METHOD: OF AND APPARATUS FOR MEASURI NG SKI N FRI CTI ON The present invention
relates to a od of and apparatus for measuring skin friction

5 i netessaR§$§§r detern1n|ng t he di nensi onal and Conflgurat|oa;th5‘) }L
speci fication of piles on’which to found structures The bearing capacity

'"ot £ oundati on piles conprises two conponents, point resistance and skin 10

”tﬁon The former represents the bearlng capaalty exhi bited at the

1-over-end of I I d t h
AT rEeiTon of th pil o wnie tnetraHPl BPSARR aRpaRaRGs BoRlHERKIR NG |
agairnst frictional resistance beSKERNFRICTION around 15 and the pil e,
arong the pile shaft. HIn deslonthg BrabEHE! 1heehtiBf Buibied OUNGAAN of

piles, it is extremely ortant uat oI nt resi stance an
skin friction, and in d%g$gﬁpﬂ§r¢§%%dﬁ?FoﬁeEBP§én§c§Hén|£§ﬂpﬁlon: which is

advantageously, 4 fornﬁeé@s39r¥ fof”@@ﬁééﬂiniﬂ@l@ﬁb BQméBE&%EEQaEQHY
eval uate these two conponents o beari undation piles.

n
In the art of geotechn|€@be%3¥%Eb?Pﬂb sﬁﬁﬁgﬁbcéﬁ&PﬁpPﬁa?é&?se9§l@?ﬁ@ h o

beari ng capacity of pilgsuhd gﬂrm@a@fégnt subject and there have been a

variety of 25 -2- studies nad sge ve,a sati.sfagt sol.ytion
to this subject, but there has n yg?aﬁégﬁ 8&8FF¥h8§ ER0R datibn’ piles

comprises two components, point resistance and skin

10 friction. The former represents the bearing capacity
exhibited at the lower end of a pile placed in a grounc .
against a force in the axial direction of the pile,
while the latter represents the bearing capacity

_ against frictional resistance between soil or ground

15 and the pile, along the pile shaft. In designing é
structure to be built on foundation piles, it is
extremely important to evaluate the point resistance
and the skin friction, and in designihg foundation
piles economically advantageously, it forms an .

20 important subject to appropriately evaluate these two -
components of the bearing capacity of foundation piles.

In the art of geotechnical engineering, how to

appropriately evaluate the bearing capacity of piles is

an important subject, and there have been a variety of




a met hod, which is relatively sinple and yet by which the bearing capacity

of piles, panrticularly the skin friction 5 thereof, can be determ ned at a
~high accuracy. In determning the skin friction, it is today generally
practicéd to find-the soil constant of the ground at the intended “
construction site and find the skin friction by cal cul ati on based on the
soiy " constant 10 found. For soil constants, enployed are N val ues(bl ow
count’s found by the standard penetration test according to JIS A 1219) and
qu val ues (unconfined conpressive strength values found according to JIS A
1216). However, what the N value represents is a soil characteristic 15
par anet er under {@dn Ndg &4 ngdai BYQLVES ; ' < 1f {48
fromthe SH|1fr§¥#¢5n, ﬁ%?% #%égﬂﬁgngooglgkegrS??%%?g?ﬁbh dgﬁ%féiiiﬁé?
condi tion. Then,tpid hsdthfedt, VBhtethéPeShREPHOTEHet bednSkedapiliisted swdh
soi | under an undi sturbed condition: However, whén 20 subjected to
driving-in of a Pihethsdiwheoi®srelativeed sasplies aRidopet! byURI @O &he
change. Therefore, by any of today nmethods of determ ning the skin friction
based on N val ugseaximgy ompaestyiofipileseapalits cularlyaithen skdn Fmcitiion
accuracy in the 25 determnation.- Further, whereas in order to evaluate the
-3- skin fri Ai ctheteefsucan\betdeserminedary tohtighe aicocturacynsi der ati on
each of the degree of disturbance which soil has undergone as a result of
~driving of a pile therei¥ndetegniningothei gkinhérigitiongstidr ds itoday

generally practiced to find the soil constant of the
ground at the intended construction site ana find the
skin friction by calculation based on thé.soil constant
10 found. For soil constants, employed are N values (blow
counts found by ﬁhe standard penetration test according
to JIS A 1219) and qu'valﬁes (unconfined compressive
strength values found according to JIS A 1216). However,
- what' the N value represents is.a soil characteristic
15 parameter under a dynamic condition and involves an
essential difference from the skin friétidn, which is a
kind of shear strength under a static'conditioh. Then,
k/" . with the qu value, thi§ represents the shear strength of
soil under ‘an undisturbed condition. However, when
20 subjected to driving-in of a pile, soil becomes disturbed
- and its property undergoes a change.
Therefore, by any‘df today methods of determining
- the skin friction based on N values br'qu values, it is |
infeasible to attain a satisfactory aCCutacy in the

