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A note on reasonable pore water pressure measurements in the fields
—Reviewing the historical development of pore water pressure measurements

and their field observation records—

Noriaki Sugawara

Abstract

Based on the limited libraries collected by the author, it is going to have passed for one hundred years since a
pore water pressure measurement in field had been initially performed in the world. It is assumed so far that the
main basic studies and discussions on the field measurements of pore water pressure had almost completed in the
Specialty Session of 7th International Conference on Soil Mechanics and Foundation Engineering (Mexico), and since
then, points of those subjects have been turned to development of practically more serviceable instruments in the
world.

This paper over-reviews the world history of development on pore water pressure measurements, including
some valuable examples of field instrumentation (showing instruments, field installation methods and measurement
records). And also, combining my experiences, a measuring method for obtaining reasonable pore pressure is
discussed.

The basic requirements for obtaining reasonable pore pressure are (1) to use piezometer which is device that
is sealed within the ground so that it responds only to groundwater pressure around itself and not to groundwater
pressures at other elevations, (2)to have a little influence by pore gas pressure (or pore air pressure), and (3) to have
a suitable time lag to each engineering requirement.

There are mainly three types of piezometer: open stand-pipe type, twin-tube hydraulic type and diaphragm
type. Two of the former types have some limitations of installing place, while the latter diaphragm type has less
limitation of installation site and high serviceability on observation procedures, and a diaphragm piezometer is
accordingly the most common in use in the world in present day. Research reports showed that any pore pressure
readings using diaphragm piezometers are more or less affected by pore gas pressure. For a high water pressure
existed in such a large scale ground structure as earth fill dams, effects due to pore gas pressure may be negligibly
small, but in most of ground surface structure with small scales those effects may become potentially a significant
errors. In Western countries, especially in North West Europe, the reason why great many diaphragm piezometer
are successfully used, is that instrumented grounds are consisted of in-organic silt and clay with low plasticity
originated from glacial sediment and residual soil from completely weathered rocks, which may have relatively
less air contents in soil textures. While in our country, since the climate is warm, the inland is surrounded by the
sea, and also ash clay sediments from volcanic action widely cover the ground surface, those ground soils may
be considered to contain relatively more organic gas or volcanic gas. Then, the pressure readings by diaphragm
plezometer in Japan have a potential of erroneous readings due to gas pore pressure. In this paper, some
improvements of diaphragm device and its placement methods against pore gas pressure affect are presented. In
conclusion, a whole structure of diaphragm piezometer including a filter and installing conditions is recommended
to make gas or air freely move from its cavity of instrument using coarse and long filter or slot screen surrounded
sand filter.And also, if possible, diaphragm face is recommended to be set in vertical direction.
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Fig.1 Observation well and piezometer
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Fig. 3 The pore pressure in clay deposits of Mochikoshi tailing
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Fig. 5 Pore gas and pore water pressure:

(a) straw in container of water and (b) element of
unsaturated soil.
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Table 1 Air entry value, coefficient of permeability and pore
diameter of filters

ELREAEKP) | BKFZRE (cm/sec) | FLOEZE (mm)
135 1x107* 0.024
33.0 3x107° 0.0095
172.5 5x10°® 0.0018
292.0 3x1077 0.0011
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between dissimilar metals in the piezometer and extension pipes
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Fig. 43 Vibrating wire piezometer designed for Svartevann Dam

5.3.9 BOERBAMEDTIA—%EAF-RER
KRET VXS OEFREFRAENENRER

Bishop et al. (1964)3 13, WZ2&URAME (AEV=10
kPa) 74 V¥ =%z 722 Y = 2 — & ORI
AEAE D X 5 BREMAD D Dk BNRERIC L - T
SN LT A,

Z OFRNFHEBEOWNAZL, F1O1Z, PIFE100mm DE—)
NGO ED 7RG At AR, 4T (neatsfoot oil)
TEI/RT7 4 V5 — Ll o728 2 Sl L 7-JRE% E
VA= el A A L, SRR v b L7
A A T AR O 2 v D SMII T REBRK T &
HIBRZ2 UL DO THE OUEAHR LN T Z i 2 T B,

