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L1 #EB&

BERFAFNEFERERHABANRETLE KELFE IR EATE
RIS I A ERBALKERE ZHRIEHKELE T ERAR
T AZBRFERAERHEIEIRSESLLESNY  FEGHRSE
BUBRRERAAERNENAKBRIEEAIGARETE HEORER
ENAGRESS IR MZERECRBRBARRTREER S THEE
BAEITH=ZMEREIREHEL  BERKEREATRHEAZZFHEIAR
B BRI ZIRGEE > URFHF LR ELRIETHHN -

1.2 =#EfT4£

HEABEI F12A 4 85Kt sREHKESeattle) >
SHEDEBRENBTAERESKERIAZIP] ~ SINCO ERE B 28] -
EHRBERALIREZRTEE M A2 The Hiram M. Chittenden Locks
% Snoqualmie falls KA B EMmEAFEZI - BEABFEBREATE
Hotf(Las Vegas) #tif 425 #8453 (Hoover Dam) & % 4L (San
Francisco) %43 feil A~ 1425 ~ Contra Costa Water District &
Hﬁi Los Vaqueros %K & - % 91 £ 12 B 14 8 2 B & 24 54

BHE - FaAEAEELT -
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B
12A68 | £ | ®@®HE #IEE | %% SINCO Al
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2.1

2.2

FoF FHAEE

it

IEGz Bt BRRAZARS Y RE - ALARER
MEBN - FARHIEAR I EIZ AT GR T ERI
CibAHEHE R DB R LRERRARKA 0 LI AR S
R ER R B E N EFARE c BRI T H kG
RBFEZEBRZFHETH > aF44F - B - REHLTRYEE
ERRAT - ELEHEFAMEGHRER  ERSTEMTE
FREDHEERAR o

ERWBR T AER Es s LIEE 8 £ RPEH
BAb > 2R R#ARS > HEKEE » RAEBFHREARSL i
FARBEE MR TR A WwBFRIFEEE %2 W Hk e
T EEEBABZ Wy EHNERNZEE K BRES
LEFHREZ I KZBBHE ) W BBERKLE BAER
A BHRBEZIFTURE  UHIERB s 5 L
HEefrmAESETE  BMARATELRS  RUEAHERER
FGRiES  AERAIH LM - AR A LS B n Rt
REREF kBl FEE -

E=p 835

Hizgms  LRERLABRNAKRELENAE 2EE
RAKEBERGEIGR (RTEF) THABLETE X
AEREZHRRER  EARB G RZGHER
BB b S BAT R R PR R BRI T4 -

2.2. 1 MR R BRE

ARMIEZRE  RERKEL BARIAL - BESE
Freah (BHIBH) BTl  BEEWEAEEHE
A FRARAEHE  AERZHE BRUKERHRE
CBAE—MRBEHH > GHRE AL FA - BHRRLA
BRMINERERME A ABCRRFBEEHATAR
Rk TSN ZEBRZEMELS AP HA
BULZ 55 AR E &5 RS R TN R+ H TR
B - PYST T ES SRS LY S B2 s AT )
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PR REBEZER C RHGIHBURBNZERAT EE
ZREXFHREER -

SRERBERETFHELERERBEABLRLZET Y
T RFRFEERTUESE  THEABERERAN &8
RKBREZGBEEFT ok A EHMEAHAES A E LB
e RITTAKRIEARSRME HEEABERS B
Fo LA dm o 3] o

BRIz ERERATA IV 05088 ALE
SR BHEHE N EAY L G E RN 0 3m F AL AT R4
REE ERAIVI0OHRXEEXHE - A#Z RBRAES
REOCHEARABDRE SALEL -FRL UHERRL H
BERREIIBHRIBRE REBNAHNEEBRBRZTE A
B EMAEESAREARLI BT TELS ERIVEAAREGS
REMEFBRELREHAIEZHE -

BB OETHNERARAR T ARNERERRS
IV:0.5HRELE AR LR LGE AN 1. On3YgLEIER -
ERFAEREFUCRARZEREZ AR Qo H RIS
FLIER R 2RI AR 2 SRR IR B AR R X
PRIZ o

FREENAANERILE T UEHEARSE - FAED
MLEREEREZ B IHGRE LRI T ARS B
MAEEBEAEAREZRER SRV EARL G RE MEHERE
AXRHGRBIHAR HERENRBRATZRRIZLEEH -
BREAREEERATH IV0.5H KB Fim  AECRARE
B dhikmLEE AN 3m RAEER AN IV:0.5H 52
BIERRBHARLERL IV 05 RELZRE -

222 IR A WE B2 R

ERAZERITRET (R %) ARGAEHN D
CIHRRH AL REERBAKBES LB miF BT
TH-BRIATEFTLIEARTEEE 22X R2RERHE
MLE T EREFNERE BEF L TR IR X TEEARS
HEE -

BRXFETAEMAMREAZZINE B ERLEEGE
BREIRERRE IEBELSHRE - — BB EAITR
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CBULBLEEARAKRYE M BB S R BRI
B R BK R R EREREEVAREZ .54
MR F 30cm BR AR 3m o H A IE s b T ek
CHREFETREE o

2.3 ®etrp Rt

REBENHREI DR RSB BFRIGREAERER X
AAHF > RLFRIER > —REBFBENfEZEHRTBHAE
ZREE BBy R: - EPE2 &SR XpES
RAFEELARZRUFRETEHR - BT BRELARME
ATERAARER  RUBERFE (FLBLL) M4 Hbamey
BEHBAARLIZIERETREE - BERABATTHEZD#RE
B FRELAKREIXZ2MESILEMARIXENELE
2 F2ULBUAEKRRERIERTEULE4A%E (piping)
K% (quicksand) R & —RIFAZREI RO A L
kTR (BkHM - 4BARAE - RE - RBREHRKE - EER)
CRERBARE CKERR - REHARFRAE -