25. -determination. Furthér;iwhéreas in order to evaluate the



5 ori.ginal condition as time |lapses, and the influence on the friction

resi stance of a difference in the surface roughness of piles, these factors .
~can be taken into account according to the eval uati on nethods naki.ng use*
of J.ues or qu values. Therefore, according to the 10 evaluation

met hods~“under reference, it often tends to result in under-evaluating the.
skin friction and, in designing piles, placing nore stress than necessaigés
on safety. A further known nethod of-npasuring the skin 15 friction of
piles conprises a | oading test nethod according to ASTM D3966, according to
which a load is applied on a pile driven in a ground and the determ nation
is made of askich sptiatdmentat mederacy aitdisenecessakryt te miake timteval uate
the skin friction. This test nethod can 20 provide a bearing capacity '
val ue of thecpnisdderatiiommadth oficthe odegudeanfaddsturbancec whiight of the
accuracy, but it involves the need of a large scale installation and is
costly and t FRElcHesumndprgPnp it reselbf ofedrivingpprica pdles extrenely
difficult to operate the test 25 frequently. In addition, it generally is
that the tesfthereintq,s qegrgemttRl Wichohhassehd gestgxreseditsng capacity

is satisfied, when it is Jikely even in jhe case of this.test nethod that
t he deterhin&Fﬁgﬁqﬁltqﬂ94ﬂﬁ*9$“§%t?{wpnLﬁBs?ﬁckgngcﬁgﬁa&FﬁigﬁﬁthP? is so

because a5 ¢he, AUSHFAVGALE SF°L 981 PRELLARLIRAEHY et Y

roughness of piles, these factors cannot be taken into

acéount.acco:déng to the evaluation methods making use of .;;
ﬁ values or gu values. Therefore, adcording to the

10 evaluation methods under reference, it often tends to
result in under-evaluating the skin friction and, in
designing piles, placing more stress than necessary on
safefye

| A further known method ofzmeasuring the skin

15 friction of piles comprises a loading test method
accgrding to ASTM D3966, according to which a load is.
applied on a pile driven.in a ground and the dete;mination -
is made 6f any displacement in the axial direction of the
pilé to evaluate the skin friction. This test method can

20 provide a bearing capacity value of the pile itself aﬁd
is therefore advantageous in the-light of the accuracy,
_but_it involves the need of a large scale installation
aﬁd is costly and time-consuming to operate, therefore it

in practice is extremely difficult to operate the test

25 frequently. In addition, it generally is that the test



It is therefore a primary object of the present invention to obviate above
i ndi cated various difficulties in the prior art nethods of evaluation of 10
the skin friction of foundation piles. It also is an object of the :

i nventi on to provide a method of and apparatus for determning the sH{%@
friction of” foundation piles at a high accuracy wi thout the need of _
operating a costly and tine- 15 consud ng | oading test. According to
one “@spect of the invention there is provided a nmethod of neasuring skin
friction, coggagsh@&mhhatﬁﬁepg @loorf ety dd=mign ibeatingeaparity is
receiving a sijng e, ert, r

diameter D inGtFEL gln we@?‘orlnq nqgs;s e l&q'fh i origh &IHE dTH dé nrggieeﬁr}gisof t he
casi ng pi pe a Mmertémd ldiag: dthejidgtmmimatiars of the ‘skin ErighiMuci ng

into the ”Easuhlt%'&‘é“t gf%c?ﬂ‘aﬂz v | ddd '&ﬁmtﬂfd NediidE adaving a

cylindrical testing part out er dlaneter where D sgtisfies DD D < D,
rotating5the cymdigated abone e dasigh ]?ﬁ?eﬁjtﬂq rf'gaﬂngi%rjtﬁje sauﬁ]?r%g due’
todtPﬁ fr|fflogdﬁ%ervaﬁgaémyﬂsé&masurface of the cyllndrlcal testing part
an e wall of the nea hol ccor lQﬂﬁﬁ ct of the
invention there is provﬁ#ég & :sz#Hﬁg%gur skln I ction,

conprising: 35present inventdomito mm@m@@flm@tﬂs\@st nto a
difficulties in the prior art methods of evaluation of
10 ‘the skin friction of foundation piles.

It also is an object of the invention to
provide a method of and apparatus for determining the
skin friction of foundation piles at a high accuracy

- without the need of operating a costly and time-
15 consumlng loading test.

According to one aspect of the 1nvention there
is provided a method of measuring skin friction,
comprising the steps of: _

o forming a hole in the ground for receiving a
20 ~casing pipe;

inserting a casing pipe of internal diameter

D' 1nto the hole; _ _
- forming below the lower or leading end of the
_ casing pipe a measurement hole of diameter D";
kx. 25 introducing into the measurement hole a skin-
friction_measuring device having a cylindrical testing
part of outer diameter D, where D satisfies p"< p<p',
rotating the cylindrical testing part and
measuring the torque arising due to the friction
30 between the surface of the cylindrical testing part and
the wall of the measurement hole.
According to another aspect of the invention
there is provided an apparatus for measuring skin
_'friction, comprlslng-. _
- 35 | , a main body capable of being 1nserted 1nto a



casi ng pipe having an inside dianmeter D; a cylindrical testing part
provided in a longitudinal central part of said main body, said cylindrical
testi part being rotatable relative to 5 said main body and having a ,
cylin cal measurement face of diameter D which is smaller than D but

| arger than the diameter D' of a measurenent hole to be forned bel ow t he
1 ower end of the casing pi pe when insegted in the ground; 10 -4
driving rod to be inserted through the~casing pipe for pressing the mai n
body into th n d 0 wylindrical testing
part; and a orqgg %eég Eab@hﬁeﬁg 1B%gg%e§?egﬁﬁgﬁ?ﬁg ‘top 15 end of said
driving rod. \Wereas @h@Y%kPﬁrFFPétﬁ@ﬁtépgppﬁé§ P§°Wﬁﬂegeﬁ@e@ by many

