly been COldìlWd to geophysiea.l 
explomtion. It is dpar, llO\\'cver, that the~e applieations could be 
Vll-~tJy extend('d, ina~mneh as many aS}Jeet-s of gcophysies Iend them­
flcl"es 1.0 engineering nses. Tn a,ualo!!y with "engineering }Jhysies", 
I like t.o (Iesignat", the systematie flhHly of engineering applieatiom of 
geophysks as "engiucering g'co}Jhysie.,;". Some pngineerini{ applica­
tiOUfl of gPollh.\·flies are, of eonl'~e, weII known, ~ueh as engineering seis­
mology, bnt on t.he whoIe, geophy~ie~ ha~ not. as sy~tenlll.til'aIIy hecu 
ap}Jlied to engiueeriu!! a~ it might. have been. 

Tn this Impcr, I only }Jlan to diseuss some of t.he engiueerini{ all­
IIIit'atiom of geo}Jhysie.,; tha.t might 1m usdul in pra.et.ieal \\'ork. 'l'o give 
a eomprehemiye revip\\, WOIÙ(! be (luitc impossible as t.he subjeet is 

vaflt" 
'l'hl' physies of thc Eart.h is eonuTlotdy di"ide(! into the Ilhysies of 

t.he solid earth, the IlhyHic~ of the hy(lrosphere a,tHl the phy~ks of t.he 
atmosphere. I n \\'hat foUol\'s, r wiII keep t,]w sanI(' (!i"ision. 

~_ - K:\GI"XEERT:\G GEOPIlYSICS OI' 'l'IlE SOLID EAR'rIl 

Fol' man, t.he ~Ill'faee of the solid parth is Ilrohably t.he ITlOSt. im­
portant l'l'giOII of the rnivel'f!c becanse hl' !ives thereon. fn t.his 
ponneetion, the fast or sIol\' ehanges of t.his surfa,ee are of pa'l'tienJa.l' 
signilil'anee, ~inee the:.- re}Jre~ent. a,n alteratiou in hi,~ habitat, These 
('haltg'es are gcncrally ('ause(! by "gl'O"-llltysieaI pro('Psses I\'ithin an(! 
wi!hont. the Ii:arth. 

Pl!,~l ('hHng{',~ l'an oeeul' a~ veritable ea.ta~tl'ophe~, SIow ehanges, 
110\\'evel', ean be jll~t. lUI serious althollgh thcy may l:wk the IlllTtieularly 
spee.ta,enJa.l' a~pect.s of a wddenly oeeulTing disaster. 

If (1)(' thinkfl of (lisasters, some of t.he most. feal'ed ones a,l'e earth­
qnake~, Ii:art.hquake~ are flhoeks that. muaIIy oecllI' without waming; 
they l'u!!ClHlel' sndden disphwement." 011 the Earth's sllrfaee that. ea.n 
eanse bnildiugs to {'ollap~e_ The stndy of eal'th(IUakes is ealletl "seis­
HJologY"j "engineering seisnlOlogy" is 0l!P of t.he few hm,nehes of l'n ­
i{ineering geophysies \\'hieh has all'eatly reeei"ed sonw at.t.ention. Thus 
far, I\'hat. t.rigg(\l's an e:wtltquake is nut knol\'n, lt 1m .. ,; bepll fonntl that 
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carthqllakeli du)\t.er Slllldll lly in ccrblin rcgiunli (n ot.'\bly thc l'il't'lIm­
.P~I{'i!1c belt) , bllt. whnt act.\1l1lJ~- l'amc~ an cal'thql\ake t.o OC('l!r, is not 
kllo\\"n. Thus, thc gelHwallSoismk l'iHk l'an be tleterminoll fol' a (·t;lt.ain 
area, but a pl'edicti(m of ellrthqllake~ has no1. ~'ct h(~e l1 n('llieved. In­
('.itlolltally, thi~ is a rathcl' "hotl! ~Ilbject jmt. no\\". 

