EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"

110kV Switchyard

BXOOHWU OAHHW /| ADDITIONAL INFORMATION

HopmamueHu HamoeapeaHusi om esmbp//Wind load

CwrnacHo Hapeaba Ne3 3a OCHOBHM MOMOXEHWS 3a NPOEKTMPaHe Ha KOHCTPYKLMUTE Ha CTPOeXUTe

1 3a Bb3gencTeusTa Bbpxy Tax oT 2004r, pasgen VI, un. 94

Acc. to Regulation No3 for Basic conditions for building constructions design and interferences, published 2004,
section VI, article. 94

HopmaTuBHOTO HaToBapBaHe OT BATBbP MPW CKOPOCT Ha BATbpA:

Wind load corresponding to wind velocity: V= 35-m
S
v? 1000-kg kN
m = . . W, = 0.77—2
1600 m

OnpedesnsiHe Ha ceusmu4Hama cuna / Earthquake load
CvrnacHo "Hapenba NeP[1-02-20-2 3a npoekTupaHe Ha crpagn U CbOPBXEHUS B 3eMETPbCHU paroHn” oT 2012
Acc.to " Regulation NeP[1-02-20-2 for building design in seismic areas", published 2007

nsuncnutenHaTa cemsamuyHa cuna e/ the calculated earthquake load is: Eik = Eik = C.R.K¢.B;.my-Qc=ah.Q=av.Q,,
kbaeTto/ where:
C;=15 KoeULIMEHT Ha 3HAYMOCT Ha CrpaanTe N CbOPbXEHUATa 3a ENEKTPO U TEPMUYHM LieHTpanu ot

oOLLoHaLMOoHanHo 3Ha4yeHne ¢ MoLlHocT Hag 100MW;
coefficient for building and equipment priority of electrical and thermal power plants, rated over 100MW

R:=0.33 KOe(dUUMEHT HA pearMpaHe Ha KOHCTPYKLUSTa;

Kg:=027 censmnyer koedmunenT/ seismic coefficient
Bj:=25 ANHamMnueH KoeduUMEHT 3a TpeTa rpyna no4su;

Nik = 1 Koe(bI/ILI,VIeHT 3a pasnpegerneHne Ha N34NCrnTesIHoTo CeEM3MNUYHO HaToOBapBaHe,

ah:= C-R-Ke-Bimik av:= ah ah =0.33 av=0.33

Mopyn Ha enacTtuyHocT Ha npodunHa ctomaHa BCT3/ / Elastic modulus steel BCT3 Egyz := 210000-MPa

Mogayn Ha enacTtuyHocT Ha 6eToH knac B20/ Elastic modulus concrete class B20 Ey, := 27500-MPa
Mopayn Ha enactunyHocT Ha ctomana A |lI/ Elastic modulus stell Alll E4 := 200000-MPa

KOE®PULIMEHTUN 3A HATOBAPBAHE/ PARTIAL SAFETY FACTORS

YM = 1.10 KoedmumneHT 3a HaToBapBaHe 3a cTomaHa/
partial safety factor for steel
yC :=1.20 koedVLUMEHT 3a HaToBapBaHe 3a 6eToH/

partial safety factor for concretel
MakcumanHu HanpexeHus/ Maximum stresses:

$235 JRG2 ( DIN 18800): . N 7 .

C380/230 (BCt3cn5) (BAC2592-71) y24 = 20— Stazd = Sta2q = 218.18—
mm Y mm

$355 JRG3 ( DIN 18800): o N  Tyse .

C500/360 (10r2C®) (5[C4880-74) 36 = 30— Sta36 = Stage = 327-21—
mm mm

MakcMmanHu HanpexeHus Ha cmavkBaHe/ Maximum stresses:

S235JRG2: M12 : : : fy2e F12 N
( DIN 18800): Y 12 mm
C380/230
(BCT13cn5) fy24 €16
¥ 16 mm*
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
V20 ‘ ' I
i 20 mm*
f e
M24 ‘ ’ Y24 24 N
Y 24 mm™
8$355 JRG3 M12 : fY36 F12
fhager2 = — | +1—— 03 fhage12 = 54468
( DIN 18800): ™ dio mm*
C500/360 fY36 &g
(10r2co) f =—"111-—"—-03 f = 601.82
(50C4880-74) M16 ba3616 M dig ba3616 2
~ Tyas[  ®0
M20 fhagez0 = — o 115 — 03 fha3e20 = 55636
Y 20 mm*
 Tyas[ €4 N
M24 Thagensq = — | 11— 03 fhage24 = 56848
i 24 mm*
3a HV rawnku 10.9 c 0.5 Fv HayanHo ycunuel/ For HV-screws 10.9 with 0,5 Fv initial stressing:
fyoa[ 12
S$235JRG2:( DIN 18800): M12 f =135——| 11— -0.3| f = 490.21
ba24Fv ba24Fv
C380/230 (BC13cn5) (BOC2592-71 ™M d12 mm*’
S$355JRG3  ( DIN 18800): M12 f ‘ fY36 €12 f
C500/360 (10r2C®) (5C4880-74) ba36Fv = 1'35_VM 1-1d—12 —0.3] Thagery = 73531—
mm
MakcumanHo ycunue Ha cpsisBaHe/ Maximum shearing stress: MakcumarHa sikoCT Ha ckbcBaHe/ fK
tensile breaking stress:
_ _ N  Tkap*as6
mm Y mm®
_ _ N ke %56
mm Y mm®
_ _ N  Tkeg 88
mm Y mm<
' ' N  TK10.9'%a10.9
mm i mm®
MakcumanHu ycunusi Ha onbH/ Maximum tensile stress:
_ N 7Y
mm i mm*®
_ N ~Tyse
mm Y mm*®
_ N ~Tyasg
mm Y mm*®
' N _Tyi009
mm Y mm*
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

ONPEAENAHE HA YCUINUATA HA FTOPEH PbB ®YHOAMEHT NOA CTOWMKA 3A TPUGA3EH PA3EOMHUTEN C
OBA 3A3EMUTENHU HOXA.
CXEMA HA HATOBAPBAHUATA

CACULATION OF UPPER EDGE FOUNDATION STRESS UNDER SUPPORT FOR THREE-PHASE DISCONNECTOR
WITH TWO EARTHING SWITCHES .
LOAD DIAGRAM

P Py 1 Py 1
Faz Faz Faz
Feaz feaz Feoz
3Fgy
Fox Fsx Fsx 3]
Fox Fox Fox 3 FD Y
Fix Fix Fix LY
— e —— r
FEox FEox FEox ‘
— = — = ©
— — — — — — 3wy |
Fx Fwx Fwx ‘
4 o
°
Firk ‘ Fuy ‘
‘ \
\ ‘ ‘ |
Fz
Frz Fz Fz 30
f f Kz
EQKZ fakz £QKZ Frokz Mx
Fx
Faxz _ Sy
Fivkx Rk SFEQky
Feakx feakx L e,
1 & % FEakx %) o L) Fy
My
- - 4

OumeHcun / Dimensions:

=2500mm h:=150-mm a:= 825mm b := 825mm &= 825mm d := 1650mm p; := 2000-mm p, := 1400-mm p3 := 1050-mm

AIA:

n:=1-h n=2350.00mm eq :=890-mm e,:=190-mm eg:=510-mm e, :=160-mm f:= 2600-mm
OuameTbp Ha cbopbxeHneTo/ equipment diameter: dk .= 240-mm

ToBapu ot cbopbxeHueto/ Equipment loads:

OCHOBHW/ NORMAL:

CobcTBeHO Terno Ha CbopbXeHneTo/ Fazn = 4.00kN Faze:=12Faz, Fazc = 4.80kN

Dead load of equipment:

BaTbp BbpXy cvopbxeHune/ Windload on equipment:

K., -koedu1UMeHT 3a oT4uMTaHe Ha BATbPa Mo BUCOYMHa/ no tabn.9 Ha Hapepn6a 3/ k, :=0.75 Toy = 14

windload height coefficient acc.to Regulation No3,tab.9

05, 05
5 5 m " -Kg
R, :=0.88-d, - /W ‘K, 0,10 R,=599x% 10" —8M8 —
e k m "z tfw e s

no cxema 13 (T 1) Tabn.8.2 Ha Hapenba 3 3a/

no cxema 12a ta6n.8.2 Ha Hapen6a 3
acc.to diagram 12a,tab.8.2 of
Regulation No3

. d
Ayi=— Lo=16.88

acc.to Regulation No3,tab.8.2 e’ dk
k:=0.619
A :=0.001 - 3a CTOMaHEHW KOHCTPyKLun/ A 31
for steel constructions: d_ =4.17x10 E
k
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EN-TECT n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
C,, - @aepoanHammyeH KoedunumeHT/ Cy00 = 0.52 no cxema 14 1a6n.8.2 Ha Hapenba 3/ oy = k'cxoo oy = 032
streamline coefficient acc.to Regulation
No3,diagram14,tab.8.2 KN
HOpMaTWBHA CTOMHOCT Ha cTaTM4YHaTa KOMMOHEHTA HA HaTOBapBaHe OT BATbLP/ W, == W ko0, W, =018—
static winload: m2

Fawxn = 3 dcWrd Fyyxn =022kN - Fyyxe = FyyxnYdw - Fwxe = 0-31kN

Fwyn = 3dcWed Fyyyn =022kN - Fyyve = Fyyxndw Fwye = 0-31kN
h:=1m by :=0.6m Fyyxy = (08+0.6)-h-b-W  Fyykxn=0684kN  Fyykxe = FwkxnVfw  Fwkxe = 0-90kN
Fwiyn = (0.8 +0.6)-hy-b-W,  Fyyyn = 0.64kN  Fyeye = Fywkyn Ydw  Fwikye = 0-90kN

OnbBaTenHa cuna Ha NPOBOAHUK! stn := 0.00-kN FSXC = 1_3stn FSXC = 0.00kN

Static conductor tension
FSYn :=0.50-kN FSYc = 1'3F3Yn FSYc = 0.65kN

BATbp BbpXy NPOBOAHMK/ FLXn = 0.10-kN FLXc = Y FLXn FLXc = 0.14kN
Windload on conductor:

MoHTaxeH ToBap/ Errection load: ] ]

OCOBEHWU/EXCEPTIONAL

Kbco cveanHeHune/ Short-circuit forces: FDXn = 0.00-kN FDYn == 1.20-kN

Cwvnu ot npeskntoyBaHe/

Switching forces: Foxn = 0.00kN  Foyy = 0.00kN Frgpmo o= 0.00-kN  Fezminn = 0.00-kN

CeunsmuyHm cunu/ FeQxn = a"Fazn Fegxn = 1.34kN
Earthquake load: FEQYn =ah-Fazy FEQYn = 1.34kN
FEQzn = a-Fazn FeQzn = 134kN
FEQKZN = FKznaV FEQkzn = 0-22kN
OnopHa koHcTpykuus/ Supporting structures Konona/ Column
:=1.00 kN F = F = 2.35kN
Co6cTBeHo Terno / Dead load: Quczn = * “m  UCzn— Quczn'" uczn~— «
Fucze=12Fyczn  Fucze = 2:82kN
BaTbp BbpXy onopHa koHcTpykumsa/Windload: bey = 200-mm bcy = 140-mm
kN kN
dowxn = Pex (0.6 +0.8)- W, dowxn = 0-21— Yewyn = bcy'(0'6 +0.8)-Wp, Yewyn = 0.15—
m m
Fucwxn = ewxn ™" Fucwxn = 0-50kN Fucwyn = Gewyn " Fucwyn = 0-35kN
Fucwxc = TwFucwxn  Fucwxc = 0-71kN Fucwyc = TawFucwyn  Fucwyc = 0-49kN
CeunsmMuyHm cunu/ Fuceqxn=3a"Fyczn Fuceqxn=079kN
Earthquake load: FUCEQYn = ah-Fyczn FUCEQYn = 0.79kN
Fuceqzn=a"Fyczn Fuceqzn = 0-79kN
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

pepna/ Beam KN

CoGcraeHo Terno/Dead load:  Jugzn = 0-5'7

BaTbp BbpXy onopHa koHcTpykumnsa / Windload:

bg = 140-mm Ggwxn = bg~(0.6 +0.8)- W,

FUGWXn = nganz FUGWXn = 0.21kN
Fuewxe = TfwFuswxn  FuGwxc = 0-29kN

Ceunsmunynu cunu/
Earthquake load:

Fuceqyn = @ Fygzn
FuGeQzn = a-Fugzn
OlIPELEJISIHE HA YCUJIUATA HA TOPEH Pbb ®YHOAMEHT.

Agwxn

Fuceoxn = @ Fygzn

Fuczn = Qugn2(P1+P2) Fusze=11Fuszn Fucze = 374kN

_ 015N q :
T Hgwyn

= bg~(0.6 +0.8)- W, dgwyn

Fuewyn = 9gwyn 2P1

kN
=0.15—
m

Fuewyc = Yfw Fuewyn Fuewyc = 0-84kN

CALCULATION OF THE STRESS ON THE UPPER EDGE FOUNDATION.

A: CobcTBeHo Terno/ Dead load:
HopMaTMBHM HaToBapBaHus/normative loads
A: CobcTBeHo Terno / Dead load:

Fuczn 3

3
FZmaxan = EFAZn +Fuczn t

Fuczn 3

3
FZminAn = EFAZn +Fuczn*

nsyncnuTenHu HatosapsaHus/calculating loads

Fucze 3

3
FZmaxac = EFAZC +Fuczet — " EFKZC +Frze

Fucze 3

3
FZminAc = EFAZC +Fuczet — 7 Frzet Frze

C.1: Batbp no oc X / Windload direction X
HopMaTMBHM HaToBapBaHus/normative loads

FZmaxcin = : + P

FZmincin = ~Fzmaxcin

+ EFKZn +Frzn

* = Fzn* Frzn

f
€3-6-¢
f

f
€3-6-8
f

3 Fuewxn . 3Fwkxn

3
Fxcin = > Fwxn * Fucwxn * EFLXn E—

Fucwxn? 3

3
Mycin = EFWXn'(n +b) +f +EFLXn~(n +d) +

2

Fuewxnn
+

FZmaxAn = 11.17kN

FZminaAn = 10.88kN

FZmaxAc = 13:23kN

FZminAc = 12.89kN

FZmaxcin = 0-40kN

FZmincin = ~0-40kN

OpasmepsiBaHe Ha ONopHa KOHCTPYKLMS
n coyHaameHT F3
Calculations of F3 support and foundation

TpudpbaseH pasegnHuTen
S2DA2T 123
C OBa 3a3eMUTENHN HOXa

ctp5ot1 33
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"

110kV Switchyard

nsyncnuTenHu HatosapsaHus/calculating loads

FZmaxcic = : + : FZmaxcic = 0-56 kN

FZmincic = ~Fzmaxcic FZminc1c = ~0-56 kN

Fuewxc . SFwkxc

3
Fxcie =5 Fwxe  Fucwxe * 5 FLxe * Fxcic = 287kN

2 2

Mycic = EF\,Vx(:'(n +b) +—FUCWXC.n +£FLXC'(n +d) + "uewxe + “wkxe Py M — 4.90kN

2 2 2 2 vCic = 4-90kN-m
FYClC := 0.00-kN FYClC = 0.00kN
MXClC := 0.00-kN-m MXClC = 0.00kN-m
C.2: Batbp no oc Y/ Windload on direction Y

HopMaTMBHM HaToBapBaHus/normative loads

FZmaxcan =0 FZmaxcan = 0-00kN
FZmincan =0 FZmincan = 0.00kN
FXCZn := 0.00-kN FXCZn = 0.00kN
MYCZn :=0.00-kN-m MYCZn = 0.00kN-m

3 3 Fuewyn 3Fwkyn
Fycan = ZFwyn T Fucwyn * 5 FLvnt ———+——

SFwyn (M+9)  Fucwxn™  3FLyn(M+d)  Fygwxn™  3Fwkyn'P3
Mycon = + + + +

2 2 2 2 2 My con = 2.90kN-m

nsyncnuTenHu HatosapsaHus/calculating loads

FZmaxcac =0 FZmaxcac = 0-00kN

FZmincac =0 FZminc2c = 0-00kN

3 3 Fuewye  SFwkye
Fycae = SFwye* Fuewye * S FLyet ———*+— Fycac = 2.73kN
v JPwyet9 Fuowxe”  Fve (D Fuewxe™  SFwkvePs Mo 208K
XC2c- 2 2 2 2 2 XC2c — ™
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
D: OnbBaTenHa cuna ot npoBoaHuk / Static conductor tension
HopMaTMBHM HaToBapBaHus/normative loads
) 3' stn'd
FZmaxDn = P FZmaxpn = 0-00kN
FZminDn = ~FZzmaxbn Fo . —0.00kN
ZminDn ~ ¥
~ 3Fsxn
Fxpn=—— Fypn = 0-00kN
3Fgyn (n+d)
Mypn=—"7—"— My pp = 0-00kN-m
3
3Fgyp (n+d)
nsyncnuTenHu HatosapsaHus/calculating loads
) 3’ FSXC’d
FZmaxDc = P FZmaxpc = 0-00kN
FZminDc = ~FzmaxDc Fo . = 0.00KkN
ZminDc ~
G
y 3Fgyc (n+d)
YDc - 2 My pc = 0-00kN-m
3
3Fgy¢ (n+d)
E: Kbco cheauHeHue / Short-circuit forces
HopMaTMBHM HaToBapBaHus/normative loads
FZmaxgn =0 FZmaxen = 0.00kN
FZmingn =0 F2mingn = 0-00kN
Fxen = Fpxn~Fpoxn Fxgn = 0-00kN
~ Fpyn
Fpyp (n+d)
H: MoHTaxeH ToBap / Erection load
HopMaTMBHM HaToBapBaHus/normative loads
FZmaxtn = Fmzn FZmaxtn = 1.00kN
FXHn = Fmxn Fyn = LOOKN
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH pasegnHuTen ctp 7ot 33
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

My Hn = Fmxn

FyHn = Fmyn

MxHn = FMynD

nsyncnuTenHu HatosapsaHus/calculating loads

FZmaxHe = Fmzc
F2minHc = 0-00-kN
FxHe = Fmxc
MyHc = Fmxc"
FyHe = Fmye
MxHc = Fmycn

F: MpeBkntouBatenHu cunw Switching forces
FZmaxen = FcZmaxn HopMaTMBHM HaToBapBaHus/normative loads

FzminFn = Fczminn
FxFn=Fexn
Myfn=Fexn
Fyrn=Fcyn
MxFn =Fcyn™n

G1: 3emeTtpbce no oc X / Earthquake load direction X

FZmaxGin = P

FZminG1in = ~FZmaxG1in

FUGEQXN . SFEQKXN

3
Fxa1n = ZFEQxn ¥ FuceQxn* —— 5

3 n  Fuceoxn™ 3FEQkxnP3
MyGin = FEQxn (M +8) + FyceQxn5 * 5 + >

G2: 3emeTtpbce no oc Y / Earthquake load direction Y
FZmaXGZn = 000kN

FZmInGZI’l = 0.00-kN

3 FuGEQYn 3
Fycan = ZFEQvn * FuceQyn* ———— *ZFEQKYn

3 n  Fuceoyn™ 3FEQkynP3
Mxgan = FEQyn (N + 8 + Fyceqyn5 * +

FZmaxHc = 1-30kN
FZmian = 0.00kN
FXHc = 1.30kN
MYHC = 3.06kN-m
FYHc = 1.30kN
MXHC = 3.06kN-m

FZmaxFn = 0.00kN
FZminFn = 0.00kN
FXFn = 0.00kN
MYFn = 0.00kN-m
FYFn = 0.00kN

FZmaxGg1n = 1-27kN

FZminG1n = ~1.27kN

FZmaxgan = 0-00kN

2 2
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH pasegnHuTen ctp 8 ot 33
n cbyHaameHT F3 S2DA2T 123 page 8 of 33

