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PREFACE

This master thesis represent the final part of my study, master degree in structural and
material technology with specialization in offshore structure engineering at the Faculty of
science and material technology at University of Stavanger. The thesis was proposed by the
Structural Department of Aker Solution in Stavanger. The work was carried out under the
supervision of Mr. Sudath Siriwardane at the University of Stavanger in the spring 2015.

The aim of this thesis was to do the whole process of designing, modeling, calculation and
analyzing of an offshore module structure. This includes all relevant conditions, such as

transport, offshore lifting, inplace and accidental dropped object scenario.

| would like to take this opportunity to thank Mr. Christian Brun at Aker Solutions for
providing the thesis, and also my internal supervisor Associate Professor Mr. Sudath
Siriwardane at the faculty of Science and Material technology at University of Stavanger for
his valuable support and guidance throughout the writing and working on this thesis. Finally 1
would like to thank my all family members, relatives, and friends and specially to thank my
wife for her support and encouragement during all these five years study program at the

University of Stavanger.

Gholam Sakhi Sakha

Stavanger 8-June-2015

Page 1



Master thesis 2015 University of Stavanger

Table of Contents

o S = O N 1
1.0 INTRODUCGTION . e e e e e e e e e e e e e e e e e e e e e e e s e e e e e e e e e e eeeeaaesaaasasaaaaananns 4
11 BACKGROUND OF THE THESIS ... e 4
1.2 AIM OF THE THESIS .. ittt ettt ettt sttt et st s be bt e b bt e te s bt eae et e sbeetesbeeneens 5
1.3 ABBREVIATIONS. ...ttt sttt ettt b ettt et bt et et s bt et e s besht e besbeentesbeeatenbesaeentesbeeneans 7
2.0 SUMMARY .ttt ettt ettt b et h e s h et bt et b e a et eh e et e bt e a e e bt e at e beeh e et e ebeeht e beshe et e beeaeas 8
3.0 COMPUTER MODELING ....cciiiiiiieeeeeeeeeeeeeeeeeeeeeee ettt et e e et et e e e e eeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeseeeeeeeeesesesesesenes 12
3.1 (€] =AY RPNt 12
70 U 1 [ OO RSOSSN 13
3.3 STAADPIOVSI ettt ettt ettt st s h e et be ettt she et e b et e besaeetesaeeaeas 13
34 IMATHGCAD 15.0 .ttt ettt ettt ettt et s b e et e s bt e st e bt eae e tesae et e sbeeatenbesaeeneesbeeneas 13
4.0 DESIGN CONSIDERATION .o e e e e e e s e s e e e e e e e e e e e e e e e e e e e e e eeeeens 14
4.1 MATERIAL QUALITY AND PROPERTIES ... 14
4.2 DESISGN BASIS AND ACCEPTANCE CRITERIA. ... 15
4.3 LIMIT STATE ACCEPTANCE CRITERIA ....ootiittiierieettete ettt ettt sttt ettt st ene e 15
4.4 DESIGN LOAD CATAGORIES.....coutiteteeiteiesteete sttt sttt sttt et sae et e s tesatebesbe et e sbesaeeneesaeeaeas 16
4.5 LOAD AND MATERIAL FACTORS ...ttt ettt ettt e e e e e et e e e e e e ennneeeeeeas 17
4.6 PERMENANT LOAD ....cooiiitiiitetietteitestt ettt sttt sttt she ettt st sbe st e st e sbeebesbeeseenbesaeeneesneeanes 19
A.7  LIVE LOAD ..ottt ettt sttt h et s h et b e st s bt et e st e sbe et e sbeeatenbesaeennenbeeanan 21
4.8  ENVIRONMENTAL ACTION ..coitiiiiiiiitirieentesieete st ettt st et st st et sbesasesbesbeebesbesaeenbesaeeneesbesanas 24
4.8.1 WIND ACTION <.ttt ettt ettt e e e e ettt e e e e e e e sere et e e e e e e eaassbeeeeeeeeesannsreneeeeas 25
4.8.2 EARTHQUAKE ACTION ..eiiiiiiie ittt e e e e ettt e e e e e et e e e e e e e s ennrebeeeeeeseannnneeeeeeas 27
4.9 ACCIDENTAL LOADS.. ..ttt ettt ettt e e e e e et e e e e e e e e s aaabebeeeeeeeessnnneneeeeeeeaanan 29
49.1 D] go o eT=To o] o] =T SN PP SRSP 30
49.2 Y4 0] (o3 o1 T [o Y- Yo PSSP 30
4.9.3 FIF@ 10AAS ..ttt re e e es 32
5.0 DESIGN CONSIDERATION TRANSPORT PHASE ...ttt ieeeee e e e e 33
51 BARGE ACTION IN TRANSPORT ...oetitiitiiieiieittte et ettt e e e ettt e e e e e e s sanre et e e e e e e s ennneeeeeens 34
5.2 WIND ACTION IN TRANSPORT ...ttt ettt e ettt e e e e e sttt e e e e e e e ssrreeeeeeeeesnnnenee 34
6.0  GLOBAL STRUCTURAL ANALYSIS AND DESIGN OPTIMIZATION......ccerteienieeienienieeienieeiesieeaeens 35
6.1 INPLACE CONDITION ...ueiutiiieiteiesteeieste ettt et st st et sbe et s b et e bt sae et sbeeabesbesae e besneeneesbeeanas 36
6.1.1 ULS INPLACE DESIGN CHECK ACCORDING TO EC3 ....ooiiiiiiiieiiiieeeee e eeeireeeee e 36
6.1.2 SLS DESIGN CHECK...cciiiiiiiiititeeee e ettt e e e ettt e e e e e e eiber et e e e e s s s saaneneeeeeessssnnseneeeeesesanan 37



Master thesis 2015 University of Stavanger

6.2 LIFTING CONDITION. ..ottt 37
6.2.1 LIFTING DESIGN LOAD FACTOR .....uuiiiiiiiiiiiiiic ittt 41
6.3 TRANSPORT CONDITION ...oeiiiiiiiiiiiiiic ittt 44
70 DESIGN CHECK OF PADEYES .....ociiiiiiiiiiiiiii ittt 46
7.1 LOCAL ANALYSIS OF PADEYES ....cutiiiiiiiiiiiiieiti it 46
8.0 DESIGN CHECK OF CONNECTIONS.......uoiiiiiiiiiiiiie it 49
8.1 BOLTED CONNECTIONS ..ottt 49
8.2 WELDED CONNECTIONS ...ttt 50
9.0 CONCLUSIONS ...t st sab e 51
10.0 REFRENCES ..ottt sane s 54
11.0  APPENDICES......oiiiiiiiiiiiiitei ettt s a e 55

Page 3



Master thesis 2015 University of Stavanger

1.0 INTRODUCTION

The analysis, design and construction of offshores structures is arguably one of the most
demanding set of task faced by the engineering profession. Over and above the usual
conditions and situations met by land based structures offshore structures have the added
complication of being placed in an ocean environment where hydrodynamic interaction
effects and dynamic response become major consideration in their design.

1.1 BACKGROUND OF THE THESIS

Norwegian offshore petroleum industries are in the period in which modifications of existing
platforms are often the chosen solution for the realization of development needs. As fields
will age well pressure often drops, and this can be compensated by the injection of water or
gas.

As part of modification work on “Black Gold PH” platform a new gas injection module shall
be installed on the one side of existing platform. The offshore module needs to be protected
from accidental dropped objects due to crane operations on the weather deck of platform. The

new offshore module shall measure 10.0m, 5.50m, 9.50m (length, width, height).

Photo by Oyvind Hagen - Statoil

Figure 1.1 “Black Gold PH” (source: design brief)
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This thesis covers design and analysis of the offshore module structure. Design, modeling,
analysis and calculation are done according to prevailing standards regulations and industry
practices.

1.2 AIM OF THE THESIS

The main object of this thesis is design, analyses and calculation of an offshore module
structure to ensure the required safety and serviceability requirements against different loads
and load combination (i.e. dropped object impact load, explosion load, live load, dead load,
wind load, barge acceleration load and earthquake load) by considering all phases such as
transportation, installation and normal operation.

The structure shall be designed for housing 12 gas injection pumps, each estimated of weigh

around 1500kg. The 12 gas injection pumps must be installed on the first and second floor of
module and each floor shall be housing for 6 pumps. Pumps shall be installed on onshore and
the module shall be transported and lifted.

Apart to above major objective, other goals of this thesis are,

e Learn to use FES (finite element software) Staad.ProV8i and Mathcad 14.0 programs
for structural analysis, design and calculation.

e Evaluation and implementation of relevant rules, standard and regulations for offshore
construction and offshore activities in Norwegian continental shelf (NCF).

e Design optimization of profile types to achieve economical design with respect to
strength and weight considering, inplace, lift and transport condition.

e Design of lifting accessories equipment and pad eyes.

e Use of Microsoft word 2010 and Microsoft excel 2010 programs
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Figure 1.2 (3D) view offshore module structure (source: Staad.Pro)

Figure 1.3 offshore module with members number (source: Staad. Pro)
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1.3 ABBREVIATIONS

ALS Accidental Limit State
BLC Basic Load Case

COG Centre of Gravity

COGE Centre of Gravity Envelope
EQ Earthquake

FES Finite Element Software
DAF Dynamic Amplification Factor
DC Design Class

DNV Det Norske Veritas

DOP Dropped Objects Protection
EC3 Euro Code 3

LC Load Combination

MF Material Factor

NS Norwegian Standard

N-001 Norsok Standard N-001
N-003 Norsok Standard N-003
N-004 Norsok Standard N-004
NPD Norwegian Petroleum Department
Sl System International

SKL Skew Load Factor

SLS Serviceability limit state
SWL Still Water Level

UF Utilization Factor

ULS Ultimate Limit State

WLL Working Limit Load

WCF Weight Contingency Factor
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2.0 SUMMARY

This master thesis based on a design brief which is issued by Aker Solutions. In connection
with modification work on “Black Gold PH” production platform, a new gas injection module
shall be installed on the existing production platform. The module needs to be protected from

accidental dropped objects due to crane activities on weather deck.

The main objective of this thesis is design, modeling, structural analysis and calculation of an
offshore module structure to ensure the required safety and serviceability requirements against
different loads and load combination (i.e. dropped object impact load, explosion load, fire
load, live load, dead load, wind load and earthquake) by considering all phases such as
transportation, installation and normal operation. For this purpose a Design Brief was issued
by Aker Solutions [ref./1/].

In addition to the main purpose of this thesis these goals were achieved:

e Learned to use Staad.ProV8i and Mathcad 14.0 programs for structural analysis,

design and calculations.

e Evaluation and implementation of relevant rules and regulations for offshore

construction.

e Optimize and selection of profile types to achieve optimal design with respect to
strength and weight considering, inplace, lift and transport condition.

e Design of lifting points and pad eyes.
e Plastic analysis and design of dropped object protection (ALS).

The structural design and analyses were done in three phases First the offshore module
structure had to be proven adequate for the normal operational conditional, including an
accidental dropped object scenario, explosion scenario and fire action. Secondly it had to
withstand the strain imposed by barge during transportation and finally it had to be lifted
inplace. The analyses show that the designed offshore module structure has enough capacity
to withstand all conditions with good safety margin. Analyses result show that the most
critical condition is the accidental dropped object, with a resulting UF=1.00. Normal

operating condition inplace with resulted in a utilization factor 0.984.
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Transport condition resulted in a UF of 0.973. In lifting condition the highest utilization factor

15 0.996. All utilization factors are well within the acceptable limit criteria, UF<1.00.

The members with highest utilization factors for all conditions are presented in the following
tables.

Inplace condition:

Table 2.1 members with highest utilization ratios wind action ULS-a/b.

Members number Section type Utilization factor Clause Load combination
2 TUB 250X250X16 0.617 Stable 103
a0 TUB 250X250X16 0.622 Stable 101
449 TUB 120 X120X10 0.855 Stable 103
451 TUB 120 X120X10 0.855 Stable 101
184 HE 240 B 0.941 Stable 101

Table 2.2 members with highest utilization ratio earthquake action ULS-a/b

Members number Section type Utilization factor Clause Load combination
2 TUB 25025016 0.540 Stable 123
108 TUB 120 X120X10 0.578 Stable 123
450 TUB 120 X120X10 0.728 Stable 123
23 TUB 120 X120X10 0.758 Stable 121
162 HE 240 B 0.821 Stable 123

Table 2.3 members with highest utilization ratios earthquake action ALS

Members number Section type Utilization factor Clause Load combination
120 HE 240 B 0.770 Stable 163
136 HE 240 B 0.770 Stable 151
450 TUB 120 X120X10 0.846 Stable 161
162 HE 240 B 0.879 Stable 163
184 HE 240 B 0.879 Stable 161
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Table 2.4 members with highest utilization ratios explosion action ALS

Members number Section type Utilization factor Clause Load combination
392 HE 220 B 0,913 Stable 312
388 HE 220 B 0.974 Stable 312
389 HE 220 B 0.974 Stable 312
390 HE 220 B 0.974 Stable 312
184 HE 240 B 0.984 Stable 311

Table 2.5 members with highest utilization ratios fire action ALS

Members number Section type Utilization factor Clause Load combination
450 TUB X120X120x10 0.654 Stable 411
451 TUB 120X120X10 0.654 Stable 411
162 HE 240 B 0.664 Stable 411
184 HE 240 B 0.664 Stable 411
23 TUB 120X120X10 0.6638 Stable 411

Transport condition:

Table 2.6 members with highest utilization ratios barge acceleration ULS-a

Members number Section type Utilization factor Clause Load combination

458 TUB 120X120X6 0.339 Stable 193
460 TUB 120X120X6 0.390 Stable 193
455 TUB 120X120X6 0.403 Stable 191
456 TUB 120X120X6 0.403 Stable 195
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Table 2.7 members with highest utilization ratios barge acceleration ULS-b

Members number Section type Utilization factor Clause Load combination

456 TUB 120X120X6 0.559 Stable 215
455 TUB 120X120X6 0.560 Stable 211
458 TUB 140KX140Kx8 0.793 Stable 213
560 TUB 140X140X8 0.793 Stable 213

Lifting condition:

Table 2.8 members with highest utilizations ratios ULS-a

Members number Section type Unlization factor Clause Load combination

162 HE 240 B 0.514 Stable 513
154 HE 240 B 0.514 Stable 513
308 HE 140 B 0.954 Stable 512
75 HE 140 B 0.996 Stable 512

The accidental dropped object UF= 1.00 refers to the deck beams on top of the structure.
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3.0 COMPUTER MODELING

3.1 GENERAL

The offshore module structure is analyzed and designed by use of the FES (finite element
software) Staad.ProV8i.engineering program. The coordinate system used is such that y is
pointing upwards, X is pointing horizontal (East) and z is pointing also horizontal (South). The
modeling in Staad.ProVa8i is done in the system lines which means that all profiles and plates
are placed at the section centroid line and the connection between the profiles are as default

full strength (rigid) connection.

Loading orientation on the structural member usually influence the selection of section profile
types of the structural members. Selection of section properties are based on the structural
member responses during transverse- and axial loading. The designed model represented in
this thesis is result of a long process and some profiles were replaced during modeling and
designing of offshore module structure until achieved the suitable profiles to meet the design
limit criteria specially profiles which are used on the top of offshore module must be
designed and analyzed to withstand dropped object load. Profiles used for designing of
module structure are standard profiles which are available in Staad.ProV8i.database. Finally
the following cross sections have been used in this thesis.

TUB 250*250* 16 (mm) for top of module

TUB 300*300*16 (mm) for main columns to be connected to the platform
TUB 250*250*8 (mm) for columns at front view at two corners

TUB 120*120*10(mm) for columns at the middle of module

TUB 120*120*6 (mm) braces at east and west side of module

TUB 140*140*8 (mm) braces at north and south side of module

HE-A 140*133*5.5 (mm) longitudinal beams in all floor

HE-B 240*%240*10 (mm) edge beams on first and second floor

HE-B 220*%220*9 (mm) transvers beams on first and second floor

© 0o N o gk~ w D PE
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3.2 UNITS

The fundamental units (database unites) that used in the analyses are the following Sl unites
or multiples of:

Length: meter (M)
Mass: Kilo gram (kg)
Time: seconds (s)

3.3 STAAD.ProV8i

Staad.Pro (structural analysis and design for professionals), is a finite element software
developed by Bentley. The program is capable of analyzing advanced structures in almost
every kind of material. It calculates stress, deformation and internal force. Different codes can
be used to check the structure stability.

Staad.Pro is the structural engineering professional’s choice for steel and concrete structures.
This structural software enables structural modeling designing and analysis for a wide variety
of steel and concrete structures including commercial, residential building, industrial

structures, pipe-racks, bridges and towers [ref/16].

3.4 MATHCAD 15.0

Mathcad is the most comprehensive, yet practical, engineering calculation software available.
Mathcad 14.0 is designed to help engineers achieve best practices within the overall Product
Development process through increased productivity, collaboration enablement and process
improvement [ref/17].
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4.0 DESIGN CONSIDERATION

GENERAL

All the analyses and calculations are based according to the regulations, specification and
standards related to design of offshore structure and some of them listed as follow.

NORSOK N-001 Structural design

NORSOK N-003 Action and action effect

NORSOK N-004 Design of steel structures

NORSOK R-002 Lifting equipment

EC3, NS-EN 1993-1-1 Design of steel structures: general rules and rules for building
EC3, NS-EN 1993-1-5 Design of steel structure: plated structural elements

EC3, NS-EN 1993-1-8 Design of steel structure: design of joints

4.1 MATERIAL QUALITY AND PROPERTIES

Table 4.1 steel quality [ref /13/] (table 3.1, EC3 NS EN 1993-1-1, design of steel structure)

Steel class |fy fu
S355 355 Mpa 490 Mpa
S420 420 Mpa 520 Mpa

All standards profiles have steel quality of S355. Plates and welded profiles have steel quality
of S420.

Material properties: Design Brief [ref /1/]

Density p= 7850  kg/m®
Young’s modulus E= 210000 N/mm?
Poisson ratio v= 0.3

Shear modulus G= 81000 N/mm?
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Details of bolts

Bolt class Fyb fuo
8.8 640 Mpa | 800 Mpa

Bolt details are taken from table 3.1 EC3 1-8, [ref. /5/]

4.2 DESISGN BASIS AND ACCEPTANCE CRITERIA

The following categories of limit states have been considered in this thesis according to the
structural design brief:

SLS- serviceability limit state
ULS- Ultimate Limit State
ALS- Accident Limit State

The initial design of offshore module structure is done considering the ALS dropped object
scenario (impact effect of dropped object, overall plastic collapse and local damage to plastic
deformation), by means of theoretical approach. Staad.ProV8i was used to analyze the other
ULS and ALS conditions.

4.3 LIMIT STATE ACCEPTANCE CRITERIA

1. SLS- which is determined on the basis of criteria applicable to functional capability or
to durability properties under normal operations and deformation for ordinary live
load shall not exceed L/200.

2. ULS- utilizations factor shall not exceed 1.00, which is determined on the basis of

criteria applicable to functional capability or properties under normal operations.

3. ALS- accidental condition does not specify any limit for deformations other than the
structure shall not collapse. The limit state is that the offshore module structure must
withstand and absorb the impact energy without damaging the instrument unit that

has been installed on the first and second floor of the module.
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4.4 DESIGN LOAD CATAGORIES

Fixed offshore platform are unique structure since they extend to the ocean floor and their
main function is to hold industrial equipment that services oil and gas production and drilling.

Robust design of offshore structure depends on accurate specification of the applied load and
the strength of the construction material used. Most loads that laterally affect the platform,
such as wind and waves are variable, so the location of the platform determines the metocean

data. In general, the loads that act on the platform are:

Four kinds of basic loads have been evaluated in this analysis and design. These are:

Gravity loads
Live loads

Wind loads
Wave loads
Current loads
Earthquakes load
Installation loads
Accidental loads

Permanent loads

Variable loads

Environmental loads

Accidental loads

Table 4.4 load categories

P Permanents loads Self-weight of structure
L Live loads Variable operating loads
E Environmental loads  |Wind and earthquake
A Accidental loads Dropped object load

Page 16
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4.5 LOAD AND MATERIAL FACTORS

The design factors applied to different actions for different limit state and analyses are
according to NORSOK N-001 [ref/2/] and are listed in the table 4.5.

Table 4.5 load and material factor

. Loading Material
Limit state condition P L E A coefficient
ULS-a Ordinary 1.30 1.30 0.70 - 1.15
ULS-b Extreme 1.00 1.00 1.30 - 1.15
ALS 1.00 1.00 - 1.00 1.00

Combination action

Environmental action intensities for ULS and ALS combination based on annual exceedance
probabilities. Earthquake actions are combined with other environmental actions according to
the NORSOK N-003 [ref /3/].

Table 4.5.1 combination of environmental actions

Limit state Wind Earthquake
107
ULS
10°
ALS 10™

All the load cases have been considered for design and analyses of new offshore module
structure listed in following tables.

Table 4.5.2 all dead load cases from different directions for in place design phase

load cases Description KN Direction

1 selfiweight 432 .82 -Y
11 selfweight 432 82 + X
21 selfiweight 432.82 + Z

2 Secondry steel 98.37 -Y
12 Secondry steel 98.37 + X
22 Secondry steel 08.37 + Z

3 Equipment load 211.9 -Y
13 Equipment load 211.9 + X
23 Equipment load 211.9 + Z
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Table 4.5.3 all live load cases from different directions in inplace

Load cases Description KN Direction

4 Functional live load 460.55 -Y
14 Functional live load 460.55 + X
24 Functional live load 460.55 + Z
5 Laydown load 825.27 -Y
15 Laydown load 825.27 + X
25 Laydown load 825.27 + Z
31 Wind load 03.89 +X
32 Wind load 03.89 - X
33 Wind load 123.43 + Z
34 Wind load 140.12 -Z
41 Earthquake 100 year 87.40 + X
42 Earthquake 100 year 87.40 - X
43 Earthquake 100 year 26.45 + Z
44 Earthquake 100 year 26.45 -Z
45 Earthquake 100 year 77.40 + Y
46 Earthquake 100 year 77.40 -Y
51 Eearthquake 10 000 year 436.88 + X
52 Eearthquake 10 000 year 436.88 - X
53 Eearthquake 10 000 year 120.32 + Z
54 Eearthquake 10 000 year 120.32 -Z
55 Eearthquake 10 000 year 799.6 + Y
56 Eearthquake 10 000 year 799.6 -Y

Table 4.5.4 all live load cases from different directions for transport design phase

Load cases Description EN Direction
61 Wind load in transport 44.70 + X
62 Wind load in transport 44.70 - X
63 Wind load in transport 61.80 +Z
64 Wind load in transport 61.80 -Z
71 Barge acceleration 421.17 + X
72 Barge acceleration 421.17 - X
73 Barge acceleration 614.10 +Z
74 Barge acceleration 614.10 -Z
75 Barge acceleration 247.96 +Y
76 Barge acceleration 318.81 -Y
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4.6 PERMENANT LOAD

Permanents loads are gravity loads that will not vary in magnitude, position or direction
during the period considered. Examples are:

- Mass of structure

- Mass of permanent ballast and equipment

- Cabling

- Dry weight of piping

- Fireproofing/insulation
Permanent loads are used in this thesis are the self-weight of the module structure, the
outfitting steel structure, and the dead weight of equipment which are the dry weight of 12
gas injection pumps each estimated to weight around 1500 kg with a 20% contingency has

been used. All permanent loads will be multiplied with weight contingency factor of 1.10.

Basic Load case 1, 11, 21 structural self-weight:

The self-weight of the module structure is generated by Staad.ProV8i automatically, based on
the cross sections and the steel weight. This load is achieved by applying an acceleration of
1.0g in the negative y-direction for the whole structure. The values of self-weight of the
module are same inn all 3 directions and must be taken in account for earthquake action

calculation.

Basic Load case 2, 12, 22 secondary/ or outfitting steel:

The self-weight of the module structure generated by Staad Pro must be multiplied by a factor
of 0.25¢ to count for the secondary or outfitting steel. Secondary or outfitting steel counts for
the weight of the structure generated by taking in consideration welding and fire protection.

The value of secondary or outfitting steel is same in all 3 directions and must be taken in
account for earthquake action calculation.
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Basic load case 4, 14, 24 equipment load:

The offshore module structure must be designed for housing 12 gas injection pumps, each
estimated to weigh around 1500kg. The equipment load is total dry weight of these 12 pumps
which shall be located on the first and second floor of the module. A 20% contingency factor
should be included to cover uncertainties in the equipment load. The pumps have foot print
measures 2.0*0.75m and located on transvers beams as shown in the following figure.
Equipment load applied as evenly distributed load over a length 2.0 m on the mentioned
beams. The value of equipment load is same in all 3 directions and must be taken in account
for earthquake action calculation.

Figure 4.1 equipment load, (source: Staad Pro)
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4.7 LIVELOAD

General

Live loads are loads which may vary in magnitude, position and direction during the life of

structure.
Variable Functional loads

Variable functional loads are loads which may vary magnitude, position and direction during
the period under consideration, and which are related to operation and normal use of the

structure. Examples are:

- Personnel

- Stored materials, equipment, gas, fluid and fluid pressure
- Crane operational loads

- Loads associated with installation operations

- Loads associated with drilling operations

- Loads from variable ballast and equipment

During the life of the platform, generally all floor and roof area can be subjected to
operational loads in addition to known permanent equipment loads. Since the exact nature of
these live load is not known at the state design, all deck area designed to carry some general
live loads in addition to permanent loads of equipment, piping etc.

The characteristics value of a variable functional load is the maximum (or minimum)
specified value, which produce the most unfavorable load effects in the structure under
consideration. The specified value shall be determined on the basis of relevant specifications.

Variable functional loads on the deck area of topside structure are based on Table D1from
offshore standard DNV- OS-C101, 2011.

Variable functional loads have been used for design analysis in this thesis are as 5.0kN/m?
distributed load for area between equipment in first and second floor of offshore module, and
15.0kN/m? distributed load on lay down areas on the top deck of module structure.
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Basic load case 4-14-24 variable functional loads:

The variable functional load according to DNV-0S-C101 [ref/15] is 5.0kN/m?and this load
has applied on the area between equipment in the first and second floor of offshore module
where the 12 gas injection pumps located. The variable functional load applied in such a way
that value of load varying from where pumps are located comparing to the rest of area.

Detailed calculation of variable functional load is presented in appendix B.

Figure 4.1 variable functional load (source: Staad. Pro)

Variable functional load has the same value in all 3 directions and must be taken in account in
case of earthquake action calculation.
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Basic Load case 5, 15, 25 laydown load:

The laydown load according to DNV-0S-C101 [ref/9] Table D1 shall be 15.0kN/m?. This
load applied to the top of the module structure. The total load is 15.0 kN/m? multiplied to A,
where A is the laydown area. The total load is divided by the total length of all beams located,

an applied as evenly distributed line load on all relevant members.

Detail calculation of laydown load presented in appendix B

l
b "!|||||||"”"|||n ‘Illlhm

\||u||‘||| d'.'!”\lm ] ;m .,..L d

il "n"wlﬂll

Figure 4.3 laydown load (source: Staad.ProVa8i)

Laydown loads have the same value in 3 directions and must be taken in account case of

earthquake action calculation.
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4.8 ENVIRONMENTAL ACTION

Environmental loads are loads caused by environmental phenomena, which may vary in
magnitude, position and direction during the period under consideration, and which are
related to operation and normal use of the installation. Environmental loads to be used for
design shall be based on environmental data for specific location and operation question, and
are to be determined by use of relevant methods applicable for the location /operation talking

into account type of structure, size, shape and response characteristics.

According to the regulation, the environmental actions shall be determined with the stipulated
probabilities of exceedance. Characteristic actions for the design of structure in the in-place

condition are defined by annual exceedance probabilities of 10 and 10™.
Examples are:

- Hydrodynamic loads induced by wave and current
- Inertia forces

- Wind

- Earthquake

- Tidal effect

- Marine growth

- lce and snow
Environmental loads are considered in these thesis include wind, and earthquake.

Ice and snow loads are not considered relevant for these analyses. Ice from sea spray is only

relevant for structures located below 25.0 meters above sea level.

Snow loads according to NORSOK N-003 [ref. /3/] shall be 0.5kN/m?. Snow loads are only to
be combined with 10 year wind and therefore considered negligible.

Wave load is not relevant for structures positioned higher than 25.0 meters above sea level. It
is considered that the offshore module structure presented on this report has sufficient height

above sea level to avoid direct wave action.
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4.8.1 WIND ACTION

Basic Load case, 11- 14 wind load

The most important design consideration for an offshore platform are the storm wind and
storm wave loadings it will be subjected to during its service life. Structure or structural
components that are not very sensetive to wind gusts may be calculated by considering the

wind action as static.

In the case of structure or structural parts where the maximum dimenstion is less than

approximately 50 m, 3 s wind gusts used when calculating static wind action.

In case of structure or structural parts where the maximum length is greather than 50 m,the

mean period for wind may be increased to 15 s.

The wind load which is applied on the module structure is based on static wind load and basic

information is presented below.

The global ULS inplace analyses will be based on the 3-second gust wind (L < 50m). For
simplicity the wind load in the module analyses will be based on a constant wind speed at an
elevation located 2/3 of the module structure height, and module can be assumed to 50%

solid. It means that wind load acting on the structure in practice is 50 % total wind load.

The static wind load is calculated in accordance to NORSOK N-003 section 6.3.3. For
extreme conditions, variation of the wind velocity as a function of height and the mean period

is calculated by use of the following formulas:

The wind loads are calculated by the following formula:

P = Y. p-Cs-A-Um?-sin (o)

Where:

P = 1.225 kg/m® mass density of air

Cs = shape coefficient shall be obtained from DNV-RP-C205,

A = area of a member or surface area normal to the direction of the force
Um = wind speed
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o = angle between wind and exposed area

The characteristic wind velocity u (z,t)(m/s) at a height z(m) above sea level and

corresponding averaging time period t less than or equal to may be calculated as:
U(z,t) = Uz [1-0.411u(2) In (t/to)]

Where, the 1 h mean wind speed U(z)(m/s) is given by

U(z) = Ug[1+C In(2/10)]

C=5.73*102 (1 +0.15 Ug) *°

The turbulence intensity factor lu (z) is given by

lu(z) =0.061[1+0.043U0](z/10) "%

Up (m/s) is the 1 h mean wind speed at 10m

Calculation of static wind and wind action on offshore module structure is presented in

appendix B.
Sector Weibull parameters Annual probability of exceedance
Direction | prob. Shape Scale | Location 0.63 10" 10°
% - m/s m’s m's m/s m's
0° 8.98 2.169 9.46 0.15 23 26 29
30° 4.06 1.916 1.07 0.33 18 22 24
60° 2.62 1.504 3.29 0.80 17 21 25
90° 3.95 1.718 7.54 045 22 26 30
120° 7.88 2.630 12.52 -1.11 25 28 30
150° 10.08 2.530 11.19 -0.32 24 27 29
180° 11.07 2.250 948 0.53 23 26 29
210° 11.14 2.245 10.18 0.12 24 28 30
240° 10.14 2.302 10.77 -0.42 24 28 31
270° 9.75 2.250 11.03 -0.41 25 29 32
300° 9.27 1.901 9.04 0.80 25 30 33
330° 11.04 2124 10.00 0.36 25 29 32
0°-360° | 100.00 2133 9.96 0.07 18 31 34

Table 5-1 Black Gold field, reference wind speeds

Figure 4.4 reference wind speeds for design of wind action (source design brief)
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Wave loads

Wave loads are not relevant for the new module which is located above 25 m mean water

level and has sufficient air gap to avoid wave action on offshore module structure.
Ice and snow loads

Ice from sea spray is not relevant for structure located higher than 25m above sea level. The
new offshore module is about 33m above sea level and therefore ice loads are ignored in this
thesis. Ice from atmospheric action according to design brief shall be 90 N/m?is small when

compared with other loads and has not been considered in analysis.

Snow load according to design brief shall be taken as 250N/m?. The snow load is relatively
small compared to the other loads on the deck area and concluded that snow load will not

affect global analysis in this thesis and can be neglected.

4.8.2 EARTHQUAKE ACTION

Basic Load case, 41- 46 10”2 year(ULS) and Basic Load case, 51-56 10 year(ALS)

Earthquake action should be determined on the basis of the relevant tectonic condition, and
the historical seismological data. Measured time histories of earthquakes in the relevant area

or other area with similar tectonic conditions may be adopted.

Earthquake motion at the location described by means of response spectra or standardized

time histories with the peak ground acceleration to characterize the maximum motion.

