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1 Introduction

See chapter 1 of 53591-1311001: Uitgangspunten (basis of design)

1.1 Scope of this document

In this document, calculations of the strength, stability and reinforcement of the tank foundation slab and
tank pit are presented.

1.2 Design description

This figure below shows the foundation plan of the project.

Figure 1-1 Foundation plan

Tank foundation slab

The tank foundation slab is octagonal, width approximately 10m and a thickness variating from 750mm to
850mm. Concrete piles (type “Fundex” Ø380/450) support this slab. The effect of the soil under the tank
foundation slab is neglected.

Tank Pit

The area of the tank-pit is approximately 460m2 (= 26x18m) and the slab thickness is 250mm except the
pump foundation slab which has thickness 550mm (the bottom level is same). The tank-pit wall height is 1,1m
for the normal slab part and 1,5m at the drainage pit. Both wall have a thickness of 250mm.

The tank-pit slab is founded on the ground soil, no piles to be used. Therefore, to avoid any negative effect
from the tank foundation, expansion joints between the tank foundation and the tank-pit slab are introduced.
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1.3 Revisions

1.3.1 Revision 0A

First issue.

1.3.2 Revision 0B

Additional information about foundation settlement is provided.

1.3.3 Revision 1

Items below have been updated.

 Tank design loads
 Pump foundation location
 Piping support loads
 Expansion joints

2 Applicable codes & regulations

See chapter 2 of 53591-01-1311001: Uitgangspunten (basis of design)
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3 Loads, load cases and combination

See chapter 3 of 53591-01-1311001: Uitgangspunten (basis of design) for general information

3.1 Tank foundation slab

3.1.1 LC_01: Self-weight

Permanente Belasting (= De)

OW reinforced concrete = 2500 kg/m3 gk = 25,0 kN/m3

OW galv. steel m = 8000 kg/m3 gk = 80,0 kN/m3

Note:

Scia Engineer generates the self-weight of the structure automatically

3.1.2 LC_02: Tank empty

Figure 3-1 Tank empty weight

LC_02: Tank empty Equipment (= Ds)

Tanks V620 / V630: D = Ø9,5m, H = 10,0m V=720m³
Acc. to information Hexion (dd.11-07-2019) doc. 308-EQ-ED-
V620-6000-Bulk Formalin Storage Vessel--Spec[0A] gk = 500 kN

10% extra for connecting piping on tank  pk = 1,1  500 gk = 550 kN

Load on foundation tank D = Ø9,5m:

gk = 18,5 kN/m¹

Insulation and finishing:
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Roof:

gk = 1,0 kN/m¹

Perimeter:
gk = 4,0 kN/m¹

Hand railing gk = 0,4 kN/m¹

Cage ladder and platform:
gk = 0,5 kN/m¹

gk = 24,4 kN/m¹

Cage ladder (2x) H = 6m
gk = 8,4 kN

Platform LxB = 2,4 x 1,2 m:
gk = 2,9 kN

Handrailing platform: gk = 1,9 kN

gk = 13,2 kN

Bottom tank: D = Ø9,5m:
gk = 0,5 kN/m²

Oil-sand layer H=50mm: gk = 1,0 kN/m²

Foamglass 100mm: gk = 0,1 kN/m²

gk = 1,6 kN/m²

10% extra for connecting piping  pk = 1,1  1,6 gk = 1,8 kN/m²
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3.1.3 LC_11: Tank operating

Figure 3-2 Tank operating weight

LC_11: Tank operating Equipment (= Do)

Tanks V620 / V630: D = Ø9,5m, H = 10,0m V=720m³
Acc. to information Hexion (dd.11-07-2019) doc. 308-EQ-ED-
V620-6000-Bulk Formalin Storage Vessel--Spec[0A] gk = 8288 kN

10% extra for connecting piping on tank  pk = 1,1  8288 gk = 9117 kN

Load on foundation tank D = Ø9,5m:

gk = 128,6 kN/m²
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3.1.4 LC_12: Platform live load

Figure 3-3 Platform live load

LC_12: Platform live load (= L)

Tanks V620 / V630: D = Ø9,5m, H = 10,0m V=720m³

Load Roof on foundation tank D = Ø9,5m:

gk = 3,8 kN/m¹

Hand railing gk = 2,0 kN/m¹

Cage ladder or platform:

gk = 0,4 kN/m¹

gk = 6,2 kN/m¹
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3.1.5 LC_13: Tank uplift pressure

Figure 3-4 Uplift pressure

LC_13: Tank uplift pressure (= L)

Tanks V620 / V630: D = Ø9,5m, H = 10,0m V=720m³
Acc. to information Hexion (dd.11-07-2019) doc. 308-EQ-ED-
V620-6000-Bulk Formalin Storage Vessel--Spec[0A]

Design pressure Q = 0,065 barg Pk = 6,5 kN/m²

Load Roof on foundation tank D = Ø9,5m:

gk = -15,5 kN/m¹
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3.1.6 LC_21 to LC_28: Wind load

Figure 3-5 Wind load LC_21

Figure 3-6 Wind load LC_22
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Figure 3-7 Wind load LC-23

Figure 3-8 Wind load LC_24



Bilfinger Tebodin Netherlands BV
Load and Strength Calculation
Tank Foundation Slab and Tank Pit
Formaline Storage Bund

Order number: 53591-01
Document number:  1334001
Revision: 1
Page 14 / 65

Figure 3-9 Wind load LC-25

Figure 3-10 Wind load LC_26



Bilfinger Tebodin Netherlands BV
Load and Strength Calculation
Tank Foundation Slab and Tank Pit
Formaline Storage Bund

Order number: 53591-01
Document number:  1334001
Revision: 1
Page 15 / 65

Figure 3-11 Wind load LC-27

Figure 3-12 Wind load LC_28
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The height of the structure is assumed 12m incl. influence of a platform.

LC_21
LC_28: Wind load (= W)

Wind load acc. NEN-EN 1991-1-4 + NB

Orography factor acc. A.3 NEN-EN 1991-1-4/NB co= 1,0

Terrain category acc. figure NB.1 and table NB.3-4.1 II

Wind area (unbuilt area) II

Max. height (from EL.0.000+) hmax = 12,0 m

Basic wind velocity vb,0 acc. table NB.1 vb,0 = 27,0 m/s

Wind force qw(z) vlgs. 4.5 qw(z) = 0,91 kN/m2

Structural factor cscd acc. 6.2 NEN-EN 1991-1-4/NB cscd = 1,0 -

Wind forcet qp(z) = cscd qp(z) = 1,0 x 0,90 = qp(z) = 0,91 kN/m2

Force coefficient tank Cf = +1,2

Factor  acc to NEN-EN 1991-1-4 7.9.3  = 1,15

End factor  acc. to NEN-EN 1991-1-4 7.13  = 1,0

Force coëfficiënt Cf;0 = 1,38

Friction Roof cf;r = 0,04

Wind moment on foundation

Mw;k = 878 kNm

Mw;k = 32 kNm

Mw;k = 910 kNm

Distribution wind load on foundation with angle  = 90 º

qw = ±14,3 kN/m

Hw;k = ±10,0 kN/m



Bilfinger Tebodin Netherlands BV
Load and Strength Calculation
Tank Foundation Slab and Tank Pit
Formaline Storage Bund

Order number: 53591-01
Document number:  1334001
Revision: 1
Page 17 / 65

3.1.7 LC_31: Snow load

Figure 3-13 Snow load

LC_31: Snow load (= S)

Tanks V620 / V630: D = Ø9,5m, H = 10,0m V=720m³

s = 0,6 kN/m²

Snow load acc. To NEN-EN 1991-1-3/NB

Load Roof on foundation tank D = Ø9,7m:

gk = 1,5 kN/m¹
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3.2 Tank-pit slab

Note:

At the moment of writing this report, the weight of pump, location of piping supports and the loads from the
steel member are not fixed. Therefore, some assumptions are made for them. These assumptions should be
verified when there are fixed information available.

3.2.1 LC_01: Self-weight

Self Weight (= De)

SW reinforced concrete = 2500 kg/m3 gk = 25,0 kN/m3

SW galv. steel m = 8000 kg/m3 gk = 80,0 kN/m3

Note:

Scia Engineer generates the self-weight of the structure automatically
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3.2.2 LC_11: Live load on the floor

Figure 3-14 Live load in the tank pit

Opgelegde belasting (= L)
(volgens de bestaande berekening: 1134001 Strenght Calculation
R.C. Foundation)

Vloer tankput: qk = 10,0 kN/m²

Dak tank
Conform opgave datasheet tank Hexion: qk = 1,6 kN/m²

Looppaden, bordessen en trappen: qk = 4,0 kN/m²

Handrailing qk = 2,0 kN/m¹
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3.2.3 LC_12: Pumps

Figure 3-15 Pump weight

Pump

Pump (per pump, acc. to Hexion) Fk = 15,0 kN
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3.2.4 LC_13: Reaction force from steel structure

Reaction forces as given in layout below for both (1) columns for the expansion of the existing pipe rack and
(2) for piping supports between the tank foundations are based on preliminary design loads and assumptions.

In a later stage when the steel structures are final, the correct loads in the model will be added to verify the
strength of the foundation of the tank pit.

Figure 3-16 Reaction force from steel structure
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3.2.5 LC_14: Calamity load

Figure 3-17 Reaction force from steel structure

Calamity Load (= C)

0,8m Formaline and 0,4m fire water (lowest elavation))

On floor tank pit
qk = 13,2 kN/m²

In gutter and tank pit wall
qk = 14,5 kN/m²

4 Combinations of actions

See chapter 4 of 53591-01-1311001 Uitgangspunten (basis of design)
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5 Load and strength calculation Tank foundation

For the results given in the following chapters, see SCIA calculation in Annex A.

Foundation data is taken from the foundation advice (R1901679-02) which was made by MOS.

