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ATTESTATION OF THIRD PARTY VERIFICATION
CLIENT: SINOTECH ENGINEERING CONSLULTANTS, LTD.
SUBJECT: TAPOWER — CHANG-HWA OFFSHORE WIND FARM

- FEASIBILITY STUDIES
BUREAU YERITAS REFERENGE: E&R!11216

ATTESTATION NR 1

The undersigned, acting within the scope of the General Conditiors of
Service of Bureau Weritas which regulate the imterventions of the Society, hereby
declaras thal, al the request of SINOTEGH ENGINEERING COMNSULTANTS, LTD.,
the appraisal of this Company's "Design of Foundations and Structures for Feasibility
Study of Offshore Wind Farm at Chang-Hwa™ — July 2008, has been perfomed.

Aller issuance of comments, all satisfactorily responded, the design
{feasibility stage} has begn found in cenfarmity with the following spplivable Code:
- APIRP 28-WSD 217 adition - Rocormmended Practice for Plenning, Designing
and Canstrueiing Fixed Offshore Platforms - Waorking Stress Design

Mote: as intemational standard [EG 61400-3 - Wind turbines - Pat 30 Design
requirsments for offshore wind turbines, was not published at the date of centract
award {9 Bursau Vorlas, above code had been selected as the most approphate
publishcs code at this date. This cerificate is issued on lhe basis of review of the
tachnical report listed in Annex of this attestation.

Main particulars af this facility are:

- Afarm of total 108 MW wind turbines offshore Western coast of Tatwan |siand
in water depth from 8 m o 22m - 26m.

lssued in Taiwan on 4" Janvary, 2010 _on behalf of Bureau Yeritas Taiwan

Edwiard FAN AT Jishun XING

Manager of Incustry & Facilily Civisian Reglonal Gt Excoutive Greater Ching
Bureau Veritex Taiwan Branch BF, N 37, Zhongyang §. ko, Sec. 2, Bettau TEL * BAG-2-2097 6153

Dlairiet, TRIpgl 112, Tokaan RO, FAX : 8B6-2-2297 4250
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Table 4-3 Design load cases

ZER

Marine Condition Type of
Analysis ~
Design - - . m 2 Partial
Situation DLC Wind Condition w wind and Sea Water Other Conditions: 5 i ?:;eg
aves wave Currents Level § ]}
directionality 2 S
o
1) Power 1.1 NTM NSS COD, UNI NCM MSL For extrapolation of extreme | U 1] N
Production: Vin < Voun < Vour Hy = E[H,|Vius] loads (offshore - only RNA) (1.25)
1.2 NTM WSS Joint prob. MIS, MUL No Currents | NWLR or Fu | Flu FN
Vin € Vg < Vo | distribution of =MSL
He Tor Vhus
1.3 ETM NSS COD, UNI NCM MSL u u N
Vin < Vo < Vour | He = E[HG | Vius]
1.4 ECD NSS MIS, wind NCM MSL u u N
Vi = Ve =2 mfs,  |He = E[Ha| Vius] direction
Vo Ve +2mfs change
1.5 EWS NS5 COD, UNI NCM MSL u u N
Vin < Vo < Vour | He = E[HG| Vius]
1.6 NTM 555 COD, UNI NCM NWLR - u N
Vin < Voo < Vaue H; = H.sgc
1.7 NTM NSS Joint prob. MIS, MUL No Currents |NWLR or  |Ice formation FU | Flu FN
Vi < Wiy < Voue | distribution of = MSL
v Tor Vhun
2) Power 21 _ N N
uction Table 4-3 Design load cases (Continued)
+ N " Type of
scourrence T3 Marine Condition Analysis )
of fault: Design 2 Partial
Situation DLC Wind Condition Wind and Sea Water Other Conditions: i ?acffty
— Waves wave Currents Level F 5 actor
2.3 directionality £
3} Startup (3.1 NwWP NSS COD, UNI No currents | NWLR or Fu | Fu F/N
=D Vi < Vo < Vo |Hs = Bl Veu] = MsL
altarn 3.2 EOG NS5 COD, UNI NCM MSL The timing of the gust and u 1] N
Viwe = Vin, Hg = E[H;|Vin] the start-up event chosen
2.4 Ve=2ms, for minimum £ distinet
and Vo points
or ETM
Vin < Voo < Voue
335 33 EDC =S WIS, wind NCH MSL ] 1] N
v Table 4-3 Design Ioad cases [Conllnued)
a Marine Condition Typle of
D Normal  |4.1 Il ) Analysis | o tial
shutdawn v| Design DLC Wind Condition Wind and Other Conditions: g | 2| safety
72 E Wavas wave P 2| 2| factor
v directionality g £
: 7) Parked 7.1 EwWM ESS MIS, MUL ECM NWLR Fault that produces u u A
Vv and fault [ He=Hey U=U, deviations from the normal
conditi turbine behaviour while
B 31 N parked; including loss of
Emeargency v electrical network
stop 2 7.2 NTM NSE Joint prob. COD, MUL No currents | NWLR or - | Fu F/N
6} Parked 6.1 E Vhut < Vour distribution of = MSL
(standing v He T Viub
still ar 8] Transport, |8.1 NTM WSS COD, MOL No currents | NWLR Design conditions shall be U U ]
idling) installati Wiy = Vi to be Hy to be stated by the manufacturer
&2 E. maintenance stated b)-r' srareo' gy the
and repair manufacturer manufacturer
6.3 E 8.2 EwM ESs COD, MUL | No currents | NWLR Transpart, installation, U u A
v Wiy = V1 Hy=Hgy maintenance and repair
8.3 EwWM ESS COD, UNI ECM NWLR Vortex-induced vibrations FU | FU F/N
6.4 P‘ Vi = Vo H, = H, U=u, due to wind, waves or
e ++ [ R E 1g installation - Ffu F/N
=
| i
/ t ﬁ Timpactand | - | U N
ads - normal
| | | it
8.6 NTN ESS COD, MUL ECM NWLR Supoly vessel impact - - U A
Vi = V7 He = Her U=u, abnormal event
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-208 nge Mea N
-258 ; R -
— 300 A A e A T A 165509 -9365.91 0.005 >
; 350 || : 187297 I
&4 400 FESTEE AR e 129N7 -20604.2 0.005
< o I TR - . D= < 1.0
E _cop _~” 15339 13110.6 0.015 —_ .
- ] - ;
& -sso 133214 -14985 0.015 i=1
§ -6ag 108003 243480 0.03
-658 .
;] 100 200 300 400 500 600 169545 13110.6 0.04
Time (sec) 121104 587.1 0.04
193766 1282 .35 0.07
92846.3 468%5.4 0.07
121104 -3184 0.08
&, Max, Principel 189729 7491.4 0.1
(Avg: 75%) 165509 13110.6 0.1
+7.954e+01 AGg NTAR VA i 145325 29968 0.1
+7.217e+401 . VAVEAV AT
+6.431e+01 129177 29968 0.1
+5.7446+01 . .
+5Qp7e 0! L 201840 1872.35 oN 1
+<. e+ - - -
ragTletnl : 133214 35587.1 0.1
+2.7597e+01 . 108993 -48699 8 011
>.060e+01
11‘3242101 . 141288 18729.7 0.115 \ 1000 s
+5.869e+00 ) - A:
e . . ) ) 104957 243480 0.135 Air
-8.865e+00 15’ z % 4 % m 2 ff # =y ﬁ 197803 749148 0.15 — = Sewager with cathodic protection
v 7 145325 35587.1 0.15 ) .
[N — - Seavfater free corrosion
117067 41206.3 0.15 R 3
153398 -9365.91 0.185 =
104957 -26223.3 0.19 =
117067 35587.1 0.2 %
193766 -3746.78 0.26 S
£
173582 1872.35 0.26 =
100920 46825 4 0.26 £ 100
&=
z
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Number of cycles
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S, 511

SNEG, (fraction = -1.0)
(Avg: 75%)
+8.525e401
+5.000e+01
+4.417e+01
+3.833e+01
+3.250e+01
+2.667e+01
+2.083e+01
+1.500e+01
+3.1676+00

+ 3e+00
-2.500e+00
-8.333e+00
-1.417e+01
-2.000e+01
-8.603e+01

ODB: Job-2.0db  Abaqus/Standard 3I Tue Oct 02 09:2!

