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Study on Structural Integrity and Residual Life

Assessment of Floating Structure

Cheon, Se Yong

Department of Ocean Architectural Engineering

Graduate School of Korea Maritime University

Abstract

The purpose of this study is to present a structural integrity and residual life
evaluation methodology of floating structures. The structural integrity has been
appraised by a non-destructive damage evaluation method and a system
identification method, and the residual life has been appraised utilizing

cumulative damage rule for the fatigue induced by wave load.

By the methodology presented in this paper, it is possible to achieve the
following two objectives. (1) The occurrence and growth of damage and stiffness
degradation trend of the floating structure can be determined through the
periodic measurement. As a result, the structure can be evaluated whether the
structure satisfy performance criteria performance criteria and safety. (2) the
fatigue damage induced by each waves is obtained from the estimated stiffness
and numerical analysis of wave load, and the residual life can be predicted by
summing algebraically the fatigue damage according to the probability of wave

load.

~

KEY WORDS: Floating Structure 2] T Z%; Dynamic Properties &2 574;
Structural Integrity Assessment 7% 7%/ 7} Residual Life Assessment %<&
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Table 1 Extent of damage in relation with the main event

Main Event Insignificant| Minor Severe Significant

Anchor/mooring failure 37 45 0 37
Blowout 138 54 6 27
Breakage or fatigue 21 54 96 197
Capsizing, overturn, toppling 1 0 191 5
Collision, not offshore units 45 50 42 63
Collision, offshore units 61 136 26 111
Crane accident 67 20 0 5
Explosion 46 34 10 28
Falling load / Dropped object 879 69 14 74
Fire 592 132 86 100
Grounding 2 10 21 29
Helicopter accident 30 27 0
Leakage into hull 5 11 5 24
List, uncontrolled inclination 9 9 14 28
Loss of buoyancy or sinking 0 1 35 3
Machinery/propulsion failure 13 9 0 1
Other 192 36 41 13
Out of position, adrift 32 15 2 5
Release of fluid or gas 1047 132 125 40
Towline failure/rupture 53 1 3 2
Well problem, no blowout 211 14 0 8
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Fig. 2 Structural configuration of pontoon
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A @ A @)E Agste] T,

FA het B L 9 ¢ F7] T /AL Table 20 A|AIEHAT

Table 2 Relationship of depth, frequency, wavelength and allium

Ts) 3.0 4.0 5.0 6.0

h(m) Lim) Qm/s)| Lim) Qm/s)| Lim) CQm/s)| Lim) Om/s)

1.0 83.69 2.90 12.00 3.00 15.24 3.05 18.44 3.07

2.0 11.31 3.77 16.23 4.03 20.95 4.19 25.58 4.26

3.0 12.68 4.23 18.96 4.74 24.93 4.99 30.72 5.12

4.0 13.41 4.47 20.86 5.22 27.95 5.59 34.77 5.80

5.0 13.76 4.59 22.20 5.55 30.31 6.06 38.09 6.35

6.0 13.93 4.64 23.13 5.78 32.19 6.44 40.87 6.81

s) 7.0 8.0 9.0 10.0

hm) | L(m) Cmfs)| Lim) Qmls)| L(m) Qm/s)| Lm) Clm/s)

1.0 21.62 3.09 24.79 3.10 27.96 3.11 31.11 3.11

2.0 30.16 4.31 34.69 4.34 39.20 4.36 43.70 4.37

3.0 36.41 5.20 42.03 5.25 47.61 5.29 53.16 5.32

4.0 41.44 5.92 48.01 6.00 54.51 6.06 60.96 6.10

5.0 45.66 6.52 53.08 6.64 60.41 6.71 67.68 6.77

6.0 49.27 7.04 57.50 7.19 65.61 7.29 73.62 7.36

s) 15.0 16.0 18.0 20.0

h(m) Lim) Qm/s)| Lim) Qm/s)| Lim) Am/s)| Lim) Om/s)

