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Fig. 1. Comparison of the stress path of all sampling stages with the in-situ condition of the soil by Ladd and Lamb

(Kontopoulos, 2012).

i sl |y ol e s, 39189V L 53
o oz pl aiols drwgl digel CodnS (0ges
Jolo ooz G55 ) (59,53 0wd 050 Lis S
by S sy )3 Fge G Sl sazme 0S5
g olids” 3, 51 (VA98) e 5 (Bl5,5 casled
IO SRV PR 0) b JCHTPPRR ENIc JRYWIRY
G000, Vo Jgaz lisl ailos )7 (8 ee diged oS
PLE) CeaS 50 b (A) CeaS oyl bbaisad
e Woged Al ) Aiged o> (15,5 (85 L
JISE i lall e i) )
e Wlgi B LA 0, L 5.daie SQD L sladiges
Gl 4 )3 (53,55 Ceud b SI gladiges 5 009
Sype it S yelly eees 6Ly WS E 5 CD
Oler g e a3 5 18 solazul
e Sl Sy Aefey G 4 ]y (S0 cens U
Lo adgl oo A5 1,0 digad duome S5 0 35
Y dsaz 50 5 e cnlhanles Las e adyl J5l5S 4
0555 oy Ceped OCRT oz cytl 55 Consl 00y 431

VY gl gil8) adl oo () (SL

2 Over Consolidation Ratio, OCR

S S Sb)l pegad o a5 Slisies
e 5 st ol IS sl o, 408.8 plandl S5
5 by slads Sk @it Oluogas
b 00 y55-Cawd g 00,5580 wms sladiges b 5 2ol

L

Syg0 iz a4y aolls jsb 4y aS Cusl edg ouls (g3l
&y (VAVR) ypm il g Sl L5 5l 95 o oL
G wo,S oty S Sojencans ol b5l
o g 5 Jlael 55 S St o S
ly 09d 605l gl ans Bos g Joo 42 gy
ol a1 3 oS e 5,5 tipnd o kS
Losleaises jo S Il 0 0,0 Ul A
SIS0 Gl A e ool slai,S Ul (I )9 iews
Vol S slagis S slp ) o ek olo walss s
oS gl g 5ozl diged (5995w (e o)
Sl sy prep g Jle g 09 (LS G A dge
039 35 Lewd Ciogs CodS B 35,5 sl S
G g herd goiaS iy 4E g D as b o
(9l 0il) el 00y ,8 slpaiy diged gl ass
gy ] 5l am Jlo G 5 (VA38) )] SKe g (815,53 (Y- VY

! Specimen Quality Designation, SQD



1)

1P lawo) g 3wl FF o5lel VA 090 g0 0,8 wa.wu.».o) LY dlbwb

Wgod ;0 Sod jarls Ko ole 4 wil
edlS ey oadly Ll il 4y s 00 95w
@5 ojle Cand Sluslne (g9, wilgioe 45 Wb oo

YN oglarslS)

QB 0S5 ) (5l gl (59 j95 e I S 5l 4y
Slgs o (V) S5 aiile oS tolojl s jo (sole
potioy Lol by (5095w ial3dl ol pliy 0gd anlls
b%@@‘:ﬂjooybyﬂ‘;o)&éw)o
olyon | F0588 jals po als by o sl

(VY o glg1 g5 (ygan sl g SLindS' (09 s digod (SauS (l3)1 Y Jgur
Table 1. Anderson and Kolstad's qualitative assessment of the sample (Kontopoulos, 2012)
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Table 2. Sample disturbance criteria based on volume change and sample void ratio in reconsolidation (Kontopoulos, 2012)

Specimen Auality Designation (SQD) Ae/e, Criteria
(Terzaghi et al.1996) (Lunne et al. 1997)
Volumetric Strain (%) SQD | OCR=1-2 | OCR =24 Rating
<1 A Aeleo Aeleo
1-2 B 0.04-0.07 <0.03 Very good to excellent
2-4 C 0.07-0.14 0.03-0.05 Good to fair
4-8 D >0.14 0.05-0.10 Poor
>8 E >0.10 Very poor
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Fig. 2. The effects of disturbance on the stress-strain curve in the consolidation test results (Kontopoulos, 2012)
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Table 3. Classification of clay soils based on sensitivity according to Skempton et al. in 1952 (Skempton et al., 1952)
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Table 4. Bowles’s classification for all types of soils in terms of sensitivity (Karina et al., 2010)
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Table 5. Swedish and American classifications for soil types in terms of sensitivity (Karina et al., 2010)
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Table 6. Classification of the Canadian Foundation Engineering Manual for all types of soils in terms of sensitivity
(Karina et al., 2010)
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7 Standard Penetration Test, SPT
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Fig. 3. Comparison of the measured shear wave velocity of the initial and after consolidation by bending element with

the results of the down Hole test (Alizadeh et al., 2020).
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Table 7. Summary of physical and yeast characteristics of Tabriz Marl (Hooshmand et al., 2011)
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Table 8. Stratigraphic column of Tabriz region( Hooshmand et al., 2012)
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Fig. 4. The location of the drilled boreholes on the geological map of Tabriz city

