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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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INTERNATIONAL STANDARD ISO 18674-3:2017(E)

Geotechnical investigation and testing — Geotechnical
monitoring by field instrumentation —

Part 3:
Measurement of displacements across a line:
Inclinometers

1 [Scope

Thif document specifies the measurement of displacements across a line by~-means of indlinometers
carfied out for geotechnical monitoring. General rules of performance monitoring of the|ground, of
stryctures interacting with the ground, of geotechnical fills and of geotechnical works are pfesented in
[SO[18674-1.

Thif document also refers to deflectometers (see Annex B),td_supplement inclinomet¢rs for the
detérmination of horizontal displacements across horizontal measuring lines.

NOTE In general, there are two independent displacement*components acting across meaduring lines.
Incljnometers allow the determination of the two components for vertical measuring lines. For horigontal lines,
incljnometers are limited to the determination of the vertical component only.

If applied in conjunction with ISO 18674-2, this document allows the determination of displacements
acting in any direction.

Thif document is applicable to:
— |checking geotechnical designs in-corinection with the Observational Design procedure;

— |monitoring of geotechnical sttuctures prior to, during and after construction (e.g. natyral slopes,
slope cuts, embankments,-&xcavation walls, foundations, dams, refuse dumps, tunnels);

— |deriving geotechnical key parameters (e.g. from results of pile load tests or trial tunnelljng);
— |identification and.monitoring of active shear planes in the ground.
NOTE This decument fulfils the requirements for the performance monitoring of the ground, of structures

intefacting with-the ground and of geotechnical works by the means of inclinometers as part of the geotechnical
invegstigation@nd testing in accordance with References [1] and [2].

2 |Nermative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 18674-1:2015, Geotechnical investigation and testing — Geotechnical monitoring by field
instrumentation — Part 1: General rules

[SO 18674-2:2016, Geotechnical investigation and testing — Geotechnical monitoring by field
instrumentation — Part 2: Measurement of displacements along a line: Extensometers

ISO 22475-1:2006, Geotechnical investigation and testing — Sampling methods and groundwater
measurements — Part 1: Technical principles for execution

© IS0 2017 - All rights reserved 1
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 18674-1 and ISO 18674-2 and
the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISOO

3.1

IEC Electropedia: available at http://www.electropedia.org/

nline browsing platform: available at http://www.iso.org/obp

inclinomeger
system for|monitoring displacements across a measuring line by means of inclination measurément

the field

Noteltoe
ameans to

ry: The system essentially consists of an instrument with one or more tilt sensors{3\2), a guide t
easure the position of the instrument in the guide tube and a read-out device.

Note 2 to entry: Data from inclinometers require evaluation, which can be done using-proprietary softwar

spreadshee

3.2
tilt senso

gravity-act

3.3

S.

I
ivated electric sensor for inclination measurements

probe inclinometer

system co

the inclina

Noteltoe

Note2toe

Note 3 to e

or heave).
Note4toe
Note5to e

3.4
in-place i
IP1
inclinome

sensors (3.
line withot

mprising a probe with one or more built-in tilt sersors (3.2) for step-by-step measurement

[ion on a measuring line

|

ry: Also known as a traversing inclinometer.
ry: Vertical probe inclinometers measute displacements in horizontal directions.

htry: Horizontal probe inclinometers measure displacements in vertical directions (settlem

|

I

ry: An alternative to horizontal probe inclinometers is a hydrostatic probe system.

ry: See also Referencé [3].

clinometer
ter system _comprising a single element, or a series of elements, with one or more built-in
P) in each element, for measurement of the inclination at specific locations on a measu
[t rémoving the instrument

s of

bnts

tilt
ing

Note 1 to entry: In-place inclinometers exist which can measure at all inclinations, but when in near-horizontal
position, deflections from the azimuth cannot be measured.

3.5

uniaxial inclinometer
system for inclination measurements in a single plane

Noteltoe

3.6

ntry: Common for horizontal measuring lines.

biaxial inclinometer
system for inclination measurements in two planes 90° to each other

Note1toe

ntry: Common for vertical measuring lines.

© ISO 2017 - All rights reserved
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3.7
inclinometer casing
guide tube appropriate to the inclinometer system being used

Note 1 to entry: Commonly, the inner side of inclinometer casings have four longitudinal keyways. Commercially
available casings differ with regard to material, dimension, type of coupling, number of keyways etc. (see 5.4).

Note 2 to entry: The corners of casings with square section can be considered as keyways.

3.8
gauge length
L

distlance between adjacent contact points of the instrument
Note 1 to entry: For probe inclinometers (3.3), L is commonly 0,5 m or 1,0 m.

3.9
base length
distlance between adjacent measuring points used in the evaluation procedurée

Not¢ 1 to entry: For probe inclinometers (3.3), the base length is equal to the gayrge length (3.8).

4 |Symbols
Symbol Name Unit

A measuring plane of the probe which coincides with'the plane of the guide wheels —

a lateral displacement component in Plane A m

B measuring plane of the inclinometer probeftormal to Plane A —

b lateral displacement component in Plang'B m

d depth, distance m

F subscript for follow-up measurement —

h height with respect to sea level m

i number of a measuring peint —

L gauge length of an inclihometer or deflectometer probe m

I distance between measuring points m

n total number 6fimeasuring points along a measuring line —

R subscriptforreference measurement —

t elapsedtithe s

tr datexand time of a follow-up measurement —

trR date and time of a reference measurement —

u)v,w\ |displacement component in x-, y- and z-direction, respectively m

X Heeatessrdinatesefaetidinetabeerborehetle m
a tilt angle of the probe axis in Plane A ° (degree)
B tilt angle of the probe axis in Plane B ° (degree)
Y angle between guide tube coordinate x and plane A of the inclinometer ° (degree)
6,p |auxiliary quantities ° (degree)

© IS0 2017 - All rights reserved 3
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5 Instruments

5.1 General

5.1.1 Probe and in-place inclinometers should be distinguished from each other (see Table 1 and
Figures 1, 2 and A.1).

Table 1 — Inclinometer types

N I — P I ~ Automatic data
. - rincipal m Ting pr T .
o ype ub-type cipal measuring procedure acquisitin
li Probe moved inside a guide tube from one
Probe (see Inclinometer measuring point to the next (see Figures 1
1 — Vertical inclinometer 1 Not.common
5.2) : L and A.1). Repeated measurements within
— Horizontal inclinometer : .
the measuring period.
In-place. 1ncl'1no¥neter (IPT) Instrument inserted into a guide tube and
Injplace |— Vertical inclinometer . ) o
2 : L held in measuring position throughout the Common
(sefe 5.3) |— Horizontal inclinometer . .
: measuring period
— Combined
NOTE A combined [Pl is a series of elements in which some elements act asvertical and some act as horizgntal
inclinometefs.

5.1.2 Changes of tilt shall be measured by comparison of the'measured values with those of|the
reference measurement. Displacements of the measuring points across the measuring line shal] be
deduced inlaccordance with Annex A.