1.0 46.84 3.12 49.98 3.12 56.26 3.13 62.54 3.13

2.0 66.05 4.40 70.50 441 79.40 441 88.29 441

3.0 80.65 5.38 86.12 5.38 97.04 539 | 10795 540

4.0 92.84 6.19 99.18 6.20 | 111.82  6.21 12444  6.22

5.0 103.49 690 | 11059 691 12476 6.93 | 13890 6.94

6.0 113.02  7.53 120.82  7.55 136.38  7.58 151.90  7.59
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Fig. 14 Flowchart of system identification
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Hol ot ¥ FAFHES 4 A 2 AAFAES st +4E A
B AA g T D" Fdo] gId olE wj7tA] AAst=E L8 F

= TS TIH(CIFEL 2000).
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o} ZFEHH] 3¢ wvlola 3 Ao X0, XC1, XC2, XC3, XC4, XFlI,
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Table 3 Exposure classes related to environmental conditions

Class

designation

Description of the environment

Informative examples where

exposure classes may occur

1. No risk of corrosion attack

X0

For concrete without
reinforcement or embedded
metal : all exposures except
where there is freeze/thaw,
abrasion or chemical attack
For concrete with reinforcement

or embedded metal : very dry

Concrete exposed to very low

air humidity

2. Corrosion

induced by carbonation

Concrete permanently

XC1 Dry or permanently wet .

submerged in water

Concrete surfaces subject to
XC2 Wet, rarely dry long-term water contact

Many foundations

D External concrete sheltered from

XC3 Moderate humidity /

rain

Concrete surfaces subject to
XC4 Cyclic wet and dry water contact, not within

exposure class XC2

3. Corrosion

induced by chlorides

Concrete surfaces exposed to

XDl Moderate humidity ) .
airborne chlorides
Concrete components exposed to
XD2 Wet, rarely dry industrial waters containing
chlorides
. Concrete components exposed to
XD3 Cyclic wet and dry

spray containing chlorides
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4. Corrosion

induced by chlorides from sea water

Exposed to airborne salt but not

Structures near to or on the

XS1

in direct contact with sea water | coast
XS2 Permanently submerged Parts of marine structures
XS3 Tidal, splash and spay zones Parts of marine structures

5. Freeze/Thaw attack

Moderate water saturation

Vertical concrete surfaces

XF1
without de-icing agent exposed to rain and freezing
. i Vertical concrete surfaces
Moderate water saturation, with . )
XF2 o exposed to freezing and airborne
de-icing agent o
de-icing agents
<F3 High water saturation, without Horizontal concrete surfaces
de-icing agents exposed to rain and freezing
Concrete surfaces exposed to
_ _ _ direct spray containing de-icing
XF4 High water saturation, with )
. agents and freezing
de-icing agents or seawater .
Splash zone of marine structures
exposed to freezing
6. Chemical attack
Slightly aggressive chemical
i ) Concrete exposed to natural
XAl environment according to EN /
soils and ground water
206-1, Table 2
Moderately aggressive chemical
) ) Concrete exposed to natural
XA2 environment according to EN )
soils and ground water
206-1, Table 2
Highly aggressive chemical
] ) Concrete exposed to natural
XA3 environment according to EN

206-1, Table 2

soils and ground water

7. Special aggressive environment

XSA

Structures exposed to strong
chemical attack which are not
covered by the other classes and
will require additional protective

measures

Structures exposed to fluids with

low pH-value
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Table 4 Value according to the level of stress variations

Ao > 235 235 > Ag > 65 65 > Ao > 40
G, 15.7 13.35 16.97
C, 4.5 3.5 5.5
Adgo] o3t m 2 vty HEE3l ¢ N 4 (359 2t
1_ Vmax
I/(:d
logioV=C (1 Vmin) (35)
I/(:d
ZIYE A= V= A (Ge)F 2T
kAAs
V,=03|f,,+ b,dk, < 0.6f, b,dk (36)
C n ,chwd w v n v
A7NA f,, S FAYE JAAHE, A& IS H2 @4, = FA Z, d

d; = 1,000mmo] ™,
5l gHo =23dd e BAsY] fsto] ARt

AR

AN Ades 724 =e 7IAF g3 93 = Asteles 2E2 HEEHy 1
Z5e Table 59 &2

Table 5 Material Coefficients for Concrete and Reinforcement

o Ultimate Fatigue Accidental | Serviceability
Limit States
ULS FLS ALS SLS
Reinforced concrete | 7, 1.35 1.35 1.10 1.00
Steel reinforcement | 7, 1.10 1.00 1.00 1.00
Plain concrete/grout,
fibre reinforced Y, 1.50 1.50 1.20 1.00
concrete/grout
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AAE FZstaL old g MEEXE nedg 87t ok

