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CFRP Eeffectson Reinforced Concrete Deep Beams
A. Arabzadeh A.Amani Dashlgieh 1. Mahmoudzade K. Saeed Inanloo

Abstract Deep beams are type of beams which their behavior is different from conventional beams
because of their particular type of geometry. In this paper, the retrofitting of these beams is considered
and 10 deep beams are tested experimentally and discussed about retrofitting methods. Experimental
studies indicate that the use of CFRP bands in the direction perpendicular to diagonal cracks in
comparison with the use of CFRP in vertical direction are appropriate in condition that many CFRP with
less width be used instead of using wide CFRP with lower number. The comparison of the experimental
results is conducted with the results of existing relations in literature. The comparison shows that the
existing relations cannot correctly predict the behavior and ultimate load of deep beams retrofitted by
FRP tested in this paper.

K eywor ds Deep Beam; Reinforced Concrete; Carbon Fiber Reinforced Polymer (CFRP).
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Experimental I nvestigation on the Arching Effect in Granular Materials by Using the
Developed Trapdoor Apparatus

A. Ahmadi S. E. Seyedi Hosseininia

Abstract This paper discusses the arching effect as the formation of a stable arch in granular materials.
For this aim, a developed trapdoor apparatus is designed in order to investigate the arch dimensions in
term of the internal friction angle, average size and base angle of materials. Observations show that for
all tested granular ensembles, width and height of the arch increase with an increase in trapdoor width
and a decrease in base angle. It is also found that the shape of the whole arches is governed by a
parabola. In addition, for both constant values of trapdoor width and base angle, the increase in both the
internal friction angle and density of granular materialsleadsto the increase in arch dimensions.

Keywor ds Arching; Granular Materials; Trapdoor; Base angle; Arch width; Arch height.
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Effect of Welding Residual Stresses on Performance of Steel Plate Shear Wall
M. Gholhaki F khaledi H.Moein

Abstract The effect of Welding residual stresses that was created in thin infill plate of steel plate shear
wall system during constructional processes was studied in this research. Residual stresses in a welded
structure is the result of the non-uniform expansion and contraction and plastic deformation of the weld
and surrounding base metal due to heating and cooling cycle, during welding process, this issue could
affected SPSW's behavior. In this research ABAQUS finite element software is utilized to simulation of
welding process and steel plate shear wall behavior. Sequentially coupled thermo-elastic—plastic finite
element computational procedure is developed to calculate temperature field and welding residual
stresses in SPSW. The result shows that residual stresses created in infill plates of three story steel plate
shear wall with rigid beam-column connection due to welding process makes yielding load, ultimate load,
stiffness, ductility and energy absorption, decrease 1.4%, 1.26%, 7.6%, 7.3%, 3.4% respectively in
model with residual stresses in comparison with model without residual stresses. Thus, the ignore of
residual stresses effect due to welding in prospect of thin steel plate shear walls(SPSWs) behavior is
negligible.

Keywor ds Steel plate shear wall; Welding residual stresses; welding processes.
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Laboratory Investigation of Performance of L-shaped Collar on Reduction of
Local Scour Around Bridge abutment

H. Khozeymehnezhad M. Ghomeshi Y. Ramezani

Abstract Scour around bridge piers is one of the most important fields of hydraulic research. Local
Scour around bridge piers and abutment is one of the main reasons of bridge failures. In the field of
scour at the bridges, researches are more focus on scour of piers in compare with abutment. While the
available information on the bridge failures required cost, the major problems are related to abutment.
Therefore, most costs have spent in this part. One of the methods used to reduce of scour around bridge
piers and abutment isinstalling collar. The collars protect the river bed against vortex flow in the vicinity
of the piers and abutments . In this research the effect of two types of collar, include complete and L-
shaped collar, were investigated on abutment scour reduction and application diagram is proposed.
Results show that increasing dimensions of collars will increasing the efficiency of performance.
Comparing of both collars indicated, that if the length of collars is larger than half the length of the abutment,
the L-shaped collar is more effective in compare with complete collar. The L-shaped collar doesn’t
prevent sediment movement due to lift vortex in downstream of abutment and for this reason it is shown
mor e effective performance than the complete collar. Also, using the L-shaped collars with less area is
mor e cost effective.

K eywor ds L-shaped Collar; Bridge Abutment; Loca Scour.
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Ductility Evaluation of X-Braced Steel Frameswhich are Braced in
Two Adjacent Middle Bays

A. Asghari

Abstract In this study, for evaluating ductility of ordinary concentrically braced frames (OCBFs) and
special concentrically braced frames (SCBFs) which are X- braced in two adjacent middle spans, 16 steel
ordinary concentrically braced frames and 16 special concentrically braced frames are studied. The
results confirmthat, although most of ordinary concentrically braced frames, which are X-braced, cannot
experience the corresponding target displacement, but because of their high designing force level
expected ductility can be obtained. Also results confirm that the response modification factor of SCBFs
which is proposed by Iranian seismic design code (2800 standard forth edition), R=5.5, is more logical
than ASCE's one, R=6. According to the results, the response modification factor of 5 is proposed for
special concentrically braced frames, which have an analytical period of more than one second (frames
more than 10 stories).

Keywords Ductility Reduction Factor; Concentrically Braced Frame; Pushover Analysis; Target
Displacement
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Formation of Sparse Null Basesfor Optimal Force Method Analysis Using Charged
System Sear ch Algorithm

M. Daei Sh. Tamjidzad S. H. Mirmohammadi

Abstract In this paper, an algorithm is presented for the formation of optimal null basis vectors
corresponding to sparse flexibility matrices. For controlling the independence of the vectors, a generator
is selected in each corresponding self-equilibrating systems, and the sequence of generators is modeled
as decision variables. Snce the equilibrium conditions and uniqueness of generators consists a
underdetermined linear system, a linear mixed integer programming model is presented for finding
sparse solution. In charged system search algorithm, the movement of charged particlesis tracked in a
continuous domain, therefore it is modified for using in a discrete binary space, and also a new operator
called probability of mutation is defined in this paper. The numerical examples shows that the proposed
method enables to find suboptimal solution, while using short computational time and resulting good
accuracy.

Keywor ds Optimal Analysis; Force Method; Null Bases; Charged System Search Algorithm.
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Determination of Structural Dynamic Characteristic Using GPS Device

M. Mahmoudi M. A. Mirghasempour M. J. Najari

Abstract Sructural dynamic parameters: natural period, shape modes and damping ratio of vibration,
play a decisive role on the seismic behavior of those structures. There are several methods for
determining of the structural dynamic parameters, such as. free vibration, ambient vibration and force
vibration tests. In this research the structural response of a three-story building (the natural frequencies
of vibration and the structural damping values) are monitored by a two-frequency GPS device mounted
on the structure. The time in full oscillation of the structure will be the natural period of vibration. The
damping ratio is determined using logarithmic formulation. The results from analytical method are the
same as the experimental results approximately. For example, the natural period in X direction was
determined 1.07 and 0.93 Hz using GPS and analytical methods. Comparing the results of the
experiments and the results of the computer analysis shows the good accuracy in determining the
parameters.

K eywor ds Structural Dynamic Characteristics; Natural Period; Natural Frequency; Damping Ratio;
GPS.
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Prediction the Ultimate Bearing Capacity of Shallow Foundations
on the Cohesionless SoilsUsing M5P Model Tree

V.R. Kohestani M. hassanlourad M.R. Bazargan-Lari

Abstract Bearing capacity prediction of shallow foundation is one of the most important problems in
geotechnical engineering practices, with a wide variety range of methods which have been introduced to
forecast it accurately. Recently, soft computing methods such as Artificial Neural Networks (ANNs) and
Support Vector Machines (SYMs) have been used for prediction of the ultimate bearing capacity of
shallow foundation. However, in these methods the modeling process is complex and are not as easy to
use as the empirical equations. In this paper, M5P model tree as a new soft computing method has been
used for prediction of the ultimate bearing capacity of shallow foundation. The main advantage of model
tree is that, compared to ANN and SVM, they are easier to use and more importantly they represent
understandable mathematical rules. Laboratory experimental tests of shallow foundations on
cohesionless soils were used with parameters of the internal friction angle, the unit weight of the soil, and
the geometry of a foundation considers depth, width, and length to develop and test the model. The results
achieved from the proposed model was compared with those obtained from the Meyerhof, Hansen and
Vesic computation formulas. The results indicate that M5P model tree perform better than the mentioned
theoretical methods.

Key WordsSoft computing methods, M5P model tree, Shallow foundations, Ultimate bearing capacity.
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Optimization of Energy Costs Considering Hydraulic and
Quality Reliability Using Ant Colony Algorithm

M. Fotuhi M. Tabesh

Abstract Energy costs comprise considerable amount of operation costsin water distribution networks.
Optimal management of energy costs to provide required water for consumers with desired quality is of
high importance. To achieve this, optimization is defined as a powerful tool. In this paper, by focusing on
operation phase, multi -objective optimization of water supply network considering hydraulic, quality and
integrated reliability measures is performed. In each of these cases, the first goal is to minimize energy
costs and maximization of each reliability measure is considered as the second objective. Therefore, it is
necessary to set the performance schedule of the pumps over a period of time, one day, such a way that
pumping schedual changes based on consumption variation during the day. In addition, it is required to
maximize the hydraulic, quality and integrated reliability measures in the network. In this paper, in order
to adapt more pump operating modes of pump station, both constant and variable speed pumps are used.
In order to optimize performance of water distribution network, due to the high efficiency and simplicity
of ant colony algorithm, the NA-ACO-CD (Non-Dominated Archiving Ant Colony Optimization with
Crowd Distance) algorithm has been coded in Visual Studio C++. The efficiency of NA-ACO-CD
algorithm is tested with mathematical functions and proved to be applicable on water distribution
networks. The proposed method is evaluated on Anytown water distribution network and required pareto
curved are produced. It is concluded that the methodology cannot be attained to a combination of pump
speeds such that all three pump, hydraulic and quality reliabilities will be maximized simultaneously.

K eywor ds Multi-objective optimization, Ant colony, Energy consumption, Water age, Reliability.
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Numerical Modeling of Tunnélsand Lifelinesin Liquefiable
Grounds Under Seismic Loading

A. R. Bagherieh I. Loloi A. H. Bagherieh

Abstract Earthquakes could have catastrophic impacts on tunnels and buried structures. Liquefaction
phenomenon is one of the most destructive effects of earthquakes. Liquefaction results in decreasing
effective stress and this consequently leads to decreases in shear strength of the soil. As a result, large
deformation in both soil and buried structure occurs. Moreover, liquefaction causes soil boiling, lateral
spreading, structure settlement and the uplift of buried structure. In many earthquake cases, uplift of the
buried structure due to liquefaction was reported as one of the major damaging factors. This research
sought to model earthquake induced uplift of buried structures including tunnelsin the soil susceptible to
liquefaction under seismic loading. Two dimensional finite difference modeling is employed to simulate
centrifuge experiments. The UBCSAND model was adopted as constitutive model in numerical
simulations. The modeling results are compared with the measurements of centrifuge experiment and the
capabilities of the model to predict the liquefaction of soil around tunnels are assessed.

Keywor ds Lifeline; Tunnel; Liquefaction; Uplift; Earthquake; Centrifuge Tes.

A2l YN OT oy b 5 QYNYA T lie s b ¥
e o5 (glars 5 Ol e 5ASED Ol e widige HLslind 1 stes sy 5 (1)
e ol (g lans 5 Ol e 0 AL o3l — Ol s pwdige | Ll IS s gl 2l (Y)

.Kﬂfi“y})sé)}}:aéj_’jj;x}r}k« :@J‘:«QJMJJJ;@,ALSJ,ZS:éﬁgL:.J(Y‘)



Sl Jis SV il

cja_wuéjj S gl e gL_LGd.v Lau_f:)\ﬂ; U’-’-‘} SR Y
C'up\);\,ijd;m&uab‘&g\; slwl 5 el
dé;\jﬂ§\4Qv U))c[lo].\.&}l.w)) L*E3)
&:_Ajcla_‘ﬂ)\}_:a\/o CL.&J)H_?J)_@;JV S e
Yooy adyls 1210840 S s 1]l O
Yoy s o [14] Jed Yoy e 505 13] sealsr
L 55 aS wil oo gladlsls das SI[1S] 555
A1 SoVU lrs bl sge 5 O ghke 83l
o)ij_:A)\ el b [16] Qb&aﬁ E) lJu“LS}:
sy i | Sl oY Gl s a Lol ol
535l [16]555 o iy 50 Osdde 55l S35V
slaady) SoVU o Sl s ddls 5 dy) s
o ilaslazastls o) 5o 3 eslinad L DL
[18]0')1—{%“}‘;{:—«#)5 Jz«.u); 4.’3; fl;U\ °JJJJ.‘:‘
S8l SO s ety (SasVl s sl ol
-V Sl IS8 s DA ) S 5 o sen
P.;:u")(u -\ L}L&)é‘aj_v- JL”A C,SJP- s(J‘
V.3 'C) (C—\ JLZ)J.,\M
53 SaVL Ce e Ll DL [19] OSKas 5
B @\3)_1) C)bb)e.}ﬁj"_.:.ﬁ‘_;)\.lj‘)l{ (_gU._T.n\
Al e e SoVL s e
JZJL‘”W&“SJJH]JMFJQFWJJ
3l S sl i olWiG B ol s S
L basledts 53 oSk id> 218 as oS bl
3lwde sl s Sl Sy Sl ialesl
ol 53 [20]01LKen 5 sl sl oSG
o St B Sl Sl bl U LalS i
b s b mosr S5 Gl 2 b s
S 5 gzl 5 0T Gl bl SLs ) S,
SL= s g bl L5;)‘}?\{[21] OLHKes 5 K
Nudi‘béﬁwjjbw\ﬁbjum
SRR [ TR R P I BNV JrS W AT

