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Application to geotechnicaldesignusing (S)DMTresults
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Main SDMT applications

Settlements prediction

In situ G- gdecay curves

FEM input parameters (Plaxis)

QA of soil improvement

Slip surface detection in OC clay
_iquefaction resistance (CRR)

_aterally loaded piles (P-y curves)
Diaphragm walls (springs model)

A Vs for quality assessmentof soil samples

o To Io Po Do Io o o
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Settlements Prediction (Modulus)
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Settlements Prediction

Boussinesq DMT

Ac, by
Boussines(

A 1-D approach (classicTerzaghi
A Primary settlement at working loads
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Many publications & case histories of good agreement between

measured and DMT -predicted settlements / moduli:

AFailmezger2020) ATice& Knott (2000)
AGodlewski2018) AWoodward (7993)
AMcNulty & Harney 2014) Alwasakiet al. (1991)
ABerisavijevic(2013) AHayes (1990)

Avargas (2009) AMayne & Frost (1988)
ABullock (2008) ASchmertmann1986,1988)
AMonaco (2006) ASteiner (1994)

AlLehane& Fahey (2004) AlLeonards(1988)

AMayne (2001, 2004, 2005) AlLacasseandLunne (1986)
AFailmezger(1999, 2000, 2001) A..

ACrapps& Law Engineering(2001) A.
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Observed vs. DMT-predicted settlements

Dormitory Building 13 storeys (Atlanta - USA)

Settlements profile : Measured vs DMT predicted
(Piedmont residual soil)

Distance (meters)

] 10 20 30 40 50 60 TO B0 90 100

L1 A —_— e L emm s owmm DMT
E ' observed
E 100Q----— - ‘
- . "- =
S 1504-- a\..-‘.\ ...... S R S -
E Q & , & @ Q
T 200} N e Lt ST
T - | - ! :
W i h« o] ..-"I:.

1| S ———— - T F

300 4

SPT Settlement prediction: Mayne (2005)
DMT Settlement prediction:
Observed Settlement:
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Observed vs. Predicted Settlements by DMT

Silos on Danube Bank (Belgrade)

M (MPa)
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“ Silo founded on mat 100 m x 23 m, with gnet = 160 kPa
“ DMT Settlement prediction: 77 cm

Measured Settlement: 63 cm
26 DMT +22%

D. Berisavijevic, 2013
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28 Projects: observed versus DMT predicted settlements

. gsa el | ‘ Z. comparison of settlement values measured
E 01 aor | 2/ L | at the structures with respect to those
*_E- 60 - sl 0,9509 obtained by dilatometer data and observations
= A | (28 structures). It should be added that the
= 40 A e given set of buildings was limited to structures
3 | with shallow foundation..”

§ 20 - -— ==Ll

= | different soil types

S 0 ; ,

=

0 20 40 60 80 100
settlements obtained from DMT [mm]| Godlewski, 2018
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Recent Linked In Post from Ground Investigation New Zealand (21/10/2025)

[ E] m (14) Ground Investigation Ltd.: | X =+ ~ — O b
r

O
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C U 8 wwwlinkedin.com/com pany/ground-investiga
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INVESTIGATION

Ground Investigation Ltd.
‘Geatechnical In Situ Testing. CPT-seismic-DMT. Our mission: Best Possible Data

& Micheiie & § other connections work here

Home About Posts
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BATETCATON

‘Ground Investigation Lid.

831 followers.

See a collection of active ar
past ads by Ground
Investigation Lud..

View ad library
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Documents

Ground Investigation Ltd.
w-®

An interesting paper from the NZES Symposium last week Setflements recorded
under 2 water starage reservoir were compared to predicted settements. Those
predicted from DMT were closest to the measured settiements. Thoss estimated from
CPT correlated mv walues were reasonable, but aver a wider range. Predictions fram
aboratary oedometer tests significantly over-estimated settlement. This matches our
owm experiences and that of other similar studies dane workd wide.

n my apinion, the Studio Prof. Marchetti DMT is the best tect for settlement
srediction and, with readings every 200mm, it provides a near cantinuaus prafile of
consolidation parameters. it is practically and economically pointless doing labosatony
cedometer testing. And, the new Medusa DMT also allows very good dissipatian
testing to determine ov values
Growund Investigation Lid. introduced the DMT to NZ in 2000 and has extensive
experience with the wse of this tool and #ts interpretation, having done thausands of
DRAT, seismic DMT and Medusa DMT testing.

f the problem i consalid ation settlement, then the test ta use is OMT.
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Recent Linked In Post of Ground Investigation (New Zealand 2025)

An interesting paper from the NZGS Symposium last week. Settlements recorded under a water
storage reservoir were compared to predicted settlements. Those predicted from DMT were closest to
the measured settlements. Those estimated from CPT correlated mv values were reasonable, but over
a wider range. Predictions from laboratory oedometer tests significantly over-estimated settlement.
This matches our own experiences and that of other similar studies done worldwide.

In my opinion, the Studio Prof. Marchetti DMT is the best test for settlement prediction and, with
readings every 200mm, it provides a near continuous profile of consolidation parameters. It is
practically and economically pointless doing laboratory oedometer testing. And, the new Medusa DMT
also allows very good dissipation testing to determine cv values.

Ground Investigation Ltd. introduced the DMT to NZ in 2010 and has extensive experience with the use
of this tool and its interpretation, having done thousands of DMT, seismic DMT and Medusa DMT
testing.

If the problem is consolidation settlement, then the test to use is DMT.

hashtag#Groundlnvestigation hashtag#DMT hashtag#SDMT hashtag#MedusaDMT hashtag#Marchetti hashtag#NZGS2025
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Recent Linked In Post from Ground Investigation New Zealand (21/10/2025)

e 2025

Geotechnical Horizons: Innovations & Challenges

15 = 1B Octobs 025 +» Auckland, New Zealand

Predicted and Measured Settlement of Peat
Loaded by a Reservoir

1.L. Smith, C.D, Gilbert & J.A. Masigan

Ruley Consultants Lid, Chnistcharch

ABSTRACI

Te Waabekeora Water Stocage Reasrvoir, completed in 2004, stores 3 2M " of wiser wathun a 43 Hectase
peomenhrane lned basa located 1 5km south of Durgaville. The site topography 16 dommussted by dune
formancas of the Kanotahi Geovg, with recent organue deposits infilling valley sechions. The adopted dessam
solution zvolved instalistion of 2 hugh.density polyethrylens (HDFE) Lne over natuzal soils, which incladed
orgazs: deposts up to 12m deep, with cely nomamal surface preparation. To muppart the assessment of liner
deformations due to reservou Joading, a range of bests were undertaken inchading in- st aod labonatory
tochmogoes Upoe completion of comstruchon, hegh-resoduton bethametic surveys have boen vaadertaken af
prescuibed reservou Jevels. The comparmson of avalable settheament peediction beclungmes with measged
dedormations over an extended area peonides a rmge of maights mround therr spplicability and accuracy
Denved settleent cosfficients are presented, which muxy be of mierest 1o those working with samular ground
coaditions.

1 INTRODUCTION

The Te Wahekocs Reservor, Jocstod 1 5km soush of Dargaville, promides 3 M w’ of water stoeago for the
Kaipara Water Scheme The reservoir is designed 10 aupport up to £ 100 Ha of new horticultiral
developuent oo the Pould Pennds. Oue hugh potential uupact classfication (FIC) dun and fow low PIC
dazmes were buzdt 20 form the reservor, with 3 maxirme retained beight of 11m

The work was comumssioned by the Te Tas Tokeran Water Trust, which has e objective to develop wates
schennes 10 enable the establishument of o wlly viable and emarommentally sustaimable bortoulture,
providing econcars: and employment opporunines i e remon. The Tros has received fnding assistance
From Kamea - Regioa! Ecenommc Development & Investment Uzet - the Northland Regonal Council and
Far Necth Diserict Council

Eng Diego Marchetti

7 CONCLUSIONS
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A fundamental linutation to the ability to accurately predict pnmary and secondary settlement across
a large and vanable site such as the subject site, 1s the accuracy and resolution of site geological
model. As always, the services of an expenenced engimeenng geologist are essenfial

Settle 3D (RocScience) 1s able to analyse and present extensive and complex site and loadng
geometnes, though some “workarounds are required”

In-situ DMT testing stood out as the most accurate predictor for pnmary settlement parameters.

