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SEISMIC CPY
T0 MEASUAE IM-3 LTV SHEAR WAVE VELOCITY

#.%. Fobectson! , H.AMCE., R.G. Campanslle? , M.ASCE.,
D. Cillaspis and A. Ries*

AbaEract

A mew tgot, called the ssimsie cone panstration test (SOPT) s
describad. A mmall rugged velociry seimometar bas been incorporstad
fnte an electronic zone panstrometsr. The combinmation of the sslmic
dewthola mathed and the CPT logging provide an sxtrsmsaly rvapid,
ralishle and economic memne of determintog weracigrephic, strength and
nodonlun inforpation inp ona sounding. Mesults ueing the seimic come
penatration tast are prassancted and compared to conventional Lx-usite
technigues.

Introduct lon

In the lust twp decadas, thara has hean an {nttésning intersst in
nall drnanice, meicly due to the many englossring probless fo which cthe
dynesic hahavipur of soil is of wignificancs. The lncrassing intarest
has cesulted in che rapid Jewelomant af new analytical and dynamis
testing wethods.

Ta the Finld the croar-bhale sod dormm-hole mathods have bhecoss tha
standard cechoiquas for dyssmic testing to detarming the ip-sity shaar
wave valocicy. A palarized shesr wave ls generated fn gaa borehole {or
it the socrfacs’ and tha Eisme L¢ mepsured for the shear wave to fravel o
koo distance to the geophone in the Borshole, Elastic theary ctelaktas
tha shear modalue, €, so0ll density, p, and shear vave wveloclity, V, as
followe, '

G=p ¥ {1}
Bence, tha shear sodulus can by determined using i1e-witu saimic
wethods for rhe determination of the shear wave velocity. The shesr
moddlus 18 largest at low steaias and decressss with incrsaping shear
stradn {9). The shear strsin Iﬁlitlﬂi in lo-eity seimic tenta i
uaually low and of the prdar of 107 X. Thus, the very low strain level

dysamic sheer modulue, G . 1is vasally obtaioed. Ths cost of such a
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tast fa grually high becsuse of the Tequiressent Tto have ona 6T mOrs
borehoatas. Tais has geasrelly mads the Eacbhnique dJifFicult for off-

shore use.

A Déw tadt, callsd the seimic cone pangtiration teyt {ECPT), which
can dramscically reduce the cost associsted with the fp-situ detarnine-
clon &f ahear wkve velosity, will be describad in this paper.

Seimmic CFT

T™he Cone Penetraticn Teat (OFT) (» already oeed excedaively off-
shorte and oo-shors for gectechnlenl imvestigacioos. A cona of 10 o
{1.55 1¢f ) bame sres with an #pex angle of 60" 13 generally accepred aa
standard and han basn sapacified in the Buropuac and Ameticen Standards
CASTH,. 1979). i friction slewa, locatsd above the coaiecal cip, has a
standard grep of 150 cof {23.2 i7f). A para prassurs rransducer has
recwntly besn added to wmeasure the dynsaic pore pressures during
penstfation. Tha cons penetrometer is pushed at the atsndard rata of
2.0 cafuee (.79 in/eec). Standard 1 & (3.28 ft) long codas are uaed to
push tha coas pemetrometar into che soil., i cable, pretiresded Lhrough
Che contar of cha hollow pugh tods, conhasts tha coms to The dats
acquisition system st gropnd surface. A waypll plope szomor is usaally
incorporated to wonitor souending verticaliry.

Tull detsils of ehe dwsign of an slectronic come ace pivem by
Campanslle amd Rrbertoon {3). M wxaple oFf 4 widers slsctronic cone
pinacriwster which aleo inclodes & temperature sensor {s shown In Fig.
L. The pilaxrosetar-CPT is regavded #¢ ths pramier test for cha
cogtisuovys logiiag of soll etratizraphy £ad phesr dcreagth. in sxmmpls
of the excessive 2ats obtained from o pleaxomatar—C2T is shown 1o Pig.
2. The cone dats can ba incxrpreisd to give a2 good oontinwous
pesdicikion of soil type and whear strength ()., Fradictions of sail
sciffoess (modulus) from comé Tesistance can he Tathar o,
& PP ly for overconsdlifated sofle, with a large potentisl srror.

