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Using Shaking Table Tests
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Abstract

Conventional liquefaction assessment procedures assume that increasing the
vertical effective stress (due to increased applied pressure from the
foundation and structural load) improves the soil's resistance to liquefaction.
This study aimed to investigate the effect of increased applied pressure from
the foundation on a saturated sandy soil surface on the liquefaction onset time
under cyclic loading, resulting foundation settlement, and pore water pressure
variations, focusing on the interplay between the effects of vertical effective
stress and inertial forces. Experiments were conducted using a square
foundation model (0.1m x 0.1m) placed on the surface of a fully saturated
river sand sample with a relative density of 47%. Two different pressures (1
kPa and 2 kPa) were applied. The sample was prepared in a rigid soil box and
subjected to horizontal sinusoidal motion using a shaking table with a
frequency and acceleration of 0.2g and 2 Hz. Readings of excess pore water
pressure (EPWP), acceleration, and settlement were monitored using
specialized sensors. Using similitude laws and calculated liquefaction
parameters, the results demonstrated that liquefaction occurred earlier and
more intensely under higher foundation pressures. This indicates a dominant
role for mass inertia, which generates higher shear stresses in the soil beneath
the foundation, thereby overriding the stabilizing effect of increased effective
stress. These findings advocate for a revision of current liquefaction
assessment protocols to incorporate dynamic soil-structure interaction
(DSSI), particularly the contribution of structural inertia, when evaluating

liquefaction potential for heavily loaded foundations.
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Strengthening of Steel Plate Shear Walls Integrated with
Reinforced Concrete Frames Using Horizontal and Vertical
Stiffening Elements

Abstract:

Structural frames are primary systems designed to resist seismic loads. The
efficiency of these frames can be enhanced through various methods, one of
which is the integration of steel plates within the frame span to function as
Steel Plate Shear Walls (SPSW5s).

This research aims to investigate the effect of strengthening these steel plates,
when acting in conjunction with reinforced concrete frames (RCF), using
horizontal and vertical Stiffening elements. The study employed numerical
analysis based on the Finite Element Method (FEM), adopting a
Geometrically and Materially Non-Linear Analysis (GMNLA) to account
for both material non-linearity and large deformation effects. Furthermore, the
Non-Linear Static Pushover Analysis was utilized to evaluate the structural
behavior and the lateral load capacity of the RC frames equipped with stiffened
steel plates.

The results indicate that the application of Stiffening elements significantly

increased the load-bearing capacity and enhanced the system's ability to
dissipate seismic energy.

32



4 jlarall g Aniaad) Apunigl) agled) Al o daala U
ik dalud 3 2026 pls 9 2wl 48 sl
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dagdl Jiag 28 (Von Mises) Aga) ae (6) 3ytaall Adadil) e o gdiial) JSA (8) JE
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Mea) go osial) JCEN (9) JSEN Cham g (tp =4 MM) sl Linaall dsiall dSLas 50l 5
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S, Mises

SHNEG, (fraction = -1.0)

(Avg: 100%)
+2.2508+02

+1.824a+402
+1.681e402
+1.53%+02
+1.397e+02

+5.43%+01

L.

(6) 82add) ikl xic (SPSW) & 3saill ilicall 3 (VON MiSeS) uussa 358 2lea) 1(8) Je

S, Mises

SNEG, (fraction = -1.0)

(Avg: 100%)
+2.2500402
+2.092e+02

+1.460e+0:
- +1.302e+02
+1.144e+02
+9.854e+01
+8.273e401
+6.692e+01
+5.111e401
+3.530e+01

laall dlaal (Von-Mises) pus 058 g sadl) slga) ae (Deformed-shape) o séiall J<all :(9) Jsid)
(tp= 4 mm) ks Zyireall

Load~ diadll (aill 558 58 I Hpaall 4 (Y-l 358 Jaaie (10) JSEN
zasall il A3)EA 4 ass ((A-mim) HUay) e b 8 Q) iy J8Y) ) saalls (KN)

fob WS Agiana) mileall piidlisg yiSlay (SPSW)
M) 4Slewsy Aaeall ilially acaall mlusdll il SlLY) (a
M) 4Slews Aanall ilially acaall mlusall il SULY) (b

(
(

t=2m
te=4m
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— A= PN - . ¢ Ayax _ 551
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>
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-(Energy dissipation kN.m)saxull 48l Jiy J@LEN ) saalls ratio%)

E=5.9 ) dall 4y5lue 520l 2l cilS (Avg-story drift ratio%=0.5) xic 43l ué
Jrenll 258 s dganall wiliall i (E=13.1 KN.m) 5 =Ll gl 5y i (KN.m
E=8.8) daill &5lus 3220l 48l sl (Avg-story drift ratio%=1.5) iedl Jual
Jaeatl e lgl o g dginall milanall 3 (E=35.4 KN.m) 5 =l igid) HUy) i (KN.m
& (E=13.6 KN.m) doall sanll 43kl by (Avg-story drift ratio%=2.3) e
O Jug ey 13y Ldpaedl mlaall & (E=54.3 KN.m) Leilly xludl gl Uy
o8 @bl el Sy cAaluwal) Adgi chlby) ae oab chias dimal giliall Jlariul
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(t;= 4 mm) (SPSW) zisalll dla (b

osaall 4 ((SPSW) z3saill 5 (RCF) z3sail (G sansall 48Uall 45 (13) JSal) oy
Jiey Sl ) sadlls (Avg-story drift ratio%)idau s LS dgall dalY) Jiey Y
.(Energy dissipation kN.m)s.x.al 43Ul 4.8

