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An Experimental Study on the Influences of Particle Size on Small-Strain Shear Modulus
of Granular Soils

M. Sharifipour A. Sharifi A. Rizvandy

Abstract Under small strains, the shear-wave velocity (Vs) and its resultant maximum shear modulus
(Gmax) are important parameters in geotechnical engineering soil dynamics analyses. In this regard, the
evaluation of the influences of soil particle size on the dynamic behavior of soils during wave propagation
has been an important issue in geotechnical engineering. According to the relevant literature, the influences
of grain size on shear wave velocity of soil were-completely different in various research studies. This
research aims to experimentally examine the effects of a wider range of particle sizes, on maximum shear
modulus in dry sandy soils, using a bender element apparatus embedded in a triaxial cell. The results
indicated that maximum shear modulus of sand was considerably affected by changes in grain size so that
in a particular range of grain size, shear modulus increased as the diameter of soil grains rose, while, in
the other range, maximum shear modulus diminished with increasing grain diameter.

Key Words Shear Wave Velocity, Granular Soil, Bender Element Test, Maximum Shear Modulus, Small-
Strain Behavior.
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Determining Coefficient Behavior of Reinforced Moment Frame Having the Steel Plate
Shear Wall using incremental Non-linear Dynamic Analysis (IDA)

M. Gholhaki A. Soleymani O. Rezayfar

Abstract Nowadays the researchers and experts are interested in steel plate shear wall throughout the
world particularly in the regions with high frequency of earthquakes. There has been a number of numerical
and experimental studies to get more information about the behavior of this system.to make more use of the
capacity of inelastic behavior of the systems and structures it makes necessary to apply Non-linear methods
in designing structures. As this method is rather time-consuming the static linear technique is used instead
of it, designing elastic is not economical, so it is replaced by coefficient behavior. In this study, the seismic
coefficient for the reinforced concrete moment frame with the thin steel plate shear wall is carried out using
incremental nonlinear dynamic analysis. Three 7-story, 15-story, and 30-story buildings with different near
fault and far fault records were analyzed. The ductility factor, additional strength, and coefficient behavior
of the structure were calculated as 4.24, 2.48,9 respectively. The result of this study show that the coefficient
behavior, and ductility factor of this system is decreased as the height of the structure goes up but it leads
to the increase in the strength Factor.

Key Words Coefficient Behavior (R), Reinforcement Moment Frame, Thin Steel Plate Shear Wall,
Incremental Dynamic Analysis (IDA).
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Prediction of Sediment Transport in Sewer Using a Combination of Adaptive-Neuro
Fuzzy Inference Systems and Genetic Algorithm

F. Yosefvand S. Shabanlou A. Rajabi

Abstract In this study, the transportation of sediment in sewer flumes is predicted using a hybrid model.
On the other hand, the hybrid model (ANFIS-GA) using Adaptive Neuro-Fuzzy Inference Systems
(ANFIS) and Genetic Algorithm (GA) for prediction of the Froude number of three-phase (air, water and
sediment) flow is developed. In this study, the genetic algorithm is used to increase the ability of ANFIS
by tuning the membership functions and subsequently minimize the error. The genetic algorithm (GA) is a
meta-heuristic inspired by the process of natural selection that belongs to the larger class of evolutionary
algorithms (EA). Then, the 127 hybrid models were defined using input parameters. For the superior
model, the Mean Absolute Percentage Error (MAPE) and Root Mean Square Error (RMSE) were
computed equal to 5.529, 0.315, respectively.

Key Words Sediment, Circular Channel, ANFIS, Genetic Algorithm, Hybrid Model.
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Developing a Model for the Effect of Temperature and Thickness of Asphalt Mixture on
Fracture Toughness under Pure Mode I

H. Divandari S. Ahmadipour

Abstract A huge amount of money is spent every year on designing and constructing of asphalt pavements
due to an increase in the number of vehicles and, consequently, a higher demand for constructions of new
roads. In addition, overtime, different factors such as severe climates and roads traffic conditions create
cracks on the road surface that also require spending money on roads maintenance. Thermal cracking is
one of the major distress types in the cold regions. Further propagation of such cracks may occur because
of tensile thermal stresses induced by temperature fluctuations which can result in pure mode | fracture
mechanism in the asphalt pavement. This study aims to determine fracture toughness (K,) as a fundamental
parameter for estimating the load bearing capacity of cracked pavements against crack propagation under
mode | cracking in low temperatures. To this end, the asphalt mixtures were manufactured with AC 60/70
bitumen. Semi-circular bending (SCB) specimens with effective crack length (a=23 mm) have been
prepared in three thickness (35, 50 and 65 mm). We collected data with conducting the fracture tests at
three subzero temperatures (-5°C, -15°C and -25°C) and calculating the fracture toughness values using
fracture loads. The results indicated that, in general, increasing speciments thickness and decreasing
temperature increase fracture toughness. Finally, using MATLAB software, a model was developed to
estimate the asphalt fracture toughness according to the two parameters of temperature and specimens
thickness. It was determined that the proposed model can predict the values of fracture toughness in asphalt
mixtures prepared on present study at the temperature and thickness range of the research.

Key Words Asphalt Pavement, Asphalt Fracture, Fracture Toughness, Mode | Fracture, Pure Tensile.
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Microstructure Evaluation of Thermal Stabilization Marls Case Study: Marl West
Bandar Abbas

M. Amiri M. Dehghani M. Papi

Abstract Marls are among sedimentary deposits that generally contain 35 to 65 percent of clay minerals
and calcium carbonate. The presence of clay minerals in marls has significant effect on reduction of slake
durability index of marls. Hence, marls stabilization is important. Furthermore, the presence of
carbonate as one of the main components of marls has drastic influence on engineering behavior of soils.
Heat, both in transient or constant forms, results in physical, mechanical and microstructural alternation
of soils, especially the engineering properties of clay soils. Accordingly, the purpose of this study is to
investigate the effect of heat treatment on strengthening parameters of marls, microstructural perspective.
Impression of heat treatment on behaviors of marls, using macrostructure tests (Unconfined Compressive
Strength, Atterberg Limit, Granularity, Slaking, Water Absorption and Linear Shrinkage) and
microstructural tests (pH and X-ray diffraction) have been assessed. For this purpose, the specimens are
exposed to heating surfaces (25 to 900 °C). examinations with emphasize on microstructural alternations
of marls on specified temperatures and effect of temperature variations on mechanical and strengthening
specifications of soil, have been conducted. According to the results, on 700°C marl soils have the best
compressive strength of 27.69 Kg/cm? and durability against moisture.

