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in the field of bridge foundations. Before
construction of the bridges at Toulouse
began, the master builders to whom the
contract had been awarded undertook a form
of ground investigation by probing with a
7 m-long iron bar, given the name
'espreuve', to determine the thickness of

the alluvium above the marl.
Q
' -
) ’\ %
Y '2;

Fig
per Fig. 76 - Leonardo da Vinci's design for an
auger—-boring device for soil,

with below a model built in Italy

Fig. 75 - Machine for breaking up hard
based on the sketch. (1)

material underwater, invented by
Fontana (1540-1614).

CStane calnhs

TN

. 69 - The zarbiyyeh, or Egyptian self-
sinking caisson (interpretation L. . )
of the description). 1ammerlp111ng rig designed by

:sco di Giorgio (around 1450), 3
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Aspects abordés

»Echantillonnage

»Essais pressiometriques

»Essais scissometrigues

»Essais dilatométriques

»Mesures des mouvements

>»Mesures des contraintes

»Essais geohydrauligues
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Essais géotechniques en forages — état des documents normatifs

5
22476-1 00341042 2 Electrical cone penetration tests 21, 41, 61, 2003-03 2003-11 2005-01 Reactivation is pending —
(76), (77), ISOICEN new WI number
86, 87 is expected
224769 00341021 2 Field vane test 23,99 2002-03 2003-09 2004-12 Reactivation is pending,
Res. 99 - ISO/CEN new
W1 number is expected
22476-12 00341054 2 Mechanical cone panetration test 31, 41,89, 2003-05 2003-11 Sent for FV on 2008-05
100 2005-11 2006-04 2006-04 2008-03 2008-11
22476-2 00341004 3 Dynamic probing 37 2001-09 2005-01 EN ISO: 2005
22476-3 00341005 3 Standard penetration test 37 2001-09 2005-01 EN 1S0: 2005
22476-4 00341016 5 Menard pressuremster test 22, 64,88 2002-03 2003-09 2005-04 END of 2 pENG:2008-03-06
2007-09 2008-12 2009-05 Comments of 2™ p Enquiry
zent to Convenor on 2008-
03-13
22476-5 00341017 5 Flexible dilatometer test 22,64, 95 2002-03 2003-09 2005-06 2008-12 2009-06 EMND of 2 pENG:2008-05-14
2008-02 Comments of 2™ p Enguiry
gentto Convenar on 2008-
08-05
224769 00341057 5 Self-boring pressuremeter test 22,58, 73, 2002-03 2003-09 Circulation of 1% CD from
a9 2005-08 2007-03 2007-08 2008-12 2009-08 WGS is pending
22476-7 00341019 5 Borehole jack test 22,64.95 2002-03 2003-09 2005-06 END of 2 pENQ:2008-05-14
2008-02 2008-12 2009-06 Comments of 2™ p Enquiry
zent to Convenor on 2008-
08-05
22476-5 00341058 5 Full displacement pressuremeter 22,59, 74, 2002-03 2004-08 Circulation of 1% CD from
a9 2005-08 2007-03 2007-08 2008-12 2009-08 WGS is pending
IS0 work CEN work WG Resolutions | Accepted Stage Stage Stage Publication
item item number | of CEN/ Short title CENITC 341 by CEN 20.60 3099 ENG | 4599 FV I1SO Remarks
number TC 31 10.99 draft final draft | Awvailability
cD DIS FDIS CEN (DAV)
22476-X ? 5 Phicometer shearing test 75 TS, Wl number pending
22476-10 00341022 Neight sounding test 24 2002-10 200505 T5: 2005 under review
22476-11 00341023 Flat dilatometer test 24 2002-10 2005-05 TS: 2005
under review
2228241 00341080 1 Geohydraulic testing - General 56,93 2004-05 draft, sent for FENQ to
rules 2007-07 2008-01 2008-07 2009-11 2010-07 ISOFCS on 2008-01 (closing
date 08-09-17)
22282-2 00341081 1 Permeability tests using open 20, 41, 55, 2003-05 draft, sent for /ENQ to
systems 93 2007-07 2008-01 2008-07 2008-11 2010-07 ISOFCS on 2008-01 (closing
date 06-09-17)
22282-3 00341062 1 Water pressure test 30, 41, 55, 2003-05 Comments of p Enquiry sent
78.85 2007-07 2007-09 2007-11 2009-11 2010-07 to Convenor on 2008-06-05
22282-4 00341063 1 Pumping tests 30, 41, 55, 2003-05 Comments of p Enquiry sent
79,85 2007-07 2007-09 200712 2008-11 2010-07 to Convencr on 2008-06-20
22282-5 00341064 1 Infiltrometer tests 56,80, 85 2004-05 Comments of p Enquiry sent
2007-07 2007-09 200712 2009-11 2010-07 to Convenor on 2008-08-20
22282-5 00341065 1 Permeability tests using closed 56,81, 85 2004-05 draft, sent for FENQ to
systems 2007-07 2007-09 2008-07 2009-11 2010-07 ISOFCS on 2008-01 (closing

date 08-08-27)




Echantillons remaniés ou non remani

Table 3.1 — Quality classes of soil samples for laboratory testing and sampling
categories to be used

Soil properties / quality class 1 ]2 |3 |4 |5
Unchanged soil properties

particle size

water content

density, density index, permeability
compressibility, shear strength

Properties that can be determined

sequence of layers

boundaries of strata — broad

boundaries of strata — fine

Atterberg limits, particle density, organic content
water content

density, density index. porosity. permeability
compressibility, shear strength

Sampling category according to EN ISO 22475-1

% ® * #*
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Echantillons remaniés ou non remaniésg

1 category A sampling methods: samples of quality class 1't0 5 can be obtained;
1 category B sampling methods: samples of quality class 3 to 5 can be obtained:;
1 category C sampling methods: only samples of quality class 5.

6.2.2 Samples of quality class 1 or 2 can only be obtained by using category-A sampling methods. The intention
Is to obtain samples in which no or only slight disturbance of the soil structure has occurred during the sampling
procedure or in handling of the samples. The water content and the void ratio-of the soil correspond to that in-situ.
No change in constituents or in chemical composition of the soil has occurred. Certain unforeseen circumstances
such as varying of geological strata may lead to lower sample quality classes being obtained.

