Comité Francais de Mécanique des sols
Journée Grands Travaux du 06/12/2006
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LES FONDATIONS DES
RESERVOIRS DU TERMINAL
GNL de FREEPORT (USA) :

Un exemple de I'approche
ameéricaine des fondations
profondes
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Le projet du terminal LNG (CONOCO Philips)
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Problématique géotechnique des réservoirs GNL

+

m Réservoirs circulaires de grand diametre (> 80 m),
double enveloppe (béton precontraint + acier)

m Charges au sol élevées (250 a 300 KPa)

m Forte sensibilité aux tassements absolus et
differentiels

m Influence du séisme sur le choix et le
dimensionnement des fondations

m Necessite de reconnaissances de sol a grande
profondeur

) R
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Le site de FREEPORT
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Matériaux de surface (traites a la chaux)
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Reconnaissances par sondages carottés et CPT

Roport No. 0415-1021-DRS

‘CZ‘T-H

LEGEND:
B-101

PILE LOAD TEST LOCATION (APPROXMIMATE)

CcPY 1?‘ ? BORNG LOCATIONS

F & BORING LOCATION FROM PREVIOUS STUDY
{FUGRO RPT. 0415-0321-DESIGN)

CPT LOCATIONS

CPT LOCATION FROM PREVIOUS STUDY
(FUGRO RPT. 0415-0321-DESIGN)

PLAN OF CPT SOUNDINGS
FIRST(EASTERN) LNG TANK
FREEPORT LNG TERMINAL AND PROCESSING FACILITY
QUINTANA ISLAND, TEXAS
40 &;3 FEET

r

DATE OF TANK 1 317000y
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CPT jusgu’a 40 m de profondeur

FRICTION, TSF TIP RESISTANCE, TSF PORE PRESSURE, TSF
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DATE: 08-13-2004

CPT NUMBER: CPT108

JOB NUMBER: 0305-1416
CONE NUMBER: F7.5CKEW1491

ELEVATION:  0.00
FUGRO GEOSCIENCES,INC

PLATE: 1 OF 2
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CPT (suite)

FRICTION, TSF TIP RESISTANCE, TSF PORE PRESSURE, TSF RATIO (%)
0 200 400 0 10 02468

S

=

0]
60

70

|
1

|

i

VAT AVAGAV e s LAk W SN W RN

|

= | 4

JOB NUMBER: 0305-1416 CPT NUMBER: CPT108 DATE: 08-13-2004

ELEVATION:  0.00 CONE NUMBER: F7.5CKEW1491
FUGRO GEOSCIENCES,INC

PLATE: 2 OF 2
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Shear Strength, ksf

m Profil
geotechnique
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Uttimate Axial Capacity, kN
0 1000 2000 3000 4000 5000 6000 7000 8000

Target penetration : 35.00 + 1.00 m (backfill)

O CapaCIte =36.00m Qu=[5330 kN

ultime des
pieux Béton
Précontraint
(méthodes
FHWA /
NAVFAC)
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ULTIMATE PILE CAPACITY
18 " SQUARE PRECAST CONCRETE PILE
LNG TANK AREA
FREEPORT LNG DEVELOPMENT, L.P.
QUINTANA ISLAND, TEXAS
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Fabrication de pieux en béton précontraint 18” 450 mm

PRESTRESSED CONCRETE PILING SCHEDULE

PILE | PILE | PILE PIUNG LENGTH|
MARK | SIZE | QUANTITY LENGTH REMARKS T

Time = | 040 L2921
B 18t s10 118'-0 (4) LIFTING POINTS i
I ' SPIRAL HOOPING 17 | 16 SPA. 8 3" = 4'-0

TOTALS | _Bio 93960

— 5 SPA. @ 1" = 5"

1" CHAMFER OR
1" RAD.—-BOTH
ENDS TYP.

TABLE OF ELEMENTS FOR PRESTRESSED CONCRETE PILING

PILE . 1/2°# — 270K STRANDS

SIZE NTAL FINAL BLOCKING POINTS|_ ; : \
0’ PRESTRESS | PRESTRESS 7
SECTION WEIGHT | QUANTITY | FORCE | (15% LOSS) CUT STRANDS FLUSH WITH END

S0, IN. RN A KIPS B.S.L ( TYP. FOR EACH END )

18" | 322 336 | 10 310 818

18"

1" CHAMFER
OR 1" RAD.
TYP.

NOTE:

PILNG SHALL BE HELD FIRMLY IN

THIS POSITION & (HORIZ.) THROUGHOUT
ALL LIFTING AND HANDLING OPERATIONS.

4—9&551?5

STRANDS

18" _SECTION A—A

GENERAL NQTES

. CONCRETE FOR PRESTRESSED PILING SHALL BE CLASS H
EXCEPT AS NOTED.

