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1

1.1

GENERAL DATA & BASIS FOR DESIGN CALCULATIONS

INTRODUCTION

This preliminary calculation report consists of two parts.

Part-1 consists of Analysis & design of steel structure for equipment structure SK5101 (Refer Section 3.0 to
Section 7.0)

Part-2 consists of design of pile foundation and pile cap for combined SK5101 and equipment surrounding
the SK5101 supported on pedestal at +0.300 level (Refer Section 8.0 to Section 10.0)

Structure SK5101 mainly provides support for equipment V605, V602, E606, E617, E610, E608, S601 and
piping on different floors as shown in figure 1.1.

Structure consists of two bays of 6m each in E-W direction and one bay of 5m in N-S direction.
Also consists of staircase of 3m wide connected to main structure on N-W side.

It consists of grating supported floors at +5.00, +8.200, +12.800, +17.400, 20.400, 23.800 for operational
purpose and to support pipes.

This document forms the part of Feed engineering for the project of “Carbon capture storage plant,
Sluiskil”.

The site is located in industrial area of YARA Sluiskil. The industrial site is on the Ghent- Terneuzen
channel on the opposite bank of the village of Sluiskil in the province of Zeelnad in the Netherlands.

"Dimensions, Geometry and the section sizes are as per this preliminary static calculation and subject to
verification during further design stages.
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1.2 REFERENCE DOCUMENTS:

1.2.1 PROJECT SPECIFICATIONS

Figure 1.1: 3D model view of Structure SK5101

Owner Document no.

Linde Document no.

Description

16471-B45-00005

APP 2 Att 5-Civil specification

16471-Y85-00001

&AE 0000 N-SP 1001 (EN)

Steel Structure and Civil Design
basis & General description

16471-C02-00001

Appendix 2 att 1 annex 1 —
Design Basis

16471-C50-00001

Appendix 2 att 1 annex 2 - Site
specification
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1.2.2 CODES & STANDARDS
Netherlands Standard: _
Title

Issue Date

NEN-EN 1990:2019

Basis of structural design

NEN-EN 1991-1-1:2009

Part 1-1: General actions - Densities, self-

weight, imposed loads for buildings

NEN-EN 1991-1-3:2015

Part 1-3: General Actions - Snow loads

NEN-EN 1991-1-4:2010

Part 1-4: General Actions - Wind actions

NEN-EN 1991-1-7:2014

Part 1-7: General actions - Accidental
actions

NEN-EN-1998-1:2005

Design of structures for earthquake
resistance

NEN-EN 1993-1-1:2014

Design of Steel structures: General rules

and rules for buildings

NEN-EN-1992-1-1:2016

Design of concrete structures: General

rules and rules for buildings

1.2.3 REFERENCE DRAWINGS

Linde Doc. Number

Owner Doc. Number

Description

&AE 2001 N-ZB 1001 (EN)

16471-Y56-00004

Steel structure layout drawings
Structure SK5101

Level Views Part-1

&AE 2001 N-ZB 1002 (EN)

16471-Y56-00013

Steel structure layout drawings
Structure SK5101

Level Views Part-2

&AE 2001 N-ZB 1003 (EN)

16471-Y56-00014

Steel structure layout drawings
Structure SK5101

Elevations

&AE 2001 C-ZA 1001 (EN)

16471-Y56-00007

General arrangement drawings —
Foundation/Piling.

CO2 Liguification
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1.3 DESIGN CRITERIA

¢ All steel columns have pin connection at top of the pedestal level. Base plates are designed
accordingly.

e Loads in various load cases are considered as per document no. 16471-B45-00005.

¢ All steel members are designed as per NEN-EN 1993-1-1:2014.

¢ Additional horizontal load of value 0.5% of the vertical load (Dead Load + Live Load + Operating
Load) is applied in both horizontal directions (X and Z) to take care of the imperfections of the
columns.

o Lateral deflection check is carried out from nodal displacements.

1.4 DESCRIPTION OF GEOMETRY.

e H.P.P elevationis 1.700 m N.A.P, which is considered as base datum +0.000m
e Structure comprises of RCC Pedestals up to EL +0.300 m & Steel structures from EL +0.300 m to
+26.400 m.

e This structure is 5.0 m wide in N-S direction and 12.00m wide in E-W direction. Structure has
staircase of 3m width connected on north side. Structure has moment frame in N-S direction and
braced frame E-W direction.

1.5 COMPUTERISED ANALYSIS CRITERIA

¢ Three-dimensional mathematical model is analysed by using STAAD Pro CONNECT Edition
22.10.00.153. 3D analysis model considers nodes at centre line of column and beam for simplicity.
¢ All the horizontal beam members are modelled at TOS level.
e The structural steel columns are modelled up to EL (BOBP) In STAAD.
¢ Atsome places Hangers, cantilever beams and brackets are not included in static model, but the
reactions of the same are transferred to the main frame to get equivalent effect.
¢ All other assumptions have been mentioned as and where applicable.
e The general system of the computer model is with global axis system:
X = Horizontal axis in computer model along East - West direction.
Y = Vertical axis in computer model (positive upward direction)

Z = Horizontal axis in computer model along North - South direction.
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Figure 1.2 : 3-D STAAD model view of Equipment Structure SK5101
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2  PRIMARY LOAD CASES AND LOAD COMBINATIONS

2.1 PRIMARY LOAD CASES

The equipment structure SK5101 is designed for following primary load cases.

Basic Load Cases and Load Description

Basic Load Description
Load Case
No

STRUCTURAL DEAD LOAD

101 Modelled Structural/ Foundation Self Weight

102 Node/ Connection weight/Lifting Lug/ pad-eye weight

100 Primary Structural Steel (Sum of LC 101 to 102)

111 Grating/ Chequered plate /Equipment supports / Secondary platforms/ Staircase
stringer /ladder /Handrail

112 Pipe Supports/ Monorails, runway beams, Material handling items

113 Rigging weight/Sea fastening/ lashing/ securing weights

110 Secondary & Tertiary Structural Steel { Unmodeled Part) (Sum of LC 111 to
113)

120 Additional Load to Match the WCR Structural weight

131 Painting load

132 Fire Proofing loads

130 Miscellaneous Loads (Sum of LC 131 and LC 132)

140 Hook up Loads

10 Total Structural Dead Load (Sum of LC 100, 110, 120, 130,140,150)

LIVE LOADS

201 Open Area Live Loads/ operating Platforms (5 KN/m?)

202 Live Load on Service Platforms, pedestals, Walkways (3 kKN/m?2)

203 Live Load on Stairways (5kN/m?)

20 Total Live Load (Sum of LC 201 to 203) ( LL)

Piping Dry Weights

301 Empty weight of pipe (UDL)/pipe area load

302 Empty weight of pipe valves, Supports (Point Load)

303 Empty weight of pipe valves, Supports on Hook up steel
300 Piping Dry Weights (Sum of LC 301 to 303)

Mechanical Equipment Dry Weights
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311 Equipment Dry Weight (> 5mT)
312 Equipment Dry Weight (<5 mT) /Area load
310 Mechanical Dry Weights (Sum of LC 311 to 312)

