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1.1 STRCTURAL TYPE
This report describes the design of hydropower plant between baseline 1 and baseline 2. The

structure is termed Part I.

The structure is exposed to the loads mentioned bellow.

e Dead load
e Water load
e Liveload

e Earthquake load

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Hydropower plant 1 (200 MW)

Status : Page :
3
Date : Created :

1.2 PRODUCTION SCHEME

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

The foundation assumes the bottom slab rests directly on solid unweathered rock.

Theoretical foundation level ; +51.50 .. +53.00-1.50

Water level at completion : +53.63 to +62.94 (+64.50)

Level Flow Remark
+62.94 8110 10000 year
+61.62 5859 1000 year
+55.10 240 Design flow”
+53.63 13.4 Ecological flow

m m3/s -
* = Corresponds to 100 year flow

Water level during production fase : < +51.50

Backfill : rockfill
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14 TECHNICAL SPECIFICATION AND BUILDNING CODE

Building Code Requirements for Structural Concrete ( ACI 318-05).
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MEASUREMENTS

1.5

1.5.1 Orientation measurements

Plane..

Koordinatsystem in drawing: 3 / \( / A
Koordinatsystem in analysis X / Y/ Z
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15.2

Design measurements
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21 GENERAL

The structure is designed as a reinforced concrete-structure resting on unweathered rock.

The structure is modelled using rigid vertical springs underneath each column/wall connected to the

bottom slab at level +53.00.

The structure termed Part | is connected to the rest of Powerhouse basline 2 offset by 1.5 m.

For this reason a rigid horizontal spring is in X-direction along Exterior wall 1 and Exterior wall 2.

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Status : Page :
Hydropower plant 1 (200 MW) 19
Date : Created :
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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View — Interior wall 1/ Slab 1 :
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View — Columns 1/ Columns 2 / Columns 3/Slab 1/Slab 2 /Slab 3 :
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View — Beams 1X..3X / Beams 1Y..3Y / Columns 3/ Slab 3 :
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Exterior wall 1 - northern wall :
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Exterior wall 2 - eastern wall
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Exterior wall 3 - southern wall :
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Exterior wall 1 - northern wall
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Exterior.wall 2 - eastern.wall. ..
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® | p O SRS | S0 P P& | &
5 s> A A7 AP | S A S &
A R & A WA A M A AN
Exterior wall 2:3
A 50 O - Y o
» 8 o & o | FP e S |
A M & A SR o U M e ¢
Exterior wall 2:2
N (NJe) & ,.} Ad O N Q| O )
& & S P R RS AR RS S | &
A & A WA A A A
Exterior wall 2:1
® |4 RS A8 o | A& b | A
I @& A g | PV S F& P
AN O & L R LA L A A P

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Hydropower plant 1 (200 MW)

Status : Page :
48

Date : Created :

Exterior wall 3 - southern wall :
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Beams 1X..3X/Beams. 1Y..3Y._ .
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Beam 2Y
poh Lm’a\ 00
.. Yo Yor !9
e ks .1333
? P
\
M. M. M.
A8 o\ B
oA AL AL
g0 A 10
e X — N W ’
L Slab 3
g X ‘?‘\131
1 A AT % 8 9
Beam2X — —
ot Ll e
Bk o et
a AT al
| i
-‘,\1@ \ -?\115 -?\11\
55\ ?,\1@1
Beam 3X ——¢
?.\13? 9‘\?3: ?\-?22
[l oA e\
.. _5\600 _5'\655 _5\5“"‘

File : Hydro power plant 1

Datum : 2026-08-13
Tid : 18:39




Hydropower plant 1 (200 MW)

Status : Page :
50
Date : Created :

2.2.1.3 Geometry : LINES

Columns. 1 :
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Columns.2 :
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Columns. 3 :
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Beams 1X..3X./.Beams.1Y..3Y...
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Beam 2Y
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222 MESH

The proviously defined LINES/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.

Slab 1 — level +56.65 :
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Slab 2- level +61.05 :
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Slab 3 —level +66.85:
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Exterior.wall. .- northern wall ;
- Exterior wall 1:4
Exterior wall 1:3
Exterior wall 1:2
Exterior wall 1:1
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Exterior wall 2 - eastern wall .
Exterior wall 2:4

Exterior wall 2:3

Exterior wall 2:2

Exterior wall 2:1
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Exterior wall 3 - southern wall :

Exterior wall 3:4

Exterior wall 3:3

Exterior wall 3:2

Exterior wall 3:1
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Interior wall 1..3 :

Interior wall 3

Interior wall 2

Interior wall 1
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Columns.1 -
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Columns 2:
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Columns 3 :
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-Beams 1X..3X/Beams 1Y..3Y :
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2.3 CROSSECTION PROPORTIES

The structure is modelled with Shell elements ( "Thick shell” / QTS4 ) or as 3D thick beam elements
("Thick beam” / BMS3) .

2.3.1 Shell elements ( "Thick shell” / QTS4)

Thicknessz (T)

3

Modal Line

Local Surface
(Element) Axes

Thickness (T1"

-

: :‘[Eccemric:'rty (2] +ve

PlatesShell Centre-Line
(Bending Plane)

Geometry t €z Remark
Skiva t=1.4m 1.40 -0.10 Exterior wall 1:1..1:3
Skivat=0.8 m 0.80 0 Exterior wall 4:3
Skivat=0.7m 0.70 0 Slab 1..3
Skivat=1.2m 1.20 0 Exterior wall 2:1..2:3, 3:1..3:3, 4:2, 4:3
Skivat=0.5m 0.50 0 Interior wall 2..3
Skivat=0.6 m 0.60 -0.30 Exterior wall 4:3
- m m -

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39



Hydropower plant 1 (200 MW)

Status : Page :
66
Date : Created :

View — Exterior wall 1 / Exterior wall 2 :

Exterior wall 1
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View — Exterior wall 2 / Exterior wall 3 :

Exterior wall 3
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View = Interior wall 1..3..;
Interior wall 3
Interior wall 2
Interior wall 1
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View —Slabh 1/ Slab 2 :
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View —Slab 3 :
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2.3.2 3D- beam element ("Thick beam” / BMS3)

Cross section properties are calculated with Section Property Calculator.