E=14 ) Lol 4y5kus 520l dillal) culS (Avg-story drift ratio%=0.5) xic 4l o
el Jemd Jaenill 455 o «(SPSW) 3aill (E=30 KN.m) 5 (RCF) 3500l (KN.m
(E=18.4 KN.m) Zeall 4y5lue 5200l A8kl cisusl (Avg-story drift ratio%=1)
(Avg-story sic Jueaill o lgiil gas ((SPSW) z35aill (E=79 KN.m) 5 (RCF) 3l
E=123 ), (RCF) zisall (E=21.2 KN.m) saaul) 8l clia s drift ratio%=1.7)
-(SPSW) z3sall (KN.m
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Jaeatll 3l was el xilaall 3 (E=24.4 KN.m) 5 zlusall gl HUY) 3 (KN.m
E=12.4) dall 4;5lue 5200l Zilall sl (Avg-story drift ratio%=1) iedl Joad
el pay Apiaeall Zilaall 4 (E=66.6 KN.m) ~ludl sgnll Uyl & (KN.m
(E=21 KN.m) dadll san) 48l cilia s (Avg-story drift ratio%=1.7) xic Jueail)
Al miliall 4 (E=102 KN.m) Laslly mloall Jgiad) Y 4

Bassall 8l adis (SPSW) gisalll (A (t,= 4 MM) muail daiall ASLes 30l 2ic 1)
o S Ay a5 ((RCF) gisall) B sasal) Bl oo 4dla) Jlal duad
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Avg.story drift ratio (6 / hs) (%)

Energy dissipation (kN.m)
8 &8 8 8

o

(SPSW) zasaill b dgianall milivall 5 elusall igiadl HUaY) (o a00all 8L 5l 2(14) JSi)
-(te= 4 mm)

(SPSW) élglus o ddghlil) 5 488 aeuill jualing ¢ dall dagien 4358 il 24

Load— daadll (aill 38 e ey JALEN enall 4 (JUEY 558l Jakaia (15) JSE G
zasaill (il A3)aAl 4 cas ((A-mim) Syl e b 8 Q) ey 81 ) saalls (KN)
: ok LS (SPSW)

(2-S)dsians dajia JSIAIGELE 5 AV 48 decre (3
(5-8)isizne daghin IS A0 ELE Clac de ED i@l iieess (b

:Les:AA) aeall Cilac 2l dac dall duaaall C._ﬁ&.al\ & c!. All 6_,}3:,_,3\ )Ua‘;“ Oi J<al
M@(P=1150 kN);\A:xsﬂ B\ a g 5 :*bﬁ LQA-‘T (- ,.. JSXZ:\XJEL.:, ‘_5‘);3[\} :&:‘sai
_ AMax _ 573

(0= =0z = 5.62) deill ciliay Lo Alle Ul deslaes Ly Ao e
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A5 pas ) agead) Jiud 8 BRI Gl Tay Aidadd) Alsenll w5 5 Jreatl) ey and
J< JaiSys J5Y) Galdall ) 3 gl g i) Coainal ol il 3 ol s Jpeatl)
) el ol Jgia
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LE, Max. Principal

SNEG, (fraction = -1.0)

(Avg: 100%)
+5.025e-03

+8.333e-05
+0.000e-+00

sl 3sand) Jaud 3 0l Jeaie IS5 Alays ¢ paal) asand) il 8 0 Jeaie 0S5 :(16) Joill

05 ea) deas Con dpanall mlial) pua (B 2dl) Jis She G Baslie dagalll 00,
(17) J<a) asy L (fy = 225 MPa) g smdl) alga) il o)) dgaeall miliall 8 Gusse

S, Mises

SNEG, (fraction = -1.0)

(Avg: 100%)
+2.250e+02
+2.086e+02

+2.828e+01

I—,‘
x

(to=2 M) Lits dgseal) miliall Alead Guse (58 g il alea) g osdiiall JS1) 1(17) Joill
- (2-8) (daniua g A ghla o Al A decra)
4anall Cilae 2ally Ao aall Aianal) eiliiall o elusal) sl HURY) oF (15) IS Lol s
Ala o el Jant 5)08 o)l (Apiama dagiia IS8 400G cilacaa EDg i) (iac 1)
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dagill Curdy) Juzmdl Jl deglaes ¢ ST A0 ae (P=1460 kN) Loill cilagd (piiec dl)

— Amax _ 601 _
(o= =" = 7.42)

Jaanil) 255 gas casanll Jiud (3 Gl osil) o Zidadd) Agea) w5 5 Jrantl ey 0d
Gl Jia S JaiSyy J3¥) Golall pull) aseell g i) o (gl 8 il dns
Jind (8 0 Jemde S5 (sl (8 liBal) 255 Jpeatl Dy ca¥) Lisaall ilinal)
LS U sl dgenl) Jand 8 cpal Jemie JS coliiial) L) masgins ¢ puadY) 3ganll
Ll mildall aua 8 28l Jgin KDye o 32t goadl) Lali yiisis o 18) JSill sy
gianal) glial) (8 Ganze (158 Sl dums G ciiand ilinall s (50 (95%) Lyt s

(19) sl 4y W (fy = 225 MPa) g sadl) slea) dadl 1Y)

LE, Max, Principal

SNEG, (fraction = -1.0)

(Avg: 100%)

- +4.212e-03
+1.000e-03

- 40.000e+00

s

sl asand) il 8 0 Jeaie yshaig ¢ pual] dganll Jand ool Juate (S5 :(18) o)
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S, Mises