Electrical Dry Weights

321 Electrical Equipment Dry Weight
322 Electrical Cables, Cable ducts/ trays
320 Electrical Dry Weights (Sum of LC 321 to 322)

Instrumentation Dry Weights

331 Instrumentation Equipment Dry Weight

332 Instrumentation Cables, Cable ducts/ trays

330 Instrumentation Dry Weights (Sum of LC 331 to 332)

30 Total Empty Weight of Piping/ Equipment/ E&| (Sum of LC 300, 310, 320, 330)

Operating Pipe (Empty +Content) Weights (EQLO)

401 Operating weight of pipe (UDL)/ Area Load
402 Operating weight of pipe support (Point load)
400 Operating Pipe Weights (Sum of LC 401 to 402)

Mechanical Equipment Operating Weights (Empty + Content)

411 Equipment Operating Weight (> 5mT)
412 Equipment Operating Weight (<5 mT)
410 Mechanical Equipment Weights (Sum of LC 411 to 412)

Electrical Item Weight for Operating Condition

421 Electrical Equipment Weight/ Bulk ltems/Cables, Cable ducts/ trays

420 Electrical Item Weights in Operating Condition(LC 421)

Instrumentation Item Weights in Operating Condition

431 Instrumentation Equipment Weight/ Bulk Items/Cables, Cable ducts/ trays

430 Instrumentation Item Weights in Operating Condition (LC 431)

40 Total Operating Weight of Piping/ Equipment/ E&| (Sum of LC 400, 410, 420,
430)

Piping Hydrotest Weights

501 Hydrotest weight of piping (UDL)
502 Hydrotest weight of pipe supports (Point load)
500 Piping Hydrotest Weights (Sum of LC 501 to 502)

Mechanical Equipment Hydrotest Weights

511 Equipment Hydrotest Weight (> 5mT)
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512 Equipment Hydrotest Weight (<5 mT)

510 Mechanical Hydrotest Weights (Sum of LC 511 to 512)

50 Total Hydrotest Weight of Piping/ Equipment/ E&I (Sum of LC 500, 510, 420

,430)

Wind loads due to structure self obstruction [W-E] -ve X direction

6110

Wind loads due to structure self obstruction [W-E] -ve X direction

Wind loads due to structure self obstruction [S-N] -ve Z direction

6310

Wind loads due to structure self obstruction [S-N] -ve Z direction

In-service Wind Load in +ve X-Direction [WLX:E-W]

611 Wind Load on Structure due to self obstruction in +ve X-(E-W) Direction

612 Wind load on Piping in +ve X-(E-W) Direction

613 Wind load on equipment +ve X-(E-W) Direction

614 Wind load on cable tray +ve X-(E-W) Direction

61 Total Wind Load in +ve X-(E-W) Direction (LC 611+LC612+LC613+LC614)

In-service Wind Load in +ve Z-Direction [WLZ:N-S]

621 Wind Load on Structure due to self obstruction in +ve Z-(N-S) Direction

622 Wind load on Piping in +ve Z-(N-S) Direction

623 Wind load on equipment +ve Z-(N-S) Direction

624 Wind load on cable tray +ve Z-(N-8) Direction

62 Total Wind Load in +ve Z-(N-S) Direction (LC 621+LC622+LC623+LC624)

In-service Wind Load in -ve X- Direction [WLX:W-E]

631 Wind Load on Structure due to self obstruction in -ve X-(W-E) Direction

632 Wind load on Piping in -ve X-(W-E) Direction

633 Wind load on equipment -ve X-(W-E) Direction

634 Wind load on cable tray -ve X-(W-E) Direction

63 Total Wind Load in -ve X-(W-E) Direction (LC 631+LC632+LC633+LC634)

In-service Wind Load in -ve Z-Direction [WLZ:S-N]

641 Wind Load on Structure due to self obstruction in -ve Z-(S-N) Direction

642 Wind load on Piping in -ve Z-(S-N) Direction

643 Wind load on equipment -ve Z-(S-N) Direction

644 Wind load on cable tray -ve Z-(S-N) Direction

64 Total Wind Load in -ve Z-(S-N) Direction (LC 641+LC642+LC643+LC644)

Thermal Load

81

Piping Thermal Load In _E-W Direction (FDN/GLOBAL DESIGN) (TLE)

Confidential
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82 Piping Thermal Load In N-S Direction (FDN/GLOBAL DESIGN) (TLN)

Friction Loads

83 Pipe/Equipment Friction Load In E-W Direction (FLE)

84 Pipe/Equipment Friction Load In N-S Direction (FLN)

Structural Thermal Loads

85 Structural Thermal Load on Structure in Warm Condition ( ENT+)

86 Structural Thermal Load on Structure in Cold Condition ( ENT-)

Local Wind Loads

87 Local Wind Load on Pipe/Equipment in X -(E-W) Direction (Local Design) (
WindXLoca| )

88 Local Wind Load on Pipe/Equipment in Z -(N-S) Direction (Local Design) (
WindZLoca| )

Local Piping Loads

89 Local Pipe Horizontal Load in E-W Direction (Local Design) ( TLELocai)

90 Local Pipe Horizontal Load in N-S Direction (Local Design) (TLNiocar)

Maintenance Load

911 Vertical Load Due to Crane, Monorail and Bundle Pull Loads
912 Horizontal Load Due to Crane, Monorail and Bundle Pull Loads
9 Maintenance Load (Sum of LC 911 & LC 912) (ML)

PSV Load

92 Horizontal Loads of PSV (LOCAL DESIGN) ( PSV)

Minimum Vertical load

93 Minimum Vertical Load For Beam Design ( Vmin)

Buoyancy load

94 Snow Load

Notional Loads

1001 Notional Load for Dead Load in X -(E-W) Direction (NLDE)

1002 Notional Load for Dead Load in Z -(N-S) Direction (NLDN)

1003 Notional Load for Empty Load of Piping & Equipment in X-(E-W) (NLEE)
1004 Notional Load for Empty Load of Piping & Equipment in Z-(N-S)(NLEN)
1005 Notional Load for Operating Load of Piping & Equipmnt in X(E-W)(NLOE)
1006 Notional Load for Operating Load of Piping & Equipmnt in Z(N-S)(NLON)
1007 Notional Load for Live Load in X -(E-W) Direction (NLLE)

1008 Notional Load for Live Load in Z -(N-S) Direction (NLLN)

10001 Blast load in X (E-W ) Direction
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10002 Blast load in -X (E-W ) Direction
10003 Blast load in Z (N-S ) Direction
10004 Blast load in -Z (N-S ) Direction

2.2 MAIN LOAD COMBINATIONS

The various load combinations used for member design of steel structure and foundation design are
tabulated in Annexure F.
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3

3.

3.

DETAILED LOAD CALCULATIONS

The Equipment structure is subjected to primary load cases as follows. Loads which are not applicable for
this structure are not included here.

1 DEAD LOAD (L/C :10)

Dead load consists of self weight of structure, dead load of grating. Satir flight is not modelled however
equivalent load is applied in applicable load cases.

1.1 SELF WEIGHT OF STRUCTURE (L/C 101)

Dead load due to self-weight of structure is applied using "SELFWEIGHT Y -1.15 " command in STAAD
pro using density of 78.5 kN/m3 for steel.