Step: Step-2
Increment
X Primary Var: S, Mises

1: Step Time = 1,000

QDB: J2.0db Aqu dard 3DEXPERIENCE

Step: Step-1 i
Increment 1

H = 1.000
Primary Var: S, 11

Depth (meter)

10

20

30

40

50

60

70

80

90

100

110

120

3100000

3000000

2900000

2800000

2700000

2600000

2500000

2400000

2300000

2200000

2100000

2000000

KD )
AT ATy,
e R T A

200000 400000

SPT N Value of SAND (SP, SM, SP-SM)
30 40 50 60 70

1 - 1 " 1

600000

80

800000

Bathymetry (=]

25°N

24°N

23°N

22°N

MWS (misec)
. <=0
N >10-20
NNW NNE B >20-30
-
. \ e
WNW ENE
w E
10%  20%  30%  40%  50%
wsw ESE
swW SE
ssw SSE
s
18°E 19° 120°E 121° 122
L 1 | 1
Depth (km) Mw 5 z
@ Depth<=50 @ 70-80 : el
© 50<Depth<=100 @ 60-7.0
© 100<Depth<=150 ® 50-6.0
© 150<Depth<=200 * 4.0-50
® Depth >200
T T
18°E 19°E
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Reduced variate

N =

R — -

y = 7.2469x + 25.291 :

R2=0.9767 (o)
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M |

|
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|

|
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|

1

Return Periods (yrs) 1
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-2 1 o] 1 2 3 50 a

> F¥IIECE

NNW
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M <=10
N >10-20
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‘i"‘ﬁ . N /_‘_ "'9] This document has been reviewed by DNV GL Singapore Pte. Ltd ("DNV GL”) in accordance with DNV
g J— GL's own experience and knowledge and the good industry practice, which is part of our service with
RpelBaldE—maBENEEESHTASIDNV GLEZEFR O E | e
|: / \4:)?% )—\%—& % ZZIK FE Fﬁ / '\j and the Client in February 2016 (“Agreement”).
== mA j:

Sinotech Engineering Consultants (“Client”) in accordance with the agreement signed between DNV GL
For the avoidance of doubt, DNV GL hereby further clarify that:

. ﬁﬁ }_ }—l' == E_EE . AA == B Ejﬁ }_ ,HH S /\H H1m = ;% haﬁ j_:'_I_:‘}EI, %E: %—_I_% 1. The methodolégy.of the data analysis is consistent Yvith DNV QL’s experience and good

industry practice in wind resource assessment, subject to the inherent uncertainties of such
analysis as specified within the report.

~l

2 Our review of this document has been made based upon the information and/or data
contained or referred to in this document. This review does not imply that any information or
data is not subject to change. The Client shall be responsible for the accuracy, completeness
and correctness of the information or data contained or referred in this documents, and DNV
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=" (g Import files to library r N
Ll e ; ; srowse: Wind Turbine Studio ==
[B TPC 2nd #26 wind farm_HH =108 WASP workspace [ Spatial view (=@ ] & ] || ik 26 WS=HH105 WD=70c' Observed wind climate (=== fbrary
T R Q| = g e @ 2 6 () v [@ 1] oo = medun | | wnd | etogrambins | Locaton nformaton | statetcs | urbine liora 5D Desigmee |
B ind atias 1 (192) Generalised wind cimate - Generic Turbine &
=1+ Tab Fie Created by MCP-+ 2206/ 16" Met, station | 5 1o dota grid ¥ Modata =] Sector Wind chngle Poner Qualty 3
W 102D - Ohotr ot i lnats s | ange (1| fea. 18] | Webrh /] | Wbl | e el | _pomer (Wil | clad (4] Turbine model © Tower =
£ TRC 2nd site HH- 105 Resource grid
1 58 e G 3 Teran s 32 7w 2 e e er @ - e e T T
8 210 54 76 182 6.80 405 17%6% Name.
7 TRC 2nd terrain map e’ Vector map /
9 240 a4 5.4 127 5.05 281 -2.657% Manufacturer name \ Power output (kV)
| 10 2m 22 a8 108 473 321 .429% _ & Disk :
2670000 - by - P an wns s an onene Modl \
0.0 Rotor diameter (m} & Hacell
s sector: All Selected height (m)
; R 9 L/Bex /
/ SR Suggested heights (m) / |
U: 9,13 mjs © Blade / |
2660000 P: 1250 W/na - s /
/ ¢ E Rated o ¥ 3 Blades / |
i ed power /
Air density calculator [%/tm/=)] power control type / |
Winstrome |
Nominal voltage (v) I
Alttude (] 2650000 | . Rotor On/Off |
A temperature (H] | / e ; 35.0% a0 o oo Rotor speed min (rem) Rotate OnOft |
Air density (ka/mit [ 1z 15000 Rotor speed max {rpm) |
Rotor speed type
& 'TPC 2nd site HH-105m' Resource grid (=M= | @F wind atlas 1' Generalised wind climate (EWA profile modal) [e®@][&=] .
— = - 4 De Front diameter 343 m Length®.78 m Eock diameter:2.00 m L S S L
ot ] Settings  Spalal view | satstcs | Cimate data | profie macel | Comments | | | 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 S0 52 !
ower densi v Alsectors - f f o
RIQQ| & B[ Ponercersity = @| R 0 (0000 ) Rodass 10,030 m) R-clgs 2 (0. 100m) A-cs 30400 ) Rdoss 4 (1.500 m)
[eacwce Power curve / Noise | Turbine class | Th -
680000 Height 1 U [m/s] 7.67 542 468 3.64 240 I I |
@ =10m) P W/m) 787 £ 18 a3 % 4 D, figu Bpend Delet: Sort
pend row| Delete row [Son
et L, ] N = W@ 2 Aty G B T :
Vil a0 e oo en <5 Noise mode ~ Edit KML export model solin [B(m/s) Power output (W) Thrust coefficient Rotor speed (rom) Reactive power (KVA7)
2670000 (1-5\1 m P wmd 1182 68 482 308 163 Valid turbulence 00 0.000 0.00 00 -
U finfe] a.51 a5 750 6.62 5.5 00 0000 0.00 00
0 P o 1445 656 667 461 E] Frequency type 00 0000 000 00
[N U /s 10.20 9.3 an 77 673 4 Start stop strateay RIiH =) EL) e
2 = 200 m) [AC0N 1611 1304 031 731 W Y 10 05650 2000 00
Derived high wind speed cut out (m/s) \ 50 boro 5000 50
2660000 e0.0 Derived low wind speed cut in (m/s) 3 53 =50 o) Zoam 7]
\\ \& Sectar: Al Low speed cut out (m/sy 200 500 1000 0950 2000 00
SRR Low speed cut in (m/s) 300 7.00 1600 0900 2000 00
BN High speed cut in (m/s) 30.00 200 2350 0:850 2000 00
2000 M —Emergent High speed cut out (m/s) 30,00 9.00 360.0 0780 2000 00
[2%/m/e)] a s 1000 5000 0720 2000 00
Power curve type Other - 1100 6660 0685 2000 00
Date source Unlowen 1200 7500 0535 2000 00
olomen dt 0167729 £ 10,08 1300 7500 0,600 2000 00
00% s, B —— Sase date 1400 7500 0570 2000 00
Edit mask, . | Editgrid... Calculate! I R arined 0 u [mfs] 25.00 Reference URL None . 1500 7500 0.540 2000 0.0 .
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»BRETE Wave model M21 SW &4 CFSv2 and JMA typhoon wind data
& E(Cyclone Wind)1&2 4H — : - : : :