The earthquake motion can be described by two orthogonally horizontal oscillatory motions
and one vertical motion acting simultaneously. These motion components are assumed to be
statically independent. One of the horizontal excitations should be parallel to the main
structural axis, with the major component directed to obtain the maximum value for the
response quantity considered. Unless more accurate calculations are performed, the
orthogonal horizontal component may be set equal to 2/3 of the major component and the

vertical component equal to 2/3 of major component, referred to bedrock.
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When determining earthquake action on to the structure, interaction between the soil, the
structure and surrounding water should be taken into consideration. When time histories are
used, the load effect should be calculated for at least three sets of time histories. The mean
value of the maximum values of calculated action effects from the time history analysis may
be taken as basis for design. The time series shall be selected in such a way that they are
representative of earthquake on the Norwegian continental shelf at the given probability of

exceedance.

Earthquake design include ULS check of components based on earthquake with annual
probability of occurrence 10 and appropriate action and material factor as well as an ALS
check of overall structure to prevent its collapse during earthquakes with an annual

probability of exceedance of 10 with appropriate action in and material factors.

Normally the ALS requirement will be governing, implying that earthquakes with annual

probability of exceedance of 10 can be disregarded.

The assessment of earthquake effects should be carried out with a refinement of analysis
methodology that is consistent with the importance of such effects.

Structures shall resist accelerations due to earthquake. The 107 years ULS earthquake and 10*
years ALS earthquake are both considered in the analysis. The considered values for
accelerations respect to the elevation of the structure are listed in table 3-4 below. Reference
earthquake accelerations were given in the design brief [ref. /1/] and applied accordingly in

the analysis.

Table 4.8.2 earthquake acceleration

Earthquake acceleration 107 year Earthquake acceleration 10™*year

X=0.0441g X=0.2176g
Y=0.0390g Y=0.2523g
Z=0.0133g Z=0.0589g

The values of earthquake accelerations presented in the above table were calculated from the
reference earthquake acceleration given in design brief. For detailed calculation refer to
appendix B.
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Figure 51 Earthquake accelerations

Figure 4.5 reference earthquake accelerations (source: design brief).

4.9 ACCIDENTAL LOADS

Accidental loads can be defined as fires and explosions, impact from ships, dropped object
and helicopter crash. Impacts loads from ships and helicopter crash have not been considered
in these analyses. The accidental loads have been considered in these thesis are dropped
object accidental load which is defined as a 7.0 tons container falling from a height of 3.0
meters, explosion load and fire loads. The module structure must withstand the impact force
and prevent damaging of instruments which are located inside of the module structure. The
initial plastic design of module structure is based on the impact effect of a dropped object,

plastic hinge development and local damage due to the plastic deformation.
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4.9.1 Dropped object

The dropped object action is characterized by kinetic energy governed by the mass of the
object and the velocity of the object at the instant of impact. In most cases the major part of
the kinetic energy has to be dissipated as strain energy in the impacted component and
possibly in the dropped object. Generally this involves large plastic strain and significant
structural damage to the impacted component. The strain energy dissipation is estimated from
force deformation relationship for the component and object, where the deformations in the

component shall comply with ductility and stability requirements.

The load bearing functions of the structure shall remain with the damages imposed by a
dropped object. Dropped objects are rarely critical to global integrity of the installation and
will mostly cause local damage. The structural effect from dropped object may either be
determined by nonlinear dynamic finite element analyses or by energy consideration
combined with simple elastic plastic methods as given in A.4.2 to A4.5 in NORSOK N-004,
[ref/4f].

In this thesis impact effect of dropped object calculation done by using energy considerations
combined with simple elastic-plastic method. This method is the most conservative method

and based on fully plastic collapse mechanism.

Dropped object impact detailed calculations are presented in Appendix C.

4.9.2 Explosion loads

Explosion loads are characterized by temporal and spatial pressure distribution. The most
important temporal parameters are rise time, maximum pressure and pulse duration.

For components and sub structure the explosion pressure shall normally be considered
uniformly distributed. On global level the spatial distribution is normally non-uniform both
with respect to pressure and duration.

The response to loads may either be determined by non-linear dynamic finite element analysis
or by simple calculation model based on SDOF (single degree of freedom) analogies and

elastic- plastic methods of analysis.
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If none-linear dynamic finite element analysis is applied all effect described in the following
paragraphs shall either be implicitly covered the modelling adopted or subjected to special
consideration, whenever relevant.

In the sample calculation models the component is transformed to a single spring-mass system
exposed to an equivalent load pulse by means suitable shape function for the displacements in
the elastic and elastic-plastic range. The shape function allow calculation of the characteristic
resistance curve and equivalent mass in the elastic and elastic-plastic range as well as the
fundamental period of vibration for the SDOF system in the elastic range.

Provided that the temporal variation of the pressure can be assumed to be triangular, the
maximum displacement of the component can be calculated from design charts for the
(SDOF) single degree of freedom system as a function of pressure duration versus
fundamental period of vibration and equivalent load amplitude versus maximum resistance in
the elastic range. The maximum displacement shall comply with ductility and stability
requirements for the component.

The load bearing function of the structure shall remain intact with the damage imposed by the

explosion loads. In addition, the residual strength requirements given in section A.7

NORSOK N-004 shall be comply with. In this thesis explosion action calculation based on the
simple method (SDOF) analysis and the explosion loads have been defined in design brief.
The module is subjected to internal blast pressure of 0.06Mpa. In analysis of explosion loads
on offshore module two different scenarios have been considered. It has been assumed that
the explosion will happen in first floor or in the second floor. Calculation results are presented
in appendix C.
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4.9.3 Fire loads

The characteristic fire structural action is temperature rise in exposed member. The temporal
and spatial variation of temperature depends on the fire intensity, whether or not the structural
members are fully or partly engulfed by the flame and what extend the members are insulted.
Structural steel expands at elevated temperature and internal stresses are developed in
redundant structures. These stresses are most often a moderate significance with respect to
global integrity. The heating cause also progressive loss of strength and stiffness and is, in
redundant structures, accompanied by redistribution of forces on from members with low
strength to members that retain their load bearing capacity. A substantial loss of load bearing
capacity of individual members and subassemblies may take place, but load bearing function
of the installation shall remain intact with during exposure to the fire action.
Structural analysis may be performed on either

e individual members

e Subassemblies entire system.
The assessment of fire load effect and mechanical response shall be based on either

e simple calculation methods applied to individual member,

e general calculation method or combination
Simple calculation methods may give overly conservative results. General calculation
methods in which engineering principle are applied in a realistic methods to specific
applications. In this thesis simple calculation method has been used for analysis of fire action
on new offshore module structure as temperature domain and results are presented in
appendix C.
Calculation done according to EC3 NS-EN 1993-1-2:2005 + NA: 2009 .Design of steel

structures part 1-2: general rules structural fire design. [ref/14].
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5.0 DESIGN CONSIDERATION TRANSPORT PHASE

During transportation of the module structure from the fabrication yard to its offshore
location, the forces that will affect structure depend upon the structure’s weight and geometry
and the support condition supplied by the barge or by buoyancy, as well as on the

environmental condition that prevail during transportation.

The transport analysis will consider ULS-a/b load conditions. Relevant loads are the module
self-weight, secondary/ or outfitting steel, dead weight of pumps, barge accelerations and
wind. Barge accelerations calculation are done in according to the simplified motion criteria
presented in (DNV 1996) rules for planning and execution of marine operation part 2 and

chapter 2 section 2.2.3.[ref/6]. The conditions for using simplified criteria are;

towing in open sea on a flat top barge with length greater than 80m,

- barge natural period in roll equal or less than 7 sec.,

- object positioned closed to middle of the ship and with no part overhanging the barge
sides, and

- object weight less than 500 tons

Wind loads and barge accelerations are applied in eight directions at 45 degrees interval

covering the complete rosette. They will always be applied in the same direction
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5.1 BARGE ACTION IN TRANSPORT

Basic Load case, 41-46 barge acceleration in transport:

The barge acceleration calculated according to (DNV 1996) Marine Operation part2. Refer to

appendix B, for detailed calculation.

Table 4.1 barge accelerations in transport

Direction | Acceleration AXIS

+X 0.5945¢ Horizontal
-X -0.5945¢ Horizontal
+7 0.8668( Horizontal
-7 -0.8668( Horizontal
+Vy 0.35¢ Vertical
-y -0.45¢ Vertical

5.2 WIND ACTION IN TRANSPORT

Basic Load case, 61- 64 wind action in transport:

During the transportation of module from onshore to the offshore field the module will be

subjected to wind from all directions.

The wind pressure (1.0 KN/m?) in transport is taken form (DNV 1996) Marine Operations

part 2. Result of wind action calculation represented in appendix B.
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6.0 GLOBAL STRUCTURAL ANALYSIS AND DESIGN OPTIMIZATION

The aim of structural design analysis is to obtain a structure that will be able to withstand all
loads and deformations to which it is likely to be subjected throughout its expected life with a
suitable margin of safety. The offshore module structure must also fit the serviceability

requirements during normal operation.

It is necessary to consider all three stages as different members may be critical in different
conditions. In practice the offshore module structure must be analyzed for all three conditions.
Structural analyses were therefore carried out for three primary load conditions, inplace, lift
and transportation. The structural analysis and design optimization flow chart presented below
shows procedure has been done to overcome optimized and well integrated structure for
inplace, transport and lifting condition.

Base Module

Wy

First approach analysis

b

— NO Acceptable Result? YES

Optimize profile type
¥
Full analysis

o Ll

NO YES

Acceptable Result? Analysis for Transport condition

h0

_NO|  Acceptable Result? YES Analysis for Lift condition
—>| Optimize or'and Reinforce Member (€ NO Acceptable Result? I‘IE}’
Full analysis
v __
LNOY g coeptable Result? } YES END

Page 35



Master thesis 2015 University of Stavanger

6.1 INPLACE CONDITION

Inplace load combinations shall consider ULS-a, ULS-b and ALS load conditions with
contribution from relevant load types as defined in chapter 4. Load combinations are
established to give maximum footing reactions at the interface between the offshore module

structure and the existing production platform structure, and resulting stresses in the structure.

Environmental loads, wind and earthquake, shall be considered acting from eight different
directions at 45 degrees interval covering the complete rosette, but in this thesis wind action

has been considered for five directions during in place design.

The module structure is analyzed for wind with average recurrence period of 100 years.
Considering the module structure height above water level, Ice load is neglected in these
analyses. Considering the small load magnitude of 0.5 KN/m? it is concluded that the snow

load can be neglected in the global analyses.

Load combinations for inplace analyses are performed in Staad.ProV8i.

6.1.1 ULS INPLACE DESIGN CHECK ACCORDING TO EC3

The objective of structural analysis is to determine load effects on the structure such as
displacement, deformation, stress and other structural responses. These load effects define the
sizing of structural components and are used for checking resistance strength of these
components. The structure shall comply with limit state criteria defined by design rules and

codes.

The structural analysis of the module structure for inplace condition is based on the linear
elastic behavior of the structure. As mentioned earlier the module structure is exposed to
different loads. The structural weight and permanent loads are considered as time-independent
loads. Further, the environmental loads are considered as time-dependent loads. Different
wind durations are calculated and 3.0 second wind gust is selected and applied to compute the

static wind load for 100 year return period.
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These analyses are performed and results presented for each condition and all members of the
structure have utilization factor less than UF<1.00 for the applied loads in inplace operational
condition. This means that the members have sufficient capacity to withstand the applied

loads.

6.1.2 SLS DESIGN CHECK

The objective of this analysis is to satisfy the service ability limit criteria of the new offshore
module structure to make sure that the module remains functional for its intended use.

The new module structure has sufficient capacity under ULS design check and the analysis is
conservative. This result indicates that the structure has sufficient capacity under service limit
state too. Because the SLS criteria states that the load and material factor is 1.0 for dead and
live load and no environmental load will be included. Therefore it has been concluded that the
SLS criteria satisfied during normal use and no need for further check.

6.2 LIFTING CONDITION

The purpose of lifting analysis is to ensure that lifting operation offshore shall be performed

in safe manner and in accordance with the prevailing regulations.

The module will be lifted onto the platform by a heavy lift vessel. All lifting factors and
design of lifting pad eyes shall be according to NORSOK R-002. There are several lifting
methods such as single hook, multiple hooks, spreader bar, no spreader, lifting frame, three

part sling arrangement, four part sling arrangement etc.

In this case the lifting arrangement used is steel wire with four-sling arrangement which is

directly hooked on to a single hook on the crane vessel.

Vessel motion, crane motion and object motion are important issues that must be considered

carefully during lifting operation.
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Vessel motion

Vessel motion can be defined by the six degrees of freedom (DOF) that is experienced by a
vessel at sea. The six DOF motions comprise of three translation and three rotational motions.
The importance of each of the six DOF in marine operation varies, depending on the type of

operation, for instance:

e Heave is most important for vertical operations.

e Roll is most important for crane operation over the side.

The rotational motions (roll, yaw and pitch) are the same for all point of vessel, while the
translational motions (heave, surge and sway) are coupled and dependent on the motions of
the other degrees of freedom.

Crane motion

Motion in the carne can be a challenging issue during lifting and installing new equipment on
platforms. The motion can be caused by several different factors where wind, wave and snap
load are the most common. Wind can cause some motion in the crane, but in cases of strong

wind the lifting operation will be postponed.
Object motion

The motion of object can be caused by the same factor as motion in the crane. Wind will
cause movement on the object depending on the design and area of the object. For the
offshore module structure there are no large surfaces hence the motion caused by the wind can
be neglected. These motions are topics that are too broad to explain in this thesis and

therefore mentioned here very briefly.

In according to the design brief the offshore module structure will be lifted by using four

points sling arrangement which is shown in the following figure.
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Figure 6.1 Four point sling arrangement (source: NORSOK R-002)

For lifting condition the governing load condition is ULS-a. Load factors such as Center Of
Gravity factor, Dynamic amplification factor, Skew load factor, Design factor and Center of
Gravity envelope factor must be calculated and applied to find the total lifting load. An
additional consequence factor is applied to various part of the module structure depending on
their criticality during lifting operations. In this report all calculations are done according to
the lifting equipment standard NORSOK R-002 [ref. /7/].
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The members are categorized in three groups:

1. Single critical members, these are members connected to the lifting point and are
assigned a consequence factor of 1.25

2. Reduced critical members, these are main members not connected to the lifting points,
and assigned a factor of 1.10.

3. None critical members, these are members considered to have no impact on the lifting

operation, and are assigned a consequence factor of 1.00.

Figure 6.2 lifting design model (source: Staad.ProV8i)
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6.2.1 LIFTING DESIGN LOAD FACTOR

Load factors relevant for lifting design are summarized and presented as follows:

Center of gravity (COG)

When completing lift operation of a structure it desirable to have lifting hook placed above
the object’s center of gravity to ensure that vertical the hook to prevent the object from tilting
when it’s lifted into the air. To cover the uncertainties in weight and center of gravity a factor
is multiplied with the estimated weight of structure to obtain a design weight to be used for
further analysis in lifting. From NORSOK R-002 we can find two different COG factors can

be used for lifting analysis.
For weighed object or object with a sample weight pattern: Wecoc=1.0
For un-weighted object or object with a complex weight pattern: Weos=1.1

In this thesis factor of Wcog = 1.1 is used in lifting analysis.

Dynamic Amplification Factor (DAF)

Offshore lifting is exposed to significant dynamic effects that shall be taken into account by

applying an appropriate dynamic amplification factor.

The NORSOK R-002 uses different DAF factors for offshore and onshore lifts. Offshore lift
means the lift from the boat on to the platform, every lift operation inside the platform is
classified as onshore. From section F.2.3.5 in NORSOK R-002 we can see that onshore lift
under 50 tones should use 1.5 as DAF factor. For offshore lifts over 50 tones the following

equation shall be used to obtain DAF factor.

DAF =1.70-0.004*WLL for WLL> 50 tones (F.2-2)

Page 41



Master thesis 2015 University of Stavanger

Working load limit

The working load limit (WLL) for the complete is defined as follow:
WLL =W* W ¢

Where

WLL = weight of the lifted object W including weight contingency factor and

excluding the sling set
W = estimated weight of the lifted object

Wce = weight contingency factor

Skew Load Factor (SKL)

Skew loads are additional loads from redistribution due to equipment and fabrication
tolerances and other uncertainties with respect to force distribution in the rigging
arrangement. The skew load (SKL) is used as a safety factor to secure extra loads which are
encountered because of mismatches in sling length. This may arise as a consequence of

human failure or fabrication failure.

Single hook four point lift without spreader bar the skew load factor can be taken 1.25
according to NORSOK R-002 section F.7.2.3.4 (Table F.3).

Design Factor (DF)

Design factor is combination of the consequence factor (rc) and partial load factor (*p). The
partial load factor is 1.34 for all cases from the NORSOK R-002, but the consequence factor
varies from 1.00 to 1.25. In this present case and most other cases when the lifting pad eyes
are attached directly to the object, the consequence factor will be 1.25 which resulting that the
design factor will be 1.68.

Design load factor DF defined as: DF = yp * Yo

Where:
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Yp = partial load factor

YC = consequence factor

These factors (DF) are variable for different members of module structure. They have been
selected as listed below in table 6.2.1

Table 6.2.1 DF factors (NORSOK R-002)

'Yp Te DFE = 'Yp =T
ELEMENT CATEGORY
Lifting points including attachment to object 1.34 1.25 1.68
Single critical elements supporting the lifting point
Lifting equipment (spreader bar, shackles, sling etc.) 1.34 1.25 1.68
Main elements which are supporting the lift point 1.34 1.10 1.48
Other structural elements of the lifted object 1.34 1.00 1.34

Finally these factors were used for analysis of module structure under lifting condition.

WCF =1.10
COG=1.10
DAF = 1.4316
SKL=1.25

ULS-a=1.30

Y =1.00/1.10/1.25

e Lifting points "tot = WCF*COG*DAF*SKL*ULS-a*'¢ = 3.5186
e Main element 'tot= WCF*COG*DAF*SKL*ULS-a*'¢ = 3.1000
e Other element 'tot =WCF*COG*DAF*SKL*ULS-a*'¢c =2.8149
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6.3 TRANSPORT CONDITION

The new structure shall be fabricated on onshore, and transported to the”” Block Gold filed
PH” on a barge where wind load and barge acceleration shall be calculated according to
(DNV1996) Rules for planning and execution of marine operation.

Marine operations shall be properly planned at all stages of a project or operation. The marine
operation shall as far as feasible be based on the use of well proven principles, techniques,
system and equipment. The feasibility of extending proven technology shall be thoroughly

documented.

Marine operation manuals shall be prepared and shall cover all phases of the work, from start
of operations for the operation to completed demobilizations, and including organization and
communication and a program for familiarization of personnel, a description of and procedure
and acceptance criteria for testing/commission of all equipment to be used for the operations,
description of Vessel and sites, detailed procedure for all stages of the operations, towing
routes with estimated sailing time and possible ports of refuge , definition of decision , hold
and approval points and criteria for starting of each phase of the operation, acceptable
tolerances, monitoring and reporting details, verification that the operation have been
completed in accordance with the design and requirement stated in standard and regulation for

marine operations.

Environmental criteria to be adopted for the planning of transportation shall have a return
period of 10 years for the pertinent season and area. Less severe criteria may be used for
inshore transportation routes where suitable ports of refuge along the route have been

identified, provided an equivalent overall safety is maintained.

Design of grillages and sea-fastening shall facilitate load out and subsequent release, shall
provide adequate vertical and horizontal support and shall be such that the welding and flame-
cutting do not inflict damage to the transported object. The contribution from friction shall be
disregarded in the design of sea-fastening and grillage. The transportation barge shall be

equipped with access ladders, minimum one on each side.

The sea fastenings fix the offshore module structure to the barge that transports it from the
fabrication yard to its offshore location. The module must be fixed to the barge in order to

withstand barge motions in rough sea. The sea fastenings are determined by the positions of
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the framing in the module as well as the hard points of the barge. A structural analysis will be
run again, taking into consideration the fixation points and the movement of the barge. This
phase requires cooperation between the installation company and the engineering firm that
performed the design. Cooperation between the installation’s company and engineering
company in early phase of the project is important for safe transportation and installation of

the module.

Transportation in open sea is a challenging phase in offshore projects. Careful planning is

required to achieve a safe transport.
Transporting can be done on a flattop barge or on the deck of the heavy lift vessel [HLV].

In this thesis a standard North Sea Barge, UGLAND UR 171, has been selected for the
transportation of the module structure. E-mail: from Aker Solutions,[ref /10/].
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Figure 6.3 Standard barge uses in North Sea Oil industry (Aker Solutions).

Barge accelerations are action loads which will be applied on the module structure in
transportation condition. The intention with barge acceleration calculation is to identify
applicable accelerations for the barge tow and to calculate the acceleration load that will be
imposed on the structure. The applicable barge accelerations are calculated and applied

according to DNV, Guidelines for marine transportations [ref./6/]
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During transport the module structure will be subjected to both wind and barge acceleration
action. The governing loads action during transport is self-weight of offshore module
structure, wind load and barge accelerations. The calculation results for wind and barge

accelerations in transport condition are presented in appendix B.

7 0 DESIGN CHECK OF PADEYES

7.1 LOCAL ANALYSIS OF PADEYES

The lifting arrangement chosen for the new offshore module structure calls for 4 pad eyes to
be installed on top of the structure. The pad eyes are to be considered as temporary and
removed before the module structure enters in its normal use. Several calculation methods are
available, but in this thesis NORSOK R-002 lifting equipment design used. In this thesis the
pad eyes TYPE 2 (WLL< 50T) [ref. /7/] is used for lifting of offshore module structure.

The following stresses are evaluated and presented:

Pin hole stress

« Main plate stress

Cheek plate stress
« welds

Pad eye body is usually welded to main structure. In some occasion main body may be
welded to a plate and bolted to main structure for easier removal. Stress checks shall be done
on body and welded connection. In this thesis the pad eyes will be welded to main beam on
the top of the module structure.

Page 46



Master thesis 2015 University of Stavanger

=90mm
R=120

Rb

VAN

200mm

h=

A0mm,

| =R00mm

Figure 7.1 pad eyes (Autodesk)

All loads are to be transferred from main structure to the pad eye structures. The pad eyes

have been designed in according NORSOK R-002 lifting equipment design.
The lifting slings must have sufficient length so that angle of the slings meets the criteria set.

To minimize transverse loading on the pad eyes, they should be tilted to match the angle of

sling.

Lifting gear such as sling and shackles are not part of this report. Pin size is based on the

highest sling load and a green pin is chosen from www.greenpin [ref. /9/].

Offshore module structure has a total self-weight under lifting 77.31 tones and therefore has
been chosen a standard shackles for working load limit of 85 tones. A copy of data sheet of a

standard green pin and shackle is shown in the following figure.
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Figure 7.2 standard shackles. (greenpin.com)
Calculation result of local analysis of pad eyes presented in appendix D.
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8.0 DESIGN CHECK OF CONNECTIONS

8.1 BOLTED CONNECTIONS

University of Stavanger

The module structure will be connected by bolts to the main column of existing production
platform by their two lower support point. The bolt connection is checked according to NS-
EN EC3 1993 1-8 [ref. /5/] section 3.4.1 and 3.6.1. Results are presented in appendix E.

e

200mm

0

A50m m

Q)

0,

p2=280mMm

J5m m

pl1=140mm

e

Figure 7.2 Sketch of plate and bolts for bottom support of new module (Auto desk)
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8.2 WELDED CONNECTIONS

All welds on the module structure are in general full pen welds and not subjected to further
checks. However, the welded connection between the column and plates which are going to
connect the bottom support of the new module to the existing platform are 8 mm fillet welds.
These welds are checked according to EC3 1993-1-8 section 4.5 and have enough capacity to
withstand to the prevailing forces. The highest joint force will be resulted in inplace phase
from earthquake 10 years (ALS) load combination and therefore weld capacity has been
checked in the most critical joint with highest axial force on each member. Analyses result
from Staad. Prov8i show that highest tensile axial force happen at node 9. For calculation
results refer to the appendix E.

240 mm

TuB
140X 140

TuB
250X250 8

HE 240 B

1 =500 rom

Figure 7.3 sketch of joint between braces and main beams (Auto desk)
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9.0 CONCLUSIONS

The main objective of this thesis was to do design, analysis and calculation of an offshore
module to obtain a proper weighed structure that has sufficient capacity and strength with
respect to normal operation, transportation and installation phases. Apart from these factors
the goal of design analysis and optimization of profile types in this structure is to achieve that
has high safety with respect to life, environment and economic risk.

In this master thesis structural analysis and design of the gas injection module structure to
ensure the required safety and serviceability requirements against different load and load
combinations (i.e. dropped object impact load, explosion load, fire load, live load, wind load
and earthquake) by considering all phases such as inplace, transport and lifting condition,

were done to obtain the main goals.

The module structure was designed, modeled and analyzed by using the Staad. ProV8i. New
offshore module structure designed and analyzed for three different conditions, inplace,
transport and offshore lifting condition. In inplace the module structure has been designed and
modeled to withstand against all loads and load combination assumed to occur during the
estimated life period for normal operation. Global structural analysis is done in Staad.Pro.V8i
and results show that the designed offshore module structure has sufficient capacity to
withstand normal operating loads, such as wind, laydown loads, earthquake loads. Highest
utilization factor from the Staad.Pro analyses is 0.941 which is less than the design limit
criteria, UF<1.00.

In inplace the module structure is going to be subjected dropped object impact load scenario,
explosion loads and fire loads. The calculation of affected beams in case of dropped object
impact load based on fully plastic criteria were done to show that the module structure has
enough capacity to withstand dropped object impact load without damaging the instruments
which are going to be installed under the offshore module structure. Resulting UF from hand

calculations is 1.00.

Explosion loads are the second accidental loads that have been considered that might be
happen in inplce phase. Structural analysis was done by Staad Pro and results obtained by
analysis shows that the UF in this cases are within the acceptance limit criteria set in design
basis and highest UF = 0.984 which is less than the UF<1.00.
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Fire action is the last accidental loads which have been considered for inplace condition,
simple calculation method has been used to check module capacity against fire action. Hand
calculations were done for the most effected beams with the highest bending moment and
results shows that the new offshore module structure must be protected against fire loads to

fulfill the design limit criteria basis.

Transport was the second step in the analysis. This condition was also analyzed by the
Staad.Pro.V8i. Structural analysis of this model shows that the designed model has enough
capacity in most of the members to withstand the imposed loads during transportation. But
braces are used in the south and north part of the module had utilization factors more than
their capacity (UF>1.00) and therefore some temporary braces used to prevent failing of the
members and fulfill the criteria was set in design limit criteria. The temporary braces used
only during the transportation and shall be removed before the module will be placed to its
final position. After putting two extra braces structural analysis was run again for
transportation phase the result shows that module has enough capacity and the highest
utilization factor is (UF= 0.973) which is small compared to design limit criteria UF<1.00
analysis results are presented in appendix A.

Third step comprise the lifting condition and design of pad eyes. The structural analysis was
run for lifting condition and analysis results shows that the module has enough capacity
during offshore lifting, the highest utilization factor for lifting analysis is 0.996 which is fairly
modest compared design limit criteria UF<1.00. Suitable pad eyes were chosen according
NORSOK R-002 lifting equipment for lifting design and necessary calculations were done to
check that pad eyes have enough capacity to withstand subjected load during lifting of module
structure. Calculation results show that pad eyes have utilization factors as (UF= 0.595) which

are less than UF<1.00 defined in design limit criteria.

Finally a check of bolted connections sewing the module structure to the main column of
existing production platform “Black Gold Filed PH” had to be done. Calculation and design
check were done in according to Euro code3-1-8[Table 3.3] section 3.4.1 and 3.6.1
Calculation results show that bolted connections have enough capacity to withstand imposed

load.

According to my experience on working with this thesis i would like to mention some steps to
be considered during the design and analysis of such offshore module until we reach to the

suitable cross section for initial design.
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e Itisadvisable to do analysis for each condition separately, by starting with initial
design for inplace condition and identify the most critical load cases that might have
great impact on selection of profile types such as accidental loads (dropped object
impact load on top of module, explosion loads).

e Secondly we shall run analyses for all load cases that might happen during the life of
offshore module for normal use of structure and guess initial cross section for this
condition.

e The module shall be analyzed and checked for transportation condition to show that
offshore module with the selected profiles is suitable for this phase ae well. If the
results from different analyses are acceptable then we can run analyses for lifting

condition to check the module capacity for this phase.

When we get some initial profiles then we can follow the structural analysis and optimization
flow chart which was presented in chapter 6.

This proposed methodology in this thesis provides a very good platform for practicing
engineers who are going to analysis and design of offshore module structures in future. The
accuracy and the efficiency are the main advantages of proposed methodology.
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GEOMETRY
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Figure Error! No text of specified style in document.-1a beam local coordinate axes

Figure Error! No text of specified style in document.-2b All members with nod numbers
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BASIC LOAD CASES in inplace

Figure Error! No text of specified style in document.-3 LC1, self- weight accelerated downwards

LC1land LC21are identical to LC 1, but accelerated horizontally.