2.3.1 &\t kT % (positive cutoff methods)

(1)#k k4 (cutoff trench)
ARIERANRREGRERANE AR K - A
2 DBMBIZEREKE L8 - WEIEHE > @FFTHRIEL
P BRI T AKAL 0 AAIRBARCR ZHE o L BB P KA
LTFHZBERBREBFEEEILAKRE > X ET8H (vell
points) MAFEARME T AKAL o 4o B3R 30br 5 KRB KM LK » T
Fi REPER HKEAFRERRE  RAATERB T
EFEEHEAEHTE -

(2)#73%484x#5 (sheet piling cutoff)

ARG Tikth oM ART TR BERBERITA
REBEKE ARV IFELZBRRAFLEEBZERI] - 2TH
BB B E R AIREZEAR G > THERBERME X
BB IBE c HARBZIHEA > REFTLBTETRARRK
RBRERITEAL - FEL R NITREARE L EBTHRAE
ARG - XHMTAREKRERE  ARAMRB 8 |meF
REZANEFRIELBEEIRZ THM -

(3)iR#Ex % (slurry trench methods)
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HoRAAKEERD P RITE —EHEE(KL0.9~3. 0n
) BEERBAR - HEFFERAOEL IR EEREEY
AREIR B YT o BRAEE AR E KA A R — R KA M
HEFARAREIO AR GE L ZERESER - L E
A4aH 15~20%#t (-#200) RELRIFH - RAEMIIFE (
slump) #2525 L FERI1E R 3~6 144 - @ A 3R 4 (clamshell
) MBI P AHERT > BB THBIETF - F %
s ARG £ 84 (cement-bentonite) # > AREE
ENVER—ERBEAREKIE  LB-BELRKR-ELE LRSS
M2 EEAT  BAETERZRN  AELRETE » REE
WEE  RADNET » REEREKE T ELARMT -
BRERETEBRBHERITHETE -

£ B # &4 M = Vanapum 3§ £ ## 2 JR#& (slurry trench
cutoff) - 3.28m & ~ 26.55m i (& A ) HAZKGHG
1x100cm/sec (F3) s B & 1x107cm/sec - E3E &0 8 T 4R B
o F

AR BBESF
3 in 80~100
3/4 in 40~100
No. 4 30~ 70
No. 30 20~ 50
No. 200 10~ 25
PRI GG HBRARELEZINTEG T AT !
LI RE |KBH|HE
x| E (KR
(m)| (m) | (m)

Wannapum Dam 24 (3.28 | 27.8lk (F34) =lcm/sec #) & #
G BEE

West Point Dam | 18 |1.64 |19.2k=1. 8x10%cm/sec _L2F ;
Frx - LRER B - B
k=0. 6x10”°cm/sec F2F; L
RE

Saylorxille Dam| 18 (2.52 | 29. 2k (-F35) =0.15cm/sec =
Eehk®m HEHLERE
KB ~# -~ BEE

Wells DAM 24 12.52 | 21.3|%) ~ # 1




(4)rg|EEE K (mixed-in-place concrete cutoff wall)

ARIERIF;BARE  wADPEEAHELEEREL
BEHRELRERMAR—BAMN BREBAKBIEZERNEKELEXK
o M MESKRE L RMATE (brittleness) » & FKEK
MEHRLEFNRZIGREVPE  THEFLEERRKM A
EBAKZINEE - Ak HRERCHKARGRIIEE MM N
Lz MR 2B kM (plastic concrete cutoff wall ) &
ERAMMEEEFH KR -KREE (F1) AHAKLIE
AR iR %RELE BEM -

REZRIE  BFRANEERFHEARZIHEDE
Ik BT RZMBREIYE  BHRBZRVEAHFARR
ZHh ERZHAFRBARRARNTARZIALE I ERARA#H#
» BIkE) 0 FARES A EE AL EHTER > bAMR
B4 - BATEMARAMZ T k% 1COS , OWS , EARTHWALL, MIP, SMW
o AMRIZEIREXRBELFHFELTHE ~LE - FHER
FE (FBE) > LERZE -

(5)Fa## % (grout curtain)

WL IR ZIER Rt R R RS
BERBAFAE  BBHEM BYLBERELSARRR
WERARER > FERHRZRE AT - BEMHHEERE
At (3RB) 8 AN (ZRAD) #Efaey (BEAH
REE) WTAKEFEL mERBEHTIHMHE

a. XM M REFE B

b. & & Ik ERE

c. &M T (ERBRE I FE)

d R&ukEEH TENEEZHEZMT

e. i Atk AZKEHE
AHEFEERE THARSLEAEIRZ A4 Fli:

a. kxR

b. kb E -~ KEER
c. k¥t ~ALBRE R
MAHRIWRAEN  THERER TR - L AFEME
G SEAFEME (nontmorillonite) r ##/ £ (illite)
B &4 L (kaolinite) K 45« — M) 5 b R 2 K18 A



#E (UBERIAIRSZEL) Bl - s (L) B
ERIER AR RERIBEMRZENEFRBEZER
B EF A LSHEEEE + 2 ¥k (rheological ) & -

FRARBEMERE QIR P Al BREME - ZHE
BEM S EABERE BERE T AT EHRETZ
RES% - BHWERRRE B heknfinmbt - BRBRN - EE
FLEE (HFI MR~ EREF BRI EIREREE (&
AN S RN REHRE) RIFESEMNE - ITHEERT
FRABRN S CHELE - FTHERERMEREFAZZ -