42__""______________"""""""____: _____________ T T I'"""""""':""""""""i """""""

S R R (Spectral Waves, SW)1&E 2R WQVQF'@ld ________ L VIR G

77 o '
ENRS 1979 now & £

£ % (Mrmant

e e e e e o o= oo S
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(Grid spacing 0.2044 degree)

we Height [m]

b

14_-15
13-14
1

11-12
1

9-10

IR OEAT O Eme

BBBBB

e 115 120 125 130 135
6:00:00 2016/9/10 Time Step 0 of 120.
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» Statistics of Wave data

i S i
SEHgEHA(sec)
0-0.5
0.5-1
1-1.5
1.5-2
2-2.5
2.5-3
3-3.5
3.5-4
4-4.5
4.5-5
5-5.5
5.5-6
6-6.5
6.5-7
7-7.5
7.5-8
8-8.5
8.5-9
9-9.5
9.5-10
10-10.5
&EET

330
QEET

R e (cm)

0-49 50-99
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%
0.82% 0.88%
5.05% 4.85%
5.87% 4.91%
4.88% 4.96%
1.64% 3.69%
0.37% 1.33%
0.11% 0.37%
0.00% 0.11%
0.00% 0.03%
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%
0.00% 0.00%

18.74% 21.12%
~ERE = (cm)

0-49 50-99
0.60% 1.56%
4.71% 8.48%
1.05% 0.77%
0.34% 0.03%
0.03% 0.06%
0.11% 0.06%
0.60% 0.40%
5.13% 6.32%
3.12% 2.61%
1.98% 0.54%
0.62% 0.23%
0.45% 0.09%

18.74% 21.12%

100-149 150-199 200-249 250-299 300-349 350-399 400-449 450-499 500-549 550-599 600-¢

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.14%
1.81%
2.75%
2.81%
0.99%
0.37%
0.09%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
8.96%

100-149
0.91%
6.01%
0.20%
0.03%
0.00%
0.00%
0.03%
1.22%
0.43%
0.11%
0.03%
0.00%
8.96%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.28%
2.52%
3.63%
2.58%
0.71%
0.06%
0.11%
0.06%
0.06%
0.03%
0.00%
0.00%
0.00%
10.04%

150-199
1.39%
7.88%
0.11%
0.00%
0.00%
0.00%
0.00%
0.45%
0.17%
0.03%
0.00%
0.00%

10.04%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.26%
3.54%
3.94%
1.28%
0.34%
0.03%
0.09%
0.14%
0.14%
0.09%
0.06%
0.00%
9.90%

200-249
1.62%
7.94%
0.09%
0.00%
0.00%
0.00%
0.03%
0.14%
0.09%
0.00%
0.00%
0.00%

9.90%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.57%
3.80%
3.01%
0.62%
0.06%
0.00%
0.03%
0.03%
0.06%
0.03%
0.03%
8.22%

250-299
0.60%
7.51%
0.00%
0.03%
0.00%
0.00%
0.00%
0.09%
0.00%
0.00%
0.00%
0.00%

8.22%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
1.81%
3.86%
1.62%
0.09%
0.03%
0.00%
0.00%
0.00%
0.00%
0.03%
7.43%

300-349
0.45%
6.86%
0.06%
0.00%
0.00%
0.00%
0.00%
0.03%
0.03%
0.00%
0.00%
0.00%

7.43%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.06%
3.12%
3.03%
0.48%
0.06%
0.03%
0.00%
0.00%
0.00%
0.00%
6.78%

350-399
0.31%
6.38%
0.06%
0.00%
0.00%
0.00%
0.00%
0.03%
0.00%
0.00%
0.00%
0.00%

6.78%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.45%
2.07%
0.77%
0.00%
0.06%
0.06%
0.00%
0.00%
0.00%
3.40%

400-449
0.06%
3.26%
0.09%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

3.40%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.03%
0.94%
1.56%
0.06%
0.06%
0.00%
0.00%
0.00%
0.00%
2.64%

450-499
0.03%
2.55%
0.06%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

2.64%

Rose plot of the significant wave height

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.06%
0.65%
0.45%
0.00%
0.00%
0.00%
0.00%
0.00%
1.16%

500-549
0.00%
1.11%
0.00%
0.03%
0.00%
0.00%
0.03%
0.00%
0.00%
0.00%
0.00%
0.00%

1.16%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.17%
0.34%
0.03%
0.00%
0.00%
0.00%
0.00%
0.54%

550-599
0.00%
0.54%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.54%

0.
0.
0.
0.
0.l
0.
0.
0.1
0.
0.
0.
0.
0.00%
0.00%
0.03%
0.37%
0.23%
0.00%
0.00%
0.00%
0.00%
0.62%

600-649
0.00%
0.45%
0.17%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.62%

0.00%
0.00%
0.00%
0.03%
0.11%
0.00%
0.00%
0.00%
0.00%
0.14%

650-699
0.00%
0.14%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.14%

700-749
0.00%
0.17%
0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.20%

0.00%
0.00%
0.00%
0.00%
0.06%
0.03%
0.00%
0.00%
0.00%
0.09%

750-799
0.00%
0.06%
0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.09%

849
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

800-849
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%

850-900 &&=t

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.03%
0.00%
0.00%
0.00%
0.00%
0.03%

850-900
0.00%
0.00%
0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.03%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
1.70%
10.04%
12.87%
15.37%
15.88%
14.89%
13.30%
8.93%
3.97%
1.50%
0.91%
0.37%
0.14%
0.09%
0.06%
100.00%