5.1.3 The point to which the measurements are related shall be denoted the “reference point”.

5.1.4 Foy absolute displacement measurements, the coordinates of the reference point shall be
independently determined or assumed as fixed:and verified.

NOTE If the reference point is assumed to be at the deepest measuring point, surveying of the inclinometer
head can sefve as a check.

5.1.5 The sensing element shall consist of a housing with either one (uniaxial configuration) or fwo
(biaxial copfiguration) built-if-tilt sensors. In the case of a biaxial configuration, the tilt sensors shall be
installed wjiith axes perpendicular (90°) to each other.

4 © IS0 2017 - All rights reserved
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5.1.6 The installation planes of the tilt sensors shall be denoted as the instrument Planes A and B,
whereby Plane A shall coincide with the plane of the guide wheel assemblies (see 5.2.5). The planes shall
be durably marked onto the inclinometer housing, e.g. by the mark “A+” showing the positive A direction.

I {:}A
B

11 R F

z=n°ll=n°L

Key]

1 |undeformed inclinometer casing [ topview of inclinometer casing

2 |deformed inclinometer casing II  side view

3 |inclination measuring element [II detail of inclinometer element in R- and F- positions

4 |area of the ground subject to"displacements A At direction

5 |undeformed deeper ground/for base fixity B B+ direction

6 [|reference point (herg; the axis of the bottom wheel L  gauge length

is set at the lowest.measuring position)

7 |depth measuring'device R initial position of inclinometer casing at the reference
measurement

Aa |change of inclination F  position of inclinometer casing at a vhlue change
measurement

Figure 1 — Measuring concept for inclinometers (schematic)

5.2 Probe inclinometers

5.2.1 Inclinometer probes shall be moved incrementally along the measuring line, whereby each
increment shall not exceed the gauge length L of the probe.

5.2.2 The depth measuring device shall have permanent and wear-resistant depth measuring marks.
The spacing of the marks should be equal to the gauge length L of the probe.

5.2.3 The length of the depth measuring device and the spacing between the marks shall be checked
throughout the measuring project. Changes shall be recorded.

© IS0 2017 - All rights reserved 5
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NOTE1 Monitoring displacements by probe inclinometers requires good repeatability of the probe’s
positioning at the respective measuring points (see 6.5.2.3 and 7.4).

NOTE 2  The use of a cable gate or a suspension pulley can help to ensure good positioning.
5.2.4 Inclinometer casing shall be used as guide tubes (see 5.4).

5.2.5 The inclinometer probe shall be equipped with two spring-loaded guide wheel assemblies. The
width of the guide wheels shall fit the keyways of the inclinometer casings. The force of the springs
should ensure a central positioning of the probe in the casing, even for extended monitoring periods with
repeated nreasur 1115 TUns:

5.3 In-place inclinometers

5.3.1 The principal setup of in-place inclinometers should be as in Figure 2.

6 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=c551cc1788e8573cc4eb6a10797c91c7

ISO 18674-3:2017(E)

a) IPI with wheel assembly
and continuous string of

sensors sensors sensors
Key

1 [top suspension 7  gauge length, L

2 |wheel assembly 8  base length

3 |universaljoint 9 intermediate suspension
4 |guidetibe 10 expanding joint or skid

5 |cennecting element 11 embedment material

6 SETSoT

b) IPI with wheel assembly c) IPI without wheel assembly
and discontinuous string of and discontinuous strjing of

Figure 2 — Principal setup and components of in-place inclinometers (IPIs)

5.3.2 It shall be ensured that the lengths of the connecting elements remain constant throughout the

measuring project (no elongation, no shrinkage).

5.3.3 For a continuous string of measuring elements [see Figure 2 a)], the flexibility of the measuring

elements shall be negligible.

NOTE This requirement applies in particular to horizontal strings (see Reference [4]).

© IS0 2017 - All rights reserved
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5.3.4 Foradiscontinuous string of measuring elements [see Figure 2 b) and c)], engineering judgement
shall be used to integrate angular changes into displacements.

5.3.5 Gauge lengths should not exceed 2 m. Within an installation, they can be varied to adjust to local
conditions.

NOTE Shorter lengths will commonly lead to better results.

5.3.6 The long-term reliability of the sensor signals should be considered. Intermittent removal of
the instrument for re-calibration should be avoided and is only permissible if especially justified and
documentdd:

NOTE n approach to checking the long-term reliability is to make measurements in two adjacent gtiide tubes;

one for the IPI and one for a probe inclinometer (“diversification”; in accordance with ISO 18674-1:2015,15.4).

5.4 Inclinometer casing

54.1 Th
requiremel

e section of the casing shall be selected against the background of the\specific measurenjent
its and the expected ground movements across the measuring line {see also 6.3.1.1).

5.4.2 The¢ material of the casing shall fulfil the following requirements:

be neuftral to groundwater and other soil components;

be durpble during complete measuring period;

be robpst for installation;

be flex

ible for bending.

NOTE1  Acrylonitrile butadiene styrene (ABS) is a common inclinometer casing material.

NOTE2 |
ground laye

letal casings, especially aluminiumrcasings, can corrode, for example, by short-circuiting betw
rs with different electric potentials‘ot by aggressive groundwater.

reen

5.4.3 If the inclinometer casing has internal keyways, the spiralling of the keyways shall be less than

0,25°/m. T

54.4 W}
(see 6.3.2.9

en selecting theasing, the flexibility of the assembled string, including the backfill mats
and Annex C)ishould be considered with respect to the site conditions.

5.4.5
of fixing s

If y

sing teléscopic couplings, the design of the couplings, their telescopic travel and the met]
uld bessuch as to allow the string of casings to readily compress or extend in the directio

the measuffing line by an amount equal to the ground compression or extension.

f

he string of casings should be assembled so that the keyways are continued over the jointg.

rial

hod
in of

NOTE 1

tracking and depth positioning control of the probe.

Telescopic couplings can have major detrimental effects on the accuracy of measurements and on the

NOTE 2  The addition of external corrugated sleeving to flush-coupled casing can eliminate damage caused
by ground settlement. However, there is no need to extend the sleeving into the undeformed deeper ground (see

Figure 1).

5.4.6 Prior to installation, the casings should be stored in a safe and secure place, laid horizontally and
supported to avoid deformations due to self weight. They should also be protected from direct sunlight.

© ISO 2017 - All rights reserved
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5.5 Measuring range, accuracy and repeatability

5.5.1 Table 2 provides some order of magnitude information regarding accuracy and repeatability of
inclinometers. Inclinometer measurements shall be in accordance with Table 2.

