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WELDED-WIRE REINFORCED EARTH (MECHANICALLY STABILIZED)
EMBANKMENTS WITH COHESIVE BACKFILL ON SOFT CLAY

SUMMARY

Existing data on the proposed backfill materials collected
through extensive studies of past researches and project reports
are included in this report. These backfill materials consist of
weathered clay, lateritic residual soils, and clayey sand.
Informations on the commercially available reinforcing materials,
were likewise collected. These materials are the Tensar geogrids,
welded wires, steel bars, and bamboo grids. Relevant engineering

properties and characteristics of the above materials are
presented. The site for test embankments was investigated for the
subsoil properties based on in-situ and laboratory tests
conducted in the past researches. The available subsoil data for
the site reported by various investigators are also included in
this report. Meanwhile, the laboratory and field testing spaces
have been acquired and prepared. The containers for backfill
materials have becen made and filled with collected samples. The

research personnel has been organized and presented in this
roport
I GENERAL

For the period from September, 1987 to June, 1988 the
following activities were undertaken: :

(i) Hiring of personnel and designation of work.

(ii) Procurement of laboratory space and construction of
rullout testing room.

(iii) Procurement and clearing of the field experimental
land for test embankments.

(1v) Collection of existing data on the proposed backfill
and reinforcing materials, anu the subsoil prorerties
of the test embankment site.

(v) Sampling, collection and storage of backfill materials
for laboratory tésting.

(vi) Planning and design of pullout test equipments.

I1 LABORATORY AND FIELD SITES

The laboratory site acquired for this project is shown in
Figs. 1 and 2. The pullout testing machine will be constructed in
this room. This room also serve as offices of the research

personnel. The container for testing materials for backfill is
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shown in Fig. 3. The site for field experiments are shown in
Figs. 4 and 5. The full scale test embankment and full scale tes.
fill will be constructed at this site. This site 1is located
inside the AIT campus as shown in Fig. 56.

I1I1 BACKFILL MATERIAL SAMPLES

The representative samples collected for backfill materials
for reinforced earth construction and for pullout test are shown
in Figs. 6 and 7. These materials are now placed inside the
container shown in Fig. 3.

IV RESEARCH PERSONNEL

The research personnel of the USAID Reinforced Earth Project
comprises of 2 Research Asscciates, 1 Doctoral and 2 Masteral
Students. The names are listed as follows:

1. Research Associates: Mr. Beni Lekhak
Mr. Casan L. Sampaco

2. Doctoral Student : Mr. Shivasanker

3. Masteral Students : Mr. Ul Amin
Ms. Chilvier Cisneros

The photos of the personnel involved in the project will be
included in the next report.

V. PLANS FOR THE NEXT REPORTING PERIOD

The lahoratory tests for backfill materials are presently
conducted at the Soil Engineering Laboratory of AIT. These tests
aim to investigate the ~ngineering properties of the backfill
materials when used in the construction of the reinforced earth
test embankments. The datz obtained from these investigations
will be reported next time. The backfill materials presently
under test are: weathered Bangkok clay from AIT campus, reddish-
brown clayey and gravelly lateritic soils from Saraburi, and
light-brown «c¢layey sand from Ayutthaya. Also, the longitudinal
tensile strength tests of the reinforcing bars, will soon bLe
conducted at the Structural Engineering Laboratory of AIT to
verify the existing data collected. The test data will be
included in the next report.

Structural design of the puilout testing cell is presently
worked out. It is planned to complete the design and construction
of this cell by the month of August, shortly after the arrival of
the pullout testing equipments from the United States. The
pullout testing apparatus and equipments, will be purchased by
Dr. Bergado during his coming visit to the United States starting
July 10, 1988. The two-week visit will be spent to do further
research on the pullout testing procedures, and the current
techniques on the processing and analysis of results will

-2-



likewise be studied. The'visit will also be spent on actual
observations of the various constinction methods of reinforced
earth cmbankments on difficult' soil conditions in the United
States. Meanwhile, laboratory test set-up and techniques for
pullout testing are currently being reviewed from existing
literatures. Laboratory pullout testing programs are also being
planned and studied. These testing programs will be immediately
implemented right after the completion of the pullout testing
apparatus which is scheduled around September, 1988.

VI RESIDUAIL AND LATERITIC SOILS IN THAILAND

Introduction

Residual and lateritic soils are abundant in Thailand where
they arc popularly used in road construction as well as huilding
materials. These terminologies often indiscriminately applied to
many red trvopical and subtropical soils (LITTLE, 1969) including
residual soils. Extensive studies and field observations by

several researchers, however, reported that Thailand laterites
are only iron-enriched and are not true laterites, and thus,
considered to be lateritic soils in their initial stages of

laterization.

It was believed that the average residual and lateritic
soils present no problem in their evaluation using standard test
procedures and classification criteria. However, field surveys of
existing borrow pits in Thailand, revealed that lateritic soils
are not only highly variable in-situ, but also highly susceptible
to change in engineering properties when removed from the borrow
pit and exposed to a new environment. Several observations show
that this cxposure of Tateritic materials can result in  either
improved durability and strength characteristics or complete
disintegration and loss 1in strength, depending on handling,
method of preparation and environmental factors.

This report presents the review of existing data and
observations obtained from several researches, project reports
and field surveys of the laterite sources in Thailand. It is
believed, that recognition of the problems associated with these
types of materials, both in the laboratory and in the field, can
somehow develop awarencss and useful basis of the laboratory
testing programs appropriate to the given condition being
studied.

Origin and Formation

Residual and lateritic soil formatinns are found in great
abundance in Thailand. In their studies and field survey of over
70 borrow pits in Thailand, VALLERGA & RANANANDANA (1969)
concluded, that Thailand laterite is a hardened material formed
by the primary weathering of nontransported soils, or by the
secondary enrichment and cementation of transported or
nontransported soils. In chemical and mineral composition,
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laterite is rich in the sesquioxides of aluminum and iron. It is
nearly void of bases and primary silicates, but may contain large
amounts of quartz and kaolinite. In physical composition, it
occurs as a hardened aggregate of consolidated or unconsolidated
pisolithic masses, consolidated vesicular masses, or cemented
pre-existing materials, such as quartz, in pisolithic or
vesicular structures.

Lateritic soils, on the other hand, are those which contain
hematite and have a red color, but which do not consist of hard
laterite nodules or blocks in-place (SOIL AND PAVEMENT
CONSULTANTS, 1968). Rescarches and field surveys revealed, that
lateritic soils, rather than laterites, exist in great abundance
in Thaiiand. Based on their method of formation, these lateritic
soils can Dbe divided into two groups, namely: primary and
secondary lateritic soils.

1. Primary Lateritic Scils

A primary lateritic soil is an iron rich soil which
forms in place over the parent bedrock and which derives its iron
content from foerro magnesian minoerals in | he subjacent bedrock. A
well-developed primary lateritic soil profile in Thailand usually
contains the following gradational horizons from the surface to
the bedrock (HONGSNOI, 1969):

i) surface soil;
1i) hard, dry lateritic nodules of coalescing masses
of pea-sized hematite spheres together with a
little clay;

iii) clay matrix with a high percentage of small,
stiff, incipient laterite nodules of soft limonite
(iron nydroxide);

iv) clay matrix with soft, moist, plastic iron ocoxide
inclusions of all sizes;

v) grey clay containing limonite inclusions or stains
in the fissures;

vi} decomposed bedrock {gravel, sand, silt and ciay);

vii) fresh bedrock.

The Atterberg 1limits are generally lowest at the
laterite horizon and increase with depth until the decomposed
bedrock is reached.

2. Secondary Lateritic Soils

Secondary lateritic soils are defined as those which
are transported from its bedrock source, then altered by the
introduction of iron oxide-cementing agents which are carried
into the soil by percolating groundwater. They are usually devoid
of horizons and exhibit variable concertrations of red iron
oxide, depending on the heterogeneity and on the variations in
soil permeability in the particular deposit. The contact hetween
secondary lateritic - soils and the bedrock 1is usually quite

—4-



distinct. The Atterberg limits of secondary deposits are usually
lower than those of primary deposits.

Physiographic Features

A field study made by soil engineers and engineering
geologists in Thailand in 1967 to evaluate sources of lateritic
materials, described the details of geologic setting, laterite
formation, borrow pit profile and physical properties.

Accordingly, as shown in Fig. 8, Thailand is divided into 5
physiographic regions, 1i.e. The Northwest Highlands, the Chao
Phraya (Bangkok) Plain, the Khorat Plateau, the Southeast Coast,
and the Peninsular PiLovince.

The climate 1is an important factor in the laterite and
residual soil formation, and Thailand has slightly different
climate for cach region. For instance, the highlands has a mild
subtropical climate with moderate seasonal rainfall; the nlateau

has a monsoonal climate alternating between flood and wcot seasons
and pa.ched dry seasons; the Southeast coast and peninsular areas
have a tropical rain forest climate with no prolonged dry spells.

Thus, the gecology of Thailand is characterized by rocks of
diverse geologic character covered with soils of variable
drainage characteristics in the humid monsoonal environment. This
leads to deep soil weathering and rapidly fluctuating ground
water movement  in most areas, prime factors in laterite
formation. The distribution of existing lateritic soil sources

throughout the country is given in Fig. 9.

1) The Northwest Highlands

The highlands is a high relief area covered bv well-
drained soils and underlain by folded complexes of limestone,
granite, shales, sandstones, and thin metamorphic equivalents
(VALLERGA & RANANANDANA, 1969). Laterites in this region are
iron-stained decomposed granites. Some areas have medium-hard,
pea-sized, black, hematite nodules mixed into a stiff, moist,
clayey sand groundmass. They are'permeable and is constantly wet
with scepage.  These  Jaterite nodules are the materials of
interest for road aggregate and quarries can be found in Sukothai
and in Lamphoon provinces.

2) The Chao Phraya Plain

The region 1is covered by a thick sequence of wet,
poorly-drained soils and underlain at great depth by shales and
sandstones. Laterite materials in this region are of hard,
angular nodules of hematite and occur to a depth of about 120 cm.
In  the groundmass of silty clay| the hard nodules are difficult
to break with a geologic pick and had a rardom and imperfectly
formed vesicular fabric (VALLERGA & RANANANDANA, 1969). HONGSNOI
(1969) and MAZHAR (1969) reported that in Saraburi, lateritic
soils contain silty and sand-sized particles and are iron-
cemented with nodules. BOONSRI (1971) studied the shear strength
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characteristics of a compacted lateritic soil obtained from a
borrow pit, 5 km from Saraburi. From the visual inspection, the
soil appeared to be a clayey gravel, largely composed of rock

fragments with clay which was rather sticky with soft
consistency. The soil was found to exist in a band at a depth of
1.5 - 2.0 meters from the surface and directly overlying the

parent rock.

3) The Khorat Plateau

The region is a flat area covered by less than 6 meters
of well-drained soils and underlain by sandstone, shale, salt
beds and occasional extrusive igneous rocks such as rhyolite.
Nodular lateriles which are secondary or primary in variety, were
found to exist in this region. Most of the lateritic soils in
this region, however, are more predominant secondary lateritic
solls (VALLERGA & RANANANDANA, 1969). BOONSENER (1977) found
gravelly laterite, pisolithic laterite and massive bedded
laterite in  Khon Kaen. A poorly cemented gravelly laterite
consisting of about 45% gravel, 40% sand, and 15% of silt and
clay and occurring up to a depth of 3 m can be found in Ban
Nonchai. In Khon Kaen University, pisolithic as well as massive
bedded laterite were reported. CHAMNONGPIPATKUL (1980) stated
that laterites in Yasothorn, Ubon Ratchathani, contain ironstone
and irvon-stained gravels in an old alluvium and can be related to
a sandstone formation. The same types can be found in Roi Et and
Kalasin. MOH and MAHMOOD (1969) and MAZHAR (1969) tested the
sample obtained from a borrow pit near the town of Khorat. The
sample was said to be in the initial stages of laterization, had
soft limonitic cores and possessed only a thin skin of hard iron
oxide.

4) The Southeast Coast

The laterite formations in this region are closely
related to the low, planar landform. They are iron-stone gravels
related to basalt parent rock, and plinthite in an old alluvium,
which is related to shale as the parent rock. HONGSNOTI (1969) and
MAZHAR ( 1969) reported the presence of yellow clayey and red
clayey lateritic soils in Chantaburi Province. YONG (1975)
investigated the sample obta’ned, from an active borrow pit which
is about 8 km west of Chantaburi. The sample was essentially
reddish-yellow and was described to have agglomerated at the
surface, whereas the soil below was rather sticky and of soft
consistency. He attributed the agglomeration to the presence of
iron oxides which usually act as cementing agents and tend to
agglomerate the clay particles when dry. SUWANASING (1974) found
a nickeliferous laterite soil deposit in Prachinburi Province.
The upper zone of laterite is dusky red to dark reddish brown and
moderate brown with very plastic clay-like material. The middle
zone 1is light brown with scattered limonite concretion in the
upper part and earthy magnetite streaks in the lower part. The
lowest zone varies from yellow brown to yellowish orange with
some bands and seams of dark magnetite. These laterites occur
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above the weathered serpentinite and serpentinite fresh rock.
Similar features had been observed in the Nong Katum district.
BOONTAN  (1984) visited 14 locations in this region, including
Prachinburi, Chachoeng Sao, Chantaburi and Chonburi provinces.
The genesis and the type of laterites are studied from the
profiles. He -concluded that on the basis of morphological
classification, laterites in this region can be divided into 3
main groups, namely: lateritic rocks, lateritic gravels, and
yravelly and lateritic soils.

5) The Peninsular Province

The region has similar features with that of the
Northwest lHighlands, but with rain forest climate. A typical
southern pit, and one of the largest deposits of primary laterite
in this arca is in the town of Trang. This pit has developed over
Limestone bedrock, the soil is typical of the classic terra rosa
deposits that form over limestone, the iron oxides resulting from
impurities v.athered out of the limestone. In most of this area,
the ferruginous enrichment is carried to a high degree by the
high rainfall and good permeability of the soil. Where the soils
are less permeable, laterization is accordingly less advanced and
limonite is more common; but where the imperfectly laterized
soils arve exposed to air and surface-water flows, laterizalion is
accelerated. [MONGSNOT  (1969) and MAZHAR (1969) reported the
presence of coarsce, dark-red lateritic soils in Hua Hin.

Engineering Propertiecs

Considerable studies on the engineering properties of
laterite and lateritic soils have been carried out by many
authors (WINTERKORN & CHANDRASEKHARAN, 1951; NIXON & SKIPP, 1957;
MOH & MAZHAR, 1969; BRAND & HONGSNOI, 1969; FERREIRA & MEIRELES,
1969; BERGADO, 1976; LAM, 1979; CHEN, 1980). These studies
reported that residual and lateritic materials may not be
reliably classified on the basis of standard particle size
distribution and plasticity tests alone. Particle size
distribution and plasticity tests do not yield reproducible
results as they clearly are influenced by the method of handling
and preparation during test. Also, the standard soil
classification tests upon some laterite materials have shown them
Lo ke sersitive to degrees of drying, time of mixing and type of
dispersion agent. The particle size distribution for residual
lateritic soils from various parts of the world varies within
wide limits. Studies believed, that there are two basic factors
which underlie these inconsistencies, i.e. the vulnerakbility to
degradation of some relatiVely weak nodular materials in coarse
grainet lateritic soils; and the cementing effect of sesquioxides
which bind the natural clay and silt size fractions into coarser
fractions.