SNEG, (fraction = -1.0)

(Avg: 100%)
+2.250e+02
+2.095e+402
+1.93%+02
+1.783e+02
+1.628e+02
+1.472e+02
+1.316e+02
+1.161e+02
+1.005e+02
+8.492e+01
+6.935e+01
+5.378e+01
+3.822e+01

a

Oxlae 1a) (tp= 2 M) b duseall milicall dleal Guse (58 g oadl) alea) ae ogiall (S8 :(19) Jeil)
- (5-S) (Al shlis culas 2a DU g (g

LA A8Ual) wag 1-2-4

(2-8)dsina dagha J<I A ghlE gAY 480 dacaa (@

_)}MS\ 4,35 ‘(SPSWZ) CJ}A.\” 9 (RCF) Ca}u&\ O EJJ..\A]\ a3l :LDGA (20) JS.&S\ O
Jiay S sadly (Avg-story drift ratio%)day duwsS dglall daly) Jue &Y
-(Energy dissipation kN.m)sax.all Zélall ded

E=14) daall 445l s2al) &8l i< (Avg—story drift ratio%=0.5) dedll ic adl
daitl Joadd Jrasill 55 aay «(SPSW) #3sall (E=21 KN.m) 5 (RCF) #35all (KN.m
(E=20.3 KN.m) Lol dy5lue 3220l A8l cnpal (Avg-story drift ratio%=1.5)
(Avg-story vie Jaeaill ¢ lgiil aas ((SPSW) #35aill (E=48.8 KN.m) 5 (RCF) ~3sall
E=72.6) 5 (RCF) zsall (E=26 KN.m) dasll 3ardl) &8l culia s drift ratio%=2.5)

.(SPSW) 3l (KN.m

L) milaall 3 g mlud) il UYL sand) dalall o A5lae (21) JSAD o
Al AahY) Jie 8 paad) 4 (AL 5580 5 380 dac ) (SPSW2) 7 3sailly
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-(Energy saawl) d3lal) dad Jiay JALE ) sadlly (Avg—story drift ratio%)ada s duws
dissipation kN.m)

& (E=6 KN.m) il 5200l d3lall i< (Avg-story drift ratio%=0.5) xic 4if ¢y
Fadl Jead Jaanill A5 gy cponall pilinall 3 (E=15 KN.m) 5 aludll sidl LY
DY) 4 (E=12.1 KN.m) 45l sanal) Gl ciaual (Avg-story drift ratio%=1.5)
(Avg-story sie Jaeaill ¢ lgiil aas cdaisaall milicall i (E=36.7 KN.m) 5 =Ll i5il)
ol Sl Y & (E=19 KN.m) daall 320l 4l ciliay drift ratio%=2.5)
gl iliall & (E=53.6 KN.m) sl

80
u RCF

70 = irew C>B (2 S)
60
50
40
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20
10 '
0

Avg.story drift ratlo (6 / hs) (%)

Energy dissipation (kN.m)

(SPSW) 35aill 5 (RCF) z3saill (s a3l d8La)) &3l :(20) JSii)
- (2-8)(Rsili gAY g 488 decra) (t,= 2 mm)
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80
70 RCE 1 c>B (2-9)
60 mSP 19

50

15.1
40 121
30 8.4
20 6
0
0.5 1 15 2 2.5

Avg.story drift ratio (6 / hs) (%)

Energy dissipation (kN.m)

(SPSW) z3saill b dpiaaal) miliaall 5 mlusall igiadl HUaY) (s 5a0sall d8lal) 43l (21) Sl
. (2-8)(Adsila gAY 5 438 dacaa) (t,= 2 mm)

(5-5)isize dagha < AlghlE cles da EBg (i8 Giac e (b

J}MS‘ 4:\5 ‘(SPSWS) CJ}A.\S\ 9 (RCF) CJ}A.\S\ O BJ.A..\.A\ a3l ;\.1_)1&4 (22) dS.wS\ O
Jiay JAW sadlly (Avg-story drift ratio%)isdans S Lglall AaY) Jia (éjé;y\
-(Energy dissipation kN.m)sax.l) 23Ul Aed
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The role of flexibility in promoting the sustainability of
heritage buildings and adapting to new uses- Towards

a sustainable circular economy.
Dr. Ola Khito *

Abstract
The true importance of flexibility stems from its role as a design principle that meets the
demands of continuous technological, social, and physical development, thus aligning
with sustainable development recommendations that call for the construction of durable
and high-performance buildings. Flexibility is a fundamental requirement for enhancing
the sustainability of heritage buildings and adapting them to new uses through adaptive
reuse methodologies and strategies. It contributes to guiding rehabilitation projects to
produce architectural spaces that can be modified over time and accommodate changing
needs, ensuring the preservation of their material and historical value.
This research explores the nature of the reciprocal relationship between the principle of
flexibility and the concept of sustainability in the protection and adaptive reuse of
heritage buildings. Its aim is to arrive at a balanced formula that combines preserving
the authenticity and cultural value of the site with meeting environmental requirements.
The study seeks to activate the role of flexibility in enhancing the sustainability of
heritage buildings and adapting them to new uses by monitoring and evaluating the
practical applications of historical buildings that have undergone rehabilitation and
reuse. This will identify the design and organizational tools and standards that enable
this flexible response without compromising the historical and heritage value of the
building.
The research concluded that the circular economy principle is the cornerstone of these
projects, integrated with preserving authenticity, recovering the energy inherent in
materials, and activating community participation, alongside the flexibility of legislative
and regulatory frameworks according to the building's classification. The results confirm
that these applied practices embody the essential link between the principles of flexibility
and sustainability in heritage building repurposing projects. Strengthening this link is
particularly important for structures of historical value to enable them to adapt efficiently
to new uses. The strategic importance of adopting digital twins technology as a
technological tool supporting sustainability is highlighted, as its core value lies in the
ability to model and simulate flexible procedures and test their feasibility before any
tangible physical intervention for heritage building.

