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DILATOMETER TC COMPUTE FOUNDATION SETTLEMENT
by: John H. Schmertmann, F. ASCE 1

ABSTRACT

Sixteen examples demonstrate how the Marchetti dilatometer
test (DMT) provides soil compressibility data for the rapid
calculation of foundation settlements with an average ratio of
predicted to actual settlement equal to 1.18. The examples
include sands, silts, clays and orgamic soils, with settlement
magnitudes from 3 to 2850 mm. The settlement prediction method
includes the use of the basic, 1-D vertical compression modulus M,
with an example calculation using both an Ordinary Method and a
Special Method that includes adjusting M for the magnitude of
effective stress.

1. INTRODUCTION

Geotechnical engineers have good use for an insitu test that
permits a fast and usually adequately accurate calculation of
ultimate foundation settlement in most problem soils. The
Marchetti flat dilatometer test (DMT) has proven useful for such
calculations in sands, silts, clays and even peat, Marchetti
invented and developed the DMT in the mid-1970s. A brief
description of the DMT follows. The reader can find more
information in Jamiolkowski, et. al. (1985), Marchetti (1980,
1981), and Schmertwmann (1981, 1983, 1984, 1985).

The basic DMT equipment consists of a stainless steel blade
96 mm wide and 15 mm thick with a sharp edge and a 60 mm diameter
stainless steel membrane centered on and flush with one side of
the blade. A syringe activated pressure-vacuum system permits the
routine field calibration of each membrane. A single, combination
gas and electrical line extends through the rods and down to the
blade from a surface contrel and pressure readout box. The
operator uses a floew control valve to increase the gas pressure
behind the membrane and measures it at two points during its
forced horizontal expansion into the soil. The first "A-reading"
pressure occurs at membrane "lift-off" and the second "B-reading"
pressure after 1.1 mm movement, with both prompted by an audio
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siggal. The operator then impediately vents the gas pressure,
rapidly at first and then finally more slowly using a second vent
control valve to obtain a third "C-reading" pressure when an audio
signal indicates the membrane has returned to its original
lift-off position. The operator then pushes or drives the DMT
blade to the mext test depth, usually 0.15 to 0.30 m deeper, and
repeats the above approximately 2 minute test cycle.

The A-pressure correlates to the insitu horizontal stress.
The difference between the B and the A-pressures correlates to
Young“s modulus E and the vertical 1-dimensional compression
modulus M. Recent, mostly unpublished, research suggests that the
C-pressure, obtained after the soil has been pushed aside by the
previous 1.1 mm expansion, gives the ambient pore water pressure
in sands and includes excess hydrostatic in finer soils. At each
test depth the Engineer uses the established theoretical and
empirical correlations to reduce the data and interpret for the
§oi1 prope;ties'used in the settlement analysis. These properties
1nc19de soll type, E, M, the preconsclidation stress Pcs the
vertical effective overburden before the insertion of blade at the
time and depth of the DMT, 04", and the equivalent
overconsolidation ratio (OCR). The Engineer cam reduce the data
directly in the field using a calculator such as the HP-41, or
later in the office using a computer.

After obtaining all the above information for each of the
0.15~0.30 m DMT test depth intervals, the Engineer can plot the
resultg in the form of a near-continucus log and thus obtain a
good picture of the soil profile and relevant properties, The Iy
parameter calculated from the DMT data provides an index of soil
type at each DMT. Boring samples are usually provided as a check
ou soil descriptions.

