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INTRODUCTION

This note summarizes various aspects related to the DMT membrane cdibration and to the
section of DA, DB to be used in the calculations.

The "gtandard” ingtructions provided to operators for cdibrating and exercising the
membranes (reported in Appendix 1 a the end of this note) are short and smple, and in generd
aufficient. However, in the years, many questions and problems have been raised by operators
concerning unexpected situations, connected to soil type, membrane type, state of the blade etc.
This note includes a collection of answers to such questions

Appendix 2 describes two recently developed auxiliary tools for facilitating the cdibretion
/exercising operations.

IMPORTANCE OF ACCURATE DA, DB

Especidly in soft soil, it isimportant to determine DA, DB accurady. Inaccurate DA, DB are
virtudly the only potentid source of DMT error (the 1.1 mm displacement and the A, B pressures
are practicaly error free). Attention must therefore be concentrated on DA, DB. Also, DA, DB
are used to correct dl A, B of asounding, so any inaccuracy in DA, DB would propagate to all
the data. Therefore dl techniciansinvolved with the DMT should be well familiar with the
problems and their solutions discussed in this note.

Theimportance of DA, DB in soft soils derives from the fact thet, in the extreme case of
nearly liquid dlays, or liquefiable sands, A and B are smdl numbers, just a bit higher than DA,
DB. Since the correction involves differences between smilar numbers, accurate DA, DB are
necessary in such soils. (It is reminded that DA is recorded as a positive number, though the
method of messuring it is viaa suction).

DA, DB are, asarule, measured before and after each sounding. Their average is subsequently
used to correct dl A, B. Clearly, if the variation is smdl, the average represents DA, DB
reasonably well at al depths. If the variation islarge, the average may be inadequate at some
depths. In fact, in soft soils, the operator can be sure that a sounding has been successful only a
the end of the tes, if, checking DA, DB find, he finds that they are very amilar to DA, DB
initid.

Inturn, away of limiting undesired variations of DA, DB isto have DA, DB themsdves smdll
(idedlly zero). Mechanica improvementsin the years have reduced DA, DB in current bladesto
typically 0.15, 0.40 bar (after exercising). (1 bar = 100 Kpa).

Current recommendations (Eurocode '97) fix the following tolerances for DA, DB before
testing: DA = 0.05 to 0.30 bar, DB = 0.05 to 0.80 bar. Higher vaues are appropriately not
permitted, because they would unnecessarily increase possible DA, DB variations during the
sounding. This s the reason why the "Minicdibrators' have a scale between 0.30 (suction) to
0.80 bar. Old (before 1990) blades have unfortunately higher DA, DB, and should be scrapped.

The reason of exercising new membranesisto dabilize their DA, DB (who vary modtly in the
first cycles) prior to usein the soil, thereby reducing their variation during a sounding. Eurocode
'97 limits the maximum variaion of DA and DB before/after a sounding, to 0.25 bar.

In medium to iff soilsDA, DB areasmdl part of A and B, so smal inaccuraciesin DA, DB
have negligible effect. In iff soils one could (extreme hypothesis) even correct A and B using
typical values of DA, DB (0.15 0.40 bar) rather than the measured DA, DB. From the substantial
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viewpoint the Eurocode '97 prescriptions for DA, DB are too severe for a stiff soil, because the
results would be correct anyway for al practical purposes. However using laxer tolerances is not
advisable because it would induce the operator to a bad habit.

NOTE : The"membrane calibration” is not, strictly speaking, acalibration, Snce the term
cdibration isusudly related to the scale of a measuring instrument. The membrane, ingteed, isa
passve separator gas/soil and not a measuring instrument. Actudly the membraneisa"tare’ and
the"cdibration” isin redity a"tare determination”. Such distinction will be ignored below.

SELECTING THE "AVERAGE" DA, DB TO BE USED IN THE
CALCULATIONS

Sdecting the average DA, DB is a sep deserving the attention of the engineer. Asaminimum,
while performing the average, he will get afeding of the entity of DA, DB and ther variations
during the sounding (abroad measure of the care exercised during the execution).

