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ABSTRACT . I o

PEAT IS WELL KNOWN FOR THE ENGINEERING PROBLEMS 4T POSES ESPECIALLY
IN THE FIELD OF SETTLEMENT ANALYSIS., THIS IS MAINLY BECAUSE THE
PROCESS AND THEREFORE THE FACTORS AFFECTING SECONDARY SETTLEMENT

" ARE AS YET LITTLE UNDERSTOOD.

:

A PRELIMINARY LABORATORY INVESTIGATION WAS CARRIED OUT TO EXAMINE
THE RELATIONSHIP BETWEEN SETTLEMENT AND LOAD FOR FIBROUS PEAT ‘USING
DIFFERENT LOAD INCREMENT RATIOS. AND LOAD DURATIONS. THREE LOAD INCREMENT

RAT10S WERE USED ( 3.03 1.05 0.33 ) AND Two OURATIONS OF LOAD ( 15 Mins
. N ~ . .) R . .

AND 24 HOURS ). -

THE TESTS WERE PERFORMED IN A CONSQLIDATION APPARATUS USING FIXED
RINGS 2.50: INS INSIDE DI AMETER AND 0.750 INS IN HEIGHT. UNDISTURBED
SPECIMENS WERE CUT FROM ONE HORIZONTAL LAYER OF A LUMP SAMPLE OF FIBROUS

)

PEAT HAVING A WATER CONTENT OF 1100%

.Wnrn}y THE LINITS OF»T&!S PRéLlMaNARY INVESTIGATION THE MAIN
jCONCLUSIONS.WERgvi- )
(1) ALL LOAD INCREMENT RATIOS AND LOAD DURATIONS GAVE VERY SIMILAR
| SETTLEMENT = LOG P OR E-LOG P GURVES PROVIDING SETTLEMEET-VA§
"Maasunéo.ar‘jnz 100% PRIMARY CONSOLIDATION POINT.
(2) THe RraTE os,éegouoaéy s;fTLEMENT WAS |~oafe§oeur OF LOAD |NGREMENT
RATJO'AQo'hoao DURATION EXCEPT FOR THE TYPE || CURVE WHICH
APPEARED TO BE AFFECTED 8Y THE DURATION OF THE PREVIOUS LOAD

INCREMENT. -



‘4(3) ONLY ONE TEST (#2y L.l.R. 0;33» L.D. 24 nougs) GAVE A TYPe |1
SETTLEMENT-LOG TIME CURVE. CURVE TYPE APPEARED TO' DEPEND ON BOTH . .
.LOAD INCREMENT éATlOAAﬁD}LOAD DURATION OR RA(E OF LOADINGS ‘Tn{s_"
TEST ALSO TOOK ABOUT 10 TIMES AS'LONG TO REAcﬁ THE 100% PRIMARY
CONSOLIDATION POINT. |

' (4) ' The uvPérRasus OF a UNIQUé SETTLEMENT-LOG P CURVE AT 100% PRIMARY
CONSOLIDATION FOR THE LOAD cvéLE REGARDLESS OF PREVIOUS LOADING
HISTORY APPEARED TO OFFER A APLAUSIBLE GENERAL INTERPRETATION

OF THE RESULTS OF THE TEST SERIES.

!
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1.0 INTRODUCT ION

-

1.1 ' GENERAL

PEAT 1S WELL KNOWN FOR THE ENGINEERING PROBLEMS IT POSES ESPECIALLY
IN THE FIELD OF SéTTLEMENT“ANALYSIS. WHILé.MﬁCH EMPIRICAL INFORMATION
HAS BEEN ACCUMULATED) THE;ﬁREDICTION OF SETTLEMENT, PARTICULARL+ THE RATE
OF SETTLEMENfQ l‘S STILL UNC;RTAIN.- THIS 1S MAINLY BECAUSE THE PROCESS
OF . SECONDARY SéTTLEMéNT, NHIéH FREQUENTLY ACCOUNTS FOR A LlAR'GE PROPORTIQN
OF THE TOTAL SETTLEMENT, IS LITTLé QuoERSTooo. ALfaOucu PEAT CONSI'STS .
'LARGELY OR WHOLLY QF;THE'PARTLY DECOMPOSED REMAINS OF PLANTS‘AND MOSSES)
NEVERTHELESS ITV60€S_APPEAR‘T0 BE SUSCEPTIBLE TO S£TTLE&ENT ANALYSIS

BASED ON STANDARD ONE DIMENSIONAL CONSOL I DATION TESTS OF REPRESENTA_TIIVE

t

SAMPLES.

IN CLAY CONSOLIDATION Tﬁz CLASSICAL TERZAGHI nvbnooYNAmlc-TuaoaY'
ncNéRgs THE SECONDARY EFFECT‘AND IN bahcrlcé IT MAY OFTEN BE NEGLECTED
WITHOUT SERIOUS ERROR. HOWEV;R.WIIH SOME CLAYS,~MOST HIGHLY ORGANIC SOILS)

"AND PEAT), THE ssconoﬂgv SETTLEMENT CANNOT BE lGNbRED EITHER IN THEORETICAL
INTERPRETATION OR IN PRACT I CAL EIELD PROBLEMS. THE CURRENT POSITION IS
WELL SUMMARiiED.IN n STupY OF DEEP SoﬂL STABILIZATION BY VERTICAL SANb

" DRAINS" BY MORAN, PROCTOR, MUESER AND RUTLEDGE (3).

HOWEVERs NO -COMPREHENSIVE INVESTIGATION OF THE PEAT CONSOLIDATION
TESTy ON THE LINES OF TAYLOR'S " RESEARCH ON CONSOLIDATION OF CLAYS" (2),
HAS BEEN REPORTED IN THE LITERATURE. OF MAJOR IMPORTANGE IN THIS RESPECT

'I'S THE CORRELATION BETWEEN SETTLEMENTS AND RATES OF SETTLEMENT OBTAINED IN



THE LABORATORY USING THE STANDARD LOAD INCREMENT RATIO OF 1.0 AND THE
NORMAL LOAD DURATION OF 24 HOURS WITH THOSE OBTAINED IN:THE FIELD WITH
DIFFERENT LOAD INCREMENT RATIOSy LOAD DURATIONS AND TIMES TO REACH 100%

PRIMARY CONSOLIDATION.

THIS INVESTIGATION REPRESENTS A LABORATORY INVESTIGATION INTO SOME

ASPECTS OF THE SETTLEMENT bHARACTERISTICS OF PEAT.

1.2 PURPOSE

THE PURPOSE OF THIS INVESTIGATI ON WAS TO EXAMINE THE RELATIONSHIP
BETWEEN SETTLEMENT AND LOAD FOR FIBROUS PEAT IN A‘STANbARD couéoLnbArnbu
APPARATUS. USING DIFFERﬁNT.LOAb lNQREMENf RATIOS AND LOAD DURATIONS. T
WAS ALso:;Njenoao TO OBTAIN SOME luolcnfaou AS TO HOW TQESE FAdToné

AFFECTED . SECONDARY SETTLEMENT IN THIS MATERIAL.

1.3 PROGRAM o o ' -

1
THE ORIGINAL PROGRAM WAS TO USE THREE LOAD INCREMENT RATIOS
leEe 0.33; 1.0; 3.0y 'AND TO RUN TWO CONSOLIDATION TESTS AT EACH RATIO =

ONE USING THE STANDARD 24 HOUR LOAD DURATION AND ONE USING A 15 MINUTE

"',LOAD DURATION. THE INTENT IN THESE RAPID TESTS WAS TO RELOAD AS SOON

AS PRIMARY SETTLEMENT WAS COMPLETEDs WHICH WAS KNOWN TO BE q& THE ORDER
ZOF 15 MinuTES. THIS PROVED U;SATiSFACTORY FOR THE L.l.R. OF 350 AND A
FURTHER RAPID TEST WAS RUN WITH A 25 MINUTE LOAD DURATION. |IT WAS ALSO
FOUND POSSIBLéATQ Pehéohn A co&soLnbAT|ON TasT ON THIS MATERIAL Wi THOUT
A CONSOLIDATION RING,‘ THIS WAS DONE PRIMARILY AS‘A cnscx*omlrue POSSIBLE‘.x

EFFECTS OF SIDE FRICTION. A FINAL SHORT TEST WAS RUN USING VARYING

L.l.Rs AND LOAD DURATIONS DURING THE SAME TEST IN ORDER TO INVESTIGATE



WHAT EFFECT THIS WOULD HAVE., . A TOTAL OF NINE CONSOLIDATION TESTS WERE

RUN.

IALL SAMPLES WERE CuT FROM A SINGLE HORIZONTAL LAYER IN A 8LOCK OF

UNDISTURBED NATURAL FIBROUS PEAT.

AS FAR AS POSSIBLE ALL OfHER EXPERIMENTAL CONDITIONS WERE KEPT CONSTANT.

.

TEST NO. o L.O"AD INbéEMENT RATIO LOAD DURATION_(NOMINAL )
#2 _ N 0-33' ' . 24 HOuRS | |
5 #4 : 0.33% - | 15 MluﬁTes
#o B f,. ‘. 1.0 | é4 HOURS
#5 | . - : -- 1-0 , = 15 MINUTES
#6 / | - - . | V~-3.0 ‘ | 24 HOURS

' #3A  '1 o = 3.0 15 MluuT€$

.. #38 | lA .- 3.0 : 25 MINUTES

#8 o S0 1.0 12 MINUTES
#1 : , v 1.0 10.5.0' 20 Mins. TO 24.uns.'

1.4 - DEFINITIONS

" COMPRESSION OF PEAT UNDER AN APPLIED LOAD CAN BE DIVIDED INTO THREE

N

PARTSy DEFINED AS FOLLOWS
2 ’ : -
INITIAL SETTLEMENT = SETTLEMENT DUE TO THE COMPRESSION OF GAS BUBBLES

IN THE MATERIAL ( THIS WOULD OCCUR ALMOST
INSTANTANEOUSLY)
PRIMARY SETTLEMENT. = ' HYDRODYNAMIC SETTLEMENT OCCURRING UNDER CONDITIONS
- OF SIGNIFICANT EXCESS PORE WATER PRESSURE ( THIS

1S THE SETTLEMENT PROCESS ANALYSED BY THE

TERZAGHI CONSOLIDATION THEORY)



}

SECONQARY‘SETTLEEENT -~ REMAINING SETTLEMENT OCCURRING WITHOUT
e ‘ '.A sycul#acuur EXCESS PORE WATER PRESSURE
,'(TYPrCALLY THIS SETTLEMENT lé'TuE STRAIGHT
, LINE PORTION OF THE SETTLEMENT-LOG‘TlME
GRAPH COMING AFTER COMPLETION OF THE annARY.