5.1 Load calculation Tank foundation

Pile data

 Pile dimensions: 380 mm / 450 mm
 Pile length: approximately 22 m (pile tip elevation: NAP -17,5 m)
 Bearing resistance capacity of the pile: 680 kN
 Stiffness in z direction: 62 MN/m
 Stiffness in x,y direction: 3,1 MN/m

Pile reaction force

 The largest compression on pile:  551,2 kN < 680 kN  O.K.
 The largest tension on pile: N/A

Figure 5-1 Layout piling plan
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Figure 5-2 Maximum pile reactions

Reacties

Lineaire berekening

Klasse: ULS_All

Knoopreacties

Naam BG Rx

[kN]
Ry

[kN]
Rz

[kN]
Mx

[kNm]
My

[kNm]
Mz

[kNm]
Sn15/N31 ULS_02/1 -6,7 0,0 19,2 0,0 0,0 0,0
Sn15/N31 ULS_01/2 6,7 0,0 80,5 0,0 0,0 0,0
Sn14/N30 ULS_04/3 0,0 -6,7 85,8 0,0 0,0 0,0
Sn14/N30 ULS_03/4 0,0 6,7 25,5 0,0 0,0 0,0
Sn24/N40 ULS_02/1 -6,7 0,0 18,4 0,0 0,0 0,0
Sn9/N17 ULS_12/5 -6,7 0,0 551,2 0,0 0,0 0,0
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5.2 Concrete foundation slab

5.2.1 Minimum reinforcement in tank foundation

The minimum cross-section for the reinforcement to be used acc. to NEN-EN 1992-1-1 art.9.2.1.

ASSUMPTION: main reinforcement in the foundation Ø16-100 (As = 2010 mm²/m)

5.2.1.1 Top reinforcement

X-direction:

Y-direction:

5.2.1.2 Bottom reinforcement

X-direction:

Y-direction:
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5.3 Reinforcement

5.3.1 Liquid tightening

The tank foundation is designed to be a liquid tight. According to CUR65, the minimum spacing for the
reinforcement is 100 mm.

Acc. to CUR65 art. 4.4.2.3.a Minimum applied reinforcement, top:

- Applied main reinforcement, top: Ø20-100
- Applied main reinforcement, bottom: Ø16-100

5.3.2 Top Reinforcement

5.3.2.1 X-direction LIN-ULS

Height for top reinforcement:

At location maximum field moment:
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5.3.2.2 Y-direction LIN-ULS

Height for top reinforcement:

At location maximum field moment:
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5.3.3 Bottom reinforcement

5.3.3.1 X-direction LIN-ULS

Height for bottom reinforcement:

At location maximum field moment:
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5.3.3.2 Y-direction LIN-ULS

Height for bottom reinforcement:

At location maximum field moment:
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5.3.4 Results LIN-ULS

Interne 2D-krachten

Lineaire berekening
Klasse: ULS_All
Extreem: Globaal
Selectie: E1
Elementaire ontwerpgrootheden

Naam Net Positie
[mm]

BG mxD+

[kNm/m]
myD+

[kNm/m]
mxD-

[kNm/m]
myD-

[kNm/m]
E1 Element: 2499

Knoop: 43
1,500

-4,500
0,000

ULS_17/1 -142,2 -98,4 0,0 0,0

E1 Element: 2453
Knoop: 173

3,975
-2,600
0,000

ULS_16/2 0,0 0,0 135,4 97,8

E1 Element: 2502
Knoop: 37

4,500
1,500
0,000

ULS_16/2 -99,2 -142,7 0,0 0,0

E1 Element: 2451
Knoop: 335

2,600
-3,975
0,000

ULS_16/2 0,0 0,0 99,2 137,8

5.3.5 Results LIN-SLS

Interne 2D-krachten

Lineaire berekening
Klasse: SLS_All
Extreem: Globaal
Selectie: E1
Elementaire ontwerpgrootheden

Naam Net Positie
[mm]

BG mxD+
[kNm/m]

myD+
[kNm/m]

mxD-
[kNm/m]

myD-
[kNm/m]

E1 Element: 2499
Knoop: 43

1,500
-4,500
0,000

SLS_15/1 -89,4 -61,2 0,0 0,0

E1 Element: 2453
Knoop: 173

3,975
-2,600
0,000

SLS_14/2 0,0 0,0 82,4 58,5

E1 Element: 2502
Knoop: 37

4,500
1,500
0,000

SLS_14/2 -61,7 -90,1 0,0 0,0

E1 Element: 2451
Knoop: 335

2,600
-3,975
0,000

SLS_14/2 0,0 0,0 59,6 83,8
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5.4 Tank foundation CRACK WIDTH

5.4.1 Shrinkage strain tank foundation

5.4.1.1 Drying shrinkage strain acc. to GTB2010 5.4.a t/m 5.4.c

Where:

5.4.1.2 Autogene shrinkage strain acc. to GTB2010 5.4.d

5.4.1.3 Total shrinkage strain:

Shrinkage:
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5.4.2 Top Reinforcement

5.4.2.1 X-direction LIN-SLS

Effective height:

At location maximum moment:

 (acc. to CUR65)

Required reinforcement:

Main reinforcement:

Creep coëfficiënt acc. to. NEN-EN 1992-1-1:

Where:

Conclusion: crack width tank foundation sufficient

Main reinforcement:
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5.4.2.2 Y-richting LIN-SLS

Effective height:

At location maximum moment:

 (acc. to CUR65)

Required reinforcement:

Main reinforcement:

Creep coëfficiënt acc. to. NEN-EN 1992-1-1:

Where:

Conclusion: crack width tank foundation sufficient

Main reinforcement:
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5.4.3 Bottom Reinforcement

5.4.3.1 X-direction LIN-SLS

Shrinkage:

Effective height:

At location maximum moment:

Required reinforcement:

Main reinforcement:

Acc. to GTB 21010 14.5a

Acc. to GTB 21010 14.5b

Conclusion: crack width tank foundation sufficient

Main reinforcement:

5.4.3.2 Y-direction LIN-SLS

Shrinkage:

Effective height:

At location maximum field moment:

Required reinforcement:

Main reinforcement:

Acc. to GTB 21010 14.5a

Acc. to GTB 21010 14.5b

Conclusion: crack width tank foundation sufficient

Main reinforcement:
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5.5 Settlements tank foundation

5.5.1 Minimum settlements tank foundation

The figure below shows the minimum settlement of the tank foundation under the expected characteristic
load (no partial factors on the loads). The highest settlement is  and differential settlement is

 based on the pile stiffness from the foundation advice (chapter 4.4, R1901679-02).

Figure 5-3 Tank concrete foundation settlement

Note:

According to the foundation advice (chapter 4.4, R1901679-02) from MOS, the maximum settlement under
the maximum characteristic pile compression loads are approximately 5 mm to 10 mm.
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5.5.2 Maximum settlements tank foundation

The figure below shows the maximum settlement of the tank foundation under the expected characteristic
load (no partial factors on the loads). The highest settlement is  and differential settlement is

 based on the pile stiffness from the foundation advice (chapter 4.4, R1901679-02).

Figure 5-4 Tank concrete foundation settlement

Note:

According to the foundation advice (chapter 4.4, R1901679-02) from MOS, the maximum settlement under
the maximum characteristic pile compression loads are approximately 5 mm to 10 mm.
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5.5.3 Settlements LIN-SLS

2D-verplaatsing

Lineaire berekening
Klasse: SLS_All
Extreem: Globaal
Selectie: Alle
Locatie: In knooppunten gem. bij macro. Systeem: LCS net element

Naam Net Positie
[mm]

BG uz
[mm]

E1 Element:
1357
Knoop: 404

3,614
-3,443
0,000

SLS_14/1 -5,5

E1 Element:
1234
Knoop: 140

-4,990
-0,122
0,000

SLS_02/7 -0,6
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6 Floor foundation Tank-pit

Foundation data is taken from the foundation advice (R1901679-02) which was made by MOS.

Shallow foundation data

 Bearing resistance capacity of the soil: not normative according to advice
 Stiffness: advised 7,5 MN/m³ to 10,0 MN/m³, applied 7,5 MN/m³

6.1 Concrete foundation slab

6.1.1 Minimum reinforcement in tank foundation

The minimum cross-section for the reinforcement to be used acc. to NEN-EN 1992-1-1 art.9.2.1.

ASSUMPTION: main reinforcement in the foundation Ø12-100 (As = 1131 mm²/m)

6.1.1.1 Top reinforcement

X-direction:

Y-direction:

6.1.1.2 Bottom reinforcement

X-direction:

Y-direction:
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6.2 Reinforcement

6.2.1 Liquid tightening

Tank-pit shall be designed as a liquid tight structure according to CUR-65 (see the calculation below)

The tank foundation is designed to be a liquid tight. According to CUR65, the minimum spacing for the
reinforcement is 100 mm.