Key Words Marls, Thermal Stabilization, Compressive Strength, XRD.

sl ANV A BT 3y sl 5 AV ANV dlie il s fu b *

Email: amirii@hormozgan.ac.ir OB e n o0 Ol jas pdige 03,5 bkl 1 gens odi 5 (V)
O e o821 Ol e pdige 03,8 SLslzal (V)

O e m o8NS (Ol jos g L1 b8 (g gmeiils (1)



wigpe allls ol SbSE Gl Con ol Sl

ZA

Sl Sk ol Ols s 35 eSS
(bt DLS 5 S s serse LGB g8
5 ol zo 891 ool Cusb, dsss 5wl
S Cl ol B8l g was e S LSS
53 Jols O zo 2 apd e el Ol > Jlesl
5 wlr loim Ol 55) Lplydiags k>
Ox g3/ OshSsodngs 5 (oY
spiir (v G Jos S skl 51 S5
o S ps e s b JSsbe [10]
3 g A Yoo BV by Osnlidges
gk A3 Ve B0y o O bS5l s
dxos Ve B oove o Ol Jlesl a6 &
Sl LS5 5 b S o 55 Sl gl
sl b pezman [1112] 558 o i Jus S
IS8 a0 wlae 5 ot g Sbt riy &l >
Sl e 3 638 b ol ) S s
ool sl L daesle el e
3 oeksd o S ek Dlo et
Sty [138] spd oo eolinal pss 8 s
domsl Vioim dlas ledid ey goda
Sl ias 5l sy plerd 5 Sol sl
e dlas ldid s )l Jlesl SO~
by S8 ol b LAl gl sy 03 5 05
[14] 5615 sugs
S ol Glay st ol S ol S e
oletle Clda Lol § sl cul S s Cil
oy ole SSLE ¢ pided 5 Jslis Ao
Sl S sl dens Cdde s dase Ll G
ol 18] das e Il 1y S (6 4558
b S (ke glasl a e il gLy s SIS
53 ol S i [11] el (CaC05) oS Dl S
5l Ko OF s 4 S kb 5 il J xS
tdly S lasd 5 S Slio g 0f L3
Sl Kw [1] cd o pam 45 0 [ 00 4
2 bl s Jaome Gl OF 3 gene &) 5o
IS plesd bl S ol S CO2 ) s

4adle

A bl O S Ol hdie s
Oole glasls Wy, 0 et 4 S slassla
Sl 53 DS 5 e G Sl sl
Sl by [1-3] wis 770 b AY0 ) Cilie
5 S O sy i Slale czale s o
(Sl 5 il (oS S DL S) pliad ol 5
S Spdimlep 5 baig ple o ool
Gl S ¥ 5 K, S Ll
G ope &S diea Ol S oedas SIS w)
S s s s b b el (SU
SLS Gl 5 s il [14] Xss e
5 S bSO s Lol 4 G0l
5 Comle (VS sdias |05 OS5 ol
(VS (gl giee L.a_,—a} S
ol Sas Sl S s S Sl Sl S 6l gis
Cieshs s LS s St sbel el
5 g S bl iS5 (S Ol s
Sl atecly Wadies o3 Sosline Jodss s (8
[1-35]

huib alie Gl b IS, ba Lok
syl S Yy Lokl gluaib Sl 5 o) S
sy v S ok 55 s by S
Lol S 585 Lk, ¢l LS ol s boslky S
OLen 5 lY 3] e B4 g Dl
2 0ol (S5 Dlho g Slasils (YerY)
Sl S lsoms 3 Shas Ol poa; Ol o pudige Slal
ool T 1] s S slgin | (Ol S ds )
o ok ol s ol glasl ks, s ke
2 2l DS s s 53 oo DS
o s Al O Ry el bl Sldles
5 b S lpme kg p b RSy o ey (51
16,71 dns o 0LE |y Lnebs e 3 o)

DL S s a5 LIS Sl s e ol
5 SN (S Slamie 3 i s
b Slosar oha LS gl

TP Oler Sl oo 5 oo Sl

323 Ol e nliga & 2



74

Lﬁ[f olile —QJLIZAJ 2 st —L;j:,a/.w

b a0 gl i3 2 (SoeS 1 51 (SeS 555
Ll eds 1S laesle s iiS S S
Olg o 1y ool S e 1S5 gl S8 5 k=l
[16] ol s i Ssp kel ele
3 bl iy oS el OF 5l S Sliaalis
oy 5 bk sas ol Ll eals £, (S0L
Gl s BOT 5 Olie W3le @ Glase
Sttt gdoadb s plul il Jls
Cloyas by S g 5l ook (USCS)
e SIS 0T 555 780 5 ol (CL) oS (6 ot
ol 03 S 540 Yoo

Ges nl 53 skdelnil latlesl lasl i
[17] cl 4 8 &5 ASTM 5llind olad
sl i oy 5SSl S do s s Gl
il Gladised 4 )y [18] col s esliza
ot Sk o 5 S ek ped ofS 51 (XRD) S
Sl g (s 5 edd O35 e S /0 0) S L
00 03503 LS| 3l day s A a2 s O
Sk CGlaie o) 550 o xS S1 2 e
olily ) by Cole 4w Sl 4 Uil g ol
4 Lo gl (5515 5l gy i 035 oSS S ST
ol Loyl 5 J g 5l Olsabl (gl el YE S0
bag Cele 4w Sl 4 sl O gpslows g o
spd Ladisad 5 A5 e3) oa Sls Sl el )
o5on Bl i 43 (K Ks sl 1Y
okily ) L g azds Ve e 4 Wad ged e 550
ol SRV B0 aleins s es) oa o
o 3 A as s ladnd Wl Sy Ol s
dbe WSl 5, il oK b0 Sis
xS 13 bl s, (PHILIPS-PW1730)
[19,20]

5 (@) Jxls Sl sy Ol s &l 5
el e o GRSl 35 (©) (St Ole
17] <l sds pll ASTM D 3080-90 5k
o 03 Dl S Olssa W) S B 2L
Sl e ol sl atlis LS ksl

23 e S Sl S e b S sl s das e
ISl by 25300 Jor el i)
A3 5 el gl 3l am 53 (Sl
O3 e Kse LKL osa aooly S [12] w)ls
Rk AL Wise S o iy 5 S
G Yr st 3sm [11] il anils St Slio sns
Ol cgar ddkie 53 Job S s ol 5700
a3l LS wdige Sl guas y Sly S 56
a5 {101 S5 55 5 6 pdid sl o Sk
BRI PR PN S P Y ORCOUNC R T | 99
AS o Sos e S edige LB, ol Ol S
ladly (B3 SIe L3 edddd s Sl romes
20l 5 b ol b s HLW) YL sl
Sls 3l S S LD s el Slasie
lige L, ol 3l Al OF s &S ol
SULE] o0l Dl Sl 5 es S Iy Cle pd ge S
b (Solysge s ole Sy S Ks 5
SheaS sl wwds drS e gnlse 2 5 ol
GRS e e Sl 5 Sl Gl (o
oAl a5 e el 2l )
Sl e s S oK Sole eSSl wdige
sl Jlayt o clial Bl oS e 13
B ol ods 305 dlie ol 53 polod ol [34,15]
Sesr Db e Sloyas oyl
oS gl s S5 L bl

