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1.1 STRCTURAL TYPE

This report describes the design of a hydropower plant located between baseline 2 and baseline 4.
The structure is exposed to the loads mentioned bellow.

Dead load
Water load

Live load
Earthquake load
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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 ; +67.00

Water level at completion : see table below

Level Remark
+90.60 10000 year
+79.65 Design flow conditions
+78.65 Normal operations
m -

Water level during production fase : < +67.00

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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1.5

MEASUREMENTS

1.5.1 Orientation measurements

Plan view — structure :
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Plan section at level +72.69 :
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Plan section.at level +75.60...
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1.5.4 Design measurements
1.5.4.1 Floor 1
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1, Floor 1_2, Floor 1_3 and Floor 1_4.

Remark Floor 1 consists of 4 parts termed Floor 1
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1.5.4.2 Floor 2
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Floor 2. 2:
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1.5.4.4 Wall 2
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1.5.4.5 Wall 3
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Remark Wall 3 consist of 6 different parts termed Wall 3_1, Wall 3_2, and Wall 4_3.
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1.5.4.6 Wall 4

Remark Wall 4 consist of 3 different parts termed Wall 4_1, Wall 4_2 and Wall 4_3.
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2. STATICAL SYSTEM

2.1 GENERAL

2.2  STATICAL SYSTEM

2.3 CROSSECTIONAL PROPERTIERS
24  MATERIAL

2.5 BOUNDARY CONDITIONS

26  SEARCH AREA

page 74-75
page 77-103
page 104-110
page 111
page 112-147
page 148-152
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21 GENERAL

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

The analysis is performed in two separate parts as seen below.

Part | : Analysis of bottom slab
Part 1 : Analysis of walls

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Status : Page :
Hydropower plant 2 (10 MW) 75

Date : Created :

2.1.1 Principle of Part | ( Analysis of bottom slab )

The analysis of Part | is conducted using clamped or free rotational stiffness along edges where wall
are situated. If there is a pit in connection to wall free rotational stiffness is introduced. If no pit is
found then clamped rotational stiffness is introduced.

The bottom slab has varying thickness ( 1.18 m to 4.73 m). In the design however only a thickness of
1.18 m and 3.0 m are used on the safe side. The reason is to achieve production friendly
reinforcement at “top”.

Loads applied to this structure is consists of ground pressure and dead weight.

Ground pressure is determined using a model where no overturning of structure is considered
possible to due to edge beams and external slabs at base lines 2, 4 and A.

The edges beams act from level +67.0 to level +81.0.

The external slabs act from level +77.0 to level +78.0.
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2.1.2 Principle of Part | ( Analysis of walls )

The analysis of Part 11 is conducted using clamped rotational stiffness along edges of wall connected
to level a top of bottom slab. 1

In the water flow direction edge beams are modeled using support condition with rigid movement in
the y-direction. The Boundary conditions act from level +67.0 to level +81.0 m.

The effect of the following parts Floor 1_4, Wall 2_2, Wall 3_4, Wall 3_5, Wall 3_6 and Wall 4 2
are only considered as loads. Not incorporating these parts into the analysis of walls in considered as
on the safe side.
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2.2 STATICAL MODELL
2.2.1 Model : Part | ( Bottom slab )

In order to describe the structures geometry in 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.

The following pictures are retrived from LUASAS in order to present a graphical presentation of
POINTS and SURFACES used in the analysis.

All coordinates defining POINTS are presented in appendix 1.

All LINES used to define SURFACES are presented in appendix 1.
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Structural lines - overview. .
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221.1 Geometry : SURFACES
S12 S10 S9 S8
S11 S6 S5
A
2= X
S7
S4
S3 s2 S1
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2.2.1.2 Geometry : POINTS
P193 242 P212 P361 P157
P189 o |P239  |P213 |P393 P156
A
2> X
P198 \P247 _ |P267 |P294 |P148
|P186 \P181  |P180 |P179 P153
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2.2.1.3 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 structure is modelled with Shell elements ( “Thick shell” / QTS4).
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2.2.2 Model : Part Il ( Walls )

In order to describe the structures geometry in 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.

The following pictures are retrived from LUASAS in order to present a graphical presentation of
POINTS and SURFACES used in the analysis.

All coordinates defining POINTS are presented in appendix 2.

All LINES used to define SURFACES are presented in appendix 2.
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Structural lines - overview. .
X=10150 0000
Y=5750 0000 (1
Z=90110 0000 o
X=10150 0000
! Y=-5750 0000

X=-12050 0000
Y=5750 0000
Z=90110 0000

X=-12050 0000
Y=-5750 0000
Z=90110 0000

|

vd '
Y N
™\
~
X=-12050 0000 i
Y=5750 0000 N 1-°
Z=72690 0000 = g
X=-12050 0000 N
v Y=-5750 0000 '~.
-7 272690 0000 See
- .
. ~

Z=90110 0000

X=10150 0000
Y=-5750 0000
Z=71730 0000

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Status : Page :
Hydropower plant 2 (10 MW) 84

Date : Created :

Structural lines —wall 1 ;

R,
™~

|
i
|
1
!
|
i

X=-12050 0000 %=10150.0000
Y=5750 0000 Y=5750 0000
Z=90110 0000 Z2=90110 0000

¥=10150 0000
¥=5750 0000
Z=81300 0000

¥=5750 0000
Z=81500 0000

X=-12050.0000 |>

X=5550 0000
' /| Y=5750 0000
A Z=71730.0000

| |
X=-12050 0000 ; v / !
Y=5750 0000 T \ ! !
Z=72690.0000 \ \ | |

X=-8260 0000 X=-5760 0000 \ \ ' \

¥=5750 0000 ¥=5750 0000 - -
Z=70500.0000 Z=70500 0000 ! \ X=10150 0000 .
_____________________________ |_._._\._._._\_._._._. Y=57500000_ _ . _ T
H \ Z=68180 000D
. \ | X=5550.0000
1 \ 1Y=5750 0000
i \ Z=68180 0000
\ X=896 0000
Y=5750 0000

Z=7T1730 0000
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Structural lines —wall 2 :

z
|
|
|
|
i
|
|
|
X=10150 0000 | | | ™| X=10150.0000
'f=—5?5[ll.l]ﬂ[l[l|/ : ! | | \| Y=5750 0000
Z=90110 0000 i ! | | Z=90110 0000
- ! |
: i | :
i ! | i
i ! | |
| ! | |
: ! | |
i ! } i
. |
X=10150 0000 k/i_ —————— | i :xh{ X=10150 0000
Y=-5750.0000 i ! Y=5750 0000
281500 0000 | | | I - 12281500 0000
| \
i i | !
X=10150 0000 /fr'—'—'—"'—'—'ﬂ'—'—'—'+ ''''''' ~__ [ X=10150 0000
Y=-5750 0000 | ! i ¥=5750 0000
Z=77500.0000 | Z=77500.0000
|
|
|
|

I
|
|
|
i
X=10150 0000 k/ X=10150 0000|| _—

N | X=10150 0000
¥==5750 0000 | i - ¥=5750 0000
Y=2800 0000 |

Z=71730 0000 | | Z=71730 0000
Z=71730 0000 | |

x=1n150 'ﬂ'ﬂﬂﬂ : ____;-"' _______ A\\H K:1ﬂ150ﬂ00ﬁ

Y=2800 0000 __'r,-""' =~ ¥=5750 0000

Z=68180 0000 | 2=68130.0000

-------------------------------- -+l - -l-l-l-l-i-l-l-l-l-i-—l—-a

! Y
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T Z
X=10150 0000 | !
Y=-5750 0000 \ M _ :
Z=77500 00001 |+ -~ i
\ | .
X=14100 0000 S \:\ N !
Y=-5750 0000 }\ AN . !
Z=77500 0000 \\\ 7 '\:"\-\_ ) ! X=10150 0000
i N N | Y=5750 0000
| 'i’" i “11Z=77500 0000
4 P
\J\ < V » -
‘} ’

X=14100 0000
Y=5750 0000

b
vd
r N
.
\'
)‘

Z=77500 0000
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Structural lines — wall 3.;

Y=-5750 0000
Z=90110 0000

X=-12050 0000}\

Y=-5750 0000
Z=81500 0000

X=-12050 oooo| /
|

X=-12050 0000
Y=-5750 0000
Z=72690 0000

V

i, | |X=-1465 0000
e o o750 oo ey
A12=90110 0000
Z=90110 0000 |\ ! /12-90110 0000
\ | ,:'
I S /_._._._._ ....... /
; X=1600 0000
' ,I Y=-5750 0000
! Z=74900 0000
|

X=4100 0000
Y=-5750 0000
Z=74900 0000

\ N
‘ \ ! | ] X=10150 0000
i 1B . |Y=-5750 0000
‘ 1B . 12:81500 0000
‘ | .
| L || X=7065 0000
! HE | | Y=-5750 0000
| HE v 1 2:71730 0000
s e
,,,,,, I .
i |
gt rgeed ! | X=10150 0000
Z=71730 0000 | / Y=-5750 0000
I/ Z=71730 0000
X=1600 0000 |/’
Y=-5750 I
Z=71730 0000 |
A ———— ?—. ............ ﬁ' __________________ p——
X=4565 0000 ||/ | X=7065 0000 X
Y=-5750 0000 Y=-5750 0000
2:68180 0000 | Z=68180 0000
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X=-12050 0000
Y=-5750 0000
Z=90110.0000

X=-12050 0000
Y=-5750 0000
Z=81500 0000

X=-12050 0000
Y=-5750 0000
Z=77500.0000

frmm e

X=-12050.0000
Y=-5750 0000
Z=72690 0000

Structural lines —wall 4 :