1;:art.hquakes are gco.-l.rllami('. phenomen:io; i.c. Il lI1'IIOlllOJ!ll baHicall~' 
call!)!!l l by J)]'o('{' s~es tnkinJ,! plaee in t.hc Eal't.h's interi!)!'. Of a similal' 
oriJriu :11'0 volcanic erlll't.ioIlS. Sudi el'uptioll;; 1I:\\'c \';1111$(\\1 sl)c('tm' IJlar 
d hi:Ui tce l'~ in hi6torìcnl timeli; one neCiI onl~' I.hink or t.he diHa.~t.c .. S ai. 
Hel'CII LIIlCIIIII amI P ompeii ,\1111 (I{ Ml.. Pell'e. Tbul'\ , llI:ion y (·olllll.rieli ('ollid 
makc gootl engillccrin~ Ulie o[ gt'Ol)h~'sieal ohsen'al.iolls on yolcanocs 
iLnd fl'Om an Ilntlerlitnnding' t)f thei .. nU'('IlH-ni~lll. 

Of dircet apIllieability tu t!1lgineering are geOlJh ysicnl events oc­
NIl'ing quitegencmlly on "~I(llJes ". I mean any kill11 or 1I1I1p~lj: ex('ayat,­
i(lJ1Ij, motLntain si.-Ies, embanklllt'nts etc. Qllestiom o[ tlte litability 
(If MIC.h slopcs haYI' hOe.11 stlldiell l'xl.enslvel.Y by ciyil 01l ~ilH'('.1'8: t.lte 
$!"co}lhysieist , howevcr, wii'lh\!s hl go hll'tIlCl', ina~mtLclt lIS tllo entil't'. 
physics or tlw mot ioll, illdwlill~ the ]>1Iysicli or t1lc VI!I): l'olla,p!ie, is or 
intcel"Q!it to{) hi.m. Contral'iwise, thc (·II /..>1l1oor ili lIot {'Olleerncti \\"illt t.Iw 

la t,l.cr, bc(~ausc his I1Hlili a im is to prevfll t IIIICI! a li OC('(ln"QI\('('" NevI··r­
t. hclc~s, t hc mCehallil'k nf I~ la·lllllSlide, if known, {'nulll alMI be Imt tn 
engineering me, e.g. [or th o e",' lIlllation of t·lle safety (Il n site or in t.he 
Lle~ign of Ill'oteetive mOllsuros. Stahility cf;timah!~ on ~ IOIJCS oftcn 
depOlltl on a kJl()\\'lell~o lIf the physics of a Ilotential ~ lid e. Stran~dy 

euough, t.hc physics or a m,lj(l[' ~lido is stili largely a Ill!l tLN (Il spe('ul­
nti(lil. The oTllillal'~- fri(,t,ioll hct\\"ccn t.1w J'(wks is sim pl.\" too gl'cat. 
fOl" li IlmjOl' slitlc to O(:CUT i~t l\11. One sta·mls h el'c be[ol'e Il g l'ca t ll u:nlt!. 
F:HHuUS cases a re tlte s1ideli al. Pmnk, AI1J{'rl.~l in 1903 :lIul the IIlil1e at 
V.ljont in UI)IICL' lLa l ~' in l !)(i;i. T!t(, 1111.1.1'" \HUl li fla .. l.icu liU· I~' d isas troll )\ 
even t .. A tlam \\"a<! hllilt nl'wsS :io 11~p valley 1.0 C'reate a· !al t· hcllilHl it 
fo r a hytlroele('tl'it· pOWCI" Il cve!olJ!lltmt.. WIH'll thc lake \\"as lillillg' 
up, thc pOl'e pl'c~sure ri~e (·II·usetl t:hcrcby aplJarentl y madt! one of t;!le 
1I1nJles llnst.ablc. Jt. starte!! to crcep: - t,his in itHeH wn.~ no ('anse or 
COllc.crn to the engi1lt~I!I'H, becl\use ali .~lopcs cl'eep OVt~I".\· "·here an)"\\"l.~·. 

1'110 c.nw}>ing mot.lon !u·C'('Jcmtell eventually t u :W celltilllt<tl'l'li lH'1' day 
On the Ila)' hefore tlte cat.l ss t.I'o})he, hut lIoblllly [onmw t·ile disast.et· t.hllt 
then follo\\"ed inside of :\. shol'li !.ime: 2011 !llillion C'ubiC'. nwt.cl'~ or !'Od: 
materia l slid illt() I.he l:\.ke, wit,h a velo{'ity or abollt :!5 m{r:;c<" {':Hl li in~ 
li IiremendOllS fI()(Klw i ~ve I (I.he dllm hel~ l !) 1,0 "l,iLI illl'v lite va lle)" 
bi'low wit h a dca.t.h toll or fiomc 2(}OU pcol,le. 
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SimilarIy large Rpccds have been observed in other ca.ta~tl'Ollhic 