Calculations of F3 support and foundation C ABa 3a3eMUTENHN HOXa




EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
G3: 3emeTpbe no oc_Z/ Earthquake load direction Z
3 FuGEQzn 3 €+ €~ €3
FzmaxGan = 5 EQzn* FuceQzn " ——— " S FEQKZn * FEQKZN FzmaxGan = 3.73kN
FzminG3n = ~FZzmaxG3an FZminG3n = —3.73kN
F :=0.00-kN
MXG3n . FyxGan = 0-00kN
i YG3n- . My g3n = 0-00kN-m
MYG3n ' 3’F FyGan = 0.00kN
= -e
XG3n EQKZn *4 MXGSn = 0.10kN-m
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
KombuHauum ot HatoBapBaHusTal Foundation loadcases
OCHOBHU KOMBUHALNN/ NORMAL LOADCASES
Komb6uHauus 1: CoberBeHo Terno (A) Loadcase 1: Dead load (A)
HopMaTMBHM HaToBapBaHus/normative loads
FZmaxin = FzmaxAn FZmaxin = 11.17kN

Fzmin1n = FzminAn
Fx1n = Fxan
My1n =Myan
Fy1n=Fyan
Mx1n = Mxan

nsyncnuTenHu HatosapsaHus/calculating loads

Fzmaxic = FzmaxAc
Fzminic = FzminAc
Fxic ™= Fxac
My1c=Myac
Fyic=Fyac
Mx1c=Mxac

KombuHaums 2: CT(A)+OnbBaTenHa cuna ot nposoaHuk(D)+MoHTaxeH ToBap(H)

Loadcase CT(A)+ Static conductor tension (D)+ Erection load (H)

HopMaTMBHM HaToBapBaHus/normative loads

Fzmax2n = Fzmaxan * FzmaxDn * FzmaxHn
Fzmin2n = Fzminan * FzminDn * FzminHn
Fx2n = Fxan* Fxpn* FxHn

My2n =Myan+Mypp+Myyn
Fy2n=Fyan*Fybn+ FyHn

Mxan = Mxan+ Mxpn + Mxyn

nsyncnuTenHu HatosapsaHus/calculating loads

Fzmax2c = Fzmaxac * FzmaxbDe * FzmaxHe
Fzmin2c = FzminAc * FzminDc * FzminHc
Fx2c = Fxac* Fxpe * FxHe

My2c = Myac + Mype + Mype
Fy2c=Fyac*Fybe * FyHe

Mx2c = Mxac + Mxpc + MxHc

FZminin = 10.88kN
Fy1p = 0.00kN
My 1 = 0.00kN-m
Fy1p = 0.00kN
My 1 = 0.31kN-m

Fzmaxic = 13-23kN
FZminic = 12-89kN
Fy1c = 0.00kN
My 1 = 0.00kN-m
Fy1c = 0.00kN

FZzmax2n = 12.17kN
FZminzn = 10.88kN
Fyon = 1.00kN
Myop = 2.35kN-m
Fyon = L.75kN

Myopn = 5.66 KN-m

FZmax2c = 14.53kN
FZminz2c = 12.89kN
Fyoc = 1.30kN
My o = 3.06 kN-m
Fyoc = 2.28kN

Myoe = 7.33kN-m

OpasmepsiBaHe Ha ONopHa KOHCTPYKLMS
n coyHaameHT F3
Calculations of F3 support and foundation

TpudbaseH pasegnHuTen
S2DA2T 123
C OBa 3a3eMUTENHN HOXa
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Kom6uHauusa 3: CT(A)+Bsatbp no oc X(C1)+OnbBaTenHa cuna ot nposogHuk(D)
Loadcase 3: CT(A)+Wind direction X(C1)+Static conductior tension (D)
HopMaTMBHM HaToBapBaHus/normative loads
FZmax3n = Fzmaxan * 09F zmaxc1in * 0-99F zmaxpn FZmaxan = 11.53kN

Fzmin3n = Fzminan * 0-9F zminc1n + 9-95F zminpn
Fxan = Fxan* 0-9Fxc1n * 0-95Fxpp

Myan =Myan+ 0-3Mycy, + 095Myp,

Fysn = Fyan* 0-9Fyc1n + 0-95Fyppy

Mxan = Mxan+ 0-3Mycqp + 0.95My b,

nsyncnuTenHu HatosapsaHus/calculating loads

Fzmax3c = Fzmaxac * 9-9F zmaxcic * 0-99F zmaxpe
Fzmin3c = Fzminac * 0-9Fzminc1c * 0-95F zminDe
FX3C = FXAC + O'QFXC].C + 0'95FXDC

Myse = Myac + 09Mycyc +0.95Mype

FY3C = FYAC + 0'9FYC1C + 0'95FYDC

Mxac = Mxac + 09Mx e+ 0.95Mxpe

KombuHaums 4: CT(A)+Bsatsp no oc Y(C2)+OnbBaTenHa cuna ot nposBoaHuk(D)

Loadcase 4: CT(A)+Wind direction Y(C2)+Static conductor tension (D)

HopMaTMBHM HaToBapBaHus/normative loads

Fzmaxan = Fzmaxan * 0-9Fzmaxcan + 0-95F zmaxpn
Fzminan = Fzminan * 0-9F zmincan + 0-95F zminpn
Fxan = Fxan* 0-9Fxcan + 0-95Fxpp

Myan = Myan+ 0-3Myco, + 0.95Myp,

Fyan = Fyan* 0-9Fycan + 0-95Fypy

Mxan = Mxan+ 0-3Mycop + 0.95My b,

nsyncnuTenHu HatosapsaHus/calculating loads

Fzmaxac = Fzmaxac * 9-9F zmaxcac * 0-99F zmaxpe
Fzminac = Fzminac * 0-9Fzminc2c + 0-95F zminDe
FX4C = FXAC + O'QFXCZC + 0'95FXDC

Myac = Myac + 09Mycoc + 0.95Mype

FY4C = FYAC + 0'9FYC2C + 0'95FYDC

Mxac = Mxac + 09Mxcoc + 0.95Mxpe

FZmin3n = 10.52kN
Fy3n = 1.85kN
My 3, = 3.15kN-m
Fy3n = 0.71kN
My3, = 3.16KN-m

FZmax3c = 13-73kN
FZmin3c = 12-39kN
Fy3c = 2.59kN
My 3. = 441kN-m
Fy3c = 0.93kN

My3. = 4.08kN-m

FZmaxan = 11.17kN
FZminan = 10.88kN
Fyan = 0.00kN
My 4 = 0.00kN-m
Fyan = 246kN

FZmaxac = 13-23kN
FZminac = 12.89kN
Fyac = 0.00kN
My 4c = 0.00kN-m
Fyac = 3-38kN

OpasmepsiBaHe Ha ONopHa KOHCTPYKLMS
n cbyHaameHT F3
Calculations of F3 support and foundation

TpudbaseH pasegnHuTen
S2DA2T 123
C OBa 3a3eMUTENHN HOXa
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
OCOBEHUW KOMBUHALNWN/ EXCEPTIONAL LOADCASES
OT HOpPMaTUBHW HaToBapsaHus / from normative loads
KombuHaumsa 5: CT(A)+Kbco creanHenune(E)/ Loadcase 5: CT(A)+Short circuit forces
FZmaxsn = FzmaxaAn * Fzmaxen FZmaxsn = 11-17kN

FZminsn = Fzminan * Fzmingn
Fxsn = Fxan* Fxen

Mysn =Myan+Mygn
Fysn=Fyan*Fyen

Mxsn = Mxan+ Mxgn

KombuHaums 6: CT(A)+OnbBaTenHa cuna ot nposoaHuk(D)+MpeBkntouBaHe(F)

Loadcase 6: CT(A)+Static conductor tension(D)+Switching (F)

Fzmaxén = Fzmaxan * 0-95F zmaxpn * FzmaxFn
Fzmin6n = Fzminan * 9-99F zminDn * FzminFn
Fxén = Fxan* 0-95Fxpn * Fxpn

Myen = Myan+ 0-95Mypp + Myp,

Fyen = Fyan* 0-95Fypn+ Fypy

Mxen = Mxan+ 0-95Mxpp + Mxpq

FZminsn = 10.88kN
Fysn = 0.00kN
My, = 0.00kN-m
Fysn = 0.60kN
Mygpn = 2.71kN-m

F7maxgn = 11.17kN
FZminen = 10.88kN
Fyxgn = 0.00kN
Mygn = 0.00kN-m
Fygn = 0.71kN

Mygn = 3.16kN-m

KombuHaumsa 7: CT(A)+OnbBaTenHa cuna ot npoBoaHuUkK(D)+Cenamuyndu cunu no X(G.1)+/-Z(G.3)

Loadcase 7: CT(A)+Static conductor tension(D)+Earthquake load direction X(G.1)+/-Z(G.3)

Fzmax7n = Fzmaxan * 0-95F zmaxpn * FzmaxG1n * FzmaxGan
Fzmin7n = Fzminan * 9-99F zminDn * FzminG1n * FzminGan
Fx7n = Fxan* 0-95Fxpn+ Fxgin* Fxaan

My7n =Myan+0-95Mypp + Mygin+ Mygsn
Fy7n=Fyan* 0-95Fypn* Fycin* Fyaan

Mx7n = Mxan+ 0-95Mxpn + Mxgin+ Mxasn

FZmax?n = 16.17kN
FZmin7n = 5-88kN
FX7n = 3.68kN
MY7n = 8.96kN-m
FY7n = 0.71kN

KombuHaums 8: CT(1)+OnbBartenHa cuna ot npoBoaHMK(D)+Cenammnynu cunm no Y(G.2)+/-Z(G.3)

Loadcase 8: CT(1)+Static conductor tension(D)+Earthquake load direction Y(G.2)+/-Z(G.3)

Fzmax8n = Fzmaxan * 0-95F zmaxpn + FzmaxG2n + FzmaxGan
Fzmingn = Fzminan * %-95FzminDn + FzminG2n * FzminGan
Fxan = Fxan+ 0-95Fxpn+ Fxgan* Fxaan