If the test has been regular (e.g. the membrane has not been overinflated, and the Eurocode '97
limitsfor DA, DB and their variations have not been exceeded), as it happensin most cases, the
before/after values of DA, DB are very close, S0 that their arithmetic average is perfectly
adequate (even though, if some rounding hasto be done, it is advisable to choose the average on
the low side. E.g. assume 0.14 as the average between 0.16 and 0.13).

The case of wider DA, DB variationsis consdered in anext paragraph.

INFLUENCE OF UNCERTAINTIESOF DA, DB ON THE INTERPRETED
RESULTS

For the following consderations, the equations for interpreting Cu and Ed can be
approximated as

Cu=py 9 Ed = 34.7[(B-A) - (DA+DB)]

Typicd variaions of DA during asounding : from afew KPato 20 KPa (20 KPaisan
unusualy high variation). Note that even such 20 KPa variation (corresponding to an uncertainty
= digance from average = 10) would trandate into an uncertainty in Cu of nearly 1 KPa, avery
gmd| quantity.

Typicd variaions of (DA+DB) during asounding : from afew KPato 30 KPa (30 KPaisan
unusudly high variation). Note that even such 30 KPa variation (uncertainty = 15) would
trandate into an uncertainty in Ed of nearly 5 bar, aquite smal quantity.

In conclusion the resolution, even for unusudly high DA, DB varidions, are 1 KPafor Cu, 5
bar for Ed (or M). A more typical resolutionis 0.5 KPafor Cu and 3 bar for Ed (or M). (All the
above resolution figures should be intended preceded by the + Sgn).

It may be noted that Cu is much less vulnerable than the moduli to uncertaintiesin DA, DB.
Cu isderived essentidly by A, and, as noted, uncertaintiesin DA very rardy trandate into
uncertainties in Cu higher than 1 Kpa. Hence even in stuations of "bad DA, DB", Cu from DMT
isingrumertaly highly dependable.

SELECTING THE "AVERAGE" DA, DB IN CASE OF WIDE
VARIATIONS

If DA or DB vary more than 0.25 bar during a sounding, the results, according to Eurocode '97
prescriptions, should be discarded and the sounding repested. Thisis an appropriate clause for a
standard. However, in many cases, the results can be salvaged, obtaining quite reasonable results,
provided DA, DB are chosen with care. Unfortunatdly then, selecting DA, DB becomes
subjective, which in generd is undesirable and should be avoided.



For any useful purpose, this section offers guidance to perform judicioudy such subjective
DA, DB choice.

If the soil is stiff, the results are not much affected by DA, DB. Therefore, if using the
arithmetic average of DA, DB, leads to aminimum value of Ed in the entire sounding say 3 25
bar, then DA, DB can be confirmed.

If the sail is soft, inaccurate or excessive DA, DB variations may give riseto severd
contradictions. A frequent contradiction, for instance, is the presence of many negative Ed
(physicdly impossible). Such negative Ed will be noted by the operator when, after having
entered the data in the computer, he prints the intermediate output, containing the input data and
the Ed. In principle, in presence of severd negative Ed, the results should be discarded. Asan
dterndive, as mentioned, in many cases the data can il be sdvaged by modifying judicioudy
DA, DB. In choosing the "adequate average’ DA, DB, the following suggestions may be useful :

1. Veify if the negative Ed are only afew or many. In the first case check if A, B, at the
depths of the negative Ed, were entered correctly. In case of suspect A,B enter 0,0
(interpreted by the computer as missing A,B & that depth).

2. If the Ed negative are many, (hence isolated typing errors are not the cause), al Ed can be
lifted by reducing DA, DB. While reducing DA,DB kegp in mind the following:

Typicd average vadues of DA, DB are 0.15, 0.40.

Very seldom DA is outsde the range 0.07-0.23 bar. Very often values of DA in the
vidnity of 0.20 are directly reduced to 0.15 or 0.10.

Decrease DA, DB in abaanced (proportiona) manner.

