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Summary

Jeju island has optimum condition for constructing a wind farm. Unlike the
mainland, Jeju island has stratified structure distribution between rock layers
sediments due to volcanic activation. (jeju island has stratified structure
existing sediment layer between rock layer.) In these case, it can be occur
engineering problems in whole structures as well as the safety of foundation
as the thickness and distribution of sediment under top rock layer can't
support sufficiently the structure.

To determine the failure modes(flexural failure, punching shear failure) and
the bearing capacity of the pile foundation supported on stratified rock layer,
the structural analysis of the stratified rock layer is required. However,
Elastic Plate Method(EPM) suggested by ACI committee 436 and Korean
Code Requirements for Structural Foundation Design is very complex, and
ordinary engineer have many difficulties in using it without any error.
Therefore, in this research, we proposed equivalent effective width(radius),
and equations of bending moment and shear force at the critical section to be
equal to the analysis results of EPM in order to use Circular Foundation
Analysis Method(CFAM) which is much more simple than EPM. In
consequence of comparing the analysis results of CFAM with those of EPM
and Finite Element Method, proposed equations are very good in their usages
and accuracies.

By using these theory we can easily calculate shear force and moment in
critical section, and enhance the ease of design. Equations suggested in this
study can review failures by moment or shear force in critical section. But, it
can't review moment and shear force in whole section. Therefore, additional

study is needed to make these equations applicable in whole section.
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Table 2.1 Design load cases, (IEC 61400-3, 2009)

Table 1 — Design load cases

. Wind and Partial
995'9" pLc Wind condition Waves wave A Watar 0“.1?'- Type ?! safety
situation % . . currents level conditions analysis
directionality factor
1) Power 14 NTM NSS COD, UNI NCM MSL For extrapolation u N
production x L of extreme loads
¥ in < 'm;n < Vot Hs - L'[Hsl me] on the RNA (1.25)
RNA
1.2 NTM NSS Joint prob. COD, MUL No NWLR or B il
el distribution of currents zMSL
in " Thub ot Ho Ty Vo
1.3 ETM NSS COD, UNI NCM MSL u N
Vin < Vb < Vou Hy = BT Vyp)
1.4 ECD NSS (or NWH) MIS, wind NCM MSL u N
) | . direction
Vo =¥, =2 mis, 1, Hy= EH V) et
V.o +2mls
1.5 EWS NSS (or NWH) COD, UNI NCM MSL u N
"m 5 l\wb = l‘aw Hs = b[Hsl Irhubl
1.6a NTM SS8 COD, UNI NCM NWLR u N
Vin < Phub < Vout 1= Hy 555
1.6b NTM SWH COD, UNI NCM NWLR u N
Vin < Prub < Vou 1= Hypyy
Table 1 — Design load cases (continued)
z Wind and Partial
I.JEME.In pLC Wind condition Waves wave Sea Water Oltl-er Type o.f safety
situation = T 2 currents level conditions analysis
directionality factor
2) Power pro- 2.1 NTM NSS COD, UNI NCM MSL Control system u N
duction plus 2 _ 7 fault or loss of
occurrence Vin < Vhuo = Vour Hy = E[H| Vi) electrical
of fault netwaork
2.2 NTM NSS COD, UNI NCM MSL Protection u A
N _ . system or
Vin = Voo < Vour Hy = ELH | Viyyp) preceding
internal electrical
fault
23 EOG NSS (or NWH) COD, UNI NCM MSL External or u A
" Z pRods e . internal electrical
Viay = Vet 2mis Hy = EUH| Vi fault including
and ¥, loss of electrical
network
2.4 NTM NSS COD, UNI No NWLR or Control, F *
T e ol # =B currents =MSL protection, or
in hub out o = L] Vi) electrical system
faults including
loss of electrical
network
3) Start up 3.1 NWP NSS (or NWH) COoD, UNI No NWLR or I £
, 5 _ n currents 2MSL
Fin < Vb = Vout Hy = | Vool
3.2 EOG NSS (or NWH) COD, UNI NCM MSL u N
Phap = Vit Ve £2 mis Hy = ElH| Vyyp)
and ¥,
3.3 EDC4 NSS (or NWH) MIS, wind NCM MSL u N
5o e _ - direction
Vhup = Vi ¥ 22 mis H, = E[H| V) change
and V