Self-weight of members is calculated automatically as per the member properties assigned to

members and density provided.

This 15% additional self weight is for taking into consideration connection weight

Figure 3.1.1: Self weight of structure

3.1.3 DEAD LOAD OF GRATING, HANDRAIL & LADDER (L/C:111)
Dead load for 30mm thickness GRP Grating = 0.250 kN/m?
Dead load for Handrail/ Ladder = 0.06 kN/m

Dead load of staircase (including tread, stringer & handrail)= 2 kN/m? plan length of each stringer.
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Figure 3.1.3: Dead load of Grating, handrail and staircase

3.2 LIVE LOAD (L/C 201):

Live load on the platforms and staircase are applied as 3kN/m? as per load input as shown below.
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Figure 3.2: Live load on platform and staircase

3.3 EMPTY WEIGHT (L/C 30)

3.3.1 EMPTY WEIGHT OF PIPING UDL (L/C 301):

The empty weight of piping (UDL) is applied as per piping input drawings attached in Annexure A.
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Figure 3.4: Empty weight of piping (UDL)

3.3.2 EMPTY WEIGHT OF PIPING (CONC) (L/C:302)

Empty weight of piping (concentrated) is taken as per load table given in input drawings (Annexure A).
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Figure 3.3.2: Empty weight of piping (CONCENTRATED)

3.3.3 EMPTY WEIGHT OF EQUIPMENT (L/C:312)

Empty weight of equipment is taken as per load table given in input drawings (Annexure A).
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Figure 3.3.3: Empty weight of equipment

3.4 OPERATING LOAD :

3.4.1 OPERATING WEIGHT OF PIPING (UDL) (L/C:401)

The operating weight of piping (UDL) is applied as per piping input drawings attached in ANNEXURE A
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Figure 3.4.1: Operating weight of piping (UDL)
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3.4.2 OPERATING WEIGHT OF PIPING (CONC) (L/C:402)

The operating weight of piping (CONCENTRATED) is applied as per piping input drawings attached in

ANNEXURE A.

Figure 3.4.2: Operating weight of piping (CONCENTRATED)
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3.4.3 OPERATING WEIGHT OF EQUIPMNET (L/C:412)

The operating weight of equipment is applied as per piping input drawings attached in ANNEXURE A.
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Figure 3.4.3: Operating weight of equipment

Page 22 of 380




Linde Project No:

3710 A3T8

Linde Issue

Client Project No:

16471

Client Rev.

Linde Doc No:

0542FA4650 2001 N-CS 1002 (EN)

1

Client Doc No:

16471-Y16-00009

00

3.4.4 TEST WEIGHT OF PIPING (CONCENTRATED) (L/C:502)

The test weight of piping (CONCENTRATED) is applied as per piping input drawings attached in

ANNEXURE A.
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Figure 3.4.4: Test weight of piping (Concentrated )
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3.4.5 TEST WEIGHT OF EQUIPMENT (L/C 512)

The test weight of equipment is applied as per piping input drawings attached in ANNEXURE A.
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Figure 3.4.5: Test weight of equipment
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3.5 WIND LOAD CALCULATION (L/C 61 to L/C 64)

Wind load cases are divided in following three cases. Wind load is calculated as per NEN-EN 1991-1-
4:2010 for the site parameters given in 16741-C50-00001.

Wind load calculation involves:

Wind load on structure due to self-obstruction

Wind on piping

Wind on equipment

As per Doc. 16741-C50-00001 following parameters are considered for the wind load calculation
Wind zone: Il

Wind speed = 27m/s

Terrain type: |l

Wind load is calculated in X and Z direction as per the of NEN-EN 1991-1-4:2010 For detailed wind load
calculations, refer Annexure C.
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Figure 3.5.2: Wind load on piping in E-W direction (L/C 612).
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Figure 3.5.3: Wind load on equipment in E-W direction (L/C 613).
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Figure 3.5.4: Wind load on structure in N-S direction due to self -obstruction (L/C 621).
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Figure 3.5.5: Wind load on piping in N-S direction (L/C 622).
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Figure 3.5.6: Wind load on equipment in N-S direction (L/C 623).
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3.6 PIPE THERMAL LOAD IN X (E-W) DIRECTION (FDN/GLOBAL DESIGN) (L/C:81)

Pipe thermal load in +X (E-W) (UDL) is applied as per load table given in load input.

(Annexure A).
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Figure 3.6: Pipe thermal load in E-W direction
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3.7 PIPE THERMAL LOAD IN +Z (N-S) DIRECTION (FDN/GLOBAL DESIGN) (L/C:82)

Pipe thermal load in +Z (N-S) (UDL) is applied as per load table given in load input.

(Annexure A)
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Figure 3.7: Pipe thermal load in N-S direction
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3.8 TEMPERATURE LOAD (+VE &-VE ) (L/C: 85 & L/C:86)

Extreme ambient air temperatures as per 16471-C50-00001 as below.
Minimum temperature: -20°
Maximum temperature: +40°

Erection temperature considered: +10°%

Differential temperature for structural steel in Warm Condition: (Tmax — T0) = 40 — 10 = 30°C

Differential temperature for structural steel in Cold Condition: (TO — Tmin) = 10 — (-20) = (-) 30°C

b

Figure 3.8.1: Temperature load in warm condition (L/C: 85)
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Figure 3.8.2: Temperature load in cold condition (L/C: 86)
3.9 SNOWLOAD(L/C:94)

The characteristic snow load, Sk = 0.7kN/m2. (As per section 2.4.9 of 16471-C50-00001)
Shape coefficient pi = 0.8 (for flat roof)

Exposure coefficient Ce = 1.0

Heat Coefficient Ct =1.0

Snow load on roof S =sk * pi* Ce* Ct = 0.7*0.8%1.0*1.0 = 0.56 kN/m2

100% snow load of 0.56kN/m2 is applied on top floor level, 50% snow load of 0.28kN/m2 is applied on all
lower floor levels.
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Figure 3.9: Snow load L/C: 94)

3.10 NOTIONAL LOADS (L/C 1001 TO 1008)

3.1

Notional loads of 0.5% vertical loads are applied to take into effect of imperfections in the structure. Vertical
loads are dead loads, live loads, empty and operating loads. These loads are applied using load
combinations in load case 1001 to 1008.

BLAST LOADS

Structure is designed for explosive loads for the parameters given below,
Over pressure = 30 mbar = 3 kN/m?
Positive duration =15 ms = 0.015 seconds

Blast loads are calculated as per ACSE guideline “Design of Blast resistant Buildings for Petrochemical
facilities”.

Since it is open structure blast load is considered to act on one frame only at time in the direction of blast,
and effect of blast load on side frames are considered at the same time.
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Blast loads on structure, pipes, equipment are considered for analysis.

Drag / force coefficient is considered as “1.0” for calculation of blast loads on members, and 0.8 for blast
loads on pipes and equipment.