Keywords: Adaptive reuse — Flexibility — Heritage buildings — Sustainability
— Circular economy — Adaptability — Cultural value
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""Contribution to the Development of an Analytical Relationship
for Calculating Shear Strength in Steel Fiber-Reinforced
Concrete Beams Using an Artificial Neural Network (ANN)"

ABSTRACT
This research aims to develop a reference analytical relationship for calculating
the shear strength of steel fiber-reinforced concrete (SFRC) beams using
artificial intelligence techniques. A database of 88 experimental tests was
compiled from previous references, encompassing 11 key geometric and
mechanical variables (beam dimensions, longitudinal reinforcement ratio,
shear span-to-effective depth ratio, concrete strength, and fiber properties). To
evaluate the performance of common analytical relationships, the performance
factor (ratio of experimental to calculated resistance) was calculated for each
relationship. The results showed that the Darwish and Ashour2 relationships
were the closest to the experimental values within the used database. An
artificial neural network (ANN) with an (11-18-1) architecture was then
designed using the Levenberg-Marquardt algorithm, trained on 73 cases, and
tested on 15 cases that were pre-reserved from the same database and not used
in network training, achieving a correlation coefficient (R) of 0.960 in the
testing phase with relative errors remaining within 5% for the tested cases.
After validating the network’s performance, its outputs were used to generate
5000 data points numerically generated from the network outputs within the
range of the studied data. Nonlinear multiple regression analysis was then
applied to calibrate four constants within the Darwish formula, yielding
(A=0.52, B=10, C=0.7, D=1.23), which enabled the derivation of an analytical
relationship. This developed relationship showed notable improvement
compared to the original equation, with the average performance factor
improving by 17.4%, the coefficient of variation (COV) decreasing by 17.9%,
and the coefficient of determination (R?) increasing by 6.9% relative to the
original Darwish relationship. Sensitivity analysis using Total-Order Sobol
Indices revealed that the shear span-to-effective depth ratio (a/d) was the most
influential factor at 23.4%, followed by the steel fiber volume fraction (V) at
19.8%, concrete compressive strength (f'c) at 15.2%, and longitudinal
reinforcement ratio (p) at 12.7%. Interaction analysis also revealed a
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significant combined effect between a/d and Vf, confirming the importance of
interaction effects between variables in predicting shear strength. The
proposed relationship is considered a preliminary research step, and its validity
is limited to rectangular beams without transverse shear reinforcement
(stirrups), within the experimental ranges covered by the database. It is not
recommended to apply it outside these limits or to beams with transverse
reinforcement or T-beams without independent experimental verification.

Keywords: Artificial Neural Networks, Shear Strength, Reinforced Concrete
Beams, Steel Fibers, Enhanced Analytical Relationship.
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(1] Sharma calll ide
e eV (bl 050 el D3l Al sl (il daglie (lual Guyas 4Dl Sharma (1986) bl sk
a/d Jedl Gasll ) palll ¢liad dous o frp dilujall Sl 2l 4.l

1

d\4
vp = (k* for) * (E) (1
feor =079 % \[fc k=2, 1

:[2] Narayanan and Darwish ie
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omtsill Jaally UL 22 Luglie 8 Claine ZDG ot gaall il dga) Gl Lyt BDle Jliald) 58
t kil (el 38 Jsh e LI 2l algaly ol mdudll dasy Silall
d
vnze*<0.24*fct+80*p*a>+vb 2)

p AU Ol s lall sl Jaad) 530 (e @ Jalell g

a d a
e=1 for (E >28), e=28+ ~ for (E < 2.8) 3)
IS Tpatll lll Alasy) laaiy) Jilad e alaieYUfy,  BUIL A8 daglic e L
fcuf Lf
=— 107+ +VF..(Mpa F=V,-L 4

Calll Jsha Le: el Gpaaal) dpll Vir ccalll QeletF (Mpa) bial) e dpeSall Logiall sfp picun
Ll e alaeVl Galll Jele g o ciginad) cillgill culd GLIBU 15 cdapaial) LI 0,755 Ayl
ehidl Gape th el bl dus ip f clulal) Jele e Jy Lt g—f JSal dele V% LB danal
i f
(mm) Jdl) ¢ &N :d (mm)
A AL anys 45° Ayl Jild) (gl 3l Jsha e Calll Conas Faslia 5o V) 2Dkl (e Gl ansil
L
f
V, = 0.41tV, =
b T iy B (5)

(1974 — swamy et al J8 (1 dajis iadll) Mpa 4.15 gsbos dulall dlgal T 1dua

: Ashour, Hasanain, and Wafa [3] i\

ol gl maail Focalll dale Jial galadl o gaall (1968) Zsutty addle (1992) Ashour et all e
s JSall Vs el