Table 2.1 Design

load cases, (IEC 61400-3, 2009)

Table 1 — Design load cases (continued)

& Wind and Partial
PESlgl" pDLC Wind condition Waves wave Sou Weiler Dt!"," Type D.‘ safety
situation 2 ) currents level conditions analysis
directionality factor
4) Normal shut 4.1 NWP NSS (or NWH) COD, UNI No NWLR or F *
down X X currents = MSL
Vin = Vius < Vour Hy = ELH | Vyyp)
42 EQG NSS (or NWH) COD. UNI NCM MSL u N
Vi =V, 2 2m/s and ¥, | H, = E[H| ¥, ]
5) Emergency 51 NTM NSS COoD, UNI NCM MSL u N
shut down - i
Vo =V, £2mis and ¥, Hy = EWH | V0]
B) Parked 6.1a EWM Turbulent wind model | ESS MIS, MUL ECM EWLR u N
(standing still L =
or idling) Viub = Ky Veer Hy = ky Hygg
6.1b EWM Steady wind model RWH MIS, MUL ECM EWLR u N
Vizhun) = Veso H = Higas0
6.1¢c RWM Steady wind model EWH MIS, MUL ECM EWLR u N
VZhiw) = Viedso H=Hgy
6.2a | EWM Turbulent wind model | ESS MIS, MUL ECM EWLR Loss of electrical u A
. N network
¥ hub = "1 v ref H; = kz ‘Hgin
6.2b EWM Steady wind model RWH MIS, MUL ECM EWLR Loss of electrical u A
v ; network
Vizhun) = Veso H = Higuso
6.3a EWM Turbulent wind model | ESS MIS, MUL ECM NWLR Extreme yaw u N
= - 5 misalignment
Vhub = K1 V3
6.3b EWM Steady wind model RWH MIS, MUL ECM NWLR Extreme yaw u N
) misalignment
V) = Vay =ty
6.4 NTM NSS Joint prob COD, MUL No NWLR or F *
yo <07V distribution of currents =MsSL
hub < 0.7 Frey HoT, Vo
Table 1 — Design load cases (continued)
" Wind and Partial
'.JES'?H DLC Wind condition Waves wave Hea Water m'."?r Typa 9’ safety
situation 2 3 . currents level conditions analysis
directionality factor
7) Parked and 7.1a EWM Turbulent wind ESS MIS, MUL ECM NWLR U A
fault model s
conditions _ ) Hy =ky Hy
Vb = &y ¥y
7.1b EWM Steady wind model RWH MIS, MUL ECM NWLR U A
¥z = Ve H=H .y
T.1¢ RWM Steady wind model | EWH MIS, MUL ECM NWLR U A
Y(2hup) = Vreat H=H,
74 NTM NSS Joint prob CoD, MUL No NWLR or F *
V. <QTV distribution of currents = MSL
hub = B0 ¥y oy
e Hy T Vb
8) Transport, 8.1 To be stated by the manufacturer u T
assembly,
maintenance | 828 | EWM Turbulentwind ESS coD, UNI ECM NWLR u A
i Feair model .
and repai ) ¥ Hy = ky Hy,
Voo = &4 ¥y
8.2b EWM Steady wind model RWH COD, UNI ECM NWLR u A
Viuw = Vea 1= Higs
8.2¢c RWM Steady wind model | EWH COoD, UNI ECM NWLR u A
P(znun) = Vrear H=H,
8.3 NTM NSS Joint prob. COD, MUL No NWLR or No grid during B *
i v distribution of currents >MSL installation
Frup < 0,7 Foo HoToT period




CcoD co-directional (see 6.4.1)

DLC design load case

ECD extreme coherent gust with direction change (see |[EC 61400-1)
ECM extreme current model (see 6.4.2.5)

EDC extreme direction change (see |IEC 61400-1)
EOG extreme operating gust (see IEC 61400-1)
ESS extreme sea state (see 6.4.1.5)

EWH extreme wave height (see, 8.4.1.8)

EWLR extreme water level range (see 6.4.3.2)
EWM extreme wind speed model (see IEC 61400-1)
EWS extreme wind shear (see IEC 61400-1)

MIS misaligned (see 6.4.1)

MSL mean sea level (see 6.4.3)

MUL multi-directional (see 6.4.1)

NCM normal current model (see 6.4.2.4)

