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MICROPILES - DEFINITION -

Two documents are used in France DTU 13 - 2 ( private market ) And
Fascicule N° 62 ( public market ).

The next step will be the national document for application of the
Eurocode 7

Up to now, According to these 2 French documents
Micropile are bored piles with diameter < 250 mm with:

Drilling: with simultaneous or differed grout or mortar filling and
generally introduction of a steel reinforcement (tube, bar, ....)

~ Note: When the soil condition allows, we can change drilling method
;-_by: lancing, percussion drilling, driven piling .....

Grouting: done by gravity or under pressure

\ 5These documents (DTU 13 — 2 and Fascicule 62) defined 4 micropile
\types (Type L, I1, III and IV) according to their execution method.

the“ For European code EN 14199 micropiles are:
. Drilled piles with diameter < than 300 mm
Drived piles with diameter < than 150 mm
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3 k " The different drilled micropile types defined by DTU
1 1\ 13.2 and Fascicule 62 are:

- ' Drilled micropiles with casing but without reinforcement
¢ » Gravity filling or filling under low pressure (type I)

=\  Drilled micropiles with reinforcement

! Gravity filing under low pressure ( type I or type I if

drilled with casing).

Bonded using “tube a manchettes” under unitary global

grouting ( IGU ) with P > 1 Mpa  ( type III)

» Bonded using “tube a manchettes” under repetitive and
selective grouting ( IRS ) with P > 1 Mpa ( type IV)
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BORED MICROPILES — CONSTRUCTION PRINCIPLES -

(TYPE 1 of DTU 13-2 and Fascicule 62)

o r 1 Drilling with casing
| il 2 Then the casing is filled with grout or mortar
| TR (+ eventually reinforcement can be installed)
ian FA 3 And the casing is removed with grout or mortar under pressure
el S *—-’ -
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. | BORED MICROPILES — CONSTRUCTION PRINCIPLES -

1o < (Type II of DTU 13 -2 and Fascicule 62)

1 Drilling with drill tool and rod

2 Introduction of the reinforcement

3 Borehole filling with grout or mortar (from the bottom) by gravity
or under low pressure
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BORED MICROPILES — CONSTRUCTION PRINCIPLES -

R

j.t = (Type II for DTU 13 -2 and Fascicule 62)

1 Drilling with the micropile tube itself

2 The grouting operation can be:

» Simultaneous (drilling with grout flush)

» Separate (substitution of the drilling flush by a grout or a
mortar on completion of drilling)
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1% Drilling with rod or (and) casing (Type IIIL DTU 13 — 2 and Fascicule 62)
- 2: Placing the sleeve grout

~_ 3: Installation, in the primary grout, of the reinforcement equipped with injection

:h;! !l sleeves (micropile tube with sleeves or, bars + tube & manchettes)

.+ “Injection Globale Unitaire” with P> 1 Mpa )
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BORED MICROPILES — CONSTRUCTION PRINCIPLES -

"ﬂDrllhng with rod or (and) casing (Type IV DTU 13 - 2 and Fascicule 62)
2

‘Placing the primary grout
3: Installation, in the primary grout, of the reinforcement equiped with sleeve

Gt - (micropile ‘tube with sleeves or, bars + tube a manchettes)

IS Z}T he micropile is then grouted with grout or mortar by multi step grouting and
|11 multi stage grouting (repetitive and selective grouting: L.R.S. “Injection
] 1 ARepetitive Selective” with > 1 MPa
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BORED MICROPILES - GROUTING EFFECT-

Grouting can be done in one step or by multi step
and also by multi stage grouting

":'yltl step grouting: the micropile is grouted at different levels throughout
'_chettes (sleeve) or equlvalent system.

Example of equipment
for multi step and

multi stage grouting
IRS method

4 to 6 mm
diameter holes
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BORED MICROPILES - GROUTING EFFECT-

Section through a multi stage grouted body

The primary grout.

First phase of
grouting.

Second phase of
grouting.

