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ABSTRACT: the paper presents a detailed case study, concerning the excavation of a tunnel of the new Under-
ground Railway Link in Milan and the induced settlements of a tall building nearby. The different strategies
of soll improvement, necessary to avoild excessive settlements, are first presented together with the results
of a numerical analysis aimed at determining the safest procedure. Details of the instrumentation and of the
observed displacements during the subsequent construction phases are next given. The results of numerical

backanalyses performed with two different constitutive models of soil behaviour are finally discussed.

RESUME: L’'article présents wun étude detaillé de

1'excavation d’'un tunnel du nouveau chemin de fer

souterrain de Milan ed des déplacements d'un haut bitiment, proche a l'excavation, Les differentes

strategiés d'amelioration du sol, qul sont nécessaires

pour eviter des déplacements excessives, sont

presentées avec les resultats des analyses numeriques pour la determination de la procedure la plus satis-
faisante. Ils sont en suite domnés les detailles de 1l'instrumentation mise en place et dex déplacements
observés pendant les phases successives de construction. Ils sont finalement presentés les résultats
des analyses numeriques effetudes a posteriori pour interpreter les données experimentales.

1 INTRODUCTION

The station “Repubblica" of the new Underground
Railway Link, presently under construction in Milan,
was excavated In the proximity of the foundations of
a 29 floor high storey-building. The building is
founded on a raft resting on a deep deposit of allu-
vial material, with slternating layers of sandy
gravel and sand. Fig. 1 shows a typlical soll section
as deduced through borehole sampling.

The tummel to be excavated was 25m wide and only
limited displacements of the raft were admissible.
It was then decided to improve soil characteristies
by the extensive use of grouting. The grouting pro-
cedure should be carefully designed, however, in
order to avold excessive heave of the building and a
dangerous increase in the state of stress in the
tensile reinforcement of the raft. To this purpose,
accurate measurement of raft displacements and of
soll deformation were carried out together with
numerical simulation of the excavation process,

The paper discusses the criteria followed in
designing the grouting procedures, reports the
observed displacements of the bullding during the
subsequent construction phases and presents the
results of numerical back-analyses aimed at inter-
preting the overall behaviour of the structure.

It is shown that numerical analyseg, supported by
an extensive site Investigation, can be used as a
profitable desipgn tool during construction; their
results were In fact used to choose between dif-
ferent possible strategles of soil improvement. The
displacements of surface points observed at the end
of the construction were in good agreement with the
predicted ones. Predicted displacements within soil
mass were less accurate, especially those concerning
grouting phase.

A further back-analysis was then performed after
the completion of the work. A new model which was
used to describe grouted soill behaviour is
presented. It is shown that with such & model it is
possible to lmprove the modelling of soil excavation
and of the grouting process. The latter is however
the most difficult step, since grouting alters in a
complex way the mechanical behaviour of natural
soil, It will be shown that even with this refined
analysis experimental data are not yet adequately

reproduced and that further fundamental research on
soil grouting is needed in order to obtain fully
satisfactory results.

Fig. 1. Typical alluvial soil stratigraphy.

2 ANALYSIS OF THE PREEXISTING STATE OF STRESS

In order to choose the type of soil improvement
necessaxy to limit the disturb that the excavation
could produce In the nearby structures, it was first
necessary to estimate the state of stress and strain
existing in the soil under the foundation and in the
raft prior to tunnel excavation. This was a diffi-
cult task, since the load history of the foundation
soll was quite complex, Fig. 2 shows two side sec-
tions of the building and of the tunnel to be exca-
vated. It is possible to note that on the left of
the building, in section A-A, there exist a rigid
diaphragm wall that was anchored to the soil under
the raft by means of seven orders of ties, This was
done in order to excavate the Third Line of the
Underground (which runs orthogonally te the axils of
tunnel under construction), without inducing exces-
sive settlements of the tall building. The natural
state of stress of the soil was then altered by the
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construction of the building, the construction and
anchoring of the diaphragm wall and the grouting
process. It was likely to be highly non-uniform and

difficult to measure,
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Fig. 2. Cross sections of the building and underground

works.