Acc. to CUR65 art. 4.4.2.3.a Minimum applied reinforcement, top:

As a result, applied reinforcement bars are:

- Applied main reinforcement, top: Ø12-100
- Applied main reinforcement, bottom: Ø12-100

Note: For the tank-pit reinforcement design, liquid tightening is the decisive requirement.
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6.2.2 Top Reinforcement

6.2.2.1 X-direction LIN-ULS

Height for top reinforcement:

At location maximum field moment:
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6.2.2.2 Y-direction LIN-ULS

Height for top reinforcement:

At location maximum field moment:
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6.2.3 Bottom reinforcement

6.2.3.1 X-direction LIN-ULS

Height for bottom reinforcement:

At location maximum field moment:



Bilfinger Tebodin Netherlands BV
Load and Strength Calculation
Tank Foundation Slab and Tank Pit
Formaline Storage Bund

Order number: 53591-01
Document number:  1334001
Revision: 1
Page 43 / 65

6.2.3.2 Y-direction LIN-ULS

Height for bottom reinforcement:

At location maximum field moment:
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6.2.4 Results LIN-ULS

Interne 2D-krachten

Lineaire berekening
Klasse: ULS_All
Extreem: Globaal
Selectie: E1, E2
Elementaire ontwerpgrootheden

Naam Net Positie
[m]

BG mxD+

[kNm/m]
myD+

[kNm/m]
mxD-

[kNm/m]
myD-

[kNm/m]
E1 Element: 3792

Knoop: 34
8,800
3,000
0,000

ULS_08/1 0,0 0,0 32,9 12,7

E1 Element: 235
Knoop: 9

-2,400
6,650
0,000

ULS_06/2 -22,7 -14,5 0,0 0,0

E1 Element: 1
Knoop: 1

-2,400
10,950

0,000

ULS_05/3 -22,7 -14,4 0,0 0,0

E1 Element: 3801
Knoop: 35

9,800
3,000
0,000

ULS_08/1 0,0 0,0 26,4 18,3

6.2.5 Results LIN-SLS

Interne 2D-krachten

Lineaire berekening
Klasse: SLS_All
Extreem: Globaal
Selectie: E1, E2
Elementaire ontwerpgrootheden

Naam Net Positie
[m]

BG mxD+
[kNm/m]

myD+
[kNm/m]

mxD-
[kNm/m]

myD-
[kNm/m]

E1 Element: 3792
Knoop: 34

8,800
3,000
0,000

SLS_08/1 0,0 0,0 20,6 7,7

E1 Element: 235
Knoop: 9

-2,400
6,650
0,000

SLS_06/2 -14,1 -9,1 0,0 0,0

E1 Element: 3801
Knoop: 35

9,800
3,000
0,000

SLS_08/1 0,0 0,0 16,6 11,1

For the results given in the following chapters, see SCIA calculation in Annex B.
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6.3 Floor CRACK WIDTH

6.3.1 Shrinkage strain floor

6.3.1.1 Drying shrinkage strain acc. to GTB2010 5.4.a t/m 5.4.c

Where:

6.3.1.2 Autogene shrinkage strain acc. to GTB2010 5.4.d

6.3.1.3 Total shrinkage strain:

Shrinkage:
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6.3.2 Top Reinforcement

6.3.2.1 X-direction LIN-SLS

Effective height:

At location maximum moment:

 (acc. to CUR65)

Required reinforcement:

Main reinforcement:

Creep coëfficiënt acc. to. NEN-EN 1992-1-1:

Where:

Conclusion: crack width tank foundation sufficient

Main reinforcement:
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6.3.2.2 Y-richting LIN-SLS

Effective height:

At location maximum moment: :

 (acc. to CUR65)

Required reinforcement:

Main reinforcement:

Creep coëfficiënt acc. to. NEN-EN 1992-1-1:

Where:

Conclusion: crack width tank foundation sufficient

Main reinforcement:
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6.3.3 Bottom Reinforcement

6.3.3.1 X-direction LIN-SLS

Shrinkage:

Effective height:

At location maximum moment:

Required reinforcement:

Main reinforcement:

Acc. to GTB 21010 14.5a

Acc. to GTB 21010 14.5b

Conclusion: crack width tank foundation sufficient

Main reinforcement:

6.3.3.2 Y-direction LIN-SLS

Shrinkage:

Effective height:

At location maximum field moment:

Required reinforcement:

Main reinforcement:

Acc. to GTB 21010 14.5a

Acc. to GTB 21010 14.5b

Conclusion: crack width tank foundation sufficient

Main reinforcement:
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6.4 Settlement

6.4.1 Minimum settlements foundation tank pit

The figure below shows the minimum settlement of the tank foundation under the expected characteristic
load (no partial factors on the loads). The highest settlement is  and differential settlement is

 based on the applied soil stiffness of 7,5 MN/m³.

Figure 6-1 Tank concrete foundation settlement

Note:

Assuming the existing bund was fully settled because it had enough time to be settled, a differential
settlement about 2 mm (in theory) between the existing bund and the new bund is expected. Therefore,
although the settlements are not expected to be large, regular monitoring and maintenance should be
planned to avoid any inconvenience.
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6.4.2 Maximum settlements tank foundation

The figure below shows the maximum settlement of the floor under the expected characteristic load (no
partial factors on the loads). The highest settlement is  and differential settlement is
based on the applied soil stiffness of 7,5 MN/m³.

Figure 6-2 Tank concrete foundation settlement

Note:

Assuming the existing bund was fully settled because it had enough time to be settled, a differential
settlement about 2 mm (in theory) between the existing bund and the new bund is expected. Therefore,
although the settlements are not expected to be large, regular monitoring and maintenance should be
planned to avoid any inconvenience.
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6.4.3 Settlements LIN-SLS

2D-verplaatsing

Lineaire berekening
Klasse: SLS_All
Extreem: Globaal
Selectie: E1, E2
Locatie: In knooppunten gem. bij macro. Systeem: LCS net element

Naam Net Positie
[mm]

BG uz
[mm]

E2 Element:
4094
Knoop: 36

-4,000
14,953

0,000

SLS_07/4 -4,5

E1 Element: 427
Knoop: 528

18,565
5,215
0,000

SLS_01/6 -0,4
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7 Walls foundation Tank-pit

7.1 Concrete walls foundation slab

7.1.1 Minimum reinforcement in tank foundation

The minimum cross-section for the reinforcement to be used acc. to NEN-EN 1992-1-1 art.9.2.1.

ASSUMPTION: main reinforcement in the foundation Ø12-100 (As = 1131 mm²/m)

7.1.1.1 Inside reinforcement

Horizontal direction:

Vertical direction:
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7.2 Reinforcement

7.2.1 Liquid tightening

Tank-pit shall be designed as a liquid tight structure according to CUR-65 (see the calculation below)

The tank foundation is designed to be a liquid tight. According to CUR65, the minimum spacing for the
reinforcement is 100 mm.

Acc. to CUR65 art. 4.4.2.3.a Minimum applied reinforcement, top:

As a result, applied reinforcement bars are:

- Applied main reinforcement, inside: Ø12-100
- Applied main reinforcement, outside: Ø12-100

Note: For the tank-pit reinforcement design, liquid tightening is the decisive requirement.
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7.2.2 Inside Reinforcement

7.2.2.1 Horizontal direction LIN-ULS

Height for top reinforcement:

At location maximum field moment:
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7.2.2.2 Vertical direction LIN-ULS

Height for top reinforcement:

At location maximum field moment:
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7.2.3 Outside reinforcement

7.2.3.1 Horizontal direction LIN-ULS

Height for bottom reinforcement:

At location maximum field moment:
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7.2.3.2 Vertical direction LIN-ULS

Height for bottom reinforcement:

At location maximum field moment:
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7.2.4 Results LIN-ULS

Interne 2D-krachten

Lineaire berekening
Klasse: ULS_All
Extreem: Globaal
Selectie: All
Elementaire ontwerpgrootheden

Naam Net Positie
[m]

BG mxD+

[kNm/m]
myD+

[kNm/m]
mxD-

[kNm/m]
myD-

[kNm/m]
E8 Element: 4510

Knoop: 41
-4,000
3,900
1,200

ULS_20/1 -22,4 -2,5 0,0 0,0

E7 Element: 4290
Knoop: 40

-4,000
14,953

1,200

ULS_20/1 0,0 0,0 24,9 3,1

E7 Element: 4183
Knoop: 4058

-3,200
14,953

0,000

ULS_06/2 -4,5 -11,0 0,3 0,0

E9 Element: 4527
Knoop: 4785

-0,920
0,897
0,240

ULS_08/3 -3,8 -0,7 7,9 11,0

7.2.5 Results LIN-SLS

Interne 2D-krachten

Lineaire berekening
Klasse: SLS_All
Extreem: Globaal
Selectie: All
Elementaire ontwerpgrootheden

Naam Net Positie
[m]

BG mxD+
[kNm/m]

myD+
[kNm/m]

mxD-
[kNm/m]

myD-
[kNm/m]

E8 Element: 4510
Knoop: 41

-4,000
3,900
1,200

SLS_07/1 -14,0 -1,8 0,0 0,0

E7 Element: 4290
Knoop: 40

-4,000
14,953

1,200

SLS_06/2 0,0 0,0 14,0 1,7

E7 Element: 4183
Knoop: 4058

-3,200
14,953

0,000

SLS_06/2 -2,9 -7,1 0,2 0,0

E9 Element: 4527
Knoop: 4785

-0,920
0,897
0,240

SLS_08/3 -2,4 -0,3 5,1 7,2

For the results given in the following chapters, see SCIA calculation in Annex B.
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7.3 Walls CRACK WIDTH

7.3.1 Shrinkage strain walls

7.3.1.1 Drying shrinkage strain acc. to GTB2010 5.4.a t/m 5.4.c

Where:

7.3.1.2 Autogene shrinkage strain acc. to GTB2010 5.4.d

7.3.1.3 Total shrinkage strain:

Shrinkage:
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7.3.2 Wall Reinforcement

7.3.2.1 Horizontal reinforcement LIN-SLS

Shrinkage:

Effective height:

At location maximum moment:

Required reinforcement:

Main reinforcement:

Acc. to GTB 21010 14.5a

Acc. to GTB 21010 14.5b

Conclusion: crack width tank foundation sufficient

Main reinforcement:

7.3.2.2 Vertical direction LIN-SLS

Shrinkage:

Effective height:

At location maximum field moment:

Required reinforcement:

Main reinforcement:

Acc. to GTB 21010 14.5a

Acc. to GTB 21010 14.5b

Conclusion: crack width tank foundation sufficient

Main reinforcement:
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8 Anchor bolt check

8.1 Anchor bolt for the tank

8.1.1 Anchor data

Anchor type, number, size, position and force on the anchor are proposed by the client.

 Anchor type: chemical anchor,
 Number of anchor: 12
 Anchor size: M30
 Distance between the anchor and the concrete edge: 190 mm
 Maximum characteristic value tension per anchor: 35 kN, design value 60 kN

8.1.2 Anchor depth

With the input from the client, the anchor depth is checked with HILTI anchor design program (PROFIS
ENGINEERING) and it is proven that the applied anchor depth 450mm is okay.

