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European foreword 

This document (EN ISO 18674-5:2019) has been prepared by Technical Committee ISO/TC 182 
"Geotechnics" in collaboration with Technical Committee CEN/TC 341 “Geotechnical Investigation and 
Testing” the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by April 2020, and conflicting national standards shall be 
withdrawn at the latest by April 2020. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, 
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of 
North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the 
United Kingdom. 

Endorsement notice 

The text of ISO 18674-5:2019 has been approved by CEN as EN ISO 18674-5:2019 without any 
modification. 
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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 procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www​.iso​
.org/iso/foreword​.html.

This document was prepared by Technical Committee ISO/TC 182, Geotechnics.

A list of all parts in the ISO 18674 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/members​.html.
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Geotechnical investigation and testing — Geotechnical 
monitoring by field instrumentation —

Part 5: 
Stress change measurements by total pressure cells (TPC)

1	 Scope

This document specifies the measurement of stress changes by means of total pressure cells (TPC). 
General rules of performance monitoring of the ground, of structures interacting with the ground, of 
geotechnical fills and of geotechnical works are presented in ISO 18674-1.

If applied in conjunction with ISO 18674-4, this document allows the determination of effective stress 
acting in the ground.

This document is applicable to:

—	 monitoring changes of the state of stress in the ground and in geo-engineered structures (e.g. in 
earth fill dams or tunnel lining);

—	 monitoring contact pressures at the interface between two media (e.g. earth pressure on retaining 
wall; contact pressure at the base of a foundation);

—	 checking geotechnical designs and adjustment of construction in connection with the Observational 
Design procedure;

—	 evaluating stability during or after construction.

Guidelines for the application of TPC in geotechnical engineering are presented in Annex B.

NOTE	 This document fulfils the requirements for the performance monitoring of the ground, of structures 
interacting with the ground and of geotechnical works by the means of total pressure cells as part of the 
geotechnical investigation and testing according to EN 1997-1[1] and EN 1997-2[2].

2	 Normative 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

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

ISO 18674-4, Geotechnical investigation and testing — Geotechnical monitoring by field instrumentation — 
Part 4: Measurement of pore water pressure: Piezometer

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

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 18674-1 and the following apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https:​//www​.iso​.org/obp

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

3.1
total pressure cell
TPC
field instrument for stress change measurements 

Note 1 to entry: Typically, a total pressure cell system consists of a pressure compartment, a pressure tubing, a 
pressure measuring device, a measuring line and a control and readout unit (see Figure 1 and Reference [3]).

Note  2  to entry:  The pressure compartment consists of two steel platens, welded together around their 
peripheries, where the intervening cavity is filled with a liquid. The cavity is connected to the inner chamber 
of a pressure measuring device via a liquid-filled pressure tubing. Inner and outer chambers of the pressure 
measuring device are separated by a flexible diaphragm.

Note 3 to entry: Total pressure cells are permanently installed either in fill or soft ground (embedment pressure 
cells) (3.2), in contact planes between any two media (contact pressure cells) (3.3) or in boreholes (borehole 
pressure cells) (3.4).

Note 4 to entry: The target of the measurement is the change of the total normal stress Δσn of the medium acting 
onto the flat side of a pressure compartment (see 1 in Figure 1).

Key
1 pressure compartment 
2 pressure tubing
3 pressure measuring device

3a inner chamber
3b outer chamber
3c diaphragm

4 height of the cavity of the pressure compartment  
5 height of the pressure compartment 
6 measuring line (electric cable or twin hydraulic tubing)
7 control and readout unit
8 medium investigated

Figure 1 — Principal components of a TPC measuring system
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3.2
embedment pressure cell
total pressure cell (3.1) which is fully embedded within a medium

EXAMPLE	 Push-in cell in soft soil; “tangential cell” in shotcrete tunnel lining (see 4 in Figure 2); embedment 
cell in fill (see Figure 3). 

3.3
contact pressure cell
total pressure cell (3.1) which is placed in a contact plane between two media

EXAMPLE	 Cell at the base of a slab foundation; “radial cell” (see 3.9) in shotcrete tunnel lining.

3.4
borehole pressure cell
total pressure cell (3.1) which is installed in a borehole

Note 1 to entry: See 2 in Figure 2.

3.5
aspect ratio
ratio of height to the smallest lateral dimension of the pressure compartment

Note  1  to entry:  For rectangular compartments, the smallest lateral dimension is the width, for circular 
compartments the diameter.

Note 2 to entry: Typical aspect ratios are of the order of 1:20 to 1:40.

3.6
total stress
stress in the ground carried by the solid portion (skeleton) of the ground and the pore water

Note 1 to entry: One only stress component can be monitored by a total pressure cell (3.1) (which is the change of 
the total normal stress Δσn).

Note 2  to entry: Changes of 2-D and 3-D stress states can be monitored by a cluster of a sufficient number of 
independently oriented TPC compartments installed at a measuring location: Three compartments for a 2-D 
stress state, and six compartments for a 3-D stress state.

Note 3 to entry: By placing a TPC compartment with its sensing side towards the vertical, the vertical normal 
stress component σv can be directly monitored.

3.7
effective stress
stress in the ground carried by the solid portion (skeleton) of the ground

Note 1 to entry: It is σ’ = σ - u

where

  σ’ is the effective stress tensor;

  σ is the total stress tensor;

  u is the porewater pressure. 

The formula above is only applicable to saturated soil.

3.8
contact stress
stress component which acts normal to a contact plane

EXAMPLE	 Normal stress acting in the interface between a slab foundation and the ground.
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