NTM normal turbulence model (see IEC 61400-1)
NWH normal wave height (see 6.4.1.2)

NWLR normal water level range (6.4.3.1)

NWP normal wind profile model (see |IEC 61400-1)
NSS normal sea state (see 6.4.1.1)

RWH reduced wave height (see 6.4.1.7)

RWM reduced wind speed model (see 6.3)

SSS severe sea state (see 6.4.1.3)

SWH severe wave height (see 6.4.1.4)

UNI uni-directional (see 6.4.1)

V.2 m/s sensitivity to all wind speeds in the range shall be analysed

F fatigue (see 7.6.3)

u ultimate strength (see 7.6.2)
N normal

A abnormal

T transport and erection

*

partial safety factor for fatigue (see 7.6.3)

3) el AAVE
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A S gsHFe Fahe Polt meb 74 RAlY FEE & & x4 8
of MAE AR e dFe FEAAA wdes] ol wie] k. wd @

NEEANN AALE HFAFE Hastng Fh

(1) IEC 61400-3
FAA71 71 AHAEC)E 190619 2912 Aol FaHRem 47117
Lore] EFHE o] Fu FAH PP Ews: FEL su vk

=] *a
wdstel IEC 61400 Algl=5 AAsled, sfdF=ddr] #dd IEC

rr

61400-3 ; Design requirements for offshore wind turbines’2 20091l |7 3}
of WA Fx2E B 5 AAWEHR)e] AAStTaEA(S)ET F o,

Sy < R, (2.1)

A 21L& AAFSAHeR 2 dyxlon, SHNANL 5 =R FHE e

A Zelt. AAsTa(S)E AAste WHoR 27HAE AAst=dH A A

o714 SAsTER(S,)= ST (F)es o1& FxAEAARE T, 4,

oA 2 A4 233 o] BAstE (£ st A (y,)E Wkl ¥ A

Fy =ik, (2.3)
o71M, A WHA YRS BYE st AATFEE Foksor TAH= A

AsEEAE A7) Ageln, F WA WHe el WAd AAHF LS



Table 2.2 Partial safety factors for loads (IEC 61400-3, 2009)

Unfavourable loads

Favourable loads

Type of design situation

All design
Transport and
Normal (N) Abnormal (A) ) situations
erection (T)
1.35% 1.1 15 09
* For design load case DLCI1.1, given that loads are determined using statistical
load extrapolation at prescribed wind speeds between V;, and V,,,, the partial

load factor for normal design situations shall be 7, =1.25.
If for normal design situations the characteristic value of the load response

F due to gravity can be calculated for the design situation in question, and

gravity
gravity is an unfavourable load, the partial load factor for combined loading from
grabity and other sources may have the value:

v —=1.1+¢¢

5= {0.15 for DLC1.1
0.25 otherwise

.~ {1\F N F ) < |5l
1 sy ainy|> |

AAWM Z2A0 R o] g3l AANFREN V25 A AL

IEC 61400-3¢ 4] AlAl8l= FEQPA A4+ Table 229 2t} stsol digh
AT E FREY AR fEe sFd By st PR, e
g 49 092 Fdsta, B stse A9 AAES e wat FgdE, v
B3, &% 9 AARHE drol #@E 2y st vk AREe] A¢
1352 A&38l} DLC 1.19 A$olvr 1.255 H&sta v gddeoldes 11, &
5 2 A A E 155 A &3sta At
(2) DNV-0S-J101

w2dgo]A g DNV(Det Norske Veritas)i 1864 w2 gojolA ZHHH <l
Aeeloz MAygEdon, Ao GLY 7 AlAlelA AgRE FE 7



Table 2.3 Load factors for load categories (DNV-0S-J101, 2011)

Load factor L Load categories
Limit state
set G Q E D
(a) ULS 125 | 1.25 1.0 1.0
(b) ULS 4 4 1.35 1.0
(c) ULS for abnormal wind load cases 4 v 1.1 1.0

G=permanent load, Q=variable functional load, normally relevant only for design
against ship impacts and for local design of platforms, E=environmental load,
D=deformation load

- v=1.0

- G and Q are applied as beneficial loads, ¥=0.9 is applied when other

conditions are not required.