The effect of the method of preparation on the engineering

properties of lateritic soils in Thailand have been investigated
by MO & MAZHAR (1969), BRAND & HONGSNOI (1969) and BERGADO
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(1976). There were §1even‘ scurces selected as being
representative of the lateritic soils in Thailand, the selection
of which, was based primarily on different geophysical and
environmental conditions rather than on specific p* ‘nerties of
the soils. The locations of these samples are shown in Fig. 10.
Geophysically, the lateritic soils from Cha' 1buri (sources £ 5,6
and 9) are representative of the soils of (.1 Southeast Coast,
while those from Hua Hin (sources £ 10 and 11) are representative
of the soils of the Peninsular Province. The other soils are
representative samples of the Northeast. The samples from eleven
sites were prepared under the following three conditions:

(1) Natural Water Content (NMC) - no treatment
o) o)
(2) Air-dried Samples (AD) - dried under 25 -30 C.
o o
(3) Oven-dried Samples (0D) - dried under 110 5 C in an
olectric oven.

BERGADO (1976) studied the effect of the degree of weathering on
the mineralogical, chemical and physical properties of granite
residual  soil formations in Northern Thailand. Tt was concluded
that these properties at any point of the deposit depends on the
degree of weathering.

1) Mincralogical Compositions

MAZHAR (1969) reported that the major minerals present
in the clay-size fraction (< 0.002 mm) of the soil samples were
kaolinite, some illite and montmorillonite or a mixture of these
three. Quartz was detected on some samples (sources € 3,7,8 and
9). None of the eleven samples investigated, contained halloysite
or meta-halloysite. Results of the analysis are summarized in
Table 1.

2) Chemical Properties

a) pil

pHis a term wuscd to express the hydrogen ion
concentration, or more precisely, hydrogen ion activity. A pH
value of less than 7 indicates an acidic substance. Table 2
summarizes the pH values of each of the 11 samples from Thailand
as determined by MAZHAR (1969). The values indicate that all
soils tested were acidic, wnich is one of the basic conditions of
laterization in scils. It was also found out that oven drying of
the samples vield lower pH values.

b) Soluble Salt Content

Table 2 also shows the values of the soluble salt
content expressed in meg. NaCl/100 gm as determined on the
portion passing U.S. standard No. 10 sieve. Different methods of
preparation did not show any significant effect on the values
obtained.



c) Organic Matter Content

Readily oxidizable organic matter (organic carbon) was
determined and then converted to the total organic content. Table
2 summarizes the results of the organic matter tests. The report
shows that organic content in all of the soils decreased due to

oven-drying.
d) Free Iron Oxide Content

A large portion of the total iron in soils is
frequently in  the form of oxides which may exist as discrete
particles, as coatings on soil minerals, and as cement between
mineral particles. Quantitative determination of these free iron
oxide content is of interest because of their importance in the
laterization process. The free iron oxide content of each of the
eleven lateritic soils are tabulated in Table 2.

e) Degree of Laterizalion

Laterization, as defined by the SOIL & PAVEMENT
CONSULTANTS  (1968), is the intense concentration of hematite in
soils. Cementation in lateritic soils is due to the presence of
free iron oxide, which may exist i1 three different forms, wviz.
hematite, limonite, and goethite. The process of laterizaticn is
dictated by the amount of free iron oxide coating, i.e. hematite,
on the soil  particles due to the higher cementing effect of
hematite  than the two other forms. They further concluded, that
the laterites of Thailand are only iron-enriched soils and are
not  true  laterites. Their hematite content and mechanical
resistance  can be further increased if they are excavated and
exposed to air and flowing water. Available data on the chemical
composition of some of the samples, suggest that the soils are
non laterite according to the definition based on the
silica/alumina  ratio (SHUSTER, 1969). However, consideration of
some other factors indicate that the eleven samples are lateritic
soils in their initial stages of laterization (MAZHAR, 1969).

3) Physical Properties

a) Specific Gravity and Unit Weight

Specific gravity of laterites is generally higher than
most of the nonlateritic materials and usually ranges between 2.5
and 3.6 and may v-ry with the size fraction. It increases with
iron content, with age of formation, and with cementation, and
may either increase or decrease with depth of the various levels
in the deposit. Unit weight of laterites follow the same pattern
as the specific gravity (VALLERGA & RANANANDANA, 1969). Ranges of
the specific gravity values for the 11 samples tested are
summarized in Table 3.



b) Particle Size Distribution

VALLERGA & RANANANDANA (1969) investigated about 57
sources of lateritic soils in Thailand and observed that the
particle size distribution of laterites is extremely varied and
erratic. Because the distribution covers all size fractions, from
clay to large gravels, it is impossible to derive an acceptable
generalization. On the other hand, MOH & MAZHAR (1969) reported
that only 2 samples indicated a decrease of 4 to 5% in clay
content duc lto oven-drying. Soil: from sources 3,4,6,7 and 8 show
exceptional cases by not indicating any effect of the pre-test
preparation. Table 4 summarizes the results of the grain size
analysis, while the gradation curves are plotted as shown in
Fig. 11. Similar results were obtained by BERGADO (1976).

c) Atterberg Limits

The Attervberg limits, so commonly used to classify
soils for cngineering purposes, seem to be of limited assistance
in classifying lateritic soils because of the extremely wide
variations obtained by many investigators. VALLERGA & RANANANDANA
(1969) repcrted a minimum liquid limit value of 18% and a maximum
of 973 for the lateritic soils of Thailand. The variation of
plasticity index vanges from no plasticity to a maximum of 51%.
Table 5 gives the range of the Atterberg limit values of each of
the samples from cleven sources in Thailand. It was reported that
the liquid limit of all the soils decreased due to oven-drying.
This could best be explained hy the decrease in clay content upon
drying. On the other hand, no significant effect of the pre-test
preparation was observed on the values of the plastic and the
shrinkage limits. However, BERGADO (1976) reported that the
plastic and shrinkage limits of granite residual soils of
Northern Thailand, are significantly affected by the pre-test
preparation. Figure 12 shows the plasticity chart of the 11 soils
tested. 1t can be seen that soils 3,7,9,10 and 11 fall at or
above the "A" line, indicating the presence of montmorillonite as
one of the clay minerals.

d) Enginecering Classification

Reports from many researches suggest that the systems
of classification available at present for the soils of temperate
regions are not suitable for laterite soils formed in tropical
regions. llowever, 1in the absence of a suitable classification
system, these systems are usually employed for lateritic soils.
Represcentative samples obtained from 11 sources in Thailand were
classified by MAZHAR (1969) as tabulated in Table 6. As can be
seen, some soils such as samples £ 1,2,5 and 6, were classified
as MH or OH for the fine fractions wusing the Unified Soil
Classification System. Description of the soil sources given in
the study, did not mention that the samples have high organic
contents. This demonstrates the limited applicability of the
current soil «classification zsystems for the case of lateritic
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soils, which, as a result, not very reliable for the prediction
of the engineering behaviour of these materials.

e) Compaction Characteristics

Moisture content - dry density curves are reported to
be subjected to wide variations resulting from material
degradation during compaction. For a given soil and using a given
compactive effort, results of maximum ury densities may range

3 3
from approximately, 1.36 t/m to as high as 2.32 t/m . Optimum
moisture contents cover a range of about 6 to 20 percent. MOH &
MAIIMOOD  (1969) observed that optimum moisture content of a
compacted lateritic soil is sensitive to moisture equilibratiocn

before compaction. To partially overcome the effects of
degradation during testing, the majority of the investigators
agree that new material must be used with every point
detormination.  Table 7 presents the summary of the results

obtained by HONGSNOI (1969) for the lateritic soils of Thailand.
The test was carried out using the modified Proctor compaction
test. Comparison of results for different pre-test conditions
shows that drying caused an increase in the maximum dry density
and a decrease in the optimum moisture content.

f) Strength Characteristics

Studies on the undisturked, remoulded and compacted
laterite and lateritic soils concluded that the shear strength
characteristics of laterite and lateritic soils have been found
to depend significantiy on the parent rock, the degree of
decomposition, laterization and dessication, as well as the pre-
test preparation of the samples. The strength had been determined
by unconfined compression, California Bearing Ratio (CBPR),
stabilometer Lests an' triaxial tests. Investigators reported
that strength characteristics of lateritic soils are as varied
as any of the other properties described previously. The greatest
variation occurs generally in the CBR values that have been found
to vary from 1 to 78.

HONGSNOI  (1969) observed that the method o1 sample
preparation had a significant: effect on the strength and
compaction characteristics of the 11 samples studied. The major
factor involved was the change in the clay fraction brought about
by pre-treatment, but this effect cannot be predicted on the
basis of soil type alone, unless laboratory tests are run. MOH &
MALIMOOD  (1969) investigated the strength characteristics of
compacted lateritic soils from Khorat, Northeastern Thalland by
means of triaxial and stabilometer tests. Isotropically
consolidated-undrained (CIU) tests with pore pressure
measurements on 12 samples compacted, either at optimum or on the
wet side of optimum, was carried out. The specimen were saturated
at back pressures ranging from 550 to 690 kPa. They found out
that at constant dry density, samples compacted wet of optimum
had lower shear strengths and higher excess pore pressures. Table
8 and Figs. 13 and 14 show typical results obtained.

“11-



A study by BOONSRI (1971) on the shear strength of two
lateritic soils from Thailand revealed that the compactea samples
bhehaved just like heavily cverconsolidated soils. In all of the
tests, the maximum devialtor stress has never reached a peak, but
the rate of increase decreased greatly after about 10-12% axial
strain. He also found out that the placement moisture content had
tittle effect on the ¢ of a clayey sand (from Chantaburi), but
the ¢# of «<layey qgravel (from Saraburi) did increase as the
moisture content increased. Figures 15 and 16 show the plots of

obliquity ratio (¢ /o ) vs. axial strain (g) for the two soil
1 3

samples compacted at optimum and at the dry side of optimum (95%

der.sity). The total and effective stress paths and strength

envelopes for (g /o ) , are given in Figs. 17 and 18. The

1 3 max
stress paths and strength envelopes at 12% strain for the two
samples are also shown in Figs. 19 and 20. Table 9 summarizes the
shear strength parameters in terms of the total and effective
stresses, while the undrained strength parameters are given in
Table 10. '

A clayey, gravelly lateritic soil from Chantaburi,
Thailand was investigated by YONG (1975) to study its shear
strength characteristics at saturated and partially saturated
conditions. He concluded that the samples tested without back
pressuring. generally have higher undrained strength than those
tested wilth back pressuring. It was found out that for the test
series with back pressure to saturation, samples compacted at
optimum moisture convent exhibit highest undrained shear
strength. For samples tested without back pressuring, those
compacted at optimum moisture content tends to have higher
undrained strength at low consolidation pressures, but as
consolidation increases, samples compacted dry of optimum,
indicated the highest strength. The strength envelopes of the
samples tested without back pressuring tends to fall below those
tested with back pressuring. It was alsc concluded that,
saturated sample have higher @ but 1lower ¢ than those of
unsaturated samples. Table 11 shows the shear strength parameters
in terws of effective stress and Table 12 summarizes the
undrained strength parameters.

g) Other Properties

Other properties of lateritic soils such as
permeability, swelling, etc. have also been investigated by some
authors. Because of their granular characteristics, lateritic
soils are considered to be permeable and can provide adequate
drainage. 1t 1is reported, however, that the coefficient of
permeability decreases as the material deagrades and becomes more
clayey and plastic. Usually, lateritic soils are generally of low
permeability because of the high percentage of clayey fines.
Swelling problems ave not considered significant in laterites and
lateritic soils because they generally contain clay minerals like
kaolinite that have low swelling characteristics.
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JIT THE WEATHERED BANGKOK CLAY

Introduction

Embankments constructed on soft marine clays with frictional
materials like sand and gravels cost a lot due to large amounc of
transportaticon expenses involved. Engineers, therefore, have been
always trying to find ways to lower the costs maintaining the
proper facvor of safety. It could be achieved to a considerable
extent if locally available soils are wutilized. Due to Iits
abundancy, the weathered clay of Bangkok Plain has been proposed
as one of the economically sound backfill material for the welded

wire earth reinforcement research project. Engineering
properties of this weathered clay based on the existing data and
observations, both in compacted and noncompacted form is

discussed in this section.

The Weathered Crust

Subsoils in the Fangkok area consist of thick deposits of
marine clay which have been laid down at the different times in
the geologic history of the Chao Phraya Plain. The typical
subsoil strata are given in Fig. 21. The weathered crust with
vellowish-brown to dark gray color forms the topmost 2 to 4 m of
the subsoil. Red moltlling near the surface is followed by yellow
mottling towairds the bottom of the crust, which is an indication
of oxidation process. Oxygen in the leaching flood waters has
changed the iron compcunds present in the soil to ferrous oxides
(red mottling) and ferric oxides (yellow mottling). The depth
and magnitude of oxidation increases with increasing distance
from the coast line a. thc sediments become older and have been

subjected to greater leaching effects away from the coast. The
engineering characteristics of this crustal zone (weathered clay
zone) change with the time due to weathering, oxidation,

vegetation effects, etc.

Index Properties

Eariy researchers like KANJANOPHAS (1969) reported the
presence of small root holes and' oxidation holes accompanied by
some non-homogeneity in weathered Bangkok clay. It was observed
that the samples were rather easily cracked and broken along the
cleavage planes of the fissures during extruding. It was found
that the initial water content varied greatly in the order of 54%
to 69%. Typical values of the physical and the chemical
propertics of weathered clay at a depth of 0.20-1.0 m, 1.0- 2.0 m
and 2.0-3.0 m from AIT campus (PLANGPONGPUN, 1977; HAQUE, 1977;
LEELAS1'THORN, 1978; TI.1IEW, 1979; KANJANOPHAS, 1969; GULACHOL,
1970; and QURESHI & MOH, 1973) are presented in Tables 13(a) and
13(b). The general properties of weathered clay backfill used by
BUKKANASUTA (1986) are shown in Table 14. 1In general, the index

properties lie in the following range: liquid limit = 6442
percent; plastic limit = 274+ 1 percent ; particles finer than 2u
= 45*3 percent; specific gravity = 2.71; compacted optimum
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moisture content = 24.5:0.3 percent; and maximum dry density =
2

1.55 t/m . PLANGPONGPUN (1977) and LIEW (1979) investigated that
the 1index properties of the sample tested with natural water
content and air dried case are not the same (Table 15). In case
of air dried sample, reduction in Atterberg limits takes place
due to drying of samples followed by the increase in specific
surface  arca in the soift.  The plasticity chart and grain size
distribution chart of weathered Bangkok clay after PLANGPONGPUN
(1977) is presented in Fig. 22. It was classified as 1inorganic
clay of high plasticity (CH).

Engineering Behaviour at Uncompacted State

1) Permeability

BRAND & DUANGKHAE (1971) were the first to measure the
field permecability of Bangkok clay. For weathered clay the field
permeability reported, was in the order of 1074 cm/s. However,
large differences between the laboratory measured permeability
and field permeability were observed due to the presence of
fissures and root holes in the weathered clay. DANISH (1975)
found the vertical permeability of the order of 8 x 10-5 cm/s in
the upper weathered clay and 6 x 10-8 cm/s in the lower weathered
clay which further drops to 3 x 10-8 cm/s. On the other hand,
the horizontal permeability is 6 x 107> cm/s in the upper
weathered clay, 2 x 1007 cm/s in the lower weathered clay, and 6
x 10-% cm/s in the soft clay. It was observed that in general,
the horizontal permeability is higher than vertical. However, the
deviation from this general behaviour was found in upper two
meters of weathered zone due to weathering effect.

2) Compressibility Characteristics

The one-dimensional compressibility characteristics of
weathered Bangkok clay have been studied by KANJANOPHAS (1969) &
THUMAPRUDTI (1974) for AIT campus and Nong Ngoo Hao weathered
clays, respectively. It was observed that the compressibility of
weathered Bangkok clay increases with depth (fig. 23). Tt was
also concluded that the weathered clav has an apparent preconso-
lidation which is due to the increase in the bond strength of the
soil skeleton brought about by weathering process. However,
gen=ral consolidation behaviour was reported similar to that of
no:wally consolidated clay. The compressibility parameters of
weathered Bangkok clay as compiled by YUAN (1982) are shown in
Table 16.