W0 (53 bled piin 5 oy Sl

YA

PRV

LS ol g bl b g OF 51 Sl sladl 2
by i symias S5 el s Il Oddpkad &5
st edmas SNSE L )5 e 55 o et
sladlo 5o Ld o ool Sl 0L 0 3le o0
o gt (50 (SK5 drn s 5 i, L
La 55 5heslanal ¢ e s slasle 4 Ll 5 J& 5
el ed g Sl 4 55 Osdde slasle

o glos S lcan] S L dex
03,5 3)ls s s slaslw s gl bl s L
53 [IDAAT e s L ple ) 30505 01 o ool
L oer 5321V AVA Jlw s OLESSE 35 5 L )
L bylast l5 858 19480 U305 55 5 6l 055 e
3,50 YWE 550 5 s (s ol O 5 518 Jlas
o pe 45 A 5518 58 Jlasl b gt ) 58 el
=3l slacaal [3-4]us glos 28 (g T
531888 Jla s o 4305 53 58 Jsl byl
e S 5l ol 53 5LS e o se 010
Gt it by last shome (b3 0,0 U5 A S
3 LG el Ys O pbo YO 550> 53 (gslal
[5]csls

a doled sl slasl e lails llas
3oy cdea pLAl Glaes 5 s (5l S e i
Olaj 055 ol sS 5 St 2S5 phe slo i e
Sladls SLs 8555 e (2alS Jiles 5l S0
Sl sl i b JLES 4T 55 055 o0 (65 sl
LS lo i Il S L1580l 5 L
o Shr Osk LS s Lot 5 5 i
16]255 00 e (o Zuaslie falS

e 03 S, slasS s s sl slasla
SV L s oy sl ol S U5
e 31 08U S slacdeas bajle opl [7]0 55
STl (s shu s 1S, Sk oS >
NTYATE D35 [8] 55 o Sa5VL sls (glo i
S 13 B VA D305 9] G el sdomze SILI s

SoNL s e e slad s SITYY 550

3 Olyas pmign &2



Y4

UBC iule g,y Jis (5,5 584 5 550 Jols
Silmdis 211000 5 S 5 Sl Sl
2l s Al 2l b dbol mls 5 i
[24]0LLSen 5 K (53 3500w Oledl (S5l

&L.w\ ol M.::‘L;.&

23 e sl (SaVb oue 5lude
5 3es Al SRl
&V s FLAC i3l 5 5l eslinal b rassy onl 53
5 S by sl Sl S sl (bl gileans
Sl Sl dle ol s s O Sen
S e sl Dl 6555 5l el les 3ladus
Sl S Sl lesl e [21] Oes 5 K
0o sk glad J (glos ) 5k, 5 (S o
Yog NS oles bl (g pm cpl 53 sl ol
L bl sud anrbod dule 515 el ois S Jles!
Lo gze Ja3 b 3 (glls a5 VWA Lo i e 4l
o -l O35 i 5 S 5 e 0/N0
Lil o S e s WSVVIYA 5 VYV (S
eslinl O ol Y C L et DY
e 3 sled e opl s sl slinal &) [28]06s S
8 s e Sl YA Usb gl 5 il gre T U
(Y JSa)ab o e ol Vo sl s 54 sl
G asals b g Dot Je 3 (Slos Sl
WA 0k b Sosals Sogon Fa Y LU
“ Gl)_a\ PSS P gl sl sl les!
Lol i U a8 eslizad gla¥ Gg bl ases |1
S 0l by e L2418 wal b 1y s 5doals slas e
o s an eSS e o ol sladds
St 3 2oy Il 3 | Sy, slasLs
P S S lesl w3l 5 s ol 51 S kil o
Sda Ll e mllas (5l slaacer pled DLy«
g S el nlasl silaans Jrass o)
UBC iuls Jis cuiS U550 [22]01 80 5 S
Jows 5 1801, S s By Gk o i 3

93 Olas plige 00

3 el Ol e 31 L el

5 Shale sl (SaV 2als gl ola B,
Ol Saks 5l bl 51 (s S0 4 L [22] 1500
Osdde 53w S VL 5 slrals o ni oS Wl
sl 5 Ol Bl BT 35,0 0l s L
Sl (S 53 1 Sbe g5 ks Gee I SG[T]
38 g skl i3T5l eslizad b O shuke

$ade SOl o Sl Pl Sioes W
Glall 3 5 Laosla (S50 5,50 55 (9350
3 5= 4 Ol e ada Sl iul S0l il 580
L sy sl eslial U aS [23]5,5 o Ll Sl
S 3 O hde e oSl Glo3 ) s 4 35
o5 Gl skl 3 Wl el gLl sl
Joe STl g e ol GBI (6l SO, SLs
23 1, S, gledte oUlys oS ezl
Sl s S oslinad L3l o L3 15 (sle3 ) b oo
DYNA-Swandyne-IH)l)_'alp; Shalies g5ludde
3 ol s 241000 5 K L3S aslin
OSen 5 K Sa Sla Jlesl (g3 3lads
2L L Jed BB s Sl oS 1 Yoo Jl s
das e 5 (9351 0 S Wl iy sl
3w 4 FLAC 1 3lo 5 5l eslizul L [25] o
shls glasls 3 Osdde gla fi5 5L, o) 2 5
Shgsbwdas ol s ezl ol Sl oLl
oslil ad g Ol bl SLs g3lwdts sl Finndoe
(o5 8 Gmes il Lsls 0L Lol el s
5 s Sl D55 Sal 5 et aler L2153
b B SV Sl plusl sl Sl o sas e
s o lly SaNU dg) lad il g als
Plaxis ;| 33lp = 51 esliul L [26]ila 5 o350
DLy sy g dnle ol dnidls hlssl s Wsls oL
L slaady) 5o 5 dase Rals 1) (So5WL (ol
s g (8 e (S2VL s VL L

o 33, Sdes L5l s ol 5
S, 0ls 53 UBC iwbe Jue cins 5 &3 bl
S heslial b L Gl bl s 101, St

W40 (5 bled pidn 5 oy Il



Sl s fow SV sl s

Ale 5 ol Lol sl 80 il 35 o dslons
sladiss —edle (ol gladae Sl b o 506
Sl s o=l 03 Al e s 3 35 e
e Jae 30 G bl elsl 5 dle Sbt g3ladn
Jiee & UBCaubs Jus w60 03lizwl UBC
w iy sla Ul eslinal (gl 5e (55 anezudly
UBC iule Jie 53 il o 03 i — 2
dode L s dsdpn (25 Sen Szl slaznly
[29]5 58 0 i 25 3 D soas S dsde 5 5

G* =K .Pa.{ij

P, M
B° =a.G* x)
A) x!
pemsmsmmasaes e i LI LL L L] 5
......... '!L
b o
Sdowe r&:& z
AHpEx +y 2
S o 2w | LBty

J}Wéw&swéli_g;JJYl{ >

VY.

Silodis S oDl 4 el O &3 5 Chnss bl
OLSKes 5 S oy 4 8 plonil (g5ldits s L
Jiie 5 35timn syl os, 5l eslinnl U 4S[24]
S oLl Pastor-Zienkiewicz Mark—TII (5,1
ole Jdo 2ulS 5 (55 0 5 Sl odis S 4l (el
Pastor-Zienkiewicz Mark—Ju_s L, auolis ;5 UBC
el 03 S e lio T

UBCaubs duts (sla sy 035 oIS 5 o jma
Jice ¢l Sy 8y B yme | FLAC i3l 5 53
Jis 65y s Sl SVsles ulul Ly Finn (g5l
Rt - NN S PP ENER F RHEY

CiS b e Lo S bl sl i

by /
i oneizle
PR i N =

el
T

Slojim Jow oS = &

[18] S5, 53 Osde 53ku Jlidy 5l Slas S5V S

Uplifung Mcasurement
(Laser & Pullcy LVDT)

-

-

P

" A B
S S
7} e

I A2 AME

1+ [ e

I

I

i

i

|

i

-

Nevada Sand

P= (gl im OLLE = JL23AV= (50 c2lK Ol AH= a3l cal sl

[24] 0L, Ken 5 KJ baw s ;,utt?,;t;m,uuu:ﬂuj&gut}g At

W0 (p3blad oidh 5 G I

3 A Olas pmign &0



AR

G ™)
A

P by Ml e Sty B J5e GP S

oo e GPdn 5 dYP o e dal; S

D gt oo 1

2
GP =G’ [1—1Rf]
Ne

G e Rp (S8 (gl 52 o e Mpe
MLJW&N« Lw". 5

®)

S sl i S s aiS oS sboles
Al e ez Gl S 5 o sl S el
Sla i S 5 Sl e Gl N S o B3
oyt S5 A s b Sl eslial L Sy S5
B
de? :(sinzCV —é}dyp o

Gl e s SISl iy By 45
A5l

Sy gl 5 S S 5 ol
sd esls OLA (8) JSd 55 Ol 058 ulad
Fo Sy (S5,85 o S A gl 5o ol
RS g 53 (530 A S o Jb s das e
GLa i s Gl b it Doy omline
i o AL L 5 Bl By 5l 58
[29]5 55 o

dy”

Plastic Potential Increment

a', de!

b o ol o Szl sla i S g £ IS

AARY 4_5.)3)[4.:4 ‘M}WJL@

3l e sl o 3L Olat] e 3 L5 ke

Jsdee 5 = p Jsdos SOy o5 5 4 B, GE
Je Ol ne (Sl (2 Jsde o 5 K« oae
SlisPa (/N 50/ e iie) SN
Pl e @ s bavsie e 25 Sl 07!
SN ST Jpie 5 KNI 1 Jsils iy
St Ol o 0 iy o A 0
VY0 L5 0/V0 ey Lo sas gy ol i 3L s
R
s & KMy sl S UBC s Jute s
T s IS O 058 5 bl e
SIS b KL slab s o ol s ek
Sl S ja e Jie ASle) 558 0 o 5 e
gl SHELL o8 sl o (St 5 s
alaod OF 53 ad gl sla s e glilows 4 ook
o @S e s (N USKS illas 552 0 iy 25
Comed ey e Rl (e A S S Olas
S e s Ll e SR 5 (=0T
s s Sl ) s 645 e B ik o A S
3B aki 51 LIS i bt 4 5 0ls O ok 5
el e s ol s e JEme Dlate U
;l_?u_\b.vijs Shicsen sl 5 Shdsen 4 e
Sy sla 55 cpl Al e Sty gla 1S

Al o ez GG S 5 gl S Jels

Shear Stress, ©

B_-- =<7 Yield Surface

4

Normal Effective Stress, o’

,\;Mw&ﬁd.u):rgﬁ;clw Y“Ji.:z

(12910, 5 &)

:JJ.)‘J

3 A Olas pmign &0



Sl s fow SV sl s

Aeas e QLIS (g3 (g3l S L JA@LAJT

oS 3,5 el L8 S ams OIS e ol by

0.45 e UBCSAND- Dr=20%
0.4 A e UBCSnd-Dr=60%
5‘; 035 e UBCSaNG-Dr=80%
1]
T 03 & Kano-Dr=80
=
® 025 o Kano-Dre60%
w
@ ¢ Kano-Dr=40%
o 02
£ e A
v 0.15 Loy
g 01
o
0.05
0 -
1 10 100
N‘V'C

l:\,;z“uudlﬁm@g)\,\;”ﬁ& 0 s
)Uﬁ)}ﬁ}.&&ﬁw(\/)-\)élﬁc}gﬁjs
L;lﬂo:Lmu;ﬂﬂudejbw):ﬁ;Jd
MduuuM)MWdqu

L] 8 LS eals OLES

30
N
20
- X
210
&£
H
go
a
5 N
F0 )
——Dr=40% CSR=0.15
20
-30
A 4 2 Shearseaini%] 2 4 6
()
0
— DredON CSR=0.15
20
70
S
[
L)
H
i
#10
20
30
0 0 60 80 100 40 160
Vertical Effective Stress (iPa)
)

Dr=0.4 > (<) j3e 25 o VIS

DRSS SRS lased 5 ()

W0 (p3blad oidh 5 G I

\YY

et Oy R o S5 350 e
ool sdzme (IS0 L SRl 4 g d Cudle
R S A8 s e SISk s 50 e
5 uT e 2 4 Sy o (55 5 Sl
Loy 357 J s o o 4 B Sl S Sy U
12975515 aslsl sdee (5 1080

ol LLUBCawls Je (835,55 s 2l L
slie Com o ST L W oS AR LST b
o=l s T Jes 4 Jol Olabl (53555 sl by
Sl sl il 03,5 0 LS (gl s
03 S i 2S5 sl 3y bl (iluad
(3w ol 53 ool 80 e3lizud FLAC ) j3le
i o 5 JEL S VN Ll G S
oo b oo Al sme HlEe B LAG11 O poas
L S ol 5 XS (o i (B 5 el g
= e Cl_:. 5515 dalsl (...Le O OAL e ¢ 3
B el sl 3 Ghlesl Sl eslinad L =S,
23 sy opl o e sileand 5[30] 58 bu s
LS e GL (0) IS ol ol (0) IS
Aas e 0L | gde $ilmad b aKa L
oS $35,5 sl il b S am Oly e opl ol
Al e

bl LLUBCawls Je (635,55 la 2l L
slie S ST L s oS AR LST b
o=l s T Jes 4 Jol Olabl (53555 sl by
Shsssss gl el 05,5 0 s 6l Jrsis
5 ISt aSeyasle i hlesl (gsleans
(3wt (pl 53 el 505 eliad FLAC )\ 33lo 5
i o 5 B S Y Ll G S
o b oo Al e Slde B SG1 58 o o
L JSam =l 5 03,8 oS (i 8 dlesl g
e e cl_g .55ls aalsl V"b O OAL e ¢ 3
s el osle 5 oialesT Sl eslaal U ol Sl
23 iy onl s ol Solwand S[30] 5 Lbu s
S e L (0) IS ol ol (0) IS0

3 A Olas pmign &0



Y'Y

il sdalie LB (0) IS

Sl a5 5 51 (B o (ST
9 Slbl S

Lo il o S pge 31 S ol il 65l 5en
53 R Gl sl sl clews Al g e b me
s i o Sl A Sl 5 JB g slacwnd
M);)vja_})aicla_wﬁrflj_?‘jﬁﬁu
v 53 0 5 SOL Al e L5 Sl Jie Sl
DL b o515 i3l i 5l el L Yoot
St oS5 cadlas 550 sladnls plad 55 a5 Lol

[BUXS o 5w 2 Al 51 5

GI
D, =D,y +a f—v
r r0 Pa (.\>

J'.B_‘LI:“JG(/)LA)‘WVS‘J—' Dry s
:bwlﬁ\ﬂajM\JLMPajdsw

o] em 2(1.5-Dy)
e e 10 C %

max—>min
RS 5yt o5 5 4 Cmin $€max S

- SCH -V PSSO P PR .- IR N X JCI
o v U Y E N SN B WS EE AU Ut
5 45) sl dale S (11 [31] O 5 S el
s e S L Y (Gud eslial giledde oyl
WS s als Sld w4 asle glas e, ol
s Ay Vil @ a5 L il e S
Cleas b o i (T e anls dule S
3 5amke Sl lesl 53 e S s Ol
Sie ot sl Lus ol a YU s L 55l sy
ol Ol ol b ail o (623 4 s
Sy s gds i 5oLl s cakn e

Jds b e (Gl (63 8 ay v (gloa el

93 Olas plign & 00

AL el o L Ol e L L5 Lo

40

.
—Dr=60% CSR=0.2

[
=

153

s

. Shear Stress (kPa)
=

=

=1

5

-1 1
Shear Strain (%)
()

i

Vertical Eectie Stress (KPs)

)

DS RS s sas (&) Dr=0.6 ,3(dl) 50 S e Y Jg..»