Figure Error! No text of specified style in document.-4 LC2 secondary steel, -y direction

LC12 and LC22 are identical to LC 2, but accelerated horizontally
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Figure Error! No text of specified style in document.-4 LC3 equipment dead load accelerated
downward, -y direction

LC13 and LC23 are identical to LC 3, but accelerated horizontally

Figure Error! No text of specified style in document.-5 LC4 Functional live load accelerated
downward, -y direction

LC14 and LC24 are identical to LC4, but accelerated horizontally
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Figure Error! No text of specified style in document.-6 LC5 Laydown load accelerated downward, -y
direction

Figure Error! No text of specified style in document.-7 LC5 Laydown load, + x direction
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LC5 Laydown load, + Z direction

Figure Error! No text of specified style in document.-8

LC31 wind action inplace, +X direction

Figure Error! No text of specified style in document.-9
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LC32 wind action inplace, -X direction
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Figure Error! No text of specified style in document.-10

L33 wind action inplace, +Z direction
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LC34 wind action inplace, -Z direction

Figure Error! No text of specified style in document.-12

LC41 earthquake 100 year , +X direction

13

Figure Error! No text of specified style in document.
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LC42 earthquake 100year, -X direction

Figure Error! No text of specified style in document.-14

LC43 earthquake 100 year, +Z direction

Figure Error! No text of specified style in document.-15
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Figure Error! No text of specified style in document.-16 LC44 earthquake 100 year, -Z direction
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Figure Error! No text of specified style in document.-17 LC45 earthquake 100 year, +Y direction
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Figure Error! No text of specified style in document.-8 LC46 earthquake 100 year, -Y direction

Figure Error! No text of specified style in document.-19 LC 51 earthquake 10000 year, +X direction
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X direction

LC52 earthquake 10000 year

Figure Error! No text of specified style in document.-20

21 LC53 earthquake 10000 year, +Z direction

Figure Error! No text of specified style in document.
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Figure Error! No text of specified style in document.-22 LC54 earthquake 10000 year, -Z direction
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Figure Error! No text of specified style in document.-23 LC55 earthquake 10000 year, +Y direction
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Figure Error! No text of specified style in document.-24 LC56 earthquake 10000 year, -Y direction
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Figure Error! No text of specified style in document.-25 LC 300 explosion loads at second floor
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Figure Error! No text of specified style in document.-26 LC 301 explosion loads at first floor

Basic load cases in transport

Figure Error! No text of specified style in document.-27 LC61 wind action transport, +X direction
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LC62 wind action transport, -X direction
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Figure Error! No text of specified style in document.-28

LC53 wind action transport, + Z direction
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R

LC54 wind action transport, -Z direction

Figure Error! No text of specified style in document.-30

weight lifting phase

LC1 self

Figure Error! No text of specified style in document.-31
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A2 STAAD. Pro INPUTFILE INPLACE DESIGN
STAAD SPACE

START JOB INFORMATION

ENGINEER DATE 5-Jan-15

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER KN

JOINT COORDINATES
1000;20950;3109.50;41000;5005.5;609.55.5;7109.55.5;
81005.5;904.7555;10104.755.5; 11 04.750; 12 10 4.75 0;
1359555;1454.755.5;15505.5;1659.50; 1754.750; 1850 0;
1929.50;2029.55.5;214950;2249555;2369.50;2469.55.5;
2589.50;2689.55.5;4309.52.75;44109.52.75; 452 9.5 2.75;
4649.52.75; 476 9.52.75; 48 8 9.5 2.75; 63 1.429 0 0; 64 1.429 0 5.5;
652.858 0 0; 66 2.858 0 5.5; 67 4.287 0 0; 68 4.287 0 5.5; 69 5.716 0 0;
705.716 05.5;717.14500; 727.14505.5; 738.574 0 0; 74 8.574 0 5.5;
75002.75;76 1.429 0 2.75; 77 2.858 0 2.75; 78 4.287 0 2.75;

795.716 0 2.75; 80 7.145 0 2.75; 81 8.574 0 2.75; 82 10 0 2.75;
831.4294.755.5; 84 1.429 4.75 0; 85 2.858 4.75 5.5; 86 2.858 4.75 0;

87 4.287 4.755.5; 88 4.287 4.75 0; 89 5.716 4.75 5.5; 90 5.716 4.75 0;
917.1454.755.5; 92 7.145 4.75 0; 93 8.574 4.75 5.5; 94 8.574 4.75 0;
95104.752.75; 96 0 4.75 2.75; 97 1.429 4.75 2.75; 98 2.858 4.75 2.75;

99 4.287 4.75 2.75; 100 5.716 4.75 2.75; 101 7.145 4.75 2.75;

102 8.574 4.75 2.75; 128 00 -0.5; 129 10 0 -0.5; 130 0 9.5 -0.5;
131109.5-0.5;13239.50; 13339.55.5; 1347 9.50; 1357 9.5 5.5;
13699.50; 137 99.55.5; 138 39.5 2.75; 1395 9.5 2.75; 140 7 9.5 2.75;
14199.52.75;14219.50; 14319.55.5; 1441 9.5 2.75; 1450 7.125 0;

146 10 7.125 0;

MEMBER INCIDENCES
1111;22142;459;56143;6710;7243;8344;1396; 1410 8;

1712 4; 2113 24, 23 14 13; 25 15 14; 26 16 23; 28 17 16; 30 18 17; 31 19 132;
3220 133; 3319 45; 34 21 16; 35 22 13; 36 21 46; 37 23 134; 38 24 135;
3923 47; 40 25 136; 41 26 137; 42 25 48; 67 43 6; 68 44 7; 73 43 144,

74 45 138; 75 46 139; 76 47 140; 77 48 141; 103 6 14; 106 9 15; 107 2 9;

108 11 5; 109 3 10; 110 12 8; 116 5 64; 117 15 70; 119 18 69; 120 1 63;

121 63 65; 122 64 66; 124 65 67; 125 66 68; 127 67 18; 128 68 15; 130 69 71;
1317072;1337173;13472 74,136 73 4,138 1 75; 145 4 82; 146 75 5;

153 82 8; 154 75 76; 155 76 77; 156 77 78; 157 78 79; 158 79 80; 159 80 81;
160 81 82; 161 74 8; 162 11 84; 163 17 90; 164 12 95; 165 10 93; 166 14 87,
167 9 96; 168 83 9; 169 84 86; 171 85 83; 172 86 88; 174 87 85; 175 88 17;
177 89 14; 178 90 92; 180 91 89; 181 92 94; 183 93 91; 184 94 12; 186 95 10;
194 96 97; 195 97 98; 196 98 99; 197 99 100; 198 100 101; 199 101 102;

200 102 95; 256 96 11; 269 20 45; 270 22 46; 271 24 47, 272 26 48; 273 128 1,
274129 4; 275 130 2; 276 131 3; 301 132 21; 302 133 22; 303 134 25;

304 135 26; 305 136 3; 306 137 7; 307 138 46; 308 139 47; 309 140 48;

310 141 44; 311 132 138; 312 16 139; 313 134 140; 314 136 141, 315 133 138;
316 13 139; 317 135 140; 318 137 141, 319 142 19; 320 143 20; 321 144 45;
322 142 144; 323 143 144; 372 97 84; 373 97 83; 374 98 86; 375 98 85;

376 99 88; 377 99 87; 378 100 90; 379 100 89; 380 101 92; 381 101 91;

382 102 94, 383 102 93; 384 76 63; 385 76 64; 386 77 65; 387 77 66; 388 78 67,
389 78 68; 390 79 69; 391 79 70; 392 80 71; 393 80 72; 394 81 73; 395 81 74;
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44415 10; 445 14 7, 446 11 145; 447 12 146, 448 145 2; 449 146 3; 450 145 142;
451 146 136;

ELEMENT INCIDENCES SHELL

396 2 142 144 43; 397 142 19 45 144; 398 19 132 138 45; 399 132 21 46 138;
400 21 16 139 46; 401 16 23 47 139; 402 23 134 140 47; 403 134 25 48 140;
404 25 136 141 48; 405 136 3 44 141; 406 43 144 143 6; 407 144 45 20 143;
408 45 138 133 20; 409 138 46 22 133; 410 46 139 13 22; 411 139 47 24 13;
412 47 140 135 24; 413 140 48 26 135; 414 48 141 137 26; 415 141 44 7 137,
416 11 84 97 96; 417 84 86 98 97, 418 86 88 99 98; 419 88 90 100 99;
42090 92 101 100; 421 92 94 102 101; 422 94 12 95 102; 423 96 97 83 9;
424 97 98 85 83; 425 98 99 87 85; 426 99 100 89 87; 427 100 101 91 89;

428 101 102 93 91; 429 102 95 10 93; 430 1 63 76 75; 431 63 65 77 76;

432 6567 78 77, 433 67 69 79 78; 434 69 71 80 79; 435 71 73 81 80;

436 734 82 81; 437 7576 64 5; 438 76 77 66 64; 439 77 78 68 66;

44078 79 70 68; 441 79 80 72 70; 442 80 81 74 72; 443 81 82 8 74,
ELEMENT PROPERTY

396 TO 443THICKNESS 0.01

DEFINE MATERIAL START

ISOTROPIC STEEL

E 2.1e+008

POISSON 0.3

DENSITY 78.5

ALPHA 1.2e-005

DAMP 0.03

END DEFINE MATERIAL

Fekkkk

MEMBER PROPERTY EUROPEAN

117 446 TO 449 TABLE ST TUB30030016

103 106 444 445 TABLE ST TUB1201206

116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 153 161 -

162 TO 169 171 172 174 175 177 178 180 181 183 184 186 256 TABLE ST HE240B

73TO 77 154 TO 160 194 TO 200 307 TO 310 321 TABLE ST HE140A
372 TO 395 TABLE ST HE220B

273 TO 276 TABLE ST TUB20020010

2578212631 TO 426768269 TO 272 301 TO 306 311 TO 320 322 -
323 TABLE ST TUB25025016

232528 30 450 451 TABLE ST TUB12012010

4613 14 TABLE ST TUB2502508

107 TO 110 TABLE ST TUB1401408

CONSTANTS

MATERIAL STEEL ALL

dekekok

SUPPORTS

128 129 ENFORCED BUT FY MX MY MZ

2 3 ENFORCED BUT FX MX MY MZ

* SYETEM GENERATED SELF WEIGHT *

MEMBER RELEASE
110 START MY
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110 END MY

109 START MY

109 END MY

108 START MY

108 END MY

107 START MY

107 END MY

444 START MY

444 END MY

106 START MY

106 END MY

103 START MY

103 END MY

445 START MY

445 END MY

LOAD 1 LOADTYPE Dead TITLE SYSTEM GENERATED SELF WEIGHT - Y
SELFWEIGHT Y -1.1LIST124TO8131417 212325262830 TO 42676873 -
74 TO 77 103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

LOAD 11 LOADTYPE Dead TITLE SYSTEM GENERATED SELFWEIGHT + X
SELFWEIGHT X 1.1 LIST124TO 8131417 212325262830 TO 42676873 -
74TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

LOAD 21 LOADTYPE Dead TITLE SYSTEM GENERATED SELF WEIGHT + Z
SELFWEIGHT Z1.1LIST124TO8131417212325262830TO 426768 73 -
74 TO 77 103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

LOAD 2 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL - Y
SELFWEIGHT Y -0.25 LIST 124 TO 8 1314 17 21 23 25 26 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

LOAD 12 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL + X
SELFWEIGHT X 0.25LIST124TO 8131417 212325262830 TO 42676873 -
74 TO 77 103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

LOAD 22 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL + Z
SELFWEIGHT Z0.25LIST124TO 81314 172123252628 30 TO 4267 68 73 -
74 TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

* EQUIPMENT LOAD *

LOAD 3LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT - Y
MEMBER LOAD
372 TO395 UNIGY -8.8290 1
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LOAD 13LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT + X
MEMBER LOAD

372 TO 395 UNIGX 8.82901

LOAD 23LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT + Z
MEMBER LOAD

372 TO 395 UNIGZ8.82901

* FUNCTIONNAL VARIABLE LOAD*

LOAD 4 LOADTYPE Live TITLE FUNCTIONAL LIVE LOADS - Y
MEMBER LOAD

374 TO 381386 TO393 UNIGY -3.401

372373382 TO 385 394 395 UNI GY -6.9750 1

374 TO 381 386 TO 393 UNI GY -7.151 2.75

372 373382 TO 385 394 395 UNI GY -10.7251 2.75

LOAD 14 LOADTYPE Live TITLE FUNCTIONAL LIVE LOADS + X
MEMBER LOAD

374 TO 381386 TO393 UNIGX3.401

372373382 TO 385 394 395 UNI GX 6.9750 1

374 TO 381386 TO 393 UNI GX 7.151 2.75

372 373 382 TO 385 394 395 UNI GX 10.7251 2.75

LOAD 24 LOADTYPE Live TITLE FUNCTIONAL LIVE LOADS + Z
MEMBER LOAD

374 TO 381386 TO393 UNIGZ3.401

372373382 TO 385 394 395 UNI GZ 6.9750 1

374 TO 381386 TO 393 UNI GZ 7.1512.75

372 373 382 TO 385 394 395 UNI GZ 10.7251 2.75

* LAY DOWN LOAD*

LOAD 5 LOADTYPE Live REDUCIBLE TITLE LAYDOWN LOAD -Y
MEMBER LOAD

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GY -13.87
LOAD 15 LOADTYPE Live REDUCIBLE TITLE LAYDOWN LOAD + X
MEMBER LOAD

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GX 13.87
LOAD 25 LOADTYPE Live REDUCIBLE TITLE LAYDOWN LOAD + Z
MEMBER LOAD

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GZ 13.87

* WIND LOAD INPLACE*

LOAD 31 LOADTYPE Live TITLE WIND + X

MEMBER LOAD

1471367107 108 138 146 167 256 446 448 UNI GX 1.1
68141768109 110 145 153 164 186 447 449 UNI GX 0.7765
LOAD 32 LOADTYPE Live TITLE WIND - X

MEMBER LOAD

68141768 109 110 145 153 164 186 447 449 UNI GX -1.1
1471367107 108 138 146 167 256 446 448 UNI GX -0.7765
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LOAD 33 LOADTYPE Live TITLE WIND + Z

MEMBER LOAD

121726283031343740119 TO 121 124 127 130 133 136 162 163 169 172 -
175178 181 184 301 303 305 319 446 TO 449 UNIGZ 1.1
4TO6131421232532353841103 106116 117 122 125 128 131 134 161 -
302 304 306 320 444 445 UNI GZ 0.7765

LOAD 34 LOADTYPE Live TITLE WIND - Z

MEMBER LOAD

4TO6131421232532353841103106 116117 122 125 128 131 134 161 -
165 166 168 171 174 177 180 183 302 304 306 320 444 445 UNI GZ -1.1
121726283031343740119 TO 121 124 127 130 133 136 162 163 169 172 -
175178 181 184 301 303 305 319 446 TO 449 UNI GZ -0.7765

* SEISMIC LOAD EQ 100 YEAR *

LOAD 41 LOADTYPE Seismic TITLE EQ 100 + X

SELFWEIGHT X 0.04412 LIST124TO 8131417 2123 2526 28 30 TO 42 67 68 -

73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT X 0.011 LIST124TO 8131417 2123 2526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNIGX0.3901

374 TO 381386 TO 393 UNIGX0.1501

372 373382 TO 385 394 395 UNI GX 0.30770 1

374 TO 381 386 TO 393 UNI GX 0.3154 1 2.75

372 373382 TO 385 394 395 UNI GX 0.47321 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GX 0.612

LOAD 42 LOADTYPE Seismic TITLE EQ 100 - X

SELFWEIGHT X -0.04412 LIST 124 TO 81314 17 21 23 25 26 28 30 TO 42 67 -
68 73 TO 77 103 106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 -
134 136 138 145 146 153 TO 169 171 172 174 175177 178 180 181 183 184 186 -
194 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT X -0.011 LIST124TO 8131417 21 23 2526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNI GX-0.3901

374 TO 381386 TO 393 UNI GX -0.1501

372373382 TO 385 394 395 UNI GX -0.30770 1

374 TO 381 386 TO 393 UNI GX -0.3154 1 2.75

372 373382 TO 385 394 395 UNI GX -0.4732 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GX -0.612

LOAD 43 LOADTYPE Seismic TITLE EQ 100 + Z

SELFWEIGHT Z 0.0133 LIST124TO 8 1314 17 21 23 25 26 28 30 TO 42 67 68 -
73 TO 77 103 106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
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195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Z 0.003325 LIST 124 TO 8 13 14 17 21 23 25 26 28 30 TO 42 67 -
68 73 TO 77 103 106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 -
134 136 138 145 146 153 TO 169 171 172 174 175177 178 180 181 183 184 186 -
194 TO 200 256 269 TO 276 301 TO 323 372 TO 447

MEMBER LOAD

372 TO395UNIGZ0.117401

374 TO 381 386 TO 393 UNI GZ 0.0450 1

372373382 TO 385 394 395 UNI GZ 0.0930 1

374 TO 381 386 TO 393 UNI GZ 0.095 1 2.75

372 373 382 TO 385 394 395 UNI GZ 0.1426 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GZ 0.1844

LOAD 44 LOADTYPE Seismic TITLE EQ 100 - Z

SELFWEIGHT Z -0.0133 LIST 124 TO 8 1314 17 21 23 25 26 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Z -0.003325 LIST 124 TO 8 1314 1721 232526 28 30 TO 42 67 -
68 73 TO 77 103 106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 -
134 136 138 145 146 153 TO 169 171 172 174 175177 178 180 181 183 184 186 -
194 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNIGZ-0.117401

374 TO 381386 TO 393 UNI GZ-0.0450 1

372373 382 TO 385 394 395 UNI GZ -0.093 0 1

374 TO 381 386 TO 393 UNI GZ -0.095 1 2.75

372 373 382 TO 385 394 395 UNI GZ -0.1426 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GZ -0.1844

LOAD 45 LOADTYPE Seismic TITLE EQ 100 + Y

SELFWEIGHT Y 0.039 LIST124 TO 813 14 17 21 23 25 26 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Y 0.0097 LIST124TO 813 14 17 21 23 2526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNIGY 0.344701

374 TO 381386 TO 393 UNI GY 0.13270 1

372373382 TO 385 394 395 UNI GY 0.2720 1

374 TO 381 386 TO 393 UNI GY 0.2788 1 2.75

372 373 382 TO 385 394 395 UNI GY 0.418 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GY 0.54

LOAD 46 LOADTYPE Seismic TITLE EQ 100 - Y

SELFWEIGHT Y -0.039 LIST 124 TO 8 1314 17 21 23 25 26 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Y -0.0097 LIST124 TO 8 1314 17 21 23 2526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
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136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNI GY -0.34470 1

374 TO 381 386 TO 393 UNI GY -0.132701

372 373 382 TO 385 394 395 UNI GY -0.2720 1

374 TO 381 386 TO 393 UNI GY -0.2788 1 2.75

372 373 382 TO 385 394 395 UNI GY -0.418 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GY -0.54

* SEISMIC LOAD EQ 10000 YEAR *

LOAD 51 LOADTYPE Seismic TITLE EQ 10000 + X

SELFWEIGHT X 0.218 LIST124 TO 8 13 14 17 21 23 25 26 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT X 0.0545 LIST 124 TO 813 14 17 21 23 25 26 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNIGX 1.925101

374 TO 381 386 TO 393 UNI GX 0.9376 0 1

372373 382 TO 385 394 395 UNI GX 1.5206 0 1

374 TO 381 386 TO 393 UNI GX 1.5587 1 2.75

372 373 382 TO 385 394 395 UNI GX 2.338 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GX 3.0237

LOAD 52 LOADTYPE Seismic TITLE EQ 10000 - X

SELFWEIGHT X -0.218 LIST 124 TO 8 1314 17 21 23 25 26 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT X -0.0545 LIST 124 TO 8 1314 17 21 23 2526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNI GX -1.9251 01

374 TO 381 386 TO 393 UNI GX -0.9376 0 1

372 373 382 TO 385 394 395 UNI GX -1.5206 0 1

374 TO 381 386 TO 393 UNI GX -1.5587 1 2.75

372 373 382 TO 385 394 395 UNI GX -2.338 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GX -3.0237

LOAD 53 LOADTYPE Seismic TITLE EQ 10000 + Z

SELFWEIGHT Z0.06 LIST124TO 8131417 212325262830 TO 4267 68 73 -
74TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Z0.015LIST124TO 8131417 21232526 28 30 TO 4267 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
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136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO395UNIGZ0.5301

374 TO 381386 TO393UNIGZ0.2601

372373382 TO 385 394 395 UNI GZ 0.420 1

374 TO 381 386 TO 393 UNI GZ 0.4312.75

372 373 382 TO 385 394 395 UNI GZ 0.64351 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GZ 0.8322

LOAD 54 LOADTYPE Seismic TITLE EQ 10000 - Z

SELFWEIGHT Z-0.06 LIST124TO 8131417 2123252628 30 TO 4267 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Z-0.015LIST124TO 81314 17 21 23 2526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNI GZ-0.5301

374 TO 381386 TO 393 UNIGZ-0.2601

372373382 TO 385 394 395 UNI GZ -0.420 1

374 TO 381 386 TO 393 UNI GZ -0.431 2.75

372 373 382 TO 385 394 395 UNI GZ -0.6435 1 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GZ -0.8322
LOAD 55 LOADTYPE Seismic TITLE EQ 10000 + Y

SELFWEIGHT Y 0.402 LIST124TO 8131417 21 23 2526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Y 0.1 LIST124TO8131417212325262830TO 42676873 -
74 TO 77 103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD

372 TO 395 UNI GY 3.54930 1

374 TO 381 386 TO 393 UNI GY 1.3668 0 1

372373382 TO 385 394 395 UNI GY 2.8040 1

374 TO 381 386 TO 393 UNI GY 2.874312.75

372373382 TO 385 394 395 UNI GY 4.311512.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GY 5.5757

LOAD 56 LOADTYPE Seismic TITLE EQ 10000 - Y

SELFWEIGHT Y -0.402 LIST124TO 8 1314 1721232526 28 30 TO 42 67 68 -
73TO 77103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

SELFWEIGHT Y -0.1LIST124TO8131417212325262830TO 42676873 -
74 TO 77 103106 TO 110 116 117 119 TO 122 124 125 127 128 130 131 133 134 -
136 138 145 146 153 TO 169 171 172 174 175 177 178 180 181 183 184 186 194 -
195 TO 200 256 269 TO 276 301 TO 323 372 TO 451

MEMBER LOAD
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372 TO 395 UNIGY -3.54930 1

374 TO 381 386 TO 393 UNI GY -1.3668 0 1

372373382 TO 385394 395 UNIGY -2.80401

374 TO 381 386 TO 393 UNI GY -2.8743 1 2.75

372373382 TO 385 394 395 UNI GY -4.31151 2.75

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GY -5.5757

* EXPLOSION LOAD *

LOAD 300 LOADTYPE Accidental TITLE EXPLOSION LOAD

MEMBER LOAD

3336394273 TO 77 269 TO 272 307 TO 318 321 TO 323 UNI GY 22.1848
194 TO 200 372 TO 383 UNI GY -30.6977

LOAD 301 LOADTYPE Accidental TITLE EXPLOSION LOAD

MEMBER LOAD

194 TO 200 372 TO 383 UNI GY 30.6977

154 TO 160 384 TO 395 UNI GY -30.6977

* WIND LOAD COMBINATION ULS-A *

LOAD COMB 101 INPLACE: ULS-A WIND + X
113213313413513310.7

LOAD COMB 102 INPLACE: ULS-AWIND + X - Z
11321.331.341.351.3310.495340.495

LOAD COMB 103 INPLACE: ULS-A WIND - X
11321331341351.3320.7

LOAD COMB 104 INPLACE: ULS-AWIND - X -Z
11321331.341.351.3320.495340.495

LOAD COMB 105 INPLACE: ULS-AWIND - Z
11321331341351.3340.7

LOAD COMB 111 INPLACE: ULS-B WIND + X
11021.031041051.03113

LOAD COMB 112 INPLACE: ULS-B WIND + X -Z
11021.031.041.051.0310.919340.919

LOAD COMB 113 INPLACE: ULS-B WIND - X
11021.031041.051.03213

LOAD COMB 114 INPLACE: ULS-BWIND - X -Z
11021.031.041.051.0320.919 340.919

LOAD COMB 115 INPLACE: ULS-B WIND - Z
11021.031.041.051.0340.919

*EQ 100 YEAR INPLACE ULS-A COMBINATION *

LOAD COMB 121 INPLACE: ULS-AEQ 100+ X -Y
11321331.340.97550.975410.7460.7

LOAD COMB 122 INPLACE: ULS-AEQ 100+ X -Z-Y
11321.331.340.97550.975410.495 44 0.49546 0.7
LOAD COMB 123 INPLACE: ULS-AEQ 100 - X - Y
11321331.340.97550.975420.7460.7

LOAD COMB 124 INPLACE: ULS-AEQ 100 - X+ Z-Y
11321.331.340.97550.975420.495 43 0.495 46 0.7
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LOAD COMB 125 INPLACE: ULS- AEQ100+Z-Y
11321331.340.97550.975430.7460.7

LOAD COMB 126 INPLACE: ULS-AEQ 100+ Z + X - Y
11321.331.340.97550.975430.49541 0.495 46 0.7
LOAD COMB 127 INPLACE: ULS-A EQ 100 - Z- Y
11321331.340.97550.975440.7460.7

LOAD COMB 128 INPLACE: ULS-AEQ 100-Z-X-Y
11321.331.340.97550.975440.495 42 0.49546 0.7
LOAD COMB 131 INPLACE: ULS-A EQ 100 + X +Y
11321331.340.97550.975410.7450.7

LOAD COMB 132 INPLACE: ULS-AEQ 100 +X -Z +Y
11321.331.340.97550.975410.495 44 0.495450.7
LOAD COMB 133 INPLACE: ULS-AEQ 100 - X +Y
11321331.340.97550.975420.7450.7

LOAD COMB 134 INPLACE: ULS-AEQ 100 - X+Z+Y
11321.331.340.97550.975420.495 43 0.495450.7
LOAD COMB 135 INPLACE: ULS-AEQ 100+ Z +Y
11321331.340.97550.975430.7450.7

LOAD COMB 136 INPLACE: ULS-AEQ 100 +Z+ X +Y
11321.331.340.97550.975430.49541 0.495450.7
LOAD COMB 137 INPLACE: ULS-AEQ100-Z +Y
11321331.340.97550.975440.7450.7

LOAD COMB 138 INPLACE: ULS-AEQ100-Z-X+Y
11321.331.340.97550.975440.495 42 0.495450.7

*EQ 100 YEAR LOAD COMBINATION ULS-B *

LOAD COMB 141 INPLACE: ULS-B EQ 100 + X - Y
11021.031.040.7550.75411.3461.3

LOAD COMB 142 INPLACE: ULS-BEQ 100+ X-Z-Y
11021.031.040.7550.75410.91944 0.91946 1.3
LOAD COMB 143 INPLACE: ULS-BEQ 100 - X - Y
11021.031.040.7550.75421.3461.3

LOAD COMB 144 INPLACE: ULS-BEQ100-X+Z-Y
11021.031.040.7550.75420.91943 0.91946 1.3
LOAD COMB 145 INPLACE: ULS-BEQ 100+ Z-Y
11021.031.040.7550.75431.3461.3

LOAD COMB 146 INPLACE: ULS-BEQ 100+ Z + X -Y
11021.031.040.7550.75430.91941 0.91946 1.3
LOAD COMB 147 INPLACE: ULS-BEQ 100-Z-Y
11021.031.040.7550.75441.3461.3

LOAD COMB 148 INPLACE: ULS-BEQ100-Z-X-Y
11021.031.040.7550.75440.91942 0.91946 1.3
LOAD COMB 151 INPLACE: ULS-BEQ 100+ X +Y
11021.031.040.7550.75411.3451.3

LOAD COMB 152 INPLACE: ULS-BEQ 100+ X-Z+Y
11021.031.040.7550.75410.91944 0.919451.3
LOAD COMB 153 INPLACE: ULS-BEQ 100- X +Y
11.021.031.040.7550.75421.3451.3

LOAD COMB 154 INPLACE: ULS-BEQ100-X+Z+Y
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11.021.031.040.7550.75420.919430.919451.3
LOAD COMB 155 INPLACE: ULS-BEQ100+Z +Y
11.021.031.040.7550.75431.3451.3

LOAD COMB 156 INPLACE: ULS-BEQ100+Z+ X +Y
11.0121.031.040.7550.75430.919410.919451.3
LOAD COMB 157 INPLACE: ULS-BEQ100-Z +Y
11.021.031.040.7550.75441.3451.3

LOAD COMB 158 INPLACE: ULS-BEQ100-Z-X+Y
11.021.031.040.7550.7544 0.919420.91945 1.3

*EQ 10000 YEAR LOAD COMBINATION ALS *

LOAD COMB 161 INPLACE: ALS EQ 10000 + X - Y
11021.031.040.7550.75511.056 1.0

LOAD COMB 162 INPLACE: ALS EQ 10000 + X -Z - Y
11021.031.0140.7550.75510.707 54 0.707 56 1.0
LOAD COMB 163 INPLACE: ALS EQ 10000 - X - Y
11021.031.040.7550.75521.056 1.0

LOAD COMB 164 INPLACE: ALS EQ 10000 - X+ Z-Y
11021.031.040.7550.75520.707 53 0.707 56 1.0
LOAD COMB 165 INPLACE: ALS EQ 10000+ Z - Y
11021.031.040.7550.75531.056 1.0

LOAD COMB 166 INPLACE: ALS EQ 10000+ Z + X - Y
11021.031.040.7550.75530.707 51 0.707 56 1.0
LOAD COMB 167 INPLACE: ALS EQ 10000-Z - Y
11021.031.040.7550.75541.056 1.0

LOAD COMB 168 INPLACE: ALS EQ 10000-Z - X - Y
11021.031.040.7550.7554 0.707 52 0.707 56 1.0
LOAD COMB 171 INPLACE: ALS EQ 10000 + X +Y
11021.031.040.7550.75511.0551.0

LOAD COMB 172 INPLACE: ALS EQ 10000 + X -Z + Y
11021.031.040.7550.75510.707 54 0.707 55 1.0
LOAD COMB 173 INPLACE: ALS EQ 10000 - X + Y
11021.031.040.7550.75521.0551.0

LOAD COMB 174 INPLACE: ALS EQ 10000 - X +Z +Y
11021.031.040.7550.75520.707 53 0.707 55 1.0
LOAD COMB 175 INPLACE: ALS EQ 10000 + Z + Y
11021.031.040.7550.75531.0551.0

LOAD COMB 176 INPLACE: ALS EQ 10000 + Z + X + Y
11021.031.040.7550.75530.707 51 0.707 55 1.0
LOAD COMB 177 INPLACE: ALS EQ 10000 - Z +Y
11021.031.040.7550.75541.0551.0

LOAD COMB 178 INPLACE: ALS EQ 10000-Z - X +Y
11021.031.040.7550.7554 0.707 52 0.707 55 1.0

* EXPLOSION LOAD COMBINATION *

LOAD COMB 311 ALS EXPLOSION LOAD
11.021.031.041.051.03001.0
LOAD COMB 312 ALS EXPLOSION LOAD
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11021.031.041.051.03011.0

* FIRE LOADCOMBINATION *

LOAD COMB 411 ALS FIRE LOAD
11.021.031.041.0510
PERFORM ANALYSIS PRINT STATICS CHECK
x

LOAD LIST 101 TO 105
PARAMETER 1

CODE EC3

BEAM 1 ALL

GMO 1.15 ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
ok

LOAD LIST 111 TO 115
PARAMETER 2

CODE EC3

BEAM 1 ALL

GMO 1.15 ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
LOAD LIST 121 TO 128
PARAMETER 3

CODE EC3

BEAM 1 ALL

GMO 1.15 ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
o

LOAD LIST 131 TO 138
PARAMETER 4

CODE EC3

BEAM 1 ALL

GMO 1.15 ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
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*k

LOAD LIST 141 TO 148
PARAMETER 5

CODE EC3

BEAM 1 ALL

GMO0 1.15 ALL

TRACK 0 ALL

PY 355000 ALL
CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
ek

LOAD LIST 151 TO 158
PARAMETER 6

CODE EC3

BEAM 1 ALL

GMO 1.15 ALL

TRACK 0 ALL

PY 355000 ALL
CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
Hok

LOAD LIST 161 TO 168
PARAMETER 7

CODE EC3

BEAM 1 ALL

GMO 1 ALL

TRACK 0 ALL

PY 355000 ALL
CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
LOAD LIST 171 TO 178
PARAMETER 8

CODE EC3

BEAM 1 ALL

GMO 1.15 ALL

TRACK 0 ALL

PY 355000 ALL
CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS

LOAD LIST 311 312
PARAMETER 9
CODE EC3

BEAM 1 ALL

GMO 1 ALL
TRACK 0 ALL
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PY 355000 ALL

CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
Hok

LOAD LIST 411
PARAMETER 9

CODE EC3

BEAM 1 ALL

GMO 1 ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS

*kk

FINIS
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A3 STAAD.Pro INPUT FILE TRANSPORT DESIGN

STAAD SPACE

START JOB INFORMATION

ENGINEER DATE 5-Jan-15

JOB NAME Master Thesis Spring 2015

JOB CLIENT University of Stavanger

ENGINEER NAME Gholam Sakhi Sakha

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER KN

JOINT COORDINATES
1000;209.50;310950;41000;5005.5;609.55.5;7109.55.5;
81005.5;904.755.5;10104.755.5;1104.750; 12 10 4.75 0;
1359.555;1454.7555;15505.5; 16 59.50; 1754.750; 18 50 0;
192950;2029555;214950;2249.55.5;2369.50;2469.55.5;
2589.50;2689.55.5;4309.52.75; 44 10 9.5 2.75; 45 2 9.5 2.75;
4649.52.75;476 9.5 2.75; 48 89.5 2.75; 63 1.429 0 0; 64 1.429 0 5.5;
652.858 0 0; 66 2.858 0 5.5; 67 4.287 0 0; 68 4.287 05.5; 69 5.716 0 0;
705.716 05.5;717.14500; 72 7.14505.5; 738574 00; 74 8.574 0 5.5;
75002.75;76 1.429 0 2.75; 77 2.858 0 2.75; 78 4.287 0 2.75;

795.716 0 2.75; 80 7.1450 2.75; 81 8.574 0 2.75; 82 10 0 2.75;

831.429 4.755.5; 84 1.429 4.75 0; 85 2.858 4.75 5.5; 86 2.858 4.75 0;

87 4.287 4.755.5; 88 4.287 4.75 0; 89 5.716 4.75 5.5; 90 5.716 4.75 0;
917.1454.7555; 92 7.145 4.75 0; 93 8.574 4.75 5.5; 94 8.574 4.75 0;

9510 4.752.75; 96 0 4.75 2.75; 97 1.429 4.75 2.75; 98 2.858 4.75 2.75;

99 4.287 4.75 2.75; 100 5.716 4.75 2.75; 101 7.145 4.75 2.75;

102 8.574 4.75 2.75; 128 0 0 -0.5; 129 10 0 -0.5; 130 0 9.5 -0.5;
131109.5-0.5;13239.50; 13339.55.5;13479.50; 1357 9.55.5;
13699.50;13799.55.5;13839.52.75; 1395 9.5 2.75; 140 7 9.5 2.75;
1419952.75;14219.50; 14319.55.5; 1441 9.5 2.75; 1450 7.125 0;

146 10 7.1250;

MEMBER INCIDENCES
1111;22142;459;56143;6710;7243;8344;1396; 14 10 8;

1712 4; 21 13 24; 23 14 13; 2515 14, 26 16 23; 28 17 16; 30 18 17; 31 19 132;
3220 133; 3319 45; 34 21 16; 35 22 13; 36 21 46; 37 23 134; 38 24 135;
392347;40 25 136; 41 26 137; 42 25 48; 67 43 6; 68 44 7; 73 43 144;

74 45 138; 75 46 139; 76 47 140; 77 48 141; 116 5 64; 117 15 70; 119 18 69;
1201 63; 121 63 65; 122 64 66; 124 65 67; 125 66 68; 127 67 18; 128 68 15;
13069 71; 13170 72; 133 71 73; 134 72 74; 136 73 4; 138 1 75; 145 4 82;

146 75 5; 153 82 8; 154 75 76; 155 76 77; 156 77 78; 157 78 79; 158 79 80;
159 80 81; 160 81 82; 161 74 8; 162 11 84; 163 17 90; 164 12 95; 165 10 93;
166 14 87; 167 9 96; 168 83 9; 169 84 86; 171 85 83; 172 86 88; 174 87 85;
17588 17; 177 89 14; 178 90 92; 180 91 89; 181 92 94; 183 93 91; 184 94 12;
186 95 10; 194 96 97; 195 97 98; 196 98 99; 197 99 100; 198 100 101;

