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Design of Aluminum Tertiary Structure
for Of fshore Plant with Improvement in Yield Strength

Dong Su Kim

Department of Ocean Engineering
Graduate School of
Korea Maritime and Ocean University

Abstract

Globally, the demand for application of lightweight materials to
offshore equipment items, such as offshore platforms, 1s increasing,
and development of aluminum design materials 1s underway. Therefore,
in order to reduce production cost, improve work convenience and
productivity, development of aluminum alloy with high-strength and
commercialization of aluminum design materials using it are essential
for domestic market competitiveness. In this study, an aluminum alloy
with optimized chemical composition 1s considered as offshore
structure's material and the structure's yield strength is improved by
about 20%. In addition, the design of handrail, stair, and platform
for offshore plants, 1s designed using aluminum alloy. First, the
relevant regulations for three types of offshore structure such as
ISO, DNV, and NORSOK are investigated, and design is performed based
on this. Subsequently, structural analysis is performed through SACS,

an offshore structure analysis program, and the maximum displacement,
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maximum stress, and structural safety through Unity check are

evaluated.

KEY WORDS: Aluminum alloy &F4"|& 3= Offshore structure &]73#;
Yield strength 357 %; Unity check 3]-8-$28] HA}.
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13, 4749
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sl MAE sl¥ T theFst stE5FAS 31#ske] AISC LFRD 13th, API RP 2A
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Aluminium Stair Aluminium Grating Alumlnlum Flexible Barrier

Fig. 1 Tertiary of offshore structure
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Fig. 2 Categorization of Aluminum alloy

919l Fig. 2 & 1% 9 F2E02 @ol AE3he Al bxx, bxx FE< B
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Fig. 3 Characteristic of Aluminum alloy 5, 6 series
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Table 1 Chemical composition of Aluminum alloy

5083 6061-T6 6082-T6
Si(Silicon) 0.4 0.4~0.8 0.7~1.3
Fe(Iron) 0.4 0.7 0.5
Cu(Copper) 0.1 0.15~0.40 0.1
Chemical | Mn(Manganese) 0.4~1.0 0.15 0.4~1.0
composition
(%) Mg(Magnesium) 4.0~4.9 0.8~1.12 0.6~1.2
Cr(Chromium 0.05~0.25 0.04~0.35 0.25
Zn(Zincum) 0.25 0.25 0.2
Ti(Titanium) 0.15 0.15 0.1
Tensile strength(MPa) 310 310 340
Yield strength(MPa) 240 275 310

Table 2 Mechanical properties of SS400

Property Unit
Density 7.850 ton/m?*
Young’s modulus 200,000 N/mm?
Shear modulus 26,923 N/mm?
Poisson’s ratio 0.3 -
Yield stress 235 N/mm*
-9 -
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Table 3 Mechanical properties of Al 6061-T6

Property Unit
Density 2.700 ton/m?
Young’s modulus 70,000 N/mm?*
Shear modulus 26,923 N/mm?*
Poisson’s ratio 0.3 -
Yield stress 275 N/mm*
- 10 -
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A 3 A oA&AAHandrail, Stair, Platform) 44 A

Geometry % FE Model A4S Handrail, Staire] 7
A =9 SACSE +3gstgl e, Platforme| 7
xZ 233 MSC PATRANS o] 83t 43833t

o)A 3%(Handrail, Stair, Platform)oll thdt &74sl5 24 2L kA Hr}
© o8 AA #48 F 24 gFAe #™EE NORSOK-Standard, DNV, ISO,
S 59 ZE=E T8l FHsA. A FEx=o AAAHJD =7 B2 Y, &
o ¥4 2 A = A ZEo Y8 EAEHIACH, Table 49} Zo] Al
Mel AA ZE=(SO, NORSOK, AS)7t AAsteE 7l&s EF UEste AAE
33ttt 1 =, Handrail?} Staire] +412¢1 A4 74 Z2& Table 5, 6
2.