Ol La IS ol 55 0 el &S &S 0lan

o el 5o b IS slias 21531 L oS s e
iR o S O, Sl s NS el
S oS Conl grs opds ool 5 Ll e il ol
«ola b 5 Sl le S SIS L s 4
O SS9 s e Cewd Sl s LS G glie
sy i O 53 Sk (30 S8 S pasie by
i B 5 S S pl (@) and s A e
%W«w‘o%);wﬁjjw}f&«_}‘j‘j)b
el e [ sl 5l 5 1SS L oS 55,8 s
STz Galsl cdeas byl Jse U5 23
o i ilasl glgnl j3 5 b e 2alS (glo >
=S e Gl Syl sl e S
DI'}CSR :j)w)Lb‘dd._:ﬁdLAA J\_.ZLL;«

W0 (5 bled (oidn 5 oy Il



Sl s L SVl silede

e (il o Sl S S sde SO S
S S G L, [32] 0L e rilie sUe /Y
oIS Slka g s dle JB L ol pw s Ol b

il e

Slwdde pos YT Jle s ily 5 (5 50
Ly e Jsde 50U 0 Sly, Sl s Ogbde Ly
o) ealG s 3 ass O mls K3 )
[34] a0 e 0L 1 iledle 8 bl

a5 OS24 5 Josr 056 Sl eslinal
3 Gl i Jlw oz e a5 Jbw )3
5 S gbdl a5 Jlew Gl JLLS
35] 43l

=— L5  <2x10°KPa
(1-Sw )P, (")

gl e 5o Sty 5 Jlw Glae LS L 4l P
A e Saed il A 4 g ) S e

bl el aseia Vv dslas 516 5 boles
oo bl lare Gae 3 Jl e ke
o oo ke 358 2oy Gas a2 5 AS o0
035 OLasSy Soj 0 52 a3 il oo Rl3Bl 50
L5 e Glo i St SLSI e (NS
53 0 dS el 5 e el SO Pl A s 50
st e gam Jpoe Sl S| il e 0 el
03 gyt 5L o 4 S L 55 0 x)+ kPa
e 45 353 ol Olabl 148/3 1 gLl s
Al e bl s Bl 5 s
52 SV e e dsie bl U
Jode Ol i 5 dolas 0 4 55 Lol ol (A) I3
Sheslinal LFLAC Slsdle 5 55 cGos 53 Jlw some
S5 slls ol & Fish o sasl 5 0L
el 84S Jlesl Jslite olie o gline

W0 (p3bsled oiih 3 G S

\WF

Ol 3l eslial b iass opl 53 .43l e UBCiuls
OF o &2l 0 el s 35 40 juaie gla el

sl 3 sl LI

o Jbw (B ne

Slasiia 3l osliinl U Flac s s Jolis 13300 5
sla bl s pldl G o 55 50 b
35 Sl (5558 Sl eslisl L plil SLs
553 ey Al e S s Ul Blojen (53l
St i3 sh Osrpes slasubly Ll b 3,5
Use s plodl aomss ol JIr S ol gLt

132155 5515 G35 sk 1y dlw S
kgm3 L ool o J& iass ool s
SLst S5 L Gillae Sbt Jsds s 5 ) eve
[R27] il sus s S oy v/EYE Ll Sl s 5e
AT s G5 5 ppe S 65 pla b 51 (S
i oz e ols Jlww 5 S Olosan Jilowe

Db Bore Do pds el ol AL
AP
Bf = -

A% )
S G T 5 i S AP S

= Jsds yalie RISTI Cowddy LS o oo
SB31AEL o San b L 38 a5l eslind L
Jsdon 5 ,me ) Lagssladite 5 Ul 51 (6ol
o3l YGPa iy OF Jliis op zéy 51 Jlewe SIL
S e s Glaie SO bl p b g 0 g
o3l l Sl oz Jsdin b me Sl e
gLl S 0503 1oa lacl sy o 55
W S s wdy e 5l g ReS e L UL
53 0155 e b SIL dsde sl a5 (olRe (o eS
il s ol bl 23S

Bf 2 OLszw (Q)

3 Olyes pmign &5



Yo

e e s aad eslinad g gla el Y Js

Sl dde lsly

Y1 (kN/m‘;)g(._?p- RESPINET

Y xy ! (kPa)E L Jske

/YA <V>€;}j-“\jf: CMM.:

\o (cm)dd ) sl

Wy 5 S Blize [, s g3ledde
Oldl G
LS bl s bl oSl S ke
5l e s cpl 3 s Jig 4
S ol il 5 2o IKLLE Y L ol 5y
b s SLs 5 O gdie 53l Gl bl s 4y Y0
[32]cl sus 4 S

D Sl (5348 53ledbe i deylis

sl b St Sl b3l 3ladde & Shagsy onl 5
oo 3 i) Gl s ol 50 sy el
Blsl gsas 3l SV )y e (S3lede
BEYRCION X WV IS KV I X RSP I S R 4
o i SNl ol mls () IS
S5lmdds LUBC duls Jia slon s 5 5dme s
L OLGen 5 K vy w0 a8 S plonil 550 OLI
s Pastor-Zienkiewicz Mark—III Ju_s 31 5 —Ss ¢
oLz (4) Sl sl aslie s LT =
o=l e (L?u'l Sgdma ols (gledde das .
5 ATl b s ilie BLLI 2a g3
Sl 0lLLSen 5 K 3 gdees O g5led e =L
S eslizal b 3ladde 3l ool sy ol bl
ool Sty olg el b osdo Jols i,
5335 pmalin Sl Gl 50y Sl 2lesT )
i Sk Bl Jhlesl asle o G onl s
SV s g e ) g dlesl e

93 Olas plign & 00

AL el o L Ol e L L5 Lo

0.3
0.25
= = watee balk = S67
0.2 waner bk = 1 868
water bulk from Beyle's law
0.15

Uplift (o)

Thme ()

Jlrwdwdj.xﬁcln;;@;:ﬂ@olﬁww /\Jﬂ

slaibesl 3ladie 53 vge gla bl )
SLs s pdydsd ol Klsy Bl 5 50k Sl
sl 3l siledde l s Bl e (slavls
oo 4o [27] 0S5 055 0 53 edel s 3l 5 dnle
Lol s esliral Cnl s (g dud s il
5 OIS St i e sl 4
LBl o S 6 di3sh s b il
OIS Sles 038 A N L Sad Bl (5T 5
O3S A MU 2N ol el
25 a"ﬁ OF alsl 5 o o a3 555
K= K% ()

Saet Sl 5o (Sdasdes Solde oo KT &S
lg ol 3 s Sl cal s o Sk
[35] 4l s

(Slasuin 5 Slwo gas) sdde dg s5ledde
Ol 1 w1 g (g3ld e (gl imssy ool 5o
Golwddas SUlg Y oldl el s oslanal 0N
Gl LIl ol il e s |y Szt szl
Jo5 s il ot o s Lol s3ledis
Al e e S8 il 0y IS Hlas b
i (V) sl S pman Y Ol sls bl

RGN W

W0 (5 bled (oidn 5 oy Il



Sl s fow SV sl s

(_glaj_é} slolid wlsl (VY \\)L;BJKJ: BE
S 53 S PA 5 P2 sl ey sl Ol il o
s 35 sl 0dss S e Liled CBU d4 s
O;_)'l_&«TQLEpJ): 45;3J§Ja o> (\\)J-(JZIQ
0L 5 K g3ledite s (sle3 ) (50180
Zienkiewicz Mark-III ~ Pastor- Ji—s sl
C_.,;li 03 S s das e 0L s ol g
cdalie SULus e bl Jass gode sla
Sl 55 g mais Lkl pde (8 o 5550 s
wolie o gads gbagal poler 456 51 (IS0
ol 3 el il el Bllail 5 s, S5l
5 e O 5 S ssbwdus =8 s as
Ol s mlisl ass, S L o T olasd
5ol asalsl Bl g Sesll slie GBS, (gle i
Sl palie b ol sle i T 5LES ol
Al s LB sl s

mls SOV S5 PA g
slaslis b (0L sl L3 gode lagslwd
2348 35 b e sdalive ol sline 50 (g 8ol
CLM Lleany s Slluy ol ey CLJ
ol sl s 4 OIS 5 K gilede
0> 3o Silwand 53 2lg oy Ol SLis e dle
b YelS 0 (6, S eIl i b sl tags
25 85 35e Sy e S8 ol Ols oo el ol .l
»UBC uls Jue U (g5luand al g jslms LLE 5,45
¢ Pastor-Zienkiewicz Mark —IIIJJs L avslis
J= g5 Oles o3 2l laslid 5 03,5 Jos
2olde o (Gles I S,k g (=) Sl
el i §ga Bl s (g 8o 310

W0 (p3blad oidh 5 G I

\YF

s by an S el sledde L3 bl S 0
g i sl A 4l G sgde Sl e O
b lapad ot S e (SoVk w g,
ol Sl ol s L sl s s5ledds

=t Experiment Ling et al 2003

[ m—m-- Pastor Zienklewicz Mark |

UBCSAND Model (Ppfsent -
Study) o

o
4

upl \g (m)
5]

on
04 }
006 L
o 2 1 1] 8 10
Time (s)
58 L;Lhui:}) L Osde 55l ;AJ‘YL! slie 4 ng'
JAK.L:L»J'T

33 o T Slis wlsl (Vr) s s

o3y aled ol C_%l) aJd GV 5s SPL s
Lg\.l_b‘ B &A}H U_i| LS)L‘”JJ‘—" GLY; RGOV WA
Sladiin s L ke Gl (sl ) (5350
SN ng_:faleu'l olie L bl s yls Ol Kes ;i.nj
B J\_;))j_]a.r)‘ (5_)_3‘50)‘.1\_.1 J._:Ju.a cbj..o[;- JMA)}'
SRR, RN I VZ RGN PG R W Kooy poles

stz Ol o Sl ) G ASLL e

— - — Experiment Ling et a 2003
UBCSAND Modd (Present Study

Time (s)

LPL) d ) 6V s lojim of slis ailsl Ve s

AT 5 ol o i,

3 A Olas pmign &0



\YY

EPP (kPa)

W - e UBCSAND Model (Present Study)

L |
0 & 4 Time(s) ©

L(P3) dy ol 5o sl i O JLid wlol MY IS

AT 5 sl o i,

Slo i O jlis Wl (1V05)8) sla IS 5o

S alie 3o 5 AL LT s b VL s
S3lwdds mls coulie BLl Sasols o el
SIS g3 bl 5 AT s 5 s3ue
Glwdds 55 bl cpl s ool OF gl G gloy )
2 O 5 S badie Sl sl hasi

M‘AJ;L}»&;&}AMC}W

30
25
20
3
15
<
0
=
5 = «s s Pastor Zienkiewicz Mark 111
4 e UBCSAND Model (Present
0 Study)
5 L L L ]
(1] 2 4 Time(s) 6 8 10

GV 51 e 5l 10 alols 5o (gl i O Lad wlsl Ve IS
s e slaia, L (PB) Sk mle lesl 5 4y
JAK;{LA)'T

33 Ol plige & 25

AL el o L Ol e L L5 Lo

60
= @=— Experiment Ling et al 2003
50 sseeeseanees Pastor Zienkiewicz Mark 1l
0 UBCSAND Model (Present Study)
30
H
= 20
o
&
&

] 2 a 3 8 10
Time (s)

L P2 Wy o o 3 sl T Lis wlsl VY S

AT 5 sade Gl i,

5 — #— Experiment Ling et al 2003
= == = = Pastor Zienkiewicz Mark Il

UBCSAND Model (Present Study)

46

w
-3

N
o

EPP (kPa)

4 Aime [s) [ 8 10

L PA) Sy ey o 3 glo i T Lz Ll VY s

SRELT 5 sade Gl i,

Ay s 53 Gleyi= O Hlis wlsl VY s s
3 le i O HLis wlol ool s esls LS
Pastor-Zienkiewicz Mark—III Ja | |l 2t
el Lo, bas il e (oob5 Sl gaOba 5 Dl
o=l @slwdits s Ll aslis Gl a8 il
s OLkil 5 ol S sdalie Ol s (pl Ry
Al mls b ol s 6lsl 5 )
Slzs wlsl sl pslie 53 Ml 34 s 3l 352
ool 3 Ol o 1y adsl slaoles )3 (glo i
03 o smatan Ol e Jpde 0352 e 4 alis
oils g e ad sl sla0le

Y40 95 o e g@}cﬂmﬁdb



Sl 5 fiw SV sl
10
o ’.I—NI‘-
5t ”"-\,\,\-,-.,1‘._,,‘,_4/\;\"“’ »
o~
0
A
=
=
=
=s
-9
&
=

-10 +

e« Experiment Ling et al 2003

" ’\Wfﬁ'.‘&&’d
15 | = e = Pastor Zienkiewicz Mark 111

s |TBCSAND Model (Present Study)

4 6
Time (s)

.