Table 2 — Requirements of inclinometer measurements

) Inclinometer
Type Line Issue - -
Vertical | Horizontal
£0,02 % full scale
1 |Accuracy of the instrument (probe or IPI element) (e.g. #0,1 mm/m
for~+30{ range)
PArobe Repeatability (precision) of a complete survey along a measuring line:
2 Difference between the cumulated displacements of a measuring £2 mm +10 mm
point relative to a reference point 30 m apart, when repeatedly
carrying out the survey under repeatability conditions (see 5.5.2)
Repeatability (precision) of a string of IPI elements, measuring
range #10°, spaced at 2 m:
Infplace 3 |Difference between the cumulated displacements of a“measuring +2 mm +2 mm
point relative to a reference point 30 m apart, when repeatedly
carrying out the survey under repeatability conditions (see 5.5.2)
Stability of sensor signal:
P.rcbtle and| , y of 9 +0,1 mjm/m
Ingplace Difference after a 24 h period under repédtability conditions

5.5{2 The repeatability of a measuring value (see Lines No. 2 and 3 in Table 2) should be g¢stablished
within the reference measurement (see 6.5.2.5).

NOTE1 Repeatability conditions comprise,i(€
— |identical observer;

— |identical measurement procedure;

— |identical instruments;

— |identical influencing quantities.

NOTE 2  The values-dre’specified for measurements in the A-axis. The B-axis measurements ar¢ commonly

less|accurate. Achieving the specified values for the secondary axis (B-axis) requires dedicated megasurements
witlh the wheels inthe corresponding keyways.

6 [Installation and measuring procedure

6 1 Conoral
. acIIcTar

Particular attention should be paid to the selection of suitable guide tubes and their installation as they
are critical for the quality of the measurements.

6.2 Installation of guide tubes at accessible surfaces and in concrete

6.2.1 When installing guide tubes at the surface of above-ground engineered structures, attention
should be paid to a durable fixation. An exposure of the tubes to environmental impacts such as direct
sunlight should be avoided, e.g. by protective covers.

6.2.2 When installing guide tubes in reinforced concrete, the tubes can be either placed inside a void
former that is pre-installed before the concreting or fixed directly to the reinforcement. If the guide tubes

© IS0 2017 - All rights reserved 9
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are placed prior to concreting, care should be taken to avoid damage by mechanical effects or by curing
temperatures.

6.2.3 When using a void former, the annulus between the guide tube and the void former shall be
completely filled with a suitable material. The backfill material shall be documented.

NOTE Void formers are commonly used for depths greater than 20 m or if the concrete structure is more
than 1 m thick.

6.2.4 On sheet piles, the installation of the guide tube can be done prior to piling with protection or,
after pilingimstde a void former A pre-instaiied Square Steel tube can aiso De USed as a guide tube,

6.3 Installation of guide tubes in boreholes
6.3.1 Drijlling of boreholes

6.3.1.1 The diameter of the borehole shall be selected based on the intended measuring system and| the
ground corjditions. An oversized annulus between the borehole and wall guide-tube should be avoidgd.

NOTE1 The bigger the borehole and the guide tube diameters, the lower theisk of an early blockage of the
guide tube By ground displacements across the borehole axis.

NOTE2  §mall diameter boreholes and guide tubes, e.g. those with\@uide tube diameter of 48 mm,|are
generally cqnsidered inappropriate in soils and rocks; however, not necessarily in cases in which displacempnts
are expectefl to be very small and distributed over broad zones, such™as’in concrete.

NOTE3  The larger the annulus between guide tube and borehole wall, the more likely the risk that spnall
lateral displacements are disguised in the inclinometer measurements. See Reference [5].

6.3.1.2 The borehole and its guide tube (see 63.2) should extend into that part of the ground or
structure which is expected to remain stable threughout the monitoring project. The extension shouldl be
at least six[times the gauge length, L, i.e. at least-3 m for a 0,5 m probe and 6 m for a 1,0 m probe.

NOTE $.3.1.2 aims to establish a basetfixity which assists in the evaluation of the inclinometer measufring
data and sefves to detect and quantify systematic errors (see 7.4).

6.3.1.3 The drilling proceduré should be specified individually for each measuring location. Drilling
shall be cqrried out and docuinented in accordance with ISO 22475-1. For vertical installations|the
inclination|of the borehole-shiould be kept within +2° of vertical, at any point along the borehole.

NOTE rilling with-¢ore recovery provides direct information on the ground conditions and enables a bgtter
interpretation of thenégasuring results.

6.3.1.4 iof"to the installation of the guide tube, the borehole shall be carefully cleaned, for exaniple,
by flushing with water or compressed air.

6.3.2 Installation of guide tubes

6.3.2.1 The inclinometer casing should be installed with one keyway in the reference direction. In
vertical boreholes, the reference direction should be the direction of the anticipated principal movement.
In horizontal and inclined boreholes, the reference direction should be the “top” of the borehole (in
accordance with ISO 18674-1:2015, Figure B.1). The keyway which is in the reference direction shall be
the reference keyway and shall be durably marked, for example, by cutting a notch at the top of the guide
tube into that keyway or by identifying it by a water-resistant and wear-resistant mark.

6.3.2.2 Installation procedures shall minimize twisting of the string of inclinometer casing. No attempt
shall be made to re-orientate the reference keyway after the guide tube has been assembled and installed.

10 © IS0 2017 - All rights reserved
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NOTE
apparent after the installation is commonly carried out geodetically or by means of a compass.

The measurement of the deviation between the keyway and reference direction which might become

6.3.2.3 For guide tubes greater than 50 m in length, the twist of the keyways along the casing shall be

checked by independent measurements.
NOTE 1

NOTE 2
casing lengths greater than 20 m.

Measurement of casing twist is commonly carried out by means of spiral or compass probes.

To enhance the quality of the measurements, it is good practice to carry out twist measurements for

6.3
rotg

2.4 After inserting the guide tube, any drill casing shall be removed. Care shall be't3
te the guide tube in the borehole when lifting the drill casing.

NO']
dril

E It can be necessary to remove the drill casing in stages while backfilling (se® 6.3.2.5
casing.

6.3{2.5 The annulus between the guide tube and borehole wall shall be completely backfille
conformity between the movement of the ground and the measurement(The composition of
material shall be documented and its properties considered in relation‘to the surrounding me

NOT
accq

E1 One of the purposes of backfilling is to re-establish separations between different
rdance with ISO 22475-1:2006, 5.5.4.

NO']
Gra

E2  Common backfill materials are low-strength cement-based mortar and cement-bentonite s
hular backfill material can be used in specific circumstarices (see Annex C).

NOTE 3  Possible quality control and preventative measures:

comparing the geometric volume of the annulus;and that of the backfilled material;
in fractured ground and soils with a high. permeability, insertion of a geotextile hose to retain th

NO1
the
351

E4  When installing the backfill, it.i§ good practice to use a tremie pipe and to grout under pr
bottom of the borehole up, in orderto'ensure complete backfilling of the annulus. For boreholes
h, it is good practice to use multiple tremie pipes at multiple heights along the tube.

ken not to

below the

d to ensure
the backfill
dium.

aquifers in

uspensions.

e grout.

pssure from
Heeper than

2.6 In order to prevent;snaking of the guide tube due to buoyancy forces, buoyancy

all be ensured that no backfill material, dirt, soil or rock particles, etc. get inside the gui

NOTE1 Anyshaking of the guide tubes seriously reduces the accuracy of the inclinometer measur

NOTE 2, {Support of the guide tube base can be achieved by lowering a steel pipe inside the tube
botfom cap (reinforced to ensure that it does not become damaged while lowering the steel pipe)

f the guide

s shall be compensated by filling the tubes with clean water, by ballasting the base and/of anchoring
base of the guide tube“string. No attempt shall be made to push the top of the casing aftefr insertion.

e tube, for

ements.