Mygn = Myan + 0-95Mypp + Mygon + Mygan

Fysn =Fyan+0-95Fypn+ Fygan* Fyaan

Mxgn = Mxan + 0-9Mypp + My gon + Mxgan

FZmaXSn = 14.90kN
FZmingn = 7-15kN
FX8n = 0.00kN
MY8n = 0.00kN-m
FY8n = 4.40kN

Mygn = 12.23kN-m

OpasmepsiBaHe Ha ONOpHa KOHCTPYKLMS
n cbyHaameHT F3
Calculations of F3 support and foundation

TpudbaseH pasegnHuTen
S2DA2T 123
C OBa 3a3eMUTENHN HOXa
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

Kom6uHaums 9.1: CT(A)+Bsatbp no oc X(C.1)+Kbco creamHenume (E)

Loadcase 9.1: CT(A)+Windload direction X(C.1)+Short-circuit forces (E)

FZmax91n = Fzmaxan * 0-8Fzmaxc1n + Fzmaxen
Fzmino1n = Fzminan * 0-8F zmincin + Fzminen
Fxo1n = Fxan* 08Fxcin * Fxen

Myg1n = Myan* 0-8Myciy + Mygp

Fyoin = Fyan*08Fycin * Fyen

Mxg1n = Mxan* 0-8Mxc1n + Mxgp

KombuHaums 9.2: CT(A)+Bsatbp no oc Y(C.2)+Kbco cbeanHeHue (E)

Loadcase 9.2: CT(A)+Wind load direction Y(C.2)+Short-circuit forces (E)

Fzmax92n = Fzmaxan * 0-8Fzmaxcan * Fzmaxen
Fzming2n = Fzminan * 0-8Fzminc2n * Fzminen
Fxgzn = Fxan* 0-8Fxcon + Fxen

Myg2n = Myan+08Mycaon + Mygy

Fyozn =Fyan* 08Fycon + Fyen

Mxg2n = Mxan* 0-8Mxcon + Mxgn

Kom6uHaumsa 10.1: CT(A)+CensammnyHm cunm no ocu X(G.1)+/-Z(G.3)
Loadcase 10.1: CT(A)+Earthquake load direction X(G.1)+/-Z(G.3)

Fzmax101n = Fzmaxan * FzmaxG1n = FzmaxGan
Fzmin101n = FzminAn * FzminG1n * FzminG3n
Fx101n = Fxan* FxGin* Fxaan

My101n = Myan* MyGin* Myaan

Fy101n = Fyan* Fycin* Fyaan

Mx101n = Mxan* MxG1n * MxaGan

KombuHaumsa 10.2: CT(A)+CenammnyHu cunu no oc Y(G.2)+/-Z(G.3)
Loadcase 10.2: CT(A)+Earthquake load direction Y(G.2)+/-Z(G.3)

Fzmax102n = Fzmaxan * FzmaxG2n * FzmaxGan
Fzmin102n = Fzminan * FzminG2n * FzminGan
Fx102n = Fxan* Fxcan* Fxaan

My102n = Myan* Mygan* Myaan

Fy102n = Fyan* Fyean+ Fyaan

Mx102n = Mxan* MxG2an* Mxaan

FZmaxoin = 11.49kN
FZming1n = 10-56 kN
FX91n = 1.64kN
MY91n = 2.80kN-m
FY91n = 0.60kN
MX91n = 2.71kN-m

FZmaxg2n = 11-17kN
FZmingan = 10-88kN
FX92n = 0.00kN
MY92n = 0.00kN-m
FY92n = 2.16kN
MX92n = 5.03kN-m

FZmax101n = 16-17kN

FZmin101n = 5-88KkN

FZmax102n = 14.90kN

FZmin102n = 7-15kN

Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH pasegnHuTen ctp 13 ot 33
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
OpasmepsaBaHe Ha cTonkaTa/Dimensioning of the stand
n36pan npocoun/ chosen UPN 140 S$235
v a = 200mm bL = 17.5mm I1 = 800mm
I — cL=a —2b ¢ = 165.00mm by := 140mm
3a cbcTaBeHoTO ceveHue/for this section:
3
b, CL b, W, := 14700-mm Ay = 2040-mm? N
a 3 Sta24 — <% 5
= Wy := 86400-mm mm
T =T
: : Kom6unauus 2 / Loadcase 2:
: : ) MXZC FZmach
| N Smaxc2 = + Smaxc2 = 51.69kN
_— cL 2
| |
| |
l l Quy2=Fvzc Quya2 = 2:28kN
| |
: : ~ Quy2lt
| |
: : . Myac . Mux2 . Smaxc2 . agr N
I 1 cL2 = cL2 = o
| | 2Wy, Wy Ay mm?
| Il _—
: : for2
[ ; =034 1<1
Sta24
Kom6unauus 3 / Loadcase 3:
) MXSC FZmaxSc
Smaxc3 = + Smaxca = 31-59kN
cL 2
Quys=Fvac Quys = 0.93kN
Quysh
. My3c . Muxs . Smaxc3 . 6350 foL3 025 .
cL3 = cL3 = > =u 1<
2'Wy Wy Ay mm2 Sta24
Kom6uHauus 4 / Loadcase 4:
) MX4C FZmax4c
Smaxcd = + Smaxca = 9347 kN
cL 2
Quvs = Fyac Quy4 = 3:38kN
Quysh
. My4c . Muxa . Smaxc4 . L foLa 053 .
cl4 = clg = fele—— =v 1<
2'Wy Wy Ay mm2 fstaza
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLUMS TpudbaseH pasegnHuTen ctp 14 ot 33

n coyHaameHT F3
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C iBa 3a3eMUTENIHN HOXa
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Kom6uHauusa 5/ Loadcase 5:
) MXSn FZmaxSn
Smaxcs = + Smaxcs = 22:02kN
cL 2
Quys = Fysn Quys = 0.60kN
Quvyslh
. Mysn N Muxs . Smaxcs . 1505 foLs 008 .
cL5 = cL5 = 00— =0 1<
2'Wy Wy Ay mm2 fstaza
Kom6uHauus 6 / Loadcase 6:
) MXGn FZmaxGn
Smaxcé = + Smaxce = 24-79kN
cL 2
Quye = Fyen Quye = 0.71kN
Quveh
. Myen N Muxe . Smaxcé . g foLe 010 .
cLe = cLe = er0e—— =0 1<
2'Wy Wy Ay mm2 fstaza
Kom6uHauusa 7 / Loadcase 7:
) MX?n FZmax?n
Smaxc7 = + Smaxc7 = 27.88kN
cL 2
Quvy7=Fym Quy7 =071kN
Quvy7lh
. My7n N Muxz . Smaxc7 . g N foL7 - .
cL7 = cL7 = et —— =u 1<
2'Wy Wy Ay mm2 fstaza
Kom6uHauus 8 / Loadcase 8:
) MX8n FZmax8n
Smaxc8 = + Smaxc8 = 81.58 kN
cL 2
Quys = Fyan Quysg = 440kN
Quvsh
. Mygn N Muxs . Smaxc8 . s0.50" foLs 046 .
cL8 = cLg = V% =u 1<
2'Wy Wy Ay mm2 fstaza
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH pasegnHuTen ctp 15 o1 33
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Kom6uHaums 9.1 / Loadcase 9.1:
~ Mxo1n Fzmaxotn
Smaxc9l = + Smaxco1 = 22-18kN
cL 2
Quyo1 = Fyain Quygy = 0.60kN
Quvorlh
. Myg1n . Muxo1 . Smaxcol . 2505 N feLo1 016 )
clol = cl9l = 9o =v 1<
2'Wy Wy Ay mm2 fstaza
Kom6uHaums 9.2 / Loadcase 9.2:
~ Mxoon  Fzmaxazn
Smaxc92 = + Smaxcoz = 36-07kN
cL 2
Quyg2 = Fygzn Quygz = 2.16kN
Quvgz'lt
. Myg2n . Muxg2 . Smaxc92 . 70a N feLoo 022 )
cL92 = cL92 =+ =0. 1<
2'Wy Wy Ay mm2 fstaza
Kom6uHauus 10.1 / Loadcase 10.1:
_ Mxi1otn Fzmaxtotn
Smaxc101 = + Smaxc101 = 10-61kN
cL 2
Quv1o1 = Fy1o1n Quy101 = 0.00kN
~ Quyiort
. My101n . Mux101 . Smaxc101 . e g N feL101 026 )
cL101 = cL101 = °/Vo—— =u 1<
2'Wy Wy mm2 Sta24
Kom6uHauus 10.2 / Loadcase 10.2:
_ Mxi102n  Fzmaxto2n
Smaxc102 = + Smaxc102 = 64-30kN
cL 2
Quy102 = Fy1o2n Quy1o2 = 3-68kN
~ Quyio2t
. My102n . Mux102 . Smaxc102 . L feL102 07 )
cl102 = cL102 = o+0F—— =0 1<
2'Wy Wy mm2 fstaa
3aknroqeHue: BCUUKN HanpexeHus1 ca No-Marnkm ot o,,,,=218.18 MPa
Conclusion: All stresses are lower than -__ =218.18 MPa
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH pasegnHuTen ctp 16 ot 33
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"