RELEASE STRENGTH FOR CLASS H  CONCRETE =— 4000PSI

MINIMUM COMPRESSIVE STRENGTH 28 DAY (f'c) = 7500PSI
ALL CORNERS SHALL BE CHAMFERED AS SHOWN OR NOTED.
. ALL DIMENSIONS RELATING TO REINFORCING OR PRESTRESSING
STEEL ARE TO CENTERS OF BARS OR STRANDS.
. SPIRAL HOOPING SHALL BE ASTM A—82 W4 .225%¢ MIN.
PILE SHOULD BE SUPPORTED AT THE PICKUP POINTS AS SHOWN.
TOLERANCES PER PCI—MNL-116-85.
ALL PILING TO BE CAST WITH CONCRETE USING
PRESTRESS STRAND TO BE SEVEN—WRE 1/2%¢ 270 GRADE
LOW RELAXATION ASTM A—416.
STRAND SHALL BE PULLED TO 310K,

SPECIAL NOTES:
1. COCNCRETE REQUIRES 30% TYPE F FLY ASH

REVISIONS

D ENEOA G

ADDRESS

TR hToxns ﬂEXICDre of TEXAS
& inald D. Smith, P.E.
w1 P.0, BOX 450049, HOUSTON, TEXAS 77245
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Contraintes dans le béton

TABLE 11-4 MAXIMUM ALLOWABLE STRESSES FOR PRECAST, PRESTRESSED,
CONCRETE PILES

AASHTO (1994) Recommendations
Design Stresses |0.33 f', - 0.27 {, (on gross concrete area)

f.  minimum of 34.5 MPa

fe generally > 5 MPa

Driving Stresses [Compression Limit < 0.85f, - f, (on gross concrete area)

Tension Limit (1)  <0.25/f" _+f,, (on gross concrete area)
Tension Limit (2) ) (on gross concrete area)
(1) - Normal Environments

(2) - Severe Corrosive Environments

Note: _and{, must be in MPa,

—_—— s ——
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Manutention des pieux BP (2)

) R
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m Manutention
des pieux (3)
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m Battage des

pieux avec un
—Fﬁarteau
diesel

DELMAG D-62
(choix apres
étude de
battage GRL
WEAP)
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m Coussin de
battage
(« Plywood
cushion »)
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Pré - forage a la tariere 16” sur 50’

/[l TN
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Raboutage des pieux 136’ (1)
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Raboutage des pieux 136’ (2)
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Test de charge suivant la norme ASTM D-1143
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Test de charge suivant la norme ASTM D-1143

W coroem
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Courbe déplacement / effort en téte de pieu

Axial Compressive Load, tons
320 400 480

LZOL-S1¥0 "ON Hoday

Loading Curve
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Attempt to increase load
to 685 tons. Continuous
pumping. Stop pumping

and let load equalize.

Load decreased /

Project No.: 0415-1021 to 660 tons with

Project Name: Freeport LNG no pumping.
TP-136

Test Method: ASTM D1143

Size: 18 inch x 18 inch —a——— Measured Data

Length: 125.5 feet (122.5 fi | I

sk i e e el - — Theoretical Elastic Deflection Line

Tested: 24 March 2005 — — — Davisson's Failure Criterion
Concrete £ 7,500 psi
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Unloading Curve
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Settlement (mm)

06 /712 /2006

Interprétation des résultats d’essais selon
Fascicule 62 (1)

FREEPORT LNG TANKS 18 " PCCP TP 136 square 0.457
37.4 53 000 63 15.5 24.7 370

Total Load (kN)
1000 2000 3000 4000 5000 6000

S EL‘ |
-

K

—— Best fit calculated curve

—=— Results curve
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Interpretation des résultats d’essais
selon Fascicule 62 (2)

+

Frottement lateral moyen = 60 — 70 KPa

Résistance de pointe dans les sables = 8.5 a 15.5
MPa

Raideur frottement latéral = 25 a 35 MPa /m

Raideur de pointe = 280 a 370 MPa /m, soit un
module pressiométrique de 30 a 40 MPa (sables
denses q.>40 MPa)

Module d’élasticité béton / corps du pieu > 45 000
MPa

) R
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Modélisation ABAQUS
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Le systeme PDA (Pile Driving Analysis)

W eoimem
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Graphiques PDA

Fugro Consultants LP - Case Method Results
PDIPLOT Ver 2005.1 - Printed 21-Jun-2005 Test date. 16-Jun-2005

Freeport LNG Tank 1 Area- P157
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Analyse CAPWAP

Freeport LNG Test Pile Program; Pile: T1-104IP3Restrike1; 18in X 120ft PCPS; BN: 28 (Test: 17-Mar-2005) 12-May-2005
Fugro-McClelland Marine Geosciences, Inc CAPWAP® Ver. 2000-1

i 1200.0 ~ki
1200.0 kips Lad For. Msd
Vel. Msd

Load (kips)
750.0 1125.0

Shaft Resistance
Distribution

Pile Top
Bottom

1144.1 kips

546.8 kips

597.3 kips
0.80in
0.81in

Pile Forces
at Ru

Displacement (in)
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Maillage des pieux (580 par réservoir)
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Raboutage des pieux in-situ

All additionnal steel reinforcements are in Grade 60
29mm)
Grade 60

#3 (@=10mm) SLAB

1
| Ao Cast in place concrete with the same
/ grade as the one for the slab
T {Bksi Grade (conventional concrete))
Precast piie lavel

™\ 24 (13) @ 203mm (8")

|=2000mm
(66 24"

54 | A

grout having the similar properties
as the slab concrete mainly for
adherence

#3 (310)
‘--'--.__

N

4#0 (4029)

strands u \
r 3/ .

#6 (D197

Prestress m;

#9 (D29)
Section A-A SectionB-B
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Effet du battage sur les pieux béton
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Pieux apres recéepage
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Réservoir en cours d’achevement
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