Detailed calculations for blast loads are shown in annexure D.

i
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i

Figure 3.11.1: Blast load in +X (E-W) direction on middle frame.
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Figure 3.11.2: Blast load in
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Figure 3.11.3: Blast load in +Z
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3.12 EARTHQUAKE LOAD

As per specification 16471-C50-00001 seismic parameters for the Sluiskil site is as below.
Spectrum Type 2

* Importance class |l

* Ground type D

* PGA (Peak Ground Acceleration) ag= 0.05 g (0.50 m/s)

T=Ct.H~3/4 = 0.085*2670.75 = 0.978....... (4.6)

for type 2, and ground type D, as per table 3.3, the different values are
$=1.8, Ta=0.1, Tc=0.3, TD=1.2,

g= qo*kw= 3.6

hence T > Tc, T < TD, hence Sd(t) = ag.5.2.5/q*Tc/T... (3.15)
Sd(t) = 0.05*%1.8*%2.5/3.6*(0.3/0.978) (ag in terms of g, ag=0.05)
sd(t) 0.0192

Base shear = Fb = Sd(t)*m*A

A= 1, m is mass of the structure

Base shear = 0.019*m....

means the base shear is 1.9 % of the mass.

Weight of the structure = 710 KN

Seismic base shear = 0.019*710 = 13.5 KN.

Where as the load due to wind in in minimum of X & Z direction is 245 kN

As earthquake load (13.5 kN) is very much less than wind load (245 kN) , earth quake analysis is

ignored for structure and foundation design.
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4 STAIC CHECK
Load case | Load title Calculated Staad Difference (%)
101 SW OF STRUCTURE 817 817 0.000
111 DEAD LOAD OF GRATING, LADDER, STAIR 320 320 0.000
10 Total dead Load 1137 1138 -0.088
20 Live load 1350 1442 -6.815
301 EMPTY PIPING UDL LOAD 340 343 -0.882
302 EMPTY PIPING CONCENTRATED LOAD 265 265 0.000
312 EMPTY EQUIPMNET LOAD 332 332 0.000
30 Total Empty LOAD 937 940 -0.320
401 OPERATING PIPING UDL LOAD 680 688 -1.176
402 OPERATING PIPING CONCENTRATED LOAD 336 336 0.000
403 OPERATING EQUIPMNET LOAD 403 403 0.000
40 TOTAL Operating load 1419 1427 -0.564
502 Test Piping concentrated load 215 215 0.000
512 Test weight of equipment 220 220 0.000
50 Total test load 435 435 0.000
Wind load on structure due to self
611 obstruction in E-W 115 120.211 -4.531
612 Wind load on PIPING in E-W 90 90 0.000
613 Wind load on equipment in E-W 36 36 0.000
61 Total wind load in E-W 241 246 -2.075
Wind load on structure due to self
621 obstruction in N-S 146 146 0.000
622 Wind load on PIPING in N-S 102 102 0.000
623 Wind load on equipment in N-S 37 37 0.000
62 Total wind load in N-S 284 285 -0.352
63 Total wind load in W-E 267 265 0.749
64 Total wind load in S-N 275 280 -1.818
81 Thermal load in E-W 77 78 -1.299
82 Thermal load in N-S 77 79 -2.597
94 Snow Load 120 139 -15.833
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5 MEMBER DESIGN AND POST PROCESSING

51 MEMBER DESIGN

Structural analysis and member design have been carried out using STAAD Pro connect edition -version
22.10.00.153.

Various parameters for member design are assigned as per Doc.10000-Y50-026 and EN1993-1-1:2005.
Deflection check for the columns has been provided in section 5.3.

5.2 UTILIZATION RATIO

Utilization of all members are within unity.

Maximum actual Utilization Ratio for column = 0.732

Maximum actual Utilization Ratio for beam and bracing = 0.835

Utilization ratio of members for strength load combinations are shown as below.

Member utilization snhaps:

+17.400M LVL
= T

+12.800M LVL
. N

___ [+8.200M LVL
-
—_ |+5.000M LVL
i
~\‘
\\ &
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Figure 5.2.2. Utilization ratios at EL.+8.200m LVL
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Figure 5.2.3. Utilization ratios at EL.+12.800m LVL
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Figure 5.2.4: Utilization ratios at EL.+17.400m LVL
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Figure 5.2.5. Utilization ratios at EL.+20.400m LVL
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Figure 5.26 . Utilization ratios at EL.+23.800m LVL

Confidential Page 49 of 380




Linde Project No: 3710 A3T8 Linde Issue Client Project No: 16471 Client Rev.

Linde Doc No: 0542FA4650 2001 N-CS 1002 (EN) 1 Client Doc No: 16471-Y16-00009 00

0.187

0.281
0.233

0.187
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Figure 5.2.9. Utilization ratios at Grid 2
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Figure 5.2.10. Utilization ratios at Grid 3
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Figure 5.2.11. Utilization ratios at Grid A
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Figure 5.2.12. Utilization ratios at Grid B
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Figure 5.2.13. Utilization ratios at Grid C

Page 56 of 380




Linde Project No:

3710 A3T8

Linde Issue

Client Project No:

16471

Client Rev.

Linde Doc No:

0542FA4650 2001 N-CS 1002 (EN)

1

Client Doc No:

16471-Y16-00009

00

5.3 DEFLCTION AND DRIFT CHECK

Drift check for column is shown on following pages.

Permissible value of drift for column is considered as H/200 as per doc. No. 10000-Y50-026 for columns

with wind.
Whereas for deflection for columns in Blast condition is allowed as H/100 by engineering judgement.

Deflection check for beams has been carried out in STAAD Pro by defining DFF values and DJ1 &

DJ2 nodes for all beam members.

DFF values are considered as per section 6.0 of doc. No. 10000-Y50-026.

Summary of Node deflection from STAAD:-

Permissible deflection as per per section 6.0 of doc. No. 10000-Y50-026.

Deflection in X-direction with out blast load:

Maximum deflection in X-direction at node 55, L/C 30041 = 96.7 at +23.800

Staad shap of axis-3 showing maximum deflection in X-direction
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Figure 5.3.1: Maximum displacement in X (E-W) direction (L/C 30041)

Permissible deflection at +23.800 = 23.800 /200 =119 mm > 96.7mm Hence safe.
Deflection in X-direction with blast load:

Maximum deflection in X-direction at node 55, L/C 30041 = 162mm at +23.800

Staad shap of axis-3 showing maximum deflection in X-direction
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Figure 5.3.2: Maximum displacement in X (E-W) direction (L/C 10005)

Permissible deflection at +23.800 = 23.800 /100 =238 mm > 162 mm .

Since the L/C 10005 is the blast load combination, and node 55 is on stair column, deflection till H/100
allowed as per engineering judgement.

Deflection in Z-direction with out blast load:

Maximum deflection in Z-direction at node 222 | L/C 30038 = 75.45 at +26.00

Staad shap of axis-C showing maximum deflection in Z-direction.
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Figure 5.3.4: Maximum displacement in X (E-W) direction (L/C 30038)

Permissible deflection at +26.000 = 26.000 /200 =130 mm > 75.4 mm Hence safe.

Deflection in Z-direction with blast load:

Maximum deflection in Z-direction at node 222 | L/C 10008 = 119.50 at +26.00

Staad shap of axis-C showing maximum deflection in Z-direction
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Figure 5.3.5: Maximum displacement in X (E-W) direction (L/C 10008)

2 2

Permissible deflection at +26.000 = 26.000 /200 =130 mm >119 mm Hence safe.

