vy s NA-1+d (VAN Hliwo)) ¥ oylods FA ule o § Jaumo g o] pos (w0 4y 5 fﬁ%{ar
2wl

R T < g o.bLé.I.w‘Lg@n) LS ;o guils Canddid 9o Sue s
(3o poe 350 yg0 axdllao)

Tooljaild ulie 5 TolontS g Mg s g, < (s92me 0lide Lo yule

Ol e ool 3T oKzl ¢yl o5 Sl g pgle axlg « SuiST 955 - o)l o g 05,5« SLST 55 (5,55 (semeiils !
g ool B3T oKl 5 15 axly oyl yas awdige 09,5 Loliul Y

Q‘)’Q‘ n‘SA)LMJ éb’l olKislo ‘U‘J’ef ul.a.:.a:u 9 I°9J'° J.>‘5 gs_i,.&ﬁj) —ul),o& ‘SAA)W 05; )LQL&AA" v

Oy olSisls (13 slmodSails sy eyl pae (cwdige oaSiile jleils |

QYIS 20T 225 AYNVF 5ol QVIVIA il ;o)

ouS>

Obey SBro a5l gedse cnl addllas Jsliie sla g, 2ilon (o) oY b 3blis )0 baedsn (SeiSS535 la 5,50 5l (S (gouSod s
3,90 Slegdge 31 S 0)9 5l 0ed co oslaiwl (YA£Y) Janbu g (VAYY) Terzaghi slo ;95 jl Baws ouSow canis 2Uj3)) lp o)l azgs LB
o a3 5 s a5 S Sloogas Sl 0lital b ogimn srae &b (s, 5 5228 Ll (gmy 2 e (ol 203 solaie & liimo BNl
il 5 00 3550 la by, (nl SaS s guiler it Jge dae aloz | il ohp a0 Sty et b o 5 as Al o (B T
wlop; S elyl Ghls olnl (28 Jlod 15 &ly 5255 o 39 als> os oS anje g (o) Sro b dihie S 6 pdy S Jonilly
Bos 4 (Fodle AleS A ()l b 5oS (nl )0 adlioe meSo8 Alite (6 iy Eendd Jeuily b (6B g s 0))) ()le gl g (o (o
o Sl 5 2l 0950 Slme pialej] 5 plail 08558 s S Ligei Yo (55 p w555 5 (6 e (2 JolS linlejl e AL
S ggoze ;0 g oad osliiwl 35 a0 edgdme 10 Ogzge (SuiSTes) Ollllas auls 1 Gl as B coliiwl baileS o Loy zee Sy
e g i (gloosls (o (Kot oy (s g (§ylol Gl 005 A Sh i g0 S g Cennd Sloogaas S| 5y TV L Sledlol
gl Jode 00 (225 Lally; (Sl g (S gee S Sleslital s 5 (e iions 25 laosls L vz ge ()25 Lally) gl Jgue
Logase csolering Laily, 35 plnl anslie 5 (rewcons 0313 (65w YV ol 35250 slaosls alS (ulal 2 g oud aslllas (255 9o s
359051 yekiie 4y Cpizrad 180 o ame D (5 ke S5 0550 Laslg) s s (CR=+/AAARMSE=+/YYOV¢R2=+ [YAP) (5 Lol culyo b ooles alal,
bulg, b mbs g adllas ooy zoe oy oo 4 G pmes 5 (Sod Sliogas Jold (639)5 pito A L (fohan (ouae A0S il Jgde oue
g0 e |y G ke Y 52 50 (e 095 V0 9 ey Y 90 b (orae 4D 00 5 dlie S5 05

) azgs bB anie 5 oloy Sro a4l eSS Cenis
Cwd o5 S aiges | AL slalas 59, Jdo 4 Sligles] =l
S S eyg el a5l (il Wlg oo ( (Fo5ls0 5 (5,95
oor B0 pulye 3 Gt plidze aBMle 8590 Slegge
(5058 S b)) jslaie 4 Sgpmn sl Cuz ol g,
)l 00 S dess sl b, il eslatal laowsl 51 (SG a5l o0
3§ oolicial aibise o) SloaY (oS Centi il