Keep reducing DA, DB until dl Ed vaues are non-negative (or maybe 4-7 bar), by
conaulting each time the intermediate outp.

3. Ingened, a"logicd" average is better than the "arithmetic" average. For insance, in case
of acombination of a soft layer and ahard layer, choose DA, DB closer to DA, DB that
presumably were in effect in the soft layer, mosily in need of adequate DA, DB.

Another contradiction (the expert operator can use it to recognize a stuation of bad DA, DB)
is represented by pairs of A, B whose difference B-A is smdler than DA+DB (dl postive
numbers). E.g. if DA=0.15 and DB=0.40, B-A should not be less than 0.55. In fact the modulus
Ed is proportiond to the difference (B-A) - (DA+DB). Since DA, DB are nothing less than A and
B in free air, the distance B-A, when the blade isin the soil, can only increase, but not decrease
(negative modulus physicaly impossible). The same condition is expressed, in mathematica
form, by the equation reported above for Ed. Hence B-A smaller than DA+DB dgnds some error
atherin A, B or in DA, DB. On the other hand, in water, or even in liquid mud, both B and A
would increase with depth, but the difference would remain 0.55.

CASESWHEN DA, DB OF A NEW MEMBRANE ARE (RARELY)
OUTSIDE TOLERANCE

When anew membrane is mounted on a current (after 1990) blade, DA, DB are, asarule,
within tolerance (even before exercising), i.e. DA<0.30 bar and DB<0.80 bar. Exercisng the
membrane further improves DA, DB, moving them towards the centrd vaues of the tolerance
(say 0.15,0.40).

If, after mounting a new membrane, DA>0.30 or DB>0.80, the likely reason is that the blade
is older than 1990. These blades are obsolete and should be scrapped. (Another good reason to
scrap the old blades is that they were made of mild stainless sted, very vulnerable to damage and
bending). Anyway even DA, DB of an old blade can be reduced within tolerance by the expedient
of interposing an additional 0.15 gasket on top of the basic gasket.

Even in recent blades it has been found, exceptionaly (when the geometrical tolerances
combine most unfavorably), DA>0.30 or DB>0.80. In this case the remedy isto use adightly
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thicker neoprene gasket (say 0.97 mm rather than the usual 0.90 mm) or to add an additional 0.15
mm gasket on top of the basic gasket. Thiswill reduce DA, DB within tolerance,

HOW DA, DB CAN GO OUT OF TOLERANCE AND HOW TO AVOID IT

In practice the only mechanism by which DA, DB can go out of tolerance is overinflation of
the membrane (far) beyond the B position. Once overinflated, a membrane requires excessive
suction to close (DA generadly >0.30 bar), and even DB may be a suction.

It is possible that the soil, by pushing repestedly againgt an overinflated membrane, will send
it back below B. But then DA, DB find will differ considerably, in generd, from theinitia
vaues.

For accuracy and productivity it is convenient to avoid the two causes of membrane overinflation.

Thefirg causeisatrivid one, i.e. omitting deflation after the B-signd. Thismay happen to an
inexperienced operator, but he will learn quickly.

A more serious reason can be the absence of the B-sgnd (an dectricd mafunctioning). This
inconvenience is discussed in the next section.

ABSENCE OF THE B-SIGNAL

Such absence is due to the lack of contact at the B-podtion, in turn due to dirt/ graing tissue a
the points of eectrical contact, namely below the sensing disk or at the bases of the small stedl
cylinders (see arrowsin the figure below).

If the absence of B starts suddenly in the middle of a sounding, the operator has no way of
being aware of thisinconvenience, and finds himsdf in a puzzling Stuation, Since he does not
know if the high pressure heisreaching isdueto an
unexpectedly stronger layer or to the absence of B-9gnd. In
such cases a prudent step may be to deflate and take a second ,l
chance by advancing the tip 10 cm, rather than the usua 20
cm, and repesting A, B. (Then the operator must advance the
tip only 10 cm to recoup the right sequence).