P P RS R R ——

AT | ES N

|\ |X=-12050 0000
" ]Y=5750.0000
Z=90110 0000

|
|
i
t
|
}
|
t
\

. |X=-12050 0000
1Y=5750.0000
Z=81500 0000

x
r
|
x

\

- \_|X=-12050.0000
Y=5750 0000
Z=77500 0000

[
|
L
|
1
|

\
\‘.
'.‘\

X=-12050 0000
Y=5750 0000
Z=72690 0000

\
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Z
'\._\.
\'\
N
\.\
s,
T
.
N

X=-12050 0000
¥=5750.0000

b
|
Z=77500 0000 |
-\_\\ i
NOoONL
- . S, ‘
e , ", |
.r{. R x\ |
X=-16000.0000|/ N LY
Y=5750 0000 N NN
Z=77500 0000 N N "\
", ~\. h\'\\ | \‘\
. \-"‘_\. \l *\.
° \_l‘\-.‘\. o J.F)'r\'. \.\1 i +*“‘"i".ﬂ.
SR [ ~ -
N Y Nl L.
| | -
/AR N
x'llf i \ -'""'# I N,
/ St K = Y
X=-16000 0000 |/ o RS0 00
Y=-5750.0000 2-77500 0000 \.
Z=77500 0000 \
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Geometry : SURFACES

S17

S3

v 537

534

s21 ~

S20 y

$19 e P

Remark Wall 1 excluding part Wall 1_4.
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,//\\
/ \\/
< s
e B i 7 -
2 S97 o
E e
‘\ ~
g

Remark Only part Wall 1_4 shown.
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1\
\1'
S30
\'
S28
529
1\
b
S46 S45
. s89
‘ s90 ot
S25 a4
.\"
"%
. ]
523
1‘\
]
Wall..3

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Hydropower plant 2 (10 MW)

Status :

Page :
93

Date :

Created :

855

y_'_‘_______.—o——‘F/
e S65

, | 75
$59 oY .

S6R

s6 S70

- S6p |

V_—__‘_'___’_——l —
— ¢ 564
|

)

S7

581

580
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548

549

(

S50

S51

/

/
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2.2.2.2 Geometry : POINTS

P33 P48 P50 P52 P54 P56
P1 P6 P12 P28 P36 P41
P57 P714 P722 P727 P732 P737
P339 P&s5 P877 P847 Pas7 P859
P2 P4 P10 P26 P34 P742
P62 P60
P18 P20
P42

Remark Wall 1 excluding part Wall 1_4.

P3

P11

P67

P830

pP745

p22

P32
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P924
,f\\
////// TN P922
Pg15
\\_ ,//
/// \\ P67

Remark Only part Wall 1_4 shown.
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P3
£§__;——-"
P58
4
P11
£8/,4|
) P40
P747 'P67
P65
Pa2 P830
[a]
P79 P89 Pe2s
P89
P75 'F’745
] 29
‘ P75 ﬂgﬁ_f_“lz’f_g
P38
VE;L{A 'PSL
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Wall 3.

{2 o > A S

o° N AR Al N oN° o
— 9

o a0 5% 51 ?’l A 9‘36 efe] <?’Jj‘ oA s ?‘\5

De
?'66 5D Dlexﬁ%ql ?(6%6 )%%g%%,\ ?‘b%rb ?forb
?’196 ﬂg'l o'l 5%9‘ ?Q‘)% )’&?\ﬂ% o'l o ?'\11
150 3 AN o R o A
?'5% o )‘&?‘bﬂj 963% )6%

5 R
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2.2.2.3 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 2.

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

A

°
o o §—~——%4 .
°
o
49’
2o\, ) :
—

o————e
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/
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/

T
|
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)
i

/
/
/

/
/

/
17
/
/

—
|
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|
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7

/
/

1
1
7
/
7
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/
1117
[
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/
/

i

I
I
I
[
[
/
/
]

[

/
/
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I
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/
[

/
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/
4

:
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Wall 4.
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2.3 CROSSECTION PROPORTIES

2.3.1 Model : Part| ( Bottom slab)

The structure is modeled with Shell elements ( “Thick shell” / QTS4).

Thicknesz (T)

3

Modal Line

Local Surface
(Element) Axes

Thickness (T1"

-

: :‘[Eccemric:'rty (2] +ve

PlaterShell Centre-Line
(Bending Plane)

Type t €z
Shellt=1.18m 1.18 0.91
Shell t=3.00m 3.00 0

- m m
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2.3.2 Model : Part 1l ( Walls )

The structure is modeled with Shell elements ( ”Thick shell” / QTS4).

Modal Line

Thickness (T)

3

Local Surface
(Element] &xes

: :‘[Ec:n:emric'rty [E] +ve

Plater=hell Centre-Line
(Bending Plane)

Type t €z
Shell t=1.5m 1.500 0
Shell +t =0.8 m 0.800 0.350
Shell -t=0.8 m 0.800 -0.350
Shell t =0.001 m 0.001 0

- m m
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View —Wall 1:

Structure Type

Walll 1 Shell t=1.50 m
Wall 1 2 Shell t=1.50 m
Wall1l 3 Shell +t =0.80 m
Wall 1 4 Shell t=1.00 m
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View —Wall 2:

Structure Type

Wall2 1 Shellt=1.50m
Wall 2 2 Shell t=1.00 m
Wall 2 3 Shell +t =0.80 m
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View —Wall 3:

Structure Type
Wall 3 1 Shell t=1.50 m
Wall 3 1 Shell -t =0.80 m
Wall 3 2 Shellt=1.50m
Wall 3 3 Shell -t =0.80 m
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View — Wall 4 :

Structure Type

Wall 4 1 Shellt=1.50 m
Wall 4 2 Shell t=1.00 m
Wall 4 3 Shell -t =0.80 m
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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 studied in to separate parts. The boundary conditions for part | ( bottom slab ) and
part 11 (walls ) is presented in the following chapter.

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52



Status : Page :
Hydropower plant 2 (10 MW) 113
Date : Created :
2.5.1 Model : Part| ( Bottom slab)
25.1.1 Boundary at foundation of wall 1/3 : “Line support wall 1/3:clamped”

Free  Fixed Spr_ing stiffness

5 5 . - |
Tranzlation in ¥ {* " . |
z r" (v " |
% - - o . |
Rotation about 7' (* r " |
Z IC i« . |
Hinge rotation | ( 'ﬁ e |
Pore pressure 0 i { |
Spring shffness distnbution
~ ~ ~
Attrbute |Line suppart wall 1/3 : Clarmped LJ :II (7]
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Areas where there is concrete above the bottom slab. This corresponds to areas

without pits.

Remark
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25.1.2 Boundary at foundation of wall 1/3 : “Line support wall 1/3:free”

Tranzlation in

Fotation about

Hinge rotation

Free  Fixed Spring shffriess

~ ~ e
& ¢ |
2 o~ c |
c o ]
o s r |

Pore pressure o~ r ~ |
Spring shffness distnbution
(& 0 ~
Attiibute |Line suppart wall 1/3 : Free LJ j (8]
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Areas where there is no concrete above the bottom slab. This corresponds to areas

with pits.

Remark
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2.5.1.3 Boundary at foundation of wall 2/4 : “Line support wall 2/4:clamped”

Free  Fixed Sprng shifness

b (* - i~ |

Tranzlation in e (v - i |
z - o |

% G . c |

Rotation about b - o - |
pa o - C |

Hinge ratation f* 'ﬁ - |

Fore pressure (* " (= |

Spring shffriess distribution
. l:a-\. o l:a-\.

Attribute |Line support wall 244 Clamped L] j (9)
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2.5.1.4 Boundary at foundation of wall 2/4 : “Line support wall 1/3:free”

Free  Fixed Sprng shifneszs

b (* - i~ |
Translation in i (¥ . - |
z c o |
® o r“ - |
Rotation about % (¥ - - |
z o C C |
Hinge ratation | fe " - |
Fore pressure (w . ~ |
Spring shiffnesg distribution
(s = =
Attrbute |Line support wall 2/4 : Free ~| i (10)
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2.5.1.5 Boundary at foundation of wall 1/4 : “Point support wall 1/4”

Free  Fixed Spring stiffress

% v - c |
Translation in b [+ " - |
yd . 5 - |
x| & c |
Rotation about Y fe - - |
z C . |
Hinge ratation | = 4 - |
Pore pressure (o . . |
Spring siffneszs diztnbution
o _ ~ ~
Attribute |Point zupport wall 144 L] j‘ (3]
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2.5.1.6 Boundary at foundation of wall 1/2 : “Point support wall 1/2”

Free_ Fised Spring s_ti_ffnesa

X - 0 ~ |

Tranzlation in N (o " r |

z . & |

¥ o - - |

Rotation about Y f+ e r |
Z o e - |

Hirge rotation | 0 - i |

FPaore pressure | (o r— " |

Spring stiffress diztnbution
(= e ' 1 i &

Attribute |Point support wall 142 2 j (4)
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2.5.1.7 Boundary at foundation of wall 2/3 : “Point support wall 2/3”

Free  Fixed Spring stiffness

5 - 5 ~ |
Translation in Y (+ r - |
Z . ' r |
o . f+ ' ~ |
Rotation about ' o " - |
b G r e |
Hinge rotation | (& . £ |
Pare pressure (o i ."‘ |
Spring shffness distnbution
v i '
Attrbute |Point support wall 243 LJ ﬂ (5]
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2.5.1.8 Boundary at foundation of wall 3/4 : “Point support wall 3/4”

Tranzlation in e

Rotation about N

Free  Fixed Spring stifness

o » ¥
- o il
- o ~ |
c o
o C |

z 0 2 » |
Hinge ratation (v L " |
Fore preszure 0 {~ r“ |
Spring stiffrneszs distibution
+ St C C
Attrbute |Point support wall 344 LJ j‘ (5]
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2.5.2 Model : Part 1l ( Walls)
25.2.1 Boundary at foundation of wall 1 : “Line support —wall 1: Clamped”

Free  Fixed Spring shiffness

bt o {~ ~ |
Translation in 3 r o - |
i - o |
b - - o - |
Hotation about i 0 - |"" |
z o - -
Hirge rotation - (¢ r - |
Paore pressure iy "~ r |
Spring stiffness distrihl.;ti-:un
(+ e ~
attribute |Line support - wall 1: "'Clamped” j j (]
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25.2.2 Boundary at foundation of wall 2 : “Line support — wall 2: Clamped”

Free  Fixed Spring shffress

~ .