199 101 102; 200 102 95; 256 96 11; 269 20 45; 270 22 46; 271 24 47; 272 26 48;
273128 1; 274 129 4; 275 130 2; 276 131 3; 301 132 21; 302 133 22; 303 134 25;
304 135 26; 305 136 3; 306 137 7; 307 138 46; 308 139 47; 309 140 48;

310 141 44; 311 132 138; 312 16 139; 313 134 140; 314 136 141; 315 133 138;
316 13 139; 317 135 140; 318 137 141; 319 142 19; 320 143 20; 321 144 45;
322 142 144; 323 143 144; 372 97 84; 373 97 83; 374 98 86; 375 98 85;

376 99 88; 377 99 87; 378 100 90; 379 100 89; 380 101 92; 381 101 91,

382 102 94; 383 102 93; 384 76 63; 385 76 64; 386 77 65; 387 77 66; 388 78 67
389 78 68; 390 79 69; 391 79 70; 392 80 71; 393 80 72; 394 81 73; 395 81 74;
447 14 7;449 9 2; 454 14 6; 455 15 10; 456 15 9; 458 5 11; 459 3 10; 460 12 8;
461 11 145; 462 12 146; 467 145 2; 468 146 3; 469 145 142; 470 146 136;
47118 14; 472 17 13;

ELEMENT INCIDENCES SHELL

396 2 142 144 43; 397 142 19 45 144; 398 19 132 138 45; 399 132 21 46 138;
400 21 16 139 46; 401 16 23 47 139; 402 23 134 140 47; 403 134 25 48 140;
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404 25 136 141 48; 405 136 3 44 141; 406 43 144 143 6; 407 144 45 20 143;
408 45 138 133 20; 409 138 46 22 133; 410 46 139 13 22; 411 139 47 24 13;
412 47 140 135 24; 413 140 48 26 135; 414 48 141 137 26; 415 141 44 7 137;
416 11 84 97 96; 417 84 86 98 97, 418 86 88 99 98; 419 88 90 100 99;
42090 92 101 100; 421 92 94 102 101; 422 94 12 95 102; 423 96 97 83 9;
424 97 98 85 83; 425 98 99 87 85; 426 99 100 89 87; 427 100 101 91 89;
428 101 102 93 91; 429 102 95 10 93; 430 1 63 76 75; 431 63 65 77 76;

432 6567 78 77,433 67 69 79 78; 434 69 71 80 79; 43571 73 81 80;

436 73 48281;437 7576 64 5; 438 76 77 66 64, 439 77 78 68 66;

44078 7970 68; 441798072 70; 442 80 81 74 72; 443 81 82 8 74,

*

ELEMENT PROPERTY

396 TO 443 THICKNESS 0.01
DEFINE MATERIAL START
ISOTROPIC STEEL

E 2.1e+008

POISSON 0.3

DENSITY 78.5

ALPHA 1.2e-005

DAMP 0.03

END DEFINE MATERIAL

*

*

MEMBER PROPERTY EUROPEAN

117 461 462 467 468 TABLE ST TUB30030016

447 454 TO 456 471 472 TABLE ST TUB1201206

116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 153 161 -
162 TO 169171172 174 175 177 178 180 181 183 184 186 256 TABLE ST HE240B
73 TO 77 154 TO 160 194 TO 200 307 TO 310 321 TABLE ST HE140A

372 TO 395 TABLE ST HE220B

275 276 TABLE ST TUB30030016

273 274 TABLE ST TUB1601606

2578212631 TO426768269 TO 272301 TO 306 311 TO 320 322 -

323 TABLE ST TUB25025016

23 252830469470 TABLE ST TUB12012010

4613 14 TABLE ST TUB2502508

449 458 TO 460 TABLE ST TUB1401408

CONSTANTS

MATERIAL STEEL ALL

*

SUPPORTS
1458 PINNED

B R s e S e R S S S R S e

* SYETEM GENERATED SELF WEIGHT *
*hkkkhkkhkkkhkkhkkhkhkkkhkkhkhkhkkhkkhkkkkhkkhkhkhkkhkikkkhkihkhkkhkihkkkik
MEMBER RELEASE

447 START MY

447 END MY

449 START MY

449 END MY

454 START MY

454 END MY

455 START MY

455 END MY

456 START MY

456 END MY

459 START MY

459 END MY

460 START MY

460 END MY
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458 START MY

458 END MY

471 START MX MY

471 END MY

472 START MX MY

472 END MY

LOAD 1 LOADTYPE Dead TITLE SYSTEM GENERATED SELF WEIGHT -Y
SELFWEIGHT Y -1.1LIST124TO8131417212325262830TO 42676873 -
74TO 77 116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
LOAD 11 LOADTYPE Dead TITLE SYSTEM GENERATED SELFWEIGHT + X
SELFWEIGHT X 1.1 LIST124TO 8131417 212325262830 TO 42676873 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
LOAD 21 LOADTYPE Dead TITLE SYSTEM GENERATED SELF WEIGHT + Z
SELFWEIGHT Z1.1LIST124TO8131417212325262830TO 426768 73 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
LOAD 2 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL -Y
SELFWEIGHT Y -0.25LIST124TO8131417212325262830TO 4267 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153 TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
LOAD 12 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL + X
SELFWEIGHT X 0.25LIST124TO8131417212325262830TO 42676873 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
LOAD 22 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL +Z
SELFWEIGHT Z0.25LIST124TO8131417212325262830TO 42676873 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472

*khkkkkkhkkhhkhkkhhkkhkhkkihkkikk

* EQUIPMENT LOAD *

*khkhkhkhkhkhkhkhkhkhkhkkikiihkhkikk

LOAD 3 LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT - Y
MEMBER LOAD

372 TO 395 UNI GY -8.829 0 1

LOAD 13 LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT + X
MEMBER LOAD

372 TO 395 UNI GX 8.829 0 1

LOAD 23 LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT + Z
MEMBER LOAD

372 TO 395 UNI GZ 8.8290 1

*hkhkkhkhhkkhhkhkkhhkkhhkhkkhhkkhkhhkihkikhhkihkik

* FUNCTION VARIABLE LOAD *
*hhkhkhkhkhkAkAhhhhhkkhkhkhkhkhkhkhhhkikiiiikx

LOAD 4 LOADTYPE Live TITLE FUNCTIONAL LIVE LOADS -Y
MEMBER LOAD

374 TO 381386 TO393 UNIGY -3.401

372373382 TO 385 394 395 UNI GY -6.97501

374 TO 381386 TO 393 UNIGY -7.1512.75

372373382 TO 385 394 395 UNI GY -10.7251 2.75

LOAD 14 LOADTYPE Live TITLE FUNCTIONAL LIVE LOADS + X
MEMBER LOAD

374TO 381386 TO393UNIGX3.401
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372373382 TO 385394 395 UNI GX 6.97501

374TO 381386 TO 393 UNIGX 7.1512.75

372 373 382 TO 385 394 395 UNI GX 10.7251 2.75

LOAD 24 LOADTYPE Live TITLE FUNCTIONAL LIVE LOADS + Z
MEMBER LOAD

374TO 381386 TO393UNIGZ3.401

372373382 TO 385394 395 UNI GZ6.9750 1

374 TO 381386 TO 393 UNIGZ7.1512.75

372 373 382 TO 385 394 395 UNI GZ 10.725 1 2.75

*hkkkkkhkkhhkhkihkhkhkhkkikkik

* LAY DOWN LOAD *

LOAD 5 LOADTYPE Live REDUCIBLE TITLE LAYDOWN LOAD -Y
MEMBER LOAD

3336394273 TO 77269 TO 272 307 TO 318 321 TO 323 UNI GY -13.87
LOAD 15 LOADTYPE Live REDUCIBLE TITLE LAYDOWN LOAD + X
MEMBER LOAD

3336394273 TO 77269 TO 272 307 TO 318 321 TO 323 UNI GX 13.87
LOAD 25 LOADTYPE Live REDUCIBLE TITLE LAYDOWN LOAD + Z
MEMBER LOAD

3336394273 TO 77269 TO 272307 TO 318 321 TO 323 UNI GZ 13.87

*hkhkhkhkhkhkhkhkhhkkhkkikhkhkhkhkhkhhhhiiiik

*WIND LOAD IN TRANSPORT *

*k*% * *** *k*% *kk*k*k

University of Stavanger

LOAD 61 LOADTYPE Live REDUCIBLE TITLE WIND ACTION IN TRANSPORT + X

MEMBER LOAD
1471367 138 146 167 256 449 458 461 467 UNI GX 0.5151
6814 17 68 145 153 164 183 186 459 460 462 468 UNI GX 0.3678

LOAD 62 LOADTYPE Live REDUCIBLE TITLE WIND ACTION IN TRANSPORT - X

MEMBER LOAD
68 14 17 68 145 153 164 186 459 460 462 468 UNI GX -0.5151
1471367138 146 167 256 449 458 461 467 UNI GX -0.3678

LOAD 63 LOADTYPE Live REDUCIBLE TITLE WIND ACTION IN TRANSPORT + Z

MEMBER LOAD

121726283031343740119TO 121 124 127 130 133 136 162 163 169 172 -

175178 181 184 301 303 305 319 461 462 467 468 UNI GZ 0.5151

4TO6131421232532353841116 117 122 125128 131 134 161 165 166 -

168 171 174 177 180 183 302 304 306 320 447 454 TO 456 UNI GZ 0.3678

LOAD 64 LOADTYPE Live REDUCIBLE TITLE WIND ACTION IN TRANSPORT - Z

MEMBER LOAD

4TO6131421232532353841116 117 122 125128 131 134 161 165 166 -

168 171 174 177 180 183 302 304 306 320 447 454 TO 456 UNI GZ -0.5151

121726283031343740119 TO 121 124 127 130 133 136 162 163 169 172 -

175178 181 184 301 303 305 319 461 462 467 468 UNI GZ -0.3678

R e e e e S S S S S

* BARGE ACCELERATION IN TRANSPORT *

*hkhkkkhhkkhhkhkkhhkkhhkhihkkhkhhihkkhhhihkhkhhiikiik

LOAD 71 LOADTYPE Dead TITLE BARGE ACCELERATION + X

SELFWEIGHT X 0.5945 LIST124TO 81314 17 21232526 28 30 TO 42 67 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -

153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -

270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
SELFWEIGHT X 0.1486 LIST 124 TO 81314 172123252628 30 TO 42 67 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -

153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -

270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472

MEMBER LOAD
372 TO 395 UNI GX 5.24880 1
LOAD 72 LOADTYPE Dead TITLE BARGE ACCELERATION - X
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SELFWEIGHT X -0.5945 LIST 124TO 8131417 212325262830TO 426768 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
SELFWEIGHT X -0.1486 LIST 124 TO8131417212325262830TO 4267 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
MEMBER LOAD

372 TO 395 UNI GX -5.2488 0 1

LOAD 73 LOADTYPE Dead TITLE BARGE ACCELERATION +Z
SELFWEIGHT Z 0.8668 LIST 124 TO 81314 172123252628 30 TO 42 67 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
SELFWEIGHT 2 0.2167 LIST124TO 8131417 21232526 28 30 TO 42 67 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
MEMBER LOAD

372 TO 395 UNI GZ7.65301

LOAD 74 LOADTYPE Dead TITLE BARGE ACCELERATION -Z
SELFWEIGHT Z-0.8668 LIST 124 TO 813 14 17 2123252628 30 TO 42 67 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153 TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
SELFWEIGHT Z-0.2167 LIST124TO 8131417 2123252628 30 TO 42 67 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153 TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
MEMBER LOAD

372 TO 395 UNI GZ-7.65301

LOAD 75 LOADTYPE Dead TITLE BARGE ACCELERATION +Y
SELFWEIGHT Y 0.35LIST124TO8131417212325262830TO 42676873 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
SELFWEIGHT Y 0.0875 LIST124TO 81314 17 21232526 28 30 TO 42 67 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
MEMBER LOAD

372TO395UNIGY 3.0901

LOAD 76 LOADTYPE Dead TITLE BARGE ACCELERATION -Y
SELFWEIGHT Y -045LIST124TO8131417212325262830TO 4267 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
SELFWEIGHT Y -0.1125 LIST124TO 81314 172123252628 30 TO 4267 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 462 467 TO 472
MEMBER LOAD

372 TO395 UNIGY -3.97301

B R S S e S S S e S e e

*WIND ACTION COMBINATION IN TRANSPORT ULS-A *
*hkkkhkkhkkkhkkhkkhkhkkkhkhkhkhkkhkkhkhkkhkkhkkhkhkhkkhkikhkhkkhkhkhkhkhkhkhkhkkhkhkhkhkkhkihhkhkihkkkhkiikikk
LOAD COMB 181 TRANSPORT: ULS-A+ X +Y
113213313610.7710.7750.7

LOAD COMB 182 TRANSPORT:ULS-A+ X+ Z+Y
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11.321331.3610.495630.495710.495730.495750.7
LOAD COMB 183 TRANSPORT: ULS-A+Z+Y
113213313630.7730.7750.7

LOAD COMB 184 TRANSPORT: ULS-A-X+Z+Y
11.321.331.3620.495 63 0.495 72 0.495 73 0.495750.7
LOAD COMB 185 TRANSPORT: ULS-A-X+Y
11321331.3620.7720.7750.7

LOAD COMB 186 TRANSPORT: ULS-A-X-Z+Y
11.321.331.3620.495640.495720.495740.495750.7
LOAD COMB 187 TRANSPORT: ULS-A-Z+Y
11321331.3640.7740.7750.7

LOAD COMB 188 TRANSPORT: ULS-A-Z+ X +Y
11.321.331.3640.495610.495740.495710.495750.7
LOAD COMB 191 TRANSPORT: ULS-A+ X -Y
113213313610.7710.7760.7

LOAD COMB 192 TRANSPORT:ULS-A+ X+ Z-Y
11.321.331.3610.495630.495 71 0.495 73 0.49576 0.7
LOAD COMB 193 TRANSPORT: ULS-A+Z-Y
11321331.3630.7730.7760.7

LOAD COMB 194 TRANSPORT: ULS-A-X+Z-Y
11.321331.3620.495630.495720.495730.495760.7
LOAD COMB 195 TRANSPORT: ULS-A-X-Y
11321331.3620.7720.7760.7

LOAD COMB 196 TRANSPORT: ULS-A-X-Z-Y
11.321.331.3620.49564 0.495 72 0.495740.49576 0.7
LOAD COMB 197 TRANSPORT: ULS-A-Z-Y
113213313640.7740.7760.7

LOAD COMB 198 TRANSPORT: ULS-A-Z+ X -Y
11.321.331.3640.495610.495740.495710.49576 0.7

B R S S S S S S S S S R R e

*WIND ACTION COMBINATION IN TRANSPORT ULS-B *
*hkkkhkhkkkhkhkkhkhkkkhkhkhkhkkhkhhkkhkkhkkhkhkkkhkhhkhkkhkhhkhkhkhkhkhkhkhhkkhkihkhhihkkhkiiikk
LOAD COMB 201 TRANSPORT: ULS-B+ X +Y
11021031.0611371137513

LOAD COMB 202 TRANSPORT: ULS-B+X+Z+Y
11021031.0610.92630.92710.92730.92751.3
LOAD COMB 203 TRANSPORT: ULS-B+Z+Y
11021031.063137313751.3

LOAD COMB 204 TRANSPORT: ULS-B-X+Z +Y
11021.031.0620.92630.92720.92730.92751.3
LOAD COMB 205 TRANSPORT: ULS-B-X+Y
11021031.0621372137513

LOAD COMB 206 TRANSPRT: ULS-B-X-Z+Y
11021031.062092640.92720.92740.92751.3
LOAD COMB 207 TRANSPORT: ULS-B-Z+Y
11021031.0641374137513

LOAD COMB 208 TRANSPORT: ULS-B-Z+ X +Y
11021031.0640.92610.92740.92710.92751.3
LOAD COMB 211 TRANSPORT: ULS-B+ X -Y
11021031061137113761.3

LOAD COMB 212 TRANSPORT: ULS-B+ X +Z-Y
11021031.0610.92630.92710.92730.92761.3
LOAD COMB 213 TRANSPORT: ULS-B+Z-Y
11021031.063137313761.3

LOAD COMB 214 TRANSPORT: ULS-B-X+Z -Y
11021031.0620.92630.92720.92730.92761.3
LOAD COMB 215 TRANSPORT: ULS-B-X -Y
11021031.062137213761.3

LOAD COMB 216 TRANSPRT: ULS-B-Z-X-Y
11021031.0640.92620.92740.92720.92761.3
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LOAD COMB 217 TRANSPORT: ULS-B-Z-Y
11021031.064137413761.3

LOAD COMB 218 TRANSPORT: ULS-B-Z+ X -Y
11.021031.0640.92610.92740.92710.92761.3
PERFORM ANALYSIS PRINT STATICS CHECK
**k*k

LOAD LIST 181 TO 188

PARAMETER 1

CODE EC3

BEAM 1 ALL

GMO1ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL

PERFORM ANALYSIS

PRINT ANALYSIS RESULTS

*

LOAD LIST 191 TO 198

PARAMETER 2

CODE EC3

BEAM 1 ALL

GMO 1 ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL

PERFORM ANALYSIS

PRINT ANALYSIS RESULTS

*

LOAD LIST 201 TO 208
PARAMETER 3

CODE EC3

BEAM 1 ALL

GMO 1 ALL

TRACK 0 ALL

PY 355000 ALL
CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
*

LOAD LIST 211 TO 218
PARAMETER 4

CODE EC3

BEAM 1 ALL

GMO0 1 ALL

TRACK 0 ALL

PY 355000 ALL

CHECK CODE ALL
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS

*kk*k

FINISH

*kk*k
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A4 STAAD. Pro INPUT FILE LIFTING DESIGN
STAAD SPACE

START JOB INFORMATION

ENGINEER DATE 5-Jan-15

JOB NAME Master Thesis Spring 2015

JOB CLIENT Universiy of Stavanger

ENGINEER NAME Gholam Sakhi Sakha

END JOB INFORMATION

INPUT WIDTH 79

UNIT METER KN

JOINT COORDINATES
1000;20950;310950;41000;5005.5;609.55.5;7109.55.5;
81005.5;904.755.5;10104.755.5; 11 04.750; 12 10 4.75 0;
1359.555;1454.7555;15505.5; 16 59.50; 1754.750; 1850 0;
192950;2029.555;214950;224955.5;236950;2469.55.5;
2589.50;2689.55.5;4309.52.75; 44 10 9.5 2.75; 45 2 9.5 2.75;
4649.52.75;476 9.5 2.75; 488 9.5 2.75; 63 1.429 0 0; 64 1.429 0 5.5;

65 2.858 0 0; 66 2.858 0 5.5; 67 4.287 0 0; 68 4.287 05.5; 69 5.716 0 0;
705.71605.5;717.14500; 727.14505.5; 738.574 0 0; 74 8.574 0 5.5;
75002.75; 76 1.429 0 2.75; 77 2.858 0 2.75; 78 4.287 0 2.75;

795.716 0 2.75; 80 7.145 0 2.75; 81 8.574 0 2.75; 82 10 0 2.75;
831.4294.755.5; 84 1.429 4.75 0; 85 2.858 4.75 5.5; 86 2.858 4.75 0;

87 4.287 4.755.5; 88 4.287 4.75 0; 89 5.716 4.75 5.5; 90 5.716 4.75 0;
917.1454.755.5; 92 7.145 4.75 0; 93 8.574 4.75 5.5; 94 8.574 4.75 0;
95104.752.75; 96 04.75 2.75; 97 1.429 4.75 2.75; 98 2.858 4.75 2.75;

99 4.287 4.75 2.75; 100 5.716 4.75 2.75; 101 7.145 4.75 2.75;

102 8.574 4.75 2.75; 128 0 0 -0.5; 129 10 0 -0.5; 130 0 9.5 -0.5;
131109.5-0.5;13239.50; 13339.55.5; 134 79.50; 1357 9.55.5;
13699.50;13799.55.5;13839.52.75; 1395 9.5 2.75; 140 7 9.5 2.75;
14199.52.75; 1421 9.50; 14319.55.5; 144 1 9.5 2.75; 145 5 25 2.81;

146 07.1250; 147 10 7.1250;

MEMBER INCIDENCES
1111;22142;459;56143;6710;7243;8344;1396; 1410 8;

1712 4;21 13 24; 23 14 13; 25 15 14; 26 16 23; 28 17 16; 30 18 17; 31 19 132;
3220133; 3319 45; 34 21 16; 35 22 13; 36 21 46; 37 23 134; 38 24 135;
3923 47; 40 25 136; 41 26 137; 42 25 48; 67 43 6; 68 44 7; 73 43 144;

74 45 138; 75 46 139; 76 47 140; 77 48 141; 116 5 64; 117 15 70; 119 18 69;
120 1 63; 121 63 65; 122 64 66; 124 65 67; 125 66 68; 127 67 18; 128 68 15;
13069 71; 131 70 72; 133 71 73; 134 72 74; 136 73 4; 138 1 75; 145 4 82;
146 75 5; 153 82 8; 154 75 76; 155 76 77; 156 77 78; 157 78 79; 158 79 80;
159 80 81; 160 81 82; 161 74 8; 162 11 84; 163 17 90; 164 12 95; 165 10 93;
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166 14 87; 167 9 96; 168 83 9; 169 84 86; 171 85 83; 172 86 88; 174 87 85;
17588 17; 177 89 14; 178 90 92; 180 91 89; 181 92 94; 183 93 91, 184 94 12,
186 95 10; 194 96 97; 195 97 98; 196 98 99; 197 99 100; 198 100 101,

199 101 102; 200 102 95; 256 96 11; 269 20 45; 270 22 46; 271 24 47, 272 26 48;
273128 1; 274 129 4; 275 130 2; 276 131 3; 301 132 21; 302 133 22; 303 134 25;
304 135 26; 305 136 3; 306 137 7; 307 138 46; 308 139 47; 309 140 48;

310 141 44; 311 132 138; 312 16 139; 313 134 140; 314 136 141, 315 133 138;
316 13 139; 317 135 140; 318 137 141, 319 142 19; 320 143 20; 321 144 45;

322 142 144, 323 143 144, 372 97 84, 373 97 83; 374 98 86; 375 98 85;

376 99 88; 377 99 87; 378 100 90; 379 100 89; 380 101 92; 381 101 91,

382 102 94, 383 102 93; 384 76 63; 385 76 64; 386 77 65; 387 77 66; 388 78 67,
389 78 68; 390 79 69; 391 79 70; 392 80 71, 393 80 72; 394 81 73; 395 81 74,
447 147,449 9 2; 454 14 6; 455 15 10; 456 15 9; 458 5 11; 459 3 10; 460 12 8;
461 11 146; 462 12 147; 463 6 145; 464 2 145; 465 3 145; 466 7 145; 467 146 2;
468 147 3; 469 146 142; 470 147 136; 471 145 139;

ELEMENT INCIDENCES SHELL

396 2 142 144 43; 397 142 19 45 144, 398 19 132 138 45; 399 132 21 46 138;
400 21 16 139 46; 401 16 23 47 139; 402 23 134 140 47; 403 134 25 48 140;

404 25 136 141 48; 405 136 3 44 141, 406 43 144 143 6; 407 144 45 20 143;

408 45 138 133 20; 409 138 46 22 133; 410 46 139 13 22; 411 139 47 24 13;

412 47 140 135 24; 413 140 48 26 135; 414 48 141 137 26; 415 141 44 7 137,
416 11 84 97 96; 417 84 86 98 97, 418 86 88 99 98; 419 88 90 100 99;

42090 92 101 100; 421 92 94 102 101, 422 94 12 95 102; 423 96 97 83 9;

424 97 98 85 83; 425 98 99 87 85; 426 99 100 89 87; 427 100 101 91 89;

428 101 102 93 91, 429 102 95 10 93; 430 1 63 76 75; 431 63 65 77 76;
4326567 7877;433 6769 79 78; 434 69 71 80 79; 43571 73 81 80;
4367348281, 437 7576 64 5; 438 76 77 66 64, 439 77 78 68 66;

44078 7970 68; 441798072 70; 442 80 81 74 72; 443 81 82 8 74,

-

START GROUP DEFINITION

MEMBER

_12525T0O 8136768275276 305 306 461 462 467 TO 470
1152123262831 TO4273TO 77269 TO 272 301 TO 304 307 TO 323 447 449 -
454 459

21.001414172530116117 119 TO 122 124 125 127 128 130 131 133 134 136 -
138 145146 153 TO 169 171 172 174 175177 178 180 181 183 184 186 -

194 TO 200 256 273 274 276 372 TO 395 455 456 458 460

END GROUP DEFINITION

*k*k

ELEMENT PROPERTY
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396 TO 443 THICKNESS 0.01

-

DEFINE MATERIAL START

ISOTROPIC STEEL

E 2.1e+008

POISSON 0.3

DENSITY 78.5

ALPHA 1.2e-005

DAMP 0.03

END DEFINE MATERIAL

MEMBER PROPERTY EUROPEAN

117 461 462 467 468 TABLE ST TUB30030016

447 454 TO 456 TABLE ST TUB1201206

116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 153 161 -
162 TO 169171172174 175177 178 180 181 183 184 186 256 TABLE ST HE240B
73 TO 77 154 TO 160 194 TO 200 307 TO 310 321 TABLE ST HE140A
372 TO 395 TABLE ST HE220B

275276 TABLE ST TUB30030016

273 274 TABLE ST TUB1601606

2578212631 TO426768269 TO 272301 TO 306 311 TO 320 322 -
323 TABLE ST TUB25025016

463 TO 466 471 TABLE ST PIPE OD 0.15 ID 0.05

23 252830469 470 TABLE ST TUB12012010

4613 14 TABLE ST TUB2502508

449 458 TO 460 TABLE ST TUB1401408

CONSTANTS

MATERIAL STEEL ALL

B R R e S e R S S S R S e

* SYETEM GENERATED SELF WEIGHT *
S
MEMBER RELEASE

447 START MY

447 END MY

449 START MY

449 END MY

454 START MY

454 END MY

455 START MY

455 END MY

456 START MY
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456 END MY

458 START MY

458 END MY

459 START MY

459 END MY

460 START MY

460 END MY

463 START MX MY MZ

466 START MX MY MZ

465 START MX MY MZ

464 START MX MY MZ

SUPPORTS

145 FIXED

LOAD 1 LOADTYPE Dead TITLE SYSTEM GENERATED SELF WEIGHT -Y
SELFWEIGHT Y -1.1LIST124TO8131417212325262830TO 42676873 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153 TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 471

LOAD 11 LOADTYPE Dead TITLE SYSTEM GENERATED SELFWEIGHT + X
SELFWEIGHT X 1.1 LIST124TO 8131417 212325262830TO 42676873 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 471

LOAD 21 LOADTYPE Dead TITLE SYSTEM GENERATED SELF WEIGHT + Z
SELFWEIGHT Z1.1LIST124TO8131417212325262830TO 426768 73 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 471

LOAD 2 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL -Y
SELFWEIGHT Y -0.25LIST124TO 8131417212325 262830 TO 4267 68 -
73TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 471

LOAD 12 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL + X
SELFWEIGHT X 0.25LIST124TO8131417212325262830TO 42676873 -
74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172174 175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 471

LOAD 22 LOADTYPE Dead TITLE SECONDRY/OUTFITTING STEEL +Z
SELFWEIGHT Z0.25LIST124TO8131417212325262830TO 42676873 -
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74TO 77116 117 119 TO 122 124 125 127 128 130 131 133 134 136 138 145 146 -
153TO 169171172 174175177 178 180 181 183 184 186 194 TO 200 256 269 -
270 TO 276 301 TO 323 372 TO 443 447 449 454 TO 456 458 TO 471

LOAD 3 LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT -Y
MEMBER LOAD

372 TO 395 UNI GY -8.82901

LOAD 13 LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT + X
MEMBER LOAD

372 TO 395 UNI GX 8.82901

LOAD 23 LOADTYPE Dead TITLE DEAD WEIGHT EQUIPMENT + Z
MEMBER LOAD

372 TO395UNIGZ8.82901

*hkhkhkhkhkhkhkhkhhkhkikkhkhkhkhkhkhkhhhhiiiiihx

*LOAD COMBINATION ULS-A *

*k*% * *** *kkikkkkkkhkhkhkk

LOAD COMB 511 LIFT ANALYSIS GAMMAC = 1.25
13.5186 2 3.5186 3 3.5186

LOAD COMB 512 LIFT ANALYSIS GAMMAC = 1.10
131231331

LOAD COMB 513 LIFT ANALYSIS GAMMAC = 1.00
12.8149 2 2.8149 3 2.8149

PERFORM ANALYSIS PRINT STATICS CHECK

-

LOAD LIST 511

PARAMETER 1

CODE EC3

BEAM 1 MEMB _1.25

GMO 1.15 MEMB _1.25

TRACK 0 MEMB _1.25

PY 355000 MEMB _1.25

CHECK CODE MEMB _1.25

PERFORM ANALYSIS

PRINT ANALYSIS RESULTS

-

LOAD LIST 512

PARAMETER 2

CODE EC3

BEAM 1 MEMB _1.15
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GMO 1.15 MEMB _1.15
TRACK 0 MEMB _1.15

PY 355000 MEMB _1.15
CHECK CODE MEMB _1.15
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
-

LOAD LIST 513
PARAMETER 3

CODE EC3

BEAM 1 MEMB _1.00

GMO 1.15 MEMB _1.00
TRACK 0 MEMB _1.00

PY 355000 MEMB _1.00
CHECK CODE MEMB _1.00
PERFORM ANALYSIS
PRINT ANALYSIS RESULTS
FINISH
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AbS
AS5.1
AS5.2

University of Stavanger

STAAD. Pro OUTPUT FILE ANALYSIS INPLACE DESIGN
Utilization table, reaction summary and displacement summary
Inplace, ULS-a/b wind, LC101-115

__
% .

Pl

Joby Tl

—wrt
S

St

=gt o S

i BMPLACE MASTER THES | DeteTme oS pgay-201 5 13017

Job Information

E nglinear - ik g A, poronned
Hlsrma:
Do i
Edruoduns Tne | SIPWCE FRAME
Ppoinar of Bodkes S | Higiness Rode 145
Pdarminer Of [Elamerns 158 | Higine=? Sa=m 451
Pdorminer Of [Pllates 435 | Hignees: Flate 443
Bharminer of Seslc Losdl T 3
Phurminer of Comminlnerion Lo Campes 10

lncluded Jn thls ndgout ae dals o

Al The= Wihols Sociune

kncluded in thls podoiout s soulis for boad cageg:

Type s H =rme
Primmary 1
Prirmary H ENX
Prirmary a1 SYSTEM SENERATED SELU EMSHT = Z
Frirmary Iz SECONDRYAOUTHITTING ST =%
Prirmary 12 SECONDRY AIUTHITTIRG ST X
Prirmary = SECONDRYAMIUTHITTNG STEEL = £
Frirmary 3 DEAD WWEIGHT EQUIPNENT - Y
Prirmary 1= DEAD WWEIGHT EQUIPNENT = X
Prirmary = DEAD WERHT EQUIFMNENT = Z
Prirmary < 2 =
Frirmary 14 LT T :
Prirmary 24 FLNCTEOMAL LIWVELOADS = £
Frirmary = LAY DI LD -
Prirmary 15 LAY DTN LDAD = 2
Prirmary = LAY LDAD = Z
Prirmary iy | WD = X
Frirmary =2 WWIND - X
Frirnary 33 WD = Z
Prirmary 4 WD - 2
Prirmary 41 EQ 00 =X
Frirmary 42 B2 100 - X
Prirmary 43 EQ {00 =2
Prirmary 44 EQq00-Z
Frirmary 4= EQ 100 ="
Prirmary 45 B2 100 -
Prirmary =1 B3 {0000 = X
Prirmary =+ Ea {0000 - X
Frirmary =3 B0 10000 = F
Prirmary =4 EQ 10000 -
Prirmary =5 B2 {0000 =Y
Prirmary =] B2 0000 - Y
Frirmary 32000 EIFILCEN0N ILOaD

Frirk TimaTebe. 237287003

]