(g =
H,LL, Oﬂ;

HxE

B2

Table 4 Summaries for rules

[tem ISO NORSOK AS

) C-002_6

Handrail 14122-3 5-002_Annex B AS1657-2013_6.1
C-002_5

Stair 14122-1 S-002_5.1.2, AS1657-2013_7

14122-3

Annex B

Platform 14122-2 S-002_Annex B AS1657-1992_3

_']1_
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Table 5 Design rules of handrail

Handrail ISO NORSOK AS
Height Min.1100mm Min.1100mm Min.900mm
Height on 900~1100mm Min.1000mm -
stair
Number of
Intermediate Min.1 Min.2 Min.1
Kneerail
Vertical
. Max.500mm Max.380mm Max.450mm
Opening
Diameter 25~50mm 25~50mm 50mm
pistance bWy 1 1500mm Max.1500mm -
Stanchions
Height of Toe Min.100mm Min.100mm Min.100mm
plate
Toe plate
vertical
Clearance Max.10mm Max.10mm Max.10mm
above floor
level
Toe plate
horizontal - Continuous type Continuous type
Clearance
Space
between two 75~120mm 75~120mm -
segments
Sharp edges No No No

Collection @ kmou
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Table 6 Design rules of stair

Stair Section ID Shape Size
Stairway
slopes 30~38 degree Max.38 degree 20~45 degree
Min.600mm Min.600mm
. (800mm) (800mm) .
Width Min.1000mm Min.1000mm Min.600mm
(Traffic area) (Traffic area)
Step oyerlap Min.10mm Min.20mm Max.-30mm
(nosing)
Climbing | o ot "
height per P g Max.3000mm -
Flicht Max.4000mm
& (single flight)
Number of
Rise - Max.16 -
Rise Height - Max.190mm 130 - 225mm
215 - 355mm
Going length - = (Min.185mm
+30mm)
Going(g) and 600 < g+2h g+2h=630 540 < g+2h
Rise(h) < 660mm +30mm < 700mm
Toe plqte on ~ 100mm B
landing
uLe\e/zilZZt Same level with Same level with ~
PP the landing the landing
step
Min.800mm L
Length of Stair width Stair Wl.d th
landing area Landing ¢ Landing )
length(depth) length(depth)

_']3_
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Handrail 2 31 SRE 3 Adufell A Abgro] &gste F3telAe] e 9
st AAshe TFaEOITH Y BAL BAPeAF % FF 502 A U
ol §7del wisl ¥ =7 Wil Abe e I FRE0 WwEA A

3.11. Handrai 7]& +=

Handrail2 o} 2] Fig. 59} Zo] F 4719 BA OFo=2 ndiystyom,
7} Aol v FAS Fig 49} gom, AA 4= Table 73 o] AA3)

AT
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o
=)
=

HO1

MID PO1

Fig. 4 Section’s shape of handrail

Table 7 Member section properties for handrail

Number Section ID Shape Size
1 D01 H-Beam 300x300x10/15
2 HO1 Pipe ¢ 50x3
3 MID Box 50x25x3
4 PO1 Box 50x50x7
- 15 -

Collection @ kmou



Fig. 5 SACS model of handrail

312. AA A4 & 35 A%(Handrail)

Handrail®] 3} 242 NORSOK Standard C-002¢} DNV-RP-C205& #Fars)
o FPstAnt stFS e 2ol AF, %8 stF, 74 dkF, FeelE U
FRew, Z+ stEuitt oy JRY AolxE UFdoemw Z Aol AE sty
Z% stes MY =3, Fo4x1 374 =7 A Platformel Hull motion©.
2 23 714 =¢} Handraile] Ao g 23t 7f&Ert 2R3 4714 ALE

qeistel T2 AN ST

1) Fixed boundary condition
6 AFE nBZAL ot Fig. 63 Zo] H-beamo <l § 3o 283}

=1
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Fixed Support

=

£

&
Fig. 6 Fixed support of handrail

2) Self-weight
Az 5 WFOE AL&st A7]= 38.05 kKNS A&

3) Horizontal load

Handrail®] 3% 3}F2 oFge] NORSOK Standard C-002& Farstiom,

h=4
&% HEe &

o I

3l 3tA AE(Ultimate limit state)ES 18 dte] A A 31T
st= f1x= oFdl Fig. 7, Fig. 83 Zo] F 7IAZ YUFemn, z+z HLAL,
HLB1~HLB4=Z A9tk HLA1Y A% 3t=¢ =7|= 2250N, HLB1~HLB4+=

1000N©| o}
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Structural requirement(NORSOK Standard C-002)

Handrails and guardrails shall be designed for the following ultimate limit
state(ULS) actions:

1. A horizontal line action of 1.5 kN/m acting on the handrail.

2. A point action of 1.0 kN acting in worst location and worst
direction(horizontal and verical). The point action does not act together with

the horizontal line action.
3. Actions from possible attachments shall be established for each case.