Figure 1 presents the log of an actual DMT sounding along the
Georgia coastline, with part (a) presenting the complete tabular
output and part (b) a computer-printer plot of the strength and
compressibility results. The reader can see from Figure 1 that
the DMT provides horizontal stress and soil strength data, as well
as the properties used for settlement analyses. However, this
paper fo§uses on settlement. The writer will subsequently make
use of Figure 1 in an example settlement calculation.
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gives the tangent value of the slope of the 1-D stress—strain
curve. Just as with any other engineering modulus it gives the
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ratio of cause/effect, in this case stress/strain. The 1-~D
settlement is calculated by multiplying the stress induced strain
by the layer thickness. The DMT settlement analysis procedure
described herein is a fundamental procedure that is not linked to
any unique analysis method or type of test. The M and p. values
could come from any test providing such information. Of course,
this paper uses values obtained from the DMT. ;

The DMT determines the properties of the soil insitu at the
time of the test and therefore at only one point on the M-G,°
curve. With only normally consolidated (NC) soil insitu the DMT
will provide no direct information about unloading or reloading
moduli. With only overconsolidated (OC) soil insitu, the DMT will
provide no direct information about virgin compression moduli. If
needed, one must estimate the missing moduli using the best data
and principles available, as discussed subsequently in Section 4.

Janbu expressed the value of M in terms of a dimensionless
medulus number, m, multiplied by a function of the vertical
effective stress which depends on the soil type and its state of
consolidation. Equations {2a, b, ¢ and d) present his approach,
which the writer recommends and expands on in Section 4.

For NC clay (and organic soils), M =moy,” . . . . (2a)

{where m = [{1+e}/C.] 1n 10, e = void ratio

and C. = compressicn index) . . « « « .+ . » . (2b)

For NC silts and sands, M = 11'1(6‘:.1’O"",,)O-5 e e e e . (2c)
(where CT; = a reference stress of magnitude = 1)

For 0C soils and rocks, M =m . + + « + + « + « » « (2d)

Figure 2a illustrates Janbu’s {1963} unifying concept of relating
modulus nuwber to porosity in all soil materials, He recently
presented similar, updated graphs in his Rankine Lecture, Janbu
(1985), as shown in Figures 2b and 2c. Figure 2 presents typical
m value ranges that apply to normally consolidated (NC) soils. It
provides a useful framework im which to evaluate the
reasonableness of the M values determined by the DMT, or to
estimate the values of M needed in Sections 4.3 and 4.4. Note
that overconsolidated (OC) soils have higher m and M values.
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3. EXAMPLE SETTLEMCNT CALCULATIONS

Table 1 presents a step by step procedure for calculating
settlement using DMT data for the relevant soil properties. The
first part of the table lists 7 steps for the Ordinary Method of
analysis wherein M does not vary with stress level and is taken
equal to M as found from the DMIs. The second part of Table 1
lists 5 additional steps needed in the Special Method to include
varying M with varying stress level. Relatively few problems
require using the Special Method. The listing in subsequent Table
3 shows only 3 out of 16 cases, all involving weak soils near the
surface. A little experience with comparing the results from
using both methods on the same problem will soon show the user
vhen the additional work involved to use the Special method seems
justified.” The following example can start that experience with a
case wherein the Ordinary Method seems adequate.

Consider the following example settlement calculation
problem. Assume the so0il conditions given by the data in Figure 1
and consider placing a 6 m (20 ft} equivalent flexible, circular
footing at a depth of 0.9 m (3 ft) and leading it to provide a net
pressure increase of 191 kPa (2 tsf). How much ultimate
settlement should be expected when calculated from the DMT
sounding data?

3.1 Qrdinary Method: Table 2, Cols. 1 and 2, lists the
writer“s choice for dividing the potentially compressibie scils
into six sublayers (step 2). Note that the Ordinary Method part
of Table 2 includes only two of the six sublayers. Ordinarily the
writer would have considered, after inspection of the relative M
values from the DMT sounding, that only sublayers 3 and 5 had
significant compressibility and not bothered with the other
sublayers. Column 11 lists the average M values from the DMT
soundings for each layer (step 3). The next step 4 involves
calculating the stress increase due to the footing loading. The
situation closely matches that given in NAVFAC (1982, Fig. 15, p.
7.1-180) and the writer simply used the stress increases given
therein, Table 2 lists these stress increases in Col, 7.

