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SYNOPSIS: Collapsible and dispersive soils are two prominent problem soils in the arid northeastern 
Thailand. The collapsible soil is loess but has less than 40% silt content. Its open structure is 
mainly maintained by clay bonds while capillary tension plays only a minor role. When saturated the 
soil collapsed at stress as low as 30 kPa but under a dry state even a stress as high as 400 kPa 
was not sufficient to cause collapse. Its undrained strength at low confining pressure significant
ly depended on the initial water content; very low at high water content. Dispersive soils are 
typically found in low lying areas. Their origin was either of alluvium or weathering products of 
shale or mudstone. Due to high sodium content, their dispersivity can not be positively assessed 
by the criterion based on relationship between pore water salts. Identification can only be made 
through pin hole test or a criteria based on, all relevant chemical properties.

INTRODUCTION

There are a variety of problem soils in 
Thailand, ranging from the famous soft Bangkok 
clay in the Central plain, landslide prone resi
dual soils of granites in monsoon regions of the 
south, collapsible soils in the northeast, disp
ersive soils and expansive soils in the north 
and northeast and highly erosive soils in the 
northeast.

In the vast arid region of northeastern Thai
land, dispersive soils and collapsible soils had 
created failure of a number of foundations and 
earth structures. Several multi-storey buildings 
founded on collapsible soils in Khon Kaen city, 
the economic center of the upper northeastern 
region, suffered severe differential settlement 
problems. At least four moderate-sized earth 
dams constructed in the seventies failed during 
the first reservoir filling due to dispersive 
erosion of the embankment materials (Cole et al, 
1976). Recent well publicized Mun Bon dam which 
was on a verge of catastrophic break due to 
severe leakage was also constructed with disper
sive soil embankment. Even though evidences 
seemed to suggest that the leakage was initiated 
through foundation soils, severe dispersive 
erosion features rapidly developed on the down
stream face of the dam within a year after the 
construction (Phienwej & Sridhar, 1993). There
fore, adverse effects of dispersiveness of the 
embankment materials could not be totally ruled 
out.

These two problem soils have been a focal 
point of soil mechanics research for the north
eastern region. The up-to-date results are sum
marized herein.

COLLAPSIBLE SOIL

Collapsible soils of Thailand were of loessial 
deposits and can go through a radical rearrange
ment of particles and a great loss of volume 
upon wetting. The deposits outcrop in several 
high elevation areas. They are divided according

to color in to red loess and yellow loess. The 
overall thickness is 4-7 m.

The soils are well-sorted (poorly graded) 
sandy silt to silty fine sand (40-60% sand, 30- 
40% silt and 15-20% clay by weight). The amount 
of silt content is smaller than that typical of 
loess found in other parts of the world (50-70% 
silt grains). The major clay mineral is kaol- 
inite. It was found through the use of scanning 
electron micrography, petrography, x-ray diffra

ction and oedometer collapse tests that the 
metastability of the open-internal structure of 
the soil was mainly attributed to clay bonds and 
partly to iron oxide bindings at coarse grain 
contacts (Udomchoke, 1991). Capillary tension 
played only a minor role.

The potential to collapse of the loess can be 
readily identified by most of the suggested 
criteria based on index properties (Udomchoke, 
1991) . Both loess units were also identified as 
collapsible by collapse ratio (percent collapse 
by wetting as measured in oedometer test) which 
were about 4.5-6 % at 200 kPa applied stress. 
Collapsibility and strength of the soils were 
extensively studied by a large number of invest
igators, e.g. Adhikari (1989), Pientong, (1989) 
and Udomchoke (1991). According to Pientong 
(1989), the collapsibility of the soils deter
mined from consolidation test can be summarized 
as shown in Fig. 1. The soil exhibited a unique 
post-wetted void ratio-pressure relationship. A 
unique relationship of the post-wetted settle
ment and applied pressure could also be obtained 
from field plate load tests. The unique relat
ionship was arrived at even though the soils 
were wetted at different initial water contents. 
However, the amount of collapse depended on the 
initial water content as well as the applied 
stress (Fig. 2). Amount of collapse increased 
with a decrease in initial water content. It 
was larger at a higher applied stress up to a 
certain value, above which the amount collapse 
by wetting at further higher applied stress 
reduced. This is because a large compression had 
readily occurred under the applied pressure
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without the necessary of wetting.
The critical water content at which collapse 

of the soils occurred in consolidation tests was 
in the range of 4 to 6 % for applied pressure 
between 100 and 400 kPa, Fig. 3 (Udomchoke, 
1991). Natural water content of the soils were 
between 8-12 % while the saturated water content 
was 30 %. One-dimensional consolidation, plate 
load tests and isotropically consolidation tests 
showed that the initial collapse stress of the 
soil was from 50-200 kPa at the natural water 
content and around 30 kPa at saturation (Pien
tong, 1989). Under dry state (w.c. = 5%), col
lapse did not occur even at pressure as high as 
400 kPa. Wetting at overburden pressure could 
not cause collapse.

Both consolidation test and field plate load 
test with wetting can be equally used to predict 
the amount of settlement of a foundation (Pien
tong, 1989) provided that a procedure of gradual 
soil flooding was adopted in the plate load 
test.