The large-scale preload tnal remains the “gold standard™ for such analyses as it considers the full soil
profile. However, in this case, and more broadly in the expenence of the authors, these site tnals
requure careful supervision and can be undermined by the practicalities of constructing and
momitoring them

CPT based settlement correlations provided relatively accurate parameter estimates n this case.
Laboratory Oedometer testing significantly overestimated settlement in this case. Sample

disturbance was suspected as a leading cause for maccuracy, and this may have been exacerbated by
the hugh fibrous peat content of the samples.

Traditional approaches to Cv eshmation relate to permeability and the ability of soil to dissipate
porewater pressure. This approach 1s not applicable to the partially saturated peat bemg assessed.
This was confirmed by the preload tnal, which more accurately estimated time related effects

www.marchetti-dmt.it



Example of SDMT measurementsJ « Treal© z2S¥tflements
Prediction at a demonstration site for a workshop

Bogota (Colombia- 2015)
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Workshop on DMT and CP

Bogota, Colombia May 2015
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SDMT main soill profiles

Workshop in Colombia (May 2015, Bogota)

Material Index Constrained Modulus Undrained Shear Strength Horizontal Stress Index ShearWave Velocity
0 0 0 e 0 0
—
2 2 2 2 2
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6 6 6 6 6
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Stress History Parameters

Workshop in Colombia (May 2015, Bogota)

Overconsolidation Preconsolidation Earth Pressure Hor_izontal
Ratio Pressure Coefficient Effective Stress

0 n n n
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Settlements Prediction: Load information

Workshop in Colombia (May 2015, Bogota)

Eng Diego Marchetti

-/ DMT Settlements
File Settings Info

E=E EEE X5

Load Area Type @) Isolated

Multiple Loaded Area

Circle

Shape of Load Area |Square

Short Side

Long Side

Uniformly Distnbuted Load
Total Vertical Load

Depth of Load Area Base

Rectangular Load Area

15 m

30 m

i kPa

13500 kp

2 m

CROSS SECTION

g = 30 kPa

I ! | A
L=300m £3=20m
TOP VIEW
V=13500kN| B =150n
L=30.0m

diego@marchettidmt.it
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Settlements Prediction : Soil information ( modulus)

Workshop in Colombia (May 2015, Bogota)

o5 DMT Settlements =N Bl ™
File Settings Info
Load Area | Soil Farameters | Calculation Options | Settlements Calculation | Tables | Graphs | Fieport|

— Z M Sigma'v -

Soil parameters from DMT Uni file | Browse [m] [MPa] [kPa] -
0.20 35.7 3
0.40 415 7
Test Name SDMT1 0.60 14.5 10
Firm CONFEREMNCIA ESCUELA COLOMBIAN, 0-80 44 13
1.00 11.2 16
Customer MARCHETTI 1.20 84 19
Job UNIVERSIDADE ESCUELA COLOMBIAMN 140 > 23
1.60 7.3 26
Site BOGOTA'COLOMBIA 1.80 7.1 29
Remark 2.00 8.2 32
220 9.0 36
Date 8MAG2015 2 .40 9.0 39
2860 79 42
Clear Values 2.80 8.0 46

3.00 77 49 M

Clear Grid Info
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Settlements Prediction : evaluation of the settlement

Workshop in Colombia (May 2015, Bogota)

Settlements [mm]

79.8 144.6 79.8 Settlements Calculation Point Settlements ZStop Agla'v
[mm] [m]

r

121.5 225.5 121.5 below the corner 79.8 3080 0.017
below the median point of short side 121.5 3080 0.019

below the median point of long side 144 6 3080 | 0.024

79.8 79.8
144.6
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Settlements Prediction: graph below center of load

Workshop in Colombia (May 2015, Bogota)

SETTLEMENTS CALCULATION - below the center

CONFERENCIA ESCUELA COLOMBIANA UNIVERSIDADE ESCUELA COLOMBIANA
MARCHETTI BOGOTA' COLOMBIA
CONSTRAINED VERTICAL STRESS VERTICAL TOTAL
{ﬁ} MODULUS INCREMENT STRAIN SETTLEMENT
ﬂn 4 8 12 16 Du 10 20 30 40 ﬂn 1 2 3 4 Du 100 200 300 400
S =225.5mm
4 4 4 4 5
8 8 8
12 12 12
16 16 16
20 20 20
24 24 24
28 28 28
M (MPa) Ao (kPa) £ (%) S (mm)
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In situ estimation of G-gammadecay curve
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DMT: direct measurement of modulus in the soil loaded at the

strain level for deformation analysis

Region for

Initial Loading PMT "~

~~a

A Range for . Bearing Capacity
O Deformation and Stability
Tosts ~._ Analyses Calculations
O N
% -
= e l Flat DMT
= Unload-Reload PM \ Factor 2??
b= o d=3D27
A ey,
= NN p/e/
— -~ e ’
o N st
)
o
)

-
—
——

10°® 10 1% 10° 410 10"
Shear Strain, Ys Mayne (2001)
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G, and My, on the G - gdecay curve

1.0
l - ~ %
GI/Go| Maugeri (1995) N E‘ * o ]S‘{ low GO/M

0.8 Y 1~

. \ v ~

O

0.6 > ~ A

' —0—HARA (1973) ~
044 ——voKOTA etal asey) >

) — ¢ =TATSUOKA (1977) .

= = «SEED & IDRISS (1970) hlgh GO/NI
029 e ATHANASOPOULOS (1995)
= CARRUBBA & MAUGERI (1988)

0.0 T T

-1

- - - -2
107 104 10° 10 10 yu
_051‘ 0.1%

SDMT & g - small strainmodulusfrom Vs (& & %)
two points M pmT - working strain modulus (=0.05D0.1 %)

Mayne (2001)
Ishihara (2001)

Go / Mpyt may provide an in situ estimate of the G-gdecay curve

Pubblications: Rodriguez et al (2019), Amoroso et al (2012, 2014), Marchetti et al (2008), Lehane & Fahey (2004)
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Tentative estimation of G - gdecay curve (Amoroso et al 2014)

SDMT and Lab data: intersection method for the construction of a hyperbolic equation to estimate curve

12 IgDMT
o 7 1 50
I
Q from Lab . | o
14 1 G, G
O] i i L Y . 17
g : 40 Gpur e ®
=)
T o8 i 35
I
£ I
30
— 1
© 1 °
0.6
g 1 % 25 ° o
7 ! % © SANDY SITE s
? 1 I 20 17 @SILTY AND CLAYEY S ®e
G./ G SRS N 2 @) . .
0 DMT = 15 o e ¢, °
°
g 10 ° oo ® e o %
o 0.2 ° .8 (1) ® °
= ° e o °® )
] 5 ® 6‘. ... : O]
0 — — 0

0.0001 0.001 0.01 0.1 1 10 0.01 o1 1 10

Shear strain y (%) Gour (%)

Gpyr from M 7 (elastic theory)
G, from Vs by SDMT
G-greference curve from laboratory

g, =0.015-0.30 % (sand)
qyr = 0.23-1.75 % (clay)
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Validation of G - gdecay curve estimation

1.2

Fe . . . . . . 4 RO|O P|ANO —%— DSDSS - Roio Piano S3 C2

A First validation in a clayey silt soil | (0) Clayey sit X GOMTIGO Roio piano 53 C2
Roio Piano 2014

\
A Soil input data for seismic ground \K

response analysis \\

e Hyperbolic curve

=

o©
o

A Good agreement between hyperbolic SDMT
estimation and laboratory stiffness decay curve