The analysis steps remaining, Nos, 5, 6 and 7 now carry
forward into Table 3. Col. 5 gives the results of steps 5 and 6,
with a total calculated settlement of 58.8 mm (2.32 in.). The
final corrections using step 7, if any, are briefly and separately
discussed in Section 3.3 herein. These corrections would apply to
both the Ordinary and Special Method results in Table 3.
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TABLE 1 - RRCOMMENDED SETTLEMENT ANALYSIS STEPS USING DMT DATA

X 0D

1. Pert9rl 4 DMT sounding at esch settlement analysie location and determine
profiles of M through the soil layers of interest.

2, Divide the compressible soils into layers and/or sublayers of similar soil
type and stiffnese.

3. Determine the average M value from the DMT results for each layer angd
sublayer in 2.

4. Calculate the vertical stress increase 40, st the mid-beight of each
layer and aublayer in 2. The Engineer can use any suitable methed to
calculate the vertical stress increase,

5. Calculate the 1-D settlement of each layer or sublayer using the following
equation {1}:

settlement = stress increpse x thickness - lich m ... (1)

modulus

6. Obtain the total 1-D settlement by adding all the contributions from the
layers and sublayers im 5.

7. ane‘correctioau to the settlement calculated in 6., as appropriate from
Section 4.3 and any DMT experience with similar soils snd loadings.

SPEC, METHOD ADDITIONS TO STEP &4

4.1 CGalculate the initisl effective overburden stress 4" at the
mid-height of each layer and sublayer im 2,

4.1 Determine the average p. and O'p” value from the DMT results for each
layer and sublayer in 2.

4,3 Compare Op° va, 0" (the effective overburden pressure at the time of
the structure loading may not be the same as at the time of the DMT

because of excavation, surcharge, dewatering, etc.).

4.4 Compare p_ apd G”; +ATy) and decide on which of the following

cases applies to each layer or sublayer.

4. All virgio compression: wuse M for the normally comsolidated (NC)
case,

All recompresaion: use M for the OC case.
c. The stress increase spsas part recompression and part virgin
compression: use M from 4.5 below.

4.5 Ma%e adjustments to the average M values in step 3, as needed.
(discuased in text under 3.2 Special Method)

3.2 BSpecial Method: This method includes the extra steps
4.1 -~ 4.5 listed in Table 1, the sole purpose of which is to
adjust M to the average vertical effective stress during the
loading that produces the settlement of interest. The extra
¢olumns in Table 2 accommodate these extra steps. The writer has
also included all 6 sublayers to provide more examples.
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Table 2, Col. 4, lists the best estimate of the mid-layer
vertical effective stress ('p” at the time of performing the DMTs.
Usually 0'p” also closely equals the initial vertical stresss at
the start of the settlement process, U,", and the writer has taken
them equal for this example and thus completes steps 4.1 and 4.3.
Col. 7 lists the average p, values for each sublayer as obtaimed
from the DMT results, and thus completes step 4.2. Col. 8 gives
the final effective stress in the settlement process, Uf”, which
equals the sum of Cols. 6 and 7. Proceed to step 4.4 by comparing
cols. 6 and 7 to make the decisions as to whether the settlements
will be virgin (NC), recompresion (0OC) or both. <Col. 10 lists
each decision.

TABLE X - EXAMPLE SETTLEMENT CALCULATION TABULATION
BASED ON THE DMT DATA IN FIGURE 1.

L2 3 4 5 6 1 8 9 10 11 12 13
fLayer T T . use
"oy Top[ o5 |seil] T | &0 | O [ A | oc M = M

(m}l “(m)| (kPa) (kPa} (kPa) {kPa) (kPa), NC |(MPa) (MPa
T [ I
FOR THE ORDINARY METHOD: ;
. i :
Bl. [l B

3] 3.1]|4.35 - e~ |3 - - - 1.6 | — 1.6

5 6.7 [7.45 | — | el. 19 - - - 2.4 | — 2.4

si.

