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11 STRUCTURAL TYPE

This report describes the design of Power Station spiral case and its interaction with

concrete and rock.
The structure is exposed to the loads mentioned bellow.

Dead load ( concrete structure / spiral case )
Water load ( runaway pressure )

Headcover / pressure force

Stator / upper brackets / bearing.

Turbine / generator / bearing.
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1.2 PRODUCTION SCHEME

The production scheme assumes that the structure is cast-in situ.

File : Chapter A1 - Design conditions
Date : 2009-12-11
Time : 09:39




Project nr:

Page:
Al: 4

Spiral Case Date:

Chapter A : Design conditions

Author :

13 CONCRETE MODELL

If concrete is to modelled in the design of the spiral case then the effect of concrete cracking is to

be considered in areas where tensional forces arise.

f =27MPa : compressive strength

fu =1.9MPa : tensional strength

E, =33GPa : E-modulus

#(t, =0)=0 : creep value at time of casting

#(t, =100years) =2.0  : creep value at end of technical use 100 years

Remark A study should be made at t; and t, which cover the technical life span of structure.
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Material stiffness.in. uncracked reinforced concrete :

If tensional stress in concrete o, < f

0.8E,,

rc.uncracked —
1+¢

E

Material stiffness.in.cracked reinforced concrete. .

If tensional stress in concrete o, > f

_ 0.4E,
rc.cracked 1 + ¢

Material stiffness.in. cracked concrete without reinforcement.:

If tensional stress in concrete o, > f, then no additional stress can be transferred to concrete.

E =0GPa

cc.cracked

Material stiffness.in uncracked.concrete without reinforcement :

If tensional stress in concrete o, < f, then the concrete is considered uncracked.

Eck

Ecc.uncracked = 1+¢
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14 PERMISSIBLE SHEAR FORCE

If concrete is to modelled in the design of the spiral case a highest permissible shear force at the
surface between concrete and spiral is to considered as seen below.

Permissible shear force.:

d, : normal force acting in the radial direction
f =27MPa : compressive strength

f. =(0.3-q,;0.4- f )™ : permissible shear resistance

fs : shear stress

Remark

Friction between concrete and steel is assumed to be 100 % in the analysis. If shear stress
between concrete and steel is greater than permissible shear resistance the connection is released
at this point.

fs <f; = No release

fs > f; = Release

In the performed analysis the shear resistance is assumed greater than shear stress. In chapter D
this will be verified.
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1.5 INITIAL GAP BETWEEN STEEL AND CONCRETE

When casting concrete around a steel spiral a small gap will arise due to the heat generated during
casting and the following cooling.

The gap varies around the circumference of the spiral casing but a formula for determining the
average value use when designing the spiral casing is seen below.

r : Radius of spiral casing

A=r-25.10" : Width of initial gap before applying pressure

Before any contact forces are established between spiral casing and concrete the spiral case must
first expand the distance of the gap, A.

Remark At Power Station the spiral casing is assumed not to be grouted.
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1.6 TECHNICAL SPECIFICATION AND BUILDNING CODE

o Boverkets handbok om stalkonstruktioner, BSK 07.

. Boverkets handbok om betongkonstruktioner, BBK 04.
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1.7 MEASUREMENTS

Cross section

Overview
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Cross section spiral
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Cross section

Definition of concrete
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254 =360° = $=14.4°

Plan view

Strut column
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2. STATICAL SYSTEM

2.1 GENERAL

2.2 STATICAL SYSTEM

2.3 CROSSECTIONAL PROPERTIES
2.4 MATERIAL

2.5 BOUNDARY CONDITIONS

page 2:2-9

page 2:10-19
page 2:20-26
page 2:27-33
page 2:34-39
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2.1 GENERAL

The structure considered is the spiral case and the surrounding concrete/rock.

The concrete is modelled as a 2D plain stress continuum while the spiral shell is modelled as a 2D
thick beam. The strut column is also modelled as a 2D thick beam. The rock is considered by
applying fixed loading conditions.

To avoid horizontal movement at level of stator a horizontal support is introduced. This support
corresponds to a slab at level of support.

The analysis is performed using a width of 1 m strip. Cross sectional properties for the column is
determined using an equivalent thickness. This stiffness depends on the angular rotation of column
and the distance between them.

Since the columns flanges are considered rigid a fictive E-modulus is used corresponding to
1000-Eq

The structure is nonlinear both with regard to material and geometrically. In order to avoid using a
nonlinear analysis the structure is modelled using as a “segmental construction”. To stages are
considered as seen below. In the two stages the total water pressure termed q,, is divided into two
parts as seen below.

