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1. INTRODUCTION

pre-Lisbon

e Chief Geotechnical Engineer at
Cementation Skanska

* Coordinated Lambeth College Energy
Pile test with Tony Amis

 Worked with Gl Energy and
Cambridge University to understand
test, and co-authored several seminal
papers based on this.
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* 8 Final year projects

1 PhD in progress
1 Post-Doc

Project DEEPCOOL financed by FCT,
240k€, 2018 — 2021

12 articles & 2 book chapters to-date
COST Action participant
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2. PREOCCUPATIONS for DESIGNERS i)

1) GEOtechnical safety

Can the pile suffer bearing capacity
failure?

2) STRuctural safety

Can the pile suffer overstress or cracking
due to restraint of thermal strain?

3) SERVICEABILITY

Could the pile move too much?
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expected?
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3. RESEARCH OVERVIEW allfl;

* Field tests on piles in several
European countries, USA, China,
Japan, Australia & Brazil.

* Operational monitoring still rare.

* Model tests from a number of
institutions — China, USA, France
(Tecnico soonl!).

* Numerous efforts at numerical
modelling of thermally-activated
single piles and pile groups.
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4. RESEARCH INSIGHTS

Model for pile response to thermal load: heating

yth’o_l_ Force Yino/Yintree 1. No external load, pile
_____ S ‘ - expands about a neutral
point (NP);
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4. RESEARCH INSIGHTS

Model for pile response to thermal load: heating

Yih o Force Yino/Yintree 1. No external load, pile
o S < expands about a neutral
> ‘ >
point (NP);

k [/ 2 "‘=‘2 2. External load moves NP
O up, reducing pile head
2 displacement;
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4. RESEARCH INSIGHTS

Model for pile response to thermal load: heating

Yih 0| Force Yino/Yinfree 1. No external load, pile
= S~ > > > expands about a neutral
point (NP);
k [/ \ "‘.2 2. External load moves NP
U] 3 up, reducing pile head
L < 3 ® displacement;
|<_t 3. If base mobilised, NP does
'-:I'-:' not move up as far;
\'4
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4. RESEARCH INSIGHTS

Model for pile response to thermal load: cooling

 >> COOLING <<

[Ytho _

Force

yth,O/yth,free
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No external load, pile
expands about NP but
effect reversed cf. heating;



4. RESEARCH INSIGHTS

Model for pile response to thermal load: heating
Force

Yih,o |

>> COOLING <<
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No external load, pile
expands about NP but
effect reversed cf. heating;

External load moves NP
down, increasing pile
head displacement;

If base mobilised, NP does
not move as far down
(unless in tension);
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4,

RESEARCH INSIGHTS

Pile thermal displacement response

Collated results from various studies are
consistent with descriptive model.

Cooling — thermal displacements at pile
head with mean "™/, . =~ 0.9;

Heating — thermal displacements
reduced with mean "™°/y. .~ 0.5;

Cooling might be biased by no. tests in
sand with low FS-shaft (later).

Unbalanced load has background effect.
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4. RESEARCH INSIGHTS

HCooling

Pile thermal displacement response

e Cool
heac 10
* Heat -é- g
redu
E
* Colla g
arec = 4
)
>~
e Cool
2
sand 0.6 0.8 1.0 1.2
0 th,0/ yth,free

AT = 5°C 10°C 15°C
= o. AT.L

- waajaa - -
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4. RESEARCH INSIGHTS

. HHeating
Pile thermal stress response Cooting
* Remarkably little variation between 5

heating and cooling, with mean E v

Othmax Gen fixed ~ 05’ g f/

m g
» Difficult to validate against descriptive S EPJ
(o) i

model as depends on restraint a N\&

conditions on shaft and base. )

OjO Oi2 Oi4 Oi6 0i8 1:0 112

cyth,max/ c5th,fixed

Gth,fixed = o. AT. E
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4. RESEARCH INSIGHTS