S eyl S lgie a4 laaY 0 by zae e

doudio -
bl )3 (SeSSg) O 5l (o (oSS Lot
oy (b (2l sobaie 4 adlbioe lpl alea 5l Lis calis
Gladiges 5 oad g k> SIS slaws 4 glbaled coul o3
Sliglel s 23,5 48 gy &Y ) 03,556 Cumo
oiales] Grizmen 5 SB Jyene (Sujed Sloogas (e
aiges 59, 2 oBlialejl ;o fagiol Jolio olftws ;o @S5
Jeil (bl Jgene (bg, 45 (pl (red 1005 (o0 plox]

CAVFINENF e lad o lad ¢ gtune oo g

(olesS o) n.ganjian@srbiau.ac.ir (s ;o -,) rouzbeh_dabiri@iautac.ir «(gaze ool5le .¢) alimajdii@yahoo.com : el o]

(o0l5,0:18 .¢) aghaland@ut.ac.ir


mailto:rouzbeh_dabiri@iaut.ac.ir

NA-1+8 (PR lino) F oyl FA ol s ) bammo g o3l pod oo 4 i | 3y 10 g (gao & Vo5

COlEl Jgae sae Mr g Y @S58 L S5 0 o o aS
PSS G G55l o0l A ST sl e 6lo b Al e
g deleS ) Oy 4 ()5 alal, WSS 5l

I
&= - In( g‘,)) )
(V) adayly gl Y et il sl oY el s

Slisles] 5l oae cpl 09 avlys (M) gl Canciis Jgon s
b sln wdlion Gewnd BB o 5 BR2L5T Jslos
Pl WY IO el (mr) sozme 5)l35,L Jade dacdew o
9 95 (6195 3 M G (Slosls paiitas s il o (M)
SIS 352y nj Soge a Bl e 0 (Sopd asls

.Y+ +# Fellenius)

_ In(10)(1+e,) _ 2.3 (1+e,)
- Ce T

*)
G @ilgm 590 -V-¥

553 esd 3 o Slialogl angs b 531 slaJlo o
s glgal (iab Jolod gy glgel oolr o 5 2lx
b s slos)) boyiee Ghalesl omlaw gse alllS wizr el
o Tae Sty phad Glall b 5l allislesl wlisles]
by st 4 S mpo ol b5 (S5 Glgie 4 laasY s
S e S e bLS 1Al oo s JB cenlie 280
Eleogas il bayY Solke 5 S Sloogas o b
Donohue 4 Long) w, slSE &y Jsdo g (5 pmes
sS eSw jLad (V-1 T Knusen) oo Joow oV Ve
Toon) 4zl ©uSod i HLid oY+ VY (), Sen g TONG) o,
«(Y++0 Nishimura) S L5950 (Vo)) o) Sen 4
moaudy Elgil g g (Vo) + )], Sen g Mandar) oo s Cooglie
oo SloS gl 3 S5, oy o 5 S5 sl
0390l Cymizras 33,5 oo asllas (YY)l San ¢ Nutash)
oy bl s ewon sk 4 (LD e S Dl
QG aslsl o aS 09l e colainl 15w, S W Sou
gm0l Sliing oyl ol 5] (glasdls

5 VoY) )5 g L'Heureux lawgs o5 slisow b
) S sl Suw e canis JB8, g9, » (YVF
O b o plowl 595 5588 50 5 S lasl S s el
Conds «Soideis laghy, by 4 Slp gee Sepw
solie a4y @S 008 sl sl (6585 ululp (oasSow
Jolite sl i) @l b awslie 0 oad (5,50l

3. Canadian Foundation Engineering Manual, 1992

S T L (e jslaie oy Bl oo 4z g5 5 )50
5 b s Jeld vszse Jslaie lacs,ss calp b
R addlhe 3y5e (o0 Cents 35T sl Teile (5558
S 59 G355 g o (ol Sl oS i 95 o
elsl alop ) slaSe o Joe s il pagae L VAYY
oo drloe (Co) (53,88 (aFLE (i b oS 00y S 5k
a2 )0 guile Cani (6,65 (Yo VF (), Kan 9 Amiri) 0o 5
ooliztl 4 TS o (owdige (slosaly j0 08,5 slgrioy £+
(Y- +# [Fellenius) ol ouls gl (5,65 ol 5

