
BEHAVIOR OF COMPACTED 
COLLAPSIBLE SOILS 

SUBJECTED TO 
WATER INFILTRATION 

71< ~ 'i: J:. ~ ** 1!!!1 ~ ID=1 i$ltt± fD ~lh 

by 

Feng Yi 

$) it 

A Dissertation in The Department of Civil Engineering 

Presented in Partial Fulfillment of the Requirements for 

Degree of Doctor of Engineering 

University of Tokyo 
September, 1991 

© Copyright by Feng Yi, 1991. All Rights Reserved 



BEHAVIOR OF COMPACTED 
COLLAPSIBLE SOILS 

SUBJECTED TO 
WATER INFILTRATION 

71< 1i '~ c-k ~ ** ~ lb IDt - tt ± (fJ ~ lh 

by 

Feng Yi 

~ it 

A 
Dissertation 

Ill 

The Department 
of 

Civil Engineering 

Presented in Partial Fulfillment of the 
Requirements for Degree of 

Doctor of Engineering 

University of Tokyo 
September, 1991 

© Copyright by Feng Yi, 1991. All Rights Reserved 



ABSTRACT 

The wetting-induced volume change of compacted collapsible soils and their strength 

and deformation characteristics under monotonic and cyclic loading conditions when sub­

jected to water infiltration were presented in this study. In order to obtain representative 

test results, the experimental investigation was carried out on five types of materials: a 

mixture of commercially available Toyoura sand and kaolinite in proportion of 1:0.15 in 

weight, and two silty and two clayey sands sampled from manufactured fills. The scan­

ning electron microscope analysis verified that the mixture can represent the nature of 

natural soil if it is mixed at a certain moisture content and dried before the preparation 

of the samples. The strength and deformation characteristics were studied using simple 

shear test apparatus under plane strain and constant volume conditions or plane strain 

and drained conditions, depending on the purposes, while the volume collapse caused 

by soaking was investigated using conventional consolidmeter. The insufficiency of work 

and the importance of the investigation on the effect of wetting and collapsibility on 

strength and deformation properties of collapsible soils have been emphasized through a 

comprehensive review of the state-of-the-art studies on collapsible soils and relevant case 

histories. 

Prior to the experiments, a detailed analysis of the stress state and stress changes 

in plane strain and constant volume conditions was made. The analysis showed that the 

measured vertical stress is the vertical effective stress caused by external load while the 

reduction in the vertical stress is equivalent to the increase in excess pore pressure. 

The collapsibility of the aforementioned materials was initially investigated. The 

experimental investigation was concentrated on the effect of molding water content, as­

compacted dry density and overburden pressure as well as the types of materials on the 

collapsibility of soils. The test results demonstrated that, under constant overburden 

pressure, there existed a critical value of molding water content at which the magnitude 

of collapse was maximum. This tendency decreased as the increase in as-compacted 

dry density. Up to a certain value of as-compacted dry density, the wetting-induced 

volume change increased with the decrease in dry density. It also revealed that under 

identical state of molding water content and as-compacted dry density, there was a value 

of overburden pressure which yielded the maximum value of collapse, and under constant 
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overburden pressure, the volume decrease caused by water infiltration decreased as the 

dry density at which a sample was prepared by compaction increased. The existence of 

the upper limit of dry density and degree of saturation at which no collapse will occur 

had been validated in the tests. 

On the basis of the test results mentioned above, the strength and deformation 

behaviors have been studied under monotonic and cyclic loading conditions. Two se­

ries of tests namely with or without wetting and with different history of collapse were 

performed. For wetted tests, samples were tested under plane strain and constant vol­

ume conditions, while for unwetted tests, samples were tested under drained and volume 

changeable conditions. It was discovered that it is possible for liquefaction to occur in 

wetted collapsible soils. It was also noted that the monotonic shearing resistance of sam­

ples decreased significantly upon soaking even though the wetted samples had higher dry 

density before the application of shear load. The reduction was as great as 83.3% (at 

O'vo=98kPa). An important fact was that the reduction of monotonic shear resistance 

showed as the reduction of either the cohesive intercept or the angle of shearing resis­

tance, or both. As for the effect of collapse history, the results demonstrated that both 

the monotonic and cyclic shear resistance of the test samples having experienced larger 

amount of collapse was smaller compared to that of the samples which have undergone 

smaller degree of hydraulic collapse, even though the density and saturation ratio of the 

samples were almost identical before shearing. Thus, it may be mentioned that fine­

containing sands with high potential to hydraulic collapse were in an unstable condition 

susceptible to monotonic and cyclic softening, if they were in a state wetted by water 

mvas10n. 

The investigation on deformation characteristics indicated that, for most of the 

materials tested, the shape of the shear stress and shear strain curves under monotonic 

loading condition changed from strain hardening to strain softening as the samples were 

wetted. However, the test results demonstrated that under cyclic loading condition, the 

shape of the skeleton curves was independent of collapse history, and could be well pre­

dicted by hyperbolic model. No matter what type of loads was applied, the secant shear 

modulus (stiffness) decreased due to wetting or due to different history of hydraulic col­

lapse. In case of monotonic loading condition, the reduction of secant shear modulus in­

creased with shear strain. Under cyclic loading condition, the reduction increased rapidly 

at shear strain less than about 2% beyond which the reduction was almost constant and 

was in a range of 10rv23% due to different collapse history. 

For different types of tested materials, the test results demonstrated that both 
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hydraulic collapse behavior and strength loss caused by wetting or different collapse 

history were affected by the properties of materials, e.g., the clay content, grain size 

distribution, mineralogy of clay components, etc. There existed a critical value of clay 

content at which the magnitude of collapse and loss of shear strength were maximum. 

In order to illustrate the effect of degree of saturation on shear strength, a series 

of samples having different molding saturation ratios were tested under monotonic load­

ing condition. The results demonstrated that the monotonic shear resistance decreased 

greatly with the increase in saturation ratio up to a certain value beyond which value 

the change of strength was relatively gent. Based on the experimental observation that 

the volumetric compressibility, the secant shear modulus, the cohesive intercept and an­

gle of shearing resistance changed with initial degree of saturation or wetting, a general 

principle of effective stress was proposed, which was equivalent to the classical princi­

ple of effective stress at saturation ratio of 100%. An explanation of the phenomenon 

of hydraulic collapse as well as hydraulic swelling had been given based on the general 

principle of effective stress, which proved that the general principle of effective stress can 

explain both phenomena perfectly. 

The scanning electron microscope (SEM) analysis showed that the strength differ­

ence caused by different collapse history was the result of the difference in microstructure. 

It was further suggested that the soil must always be compacted at moisture content 

higher than the line of optimum. The SEM results also verified that the governing fac­

tors of hydraulic collapse were the low saturation ratio and the loose structures. The two 

factors are inseparable. Collapse may not occur if any one of the two factors does not 

hold. 
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