3) Shear Strength Characteristics

Shear strength characteristics of undisturbed Bangkok
Clay 1in the weathered zone were discussed by ARAYASIRI (1969),
MOH et al (1969), GULACHOL (1970), TAVARAYUT (1971), WU (1973),
WANG (1974), MING (1975), and UDDIN (1975). The shear streagth
characteristics of weathered Bangkok clay were investigated by
ARAYASIRI (1969), wusing isotropically consolidated-undrained
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triaxial tests. 1t was oﬁserved that'at consolidation pressure
less than a certain pressure; the soil behaved in some aspects
like slightly overconsolidated clay. For the samples consolidated
at pressures greater than this pressure the soil behaved like
normally consolidated clay. This pressure was called the
'critical pressure' or 'apparent preconsolidation pressure' and
it depended on the degree of weathering. It was also reported
thet the offecct  of weathering process on the shear strength
parameters was to decrease the angle of shearing resistance ¢
or ¢' and to increase the cohesion intercept ¢ or «c¢'. Shear
strength parameters after ARAYASIRI (1969) are shown in Table
17. GULACHOL (1970) investigated the effect of anisotropic

consolidation on the shear strength parameters using
anisotropicaily consolidated-undrained triaxial tests with pore
pressure measurcments (Table 18). The effects of anisotropic
consolidition on shear strength were: (i) cohesion, c, decreased

much with depth, and (ii) angle of friction, ¢, was increased by
4 to 7 degrees. A comparison of shear strength parameters from
these studies is presented in Table 19. Undrained shear strength
of the wealther~d Bangkok clay was also correlated in terms of
consolidation pressure. For apparent over consolidated clay, it

was given by:

= - o
S, 2.4 +°1c tan 16.2 (depth 1 1.8 m) ........ (1)
s, = Ll.4+ a,, tan 13,5° (depth 3.3-4.0 m) ........ (2)

where S is in terms of psi.

u
WU (1973) studied the variation of in-situ strength and

pore pressure of Bangkok clay from 1.5 m (weathered zone) to a
depth of 14 m using anisotropic consolidated-undrained triaxial
tests with no lateral strain (Ko) condition. It was observed
that in the weathered clay layer the undrained shear strength
decreased with depth because the properties of the uppermost soil
layer were already altered by weathering process. It was also
noticed that the pore pressure parameter A, in the weathered zone
tended to decrease with depth. This behaviour was explained in
light of the fact that pore pressure parameter A, depended on
the rigidity of soil skeleton which decreases with the over
consolidation pressure. ‘

Shear strength parameters of Bangkok clay determined
from wundrained triaxial shear tests after MOH et al (1969) are
presented in Table 20. It was noticed that for the weathered
clay ¢, $', c, and c' were very nearly equal as opposed to stiff
clay b:haviour for which c is greatér than c'. Thus, although the
Bangknk clay in the weathered zone exhibits most of its strength
and cvompressibility characteristics of a weathered clay, the soil
appecared to be different from the truly overconsolidated stiff
clay. QURESHI & MOH (1973) investigated the shear strength
characteristics of Bangkok clay samples from a depth of 2 to 7 m
using anisotropically consolidated-undrained triaxial tests on
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horizontal and vertical sample%. Shear strength parameters

obtained from this investigation are presented in Table 21. For

weathered Bangkok clay, BUKKANASUTA (1986) obtained an undrained
2

shear strength of 2.74 t/m and angle of internal friction of 20

degrees (Table 14) using direct shear tests.

Engineering Behaviour at Compacted State

The engineering behaviour of compacted weathered Bangkok
clay from the drying crust at a depth of 0.20 to 1.00 m, in the
AIT campus has been studied by PLANGPONGPUN (1978), HAQUE (1977),
LEELASITHORN (1978) and LIEW (1979). A compilation of these data
has been made by SUWONO (1979). However, in connection with the
settlement and stability of embankments, the soil parameters are:
index properties, drained and undrained strength parameters,
compressibility and swelling characteristics, and permeability
and seepage characteristics.

1) Compressibility Characteristics

SUTABUTRA (1967) studied the effects of various methods
of compaction on the compressibility of weathered Bangkok clay
and found that the compressibility of compacted clay is highest
if the sample is prepared by kneading compaction, moderate Dby
dynamic compaction and the least by static compaction. LIEW
(1979) further investigated the compressibility characteristics
and observed Lhat the compacted weathered clay samples bchave as
natural stiff «clay (Fig. 24). The shape of compression-1log
pressurc curves for stiff clay and compacted weathered clays
appears to be very flat and showing incompressible nature. The
values of compression ratio and modulus of consolidation were

2
reported in the range of 0.08 to 0.12 and 800 to 1600 t/m ,

respectively.

2) Swelling Characteristics

PLANGPONGPUN (1977), LEELASITHORN (1978), SUWONO
(1979), and LIEW (1979) have discussed swelling characteristics
of compacted weathered Bangkok clay. Within the range of
variation of dry density and molding water content applied in his
investigation, PLANGPONGPUN (1977) observed that swelling and
swell pressure were governed by the molding water content and dry
density. Higher dry density and lower water content cause larger
swelling and swell pressure as shown in Figs. 25 and 26. The time
to reach maximum swelling and equilibrium swell pressure tend~ lo
increase with the decrease in molding water content and increase
in dry density. PLANGPONGPUN (1977) suggested that for clay
embankment construction areas where soaking might occur, the
deyree of compaction should be lowered due to the expected large
swelling and high swell pressure. LEELASITIORN (1978) tested a
number of Bangkok compacted clay subjected to alternate soaking
and drying simulating the seasonal variations in moisture content
and found that maximum swell remained constant. It was also found
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that for specimens compacted at optimum water content, the
volumetric swell decreases with an increase in compactive effort.

3) Permeability Characteristics

HAQUE (1977) measured the permeability of compacted AIT

-7
weathered clay in the ordexr of 10 cm/s and found that structure
is the most important variable influencing the permeability of
compacted clay. Specimens compacted wet of optimum showed

permeability value 2 or 3 times less than samples compacted dry
of optimum, other conditions being almost equal.

4) Thixotropic Behaviour

Thixotropy is defined as the increase in the strength
of soil with time. THIRAWAT (1968) investigated thixotropic
characteristic of compacted weathered Bangkok clay and reported

that it is thixotropic in nature where the thixotropic behaviour
increases with 1increasing molding water content and energy of
compaction. However, these effects decreased with the increase of
strain.

5) Strength Characteristics

various rescarchers like TAVARAYUT (1971), HAQUE
(1977), PLANGPONGPUN (1977) and LEELASITHORN (1978) have studied
the strength characteristics of compacted weathered Bangkok clay
by means of undrained strength, effective strength, tensile
strength and CBR strength. TAVARAYUT (1971) conducted
Unconsolidated-Undrained (UU) triaxial tests to study the
undrained triaxial strength of compacted weathered Bangkok clay
(ATT campus) and found decreasing strength with an increasing
molding water content at various confining pressures for a given
strain of 0.054 in/min (Fig. 27). It was noticed the specimens
compacted near and at optimum moisture content exhibited a higher
strength increase than the specimens compacted at other water
contents. PLANGPONGPUN (1977) concluded that CBR value and
undrained shear strength (determined by means of unconfined
compression ltests) of compacted clay increased with both the dry
density and molding water content. It was also observed that the
increase in CBR value and undrained strength due to the increase
in dry density of samples compacted on the dry side of optimum
was greater than that of samples compacted on the wet side.
Regardina the effects of soaking on undrained strength,
PLANGPONGPUN (1977) and LEELASITHORN (1978) found that CBR values
and undrained strengths decreased sharply due to soaking ancd the
effect of soaking on these parameters increased with the degree
of compaction (Figs. 28 and; 29).

1

RUFENKRAIRERGSA (1968) conducted consolidated-undrained
triaxial tests with pore pressure measurement for three
differently compacted (dynamic, static, and kneading) samples.
The strength of specimen prepared at the same molding water
content were in the descending order as static, dynamic, and

-17-



kneading Fig. 30). The excess pore pressure developed were in
the descending order as kneading, dynamic, and static (Fig. 31).

For the same compaction method, specimens prepared dry of optimum
generally yielded higher strength and lower excess pore pressure
than those compacted at wet of optimum (Figs. 32 and 33).

HAQUE  (1977) made a series of lests on compacted AIT
clay, which include unconfined compression (UC), isotropically
consolidated-undrained (CIU) and isotropically consolidated-
drained (CID) tests. Unconfined compression and unconsolidated-
undrained tests results showed similar variation in strength with
density  and molding water content. Like previous investigators
the undrained strength from both UC and UU tests increased with
dry density and decreased with molding water content. As shown
in Fig. 34, for a UC tests the undrained strength increased from
10.4 t/m? to 19.8 t/m? corresponding to the increase of dry
density  ftrom o Tod U/moy to 1055 U/m'. Similarly, the undrained
strength from UU tests increased from 12.1 t/m? to 15.0 t/m? (24%
increase) correspondinq to an increase in the dry density from
oAl t/m' to 1.55 t/m” (Fig. 35). The variation of undrained
strength  with molding water content from UC and UU tests are
presented in Figs. 36 and 37. These figures also illustrate that
the soaked specimen had lower strength than unsoaked, but at
higher water content the differences were quite small. The
stress-strain  behaviour of samples from UC and UU tests were
reported to be different in nature. UC tests showed a more
prominent brittle behaviour than UU tests. lHowever, it was
observed that when the molding water content was increased, this
brittle behaviour disappeared and the stress-strain curves for
the unsoaked and the soaked specimen became similar with the
maximum shear stress mobilized at large strains ( €f ¢+ 10%). This
conclusion is shown in Figs. 38 and 39, where failure strain is
related to molding water content and dry density. A comparison
of UC and UU undrained strengths is shown in Fig. 40, where UU
tests showed higher value than UC tests. The strength difference
was most pronounced on the dry side and was almost negligible on

the wel side.

Normalized excess pore pressure vs. axial strain
relationship showed that it increeses rapidly (to a maximum value
at 4% strain) and decreasing gradually due to dilatancy of the
specimen when approa-hing failure (Figs. 4la,b). Pore pressure
parameter A vs. axial strain relationship also showed similar
trend. The peak value of the pore pressure parameter were
reported as 0.6 to €C.67. The pore pressure coefficent at failure,
A, was found in the range of 0.3 to 0.4. Effective stress paths

f
and  stress cnvelopes are shown in Figs. 42 and 43 for unsoaked
and soaked samples, respectively. The undrained stress paths are
similar to those fnllowed by lightly-overconsolidated clay.
The  drained  strenglhs from  CID tesls was  almost twice the
undrained strength from CIU tests where the strength increased
with the increase in consolidation pressure (Fig. 44). The values
of the effective shear strenath parameters from CIU and CID tests
are presented in Table 22. TFor socaked samples the values of
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cohesion, c¢' and friction angle, ¢ were 4.6 t/m and 25.5
d

degrees, respectively.

6) Tensile Strength

LEELASITHORN (1978) used split (Brazilian test) test to
investigate the tensile strength of compacted weathered Bangkok
clay. A typical behaviour shown in Fig. 45 dernstrates its
brittle hehaviour. The increase in tensile strength with
increasing tensile stress before the failure is very small. This
brittle behaviour seemed to decrease with an increase in molding
water content, a decrease in compactive effort on the dry side of
optimum, and an increase in compactive effort on the wet side of
opt imum. It was found that in general the tensile strength of
compacted ¢lay increases with an increasc in molding dry density
on the dry side of optimum as shown in Tig. 46. However, the
tensile strongth on the wet side of optimum is low.

VIl REINFORC'NG MATERIALS FOR THE REINFORCED EARTH EMBANKMENTS
Introduction

Reinforcing olements in a reinferced earth structure can be
in the form of strip, anchor, sheet or grid reinforcement. There
exist a variety of materials which can be used as reinforcing
materials, buv the most commonly used are metals, geotextiles and
geogrids.

Melals are commonly made in the form of strip reinforcement
which has cither plain or ribbed surface. The metals being used
for reinforcing elements are stainless steel, galvanized steel or
coated steel strips. Aluminum and copper are also employed.

Geotextiles are made from fabrics and polymers which
constitutes the fibers. These fabrics may be woven, knitted, or
nonwoven.  The geotextiles also differ by the type of polymers.
The most commonly used polymers are polyester, polypropylene,
polyethylene and polyamide. All these polymers were reported to
have high mechanical strength.

Geogrids  consist  of transverse and longitudinal members,
where the transverse members run parallel to the face of
structure, while longitudinal members run perpendicular to the
face. This type of reinforcement was at first developed using
steel mesh (CHANG et al, 1977), and later, polymer was utilized
in the form of mesh reinforcement (JONES, 1985). Studies on
the pullont strength  of bamboo geogrids were also reported
recent lv. Gooqgrids have a good interlocking chavacteristics due
to the transverse members which behave as strip footings or
anchorages. This transverse members interlocking, results in a
better performance of grids than that of plain or strip
reinforcement.
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Tensar Geogrids

Tensar Geogrids are a range of very high tensile strength
polymer qgrids which have been developed specifically for the
reinforcement  of  soils. They are manufactured from specially
selected polyolefins to produce consistent and chemically inert
enginecring materials, suitable for long-term reinforcement. The
open grid structure permits “he soil particles to interlock
through the apertures, with each transverse rib acting as a
discrete anchorage point. This enables very efficient
mobhilization of the tensi.e strength of the geogrid. The soil-
grid interlock creates an integral reinforced structure with
either granular or cohesive soils. This unique property, combined
with the polymer's inherent resistance to chemical attack, has
permitted their wuse in many innovative design sclutions. Such
designs have proved to be cheaper, quicker and safer alternatives
in a number of different applications (NETLON, LTD.). Tensar
geogrids may either be wuniaxially or biaxially orientated.
Uniaxially orientated grids, such as Tensar SR2, are manutfactured
hy stretching the punched sheet in one direction under carefully
controlted conditions. Biaxially orientated grids, such as Tensar
$82, arce produced by stretching uniaxially orientated grids,
again under carcfully controlled conditions, in the direction
normal to the uniaxial orientation. The nomenclature for
uniaxiallly and biaxially orientated grids is illustrated in Fig.
A7. The typical sct of dimensions that describe the geometry of
Tensar geoqgrids, are provided in their respective specification
shects shown in the Appendix.

) tensile Tests

The two types of tensile testing which have been
developed for Tensar geogrids are: the Quality Control Tests
(CHEETHAM, 1983) and the Index Tests (MCGOWN, 1982). Quality
Control Tests are rapid tests used to monitor the variability in
strength of the geogrids, while the Index Tests are designed to
provide a mecans by which the properties of all soil reinforcing
materials could be compared, under standard rate of strain test
conditions. A typical load extension curve for a uniaxially
orientated Tensar SR2 grids when tested under index test
conditions, is shown in Fig. 48. Figure 49a,b also illustrate the
typical load extension curves for the longitudiral and transvcice
roll directions of a biaxial product when tested at Index
conditions.

2) Long-Term Creep Tests

Al polymer products exhibit time-dependent load
extension bechaviour, i.e. they creep under the application of a
constant load. The pre-stretching operation of the Tensar process
minimizes this effect. This phenomenon is particularly important
since designs for permanent works require that reinforcing
elements may be subjected to ~onstant loads for periods up to 120
years. A thorough examination of the long-term creep properties
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of Tensar geogrids has been undertaken at the University of
Strathclyde and in the laboratories of Netlon Limited. A creep
sample is loaded and the extension with time is vecorded. Typical
e}

creep  curves  for Tensar SR2 at 20 ¢ is shown in Fig. 50. The
creep performance shows, that after the initial exteasion has
taken place due to the application of the load, the crzep strains
are small. A comprehensive description of the creep test method
is given by MCGOWN (1982).