Slewloe sl (Bl 5 6595 wle il (595 3l 0394l
9 L'Heureux) _ow, aibi, cgba¥ ;0 Lo & ais
o5 9 Tong) slawle slaas¥ (ol aSL (Y417 o) ) Kon
3 g e oolaiwl 55 (Y- -V LCarrol) olew o (Y-OY
95l b Dype @ ()5 5 G G by gl (6595
sae 5 ) 5 oy Jals ST g5 & bgrye came sl
(Y- +# Fellenius) ool o 5 &ys0 4 (M) gil> Jooe

M= 22 = m.or (Z—;) L )

9E

9 Bhe o Gl 5l o8l 1S E e i o'l 0 oS
Gz L3, 50 Il Jgaw abaly .ol oo oo odinz slo

Al Cwnd a5 Syge 4 (20) A5 g b o) slaS

M=m.o’ \p

25 4l s S LS 5 (1) a3 ()l (5351 L
Cewd 4y (gole 1S b ot S 0 15,5 aloe sl

1 o'
€= — ln(g—é) D)

7 2bbge 6 NE,L A5 0 5 adgl S5 100 Gl jo a8
rShe sl by ST JTL ol (L sleaY |
SOt oy S o nl ol il e SSE8L
LR Dyge A GRS dloe gl B8 alal) bl (S
550 58

1

0_’ 1 o_l
e=—In (a—*’) + o i) )

r

1. Terzaghi, 1923
2.Janbu, 1963



1y NA-1+8 ((IFAA lino)) F oylods FA o mns ) brammo g 3] yos swikitpo 4 i | 3y 1Ko 5 (g ol e ¢

L L}i}.il.o)'T Azl g ol pll S 092 g0 sl ias >
Sl gy 0590l d9d o0 Ly po S 0595 51 (S5 e by
Lo )0 (P 5 by, s Toe S pw (S (s pSesll
yol> Geass o (YoVF o Kan § L'Heureux) il e
"S- ggite sladiges (53 2 il S Jgde sue (2L
T3 Ly (et Sl o0liul b o yd 0 Ghle 5 (o) slo
Slisleil 5 S s @i mle 0950 Gtale] S8 4 (23

el 0t aslllae (g3} e 5 Jghiie

alllan 3,90 03900 (ogas (owlildiiyo) (B 2o —Y-¥
3 aY (plo)ls geeis; olpl Gl 5l (L3 5o o)k
PS5 (Olrl @ Jlad 0 &Blo) 2y b 5l (bl
9 Omgee e 4 lagle pl (ewlidiinme) (pm Canl il
Bl Catatly fr @ 25 slagyle 035 0 p sl
@YU 703 Y (0 dliorally f (owlid e S5 510l o0
oY 955 oo )18 sy (g 4 Blate oale e
ol 0ol B (V) Jgoz 50 55 el gy S Sgiw
o) Py Ohge Pl (SeigSs S Sl e b ()l
5 Hooshmand) ailoass il 5 59,65z oo owlis
3950 pee dilate npe laailsg, alax 5 (VY () Kon
3 e o3game (6350 Loy Ceand ) 45wl
9y 2 (1) S0 Gb oleilr b (udod aleS a0 o
LS 5l gaie Sladiges agd sl adlate lojlgale ygas
ot (5 59 0505, L S5 508 S slanle (b o)
Sl )0 logS w5 9,5 slrole 5l (sl U adlais
A (g i il gt 5 By

R oole gy - Jguo
(Y+\Y 4] ,Ko g Hooshmand)

<yl 55195
sl v le Jolt) (ple slofond 5ol sloay
(Sregihs 5 Gleads] Szo8
(S 5 Jed bolyon o)le Jold) adodly pons
Y g anle Sew )le Jold) S 5e 8 VL gAY s
(S

gy

5. Baghmishe bed

g VoV (], o L'Heuruex) cowl o0g 35S0 5 (i
(YN ?