AF3AE del &delA dvk FHETAI A dig FHSoE DNV-0S-J101&
2011 ol 7R skdek. DNVl A At 8t Al = Table 2.33% 2t
DNVE Fd3sHA Al EANS &30, 7)o AAH s-5AF
5ol JE5E AFEA IECTHEAdA AAsFsEdS A4es F ¥
of Abg&En AT @2 IECO Hlal 22 & ARt stk (a9 (b))

A= AFdstsolAY 50d F719 st dd ZE =AM 98% 4 =l
=

rir
J{m
o,

2
ol
)

(3) GL Guideline (2012)

52 A39 GL(Germanischer Lloyd)2 1867\ AH = o], A F7kA] 14099
o JALE 7HAl L glow, FEEAT Q1SS v EE Vi Eol sl AlA
Aoz FAHo A dE 7IFelth GLAAE 20121l  Guideline for the
certification of offshore wind turbineS 7|38t o, of 7|4 #|A|st= ULSO
gt 35 A4 Table 249} Zth



Table 2.4 Partial safety factors for loads (GL Guideline, 2012)

Favourable
Unfavourable loads
loads
Saimee of losdie Type of design situation = Al doct
N E A T t it :'Slgn
Normal | Extreme | Abnormal ransp.or shations
/ erection
Environmental 1.2 1.35 1.1 1.5 0.9
Operational 1.2 1.35 1.1 1.5 0.9
Gravity 1.1/1.35% | 1.1/1.35% 1.1 1.25 0.9
Other inertial force 1.2 1.25 1.1 1.3 0.9
Heat influence - 1.35 - - 0.9

* in the event of the masses not being determined by weighing
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Fig. 3.3 Transformation in rectangular coodinates
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(Winterkorn et al., 1975)

® 7t AFIM ) VARANE M, AARNE M, AQ wpys G+ 2
o}

P T ZJ,(%)
M=% 24( L)— (1) (3.32)
7}
T
Z R
, i
M =2 |uz| - (3:30)
7]
_PL* _[r
w(E> EZd Z (33C)
AZNA, P EsE
. 7]

(3.4a)

M, ) = M, sin’¢+ M, cos’¢ (3.4b)

714, ¢ : Fig. 33914 A9

{1

]

F
N



@ A7)z B Zo| g Awk Q= oo Aoz A

ﬂ (35)

A 3t of7)e] AMgE Z
2 AekstA o™ Hetenyi’}

Circular PlateZ a4 3tH A AFE3}It} Fig. 34 7345 2822 yerd A

o3l 7t e e Tt gk

Fig. 3.4 Z functions (Hetenyi, 1946)



($4 (xS Z’)12 (1, 16 x)?()
2 2 2 2 2
Alw)=1- 912 A2 6P 82 1P (36)
5B GG BB
2 2 2 2 2 2
4w)=- e s o e (87
Z(x) 9
7()= 22 —;[Rl—l—logcw%XZQ(a:)] (38)
Zy(x) 9
Z(0)= 22 —l—?[}?z-i-loge’y%XZl(a:)] (39)
2 6 10 14
AN b [T _90(3)(£) w(@(g) _ (1) g)
Ly 2) a2 \2) T ) T ) T
R= s0(2)(a:)4_ o(4) (g)g ©(6) (g)”_ ©(8) (£)16+
2%\ 2 417 \ 2 61> \2 81> \2
1 1 1 1
oln)= It o+ otpt —
log.y= 0.577216
of Z49 RF4E R e 2.
($3 (x'? (x)ll (l')15 w)lg
, 2 2 P B} 2
2@ == ot Sur T me T re oo T (3.10)
(I‘ T 5 T 9 T 13 T 17 T 21
BB BB B G
%(z) = - o T o T asr e Tsor Caonn B.1D



Z (z)
ZS(m)'Z 12 *%[Rl'—l-loge'yZ2(w)—|-logeac/Z2(ac)+logeacZ2(x)'*logEZZQ(J:)']
(3.12)
14 ZZ(x)’ 2 ’ ’ 14
Z,(x) = > + P [Rz +logvZ, (x)+ log.2’ Z, (x)+ logx Z,(x) — loge2Z1(x)]
(3.13)
o [z)_ »B) (gS @(5)(1)9_ o(7) 1)13
4714, A —(2 2131 | 2 + 415! '\ 2 617! | 2 +
_ 92 2)3_ p(4) (1)7 0(6) (g oeB) 3)15
&= 12! {2 314! \ 2 * 516! | 2 7181 | 2 +
1 1 1 1