6.2.3 By using category B sampling methods, this will preclude achieving sampling quality class better than 3.
The intention is to obtain samples containing all the constituents of the in-situ soil in their original proportions and
the soil has retained its natural water content. The general arrangement of the different soil layers or components
can be identified. The structure of the soil has been disturbed. Certain unforeseen-circumstances such as varying
of geological strata may lead to lower sample quality classes being obtained.

6.2.4 By using category C sampling methods, this will preclude achieving sampling quality class better than 5.
The soil's structure in the sample has been totally changed. The general arrangement of the different soil layers or
components has been changed so that the in-situ layers cannot be identified accurately. The water content of the
sample may not represent the natural water content of the soil layer sampled.

Table 1 — Quality classes of soil samples for laboratory testing and sampling categories to be used

Quality classes of soil samples
for laboratory testing according to prEN 1997-2

1 2 3 4 5

A

Sampling B
categories

4
i
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drill rod locking device above ground

casing

sample tube

went

Figure 5 — Schematm thin-walled stationary piston sampler (PS) for sampling from borehole bottom
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4 Table 4 — Examples on sampling methods with respect to the sampling category in different soils
M ™
Kl Soil type Suitability Sampling method
‘}1 depends on e.g. Category A Category B Category C
Clay Stiffness or strength PS-PU 0S-T'W-PE AS
Wi - - 1y b -
i = sensitivity plasticity Os-TIW-PU OS-TK/W-PE
i i OS-T/W-PE 3 CS-ST
it 1l > OS-TK/W-PE 3 ' | HSAS
0 i ! : a
i =3_3/ CS-DT, CS-TT  |AS
M il LS, S-TP, 5-BB
% % silt Stifiness or strength PS CS-DT,CS-TT  |AS
i i sensitivity OS-T/W-PUP OS-TKMW-PE CS-8T
il i groundwater surface OS-TK/W-PE 3 D | HSAS
il il LS, S-TP
m ]-/ Sand sizes of the particles S-TP OS-TKMW-PE® |AS
il g il ; density os-Tw-pu?  |CSDT,CSTT |CS-ST
0 i .
0 | B f,ﬂ—:gf’ groundwater surface HSAS
Il |1 1] Gravel size of the particles S-TP OS-TKW-PE 3P |AS
% % density HSAS CS-sT
m m groundwater surface
i i Organic soll state of decay PS CS-ST AS
% % . OSTW-PUD  |HSAS
i " 5-TP ASa
% | | % 5 3 Can be used only in favourable conditions.
O ;/ b see also £.4.2.3 for the detailed geometry.
Il = 52‘; il Key
1 1 —
i - — o _-_]] & QS-T/W-PU Qpen-tube samplers,
/{____—::._-— | _—‘E;;-/ thin-walled/pushed C3-5T Rotary core drilling, single tube
e H £ OS-T/W-PE Open-tube samplers,
' -1 thin-walled/percussion CS-DT, CS-TT Rotary core drilling, double or triple tube
OS-TK/W-PE Open-tube samplers,
thick-walled/percussion AS Augering
PS Piston samplers HSAS Hollow stem augering
PE-PU Piston samplers, pushed 5-TP Sampling from trial pit
LS Large samplers 5-BB Sampling from borehole bottom
5  sealing ring
8 disturbed soil
T piston

liner {optional)

8



Dimensions in millimetres
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Figure C.18 — Stationary piston sampler with a 50-mm liner — Parts
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C.12.4 Clay cutter and shell (bailer) L0
See Figure C.24.
N 8
T /3 |
-
1 [T
k.__Jf | =
T .
T Bl
| I Q |
NN "
L | ;‘z/ ) %
tj W @ S/ m—
a) Window sampler b) Window sampler with c) Windowless d) Driving rod
| . 35 mm and 50 mm sampler
i F—T 3 diameter
! R o Key
1 sample tube-window
I
2 shoe
Key 3  sample tube
1 clay cutter 4 plastic liner
2 shell or bailer 5  retainer
3 clay cutter ring
4 sermated tool shoe Figure C.23 — Window and windowless samplers
5 leather clack

Figure C.24 — Clay cutter and shell (bailer)
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C.11.4 U100 Sampler

See Figure C.20. 11
C.11.1 Thin wall sampler (Shelby tube)
See Figure C.15.
| — 1
“/
/ /2
- 3
=
|
. == = :
L i / e N
i) nlg —
6
l::l/
3 7 &
L_Il L;[l/ T
A B
A) Standard system B) Plastic liner system 5
r - /
Key Hey I ,
1 sample tube (cadmium-plated steel or aluminium) 5  core catcher (optional) 1 sampler head with drill rod box connection
2 core catcher (optional) 6 spacing ring 2 airrelief port
3 cutting shoe (plain or serrated edge) 7 cutting shoe (plain or serrated edge) 3 g@b screws (3) secure sample fube to head
4 steel body tube {enclosing plastic liner) 8 U100 drive head (bell housing) 4 thinwall Sheiby tube
5 chamfered cutting edge
Figure C.20 — U100 Sampler Figure C.15 — Thin wall sampler (Shelby tube)
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C.5.2 Geotechnical wireline corebarrel C.4.2 Corebarrels “W” series, according to 1SO 3551-1

See Figure C.8 and Tables C.12 and C.13. See Figure C.5 and Figure C.6. 12

20 MR
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a) “WG” design single-tube b) “WT” design single-tube c) “WG” design double-tube
corebarrel - Assembly 2 corebarrel - Assembly 2 corebarrel - Assembly ?
a) Outer tube assembly b) Inner tube assembly v v v
Key
Ke!
Y i . 1 core bit
1 drill and coupling 10 latches 2 core lifter
2 locking coupling 11 lower stabiliser 3 reaming shel
3 landing ring 12 bearing assembly 4 tube
4 adapter coupling 13 inner tube bung 5 outer tube
5 outer tube 14 outer tube 6 innertube
&  blank reaming shell 15 plastic coreliner 7 head (rigid or swivel)
7 core bit (not included) 16 core-lifter case
8 lifting spear 17 core lifter 3 Bits and core springs are interchangeable with double-tube barrels.
9 upper stabiliser b Bits and core springs are interchangeable with single-tube barrels.