5 ( f* ( |
Translation in ¥ [+ » - |
7 - o« |
5 - 0 r 'S |
Fotation about - i« . |
Z v ' ~ |
Hinge ratation | = 'ﬂ a |
Pore pressure 0 - a |
Spning shiffness distnbution
- ~ ~
Attribute |Line support - wall 22 "Clamped” LJ :II (B]
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2.5.2.3 Boundary at foundation of wall 3 : “Line support — wall 3 : Clamped”

Free  Fixed Spring shiffness

b &+ - - |
Translation in o i Lo r |
s " {* - |
bt | - {+ - |
Hotation abaout b ¥ - . |
i o - . |
Hinge ratation . ) r - |
Fore pressure iy i r~ |
Spring stiffness distrihL:ltinn
= r ~
Sttibute |Line suppart - wall 3 "Clamped" ﬂ j (5)
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2.5.2.4

Boundary at foundation of wall 4 : “Line support — wall 4 : Clamped”

Tranzlation in

Fotation about

Hinge rotation

Pore pressure

Spnng shifnezs distnbution

~

=

Fres

~

=

Spring stiffhess

Attiibute |Line support - wall 4 "'Clarmped"

~lSm
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25.25 Boundary at foundation of wall 1 : “Line support —wall 1 : Free”

Simulates horizontal boundary conditions at pits.

Free  Fixed Spring shffness

) 5 & - |
Translation in Y (" (v " |
Z - " r~ |
. | o - r |
Rotation about %' o - - |
Z| ¥ r~ r |
Hinge raotation (¥ . - |
Pore pressure 0 . |"“ |
Spring shiffress distribution
(= - [# ¥
Attribute |Line support - wall 1; "Free" lJ ﬂ 4]
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2.5.2.6 Boundary at foundation of wall 2 : “Line support —wall 2 : Free”

Simulates horizontal boundary conditions at pits.

Free  Fixed Spring shifness

pid - (¥ - |
Translation in b ¥ a { |
Z r (+ r~ |
5 i i~ - |
Rotation about Y (v . . |
Z (* i f'“ |
Hinge ratation | (¢ . - |
Pore prezsue (" - ' |
Spring stiffness distrihL:ltinn
o £ £
Attribute |Line suppart - wall 2 'Fres" -l :II ]
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25.2.7 Boundary at foundation of wall 2 : “Line support —wall 2 : Free”

Simulates horizontal boundary conditions at pits.

Free  Fixed Spring ztiffness

x| € c |

Tranzlation in Y . (s " |
Z - o c |

¥ (v . - |

Rotation about Q r i |
2o W

Hinge raotation (« . " |

Fore pressure ) ~ . |

Spring shffness distribution
(v G G =

Attribute |Line support - wall 3 : "Free" - :III (10]
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2.5.2.8 Boundary at foundation of wall 1/3 : “Line support vertical 1/3”

Simulates horizontal boundary conditions at pits.

Free  Fixed Spring stiffrezs

b4 (* i . |
Tranzlation in b 4 i . |
7 i g - |
W - 5 - r |
Rotation about ' o - £ |
Z r 0y r |
Hinge ratation | g r . |
Pore pressure 0 - r“ |
Spring shffnezs distribution
(= £ ]
Attribute |Line suppart - vertical walls 1.3 j ::|| [2]
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2.5.2.9 Boundary at foundation of wall 2/4 : “Line support vertical 2/4”

Simulates horizontal boundary conditions at pits.

Free  Fixed Spring stiffness

b - i r |
Trarslation in i (¥ - - |
Fd (¥ C - |
s o r‘ » |
Rotation about Y C - - |
Z - o 4 |
Hinge rotation | (¢ - . |
Fore pressure (= " (= |
Spring shffriess distribution
s |:"' |:"'
attribute |Line support - vertical walls 2/4 | iIJ (3]
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2.5.2.10 Boundary at foundation of wall 2/4 : “Line support horizontal 2/4”

Simulates edge beams acting between level +67.0 and to +81.0 along base linel and base line 4.

Free  Fixed Spring stiffness

b o 9 C |

Tranzlation in b - (* i |
7d * c |

= o (" i |

Rotation about Y {+ - - |
zZ o r‘ r“ |

Hinge rotation (¢ . fq |

Fore pressure (* .‘"“ |“ |

Spring shffneszs diztnbubion

= = o~

Attribute |Line support honzontal 244 L] jl ]
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Hydropower plant 2 (10 MW)

SEARCH AREA

2.6

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

Model : Part | ( Bottom slab )

2.6.1

For the analysis 1 Search Area’s are defined consisting om structural elements.
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2.6.2

Model : Part Il ( Walls)

For the analysis 4 Search Area’s are defined consisting om structural elements.

2.6.2.1 Search area : Wall 1

Structural elements : Wall 1
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2.6.2.2 Search area : Wall 2

Structural elements : Wall 2
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2.6.2.3 Search area : Wall 3

Structural elements : Wall 3
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2.6.2.4 Search area : Wall 4

Structural elements : Wall 4
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3. LOADS

3.1 DEAD WEIGHT page 154-199

3.2 WATERLOAD page 200-230

3.3 EARTH PRESSURE page 231-261

3.4  SURCHARGE page 262-277

3.5 EARTHQUAKE LOAD page 278-287

3.6 LOADCOMBINATIONS page 288-294

Remark This section describes load effect of Model: Part 11 (Walls ).

Loads applied to Model :Part | ( Slab ) consists of ground pressure and is described
separately in chapter C.
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3.1 DEAD WEIGHT (DC)
3.1.1 Reinforced concrete (DC 1)
kN
Ye = 24 —
m
Loadcase : DC 1
Structural loading : Body force
. . . m
Acceleration in z direction (az) : -10 —
S
Component Value
Linear acceleration in = oo
Linear acceleration in ¥ a0
Linear acceleration in £ -10,0
Angular velocty abolt X axis o0
Angular velocty about v axis o0
Angular velocty abowt £ axis o0
Angular acceleration about X axis o0
Angular acceleration about % axiz o0
Angular acceleration abowt Z axis o0
attribute [DC 1 ~| =@
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Shell elements :

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

Load on slabs at level +77.0 is not included.

Remark
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3.1.2 Roof structure (DC 2)

The loadcase includes roof ( equivalent load 1 kPa ) and upper wall ( level >90.11).

The load intensity of roof is distributed along concrete walls at level +90.11.

Ay =23.7m-13.0m = 310m° : area of roof

P..., =310m? -1kPa = 308kN

Upper.wall.;

lyan =2-(23.7m+13.0m) = 73m : length of upper wall
t,. =0.3m : thickness of upper wall
Nyar =1.5M - height of upper wall

Ptz = 73M-0.3m-1.5m- 24% = 790kN

Total

P
roof _ 1100kN _ 15k_N
| 73m m

proof =

wall
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Loadcase. ;. DC 2

Structural loading : Global distributed

Force type : Per unit length

Component z direction : -15 kN
m

" Total ¢ Per unit length (" Perunit area
Componem Value
* Direction 0o
% Direction on
Z Direction -15.0
Moment about X axis 0,0
Moment about Y axis 0,0
Mament about £ axis oa
Mament about hinge nodes o.a
Attribute [OC 2 ~] = 4
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3.1.3 Earth filling

Load is introduced at level +77.50 due the effect of horizontal slab along base line 2, 4 and A.

The effect of these parts is studied at levels HO, H1, H2 and H3.

Densities.;

Te =18 L'!; Ye=11 k—Ns - Earth filling
m m
kN , kN

Ye=24 —; Ye=14 — - Concrete
m m
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Load on wall 2:2 and 4:2 :

¢ A

Fictious loadarea: A= (3.2m+0.75m)-11.5m = 45.4m’

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Status : Page :
Hydropower plant 2 (10 MW) 161

Date : Created :

Load on wall 1:4 :

h SR A 12 ,
LN Ll
I
o, | 4
v
| '5’“’ —
) L e

Fictious loadarea:  A',,,= (2.0m+0.75m)-30.1m = 82.8m*

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52



Hydropower plant 2 (10 MW)

Status :

Page :
162

Date :

Created :

3.1.3.1 Water level HO

Water level HO : WL = +67.0

Load on Wall 2:2 (Load case DC 3 1-HO0)

kN

e Concrete : P, =7, b-1=24—"-3.2m-11.5m-1.0m = 883kN
m

wall

kN

e Earth filling : P, =(90.61m—78.00m)-18—-3.2m-11.5m = 8352kN
m

earth

= Pow = 9236kN

total

 Paa  9236kN

, = A 454m = 203kPa
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Loadcase : DC 3 1-HO0O

Structural loading : Global distributed
Force type : Per unit area

Component z direction : -203 k—l\:
m
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" Total " Per unit length f* Perunit area
Component Value
¥ Direction oo
Y Direction 0,0
Z Direction -203.0
Attribute |DC 3_1 - HO =l s
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Load on Wall 4:2 (Load case DC3 2—-H0)

kN

e Concrete: P, =y, -b-1=24—-3.2m-11.5m-1.0m = 883kN
m

all

e Earth filling: P, =(90.61m - 78.00m) -18k—|\:-3.2m -11.5m =8352kN
m

= Pow = 9236kN

total

= o 923OKN _ 503pa
Aga  45.4m
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Loadcase.. DC.3.2.-.H0

Structural loading : Global distributed

Force type : Per unit area

o kN
Component z direction : -203 —-
m
™ Total ™ Per unit length

(* Perunit area

Component Value
» Direction oo
Y Direction oo
Z Direction -203,0

Atribute |DC 3.2 -HD

==
= 23
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Load on Wall 1:4 (Load case DC3 3—H0)

kN

e Concrete: P, =y, -b-1=24—-2.0m-30.1m-1.0m = 1448kN
m

wall

e Earth filling: P, =(90.61m - 78.00m) -18k—|\i-2.0m-30.1m =13364kN
m

= Pow =14812kN

total

B Pota _14812kN
© Aya 82.8m?