RIS, BEERARZ IS T CHELEM LT, Zhe
NOFFISINHT B LY X — & DGz E LT,

FEHEK AT THRIEZ ML, ZhZNoMfET
JEJ A5 E L7 & & O RIBRZERE & BIBRKIE O E %
=l L OIMIDIE I CTIE L7z EDFERDIN - 45
THbo ZORIFHLPICKDZ L ERL TS, KT
VA —F D AMEIFZEREICIFFISEPM L Tw b 2 &,
BLY, ZB5FEEHBAREDENKRE & T AHTIIKE
LB RLLENTHAHIETH S,

5.3.10 BOWZEREBABEI IV 2—%iFDOZEER
EIVA-2EEVERBABIIILEI—%
EOEEREIA—2DHEIEHER

ZE5E L ARIEDZED IR & 72 % BB BB E 25
uMitie 7 2R ORE T THOWMHOEHTH %,

Penman (1979) Y 1%, RWEERAMET 4 V¥ —% 5
DIREYEE T X —F & @SR AME % Fo A e
IV A= OFEBEITRRE LT, B b B oAb
ZHIEELTWA, ZoRBEO B, 5iE I MBRERTEz,
BHIIBBAEZRE L TWE I L2 L72b D TH
%o

YLy A — & JeimiEio B2 14m o5 B s iz
RIS ¥ =Y X — & OHllE % BEI AT - 72,

HEARETII - 46 1R T EB Y Th o7z RELHD

900

880

860

840

o
4

BEEOFES (m)

820

FEAK

800

o 7980 987 1984

—44 Svartevann¥ A D 1kK YV — VRO B BRIE & K 10

Fig. 44 Pore pressure readings with time in the bottom part of
impervious zone of Svartevann Dam.



ISHHHEHASER  No26 2006

70
100 — /} — 100
/7
r
50 /; —{ 50
x C%g//
bl 0 :«%é/ 0
-
KPa) |g=¢% -~
V4
=50 — // O:Z&RE Ua — -50
/ v EBEETIA—4
’ x:KE Uw

200

400

HRE (2I55)

500
(KPa)

800

-100

[ —-45 SasumuaklitEFHOY VX — ¥ A, FBR2ESE,
B X OHBRAKE O FEZEAL 39
Fig. 45 Variation of pore air pressure, pore water pressure and

the readings of an electrical piezometer in a sample of
Sasuma clay

FRRITRTVI-EFFD
- RENEEL 1Y 44T
AESN-HEESE

o - N W a O
¥

T (m)

PR oo ity SR
"2 3 4 5 6 7

- BrsE (m)

1 i 3 A 1 3.
8 8 10 12 13 14

=

FEIfEE/KEEE D

 EoEREAED
2V-EHOEEX
E 1y i THEE
Rl E

Chelmarsh % A DA EKEICHER L CitE SNz En Y R
— & OMIBRZELIE & HIBRAKE Ol 4V

Fig. 46 Measurements of pore air pressure and pore water pressure in

side by side piezometers in the impervious section of Chelmarsh

Dam

ceTa
10 B ¢ %00

A

3

e

{

X —47 Wildlife %4 @Az O R & FHUZROBCE 19

Fig. 47 Cross section of Wildlife site showing sediment stratigraphy and
location of accelerometers and piezometers.

FIBKEAKBEIIRAE & D/ E < 6 mOADKEE R,
VRO MBRELIEIXBB L ERAEITE LV, BELom
EOHINT H12OoNT, BFUKEABBRZERTE L D b
CERALTWS, ¥V x—7 iz % 9 %15  11m
&7 HWER F CHIBUKEIIRFAE T TEAL, HRZER
JEIZ/KEE TR 3m DIENC % 5720 BEHE S AT 14m (28
mL7-& &, MBRZERE & BBUKIEOKEAE 1.5m £T
NS otz o seefafiGrsER Sz L &
21, BRI Y T X — 7 OFAMEZEBT 5 2 &
EHLNTH A,

5.3.11 HEICLSRIR{EHEE DORERE ERIEEH
1) HFx

MR OO BRI ZWET 256, 4457
TORSE/NEWZEBFERE LS A= AN L 728
IV A= Thhb,

HWEREORBRIEIE A TCIhETHIRLED 9
fERTCTRA I, ZFOH TR L 72 #b i o MPRILE 28
F SN RCHE—-OBRELRNET— 713, KE,
AN T 4 V=T ® Imperial Valley {235 Wildlife
TROLNTWSE Y,

) HIERFT O & s

Youd and Holzer (1994) 4 1%, Wildlife THjiti L
7= BBRIE A2 D 26 & SIS R A LT o & 9 123k
HELTWAS .