Qw = qwl+ Qw2

e Stage 1: During this stage only the water pressure needed to move close the gap between
concrete and spiral is considered. The required pressure is termed AqQu:. The
concrete is during this stage considered infinitely weak to resist movement.

e Stage 2: During this stage the remaining water pressure is considered ( Aqu2), loads from
cover head ( pp ), loads from stator ( pe ) and loads from the turbine (pg) ) is
considered.

During this stage of the analysis areas with in the concrete the principal stress cause
tension are removed from the structural model.

File : Chapter A2 - Statical system
Date : 2009-12-11
Time : 09:40




Project nr:

Page:
A2:3

Spiral Case Date:
Chapter A : Design conditions

Author :

The analysis is performed as a linear elastic analysis even though the material properties of
concrete is nonlinear. In order to handle this through with an elastic analysis three iterations of the
structure is performed in other to determine the material properties during normal operations.

After each analysis assumed material properties are compared to the condition for cracking which
is weather or not maximum principle stress is greater than permissible tensional stress as seen

below.
omax > o = 1900 kPa = Cracked concrete
omax < foe = 1900 kPa = Uncracked conrete
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Analysis | :

In this analysis the entire structure is considered uncracked as seen below.

Material ;

Reinforced concrete uncracked
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The maximum principal tension stress is retrieved as seen below.

Load T:Water p qw2
Results file: slask.mys

Entity: Stress - Plane Stress
Component: SMax

I

545,643
1,09129E3
1,63693E3
2,18257E3
2,72822E3
3,27386E3
3.8195E3
4,38515E3

Maximum 4,5709E3 at node 557
Minimum -339,883 at node 451

Remark In areas that are marked “black” the maximum principle stress omax > foe = 1900 kPa.
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Analysis Il :

Due to the fact that several areas are cracked according to assumptions found in analysis |
material properties are adjusted as seen below.

Material ;

Reinforced concrete uncracked

Concrete cracked

R
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The maximum principal tension stress is retrieved as seen below.

Loadcase: 7.Water pressure qw2
Results file: slask.mys

Entity: Stress - Plane Stress
Component: SMax

T s

249451
1,07473E3
1,9E3
2,72527E3
3,55055E3
4,37582E3
52011E3 ¢ T R
6,02637E3 e

Maximum 5,68893E3 at node 418
Minimum -738.54 at node 437

Remark In areas that are marked “black” the maximum principle stress omax > fo = 1900 kPa.
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Analysis 11l :

Due to the fact that several areas are cracked according to assumptions found in analysis Il

material properties are adjusted once again as seen below.

Material ;

Reinforced concrete uncracked
Reinforced concrete cracked

Concrete cracked

File : Chapter A2 - Statical system
Date : 2009-12-11
Time : 09:46




Project nr: Page:
A2:9
Spiral Case Date: Author :
) ) . e 2009-12-11
Office : Ludvika Chapter A : Design conditions
contour.plot.of. Smax.;
The maximum principal tension stress is retrieved as seen below.
Loadcase: 7:Water pressure gw2
Results file: slask.mys
Entity: Stress - Plane Stress * ?
Component; SMax
-261,516
458,989
1,17948E3
1.9E3
2 B2051E3
33410ME3
‘ - - - - = = - +
4,06152E3
4, 78202E3 ' ; —: — i <
5.50253E3 :
Maximum 5,69543E3 at node 418 : [
Minimum -788.071 at node 398 ' L
£ }
A
Bt ) b
[ b
a : '
»
Remark In areas that are marked “black” the maximum principle stress omax > foe = 1900 kPa.
These area correspond well to assumed material properties. No further iteration is

conducted.
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2.2 STATICAL MODELL

2.2.1 Geometry

In order to describe the structures geometry first POINTS have to be defined. From

these LINES and SURFACES are generated.

Shell elements are applied to SURFACES.

Beam elements are applied to LINES.

All coordinates defining POINTS are presented in appendix 1.

All LINES used to define SURFACES are presented in appendix 1.
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Flanges

Spiral

Column
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2.2.1.1 Geometry : SURFACES
Gongrete structure. ;
535
N\ S41/ N, S38~ X s33} 532 S31] 530, /= i e
S42. /5S40 /834 829/ S28 P
‘ B S27 /
s43 T\ s39 P
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2.2.1.2 Geometry : POINTS

Structure .