110kV Switchyard

Cebp3Bawm nnaHku / Fixing plates FL.140/8 S235

I2 = 140-mm Mmaxfl = Z'MUX102 Mmaxfl = 1.47KkN-m
‘ . Mmaxi ~ Mmnaxfi® N i
oL . mm Sta24
22
| | | nsbparn: A4 AHKepHu 6ontoBe M20 S355
\ [
B o i chosen: A4 _anchorbolts M20 S355
e ; I, = 400mm  lg:=250mm g :=100.00mm ;o= 20mm
- 2 3
Illmin = 600mm Ab20 = 245mm Wb20 = 540.9mm
- fta5.6 = 245.45
mm~
. Komb6uHauusa 2/ Loadcase 2:
HopmanHa cunal/ N _ Myxoc  My2c  Fzmaxae N — 16.61KN
normal force: max2 -~ 21 * 21 Y max2 — =
2 2
cpsasBaila cuna/
chnsa_a af cvm.a/ - Fxoc Fyoc
shearing force: Qmax2 = . + 7 Qmax2 = 0-66kN
orbBally MOMeHT/ _
bending moment: Mmax2 = Qmax2'l9'0-5 Mmaxo = 0-03kN-m
HanpexeHue Ha HaTUCK/ o Nmax2  Mmax2 ; 128.36 MPa fen2 0.52 1
compression stress: ch2 = ch2 = % - '<
B Ab20  Whoo fa5.6
Komb6uHauusa 3/ Loadcase 3:
HopmanHa cunal/ N _ Mxac . My3c . FZmaxac
normal force: max3 = 2.1 2:2
7 7 Nmax3 = 14.04kN
2 2
cpsasBatla cuna/
chnsa_a af cvm.a/ - Fxsc Fyac
shearing force: Qmaxa = 7 + 7 Qmax3 = 0-69kN
orbBally MOMeHT/ _
bending moment: Mmax3 = Qmax3-l9'0-5 Mmaxg = 0-03kN-m
HanpexeHue Ha HaTUCK/ o Nmax3 . Mmax3 ; 120.80 MPa fen3 0.49 1
compression stress: ch3 = ch3 =+ - '<
B Ab20  Wh2o fa5.6
Komb6uHauusa 4/ Loadcase 4:
MX4c MY4c FZmax4c
HopmanHa cunal N = + +
normal force: maxt T o, 217 22 N = 12.97kN
e e max4 = ¢
2 2
cpsasBaila cuna/
chnsa_a af cvm.a/ - Fxac Fyac
shearing force: Qmaxa = . + 7 Qpmaxa = 0-84kN
orbBally MOMeHT/ _
bending moment: Mmax4 = Qmaxa lg'0-5 Mmaxg = 0-04KkN-m
HanpexeHue Ha HaTUCK/ i Nmax4 . Mmaxa ; 131.03 MPa feba 0.53 1
compression stress: ch4 = ch4 = -+ - '<
B Ab20  Whoo fa5.6
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLMS TpudbaseH pasegnHuTen ctp 17 ot 33
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Komb6uHauusa 5/ Loadcase 5:
HopmanHa cunal/ N _ Mxsn . Mysn . FZmaxsn
normal force: max5 "~ ", o 2.9
- 7 7 Nmax5 = 6.18kN

cpsasBawa cunal
shearing force:

orbBally MOMeHT/
bending moment:

HanpexeHue Ha HaTUCk/
compression stress:

HopmanHa cunal/
normal force:

cpsasBawa cunal
shearing force:

orbBally MOMeHT/
bending moment:

HanpexeHue Ha HaTUCK/
compression stress:

HopmanHa cunal/
normal force:

cpsasBawa cunal/
shearing force:

orbBally MOMeHT/
bending moment:

HanpexeHue Ha HaTUCK/
compression stress:

HopmanHa cunal/
normal force:

cpsasBawa cunal
shearing force:

orbBally MOMeHT/

2 2
[ Fxsn] [ Fvsn
Qmaxs = 2 ) T\ T3

Mmax5 = Qmaxs'lg'0-5

N M

max5 max5

+
Ap2o Wh2o

fops = fops = 39.10 MPa

KombuHauus 6/ Loadcase 6:

Mxen  Myen  Fzmaxén
+ +

2l; 21y 2:2

2 2
[ Fxen] [ Fven
Qmax6 = 2 ) T\ T3

Mmax6 = Qmaxs'lg'0-5
N M

N

max6 ‘=

max6 max6

fope = fopg = 41.39 MPa

Ap2o  Wh2o

KombuHauusa 7/ Loadcase 7:

Mx7n My7n  Fzmaxn
+ +

max7 -~
2l; 2:ly 2:2

2 2
~|[ Fxn Fymn
Qmmax7 = 2 ) T\ T3

Mmax7 = Qmax7'l9:0-5
N M

N

max7 max7

+
Ap2o Wh2o

fop7 = fop7 = 165.61MPa

KombuHauus 8/ Loadcase 8:

Mxgn  Mygn  Fzmaxen
+ +
2l 21, 2.2

2 2
~|[Fxen] [ Fven
Qmaxg = 2 ) T\ T3

N

max8 ‘=

Qmaxs = 0-15kN

-3
Mpaxs = 7-90x 10 “"kN-m

fcb5

016 a<1
fta5.6
Niax = 6-74kN

Qmaxg = 0-18kN

-3
Maxg = 7-90x 10 “"kN-m

fcb6

=0.17 1<1
fa5.6
Niax7 = 19:33 kN
Qmax7 = 0-94 kN
Max7 = 0.05 kKN-m
fcb7

= 0.67 1<1
ta5.6
Ninaxg = 19.01 kN

Qmaxg = 1.10kN

bending moment: Max8 = Qmaxg’lg:0-5 M axg = 0-05kN-m
Hanpe)er_ue Ha HaTuck/ Nmax8  Mmaxs fg
compression stress: fq:= + f e = 179.20 MPa =0.73 1<1
ch8 A W ch8 f
b20 b20 ta5.6
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Kom6uHauums 9.1/ Loadcase 9.1:
HopMmanHa cunal N _ Mxomn  Mvoin  Fzmaxotn
normal force: max9l = T, X 2.2
7 7 Nmaxgl = 9.76 KN
2 2
cpAasBaila cuna/
ch"?'B.a ?c""?/ ~|[ Fxatn Fyoin
shearing force: Qmaxol = y = Qmaxgl = 0-44kN

orbBally MOMeHT/
bending moment:

HanpexeHue Ha HaTUCk/
compression stress:

HopmanHa cunal/
normal force:

cpsasBawa cunal
shearing force:

orbBally MOMeHT/
bending moment:

HanpexeHue Ha HaTUCK/
compression stress:

HopmanHa cunal/
normal force:

cpsasBawa cunal/
shearing force:

orbBally MOMeHT/
bending moment:

HanpexeHue Ha HaTUCK/
compression stress:

HopmanHa cunal/
normal force:

cpsasBawa cunal
shearing force:

orbBally MOMeHT/

Mmax91 = Qmaxa1 l9:0-5

N M

max91 N max91

fopor = fepg = 80.24 MPa

Ap20 Wh20

KombuHaums 9.2/ Loadcase 9.2:

. _ Mxon  Mvoan Fzmaxozn
max92 -~
2l 21 2.2
2 2
_|[ Fxozn Fyo2n
Qmax92 = 2 172

Mmax92 = Qmaxg2'l9-0-5

N M

max92 max92

fcbgz = fcbgz = 86.92 MPa

Ap20 Wh20

KombuHaumsa 10.1/ Loadcase 10.1:

_ Mxaomn Mvionn  Fzmaxiomn
max101 2l 2.1, 2.2

2 2
_|[Fx1om | [ Fyiorn
Qmax101 = 2 T2

Mmax101 = @max101'9:0-5

N

Nmax101 . Mmax101

Ap20 Wh20

KombuHaumsa 10.2/ Loadcase 10.2:

. _ Mxwozn  Mvaoen  Fzmaxiozn
max102 -~
21, 21, 2.2
2 2
~|[Fx102n )| [ Fy1oen
Qmax102 = 2 T2

Maxg1 = 0-02kN-m

fepo1
033 a<1

fta5.6

Nmaxgz = 908 kN

Qmaxgz = 0-54kN

Mmaxgz = 003 kNm
fepo2

-035 a1<1
fta5.6
Nimax1o1 = 15.77kN

Qmax101 = 0-92kN

feb101
=0.61 1<1
tab.6
Nmax102 = 15.45kN

Qmax102 = 0-92kN

bending moment: Mmax102 = Qmax102'l9:0 Mmax102 = 0-05kN-m
HanpexeHue Ha HaTUck/ ‘ Nmax102 . Mmax102 ; 148.19 MPa fep102 0.60 1
compression stress: cb102 -~ cb102 = - '<
B Ab20 Wh20 ftas.6
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
— . AHkepHu nnaHku/ Anchor plates
a
L b HanpexeHue Ha HaTuck/ cpsassalya cuna 6etoH B20
‘ ) L compression stress/ shearing stress concrete B20
‘ (0] . =
- nabpanu/ pl. 10/100x100 l11min = 060 m
'''''''''''''' chosen:
' ‘ N ) N
Iplate :=100.00mm fconpa = 12.3-—2 foonsa ™= 1.80~—2
mm mm
KombuHaums 2/ Loadcase 2:
) Nmax2 fconpz
fconpz = . fconp2 = 1.70MPa . =014 1<1
Iolate ~Ab20 conpa
) Nrmax2 fconsz
fconsz = ﬁ fconsz = 0.07 MPa f =0.04 1<1
“'plate’"11min consa
KombuHaums 3/ Loadcase 3:
) Nmax3 fconp3
fconp3 = . fconp3 = 1.44MPa . =0.12 1<1
Iolate ~Ab20 conpa
) Nmax3 fconsB
fcons3 = ﬁ fcons3 = 0.06 MPa f =0.03 1<1
“'plate’"11min consa
KombuHauums 4/ Loadcase 4:
) Nmax4 fconp4
fconp4 = . fconp4 = 1.33MPa . =0.11 1<1
Iolate ~Ab20 conpa
) Nmax4 fcons4
fcons4 = ﬁ fcons4 = 0.05MPa f =0.03 1<1
“'plate’"11min consa
KombuHaums 5/ Loadcase 5:
) Nmaxs fconp5
fconp5 = . fconp5 = 0.63MPa . = 0.05 1<1
Iolate ~Ab20 conpa
) Nmaxs fc0n55
fCOnSS = ﬁ fCOnSS = 0.03MPa f =0.01 1<1
“'plate’"11min consa
KombuHaums 7/ Loadcase 7:
(o maxt f o =198MP feonp7
conp7 =T conp7 = ~¥eMra Pl 016 1<t
Iplate ~Ab20 feonpa
) Nmax7 fcons7
fcons? = ﬁ fcons? = 0.08 MPa f =0.04 1<1
“'plate’"11min consa
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Komb6uHauus 8/ Loadcase 8:
) Nmaxs fconp8
fconp8 = —Y fconp8 = 1.95MPa ; =0.16 1<1
Iplate ~Ap20 conpa
. Nmaxs feonss
foonsg = o L feonsg = 0-08 MPa . =004 a<1
“'plate’"11min consa
Kom6uHauums 9.1/ Loadcase 9.1:
) Nraxo1 fconp91
feonpo1 == Tconpo1 = 1.00MPa f 008 1<l
Iplate ~Ap20 conpa
) Nmax91 fconsgl
foonso1 = Al feonso1 = 0.04MPa ; =002 1<1
“'plate’ "11min consa
Komb6uHauums 9.2/ Loadcase 9.2:
) Nrax92 fconp92
feonpo2 = > foonpoz = 0:93MPa f 008 1<l
Iplate ~Ap20 conpa
) Nmax92 fc0n592
feonso2 = 77— Teonsop = 0:04MPa - =002 1<1
“'plate’ "11min consa
Komb6uHaumsa 10.1/ Loadcase 10.1:
) Nmax101 fconplOl
fconplOl T, fconplOl = 1.62MPa N =013 1<1
Iplate ~Ap20 conpa
) NmaxlOl fconlel
feons101 = e feons101 = 0.07MPa N =004 <1
“'plate’"11min consa
KombuHaumsa 10.2/ Loadcase 10.2:
) Nmax102 fconp102
fconp102 T, fconp102 = 1.58 MPa N =013 1<1
Iplate ~Ap20 conpa
) Nmalx102 fconleZ
feons102 = 77— Tcons102 = 006 MPa ——— =00 u <1
“'plate’ "11min consa
MnaHkwu/ Plates pl. 12/200x120  S235
by = 140.00mm Ig = 250.00mm  t := 12mM lgo00ningy = (|7 - bU)-o.s lsupportingy = 130.00mm Iy, = 20-mm
2
Wr = Wr =1.25%x 10" mm
6