3,8 B s 350 pedigr Do sast

L s, g3l
Sk 5ok, gla bl Jisu 5 o Eass cpl )3
ool ol B3 53 el g s )l
el el el el Jad Ri s
IS 55 Slo part ) SIS s
Sl Al ol Ll whl 5 oktlag s b
slacws aalw b o ol ey aiks 0L S
Oeamed Aisde SoILL s eseas 5 b
Glaeisn 3l ol o3 Gles S lac S

s s plige &

”“1/\ ‘J[é? ;Jwvaj.}jdwdb



wisy g s le sSE = St bl U]

(O3 Gl S s cel YE Sl 0 WL ol >
B s S AN
osba a3 5k 0 FS LS Sl ol
Slos & Odewy Sl gy 5wl Rl Sl gl
s lkle 3L Ly ol s cele ¥ Sle 4 s g
A el oS

o lliS 3gdoms (g5LE5 Coaslie ialesl glad sed
oS 3gdee (g LE5 Caaslie LEalesl glal B o
57\ g Casb, LASTM D2166 5l ol
Sle s eddale v =)0 (glem®) il
Gk gy cele A Ol 4 dolw S 4 Ol
e S (e Sl b, b St
Weosles 53 (051 6bp S s cola Y il
Cole Y e 4 O3l o 5 4 515 o i s
RTRRRTEEN SR PRE R RS I NCH [P T
el 4 S I3 (egade dmgs Qe 5 Ve
s YO sles 3 e wiped el S3OLLE
.g;m\a.u:k;)l.x.@_{lww

AN bl
ol 4y Gl O Ve 0 S ) Cd) O gl gr

okl w g Cell VY Sl 4 bt 50l e L]
Seslizad L pH pslie s o33 n Sls S S
& »Se3\ul (Lovi Bond-pH110) Jde jze pH oKzws
Lagos S (EC) Sl Ll cpiomen A
LA (¢ xSe3lul (Lovi Bond) oaws o 5
[ S POTIUC IR SO OIS PRCS JOWL:
Slp Grmmer Ad a5 g Seilll ol >~
sabsl Ol Sl ool b b
wlin gladis shie fpen 4 LS ol S
G 23 s Ll a9 eSS ek sel
Sl Ba gl e LB S 15 il gla )l >
s o el YE Sl w Sl u:.iuj?u,;\
03 S sba lad s aS (g sbas (Gl o3l ) 3 ;.j

L a5 3ol

ol Sl (V) S s andllas 3,50 S WSl 5,
Dol Sbt (555 4 Selnil XRD LT il o
5 S R, S L &S das e Ol ab
3 CadS GUIS 5 ey el 8 S
Dol S 53 s ) g SLGE Coeslss
33 e S Jol slaals (V) S s ol
SS w4 bas (M A S YAV AR) ol
Vet A) ol dasys Vo/t) ol S L
RA) Aol 5 (s 4 ol g8 SIS @ by e
L S8 4 Ve S5 4 by (VAY
sdalie (V) IS5 55 a5 boles ol sdaliv
XRD) Sl 55z il o 4 G5 b s
Sl S S S S g b sl
ok adalin Hghga Coul Ol S sdas | S35
o b G B Sl Sl S VYA ssas ol
ol LSS (CpedS S IYVA 5 5518 Ao 3 Y1)
RS0

350 0ole XRF) ol 5JUT (V) Jsds o
Olsae o &1 BT ol el o 1) andllas
dooys VUM sl S 5 54 se v....lS deS|
5 S Slasie S (V) dads 5ol
dlas cpl g addllas 550 Sob S ST
NG PN W2V g

S eddaig b yod (ailesl Kos el sl
0 e 5 okdE (Sl S by e
D3 s B3 Qe BYO w5 e
9 ﬁ)l} (g Xodils (P Q\Jx.;j 9 Sl ok 63ls
RS RUV P TV NN PR -5 L NGV

S g5l sgde e gla byl bl pl
(Sl iy Dl (Gpegdes (sudlls
S ool J';iuj oS sgdees (gl Cslae
Sbcos LS g5, » PH 5 (XRD) .S
SVer O e B Yo OV Y0) glas )~
ploil ASTM 5513kl il 2 (o godn 253 40

DL o-)‘a:’d;}lo\d éLﬁM‘}N k;.u-r‘ ;JQL:L;: [17] LS

)r“M ‘J%;Jw‘fj"}wdb

S Dpas nlige &y



\Al

l.ﬁlf olile —QJLIZAJ 2 st —‘;j:,a/.w

adlas 3550 Gl S pland Olasiia (V) Jsi

rameters . )
SiO, AlL,O; | Fe03 CaO Na2o MgO K0 TiO2 MnO P,0s LOI
Product type
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Physical properties of South Marl Quantity measured Refererzgzssjgrgitthod of

Clay (%) 34.12 [17], ASTM, D422-63

pH (1:10; soil: water) 8.74 [17], ASTM D4972

Carbonate content (%) 385 Hesse, 1971
C (kglcm?) 0.57 [17], ASTM D3080-90
Strength Parameters
©° 295 [17], ASTM D3080-90
Unconfined Compression Strength (UCS) 07 [17], ASTM D2166-06
(kg/cm?)

Liquid limit (%) 28 [17], ASTM, D4318

Plastic Limit (%) 18 [17], ASTM, D4318

Plasticity Index (%) 10 [17], ASTM, D4318

Maximum dry density (g/cm3) 1.65 [17], ASTM D698
Optimum water content (%) 16 [17], ASTM D698
Maximum free —swelling (%)
permeability coefficient (k) (cm/s) 1.1e-07
Gs 2.77 [17] ASTM, D85487
Classification CL [17], ASTM, D3282
Color
Soil composition Palygg:’é!;iet,eb%?g;giltis,Q}sz?’:iznite, ASTM D2216
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Seismic Performance of Rehabilitated Moment Frame with Steel Shear Wall by
Considering Structural Uncertainties

M. Maddahi M. Gerami H. Naderpour

Abstract In performance-based seismic engineering, conservatism in acceptance criteria has increased
the cost of rehabilitation. Considering of uncertainties can reduce the conservatism and the cost of
rehabilitation. In this study, reliability of rehabilitated structure with steel shear wall has been discussed
and study of reliability index has been performed on probabilistic variables. The studied structure is nine-
story steel moment frame that has been analyzed pre-and post-rehabilitation. The results have indicated
that yield strength of steel shear wall has the greatest effect on the structural response of other probabilistic
variables. According to results, the rehabilitation of the structure has decreases probability of failure and
consideration of uncertainties of rehabilitated structure has increased probability of failure and therefore
existing conservatism has been decreased.