Figure C.8 — Geotechnical wireline corebarrel (inner and outer tube assembly) Figure C.5 — Corebarrels “W” series, according to ISO 3551-1

/
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1 Dossier : AG05-151-2348 \ LIAISON CEREXHE-HEUSEUX-BEAUFAYS { F.36 j 13

Dossier : A605-151-2348 LIAISON CEREXHE-HEUSEUX-BEAUFAYS F.36

XLambert: 24509477 | gcigts:  MOORS ECOFORAGE Commune : Feuille N°
Y Lambert : 148 048.34

7 +25083 | Machine: Atlas Mustang 66 EVEGNEE-TIGNEE (Soumagne) 1 de

-

Mode d'exécution ER
. o R. a ; . " . . Q0
|2 90| Forage |[Tubagel » — | E. S~|lao| 2 Description lithologique O~|lsc| @
©| 3N »E oX|e£| © gxX({8al o
0| & | piam piam. | & =~ |N-R. =35 O x| S| O
p ) Outil (mm) B|C|S|X (F. de VILLE de GOYET) o
mm mm
X XX
K X XX X . . 3 . .
AN Limon argileux, finement sableux, brun foncé-noir. Contient des scories
X X XX x — ’ T 24 s . X
3 Y XX plurimillimétriques, noires.
g K X XX X
& 1:4’} ) 1 _‘!133 v v vv \+258R 33
z Iy,
o 8 re
1 X L=
S [ 825 | e
g . T
® Ryn)
[ 5.00 | 25 iy
) e
ol
o z “.._::_1‘_"“: +250.08 Avgle brunclir, lastique. Contient une quantité importante de débris de + 250,00
30 A silex.
el SR Argile trés et trés finement brune, plasti Contient ||
| I L2 (] 2 oo 2iae | de rares débris de silex —
34 el | — Silex pluricentimétriques et argile brun clair. Echantillon fortement lessivé.
> 50 v +248.33 —
Qe Argile ie brun foncé et argile trés
_12.00 2 56 [ e 7 +247.83 et trés finement sableuse, brun clair. Contiennent des débris de |
1250 o733l Silex plurimilimétriques.
— - Echantillon non remanié.  ——
Arqile carbonatée, brun clair & brun-gris foncé et craie blanc-gris localement
|| 13.50 2 46 [_—_ l+24633| altérée.
A L
[ITI Craie blanche, altérée. Contient des débris centimétriques a
[IIIIII {— pluricentimétriques de craie moins altérée et des passes pluricentimétriques a
TIT pluridécimétriques d'argile brune. + 245,00
15.00 3 82 T T T +244.83 =1
16.50 D +244.33|— Echantillon non remanié.
T ITT Craie blanche, altérée. Contient des débris centimétriques &
[IIIIII — pluriqemimétriques de craie moins altérée et des passes centimétriques
16.50 3 90 [T T 7 +24333| dargilebrune. 77
17.00 +242.83 [ Echantillon non remanié.
ITT I
[IIT
LLY
18.00 | S ] 88 IT1 Craie blanche, altérée. Contient des débris centimétriques a
[IIIIII {— pluricentimétriques de craie moins altérée et des passes centimétriques GUL
- TTT d'argile brune.
[I1X
g 11T
2 19.50 4 92 [T T 7+240.33
t 4 20,00 230,83/ Echantillon non remanié. +240.00,
[IIIIII |__ Craie blanche, altérée. Contient des débris centimétriques &
_ " o IIIII s pluricentimétriques de craie moins altérée.
21.50 n +23p.33 [ Echantillon non remanié.
[IIIIII | _ Craie blanche, altérée. Contient des débris centimétriques a
e 5 - [IIIII — pluricentimétriques de craie moins altérée.
¥ +237.
23.00 D +236.83 [ Echantillon non remanié.
[ ITITI| |
[IIIIII t— Craie blanche et sable glauconifére vert a la base. Transition craie - marne.
24.00 6 58 [ T T 1)+23583 =
_£_%_ +235.53 | — Marne brun-vert, plastique (= Smectite de Herve).
BT e 1 % - EEE]—:IE— T Marne gris foncé, plastique (= Smectite de Herve). VAA + 235.00

Namur, le 10 févri
‘Namur, le evriel
. '8




S.P.W. - Direction de la Géotechnique

Dossier : A605-151-2348 LEGENDE DES SYMBOLES 14
.E.qu'pe.m.em Outils de forage Niveaux d'eau
piézométrique
[ [ CH  :Chape 1 : Mesure du matin \
DC : Double carottier 2 : Mesure avant la pause de midi
M.F.T. : Marteau fond de trou 3 : Mesure aprés la pause de midi \
M.H.T. : Marteau hors trou 4 : Mesure en fin de journée
ROCK. : Rockbit a: L'eau a apparu
SC : Simple carottier b : L'eau a disparu
SPC : Soupape a clapet c: L'eau a réapparu
TC : Tarriére a cuiller d : Pas d'eau parue
TP : Tarriére pleine e : Pas de mesure du niveau d'eau \
Tube | TR :Tarriére a vrille
aveugle TRC : Triple carottier \
TRIL. : Trilame N
\
Echantillons non remaniés Echantillons remaniés \
\\‘
Réussi B : Bocal “\\
L C: Caisse \
O Non réussi S:Sac \
\
Tube | \
crépiné \
Fluides de forage Interprétations géologiques \\
- \
— Sare & \
S: Sec X : Remblais =
E:Eau AMO : Alluvions modernes
(1 Cellule P : Polymere Q : Quaternaire
plézométriqus B : Boue SBL : Dépéts sableux et argileux
T - A : Air comprimé Sx : Argile & silex
GUL : Formation de Gulpen
VAA : Formation de Vaals
. . HOU : Groupe houiller
Lithologies JUS : Groupe de Juslenville
BBN : Groupe de Bay-Bonnet
argile Craie + silex Remblai BIL  : Groupe de Bilstain
o ME  : Formations de Montfort et d'Evieux
Srih dctate de achisien Penie Sable LAM : Formation de Lambermont
| P Soia s AIS  : Formation d'Aisemont
srates LUS : Formation de Lustin
e—— adile o NEV : Formation de Nevremont
PER : Formation de Pepinster
argile schistoide Schiste VIC  : Formation de Vicht
ACO : Formation d'Acoz
Béton Shale
Calcaire Shale gréseux
Charbon Silex
Cherts Nodules carbonatés Silt
Colluvium Phyllades Silt argileux
Conglomérat Silt sableux
Craie Tourbe

