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Abstract

Taiwan government promotes the offshore wind power development
in recent years, and the installations and maintenances of wind turbines
depend on the operations of jack-up barges. Although they are widely used
in offshore oil and gas fields, the sizes and types are quite different with
those employed in offshore wind farms. The main purpose of this study is
to investigate the bearing capacity of jack-up barge footings, in order to
guarantee the safety of them on proposed soil strata during construction,
and to reduce the possible damage to the people and the properties on the
barges.

The bearing capacity calculation based on foundations in single soil
layer does not reflect the actual in-situ condition, stratified deposits, so
there exists a big gap between calculation results from single soil layer and
actual bearing capacity. The research work focus on the effects of the
thickness-width ratio (H/B) to the bearing capacity assessment of the
foundation on the sand overlying clay, by changing footing width (B) but
maintaining the same sand layer thickness (H). Software MATLAB and
FLAC are utilized to conduct the numerical simulation and analyze the
yielding zone of the plastic soil flow, respectively, and finally obtain the
most important result “Factor of Safety” on foundation engineering from
these calculations.

According to the analysis results in this report, the bearing capacity of
the foundation is highly relative to the ratio of the sand layer thickness to
the footing width. However, the actual field conditions are much more
complicated than those assumed in the theoretical models in textbooks,
such as the undrained soil strength increasing with the depth, and the
further research are required to explore the effects of these factors.

Keyword

Offshore foundation engineering
Offshore wind turbine

Jack-up barge

Ultimate bearing capacity
Punch-through failure

A e

3 #? < BH 442 ePaper(2020 &)



R 5 S S /RN G DN DEEES (R T

p =
E = SRS 5
E . A — 7
2-1 % AAIE VRPN TG e 7
2L R A B BT oottt ettt ettt 7
2-1-2 3% BB IR BT T oo 7

2-2 Terzaghi % AR T 4 JLA o 9
2-2-1 Terzaghi 3% 2 ZFILZEFEIE (oo 9
2-2-2 Terzaghi & A #ACH 4 L6 20 55 (i, 10

2-3 Meyerhof & R AAHY 4 TLG s 12
2-4 Fypt (F E)aR2 (T R)ZZ K2 iﬁlj\ AT e 15
2-4-1 Punching-through mode ZZ28 ....o.veiiieiie e 15
2-4-2 Load-spread mode - F% # JLIm ..o 18

F DR FTT I T B2 JE s 20
DS LN T 3 A 20
32 B2 B (2 R)-AE2 R (T RE URE A A4 s 21
3-2-1 #py 2 1@\ B T et 27
3-2-2 Punch-through Mode 4" 37 ..cceeiiecece s 30
3-2-3 Load-spread MOdE 4 37 I 20 c.oiuvieeieeeese ettt 40
3-3Matlabh 22 FLAC 8.1 B AE A 3T vooe e ceere et ste e see et sne e 43
B N I OO 46
L B B I 2 20 e e 46
4-2 PUNCh-through MOOE 3 3 ..oveiveiiiiieeee e 47
4-3 L0ad-Spread MOGE 38 0 ..eoveeeeeereiee et 48
Bl 2 Be 220ttt ettt r et reee 49
BT R B % 50

4 #Y L FH4 42 ePaper(2020 #)



R 5 S S /RN G DN DEEES (R T

o #Fcs 4 fad A b 4 @ T (offShore wind power)# & o 3t 7
b 1% (offshore wind turbine)*s 1 £ ¥ i& Mk 7 Mrif & #5341 14y
(working craft) > m p H VT SAC R FER AT MBI Ry A ¥
(offshore oil and gas fields)™ 3 #7727 E 8o % K2 ‘azEap A h 15K 1-
1R @ % oA 1 (P B e L 15 o ZAniRp 28T Ly

FRES R 4 ot p A T 5 A A AR 4 (bearing capacity)

W 2k AR UK 4 I35 (ultimate bearing capacity theorem) A 2
AT AL ARARE o B TR @R b4 TR R f Op a4 K (support)
Tfgeeb 4 B ks T R4E 4 4 T fR(static equilibrium) 5 A # ¢ 4
A B el AT G 2 F 4 (soil resistance) © 5 AT B R

£ R R EUR S ke BT £ R o k] M
4 B (mechanics) B3] ¥ 4e » #icid & $7 9088 FLAC 8.1 & 7 {5t » ¥ &
Fi ARt i zég@ém,;&§\4 BirEHEFL