Hown to the
by use of a

nchor an initial kfilling of th fth
borehole (i.e. backfilling in stages).

ibe and the

6.3.2.7 When selecting and installing the guide tube, it shall be ensured that the following are achieved:

a) Prevent collapse of the guide tube under the pressure of back fill suspensions.

NOTE1 Possible preventative measures:

provide internal support by filling the guide tube with water;

use appropriate material or wall thickness for the guide tubes;

sequential backfilling in lifts of limited height (e.g. <30 m).

© IS0 2017 - All rights reserved
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b) Sufficient sealing of the couplings, including the end caps (top and bottom), in order to prevent any
ingress of backfill material into the guide tube which can render the entire guide tube useless.

NOTE 2  Possible preventative measures:
— multiple and clean taping of the coupling joints and gluing of the coupling connections;

— selection of guide tubes with an integral O-ring seal between the casing segments.

6.3.3 Securing borehole measuring locations

The head ofaguidetubeshattbeprotectedbyacaptopreventmateriatfattimginmto thretubeHvamdaiism
is of concern, the cap should be lockable (see Figure 3).

1
\ 2
L/
3~
~. |
4\% - R
iéézéiéﬁ ) U eNE T
=114 B 72 G
Eﬂj < j.f :E|: 7
INEBEN\\
"&jﬁ§ﬁ—8

~
)
<

top cap} lockable

cap of ipclinometer casing
inclinofneter casing

lock
protectjve sleeve
concrete bed
backfill
borehole

X N O Ul A W N

Figure 3 — Example of a lockable inclinometer head

6.4 Installation of in-place inclinometers

6.4.1 Interference between the IPI connecting elements and the guide tube shall be avoided at
installation and over the full range of expected displacements.

NOTE At the installation, the initial profile of the guide tube is determined by a probe inclinometer and used
to choose appropriate connecting elements (e.g. length, diameters, measuring range).

12 © IS0 2017 - All rights reserved
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6.4.2 When the in-place inclinometer elements have been installed into the guide tube, it shall be
ensured that the string of elements is in tension or compression (depending on the model of instrument)
in accordance with the manufacturer’s instructions.

For near horizontal measuring lines, setting rods may be required for positioning the in-place
inclinometer elements inside the guide tube.

For near vertical measuring lines where the uppermost in-place inclinometer element does not coincide
with the top of the guide tube, a suspension cable will be required to correctly position the string of in-
place inclinometer elements.

6.4{3 When the in-place inclinometer elements have been positioned in the guide tubesthey shall be
fixed in that position and the position shall be documented.

NOTE Fixation can be achieved by firmly attaching the cable or the setting rods to the collar of th¢ guide tube.
6.5 Carrying out the measurement

6.5/1 Instrumentation check and calibration

6.5]1.1 For general function checks and calibrations, see ISO 18674-1:2015, 5.6.

6.5]1.2 Inclinometer probes shall be regularly re-calibrated. If not otherwise specified by the
manufacturer, the maximum interval shall be two years. If the instrument was not in use for mofe than two

s, re-calibration shall be carried out immediately prior to the measuring survey. Re-califjrations are
necessary after repair or the exchange of any mechanical or electrical components (including cable).

yea
alsg

6.5)2 Measurement

6.5
req

2.1 The measurements shall be carried out according to Annex A and in conjunctiogn with the
lirements of ISO 18674-1:2015, Clause 7.

6.5
pro
of a
thet
The
of t

2.2 For probe inclinometers, the guide tube shall be surveyed by the probe using a s
Cedure. The stability of the readings is critical for a correct measurement. Therefore, at the

‘e to adjust to the ambient temperature until the readings are considered to be sufficie
probe shall then-be-moved sequentially to each respective measuring point in the directi
he guide tube<On“reaching the collar of the guide tube, the probe is removed from the

ep-by-step
 beginning

survey, the probe shall\be brought to the point furthest from the collar of the guide tube and left

ntly stable.
bn of collar
buide tube,

bllar of the
r survey of

rev¢rsed (i.e. rotatéd by 180°), returned to the measuring point that is furthest from the c
guidle tube and\the sequence is repeated in the reversed position to complete the inclinomets
thelguide tube.

NOTE-L ™ The time of the probe to adjust to the ambient temperature varies and depends on sit¢ and probe
conditions
NOTE 2  The purpose of the reversal of inclinometer probes between the two runs of a complete measuring

survey is to eliminate zero point deviation within the system. For vertical inclinometers, the reversal is turning
the probe through 180° around its longitudinal axis (the cable entry is unchanged), while for horizontal
inclinometers the reversal is turning the probe through 180° in the horizontal plane (changing the cable
connection from one end to the other).

6.5.2.3 The tolerance of depth positioning of the probe in a measuring point shall be +5 mm.

6.5.2.4 Each measuring point shall be approached by the probe in a specified (commonly upward)
direction. If the measuring point is accidentally overrun, the probe shall be reversed beyond the missed
measuring point and then again moved in the specified sense into the measuring position. Readings shall
be taken while the probe is at rest and the readings are stabilized.

© IS0 2017 - All rights reserved 13


https://standardsiso.com/api/?name=c551cc1788e8573cc4eb6a10797c91c7

ISO 18674-3:2017(E)

6.5.2.5 For establishing a reliable reference set, there should be, in the reference measurement, at
least two repetitions of the initial measuring survey whereby each survey consists of a normal (0°) and
areverse (180°) run along the guide tube under repeatable conditions (see 5.5.2). The two surveys shall
be within the acceptable range of measuring precision (see Table 2).

NOTE
can be used

as a backup.

It is good practice to carry out an additional reference measurement with an independent probe that

6.5.2.6 Probe inclinometer readings shall be scrutinized. Check-sums shall be used as the basis for the
acceptance test of the readings and for identifying erroneous measurements. If readings are incorrect or

in doubt, th

einclinometersurven shall be ropeated

NOTE1
point. Ideal
positioning

NOTE 2
guide tube.
signature, v

a mean valge. Small variations do not usually indicate a problem, however, spikes in.the plot are indicatiy

inconsisten

NOTE3 1§

6.5.2.7 T
should be v

NOTE

6.5.2.8 H
of data log
plausibility

q

J

NOTE
telephones.