See for input and results par. 9.3 “Annex C: Anchors Tank foundation”:

 Anchor depth in concrete: 450mm  OK.

Figure 8-1 Geometry and loading
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8.2 Anchor bolt for steel column

There are two steel columns connecting to the tank-pit slab from the existing steel pipe rack.

8.2.1 Anchor data

Anchor type, number, size, position and force on the anchor are proposed by the client.

 Anchor type: M20-8.8 (2 pcs for each column)
 Number of anchor: 12
 Effective depth: 220 mm
 Distance between the anchors: 150 mm

Result of a preliminary steel calculation the force at the base of the column are as below.

 Design value compression force: 47 kN
 Design value tension force: -10 kN
 Design value shear force: 5 kN

8.2.2 Anchor depth

With the input from the client, the anchor depth is checked with XColumnBase, and it is proven that the applied
anchor depth 220mm is okay.

See for input and results par. 9.4 “Annex D: Anchors main steel structure”:

 Anchor depth in concrete: 220mm  OK.

Figure 8-2 Anchor bolt design for steel column base plate connection to concrete foundation
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According to the a preliminary steel calculation the force at the base of the column is as below.

 Design value compression force: 47 kN
 Design value tension force: -10 kN
 Design value shear force: 5 kN

To take into account the effects of the anchors a preliminary anchor calculation is in this paragraph worked
out. Below the input for the anchor calculations based on above design values are given.

Figure 8-3 Anchor bolts configuration by XColumnBase (Annex D)
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Figure 8-4 Anchor bolts configuration by XColumnBase (Annex D)

The check of the anchors is done with XColumnBase, and the designed anchor bolt satisfies the anchor bolt
design requirements.
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9  Annex

9.1 Annex A: Tank Foundation

9.2 Annex B: Foundation floor and wall

9.3 Annex C: Anchors Tank foundation

9.4 Annex D: Anchors main steel structure
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2. Project
Licence name Bilfinger Tebodin Netherlands B.V.
Project T53591-01: Hexion Formaline Storage Bund
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3. Model Data
3.1. Model

Project
Part
Description
Author
Date
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21-08-2020
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3.2. Rekenmodel

3.3. Knoop
Name Coord X Coord Y Coord Z

[m] [m] [m]
N1 -2,067 -4,990 0,000
N2 2,067 -4,990 0,000
N3 4,990 -2,067 0,000
N6 -2,067 4,990 0,000
N7 -4,990 2,067 0,000
N8 -4,990 -2,067 0,000
N9 -3,000 -1,500 0,000
N10 -3,000 0,000 0,000
N11 -1,500 -3,000 0,000
N12 -1,500 -1,500 0,000
N13 -1,500 0,000 0,000
N14 -1,500 3,000 0,000
N15 1,500 -3,000 0,000
N16 1,500 -1,500 0,000
N17 1,500 0,000 0,000
N18 1,500 3,000 0,000
N19 3,000 -1,500 0,000
N20 3,000 0,000 0,000
N21 3,359 -3,359 0,000
N22 3,359 3,359 0,000
N23 4,750 0,000 0,000
N24 -3,359 3,359 0,000
N25 0,000 4,750 0,000
N26 -3,359 -3,359 0,000
N27 0,000 -4,750 0,000
N28 -4,750 0,000 0,000

Name Coord X Coord Y Coord Z
[m] [m] [m]

N29 4,500 0,000 0,000
N30 0,000 4,500 0,000
N31 -4,500 0,000 0,000
N32 0,000 -4,500 0,000
N33 3,000 3,000 0,000
N34 -3,000 3,000 0,000
N35 -3,000 -3,000 0,000
N36 3,000 -3,000 0,000
N37 4,500 1,500 0,000
N38 1,500 4,500 0,000
N39 -1,500 4,500 0,000
N40 -4,500 1,500 0,000
N41 -4,500 -1,500 0,000
N42 -1,500 -4,500 0,000
N43 1,500 -4,500 0,000
N44 4,500 -1,500 0,000
N45 0,000 -3,000 0,000
N46 0,000 -1,500 0,000
N47 0,000 0,000 0,000
N48 0,000 3,000 0,000
N49 -3,000 1,500 0,000
N50 -1,500 1,500 0,000
N51 1,500 1,500 0,000
N52 3,000 1,500 0,000
N53 0,000 1,500 0,000
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3.4. 2D-element
Name Layer Type Element type Material Thickness type Th.

[mm]
E1 Concrete slab vloer (90) Standaard C30/37_cracked variable 750

850

3.5. Knoopondersteuningen
Name Node System X Stiffness X Y Stiffness Y Z Stiffness Z Rx Ry Rz

[MN/m] [MN/m] [MN/m]
Sn1 N9 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn2 N10 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn3 N11 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn4 N12 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn5 N13 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn6 N14 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn7 N15 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn8 N16 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn9 N17 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn10 N18 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn11 N19 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn12 N20 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn13 N29 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn14 N30 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn15 N31 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn16 N32 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn17 N33 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn18 N34 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn19 N35 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn20 N36 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn21 N37 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn22 N38 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn23 N39 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn24 N40 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn25 N41 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn26 N42 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn27 N43 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn28 N44 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn29 N45 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn30 N46 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn31 N47 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn32 N48 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn33 N49 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn34 N50 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn35 N51 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn36 N52 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
Sn37 N53 GCS Flexible 3,1000e+00 Flexible 3,1000e+00 Flexible 6,2000e+01 Free Free Free
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4. Load cases
4.1. LC_01
4.1.1. LC_01 / Totale waarde
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4.2. LC_11
4.2.1. LC_11 / Totale waarde

4.2.2. Genereer vrije lasten
Name Load case 2D member Dir Distribution Type load q System

[kN/m2]
GFF1 LC_11 - Tank Operating E1 Z Uniform Surface -128,6 GCS
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4.3. LC_12
4.3.1. LC_12 / Totale waarde

4.3.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS15 LC_12 - Platform Live Load Z Force Uniform Length -6,2 GCS
LFS20 LC_12 - Platform Live Load Z Force Uniform Length -6,2 GCS
LFS23 LC_12 - Platform Live Load Z Force Uniform Length -6,2 GCS
LFS26 LC_12 - Platform Live Load Z Force Uniform Length -6,2 GCS
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4.4. LC_13
4.4.1. LC_13 / Totale waarde

4.4.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS72 LC_13 - Tank_Pressure Uplift Z Force Uniform Length 15,5 GCS
LFS73 LC_13 - Tank_Pressure Uplift Z Force Uniform Length 15,5 GCS
LFS74 LC_13 - Tank_Pressure Uplift Z Force Uniform Length 15,5 GCS
LFS75 LC_13 - Tank_Pressure Uplift Z Force Uniform Length 15,5 GCS

4.4.3. Genereer vrije lasten
Name Load case 2D member Dir Distribution Type load q System

[kN/m2]
GFF3 LC_13 - Tank_Pressure Uplift E1 Z Uniform Surface -6,5 GCS
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4.5. LC_21
4.5.1. LC_21 / Totale waarde

4.5.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS35 LC_21 - E-W X Force Uniform Length -10,0 GCS
LFS36 LC_21 - E-W X Force Uniform Length -10,0 GCS
LFS39 LC_21 - E-W Z Force Uniform Length 14,3 GCS
LFS42 LC_21 - E-W Z Force Uniform Length -14,3 GCS
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4.6. LC_22
4.6.1. LC_22 / Totale waarde

4.6.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS43 LC_22 - W-E X Force Uniform Length 10,0 GCS
LFS44 LC_22 - W-E X Force Uniform Length 10,0 GCS
LFS45 LC_22 - W-E Z Force Uniform Length -14,3 GCS
LFS46 LC_22 - W-E Z Force Uniform Length 14,3 GCS
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4.7. LC_23
4.7.1. LC_23 / Totale waarde

4.7.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS37 LC_23 - N-S Y Force Uniform Length -10,0 GCS
LFS38 LC_23 - N-S Y Force Uniform Length -10,0 GCS
LFS40 LC_23 - N-S Z Force Uniform Length 14,3 GCS
LFS41 LC_23 - N-S Z Force Uniform Length -14,3 GCS
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4.8. LC_24
4.8.1. LC_24 / Totale waarde

4.8.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS47 LC_24 - S-N Y Force Uniform Length 10,0 GCS
LFS48 LC_24 - S-N Y Force Uniform Length 10,0 GCS
LFS49 LC_24 - S-N Z Force Uniform Length -14,3 GCS
LFS50 LC_24 - S-N Z Force Uniform Length 14,3 GCS
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4.9. LC_25
4.9.1. LC_25 / Totale waarde

4.9.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS53 LC_25 - SE-NW Z Force Uniform Length 14,3 GCS
LFS54 LC_25 - SE-NW Z Force Uniform Length -14,3 GCS
LFS56 LC_25 - SE-NW Z Force Uniform Length -14,3 GCS
LFS57 LC_25 - SE-NW Z Force Uniform Length 14,3 GCS
LFS76 LC_25 - SE-NW X Force Uniform Length -7,1 GCS
LFS77 LC_25 - SE-NW X Force Uniform Length -7,1 GCS
LFS78 LC_25 - SE-NW X Force Uniform Length -7,1 GCS
LFS79 LC_25 - SE-NW X Force Uniform Length -7,1 GCS
LFS80 LC_25 - SE-NW Y Force Uniform Length 7,1 GCS
LFS81 LC_25 - SE-NW Y Force Uniform Length 7,1 GCS
LFS82 LC_25 - SE-NW Y Force Uniform Length 7,1 GCS
LFS83 LC_25 - SE-NW Y Force Uniform Length 7,1 GCS
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4.10. LC_26
4.10.1. LC_26 / Totale waarde

