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YIVE Y UVM3-1-a  Afo f us-2 Ve[5e Y QS-1-a  V-/x- £ QV-4
VV/IEY Y UVM3-2-a DIYY Y UVM3-1 \7Aas ¥ QB-1-a /") Y QS-1
YIY- \ UQM3-3-a oI\ Y UVM3-2 3y ¥ QB-2-a  V/AY QB-1
£IEA Y UQMm2-1-a  Y/v- \ UQMm3-3  fiov Y QC-1-a  #/90 f QB-2
£IvAa Y UQM2-2-a  #IV) Y UQM2-1  VV/-# Y QC-2-a  W/f) Y Qc-1
o Y UQM2-3-a  f/-A Y UQM2-2  VYIAd f QC-3-a \f/-0 Y Qc-2
VY/AY f UQM2-4-a  V\/f# f UQM2-3 V£V ¥ QC-4-a /vy f QC-3
YIOA Y UVM2-5-a TIAN Y UvM2-4 YIVY ¥ QC-5-a oIy ¥ QC-4
4/v0 Y UVM2-6-a  0/A- Y UVM2-5 /5. Y QE-2-a \-/f- £ QC-5
FIVY Y UVM2-7-a  VIVY Y UQM1-1  V/$) Y  QE-3a AR f QE-2
AVF Y UQM1-1-a  b/of Y UVM1-2 %Ay Y  QE-4-a YIf- v QE-3
YIVY Y UQM1-2-a  VY/fY f UVM1-3 /5. Y  QE-5a f£NY ¥ QE-4
YIY. Y UVM1-3-a  V+/¥- \i US-1-a YNy ¥ QE-7-a  0/b- ¥ QE-5
AT Y UVM1-4-a /20 f US-2-a  YIYA f QE-8-a  f/) f QE-7
VYN Y UVM1-5-a  V:/AY Y US-3-a VYA ¥ US-1 A=Y ¥ QE-8
FIvE f QV4-a
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Optimum Structural Network

Model Input Parameter  No. of mid. No. of neurons Optimum clusters
Group Layers Layer 1 Layer 2 Layer 3 (Hierarchical method)
Hs-1H Cat_1 Y \. \ 7 Y
Hs -2H Cat_2 Y \f f f Y
Hs -3H Cat_3 Y \- \Y 14 \
Hs -4H Cat 4 Y \# \Y 4 Y
Hs -5H Cat_5 Y e \F Y
Hs -6H Cat_6 Y 'Y \Y A Y
Hs -7H Cat_7 Y A \. 4 f
Hs -8H Cat_8 Y \F# 4 A f
Hs -9H Cat_9 Y \Y ‘Y Y
Hs -10H Cat_10 Y \ f A f
Hs -11H Cat_11 Y ¥ \# Y
Hs -12H Cat_12 \ \Y f
Hs -13H Cat_13 Y f A f
Hs -14H Cat_14 1 5 s Y
Hs -15H Cat_15 Y \f 4 A f
Hs -16H Cat_16 Y A A 4 f
Hs -17H Cat_17 Y V. f Y
Hs -18H Cat_18 Y A A Y
Hs -19H Cat_19 Y \7 Y. f
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Optimum Structural Network

Model Input Parameter No. of mid. No. of neurons Optimum clusters
Group Layers Layer 1 Layer 2 Layer 3 (k-means method)
Hs-1k Cat_1 A ) ¥ ¥ Y
Hs -2k Cat_2 ¥ A 5 Ve Y
Hs -3k Cat 3 Y \- 4 \f Y
Hs -4k Cat_4 Y A A Y
Hs -5k Cat_5 Y 14 \Y Y
Hs -6k Cat_6 Y i \§ ¥
Hs -7k Cat 7 Y A \f \Y Y
Hs -8k Cat_8 Y \# \f \. Y
Hs -9k Cat_9 ¥ V& \. 5 Y
Hs -10k Cat_10 \ s YA ¥
Hs -11k Cat 11 Y \& \e \f Y
Hs -12k Cat 12 Y \# 4 \ ¥
Hs -13k Cat_13 1 VY Ve v
Hs -14k Cat_14 Y \Y VY \Y Y
Hs -15k Cat 15 Y \# 7 \Y Y
Hs -16k Cat_16 Y V¥ A Y
Hs -17k Cat_17 Y \- ¥ Y
Hs -18k Cat_18 Y \Y A \
Hs -19k Cat_19 Y V- A \Y Y
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MEC MARE MBE R? R RMSE Input
Model
T \% L T \% L T \ L T \% L T \% L T \% L Group