=178kPa
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Loadcase . DC.3.3=.HO
Structural loading : Global distributed
Force type : Per unit area
. kN
Component z direction : -178 —-
m
™ Total (" Per unit length % Perunit area
Component Value
A Direction o0
Y Direction 0,0
Z Direction 1780
. - B
Attribute |DC 3.3 -HO FE [24]
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3.1.3.2 Water level H1

Water level H1 : WL = +78.65

Load on Wall 2:2 (Loadcase DC3 1-H1)

kN

e Concrete: P, =7 b-1=14—-3.2m-11.5m-1.0m = 515kN
m

wall

e Earth filling : P, = ((90.61m—78.65m) -18k—l\:+ (78.65m — 78.00m) -11k—l\:) -3.2m-11.5m =
m m
8185kN
= Py = 9236kN
_ P = 8700”\2] =192kPa

‘A, 45.4m
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Loadcase : DC3 1-H1

Structural loading : Global distributed

Force type : Per unit area

kN

Component z direction : -192 —-
m

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Hydropower plant 2 (10 MW)

Status : Page :
171
Date : Created :

" Total " Per unit length {* Per unit area
Component Value
» Direction 0,0
Y Direction o0
Z Direction -192.0
Attiibute [DC3_1-H1 = (29
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Load on Wall 4:2 ( Load case DC3 2-H1)

kN

e Concrete: P, =7 b-1=14—-3.2m-11.5m-1.0m = 515kN
m

wall

« Earth filling : P, = ((90.61m —78.65m)-18 "\ + (78.65m — 78.00m)-11Y).3.2m .11.5m =
m m
8185kN
- P —9236kN
_ Pow _8700KN _ ) o01pg

‘A, 454m?
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Loadcase : DC 3 2—-H1

Structural loading : Global distributed
Force type : Per unit area

Component z direction : -192 k—N2
m

(" Total " Per unit lzhgth * Per unit area
Component Value
# Direction o0
¥ Direction o0
I Direction 1920

Attribute |DC3_2 - H1

~] = 128
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Load on Wall 1:4 (Load case DC3 3—H1)

kN

e Concrete: P, =y b-1=14—-2.0m-30.1m-1.0m = 843kN
m

wall

e Earth filling : P, = ((90.61m —78.65m) -18k—|\: +(78.65m — 78.00m) -11k—'\i) .2.0m-30.1m =
m m
13390kN
= P =14333N
_ Pua _14333KN _ oo 0

* Ay 82.8m?
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Loadcase . DC.3.3=.H1
Structural loading : Global distributed
Force type : Per unit area
. kN
Component z direction : -173 —-
m
™ Total (" Per unit length * Perunit area
Component Value
* Direction oo
Y Direction oo
Z Direction 1730
Attrbute |DC3_3-H1 -
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3.1.3.3 Water level H2

Water level H2 : WL = +79.65

Load on Wall 2:2 (Load case DC 3 1-H2)

kN

e Concrete: P, =7 b-1=14—-3.2m-11.5m-1.0m = 515kN
m

wall

e Earth filling : P, = ((90.61m—79.65m) -18k—l\:+ (79.65m — 78.00m) -11k—l\:) -3.2m-11.5m =
m m
7927kN
= Py = 8442kN
_ P = 8442”\: =186kPa

‘A, 45.4m
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Loadcase : DC3 1-H2

Structural loading : Global distributed

Force type : Per unit area

kN

Component z direction : -186 —-
m
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" Total " Per unit length + Per unit arza
Component Value
» Direction oo
% Direction (LR]
I Direction -186,0
Attibute [DC 31 -H2 ~] = (8
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Load on Wall 4:2 (Load case DC 3 2 - H2)

kN

e Concrete: P, =7 b-1=14—-3.2m-11.5m-1.0m = 515kN
m

wall

e Earth filling : P, = ((90.61m—79.65m) -18k—N3 +
m
7927kN
= Py = 8442kN

= Do BN _joypa
Aga  45.4m

(79.65m — 78.00m) .11k—'\i) -3.2m-11.5m =
m
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Loadcase : DC 3 2—-H2

Structural loading : Global distributed
Force type : Per unit area

Component z direction : -186 k—N2
m

™ Total " Per unit length * Per unit area
Component Value
* Direction o0
¥ Direction o0
I Direction -186,0

Attribute |DC 3 2-H2

~] e
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Load on Wall 1:4 (Load case DC3 3-H2)

kN

e Concrete: P, =y b-1=14—-2.0m-30.1m-1.0m = 843kN
m

wall

e Earth filling : P, = ((90.61m —79.65m) -18k—|\:+
m
12969kN
= Pt =13811kN
_ Pow _ 13811kN _167kPa

* T Ay 82.8m?

(79.65m — 78.00m) -11k—|\i) -2.0m-30.1m =
m

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Hydropower plant 2 (10 MW)

Status : Page :
182
Date : Created :

Loadcase.; DC.3.3.-.H2

Structural loading : Global distributed

Force type : Per unit area

. kN
Component z direction : -167 —-
m
™ Total ™ Per unit length * Perunit area
Component Value
# Direction oo
¥ Direction 0.0
L Direction 1670

Atribute |DC 3_3-H2

~| = e
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3.1.3.4 Water level H3

Water level H3 : WL = +90.61

Load on Wall 2:2 (Load case DC3 1—-H3)

kN

e Concrete: P, =7 b-1=14—-3.2m-11.5m-1.0m = 515kN
m

wall

e Earth filling : P, = ((90.61m —90.60m) -18k—l\:+ (90.60m — 78.00m) -11k—l\:) -3.2m-11.5m =
m m
5107kN
= Py = 9622kN
= P _ 5662“2' =124kPa

* A, 45.4m
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Loadcase : DC 3 1—-H3

Structural loading : Global distributed

Force type : Per unit area

kN

Component z direction : -124 —-

m2
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" Total " Per unit length * Perunit area
Component Value
* Direction o0
Y Direction 0,0
I Direction 1240
Aftibute [DC3.1-H3 ~] =@
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Load on Wall 4:2 (Load case DC 3 2 —H3)

kN

e Concrete: P, =7 b-1=14—-3.2m-11.5m-1.0m = 515kN
m

wall

e Earth filling : P, = ((90.61m—90.60m) -18k—N3 +
m
5107kN
= Pota = 5622kN
= P _ SGO2N _ 15 11pa

‘A, 454m?

(90.60m — 78.00m) .11k—'\i) -3.2m-11.5m =
m
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Loadcase : DC 3 2 —-H3

Structural loading : Global distributed

Force type : Per unit area

. kN

Component z direction : -124 —-
m
(" Total " Per unit length (¢ Perunit area
Componenmt Value

# Direction oo
% Direction 0.0
Z Direction 1240

Aftribute |DC3_2-H3

~] <+ @2
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Load on Wall 1:4 (Load case DC 3 3—H3)

kN

e Concrete: P, =y b-1=14—-2.0m-30.1m-1.0m = 843kN
m

wall

e Earth filling : P, = ((90.61m—90.6m) -18k—N3 +(90.6m — 78.00m) -11k—N3) .2.0m-30.1m =
m m

8355kN

=9197kN

= I:)total

= P 19K _ 1 1y

* A, 82.8m?
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Loadcase.. DC.3.3.-.H3

Structural loading : Global distributed

Force type : Per unit area

. kN
Component z direction : -111 —-
m
" Tatal (" Per unit length {* Perunit area
Component Value
# Direction oo
Y Direction oo
Z Direction -111,0

Attribute [DC 2 3-H3

=
= 48]

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Status : Page :
Hydropower plant 2 (10 MW) 190
Date : Created :

3.1.4 Concrete structure outside walls

The following parts describe load effect from parts Wall 3_4, Wall 3_5 and Wall 3_6.