factors SUChl@ﬁgit'&dﬂﬁﬁleéeﬁtr&Ql bagts bigr laaaaeniari@umyhy smlde driving, the
degree of restora

st h ,of | . d
and so forthC Y%+Eé§‘?%£tﬁ?§géFg P%gggE&Fgg|%%é§$@#ﬁ F%hﬁgﬁgf Y usrn;IP%e

presens Ingeﬂii@nmaSﬁ bbdy ahd ha&hnqtagnydﬁnﬁhacsm mefasuxtem@ntcan be Eade
at a conside y upa cqrdi t e n than
Sccording t orasp ol SiEhaPEE, POk BA° Vs dig 1Re Mhal B°C Hae NelHeOT | 00
and advant agesanf theedinmeheroﬁ"v\plfl ahmegisynementedolier ¢@ chﬁwsﬁqmefhg t he
foll ow ng deggisyttrE Qéwsﬁbaﬁarrs&t thef cta%anu;nﬁl@re Wher e AtRLAY Unction

with the acconpanylng drawnngs i's a | ongitudinal
‘sectional vikhe gERend;

10 a driving rod to be inserted through the
casing pipe for pressing the main body into the

measurement hole and for rotatlng the cyllndrlcal ' : ;;
testing part° and ' ' '

a torque-measuring member connected to the top

15 end of said driv1ng rod.

Whereas the skin friction of piles is
influenced: by many factors such as the degree of soil
disturbance induced by pile driving, the degree of
restoration of shear strength of soil after pile

20 driving and so forth, these factors are to a certain
‘extent simulated by using the present inventlon, so
that the evaluation of the skin friction can be made at

a onsiderably hlgher accuracy according to the present
invention than accordlng to ex1sting evaluation .
25  methods. - - - | N
' These and other features and advantages of the
invention will be clearly seen from considering the
following desoription of embodiments of the invention,
taken in conjunction with the accompanying drawings.

30 .~ Fig.1 is a longitudinal'seCtional“view,”taken
for an illustration of the method embodylng the present
'invention-' ' '

Fig.2 is also a longitudlnal section, show1ng
essential parts of the apparatus embodying the present

35 1nventlon, L



for an illusftration of the nethod enbodying the present invention; Fig.2 is
al so a longi-tudi nal section, showi ng essential parts of the appar@s
enbodying the present 35 _invention; -6- Fig.3 shows a =
Cross- sectlonal view, taken on line Il1-111 in Fig.2; Fig.4is a
| ongi tudi nal sectional view, showing essential parts of a tor que- measuring
de@Lge in5 the apparatus of the invértion; and Fig.5 is a plan view of
essential parts of the torque-neasuring device. Now, with reference to the
acconpanyi ng draw ngs, Fhg.prebews AngEASSoseqtibngd waewyi Bekennono
greater detailijAs gam- ngbgﬁtFQ ep,fromFig.1, according to the nethod of
the i nvention, |n|t|allﬁ Qole is drill_ed, u3|ng a casing pipe 1, to the
prescri bed depth into t égg obfidaclonAdtrAdnal sesdireadnviByire 3 is 15
formed at the bnbwmngoésshnthanepartshefdaametqueghewbuehngsd&vabbeﬁnthan

that of the ho evi 5 'ater to be descri bed.
The neas%rlng EQV|c§B%r£gﬂgc§£|ghgfg§? ggo ﬁ or |eading end of a
driving rod 4, is then Fhgebdised phao Fdew OftHSShntéa3 parter ofy the

" the i1 ‘JétP%?fﬁﬁéL“éﬁ?ﬁﬁﬁﬁﬁséﬁﬁgfﬁsﬁi = handl o of g | 0 mans & wnien
Now, with reference to the accompanying

>

drawings, the present invention will be described in
10 greater detail.

_ As can be best seen from Fig.1, according to
the method of the invention, initially a hole 2 is
drilled, using a casing pipe 1, to the preséribed depth
into the ground G, and then a measurement hole 3 is

15 formed at the bottom of the hole 2, the diameter of
which is smaller than that of the hole 2 and that of a
measuring device 5 later to be described. The
measuring device 5, which is provided at a lower or
leading end of a driving rod 4, is then 1ntroduced into

20 the hole 3 either by hammering or by ‘continuous
pressure. By operating a driving means 8 which, in the
illustrated embodiment, comprises a handle, of a
loading device 7 equipped with a torque measuring
member, a Cylindrical testing part 6 rotatably mounted

x/, 25 on the measuring device 5 is then rotated via the

driving rod 4, and the torque required for rotating the
testing part 6 is measured.
The above-mentioned measuring device S5 is for
determining the skin friction, particularly of piles,
30 and comprises a main body 9 supported at a lower or
leading end portion of the driving rod 4, a guide or
~ driving shoe 10 mounted to the lower or leading end of
the main body 9, and the cylindrical testing part 6,
which has a length L and is disposed above the guide
35 shoe 10 and exposed about the peripheral face of the