Wk # 32 (homogeneous)dktt 2 (¢ = 0)1& 'Lk 4 & Prandtl

(1921)12 95 % 1472 % (theory of plasticity) 5 A 3& 1! o § 3w 1 237

5 #P X B EA4p2 ePaper(2020 #)



BT s AR (RS (TR )L R R

AP o 2 pUR s (failure surface) B2 R H B & 0.707 B Ak #
T REMB) A o B A (offshore) L #2454 7P A A# ° Fff— fLpEi 147
A~ > rp AT L dr(jack-up barge) <7 Spudcan FA# A5 G b H
EEMB)TE 20 0 2 RAHAEARA 2 RS B o A 4 A

E’—"&k' i\‘ 4 R ':"; :"é_ = ’E’(nonhomogeneous)i iﬁ 74 e A 7,2,!\;\:

B 11§ 5T 5y

https://splash247.com/bernhard-schulte-and-midocean-wind-form-offshore-wind-

joint-venture/

6 HY X B84 424 ePaper(2020 #)


https://splash247.com/bernhard-schulte-and-midocean-wind-form-offshore-wind-joint-venture/
https://splash247.com/bernhard-schulte-and-midocean-wind-form-offshore-wind-joint-venture/

R 5 S S /RN G DN DEEES (R T

FoR YRTH
21 % AAE TR 2

2-1-1 R A#HA 5

Lo R AAIE A EA A TS RArfo i S AR 4ol 2
1 o

2. IRARAANIRAH o 8 A -

Q2 (kM per m
or lb per foot
Q (kN or Ib) of length)
(a) (b)
Qo (kN or Ib)
Qs (kM or Ib)
Qy (kM or Ib) Qy (kM or Ib)

() id)

B 2-1 & A #3538 (McCarthy, 2006)

2-1-2 % A #A A

1. 2o % 4 B3 (General Shear Failure) B 2-2(a)
2. kR 3I%F 4 e (Local Shear Failure) Bl 2-2(b)
3. 7 % ¥ 4 @3k (Punching Shear Failure) B 2-2(c)

Bl 22)F 2 F B AP ER e TIE BALR R LA
IR R EN:C RILRES £0F T S RIS § !

7 #P X B EA4p2 ePaper(2020 #)



R 5 S S /RN G DN DEEES (R T

KP4 BF o RERURE 26 T

g4 KAz o Bl 2-2(b) 5 BT 4 B

FA oG RFA R RPN o ALY IR HUIREARS 7

P R#E G R A duthae B 2-2(0)F F T Y AR K &

{

s fiend HE L 0 AT S 2 K P B 0 AR

EEFPEHen BT EMLE S TF A2 KB IEE S

() Punching shear

Bl 2-2 % AT BORF (Vesic, 1963)

Load, O
= .
(S E] -,
E -
k]
=
o
[7 5]
Load, &
=
[ah)
=
@
=
(5]
Load, O
T - Test at
= ~~_ greater
E ~,. depth
L &)
= .
o .
(5] .
Surface test

#P X B EA4p2 ePaper(2020 #)



R 5 S S /RN G DN DEEES (R T

2-2 Terzaghi = i@:&i\ 4 183
2-2-1 Terzaghi ¥ £ 732 34 %3k

Terzaghi(1943)# €1 * v 3= dede % 6 3 A A R IUK 4 <4395
foundation) {2 £ 2 {8 ¥ F 205 T I{ A HF R Dy 5 AHF R (B)H3

34 AHST KGR AW

Terzaghi 23k » ¥ F N 5l (L v T i ) ¥ LK
WA A UTE T hp oo T BT A (s R re T4 R
Moyl o ARG 1L et BT BB Eq=yDp(y R 2

BHECE)AET ) AT 2B TR Y 74 5 = BIte

1SR A# ™ 3 iz &35 8 (2 AU % )ACD -

2. {5 5+7 4 % (radial shear zone)ADF v CDE > £ ¢ # % DE v DF R
OHEIR A > TR AR G IR o

3. & ¢hipl@ B = & 25 % Rankine # # % AFH {- CEG -

B¢ & CAD2 & ACD ¥ B &2 3 B4 ¢ F d S A A#H K5
FARA T AR P EqR T i FAMG Gl o HI chd T
Y AV

9 #P X B EA4p2 ePaper(2020 #)



BT S AR (k)RR (T ) R R

<« B —|
J I
N Sy a=v |
__i_“TH Y_Y ¥ ¥__¥_ __L_ii/h i___
45— ¢'12 [ 45-¢'2
£ Soil
Unit weight =y
Cohesion =c'