4.10.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS58 LC_26 - NW-SE Z Force Uniform Length -14,3 GCS
LFS59 LC_26 - NW-SE Z Force Uniform Length 14,3 GCS
LFS60 LC_26 - NW-SE Z Force Uniform Length 14,3 GCS
LFS61 LC_26 - NW-SE Z Force Uniform Length -14,3 GCS
LFS84 LC_26 - NW-SE X Force Uniform Length 7,1 GCS
LFS85 LC_26 - NW-SE X Force Uniform Length 7,1 GCS
LFS86 LC_26 - NW-SE X Force Uniform Length 7,1 GCS
LFS87 LC_26 - NW-SE X Force Uniform Length 7,1 GCS
LFS88 LC_26 - NW-SE Y Force Uniform Length -7,1 GCS
LFS89 LC_26 - NW-SE Y Force Uniform Length -7,1 GCS
LFS90 LC_26 - NW-SE Y Force Uniform Length -7,1 GCS
LFS91 LC_26 - NW-SE Y Force Uniform Length -7,1 GCS
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4.11. LC_27
4.11.1. LC_27 / Totale waarde

4.11.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS64 LC_27 - SW-NE Z Force Uniform Length 14,3 GCS
LFS65 LC_27 - SW-NE Z Force Uniform Length -14,3 GCS
LFS66 LC_27 - SW-NE Z Force Uniform Length -14,3 GCS
LFS67 LC_27 - SW-NE Z Force Uniform Length 14,3 GCS
LFS92 LC_27 - SW-NE X Force Uniform Length -7,1 GCS
LFS93 LC_27 - SW-NE X Force Uniform Length -7,1 GCS
LFS94 LC_27 - SW-NE X Force Uniform Length -7,1 GCS
LFS95 LC_27 - SW-NE X Force Uniform Length -7,1 GCS
LFS96 LC_27 - SW-NE Y Force Uniform Length -7,1 GCS
LFS97 LC_27 - SW-NE Y Force Uniform Length -7,1 GCS
LFS98 LC_27 - SW-NE Y Force Uniform Length -7,1 GCS
LFS99 LC_27 - SW-NE Y Force Uniform Length -7,1 GCS
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4.12. LC_28
4.12.1. LC_28 / Totale waarde

4.12.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS68 LC_28 - NE-SW Z Force Uniform Length -14,3 GCS
LFS69 LC_28 - NE-SW Z Force Uniform Length 14,3 GCS
LFS70 LC_28 - NE-SW Z Force Uniform Length 14,3 GCS
LFS71 LC_28 - NE-SW Z Force Uniform Length -14,3 GCS
LFS100 LC_28 - NE-SW X Force Uniform Length 7,1 GCS
LFS101 LC_28 - NE-SW X Force Uniform Length 7,1 GCS
LFS102 LC_28 - NE-SW X Force Uniform Length 7,1 GCS
LFS103 LC_28 - NE-SW X Force Uniform Length 7,1 GCS
LFS104 LC_28 - NE-SW Y Force Uniform Length 7,1 GCS
LFS105 LC_28 - NE-SW Y Force Uniform Length 7,1 GCS
LFS106 LC_28 - NE-SW Y Force Uniform Length 7,1 GCS
LFS107 LC_28 - NE-SW Y Force Uniform Length 7,1 GCS
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4.13. LC_31
4.13.1. LC_31 / Totale waarde

4.13.2. Lijnlasten op 2D elementranden
Name Load case Dir Type Distribution Loc Value - P1 System

[kN/m]
LFS5 LC_31 - Snow Z Force Uniform Length -1,5 GCS
LFS28 LC_31 - Snow Z Force Uniform Length -1,5 GCS
LFS29 LC_31 - Snow Z Force Uniform Length -1,5 GCS
LFS30 LC_31 - Snow Z Force Uniform Length -1,5 GCS
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5. Load combinations
5.1. Load cases

Name Description Action type Load group Direction Duration Master load
case

Spec Load type
LC_01 Self Weight Permanent LG1 -Z

Self weight
LC_02 Tank_Empty Permanent LG1

Standard
LC_11 Tank Operating Variable LG2 vloer Short None

Standard Static
LC_12 Platform Live Load Variable LG2 vloer Long None

Standard Static
LC_13 Tank_Pressure Uplift Permanent LG1

Standard
LC_21 E-W Variable LG4 wind Short None

Standard Static
LC_22 W-E Variable LG4 wind Short None

Standard Static
LC_23 N-S Variable LG4 wind Short None

Standard Static
LC_24 S-N Variable LG4 wind Short None

Standard Static
LC_25 SE-NW Variable LG4 wind Short None

Standard Static
LC_26 NW-SE Variable LG4 wind Short None

Standard Static
LC_27 SW-NE Variable LG4 wind Short None

Standard Static
LC_28 NE-SW Variable LG4 wind Short None

Standard Static
LC_31 Snow Variable LG5 sneeuw Long None

Standard Static

5.2. Load groups
Name Load Relation Type

LG1 Permanent
LG2 vloer Variable Standard Cat E : Storage
LG3 dak Variable Standard Cat H : Roofs
LG4 wind Variable Standard Wind
LG5 sneeuw Variable Standard Snow
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5.3. Combinations
Name Description Type Load cases Coeff.

[-]
ULS_01 Linear - ultimate LC_01 - Self Weight 0,90

LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_21 - E-W 1,65

ULS_02 Linear - ultimate LC_01 - Self Weight 0,90
LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_22 - W-E 1,65

ULS_03 Linear - ultimate LC_01 - Self Weight 0,90
LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_23 - N-S 1,65

ULS_04 Linear - ultimate LC_01 - Self Weight 0,90
LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_24 - S-N 1,65

ULS_05 Linear - ultimate LC_01 - Self Weight 0,90
LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_25 - SE-NW 1,65

ULS_06 Linear - ultimate LC_01 - Self Weight 0,90
LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_26 - NW-SE 1,65

ULS_07 Linear - ultimate LC_01 - Self Weight 0,90
LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_27 - SW-NE 1,65

ULS_08 Linear - ultimate LC_01 - Self Weight 0,90
LC_02 - Tank_Empty 0,90
LC_13 - Tank_Pressure Uplift 1,65
LC_28 - NE-SW 1,65

ULS_10 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_31 - Snow 1,65

ULS_11 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_21 - E-W 1,65

ULS_12 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_22 - W-E 1,65

ULS_13 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_23 - N-S 1,65

ULS_14 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_24 - S-N 1,65

ULS_15 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_25 - SE-NW 1,65

ULS_16 Linear - ultimate LC_01 - Self Weight 1,50
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Name Description Type Load cases Coeff.
[-]

LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_26 - NW-SE 1,65

ULS_17 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_27 - SW-NE 1,65

ULS_18 Linear - ultimate LC_01 - Self Weight 1,50
LC_02 - Tank_Empty 1,50
LC_11 - Tank Operating 1,65
LC_12 - Platform Live Load 1,65
LC_28 - NE-SW 1,65

SLS_01 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_21 - E-W 1,00

SLS_02 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_22 - W-E 1,00

SLS_03 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_23 - N-S 1,00

SLS_04 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_24 - S-N 1,00

SLS_05 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_25 - SE-NW 1,00

SLS_06 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_26 - NW-SE 1,00

SLS_07 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_27 - SW-NE 1,00

SLS_08 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_13 - Tank_Pressure Uplift 1,00
LC_28 - NE-SW 1,00

SLS_09 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_21 - E-W 1,00

SLS_10 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_22 - W-E 1,00

SLS_11 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_23 - N-S 1,00

SLS_12 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
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Name Description Type Load cases Coeff.
[-]

LC_24 - S-N 1,00
SLS_13 Linear - serviceability LC_01 - Self Weight 1,00

LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_25 - SE-NW 1,00

SLS_14 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_26 - NW-SE 1,00

SLS_15 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_27 - SW-NE 1,00

SLS_16 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_28 - NE-SW 1,00

SLS_17 Linear - serviceability LC_01 - Self Weight 1,00
LC_02 - Tank_Empty 1,00
LC_11 - Tank Operating 1,00
LC_12 - Platform Live Load 1,00
LC_31 - Snow 1,00
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6. Results
6.1. Reactions
6.1.1. Reacties; R_z

6.1.2. Reactions
Linear calculation
Class: ULS_All
System: Global
Extreme: Global
Selection: All
Nodal reactions

Name Case Rx Ry Rz Mx My Mz ex ey
[kN] [kN] [kN] [kNm] [kNm] [kNm] [mm] [mm]

Sn15/N31 ULS_02/1 -6,7 0,0 19,2 0,0 0,0 0,0 0,0 0,0
Sn15/N31 ULS_01/2 6,7 0,0 80,5 0,0 0,0 0,0 0,0 0,0
Sn14/N30 ULS_04/3 0,0 -6,7 85,8 0,0 0,0 0,0 0,0 0,0
Sn14/N30 ULS_03/4 0,0 6,7 25,5 0,0 0,0 0,0 0,0 0,0
Sn24/N40 ULS_02/1 -6,7 0,0 18,4 0,0 0,0 0,0 0,0 0,0
Sn9/N17 ULS_12/5 -6,7 0,0 550,4 0,0 0,0 0,0 0,0 0,0

Project
Part
Description
Author
Date

T53591-01: Hexion Formaline Storage Bund
1334001: Tank Foundation Slab
03: Load ans strenght calculation
Bilfinger Tebodin Netherlands B.V.
21-08-2020

24/35

X

Y

Z



6.2. Internal Forces
6.2.1. ULS
6.2.1.1. Interne 2D-krachten; m_xD+

m
xD

+
 [

kN
m

/m
]

0.0

-30.0

-60.0

-90.0
-142.2
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6.2.1.2. Interne 2D-krachten; m_xD-

m
xD

- [
kN

m
/m

]

135.4

100.0
80.0

60.0

40.0

20.0
0.0
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6.2.1.3. Interne 2D-krachten; m_yD+

m
yD

+
 [

kN
m

/m
]

0.0

-30.0
-60.0

-90.0

-142.7
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6.2.1.4. Interne 2D-krachten; m_yD-

m
yD

- [
kN

m
/m

]