C OHX I 90 A MNT M 7 4E12 1 D REFE
THHED S KBUEOHEI R Z > TnbH LT ATH
%o 1982 AEIKR EIHVE FRASHT (USGS) 232 OHLIX D
RIELR T WIS L X — ¥ 2 iE L7,

— 47 ) | ZHARRE R OB F RIS OB 2 7R L
TWh, FaEERIL 27mESD IV b~k
Wk, FOTIZ33mESDOHEIRL LR VIV NER)
MREL, TOYVN MNEBOTIZIE 5 mE S OREERS
1A %o

() ¥V A — % OHixk L il ik

SRR 25 O W B 1Z 2 1 0> = T3 1) g - i X ok
FHSM) & 6fHDERERLAALE S 2 =% (P) THK I
bo HELZET Y XA =7 OBMAERIE, * 100kPa~
345kPa OHE I Z F7> Datametrics model AB L
=y NT, ZOKRHEBIIAT ¥ L ABIZOFART —
DERPHE LI TH b FEIEWER M AAAT
MEICEEEHEWEL 2y X — & OREEIZ - 489 12
NI EBYTH b,

ZOHFHIBNTHEE L2 &1L
DOHEEOIREHICE ) X — & il & 50 H

WO THEMEINC X 2005 hOMETHAFAT %

Z LR IO BWEHEEOMEITH L TTFAF v



BAORBUKEZIEL CETS 5720 015E#H 71

I M O—FETIH 571 ¥ (Delrin) & 720

@ St 10cm? WriifE 2 FEo Mg & L7z,

@ EFE3mm OfL%E 6 FATICHT, FMEET & 5 1 K
FEOEEZXY), HHEOKEERELIZ,

DY A= e EAT 5 & &1, LIt MR
ALZBWENZTHIEE, b LTS DORIBIHE
L7z 8 ICERIEUDPRTRT LT 572012, 6D
L SZEBU A > T TR L 729LE L7
R A RTRT LT 5720 FDFLICIE T 4 vy —
ZROMTTICHBRLA-EE L L, ZRELITKD
BB % Wil % B frv7z,

IR 2 R CRIE T 5 & S IR SN EAR:

OFATAHEAICENZENROE Y X — & i kh
KT/ L72B2H ISR TE X, ZheE
N2 Nlfiz L 2SS B2 OB T BT, %
ADGIZEBWHE L, ZOMEER 205 iar 7% <
75 F Thild 720 (SO TIIFRAFZRR & N RER
WAE L T0 B/ E 25002 0 B 2 A28k z
Vo DT ENTOREOHH ZHEL Z 1%k o72)

@ LA T2 SN 5 2 L ZHEFEICT B 720
12, KTii7zL7z#nwrI 25y 7 8oty
A =& OYeinE E, Oy REERTr—7 v ai
AL TCT20 ORI ER=) v ray FIZR) A
T, JUEX D 02~ 03m A LAAT, ZOHILA
AL o THL D b Do 7260 hK Tili72 S 7z
RN L Z LIl hb, K=Yy 7uy FLif
ANBEAZFEELGE LIFTELY A=Y 2y b
L7z

@R=YTfEXAV N - RVYMANTTTIITH
WL, %L

CDIHIYLY A — ¥ OFFHHWER X UNkE )T
% oC, MWERFEIRIEB S o BB 2 #0237
biiz,

127 mm

A

—48 Wildlife %14 hO7zDICBESN /2K A—F KA VbW
Fig. 48 Cross section of USGS piezometer tip

(@) A & Z DOFHI

HEHEAG 29 2 C 5 4E 5019874 11 H IZSuperstition
HillsHEASFAE L, WEBbomFRITEDE H 75
TR LG DSHERR S 7z,