A Potential applications

o©
n~

normalized shear modulus, G/G
o
[e)]

o
N

A Numerical modelling (e.g. deep 00001 0001 001 01 1 10
: . . : shear straing (%)
excavations PlaxisHSS, Di Mariano et al. . )
2019) =— "
G, 145 G, _1§ g
C~bmT ~9omt

further validation required
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FEM input parameters (Plaxis)
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DMT for FEM input parameters

—>  PLAXISHardening Soil (HS)constitutive model

A PLAXISis a finite element software developed at Delft University of Technology for the analysisof
soil and rock behavior under static and dynamic loading conditions

A Simulations of:
A groundBstructure interaction by incorporating advanced constitutive soil models
A staged construction
A time-dependent effects such as consolidation and creep

A Evaluatesdeformation, stability and pore pressure responsein:
A foundations, excavations
A embankments
A tunnels
A slopes
A offshore structures
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DMT for FEM input parameters

—>  PLAXISHardening Soil (HS)constitutive model

A Constitutive models in PLAXISdescribe the stressbstrainBxime behavior of soils and rocks under
various loading and environmental conditions

A These models form the core of finite element analysis by defining how materials respond to
changesin stress, pore pressure,strain rate and loading history

A Broadly, the constitutive models in PLAXIScan be classified into
A elastic models, (Linear elastic (LE))
A elasto-plastic models, (MohrBCoulomb, (MC))

A advanced soil models, (Hardening soil (HS), Hardening soil with small strain (HSSmall), Soft
soil (SS),Soft Soil creep (SSC))

A rock models
A special-purpose models. (UBC3D PLM, PM4 Sand,PM4 Silt)
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DMT for FEM input parameters

—>  PLAXISHardening Soil (HS)constitutive model

A Constitutive models in PLAXISdescribe the stressbstrainBxime behavior of soils and rocks under
various loading and environmental conditions

A These models form the core of finite element analysis by defining how materials respond to
changesin stress, pore pressure,strain rate and loading history

A Broadly, the constitutive models in PLAXIScan be classified into
A elastic models, (Linear elastic (LE))
A elasto-plastic models, (MohrBCoulomb, (MC))

A advanced soil models, (Hardening soil (HS), Hardening soil with small strain (HSSmall), Soft
soil (SS),Soft Soil creep (SSC))

A rock models
A special-purpose models. (UBC3D PLM, PM4 Sand,PM4 Silt)

Eng Diego Marchetti diego@marchettidmt.it www.marchetti-dmt.it




DMT for FEM input parameters

%

deviatoric stress
loy — o34

o —

o N mmmmmmmmnmmmeeee e

asymptote

--failure ||ne

axial strain - =4

E., Is the Modulus for primary loading

PLAXIS Hardening Soil (HS)constitutive model

EE.I::I — EI’E‘JF(

CCOSy — a'3Sing

ccos p + P sing

;

E.," is a reference stiffness modulus corresponding to
the reference confining pressure p,; (P,es=1 bar)

Soil - Hardening soil - <NoName >

A E., correlated to M p,; and E,4¢' (Schanz& Vermeer, 1997)

2 e [

General Parameters |Fl-:|w parameters | Interfaces | Initial |

A literature: E,,¢f =

Property
Stiffness
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kijm 2
khjm 2
kijm 2

Value

0.000
0.000
0.000

loose to very dense sand)

E5 ref —

diego@marchettidmt.it

ﬁlrref —

Eoed

15 to 75 MPa, like M+ by DMT (quartz sand,

= MDMT

ref —
oed
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SDMT for FEM Input parameters

PLAXISHardening Soil Small Strain (HSSgonstitutive model

Comparison between HSS modelb PLAXIS from SDMT parameters and monitoring activities
for the excavation of Verge de Montserrat Station (Barcelona, Spain)

B B B =] B
nl : : A : : ALLA\/ Ny M}/\;\,r% sy ady Al
1Y 25 (o b= i :

W /6 L] %

Di Mariano et al. (2019)
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Depth (m)
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SDMT for FEM input parameters

PLAXISHardening Soil Small (HSSxonstitutive model

Oedometric modulusoedMPa)
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A}
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" |=—FEoed from HSS model (PLA

]

p—— |

T
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Di Mariano et al. (2019)

1.2
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Work In progress

Our Geotechnical Teamlead by Dr. Kaustav Das is working on
a document containing clear specific guidelines for evaluating
the Input parameters of Plaxis using DMT and SDMT test
results, subdivided for each of the different constitutive

models (current deadline June 2026)
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Draft 1. Constitutive models in Plaxis (LE)

The Linear Elastic (LE) model assumes a linear relationship
MX? CXX« ~ 93 X" J«T ~°937J « z-AX3 «XT
J«T = - T L« Z 3. J0 - 3GoY

Model Basic Input DMT

Applications Conversion
name PP Parameters Parameter

'O()f)

( Oor' =025DAYT AW (o) AVA 5

Structural elements (plates, H- A«z2’ 5-|TAKMA, 3

beams)
&
LE - .
Preliminary analyses Very stiff L. «B | >30- - 8 Assumed
soils or rock masses where ’
deformations are small Unit weight (') ’ Directly obtained from SDMT Pro
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Draft 2: Constitutive models in Plaxis (MC)

The MohrT Coulomb (MC) model is the most widely used elasto-plastic model in PLAXIS. It

Is based on a linear elastic response up to failure, followed by perfectly plastic behavior
governed by the Mohri Coulomb failure criterion.

Model name Applications Basic Input Parameters DMT Parameter Conversion

C )

H-A«zZz” 5-TAKA MP © v

(for’ =0.25DAYT AW (py AYJl 5

T-«B FJ° - 3 Assumed

Preliminary analysis at the

beginning of any project,

MC Suitable for stiff clay

where shear strength is
governed by only S,

Good for sandy soils

Unit weight (') Directly obtained from SDMT Pro

Cohesion/Undrained . :
shear strength (S) S Directly obtained from SDMT Pro

- ~ ~ Directly obtained from SDMT Pro
Peak Frictional Angle f1) h (only sand/silt)

Coefficient of
permeability (k)

K Directly obtained from SDMT Pro with
h dissipation tests (only for clay/silt)

Eng Diego Marchetti

diego@marchettidmt.it
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Quality Assessmentof Soll Improvement
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In the last decades the DMT has been increasingly used in compaction
jobs to quantify the gain in soll improvement

Ground Reinforcement Ground Improvement Ground Treatment

A Stone Columns A Surface Compaction A Soil Cement

A Soil Nails A Drainage/ Surcharge A Lime Admixtures
A Micropiles A Electro-osmosis A Flyash

A Jet Grouting A Compaction grouting A Dewatering

A Ground Anchors A Blasting A Heating/ Freezing
A Geosynthetics A Dynamic Compaction A Vitrification

A Fibers A .. A .
A Lime Columns
A Vibro-Concrete Columns

A ..
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QA of soll improvement with DMT (case history 1)

Belgium B container terminal (loose sandfill)

Resonantvibrocompactiontechnique

M bmr
0 8 160 MPa

0 ——

2 e
N ;
D4 X g |
@ }
0O 6 {5
8+

Van Impe, De Cock, Massarsch Mengé - New Delhi (1994)
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QA of soll iImprovement with DMT (case history 2)

North Carolina (USA)

Ko M [MPa]
0 2 4 6 8 1 10 100
0 1 0 =T
1 1 P Resin Injection (in sands)
£’ £’ 1 ZA/ X &5A °X °7 (CX3X °X3Z-34a
" 3 </ Improvement and about 15 feet away from the
. s> a°3 . X2 X« Z
—
5 = 5
=+—DMT PRE ===DMT POST =4=DMT PRE ===DMT POST
Figure 3

Z* ZASX T 55A"03J0X' /] - C CXBEBE 32 X/,angMdetecteddich - «
a° 3 - /X FaNmesgérz01 7y Grifton School Project
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Palma Jumeirah Dubai

l The World

Palm Jabel Ali

Eng Diego Marchetti

QA of soll improvement with DMT (case history 3)