Key Words Rehabilitation, Uncertainty, Reliability, Fragility Curve.
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Flood Control Using a Combination of Delayed Dam and Coastal Dike
(Case study: Kan river basin)

A. Safaee S. R. Khodashenas K. Davari

Abstract In the present study, a combination of delayed dams in the upstream basin with the coastal dike
in the downstream of residential area of the Kan river was studied, so that for this combination, the cost of
constructing the structures is minimized and the reduction of flood peak is maximized. For this purpose,
multi-criteria decision method and TOPSIS method were used and the best option was determined. This
research showed that for the best combination, if 3 delayed dams with coastal river dike are constructed,
the peak of output flood reduce to 31.5%. In addition, the diffusion and elongation of the output hydrograph
in the superior state were significant and the time of concentration of flood increase.

Key Words Delayed dam, Kan river basin, Flood control, Multiple Criteria Decision Making TOPSIS.
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Mahdiye Maddahi - Mohsen Gerami - Hosin Naderpour

steel shear wall, and has the greatest sensitivity to steel
yield strength parameter of the steel shear wall. In this
study, incremental dynamic analysis was done on the
structure before and after the rehabilitation. The obtained
IDA curves revealed that rehabilitation of steel moment
frame with steel shear wall significantly reduced the
maximum inter-story drift of the structure in the
considered limit states. Comparison of curves of the
rehabilitated structure with and without uncertainties
demonstrated that consideration of uncertainties has
increased the maximum inter-story drift. This suggests
that consideration of uncertainties reduces the existing
conservatism (Figure 2-3).

The annual exceedance probability of the selected
limit states was calculated for the base building and
rehabilitated building with and without uncertainties. The
annual exceedance probability of the selected limit states
diminished with rehabilitation of the structure under far-
field and near-field records, suggesting that the seismic
performance of the structure improves with rehabilitation
of the structure. Eventually, the results revealed that the
annual exceedance probability of the selected limit states
was increased with consideration of uncertainties in the
rehabilitated structure under far-field and near-field
records (Table 2 and Table 3).

4. Conclusion

According to the results obtained from this paper,
with rehabilitation of the studied structure, the probability
of failure in the limit states decreased. The comparison of
fragility curves of rehabilitated structure indicates that
consideration of uncertainties of rehabilitated structure
has increased probability of failure. This suggests that the
consideration of uncertainties reduces the conservatism.

The results revealed that the annual exceedance
probability of limit states increased with consideration of
uncertainties in the rehabilitated structure under far-field
and near-field records. The comparison of results showed
that the reduction or growth in annual exceedance
probability under far-field records is greater than near-
field records. Based on the response spectrum of selected
far-field records, this may be due to the greater impact of
these records in the main period of rehabilitated structure.

Iz : '/// 16% base T
! # ——-50% base.. ~ &
= 7, P — =849 base

= i P - "~ 16% rehabilitated
E1 | e S e 50% rehabilitated
& | it 84% rehabilitated

os i /2 JO 16% rehabilitated with uncertaint

¥ 2 ~ -~ 50% rehabilitated with uncertaint

4 84% rehabilitated with uncertaint

ki 0 0.05 0.1 0.15 0.2

Maximum Interstory Drift ratio

Figure 2. IDA curve of the structure under far-field records
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Figure 3. IDA curve of the structure under near-field
records

Table 2. Annual exceedance probability of three selected limit states under far-field records

Annual exceedance probability (Pys)

Case 10 LS CcP
Base building 0.02704 0.00107 0.000203
Rehabilitated building 0.00050 0.00010 0.000046
Rehabilitated building with uncertain 0.00089 0.00012 0.000056

Table 3. Annual exceedance probability of three selected limit states under near-field records

Annual exceedance probability (P.s)

Case 10 LS CcP
Base building 0.01969 0.0011 0.000209
Rehabilitated building 0.00042 0.00008 0.000048
Rehabilitated building with uncertain 0.00044 0.00009 0.000053
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1. Introduction

In the seismic design of structures, uncertainties in the
designed structures have been considered. In seismic
regulations, structural uncertainties and changes in
seismic stimulation are considered separately. In these
regulations, uncertainties are considered based on
qualitative data in existing structures. In seismic
rehabilitation of structures, the secondary system which is
added to the existing structure has also uncertainties.
These uncertainties may increase the uncertainties of
rehabilitated structure. In this study, a steel shear wall has
been used for the rehabilitation of the steel moment frame.
Then, uncertainties of the steel shear wall and
quantification of them have been investigated. Assuming
probabilistic variables, an effective number of the
structural models were generated. The quantification of
uncertainties of the steel shear wall were investigated to
evaluate the uncertainties in seismic rehabilitation. The
design and evaluation of seismic performance of
structures should be performed using reliability-based
methods. In this study, the effect of uncertainties on the
seismic performance of the rehabilitated structure was
studied using the reliability methods.

2. Rehabilitated
Uncertainties

In this study, a 9-story steel moment frame was selected
which was designed based on UBC1994 regulations. The
structure, located in center of Los Angeles and on stiff soil,
was designed as an office building and as a steel moment
frame. In this structure, perimeter Moment Resisting Steel
Frames (MRSFs) were used as structural system. The
beams and columns have yield strength of 50kip and
modulus of elasticity of 29,000ksi. In the two-dimensional
modeling, the effect of the interior frames and orthogonal
steel moment frames is not considered. In order to
consider the effect of interior frames, a gravity equivalent
column (p-delta column) was used.

In this study, the structure was evaluated in order to
investigate the need for rehabilitation. For seismic
evaluation, nonlinear static analysis was used, while
bilinear moment-rotation relationship was employed for
modeling the nonlinear behavior of members in the
nonlinear static analysis. The steel shear wall was
considered for rehabilitation of the existing structure.

Structure and  Considered

Figure 1 displays the rehabilitated structure with steel
shear wall.

In this study, IDA analysis was used to calculate the
uncertainties caused by random parameters of the
structural system. Initially, the structure with basic
parameters underwent IDA analysis with selected seismic
records. The selected records involved extensive
variations in ground motion characteristics. The results of
this stage were associated with uncertainty caused by
various seismic records. In the next step, assuming
Rayleigh's damping, steel yield strength, and strain
hardening of force-deformation relationship of steel shear
wall as probabilistic variables, an effective number of
structural models were generated. Then, each structural
model was subject to IDA analysis for the selected
records. The results of this stage included aleatory and
epistemic uncertainties. Table 1 shows statistical
characteristics of selected probability variables.

3. Results

The sensitivity of structural response to each of the
selected probability parameters was investigated under
sensitivity analysis.
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Figure 1. Rehabilitated structure with steel shear wall
Table 1. Statistical characteristics of input random

variables
Name Mean C.O.V Dis.
Strain
Hardening A 0.025 0.4 Normal
Ratio
Damping Z 0.02 0.4 Normal
g?r?eerllgth v 35kip  0.07 Lognormal

The results of sensitivity analysis revealed that the
response of the structure has least sensitive to strain
hardening parameter of force-deformation relationship of
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of water can be the main reasons for increasing the soil
pH. Results show that by increasing temperature to 900 °C
due to the formation of glass structures, soil pH decreases
up to a small extent.
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Figure 1. pH and electrical conductivity variations under
the heat treatment process.