3| d
Vv, = (211 3/f; + 7F) P (MPa) for g > 2.3 (6)
3| d|2.5d d
v, = [(2113/f; + 7F) P+ vy (2.5 — E) ...... (MPa) for % <23 (7)
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Juani Lafl lsaj8l5 «<Narayanan and Darwish (1987) idle b 5355l lenit oo VD, f cDlad
ol lasy) Jlaad¥) Jiad pasiuly £ calll Jale bl ACH =318 Eq (11-5) Suadl) 358 &dle
;) Jeay

d d
V, = (0.7 Jf: + 7F)—+17.2p— (8)

:[4] Khuntia, Stojadinovic and Goel i<
Gla & 318 ACIH Sy ol ddle ok e slaieVl all) dale Glusally 336 aDle o gialil) &5
T = 0.68 * e Lisalls Calll (ol alea) o (oajis Rzl aey 23l daglia e alaieYL L) dale
LS Al ) e Jalad) Jlaal lsall assil) Jeal) 6 Jaly 0.9%d Lslue bl 381 sageall psiilly \/f°c

Pk
V, = (0.167e + 0.25F)\/f; 9)
e=1 for (322.5), e =25 x §<3 for (%sz.s) (10)

Ginsyd e & Wlu mecasall 433 say Call) Jile :F ((MP@) (ysinll shaadl) dogliall < £

:[5] Kwak et al ide

i) 2 g ugil) Jaadl e aill 58 ,5h Ll Zsutty (1968) e Kwak et al (2002) caldl Jae
skl s AV GG daludl sl L ail) daglie b LU 3 pil) des bl Sl GLIVL Gals

2 d

V,=37%ex fct/3(p 5)1/3 + 0.8V, (11

a d a
e=1 for (E >34), e= 3.4f — for (E <34) (12)

gl 35S0l AR (e et frp BIL 231 daglia
fcuf >

=(—2=+07+VF 13
fCt <20—\/ﬁ ( )

ULJJJZA)\L uA‘é)JSJAj‘ & ™ lalaall e
t sbll Ala) A8Mal) Ldly Adjlad) cilidlal) Al -3
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aaa daaly Ao
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4 jlarall g Aniaall dpcigh) aglad) Alada
Claas ule o jhaa S0 Lew adly Lau

Tsia 38 JS Cady cilla 88 (e Sl il 3aclE Aladinly i) CDla)) i

.\...y\ dALM} ‘LE)L‘MX‘ ubxyb ‘(:\_,9 A ‘_A;\ 4:;_;_\“).;_“\ Z\.A}\.SAM 4—\“:\) Ca\.ﬁ%“ LL“LG

O lalxall 528 (2) djdﬂ\ C_...a_}.\d (RZ) A..p;ﬂ\ d.al:uj c(R) LL\:\J‘Y\ d.Abu\} c(COV)

(oylus 4 i)l Bl Aflaay) cDlalaall o 2(2) Jsaal)

eleall | SHARMA[| DARWISH[ | ASHOURI[ | ASHOURZ[| KHUNTIA[| KWAK[
PN 1] 2 3 3 4] 37
AVERA
0.403 1.217 1.271 1.209 0.777 1.252
GE
MAXIMU
y 0.587 2.336 2.472 2.340 1.304 2.440
MINIMU
” 0.200 0.380 0.381 0.380 0.219 0.380
ST-DEV-
0.110 0.432 0.483 0.424 0.274 0.490
(N-1)
COEFF-OF
e | 2732 35.49 37.98 35.09 35.23 39.14
R 0.65 0.85 0.86 0.85 0.78 0.86
R? 0.42 0.72 0.74 0.72 0.61 0.74

ol hlai ¢ yshaill deeda JSY) LS Ashour2 ddle; Darwish idle o mitil) el
jlie (A dalra alaadly o s e 1.209 5 1.217) aalsl e ¢l dale Jausia
R? = 0.72) s 33505 5)38 g o A5l e %35.09 5 %35.49) 5aY) Glidall (any
Juad (S Balila Bipa i L3Sl skl Ll Darwish e Lol & s . (LaglS)
AL Lalal) Ll Al e Jalind) e 520me O alas §plaey grans Lae sl g3l S
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e UhaY) dusanll A4 ¢ Uy -4
= (Feedforward) duldy) 3 g5 (e cilidal) 03wk dye sl dynac ASuE apandl o
11) e gsia3 MATLAB iy alaaiuly ((Backpropagation) uSall jLisyl due)))es
Ll 8 Usuae 18 — saaly 4s Aide — (Ukid) i) Jid) Jlaoy) dishs b sasg
L el (((1-18-11) :aSuil) Ay — (Ll daslie Jiad) saals z)a) Basg — dall
A4kl Tansig gsi (e daplis Ay pe eyl Lilee 4 Levenberg-Marquardt 4uw))lsa
Colaill (e Alulis dey ilaleall 038 L) 5 25 2 |AY] Ak 3 (Purelin) ddas Al 4l
Gy e by Slilee (3) Jsand) g dua (Agal) Aadall 8 Cliguanl) (g dilide slael e
oYl daaally il Aaye e JSUR LUV Jalae o jeday LS (Ul alasinly 4Sul)
aan e e ciliall uyxl) (L Early Stopping dgi leadi) Wi 834 el (g
(M5l e (70-15-15) oy (LLis) (@ons ccayx) ) bl andi pa clibll (e disall
Jaball aen 3 5508 LoV delee o culS 13) Al g A0l il of s of (Says 138
Uphe e af ysel pre o SHly LAY Jilaje (8 Ayl o(SLEY) — oS — il
Al las) Aglesy bl WiCay (ailiadll oda (3a3 yiey caSH Alaje 8 Jand) J)Si 558 3
Bye A8 (i Wiy Bana a2l AN ) e Ll aae Jla s Baa o slay