| oadi ng device 7 equipped with a torque neasuring nenber, a cylindrical
testing part- 6 rotatably nounted 25 on the neasuring device 5 ts then
rotater;ila the driving rod 4, and the torque required for rotating the
testingRart 6 is measured. The above-nentioned measuring device 5 is for
detern1n|ng the skin friction, particularly of piles, 30 and conprlses
a main body 9 supported at a Iomer or |l eading end portion of the dr|V|ng-§;;
rod 4, a gU|de or driving shoe 10 nmounté&d to the | ower or | eadi ng end of
the main body 9, and tqhecyllndrlcal testing part 6, which has a length |
and is di spo@@draheady ¢ gui de 35 shoe 10 and exposed about the
peripheral face of tha&ccordingreia tivslyméthddcof dtheg inveheionthod of the
i nvention, which,is oper S f_ap r onprising the
above essenti 5’I rz:rﬁer%bser speq%{@e%";&% '358 og gﬁﬁgéu%sgg%él?nt o the hole 3
by the drivi rug:mpnisatng The rebweoeﬁsmemltmwlgerae theemadnabedy 2
non-r otzat i on nglrh¢a a 64l S at abl é
5 3s " Gk TR ted d\g}g&& V&} 14 1rb§ atnd CaE1 0ngakbadals Rk

relative to ere V.1t is feasible to rotate the testing
part 6 al onemafing hady B an wide oghae {fearet npr-rotatdanat he

prescri bed dejinbdrs ! hﬁ:igr@uﬂib Gaylfﬁwrﬂéaylﬂeswﬂg4paﬁtrat asably supported
¥ Feref or #otaRahIR 4 FRTEnTR Eo Fhe BrifThoas o oFhPFRBY, e 28l 28 Pl pe
feasible to rotate the testing part 6 alone, via the
10 driving rod 4, when it is located at the prescribed
depth in the ground G. The driving rod 4 is rotatably _
supported by guide rollers 11 disposed at a central - o’
portion ‘inside of the casing pipe 1. Therefore,_the .

torque required for driving or rotatlng the testing
15 part 6 fixed at ‘a leading end portion of the drlving
" rod 4 can be without fail or error transmitted to the
loading device 7.
Now, with the referenoe transferred to Fig. 2,
the measuring dev1ce 5 will be considered in greater
20  detail.

O




15 part 6 fixed at a | eading end portion of the driving rod 4 can be
wi t hout fai.l--or error transnmtted to the |oading device 7. Now, with the
reference transferred to Fig. 2, the neasuring device 5 will be considgsed
in greater 20 "- detail.’ -8- In the main body 9, a shaft 15 to be

connected to the |leading end of the driving rod 4 is rotatably support&d by

be%%gngs 16, 17 and 18, and at the bottcmend of the shaft 15 a support
menber 19 is fixed. By a key 5 20, the shaft 15 and accordingly the
support nenber 19 are prevented from begng rotated. Externally about the
support nmenber 19, the cylindrical testing part 6 is renovably secured by
bolts 21. At an upper portion of the nmain body 9, a cylinder 22 having its
upper end 10 cl osed bgnathevmainebbdy 23 asshaftvabl yonbentednectied
bearing 17, which is a thrust bearing, is pressed down by a hol di ng net al
nmenber 24 screbedthe headpperenddosf thiee drivingbrod ¢, igngotstablywer end
portion of the main body 9, a connecting nmenber 25 is fixed by a bolt 26.
To the 15 | owsBPpAnted bYiebearhBesi A§ ndAband2d 8, aasdpakeiber POFEON epyeq
by a bolt 28, ‘and the driving shoe 10 is secured_to,the connectin nber-
25 by a bolt 29ftH?BuﬁhafﬁelgapanﬁHﬁEPr§7WeTH§raﬁBaE§t§§xﬁg'th@yi%vggyion

broadly CoTBr I hn0LES phUEs 0B B hkRoBRLoRVERS bipBBRE RAE 11O
are prevented from being rotated. Externally about the
support member 19, the cylindrical testing part 6 is
removably securea by bolts 21. At an upper portion of
the main body 9, a cylinder 22 having its upper end-

10 closédlby a.co§er @ember 23 is removably mounted. The
bearing 17, which is a thrust bearing, is pressed down by

~ a holding metal member 24 screwed in an upper end of the
main body 9, and to a lower end portion of the main body
9, é connecting membe:.ZS is fixed by a bolt 26. To the

15 1ower.end of the cohhecting member 25, a cap membét 27 is
fixed By a bolt 28, and the driving shoe 10 is secured to
the copnecting membef 25 by é bolt 29 through the cap

~ - member 27. | |

The é?ﬁaratus of the in&ention broadly comprising
20 the.above parts.ahd.ﬁembers is operated as follows:
The force fof dfiving the aevice_S for measuring
the skin fri#tion into the | hole 3 is transmitted to
ﬁhe shoe lO through_;he dfﬁdngrod 4.via the shaft 15,
bearing or thrust béaring 18, and the connecting member

25 25, and while the guide shoe 10 is operated to shave or



the skin friction into the hole 3 is transmitted to the shoe 10
through the driving rod 4 via the shaft 15, bearing or thrust bearing 18,
and thewconnectlng nmenber 25 25, and while the guide shoe 10 is operated
to sh *or = -9- chip the wall of the hole 3 to increase the dianeter

t here the neasuring device 5 is driven deeper into the ground G Wile
-the main body 9, the cylinder 22 and the guide shoe 10 are held in e
position in the ground G the 5 cylindrical testing part 6 is rotated by

the driving rod 4. It will be readily understood that it is advantageous to
provide a plurality of cylindrical te$img part 6 different in surface
roughness, so that it is feasible to replace the existing testing part 6

with 10 another s follo First, the bo 29 |s reaned
whereby the FArBethesBLii6r cheqhd ﬁteomqaﬁ@ e

renoved r V|n t he.bol t, 21, .exi St part fixed
to the suppoﬁ;éﬁﬁéﬁé gaﬁmgdd[e d‘ect%gée ‘beg}ecfes Eﬁfngrf%ﬂé&