2.3.2 s RABBEHIE

 RRBABETHES BRERERT B EHAR > i
Aokt 2 2 KA EAHHRAR BT EARSE -

()48 (partial cut-off)

do AR s H E RF KM > KT RERAH - RE
Creager etc. X 3B & F 8T > Ik KTIEA S0%RE R fek D
#“ 2% 2BRE AR 0% 2 EETEEEA80%LKT
¥ ARKALERAKET - F—F @ BEMEXE
KGHEELREmRDE > R PRIARAEFEKRRRERK
4 () B E&W > AT EBRAER BAKBERETEKELSZR
18z th44 (creep ratio) K4% -

(2) E#s K% k%3 (horizontal upstream impervious blanket)

BABEE  BABIEREES  KAIESBEX - »
ABREKBATEID  AELHRRABENEKEEARELR @ Hk
IEBERFHEBRGENR RGO IEEHE - B E—RER
FREARMEER > HGRAEREKELE  RHBZEKERD
BER 2 BERKBIARAEE - —BHREEA0.6
~3.0m -

2.3.3 HERR ,
BEREEZBOLEIFAFENBR @A ILRE B&RK
WA BKELTDHLE  CRTHIRBTREELETE TL
REHTE  AEREBHBIZHEHEME - THALEE R
HAHWEE L EHRTRAR XKEF R AR AR

8



R TREAER  LHERARRTEATHARZAREL -
Bt ETHBREAREEZ MR EALRR CERIAR
) RAELE -

2.3.4 mEHAKRIFRHAF &

REZBHBIERME PR R E4SHRKKRD EH T U
AEPFIARTE » 355 AR ER 2 TRATEAR R - FHEER4
FAARE - BBRBEELE  BRERMIE /o - BHERH M2
HEKEZE BEMIZEERABEZRZI KM -2 RGEH
BAFRABER A ERABES - HBAZ MR
¥AHID~30m- BEAFRAEZHBHARELE T EHRAR » ko
REEERABRES A PMBENZERF - BAKERERHR
BN ZEHBRAUGEBRANBLE DRLRABELR
BREFHERF - HEHELERE FKEMHRHGZRAHE > KFE
BlAil e BRPSKRBELEEREER -

2.4 E3EEAA

—REFAFHLIBRRLESKERZA#RBL LA - 42
EENME (NE) A0 R L2 BB ES BN — 3 LB
v NEAE 20 A F 2B BN k554" - R E1FAGA
RIERFIRERBAA AL -t - 2%E BB RAELERA
By EERPFEMHVRBHREIREZIRREE  THIZE
R¥:BE (ARN) 2RE - HESRBE LI KE  ZR A 1V
IR - FREE ISem A T#H » FUFETEIE » A [ben
REFERT LR - b BARN AR > BT KRS
EREFAME  c RPN B LA SHERZEHREFHR
BRI A I0m AT o —AF LIFMBE R S G A2 EIF
RERFEQIEDEHK - HERDE - HHRE-ET - B
BAPHIB T & -

2.4.1 —fx L3R HE
(DBAEERGZRE :

AROZBREREZVEHNACREATHEZTE (BE
B) BBE - o RARMHE o EHH > BABE  LE28
@il UBRCBPMIMALERFILESL - ekt

9



Bz RAROTIUEWERE 12K bR @z LTl
[5cm REFAE S KEHREE - bk Kt (coarse-grained
foundation) X ¥ &@ LA B #45 (rubber-tired roller) sk &%
B # (vibratory roller)$8 R » R REE# Ibcn - B& R
RBRFLFVEREIWERRE G Atz RESRL
BAREE - BRRAZREARGZRETEABGRERERE

6~10 =% -
(2) &Kk EAE:

R LB AR TR 15em 24K B MEA-29%~+]1 9%0MC 35
B UHHE - AR R BAE 0 2R 0 ),
RERZAAHEERT - RER G2 Atk & RIEABE @B
W MIEEEEMBE KR EREHENYY  WABEKE -
AR BBE BEERBRBLERATHIAKERE -

(DL EBFR L

HBEEFTHLEBHEAANSBIELAREN  AA#THE
B REESEM LIE o XEKE (cutoff trench) FT#HATF
HERRT » X E#%E (transition zone) » 7T % Kz
Z stk 8 F RN (eroded into) o o3 F #4148 B3 £
3 (dispersive soil) ' RERE 73 AREZAFEHIEEE -

2.4.2 #5538

BB PIFZRE AR AR ELE LB
Bz ok > B ARA ARG RZES  BEREAR - —
. G U

(1)#b#3EKk % (sand drain method)

FEM BB BREEKR > AEA D c N EEREBEHK
RERDHEH KT ECLBURA - FPABAT RN RGN
BESERISR—R  RE BFE LG BEBHRLE
ZAKEHDHERASE TG AR FEFRE - iRz
o — AR AR R EDHE M B HAE 30~50cm > A — A4 30m ST
» FIRg [~3m - itk ikaiEEEH K (vibro type) #&
# 4 A, (auger type) » KX (water jet type) B (
percussion type) e

(2)#: B wp# 7% (sand compaction pile method)