FOR THE SPECIAL METHOD: ‘

109 [1.55 | 28 | sd.) 28 |67 95 s80 | Hoc 11 - 117
22 LOC 200 | 21.8
2|22 | 2.85 43 sd, | 43 | 48 91 65 7.4
26 | NC 200 | 17.6
I
i
3 13.1 | 4.35 52 si.| 52 | 30 |82 &% | Nowl 1.6 - 2.06
ci. !
4 5.6 |6.15 | 64 | Sd.| 64 | 23 87 6o~ i NC*} 12.1 - 13.1
516.7 17.45 T4 el.| 74 |19 93 50 { RC*| 2.4 - 2.54
Si.
i
& |8.2 | 9.5 95 si.| 95 |12 107 420 oc 97 - 97
|
|

*The DMT correlations used interpreted these layers as, on the
average, a little underconsolidated. The writer could find no
physical basis for underconsolidation, and therefore attributed
this interpretation to correlation erzors and used the NC case
for the computations. As with all tests, the engioeer should
use appropriate judgement when interpreting results.
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The user is now ready for step 4.5, which requires the use of
more detailed explanations given in Sectiom 4. herein. Col. 13 in
Table 2 gives the resulting adjusted average M values for each
sublayer after using the procedures described in Section 4, These
adjusted Ms are then transferred into col. 4 of Table 3 and steps
5 and 6 produce the col. 5 value of 52.7 mm (2.08 in.) for the
computed ultimate consolidation settlement. In this case the
Special method produced a calculated settlement about 10% less
than that from the Ordinary Method. As noted in Sectiom 4.4, the
Ordinary Method can also underpredict settlement.

3.3 Corrections: The settlement calculation presented in
Sections 3.1 and 3.2 applies to consolidation or volume change
settlement under a perfectly flexible loaded area, in 1-D
compression only. Each of these assumptions may or may not
deviate significantly from reality and require some form of
correction to the calculated settlement values. The length of
this paper does not permit a detailed examination of each.
Therefore, the reader is referred to the various pages in NAVFAC
(1982) that are briefly cited below. This is a widely available
reference that hopefully the reader will find convenient to use.

3.3.1 Immediate (Pseudo-Elastic) settlements: This requires
Young“s modulus, E, Use the ED column in Figure la. as equivalent
to E for sands. However, the calculation for immediate settlement
in sands using E is normally an alternate to using M and not an
addition. For cohesive soils use the M column, with E

approximately 75% M. Use the formulae and factors on PP-
7.1-211-218.

TABLE 3 - THE L-D, CONSOLIDATION SETTLEMENT CALCULATLON
FOR THE EXAMPLE 6m DIAM, FLEXIBLE LOADED AREA
AT THE FIG., 1 DMT SOUNDING LOCATION

t 2 3 4 5
THICKENESS ¥ settlement
LAYER H{m) {kPa) (MPa} eqn. (1)
Lm Table 1]
FOR THE ORDINARY METHOD:
3 1.5 30 1.6 46 .9
5 1.5 1% 2.4 il,9
58.8 am
(2.32 in
|
FOR THE SPECIAL METHOD:
1 1.3 67 117 0.7 Bm
2L0C 0.9 22 21.8 ¢.9
2NC 0.9 26 17.6 1.3
3 2.5 30 2.06 36.4
4 I.1 23 13.1 1.9
5 1.5 19 2.54 11.2
6 2.6 12 87 0.3
52.7 mm
(2.08 in)
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3.3.2 Structural Rigidity: Use Table 1 in pp. 7.1-212-213.

3.3.3 3-D effects: Page 7.1-225 provides a convenient graph
to make the Skempton and Bjerrum (1957) correction for 3-D and
related overconsolidation effects. See pp. 7.1-211, 216-217 for
correcting for possible lateral displacement effects.