7 Data
7.1 The ¢

7.2 Areg
Clause 8.

a)

For ea

y, the sum is zero since the readings have opposite signs. In practice, however, variations in|
of the probe and zero offsets of the probe contribute to non-zero check-sums.

ommon practice is plotting the check-sums of all measuring points over the depth.ofithe inclinom|
In normal circumstances, each combination of probe and guide tube hastayunique check-
Fhich is repeatable in each follow-up measurement. Typically, the check-sum varies randomly a

Cies in the readings.

or check-sum analysis, see Reference [6].

he cumulated displacements of an inclinometer survey.and the stability of the reference p
erified by independent measurements.

pr in-place inclinometers, the measurements are commonly made automatically by m¢
pers. A critical appraisal of the readings-in the first logging cycles shall be made, as we
checks in subsequent cycles prior to reporting.

ome in-place inclinometers can b€ read using hand-held data readers, computers and/or mg

processing and evaluation

bvaluation of the measuring data shall be carried out according to Annex A.

th medSuring survey:

'he check-sum is the sum of the normal (0°) and reverse (180°) readings taken at the same measufring

the

eter
sum
bout
e of

bint

beodetic control of the cumulated lateral displacementsis common at the collar of a vertical borelole.

ans
I as

bile

ord of the following data are required in addition to the requirements of ISO 18674-1:2015,

affhao lnctriinanngt.

ID

de

an

b)

OTCIICTITO T U IIICTTe,

identification of the measuring line, e.g. measuring borehole;

finition of reference point and its displacement condition;

gle between the A* direction of the probe and the reference direction

For each measuring point:

— measuring depth;

— relative lateral displacements Auj and Av; according to Formulae (A.1) and (A.2) (common

de

14

signation: “differential displacements”);
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— absolute lateral displacements u; and vj according to Formulae (A.6) and (A.7) and, if applicable,
also according to Formulae (A.8) and (A.9) (common designation: “integrated displacements”);

— amount and direction of the lateral displacement vector (vector sum of uj and vj);

— for probe inclinometers, sum of normal (0°) and inverse (180°) measurements (“check-sum”).

The evaluated results shall be presented in tables and/or graphics.

EXAMPLE See Annex E.

NO
ban

7.4
cor

NOTE1 See Reference [6].

Lk IT1s good practice to represent angular measurements and vdriations togetner with an

The results of probe inclinometer measurements should be diagnosed onisystematic
rected, if applicable.

ncertainty

1. The uncertainty band can, for example, be defined as the standard deviation of the checksum\gver a length
of fiked tube”.

errors and

NOTE 2  Generally, a measurement error is made up of two componentssrandom error and systematic error.

Ranfdom errors cannot be corrected, but can be minimized in better installations and by repeated me
Syst

incl
a)
b)
9
d)

Acc

nometer measurements, the most common systematic errors are'caused by:
shift of the calibration bias of the tilt sensor (bias shift erron);

drift of the sensitivity of the tilt sensor (sensitivity drift,error);

shift of the guide tube inclination (rotation error);

change in the depth positioning of the probe (depth-positioning error).

hsurements.

ematic errors can be corrected by mathematical procedures, provided the causes of the errors age known. In

rding to Reference [6], bias shift (a) and rotation (c) errors are relatively easy to detect and dorrect with

proper proprietary software or spreadsheéts. Sensitivity drift (b) is relatively rare, is usually difficylt to detect,

but

s easy to correct. The depth positioning error (d) is considered to be the most difficult error to deal with, as

therle can be several causes for it such as increasing deflection of the guide tube or an elongation or §hrinkage of

the

NOTE3 The magnitude and)style of displacements measured over the base fixity depth (se

imp

8

8.1
The

8.2

measuring cable.
prtant in the diagnosis(and analysis of systematic errors.

Reporting

Installation report

installation report shall be in accordance with ISO 18674-1:2015, 9.1.

b 6.3.1.2) is

Monitoring report

The monitoring report shall be in accordance with ISO 18674-1:2015, 9.2.
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A.1 Cougs

Annex A
(normative)

Measuring and evaluation procedure

A11 Th
measuring

A1.2 In¢{
— tiltang

— tiltang

A13 Th
reference |

A14 Th

A.2 Displacements across a measuring line

A.2.1 By
line can be

A.2.2 Rel
the change
measuring

se ofameasuring line
e-6ia-medsting =

e course of a measuring line shall be surveyed by moving the inclinometer probe along
line in a step-by-step procedure from one measuring point to the next (see 5.2.1);

pach measuring step, the following angles shall be measured:
le « of the probe axis in Plane A (see Figures 1 and A.1);

Ile 8 of the probe axis in Plane B (for biaxial inclinometer probes onty).

e angles measured in the respective measuring points can~be graphed as a polygon fro
oint under consideration of the base length (see 3.9 and Eigure A.1).

e reference point should be either the collar of the guide tube or the deepest measuring pc

determined and, thus, also displacements of the measuring points across the measuring I

ptive displacements between,adjacent measuring points shall be determined by mean
s of the angles a and S. Fhere are two independent displacement components across
line, u and v. The relative-displacement components Au; and Av; between the two adja

comparison of follow-up and reference hieasurements, changes in the course of the measuf

the

m a

int.

—e

ng

5 of
the
fent
the

measuring[points i and i — 1 shalthe calculated from the change of the angles Af; and Ap; occurring in
time span between follow-up im¢asurement ir and reference measurement ig as given in Formulae (A.1)
and (A.2) [$ee Figure A.1 b)}:
Auj = Ijx sin AG; (A1)
Av; = [; k sin Ay (p.2)
where
I;  isthe distance between measuring pointsiand i - 1.
For probe inclinometers, it is as given in Formulae (A.3), (A.4) and (A.5):
Li=li-1=l.-2= . =lh=L (A.3)
A6; = OiF - Oir (A.4)

16
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Api = pir - pir (A.5)

where

6 isthe inclinometer angle a;
p  istheinclinometer angle £;

R isthe reference measurement;

F— s the foltow-up mreasurement:

A.2]3 The absolute displacement components uj and v; of a measuring point i across the-megsuring axis
shall be determined by summation of the relative displacement components Au; afid -Av; (s¢e A.2.2) in
relgtion to a reference point. It is as given in Formulae (A.6) and (A.7):

Ui = Auj + Auj -1 + Auj- 2 + ..., + Auq + ug =X Auj + uR (A.6)
Vi=Avi+ Avi 1+ Avj_ 2 + ... + Avq1 +vg =2 Avj + VR (A.7)
whére

uR and vg are the displacement components of the reference point in direction of the x- pnd y-axis,
respectively.
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n
1 S Ii « sin AO;
‘ i=1
Ii +sin AOI

-Tmﬁ"—lﬁgji_ |

H

A
.L _ 11
Ad. i
AO i
- /
i-1
a) Measuring system b) Evaluation principle
Key
1 readouf device; data logger 7  backfill
2 measulfing cable 8 endcap
3 inclinofneter probe 9  guide wheel assembly
4 couplinlg 10 actual course of inclinometer casing
5 borehole 11 wvertical
6 inclinometer casing
NOTE Adjusted front Reference [3].
Fighire‘AX1 — Measuring system and evaluation principle of a vertical inclinometer