(P5) 520V 83 Gos 3 Slopi o Lis Bl V1 s
SRS ol sl o)

ol
120 =0T Experiment Ling et al 2003
wo | T Pastor Zienkiewicz Mark III
UBCSAND Modd (Prseat Sudy) , § Addd
¥ R
lied
= i{ wa;t"mp‘
= 4% i
So| w,ml'ii o
= Eu‘"\'\l ! u v l
| AAAAAAD
20 r‘hi, 1",,, VY
H' 7
20 \! r’*‘
I’"
0 bt
0 2 4 Time (s) 6 8 10

L(PO) (509 (o3 Gas 3 loji= ol Hlis alsl VY s

ARG ot sl oy,

s esim rFonk S PO agsm 2)5e 5

3 @3 slagsbawdios mls il o dyd 55 00
ot (W) 52 55 5 gty 5l glags 1So510
TS s ol 03 el B a3l 0L QL»)'VA
Glos S @S L o
b Jolie 3 3l Ciilas Lsﬂséj\.u\ sl
5l oblv s shls oblSan 5 K glede

OIS ol ol as iy cnl sl ST L2

Jes ;53850 5 ol 53 UBC dule Jue &S
sl os S

0L L3 lo i Ol las alsl (A IS s

VY40 (536 les B JL

YA

68 |
58
- le ._-:.:-",.\.". X
48 |
&£ 38 |
&
[
& 28 |
=]
18 | = = Experiment Ling et al 2003
* o » » Pastor Zienkiewicz Mark I1T
8 F
s JBCSAND Model (Present Study)
2

4 Time (s) 6 8 10

ol Sl e Bl V0 dole 53 gle i o jlis Ll Vo s
5o glaies L (PS5 sk sl (sl s
&K«iﬁlﬁji

53 e O HLzs ol s (0 IS
53 8 o odalive cdas oo OLES |y (P5) e o VL
ol ialS S Sl (ilesT glaig Sesluil 45
b 1y les oL dlasl s lo i o Lis
G3lwdis 3l ol slis s iy, ool tiles S
Loy pl BW il s gl ol Jash gode
sydowe el gy b gilbwdis 5l ool CLQ .
Pastor-Zienkiewicz Mark —III (¢, , Jde ol
il s OLEs [24]01, 5 5 K ias o
Al b s gle i Ol Hlis sl s
DU (W05 KV UGS Y GOt B WX EN PCH PR Kt
pls (A nle3T s 5 3 pd e Ol
s =D 5 Sop b S L Bl gsledde
e aS VL s e e 53 S8 st
35 Ol (g3ladle 53 ns s o e 2alS
Sl 5 31 eslial L (s 3led e . adls 015 o 355 0
G3lwdis an 5305 ssume Ll b, 4 FLAC
2 SLE o5 Al e s Al Sop sl B S
S e L e Cb'“’“

33 Ol pkige &y 20



e

& S oS

Sy o3lwand sl UBC auls Jue G ol 3
S o Glbl s oSl et S S
Sl St Sl lesl G s ol 603 38
350 SL Sl 0l 5o Jie 5 Ses oo L3
Sladis L s Jb e 53 .03 8 13 eslinad
Pastor-Zienkiewicz Mark—IIl Ji slw » gsds
oS alis

Do Sl sl Wl )k, sled
oo 3180 8 e eI 5 L) (e a5 esl
o bl e Sileand Sln 6l dde S S
S Se3ll slia b gslwdde il Jlaxst sy, LIS
53 ol el R0 la e i 5 i S
Ol bl St wile atw g Lame K 3 oS ool J-
la el s el Ly s s s 55
55 ol sl 33 S e Jlesl G laze a5
wle Jue sl byl 05 S 6, IS (gl rags ol
S 535 s el esle 3 ilesT UBC
3wt S FLAC Sl 58l 5 Ay 4y andllae 5556
NI

o S e (S5 (Sals oS A5 esls 0L
gfjuéggfjwjjm}gjom;)w&;}
Sl e BB S (sladias mls  (slo i
S ssbolen 038 dleel LapJUT s sy el 500!
slesl o555 Slm ol dde o 555 0 iz
el 2 1y ol L ssluags b Gl Gl
Jas 595 el L] gaome 53 20 S (Sla s
plas 53 (STl dile lodmy S, Ol L3 Ll
S Jos Cgnily Ly Gee SIS Ll ples 5 bl
5 S Bl sl =S eslil 55 3 0 dle 4
slales 5l 55le 5 s SlS o 55 losl 015 ol
L ssledde dslie 5l G il g5l 5 Solann

93 Olas plign & 00

AL el o L Ol e L L5 Lo

o Slwdd lis b Liille IS5
53 eE oo Gleya ol las wlsl slie b sl
S Sy bolas das e OLE ) 5o sl Siolel
il U glo i O 5Lz Ll 505 e salie

Ll P Ges

- Experiment Ling et al 2003

—8— UBCSAND Model (Present Study)

EPP(kPa)

Depth (m)

OLL 3 Gas plp 3 o Ol LS wilal w35 A IS

sl Sk Jbes

A G ol plbrals sy Ve S

i axiS &S gboles ool 83 03ls oL LT OLL
SLs oS > Ol 3l So3V0 LYs 51 S
U I U P PSR WS W P I PP
S AT s Glae A3l o s
;b)yb)b u)ﬁ.l_a Z)l_wﬂ)wﬂbbf.:b) S
L ayls oS oy 28 g onl 53 e 550
SLas Blsl Olg o 1y Ay SoVL Lol cde ol

edls glo3 Sl e 5 8 sl (gle 2 uT

W0 (5 bled (oidn 5 oy Il



Sl s L SVl silede

eolgr 4l 3l ra sy ol 3 8 el (sla LT
e S Ll A (6, Se3lll b b awlie Sl
3y50 2 S5 Dbl 5 B me ads adyl Bl pis
Sl s (g Slbl o sastar) Jw S Jsike
S OlS 1 Gaes ml enl il e sl
23 5= sl slwdis g Oy Sl m s
e 2Ll 2Kl dates laS
Oss Sashy orl 3 ol m aar s L
sl SLac Ll UBC iule Jus 53 45 05 5 amss
35 = Sl e S, (g3ledde 3

5,ls

VE-

S o, ol L3 e IS el ) o il
(A JS2) O e e dile Jaly e ol
SlaY Soson & Sat Sl Je Glag e oDl
PSS R [ PUH B U PV K GOSN -
Rl b asd Sl b iledde Gl pde o e
b Sl sean sl tl;.u'l Solwdde @Lu Y
ok Sl ST 53 48 8 & o glags Sesll b
G_l_z' olie 3 oy 4y g5 S o W
Pastor-Zienkiewicz Mark JJs @L:_; Ll giledae
g e U 5 K by a8 S bl I
S S et 4SSl Ol el e S s
el 580 Jus 5l 20 UBC auls Jus 5 Slas

s

1. O’Rourke, T.D., Gowdy, T.E., Stewart, H.E. and Pease, J.W. "Lifeline and geotechnical aspects of the

1989 Loma Prieta Earthquake," Proceedings of 2nd International onference on Recent Advances in

Geotechnical Earthquake Engineering and Soil Dynamics, University of Missouri-Rolla, MO, pp.

1601-1612,(1991)

[\S)

. Shengcong, F., and Tatsuoka, F., "Soil Liquefaction DuringHaicheng and Tangshan Earthquake in

China; A Review," Soils and Foundations, Vol. 24, No. 4, pp 11-29, (1984).

3. EQE summary report. The January 17. 1995 Kobe earthquake. EQE International;(1995)

4. Scawthorn C, Yanev PIL., "Preliminary report 17 January 1995, Hyogo-ken Nambu, Japanese

earthquake". Engineering Structures ;Vol. 17, No.3, pp. 146-157, ( 1995).

5. Chen, WW, Shih BJ,Wu CW, Chen YC. "Natural gas pipeline system damages in the Ji-Ji earthquake

(The City of Nantou)". In: Proc of the 6th international conf on seismic zonation. (2000).

6. Jefferies, M, Been, K., "Soil Liquefaction: A Critical State Approach", Second Edition, CRC Press,

(2015).

7. S.C. Chian, S.P.G. Madabhushi. "Effect of buried depth and diameter on uplift of underground

structures in liquefied soils" Soil Dynamics and Earthquake Engineering, vol. 41, pp 181—

190,(2012)

o]

. Fugro (2008). "Final Report, No-Densification Assessment Offshore Transbay Tube (TBT) Seismic

Retrofit Project", prepared for Bechtel Infrastructure Corporation, BART Earthquake Safety

Program, July (2008).

9. Hall,W.J. and O’Rourke. "Seismic behavior and vulnerability of pipelines," LifelineEarthquake

W0 (p3bsled oiih 3 G S

3 Olyes pmign &5



A Ul e al o S Ologl e S L5 e

Engineering, Cassaro (ed.), ASCE, pp. 761-773,(1991).

10. Tobita, T., Iai, S., Kang, G. C. and Konishi, Y. "Observed damage of wastewater pipelines and
estimated manhole uplifts during the 2004 Niigataken Chuetsu, Japan, earthquake," Proc. Technical
Council on Lifeline Earthquake Engineering Conference, California, (2009).

11. Koseki, J., Matsuo, O., Ninomiya, Y., Yoshida, T., "Uplift of Sewer manholesduring the 1993
Kushiro-oki earthquake". Soils and Foundations, vol. 37, pp. 109-121,( 1997).

12. Towhata I. Geotechnical earthquake engineering. Berlin: Springer; (2008).

13. Ghayamghamian, MR, Tobita, T, Iai, S, Kang, GC. "Reconnaissance report of July 16, Niigata-ken
Chuetsu-oki Japan earthquake”, Journal of Seismology and Earthquake Engineering ,vol. 9, No. 1-2,
pp.73-84, (2007).

14. Geoengineering Extreme Events Reconnaissance (GEER) Association, Geoengineering
reconnaissance of the 2010 Maule, Chile earthquake, Report ofthe NSF Sponsored GEER
Association Team, (2010).

15. Chian SC, Tokimatsu K. Floatation of underground structures during theMw9.0 Tohoku earthquake
of 11th March 2011. In: Proceedings of thel5™world conference on earthquake engineering. Lisbon;
(2012).

16. Tokida, K., Ninomiya, Y. and Azuma, T. "Liquefaction Potential and Uplift Deformation of
Underground Structure" , In :Brebbia C. A.(Ed), "Soil Dynamics and Earthquake Engineering" VI,
WIT Press, pp. 365-379, (1993).

17. Yasuda, S., Nagase, H., Itafuji, S., Sawada, H. and Mine, K. "Shaking Table Tests on Floatation of
Buried Pipes due to Liquefaction of Backfill Sands." Proceedings, 5th U.S.- Japan Workshop on
Earthquake Resistant Design of Lifeline Facilities and Countermeasures against Soil Liquefaction,
Snowbird, UT, (1995),

18. Koseki, J., Matsuo, O. and Koga, Y. "Uplift behavior of underground structures caused by
liquefaction of surrounding soil during earthquake." Soils and Foundations, vol. 37, No. 1, pp. 97-
108, (1997).

19. Ichii, K., Seto, N. and Kidera, H. "Characteristics of Uplifting Velocity of a Buried Pipe in Liquefied
Ground." Geotechnical Special Publication, n 181, 2008, Proceedings of the Geotechnical
Earthquake Engineering and Soil Dynamics IV Congress 2008 - Geotechnical Earthquake
Engineering and Soil Dynamics, GSP 181, Sacramento, CA, USA(2008).

20. Adalier, K., Abdoun, T., Dobry, R., Phillips, R., Yang, D., and Naesgaard, E. "Centrifuge Modelling
for Seismic Retrofit Design of an Immersed Tube Tunnel." International Journal of Physical
Modelling in Geotechnics, 23-35(2003).

21. Ling, H.I., Mohri, Y., Kawabata, T., Liu, H., Burke, C. and Sun, L.. "Centrifugal modeling of seismic

o353 O o pnikign &y 535 WT90 (53 $lasd (o3 5 Gy I



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Wl s i SV bt VFY

behavior of large-diameter pipeline in liquefiable soil," Journal of Geotechnical and
Geoenvironmental Engineering, ASCE vol. 129, No. 12, pp. 1092-1101, (2003).

Sasaki, T. and Tamura, K., "Prediction of Liquefaction-Induced Uplift Displacement of Underground
Structures." 36th Joint Meeting US-Japan Panel on Wind and Seismic Effects, 191-198 (2004).

Liu, H.B. & Song, E.X., "Seismic response of large underground structures in liquei able soils
subjected to horizontal and vertical earthquake excitations", Computers and Geotechnics, vol. 32,
No. 4, pp. 223-244, (2005).

Ling, H.I., Sun, L., Liu, H., Mohri, Y., and Kawabata, T. "Finite element analysis of pipe buried in
saturated soil deposit subject to earthquake loading". Journal of Earthquake and Tsunami , vol. 2,
No. 1, pp. 1-17, (2008).

Azadi, M. and Mir Mohammad Hosseini, S.M. "The Uplifting Behavior of Shallow Tunnels within
the Liquefiable Soils under Cyclic Loadings." Tunnelling and Underground Space Technology, V
25(2), 158-167. (2010).

Saeedzadeh, Hataf. "Uplift response of buried pipelines in saturated sand deposit under earthquake
loading", Soil Dynamics and Earthquake Engineering, vol. 31,No. 10, pp. 1378-1384, (2011).

Sun, L., "Centrifuge modeling and finite element analysis of pipelines buried in liquifiable soils", Ph.
D. thesis, Columbia University, (2001).

Arulmoli, K., Muraleetharan, K. K., Hosain, M. M. and Fruth, L. S. "VELACS Laboratory Testing
Program, Soil Data Report." The Earth Technology Corporation, Irvine, California, Report to the
National Science Foundation(1992).

Beaty, Michael , Byrne, P., "UBCSAND CONSTITUTIVE MODEL Version 904aR. UBCSAND
Constitutive Model on Itasca UDM Web Site", February, (2011).

Chou Jui-Chingm "Centrifuge Modeling of the BART Transbay Tube and Numerical Simulation of
Tunnels in Liquefying Ground" PhD thesis Davis University (2010).

Park, S.-S., and Byrne, P.M.. Stress densification and its evaluation. Canadian Geotechnical Journal,
41: 181-186,(2004).

Cundall et al. “Fast Lagrangian Analysis of Continua Manual”, Online Manual, Itasca Engineering
Consulting Minnesota usa,(2001).

Casagrande, A., “Liquefaction and Cyclic Deformation of Sand-A critical review”, 5" Pan
American Conference on Soil Mechanics and FoundationEngineering, Buenos Aires, Argentina,
(1975)

Marandi, S.M. and Rasti, A.R., "Parameters Analysis of the Covering Soil of Tunnels Constructed In
Liquefiable Soils, " International Journal of Engineering, Vol. 25, No. 4, Transactions A, , pp. 333-
346, (2012)

W‘\o‘};;)w‘rijdu 58 Olpes pwdige & 55



VY Ul e al o S Ologl e S L5 e

35. Bymne, P.M., Park, S. S., Beaty, M., Sharp, M., Gonzalez, L., Abdoun T., "Numerical modeling of
liquefaction and comparison with centrifuge tests", Canadian Geotechnical Journal, vol. 41, pp.