<IYY --IY# AN <IYY <YV [+Y -+/a¥ -Y/IVY <IYY A4 /-9 DA «IFA AR AYN APATA 7l V-0 Cat_1 HS-1H
-+/20 -\/IAF <IN¥ 1OV Atd [+Y -\/A YNY QI AR [+ «IAA < IYY [+A -/a¥ A+ AYE V/vA Cat_2 Hs-2H
EAR -fI0A AN A DAA /¥ —+1\A -\NY </f¥ AN [+ </aY «IAY AR LAY Y/IAN \R¥i24 V/FY Cat_3 Hs-3H
ERIARd -Y/fY AN </fA - 1OY [+Y -fivy <IYY -+ IYY And NoO <IN <10 AR AR ZIVE AAY Y/-Q Cat 4 Hs-4H
--/YY -\/YY “IA- AZS - /FY /[+Q -fNno -YNY AL <IYY <IYA < IA¥ AZN < 1OY </ 7Py YIYO VY Cat 5 Hs-5H
<IYA -VIYY AN <IYY <IYY [+ #¥ -Y/f4 \/£4 o/ AZN AR </2) A AN QA f/-A VAR V/FY Cal_6 Hs-6 H
EIALd -+/20 «IAY AR < IYY [+Y YINY VIAD AR Aks [+¥ <IAY <IYA AR </aY [Nids A \IYA Cat _7 Hs-7 H
<100 -+ AIY#? AN AN AN /¥ -V/fA =YY —</\Y <18y A </aY «IAY - /fY LAY Y/ (AR V/FY Cat_8 Hs-8 H
—+/-Y —+/AY <IY# </fY <IYA AR -Y/va <IN AR QAR ofe - A4 <100 [+ <IAY BIAD ZI0A \VIYY Cat 9 Hs-9 H
-0IYY -fI0A </a¥ </fA DA [+ -0/f0 -\NY ERAIN <IfY [+ </a¥ Qi AR AN \-IPY \R¥i24 VY- Cat_10 Hs-10 H
AN AN < /20 AR AR /¥ < 1OY -+IAY o/ -18¥ < [OY <120 <IN~ < IVY QAVN Y5 ldias VY Cat_11 Hs-11 H
AR </Y_ «IAY No </f- <Y \Vids -\/a0 AYN AN [+Y «IAY RN Ny OANY YIOA 7Y VIV Cat_12 Hs-12 H
[+ -\Ig¥ /Ay AR DAtd o[-Y Y/fY No —l-F <IYA [+Y . /aY «IAA AN ANG fIvY YIvY VYO Cat_13 Hs-13 H
QAR ERIAR! < IAA DA < YY R4 -\IYY -fNny --N\¥ +/f4 <IFA AN AR «IAY LAY YIvE oIy VIgE Cat_14 Hs-14 H
-\No =Y/-0 AN AR < 1OY /¥ -+/qY AT ERIAR < /fY [+A - /aY <170 <IYA LAY ZIVY YIAA V/FY Cat_15 Hs-15H
-+IYY —+/AY AT A4 <IYA o[- fIfA -\V/A¥ -/ i /¥ DA AR QAR </aA BIOA AR V¥ Cat_16 Hs-16 H
- 1O¥ ERAR «IAY No <IY'¥ </-¥ [v4 -Y/IYo <IYY /04 - IfY «IAA «IVY /A </a¥ Y/ A BIVY A Cat_17 Hs-17H
< IYY Avd /Ay Y AR k34 - 1OY -YIVY AT iNg ia . /aY <IVO AR Atd YV YIVA VIYA Cat_18 Hs-18 H
AR -2y </2) No <IYA [+¥ Y/oY <17 -/F¥ idd ol AN <A [+ Atd YIYA OINY V/FY Cat_19 Hs-19 H

T = test; V = validate; L = learning
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MEC MARE MBE R? R RMSE Input
Model
T \% L T \% L T \% L T \Y L T \Y L T \Y L Group