Vertical deflection of beams checked using staad DFF command for serviceability load combinations.
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Member profiles obtained as per steel structure design are shown as below.
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Figure 5.4.3 Section sizes at EL.+12.800m Level
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Figure 5.4.4. Section sizes at EL.+17.400m Level
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Figure 5.4.5. Section sizes at EL.+20.400m Level
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Figure 5.4.6. Section sizes at EL.+23.800m Level
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Figure 5.4.7. Section sizes at EL.+26.000m Level
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Figure 5.4.8. Section sizes at Grid 1
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Figure 5.4.9. Section sizes at Grid 2
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6 BASE PLATE DESIGN

Two types of base plates used for SK5101 structure. BP1 for main columns and BP2 for stair columns as
shown below.

BP2

ey

%

T L AL e ____&,&.-----------______EP..______

BP1

[

BP1

BP2

BP1

BP1

BP1

BP1
A S A e i 1&.-- S

Factored loads at the support level (Base plate) are obtained from staad model as below and used for base
plate design.

Base plate reactions for main columns (BP1)

et L

il

Horizontal Vertical Horizontal Moment
Fx F Fz M= Mz
Made o kN - kN kN-m kTm kN-m
Max Fx 5 40047 175.376 1700.925 -16.989 0.000 0.000 0.000
Kin Fx ] 10005 COMBI -161.234 920,318 -2.451 0.000 0.000 0.000
Max Fy 5 40044 74770 1912.848 &2.100 0.000 0.000 0.000
Kin Fy ] 40083 135.307 -401.934 -8.830 0.000 0.000 0.000
Max Fz 1 10008 CONBI -0.210 -305.663 123.066 0.000 0.000 0.000
Kin Fz ] 10007 COMBI -34.067 -178.167 -126.269 0.000 0.000 0.000
Max Mx 1 10005 COMBI -125.836 -286.154 6.592 0.000 0.000 0.000
Kin Mx 1 10005 COMBI -125.835 -286.154 6.092 0.000 0.000 0.000
Max My 1 10005 COMBI -125.836 -286.154 6.592 0.000 0.000 0.000
Kin Ky 1 10005 COMBI -125.835 -2858.154 6.592 0.000 0.000 0.000
Max Mz 1 10005 COMBI -125.836 -286.154 6.592 0.000 0.000 0.000
Kin Mz 1 10005 CONBI -125.836 -286.154 6.592 0.000 0.000 0.000
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Base plate reactions for Stair columns (BP2)
Horizontal Vertical Horizontal Moment
Fx Fy Fz Mx My Mz
o b kN kN KN kN-m kN-m kN-m

Max Fx ] 10008 COMBI 3T 64,636 -1.195 0.000 0.000 0.000
Min Fx ] 10005 COMBI -29.945 254 050 -0.937 0.000 0.000 0.000
Max Fy 3 40047 22648 417.676 0.110 0.000 0.000 0.000
Min Fy ] 40063 24722 -28.544 -0.501 0.000 0.000 0.000
Max Fz ] 10008 COMBI 4,068 168.683 h.GT8 0.000 0.000 0.000
Min Fz ] 10007 COMBI -11.222 226.845 -7.420 0.000 0.000 0.000
Iax Mx 5 10005 COMBI -27.713 107.073 -1.557 0.000 0.000 0.000
in Mx 3 10005 COMBI -27.713 107.073 -1.557 0.000 0.000 0.000
Max My 3 10005 COMBI -27.713 107.073 -1.557 0.000 0.000 0.000
Min Ky 3 10005 COMBI -27. 713 107.073 -1.557 0.000 0.000 0.000
Max Mz 3 10005 COMBI -27.713 107.073 -1.557 0.000 0.000 0.000
Min Mz 3 10005 COMBI =27. 713 107.073 -1.557 0.000 0.000 0.000

Refer ANNEXURE F for base plate designs.

OVERVIEW OF SECTIONS

Over view of sections used are as below.

Confidential

S.No. Section Profile Minimum Steel grade
1.0 HE300A S235
2.0 HE220A S$235
3.0 HE200A $235
4.0 L75X75X6 S235
5.0 L90X90X8 S$235
6.0 HE140A S$235
7.0 HE160A 5235
8.0 HE160A S235
9.0 HEB00A S$235
10 HE340A S$235
11 HE400A S$235
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8 DESIGN OF MAT FOUNDATION

Design of mat foundation consists combined pile foundation for SK5101 structure and equipment
surrounding SK5101 structure supported on ground.

Combined pile cap foundation consists of foundation for SK5101 structure and equipment T601, V604,
VB03A/B, V601, V606, E607, SK2101 and test weight of pipe supports for CD6001 and CD6010 lines as
shown in the figure 8.1.

e
VE04

A

Pipe support for
CD6010 line

o

V603 A/B

Fig.8.1: 3D model showing combined pile cap, pile and supporting structures.
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Plan view of pile cap is shown in figure 8.2

Location of piles is shown in fig.8.3

Fig.8.2: Plan view of combined pile cap.
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Fig.8.3: Layout of Piles.
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8.1

8.2

DESIGN PHILOSOPHY

¢ Piles and pile cap are designed for loads acting on SK5101 structure as described in section 3.0,
and loads due to equipment described in section 8.3

¢ Pile layout is finalized based on the unfactored (serviceability) load combination described in
section 2.2

¢ Plie cap and pedestals are designed for factored (strength) load combinations described in section
2.2

¢ Bottom of the pile cap is considered at 0.8m below the HPP (High point of paving)
PILE DESCRIPTION AND PILE CAPACITY

Fundex piles of diameter 460 -560 mm of length 15.0 m long as per M/S BAUGRUND DRESDEN
recommendations as attached in Annexure B are considered for pile foundation design.

Piles are placed at minimum spacing of 5times diameter of piles as shown in fig.8.3

Capacity of piles as per Annexure B considered for foundation design are as below.

S.No. | Characteristics Pile type and
capacities
1.0 Type of pile Fundex pile 15m-
CPT1426
2.0 Pile diameter 2460 -560 mm
3.0 Compression capacity 650kN
4.0 Tension capacity 450kN
5.0 Shear capacity for 12.5 mm 45kN
deflection
6.0 Shear capacity for 25 mm 70kN
deflection

Shear capacity corresponding to 12.5 mm deflection are considered for load combinations without blast
load case. And Shear capacity corresponding to 25 mm deflection are considered for load combinations
with blast load case as per engineering judgement.

As per section 7.2 of Annexure -B, Shear capacity of pile with 12.5mm and 25mm deflection can be
increased by 25% and 50 % respectively, for transient load case like wind, blast etc.

Group effect of piles: As per section 7.3.2 of Annexure -B, reduction factor of 0.4 considered for pile groups
of more than 16 piles.

Therefore,
Shear capacity of pile for non blast load case = 45*1.25*0.4 = 22.5 kN
Shear capacity for blast load case = 70*1.5*0.4 = 42 kN
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8.3 COMPUTER ANALYSIS AND DESIGN CRITERIA

¢ Three dimensional staad model described in section 1.5 is improved by modelling pedestals at
columns and equipment locations as beam element and pile cap as plate element.