23fji Ir’ng?/I Egl r?ﬁé?ﬁﬁg gar gi%;ﬁ% ect %’el y q;ll,l-ll%tj J&f‘f} cf{et erm nedi | ng

i nto consi de tion hias e I I t the und
G the mater d Cof tﬁgagl Ilg ?%-nggg.g};?.g] lr%%ibg{(’)qi‘q%)?{ﬂhé ézfo&i{d @ Q{f

Fig. 2, tbe aykiﬁdﬁeail testing part @ H@S rdtatied by thed Wirdninppasg angd
| ower spacers 30 and 31 therefor, but these spacers nmay be dispensed with
by so designing the perwifilabet meh&i&yadrﬂeg:elto@rdeaﬂﬁt titanig he
advantageous to provide a plurality of'cflindridalltesting .
part 6 different in surface roughness, sO that it is et
feasible to replace the existihg'testing part 6 with
10 another : as follows: First, the'bolt 29 is
removed, whereby the gﬁde  shoe 10 fixed to the
connectlng member 25 can be removed. Then, by removing
the bolt 21, the existing testing part 6 fixed to the
support member 19 is removed togetﬁer with spacers 30 and
15 31, and may be replaced by a different part 6. Hfhe
eurface.roughness of the eYIihdrical teeting part 6 can
be selectively suitably determined taking into considera- <
| tion such as the property or characteristic ef'the ground
G, the materiai of.the pile to be designed and so forth.
20 In Fig. 2, the cylihdricai testing part 6 has a
" length 2 between upper and lower spacers 30 and 31
therefor, but theee spacers may be-dispensed with by SO
'deSignihg the part 6 as to have.a length greater than the
length % by the difference correséondiag to the iength or

25 depth of the spacers 30 and 31.



I'ength L by the difference corresponding to the length or 25 depth of the
spacers .30.and 31. -10- The |l oading device 7 provided with a torque
neasuring menber is for rotating the cylindrical testing part 6 and 0
for measuring ‘the torque Tequired for the rotating of the testing part -,
and it 5 . is of a mechanismas illustrated in Figs. 4 and 5. As shown,

t he; hoadi ng device 7 includes a support=-h@mber 33 secured by a bolt 34 to
an tgper end portion of the driving rod 4 so as to be rotatable with the

rod 4. Another support MBebdeaddngdieyices 71@rovidads Wity HdHWAUhe
support nember p23 guirS ngO By ifs ieord rdotddiagiting g riediricalhe support
menbers 33 and 35-abut "agai nst eac -otQ;r on contact surfaces C. A torque
measuring spri f§S¥3n8s PASEn e&"@x %%%rﬁ"%&“%& cand is in
_cl_(r)]intsagt r\i/vint hSE'hieghagSai?Eo& the rolﬂtaﬂﬂitng%bseﬂw etnlast:i.rtm@asujp;ﬁo,r _tandarn'mar 35.
37, Sl ol Tt 0 ote o FRSHOR S B8 4 1t B P € 4AdRI0 POl
_gn?saggo a gggr 43 on t e sihgamof thew&ﬂﬁﬁiﬂﬁn%ﬁxi?euﬂ inclgdesh & he handl e
gears 43, 41 a%&$}%%#g&hﬁqfﬁ§fre &cﬁ%%r?yagr%}gfl? S??;ag‘% Qﬁ?ﬁ& {éﬁi@{grque
nmeasuring spri Per¥ion Rf-d%tl'l? drdving #99 fhis] 3t L %ﬂﬁiﬁi’%@g‘? t‘f’ﬁrghi n
rotation 25  ¢n@f rAdde 4dri WinkeHedd shpfiort hfenibgp @3, nintmr i85 and 33.
10 disposed below the support'member 33,'is'rotatably
.fitted to the driving rod 4. The support members 33
_ and 35 abut against each other on contact surfaces C.
N~ ‘A torque measuring spring 32 is mounted external to the
support member 35, and is ih contact with the head of a
15 bolt 36 secured to the support member 35. This spring
32 is secured by a bolt 38 to a rotatory angle finding
‘plate 37, which in turn is fixed by a bolt 39 to a gear
40 to mesh with a gear 41 and also a gear 43 on the
side-df a reduction gear 42, to which the handle 8 is
20 connected. | - .
In operation, the handle 8 is operated to
rotate gears 43, 41 and 40 through the reduction gear
'~ 42, thus rotating the torque measuring spring'32 fixed
to the angle finding plate 37 and resulting in rotation
25 of the driving rod 4 via the support members 35 and 33..
m Upon the abbve'pperation, between the fixing
end 44 and a contact plate 45 which forms part of the
spring 32 there occurs a displacement produced
corresponding to the torque, which is measured by a
30 strain gauge 46,'whereby'mea3urement of the torque can
be performed. B
- With use of the apparatus of the present
invention,'measurement'ofithe skin friction of a
foundation pile is carried out as follows: -
35 '~ Pirst, drilling into the ground G is performed