Figure 2 shows the effect of heat treatment on unconfined
compressive strength of south marls at different
temperatures. It's shown the compressive strength has
reached 27.69 kg/cm? at 700 °C. Dihydroxylation at
500 °C and alteration in atomic configuration caused by it
has resulted in increase of strength. However, at 900 °C
forming gehlenite with glass and porous structure caused
reduction in compressive strength of specimens.

8 South Marl

30

Unconfined Compression Strength (UCS) (kg/cm?)

25 110 200 300 500 700 900
Temperature (°c)
Figure 2. Unconfined compressive strength variations of
south marl undergoing Heat treatment

4. Results

Based on the experiments performed in this study, the
following results can be obtained:

1. Alterations in properties of soil both microstructurally
and macrostructurally depends on the induced
temperature, the type of clay mineral and soil constituent
especially carbonate percentage.

2. Generally, the geotechnical and environmental
geotechnical properties of marl soils are strongly
influenced by the temperature history, especially the

maximum temperature at which they have been exposed.
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1. Introduction

Marl soils are highly specialized soils which may be
observed in many parts of the world, such as Italy, Spain,
the United States, Britain, Canada, France, Persian Gulf
marginal countries and Iran (from north and northwest to
southeast). Due to their structural nature, such as the
presence of degradable particles and chemicals (calcium
carbonate, gypsum, anhydrite and salt), marl deposits are
more erodible than other deposits. Palygorskite and
Sepiolite are clay minerals that form marl soils, leading to
instability, reduced bearing capacity, and swelling in the
soil.

Marls are soils with highly complex behavior which
have been observed in many parts of the world, such as
Italy, Spain, the United States, Britain, Canada, France, the
Gulf states and Iran (from north and northwest to
southeast). In Iran, Marl soils can be abundantly observed
in the marginal regions of the Persian Gulf, East
Azarbaijan Province, Hormozgan and Qeshm Island.

Heat both in temporal or constant cases results in

alteration of physical and mechanical characteristics and
microstructures of soils notably engineering properties of
clays and the changes rate of these alterations are a
function of containing minerals, chemical compounds,
density, and moisture content. Generally, considering the
type of mineral, dehydration happens between 100 to
200 °C and dihydroxylation between 500 to 1000 °C. Heat
exertion of 500 to 1000 °C causes degradation of minerals
and formation of new crystal silicates. Heat treatment is
practically used in stabilization of soils, roads subgrade,
soil slope, and improving engineering properties of
swelling and collapsing soils. Moreover, the effect of heat
produced in high-level waste disposal (HLW) on
engineering properties and performance of soil is of
importance and relevance. According to this, the current
study was conducted to evaluate the effect of heat
treatment on engineering properties of south marls
microstructurally by reviewing the bearing capacity and
other engineering criteria.
Temperature variations cause the differentiation of the soil
hydraulic conductivity and behavior which consequently
changes the desired properties of clay soils as a natural
barrier against the transport of high-level wastes. So, it is
important to evaluate and predict the engineering
properties of marl soils when exposed to heat.

2. Materials and Methods

The soil used in this research is the marl sample of the
western part of west of Bandar Abbas specifically from the
area of the railway station located in the northern margin
of the Persian Gulf. These specimens are geologically
belonging to the Mishan formation and are of lower to
middle Miocene age. According to the Unified Soil
Classification System (USCS), marl soil is a low plasticity
clay (CL) with 99% pass of sieve No. 200. Most of the
experiments performed in this study are based on the
ASTM standard. Table 1 shows some of the geotechnical
and environmental geotechnical characteristics of the marl
soils studied in this paper.

Table 1. Some of the geotechnical and environmental
geotechnical characteristics of marl soils

References for

Physical properties of Quantity

South Marl measured method of
measurement
Clay (%) 34.12 ASTM, D422-63
pH (1:10; soil: water) 8.74 ASTM D4972
Carbonate content (%) 38.5 Hesse, 1971
Liquid limit (%) 28 ASTM, D4318
Plastic Limit (%) 18 ASTM, D4318
Plasticity Index (%) 10 ASTM, D4318
Gs 2.77 ASTM, D85487
Classification CL ASTM, D3282
Color Green
Palygorskite,

Soil composition Sepiolite, ASTM, D2216

Calcite

With the aim of evaluating heat effects on geotechnical
and environmental geotechnical parameters, in
accordance to ASTM standard, some experiments done on
soils which have experienced the temperatures of 25, 110,
200, 300, 500, 700 and 900 °C for determination their
permeability,  consolidation,  granularity, infinite
compressive strength and pH. The furnace temperature
was automatically increased at a rate of 5 °C/min up to the
desired temperature and remained for 2 hours at this
temperature and the furnace was switched off after that.

3. Results and Discussion

Figure 1 shows the effect of heat on acidity of soil. Rising
the temperature to 300 °C changes pH to 8.6, which shows
no significant difference. By increasing the temperature to
500 °C, the heated soil pH increased by about 3 units to
11.51. In this temperature range, dolomite decomposition
at about 370 °C can be the main reason for the increase in
pH of the reaction medium.

By increasing the temperature to 700 °C, the pH will be
12.06. The release of carbonate at about 700 °C, the
formation of cementitious compounds at this temperature
and the occurrence of pozzolanic reactions in the presence

1 Corresponding Author: Assistant Professor, Faculty of Engineering, University of Hormozgan, Bandar Abbas, Iran.

Email: amiri@hormozgan.ac.ir
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4. Results of Calculated Fracture Toughness

The values of fracture toughness (K,c) are presented in
Figure 3 for three thicknesses (35, 50, and 60 mm) of
asphalt specimens at three different temperatures (-5, -15,
and -25 °C). Figure 3 shows that the fracture toughness
increases by the increase of specimens thickness at
different test temperatures. In general, the increase of
specimens thickness from 35 mm to 65 mm increases the
fracture toughness by approximately 29% at two test
temperatures (-5 °C and -15 °C) and increases
approximately 24% at -15 °C. Moreover, Figure 4 shows
that decreasing test temperature of each specimens
thickness causes increases the fracture toughness. In
general, it can be observed that fracture toughness
increases about 25% by the decrease in test temperature
from -5 °C to -25 °C in each thickness of specimens.

1.50 1.14 1.231.33 1.34 1.39

Fracture Toughness
K;c (MPa.m®5)

0.00
Temperature Temperature Temperature
5°C -15°C -25°C
Thickness 35 mm
m Thickness 50 mm

Figure 3. The effect of specimen thickness on K| at three

test temperatures
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€ ¢
£ <050
w

0.00

Thickness Thickness Thickness
35 mm 50 mm 65mm

Temperature -5 °C
Temperature -15 °C

Figure 4. The effect of temperature on K in different
thickness

5. Developing a Model for Estimation of Asphalt
Fracture Toughness Based on Two Parameters of
Temperature and Thickness

In this study, fracture test on 45 samples of asphalt
mixture was used to estimate the fracture toughness
values, test temperatures, and specimens thickness as
dependent, independent, and independent variables
respectively in MATLAB statistical software. To this
end, nine values of the fracture toughness have been
calculated in software by the average of 5 values for
tested samples in three thicknesses under three test
temperatures. Finally, a model was presented according

on Eg. (2) with evaluation on several polynomial
functions from “Curve Fitting Tool” on MATLAB
software. Moreover, the response surface has been shown
in Figure 5 to provide a better comprehension of K,
values which were obtained from the following model
interacted by two parameters of test temperature and
specimens thickness.