The deformation of the raft was instead well
knowvn, since a number of datum points were posi-
tioned in the raft at the moment of the building
erection, about 35 years ago. Before the construc-
tion of the diaphragm wall, the settlement of the
center of the raft was measured to be about 15tmm,
whilst the corresponding settlements of the raft
edges were between 6 and 9mm, see Fig. 2. The
pretension of the ties of the diaphragm wall caused
the edge of the raft to heave; as can be seen in
Fig. 3, the largest heave occurred in corner C
(about 10mm), and then decreased both along the edge
of the foundation and towards its center. The rota-
tion was then far from being rigid and likely to
produce a high stress state in the raft.

It was then decided to perform a series of numeri-
cal analyses to Investigate the state of stress in
the secil and in the foundation, Natural soil
behaviour was modelled by means of an elastic-
plastic strain-hardening model, called ‘Lamber’
(Bottl et al. (1988)), while grouted soil was
assumed to be an elastic-perfectly plastic material;
the constitutive parameters of such constitutive
laws were determined on the basis of wvarious backa-
nalyses performed with the same models.

In order to do that, twoe tunnel sections, at a
distance of a few dozens meters from the tall build-
ing, were studled. The surface settlements and soil
deformation during excavation were recorded by vari-
ous sliding micrometers. Several numerical analyses
were necessary to reach the desired agreement
between observed and calculated displacements, Fig.
4 shows a comparison of the displacements measured
along an inclined sliding micrometer with those cal-
culated. The numerical analyses were mainly focused
on crxown excavation, which was the phase producing

782

SURRACE LEVELLIG
TESULTE AY B.obh.BS
LIGPLACLEWMELNIS MEASLRES
AT THE EHb oF THE WoRkS
af Lt b

e

+ NUMERICAL
Experimantaly

O DEFONE ESCAVATION
O b Escomtion

+ NUMERICAL
Expetimental

SIDE SLIDING MICROMETER

4

il &

OBEFORE ESCAWTION % %
E = | U AFIER ESCAMTION

] el 33 1 & %

4 Jadim i 17

Fig. 4, Station tunnel back-analysis: comparison
between monitored sliding micrometer displacements
and numerical analysis results.

the most important deformation and stress redistri-
butien within soil.

To evaluate the effects of the prestressing of the
ties on the soil behind the diaphragm wall, another
numerical analysis was run. The wall, the soil below
the raft and the open cut, ties and building founda-
tion were discretized by means of finite elements
and all the excavation and tie tensloning phases
were simulated; displacements of the diaphragm wall
and of the raft were compared with in situ-
measurements; as shown in Fig. 5, quite reasonable
agreement was found; this was interpreted as a
further confirmation of the wvalidity of the assumed
constitutive parameters for natural soil.
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It was found that the effect of grouting and
anchoring was negligible outside the prestressed
zone, The state of stress in the ground was then
caleulated by simulating the construction of the
tall building.

The state of stress in the raft was estimated by
means of a 3D finite element elastic stress
analysis. The deformed shape of the raft after
diaphragm wall construction was accurately repro-
duced, by applying pressure wedges below the founda-
tion, which represented the effects of soll heave
due to tie tensioning. It was found that scmewhere
the reinforcement was at the serviceability limit,
so that further straining of the raft due to dif-
ferential settlements caused by tunnel excavation
should be limited within a strict range. On the
basis of such a result, it was decided to enlarge
the grouted zone towards the center of the founda-
tion, to glve the raft a support as uniform as pos-
sible.

3 THE DESIGN OF SOIL IMPROVEMENT

Three different solutions were analyzed for soil
improvement. In order to limit the heave effaets on
the nelghbouring building, in the grouting phase for
crown arch and side walls, two symmetrical jet-
grouting cut-offs 1.2m wide were initially designed,
Fig. 6. Traditional grouting from surface and subse-
quently from side wall drifts was also foreseen.
This solution was however discarded, since a numeri-
cal analysls showed that settlements as large as
17mm were likely to occur under the tall building.

ILTGEoUTIMG cuY
THE 'MILAN SRYScRADERY =F
RAES  FouMbATION

+H+ o+
i "\‘.{:| Y diTaes =
I \\ k. ;’I,/'
\ g
gamy A\ 724
LA\
—_— + 4,
d 21
N AN o

CoNSoLIBATED Soil BY Low
PLESSUTE GolTind.,

Fig. 6, First design scheme with jet-grouting
cut-offs.