©

\o)
I ¢
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2.2.1.3  Geometry : LINES

Structure .
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222 MESH

The proviously defined SURFACES are given attributes for generation of MESH.

During the generation of MESH the underlying ELEMENTS and NODES are created. They are

found in appendix 1.

The concrete structure is modeled using 2D continuum element of type “plain stress” elements.
The elements are either triangular (TPM3) or quadrilateral (QPM4M). The use of plain stress

element assumes that there is no out of plane stresses.

The steel structure is modeled as 2D beam elements of type “thick beams” ( BEAMS ).
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Congrete structure. (TRM3.L.QPMAM.).:
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Steel structure (BEAM.)...
+ I—>-> X -
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2.3 CROSSECTION PROPORTIES

The concrete structure is modeled using 2D continuum element of type “plain stress” elements.

The steel structure is modeled as 2D beam elements of type “thick beams”.

2.3.1 2D continuum elements ( TPM3 / OPM4M )

Thickneszs (T)

3

Modal Line

Local Surface
(Element) &xes

: IE::::errtrin:ity (e +ve

Plate/Shell Certre-Line
(Bending Plane)

Geometry t e, Remark
t=1.0m 1.00 0 Concrete
- m m -
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2.3.2 2D beam elements ( BEAM )

Beam Centre-Line
(Bending Plane)

Dffset (+ve)

Fladal Line

Beam Local
(Elerment) &xes
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The various cross sections properties are determined using a Section Property Calculator
within program. All cross sections are consideed rectangular and are defined using B x D defined

as seen below.

Cross section B D
Spiral 1000 16
Flange 1000 100
Column 50 500
- mm mm
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2321 Spiral
|Jzage
20 Thick Beam j |L|$er Sections j
Diefiritian |Local =l
@ From Library |15 w1000 j
Ratation about centroid | 0* -
" Enter Properties
=
.H
W
Value
Cross sectional area [A) 0,016
Second moment of area about Z axis (1zZ) 0,341 333E-6
Effective shear area in vy direction (Asy) 0,0133333
Offzet iny direction (Ry) o0
Wizsualize... | Tapering »>» | Plaztic properties...
Attribute |Spiral =
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2322 Flange
|Jzage
20 Thick Beam j |L|$er Sections j
Diefiritian |Local =
@ From Library |1|:||:||:| w100 j
Ratation about centroid | 0* -
" Enter Properties -
=
{_J
W
Value
Cross sectional area [A) 01
Second moment of area about Z axis (1zZ) 83,3333E-6
Effective shear area in vy direction (Asy) 00833333
Offzet iny direction (Ry) o0
Wizualize... | Tapering »>» | Plaztic properties...
. =]
Aftribute |Flange ﬂ ~ 1 13
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2.3.2.3 Column
|Jzage
20 Thick Beam ﬂ |User Sectionz j
Definition |Local =
¢ From Library |50« 500 |
Ratation about centroid | 0* -
" Enter Properties
I
N
Value
Crozs sectional area (&) 0,023
Secand moment of area about T axis (1zz) 0, 520833E-3
Effective shear area in y direction [Asy) 00205333
Offzet iny direction (Ry) o0
Wizualize. .. | Tapering »» | Plaztic properties...
: =]
Attribute |Colurnn | @
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24

MATERIAL

The structure is studied for two stages termed “Stage 1” and “Stage 2" in order to handle the gap
between steel and concrete.

In this analysis 3 material properties are used as seen below.

Material Subgroup Structures Remark
Steel Elastic Spiral and column “Steel elastic”
Steel Rigid Flange “Steel rigid”
Concrete Cracked - “Concrete cracked”

In this analysis 6 material properties are used as seen below.

Steel
Material # Subgroup Structures Remark
2 Elastic Spiral and column “Steel elastic”
4 Rigid Flange “Steel rigid”
Concrete
Material # Reinforcement Cracked Remark
1 Yes No “Reinforced concrete uncracked”
5 Yes Yes “Reinforced concrete cracked”
6 No No “Concrete uncracked”
7 No Yes “Concrete cracked”
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2.4.1 Steel : elastic