Ll ASH saad) (pe appail) Ul Aai 0 o) ccliguanl) axe 52 ) (Retrain g

sl (e Adlide dacY Al Cuyy il 1(3) Jsaa

e R R R Overall -
Sliguanll | gl [y R o
1 0.93745 | 0.89373 | 0.92648 | 0.93242 i
5 0.97598 | 0.96637 | 0.95415 | 0.96522 i
7 0.99028 0.9639 | 0.9442 | 0.97298 i
9 0.99264 | 0.96514 | 0.9691 | 0.98222 i
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4 jlarall g Aniaall dpcigh) aglad) Alada
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10 0.99141 0.95133 0.96791 | 0.98168 (gasd
12 0.99182 0.92692 0.96435 | 0.95493 (383
15 0.99265 0.93695 0.98592 | 0.98635 (383
18 0.99002 0.98914 0.96006 | 0.98306 (3l
22 0.98273 0.94531 0.95809 | 0.96977 (383
25 0.99394 0.96533 0.94164 | 0.95882 (383
30 0.99126 0.97459 0.9256 | 0.97068 (38a3

Gl paca avenil) bty il 38y Gu ols Juadl (Sia Uguac 18 of mitial) <yl
) e o 28y ) R WIS @ Ugnac o @

sacli (pam A Splee A sn b cdgylal) Al e Gl Gl a3l 138 o V) dalial

SSad) GEY) 46 it & ((Overfitting) desdall & JLhay) cuaily cilall bl

e U Wil giic Wiaa 5 (Validation Set) dlaiis (3385 de sana as (Early Stopping)
LYy Bintly ) Jadpe s V) ales o 3 Ll il edaly eyl clily he

o bl Aadinly Jiie oayls 38a3 U dalall 2l Y 13 ol bl saclal L 350a))

Wadll wye Jassial dad B (1)JSE mumpd 45l ol e Wl zdsall by 4 Jax

Mean Squared Error (mse)

A Sy (6) e MSE=119.2382

Best Validation Parformanee is 119.2382 at epach 6

12 Epochs

Cappail) Jalpe DA dgnanll 20l ¢ 1o 3(1) IS

Jax 1 P Jalaall A4 Al 4 My, o Cus (M, = 0.1) Jaladl) of (2) IS elas
sie Gradient = 74.5174 Wall g Jue lasll deg il bes oY) Cunan ddle 8
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o) T oY) Cuaad b Jay A P Jalaall 409 daiill; Epoch = 12 S axe

I (@hlad¥ls oY) aae) Aledl) ol aae Jaull) g (M, = 1) Jalea) Uadll 208

gradient

N

Validation Checks = 6 ASull cuydi & Cuala

Validation Checks = 6, at epoch 12

Gradient = 74.5174, at epoch 12

T T—

Mu =1, at epoch 12

12 Epochs

A3 Aladll @l eyl axe 3(2) K&

scli o lpdie UKy s 3saae Alla 15 o 48030 lasl #5056 (4) Jpadl pansyy

N a3 %5 el Tadll Golaty ol Cum ey

Sl pligy

150

455

455

685

254

225

700

375

381

381

610

221

221

197

570

340

L span

Hladl Sl

1160

2136

2136

3558

2100

2100

1603

5000

1910

3 o
%‘I

0.0205
0.0196
0.0263
0.0152
0.0239
0.0239
0.0136
0.0287

0.0167

) oal Jlaa i

Jlail) g Lis¥)

&Y
<)
R

3.44

3.44

3.5

25

3.5

2.8

2.98

2.5

[15]audal)
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4a8a)) dagdl)

Glysdiall (e coylat EDaae e Taldie) ANN alasinly Gluall il :(4) Jsaal
[6]...

KN

22

174

220

228

65

50

53

522

155

4 gunall dagdl)
KN

23.13

171.33

225.29

220.81

65.66
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120

200

200
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125

120

@JM\J@M\@M@J\@JM!M e daala das

Claas ule o jhaa S0 Lew adly Lau 2026 pls 9 auall 48 alaal)
200 167 720 0.0132 1.43 13 23.9 1.5 60 1100 85 81.58
300 260 1800 0.0355 3.46 14 46.4 0.25 65 1100 111 113.91
300 260 1800 0.0355 3.46 14 43.2 0.5 65 1100 121 124.19
304 282 1524 0.0199 2.5 9.6 33.2 1 100 1100 146 147.58
250 222 1200 0.0145 1.8 10 30 0.5 80 1225 79 80.01
300 266 1100 0.0126 1.13 20 31.9 0.6 50 834 146 147.08