In a second solution the width of the cut-off
under the tall bullding was increased to 1.8m and
soll was reinforced from surface by grouting even
below side drifts., Even Iin that case, however, set-
tlements were too large, of the order of 12mm,

Such a result was essentlally due to the stiffness
of jet-grouting columns, which were able to carry a
considerable amount of load; pressures at the base
of the columns were consequently high enough to
cause ylelding in the soil underneath, even if
grouted, with consequent remarkable settlements.

It was then finally decided to avoid the use of
Jet-grouting. Two cement mixtures were instead
injected at low pressure. The former, known as
Solena, was used in the arch around the tunnel and
to protect the side drifts. The latter, known as
Mistra'-L, was used under the raft, To permeate even
the finer voids a low viscosity chemical mixture
known as Silacsol-5 was used everywhere.

Injection ‘manchette' pipes were arranged in two
radial patterns, having centers the one at soil sur-
face, on the tunnel mid plane, the other inside the
drift below the tall building. The amount of grout

was depending on the type of secil to inject, the
desired degree of improvement and the admissible
heave. It varied from 10 to 14% of the theoretical
soll volume for cement mixtures, and reached a value
as high as 18% for the chemical mixture.

The subsequent numerical analyses showed that the
settlements that were likely to occutr were smaller
than in the previous cases; even the deformation of
the raft was more favourable, as a stress concentra-
tion was avoided near the corner of the raft. There-
fore soil improvement was carried out according to
the last scheme,

4 OBSERVED DISPLACEMENTS

To keep undex constant control the movements of soil
and of the surrounding buildings during tunneling,
it was decided to extensively instrument the founda-
tion of the tall building and two sections of the
turmel. As shown in Fig. 7, the raft was instru-
mented with fixed bidirectional inclinometers,
liquid level gauges, long base extensometers. The
displacements of several datum points were surveyed
together with that of a pendulum positioned in the
building staircase.
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Fig. 7. Layout of site Iristrumentation.

Sliding micrometers coupled with inclinometers
were put into the seil to measure displacements in
three orthogonal directions. Finally the liner was
Instrumented with extensometers and pressure cells
to measure the normal stress on the liner, the ten-
sion of the reinforcement and the state of stress in
the ribs near the advancing front.

4.1 First phase: grouting from surface

The grout was initially injected into the outer
plpes, and then into the inner ones. The soil heave
under the building was limited te 1.5mm. Only out-
side the raft a datum point and extensometer EL
recorded a heave of émm. Correspondingly, the slid-
ing micrometers positioned under the raft showed
limited elongations during this phase, while pipes
more distant from the tall building recorded exten-
sive tensile strains. This is possibly due to the
fact that this phase was performed initially under
the tall building, and only some months later on the
opposite side. Grouting in the right side of the
sectlon caused appreciable displacements only in
that region. This was to to the fact that in the
left side soil was already compacted by the high
state of stress caused by the building weight,
whilst on the right soil was still in the virgin
state,

4,2 Excavation of the side drifts
The excavation of the side drift on the side of the
tall building started when grouting on the opposite

side was not yet completed. The walls were
shotereted and ribs positioned every 0.8m. The side
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Fig. 8. Strains recorded by she sliding micrometers
during side-wall drift execavation.

wall of the final reinforced concrete liner was cast
only after the completion of grouting under the raft
and the lowering of the drift. The largest compres-
sive strain (see Fig. 8) recorded by the sliding
micrometers was of the oxrder of 0.075%, While the
effects of the excavation of the first drift (below
the tall buiding) were recorded also at the opposite
gide of the tunnel section, the excavation of the
second drift caused appreciable strains only in the
neighbouring soil.

The inclinometers denoted horizontal displacements
in a direction opposite to that of the excavation.
This was possibly due to the beginning of the arch-
ing effect of the grouted crown.

4.3 Second grouting phase

The most delicate step was the grouting from the

drift under the tall building, just under the raft.
Excessive grout pressures could cause heave of the
raft and untolerable stresses in the reinforcement.

The injections were performed in various steps,
controlling the amount of induced displacements
after each step. In order to keep the heave below
the prescribed limits, it was necessary to employ
less cement grout than foreseen in the design. The
chemical grout was instead adsorbed according to
design specifications.