10



M EIEXBD LR AR  BRAK BT EFE
» BN EIRFURE - WA EE c AR R KE IR
BB RZRICE - BHIEZHE » THEAES -
WEZHHBE - LERBHLRETEE - BB 2 BT
HAA—BETALY  dRHREBEARA G2 EHBEABLE
WMINEE  BAEHENERN > B3A — B EE
SAEE LR AR > MMPIUEEIHEAILE  BEBMEATES
' LB R PT XA BIAF FLA 2 Eh B AR FLSME R © do b R BB A
KELREBREEHMR - RS T —BRRFTHBAHBEZ]
EARZ - iE2 T B4 LR EHREEEDNERZ2HHE
B> —REEALAZNAEL  FRZEHHIE% 45cn 2 80cm > B
AT Z A6 T4k BT » BB EETE 20n - BRI EKRT
£ =% » %X (percussion type) R#k# X (vibro type)

(3)& 7 B ¥ ;£ (dynamic consolidation)

ALEUH R EEG—BEEZEEHILE &% THEE
T UG TR B IR  BEAEHREE
REafo £ B 2% /1% K Tk (dynamic compaction method) e
HNERFTHEZOREELETE  "HRATEWAERE > 47
FrEBE— A I5~4om> EEEET KA 8~40t BAAHER
E 200t ey sk - ESE—RIXAMARR LN - BARREF LR
LRHZBEER MR TAHEYE EREBZ I FEE - AT
ERERAMARDEZ LG U B T~ RER R
BEFHETER - ARFRERATHE 200 & RELE 248
HERETETOZ90% -

(4)E% = (vibroflotation method)

EXTxbAA—BERs® (vibroflot) AL E T HZE
T SRATR 09 % BAK R AP HH) 45 45558 % T 422 30~50cm
MEREAPRRIL EEEER4AURAEATR HEH
RERZEE B EBRHI O RE A B LR L > BFSE
ET# 2002 30n 2L ETMEBEEAENMTAMUT » #51
bt D 20002 3 F R L R R AAME -

(5) B4 1% (displacement method)
BB BL REGHETE M BRR IR LR

11



BRCBREFREES  REWENKRERARLEUARELE
B2k RERFADH:

ST ER
%%ﬁﬁ{
AT Bk
HEaERMER
5‘§%ﬂ§.a‘é{ B 58w Bk
Aty s bl Bik

B#xk

(6)393 3 A 7k (stabilizing fill method)

AR E AR L2 > T EAG 2SS
R - G2 RE  EFIIMEEERR Bl it &
EMEATEAMN AL BESHEIpFIGRT E3) 2 18R]
FIE o FEIRE Y  c HEERIEREER EHBERAER
BRBE {2 RiEK#EE (blanket) %3t ' R EZ BB L
WA T A FILIEB RS Ko AR ERRRB S > B F
HAZELEWMBBRELIBRET  FRABTHEYHITE  UE
BIREZREE - '

2.5 BRABRFRE

HEEGRENE (BRI EIRAR) 2T HE &
BFHEE W BRHERZREFHIRIEFREEBE T
R Be Tkl BT ERAKAFEEZRE  UiED
iR AtE (WbKSAER) R¥EwBRE (BILLE ) &M
I REEHBEES A ERMT R B LEEHZIBE -

RIFHBREF 28— B UKRER A # % (pressure
grouting) &% > BPHAHEREZARE  UBEHRS -
BHILENLBREHEN - BREB-BEMACERLRLE S
Elgd > shbiBan AR EBE BRILER  HRREHRAAE
HEETREF LK B - _

B2 ENT® ARBRGEARDRREEANEL - A
FEX BPERFEARDZIRGRAT » BIHZHLEALT
EN B () EREERZUTE  FLZRE
(stage) ZHEANTHE - BHEFX > FRFNEARS (2R G
RBZBANALERLE) MREEMEANTE @ BHRIAR
NERGERN  wERMENEARCUTHERZERL T -

12



ERRKEBHRER > BETHrAmi#ESE (curtain
grouting )~ #323# % (blanket grouting ) & 45 % # % (special
grouting )’ #%® 4 F :

(1)Fa## % (curtain grouting)

PRk ERAERERCRZARERENARES » HE
RERER MRBAE  RBEFEBABELE T F 2R
9 %%Eﬁmzkﬁﬁfn /xmL ’ Lx(ﬁf,%%z;ﬁ@ ‘%32711010‘5]@
#5537 M35 %% (piping) EERARFEAZRE -

(2)#3=# % (blanket grouting)
WIERBETAREESR - BHAUNAITHT » URFELK
CRZEBEMOR AN S - BEAEREZRMERREL
EWERADNAESG 2 HRALEHEBERA - EALHNEE XK
NEABER2 ol RV EREBZ 20 BREAEER
ZHEFRRR BRI RAREREE ATk
ZRE FURZEREIRERINE -
(3457 # % (special grouting)
BHEEANTAETZARLEE  ploARBHIREHE
BARBAKMEEZ RIE B R ~ 3 E % (shear zone) Rk
% (fracture zone) Z R IEH -
ERRAEEIFE —BTHoATHIE:

(1)— &KX # % (single stage grouting) :
FILERERE  —RERSBEILEES > AR 10m AT &
S5~Tm E#F L2 B & /ﬁxﬁ‘ﬁi‘a&i‘f{ RERANEBE S 2 25
2 m:r'LFm%/Eﬁfi

(2)# pei# % (upstage grouting):
REBFILERITRE > RNBRESR Fﬁ?"%? ﬁﬁz
=% ﬁ&*?y&)\*‘giﬁlﬁ
(3)E P& 4 (downstage grouting) :

Wikt aE S () BEEHREE - AHLEETT
BRYREE  FRELERBBTZREHARANA BATE
RAEBERZ IR - BRAEREATHL N BEMERS
HEKRZIy HRETASE - ERTEFTHEEARS - #
REFRLEWERD - EEE KRERESE - HRARANTH