The inttoduction af seimic haasurments into the rona penstration taer
procadurss doablss ths spacifiy Jdetsrsdnation of the dynamic shear
sodulos {E,“ Y. Thus, ths combined waasuremant of 201l strength and
nodulns pruﬂﬁu a mpams to {dentify the complete stress-stcain rale-
tlonghip of sodl wunits which is veguired for many cowplex fFinire
alaigit goalyses.

To obtelo Che sessuresant of dyosamic abear modulus, & musll rugged
velocity swelmomecer has bogn incorporatid into Che cone pasecrowmeres.
The ainlat?rd seimometer ia a Gaogpace CEC-14-L3 (1.7 cm dia)} with a
noatmal petursl fraguency of 23 Hy. The Talimowstar is plat n the
horizontsl dirsction and ntf#!?_‘ltll traAnEveTree Lo signal sourca to
deatect the horlooutyYy ot of tha shest wvave arvivals (ses Pig.
1) A achemaric diagras ahowing tha leyout of cha atandard downhols
technique in showm in F1g. 3.

A sulitable sseimmic pigoel sogrcs should prafarencislly gesevace

1ar ibade  shear wares with little or po compressionsl wave
O . wvavas trsvel cthroogh the so ATE
thus related co the 3611 Jhasr modulus. Mesults indicsts that am
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Fig. 3. BSchematic Layout of Domibhole Seismic Cone Feastratios Tae:.

sxcelivat dowmbole saimic phear mywe soorca comsista of & rigid besa-
or platform, stenl jachated snd waiphtad ta rhe ground. It may be’

atrwek with u sledge hasmer ae whowm in Fg. J. If che cooe is being
pushid by g 4drill-rig the besn can b= vaighted dowa by the rear pady of
the drill=rig. If the coos fa baing pushad by & cons pangtraticn
vehicle, Che beam can be waighted down by the pads of the vehicle or
incorporacsd ince the steabilizing peés for tha truck. Tha bamm typa
aignal wource Ls ueuslly placed with ends squidistant within about 3
ustery {10 Ft} of the coma hole. Thu bass whould be rigidly placed on
the ground so that o enerp lossss shiwdd ocror duk o plastic shear-

iag of tha poil bensath the basm.
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The design and conatruction of the seimmoneter carrisT provides a
eng sdating for the saimomatar peckage. Ths method of adwancing the
cone pandEromater provides continuous Firm mechanicel contact becwaws
the seimuometer carrier snd the purrogsding asoil. This allows
sxcallent sigoal respoces. Tn sddition, seimomster orientacion can ba
conteolled end acgurate depth Eeddureseoty odtalned.

The seimic vave tTaces detactad by the swiseomerer ace recorded
on & Mceolat #0% digital oscillopcops with floppy disk capabilicy.
T™is unit hay a 15 kit soelog to digicel sigpral Tesslucion, YeZy afour-
ate timing capabllity and crigper delay capacity, The high Tesolucion
oseillostope is capadla of recording clsan ghaar wavs rraray from
forward sod veversa aingle haemer Impulees to depthe of over AD mires
(131 £r), ae shown in Mg 4. Fig. & provides a quanticative cowpari-
son af the geophonse Tasponss peplitods snd Yalabtive shaar wevs Eraval
Limes with depth. The gaopbone cutpub voltuge s dirsstly ralatad to
the particle oscillation valocity as showm oo the insel scalews.

The straia level coused by the ghear waves can be saxtiasred ac eny
dapcth duting the CPT dowohole seimic survey. The relatioosbhip batwesn
sheat satTain, Y, shesr vave vealocity, ¥V, and paak oszillation

walacity, u, Le glven by (14},
L {2}

Aglypig of the axisting fiald data sahows that che srraia awplituiws
cavmed by ths hssesr-bess source =rw gonarally less thag 107X gud
decrease vith depth.

Ic hav besn found that tha tims for tha first crosasr-ovar poin:
{ahaar wvave changes aigr) Is sasily f1dentifiad from the polerized waves
{forward and reverss) and pravides Ehe wost repeatabla refarsace
srrival time, Thae ecrrivel tise fros sourcs to datsctor is converted
wecrorially o & werticsl traval path. The difference watwewsn
sucrasaive 1 w (3.18 ft) depth sssasurssants of wvertical cravel path
Cima in usad ko datermica tha shedr wive trsval Clue over the 1 u (1.2
ft) interval of dapth. Becsuss of tha sabort distances and ssall traval
timen involwed, the cacilloscope wuat have vory high resolotion, fast
sonple cimes and & vary fast, rapastable trigger. Tha Erigger cssd i
similar to that swggeeted by Bomr and BStokoa (&), Tha trigxer
fncarparates a MEAASY linser inteagratsd gircuit wvith a riss Eine of
lsgs thas 1 peee. #Mnce the shesr wawe vwalocity 1o pquarsd to
calewlate Caaxr * high priocicty amet B¢ fivea to the accotacy of
travel tide sersurswente.