Bamboo

Bamboo 1s a native plant of tropical and sub-tropical areas
and is defined as a perennial grass belonging to the
monocotyledoneae class. They usually consist of jointed hollow or
rarely solid clums which are unlike tree trunk in its structure
and method of growth. HMost of the species are usually 1 to 5
inches in diametor and grow up to a height of 50 to 60 feet but
some are as large in diameter as 12 inches and reach a height of
100 feet or eoven more. Their rate of growth is very rapid, which
can somelimes elongate as much as 2 to 3 ft  per day. The
individual  bamboo clum is divided into nodes and  inter-nodes.
Because  the greatest  amount of meristematic tissue for the
elongation of internode is found just above the node, the upper
portion is  gencrally the weakest part of the c¢lum. There are
aboi1t 1250 species of bamboo reported which are known to exist in
the world.

The tensile strength of bamboo was observed to be about four
times of its compressive strength. COX & GEYMAYER (1969) found a
tensile strength in the order of 6000 to 25000 psi and the

6 6
modulus of elasticity of 1.26 x 10 to 4.01 x 10 psi. It was
alsc  concluded that the stress-strain relation was essentially
linear and exhibited a brittle type of failure. An average
compressive strength of 8000 psi and modulus of elasticity of
6

2.16 % 10 ps’  was obtained by GLENN (1950). It was fuxther
concluded that tne average extreme fiber stress for seasoned clum
was higher than for green unseasoned clum and it depended upon
the positioning of the outer perimeter in the case of split
clums.

DURRANI  (1975) studied the bond slip and bamboo stress
relationship to decide the permissible bamboo stress required 1in
the design of bamboo rainforcement for crack control in
pavements. Pai Ruak variety of pamboo, known scientifically as
Thyrsostachys Oliveri Gamble, a common variety in Thailand, was
used in the investigation. The typical tensile strength obtained
from the investigation is summarized in Table 23. A study on the
pullout resistance of bamboo grids of the same variety, was
carried oult by BUKKANASUTTA (1986). It was observed that bamboo
grids have higher pullout resistance per unit area than that of
the Tensar SS2 geogrids. One major disadvantage of using bamboo
is their low durability due to their susceptibility to decay.
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Metals

The critical condition in an embankment on soft clays 1is the
short. term stability where only undrained shear strength of the
soil is mobilised to resist the embankment loadings against
lateral spreading or rotational failure. In such cases only

metallic reinforcements which have high stiffness, low
extensibility a~rd high modulus in the form of grids have been
found to be most effective against lateral spreading.

Geosynthetic reinforcements meet most of the strength criterion,
howevoer,  they  fail to ke~p the strain range in the structure
within tolerable limits due to their low modulus. Locally
marmfactured steel reinforcements in the form of mats have been
widely used in Thailand for highway embankments. Steel bars of
diameters ranginag from 4mm to 28 mm manufactured by local Thai
companies are abundantly available in the market. Tensile
strength tests on these reinforcement bars belonging to various
grade sizes and manufactured by different local companies have
been  made at  AIT Structural Engineering and Construction
Division. Thesc results have been coupiled and presented 1in
Tables 24, 25, and 26. Specifications for these reinforcement
bars as per Thai standards TIS 20-1984 and TIS 24-1984 are shown
in Tables 27 and 28. Another clear possibility lies with the
application of steel meshes which have ben popular in ferrocement
structures. Common wire meshes have either hexagonal opening or
square  opening. Meshes with hexagonal opening ave also referred
as chicken wire mesh or aviary mesh. They are not structural.y
efficient as meshes with square openings because the wires are
not oriented  in the directions of the principal (maximum)
stressoes. Meshes with square openings are available in either in
welded form or in woven form. Welded form meshes have a higher
modulus and hence high stiffness. Woven wire meshes are more
flexible and ecasier to work with than the welded mesh. 1In the
ferrocement applications , these wire mesh reinforcements are
usuallly designed on the basis of ASTM standard A-185 or
equivalent. The recommended design values cf yield strength and
effective modulus for steel meshes are shown in Table 29.
Similariy, typical stress-strain curves for steel meshes are
presented in Fig. 51.

IX SUBSOIL PROPERTIES OF THE PROPOSED SITE FOR THE USAID
REINFORCED EARTH TEST EMBANKMENTS

Introduction

The USAID Rescarch Project on reinforced earth is planning
to construct a full-scale, fully-instrumented reinforced earth
embankment using the most efficient reinforcement as obtained
from the laboratory pullout tests. The possible backfill
materials are the wecathered Banagkok clay from AIT Campus, and the
cohesive residual lateritic soils from Saraburi. The proposed
site is Lo he located at the campus of the Asian Institute of
Technology (Rangsit Area), about 42 km north of Bangkok which is
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within the physiography of the Chao Phraya Plain. It is thus
required to collect the existing data of the subsoil properties
at the site as outlined in Task 1 of this research project.

several extensive investigalions had already been made in
the  past  to study the site which is directly adjacent to the
proposed coxperimental site. OHTA & HO (1982) initiated the study
of tne AT test cmbankment, which was constructed in an open
field area, north of the Academic Building. A study of the case
history of the embankment settlement and stability was made as it
was being loaded into a soft clay ground. The study covers the
duration, from October,1980 tc March,1982.

Additional studies were carried out by MOY (1984), JIAN
(1983), and CHEN (1984). DANZUKA (1985) performed the reliability
analysis  of  this test embankment. Actual results reported by
these authors, indicated some similarity in the trend, and
compared values were found to vary only slightly.

The Bangkok Subsoils

The subsoils in the Chao Phraya Plain (Fig. 52) are alluvial
marine deposits. The top layer comprises of weathered clay which
varies in depth from 1.5 m to 4.0 m depending on the location.
Under  the weatnered clay ltayer, a sofl clay layer may extend up
to 8 to 15 meters, followed by a medium to  stiff clay layer.
Subsequent ly,  dense sand and gravel layers alternate with stiff
clay layers to an indeterminate depth. Puring the period of
sedimentation, the deposition occurred in the rnorthern plain
first, then in the city arca of Bangkok. Thus, the subsoil in the
northern plain is slightly older and the engineering properties
may slightly vary from that of the Bangkok City area. The typical
subsoil profiles from north to south part of the Chao Phraya
Plain are shown in Figs. 53, 54 and 55.

Site Location

The site of the proposed test embankments is located 2t the
campus of the Asian Tnstitute of Technology (AIT) as shown in
Fig. 56. The subsoil condition is within the physiography of the
Chao Phraya Plain where the clay subsoils can also be classified
as Bangkok clay. Howecver, certain engineering properties such as
the undrained shear strength and overconsolidation ratio
(0.C.R.), are slightly different from the Bangkok area. As
reported by OHNTA & HO (1982), the O0.C.R. value here showed a
great scatter and the undrained shear strenglh is slightly higher
than that observed in the Bangkok arca. Although the Bangkok
clay is normally consolidated, the maximunm effective past
pressure is generally greater than the effective overburden
pressure by 50 to 70% duc to aging (secondary consolidation).

The locations of the proposed site and the AIT test

embankment studied by OHTA & HO (1982), are also shown in Fig.
56. As can be seen from the figure, the area studied is directly
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adjacent to the proposed embankment site of the USAID research
project. Two borecholes of 3 inches diameter and one of 10 inches
in diameter, woere made by ONTA & HO (1982) to collect undisturbed
sampies for subsoil properties at the site. These samples were
taken continuously from the ground surface down to a depth of 8
meters. Later, MOY (1984) made another two boreholes at the north
and  south side of the test embankment,

Soil Profile

The soil profile in AIT Campus as shown in Fig. 57, varies a
little from area to area. The thickness of the weathered clay
varies from 1.5 m to 2.0 m at the crust, and sometimes, the
weathering coffects do extend to somewhat greater than the depth
of 2 m as reported by LADD et al (1971). The weathered clay is of
dark-brown color embedded with rust-colored clay, which becomes
less as the soil depth increases till the soft clay layer. This
weathered c¢lay usually has cracks and fissures due to alternate
cycle of wotting and drying. The water table is at 1.0 m to 1.5 m
below the ground level, but this level may go up and down
depending on tLhe season.

The soft clay laver is medium dark gray in color. There are
pockets  of  silt and sand  lenses in  this layer. Sometimes
slickensides of vertical and horizontal orientation are found.
The soft ¢lay is reported to vary in thickness in this campus.
OonTA &  HO (1982) and MOY (1984) reported that, the soft clay
layer extends to a depth of 7.5 m to 8.5 m at the site. Below
this soft clay layer is the stiff clay layer.

Laboratory 'l'ests

1) Index Properties

Table 30 and Fig. 57 show the general index properties
obtained by MOY (1984) while Table 31 shows the general index
properties reported by OHTA & HO (1982). A quite similar trend of
results, except for a few poirts, can be seen in Tables 30 and
31. The obscrved higher values of the natural moisture content in
the wealthered clay zone was atbtributed to the differerce in
season when samples were collected, since the properties of of
the weathered clay in the crust layer is very subjective to
weather change. Althcugh the previous results of OHTA & HO (1982)
showed quite randomly scattered vallies with depth, and the total
unit weight showed highcr values than the result of MOY (1984),
on the overall, the results of both studies showed a similar
trend with those obtained by TSAI (1981).

2) Compressibility Characteristics

There were two series of oedometer tests carried out by
MOY (1984), namely, the standard oedometer test employing a
double 1load increment after 24 hours duration, and the special
oedometer test, employing a small load increment (0.1 to 0.2
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2
kg/cm ) method which usually took more than 24 hours duration for

one leading. From the oedometer tests, the compressibility
characteristics of the subsoil are represented by the parameters
such as the initial wvoid ratio, mwaximum past pressure,

coef ficient of consolidation, compression index and swelling
index.

Table 30 shows the summary of these parameters for both
the standard and special oedometer tests. The results of OHTA &
HO (1982) wusing the standard nedometer test is summarized in
Table 31. It can be seen that both sets of results show that the
compreassibility and swelling indices were smaller in the
weathered clay layer than in the soft clay layer, and so was the
void ratio. The coefficient of consolidation, determined by both
the Taylor's square root of time fitting method and the
Casagrande's logarithm of time fitting method, was found to be
higher for the weathered clay than for the soft clay.

The maximum past pressure was determined from the
c-log  p o curve using Casagrande's method. Table 30 and Fig. 58
show Lhe results of maximum past pressures from oedometer tests.
Results obtained by various iuvestigators in their study of the
ATT subsoils, are also slown in Fig. 53, where a similar trend
can  be observed. In the weathered clay layer, the maximum past
pressure increases with depth until 2 m while in the soft «clay
layer, the value varies between 5 to 10 t/m* . The maximum past
prassurce of the weathered clay is largely dependent on the
apparent overconsolidation caused by the cycles of dessication.
There is no obsorved trend which indicates some changes in  the
maximum past pressure since the first research in 1969.
KANJANOPHAS  (1969) and TAESIRI (1976) reported that the small
increment.  load ratio is the better determination m.thod for
maximum past pressure than the double increment load method which
usually yields much lower values.

a) Anisotropically K, Consolidated Undrained Triaxial
Teslts

The consolidated anisotropic (K,) undrained triaxial
compression and oxtension tests with pore pressure measurement,
were carried out by MOY (1984) to determine the undrained shear
strength of the clay. TANTIKOM (1982) suggested a K, value of
0.68 for the wecathered clay and a K, value of 0.60 for the soft
clay. A shearing rate of 1% per hour as suggested by LADD & FOOTT
(1974), was used in all the above Lests. Table 32 shows the
summary of the test results obtained. The coffective stress paths
of the triaxial compression and extension tests are shown in Fig.
59. It can be seen from the triaxial compression tests, that
almost all of the soil samples converged tc a similar Kg-line, .
but in the extension tests, the results were quite scattered.



It was also reported that the degree of weathering was
nonhomogeneous in the weathered clay layer and pockets of sand
and silt lenses were embedded in the soft clay layer. DANZUKA
(1985) concluded that there are two domains of soft clay having
different character of the presence of sand and silt lenses.

Domain 1 at 2 to 7 m depth includes 0.23 percent density of the
lenses, and domain 2 at 7 to 9 m depth contains 19.3 percent
density of the lens.s. Since the extension test is very

sensitive, the scalttered data obtained was attributed to this
nonhomogeneity.

The normalized undrained shear strength of the triaxial
cests is plotted with the overconsolidaticn ratio as shown 1in
Fig. 60. The result is compared with the steeper curve obtained
by LADD et al (1971), who used the SHANSEP method to determine
the undrained shear strength of the soft Bangkok clay. The
difference was attributed to the slightly different undrained
shear strength properties in the AIT campus compared to the
Banckok area, as well as to the different test procedures

emploved.

The variation of anisotropy effect of the clay with the
overconsolidation ratio is shown in Fig. 61. LADD et al (1971)
reported, that the anisotropy K , increases with O.C.R., and

S
stiff fissured clays may exhibit a pronounced anisotropy greater
than unity f{or heavily overconsolidated clay. On the average, the
ratio of the undrained shear strength obtained from extension
tests to that oi compression tests (S /S ) of the soft
u(ext) u(comp)
clay was found to be 0.80 as shown in Table 32. The result agrees
well with that obtained by EIDE & HOLMBERG (1972), who used the
anisotropy vane tests on the soft Bangkok clay.

b) Isotropically Consolidated-Undrained (CIU) Tests

Two series of CIU tests using different consolidation
pressures were carried out by OHTA1& HO (1982). A back pressure

2
of 200 kN/m was applied for 24 hours in the first series, then
th» sample was isotropically consolidated to an effective
overburden pressure for at least another 24 hours. In another

test, <consolidation pressures exceeding well above the maximum
past pressure was applied for at least 48 hours in four steps
2

(i.e. 0-20-40-80-150 kN/m ). In both series, the samples were
then subhjected to shear stresses under strain-controlled
conditions by increasing the axial strain at the rate of 0.2%,
0.5%, 1%, 2%, 5%, 10%, or 15% per minute. The normalized
effective mean principal stress vs. normalized deviator stress
are shown in Tables 33 and 34 and Figs. 62 and 63. The variation
of the friction angle based on effective stresses is presented in
Fig. 64 and Table 35.
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c) Unconsolidated Undrained (UU) and Unconfined Compression
(UC) Tests

BERGADO et al (1986) conducted a series of laboratory
triaxial tests at various locations in the AIT campus. Values of
the undrained shear strength obtained from these tests are

compared with the other tests as shown in Fig. 68. OHTA & HO
(1982) performed unconfined compression tests. Table 36 and
Fig. 64 present the variations «f ¢ and E with depth.

u 50

Field Tests

1) Field Vane Shear Tests

MOY (1984) carried out six field vane shear tests 1in
November, 1983 before the additional excavation of the trench on
the south side of the AIT er bankment. The other vane test was
performed in early January, 1984 after the excavation to check
the changes in the properties due to the excavation which caused
large cracks in the embankment. The latter test, however, did not
show any significant change in the strength of the subsoil.

The undrained shear strength obtained from the field

vane shear tests was higher than that of the Bangkok area, and

2 2 2
range from 1.7 t/m to 3 t/m . The remoulded strength is 0.5 t/m
with a medium sensitivity of 2 to 4.5. The test results were

similar Lo that obtained by BRAND et al (1972) which was also
conducted at the AIT campus. The results obtained above were
quite similar to the undrained shear strengths previously
reported by OHTA & HO (1982). Although their tests were carried
out both in the area affected by the embankment, there was no
significant difference in the strength of the soft clay. BERGADO
et al (1986) measured the undrained shear strength from four
sites in the AIT campus and the average values obtained are
illustrated in Fig. 65. It can be seen that in the soft clay zone
the strengths are slightly increasing with depth, ranging from
2

0.25 to 0.35 kg/cm . They also reported that at the embankment
site (behind ET Building), the weathered clay layer extended to
2.0 to 2.5 m depth and the soft clay ended at 8 m depth.

