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24. Solid embedded foundation



YWE-AYA ((1Fes L) ) o)l Y wla (o) duxo g ol o (oo 4y 306 | G:..:;’aosbi ol Ly wlas e Y

cpo b (e slag )b Sod il e o wims e pli
il d/D=1 gl plp 00 3 d/D=0.5 gl plp ¥ 5l i
s 3 sl (5 (250 5] e 45T BBy 0 Sgae 5 MBS 0
@ slaad by aule (udjpamme 4 Glei o0 oy (nl Sle
S S5 o] (99,0 SB 5 g sload ez 0 45 0 5 o L
Brosdas S g b alin g L8, 5 0l oo Jos axly gl
b (o b amlie 10 ESL (g Candd izmen 39 algS
alie A8 gl )0 G 5eS Cunld g Wliss 7P IB 29

S (g0 425

JSI L sl o (5l o0 (6 03Il (6 3k cad b —F Jgur
Fogile ¥ g
N) éﬂ)l% H-*-e)la

d(cm) o Jsb D(cm) ¢ o ,kd

ru=1 =0

Yo a0 . \e.
\o- Ye. o V-
Yg. OYd V- V-
Y0 AY - . Y-
\YYE-. yva¥ V- Y-
Va0 ey Y- Y-

S oy cgdate ol Lad (8L dagygasl pgo s jo
S ulyd )0 09d 0 BlS (rhaw lag )b codils
a4 e o b s b cwl YU (=l) i ol Hlad
O gl SI Ll 8 5o g sk il a0 B0 5l 5eS
@ b bl S8l (pl ) o0 1m0 Sl gdiie jLus
o5l SB IS ol SShasl 5 jige 25 el 5l L5k
9 osdee g )b 5l el it o8, Cwwd Sl cge
ruml 5o oS sl g 6,b o b ans e il | bt
o b aslic o a5 WS o s | sooye Luyi Lials
005 ogame Juds 4 ISL g )l e 0 Ses (i
SxSslr B i sl alS g o0 5 SIS
i 0 Sgnte |y (2 DL, 9 WS 0

Oy 4 lilge (S o )b cud)l o9l jelateds
1444 Houlsby ¢Byrne) o &l )| pbamo awgd Gas o pb
s Sl polae addie pl Gull (Y- VY (] Sen 5 Barari
Tl @ Gl Cedb s (Fadsiae Cums 5l ol 2SL
s e oL | alsles IS 08 (V) alal el LSy L b

\Y

Bucket

—14nd ™
\ D

Surface

el S S, Ll Sl 45 e Ltaliél () L)
e (o Caii -l gl agel Cui S 4 (V1) 5 () sla JS
|, (1) S ol Sy, bbb o e lo Yo g Ve ki L
e e Hlis
ru g 4l gdate O Jlad baggeil pgs aiws ,o
L owlosls plas alfisle;] mls aw) oo SO soe & S
IS s o a5yl s wsiiie ol il
o e @S koo a8 S Sld Gl S5e 25
P10 S Cuglio jugumsms (ualS 0925 b aS csl o1 Guaos
2 5 dnle ige A RalS g sdate O Led liH
Aiten gl byl Lo b 5 8l gz s LB Cuoglie
ol jlad m8, YL L wssls flas (Y+VP) o) Sen 4 Jafarian
@ S 65 g e (v slag )b )b (sl
SedlS do o B0 3l s cedaie ol lad ddlal eay byl i

o
150 -
o -
—
300 ¢ - Case8 -
---Case 9 i
250 | i
2 200 - I
2 T —
50 L LT
ZL "‘ e
100 ,’:“.
i 4”
,
,
0 I I I
0 5 10 15 20 . |
o0 s

(ru=1) o giilu Vo yad Uy oo oy ol — 5l 15905 -4 JSUi

2500
——Case 10 o gl Ve B o
2000 - Case 11 —
---Case 12 e
5 1300 F -7 |
- ST e
,}100[} f
<
500
0 10 20 30 40 50 60
(MMm) S