137.8
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6.2.1.5. 2D internal forces
Linear calculation
Class: ULS_All
Extreme: Global
Selection: All
Location: In nodes avg. on macro. System: LCS mesh element
Elementary design magnitudes

Name Mesh x y z Case mxD+ mxD- myD+ myD-
[m] [m] [m] [kNm/m] [kNm/m] [kNm/m] [kNm/m]

E1 Element: 1,500 -4,500 0,000 ULS_17/1 -142,2 0,0 -98,4 0,0
2499;
Node: 43

E1 Element: 3,975 -2,600 0,000 ULS_16/2 0,0 135,4 0,0 97,8
2453;
Node: 173

E1 Element: 4,500 1,500 0,000 ULS_16/2 -99,2 0,0 -142,7 0,0
2502;
Node: 37

E1 Element: 2,600 -3,975 0,000 ULS_16/2 0,0 99,2 0,0 137,8
2451;
Node: 335

Project
Part
Description
Author
Date

T53591-01: Hexion Formaline Storage Bund
1334001: Tank Foundation Slab
03: Load ans strenght calculation
Bilfinger Tebodin Netherlands B.V.
21-08-2020

29/35



6.2.2. SLS
6.2.2.1. Interne 2D-krachten; m_xD+

m
xD

+
 [

kN
m

/m
]

0.0
-13.0

-26.0

-39.0

-52.0
-65.0

-89.4
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6.2.2.2. Interne 2D-krachten; m_xD-

m
xD

- [
kN

m
/m

]

82.4

60.0
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0.0
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6.2.2.3. Interne 2D-krachten; m_yD+

m
yD

+
 [

kN
m

/m
]

0.0

-13.0
-26.0

-39.0

-52.0

-65.0
-90.1
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6.2.2.4. Interne 2D-krachten; m_yD-

m
yD

- [
kN

m
/m

]

83.8

60.0
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6.2.2.5. 2D internal forces
Linear calculation
Class: SLS_All
Extreme: Global
Selection: All
Location: In nodes avg. on macro. System: LCS mesh element
Elementary design magnitudes

Name Mesh x y z Case mxD+ mxD- myD+ myD-
[m] [m] [m] [kNm/m] [kNm/m] [kNm/m] [kNm/m]

E1 Element: 1,500 -4,500 0,000 SLS_15/1 -89,4 0,0 -61,2 0,0
2499;
Node: 43

E1 Element: 3,975 -2,600 0,000 SLS_14/2 0,0 82,4 0,0 58,5
2453;
Node: 173

E1 Element: 4,500 1,500 0,000 SLS_14/2 -61,7 0,0 -90,1 0,0
2502;
Node: 37

E1 Element: 2,600 -3,975 0,000 SLS_14/2 0,0 59,6 0,0 83,8
2451;
Node: 335
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6.3. Settlements_SLS
6.3.1. 2D-verplaatsing; u_z

uz
 [

m
m

]

-4.9

-5.0

-5.1
-5.2

-5.2

-5.3
-5.4

-5.5

-5.5

6.3.2. 2D displacement
Linear calculation
Class: SLS_All
Extreme: Global
Selection: All
Location: In nodes avg. on macro. System: LCS mesh element

Name Mesh Position Case ux uy uz
[m] [mm] [mm] [mm]

E1 Element: 1202 -4,689 SLS_01/1 -1,3 0,0 -1,3
Node: 301 0,761

0,000
E1 Element: 1231 -0,761 SLS_03/2 0,0 -1,3 -1,4

Node: 361 -4,689
0,000

E1 Element: 1231 -0,761 SLS_04/3 0,0 1,3 -0,8
Node: 361 -4,689

0,000
E1 Element: 1357 3,614 SLS_14/4 0,9 -0,9 -5,5

Node: 404 -3,443
0,000

E1 Element: 1234 -4,990 SLS_02/5 1,3 0,0 -0,6
Node: 140 -0,122

0,000
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2. Project
Licence name Bilfinger Tebodin Netherlands B.V.
Project 53591-01: Hexion Formaline Storage Bund
Part 1334001 : Floor tank pit
Description 03: Load and strenght calculation
Author Bilfinger Tebodin Netherlands B.V.
Date 31-08-2020
Structure General XYZ
No. of nodes : 44
No. of beams : 0
No. of slabs : 8
No. of solids : 0
No. of used profiles : 0
No. of load cases : 13
No. of used materials : 3
Acceleration of gravity [m/s2] 9,812
National code EC - EN
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3. Analysis Model
3.1. Model
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3.2. Rekenmodel

3.3. Knoop
Name Coord X Coord Y Coord Z

[m] [m] [m]
N1 21,800 17,800 0,000
N3 0,000 0,000 0,000
N4 2,490 14,953 0,000
N5 2,490 17,800 0,000
N6 12,650 3,600 0,000
N7 16,950 3,600 0,000
N8 20,000 6,650 0,000
N9 20,000 10,950 0,000
N10 16,950 14,000 0,000
N11 12,650 14,000 0,000
N12 9,600 10,950 0,000
N13 9,600 6,650 0,000
N14 0,650 3,600 0,000
N15 4,950 3,600 0,000
N16 8,000 6,650 0,000
N17 8,000 10,950 0,000
N18 4,950 14,000 0,000
N19 0,650 14,000 0,000
N20 -2,400 10,950 0,000
N21 -2,400 6,650 0,000
N26 6,700 15,250 0,000

Name Coord X Coord Y Coord Z
[m] [m] [m]

N27 10,900 15,250 0,000
N39 -2,400 14,953 0,000
N40 -2,400 2,340 0,000
N41 -4,000 14,953 0,000
N44 -4,000 3,900 0,000
N98 8,000 2,000 0,000
N100 10,400 2,000 0,000
N101 10,400 4,000 0,000
N102 8,000 4,000 0,000
N103 8,800 3,000 0,000
N104 9,800 3,000 0,000
N106 2,490 14,953 1,200
N107 2,490 17,800 1,200
N110 -4,000 3,900 1,200
N111 -4,000 14,953 1,200
N112 0,000 0,000 1,200
N115 8,800 14,250 0,000
N116 8,800 11,720 0,000
N117 8,800 8,270 0,000
N118 8,800 5,820 0,000

3.4. Opening
Name 2D member

O1 E1
O2 E1
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3.5. Subregio
R2
2D member, Material, Thickness type E1 C30/37 constant
MSP at, Ecc. z [mm] Centre 0
Th. [mm] 600
Node, Edge, Weight N102 Lijn

N98 Lijn
N100 Lijn
N101 Lijn

3.6. 2D-element
Name Layer Type Element type Material Thickness type Th.

[mm]
E1 Floor vloer (90) Standaard C30/37_cracked constant 250
E2 Floor vloer (90) Standaard C30/37_cracked constant 250
E6 wall wand (80) Standaard C30/37_cracked constant 250
E7 wall wand (80) Standaard C30/37_cracked constant 250
E8 wall wand (80) Standaard C30/37_cracked constant 250
E9 wall wand (80) Standaard C30/37 constant 250
E10 wall wand (80) Standaard C30/37_cracked constant 250
E11 wall wand (80) Standaard C30/37_cracked constant 250

3.7. Oppervlakte ondersteuning op oppervlak
Name Type Subsoil 2D member

SS1 Individual Soil stiffness - without soil improvement E1
SS2 Individual Soil stiffness - without soil improvement E2
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4. Load cases
4.1. LC_11
4.1.1. LC_11 / Totale waarde

4.1.2. Lasten op oppervlak
Name 2D member Load case Dir Type Value System Loc

[kN/m2]
SF2 E1 LC_11 - LL - Live Load on the floor Z Force -10,0 LCS Length

4.1.3. Lijnlasten op 2D elementranden
Name 2D member Load case Dir Type Distribution Value - P1

[kN/m]
LFS1 E1 LC_11 - LL - Live Load on the floor Z Force Uniform -12,0
LFS2 E2 LC_11 - LL - Live Load on the floor Z Force Uniform -12,0
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4.2. LC_12
4.2.1. LC_12 / Totale waarde

4.2.2. Puntlasten in knopen
Name Node Load case System Dir Type Value - F

[kN]
F6 N103 LC_12 - Do - Pumps GCS Z Force -15,0
F7 N104 LC_12 - Do - Pumps GCS Z Force -15,0
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4.3. LC_13-1
4.3.1. LC_13-1 / Totale waarde

4.3.2. Puntlasten in knopen
Name Node Load case System Dir Type Value - F

[kN]
F4 N26 LC_13-1 - Do - Piping GCS Z Force -30,0

Load
F5 N27 LC_13-1 - Do - Piping GCS Z Force -30,0

Load
F8 N115 LC_13-1 - Do - Piping GCS Z Force -30,0

Load
F9 N116 LC_13-1 - Do - Piping GCS Z Force -30,0

Load
F10 N117 LC_13-1 - Do - Piping GCS Z Force -30,0

Load
F11 N118 LC_13-1 - Do - Piping GCS Z Force -30,0

Load
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4.4. LC_13-2
4.4.1. LC_13-2 / Totale waarde

4.4.2. Puntlasten in knopen
Name Node Load case System Dir Type Value - F

[kN]
F24 N26 LC_13-2 - Do - Piping GCS Y Force -10,0

Load N-->S
F25 N27 LC_13-2 - Do - Piping GCS Y Force -10,0

Load N-->S
F26 N115 LC_13-2 - Do - Piping GCS Y Force -10,0

Load N-->S
F27 N116 LC_13-2 - Do - Piping GCS Y Force -10,0

Load N-->S
F28 N117 LC_13-2 - Do - Piping GCS Y Force -10,0

Load N-->S
F29 N118 LC_13-2 - Do - Piping GCS Y Force -10,0

Load N-->S
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4.5. LC_13-3
4.5.1. LC_13-3 / Totale waarde