SETTLEMENT).
THE RATE OF PRIMARY SETTLEMENT IS GOVERNED BY THE RATE AT WHICH WATER
1S EXPELLED UNDER PRES.SURE. FROM THE VOI-DS IN THE MATERI AL AND IS

THEQRETICALLY DEPENDENT ON THE AVERAGE PERMEAQIL!TY AND COMPRESSIBILITY

OF THE SOIL STRUCTURE AS VELL AS THE SQUARE OF THE ORAINAGE PATH

' k (1+e) . : | T,
1+Ee ' Cv = AND CV = ._ H
) ©ay : 1

THE RATE OF SEFONBARY.SETTLEMENT IS GOVERNED BY THE. INTRINSIC
RESISTANCE OF THE MATERIAL TO osﬁoéMATlon. IT-IS APPARENTLY
INDEPENDENT OF THE CQEFFICIENTS 0F PERMEABILITY (K) aND CONSOLIDAT}ONV
(Cy) BUT THE FACTORS AFFECTING THIS RATE ARE STILL BEING invssrchréo._'

COEFFICIENT OF SECONDARY SETTLEMENT

c.
S
INCREMENT OF SETTLEMENT PER LOG CYCLE OF TIME

INITIAL HEIGHT OF THE SAMPLE

SEE SECTION 4 - 5 ]

: ) o : INCREMENT OF LOAD

L.1.R. = LOAD INCREMENT RATIO = . =~jt£
K PREVIOUS TOTAL LOAD P

(L

LOAD DURATION 1.E. PERIOD FOR WHICH LOAD IS KEPT

[

L.D.
‘UNCHANGED AT A GIiVEN VALUE

OTHER NOMENCLATURE USED FOLLOWS STANDARD PRACTICE IN RECENT SOIL

' MECHANICS LITERATURE.
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+ 2.0  EXPERIMENTAL WORK

2.1  ApPARrRATUS

See Puate I SECTION OF CONSOLIDOMETER
PLATE II  PHOTOGRAPHS OF EQUIPMENT
ALL TESTS WERE CARRIED OUT ON A STANDARD TWO-SIDED CONSOLIDATION
"FRAME. LOAD WAS APPLIED BY WEIGHTS ACTING THROUGH A LEVER SYSTEM (Levsn
" ARM RATIO 7.5 710 1). THE SYSTEM WAS BALANCED Wi TH COUNTERWEIGHTS AND THE

LEVER ARM COULD BE LEVELLED AND ADJUSTED BY MEANS OF TURNBUCKLES. T

TWO IDENTICAL FIXED RING CONSOLIDOMETERS WERE USED. EACH ONE
CONSISTED OF A STAINLESS STEEL CONSOLIDATION RING BETWEEN TOP AND BOTTOM
POROUS PLASTIC PLATES AND WAS CONTAINED WITHIN A LUCITE DISH AND COVER.
MOISTURE LOSS FROM THE SAMPLE WAS PREVENTED BY A WATER SEAL BETWEEN THE
OISH AND THE COVER. A SMALL ADJUSTABLE VENT ENSURED NO AIR PRESSURE
BUILD-UP INSIDE THE COVER ESPECIALLY DURING RAPID CONSOLIDATION. BoTH
TOP AND BOTTOM POROUS PLASTIC PLATES WERE MADE OF LUCITE HEAVILY

DRILLED AND GROOVED AND FACED WITH FIBREGLASS SCREENING. ATTAC&ED

" INSIDE THE TOP COVER WAS A NYLON SPACER BLOCK.

THE STAINLESS STEEL CONSOLIDATION RINGS WERE 2.50 iNS |.D. AND

" 0.750 ins melGHT ( RATIO 1.0. = 333 .t AREA = 31.60 sq.cMS). THEY
: H -
WERE LIGHTLY COATED BEFORE EACH TEST WITH A RING LUBRICANT COMPOSED OF

LusRIPLATE No.1 MIXED WITH MOLYKOTE TYPE Z ( CHIEF INGREDIENT MOLYBOENUM

"

DISULPHIDE = NO GRAPHITE).

1

"CHANGES IN SAMPLE THICKNESS WERE MEASURED WITH AN AMES O{ AL GAGE '
v B B :l . : .

exTensoMETER ( 1" TRAVEL ) READING TO 0.001 ins.
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" DUrRING THE FIRST-HOUR”OR SO READINGS WERE TIMED BY STOPWATCH. FOR

SUBSEQUENT READINGS THE LABORATORY CLOCK WAS USED.

TQE TESTS WERE PERFORMED IN A BASEMENT ROOM WITH NOvTEMPERATURE
CONTROL. HOWEVER -THE TEMPERATURE VARIATION OVER A 24 HOUR PERIOD WAS
FOUND TO BE SMALL. - Tu; AVERAGE'V‘RIATION WAS ABOUT 3° F AND THE LARGEST’
Réconoso VARIATION 8°F, TEMPERATJRE; WERE ézcoaoso ON A MAleuM-
M:Niﬁum THERMOMETER GENERALLY gasér EVERY 24 HOURS THROUGHOUT THE fzsr

SERIES.

STANDARD SOILS LABORATORY EQUIPMENT WAS USED FOR HEIGQINGS, WATER

CONTENT DETERMINAT1ONS AND CLASSIFICATION TESTS.

1

~

2.2 SAMPLE PREPARATI ON

FOR THIS TEST SERIESAA;L SAMPLES WERE CUT.FROM THE To} 2" oF an
UNDISTURBED BLOCK OF PEAT MEASURING 124 x'10" x 4. .To JINIMIZE ;ﬁ;'
ﬁATERlAL CHANGE DUE TO BACTERIAL AND cHEMICAL ACTION AND LOSS OF WATER)
THE aLocK WAS SPRINKLED WITH A 50%‘SOLUT;ON éF CARBOLIC ACIDy COVERED ..

- WITH PLIOFILM AND KEPT SUBMERGED IN A -PLASTIC DISH IN'THE HUMID ROOM, -

ALL SAMPLE PREPARATION WAS DONE IN THE HUMID ROOM.

THE SAMPLES WERE CAREFULLY CUT FROM THE BLOCK AND TRIMMED IN A CLAMP=’
TYPE SOIL LATHE. TRIMMING WAS DONE WITH A SCALPEL) ANY MINOR ROOTS BEING
CUT WITH SCISSORS. ROOTS LARGER THAN ABOUT 1/8" DIAMETER WERE AVO!DED.

' WATER CONTENTS WERE DETERMINED ON THE ‘CUTTINGS.

In ORDE?fTO OBTAIN SIMILAR MATERIALy THE SAMPLES UERE.TAKE“ AS NEARLY

AS POSSIBLE FROM THE SAME HORIZONTAL LAYER IN THE PEAT.



SPECIFIC GRAVITY AND ASH CONTENT DETERMINATIONS WERE MADE ON

REPRESENTATIVE PIECES AND CUTTINGS ADJACENT TO THE CONSOLIDATION SAMPLES.

' TWO PROCEDURES WERE ADOPTED TO REDUCE SIDE FRICTIONS
(a) THE PEAT WAS CUT TO AN EASY SLIP FIT IN THE RING
(8) THE INSIDE OF THE RING WAS LIGHTLY COATED WITH RING LUBRICANT.

AFTER THE SAMPLE HAD BEEN CUT AND TRIMMED INTO THE RING IT WAS

¢

BRIEFLY REMOVEDy THE RING LIGHTLY GREASED AND THE SAMPLE THEN REPLACED

FOR FINAL TRIMMING., THE CONSOLIDOMETER DISH WAS FILLED TO THE BASE OF
THE RING WITH PEAT JUICE) CARE BEING TAKEN NOT TO TRAPH AIR BUBBLES IN
THE BOTTOM POROUS PLASTIC PLATE.. A DROP OF CARBOLIC WAS ADDED TO INHIQIT

BACTERIA ANDAFUNGUS GROWTH DURING THE LONG TERM TESTS. |

H

2.3  PROCEDURE

(1) A SAMPLE WAS CUT FROM THE BLOCKp‘TRIMMEA INTO A CONSOLI DATI ON
RING AND ASSEMBLED IN THE CONSOLIDOMETER AS PREVIOUSLY osécqoeeo.
ONE WATER conrewr.was TAKEN FROM SAMPLE CUTTINGS. |
(2) THe assemsLeo CONSOLIDOM;TER-WAS PLACED IN THE CONSOLIDATION
FRAME. THE DIAL GAGE PLUNGER WAS SET ON Toé OF THE LOAD BAR
DIRECTLY OVER THE CENTRE OF THE CONSOLIDOMETER AND THE MACHINE
COUNTERWE | GHT WAS ADJUSTED TO BALANCE THE FORCE OF THE SPRING
LOADED PLUNGER. THE ONLY INITIAL LOAD ON THE SAMPLE AT THIS
PO:&T WAS THE WEIGHT OF THE POROUS PLASTIC PLATE AND THE PLASTIC
COVER (-APPROXIMATELY 200 GMs ). THE LEVER ARM ON Tﬁg

CONSOL I DATION FRAME WAS ADJUSTED AND LEVELLED, PERIODICALLY



_DURING THE TEST) JUST BEFORE APPLYING A NEW LOAD INCREMENT),
THE LEVER ARM WAS RE-LEVELLED;

(3) THE SAMPLE WAS THEN LOADED BY MEANS OF WEIGHTS ON Tu;veno‘o# ¥HEl
stak ARM chonoluclro THE PARTICULAR TEST SCHEDULE. Foa‘skéu
LOADING DIAL GAGE READINGS wERE'TAKENo GENERALLY AT STANDARD
TIME INTERVALS OF. 6 SEcsy 15 secsy 30 Secsy 1 MiINy 2 MINS,

4 MiINS, B MINS, 15 Ele,‘BO MINSy 1 HRy 2 HRS, éTc; BUT OFTEN
SUPPLEMENTED aY'AooirnouAL'Ragolngs ESPECIALLY DURING THE
RAPID TESTS.

(4) A MA;:MUM-M:NiMUM fﬁERMOMETER WAS4R&AD AND.RESET}GENERALLY EVERY
24 HOURS. ADDITIONAL READINGS WERE FREQUENTLY TAKEN AT GRITICAL
PERIODS AND DURING THE ONE DAY RAPID TESTS;

(5) AFTER THE FINAL LOAD QAs REAcAEo THE SAMPLES WERE UNLOADED IN
STAGES'USINclg PROCEDURE SIMILAR TO THE LOADING CYCLE NOTED ABOVE.

(6) AFTER & LOAD-OFF.PER;OO OF APPROXIMATELY 1 HOURy THE SAMPLE IN
I TS CONSOLIDATION RlNG.WAs'Rsmovao, THE FREE WATER DRIED. OFF

, ANb.wEIGHED.. THE SAMPLE WAS THEN TAKEN FROM THE RING) hEAsuagb.
WEIGHED AND THEN CAREFULLY BROKEN.IN}THQ TO CHECK FOR ANY LARGE
ROOTS) ETC, BEFORE'BEIQG PLACED IN THE DRYING OVEN. THE SAMPLE
WAS RE-WEIGHED AFTER OVEN DRYING FOR AT LEAST 24 HOURS AT 1OS°C.
FINAL MEASUREMENTS WERE TAKEN OF THE bRY.SAﬂPLE AND . THE AMOUNT:

OF WARPING AND SHRINKAGE WAS NOTED.

(7) DIAL READINGS WERE PLOTTED ON SETTLEMENT-LOG TIME AND SETTLEMENT=-

LOG APPLIED PRESSURE GRAPHS AS BASIC DATA FOR FURTHER,COMPUTATION,
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2.4 MATERIAL DESCRIPTION AND CLASSIFICATION TESTS

[
~

THe MATERIAL USED IN'THIS SERIES OF TESTS WAS A FIBROUS PEAT OBTAINED
AT 2 FT DEPTH FROM A TEST;PIT ON LuLu ISLANDy VANCOUVER, BRngsu CoLumsia,
Seaéouag GRound WATER LEVEL VARIED FROM NEAR SURFACE TO ABOUT 4 FT B;LON
GROUND LEVEL AT THE SITE. THE ONLY ENGINEERING INDEX TESTS COMMONLY USED
FOR PEAT ARE WATER cONTENf AND ASH CONTENT ALTHOUGH SPECIFIC cRanTY Anﬁ
' BULK DENSITY ARE somsrnnss'dérnlhso. WATER CONTENT VALUES TEND TO BE
VARIABLE FOR FIBROUS PEAT. THE FOLLOWING SECTION GIVES THE RESULTS §F

-

CLASSIFICATIONSy PHYSICAL TESTS AND CHEMICAL TESTS PERFORMED ON MATERI AL

"FROM THE ACTUAL PEAT LAYER USED IN TﬁE TEST SERIES.

1. CLASSIFICATION

(a) Dsscniprlouzn BROWN, FINE, FIBROUS PEAT; OCCASIONAL TWIGS OR ROOTS
| . APPROXIMATELY 4" OIAMETER, NOTICEABLE HORIZONTAL
' LAYeR|Nc’oR LAMINATION ( NOT SEDIMENTARY )y FAINT
ODOUR HpS, VERY COMPRESSIBLE) CONSIDERABLE TENSILE

 STRENGTH IN HORIZONTAL DIRECT(ON.

"(a)' UnIFIED Soit CLAssnF}eATaON: PT

(c) RADFORTH CLASSIFICATIONS

(o) Van DER PosT CLASSlEscATION: 1102 ( Squeeze TesT)

(e) BOTANICAL CLASSIFICATION

2. PHysicaL TesTs
(a) NaTurRAL WATER CONTENT: ' RANGE 1000% To 1260% - Averace 1110%
(8) SpeciFic GRAVITY: USING PEAT OVEN DRIED BEFORE DETERMINATION. = 1.51

(c) AsH CONTENT .



(o)

(e)

3.

(a)
(s)
(e)

BuLk DensiITY!