2) Y3871 x84 (Circular Foundation Analysis Method)

FHELAY] B, 25, 28 22 49 ke dddd xES 9% A

Wzu 2 g AxFHoldd. od 98s)xe) FA AQen SEE A
WE S b7 7)Ewe] RaEe Beyer(1956)7F Alotd Aol od AR
21t Beyer7} Alekat 4 Fol 4@wylzol @ AL Ay gt 2l

’ 1
L BEo =10 g =10 ¢y =plog.p, ¢y =log.p, ¢4:§_1



0, | 0,
rmer> | e
] | i
a—Ae—a—> J f Tt «
, b b 1 =< =k =1

Fig. 3.5 Variables in circular foundation analysis method (Winterkorn et al., 1975)

ky =2(1—p)+ (1 +3u)F —4(1+p)Flog B (3.14)
ky =2(1—p)— B+p)F —4(1+p)Flog,p (3.15)
D p=1Y uw,

2

M= %[kl—(3+u)+(3+u)¢1]

2
a
My =Ly = (1430 + (14308

(3.16)
Qo) :qu
@ p=1d
2
M. o= %Ufl — (B4 + B+, —2(1—p)fe, +4(1+p)F e,
2
My = g by = (1430)+ 043006, +2(1— ) B, +4(L+ 1) P,
7 (3.17)
20=3(2-d



-
K
aj
T

[[s]

K]

”
[N
7o
%0
wd

—~
file)

o

i
N

B
e

X

st
T
1o

B
ﬁo
zel

mu

B
R
Plo

Nro

ol

_&O

.

s}, 7

BEEE

Bl

o g 3he]

=i
=

ZH(plate)

(2006) 3f A = 2

| A 7 AT

s

EEEVITERE P

2.0 ~ 5.0m7} 4]

F71 flete FAE

S

Hahgh,

3

+o]

S

ImaY=E H1A

el

70
-
m})

o
)
N
2|

ol

AeFSol o

}<1oH(Table 4.1).

S

#uste] 4§

B 314 (2013)&

s

==
= =

sl

23

o
=

5~20 W E kyy=1,800N (kN/m*) 2] (Scott 4], 1981)

e
T

34 N

5]
=y

]
1

A
A

10" N/m?ZF

4, 1.0x10"N/mPoll A 4.0 x10" N/m?7}A]

o] =
AA -

w7 el

2758
0% 1 BFe A

w

A

0.3m <]

o
Aol

FATE A7IA, Ky,

S

tol 71z%e] =2

41 #8&3s

Al
A

7ol wE A

(4.1)

o

ol
o

)

1] 4 o

3]

4399 tH(Upwind Project, Final Report, 2011).

gNy 3|
= -1

MN-

6.5

=
3

—
fite)

—

i+
!



Table 4.1 Properties of rock and sediment, and applied load

Parameters Values Remarks
Elastic modulus (Pa) 1.16 x 10"
KIER Report(2006)
Rock Poisson’s ratio 0.295
Thickness (m) 2.0 ~ 5.0

Coefficien of Analysis variables

Sediment subgrade reaction |1.0x107 ~ 4.0 x 10"
kg5 (N/m?)
. Upwind Project, Final
Load Vertical load (MN) 6.5
Report(2011)
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Table 4.2 Relationship of L—b, with different diameter of pile (d=0.8 ~ 1.0m)

Ko.3 t L b, M ¢) M, (g)
(10" N/m?) (m) (m) (m) (kN'm) (kNm)
4.0 2.0 6.41 11.47 2,007.87 2004.58
3.0 2.0 6.83 12.31 2,056.03 2051.37
2.0 2.0 7.62 13.69 2,123.92 2122.94
4.0 3.0 8.68 15.72 221153 2215.39
1.0 2.0 9.06 16.32 2,239.98 2240.65
3.0 3.0 9.33 16.98 2,259.70 2266.90
2.0 3.0 10.33 18.45 2,327.59 2322.71
4.0 4.0 10.77 19.29 2,356.04 2352.47
3.0 4.0 1158 20.70 2,404.22 2399.75
1.0 3.0 12.28 22.33 2,443.66 2450.63
4.0 5.0 12.74 22.94 2,468.14 2468.48
2.0 4.0 12.81 22.94 247211 2468.48
3.0 5.0 13.69 24.96 2,516.31 2525.10
2.0 5.0 15.15 27.33 2,534.21 2536.96
1.0 4.0 15.24 27.33 2,533.18 2536.96
1.0 5.0 18.01 32.64 2,700.28 2704.75