4.5.2. Puntlasten in knopen
Name Node Load case System Dir Type Value - F

[kN]
F30 N117 LC_13-3 - Do - Piping GCS Y Force 10,0

Load S-->N
F31 N118 LC_13-3 - Do - Piping GCS Y Force 10,0

Load S-->N
F32 N116 LC_13-3 - Do - Piping GCS Y Force 10,0

Load S-->N
F33 N115 LC_13-3 - Do - Piping GCS Y Force 10,0

Load S-->N
F34 N27 LC_13-3 - Do - Piping GCS Y Force 10,0

Load S-->N
F35 N26 LC_13-3 - Do - Piping GCS Y Force 10,0

Load S-->N
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4.6. LC_13-4
4.6.1. LC_13-4 / Totale waarde

4.6.2. Puntlasten in knopen
Name Node Load case System Dir Type Value - F

[kN]
F36 N26 LC_13-4 - Do - Piping GCS X Force -10,0

Load E-->W
F37 N27 LC_13-4 - Do - Piping GCS X Force -10,0

Load E-->W
F38 N115 LC_13-4 - Do - Piping GCS X Force -10,0

Load E-->W
F39 N116 LC_13-4 - Do - Piping GCS X Force -10,0

Load E-->W
F40 N117 LC_13-4 - Do - Piping GCS X Force -10,0

Load E-->W
F41 N118 LC_13-4 - Do - Piping GCS X Force -10,0

Load E-->W

4.6.3. Momenten in knopen
Name Node Load case System Dir Type Value - M

[kNm]
M1 N115 LC_13-4 - Do - Piping GCS My Moment -10,0

Load E-->W
M2 N116 LC_13-4 - Do - Piping GCS My Moment -10,0

Load E-->W
M3 N117 LC_13-4 - Do - Piping GCS My Moment -10,0

Load E-->W
M4 N118 LC_13-4 - Do - Piping GCS My Moment -10,0

Load E-->W
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4.7. LC_13-5
4.7.1. LC_13-5 / Totale waarde

4.7.2. Puntlasten in knopen
Name Node Load case System Dir Type Value - F

[kN]
F42 N26 LC_13-5 - Do - Piping GCS X Force 10,0

Load W-->E
F43 N27 LC_13-5 - Do - Piping GCS X Force 10,0

Load W-->E
F44 N115 LC_13-5 - Do - Piping GCS X Force 10,0

Load W-->E
F45 N116 LC_13-5 - Do - Piping GCS X Force 10,0

Load W-->E
F46 N117 LC_13-5 - Do - Piping GCS X Force 10,0

Load W-->E
F47 N118 LC_13-5 - Do - Piping GCS X Force 10,0

Load W-->E

4.7.3. Momenten in knopen
Name Node Load case System Dir Type Value - M

[kNm]
M5 N115 LC_13-5 - Do - Piping GCS My Moment 10,0

Load W-->E
M6 N116 LC_13-5 - Do - Piping GCS My Moment 10,0

Load W-->E
M7 N117 LC_13-5 - Do - Piping GCS My Moment 10,0

Load W-->E
M8 N118 LC_13-5 - Do - Piping GCS My Moment 10,0

Load W-->E
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4.8. LC_14-1
4.8.1. LC_14-1 / Totale waarde
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4.9. LC_14-2
4.9.1. LC_14-2 / Totale waarde
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4.10. LC_14-3
4.10.1. LC_14-3 / Totale waarde
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4.11. LC_14-4
4.11.1. LC_14-4 / Totale waarde
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4.12. LC_15
4.12.1. LC_15 / Totale waarde

4.12.2. Lasten op oppervlak
Name 2D member Load case Dir Type Value System Loc

[kN/m2]
SF3 E1 LC_15 - AL - Calamity Z Force -13,2 LCS Length
SF4 E2 LC_15 - AL - Calamity Z Force -14,5 LCS Length

4.12.3. Vrije oppervlakte last
Name Selected 2D members Load case Dir Type Distribution q1 q2

[kN/m2] [kN/m2]
FF1 E6 LC_15 - AL - Calamity X Force Dir Y 0,0 -14,5
FF2 E7 LC_15 - AL - Calamity Y Force Dir Y 0,0 14,5
FF3 E8 LC_15 - AL - Calamity X Force Dir Y -14,5 0,0
FF4 E9 LC_15 - AL - Calamity Z Force Dir Y 0,0 -14,5
FF5 E10 LC_15 - AL - Calamity Y Force Dir Y 0,0 -14,5
FF6 E11 LC_15 - AL - Calamity X Force Dir Y 0,0 14,5
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5. Load combinations
5.1. Load cases

Name Description Action type Load type Load group Direction Duration
LC_01 DL - Self weight Permanent Self weight LG1 -Z
LC_11 LL - Live Load on the floor Variable Static LG2 vloer Short
LC_12 Do - Pumps Variable Static LG2 vloer Short
LC_13-1 Do - Piping Load Variable Static LG2 vloer Short
LC_13-2 Do - Piping Load N-->S Variable Static LG2 vloer Short
LC_13-3 Do - Piping Load S-->N Variable Static LG2 vloer Short
LC_13-4 Do - Piping Load E-->W Variable Static LG2 vloer Short
LC_13-5 Do - Piping Load W-->E Variable Static LG2 vloer Short
LC_14-1 W - Wind Load N-->S Variable Static LG3 Wind Short
LC_14-2 W - Wind Load S-->N Variable Static LG3 Wind Short
LC_14-3 W - Wind Load E-->W Variable Static LG3 Wind Short
LC_14-4 W - Wind Load W-->E Variable Static LG3 Wind Short
LC_15 AL - Calamity Variable Static LG2 vloer Short

5.2. Load groups
Name Load Relation Type

LG1 Permanent
LG2 vloer Variable Standard Cat E : Storage
LG3 Wind Variable Standard Wind
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5.3. Combinations
Name Description Type Load cases Coeff.

[-]
ULS_01 Linear - ultimate LC_01 - DL - Self weight 1,35
ULS_02 Linear - ultimate LC_01 - DL - Self weight 1,50

LC_13-1 - Do - Piping Load 1,65
LC_13-2 - Do - Piping Load N-->S 1,65
LC_14-1 - W - Wind Load N-->S 1,00

ULS_03 Linear - ultimate LC_01 - DL - Self weight 1,50
LC_13-1 - Do - Piping Load 1,65
LC_13-3 - Do - Piping Load S-->N 1,65
LC_14-2 - W - Wind Load S-->N 1,65

ULS_04 Linear - ultimate LC_01 - DL - Self weight 1,50
LC_13-1 - Do - Piping Load 1,65
LC_13-4 - Do - Piping Load E-->W 1,65
LC_14-3 - W - Wind Load E-->W 1,65

ULS_05 Linear - ultimate LC_01 - DL - Self weight 1,50
LC_11 - LL - Live Load on the floor 1,65
LC_12 - Do - Pumps 1,65
LC_13-1 - Do - Piping Load 1,65
LC_13-5 - Do - Piping Load W-->E 1,65
LC_14-4 - W - Wind Load W-->E 1,65

ULS_06 Linear - ultimate LC_01 - DL - Self weight 1,50
LC_11 - LL - Live Load on the floor 1,65
LC_12 - Do - Pumps 1,65
LC_13-1 - Do - Piping Load 1,65
LC_13-2 - Do - Piping Load N-->S 1,65
LC_14-1 - W - Wind Load N-->S 1,65

ULS_07 Linear - ultimate LC_01 - DL - Self weight 1,50
LC_11 - LL - Live Load on the floor 1,65
LC_12 - Do - Pumps 1,65
LC_13-1 - Do - Piping Load 1,65
LC_13-3 - Do - Piping Load S-->N 1,65
LC_14-2 - W - Wind Load S-->N 1,65

ULS_08 Linear - ultimate LC_01 - DL - Self weight 1,50
LC_11 - LL - Live Load on the floor 1,65
LC_12 - Do - Pumps 1,65
LC_13-1 - Do - Piping Load 1,65
LC_13-4 - Do - Piping Load E-->W 1,65
LC_14-3 - W - Wind Load E-->W 1,65

ULS_09 Linear - ultimate LC_01 - DL - Self weight 1,50
LC_11 - LL - Live Load on the floor 1,65
LC_12 - Do - Pumps 1,65
LC_13-1 - Do - Piping Load 1,65
LC_13-5 - Do - Piping Load W-->E 1,65
LC_14-4 - W - Wind Load W-->E 1,65

ULS_20 Calamity Linear - ultimate LC_01 - DL - Self weight 1,00
LC_11 - LL - Live Load on the floor 0,90
LC_12 - Do - Pumps 0,80
LC_13-1 - Do - Piping Load 0,80
LC_15 - AL - Calamity 1,00

SLS_01 Linear - serviceability LC_01 - DL - Self weight 1,00
SLS_02 Linear - serviceability LC_01 - DL - Self weight 1,00

LC_13-1 - Do - Piping Load 1,00
LC_13-2 - Do - Piping Load N-->S 1,00
LC_14-1 - W - Wind Load N-->S 1,00

SLS_03 Linear - serviceability LC_01 - DL - Self weight 1,00
LC_13-1 - Do - Piping Load 1,00
LC_13-3 - Do - Piping Load S-->N 1,00
LC_14-2 - W - Wind Load S-->N 1,00

SLS_04 Linear - serviceability LC_01 - DL - Self weight 1,00
LC_13-1 - Do - Piping Load 1,00
LC_13-4 - Do - Piping Load E-->W 1,00
LC_14-3 - W - Wind Load E-->W 1,00

SLS_05 Linear - serviceability LC_01 - DL - Self weight 1,00
LC_13-1 - Do - Piping Load 1,00
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Name Description Type Load cases Coeff.
[-]

LC_13-5 - Do - Piping Load W-->E 1,00
LC_14-4 - W - Wind Load W-->E 1,00

SLS_06 Linear - serviceability LC_01 - DL - Self weight 1,00
LC_11 - LL - Live Load on the floor 1,00
LC_12 - Do - Pumps 1,00
LC_13-1 - Do - Piping Load 1,00
LC_13-2 - Do - Piping Load N-->S 1,00
LC_14-1 - W - Wind Load N-->S 1,00