“aEt
7.51%
64.05%
2.72%
0.45%
0.09%
0.17%
1.08%
13.41%
6.44%
2.67%
0.88%
0.54%
100.00%
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Depth (m) y r Lower Bound Best Estimate Upper Bound
: s ¢ s S
soil type (kN/m®) (P degrees N E degrees N E ‘p degrees . E
T || o (degrees) (kPa) 50 (degrees) (kPa) 50 (degrees) (kPa) 50
from | to from to from | to from | to from to from | to from | to from to from | to
0 2.8 Clay 39 - - 6.8 11.1 | 0.02 | 0.02 - - 13.7 | 19.1 | 0.02 | 0.02 - - 23.2 | 29.5 |0.007|0.007
2.8 8 Silt 6.3 303 (304 ] 11.1 | 21.1 | 0.02 ] 0.02 | 31.8 | 31.9 | 19.1 | 31.5 | 0.02 [ 0.01 [ 32.8 [ 32.9 [ 29.5 | 44.0 [0.004 | 0.004
8 13.1 | Clay with sand 7.2 304 1305] 211 | 333 10021001 | 319319 ] 315 | 468 | 0.01 | 0.01 | 329 | 329 | 44.0 | 61.8 [0.005]0.005
13.1 | 15.5 Sand 7.9 30.5 | 30.5 - - - - 31.9 | 32.0 - - - - 32.9 | 33.0 - - - -
155 117.7 Clay 6.6 - - 39.9 | 46.5 | 0.01 | 0.01 - 55.0 | 63.0 |0.007|0.007 - - 71.4 | 80.9 |0.005]0.005
17.7 | 27 Sand 7.2 30.5 | 30.7 - - - - 32.0 | 32.1 - - - - 33.0 | 33.1 - - - -
27 1295 Clay 8.3 - - 79.1 | 89.3 | 0.007 | 0.007 - - 103.4 | 115.9 | 0.005 | 0.005 - - 128.3 | 143.0 | 0.004 | 0.004
29.5 [32.1 | Sand with clay 8.8 30.7 | 30.8 | 89.3 | 100.5|0.007|0.005| 32.1 | 32.2 | 115.9 | 129.7 | 0.005)| 0.005| 33.2 | 33.2 | 143.0 [ 159.2 [ 0.004 | 0.004
32.1 [39.3 | Clay withsilt 7.9 30.8 | 30.9 | 100.5 | 134.8 | 0.005]0.005| 32.2 | 32.3 | 129.7 | 171.9 | 0.005) 0.005| 33.2 | 33.3 | 159.2 | 209.0 [ 0.004 | 0.004
39.3 |52.6 Sand 8.7 309 | 31.1 - - - - 323 | 324 - - - - 333 | 335 - - - -
52.6 | 100 Sand 9.4 31.1 | 31.8 - - - - 324 | 331 - - - - 33.5 | 34.1 - - - -
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q. - tip resistance, f, - sleeve friction

e 5T
° TE >E ‘{ﬂ 1 t ** |‘=|' Gyo» Oyg' @ in-situ vertical total and effective stress
/ / Z units : all in kPa

® :%E *ﬁ ﬁj\ *ﬁ initial stress exponent” : n = 1.0 and calculate Q, F, and I,
ifI,<1.64,n=0.5
if1.64 <. <330, n=(—-1.64)03+0.5
if1.2330,n=1.0

EiBNE
® *ﬁ I:Ix A iterate until the change in n, An < 0.01
if oy, = 300 kPa, let n = 1.0 for all soils
CPTH % . - Hole No.- =03 “updated from
3% (Rdbertson and Wiide(1988), Rabertsan (2009)iE 1L 43 4 i 5 ole No.: BH-5 (a .36g) Robertson and
Wride (1998)
gt (MPa) s (KPa) TIc CRR and CSRE ESs
o 5 10 15 o 50 100 150 0o 1 4 5 00 04 08 12 0 1 2 3 v
o ———— 0 o] o T - o T T
! PLI60.ED —
: ( ) Q - (‘I; G\m -C,
2 2 2 + 2 - ! 2 r 100
1
! 1, =347 =10 @)% + (1. 22 +10g F)?]
4 - 4 4 a4 L i 4
j 1
! v
& L — L L | =1 & | L
° ° & | if1.< 1.64, K, = 1.0
s if 1.64 <1, < 2,60, K, = -0.403 I.* + 5,581 1.} —21.63 1,2 + 33.75 I, — 17.88
B r & r 8 r 8 r 1 i 8 r if I, = 2.60, evaluate using other criteria; likely nonliquefiable if F > 1%
- CRR BUT, if 1.64 <I. <2.36and F <0.5%, set K. = 1.0
£ 10 10 + 0 + 10 10 - —
3 L i g v
1z | 1z | 12 1z 1z L L= [ @on) = KcQ ]
ta = "
14 - 14 | % 4 14 14 g
3
e L CRR75:93-{(—{14‘1—"@] +0.08, if 50 < (e n)es < 160
16 | 16 1 16 16 ‘} - 1000
?7 {-
I
J (‘{cl ) .
18 | 18 [ 8 [ 18 . — CRR; 5= 0.833 [W +0.05, if (ge1n)es < 50
E if I, = 2.60, evaluate using other criteria; likely nonliquifiable if F > 1%
20 20 20 20

20
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> @iuEciise
fEHE 2 M (SACS v.s. ABAQUS)
Mode X (1st) Y (1) | Torsion (1st) | X (2d) Y (2n9) Z (1%
SACS - Freq.(Hz) 2.48 2.49 5.22 7.96 7.96 8.99
ABAQUS - Freq.(Hz) 2.48 2.48 5.14 7.75 7.75 8.55

(% 7%)
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> @iuEciise
HERED M (APRITREE vs. FH{EIHEY)
Mode Freq. (Hz)
Plate Element - TP | Superelement - TP
X (1st) 2.48 2.48
Y (1st) 2.49 2.48
Torsion (1st) 5.22 5.22
X (2nd) 7.96 7.93
Y (2nd) 7.96 7.93
Z (1st) 8.99 8.99
Z (2nd) 11.85 11.86

(# % 5F)
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BEESf LOAD CASE 2R | RS AR [ OAD CASE 2B 5

~ SACSEr P &2 3797 7% 2.

Inputs

- 83 3 AT
i

J

Marine Condition :::ﬁr:ifs F Load case1.2_WiDO0 Wi out WWalDOo
Design . m - o = Partial F_Load casel1 2_WIiDHD WiV out WaD30
Situation DLC Wind Condition Wind and s wat Other Conditions: = 5 safety ) )
Waves wave c ea ater = = factor F_Load case1 2_WIiD0 WivVout_WaDel
R N N urrents Lewvel ] ]
directionality = = : .
- F_Load case1.2_WiDD WiV out_WWaDa0
. s . »
Load case type  Case No. Wind condition 'j: #‘ 5 ﬂ %" }a L h ‘/Q -, ra, F Load case1.2_ WiD0D Wi out Wal1 20
[ #4iT 1.1 NTh A M . COD  UNI  NCM f‘ ! 5 F Load 13 WO Wi WaD150
[ $hiT 1.2 NTM A I VOB  MIS MUL | No .[. é; =l —Load casel.2 Wil _Wiviout VWa
[ &7 1.3 it PP — S e LLLE L - P\ / N o F_Load case1.2_WiD0_ WivWout_WaD180
[ #aiT l 1.4 Bl N\ - MSL uonN F_Load casel 2_WiD0O_ WivVout_WaD210
L1 &7 . g % }\ A *ﬁ- i\ ’é‘ 'iEL ‘:A’ MSL v N F_L d 1 E_W'DD_W'W t_W D240
Dﬁlﬁ 16 \ NWLE U N _Loa case & | | | out_ a
[¥] #1T 1.7 HNTM A Mss FEOB  MIS MUL No HNWLE >=MSL e F/U F/N F_Load case1 2_WiD0 WiNVout_\WaD270
[ #47 2.1 NTM A Nss E COD  UNI NCM MSL \ f U M F_Load casel.2_WiDO_WivVout_VWaD300
L] &1 22 NTM a NES E__|coD] UNI INCM MSL —— o_La F Load casel 2 WiDO_Wiviout WaD330
[ #iT 2.3 EOG E N3E E COoOD UNI  MNCM MSL R , , - . - -
[ #hiT e 1) 2.3C2 MTHM A NES E COD  UNI  NCM MSL 4 2 SACS E] 21 Elj LOAD CASE Function.xlsm
[ #4iT 2.4 NTH Y NssS E CoD  UNI Mo MWLE »=MSL - »l|=| SacsFatigueCheck.txt |
[ #dT 2.5 WP LA NsS3 E CoD  UNI  NCM MSL ‘E'# ﬁ"
[ #hdT 3.1 NWEP A NEs E CoD UNI No MWLE >=MSL F‘ R
[ #4T 32 EOG D NSS E COD  UNI  NCM MSL - B i\] ¥ gg_b *;}J. % F\ /3\
] $hiToets 3202 ETH 2 MSS E COD  UNI  NCM MSL U - " v P‘
[ #hiT 3.3 EDC D NSs E MIS lirection c NORM MSL 18] A\ * 1 *&;
[ #4iT 4.1 NWP Y NSsS E CcoD UMI No MWLE »=MSL F/U F/N SACS frlnpUt
[ #iT 4.2 EQCG D NssS E CoOD  UNI  NCM MSL e U N —_—
[ $hiT et 4202 ETh B Mss E CoD UNI NCM MSL \ y U on |
[]#i1T 5.1 HTh =] N3s E COD UNI  NCM ML - 9] 9] | Load Case XXX