CALCULATED GAS CONTENTS FROM CONSOLIDATION TESTS
AVERAGE 6% BY VOLUME ( USING S.G. 1.5) -
. i
CALCULATED VOID RATIO 3 FROM CONSOLIDATION TESTS ,
: RaNGE 16.0 10 18,6 AVERAGE 17.3
( using S.G. 1.5)

CHEMiICAL TESTS

pH

H AVERAGE VALUE FOR PORE WATER
CONDUCTIVITY: AVERAGE VALUE FOR PORE WATER

CATION EXCHANGE CAPACITY:S ' o .

NOTES ON TESTS

FOR ALL TESTS WHERE IT WAS REQUIRED THE WEIGHT -OF DRY SOLIDS WAS
DETERMINED AFTER OVEN DRYING AT 100 - 105°C FOR AT LEAST 24 HOURS.
CHemicaL TesTs (A) ano (B) WERE CARRIED OUT USING STANDARD EQUIPMENT

IN THE U.B.C: SOtL SCIENCE LABORATORY.
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2.5 PRECAUTIONS

SINCE THIS TEST SERIES WAS OF AN EXPERIMENTAL NATURE) PROCEDURES WERE
_DEVISED AND PRECAUTIONS TAKEN TO ELIMINATE OR REDUCE THE sNFyueﬁce OF as
MAQY UNKNOWN FACTORS AS POSSIBLE. THUS SOME”PREC;UTIONS MIGHT‘BE IN FACT
"UNNECESSARY AND oTnERsQWOULE NOT NORMAL;Y BE FOLLOWED IN ROUTINE |

CONSOLIDATIQN TESTS,.

OF PRIMARY CONCERN WHEN RUNNING.COMPARATIVE TESTS ON UNDISTURBED SdlL,

WHETHER MINERAL OR ORGANIC IN COMPOSITIONy 1S THE SECURING OF IDENTiCAL.

INITIAL CONDITIONS FOR EACH TEST. THE NATURE OF THE FIBROUS PEAT USED

. IN THIS SERIES WAS SUCH THAT ALTHOUGH NOT EASILY " D)STURBED!Y OR REMOLDED,

IT DID HAVE A PRONOUNCED LAYERING OR LAMINATION. DUE TO ITS HIGH WATER
conTENT ( APPROXIMATELY 1100% ) AND HiGH ORGANIC CONTENT ( ONLY 5% ASH )

IT WAS ALSO SUSCEPTIBLE TO LOSS OF MOISTURE AND TO BACTERIAL DECOMPOSITION.

THE BLOCK OF PEAT USED FOR THIS TEST SERIES WAS OBTAINED FROM A TEST
PIT AT A DEPTH OF ABOUT 2 FT. |T WAS PLAcso iu A PLASTIC DISH, sénluxgso
WITH.CARBOL]C; cov;nso.wlru PLIOFILM AND KEPT IN THE HUMID ROOM) BEFORE
.AND DURING THE TEST SERIES. AppgoxnmaraLv ONE MONTH ELAPSED BETWEEN
SAMPLING AND Tesraﬁc. PRECAUTIONS TAKEN DURING SAMPLE #RgPARATION ARE
NOTED IN SECTION 2.2. FOLLOWING THE PRACTICE RECOMMENDED BY DR.'Rouss,
Dspnkrusn% OF BOTANY, U.B.C.iAA 50% soLuTioN oF PHENOL ( CARaOLq¢ Acip)

WAS USED TO INHIBIT éACTERlAL.kCTION IN THE PEAT.
' )

SINCE THE PEAT WAS VERY CORROSIVE ( pH. apprOX. 4.0 ), THE ONLY METAL
USED WAS THE STAINLESS. STEEL CONSOLIDATION RING. ALL OTHER PARTS OF THE

CONSOLIDATION APPARATUS WERE PLASTIC ( LUCITEy NYLON AND FlBREGLASS) T0

i
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AVOID BOTH CORROSION AND CHEMICAL CONTAMINATION.

THE HIGH WATER CONTENT AND HIGH PgéMEAleaTY OF THE PEAT TOGETHER
WITH THE HlGH‘LbAD'INCRENENT RaTI0S ( 3.0 ) OF SOME OF THE TESTS REQUIRED
TOP ;No éOTTOM>POROU$ STONES OR PLATES OF THE HIGHEST POSSIBLE PERMEABILITY .
CONSISTENT WITH THE RETENTION OF FINE MATERIAL IN TMHE SAMPLE. DRILLED
_éLASTlc PLATED WERE ADOPTED IN THIS CASE FOR THE FOLLOWING REASONSS
(1) HigH PERMEASILITY AND ABlL{TY TO HANDLE LARGE VOLUMES OF PORE WATER

~(2) MINIMUM CONTAMINATION PLUS EASY CLEANIN& . |
. (3) Licut QE:GHT COMBINED WITH ADEQUATE RIGIDITY.

VERY OPEN POROUS STONES COULD HAVE BEEN USED ALTHOUGH I|TEM (2) asove
FAVOURED POROUS PLASTIGC PLATES: [N ANY CASE THE VERY FIBROUS NATURE

OF THE PEAT TESTED SEEMED TO PRaQENT ANY ‘SIGNIFICANT LOSS OF MATERIAL
INTO THE DRILLED PLASTIC PLATES DURING THIS TEST SERIES. A oRAw;AcK'TQ
THE USE OF PLASTIC MATERIALS FOR LOAD BEARING EQUIPMENT 1S ITS DEFINITE
' CREEP‘CﬂARACTEéaSles. ALTHOUGN THE COMPLETE CONSOLIDOMETER ASSEMBLY
WAS CALIBRATED OVER THE WHOLE LOADING RANGE, FURTHER CONSIDERATION HAD
TO BE GIVEN TOICREEPvCQRREC?IONS FOR LONG TERM TESTS. |

" SEE F16. 2 = 1y CALIBRATION GRAPH FOR PLASTIC CONSOLIDOMETERS #1 AND #2.

i WAS DEC!DED NOT . TO.-£LODD: THE OF SH |.E. SUBMERGE THE CONSOLIDATION
RING, PURlNG THIS SERIES IN ORDER TO AVOID THE POSSIBLE EFFECTS OF ANY
VARIATION BETWEEN INTERNAL PORE WATER AND THE EXTERNAL DISH WATER, AS
WELL AS TO GI'VE MORE CHANGE FOR ESCAPE QF.ANY GAS. DESSICATION WAS
PREVENTED BY THE PLASTIC COVER AND WATER SEAL AS NOTED IN SECTION 2-1.

ONLY ENOUGH PEAT JUICE WAS ADDED?TO COVER THE BASE OF THE CONSOLIDATION
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RING AT THE BEGINNING OF TH; TEST‘THUS co&TAcr WiTH ALL BUT TWO POSSIBLE
CONTAMINENTS WAS AVOIDED. IN THE CASE OF THE CAReoLtc AND THE RING

LUBRICANT IT WAS CONSIDERED THAT THE ADVANTAGES'OU+WEI¢HEB THE DISADVANTAGES;
AT PRESENT THE EFFECTS‘:? ANY OF AHEMICAL OR BACTERIAL ACTION ARE

UNKNOWN.

2.6  Accuracy ¢

BASIC MEASUREMENTS ‘ ' ' .

(1) Sertiement : , T -
DIAL GAGE READINGS © w001 L0005
OCCASIONAL EXTERNAL VIBRATIONs SAY + .002" (ROUGH ESTIMATE)
TEMPERATURE VARIATION 68°-76°F mMax - " UNKNOWNjyCONSIDERED SMALL
SETTLEMENT & CREEP OF CONSOLIDOMETER CALIBRATED,READINGS CORR.
SEATING ERROR = EST. MAX ' ~+ .010" EFFECT sMALL
(2) ApPLIED PRESSURE . o '
WEIGHTS & - 56 x 7.5 = .001 Ke/cm?
— - : 31.6 o o
AT LOAD BAR (CALfeRATEog : o T 100 6m x ) _a T .003 Ke/cm2
(FRICTION OF KNIFE EDGE) ' 31.6 '
WEIGHT OF TOP PLATE & COVER : ' + 200 GM x .;L.a= + .006 Kc/cm2
- . 31.6 .
 SPRING-LOADED DIAL GAGE (+ 150 GM) - BALANCED AGAINST COUNTER='~
: : L - WEI GHT '
SIDE FRICTION , NEGLIGIBLE EXCEPT FOR SLIGHT
- : ' - EFFECT AT HIGHER LOADS
LOAD APPLICATION k C ‘ GENTLY BY HAND
(3) INITIAL HEIGHT OF SAMPLE o ' + o,
" HEIGHT OF RING - . : LT50" . - .0005Y: 1,905 cm - .001:
TRIMMED HEIGHT OF SaMPLE (EST.)- * .00 -%.,002
. ‘ , ' ) | /
(4) FinaL Oven DRY WEIGHT OF SAMPLE _ "
WEIGHING READING A 0.17em I .05
TEMPERATURE VARIATION OF OVEN R o :
NOMINAL MIN 24 HRS AT 105°C , UNKNOWN VARIATION
DISSOLVED MATERIAL IN CONSOL IDATION ~ EFFECT$ APPARENT INCREASE

SAMPLE RECORDED ‘AS DRY WT OF .SOLIDS o IN DRY WEIGHT OF SOLIDS

(5) SpeciFic GRAVITY OF SOLID MATERIAL .
MAX VARIATION IN TEST PROCEDURE A - 0.1
. DISSOLVED SOLIDS . : UNKNOWN VARIATION
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CoNSiDER VARIATIONS IN INITIAL VOID RATIO.

ASSUMING AS A WORST CASE THAT TAF'VARIATION IN COMPUTED VALUES OF
VOID RATIO WERE DUE TO EACH OF THE FOLLOWING FQCfORS AéT:Nc ALONEy THEN
THE MAXIMUM :NDlVﬁBUAL VARIATIONS sETwEéN SAMPLES SHOWN BELOW WOULD BE
REQUIRED USSN(; MEAN VALUES A.S:THE BASIS IN EACH CASE.

(1) VARIATION IN DETERMINATION OF OVEN DRY WEIGHT OF SOLIDS.~ AveWg = 4.97 oM
: Wg = % 0.30 oM on 4.97 e ( T 6% variATION REQUIRED) :

"(2) VARIATION IN ACTUAL AVE. SPECIFIC GRAVITY OF SOLIDS = AVE. Gs = 1.4 10 1.5
Gs = ( 1.40 70 1;50) ¥ 0.07 (% 5% variaTioN REQUIRED) _

(3) variaTion IN INITIAL TRIMMED HEIGHT OF SAMPLE ' : o
‘Hy = £ 0.055 ins on 0.750 INs (uencur OF RING) (i T% VARIATION REQ.)

CONSIDER‘POSS[BLE ERROR"DUE TO VARIATION I'N SEATING AND ZERO SETTING

OF DI AL GAGE.

. . ! ' : ’ . .
ESTIMATED MAXIMUM VARIATION A@ = QB 5 2 9:.9.1.9.. = £ 0,25
HT.soL DS 0.0414

ExaMpLE FrROM TEST #1

AT APPLIED PRESSURE = 0,119 KG/CM2 ( APPROXIMATE PRECONSOLiDATION LOAD)
DIFFERENCE BETWEEN INITIAL € AND € AT 0.119 KG/CM2 = 2.80

‘Thus Ae = 2.80 ¥ error = 2.80 ¥ 0.25 ( see asove )

' ' *+ 0.25 +
HENCE VARIATION = Sl x 100 = =
’ 2.80 : 9%'

IT CAN BE SEEN THAT THIS VARIATION BECOMES NEGLIGIBLE FAIRLY SOON =

E.G. ‘AT APPLIED PRESSURE = 0. 476 Kc/cmv

€ INITIAL = @ AT Q.476 Kc/cm = 8.895

THus e = 8 85:% 0. 25

HENCE VARIATION = 0‘22 x 100 = 1 3%

.t .
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S1DE FRICTION AGAINST CONSOLIDATION RING

MANY INVESTIGATORS HAVE FOUND SIDE FRICTION TO BE SIGNIFICANT IN
LABORATORY CONSOLIDATION TESTS ON CLAY EVEN WHEN USING STANDARD HEIGHT
TO DIAMETER RATIOS ( 2,5). RECENT WORK HAS INDICATED SIDE FRICTION
VALUES AS HIGH AS 12% OF THE APPLIED LOAD FOR FIBROUS~AMORPHOUS PEAT
IN UNGREASED RINGS (6). FOLLOWING RECOMMENDED CURRENT PRACTICE;, ALL

, , . 0 |
TESTS IN TH!S SERIES WERE RUN IN CONSOLIDATION RINGS ( "= 3.33)

" LIGHTLY COATED INSIDQVNITH A MOLYBDENUM DISULPHIDE GREASE.