When introducing beam elements into structure an Offset as seen below can be used.

Beatn Centre-Line
(Bending Plane)

\V Offset (+ve)

Modal Line

Beam Local
[Element) &x es
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2.3.2.1 Columns

|l zage

30 Thick Beam lJ |Ll3&r Sechons Ll
Difintion |Locsl hd
' From Library | Column B00:A00 -/

[ Raotate through 90°
" Enter Properties

|

Value
Cross seclional area (A) 054
Second moment of area about v axis () 00341333
Second moment of area about  axis {Izz) 00341333
Product moment of ares (Ivz) 0.0
Torsion constant (4o 00576853
Effective shear area in v direction f&sy) 0.533333
Effective shear ares in  direction (&=1) 0.533333
Orffset in y direction (Ry) 0.0
Orffset in z direction (RZ) 0.0
Wizualize... ‘ Tapenng »» | Plastic properties. |
Attribute |Calumn S00x800 | =@

Offset vertical direction : 0

Offset horizontal direction: 0
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View — Columns 1..3 :

Columns 3

Columns 2

Columns 1
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2.3.2.2Beams 1X..3X/1Y..3Y ( .. level of slab 3)

zage

|30 Thick Beam

Dehimtion

" From Library
=
(* Enter Properties

KAREA RN

|

¥
Value
Cross sectional ares (A) 0.4
Second momert of sres shout v axis (lyy) B.33333E-3
Second momernt of sres shout z axis (lzz) 0.0213353
Product momert of sres (1yz) 0.0
Torsion canstant (Jx:) 0.0203752
Effective shear area in'y direction (A3y) 0.333333
Effective shear area in z direction (A43z) 0.333333
Off=et in y direction (Ry) 0.0
Off=et in z direction (Rz) 0e
Wistialize. . | Tapering »» Cross zection... | Plaztic properties. ..
Attribute |Eeam OBmu05m LJ ::i (8]

Offset vertical direction : 0.6 m

Offset horizontal direction: 0

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Hydropower plant 1 (200 MW)

Status : Page :
75
Date : Created :

View — Beams 1X..3X /1Y..3Y :
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24 MATERIAL

Concrete : E« = 30 GPa

Material Varde
E 30-10° kPa
v 02"
p 2400 kg/m?®

* = According to general engineering recommendation v = 0 can be applied. However in the

analysis v =0.002 is inserted.
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2.5 BOUNDARY CONDITIONS

The structure is modeled with two different boundry conditions used to describe either the foundation
or the connection to the powerstation at basline 2 .

25.1 Boundry at foundation : “Fixed”

Free  Fixed Spiing stiffness

W - o r |

Tranzlation in Ny - fe - |
z r o |

o ' & |

Ruatation about Y - f+ - |
z r o |

Hinge ratation o L - |

Pare pressure i» . o |

Spring stiffhess distribution
{+ i i

Attribute [Point : Fixed j ill 1
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View — “Point; fixed”

Support Point : Fixed

Exterior wall 1:2

.
L]
.
il o3 L
i ?
EA },‘ "
Ml
e
s
’{6%”;
e
ey
o
o 4 !’
g
g

; "%:' "
{ o “Phumly ’ «#‘ﬁj’ |
‘ Interior wall 1 W '%’5’32.:3;, i \‘
BN ;}” \
L 'WP \
K e ,
I Exterior wall 1 :3‘
R .
l‘ i

Stiffness Value
Cax Fixed
Ca, y Fixed
Caz Fixed
C 0, X-X Fixed
Co, yy Fixed
Co 72 Fixed
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25.2 Boundry at basline 2 : “Fixed in translation X”

Free  Fixed Spring shffness

% . v ol
Tranzlation in Y {w {" £ |
ya o r ol
% o . ol
Rotation about % O - - |
z o . ol
Hinge ratation e £ £ |
Fore pressure {o { { |
Spring stiffniess distribution
{+ { {
Attribute |Paoint : Fiked translation in = j ill (2]
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View — “Point; fixed in translation X’

Support Point : Fixed translation X

Exterior wall 1:1
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j.iﬁ( 77T 7 7 777 > A 4 7 7 7
77 7 7 7 PP ol A A A A

Stiffness

Value

Cax
CA,y
Caz
C(p, X-X

Co vy
Co, 72

Fixed
Free
Free
Free
Free
Free

T
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Exterior wall 1:2

Exterior wall 1:3
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26 SEARCH AREA

Discrete loads are applied to various load areas. These are termed Search Area.