A &/ (Cumulative damage rule)2 217] O & 719 st AEEd o
NE FZ 7|HE 2HRES W EAAARe] HY g 297 gty F
Atk B =R FAREGHZA oA Hol A&HI e AFETHH
(Linear damage rule), < Palmgren-Miner rule®l] wel &4 HI7ME 533513

TH(Miner, 1945).

A7 shepe] s Eo) AL 74
oja) WAFE ¢ ool T AREHE di
(Ostachowicz & Alfredo, 2013).
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AZIA n= el os) ¥ ool A=
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D=2 = L NN o =
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Table 63} Zt}.

Table 6 Limit of cumulative damage ratios

No access for Below or in the
) ) ) Above splash zone
inspection and repair splash zone
0.33 0.5 1.0
PAZE O F2=e] stEE B B A 39w 4 40)F 2ol JERd
slom, HEFHe (7-P)7} Ak
P K n-(o) T K nl-(a)
ij iJ
n= " (40)
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Fig. 16 Flowchart of residual life assessment
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AZAF-L 2012, 20139, 2014, 2016 F 43] AAstoH, 12 HF
% 20128 9o MAZ EHF Ante] FFoE AAEwI)E FEHO Fig 199

2ol 71&4 sy delA WEFFe= ol ZAH U

(a) 1st field test (2012.07) (b) 2nd field test (2013.08)

Fig. 20 Floating structure view
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ARAGY = Fig. 213 Zo] 7tE5= ASS f8] PCBAY ICP B 7HE =
(PCB 333B40)= AH&3stgleom, 7x2&9 7IxES 98] PCBAFY ICP BY thE
YHE 3|H(PCB 096D50)= Ar&3tth. =3 7FEEA19F YHE H = HE
o] "oy AZ ¥ AA, EAE st AW 2= vlo]E] A (LMS SCADAS
Mobile)9} = EE-S AL&&14TH

(a) Accelerometer (b) Impact hammer

(c) Laptop (d) Dara logger

Fig. 21 Testing equipment
i FxE9 FHEAS FE37] A8 Fig. 229 Zo] diY FxEY A
#F EYBE SFeE Bdsld F 357 AFHoNA AAR-EA F (Foreed
vibration test)Z} “A] 7 A F(Ambient vibration test)S A AAISt] A& T

z=o $HEAEE FE8AH.
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Fig. 22 Modal test configuration
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Aol ELAAME 9138l Spectral line?} Resolutione 77} 10249} 0.048828Hz =
A

FANAEAHE 13 24 A 7] A-F 71F AAHY 7META 3,600 5

F HolBE st e, oy sz AANEADAH sdsiA 24

422 ZFARXNEANE - PP(Peak picking) 71§

AARNEADE Fig 239 2ol $99INE 24 A drle] 14 mAE
B olEstE MW ANAXNE HNTTL oo BE $HE FEEY o

AN A ASst= Wl ATH(Avitabile, 2001).
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(a) Roving impact test scenario (b) Roving response test scenario

Fig. 23 Modal Impact Test
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423 JANZWSAE - FDD(Frequency domain decomposition) 7%

FDD 7]'H& A %H-3-91 8(White noise excitation)= 7}H3sle &8 2~d e
S8 F(Output spectral density matrix)®l] 5] %] &3l(Singular value decomposition,

SVD)E 53t naugiEE FE5HE W th(Btel et al., 2003).