Howayan DUE TO THE VERY FiBROUS NATURE OF THE PEAT BEING TESTED AND
ITS RELATIQELY HIGH LATERAL TENSILE STRENGTHy IT WAS POSSIBLE TO OBTAIN A
D;RE#T cuécx ON.THE AC;UAL EF#ECT OF SIDE #RICTION;U IN TEST #8 THE
PEAT WAS CuT) TRIMQED INTO THEARING AND WEIGHED. THEN THE SAMPLE WAS
cARéFULLY PUSHED OUT AND ' THE CONSOLIDATION TEST PERFORMED WITHOUT THE
RING = SEE Fja., 3=25, NO SUBSTANTIAL DIFFERENCE WAS NOTED IN THE
E—LQG P OR S=LOG P GRAPHS BETWEEN fHIS.TEST-AND THE OTHER EIGHT) EXCEPT
FOR: THE FnNAL_LOAos OF TESTl#2  ( L.I.R. O.}B L.D. 24 uouas) AFTER
. THIS LATTER TEST HAD BEEN RUNNlNé FOR ABOUT 4 WEEKS. THERE WAS A SLIGHT
BULGING IN THE SAMPLEABEYbND THE PRECONSOL{DATION LOAD WHICH INCREASED ITS

AVERAGE DIAMETER FROM 2.50 INS TO APPROXIMATELY 2.6 INS AT THE HIGHEST

' LOAb, WITHOUT HOWEVER ANY APPARENT DISTRESS IN THE SAMPLE.

HENCE IT WAS CONCLUDED THAT SIDE FRICTION WAS NOT A FACTOR DURING
THE ‘LOAD CYCLE OF THE TEST SERIES. THERE DID APPEAR TO BE SOME EFFECT
ON . THE UNLOAD CYCLE BUT IT WAS NOT POSSIBLE TO MAKE ANY QUANTITATIVE

ESTIMATES.
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THE POSSIBILITY REMAINS THAT SIDE FRICTION MAY HAVE HAD SOME EFFECT
ON THE RATE VS SETTLEMENT ESPECIALLY AS BETWEEN FAST AND SLOW TESTS
AND HIGH AND LOW L.l.R. IN VIEW OF THE NEGLIGIBLE EFFECT ON THE TOTAL
AMOUNT OF SETTLEMENT) HOWEVER) |T APPEARED UNLIKELY THAT SIDE FRICTION

WOULD HAVE HAD AN' APPRECIABLE EFFECT ON RATES OF SETTLEMENT.
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3.0 EXPERIMENTAL RESULTS

%.1- Test DATA SUMMARY

JNFORMATIQN ON THE TYPE OF TESTy SAMPLE MEASUREMENTS AND WEIGHTS AND
COMPUTED VALUES OF VOID RATIO, ETCy FOR ALL CONSOLIDATION SAMPLES IN

THE TEST SERIES ARE SUMMARIZED ON F1Ge 3 =1 TEST DATA SUMMARY.

3.2 ResuLTs oF CONSOLIDATION TESTS
CALu READINGS TAKEN WERE PLOTTED ON GRAPHS OF DIAL READINGS VS LOG TIME

AS NOTED BELOW,

Fige 3-2 T0 3 =7 (.Nch - Tests #2 & #4 L.l.Re 0.33
Fic. 3-8 70 3 - 14(1ncL) = Tests #1, #5 & #8 L.l.R. 1.0
Ficge 3= 1570 3 = 18EINCL3 - TesTs #3A & #3B L.l.R. 3.0
Fige 3« 19 70 3 ='24(1NcL) = TesTs #6 & #7 ' LeleRe 3.0
S . - ' ' L.l.R. 1.0 & 3.0

THE FINAL DIiAL READING OF SETTLEMENT. FOR EACH INCREMENT OF LOAD
WAS ALSO PLOTTED ON A GRAPH OF DIAL READING VS LOG APPLI ED PRESSURE

FOR ALL TESTS IN THIS SERIES ON F1G. 3-25 - DiaAL RgADING vs LoOG P.

ALL THE GRAPHS UP TO THIS POINT = F1GS. 3-2 TO 3=25 = USED
UNCORRECTED SETTLEMENT DIAL. READINGS. SUBSEQUENT GRAPHS HAD SETTLEMENTS

CORRECTED BY REFERENCE TO THE CALIBRATION CHART ON Fig 2-1.

USING A COMMON VALUE OF S.G., = 1.5 FOR THE SOLIDS) VOID RATIOS WERE
COMPUTED AND ALL TESTS WERE PLOTTED ON A STANDARD GRAPH OF (CORRECTED)
FINAL VOID RATIO FOR EACH INCREMENT OF LOAD AGAINST LOG APPLIED PRESSURE =

SEE F1G. 3-26 FINAL € VS LOG P.
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3.3 PRECONSOL 1 DATION PRESSURE AND COMPRESSION INDEX

THE PRECONSCLIDATION PRESSURE AND COMPRESSION INDEX WERE DETERMINED
FROM THE FINAL € = LOG P CURVES ( F1G. 3-26 ). THE PEAT SHOWS A SIMILAR
ERECONSOLIDAT}ON Péassung FOR ALL TESTS. USING THE CASAGRANDE CONSTRUCTION
THE VALUE OBTAINED FROM S-LO; P AND @-LOG P CURVES RANGES FrROM 0.120 To
0.130 Ko/cmM2 ( 250 P.S.F.). SINCE THE PEAT SAMPLE CAME FROM APPROXIMATELY
2 FT BELOW THE SURFACE IN AN AREA WHERE SEASONAL GROUND WATER LEVEL VARIES
FROM NEAR SURFACE TO ABOUT 4 FT BELOW GRADE, IT COULD ONLY HAVE HAD AN
. OVERBURDEN PRESSURE OF ABOUT 2 X 65 P.C.F. = 130 P.S.F. THEREFORE THE

PRECONSOL I DATION PRESSURé_REFLECTS A éaRTA;N AMOUNT OF DRYINGsy ASSUMING
THE PEAT BEHAVES ‘SIMILARLY TO COLLOIDAL INORGANIC SOIL. USING THE
CRITERION OF PEAK RATE OF SECONDARY SETTLEMENT - SEE FlG. 4~5 -~ THE
PRECONSOLIDATIAN PRESSURE WOULD APPEAR TO BE EVEN HIGHER AROUND 0,26

T0 0.24 Ko/cM2,

\

THE COMPRESSION INDEX WAS TAKEN FROM THE SLOPE OF THAT PART .OF THE

CURVE BETWEEN 0.15 Ko/cM2 anp 0.50 Ko/cu2 .

'

‘Ave. Co = 9.8 ¥ 0.6 "< FOR ALL NINE TESTS

3.4 DisScussSiON

IT CAN BE SEEN THAT ALL THE € VS LOG P OR S VS'LOG P CURVES HAVE A
VERY SIMILAR SHAPE AND COULD PROBABLY BE ahbucur,lnro FAIRLY CLOSE
AGREEMENT BY VERTICAL ADJUSTMENT. ALL THE TESTS WERE ARRANGED TO HAVE TwO
COMMON APPLIED PRESSURES DESPITE VARYING L.l.R. THESE WERE AN INITIAL
'SEATING LOAD = 0.024 Kc/cmz AND A LOAD CLOSE TQ‘THE PRECONSOLIDATION

LOAD = IN THIS cASE 0.119 Kc/cmz. NO CORRELATION WAS FOUND BETWEEN
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SETTLEMENTS AND VOID RATIOy DRY WEIGHT SOLIDSy INITIAL WET DENSITY OR

SATURATION AT EITHER OF THE TwO COMMQN APPLIED PRESSURES DESCRIBED ABOVE

l.E. 0.024 Ko/cM2 ano 0.119 Ke/cm2.

THREE FACTORS ARE INVOLVED IN THE VARIATION BETWEEN THE CURVES AS

SHOWN ON EITHER F1G. 3-25 OrR F1G. 3-26.

(1)

(2)

UNINTENDED DIFFERENCES IN TEST CONDITIONS 3= ASIDE FROM SQALL
%EMPERATURE VARI ATIONS ( WHICH WERE MEASURED )y IT WAS CONSIDERED
'l:HAT IN FACT ALL TESTS WERE PERFOR{%ED UND;R' lDEhFTlCAL CléCUMST_ANCES_o
VARIATION IN MATERIAL TESTED 3~ THIS IS ALWAYS A PROBLEM WHEN4USINé

NATURAL UNDISTURQEQ MATERI AL =~ MAGNIFIED IN THIS CASE SINCE THE

MATERIAL 1S A FIBROUS PEAT OF SUCH HIGH WATER GONTENT. IN ADDITION

THE sMaLL size oF sampLes ( ¥ 5 oMs DRY wElGHT OF soLips ) useo
TENDED TO .EXAGGERATE ANY VARIATION IN MATERIAL COMPOSITION. |T WAS
. / . .
CONSIDERED THAT IN GENERAL THE VARIATION BETWEEN THE CRITICAL TESTS

IN THIS SERIES WAS NOT ENOUGH TO INVALIDATE COMPARISONS OF TESTS

ALTHOUGH IN SOME CASES IT DID PREVENT MORE THAN GENERAL CONCLUSIONS

- BEING DRAWN.

'(3)5

CONTROLLED DIFFERENCES IN TEST PROGRAM i~ THE OBJVECT OF THE

"INVESTIGATION WAS TO DETERMINE WHAT DIFFERENCES IF ANY EXISTED

BETWEEN TESTSs ANDy IF POSSIBLEy TO DEDUCE WHICH VARIABLE HAD

CAUSED THEM., OBVIOUSLY SIGNIFICANT DIFFERENCES 'WOULD ONLY BE °
OBSERVED IF vnalAonns_;& (1) ano (2). ABOVE WERE NEGLIGIBLE IN
RELATION TO THE CONTROLLED VAnlABLﬁs N (3)y ory 1F NOT NecheléL;,
AT LEAST OF KNOWN EFFECT. ON THE OTHER HAND WHERE IDENTITIES WERE
BEING CONSIDERED THE PROBLEM WAS {o ASSESS WHETHER THE VARIATIONS
IN (;3 ano (2) ABOVE;WERE SUFFICIENT TO MASK AN AGTUAL SIGNIFICANT

DIFFERENCE IN (3). o ‘ E , .
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IN ORDINARY ‘CONSOLIDATION THEORY THE PLOTTING OF RESULTS ON AN
€-L0G P GRAPH IS EQUIVALENT TO PLOTTING THEM ON A %B-Loé P OR S-L0G P
GRAPH; IN THE SENSE THAT TWO CURVES IN GLOSE AGREEMENT ON ONE PLOT MUST
GIVE CLOSE AGREEMENT .ON THE'dTHER. IN THIS CASE IT WAS CONSIDERED THAT
LITTLE WOULD BE GAINED BY COMPARING RESULTS ON A VOID RATIO BASIS SINCE
THE VARIATION IN DETERMINATION OF INITIAL VOID RATIO WOULD BE OF THE SAﬁé
ORDER AS THE APPARENT VARIATION IN SAMPLES. BECAUSE THIS TEST SERIES
WAS ESSENT!ALLY ONE OF COMPAR!ISON BETWEFN SAMPL;S AS NEARLY IDENTICAL
AS POSSIBLEs IT WAS DECIDED TO RELY ON MEASURED SETTLEMENTS FOR

COMPARATIVE GRAPHS AND COMPUTATIONS.