For the analysis 6 Search Area’s are defined consisting om structural elements.
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2.6.1 Search area : Exterior wall 1

Structural elements : Exterior wall 1:1 / Exterior wall 1:2 / Exterior wall 1:3 / Exterior wall 1:4
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Hydropower plant 1 (200 MW)

Exterior wall 2:1 / Exterior wall 2:2 / Exterior wall 2:3 / Exterior wall 2:4

3.7.2 Search area : Exterior wall 2

Structural elements :

\ {/!\ 4 \\\\
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2.6.3 Search area : Exterior wall 3

Structural elements : Exterior wall 3:1 / Exterior wall 3:2 / Exterior wall 3:3 / Exterior wall 3:4
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2.6.4 Search area :

Slab level +56.65

Structural elements :

Slab 1
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3.7.5 Search area : Slab level +61.05

Search area consists of surfaces : Slab 2

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Hydropower plant 1 (200 MW)

Status : Page :
87
Date : Created :

2.6.6  Search area : Slab level +66.85

Search area consists of surfaces : Slab 3
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3. LOADS

3.1 DEAD WEIGHT

3.2  WATERLOAD

3.3 EARTH PRESSURE
3.5 SURCHARGE

3.4  LIVE SURFACE LOAD
3.6 CRANE LOAD

3.7  MACHINE LOAD

3.8 WIND LOAD

3.9 EARTHQUAKE LOAD
3.10 LOADCOMBINATIONS

page 88-97
page 98-113
page 114-124
page 125-132
page 133-137
page 138-143
page 144-164
page 165
page 166-169
page 170-174
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3.1 DEAD WEIGHT
3.1.1 Reinforced concrete
kN
Yotg = 24 —3
m
Loadcase.;.Dead weight.1
Structural loading : Body force
. . . . m
Acceleration in z direction (a;) :-10 —
S
Component Value
Linear acceleration in X 0.0
Linear acceleration in % 0.0
Linear accelerstion in Z -10.0
Angular velocity skhout K axis on
Angular velocity about 7 axis 0.0
Lngular veloeity ebout T axis oo
Broular accelerstion ahout X axis 0.0
&ngular accelerstion shout Y axis 0.n
Angulsr eccelerstion sboul £ axis 0.0
Attribute |DEEE| weight 1 j 1]
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Shell elements : q=a, -t Py,

Beam elements : P=2a, APy,

Remark  Load intensity is found by applying density and geometric properties to all

LINES/SURFACES.
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3.1.2 Steel structure

The load is an approximation of the steelstructure above level +75.342.

The load intensity is set to 1 kPa and distributed along concrete walls | X-direction.
A=b-1=18.7m-21.7m = 406m°

P, = A-1kPa = 406kN

oo Pu _ OGN, kN

21 2:17.9m m
o _*?5’623‘ '
Y .__\L_IL

X

+55(O T E
Y | I
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Structural loading : Global distributed

Force type : Per unit length

L kN
Component z direction : -11.3 —
m
" Total * Per unit lzngth " Perunit area
Component Value
* Direction 0.0
Y Direction 0.0
I Direction -11.3
Moment about X axis 0.0
Momernt about Y axis oo
Moment about  axis 0.0
Moment abolt hinge nodes 0.0
Attribute |Dead weight 2 ﬂ :II 2l

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Hydropower plant 1 (200 MW)

Status : Page :
93
Date : Created :

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Status : Page :
Hydropower plant 1 (200 MW) 94

Date : Created :

3.1.3 Earth filling

Load is introduced at level +57.00 due to an increase of wall thickness by 200 mm.

The load is comparetively low. For this reason the load is modelled with intensity of water level
LLW. The effect of water level HHW is concidered using a reduced load ceofficient.

LLW =+ 53.53 —h=(67.20-57.00)=1020m  ;h'=0m

HHW = +62.94 = h=(67.20-62.94)=4.26 m ;h'=10.20-4.26 =594 m

1;,\;'
i g e e A ."}
= A \ !
—— 45100 ‘ o ;
Y )
&8s | N
i g

PLw =0.2m-(y-h+y"h)=0.2m- (18— -10.20m + 11— -0m) = 37—
m m m

Popw =0.2m-(y-h+y-h")=0.2m- (18k—N3 -4.26m +:|.:|.k—N3 -5.94m) = 28k—N
m m m

= Ghme _ 0.76

q LLW

Remark The effect of water at top is neglected since is balanced with same force at bottom of
slab +53.00 when designing the studied structure.
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Structural loading : Global distributed

Force type : Per unit length

Component z direction : -37 kN
m
" Tolal = Per unit length " Perunit area
Component Value
# Direction oo
% Direction oo
I Direction -37 .0
Moment about X axis 0o
Moment about ¥ axis o0
Moment about £ axis 0o
Momert about hinge nodes 0o

Attribute |Dead weight 3

1]
= 58
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3.1.4 Load combinations

Loadcase Permanent factor | Variable factor
Dead weight 1 1.00 0
Dead weight 2 1.00 0
Dead weight 3 0.76 0.24
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3.2 WATERLOAD

Waterflow varies between +53.63 to +62.94(+64.50) as seen in table listed bellow.

Level Flow Remark
+62.94 8110 10000 year
+61.62 5859 1000 year
+55.10 240 Design flow”
+53.63 13.4 Ecological flow

m m3/s -
* = Corresponds to 100 year flow
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3.2.1 “Low” water level

Level +53.63 corresponding to ecological flow is used.

KN

d,, = (53.63m-53.00m)-1.0-10—; = 6.3kPa
' m

| x o

R
30300 NN /1 E——
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Loadcase.: Water LLW gx1
Structural loading : Discrete patch load
Search area : Exterior wall 2
Force type : Per unit area
Component x direction : -6.3 kPa
Options for load outside search area : Exclude All Load
Patch ype
" Bnodepatch  * dnodepaich Straight line Curve
Untransformed load direction Projection vectot
I
(= x i z
X component
Cy " Surface nomal Y component |
£ component
; X Coordinate Y Coordinate £ Coordinate Load
[1] 310 150 5363 oo
2] 310 150 530 3
3] 310 150 530 3
4 310 150 5363 oo
Attiibute Water LW gxl ﬂ ﬁ (5]
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Structural loading : Discrete patch load
Search area : Exterior wall 1
Force type : Per unit area

