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Earth Pressure Measurements
Marine Clay

Mesure des Poussées du sol dans une Tranchée

52

in a Trench Excavated in Stiff

Creusée dans une Argile Marine Rigide

by E. DiBi1aGIo and L. BJERRUM, Norwegian Geotechnical Institute, Norway

Summary

This paper describes earth pressure measurements made in a
braced experimental trench excavated in the stiff fissured crust of the
Norwegian marine clay. The trench was approximately 14 m long,
0-9 m wide and 4 m deep. Each of the three measuring sections
within the trench was 2 m wide and had 2 vertical rows of adjustable
steel struts fitted with vibrating-wire type load gauges. Horizontal
and vertical deformations of the soil mass were recorded. In addi-
tion, pore pressure piezometers were installed to measure changes in
pore water pressures.

This article presents a description of the excavation, a summary of
the soil properties, and a continuous record of measured strut loads
between September 1955 and June 1956, with a comparison to
calculated values.

The computed maximum total earth pressure, based on an effective
stress analysis with the assumption that ¢’ = 0, is in good agreement
with the measured value. Peck’s rule for distributing the total earth
pressure appears to be suitable for application to this excavation.

Introduction

The stability of trenches excavated in stiff but heavily fissured
clays and the shear strength characteristics of the clay are still
somewhat uncertain. Since the usual soil profile in Norway
consists of from 2 to 6 m of dried or weathered crust, the
Norwegian Geotechnical Institute, in an attempt to get a better
knowledge of the stability of trenches excavated in fissured clay,
began in September 1955 to carry out field measurements of the
forces developed in the bracing of an experimental trench.

A detailed description of the trench and the results will be
given in a later publication (E. DiBiagio: Measurements of

Sommaire

La présente étude décrit les mesures de la poussée des terres dans
une tranchée expérimentale étayée, qui fut creusée dans la croiite
raide fissurée de l'argile marine norvégienne. La tranchée avait
environ 14 m de long, 0-9 m de large et une profondeur de 4 m.
Chacune des trois sections de mesure de la tranchée avait une largeur
de 2 m et fut munie de 2 rangs verticaux d’étais d’acier ajustables
pourvus d’appareils de mesure a corde vibrante. On a mesuré les
déformations horizontales et verticales de la masse des terres. De
plus, on fit installer des piézométres permettant d’observer les modifi-
cations de la pression de I’eau interstitielle.

L’étude donne une description de l'excavation, un apergu des
propriétés du sol et la série continue des poussées mesurées sur les
€étais entre septembre 1955 et juin 1956 ainsi qu’une comparaison avec
les valeurs calculées.

La poussée totale maximum des terres calculée en se basant sur une
analyse des contraintes effectives en supposant ¢’ = 0, concorde bien
avec la valeur mesurée. La régle de Peck pour la répartition de la
poussée totale des terres semble convenir pour application a cette ex-
cavation.

Strut Loads in an Experimental Trench in Stiff Fissured Clay—
Internal Report, Norwegian Geotechnical Institute).

General Description of Excavation

A plan and section of the excavation are shown in Fig. 1.
The main test section, in which the measurements were taken,
was 14 m long, 0-9 m wide, and 4 m deep. One end of the
trench slopes upwards to the surface, the other opened into a
larger excavation, 5 m deep, composed of one vertical side and
four others, each having different slopes. This section served
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both as a drainage sump and a visual comparison of how
resistant the different slopes were to weathering processes.

Special steel reference stakes were placed in and around the
excavation to record horizontal and vertical deformations of the
soil mass. Thirteen pore pressure piezometers were installed,
three of which were placed 17 m from the excavation to serve
as a control.

The bracing scheme and location of the three test sections
within the trench are shown in Fig. 1. Adjustable, screw-type
steel struts were used in both the test and adjoining sections;
hardwood wedges and 4 by 4 in. timber struts were used
throughout the remainder of the trench. The sheeting consisted
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Fig. 2 Cross-section of trench
Coupe transversale de la tranchée

of prefabricated open panels, 2:00 by 1-33 m, made of 2 by 6 in.
planks with an 11 cm gap between each plank. The panels
were supported at the quarter points by walings (10 NP steel
beams) 200 m long. Each wale, in turn, was supported at its
quarter point by a strut. Each test section had two vertical
rows of struts with six struts per row; since each section is 2 m
wide, strut loads in tons are equal to the strut loads per meter
run of trench. Because the sheeting in the test sections consists
of three separate panels, one above the other, there is no
possibility of the shear stresses transferring from one panel to
another. Fig. 2 shows the bracing system and position of
reference stakes driven into the clay through the slots in the
panels of the test sections.

Each measuring strut was equipped with a cylindrical
vibrating-wire type load gauge similar in construction to those
described by CooLING and WARD (1953). However, because
the load gauges were to be subjected to large fluctuations in
temperature, a slight modification was made in the design to
assure that the gauges would not be unreasonably sensitive to
temperature. This was done by selecting materials having
temperature coefficients of expansion approximately equal to
the computed values needed to produce identical temperature
expansions in the gauge cylinder and tensioned wire. Also
the unit was constructed in such a way that shim washers could
be used to vary the free length of the wire in relation to the
gauge length of the cylinder. In this manner it was possible to
adjust the thickness of washers in each gauge until a tempera-
ture variation less than + 2 kg/° C. was attained. The gauges
were designed for a maximum load of 10 ton. A Maihak
instrument was used to take the measurements; readings,
ordinarily, could be repeated corresponding to approximately
+ 50 kg.

The load gauges have proved to operate quite satisfactorily
under the adverse conditions of weather and temperature.
During the interval from September to June, only one gauge
ceased to operate properly.

Soil Sampling and Testing

Before the excavation was started, undisturbed samples were
taken, with the Norwegian Geotechnical Institute 54 mm piston
sampler, in five bore holes which extended to a depth of
approximately 6-5 m. A total of 35 samples using 80 cm
sampling tubes were taken. The location of these borings is
shown in Fig. 1. In the laboratory the usual classification tests
were carried out and the unconfined compression strengths
were determined from samples trimmed to a cross-section of
3-6cmby 3-6 cmand 10 cm in height. A summary of the results
from a typical bore hole is given in Fig. 3.

As the trench was being excavated, chunk samples, 10 cm in
diameter and 30 cm long, were taken to be used for conducting
triaxial tests. Three samples were taken from a depth of 1:5 m,
three from a depth of 2-5 m, and 3 from a depth of 3-5 m.
Standard consolidated drained triaxial tests and consolidated
undrained tests with pore pressure measurements were run to
determine the shear strength parameters ¢ and ¢ in terms of
effective stresses. The samples were brought to failure by in-
creasing o ; controlled strain loading was used, the rate being
approximately 0-08 per cent/hour for the drained tests and 3 per
cent/hour for the undrained tests. A summary of these tests
is presented in Table 1.
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Fig. 3 Summary of tests from a typical bore hole
Résumé des essais d’un trou de sondage typique
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