THE POSSIBILITY REMAINS,y HOWEVERy THAT TWO SAMPLES OF IDENTICAL
VO!1D RATIO COULD HAVE DIFFERENT SETTLEMENT-~LOAD GCURVES OUE TOADLFFERENT
FIBRE STRENGTHS WITHIN THE PEAT. THIS WOULD IMPLY A DIFFERENCE IN

MATERI AL COMPOSITION OR SOIL STRUCTURE,
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4.0  COMPARISONS

CompaR1SON OF L.i.R. FOR 24 HOUR LOAD DURATION

4.1

ConsiDER FIG. 4=1 .SHOWING SETTLEMENT AT 1440 Mins vs LoG P

Tests #1 ( L. 1.R. 1.6) anD #6 ( L.1.R. 3.0 ) sﬁowso 600D AGREEMENT.
BUT TEST #2 ( L.1.R. 6.33 )'LAY SOMEWHAT ABOVE THE OTHER ;wo. THE
S;GNIFICANT DI FFERENCES BETWEEN THE CURVES CAN BEST BE SEEN BY NOTING
THE DIFFERENCES INATHEIR.SETTLEMENT ATVVAﬁIOUS APPLIED PRESSURES. THESE

DIFFERENCES ARE TABULATED BELOW.

b (Kefem?®)| 024 - 119 -476 7.58
—- PRECON . PRESSURE
TasT NS [V ¥ [Wg Y2 (o [ug-tg |V [8g-¥s Hg %) P62
DIFF. IN S Yug| *00) | -005 | ‘008 |+-033 |:006 |-03a [-009 | -0i8
' 106 . . ’
AVE. 51/““5 004 018 018 005

IT CAN BE CONCLUDED FROM THESE FIGURES THAT TESTS #1 AND #6 HAVE
COMPARABLE SETTLEMENTS FOR THE SAME APPLIED PRESSURE SINCE THEY HAVE
SMALL AND NEARLY CONSTANT DIFFERENCES BEYOND THE PRECONSOLIDATION PRESSURE]

.

BUT THAT TEST #2 1S ONLY APPROXIMATELY COMPARABLEsy |F AT ALL.

IN‘ANTICIPATION OF LATER DISCUSSION OF RATES -OF SECONDARY SETTLEMENT),
THE AVERAGE AMOUNTS OF SECONDARY SETTLEMENT PER LOG CYCLE EXHIBITED BY

THE THREE TESTS ARE INCLUDED IN THE ABOVE TABLE.
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4.2 CoMPARISON OF L,}.R. FOR 15 MIN LOAD DURATION

CONSIDER FiG. 4=2 SHOWING SETTLEMENT AT 15 MINS vs LOG P. .

FiVvE TESTS wz§s PLOTTED ON THIS GRAPH -
THREE HAVING A LOAD DURATION. OF 15 minuTes ( #4s #95 anD #3A )
ONE | " " W " SWo25 W ( #38 ) ) ,
ONE n " " "o W 12 ow ( #8 - no RING )

SINCE ALL WERE IN THE CATEGORY OF RAPID TESTS.

IT can BE SEEN_THAT THERE WAS c;osé AGREEMENT THROUGHOUT BETWEEN  *

TesT #4 ( LoloR. 0.33 ) anD $5 ( Let.Re 1.0 ) wriLe TesT #8 ( L.l.Re 1.0 =

NO RING ) SHOWED SOME VARIATION BETWEEN APPLIED PRESSURES‘OF.0.1 AND 0.5 KG/CM2
ONLY. BOTH TESTS #3A anp #3B ( L.I.R.;B.O') PLOT CONSIDERABLY ABOVE THE
AOTHER CURVESs THE SETTLEME~T~LOG TIME GRAPHS OF THESE RAPID TESTS SHOW
THAT APPROXIMATELY 100% PRIMARY CONSOLIDATION HAD TAKEN pLAés UNDER THE.
'pgav10us LOAD lNCREME&T BEFORE THE NEXT‘LOAD INCREMENT WAS APPLIED IN
THE CASE o? TESTS #4, #5 AND #8, EXCEPT FOR THE LAST FEW INCREMENTS FOR
#5 aND #8, BUT NOT IN THE CASE OF TESTS #3A AND jB. " HENCE THE REASON
. FOR THE VARIATION IN THE LATTEE TESTS WAS THAT THEY WERE RELOADED BEFORE
- PRIMARY StTILEMENT»HAbveﬁgN COMPL'ETED. Tuis exP;ANAT}on IS SUPPORTED IN
TEST #3A BY THE SETTLEMENT UNDER THE FINAL.APPLIED PRESSURE OF |
7.58 Kc/cm2 WHICH WAS ALLOWED TO REMAIN FOR 2 DAYSy WELL PAST THE 100%
PRIMARY CONSOLIDATION POINT. THEY1OO% PRIMARY SETTLEMENT POINT FOR

TEST #3A THEN PLOTS IN GOOD AGREEMENT WITH TEST #5. THE LAST TWO LOAD
INCREMENTS FOR TESTS #5 ANS #8 DID NOT QUITE REACH‘100% PRIMARY
coudeloATnow slrueﬁ;zaxcaér FOR THE LAST LOAD ON TEST #8 wnlcﬁ THEN

. PLOTS IN CLOSE AGREEMENT WITH TEST #4e
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COMPARING THE CURVES FOR TESTS #4y #5 AND #8 1=

plkefer’) | .024 119 - 476 . 758

PRISCON. PRESSURE

Test N2 b5 le-Yg [Ya-vs g vg (% -taplis Y5 [B4-Yg [H4-Y5 |44 -Ya | £4 g

DlFF.lNSl(uq) -00i |--005 |+004 [-012 |-0i1q |-00I |-008 |:007 |.005 |.030
To To .| Te

<002 «000| 0192

AT 1007, PrimAagyY

196 , P !

AvE.G, [N | <003 ¢ . .ol10 i ‘ 018 % oos5
: ; , |

|
i
!

|
| -
+

THIS TABLE SHOWS fna GOOD AGREEMENT BETWEEN TESTS #4 AND #5 AND THE
GENERALLY G6§D AGREEMENTfOF.TEST,#B. ALTHOUGH TESTS #3A AND #3B (Lel.Re
4_3.01) ARE NOT VERY cOMpARAaLE, THE INDICATIONS ARE';HAT THEY WOULD ALSO
BE IN GENERALLY GOOD AGREE@ENT IF THEIR LOAD DURATIONS. WERE EXTENDED
To PERMIT 100% PRIMARY CONSOLIDATION TO BE COMPLETED. HQWEVERAIT SHOULD
BE NéTeo THAT THE CURVES FOR TESTS #3A aND #58 AGREE FAIRLY WELL WITH
EACH OTHERl( EXCEPT FOR THE LAST LOAD ) DESPITE THE DIFFERENT Loaov

DURATIONS OF 15 MINUTES AND 25 MINUTES RESPECTI VELY.



d 907 A InIW3]

1 1 1
Auvwiad Joot O

1136

[

0

L
¥1T

iy

0

it

o

SNOISIAIQ 0L X $2TDAD

11135

Q
¥

JWd

LN

S
o

~9NI -

0l-



24

4.3 COoMPARISON OF 24 HOUR AND 15 MIN TESTS FOR DIFFERENT L.I.R.

ConSIDER Fi1Gs 4~3 SHOWING SETTLEMENT AT 100% PRIMARY VS LOG P

THREE TESTS ﬁquszn NOMINAL LOAD DURATIONS OF 24 HOURS HAVE BEEN
pLoTTED ( #2, #1 A&b #G.WITH:RESPECTIVE L.l.R, OF 0.33, 1.0 anp 3.0 )
TOGETHER WITH TWO TESTS WITH LOAD DURATIONS OF 15 minuTes ( #4 ano #5"
WITH RESPECTIVE L.I.R., oF 0.33 ano 1.0 ). Tesys #3A aND #3B WERE
OMITTED SINCE.THEY oio NOT REACH 100% PRIMARY CONSOLIDATION - SEE

\

DISCUSSION IN SECTION 4-2.

THE 100% PRIMARY CONSOLIDATION POINT WAS DETERMINED FROM'THE DIAL -
READING=LOG TIME GRAPHS AS FOLLOWS 3
(1) .FOR CURVES CONCAVE UPWARDS IN THE 100% PRIMARY CONSOLIDATION

REGION THE STANOARD TANGENT INTERGCEPT METHOD WAS USED. . ,

.( A. CASAGRANDE CONSTRUCTION, REF.1, P.241)

(11) FOR CURVES CONVEX UPWARDS IN THE 100% PRIMARY CONSOLIDATION

REGION THE TANGENT POINT METHOD WAS USED. .ACCORDING TO
LEONARDS & GIRAULT (5) THIS POINT IS APPROXIMATELY THE POINT -

WHERE PORE PRESSURE READINGS BECAME ESSENTIALLY ZERO.

MeTHOD (11) WAS MAINLY APPLICABLE TO TEST #2 WITH A L.l.R. oF 0.33
AND A NOMINAL LOAD OURATION OF 24 HOURS. THE 100% PRIMARY POINTS USED
ARE MARKED ON THE CURVES IN THE Di AL READING VS LOG TIME GRAPHS. THE TwO

CURVE SHAPES INVOLVED ARE SHOWN IN SKETCHES IN SECTION 4.4.

AS IN THE PREVIOUS GRAPHS ON F1G. 4-2, TESTS #4 AND #5 CAN BE
REPRESENTED QUITE CLOSELY BY A SINGLE LINE EXCEPT FOR THE LAST FEW LOAD
INCREMENTS., HOWEVER WHEN PLOTTED TOGETHER THE 15 MINUTE TESTS FALL

CONSISTENTLY BELOW THE 24 HOUR TESTS ~ THE DIFFERENCE IN SETTLEMENT
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BEING APPROXIMATELY 0.015 ins 7o .020 INS. THIS IS EXACTLY OPPOSITE TO
THE TREND THAT MIGHT BE EXPECTED IF THE 19 MINUTE TESTS WERE BEING

RELOADED BEFORE REACHING 100% PRIMARY CONSOLIDATION.

AS A CHECK ON THE RAPID TESTS #4 AND #5, THE 100% PRIMARY POINT WAS
ESTIMATED FOR THESE TWO TESTS USING THE PREVIOUS Two METHODS (1) ano (11)
ASSISTED WHERE POSSIBLE BY THE SQUARE gbor FITTING METHOD. ALTHOUGH THESE
 WERE ONLY APPROXIMATE DETERMINATIONS THEY DID INDICATE THAT TEST #5
(L.1.R. 1.0 ) HAD COMPLETED ITS PRIMARY SETTLEMENT BY 15 MINUTES WHEREAS
TEST #4 ( Lel.R. 0,35 ) oﬁLY COMPLETED ITS PRIMARY SETTLEMENT WITHIN THE
15 MINUTE LOAD DURATION UP TO AN APPLIED PRESSURE OF ABOUT 0.5 Kc/éMz,

N NEITHER CASE DID THESE CONSIDERATIONS MAKE ANY SIGNIFICANT IMPROVEMENT
IN AGREEMENT BETWEEN TE§TS #4 aND #5 anD TESTS #1, #2 AND #6. THE RANGE
OF TIMES TAKEN TO REACH 100% PRIMARY CONSOLIDATION FOR- THE LATTER TESTS

' . ) .

,

1S SHOWN IN SECTION 4.4.

A FURTHER COMPARISON WAS MADE BY PLOTTING THE SAME TESTS ON A VOID
RATIO BASIS. FROM THE GRAPH OF € AT 100% PRIMARY VS LOG P = F1G. 4=4 =

‘1T CAN BE SEEN THAT THERE WAS NO BETTER AGREEMENT THAN PREVIOUSLY.

TWO DIFFERENT CbNCLUSIANS COULD BE DRAWN FRoh THESE RESULTS.
(A) SINCE_THE CURVES ARE VERY SIMILAR WITH A FAIRLY CONSISTENT sETTLEMENI
d:Fanauca_aaTWEEN.Tné 24 HOUR AND 15 MINUTE TESTS) IT MAY BE
Assumsb THAT THEIR DIFFERENCES ARE NOT DUE TO. RANDOM CAUSES), Taué
IMPLYING A VARI ATION lNiTHE SAMPgeé o§ THE TESTS.
(a) ASSUMING SIMILAR MATERI ALy THEN THERE APPEARED TO BE A DEFINITE

TREND TO INCREASED SETTLEMENT WHERE TESTS WERE RUN WITH SHORT LOAD
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_DURATIONS 1.E. RELOADED AT OR CLOSE TO THE 100% PRIMARY
CONSOLIDATION POINT = THIS TREND SHOWED FOR AT LEAST TwO

LOAD INCREMENT RATIOS = 0.33 anp 1.0.