Upon the above operation, between the fixing end 44 and a contact’ pl ate 45
which forns part of the spring 32 there occurs a-displacenent produced
correxguwhrm)to the torque, which is neasured by a 30 strain gauge 46,
K_reasur ement of the torque can be performed. Wth use of the
apparatus of the present invention, neasurement of the skin friction of a
foundation pile is carried out as folloms 35  First, drillig
into the ground Gis perforned wi tH %he casing pipe 1 to brlng its IoWgV

or leading end to the prescribed de inth round G hol e 3 having
a smal | er di%aet erhe i Ht@%uf EB BE@Pgeggg 3°Vﬁ§n°FoRﬁ§alPﬁ t he ground

G beIOM/tfneéndWEoeﬂhgcpré3cribededepshngnpthe roufileGgahindr a hlbdedevice 5

mounted at & el el Shai e 51 XhOSEOTndn Snd iniBR.ETLG Wil 8 3 for

skin fricti pr.essi ng As
the device 5§ sthemsfq'memdl,muhetgeognéuﬁdbe PWi Bhet E\gwmn lendf ofhe 10

measurement il s&fy@m or ehbpeafraray thy aa%iaw @em%‘&%%ehoaétnd the

shaved- of f nmass o I's received inside the sh 10 Therefore, by the

above sett|r§)¥9WQ%ee%$p%ﬁa$%§ driwt Pﬁereﬂodn&scﬂrﬁﬂeps1P$§5Fﬁﬁé to place
the measur erggite dBVESE Skifhheribtion @eeeenihadibacayi edtherh no influence

massu enmntBA RS kor haier ShdaEe  nRR g BB thenterid BHEC! e
| oadi ng devithué’introduced, the ground forming the wall of the
10 measurement hole-3 is shaued'or chipped away by the
guide shoe 10 and the shaved-off mass of 5011 is .
received inside the shoe 10. Therefore, by the above | (O

=

setting of the apparatus 1nto the ground G, it is
fea51b1e to place the measurement device at the

15 _ prescribed location with no influence exerted on the
strength of the ground G and to carry out the intended
measaurement of the skin friction accurately.

. Next, the handle 8 of the loading device 7

mounted on the upper end of the casing pipe 1 will be

.20 rotated in the direction shown by R in Fig.1 to rotate
the cylindrical testing part 6. The part 6 has an
outside diameter D smaller than the inside diameter D'
of ‘the casing pipe 1 but larger than the diameter D" of
the bore 3. - The dimen51onal relationship among these

25  diameters D, D' and D" is determined taking into
conSideration that the inside diameter D' of the casing
pipe 1 should be such as to permit the skin friction
measuring dev1ce 5 to pass through the ca51ng pipe 1
and that the diameter D" of the measurement bore 3

30 . should be such that after a wall portion of the hole 3
is shaved or chipped away by the guide shoe 10 as
prescribed the peripheral surface of the cylindrical
testing part 6 is in close contact. w1th the wall of the
hole 3. The testing part 6 can be made to contact the

35 wall of hole 3 more closely if its diameter D is set to



nﬁunted‘on t he upper end of the casing pipe 1 will be 20 rotated in the

direction shrown by Rin Fig.1l to rotate the cylindrical testing part 6.

The part 6 has an outside dianmeter D smaller than the inside dianeter=gé§%f
the casing pipe 1 but larger than the dianeter D' of the bore 3. The -

di mensi onal* rel ati onshi p anong t hese 25 dianeters DO D and D' is
detEr i ned taking into consideration that2the inside dianeter D of the

casinig pipe 1 should be sych as_t ermt the skin-frictjon neasugi

device 5 to pz’s% ac‘?ﬁ’?ﬁfb’f‘?liﬁhve %%f’sqorrf% p"r'rpl?e“_ 1%‘?10"??%{‘5? h‘ii"’lﬂ'%‘h%’f e‘?;’ Dag%f t he
measur enent bomaih Hody 9 bk measwhiddiadewfter5a wal | portion of the
hole 3 is shaved or chi : 1 | o} Dr i t he
peri pheral surface of t%ﬁ% B%oalgﬁ%%%e%‘grﬁ%gﬁgf?ﬁ' g‘?‘?)ée&go tact
with the wal | dhe Honmie B reqiicedfondhrrrotation nf ke testirgact the
35 val | of i 3 B QISP Yarldld ISf HS¥BE £on e Médsdfed by 12- be

appreciably gréater than the outside.dianeter of, the nqﬁn body. 9 of the
measuring- devi (?é”%.mm’tﬂ%danﬁé”brje%%’fﬁwm’érﬂ “hed i tanklet he tor que
Mrequired for Idadimi aleviiced7 helHesdkityg frictigmal $tieds arSo, atsangl e
of rotation are sur.ed. b h a [ r opr_instr, ng attached to
t he | oadi ng de\ﬁaggca .atﬁ'udde %%‘#?Feqﬁa%f#%n@?e gﬁ@%",’ﬂﬂr?iﬁaﬁegntal cul at ed
according to the follow ngrequation: Merr] 10
10 m(D2/2 x X) |

wherein D is the outside diameter of the cylindrical

testing part 6 and A is the length or depth of the

device 6.

With use of T values obtainable as above,

15 determination can be advantageously made of the pile
skin friction by using appropriate values such as the
length, diameter and material of foundation piles.

The following Table is entered for a
comparison of skin friction values found according to

20 (a) the method of the present invention on the one
hand, (b) the loading test method on the other hand,
and (c¢) the calculation method based on soil constants
'(N-values or qu values), in connection with three piles
A-1, A-2, and A-3 for respective.measuring methods

25 above.