The effect of these parts are studied at levels HO, H1, H2 and H3.
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3.14.1 Water level HO ( Load case DC 4 —-H0)

Water level HO : WL = +67.0

P.=y.-V= 24k—NS~(19.5m -4.15m-0.8m) =1554kN
m

P, 1554kN kN
pz - = =82
I 18.88m m

m = p,-e =825V (0.75m+ 310M) _ 53 KNM
m 2 m
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Structural loading : Global distributed

Force type : Per unit length

(" Taotal {* Parunit length (" Perunit area
Component Value
¥ Direction oo
Y Direction 0.0
E Direction -32,0
Momert about X axis 231,0
Momert about Y axis 0.0
Momernt about £ axis 0,0
Momert about hinge nodes 0,0
Attibute [DC 4 -HO -] =
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3.14.2 Water level H1 ( Load case DC 4 -H1)

Water level H1: WL = +78.65

KN

P, = (24— -
m

(90.61m —78.65m) + (78.65m — 71.11m) ~l4k—NS) -4.15m-0.8m =1303kN
m

C

P = " 1geem o m

P, _1303N _ . kN

m =p,-e=695N.(0.75m+ +1M) _ g KNM
m 2 m
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Loading.: DC 4 - H1
Structural loading : Global distributed
Force type : Per unit length
" Total + Per unit length " Per urit area
Component Value
w Direction oo
Y Direction 0,0
Z Direction -E3.0
Moment about X axis 1950
Moment about % axis 0,0
Moment about Z axis 0.0
Moment about hinge nodes 0.0
Attibute [DC 4-H1 - ]
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3.14.3 Water level H2 ( Load case DC 4 - H2)

Water level H2 : WL = +79.65

KN

P, = (24— -
m

(90.61m — 79.65m) + (79.65m — 71.11m) .14k—'\i) -4.15m-0.8m =1270kN
m

P = " 1g88m ' m

P, _1270kN _ kN

m =p,-e=67"N.(0.75m+ +1M) _ 1gokNM
m 2 m
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Structural loading : Global distributed

Force type : Per unit length

" Tatal (* Per unit length " Per unit area
Component Value
» Direction oo
% Direction o0
Z Direction -B7 .0
Momert about ¥ axis -190,0
Momert about Y axis o0
Moment aboit Z axis oo
Momert about hinge nodes o0
Altribute [DC 4 -H2 | 7
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3.14.4

Water level H3 ( Load case DC 4 - H3)

Water level H3 : WL = +90.60

kN

P, = (24— -
m

C

P = T1g8em o m

m,=p,-e=

P, _ 907KN _ kN

(90.61m —90.60m) + (90.60m — 71.11m) ~14k—N3) -4.15m-0.8m =907kN
m

67N (0.75m 1 2:15M) _ 136 KNM
m 2 m
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Structural loading : Global distributed

Force type : Per unit length

[ Tatal {+ Perunit length [ Perunit area
Component Value
» Direction oo
Y Direction oo
Z Direction -45,0
Moment aboid X axis -136,0
Moment abolt % axis 0,0
Moment aboit Z axiz 0,0
Moment abold hinge nodes 0.0

Attribute |DC 4 - H3

] = g
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3.1.5 Load combinations
L.oadcombination basic ;. DC ~ HO
Loadcase Factor
DC1 1.00
DC?2 1.00
DC3 1-HO 1.00
DC3 2-HO 1.00
DC3 3-HO 1.00
DC4-H0 1.00
Hame Loadcase Results File Eigenvalue Factor
1 DC 1 152 1 - 1
2| O 2 30 1 4 1
El OC 3 1 - HD 128 1 R 1
4| DC 3 2-HO 129 1 4 1
5 | OC 3 3 -HO 130 1 R 1
B DC4-HO 140 1 - 1
L.oadcombination basic ;. DC - H1
Loadcase Factor
DC1 1.00
DC?2 1.00
DC3 1-H1 1.00
DC3 2-H1 1.00
DC3 3-H1 1.00
DC4-H1 1.00
Hame Loadcase Results File Eigenvalue Factor
1 DC 1 152 1 - 1
2| Oe 2 30 1 R 1
ER OC 3 4 -H 131 1 4 1
4| DC S 2-H 132 1 4 1
5 | DC3_3-Hi1 133 1 - 1
a O 4 - H1 14 1 R 1
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Loadcombination basic : DC — H2

Loadcase Factor
DC1 1.00
DC2 1.00

DC3 1-H2 1.00
DC3 2 - H2 1.00
DC3 3-H2 1.00

DC4-H2 1.00
Hame Loadcase Resulis File Eigenvalue Factor
1 g 152 1 K 1
2| DC 2 30 1 - 1
El OC 3 3-H 133 1 4 1
4 | OC 3 1 -H2 134 1 R 1
5 | OC3 2 -H2 135 1 4 1
5| DC 4 - H2 142 -1 1
Loadcombination basic : DC = H3
Loadcase Factor

DC1 1.00

DC?2 1.00

DC3 1-H3 1.00

DC3 2-H3 1.00

DC3 3-H3 1.00

DC 4 -H3 1.00

Hame Loadcase Results File Eigenvalue Factor

1 g 152 1 K 1
2 | O 2 a0 1 1 1
3 DC3 1 -H3 137 1 1 1
4 | DC3_2-H3 138 1 1 1
5 | OC 5 3 - H3 139 i 1 1
B DC 4 - Ha | 143 i 1 1
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3.2 WATERLOAD (WA)

Due to varying water flow level the following levels are studied levels HO, H1, H2 and H3.
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3.2.1 Water level HO

Water level HO : WL = +67.0

= No water pressure acting !
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3.2.2 Water level H1

Water level H1 : WL = +78.65

kN

q, = (78.65m—-67.0m)-1.0 -10? =117kPa
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3.2.2.1 Load at water level H1 against Wall 1

Loadcase.: WA Wall 1 H1

Structural loading : Discrete patch load
Search area : Wall 1

Force type : Per unit area

Component y direction : -117 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Patch bype
(" B node patch * 4 node patch " Straight line (" Cuive
ntransfarmed load direction Projection vectar

=

" = [ Z
# component
Ol (" Surface hormal ' component
£ component

X Coordinate ¥ Coordinate Z Coordinate Load |
1 10,15 156 67,0 -7 0
2 | -12,05 156 B7 0 -7 0
3 | -12,05 156 T8 ES a0
E 10,15 156 T8 6S a0
Attribute [wia Wall 1-H1 R
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3.2.2.2 Load at water level H1 against Wall 2

Loadcase : WA Wall 2 — H1

Search area : Wall 2

Force type : Per unit area

Component x direction : -117 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch type
(™ B node patch (* 4 node patch " Straight line " Curve
Untransformed load direction Frojection vector
I
' W " Z
¥ component |
£ " Surface nomal " compaonent |

£ compaonent |

X Coordinate Y Coordinate Z Coordinate Load |
1 20,0 575 B7.0 170
2| 20,0 5,75 B7,0 170
3 | 200 575 7565 0,0
4] 200 575 76,65 0,0
Attribute Wi wall 2 - H1 = 48

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52




Page :

207

Created :

Status :

Date :

Hydropower plant 2 (10 MW)

File : Hydro power plant 2
Datum : 2026-08-13

Tid : 15:52



Status : Page :
Hydropower plant 2 (10 MW) 208
Date : Created :

3.2.2.3 Load at water level H1 against Wall 3

Loadcase : WA Wall 3-H1

Search area : Wall 3

Force type : Per unit area

Component y direction : 117 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Fatch type
(" 8 node patch * 4 node patch " Shaight line " Curve
Intranstarmed load direction Frojection wectar
il
(C® {2
¥ component
wy " Surface normal ¥ companent
Z companent
X Coordinate Y Coordinate Z Coordinate Load |
1] 10,15 55 E7.0 170
2] 42,05 A58 E7.0 170
Bl 42,05 A58 7865 0,0
4] 10,15 A58 78,65 0,0
Attribute WA Wall 3 -H1 | = s
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3.2.2.4 Load at water level H1 against Wall 4

Loadcase : WA Wall 4 — H1

Search area : Wall 4

Force type : Per unit area

Component x direction : 117 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch type
" 8 node patch * 4 node patch " Shaight line " Curve
IIntranstarmed load direction Projection vectaor
I
o, o
¥ component
{4 " Surface normal ' companent
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 213 575 B7.0 170
2] 218 575 B7,0 170
El 218 575 78,65 0,0
4] 218 575 78,65 0,0
Attribute [wa wal 4 -H1 >l = 50
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3.2.3  Water level H2

Water level H2 : WL = +79.65

kN

q, = (79.65m-67.0m)-1.0 -10? =127kPa
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3.2.3.1 Load at water level H2 against Wall 1

Loadcase.: WA Wall 1 - H2

Structural loading : Discrete patch load
Search area : Wall 1

Force type : Per unit area

Component y direction : -127 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Patch bipe
" 8 node patch * 4 node patch " Straight lirne " Curve
Untranstormed load direction Projection vector
ji=
(" = Z
# component
O " Surface nomal Y component
£ component
X Coordinate Y Coordinate Z Coordinate Load |
1] 1015 156 B7,0 4270
H 12,05 156 B7,0 4270
3] 12,05 156 79,65 0,0
4] 10415 156 79,65 0,0
Attribute |'wa wall 1-H2 | j (42)
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3.2.3.2 Load at water level H2 against Wall 2

Loadcase : WA Wall 2 — H2

Search area : Wall 2

Force type : Per unit area

Component x direction : -127 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch type
" 8 node patch * 4 node patch " Shaight line " Curve
IIntranstarmed load direction Projection vectaor
I
o, o
¥ component
{4 " Surface normal ' companent
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 20,0 575 B7.0 27,0
2] 20,0 575 B7,0 4270
El 20,0 575 79,65 0,0
4] 20,0 575 79,65 0,0
Attribute [wa wall 2 - H2 >l @
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3.2.3.3 Load at water level H2 against Wall 3

Loadcase : WA Wall 3 - H2

Search area : Wall 3

Force type : Per unit area

Component y direction : 127 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Patch ype
" 8 riode patch + 4 node patch " Straight lire " Curve
Untranzformed load direction Projection vector
iz
" » {7
# component
oy ™ Surface nomal Y component
£ component
X Coordinate Y Coordinate Z Coordinate Load |
1] 1015 56 7,0 1270
2] 4205 456 7,0 1270
3 4205 456 7965 0,0
4] 1015 456 7965 0,0
Attibute [Wa wWall 3 - H2 1 51)
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3.2.3.4 Load at water level H2 against Wall 4

Loadcase : WA Wall 4 — H2

Search area : Wall 4

Force type : Per unit area

Component x direction : 127 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch type
(8 rinde patch * 4 node patch " Shaight line " Curve
Intransformed load direction Frojection wector
=
fo (2
# component |
e " Surface normal Y companent
£ companent
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 213 575 B7,0 1270
2] 213 575 87,0 1270
El 218 575 79,55 0,0
4] 218 575 79,55 0,0
Attribute [ Wall 4 - H2 ~| = E2
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3.2.4 Water level H3

Water level H3 : WL = +90.60

kN

g, = (90.6m—67.0m) 1010 = 236kPa
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3.2.4.1 Load at water level H3 against Wall 1