Z Wdfaulically
filled silty fine
calcareous
sanddredged
from seabed,
underiain by
sedimentary
rock of very
weak
sandstone and
siltstoneY Y Z

E. Sharif (2015)

diego@marchettidmt.it

Aim of DMT &
CPT tests: to
confirm OC of
vibrocompaction,
detected also by
very high Vs
(400-500 nv/s)
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QA of soll improvement with DMT (case history 3)

Palma Jumeirah Dubal

CPT qt) =—e— DMT (M) M/ gt
o us A EHEFEHENESEYS oo = ®» K 5 B XEBE XSRS
B [ ® Z
< S R -
1 B Conclusion:
} § L L1
% ) pan —— et i I <:M.\
- o s — 5 =
3 ST 74 v X .
-1 <<\~M7 5 b 2 °A podr gaalty compaction
~~ N = B
é i = = (<‘
: - T e v x :
N 4 o = $ 5 b 2 °A highkqualAhy compaction
. } i 1 °8= ))/
¢ =l 4
A X > <>
A :L‘ \"\\
5 bt—T" 5 < il
8 < 8 CN
f '::: s

E. Sharnf (2015)
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QA of soll improvement with DMT (case history 4 and 5)

z (m)

10

o

g

)

Jendeby (1991

o pre - compaction

Balachowski

10

& Kurek (2015

e post - compaction

Conclusion:
Mpour / 0. @  &AApoor quality compaction

Mpour / 0. £ &AAhigh quality compaction

www.marchetti-dmt.it
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QA of soll improvement with DMT: Indications

Recommended:
A DMT/SDMT before and after the treatment

A compare before/after profiles of Ky, Mgy, VS

When before treatment tests are not possible:
A both DMT and CPT (after treatment)

A examine ratio My,,-/qt (must be higher than 10)

diego@marchettidmt.it www.marchetti-dmt.it
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Slip surface detection in OC clay slopes
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DMT -K, =2 method — Verify if an OCclay slope contains

active (or old quiescent) slip surface

e sliding

Reconsolidation
(NC State)

Inspect
Kp profile

a Remoulding KD(DMT)~2 °

S0}
(Totani et al. 1997)
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DMT -K, method for detecting slip surfaces in OC clay slopes

A Use K, = 2 as identifier of zones of NC clay in a slope which otherwise exhibits
an OC profile (Ky >> 2)

A Specific value K = 2 (not simply "weak zones " with low Kp)

A Detects also quiescent slip surfaces which could reactivate (inclinometers cannot
as movement Is required)

A But cannot establish if slope is now moving and how fast (inclinometers can)

A In many cases DMT + inclinometers used in combination (e.g. use Kprofiles to
optimize location/depth of inclinometers)
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Slip Surfacedetection (case history 2)

Landslidez * K °°-«XZ 3I$| X auduuos

SBTour Profile Constrained Modulus Undr. Shear 5trength Horizontal Stress Index
0 0 0
L
1 1 1
2 2 2
5o
% E 3 3 ( 3
s£g o :
O:m = 5 5 . 5
11 ] o . DOCUMENTED SLIP SURFACE
£ .58 Eq E £, (inclinometers)
£ Twn = -] 5 } S
- & = &
B z83 &° g g
Buv = =
111 10 10 10
11 1 11
12 12 12
% 5 % 13 13 13
P 14 14 14
I I 15 15 15
01 1 10 0 50 100 0 200 0 5 10
Iy M [MPa] Su [kPa] Ko
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Slip Surfacedetection (case history 2)

Landslidez 2° Y #J3 MJ3JZ 3

Depth [m]

SBTowr Profile

== CLAYEY SILT
SILTY SAND

= SILTY CLAY
SANDY SILT

e \UD AND/OR e pLUD

Depth [m]

Eng Diego Marchetti

10

14

Constrained Modulus

0 100 200
M [MPa]

Depth [m]

0

Pt

Undr. Shear Strength

0 500
Su [kPa]

—
[=]

Depth [m]
o

=
=

16

18

20

Friction Angle

g
-
=

~

20 25

¢ [deg]

diego@marchettidmt.it

30 35 40 45

Depth [m]

> O

Horizontal Stress Index

DOCUMENTED SLIP SURFACE
/
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Kp to detect slip surface

Inspection of K, profile before and after the landslide

Kd Kd
00 40 80 12,0 16,0 0.0
0,00 fpiyt—s—t—s—t—t— 0,00 +
2,00 i : : 2,00 :
[ e Y
4,00 1 : i 4,00 ¢ |
31 +
6.00 g =| 6,00 :
1l ¥
8,00 1 I 00 I
.l- l l _41
10,00 % | . 10,00 1?
i i before: KD>4 12.00 +
12,00 + | | ' ;
i I 14,00
14,00 = 1} +
depth (m) depth (m)

Pelffer, 2016 -. ? $ConF
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Chieti Hill - Italy

SAFETY PROBLEMheavy NEW BUILDING to be constructed on OC CLAY SLOPE

NEW BULDING

[y
= T te bl

<€ >
spaced DMT tests

Slope stability assessment

Detect past and present shear planes inspecting Ky profiles
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Reconstruction of multiple slip surfacesin Chieti Hill

ATTIVA: K =2

& DMT1 Z DMT4 Z, DMT5 Z, DMT?7 Z, DMTs8
i S ;:?. il q
o fem 1] | o]
18 F 18 - 18k 18 |
S 1 i
30 L 30:1-. L 30:
0 4 81216 « KD=2 (; A é 12. ]‘6 0 4 81216
| . | |
| |
ARGILLA K,=2 ARGILLAINFETTATA’' DA ARGILLA
SANA SUPERFICI DI SCORRIMENTO SANA
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Chieti Hill project in Rankine Lecture (Leroueil 2001)

16

S
-~
So
~

—_—
—
—
——

Lerouell (2001) “"Natural slopes and
cuts. movement and failure
mechanisms”. Rankine Lecture,
Geothecniqgue 51(3)

Approximate limit
of the 'weak' zone

Ko (DMT)
q.: MPa (CPT)

Fig. 58. CPT (g.) and DMT (Kp) profiles at Chieti, Italy (after Totani et al., 1997)
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DMT for Liquefaction Resistance
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Simplified Procedure (Seed &Ildriss 1971)

Liguefaction occurs ify $>> 4 $7>

CSR Cyclic Stress Ratio) =t 4/ S'vo = 0.65 (@max/ 9) (Svo/ S'vo) g
CRR Cyclic ResistanceRatio) estimated from CPT, SPT, Vs, DMT, Lab

Youdet al. (2001) "Liguefaction Resistanceof Soils Summary Report from the 1996 NCEERand 1998 NCEER/NSF
Workshops on Evaluation of Liquefaction Resistanceof Soils'! ASCEJ. GGE127(10)

Idriss & Boulanger(2008) "So/l liquefaction during earthquakes'' EERIReport No. MNO-12, Earthquake Engineering
Researchinstitute

y
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CRR K, most recent curves (2005-2022)

0.5

Monacoet al. (2005)
CRR=0.0107K37 0.0741K,2+0.2169K, T 0.1306

|[IM=75

LIQUEFACTION

0.4 Tsai et al. Tsaiet al. (2009)

2009 . 3 )
(o] ~' [e] ~ [e] ~ z

CRR=expieko 8 8Ko @  8Ko 8 5 ¢

6;8.8+ g6.5+ 92.5+ 0

Monaco et al. 2005

Robertson 2012 Marchetti 2016 Robertson(2012)

Cyclic Sress Ratio CSR or
Cyclic Resistance Ratio CRR

0.2 - CRR=93(0.025K;)3+0.08
Chiaradonna
& Monaco 2022 Marchetti (2016)
0.1 - CRR = exp[(Q,,/540) + (0.,.,/67)* — (0.../80)?
ith Q., =25K
1 clean sand NOLIQUEFACTION + (an/l 14)4 - 3} with 0 v
0 — — T Chiaradonna & Monaco (2022)
0 2 4 6 8 10