<IYY --IY# AN <IYY <YV oY -+/a¥ -YIVY <IYY DAtd /-4 DA <IFA AR AYN Y/ag 7l V-0 Cat_1 Hs-1K
-+ /70 --/Y¥ <|AY </ff <IYY </-A -YNAa AR ERAN AR RN < IN¥ <IYY —--IYY ANE Y ZIVA \IAY Cat_2 Hs-2K
--\# -\/-F <IAA </fY DArd /Y -Y/6% —+/\) /) BANA ofe- </AQ /04 </ ¥ </a¥ INAYN ZINY AV Cat_3 Hs-3K
-+ /70 \A A4 QAR <IYY \Y -YIYO —+/qY /- AR <IYA < /AN Ang <18y </ ¥/ fINF Y/ Cat_4 Hs-4K
<164 <IfY </aY A4 <V F < /OY -\IYF Ve [+Y <170 /0¥ </aY “IA- < JYY BIA V4 Yoy YITf VIYA Cat 5 Hs-5K
AN -YAIYA </aY AR AN </FA --/fY Yy EXIART «/aY /Y </aY <88 —\Y QAYs VIVY Vo/FY VIYY Cal_6 Hs-6K
AN QI </ No AR - /FY VYA -\/-¥ AR Akd i </2) AR <IYA BIA V4 YITA YIvY VIO Cat _7 Hs-7K
--I\# -AIYY <IAQ A AR o =YY ERAA! AN <IYY /-0 <IAQ ARV </a¥ AR #l-Y Vi Cat_8 Hs-8K
RN -\/A¥ <IAA </fA </f- o7 -\VIV¥ VA - 1OV [+Y /-4 AR Ny  --/va DA 719+ yia4 VoY Cat 9 Hs-9K
--N\Y -\IY? </2) AR AN /-0 \/AY VIFE —/+A <100 o/ /20 AAs AR DA Yiey VY \/g- Cat_10 Hs-10K
/N -\ol «/aY o <IYA Ry 4 <YV ArAn --Iv¥ +/AQ ofee </a¥ -/q¥ o[-0 ANG YIXY YIAQ VIYO Cat 11 Hs-11K
-/ <IY¥ </ AR AN [+F -YIfY -\/A¥ <IYY <IYY < YA </2) -IfY 17y QA AR Y170 V/OY Cat_12 Hs-12K
<IFA -YIOA </AQ YA AV Ry 4 AR \AY ERAIN - /#4 AR </ SJNY =YY QA Yiva Nidd \/bF Cat_13 Hs-13K
Ard ERAN QYN DA DALd o7 =/ --N\¥ [+ DAA o/ <IAY <IN NY - /aY fIfY (NAY4 \lias Cat_14 Hs-14K
LAY -\IAY </2) <IYY AR /-0 -V/va Y/IAQ --N\Y QAR DA < /Ay <100 QI AV fIVE (AR V/FY Cat_15 Hs-15K
<IYY -V/qY QYN AR AR o7 EAAT Y/f4 /-9 QAR o+ <IAY BN R AR - /aY AR 7l ¥ VIVD Cat_16 Hs-16K
BAAT QIS <IAY AR VA </-A -\NY V¥ AR “IA- NG <IN¥ QAT «IAA /Y YIAY YIYA VIAY Cat 17 Hs-17K
I <IN AN <IY# <IY¥ [+O /N4 YIVY Y A Y </aY -IfY </F Atd [NER ZINY V/f4 Cat_18 Hs-18K
[+Y -\/V¥ </AQ AR <YV 4 [yv4 ATATA AN DANs [+A </ ION =+ IYA QA NAtd VA ¥ AN Cat_19 Hs-19K

T = test; V = validate; L = learning
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Abstract

The swelling potential of fine-grained soils is one of effective parameters on soil
mechanical behavior and erosion and fundamental data required for the design,
construction and choosing construction materials. This paper presents a multi-layer
perceptron (MLP) artificial neural network (ANN) model to prediction of the swelling
potential of marl soils. Marl soil is a fine-grained soil. The Levenberg-Marquadt
learning algorithm was used to train the networks. Existing models prediction of soil
swelling potential based on physical and soil index parameters. The present study
considers the effects of chemical factors on the behavior and characteristics of fine-
grained soils along with the common soil index parameters. The model used
physicochemical and mechanical test results from 60 marl soil samples taken from marl
formations in the Neogene basin in central Iran (Tehran, Qom and Saveh regions). The
models were designed to use different input data sets and structures to determine which
soil properties and ANN structures correlate well with the swelling potential parameter.
Electrical conductivity (EC) of saturated soil was a new input parameter used in
addition to the physical and soil index parameters that include the atterberg limit,
activity, content of the clay and silt, initial of porosity ratio and dry density. Values of
RMSE, R2 and MCE (evaluation criteria) related to the best model with the physical
parameters LL, PI, A, M, C and Y are respectively 0.89, 2.3, 0.84, and for the best
model with the physical parameters LL, PI, M, C, Y4 and EC are respectively 0.92,
1.7, and 0.91.The results of the evaluation criteria models show that inclusion of EC
improved the accuracy of the model. It was found that the accuracy of the
generalizations and estimations of the ANN models was further increased by clustering
data before the data division stage by k-means method to Compared with hierarchical
method.

Key words: Artificial neural network, Electrical conductivity of saturated soil, Marl
soil, Neogene, Swelling potential of soil
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