193-211, (2004)

o353 O o pnikign &y 535 WT90 (53 $lasd (o3 5 Gy I



Sl s L SVl silede VEY

\rq°4_j.>;)w5rijdl»d 58 Olpes pwdige & 55



!r‘qd‘j;@w‘/,:émjwdb o935 O e pwlige i

RESTICTY T 7 - S\ VR S SRR Y] P R ge
(m g3y slssl)

(Y>L§)\:-~" 31? ) < s -

s b 2 il ) o G W3 oG A o G o S I S iS5 e slod i T U ] 00y
sl 0l A3 35 L e G 0Tl O ST oS ol 0350 ik Z;_.JNLL‘;L@MJ/‘;@ SHU G b oYy
Jleslisad Uy Lo i 5 Lol slag i 5 Slid o 5 S pois tiilos sl o) (Slgpidly o il ddlie i1 lio ol 4o ol )
ol g Al Yo 5 e Y Gl s Cidisia pI 5 L (sle ddle G i G ot il il juzest )l ol ol

b £3Ya b sl Sl Slemal st ol Tl S35 6 il ns o DL il ol ol o]

los ) slagly st o Salus ot W15 36 A8 50 1 S30 Gun b Vs Bl (Sl (So g

Study of Effect of Vertical Components of Earthquake on Thin Steel Plate Shear Walls

M.Gholhaki M.J. Sattari

Abstract Damages due to Northridge and Kobe earthquakes were expressive of considerable effects of
vertical components of earthquakes compared to the horizontal ones. On the other hand, thin steel plate
shear wall is one of the newest resistant systems which until now it’s behavior haven’t been investigated
under vertical component of earthquake. Therefore, in this article, effects of vertical component on
seismic responds such as displacement and stories shear and forces of columns and beams with usage of
non-linear time history dynamic analysis under several ground motions of vertical and horizontal
components of earthquakes in 3, 10 and 20 frames is studied. Results of analysis show that vertical
component of earthquake has considerable effect on seismic responds of steel shear walls.

Key words Thin Sted Plate Shear Walls; Vertica Component; Non-linear Dynamic Analysis; Seismic
Responds.
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Molecular Diffusion of Chloridelon through Marl Stone and Sand Stone
K. Badv Y. Davari Asl

Abstract Molecular diffusion is one of the important contaminant transport mechanisms through soil and
rocks. In this study the molecular diffusion coefficient of marl stone and sand stone from the Urmia City
landfill site was determined using the best fit method of the observed laboratory data and the predicted
theoretical data. The marl stone and sand stone samples were tested under the conditions of “ through
diffusion” and “in diffusion”, respectively, and the observed chloride concentrations were determined.
The computer code of Pollute was used for theoretical calculations. The average diffusion coefficients of
2.48x10™° (nf/s) and 2.55x10™° (m/s) were obtained for mar| stone and sand stone, respectively, which
show the similarity of this parameter in both samples due to the compatibility of the effect of physical
parameters of the samples such as porosity and density. The results of the sensitivity analysis of the
affecting parameters in molecular diffusion in modeled stones showed that the parameters of time and
diffusion coefficient have more effect on the concentration of chloride ion at the end of the migration path
through stone. The good agreement between the data of the experimental and theoretical models shows
the accuracy of the adopted experimental methods and theoretical model. The results of this study could
be used in contaminant transport cal culations in the design of solid waste landfills situated on bed rocks.

Keywor ds Diffusion; Marl stone; Sand stone; Experimental model; Chloride; Pollute.
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The liner element was used for modeling of
auminum pipeline. The liner element has the
capability of elesto-plastic behavior. This type of
element is used for the modeling of nonlinear
materials such as tunnel liner and/or deformable
meaterials such as steel.

The interface element was used for modeling of
the interaction between soil and the pipeline. The
interface element alows soil element to move
relative to the tunnel. The schematic view of the
interface element is given in Fig.3. Normal stiffness
and shear stiffness were considered to be 120
MPa/m. The friction angle was considered to be
23.5° a the interface of the buried pipeline and soil.

Side A

gridpoint § k=T

~y

Side B
20ne

Fig. 3. Schematic view of interface element

3- Comparing the numerical results with
experimental data

The modeling results are compared with the
measurements of centrifuge experiment and the
capabilities of the model to predict the liquefaction
of soil around tunnels are assessed. In addition to
uplift of structure, the pore pressure build up was
assessed for verification purposes.

Fig. 4 depicts the uplift of pipeline versus time
which is measured during centrifuge experiment and
the corresponding numerical simulations  of
UBCSAND model using finite difference method.
The final displacement obtained from UBCSAND is
in good agreement with the experimental results
based on centrifuge test.

The excess pore water pressures at piezometer P2
which is located at the |eft of the pipeline are shown
in Fig. 5. The simulation results of this study are in
good agreement with the measured ones.
Particularly, the final excess pore pressure is
precisely predicted. In contrast there is a notable
difference between the predictions of Pastor
Zienkewicz model, obtained from the literature, and
the measured experimental excess pore pressure. The
results in other piezometers are similar and it could
be stated that UBCSAND model has effectively
modeled the soil behavior of liquefied soil around a
tunnel.

The displacement vectors at the end of seismic
excitations are shown in Fig. 6. Although the soil
movement towards the tunnel underneath has been
considered as the major reason of tunnel uplift in
liquefied soils, it is clear from Fig. 6 that such
pattern of displacement is not the case in this

research. Therefore, in this case the uplift of tunnel is
attributed to excess pore water pressure.

0.1

s Experiment Ling et al 2003

Pastor Zienkiewicz Mark Il

UBCSAND Model (Presep

Uplift (m)
o
S
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Fig. 4 Tunnel uplift observed in experiments and
simulation results
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sreresseseser Pastor Zienkiewicz Mark 111

40 UBCSAND Model (Present Study)
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~
3
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Fig. 5 Measured and predicted excess pore pressures
at the left of the pipeline (P2)

Fig. 6 Displacement vectors at the end of seismic
excitations

4-Conclusions
This paper presents a successful numerical modeling
of liquefied soil around atunnel. The stress induced
compaction has a considerable effect on the
performance of the numerical simulation of liquefied
soils and it was carefully implemented in this
research. Furthermore, the dependence of pore fluid
bulk modulus and its influence on the results of
modeling were analyzed in this paper. The outcomes
of the research reveal ed the advantages of employing
UBCSAND constitutive model for liquefaction
modeling
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1-Introduction

Earthquakes could have catastrophic impacts on
tunnels and buried structures. Liquefaction
phenomenon is one of the most destructive effects of
earthquakes. Liquefaction results in  decreasing the
effective stress and this consequently lead to a
decrease in shear strength of the soil. As a result,
large deformation in both the soil and the structure
buried in the soil occurs. Moreover, liquefaction
causes soil boiling, lateral spreading, structure
settlement and the uplift of buried structure.
Lifelines, as their name implies, are extremely
important because any disconnection or malfunction
of them can potentialy cause severe problems in
every day’s life. With the development of urban
areas in recent years, development of the public
transportation systems has evolved. As aresult, use
of subway and underground tunnels for
transportation has been increased.

Granular materials are prone to be compacted
under seismic loading. In saturated soil masses, the
tendency for contraction will be hindered. Thus,
the pore pressure will be increased and this would
result in decrease in effective stress and decreases in
shear strength. This phenomenon is termed
liquefaction.

In many earthquake cases, uplift of the buried
structure due to liquefaction has been reported as one
of the major damaging factors.

This research seeks to model earthquake induced
uplift of buried structures including tunnéls in the
soil susceptible to liquefaction under seismic
loading.

2-Numerical modeling of lifelines uplift in
centrifuge test

Two dimensional finite difference modeling is
employed to simulate centrifuge experiments. The
experiments are brought from published literature.
The experimental data consist of severd tests for
investigating uplift and behavior of pipelines with
large diameters under seismic loading.  The
centrifugal acceleration of 30g was applied in these
experiments. Nevada sand with relative density of
38% and average grain size of 0.15 mm was used.
The maximum and minimum densities of this sand
were 13.7 and 17.38 KN/m®. The pipeline used for
modeling was made of aluminum alloy. The pipeline
was 28 cm length with internal diameter 9 cm and
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external diameter of 10 cm. Fig.l shows the
schematic view of centrifuge experiments.

Uplifiing Measurement.
(Laser & Pulley LVDT)

15

10

10

71 fem)

Fig.1 Schematic view of centrifuge test

FLAC2D software was used to simulate
centrifuge tests. The UBCSAND model was adopted
as constitutive model in numerical simulations. The
properties of Nevada sand were assigned to the soil
surrounding pipelines. The UBCSAND moded is an
effective stress based plasticity model that is used for
advanced stress-deformation analyses. In this model
stress-strain behavior is defined in hyperbolic from.
Plastic strains are controlled by yield surface and
flow rule. In this moddl, yield surface in stress
space is similar to Mohr- Coulomb model for
cohesionless materials. The yield plane will move
due to hardening. In order to verify the input
parameters, the input parameters of UBCSAND
model should be calibrated based on laboratory tests
results. In this research, the cyclic undrained simple
shear test was simulated to calibrate input
parameters. Fig.2 depicts the results of prediction of
liquefaction simple shear test and numerical
modeling. The results of numerical modeling are in
good agreement with laboratory results Thus, it can
be concluded that input parameters are calibrated.
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o 04 A === UBCSand-Dr=60%
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Fig. 2 Prediction of liquefaction for Nevada sand

The relative density is one of the most important
parameters of sand. Because of stress difference in
upper and lower parts of the centrifuge box, the
relative density at the surface of soil becomes lower
than the lower parts of the model after applying the
centrifugal acceleration. In this research it is
assumed that stress induced compaction is expressed
by equation (1):
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reliability are obtained via averaging over time and
network nodes.

3. Discussion of Results

The any town network has three parallel pumps in
which pump rotation speed values during 24 hours of a
day for these pumps are considered as decision
variables. By performing the optimization process, the
following Figures are obtained for each kind of
reliability. As shown in Figure 2, pump reliability is
reduced or on the other hand pump repair and
maintenance costs are increased by decreasing pump
rotation speed values.
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Fig. 2. Optimization of energy cost and
pump reliability
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Fig. 3. Optimization of energy cost and
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Fig. 4. Optimization of energy
cost and water agereliability

4. Conclusion

The most important conclusion of this research is that
there is no unique combination of pump rotation speed
values such that all three kinds of reliability are
increased simultaneously similar to when they are
entered into the optimization process aone.
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Colony Algorithm

Mahmood Fotuhi* Masoud Tabesh?

1. Introduction

Pumping energy costs form an important part of the
operational cost of water distribution systems
worldwide. Savic et a. (1997) formulated a pump
scheduling problem as a multiobjective optimization
problem based on the concept of Pareto optimal
ranking of Goldberg (1989). Rouhiainen et al. (2003)
presented two new Pareto-based multiobjective genetic
algorithm techniques for determining the optimal
schedule of chlorine dosing with multiple conflicting
objectives. primarily disinfection control and aesthetic
control. Doby et a. (2001) investigated a genetic
algorithm-based method for determining the minimum
cost design of looped networks while considering the
residence time of water in the network as a qudity
surrogate. Farmani et a. (2006) performed multi-
objective optimization of the design and operation of
water distribution network in which they considered
three objectives including cost, reliability and water
quality in their study. They presented results for the
pay-off characteristics between total cost, reliability
and water quality, for 24 h design and five loading
conditions.

2. Methodology

In this research, multiobjective optimization of energy
costs is performed for any town network using ant
colony algorithm by considering variable speed pump
(VSP) and comparing it with constant speed pump
(CSP). Energy cost is obtained through the following
equations.

Minz=3"" S )

P=1&~t=1  EnergyCost,

Y, xQ, xH
(Energy),, =——"—"xD, )
pt
(EnergyCost),, = (Energy),, xET, 3)

where (EnergyCost), is energy consumption cost
of pump p a time t ($), (Energy), is the energy

consumption of pump p at time t (Kw), Y, is the

¥ Corresponding Author, Ph.D Student, Ferdowsi
University of Mashhad
Email: mahmood_fotuhi @yahoo.com

2 Professor, University of Tehran.

specific weight of water (KN/m3), Q, is the
discharge of pump p a time t (m*sec), NP is the
number of pumps, NT is the number of time steps,
H, isthe pressure of pump p a timet (m-H20), 1,
is the efficiency of pump p at time t (%), ET, is the
electricity tariff at time t ($Kwh) and D, is the time
step length (hr).

In this research, three reliability eguations are
considered including pump, hydraulic and water age
reliability. Pump reliability is computed based upon
pump efficiency variation shown in figure 1. Also,

hydraulic and water age reliability are defined in
equations 4 and 5.

lia bility
.
s
A
/

Figure 1. pump reliability definition for different pump rotation

speed values
0 PGt <P,
P,O-P, P, <P(,t)<P,
. R:Ies - Pmin
W00 = piy-p P <Pi)<P_ @
PP Pi,)>P.
0.25
1 WA, 1) < 6
fo (i) =125-0.25WA(i,t) 6<WA(i,t)<10 (5)
0 WA, 1) > 10

In these equations r,(i,t) is the node hydraulic
reliability at nodei and timet, P(i,t) isthe pressure at
nodei at timet, P, istheminimum pressure equal to
zero, P, is the required pressure to satisfy demands
equal to 30 meters. 1, (i,t) is the node water age
reliability at node i and timet, r,,(i,t) is the water
age at nodei at timet, WA, is the minimum water
age value (6 hr) and WA, is the maximum water
age vaue (10 hr). Then the values of each kind of
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of the foundation (D), length of the foundation (L),
unit weight of soil (y) and angle of interna friction
(). The ultimate bearing capacity of the foundation
(g, isthe single output variable.

The current study uses data sets from Gandhi
(2003), which have been obtained from small-scale
foundations loading tests on cohesionless soil.
Generaly in pattern recognition procedures (e.g.,
neural networks or support vector machines) it is
common that model construction is based on
adaptive learning over a number of cases and the
performance of the constructed model is then
evaluated using an independent testing data set.
Therefore, in this study, from the 50 foundation
experiments, 40 were used to train the model and the
remaining 10 tests were used to test the model
capability for data generalization randomly.

3.2 Criteria of evaluation

The performance of the model developed in this
study has been assessed using various standard
statistical performance evaluation criteria.  The
considered statistical measures have been correlation
coefficient (R), root mean square error (RMSE), and
mean absolute error (MAE).

3.2. Development of the model. For building the
model, based on training data set, M5P model tree
implemented in WEKA software was used. The
model tree generated by the M5P algorithm is shown
inFig. 2.