: : — 4 _ 3 2 _
Horizontal stress index KD CRR = exp(0.001109K; — 0.00569K}; + 0.000625K5 + 0.221K, — 2.8)

Eng Diego Marchetti diego@marchettidmt.it www.marchetti-dmt.it




Estimations of FC from DMT results (I5)

_ A Di Buccio et al. (2023) D first
o attempt of estimating FC from I,
5 1 AResearchin progress on
£ sensitivity of other parameters
(Up, Ky , B5) to the FC estimation
0 1 2 3 4

Material Index I,
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SDMT for LIQUEFACTION

SDMT provides 2 independent evaluations of CRR

CRR from Ky CRR from \
0.50 - T & T
M=7.5 / 06 Fli;zlperg:ﬁ:‘ce Fines Content ‘ M,=175
o X N 23520<5 Fines
0.40 0? S : Z 23/:;34% . T conentc
/ 8 _% 0.4 . 0 23% - ﬁ.' ,
n:0'30 % L;:) ‘ A t 51
o . % :c; Data Based o Liquefacti(ﬁl .‘ a"
O o @G [M,=59083 adjused % )
0.20 ® ® p = 'g by dividing CSR by
2 o 02| sy
0.10 : S L Uncemented, Holocene- \
. - Q9 age soils i
/ o ° o © 6 Average values of V,
0 andama.t
0.00 ' > :
o 5 . . A 0 100 200 300
Kb Stress-Corrected Shear Wave Velocity Vg, (m/s)
Marchetti ASCE (2013) Andrus & Stokoe (2000)
Chiaradonna & Monaco (2022) Andrus et al. (2004)

... Two independent methods for evaluating CRR
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Liguefaction assessmentusing SDMT (case history 1)

Moment magnitude MW: 6.3
Distance from the epicentre: 45 km
Peakground acceleration PGA: 0.065 g
A4
CSR

, INDICE DI , MODULO , RESIST.TAGLIO  INDICESPINTA VELOCITA ONDA
P MATERIALE @ EDOMETRICO 4 NONDRENATA (, ORIZZONTALE ,  DITAGLIO
A 5 1 510 0 40 80 0 40 8 0 3 6 9 12 0 200 400
0 ARI L) I—% lSlAéé|A 0 T 0 0 T T 0 T
2 c%:‘_i 2 g_, 2| 2 2 — | 2[ A\
4 | 4 — | 4f - 4 == 4
6 = 6 6F " C 6 - 6
— — *§ J
8 === = 8 = 8 8
\ 4 ¢ b
10 poe 10 10 psi / 0 10 Q
12 > 12 12 3 12 12
%: \<; < ?,
14 =1 14+ 14 b4 14 14
it — Y ¥ >
16 = 16 16 2 16 16
18 18 18 18 18
. . L |l e g9 20 20 20 L
. : 2 ) o 3 6 18 0 40 8070 40 800 3 6 9 1270 200 400
Vittorito B2 2 2 A K J E/ K T AAG®, W tea) cu topa) & Vo
— SDMT 1 — SDMT 2 — SDMT 3
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Liguefaction assessmentusing SDMT (case history 1)

Liquefaction depth from Kg: 2-6 m Liquefaction depth from V_ 1-2.5m
0.5

» o0 I
56 vos| | Fec<=5% I 11
%_9 0.4 05:5 ' :Ecilsggo |

E ng C>= D
([3) @ 350.4 f I
=803 88
g < 28 |

N%0.3

n o LIQUEFACTI S
N = n (&)
03 o2 2%
= O . = 0
5 x (%EO.Z -

(&) (©)
% 5 NO LIQUEFACTION LIQUEFACTION
>0l e 00, 00 AP0 o 0000 0.1} BoGEHD ©
OO S g °® : 8 o NO oo

L=  LIQUEFACTION
0 : : : : 0 50 100 150 200 250
0 2 4 6 8 KD 10 Normalized shear wave velocity, Vs1 (m/s)

Both K, and V indicate Liquefaction potential between2.0-2.5 m

Vittorito 22 2 A KJ ) 3 °3 K [ AAd Monaco et al. (2009, 2010)
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Liquefaction casehistory in Costarica

Design Earthquake (M Richter = 7,5 and PGA = 0,25 Q)

CSR ===CRR-Kd curve CSR ===CRR-Vsl Curve

0,5 0,5

LIQUEFACTION oo

04 04

LIQUEFACTION

0,35

c
g o3
S 025

©
e 02
w

CRR or CSR

015 NO LIQUEFACTION

01

0,05

0
140 150 160 170 180 190 200 210 220 230 240

Vsl (m/s)
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Z 0 A Tew wegks after the SDMT
execution, the cyclic wave action due
to a storm induced liquetaction of the
soil depositY Wargask Coto 2012)
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Design of Laterally Loaded Piles (LLP- PY curves)
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Background

Original stimulus for development of DMT:

Tools for measuring parameters for the design ofLaterally Loaded Piles

Marchetti (1977) W& XA NX~  Z-3 . « 2?2 °9A &Xo0X3a8 «JFO
Proceedings of 9th ICSMIFE, Tokyo 1977

Similarity DMT BLL PILES
A Structural elements installed in soil
A LATERAL deformation

ﬁ
N\
[
-

Eng Diego Marchetti diego@marchettidmt.it www.marchetti-dmt.it




Introduction to LLP and P-Y Curves

A LLP analysisis generally more complex than for axially loaded piles, because of the nonlinear and
heterogeneous nature of soil response

A Numerical or semi-empirical methods basedon PBY curve approach are widely adopted

A P-Y curves approach (Hetenyi 1946): soil is modeled with a series of independent and nonlinear
springs (Winkler model), where the lateral soil reaction (P)at each depth is expressedas a function
of the local lateral deflection (Y)

A Three main methods were developed to estimate RY curves from DMT results :
Gabr and Borden (1988), Robertson (1989), Marchetti (1991)

A Prediction of the two latter methods are compared with measured deflections in the case history
LLPtest site of Livorno (Italy 1991)
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Design of laterally loaded piles (Winkler)

Eng Diego Marchetti

Linear P-y curve Non Linear P-y curve

>
>

E, = constant

Soil reaction, p
Soil reaction, p

> ; >
Deflection y Deflection y

Three different methods using DMT results for evaluating
P-y curves for laterally loaded piles

A Gabr & Borden (1988)

A Robertson et al. (1989) ' recommended
A Marchetti et al. (1991) methods

diego@marchettidmt.it www.marchetti-dmt.it




Gabr and Borden (1988) method

Ultimate soil resistance P,

0 . 3 A . 0 — *— W

= non dimensional ultimate clay resistance coefficient 0
3 = undrained shear strength from DMT
A = effective vertical stress at depth Z
* = empirical coefficient; 0.5 for soft clay, 0.25 for stiff clay b
Z = depth
A= pile diameter

D. Marchetti & K. Das Studio Prof. Marchetti - Italy

Initial Tang?nt Modulus %,

0 o (U—) Q

w

first DMT reading
In-situ horizontal at-rest pressure
half blade thickness (7 mm)

pile diameter

www.marchetti-dmt.it
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Gabr and Borden (1988) method

Comments:
A First method for P-Y curves from DMT data

A Developed specifically for stiff OC clay and tends to overpredict
deflections in non OC clays

A Initial tangent modulus Es, based only on P, related to total
horizontal stress and not to soil compressibility, which is available

from DMT: E; = (P,-Py)
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Robertson 1989 method

P4
Parameters:
ol Pha 03059 _ p : soil reaction
] y : pile deflection
" | P, : Ultimate soil resistance
0 Pun == : p/p,; : ratio of soil resistance
; ; Yeo - Pile deflection for p = 50% py;
i i yly 5, : ratio of pile deflection
1 8

Y¥sp

A Adaptation of early Matlock 1970 method: yly -, & Al p/p,, =1 (@symptot p=p,,)
A Applicable in OC and NC clay and based on Su
A Applicable in sand (based orh)
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Robertson 1989 method