2) Dutch Cone Penetration Tests

There were five Dutch cone tests carried out by
KIALEQUE (1984) near the test embankment. The Dutch cone
resistance with depth at five locations near the embankment are
shown in Fig. 66. The Dutch cone resistance was very high in the
weathered clay crust and reduced with increasing depth. On the
contrary, the Dutch cone resistance was observed to slightly
increase with depth for the soft clay layer. There were some
scattered results of lower resistance in the weathered clay
layer, and higher resistance at the depth of 3.5 to 5.5 m in the
soft clay. The scattered points on the low strength side in the
weathered clay layer, was attributed to the 1local failure or
fissures in the clay. On the other hand, scattered points on the
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high strength side in the soft clay layer, was attributed to the
presence of sand and silt lenses. The average test results from
the four sites in AIT campus obtained by BERGADO et al (1986) are
also plotted in Fig. 66. Both data sets showed similar trend with
depth.

3) Pressuremeter Test

BERGADO et al (1986) perfor ed a series of
pressuremeter test at four locations in the AIT campus. At each
site, the tests were done in three locations. Values of undrained
shear strength are plotted in Fig. 67 as average values with

depth for the weathered, soft, and stiff clay layers. The
calculated values of the undrained Young's modulus E for the
up
soft clay layer is given in Fig. 70. The modulus value was found
2 2

to vary between 20 kg/cm and 60 kg/cm

4) Screw Plate and Plate Load Tests

BERGADO el al (1986) also conducted a series of screw
plate and plate load tests from 3 locations in AIT campus. The
calculated undrained shear strength from these tests were
compared with the pressuremeter. test result as illustrated in
Fig. 69. Comparison of the undrained modulus values obtained from
these three tests are also shown in Fig. 70. The field and
laboratory test results for the undrained shear strength of the
subsoils, down to 8 m o depth are compared in Fig. 68.
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Table | Mineralogical Composition of Thailand Lateritic Soils (after MAZHAR, 1969).

o Mineralogical Composition
Soil Method [Differential Thermal Analysis
Source of . o2 - 3 3
No. |Prepa- Kaolinite,%” jother lvib‘.nerals,%2 X-ray Diffraction
ration |Sample (3czple [Samplae |Semple
1 2 1 2
NMC 15.0 11.0 7.0 11.0 Kaolinite, interstratified
1 ’ ) ) : clay numerals~-consisting of
oD 9.0 10.0 9.0 8.0 monzmorillonite and hyd%ous
mica in random stacking
2 NMC 7.0 5.0 5.0 7.0 Kaolinite
OD 5.0 - IFQO -
3 NMC 2.0 2.0 4.0 4.0 Kaolinite> montmorillonite
oD 3.0 3.0 3.0 3.0 > illite, some quartz
[4 NMC 10.0 - [*-0 = K 1. it
op | 12.0 - 4,0 - aolinite
5 NMC 9.0 - 10.0 - Mainly kaolinite small
oD! 9,0 - 10.0 - amount of illite
6 NMC | 19.0 - 8.0 - Kaolinite 4 traces of illite)
oD | 19.0 - 8.0 -
. NMC 0.4 0,2 1.0 1.2 Mired clay kaolinite> illite
oD 0.6 0,3 0.7 1.0 >mont, some quartz
8 NMC 1.1 1.1 1.2 1.2 Kaolinite, some illite and
T_’ oD 1.1 0.9 0.9 1.1 quartz
9 NMC 6.0 - 9.0 - Kaolinite, some illite and
montmorillonite appreciabl
L 0D 4.0 - 10.0 - amount of quartz PP Y
10 NMC 3.2 - 4.5 - Kaolinite, some illite
oD 2.6 - 4.6 - small amount of mont.
11 NMC 2.6 - 3.1 - Kaolinite, some illite
0D 2.5 2,6 2.2 2.1
— (

1 Analyses were carried out on clay size fraction (< 0,002 mm)
2 Percent based on the total sample
3 Results are for all three methods of preparation



Table 2 Chemical Properties of Thailand Laterltic Soils (after MAZHAR, 1969).

! Soil | ! Soluble | Organic Matter ! Free Iron |
I Source | pH ! Salt ' Content ' Ooxide |
oo | !  Content | (%) !  Ccontent !
;__-“_w__._,___,lg_"..,__ e {. “.w,w-,_,nu_,,_.m,"] : i
! 1 1 3.85-4.19 0.13-0.24 | 0.56-0.67 b 7.76-8.21 |
I 2 ' 4.42-4.63 0.13-0.28 | 0.18-0.25 ! 9,49-11.6 |
! 3 ' 4,.45-4.81 0.10-0.15 | 0.20-0.24 ! 3.50-3.65 |
' 4 4,214,856 0.19 ! 0.23-0.41 ! 3.45-3.60 |
! S f4.42-4.48 | 0.18-0.22 1 0.62-0.76 ' 4.88-6.11 1
i 6 voqLe-4.46 0.11-0.18 1 0.92-0.94 i 5.29-5 43 |
: 7 4. 584,60 0.12-0.14 0.45-0.46 ! 2.47 |
' 3 4.55-4.94 | Nn.12-0.17 0.19-0.39 1 1.53-2.17 |
: 9 1 4.04-4.20 ! 0.14-0.23 | 0.21-0.34 1 3.97-4.44 |
b 10 t5.77-6.30 | 0.24-0.47 | .62-0.76 ! 7.08-9.22 |
: 11 b5, 01=-5.68 | N.33-0.53 1| .22-0.26 I 6.27-8.57 |

]
1
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Table 3 Values of Specific Gravity for the Lateritic Soils of
Thalland (after MAZHAR, 1969).

Soil Source ‘Method of Preparation

No. NMC AD oD
1 2.94 2.86 2.91

2 2.88 2.86 2.88

3 2.66 2.68 2,72

4 2.66 2.66 2.69

5 2.65 2.65 2.66

6 2.63 2.63 2.63

7 2.76 2.75 2.75

8 2.69 2.66 2.69

9 2.74 2.72 2.70
10 2.67 2.70 2,68
11 2.67 2.71 2.72

1
Determined on the fraction passing U.S. No. 10 sieve (2,00 mm)
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Table 4 Grain Size Distribution of Thailand Lateritic Solls (after MAZHAR, 1969).

| Soil Method of Grain Size Distribution, %
i Scurce Prepara~ Gravel Sand Silt Clay Clay
| to. tion >2.00 om) | (2.00 - 1(0.074 - 1(<0,005 |(<0.002 mm)
[ 0.074 mm) {0.005 mm) mm)
2
) NMC 58.3 6.4 11.0 24.3 22,0
OD3 58.8 6.3 13.5 21,4 18.0
) NMC 66.4 9.8 9.3 14,5 12.5
0D 67.2 10.2 12,6 10.0 8.0
3 NMC 57.1 20.4 16.1 6.4 5.7
oD 56.6 20.4 16.1 6.9 6.1
l NMC 62.6 13.8 7.8 15.8 14,5
oD 61.4 14,1 7.6 16.9 15.7
5 N¥MC 13.1 51.3 11.0 19.6 16.3
CD 17.1 51.2 13.2 18.5 15.0
6 NMC 23.2 28.7 14.9 33.2 27.0
oD 22.8 28.8 15.8 32.6 27.0
; NMC 76.3 12.9 9.2 1.6 1.4
| 0D 75.9 12.6 10.0 1.5 1.3
g NMC 50.2 28.3 18.5 3.0 2.3
0D 49.9 27.5 19.4 3.2 2.0
9 NMC 66.4 7.4 7.0 19,2 15.2
0b 65.5 8.2 5.8 20.5 13.9
10 NMC 61.6 12.9 9.9 9.0 7.7
0D 61.4 20.7 9.4 8.5 7.2
11 NMC i 56.7 22.5 13.9 6.9 5.7
L~ 0t or | sa7 | 2229 | 16.3 6.1 b7

Tri .
1sodium phosphate was used as dispersant in hydrometer analysis.

Naty: . .
tural moisture contant Oven-dried sample
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Table 5 Ranges of Atterberz Limit Values for Thailand Lateritic Soils.
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Table 6

Engineering Classification of Lateritic Solls in Thalland.

(after MAZHAR, 1969)
Soil Classification
Soil Method of Text ) p
Source Preparatior(gste::nof BI'R 221L*8d CAA
: S asagra-
No. Soils) (/\Aa-”()) nde)g
1 HMC grevelly clay | A-2-7(4) GC-oH E-12
oD przvelly clay | A-2-7(4) GC-0H E-10
. HHC grzvelly clay | A-2-7(0) GC-Mil E-9
oD grevelly clay A-2-5(0) GC-HH E-9
] HHC grevelly clay A-2-6(1) ¢C-CL E-7
3 0D gravelly clay | A-2-4(0) GC-CL E-5
p NHC gravelly clay A-2-7(L) GC-0L E-7
* oD pravelly clay | A=2~6(0) GC-OL E-7
HiC pravelly sandy] A-2-7(1) 5C-0ll E~9
5 clay loam
oD gravelly sandy| A=2-4(0) SC-0OL E-7
clay loam
; HHMC pravelly clay A-7-5(10) SC-0H E-10
’ oD gravelly clay | A-7-5(8) 5C-0il E-8
NHC pravelly sandyl A-1-a(0) CH-ML E-)
7 loam
oD gravelly sandy| A-1-a(0) GH-ML E-1
loam
NHC gravelly sandy| A-1-b(0) SH-ML E-1
loam
8 oD gravelly sandy|] A-1-b(0) SH-ML E-1
loam .
NUC gravelly clay A-2-6(1) GC-CL E-5
9 oD gravelly clay | A-2-4(0) GC-CL E-&4
NHC gravelly sandyl A-2-7(0) SC-0L E-7
10 ' clay loam
oD gravelly sand, #-2-06(0) SC-CL E-5
clay loam
MHC g-avelly sandyl A-2-6(0) GC-0OL E-5
11 Joam
oD gravelly sandy| A-2-4(0) GC-CL E-¢4
loam
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Table 7

Compaction Properties of Lateritic Soils in Thatland (after HONGSNOI, 1969).

Source Test Classifi- | Haxirum Optimum CBR:7
No. Condition| cation Dry Hoisture at Ymax and OMC
(AASHO) Density Content '
1b/cu ft (OMC), 7 |Unsoaked Soaked
1 NMC A-2-7(4) 119 16 89 3
ob A-2-7 (&) 126 15 B7 b
2 NIMC A-2-7(2) 109 20 54 39
AD - 112 20 36 56
oD A-2-7(0) 112 19 36 b2
3 NMC A-2-6 (1) 142 8 23 37
oD A-2-4(0) 142 8 24 17
4 HMC A-2-7(1) 122 14 45 40
AD 124 13 28 35
oD A-2-6(0) 124 13 82 71
5 HHC A-2-7(1) 111 16 34 41
oD A-2-4(1) 112 15 64 76
6 NHC A-7-5(10) 111 17 43 30
AD - 111 17 35 34
oD A-7-5(8) 112 17 35 36
7 NMC A=1-2(0) 142 12 35 63
oD A-1-a (0) 142 10 34 57
8 HHC A-1-b (0) 137 10 40 37
oD A-1-b (0) 138 7 20 27
9 HMC A-2-6 (1) 128 13 40 50
oD A-2-4(0) 129 12 27 29
10 NHMC A-2-7(0) 131 9 81 72
oD A-2-6(0) 133 8 40 52
11 NMC A-2-6 (0) 135 10 18 26
) A-2-4(0) 135 8 68 84
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Table 8 Typical Values of c, @, ¢, 8 for Lateritic Soils from
Khorat, Northeastern Thailand (after MOH & MAHMOOD, 1969)

. . . i Effective stress
Compaction Holstur:e Total stresn _
water content, , ecquilibriaticn c é c ()
pt time, hours (kg/cm?) (o) {kg/cm?) (o)
]
i 19 (wopt) 24 0.385 25,1 0.49 32.9
|
21 G i 0.33 23.2 0.34 35.3
; !
! {
| | 0.014 24,1 0.10 37.9
H 1

21 ] 24
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Table 9 Shear Strei.gth Parameters in terms of Total and Effective Strestes for the Clayey
Sand from Chantaburi and Clayey Gravel from Saraburi (after BOONSRI. 1971).

At (51/53) max.

At 12% Strain

Soil
Test Total Stress Effective Stress Total Stress Effective Stress
Number Strength Mohr- Strength Mohr- Strength' Mohr- Strength Mohr-~
Coulomb Coulomb Coulomb Coulomb
ParameterParameterParameterParameterParameterParameCenParameteyParamece:
Series — —= — , = — -
a o c 6 a a T 3 a @ c 0 E:1 ] € 4
psi | deg| psildeg.| psi|deg.|psi | deef pai deg.| nsi ldeg. |pyi | deet ngildeg,
Soil D1 3.4120.613.7 {22.112.0 {31.(4 2.5{37.0{10.021.7§10.9}23.4 0.01{29.7/0.0 3.7
oi
Cro.l 01 3.1128.1{3.7 132.2]5.0 31.q 6.3138.0{32.0({27.0(37.2}30.4 0.0{30.2{0.0135.6
1an-
taburi Wl 4.5121.004.9422.6{3.0 }32.4 3.9139.4140.020,0142.9(21.4 6.0(29.4}17.2134.3
Soil D2 5.0118.815.3{19.940.0 | 36.1} 0.0136.1110.0117.9110.6118.8 0.0129.5{0.0 34.5
No.2
Sara- 02 2.2425.512.5(28.5]1.4 |31.41.8|38.0112.0B31.7]15.2|38.46.0{27.4/9.3 31.2
buri , -1
W2 5.2116.715.5117.5]7.0 {26.58.1429.9{16.6{16.6{17.4{17.% 0.0{30.110.0 BS.4




Table 10 Undrained Strength Parameters of the Lateritic Solls from
Chantaburi and Saraburi (after BOONSRI, 1971).

Ato /o At 127 Strain
Series Cu du C" du

psl Degree psl Degree

* Yeuc * v N

Nl 7.0 31.0 15.0, 46 36.3 , 11.3

x N E ¥k

01 14.6 45.0 56.0, 110.0 | 56.0 , 29.2
Wl 7.8 32.0 62.0 29.6
D2 9.0 25.0 16.0 26.1
02 8.0 42.0 62.0 41.5
W2 8.0 23.9 24.0 22.6

* Consolidation Pressure Range from 0 to 60 psi

* % Consolldation Pressure Range from 60 to 100 psi

Note: Su = C +og tan ¢
— u c u
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Table i1 Shear Strength Parameters in terms of Effective Stresses of the Clayey Gravel
from Chantaburl (after YONG, 1975).