We see the effect of
the IRS method in the
enlargement of the
grouted body
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BORED MICROPILES - GROUTING EFFECT-

il
s
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Effect of a multi step and multi stage grouting

1.s graph shows the increasing load capacity in Flanders clay achieved by
_ § method grouting in a 140 mm diameter borehole of 6 m grouted length.

160 litres per meter
grouted seems to
be in this case the
most efficient
quantity. That
means 60 ltr/m 1in
each grouting stage
(phase).

In Flanders clay the
PI value 1s 0.5 MPa
and P(inj) ~ 0.5 MPa
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BORED MICROPILES -

GROUTING EFFECT-

Effect of the pressure grouting on IRS method

|\ Influence of the grouting pressure on tension load capacity for grouted

i 'body of 140 mm initial diameter after multi step and multi stage grouting
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BORED MICROPILES - CAPACITY -

F or calculation of bored micropile we consider two types of
capamty

Structural capacity:
This capacity is directly connected to the reinforcement characteristics.

'r,#__'_otechnical capacity:
- For micropiles, only the skin friction is taken into account.
“This capacity, for IGU & IRS grouted micropiles, is mainly based on
x{malogy with results obtained for grouted anchors.
r ethods of calculation of these value are actually given in
e the two documents, DTU 13.2 and Fascicule 62.
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BORED MICROPILES - CAPACITY -

S
o STRUCTURAL CAPACITY (withDTU13-2)
L . MICROPILE TYPE I (no reinforcement)
P t;: 24 * Calculation on basis of E.L.S load cases (Etat Limite de Service)
T3 : = SLS (Serviceability Limit State)
Wiy G Uniform compressive strength of mortar - ', < 8 MPa
{ MICROPILE TYPES 2,3 and 4
~+ Strength calculation:
| \ Only the steel area 1s considered (reduced area 1s taken into
I W account if there is corrosion risk or other considerations)
| ﬁr.; = _‘:‘? j * opLu = 0.75 6414 vatue
|I ril- Ej.flﬁ e
||-;.. ._.“:_ll ) 13% ma 9" International worksop on micropiles - by A. Jauberts SOLETANCHE BACHY



BORED MICROPILES - CAPACITY -

~  GEOTECHNICAL CAPACITY (with DTU 13 - 2)
|I | | £ For this capacity we determine the ultimate skin friction Q, (failure)

:{Ill'lz: 1'I, ,, Such as: Qs =P I hi - (g

3 A
=

With: p = micropile equivalent circumference

- : (type L etIl : p= drilling circumference)
- ) (type Il : p = drilling circumference x 1,2)
— (type IV :p = drilling circumference x 1,5)
'f h, = thickness of the soil layer « i »
. qy; = ultimate skin friction gs of the soil layer « 1 »

al -\ 1::1'16 qg; values are tabulated in DTU annexes with reference to

~ Static penetrometer, dynamic penetrometer, SPT or pressuremeter.
~4~ 78 InFrance, the most commonly used are the q; values
o & w2 ""?sponding to the following pressuremeter values:
| . )
mind h _'“_.__.-_-.. =l __ T
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BORED MICROPILES - CAPACITY -
GEOTECHNICAL CAPACITY (with DTU 13 -2)

The choice of curve for q  determination is based on pressuremeter information

=

I I —I}---For each type of micropile, the q value is obtained from a graph in relation to the
b type of so1l and 1ts pressuremeter value (the selection of the graph 1s given by

1}
BEHN HEEAE
3

—5liis summary table)