249 29059 ASjadeEdDTg [X( & A@)n gol Farg

dHEA e e okt Y el JieE moldtstd 4 A4Fdr o
st 38 [(X], [Y], [H]9 271 424 m x m, r x 1, m x ro]a, FAZE
2 oA Al P Mags 9l

4 7 e
A Nk ZAHResidual) [P]e] FF2 v £ 9l

[Y(w)] = [W] (44)
Ry A,
()] = 3= W U (43)

Collection @ kmou



ARz A 9 Ae olgste] X7k [AW[P] <l AwEe

& Qem, ol A4 [BIWIF)E 4 @6t 2ol megaae {g)s) v

(PIMIA] = i@ {2,)" (46)

AZNA de 499 FFolth. EA A4 wel diste AdE JlFMNM
7N elshTte] oUAE 7R BR A5 9
_‘|

(W)E FEANS F(Iutx oz F
= Efsgg)e 4 @ 2ok

ohe) 22 2 Y

P RRLALYN dfo {2}

RENIW)  JOT A Jo— A,

[X(w)] =

g [X(w;) ]9 FYzAeddegds AAHT 5 Qrh 285 ~HEHY

W,
P2 O] (Symmetric)o] B2 4] (48)3} o] Eolx B3| & £ o, ofr
1 [U]&
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Fig. 24 Natural frequency & mode shape in 2012 year
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Fig. 25 Natural frequency & mode shape in 2013 year
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Fig. 27 Natural frequency & mode shape in 2016 year
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Table 7 Change of natural frequency (unit: Hz)

Year Model Mode2 Mode3 Mode4
2012 6.54 8.98 11.62 14.02
2013 6.45 8.89 11.57 13.96
2014 6.35 8.69 11.37 13.91
2016 6.31 8.62 11.27 13.84
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Table 8 Structure

specification

Concrete wall thickness 0.15m
Beam & Column size 0.3mx0.3m

Depth 6.5m

Draft 1.2m

Poisson's ratio 0.167
Density 2,400kg/m?

(a) Static structural modelling

(b) AQWA modelling

Fig. 30 Numerical modelling
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Fig. 31 Natural frequency & mode shape

Table 9 Comparing the natural frequencies of the field test and numerical analysis

Field test (Hz) Numerical analysis (Hz) Error (%)
Model 6.54 6.0621 7.31
Mode2 8.98 8.262 7.99
Mode3 11.62 10.839 6.72
Mode4 14.02 13.260 5.42
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Fig. 33 Result of damage detection
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Table 10 System Identification result of 2012 year

Updated
Frequency p Error (%)
Mode of target structure frequency(Hz)
(Hz) Iter. 1 Iter. 3 Initial Final
1 6.54 6.0621 6.5096 -7.3073 -0.4648
2 8.98 8.2621 8.8716 -7.9944 -1.2071
3 11.62 10.839 11.639 -6.7212 0.1635
4 14.02 13.260 14.239 -5.4208 1.5621
Elastic Updated value
Initial value
modulus Iter. 1 Iter. 3
(N/m’) 2.8802E+10 2.8802E+10 3.3214E+10

Table 11 System identification result of 2013 year

Updated
Frequency p Error (%)
Mode of target structure frequency(Hz)
(Hz) Iter. 1 Iter. 3 Initial Final
1 6.45 6.0621 6.4566 -6.0140 0.1023
2 8.89 8.2621 8.7794 -7.0630 -1.0191
3 11.57 10.839 11.544 -6.3181 -0.2247
4 13.96 13.260 14.123 -5.0143 1.1676
B Updated value
Initial value
modulus Iter. 1 Iter. 3
(N/m?) 2.8802E+10 2.8802E+10 3.2675E+10

o

= | I ] -L
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Table 12 System identification result of 2014 year