The obvious remedy to the absence of the B-9gnd isto
keep well clean the eectricd contact points, blowing each of
the involved pieces with compressed air. Thereis no need to
do the cleaning periodicaly, but only after a damage
dlowing dirt indde the blade.

A recommended check (before starting a sounding) useful for reducing the risk of absence of
B reading during a sounding, is the following. At the beginning of thetet (i.e. a cdibration),
pushpull the syringei.e. repeat DA, DB 10 or 20 times, to make sure that the A-sgnd and B-
sgnd are sharp.

Another rare cause of absence of B-sgna may be the lack of contact between the sensing disk
and its seeting, i.e. the disk not reaching the bottom of the seeting. This, in turn, may be dueto
inadequate gripping force of the pvc lining on the sensing disk. The correct gripping should
correspond to an extraction force of the sensing disk of at least 2 or 3 Kg. If the coupling
becomes loose (disk too free to move) then the gripping force should be re-increased. One quick
fix can be the addition, while reingtdling the disk, of asmal piece of plagtic sheet laterdly (NOT
on the bottom).

TYPES OF MEMBRANESAVAILABLE

Thisinformation updates previous information contained in various manuas or papers.
Since 1990 one type of membraneis by far the mostly frequently used. Thistypeisthe"high
grength” (or "hard") membrane 0.20 mm thick.



Such choice is a consequence of the improvements introduced in al blades after 1990 in the
shape of the "hub" receiving the membranes. Such improvements have led to DA, DB, with hard
membranes, lower than old blades with soft membranes. Thus the combination "new blade + hard
membranes' haslow DA, DB, and, at the same time, substantialy increased damage resistance.
Therefore the old soft membranes, though <till available, are rarely used.

Ancther valid type of membraneis dso available. The materid isthe same asthe "high
grength”" membranes, but the thickness is 0.25 mm, further increasing damage resistance.
Fortunately DA, DB of the 0.25 membranes are only 15-20% higher than for the 0.20 mm
membranes, i.e. their typica DA, DB are say 0.18, 0.55. Hence their possible variation during a
sounding is larger by asmilar percentage. Thus the typical resolution for the 0.25 mm
membranes may be 0.8 KPafor Cu and 5 bar for Ed (or M). Since the difference in resolution
(0.8 vs0.5 Kpafor Cuand 5 vs 3 bar for Ed) is quite smal, then the 0.25 mm thickness may be
preferable when testing in soils that may cut the membrane.

NOTE : In order to distinguish soft/hard membranes, examine the outer rim. If therim is
perfectly flat, the membranes are soft. If the rim has "waves', the membranes are hard.

HOW TO HANDLE THE ZERO OFFSET OF THE GAGE (Zm)

Idedlly, the zero offset of the pressure gage (Zm = reading of the gage of the front pand of
DMT when the vent vave is open) should be zero (in most DMT pressure gages Zm can be
regulated and set to zero). However smdl deviations, properly conddered, are ininfluent on
accuracy.

The rest of this paragraph will consider the generd case of a gage having a nortzero Zm.

In order to handle Zm correctly, it is necessary to recognize first which one of the following 2
cases applies:

Case 1 : the same gage is used for reading DA,DB and dl subsequent A and B

Case 2 : DA, DB are determined using a separate accurate vacuomanometer (with
typicaly its zero offset =0). Then dl A, B areread by means of the gage of the
DMT.

Since the introduction of the dua gage front panel (gpproximately 1990), Case 1 isby far the
maost common, since the low scale gage permits to read DA, DB with fair accuracy.

InCase 1 Zm should be recorded as zero even if Zmisnot zero. Infact not only al A, B, but
aso DA, DB are affected by Zm, so that the Zm correction is dready accounted for in DA, DB
(this compensation can be derived readily from the agebra of the correction formulae for A and
B). In conclusion today's operators have to write "zero" for Zm in the field form. If the operator
prefers, for correctness of documentation, he can write thereal Zm. But in any case later in the
computer Zm must be entered as Zm=0 (entering the real Zm would result in applying twice the
correction to A and B).