Rapport : A605-151-Z348/LOT1/A
Département des Expertises techniques \
Direction de la Annexe 2/0 !

o
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L’essai pressiometrique (extrait d’une
présentation du Prof. J. NUYENS — SC OREX)
formation GBMS (15/06/2006)

15

Bouteille d’azote pour
la mise en pression

Tube gradué permettant

la mesure de I'augmentation
de volume de la cellule centrale
(volumetre).

Cellule centrale

Cellules de garde

J

4
i



16
L’appareillage actuel

de gonf\'é\e
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\
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Bouteille d’'a
comprime
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Le SPAD

Le SPAD : enregistreur

de données imposé par la norme
NF P 94-110-1 pour empécher la
fraude.

Les résultats sont fournis
dans un fichier qui NE peut |
PAS étre modifié. | iz

it )

DiRMEn _»

Garantie que les essais ont bien été
exécutés.

HEHS AL
Lok RAG

'A\!l!":m

Résultats bruts imprimés en cours
d’exécution

Controle possible en cours
d’exécution.

17




18
Forage pressiométrique

e forage pressiomeétri
trou de forage.

e Contrairement aL
priorite :

— qualité

— précision du dia

- e B
oy Verkenningsboringen Les forages de reco
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Les normes

/s
7 74

/ ]

77

7 _4

L
o

AL L
- .

« NF

a1/

-

- B i

Norme encore en
(15 juin 2006) . E
du SPAD

e EN
Projet de Nor -
soumis a e '. uét ’l |
est facultative,
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Passes de forage o

Table 1 — Maximum confinuaus drilling ar driving stage length before testing

Maximum caontinugus drilling
stage length
{rn) Qualité du trou de forage :
Soil bype Rotay | Rofary | Pushing,
drilling  |percussion| driving and
vibrodriving®
Sludge and soft clay, soft olavey soil i — it
hediurn stiff clayey eofis 2 . 3 1<d/d.<1,15
Shif clavey soils 5 4 4
Silly sxils:
- skowe ground weier iable < e 3
- below water tablz i 18 = d, diametre de I'outil de forage
Loose sandy sails: d_diametre extérieur de la sonde.
- skove ground weier iable 3 2 —
bl water tabl ", s Passes de forage trop longues
T EEIRW RRIRTEE ' - détériorent les parois du trou de
M=diunn densa and dense sandy sails 3 & 4 forage:
Cicarse soZs: gravels, cobbles 3 ] 3
Coarer eofs wiilh colasicn p . 3 oflexion des tlge:s de forage,
- - oflambage des tiges de forage
Loose ren homegeneous sails, nen text Book soils 2 ] 2 opression d‘injection
Wesihersd ook, soft nock & 7] 3
Solid rock e e =

& orthe requTad INlEre] bebwEen be SUCCEsshoe [EnSG.
L Mod yoolsakle I ETO WA S =chnlgue.
2 Aaxinnors lenplh B a Tun-Uon el Ihe eanosrald=sts Ina wersing shi.

2.5 27

&

3L

4
E

s
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O LE STAF®

Systéme de Tubage Auto-Foreur

. . pour Pressiométre®

Outil STAF®, porte outil, tige, tube fendu ﬁ
Positionneur de sonde et sonde 44 Ménard 3:_

MISE EN CEUVRE DU STAF ET REALISATION DES ESSAIS :

1. Forage roto-percuté avec I'outil STAF® et mise en place simultanée du tube fendu ouvert selon la
méthode de forage pressiométrique "TFEM" (Tube Fendu ouvert avec Enlévement simultané des
Matériaux). Recupération des boues de forage dans un bac a sediments pour effectuer la coupe
de terrain

2. Enlévement de l'outl STAF® et du train de tiges sans altération des parois du forage
pressiometrique

3. Le forage est tubé Le tube fendu est prét a recevoir la sonde pressiométrique et le bac a
sédiments décanté pour économiser le fluide de forage

4 Alade du positionneur de sonde, l'opérateur positionne la sonde pressiométrique a l'intérieur du
tube fendu deja en place dans le forage. La sonde est parfaitement centrée a l'endroit des fentes
du tube fendu. Les essais pressiométriqgues peuvent commencer. La tubulure coaxiale ou
jumelée est protégée par la colonne du tube STAF ® sans risque de pincement

S 5. Les essails pressiométriques sont effectues en remontant, grace a un systemes d'extraction prévu
a cet effet. L’ac%uisition des données pressiomeétriques est assurée par le GEOSPAD® qui équipe
le Pressiomeétre™, selon la norme NFF 94-110-1.

Un descriptif de la realisation d'essais pressiométriques par autoforage d'un tube fendu peut &fre trouve dans le Vol. 1 des
actes du Symposium [SP: PRESSIO 2005 : Réalisation d'essais pressiométriques par autoforage d'un tube fendu - G.
— Arsonnet, J.P Baud, M. Gambin . Le tiré 3 part peut également &tre téléchargé sur notre site www.apageo.com.
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Essais dilatometriques
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Sonde dilatométrique

AR

A

\ Conduite hydraulique haute

pression avec cable coaxial
pour le transfert des données

A
\

Packer
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/ Capteur de
deplacement

Longueur 1000 mm
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BOREHOLE DILATOMETER

GENERAL

Foundation studies in hard rock differ from the ones in
soft soils by the fact that the bearing capacity is deter-
mined by the rock structure more than by its strength.

Rock mass is usually much weaker than the intact rock
it contains. This is due to the presence of discontinuities
such as joints, faults, shears and bedding planes.