4. Actions on guardrails and flexible barriers in areas with cargo handling

should be determined with due attention to relevant operational conditions.

5. A load factor of 1.3 shall be applied to the above ULS actions.

~
£
_-l

i

—

Fig. 7 Load condition of HLA1

_18_
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Fig. 8 Load condition of HLB

4) Vertical load
Horizontal load®} wm}zH7FA]Z2 NORSOK Standard C-002& st 3sk=9
7] 2 wgs HAASAUY. 2 st 21 F F JIAE ofdl 9 Fig. 99}

Zo] VT01, VT02= Y3tk VTO1, VT02 3t5< =7]= =5 1000Ne]t}.

_19_
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Fig. 9 Load condition of VT

4) Wind load
SotTS Aol FREY 4oz a#EdoF sk st o|th Handrail9]
TZ AL WHAJ7] sl DNV-RP-C2058 Fmate] ofejel 2 13}

2ol Fetgs A

V(t,z) = VX 1+0.1371n -2 —0.047In- D
20 tio

AZNIA Ve z7F 10molal, ¢7} 10ming we] 7|& F&Hola, 22 sigHe
ZREHY AY, 2,2 71+ =oldd 10m, t& 3%, t,2 7I& AIZES! 10mine]tt.
st 29 @< 47 Handrail 7+2&9 %ol 283t AXtelAa ot

<
o] Table 8% o] HF FH 38.65m/s7t Hot. FatFo WakS of#f Fig.
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109 229 Fxe XZ HHE 7|Fo=2 4T E (, 45 V=2 F I7HA=ZE A
3o,

Table 8 Design wind speed

Items Reference elevation Design elevation
Period(years) 100 100
Mean(sec) 3 3
Elevation(m) 10 52.2
Wind speed(m/s) 35.9 38.65

Fig. 10 Wind direction of handrail

_21_
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5) Design acceleration

Handraile] &=, platform®] hull motione] <¢]3+ A= o] wE Handraile
TZ kAAES HUE7] ¢sl ol#le] Table 99F #o] Handraildl x, y, z =
WEFo g WMe| 7tERE 483tk

Table 9 Design acceleration

. Translational acceleration | Rotational accelerations
Load condition
X y z X y z
AC1 0.5G 0.5G | -1.45G 0 0 0
AC2 -0.5G 0.5G | -1.45G 0 0 0
AC3 0.5G -0.5G | -1.45G 0 0 0
AC4 -0.5G | -0.5G | -1.45G 0 0 0

3.13. Handral®] J¥ &5 =4

219  Self-weight, Horizontal load, Vertical load, Wind load, Design
acceleration®] #HZF =7] @ WS olgfo] Table 103 2l 99 3=ES
zeste] Handrail®] 7% 3i4S 338t 72 A8 S HAESIAH. st59
%32 Self-weight, Horizontal load, Wind load, Design acceleration®] =%
I} Self-weight, Vertical load, Wind load, Design acceleration®] %o =
z% Y v A7 607HA, 247HAE F 847FX7F " 847FA] A5
g 72 S B Bz 72 kS HES T

- 22 -
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Table 10 Load description for handrail

Fx Fy Fz Mx My Mz .
D
D | N1 | kN1 | kN1 | KN-ml | [KN-m] | [KN-m] | Description
SELF | 0 0 | -38.05  -60.54 | 85.61 0 | Self-weight
HLAL | 0 ~2.95 0 2.48 0 _5.06 | Horizontal
load
HLB1 | 1.00 0 0 0 110 | -pg5 | Horizontal
load
HLB2 | 1.00 0 0 0 110 | -3 | Horizontal
load
HLB3 | 0 ~1.00 0 1.10 0 _g.95 | Horizontal
load
HLB4 | 0 ~1.00 0 1.10 0 15 | Horizontal
load
VTOL | 0 0 2100 | -2.95 | 4.47 0 Vertical
load
VT2 | 0 0 1100 | -0.03 | 2.25 0 Vertical
load
ACL | 2081 @ 2081 | -60.35 | -86.27 | 12651 | 1388 | ¢80
acceleration
AC2 | -2081 2081 | -60.35 | -86.27 | 14508 | 79.78 | ¢80
acceleration
AC3 | 2081 | -20.81 | -60.35 | -104.83 | 12651 | -79.78 | cSi&n
acceleration
ACA | -2081  -20.81 | -60.35 | -104.83 | 14508 | -13.88 & ¢80
acceleration
W00 | 1.98 0 0 0 2104 | -319 | Wind load
W45 | 14 | -087 | -027 | -0.60 | 014 | -4.22 | Wind load
W9 | 0 2123 | -038 | -0.85 | 084 | -2.77 | Wind load