STAMD P for Wikdows 200704 12
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|l 1 Job Mo Shast Pz £
F 2
- T b e bz .
Jobr TiHe =
i e S
o Fia PJPLACE MASTER THES| 8 Trme 05 qie-2015 1317
Job Information Cont...
Type LG K =T
Prirmary i uy | EXPLOSION LOAD
Corminlrestion 1 '\1=‘_"|':-E UILE-A, WINID = X
Corminireasion 102 MPLACE ULS-A'WIND+= X -
Corminlreasion 105 MPLACE: ULS-AWIND- X
Corminireasion 104 MPLACE: ULS-AWIND- X -2
Corminlreasion 105 MPLACE: ULS-AWIND- Z
Corminireasion M MPLACE: ULS-E WIND = X
Corminlrestion HZ MELACE: ULES-E'WIND=X -F
Corminireasion H= MPLACE: ULS-5 WIND- X
Corminlreasion 14 MPLACE: ULS-E'WIND-X-Z
Corminireasion HS MPLACE: ULS-E WIND- Z
Utilization Ratio
Esam Analysis De=sigm A:-‘rual.ﬂ.lln:-w-abhi Riaitho Gl s LG A 4 Iy Iz
Frop arsy Props sy matio | Fata (ACTANow) fomy o'l oty o
1 TUEDOZ0D | TUSE0E0D | 0559 1,000 0559 | EC=y5 58 103 | 151000 Z4TE=Z Z4TE=Z ST EE=3
2 TUEROISD | TUERSEST | 0518 1,000 0E1E | EC=y5 58 103 | 1420000 135E=3 135E=3 1A=z
4 TUEROISD | TUSRSESD | 0548 1,000 0548 | EC-S54 0TS | 104 TrAoD TEE== TE HSE=3
5 TUEROISD | TUERSEST | 0153 1,000 04Z3 | ECSS4LTE | 101 | 142,000 135E=3 13 1A=z
-] TUEROISD | TUSRSWESS | 0505 1,000 0503 | ECSS40TE | 104 TrAoD TEE== 75 HSE=3
ra TUEROISD | TUERSEST | 0125 1,000 0425 | EC=y5 58 103 | 1420000 135E=3 13 1A=z
] TUEROISD | TUERSEST | 0125 1,000 0425 | EC=y5 58 101 | 14250000 13 13 1A=z
1z TUEROISD | TUSRSWESS | 0505 1,000 0503 | ECSS540TS | 102 TrAoD 75 75 HSE=3
14 TUEROISD | TUSRSESD | 0548 1,000 0548 | ECSS540TE | 102 TrAoD 75 75 HSE=3
T TUEDOZ0D | TUSE0E0D | 0559 1,000 0559 | EC=y5 58 101 | 151000 242 242 E =2
a1 TUEROISD | TUSRSEST | 0554 1,000 0554 | EC-SS4LTE | 105 | 149,000 135 135E=3 E =2
jrac] TUEROD | TUSAZMIT | 0504 1,000 05 | ECSS40TE | 102 43500 ET0000 ET0000 E =2
a5 TUEROD | TUSAZMIT | 0418 1,000 0418 | EC-554 105 43500 ET0000 ET0000 155E=3
a5 TUEROISD | TUSRSEST | 04=3 1,000 0453 | EC-554 101 | 14250000 135E=3 135E=3 1A=z
= TUEROD | TUSAZM2T | Q05T 1,000 Q0T | ECays 58 105 43500 ET0000 ET0000 155E=3
20 TUEROD | TUSAZMIT | 0odd 1,000 004 | EC-=ys 58 105 43500 ET0000 ET0000 155E=3
| TUEROISD | TUERSEST | 0508 1,000 0508 | ECSS4LTE | 101 | 1450000 135E=3 13.5E=3 1A=z
2 TUEROISD | TUERS@EST | 0272 1,000 0272 | EC-SS54LTE | 103 | 1490000 135E=3 135E=3 1A=z
33 TUEROISD | TUSRSEST | Q.200 1,000 0200 | ECSS2LTE | 101 | 149,000 135E=3 135E=3 1A=z
=4 TUEROISD | TUSRSEST | 04=3 1,000 0453 | EC-554 103 | 1420000 135E=3 135E=3 1A=z
== TUEROISD | TUSRSEST | 0554 1,000 0554 | EC-SS4LTE | 105 | 149,000 135E=3 135E=3 1A=z
= TUEROISD | TUERSEST | 0257 1,000 Q25T | EC=ys 58 101 | 14250000 135E=3 135E=3 1A=z
ey TUEEOISD | TUSRSEST | Q480 1,000 0480 | EC-SS54LTE | 103 | 149,000 135E=3 135E=3 1A=z
== TUEROISD | TUERSEST | 0373 1,000 Q273 | EC-SS54LTE | 101 | 142,000 135E=3 135E=3 1A=z
33 TUEROISD | TUERSEST | 0257 1,000 Q25T | EC=ys 58 103 | 1420000 135E=3 135E=3 1A=z
4 TUEEOISD | TUERS@EST | 082 1,000 0B | EC-SS4LTE | 101 | 145,000 135E=3 13.5E=3 1A=z
41 TUEROISD | TUERS@EST | 0195 1,000 0495 | EC-SS4 LTS | 101 | 1420000 135E=3 135E=3 1A=z
42 TUESOZSD | TUBSSMRSD | 02500 1000 0200 | EC-SS2LTE | 105 | 450000 1535E=3 1535E=3 HAE=3
T TUEROISD | TUERSEST | 01353 1,000 Q43S | ECay5 58 101 | 14250000 135E=3 135E=3 1A=z
B TUESOZSD | TUBRSERST | 0455 1000 OASE | B 55 105 | 1450000 1535E=3 1535E=3 HAE=3
] FE140A HE140A =y 1,000 0552 | ECS540TS | 103 =1.400 105E=3 =50 000 00
T —E140A HE{40A 04T 1000 0ATh | BC-5540T8 | 102 51400 1 05E=3 5278 00 E 00
75 FE140A HE140A Ly i 1,000 04 | ECSS54 T | 1 =1.400 105E=3 =50 000 00
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| il 1 Job Mo Sheat Mo BTN
- 3
- A Tt
o Tt =
= a1 =
Dt "l PP_ACE MASTER THES|eaTme g qiap-a0is 1317
Utilization Ratio Cont...
Eaam Analy sis De=slgn A:-Tual.lll-:-wal:-hl R o e s LA Ax F Iy Iz
Fropary Fropery S | Rato  (AcANGW) o tom'h o' o’

TE HE {40 A HE140A [aly |5 1.000 QG | ECSS4TE | 103 =1.400 329000 fA [
T —E 140 A HE140A o7 1.000 02T | EC-S540TE | 44 51 400 1.05E=3 S84 000 £
105 TUER 20 | TUB2MZE | 0595 1.000 0395 | BCS43(T 105 25800 E10.000 [y laleas QS Mo
105 TUERE0 | TUBIZMZIE | 0409 1.000 0409 | EC-S450(TH 105 25500 &10.000 S10000 Q3 M
glerg TUE 140 | TUB 4040 | 0453 1.000 Q453 | BC-S430T g Lok 41200 1.21E=3 1.21E=3 1.59E=3
10 TUEW 40 | TUS 144 | 0457 1.000 Q4T | BCS43(T 104 41200 1.21E=3 1.21E=Z 1.59E=3
103 TS 40 | TUS14M4T | 0485 1.000 Q453 | BCS4530(T 101 41200 1.21E=3 1.21E=Z 1.59E=3
Hi TUEA 4 | TUS 4040 | O4ST 1.000 Q48T | EC-S45(T 102 41 500 12E=3 12E=% 125F=%
He -E240E HEZAOEB oisa 1.000 0159 | EC-agssE) 105 | 0E0000 HEE=S SO0E=3 pliclas
H7 E24ds HEZ4O0 B o1z 1.000 0213 | ECaS3E) 104 | 05000 HEE=S S92E=3 pliches
Ha EI4B HEZ4OB Q=T 1.000 Q38T | ECagsss) 105 | 108000 HIE=S S92E=3 plechas
120 —EZ4&E HEZ40E Qe 1.000 QB4 | BEC-agS 35 103 | 105000 HIE=E SEQE=E Lol s es
121 —El40E HEZAOE sk | 1.000 03T | ECags ) 10 | Ai0E0000 HEE=S SSDE=% gleicleas
122 -E240E HEZAOEB 5l [~ 1.000 0SS | EC-agssE) 101 | 0E000 HEE=S SO0E=3 pliclas
124 E24ds HEZ4O0 B 0350 1.000 0590 | ECagS3E) 102 | 105000 HEE=S S92E=3 pliches
125 EI4B HEZ4OB sl [~ 1.000 QAES | ECags3E) 101 | 105000 HIE=S S92E=3 plechas
127 —EZ4&E HEZ40E Q=T 1.000 Q38T | BCags 535 105 | 105000 HIE=E SEQE=E Lol s es
125 —El40E HEZAOE 5y ] 1.000 025 | EC-ags 5 102 | A0E0000 HEE=S SSDE=% gleicleas
130 -E240E HEZAOEB 0580 1.000 0390 | EC-agssE) 104 | 0000 HEE=S SO0E=3 pliclas
13 -E240E =HEZAO0B 5l [~ 1.000 OAEE | BC-ags s 105 | 0e0000 HEE=S S90E=3 gleiclas
123 EI4B HEZ4OB QIT0 1.000 QIT0 | S-S s 103 | 10000 HIE=S S92E=3 plechas
124 —EZ4&E HEZ40E [aly | 1.000 Q188 | BCags 35 103 | 105000 HIE=E SEQE=E Lol s es
135 —El40E HEZAOE QEsd 1.000 OEed | EC-agS 5 10 | Ai0E0000 HEE=S SSDE=% gleicleas
132 -E240E HEZAOEB o 1.000 049 | ECS540TE | 104 | 0S000 HEE=S SO0E=3 pliclas
145 -E240E =HEZAO0B o 1.000 049 | BC-S540TE | 102 | 0eu000 S90E=3 gleiclas
145 EI4B HEZ4OB 5l e 1.000 Q2% | BCS540TE | 104 | 0000 S92E=3 plechas
155 —EZ4&E HEZ40E A= 1.000 0AZE | EC-SS4LTE | 102 | 108000 SEQE=E Lol s es
154 —E 140 A HE140A 2l =] 1.000 0285 | EC-agS 5 102 51 400 S84 000 £
155 —E 140 A HE140A 02eE 1.000 028 | BCS540TE | 11 =1 400 3279 0000 E 00
155 =140 A HE140A o13= 1.000 0A42% | BCS540TE | 11 51400 327 000 E 100
157 HE140A HE1404 QLCED) 1.000 QOE0 | BE5540TE | 105 =1.400 2572000 A [a
152 HE {40 A HE140A o124 1.000 024 | ECS54 0T | 103 =1.400 329000 fA [
155 —E 140 A HE140A 2l = 1.000 0288 | EC-S540TE | 102 51 400 S84 000 £
180 —E 140 A HE140A o288 1.000 02855 | EC-agssE) 104 =1 400 3279 0000 E 00
181 -E240E =HEZAO0B sl o) 1.000 0159 | BC-ags s 101 | 0E000 S90E=3 gleiclas
183 E24ds HEZ4O0 B o4 1.000 [ak-T Y| 1 105 | 10000 S92E=3 pliches
1683 —EZ4&E HEZ40E Q50 1.000 Q.50 105 | 105000 SEQE=E Lol s es
1584 —El40E HEZAOE ozis 1.000 oS 10 | Ai0E0000 SSDE=% gleicleas
165 -E240E HEZAOEB 0258 1.000 0258 101 | 0E000 SO0E=3 pliclas
185 -E240E =HEZAO0B o472 1.000 o472 105 | 0s000 S90E=3 gleiclas
167 E24ds HEZ4O0 B 5l (5] 1.000 [l [ 105 | 10000 S92E=3 pliches
182 —EZ4&E HEZ40E Q25 1.000 Q258 103 | 105000 SEQE=E Lol s es
185 —El40E HEZAOE Q2T 1.000 020 105 | 00000 SSDE=% gleicleas
1 -E240E HEZAOEB sl -] 1.000 0SS | BCSS40TE | 103 | 40e000 SO0E=3 pliclas
TZ -E240E =HEZAO0B 0474 1.000 0ATL | BC-ags e 104 | 0000 S90E=3 gleiclas
174 E24ds HEZ4O0 B 5l B 1.000 0SS | EC-5540T8 | 104 | 0S000 S92E=3 pliches
TS EI4B HEZ4OB Qa0 1.000 Q502 | ECagsEE) 105 | 108000 S92E=3 plechas
177 —El40E HEZAOE 51 1.000 AT | EC-S54LTE | 105 | 0E000 SSDE=% gleicleas
178 -E240E HEZAOEB 0474 1.000 0ATL | EC-ags5E) 102 | 0E000 SO0E=3 pliclas
120 -E240E =HEZAO0B 5l £ 1.000 0SS | BC-S540TE | 102 | 0eu000 S90E=3 gleiclas
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Utilization Ratio Cont...
Esam Aun aly sls Dasigm .ﬁ:-ﬂl-ﬁl.ﬂ.lh:l'#&bhi Ratlo Clause L'C Ax Iz I Ix
P arsy Fropery Satio | Rato (ACTAANoW) ey o o o
124 —EZHE HEZ4OE [l | 1000 027 | BEC=ysEs 101 | 10S.000 N EE=3E aE
123 —EZHE HEZ4OE 0153 1000 QASS | BCSS4LTE | 101 | 108000 N EE=3E
154 -EZ48E HEZ4OE 094 1.0 094 | ECagSEE) 101 | 105,000 HEE=3
125 —EZHE HEZ4OE [y a5} 1000 QA0 | BCSS4LTE | 101 | 108000 N EE=3E
124 FE140A HE{404, 0254 1000 Q25 | BEC=ys 55 102 =400 103E+3
135 FE140A HE{404, [ 1000 Q258 | BCSS540T8 | 11 =400 103E+3
155 HE140 A HE140A 2l b ] 1.1000 OHE | BS-S54LTE | 14 21400
197 HE140 A HE140A 0A0E 1.1000) 00E | BCS5540TE | 102 31400
122 FE140A HE{404, Loy b b 1000 AN | BCS54TE | 103 =400
123 FE140A HE{404, [ 1000 Q258 | BCSS40TE | 103 =400
200 FE140A HE{404, 0254 1000 Q25 | BEC=ys 55 104 =400
255 —EZ&E HEZ4OEB oz1s 1.1000) 0215 | BCS540TE | 103 | 105000
263 TUERS S | TUSSSZST | 021 1000 021 | EC=gi535) 101 | 145,000 3 3
& TUERS ST | TUBRSMESO | 0257 1000 Q25T | BEC=ys 55 101 | 145,000 3 3
e TUES ST | TUBRSESO | 0238 1000 Q25 | BEC=ysEs) 101 | 145,000 3 3
e TUEBSEORST | TUSRSEST | 02 1.1000) 0ZH | BC-mysEE 105 | 143,000 3 3
s TUEROan | TUBIEDEE | 0551 1000 Q5] | BCSS40TE | 103 ST 3 3
aT TUEROan | TUBIEDEE | 0551 1000 Q5] | BCS540T8 | 11 ST 3 3
aTs TUEDOE0D | TUEE0E0D | 0oy 1000 00 | BCS 4840 101 | 154000 3 3
aTE TUER00Z0Y | TUSE0000 | 0001 1.1000) 0o | BCS 460 101 | 151000 3 3
=01 TUES0ZSr | TUSSSRSO | Q480 1000 0480 | BCSS4LTE | 101 | 149000 3843 E=3
=2 TUERS ST | TUBRSEST | 0273 1000 Q37T | BCSS4LTE | 103 | 149000 135E+% 13582+3 E=3
203 TUERS ST | TUBRSMESDT | 050 1000 Q50E | BCSS4LTE | 103 | 149000 135E+% 13582+3 E=3
e TUEEOXSY | TUSSSM@SD | 0272 1.1000) 0272 | ECES540TE | 109 | 149,000 135843 135E+3 F=2
205 TUERS ST | TUBRSEST | 051 1000 QE1E | BEC=ys5E 101 | 145,000 135E+% 13582+3 S1AE=3
=05 TUERS ST | TUBRSMESDT | 0183 1000 QAES | BCSS4LTE | 101 | 149000 135E+% 13582+3 S1AE=3
iy FE140A HE{404, iy =53 1000 Qs | BCSS540T8 | 11 =400 103E+3 259000 S0
s HE140 A HE140A [l ] 1.1000) 0423 | ECS540TE | 11 21400 103E+3 ZE9.000 S0
=3 FE140A HE{404, AT 1000 0ATD | BCSS540TE | 104 =400 103E+3 259000 S0
=10 FE140A HE{404, [l == 1000 Q552 | BCS54T8 | 11 =400 103E+3 259000 S0
=H TUERS ST | TUBRSESOT | 02268 1000 Q206 | BEC=ys 55 101 | 145,000 135E+% 13582+3
£y b TUEEOXSY | TUSZSMSD | 0252 1.0 0252 | EC-ags s 101 | 142,000 135843 135843
£y e TUERS ST | TUBRSESOT | 02268 1000 0206 | BEC-ags 35 103 | 149,000 135E+% 13582+3
=14 TUERS ST | TUBRSMESO | 0184 1000 LA | BEC=ys 55 103 | 149,000 135E+% 13582+3
s TUERS ST | TUBRSESOT | 02268 1000 Q206 | BEC=ys 55 101 | 145,000 135E+% 13582+3
£y (-1 TUEEOXSYT | TUSISMSD | 0253 1.0 0253 | EC-agS s 101 | 142,000 135843 135843
=T TUERS ST | TUBRSESOT | 02268 1000 0206 | BEC-ags 35 101 | 145,000 135E+% 13582+3
HE TUERS S | TUSSSRSO | 0131 1000 LA | BEC=ysEs) 101 | 145,000 135E+% 13582+3
3k} TUERS S | TUSSSRST | 0821 1000 QEZ] | BCSS4LTE | 103 | 149000 135E+% 13582+3
=20 TUEEOXSY | TUSISMSD | 0195 1.0 09495 | ECES40TE | 103 | 149,000 135843 135843
ey | HE140 4 HE1404, =g ) 1.0 0217 | ESS540TE | 103 31400 103E=3 259,000
vy TUERS ST | TUBRSMESO | 0184 1000 LA | BEC=ys 55 101 | 145,000 135E+% 13582+3
v TUERS S | TUSSSRSO | 0131 1000 LA | BEC=ysEs) 103 | 149,000 135E+% 13582+3
Ta -EIZDE HEZZOE [l =l 1.1000 0262 | ECE540TE | 103 29000 SIAE=E S E4E=Z TE RO
T3 EZIE HEZZOE 0255 1.0 0255 | BCS540TE | 103 21000 SOE=3 a 3 TEEoC
T4 FEZDE HEZOE Q37T 1000 Q37T | BCS52LTE | 103 51000 E0RE=3 S E4E=Z TE R0
=TS FEZDE HEZOE Q37T 1000 Q37T | BCS52LTE | 103 51000 E0RE=3 S E4E=Z TE R0
ITe -EIZDE HEZZOE 0252 1.1000 0252 | ECE520TE | 109 29000 SIAE=E S E4E=Z TE RO
Crd EZIE HEZZOE Q252 1.0 0253 | ECS53TE | 11 21000 SOE=3 aS4E=Z TEEoC
3TE FEZDE HEZOE [l 1000 Q252 | BCS52 0T | 103 51000 E0RE=3 S E4E=Z TE R0
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Eeam | Analysis Design | Aofual Alowsbis| Fatio Clause UG | dm Iz I T
Fropary Fropery Sacio | Fatio (Aot (oo o'y oty o’
T3 | -EIDE HEIINE ooz [ 4000 ozsz [Ecsszme [Hos | wiom LI4E-3 T ot
0 | HEIDE =EII0E oz7E [ 1000 o0o7E [Ecssz e |1 | w0 LE4E=3 T o
1 | HEZDE HEZI0E oa7e [ 1.000 0E7E [Ecss2me || wom LI4E-3 FE
I | -EIDE HEIINE ooes [ 4000 ozEz [Ecs54TE [ | w0 LI4E-3 T o
3 | -EIDE —EII0E ooss [ 1000 0258 [Ecs54me || wiom LI4E=3 T o
4 | HEIDE ~ETI0E o2ss [ 1000 0253 [EC554.T8 |03 | oo LE4E=3 T ot
5 | HEZDE HEZI0E ozE0 [ .00 0zE0 [Ecss4mE |10 | mom 3| zaaE-z FE
M5 | -EIDE HEIINE ozve [ 1000 ozva [Ecss2Te |03 w00 | sosEes | ZasEes T o
#T | =EIDE —EII0E oove [ 1m0 ozTe [Ecsszme [0z wiom 3| zaaEe: T o
L | HEIDE ~ETI0E o2st | 1.000 0251 [EC552TE |10 | w0 3| zi4E-3 T ot
3 | -EIDE HEIINE ooEd [ 4000 o028 [Ecss2TE [ | siom 3| zzaE-z T o
W@l | -EIDE HEIINE ooed [ 4000 028 [Ecs52TE [0 siooo ]| zosEes | ZzdEes T ot
i@ | HEIDE =EII0E 028 [ 1000 0281 [Ecs52 T8 |10 | w0 3| zi4E-s T o
3 | HEZDE HEZI0E ozve | 1.000 0aTs [Ecss2me || wom 3| zaaE-z FE
@3 | HEIDE HEIINE ozve [ 1000 ozTa [Ecss2TE [ | siom 3| zzaE-z T o
@ | -EIDE —EII0E ooz [ 4.oo0 oz [Ecssame [0 siomo | zosEez | ZEeEe: T o
35 | HEZDE ~ETI0E ozs0 [ 1000 0Z50 |EC554.TE |02 w000 | E0sEes | ZEdE-3 T ot
i | Tustoizo [ Tusizozc | caos | 1o o4ms [Ecsas || zEsm 100000 E10U000 zus o
s [ Tustoizo [ Tosizoizc | oses | 4o T e E10.000 E10000 zua o
s | Tusmoosoo | Tussomon | osiE | domoo 0518 | ECeoEiE | 103 [ 181000 | ZaZEeE TEE=3
a7 | Tusmozoo | Tussomoo | osis | oo 0518 | Ecepszs | 101 | 1Eio00 | 2 E=2
iz | Tusmoosoo | Tussomoo | osTE | Ao 057E [ ECeosas |03 [ dEio00 | zezEes =
us | Tustoizo [ Tusizmzo | oess | 1m0 0255 [ECE54 103 | 43300 ET0L000 ET0L000 1 32f=3
430 | Tusmosoo | Tussomoo | osTE | dmoo 0578 | ECeoszE | 101 [ 181000 | zazEes | zazE-3 | ETEE-
5 | Tustesizs | Tusizoizo | cess | oo 0255 | ECE54 e ET0LO00 £700000 =
Node Displacement Summary
Nooe L'C X ¥ F3 R esulmnl T " Iz
() im imm) (g {ram) ra (rad)

I 21 [1ssvoowm . | 28EEE BT RS Q.00 0000 o0

Min X 21 |szEaqooo- | AzsiE 0524 - EEET 0000 .00 0000

M ¥ i [ 30iEeELoEC Qoo | 2EETE o147 | 32ETE 0000 0000 .00

Min 18 [101NF_ACE 0Z4s | Azaz R .00 U000 0000

Tax 145 | sooExELoEc 34TL 0005 1882 3ES 0000 0000 0000
MinZ 145 [HosmElACE 5455 0755 ) O 0000 0000 000

i 1 T |ziErELoEC 00 S 000 = [TIE U000 000

Min 1% 7 | zooEmELoEC 0000 2241 D0EE .33 IS QU000 0004

M Y PR BT e 2358 055E T FET) 0000 oo 0003

Min Y i [szEa1o000-: 51 GRFE FIRE 158 0000 U000 0.0

[ F R 000 -33EE oo 3 .00 U000 o0

i 12 75 | 30iExELOEc Y -3338 0.0 33 0000 0000 foed

[ 12 [HoimE_ACE ozds | -dzsa 055 | 4z 0000 .00 0000
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Beam Displacement Detail Summary
Dignisommants shopwn 10 lalle ndlosis the nmpanss of oo ool
=28 T LA d x Y z A oul e
i {mem) ime) ey | (e
Fllmc 4 15 LA DO | 1537s Tandw 0500 alls =y | ]
Min X 105 HEZ®E_ACE S ~EEIE -4 205 =1 == it
Pl 158 S0 HEXIPLTENRC 1425 Ll ary TEETT o147 SEETE
Min Y £y 105 PLACE 1100 [ala ay | EE ] pelaiy | 43 555
Fim Z 10 SEWWRD - £ S44E =000 CUDEE 17 & 17201
Min £ 44 SHWWRD- I S44E =000s =007 I iy
R = =2 101N PLACE 1.100 1.712 -43. 355 7T 43 350
Reactions
Horlzomial | ol Ho il 2 il Mo e
Ko LG FX Y FI Mx MY MZ
() (e B L I
2 1EYETE GE [alaas e fedln g S0 EE [ala s 0000 [allaas
HEYSTEA &£ 2000 e OO 1773 1200000 2,000 0000
DAEETEM S 2000 sl 7145 [aluu s 12000 0000
25 EOTRMORYN [alaas TR B ks [ala s 0000 [allaas
12 S50 OMDEN 2000 =S0.455 40,447 1200000 2,000 0000
22 S e OIDRN 2000 sl e [aluu s 12000 0000
SDEAD WES 2000 108218 =30EEE [allau s 2000 0000
1z DEADWEL [alaas =500 ol —'a [ala s 0000 [allaas
ZDEADWEL 2000 Q00D -aE4LE 1200000 2,000 0000
LR TD MY 2000 230 30S 555 [aluu s 12000 0000
W FNCTION 000 ={ 0 E0T ETEEE [allaa s 2000 0000
UM CTION [alaas allaas =57 440 [ala s 0000 [allaas
L AYDO L 2000 12833 12570 1200000 2,000 0000
15108 DOV MIL 2000 -Tea 107 =g ] [aluu s 12000 0000
LR DO M 000 allaas B el =i [allaa s 2000 0000
HONWNKND =X [alaas =44 40 ST 420 [ala s 0000 [allaas
OO - X 2000 44 402 =IT.420 1200000 2,000 0000
EOWND = 2000 =000 =H0EE [allau s 2000 0000
HWND-Z 000 allaas =4 e [allaa s 2000 0000
HEQADD =X [alaas =52 EdE 42 D [ala s 0000 [allaas
aEQI0D-X 2000 SLEES =42 1000 [aluu s 12000 0000
LEQI00 = L 2000 allaas =557 [allau s 2000 0000
Wm0 - 000 Eallaas f-icry | [allaa s 2000 0000
EEQAND =Y [alaas =35 SER HAZ= [ala s 0000 [allaas
45152 100 -7 2000 - v -HAZE [aluu s 12000 0000
= BEQ 1000 = 2000 =2E0ETS aE =T [allau s 2000 0000
2 e 10000 - 000 ZE0ETS aEqiE2 [allaa s 2000 0000
SEOEQ 10000 = [allaa s alnas -ST.E5S [allsa s [alda s [illaas
S22 10000 - 2000 pullaas ITESS [aluu s 12000 0000
= E=EQ 1000 - 2000 Bl i Heisa [allau s 2000 0000
o5 122 10000 - 000 ST TR 4. T24 [allaa s 2000 0000
D 0EK PO S 2000 <143 Rk s 1200000 2,000 0000
1B PO EK 2000 pallaay [ Ry [aluu s 12000 0000
1 INFLACE 2000 128E=3 =nEg Osd [allau s 2000 0000
O INPLACE 000 125E8=2 Bt bl Ta [allaa s 2000 0000
W NPLACE 2000 154E=3 =404 442 1200000 2,000 0000
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Reactions Cont...

Harlzonisl | VerSosl | Horlonts Noment
Haods LA FX FY FZ Mx MY MZ
(i) (i kM) (kM (N m) (i}
WMPLACE alaas 13558=3 | 37345 ake s 000 ake e s
NEMPLACE alaas 131E=3 | 353755 ake s 000 ake e s
MINFLACEN QU000 251234 | 242314 U000 .00 0,000
NIWFLACE QU000 SEE 144 | -Z24E U000 .00 0,000
NIWPLACE 0000 107E=3 | -Z39808 00000 0000 0,000
HeBPLACE 0000 1058=3 | 293193 00000 L0000 0,000
NEMPLACE 0000 104E=3 | 252804 00000 L0000 0,000
3 =SYSTEMGE alaas fra frllaic -500800 ake s 000 ake e s
HEYSTEN & alaas ZZIo0s | ATTEER ake s 000 ake e s
AESETEMGD QU000 Q0g | -HTAS0 U000 .00 0,000
Z5 EC0MDRY QU000 152 13773 U000 .00 0,000
12 S50 ONDRY 0000 SOAES 40447 00000 0000 0,000
ZEECOMNDRY 0000 =000 “ZEEIS 00000 0000 0,000
ZDEAD WEZ 0000 105380 300550 00000 0000 0,000
1z DEADWEL 0000 S0.0s2 40380 00000 L0000 0,000
S DEADWEL alaas Relaes R4 ake s 000 ake e s
AFILBE TIDMA alaas 230344 5817 ake s 000 ake e s
HFNCTION QU000 108207 ETEEE U000 .00 0,000
A FNCTION QU000 pelee s -STATE U000 .00 0,000
SLADONWN 0000 12533 | -H2ET0 00000 0000 0,000
5L DOV 0000 TEZAOT | €21EE8 00000 0000 0,000
EILADONVMI 0000 Q000 | -4128E2 00000 0000 0,000
HAWHD =X 0000 4403 -37.420 00000 L0000 0,000
ZTWHND-X 0000 -44.a03 T 420 00000 L0000 0,000
BWHD=Z alaas alans =303 ake s 000 ake e s
AWND-Z QU000 pelee s 34530 U000 .00 0,000
HEQIM =X QU000 el ] 42000 U000 .00 0,000
£EQ1m-X 0000 -SEE4E 42000 00000 0000 0,000
EEQIm+Z 0000 pelens 2371 00000 0000 0,000
HEQIM-Z 0000 0000 2372 00000 0000 0,000
EEQIM =Y 0000 225 N.AZS 00000 L0000 0,000
EEQIm-Y 0000 ZET -HA25 00000 L0000 0,000
5 EQ 1000 = alaas 280ETS | 20E4E2 ake s 000 ake e s
ZEQ 1000 - QOO0 | -ZS0ETS | I0EAED ake s .00 0000
S=EQ 1000 - QU000 pelee s STEEE U000 .00 0,000
SEQ 100 - 0000 0000 ITESE 00000 0000 0,000
EEQ 100 = Q00D | 354735 3954 00000 0000 0,000
& EQ 100 - 0000 IETEL | -TeTa 00000 0000 0,000
NEPLOEK 0000 ok = Q214 00000 L0000 0,000
PO 0000 o 0sis 00000 L0000 0,000
WANPLACE alaas 1348=3 | 404502 ake s 000 ake e s
NIWPLACE alaas 1358=3 | 372517 ake s 000 ake e s
WENPLACE QU000 =352.120 U000 .00 0,000
WNPLACE 0000 -242a4T 00000 0000 0,000
WENPLACE 0000 =353.E 00000 0000 0,000
MIBFLACEN 0000 ~339EET 00000 0000 0,000
NIBFLACE 0000 pre e 00000 0000 0,000
NIMPLACE 0000 251445 | -Z423E5 00000 L0000 0,000
HeBFPLACE alaas SEE3E5 | 224485 ake s 000 ake e s
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Reactions Cont...