(a) In case of d=0.8m

Ko.3 t L b Mo M, (g
(10" N/m?) (m) (m) (m) (ENm) (kNm)
4.0 2.0 6.41 11.54 1,858.44 1859.02
3.0 2.0 6.88 12.34 1,906.60 1904.09
2.0 2.0 7.62 13.61 1,974.48 1969.37
4.0 3.0 8.68 15.61 2,062.08 2061.13
1.0 2.0 9.06 16.33 2,090.53 2091.32
3.0 3.0 9.33 16.84 2,110.25 2112.23
2.0 3.0 10.33 18.62 2,178.14 2179.20
40 4.0 10.77 19.29 2,206.59 2203.11
3.0 4.0 11.58 20.80 2,254.76 2253.64
1.0 3.0 12.28 22.10 2,294.20 2294.22
4.0 5.0 1274 23.06 2,318.68 2322.71
2.0 4.0 12.81 23.06 2,322.65 2322.71
3.0 5.0 13.69 24.67 2,366.85 2367.86
2.0 5.0 15.15 27.20 2,434.75 2433.23
1.0 4.0 15.24 27.20 2,438.72 2433.23
1.0 5.0 18.01 32.15 2,550.81 2545.09

(b) In case of d=1.0m



Table 4.2 Relationship of L—b, with different diameter of pile (d=1.2 ~ 1.4m)

Ko .5 t L b, M) M,z
(10" N/m?) (m) (m) (m) (kNm) (kNm)
4.0 2.0 6.41 11.48 1,736.36 1733.63
3.0 2.0 6.88 12.37 1,784.51 1783.57
2.0 2.0 7.62 13.70 1,852.39 1851.80
4.0 3.0 8.68 15.53 1,939.98 1935.93
1.0 2.0 9.06 16.33 1,968.43 1969.37
3.0 3.0 9.33 16.76 1,988.15 1986.74
2.0 3.0 10.33 18.46 2,056.03 2051.37
4.0 4.0 10.77 19.30 2,084.48 2081.11
3.0 4.0 11.58 20.88 2,132.65 2133.82
1.0 3.0 12.28 21.95 2,172.09 2167.56
4.0 5.0 12.74 22.74 2,196.56 2191.05
2.0 4.0 12.81 23.15 2,200.54 2203.11
3.0 5.0 13.69 24.49 2,244.73 2240.65
2.0 5.0 15.15 27.09 2,312.63 2308.32
1.0 4.0 15.24 27.68 2,316.60 2322.71
1.0 5.0 18.01 32.64 2,428.69 2433.23

(a) In case of d=1.2m

ko t L b, M, (o) M, (BE)
(10" N/m?) (m) (m) (m) (kN'm) (kN'm)
4.0 2.0 6.41 11.53 1,633.16 1633.37
3.0 2.0 6.88 12.40 1,681.31 1631.61
2.0 2.0 7.62 13.64 1,749.17 174577
4.0 3.0 8.68 15.65 1,836.76 183758
1.0 2.0 9.06 16.33 1,865.20 1866.32
3.0 3.0 9.33 16.70 1,884.92 1881.17
2.0 3.0 10.33 1858 1,952.80 1952.44
4.0 4.0 10.77 19.30 1,981.24 1978.00
3.0 4.0 11.58 20.93 2,029.41 2032.26
1.0 3.0 12.28 22.18 2,068.85 2071.05
4.0 5.0 12.74 22.86 2,093.32 2091.32
2.0 4.0 12.81 23.21 2,097.29 2101.69
3.0 5.0 13.69 24.76 2,141.49 2144.83
2.0 5.0 15.15 27.51 2,209.38 2215.39
1.0 4.0 15.24 27.51 2,213.35 2215.39
1.0 5.0 18.01 32.29 2,325.44 2322.71

(b) In case of d=1.4m
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Table 4.3 Comparison of shear force @ (k,; =1.0x10" ~ 2.0 10" N/m?)

