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SYNOPSIS: Metastable soils which lose volume suddenly include both collapsible and crushable soils. This study focused on weathered South Korean granitic 

soil exhibiting both collapse and crushing behavior. Tests were conducted to determine mineralogic and engineering properties of the soil. Based on mineratogk: 

analyses, the soil was freshly weathered and composed primarily of quartz, feldspar, mica and kaolinite. Feldspars were the most severely weathered mineral« 

in the soil samples. Particle size analyses revealed that the m a ijm n m  amount of particle crushing during compaction occurred at or near optimum moisture 

content The crushed particles were predominantly feldspars and occurred in size ranges from 4.75 to 0.002 mm. Grain size analyses and microscopic 

examination of soil fabric before and after consolidation tests revealed minor particle crushing. Large void spaces and particle bridging were evident in samples 

before consolidation testing; the primary mechanism for collapse is due to softened bonds rather than panicle crushing.
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INTRODUCTION

The evaluation of the collapse mechanism for metastable soils Is of current 

Interest in geotechnical engineering. The existence of these soil deposits 

throughout the world has long been recognized, but due to their locations In 

areas of limited economic development, they have not been well studied (Bara, 

1976). Crushable soils have not been as well defined as collapsible soils. 

Crushable refers to the ability of the soil particles to be physically fractured 

into smaller units. The mechanism of particle crushing and the effect on the 

engineering properties of the subject soil are of interest in this study. Large 

areas of the earth’s surface are covered with collgpsible/cmshable soils. 

Collapsible residual soils are found In parts of Hong Kong, Japan, Malaysia, 

South Africa, England, Ireland, and South Korea. Approximately two thirds 

of South Korea is covered by a residual granitic soil derived from in-place 

weathering of granitic bedrock (Doh, 1986). Residual granitic soils often 

exhibit the potential for metastable (collapsible) and/or crushable behavior. 

This behavior poses a serious hazard for the stability of buildings and 

transportation systems that are constructed on these soils. Since formation, a 

thin mantle of residual soil covering the bedrock has evolved due to the 

weathering process. The subsurface soils may consist of 5 to 30 meters of 

varying degrees of decomposed granitic soils overlying the unweathered 

bedrock.

There Is a variety of ways in which the behavior of this soil may cause 

damage to engineered structures. Decomposed granitic soils have been used 

as a subbase borrow material for highways. As the highway is dynamically 

loaded by traffic, the soil particles are crushed. The crushing of the particles 

not only causes a settlement of the highway but also decreases the permeability 

of the material causing increasing pore pressures resulting in failures. Damage 

often occurs to buildings of two to three stories in height, especially when built 

with crawl spaces to alleviate frost heave damage. Surface water collects in 

the crawl space, wetting the soil and causing the soil to collapse, resulting in 

differential settlement of the building. Another major problem is the stability 

of slopes cut in the weathered soil. The weathered soil slope is exposed to 

rain, becomes saturated, collapses and undergoes a loss of strength and 

becomes unstable.

LITERATURE REVIEW

Collapsible Soils

Comprehensive papers have been written by Northey (1969), Sultan (1969) arxl 

Dudley (1971). Bara (1976) presents a brief summary of theories and some 

treatment of collapsing soils. Clemence and Finbarr (1981) discuss areas of 

the world covered by collapsible soils, the types of soils that are susceptible, 

the causes of the phenomenon, a method of calculating the collapse potential 

of a soil and some possible methods of treatment Barden, McGown and 

Collins (1973) discuss the structure of metastable, partly saturated soils that 

collapse when wetted under load. The nature of intergranular contacts were 

studied using scanning electron microscopy. Their studies show that samples 

compacted at water contents wet of Proctor optimum showed no collapse 

behavior, whereas samples compacted dry of Proctor optimum exhibited 

collapse behavior. Houston, Houston and Spadola (1988) compare a full scale 

Held test to quantitative laboratory tests. A loaded footing was placed on 

collapsible soils, soils were Inundated and the settlement was measured. 

Laboratory consolidation tests were loaded to the same load as the footing phis 

overburden stress, inundated and further loaded. These tests can present results 

similar to the double oedometer tests presented by Jennings and Knight (1956, 

1957) while only requiring one sample for testing. The field collapse can be 

predicted utilizing the modified double oedometer test method provided the 

extent of wetting is known.