15 [13

seainp.txt
wvrinp.txt
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« —HB4 R ZSACSEFELEBIFIESIE+SACSRZEZSOMER "Wind Turbine
Process ; —BE)# 1T T HJ_H“—“/VI‘E

, , SACS
» _,& B »

BEA R A 9.3 % 46 SACS# 45 £ 1

B ﬁﬁﬁl‘b;\ B B FE (from
WTG)

1 |

Wind Turbine

R : Process
o= hoif & H 8RB S Hc
- > 2 = S » S
(AL iE * % & R) B #EAF N2
T ‘
. N i e J2 Bt # K L2 2 SACSI 17 #h (run file)ig 3] & ¢
= — SACS#H 7 #%
‘é‘ g2 b —F‘“\ S —}'
Analysis Information - 5 . N
. — EE;L- 2 EE;L-
&% Cancel All Analyses ] View Pending Runfiles - H‘:' g F(t@/._‘_ 4 ‘-LE'_ F /o 7}%
Runfile Mame Analysis Type Current Maodule Status MModule Time Total Time
wwrd. . wwrdat runx Time History Wawve an... Wawve Response TIME 565.120 SECS SEED 1 001727 O00:17:28
wrd.. wwrdat runsx Time History Wawve an... WWawve Response TIME 564.160 SECS SEED 1 Oo:17:26 00:17:28
wrd.. wwrdat runsx Time History Wawve an... WWawve Response TIME 549.640 SECS SEED 1 Oo:17:27 00:17:28 2 ﬁ% fl’ )ﬁ‘ﬂgé\ ’]:fr
wrd.. wwrdat runsx Time History Wawve an... WWawve Response TIME 568.800 SECS SEED 1 Oo:17:27 00:17:28 E - '
wrd.. wwrdat runsx Time History Wawve an... WWawve Response TIME 577.760 SECS SEED 1 Oo:17:26 00:17:28
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5 )":E, ;\ ;‘é‘_ KN é‘, F‘K 7}.'- & 4 =~ SACS %g }f‘@m ?‘ 7}—'— 4 & Multi Run Generator T 3':
;_«Lr‘ﬁ*:il_,—'_;_%_ = X4 FR|G = >
= Esecution File: |multi_print_MEF . run:
— Load case XXX - |
—E — pOSt Runfile Mame Analysis

@ retmembrer_end_force_all.runx
—E . rptlnp [¥] rptmember_end_force_all.runx
°run file

rotmember_end_force_all.runx

rotmember_end_force_all.runx

rotmember_end_force_all.runx

rotmember_end_force_all.runx

B A3

rotmember_end_force_all.runx

retmember_end_force_all.runx

4 2 SACS % ¥ g2 3 17 #h(multi run file) o
SACS*¥® — trfed 2 ;\;itl’:‘]b"\ & ;‘«/f@m/g\_ﬁ_

AL

retmember_end_force_all.runx
retmember_end_force_all.runx

retmember_end_force_all.runx

AL AL A A2

retmember_end_force_all.runx
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- FEEFTEOR Efthymiou@ﬁiiﬁﬁﬁﬁﬁ%ii
« EfthymiounzUEZBHEMIRE] - HAGTERKRT IR
- BIRTREBEEOIRFT - BHolRHEEIIOERE
- HABRITRZEE  MNMIRERRBEREGTEEEKR  BIWEZIBEH S
PINiRES
v E%%ﬂgfﬁ%
v ZEREEER

S, Max, Principal
(Lwg: 75%)
+7 . 954e+01
+7.217e+01
+5 . 42le+01
+5.744e+01

S, Min. Principal
+5.007e+01

+1.433e-02
+4.271e+01
e o? +353424071
=7 e- +2.797e+01
-1.888e-02 +2 060e+07
- -2.994e-02 +1.3242+01
-4.101e-02 +5.869e+00
-5.208e-02 -1.498e+00
-6.314e-02 ~&.865e+00
-7.421e-02
-8.528e-02
-9.635e-02
-1.074e-01

-1.185e-01

Min: -1.185e-01
Elem: PART-1-1.1774695
Node: 2792952

ODB: Brace_opbl_25m Paqus/Standard 6.13-2 Wed Jul 29 18:08:38

.‘X/'

e ff,ﬁ ff;
21
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i & 12 58 % 55 2 iR 2 (Efthymiou 2% vs. BRRITTEZR)

-

VI U UGG 0L STE L A1)

e el
e

0 wo

Axial load In-plane Out-of-plane
ending moment bending moment

- :
PUCIPER EUG EOLCE (00 5011 19 2011 (10)

T
o i e wo a0

| i i i) i
| | AT A A IV T TP
Vel N P
(LA th R4\ l { |

nn (g M RaFH Lo 8| 1 M
| | AU | LI

AT, e EOREG . S0IE 10 011 CAR)

-
-
-
Rpl Rp2 Rp3 Rp4 RpS
O | Gy | Gez | O | Oy | Bz | O | By | Bz | Ox | Oy | Gz | Fux | Gy | G
\ E.K -11.74| -1.83 -1.43 | -2.79 | -0.61 0.45 -1.07 | -2.12 0.03 -1.49 | -0.96 | -0.66 2.86 7.99 -1.57
\
SACS /77 -%L/r é’ ‘gt _lix 334 2.55 0.96 -2.00 | -5.08 2.83 -5.54 |-11.58| 0.66 7.78 5.48 413 512 917 -1.29
I_‘E 2537 6.12 -0.91 31 10.96 0.84 0.78 4.39 2.15 -4.1 1.36 1.94 -3.85 -8.92 1.94
% 3% 2% INTERMEDTIATE MEHMBER FATIGUTE REPORT % % % Mx 62.51 | 20.63 | -0.11 |-15.93 | -2.36 0.85 -3.16 | -0.02 1.36 1.43 -0.12 | -1.47 10.9 | 22.06 | -4.23
My 14.87 | 13.17 1.84 0.42 5.25 0.07 1.47 1.48 0.05 -0.63 | -0.35 -0.2 -1.92 | -0.43 0.3
DISTANCE OUTSIDE wALL STRESS. CONC. FACTORS =* FATIGUE RESULTS s
MEMBER GRUP FROM END DIAMETER THICK. AXIAL BENDING DAMAGE LOC SUC LIFE Mz Se7 1305 | S7e (Rl eeal| =15 | 501 | -0.27 [ el el 1138 | 204 | 298
M cH cH
101L-0000 BR1 2.000 100.000 4.500 1.500 1.500 .72384-3 L  34538.05 Rainflow Countlng
2.880 166.000 4._880 1.588 1.500 .18773-2 L  23286.39
14.120 106.000 4_@80 1.500 1.500 .43481-3 R 57602.41
R

14.128 160.000 4.50808 1.5688 1.5688 -290806-3 86188.63
4+ ZE E
Damage F R
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> MERBRRS 2N - ARBRTZEREZILZERE