. Limite Pressure Type
Type of soil Pl (Mpal SPT value | Type | | Type I Typs III| "
Soft clay, loge =ilt and e Ofo a7 .
’ 0 to 0.7 e A bis A . .
=and, soft chak =and) — Ex: in medium to
= stiff clay and =ilt 1.2%0Zz0 24 o 40 Lk A b
E - A bis dense sand for
e - ] (&yar R
very =tiff or hard clay =20 = 40 A bis A ] . 1 t III
_I','-_. | mediumdense to e P P o micropiic type b
S Jense sancand graver] 7~ - . - the curve “B” will
13 i Eif.:f Very dense sand and -5 ~ B0 (Clor c . .
| &R | . e '—I::I
1 i _grevel ___ B be considered to
o PR g Weathered to fracture - (C]or .
= chalk - s | © | =P ] givesthe q  value.
2l Mar or daystone 15t04 i B F
R o Hard marl =45 E F =F
il A
-fx'/",-" ,-'f Weathered rock 25tod F =F =F
| |
b Fractured rock =45 F =F = F
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BORED MICROPILES - CAPACITY -

GEOTECHNICAL CAPACITY (with DTU 13 2)

i Frottement lat&ral unitaire limite
rves showing g in relation with | & W
i . . . 220
e limit pressure for given soil 200 — = ©
rve “B” if 160 // ©
140 /__,,..-—"
. — 120 b
5 Mpa - gsi = 80 KPa o / —A @
1= BO
. Pa = gsi =120 KPa A I @
Frattement latéral unitaire limite 40 "’/___,,...-— @
20
§ 9 kPa o -
O 0.5 1.0 1.5 2.0 2.5 30 B MFao
£O0 A —Sables arqileux @ wvasards — limons — argiles
B —Sables + graves mowens & trés compacts
= —Craies molles a fragmentées
| 400
a0 A - Clayey sand, silt or clay
ul B - Dense to very dense sand or gravel
= ; . 3 . : 5 7™ e C - Soft to fragmented chalk

E— Marne + marno—calcaire
F— Rocher altéré & fragmenté

B "é-mi | B F[ﬁ’.,-_ﬂ i

Y e — I:.'I —

E - Marl or clay stone
F = Weathered to fractured rock
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BORED MICROPILES - CAPACITY -

" STRUCTURAL CAPACITY (with FASCICULE 62)

; Calculation strength: ( micropile types II, III et IV - type I not allowed )

* Only the steel is taken into account with the total or reduced area according to the
soil aggressivity and the corrosion effect on the steel section.

* For the different load case combinations, we calculate the following loads: Qg ¢
(service limit state) and Qg ; (ultimate limit state)

and the ratio k= Qg ; / QgL g

.ELU< 0.8 .G ( yield value) that means : (c,/ 1,25)

“\ )
%LS oo/ k=(080,)/k

éxample if k=1,4 ----- > Oprs = 0.57 O (vield vatuey (With @ maximum of 0,6 o)
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BORED MICROPILES - CAPACITY -
~ GEOTECHNICAL CAPACITY (with FASCICULE 62)

R ;LThe unit skin friction q, can be derived from soil tests results using tables or charts
i, 1 (pressuremeter and penetrometer).

"'5"'(' Then we calculate Qg (mobilisable ultimate skin friction load) and we calculate the
= ==iovalue of the mlcroplle characteristic load for a given soil.

""'i"'{-;*:hese loads are: Ultimate load characteristic Q, (compression) and Q, (tension)
' Creep load characteristic Q. (compression) and Q. (tension)
Such as: h
Qu = Qry = Qg With: Q=P as(2)dz
and Where P = micropile circumference
Qc=0Qrc =0,7 Qg and q, = Unitary skin friction

I P nally we verify that the loads obtained according to the different load case
\o@nbma‘uons satisfy the following conditions:

|

[l | _D(Jad combinations Limit state Design load
I = i undamental Ultimate ( ELU=ULS ) Qg y < Q/1,4 that means Qsu / 1,40
= f Ac01dental Ultimate ( ELU=ULS) QrLu < Qu/1,2 that means Qsu/ 1,20
y Eﬁ ;f g R%re«(characterlstlc) Serviceability (ELS=SLS) Qprs < Q/1,1 that means Qsu / 1,57

Serviceability ( ELS=SLS ) Qprs < Q/1,4 that means Qsu / 2,00
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BORED MICROPILES - CAPACITY -