(ru=1) o giilu Yo pad b g oy Comciiin )l Hlog0d =)o JSC&

Sl b )b Ol pndi -V-F
WLl b oo o 0,50ee gug0 o yge;] 5l s 90 12 50
2l (F) Jsaz ol dggin Sals o Sl s laad ot
all gbdl Glasle S 0 g 5l S e gl Cudib
SLal sdie O Jles eny gl Jsl atws gl oS



wy AAR B ) A Q]SRN PH)R IR PUWINAL IRV E SR SOE T U VRN SV v iy s:..:;’aosﬂ ol .y las e

¢ Jafarian ¢«Y+\Y Karamitros Y- \- .|, Koo 4 Dashti)
(VY K

ol Hlid cas (I3l b ams o olis idgh opl gl
9 QO;@ awls S L;».’X.w )l Qoo ' Sgi> (ru) Lsm
(sdite ol Hlad alol e gl S Lyl 4 cos ba o
OF) JS5 sl loges oS oo 4,25 | (6 iy L Cenis
@ b S Ll sl o b g canis adlal ol
50 g cansd adlal Ol s oK aies oo lis 1) (eda
Sels e il Yo g Ve LUl L o 9 sl oSy, sSs
Aid K055 alin

slag wges Oy Olgies B)lsged Sl 4 a2y b
o3l odle o SlLbl jo laad 54>y a5 cl Jb> yo oyl
P obad gleg cnl o Ses S w2ge (o b cedSb

..\J)lo b.’zJa.«.v

400
% —— D=0
§ 200 —a--dD=05
3 ——dD=1
T 200
Z
T
E 1.00
=
g
-
0.00 ‘ ‘ -
0.00 0.05 0.10 0.15 0.20

AS/D=(S[ru]-S[ru=0])/D  SLol Gands Zussi
(alh

O/V[ru] (obwb! ooy

Vult[ru

0.00 0.(‘)5 0.;0 0.;5 0.‘20 0.‘25 0.30
AS/D=(S[ru]-S[ru=0]Y/D ( o el ot
()
Olaobl o 38 s 12 00 Jlo yi ol Ol i VY JSC0
Vo k8l o (Airu=1) Yh & g, gl bulyd yo o
ol Yo a8 b o (0 e il

1, losle i 3,Slos wilsi o b gy Conii 2l
S Sl oSl s o b jshiieas 13 ayled Jie

6}.3)[.3 C»uﬁ).b Vsurface quL) = pjls 5ﬁ)b u-»..?)-‘a VBucket 45
SIBOPe o S ey (el (9 4 ESL (o sk
amo e ol |, (/D)

o g0 sl |, (V) alas, g5 e anlllas ol lis ol
«(Y) 4.]43‘) Sgod 4.3|)|

S Ry Yo JEY T OO
7 r (cm)D ., ks -1
6 o019 --fu=l _-~
3 o —ru=0 -7
§ 5 -
> 4 BT
3 3 2
> 2
1 o
O 1 1 1 1
0.0 0.2 04 dD 0.6 0.8 1.0

2SS (o 62k oy S Ol ki (S - 1) S
ot A 4 el Connd bl (ol

\
Vowe 1,439 1, =0

Surface D (v)
VBUA:1+5.991 =1

Surface D

Sgd g0 ovalie (VV) S8 slo pove b anslis b
e glal Sl sy o0l Sils, S 0 oSL g 0 Shos
S99 Cde 4y CSL o (6 50,b 0as |[Klg, S o Koo o leay
b dnslie )0 a5 b oo S5t (2P B Hobar LB laad
LSl o Slbl sbead ool i Ly =0 glosl S
SWIBl o 09y S Cuglis w0aiiS jpame S il 8l
0 Sk S g 983 (0 ) (6 S el AT 40 B o0
il os a3l x4 e S

&t 21559 51 oy St Y -F
3bj loj sl il o bl S gdie of lid
P Sl Gl g el cedb a5 g sl o
Sl g Caniti 35l el valys o o ) Hblie sla i
3 ol o sy e Laagp 331 (e Ll 5 b
ool &Ll 2l Slg) 5l St eSS sl (Satly 9 b jloges
) Ken g Tokimatsu ¢Y1AY Seed 4 Tokimatsu) coul
I ow @ sbawas cal ools plas 3 wlagsw (V44Y