Component y direction : -6.3 kPa

Fatch type
" B rnode patch + 4 node patch " Shaight line (" Curve
Untranzformed laad direction Prajection wectar

-

¥ i =
¥ compaonent
Yy " Surface normnal Y component
£ campanent

X Coordinate Y Coordinate Z Coordinate Load |
1 20 210 5363 0.0
2| 180 210 5363 0.0
EX 180 210 530 B3
4] -2.0 21.0 5310 6.3
Aittribute ' ater LUW qul j jl (6]
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Structural loading : Discrete patch load
Search area : Exterior wall 3

Force type : Per unit area

Component y direction : +6.3 kPa

Options for load outside search area : Exclude All Load

Fatch twpe
" 8 node patch * 4 node patch " Straight line " Curve
Untransformed load direction Frojection wector

-

¥ "z
# companent
s " Surface nomal Y companent
£ companent

X Coordinate Y Coordinate Z Coordinate Load |
1 20 210 530 B3
2| 200 M0 530 6.3
E3 200 M0 5363 0.0
4] .20 210 5363 0.0
Attiibute [water LU/ qy2 ~l o
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3.2.2 “High” water level

Level +62.94 corresponding to 10000 year flow is used.

d,, = (62.94m—53.00m)-1.0 -10k—’\: = 99.4kPa
' m

X
S i _..%_
. 0 - s '1
o 7
o & »-’/‘vu‘:”, -
X 5
e
i
d
+53.00 ] b
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Structural loading : Discrete patch load
Search area : Exterior wall 2

Force type : Per unit area

Component x direction : -99.4 kPa

Options for load outside search area : Exclude All Load

Fatch twpe
" B node patch * 4 node patch " Straight line " Curve
Untransformed load direction Projection wectar
B
O ~ Z
¥ component
Y " Surface normal ' component
£ component
X Coordinate Y Coordinate Z Coordinate Load |
1_ 300 -15.0 53.0 -99.4
2_ 300 15.0 53.0 -99.4
3_ 300 15.0 5294 oo
4_ 300 -15.0 5294 oo
Attibute [water HHu/ a1 ~]
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Structural loading : Discrete patch load
Search area : Exterior wall 1

Force type : Per unit area

Component y direction : -99.4 kPa

Options for load outside search area : Exclude All Load

Patch type
" 8 node patch * 4 mode patch " Shaight line " Curve
Untranzformed load direchion Projection wector

r

o i Z
¥ component

Yy " Surface nornal Y component
£ camponent
X Coordinate ¥ Coordinate Z Coordinate Load |
1_ -2.0 200 230 -99.4
2_ 18.0 200 530 -09.4
3_ 18.0 200 5294 .o
4_ 20 200 E2.94 0.0
Attibute [Water HHW gy ~lHm
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Structural loading : Discrete patch load
Search area : Exterior wall 3

Force type : Per unit area

Component y direction : +99.4 kPa

Options for load outside search area : Exclude All Load

Fatch type
" 8 node patch ¢ 4 node patch " Straight line " Curve
Untrangformed load direction Frojection wector

-

[ x (" 7
¥ companent |
(e " Surface nomal ' companent |
£ companemnt |

X Coordinate Y Coordinate Z Coordinate Load
1 20 2010 5310 a3 4
2] 160 2010 5310 a9 4
El 160 2010 B2.94 0.0
4] -20 20.0 £2.94 0.0
Attribute ' ater HHW quZ j j (5]
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3.2.3 Load combinations

Loadcombination basic : Water LLW

Loadcase Factor
Water LLW gx1 1.00
Water LLW gyl 1.00
Water LLW qy2 1.00

Loadcombination basic : Water HHW

Loadcase Factor
Water HHW gx1 1.00
Water HHW gyl 1.00
Water HHW qy?2 1.00
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3.3 EARTH PRESSURE

Earth properties listed bellow are used in the design.

K, =sin40° =0.38

kN
s
A\
s

Water level varies between LLW=+53.53 and HHW=+62.94. Both levels are studied.

qxvyunreduced =K,-h-y - unreduced earth pressure

Oy, ™" =K, -h, - (¥ — ') : reduction due to reduced density beneath water

Uey =0y, " =, """ : reduced earth pressure
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3.3.1 Earth pressure unreduced

Unreduced earth pressure bellow assumes a water level below +53.00.

h =67.20—-53.00 =14.20m

unreduced _ 0.38-14.2m 18k_l\3| =97kPa
m

X,y

L 2 U > 2 T
Y -
f

77777 |
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Structural loading : Discrete patch load
Search area : Exterior wall 2

Force type : Per unit area

Component x direction : { 0 -97 } kPa

Options for load outside search area : Exclude All Load
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Loadcase. ;. Earth pressure unreduced.qyl
Structural loading : Discrete patch load
Search area : Exterior wall 1
Force type : Per unit area
Component y direction : { 0 -97 } kPa
Options for load outside search area : Exclude All Load
Patch type
" 8 node patch ¢ 4 node patch " Staight line " Curve
Untranzformed load direction Projection wector
I
o =z
¥ component |
CH'Y " Surface nomal ' compaonent |
£ componhent |
X Coordinate Y Coordinate Z Coordinate Load |
1_ 320 122 530 -7
2_ 320 95 530 -7
3_ 320 95 G672 n.a
4_ 320 122 G672 n.a
: =
Attribute |E arth prezsure unreduced gel| j — (E1]
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Loadcase. ;. Earth pressure unreduced.qy2
Structural loading : Discrete patch load
Search area : Exterior wall 3
Force type : Per unit area
Component y direction : { 0 +97 } kPa
Options for load outside search area : Exclude All Load
Fatch type
(" A node patch ¥ 4 node patch (" Shaight line (" Curve
Lintranzformed lnad dirsction Projection vectar
=
L - Z
¥ component
(s " Surface normal ' companent
£ comparent
X Coordinate ¥ Coordinate Z Coordinate Load
1_ 200 -2210 530 ar.o
2_ -2.0 -2210 530 ar.o
3_ -2.0 -2210 BT .2 0.0
4_ 200 -220 E7.2 0.0
Attribute |Earth prezsure unreduced qua - j [B0)
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3.3.2 Reduction of earth pressure due to water level LLW