13



ERBEAAE  EREHWIIAKRNBRERARFLERRA -

()& 4K # % (nultiple grouting) :

PuxanEpEx s RREEEL TiRkBELSFEXE
Mo —Fr o ALURREN  HEAALR  ERRRER I
BUFREEN - BOEBZMBIFEHEIE -

14



B=F FHEoRE

3.1 L#gka@miri

3.1.1 #af

X555 L3k & oL 5B o AAR AR ALIR R 2 A AR A IR R
KBFoZFWMARE L B 5 B AR SR EEIE M
ZRE R EREG IR EZ R A ERAI L SN A S
1% T & X A #3% & (Dumped Rock Riprap) & £33 -KRRA
#(soil cement) » A4 ¥ &4 A Begi%E T A X .35 404R44
HRRIER - BFARIEE FEABRIBRERAHKE
EREX (AN URBREREEY)-

L B mE IR BRI ERIFRARO TENER
KB TF—BLELIESE (BEHOHt) FoplF+ F ity
REZOFEILERE—BIHFSL - HE5 BEHFEMESH
FOELNRBREIRBTTERELEKEARNEGRBEHE

RREEIBTALREMT R I RE  AERAT AN
EC&LE“Ema%ﬁzﬁﬁlumfkmzﬁm

3.1.2 RETH K2 8E

WIBERBET > AR SHEAT  BaHEEErAx
Fik o SGEEREUHEE MG 0 T AR AR AR LSk
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d. B o X &K &3t (open-standpipe type piezometer )
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(4) E ra K A& F & 4 31 (soil extensometer)

(5) % & it F4 B B B & 8] 25 (embankment measurement points and
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Piezometers
Applications
Typical applications for piezometers are:

« Monitoring pore water pressures to determine safe
rates of fill or excavation.

« Monitoring pore water pressures to evaluate slope
stability.

« Monitoring dewatering systems used for
excavations.

» Monitoring ground improvement systems, suchas vertical drains and
sand drains.

« Monitoring pore pressures to check the performance of earthfill dams
and embankments.

« Monitoring pore pressures to check containment systems at landfills and
tailings dams.

Types of Piezometers

Standpipe Piezometers
The standpipe piezometer, which is installed in a borehole, consists of a filter tip
joined to a riser pipe. Readings are obtained with a water level indicator.

Advantages: Simple, reliable inexpensive, not electrical, no calibrated
components.

Limitations: Accuracy depends on skill of operator; reading requires a man on
site; remote reading not possible; slower to show changes in porewater
pressure.

Pneumatic Piezometers

The pneumatic piezometer consists of a pneumatic pressure transducer and
pneumatic tubing. It can be installed in a borehole, embedded in fill, or
suspended in a standpipe. Readings are obtained with a pneumatic indicats.
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Advantages: Reliable, remote reading possible, not electrical, indicator can be
calibrated at any time.

Limitatipns: Accuracy depends on skill of operator; difficult and expensive to
automate, so reading requires man on site; reading time increases withlength
of tubing; pneumatic tubing can be blocked by condensation if not frequently
charged with dry nitrogen gas.

Vibrating Wire Piezometers

The vibrating wire piezometer consists of a vibrating wie pressure transducer
and signal cable. It can be installed in a borehole, embedded in fill, or
suspended in a standpipe. Readings are obtained with a portable readout or a

data logger.

Advantages: Easy to read, very accurate; good response time in all sols; easy
to automate; reliable remote readings.

Limitations: Must be protected from electrical transients; must compensate for
barometric pressure when used in wells that are open to atmosphere.

Standpipe Piezometers

Applications

Standpipe piezometers are used to monitor piezometric
water levels. Observation wells are used to monitor M et
ground water levels. Typical applicationsinclude:

« Monitoring pore-water pressure to determine the
stability of slopes, embankments, and landfill
dikes. r et

« Monitoring ground improvement techniques such a,@_;f ﬂ e o
. . . . Ay
as vertical drains, sand drains, and dynamic 'ﬁf
g
compaction. 2 ,f_%
il $od

« Monitoring dewatering schemes for excavations

and underground openings. &
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R X
"

M
]

n
e

« Monitoring seepage and ground water movement | - X
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in embankments, landfill dikes, and dams.
« Monitoring water drawdown during pumping tests.

Installation

The standpipe piezometer, which is installed in a borehole, consists of a filter tip
joined to a riser pipe. The filter tip is placed in a sand zone and a bentonite seal
is placed above the sand to isolte the pore water pressure at the tip. The
annular space between the riser pipe and the borehole is backfilled to the
surface with a bentonite grout to prevent unwanted vertical migration of water.
The riser pipe is terminated above ground level with a vented cap.

The observation well uses the same components as the standpipe piezometer,
but is installed differently. No bentonite seals are placed and the borehole is
backfilled with gravel or sand rather than a bentonite grout. The top of the
borehole is sealed to prevent the entry of surface runoff, and the riser pipe is
terminated above ground level.

Operation

Water levels in either the standpipe piezometer or the observation well are
measured with a water level indicator. The water level indicator conssts of a
probe, a graduated cable or tape, and a cable ree! with builtin electronics. The
probe is lowered down the standpipe until it makes contact with water. This is
signaled by a light and a buzzer built into the cable reel. The depthto-water
reading is taken from the cable or tape. The Water Level Indicator features a
sensitivity adjustment which helps the user obtain consistent measurements
and eliminates false triggering in different well and water conditions.

Advantages
« Economical components.
o Simple to read.

« Very good long-term reliability.
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Pneumatic piezometers

Applications

Pneumatic piezometers are used to measure pore water
pressure in saturated soils. Applications include:

« Monitoring pore pressures to determine safe rates
of fill or excavation.