Test Y 61/63)max At 12.5 7% Strain
Series Saturated Unsaturated Saturated Unsaturated
sompacted g ) T B o ) T | )
Compacte 1b/in2| deg. [ib/in2 deg. |1b/in2| deg. | 1b/in2| deg
Dry of opt. 1.3 37.6 3.5 30.9 1.4 36.9 4,2 30.H
At apt. 0.3 38.7 1.2 33.7 0.7 36.6 3.2 33.7
Wet of opt. 2.7 35.1 2.6 32.3 3.2 33.7 2.6 32.3

Table 12 Undrained Strength Parameters of the Clayey Gravel from Chantaburl.
(after YONG, 1975)

| At (81/59nax At 12.5 % Strain
Test
Series Saturated Unsaturated Saturated Unsaturated
. [ Cu du Cu i du Cu du Cu du
Comp=cted ]

P 1b/in%| deg. | 1b/in%ldeg. | 1b/in?l deg. | 1b/in?| deg.
Dry of Opt. 8.0 19.0 8.9 38.0 12.9 20.0 11.5 37.9
At Opt. 10.9 22.2 4.1 29.2 28.8 20.0 18.3 29.8

4. 0% 4. 5% 0% | 25.0% F g.0% 0% 5% 5%
Wet of Opt. 24 ,5% 5.0 25 Of 8.0 23.0 7.5%1.23.5
19.0%%} 11,0%% ]| 18.8%%! 13.0%4 41.0%Yq 2.5% 36.0%4 5, 1%%

* Consolidation pressure before 60 lb/in

. 2
** Consolidation Pressure after 60 1b/in
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Table 13(a) Index Properties of Weathered Bangkok Clay (0.20 m - 1.00 m)

________________________________ 5 R i
! ] 1 1
Property : Ptangpongpun ! Haque I Tellasithorn : Liew
; {1977) } (1977) : {1978) : (1979)
___________________________________ b e e e b )
t f i 1
1 I i 1
Physical Properties: ! ! | !
Colour | arey & r.eddish} grey | reddish grey ! grey |
Consistency ! stiff ! stiff H stiff ! stiff |
[n-situ water content, % : 30 : 34 : 21 : 30 =
Grain Size Distribution | : ! ! !
i 1 1 ( 1
i | i ! i
Sand : 8%3 : 5+1 : 4 = 1742 :
St : 4743 : 461 " 36 : 48+2 :
Clay o : 45+3 : 4912 : 60 ! 3542 :
] ] 1 ] '
| | I | !
Specific Gravity : 2.71] ' 2.68 ! 2.71 ! 2.70 :
Liquid Limit % ! 66+1 ! 62%] ! 62 60+1 |
Plastic Limit % | 28+1 ! 271 ! 27 2441 !
Plasticity Index % ! 381 ! 35%1 | 35 35¢1 |
Livuidity 1ndex % ! 0.05 ! 0.2 ! 0.17 0.17
Activicy ! - | 0.6 ' - -
] t ]
| ! i
Chemical Properties: | | |
ol L 3,66 ! 3.88 1 5.05 -
Total Soluble Salt Content : ! | !
a/litre : 3.0h3 : 3.39 ! 3.76 -
Organic Carbong; % : 0.68 : 0.84 ! 0.68 -
Organic Mattoer; % I' 1.17 : 1.44 : 1.17 ! -
| | |
‘ I | |
Standard Compaction Results: ! | {
Optimum Water Content % : 24,7 | 24.1 : 24.8 : 23.8
Optimum Dry Density t/m?3 | 1.55 ! 1.55 ! 1.55 ! 1.55
1
| | ! | |
| | I § [}
e e § S L T 4
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Table 13(b) Index Properties of Weathered Bangkok Clay (1.00 m - 3,00 m)

| I et T

| ! Depth ! Depth

: b . i_ _1.00 - 2.00m | 2.00 - 3,00 m

' roperty iGulachol ~ Kanjanoplias f"i5ﬁ§5;6§ﬁ5§ """" Qureshi and
} b (1970) (1969) ; (1969) Moh (1973)

e e o
: Physical Properties: ! :

! Colour iDark Brown Brownish Grey | Brownish Grey Brownish Grey
|' Consistency |ostiff stiff ! stiff stiff

: Im-«i1tu Water Content !51.216.9 54.3 : G2.,9%4.2 79.7+7.4

f Degree of Saturation 19o8.2#1.8 - : - 97.2%2

I Matural void Ratio l 1.3740.33 - ! - 2.07+0.47

' Grain Size Distribution;: |

| Sand % l 2.540.5 3 ; 2 1.5%0.5

! Silt = 130.0¢1.0 29 ; 33 44.0%1.0

| Clay % '67.5%1.5 68 ! 65 54.5+0.5

| Specific Gravity P2 71401 2.69 : 2.69 2.67+0.1

' Liquid Limit o br7.540 84.0 ! 89.6+5.1 84.5+3.1

| Plastic Limit o 133.9+0.5 39.6 f 38.6%2.4 33.246.4

5 Plasticity Index % 143.042.6 444 | 51.0%7.5 51.5£9.6 |
I Liquidity Tndex L .40 0.33 ! 0.47 0.74+0.20 |
i Activity L0605 - ! - 0.85+0.09

; | |

i Chemical Properties: ' :

T I 3.4+0.2 3.35 ! 6.40 -

| Total Soluble Salt ; :

: Content a/litre 16.650.1 6.57 : 7.23 -

: Organic Matter 4 11.240.3 1.23 : 7.18 -

l ! ! |
Y e b e I U
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Table 14

General Properties of Weathered Bangkok Clay
(After BUKKANASUTA, 1986)

Sample|Soil description| w G | V7 $passing| PL PI |¥,max wogt
no. (k) kN/n no. 20{ (%) ()] kN/m (%)
1 Light-broun,
15.6512.70]1.82] 36.01 12.2718.3}1.88} 15.0
claycy sand
(5C)
2 Reddish-broun,
42.2812.72{1.72| 96.99 25.2]135.5|1.57f 23.5
veathered clay
(Cn)
Table 15 Effect of Method of Preparation on Weathered Clay
(ANfter PLANGPONGPUN, 1977)
Test . »
e3t no sample wL wp Pl wS wn
% -, % “ )
1 Moist 67 29 38 16 30
2 v gsample|{ 06 28 38 i6 30
3 65 27 38 16 1 2
average 66 28 38 16 ! 30
4 AMr 62 26 36 16 6
5 dried 63 26 37 16 i 5
6 sample 63 26 37 16 i 6
averapoe 2 63 26 37 16 ; 6
s e - - !.. -
7 ! Oven 61 26 T 35 15 -
8 . dried | 62 a6 | 36 16 | -
9 | sample | 63 7736 16 -
average | 62 26 | 36 16 -
i
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Table 16 Compressiblity Parameter of weathered Bangkok Clay
(After YUAN, 1982)

a) Compressibility characteristics of AIT Campus

Ce Cs | Pc (t/m?)
depth

() n I o n un g n n ag

052 023 |4 0.0 002 | 5 226 | 2.8

-
E=N
9]

0.88 1064 |1 |008{ - |2]178] 103
0.90 7 0.24 1171016 1 0.03 |23} 16.9 | 8.2

1.06 1 0.38 3 0.14 0.05 7 1149 3.8

I
114 1 025 3 1019 ] 0.05 | 7 9.4 2.1

[
o

i 2.36 1 0.14 0.27 | 3 1019 | 0.04 5 8.2 1.4

5 . 2.28

11 1 2.26

0.20 f 6 1019 0.03 |11 10.0 3.6
2% 1101 0.20 | 0.03 12 9.0 1.8

W
(2]
~ .

0
H i ; ! }
50 114230 | 015 118 1 1.22 | 0.26 |10 0.18 | 0.05 |18 9.4 1.9

b) Coelficient. of primary consolidation Cv
10" ecm¥sec.)

AIT Campus Nong Ngoo Hao Pathum Wan Pom Prachul

depth

—_—

(m) n f 7

o 0-1 2 2.5

1.9

1.3

1.7

P
[
v

1.1

n : sample size
it . mean value
g : standard deviation
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Table 17 - Undrained Strength Parameters
(after ARAVASIRI, 1969)

- lidated
Depth Apparent Normall Overconso
£, Overconsolidated C°“5°1id: ed .
¢ ¢ Cu u C u
u u g
1b/i;2 degree 1b/152 degree 1b/£62 degree
4,75 | 3,5 9 0 14 - -
4.0—60Q 2'4 16'2 0 18.3 2'4 16.2
13.0 2.8 9.5 0 15 - -
11'0"13'0 1.4 13.5 0 )9.3 1.8 13.5

* Isotropic consclidation reported by ARAYASIRI (1969)

Table 18 - Undrained Shear Strengtih Farameters of the Weathered Bangkok

Clay, (KO Anisotropic Consolidation)
(alter CULANHOL, 1970)

Depth, Total Stress Effective Stress
o a o c é a o c ve
4.0-6,0 1.5 18.21 1.0 19.2 1.6 20.8 |1.7 22,3
AOCC
11.0-13.0 [ 0.5 18.2 0.6 19.2] 1.0 20.5 1.1 22.0
4.0-6.0 0 21.8{ 0O 23.61 O 22.8 0 24.8
NCC
11.0-13.0 ;1 O 18.91 0 20,01 O 24.4 0 27.0
4.0-6.0 0.5 19.3] 0.6 20.5( 1.6 21.8 1.7 23.6
occC
11,0-13.0 {0.2 186.01 0.5 | 19.0] 1.0 23.6 1.1 25.9

(o]

, @, ¢, € in 1b/in?

4 in degree

2
2
>
s
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Table 19 Shear Strength varameters in Terms of Total and Effective Stresses,

Junparison  Betueen isotrepic  and Anisolropic Consolidation
(af Ler GULACHOL,, 1970).
Total / Streas Effective Stress
Test Depth A1 (0 -0y) max At (- 03) max At (6;_/'0'3)qu~ '
Strength MohrCoulomb Strengih  |[Mohr~Couomb Strength  {Mohr-Coulomb
Senes i1 Paramelers | Parameters | Paramelers | Parometers Parameters { Parameters
s [« cle lala ¢ 2 |alz|c]|a |
b /i degree | 1b ha degree b /irf degree b/ irf degree (Ib firf? degree b /ir? degree
CIAU 4.75 28 | 80 | 2.8 | 81 z.r| 126 | 26 | 129 [25 | 126 | 26 | 12.9
CAAU 4010 6.U 5 | 12| 18 | 192 ] L8 20.8] L7 | 223 |16 208 L7 | 22.3
¢ " 475 0 1n.o 0 n.2 0 16.5 0 172 | 0 65| 0 17.2
cau 4910 5.0 o | 28] o | 236| o | 228 o | 2480 238| o | 26.2
ciau " M:; 2.2 8.0 i 2.2 | 8.1 23| 130 24 13.4| 23 130 | 2.4 | 134
_CAAU 1o to 3.0 9.5 82| o6 | 192 | 10 20.5] L.t 22.0| 1.0 208 | 11 | 22.0
7TU—~ B 41‘5‘0 0 z.o| o 2.3 0 9.0 © 202 | o 9.0 © 20.2
CAU no to 130 o] 8.9 0 20.0 0 24 4 0 270} O 25.01 O 27.8
CAOU 4.0~->;;»-‘;-c.)_ os| 193] o6 | 205]| 1.6 218 1.7 236 | 16 2.8 17 (236
CAQU o to 13.0 0.2 1 ie0l 0.3} wo| 10} 238 1.1 259 |t10 292 1 2.7

* Isotropic  Consolidation ( ARAYASIR] , 1969 )
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Table 20

Undrained Shear Strength Parameters of Weathered Bangkok Clay
(After ol ot al, 1969)

—

Depth

Total Stress

Effective Stress

Y 3
m toz/m2 - ¢ 5 " dn ﬁg Bn
- ton/m” Hggngp desree degree
1.1 27.7 0.5 13 - 20
1.5 25.6 2.0 11 9 18
2.5 2h . 6 0.8 11 16 20
k.0 17.5 1.4 13 9 21
5.3 0 11 - 0 20
10.5- .1 6.1 15 10 24
L 11.7

* 4. for normally conmolidatad scil

** 4 for over consolidated soil
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Table --  shear strength Parameters of Bangkok Clay (Afiar QURESHI and MOH, 1973)

Total Stresses Effective Stresses
t (a=a) At (0= g t (O/5
Test Type A 4 . may k a )max At | u/ r)max
History of Depth .
- t Z L - -
Series T a Strength Mohr strength Mohr Strength Mohr
Parameters Coulomb Purameters Coulomb Parameters Coulomb
Parameters Parameters Purameters

a o c @ & = [ & a o< < 3

lb/inadegreelb/ina.egree*lb/incdegreelb/inziegreelb/in2 egree lb/inxdegree
AOCC  EAU-v p.0-2.4 1.0 |17.0 | 1.0 V7.8 ] 2.0 | 6.0 2.1 [16.7 (2.0 | 16.5] 2.1 17.2
AOCC  [CAU-H £.0-2.5 C.4 [12.5 |o.4 |12.8 C.8 4.01 0.9 [26.4 0.8 2.0} 0.9 | 26.4
"pocc CaU-v | 1.8 | 1.5 ]18.2 [1.6 195 Tz 20.81 1.7 22,3118 | 20.8] 1.7 | 253

CAU-1I

[4¥]

** |A0CC _ [CTU-v 2.5 0.8 110.5 0.8 |10.7 | 1.2 9.5 1.3 [ 20.7 1.2 19.5( 1.3 | 20.7
AOCC  [CAU-V F.0-5.5 4.0 7.5 | 4.0 7.6 | 3.7 | 16.0| 3.8 | 10.2 3.7 10.0| 3.8 | 10.2
AOCC [CAU-B 5.0-5.5 4.0 3.0 | 4.0 3.0 | 3.7 5.0 3.7 5.0 | 3.9 5.0| 3.7 5.0

I +
CAU-II

—
NCC  {CAU-vV -0-5.594 0.0[17.0 (0.0 17.8 C.C 21.5] 0.0 23.2 13.0 22.5; 0.0 24 .4

NCC CAU-H B.0~5.5 0.0 | 11.0 |0.0 11.2 0.0 1%.04 0.0 20.0 | C.0 1611 0.0 20.2

**| NCC |cID-v h.3 0.0 { 11.0 { 0.0 f11.2 0.0 | 20.019.0 | 21.4 |0.0 21.5] 0.0 23.2

Pr——

— _*+{ NCC " CAU-V P.0-7.5 0.0 {20.0 0.0 21.4 1 2.9 t19.0]3.,1 [ 25.2 2.9 19.0{ 3.1 | 20.2
CAU=IY - — .
NCC AU-H 2.0-7.5 0.0 [ 14,0 0.0 [15.% 3.3 16.0 [ 3.5 | 18.7 3.3 6.0 3.4 | 16.7

¢ GULACHOL(1970)
** ARAYASIRI(1970)
+ The -strength parameters were based on the average envelope.



Table 22

Content (w =

Summary of the Strength Parameters and Strength Parameters from
CIU and CID Triaxial Tests, Samples Compacted at Optimum Water
24.1%) with 56 Blows per Layer ‘After HAQUE, 1977)

Effective Strength Strength Parameters
Type of Cosdlidation
Cest Pressure Unsocked | Soaked Unsoaked Soaked
t/m? t/m? | t/md Fro? _3 e ‘
ciu 15 9.9 9.9 At (G~ 6,) max,
25 15.4 132 2.8 i 24 9° 0.8 27.1°
35 20.5 19.9 AL (6, / G,) max.
2.2 259°| 1.4 26.4°
CiD 15 - 18.9 A}(c,— 0,) max.
25 - 25.e or (5‘/ 53)max.
40 - 382 - - 46 255°

~53-



able 32 Typical Tensile Strength of Bamboo (after DURRANI, 1975).