HHeating
Pile thermal stress response oo
ooling
e R @=10 ne/°C
he -E- z
ik E = 35 GPa
B E = 30 GPa
e Dl T e | E=25GPa
© -
- “,_: 4 (600psi)
= h
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0

AT - 5°C 10°C 15°C 20°C zsﬂc ax/Gth,fixed
= . AT.E

14



4. RESEARCH INSIGHTS

Pile thermal stress-displacement response
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* Thermal stress and pile head
displacement are
complementary:

displacement 4 = stress T
& vice versa.
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4. RESEARCH INSIGHTS

Pile groups

Centre pile
2.0 1+ + heated
5T EPFL&
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* Field tests limited to
special conditions but
show reduced stress
and larger displacement
as more piles heated.

 Numerical analysis
suggests the same.

* BUT use continuous
heating, not cyclic.
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4. RESEARCH INSIGHTS

Pile geotechnical resistance

* For geotechnical failure, pile plunges,
so all shaft resistance has to become
“positive”, thermal effects — 0.

* Resistance of soil & interfaces does not
appear to be compromised by
temperature effects.

e Cyclic degradation has not been
demonstrated (lower no. & frequency
of imposed cycles cf. offshore)
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4. RESEARCH INSIGHTS

Cyclic thermal loading —

isolated piles

* Full scale unclear but interesting behaviours in
small scale tests.

* Ratcheting during thermal cycles but seems to
stabilise — Why? Is it always stable? Importance?
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Pile head settlement, y, (mm)
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4. RESEARCH INSIGHTS

Cyclic thermal loading — isolated piles 10
* Why? .
, 0.8 1 Increasing
— Reaction to thermal strains cannot be mobilised stress
on shaft when FS-shaft is low, during cooling T e FS=1.25
need to mobilise base reaction to maintain force ..% '
equilibrium, and pile settles. o)
~ 0.4
* Does it stabilise? £
— Yes, it seems to settle down after several cycles. © 0.2
e |s it important? " FS=2.0 d|splacement
0.0 — - -

— Depends... over 10 cycles, thermal ratcheting 10 00 10 20 _3'0 40 50 60
equates to about 10% (FS = 2) to 50% (FS = 1) of | | Virof Yin ¢ | | | |
initial settlement. =
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4. RESEARCH INSIGHTS

Cyclic thermal loading — pile groups
* Why?

— As pile spacing reduces, pile interaction under
mechanical load suppresses mobilisation of shaft
friction (in effect FS-shaft increases).

e Does it stabilise?

— Yes, seems to settle down; low-FS needs to be
extended over longer operational period.

* |s it important?
— Counterintuitively, reduced pile spacing helps.

— Edge & corner piles closer to isolated in terms
mobilised shaft resistance (to be checked).

Gth,max/ Gth,fixed

-1.0

-0.8

-0.6

FS=1:s/D =60

Vth,o/ Yih,free
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5. IMPLICATIONS for DESIGNERS

SAFETY
* GEOtechnical safety

— Thermal loads do not seem to
affect geotechnical resistance;

— No evidence of cyclic degradation
of shaft resistance.

* STRtuctural safety

— Thermal stresses only likely to be
an issue if pile already highly
stressed and/or at large AT.
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5. IMPLICATIONS for DESIGNERS

SAFETY SERVICEABILITY

* GEOtechnical safety — Thermal displacements an issue
for long piles with large AT, and

— Thermal loads do not seem to . .
under cyclic loading

affect geotechnical resistance;

: , , — Thermal ratcheting more
— No evidence of cyclic degradation

, important for piles at large spacing
of shaft resistance.

and low FS-shaft.

* STRtuctural safety — Down-drag in NC clays.

— Thermal stresses only likely to be — Unbalanced thermal loads lead to

an issue if pile already highly additional displacement as ground

stressed and/or at large AT. heats/cools. 22
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