SLS_07 Linear - serviceability LC_01 - DL - Self weight 1,00
LC_11 - LL - Live Load on the floor 1,00
LC_12 - Do - Pumps 1,00
LC_13-1 - Do - Piping Load 1,00
LC_13-3 - Do - Piping Load S-->N 1,00
LC_14-2 - W - Wind Load S-->N 1,00

SLS_08 Linear - serviceability LC_01 - DL - Self weight 1,00
LC_11 - LL - Live Load on the floor 1,00
LC_12 - Do - Pumps 1,00
LC_13-1 - Do - Piping Load 1,00
LC_13-4 - Do - Piping Load E-->W 1,00
LC_14-3 - W - Wind Load E-->W 1,00

SLS_09 Linear - serviceability LC_01 - DL - Self weight 1,00
LC_11 - LL - Live Load on the floor 1,00
LC_12 - Do - Pumps 1,00
LC_13-1 - Do - Piping Load 1,00
LC_13-5 - Do - Piping Load W-->E 1,00
LC_14-4 - W - Wind Load W-->E 1,00
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6. Results floor
6.1. Reactions
6.1.1. 2D-contactspanningen; _z

z [
kP

a]
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10.0
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6.1.2. 2D contact stresses
Linear calculation
Class: ULS_All
Extreme: Global
Selection: All
Location: In nodes avg.. System: LCS mesh element
Nothing in selection to display as: Standard result
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6.2. Internal Forces
6.2.1. LIN-ULS
6.2.1.1. LIN-ULS m_xD+
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6.2.1.2. LIN-ULS m_xD-

m
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]
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6.2.1.3. LIN-ULS m_yD+

m
yD

+
 [

kN
m

/m
]

0.0

-2.0
-4.0

-6.0

-8.0

-10.0
-12.0

-14.5

Project
Part
Description
Author
Date

53591-01: Hexion Formaline Storage Bund
1334001 : Floor tank pit
03: Load and strenght calculation
Bilfinger Tebodin Netherlands B.V.
31-08-2020

26/47

X

Y Z



6.2.1.4. LIN-ULS m_yD-

m
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6.2.1.5. LIN-ULS internal forces
Linear calculation
Class: ULS_All
Extreme: Global
Selection: E1, E2
Location: In nodes avg. on macro. System: LCS mesh element
Elementary design magnitudes

Name Mesh Position Case mxD+ myD+ nxD nyD
[m] [kNm/m] [kNm/m] [kN/m] [kN/m]

mxD- myD-
[kNm/m] [kNm/m]

E1 Element: 3792 8,800 ULS_08/1 0,0 0,0 0,6 6,1
Node: 34 3,000 32,9 12,7

0,000
E1 Element: 235 -2,400 ULS_06/2 -22,7 -14,5 -10,0 0,0

Node: 9 6,650 0,0 0,0
0,000

E1 Element: 1 -2,400 ULS_05/3 -22,7 -14,4 -10,8 0,0
Node: 1 10,950 0,0 0,0

0,000
E1 Element: 3801 9,800 ULS_08/1 0,0 0,0 5,4 10,7

Node: 35 3,000 26,4 18,3
0,000

E2 Element: 3874 -4,000 ULS_07/4 0,0 0,0 -47,4 0,0
Node: 37 3,900 8,0 6,0

0,000
E1 Element: 36 2,490 ULS_20/5 -6,1 -2,3 197,4 120,4

Node: 3 14,953 1,8 5,5
0,000

E1 Element: 207 0,000 ULS_08/1 -0,3 0,0 0,0 -37,0
Node: 7 0,000 2,4 5,3

0,000
E1 Element: 36 2,490 ULS_07/4 -1,5 0,0 136,0 127,3

Node: 3 14,953 2,3 5,9
0,000
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6.2.2. LIN-SLS
6.2.2.1. LIN-SLS m_xD+
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6.2.2.2. LIN-SLS m_xD-
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6.2.2.3. LIN-SLS m_yD+
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6.2.2.4. LIN-SLS m_yD-
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6.2.2.5. LIN-SLS internal forces
Linear calculation
Class: SLS_All
Extreme: Global
Selection: E1, E2
Location: In nodes avg. on macro. System: LCS mesh element
Elementary design magnitudes

Name Mesh Position Case mxD+ myD+ nxD nyD
[m] [kNm/m] [kNm/m] [kN/m] [kN/m]

mxD- myD-
[kNm/m] [kNm/m]

E1 Element: 3792 8,800 SLS_08/1 0,0 0,0 0,2 3,8
Node: 34 3,000 20,6 7,7

0,000
E1 Element: 235 -2,400 SLS_06/2 -14,1 -9,1 -6,9 0,0

Node: 9 6,650 0,0 0,0
0,000

E1 Element: 3801 9,800 SLS_08/1 0,0 0,0 3,2 6,7
Node: 35 3,000 16,6 11,1

0,000
E2 Element: 3874 -4,000 SLS_07/3 0,0 0,0 -30,9 0,0

Node: 37 3,900 5,1 3,9
0,000

E1 Element: 207 0,000 SLS_08/1 -0,2 0,0 0,0 -23,9
Node: 7 0,000 1,6 3,4

0,000
E1 Element: 36 2,490 SLS_07/3 -0,6 0,0 86,9 81,0

Node: 3 14,953 1,7 3,8
0,000
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6.3. Settlements_SLS
6.3.1. 2D-verplaatsing; u_z minimum
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6.3.2. 2D-verplaatsing; u_z maximum
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6.3.3. 2D-verplaatsing; u_z
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6.3.4. 2D displacement
Linear calculation
Class: SLS_All
Extreme: Global
Selection:
Location: In nodes avg. on macro. System: LCS mesh element
Nothing in selection to display as: Standard result
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7. Results walls
7.1. Internal forces
7.1.1. LIN-ULS
7.1.1.1. LIN-ULS m_xD+
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7.1.1.2. LIN-ULS m_xD-
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7.1.1.3. LIN-ULS m_yD+
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7.1.1.4. LIN-ULS m_yD-
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7.1.1.5. LIN-ULS internal forces
Linear calculation
Class: ULS_All
Extreme: Global
Selection: All
Location: In nodes avg. on macro. System: LCS mesh element
Elementary design magnitudes

Name Mesh Position Case mxD+ myD+ nxD nyD
[m] [kNm/m] [kNm/m] [kN/m] [kN/m]

mxD- myD-
[kNm/m] [kNm/m]

E8 Element: 4510 -4,000 ULS_20/1 -22,4 -2,5 110,3 15,6
Node: 41 3,900 0,0 0,0

1,200
E7 Element: 4290 -4,000 ULS_20/1 0,0 0,0 79,1 38,5

Node: 40 14,953 24,9 3,1
1,200

E7 Element: 4183 -3,200 ULS_06/2 -4,5 -11,0 -26,1 0,0
Node: 4058 14,953 0,3 0,0

0,000
E9 Element: 4527 -0,920 ULS_08/3 -3,8 -0,7 0,0 -12,4

Node: 4785 0,897 7,9 11,0
0,240

E9 Element: 4511 -3,822 ULS_06/2 -1,0 0,0 -37,7 0,0
Node: 4084 3,727 0,0 6,8

0,000
E9 Element: 4610 -1,818 ULS_20/1 0,0 -0,1 188,3 0,3

Node: 4868 1,773 6,1 1,2
1,200

E9 Element: 4512 -3,644 ULS_08/3 -0,5 0,0 0,0 -41,3
Node: 4083 3,553 1,3 8,4

0,000
E9 Element: 4511 -4,000 ULS_08/3 -3,9 0,0 38,5 110,3

Node: 37 3,900 0,0 8,3
0,000
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7.1.2. LIN-SLS
7.1.2.1. LIN-SLS m_xD+
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7.1.2.2. LIN-SLS m_xD-
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7.1.2.3. LIN-SLS m_yD+
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7.1.2.4. LIN-SLS m_yD-
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7.1.2.5. 2D internal forces
Linear calculation
Class: SLS_All
Extreme: Global
Selection: All
Location: In nodes avg. on macro. System: LCS mesh element
Elementary design magnitudes

Name Mesh Position Case mxD+ myD+ nxD nyD
[m] [kNm/m] [kNm/m] [kN/m] [kN/m]

mxD- myD-
[kNm/m] [kNm/m]

E8 Element: 4510 -4,000 SLS_07/1 -14,0 -1,8 56,1 7,7
Node: 41 3,900 0,0 0,0

1,200
E7 Element: 4290 -4,000 SLS_06/2 0,0 0,0 46,1 22,1

Node: 40 14,953 14,0 1,7
1,200

E7 Element: 4183 -3,200 SLS_06/2 -2,9 -7,1 -16,1 0,0
Node: 4058 14,953 0,2 0,0

0,000
E9 Element: 4527 -0,920 SLS_08/3 -2,4 -0,3 0,0 -8,2

Node: 4785 0,897 5,1 7,2
0,240

E9 Element: 4511 -3,822 SLS_06/2 -0,7 0,0 -23,5 0,0
Node: 4084 3,727 0,0 4,5

0,000
E9 Element: 4610 -1,818 SLS_06/2 0,0 -0,2 114,5 0,3

Node: 4868 1,773 3,6 0,9
1,200

E9 Element: 4512 -3,644 SLS_08/3 -0,4 0,0 0,0 -26,2
Node: 4083 3,553 1,0 5,5

0,000
E9 Element: 4511 -4,000 SLS_08/3 -2,4 0,0 24,6 70,2

Node: 37 3,900 0,0 5,3
0,000

Project
Part
Description
Author
Date

53591-01: Hexion Formaline Storage Bund
1334001 : Floor tank pit
03: Load and strenght calculation
Bilfinger Tebodin Netherlands B.V.
31-08-2020
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