Reduction due to water level +53.63.

h, =53.63—-53.00 =0.63m

reduction _ 0.38 -0.63m- (18

X,y

kN

KN 1My 1 7kpa
m m

—ER
- —— P
- x
S S — +bT4o
o _ ; v
: —<f A V-2 A
—
e | I +VY
o= ) /A = A
_______ g | \
— ] ’ 0 —
8B [ c
—p—— - " _ *-A-——-—i_‘,‘ H _-._-A
o ~ 1 ‘-Pd - N
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3.3.3  Reduction of earth pressure due to water level HHW

Reduction due to water level +62.94.

h, =62.94-53.00 =9.94m

reduction _ 0.38 -9.94m- (18

X,y

kN

kN

—ER
- —— P
- x
S S — +bT4o
o _ ; v
: —<f A V-2 A
—
e | I +VY
o= ) /A = A
_______ g | \
— ] ’ 0 —
8B [ c
—p—— - " _ *-A-——-—i_‘,‘ H _-._-A
o ~ 1 ‘-Pd - N

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39




Status : Page :
Hydropower plant 1 (200 MW) 124

Date : Created :

3.3.4 Load combinations

Loadcase Factor
Water LLW gx1 -0.27*
Water LLW qy1 -0.27*
Water LLW qy2 -0.27*
Earth pressure unreduced gx1 1.00
Earth pressure unreduced gyl 1.00
Earth pressure unreduced qy2 1.00

* = —1.7kPa _ 0.7
+ 6.3kPa

Loadcase Factor
Water HHW gx1 -0.25**
Water HHW gyl -0.25**
Water HHW qy2 -0.25**
Earth pressure unreduced gx1 1.00
Earth pressure unreduced gyl 1.00
Earth pressure unreduced gy2 1.00

wx = 24.4kPa 0.5
+99.4kPa
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3.4  SURCHARGE

Earth properties listed bellow are used in the design.
K, =0.38

=10kPa

q surcharge

qx,y = KO ’ qsurcharge = 3.8kPa

R SR
e g

77 =7

S
T

NGer

ey S ) s A

\
iy
¥
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Structural loading : Discrete patch load
Search area : Exterior wall 2

Force type : Per unit area

Component x direction : -3.8 kPa

Options for load outside search area : Exclude All Load

Fatch type
" B node patch {* 4 node patch " Straight line " Curve
LIntranzformed load direction Frojection veclor

r

v o [
#, companent |
A (" Suyrface marmal Y companent |
£ campanent |

X Coordinate ¥ Coordinate £ Coordinate Load
1 320 123 5300 =8
A 320 9.5 5300 T
3 | 320 95 E7 2 34
4] 320 1232 672 a8
Attribute |Surcharge gxl L] il| (62)
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Loadcase ;. Surcharge gyl
Structural loading : Discrete patch load
Search area : Exterior wall 1
Force type : Per unit area
Component y direction : -3.8 kPa
Options for load outside search area : Exclude All Load
Fatch tupe
(" 8 riode patch (¢ 4 node patch " Shaight line " Curve
Untransfarmed load direction Frojection wectar
[
(X (72
¥ companent
(v Y " Surface mormal Y component
£ component
X Coordinate Y Coordinate Z Coordinate Load
1| 160 2210 s3.0 -3.4
2 | 2.0 2210 Sa0 -3.4
3_ -2.0 220 BT 2 -3.8
4_ 1680 220 BT 2 -8
Attribute |Surcharge gyl L] ﬂ (B3]
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Loadcase ;. Surcharge. qy2
Structural loading : Discrete patch load
Search area : Exterior wall 3
Force type : Per unit area
Component y direction : +3.8 kPa
Options for load outside search area : Exclude All Load
Fatch type
" B node patch {» 4 pode patch " Shaight line " Curve
Untransformed load direction Frojection vectar
Ji:
(X L
# component |
(o Y " Surface narmal Y component |

£ comporent Ii

X Coordinate Y Coordinate Z Coordinate Load
1 2000 220 53.0 38
2 2.0 220 53.0 3.8
3 -2.0 220 67.2 28
4] 200 220 B7.2 3.8
attibute |Surcharge gyl = i|| 64)
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Loadcase Permanent factor | Variable factor
Surcharge gx1 0 1.00
Surcharge qyl 0 1.00
Surcharge qy2 0 1.00
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3.5 LIVE SURFACE LOAD

Slabs 1-3 are designed to handle live surface load corresponding to 10 kPa.
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3.5.1 Loadonslab1

Loadcases ;. surface 1:1:1:16
Structural loading : Discrete patch load
Search area : Slab 1

Force type : Per unit area

Component z direction :-10 kPa

Options for load outside search area : Exclude All Load

Surface 113 B8 Surface 1:14 | Surface 1:15 ' Surface 1:16

Surface 1:9 Surface 1:10 | Surface 1:11 = Surface 1:12

Surface 1:5 Surface 1:6 Surface 1:7

Surface 1:1 Surface 1:2 Surface 1:3 | Surface 1:4
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3.5.2 Loadonslab 2

Loadcases ;. surface 2:1:2:16
Structural loading : Discrete patch load
Search area : Slab 2