£16.65 >16.65

LM3 (15)

=£15.9 >15.9

2 (10

Fig. 2: Model tree generated by the M5P agorithm

The following eguations were obtained through
using M5P:

LRM 1

gy = (502.6418 x D) + 48.4988

fory < 15.9 ()

LRM 2:

qu = (432.7071 x B) + (598.9093 x D)
+ (142.6164 X y) — 2264.3851
for 15.9 < y < 16.65 )

LRM 3:

gy = (987.238 x B) + (1033.3307 x D)
+ (136.0887 x y) — 2228.3015
fory > 16.65 (©)]

4. Result

A comparative study has been carried out between
the developed model (M5P) and traditional methods
of Meyerhof, Vesic and Hansen for the prediction of
the ultimate bearing capecity(q,) of shallow
foundation on cohesionless soil. The comparison was
done for all of the dataset. Table 1 shows the values
of performance indices for the traditional methods
and developed model in this paper. The error
indicators revea that the results of the M5P model
have much higher values of R and lower errors
(RMSE and MAE) in comparison with the
theoretical equations. Also, the equation proposed by
Hansen shows the best performance among the
theoretical formulas.

Table 1. Comparison of M5P model tree
with theor etical methods

Model R RMSE  MAE
(kPa) (kPa)
M5P (Training set) 0995 80295 54087
M5P (Testing set) 09925 112144 94381
M5P (All data set) 0991 8.05 6.43
Meyerhof (All dataset)  0.9247  95.49 61.49
Vesic (All dataset) 09272 60.68 39.78
Hansen (All dataset) 09325  44.48 35.09

4. Conclusions

In this study, M5P model tree was used to predict
the ultimate bearing capacity of shallow foundations
on granular soil. The model was first developed and
tested using an experimental tests dataset. Then, the
performance of the proposed model (M5P) was
compared with those of the theoretical methods of
Meyerhof, Vesic and Hansen. The satistical
parameters showed that the M5P model tree is more
accurate and has better performance than the
theoretical equations. In addition to the higher
accuracy, the other advantage of the model trees
compared to other soft computing approaches such
as ANN and SVM is the ability to generate smple
and meaningful formulas. The generated model tree
and its three rules are easy to understand, and it gives
some scientific insight regarding the importance of
different parameters to the user. Furthermore, it was
noted that ANNS require some processes of trial and
error to find the optima vaues of interna
parameters. However, the model tree does not
require optimization of the network geometry or
finding internal parameters. Therefore it takes less
computational time, needs much less effort, and can
be much faster to run.
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1. Introduction

Predicting the ultimate bearing capacity of shallow
foundations is an important issue in geotechnica
engineering. Terzaghi was the first researcher to
propose a comprehensive theory for estimating the
ultimate bearing capacity of shallow foundations.
After Terzaghi, many researchers including
Meyerhof, Hansen and Vesic have offered theories
for predicting the ultimate bearing capacity. Most
methods require assumptions that are inconsistent
with experimental data A basic method of
determining the ultimate bearing capacity of a
foundation isin situ testing. However, this method is
both costly and time consuming.

Soft computing approaches (i.e., artificial neura
networks and support vector machines) are
dternatives for estimating the ultimate bearing
capacity of shallow foundations based on historical
data sets. The previous studies indicated that these
methods are more accurate when compared with
analytical formulas. However, these methods are not
very transparent and also the modeling process is
complicated. Decision tree algorithms are quite
transparent and also do not need optimization of the
model and its internal parameters. For example, in
the neural networks approach, the network
parameters such as the number of hidden layers and
neurons need to be found by trial and error. And
these processes are time consuming.

This paper describes the application of the M5P
model tree (as another soft computing method) to
predict the ultimate bearing capacity of shalow
foundations. The main advantage of model trees is
that they are easier to use and more importantly they
represent understandable mathematical rules. To the
best of our knowledge, no study related to
determining the ultimate bearing capacity of shallow
foundations by using the M5P model tree has been
reported in the published literature. However, the
M5P moded tree could be a useful method for
developing an aternative ultimate bearing capacity
computation method instead of the usual methods. It
has been found that M5P outperforms when fewer
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data events are available for model development. In
other words, M5P has the potential to be a useful and
practical tool for cases where less measured data is
available.

2. M5P model tree

Decision trees are commonly applied in machine
learning and data mining as a comprehensible form
of knowledge representation. In general, a decision
tree is a tree in which each branch node represents a
choice between a number of aternatives and each
leaf node represents a classification or decision.
Regression trees and model trees are specia types of
decision trees developed for regression issues.
However, the main difference between model trees
and regression trees is that the leaves of the
regression trees have a constant value, while model
trees which can predict numeric values for a given
data sample hold multivariate linear models in their
leaves. The M5P agorithm is the most commonly
used classifier of the decision trees family.

M5P modé tree algorithm first builds a regression
tree by splitting the instance space recursively. Fig. 1
illustrates a tree structure of the training procedure
corresponding to a given 2-D input parameter

domain of x; and x..
Training Data
Set
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Fig. 1. Example of M5P model tree (LRM 1-6 are
Linear Regression Models)

3. Development of the model

3.1 The data used for model development. In this
paper, the input variables used in the development
of the models are width of the foundation (B), depth
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4- Results

Fig. 4 shows the movement of the roof structure in
global UTM system during 1600 seconds measured
every tenth of asecond by GPSin the X direction.
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Fig. 4. Structural vibration in UTM system in the X direction

Fig. 5 shows the structural vibration in the X
direction in the local system.
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Fig. 5. Structural vibration in thelocal system in the X
direction

4-1- Natural frequency. Using Fourier transform,
the dominant frequencies were determined for each
of the charts. Fig. 6 shows the Fourier spectrum in
the X direction.
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Fig. 6. Fourier spectrumin X direction

4 5

Table 1 represents the natural frequenciesin two
directions perpendicular to each other.

Table 1. Natural frequenciesin two directions

natural frequencies | First Second
(Hz) mode mode
X direction 1.08 3.23
Y direction 114 331
4-2- Damping ratio. Damping ratio can be

determined in two ways:

A- Logarithmic decrement method

B- half-domain method

Damping ratios are presented in Table 2.

Table 2. damping ratiosin two directions

Methods X Y
half-domain 0.0087 | 0.0051
half-domain 0.0085 | 0.0041

The results from the anaytica method are
approximately the same as the experimental results.
For example, the natura period in the X direction
was determined to be 1.07 and 0.93 Hz using GPS
and analytical methods. Comparing the results of the
experiments and the results of the computer analysis
shows good accuracy in determining the parameters.
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1- Introduction:

Structural  dynamic characteristics: natura
period, shape modes and damping ratio of vibration
play a decisive role in the seismic behavior of
structures. The time in full oscillation of the structure
will be the natural period of vibration. The damping
ratio is determined using logarithmic formulation.
The seismic codes suggest empirical equations or
mathematicall models for calculation of dynamic
characteristics of structures that are substantialy
approximate. There are several exact methods for
determination of the structural dynamic parameters
such as: free vibration, ambient vibration and force
vibration tests. There are various means to record the
vibrations of structures such as accelerometers,
speedometers and displacement transducers. In
experiments in which there is a significant
acceleration in structural vibration, the accelerometer
device is used to record the response of the structure.
Otherwise the speedometer and displacement
transducers are used. One way to measure the static
and dynamic displacement is the use of Global
Positioning System (GPS). Global Positioning
System is a navigation system that is composed of a
network of 32 satellites. In this research the
structural response of a three-story building (the
natural frequencies of vibration and the structural
damping values) are monitored by a two-frequency
GPS device mounted on the structure (Fig. 1).

=m0

Fig. 1. GPS receiver
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2- Methads for calculation of structural dynamic
characteristics:

There are two groups of methods for determining
dynamic characteristics of structures:

- Analytical method using software

- Experimental Methods

2-1- Analytical Method. In analytical method, the
dynamic characteristics of the structures (time period
and mode shapes) can be determined by solving the
equations of motion for multi degree of freedom.
Free vibration equations of motion for a system with
N degrees of freedom are written as follows:

[M{ U}+KK{U}={0} @

where [M] and [K] are the mass and stiffness
matrix and U and U are the displacement and
acceleration vectors.

2-2- Experimental Methods. Experimental methods
are divided into three groups. ambient vibration test,
free vibration test and force vibration test.

In ambient vibration test the natural forces such
as wind loads and exploitation loads are used as the
stimulating forces.

In free vibration test, the vibration of the
structure is created with drags and drops suddenly.
After dropping, a vibration-free structure test is
performed.

In the forced vibration test, the structure is induced
by external force during vibration.

3- Test model

The model tested in this study is a three-story steel
moment frame having 2 meters length, 1 meter width
and 5.5 meter height (Figs. 2 and 3).

Fig.2. structural model overview
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continuous space and the new position of the particles in
continuous space is obtained. Since the problem of finding
the best generators need to search in discrete binary space,
it is required to improve CSS for this problem. In the
proposed model, the decision variables are defined as
binary parameters shown by g, . The algorithm starts with

an initial population of particles whose positions are

determined randomly in the feasible space. For each null

basis, the members which satisfy all of the below
mentioned conditions can be placed on the list of feasible
generators.

1- To insure the independency of columns, the members
which have already been selected as generators of the
previous null bases cannot be selected anymore.

2- For each null basis, one generator must be selected.

3- The feasible members as a candidate for each null basis
generator are influenced by the earlier SESs generators.

4. Numerical Results
To illustrate the performance of the proposed algorithm and
to provide a measure of its efficiency, some numerical
examples are solved based on the proposed algorithm.

In order to present the elapsed run time of the algorithm,
a unit block consisting of 4 nodes and 6 members is
considered and sample structures are composed of equal
number of such a unit in x and y directions, as shown in
Fig. 1.

Sample ..,
(3x3 (933 {nxind

Sample 1 Sample 2

Fig. 1. The geometry of sample structures
The obtained results are shown in Table 1. Asitis

shown, the null bases matrix is approximately 95% sparse
for the structure with 100 nodes.

Table 1. Optimal solutions based on the proposed algorithm

(2]
o 5 g_ The Proposed
3 % 5 Algorithm
£ £
= 5 5
o 2 g | Optimal | Averageof
S 5 € | Solution | theElapsed
s > (Sparsity Run Time
Percentage) (sec)
16 42 % 13 10 84.27 46.16
36 110=4l | 10 92.08 211.59
64 210 = d5 | 10 94.40 1097.47
100 | 382 = 145 | 10 95.31 3608.72

5. Conclusion

In this paper, a heuristic algorithm is presented to find the

sparse null bases vectors. The main features of the

presented approach are as follows:

1- The sparse null basis matrix leads to optimal flexibility
matrix. Therefore, it makes an efficient force method
feasible for the structural analysis.

2- To design constructive algorithm, the independency
condition is satisfied based on basic rules of algebra.
Each vector is normalized based on an entry which is
called generator and then the orthogonality condition is
satisfied.

3- The generators sequence is chosen as decision variable in
the optimization model, and then the optimization
problem is solved by using the modified CSS algorithm.

4- Since the system of linear equations consists of
equilibrium conditions and uniqueness of generators is
an underdetermined system, a linear mixed integer
programming model is developed to find the solution
with alarge number of non-zero entries.

5- The numerical examples show the efficiency of the
proposed algorithm to find a sub-optimal solution even
for the truss with opening in its geometry.
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1. Introduction

The force method was used extensively until 1960. After
this, the advent of the digital computer and the amenability
of the displacement method for computation attracted the
attention of most researchers. As aresult, the force method
and some of the advantages it offers in non-linear analysis
and optimization have been neglected. Although due to
these changes, the progress of the force method was slow,
lots of researches have attempted to improve this method to
be suitable for the computer programming.

The first algebraic method was proposed by Denke. In
general, algebraic methods are simple, but these methods
need a large storage requirements and a higher number of
operations when compared to others.

The main problem in the application of the force
method is the formation of a self-stress matrix
corresponding to a sparse flexibility matrix. Therefore,
different approaches are adopted for the force method of
structural analysis.

In this paper, a new approach is proposed for the
formation of sparse null basis matrix corresponding to the
efficient force method. The problem of optimal flexibility
matrix formation is defined as a linear mixed integer
programming model in which, the objective function is to
minimize the number of nonzero entries in the null basis
matrix, while the independency and equilibrium conditions
are considered as constraints in the optimization model.

Although the problem of finding sparse solution of a
flexibility matrix belongs to the class of NP-hard problems,
the sub optimal solution can be obtained accurately by
using the proper Meta heuristic algorithm.

In this paper, Charged System Search (CSS) algorithm
is used for solving the proposed optimization model. In
recent years, this algorithm has been used widely in
different structural problems. These studies show that the
CSS algorithm outperforms its rivals. The CSS algorithm is
initially developed for continuous search space, but in this
paper it is changed to be used for binary discrete variable.
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The presented method is employed in some pin-jointed
truss structures with internal static indeterminacy.

2. Formulation of the Null Basis Matrix via an
Optimization M odel

Consider a structure S with M members and N nodes,

which are »(S) times statically indeterminate. The overall

flexibility matrix of the structure (G) is defined as

G =BjF,B,. B,.is caled a self-stress matrix as well as

the null basis matrix. Each column of B, isknown asanull

vector. B, isarectangular matrix having n rowsand y(S)

columns.

For the efficient force method, the G matrix shal be
generated sparse and well-conditioned. For the sparsity
of G, one can search for asparse B, matrix, since the F,

matrix isfixed for a specific structure.

Therefore, the optimization problem is defined to find
the sparse null vectors, while the independency and
equilibrium conditions are satisfied. For a null vector, no
applied load is required, thus the equilibrium conditions can
be expressed as AB, =0

A is an nxm matrix with rank of n. There are
m-n=t independent columns of B; which will satisfy
this equation, thus forming a set of null vectors.

Let us denote the columns of matrix B, by S. To

satisfy the independency of B; columns, one particular

element is selected in each column as “Generator”, the
generator entry is 1 in its corresponding column while that
is equal to zero in the other columns. After we have chosen
a generator for a column, other entries of that column shall
be calculated based on equilibrium conditions. Therefore,
al columns of the B; matrix can be caculated

sequentially. The problem is to find the generators which
can lead to asparse B; matrix.

To select generators such that leads to sparse null
vectors, the modified CSS algorithm is applied. For each
sequence of selected generators, y(S) systems of linear

equations shall be solved simultaneously; such that the
sparse solutions with highest number of zeros are found for
each system. For this purpose, linear mathematical
modeling is proposed.