Fig. 4 summarizes strength envelopes of the 
soil at three different initial water contents 
in three series of triaxial compression tests,
i.e. unconsolidated undrained (UU), consolidated 
undrained (CU) and consolidated drained (CD) 
tests. Strength envelopes of the soil became 
steeper at higher confining pressures due to 
the effect of collapse and subsequent densifica- 
tion. Undrained strength of the soils reduced 
significantly with an increase in water content 
(degree of saturation) and then seemed to level

Applied Pressure , t / s q . i

off at water content approaching saturation 
(Fig. 5). In a loose state, significant pore 
water pressure was induced in the soil of high 
water content during undrained shearing, result
ing in a very low strength value. On contrary, 
drained strength was not as sensitive to an 
increase in water content due to effect of dens
ification during shear.
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Fig.3 Variation of collapse potential with 
initial water content
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Fig.4 Strength envelopes of loess

Fig.l Pre-wetted and Post-wetted void ratio- 
pressure relationship of loess
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Fig.2 Variation of collapse potential (Ae/l+e) 
with applied pressure

29 -  30 %  Water Content

In itia l Degree of Saturation ( S r ) ,  %

Fig.5 Relationship between undrained strength 
and degree of saturation of loess
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DISPERSIVE SOILS

Dispersive soils can be eroded in slow-moving or 
even still water by clay particles going into 
suspension and carried away with water through 
initial cracks in soil mass. Dispersion occurs 
due to disturbance of clay-water chemistry by 
eroding water which resulted in an increase in 
repulsive forces between clay particles causing 
them to be progressively detached from surface 
of clay mass.

In Thailand, the soils are abundant and found 
in numerous flood plains of northeastern region. 
They are also found in some areas of central and 
northern regions. Udomchoke (1991) reported that 
the dispersive soils in northeastern Thailand 
only exist in low-lying flood plain areas. The 
soils are silty to sandy clay and are normally 
suitable for use to construct earth structures. 
A high sodium content of the soils makes them 
dispersive. Saline environment is attributed 
to the presence of salt domes and salt layers 
underneath. The soils are either alluvial clayey 
soils or residual soils of shale or mudstone. 
Clay minerals of these soils are predominantly 
montmorillonite. In high elevation areas the 
residual soils are not dispersive due to low 
salt content.

Dispersiveness of a soil can be identified by 
either physical tests or chemical tests (Sher- 
ard, et al, 1976). Among the physical tests are 
crumb test, dispersion test, dilution turbidity 
ratio test and pin hole test. Chemical tests 
include determination of physio-chemical proper
ties of clay-water system in terms of sodium 
adsorption ratio (SAR), exchangeable sodium 
percentage (ESP), pH and electrical conductivity 
(EC) .

The pin hole test is used as a standard test 
method in Thailand. Udomchoke (1991) found that 
the test was reliable. However, since erosion 
of dispersive soil and other erosive soils may 
respond quite similarly in the test, in the past 
ordinary erosive soils were mistakenly identifi
ed in pin hole test as dispersive soils. It is 
therefore necessary to be able to distinguish 
them. For such a purpose, a criterion based on 
a variation in rate of flow with increasing 
water head and condition of outflow water in pin 
hole test was proposed for differentiating disp
ersive soil and ordinary erosive soils (Udom
choke, 1991) .

Pattanasophon (1989) and Udomchoke (1991) 
reported based on the results of chemical tests 
on more than 3600 soil samples of various irrig
ation projects of Thailand that the criterion 
based on the relationship between pore water 
salts as suggested by Sherard et al (1976) was 
not so applicable because most of the dissolved 
salts of the soils was sodium.

The soils of Thailand that were identified as 
dispersive in pin hole test and crumb test had 
SAR ranging from 8 to 19, ESP greater than 7, 
percent sodium cation at least 90%, pH from 7.1 
to 8.3, and not very high electrical conductiv
ity (smaller than 2.93 m.mhos/cm).

Udomchoke (1991) found that soil dispersivity 
could not be judged from a single chemical index 
A flow chart checklist was then develop for 
identification based op various relevant chemic
al properties as shown in Fig. 6. Note that 
saline alluvial soils, which was abundant in the 
region, with very high sodium content (SAR> 19) 
were not dispersive due to salt flocculation.

Fig.6 Criteria for identification of dispersive 
soils by chemical indices

Stabilization of dispersive soils of Thailand 
by treatment with various additives, namely, 
lime, cement, flyash, sodium chloride and even 
non-dispersive clay has been investigated in 
details by many researchers. All these additives 
were found to be effective to subdue the potent
ial to dispersive erosion of the soils as well 
as improving strength and stiffness. However, 
treatment with lime is the most common practice. 

The optimum amount of hydrated lime (1-2% by dry 
weight of soil) to stabilize dispersive soils 
was found to vary linearly with both SAR or 
percent sodium cations of the soil pore water. 
Similar relationship was also found for cement 
treatment.

CONCLUSIONS

The metastability of the open structure of coll
apsible soil of Thailand was mainly attributed 
to clay bonds. Both consolidation test and 
plate load test can be used to determine the 
collapsibility of the soils. A unique post
wetted relationship between applied stress and 
porosity of the soils can be obtained from eith
er test. Under saturated state the collapse 
stress was slightly larger than the overburden 
pressure, but at dry state the soil did not 
collapse even at stress as high as 400 kPa. 
Strength of the soils at a higher water content 
drastically reduced if shearing occurred in 
undrained condition.

Dispersive soils are found only in low lying 
areas. The soils are of alluvial origin or 
weathering products of shale or mudstone. High 
pore water salts of the soils which makes them 
dispersive were related to saline environment of 
the region. Pin hole test is useful for identif
ication but one must be able to differentiate 
the response of the soil in the test from that 
of ordinary erosive soils. The soil can not be 
positively identified by Sherard et al's criter
ion based on relationship between pore water 
salts due to high sodium content. For certain 
soils, a comprehensive chemical analysis would 
be needed to obtain a positive identification.

Remarks 

D : Dispersive 

ID Intermediate Dispersive 

ND ! Nondispersive
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