Comprehensive in situ tests in mass rock must be perfor-
med on a large scale (2 to 3 m? of material) in order to
measure rock deformation and crack squeezing. These
tests can be done with a DMP-95 dilatometer.

DESCRIPTION

Probe

The DMP-95 Dilatometer consits of a probe with an
aluminium alloy central body. The probe includes:

* An inflatable membrane (rubber sleeve)
equipped with three pairs of metallic inserts
spaced at 120° intervals

¢ A split spring-ring and double cone membrane
retaining system

¢ Three inductive displacement sensors
* A pressure sensor
¢ A sediment collector

The dilatometer probe is designed to be lowered down
into the borehole using a string of rods. The sediment
collector placed on top of the probe is equipped with a
threaded end.

Standard connection: CRAELIUS 50 or 60

The probe is usually inflated with compressed dry gas
(nitrogen or air).

Verkenningsboringen

Namen, 10 februari 2009 =

Model DMP-95

/’ ——— Rod adapter

e Sediment collector

—— Head

1000 Displacement sensors

Rubber sleeve

Bottom cap

-

\

FEATURES
e Allows measurement of rock anistropy
* May be used in deep boreholes

* Test in 101-mm size boreholes
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4. Evaluation des données et calcul des modules 27
Project: Ligge ANALYSIS RESULTS Borehole: F*W/7 Le module d’élasticité est calculé en appliquant la formule de Lamé [4], spécifique & un cylindre infini
Test Date: 14.03.2008 11:48:00 Test Depth (m): 5.9 & parois épaisses:
TCB)/3 Extensometer
Hes E = (1+v) *d* Ap/Ad
Step Range Fit E-Modulus Step Range Fit E-Modulus . .
Nr. | Start-End | Type MPa Nr. | Start-End | Type MPa avec:  Ap: différence de pression
d : diametre du forage
7| - F | R 4420 2 7 B g 7850 | Ad: variation de diamétre
| 2] 9&® [ B I 7300 14 ] 1-15 R 4860 v : coefficient de poisson
5 ]| 15-16 | S 2400 J B | qgere | & | 2 6899
—;— ——;g . 53 2 1333—3 12 gg—gg 2 ;g;g—— La valeur du coefficient de poisson choisi est v =0.33 s'il n’existe aucune mesure de laboratoire
1 | 33-39 | R 8010 12| -2 | R 3670 (comme propose dans la horme AFNOR 2002)[2,3].
Project: Liege ANALYSIS RESULTS Borehole: F*W 7
Test Date: 17.03.2008 11:58:00 Test Depth (m): 7.3
Top 4
Range Fit E-Modulus
Start - End n MPa 289 45
S, el
7= 8 S 2720 % f /
9-1 R 2550 r 123
a 11 -15 R 1820 H / /
15-17 8 3940 gn
4 15 - 19 s 2800 = ‘f‘/,/’ /' /
19 - 23 R 2620 § / /
¥ PE oL m b A
N 27 - 33 S 2690
- ,l/’ 33-3 R 2620 /
30 - 43 R 1590 a. . .
s /./ :g ;? i ;;gg 300 - m_:(r»?(mrm;aso 500

Central t 4
Range Fit E-Modulus
4 Start - End Type MPa 27 2. 4
o 5.7 % o _, ol
© 7-9 s 4360 &
% 29 29 -1 R 30 g LD
E 11-15 R 1610 3 /_//l A Y
p 15-17 S 530 &2
7 15-18 s 320 & 1
2. 19-23 R 0 2
iy e X T oad . NN
2 / 27-3 S 4110 / Vv v
2 ] B-3 R 3530
£ 1 B " wm
w 1 N 300 350 400 450 500 550
" J 43 - 51 R 4140 Deforination (Mcrons)

e
&
&
ﬁ%

/

] / Bottom 4 ;
Range Fit E-Modulus
Start-End  Type MPa s,

R
9 194 33 7-8 s a0 &
A q | j 9-1 R 4520 3 B
1 w o g 11-15 R 380 2
15-17 s ess0  E2
15-19 S 5380 g B!
19 - 23 R 5460 2
28-27 R s00 £ 7 f
27-2 s 6270
27-33 8 5320 2144
¢ e et R Sl
3-43 R 2450 5
380 400 420 440 460 480 500 520 e o B p R i i 9
Deformation (WI'OHS) 43 - 51 R 4880 Deformation (Mcrons)
Pr Cileto2 25.3.2008 13:08:35 -
i Pl B g iamanetrtessten W, 7_miew.7_7m 071 SOLTETIE
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Essai au phicometre

1. Caracte

— Qutil de mesure du cisaillement
in situ normalise (XP P 94-120)

— Essai réalisable dans des sols
grossiers

7 Verkenningsboringen Les forages de reco
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@_ﬁ,pparg&llagg de surface
CRV. f@ ‘
ﬂ§ -—{D [ Ilocane
@O A

@cde
dynamametzique
"f‘ln

/N R |_L
N Y P
—sloe i/ . | — Forage prealable

Principe de I'essai

750 E

W
f@‘ |
j ®
—{ =
ol
&

legin de_ bigee
- gL ' — Dilatation préliminaire de la sonde
D fre | — Essai de cisaillement par
arrachement (vitesse constante)
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F ’ Ll - n
« Resultat d’essai : plaque n°1
régistance au cigalllement a différentes contraintes normales
Plaque 1 essais n*1 etn'2 courbe intrinséque plague 1
[—50 kPa — 100 ks —150 KPa — 0 kPa bis — 100 kP bis —150 kP bis | 110.00 | szt « osmai? « moyanna
120
a0 a0
100 —
<
< oo
80 1 £
g
1] _/-———_L—H_\\_- %
= g a0
@ 3
Iy "
E
4 i 3000
2
0 % 1000
4 Z] -1-0 EEI Eﬂ 1IIIIJ 153 1;0 1&0 14
0- . . . . . . . -10.00
0 3 0 15 20 25 o 33 40 contrainte normalke o (kPE)

Déplacement an mm

— c=1,2kPa
— ¢ =33,3°

B e -
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' _ SCISSOMETRE 31
Essal scissometrique Modéle M-1000

DESCRIPTION

Le scissométre est un appareil de mesure in situ précis
qui comporte :

¢ une téte enregistreuse de couple;

s une tige d’enfoncement (20 mm de diamétre);

adapte aux terrains « faibles » « uepalere de sssomerric

e un joint coulissant.