4.4 CompARISON OF CURVE SHAPES AND TIME REQUIRED TO ReacH 100% PRIMARY

CONSOL | DAT! ON

THE SHAPE OF a COMPRESSION CURVE WHEN PLOTTED ON A GRAPH OF SETTLEMENT

-

VS LOG TIME GENERALLY FALLS INTO ONE OF TWO DISTINCT CATEGORIES. THEY
HAVE BEEN SO CLASSIFIED BY SEVERAL INVESTIGATORS ( 4y 5,7) INTO

Tyre I ano Type LI CURVES AS SHOWN IN THE SKETCH BELOW. |N SOME CASES

A TRANSITION CURVE BETWEEN THESE TWO TYPES HAS BEEN RECOGNISED.

!

Yanesuy PT.

S .S MaTHOD (i)
R TANGGNT INTERCEPT PT. R .
ae foo meTHoR (i) - A€
) oo t : ' T ’ 106 t
TYPE I TYPE II

- Sleg'Tusss eunve TYPES HAVE BEEN OBSERVED Foé BOTH LABORATORY AND

- FIELD'CQNSOLlDATlON ssTILEME&Ts INPEAT.AS WELL AS IN CLAY) THEY AFFORD"

A CONVEN‘ENT;CLASSIFICATION SYSTEM. - GENEQALLm A SHALLOW FORM OF E(THER-
Tyepe I oOrR TYPE IT orR PoOsSsIBLY A TRANS;TION'TYPE CURVE COULD BE cousnbEREo
TO PREVAIL BELOW'fHE PRE&&RSOLnoATION PRESSURE FOR ALL L.l;R!S“AND LoAD

DURATIONS USED IN THIS TEST SERIES.
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-DUE TO THE HIGH INITIAL WATER CONTENT AND RELATIVELY HIGH INITIAL
PERMEABILITY OF THE PEAT, APPROXIMATELY 50% OF THE PRIMARY SETTLEMENT
HAD OCCURRED BY THE TIME THE FIRST READING COULD BE OBTAINED ( AT 6 SECS ),
- SO THE FIRST PART OF THE TYPE | CURVE WAS NEVER REALLY OBSERVED. A GENERAL
COMPARISON OF CURVE TYPES AND TIME TO 100% PRIMARY CONSOLIDATION
( DETERMINED AS DESCRIBED IN SECTION 4.3 ) FOR APPLIED PRESSURES BEYOND
_ THE PRECONSOLIDATION LOAD IS SHOWN IN FOLLOWING TABLE.
TesT # L.l.R. ~ Loap CuRVE RANGE OF

DuraTiON TYPE ~  TIMES TO REACH
100% prRiMARY (MINS)

2. - 0.33 24 s O 150 - 300 = 90
’ NOMI NAL
1 1.0 : ES 5 - 35
6 3.0 ] I 5 = 40
4 ' 0.33 15 miIns I 5 - 20 +
s 10 T 2 - 20
3 3.0 | a ~ -
A3B T 3.0 o  '25 MINS I ' 4 AND 40
-8 1.0 ‘ 12 MINS I 2 - 35 (NO RING)
7 1,6 : 15 mins 1 2 -4 |
3.0 24 KRS 1 10

SEVERAL CONSIDERATIONS ARISE FROM THE Aeova'cbmpaa}son AS WELL AS
FROM THE SETTLEMENT-LOG TIME GRAPHS F[1GS. 3-2 TO 3-24.
(a) ALc TQE Tssrs sx¢EpT #ZIHAD THE SAME ‘CURVE TYPE AND APPROXIMATELY
‘THE SAME RANGE OF TIME TO REACH 100% PRIMARY CONSOLlDAT}ON._ In ofHER
WORDS VARYING THE L.l.R., AND THE LOAD DURATION DID NOT MAKE A
PRO&OUNCED.blFFtRENCE Td.THE 100% PRIMARY TIME PROVIDED THE éuéve.

TYPE D10 NOT CHANGE ( AS DI SCUSSER EARLIER TESTS #3A-AND:3B DID NOT
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PROPERLY REACH 100% PRIMARY SETTLEMENT ).

IN TEST #2 THE TIMES To 100% PRIMARY SHOWED A DEFINITE TREND TO
SHORTER VALUES AT HIGHER APPL:Eb PRESSURES I;E. AT LOWER VOID RATIOS)
QHEREAS ALL THE OTHEB TESTS SHOWED A SLOW TREND TO LONGER TIMES AT
HiGHER APPLIED PRESSURES.
V;RIATIONS OF THé L.I.R.:Duaunc TEST #Q:CAUSED S]éNIFICANT,VARIATIONS‘
IN THE TiMg TO 100% PRIMARY SETTLEMENT ALTHOUGH APPARENTLY NOT IN

OTHER TESTS WITH TYPE | CURVES. CONSIDER THE FOLLOWING EXAMPLES

FROM TESTS #2 AND #73-

TesT #  LOAD INCREMENT _ CHANGE IN CHANGE IN TIME TO
: ( Ke.cm2) . . L.l.R, 100% pRiMaRY (MINS)
2 2.76 10 3.19 DECREASED FROM  INCREASED FROM
0.33 10 0.16 90 To0 300

5.98 10 8.58 INCREASED FROM DECREASED FROM
: 0.37 10 0.44 150 10 90

T 0.4]6 T0 1.90 INCREASED FRoh INCREASED FROM
: ' 1.0 70 3.0 4 710 10

[0

(e)

( EXPECTED NORMAL 1NCR.)

For TESTS AT L.l.R. OF 1.0 anD 3.0 THERE APPEARED TO BE A SLIGHT
TENDENCY FOR THE 100% PRIMARY TIME TO BE LONGER FOR THE RAPID 15
MINUTE L.D. TESTS THAN FOR THE 24 HOUR TESTS AT THE SAME L.l.R.

ESPECIALLY AT HIGHER APPLIED PRESSURES ( l.E. LOWER VOID RATI0S),

THE REVERSE WAS THE CASE FOR TESTS AT THE L.l.R., oF 0.33..

THE TIME TAKEN TO REACH -100% PRIMARY SETTLEMENT IN TEST #2

(Lel1eR. 0.33) WAS ROUGHLY ONE LOG CYCLE OF TIME IN MINUTES LONGER

-

I THAN IN THE OTHER TESTS.

IT WAS CONCLUDED THAT THE CURVE TYPE WAS DEPENDENT ON BOTH LOAD

INCREMENT 'RATIO AND LOAD DURATION OR RATE OF LOADING.
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SUPPORT FOR THIS CO&CLUS!ON IS GIVEN BY A VERY SIMILAR CONSOLIDATION
TEST CARRIED 6uT RECENTLY BY THE WRITER IN THE LABORATOR+ OF R.A.SPENCE LTD.y
VANCOUVER. THE TEST WAS PERFORMED UNDER NEARLY IDENTICAL CONDITIONS ON
F1BROUS PEAT APPéOXIMAfELY 6 INS DEEPER FROM AN ADJACENT TEST PIT AT THE
:SAME SITE. IN TH1S cASE A L.i1.R. oF 0.30 AND A VERY éousnsreuT LOAD
DURATION OF 24 HOURS ALSO GAVE A TYPE IT CURVE.

SETTLEMENT VS LOG TIME GRAPHS ( Figs. A-1 70 A-5 INGLUSIVE ) FOR

THIS TEST NO.P1 ARE INCLUDED IN THE APPENDI Xe
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4.5 CoMpPARISON OF RATE OF SECONDARY SETTLEMENT

CoNSIDER Fi1G. 4=5 SHOWING RATE OF SECONDARY SETTLEMENT VS APPLIED PRESSURE

COoNSIDER FiG. 4-6 "o woon o i vs LoG P

PLOTTED ON' THE ABOVE GRAPHS ARE THE RATES OF SECONDARY SETTLEMENT AT
EACH LOAD FOR THE 24 HOUR TESTS #6, #1 AND #2 PLUS SINGLE DETERMINATIONS

FROM TESTS #8y #7 AND #3A WHERE THE LOAD INCREMENT REMAINED ON FOR AT

LEAST 24 HOURS.

FOUR METHODS OF COMPUTING THIS RATE WERE ATTEMPTED SINCE THERE‘APPERRS

TO BE NO GENERAL AGREEMENT ON THE MOST SIGNIFICANT MANNER OF PRESENTATION.

0y

(1) Cg = _ODIAL RDG. PER LOG CYCLE OF TIME
' H1. ( INITIAL HEIGHT OF SAMPLE)

A DIAL RDGe PER LOG CYCLE
Hp ( HT.OF SAMPLE AT PRECONSOLIDATION PRESSURE
' - 100% PRIMARY POINT)

(1) C's

L]

A DIAL RDG. PER LOG CYCLE
He ( PREVIOUS FINAL HT.OF SAMPLE)

(v11) Dy

A DIAL RDG. PER LOG CYCLE
Hi00% ( PREVIOUS HT.OF SAMPLE AT 100% PRIMARY POINT)

.(IV)_ Dty

IN THIS TEST SERIES Hy-= 0.750" ano Hy. = 0.630" ¥ 0.010" FOR ALL TESTS)
CONSEQUENTLY C's WAS NOT GRAPHED SINCE 1T WAS SIMILAR T0 Cg « BOTH DS AND

D' WERE PLOTTED SO AS TO INDICATE ANY POSSIBLE TRENDS BETWEEN THE VARIOUS

L. l ‘R.

THE CURVES OF Cg SHOWED THE TYPICAL SHAPE OF PEAT SECONDARY RATES

WITH A PEAK VALUE AT THE PRECONSOLIDATION PRESSURE THEN DECREASING Wlfﬂ

3

INCREASED -PRESSURE ( ;E+Ge PLATE 41 IN REFERENCE 3).
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TesTs #1 anND #6 ( L.l.R. 1.0 ano 3.0 ) G| VE REASONABLY SMOOTH AND
CONSISTENT CURVES BUT TEST #2 ( LeloRe 0.33 Curve Type IT ) IS VERY
ERRATIC ESPECIALLY WHEN PLéTTEo OoN CURVES.OF Dg anp D'g. OTHER WORK
'HAS DEMONéTRATso THAT TEMPERATURE DOES HAJE AN APPRECIABLE EFFECT ON
THE RATE OF saconoAaY‘séfTLsmgNT BUT IN THE CASE OF Tasr_#éATusas DI D

NOT APPEAR TO BE ANY TEMPERATURE CORRELATION,

THE SIGNIFICANT FACTOR IN TEST #2 APPEARED TO BE THE ODURATION OF THE
PRE'VIOUS EOAD INCREMENT) -SlN_CE THE RATE. OF SECONDARY SETTLEMENT DECREASED
APPRECIABLY AFTER A‘LONQER THAN usuA; PREVIOUS LOAD DURATION E.Ge TWO OR
THREE 0AY L.D. DURING‘A NOMINAL 24 HOUR L.b. TEST. |T MIGHT BE THOUGHT
THAT THE DURATION OF THE PREVIOUS LOAD INCREMENT WOULD lﬁFLpencs TAE
RATE OF SECONDARY SETTLEMENT BY (TS EFFECT ON THE VOID RATIO. INDEED
Tné DEFINITIONS OF Dg AND D' ARE USED FOR THE VERY PUR;OSE OF ELIMINATING
THE V01D RATIO AT THE START OF A GIVEN LOAD lNCREMENT.AS A VARIABLE. IN

THIS CASE HOWEVER) THE CURVES OF Dg AND D' SERVE TO SHOW THAT THIS

VARIATION WAS NOT RELATED TO DECREASED VOID RATIO.

ON THE OTHER.HA&D TEST4#1‘(>L.I.R. 1.0 = 24 HourR L.D.) ALSO HAD
SEVERAL LONGER THA& usuAL LOAD 6URATIONS BUT THESE HAD NO APPARENT
EFFECT ON THE RATE OF SECONDARY SETTLEMENT = SEE FiG. 4-5 éeTWEEN
0.476 KG/CM2 AND T.58 Kc/cm2. THE RATE OF SECONDARY‘S;TTLEMENT FOR THE
1.90 Kc/cm2 LOADING IN TEST #6 DID APPéAR TO BE A LOW VALUE; AGAIN bosélaLY
" DUE TO THE fﬁREE-DAY LOAD DURATION UNDER THE PREVIOUS LOAD -INCREMENT.
. - A ‘

HOWEVER THIS MAY HAVE BEEN A TEMPERATURE EFFECT SINCE AT THAT PARTI CULAR

LOAD INCREMENT TEST #6 WAS AT AN AVERAGE TEMPERATURE OF T2°F COMPARED

-~
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WITH TEST #1 WHICH WAS AT AN AVERAGE TEMPERATURE OF T4°F.

