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EARTH PRESSURE AGAINST FLEXIBLE VERTICAL WALLS

MEASUREMENTS OF PRESSURES AGAINST A DEEP SHAFT IN PLASTIC CLAY

R.B. PECK,

Research Professor of Soil Mechanics, Univ. of Illinois 

SIDNEY HERMAN,

Asst. Subway Engineer, City of Chicago

SUMMARY.

This paper describes the method of construction of a deep circular shaft in 
Chicago, the soil conditions adjacent to the structure, and measurements made to 
determine the lateral pressure exerted by the soil against the lining of the shaft.

DESCRIPTION OF EXCAVATION.

Construction of a pump room and sump for 
the Chicago Subway required the excavation of 
a circular shaft extending to a depth of 72 
feet below the street surface. However, the 
top of the shaft was located 11 feet below the 
street surface, within the basement of an old 
six-story building. The conditions at the top 
of the shaft are shown in the Plan and Section, 
Fig. 1. It is seen that the space occupied by 
the shaft was not located under the building 
proper, but was in a vaulted space beneath the 
sidewalk.

For a depth of 30 feet below the basement 
floor, the shaft had a diameter of 15.5 feet. 
For the remainder of the depth the diameter 
was 12 feet. The lining of an existing shield- 
driven tunnel, 25 feet in diameter, was locat
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ed 2.5 feet from the wall of the shaft at the 
nearest point. The center line of the tunnel 
was at a depth of 27.5 feet below the basement 
floor.

The soil from the street surface (.El. 
+13.0 Chicago City Datum) to a depth about two 
feet below the basement floor was a miscellan
eous fill of cohesionless material in the up
per portion, and a gray silt in the lower.The 
underlying material for the entire depth of 
the shaft was a plastic glacial clay, for the 
most part quite soft. The unconfined compress
ive strength of the clay is shown in Fig. 1. 
The liquid and plastic limits were respective
ly 34 and 18 per cent. Above El. -22 the na
tural water content was approximately 27%, be
tween El. -22 and -44 the value was approxim
ately 23%, and below El. -44 about 18%. Water 
level was about one foot above the clay sur
face.

The excavation was made with a clamshell 
bucket, and necessary hand trimming done with 
clay knives. After each advance in depth of 
2i_9" a set of bracing was placed before fur
ther excavation.

The bracing consisted of 9-inch channels 
curved to a circular shape corresponding to 
the diameter of the shaft. Each circular ring 
was fabricated in three segments for ease in 
erection. At the ends of each segment a butt 
plate was provided, with holes for two bolts 
by means of which the three segments could be 
fastened into a complete ring, tvhen excavation 
had advanced a distance of 2'-9" below the 
last previous ring, a new ring'was assembled 
and suspended from the one above by angle 
spacer bars two feet in length as shown in 
Fig. 2. Steel lagging plates were placed one 
by one to span the distance between the low
est two rings. The plates were placed behind 
the rings so that the upper and.lower three 
inches of each plate were supported by the 
rings. After each plate was placed, small wood 
blocks, usually 10 inches long and 1 inch 
thick, were driven behind it until any voids 
due to clearance between lining and clay were 
filled. In this manner, complete bearing of 
the lining was assured for the entire peri
phery of the shaft. Excavation was done care
fully so that voids more than one inch deep 
seldom existed even before blocking. No con
nections were required between the lagging 
plates and rings. Squeeze of the clay was 
probably reduced to a minimum, as evidenced 
by the fact that the maximum settlement of the 
adjacent building during excavation was 5/8- 
inch.
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¡MEASUREMENT OF PRESSURES.

To ascertain the pressures exertea by 
the clay against the lining, it was most con
venient to determine the direct compressive 
stress carried by each ring. The area of each 
ring was known to be far greater than that re
quired to support the probable load, but the 
rings were selected on the basis of availabil
ity rather than economy. Hence, the anticipat
ed stresses were very small. This fact, to
gether with the rough handling necessary in 
erection, made successful direct strain deter
minations extremely improbable. The use of a 
hydraulic jack equipped with a pressure gage 
appeared to hold greater promise and was adopt
ed.

In general, the procedure for measuring 
the load in a ring was to weld a steel block 
one inch square and 4 inches long on each side

of one of the joints in the ring, to loosen 
the bolts connecting the segments, and to de
termine the load by means of a hydraulic jack 
reacting against the blocks. The blocks (B) 
are shown in Fig. 2. The presence of the butt 
plates, however, prevented the insertion of 
the hydraulic jack directly between the blocks. 
To overcome this difficulty, the loading de
vice shown in Fig. 2 was constructed. It pro
vided a lever system for transferring the jack 
load to the blocks from a point inside the 
butt plates. Measurement of the lever arms "a” 
and "b" provided the necessary information for 
computing the load at the blocks from the jack.

The curvature of the rings caused the 
loading device to bear on the inner corner of 
each block "B". In order to apply the load as 
near to the neutral axis of the channel as 
possible, shims were inserted which caused the 
load to be applied about inch from the chan
nel webs. It was observed that the slight ec
centricity of the applied load did not cause 
the joint to open unevenly. In every case,the 
separation of the butt plates occurred uni
formly.

Eleven of the 22 rings in the bracing 
were tested. The measured loads are shown in 
Fig. 2, and corresponding unit pressures against 
the shaft in Fig. 1. For the three ring loads 
after which a + sign appears, the capacity of 
the equipment was exceeded. On rings 7 and 15, 
the welds failed to hold the blocks "B" to the 
channels. In these two cases, the behavior of 
the apparatus indicated that the ring load was 
probably not greatly in excess of the recorded 
value. In ring 8, however, the load of 50 kips 
was sufficient to buckle the loading device 
without any indication that the ring load was 
closely approached. Ring 23 was embedded in 
the concrete floor slab when the measurements 
were made.

The pressure displayed a marked reduction 
in the lower part of the shaft, similar to the 
arching observed in open cuts upon which meas
urements were made. The magnitude of the pres
sure was, however, only about 46% of that com
puted according to the method proposed for the 
open cuts (see Trans. ASCE, 1943. p. 1008).

CONCLUSIONS.
On theoretical grounds, it has been stat

ed that the pressure relief due to the trans
fer of shearing forces to the soil beneath the . 
bottom of a shaft in clay is likely to be very 
important (see Terzaghi, Theoretical Soil Me
chanics, P. 214). The measurements described 
in this paper confirm this statement, and fur
nish empirical data concerning" the magnitude 
of pressures against one such shaft.
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