The overall vertlecal displacements recorded form
extensometer E2 and datum point 562B are shown in
Fig. 9. It can be seen that the largest heave
occurred during this phase.
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Fig. 9. Displacement records for extensometer E2
(s0lid) and datum point 562B (dotted).
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raft, during crown excavation,

4.4 Drift lowering, crown excavation and subsequent
casting

The final phase started after the completion of
phase 3 and of the improvement of soil below the
invert arch. Settlements measured by the datum
points at the edge of the buildings are shown in
Fig. 10. The largest settlement of 6,6mm was
recorded in the zone of the tall building.

Along the center line of the street, settlements
were higher: about 12mm at a sectlon near the tall
building, and more than 20mm far from the bulilding,
where soil improvement was less enhanced, and the
distance between the excavation front and the crown
lining was larger (23m vs, 15m). The measured
stresses In the reinforcement of the final lining
were far from the allowable stresses, A small rota-
tion (about 10"“rad) of the axis of the bullding
was recorded by the pendulum.

4.5 Comparison between observed and predicted dis-
placements

Observed displacements were generally higher than
those predicted by means of the numerical analyses.
Near the tall building, however, the calculated dis-
placements of surface datum points were quite close
to the measured ones, In fact, the predicted dis-
placement at the edge of the building during crown
arch excavation was of 4.5mm (as opposed to the
measured value of 6.6mm}. Correspondingly, the cal-
culated settlement of the street axis was approxi-
mately 10mm (as opposed to the measured value of
11.9mm) .

The displacement field within the soll mass, as
recorded by the sliding micrometers and the incli-
nometers, was instead poorly modelled, especially in
the grouting phase. It was then decided to perform a
further back-analysis with a more refined constitu-
tive model to describe the behaviour of grouted
material. ’

S BACKANALYSIS OF TUNNEL EXCAVATION

The displacements measured by the sliding micrometer
511 were analyzed during two construction phases:
grouting from free surface and excavation of a
side-wall drift, a few meters below the edge of the
tall building foundation raft., In the design
analysis the grouted soil was modelled by an elastic
- perfectly plastic constitutive law with a
Drucker-Prager yield condition. The results of such
an analysis, which was also used as a verification



tocl during the construction phase, were thoroughly
discussed elsewhere (Balossi Restelll et al.
(1989)).

In the back-analysis performed after the work com-
pletion, the model for the natural soil was improved
by varying the hardening law (Canetta and Nova
(1989)) which was assumed to depend on both
volumetric and deviatoric plastic strains. This
allows the actual soil dilatancy to be better repro-
duced. The most impertant novelty was, however, the
new development of a consititutive law for the
grouted material.

It was in fact assumed that the grouting process
alters the soil characteristics in two ways: it
improves the elastic modull and expands the region
of elastic behaviour (elastic domain). In Fig. 11 a
sketch of such modification is plotted. Point A
represents the stress state in the natural
condition; since the soil is assumed to be in a nor-
mally consolidated state, point A lies on the yield
surface which is characterized by an isotropic pres-
sure p,. After grouting, the elastic domain is
larger: the maximum isotropic pressure is now:

Pe = Pg + Pm (1)
and the materlal acquires a tensile stremgth, which

is related to the parameter Py, defined in Fig,
11.
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Fig. 11. Evoluticn of the plastic surface during
grouting.

Four new parameters should then be identified: the
two improved elastic moduli and p; and pg, while
it is assumed that the other plastic parameters do
not change.

This model has several advantages on the former
cne. First, it reproduces well, at least qualita-
tively, the observed behaviour of grouted sand in
laboratory tests (Di Prisco et al. (1991)). Secondly
the transition from the natural state to the fully
grouted state can be simulated by gradually Increas-
ing the elastic moduli and the plastic parameters
Pp and pg, as oceurs in nature. With the former
model 1t was necessary to change abruptly the con-
stitutive law of the material, what induced numeri-
cal problems and uncertainties. Note that the number
of parameters one has to estimate is the same in the
two cases,

The modelling of the grouting process was per-
formed by assuming that Improvement of soll parame-
ters is larger in a gravelly than in a sandy layer.
On the other hand, since grout seepage Is difficult
through fine grained soils, it was assumed that com-

paction effects prevail in sand, Such an effect was
modelled by imposing an uniform anelastic volumetric
strain in the grouted zones, The choice of the value
of such a strain is however very difficult. Indeed,
one of the reasons to perform such a back-analysis
was that of determining the most appropriate value
of anelastic strain to simulate the effects of grout
injection.