Kic = —0.1977 + 0.03824 x — 0.02167 y — @
0.0002963 x2 — 0.000033 x y — 0.0003667 y?
where K, (MPa.m%) is the fracture toughness value, x
(mm) is the sample thickness, and y (°C) is the test
temperatures.

Fracture Toughness
Kie (MPa.m®%)

Figure 5. K¢ Surface response according to two
parameters of temperature and thickness

6. Conclusion
In this study, the effect of two parameters of temperature
and specimens thickness on the fracture load, fracture
energy and fracture toughness of asphalt mixture was
evaluated under mode 1 loading. The most important
results from performed tests are summarized in the
following:

e The increase in specimens thickness and the decrease
in temperature tend to increase the fracture energy and
fracture load. The results show that thickness parameter
has more significant effect on the increasing behavior
compared to the temperature.

¢ In general, K, has been increased about 25% by the
increase on specimen thickness at different
temperatures and also by the decrease at temperature in
different thicknesses.

e The minimum and maximum of K, have been seen at
-5 °C in 35 mm and -25 °C in 65 mm, respectively.

e The K,. obtained from our tests are between 0.89
MPa.m®5 and 1.39 Pa.m®5. Considering values
obtained by similar studies, our values are in an
acceptable range.

o The results shows that the presented model can provide
a good estimate for the values of fracture toughness of
prepared asphalt mixtures considering the ranges of
temperature and thickness studies in this study.
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1. Introduction

A large amount of money is spent every year on designing
and constructing of asphalt pavements due to the increase
in the number of vehicles and, consequently, a higher
demand for constructions of new roads. In addition,
overtime, different factors such as severe climates and
traffics make cracks on the road surface that also require
spending money on roads maintenance.

Fracture mechanics, as a powerful tool, has been
successfully used to study crack initiation and
propagation in all types of materials. This approach has
been applied to explore the mechanism of fracture in
asphalt mixtures as early as in 1960s and has become
increasingly popular in the research community after
1990s.

Low temperature cracking is one of the major distress
modes of asphalt concrete in cold regions. Further
propagation of such cracks may occur because of tensile
thermal stresses induced by temperature fluctuation
which can result in pure mode I fracture mechanismin the
asphalt pavement. Therefore, including low temperature
performance in the design procedure of asphalt mixture
in seasonal frozen areas is of high priority.

This study aimed at evaluating asphalt mixtures
resistance under mode | cracking at low temperatures by
considering fracture toughness (K,.) as a fundamental
parameter for estimating the load bearing capacity of
cracked pavements against crack propagation.

2. Fracture Test

Fracture test in this study was performed using Semi-
Circular Bend (SCB) specimens to evaluate the fracture
toughness of asphalt mixture. To this end, the asphalt
mixtures were manufactured with AC 60/70 bitumen.
SCB specimens with effective crack in approximately 23
mm depth have been prepared in three thicknesses (35,
50, and 65 mm). The specimens were tested under mode
1 using GALDABINI (QUASAR 600) testing machine. A
constant displacement rate of 5 mm/min is applied during
the mechanical test. The test was carried out at three
subzero temperatures (-5 °C, -15 °C, and -25 °C). The
data was collected by calculating the fracture toughness
values using critical fracture loads. Figure 1 shows the

location of samples on the supports and the distances
relative to cracks.

Figure 1. Loading configuration of asphalt SCB
specimens in test

3. Calculation of Fracture Toughness (K;¢)
The values of mode | fracture toughness (K,:) was
determined for each cracked specimens from the Eq. (1).

Pf as 1
Kic = ﬁ\/ﬁ\ﬁ(ﬁﬁ) @

where P (N) is the critical load to failure which
consist the obtained values of the test, R=75 (mm) is the
specimens radius, t (mm) is the specimen thickness which
includes three quantities (35, 50, and 65), a (m) is the
initial crack length of specimens that includes a quantity
between 22 and 23 which is considered 22.5 mm in
average, S=37.5 (mm) is the loading span, and Y; is the
geometry factor of the SCB specimens under pure mode

I which is considered 2.60 for two ratios according to
Figure 2: (i) the crack length to radius ratio (% = % =
0.3), and (ii) the loading span to radius ratio (% =32

75
0.5).

Pure mode 1

10

[—e— a/R=0.3

i a/R=0.4 P
8 1 ——%—-——a/R=0.5 ~
—<— a/R=0.8 4

Yr

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
S/R
Figure 2. Variations of pure mode | geometry factor (Y;) on
the SCB specimens with a/R and S/R
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particles, and then, applies changes to the strings to
stimulate the process of gradual evolution. Compared to
local search algorithms, in general searches where there is
only one acceptable solution, the genetic algorithm
considers a community of individuals. Working with a set
of people makes it possible to study the different structures
and characteristics of different people leading to
identifying and discovering more efficient solutions. In
this study, the genetic algorithm chooses strings that are
proportional to the value and eliminates those strands that
are less proportional to the population under study. Each
community member that is an approximation of the final
answer is coded as a string of letters or mergers. These
strands are called chromosomes. The most common
display mode is zero and one digits. Other modes of use of
the three digits, real numbers, and integers are also
implemented.

ANFIS-Genetic algorithm hybrid method. After the
recall, the dataset is categorized into two parts: training
and testing. At this point, the data are divided into two
categories of 50% and 50% and are used for training and
testing the model, respectively. After the classifications,
the fuzzy inference system is produced. To this end, three
are two methods including grid partitioning and
subtractive clustering. Moreover, the number of
memberships and the type of input and output membership
functions should be specified. In this study, the Gaussian
membership function is utilized. The number of
membership functions determined through the trial and
error process is considered to be 3. Generating the fuzzy
inference system, the network learning algorithm must be
determined. Generally, two hybrid and back propagation
algorithms which are well-known algorithms are used to
train the adaptive neural fuzzy inference system.
Therefore, in this study the performance of the hybrid
algorithm is compared with the genetic algorithm as a
well-known evolutionary algorithm suggested by
researchers for future studies. After training the adaptive
neuro-fuzzy inference system, the prediction accuracy is
evaluated using the test data and if the satisfactory results
are obtained, the modeling process is terminated,
otherwise, this process is repeated from the fuzzy inference
production stage until reaching the acceptable response.