Irmd slides. By all struHlan[ IlhyRicf11 theory, snch uvcnt.<; ShOllld bc 
mechanitally impo.~8ible. Thc f!Iiding surfaees are not steep, }Icrha-})s 
iU'Olln([ :!OO, welI below thc angle oi repof!e of the materia.l in question 
ana the rock frietion should m\llf!e auy moving ma·ss to stop rather 
quickly. How then cau the almo~t tota.lloss oi friction be ex})l<due([ ' 
Pore watpr preRf!lll'c and thixotropy has certainly something to do with 
it, bllt a.lonc it is !mrdly sullicient to reduce the friction to llhnost zcro. 
Thc la.test conjectnres are that the Hlù[e movCf! ou an a.ir or steam 
cllshion, }Icrhaps caused by the cva-})oration oi the pore water duc to 
thc hea.t created by the initial hietion. The accurate followiug U}I of 
such conjecture8 is, however, a difficult thermo([ymunie Ilroblem whieh 
ha~ by no mcauf! beeu ~oIve(l. Evidently, the f!im}IIc Iaws oi meehanics 
are no Ionger suffieient and othcr iields of }Ihysies, like thermodynamics, 
!w.ve to be intl'Oduced. 

Who was at iault in the Yajont disasted The engineers cau hanlly 
be bImnm[, beca1l8e the event could not be foref!eeu. IIowever, a bit 
more "engincering gco}lhYf!ical" rescareh of the behavior (and not just 
of the ,~tability) oi slopes before the event might have }H'ovided the imight 
that l'onl([ have given the engineer8 the mea,nf! to foresee the Vossible 
im}lliea,tiom of hiH n.etionf!, an([ to mo([ifyis ([esiglls aeeor([ingly. 

Great disastcrs with Ilw.ny cwma,lties temI to ma,ke news, becausc 
thcy are S}lectacnlar. Minor events, like rock IaI18, the motions of 
singIe boul!lerf! ([owu a f!Io}le etc. are just as f!erionf! for tllO.~e affected 
by it aH a great disa.ster to the vietim~ oi it. .A motorist killcd by a rock 
1'01ling outo the highway is just a,R dea.d as any oi those peOl)Ie killcd 
by the Vajont 1100([ wa:ve, although he will sca.rceIy make the l)apers. 
Similarly, many slow phenomeua ma.y uot cause ([eath, lmt great 
1I011lCrty ([amage. One onIy ha.s to think of thc city of Venice sinking 
into the sea,. A.8 uote([ alxrve, aH sIopes creep, "\vith sometimcs sedous 
el1"ects on blidge abutmcnt.'! ctc. Much of the meeha,nics of suc11 events 
is onIy inl}lerfectly known, in spito of ma,ny stlJ([ie~ by civil eugineers. 

:{. - l<jI\GINERlU:'i"G GEOl'llYSlCS OE 'l'1m llYDROSPHERE 

Engiueering apl)liea,tions of hy([rology are nW1wrollS. I onIy 
need to reeaU thc }Ihysicf! of flow through 110rOIlf! me([ia with its appIic­
a,tion to groundwater stU![ie~. In the undersatumtc([ zouc, aga.iu uot 
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ollIy meehanics, but, aI.~o thcrm()(l~-lla.lllicfl anil the moIeeular behaviour 
oI air aJl(1 moisture Ims to be Il~('d . 

. As on the solid eart,h, t,l\!' h:plroSI)herp also ma~- give rise to spec­
t:wular disasters: flooilwaves, t,ilial \ntves, tsunami~. Sudi eyents 
Iead t,o Iliffieult matllPmaticaI lH'ohIems, sinee all tlw ilifferent,ial eqna­
tions are llonlinea-r. 

Floods may oeeur hy a. combination of meteol'OIogica.J rOllditiollS. 
Att-empts havc beell m:Hle to 1)l'ellict tlw orcurrencp of sueh 1Iood:'>. 
Thus Iar, onIy statist,ica.J prognosticat,iom can be mallc. One tn'ats 
the "hYllrogravh", that is the t-emvoraI,~pquenee of wat.er leyel readings, 
a.s a "timI' seric~". 'fhe flt,atistiell.1 lll'operties oi sueh time series can 
be analyse(l ailil describell. From thi.~, prel1ictiollS of the generaI 
frequency of the oeeurrence of a jm-rtieular size tlooll, if not the time 
thereof, can he maile. 

