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Problem Definition & Research Needs

Model: Creep & Cyclic Displacement

Model Validation
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Industry Applications
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Cyclic Strain

A time-
dependent
phenomena
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The effect of number of load cycles on anchor
displacement for a range of load amplitudes
(After Al-Mosawe, 1979)
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Strain Rate Model for Cyclic Strain
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The procedure charts including (a) stress, G, vs. strain, €, at constant strain rate (b) strain rate vs. strain, € at
constant stress (c) residual strain rate vs. stress, ¢ and (d) strain, €, vs. cycle number, n at constant stress
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CERMES

Calibration Chamber
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FOREVER (1992-2002)

- Physical modeling of micropiles and micropile systems
- Controlled testing conditions (stress level, density, etc.)
- Monotonic & cyclic loading




Calibration Chamber - Dreparation of massif

Implementation of test protocol
Initialize data acquisition system
Jacking of instrumented pile
Loading of micropile
Demounting massif
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Preassembly of Chamber



Fontainebleau Soil

Gradation Properties
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Massif

| TestNo. | Designation | M,(Kg) | I@em”™ | 1, |
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Application of Vacuum/Counterpressure




Application of Stresses




Principle Schematic

Jacking piston

Tracks for
translation

Mobile base -
translation and
rotation




Jacking & Loading

Hydraulic jack
Single stroke
(force transducer)

Loading jack
(Displacement & force
transducer at head)

Loading of micropile

Jacking of micropile




Instrumented Micropile
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Test Schedule

Test Number Designation Applied Displacement Rate  Cyclic Displacement Rate ~ Frequency Rate . .
(mm/min) (mm/cycle) (cycle/min) (mm)
MDRC-0
MDRC-1
MDRC-1b
MDRC-1¢
MDRC-3
MDRC-3a
MDRC-3b
CDRC-1
CDRC-2
CDRC-3
FDRC-1
FDRC-2
FDRC-2a
FDRC-3
FDRC-4
FDRC-4a
FDRC-5
FDRC-6
FDRC-8
FLC-1
FLC-2
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1
2
.0
1
1
1
1
1
1
1
1
1
1
1

Testing Summary
1.  Monotonic displacement rate control — Effect of rate
2. Cyclic displacement rate control — Effect of frequency
3.  Cyclic load control — Validation of testing methodology & model




Test Control & Data Acquisition
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lity & Rate Effects
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Initial Stiffness (Rate Effects)

Force (kN)

Displacement (mm)

; y =10.416x+0.8116
—— Imm/min. 0
R“=0.9915
—— 0.1mm/min.
—— 0.0lmm/min.

[ |y =10.374x+0.2936
R%=0.9982

y = 8.144x - 0.0338
R%=0.9986

Force (kN)

0.2

Relative Displacement (mm)




Cyclic Displacement Rate Control
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Displacement (mm)

—+— MDRC-1c¢ (ADR = 1.0 mm/min)
—— CDRC-1 (ADR = 1.0 mm/min; CDR = 0.20 mm/cycle; F =5 cpm; N =18 cycles

—— CDRC-2 (ADR = 0.25mm/min; CDR = 0.05 mm/cycle; F = 5 cpm; N = 50 cycles

Variable Applied Displacement Rate



Cyclic Displacement Rate Control
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Displacement (mm)

—— MDRC-1¢ (ADR = 1 mm/min)

—— FDRC-1 (ADR = 1 mm/min; CDR = 1 mm/cycle; F = 1 cpm; N = 11 cycles)
FDRC-2 (ADR = 1 mm/min; CDR = 0.1 mm/cycle; F = 10 cpm; N = 100 cycles)
FDRC-3 (ADR = 1 mm/min; CDR = 0.02 mm/cycle; F = 50 cpm N = 58 cycles)

Variable Cyclic Displacement Rate



Cyclic Displacement Rate Control

Frequency (n=1)

__________________________

—————————————————————————————————————————————————————————————————————————

Force (kN)

_________________________________________________________________________

____________________________________________________________________________

Displacement (mm)

FOLCC VS, DISPIACCIIIC
Force vs. Displacement (cyclic envelope)



Cyclic Displacement Rate Control
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Sleeve Friction vs. Displacement




FLC-2 (1.80 kN)
- FLC-2 (1.80 kN)

— e FLC-1 (3.15kN)
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Frequency (n=1)

2500 cpm (FDORG-8)
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Conclusions

Experimental Model Evaluation illustrates that model predictions agree with the experimental
results indicating that long-term behavior of strain-rate dependent and frequency dependent materials
and phenomena such as soil-pile interaction can be predicted using short-term strain rate controlled

cyclic compression test results.

The cyclic strain model predicts a Cycle Limit at which the cyclic strain process ends for loads that
are smaller then the Critical Cyclic load. For loads that are greater than the Critical Cyclic Load, the

model predicts linear long-term strain-cycle behavior.

Further research is now required to better understand the effect of in-situ testing conditions (i.e. soil
confinement, ground water, etc.) on the long-term cyclic behavior of micropiles. Full scale loading
tests would be required in order to provide a relevant database for the field evaluation of the strain
rate — cyclic creep model and the development of reliable design methods for the assessment of the
long-term performance of rate and frequency dependent phenomena.

Impact on Engineering Practice Existing pile load testing equipment could be used to conduct full-
scale field loading tests using the suggested testing protocol. If successful, testing standards could be
developed which could lead to adopting the proposed cyclic strain testing procedure and strain rate

controlled cyclic strain model as a base line for industry pile testing standards
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