¢ Plate elements nodes are considered at the bottom of the pile cap.

o Pedestals are modelled as beam element from bottom of base plate level to top of pile cap level.

e Pile cap is designed using inhouse developed excel sheet (refer Annexure G).

e The pile is checked for compression, tension and lateral forces due to vertical loads & lateral loads.
The serviceability (un-factored) load combinations are used for checking pile capacity.

o All other assumptions have been mentioned as and where applicable.
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Fig.8.3.1: 3-D Staad model view of structure for foundation design.

Pedestals for structure and equipment are modelled from pile cap to +0.300 level above HPP.
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8.4 SPRING CONSTANTS

Spring constants assigned at each pile location are applies as per Annexure B are shown below.
Vertical support constant = 102000 kN/m
Horizontal spring constant = 3500 kN/m

Above spring stiffness are applied at all pile locations shown in fig.8.3 as shown in figure 8.4

8.5 DESIGN LOADS AND LOAD COMBINATIONS

Loads acting on structure SK5101 are considered as described in section 3.0 Load combinations are
considered as shown in Annexure F.

8.5.1 WEIGHT OF PAVING

Load due to weight of paving of 200mm thick is applied as (0.25*25kN/m?) 5kN/M? is applied as uniform
pressure on top of pile cap in load case 111.

Fig.8.5: Weight of paving on pile cap foundation (L/C 111)
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8.5.2 LOAD DUE TO TRAFFIC
Load due to traffic is applied as 20kN/m? in Live load case as per the foundation input.
Fig.8.6: Load due to traffic on pile cap foundation (L/C 201)
8.5.3 LOAD DUE TO WEIGHT OF EMPTY, OPERATING, TEST WEIGHT OF EQUIPMENT
Loads acting on equipment as per equipment list (Annexure A) are summarised below.
S.No. Equipment name Dead load Operating load Test load
1.0 T601 220 kN 617 kN 617 kN
20 V603 A/B 185 kN 323 kN 350 kN
3.0 V606 168 kN 168 kN 168 kN
4.0 V604 615 kN 734 kN 1978 kN
5.0 V601 133 kN 296 kN 1365 kN
6.0 SK2101 40 kN 70 kN 70 kN
(at each support ( at each support ( at each support
location) location) location)
7.0 E607 5 kN 10 kN 10 kN
8.0 CD6001 - - 280 kN
9.0 CD6010 - - 200 kN

Load due to equipment are applied on top of corresponding equipment pedestals as shown below.
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Load 30

Fig.8.7: Empty weight of the equipment (L/C 30)
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Fig.8.8: Operating weight of the equipment (L/C 40)

Load 40

Page 83 of 380




Linde Project No: 3710 A3T8 Linde Issue Client Project No: 16471 Client Rev.
Linde Doc No: 0542FA4650 2001 N-CS 1002 (EN) 1 Client Doc No: 16471-Y16-00009 00
‘{ix Load 50

Fig.8.9: Test weight of the equipment (L/C 50)

8.5.4 WIND LOAD ON EQUIPMENT

Wind load is calculated in X and Z direction as per the of NEN-EN 1991-1-4:2010 For detailed wind load
calculations, refer Annexure C.

Wind load on equipment is applied as point load on top of pedestals for foundation design.

Confidential

Load 613

Fig.8.10: Wind load on equipment in E-W direction (L/C 613)
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Fig.8.11: Wind load on equipment in N-S direction (L/C 623)

8.5.5 BLAST LOAD ON EQUIPMENT

Detailed calculations for blast loads are shown in Annexure D.

Load 10001

Fig.8.12: Blast load on equipment in E-W direction (L/C 10001)
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Fig.8.13: Blast load on equipment in N-S direction (L/C 10003)

Load combination for pile and pile cap are considered as shown in annexure F

8.6 DESIGN OF PILE AND PILE CAP

Pile design performed by comparing the reaction from analysis using serviceability load combinations

against pile capacities listed in section 8.2

Support reactions at piles for load combinations without blast loads

Horizontal | Vertical | Horizontal | Moment
Mx kN- | My kN- | Mz kN-
Node L/C Fx kN Fy kN Fz kN m m m

Max Fx 1755 30041 8.932 | 456.869 -1.535 0 0 0
Min Fx 1755 30055 -7.688 | 135.378 2.627 0 0 0
Max Fy 2492 30063 -2.973 | 522.936 0.869 0 0 0
Min Fy 1816 30054 2.207 | 76.656 8.963 0 0 0
Max Fz 2498 30042 -2.515| 389.23 10.382 0 0 0
Min Fz 2498 30056 2.662 | 220.734 -10.529 0 0 0
Max Mx 533 30001 0| 147.83 0.002 0 0 0
Min Mx 533 30001 0| 147.83 0.002 0 0 0
Max My 533 30001 0| 147.83 0.002 0 0 0
Min My 533 30001 0| 147.83 0.002 0 0 0
Max Mz 533 30001 0| 147.83 0.002 0 0 0
Min Mz 533 30001 0| 147.83 0.002 0 0 0
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Maximum compression = 522.936 kN (Node 2492, L/C 30036 ) < 650 kN

Maximum tension

Maximum shear

Hence safe.

=0

=10.53 kN (Node 2498, L/C 30056 ) < 22.5 kN

Support reactions at piles for load combinations with blast loads

Horizonta|Vertical |Horizonta|Moment

Node L/C Fx kN Fy kN Fz kN Mx kKN-m |My kN-m [Mz kN-m
Max Fx 2771|10006 CON  24.466| 264.341 0.082 0 0 0
Min Fx 2771|10005 CON -23.457| 159.338 -0.519 0 0 0
Max Fy 2492 30063 -2.973| 522.936 0.869 0 0 0
Min Fy 266910008 CON -2.753 43.011 31.138 0 0 0
Max Fz 249810008 CON 0.335| 329.984| 37.003 0 0 0
Min Fz 2498| 10007 CON -0.062| 334.931| -38.044 0 0 0
Max Mx 533|10005 CON -23.161| 227.937 0.895 0 0 0
Min Mx 533|10005 CON -23.161| 227.937 0.895 0 0 0
Max My 533|10005 CON -23.161| 227.937 0.895 0 0 0
Min My 533|10005 CON -23.161| 227.937 0.895 0 0 0
Max Mz 533|10005 CON -23.161| 227.937 0.895 0 0 0
Min Mz 533|10005 CON -23.161| 227.937 0.895 0 0 0

Maximum compression = 522.936 kN (Node 2492, L/C 30063 ) < 650 kN

Maximum tension

Maximum shear

Hence safe.

=0

=38 kN (Node 2498, L/C 10007 ) <42 kN

Hence arranged pile layout shown in figure 8.3 is safe against loads.
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9 PILE CAP DESIGN

Footing is designed for factored moment which is derived from Plate centre stress summary out of

STAAD.Pro. The design of footing is done to fulfil the requirements of EN1992-1-1.