Harlzonisl | VerSosl | Horlonts Noment
Haods LA FX FY FZ Mx MY MZ
(i) (i kM) (kM (N m) (i}
WMPLACE alaas 13558=3 | 37345 ake s 000 ake e s
NEMPLACE alaas 131E=3 | 353755 ake s 000 ake e s
MINFLACEN QU000 251234 | 242314 U000 .00 0,000
NIWFLACE QU000 SEE 144 | -Z24E U000 .00 0,000
NIWPLACE 0000 107E=3 | -Z39808 00000 0000 0,000
HeBPLACE 0000 1058=3 | 293193 00000 L0000 0,000
NEMPLACE 0000 104E=3 | 252804 00000 L0000 0,000
3 =SYSTEMGE alaas fra frllaic -500800 ake s 000 ake e s
HEYSTEN & alaas ZZIo0s | ATTEER ake s 000 ake e s
AESETEMGD QU000 Q0g | -HTAS0 U000 .00 0,000
Z5 EC0MDRY QU000 152 13773 U000 .00 0,000
12 S50 ONDRY 0000 SOAES 40447 00000 0000 0,000
ZEECOMNDRY 0000 =000 “ZEEIS 00000 0000 0,000
ZDEAD WEZ 0000 105380 300550 00000 0000 0,000
1z DEADWEL 0000 S0.0s2 40380 00000 L0000 0,000
S DEADWEL alaas Relaes R4 ake s 000 ake e s
AFILBE TIDMA alaas 230344 5817 ake s 000 ake e s
HFNCTION QU000 108207 ETEEE U000 .00 0,000
A FNCTION QU000 pelee s -STATE U000 .00 0,000
SLADONWN 0000 12533 | -H2ET0 00000 0000 0,000
5L DOV 0000 TEZAOT | €21EE8 00000 0000 0,000
EILADONVMI 0000 Q000 | -4128E2 00000 0000 0,000
HAWHD =X 0000 4403 -37.420 00000 L0000 0,000
ZTWHND-X 0000 -44.a03 T 420 00000 L0000 0,000
BWHD=Z alaas alans =303 ake s 000 ake e s
AWND-Z QU000 pelee s 34530 U000 .00 0,000
HEQIM =X QU000 el ] 42000 U000 .00 0,000
£EQ1m-X 0000 -SEE4E 42000 00000 0000 0,000
EEQIm+Z 0000 pelens 2371 00000 0000 0,000
HEQIM-Z 0000 0000 2372 00000 0000 0,000
EEQIM =Y 0000 225 N.AZS 00000 L0000 0,000
EEQIm-Y 0000 ZET -HA25 00000 L0000 0,000
5 EQ 1000 = alaas 280ETS | 20E4E2 ake s 000 ake e s
ZEQ 1000 - QOO0 | -ZS0ETS | I0EAED ake s .00 0000
S=EQ 1000 - QU000 pelee s STEEE U000 .00 0,000
SEQ 100 - 0000 0000 ITESE 00000 0000 0,000
EEQ 100 = Q00D | 354735 3954 00000 0000 0,000
& EQ 100 - 0000 IETEL | -TeTa 00000 0000 0,000
NEPLOEK 0000 ok = Q214 00000 L0000 0,000
PO 0000 o 0sis 00000 L0000 0,000
WANPLACE alaas 1348=3 | 404502 ake s 000 ake e s
NIWPLACE alaas 1358=3 | 372517 ake s 000 ake e s
WENPLACE QU000 =352.120 U000 .00 0,000
WNPLACE 0000 -242a4T 00000 0000 0,000
WENPLACE 0000 =353.E 00000 0000 0,000
MIBFLACEN 0000 ~339EET 00000 0000 0,000
NIBFLACE 0000 pre e 00000 0000 0,000
NIMPLACE 0000 251445 | -Z423E5 00000 L0000 0,000
HeBFPLACE alaas SEE3E5 | 224485 ake s 000 ake e s
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o Sl PE_ACE MASTER THES| SeeTme g fm-2015 1347
Reactions Cont...
Horzonisl | Werdos] | HD riaonds Noimeani
Hods LA FX Y FZ MX MY Mz
() () kB kb | demy | (e
NP LACE alle ns 1.0ME=Z 2S5 855 Q000 0000 0000
122 1SYSTEM GB s [allaas B0 0547 QTTE el
HEYSTE & 213050 [allaas 05 EEE 0T3S =55 550 LEas
ZIEETEM & =5 EE [allaas =S4 ST 0952 1.1 0002
5 E0OMNDRNN a2 [allaas 12772 0147 [0 P o5
12 S50 ONDR™ -4z 159 [allaes R oAk oiss -12.530 QEE3
2 CSECOMDRN 1354 [allaas 21551 0313 LT3 0000
=D EAD WES 244 [allaas S0EEE 0244 s 15837
1= DEADWEE 105951 [allaas -A0G eSS 0510 ST EdS 1518
ZDEADWEL =570 [allads -TadEE 0454 1342 [ala gl
47 UBC TIOMA S245 [allaes (=== 0550 1. 14 3.2a0
W FNCTION 230 250 [allaas -aias IET OE7TT S0.497 ZET0
A FUNCTION =535 [allaas =-1TiTes =105 253 000
S ATDN L BLTEE [allaas M50 0.T2 1.33 45T
1508 DOV ML 12547 [allaas -EEE 1548 | 0T TEE 9475
ELA DONWNI s [allads Rallaay] =0L00E [alaary =0
FASWND =X -4 [allaes =5 4T4 [ -3 12313 (k-]
EOWHND-X 455 [allaas 25 4T4 “0A7E 12355 Rk rrs
LWND =Z 1553 [allaas =310 500 =0.404 LER 0003
HASNWND-Z 2402 [allaas 5 0T0 0=52 Qdza =0LC0
HEQ1D =X -43 6T [allads -&5 05 [l P53 - 45T TS
LE1M-X 43671 [allaes [==Asicy ] HL14s AT 0T
LEQIMO+Z 319 [allaas -4 TET 0055 083 =000
HEQ1M-Z 0z9 [allaas 4 TET [l [l =] 0000
EEQ1 =Y Rl [allaas A= ka3 Ral | 0500
£ EQ1M-Y alircy | [allaas HAZE -00ES [l =y | 0500
S B 1000 = 21755 [allads -SET 852 0TS =S5 527 T
L E1000-; g I [allaes 3ETe3d TE S5 22T pi-T 1
S EQ 100+ =458 [allaas 21357 Rl .38 =000
S EQ 10000 -; 1.4 [allaas 21557 oSS [ 0 [ 0000
S 210000+ -Ta0s [allaas 4159 020 154 =157
B2 10000 - TE= [allads H4 T4 -050s 1580 Sy £
L E P SK 3303 [allaes [y E- 1.7a7 Q7= 1.7
L1EPOSK 1735 [allaas 05332 -4 530 [l =] AT
W1 INFLACE =S 0 [allaas Crrd 5] 2EES -EL452 1TE2T
W NPLACE - [allaas ol - 27 0L T 17426
0 SNFLACE sTed [allads 424 00 5452 15.T5T 16540
K4 INFACE 45 052 [allads 42508 Pl HASS 16454
WSINPLACE o= [allaes oI TET 2T = 16243
1 BPLACZEN -4z 012 [allaas et ] prdiry 12055 14 350
HIBFPLACE 22ATE [allaas B9 =173 =980 12918
HEBFPLACE S0 [allaas STeO0TT 2544 19923 HEdd
HeBF LACE 4 114 [allads =55 Ly b 15645 12188
NP LACE g sy [allaes Erich b8 =125 4.5 13034
g ] 1SYSTEM GB pcirr s [allaas B0 500 0545 L.TTE prle
HEVZTEI L g [allaas M5 EEE 0.T3E =559 vy
ZAEVETEM S S e [allaas -S4 =2 0852 1,199 =000
ZEECTMNCRYN 0SS [allads 15775 0147 Lol rrg 0522
12 =50 ODES -4 185 [allads [k 0ies =2 520 [l
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Joi Tikle 3
o N =

Dl Fis MPLACE MASTER THES | OebaTime gopa-2015 1317

Reactions Cont...

Horlzontsl | eroal | Horlznts Mo mean i
Hode LA Fx Fy FZ MX MY MZ
() (I M) () (kB m) {lm )
SR OMDRN 1254 10000 21554 2212 2] 0,000
ZDEAD WEIS A4 10000 20U 0245 .59 &7
ZDEADWEL | 105945 10000 102658 0310 SATEA 1319
S DEADWEL 500 10000 TS Rk = 1.343 0000
&7 IUMC TID M -S245 [ellae e e5517 55 114 -3E20
WFRNCTION | -Z30.270 10000 25267 LETT =045 LET
A FMNCTION =35 Qo000 | -TIEES 1052 ] 0000
Sl AT DN £.TEE 10000 om0 .76 -1.3%4 -4 578
SR DAL | 412813 10000 o= 54T | 0TTES 4TS
LA DONVMNIL Qs [ellae e Rkl pelancd 0L00T Qo
HOWND =X -5 S5 10000 E54TL LATE 1285 2k Py
ZONND-X 45 T3 QL0000 SLATL ATE 12313 £.953
EWND=Z 13533 10000 =30 200 0404 QLZES plia.c]
HAIWND-Z ey =4 QL0000 50T 0E2 Rl ] Qo
#EQ100 = X -43559 10000 E2.0E1 148 1457 T
25100 - X 435539 10000 =505 014 1437 0T
L EQ00 = Z sy |-] 10000 -4.TE9 0G5 oLEs alaa s
HEQ100-Z 0319 10000 4729 el ] palec] 0000
45EQ100 =Y o7 10000 M5 aka=] oE 0500
5= 100 - Y 0.7 10000 1425 00EE U1 0500
HEQ000 = | -SITIHS QL0000 3ETEsa TE -SEEas 1345
LB 10000 -] 21T 5 QoD0 | -EETESC 07z S5 928 pick- 2
S EQ 10000 = 1455 QL0000 === 152 =, | ake e s
5= 10000 - 1458 10000 Fe - T [y | .38 0000
5210000 = TS0 10000 “H3E4 0205 1.5 R b
& B2 10000 - -TEG 10000 114744 0907 -1.5:0 R b
0 PLOEK -3309 10000 014 1737 .75 1.5
0= PLOEK -1.735 10000 518 -4.932 REN ik A=
0 1INPLACE STER 10000 424145 hch b g by 1631
WINPLACE ~4205T [ellae e 425054 -2E0E 435 16455
0EMNPLACE E0ED 10000 IZT4ED z 241 ATEZE
W4MNPLACE ek QL0000 ke - i 0.0 -ATAT
WEMPLACE EIEE 10000 402553 7. -5 ME ~16.250
1HIBFLACEN -E004E QL0 ITEAZE -2.545 125933 “HE4s
MNP LACE =412 10000 34N b o 15545 124587
NP LACE 42002 10000 054 prd 12054 142
4P LACE 2170 10000 253059 -1.500 B9 13837
NEMPLACE hr R 10000 IZ3 240 -1.254 -4, 355 13055
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Reaction Summary

Horlzontal | Werdoal |Horlzontsl Morment
Hode L' FX Y FI MX MY MZ
Wy Ll (kM) (k) (k) kM)
R FX 125 SSEQ 0000 - T IEE ale u sl 33T eaD LT S5 92T -3845
Min FX 125 1SL8YDOWNN L | 412847 Q000 | S5 Sd 18985 | 07758 QAT
M FY 3 10 IMPLACE jalia ¢ gl 134E+3 | -404 205 Q000 2l a] als ua]
Min FY = 15U | 000D | -TERAGY g B QL0 ale sl als sl
Max FZ 122 1SLYDOWN L | 41281 ke el EEE342 W7 | A0T.TES AT
Min FZ 125 1SLAYDOWN L | -412547 Q00 | EEEI4R 18985 | 07758 QAT
R ROX 122 C =320 e @ sl 014 1.7 0TS 1501
Rim MDY 122 20 JEXPLOENC 1.7 ke el L0518 4. 22 0423 “HAEE
Rz AT 125 S2EQ 10000 - 21T ke el JETesg LT EELEET -3.545
Mim MY 125 1SLAYDOWN L | 412847 Q000 | -SSR E42 185 | A0T.TEE SA4TE
R MZ 125 101 MPLACE 2= ale sl el g 1] -2 EEE -S4E2 1T2ar
Min MZ 129 10EIMPLACE s0E2 ale o ] JZD4s2 -2 EES 341 AT ERE
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| 1 Job M St Mz .
. 1
F
ol
-j Soibemre owmed b Tt
o TR [ ey Sl goring 2015 o
- mi\ﬁ\.-ﬁ"—‘li =, ]

Fis | MPLACE MASTER THES| e

T OE-Ry-20 S 400

Job Information

£ gl rpsasr o ok, ] A pipnonasd
Hlarmes:
Drarie: SrJarr1S
Bructurs pe | SPACEFRAME
Aduprioear o Podhas 2 | Higiness Rlods 145
Pdaminer of |[Elemerts 155 | Higihes B=am 451
umner of Flanes 4= | Higness Flans 443

Buminer of Eexic Lossd Cames

Pdorminesy o Caoenindmetion Lol Cames

]

included ba this prmout s data for

Al T ‘Wincle Shociure

included ba this prmout s esulls forosd Cas=s

Tyoe LG H arme
i 121 MPLACE: ULS-A B2 100 = % -
T e 1= MPLACE: ULS-MEQ100 = X-2- 7
[rm—— 1z3 MPLACE: ULS-A B2 100-X-
Ceminlaion 124 NE_ACE U_S-AER100-A=Z-7
Ceminlaion 15 NE_ACE LS AER 100 =Z-7
il 135 NF_ACE U_S-AEQI00=C= -1
i =T MPLACE: ULS-A EQ100 -2 7
[ 1ZE MPLACE: ULS-AEQ100-Z-X%-7
[rm—— 131 MPLACE: ULS-A 2100 = X +T
Ceminlaion 13z NE_ACE U_S-AER100 =H-Z=T
il 133 NE_ACE U_E-AER100- A=
[ 134 MPLACE: ULS-AEQ100- X+ 2= T
[rm—— 135 MPLACE: ULS-A Q100 <2+ ¥
[rm—— 135 MPLACE: ULS-A Q100 2= X =T
Ceminlaion 137 NE_ACE U_S-AERI00-Z=T
il 138 NF_ACE U_E-AERI00-Z-K=T
i 131 MPLACE: LS5 EQ100 = X- T
[ 14z MPLACE: LS BEQI0 = X-2-7
[rm—— 143 MPLACE: ULS B EQ100-X-
Ceminlaion 144 NF_ACE U_S-BER100-A=Z-T
il 145 NF_ACE U_Z-B EQ100=C- T
i 145 MPLACE LS BEQI0 =2+ %- T
i 14T MPLACE: ULSB EQ100-2-
[ 14 MPLACE LS BEQ00-2-X%-7
[rm—— 151 MPLACE ULS B EQ100 = X = T
Ceminlaion 15z NF_ACE U_S-EER00=R-Z=T
il 153 NF_ACE LS EER100-R=T
i 154 MPLACE LS BEQ100-X+ 2+ T
[ 155 MPLACE: LS B EQ10D =2+ ¥
[rm—— 155 MPLACE LS DEQI0 =2+ X =T
Ceminlaion 15T NE_ACE U_S-E ERi00-Z=T
Ceminlaion 158 NF_ACE U_E-EERI100-Z-K-T
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Utilization Ratio
=2 L] Ay sls Dasign mmal.ﬂ.llc-'#abhi ] iy g LG AE Iz Iy Ix
Eroim Ay Sromary Rl | Fama  (ACLIANOW) Lo ) o’ o
1 TUERDOGEOD | TUEEOEOD | 05T 1.000 05T | BCayS55E) 125 | 181000 A JE=3 STEE=3
2 TUESCSSD | TUBRSIRSCr | 0540 1.000 0540 | BC-ayS5 58 125 | 1459000 1353 S11E=3
i TUESCSSX | TUERSIDSE | 0317 1.000 03T | BCSS40TE | 125 TrA00 TE{E=3 E =3
=1 TUESCSSD) | TUERSIDSD | 0153 1.000 0SS | BC-SS4LTE | 125 | 1450000 135E=% E =3
] TUESCSSX | TUERSIDSE | 0418 1.000 O41e | BC-SS4TE | 121 TrA00 TEiE=3 3
Fa TUESCSSD) | TUERSESD | 0102 1.000 002 | BC-ayS 58 125 | 1459000 135E=% 3
- TUESCSSD | TUERSISD | 0402 1.000 0402 | BC-ayS 58 121 | 1459000 1353
1= TUESCSSX | TUERSIDSE | 0412 1.000 0412 | BCSS4LTE | 125 TrA00 ToSiE=3
14 TUESCSSX | TUERSIDSE | 0253 1.000 0259 | BCSS4TE | 121 TrA00 TEiE=3
T TUERDOGEOD | TUEEOEOCr | 050 1.000 0380 | BC-ays 58 121 | 181000 =3
21 TUESCSSD) | TUERSIS | 0295 1.000 0295 | BECSS40TE | 121 | 1450000 135E=%
&= TUEZOA20 | TUBH2MIr | OTSE 1.000 OTEE | BCS54 127 4.5 S0 ET0.000)
5 TUEZOA2D | TUEH2MIr | 0339 1.000 0539 | BCSS40TE | 121 4.5 S0 ET0000 ET0.000)
] TUESCSSD) | TUERSIDSDr | 0452 1.000 0432 | BCS54 121 | 145000 1535E=3 135E=%
] TUBZ020 | TUS12MIr | Ousd 1.000 0051 | BCagS5E) 123 4.5 S0 ET0U000 ET0.000)
=1 TUEBIZ02D | TUSZHIr | O0ds 1.000 Q0S| BCagS 58 123 4.5 S0 ET0U000 ET0.000)
=1 TUESOESD) | TUSRSESr | 0255 1.000 0255 | ECSS54.T8 | 121 | 14320000 135E=3 135E+3
vy TUESOES | TUSZSW@ESr | 022 1.000 0231 | ECS54T8 | 127 | 1430000 3 135E+3
33 TUESOESD | TUSRS®ESr | 082 1.000 083 | BCSS2 T8 | 121 | 1430000 135E=3 135
4 TUESOESD | TUSRSESDr | 0435 1.000 0435 | ECS554 125 | 1459000 135E=3 135E+3
=5 TUESCESD | TUERS®EST | 0I5 1.000 Q25 | ECSS4TE | 125 | 14320000 13.5E=3 135E+3
-1 TUEBECESD | TUBZSWESTr | o1 1.000 A5 | BCagSEE) 121 | 145000 13.5E=3 135E+3
T TUESE0ZSD | TUBRSEST | 0395 1.000 Q395 | BCSS4TE | 123 | 1420000 13.5E=3 135E+3
= TUES0ESD | TUERS®@ST | 0236 1.000 QI35 | ECSS4.TE | 122 | 14320000 13.5E=3 135E+3
=2 TUEBECESD | TUBZSWESTr | o1 1.000 A5 | BCagSEE) 123 | 145000 13.5E=3 135E+3
40 TUESECESD | TUERS®EST | 0535 1.000 Q535 | BCSS4TE | 121 | 1420000 13.5E=3 135E+3
41 TUESD2SD | TUS2SQESDT | 0155 1.1000 0159 | EC-SS54LTE | 125 | 1420000 135E=3 135E+3
42 TUESORSD | TUSRSEST | G184 1.1000 Q161 | EC-SSILTE | 125 | 1420000 135E=3 135E+3
Ta TUESOSD | TUSRSQESD | 040E 1.1000 QAGE | BCagS5E) 123 | 1420000 135E=3 135
BE TUESCSSD | TUERSSE | O40E 1,000 0ACE | EC-mgis 35 121 | 145000 155E=5 135E=5
T3 —E140A HE14OA 050E 1,000 0508 | BEC-SS40TE | 125 iy Ta s 10GEE=S SE5 00 =4 [a s
7 —E140A HE14OA [ b 1,000 0S| BECSS40TE | 124 iy Ta s 10GEE=S SE5 00 =4 [a s
TS —E140A HE14OA [l [ 1,000 OGS | BC-SS4LTE | 12 iy Ta s 10GEE=S SE5 00 =4 [a s
TE —E140A HE14OA 42 1,000 0442 | ECSS4LTE | 125 iy Ta s 10GEE=S SE5 00 =4 [a s
ki —E140A HE14OA oiTs 1,000 0TS | ECSS40TE | 12 iy Ta s 10GEE=S SE5 00 =4 [a s
103 TUEAZOA20 | TUEH2MZZE | O5ds 1.000 03dE | BC-S430TH 125 25800 110000 E10.000) SudS 0]
105 TUEZO20 | TUEH2MIZE | 0558 1.000 0358 | BCS43T 125 25800 110000 E10.000) SudS 0]
107 TUEM O 4 | TUSH4M4ZE | 040 1.000 040E | BC-S43TH 125 41 S0 121E== 1.21E== 129E=3
10 TUEZO2D | TUEH2MIZE | 0572 1.000 057 | BCS430T 125 25800 110000 E10.000) SudS 0]
109 TUE 04l | TUSH4M4 | O40d 1.000 040 | BCS43T 121 41 S0 121E== 1.21E== 129E=3
H0 TUEM 4l | TUSH4M4ZE | 0409 1.000 0408 | BC-S430TH 121 41 S0 121E== 1.21E== 129E=3
e -E B =HEZ40E [ o] 1.000 059 | BC-agS5E) 125 | 10000 HIE=3 SSlE=Z 100G 00
HT -E B =HEZ40E (el k- 1.000 050 | BC-ags 58 125 | 10000 SSlE=Z 100G 00
Ha -E B =HEZ40E [ v ] 1.000 0339 | BC-agS5e) 125 | 10000 SSlE=Z 100G 00
120 -E B =HEZ40E [ 1.000 0528 | BC-ayS5e) 125 | 10000 SSlE=Z 100G 00
121 -E B E240E8 0243 1.000 0245 | BC-ayS 58 121 | 10000 100G 00
122 -E B =HEZ40E 0147 1.000 OLA4T | BC-ags 58 125 | 10000 100G 00
124 —E B E240B8 Q553 1.000 0353 iy ] 121 | 105000 10500
125 —E B HEZ40B 014z 1.000 0143 | BECaS5E) 121 | 105000 10500
127 —E B E240B8 o ] 1.000 0539 | BCagS5E) 121 | 105000 10500
St T Omw CYTATUE 18T Sk Bun I
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Utilization Ratio Cont...
Eaam Analy sis D=sign A:-'ru-:.l.ﬁ.llara-at-hi Faibo Gl s LG A Iz Iy Iz
Fromary Frope St | FaTio (AT Alow ool om'y o' o'
128 -EZ80E =HES40E [y o 1.000 0159 | BECays 35 121 | 0S50 HIE=S L S2E=3 glecliaes
130 -EZ8E HESAOE [a i) 1.000 0555 | ECay5 35 125 | A0S 000 HIE=S S S0E=Z ploclaas
13 -E 2485 HESAOE 0145 1,000 0443 | BC-=gi5 35 125 | A0S 000 L S2E=S placlaas
155 -E 2485 HESAOE 0245 1,000 0243 | BC-=giS 35 125 | A0S 000 L S2E=S placlaas
134 285 HEZ4O B [l I =3 1.000 QA4S | EC=3535) 121 | 105000 Z92E=3 gleciaes
135 285 HEZ40 B (s =T | 1,000 05T | ECay535) 121 | 105000 3 9IE=3 pleciaes
122 -EZ8E HESAOE [l b= 1.000 Ogd | ECSSALTE | 125 | 10S.000 S S0E=Z ploclaas
145 -E 2485 HESAOE [l | ] 1,000 OAES | EC-SS4LTE | 121 | A0S.000 L S2E=S placlaas
145 285 HEZ4O B (s iy y -] 1.000 QN | ECSS4TE | 123 | 105000 Z92E=3 gleciaes
155 285 HEZ40 B [l § F-1 1,000 QNS | ECS54TE | 121 | 10s.000 3 9IE=3 pleciaes
154 = 1404 HE1404 [ ez’ 1 1.000 Q0258 | BEC-wys 38 121 5 0 38000 b4 [os
155 -E140A HE140 A [ iz =1 1.000 O | ECSS4LTE (133 ca T 329000 S0
155 -E140A HE140A o2 1,000 OHIZ | EC-S54TE | 124 ca T 558000 £
157 FE140A HE1404 QOST 1.000 Q0ET | ECSS54LTE | 121 31 400 =E2.000 pA o8
152 FE140A HE1404 [0y § 1.000 QNI | ECS54TE | 133 31 400 =E2.000 pA o8
153 HE140A HE1404 0354 1,000 023 | ECS5408 | 121 5 i) 9000 pA [os
180 = 1404 HE1404 [ ez’ 1 1.000 Q0258 | BEC-wys 38 125 5 0 38000 b4 [os
181 -EZ8E HESAOE a1za 1.000 0439 | ECay5 55 121 | 0S50 S S0E=Z ploclaas
1682 -E 2485 HESAOE [0 =g | 1,000 05 | BC-ags 35 125 | A0S 000 L S2E=S placlaas
1683 285 HEZ4O B Q420 1.000 Q420 | EC=3535) 121 | 105000 Z92E=3 gleciaes
154 285 HEZ40 B [y o 1,000 0159 | ECSSALTE | 121 | 10S.000 3 9IE=3 pleciaes
185 -EZ80E =HES40E 0225 1.000 0235 | EC-SS4LTE | 121 | 10S.000 L S2E=3 glecliaes
1685 -EZ8E HESAOE [l £ 1.000 0AsE | ECSS4LTE | 125 | 10S.000 S S0E=Z ploclaas
167 -E 2485 HESAOE OAE 1,000 OAkE | EC-SS4LTE | 125 | 05000 L S2E=S placlaas
182 285 HEZ4O B Q238 1.000 0236 | ECSS4LTE | 125 | 105000 Z92E=3 gleciaes
163 285 HEZ40 B 0335 1,000 O35 | ECay53s) 125 | 105000 3 9IE=3 pleciaes
1™ 285 HEZ40 B Q135 1,000 0435 | ECSSALTE | 125 | 105000 3 9IE=3 pleciaes
7a -EZ80E =HES40E [l Ta ] 1.000 QA0S | EC-mys 35 125 | 100000 L S2E=3 glecliaes
174 -EZ8E HESAOE 0140 1.000 040 | ECSS4LTE | 125 | 10S.000 S S0E=Z ploclaas
175 -E 2485 HESAOE o422 1,000 0422 | BC-=gs 35 125 | A0S 000 L S2E=S placlaas
177 285 HEZ4O B QST 1.000 QAST | ECSSA4LTE | 121 | 105000 Z92E=3 gleciaes
17s 285 HEZ40 B Q405 1,000 Q405 | EC=y5 35 121 | 105000 3 9IE=3 pleciaes
150 -EZ80E =HES40E 01440 1.000 040 | EC-SS4LTE | 121 | 10S.000 L S2E=3 glecliaes
121 -EZ8E HESAOE [ B 1.000 0229 | ECay5 35 121 | 0S50 S S0E=Z ploclaas
185 -E 2485 HESAOE [l ke ] 1,000 04%3S | EC-SS4LTE | 121 | A0E.000 L S2E=S placlaas
124 285 HEZ4O B [ ]y b 1.000 O3 | EC=353E) 121 | 105000 Z92E=3 gleciaes
125 285 HEZ40 B [alls s k] 1,000 00s | ECSSALTE | 121 | 105000 3 9IE=3 pleciaes
154 = 1404 HE1404 Q20 1.000 0205 | BEC-wys ) 121 5 0 38000 b4 [os
195 = 1404 HE1404 Q205 1.000 0205 | ECS54TE | 121 5 0 38000 b4 [os
195 -E140A HE140 A [l |6 1.000 0402 | ECSS54LTE | 121 ca T 329000 S0
187 -E140A HE140A [alls. k] 1,000 O0EE | ECSS540TE | 124 ca T 558000 £
122 FE140A HE1404 [y 57 1.000 i | ECS54TE | 1233 31 400 =E2.000 pA o8
193 HE140A HE1404 Q305 1,000 02 | ECS54TE | 133 5 i) 9000 pA [os
200 = 1404 HE1404 020 1.000 020 | EC-wys 35 125 5 0 38000 b4 [os
255 -EZ8E HESAOE 020 1.000 0205 | ECSS4LTE | 125 | 10S.000 S S0E=Z ploclaas
268 TUESCZSD | TUBZSQESE | 0482 1,000 &2 | EC-SS2LTE | 121 | 1450000 1535E=5 21 AE=E
a7 TUESCES | TUBZSRSO | i 1.000 A | ECa35EE) 121 | 14320000 135E=3 Z1AE==
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175 HEZHE HEZ40B Q435 1.000 Q435 | BCSSITE | 163 | 1051000 H.IE=3 et aes
177 HEZ40E HEZ4OB o133 1.000 0139 | ECS54.TE | 161 | 1051000 HEE+3 1103 o0
TE HE 40 E HEZ4OB = S} 1000 0413 | BCSS2LTE | 161 | 1051000 HEE-S 1005 oD
150 HEZ40E HEZ40B o165 1,000 0165 | BCS54.TE | 161 | 1061000 HEE+S o aas
181 HEZ40E HEZ4OB 0255 1.000 0255 | BEC=y535) 161 | 105000 HEE+3 1103 o0
183 HE 40 E HEZ4OB s o] 1000 0459 | EC-S54LTE | 161 | 1051000 HEE-S 1005 oD
154 HEZ40E HEZ40B 0ET 1,000 0573 | BCSS5ILTE | 161 | 1061000 HEE+S o aas
185 HEZ40E HEZ4OE 0153 1,000 0153 | ECSS4LTE | 161 | 1051000 HEE+3 1103 o0
124 HE140A HE1404, kg ]} 1.000 Q216 | BCSS5ITE | 161 31 A0 1.03E+3 S0
195 HE {40 A HE140A 0232 1.000 0232 | BCS54TE | 181 31 A0 10ZE+3 Eimo
195 HE{40A HE140 A oHE 1,000 OHE | BCSS40TE | 161 31 A0 10EE+3 S0
197 HE140A HE1404, Q103 1.000 0103 | BCSS54.T8 | 161 31 A0 1.03E+3 S0
192 HE {40 A HE140A OHE 1.000 OHE | BCSS5440TE | 163 31 A0 10ZE+3 Eimo
158 HE {40 A HE{40 4 [aleicrd 1000 0252 | ECS54LTE | 163 3 A0 10EE+3 S0
s HE 140 A HE140 A 0216 1,000 0216 | BCS5ILTE | 163 31 400D 103E+3 S0
255 HEZ40E HEZ4OE 0250 1,000 0250 | ECSS4LTE | 163 | 1051000 HEE+3 1103 o0
253 TUESODSD | TUEZSM@ST | 0483 1.000 0183 | BCS5= 161 | 142000 135E+3 21.4E=3
I TUESTZSD | TUEZSMST | 0205 1,000 0205 | BCS553 162 | 149,000 211E+3
Fra TUES2SD | TUEZSMST | 0205 1,000 0205 | ECS53 162 | 149,000 135E+3 211E+3
Firs TUESODSD | TUEZSM@ST | 0183 1.000 0183 | BCS53 163 | 142,000 135E+3 21.E=+3
Fre] TUED 20D | TUEZOMOT | 0982 1,000 092 | BECS54 163 | 75500 | S3E+3 TOZE+3
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02 TUESOZS) | TUBZS@SDT | 0254 1.000 0254 165 | 143000 135E+3 Z11E+3
205 TUESCZS | TUEZS@SD | o238 1.000 QI8 163 | 142,000 13.5E+3 Z11E=3
04 TUESOZSD | TUBZS@SDT | 0251 1.000 0259 S4LTE | 161 | 149000 135E+3 135E+3 Z11E+3
205 TUESCZSl | TUEZS@ESD | 0553 1.000 Q553 ] 161 | 142000 13.5E+3 13.5E+3 Z11E=3
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0 HE 140 A HE140 A (o ey .00 i SALTE | 163 %1 400 105E+3 %25 1000 S
203 HE 140 A HE140 A o187 1,000 i SALTE | 163 %1 400 103E+3 %29 1000 S
=10 HE 140 A HE140 A 0350 1,000 i SALTE | 181 %1 400 103E+3 %29 1000 S
ZH TUESO2S) | TUBZS@SDT | 0195 1.000 i ] 162 | 149000 135E+3 135E+3 211E+3
12 TUESO2S) | TUBZS@SDT | 0219 1.000 i ] 162 | 149000 135E+3 13 5E+3 211E+3
313 TUESCOZS) | TUBZS@SDT | 0135 1.000 i 53 165 | 143000 135E+3 135E+3 Z11E+3
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HE | TUBX00S00 | TUSGOMmOD | 0503 | 1.000 0509 | ECeg535 | 183 | 181000 | 242E<3 | Z4ZE<3 | ITEE-S
H9 | TUBMOE0D | TUSSOmOD | 0508 | 1.0 0505 | ECegsos) | 161 | 181000 |  Z42E<3 | Z43E=3 | ITEES
$50 | TUBE0HE0 | TUSIZMED | & | 1.0M 0545 | ECS54 163 | 43500 | EFOO00 | SO0 | 13E
151 | TUB0HZ0 | TUSIZMaD | OEds | 1.0 0545 | ECS54 161 | 43500 |  EPOO00 | SO0 | 138
Mode Displacement Summary
Hoe e 3 T T Resuiiani T T T
immy | gmen [ mey | imey | gmm i) irau)
M ¥ 145 | 18T NFLACE 15078 0EAT EEr N BEEREL 0000 0000 oo
TGRS 145 | 183 MFLACE BT 02T 2075 | 16EE 0000 0.000 0002
M T 131 | 161 NFLACE 13240 1210 0000 | 13204 0.002 0.000 0.003
TR 18 | 157 MFLACE oD || ez 041 | doaod 0000 0000 0.0
Max 5 |[ATIMFLACE o7 o7 EEET! =2 0000 0000 oo
MR Z 145 | 165 MPLACE AnzeE 0TTE 20T | 134T 0000 0000 00T
P 1 4 |51 MFLACE £543 9852 A3m | 1340 T 0000 0.
Tl B8 | 151MFLACE T34z | Az=iT 033 | 1z4es ETaL 0000 0.0
W T 18 | 165 NFLACE 0000 055 0000 0.5 0.0 0008 00T
Tl 1Z8 | 165 NFLACE 0000 Az7 0000 147 0.0 004 Ry
M=t 12 52 | 153MFLACE eIl 3852 o113 T 0.0 0000 G
Min 12 TE | 151MFLACE 20 3850 o113 T 0.0 0,000 FTa
T B 16 | 1517MFLACE 1399 | S9mm OmE | dzaen 0.0 0000 0000
Beam Displacement Detail Summary
Digniscemants shown b Bails indlosis the nacance of an offge
Eaam LG d -4 ¥ z R sl k=n it
i) ) imem) imm) ()
M 7 151 | 1GTMALACE 1.0 15857 0S5 2385 | 194H
Mm% 150 | 16ENALACE 10 | ATEse 0. 247 | 8=
T o 16 TMALACE 0000 1353 120 oD | 13E
Tk Mz | I6TNELACE 1400 oo || Sessw 0057 || 40
Max T 3 |15SMAACE 2850 oo | A3Eiz BE4E | 15574
M Z 5 | 15TMEACE 2375 oon | AzaeE 2384 | 1z7o4
Tz o [z [ ETNEALE 130w 1550 | =T T | &EAEE
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Reaction Summary