by eltl (Jolo o5 slaatand 9, p & (udod )
Lcd F ol g30le jgiS ;0 (V) Y) )], g Nor Omar
G S ol Cais 3 59, Yo 0 Do 4y S mhas (6,135
iy cyaets ] ool b ol dwlne Conaid oo b ool
odliiul 5 ou dslile Sy 53955 Slagby, ahows 4 (S0 Eoe
Slls 55 ot il Ko olsie 4 sy e g |
olidss j0.c8,5 )18 anl 3,90 S 0 Candd o i
oo Sy 3 (Ve Ve) o) Ken g Mandar lawgs oals plox!
S aisei 1V (55, p (o plall (3550 00d (e 552
s Coglia g (F,88 (atlh (IS ez I ) o
SS9y » 6ok Olaass e )8 sty S onis 1Sk
S sl b Gy gge S Sk G BLS)
Gladised 55, » @508 ALl G 0 WBlejl o S
Fam aloz ;| calizee ylidone Jawgd i sla S5 alize
(YY) o),Ken g Likitlersuang ¢ (V44Y) Santamarina 4
plil siez Hladl 5l eslaiul b (Y- - Y) o, en g Landon 4
pll o) cdins SlaS £45 4 axgi Lol a3 )3
alise d.,oL.A Oz LgLQuSL’> SS9y » W ULM
] 00 A.:S‘L\ o)bm

S S b sladiges b allinlel wlisle;] plol
a0 ) e s el Slagm, o el os,558 s 9 VL
olimub)T)awftyusﬂMo5)lsmesnw5
Jedon Saales Wlgioed 9 039 o2 5l Irzee slaaiges sl
o S 5D S de55 sl g, 5l eolazwl 1A asl S
¥ (S8 Canis wlps (Db3)) polaie 4 By zoe
e 5o Sl Sudsis slalyy Sl oalie Wl e
VAFY Jlo jo Terzaghi 8155 lawgy [b ool «SCaiST e85
(Y)Y ], gNor Omara) 38,5 8 e

=Sl )b g b Sauzmy 51 S5 58555 sba b, jleolaul b
SrSol Lgei (53,95 Caws D5l g SI> T Age slo
~aileS o Lo by, ) gl U ogy awles ol aldl gl o
(oo Ga:lim;b)] LngLg);o}‘..\?l L 9 lefuf s
2 Shmo olislesl ( alfisle;l clisle;] OMS gl

4. Bender Element Test
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1. Introduction

The most common methods for studying the consolidation settlement have required considerable time and
cost. To assessing of the consolidation settlement, mostly used theories of Terzaghi and Janbu. Today, one of
the topics of interest to researchers, evaluates the settlement by using of methods such as empirical
relationships or an artificial neural network based on physical and plasticity properties and more recently the
shear wave velocity. In this study, physical, plasticity and consolidation tests were performed on samples
obtained from three boreholes that drilling in Tabriz city, located in the northwestern of Iran. Downhole test
was also used to determine the shear wave velocity in the boreholes. By using nonlinear regression analysis,
four empirical relations between the shear wave velocity and the Janbu modulus number were proposed. Also,
in order to estimate the Janbu modulus number, the feed-forward artificial neural network with back-
propagation algorithms, with 8 input variables including specific gravity, initial void ratio, moisture content,
clay percentage, plasticity and liquid limit and effective stress along with shear wave velocity was studied.

2. Methodology
2.1. Experimental study

In this study, by drilling three machine boreholes at depths up to 8 meters, complete physical, plasticity and
consolidation experiments were carried out on 20 undisturbed samples. The in-field Downhole test was also
used to determine the shear wave velocity from each about one meter in the boreholes based on ASTM-D7400-
08. As much as possible, the results of geotechnical studies in this study area were also used. Finally, a database
of 37 complete soil characteristics and the shear wave velocity, were provided. The location of this study
boreholes is shown in Fig. 1.