Friction angle = ¢’

Bl 2-3 43K 4 T2 pG (Das,2011)

2-2-2 Terzaghi % A @A 4 =h 2 0
Terzaghi #% Ji4& Tt 4 250 5
Guit = ¢N; + qNg + 0.5ByN,, (v 2.1)

C» 2 EARA
q=23mE2 RS
B:A#HTR

Yyt HETE

Ng »Ng ~ Ny 5 R§e 4 Flik

WU R 2-4 B H et SEREELE KRR pg.gﬁ;;’;\i\‘.; e
N. ~Ng ~ N,

10 #P X HEA4p2 ePaper(2020 #)



BT S AR L (L R )-ARL (T ) RS R

800 | [ [ | | o0

600 | ) 1 ! ! M e00
N, — e®lan ¢ tan2 (45 + &/2) "’/

400 N, = (Ng — 1) cot @ oo

300

M, =2(Mg + 1) tan &

™
ﬂ2"“'---.

yi
o 7 =7 o0
/
&0 ‘//“ 10}
x5/

A0 4 40

30 // 30
=
o 20 20
= L
(]
| /
=
S 10 — = 10
=3 - =]
= 8 Mg ‘/;,r 8
= 6 = /'/' =]
o d
& 4 v 4
3 ///, 3
2 s 2
M, /
1.0 / e — 1,
08 /-""{ - — 0.8
06 — 0.6
f ___,_,-—"" quc
0.4 / ] 0.4
. 7 —— .
03 0.3
oz / 0.2
01 0.1
o 5 10 15 20 25 30 35 40 45 50

Angle of internal friction, &°

B 2-4 Terzahgi - §* 4 F]+ (Terzaghi, 1943)

11 #P X HEA4p2 ePaper(2020 #)



R 5 S S /RN G DN DEEES (R T

2-3 Meyerhof & A #-k {4 2@

#Terzaghi 2 £ F 3% 5 &~ W& N7 kT 4 BURHS fﬁﬁ?%
AR A TR BURHCI R E S A e E B e U R P e 2 3F S
g A #c 0 4o Meyerhof (1974) - Vesic (1963) > Hansen (1970) -
Meyerhof #73% 41 z_ 03] 4 @) 2-5 + £ %> 27 Terzaghi #74% ! 7\%33?';‘1 =
ol R o2 Meyerhof #-2 & w27 Al kim2 & & »d 45° 31 5 45

° 4 9 o 2o P4 R F 2 P Meyerhof(1974) #73% 412 1@ 35 K-

fi Terzaghl L F P EFEL T S o eyt H K4 B Meyerhof
7r 4 xR & 3 1 (depth factors) ~ A7k i3 & (shape factors) ~ 4 £ #E 4
(load inclination factors) » & m 3 4r &3+ % A4 PF T o @ A
4 %]+ hg=0 pF » N,=5.14 > N,=1 N,=0 ¢

1o f d
¢ = B E\"> NN Z/ N\ T
s-% - /
2 §=10 Qo = .| s /
L 4 9 L l l 1 1 5 1/
& a/pNJ ¢ /'
1l /
I F,=c¢xab+ P,tan ¢ P4
7
n \ P, ///
d - -
~ Meyerhof _
_Terzaghi and Hansen >

B 2-5 & A#HAEA (Bowles, 1996)

Meyerhof(1963) 73 £} i 4% 4 = 54!

ESSEA A
Guit = CN¢scde + qNgsqdg + 0.5yBN, s, d, (% 2.2)

AR E
Guie = cNeicde + qNgigdg + 0.5yBN, i, d, (% 2.3)
Guie = cNeicd, + qNgigdg + 0.5yBN, i, d, (% 2.4)
N, = e™tan®(45 + ¢/2) ;¢ 2.5)

12 #P X HEA4p2 ePaper(2020 #)



R 5 S S /RN G DN DEEES (R T

N, = (N, — 1)cotg (¢ 2.6)

N, = (N, — 1)tan(1.49) (3% 2.7)

# 1 Meyerhof A4 F]+

? N N, N,
0 5.14 1.0 0.0
5 6.5 1.6 0.5
10 8.3 25 1.2
15 14.0 i9 2.6
20 14.8 6.4 54
25 20.7 10.7 10.8
30 30.1 18.4 224
32 355 232 302
34 42.2 294 41.1
i6 50.6 317 56.3
iR 6l.4 489 T8.0
40 753 6d.2 109.4
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