By contragt, in Case 2 (the today unusua case when the old single-gage pandl is used) the Zm
that operators have to writein the field form is the red Zm of the front pand gage. Smilarly, the
Zm to be entered later in the computer must be the real Zm. This because origindly the formulae
were developed assuming that DA, DB were exact (being measured by a separate accurate
vacuomanometer), and only A and B needed the correction.
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APPENDIX 1

"STANDARD" OPERATOR'sINSTRUCTIONS CONCERNING :
MEMBRANE CALIBRATION AND EXERCISING PROCEDURE

CALIBRATION

The membrane cdlibration (determining DA, DB) can be performed in two configurations :

1. Thefirg configuration (blade accessible) is adopted for example a the beginning of a
sounding, when the blade is fill in the hands of the operator. The operator will then use the
short cdlibration cable, or the short cdibration connector (attached to a clamp on the carrying
case).

2. The second configuration (blade not readily accessible) is used when the blade is under the
penetrometer, and is connected to the control box with cables of normal length (say 20 to 30
m).

Calibration using the short calibration connector (blade accessible)

Insert the syringe quickconnector into the socket "syringe" in the front pandl

Detach the "short cdlibration connector" from the clamp in the carrying case and :
(&) Attach one end to the blade to be cdibrated”
(b) Plug the quickconnector into the socket "dilatometer” in the front pand.
(c) Connect the eectricd jack to the socket "ground” in the front panel

Sat piston of the syringe gpproximately haf way (when in need of sucking or expd surplusair,
oper/ then close the fast-vent-valve).

Pull back (dmogt fully) the piston of the syringe, then dowly release it and read DA.

Push dowly the piston of the syringe and read DB. (If necessary to charge/discharge the syringe,
opery then close the fagt-vent-vave).

Repeet the DA, DB determination afew times to be sure, then write their values.

Calibration with the blade under the penetrometer (blade not readily accessible).

The connections are the same as during current testing. Thus the blade is connected to the
control box by atubing say 20 or 30 m long, while the ground cable connects the control box to
the rods.

Set piston of the syringe gpproximately haf way and proceed as indicated in the previous
configuration. The only difference is that, due to the length of the DMT tubings, the response of
the pressure gages to the syringe is not immediate (there is some time lag). Therefore, in that
configuration, DA, DB must be taken dowly.

NOTES

During cdlibration, the valve "generd™ should be closed, to avoid communication with the high-
pressure portion of the circuit. Better ill, the gas tank should be disconnected and the entire
high- pressure portion vented. As an additional precaution, close also the micrometer valve, not
needed for the calibration.

Generdly DA, DB of ablade are checked in the office (e.g. by the Minicalibrator) and written on
adticker on the blade. Once in the field, there could be small differences between DA and DB on
the sticker and DA, DB taken before testing. The DA, DB to consider are those taken, just before
testing, with the same control box used to take dl the A, B readings.



EXERCISING PROCEDURE

After having mounted a new membrane, the membrane needsto be "exercised” in order to
Sabilize DA, DB. The exercising operation Smply congstsin pressurizing the blade in free air
at 4-5 bar. This pressurization can be performed in the same configuration as when testing, or,
more conveniently, using an auxiliary tool, the "exer cise syringe", permitting to perform
handily the exercising operation, without need to use the gas tank, the control box and a
tubing.

The "exercise syringe" is directly screwed (as a screwdriver) on the rear of the blade. Note that
the syringe hasa START mark and an END mark. Before connecting the syringe to the
blade, the piston should be a the START position, then the syringe can be screwed to the
blade.

When pushing the piston of the syringe from START to END , the air pressure will reeach 4t0 5
bar, which is the pressure needed for the exercising (the force is gpproximately 25 Kg, or 250
Newton).

The exercising pressure can be applied only once, or, equaly well, 2 or 3 times.

If the exercigng is performed with the blade vertical submerged in abucket of water, it is
possible to verify blade artightness.