Loadcase.: WA Wall 1 - H3

Structural loading : Discrete patch load
Search area : Wall 1

Force type : Per unit area

Component y direction : -236 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Fatch tupe
[ 8 niode patch (* 4 node patch [ Shaight line (" Curve
Untranzfarmed load dirgction Praojection wectar
E
- (2
¥, component
O " Surface nomal Y component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 1015 155 B7 0 22360
2] 42,05 155 B70 22360
3] 42,05 155 a0 & on
4] 1015 155 a0 & on
Attibute [ Wall 1 -H3 =W
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3.2.4.2 Load at water level H3 against Wall 2

Loadcase : WA Wall 2 — H3

Search area : Wall 2

Force type : Per unit area

Component x direction : -236 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch type
" 8 node patch * 4 node patch " Shaight line " Curve
IIntranstarmed load direction Projection vectaor
m
o z
¥ component
{4 " Surface normal ' companent
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 20,0 575 B7.0 2360
2] 20,0 575 B7,0 -236,0
El 20,0 575 50,6 0,0
4] 20,0 575 50,6 0,0
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3.2.4.3 Load at water level H3 against Wall 3

Loadcase : WA Wall 3 - H3

Search area : Wall 3

Force type : Per unit area

Component y direction : 236 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Fatch type
" 8 node patch * 4 node patch " Shaight line " Curve
IIntranstarmed load direction Projection vectaor
m
- {2
¥ component
{v 4 " Surface normal ' companent
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 10,15 A58 B7.0 2360
2] 12,05 A58 B7,0 2360
El 12,05 A58 80,6 0,0
4] 10,15 A58 80,6 0,0
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3.2.4.4 Load at water level H3 against Wall 4

Loadcase : WA Wall 4 — H3

Search area : Wall 4

Force type : Per unit area

Component x direction : 236 kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch tupe
[ 8 node patch (* 4 pode patch [ Shaight line (" Curve
IIntranstarmed load direction Projection wectar
m
(v % .
¥ component
[ " Surface normal ¥ component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 218 575 a0 & oo
H M8 575 a0 & oo
3| M8 575 B7.0 2360
4] M8 575 B7.0 2360
Attibute [+ wall 4 -H3 o e 1]
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3.2.5 Load combinations

Loadcombination basic : WA — H1

Loadcase Factor

WA Wall 1 -H1 1.00

WA Wall 2 - H1 1.00

WA Wall 3 -H1 1.00

WA Wall 4 - H1 1.00

Hame Loadcase Results File Eigenvalue Factor

1 WA WMl 1 - HY 148 -1
2| WA Wl 2 - HY 149 1 -1 1
El WA Wl 3 - HY 150 1 -1 1
4 WA Wall 4 - H1 | 151 1 -1 1

Loadcombination basic : WA — H2

Loadcase Factor

WA Wall 1 — H2 1.00

WA Wall 2 — H2 1.00

WA Wall 3 — H2 1.00

WA Wall 4 — H2 1.00

Hame Loadcase Results File Eigenvalue Factor

1 WA, Wl 1 - H2 156 1 -1 1
2| WA Wyall 2 - H2 157 1 -1 1
El WA Wl 3 - H2 158 1 -1 1
E WA, Wl 4 - H2 158 1 -1 1

File : Hydro power plant 2
Datum : 2026-08-13
Tid : 15:52



Status : Page :
Hydropower plant 2 (10 MW) 231
Date : Created :
Loadcombination basic : WA - H3
Loadcase Factor
WA Wall 1 — H3 1.00
WA Wall 2 — H3 1.00
WA Wall 3 — H3 1.00
WA Wall 4 — H3 1.00
Hame | Loadcase Results File Eigenvalue Factor
il Wl - H3 35 1 -1 il
2| WA Wil 2 - H3 118 1 -1 1
3 WL Wl 3 - H3 | 153 1 -1 il
4_ WA I g - H3 120 1 -1 1
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3.3 EARTH PRESSURE

Due to varying water flow level the following levels are studied levels HO, H1, H2 and H3.

Earth pressure is applied to structure between level +77.0 and +90.61 against wall 1.
Against wall 2 and 4 earth pressure is applied to structure between level +78.0 and +90.61.
Against 3 no earth pressure is applied due to connecting retaining walls, see sketch below.

~— (odoor veming: wallsl € |
S T =) a S '
T K
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K, =1-sin38° =0.38

kN
Sy
. .. kN
7=t
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q,x,y(S)ZKo's'j/ SShW

q,,06)=Ky-(h,-y+(s=h,)-¥) :s>hw

When studying the effect of varying water levels load is devided into two parts as seen below.

q,x,y (S) = qx,y(S) - AC‘x,y (S)
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3.3.1 Water level HO

Water level HO : +67.0

3.3.1.1 Load against wall 1

d,(s =0m) = 0kPa

d,, =0, (s =13.61m) = (90.61m — 77.0m) -0.38 -18k—N3 = 93kPa
m

d,, =9, (s=13.61m) = (90.61m —77.0m) - 0.38-18k—’\|3 =93kPa
m
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Loadcase.: EH.Wall 1- HO

Structural loading : Discrete patch load
Search area : Wall 1

Force type : Per unit area

Component y direction : { 0 -93 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Fatch tupe
(" 8 node patch (¥ 4 node patch [ Shaight line (" Curve
Untranzfarmed load direction Frojection wector
=
[~ .z
# component |
(+ % (" Surface normal Y component
£ compaonent
X Coordinate Y Coordinate Z Coordinate Load |
1] 205 155 a0 61 oo
2] 1015 155 90 51 oo
3] 1015 155 770 830
4] 4205 156 770 830
Attrbute [EH wal 1 - HO ~] =
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3.3.1.2 Load against wall 2
q, (s =0m) = 0kPa
kN
d,, =0,(s=12.61m) = (90.61m—78.0m)-0.38 ~18F = 86kPa
d,, =0,(s=12.61m) = (90.61m—78.0m)-0.38 ~18k—l\i = 86kPa
m
1\\\\\
| \\\
&
\\\\\\::c‘ N\
LN
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Loadcase.: EH.Wall 2- HO

Structural loading : Discrete patch load
Search area : Wall 2

Force type : Per unit area

Component x direction : { 0 -86 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch tupe
[ 8 node patch (* 4 node patch [ Shaight line (" Curve
IIntranstarmed load direction Projection wectar
m
"o —Z
¥ component
[ i " Surface normal ¥ component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 200 575 90 51 oo
2| 200 575 90,51 oo
3| 200 575 750 -BE D
4] 200 575 750 BB
Attribute |EH Wall 2 - HO j j (E)
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3.3.1.3 Load against wall 4

q, (s =0m) = 0kPa

4, =, (5 =12.61m) = (90.61m — 78.0m) -0.38 18"  86kPa
m

4, =, (5 =12.61m) = (90.61m - 78.0m) -0.38- 18" — 86kPa
m
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Loadcase : EH Wall 4- HO

Structural loading : Discrete patch load

Search area : Wall 4

Force type : Per unit area

Component x direction : { 0 86 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Patch type

" 8 rinde patch * 4 node patch

IIntranztarmed load direction

" Shaight line " Curve

Projection wector

-
v [
# companent
{ A ™ Surface normal ' component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] M A 575 90,51 oo
A A 575 90,51 oo
3] A 575 78,0 86,0
4] A 575 78,0 86,0

Attibute |EH 'wiall 4 - HO

~ = m
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3.3.2 Water level H1

Water level H1 : +78.65

The defined load below correspond Aq, , . The total load effect is reached when applying g, , (s)

determined at water level HO.

3.3.2.1 Load against wall 1

kN
m

Aq, =(h—h,)-K, - (7, ¥ .) = (78.65m - 77.0m)-0.38- (18

KN
11 3) = 4kPa
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Structural loading : Discrete patch load
Search area : Wall 1

Force type : Per unit area

Component y direction : { 0 +4 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Fatch type
(" 8 nhode patch + 4 node patch " Shaight line " Curve
IUntranstarmed load direction Frojection weactar
il
(C® {2
¥ component
I " Surface normal ¥ companent
Z companent
X Coordinate Y Coordinate Z Coordinate Load |
1] 12,05 156 77.0 40
H 10,15 15E 77.0 40
Bl 10,15 15E 7865 0,0
4] 12,05 15F 78,65 0,0
Atirbute [EH Wall1-H1 ~|
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3.3.2.2 Load against wall 2

Ag, =(h-h,)-K,-(y.—7.)=(78.65m—78.0m)-0.38- (18

kN
m

KN
113) =2kPa
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Loadcase : EH Wall 2- H1

Structural loading : Discrete patch load

Search area : Wall 2

Force type : Per unit area

Component x direction: { 0 2 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch tupe -

" 8 node patch

* 4 niode patch

ntransfarmed load direchion

" Shaight line

Frojection wectar

™ Curve

(v [ F
¥ compaonent
N " Surface nomal ' comparent
Z component |1
X Coordinate Y Coordinate Z Coordinate Load |
1] 213 575 780 20
H 218 575 78,0 20
3] 218 575 7865 0,0
4] 218 575 7865 0,0
Attribute [EH wall 2 - H1 > s
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3.3.2.3 Load against wall 4

Ag, =(h-h,)-K,-(y.—7.)=(78.65m—78.0m)-0.38- (18

kN
m

KN
113) =2kPa
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Loadcase.: EH Wall.4.- HO

Structural loading : Discrete patch load
Search area : Wall 4

Force type : Per unit area

Component x direction : {0 -2 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Patch type
" 8 niode patch * 4 node patch " Straight line " Curve
LIntranztormed load direction Projection vector
[=
{* O Z
¥ companent

{ " Surface nomal Y component
£ compohent

¥ Coordinate Y Coordinate Z Coordinate Load |
1 213 5,75 76,0 20
5 | 23 5,75 780 20
3 | 23 5,75 78,55 0,0
4] 23 575 78,65 0,0
Attribute [EH wall 4 - H1 ~] =
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3.3.3  Water level H2

Water level H2 : +79.65

The defined load below correspond Aq, , . The total load effect is reached when applying g, , (s)

determined at water level HO.