Skin Friction

Pile No.

30 Method (a) Method (b) Method (c)

35

a-1
A - 2

A -3

220 tf
160
315

195 tf
160
280

104 tf
83
158




wherein Dis the outside dianeter of the cylindrical testing part "6 and t

is the Jlength or depth of the device 6. Wth use of [err] val ues obtai:nabl e
as ab@, 15 determ nation can be advant ageously nade of the pile skin |
friction by using appropriate values such as the length, dianeter and ~

mat eri al of foundation piles. The following Table is entered for a -

conpari son of skin friction values found according to 20 (a) the methv
of the present invention on the one h’a1n%rj (b) t he | oadi ng test nmethod on

t he ot her hand, and ( t he c | cul ghl on h% aseg: 0|I constants (N

val ues or qu val ues), ¥ n5¢8Hn E?ﬁ"o i Fh°f'ﬁr abkeredh 1R 2, and A-3 for
respective. nicbctiom velheslsd@bermineioaecosiing toFthel lcQIi'rBdiﬂyl\lo. 30

Met hod (a) pll‘\@é@ﬂg%cgbéalcui\./gﬁmgg ég):hod b&sedBQn %%él constagfaslg‘r’ tf

104tf A -

280 [Mathod (c)l1@reAélée@ﬂnsv.dsrahéya&wcrmbaa thioseskin friction
val uess det erga @ H&R" 6 nQaéH ahetﬁarf«seabuspr(aqt gﬁad( 3/,C 4@l ign et hod
based on soil constant {u I\/i%% are all considerably’l ower than those
5 det er iR S of thege 8d8 Fé?s§n8°FE?SPQH§e&Fe

between the valued determined




the samé tinme, there lies a close correspondence between the val ued
determ ned " " -14- according to the present invention [Mthog Da)] and
tshose determ ned by the | oadi.ng test nethod [ Method (b)], t-ﬁﬁé’ore it.is
seen that the neasurenent nethod according to the invention can provide
skip friction values at a 5 high accuracy and is advantageous from
pragﬁical points of view As described in detail above, the present

i nvention is advantageous in respect of the follow ng. The invention does
not require any large scale 10 i nstal Iat}dnT therefore it can be readily
applied in ordinary or routine soil investigations. Al so, now that

l'indrical tesfj of _.dj ff t rf . djti |
Mt er change- Al EI D IS (TN A1 % o PMERR oAL] And ibse
f i ble to: 4 of | f
piTes on 1 he SETRGE? e Rodstlf e Tl Ofod IudbRd HINTYEE T <o

structured as thd¥efictatiabliy dderd StHfasid emééhlse At e fia %éfoéﬁkﬁxqt

skin frictional stress.values (T) 20 but alsot angle of rotation an
therefore is passitie irrenvaldintcars tgR5Fdd raAtin ¥ SELSK | wdlwss het vigen the

piles and soil or ground. Moreover, the neasurenent apparatus of the
i nvention i désiginedduraeyt lamsl ded ddraretdgahus Eidmiprictidak odiers
effectively utilized in connection with hard
of view. :
As described in detail above; the present
K,f  ' invention is_advantageous:in respect of the following.
The invention does not require any large scale
10  installation, therefore it can be ‘readily applied in
ordinary or routine soil'investigatiohs. |
Also, how that cylindrical testing parts of
~different surface roughness conditions are interchange-
"able according to the invention, it advaﬁﬁagébusly is
15 feasiblé_to_evaiuate the effect of a change in the
- surface roughness of piles on the skin friction.
Further, the cylindrical teéting part being so
ksf structured as to be_rotatable) it is feasible to
determine not only the.skin frictional stress values (T)
20 but also the angle of rotation and it therefore is
‘ possible to evaluate stress-strain charaéteristics
between the piles and soil-or ground.
- Moreover, the measurement apparatus of the
_invéhtioﬁ-is dééigﬁéd to well stand hammering; so that
25 it can.be_effectively ﬁtilized in connection with hard

soil such as Pleistocene soil and even Tertiary soft rock.



soil such as Pleistocene soil and even Tertiary soft rock. CLAIMS: 1.
A nmet hod of neasuring skin friction, conprising the steps of: forhing-a :
hole in tkh',round for receiving a 5 casi ng pipe;, inserting a casing s
pi pe of . naI dianeter D into the hole; forning bel ow the | ower, or

| eadi ng en¥of the casing pipe a neasurenent hole of dianeter D'; 10 S

I ntroducing into.-the neasurenent hole axtn- friction measuring devi ce g
having a cylindrical testing part of outer dianeter D, where D satisfies