3.3.4 Secondary and creep: Requires other than DMT data to
evaluate such effects.

3.3.5 Aging: The evaluation of this effect requires DMT or
other types of data over a period of time,

3.3.6 Summary: Pseudo-elastic settlements, lateral
displacements, and creep-secondary effects all tend to increase
settlement, Rigidity, overconsolidation and aging effects tend to
decrease settlement. Unless the Engineer has some reason to
consider that one or more of these effects will have a major
impact on the problem, it might be assumed that these effects all
approXimately cancel and that the results of the analysis
described in Sections 3.1 and 3.2 provide an adequate answer
without the refinements of Section 3.3.

4. CONSTRUCTING THE M V5., T,” GRAPHS

This section divides the problem into four cases; NC in all
soils, highly overconsolidated (HQC) in all seils, lightly
overconsolidated (LOC) clay and peat and LOC silt and sand. The
values of M obtained for Col. 13 in Table 2 refer to the average
values that apply to each layer or sublayer, and each may require
its own graphical construction or the mathematical equivalent of
such a construction. The constructions are shown in Figures 3a
through 3d and are discussed individually. The double, open lines
shown in these figures indicate the Ordinary (constant-M) Method
used in Section 3.1,

The suggested M-graph comstruction procedures are admittedly
oversimplified and can only roughly estimate the actual, unknown
relationship between M and 7. Nevertheless, the writer
recommends their use in the absence of superior information. They
should be adequate for most settlement analysis purposes in
ordinary sands, silts, clays and organic soils.

4.1 The highly OC case: Figure 3a illustrates this case.
The writer recommends the following construction steps: 1)} Plot
the M- Jp” point "1", 2) check the reasonableness of m, which =
M, compared to the ranges given in Figure 2. The 0C value of m
should exceed these NC reference values. 3) comstruct a
horizontal line (constant M) through the point "1" in Figure 3a.
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This means that the Engineer can consider the soil as so highly
overconsolidated that the subsequently applied stress increase
will not approach the p. point and that M can be considered
independent of C,".

4.2 The NC case: Figure 3b presents the comstruction for
this case, The writer recommends the following steps: 1) plot
the M- 0p” point "1", 2) Calculate m according to either eqn.
(2a) or (2c), depending upon soil type. Check for reasonableness
of m in accord with the reference values in Figure 2. 3} if
reasonable, proceed; if not, either look for an explanation and
use as tested, or retest if judged appropriate. 4) Use either
eqn. (2a) or (2c} to extend the graph in the direction of higher
stress levels. 5) construct a line, in the direction of lower
stress levels to 0.5 " at point "4" using the angle (@ or 3 )
to the horizontal equal to that for stresses higher than 0p°. Use
supplemental test data for evaluating recompression M at less than
0.507" (applies to all cases). MNote that the Ordinary Method
with NC soils involves the use of too-low values of M and will
tend to overpredict settlement (as in Table 3}.

4.3 Lightly OC clay and organic soils: Figure 3c presents
the construction for this case, The writer recommends the
following steps: 1) plot the M vs., Jp” point "1", 2) estimate m
using either Figure 2b, or eqn. (2b) with assmed values of ¢ and
C. from the virgin compression data correlations presented on p.
7.1-224 of NAVFAC (1982). 3) Calculate M at p. using this m and
eqn, (2a) and plet as pt. "2". 4) fit a line with slope m through
point "2" and the origin, 5) construct the line 1-2-3 as an
estimate of how M varies with increasing effective stress, 6)
Line 2-1 can then be extended backward to cover the recompression
range to 0.5 Up” by the line 1-4,

Sometimes the shape of the curve between points 1-2-3 can be
evaluated from other DMT data in the same sounding or at the same
site. For example, the same clay may become progressively less
overconsolidated and even become normally comsclidated with depth
and thus provide data for successive points along the 1-2 or 1-2-3
porticn of the construction.