Sl ey Sl ST lae (253 0 S s 51 ]SSy,



YWE-AYA ((1Fes L) ) o)l Y wla (o) duxo g ol o (oo 4y 306 | G:..:;’aosbi ol Ly wlas e \Y¥

Q| gdhie jlad wdlsl b e o g b o Blol canis
Oo9 Lls o 4y 8L slo g o jloges pl ulul p asloais
Ao oo Jois 1 ol Sl 5l il i a8ll o il slaald
s Gl b (3l Glgrea <SL o 5l Gleiee 1Y
oo b avslio jo yiin )b Jood pogdle a5 05 ol oxbaw

Al [y slaSe jo 6505 (Blol canis o oelaw

&l -#

8T e ey llil e o0l il iz Bl (6,58
e &Y 0 580e G ole byl (sloj)
oy ) o 5 Ol yos (omtitee 42555 " S,
YA-VO (V) FO AYAF 5

5 by, 585 Jlazo o) " giomi ] (s Jaale p S Lo
Soeslied b gk slayell o Cuenl esu
i ayts NSy iy g 3B sanadss
YV (F) FY Y8 0 oKl cans b g ol jes
Avd

Adachi T, Iwai S, Yasui M, Sato Y, “Settlement and
inclination of reinforced concrete buildings in
dagupan city due to liquefaction during the 1990
Philippine Earthquake”, In: Earthquake
Engineering, Tenth World Conference, 1992, 147-
152.

Barari A, Ibsen LB, “Vertical capacity of bucket
foundations in undrained soil”, Journal of Civil
Engineering and Management, 2014, 20 (3), 360-
371.

Barari A, Ibsen LB, Taghavi Ghalesari A, Larsen KA,
“Embedment effects on vertical bearing capacity of
offshore bucket foundations on cohesionless soil”,
International Journal of Geomechanics, 2017, 17
(4),04016110.

Byrne BW, Houlsby GT, “Drained behaviour of suction
caisson foundations on very dense sand”, In: Proc,,
Offshore Technology Conf., Offshore Technology
Conference, Houston, 1999.

Byrne BW, Houlsby GT, “Experimental investigations of
the response of suction caissons to transient
vertical loading”, Journal of Geotechnical and
Geoenvironmental Engineering, 2004, 130 (3),
240-253.

Calvetti F, Prisco C, Nova R, “Experimental and
numerical analysis of soil-pipe interaction”, Journal
of Geotechnical and Geoenvironmental
Engineering, 2004, 130, 1292-1299.

Dash SR, Bhattacharya S, Blakeborough A, “Bending-
buckling interaction as a failure mechanism of piles
in liquefiable soils”, Soil Dynamics and Earthquake
Engineering, 2010, 30 (1-2), 32-39.

Dashti S, Bray ]D, Pestana JM, Riemer M, Wilson D,
“Mechanisms of Seismically Induced Settlement of
Buildings with Shallow Foundations on Liquefiable
Soil”, Journal of Geotechnical and
Geoenvironmental Engineering, 2010a, 136 (1),
151-164.

Suoglie g (S 1alS 5 2Kl 5l e SB LS, 85
g dals> (el 5 65905 6ol Slawlre y3 S

S goew @)l judlbl o pbadsgrgade St o
b dlie )0 |y 6 508 Cans 18 e oo gnge |, (o2 3o
283 g0 (Lt Beho (nl s Sged walss 4o (e gl
Ol g 98 (oo (b (9 b alie yo ] (6 S Cenis ESL (o
o2l Gl b e Gl ad el Gl b cenis palS
O fles (o (o b B yo weo oo lis ESL (o
bie 435 plore 4 Wlgs o g 010 Sl S S 55 (6 7240
Bed 4l 1 Sly, S o