Force type : Per unit area

Component z direction :-10 kPa

Options for load outside search area : Exclude All Load

Surface 213 Syrface 2:14 Surface 2:15 | Surface 2:16

Surface 2:9 Surface 2210 | Surface 2111 | Surface 2:12

Surface 2:5 Surface 2:6 Surface 2:7 Surface 2:8

Surface 2.1 = Surface 2:2 Surface 2:3 | Surface 2:4

Remark Coordinate table of surface load see Appendix 1.
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3.5.3 Load onslab 3

Loadcases ;. surface 3:1:3:16
Structural loading : Discrete patch load
Search area : Slab 3

Force type : Per unit area

Component z direction :-10 kPa

Options for load outside search area : Exclude All Load

Surface 3:13 | Surface 3:14 Surface 3:15  Surface 3:16

Surface 3:9 Surface 310 | Surface 3:11 | Surface 3:12

Surface 3:6

Surface 3:5 Surface 3.7

Surface 3:1  Surface 3:2 Surface 3:3 | Surface 3:4

Remark Coordinate table of surface load see Appendix 1.
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3.5.4 Load combinations

Smart loadcombination

: Surface load

Loadcase Permanent factor | Variable factor
Surface 1:1...1:16 0 1.00
Surface 2:1...2:16 0 1.00
Surface 3:1...3:16 0 1.00
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3.6 CRANE LOAD

The crane load is chosen to be the same as the capacity of crane.

There are two hooks one main (.. 2100 kN ) and one auxillary (.. 150 kN ). Only the main hook is

considered due to its higher capacity.

The most dangerous position arises when hook main hook is positioned 1000 mm from basline A or

basline C.

P = 2100kN

R, =R, = P. L—-1.55m _ 2100KN - 20.0m -1.55m _1937kN
L 20.0m

Remark The effect of breaking/friction and excentric load positioning is neglected since it is

considered marginal when designing the studied structure.
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Structural load : Crain

Component Value
Concentrated load in X Dir 0.0
Concentrated load in Y Dir 0.0
Concentrated load in £ Dir -1 Q37E3
foment sbout X axis 0.0
Moment sbout Y axis 0.0
foment shout 7 axis 0.0
MMoment about hinde nodes 0.0
Pore pressure 0.0
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3.6.1 Load on exterior wall 1

Loadcase. ;. Crain 1:1:1:7
Structural loading : Global distributed
Structural load : Crain

Load type : Concentrated load

Exterior wall 1

.'

Exteriorwal 3
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3.6.2 Load on exterior wall 3

Loadcase ;. Crain 3:1-3.7
Structural loading : Global distributed
Structural load : Crain

Load type : Concentrated load

Exterior wall 1

4

Exterior wall 3
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3.6.3  Envelope

Loadcase Factor
Crain 1:1...1:7 1
Crain 3:1...3:7 1
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3.7 _MACHINE LOAD

The repair bay floor +67.20 is loaded with the following mashine loads during assembly.

o Turbine head cover ( line load ) : 130 kN

o Stator frame ( point loads ) : 1200kN

o Generator rotor ( line load ) : 2000 kN

e Trailer load ( point load) : 130 kN

L] I ‘ ‘ T T
- - as -
Generator B B B -
A i
\
|
| R
-\\\ .
“\- mm
L \
B ‘ IEEEEN
n \ |
Strator || ) EEp

Turbine load
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Trailer load
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[ |
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Turbine head cover

I [

20
i

~_Strator frame
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3.7.1 Turbine head cover
1200 18800
/’ WO e
| ‘

Xc=+15.80m

Yec=-7.80m

] AN —

R
AR\

' .\—-7—
L™

.\\‘\v

-/
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The load is considered a line load with circular form. In order to model this load it is divided into 4

separate parts I-1V.

R=1.30m
>P =130 kN
P 130kN

P=o0R  27-130m

kN

m

Turbine Il
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Structural loading : Discrete patch load
Search area : Slab 3
Force type : Per unit area

Component z direction : —16k—N

m

Options for load outside search area : Exclude All Load

Patch type
(" H node patch (" 4 node patzh (" Straight line * Curve
LIntranzformed load direction Projection vectar
¥ Project in load direction
M (v Z
# componernt |
(N " Sirface nomal Y component |
£ component |
X Coordinate Y Coordinate £ Coordinate Load
'I_ 14.5 78 J7.85 -16.0
2_ 14 5a0g -8.71924 785 B0
3_ 158 -9 FirE- B0
Attribute |Turbine | LI j (57]
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Structural loading : Discrete patch load
Search area : Slab 3
Force type : Per unit area

Component z direction : —16‘%N

Options for load outside search area : Exclude All Load

Patch type -
(" 8 node patch 4 node patch " Straight line * Curve
Untransfarmed load direction Frojection vector

W Project in load direction

(e (v 7
¥ companent
(Y (" Surface nomal Y compaonent
£ component

X Coordinate Y Coordinate Z Coordinate Load

1] 171 7B 7785 6.0

2 | 167192 -B.71924 7785 6.0

3 | 158 -8.1 7785 160
Attribute [Turbine | ~] = 5]
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Structural loading : Discrete patch load
Search area : Slab 3
Force type : Per unit area

Component z direction : —16k—N

m

Options for load outside search area : Exclude All Load

Fatch type
" Bnode patch (" 4 node pateh " Shaight line (* Curve
Untranzformed load direction Projection wector
v Projectin load direction
(™ % (¢ F

¥ component |
[y " Surface nomal Y companent |

£ component |
X Coordinate ¥ Coordinate Z Coordinate Load
i) 17.1 -TB 7785 160
2 |8.7192 -B.88076 7785 160
3_ 5.8 -B.5 785 S1E0
Atribute |Turbine |l ] 67
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Structural loading : Discrete patch load
Search area : Slab 3
Force type : Per unit area

Component z direction : —16‘%N

Options for load outside search area : Exclude All Load

Fatch type
" 8 node patch " 4 node patch " Straight line + Curve
Untransformed load direction Frojection wector
[V Project in load direction
S v Z

¥ component |
Y " Surface normal Y component |
£ compaonent |

X Coordinate Y Coordinate Z Coordinate Load |
1_ 145 -Th 7785 1610
2_ 14 8808 -G.8E07E 7785 1610
3_ 158 -4 7785 1610
Atibute [Turbine 1Y ~| e

Loadcase: Turbine

Loading : Turbine I / Turbine Il / Turbine I11 / Turbine IV
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3.7.2 Stator frame

Xc=+7.20m

Yc=-4.647m
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The load is considered as 7 point loads.