4.4 Lightly OC silt and sand: Figure 3(d) illustrates this
construction. The writer recommends the same steps as in Section
4.3 and Figure 4c, with the change that instead of fittimg a
straight Iine through point "2" in accord with eqn. {2a), one fits
a parabola through point "2" in accord with eqn. {(2¢).

Note that the use of the Ordinary Method with LOC soils
usually involves the use of a too-high M below the p, stress and
thus will tend to underpredict settlement,
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5. ACCURACY COMPARISONS

The following comparisons should help the reader evaluate the
accuracy that might be expected from settlement analyses based on
data from DMT soundings and the correlations in current use, The
following sections consider soil properties and then overall
results of settlement analyses.

5+1 p. and M comparisons: Table & presents comparisons
between p. and M values as determined from the DMT compared to
high quality oedometer tests, or large calibration chamber tests
or backfigured field test settlement measurements. Table 4 ’
presents averages, standard deviations and ranges for clay and
organic soils and for sand and silt. The compilation in this
table suggests that the DMT will usually provide p. and M valyes

adquate for most ordinary work, with good averages but with
considerable spread.

TABLE 4 — SUMMARY OF GOMPARISONS BETWEEN
DMT & OTHER (BELIEVED SUPERIOR) TESTS
FOR S01L COMPRESSIBILITY PROPERTIES

[DMT-other}/{cther i

Pc M
) - ] ilnyforg. sd.+si | ¢Taytorg.] ed¥si |

No. comparisonsg 17 5 22 7

average +7% +10% -11% +1X
std, dev. 287 231 2374 20%
range high +32% +53% +55% +202
raoge low —40% -142 =792 -292
Range io ave. 0.4 to | 0.04 to 1.5 to 10 1o
(Eﬁ:ltliggakPn, 8 1 440 2000

1 tef) _

5.2 Settlement comparisons: Table 5 presents, in no special
order, a summary of all the DMT-calculated and measured settlement
?omparisons currently (Feb 86) available to the writer. They
include a considerable variety of soil types ranging from peat to
hard clay, and settlements ranging from 3 to 2850 mm (0.2 to

%12"). The following subsections provide some background
information:
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5.2.1 Tampa Skyway Bridge main piers: A very heavy
structure in Florida with drilled shaft foundations into and over
a HOC clay and with approximately 50% of the loading mow in place,
Mpyr about 3 to 5 times greater than M from oedometer tests,
probably because the M values are too high for adequate rigidity
in conventional cedometer equipment. The DMT blade was advanced
by driving with an SPT hammer, which produces conservative Mpyr
(see 5.2.5). Very refined {including 3-D finite element)
calculations were used for the predictions, which included
immediate settlement. Ref. Sonnenfeld, et.al. (1985) for some of
the DMT and other data.

TABLE 5 - COMPARISONS BETWEEN DMT-CALCULATED AND MEASURED SETTLEMENTS
I Comprers’;.i Settlement (mm) ratio |
No. | Lozation Structure soil DMT | ** | Meas.| DMT
5.2 Meas
~ L
1 Tampa bridge HOC Clay * 257 b,d 15 1.47
pierv |
2 |Jacksonvll. Power compacted | * 15 | b,o | 14 | 1.07
Plant sand | ave. 3}
3 |Lyon Haven | factory peaty sd. 188 a 185 1.02 !
4 |British test peat {2030 | a k2850 |0.71
Columbia embankment org. sd. !
5a Fredricton surcharge sand * 11 a 15 10.73
b " 37 plate sand * 22, a | 28 |0.79
c| v building quick el | * 78 | & | 35 |2.23
silt
6a i Outario road : peat *300 | a,0 | 275 1.09
embankment l ! H ;
b " building peat *262 ; a,0 270 |[0.97
7 | Miami 4 plate peat  + 93| b | 71 [1.31
8a | Peter- Apt. bldg sd. b Bi. * 58 | a,e | 4B |1.21
borough
b* " Factory " * 20 | a&,0 i7 1.18
9 " water tank si. clay * 30 | b,o 31 0.97
10a | Liakoping 2x3 m &i. sand * 9 a,0 |6.7 .34
plate
b " 1.1x1.3m si. sand * 4 a0 3 1.33
plate
11 | Sunme house silt & * 10 [ b,o 8 1.25
IR S _ ___sand N