Horlzontsl | werdol | Horlzontsl Mormam
Hiode LG Fix i FZ MX M MZ
(k) L (kA e G L
Pl Fo 132 183MPLACE ZAE DaO e} e a] TrE41e 10,000 [aRe e a] Lala g
Min FX 1= 182 PLACE ZEDE1E ek aa] TEOEAE 0,000 [ale a a] [alin s a]
Rl= Y 2 181-PLACE i e el 1.E1E=2 SRR S5 0.0 [akena] [l 2 el
Min FY 122 161 PLACE -1E2.513 [aka 2 2] =X .00 [ale aa] [l 2 el
Bl FE 122 162 NPLACE -Z50812 [aks s a] TEO BT 2.000 [ale na] [l aa]
Min FZ 3 181 PLACE alia ] 1541E=3 <BEE EIE 0,000 [ale a a] [alin s a]
Ri=: MO 2 181-PLACE i e el S ez R bai-y E 0,000 [akena] [l 2 el
Bim RCE 2 161 PLACE ala e al S E13 {50515 0,000 [ale aa] [l 2 el
F=: BT i 161MPLACE als w el S E1E -150515 2.000 [k e 2 2] [l aa]
Mim MY 2 1612MPLACE ale e a] SELE1E ey 10,000 Ll dd] Lala g
Rl= MIZ 2 181 PLACE alia ] a4 13 {50515 0,000 [ale a a] [l a]
Fin BEZ 2 181-PLACE i e el S ez R bai-y E 0.0 [akena] [aRa 2 2]
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E ngl nz==r Clhvzecdk ad & piprowned
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Cenfhen: =
Etrucduns Tips | SRWCE FRAME
Pharminer of Modes 91 | Higiest Mode 145
Phuminer of [Elerments 155 | Highes: Sasm 451
Adurizesr o Flanes 42 | Higness Slane 443
Pborniner o [Seesic Losdl G 33
Phcainear of (ComininaTion (Lo Camas =
includesd ba this nedmiout s dete fos
Al Tree Whoks STuciuns
included ba thls prmout s emsulls for load cases:
Type LA M arme
oDt =N AL EPLCEN0N ILTAD
Coenindration 22 ALS EXFLOEICN LDAD
Utilization Ratio
Eaaam Lun sy slis Deshgn n:-fual.ﬁ.llnwahhi Foaitho [= R LA M Iz Iy
Frop arsy oD 1y = atio Al AT D= ] =i ] iom’y
1 TUEE00E0D | TUEE0EOD | 0480 1.0 0450 | BECagis S 312 | 151000 a4 a4
2 TUESODZSD | TUEZSORSDT | 0408 1.1000 D405 | BCS53 1 | 149000 13 135E
] TUSEOISD | TUSISODED | O40s .00 Q405 | BS-S540TE | 31 TrAM TE TEE
=] TUSEOISD | TUSRSRSS | G128 1.0 0AZE | BC-SS4LTE | 31 | 1450000 13 13.5E
=} TUEBSOZSX | TUBSSORSDE | 0% 1.1000 050 | BC-SS54LTHE =M TrAoD TS TEE
T TUESODZS | TUEZSORSD | QB9 1.1000 O0ES | BCSSS 2 | 145000 13 135E
2 TUSELISD | TUSISRED | Q0S8 .00 O0ED | BECE53 312 | 1480000 13 135E
1z TUSEOIS: | TUBZSMRSE | 0.3 1.0 0= | BC-SS4LTE | 3H TrA00 TE TE1E
14 TUBECDZSX | TUBZSORSD | Q405 1.1000 D405 | BC-S 54 LTHE =M TrAoD TS TEE
T TUEE0OE0D | TUEE00R00r | QLD 1.000 QL4E0 | EC-ags e 2 | 151000 z )
a1 TUSELISD | TUSRSORSS | 030a 1.0 0302 | BC-SS54LTE | 33 | 1450000 13 13.5E=3
] TUSE020 | TUBZHaIr | 05N 1.0 05N | BCS54 3 43500 fepgele e S0
25 TUBRSD | TUBHZoZD | 02558 1.1000 0355 | BC-S554 =M 43 500 ET000D f-rgalia s 3
-] TUEBECZSD | TUBZSMsDr | 07 1.000 QT | BC-ESS54LTE 1 | 149000 13.5E=3 13.5E=3 3
aE TUS2020 | TUBH2MaD | 0353 1.0 0353 | ECaais3s) M 43500 ol S0 3
20 TUSE020 | TUBAZMaT | 0377 1.0 Q37T | BCS43(T 3 43500 S0 3
£y} TUESODZSD | TUBZSORSDT | 0280 1.1000 0280 | BC-S54THE 1 | 149000 13 5E=3 3
2z TUESEOISD | TUBZSMDSD | 0220 .00 Q220 | BS-S54LTE | 32 | 1420000 135E 2
33 TUSELISD | TUSRSRSD | Q158 1.0 0458 | BC-SS52LTE | 33 | 1450000 12 3
4 TUEBSOZSD | TUBSSORSDT | 0.7 1.1000 073 | BG5S 4LTHE FH | 145000 1= 3
=5 TUBEC2SD | TUBERSMREDr | Q502 1.000 Q=02 | BS54 TE 12 | 149,000 1z 3
-] TUSEOISD | TUBISMRED | Q4TS .00 0A4Ts | ECE5: 312 | 1480000 135E 2
) TUSELISD | TUSRSRSD | 0357 1.0 0357 | BC-SS54LTE | 31 | 1450000 13.5E 3
= TUEBECDZSD | TUEZSORSD | 0208 1.1000 0208 | BC-SS54LTHE 2 | 145000 135E 3
= TUBEC2SD | TUBERSMSDr | Q7S 1.000 QATS | BOS53 12 | 149,000 13.5E 3
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105 TUEBAZA0 | TUBAZMIE | 0551 .00 e A2 25 500 E110.000 E100000 S48 P
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10 TS 014 | TUS400408 | QU342 1.1000 042 | BS-543T iy b 41500 1.21E=3 1.25E=3
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122 -EZ8E =ES40E 5l ' 1.10000) 12 | 10 00 HIE== 105000
124 -EZ8E HEI40E 04T 1.1000 22 | 105000 HIEE=Z 10500
125 -EZ8E =ES40E 5l ' 1.10000) 12 | 10 00 HIE== 105000
127 -EZ8E HEI40E 042 1.1000 22 | 105000 HIEE=Z 10500
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LAYDOWN LOAD CALCULATION

Master Thesis UiS Laydown Load
The structure unit measures 10000 mm, 3500 mmand 8500 mm (L-W-H). Accordingto
MORSOK, laydown areas are not normally to be designed for less than 15.0kMN/me.
. . kN
Laydown area: [ref/3/, NORSOK N-003, 5.3/ Table 1] gq:= 1:-.D—_|
-
Calculation s:
Width of module dmodyle = 33 00mm
Length of module Lmodule:= 10000mm
Area of module -:‘module: dmodu1,Lmodu1_— 33, Dm
Total point load: Frotal’= 4 Amodule = 823 01N
Length of members on the top of the DOP: Lrrl = Lmodu15+ 9-dmcdu13= 3%95m
F, ;
Laydown load total KN
F = =138
laydow
ydown L, m
e
I np 'ill[" ||I|=||II llllllurl"""l||""'ﬂ
W 1y
I ety 2t A
5 |||u""lllull||| el 1l
3 X . - J \-'\ :J
5 ) e .3..
\
¢._. ) H
I8
Figure from Staad.Pro
Spring semester 2013 page 1 of 1
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STATIC WIND CALCULATION

Master Thesis UiS

Design Wind Load

Level at top of steel celler deck:
Height of module
Width of module

Length of module

Module height above sea level:

Mean wind action:

average time period:

Gust wind period:

213 of the height of the module structure is applied for design and calculation of wind load
according to design brief. Level at top of steel weather deck, Black Gold field is 57950mm.
[refM!, Structural Design Brief/ Environmental load].

[refi3/, NORSOK MN-003/6.3.2-6.3.3]

3 second gust wind will be used for local design when structure have a vetical or
horizontal extent less than 50.0 meter. Reference wind 1 hour mean wind velocity at z-
direction egual 10.0m is 34.0m's. [ref/1/, Metocean data, Black Gold field].

Reference wind 1 hour mean wind velocity at z := 10 m:

diope ¢ = 33300nm

hmodule: 2300mm

ﬂmudule: 3500mm
Liodyle:= 10000mm
2
Lnodule™= dtcp.c.d * E'hmcdule= 40133-mm

m
Uy =3402
L3
ty = 3600s
t:=3.0s=
_ Ly s
Cp:=37310 {1 +015Up—] =014
| m )
( [z T
[ | dule | |
U, =Up|1+Cpln ——"||-407.2
\ L 1m ) 5

022

intensi : ( N ((Zmodute]
Turbulence intensity factor: 1,006/ 1+ D.D43-UD-i | odule | —011
\ m/\ 10m )
- . o s TRy
Characteristic wind velocity: U, =U{1-04111df t | —s36
\ W) :
M ass density of air: po= 1.115E
mS
Shape coefficients:  [ref/¥, NORSOK N-003.6.3.3] C,=12
o= 90deg
Spring semester 2015 page 1 of2
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Master Thesis UiS

Design Wind Load

VWind pressure in tran sport:

‘Wind force acting on module from north direction

The new model can be assumed to be 50% solid.

[refi6l, DNWVIZ.2 3.1]

External pressure coefficient: ——
hmodule e
dmodule
T I\I
CpedT 0.7 70
-.:p5 ei= 0.3
Mean wind pressure: Gwind-
Area of noth part of module Amnh: 3300mnm -9 35 00mm
Anorth=3225m
lenght of load area fro the nomth direction. ]_“__35[
L =333im

Fwi

Frindde sign

Fiind de sign =

1 P I N
= E'Cs'p'I_UZ.t,I' -sn(e) =2.1.—

Fiind = Swind “north
4=1102x 10N

=0.30-F;

33

Gwind t-

m:.

wind

08x 10°N

2

m

Spring semester 2015

page 2 of 2
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B.3 EARTHQUAKE ACCELERATION CALCULATION
Master Thesis Uis Eartquake
acceleration

EERTHQUAKE ACCELERATION CALCULATION

Earthgquake accelerations are given in the design brief must be used to calculatethe correct
acceleration for the module. The accelerations given in design brief are for top and bottom of
the main structure but for module we need to find it.

the module lower support points are in line with cealler deck center line (33.0 m), and top of
module are in line with mezz deck { centerline 42.5 m).

To be conservative and same time have the mast closestvalue of acceleration for the module
the 2/3 height of the module used for calculation of acceleration.

Refrence accelerations have beentaken from design brief:

TGS 100 year 10000 year
waather deck % - 0.47mfsn2 % - 2.30m/5"2
57950 ¥ - 0.38m/s"2 y - 4.42m/s42

7 - 0.13m/s"2 z - 0.60m/s"2

100 year 10000 year

x- 0.42m)s"2 K - 2,08mfs"2

Eglir deck ¥ - 0.38m/s"2 y - 1.Bdmfs"2
-0, loih -0, -I| II'-“\.

32200 2- 0.13m/s"2 z-0.57m/s™2

Figure 51 Earthquake accelerations

Eartthquake acceleration 100 year

Distance between top and battom of main structure

TOS = 5793 0nm BOS := 32200mm
A = TOS —BOS A=257m
Spring 2015 page1of3
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Master Thesis Uis

Eartquake
acceleration

X_direction

Acexpgp= 047 Accxpopiom= 0427
s a
A= Accxg, . — Accx -
b1 top bottom by odule= 5-3m
AL =0.05=
s 2
Assume 2/3 height of module: Ah = E'hmodule
Ah m
Agex = Ax-z + ASCEpo trom Accx = D.4323—_|
o2
. Agex
XIDD = . X100=0_m41
T_direction
m m
_ikcc:\.-'mp: D.39-—_| ACCHho trom = I}.BS-—_‘
5‘ 5‘
ﬂ"}-':: -:kc'szrmp_ AcCYhottom m
A =001—
2
Ah
Acey:= Ay—= + ActShortom Acey=03825=
¥ 2
Voo Accy
100+~ Y0 =0039
Z direction
m m
_-‘Loczmp:= [2'.13-—2 Acezy ppro =013 -
g g
1m
Ay= -""‘:cztop_-j*“zbottom Ay=0—
2
Accz—a 2o Accz=0135
Fa 2 2
3 -]
Accz
Spring 2015 page2of3
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Master Thesis Uis

Eartquake
acceleration

X dirction

. Acx
Xoo00=—

g

Y — direction

Acymp =442

wulE

AY:= ':"'qrmp_ AC¥pottom

Ah
Acyi= &Y-? + AtV ottom

Acy
Y10000:= -

Z —dimction

Aczm = 040

B

w}-_llE

AZ = 'j":zmp_'j’czboltom

Ah
Az = _‘\Zj + Aczbctmm

Acz
Z10000= —~

Eathquake acceleartion 10000 year

_-"s.cxbmmm:l.DS-

wr-_lla

AX=022

m
-
a“

g

Acx=213412

i

5

Acy=24746"
2

Aczbottom:: 0.57.

lX‘l‘-JlE

AZ=0032

s

Acz= D.ST-‘T-‘4%

s

Z;0000="0-0582

Spring 2015

page3of3
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BARGE ACCELERATION CALCULATION

Master Thesis UiS

Barge acceleration

Height of module:
Width of module:
Length of module:

Depth of barge:

Calculations:

Barge acceleration in +X;

The offshore module structure shall be fabricated onshore, and transportedto the Black gold
field on a barge.Wind load and barge accelerations shall be calculated according to DMV
Rules for planning and execution of marine operations.[ref/6/, 2.2 3.]. Barge dimensions are
provided by AkerSolutions in Stavanger. 2/3 height of the module structure shall be used in
calculation according to Design brief, 5.2

Distance between bottom of the module and barge deck:

From DMWY 1996 rules for planning and excution of marine operaion Part.2

Longitudinal accelartion due to pitch and surge:
Incresing 0.01g each meter above the bottom of object.

Transvers acceleation due to roll and sway :

Increasing 0.015g each meter above the bottom of object.

dnodutep = I00mm

th‘Ij-'L]-lE:= %50 0mm

deﬂLﬂB:= 33 00mm

L = 10000mm

module -

dbarge = 7620mm

Hype = 043g at waterline

= 0.63g at waterline

Zyce:

{ 2 A
ay =043+ L_'ibarze + T hnodulet dmodule b 001 £ 0.3845¢
= 3 '_’.' 1m
Barge acceleration in +Z:
R { 2 A g
ag=063g+ | dporee + T Byodule™ Smodule b0 013= =0.8668¢
- & =) m
Barge accelerations in-X and-Z have the same value with opposite direction.
M aximum Barge acceleration in +Y: Ay ey = 033
Minimum Barge acceleration in -Y: Aymin = 045z
Barge acceleration in + x :
a, = 0.5045
Barge acceleattion in +z: a,:= 0.83663%
Spring semester 2015 page 1 of3
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Master Thesis UiS

Barge acceleration

b
=
T USCAND
T I |
- = i W, il
TEETHR mm [EIAE BT
L FLAUE SR DT K
T haw LA Taw BT Toaa T Taw T Toaw T wy v
wathin s W HiaAIR AR Wi ST Y
4 E !
[] i \! ! L
L} L L] 1 L | ¥
.
Wil Bkt L ik Wb i [ BT T“
I 1 | 1 1 ¥ 1 1 o 1 1 ] 4l 1 1 LI L 1 L1 1 lﬂ
1
.Ilql 'Y 'I. ill ilI. lI ‘l
# 1 [
- ]
L ] Li Wik LT 1] L] i aiwa
[
L] s -  mal s w gy - s
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Master Thesis UiS Barge acceleration
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Master thesis UIS Variable functional loads

Calculation of variable functional loads on deck area

The variable functional loads have been selectedfrom following table.

Table -3 Variable functional loads on deck areas
Locel design Primary dastgn | Global desten
Disvited odp | PohtloadP | dpph facorto | Apalfctor 1
(Wil (k) disnibutad load | wriniry design load
Sorag arexs q 1ig 10 10
Lay down ateas q 15q f f
Lifeboat plaiforms 40 90 10 may be ignored
Area benveen equipment i 50 f may be ignored
Walkewats, staircsses and 10 10 ¢ mat be ignored
platfoms, cew spaces ' '
Walkeways and stircases for 30 30 i far be ignored
itspecton only ' '
Areas ot exposed to other ¥ 2 0
functional loags N )
Nores:
— Wheel loads tobe added to distriuned loads here selevast, (Wheel loads canbe cousidered acting ca an asea of 300 5 300 )
— Poiot londs to be applied o au avew 100 x 100 s and o the most severe position, butaot added to wheel loads o datribuied
ek,
— o be eraloated foreach case. Lay donn areas shld not b desigund forless thon [3EN o,
= F=min{l0; (0.3=13/4)) wheee A i the Doaded area 4 v,
= Clobal Joad cases shall be sstablibed based wpon “worstoase”, characteristc Joad combinativas, conplving wih fbe limitisg
glabal catersa b the stovctare, For buoraut suctures there critrsa e established by squaresseats bor 1he Sloating posion i
still water, andintactand chanage stabibty eequirements, 15 decumened in fie opeational marual, eonsidseiag rariable load on
the deckand intanky

Source DMNV-03-C101 Offshore standard

According to the above table the variable functional loads between equipment area must be
choosen.

5.0
Qvariable = -
m2

Y ariable functional loads:

Spring semester 2015 1of2
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Masterthesis UIS Variable functional loads

-
&

Total deck ara: 10-35 = 55m

Area under pums: 0752.6= sz

» l l
Total available area: 3im” —0m =46m

Unifarmly distributed variable functional loads varying on deck area:

For beams 1 and 6 under pumps:

f 1.43m o=
Fimd= q‘-amble-k1.43m+ 1 —0.7m

]
4

RN
FUﬂd= 6.9.-:!;

{ 1.43m ")
FEng= flvmable"kl-ﬂm’r — |

At both ends:

KN
F = 10725—
End

For beams 2-5 under pumps: Fund ™= Qvadaple 1. 43m-1.75

EN

m

Fyng= 34

Atboth end of beams 2-5 Fend ™ Guariable 1-43m

kN
Fopq=7.15—
end m

Spring semester 2015
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B.6 COMBINATION ACTIONS TABLE
Wind load combination ULS-a/b
Table B.4.1 wind load combination
Buasic load cases Uls-a load combination ULS-b load combination
No |Description of load |WCF combination  |load combination numbers load combination numbers
uls-n |uls=b | 100] 102| 103| 104) 105) 111 12| 13| 14| 115
1 |selfweight 110 130f 1oo| 14| 13| 143) 143) 143) 120] 110] 110 110 110
2 |secondry stoel 110] 130| 1.00) 143| 143 143 143 143| 110 110) 110 110] 110
3 |equipment load 110] 130| 1.00) 143| 143 143 143 143| 110 110) 110 110] 110
4 |varable load 070) 130 7oy avaf ovof 470 070 100 100 100 1001 100
3 |laydown Load 070) 130 7oy avaf ovof 470 070 100 100 100 1001 100
31 |wind +x 0.70] 1.30] 70| 0.9 130) 092
32 |nind x 0781 1.30 0.7 049 1301 092
33 |wind + ; 0.7 1.30 0
34 |wind - 0.701 1.30 .49 g49] 470 0.92 0921 130
Earthquake action 100 year
Table B.4.2 earthquake action combination ULS-a
Busicload cases ULS-u Earthgauke 100 years load combination
No | Description of Loa) WCF
ulsa| 121( 120{ 123) 1M4) 13| 126( 127) 128) 131) 132 133| 134] 135) 136| 137) 138
1 |selfweisht LIOJL30| L3 L3| L3146\ L8| 13| L3 (L43| 143 143) 143 1.43) 1.43| 13| 13| 143
lsecondrysteel | L10|130{1.43) 143|143 | 143|143 1 43| 143 (1.43| 143) 143| 143| 143) 143| 1.43| 1.43) 143
3\equipment load | 110|1.30{ 1431 143|143 143|143\ 143| L3 (1.43| 143) 143| 143| 143) 143| 1.43| 1.43) 143
4 |varinble lind 13011.3011.3011.30{130|1.30)1.30)1.30{ 130\ 10| 1.00) 1.00) 1.00) 1.00{ 1.00| 1.00f 100
5 |laydawn load 1.3011.3011.301.30{1.30|1.30)1.30)1.30{ 1.30| 100| 1.00) 1.00) 1.00) 1.00{ 1.00{ 1.00f 100
41\EQ 10lyr +x 0.7010.70] 049 049 0.70) 049 049
42 \EQ 10lyr x 0.70 0.701049 049 0.70) 049 049
43 Eq 100y + 0.70 0.70{049 0.70) 049
44|EQ100yr-x 070 1049|049 0.70]049 049 049 0.70) 049
43{EQ100yr +y 0.70 D701 0701 -070) 0700 -0.70( -0.70{ -0.70( -0.70
46{EQ Llyr -y 0.7010.70\020(0.70(0.70| 0.70| 0.701 0.70) 0.70
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Table.B.4.3 earthquake action combination ULS-b

Basic load cases ULS-b Earthquake 100 years load combination
No |Description of loa) WCF| EQ 100yr-¥ EQ100yr+T
uls-b| 141] 142 143] 144] 143] 146 147) 148] 131| 132] 133| 134| 133] 136] 137] 138
1 |selfweizht 1.10]1.00|1.1011.10{1.1011.10| 1.10]1.10) 1.10) 1.16| 1.16{ 1.10] L10) 1.10) 110} 1.10{ 1L.10] 110
2 |secondry steel | 1.10]1.00]1.10)1.10{1.10|1.10{ 1.10| 1.10{ 1.10] 1.16{ 1.16] 1.10) 1.10| 1.10{ 1.10{ 110] 110] 1.10
3 |equipment load | 1.1011.00]1.10)1.10{1.10)1.10{ 1.10) 1.10] 1.10] 1.16{ 1.10] 1.10) 1.10| 1.10{ 1.10{ L10] L10] 1.10
4

variable lind 1.0011.00)1.00]1.00]1.00{ 1.00|1.00) 1001 1.06) 1.00{ 1.00] 1.00] 1.00{ 1.00] 1.00] 1.00] 1.00
3 |laydown load 1.00{1.00(1.0011.00|1.00| 1.00{ 1.00)1.0011.08) 1.00) 1.00| 1.00( 1.00{ 1.00| 1.00| 1.00] 1.00
41 |\EQ100yr+x 1.3011.30) 0.92 0.92 1.36| 092 (.92
42 \EQ 100yr -x 130 1.30]0.92 0.92 1.30| 0.92 0.92
43 |Eq 100yr+: 1.30 1.3010.92 1.30) 0.92
44 |\EQ 100yr - 130 0.92 0.9 1.30{0.92 0.92 0.92 130] 0.92
431EQ 100y +y 1.30 -1.30] -1.30] -1.30) -1.30] -1.30] -1.30| -1.30] -1.30
461EQ 100yr -y 1.30{1.30{1.3011.30)11.3011.30{1.30] 1.30] 1,30

Earthquake action 10000 year ALS

Table B.4.4 earthquake action combination

Basic load cases ALS earthquake 10 000 year +y 4
No  (Description of load |WCF EQ10000-y EQ10000+y
ALS | 161( 162\ 163) 164|163 166 167|168 171| 172\ 173 174| 173| 176) 17| 178
1 selfweight L10{1.00\ 1101110110\ L.10)1.00{110(110)1.00) 10| 110f L10| 110) 110 1.10| 1.10f 110
2\secondrysteel [ 110{100)1.10)1.10{ 110\ 1.10)1.10{110( 110\ 1.10) 1.10{ 110 L10| 110} L10| 1.10| 1.10f 110
3\equipmentload [ 110{100) 1101110110\ 1101 1.10{L10{ 110\ 1.10) 110{ 110 L10| 110} L10| L10| 1.10f L10
{

vartable liad 073( 073|075 075 075\ 075 | 073|073 075 073 073 0.73| 73| 075 O73| 075 073
3 |laydown load 075( 073|075 0751075\ 075 | 073|073 075 073 073) 0.73| 73| 0.75) 073 075 073
STEQ 10000 +x 1.00)1.0010.71 0.7 1oy 071 071
31 EQ10000yr-x 100 100|071 071 Loa) 071 071
33{EQ10000yr+: 100 1.00{0.71 1.0a) 0.71
MEQ10 000 - Loof (67| (071 1.00)0.71 071 071 1.00) 0.71
JI{EQI0000yr+y 1.00 -L00| -1.00} -L.0a{ -1.00) -1.00| -1.00) -1.00} -L.00
36{EQ10000y¢ -y 1.00)1.00\1.00| 1.0a{ 1.00{1.00) 1.00) 1.001 1.00
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Barge acceleration action

Table.B.4.5 barge acceleration action ULS-a

Basic load cases Barge acceleration action ULSa
No |Description afload  |WCF) UlS-a+y ULS-a-y

uls-b| 181 182 183) 184] 185| 186 187 188] 191| 192| 193] 194] 195 196| 197 198
1 |selfweight 110\ 1.0011.43(1.43|1.43| 1,431 143|143 1.43| 1.43| 1.43| 143| 143| 143 143| 1.43| 1.43| 1.43
2 |secondry steel 110\ 1301143 (143 | 143| 143|143 | 143 | 143|143 143| 143| 143| 143] 143| 1.43| 1.43| 143
3 |equipment load 110\ 1301143143 | 1.43| 143|143 | 143 | 1.43| 143 143| 143| 143| 143] 143| 1.43| 1.43| 1.43
61 |ind transport +x 0.70(0.70] 0.49 0.49( 0.70] 0.49 0.49
62 | Wind transport - x 0.70 0.49(0.70] 0.49 049| 0.70] 0.49
63 | Wind transport + 0.70 0.49(0.70] 0.49 0.49( 0.70] 0.49
64 | Wind transport - ; 0.70 0.49(0.70] 0.49 049 0.70] 0.49
71 |Barge acceleration +x 0.7010.70( 0.49 0.49] 0.70| 0.49 0.49
72 |Burgencceleration - x 0.70 0.49|0.70] 0.49 049| 0.70] 0.49
73 |Barge aceeleration + 3 0.70 0.49| 0.70| 0.49 0.49] 0.70| 049
74 |Barge acceleration - 0.70 0.49|0.70|0.49 0.49| 0.70| 0.49
73 |Barge acceleration +y 0.70(0.70(0.70|0.70| 0.70| 0.70| 0.70 ﬂ.?ﬂ’ﬁ
76 |Barge acceleration - y 0.70 -0.70| -0.70| -0.70| -0.70] -0.70| -0.70| -0.70| -0.70

Table B.4.6 barge acceleration action ULS-b

Basic load cases Barge acceleration action ULS-h
No |Description of load ~ |WCF ULS-b+y [s-b-y

uls-b| 201| 202) 203) 204) 205) 206) 207) 208) 21| 212\ 213| 4| 215) 26| A7| 28
1|selfweight 1.10(1.00(1.10(1.10(1.10(1.10(1.10(1.10|1.10( 1.10| 1.16) 1.10{ 1.10| L10| 1.10( 110| 11| 1.10
2|secondry steel 1.10(1.00(1.10(1.10(1.10(1.10(1.10( 1.10| 1.10( 1.10| 1.16) 1L10{ 1.10| L16] L10( L14| 110| 1.16
3 | equipment load 1.10(1.0011.1011.10(1.10(1.10|1.10|1.10| 1.10| 1.10] 1.10) 1.10{ 1.10| L10| 1.10| 110 110| 1.10
61 | Wind transport + x 1.30(1.30)0.92 0.921 1.30( 0.92 0.92
62| Wind transport - x 1.30 0.92]1.3010.92 0.92) 1.30( 0.92
63 | Wind transport + ; 1.30 0.9211.3010.92 0.92] 1.30( 0.92
64 | Wind transport - ; 1.30 0.9211.3010.92 0.92) 1.30( 0.92
71 |Barge acceleration +x 1.3011.30{0.92 0.92( 1.30] 0.92 0.92
72 \Bargeacceleration - x 1.30 0.9211.3010.92 0.92) 1.30( 0.92
73 |Barge acceleration + 1.30 0.92(1.30)0.92 092 1.30] 0.92
74 |Barge acceleration - ; 1.30 0.92]1.3010.92 0.92) 1301 0.92
73 |Barge acceleration +y 1.3011.3011.30{1.30(1.30(1.30| 1.30| 1.30 1.30
76 |Barge acceleration - y 1.30 -1.30] -1.30] -1.30( -1.30( -1.30| -1.30] -1.30{ -1.30
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DROPPED OBJECT IMPACT LOAD CALCULATION
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Master Thesis UiS DOP impact load, ALS

Calculation of dropped object impact load

According to Design brief the accidental load to be considered is a dropped object load on
the module structure. The accidental load shall be combined with the other loads on the
madule structure, with appropriate factors. Dropped object load to be considered is a Ftonne
container falling 3 m. The module structure shall absorb all the energy created without
damaging the instrument. An impact energy of 210kJ with a contact area of 0.8m< shall be
usedforthe design. This analysis is for ALS condition, hence the load and material factors
are setto 1.00

The beam is considered pinned at both end{conservative).

Factors:

Design Load Factor: YALS = 1.00
Material Factor. “im1:=1.00 (ALS)
Material Strength:
Steel grade: 3355 {‘ = 333MPa

£, =310MPa

5 355 0MPa
“im1

Youngs modulus:

Design Load:

Mass of falling object: my = Ttonne

Traveled distance from drop point: gy = 3000mm

Velocity of dropped object:  [ref, NORSOK N-004, A 4.2

17 2 o
E. =203 2kN.m

Impact energy:

imp = RE i V1

Spring semester 2015

page 1 of 7
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Master Thesis UiS DOP impact load, ALS

The calculations are based on following practice and philosophy:

First the plastic zone xfor each plastic hinge is found.
From the allowable strain the maximum pemissible rotation is calculated for each

1

2
hinge.

3 The average rotation angle is taken as 70% of the maximum allowable rotation. For an
ideal stress-strain diagram the average rotation angle will be 50% of the maximum
allowable rotation angle. But because of the fastening/hardening defonmation effect of

stress-strainin the rotation area, the maximum rotation willnot decrease lineady but
decrease more parabolic. Hence 70% of the maximum allowable rotation angle is used

to calculatethe maximum absorbable plastic eneragy.

Figure 212 [ref stalhandbok del 3:2010]

page 2 of 7
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Master Thesis UiS DOP impact load, ALS

Data is from COLBEAM- NS3472

RHS-square - Hot farmed
- Dimensions & Weight
T | o
[ b= 250 en
-
t= 160 rm
Add toDatobase = 40m
y<--|- h 9= 1154kg/n
S= 0531 m2/m
‘UZ 0K |
e
—2
~ Section propaty
A= 14700 m2 Aeff= 14700mm?2
lp= 1,27E+8 mmé b= 1327E+48 mnd
[x= 2T14E+8 mmé b= 299412 mmb
Welp= 1,051E+6 mm3 Wele=  10B1E+6 mn3
Vilplp = 1,280E46 mm3 Welz=  1.280E+5 mn3
Weffy = 1,061E+5 mm3 Welfz= 1,061E+6 mind
Il ~Capactty
Seclionclass: 171 MMy
Mbd = 4144,1kN Hdy= 4131 Kim
Ned = 4144,1KN Mdz= 4131 KNm
Viz= 1169,5kN
Viy = 11695kN

Spring semester 2015
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Master Thesis UiS DOP impact load, ALS

Energy absorption for a simple supported beam:

HE 140 B
P
A l C
A “
77777 -
b —
L

Length of member: ]-mzmbar = 3300mm

Height of profile: hpmf = 250mm

width of profile: "‘"pmf = 250mm

Thickness of profile: lpmf = 16mm
Section property:

Section modulus, elastic: “'3:= ll}lz’slDE:'IItr.un3

Section modulus, plastic: Wp:= IJSI}I}I}&:JJ::L3

Moment of inertia: l»-':= 132?DDDD&1m4’
Capacities :

Elastic moment capacity: ME = {"_.-‘l'\'e =376.7kN.m

Plastic moment capacity: Mp:= f}_.“p=434.4k\-m
Spring semester 2015 page 4 of 7
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Master Thesis UiS DOP impact load, ALS

plastic zone:
P
F
L
X
| -‘?:“'““:-“:--__H__
M-. “*-.._\_\_‘1. -._\__H _._I,._:-""--
Mp e - e - o L
] w\_\_\_x e — e
_ Mp—ME
Xl:= Lmsmbar'i = 041 0mm
] (M)
X2 :=Lm:mb:r'. l-— | =9841.0mm
[ W
};_1 = Lmzmbar 1 - “—_ | = 9—110mm
e/
= X=0941m
Maximum rotation angle| note unitis rad pr.mmy}:
£ max
Maximum strain: €y = 022
max rad hi2
Maximum rotation angle: &, = 0002 —
of it
A tati le: : 9
Average rotation angle: aa‘g =000 = D.I}DI-E
Spring semester 2015 page 5 of 7
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Master Thesis UiS DOP impact load, ALS

The average rotation angle is acting on the length of plasticzone.