T seenas the variability af cha arvival ties sansurssants apnd the
accuracy and raliabilicy of the triggear ayatem 5 wecood geophooe system
way placed 1 = ().28 ft.) wveartically above the first gaophoms. This
squipment wodification allowed true interval survays o b carrisd out
apd conpprad to the pasuds Ciwe {nterwl wathod depcribaed wbows. The
arrival time dats was them zzalyzed assuning & normsl seatistical
distribotion at ssch dapth Interwml. Tha remults from s typlesl survey
with #0 hatwmer blows gaing matchad gaophones is shown on Flg. 5. The
dats prusented in Fig. 3 shows chat there is vary 1ittls error using »
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siogle geaphone and the pseodo time interval method as coapared to tha
trus tise intsrval satbod with & palr of gecphones.
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Fig. 3. Comparison of True sod Paawmdo Iotevval Traval Times.

Selamic CPT Readlrs

Nowohole saimic shaar wave walocity massursmests huve baan sade
4t saversl pited and Io some capty colpataéd to raanits obtatnad by
athers uaing tha conventional crosshols twchaiqoues. The seipmic cone
panstrouetar was pushed into the ground at 4 coostant rate of 2 cm/sec
{0.7% infsec). At approzimataly 1 m (3.28 £t} datarvals, the peostcs
tics vas stopped and shaar veves gicwrated &t cha surfaca by hitting a
bami with 4 sledge hammer. Canerally, only oos blow with tha hasmer
wae Tequired at each and of the plamk ko produoce a pingle wat of polar-

1zad shest wavar.
Mclonald's Farm Ste, Vancowwer

4 cessarch site for fnwitu testing is locacad on mo abasdonsd
furm (MeDonald's Farm) oear the Vancoursr Intermatiossl Afrpove. Full
details of the sfirn ars given by Campsnells ot sl. (4}, A smmary of
the soll profils besed omn sampling end laborstory tmatipg and cons
puenatration tasting iv shown in Fig. 2. Tha Liptarval warticsl shear
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wave wvelocities cnlculated from the diffarence of arrival times ars
sbownn In Fig. 6. MNota that the rawults 1o Fig. & indicets chat the
interval eshsar wvawse wealoclity, apd tharefore maxzrimm sheaar modalus,
incraanes with depth. Also, the rTate of incresss with depth L3 higher
in the sand than in kthe wilt. Unfortmately, croar-hole selmic data
dows not, a» vat, axist for this asite, howewar, tha maximm wshear
aodulus calevlated uyaiog the seasured shea: wove velocizies shown in
Fig. & compared extremaly well with G values entinated from

empirical relationships propoyad by Saed and Ydriss (9).
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Muecis Island, Vancouway

Extansive geotecheical invesclgations wara carrisad oot AE Che slte
of the oew Annacis Bridgs projece nant Vadcouver. Tha area aroumd the
aoTth maln piar of tha proposed cable staysd bridpe congists of Frasar
Mver sands to & depth of abovt 40 m {131 ££). The water tabla fluctu-
Aten with rivar lavel but Iy ooainelly sdout & maters (1).1 fr) balow

ground lavael.

A smmgry of the interval shear wire velocitier and tha cont basr-
ing from the seimic CPT is showm on Flg. 7. The T sximic downholas
profile was carrisd oot approxisately 5 meters (16.4 fr} from a chrea
hela array wend for & conventional crosshole selmic survey, which was
sarried oot by others for tha B.C. Mnigtty of Tramsportatiom apd
Highwars. Tha cropsbols dats wae obEaimed at 2.3 sater (8.1 Ft)
{utervals sed is also shown om Flg. 7. The CPT dewnbole data liss
consistently sbowe cha crossbole deta but ganerilly the two aete of
dats compacs within 20 percant. The eeimic CFT data geoerelly follows
the trend ivdicated by the cons baaxiog profils wich 1ittla in tha way
of drematic walocity changes. The most ootable changss accur at 4 =