Mx (+ ve) = Footing bottom moment along East-West direction

Mx (- ve) = Footing top moment along East-West direction

My (+ ve) = Footing bottom moment along North-South direction

My (- ve) = Footing top moment along North-South direction

The final moments from the summary along each direction is obtained using the equations as follows.

For the Bottom Reinforcement (+ve Z Surface)
Mx1 = Mx+abs(Mxy)

My1 = My+abs(Mxy)

Mx2 = Mx+abs(Mxy2/My)

My2 = My+abs(Mxy2/Mx)

If both Mx1 & My1 are +ve, Mxd=Mx1 and Myd=My1
If both Mx1 & My1 are —ve, Mxd=0 and Myd=0

If Mx1 is —ve & My1 is +ve, Mxd=0 and Myd=My2

If Mx1 is +ve & My1 is -ve, Mxd=Mx2 and Myd=0
For the Top Reinforcement (-ve Z Surface)

Mx1 = Mx-abs(Mxy)

My1 = My-abs(Mxy)

Mx2 = Mx-abs(Mxy2/My)

My2 = My-abs(Mxy2/Mx)

If both Mx1 & My1 are +ve, Mxd=0 and Myd=0

If both Mx1 & My1 are —ve, Mxd=Mx1 and Myd=My1
If Mx1 is —ve & My1 is +ve, Mxd=Mx2 and Myd=0

If Mx1 is +ve & My1 is -ve, Mxd=0 and Myd=My2
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Plate Centre Stress Summary

Plate center stress summary has been taken at the face of pedestals (plates which lying below pedestal
are not considered) to get maximum bending moment (top and bottom). Average moments are calculated
where required. Footings having less moment are designed for minimum reinforcement requirement as per
EN 1992-1-1.

Check for two way shear
Two way shear is checked at a distance ‘d/2’ or more from face of pedestal where‘d’ is effective depth of
footing. The maximum factored punching shear stress at a distance of ‘d/2’ from face of pedestal for most

critical perimeter around pedestal is considered.

Check for one way shear
One way shear is checked at a distance ‘d’ from face of pedestal where ‘d’ is effective depth of footing. The
average factored shear stress along critical strip of footing is checked with shear capacity of footing if the

maximum stress in the plate is exceeded.

Pile cap foundation is performed using inhouse developed spread sheets as shown Annexure G.
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10 DESIGN OF PEDESTALS
Lay out of pedestals are shown in the below figures. Pedestals.
V606 Pedestals P5: |
V603 A/B SK5101 Stair colurn SOy s
Pedestals P4: 400X400 (8 no.s) pedestals P2: 550X550 (2 ____|veb4 Pedestals P&:
0.5) ---1|400X400 (4 no-s) |

& Sasumasaaasa

F&01
Pedestal P11: 900X500
{1No.)

SK2101 pedestal P10:
600X600 (4No.)

{1No.)

EGOT pedestal P9 G00X600 '_

P

WE01 Pedestals P7:
400X400 (4 no.s)

T601 Equipment

1.16m each side

Pedestais P3: Octagonal

SK5101

pedestals P1: 800X700

(6 no.s)

Main column

Figure 10: Pedestal layout

CD6010 Pipe test support
Pedestals P8: 600X600 (2

no.s}

Design of RC pedestals includes pedestals for SK5101 structure and pedestal for various equipment as

shown in fig 10.

Pedestal design is performed using Staad pro connect series , Advanced concrete design .Results of which

is listed below.
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Pedestal no. Capacity
Pedestal no. as per as per Capacity |Ratio Main Ductile /
figure 10. software |level Size Material Designed As Ratio Axial |Flexure Pt prv (%) |reinforcement links End links