A.3 Displacements in A and B directions of vertical inclinometers

A.3.1 The probe of a vertical inclinometer consists of a housing in which two tilt sensors are
permanently installed in two mutually perpendicular planes. Both planes encompass the longitudinal
axis of the probe (which itself coincides with the guide tube axis z). They are denoted as the probe’s
Planes A and B (in the strict sense: “Az” and “Bz”-planes). From the measured tilt values and the evaluated
displacement components a; and bj in the probe’s measuring directions A+ and. B+, respectively, the
displacement components of the ground uj and v; shall be determined according to Formulae (A.8) and
(A.9) (see Figure A.2):

uj = cos Y x aj + sin Y x bj (A.8)
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Vi =cos P x b+ sin P x

where

ai

ISO 18674-3:2017(E)

(A9)

Y is the angle between the guide tube coordinate x and the probe direction A*;

ajand b; are the displacement components in the probe directions A+ and B+ in measuring point i.

oriented probe and borehole axes

Figure A.2 — Transformation of the displacements for the general case of differentially

© IS0 2017 - All rights reserved
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B.1 Ter

B.1.1
deflecto

system for
the field

Noteltoe
position of

Annex B
(normative)

Deflectometers

ter
monitoring displacements across a measuring line by means of deflection measurement

htry: The system essentially consists of an instrument, a guide tube, a means to measure

can be eithler a probe or in-place measuring elements.

Note2toe
can be mon

B.1.2

try: The two independent displacement components which afe acting across a measuring
itored by a deflectometer irrespective of the orientation arid inclination of the measuring

deflectomieter sensor

sensor whi
in a univer

B.1.3
probe def
system cof

Note 1toe

Note 2 to €
points of w

B.1.4

in-place d
system cor
deflection

Note 1toe

ch measures angles between two adjacent bars j¥respectively from gravity and is encasg
cal joint

ectometer
hprising a probe for step-by-step measurements on a measuring line

ntry: See Figure B.1 a).

ntry: The probe consists ©fjtwo rigid bars of equal length and three equally spaced con|
hich the centre point islequipped with a deflectometer sensor.

pflectometer
hprising a single/deflectometer element, or a series of elements, for measurement of the
ht specific locations on a measuring line without removing the instrument

htry:See Figure B.1 b) and c).

B.1.5

5 in

the

the instrument in the guide tube, read-out device and evaluation software. The instrunpent

line
ine.

kFact

deflectometer casing

guide tube

appropriate to the deflectometer system being used

Table B.1 — Symbols for deflectometers

Symbol Name Unit
y angle between adjacent deflectometer bars in the vertical plane ° (degree)
6 angle between adjacent deflectometer bars in the horizontal plane universal joint ° (degree)
20 © IS0 2017 - All rights reserved
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B.2 Instruments

B.2.1 Deflectometers can be used for the measurement of displacements across horizontal and inclined
measuring lines. For vertical measuring lines, vertical inclinometers should be used.

B.2.2 Equivalent to Table 1, probe and in-place deflectometers should be distinguished from each
other. The principal setup should be as in Figure B.1.

P P,
Bt (a)y & @
aon ho4 T

a) Probe deflectometer
Py
g b (a) b (a) b g
\G/ \.O./

b) Twofold in-place deflectometer

[SSoRN oL

¢) n-fold in-place déflectometer

Key

1 base of inner surface of guide tube

P1, > contact point without sensors

A1, 42, An contact point with universal jeint and angle sensors

11,14, I3, Ih+1  length of connecting element (spacer bar) = gauge length, L

Figure B.1 —Principal setup and components of a deflectometer

B.2{3 Where applicable-and if not advised otherwise by B.2.4 to B.2.9, 5.1 to 5.5 shall be implemented.

B.2}4 Changesofidngles shall be monitored by comparison of the measured values with those of the
refgrence medsurement. Displacements of the measuring points across the measuring lipe shall be
deduced in-acdordance with B.5.

B.2|5~_ The sensing element shall consist of a universal joint with two encased angle sensors installed
900 tC each Cther_ The SERSOFS shall mancuvra tho daflaction ~ftha fI'ArC cnacar hare va]f\i-"x'yn o each Other,

oo Coro o ot orerre crrorortrre—o vy TpTce oot reTttry ot

which are attached to the universal joint.

B.2.6 The installation planes of the sensors shall be denoted as the instrument Planes A and B, whereby
Plane A shall incorporate the contact point assembly of the deflectometer element.

NOTE In the measuring position of the horizontal boreholes, Plane A is vertical and Plane B horizontal. The
sensor of Plane A measures the change in inclination that of Plane B measures the change in azimuth.

B.2.7 The angle sensor of Plane A may be supplemented (for redundancy) or substituted (for cost-
efficiency of the instrument) by a tilt sensor mounted on a spacer bar attached to the universal joint.
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B.2.8 Besides the two angle sensors (see B.2.5), deflectometer probes shall also be equipped with a
sensor for the measurement of the rotation (rolling) of the probe around its longitudinal axis.

B.2.9 Deflectometer systems and their measurements shall meet the requirements specified in
Table B.2.

Table B.2 — Requirements of deflectometer measurements

Line Issue Requirement
+0,02 % full scale
1 |Accuracy of the instrument (e.g. £ 0,1 mm/m
for £ 30°range)
Prob Repeatability (precision) of a complete survey along a measur- For Plane A:4 5mm|
robeor ing line:
in-place
2 |Difference between the cumulated displacements of a
measuring point relative to a reference point 30 m apart, For-Plane B: = 10 mn}
when repeatedly carrying out the survey under repeatability
conditions
Stability of the sensor signals in baseline measurements:
In-place 3 |Maximum difference after a 24 h period under repeatabjlity £0,1 mm/m
conditions
NOTE1 Horrepeatability conditions, see 5.5.2.

ved
ally

NOTE 2  ith regard to the criterion of Line 2, it is good practice to carry out these tests in a slightly cu
string of gufide tubes which is fixed to a solid (sub-) horizontal,stirface. The course of the string is geodeti
determined|to allow a comparison with the deflectometer suryey:.

B.3 Installation and measuring proceduve

B.3.1 WHere applicable and if not advised-otherwise by B.3.2 to B.3.5, 6.1 to 6.4 shall be implemented.

B.3.2 A deflectometer casing shall-Be used. It can be either an inclinometer casing (see 5.4) ¢r a

circular ca
casings are
with a tole

king without keyways provided that the latter has a smooth inner surface. If inclinom
used, it shall be ensured that, at installation, one pair of the keyways is aligned vertig
fance of +5°.

pter
ally

B.3.3 The deflectometer.probe shall be positioned in the respective measuring points with a d¢pth
positioning tolerance of+5 mm and an orientation tolerance of its top-bottom axis of +5°.