Soils classification for fascicule 62

GEOTECHNICAL

tvoe of Soil catedo Pressuremeter | Penetrometer CAPACITY
A Soft clay and sil <07 =30 ascicuie
clay, silt B Stiff clay and silt 1.2-20 3.0-6.0 . .
C Hard clay =25 ~6.0 gs determination
A loose <0.5 <5.0
Sand, gravel B dense 1.0-2.0 80-150 e —
C very dense >2.5 >20.0 ]
A Soft <07 <50 Soil category from
Chalk B Weathered 1.0-2.5 =5.0 . .
c Hard >30 x Fascicule 62 according to
A Soft 1.5-4.0 - .
Marl and claystone 3 Hard S35 - soil pressuremeter and
A Weathred 2.5-4.0 -
Rock = e ctured Y - penetrometer value
Micropile Drilling Clay, silt sand, gravel Chalk Marl Rock
type method A B C A B C A B c A B |aorB
dry drilling Qi Qz2 Q1 Q3 Q4 Q3 Q4 Q6
| | , = Dirilling with mud (o] (0] Q2 -Q1*Qs3 - az Q1 Q3 Q4 Q3 Q4 Q6
| | :_:_n'_.._‘f 1'{\\-\ "
1Y SN 1 Drilling with
it BRI casing (casing | Q1 Q1-q2 a1 |ez-arfas-az] a1 Q2 laz-a4] a3 Q4
| 1 4 Vil remouved)
= [ o | o = @ ool o
FhOICG Of the Grouted under
v higth pressure - Q4 Qs Qs Q6 Qs Q6 Q6 Q=
(IRS)
'.I"ji:'-; Cur_\\/ﬁ@ for qS *) For higth length (more than 30 meters)
;;:-* ' (*y  Drydiiling
L \qetefmlhatlon ) With pregoutimg of the fractured rock and cavity filling
III'. Co 'Qt"‘}&lﬁ e
] L r':‘-'.:, =3 | {___.I -. i
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| BORED MICROPILES - CAPACITY -
| GEOTECHNICAL CAPACITY (with FASCICULE 62)

Curves for skin friction (q,) value determination
upon pressuremeter values
q, (MPa)

mmsnswammems ~—TTTTT T p
Q7 1Q6 -
| i
H | .
.

(LRl ] ms
1

l

il : .
i 1 b U Q1

} pi’ (MPa)

Al By 0 " 2 3 4 5
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BORED MICROPILES - CAPACITY -
 GEOTECHNICAL CAPACITY (with FASCICULE 62)

. In a same way, based on micropile tests (static load test), we determine for
|\ agiven soil the « Q;» values of the load characteristics in compression Q,
i (failure) and Q, (creep) or in tension Q- y; and Q¢

-|° 1/ For that, we amend the measured values by a coefficient which depends on

- the number of tests done.
(ex: Q; = Q,casurea / 1,2 11 only one test load )

-~ In this way we obtain the characteristic values Q, (ultimate load

o

' -fwcharacterlstlc) and Q. (creep load characteristic)

S I j Then we verify that the load obtained according to the different load case
,. |';' L{TJ { combinations satisfy to the following conditions:
i \Jh ;Ii \ \“ Ifoad combination Limit state Design load
'~ = Fundamental Ultimate (ELU=ULS) Qpry <Q/1.,4
—~£ : )\ Accidental Ultimate ( ELU=ULS) Qprus< Qu/l,2
Serviceability ( ELS=SLS ) Qps < Qc/1,1
Serviceability ( ELS=SLS) Qprs < Q /1,4
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MICROPILES - LOAD TESTING -

STATIC LOAD TESTS (tests generally used in France)
o W ol * Preliminary tests:
e - Designed to verify and refine the micropile design according to the
following tests values:
* Critical creep load
 Ultimate load (failure)
» Eventually qg (if the micropile 1s instrumented)