23 -




3.2. Stair

Staires 222 AlFo] AUty r] 93 AXste FREZEA, gAalolmo 7}
F gol AAste F2E Fo shtolt. A}w 5P o] FS ek
NORSOK Standard C-0022} DNV-RP-C205E& Faste] AA AL 183 &
AesS AAs A d0 BE T2 GRS Z:Eﬁih:},

3.21. Stair 718 =

Stair= ofefe] Fig. 129} o] I 5709 FA IFo= 2ddsigen, 7
Baje] o A4S Fig 113 Z3 el A5 FHE Table 113 o] A

A3
- !
‘ T
o 3
POS
1
1 e
MID
* K
STR
STE
TOP

Fig. 11 Section’s shape of stair
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Table 11 Member section properties for stair

Number Section ID Shape Size
1 MID Box 50x25x3
2 POS Box 50x50x3
3 STE Flat Bar 265%5
4 STR Channel 260x100x9
5 TOP Pipe ¢ 50x3
- 25 -
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Fig. 12 SACS model of stair

322. A A BE 85 St
Staire] sl A2 NORSOK Standard C-0023} DNV-RP-C205E& %
FAsgT GEe e 2ol AF, +7

h=4

itk oy Aol Aolaz hrglom 7 Ao]x
43T,
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1) Fixed boundary condition

1A 271S Fig. 133 #2o] gApolEe} o]ojA = 4 FEo st

Fixed Support

Fig. 13 Fixed support of stair

2) Self-weight

Staire] A4Ee 7z & o w Again ArlE 146 kKNS A& g

3) Vertical load

Staire= Walkway 2 Abgre] AUty A A wHAlsls= stepping load7b 2+-8-3ko.

_27_
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3l=29] 37]+ ol 2] NORSOK Standard C-0028 #113}e] Tread area(700mm
X 265mm)el| 5kN/m*E F3te] 930N 4<Hgstth 3 dhzo] TAst= A
= S001~S010°.2 = 107FA =2 ol ¢ Fig. 149} Zo] AASAT}. o] 107149

sFe & A Aolxo SFRAL MY A BT els ok .

[SO 14122-3

For the structure the unfactored loads used in the industrial field, may
vary from 1.5kN/m? for low density pedestrian traffic without load, up to 5
kN/m? for low density pedestrian traffic with load or for high density

pedestrian traffic.

_28_
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Fig. 14 Load condition of stair

3) Wind load

%312 S Handrail#} v}@7}4 2 DNV-RP-C205% #1

I
S

5%, 0% = 7R =2 A AsYG ).

_29_
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™ —

Fig. 15 Wind direction of stair

323 Staire) HF 3% =4

2 o] Self-weight, Vertical load, Wind loade] H% =7] % wWake o}z o
Table 12¢} Zth. #19 stFES ZFst Stare 72 A& Tt 72
AESA T ‘8}%9] %32 Self-weight, Vertical load, Wind load<]

F= F 371K 7 "ok 309 A9 gs xS

R
2Fo R =3 339 FE
Salel T2 AN A=A
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Table 12 Load description for stair

Mx My Mz
Fx Fy Fz L
D [kN] [KN] [KN] [kN (kN (kN Description
ml] m] m]
SELF | 0 0 146 | -2.06 0 0 Self;felg
5001 0 0 2093 | -0.17 0 0 Vertical
load
5002 0 0 2093 | -0.39 0 0 Vertical
load
5003 0 0 2093 | -0.62 0 0 Vertical
load
5004 0 0 2093 | -0.85 0 0 Vertical
load
5005 0 0 2093 | -1.07 0 0 Vertical
load
5006 0 0 2093 | -1.30 0 0 Vertical
load
5007 0 0 2093 | -1.52 0 0 Vertical
load
5008 0 0 i DK G 0 0 Vertical
load
5009 0 0 2093 | -1.97 0 0 Vertical
load
5010 0 0 2093 | -2.20 0 0 Vertical
load
WP00 | 0.63 0 0 0 087 | -0.90 | Wind load
WP45 | 045 | 011 | 011 | -0.24 | 062 | -0.64 = Wind load
WP90 | 0 0.16 | 016 | -0.34 0 0 Wind load
- 3‘] -
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3.3. Platform