NOTE1 By use 6fa string of setting rods and through the control of the probe’s rolling, it is, even in greater
depths, pos$ibletd position the deflectometer probe accurately in the measuring points.

NOTE 2 tl auaf\.u uxatiuu Uf tllC IIIcasul Cd data ill lillC VVit}l FUI ulu}ac (AS.} aud (Ar)\] aud Fir_’ulc AZ i) nOt
required.

B.3.4 The measurements shall be carried out in line with B.5 and in accordance with ISO 18674-
1:2015, Clause 7.

B.3.5 Measurements with probe deflectometers require the orientation of the probe to be reversed
between the two runs of a complete survey to eliminate zero point deviation within the system. For the
reversal, the probe shall be rotated through 180° in the horizontal plane (changing the cable connection
from one end to the other).

NOTE The mode of reversal is identical to that of the horizontal inclinometer (see 6.5.2.2, NOTE 2).
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B.4 Reporting

See

Clause 8.

B.5 Measuring and evaluation procedure

B.5

.1 Course of a measuring line

B.5.1.1 The course of a measuring line shall be surveyed by moving the deflectometer probe along the

med

B.5

B.5
refd

B.5

B.5

guidle tube.

B.5
line
med
geo

B.5

B.5
mes:
mex:

B.5
cha
the
med
tim

: 1 : : 1 + 1 £ . TR | — : 1 .
SUILTE HIIC T 4 SLEP~DY=51CD PlIOLCUUIrc ITUIIT OIIC HITASUT Iy PULIU LU UIC TICXL [CYUIVAICLIU

1.2 In each measuring step, the following angles shall be measured:
deflection angle y in the spherical joint in Plane A (vertical plane; deviation in.tilt);

deflection angle § in the spherical joint in Plane B (deviation in azimuth);

1.3 The angles measured in the respective measuring points can-be’graphed as a poly
rence point under consideration of the gauge length, L.

1.4 The reference point should be the collar of the guidetube.

1.5 The reference direction of the polygon shouldybe the initial direction at the cc

1.6 B.5.1.1 to B.5.1.5 describes the procedure'for the determination of the course of the
relative to the collar of the guide tube (location and initial direction). For absolute directio
isurements, the coordinates of the guide tube collar and the initial direction shall be
Hetically.

.2 Displacements across a measuring line

2.1 By comparison of (follow-up and reference measurements, changes in the cou
lsuring line can be determined and, thus, also displacements of the measuring points
isuring line.

2.2 Relativedisplacements between adjacent measuring points shall be determined by m
hges of the déflection angles y and 6. There are two independent displacement compon
measuringline, u and v. The relative displacement components Au; and Av; between the tv

J

05.2.1).

con from a

llar of the

measuring
(azimuth)
etermined

rse of the
across the

eans of the
bNts across
Vo adjacent

isuringspeints 7 and i - 1 shall be calculated from the change of the angles Af; and Apj occu
e span’ between follow-up measurement ir and reference measurement ig as given in

and|

(G:2).

fring in the

Formulae (A.1

B.5.2.3 The absolute displacement components u; and v; of a measuring point i across the measuring
axis shall be determined by summation of the relative displacement components Au; and Av; (see B.5.2.2)
in relation to a reference point. It is given in Formulae (A.6) and (A.7).

NOTE

The determination of the displacement components ur and vr of the reference point i

S necessary

and sufficient for inclinometer measurements; however, it is not for deflectometer measurements. For the latter
measurements, there is the need for one additional boundary condition. In this regard, it is common to specify
the direction of the measuring line in the reference point. If, for instance, the borehole collar is the reference
point, it is common practice to determine both the position of the reference point and the initial direction of the
borehole axis geodetically.
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Annex C
(informative)
Backfill materials

C.1 Common backfill materials are low-strength cement-based mortar and cement-bentonite
suspensiot1]s.

EXAMPLE See Table C.1.

Table C.1 — Examples of typical cement-bentonite grout mixes for inclingrhéters

L. Soils
Applications - Rocks
Soft Medium Hard
Material Water (water-cement ratio) ~6,6 ~3,0 ~2,5 1,0>~0,6
(ratio by| |Ordinary Portland cement 1,0 1,0 1,0 1,0
weight) | [Bentonite ~0,4 ~0,35 <0,3 ~0,05 > ~0,05
28 day comppressive strength (kPa) ~30 ~300 ~700 ~1000<~7000

NOTE1 [Rartially adapted from Reference [Z].

NOTE2  Additional mixes are reviewed in References [5] and*8]:

NOTE3  llocal experience and practice assist in the selection of an appropriate backfill material.
NOTE4  The quantities specified in Table C.1 are based on the procedure where the cement is added tq the

water first and the bentonite is subsequently added!to the cement/water mix. This is because the strength|and
stiffness of the grout are determined by the initiahwater/cement ratio.

C.2 To facilitate pumping in long backfilling tubes of comparatively small diameter (length > 13 m;
inner diamleter = 16 mm), it is advisable'to add a fluidiser to the suspension.

C.3 All constituents are to be'added to the water slowly and the mix be stirred continuously so as to
prevent the¢ formation of any Ilumps.

C.4 Suffigient bentonite is added to provide a creamy mix, which is pumpable.

NOTE entonite-is added primarily to restrict “bleed” (sedimentation of the solids, leaving ponded wjater
at the surfape).The amount of bentonite required to provide this depends on the ambient temperature and the
acidity of the@#ater (so will be variable).

C.5 Granular backfill material may be used in special conditions and is only permissible if there is no
concern of linking aquifers of different levels.

EXAMPLE Washed gravel 3/7 mm or 4/8 mm.

C.6 Granular backfill material could be used in exceptional geotechnical circumstances such as in
heavily fractured rock, in karstic ground, or in granular soils with a high permeability. In this situation,
a possible preventative measure against the risk of a washout of the backfill material is the use of a
geotextile hose.

NOTE Advantages of using granular backfill in comparison to cement suspensions:

— less equipment required in the installation (positive for areas that are difficult to reach);
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— less problems with buoyancy;

— small backfill jobs can be done without any equipment.

C.7 Sufficient compaction of granular backfills is essential. Insufficiently compacted granular backfill
can lead to sagging of the backfill material, arching of the material at the couplings and subsequent
buckling of the guide tubes.

NOTE1 Sagging of insufficiently compacted material can be triggered by blasting at adjacent construction
sites or by lowering of the groundwater table.