* Control test:
Designed to verify the working load conformity

_} DYNAMIC LOAD TESTS and INTEGRITY TESTS
PAL (not commonly used in France)
Designed to determine generally the ultimate load
The European code EN 14199 requires careful attention regarding the
o/ . _ difficulty of executing this test due to the small micropile diameter,
« I~ and the fact that this test should generally be limited to the case where
&l e the results compared with static load test give a greater confidence.
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MICROPILES - LOAD TESTING -
NUMBER OF TESTS

_'" . PRELIMINARY TESTS:
' ;:.- Bl Il-f.; No specific number of test are given by DTU 13.2 and Fascicule 62

The European code proposes a minimum of 2 tests when necessary (see
project specifications)

=

““) . CONTROL TEST:

; / In compression:
1 test each 200 micropiles (DTU 13.2)
il 2 tests for the first 100 micropiles, then 1 test each 100 micropiles
. (EN14199)

. tension:
LREQF_HJ 1 test each 50 micropiles (DTU 13.2)
A : ”*t ] 2 tests for the first 25 micropiles, then 1 test each 25 mocropiles

LS9y | (EN14199)

SOLETANCHE BACHY
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MICROPILES - LOAD TESTING -

PRINCIPLE OF THE STATIC LOAD TEST

 In this test, an axial load is applied to a micropile in steps up to a proof load.
| During each step the load is maintained constant during the time (30 to 60
.} minutes)

 Static load test (to failure):

Failure load ( Q,ou Q, ) estimated from geotechnical test

. _ Proof load test = Q. = 1,5 Q,; (for tension load test)
= i | 1,3 Q, (for compression load test)

e m\ Maximum load test= 1,3 x Qg5 (Fascicule 62 )

... = 1,4x Qg g (DTU)

. with Qg = serviceability limit state load (for permanent loads)
et
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MICROPILES - LOAD TESTING -

WL P
1 e

Cﬂmpressmn load test program Test load example

(T T T T T TTTTTTTT]
150 Load deformation diagram |

Charge en tonne

Ru‘pt_ure

/ L \,\-@ |
[/ | Te

| (1) Effort 10° aprés rupture
il 014 o (2) Effort 30 aprés rupture

o X | I R A B B

b EPIEMN Time - ¢ 4 8. 12 16 20 24 28 -
| ) - - Déformations es {m.m}

=]
L.
"

10
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MICROPILES - LOAD TESTING - (compression)

Creep diagrams

A A
L A e
LA l
' _ L-=99.15
ot | |_a—i88,23
e B From the test:
—=T 72311
55.277 w¢E plot:
J¥|
54,86 « The creep curves for each load
23137 » The diagram of the creep speed in log
—=32.331 time at 60 min versus load.
21107 : . ..
— — DI We determine the two characteristic loads
1 T N ogarithne S— Qc (creep load) and Qy; (ultimate load)
! i|' i Z 3 45 7 10 15202530 45 60 100
AL ' | 19 fluage mm/mfldule- _ : . “ 4 Creep slope
f:,l 08 | ' / £ / log time :
S Y Q¢ - 77 Tonnes | i !
w02 Y ~TE-20m3E |
it } 0 ez : = I . :
[/ \ 0 i 2z 33 4 5 66 717 taaaﬂinnss?mﬂg? ! R
! : I »
1 L . : Qc Qu Q
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| MICROPILE - CONNECTION CONSIDERATIONS -

| * RECOMMENDED CHECKING
i g » Steel characteristics

el

)« Connections

IXAMPLE OF CONNECTION FOR LOAD TRANSFER

* For pile bridge foundation
For slab

Eors
:
Ce AT
)
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MICROPILE - CONNECTION CONSIDERATIONS -

TS

i RECOMMENDED CHECKING

Steel characteristics:

Some samples could be taken for characteristics verification.

The verification of the steel quality is particularly important
if re-used tubes are employed.