+ Monitoring pore water pressures to determine slope
stability.

« Monitoring the effects of dewatering systems used for excavations.

» Monitoring the effects of ground improvement systems such as vertical

drains and sand drains.

» Monitoring pore water pressures to check the performance of earth fill

dams and embankments.

« Monitoring pore water pressures to check containment systems at land

fills and tailings dams.

Advantages

Slope Indicator's pneumatic piezometers employ a simple and reliable

transducer that is free from zero drift. Long term
performance is enhanced by corrosionresistant plastic N
construction, polyethylene tubing, and irtline filters in
all connectors. Compatible with both flow and no-flow
reading techniques.

Operating Principle

In a typical installation, the piezometer is sealed in a
borehole, embedded in fill, or suspended in a
standpipe. Twin pneumatic tubes run from the

piezometer to a terminal at the surface. Readings are
obtained with a pneumatic indicator.
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The piezometer contains a flexible diaphragm. Water pressure acts on one side
of the diaphragm and gas pressure acts on the other. When a reading is
required, a pneumatic indicator is connected to the terminal or directly to the
tubing. Compressed nitrogen gas from theindicator flows down the input tube to
increase gas pressure on the diaphragm.

When gas pressure exceeds water pressure, the diaphragm is forced away
from the vent tube, allowing excess gas to escape via the vent tube. When the
return flow of gas is deteded at the surface, the gas supply is shut off.

Gas pressure in the piezometer decreases until water pressure forces the
diaphragm to its original position, preventing further escape of gas through the
vent tube. At this point, gas pressure equals water pessure, and the pneumatic
indicator shows the reading on its pressure gauge.

VW Piezometers
Applications
Typical applications for the VW piezometer are:

« Monitoring pore water pressures todetermine
safe rates of fill or excavation.

» Monitoring pore water pressures to determine
slope stability.

« Monitoring the effects of dewatering systems used for excavations.

« Monitoring the effects of ground improvement systems such as vertical
drains and sand drains.

« Monitoring pore pressures to check the performance of earth fill dams
and embankments.

« Monitoring pore pressures to check containment systems at land fills and
tailings dams.

Operation

The VW piezometer converts water pressure to a frequercy signal via a
diaphragm, a tensioned steel wire, and an electromagnetic coil. The piezometer
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is designed so that a change in pressure on the diaphragm causes a change in
tension of the wire. When excited by the electromagnetic coil, the wire vibrates
at its natural frequency. The vibration of the wire in the proximity of the coil
generates a frequency signal that is transmitted to the readout device. The
readout device processes the signal, applies calibration factors, and displays a
reading in the required engineering unit.

Installation Qverview

Grout-In Method: The piezometer is lowered, filterend up, to the specified
depth in the borehole. Then the borehole is filled with a bentonitecement grout.
More information about this installation method can te found in the VW
piezometer manual (see link at bottom of the page) and in atechnical note.

Sand Filter Method: The borehole is flushed with water or biodegradable
drilling mud. A sand filter is placed around the piezometer which is positioned at
the specified depth. A bentonite piug is formed at the top of the sand filter. Then
the remainder of the borehoie is filled with a bentonitecement grout.

Push-In: The special-body, push-in piezometer is pushed into soft, cohesive
soil at the bottom of a borehole. The piezometer must be monitored to ensure
that it is not overpressured as it is pushed in. The borehole is then filled with a
bentonite-cement grout.

Embankments: The piezometer is embedded in sand and then covered with
hand-compacted select fill. Signal cables are routed though trenches and
covered with compacted fill. Bentonite water stops are placed at appropriate
locations. Readings become available when the surroundingsoil becomes
saturated.

Advantages
High Resolution: VW piezometers provide a resolution of 0.025% of full scale.

-High Accuracy: Slope Indicator's automated, precision calibration system
ensures that all VW piezometers meet or exceed their accuracy spedfications.

Groutable: The VW piezometer can be installed without a sand filter or a
bentonite seal. This greatly simplifies same-hole installation of multiple
piezometers or piezometers with inclinometer casing.
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Rapid Response: VW piezometers offer rapid response to changes in pore
water pressure, whether they are grouted in, pushed into cohesive soils, or
embedded in a sand filter zone.

‘Reliable Signal Transmission: With properly shielded cable, signals from the
VW piezometer can be transmitted long distances.

Temperature Measurement: All VW piezometers are equipped with a
temperature sensor.

Inclinometers

Applications for Vertical Inclinometers

« Monitoring slopes and landsiides to detect
zones of movement and establish whether
movement is constant, accelerating, or
responding to remedial measures.

« Monitoring diaphragm walls and sheet piles
to check that deflections are within design
limits, that struts and anchors are performing '
as expected, and that adjacent buildings are
not affected by ground movements.

« Monitoring dams, dam abutments, and upstream slopes for movement
during and after impoundment.

« Monitoring the effects of tunneling operations to ensure that adjacent
structures are not damaged by ground movements.

Applications for horizontal inclinometers |

« Providing settlement profiles of embankments, foundations, and other
structures.

« Monitoring deformation of the concrete face of a dam. '

System Components
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1.

Inclinometer casing is installed in a borehole that passes through
suspected zones of movement. Inclinometer casing can also be
embedded in fill, buried in a trench, cast into concrete, or attached to a
structure. Important features include the diameter of the casing, the
coupling mechanism, groove precision and straightness, and the strength
of the casing.

A portable inclinometer probe or a fixed string of inplace sensors,
used to survey the casing. The first survey establishes the initial profile of
the casing. Subsequent surveys reveal changes in the profile of the
casing if movement has occurred.