Updated
Frequency p Error (%)
Mode of target structure frequency(Hz)
(Hz) Iter. 1 Iter. 3 Initial Final
1 6.35 6.0621 6.3611 -4.5339 0.1748
2 8.69 8.2621 8.6693 -4.9241 -0.2640
3 11.37 10.839 11.373 -4.6702 0.0264
4 13.91 13.260 13.914 -4.6729 0.0288
. Updated value
Elastic Initial value P
modulus Iter. 1 Iter. 3
(N/m’) 2.88024E+10 2.8802E+10 3.1715E+10
Table 13 System identification result of 2016 year
Updated
Frequency p Biwer (%)
Mode of target structure frequency(Hz)
(Hz) Tter. 1 Iter. 3 Initial Final
1 6.31 6.0621 6.3162 -3.9287 0.0983
2 8.62 8.2621 8.6082 -4.1520 -0.1369
3 11.27 10.839 11.293 -3.8243 0.2041
4 13.84 13.260 13.816 -4.1908 -0.1734
Elastic - Updated value
Initial value
modulus Iter. 1 Iter. 3
(N/m®) 2.8802E+10 2.8802E+10 3.1269E+10
39 AHPEE FY3AE u, 22E&L HU 1.56%=Z UdTFZ2ES A9
o x| 3} A o
FAS ZTIYES AAHOEHH HEE F57] 218l KCR012014 A<t
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Table 14 Wave data according to the return period (unit:m)

eriod(year)

R, 1 2 3 5 10 20 30 50 100
N 0.75 | 0.87 | 093 | 1.01 | 1.10 | 1.19 | 1.24 | 1.30 | 1.38
NNE 1.15 | 1.37 | 148 | 1.59 | 1.72 | 1.84 | 191 | 1.53 | 2.08
NE 127 | 146 | 1.54 | 1.62 | 1.72 | 1.81 | 1.86 | 1.92 | 1.99
ENE 207 | 243 | 259 | 277 | 297 | 3.14 | 3.24 | 335 | 349
E 2,18 | 2.64 | 291 | 323 | 3.67 | 4.09 | 433 | 4.64 | 5.05
ESE 443 | 547 | 6.00 | 6.63 | 7.41 | 8.13 | 855 | 9.06 | 9.71
SE 634 | 7.66 | 833 | 9.06 | 10 |10.83 | 11.29 | 11.84 | 12.57
SSE 538 | 6.54 | 7.16 | 7.89 | 8.82 | 9.69 | 10.19 | 10.81 | 11.60
S 345 | 4.10 | 442 | 479 | 524 | 5.65 | 588 | 6.16 | 6.52
SSW 222 | 2,67 | 291 | 3.18 | 3.51 | 3.84 | 401 | 422 | 4.50
SW 2.04 | 2.37 | 2.56 | 2.78 | 3.08 | 3.36 | 3.53 | 3.73 | 4.01
WSW 1238 1.61 | 1.73 | 1.86 | 2.02 | 2.17 | 2.25 | 2.34 | 2.46
W 0.78 [ 0.94 | 1.03 | 1.15 | 1.31 | 1.47 | 1.56 | 1.68 | 1.84
WNW 097 | 1.13 | 1.19 | 126 | 1.35 | 142 | 1.46 | 1.50 | 1.55
NW 1.15 | 1.24 | 1.29 | 133 | 1.38 | 1.42 | 1.45 | 147 | 1.50
NNW 093 | 1.00 | 1.03 | 1.06 | 1.09 | 1.12 | 1.14 | 1.16 | 1.18

Fig. 36 ~ 372 FA|3l4 Z2a3oA AdAF7] 1, 5, 3032 93] g

0E sy 9 FxE Aese ¢ BEoW, TxHY = B YL

Fig. 38 ~ 43 & AAF7] 1, 5, 3049 gFol os) FxEol Tt &4
X Aoy, B FRELS AREHE, &, B g JFo2 U
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(a) Wave and pressure distribution with 1 year return period

(b) Wave and pressure distribution with 5 year return period

(c¢) Wave and pressure distribution with 30 year return period

Fig. 36 Pressure distribution according to southwest wave
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(a) Wave and pressure distribution with 1 year return period

(b) Wave and pressure distribution with 5 year return period

(c¢) Wave and pressure distribution with 30 year return period

Fig. 37 Pressure distribution according to west wave
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Fig. 38 Stress distribution according to southwest wave with 1 year return period
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(c) Shear force distribution of beam and column

Fig. 39 Stress distribution according to southwest wave with 5 year return period
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Fig. 40 Stress distribution according to southwest wave with 30 year return period
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Fig. 41 Stress distribution according to west wave with 1 year return period
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Fig. 42 Stress distribution according to west wave with 5 year return period
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Fig. 43 Stress distribution according to west wave with 30 year return period
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Table 15 Maximum stress and shear force according to the