& 35 i -0

s lp embe Rl plpe 4 oS Gy
Sk Sudib oS cul ot (Bpme Jolulp ool slagrys
slcaje 5l (Sas o) ools sla)l pln o 6 0 Ses 5
b slag b b 5o ol glol g osle ceai o251 (g oo
P93l » eei) Bl )3 lag g5 cnl 3 )8 (58 .l
ol 005381 [ Silg ) slaS jo o o Jod ol 0, Slas 4y a5
5 S (Fo sdiie o jlad WIEIL loj ) ISy 28
a3 oS 1) 6k cudyb

SE o 8L (o )8, egaz )0 ogure sl Dlinios
IKlg, S Coaglie (2al5” 51 Gadod (a0 93,1 9529 1,55,
Oeizmed (L85 )18 aalllan 0590 S (o 65k Sed)b 0
Silwdawe 5l oolainl L S o1 Sls, 51 ool aSL o contd
b Gl b ass oo (LA Badod s b Baiod (S5
9 o0 AlS gz jsbodr o 5 )b cud sl 5l sdine O
Sl b edib shls (g S LS IS e s> L
B Jlade 4 axg b gl cudb bilejl nl o g
8l ol sl ke aoys B0 b Fe e 4y o Sabigan
2 g Shbl s alead gy Lo 4 oSL g sk ced)b
ol @l bl 2 b 6508 el (ol (o b anlis
w2 ESb 2 b )b oy lp (7) alal) (3ados
ol s aLA/D) (Sabigioe Cond 5 b o b
P o 4 Cas [Sly, S o a8 o e oo ol alal
Gl cle @y S0 ©ileas sl (5 0 Shos sl
Shbl g 9,0 S Gad jgame g <Sb g S (Sens
9 Fe )b b Gl (b (g @ S ESL g 0
By wales | Kilg, S o (6 e o Slas

b fl et (mha g b dlie 0 <Sb g Geizeen
ISy, lasSls 0 onay (ul 45 a3 o (6505 Cenniid LSS

¢)9—|).3 6‘)4 ((\Y) Jiu) LgLQ)‘bs.oJ | Qw ]o.m.».a 03



1Yo AAR B ) A Q]SRN PH)R IR PUWINAL IRV E SR SOE T U VRN SV v iy s:..:;’aosﬂ ol .y las e

Prentice Hall, New Jersey. 1996.

Lagioia R, Sanzeni A, Colleselli F, “Air, water and vacuum
pluviation of sand specimens for the triaxial
apparatus”, Soils and Foundations (Online), 2006,
46 (1), 61-67.

Liu L, Dobry R, “Seismic response of shallow foundation
on liquefiable sand”, Journal of Geotechnical and
Geoenvironmental Engineering, ASCE, 1997, 123
(6),557-567.

Loukidis D, Salgado R, “Effect of relative density and
stress level on the bearing capacity of footings on
sand”, Géotechnique, 2011, 61 (2), 107-1109.

Martin CM, “Exact bearing capacity calculations using
the method of characteristics”, In: 11th of the
Proceedings of the International Conference on
Analytical and Computational Methods in
Geomechanics, Turin., 441-450, 2005.

Meyerhof GG, “Some recent research on the bearing
capacity of foundations”, Canadian Geotechnical
Journal, 1 (1), 1963, 16-26.

Rasouli R, Towhata I, Hayashida T, “Mitigation of
seismic settlement of light surface structures by
installation of sheet-pile walls around the
foundation”, Soil Dynamics and Earthquake
Engineering, 2015, 72, 108-118.

Su L, Tang L, Ling X, Liu C, Zhang X, “Pile response to
liquefaction-induced lateral spreading: A shake-
table investigation”, Soil Dynamics and Earthquake
Engineering, 2016, 82, 196-204.

Tatsuoka F, Goto S, Tanaka T, Tani K, Kimura Y, “Particle
size effects on bearing capacity of footing on
granular material”, In: Deformation and
Progressive Failure in Geomechanics. Pergamon
Press: Oxford, 133-138, 1997.

Tokimatsu K, Kojima ], Kuwayama AA, Midorikawa S,
“Liquefaction-induced damage to buildings I 1990
Luzon Earthquake”, Journal of Geotechnical
Engineering ASCE, 1994, 120 (2), 290-307.