Platforme € Xz 732 MSC PATRANS Z mdEdsigorm, MSC
NASTRANS o] &3l =z 3|4 FFstAth
3.3.1. Platform 718 +%

Platform®] A<l =71 7k2 1m, M2 Imelw, FE Modele Fig. 163}
o] 5~10mm =7]1¢] solid element® %9 &3} h

Fig. 16 FE model of platform

332. AA 7 wWE 3% 2% (Platform)

Platforme] 7%, olgje SO 14122-2& #3ste]  Distributed load,
Concentrated load 59| 3tas AAFIHoH, F71H 02 Self-weight7bA] a1
Aot HF stse A

_32_
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Design loads(ISO 14122-2)

The schedule of specifications for the working platforms and walkways

shall state the load for which it is designed.

The minimum operating loads to take into account for the landing,

walkways and working platforms are:

1. 2kN/m? under distributed load for the structure.

2. 1.5kN concentrated load applied in the most unfavourable position

over a concentrated load area.

When loaded with the design load, the deflection of the flooring shall not

exceed 1/200"" of the span and the difference between the loaded and a

neighbouring unloaded flooring shall not exceed 4mm in height.

The safe strength design of the walkways and working platforms shall

be verified either by calculation or by tests.

1) Boundary condition

Platform& deck®] coveroll /A og AHx37] wj&o] olefo Fig. 173

2ol 1A AL HL3}HT
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Fig. 17 Boundary condition of platform

2) Self-weight

Platforme] %<& & 37 Yal =8 714E%E 9.8m/s*S 2= Wekoz A

&3t

3) Distributed load

X 5o Arle En B AAE 98] 150 14122-2014 A A sk
2kN/m*BEet B 2 % SkN/mPe A& FHdshs IS A 22
-25% WEFO2 platform gF A HZ e 283

4) Concentrated load

HAZ 352 SO 14122-25 #raste] platforme] A 7Fe-# 200mm x 200mm
HA o z5 W3Fo = 1.5kNo] 2833t

_34_
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3.33. Platform®] ¥ 35 =4

A% % =de ofge Fig 18, Fig 199} o]

1=

Self-weight £}
Distributed load”} 2}83l= 74-%, Self-weight®} Concentrated load”} =}-&3}

=

= ASE F UPIE 2489, oldl UF T2 A4S SRk

Pressure

Self-weight

l

Fig. 18 Landing condition of LC1
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Pressure

Self-weight

l

Fig. 19 Landing condition of LC2
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check, Deflection check, Natural frequenc
t}. Platform2 MSC Patrans ©|&3%F FE 3|4 &
< 53 T2 FAHES e

4.1. Handrail

4,11, Unity check ratio for members

WA © 2 unity checkes FA1S ©H A, X, o], Axe IEHESH
B3l FAY §&8YS Adtsta, AA dAsteE € He HE T3 A
ok ALkE Frol 18 ¥9A @ow Qkdsita desttt. Unity check 2
Z}, Table 137} o] FEAJvit}h unity check ratio kel Al4HEIe ™, Fig. 20
o]l Ao unity check ratio -2 FH3dl5 HLAL 7145xE =74 AClL,
059 &Hsts =ZoA handraile] 1% <2 FAjolx 0.557} EA A
Table 148 ®W, AU unity check ratior} WA A olA z = WFo &
glg#o] oF 104MPag 7}4 A BT AS & 5 ATk

i o 2

o of

AJ)

Table 13 Unity check ratio of handrail members

: ical 1
Group ID Section Cr1t1ga (.)ad Unity ratio
property combination
D01 300x300x10/15 VT02, AC3, WI00 0.06
HO1 ¢ 50x3 HLA1, AC3, WI45 0.27
MID 50x25x3 VTO01, AC3, WI00 0.28
P01 50x50x7 HLA1, AC1, WI00 0.55