Experimental results were modelled in a fairly
satisfactory way, partially at least, while the
design analyses failed to reproduce soll heave. In
Fig. 12, it can be seen that actual displacements,
measured along sliding micrometer S1l, are correctly
matched by back-analysis results in the grouted
region; in the deep segment (from -34 to -24m) a 2mm
settlement is calculated which does not really occur
(in that region seil is probably stiffer than
assumed in the model); in the surface segment({from
-10m to surface) & sharp increase in scil displace-
ments is not repreduced by the medel.
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Fig. 12. Comparisen between observed and computed
displacements along sliding micrometer S11 during
grouting from surface,

It should be born in mind, however, that the slid-
ing micrometer passed there clese to a wedge of
rigid material. Before the erection of the tall
building, under the base of the raft, extensive use
was made of high water content cement mixture, which
was allowed to seep through the foundation soil. It
is possible that the grouting pressures that cannot
dissipate in that reglon are channelled along the
direction of the sliding micrometer so to give rise
to the recorded displacement. Since neither the
mechanical properties nor the extent of such a zone
are known, 1t was decided to disregard it in the
numerical analysis. The calculated results are con-
sequently much more regular than the observed ones,

The model of the excavation of the side wall drift
was quite successful, Observed displacements were
indeed well reproduced as shown in Fig. 13. In the
design analysis, on the contrary, computed displace-
ments were larger than those observed. The reason
for the improvement is linked to the elastoplastic
straln-hardening structure of the constitutive model
employed to describe the behaviour of the grouted
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Fig. 13. Comparison between observed and computed

displacements along sliding micrometer S11 during
side-wall drift excavation.
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material: In the previous analyses, grouted zones
remained essentizally elastic, and strains were
governed by a single elastic modulus, whose value
was chosen to well reproduce settlements during the
crown excavation phase; the new constitutive model
for grouted soil, on the contrary, accounts for a
stiffer unleading/reloading behaviour (this is the
case for pllot drift excavation), and a softer vir-
gin compression (which plays the leading role during
erown excavation).

Other problems are still to be solved, however:

- the model is quite sensitive to the rate of load
application, especlally in the application of the
anelastic volumetric deformation in the grouting
process; this 1s due to numerical problems that
arise at the boundary between natural and grouted
soll, which is presently modelled as a sharp
discontinuicy. A smooth variation of parameters
through this boundary could yield more stable and
accurate results;

- soll dilatancy is not yet modelled in a satisfac-
tory way; this 1s a consequence of the associated
flow rule employed in this constitutive medel. 4n
improvément could be obtained with a non
assoclated plasticity model.

6 CONCLUSIONS

The paper presents a detailed case study, concerning
the excavation of a large shallow tunnel in a granu-
lar soil improved by grouting and the induced set-
tlements of a tall building nearby. The different
strategies of soil Improvement, necessary to avoid
excessive settlements, are first presented. It is
shown how combining the experimental data retrieved
by an extensive campaign of in situ measurements and
the results of numerical analyses it 1g possible to
optimize the design of soil improvement and to
predict the settlement trend in good agreement with
actual results. The instrumentation employed and
the observed results are presented and discussed.
The hypotheses on which the numerical analyses are
founded and the comparisons between observed and
calculated results are described. It is shown that
using an elasto-plastic strain-hardening constitu-
tive law to model natural and improved soil
behaviour it is possible to reproduce reasonably
well not only surface settlements but also the field
of displacements within the soil mass. The modelling
of the grouting phase presents however still
unsolved difficulties in the a priori determination
of the amount of the anelastic strain, in the model-
ling of the interface between grouted and natural .
soil and in the determination of the constitutive
parameters of the improved soil.
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chanics and Foundation Engineering - Rio de Janeiro, 13-18
August 1989 / Comptes rendus du 12éme congrés interna-
tionale de mécanique des sols et des travaux de fondations