Ultimate HModulus of |
Specimen Tensile Elasticity Remarks
Stress (psi) (psi) x 10°
Without node 18,800 2.0 Fractured at the centre
" 30,700 2.3 "
" 21,600 2.2 "
! 20,300 2.1 "
" 29,570 2.3 "
" 23,800 2.2 "
Vith node 18,300 2.0 Failure at node
" 19,850 1.9 "
" 24,100 2.1 "
" 12,200 1.9 "
" 19,900 i.9 "
" 17,900 2.0 "

Average Tensile Strength at nodes

Average Tensile Strength of internodes

Average modulus of elasticity

-54 -~

18,700 psi
24,130 psi
2.11 x10° psi
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86.85-"4.04% Z0-2¢ :55 Facter::
55.14-71 30 20-27 Hantu Steel Ind. Co..Ltd,
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J——

Nia-
meter

(mm)

16
16
16
16
19
19
20
20
20
20
20
20
20
20
20
25
25
25
25
25
25
25
25
25
28
28
28
28
32

Type
or
Grade

5D30

SDA0
SD30
3D30
SR24
SR24
Sb30
Sp4ao
Sb3d
SD30
Sb40
3D40
SD30
3030
SD30
SD30
SD40
SD30
SD40
SD30
SD40
SD30
SD30
SD30
SD40
SD4a0
SD30
SD40
SDs0

Unit
Helght
kg/m

1.56-1.60

1.57-1.69
1.51-1.56
1.59-1.61

: 0.505~-0.526

f

2.20
2.40-2.53

| 2.450-2.464

1.56-1.58
2.47-2.49
2.47-2.54
2.41-2.53
2.45-2.46
2.48-2.50
2.40
3.72-3.98
3.77-3.82
0.875-6.878
3.802-3.832
3.83-3.92
3.81-3.97
3.72-3.73
3.82-3.83
3.77-3.88
4.740-4.835
4.69-4.87
4.79
4.81-4.83
65.448-6.572

Yield
Stress
kgf/mm?

34.34-36.73

41.27-50.09
9.01-38.99
35.33-39.69
47.15-49.04
31.32-32.45
37.29-40.04
41.33-41.44
35.77-39.00
34.32-34.68
40.50-43.61
40.58-63.82
34.46-35.50
34.98-35.33
36.63-38.60
34.73-44.46
42.25-43.51
40.15-40.23
41.38-46.55
37.05-39.76
41.29-46.69
34.10-34.82
38.22-38.33
33.69-34.57
40.14-42.13
40.83-46.08
38.35
43.25-43.56
53.08-56.87

Tensile
Strength
kgf/mm?

46 67-52.84

64.50-74.96
25.39-56.03
53.18-56.56
67.79-69.16
16.56~-46.84
53.97-58.73
62.16-63.40
50.88-57.16
50.76-50.85
60.12-68.69
57.18-88.97
50.80-51.22
53.07-54.13
55.31-56.13
51.99-68.48
63.38-68.29
57.60-57.93
67.60-72.44
56.47-59.44
65.62-73.63
52.41-52.96
57.76-58.00
51.09-53.52
62.82-65.59
64.19-73.05
55.88-55.97
65.74-65.85
73.29-77.18

Elongation
(%)

29-35

20-28
31.0-57.5
28-29
22-31
36
26-33
25-27
28-34
32-33
22-28
16-21
30-37
26-27
28-29
23-30
23-28
30-32
18-23
23-32
20-214
24-26
29-30
26-28
21-24
19-24
27-28
24-26
18-23

GSS Factory

Local Manufacturer

in Thailand

Remarks

GSS Factory
NTS Factory
TICO Factory
BSI Factory
TPS Factory
BISH Factory
85I Factory
BSI Factory
GSS Factory
GSS Factory
NTS Factory
NTS Factory
TICO Factory
TPS Factory
BISH Factory
BISW Fectory
BSI Factory
BSI Factory
GSS Factory
GSS Factor:
NTS Factory
SIS Factory
TICO Factory
BSI Factory
GSS Factory
GSS Factory
G53 Factory
SIS Factory

PC Seven Hire
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http:3.82-3.83
http:52.41-52.96
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http:3.81-3.97
http:56.47-59.44
http:37.05-39.76
http:3.83-3.92
http:67.60-72.44
http:41.38-46.55
http:57.60-57.93
http:40.15-40.23
http:63.38-68.29
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http:51.99-68.48
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http:50.80-51.22
http:34.46-35.50
http:2.45-2.46
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http:2.41-2.53
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http:50.88-57.16
http:35.77-39.00
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http:37.29-40.04
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http:31.32-32.45
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http:26.39-56.03
http:9.01-38.99
http:1.51-1.56
http:41.27-50.04
http:1.57-1.69
http:67-52.84
http:34.34-36.73
http:1.56-1.60

Table ;5

Tensile Strength Test of Steel Welding

Joint

. ; ; e — - . .
’ Held Held . Bearing ' Tensile . . i
i S.No. , Width , Thickness . Load Strength Remarks
i o(mmy (mm) i kgl kgfl/mm?
i i i
; : i
, 376 | 10 x 18,240 4,85% i Fracture occured outside
f is8.0 . 10 ] 18,280 1,811 I Helding joint outside
f 37.9 i 10 5 18,000 | 749 Helding joint outside
! 38.0 . 10 ' 17,480 ' 4,600 Helding joint outside
| 375 | 10 . 17,600 | 4,693 Welding joint outside
| I i
Tahle 26 Tensile Strength Test of Welded Steel Bars
(After AIT, Structural Engineering and Construction Division)
. Dia- | Unit |  Yield | Tensile | Modulus of
i S.No. i meter . Height i Stress i Strength | Elongation Elasticity Remarks
i mm) s kg/m i kgf/mm? ¢ kgf/mm? | (%) kgf/mm?
A : |
| ! | !
. 1 | 25 | 385 | | 60.69-66.40 | 20-24 20,370-28,400
i i i

43.92-45.67

]
i
i



http:60.69-66.40
http:43.92-45.67
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Table 27 Specifations for Deformed Steel Bars

(after TIS.

24—

1984)

Nominal Size| Nominal |Unight jNominal | Maximum Length Allowance |Weight Tolerances| Max. Chemical Composition Mechanical Properties
Diameter|Weight | X- Area
(mm. ) kg/m (mm3) {mm) (v by weignt)
T t T tin.
10 m. andlover 10 m. for Average|per Irade| C Mn | P S "+ Grade|Min. Yield| Min.Tensile Eloncation
undex Y plrecet n/6 Stress Stress
) kgt /mm? kqf /mm3 €Y
DB 10O 10 0.617 78 +55 mm. Add 5 mm to DB10} +3.5 + 6.0 ST30 .28 - ].058 | .058§ .49 sD30 30 49 7
DoB12 12 ©.888 113 -0 mm, the above for |DB28|- SD4C 1.8].058 ¢ .058{ .59 sp4o 40 57 1%
DB16 16 1.578 201 every additi-
D820 20 2.4R6 314 onal 1m. or !
0B22 22 . 2.984 3s0 fraction there t
0825 25 3.853 491 of not to exc-
DB28 28 4.834 616 eed a max. va-

lue of 120 mm.




Takle 28 Specifications <or Round Steel Bars

_09_

T
Hominal } Nominal ircumference |{Hominal | Unit Max. Length Allowanca Allowances for MLx. Chemicai Composition Phvsical Properties
Size Diameter X-Area Weizht I Aeight f
{mm) (mm) {mm?) (kg/m) {mm) H {\ by weigng i .

7 T Min.
iOm. and| over 10m. for jAveragef per ;C s 4 GradeMin.Yield [Min.Ten-|{Elong
under piece Stress sile str yeion

\ \ fl ' kgf/mmd | kat/rm: |
i
i f l
RB6 ) 18.85 28.3 0.222 . +55 mm. Add 5 mm. <= RB6 [ 5.0 *10.0 | .28} .0%52| .0%8 l'sr 24 24 39 21
RB9 9 28.27 63.6 0.499 i -0 mm. to the above RB9-{=23. 5 =160
RB12 12 37.70 113.1 0.888 for ever. RB28 |
RB1S 15 47.12 176.7 1.387 additional
. Im. or frac=-
RB19 19 59.69 283.5 2.226 ion there cf
RB22 22 €9.12 380.1 2.984 next to exceed
RB2S 25 78.54 490.9 3.853 a maximum vaiue
rB28 28 B87.96 515.8 4.834 of 120 mm,




Recommended Design Values of Yield Strength

Tahle 29
and Effective Modulus for Steel Meshes and
Bars
Woven | Welder | Hexagonal | Expanded | Longi u-
Square | Square Mesh Metal dinal
Mesh Mesh Lath Bars
q(g fr ksi 65 65 45 55 60
q 8 (MPa) (450) (450) (3).0) (380) {(414)
S8y
4J
wn
(E_) ,107ksi | 20 29 15 20 29
0 . r’long. ’
= o (107 Mpa) | (138) | (200) (1045 (138) (200)
o0
8 ) 3, .
o (LL)tran.’lo ksi 24 29 10 10 -
(107 MPa) | (165) | (200) (69) (69) -

-61-
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Table 20 @General Subsoil Properties at the Site {(arfter MOY. [984).
= Wh PL LL Pl Og Xt e, S i P ax —C ’ Ce Cq
A NCASNRCARN NCAN NEA (/) (%) | (/) (/) | x 107 cont/sec
° (/E)_ Jtog-y ,
9.5 24.7 237 50.4 26.7 270 1.87 |08C0%4 | 832 0S4 | 7.30 6.5 17.0 |02226 | 00474
+0.75 283 186 {08333 836 .40 13.0 5.0 .0 ]Q2002 |0.042
1.5 43.7 36.0 | 788 428 2.67 L7t |1.2716 | 918 222 27.0 1.7 15 |05570 {01403
£1.75 39.¢ 180 |1.1034 953 2.0 | R0 1.5 0.4 16.37117 01157
2.5 770 | 395 8318 L53 2.63 148 ]2.3962 | B84.6 282 7.0 3.6 1.2 1.7575 -
x 2.75 88.1 1.50  {2.3947 | 963 295 6.4 1.7 0.2 14920 {01738
_3.5 903 428 90.4 L7.6 2.62 1.48  |2.445 96.8 3.30 102 | 11 .0 15042 {01329
» 2.75 89.7 1.8 {2.4880 | 941 3.42 S.4 20 10 |1.7154 01778
L5 97.8 | 393 109.0| 69.7 262 L46 12.5281 | 1014 | 377 38 1.2 1.0 0.8770 |0.1871
«&75 S0.5 .55 [2.7066 | 87.6 389 | 4.7 1.0 0.7 1.5329 {0.1982
a8 84.2 37.0 | 1015] 645 2.63 148 4121 91.4 424 8.5 09 0.8 |14i64 02200
+»5.75 | 86.6 150 21380 | 83.5 | 4.36 7.8 1.0 0.6 12497 |01828
6.5 60.5 33.3 | 758 &25 264 .65 [1.6174 988 | 4.81 8.6 20 | 15 1.0283 [02624
=6.75 60.8 .61 (16180 | 992 597 10.2 |10 0.5 10.8367(01230

( = from Special Oedometer

Test )
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“able i General Subsoil Properties ar the AT Campus {after DHTA & HO. 1982
= | W | PL LL | Pt Ge  f . S R | Pnax e Ce Cs
Qg (7)) LAY | (%) | ) ( t/rr?) () (1 tmh) | vmty | <G emsec
o~ (VT ) Tlogt)
05 300 | 268 | 440 | 230 | 262 | 193 |oss 3.5 | Q97 2.7 260 | 12.0 Q%6 | 0.020
1.4 26 | 33 | 832 | 520 | 267 | 196 l159% 104.5 | 136 46 260 | 100 |0.407 0103
175 | 782 | 382 [1045 | 660 | 2.7 18212283 | 929 | 158 |10.0 500 | 4.0 1685 | 0168
2 835 | 39 | 885 |50 |265 | 164 |70 | ese | 159 56 20 | 1.0 [1.630 |C.2L0
275 | 953 382 11078 1 890 |263 | 155 2570 | 973 | 218 | 50 36 |20 [w20 10210
335 1902 | 368 [1090 | 720 | 270 | 156 |2655 | a5 252 | s5 20 110 {1580 |0.238
39 827 | 348 | 914 | 560 | 266 | 161 2317 | 973 285 | 90 30 | 20 {1530 |oiss
£25 | 932 | 388 IM4S | 760 | 268 | 157 | 2627 | 973 | 305 | 72 01 | o1 1.580 |0.250
33 308 | 365 11031 | 670 | 265 | 158 | 2244 | 986 | 366 9.5 1.0 |10 {1104 | 0154
>8 | 805 | 3720 |1005 | 630 | 269 | 169 | 2280 968 | 400 | 64 | 15 05 0.7280 | 0.220
&2 | 668 1 :78 11043 | 670 | 263 |1.70 |1 1262 | 442 {123 (20 |10 1330 | 0.220
88 | 673 | 321 684 | 360 |271 | 168 |1683 1084 | 488 | 9.2 1.0 1.0 0.827 | 0172
74 1 632 1308 {734 | 430 | 286 | 17 2202 | 763 | 812 | 31. |40 |05 1.000 | 0175
78 | 353 | 336 |837 | 500 | 267 | 192 | 1109 850 | 549 | 80 |70 |50 0.400 Q101




Table 32  Sumnary of Triaxial Test Results (Anisotropically K, Consolidated

Undrained Triaxinl Compression and Extension Tests) (after MOY, 1984).

CKU-comp. CiKU-ext.
Mo. | Depth | &i=p. | &:zk.j | S Su/p; Ag S | Su/py Af  |Suw/Sw
(m) | (t/m?) [ (t/m) [ (t/im) {(t/m*)

1 1.0 187 1.27 1.7 0.91 0.05 | 1.63 087 1032 095

2 1.75 222 (19 1.71 0.7v 1 0J5 2.40 1.00 ] 0.38 142

3 275 [ 294 | 176 2.07 0.70- | 017 .69 [ 057 |0.43 [082

4 3.75 | 3.30 {198 2.06 | 0.60 | 0.49 | 216 0.63 [ 059 [105

ul

4.75 389 | 2.34 1.86 0.47 | 0.6 144 0.37 [ 0.66 |0.77

6 5.75 | 4.36 2.62 2.36 0.54 0.46 | 196 | 045 0.62 [083

7 6.75 | 497 298 | Z.35 0.47 0.63 | 1.94 0.39 0.77 10.79

G-
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Table

22 Summary of Triaxial Test Results (Isotrepicai.x
Triaxial Tests}) (after OHTA & HO. 1982).

Censolidated Undrained

kxial Strain
Depth 0':,0 p
(m} ensmolins2y 0% .2 0.5 1 2 5 10
p/O'\;o q /0vo D/O'\.'ro Q/U\;o D/O_v'o q/0vo 6/0uo D/U:/O‘Q/O'\;o p/Ouo q/d\:o p/U\;o q /Gyo
0.50 32 15 0.47 0.19]0.48 | 0.38| 0.52{0.44] 0.52{0.64 {0.58{0.71]0.62 0.7%9 | 0.69
1.40 46 27 0.59 0.39. 0.96| 0.62|0.90/ 0.80| 0.85{0.88 {0.87 {0.83 |0.96 0.8311.01
1.75 [ 100 31 0.3 0.1810.34]0.51}0C.29|0.66]|0.40 |0.42 10.3410.33/0.395/0.33 0.34
2.40 56 37 0.66 0.20]0.70|0.210.66|0.38| 0.66 |0.52 {0.64]0.4810.611|0C.34 0.2
2.75 50 40 0.80 0.12|10.82]0.1410.76{C.32|0.7410.32 {0.62[0.14 {0.52]0.12 0.50
3.35 65 45 0.69 0.20/0.69 J.37]|0.66|0.55|0.¢5]0.68 |0.58]0.55]0.52] 0.49 0.49
4.25 72 52 0.72 0.1010.71]0.24|0.68 | 0.23{0.64|0.26 |0.601]0.25{0.58] 0.24 0.54
5.30 85 60 0.63 0.150.6010.29{0.59}0.28}0.53|0.46 |0.4510.451]0.33 0.350.28
5.80 64 64 1 0.23 11.03}0.39|1.00{0.5|0.97|0.67 |{0.89|0.56|0.81 0.47 |1 0.77
6.80 92 72 0.78 0.2210.80]0.37}0.79}0.51{0.7710.67 |0.72]0.70 | 0.63 0.55:0.58
7.40 | (31)] 78 1 0.26 11.10]0.44 | 1.05(0.63|0.99 | 0.68 {0.86 |0.56 {0.74]0.44 | 0.69
7.80 | (80) | 81 1 0.2110.95|0.44|0.93]0.45|0.85]0.53 {0.79 ]0.50 0.7310.39 ] 0.65
\
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Tabizs 24 Summary of Triaxial Test Results (Izotropically Consolidated Undrained
Triaxial Tests) (after DHTA & HO. 1982).
Axial Strain