The portable inclinometer probe is the standard device for surveying the

casing. It obtains a complete profile because it is drawn from the bottom

to the top of the casing. It is also economical, since it can be carried from
site to site.

In-place inclinometer sensors are ideal for data logging and reattime,
remote monitoring for critical applications such as construction control
and safety monitoring. The costs for an inplace system are greater
because the sensors are dedicated to a particularinstallation.

A spiral sensor provides readings that can be used to correct
inclinometer data obtained from spiraled casing. Spiral surveys are
recommended when the installation is very deep, when inclinometer
readings indicate movement in unlikely directions, or when difficulties
were experienced during installation.

A portable readout or a data logger, used to record the surveys. The
portabie readout is used with the portable probe. Advance readouts store
readings in solid-state memory, eliminating pencil, paper, and
transcription errors, and transfer the data to a computer for processing.

A data logger is used with in-place sensors. It monitors continuously and
can frigger an alarm when it detects a change or rate of change that
exceeds a preset value.

Computer software for data reduction and graphing Inclinometers
generate more data than do other types of sensors. A single survey may
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generate several hundred data points. Over time, tens of thousands of
data points are manipulated, reduced, graphed, and archived. Slope
tndicator's DigiPro software for Windows 95/98/NT and above is
designed to speed this process. You can download a trial version of the
program.

In-place inclinometer systems connected to data loggers generate even
more data. With such systems, nearreal time processing is usually a
requirement. Slope Indicator can provide customized software, such as
Multimon, that shows location, reading, alarm status, and trend plots.

Total Pressure Cells
Applications

Total pressure cells measure the combined pressure
of effective stress and pore-water pressure. In
general, pressure cells are used fo verify design
assumptions and to warn of soil pressures in excess
of those a structure is designed to withstand. Typical
applications include:

« Determining the distribution, magnitude, and
directions of total stresses in an embankment
or in the clay core of a dam.

« Confirm that tailings material is densifying at design rate.
» Estimate overburden pressure acting on foundation.

« Measure contact pressures in abutments and foundations.
« Measure stress fields in shotcrete.

Types of Pressure Cells

Total Pressure Cell-
This general purpose cell has a thickness to diameter ratioc of 1:20 which helps
minimize inclusion effects. A pneumatic version of the cell is also available.
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Jackout Pressure Cell

This cell is designed for installation in castin-place structures, such as
diaphragm walls. lts name is derived from the use of a hydraulic jack that is
activated to keep the cell in contact with the soil during concreting.

VW Pressure Cells for Tunnels
These cells are designed to monitor radial and tangential stress in tunnel linings.
They are installed prior to shotcreting and pressurized after the shotcrete cures.

VW Stress Station
The stress station is designed for boreholes in soil or soft rock. Stress stations
are available with pressure cells oriented in one, two, or three axes.

Settlement Cells

Applications

Settlement cells are used to monitor settlement and
heave in soils. Typical applications include:

« Monitoring settlement or heave in
embankments and embankment foundations.

« Monitoring subsidence due to tunneling and
mining.

« Monitoring consolidation under storage tanks.

« Monitoring settlement due to dewatering or
preloading.

« Monitoring settlement in marine fills.

Operation

A settlement cell consists of a liquid reservair,
liquid-filled tubing, and the settlement cell,
which contains a pressure transduwer. One
end of the tubing is connected to the
settlement cell, which is embedded in fill or
installed in a borehole. The other end of the
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tubing is connected to the reservoir, which is located away from the construction
area.

The transducer measures the pressure created by the column of liquid in the
tubing. As the transducer settles with the surrounding ground, the height of the
column is increased and the settlement cell measures higher pressure.
Settlement is calculated by converting the change in presure to millimeters or
inches of liquid head.

Settlement cells are available with vibrating wire or pneumatic pressure
transducers. The vibrating wire version is easier to read, can be automated, and
provides a wider range. The pneumatic version is less expensive.

Advantages

The reservoir and readout station can be located away from the construction
area. The cell and tubing are buried and do not interfere with construction
activities.

The vibrating wire version can be automated.
Limitations

The system must be corrected for changes in temperature and barometric
pressure. Careful installation can minimize these effects.

Borehole Extensometers
Applications

Borehole extensometers are used to measure
movements of soil and rock along the the axis of a
borehole. A wide range of extensometers is
available, each designed for a particular applicationf
In general, typical applications include: :

« Monitoring settlement or heave in
excavations, foundations, dams, and
embankments.
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« Monitoring subsidence above mines,tunnels, and other underground
openings.

» Monitoring convergence in tunnel walls and other underground openings.
« Monitoring movements in rock slides, walls, and abutments.
« Monitoring consolidation of soil under embankments and surcharges.
« Monitoring compression of pile and soil under pile.
Types of Extensometers

Borros Anchor Settlement Point ;

The settiement point is used to monitor settlement of soil under an embankment.
It consists of an anchor and and two concentric riser pipes that are extended up
through the embankment. Measurements are made with a graduated tape and
optical survey.

Advantages: Simple to install and inexpensive.

Limitations: Provides only measure of total settiement; requires aman on site;
extensions to pipe must be recorded carefully; top of pipe must be surveyed;
anchor works best in soft clays, vertical installation only.

Increx Mobile Extensometer

The Increx mobile extensometer is used in rock or stiff soils for high-resolution
measurements of deformation along the axis of the borehole. it consists of a
number of brass rings that are positioned at onemeter intervals along
inclinometer casing, and a probe and readout that are used to measure the
distance between rings.