4. Conclusion

If the flow within the sewage channel is semi-fill and the
flow which the sediment transport in it is in the form of the
bed load enters the channel with insufficient velocity to
prevent from the sedimentation, the sedimentary bed is
formed. It might be assumed that the velocity reduction is
a reason for decreasing the sediment transport capacity of
the flow which leads to more sedimentation and possibly

obstruction. However, the experimental findings indicate
that the presence of the sedimentary bed allows the flow to
have much more sediment transport capacity in the form
of bed load. In this study, using a meta-heuristic approach
developed through the combination of the ANFIS model
and the genetic algorithm, the three-phase flow in sewage
canals was modeled. For the models with one input
parameter, the model which was the function of the ratio
of the mean diameter of particles to the pipe diameter (d/D)
estimated the Froude number of the three-phase flow with
higher accuracy. For this model, the values of the RMSE
and MAPE indices in the testing mode were calculated to
be 1.057 and 19.134, respectively. Also, for the models
with two input parameters, this model approximated the
values of Cv and d/R. For this model, the values of MAPE
and RMSE in the training model were 5.529 and 0.315,
respectively. For the superior model which estimated the
flow Froude number with three input parameters, the
values of MAPE, RMSE and Sl in the testing mode were
computed to be 7.789, 0.403, and 0.102, respectively.
Moreover, for the model which estimated the values of the
target function with four input parameters, the values of
RMSE and Sl for Model No.65 in the testing mode are
calculated to be 0.510 and 0.129, respectively. In addition,
for the superior model with five input parameters, the
values of MAPE and RMSE in the testing mode are 11.980
and 0.579, respectively. Moreover, the model estimating
the Froude number values by means of the combination of
six input parameters calculated the values of R? in the
training and testing model are 0.906 and 0.900,
respectively. Based on the results of different models, for
the model which simulated the three-phase flow
characteristics using a combination of seven input
parameters, about 69 percent of the results have an error
less than 14%.
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1. Introduction

In order to use the sediment transport criterion in
sedimentary threshold conditions, some data such as the
size of particles, density, sediment concentration, and flow
depth are required for establishing an equation forecasting
the sediment transport rate as the bed load of suspended
load. Sediment transport in the sedimentary threshold state
has two types, including suspended load and bed load. To
use the existing self-cleansing equations, the transport
state (bed load or suspended load) should be specified. Ota
and Perrusquia (2013) studied the dimensionless shear
stress to evaluate particles with the size of d moving on a
rough bed with (k<d). In their study, they measured the
influence of variations of flow rate on sediment transport
rate. In the last decade, different neural network and
artificial intelligence techniques were used by many
researchers to forecast and pattern-cognition of complex,
non-linear phenomena in various sciences. In addition,
neuro-fuzzy models and different artificial neural
networks have been recently utilized for solving various
hydraulic and hydrology problems. Jain et al. (1999) and
Bae et al. (2007) approximated the flow entering into a
reservoir using different neural network algorithms. The
load of suspended sediments was predicted by means of
neuro-fuzzy models by Kisi (2005). In this study, the least
required velocity (Froude number) to prevent from
sedimentation on the bed of sewer canals was predicted for
the first time by different soft computation approaches
including adaptive neuro-fuzzy inference system and a
hybrid method based on the adaptive neuro-fuzzy
inference system (ANFIS), and the genetic algorithm.
Also, the results of the soft calculations in predicting the
Froude number of the three-phase flow required to prevent
sediment deposition into the sewer canals were compared
with the laboratory measurements. Reviewing previous
studies on sediment transport in sewage canals, it was
revealed that the modeling of the three-phase sediment
transport mechanism within circular channels has not been

performed by this hybrid ANFIS-Genetic algorithm. In
this paper, the minimum velocity (Froude number)
required to prevent the sedimentation of residual solids
entering sewer canals is modeled by the hybrid artificial
intelligence method, which illustrates the innovation of the
research topic.

2. Experimental Model

In this paper, to validate the numerical models, the
measurements conducted by Ab. Ghani (1993), Ota and
Nalluri (1999) and Vongvisessomjai et al. (2010) were
employed. They measured the values of the flow Froude
number (Fr), volumetric concentration of sediments (Cv),
the ratio of the mean diameter of sediment particles to the
hydraulic radius (d/R), the ratio of the pipe (channel)
diameter to the flow cross-section (D%A), the ratio of the
hydraulic radius to the pipe diameter (R/D), the number of
the dimensionless particle (dso(g(s-1)/v?)*®) (Dyr), the ratio
of the mean diameter of particles to the pipe diameter (d/D)
and the sediment load general strength factor (strength

factor of sedimentary flow) (XS). In other words, they

studied the influence of the mentioned parameters on
changes of the Froude number (Fr).

3. Materials and Methods

Structure of Adaptive neuro-fuzzy Inference system. In
this study, an adaptive neural fuzzy inference system is
used to predict the required Froude number to prevent
sediment deposition in the canal bed. The system is
presented as a modeling framework combining fuzzy logic
and artificial neural network. This hybrid model is
proposed to overcome the weaknesses in both fuzzy logic
and artificial neural network methods. In fact, inspired by
fuzzy systems, basic knowledge is shown in a set of
constraints to reduce the optimization search space,
whereas the structured network is inspired by the artificial
neural network using back propagation. In this model, the
artificial neural network is used to regulate membership
functions.

Genetic Algorithm. The genetic algorithm has provided a
powerful method for the heuristic development of large-
scale hybrid optimization problems. A genetic algorithm
encodes the problem as a set of strings containing fine
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5. Calculation of Response Madification Factor (R)
Based on the results obtained from the nonlinear static
and dynamic analyses, the overstrength, ductility and
response modification factors were calculated. The
results indicate that because of severe decline in
ductility, increasing trend of overstrength has not
managed to grow the response modification factor and,
thus, decreasing trend of ductility factor has been
dominant leading to a decrease in the response
modification factor (R).

To compute the response modification factor, at first,

the average values of this factor for each structure was
determined as presented in Table 1. Then, these values
were averaged to obtain one response modification
factor. The results show that as the height increases,
the response modification factor is reduced and
consequently, it would be unreasonable to devote a
single response modification factor to a broad range of
structures with different heights.
Based on the results, the values of response
modification factor for an RC frame equipped with
SPSW using the ultimate state design method, is equal
to 9.

It is noteworthy that according to ASCEQ7, the
response modification factors for dual special moment
frame plus shear wall as well as special dual steel
frame equipped with SPSW, is equal to 8. Hence,
further studies are required to scrutinize this factor.

Table 1. Values of Seismic Parameters

Model Rs R U RirrD Rasp

7 Storey 1.96 | 5.73 | 10.84 | 15.6
15 Storey 2.29 | 469 | 9.19
30 Storey 319 | 23 | 6.98 | 10.05

Ultimate Value | 2.48 | 4.24 9 12.96

13.24

6. Conclusion

Application of SPSW as a lateral load-resisting system
entails the recognition of seismic parameters derived
from rigorous analyses. In this study, three RC
buildings equipped with SPSW comprised of 7, 15,
and 30 stories were analyzed and designed and, then,
their seismic parameters were obtained using nonlinear
static and dynamic as well as Ida analyses under 10
near and far-field earthquakes.