SHEAR WAVE COME BEARIML
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Fig. 7. Comparison of Eaimsic CPT Downbole and Cromshale Dace at
Maacia 8ice, Tastouwar.
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(13 Y amd 11l m (36 fr) whers the shear wvave valocities imcreame
carresponding to & poticable Increassw iz the cona baaring. Tha croas—
bola shasr wave welocities, Oom Lhe other hand, produce mora subdeuad

EvarTaje valusn.
impazial Valley, California

In epring 1984 satixic CFT tedEs were performed at seversl nites
in the Imparial Valley, Califorcis with the cooparation of tha 0.3.
Caclogicel Eurvey and Purdoe Univeraity. Thana wices ware subjected to
recent aarthquakes; Inparial Valley, 1979 and Westwoland, 1981, PMig. B
presents the seimic OPT dats froa the Wildlife wite. Full detatls of
the site ave given by Beanett t nl. {2). The wildlifa site 18 located
aext to the Almo Ziver and exhibited exteasive liquefaction during the
19BL marthquaks. Alzo incleded in Fig. & is the shear vave velocicies
deterzined by crosshals toacs (7)), The two selmic profiles compurs
rary favourabdly with velocities [xom the tw Ifadepandent mechods gener—
ally withia aboar 20 perceat. Again, ir in interssting to notw that
the sheaar wave velocitize frow the selmic CPT respood well po manil

vaviatlons in the soil profila.
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Fig. &. Comparison of Sefimic CFT Downhols and Crosshols Data st
Wild1lifs EBlew, Inperial Yallay.
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Bolmen and Mussumaparian Bitanm, Drammen, Moremy

In tha Ezxll of 1984 guimic CPT cence were petformed acC Aeversi
sitem in Motway with tha cooparstion of the Werwaglan Ceotechulcsl
Tontieate {NGI} (5). These nites srs wall docimentsd sitas wich

sxtangive field and laboratory data.

The Holmen sitew consiste of loose, ssdive ro coarse sand to a
dapth of 23 m.. HMHg. 9 phows the selmic CFT data couwparsd ta Eha
#d jacent <roaibtwle date. O pvefage thy [wo saimic shear wvavs
velacicy profiles aTe olwost 1dencical wt chis site showing 1icele, if
zny, 4iscrepancy betweean the OFT dowmbole and convenrionil cross-hole.
The seimic CPT data rasponds well to wvarlaticns in the eoil profile
obpeTved from the cone baaring.
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Fig. 9. Comparison of Seimic CFT Downhols and Crosshole Duta at
Rolman 3ite, Morvay.
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The Mussumsparkan gite consilets of tha well docomentsd Dressen
clay to & depth of 15 m. Fg. 10 shows the seimic CFT data compared
to adjacent crosshole date. Again the cw seimic profilss compars
wory Tovourably.
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rig. 10. Compariscs of Jeimic CPT Dowmbole and Croashols Data st
Hosewmeparken fite, Dreamen, NOoyvay.

SEISMIC CPT 47

Scrumry

A oew tast, callad tha saimic cons panetCaticn test (ACFT) hes
basn dasctibed. Tha coma basring, friction aleevs stvess and cons pore
présiufe data can be wasd to provide 2 Cuwk and raliadla dacearminacion
of s0il typa and shear srrength. Downhols selmsic shesr wave velocity
wassuramanty can be wads duriag brief peoess in the cons penscoacion.
The shear wavs valocity dats coar be unad to provide reliable deteruinae
tion of che maximem dynamic shear modulus. Accurate dapth decermios
tion i3 wmads by weavoring che rod length and salmmsnarar srientation 1
aarlly waintalned throughout che sounding. Bole werticalicty 1ia
manitored chroughout the sounding with s mall slope semser installaed
im tha cona. The combinsiion of the wwlmic downhole mathod and the
LPT logglog provide an extreasly rapid, relisble and economic meanz of

‘dateranining stratigraphic, streogth and modulus informaticm in ona

scmding.

owparigon af che saismic CPY dourhola ghear wave walocity
massursdenty with Chose obtained by conventivoal croashole techniques
show axcellsat agressent. The selmmic CFT is, howevsr, cossidarably
less axpensive and a4 wore rapld prtocedurs thea the crowshole tachuiqua.
The saimmic CFT shows patticular promies for use off=shore whers CPT
equipseat ie salready uwesd extensively and whare shear wave velociry
Sdppuredsats would be of valoa im design of lerge off-shore platforws.
Nowever, the difficulty that remaine for offabore te the developmeat of

an #ffactiva shanr svires.
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