KombuHaums 2/ Loadcase 2:

Nmax2 IsupportingY N firo
fipp = firp = 17.28—2 =0.08 1<1
Wy mm fSt6124
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudpbaseH pasegnHuTen ctp 21 ot 33
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Komb6uHauusa 3/ Loadcase 3:
Nmax3' IsupportingY N fir
fin = fin = 14.60—— =0.07 1<1
tr3 W tr3 D) f
r mm Sta24
Komb6uHauus 4/ Loadcase 4:
Nrmax4 IsupportingY N fira
fipi= fip=13.49—— = 0.06 1<1
trd W trd > f
r mm Sta24
Komb6uHauus 5/ Loadcase 5:
Nmaxs IsupportingY N firs
ftr5 = ftr5 = 6.43—2 =0.03 1<1
Wr mm fSt6124
Komb6uHauus 6/ Loadcase 6:
Nrmax6 IsupportingY N fir6
ftrG = ftrG = 701—2 =0.03 1<1
Wr mm fSt6124
Komb6uHauusa 7/ Loadcase 7:
Nmax7 IsupportingY N fir7
ftr7 = ftr7 = 20.10—2 = 0.09 1<1
Wr mm fSt6124
Komb6uHauus 8/ Loadcase 8:
Nrmaxg’ IsupportingY N firg
ftr8 = ftr8 = 19.77—2 = 0.09 1<1
Wr mm fSt6124
Komb6uHauus 9.1/ Loadcase 9.1:
Nmax91'|supportingY N firo1
f = f =10.15—— = 0.05 1<1
tr91 W tr91 5 f
r mm Sta24
Komb6uHauus 9.2/ Loadcase 9.2:
Nmax92- IsupportingY N fira2
f = f =944—— = 0.04 1<1
r92 W r92 D) f
r mm Sta24
Kom6uHauums 10.1/ Loadcase 10.1:
) NmaxlOl"supportingY firi01
ftrlOl = W ftrlOl = 16.40—2 ; = 0.08 1<1
r mm Sta24
Kom6uHauums 10.2/ Loadcase 10.2:
) NmaxlOZ"supportingY N fir102
r mm Sta24
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH pasegnHuTen cTp 22 ot 33
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
OnopHa nnaHkal/ Supporting plate pl. 20/520x520  S335 l10 = 20.00mm
. _ _ 2
lsuppy = ( ;- aL)-o.s +200mm  Igoy = 120.00mm oy = 20.00mm o . s
W := T(z"suppY + 'bolt) Wy = 1.73x 10" mm

KombuHaums 2/ Loadcase 2:

) Nmax2'|suppY N ftGpZ
pl mm Sta36
Komb6uHauusa 3/ Loadcase 3:
) Nmax3'|suppY N ftGp3
pl mm Sta36
Komb6uHauus 4/ Loadcase 4:
) Nmax4'|suppY N ftGp4
ftGp4 = W— ftGp4 = 89.80—2 ; =0.27 1<1
pl mm Sta36
Komb6uHauusa 5/ Loadcase 5:
) Nmax5'|suppY N ftGpS
ftGp5 = W— ftGp5 = 42.80—2 ; =0.13 1<1
pl mm Sta36
Komb6uHauusa 6/ Loadcase 6:
) Nmax6'|suppY N ftGpG
pl mm Sta36
Komb6uHauusa 7/ Loadcase 7:
) Nmax?'lsuppY N ftGp7
ftGp7 = W— ftGp7 = 133.83—2 ; =041 1<1
pl mm Sta36
Komb6uHauusa 8/ Loadcase 8:
) Nmax8'|suppY N ftGp8
pl mm Sta36
Komb6uHauusa 9.1/ Loadcase 9.1:
) Nmaxgl'lsuppY N ftGp91
pl mm Sta36
Komb6uHauusa 9.2/ Loadcase 9.2:
) Nmax92'|suppY N ftGp92
pl mm Sta36
Kom6uHauusa 10.1/ Loadcase 10.1:
~ Nmax101 bsuppy N fieprot
pl mm Sta36
Kom6uHauusa 10.2/ Loadcase 10.2:
~ Nimax102'bsuppy N fieproz
pl mm Sta36
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"

110kV Switchyard

NMPOBEPKA HA 3EMHATA OCHOBA Nnoa oYHOAMEHT
CALCULATION OF SOIL BASE UNDER FOUNDATION

>,y
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Fy My =
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BxoaHu AaHHM 3a ycunusaTa Ha ropeH pb6 cpyHAameHT, cbrnacHo Taén. 2
Input data for the stress on upper edge foundation, acc.to Table 2

I:X1n I:Yln FZmaxln FZminln
Fxan Fyan FZmax2n FZmin2n
Px 15| Fy1s=| ¢ Fzmax_15=| - Fzmin_15=| .
X3n Y3n Zmax3n Zmin3n
I:X4n I:Y4n FZmax4n FZmin4n
I:X5n I:Y5n FZmax5n I:Zmin5n
FX6n FY6n FZmax6n FZminGn
I:X7n I:Y7n FZmax?n I:Zmin7n
Fxsn Fysgn FZmaxsn FZminsn
Px12=] ¢ Fyii2=| o Fzmax_12=| Fzmin_1.2=|
X91n Y91n Zmax91n Zmin91n
Fx92n Fygzn FZmax92n FZmino2n
Fx101n Fy101n FZmax101n FZmin101n
Fx102n Fy102n FZmax102n FZmin102n
Mx1n My1n
M MXZn M MYZn
X 15~ Y 15~
- Mx3n - My3n
Mxan Myan
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH pasegnHuTen cTp 24 ot 33
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Mx5n Mysn
Mx6n My6n
Mx7n My7n
M Mxgn M Mygn
X127 Mygnn Y127 Mygn
Mxg2n Myg2n
Mx101n My101n
Mx102n My102n

Pa3smepu Ha pyHpameHTa. Foundation dimensions.

/9/\:: 1.40m LLvpuHa Ha ocHoBaTa Ha dhyHAameHTa / Foundation width

3,=1.40m [bmkuHa Ha ocHoBaTa Ha cdyHAameHTa / Foundation length

/gv\:: 0.70-m LLvpunHa Ha noakonoHHuka / Foundation width over the base

S= 0.70m OvmknHa Ha nogkonoHHuka / Foundation length over the base

th :=0.15-m BucounHa Ha nogkonoHHuka Hag 3acunkata / Foundation height above the embankment
hy := 0.35-m BucounHa Ha cTbnkaTta / Foudation base height

hp := 1.20-m BucounHa Ha nogkonoHHuka / Height of the foundation over the base

h = hgy + ey hg=155m BucounHa Ha cpyHaameHnTa / Foundation height

OnpepensiHe Ha BepTUKanHaTa cuna Ha gorneH pb6 dyHaameHT. NE nor
Vertical stress on lower edge foundation -
=2 kN O6emHo Terno Ha 6eToHa. Concrete unit weight.
Y= 3
m
kN . .
v, = 16.5— O6emHo Terno Ha sacunka/ Converse embankment unit weight
m
) Terno Ha pyHaameHTHaTa nnoya/
Gy =abhgyy Foundation base weight Gy = 16.46kN
) Terno Ha NOAKONOHHUKBLT/
Gy = cCdhgyy Foundation weight over the base G, = 14.11kN

CobcTBeHo Terno Ha pyHaameHTa/

Gfnor := G1 + 62

Foundation dead weight

Gfnor = 30.58 kN

TernoTo Ha NoYBeHaTa 3acunka Bbpxy yHaaMmeHTa/

Gpnor := (a-b - C'd)'(hf2 - th)'VZ Soil embankment weight

NE nor max_1.5= Fzmax_1.5 + Gfnor + Gpnor

NE nor_min_1.5 = Fzmin_1.5 *+ Gfnor + Gpnor

Gpnor = 25.47kN

NE nor max_1.2 = Fzmax_1.2 + Gfnor + Gpnor

NE nor_min_1.2 = Fzmin_1.2 + Gfnor + Gpnor

67.211 66.926
68.211 66.926
NF_nor_max_l.S = 67571 kN NF_nor_min_l.5 = 66.567 kN
67.211 66.926
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