Less spectaculil'l', but of great importa.nee, is the meehanic~ of 
erosion: the near-shore circula,tion ~~-stem on a coa~t, is resvollsible 
ior the evolut,iou oi beaches ek., meaJl(lpl'S create river termees, and 
gllllying the IIegra.IIation oI a sIOI)('. 

Glaeiers are also vart oi the hYIIrosvhere. For engineering IHu'­
l)oses, they haye reeently gaine<l mm'e and morc imvortance, because 
develovmeut~ a.l'e 1l11she(1 to thc limit,s of the hahitahle areas. 'l'Ims, 
ncar Mattmark in the Cant,on oI Wallis in Swil,zcrla'llIl, a workman'~ 
eamp (in eonneetion with the huililing oi a dam) was locate(l below a 
glaeiCl'. Oue aftel'lloon in 1965 a Iarge ma..~s oi ice, ].6 to :!.O . l O~ m", 
hl'Oke oJI that glarier aIHI killml 88 meno An UnexI)e(·ted "surge" in 
the ice Imd takcn piace which lell to the brcak-oIT when it reacheil t,Ile 
gIaeier tongue. Needless to say, t,hl' a{'·cidellt gave some imllllt,us t,o 
t,he ~t1Hly of the ther11l0dymuuics of glaeier :mrges; but this wa.~ Iike 
locking the barn aftcr the horse had heen st,oleu. 

Many more exn.mples of ellgilleoring glaciology and engineering 
hydrology eoulll he eited, but the aboye will have t,o :mHire . 

.1. - .ENGINBRRIKG GEOPIIYSICS OF TTTE A'r:J.lOSPHRRR. 

l'inally, a. fe\\' words ahout, the l)hysics of the atmosvhere. BIl­
gilleeriug alllilications thercof are mo:,>Uy COl]('(',]'IH'11 wit,h wind stress. 
The willil stress ean 1m substa.ntiaI, a.s is eviilenced by t,hl' Ilefltructioll 
eause(l by torua<loes. l\luch research nee(L~ still Lo be (Ione 1:0 \llliler­
staIHI this vheuomenoll, t,o lU'('(liet, it allll to atTive at, design criteria for 
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constnwhng houscs wich will noto collll.psc whcn hit by a tornll·do. UrI 
to thc pl"cscnt, 'l('ry lit.tlc is done iu t·his l'CR"anl. In tornaao arel1S, ()]le 
~iml'ly trust.s C;·od. Perha})s onc ha..~ pl'oceeded to pro'liac a w~lorning 
systelll of imlllineut torna.aocs, but this is noto of too lllueh use if one 
does not reu,lly ha'le a .~afc plaee in a.n ol'diual'ily built IHm.~c to g-o to. 

fn conncetion ",ith a.t.mos})herie vheuolllcua, one should al.~o men­
tion the physies of lightniug a.s ]JossibIy leading to some engineeriug a})­
]JIicu.tions for the rll'otcction of li'lcs and ProlJel'ty. One lllight pcrlmps 
think that lii{htnini{ causes only miuol' distl'ess, but. at t.he ena of 
Augu.~t, 1!J72, an oH tankel' bIe\\" up when stl"uck. l\Iueh minor dmnage 
is 1I.lso (~u.llsml by lightninl( ",hich reftcct~ it~elf in insumnce rates 
aJl(l such like. 

5. - CO:\"CL1:SIO?\ 

The above l'cmarks were int.ended t.o jll'esent, afe", typical ar1l1li­
ca,tions of gcophysies to engiueel'ing problellls. I like to eu.n this "en­
gineering geo]Jhysies". Thc cngincC!' necds to know t,he basie jlhYllies 
of the phenomena oecul'ing on the Eal'th's sUl'fa,cc with ",hich hc has t{) 

dea.J. 'rhc l'equil'ed 'lalues of the ex})eeted stre.~se~, fl'cqucncics, 'lel­
ocities etc. ea·u be ]Jl"oviaed by the gcor1hysicist who, as f\ fun(la.ment,al 
seientist., is rlCl"harl.~ best qualifiea to study the pcrtiuent })henCJlneuf\ 
per Ile without being under t,he pl'essnre t,o finish ,iob aft.el' job. 