3. Modified CSS Algorithm for
Variables

Charged System Search (CSS) agorithm is a population

based meta-heuristic algorithm. This algorithm is based on

laws from electrostatics of physics and Newtonian

mechanics. In the CSS agorithm, the movement of CPs is

tracked in a continuous domain, i.e. CPs move in

Discrete Binary
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3.2. Special concentrically X-braced frames which are
braced in two middle adjacent spans. According to the
results of this study ductility reduction factor of 16
special concentrically X-braced frames (SCBFs) which
are braced in two middle adjacent spans, differs from
1.97 to 4.1. Also, according to the results of this study,
the response modification factor which is proposed in
the 4™ edition of the Iranian code of practice for seismic
resistant design of buildings, 2800 standard for SCBFs is
more logical than the ASCE7’s value. Because for X-
braced SCBFs with the natural period of more than 1
second (approximately 10 stories and above), it would
be hard to satisfy the ASCE7’s ductility reduction factor
in comparison with the ductility reduction factor of the
4™ edition of the Iranian code of practice for seismic
resistant design of buildings, 2800 standard. Also, the
ductility reduction factor of SCBFs which are X-braced
in two middle and adjacent spans indicate that for
frames more than 10 stories, there would be a noticeable
drop in the ductility reduction factor of frames. This is
because the frames cannot experience the target
displacement and before their maximum inelastic
displacement get to the target displacement, the whole
frame collapses due to reaching its mechanism. So, the
codes should pay special attention to SCBFs and revise
their proposed response modification factor. In addition,
according to the Iran’s national building code, part 10,
steel structures, beams and columns of SCBFs should be
checked for the analysis in which the bracing members
get to their ultimate capacity. Therefore, for these
frames the collapse mechanism is generally from
buckling type, yielding all of bracing members, and
hasty mechanism cannot be seen in these frames. Based
on the results of this study, the response modification
factor which is proposed by the 4™ edition of the Iranian
code of practice for seismic resistant design of buildings,
2800 standard, ( R=5.5) is more logical than the value
which is proposed by ASCE7, (R=6) for X-braced
special concentrically braced frames, SCBFs.( Figures 3
and4)

Available
------ Required

Ductility reduction factor
~

0 2 4 6 8 10 12 14 16
Number of stories

Fig. 3: Comparing the available ductility reduction factor with
therequired ductility reduction factor (SCBFs)

[ e ]
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Fig. 4 Collapse mechanism of X-braced SCBF, 8 stories
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Evaluating the Ductility of X-braced Frameswhich
areBraced in two Middle Adjacent Spans

Abazar Asghari'

1- Introduction

Ordinary concentrically braced frames (OCBFs) are one
of the most ancient and famous structural systems which
have been used widely by structural designers. Buckling
of bracings during earthquake is one of the main causes
of anxiety in these structural systems since buckling of
bracings can cause ductility reduction in OCBFs. In
recent years there have been lots of studies about the
ways to prevent buckling of braced members and also to
increase the ductility of these structural systems. Based
on the results of previous studies about these structural
systems and also failure mechanisms in experimental or
real earthquakes, design codes have tried to cover up the
weakness of these structural systems. It is for this reason
that the 4™ edition of Iran’s national building code, part
10 , steel structure, and AISC341-10 have introduced
ordinary and special concentrically braced frames and
also given each of them specific design provisions.

According to the mentioned design codes, for

seismic design of beams, columns and X-bracings of
OCBEFs, there is no need for any complementary
provisions. However, for special concentrically braced
frames, according to Iran’s national building code, part
10, steel structures,1392, designing strength of beams
and columns should not be less than the following
analysis: A) an analysis in which the force of bracings
in tension is assumed to be RyFyA, and the force of
bracings in compression is assumed to bel.14 F.A,.
B) An analysis in which the force of bracings in tension
is assumed to be RyFyA, and the force of bracings in
compression is assumed to be 0.3x1.14 F..A,, where:
RyF A, is the expected force of bracing in tension, 1.14
FeeA is the expected force of bracing in compression,
A, is the cross section of bracing member, R, is the ratio
of the expected yield stress of steel to the minimum
identified stress of steel. For considering the required
increase in strength, F2 is . the expected compression
stress due to buckling in which Fy. is used instead of Fy,
Fy. is the expected yield stress of steel and is equal to
RyFy.

2- Theframesstudied in thisresearch

In this study, for evaluating the ductility of X-braced
frames which are braced in two middle and adjacent
spans, 16 frames which are ordinary concentrically X-
braced frames (OCBFs) and 16 special concentrically
braced frames (SCBFs) are evaluated.

3- Conclusion

! Assist Professor of Urmia University of Technology.
Email: a.asghari.69@gmail.com

3. 1. Ordinary concentrically X-braced frames which
are braced in two middle adjacent spans. According to
the results of this study ductility reduction factor of 16
ordinary concentrically X-braced frames (OCBFs)
which are braced in two middle adjacent spans, differs
from 1.83 to 3.19. All of these values are more than the
values which are expected by the 4™ edition of 2800
standard, Iranian code of practice for seismic resistant
design of buildings. In addition, from expected ductility
reduction factor point of view, there is no imperfection
in these structural systems. In fact, since these frames
are designed for much more forces than special
concentrically braced frames their bracing members’
sections are much bigger than OCBFs. Bigger bracing
section causes bigger Vy for OCBFs in comparison with
SCBFs. Therefore, despite a lower 3, the expected
ductility can be gained by OCBFs. Also based on the
results of this study most of the OCBFs cannot reach the
specified target displacement of the codes and before
their maximum inelastic displacement reaches the target
displacement, the whole structure collapses because of
reaching its mechanism. However, despite this the
expected ductility of the Codes can be accessed because
of high level of design strength of OCBFs. Also the
results of this study confirm that the height of X- braced
OCBFs can be more than the height which is proposed
by ASCE7(10.70 m) (see Figures (1 and 2)).
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Fig.1 Comparing the available ductility reduction factor with
therequired ductility reduction factor (OCBFs)

Fig.2 Collapse mechanism of X-braced OCBF, 8 stories
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Results of Experiments on Full Collars: Two full collar
groups (with B, /L, of 0.25 and 0.5) were investigated

in this study. The results are shown in Figure (4).
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Fig. 4 Performance of full collars and erosion and sedi-

mentation patterns around full collars(|§>,dc/|_a =05 and

L. /L, =0.75)-

4- Conclusions

The results indicated that increasing collar dimensions
improves its performance for both collar types. During
collar installation, sediments around the abutments are
distributed uniformly. The results also suggested that
protecting the bed using collars with a length of half the
abutment length has no significant effect on reducing
scour depth around the abutment and the collar’s per-
formance is somewhere below 30 percent. Increasing the
collars length from 0.5 to more than 0.75, which is equal
to 25 percent of the abutment length, causes a two-fold
increase in collar’s performance. Investigation of larger
collars showed that full collars have lower performance
compared to L-shaped collars and thus, using L-shaped
collars for controlling bridge abutment scour is more
efficient considering that they take up less area.
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Laboratory Investigation of the
Performance of L-shaped Collarson
Reduction of Local scour Around Bridge
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1-Introduction

It isawell-known fact that bridges play an important
role in connecting routes. Every year, alarge number
of bridges are demolished or damaged due to scour
a bridge piers. These damages are not only accom-
panied by high financia costs but in case of floods,
they may even result in fatalities and various socia
issues. Protecting bridge piers from scour can be
very helpful in preventing their destruction. There-
fore, doing research and studying this issue is of
great significance. The present study aims to investi-
gate the performance of applying L-shaped collars
on reducing bridge abutment scour in comparison
with using full or complete collars.

2- Experimental Setup
Experiments were performed on a 9 meter long flume
with a width and height of 1 meter and 0.6 meters,
respectively. The flume had a constant slope of 0.0003
and was experimented on at Shahid Chamran Univer-
sity’s Hydraulics Laboratory.

Figure (1) shows a ssimple schematic view of the
experimental model.

,  Din
gathering pond

7N ] Flow
Underground reservoirs _ 1 H measurement pond

(

Triangular

:

~
\2 ‘Pum?|

2] : Flow Sediment box |
Discharge ; 1.
regulation| ; |

valve
Fig.1 Laboratory model

Abutment

Quieter

Fig. (2) depicts a simple schematic view of the
collars used in this study.

Using Buckingham’s theorem and applying di-
mensiona analysis resultsin equation (1):
Pr=f(L/L,,B./L,,By/L,,Z Iy,Fr,
L,/B,L,/B,,d./y,GsRe, o, é,8,)

@
inwhich:
Pr is the reduction percentage of scour depth.
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Fig.2 Simple schematic of collarsfrom top
a) L-shaped collars; b) full collars

Amongst dimensionless parameters in equation
(2), the following were considered as constants:

Buc/La' ZC/yl Fr, La/B; La/Ba’ dS/yi Gsi a,

¢ and g,.
Table (1) lists al the dimensionless parameters
used in this study along with their respective values:

Table 1. Dimensionless parameter s and assessed values

Dimensionless parameter assessed value
L. /L, 0.25, 0.375, 0.5, 0.75
B./L, 0.5
B./L, 0,0.25,05

3-Results

Results of Experiments on L-Shaped Collar:12 L-
shaped collars, with specifications listed in Table (1)
were used in this study. These collars were catego-
rized into three groups according to their B, /L,

parameter. The results of experiments on these L-
shaped collars are shown in Figure (3).
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Fig. 3 Performance of L-shaped collars and erosion and sedi-
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Figure 2. (@) Comparison of hysteresis curves of experimental
SPSW and FE model with residual stress, (b) Comparison of
hysteresis curves of experimental SPSW and FE model
without residual stress, (c) Bilinear envelop curve of the model
excluding residual stresses, (d) Bilinear envelop curve of the
model including residual stresses

4. Conclusions

Construction of steel shear wall is aways
accompanied with large amounts of welding for
attaching the infill plate to the surrounding frame and
this issue would cause creation of residual stressesin
plates. If the welding process is not performed
regularly and periodicaly, it would have a great
influence on the behavioral parameters of the system.
In this paper, thermal loads resulting from heat
transfer analysis were applied on theinfill plates of a
three-story SPSW and residual stresses were
obtained. The model containing residual stresses was
subsequently analyzed under cyclic lateral loads. The
finite element analysis results revealed that inclusion

of residual stresses resulting from plates periodic
welding has led to about 7.5% reduction in stiffness
and ductility of the SPSW specimen compared to
those obtained in the absence of residua stress. The
impact of these stresses on the yielding and ultimate
strengths and the energy absorption capacity was,
however, found to be negligible. Based on these
observations, further studies that assess the effect of
residual stresses on stiffness and ductility of SPSW
specimens will be required. These results, if reflected
in design codes, can improve the safety of the
designed SPSWs.
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Effect of Welding Residual Stresseson
Perfor mance of Steel Plate Shear Wall

Majid Gholhaki® Farzan Khaledi® Hadi Moein®
1. Introduction

Application of steel plate shear wall (SPSW) system
as alateral load resisting system has been considered
by designers and researchers in recent decades, due
to its severad advantages [1]. The infill plates are
attached to the surrounding beam and columns by a
large amount of welding and in the case that welding
is not controlled, the welding residual stresses can be
effective on steel shear wall's behavior. Residual
stresses in a welded structure are the result of non-
uniform expansion and contraction and plastic
deformation of the weld and surrounding base metal,
caused by the heating and cooling cycles during the
welding process. Welding-caused residual stresses
may increase up to the yielding point and can
potentialy reduce structural performance. Therefore,
their magnitude and distribution need to be
thoroughly studied.

2. Methodology

2.1. Experimental Modd. Three story, 1/3 scale
steel plate shear wall with rigid beam to column
connection has been tested under cycling loading
according to ATC24 [7], by Golhaki Fig (1) [2].

2.2. FE modeling

The ABAQUS finite element software is utilized for
modeling the steel shear wall. The infill plates and
the boundary elements were meshed using four-node
reduced integrated shell element, S4R. FE modeling
was done in two steps. At the first step, the stedl
shear wall was analyzed without the effect of
residual stresses and in the second step the stedl
shear wall with residual stresses as initial condition
was anayzed and the results of FE analysis were
compared with experimental results.

3. Resultsand discussion

3.1. Results of the model without residual stresses.
Lateral loading was applied according to the
experimental condition on top of the FE model. At
the first model, the three story SPSW was analyzed
under cyclic loading without residual stresses and the
obtained load-displacement hysteresis curve was
compared with experimental results. In the second
step, the SPSW specimen was modeled in ABAQUS
assuming the existence of residua stresses resulting
from welding of the plate to the surrounding frame.
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The welding process was simulated without
consideration of metal deposition. A sequentialy
coupled thermo-mechanical analysis was performed
where heat transfer analysis was followed by
mechanical analysis.
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results in the same conditions. A thorough
investigation can help in understanding the
simultaneous effect of both door width and base
angle on arching. Note that in Fig. 3, x and y values
represent the loci of particles forming an arch.

(b) Beads in dense array

(c) Rockfills

Fig. 2 Tested granular materials

(a) Rockfills

(b) Beads in dense array

(¢) Beads in loose array

Fig. 2. Typical photographs of arching over door with
W=5.6 cm

The arching effect makes a stable arch in each
granular medium which transfers the load from the
surrounding granules into two of its bases. All arches
can be described as a parabola. In fact, Fig. 3
presents the effect of door width and base angle on
the width and height of the arch. For all materials,
the arch width is smaller than the door width. The
arch height is greater for dense array (o= 37.4°)
compared to loose array (9= 30.7°), although the
diameter of the bead grains is equal in both arrays
(d=12mm). Meanwhile, the arch dimensions in rock
fill (dso= 9mm, @= 41.3°) are approximately greater
than that of dense beads. It is also observed that the
height of the arch increases as the door width

increases.
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Fig. 3. Comparison between arch shapes formed on
determined base angle and door width

4-Conclusion

Arching as an interior potential of cohesionless soils.
A developed trapdoor apparatus is designed to study
this phenomenon. An experimental analysis for
ensembles of mono-sized particles of granular
materials shows that stable arches may form, with
the width varying with particle shape and the friction
angle. It is also observed that for all tested granular
materials, the increase in door size and the decrease
in base angle augmented the width and height of the
arch. Moreover, the shape of all arches is governed
by a parabola. This finding may be significant for
geotechnical engineering practice in cases such as
small tunnels and holes constructed within a granular
material like sand, besides flow study of granular

materials through hoppers and silos.
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An Experimental Investigation of the
Arching Effect in Granular Materials
using a Developed Trapdoor Apparatus
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1- Introduction

Arching is one of the most common phenomena
encountered in materials both in the field and
laboratory. Some researchers defined the arching
effect as the transfer of pressure from a yielding
mass of soil onto adjoining stationary parts. In other
words, arching is closely related to the mobilization
of shear strength induced by relative movement in
materials. But, in some engineering problems,
physical soil arches as stress-free surfaces may form,
such as that in the flow and storage of granular
materials for 30° base angle of materials box. In this
way, when an outlet at the bottom of a hopper is
opened the desirable outcome is that the material
flows out under gravity. However, it is well-known
that if the size of the outlet is too small, a stable and
self-supporting obstruction (arch or dome) may form
to prevent the flow of materials. In this case, arching
should be avoided via appropriate selection of the
outlet size or using additional methods such as
vibration. Motivated by the aforementioned literature
review, this study tries to solve the limitations of the
former work and it focuses on the physical properties
of arches formed in granular materials by using a
developed trapdoor test in 2D stress condition.
Exploring the maximum size of the opening door is
related to critical width and height of the arch over
the door, by considering various gravity
accelerations (0° to 90° base angle of the materials
box). Finding the dimensions of a stable and self-
supporting arch in granular materials facilitates the
analysis of load transfer mechanisms and may be
attributed to stability of an unsupported structure
such as tunnels excavated without any support in
sand under different surcharges. This developed
setup also can help designers to select a precise size
of hopper or silo outlet with various base angles of
materials.