ERVE 2 JOSE S

- BUBERBESRTRED

« DBIMBEAINRSERN - SRHNHESREENS - £30ESHE - TR
VRETTR 2 ERBIENE

&

Location 1 Location 2 Location 3 Location 4 Location 5
FX c’.xx,lx c’yy,lx o.zz,1x oxx,Zx oyy,Zx 0'zz,Zx C’xx,.?'x oyy,3x czz,3x oxx,4x 0'yy,4x o.zz,4x oxx,Sx cyy,Sx ozz,5x
FY 0xx,ly o.yy,1y ozz,ly c’.xx,Zy c"yy,Zy o.zz,Zy o.xx,3y 0yy,3y 0'zz,3y c"xx,4y o.yy,4y c,'zz,4y 0xx,5y 0'yy,5y c’.zz,5y
FZ c’.xx,lz c,'yy,lz o.zz,1z oxx,Zz oyy,Zz ozz,Zz C’xx,.?'z o.yy,3z 021,31 oxx,4z oyy,4z o.zz,4z o.xx,Sz 0yy,51 0zz,Sz

]Fj }j% lE i' MX 0xx,lmx o.yy,1mx ozz,lmx c’.xx,me c"yy,me o.zz,me o.xx,3mx 0yy,3mx 0'zz,3mx c"xx,4mx o.yy,4mx c’zz,4mx 0xx,5mx 0'yy,5mx c’.zz,5mx

;L.—;)%J =3

MY c’.xx,lmy c,'yy,lmy C’zz,lmy oxx,Zmy oyy,Zmy o.zz,Zmy C’xx,3my 0'zz,3my xx,4my oyy,4my c’zz,4my o.xx,5my 0yy,5my c’.zz,5my

ozz,3mz oxx,4mz 0'yy,4mz C’zz,4mz oxx,sz c’.yy,5mz ozz,5mz

MZ oxx,lmz c,'yy,lmz C’zz,lmz oxx,Zmz oyy,Zmz c,zz,Zmz C’xx,3mz




= - FRRfRilEE

A2

— Elenent Label Int 5.511 5.522 5.533 .
} Pt aloc 1 @loc 1 aléc 1 B, 3R~ ) ok Lyl g — & < _ }i
NIF1trpe Y R eaen eéee 1 elée 1 = IFt=t gc,gﬁxjﬁ J:I‘ )y A ¥ & 8L & 0 i
e 1 1 331.866E-03 -280.543E-03 5.59509 T
| IF12 rpt 2 1 1.70677 -400.363E-03 5.57744 B
- " 3 1 -1.35519 -506 . 778E-03 496368 1. 70677 -400, 368E-03 5.57744 1.70677 =400, 368E-03 5.57744 1. 70677 -400.3G8E-02  5.57744 1.70677 -400.268E-03 5.57744 1.70677 =400, 36 3 5.57744
. r 1 _606.781E-03 247 .704E-03 4_77960 3103935 240 267E-03 5.87062  3.03935 240 267E-03 5.37062  3.03935 240 267E-03 537062  3.0303% 240.267E-03 5.57062  3.03935 240 26" 3 5137062
i 5 1 C39.3687E_03 C163.574E_03 4.78305 1. 19686 -354.684E-03 5.34085  1.19686 -354.684E-03 5.34085  1.19636 -354.684E-03 5.34085 1.19686 -354.684E-03 5.34085  1.19686 -354.684E-03  5.34085
i IF1 Srpt - - 297.617E-03 -1.18393 5.20318 297.617E-03  -1.183 5.20318  297.617E-03 -1.18393 5.20318 297.617E-03  -1.18393 5.20318 297.617E-03  -1.18393 5.20318
[ 1 1.19636 -354.,684E-03 5.34085 -3.68370 -2.03634 4.22660 -3 70 -2.03634 422660 -3.683 -2.03634 4.22660 -3.68370 -2.03634 4.22660 -3.68370 -2.03634 4. 22660
ey 7 1 297 .617E-03 -1.18393 5.20318 2.47278 162.715E-03 5.69412  2.47278 162.715E-03 5.69412  2.47278 162.715E-03 5.69412  2.47278 162.715E-03 5.69412  2.47278 162.715E-03  5.69412
1 IF14.riot ] 1 13.68370 -2.03634 4122660
i N 9 1 2047278 162.7158-03 5.60412
10 ! 1.42578 “4dl.oroE-02 ararrae 9 506, 778E-03  4.96368 S06.778E-03  4.96365 1.35519 S06.778E-03  4,96368 1.35519 506 . 77€E-03
. . - - . T78E~ . - . - 636 b - . - . =1. -506, -
4| IF15.rpt 12 ] 3% 7SR Nt o G o [ S BT L WA TR BT W
i = -3 - - - - TE - S163. . o S163. - . . 3637E- _163. - T8 -G, - -163. -
I 1 el %GR ERICT i T SRR i SRR Bl T e il ThE SRR
14 ! 803. 424803 579355803 5-25176 H ,ﬁlb a qugpaﬁef_exe - 3 -431.55E-03 2199377 -431.552E-03 2.99377 -1.32663 431.5528-03 299377 -1.32663 -431.552E-03
/,_J_ T A N o
: 10 R -
-606.781E-03 4.77960 -606.781E-03 -247.704E-03 4.77960 606.7E1E-03 -247.704E-03 4.77960 -606.781E-03 -247.704E-02 4. -03 -247.704E-03 4.77960
-2.96201 4.48510 -2,96201 -1.82187 4.48510 -2.96201 -1.82187 4.48510 -2.96201] -1.82187 4, - 2187 4.48510
-761.971E-03 5.07555 .761.971E-03 -290.675E.03 5.07555 .761.971E.03 .290.675E-03 5.07555 -761.971E-03 .290.675E-03 5. -971E-03  .290.675E.03 5.07555
156.607E-03 . 5.26465 156.607E-03  -1.03694 5.26465 156.607E-03  -1.03654 5.26465 156.607E-03 -1. 5. . -03  -1.03694 5.26465
5 5.4048%  96,5573E-03 -925.24ZE-03 5.40438 96.5573E-03 -925.242E-03 5.40488  96,5573E-03 -925.242E-03 5.40488  96.5573E-03 -925.242E-03 5.40488
-280.543E-03  5.59509 331.866E-03 -280_543E-03% 5.59500 331.866E-03 -280.543E-03 5.59509 331.866E-03 -280.543E-03 5.50509 331.866E.03 -280.543E.03 5.59500

i\
= 201L-element1 bt FHH --- VY --- FZEZ

LIRS B0 iy A
] 201L-element2 txt 240 157 716

= linkCutput.tt SACSH-E] #n
=] nodeListFile.tx e . :
2| SACStimeHistory txt SACSF ¥ Jir p&r 7oL B StressCalculation.exe Br A R ﬁ%] 5B PE 440 231 382

i

[Praee] |

3.3 H

201L-elementl-x: 0.00702
5l damageOutput.txt Z01L-elementl-v: 0.00051
201L-elementl-=: 0.00132
A03L -elementl-x: 0.00029
A03L -elementl-w: 0.00462
A03L -elementl-=z: 0.00132

=] 201L-element o=t P B O T @?]:l:}ﬁpﬁ
=] 303L-element txt :
=] THfileListFile.txt Tl A v S

W RCountingDCalculation.exe
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» AEER BEHABED - FEIBSEERE
> 4
e
~
T T HBREHS R EAB )5 58 SH(ULS ~ FLS ~
SR SLS) B L iETEAR IR ~ 1 1 #3587 598 TABAIBEI A LT
MRS %kﬁ%tﬁiﬁﬁgﬁﬁﬁéﬁ&ﬁ'ﬁﬁ*ﬁ
Sl — - AR AR AR
L\ S AT 2R > BIERAEL AR EmES =
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TERE/” 1E2&=H(ULS ~ FLS ~ SLS) mEE
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et
\

