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J[Lentz and Baladi

Shear Stress at monotunic failure
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S92 Sl (6,135 )b cod awle L8, (s YT Jgo

1980] oS (25,5 5 il o glas i 55 5 lpsd V=Y S

Reference Soil Properties Type of Test Method of Loading Maximum
Number of Cycles
Yamanouchi Sand Cyclic triaxial test. 35 Cyclic Loading was 50,000
and Aoto mm Dia. & 81/5-82/5 mm | in a rectangular wave
[1969] high sample form at a frequency
of 0/25 Hz
Youd [1972] Ottawa Sand Cyclic Simple Shear Test. 150,000
emin=0/484, emax=0/752, Dr=75-
79%
Lentz and Medium Sand Cyclic Triaxial Test. 50/8 Loads were 10,000
Baladi [1980] D10=0/25 mm, Dso=0/40 mm mm Dia. & 137/16 mm measured using load
De0=0/50 mm, Dr=99 % high sample cell beneath the
sample: deformation
was measured by
LVDT.
Marr and Uniform Graded Aluvial Sand | Cyclic Triaxial Test. 36/0 | A nearly sinuesoidal 10,000
Christian Ds5o=0/17 mm, emin=0/526 mm Dia. & 76/0 mm high cyclic load was
[1981] emax=0/846, Dr=28% sample applied ata
frequency of 0/125
Hz
Chen et al. Glass Spheres sample Torsional simple shear Each specimen was -
[1988] is composed of 0/3-0/425 mm resonent coulmn test. A isotropically
and 0/18-0/25 mm size hallow cylinder of 71 mm | consolidated under a
particles inner & 102 mm outer pressure of 138 kPa
Gs=2/472, Dr=60% diameter and 193 mm before the
high sample application of cyclic
loading.
Georgiannou et Clayey Sand computer controlled The diviator stress -
al. [1991] Cu=102 -1047 kPa, OCR=1-2 Cyclic Triaxial test was applied at a
frequency of
0/016Hz
Airey et al. Carbonate Sand Modified cyclic shear box Cyclic shear tests 80
[1992] emin=0/520, emax=1/090, test. 60*60*2 mm high were conducted
Dr=90% sample under a normal stress
of 50-400 kPa.
82 sl > (5 9mmedn soyee;l S8 pl aule (g4, » Marr and Christian [1981]
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Reference Soil Type Diameter of Pile and test Method of Pile installation & Maximum
chamber testing Number of
Cycles
Chan and Hanna Sand Dp =19 mm Sand was placed in tank by rainfall 200000
[1980] & Chan Dr=62 % D¢ =380 mm method. 100 kPa surcharge pressure
[1979] D./Dp=20 was applied. Instrumented pile was
then jacked-in and tested at a
frequency of
0/0167 Hz
Poulos [1981] Clays Dp =20 mm Soil was placed in the container and 1000
LL =65 D; =152 mm the pile was jacked into it. Loading
PL =20 D¢/ Dp=7/6 was applied at a frequency of 0/4 —
LL =55 0/5 Hz
PL =33
Poulos [1984] Calcareous soil. Dp =20 mm Piles were jacked into the sand. 100
Dso = 0/3mm D¢ =180 mm Few tests were also conducted on
Carbonate Dc/Dp=9 buried pile.
Content 88% In which case the pile was initially
positioned and the sand was rained
around.
Proctor and Clay Dp =25 mm Soil was Placed. The Pile was 500
Khaffaf [1987] LL=17% D¢ =250 mm jacked-in and 100 kPa surcharge
PL=23% D:./Dp,=10 pressure was applied. Cyclic Load
frequency was
0/017 — 0/2 Hz
Abood [1989] Sand Dp = 25/4 mm Instrumented piles were tested .The 100000
D10 = 0/162 mm D¢ =584 mm pile was initially placed in position
Deo = 0/254 mm D¢/ Dp=23 and the sand was compacted around

emax = 0/845
emin = 0/523
Dr=75%

it. A surcharge pressure of
0 — 200 kPa was applied. Loading
frequency = 0/0167 Hz
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{1988
Symbol Definition Source of data
(a) Static Soil Stiffness
Es Young's modulus of soil
Pile load tests,correlations with other properties
[e.g.,Poulos and Davis (1980)]
Vs Poisson's ratio of soil
(b) Static Soil Pile Resistance
Tap Peak shaft resistance
Tar Residual shaft resistance
0 Peak to residual displacement for
sp -
shaft resistance Pile load tests; pile section tests; empirica
correlations [e.g., Fleming et al. (1985)]

Thp Peak base resistance
Tor Residual shaft resistance

Peak to residual displacement for
Pe base resistance
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Poulos, | slas ;> slagal Julow § 43555 51y 5Ls 0590 slas > sla il )by 5l slaodls V- g
{1988

Symbol Definition Source of data

(c) Cyclic Degradation Parameters for Soil Stiffness

Delim Limiting modulus degradation factor
Laboratory model tests; field pile tests

Ae Rate factor for modulus degradation

(d) Cyclic Degradation Parameters for Shaft Resistance

Driim Limiting shaft resistance degradation factor
Laboratory model
A Rate factor for shaft resistance degradation tests; t];;:tlsd pile
Cyclic slip displacement to develop limiting
Pes shaft resistance degradation
(e) Cyclic Degradation Parameters for Base Resistance
Dbiim Limiting base resistance degradation factor Laboratory model
tests
As Rate factor for base resistance degradation
(f) Loading Rate Parameter
Loading rate factor (assumed to be same for Laborgtc_)ry mgdel
Dr - . tests; field pile
shaft and base resistances and soil modulus tests
(g) Permanent Displacement Parameters
Cycle parameter for
ms permanent
shaft-displacement
Stress-level parameter Laboratory model
Ns for permanent shaft tests; field pile
displacement tests
(backfigured
from permanent
Cycle parameter for displacement
mp permanent base data)

displacement

Stress-level parameter
N for permanent base
displacement
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Abstract

Today, monopiles are the most typical foundation for offshore wind turbines.
During their life-time large diameter, stiff piles are subjected to millions of
small cyclic loads due to environmental forces. The long-term cyclic loading
can change the granular structure of the soil surrounding the pile. This may
change the resistance of the soil-pile system and lead to system failure. To
estimate the displacement of the pile under axial cyclic loading, there is no
universal standard method which is accepted. Therefore, to unify the study
of long-term cycle loading on pile, the concept of degradation and cyclic
stability diagram are adopted. In order to study the effect of physical
parameters of pile, soil mechanical characteristic, stress and strain levels on
soil-pile system behavior, the theories that is proposed by researchers who
studied on this subject, have been used. To investigate the effect of the
parameters such as length, stress level, pile diameter and soil relative density
on soil-pile system behavior subjected to cyclic axial load, an efficient
loading system has been installed and a series of small-scale test on
galvanized piles has been performed. The soil, in which piles were
embedded, was fine sand.

Keywords: monopile, cyclic axial load, pile displacement, fine sand,
degredation of soil-pile system.
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