Tokimatsu K, Seed HB, “Evaluation of settlements in
sand due to earthquake shaking”, Journal of
geotechnical engineering, 1987, 113 (8), 861-878.

Towhata I, “Geotechnical Earthquake Engineering”,
Berlin, Heidelberg: Springer Berlin Heidelberg,
2008.

Vargas-Monge W, “Ring shear tests on large
deformation of sand”, Ph.D. Thesis, University of
Tokyo, 1998.

Vesic” A, “Bearing capacity of shallow foundations”, In:
Winterkorn, HF, Fang HY, (Eds.), Foundation
Engineering Handbook. Van Nostrand Reinhold,
New York, 121-147, 1975.

Vesic A, “Analysis of ultimate loads of shallow
foundations”, Journal of Soil Mechanics and
Foundation Engineering, 1973, 99, 45-73.

Villalobos FA, “ Model testing of foundations for offshore
wind turbines”, Ph.D. thesis, Oxford University,
2006.

Whitman RV, Lambe PC, “Liquefaction: consequences
for a structure”, In: Soil Dynamics and Earthquake
Engineering Conference, Southampton, England,
941-949, 1982.

Wood FM, Yamamuro JA, Lade PV, “Effect of
depositional method on the undrained response of
silty sand”, Canadian Geotechnical Journal [online],

Dashti S, Bray JD, Pestana JM, Riemer M, Wilson D,
“Centrifuge testing to evaluate and mitigate
liquefaction-induced building settlement
mechanisms”, Journal of Geotechnical and
Geoenvironmental Engineering, 2010b, 136 (7),
918-929.

Eid HT, “Bearing Capacity and Settlement of Skirted
Shallow Foundations on Sand”, International
Journal of Geomechanics, 2013, 13 (5), 645-652.

Foglia A, Gottardi G, Govoni, L, Ibsen LB, “Modelling the
drained response of bucket foundations for
offshore wind turbines under general monotonic
and cyclic loading”, Applied Ocean Research
(online), 2015, 52, 80-91.

Gourvenec S, Acosta-Martinez H, Randolph M,
“Centrifuge model testing of skirted foundations for
offshore oil and gas facilities”, In: Proceedings of the
international conference on offshore site
investigation and geotechnics. London, UK, 2007.

Hansen ]B, “A revised and extended formula for bearing
capacity”, Bulletin of the Danish Geotechnical
Institute, 1970, 28, 5-11.

Houlsby G, Byrne B, “Suction caisson foundations for
offshore wind turbines”, Wind Engineering, 2000,
24 (4), 249-255.

Houlsby GT, Ibsen LB, Byrne BW, “Suction caissons for
wind turbines”, In: International symposium on
Frontiers in Offshore Geotechnics, 2005, 75-94.

lai S, “Similitude for Shaking Table Tests on Soil-
Structure-Fluid Model in 1g Gravitational Field”,
Soils and Foundations, 1989, 29 (1), 105-118.

Ibsen LB, Larsen KA, Barari A, “Calibration of failure
criteria for bucket foundations on drained sand
under general loading”, Journal of Geotechnical and
Geoenvironmental Engineering, 2014, 140 (7), 1-
16.

Ishihara K, Yoshimine M, “Evaluation of settlements in
sand deposits following liquefaction during
earthquakes”, Soils and foundations, 1992, 32 (1),
173-188.

Jafarian Y, Haddad A, Mehrzad B, “Load-Settlement
Mechanism of Shallow Foundations Rested on
Saturated Sand with Upward Seepage”,
International Journal of Geomechanics, 2017, 17
(3),04016076.

Jafarian Y, Mehrzad B, Lee C, Haddad A, “Centrifuge
modeling of seismic foundation-soil-foundation
interaction on liquefiable sand”, Soil Dynamics and
Earthquake Engineering, 2017, 97, 184-204.

Karamitros DK, Bouckovalas GD, Chaloulos YK, “Insight
into the Seismic Liquefaction Performance of
Shallow Foundations”, Journal of Geotechnical and
Geoenvironmental Engineering, 2012, 139 (4),
599-607.