Al

wave
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Compressive stress Tensile stress Shear force

.. |Return (Pa) (Pa) N)

Direction
period Beam and
Top slab |Bottom slab| Top slab |Bottom slab
column
1 |6.0403E+06 | 5.3513E+06 | 2.4105E+08 [4.0108.E+07| 1.8124E+04
2 | 1.2436E+07 | 5.6764E+06 | 2.5569E+08 |5.4725.E+07| 2.1475E+04
3 | 1.9285E+07 [ 7.7034E+06 | 2.3889E+08 |5.2374.E+07| 2.3310E+04
5 | 1.8105E+07 | 6.8444E+06 | 2.3173E+08 |5.3509.E+07| 2.8026E+04
SW 10 | 1.2001E+07 | 6.7419E+06 | 1.8657E+08 |2.4915.E+07| 2.0249E+04
20 | 1.3808E+07 | 7.0927E+06 | 2.9246E+08 |7.0757.E+07| 2.2718E+04
30 | 1.5492E+07 | 7.0257E+06 | 2.7143E+08 |1.0071.E+08| 2.2941E+04
50 | 1.3220E+07 | 7.4237E+06 | 2.7584E+08 |6.0239.E+07| 2.5819E+04
100 | 1.8372E+07 | 7.4951E+06 | 2.7906E+08 |9.7770.E+07| 3.3552E+04
1 1.1648E+06 | 9.0768E+05 | 4.0886E+07 |6.5459.E+06| 1.8291E+03
2 |4.0498E+06 | 4.9941E+06 | 2.2496E+08 [2.1849.E+07| 1.1136E+04
3 | 6.3860E+05 | 5.4131E+05 | 2.4383E+07 |5.3288.E+06| 1.2823E+03
5 | 1.3396E+06 | 1.0897E+06 | 4.9086E+07 |1.0707.E+07| 2.6607E+03
W 10 | 6.3657E+06 | 7.1734E+06 | 1.4295E+08 |2.9875.E+07| 1.2220E+04
20 | 1.0902E+07 | 9.5201E+06 | 2.4865E+08 |1.6020.E+07| 1.7184E+04
30 |4.1191E+06 | 4.7581E+06 | 2.1433E+08 |2.1039.E+07| 9.2849E+03
50 | 7.1413E+06 | 8.1554E+06 | 3.2232E+08 |3.8374.E+07| 1.0334E+04
100 | 8.1174E+06 | 6.6078E+06 | 2.9765E+08 |3.9875.E+07| 1.7006E+04
— 79 —




TEA FARAVMeRE FAT FAYE ZFEot A= = w g
? N curveE T3} SH, Fig 44 ~ 463 2t} <F
ol et Aol €I FAZ A 3
Z2=3hel wet S-N curve 71%717} EaEat}

Eol $Y% Yol AN HE FEREY A= Ui

2y} HAEE AL UrEWiE‘r-

)
PN
o

r

2

P
&

45 T T T T T
40 R — 2012 year i
== 2013 year
2014 year i
= 2016 year
o i
o
=
@ ]
N
=
%
w 20 RN T
1]
o N\
45 , =
10 ]
ar 4
10° 102 10* 108 108 1010 1012

MNumber of Cycles

Fig. 44 Compressive stress S-N curve

Collection @ kmou



10000 T T T 3
i
1000 ™ 5
= e
@ N
E -\“*-..
g] \._\‘\l
& 100F e ¥
o
i
£
in
10F E
D i ] i
10° 10> 10'° 10'8 1020
Number of Cycles
Fig. 45 Tensile stress S-N curve
T
—— 2012 year | |
= 2013 year -
2014 year
— 2016 year i
= i
=
= 4
o
=
(1] -
o
i
2 i
(=]
L
301 i
20 - -
10 .
| ! | i
10° 102 107 108 108 10'°

MNumber of Cycles

Fig. 46 Shear force S-N curve

Collection @ kmou



Fig. 47 ~ 482 &Sl U@ Ayedusl spsdne sz A3}

o 2aged FEA% s 2B} gasigon, yrednel 45
SERes 2uss $¥ol elA R FASGo RSP E 15EH
Aolg oo AEHUT. apsdnel A Sezto] wol N2PEE =

45 45
40 N 40
59

s =
—_— \\\ _—
Eor % £
= E =
5o ~ z
& ™ &
w20 Oy P
o \ o
&1 . % &

10F $ o 0

% %

5 o 5 o

; . . 2, . : L ey

10° 102 104 108 108 ' 10! 109 102 10* 10 108 1010 10!