The results indicated that response modification
factor of 9 for the RC frame equipped with SPSW is
adequate. Moreover, the values of ductility and
overstrength factors are equal to 4.24 and 2.48. It is
notable that further analyses are required to scrutinize
these values to be applied in design procedures.
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1. Introduction

As the reinforced concrete (RC) frames equipped with
steel plate shear walls (SPSW) are a novel type of
structural system, the respective codes have not
incorporated sufficient information about their design
procedure. Thus, itis required to determine the seismic
parameters of such frames as response modification
factor that plays an important role in seismic design.
One of the significant uncertainties for the assessment
of seismic performance of the structures is the intrinsic
nature of earthquake and for the sake of quantifying
this uncertainty, the effect of change in earthquake
characteristics needs to be evaluated using a number of
dynamic analyses. Therefore, to account for the effect
of such uncertainties, incremental dynamic analysis
(IDA) was applied.

2. Incremental Dynamic Analysis (IDA)

In this paper, to take the building’s characteristics into
account, the spectral acceleration of 1t mode of
vibration with damping of 5% (Sa(T1,{=5%)) was used
as the seismic intensity. The incremental dynamic
analysis (IDA) was used as one of the most powerful
methods which has turned out comprehensive to study
seismic performance of structures. To further
generalize the analyses, in addition to the site soil
effects (soil type IlI), both far and near-field ground
motion records have been applied.

3. Numerical Modeling Process and Verification
To carry out the nonlinear static and dynamic analyses,
OpenSees 2.4.0 was employed.

To verify the numerical modeling, the experimental
model of the RC frame equipped with steel plate infill
wall (SPIW1) tested by Choi and Park, was adopted.
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Figure 1. Experimental Model of Choi and Park

The comparison between the numerical and
experimental results are presented in Figure 2.
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Figure 2. Comparison of Numerical and Experimental
Results

The results indicate that the numerical analysis
using the strip-based model, has managed to properly
analyze behavior of the models.

4. Studied Models and Analysis of Results

Three RC frames including 7, 15, and 30 stories whose
structural system is special RC frame equipped with
thin steel plate shear wall were analyzed.
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Figure 1. Changes of shear wave velocity in terms of soil particle size under all
confining pressures and frequency of input signal, 10 kHz

4. Conclusion

This  research study has been aimed at
comprehensively assessing the effects of grain size on
the amount of maximum shear modulus of sand. The
results indicated that the maximum shear modulus of
sand was considerably affected by changes in grain
size. In a particular range of grain size, shear modulus
increased as the diameter of soil grains rose, while, in

the other range, maximum shear modulus diminished
withincreasing grain diameter. This increment in shear
wave velocity might be related to fine-grained particle
of sand, whereas shear wave velocity reduced along
with increasing the diameter of coarse-grained of sand.
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1. Introduction

Under small-strain circumstances, both shear wave
velocity and maximum shear modulus of soils are
considered the most important parameters for
evaluating dynamic behaviors of soils. Due to the
influential effects of particle size on engineering
behavior of soils, it may be remarkable to figure out
the effects of grain size on shear wave velocity.
According to the relevant literature, the influences of
grain size on shear wave velocity of soil were
completely different in various research studies so that
their findings could be classified in four major groups.
Firstly, some researchers believed that shear wave
velocity increases with increasing soil grain size;
however, some observed that any increase in particle
size of soil could diminish its shear wave velocity.
Meanwhile, in a few studies, it was seen that shear
wave velocity was not sensitive to soil grain size.
Moreover, in a range of grain size, shear wave velocity
increases with the increase in the average diameter of
soil grain and in the other range, shear wave velocity
decreases as the average diameter of soil grain
increases. In this study, the effects of grain size of soil
on both shear wave velocity and maximum shear
modulus of dry sand were experimentally investigated
under different circumstances of confinement and
excitation frequency using bender element test.

2. Experimental Program

This research focused on the influences of particle size
on shear wave parameters in a particular type of sandy
soil. To this aim, a digitally controlled triaxial testing
machine equipped with bender elements was used. The
material used in this study was local river sand
collected from the Dinevar area located in the north-
eastern part of Kermanshah, Iran, and precisely
classified as per the guidelines presented in the
literature (ASTM C136/C136M 2014). The sandy soil
was categorized into 10 specific groups with particular
sizes. More details can be found in Table 1.

In this study, homogeneously identical samples were
assumed as a prerequisite for all experiments.
Therefore, it was necessary to take practical measures
to ensure this crucial prerequisite in all specimens. In
thisregard, various experimental methods may be used
to achieve a desirable void ratio, including the wet and

dry tamping method, dry pouring technique, and water
precipitation methods. In this study, the dry tamping
method was used to prepare similar specimens with an
identical void ratio. Using this method, three-layer
samples were prepared, in which the soil was poured
through a funnel for each layer, without a falling gap,
and compacted using an appropriate tamper.

Table 1. Physical properties of all 10 classified soil
groups using standard ASTM C136 sieves

Soil Used Sieve | Particle size dso

group | No.#) (mm) (mm)
R1 100-50 0.15-0.30 0.225
R2 50-40 0.30-0.42 0.363
R3 40-30 0.42-0.60 0.513
R4 30-20 0.60-0.85 0.725
R5 20-16 0.85-1.18 1.015
R6 16-14 1.18-1.40 1.290
R7 14-10 1.40-2.00 1.700
R8 10-8 2.00-2.36 2.180
R9 8-4 2.36-4.75 3.555
R10 4-3/8 4.75-9.53 7.140

To prepare cylindrical BE test specimens, a two-way
split aluminum sampling mold with internal diameter
of 105 mm (F03586, STRASSENTEST OHG,
Germany) equipped with a rubber membrane was
used. For all samples of the 10 soil groups, under
confining pressures of 50, 100, 150, 200, 250, 300,
350, 400, 450, and 500 kPa, the transmitted shear wave
signals and the corresponding received wave signals
were generated and recorded, thereby determining the
resultant shear wave travel time.

3. Results

Figure 1 displays the alteration of shear wave velocity
under different confining pressures (50-500 kPa) for
all 10 soil groups. It can be seen that, for mean particle
diameters from 0.225 to 1.29 mm, the shear wave
velocity increases with increasing mean particle
diameter, while this trend is reversed for mean particle
diameters from 1.29 to 7.14 mm. Apparently, the
initial increase in Vs is associated with an increased
number of contact points and increased friction among
particles, based on the Hertzian contact theory.
Moreover, for this specific particle size (0.225 to 1.29
mm), the shape of the particles changes from a smooth
rounded type to a rough angular type, which may result
in higher interlocking among soil particles, thus
increases the soil shear modulus. However, this
phenomenon shows an approximately opposite trend
for soil samples with mean particle diameters from
1.29 to 7.14 mm.
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