Fig. 5. General view of the location of one of the drilled boreholes in Marzdaran Allay, Tabriz city
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Fig. 6. a) Failured samples of yellow, green and gray marl and b) unconfined compression apparatus
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Table 9. The program of the main experiments of the present study
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Table 10. Statistic descriptive of marl specimen properties, Marzdaran allay of Tabriz city.
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Table 11. Regression relationships of the disturbance effects of remolding of marl specimens in order to estimate

undisturbed compression strength
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Table 12. Sensivity ratio of specimens
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Table 13. Sumary of direct shear strength of marl specimens, Tabriz’s Marzdaran Allay
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Table 14. Regression relationships of disturbance effects of marl specimens in order to estimate the cohesion strength

of direct shear test
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Fig. 12. Mohr-Coulomb strenght line of undisturbed and remolded of Tabriz marl specimens
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Abstract

One of the challenging subjects in geological and geotechnical engineering is the effects of soil specimen
disturbance in order to determine several physical and strenght characteristics. Disturbance occurs in all
stages, including drilling the borehole, preparing, transporting and conducting tests in the laboratory.
Practically, it is impossible to prepare an ideal undisturbed sample. Due to the difficulties of preparing
undisturbed samples, especially in soil layers, the tests are mostly performed on the remolded samples.
Several studies have been conducted on the methods of evaluating sample disturbance. The target of
this study was to evaluate the effects of disturbance on the strenght properties of clay soils as case study
of Tabriz city. By conducting uniaxial compressive and direct shear tests on undisturbed and remolded
samples, the effects of disturbance and sensitivity of the samples were investigated. Generally, the
compressive strength of remolded samples decreases due to disturbance. In addition to determining
Spearman's correlation coefficient, linear and non-linear regression analysis were performed in order to
estimate the compressive strength of the undisturbed sample. By determining the sensitivity ratio, the
sensitivity of samples is low. Correlation between the strength of undisturbed and remolded samples in
direct shear test, including cohesion and internal friction angle, was studied by performing regression

analysis.

Keywords: Clayey soil, Remolded specimen, Cohesion, Internal friction

Introduction

One of the challenging topics in geological and
geotechnical engineering is the evaluation
disturbance of soil and rock specimens. In
general, the occurrence of disturbance effects
is inevitable even in apparently undisturbed
specimens. These effects occur in all stages of
drilling a borehole, preparing and sending
samples to the laboratory, and preparing and
conducting tests. In soils, due to the difficulties
and cost of preparing undisturbed specimens,
mostly the tests are performed on remolded
specimens with natural on-site unit weight and
moisture. In this case, the evaluation of the
effects of remolding in the results will be more
important. In general, the effects of disturbance
in the soil specimens cause a decrease in it’s
strenght parameters compared to the on-site
conditions and the natural state. Due to the
effects of disturbance, there are significant
changes in the path of the stress applied to the
sample compared to the on-site condition of the

soil. This difference will be much greater for a
remolded sample due to the change in the
natural skeleton of the soil. In general, studied
researchs on the evaluation of the effects of soil
disturbance has been carried out based on the
test and comparison of different soil properties
in situ and laboratory conditions, or
undistuerbed and disturbed or remolded
specimens. The disturbance of the specimens
for the normal consolidated clay causes more
curvature in the compression curve in the
consolidation test results and the compression
index is reducted of compared to the in-situ
state. The effects of disturbance also reduce
uniaxial compressive strength.One of the
parameters related to the effects of disturbance
in cohesive soils is the sensitivity ratio. The
greater this ratio, the more sensitive the soil
will be to the effects of disturbance. The
classification of soils in terms of sensitivity is
provided by various references such as
Skempton et al. (1952) and the Canadian
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Engineering Manual. The metropolis of Tabriz,
located in the northwest of Iran, has diverse
fine-grained cohesive clayey, silty marl soils.
Significant studies on the properties of
cohesive clayey soils in Tabriz city have been
conducted by various researchers such as:
Hoshmand et al. (2012) and Alizadeh et al.
(2019). In this present study, by drilling three
machine boreholes in Koe-Marzdaran of
Tabriz city and prepareing samples, the effects
of disturbance on the compresive and shear
strength parameters of the soil as well as the
sensitivity ratio of the samples have been
evaluated and regression relationships have
been developed.

Material and methods

The clayey marl soils have spread in Tabriz
city, located in the northwest of Iran. The age
of these marls is related to the Miocene and
Pliocene geological eras. Most marls of Tabriz
belong to Baghmisheh bed. Geologically, the
Baghmisheh bed is placed between the upper
red bed and the fish bed belonging to the
Pliocene. In order to obtain undisturbed
specimens, three boreholes were drilled in
Koe-Marzdaran area of Tabriz city. The fifteen
shellby samples from different depths were
prepared and carefully transported to the
laboratory. In the site of the present study,
yellow clayey marls are outcropped and green
marl is gradually observed in depth, and then
gray and dark marl is observed at more depths.
On the prepared samples, firstly, the unit
weight, natural moisture, specific gravity and
the Etterberg limits were determined. In the
following, the unconfined compressive
strength tests were performed on the
undisturbed samples. Then, the tests were
repeated on the remolded sample with natural
moisture percentage and unit weght. Thus, the
effects of disturbance due to the remolding of
the specimens on the compressive strength
were studied. The sensitivity ratio of the
samples was also investigated.