Crushable Soils

The crushing of granite soil particles is another Important consideration In the 

cause of settlement Hardin (1985) analyzed data for single mineral soils and 

rockflll materials and presents equations that can be used to estimate the total 

breakage expected for a given soil subjected to a specified loading. Matsuo 

and Sawa (1975) analyzed feldspar and quartz to determine their cmshablllty. 

One of their conclusions was that feldspar Is crushed under lower crashing 

energy. Under higher crushing energy, quartz Is crushed and under very large 

crushing energy, the large, hard quartz particles become as crushable as the 

feldspar.

The properties of decomposed granites have been discussed by Lumb 

(1962b). Lumb’s (1962b) description of the in-situ formation of a residual soil 

discusses the variations In grading and natural void ratios as related to the 

degree of decomposition of the soil, the range of variation of permeability with
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varying void ratios and the effect of degree of saturation on the soil strength.

Doh (1986) has compared the collapsible characteristics of decomposed 

granites to those of a loess. The behavior of collapsible soils under static and 

cyclic loading was investigated. When the clay bonds were destroyed by 

adsorption of water and increasing load, the strain resistance was sharply 

decreased. Under static load, the clay bonds were destroyed with time and 

showed a high strain. Under cyclic load, the wetting time was not great 

enough to destroy the clay bonds, and large strains did not develop.

In summary, previous research has focused primarily on the properties of 

collapsible soils with only limited investigation of crushable soils. This study 

attempts to provide additional information on the behavior of crushable soils.

LABORATORY INVESTIGATION

The South Korean weathered granitic soil utilized for this study was provided 

by Dr. Duk Hyun Doh of Kon-Kuk University in Seoul, South Korea. The 

soil is from the Dongdeamun-Ku sector of Seoul, in the northwest part of 

South Korea. Undisturbed block samples were collected from within one 

meter (three feet) of the surface on a slope where the depth to bedrock is 

shallow.

Two series of compaction tests were conducted on the Korean soil to 

evaluate the extent of particle crashing during compaction. Due to the limited 

amount of soil available for testing, the Miniature Harvard Compaction test 

(Wilson, 1950) was used and standard Proctor densities were obtained. A 

standard particle size analysis (wet mechanical sieve and hydrometer) was 

conducted on the samples after compaction. A control sieve analysis was 

performed on an identical quantity of uncompacted soil used for the 

compaction tests. Target moisture contents of 6 ,9 ,12,13.5 ,15  and 18% were 

selected. Immediately after compaction, the samples were extruded and grain 

size analyses were conducted. Figure 1 displays grain size analyses for the 

second set of compaction tests. The particle sizes which are most affected by 

compaction are those retained on the number 4, 10, 20 and 40 sieve sizes. 

These particles are in the coarse to fine sand range. The maximum amount of 

crushing occurred in this panicle range and at moisture contents near the 

optimum moisture content (13.8%). Microscopic examination of soil panicles 

before and after compaction revealed that panicle crashing occured during 

compaction.

The block samples were packed for minimum disturbance in boxes and sent 

to the USA. After arriving at the Civil Engineering Department at Syracuse 

University, tests were conducted to determine the mineralogical and 

engineering properties of the soil. The mineralogical properties were 

determined by scanning electron microscopy, photomicroscopy, and x-ray 

diffraction. The engineering properties which were evaluated included specific 

gravity, moisture-density relationships (compaction tests), grain size analyses 

and a series of consolidation tests.

Table 1 summarizes the results of the engineering properties tests. The soil 

was predominantly cohesionless and was classified as an SM by the Unified 

Soil Classification System.

Table 1 Engineering properties of Korean granite soil

Percent Fine Gravel 

Percent Sand 

Percent Silt and Clay 

Specific Gravity 

Plasticity

Unit Weight (in situ)

Optimum Moisture Content

Maximum Dry Density 

(Standard Proctor)

3%

79%

18%

2.71

Non-plastic

94-105 lb/ft3 

(14.76-1650 kN/m1*

13.8%

114.0 lb/ft3 (17.91 IcN/m’)

Scanning electron microscopy and x-ray diffraction tests were conducted 

on several representative samples to Identify the predominant minerals in the 

soil. The minerals Identified were quartz, orthoclase feldspar, plagioclase 

feldspar, blodte mica and kaollnite. The clay fraction of the sample was 

predominantly kaollnite which comprised less than 10% of the total sample.