WL LRI v MEBICIE S oYY 2 —%

RIE L72AY, Foho P4 O PAMIIER it ik
HED NIz, MALTT O HFHEEE & 1EFH 2 eI
DOHkT> 4 DD X — & ORIBRE ORE R %
— 49 1R L7

2 Ll B B VS BT 2R OB i & R\ I EE 2
ZOHA PERIET SN S 136 B LB TH-
720 WIBRIEIZ A% Lkt 545, 20 FAMEIZWw -
<) CHEARBREDS D DT Y IO 72 R
FEHHEB) % 60 ~ 90 iR Tdh - 72, R ZEND
Holin&d, WIRMLHHR 2B 26 )1 %50
1O THLHBOERSIBET &b LD 50
IZE3N7ze ZORRIZHRCTHE—DRLERTH ) T1E5
LWZEThHbEWVZ 5o

TRGIIEREE OV AT L7z & & GEEENER 26,57
e L7z, WMUE o T TE =y — Sz kT
ZOER T D ED50% FTLEAL, F-FoL
ECIER 70% FTEA- L7z, Ml TH0EMERICE 5
THERE Z L IFRE SN HIBREDZE D% D [
ALK 722 & TH S,

D L) RIFHNENZ R L2292 ELEICH LT,
FEWNFEERE X O%aL DT E 7OV R CHERR S L5 Rk
ZFEIZ LT, Scott et al. (1995) ¥ 1%, €OV X—
ZIFIEMER RO T FORIBREZJE L TW 2w T

&

£

g

N S ARMEE (cm/sec/sec)
AP

8

-

8
-
-

~ ] 1 1
Mo 20 40 60 80 100

Br M (sec)

[ —49 1987 Superstition Hills #1522\ THEIH S 72z &
I BRI D IR R I B 8% 1)

Fig. 49 Acceleration and pore pressure traces recorded during
1987 Superstition Hills Earthquake



72 ISHHHEHASER  No26 2006

FhwnhbiEoTwh, kLYY X — 7 Offl
DIzOIATONIAH 1, ZEEM LTz w )R
AEAVIE L, AR IR L CUAISHE R e L
TWh,

5.3.12 ZEEAEI VA —-2OFBBEREIC
B9 2 TR OFFE

(1) PR A —F —DR

TR L X — & O L7k iL, Ritod
BITH LD X512, FEH~OFTADRAZRCZ
EDWARURETH DL TH D, BOWELARAEE FFD
TA N —%fiz, TRNOZEREEEIBEK THiz:
LCRIESTIUR, BT AR ELZRL 2 L
AR E S, L L, BRINEDOLASIEEVELREA
fE7 4 NE =% L2 LCHRISERE L2 AD
BAZ 2 Lk,

(2) FINE D7 4 V¥ KIBUT B EHT

CDE)BREIWSHTH LD DT, ik
HHEI D 7 — A5 275 Tl LA ST 2 BT,
SR AMEW OHEATK & L, WEBBREDHEATK &
WOT, MBEDSIER & BBKEDEL Y b EWET
HoThH, THMIIIEHTELBREDETH LN
Thhb, T72, HALOWENBHTE HIIENT/NS
WEHO O EDIL, 7 — A F DT B EHAEDS,
IRITVER CHERE L 720K, Ao & - TS
N7FRAE B X O HERE 170 & OKEIPE O IR 70
WL THoLIEeNEZ NS,

JEHE OWBERRe B 1B X O bk gy Hulz
7 LN REREIC BV TR, MR AEZ D 5
TE DM A RS 2 MBUKE & UCGHIT 2 2 L1,
HEVICOBRBENEZRF L2 LAY, FKZT
ANSNLENWTHS I,

(3) TS D HAEHEREREE D&

TAENTIRIE RSB H Y, W, R, R
WZEZ K OAEWZRAL TS, £OZ LIk thh
WEENLTABHBNS BB H L L ER 5. F
7z, THENIZKIUAZEAAEL, KILEKIZE b 2%
) KIKHPEENZFEDED > Twb, 2D &) tid
RO 2R L, FERITHIA 22T KIL
ADRFEEN T WD, TDEDZ D & 9 i 138
AR, ZHEBR Y T A — 7 ORIEHICKE %
WEEH52DHEEZONDL, THUL, WekiklE, KR
FEEOBREE L 3BT o 72BN TH o

L7235 C, ZHEBE T A — 241 LTt %
BIBKIE 2RO & 95 & 2881E, FAsE o HizEsss
W8 L7 7 TIRDWEL 2 B THAH D0

6. ELUVEEKEZBIET 5 /-DEt8sNREEHFH /- &
TROIEE

6.1 EFXRNER

WAz DOHBRKIE DN OFEELH ST 5 2 L,
ol AR 2 FLO TR E L 72D DVEGMTH b,
TAME AN L 726300 72 BBROKIE 2 2R 5 72O DL
P TR UL .