t d Q( C) Q(E) Q(E) Q(S)
(m) (m) (kN/m) (kN/m) Qo) (kN/m)
0.8 421.73 414.97 98.4% 404.86
20 1.0 404.10 397.27 98.3% 387.94
) 1.2 387.80 380.87 98.2% 372.29
14 372.68 365.64 98.1% 357.77
0.8 297.22 395.96 133.29% 380.44
30 1.0 288.16 384.55 133.4%% 368.85
' 1.2 279.64 372.53 133.2%% 357.93
14 271.81 361.17 132.9%% 347.92
0.8 229.04 378.46 165.2% 366.47
40 1.0 223.60 369.06 165.1%% 357.76
' 1.2 218.68 360.06 164.7% 349.89
14 213.68 352.50 165.09% 341.89
0.8 186.33 363.39 195.0% 357.76
50 1.0 182.59 355.71 194.8% 350.56
’ 1.2 179.30 349.35 194.8% 344.25
14 175.84 342.17 194.6% 337.61
(a) In case of ky;=1.0x10" N/m®
t d Qo) Q) Qp) Qs)
(m) (m) (kN/m) (kN/m) Qo) (kN/m)
0.8 417.80 409.32 98.0% 401.09
20 1.0 399.84 390.73 97.7% 383.84
’ 1.2 383.56 374.59 97.7% 368.22
14 368.14 358.58 97.4% 353.42
0.8 293.93 389.62 132.6% 376.24
30 1.0 285.12 376.67 132.19%% 364.96
' 1.2 276.43 365.43 132.2% 353.83
14 268.50 353.81 131.8% 343.68
0.8 226.46 371.49 164.0%% 362.34
40 1.0 221.14 362.47 163.99% 353.82
' 1.2 216.01 353.81 163.8% 345.62
14 211.08 344.59 163.29% 337.74
0.8 184.12 356.66 193.7% 353.51
50 1.0 180.40 349.15 193.5% 346.37
) 1.2 176.84 341.90 193.3% 339.53
14 173.70 334.89 192.8% 333.50

(b) In case of ky, =2.0x10" N/m?




Table 4.3 Comparison of shear force @ (k,; =3.0<10" ~ 4.0 10" N/m?)

t d Q( C) Q(E) Q(E) Q(S)
(m) (m) (kN/m) (kN/m) Qo) (kN/m)
0.8 414.65 404.42 97.5% 398.06
20 1.0 396.83 386.39 97.4% 380.96
’ 1.2 380.32 368.72 97.0% 365.11
14 364.97 353.23 96.8% 350.37
0.8 292.06 384.36 131.6%% 373.84
30 1.0 282.81 371.58 131.4%% 362.00
' 1.2 274.10 360.38 131.5%% 350.85
14 265.87 348.87 131.2% 340.32
0.8 224.49 366.84 163.4%% 359.19
40 1.0 219.13 356.78 162.8% 350.61
' 1.2 213.97 348.01 162.6% 342.36
14 209.01 339.59 162.5% 334.41
0.8 182.61 350.60 192.0%% 350.61
50 1.0 178.74 343.76 192.3% 343.19
’ 1.2 175.07 336.31 192.1% 336.13
14 171.87 329.12 191.5% 330.00
(a) In case of k,; =3.0x10" N/m®
t d Q( C) Q(E) Q(E) Q(S)
(m) (m) (kN/m) (kN/m) Qo) (kN/m)
0.8 412.19 400.31 97.1% 395.70
20 1.0 394.38 381.47 96.7% 378.61
’ 1.2 377.49 364.91 96.7% 362.39
14 362.16 348.66 96.3% 347.67
0.8 290.03 380.52 131.2% 371.24
30 1.0 280.71 367.59 131.09% 359.31
) 1.2 271.93 355.36 130.7% 348.07
14 263.96 34457 130.5% 337.87
0.8 222.88 362.27 162.5% 356.61
40 1.0 217.38 352.82 162.3% 347.81
' 1.2 212.11 343.77 162.1% 339.38
14 207.05 335.07 161.8%% 331.28
0.8 180.96 346.20 191.3% 347.44
50 1.0 177.40 338.98 191.1% 340.60
' 1.2 173.53 332.00 191.3% 333.17
14 170.21 324.49 190.6% 326.79

(d) In case of ky,; =4.0x10" N/m?
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0167 (t+1) (4.7)
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