P =1200 kN
P= ? =171kN
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Loadcase: Stator

Structural loading : Discrete patch load
Search area : Slab 3
Discrete load : Stator

Options for load outside search area : Exclude All Load

Untransformed load direction— - Projection wector
{+ Arhitrary (" w &z I+ Project in load direction

¢ Grd = | % U Surface nommal # companent |

y | Y component |
£ component |

X Coordinate | ¥ Coordinate Z Coordinate Load
1 3.0 -4 547 7785 -171.0
2] 11.4 -4 547 7785 -171.0
E = -1.009539 7785 -171.0
4 | 893 -1.00363 7785 -171.0
5 | 51 -5.28431 7785 -171.0
5 | 893 -5.28431 7785 -171.0
7 | v -0.447 7785 -171.0
el

Attribute [Stator ~| = e
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3.7.3 Generator rotor

\ /\ X ’ %)

The load is considered as a line load with circular form. In order to model this load it is divided into 4
separte parts I-1V

>P =2000 kN
R=0.85m

27R m

Xc=+4.15m

Yc=+3.875m
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Loadcase: Generator |
Search area : Slab 3
Force type : Per unit area

. kN
Component z direction : —375—

m
Options for load outside search area : Exclude All Load
Fatch twpe
(" 4 node patch " Straight line i+ Curve

" 8 node patch

rtransformed load direction

05w

£ Y

O

(" Surface normal

Projection wector

v Project in load direction

¥ companent |
' companent |
£ companent |

X Coordinate Y Coordinate Z Coordinate Load
1_ 33 3875 T7as -37s0
2_ 354595 327396 T7as =350
3_ 415 3.025 Tias -3750
. -
Attribute | Generator | j ~ | [EE]
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Loadcase: Generator 11
Search area : Slab 3
Force type : Per unit area

Component z direction : —375k—N
m

Options for load outside search area : Exclude All Load

Fatch type
" 8 node patch " 4 node patch " Straight line &+ Curve
rtransformed load direchion Projection wectar

v Project in load direction

i % v 7
¥ component
(Y " Surface normal T companent
£ component

X Coordinate Y Coordinate Z Coordinate Load |
1_ 5.0 3875 7785 -375.0
2_ 475104 3.273496 PR -3ran
3_ 415 3025 T.as -37s0
) =1
Attribute |Generator 1 j =1 [5E]

File : Hydro power plant 1
Datum : 2026-08-13
Tid : 18:39



Status : Page :
Hydropower plant 1 (200 MW) 159
Date : Created :

Loadcase: Generator. Il
Search area : Slab 3
Force type : Per unit area

Component z direction : —375k—N
m

Options for load outside search area : Exclude All Load

Fatch bype
" 8 node patch " 4 node patch " Straight line ¢ Curve
IIntransfarmed load direction Frojection wectar
[v Project in load direction
o v Z

¥ compohett
oy " Surface normal Y component
£ compohent

X Coordinate Y Coordinate Z Coordinate Load |
1_ a0 3875 F7as -375.0
2_ 475104 4 47604 Tras -37s0
3_ 415 4 725 F7as -37s.0
Attribute |Generator Il | e
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Loadcase: Generator 1V

Search area : Slab 3
Force type : Per unit area

Component z direction : — 375k—|\I
m

Options for load outside search area : Exclude All Load

Fatch type
(" B node patch [ 4 nade patch " Staight line i+ Cuve
I ntrarzfomed laad direchion Frojection vectaor

v Project in load direction

(" (v 7
*, component |
f o " Surface nomal ¥ component |
Z component |

X Coordinate Y Coordinate £ Coordinate Load

1_ 33 3875 7785 -375.0

2_ 354895 4 47604 775 -375.0

3_ 415 4 725 7785 -3750
Attribute |Generator [V - j (88)

Loadcase: Generator

Loading : Generator | / Generator 11 / Generator 111 / Generator 1V
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3.7.4 Trailer load

The load is considered as 6 point loads.

P =130 kN
P :%: 22kN
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Xc=+13.30m

Yc=+77.85m
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Loadcase:, Trailer
Structural loading : Discrete patch load
Search area : Slab 3

Discrete load : Trailer

Options for load outside search area : Exclude All Load

P
o 26 _10KN _ o
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3.7.5 Load combinations

Smart loadcombination : Machine load

Loadcase Permanent factor | Variable factor
Turbine 0 1.00
Strator 0 1.00
Generator 0 1.00
Trailer 0 1.00
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3.8 WIND LOAD

The effect of wind is neglected at the study of concrete structure since it is considered neglectable.
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3.9 EARTHQUAKE LOADS

The effect of earthquake is considered by using at simplified method. The method increases the effect

of dead weight as seen below ( see also OTR 5.6.4).

3.9.1 Unusual loading

The effect is considered by increasing loadcase Dead Weight by 10 % in both vertical and horizontal

directions.