repiiall Llua Julai -5
o il e aaY) clsial e e JS) Gsal) aad) pil Flal) Qa3 (g5
Sobol’ Global Sensitivity )Jillall Jssw dipph cadag 5 @l dal ey ¢ il daslia
e IS Gl (pne Lmanday I Ayl 8 Cum ¢ 3l Jidas e 2360 (Analysis
X1
OSay A (il Ao sliad SN Gl e e 3al) Ay Guiys 1(ST) iyl LSRN e e
A i) pe Ale i il gl e Jhmas o2jian Xi el S ) (ghe o
el ¢ JSU il 8 X yiall daalise Jea) e Jiats o(STE) SN il a5 @
Chyiall (e degene ol e Al ADle s il apen ) ALY 2jsial) 0,8l
(s AY
Saltelli iwylss (385 IS Cuige 38lae P o STi af i Lee g WS
ey elypiiall ladl) Bl Gana 335 Ailsdie due N = 5000 i 4lein¥(2010)
liall laghias Jilats calll clajie Clual Lpaal) 4080 38ae Al L) e &
sl diall clulall slagy dadalid)
o) o ) sa gl sl 4 s HLad) s ') (3o Jial anaiWST slaie) o
Si ge STi A3l of clld o aal)y Ay e lin ald il oyl sy 8 i Lpaal
A Oy Legin @il S Wl oz dgaill Sl e cDle il diam el Dl Ladlain) o
Jelally UWae ol Jas a8y Jaia IS0 Y eDlelil e 51 opil ol uid) of e
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Ol 3aas e agiall 238 58 i) Las woday & M Vg a/d on ssill )50
i U %100 8 Ragyine STE o8 (5) Jsnsl) Jhass ilind iy Ledayys LS Ssaal
Bpile DL A (e — dge — G — Tauvia) il gl LSl (e Aibians Ll Asje
o sl o3el dagall land) (pas e ledl 7 gl dpbin 3 uiiall ) (300 L e
el @l Glaabue luaa) ) @y 5505 (%115 48 i) %100 sl Lo sane
A @yl en 3ye e ST EDle i) p3a il G ol pusiall A il pE5al) yaca
Jolgal o ((Oosmrla e 5) Lpsemal) 4802l (3l Jilaty Lo Lgie oniill) sl o3a S5
Lo sns clning Laa GlIY) 556 Loy e SY) (s (ol olafy @/ L) Gpig])
Galeas o Spaill S5l aedll Tisie TS Ll 855 e auctl Gll€ead Baulo) t0lial) s sy

Jeay (il ) Lllatl 4800yl

e sy clyaiall L) LY :(5) Jsas

i il (%) ommih) ¢y38h | i) il paall
1 a/d 23.4 R i T ey
2 Vf 19.8 <l pae i) Adlad 2any
3 ‘c 15.2 Aga Ll Al Alia Jiay
4 p 12.7 b Glaleay) aysi Ao i
5 bw 9.3 N el Aaliua 23ay
6 Lf/df 8.5 bl Al e g
7 d 7.1 I eyl £ 13 aamy
8 2300 Aalia 6.3 <l Jaal) 3508 aay
9 Cligeanll ks 4.8 dsa Cligeanl) Jals le i
10 h 4.2 i aaall il e i
11 dand) Joha 3.7 (i ol aysi

reia) o Je il af il -6
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il s s Ly 855 g i) e glie dead 8 (1) A Balyy 4l Tan gl (LS
A 6l Lapn Al (el daglie ded fas Gun (pi = 2.3 — 3.4) G maadl il
R gladl) Balyy o Lo Tansly el e pdadl 80 JAIS (g il i3y aialy oS5 (pi) i
e By W Aslge dagil) oy cpalll gl Jladl dead (50 25 (f70) Osinll Byedll
IS 3L o LS () osinl Bnaall dasliall ga inpha sl il Raglia o) G ligaal)
s e el Gadll daglie e a5 (bw) Fall Gases (V%) Gl dueasl) Zowill
Lanall Lossill G (30 Jelial 5y el Aaslia e 5inall Jalsall (e lail) Auslyy )
Dty Zaam SY1 el ojliely (@/d) Jladl) Gaall ) () Gy (V) L35 Sl
Cmans ol Aaglie il s b didall 3B st s ilall Slay) Sl e
bl il T e (2.5 (e Ji) dimitie a/d Ao (35S0 Ladind (Jlaal) Ji 5o i€
baLisl & aSailly (§8all pilaal) ueail) bl Jandi DA (e Ugis)3 8 Gl daala ()5S
S e LYY Jaxt Gun il daglia A Jagale Guad IV 3045 g (Glaill 13a b
A 058 Ladie (il Jahall Gusill e (osdl) JUE) (pandy ddagruaall 43kl A30a
s Gl daalss Axpla g e lindV) i ) diagel) Jsa (3.5 (e Sl) Adlea/d
a/d sV omdelll gap b catll dilaia 8 clolea) ausi salely alll liass 8 oSal)
(O G o e bl Jsag Las ¢ Ol J8 (aliaia¥) 48l Balyys Jilad) dilie (pans )
OS5 G Aaa bl ady s bbd gl a/d 5V Gw delall of diail) ey LS
85y K55 Bkl ASaliall 038 ¢ AV 25mss Lataal 8 il dpuliea ST ALY Llan)
Y areaily Lyl Aadatll d cppariall Cpda G gy B Jelill sle
Lldadl) Aidad) ughas —7
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AL 0S5 b Aane Alan ALy gl o)Ll 3 o Ly Apmnd) A0 3 g a5 ey
Olalee Jici (A,B,C,D) disas il dng)l Jlay) g ¢l Il Darwish Lga sl )
A3l Gl Aalidl) lupald) @lgle 3 dabad) Jalgal) 50 cae el lasa

)OS L) Al )l drall Jaa
d
Vn=A-e-fct+B-p-E by, -d+C-vy (14)