Plastic rotation angle in plastic zone: f=X C— 116.rad

E.

ye quired = :;np =0.45.rad
Plastic absorbable energy is: Ep = H-}.f[p= 526 83kN-m
Utilization: UF = TP _ g
E
e
Mp

Reaction force: Riesction™= " =3305EN

4'Lmzmbzr

“'RBhEM:= [mehPfoF =810 8kN
a
The shear through capacity must be higher than Impact energy.

1 2 f}.- e
E&hsar.through = 1'?'[pmf'hpmf == =203 0iN-m
= W2

E.

Utilization: UFg=—©  —100
Eshear.thmugh

Stiffnessin hollow sections: [ref, NORSOK M-004, Table A 6-2]
48E-L, .
k= 71‘ =S[>35‘.S-E
3 m

Lnember
Critical strain, recommended value for S355 steel: Eopi=0Tegy, . =013
Spring semester 2015 page 6 of 7
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Load and stress analysis

F. =

Impact force: imp*

Ei.mp
Deflection on impact beam member. Baep=—— =03

M
Actual displacement Linember Pact

d

act™ 5

-

- 37
dyep= 623mm

Maximum deflection, restrained by critical strain and plasticity zone:

£ cr'X'L member

myg+ [(mpg)’+ kmgvy® = 13004

=0.623m

A= - = 1384 1. mm
"hpmf
Check:= |"OK" ifdj = A
) Check ="0K"
"FAIL" otherwise

flget=0433rad

Spring semester 2015
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C.2 EXPLOSION LOADS CALCULATION
Master thesis UIS Explosion loads

Explosion loads calculation:

Irternal pressure given in design brief bar =1 x lDiPa
Pint = () fbar
Pexp:= 0.60-bar Anodnle= 33.0m"

4
Pexp=6x 10" Pa

Fesign = 040 Fagp Fiesign =24 10°Pa

Fiot'=F4 esig Amodule

]
Fior=132x 10°N

Lenght of member camying loads on the deck of module.

L pemp == 9-35m + 10m

MEM

L pemp = 39-3m

unifromly distributed load on the deck of module

F
fot F 2057982

F vniform1 =

uniform- = L

memb

lenght of the member carrying loads on the first and second floor,

Lyembar:= 6-3.30m + 10m
member L member =43m
F
tot N
Fllﬂiﬁ}rﬂll}-':= L Foniformy = 40930 —
member m

Spring semester 2015

page 1 of 1
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C.3 FIRE LOADS DESIGN CALCULATION CHE CK

Master thesis uis Fire loads

Fire action calculation based on (EC3) EN 1993-1-2:2005
section 4.2.3.

Structure has suffiecient capacity ( R=30 minutes) during fire if the
critical temperature in member of structure full fil following criteria:

Temperature domain: ﬂatﬁ Ii!mI

Fire duration design:
Rijm= 30min

Member 448 with highest bending moment during fire action

RHS-square- Het formed ﬂ -
i = 1

~ Dimentians &hafeight

. RHE S0030k1E h= M
b= 300 mm
k= 160w
hdd o Daabase = H0mm
b Y + K gs  1405kgim

§= 113w
¥, oK, mefmn

1 %

r Sechon popely

Am 17900 men? Befl= 17900 2
Ip= 2IEEE R mmd lz= 2.395E48 rirnd
, lw= 37628t fw= 10B0E+11 mmf
Welp= 1.590E+6 nm3 Welz= 1530E46 rm3
Yiply = 1.895E 46 nm3 Wplz= 1895046 rimd
| Wefly= 1,590E+E rm3 Wedle= 1,390+ nim3
l - Capacity
Secionclazs 141 KMy
Mid = 37TRA KN Mdy= B1TEKNm
Med= SFTEA KN Md:=  611E6HHm
WVdz= 1BE7.E kN
W= 16676 kN
e
Figure from Colbeam NS 3472
Spring semester 2015 page 1of10

Page 175



Master thesis 2015 University of Stavanger

Master thesis uis Fire loads

TUB — 300.300.16

Yield strangth: fyi=3350MPa
Plastic saction modulus Wyy'= 189510°mm’
Material factor (ALS) g1 = 100
Bending moment capacity MR_d:= 611.6kN.m
Highest bending moment during fire action }*%d: 136.778kN.m

Eﬁ.d = MEd highest moment during fire action
Rﬁ_d_o = MR_d resistant moment capacity of member
_ Ena

Ho = Rido Ho=10236 degree of utilzation

Critical temperature:

r’ 1 .-
By ep = 39.101n — 17+ 482 By er=0872°C
KD.%H% ' J_.'
All sides of column effected by fire lfte<b:

Area of cross section A= 1?9DEmm2

Hight of cross section h = 300mm

Width of cross section b .= 300mm

Thickness of cross section t:=16.0mm

Spring semester 2015 page 2 of10
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Masterthesis uis Fire loads

surface area of the member per uirt length Ap=2(h+ b)-l-m; "
m 2
An=12m

) 3
violum of the member per unit length m 4
pe a Vo= Al V,=0018m
m
Section factor for unprotected steel members "Eu 1
P SFi= — SF =67.030—
Vs o
# Simple Calculation models- Temperature domain
* Increase of temperature after fire time At for unprotected internal steelwork.

Tabell 13.7  Stdltemperatur i wisobest komponent under IS0 brana [13.5]
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Design temperature:
(6704-60)

By=T21+ ———— (766 -721) By =728 °C
\ 100 -60 )

Check= |"OK" if 8% 6

a.cr

"FAIL" otherwise Check="FALL"

Fire insulationis required

Spring semester 20156 page 3 of 10

Page 177



Master thesis 2015

University of Stavanger

Master thesis uis Fire loads

Member 40 with highest momen duri

TUB — 250.250.16

ng fire action:

FH3-square - Hot farmed
r~Dimensians & Weight
r FHS 250250416 h= 250 mm
b= 250
t= 16,0 mm
Add fo Datsbase = 240 mm
1{& + h g=  1154kg/m
W 0K, S= 0931 m2/m
z
2y
Section propaty
A= 14700 rm2 Aeff= 10700mm2
Ip= 1TFE+ mmd |z = 1,927E48 mind
k= Z14E+8 mmd e 3299E412 mmb
Welp = 1,061E4E mmmd Welz=  106TE+E mn3
Wl = 1,280E+6 mm3 Wk = 1.280E+6 mind
Wefiy = 1,061E+5 mm3 Wellz= 1061E+6 mn3
|~ Capacity
Sectionclass 141 MMy
Mid= 4144 TkN Mdp= 4131 Kim
Med = 4744, 1kN Mdz= 4131 KNm
e = TIE8RkN
| Wi = 11695k
A e = u-' ¥ Sy = T T = e ]

Figure Colbeam M3 3472

Plastic section modulus

Bending moment capacity of cross section

Highest bending moment on member during fire action

. 63
Wop=12810mm

Mp 4 1= 413.1:Nm

Mgy = 193817 kNm
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page 4 of10

Page 178



Master thesis 2015 University of Stavanger

Master thesis uis Fire loads
Area of cross section R
A= 14700mm”
Hight of cross section by o= 250
Width of cross section bl = 250mm
Thickness of cross section k= 16mm
Degree of utilization:
M
Ed.1
Bo 1= By 1 =046%
Mpg41
o 39,1010 ! 1) + 482
= 2 g - 1 482 _ =
acrl FYSSRRETEE R By cp1 = 394.83¢°C
LR el
Al 3 sides of beam effected by fire IFt<< b
surface area of the member per unit lenght -:'*ml - Jl'h1 . bl}' l-m— _ 1m3
" : m

3
volume of the member per unit length Vest = Apst- l-ﬂ; = I}.Ilblim4
m

§Fy = Al;l =I.’>S.DJ?i

r 3
2

sectionfactor for unprotected steel members ezl m
Design temperature:
(68027 600
Bapg =721+ TR 1-(766 - T21)
. 4 By =730°C
Checly = ["OK" if 83,120, o1
Checly ="FAIL"

'FAIL" otherwise

Fire insulation is required
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Master thesis uis Fire loads

Member 184 with highest moment during fire action:

HE - 240 -B
L %
HEE
~ Dimenzion & Weight
T = 240
= 240
I = 10,0 iy
L] 17.0 wan
h r= .0 mm
Add to Databass | g= 832 k'
| §= 1,384 ri2/m
| [if8 |
|

Section moperk
A= 10500 i beff = 10600 nm2
f = 1126E+Bmmd lz=  3920E47 mmd
| = 1,000E+Emmd lw=  4970E411 rmb
| Wep= 9303E+45mm3 Welz=  JI69E45 mm3
! Welp= 1,05E+6mm) Wl = 4.984E45 mn3
| walfy = 3393E+5mm3 Wedfz = 3,163E45 mm3
- Capacity
Sectiondazs 1/ Ny
Mtd = JHWIEN Mdy= 2303 kNm
Med = JMIEN Mdz= 1603 kNm
Mo = G133 EN

ey = 101364

Figure from NS 3472

- S
Plastic section modulus “pl-l'_ 103310 mm

Bending moment capacity of cross section Mpgzy=3380Nm

) — 77 N
Highest bending moment on member during fire action Mgy y= 2231081 m

Spring semester 20156 page 6 of10
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Masterthesis uis Fire loads
2
Cross section area of member Aney = 11840mm
Hight of cross section h: = 240mm
Width of cross section b: = 240mm
Thickness of cross section teo= 17 Omm
Degree of utilization: Mgga -
Ho 2= N Hgy="0.636
Mpgza
Critical temperature:
6, hom30eid — L _1)sam
acrd " 77T - - ] =538.151°C
| 09674p 5,7 | acrl
\ y,
All 3 sides of beam effected by fire Ift==h-
2
Surfacearea of the member per unit lenght A g=(by +2-t) 12 _0274m”
- - ! m
. 3
Volume of the member per unt length Voeqi= |'b1-tf':|- 1_::; - 108 107 3m4
- L ! m
Sectionfactor for unprotected steel members -:'*mj 1
P SFy 1= — = 67.137—
Ves m
Design temperature:
67157 — 600
By00= 721+ | —— """ | (767 -721) B2 =729231 C
= | 100-60 ) 2
Checky = |'OK" if 8,558, o Checky ="FAIL"
'FAIL" otherwise
Fire insulation is required
Spring semester 2015 page 7 of10
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Fire loads

Member 393 with highest bending moment during fire action

Yely=

HF4FEN

HE 220-B
HEE
r Dimengim & Weight
B |- o
h= 20
tw= 3.5 mm
t= 16,0 mm
= 180 roen
Add to Databece g=  T5koh
5= 1,270 mim
MK
Sechon pepaity
A= 9104 2 b= S04 o2
I ly= Q091+ mnd fp= 2B03E+T mmd
li= 1 5B0E+E mnd lw= 2860E+11 mmb
| Wely=  1355E45 mad Wele = 255E+H mmd
| Wely= 0270645 mad Wpk = 359E+5mmd
I Wellp= 1355645 ‘Wellz= 2 56E-5 mind
~ Capaciy
Sectonclars: 11 Ny
Hid = LHIEN Miy= 2659 kHn
Hed = 2938, 1EM Mdz= 1271 kM
Yz = 5203 EN

Figure from Colbeam N3 3472

Plasticsection modulus

Bending moment capacity of cross section

Highest bending moment on member during fire action

Wy 3= 827010°mm’

Mpg 3:= 2669KN.m

Mpg 3:= 52.036N-m

Spring semester 2015
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Masterthesis uis Fire loads

Area of cross section Tes3 T $104mm

Hight of cross section by :=220mm
]
Width of cross section by = 220mm
Thickness of cross section tg = 16.0mm
Degree of wilization: ) Mggs -
Mo3= 1 Ho 3= 0193
Mpgs
Critical temperature:
i 1 .
By op3 =30.1000 —— — 1] +482 By o3 =687.°C
' | 09674, 5% | o
l\_ - B I‘Lg J
All 3 sides of beam exposed to fire Ift<<b-

-
£

= S TR P e
Surface area of the member per uint length A3 (B3 T2t m 0.232m

3
V olum of the member per unit length Vees =(b3ty) 1.2 _352x 10 °m’
370 I m
. Ami .1
Section factorfor unprotected steel members SF3 == =715301—
1‘-.:5.3 m”
Design temperature:
(71591 — 607
=721+ ——————— (767 =721 fizp 3=73433°C
at3 | 100-60 ) ) at3
Cheeky .= |"OK" if 6, <6,
"FAIL" othersize Chmk} = "FAIL"
Fire insulation is required
Spring semester 2015 page 9 of10
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Master Thesis UiS Pad Eye Design

Lifing Padeyes Type 2 WAL= 55T

-

€] P ) ,/’— \"\ 15
% // 4 / / ' /—\\\ i 1-, hY 2
P |' r.r’ \'. || \

/ | \ J ] \

/ \ \ NS ;J /

<

h

1 ZEl0mm

Padeyetype 2 (WIL <50 T):

The Padeye should be made of a 55

makingthe pinhole diameter 87 mm.

Shackle bolt diameter:

Fadeye minimum hole diameter:

Total Padeye plate thickness T shal

04w, <Tp<

standard shackle bolt which can carry 85 tonnes WLL has a diameter of 83 mm,

[ref/7i Morsok R-002 lifting equipment.]

mm steel plate. 2x 30 mm cheek plate. A

d = 83mm

dh = 1.03d + 2mm = 87-mm

| fulfil the following criteria

0 .ﬁ-ws

Spring semester 2015
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Master Thesis Ui$S Pad Eye Design

Cheeck radius: according to Norsok R-002 lifting equipment

1.0dy <Ry < 13:dy 1.0-dy =875-mm 15dy =1312mm
Choose cheeck radius as: Rb = 90mm
- N u
Sling/hook > Gy
C z
c|e
2
Y Y 8
L]
R =
il i —
t.
s

[ref/7!, Norsok R-002 lifting equipment].
Padeye height, length and radius:

Type 2-load - 20° <y < 20°

Inside width of shackle at bolt section W, = 127mm
Padeye plate thickness:

04w, = 50.80mm 0.6w = 76.20mm
Choose : tp.choioe = 55mm

We
Cheek plate thickness: t.= O.SS-T =270-mm
te choice = 30mm
Spring semester 2015 Page 2 of 11
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Master Thesis UiS Pad Eye Design

Pad eye radius: Rpi=Ry+t, =1170mm
Height of padeye R poice = 120.0mm

22dp2h< 244y 244y, = 208.8mm 2-2.dp = 191 4mm

h = 200 0mm

Minimum length of padeye

24h <L £27h 24h= 480mm 2.7h = 540mm

Padeye length should be as long as plate is wide. L choige = I00mm

e 2 — Load angle -90" = o = 20°
TYp =l

L o b
—r———

‘\- il throwt feghesaz

Figurs J.& - Lifting lug Typs 2 geometry —
Cheek plates each side

Figure . [ref/7, Morsok R-002 lifting equipment ]

Steel grade S420:  [ref, stalkosntruksjoner Table 5.2] R,:= 42004Pa

f,=520MPa
Factor: [refi4/, NORSOK MN-004 Table 6.1.]
General material factor: ml = 1.13
Resistance of net section at balt holes: 2 = 1.30
Spring semester 2015 Page 3 of 11
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Master Thesis Uis Pad Eye Design

Resistance of fillet and partial penetration weld:

e = 1.30
Carrelation factor(S420): fg= 100
Lifing Design Load Factors: [refi7i, Morsok R-002 lifting equipment.]
Factors relevant for lifting design:
Weight contingency factor, VWCE = 1.10
Minimum CoG factor (xy-plane): oG ™= 110
Dynamic amplfication factor: VDAF = 14316
Skew load factor: RKL = 123
Ultimate limit state factor{ULS-a): FuLs = 130
Consequence factor; V=130
Load factor: ~:= 130
Design factor: “pr =163

Total factor  ~io¢ "= HWCF CoG VDAF ISKL TULS e = 366

Accordingto design brief. Minimum sling angle is 70 degrees to horizontal plane.

[refi1!, 7.2]
Length of the offshore module structure: L g=10000mm
Width of the offshore module structure: LB o= 3300mm
Spring semester 2015 Page 4 of 11
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Master Thesis UiS Pad Eye Design

Data is from Staad.Pro analysis:

Center gravity of the offshore module was found by Staad. Pro analysis.

i = 5000mm y= 573 6mm z= 268 (mm
Structure:
Total lifting weight: “-liﬁina; T422TkN

Location of COG :

ap = 3000nm ap:= 500 0mm
bl = 2680mm b: = 2820mm
M aximum sling farce for 4 point
Wihifiing 11 TWCF ICoGVSKL VDAF  _ . (F-4)
Pip= = =391 619
Laslec
Load components:
. - _ (PLpDE)
Design load for lifting pad eyes and supporting strucure: P =—~ (F-101)
B cos(od
Sling angle tothe honzontal plane o= T0deg
(PLEVDE)
Sling force: P = E =1823 4N
P ooy
Verical force: P

v = Pp.cos(cc} =6570.kN

Haorzontal force: Pph:= Pp-sm(u} =1807 4N

Spring semester 2015 Page 5 of 11
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Master Thesis UiS Pad Eye Design
The padeyes are assumed to be welded onto the top of the
RHS250X250X16 beam.
=P
B =By * cosa W)
Py=Brsna (2)
b
P
k|t
— [
A-ig\
F N
\ B
SicA
Figure J.8 - Design load components
(Source, Norsok R-002 Lifting equipment)
Spring semester 2015 Page 6 of 11
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Master Thesis UiS Pad Eye Design
Calculations:

Check load bearing limit design stress at pinhole edge:
According to the Norsok R-002 Annex T this criteria must satisfy:
Diesign bearing capacity: O p= 1.3 = GDD.DL J-6)

. “im2 rrlrrl2
Finhole bearing stress: bff = ‘p.chaice"’ 2t chojee= 115.0mm
P -
Actual stress: o = P__ 015 N J-7
[,E-Ii 2
= mim
b
Bearing hole interaction ratio: R.=— =034
Tdb
Check shear design strength:
Shear design strength: TR 4= f‘ =2104% N
"fml"J@ fuak i
Check tear-out limit design sfress:
TRAZTE4
Tear-out area (Pad eye type 2):
[ dy) ( dy) 2
Ag = ;\Rp_ o .,"[p.choice"' J'chhoice_ - _,"[c.-::haiw: 8603 6mm
P -
. _r N
Actual stress: TE4 = Y 1118 ;
mm
TE
Utilization: UFTEd = ——=033
TR.d
Spring semester 2015 Page 7 of 11
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Master Thesis UiS Pad Eye Design
Check cheek plate fillet weld:
Mominal throat size of fillet weld between cheek and plate.
[refi7!, Morsok R-002 Lifting equipment]
Mominal throat size of fillet weld: Agn1g = 1 Jmm
2
Effective weld length: Leff = % 2 qr-Rb =377-mm I-9
2
Pple (7-10)
Load through weld Pcp:= - =451 41
[p.-::hsice"' <te choice
Actual stress in weld:
Pt :
N
TEg = E- =183—  (I-1D
|._[p.choic3 +2 [c.choice}'; TR hoicedweld mm
& N
max — =110 -
| "ml'\'G__:' mm
TEd w
Utilization: Uew = =061
max
Spring semester 2015 Page 8 of 11
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Master Thesis UiS Pad Eye Design

Lateral load:

Accordingto AkerSolution work instruction Padeye shall be designed for a lateral load of
+/-3% of the maximum sling force, in addition to any nominal lateral load on the Padeye.

The load shall be applied at the point of action, e.g. at the shackle bow or at the trunnion
stopper plate.

length

Figure 2-3. [ref/8/, Aker Solutions work instruction.]

Spring semester 2015 Page 9 of 11
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Master Thesis UiS Pad Eye Design

Check lateral load:

Length from top of shackleto eye pin: [refias, Green pin.]

Ly = 329mm
Length from middle of pin to edge top of Padeye: Ly:= 63mm
Height of Padeye: ]_3 =h+ Rp=31?‘-mm
Lateral load, 3% of sling load: Fla[:= Pp‘_.SE-';. =19.7.kN

Distance from of shackle eye to Padeye bottom:

]'Ij- = Ll —]_: +]_3 =383.0mm

M oment at bottom of Padeye: M= Fla:'Ld - 11.5EN.m

Section modulus, Padeye: Wigp= %'Lchcice'[p.choic; =251D83.3mm3
Arctual stress:
. M -
Lateral load: g = —— =45.6MPa
Wiat
Slingload . pp‘_ o
T e = ——————— =2380\Pa
® Lchoice Ypehoice
Shear P
Tgp= ——— P = 65.7MPa
Lehoice [p.choice
( 124 3m, =133 40MPs
Von Mises: = JI_Um"' Teling *+3Thar = 1334
9
Utilization: UF pom = = -tmp = 0365
Spring semester 2015 Page 10 of 11
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Master Thesis UiS Pad Eye Design

Check vertical welds on module:

Effective length of weld: 1y = 300mm

MNumber of welds: n=4

The weld are along RHS250X250X16.

Root dimension: Ao d = 5 0mm

Pp‘.
Shear stress: Ty=—— = 63.8MPa
1\1'-&1-0[_4%
Utilization: Tw
.UT'“._Z= E\E“fml =031

Spring semester 2015 Page 11 of 11
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E.1 DESING CHECK OF BOLTS AND WELDS CONNECTION
Master Thesis UiS Bolt and Weld
Connection

Calculation of bolts connection for inplace condition
at bottom suuport

The new offshore module shall be fasted by bolts at two lower support to the main
column (RHS) ofthe existing platform and therfore boltes capacity must be checked.

Bolts properties:

MNumber of bolts: n:=16
Bolt class: M 30, grade 8.8
Bolts diameter: dp = 27mm
Hole diameter: dp = dp + Imm = 30-mm
Botlt yield strength: f_d:_ = 6400Pa
Bolt ultimate strength: fub = B00MPa
Bolt gross area Al = 5.“-3:11:112
Bolt shear area: A= 4591111112

Factors for class 8.8 bolt: [Ref!s!, Eurocode 3, part 1-8 Table 3.4

oy, 1= 06
k=108
Plate steel grade: 5420
¥ield strength: f.v.:= 4200dPa
Ultimate tensile strength: fuz= 52004Pa
Material factor:  [ref/4, NORSOK N-004, Table 6.1.] o= 1.30
Spring semester 2015 page 1 of 11
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Master Thesis UiS Bolt and Weld
Connection
Maximum reaction force: [ref, Staad.Pro analysis.)
Reaction Summary
Horizontal| Vertical |Horizontal Moment
Hode uc FX FY FZ MK RIY NE
L] kM) kM) (kM m) (kN m) (khm}
MaxFX | 128 |183:NPLACE. | 245.003 0.000 | T09.418 0.000 0000 0000
Win FX 128 [ 162.NPLACE:, | -350.612 0.000 | 750853 0.000 0.000 0000
MaxFY | 1228 [181:NPLACE:. | -180.818 0,004 0288 0.000 6.000 0000
Win Fy 128 | 161:HPLALCE;. | -189.81% 0.004 0,568 0.000 0.000 0.000
Wax FZ 129|162 NPLALCE:, | -350.612 0.000 | 760.893 0.000 0000 0.000
Win FZ 128 | 1T1NPLALCE., | -Z07.334 0.000 | -M19.5M 0.000 0.000 0.000
Max My | 128 [1E0:NPLACE:, | 188812 0.008 ) 0.000 0.000 0000
Min MX | 138 | 180.NPLACE., | -189.818 0.004 9,568 0,000 0.000 0.000
Max MY 128 | 161:RPLALE.. | -180.819 0.004 0568 0.000 0.000 0,000
Moty | 128 |189:NPLACE:, | -169.819 0.004 9,566 0.000 0.000 0000
MaxMZ | 128 |[181NPLALE:. | -189.818 0,008 5,568 0,000 0.000 0.000
Iin MZ 128 | 160KPLALE.: | -189.818 0.0 0.568 0.000 0000 0000
Horizontal reaction force in x direction: F, = 350610N
-— -.| = .
Horizontal reaction forcein z direction: Fz:=73088N
Calculations: [refif!, Eurocode 3, part 1-8, Table 3.4 ]
LSRN
Tension capacity: F:.Rd = : =234 21N
"2
Design shear load F +FZ2
FLpa= =138.1kN
n
Shear resistance per balt: oA
P FuRg = ———— = 169.5kN
IR
F._
Utilizatian: UF = 28
Ferd
Spring semester 2015 page 2 of 11
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Master Thesis UiS

Bol and Weld
Connection

End distance:
Edge distance:
Spacing distance:

Spacing distance:

End and edge distances and spacing:

Sketch of bolts and plate to connect bottom support to the existing RHS

[reff3/, Eurocoded, part 1-8, Table3.3.]

g = 3imm
gy 1= 3 imm

pp = 140mm

py := 280mm

e1=30mm

200mim

F0mm

p2=280rmm

35m

el

pi=14 0mm

Plate drawing (Source Autocad)

Spring semester 2015
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Master Thesis UiS Bolt and Weld
Connection
Check bearing resistance:
Plate size: 350X350X25
Calculation is according to, Eurocode 3, part 1-8, Table 3.4,
Thickness of plate: [p:= 23mm
Factors: [ref, Eurocode 3, part 1-8, Table 3.4]
[f =) h f b g k"_
ky mmin 2.8 — - 17,23 oy, mmin — 10,
L % J LR 3
€2
ky =28— -17=1367
1 dg oy, =04
B s ; -04
= 3.
fu 0
Bearing resistance:
ks oon, £ -dy -t
1o fydpty .
nD
Check:= |"OK" i FLps=Fppy
heck ="0K"
"FAIL" otherwise
Spring semester 2015 page 4 of 11
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Master Thesis UiS

Bolt and Weld
Connection

Welded connection:

Calculations are according to Stalkonstruksjoner. Table 6.2.

M aterial factorfor welded connections:

Correlation factor(S420)
Thickness of profile:

Length of weld:

Mumber of welds:

Throat dimension:

Mormal and shear stress component in welded section:

Tnormal = Tnormal =

0.0

az05t,

shear stress component in welded section:

[refl5, Eurocode 3 part 1-8, Table 2.1.]

Spring semester 2015
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Master Thesis UiS Bolt and Weld
Connection
Von I\r‘[iSES criteria: [ref, Stalkonstruksjoner Table 6.2.]:

2 I 2 2 &
o= JUnormal + 34 Tnormal + Tpanallel | = -
N Par ST P
o= B-Tp&f&“ﬂl =379 3MPa
Checkl = |"OK" if o= -
2 Pw heckl = "OK"

"FAIL" otherwise

Figures are from Stalkonstruksjoner. Table 6.2

Spring semester 2015 page 6 of 11
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Master Thesis UiS

Bolt and Weld

Connection

at topp suuport

Plate thickness
Mumber of plates

Doameter of support

Verical length of support plate

M aterial factor

Load factorULS-a

Calculation of plates connection for inplace condition

[H_ = 20mm
HH_ =2
dqypp = 220mm
L= 500mm
= 115
Tm2 =130
"fULS = 130

Maximum reaction force at topp support

(SourceStad Proanalysis)
Reaction Summary
Horizontal| Verfical [Horizomtal Moment
Hode e FX 3] FZ M ] Nz
[k ) (kH} k) (KN m) [kHm) [kRim)
MacFx | 2 [18UMPLACE.|  0.004 | 884813 | 150515 0.000 0000 | 0.000
Min FX. 2 | 181:MPLACE:, 0.0M | 584813 | -150.515 0.000 000 0000
Max Fy 3 161:MPLACE: , 0.0M | 151E+3 | -5ERS1S n.oon 1000 000
Wi FY 2 | 1T1MPLACE: D00 | #1646 | TE.5E4 0.000 (000 0000
WexFZ | 2 [ATUMPLACE.| 000 | 151815 | TH.ER4| 0000 0000 | RO
Win FZ 3 | 16TMPLACE, | 000k | 151E43 | 56853 0.000 0000 | 0.000
MaxMX | 2 [161:NPLACE.| 0.0M | 84613 | 150515 0,000 0000 | 0000
WnlX | 2 [181MPLACE.] 0004 | 984813 | 150515 0.000 0ooo | 0.000
Maxity | 2 | 18UNPLACE. | oot | se4e1s | 15008 0.000 0000 | 0.000
mnMy | 2 [18tmPLACE.| o004 | Bed813 | SDEIS 0.000 0000 | 0.000
Wax MZ 2 | 1E1MPLACE: 000 | 984613 | -1S0.505 0.000 000 0.000
Wi ME 2 | 161NPLACE:, 0.0 | 984613 | -150.515 0.000 0.000 0,000
Spring semester 2015 page 7 of 11
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Master Thesis UiS Bolt and Weld
Connection
Maximum vertical force Fo=1310N
N
Load impact area on support _-xsupp: [PL'dsupp'E'nH
-"'*supp= 386 Tmm”
F,
Direct stress on support oy =
-"‘-5upp
o, = 235, MPa

Ty
UF}:I = — ULl =0 916

[y

Utilization factor

Welds capacity between plate and column of existing platform

Length of weld Ly =L,=300mm
Throat dimension ay = 3mm
Mumber of welds Byl = ap-2=4
F,
Stressin weld T ag Ly ipp. Ti1 = 130 MPa
Litilization facor
TII
Von Mises criteria - T 7 3 )
T = Jcrnormal * 2\ Tnormal * Tparallel |
Tparallelw= TII Oy = J'TH2 Ty & 1500MPa

Checly == |"OK" if o=

&
D P
Check = OK'

'FAIL" otherwize

Spring semester 2015 page 8 of 11
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Master Thesis Uis Bolt and Weld
Connection

Welds capacity of joints with highest tensile force

A ccording to Staad Pro analysis the most highest tensile force will be
resulted in case of (ALS) earthquake action 10 000 vear for inplace on
member 107 atnode (9 )

M aximum tension force Ertensile = 63096 1N

Throat thickness Aioint = 5 0mm

Length of weld L“j = 340mm
Frtensile

Shear stress at welded connection Tl joint™= S l2 T
woinf —w

Tjoint= 239 3MPa

Trre -
I.I_]nmt=ﬂ_456

Utilization U-P:]'nintweld;

. . . 2 .0 2 i
Von Mises criteria: U'Jcrnormal +3- Tnormal T Tparaltel )

Tparallel joint= TILjoint

Tjoint'= 3 TLjoint = 3-316= 10°m

Tioint= 414 DfiPa

Farallel shear stress

b

2P

"FAIL" otherwiss Checks = "OK"

Check; = |"OK' if ojgyy, <
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Master Thesis UiS Bolt and Weld
Connection

Maximum tensile force le3

Length of weld L

Throat dimension

shear stress at weld T3 :

Utilization UFy3:=

wli-

Maximum tensile force on member 13 at node(9)

= 370.64%N

w13 =

T

——— =1.483x lDSPa

Tjoint

f

Checky = |'OK" if o 8 — 2 —
e Py

Jein

'FAIL" otherwize

. . . 2. .0
Von Mises critena: U'Jﬂnmal *+ 3 Tnomal

Tparallel 137 TII13

ay30= [3rqpst =2.568x 10°Pa

= 256 8\Pa

“+T

hecky = "OK’

23
r

parallel /
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Master Thesis Uis Bolt and Weld
Connection

Maximum tensile force on member 167 at node (9)

Maximum tensile force
' Fpg7 = 236084N

Length of weld Ly1g7 = 300mm
Throat dimension Ag167 = j0mm
shear stress at weld Fxlﬁf-‘ 7
T 7=————=0479x 10 Pa
11167 L

wlé73wis7

T 67 %4 793P

Utiliztion 167

UFjg7:= =0226

Von Mises criteria:

o= \Jcnormaf * B'Urlmmaf + Tparaﬂerj'

Tparallel 167-= TI1167

o157 = B'Tlllﬁ?z =1642x IDSPa

Tioint™ 164.1860Pa

e b
oint= -
2 P

"FAIL" otherwize Check; = "OK"

Checky = |"OK" if o
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