Photomicroscopy was utilized to observe the intra-particle structure and 

visually identity the mineral particles present in the soil. In excess of 70 

photographs were obtained on samples prior to and after consolidation tests. 

The magnification used ranged from 4X to 40X. A number of photographs 

were taken before consolidation testing and afterwards to observe the 

difference in the soil macrostructure before and after collapse/crushing 

occurred. These photographs provided a means to evaluate the effect of 

consolidation on die soil structure.

Fig. 1. Grain size analyses on uncompacted and compacted soil samples.

A series of five consolidation tests was performed on undisturbed samples 

of the soil to evaluate the effects of load and saturation. Figures 2 and 3 

display typical results of the consolidation tests.

The undisturbed soil samples were very friable and difficult to trim into the 

consolidation ring. Two people were required to trim and fit the sample into 

the ring. One person maintained sufficient lateral pressure around the sides of 

the sample to keep the sample Intact during the trimming process.

The first set of consolidation tests consisted of two tests loaded to a 

maximum of 8 tsf (766.1 kPa) (consolidation tests 1 and 2). The first test was 

performed on an unsaturated sample and the second test on a sample saturated 

after the application of a 0.125 tsf (12.0 kPa) seating load. The seating load 

was applied for 24 hours. The second test consisted of placing a seating load 

for 24 hours, saturating the sample for 24 hours at the seating load, loading to 

a maximum of 8 tsf (766.1 kPa), unloading to 0.125 tsf (12.0 kPa). The 

results from the saturated test could then be compared to the results from the 

unsaturated test for an approximation of the collapse potential The second set 

of consolidation tests consisted of three separate consolidation tests loaded to 

a maximum of 16 tsf (1532.2 kPa) (consolidation tests 3 ,4  and 5). The same 

loading and unloading Increments were utilized as in the first set of 

consolidation tests. Essentially, die second set of consolidation tests were run 

for double oedometer collapse potential results.
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Pressure (tsf)

Fig. 2. Consolidation test numbers 3 (saturated) and 4 (unsaturated).

Pressure (tsf)

Fig. 3. Consolidation tests numbers 4 (saturated) and 5 (unsaturated).

The amount of particle crushing was evaluated by a mechanical sieve 

analysis after consolidation tests. The results o f the grain size analyses are 

shown on Figure 4. After the samples were removed from the consolidation 

device and the mineralogy tests were completed, a mechanical sieve analysis 

was performed on the total volume of soil from the consolidation ring. A 

control sample was obtained by trimming a sample into the ring but not 

consolidating i t  The results from the control sample analysis were used to 

compare with those of consolidation samples.

The test procedure that was undertaken for the collapse potential of the 

subject soil included numerous loading and saturation cycles. As previously 

described, the trimming procedure was difficult and may have had slight 

effects on the consolidation samples. Most collapsible soil research has been 

completed with the double oedometer tests and the double oedometer tests 

were used for these silty sand soils.

Due to the granular nature of the soils, the first three consolidation tests 

were loaded at time increments less than 24 hours. The immediate settlement 

of the silty sand soil was completed within the first minute after the load was 

applied. The loading times were varied and some times were extended to 

periods greater than 24 hours.

The collapse potential for a collapsible soil is discussed in Clemence and

U-S. Stondord Sieve Size

Fig. 4. Results of grain size analyses before and after consolidation tests.

FinbatT (1981), Knight (1963), and Jennings and Knight (1957). The methods 

discussed include performing a consolidation test with loading Increasing to 2 

tsf (191.5 kPa) before the sample Is inundated and left for 24 hours. The 

loading Is then continued to the maximum load and the resulting curve 

compared to a test performed with the same loading increments Inundated at 

the seating load. The resulting curve shows a definite change In void ratio. 

Jennings and Knight (1957) have suggested some qualitative estimates for the 

severity of problems based on collapse potential values. Saturation of each 

sample occurred at 0.125 tsf (12.0 left), however, the collapse of potential was 

estimated using the values of unit strain at the loading of 2 tsf (191.5 kPa). 

The resulting collapse potentials range from 3.0 to 5.3%. According to 

Jennings and Knight (1957), this would correspond to moderate trouble to 

trouble.