3.3.3.1 Load against wall 1

kN
m

Aq, = (h—h,) K, - (7, ¥ .) = (79.65m - 77.0m)-0.38- (18

KN
11 3)=TkPa
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Structural loading : Discrete patch load
Search area : Wall 1

Force type : Per unit area

Component y direction : { 0 +7 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Fatch bype
8 node patch ' 4 node patch I Straight line " Curve
IIntransformed load direction Frojection vector

= x
(" 2
¥ component
vy (" Surface normal Y companent
£ component

X Coordinate Y Coordinate Z Coordinate Load |
1 12,05 156 77.0 7.0
2 | 10,15 156 77,0 7.0
3| 10,15 156 79,65 0,0
4] 12,05 156 79,65 0,0
Attiibute [EH Wall 1-H2 =] = B4
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3.3.3.2 Load against wall 2

Ag, =(h-h,)-K, (7. —7.)=(79.65m—78.0m)-0.38- (18

kN
m

KN
11 35) =4kPa
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Structural loading : Discrete patch load
Search area : Wall 2

Force type : Per unit area

Component x direction: { 0 4 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch tupe -
" 8 node patch * 4 ninde patch " Shaight lirne " Curve
Intransformed load direchion Frojection wectar

-
(v [ F

¥ compaonent
N " Surface nomal ' comparent

Z component |1
X Coordinate Y Coordinate Z Coordinate Load |
1] 20,0 575 78,0 40
2| 20,0 575 78,0 40
3] 20,0 575 7455 oo
4] 20,0 575 74 55 on
Attribute [EH wall 2 - Hz | = &5
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3.3.3.3 Load against wall 4

Ag, =(h—-h,)-K, (7. —7.)=(79.65m—78.0m)-0.38- (18

kN
m

kN
113) =4kPa
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Loadcase.: EH . Wall 4 - H2

Structural loading : Discrete patch load
Search area : Wall 4

Force type : Per unit area

Component x direction : { 0 -4 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch tupe
[ 8 node patch (* 4 node patch [ Shaight line (" Curve
IIntranstarmed load direction Projection wectar
m
(v % Z
¥ component
[ i " Surface normal ¥ component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 218 575 780 40
2| 28 575 750 40
3| 28 575 7965 oo
4] 28 575 7965 oo
Attribute [EH wall 4 - H2 | = 8
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3.3.4 Water level H3

Water level H3 : +90.60

The defined load below correspond Aqg, , . The total load effect is reached when applying g, , (s)

determined at water level HO.

3.3.4.1 Load against wall 1

kN
m

Aq, = (h—h,)-K, - (7, —7.) = (90.6m - 77.0m)-0.38- (18

11Ny _ 36kPa
m
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Structural loading : Discrete patch load
Search area : Wall 1

Force type : Per unit area

Component y direction : { 0 +36 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in x-direction : 20

Fatch tupe
[ 8 node patch (* 4 node patch [ Shaight line (" Curve
IIntranstarmed load direction Projection wectar
m
o (2
¥ component
Ol " Surface normal ¥ component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 205 155 a0 & oo
2| 10,15 155 a0 & oo
3| 10,15 155 770 36,0
4] 42,05 155 770 36,0
Attibute [EH Wall 1-H3 ~| =5
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3.3.4.2 Load against wall 2

Ag, =(h-h,)-K, (7, —7.) =(90.6m—78.0m)-0.38- (18

kN
m

11Ny _ 35Kpa
m
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Structural loading : Discrete patch load
Search area : Wall 2

Force type : Per unit area

Component x direction : { 0 35 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch tupe -
" 8 node patch * 4 ninde patch " Shaight lirne " Curve
Intransformed load direchion Frojection wectar

-
(v [ F
¥ compaonent

N " Surface nomal ' comparent
Z component |1

X Coordinate Y Coordinate Z Coordinate Load |
1 200 575 a0 5 0,0
2| 20,0 575 a0 & on
3| 20,0 575 790 350
4 | 20,0 £75 790 350
Attribute [EH Wwall 2 -H3 | = 8
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3.3.4.3 Load against wall 4

Ag, =(h-h,)-K, (7, —7.) =(90.6m—78.0m)-0.38- (18

kN
m

11Ny _ 35Kpa
m
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Loadcase.: EH . Wall 4 - H3

Structural loading : Discrete patch load
Search area : Wall 4

Force type : Per unit area

Component x direction : { 0 -35 } kPa

Options for load outside search area : Exclude All Load

Divisions of patch load in y-direction : 10

Fatch tupe
[ 8 node patch (* 4 node patch [ Shaight line (" Curve
IIntranstarmed load direction Projection wectar
m
"o =z
¥ component
[ i " Surface normal ¥ component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 218 575 a0 & oo
2| 28 575 a0 & oo
3| 28 575 750 350
4] 28 575 750 350
Attribute [EH wall 4 - H3 > = 59
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3.3.5 Load combinations

Load combination basic : EH - HO

Loadcase Factor

EH Wall 1- HO 1.00

EH Wall 2- HO 1.00

EH Wall 4 —HO 1.00

Hame | Loadcase Results File Eigenvalue Factor
1 EHWall 41 - HO 161 1 = 1
2 EHWWiall 2 - HO | 163 1 -1 1
3 | EHWWiall 4 - HO 164 1 -1 1
Load combination basic : EH - H1

Loadcase Factor

EH Wall 1- HO 1.00

EH Wall 2- HO 1.00

EH Wall 4 —HO 1.00

EH Wall 1- H1 1.00

EH Wall 2- H1 1.00

EH Wall 4 -H1 1.00

Hame Loadcase Results File Eigenvalue Factor

1 EHWall 1 - HO 161 1 -1 1
2_ EHWall 2 - HO 163 1 -1 1
ER EH Wil 4 - HO 164 1 -1 1
4 | EH Wil 1 - H1 1E85 1 -1 1
5 | EHWWall 2 - H1 166 1 -1 1
B EHvWall 4 - H1 | 167 1 -1 1
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Load combination basic : EH - H2

Loadcase Factor

EH Wall 1- HO 1.00

EH Wall 2- HO 1.00

EH Wall 4 —-HO 1.00

EH Wall 1- H2 1.00

EH Wall 2- H2 1.00

EH Wall 4 —-H2 1.00

Hame Loadcase Results File Eigenwvalue Factor
1] EHwyall 1 - HO 161 1 -1 1
2 | EHwyall 2 - HO 163 1 -1 1
3 EHwyall 4 - HO 164 1 -1 1
4 EHwyall 1 - H2 | 165 1 -1 1
3 | EHwyall 2 - H2 169 1 -1 1
5 | EHwyall 4 - H2 170 1 -1 1
Load combination basic : EH. = H3

Loadcase Factor

EH Wall 1- HO 1.00

EH Wall 2- HO 1.00

EH Wall 4 —-HO 1.00

EH Wall 1- H3 1.00

EH Wall 2- H3 1.00

EH Wall 4 —-H3 1.00

Hame Loadcase Results File Eigenvalue Factor

1_ EHYWall 1 - HO 181 1 -1 1
2_ EHwall 2 - HO 1683 1 -1 1
3_ EH wyall 4 - HO 164 1 -1 1
4 EHWall 1 - H3 171 1 -1 1
o EHYWall 2 - H3 | 172 1 -1 1
E_ EHWall 4 - H3 173 1 -1 1
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3.4 SURCHARGE

Surcharge is applied to structure between level +77.00 and +90.61 against wall 1.
Against wall 2 and 4 surcharge is applied to structure between level +78.00 and +90.61.

Against wall 3 no surcharge is applied due to connecting retaining walls ( compare with load earth
pressure ).

Surcharges is applied continuously along all sides but independently. The assumption is as
considered as on the safe side with regard to stressed in wall structure.

K, =0.38

=10kPa

qsurcharge
qx,y = KO 'qsurcharge = 38kPa

q, =10kPa
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Sketch of earth pressure against Wall 2 and 4 .
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3.4.1 Vertical contribution

3.4.1.1 Load against wall 1 ( Load case LS Wall1-V)

Structural loading : Global distributed

Force type : Per unit area

o kN
Component z direction : -10 —-
m

" Total " Per unit length (% Pt iRt Bres
Component Value
» Direction a0
Y Direction g
I Direction 0,0
Attribute |LS WwWall1-Y ﬂ ::|| 1)
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3.4.1.2 Load against wall 2 ( Load case LS Wall 2 -V )

Structural loading : Global distributed

Force type : Per unit area

. kN
Component z direction : -10 —-
m
" Tatal " Per unit length &+ Per unit area
Component Value
» Direction oo
Y Direction 0,0
I Direction -10,0

Attibute |LS Wall 2 -3

> =22
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3.4.1.3 Load against wall 4 ( Load case LS Wall 4 -V )

Structural loading : Global distributed

Force type : Per unit area

o kN
Component z direction : -10 —-
m
" Total " Per unit length

* Per unit area

Component Value
¥ Direction 00
Y Direction 0,0
I Direction -10,0

Attribute |LS 'wiall 4 -4

| e
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3.4.2 Horizontal contribution

3.4.2.1 Load against wall 1 ( Load case LS Wall1-H)

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 type
" 8 node patch * 4 node patch " Shaight line
IIntranstarmed load direction Projection vectaor