"~ Advantages: Provides high-resolution measurements at one meter intervals,
can be operated in any orientation, supplements inclinometer measurements.

Limitations: Requires a skilled man on site; cannot be monitored remotely.

Magnet Extensometer

The magnet extensometer consists of a series of magnets that are instalied with
an access pipe. The magnets are anchored at specified depths. Measurements
are taken by lowering a probe through the access pipe to detect the depth of the
magnets.
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Advantages: Can monitor large settlements; works with inclinometer casing
and can supplement inclinometer data, relatively easy to operate, indicates
incremental settlements.

Limitations: Requires a skilled man on site; not easily automated, difficult to
install more than 15 or 20 magnets, vertical installation only.

Settiement Hook

The Settlement hook is used to montor settlement in telescoping inclinometer
casing. Measurements are taken by lowering the hook device through the
casing. The hook is catches on the telescoping joints and a depth reading is
obtained from a steel tape.

Advantages: Works with inclinometer casing, nothing extra to install. The
USBR-type settiement hook is easy to use and delivers reliable readings.

Limitations: Works only with telescoping casing. The inexpensive settiement
hook requires a skilled operator.

Sondex

The Sondex system consists of a series of rings attached to a flexible
corrugated pipe. Measurements are lowering a probe through an inner access
pipe to detect the position of the rings.

Advantages: Can monitor large settlements; works with inclinometer casing
and can supplement inclinometer data, indicates incremental settlements, no
limitation on number of measured rings. -

Limitations: Requires a skilled man on site; cannot be automated, vertical
installation only.

Rod Extensometer

The rod extensometer consists of anchors set at specified depths, rods inside
protective tubing, and a reference head. Measurements are taken at the ’
reference head by micrometer or by an eiectricsensor.

Advantages: Can be automated, can be read remotely, works in any
orientation.

Limitations: Limited measurement range (50 to 100 mm).
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Soil Strainmeter

Ap}:;lications

Typical applications include:

« Monitoring horizontal strain in
embankment dams.

» Monitoring tension cracks in earth = )
—— Singe-Gencor Hauging
structures.

prE

Operation

The soil strainmeter employs a potentiometer and a rod mounted between two
anchors to monitor horizontal movements of the surrounding soil. These
components are linked together so that movement of ore anchor relative to the
other causes a change in the output of the potentiometer. The initial reading of
the strainmeter is used as a datum. Subsequent readings are compared to the
datum to calculate the magnitude, rate, and acceleration of movement.

Strainmeters are usually installed in series along the axis of anticipated
deformation. Strainmeters may also be arranged in arrays or in groups with
different alignments. A gauge length of 3 to 6 meters is typical, but will vary
according to the expected magnitude of movement and the type of structure
being monitored.

The strainmeter is available in two versions. The doublesensor version is
equipped with two potentiometers mounted backto-back to provide cable
savings. The single-sensor version is used with odd number series or when only
one gauge length is required. ‘

Advantages

Easy Installation: The strainmeter is designed for easy assembly, easy
extension of gauge lengths, and easy adjustment.

Reduced Cable Costs: The double-sensor version provides cable economies
since a single length of cable can serve two sensors and two gauge iengths.

Manual or Automatic Readout: Strainmeters can be read manually with a

portable indicator or can be connected to a data logger for unattended readings.
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Jointmeters

Introduction | VW Jointmeter for Mass Concrete | VW Crackmeter | VW 1-D and 3-D Submersible Jointmeter

Applications

Jointmeters are used to monitor movement at
joints and cracks in concrete and rock.

» Monitoring joints for unexpected
movement to provide early warning of
performance problems

« Monitor joints and cracks in structures
that may be affected by nearby
construction activities.

« Monitor cracks in structures that have
experienced seismic activity.

Types of Jointmeters

VW Jointmeter for Mass Concrete
The mass-concrete jointmeter is used to monitor movement at joints in
mass-concrete structures such as abutments, foundations, and dams.

VW Crackmeter
The VW crackmeter is used to monitor movement at joints and cracks in

concrete structures or rock.

VW 1-D and 3-D Submersible Jointmeter
The submersible jointmeter is used to monitor movement at joints and cracks
and is designed to withstand harsh environments and extended submersion.

Water Level Indicators

Applications

The water level indicator is used to measure water levels in standpipes and
wells.

Operation
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The water level indicator consists of a probe, a
graduated cable or tape, and a cable reel with
built-in electronics. The probe is lowered down
the standpipe until a light and buzzer indicate
contact with water. Depth-to-water measurement
is read from cable or tape.

WLI with Cable

1/100' cable markings on polyurethane
cable jacket provide convenience and accuracy.

_ Small diameter, round cable minimizes friction on casing walls.

3/8" probe fits small diameter pipes. When not in use, probe clips to
cable reel.

Bright LED and piezo-electric beeper signal contact with water.

Low power circuits provide long battery life. Indicator shuts off power
automatically after 10 minutes.

Durable reel features 1/8" aluminum walls and bronze bearings. Compact
six-inch reel has a handle. Larger reels have stand.

WLI with Tape

Easy-to-read tape is available with either 1/100' or 1 mm graduations.
Tefzel tape jacket is impervious to contaminants.

5/8" stainless steel probe fits easily in standard 2inch monitoring wells.
When not in use, probe is secured in builtin holder.

Sensitivity adjustment provides consistent results and eliminates faise
triggering in different well and water conditions.

Low power circuits provide long battery life. Indicator uses power only
when probe is in contact with water. A battery £st button is provided.

Heavy-duty reel is constructed of 1/8" aluminum plate for years of hard
use. Nine and eleverrinch reels are available. Both are mounted on
stands.
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