A SUPERFICIAL COMPARISON OF THE PEAK VALUES OF Cs AND C's IN THE

1

REGION OF THE PRECONSOLIDATION PRESSURE FOR TESTS #6, #1 AND #2 wOuLD
INDICATE THAT TEST #2 HAD MUCH HIGHER VALUES THAN #1 AND #6.

Max. C's = .041 1 Max.Cg = .035 1 TesT # ( L.1.R. 0.33 = 24 ur L.D.)

.032 ¢ Max.Cg = .027 ¢ TeEST #1 & #6 (L.i.R. 1.0 & 3.0 =
' © 7 24 uR L.0D.)

MAX. C's_
BuT AE,,aeYouo THE MAXIMUM PAST PRESSURE) Cs 1S INVERSELY PROPORTIONAL
TO THé APPLIED PRESSURE THEN POSSIBLY Tésrs #1 AND #6 WOULD ALSO GIVE
A MAXIMUM VALUE OF Cg = .035 I1F THEIR LOAD INCREMENTS WERE ARRANGED TO
LAND ON THE CRITICAL VALUE OF APPLIED: PRESSURE. ALTERNATIVELY:THE

VARIATION OF MAxiMuM,Cs MAY BE SENSITIVE TO THE L.I;R. ( MAGNITUDE OF
LOAD INCREMéNT),.OR RATE“OF)LOAD APPLICATION, ANALpGous'To.THE CONDITION

OF A SENSITIVE CLAY WHERE THE PRECONSOLIDATION PRESSURE IS DETERMINED

BY THE USE OF SMALL LOAD INCREMENTS.

OF PARTICULAR INTEREST WERE THE SINGLE DETERMINATIONS FROM TESTS #8
(L.1.R. 1.0 = 12 MiNs L.D. - N0 RING )y #3B ( Lol.R. 3.0 = 25 mMin L.D. )
ano #7 ( L.l.R. 1.0 T0 3.0 ~ 20 MIN LOAD DURATION). DESPITE THEIR VARIED

LOADING HISTORY THEY PLOT IN CLOSE AGREEMENT WITH THE Cg CURVE FOR TESTS
#1y #2 ano fb. ’

IT WAS CONCLUDED THAT THE RATE OF SECONDARY SETTLEMENT FOR ALL TESTS

IN THIS SERIES wAsliNvﬁnssLY RELATED TO THE APPLIED PRESSURE. THIS RATE
‘WAS'&OT A FUNCTION OF THE L.].R._oé o? THE HEIGHT OF SAMPLE ( 1.E. vo:ﬁ

RATIO ) AT THE TIME THE LOAD nuﬁnamsﬁr WAS APPLIED. THE DURATION OF THE

PREVIOUS LOAD PERIOD APPEARED TO AFFECT ONLY TEST #2 WHICH WAS THE ONLY
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TEST WITH A TYPE II SETTLEMENT=TIME CURVE.

IN COMPARISONS OF RATES OF SETTLEMENT PERHAPS MORE THAN IN OTHER
cﬁmpARtSONs, IT IS FELT THAT DUPL 1 CATE SAMPLES ARé PARTICULARLY
NECE#SARY IN ORDER TO ESTIMATE HOW MUCH SCATTER DUE TO EXPERIMENTAL
PROCEDURE) TEMPERATQRE DIFFERENCES) AND SAMPLE VARIABILITY CAN BE
EXPECTED ESPECIALLY WHERE TYPE II CURVES ARE INVOLVED. THE ONLY
MITIGATING FACTOR APPEARS TO BE THAT SMALL‘VARIATIONS_IN INITIAL TRIMMED
SAMPLE HEIGHT ( OR PRESUMABLY VOID.RATIO ) SHOULD HAVE NEGLIGIBLE EFFECT
' ON THE COMPUTED VALUES OF Cg AND Dg . FOR GENERAL COMPARISON PURPOSES
A GRAPH SHOWING RATE .OF ssquoARY SETTLEMENT VS APPLIED PRESSQEE FOR
. TEST #2 anp TesT #P1 ( SEE SECTION 4.4 AND APPENDIX ) WAS PLofTao - F|G.4-7.
T can sé SEEN THAT THERE WAS FAR LESS SCATTER OF VALUES FOR WHAT WERE IN

FACT NEARLY IDENTICAL TESTS. THE ONLY APPARENT‘REASON FOR THE DIFFERENCE

WAS THE MUCH MORE CONSISTENT ACTUAL LOAD DURATIONS IN THE CASE OF TEST #P1.

\
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4.6 COMPARISON OF AMOUNTS OF PRIMARY AND SECONDARY SETTLEMENT

. ’ R Lot ’
COonNSIDER F1G. 4-8 SHOWING TOTAL AND Z PRIMARY SETTLEMENT vS LOG P

 TesTs #65 #1 AND #2 WERE.PLOTTED ON THE ABOVE GRAPH; FIRST THE TOTAL
SETTLEMENT FOR 24 HOURS THEN THE CORRESPONDING CUMULATIVE PRIMARY

SETTLEMENT IN THE SAME-PER|OD FOR EACH TEST.

THE MAIN PURPOSE OF THIS GRAPH WAS TO INVESTIGATE WHETHER PRIMARY AND
SECONDARY SETTLEMENT AS DEFINED IN SECTiON 1.4 COULD BE REGARDED AS

SEPARATE PROCESSES OR WHETHER ANY RELATIONSHIP COULD BE DI SCERNED.

IT CAN BE SEEN QUITE CONCLUSIVELY THAT PRIMARY AND SECONDARY
SETTLEMENT ARE INTER~RELATED AND CANNOT BE SEPARATED. IN OTHER WORDS
ALTHOUGH THE FINAL SETTLEMENTS ARE NEARLY IDENTICAL THE PROPORTIONS OF

PRIMARY AND SECONDARY ARE VERY DIFFERENT FOR DIFFERENT LOAD INCREMENT RATIOS.

A FURTHER ASPECT OF THIS INTER=~RELATION WAS'SHOHN BY THE TOTAL
SETTLEMENT uUNDER 0.119 KC/CM2_|N TEST #2 ANb unper 0.96 KG/CM2.|N TEST #1.
IN BOTH CASES Tﬁé LOAb DugATlON'ﬂAS FIVE DAYS INSTEAD OF THE NOMINAL
‘ONE DAY SO THAT THEjFlNAL SETTLEMENT PLOTTED WELL BELOW THE BEST=~FITTING
SETTLEMENT-LOG P CURVE. MORE ]MéORTANT WAS THE FACT THAT THIS ADDI%IONAL
SETTLEMENT DID NOT APPEAR TO AFFECT THE 24 HOQR SETTLEMENT READING.OF

THE NEXT LOAD INCREMENT.
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N 4.7 SuMMARY OF OBSERVED RESULTS

4.1 51440 VS LOG P FOR 24 HOur L.D. - Fi16.4~1
‘LoluRo 100 = Lc‘oRo 3 O BUT L.l.Rc 0035 HI GH.
4.2 Sqg i VSiLOG P FOR 15 miNe L.Ds = FiG. 4-2

(1) LoleRs 1.0 = Lil.Rs 0.33 8UT L.l.R. 3.0 HAD NOT REACHED 100%
’ - . PRIMARY CONSOLIDATION. : '

(11) TesT #8 no rRinG ( L.l.R. 1.0) IN GOOD AGREEMENT.
4.3% 5100% VS LOG P FOR ALL L.!.R. AND L.D. = Fi1G.4~3
(t) 15 MIN L.D, TESTS SETTLED MORE THAN 24 HOUR TESTS.

(ll) AL L.I.R. AGREED up 70 LOAD OF 1.0 Ke/cm? wHEN. PLOTTED 100%
PRIMARY CONSOLIDATION.

‘4.4 CURVE SHAPES AND TIME TO 100% PRIMARY CONSOLI1DATION

(1) ALL TESTsS EXCEPT #2 HaD TyPe I CURVE AND A LONGER TIME TO 100%
PRIMARY AS VOID RATIO DECREASED. "

(1t) Test #2 ( L.1.R. 0.33, L.D. 24 HOURS) HAD TypE TI CURVE AND
SHORTER TIMES TO 100% PRIMARY AS VOID RATIO DECREASED.

v
‘

(lll) VARIATIONS IN L.D. DURING TEST CAUSED VAR!ATIONS IN. TIME TO
100% PRIMARY IN TEST #2 ONLY.

( lV) TesT #Q ( Type IT CURVE ) TOOK TEN TIMES AS LONG TO REACH
100% PRIMARY AS OTHER TESTS.

4.5 RA?E oF SEEONDARY-SETTLEMENT vs P F1G. 4=5,4-6, 4-T
(1) RATE OF !'SECONDARY INDEPENDENT OF L.l.R. AND L.D. EXCEPT TEST #2,
(I1) Test #2 Type TI CURVE WAS AFFECTED BY Dugkrlbw o? thv;Ous LOAD,
4.6 ToTtaL AND'CUMULATIVE PRIMARY SETTLEMENT .Flé. 4=8

TOTAL SETTLEMENT NOT A FUNCTION OF LOADING PROCEDURE 8BUT RATIO OF
" PRIMARY TO SECONDARY WAS.
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5.0  ANALYSIS

" 5.1 INTERPRETATION OF RESULTS BASED ON A UNIQUE RELATIONSHIP BETWEEN

APPLIED PRESSURE AND SETTLEMENT AT 100% PRIMARY CONSOLIDATION

CONSIDER F1G. 5=1 SHOWING SETTLEMENT AT 100% PRIMARY ¥S..L0G R. -

-

| THE "PRIMARY" LINE ON THE ABOVE GRAPH WAS PLOTTED USING THE 100%
PRIMARY SETTLEMENTS OF .TESTS #6, #1 ano #2 ( L.l.R. 3.0, 1.0, 0.33,
L.D. 24 nourRs ), THE 100% POINT BEING DETERMINED FROM THE DI'AL READING =
LOG TIME‘GRAPAS BY‘THE METHODS DISCUSSED IN SECTION 4.3. THE ONE DAY, )
100 oav, 10,0QO DAY LINES WERE'DRAQN BY EXTRAPOLATING FROM THE OBSERVED
VALUES OF THE AMOUNT OF SECONDARY SETTLEMENT PER TWO LOG CYCLES OF TIME

FOR EACH INDIVIDUAL TEST. THUS SMALL DIFFERENCES IN VALUES OF CS WERE

MAGNIFIED FOR EACH SUCCESSIVE CURVE,

THis GRAPH'DEMON#TRATES FIRST OF ALL A REMARKABLE AGREEMENT BETWEEN.

' THE THREE TESTS FOR THE PRIMARY CURVE. REFERRING BACK TO SECTION 4u1

IT WAS NOTED THERE THAT TséT #2 wAS NOT IN GOOD AGREEMENT WHEN COMPARED

FOR 24 HOUR LOAD DURATIONS. HENCE IT WOULD APPEAR PROBABLE THAT THE TRUE
BASIS OF COMPARISON SHOULD BE THE 100% PRIMARY SETTLEMENT TIME. SECONDLY

IT CAN BE SEEN THAT aAcQ SETnoF CURVES gssauTnALuyipARALLé;SsTH; PRIMARY
CURVE IN THE RANGE Q.1 TO 2;0 Kc/cM2 BEFORE STARTING TO BECOME ERRATIC.

THE AGREEMENT BETWEEN EACH SET OF CURVES ( one pav, 100 oay, eTc ) INDICATES
THAT ALL THREE TESTS HAD ESSENTIALLY THE SAME RATES OF SECONDARY SETTLEMENT
AT THE SAME APPLIED PRESSUREs AS NOTED IN SECTION 4.5, DESPITE THEIR

"VARYING LOAD INCREMENT'RAT!OS.  THE SCATTER OF VALUES BEYOND ABOUT

2.0 KG/CM2 REFLECTS MAINLY THE SCATTER IN THE PRIMARY SETTLEMENT CURVES,
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SINCE THE VALUES OF Cg BECOME MORE CONSISTENT AT HIGHER APPLIED LOADS -

SEE FlG. 4=5.