~

" Curve

£~ 5 e
¥ component

{v 4 " Surface normal ' companent
£ component

X Coordinate ¥ Coordinate Z Coordinate Load |
1 12,05 156 o0 51 aa
2 | 10,15 155 o0 61 a8
3 | 10,15 156 77,0 3,3
4 | 4205 156 77,0 Ecy:
Attribute |L5 wall 1-H | = 60
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3.4.2.2 Load against wall 2 ( Load case LS Wall 2-H)

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

FPatch tupe
" 8 node patch (* 4 node patch [ Shaight line (™ Curve
ntransformed load direction Projection wectar
i
(o 5 {7
# component
A " Surface narmal ' companent
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] 200 575 o0 51 38
H 200 575 90,51 38
El 200 575 750 38
4] 200 575 750 38
Atribute |LS Wwall 2 - H | = 8]
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3.4.2.3 Load against wall 4 ( Load case LS Wall4-H)

Structural loading : Discrete patch load
Search area : Exterior wall 4

Force type : Per unit area

Component x direction : 3.8 kPa

Options for load outside search area : Exclude All Load

FPatch tupe
(" 8 niode patch * 4 node patch [ Shaight line " Curve
Untranzfarmed load dirgction Praojection wectar
=
v O Z
¥, component
(Y " Surface nomal Y component
£ component
X Coordinate ¥ Coordinate Z Coordinate Load |
1] N8 575 o0 51 X
2] M8 575 90,51 38
3] M8 575 780 38
4] M8 575 78,0 38
Attribute [LS wall 4 -H ~] &
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3.4.3 Load combinations

Load combination smart : LS

Loadcase Permanent factor | Variable factor
LSWalll-V 0 1.00
LSWall 2 -V 0 1.00
LS Wall 4 -V 0 1.00
LSWall1-H 0 1.00
LSWall2-H 0 1.00
LSWall 4 -H 0 1.00
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3.5 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).

In order to apply load to structure it is necessary to divide it into several load cases. A total of 8(16)

load cases are required.

3.5.1 Unusual loading ( UE)

The effect is considered by increasing load case dead weight in both vertical and horizontal

directions. But in the evaluation of walls only the horizontal effect is considered.

The load case UE is divided into smaller load cases depending on which wall is considered as seen

below.

Basic load cases :

Loadcase Load Load factor
UE Wall 1+ UE Wall 1 +1
UE Wall 1- UE Wall 1 -1
UE Wall 2+ UE Wall 2 +1
UE Wall 2- UE Wall 2 -1
UE Wall 3+ UE Wall 3 +1
UE Wall 3- UE Wall 3 -1
UE Wall 4+ UE Wall 4 +1
UE Wall 4- UE Wall 4 -1

Loadcombination smart : UE

Loadcase Permanent factor | Variable factor
UE: Wall 1+ 0 1.0
UE: Wall 1- 0 1.0
UE: Wall 2+ 0 1.0
UE: Wall 2- 0 1.0
UE : Wall 3+ 0 1.0
UE : Wall 3- 0 1.0
UE : Wall 4+ 0 1.0
UE : Wall 4- 0 1.0
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3.5.1.1 Load actingonwall 1 ( Load : UE Wall 1)

Structural loading : Body force

o . m
Acceleration in y direction (ay ) : 1 —
S

Component Value
Linear acceleration in 0.0
Linear acceleration in % 1,0
Linear acceleration in Z o0
Angular velocity about X axis o0
Anguilar velocity about Y axis o0
Anguilar velocity sbout I axis o0
Anglilar acceleration about X axis o0
Anglilar acceleration about Y axis o0
Anglilar acceleration about Z axis o0

Attnbute |UE ‘wall 1

[ |
=@
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3.5.1.2 Load acting on wall 2 ( Load : UE Wall 2)

Structural loading : Body force

. . m
Acceleration in x direction (ax): 1 —
S

Component Value
Linear acceleration in ¥ 1.0
Linear acceleration in o0
Linear acceleration in £ o0
Angular velocty about X axis o0
Angular velocty about Y axis o0
Angular velocty about T axis o0
Angular acceleration about X axis o0
Angular acceleration about Y axis o0
Angular acceleration about I axis o0
Attibute [UE Wal 2 ~| = noy
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3.5.1.3 Load acting on wall 3 ( Load : UE Wall 3)

Structural loading : Body force

. . m
Acceleration in y direction (ay ) : 1 —
S

Component Value
Linear acceleration in X o0
Linear acceleration in Y 1.0
Linear acceleration in £ 0,0
Angular velocty about X axis 0,0
Angular velocity about Y axis 0,0
Angular velocity about T gxis o0
Angular acceleration abowut X axis o0
Angular acceleration about Y axis o0
Angular acceleration about £ axis 0,0
Attibute [UE Wall 3 ~] H o
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3.5.14 Load acting on wall 4 ( Load : UE Wall 4)

Structural loading : Body force

. . m
Acceleration in x direction (ax): 1 —
S

Component Value
Linear acceleration in X 10
Linear acceleration in Y o0
Linear acceleration in £ o0
Angular velocty about £ axis o0
Angular velocty about Y axis o0
Angular velocity shout 7 axis o0
Angular acceleration about X axis o0
Angular acceleration about Y axis o0
Angular acceleration about I axis o0
Attibute [UE wal 2 ~| =
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3.5.2 Extreme loading ( EE)

The effect is considered by increasing load case dead weight by 15 % in both vertical and horizontal

directions. But in the evaluation of walls only the horizontal effect is considered.

Since EE is identical with UE apart from load intensity it stresses is retrieved by scaling results with
a factor of 1.5 as seen below.

Loadcombination smart : EE

Loadcase Permanent factor | Variable factor
UE ( Max) 0 1.5
UE (Min) 0 1.5
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3.6 LOAD COMBINATIONS

Load combinations below are considered.

LC:l1 Ultimate limit state

LC :Il Service limit state with the objective crack control

LC:11I Extreme limit state ( operational basis earthquake / OBE)
LC:1V Extreme limit state ( maximum credible earthquake / MCE )
LC:V Extreme limit state ( 10 000 year flood earthquake / MCE )
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3.6.1 LC:1 Ultimate limit state

The load combination has varying water levels. The water level is either at level HO or H2. Due to

this table below has to be adapted using an envelope of the different water levels.

Load case | Load factor | Remark

DC 1.17/2.21 | Dead weight

EH 1.17/2.21 | Horizontal earth pressure
WA 0/221 Water loads

LS 0/221 Surcharge

Loadcombination smart LC:1 = HOQ :

Loadcase Permanent factor | Variable factor
DC -HO 1.17 1.04
EH -HO 1.17 1.04
LS 0 2.21
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Loadcombination smart LC:1 =H2 :

Loadcase Permanent factor | Variable factor
DC - H2 1.17 1.04
EH-H2 1.17 1.04
WA - H2 1.17 1.04
LS 0 2.21

Loadcombination

LC:1-HO

LC:1-H2
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3.6.2 LC:Il Service limit state

The load combination has varying water levels. The water level is either at level HO or H1. Due to
this table below has to be adapted using an envelope of the different water levels.

Load case Load factor | Remark

DC 1.0 Dead weight

EH 1.0 Horizontal earth pressure
WA 0/1.0 Water loads

Loadcombination basic LC:11 =HO :

Loadcase Factor
DC -HO0 1.00
EH-HO 1.00

Loadcombination basic LC:11 =H1:

Loadcase Factor
DC -H1 1.00
EH-H1 1.00
WA - H1 1.00
Envelope. LG:ll:

Loadcombination

LC:I1-HO0

LC:Il -H1
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3.6.3 LC:lllI Extreme limit state / OBE

The load combination has varying water levels. The water level is either at level HO or H1. Due to

this table below has to be adapted using an envelope of the different water levels.

Load case Load factor | Remark
DC 1.17/2.21 | Dead weight
EH 1.17/2.21 | Horizontal earth pressure
WA 0/221 Water loads
UE 0/1.90 Earthquake OBE
LS 0/221 Surcharge
L.oadcombination smart LC: 111 = HO ;
Loadcase Permanent factor | Variable factor
DC -HO0 1.17 1.04
EH-HO 1.17 1.04
LS 0 2.21
UE 0 1.90
L.oadcombination smart LC: 111 = H1;
Loadcase Permanent factor | Variable factor
DC -H1 1.17 1.04
EH-H1 1.17 1.04
WA - H1 1.17 1.04
LS 0 2.21
UE 0 1.90
Envelope. LC:11L.
Loadcombination
LC:II1 -HO0
LC:IIl - H1
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3.6.4 LC:IV Extreme limit state / MCE

The load combination has varying water levels. The water level is either at level HO or H1. Due to

this table below has to be adapted using an envelope of the different water levels.

Load case | Load factor | Remark

DC 1.17/1.43 | Dead weight

EH 1.17/1.43 | Horizontal earth pressure
WA 0/1.43 Water loads

EE 0/1.25 Earthquake MCE

LS 0/1.43 Surcharge

Loadcombination smart LC:1V- HO :

Loadcase Permanent factor | Variable factor
DC -HO0 1.17 0.26
EH -HO 1.17 0.26
LS 0 1.43
EE 0 1.25

Loadcombination smart LC: 1V — H1:

Loadcase Permanent factor | Variable factor
DC -H1 1.17 0.26
EH-H1 1.17 0.26
WA - H1 1.17 0.26
LS 0 1.43
EE 0 1.25

Loadcombination
LC:IV -HO
LC:IV-H1
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3.6.5

LC:V Extreme limit state / 10000 vear flood

The load combination has only one water level termed H3._

Load case Load factor | Remark

DC 1.17/1.43 | Dead weight

EH 1.17/1.43 | Horizontal earth pressure

WA 0/1.43 Water loads

L.oadcombination smart LC:V.;.

Loadcase Permanent factor | Variable factor
DC - H3 1.17 0.26
EH-H3 1.17 0.26
WA - H3 0 1.43

File : Hydro power plant 2

Datum : 2026-08-13
Tid : 15:52