To perform the direct shear strength test on the
undisturbed samples, the samples were
prepared from the shellby samples as for
internal dimensions of the shear box mold. To
prepare the remolded specimens, according to
the internal volume of the compaction mold
and carrying out weight and volume
calculations, the soil was compacted inside the
compaction mold with the on-site natural unit
weight and moisture content. A compaction

mold with larger dimensions than a shear box
was used. After compaction, the sample is cut
to the dimensions of inside the shear box and
placed inside. In this way, the effects of
disturbance caused by sample remolding on the
parameters of shear strength including
cohesion and friction angle of the samples were
studied.

Results and discussions

1- Unconfined Compressive Test

Based on the physical and plasticity
characteristics of the samples and the unified
classification method, the specimens are
classified as MH, CL, CH and ML.

In general, the uniaxial compressive strength of
gray marl samples was higher than other
samples. The compressive strength of the
remolded samples were reduced compared to
the  undisturbed samples. Spearman's
correlation coefficient between the
compressive strength results of undisturbed
and remolded samples was significant. By
performing regression analysis, the best
relationship for applying the effects of
disturbance due to sample remolding for the
soils in the study area in Tabriz city were an
exponential relationship with a significant
determination coefficient (R’=0.9112) and
insignificant root mean square error (RMSE =
0.0422).

The ratio of soil sensitivity for the samples is
between 1 and 2, which are in the category of
slightly sensitive clays. By performing the test
on the remolded sample and according to the
proposed relationship for the compressive
strength, the sensitivity ratio of the sample can
also be estimated.

2- Direct Shear Test

In the direct shear tests the cohession for all
remolded samples compared to the undisturbed
samples has decreased. The Spearman’s
correlation coefficient between the mentioned
results is obtained with the precision of three
decimal accuracy equal to the one, which
indicated a high correlation between the
results. By performing regression analysis, the
exponential relationship was obtained in the
study site in Tabriz city.The friction angle has
decreased for the remolded yellow marl
sample, but increased for other samples.This,
similar to results have been reported in the
direct shear test by other researchers including.
This issue can be related to the concept of how
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to failure of sample in a horizontal imposed
plane in the direct shear box. In addition, the
method of remolding of the sample and it’s
compaction can cause a significant difference
in the friction between the particls in the
remolded state compared to the undisturbed
sample. Therefore, for the results of the friction
angle of the samples, a weak correlation
coefficient was obtained and the significant
relationship is not obtained from the regression
analysis.

Conclusion

The uniaxial compressive strength of the
remolded clayey samples obtained from marl
in the study site in Tabriz city were reduced by
(20 to 45) percentage compared to the
undisturbed  samples. The  correlation
coefficient between the results was significant
and the best regression was suggested.
Because of problems of an undisturbed sample
preparing, the tests can be easily performed on
the remolded samples.Therefore, the
compressive strength of the undisturbed
samples can be estimated by using the
proposed relationship.The soil sensitivity ratio
for the samples was between 1 and 2.
Therefore, based on the existing classification,
the clayey soils obtained from marl in the study
site in Tabriz city were classified as low-
sensitivity clays. Also, according to the
proposed relationship for the compressive
strength of the undisturbed sample, the
sensitivity ratio can also be estimated. The
cohession of all remolded samples have
decreased compared to undisturbed samples.
Spearman’s correlation coefficient between the
results was high. Between the results of
cohession strength for undisturbed and
remolded samples, the exponential relationship
has the best statistical coefficients.The internal

friction angle of the remolded samples for
yellow marl has decreased compared to
undisturbed samples, but it has increased for
other samples. The increase in the friction
angle of the remolded samples in the direct
shear test has also been reported by other
researchers, including. This issue can be
related to the concept of how to failure in a
horizontal imposed plane in the direct shear
box. The method of remolding the sample and
compacting the soil in layers and creating a
friction surface different from the natural
friction of the soil particles can also be
effective. While the cohession properties of
clayey soils depend more on the inherent
properties of the particles, therefore, it is less
affected by the shearing surface and the sample
remolding method. From the regression
analysis, no suitable statistical coefficients
were obtained for the results of the internal
friction angle.The occurrence of remolding in
the process of preparing various types of soil
samples is an inevitable phenomenon. Mostly,
testing is done on remolding soil samples. As a
result, the disturbance of the effects of
remolding will be more important. In the
remolded samples, the structure of the particles
formed during a long process such as
sedimentation will not be able to be
regenerated. Finally, it will be necessary to
consider the subject of investigating and
applying the effects of disturbence in the
selection of design parameters of structure
foundations and also in the design of other
earthen structures. Considering the diversity of
clayey soils, it is recommended to conduct
more tests on different types of clayey soils in
different regions, in order to validate and
develop the proposed relationships in this
research.