NOTE 2  Possible preventative measures:
— |use of continuous flush-coupled guide tubes without external sleeves;

— |extra wide borehole diameter to reduce the risk of arching of the granular backfill material.
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Annex D
(informative)

Geo-engineering applications

Table D.1 provides an overview of the various inclinometer and deflectometer types in some common

B e RN
selection. |n the case that a geo-engineering application is not included in Table D.1, the,cClopest
applicatior] can be considered for the selection.
Table D{1 — Guide for the selection of inclinometers and deflectometers in geo-engineerinig
applications
Inclinometer Deflectomeg r
(see Annex B)
Application in-place probe )
v i v u in-place| prope
Slope stability (slips and slides) + X + - + -
Dams and Ipvees (stability monitoring) + + + + * -
Embankmdnts for infrastructure (stability - road and rail) + + + + + +
Deep excavfations (wall stability) + - + - - -
Stability of|structures close to excavations + + + - - -
Embankmgnt settlement profiles - + - + - -
Tank base dettlement profiles - + - + - -
Tunnelling [(effects on surrounding strata and structures) + * + * + +
Pile load tepting (mainly horizontal load tests) + + + - * -
Verticality check (diaphragm wall, pendulum borehole) + - + - - -
Direction cpntrol of borehole (top-bottem'relationship) + - + + - -
Direction cpntrol of borehole (vertical gnd horizontal components)| - - - - -
Ground hedve - + - + + +
Mine workings (surface and sub*surface ground movements) * + + * * -
In situ testq (e.g. plate load tests) + + - + + -
V  Vertical
H Horizonjtal
For geo-engineefing applications:
+  Likely tg besuitable
+  Possibly suitable
- Likely to be unsuitable
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Annex E
(informative)

Measuring examples

Examples of the various types of inclinometers and deflectometers and typical applic

pregented as follows:

a) |vertical inclinometer: Displacement measurements in a natural slope subjectito creep (E
b) |horizontal inclinometer: Monitoring of settlements at the base of a refusexdump (E.3);

c) |in-place deflectometer: Measurement of horizontal ground displacements ahead of tunng
d) |vertical inclinometer: Displacement measurements in retainingwalls of urban excavatic

Each example contains information that is typically included in a report in accord

[SO[18674-1:2015, Clause 9.

E.2 Vertical inclinometer: Displacement.nieasurements in a natural slop

to ¢reep

Megsuring purpose

Insfrument

Borghole

Defth of borehole
Guifle tube
End depth of tubing

Coordinate axis

Monitoring of a.creep slope. Identification of the location of she:
in the ground“and evaluation of the shear velocity

Biaxialwvertical inclinometer with guide wheel assembly; L = 0,5
ment No72097

Vertically down-dipping, diamond drilled borehole with core re
Bouter = 146 mm, water flushing, casing ginner = 136 mm

18,5 m
ABS inclinometer casings, @inner = 74 mm, @outer = 82 mm, with
16,75 m

A+ of casings oriented in dip direction of slope

ations are

.2);
lling (E.4);

n (E.5).

ance with

p subject

ir planes
m; instru-

covery,

Couplings

Is of

M i e
e oul 1115 lJl ulttuurc

Evaluation

Reference point

Reference direction
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about two weeks. Each measurement is carried out in normal (0°) and
inverse (180°) mode. Manually triggered automatic data recording.

Computation of the horizontal displacement components by comparison
between reference and value change measurements. Graphical presenta-
tion of the relative (“differential”; not shown in Figure E.1) and absolute
(“integrated”) ground displacements in Profiles A and B [Figure E.1 a) and

b)] and in plan view [Figure E.1 c]].
Deepest measuring point at 16,5 m depth (= fix point).

Vertical
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Dimensions in millimetres

u 1% A*

+ 60

B~ f f B*

-60 0 60
460
2"
18 {- 1
; 18
4) A-direction b) B-direction c) Plan view

Key

u displackment component in A direction

v displacement component in B direction

d depth df inclinometer casing

Figure E.1 — Displacements of the ground in a creeping slope

E.3 Horjizontal inclinometer: Monitoring of settlements at the base of a refuse

dump

Measuring|purpose Monitoring of the displacements in vertical direction (settlements) of the
impermeable base of a refuse dump resting on top of an uncompacted fill.
Control of the gradient of the base water drain.

Instrument Uniaxial horizontal inclinometer with two pairs of three-point guide wheel
contacts 120° apart; L=10m; infrincir‘n]]y safe prnhn

Installation Placement of circular guide tubes immediately above the impermeable min-
eral base layer.

Guide tube HDPE-tube 125 mm x 11,4 mm, PN 10, in sections of 6,0 m, connected by
electric-welded joints, @inner = 102 mm, @outer = 125 mm, smooth connec-
tions at the inner tube surface

Length 166 m

Coordinate axis Inclinometer axis A+ in axial direction of tubing
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Follow-up measurements in intervals of about six months. Each measure-
ment is carried out in normal (0°) and inverse (180°) mode. Moving of the
probe in the guide tube by cables and pulley at the deep end of the tubing.
Positioning of the probe in the measuring points via cable marks. Manually

triggered automatic data recording.

Evaluation Computation of the vertical displacements (settlements) by integrating
the stepwise differential displacements between reference and follow-up
measurements from the reference point. Graphical presentation of the set-
tlements (see Figure E.2).

Refgrence point Collar of the guide tube with geodetically determined settlemgntg (about
-1,5 m at value change measurement No. 20).

Reference direction Direction of the tubing at the reference measurement.
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Key

d |horizontal distance

u |settlement

Time elapsed since reference

Signatupe No. of value change measurement
measurement

Days Years
—O 120 0,3
N/ — 7 1546 4,2
____________ 13 2 864 7,8
_____ 20 3970 10,9

Figure E.2 — Evolution of the settlement profile at the base of a refuse dump
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E.4 In-place deflectometer: Measurement of horizontal ground displacements

ahead of tunnelling

en-

h—

htes

of
S

SEs

Measuring purpose Monitoring of horizontal ground displacements ahead of an advancing
tunnel which is excavated between two already existing tunnels. Spacing
between the two existing tunnels: ~15 m.

Instrument In-place deflectometer, consisting of nine measuring elements. Length of
each measuring element = 1,6 m. Deflectometer sensor: Biaxial angle pot
tiometer.

Borehole Horizontal rotary drilling across the two existing tunnels, goyter = 101 mIm,
(air flushing) with casing gouter = 89 mm

Guide tube Thin-walled circular guide tube, @inner = 82 mm, with smooth.inner surfg

Probe direftion A+ upwards, B+ horizontally to the right (as seen from the borehole collar

Measuring|procedure Measurement of the relative horizontal and vertical displacement compo
nents. Automatic data acquisition. Geodetic measurément of the coordin
of the borehole collars in the two existing tunnels.

Evaluation| Computation of the absolute ground displacement vectors in dependency
the advancing tunnel. Graphical presentation of the ground displacemen
in sections (not shown), in-plan view (Figure E.3), and of the displacements
of selected measuring points in dependency of the tunnel excavation pha
(Figure E.4).

Reference points Borehole collar and boreholesend.

Reference flirection Uniquely determined by(the two reference points.
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Key
d |distance from tunnel axis
v |horizontal displacenient
MS [measuring section

T |direction oftunnelling
(1) Jtunnel a%is

(2) |tunnel,sidewalls

t |date'and time of value change measurement

Figure E.3 — Horizontal section showing the horizontal displacements of the ground ahead of
tunnelling and displacement profiles at various points in time of the tunnel face approaching
the measuring section
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