Connections :

According to their effective working area, the efficiency of
the connection shall be proved by calculation or reference to
tests already done.

One example of an already completed test is shown on the
next slide
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| MICROPILE - CONNECTION CONSIDERATIONS -

RECOMMENDED CHECKING
< x Example of connection test
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1s must be done for both tension

RECOMMENDED CHECKING

Example of connection test

@ SOLETANCHE BACHY
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| MICROPILE - CONNECTION CONSIDERATIONS -

5 k
- EXAMPLES OF CONNECTIONS FOR LOAD
n i TRANSFER

Pile bridge foundation:

o  Anchor plate with nut on bars
Slab connection
A  Anchor plate fixed on tube by coupler
= -h:.'_

2009 London (10 o 13 may) 9% International worksop on micropiles - by A. Jaubert SOLETANCHE BACHY
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MICROPILE - CONNECTION CONSIDERATIONS -

.-j-gg;_;gigiample of anchor plate on bars for pile bridge foundation

s
A
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MICROPILE - CONNECTION CONSIDERATIONS -

‘= _Example of anchor plate fixed on tube for slab reinforcement connection

l‘ail:"ﬂ d i
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| BORED MICROPILES —- MAURITIUS POWER PLANT -

TR * Soil conditions

v » Choice of the solution

79  Foundation structure
i
 Phases of execution
| * Micropile head preparation
iy * Micropile connection with
N foundation footing
III:;:I:TI'. | A
D( ondo D™ to ! 0 0 OP O 0 b '

SOLETANCHE BACHY



5

BORED MICROPILES —- MAURITIUS POWER PLANT -
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,i BORED MICROPILES —- MAURITIUS POWER PLANT -

Mauritius power plant foundation

- Drilling throughout the hard layer of the coral massif

- Anchor must be fixed within the basalt over many meters due to the
alternatively strong and weathered layers.

- necessity of reducing the vibration of the mounting block in service

: ( piles - micropiles )
*Piles:

) - Construction of the rock socket could pose problems in the hard zones
B q\;\n\ - Risk of loss of bentonite slury within the coral mass.
~ i *Micropiles:

5 ~. ;)\ e, - Possibility of ensuring the uniformity of the fundation soils by
w A i A injection of the micropile

|I1’ v _.---:._: I'x .=l _;

f“ | Solutlml Mlcroplles were chosen by expert in soil mecanics

| IlI \I\ r_&% e _*:,
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Mauritius power plant foundation

Micropile difficulties

* Construction tolerance at the micropile head was required to
be less thaen 2 cm

 Very limited tolerance in the elevation pile head coupling.

(Thiswas achieved by coring the concrete slab to centralise the
micropile, and to allow the level of the pipe to be maintained in
the correct position before the set of the grout.

* Grouting with IRS method in weathered basalt.
(This was achieved by specific phases of grouting)
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.| | BORED MICROPILES — MAURITIUS POWER PLANT -
il =

Platform preparation
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ORED MICROPILES - MAURITIUS POWER PLANT -
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BORED MICROPILES — MAURITIUS POWER PLANT -

¢ - Execution phases -

i Ll e ]

-----

TYPE 650 KN

n o Tete Micraiou (var défai)

]

Tr-u ]

......

_Tol des bagales

) SOLETANCHE BACHY



,_{.umpnra]‘o_ur

]
larans L‘nni?. nl'_’w_ re:?t'rt,nr,r_

(87T 42,9 ™
f,—v—wf e cale dynamomtrique
vers pont il

dafensomélrie

e Vérin ZPE 100

base de

refevence

mussie

c:l'c:lppui

T .
NI TEFETZET I

>
o
- i.'L forars seella’s 'juxqu'au.
z i sommel du micropitu
thonguear  dans micropitu
40 a4 44m )
micropien
lube ¢ 70.83

zone  du
'm'.r.rep [L-17
scellde an

pressiea {im)

SOLETANCHE BACHY



BORED MICROPILES —- MAURITIUS POWER PLANT -
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