Le systéme est installé soit sur :
s un bati d’'enfoncement (service léger ou dur);

s un adaptateur de tubage pour téte enregistreuse
de couple.

Téte enregistreuse de couple

La téte enregistreuse est a la fois un appareil de charge-
ment et d'enregistrement. Elle contient un mécanisme
de chargement actionné par une manivelle qui permet
la rotation des tiges d'enfoncement a I'une ou |'autre
des deux vitesses. Un relevé précis est enregistré en per-
manence sur un disque de papier ciré au moyen d'une
pointe en acier. La force de couple est enregistrée radia-
lement alors que |'angle de rotation est enregistré de
facon tangentielle. Un couvercle transparent protége
lacarted’enregistrement. Unexempled'enregistrement Scissométre modéle M-1000 et bati

est illustré a I'endos. d’enfoncement service dur

ol
AVANTAGES
* Mesure et enregistre : résistance de la

palette, friction de la tige et angle de
rotation

¢ Congu pour fonctionner sans tubage de
protection ou & l'intérieur d'un forage tubé

S

Téte enregistreuse et adaptateur de tubage

(&
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la limite du jeu, aprés quoi les deux piéces tournent
ensemble. Sur I'enregistrement de 'essai illustré a
droite, M, est le couple nécessaire pour faire tourner Palettes avec joint coulissant
les tiges seulement. Le couple maximal nécessaire
pour faire tourner I'ensemble des tiges et de la
palette est M,. La différence (M .-M)) détermine la
résistance au cisaillement du sol. Il est & noter que la
réduction dans la résistance au cisaillement aprés
rupture est facilement déterminée par un essai en
sol remanié effectué a la méme profondeur.

Palette et joint coulissant

Les palettes sont fabriquées en acier trempé au chro- ' '
me-nickel a haute résistance mécanique (1 700 000 kPa).

Un joint coulissant permet |'utilisation d’un seul en-

semble de tiges. Un roulement a billes a friction mi-

nimum dans un accouplement scellé permet un jeu

libre approximatif de 15° entre les tiges et la palette.

Durant I'essai, la tige seule tourne d'abord jusqu’a

Bati d’enfoncement

Le bati d'enfoncement est portable et peut offrir une
force d’entrainement de une oudeuxtonnes. L'appa-
reil est ancré par quatre tariéres et rondelles de rete-
nue. La palette est enfoncée en utilisant un systéme
d'engrenage manuel. Le bati peut étre assemblé et
utilisé par une seule personne.

Exemple d’enregistrement d’un essai

CARACTERISTIQUES

DESCRIPTION DIMENSIONS MASSE  CAPACITE SENSIBILITE

Enregistreur de couple  38cm x38cmx25cm  25kg 1150 kg-cm —

Bati d'enfoncement 155 cm x 35 cm 35 kg 1tonne —
155 cm x 45 cm 100kg  2tonnes —

Palette 5cmx11cm 0.3 kg 2,2 kg/cm? 0,60 (kg/cm?/ po radial du papier d'enreg.)
65cmx 13 cm 0,5 kg 1,1 kg/em? 0,30 (kg/cm?/ po radial du papier d’enreq.)
8cm x 17,2 cm 08kg 0,6 ka/cm? 0,15 (kg/cm?/ po radial du papier d'enreg.)

Tige (dia. 20 mm) 1m —

om Verkenningsboringen Les forages de reco
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Vhen the last vane test has been performed, the string is retracted.The Memovane is connected to the PC and all data
s downloaded. The time from start is entered for each level and the PC extracts the corresponding vane data and

nakes a diagram of each. Data files are produced at the same time.

Technical Specifications:

Full range: | 100 kPa (Vaneo size=55x110)

Resolution: |E.D1 M
Empling rate; [t per second

——— e —
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Standard penetration test S . i

36
4 Equipment
4.1 Drilling equipment

The drilling equipment shall be capable of providing a clean hole to ensure that the penetration test is performed on
essentially undisturbed soil.

The area that is exposed in the base of the borehole prior to testing can influence the results and consequently the

bor lameter
is 1 1 3

/ V4

- - 2 = =
4.2 15 y
The - 77777 7 NN NSNS OO 7777777777777 // a non-
rett Lo { % -
© Y Trs SN SN BY s /i/Ai[ll// )
The ° 25<x<75 2450 | T gravelly
sar - L 6 5 (C).
Key

1  Drive shoe

2 Split barrel

3  Coupling

4 Non return valve (ball diameter: recommended 25 mm; ball seating: recommended 22 mm)
5 Ball retaining pins

6 Four vent holes (min diameter 12 mm)

x  Length of the drive shoe

Figure 1 — Longitudinal cross section of an SPT sampler without a provision for a liner (dimensions in

L dal W | -



9.2 Preparation of the borehole

The borehole shall be prepared for the specified test depth. The base of the borehole shall be clean and essentially
undisturbed at the test elevation and without an upward water pressure gradient.

When drilling bits are used, they shall be provided with side discharge and not with bottom discharge, from a safe
distance of the test elevation.

When testing below the groundwater table, particular care shall be taken to avoid any entry of water through the
bottom of the borehole, as this will tend to loosen the soil or even lead to piping. For this purpose, the level of the
water or drilling fluid in the borehole shall be maintained at a sufficient level above the groundwater level in the
layer with the highest pressure (potential) at all times, even during withdrawal of the boring tools. Withdrawal shall
be performed slowly and with drilling tools providing enough clearance to prevent suction effects at the bottom.

When a casing is used, it shall not be driven below the level at which the test will start.