N F nor_max_1.2~

67.211
67.211
72.215
70.943
67.531
67.211
72.215
70.943

NF_nor_min_l.2 =

66.926
66.926
61.923
63.195
66.607
66.926
61.923
63.195

OnpepnensiHe Ha 3anbBalMTe MOMEHTU B OCHOBHAaTa NNOCKOCT Ha chyHaameHTa. M,
Restraning moments on the foundation base. My,
3anbBall, MOMEHT CNpsiMO OC X B OCHOBHAaTa MIocKoCT Ha hyHAameHTa./ Restraining moment direction X

Mfun X 15

=My 15+Fy 15N¢

Mfun x_ 1.2 =Mx 12+ Fy 12N

3anbBall, MOMEHT CNpsiMO OC Y B OCHOBHATa MIocKOCT Ha hyHAaMeHTa./ Restraning moment direction Y

Mfun v 15

=My 15+Fx 15N¢

0.312
8.374

Mfun X 1.5 = kN-m Mfun v 15 =

4.266

9.59
3.642

4.266
4371
19.045

Mfun x 1.2 = kN-m Mfun v 1.2 =

3.642
8.374
0.416
15.091

Mfun v 1.2 =My 12+ Fx 1.2

0
3.9
6.011

0
0

0
14.674

kN-m

kN-m
5.344

14.674
0

OnpepensiHe Ha HanpeXXeHNeTo Ha no4ysBaTa noA Lrnute Ha cdoyHaameHTal/ soil stress under foundation corners. 6, 4

— 1. — 2
Ffund := a-b OcHoBHa nrowy Ha yHaameHTa. Basic area of the Foundation. Ffund = 1.96 m
a’b 3.00
WX = — W Wx = 0.46m
6 x 1 Wy ca cbnpoTUBUTENHUTE MOMEHTU Ha OCHOBHaTa
2 MNIOCKOCT Ha byHaaMeHTa
wy = 22 Wy = 0.46m>"°
y= 6 Wxand Wy are the resistance moments of the Foundation bed. y=>0
N F_nor_max_1.5 Mgy n X 15 Mgy nY 15 N F_nor_max 1.2 Mgy nXxX12 Mgy nyY12
O1 max_15 = - - 01 max_1.2 = - -
— = Ffund Wx Wy — = Ffund Wx Wy
NF_nor_min_1.5 Mfun_X_1.5 Mfun_Y_1.5 NF_nor_min_1.2 Mfun_X_1.2 Mfun_Y_1.2
G ; = - - c ; = - -
1_min_1.5 Ffund Wx Wy 1_min_1.2 Ffund Wx Wy
NF_nor_max_l.S Mfun_X_l.S . Mfun_Y_l.S NF_nor_max_l.Z Mfun_X_l.z . Mfun_Y_1.2
(e} = - o = —
2_max_15 Ffund Wx Wy 2_max_1.2 Ffund Wx Wy
NF_nor_min_1.5 Mfun_X_1.5 . Mfun_Y_1.5 NF_nor_min_1.2 Mfun_X_1.2 . Mfun_Y_1.2
G ; = - c ; = -
2_min_15 Ffund Wx Wy 2_min_1.2 Ffund Wx Wy
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"

110kV Switchyard

NF_nor_max_l.S . Mfun_X_l.S . Mfun_Y_l.S NF_nor_max_l.Z . Mfun_X_l.z . Mfun_Y_1.2

(e} = o =
3_max_1.5 Ffund Wx Wy 3_max_12 Ffund Wx Wy
NF_nor_min_1.5 . Mfun_X_1.5 . Mfun_Y_1.5 NF_nor_min_1.2 . Mfun_X_1.2 . Mfun_Y_1.2
(e} i = o . =
3_min_15 Ffund Wx Wy 3_min_1.2 Ffund Wx Wy
NF_nor_max_l.S . Mfun_X_l.S Mfun_Y_l.S NF_nor_max_l.Z . Mfun_X_l.z Mfun_Y_1.2
(e} = — o = —
4_max_1.5 Ffund Wx Wy 4_max_1.2 Ffund Wx Wy
NF_nor_min_1.5 . Mfun_X_1.5 Mfun_Y_1.5 NF_nor_min_1.2 . Mfun_X_1.2 Mfun_Y_1.2
c ; = - c ; = -
4_min_1.5 Ffund Wx Wy 4_min_1.2 Ffund Wx Wy
33.609 33.609 34.974 34.974
7.962 | kKN 25.018 | kN 61.641 | KN 44,586 | kKN
(e} = e o = e o = e o = R
1 max_1.5 12.001 mz 2_max_1.5 38.291 mz 3_max_1.5 56.948 mz 4 max_1.5 30.659 mz
13.322 13.322 55.261 55.261
26.328 26.328 42.255 42.255
24.963 24.963 43.62 43.62
—4.799 59.374 78.488 14.314
-5.448 | kN -5.448 | kN 77.839 | KN 77.839 | KN
G = —_— G = —_— G = — © = —_—
1 max_1.2 14.807 mz 2 max_1.2 38.175 mz 3_max_1.2 54.102 mz 4 max_1.2 30.734 mz
15.981 15.981 52.602 52.602
3.847 68.021 69.841 5.668
3.198 3.198 69.192 69.192
33.464 33.464 34.828 34.828
7.307 | kN 24.362 | kN 60.985 | kN 43.93 | kN
%1 min 15~ 11489 | 2 02 min 15~ 37778 | 2 %3 min_ 15~ 56.436 | 2 %4 min 15~ 30147 | 2
m m m m
13.177 13.177 55.115 55.115
26.182 26.182 42.11 42.11
24.817 24.817 43.475 43.475
-10.05 54.123 73.237 9.063
-9.401 | kKN -9.401 | kKN 73.886 | kN 73.886 | kN
1 min 12~ 14335 | 2 2 min 12 < 37704 | 2 %3 min 12~ 53631 | 2 %4 min 12 = 30262 | 2
m m m m
15.835 15.835 52.457 52.457
—-1.404 62.77 64.59 0.417
—0.755 —0.755 65.239 65.239

3aknoyeHue: YaoBneTBOpPeHU ca ycnoBusTa Ha un. 57(4) or Hapea6a Ne1 3a npoekTupaHe Ha nnocko oyHaAupaHe..
‘brnoBuTe 1 pbL60BUTE HanpexeHUs He HagBuwaeaT 150 kN/m2.

Conclusion: The requirements of article 57(4) of Regulation No1 are fulfilled.
The stress on the edges and corners are below the limit of 150 kN/m2.

MpoBepka 3a npeob6pbLliaHe Ha pyHAameHTa/ Foundation overturn check

Mpnemame koeurumeHT Ha curypHocT 1,5 3a ocHOBHO cbyeTaHue 1 1,2 3a 0cobeHHO cbyeTaHne Ha HaToBapBaHeTo
cbrnacHo un. 75 ot Hapen6a Ne1 3a npoekTupaHe Ha Nnocko pyHAMpaHe.

Kip=12 Safety coefficient for exceptional loadcases Ki5:=15 Safety coefficient for normal loadcases
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudpbaseH pasegnHuTen cTp 27 ot 33
n cbyHaameHT F3 S2DA2T 123 page 27 of 33

Calculations of F3 support and foundation C ABa 3a3eMUTENHN HOXa




EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
. a . a
Mzad_x_max_l.s = NF_nor_max_l.S'E Mzad_x_max_l.z = NF_nor_max_l.Z'E
3apbpxall, MOMEHT crpsAMOo oc X B 0CHoBHaTa nrockocT/ Restraining moment direction X
. a . a
Mzad_X_min_l.S = NF_nor_min_l.sz Mzad_x_min_l.z = NF_nor_min_l.Z'E
3aabpxall, MOMEHT crpsAMOo oc Y B OCHOBHaTa nnockocT/ Restraining moment direction Y
. b . b
Mzad_Y_max_l.S = NF_nor_max_l.S'E Mzad_Y_max_l.Z = NF_nor_max_l.Z'E
. b . b
Mzad_Y_min_l.S = NF_nor_min_l.sz Mzad_Y_min_l.Z = NF_nor_min_l.Z'E
MpoBepka 3a npeobpbLyaHe no oc X.
Mcheck X 1.5 = Mfun x_15K15 Mcheck X 1.2 = Mfun x_1.2°K1.2
MpoBepka 3a npeobpbLyaHe no oc Y.
Mcheck Y 1.5 = Mfun v 15K15 Mcheck Y 1.2 = Mfun v 1.2°K12
Ycnosue 3a yctonunsocT Ha chyHaaMeHTa cpelly npeo6pbuaHe./ Conditions against overturn
Mzad_X_max_1.5 Mzad_X_min_1.5 Mzad Y _max_1.5 Mzad_Y_min_1.5
o s ks ks 2 K5
fun_ X 1.5 fun_ X 1.5 fun_Y_15 fun_Y_15
Mzad_X_max_1.2 Mzad_X_min_1.2 Mzad Y _max_1.2 Mzad_Y_min_1.2
- — - > kl.2 - — — > 1.2 _ = > kl.2 _ = > k1.2
Mfun X 1.2 Mfun X 1.2 Mfun v 1.2 Mfun v 1.2
0.468 47.048 46.848
M 12.562 N M 47.748 N M 46.848 N
= -m = -m . = -m
check_X 1.5 6.4 zad_X_max_1.5 473 zad_X_min_15 46.597
14.385 47.048 46.848
4.37 47.048 46.848
5.12 47.048 46.848
5.245 50.55 43.346
M 22.854 N M 49.66 N M 44.236 N
= -m = -m . = .m
check_X 1.2 437 zad_X_max_1.2 47972 zad_X_min_1.2 46.625
10.049 47.048 46.848
0.499 50.55 43.346
18.109 49.66 44.236
0 47.048 46.848
M 5.85 N M 47.748 N M 46.848 N
= -m = -m . = -m
check_Y_1.5 9017 zad_Y_max_1.5 473 zad_Y_min_15 46.597
0 47.048 46.848
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
0 47.048 46.848
0 47.048 46.848
17.609 50.55 43.346
M 0 N M 49.66 N M 44.236 N
= -m = -m . = -m
check_Y_1.2 6.412 zad_Y_max_1.2 47972 zad_Y_min_1.2 146.625
0 47.048 46.848
17.609 50.55 j:=0..3 43.346
0 49.66 1:=0.7 44.236
kx_max_1.5(0) = [Y < 'V'fun_x_1.5j Kx_min_1.5() = |y < 'V'fun_x_l.sj
Mzad_x_max_l.s. Mzad_X_min_l.S.
Z« if y=0 Z« if y=0
y y
z < o otherwise 7z < o otherwise
z z
kx_max_1.2(11) = |y < 'V'fun_x_l.zjl Ky max_1.2(11) = |y« 'V'fun_Y_l.zjl
Mzad_x_max_l.z i Mzad_Y_max_l.Z i
Z« if y=0 Z« if y=0
y y
z < o otherwise 7z < o otherwise
z z
Ky max_1.5(0) = [Y < Mfun_Y_l.Sj Ky min 1.50) = |y < 'V'fun_Y_l.sj
Mzad_Y_max_l.S. Mzad_Y_min_l.S.
Z« if y=0 Z« if y=0
y y
z < o otherwise 7z < o otherwise
z z
kx_min_1.2(0) = |y < 'V'fun_x_l.zj Ky min_1.2(0) = |y < Mfun_Y_l.Zj
Mzad_x_min_l.z. Mzad_Y_min_l.Z.
Z« if y=0 Z« if y=0
y y
z < o otherwise 7z < o otherwise
z z
Kx_max_1.5() = Kx_min_1.5() = Ky max_1.50) = Ky min_1.5() =
150.794 150.155 1.10307 1.10307
5.702 5.594 12.243 12.012
11.087 10.922 7.868 7.751
4.906 4.885 1.10307 1.10307
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLMS TpudpbaseH pasegnHuTen ctp 29 ot 33