D'< D< D, rotGed the cylindrical testing part and neasuring the torque

ari sing due tolfhe fricAimetidd of hehsaednyhekdinr fzdetdbnt,he cylindrical

testing part qﬁgméﬁfﬁﬁg%ltﬂé &QS 8§urenent hol e. 2. - A nethod as

~clained in.cla ern a shoe of. outer dianeter larger than D'
but no larger than D |sf@mw¢=1ea holehénl ther gzoundadfiony regeixing a of the
skin-frigtion @@@ﬁﬂél?gngVIce the gui de shoe shaving away the wal|l of the
nmeasurenment hole as the Skin-friction measurenent device_is introduced, so
that the cylindrical tetRPREEHRT: §a§F§§sEJPF|QﬁtF?tﬁﬁpéltﬁéaﬁﬁ§§ﬂﬁenent
hol e. 25 3D' into #h&ehbbd;as clainmed in.-claim1l or 2, wherein said

cylinarical testing parj iz, al’g.) geatin;spaced f 9T holf op Theoi o

casing pipe a measurement hole of diameter D";
10 introducing into the measurement hole a skin-
friction measuring device having a cylindrical testing
part of outer diameter D, where D satisfies D" DLD',
'rotating'the cylindrical:testing part and
measuring the torque arising due to the friction
15 between the surface of the cylindrical testing part and
the wall of the measurement hole._ :
2. A method as claimed in claim 1, wherein a
- guide shoe of outer diameter larger than D" but no
larger-than D is proVided at the lower or leading end
20 of the skin-friction measuringude#ice,_the guide shoe
Shaviné.away the wall'of the measurement hole as the
skin-friction measurement device is introduced, so tﬁat
the cylindrical testing part is pressed tightly into
the measurement hole. _ _ .
25 3. . A method as claimed in claim 1 or 2, wherein W)
said cylindrical testing part is at a location speced
from the bottom of said measurement hole.

4. _ ‘Apparatus for measuring skin friction,
comprising°

30 | a main body capable of being inserted 1nto a
casing pipe having an inside diameter D'; '

a cylindrical testing part provided in a
longitudinal central part of said main body, said
cylindrical testiné part being rotatable relative to

35 'said main body and having a cylindrical measurement

\

AN
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4. *  Apparatus for measuring skin friction, conprising: 30

-a mai n body-capabl e of being inserted into a casing pipe having an_dag

«dianmeter D; a cylindrical testing part provided in a Iongltudlnalgﬁb tra

part of saj d mai n body, said cylindrical testing part being rotatab

relative to 35 said main body and hpying a cylindrical neasurenent

6-» face of

dianeter D which is smaller than D but |arger than the

dl aneter D' offaaenaasa&amembrhol @hiiechbd sf emaad eielthant Ind |b®1weI’J.aQ'@(érOf t he

casi ng pipe wgr.aund I to be
Theerted ¢ nrobiAn: RBS EIAmstsk oD ToR B Bedsnyemert ooy a Hehestan

measur enent hbbéoandhfeo Aowetraendg oifh &hey |Casdiniar @i pree sthiemg ipmetrteahd.na

t or que- neasurtﬂg ggggﬁa.connected to the top 10 end of said driving
rod. 5. atus as clainmed in claim4, wherein the main body is
provi defl at i ts I over BndriViRgareg itedbe dnserted dhgoush theayi ng away

the wal | of tbasmgsgﬁgae&brhgh:éssﬁg theﬁmain bodPANLY wheas clained in
claim4 or 5, wherein t

t h de di t
ot et abl . qPEASEFePRRE PRbe, ARG §or rahatand the, Sl ¢F @ AT

Apparatus as tkstind partl;amed4, 5 or 6,

10

15

20

25

30

35

a torque-measuring member connected to the top
end of said driving rod.
5. Apparatus as claimed in claim 4, wherein the
main body is provided at its lower end with a
cylindrical guide shoe for shaving away the wall of the
measurement hole. _
6. Apparatus as claimed in c¢laim 4 or 5, wherein
the cylindrical testing part has an outside diameter
appreciably greater than the outéide diameter of the
main body.
7. Apparatus as claimed in claim 4, 5 or 6,
wherein the cylindrical testing part is mounted with a
spacer disposed on at least one of its upper and lower
sides.
8. . Apparatus as claimed in any of claims 4 to 7,
wherein said cylindrical testing part is replaceable
with a comparable part having a different surface

"roughness.

9. Apparatus as claimed in any of claims 4 to 8
and including a means for driving the driving rod,
wherein a spring is mounted between the driving rod and

" the driving means and an arrangement is made such that

the torque required for the rotation of the cylindrical

testing part is determined based on the dlsplawement of .

said spring.

10. Apparatus as claimed in claim 9, wherein the

driving means comprises a ‘handle.

O



20 wherein the cylindrical testing part is nounted with a spacer

di sposed on at |east one of its upper and |ower sides. 8. Appar at us
as clai n any of claims 4 to 7, wherein said cylindrical testing part E
is repla le 25 with a conparable part having a different ‘surface
roughness. 9. Apparatus as clained in any of clains 4 to 8 and
including a neans for driving the drivi rod, wherein a spring is nounted
bet ween the driving rod and 30 . the drIV|ng means. and an arfrangenent is

made such thatq{he torqge%éeﬂaargg LQEihQQ &ateqhqﬁ qffhhe cyllndrlcal

testing part is deternined based on the di splacenent o said sprlng
Appar atus as cswbseantiatlyi asoherpinbpforge dgscribed, wijthy naf ﬁ%@ﬂﬁﬁwwlses

a handl e. -8d; ddd as sh&wﬁEihoﬁhaSa@b@tn@iﬁﬂyllhgch&lamihg@ld substantially
as hereinbeforf descri bed mnt refere? g 3 gomn n the .
acconpanyi ng dréw ngs. 1PP2ratui 3s glgdmg &PaF&@ - @Pg:n14 and 5
substantSaIIy_@mbmeamthbblprasdhe:eihbéfmrehdegbcdbadewﬁ@h aefexrendswwn in
the aCCO”pa“y'Qg,Q£&&‘£§Sshown in the accompanying drawings.
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