E E

,_ 210GPa _

G, = P v=—1-1= 1=0.3
2(1+v) 2G, 2-81GPa
Properties Value
Es 210-10° kPa
v 0.3
Ds 7700 kg/m®
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2.4.2 Steel : rigid
Properties Value
1000-Es 210-10° kPa
Y 0.3
Ds 7700 kg/m?®
. o .
i - w._\\
- A .\\
- /’ '\.\.
J— f};'/ \"'\\
P ‘!
\
L. "
S
¢
)
—— #
A /
. . \-\ ,)’
» . “u _.'/
L 2 - \‘Q, l"/
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2.4.3 Reinforced concrete uncracked
0.8E 0.8-33GPa
Erc,uncracked = - = ZSSGPa
1+¢ 1+2.0
Properties Value
Erc,uncracked 8.8-106 kPa
% 0.2
De 2400 kg/m?®
Remark Due to bending the concrete is considered cracked. Creep value at time t, is

assumed critical.
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2.4.4 Reinforced concrete cracked

_0.4E, 0.4-33GPa

rc,cracked 1+¢ - 1+ 20 = 44GPa
Properties Value
Erc,cracked 4.4-].06 kPa
% 0.2
De 2400 kg/m?®
Remark Not used.
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2.4.5 Concrete : uncracked
E 33GPa
Ecc,uncracked = m = 1420 =11GPa
Properties Value
Ecc,uncracked 11'106 kPa
v 0.2
De 2400 kg/m?®

Remark Not used.
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245 Concrete : cracked
Eccraces = 0GPa but since area in the structural model E_ /1000 is applied.
Properties Value
E./ 10° 33-10° kPa
% 0.2
De 2400 kg/m?®
A
I
Remark The material properties are applied to concrete without reinforcement in areas

where tensional stress acts
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2.5 BOUNDARY CONDITIONS

The structure is modeled with 3 different boundry conditions as seen below.

25.1 Boundary condition : Point support RX
Free  Fixed Spring stiffness

% . v e

Tranzlation in Y f+ - - |

z & - e

% S - e

Rotation about Y o - - |

z o . c |

Hinge rotation g e o |
Pare pressure 0 - i |

Spring stiffness distribution
(= i

Attribute |Point suppaort Bx

~
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25.2 Boundary condition : Line support RX
Free  Fixed Spring ztiffness
% . v ol
Tranzlation in Y ¥ - - |
z o . c |
W o . . |
Rotation about Y i+ - - |
z o - . |
Hinge ratation (v - e |
Pore prezsure iy f" i |
Spring stiffness distribution
{+ { {

Attribute |Line support Rix

~ .
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2.5.3 Boundary condition : Line support RY
Free  Fixed Spring stiffness
w0 9 r~ r~ |
Tranzlation in Y - ¥ - |
v o - c |
% o - . |
Rotation about Y [+ . - |
z & - . |
Hinge ratation g ‘ﬁ . |
Pore prezsure v i i |
Spring stiffness distribution
{+ { {

Attribute |Line support Ry
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3. LOADS

3.1 DEAD WEIGHT

3.2 WATERLOAD

3.3 HEADCOVER / PRESSURE FORCE

3.4 STATOR / UPPER BRACKETS / BEARINGS
3.5 TURBINE / GENERATOR / BEARING

3.6 LOAD COMBINATIONS

page 3:2-5
page 3:6-10
page 3:11-12
page 3:13-14
page 3:15-16
page 3:17
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3.1 DEAD WEIGHT
3.1.1 Reinforced concrete
kN
Ye = 24 3
m
Loadcase...Concrete
Structural loading : Body force
. . . . m
Acceleration in y direction (ay ) : -10 —
S
Component Value
Linear accelerstion in X 0,0
Linear acceleration in % -10,0
Linear acceleration in £ 0,0
Angular velocity about X axis 0,0
Angular velocity about v axis 0,0
Angular velocity about £ axis oo
Angular acceleration about X axis 0,0
Angular acceleration about v axis oo
Angular acceleration about Z axis 0,0
Attribute |Concrete ﬂ ill (4]

Remark
and rock.

This loading condition is termed “Stage 2" corresponding to resistance from concrete
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2D continuum elements: g =a, -t- p,

Remark Load intensity is found by applying density and geometric properties to all SURFACES.
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3.1.2 Steel structure

Structural loading : Body force

Acceleration in y direction ( ay, ) : -10 sﬂz
Component Value
Linear accelerstion in oo
Linear acceleration in -10,0
Linear acceleration in £ 0,0
Angular velocity about X axis 0,0
Angular velocity about Y axis 0,0
Angular velocity about T axis 0,0
Angular acceleration about X axis o0
Angular accelerstion about Y axis o0
Angular acceleration about £ axiz oo

Attribute |Steel ~| s

This loading condition is termed “Stage 2" corresponding to resistance from concrete
and rock.

Remark
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