- 37 -
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Mem Result= Combined UC

1.000+

0.500 - 0.998

0.850 - 0.898

0.800 - 0.849

0.00-0.788

X

03770,030.0621

7[ 1,54 70.3570.22

0.35 0.22

Fig. 20 Unity check ratio of handrail
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Table 14 Summary of maximum critical unity check ratio for handrail

Stress Actual Allowable Ratio
Euler buckling -0.06 853.70 0.00
Fa -0.06 138.66 0.00

-Fby 2.21 192.46 0.01
-Fbz 103.92 192.46 0.54

Fvy -7.42 89.82 0.08

Fvz -5.49 89.82 0.06

4,1.2. Deflection check

Structural requirements(ISO 14122-3)

The guard-rail shall support, without any perceivable permanent
deformation, an unfactored horizontally applied point load equal to the
service load, applied first to the top of the stanchion, then at the least
favourable point along the handrail. In both cases, the maximum loaded

deflection shall not exceed 30mm.

518 W FS 30mmeol™, SACS 3i4 A3 Table 159 Zo] & 74

o

=3

ol
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zste A WML EFo] 38 HAFS A &+ As stk 1 5, %
% HLAL 7F&% =71 AC3, 3% 0=9 AFsts oA 26.2Tmm= 7}
& WS ol TAs AT
Table 15 Deflection check of handrail
Local Y direction Local Z direction
Ma;a;(;ad defﬁi)t(ion De?llizoc\gon Mixagzad defﬁi)t(ion De?llizoc\gon
(mm) (mm) (mm) (mm)
ACI;],J%’I% 242 0 ACIjl]jA\>$’I9O 03 30
A D L T
scnwio | 2| P s | 03 | ¥
ACI;],J%’I% >0 i ACI?%],JA\;’MS 0.2 30
ACI?S],J%’I% 12.85 Y AC\;,T%?/’IOO 29 30
AcHlljié’lOO >3 - ACZ,T%%/’I% 30 30
ACI;],J%’I% 12.22 30 ACH1],4/§>$’19O 04 30
ACI;],J%’I% 26.21 30 ACI;],J%’I% 04 30
ACHl],J%’IOO 1234 30 ACI?S],J%’MS 04 30
4.13. Vibration check
Handrail®] 7§, @43tz g s, Aulod o 7131 Fol o3|
- 40 -
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siof skm, 1 ghe Holm SHz o)ge] Hofok Wtk Table 16& R, 7}
Fe T§ FAssh o 1THz2 We ddstm @ 4 ok Figo 21e

handrail®] 1z 11/ == g7o|t}.

Fig. 21 First mode shape of handrail
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Table 16 Result of the modal analysis for handrail

Mode Frequency(Hz) Period(s)
1 17.629 0.057
2 18.245 0.055
3 18.665 0.054
4 23.902 0.042
5 24.587 0.041
6 24.967 0.040
7 29.473 0.034
8 30.095 0.033
9 30.780 0.032

10 46.739 0.021

4.2. Stair

4.2.1. Unity check ratio for members

Stair 7+%& 9A] handrail®} w}371A 2 SACS ZEIHE Ea sAS &
gstRen, Hdl unity check ratio &2 Table 173 %] handraile] Ztoj
unity check ratio BRTHE wl$ 2 00602 & 0= wf, FAs= AL
& 4= At Fig. 225 stair 25 AA EA A FAS= HY unity check
Zzolth. Ho unity check ratio @2 Table 183} o] 3 FAjol

T'Ti_
% wabe) FReUOR st WA AL L 4 A
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Table 17 Unity check ratio of stair members

Group ID Section Cﬁﬁc?ﬂ 1(?ad Unity ratio
property combination
MID 50x25x3 S, WP45 0.06
POS 50x50x3 S, WP00 0.03
STR 265x5 S, WP00 0.05
TOP 260x100x9 S, WP00 0.02

For All Active LCs
Mem Resuit Combined UC

0.900

0.850

Collection @ kmou

Fig. 22 Unity check ratio of stair
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Table 18 Summary of maximum critical unity check ratio for stair

Stress Actual Allowable Ratio
Euler buckling -0.10 31.96 0.00
Fa -0.10 31.96 0.00
-Fby -2.81 54.24 0.05
-Fbz -0.32 168.61 0.00