1 'Mass matrix
2 H -—-— gzl 1 - ——¢cpl 2 —~— ——¢gpl 3 ~— ——col 4 —~— —— col 5 —— —— gcol &§ —— — ol T —— — col § —— -—— col m ——
= 1l.81E+06 —Z.39E+00 2.40E+0Z 5.31E+01 -4 .T4E+0T7 —3.95E+05 —Z.Z7E-07 e T.69E+00
= —Z.39E+00 1.61E+06& 1.8ZE+03 4. T4E+07 —3.9T7TE+01 -3 .Z2T7TE+03 —T7.65E+02 —4 . 0ZE+00
= 8.40E+0Z 1.85ZE+03 1.49E+06 3.TeE+05 9 .66E+03 -1.36E+01 —1.13E+01 3.ZZE-01 \
& S5.31E+01 4. TH4E+0O7T 3.TeE+05 4.51E+0%9 6.46E+02 I .99E+03 —&.60E+049 9. 95E+00
7 —4.T4E+07 —3.97TE+01 S.66E+03 &.46E+02 4 .50E+0%9 3.63E+07 1.5%5E-05 0. 00E+DQO
8 —3.95E+05 —32.2TE+03 -1.36E+01 3 .99E+03 3 .63E4+0T7 4.91E4+07 1.71E-OQO7 0. 00E+0Q0Q
g —Z.2T7E-07 —T7.65E+02 —-1.13E+01 —&.60E+04 1.95E-05 1.71E-0O7 1.00E+00 0. 00E+0Q0Q
|
11 T.69E+00 —4 . 0Z2E+00 3.Z22E-01 S .95E+00 —T7.14E+00 &.5T7TE+00 O.00E+00 1.00E+00
2 !Stiffness matrix
13 H —— ool 1 — ool =2 —— ool 3 —— ool 4 —— ool 5 - col & —— ool 7 —— ool m —— -
14 8.T4E4+0O7T —2.5ZE+02 Z.59E+05 S5 .55E+03 1l1.34E4+0%9 —Z2.44E4+05 O.00E+0Q0Q 0. 00E+0Q0Q
15 —Z.5ZE+02 8.T4E+07 Z.0TE+OS —-1.34E+0%9 —4 . 91E+03 —Z.86E+05 O.00E+00 0. 00E+0Q0Q
16 Z.5%E+05 Z.0TE+05 Z.38E+0%9 —3.96E+06 5.35E+06 -4 .48E+03 0.00E+00 0.00E+00
17 S5.55E+03 —1.34E+09 —-3.96E+06 T7.55E+10 1.07E+05 —1.50E+07 O.00E+0Q0 O.00E+0Q0 /
18 1.34E+4+09 —4 . 91E+03 5.35E+0Ce 1.07E+05 T.55E+10 —Z2.Z24E4+07 O.00E+0Q0Q 0. 00E+0Q0Q ///
g —Z.44E+05 —Z.86E+05 —4 . 48E+03 —1.50E+07 -2 .Z249E4+07 1.78E+10 O.00E+0Q0Q 0. 00E+0Q0Q ;
20 Q.00E+0OQ O.00E+0Q0Q O.00E+C0Q 0.00E+00 0.00E+00 O.00E+0OQ 3.949E+00 0. 00E+0Q0Q )/
22 0.00E+0QOQ O.00E+0Q0 0.00E+0Q0OQ 0.00E+00 O.00E+0Q0 O.00E+0Q0Q O.00E+0Q0 8.34E+03
23 "TDamping matrix
Fat H —— col 1 —-—— col = -—— col 3 -—— col 4 —— col 5 —— col & —— col 7 -—— col m —-—
2 T.01E+05 —1.91E+00 1.853E+03 4.Z1E+01 T.1leE+06& —Z.15E+04 —1.13E-08 3I.85E-01
26 —1.91E+00 T.01lE+05 1.56E+03 -7 .16E+06 —-3.69E+01 —Z.Z20E+03 —3.83E+01 -Z2.01E-01
27 1.88E+03 1.56E+03 1.70E+07 —-S.34E+03 3.85E+04 —-3.Z2EE+01 —5.64E-01 1l.681lE-0Z
4.Z21E4+01 —T.1l6E+0& —9.34E+03 T.&6l1lE+08 T.93E+0Z —1.068E+05 —3.30E+03 4.98E-01
T.l6E+06 —3.69E+01 3.85E+04 T.83E+0Z T.&6lE+08 1l.686E+06 Q.T7T5E-O7 —-3.5TE-01
30 —Z.15E+04 —Z.Z0E+03 —3.Z5E+01 —1.06E+05 1l.66E+06 1.Z5E+08 8.56E—-0%9 3.Z8E-01
31 —1.13E-08 —3.83E+01 —-5.649E-01 —3.30E+03 S.75E-0T 8.56E-0% T.80E—-0QZ 0.00E+00
; . [K] ~ [M] ~ [D] = [F]
Ef ] 3.85E-01 —Z.01E-01 1.61E-0O=2 4. 98E-01 —-3.57TE-01 JI.Z8E-01 O.00E+0Q0Q S5.9ZE+01
34 1Loading
= H ——time (s) - F 1 - F Z - F 3 - F 4 - F 5 - F & - Fn -—-
36 0.00E+0D0 O.00E+00 0.00E+00 0.00E+00 O.00E+00 0.00E+0D0 0.00E+0Q0 0.00E+00
37 4. 00E-0OZ2 4. 64E+00 —-7.Z20E-0O4 —-7.45E-01 —1.11E+4+00 -2 .3Z2E+02 —Z.06E-0Z2 —4 . 33E-17
38 8.00E-OZ 1.8Z2E+01 —-Z.8BTE-0O3 —Z.48E+00 —3.94E+00 -9 .08E+02 —8.00E-0QOZ2 —-1.69E-1&
21 1.Z0E-01 3I.9TE+0OL1 —5.96E-0Q03 -4 . 4Z2E+00Q —-T.6ZE+00 —1.9SE+03 —-1.7T5E-01 —-3.6TE-16
40 1.60E-01 &.30E+01 —8.99E-03 —-5.T7T6E+00 —-1.10E+01 -3 .40E+03 —3.0Z2E-01 —&6.24E-16
41 Z.00E-D1 1.01E+0Z —-1.05E-0Z —5.73E+00 -1.Z27E+01 —-5.07E+03 —4.56E-01 —9.Z0E-1&6
4 2 Z.40E-01 1.3TE+0Z2 —8.6TE-03 —2.e0E+00Q —-1.1Z2E+01 —&6.86E4+03 —&.35E-01 —-1.23E-15
4 -3 &.00E+0Z —9.356E+04 —1.58E+03 —Z.8TE+04 3.Z9E+06 4.41E+06 3 .4ZE+03 1.39%E-1Z

39
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#DESCR, "™
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
$TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#TIMVAL,
#EOF

o

<

o0 o

et el el el ol
b WwN -

~ 0

b
Y O @

N -

200.000,
200.040,
200.080,
200.120,
200.160,
200.200,
200.240,
200.280,
200.320,
200.360,
200. 400,
200.440,
200.480,

- ’

800.000,

1 #DESCR,"FLEX 5 Interfaceloads™
2 #DESCR,"Loads at interface height:
#DESCR,"Timestamps are given in ROSA time,
#DESCR,"Time offset relative to VIS is 200.00s"
time,- AX [m/s2]

1.66467E-002,
4.35646E-002,
6.86024E-002,
9.14894E-002,
1.11213E-001,
1.23269E-001,
1.24461E-001,
1.16161E-001,
1.02590E-001,
8.43763E-002,
6.03746E-002,
3.01367E-002,
-2.55032E-003,

ceee s

-1.95225E-002,

--,- AY [m/s2]

2.92E+01 ™

-1.30784E-002,
-1.39568E-002,
-1.45678E-002,
-1.59057E-002,
-1.58714E-002,
-1.24379E-002,
-8.16358E-003,
-5.61469E-003,
-5.03129E-003,
-3.35558E-003,

1.02384E-003,

5.95991E-003,

8.29908E-003,

P ’

4.21952E-003,

matching wave input”™

--,- AZ [m/s2] .