2- Experimental Test Performance

First, the box is fixed on the desired angle, then two
trapdoor blocks move away and a distance is created
between them. Next a stiff rectangular rubber fills
this space as the door. In the second step, granular
materials come in the box. Finally, the rubber door
moves down and the granular materials are
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discharged and fall into the container. However, the
whole materials do not discharge. Rather, a stable
arch forms over the door after a short time. This arch
can carry static pressure of the upper materials and
transfers it to its two bottom supports by arching
application. In every run of the test, the distance
between the two blocks (i.e. the opening door)
increases 2mm as compared with the previous stage.
Then the width and height size of the arch
corresponding to the door width are recorded relating
to the specific angle. This process is repeated so that
no stable arch forms anymore. Fig. 1 shows the
apparatus setup.

Base angle

Fig. 1. Developed Trapdoor Apparatus Setup

3- Selected Materials

For comparing the results, two kinds of granular
materials were used in this study, including rockfills
packing and plastic spherical beads as presented in
Table 1.

Table1. Physical properties of materials

Granular Material
Property Rockfills Dense Beads | Loose Beads
dso (mm) 9 12 12
p(gr/cm’) 1.58 135 1.27
¢ (deg) 413 374 30.7

It is obvious that using spherical grains and
rockfills packing possessing irregular particles shape
with different sizes results in finding out the effect of
shape and size of granular ensembles in arching
formation.

4- Results

By performing the experimental tests on four base
angles (0) consisting of 10°, 40°, 70° and 90°,
numerous considerable results were observed. Fig. 2
shows typical arching photographs and Fig. 3
presents the loci of each particle in stable arch
formed over door widths (W) of 2.8 cm and 5.6 cm,
on base angles of 40° and 90° in order to compare the
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instead of wrapping up the beam for a more practical
strengthening idea. The FRP arrangement is also
used in beam BR6 perpendicular to the shear cracks.
But this time, the number of CFRP bands are
increased and their width are reduced to 5 cm and the
beam is strengthened in only one side. The sharp
edges of the beam are rounded to prevent stress
concentration in these areas.
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Fig. 3. Load-deflection curves of the second group

Beam BR5 experienced shear failure along with
the bearing of one of the supports. Shear cracks
formed under FRP sheets after the rupture of FRP.
The ultimate load of this specimen increased about
6% compared to the specimen without FRP as shown
in Figure 4. Beam BR6 failed gradualy and the
specimen did not fail by rupturing or debonding of
each bond due to the strength of other FRP bands.
Despite the fact that strengthening was performed
only on one side of the beam, this beam faled at a
load of about 622 kN that was 8% higher than the
ultimate load of the beam without strengthening.
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Fig. 4. Load-deflection curves of the third group

4- Conclusions

The experimental program indicates that in order to
increase the ultimate load of deep beam it is better to
use more FRP bands with smaller width instead of
using fewer CFRP bands with larger width.

Also, a comparison implemented between the
experimental results with the obtained results from
the existing relations in the literature shows that
there are no appropriate code recommendations
specifically for deep beams strengthened with FRP.
The only existing relations are the ones obtained by
Zhang et d., in 2004 whose results are very
conservative. Thus, none of the existing relations in
the investigated references can predict the behavior
of deep beams strengthened with FRP tested in this
paper properly.



Journal of Ferdowsi Civil Engineering, Vol.27, No.2, 2016

CFRP Effectson Reinforced

Concrete Degp Beams

Abolfazl Arabzadeh™ Asghar Amani Dashlejeh?
Iraj Mahoudzadeh Kani 3
Saeed Inanloo*

1- Introduction

Deep beams are the type of beams whose behavior is
different from conventional beams because of their
particular geometry. The number of studies on deep
beams strengthened with FRP is much less than the
research works on conventional deep beams. Since
the bridges strengthened with FRP are the most
important applications of these materias in civil
engineering, more research studies are necessary
about deep beams strengthened with FRP. In this
paper, an experimental study is performed on 10
deep beams and various arrangements of
unidirectional FRPs are considered for retrofitting.

2-Experimental program

The specimens are simply supported and classified in
three groups. The first group is the deep beams with
two layers of reinforcement and the thickness of 10
cm; the second group is deep beams with 10 cm
thickness and one layer of reinforcement and the
third group is deep beams with two layers of
reinforcement and 14 cm thickness as shown in
Figure 1. All specimens have 80 cm clear span and
their heights are 40 cm. In other words, the length to
depth ratio of 2 is considered. The selection of this
ratio is because of consistency with all existing
codes.

BR1 and BR2 are the part of the first group of
deep beams that have been strengthened with two
arrangements of CFRP. CFRP sheets are pasted at
the front and the back sides of the beam BR1 with
dimensions of 10 x 30 cm. The sheets lengths are
considered in the direction perpendicular to the
diagona crack and only in the web of the beam.
Another arrangement of CFRP is considered for
beam BR2 and anchoring length of CFRP is
increased by continuing of CFRP to the flange area.
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Fig. 1 Details of the specimens

3- Discussion on experimental results

According to experimental observations, the type of
CFRP arrangement used in BR1 does not affect its
ultimate loading capacity. However, it causes fewer
cracks, increases first shear cracking load more than
twice and decreases the beam deflection by 28% as it
is shown in Figure 2. Fracture of BR1 was sudden
and brittle with severe impact that has occurred
concurrent with the debonding of CFRP. Beam BR2
had crack width and deflection more than BR1 and
the number of cracks were less than BR1. The
flexural cracks became wider by increasing the load
on BR2 and the beam failed in shear due to the
weakening of the shear direction after CFRP
debonding.

The two specimens BR3 and BR4 of the second
group were respectively strengthened similar to BR1
and BR2. The experimental observation did not show
an increase in ultimate load resulting from the use of
FRP asit isshown in Figure 3.
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Fig. 2. Load- deflection curves of the first group

The two new arrangements of CFRP are used in
the third group. Beam BRS5 is strengthened by U-
shaped CFRP sheets. In using FRP for retrofitting,
the upper part of the beam is usually covered by a
member that is placed on the beam and there is no
possibility of putting FRP on the top of the beam.
For this reason, a U-shaped arrangement is used






CONTENTS

CFRP Eeffectson Reinforced Concrete
Deep Beams

Experimental Investigation on the Arching
Effect in Granular Materialsby Using the
Developed Trapdoor Apparatus

Effect of Welding Residual Stresseson
Performance of Steel Plate Shear Wall

Laboratory Investigation of Performance of
L-shaped Collar on Reduction of L ocal
Scour Around Bridge abutment

Ductility Evaluation of X-Braced Steel
Frameswhich are Braced in Two Adjacent
Middle Bays

Formation of Sparse Null Basesfor
Optimal Force Method AnalysisUsing
Charged System Search Algorithm

Determination of Structural Dynamic
Characteristic Using GPS Device

Prediction the Ultimate Bearing Capacity
of Shallow Foundations on the Cohesionless
SoilsUsing M5P Model Tree

Optimization of Energy Costs Considering
Hydraulic and Quality Reliability Using
Ant Colony Algorithm

Numerical M odeling of Tunnelsand
Lifelinesin Liquefiable Grounds Under
Seismic L oading

Study of Effect of Vertical Components
of Earthquake on Thin Steel Plate
Shear Walls

Molecular Diffusion of Chloride lon
Through Marl Stone and Sand Stone

A. Arabzadeh - A. Amani Dashlgjeh
I. Mahmoudzade - K. Saeed Inanloo

A. Ahmadi - S. E. Seyedi Hosseininia

M.Gholhaki - F.khaledi - H.Moein

H. Khozeymehnezhad - M. Ghomeshi

Y. Ramezani

A. Asghari

M. Dagi - Sh. Tamjidzad
S. H. Mirmohammadi

M. Mahmoudi - M. A. Mirghasempour
M. J. Ngjari

V.R. Kohestani - M. hassanlourad

M.R. Bazargan-Lari

M. Fotuhi - M. Tabesh

A.R. Bagherieh - |. Loloi - A. H. Bagherieh

M.Gholhaki - M.J. Sattari

K. Badv - Y. Davari Ad

17

31

43

57

75

85

99

111

127

145

161



JOURNAL OF
\ CIVIL ENGINEERING
FERDOWSI UNIVERSITY OF MASHHAD

Ferdows University of Mashhad ISSN 2008-7454

General Director: F.lrani
Editor-Chief: M. Reza Esfahani
Published: Ferdowsi University of Mashhad

Editorial Board:

M. Azhari Professor Isfahan University of Technology

M. Reza Esfahani Professor Ferdows University of Mashhad

F.lrani Professor Ferdows University of Mashhad

M. R. Jafarzade professor Ferdowsi University of Mashhad

A. A.kheirodin professor Semnan University

A. Soroush Associate professor  AmirKabir University of Technology

F. Shahabian Moghadam  professor Ferdowsi University of Mashhad

R. Attarngjad professor University of Tehran

M. Ghafoori Professor Ferdows University of Mashhad

M. Faghfour M aghr ebi professor Ferdows University of Mashhad

Gh. R. Ghodrati Amiri Professor Iran University of Science & Technology

D. Mostofing ad Professor Isfahan University of Technology
Text Editor: A. Dehghn Administrative Director: T. Hooshmand

Typist: A. Noie—T. Hooshmand

Journal of Civil Engineering

Department of Civil Engineering, Ferdows University of Mashhad.
P. O. Box. 91775-1111, Mashhad, |.R.IRAN

Tel: +98 513 8763307; Fax: +98 511 8806024; Email: € our@um.ac.ir
Web site: http://civil-ferdowsi.um.ac.ir



ISSN 2008-7454

CFRP Eeffects on Reinforced Concrete Deep Beams
A. Arabzadeh - A. Amani Dashlejeh - [. Mahmoudzade
K. Saeed Inanloo

Experimental Investigation on the Arching Effect in Granular
Materials by Using the Developed Trapdoor Apparatus
A. Ahmadi - S. E. Seyedi Hosseininia

Effect of Welding Residual Stresses on Performance of Steel

FerdOWSI UHIVBTSIty Plate Shear Wall
‘ of Mashhad M.Gholhaki - F.khaledi - H.Moein

Laboratory Investigation of Performance of L-shaped Collar on
Reduction of Local Scour Around Bridge abutment
H. Khozeymehnezhad - M. Ghomeshi - Y. Ramezani

Ductility Evaluation of X-Braced Steel Frames which are
Braced in Two Adjacent Middle Bays

O .
Journal of Ferdowsi fye
Formation of Sparse Null Bases for Optimal Force Method

C iVil E n gin e e rin g Analysis Using Charged System Search Algorithm

M. Daei - Sh. Tamjidzad - S. H. Mirmohammacdli

Determination of Structural Dynamic Characteristic

Using GPS Device

M. Mahmoudi - M. A. Mirghasempour - M. J. Najari
(Journal of School of Engineering)

Prediction the Ultimate Bearing Capacity of Shallow Foundations

on the Cohesionless Soils Using MSP Model Tree

V.R. Kohestani - M. hassanlourad - M.R. Bazargan-Lari

Optimization of Energy Costs Considering Hydraulic and Quality 111
Reliability Using Ant Colony Algorithm
M. Fotuhi - M. Tabesh

Numerical Modeling of Tunnels and Lifelines in Liquefiable
Grounds Under Seismic Loading
A. R. Bagherieh - I. Loloi - A. H. Bagherieh

Study of Effect of Vertical Components of Earthquake on
Thin Steel Plate Shear Walls
M.Gholhaki - M.J. Sattari

. Molecular Diffusion of Chloride Ion Through Marl
Serial No. 14 g
Stone and Sand Stone
K. Badv - Y. Davari Asl

Vol. 27, No. 2
Spring & Summer 2016




	civil.pdf (p.1)
	jeld1 (1).pdf (p.2)
	فهرست مطالب1.pdf (p.3-4)
	1-Civil.pdf (p.5-202)
	1-arabzade.pdf (p.5-20)
	2-seyedi&ahmadi.pdf (p.21-34)
	3-gholhaki (Repaired).pdf (p.35-46)
	4-khozime.pdf (p.47-60)
	5-asghari.pdf (p.61-78)
	6-daie.pdf (p.79-88)
	7-mahmodi.pdf (p.89-102)
	8-kohestani.pdf (p.103-114)
	9-fotohi.pdf (p.115-130)
	10-bagherieh.pdf (p.131-148)
	11- Sattari.pdf (p.149-164)
	12-Badv.pdf (p.165-178)
	3 civil.pdf (p.179-202)
	2-civil.pdf (p.1-20)
	EditNoMarkup10- bagherieh.pdf (p.1-2)
	EditNoMarkup9-fotohi.pdf (p.3-4)
	EditNoMarkup8-kohestani.pdf (p.5-6)
	EditNoMarkup7-Mahmoudi.pdf (p.7-8)
	EditNoMarkup6-daie.pdf (p.9-10)
	EditNoMarkup5-asghari.pdf (p.11-12)
	EditNoMarkup4 - Khozeymehnezhad.pdf (p.13-14)
	EditNoMarkup3-gholhaki.pdf (p.15-16)
	EditNoMarkup2-seydi hoseni.pdf (p.17-18)
	EditNoMarkup1-arabzade.pdf (p.19-20)

	فهرست مطالب2.pdf (p.21-22)
	jeld1 (2).pdf (p.23)
	2.pdf (p.24)