1 if % > 2.8 (15)
e =
d _a
2.8— if 5 <28 (16)
L v,

Jer fe F = VfD—’; g (18 L
—W'FD —0.41‘(VfD—fB (19)
+VF (17)

iy 3acl gl dypad) daal) 40a) e sldieY! &5 (A,B,C,D) diadll cufgill il
(SHS Cige 38lan e 4dass 5000) A gyaal) bl GUad (pana 2N Cilajia (e da2ae
2l e Sy )le s Lelilhia) Sl a3 ol g jad) i) clalai JlS culae
Fasanl) A Lgialad ) 3D Jia i A e AlaeS Cieadind Laily sl
o=l Aaslia e Jpanll juasl) 3l je Llill sds e o 5 el Jlaall il
sl AB,C.D Gap¥1 gl spladd ol pe aaxiall jlasi¥) aadia) celld aey LALl)
asall ALl (e Aysunal) Gl Aaglie af G (+UbaY) Clagyad gsane JH) Gl Juadl

gaasll 4080 (e 3algal) el
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15 )shaall ABLAll el JSEN iy cllhyg

d
V, = [0.52.e.fct+1O.p.E].bw.d+0.7vb (21)

fC Lf
=———+1.23+F 22), F=V,—= 23
fet 20 —JF (22) foI? (23)
- S - - RN
daulg Baaaa Ayt COlalaa .A.B,C,D (KN) omill iojia <V
ANN
Sl bl A 2 p sl Jeall Jale ze
(mm) cus) pax bw: il g ) Jladl anll 4o /Z
(MPa)aslsall biall daslia : f'c (mm)Jad) Geadl :d
Gl dele i F (MPa)ils,all aill deglin  fct:
LU kal ) Jshll ws : Lf/Df (%) <L Lanal) 2ol Vf
iaglie 8 Gl dalae ) J<E e adiny) dlulall dale
vD: . :
(KN) =il (<L) g

A giaall il @y G 1.0 ddapaid) G 0.75 dasived) LU 0.5 B
Al Sat) Dl i 5 88 ¢ L) (950 z3sad (e Byshae A Jidh Alalaall o8
Jshall A LU dpanall Al o F Gl dale peny i ¢ el A8 Aaliaa) Jalgal)
o AL oda alasinl (Sars el b Ml Mia Jaey Les cclulaill Jales ¢ ylal) )
Gl Gam a/d A o5 Lavie il AV GLIVL daluall Aplsall Jlsal) apeas
A8l sl aaly delee dies o i ¥ Ll 3 AShOUr2 (e 3y shaall 283al) a5 ¢ g p2al
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a/d dpwi e Adlida il pe 5 shall A8l £ 1o anis -8
i) ¢ liab A DAL lE Ly cilS 13) Le A jaals oyslaall 2DMal) 18 (3ee agh (jlanal
3308 0l 5 (5) Jsand) Lelal LS zagaill 3 Tal Y yuiddl sy (@/d) Jlaill Geadl
agaall iy @llds cafd ol dad o 2l iy oo ) Als 88 (e Loall bl
Al ) L) LT G sl Aallal) by S5 Apllail) DAl aliee Lgariig ) Alslal
daally yiball Gadll ldl 8ylas iy (@fd < 2.5): dnddieafd Lo cld Ylall o
ALY GRSyt (8 1) ss G Gl G sl
(Spall Gailly o liad¥) Gl 2 Cua (@fd > 2.5): daiipe @/d dps I3 Yl e
claleal) apg salely 2l i b oSanll Uall ST Gl dealua (555
ALY A e IS0 as e 3OS oY) dalad dslany) cdlabeall cuud
£) V) it (520 il @lldg (7) 5(6) lsaall b munse s LS i3yshaall 28MMalls(Darwish)
g e liuia 5ghaall Ak aijelal G el S 1Y) Lo ddjpaady (O laall Calida ye
Lo Gl 8 Sy adl Bl a/d il

Darwishilay) id=ll a/d il dglasy) < leleall a8 :(6) Jsaall

(Auasyl Jalaal) a/ld < 2.5 (¥l s a/d > 2.5 (<Yl 2
31) 57)
L 5idl (Average) 1.285 1.181
& el ol V) 0.512 0.382
(St.Dev)
<aAY) Jals (COV %) 39.84% 32.35%
LU,y Jaes (R) 0.81 0.87
sl Jalea (R2) 0.66 0.76

afd > 2.5 iy dsall s Bl 48y i< el 4191 Darwish idle of (6) Jsaall maasy
LAY A G U iy ey ¢ afd < 2.5c0d Al Ll 48y Ja 2100 cpelal Ly
Dbl il i 2 g i) Slaall 8yl ilsall A Gl daslie s & dallad) ) Jass
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Abstract

The behavior of shallow foundations under seismic loading has been
extensively studied. Despite the abundance of studies addressing the seismic
behavior of shallow foundations, most previous studies have focused on
shallow foundations without considering the complex interaction between
foundation depth and surrounding soil disturbance, which may lead to
localized liquefaction and settlement greater than expected. However, the
response of these foundations and the effect of foundation depth on the
dynamic response are still not sufficiently understood, especially with regard
to soil disturbance caused by excavation and foundation placement. This
study aims to investigate the effect of embedment depth on liquefaction
initiation and resultant settlement. A square footing (0.1m x 0.1m) was tested
at three different depths: at the soil surface, at a depth of 0.03m, and at a
depth of 0.05m, maintaining a constant applied pressure of 1 kPa. Saturated
sandy specimens were prepared in a rigid soil box and subjected to sinusoidal
motion (0.2g, 2Hz). Excess pore water pressure, acceleration, and settlement
were recorded using specialized sensors. The results identified an
intermediate depth (approximately 10% of the liquefiable layer thickness) as
a "critical depth™ that significantly increases the risk of localized liquefaction
and substantial settlement. Therefore, it is necessary to consider soil
disturbance resulting from excavation and stress redistribution when
assessing the liquefaction of shallow foundations at different depths.
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