* Denotes Ordinary M method used

** b denotes pettlements calculated before the event
a denctes settlements calculated after the event
o denotes settlement calcnlations by other than the writer
d denotes dilatometer advanced by driviong with SPT hammer.
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5.2.2 Jacksonville Power Plant: This case involved heavy
loading over a 21 acre site in Florida on sands densified by
dynamic compaction and compaction grouting. The loadings are now
about B80% complete, and the DMT and measured settlements are for
these loadings. The data in Table 5 result from averaging 3
structures, with individual DMT/meas, settlement ratios of 0.91,
1.17 and 1,12, Ref, Schmertmann, et. al. (1986).

5.2.3 Lyon Haven Factory: A fill and floor slab in Florida
placed over peaty sands, produced settlement and a lawsuit. The
investigation had to be completed quickly, with maximum of 2 days
at the site, The DMT was chosen because the testing and analysis
could be completed quickly. Ref. 8&C file (1983).

5.2.4 PBritish Columbia _Research Embankment: The DMT
soundings were made after a test embankment was constructed over
Fraser River peat and organic clays, 30 km from Vancouver, by the
British Columbia Dept. of Highways. The project also involved
extensive additional research testing and instrumentation by the
University of B.C. Calculations by the writer suggested that the
Ordinary Method would have badly undercalculated settlement
because of the much lower stresses at the start of loading than at
the time of DMT. The measured settlement includes an adjustment
for lateral displacements. Ref. Brown (1983).

5.2.5 Fredricton (Canada) Bank: This especially informative
case involves two adjacent sites. At one, the engineers performed
a plate load test in the surface sand, and also measured the
settlement contribution of the sand under a 4.6 mw (15 ft)}
surcharge. At the other they monitored the settlement performance
of a nine storey bank building placed on a raft foundation near
the bottom of the sand layer, just above a uniferm, 30 m (100 ft}
thick deposit of overconsclidated (perhaps only by light
cementation) yet very semsitive clayey silt which becomes nearly
quick when disturbed. It has average plasticity and liquidity
indices of approximately 10% and 1.0, resp.

DMTs were performed at the bank site through the sand and 5 m
(16 ft) into the clayey silt, using both the SPT hammer and a
quasi-static push to advance the DMT blade. The driven DMTs
disturbed the clayey silt and yielded M values that averaged 1/4
the average M from the pushed tests. Only the modulus results
from the pushed DMTs were used to compute the case 5c¢ settlement,
The computation alse includes the assumption that the tested top 5
m 15 representative of the entire 30 m thickness, and an 0.9
factor for the Skempton-Bjerrum (1956) 3D-OCR effects.

Twenty one odeometer tests over the upper 20 m (66 ft) of the
clayey silt gave an average M = 5.0 MPa (52 tsf), much less than
the average Mpyr = 16.8 MPa (175 tsf} . A similar but
conventional analysis using undisturbed sampling and lab testing
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would have predicted settlements more than 6 times those measured!
While the DMT predicted much more accurately than the laboratory
based method, this case does provide a warning that soils with a
sensitive structure may be less compressible before the insertion
of the DMT blade vs, after the disturbance from insertiom.
However, such disturbance does produce a conservative result.
Refs. Landva (1981) and Valsangkar, et. al. (1985).

5.2.6 Ontario (Canada) peat: Hayes (1983) presented an
example of the settlement of a roadway embankment over peat. He
then added another case over peat from his company’s files. Ref.
Hayes (1985).