2.2. Regression analyses

The Janbu modulus number (m) was determined for each samples of boreholes (e.g. bh-3 in Fig. 2).
Statistical description of variables included the specific gravity (Gs), percentage of clay particles(C), liquid limit
(LL), plasticity index (PI), natural density (p), natural moisture content (wn), compression index (Cc), the
normalized shear wave velocity (Vs) and Janbu modulus number (m) were carried out. The Spearman

* Corresponding Author: Rouzbeh Dabiri
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correlation coefficient between these variables and Janbu modulus number were performed by using SPSS
(V.16.2007) software. Existing empirical relationship that presented by L'Heureux et al. (2013), was verified
according to data base of this study. The empirical relationships between normalized shear wave velocity and
Janbu modulus number were investigated with linear and nonlinear regression and four relationships were
proposed. The proposed relationships were compared with existing equations based on the available data from
other soils (Mandar et al, 2010; Yilmaz and Erzin, 2004; London et al., 2007; L'Heureux, 2016).

Fig. 1. Location of this study boreholes (www.Google.com/maps/2016)
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Fig. 2. a) Variation of Janbu tangent modulus in bh3 (Z: sample depth, m: Janbu modulus number), b) Variation Janbu
modulus number in boreholes.

2.3. Artificial Neural Network (ANN)

Multi-layer Artificial Neural Network (ANN) was studied in order to predict the Janbu modulus number.
ANN input variables included liquid limit, plastic index, clay particle size, initial void ratio, natural density,
natural moisture content, shear wave velocity and effective vertical stress. In this study, the feed-forward
neural network with back-propagation algorithms, with 8 input variables including specific gravity, initial void
ratio, moisture content, clay percentage, plasticity and liquid limit and effective stress along with shear wave
velocity was studied by Qnet 2000 software. In all analyses, training and testing of ANN were conducted with
90% and 10% of the database consequently.

3. Results and discussion
3.1. Proposed equations

The variation range of Janbu modulus number were (m=14.38-41.39) and the normalized shear wave
velocity (Vs = 234 ~ 694 m/s) in this study. The Spearman correlation coefficient of the normalized shear wave
velocity was +0.50, greater than other variables. The statistical coefficients of this study proposed equations in
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comparison of existing equation were presented in Table 1. The results of Eq. (3) including, determination
coefficient (R = 0.76), root mean square error (RMSE = 0.2257) and the regression line slope (CR = 0.999) was
the best.

Table 1. Statistical results for proposed equations based on total data base (N=229)

Database reference Equation reference NO Equation RMSE R? CR
This study 1 m, =7 g.(;)zsl3 V; + 71.34587 _ 0.2393 0760 0.997
L’Heureux (2016) , o m=7592ln(Vs) - 19. 02559 0720  1.000
Mand L (2010 This study for: (V>13.18 m/s)
andar etal. (2010) 3 m=0639 °° +2970 02347 0776 _ 1.039
Londen et al. (2007) 4 m =9.02 e(0A003Vs) 0.3275 0.557 0.962
Yilmaz, Erzin (2004) L'Heureux etal.(2013) 5 m=0.063Vs + 636 02541 0731  0.980

3.2. Developed ANN

ANN with two hidden layers and 15 neurons per layer have better performance than other modes. The
structure of this ANN is presented in Fig. 3. Statistical coefficient for this ANN were (R2=0.756, RMSE = 0.1030).
Contribution percent of shear wave velocity in ANN is about 20 (%).
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Fig. 3. Structure of the ANN model with two hidden layers to predict the Janbu modulus number (m)

4. Conclusions

Determining the Janbu module number by using the conventional method requires considerable time and
costand the effects of disturbance also occur in the results. To determine the number of Janbu modulus number,
we can use the proposed experimental equations based on the shear wave velocity. These equations proposed
for the variation range of Janbu modulus number (m = 59.5 ~ 39.41, Vs = 14 ~ 694 m / s). Also, we can use the
ANN to estimate the Junbu modules number. The performance of the two methods described in estimating the
Janbu modulus number was approximately the same. By using ANN in order to estimate the Janbu modules
number, was needed more data including physical and plasticity characteristics with shear wave velocity.
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