1.10408E-004,
6.38229E-005,
1.05786E-004,
2.22926E-004,
2.59937E-004,
3.41876E-005,
9.67337E-006,
-2.86659E-004,
-1.46006E-004,
-5.30496E-004,
-2.28735E-004,
-5.20274E-004,
4.90003E-004,

“eee ’

1.55053E-004,

-- FX [N] --,
-2.57465E+005,
-2.59637E+005S,
-2.61477E+005,
-2.62263E+005S,
-2.61277E+005S,
-2.57814E+005S,
-2.52614E+00S,
-2.47898E+005,
-2.44904E+005,
-2.42477E+005S,
-2.38064E+005,
-2.30553E+005,
-2.21494E+005,

ceee -

-2.562Z1E+00S5,

-~ F¥ [H] -=,
9.69043E+003,
8.36669E+003,
7.74304E+003,
8.27431E+003,
9.01934E+003,
9.14189E+003,
8.94395E+003,
8.82205E+003,
8.33805E+003,
6.73892E+003,
4.43948E+003,
3.04791E+003,
3.41596E+003,
— -

-1.68656E+003,

-- FZ (N1 -<,
-7.77660E4+006,
-7.77641E+006,
-7.77557E+006,
-7.77377E+006,
-7.77072E+006,
-7.76670E+006,
-7.76239E+4006,
-7.75837E+006,
-7.75547E+006,
-7.75445E+006,
-7.75557E+006,
-7.75962E+006,
-7.76427E+006,

. .

-7.77218E+006,

-- MX [Nm] --,
-1.05972E+006,
-1.03293E+006,
-1.01520E+006,
-1.01215E+006,
-1.02335E+006,
-1.04290E+006,
-1.06183E+006,
-1.07356E+006,
-1.07513E+006,
-1.07016E+006,
-1.0671SE+006,
-1.07426E+006,
-1.09307E+006,

e N

-7.40881E+005,

-- MY [Nm] --,
-1.52746E+007,
-1.49733E+007,
-1.46772E+007,
-1.43916E+007,
-1.41245E+007,
-1.38938E+007,
-1.37230E+007,
-1.36313E+007,
-1.36189E+007,
~1.36680E+007,
-1.37479E+007,
-1.38332E+007,
-1.39124E+007,

PR ’

-1.55333E+007,

-- Mz [Nm] --,
-7.55938E+005,
-7.45420E+005,
-7.41573E+005,
-7.38327E+00S,
-7.25736E+005,
-6.98161E+005,
-6.56884E+005,
-6.09863E+005,
-5.65368E+005,
-5.27984E+005,
-5.00050E+005,
-4.84191E+005,
-4.79922E+005,

PE— ”

3.90183E+005

-- eta [m] --
—-1.78580E+00
-1.77433E+00
-1.7618SE+00
-1.7481SE+00
-1.72704E+00
-1.71010E+00
-1.70843E+00
-1.6865SE+00
-1.66695E+00
-1.65786E+00
-1.64562E+00
-1.62772E+00
-1.615S0E+00

-1.56916E+00

Enter in SACS

TIME (SECS)
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Input values
Cuter radivs of pile (facket legl: RP = 1400
Wall thickness of pile (fjacket leg): fp = T3\ mim
Cmter rading of sleeve (fpiled: R, = 1750 mm
Thickness of sleeve (piled: e = T mm
Cuter diameter of grout: Dg = FE60 | mm
IMNominal thickness of grout: Fg = ZE0 | mm
Full length of grouted section: = A4000,00) mm
(C.1.1.2) Effective length of gronted connection: Lg = 440 mm
Los = 12.74
Fumber of shear kews: n = 5
Height of shear kew: = 12|mm
WWidth of shear kew: W= 24 mm
Wertical distance between shear kess: 5= 270 mom
Characteristic compressive strength: fc;g_— = 733 MNimmz
YWoung's modulus for grout: E, = A0000 | N m mz
Young's modulus for steel: = 210000 | MAimm2
MMoment of Inertia for the pile {facket legh: _erp = 5.06E+11 {mm”
Dasign axial load: P = 40200000 N
Design bending moment: ;'L’?rﬂr = G 17000 Mm
Design horizontal shear force: Dy = 4232000 |1
6.4.1.2 Ilaterial factor: Ymuws = 2
¥m.FLs = 1.5
Calculations
C.1.4.2 Design load per unit length: F vishkd = 570,770 | N fmm
C.1.4.3 Radial stiffness parameter: k= 0.027
C.1.4.3 Interface shear capacity: fbk = 4,071 |MNimm2
C.1.4.4 Characteristic capacity of one shear key: F Vishkeap | 1342.045 MNimm
C.1.4.5 Design capacity of one shear kew: F vishkcapd 671,022 | N mm
C.1.4.14  Ratio of Young's modulns: m. = 5.25
C.1.4.14  Zupporting spring stiffness: k.p= 16421 [Nfmm2
C.1.4.12 Elastic length of the pile (facket leg): Io = 2348 .00 | mm
C.1.4.15  Max nominal radial contact pressure: P nom 115 |[Mfmmz
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Su1=200kPa
at1=5SMPFa
{Blepth0~-14mrm)

s,
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Su2=820kPa
Qt2=80MPa
(Depth-18~-20m)

I
.*'

e

B v e e

Su3=300kPa
Qt3=20MPa
(Depth-27~-30m)

P o g e e e e e
i
i
:
&5
i

&
|_|_
T

? |._,_-|'.':\.......-

} : I SGa=120kPa

S - — ] td=4AMPa_
i i

Su4=200KkPa
Qtd=5MPa
{Depth-30~-40m)

X

2 | FllSus=1000KkPa
GS=20MPa
41 (Depth-42~-44m)

ft
b

AN

e O O I e R AR R B B S S

£SuS=170kPa
Qt5=6MPa
A Depth-b0~56m)

-
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RaBEE LS IEEE
/NBF [9H26H[9H27H

1200 AM | 9.0 8.3
1:00 AM | 86 5.7
200 AM | 6.0 20.4
3:00AM | 7.0 17.8
4:00 AM | 6.1 11.1
500 AM | 7.1 13.0
6:00 AM | 5.4 19.5
7:00 AM | 3.3 19.1
8:00 AM | 4.8 24.8
9:00 AM | 4.5 25.9
10:00 AM | 3.2 4.8
11:00 AM | 3.7 15.8
12200PM | 4.2 6.6
1:00 PM 3.5 5.1
2:00 PM 3.7 14.4
3:00 PM 3.7 4.6
4:00 PM 4.0 14.3
5:00 PM 3.6 | ) |
6:00PM | 5.0 v &
7:00 PM 5.1 =
8:00 PM 4.4 3l
9:00PM | 4.6 2]
10:00PM | 4.6
11:00PM | 5.7 15.6

All 8.5 20.3
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