5.3 Test execution

The sampler and the drive rods shall be lowered to the bottom of the borehole and then the hammer assembly
added. The initial penetration shall be recorded. The sampler shall be penetrated over an initial or seating drive of
150 mm applying the 63,5 kg hammer free falling 760 mm and the number of blows N shall be recorded. Then the
sampler in the same manner shall be driven over a test drive of 300 mm in at least 2 increments of 150 mm. The
number of blows needed, shall be recorded during each of these increments (). If a total of 50 blows for the test
drive is reached, the test may be finished (v = 50); in soft rocks it can be increased to 100 blows (N = 100). The
total number of blows required for the 300 mm penetration after the seating drive is termed the penetration
resistance of that soil layer (N = N, + Ny+1).

In hard soils or in soft rocks where the penetration resistance is very high, the penetration for a certain number of
blows may be recorded.

37
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A.1 Energy delivered to the drive rods 38

Energy losses are induced by the hammer assembly due to frictional and other parasitic effects, which cause the
hammer velocity at impact to be less than the free fall velocity. Further losses of energy are originated by the
impact on the anvil, depending on its mass and other characteristics. The type of machine, skill of the operator and
other factors can also influence the energy delivered to the drive rods.

The value of the blow count, N, in sands is inversely proportional to the energy ratio E; so that:
N3 XE 3=Np XEp
A.5 Use of the correction factors

Several correction factors have been mentioned in the previous paragraphs. As the existing design methods of
foundations based on the SPT are of an empirical nature, only the corresponding correction factors should be
used, unless duly justified.

If all the correction factors corresponding to this test procedure are applied for a design method based on an
energy ratio of 60 %, the following value for the final blow count would be obtained (without including the one

mentioned in A.3):

E
Negg = —xAxCpy XN A5
80 = &0 N (A.5)
where
A is the correction factor for energy losses due to the rod length in sand;

Cn is the correction factor for vertical stress due to overburden of the soil in sand.

: -

-
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1 ~ 1 The soil pressure p, against the flat dilatometer membrane when its centre is expanded 1,10 mm should be
DllatOmEtre plat (ﬂat dllatomEter) determined using the1following relationship: 39
i P1=Pa - APaavg - Zm.

The soil pressure py against the flat dilatometer membrane when its centre is flush with the blade should be
determined with a linear backextrapolation from the soil pressure against the membrane at the two preset deflections,
0,05 mm and 1,10 mm, hence using the following relationship:

)i F / Po = 1,06 (Pp +APsayg - Zy) - 0,05 py.

The material index /oy, the horizontal stress index Kpyr and the dilatometer modulus Epy,r should be calculated using

1\‘ J_\7 the following relationships:

—  Jowr = (P1 - Pa) / (Pa - Uo)
—  Kowr =(Po - t) ! w0

- — Eour =347 (p1- o)

2.

-1SO-1S-22476-11

--F,..m s o
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Mesures inclinométriques

DIGITAL - VERTICAL - INCLINOMETER

Digital Probe - NMGD

+ Latest technology with micro-controlling

+ Approved and robust mechanics

+ Installed  controller/AD-converter  with
16-Bit resolution £ 32.000

+ Digital data transfer without disturbances
via serial interface 1 mA

* Reliable measured data
1.000 m

* Real-value measuring data by correction
and calculation of raw values in the
controller

* Measured values registration with each
PC-Laptop, notebock a.s.o.

+ Simple calibration of probe, probe history
stored in EEProm

+ Low costs for standard model

* Probe secured against foreign use by
pass-code, also in case of loss

transfer for

4%'

Deviation

Guide tube

PO753803.sd

|
Application Ranges
© + Stability control of skid-endangered slopes,
constructions,  retaining dams  and
embankments

+ Deformation measurements at excavation

walls, besides tunnel tubes, in bore piles
i + Borehole measurements

+ Verticality proof of diaphragm walls
« Stationary inclinometer chains

Type: NMGD
Art. No: 75.02.01

Control of
excavation walls

[
v’ Guide tube

1
U
]
Incl. meas, level ;
I
]
]
I
H M Bore pile wall
1
(Rl
Excavation W
w7 | 172 ° (rZ
" - iR - =
- 72y
7S
z & \

V7

o

Measuring Principle

The analog measuring values of sensors
are digitally converted, calculated and
balanced in the probe by controller.
Incorrect transfers are immediately
recognized and definitely identified.

With the probe, the guide tube is passed
through step by step from the bottom to
the top. In each measuring step the
probe is recording the inclination angle
between vertical and probe position in
one or two measuring levels (A- resp.
A+B-axes). The output at the readout unit
is either done as sine of the inclination
angle or as horizontal deviation
(mm/step). For a higher measuring
accuracy and to avoid measuring errors,
an additional turnover measurement
should be carried out with probe turned
by 180°.

Control of siding sutaces =)

177 Guide ine
ey
Rock 0] ul
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Mesures extensométriques

Installation Examples

Art.-No

Street cap oval DN 80

Filling of working area with
existing excavated material

Supporting plate

Filter gravel 3-5

Steel head tube

Concr.

PVC sliding cover

Head in details
with electric displacement
transducer for remote control

+0.00
v

035 7

PVC-slid. tube

L} o =
L] je” K<
4 Field 1
(=]
-2 1stinjection
L Field 2
(=] —_—
- 2nd inject.
' Field 3
=] —_—
-° . 3rd inject.
P S LR T

Fields1,2,3

Injection material consisting of:
1 liter of water, 1 kg cement, 0.1 kg bentonite
eventual addition of Antisol

-1.10

.: 60.01
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MULTIPLE EXTENSOMETER All extensometers are delivered completely assembled. In case of multiple

extensometers, several single extensometers are fixed at the assembly
plate by means of a counter nut. The measuring heads are mostly
submerged in the borehole, so that a damage during on-site construction is
nearly impossible. The insertion of a borehole can be determined short-term
as no expensive multiple heads must be planned in advance.

Figure: 6-fold extensometer GKSE 6/16, consisting of
6 single extensometers with assembly plate
Installation is done by placing each extensometer into the borehole
which is then fixed at the assembly plate.

A further possibility is the bunching of several extensometers outside of the borehole or on a gro
level for which the plastic holders can be used.

erkenningsboringen Les forages de reco
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Mesures des contraintes

BORE HOLE CELL

44

Type: BB ...
Art. No.: 03. ..

-p
' 7

. '--_Kn_ L
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The bore hole cells or stress monitoring
systems (SMS) are a suggestion for
determination of the principle component of
stress in size and direction.