Karamitros DK, Bouckovalas GD, Chaloulos YK, “Seismic
settlements of shallow foundations on liquefiable
soil with a clay crust’”, Soil Dynamics and
Earthquake Engineering (online), 2013, 46 (C), 64-
76.

Kelly RB, Byrne BW, Houlsby GT, Martin C M, “Pressure
chamber testing of model caisson foundations in
sand”, In: BGA Int. Ionf. on Foundations, Dundee,
UK. 2003.

Kramer ST, “Geotechnical earthquake engineering”,



YWE-AYA ((1Fes L) ) o)l Y wla (o) duxo g ol o (oo 4y 306 | G:..:;’aosbi ol Ly wlas e \vs

2008, 45 (11),1525-1537.

Yoshimi Y, Tokimatsu K, “Settlement of buildings on
saturated sand during earthquakes”, Soils and
FoundationsJournal, 1977, 17 (1), 23-38.

Yu H, Zeng X, Lian ], “Seismic behavior of offshore wind
turbine with suction caisson foundation”, In: Geo-
Congress 2014, 1206-1214.

Yu H, Zeng X, Neff FH, Li B, Lian ], “Centrifuge modeling
of offshore wind foundations under earthquake
loading”, Soil Dynamics and Earthquake
Engineering (online), 2015, 77, 402-415.

Zhang P, Xiong K, Ding H, Le C, “Anti-liquefaction
characteristics of composite bucket foundations for
offshore wind turbines”, Journal of Renewable and
Sustainable Energy, 2014, 6 (5).

Zheng ], Suzuki K, Ohbo N, Prevost JH, “Evaluation of
sheet pile-ring countermeasure against
liquefaction for oil tank site”, Soil Dynamics and
Earthquake Engineering (online), 1996, 15 (6),
369-379.

Zhu B, Byrne B, Houlsby G, “Long-Term Lateral Cyclic
Response of Suction Caisson Foundations in Sand”,
Journal of Geotechnical and Geoenvironmental
Engineering (online), 2013, 139 (1), 73-83.

Zhu F, Clark JI, Phillips R, “Scale Effect of Strip and
Circular Footings Resting on Dense Sand”, Journal
of Geotechnical and Geoenvironmental Engineering
(online), 2001, 127 (7), 613-621.



	Dr. Hadad
	شکل 2- شمای کلی جعبه آزمایش، سیستم بارگذاری و تراوش رو به بالا
	شکل 3- پی‌های لبه‌دار در مقیاس آزمایشگاهی
	شکل 4- منحنی دانه‌بندی ماسه بابلسر
	جدول 1- مشخصات ماسه بابلسر

	(ب)
	شکل 5- شاخص تردی  برحسب چگالی نسبی  و سطح تنش مؤثر (Vargas-Monge، 1998): الف) منحنی بار- تغییرشکل،
	ب) نمودار شاخص تردی برحسب چگالی نسبی
	جدول 2- مشخصات برنامه آزمون‌ها

	شکل 6- مد گسیختگی سوراخ شونده پی سطحی و نمودار
	بار- نشست (Vesic، 1973)
	شکل 7- نمودار بار- نشست پی‌های با قطر 10 سانتی‌متر
	شکل 8- نمودار بار- نشست پی‌های با قطر 20 سانتی‌متر
	جدول 3- مقایسه بین ظرفیت باربریهای اندازه‌گیری شده و محاسبه ‌شده

	شکل 9- نمودار بار- نشست پی‌های با قطر 10 سانتی‌متر (ru=1)
	شکل 10- نمودار بار-نشست پی‌های با قطر 20 سانتی‌متر (ru=1)
	جدول 4- ظرفیت باربری اندازه‌گیری شده برای پی‌های با اقطار 10 و 20 سانتی‌متر

	شکل 11- منحنی تغییرات نسبت ظرفیت باربری پی باکت به پی سطحی بر اساس نسبت ارتفاع لبه به قطر پی
	شکل 12- تغییرات نشست نرمالشده برحسب ضریب اطمینان پی سطحی در شرایط تراوش رو به بالا (ru=1): الف) پی با قطر 10 سانتی‌متر، ب) پی با قطر 20 سانتی‌متر

	Abstract Hadad