Examination of the photomicrographs of undisturbed soil samples revealed 

that the feldspar minerals In the soil had been extensively weathered. The 

feldspar grains were surrounded by a white powdery substance, most likely 

aluminum silicates (see Figure 5). The quartz particles examined In the 

photomicrographs appeared unaffected by weathering. Based on examination 

of a series of photomicrographs, it Is estimated that 75% of the soil matrix had 

experienced alteration due to weathering. In most samples examined, there 

appeared to be large void spaces and In some instances, bridging across the 

void spaces was evident Figure 6 displays a large void space with two 

particles joined by some kind of binding agent-probably clay and/or weathered 

feldspar.

DISCUSSION OF RESULTS AND CONCLUSIONS

Based on the evaluation of engineering and minéralogie properties, the soil In 

this study was classified as freshly weathered granitic residual soil. The 

original granite composition of quartz, plagioclase and onhoclase feldspar, 

mica and dark minerals has weathered into the former minerals plus primarily 

kaolinite. The amount of weathering of the feldspar and the limited amount 

of kaolinite (less than 10%) found in the soil samples confirms that the degree 

of decomposition is limited (eg. freshly weathered).

The particle size analyses conducted before and after the compaction tests 

on several soil samples revealed that the maximum amount of particle crushing 

during compaction occurred in the soil samples compacted at or near the 

optimum moisture content (approximately 14.0%). The most efficient transfer 

of energy occurs at or near optimum moisture content where soil is at its
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occurring from the different trimming method». For long term virgin soil 

considerations, it would that the rime of saturation would not affect the

magnitude of collapse.

The panicle size analyses conducted after the consolidation tests compared 

with the control sample indicated that some minor amount of panicle crushing 

occurs during the consolidation process. The crushing occurred primarily in 

samples loaded to a maximum load of 16 tsf (1532.2 kPa). Since there was 

little evidence of crashing from the grain size analyses, it is concluded that 

the major portion of the collapse during consolidation is due to collapse of soil 

fabric rather than particle crushing. Examination of the photomicrographs of 

undisturbed soil samples revealed large void spaces and some panicle bridging 

which would substantiate the possibility of collapse rather than crushing. The 

collapse is most likely due to the softening of the bonds between the soil 

particles during saturation allowing bonds to be broken and resulting in panicle 

rearrangement and collapse.

Fig. 5. Feldspar grains are surrounded by white substance, probably kaoUntte.

In summary, the primary mechanism for collapse in the freshly weathered 

South Korean granitic soil utilized in this study is collapse due to softened soil 

bonds rather than panicle crushing. However, if the soil is excavated and 

subsequently compacted, then significant particle crushing may occur during 

normal compaction efforts at or near the optimum moisture content.

Fig. 6. Panicles joined with binding agent (day) bridging void.

maximum density, thus it Is reasonable to conclude that the maximum crushing 

of particles in compaction will occur at this moisture content Microscopic 

examination of the samples after compaction revealed that crashed particles 

were predominantly feldspar. There was very little evidence of breakage of 

quartz particles. The majority of crushing occurred in the sand-slze particles 

ranging from 4.75 mm to 0.074 mm.

The consolidation tests performed on the soil were inundated at different 

stages of the tests. The resulting collapse potentials have been estimated using 

the values of unit strain at the loading of 2 tsf (191.5 kPa). The resulting 

collapse potentials range from 3.0 to 5.3%. According to Jennings and Knight 

(1957), this would correspond to moderate trouble to trouble for these soils. 

Therefore, laboratory testing would be important when designing buildings or 

designing slopes In these soils.

The consolidation (collapse) of the samples during the laboratory tests 

indicates that the total change in void ratio (strain) due to the saturation of the 

soils does not depend on when the samples are saturated. When the samples 

were saturated Initially, the majority of the collapse occurred in the first 

loading cycle with additional consolidation occurring during the subsequent 

loading cycles. When the samples were saturated during the second loading 

cycle, some consolidation occurred during the first loading cycle with a 

relatively proportional amount of consolidation occurring during the second 

loading cycle. The total amount of consolidation for both tests was 

approximately equivalent Small difference in the total amount of 

consolidation of the samples could be attributed to the effects of disturbance
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