5.2.7 Miami peat: The writer has an additional settlement
prediction experience with peat in Florida, involving the
settlement of a2 1.2 m {4 ft) square plate test on a surface 1.2 m
(4 ft} thick peat layer. The peat had an OC crust and varied from
HOC at the surface to NC at the bottom. Ref. S&C file {1983).

5.2.8 Peterborough {Canada) jindustrial plant and apartment
building: Both sites involved loose sands and silts, with SPT

N-values of 5 to 15. Hayes alsp reports he had 4 other cases with
settlements ranging from 8 to 30 mm where he found close agreement
with settlements predicted using the DMT data. He wrote "We are
now quite confident that the dilatometer test data can be used to
produce reascnable and accurate settlement predictions." Ref.
Hayes (1983).

5.2.9 Peterborough (Canada) Liquid Storage Tank Pad: The
loading has temporarily reached 100% of the maximum expected. The
predicted ultimate settlement is 30 mm at the perimeter of the
pad. In Oct 853 the average perimeter settlement was 23 mm, but
conselidation of a 4 m (13 ft) thick clay layer at a depth of 10 m
is continuing. The projected ultimate settlements are 28 to 33
mm, Ref. Hayes (1985).

5.2.10 Linkoping, Sweden, plate load tests: Performed in
dense silty sand by the Swedish Geotechnical Institute. G.

Sallfors performed the DMTs and settlement analyses. Ref.
Sallfors (1986).

5.2.11 Sunne, Sweden, 2 storey house: Monitoring points
placed on the basement walls showed settlements of 5 and 3 mm for
the first and second floor lcadings, vs. 6 and 4 mm predicted in
advance. Ref, Sallfors (1986).

5.2,12 Summary: Based on the 16 comparisons listed in Table
5, the average predicted/measured ratio for settlement equals a
conservative 1.18, with a standard deviation = 0,38, and extremes
of 0¢.71 and 2,23. Excluding the 2.23 extreme in 5.2.5¢c would give
1,11, 0.26, and ¢.71-1.67, respectively. The Ordinary Method used
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in 13 of these comparisons usually produces acceptable results,
but occasionally the situation calls for correcting M for the
effects of different effective stress levels. Note the wide range
of soils (sands, silts, clays and peats) and the wide range of
settlement magnitude involved (3 to 2850 mm) wherein the
dilatometer gave reasonable settlement predictions. Although more
research and experience will doubtless further improve the
correlations, the DMT has already proven reliable for the
calculation of foundation settlements.

6. SUMMARY AND CONCLUSIONS

6.1 The DMT quickly and economically provides good
stratigraphic and soil property data for the computation of
settlement,

6.2 The method of aznalysis for converting DMT data to
settlement involves the application of a simple and general
stress—strain equation (1) for one-dimensional compressiom.

6.3 Because the DMT determines M values at only the insity
effective stress, using such M in settlement analyses may require
special adjustwent to the different effective stress levels that
apply to the problem under investigation. However, the Ordinary
Metnod of analysis that omits this adjustment usually suffices,

6.4 As with other methods of analysis, the DMT settlement
calculation method recommended herein may require correction for
such effects as pseudo-elastic settlement, structural rigidity,

3-D effects, creep and aging. However, these may often be assumed
to cancel each other.

6.5 The DMT appears to predict the relevant soil properties
for settlement analysis with an average error of approximately
107, and a standard deviation of approximately 30%. The ratio of
calculated/measured settlement for the sixteen examples listed
herein averages 1.18, with a standard deviation of 0.38. The
soils involved in these cases include peats, loose to dense sands
and silts, soft to hard clays, and mixtures thereof, from a wide
spectrum of location and geclogic origin,

6.6 A DMT sounding can usually provide the data needed for
the calculation of expected settlement with an accuracy adequate
for most practical purpeses,


Principale
Evidenziato
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