Ultimate soil resistance P;) Reference pile deflection (w )
o) 8

0 . 3 A . 0 — *— W

"O= 10 (empirical stiffness factor)
O = dilatometer modulus

= non dimensional ultimate clay resistance coefficient
3 = undrained shear strength from DMT

A = effective vertical stress at depth Z 3 = undrained shear strength from DMT
*= empirical coefficient; 0.5 for soft clay, 0.25 for stiff clay ‘Qreduction factor to capture the effects of pile installation
Z = depth ( ph( 6 Y p
A= pile diameter =] - —Fp mbéYc
-h 6 Y ¢
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LLP Livorno case history with Robertson 1989 method

A DMT data exported from SDMT Pro (Z,§Z,, E,, Su, OCR)
A Evaluate all other parameters (k, Np, Pult, Y50)

Pile Length [m] 18
d [m] 0.5
Fec 10
Z o'v0 Ep Su OCR k Np Puit Y50
[m] [kPa] [MPa] [kPa] 1] 1] 1] [kN/m] [m]
0.8 14 6.2 38 240 0.67 417 52.80 0.00684
1 17 56 37 2.10 0.67 4.46 55.28 0.00741
1.2 20 53 37 1.90 0.70 474 51.39 0.00818
14 24 55 33 1.70 077 513 54.86 0.00770
16 27 4.0 29 1.50 0.83 5.53 66.83 0.01011
1.8 30 24 28 1.50 0.83 5.87 58.50 0.01627
2 33 34 34 1.50 0.83 597 84.58 0.01395
22 37 37 44 1.60 0.80 5.04 106.32 0.01592
24 40 6.0 49 1.60 0.80 6.22 121.84 0.01093
26 43 51 35 1.30 0.90 6.83 107.55 0.01034
28 47 31 32 1.20 0.93 727 108.55 0.01613
3 50 3.0 29 1.00 1.00 772 112.00 0.01618
3.2 53 28 25 0.93 1.00 8.32 104.00 0.01494
34 56 1.7 22 0.82 1.00 8.95 98.40 0.02166
36 59 1.5 21 0.77 1.00 9.00 94.50 0.02343
38 62 09 22 0.76 1.00 9.00 99.00 0.04091
4 65 0.6 21 0.73 1.00 9.00 94.50 0.05858
42 66 1.1 20 0.69 1.00 9.00 90.00 0.03043
44 67 0.8 21 0.70 1.00 9.00 94.50 0.04394
46 68 0.8 21 0.70 1.00 9.00 94.50 0.04394
48 69 1.3 20 0.68 1.00 9.00 90.00 0.02575
5 70 1.1 21 0.68 1.00 9.00 94.50 0.03195
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LLP Livorno case history with Robertson 1989 method

Evaluate PY values: calculation every 1 m depth and selection of Y/Y50 as in the table below

P-Y Graph
Depth [m] | Y/Y50 y [m] P/Pu |P [kN/m] Depth [m] | Y/Y50 y [m] P/Pu |P [kN/m]
0.8 0.1 0.00068 | 0.23 18.38 1.8 0.1 0.00163 | 0.23 19.08
0.5 0.00342 | 0.40 31.43 0.5 0.00814 | 0.40 32.62
1 0.00684 | 0.50 39.60 1 0.01627 | 0.50 41.10
2 0.01368 | 0.63 49.89 2 0.03254 | 0.63 51.78
3 0.02052 | 0.72 57.11 3 0.04882 | 0.72 59.28
4 0.02736 | 0.79 62.86 4 0.06509 | 0.79 65.24
5 0.03419| 0.85 67.72 5 0.08136 | 0.85 70.28
6 0.04103| 0.91 71.96 6 0.09763 | 0.91 74.68
7 0.04787 | 0.96 75.75 7 0.11391 0.96 78.62
8 0.05471 1 79.20 8 0.13018 1 82.20
9 0.06155 1 79.20 9 0.14645 1 82.20
10 0.06839 1 79.20 10 0.16272 1 82.20
11 0.07523 1 79.20 11 0.179 1 82.20
12 0.08207 1 79.20 12 0.19527 1 82.20
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LLP Livorno case history with Robertson 1989 method

Optional plots of P-Y curves every 1 m

P-Y Curve 0.8 m P-Y Curve 1.8 m
90 90
80 80
70 70
60 60
£ 5o £ 50
= =
2 40 =, 40
(' (a8
30 30
20 20
10 10
0 0
0 001 002 003 004 005 006 007 008 009 0 0.05 0.1 0.15
Y [m] Y [m]
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Marchetti 1991 method

This method simplifies previous methodologies and improves them by adopting tangent hyperbolic
curve (Gabr and Borden 1988) and DMT compressibility parameter E (Robertson 1989)

F

pz

T - e

Parameters:
A p: soil reaction
A vy : pile deflection

A p, : ultimate soil resistance

www.marchetti-dmt.it ’\,
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Marchetti 1991 method

Ultimate soil resistance P;) Initial Tangent Modulus (%)
0 1+p0 5)A O | 0cO
O =initial tangent soil modulus,
| =reduction factor=- - — p . Q 4
bC P
K1=1.24 O = dilatometer modulus

Z = depth, d = pile diameter
0 = Corrected DMT-A reading
"Y =in -situ hydrostatic pressure

y/d 4%, for y/d > 4% P= P,
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LLP Livorno case history with Marchetti 1991 method

A DMT data exported from SDMT Pro (Z, P, U,, E,)
A Evaluateor input all other parameters (K,=1.24, K,, d, P, E,)

Pile Length [m] 18
d [m] 05
K1 1.24
K2 10
Z[m] Pa Uy Ep a Pui Esq
[m] [kPa] [kPa] [MPa] [1 [kN/m] [kPa]
0.8 206 0 5.2 0.49 52.04 30114
1 211 0 56 0.52 68.52 29333
12 223 0 5.3 0.56 77.69 29781
14 207 0 55 0.60 77.00 33000
16 194 0 40 064 7675 25524
18 192 0 2.4 0.68 80.49 16229
2 225 0 34 0.71 99.64 24286
22 285 0 37 0.75 132.95 27838
24 37 0 6.0 0.79 155.36 47429
26 243 0 51 083 12483 42257
28 231 0 31 0.87 12412 26867
3 216 0 3.0 0.90 12117 27143
3.2 196 0 28 0.94 114.58 26400
34 178 0 1.7 0.98 108.26 16676
36 173 0 1.5 1.00 107.26 15000
38 179 0 09 1.00 110.98 9000
4 179 0 0.6 1.00 110.98 6000
42 173 2 1.1 1.00 106.02 11000
4.4 179 4 0.8 1.00 108.50 8000
46 184 5 08 1.00 11036 8000
438 183 8 1.3 1.00 108.50 13000
5 188 10 1.1 1.00 110.36 11000
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LLP Livorno case history with Marchetti 1991 method

Evaluate RY values: calculation every 1 m depth and selection of Y/D as in the table below

P-Y Graph
Depth [m] | Y/D [%] | y[m] |P [kN/m] |Depth [m]| Y/D [%] | y [m] |P [kN/m]
0.8 0.1 0.0005 | 14.77 1.8 0.1 0.0005 8.09
| 0.2 0.001 27.95 0.2 0.001 16.01
| 0.3 0.0015 | 38.58 0.3 0.0015 | 23.63
| 0.4 0.002 46.47 0.4 0.002 30.81
) 0.5 0.0025 | 51.97 0.5 0.0025 | 37.45
| 0.6 0.003 55.64 0.6 0.003 43.51
| 0.7 0.0035 | 58.02 0.7 0.0035 | 48.94
| 0.8 0.004 59.53 0.8 0.004 53.74
| 0.9 0.0045 | 60.48 0.9 0.0045 | 57.94
i 1 0.005 61.08 1 0.005 61.57
| 1.1 0.0055 | 61.44 1.1 0.0055 | 64.69
| 1.2 0.006 61.67 1.2 0.006 67.34
) 1.3 0.0065 | 61.81 1.3 0.0065 | 69.58
| 1.4 0.007 61.90 1.4 0.007 71.46
| 1.5 0.0075 | 61.95 1.5 0.0075 | 73.03
| 2 0.01 62.03 2 0.01 77.69
| 2.5 0.0125 | 62.03 2.5 0.0125 | 79.46
| 3 0.015 62.04 3 0.015 80.11
| 3.5 0.0175 | 62.04 3.5 0.0175 | 80.36
| 4 0.02 62.04 4 0.02 |80.4431
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LLP Livorno case history with Marchetti 1991 method