n coyHaameHT F3

Calculations of F3 support and foundation

S2DA2T 123

C ABa 3a3eMUTESTHN HOXa

page 29 of 33




EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
kx_max_1.2011) = kx_min_1.201) = Ky max_1.2001) = Ky min_1.201) =
12.918 12.863 1-10307 1-10307
11.028 10.981 1-10307 1-10307
11.566 9.918 3.445 2.954
2.608 2.323 1.10307 1.10307
12.98 12.802 8.846 8.725
5.618 5.594 1-10307 1-10307
121.443 104.135 3.445 2.954
3.291 2.931 1.10307 1.10307
3aknroyeHue: MMHUMaNHUAT koeduLVeH Ha NpeobpblliaHe NPU OCHOBHU KOMBUHaLuMu e no-ronsm ot 1.5.
MuHUManHNAT KoedULIMEeHT Ha NpeoGpblUaHe NpU 0co6eHn KoOMGUHaLUuK e no-ronsam 1.2.
CnepoBaTtenHo hyHAaMeHTa € yCTOMYUB B €KCNIoaTaLuMoOHHO OTHOLLEHMe.
Conclusion: The min. overturn coefficient of normal loadcases is bigger than 1.5.
The min. overturn coefficient of exceptional loadcases is bigger than 1.2.
Hence the foundation is stable.
U3uncnseaHe Ha 3eMHaTa OCHOBa Mo |-BO rpaHUYHO CBLCTOSHME - MO HOoceLla CNOCOBHOCT.
Calculation of the soil base acc.to the 1st limit condition - carrying ability
kS =12
. Kg: Mfun_X_1.5 . kg Mfun_Y_l.S
a 15~ b 15~
- ks max( N F_nor_max_l.S) - Ks: max( N F_nor_max_1.5)
. Kg: Mfun_X_1.2 . kg Mfun_Y_l.Z
a_l2~= b 127
- ks max( N F_nor_max_1.2) - Ks: max( N F_nor_max_1.2)
4574 10°° 0
e = 0.123 m € = 0.057 m max(e ) <2 max(e ) < b
a_15 0.063 b 1.5 0.088 a_l2) = 3 b 12) = 3
0.141 0
0.05 0
0.059 0
0.061 0.203 max(ey 1) =026Mm 2 _ o0
0.264 0 3
e = e = m
alz2 b 1.2 b
- 0.05 - 0.074 max(e, 1) =020m  —=047m
b 1.2 3
0.116 0
5.764x 10 ° 0.203
0.209 0
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

OMNPEAOENAHE HA APMUPOBKATA HA ®YHOAMEHTA
CBbIrMACHO HOPMU 3A NMPOEKTUPAHE HA BETOHHU U CTOMAHOBETOHHN KOHCTPYKLIUA-1995r.
HELUEHTPMYHO HATUCHATU KOJTIOHU C NPABOBIbJIHO CEYEHME U CUMETPU4YHA APUMPOBKA 3A
NOAKONOHHUKA.

FOUNDATION REINFORCEMENT
N = max(FZmax_llz) +G, Ng=30.28kN

Yho = 1.0 bo:=¢ ER = 0537 hp:=c—-5cm
Ry := 17.00-MPa 3a 6eToH knac B20. / concrete class B20
Ryt = 1.2:MPa 3a 6eToH knac B20. / concrete class B20
Nt
X = — X1 = 0.25cm
1 1
Th2 Rpbe
Xg =E&r-hg Xg = 34.90cm
o= 0.5.(1 + aR) o =077 Ry = 375-MPa
M = max(MX_l'z) + maX(FY_l.z)'hfz
M,
eO = W eO =57.81cm
f
IO = 2-hf2
| |
| c 0 ¢ 0
ey = ifl—>—— — —— ey = 2.33cm
30 600 30 600
As_p_min = 0.05%:c-d
_ _ 2.00
As min*=As_p_min s_p_min = 245¢m
2 2
Jo=A ‘s A ‘s 3. = 4410.00cm™®
s~ s min'| 5~ €M+ As p min’ re -cm 5= LJuem
Es
o =— o =7.27 3a 6eToH knac B20 n ctomana A llI/
Ey concrete class B20 an steel A lll
€0
6e = T 6e =0.83

My=Mx 15 *Fy_15 N2

3a/ a_ 1.00 n3bupame/ B :=0.70

Koe(bI/ILI,VIeHT 3a n34vyncngaBaHe Ha crndaraHeTo B 3aBUCUMOCT OT

for b chosen dopmaTta Ha byHaameHTa. Mo Tabn. 4.1 ot HMNM®-1996r. /
My, subsiding coefficient acc. to Table 4.1. HMMN®-1996
op=1+p-——
| M,
_ c-d3
SV
N P | o +a-d N 65232.48 kN
or = — oJg o= .
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EN-TECT n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
1
n=——— n = 1.00 e =€yt ey
Nf
1———
Ner
c
€max = &' N +E +5-cm €max = 1.00m
2
Nf-€max ~ T2 RoX1b¢ (g ~ 05Xy Nf €max — Tb2 Ry Pehg @+ (1 - 0.5:0)
AS = R h 5 ASl = R h 5
sc'( 0~ 'Cm) sc'( 0~ -cm)

Xq = 0.25cm XR = 34.90cm
Reinforcement := if(x1 < XR’As’Asl)

OnbHHa (HaTUCKOBA) apMUPOBKa Ha NOAKONOHHMKA -
Stretching (stress) reinforcement

Reinforcement = 0.48 cm2'OO

ONPEAENAHE HA HOCELLATA APMUPOBKA HA CPA3BAHE - CTPEMEHA 3A NOAOKOJIOHHUKA.
CALCULATION OF THE CARRYING REINFORCEMENT OF THE FOUNDATION TOP

Q= if(max(FX_l.z) > maX(FY_l.Z)’maX(FX_l.Z)’maX(FY_1.2)) Q =4.40kN
1. MpoBepka 3a 4OCTAaTbLYHOCT HA CEYEHUETO Q<Qy

1. Checking the reinf. section

Qpy = 0.3-Ry-d-hg Qpy = 232x 10°kN
2. Nposepka 3a cnocobHocTTa Ha ceveHneTo camo aa noHece Q/ Q restrain check Q<Qy
Qp = 0.6:Rpyd-hy Qp = 327.60kN

3aknoyeHue: CeyeHneTo e B CbCTOSIHME CaMo Aa NoHece cpsA3BaHeTo. ApMUMpPOBKaTa € KOHCTPYKTUBHA - CTPeMeHa
¢8 npe3 20 cm.
Conclusion: The requirements are fulfilled. The reinforcement is constructive ¢8 through 20cm

NMPOBEPKA HA NPOOABHBAHE/ COLLAPSE CHECK
Oy = 1.2 3a 0bukHoBeH 6eToH knac B20/ concrete class B20
Up = 2-c+2-d+ 4-hf1
Nt chk = %m Rpt Umho
N = 30.28 kN Nf_chk = 3931.20 kN
ONPEOENAHE HA HOCELLUA APMUPOBKA 3A ®YHOAMEHTHATA MJNIOYA/ FOUNDATION REINFORCEMENT

1. NopHa apmuposka/ Upper reinforcement

—2.00

q:= (hey —hyg) 7 q=17.32kN-m

I =S I, = 0.35m

k=™, k="

q~|k2~1-m
Mku ::T Mku: 1.06 KN-m
. Mku .
o= . o, = 0.00069 Mgy = 0.995
Ry 100~cm-(hf1 - 5-cm)
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EN-TECT n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
M
Ag = ky Ag, =009 cm2'00 3a 1 nnuHeeH meTbp/ per linear meter

Rscm ku'(hfl - 5-cm)

2. lonHa apmuposka/ Lower reinforcement

c = max(max(c ),max(o ),max(cs ),max(c )) c =78.49 kN
max 1 max_1.2 2_max_1.2 3_max_1.2 4 max_1.2 max 500
2
‘ Omax Ik 1M
. Mkb .
(Xb = 2 (Xb = 0.003 T]kb = 0.9925
Ry 100~cm-(hf1 - 5-cm)
Mib 2.00
Ash = R her — 5.cm Asp = 043cm 3a 1 nuHeeH meTbp/ per linear meter
sc'“kb'( f1— > C )
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