-THE njpofHESIs FOR THIS’jNTERPRETAT!ON MAY BE szréq AS FOLLows‘:-
NO MATTER WHAT THE PREVIOUS LOADING.HISTORY, THERE IS ONLY ONE VALUE OF
SETTLEMENT ( or voro.RAT}o ) AT 100% PRIMARY chSOLIDATION CORRESPOND ING
foin PART;chAR APPLIED PRESSURE. THUS IDEALLY THERE IS A UNIQUE S=LOG P
OR @-LOG P LAW RELATING TOTAL SETTLEMENT OR VOID RATIO TO APPLIED PRESSURE
AT THE MOMENT WHEN THE PORE PRESSURE IS EFFECTIVELY DISSIPATED. THIS _ |
HYPOTHES!S Aas BEEN DEVELOPED RECENTLY FOR REMOLDED ORGANIC SILT BY
HoE.WAKLS (4) BUT IT WaS ALSO {MPLléb IN TAYLOR'S WORK ON REMOLDED SILTY
cay (2). PROBABLY THERE WOULD BE A GRADUAL TRANSITION BETWEEN pénmARY
AND SECONDAR§.MECHANISMS OF SETTLEMENT), BUT THIS DOES NOT SERIOUSLY

AFFECT THE CONCEPT SINCE THE AMOUNT OF SECONDARY SETTLEMENT OCCURRING

BEFOREATHELEND OF PRIMARY. . SETTLEMENT WOULD BE SMALL.

"Two QuAL:F:bAT:ONs WOULD APPEAR TO BE NECESSARY = THERE SHOULD BE NO
 UNLOAD -_RELOAb C;CLE |Nv0Lveb AND ONLY APPLIED PRESSURES GREATER THAN TQE
PRECONSOLIDATION PRESSURE SHOULD BE cowsiosRaoa' INSPECTION OF THE GRAPH
oN FiG. 5—1'INDICATESlANOfHER QUALIFICATION THAT:.WOULD PROBABLY BE
REQUIRED - AFTER SEVERAL CYCLES OF SECONDARY SETTLEMENT ( say To REACH

THE 100 DAY CURVE ) THE ADDITION OF A SMALL LOAD INCREMENT WOULD REQUIRE
THE SAMPLE TO SWELL TO ARRIVE BACK ON THE UNIQUE S-L;C P CURVE. " HOWEVER
.THlS SUGGESTS THAT A BETTER BASIS MIGHT sg‘" FINAL. SETTLEMENT " AT SAY

3000 YEARS OR PRIMARY PLUS 8.L0G CYCLES OF TIME.

IN SUMMARY THE HYPOTHESIS OF A UNIQUE SETTLEMENT=LOG P CURVE AT 100%
PRIMARY CONSOLIDATION APPEARS TO OFFER A PLAUSIBLE GENERAL INTERPRETATION
OF THE RESULTS OF THIS TEST SERIES. HOWEVER THE PROBLEM OF THE MECHANISM

‘AND FACTORS AFFECTING SECONDARY SETTLEMENT STILL REMAINS,
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5.2 DiIFFERENCE IN CURVE TYPES BETWEEN TEST #2 AND TEST #4

ConNsSiDER F1G6S. 32 TO 3-7 (INCL) SHOWING DtAL READING vS LOG TIME FOR TESTS.

. | #2 ano #4

THE REASON FOR THE DIFFERENCE IN CURVE TYPE AND DIFFERENCE IN RATE

oF SETTLEMéNT CANNOT EAéJLY BE SEEN FROM THESE TwO TESTS. PUTTING THE
PROBLEM ANTHROPOMORPHOLOGICALLY = HOW DID SAMPLE #4 KNOW THAT IT HAD ONLY
15 MIBUTES TO REACH 100% PRIMARY CONSOLIDATION WHILE SAMPLE #2 coOuLD TAKE
AT LEAST 200 MINUTES? ALL TESTS CONDITIONS WERE ESSENTIALLY THE SAME
INCLUDING THE L.I.R.'( 80TH 0.33 ); THE ONLY DIFFERENCE BEING THE LOAD

DURATIQN:15 MINUTES VS 24 QOURS.V HENCE THE DIFFERENT BEHAVIOUR® EouLo

ONLY BE DUE TO THE DURATION OF THE PREVIOUS LOADy THE DIFFERENCE IN

STRESS CONDITIONS OR THE DIFFERENCE IN FLOW CONDITIONS JUST BEFORE RELOADING.

'EOSSIQLY SOME SORT OF "BONRING" OR " THIXOTROPIG! AGTION TAKES PLACE
pURING THE SECONDARY SETTLEMENT ANAFOGOUS TO THE CONCEPT OF A FLOCCULATED
CLAY SOIL OVER A PERIOb OF TIME DEVELOF‘NG MORE INTERPARTICLE CONTACTS
uﬁDER A GIVEN EFFECTIVE STRESS (8). -ALTERNATIVELY.IT MAY BE A QUESTION
OF'REbUCED PERMEABILITY OR INChEASED VISCOSI%Y IN THE MICROPORES OF THE

MATERIAL. CERTAINLY IT SEEMS>NORTH FURTHER INVESTIGATION.
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CONCLUSIONS

PrRACTICAL:

6.1

(1)

THE RESULTS OF STANDARD LABORATORY CONSOLIDATION TESTS ON FIBROUS

PEAT SHOULD BE PLOTTED ON A GRAPH OF S -.LOG P OR € -~ LOG P WHERE

'THE SETTLEMENT USED IS THAT OCCURRING AT 100% PRIMARY CONSOLIDATION.

(2) IN GENERAL THE LOAD INCREMENT RATIO CAN BE VARIED BETWEEN 0.35 ‘AND

(3)

3.0 AND THE LOAD DURATION, OR TIME OF RELOADING, VARIED BETWEEN THE

END OF THE PRIMARY CONSOLIDATION AND ABOUT FIVE DAYS WITHOUT

SERIOUSLY AFFECTING THE'PRIMARY Sy00¢ = LOG P OR e1004 = Lo P

CURVE FOR FIBROUS PEAT. THUS ACCELERATED TESTS OF ONE DAY ( OR

MUCH LESS IF HIGHER LOAD INCREMENT RATIOS ARE USED ) WiLL GIVE ALL

THE INFORMATION USUALLY OBTAINED WITH THE STANDARD LABORATORY

CONSOLIDATION USING L.l.R. OF 1.0 AND 24 HOUR LOAD DURATIONS.

SIDE FRICTION WAS NEGLIGIBLE DURING THE LOAD CYCLE IN THIS TEST
SERIES FOR FIBROUS PEAT OF HIGH W.VCR CONTENT EXCEPT POSSIBLY AT
HIGHER LOADS FOR TEST #2 ( L.l.Re 0.33 = L.D., 24 HOURS ) AFTER IT

HAD BEEN ABOUT FOUR WEEKS IN THE CONSOLIDOMETER. STAINLESS STEEL

CONSOLIDATION RINGS (v%é%%ﬁT = %;;%g = 3.33 ) "LIGHTLY

COATED W!ITH A MOLYBDENUM DISULPHIDE GREASE WERE USEDy THE SAMPLE
WAS TRIMMED TO AN EASY FIT IN THE RING AND THE ‘TESTS WERE RUN IN

1 .
FIXED RING CONSOLIDOM?TERS WITH TOP AND BOTTOM DRAINAGE.

-
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6.2  THEORETICAL

WiTHIN THE BOUNDS OF.+HIS TEST ssélés; THE FOLLOWING RELATIONS WERE
ESTAngsueo FOR THE CONSOLIDATION OF PEAT 3=
(1) PriMary AND SECONDARY SETTLEMENT ARE nNTERfRELAfao AND.CANNOT BE
SEPARATED AS 70 AMOUNT,
(2) CuRVE TYPE DEPENDS NOT ONLY ON THE LOAD INCREMENT RATIO BUT ALSO
ON THE LOAD DURATION OR RATE OF LOADING. |
(3) DE&QEAS;NG THE LOAD nﬁcnsMﬁNT RATIO DURING A TEST SIGNIFICANTLY
INCREASED THE TIME REQUIRED TO REACH 100% PRIMARY CONSOLIDATION
FOR TEST #Qﬁwuxén HAD A Type TI CURVE.
FURTHER CONCLUSIONS WERE MORE TENTATIVE SINCE THEY DEPENDED IN VARYING
DEGREE UPON SIMILARITY OF SAMPLES AND PROCEOURE.
(4) TE;TS WITH 24 HOUR LOAD DURATIONS AND RAPID TESTS RELOADED AT AQOUT
THE 100% PRIMARY CdNSéLIDATION POINT GAVE REASONABLY GOOD AGREEMENT

WHEN PLOTTED ON A GRAPH OF SETTLEMENT AT 100% PRIMARY VS LOG APPLIED

PRESSURE.

(5) - THE RATE OF SECONDARY SETTLEMENT ( Cg = Sp ( LOG cvete )
: ' H1 ( INITIAL HT.)

WAS DEPENDENT ON THE APPLIED PRESSURE OR EFFECTI VE PRESSURE DURING

THE LOAD CYCLE.,

tut

"IT DID NOT DEPEND ON THE LOAD INCREMENT RAT!Oy THE PREVIOUS HEIGHT

[

OF SAMPLE 1.E. MAGNITUDE OF LOAD INCREMENT) OR THE DURATION OF THE
9REv10u§ LOAD PERIOD UP TO AT LEAST 5 DAYS, g;CEPT'%OR TEST\#Q'WITH
A Tyre IO cuﬁvs.

(6) Basep on THE Aaova'coueLusnous, THERE APPEARS TO BE A UNIQUE S-LOG P

OR @~LOG P RELATION FOR THE LOAD CYCLE BASED ON THE SETTLEMENT AT

100% CONSOLIDATION REGARDLESS OF PREVIOUS LOADING HISTORY.

\
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(7) THERE WAS A POSSIBILITY THAT 24 HOUR TESTS UNDERWENT SLIGHTLY LESS

SETTLEMENT THAN RAPID 15 MINUTE TESTS AT ALl L.l.R.

(8) For TEST #2 - curvE Type TI - THERE APPEARED TO BE A TREND TO SHORTER

TIME TO REACH 100% PRIMARY CONSOLIDATION WITH INCREASING LOADS; WHICH

WAS OPPOSITE TO THE USUAL TREND SHOWN BY THE OTHER TESTS.

SiNCcE t = Iﬂz i AS LOADS INCREASE K AND SO Cy GETS SMALLER (LONGER t
Cy " H GETS SMALLER " (sHORTER t
HENCE EITHER EFFECT MAY  DOMINATE. ’ ‘ ‘

6.3  GENERAL ' ‘ ' _ -

IT 1S APPRECIATED THAT MANY OF THE CONCLUSIONS ORAWN FROM A LIMITED
TEST PROGRAM OF ruis KIND CAN ONLY BE TENTATIVE SINCE THEY ARE BASED ON
SINGLE_LABORATQRY TESTS ON A NATURAL UNDISTURBED'MA+ERIAL OF cousnDERABLé
VARIABILITY. HOWEVER éOME OF THE'CONCLUSIONS ARE IN ACCORDANCE WITH
"PREVIOUS ExPéRIENCE y WITH OTHER WORK ON. PEAT.AND.'WITH SIMILAR INVESTIGATIONS
INTO CLAY CONSOLIDATION, Tﬁls 1S PARTICULARLY SO WITH THE'éONCLUSION IN
SECTION 5.1 THAT THERE APPEARS TO BE A UNngE S-L0G P OR €-L0G P
RELATIONSHIP FOR FIBROUS PEAT BASED ON.THE SETfLEMENT’AT 100% PRIMARYV
'CONSOLIDATloﬁ.' A SIMILAR RELATIONSHIP Foa CLAY éONSOLlDATlON HAS BEEN

SUGGESTED év Taveor (2) anp oTHers (4).

BEING OF AN EXPLORATORYANATURE,'THESE TESTS HAVE RAISED SEVERAL

‘

QUESTIONS ON WHICH FURTHER WORK COULD BE DONE. ASldE FROM CONFIRMING
OR REJECTING SOME OF THE PREVIOUS CONCLUSIONSy SPECIFIC ATTENTION €OULD

¢

BE GIVEN TO THE INVESTIGATION OF THE UNLOAD CYCLE AND TO THE FACTORS

INVOLVED IN TYPeE II GurvEes:
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