After exercisng, insurethat DA, DB are in tolerance : DA=0.05 to 0.30 (typicaly 0.15), DB=
0.05 to 0.80 b

CLOSED DURING
CALIBRATION 1

Connections during calibration in case the blade is easily accessible



APPENDIX 2

TWO AUXILIARY TOOLSFOR FACILITATING THE CALIBRATION

AND THE EXERCISING OPERATIONS:
THE MINICALIBRATOR AND THE EXERCISE SYRINGE

THE MINICALIBRATOR

The Minicalibrator isan auxiliary tool permitting to perform handily the cdibration of a
membrane (determine DA, DB) and to verify the proper functioning of a blade (regular on/off
switching of the signd), without need of deploying the regular control box.

Char acteristics of the Minicdibrator:

Itissmdl (20 cm long) and light (200 grams), and is able by itself (without control box,
cables, ground cable) to check DA, DB of ablade.

It is equipped with a pressure gage that is small, but has a scale spanning the full tolerance
range (-30 to 80 KPa), and thereforeis very accurate.

It is equipped with a smdl buzzer and a battery that will last for years. Uses one /2 AA 3V
battery, terminating with wires (easly found in computer shops).

It isdirectly screwed (as a screwdriver) on the rear of the blade.

It fulfillsfast and conveniently thefollowing tasks :

Check DA, DB after a blade has just been revised.

Check DA, DB and run a generd functioning check of a blade in the office before moving to a
Ste.

Check if DA, DB have reached regular values after ingdling / exercisng a new membrane,
Check handily in ahotdl room, after aday of field work, if the blades are working properly. If
DA, DB are outside the green scae of the gage, the membrane has to be replaced. (Note that
blades older than 1990 may have DA, DB too high. Anyway DA, DB of anew membranein
an old blade can il be reduced within tolerance by interposing an additiona 0.15 gasket on
top of the basic gasket).

Permits to fid supervisorsto verify quickly if the blades in use at the site are working
properly and DA, DB are in tolerance

" Cleanliness" check

The Minicdlibrator aso permitsto verify if theindgde of the blade, below the senaing disk, isfree
from dirt or pieces of tissue or fabric. For this check, the operator gpplies 10 or 20 push-pulll
cyclesand note if the Sgnd inversons are sharp. If they are "hesitant”, the operator should
remove the membrane and clean or blow off dirt from the electrical contact points.

N

OTE

DA, DB of ared tedt, asarule, must be taken - and written in the data sheet - just before (and
after) a sounding using the same control box used for performing the sounding. Hence DA,

DB taken previoudy with the Minicaibrator have to be consdered as indicative. Nevertheess,
in mogt cases, the differences are very smdll.

Dueto the lack of tubing, the response of the gage of the Minicdibrator to the pressures
applied by the syringeisimmediate. This immediate response should not induce the operator

to forget that, when he takes DA, DB with the usud 20 or 30 m DMT tubing, there is some
time lag, and therefore, in the configuration with red tubings, he must take DA, DB dowly.



THE MINICALIBRATOR

THE EXERCISE SYRINGE

The "exer cise syringe" isan auxiliary tool permitting to perform handily the exerciang
operation, without need to use the gas tank, the control box and a tubing.

The exercisng operation is performed whenever anew membrane is mounted. The scopeisto
sabilize DA, DB. The operation congstsin pressurizing the blade in free air a 4-5 bar.

The"exercise syringe” is directly screwed (as a screwdriver) on the rear of the blade. Note that
the syringe hasa START mark and an END mark. Before connecting the syringe to the
blade, the piston should be a the START position, then the syringe can be screwed to the
blade.

When pushing the piston of the syringe from START to END , the air pressure will reach 410 5
bar, which is the pressure needed for the exercising (the force is gpproximately 25 Kg, or 250
Newton).

The exercising pressure can be applied only once, or, equaly well, 2 or 3 times.

If the exercising is performed with the blade vertical submerged in abucket of water, it is
possble to verify blade artightness.

After exercigng, insure that DA, DB are in tolerance : DA=0.05 to 0.30 (typically 0.15), DB=
0.05 to 0.80 bar (typically 0.40).

THE EXERCISE SYRINGE