Load effect of earthquake (E ) : 1.9-0.10D =0.19D

Loadcase surcharge/dead weight are used to create loadcase earthquake. This is a simplification but

considered on the safe side since the resultant of horizontal force is higher than assumed due to the
fact that exterior wall is thicker at the bottom than at the top of the structure.

The load effect is transformed using load case Dead Weight.

f. =0.10
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(N
<

Total dead weight : £P= 53440 kN

Px =Py =0.1.2P = 5344 kN

Surcharge gx1 : Px =1054 kN Ext = S3AAKN _ 5.1
' 1054kN
5344kN
Surcharge qy1 : Py =965 kN fo.,=——=55
ge qy y = Ten 965KN
5344kN
Surcharge qy2 : Py =965 kN = f =———=55
ge qy y Ey2 =~ 9eErN
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Basic loadcombinations...
Loadcombinations Loadcase Load factor
Earthquake max gx Surcharge gx1 +5.10
Earthquake min gx Surcharge gx1 -5.10
Earthquake max qy Surcharge qyl +5.50
Earthquake min qy Surcharge qy2 +5.50
Earthquake max gz Dead weight 1 +0.10
Earthquake min gz Dead weight 1 -0.10

Loadcombinations

Permanent factor

Variable factor

Earthquake max gx

0

1

Earthquake min gx

Earthquake max qy

Earthquake min qy

Earthquake max qz

Surcharge qy2

o000 |O

A
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3.9.2 Extreme loading

The effect is considered by increasing loadcase Dead Weight by 15 % in both vertical and horizontal
directions.

Load effect of earthquake (E) : 1.25-0.15D =0.1875D

Since 0.19D > 0.1875D the effect of earthquake is neglected.
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3.10 LOAD COMBINATIONS

Document OTR part B chapter 5.5.3 requires control of 6 loading conditions as seen bellow.

L.C.1 Construction stage loading

L.C.2 Operating stage loading

L.C.3 Design flood loading

L.C.4 Earthquake during operating loading

L.C.5 Earthquake during construction stage loading
L.C.6 Post earthquake loading

Control is conducted for L.C.2 and L.C.4 which are considered most dangerous

Remark

In order to avoid checking service state reinforcement the load effect for ultimate state is increased
by 33 % ( see ACI 10.5.3 ) when designing.

The hydraulic factor H ¢ = 1.3 applied to load effect in order to avoid using 0.9-1.3 when studying

unfavourable effect of permanent loads.

Since extreme earthquake load is less dangerous than unusual earthquake load when appling correct
load coefficent it is not considered, see page A3:82.
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3.10.1 L.C.2

Presented load combination “Ultimate State” corresponds to normal loading corresponds during

operating stage.
Normal loading — Max :

Normal loading — Min :

Un = 1.7-(D+W+E+L)

Un=0.9(D+W+E) + 1.7-L

Loadcase Permanent factor | Variable factor
Dead loads (D) 0.90 0.80
Water loads (W) 0.90 0.80
Earth pressure (E) 0.90 0.80
Surcharge (L) 0 1.70
Surface load (L) 0 1.70
Crain load (L) 0 1.70
Machine load (L) 0 1.70

Loadcombination smart Permanent Ultimate:LLW

Loadcase Permanent factor | Variable factor
Dead weight 0.90 0.70
Water LLW 0.90 0.70
Earth pressure LLW 0.90 0.70

Loadcombination smart Permanent Ultimate:HHW

Loadcase Permanent factor | Variable factor
Dead weight 0.90 0.70
Water HHW 0.90 0.70
Earth pressure HHW 0.90 0.70

Envelope Permanent Ultimate

Loadcombination

Permanent Ultimate:LLW

Permanent Ultimate:HHW
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Loadcombination smart Variable Ultimate

Loadcases to concider : 4

Variable cases : 4

Loadcase Permanent factor Variable factor

Surcharge 0 1.70

Surface load 0 1.70

Crain load 0 1.70

Machine load 0 1.70
Loadcombination smart Ultimate

Loadcase Permanent factor | Variable factor
Permanent Ultimate 1.00 0
Variable Ultimate 0 1.00
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3.102 L..C4

Presented load combination “Accident State” corresponds to unusual loading corresponds during

operating stage.

Unusual loading — Max :

Unusual loading — Min :

Un=1.7-(D+W+E+L) + 1.9-E

Un=0.9.(D+W+E) + 1.7-.L + 1.9-E

Loadcase Permanent factor | Variable factor
Dead loads (D) 0.90 0.80
Water loads (W) 0.90 0.80
Earth pressure (E) 0.90 0.80
Surcharge (L) 0 1.70
Surface load (L) 0 1.70
Crain load (L) 0 1.70
Machine load (L) 0 1.70

Loadcombination smart Permanent Accident:LLW

Loadcase Permanent factor | Variable factor
Dead weight 0.90 0.70
Water LLW 0.90 0.70
Earth pressure LLW 0.90 0.70

Loadcombination smart Permanent Accident:HHW

Loadcase Permanent factor | Variable factor
Dead weight 0.90 0.70
Water HHW 0.90 0.70
Earth pressure HHW 0.90 0.70

Envelope Permanent Accident

Loadcombination

Permanent Accident:LLW

Permanent Accident:HHW
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L oadcombination smart Variable Accident

Loadcases to concider : 5

Variable cases : 5

Loadcase Permanent factor Variable factor
Surcharge 0 1.70
Surface load 0 1.70
Crain load 0 1.70
Machine load 0 1.70
Earthquake 0 1.90

* = Vertical contribution of earthquake loading

** = Horisontall contribution of earthquake loading

Loadcombination smart Accident

Loadcase Permanent factor | Variable factor
Permanent Accident 1.00 0
Variable Accident 0 1.00
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