P-Y Curve 0.8 m

Optional plots of P-Y curves every 1 m

0 0.005

D. Marchetti & K. Das
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0.015
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P-Y Curve 1.8 m

0.005

0.01
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0.015 0.02
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Detalls of LLP case history in Livorno (CHclay)

A Pile diameter = 0.5 m
A Pile length = 18 m

A Two different pile conditions:
A Free head loading kN): 100, 180, 220, 260
A Fixed head loading kN): 50, 100, 140, 180, 220, 260, 300

A  Pile casing: ID = 495.4 mm, OD = 508 mm
A Compressive strength of concrete = 30 MPa

A Reinforcement steel:
A 20 bars L' 24 mm up to depth 5.35 m
A 8 bars I' 24 mm from depth 5.35 m to 18 m
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Ensoft Lpi 2018 software for LLP - Input and Processing
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Software for LLP analysis using PY curves

A LLP analysis using Ensoft LPi 2018

A The freeware version of the software may be downloaded from
https://getintopc.com/softwares/ensoft-Ipi-2018-free-download/

&
oe S=| LB co 2
owet | Progam | fm | En | enes =
[=] intormaton] Ogtons | Properies | Frogeies | Losdmg | % § 3 Anatysa
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Input P-Y curves in Ensoft Lpi 2018 software

Create the subsoil profile by using user input Y curves

4% LPile 2018.10.04 - New LPile (Sl units).Ip10d

File Data Computation Graphics Tools Window Help

D & 0| v | v | =| % L IF 3 ¥ >
Project Program File Sodl Fie-nead - Run
g Information| Options Froperties | Froperties Loading L t - ’ E"é Analysis
By Soil Layers o

Layer Select p-y Curve Type

from Drop-down List

1 User Input p-y Curves v

API Sand (O'Neill)
Add d Liquefied Sand (Rollins)
Liquefied S and Hybrid Model

All positn
If the pile-
(defined
Select the

Strong Rock [Vuagy Limestone)
Piedmont Residual

Massive Rock

Loess

Silk [cemented c-phi)

Vertical Depth Below Pile Head Vertical Depth Below Pile Head
of Top of Soil Layer (m) of Bottom of Soil Layer (m)

0 0

, the top layer must extend from the ground surface
low the pile head.
left table column.

Weak Rock (Reese) Fstances below the pile-head.

Press Button to Enter
Soil Properties

1: User Input p-y Curves

Elastic Subirade

D. Marchetti & K. Das
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Input P-Y curves in Ensoft Lpi 2018 software

Create layers starting from first test depth (generally 1.0 m interval D max 20 layers)

s LPile 2018.10.04 - New LPile (S! units).lp10d
File Data Computation Graphics Tools Window Help

D)l ' M - - | F |4 L el S * (9 =
Project Program Pie Soil Pie-head . , Run

g Information| Options | Properties | Properties | Loading % t Va ' ‘ b, 55 Analysis
% Soil Layers -. .,

Layer Select p-y Curve Type Vertical Depth Below Pile Head Vertical Depth Below Pile Head Press Button to Enter

from Drop-down List of Top of Soil Layer (m) of Bottom of Soil Layer (m) Soil Properties
1 User Input p-y Curves v 08 1.4 1: User Input p-y Curves
Add Row Insert Row

All positive depth coordinates are defined as vertical distances below the pile-head.

If the pile-head is embedded below the ground surface, the top layer must extend from the ground surface
(defined by a negative vertical depth) to some point below the pile head.

Select the p-y soil type using the drop-down list in the left table column

D. Marchetti & K. Das Studio Prof. Marchetti - Italy
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Input P-Y curves in Ensoft Lpi 2018 software

For each layer, input unit weight for top and bottom depth of layer and P -Y curves

P-Y Graph

Depth [m]

YID [%]

y [m]

P [kN/m]

in layers below this layer.

Values of Effective Unit Weight are used to compute vertical effective stress

& LPile 2018.10.04 - New L 0d
File Data nputatior ools ndo Help
D & (i ] M - T ¥ >
Project rog File Soil Fike-head Run = =
[=] Information| G Properties | Properties | Loading | ', Analysis =port Results
v e =
= iy
1=Top, 2=Bottom Effective Unit User-input p-y Curves Z & o PO
- 4
Weight, (kN/m"3) < 50 V4
g /
1 17 1: p-y Curve for Layer {5:“ 40
2 7 2: p-y Curve for Layer § 30 /
3 20 /
LPile linearly interpolates over the vertical depth to compute load-transfer values J (
between the upper and lower curves 0.005 0.01 0.015 0.02

Lateral Deflection, y, (m)

Point Lateral Deflection, y, (m) Soil Resistance, p, (kN/m)
1 0.0005 1477
2 0.001 27.95
3 0.0015 3858
- 0.002 45.47

0.0025 51.97

[ AddRow |  insertRow Delete Row
File Name:
Browse

Paste values from Clipboard (text)

Values entered for Row 1 must always equal zero,
Allp and y values must be positive in sign.
Ally values must increase in value.

To read a file with p-y curve data, first specify the filename by

using the Browse button, then press the Read Values from File button.
The file should be a text file with with the data entered one data

pair per line, separated by spaces, commas, or tabs.
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Input Pile properties in Ensoft Lpi 2018 software

Choose pile type from the list

5 ts).Ip10d - [Section Type, Dimensions, and Cross-section Properties]
Sraphic in He
0O & [ ] T = T E 3 >
B iofomaton| Opbons | Propanies | Proprtes | Loadeg | N | gy poctysis | Repos ‘ Resuls
Section 1, Top ~| [0.00-15.24]m Number of Defined Sections =1 Total Length = 15.24 m
Section Type Shaft Dimensions Concrete Rebars Steel Properties
Show
Section Type and Shape © Section O Profile
_) Elastic Section (Non-yielding) () Steel AISC Section Strong Axis
_) Elastic Section with Specified Moment Capacity () Steel AISC Section Weak Axis
_)Rectangular Concrete Section (O Round Prestressed Concrete
_) Round Concrete Shaft (Bored Pile) (O Round Prestressed Concrete with Void
© Round Concrete Shaft with Permanent Casing (O Square Prestressed Concrete
_)Round Shaft with Casing and Core/Insert (0 Square Prestressed Concrete with Void
_) Steel Pipe Section (O Octagonal Prestressed Concrete
) Steel H Section Strong Axis (O Octagonal Prestressed Concrete with Void
) Steel H Section Weak Axis (0 User Defined Non-linear Bending Section
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Input Pile properties in Ensoft Lpi 2018 software
Input shaft dimensions

;‘.". LPile 2018.10.04 - New LPile (Sl units).lp10d - [Section Type, Dimensions, and Cross-section Properties]
' File Data Computation Graphics Tools Window Help

D & i ] T = T ¥ >
Project Program Pile Soil Pile-head Run = =
q Information| Options Properties | Properties Loading \ t 55 Anahysis t Results
Section 1, Top ~| [0.00-5.35]m Number of Defined Sections =1 Total Length = 5.35m
Section Type Shaft Dimensions Concrete Rebars Steel Properties
Show
Elevation Dimensions Cased Drilled Shaft © Section O Profile
Section Dimensions:
Length of Section (m) 5.35
Casing Outside Diam. (mm) 508
Casing Wall Thickness (mm) 6.3
Select Shape
) 0
) 0
) 0
Shear Capacity (kN) 0 0
M f Inertia z] t t
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Input Pile properties in Ensoft Lpi 2018 software

