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Influence of Stress and Soaking History on Double Consolidation Test
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Double Consolidation Test, and Collapsible Potential F.Mem. H. OCHIAI, Mem. N. YASUFUKU

1 INTRODUCTION

Collapsible soils are a common geotechnical concern in arid regions. These relatively high void-ratio soils exhibit significant
strength and low compressibility at their natural, in-situ water content, collapse significantly upon wetting under load. The decrease in
soil suction and weakening of bonds associated with accidental or intentional wetting triggers the collapse. Thus, engineering problems
with collapsible soils are almost always associated with changes in the groundwater or surface water regime. Geomorphological setting
is often indicative of soils which may possess collapse potential, with loessial, debris flow, and alluvial and colluvial deposits fre-
quently exhibiting these characteristics. However, compacted soils, particularly those compacted dry of the optimum water content,
have been shown to exhibit significant collapse strain upon wetting in numerical cases.

In many parts of the world, collapsible soils are notorious of damage to buildings or other constructions. Most often, the damage
results from differential settlements or deformations which had not been anticipated at the design and construction stages. Also in
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Fig. 1. A classification of collapsible soil, Rogers (1993)
2 COLLAPSIBLE INDEX

The single and double consolidation tests have been performed to investigate collapse potential of compacted soil in term of col-
lapse index (I¢) by ASTM D 5333-92. It can be calculated by the following equation:

I, = 100Ae _ 100AH where Ae and Ah are the changing of void ratio and sample height due to inundation
I+e, H, at the same applied pressure; €, and hy are initial void ratio and initial sample height.
3 EXPERIMENTAL PROGRAM Table 1 Index properties for Shirasu soil
A laboratory test program was conducted to study the collapse of a stati- -
cally compression of volcanic sandy soil, Shirasu soil. The index properties Property Shirasu
of Shirasu soil are shown in Table 1. The tests were conducted to verify the Specific gravity 2.54
effort of collapse and to study the effects of initial dry density, initial water Grain size distribution
content, vertical stress for soaking and soaking pressure on collapsibility. Sand : Silt : Clay 85%:13%:2%
3.1 Test program Water content 0.6%-1.3%
Optimum moisture content (OMC) 8.1%
Test series were conducted on specimens which were each compacted to Maximum dry density 1.44 g/em’
achieve the initial relative density of 20%, 65% and 90%, respectively, with Ydmin 0.95 g/ cm?
the optimum moisture content, OMC, approximately 8 % water content, as Ydmax 1.30 g/ cm’
shown in Table 2. Two specimens of each conditions, one with OMC and another one with
saturated condition, were conducted by the single consolidation test. The remaining speci- Table 2 Initial condition of specimens
mens with OMC were subjected to inundation at different vertical stress corresponding to the 3
designed pressure. Dr i vq (g/ cm’)
20% 1.52 1.01
3.2 Test procedures 65% 1.20 1.15
90% 1.03 1.25

The collapse tests were conducted in a conventional oedometer. In each test, the speci-
men was placed between two air dry porous stones in the oedometer ring. The preparation of the specimens depends on the design ini-
tial water content and degree of relative density. The oedometer rings are 60 mm in inner diameter and 20 mm high.

To reconstitute, it was statically compacted to the design condition before doing consolidation test. The height of the specimens af-
ter compaction will be the full height of the rings. The maximum stress history can be found from the relationship between void ratio
and vertical stress applied as the preloading pressure.

Experimental Investigation of Collapsible Sandy Soils on Double Consolidation Test
D. Hormdee, H. Ochiai and N. Yasufuku (Kyushu University)

-529-



3-265 59 16 9

In the consolidation process, the specimen was loaded every two hours by 2 ‘ I T 7]
doubling the previous load. When settlement under the desired load completed, 1.8 -+~ Optimum water content, 8%
the specimen was inundated with distilled water. Subsequent to saturation of the A »\‘h J } H
specimen for 24 hours, further loads were again applied to the specimen under — £%.4 4% S S . oA
T £ | O~ Air dry water content, 1%
saturated conditions. i | o
21 f BN
1 o. [T
1 ‘y
4 RESULTS AND DISCUSSIONS 08 I
| .
. . . Maximum past pressure
A summary of the results of tests is presented in Figures 2 to 5. The results of 06 " o . o000
void ratio changes with vertical load in Figure 3, for specimens inundated at . . | Vertical stress . kPa .
Fig. 2. Relationship between e and vertical stress
163, { Applied water} 13 {appiied water] 115 ‘
§ Alegeen, . L]
H * el 12 S I ] ]
el Jt\l\ i uns \4\ li\ 1.05 gmmmg AN l Applied water:
13— fWerLine] 11 {wet Linef 1 ‘ . | N ‘1
12 N [Dry Line] 21 : -2t Dry Line] 2 Wet Line \ﬁg \&
11 X x | %085 N i
s 5 S 2 X DryLi
S 1 S09 it N s \ ‘ ry Line
09 S 08 N 075 S
| S hl
07 1 (@) 07 (b) 0.65 (c)
0.6 T 0.6 ‘ ‘ 055 . .
10 100 vergical Stress, kPa. 1000 10000 10 100 Vertical Stress, kPa 1000 10000 10 100 Vertical Stress, kPa 1000 10000
—o— 20%sat —a—8%20% < 2080W -x- 20%160w -+ 206320w| [ o 65%sal —o— 83465% x 63160 -x-- 65%320W -+ - G5%640w [——909%sat ——8%90% - - 90%640w ---x--- 0%1280W ---»--- 90%2560w |

Fig. 3. Effect of vertical stress on collapsibility (a) at Dr =20% (b) at Dr = 65% (c) at Dr = 90%
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Degree of collapse

various vertical load referring to the maximum stress history, as shown in Figure 1. ‘Se‘vele‘
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pressure of soaking. In term of the effect of initial water content on maximum . . . .
. o . - o - Fig. 4. Relationship between I.. and loading pressure
collapsible potential in various initial densities shows in Figures 5. In order to 12
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threshold: before point P, the value of collapse index rises gently with almost no 0+ E ! E'v
collapse, probably representing compression deformation. After point P, values 09 1 11 12 13

Initial dry density, g/cm®

rise sharply, indicating collapse. The value of collapse index reaches its maximum Fig. 5. Relationship between I, and soil density

at point Q, above which shows no further rise with increasing loading pressure.

This indicates that the soil has reached its highest compression due to inundation. Repeatedly, those have shown that the loading pres-
sure at which I reaches its maximum value is around the value of preloading pressure or the maximum stress history. Theoretically,
the loading pressure at point P can be termed the initial pressure. If the I is treated as an indicator of collapse intensity, the initiating
pressure can be considered as a measure of sensitivity of collapsible soil as points P and R of different initial relative densities line.

5 CONCLUSIONS

According to collapsible soils are notorious of damage to building or other construction that collapsible soils arise when the exis-
tence and extent of collapse potential are not recognized prior to construction. Therefore a laboratory or field test is commonly used for
identification of collapsible soils, and for obtaining a quantitative estimate of collapse potential for use in estimating potential settle-
ments of a structure. These experiment tests mainly concern with the potential of collapsibility on the effects of stress history, in term
of preloading pressure, and the soaking history, as well as the initial water content. The volume of specimen continues to decrease until
it reaches the saturated condition. It shows that increasing in initial water content decrease the collapsible potential being one reason to
confirm that the collapsibility will be finished when the water added until reaching the saturated condition. The maximum potential of
collapsible usually occurs nearly the point where maximum stress history occurred at the point of preloading in this case.
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