) Guide skids

Figure 1
¥ @135mm

P s

The stress is a tensorial size which is
determined by 9 resp. 6 directed sizes.

The installation of such a measuring
equipment is an essential problem. Normally,
this equipment is installed in a bore hole.

The deepening of the boring causes a stress
transposition and thus a disturbance which
seems to be unavoidable.

To solve this problem, it is our suggestion to
install the measuring equipment in the bore
hole and then to grout the annulus with
injection material.

The basis for this idea is the

Valves

3

ooy 0°

Ring injection

line (RI)

2
f 45°
1
E 90°

[~ Pad size

effect of hard inclusion. 100x200 mm

Load ranges
This means that the injection material should g
have a higher stiffness as the surrounding Ay Rjzr?:ce g 1ggar Air ope-
rock. L] 5 vp ar ration

u - 0- 20 bar

The thus effected stress concentration is Borehole ~ 0- 50bar) Oil
acting contrary to the stress transposition by @146mm  0- 200 bar ~ ope-
the deepening of the boring. 0- 400 bar] ration

PO03SE01.vad

Figure 1 shows the assemblage of three cells which absorb the components. This enables the observation of
the two-dimensional portion of the main stress.
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Investigation of the Rock Type: BB 4

- TV probe Art. No.: 03. ..

- Consideration of boring cores
- Selection of a suitable drift

Test Implementation and Technics

- Determination of the ,hydraulic fracturing” pressure
(pressure for opening resp. keeping open of fissures)
This value is limiting the max. possible primary stress condition of the rock.
- Placing of bore hole probe with 3 cells oriented in one level
a- by means of settlement rods in case of small depths up to approx. 30 m
b- by means of drill-rods
Determination of orientation by means of a compass with remote control;
Position or twisting angle of probe must not specifically be achieved,
the determination of the actual status is sufficient.
- Closing of the drift by means of packers
- Injection of annulus between bore hole wall and bore hole probe body with a pressure
0.8 x “hydraulic fracturing” pressure
- E-modulus of injection material E-modulus of surrounding rock
- Measurement of injection pressure with single cells
- Measurement of stress decrease or stress increase after hardening of injection material

Verkenningsboringen Les forages de reco
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Case A Decrease of Measured Pressure

Drop of stress by means of stress transposition 47
The injected pressure is higher than the primary stress. The measured pressure in the cells is

approaching the primary stress asymptotically.

Placing of a second bore hole probe

Injection of the annulus with a pressure of 0.6 x “hydraulic fracturing® pressure

When the injected pressure is reduced, placing of a third probe

Stress Time Diagram Case A
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~ Detail A

- Asymtotic stress course
|

Injection pressure = 0.8 x "HF"
pressure (stress decrease)

=

Injection pressure = 0.6 x "HF"
pressure (stress decrease)

N

\< Injection pressure = 0.4 x "HF" — ]
™. , pressure B

AN >< / stress increase)

\‘h

|
/
|
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| |
Detail A 8 9 10  11[hrs.]

Iy Injection pressure = 0.8 x ,HF" pressure
1 2 3 4 5 6 7 8 9 10 11 — [hrs.]curr. I Injection pressure = 0.6 x ,HF" pressure
Az Asymptote to Iz

As+ A
P Primary stress = 22 >t

Ag- A,
2

R = - - !
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Installation in Bore Hole
48

- By means of guide rods for directionally oriented installation
- Injection of bore hole cell by means of concrete with expanding

T addition
- Measurement of horizontal main stress in size and direction
T /] INNX
Injection > Stress ellipse
line ) / Main stress
rods
2 (c:) = (05) |
Rk — 1 Cell T

8

N e R T TR

PIEEE 0 wesd
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Essais géohydrauligues : série — en-iso0-22282-1a.6 , 49

Geotechnical investigation and testing — Geohydraulic testing — Part 1.
General rules

Scope

This decumentpart of ISO 22282 deals with the general rules and principles for geohydraulic testing in |
soil and rock as part of the geotechnical investigation services in accordance with EN 1997-1 and
prEN 1997-2. It defines concepts and specifies requirements relating to permeability measurement in |
soil and rock.

The different purposes of gechydraulic testing are to obtain information on the permeability of soil or
rock in natural or treated states, transmissivity and storage coefficient, and hydrodynamic parameters
of aquifers.

Geohydraulic testing is used for many purposes, such as:

a) absorption capacity and effectiveness of grouting in rock mass;

b) assessment of seepage and drainage;

c) assessment of groundwater lowering work;

d) effect of cut-offs for dams;

e) effect of tunnels and shaft sinking;

f)  checking fill or cover tightness

g) assessment of the flow of fluids and suspensions in the ground

h) planning of remedial measures.

NOTE 1 Geohydraulic testing for water supply is covered by ISO 14686.

NQOTE 2  For most type of ground, field permeability tests yield more reliable data than those carried out in the
laboratory, because a larger volume of material is tested, and because the ground is tested in situ, thereby
including effects resulting from the structure of the ground mass but avoiding the disturbance associated with
sampling.

Theis document part of ISO 22282 deals with the execution of tests with groundwater and does not |
explicitly consider other fluids and suspensions. The flow of other fluids and suspensions can be
considered by applying the different viscosities and relations between transmissivity, permeability

coefficientfhydraulicconductivity} and abselute-intrinsic permeability.




Essais géohydrauligues : série — en-iso-zm 50

Geotechnical investigation and testing — Geohydraulic testing — Part 1:

General rules } \ll@\\\ \\\

Geotechnical investigation and testing — Geohydraulic testing — Part 2:
Water permeability tests in a borehole using open systems

- EEN |

Geotechnical investigation and testing — Geohydraulic testing — Part 3:
Water pressure tests in rock

Geotechnical investigation and testing — Geohydraulic testing — Part 4:

Pumping tests
7 -

Geotechnical investigation and testing — Geohydraulic testing — Part 5:

Infiltrometer tests
U LA

Geotechnical investigation and testing — Geohydraulic testing — Part 6:
Water permeability tests in a borehole using closed systems

B

-
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Je vous remerciel rerattention
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