Input concrete properties, Max. coarse aggregate size of the employed concrete

;i‘. LPile 2018.10.04 - New LPile (Sl units).lp10d - [Section Type, Dimensions, and Cross-section Properties]
' File Data Computation Graphics Tools Window Help
O = (i ] T = qia ¥ »>
Project Program File Soil Pile-head Run = £
n Information| Options Properties | Properties Loading Y t EE Analysis t Results
Section 1, Top ~| [0.00-5.35]m Number of Defined Sections =1 Total Length = 5.35m
Section Type Shaft Dimensions Concrete Rebars Steel Properties
e Show
Concrete Propertles. O section O profile

Compressive Strength (kN/m"2) 30000

Max. Coarse Aggregate Size (mm) 16

éry” View Stress-Strain Curve

(3 View Advice for Concrete Slump
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Input Pile properties in Ensoft Lpi 2018 software
Input reinforcing bar properties

Y
¥ Fie Dwa Comy
0 & 0 T - iy */ 19 >
Propct Program Pie Sod Pie-red: R
2 & information| Opticns | Properes | Properses | Loasng | § § | i b 1 Anaysa
Section 1, Top [0.00-535]m Number of Defined Sections =1 Total Length =5.35m

Section Type Shaft Dimensions Concrete Rebars Steel Properties

Show
Reinforcing Bar Properties:

© Section Profile

Yield Stress (kN/m*2) 4136854733708 Elastic Modulus (kN/m*2) 199947978.7959

f2y” Rebar Size/Number Options
Bar Size |24 mm
Number of Bars 20 =

Bar/Bundie Options
O Single Bars Concrete Annulus to Edge of Bar (mm) 50

2-Bar Bundles

8 Automatically positon bars in circle
3-Bar Bundles Y

Offset Reinforcement Pattem from Centroid of Section

D. Marchetti & K. Das
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Input Pile properties in Ensoft Lpi 2018 software
.« " XN° -« z; KX

D. Marchetti & K. Das

ﬂ: LPile 2018.10.04 - Mew LPile (51 units).dp10d
File Data Computation Graphics Tools Window Help

XIJT 2-J3T

«zZW

b & i ) " T — T . ¥ >
Proget Fragram. Pila Sad Fig-rahd R
E u Infoermgine| Opbons | Properiss | Propertes | Losdeg % t E:. Aratyss
5: Pile-Head Loadings and Options o] @ (e
Load Case Pie-Head Loading Condition Condition (1) fior Loading Type Condition (2) for Loading Type Axial Load (p-dela) (kN) Compute Top ¥ vs. L7
1 1) Shaas [l oe kM) and (2] Moment [ or kN-m) | 100 Vet
| Sk [l oo kN and [2) Moment [indks o kN-m N .
z (1] Shear [ of kN] and [2) Slope [1ad] 180 e
. (1] Shesar [l o0 kM) and [2) Rotational S [M.rad) . by
3 (1) Displ [nch or meter] and [2) Morment [indb or kN-m] 220 0 -
1 A
P 11} Displacen BB 260 0 e

Add Row It Ficear Dwlete Row

Conventional Loading

-
+Shear Moment

+Distributed Load

L B

Studio Prof. Marchetti - Italy

+Axial Force +Axial Force

+Moment
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LLP Livorno case history:validation of Robertson 1989,

Marchetti 1991 compared with field test measurements

D. Marchetti & K. Das Studio Prof. Marchetti - Italy www.marchetti-dmt.it Ay



LLP analysis output P -Y curves Robertson 1989

LLP Livorno case history free head condition

Lateral Deflection vs. Depth Bending Moment vs. Depth Shear Force vs. Depth
Deflection[m] Bending Moment [ kN-m] Shear Force [kN]
UO 1 0 0.01 0.02 0.03 0.04 0.05 - -__3 08 0.07 CDE 0.09 0.1 UWD 50 0 50 100 150 200 250 300 350 400 450 500 0_2:,3 150 100 50 0 50 100 150 20\? 3 %50 300
1 / — 1 . 1 e
: // / — ) — : -
3 3 3
4 // y 4 ) : ' 4
5 5 5
6 6 8
g 7 | £ 7 i T 1k
£ 8 c 8 E 8
3 £ g
0 0 o ¢
10 10 10
11 1 1
12 12 12
13 13 13
14 1% 14
15 15 15
1 1 16
17 17 17
18 " 18

— 100kN — 180kN — 220kN — 280 kN

LPie 2015.10.04, © 2018 by Ensoft, Inc
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LLP analysisoutput P -Y curves Marchetti 1991

LLP Livorno case history free head condition

Lateral Deflection vs. Depth Bending Momentvs, Depth Shear Force vs. Depth
Deflection [m] Bending Moment [kN-m] Shear Force [kN]
oo 0 0.01 0.02 008 0n 006 00% 007 0.08 009 01 0‘05' 50 : 50 100 10 200 250 300 350 400 450 500 020:- 150 10 50 g £ 100 150 220 - 250 30
3 L/ 3 ) 3
4 4 f 4
5 5 } 5
6 { 6 6
T 7 ‘ £ 7 3 7 \ -
£ 8 \ £ 8 £ 8 \
g 9 | 3 9 8 9 .
10 10 = 10 —
11 11 11
12 12 12
13 13 13
14 14 14
15 15 15
16 16 16
17 17 17
18 18 18

— 100kN — 180kN — 220kN — 280 kN

LPie 2018.10.04, © 2018 by Ensoft, Inc

D. Marchetti & K. Das Studio Prof. Marchetti - Italy www.marchetti-dmt.it Ay




SRR RISl Robertson 1989 - Marchetti 1991 - measured

Head Deflection [mm]

Head Deflection [mm]
-15 -10 -5 0 5 10 15

-10 0 10 20 30 40 50
0 0 : :
2 2
4 4
6 ‘ 6 | (
8 g L
= B
< 10 =
s £ 10
(] o
o) [0]
12 a 1 |
14 r 14
16 16 |
18 18
20 - 20 L
——100 kN Field test data Robertson 1989 method ——Marchetti 1991 method ——180 kN Field test data Robertson 1989 method —— Marchetti 1991 method
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14

16

18

20 *

——220 kN Field load test

-10

10

Head Deflection [mm]

20

30

40

50

60

LLPtests Livorno

70
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Robertson 1989 method ——Marchetti 1991 method

Depth [m]

—— 260 kN Field load test

Studio Prof. Marchetti - Italy

16

18

20 *

SRR EEMRIEY Robertson 1989 - Marchetti 1991 - measured

260 kN horizontal load

Head Deflection [mm]

-10 0 10 20 30 40 50 60 70 80 90

Robertson 1989 method —— Marchetti 1991 method
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LLPtests Livorno

300

250

200

150

Load [kN]

100

50

——Field test

D. Marchetti & K. Das

20 40 60 80 100 120
Pile head deflection [mm]

Robertson 1989 method —— Marchetti 1991 method

SRR EEMRIEY Robertson 1989 - Marchetti 1991 - measured

Applied Field Robertson Error Marchetti Error
Load measure (1989) Robertson (1991) Marchetti
[kN] [mm] [mm] [%] [mm] [%6]
0 0 0 0 0 0
60 4 4 0 4 0
100 8 6 -25 7 -13
140 13 19 46 10 -23
180 23 34 48 19 -17
220 35 59 41 32 -9
260 54 86 59 o7 S

Studio Prof. Marchetti - Italy
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LLP test in Livorno (1991)

Comments on Robertson (1989) and Marchetti (1991) LLP performance

A At the lowest load, where initial tangent modulus is estimated by E,
both Roberston and Marchetti method provide good prediction

A At medium to high loads, Robertson method overpredicts deflections.
Possiblereason: p = p,,, only for y/y ., A8, too conservative !!

A Marchetti method (tanh function) provides very good predictions in
all loads in the LLP test of Livorno
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LLPtests Iin Gatineau (2025)
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Pile testing Specifications for the Gatineau Pile Testing Event (2025)
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