Depth | Oyq P

(m)  [kN/mUKN /m2)| 0% 0.2% 0.5% 1% 2 S% 10% 15%

p/0yo|q/Ovo | p/Ovala /Cio | P /Ova|a/Oyo|p/Cuo | 4/Tio | P/Tuo | Q/Tuo | P/Tuo |a/Tve |8/0ve |a/Tis | 9/0us

0.50 | 150 150 1 0.2110.91|0.3800.99|0.56} 0.83{0.67 |0.6910.76}0.590.7810.55{0.87 |0.60
1.75 ] 150 150 1 0.0510.90¢]0.2210.80{0.29}40.74{0.32]0.65!10.27} 0.50}0.24 {0.46 {0.24 10Q.43
2.40 | 150 150 1 0.5710.07 |0.5210.15]0.:4{0.21 {0.370.2310.2510.20,0.60

2.75 ] 150 150 1 0.91)0.081/0.8310.19|0.79]0.30|0.73}0.32},0.60|0.31|0.51{0.321]0.47
3.35 (150 150 1 0.11|1.03}0.18 {0.97 {0.26| 0.89|0.29 0.75]0.32|0.63}0.33]0.59

3.90 | 150 150 1 0.04 {0.95}10.15]|0.81{0.23|0.75]10.30|0.690.35|0.55}5.290.50

4.25 (150 150 1 0.09({0.84|0.17 {0.71}0.25| 0.65|0.3C |0.5670.33}10.400.32}¢C.290.3040.22
5.30 | 150 150 1 0.07410.89]|0.17 {0.78 |0.23 0.7 10.29|0.66}0.29|0.51{0.3310.45

5.80 | 150 150 1 0.07 |1 0.94 |0.16 |0.88 |10.24{0.80|0.33:0.67}0.38]0.54{0.39]0.42

5.80 | 150 150 1 0.14|10.04 0.21 {0.91 |0.27{0.85{0.4010.80{0.45|{ 0.66 | 0.5110.5710.43 |0.49
6.80 | 150 150 1 0.14 10.9710.29 {0.96 1 0.49| 0.95|0.550.92|0.47|0.8210.61{0.83]0.451]0.76
7.40 | 150 150 1 0.16 | 0.96 {0.16 {0.87 {0.251 0.81 {0.30}0.67 9.41 0.57 | 0.33 | 0.45

7.80 {150 150 1 0.0311.0310.21 {0.9910.57|0.78|10.64 }0.5810.63}{0.45(0.63|0.29




Table 25 Vartation of the Friction Angle Based on Effective Stresses with
Depth (after ONTA & HO, 1982),
OHTA & HO (1982) Past Theses
Depth: ¢! b Depth ¢!
(m) (degree) (degree) (m) Kdegree)
0.5 34.0 35.8 - -
1.4 21.1 1.25 19.8
1.75 le.4 15.0 - -
2.40 17.1 4.4 2.25 2l1.0
2.75 7.3 4.8 - -
3.35 30.5 14.7 - -
3.90 5.7 15.5 - -
4.25 11.8 33.7 4.25 2.30
5.30 37.1 19.7 - -
5.75 16.4 15.3 5.5 22.7
6.40 21.1 15.8 6.5 23.2
6.80 24.1 - -
7.40 16.6 19.6 - -
7.80 16.1 - -
8.25 21.5
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Table 26 variations of the Unconfined Compressive Strength (qy/2) and
s With Depth (after OHTA & HO, 1982).

Depth (m) qu (knN/m?) qu/2 (kN/m?) € Esg (kN/m°)
0.50 64.0 32.0 0.0185 1730
1.40 40.0 20.0 0.0050 4000
1.75 53.0 26.5 0.0065 4077
2.35 36.8 18.4 0.0035 5257
2.75 30.0 15.0 0.0070 2143
3.35 51.0 25.5 0.0075 3643
3.75 67.4 332.7 0.0060 5617
4.25 28.6 14.3 0.0076 1882
5.35 54.0 27.0 0.0060 4500
5.75 63.0 31.5 0.0082 3841
6.40 86.5 43.2 0.0100 4320
6.80 49.0 24.5 0.0095 2579
7.40 54.5 27.2 0.0080 3400
7.80 57.0 28.5 0.0080 3563
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Fig.1  The Pullout Testing Room Showing Tables of Research Associates.

Fig.2 The Pullout Testing Room Showing the Future Location of the
Pullout Apparatus. '
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Flg.3  Container for Backfill Material Samples.

I'ig.4 Site of Field Tests.
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Fip.5 Another View of the Field Testing Site.
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Fig.47  Uniaxially and Biaxially Orfentated Tensar Grids (after NETLON, 1986).
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General Subsoil Profile and Soil Properties at the AIT Campus
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Fig.66  Typical Subsoil Profile at Location 8 (Pom Phra Chul).
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Fig.65 variation in Vane Shear Strength with Depth (after BERGADO et al, 1986).
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Fig.66  Variation of Dutch Cone Resistance with Depth (after BERGADO et al, 1986).
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Fig.67 Variation in Shear Strength with Depth Obtained from Pressuremeter Test
(after BERGADO et al, 1986).
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APPENDIX

Properties of Tensar Geogrids
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Geogrids Tensar.

Specification Roll width

‘Tensar’ SS1 Geogrids were developed for (Transverse)
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75 7 | QCTest
’ / l » L
% | 32 Q.C Limi N,
o 10 ns /
“ ?\dﬂ Teat 28 N
| 26 Indden Test
2| 24
13 22
? 0 5 -
g g 18 4
L] - 16 1
14 4
5 121
ol
4 Q C Tast - Singte Fib 50mm/rmen 8 { Q C.Teat - Single fub 50myn/mun
Irctas Tast - 4Rt 1 BRI 7 t/men | 20°C17°C 6 4‘ tresns feat - STt 1 6 Ry 1\/"‘11' woctre
2 a4
| )
o b ] Y S
0 2 4 88 N2 1 % 18 20 22 0 2 4 6 8 X 12 1416 18 2922
< Stran % Strain
Typcatlensde test resuits for Tensar 'SS 2 Geogeuds Typicattensila test msdll!m'Tensa'SS? Geogrids
(Longrtudinal diectinn) [Transverse ditection)
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Tensar SS3 ﬁﬁ

Ge()grids Tensar.

Spe .ification —_— (TRoll width
ransvers
‘Tensar' SS3 Geogtids were developed for | ! rse)
stabilising weak, low load bearing soils.  —<»- T -~
e.g. for the construction ol temporary and
4-4mm 0-8mm

permanent roads.
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1 .
m
4-4
mm
i ™ Junctions / K
Ie‘::]og't'h I'ypical Dimensions
(Longitudinal) Quality
Roil dimensions Physical properties Control Properties
Length: som of the grids ‘Quality Control Approx Peak
Width: 4m Strength (kN/m)  Strain (%)
Approx diameler: 0-5m  Weight: 0-24kg/m? Transverse 27-4 10-6
Approx weight:  56kg Colour: Black Longitudinal 16-1 16-5
* Determined as a 95% lower confidence limit
® »_‘(?.S.levl YA .A>~__.
61 /\/" » ocires\c\
1 Index Test iy _OCLmut ..__4“
274
£ 3
E W) E 20
§ 1] § w
6 12
';
4 e"
oc l-“-S-rql:”ﬁlhss,f:}mr;/m lxrc e i ‘ .
2 Ireira (g - 4Riba & $ilbe 23 /men ¢ ; il .
' WY Ao e P
DA PRy B S
% Stramn Y Stram
Typecal fensiba test reswita for Tensar ' SSI Geogends Typicaltensile test rrs:d?s' for Tensar' S5 I Geogrids
{Lorgriudingt chrection) {Transveree direction)



TensarGMli ﬁtﬁ

Q_g()grids Tensar.

ifi i e Roli width
Specnflcatlon (Provisional) ‘——_—(Transverse) —
‘Tensar’ GM1 Geogrids were developed for ;

}
rock face protection and for the fabrication of '-&' } m‘"

gabions and mattresses.

|

4-2mm 1-3mm

~1=1-3mm

P cot .
y . S MY I
.

/ 0

Junctions
Rell
length
(Longitudinal) Quality
Roll dimensions  Physical properties Control Properties
Length: som of the grids *Quality Control Approx Peak
Width: 3m Strength (kN/mj  Shain (%)
Approx diameter: 0-5m  Weight: 0-32 kg/m? Transverse 150 16-0
Approx weight: 56 kg Colour: B8lack Longitudinal 150 26-0
* Delermined as a 95% lower confidence limit
e BB b = e e
QC.Test | Q.C Teat
” s
T~ ° | ocume >
‘ 15-0
14
//\ ~ | 12 (\
tndayx Test ! Index Test
£ i E
Z N
: o
6
[
R TS N B /Ao e e e
n Irwten Togl - mreazre 2
2 an.hnsnmu-/m-nj :
0. e ! o e e A A v
0O 4 8 12 6 20 24 28 32 36 40 0 2 4 6 8 1% 1214 16 18 20222426
% Stravn ¥, Strain
Typicat tansile test msolts for Tensar GMI Geoqnds Typicaltensie test resulls for Tensar ‘'GM1 Geogrids
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TensarARI HH

Polymer Grids

Tensar.

Specification

"Tensar’ AR polymer grids were developed
for reinforeing asphalt roads and pavements
to minimise rutting and reflective cracking.

11 Y
mm .

51{mm

Roli

Typical dimensions
length yp
(Longitudinal)
Roll dimensions Physical
Length: 50m propertle;s
Width uptodom Of the grids
Approx diameler - 0-5m ,
Approxweight  54kg  Weight: 0-24 kg/m?
Colour' Black
. Ranqe of Sampia fadoe ) . A
20 4 acC. TI,"H\//"
8 QC Lent /
180
16
E 1 ™ tutox Test
E 2
8
A4
6
F.
24 W ot AT« 5 o e 1 20€ 2
I S S B

4 Stram

Typica! tensile tosutts tor Teasar AR polaner greds
{Transverse arecton)

4-4mm

_ B _ Roil width .
| {Tra.isversa)
—-- : --
4-4mm 0-8mm

Quaiity
Control Properties

*Quality Control  Approx ~ **Maximum

Strength Peak Shrinkage
{(kN/m) Strain (%) (%)
Transverse 18-0 100 4-0
Longitudinal 14-0 140 40

“Deternmned as o 95% fowar conlidence i

**Determined as the kree relaxation in a forced circulation hot
air oven at 140°C for 30 miis.

18 Range of Sampla faiture |
- ”’
16 4 Qc. T,.s')/‘, -
14 Q C| 1L(;mrl —
s
zZ 12
3
9 0. ~ Index Test
84
6 4
4 4
0Q.C. Test-Single Rity S0memvimin
21 Inddex Test-4 Ribs x 6 Ribs 2%/min l 0CLZT
0 T T T Y T T T L
0 2 4 6 8 10 2 t4 16 18

% Strain

Typweat tensile results far ' Tensar AR polymer greds
(Longitdinal direction)
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Tensar GSI %

Polymer Grids  Tensar.

ifi i Roll width
Specification " (Transverse) ~
‘Tensar GS1 polymer grids were developed for |
continuous exposure applicalions such as tencing —— | .
and slope protection } t

2:9mm 0-55mm

~@--2-9mm

- 0:75mm

Junctions
Roill
length Typical di.nensions
(Longitudinal) Quality
Roll dimensions Physical properties Control Properties ‘
Arange of roll sizes of the grids ‘Quality Control  Approx Peak
are available to suil the Strength (kN/m)  Strain (%)
enduse. Weight:  0-18 kg/m? Transverse 17-0 -
Colour:  Black Longitudinal 13-0 14-0
" Determined as a 95% lower confidence limit
0+ 70 4 QC Test
S
10 4 [-\
0 C.Limit ]
6 QC.Test 16 - 7o 7
~

;
14 1 / N\
Q.C.Lunnt / Index Test

Load kN/m

13-0 & 4

27 = indas Tasi z 12

) 3 ]
0 -4 0
a 8 7
6 6

QC.Tas1 - Sinqqre Pobs S0nwn/rrun . . 0 C Test - Singte Ay SOmm/min .

- Incses tast ~ Aiibs « AFihy 2v/m-n’ e e - Incdan Test & Fibs 18 Ay '.'lln-nl wcr e

1] T T T T T Y T T L T a9 T T T T T v T T T
o ? 4 6 a 0 12 14 16 18 20 o ? q 6 8 10 12 1a 8 18
" Stran Y. Strain

Fypicaltensie test results for Tensar GS1 polymer grids

Typicltensde test resulls for Tensar GS1 polymer grids
{Longitudimal duection)

[Teansverse dirnction)
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TensarSR2

Geogrids Tensar.

Specification Roll fength
—— : < ———
‘Tensar’ SR2 Geogruls were developed for (Longitudinal)
reinforcing soils. ) }
e.g. in the construction of embankrnents and ) - a—
vertical walls. 1-2mm t
4.5mm max.
4.1 mm min.
?

Roil Bars
width Typrecal Dimensions
(Transverse) Quality
Roll dimensions  Physical properties Control Properties
Length: 30m of the grids *Quality Control Approx Peak
Width: Im  Weight: 0-85 kg/m? Strength (kN/m)  Strain (%)
Approx diameter: Q-4m  Colour:  Black Longitudinal 80-0 10-5
Approx weight:  28kg * Determined as a 95% lower confidence limit
R i
a0 Q.C.Bzirml .
70 S.:M"" nt
5 SR
% g0 J
g /'\
50 / Indax Toat
/ /,
a0 /
I/,
30 /
,/
wl |/
|| fosza s | oere
0

00 2 4 6 8 0 1214 18 18 20 22 24 26
% Stran
Typical tensiby test results for' Tensar' SR2 Geoqrids
Longiludial directipn)
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Load (kN/m)

Creep
us Stifness kN/m

Isochrono

Characteristic strength of 'Tensar SR2 Geogrids.

Load (hN/m)

mn
Y
) //—-’-—,—""—_
// me
2 e T 2T
T
- 24
g T
w: / 104
F IR T
2
b (LR ]
,,/_—
1.
' Semaia . o ong el .
re Aot dene e Typical creep curves for
: . ‘Tensar’ SR2 at 20°C
e Nl n Hwy O L)) mn Lt wn 1non
Tirm (hey)
I
50 1 Pertormance limit ! 1 hr,
ttrainlor Tensar SA2 ]
!
50 - !
:/ —~10hrs,
! / 100
I S,
40 - /
/ 10,3 hrs,
30 10,000 hes
\ Extrapoiated
~lor 120 yaars
| 29 kN/m at 10% strain
20 - |
I
l
|
10 -
I
: Sample Size: 5 bars x 15 ribs Isochronous Curve {(SR2)
( Temp, 20"C
0- T T T T 1 T T T
0 4 8 12 16
Strain (%)
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. | -20 ‘-é
] ]
F
| (&
Samplasize: Sbhars x 15 1ibs ! :
on - 1 Lo,
Instantanrous stittnesg ' !
1220 kN/m )
' Tensar SR2
- . . , l. T Temp: 20 C
o 10 107 10° 10 o 10

Time (hrs)
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