Fvy -0.04 89.82 0.00

Fvz -0.11 89.82 0.00

4.2.2. Deflection check

Stair A WHZFe] A5 3§ HAZFH vl MHAAES HUlstHoH,
staire] & WYHFS SO 14122-3& FHaste]d 6mm=z A AT Table
198 2H, T 45%, 0%9 3AFsts oA 0.2mm7F AR O o]
+ 38 WHFA 6mmel vl wj-g- Fe WeFo|BE Foljxl &AsF =1

A FxAoZ wje rHETy HE & YTh

il

o

[SO 14122-3

The deflection between the structure and the steps under an unfactored

load shall not exceed 1/300 of the span or 6mm whichever is the lesser.

_44_
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Table 19 Deflection check of stair

Local Y direction Local Z direction
Max Allow Max Allow
Max load deflection( | Deflection( Max load deflection( | Deflection(
case case
mm) mm) mm) mm)
S, WP00 0.1 6.0 S, WP45 0.2 6.0
S, WP00 0.1 6.0 S, WP90 0.2 6.0

4.2.3. Vibration check

1 = =
Aol AT} mekd, 1F 4L Ea) staire T Fo5E FelstgTh
Fig. 23& staire] 13 1/ ZE dJo|H, Table 20& R 7 2
Zu47b oF 10HzE SFAA 7] 29l =S
o] B WaolA st & 5 3ok
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Fig. 23 First mode shape of stair

Table 20 Result of the modal analysis for stair

Collection @ kmou

Mode Frequency(Hz) Period(s)
1 10.287 0.097
2 11.011 0.090
3 13.536 0.073
4 14.681 0.068
5 24.045 0.041
6 24.435 0.040
7 26.092 0.038
8 38.752 0.025
9 38.878 0.025

10 62.381 0.016
- 46 -




4.3. Platform

4.3.1. Analysis result

A< LC13} LC2ol A9 g8 #:E &= Fig. 24, Fig. 259 Zom |
Zk 67.3MPa, 81.0MPaco 2 &]-&-3%<Ql 171.2MPakth #2 F=o] ALl
th. Table 213} #o] WA, &
=

53l platform F+ZE-2 ¢ttty H71E 4 o

[SO 14122-2

The deflection of the flooring shall not exceed 1/200 of the span and the
difference between the loaded and a neighbouring unloaded flooring shall not

exceed 4mm in height.

Yield stress 275

Partial safety factor ~ 195 220MPa (2)

Allowable stress =

_47_

Collection @ kmou



Patran 2012 64-Bit 17-0ct-16 17:19:36
Fringe: LCO1_BkN_2edge, Static Subcase, Stress Tensor. . von Mises. (NON-LAYERED)
Deform: LCO1_BkN_2edge. Static Subcase, Displacements, Translational, . (NON-LAYERED)

Fig. 24 Stress plot with load case LC1

Patran 2012 64-Bit 17-0ct-16 17:19:03
Fringe: LC02_1.6kN_2edge. Static Subcase. Stress Tensor, . von Mises, (NON-LAYERED])
Deform: LC02_1 BkN_2edge, Static Subcase. Displacements, Translational. , (NON-LAYERED)

Fig. 25 Stress plot with load case LC2
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6.73+001
6.28+001
5.83+001
538+001
4.93+001
4.49+001
4.04+001
359+001
8.14+001
269+001
224+001
1.80+001
1.38+001
G.00+000)

4.52+000)
81-002|
default_Fringe
Max 6.73+001 @EIm 713955
Min 3.81-002 @EIm 2422
default_Deformation
Max 7.64-001 @Nd 72361

8.10+001
7566+001
7.02+001
6.48+001
£5.94+001
£.40+001
4.86+001
4.32+001
3.78+001
3.24+001
270+001
2.16+001

624001
1.08+001

5.40+000)
2.12-003
default_Fringe
Max¢8.10+001 @EIm 179.1
Min 212-003 @Elm 16364 7
default_Deforration
Max 1.11+000 @Nd 72227



Table 21 Summary of platform’s result

Deformation check Stress check
Load Max Allow
case deformation | Deformation Max Allowable Unity check
stress(MPa) | stress(MPa) y
(mm) (mm)
LC1 0.76 4.00 67.3 220 0.39
LC2 1.11 4.00 81.0 220 0.47

Collection @ kmou
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