P2 C1l -0.8 mTO 0.3 m |550 X 550 C35/45 : Fy500 COL-E 0.094 0.19 0.3]8-T12 T8 @ 225 |T8 @ 125
P2 Cc2 -0.8 mTO 0.3 m |550 X 550 C35/45 : Fy500 COL-E 0.071 0.286 0.3]8-T12 T8 @ 225 |T8 @ 125
P1 Cc3 -0.8 mTO 0.3 m |700 X 800 C35/45 : Fy500 COL-E 0.162 0.645 0.26]4-T16 + 6-T12 T8 @ 225 |T8 @ 125
P1 Cc4 -0.8 mTO 0.3 m |700 X 800 C35/45 : Fy500 COL-E 0.225 0.882 0.2]10-T12 T8 @ 225 |T8 @ 125
P1 C5 -0.8 mTO 0.3 m |700 X 800 C35/45 : Fy500 COL-E 0.173 0.774 0.39]4-T16 + 12-T12 T8 @ 225 |T8 @ 125
P1 Ccé6 -0.8 mTO 0.3 m |700 X 800 C35/45 : Fy500 COL-E 0.177 0.675 0.31]4-T16 + 8-T12 T8 @ 225 |T8 @ 125
P1 c7 -0.8 mTO 0.3 m |700 X 800 C35/45 : Fy500 COL-E 0.178 0.712 0.26]4-T16 + 6-T12 T8 @ 225 |T8 @ 125
P1 Cc8 -0.8 mTO 0.3 m |700 X 800 C35/45 : Fy500 COL-E 0.137 0.754 0.31]4-T16 + 8-T12 T8 @ 225 |T8 @ 125
P6 Cco -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.249 0.921 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P6 Cc10 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.249 0.921 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P5 Ci11 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.05 0.519 0.5|4-T16 T8 @ 250 |T8 @ 175
P5 C12 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.05 0.519 0.5|4-T16 T8 @ 250 |T8 @ 175
P4 C13 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P4 Cl4 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P4 C15 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P4 C16 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P6 Cc17 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.249 0.922 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P6 C18 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.249 0.922 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P5 Cc19 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.05 0.519 0.5|4-T16 T8 @ 250 |T8 @ 175
P5 Cc20 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.05 0.519 0.5|4-T16 T8 @ 250 |T8 @ 175
P4 cz1 -0.8mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P4 Cc22 -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P4 Cc23 -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P4 C24 -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.063 0.535 0.28|4-T12 T8 @ 225 |T8 @ 125
P7 C25 -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.175 0.794 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P7 C26 -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.175 0.794 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P11 c27 -0.8 mTO 0.3 m |600 X 600 C35/45 : Fy500 COL-E 0.02 0.068 0.25|8-T12 T8 @ 225 |T8 @ 125
P11 C28 -0.8 mTO 0.3 m |600 X 600 C35/45 : Fy500 COL-E 0.02 0.068 0.25|8-T12 T8 @ 225 |T8 @ 125
P3 Cc29 -0.8mTO0.3m | POLY 8 X 1160 C35/45 : Fy500 COL-E 0.012 0.204 0.22|72-T16 T16 @ 150 T16 @ 150
P9 C30 -0.8 mTO 0.3 m |600 X 600 C35/45 : Fy500 COL-E 0.005 0.006 0.25|8-T12 T8 @ 225 |T8 @ 125
P11 Cc31 -0.8 mTO 0.3 m |900 X 900 C35/45 : Fy500 COL-E 0.005 0.006 0.22]|16-T12 T8 @ 225 |T8 @ 125
P8 C32 -0.8 mTO 0.3 m |600 X 600 C35/45 : Fy500 COL-E 0.053 0.038 0.25|8-T12 T8 @ 225 |T8 @ 125
P7 C33 -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.175 0.794 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P7 C34 -0.8 mTO 0.3 m |400 X 400 C35/45 : Fy500 COL-E 0.175 0.794 0.79]4-T16 + 4-T12 T8 @ 225 |T8 @ 125
P11 C35 -0.8 mTO 0.3 m |600 X 600 C35/45 : Fy500 COL-E 0.02 0.068 0.25|8-T12 T8 @ 225 |T8 @ 125
P11 C36 -0.8 mTO 0.3 m |600 X 600 C35/45 : Fy500 COL-E 0.02 0.068 0.25|8-T12 T8 @ 225 |T8 @ 125
P8 C37 -0.8 mTO 0.3 m |600 X 600 C35/45 : Fy500 COL-E 0.073 0.046 0.25|8-T12 T8 @ 225 |T8 @ 125
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CONCENTRATED LOADS (LOCATION SEE DRAWING)
LOADS RESULTING FROM CONNECTED PIPING ARE INCLUDED
! Y +V +Hy <
*@* MARKED 2
+H 7 |LoaDPOINT |3
NO i
' % REMARKS
OR VERTICAL LOAD HORIZONTAL LOAD | ~
EQP Z
ELEVATION NO. Vp Vo Vo Hun He 8
[m] [KN] [KN] [KN] [KN] KNl | &
. . Refrigerant Receiver, 4
+5.000 V605 +35.0 +50.0] +80.0] only wind| only wind] X SUPPORTS
+5.000 E616 +2.0 +3.0 only wind| only wind| X |Export Ammonia HEX
. . Water Separator, 4
+8.200 V602 +60.0 +90.0] + 140.0] only wind| only wind] X SUPPORTS
+12.800 E606 +22.0 +25.0 only wind| only wind] X |CO2 Gas Pre-Cooler
+12.800 E617 +40.0 +45.0 only wind| only wind| X |Export CO2 Gas Heater
. . CO2 Liquefier, 2
+23.800 E608 +60.0 +70.0 only wind| only wind| X SUPPORTS
. . CO2 Condenser, 2
+23.800 E610 +35.0 +40.0] +12.5] only wind| only wind| X SUPPORTS
. . Vent Gas Silencer, 4
+26.000 5601 +73.0 +80.0 only wind| only wind| X SUPPORTS
+0.675 LP00.01 +200| +250| +50.0| onlywind| only wina| x |E'POY supporton
paving
+3.720 LP01.01 +80.0 +90.0] +20.0] only wind| only wind| X [Elbow support
+8.200 LP02.01 only wind| only wind| x [Morizontal quide
support
+12.800 LP03.01 +70.0 +80.0] +200.0] only wind| only wind] X |Vertical support
+12.800 LP03.02 +80.0 +90.0 only wind| only wind] X |Vertical support
+12.800 LP03.03 only wind| only wind| x_[Morizontal quide
sup_port _
+17.400 LP04.01 only wind| only wina| x |Horzontal quide
support
+18.630 LP04.02 only wind| only wind| x_[Morizontal quide
support
+20.400 LP05.01 +15.0[  +200 only wind| only wind| x_[Morizontal quide
sup_port _
+23.800 LP06.01 only wind| only wina| x |Horzontal quide
support
+23.800 LP06.02 only wind| only wind| x_[Morizontal quide
support
+23.800 LP06.03 +15.0 +50.0 only wind| only wind] X |Fixed Support; 2
+22.970 LP06.04 +50|  +60| +150| onlywina| ontywing x |Horizontal guide
support
+23.800 LP06.05 only wind| only wind| x_[Morizontal quide
support
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AREA LOADS (AS MARKED IN THE DRAWING)
LEVEL PIPING LOADS LoaDs | CONCEN-
TRATED
VERTICAL HORIZONTAL [VERTICAL ) 5ap
L Remarks
ELEVATION 9 Pr % hy he q P
[m] [KN/m2] [kN/m2] | [kN/m2] | kN/m2] | kNm2] | [kNgm?) [KN]
+3.000 + 30 + 30 Walkwgy platfprm, movable single load, applied on
area with grating only
+5.000 +1.0 +2.0 +#02|  +o02| +30 + 100 [|/Valkway platform, movable single load, applied on
area with grating only
+7.000 +30 + 30 Walkwgy platfprm, movable single load, applied on
area with grating only
+8.200 +1.0 +2.0 +#02|  +o02| +30 + 100 [|/Valkway platform, movable single load, applied on
area with grating only
+10.600 +30 + 30 Walkwgy platfprm, movable single load, applied on
area with grating only
+12.800 + 10 +2.0 +#02|  +02| +30 + 100 [|/Valkway platform, movable single load, applied on
area with grating only
+15.200 +30 + 30 Walkwgy platfprm, movable single load, applied on
area with grating only
+17.400 + 10 +2.0 +#02|  +02| +30 + 100 [|/Valkway platform, movable single load, applied on
area with grating only
+19.000 + 30 + 30 Walkwgy platfprm, movable single load, applied on
area with grating only
+20.400 + 10 +2.0 +#02|  +02| +30 + 100 [|/Valkway platform, movable single load, applied on
area with grating only
422200 + 30 + 30 Walkwgy platfprm, movable single load, applied on
area with grating only
+23.800 + 10 +2.0 +#02|  +02| +30 + 100 [|/Valkway platform, movable single load, applied on
area with grating only
Explosion acc. to YARA Specification
Load
NOTE 1: CONSIDER CABLE TRAY SUPPORTING PORTION FULLY OCCUPIED
V p = DEAD LOAD (EMPTY WEIGHT WITH INSULATION AND ATTACHMENTS)
V o = OPERATING LOAD (V p+ OPERATING, FILLING WITH OPERATING MEDIUM)
V 1= PRESSURE TEST LOAD (V p + FILLING WITH WATER)
H/Hg=HORIZONTAL LOAD IN OPERATION (N= NORTH, E=EAST) FOR LOCAL DESIGN IF NOT MARKED AS GLOBAL

ogR = DEAD LOAD - PIPELINE

PR = LIVE LOAD + gR

R = TEST LOAD = gR + PRESSURE TEST LOAD (WITHOUT INSULATION)

hN = PIPE THRUST NORTH

hE = PIPE THRUST SOUTH

q = LIVE LOAD IN AREAS WITH GRATING

P = CONCENTRADED SINGLE LIVE LOAD ON PLATFORM FOR LOCAL DESIGN

ENVIRONMENTAL LOADS ON EQUIPMENT, STRUCTURE, PIPES, CABLE TRAYS AND SO ON ARE NOT INCLUDED IN THIS TABLE AND
SHALL BE ADDED PROPERLY BY THE ENGINEER WHO PREPARES THE STATIC CALCULATION

SINGLE LOADS, WHICH ARE PLACED IN ADDITON TO AREA LOADS, ARE REDUCED WITH THE OVERLAPPING AREA LOAD

ALL OTHER LOADS SHALL BE ADDED DIRECTLY TO THE DRAWING AT THEIR ASSUMED POSITION WITH VALUES
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