Rio de Janeiro, 13-18 aotit 1989

1989-91, 30 cm, ¢.2500 pp., 5 vols, Hf.1250/ $695.00 / £396
The most important conference on soil mechanics & foundation
engineering,held every four years. All papers were selected and
reviewed by the national societies of the ICSMFE. Recent devel-
opments in laboratory strength & deformation testing; SPT, CPT,
pressuremeter testing & recent developments in in-situ testing;
Selection of design parameters for dam foundations; Offshore
exploration & foundations; Construction problems related to exca-
vation on soft rocks; Engineering properties & design assessment
of tropical soils; Collapsible & swelling soils; Geotechnical prop-
erties of coarse grained soils; Selection of design parameters for
underground construction; Probabilistic approaches in geotech-
nical engineering; Model testing; Anchors & injected piles; Large
diameter piles; Driveability of piles; Static & dynamic testing of
piles; Foundation of transmission towers; Reinforced soil slopes &
walls; Grouting & other forms of ground improvement; Soil freez-
ing; Diaphragm & slurry walls; Control of landslides &
instrumentation; Slope stability in residual soils & weathered
rocks; Filters (natural material & geotextiles); Road & earthwork
constructions on soft soils; Land subsidence; Environmental con-
trol of toxic wastes; Earthquakes; etc.

Blight, G.E., A.B.Fourie, 1. Luker, D.J. Mouton &
R.J.Scheurenberg (eds.) 90 54100079
Geotechnics in the African environment — Proceedings of the
tenth regional conference for Africa on soil mechanics and foun-
dation engineering and the third international conference on trop-
ical & residual soils, Maseru, 23 — 27 September 1991

199192, 25 cm, c.600 pp. 2 vols,, HA.295/$160.00/£90

As one of the few remaining areas on earth where large-scale
primary infrastructural development work has still to be carried
out, Africa has a particular concern with Geotechnical Emgine-
ering. The African environment poses many significant challenges
to the geotechnical engineer and engineering geologist. Most of
the African continent and Madagascar e within the tropics. This
fact, combined with the great antiquity of the African land surface
means that many of Africa’s geotechnical problems involve tropi-
cal and residual soils. This volume contains a wealth of informa-
tion on the geotechnology of Africa, and in particular, problems
associated with tropical and residual soils in the African context,

Yamanouchi, T., N.Miura & H.Ochiai (eds.) 9061918200
Theory and practice of earth reinforcement — Proceedings of
the international geotechnical symposium, Fukuoka Kyushu, 5-7
October 1988

1988, 25 cm, 632 pp., Hil.175/$95.00/ £55

Up-to-date topics on: Theory (Stress-strain; mechanism; seismic
resistance); Design (Principle, analysis & computer-aided design;
long-term stability); Construction (Earth & retaining wails; foun-
dations; embankments; slope works; excavation; near-shore
works); Materials (Newly developed & re-discovered traditional
materials; durability; corrosion; testing methods); Monitoring
systems (Technigues for monitoring; evaluation of site damage).

Jones, R.H. & I.T. Holden {eds.) 9061918243
Ground freezing 88 — Proceedings of the fifth international sym-
posium, Nottingham, 26-27 July 1988

1988-89, 25 cm, 615 pp., 2 vols, Hf1.250/ $135.00 / £79

Heat & mass transfer (Thermal properties & their measurement,
mathematical modelling of freezing & thawing, frost heave &
heaving pressure, etc.); Mechanical properties (Stress-strain-time
behaviour, changes in mechanical properties, etc.); Engineering
design (Refrigeration systems, thermal & structural design, etc.);
Case histories (Tunnels, shafts, inground storage, pipelines, open
excavations, underpinning, etc.), Editors: Univ. Nottingham, UK.
W.EVan Impe 9061918057
Soil improvement techniques & their evolution

1988, 25 cm, 120 pp., HA1.80/ $43.00/ £25

Introduction; Temporary soil improvement technigues; Permanent
soil improvement without addition of any material; Permanent soil
improvement by adding materials; Testing the completed soil im-
provements; General conclusions; References. Author: Professor,
Ghent State University, Belgium.

9054101164
The application of pressuremeter test results to foundation
design in Europe — Part I : Predritled pressuremeters [ Self-
boring pressuremeters
1991, 30 cm, 48 pp., Hl.48 / $27.00/£15
Definitions; Results of the survey; History; Equipment; Installa-
tion; Test procedure; MPM test interpretation; Use of MPM data
for design; CSBP test interpretation; Use of CSBP data for design;
PAF test interpretation; Use of PAF data for design; Soviet PDP
test interpretation; Conclusion; Abbreviated bibliography.

All books available from your bookseller or directly from the publisher:
A.A.Balkema Publishers, P.O.Box 1675, Rotterdam, Netherlands
For USA & Canada: A.A.Balkema Publishers, Old Post Rd, Brookfield, VT, USA