Number of Cycles Number of Cycles
(a) Apply elastic modulus in 2012 year (b) Apply elastic modulus in 2016 year
Fig. 47 Compressive stress fatigue life of top slab
45 45
a0k 4ot
\\

38 g
—_ \\ —_—
& 30 e &
= X =
T ™~ 3
ﬁ 20+ \\\. ‘:rﬂ
g ~ e
& 15t 5 &

10F 10

5 st

0 ] - i %

10° 10? 10* 108 10% 10'® 10! 10° 102 10* 108 108 100 10

Number of Cycles Number of Cycles
(a) Apply elastic modulus in 2012 year (b) Apply elastic modulus in 2016 year

Fig. 48 Compressive stress fatigue life of bottom slab

Collection @ kmou



)
=2
o9
e
=
b
-b
é
=
okt
&
o
},
E
L
y
=
32
iy
0>~
-1u:
)
=
I
1o
o

10000 T T T 10000

1000 F gy = E| 1000 ¢

100 £ R-%

Stress Range(MPa)
g
i

Siress Range(MPa)

. .
1070 1019 1020 10° 10° 1019 108 102
Number of Cycles Number of Cycles

(a) Top slab (b) Bottom slab

Fig. 49 Tensile stress fatigue life of slab
Fig. 502 Ao i3k v =24 Adojn RE Fro] v =JE o]sto] #A
o] Mo e Jaol glt Ao Uehut

120 T T T T 120

»
8

/
A
8

Force Range{kN)
3

Force Range(kN)
3

40t e

=~
=]

% )
201 %% | 20F Qb

10° 102 10* 10% 108 1010 10° 102 10* 108 108 10"
Number of Cycles Number of Cycles

(a) Apply elastic modulus in 2012 year (b) Apply elastic modulus in 2016 year
Fig. 50 Shear force fatigue life of beam and column

Collection @ kmou



_LL_

Table 16 Wave scatter diagram for the World Wide trade

A 35 145 | 55|65 | 75|85 (95 105|115 125 | 135|145 | 155|165 | 17.5 | Sum
Hs(m)

1.0 311 | 2734 | 6402 | 7132 | 5071 | 2711 | 1202 | 470 | 169 | 57 19 6 2 1 26287
2.0 20 | 764 | 4453 | 8841 | 9045 | 6020 | 3000 | 1225 | 435 | 140 | 42 12 3 1 34001
3.0 57 | 902 | 3474 | 5589|4973 {3004 | 1377 | 518 | 169 | 50 14 4 1 20092
4.0 150 | 1007 | 2401 | 2881 | 2156 | 1154 | 485 | 171 | 53 15 4 1 10482
5.0 25 | 258 | 859 | 1338 | 1230 | 776 | 372 | 146 | 49 15 4 1 5073
6.0 4 63 | 277 [ 540 | 597 | 440 | 240 | 105 | 39 13 4 1 2323
7.0 1 15 84 | 198 | 258 | 219 | 136 | 66 27 10 3 1 1018
8.0 4 25 69 | 103 | 99 69 37 17 6 2 1 432
9.0 1 7 23 39 42 32 19 9 4 1 1 178
10.0 2 7 14 16 14 9 5 2 1 70
11.0 1 2 5 6 6 4 2 1 1 28
12.0 1 2 2 2 2 1 1 11
13.0 1 1 1 1 4
14.0 1 1
Sum 331 | 3559 |11937(20795|23321|18763|11611| 5827 | 2489 | 926 | 313 | 99 29 9 100000
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