DOV RA—=FTEHllT52 & ; b bHlEXM
% PE L TENDSNOIGOREEZ T R K H I
V= ENTWLZE

@M T AEDRED I, F 23BN S WIKIE
HEETHAHZ L

@BLGO T A HMICHI L 2R IeE 235 2 &

CD3DDOHANTIHZMIL T 5 2 EAEE—IZHRE S
NI 570,

RNT, REGAITOBESIZE L, HFICIFS 55
fr 2 BN B LIRS, BIHOMIRSAT IS L7z iiE
THEEWGE - FlER PUE L2 U7 5700,

6.2 EIJX—ZDFER

HAEOH ORI RAEZF S E LTIEEAD
2 ODIENHAFAET Bo KGO T2 B BB
PIEOEN ZFFORETH ), ADEINIYIY o
B X OSBRI I B§ 5 ) CHR R R RE & LTI
Db T,
HOMBREEZRD L9 L3, FILEAE Y 2 —
I HICHEETH D, BOERBAET A VY —%
FoEAD, FRZEREAY LY 2 =5 ThiFiud
BV, LA LZHERAE L XA =5 2 W TADOE
NaEWET 2560, ENEOWEICHESN, o
OIS L HEHRANER

CHETHHENEY DY A — 213, HLER, B
X, BIOZHERERD 3DICKHI SN S, HAFEDRE
DB GIE LWIEOMBUKIEZ KD X 5 L3 1UL, M54,
HILERF23EERE T X — 7 2 @IRNTRETH S,
L Leh s, A, AR, e o Etks X
DR TE BRI B DS 22 &0 9 B 2 & 2R AME T
FCHRTIRDZHEIN T EONBIRTH 5, ZD72
DI, TSN T2 FBKEFHEIE E A EZERA Y
IVA—=FThhb, L72ho>T, ZTHEBEAYZ X —%
REIRL W6, L0 X)) eikdt - HBELETH5E2IC
DNTEZTAL ),



BAORBUKEZIEL CETS 5720 015E#H 73

6.3 ZEBRIAEI VX -SDREEHEBEHED
==X

ZHEBRE = 2 — 5 2R $ 2546, BT RAED
B Z R AMETH A e Rk L 2 U o
2\,

Z T, HAEDOEE R RN T H720DZ A
IV A — & ORRE & RE TR WO THRETT 5 2 &5
INb, TORRNLREZHE, TAOBRAZMHIET 2
CETIERL, BALLETARELY A —F OHmNIZE
MTHIEDNVE) ik T52 8L, I A
LT HZIEROGAMEIR B L 52 X H 1%
HEON & 2 BT 52 EAE 2 bb,

FARNL /- B AWE O EDERKE % BIE
ERE 1

6.3.1

FIARMEE O RIBUKIE 2 WE S 256, A—1 ¥ 74LIC
RIS ND DY TDH %o

DY, HARDOEEEY L THILRELTER
bhaZlid (M-50ZHH) !

D EIREBIBA L2 A ADHHNIRIT L THZ L %
E 2T, MAREL T 4V 7 —I3FEARIZ 22552
O CHlv) 7 4 V7 —2 w5 (Mikkelsen,et
al. 1983) % ,

@ BALLETABEINIERITFTR L TE72008H x5
WE L LT, BALL T ADZIHERICHE 5.2 5

A= TR

s — )L J

__ PO
~ MMM
AN

oo
X
o%%!!

EUVEL
TaLE—

(a)

%

R
8
XXX

o%

K
XK
2e%e%%!

EUEL
TaNE— |

SULRLLLLL
%
X5
X

KKK
RS
QKL

<R
X
KK

3
S

<X

e%e%%e%

S0
o
&
23

] 3
(5 R — LT 1 LB —
e k| ERERRI U=
risielelp
Ave

(¢)
M-50 ZIERELY XA —FOYRE: 74 VI —DRIEHL
Ry Mc@EFh/iz74 V5 —

Fig. 50 Improvement of diaphragm piezometer :(a) a general
design of commercially available diaphragm piezometer
, (b) refinement by a longer filter or (c) point installed in
sand pocket.
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