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:

AQN:: 1.5 KoeMUMEHT Ha 3HAYMMOCT Ha CrpamTe U CbOPBXEHMSATA 33 ENEKTPO N 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 KoedULMEeHT Ha pearupaHe Ha KOHCTPYKLMATA,;
KC :=0.27 censmnyeH koeduumneHT/ seismic coefficient
Bi =25  OVHaMWYeH KoedpMUMEHT 3a TpeTa rpyna no4su;
Nik = 1 KoedMUMNEHT 3a pasnpeneneHne Ha U3YNCNUTENHOTO CEM3MUYHO HAaTOBapBaHe;

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 : : : fy24 "12 N
( DIN 18800): Y 12 mm
C380/230
(BCT3cn5) fyoa[ €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*
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH kunnmMHeeH paseanHuTenN ctp2ot 30
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EN-TECT

EST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

ONPEAENAHE HA YCUNUATA HA TOPEH Pbb ®YHOAMEHT

CXEMA HA HATOBAPBAHUATA

CACULATION OF UPPER EDGE FOUNDATION STRESS
LOAD DIAGRAM

p,/2

P2

Fsx
Fox
Flx

Faz
Fraz

Fsx
Fox
FiLx

Faz
Fraz

Fsx
Fox
FiLx

Faz
Fraz

e

Fuix

FEox

fwx

fyeEax
7

05F
05Fekz1z

0-5Fwkxa
0.5 eqkzix

UG

fucwx

)

CEQZ

fuceax

Fuez
fugeaz

P

ka1

TEakziz

fucw

-

4
fuceaz

fuceax

Feakzx

I

3 az
5F Eaz

3F o
3F px

3F 1%

S EQx

3Fwx

Ps

1.5Fz1

fucz

fuceaz SFeakziz

FUCWY W‘SFWKYW
FUceQy 1-5EQKz1y

/2 fa

OumeHcun / Dimensions:
| :=
M

n:=I1-h
AnameTbp Ha cbopbXKeHueTo/ equipment diameter:

ToBapu ot cbopbxeHueto/ Equipment loads:

OCHOBHW/ NORMAL:
Co6CTBEHO TErno Ha CbopbXEeHNEeTo/
Dead load of equipment:

BaTbp BbpXy cvopbxeHune/ Windload on equipment:

n = 2350.00 mm e = 350-mm ey = 700-mm eq = 1700-mm fl :=2300-mm

2500mm h:=150-mm a:= 825mm b := 825mm &= 825mm d := 1650mm p; := 1400-mm p, := 1300-mm p3 := 1050-mm

f2 = 2250-mm dk = 240-mm

K., -koedu1UMeHT 3a oT4uMTaHe Ha BATbPa Mo BUCOYMHa/ no tabn.9 Ha Hapepn6a 3/ k, =075 Toy = 14
windload height coefficient acc.to Regulation No3,tab.9
05, 05
no cxema 12a 1abn.8.2 Ha Hapenba 3 5 5 m ~-kg
acc.to diagram 12a,tab.8.2 of Re:= 0'88'dk'\/ Wik Y10 Re =5.99x10 s
Regulation No3
no cxema 13 (T 1) Tabn.8.2 Ha Hapenba 3 3a/ _d
acc.to Regulation No3,tab.8.2 hg = d_k he=16388
k :=0.617
A :=0.001 - 3a CTOMaHeHU KOHCTPyKLUM/ A _31
for steel constructions: do =4.17x10 m
k
OpasmepsiBaHe Ha ONOpHa KOHCTPYKLMS TpudaseH KunnMHeeH paseamHuTen ctp 3ot 30
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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

HOpMaTMBHa CTOMHOCT Ha cTaTu4yHaTa KOMMOHEHTa Ha HaToBapBaHe OT Bﬂpr/

static winload:

Fwxc = FwxnTfw  Fwxc = 0-10kN
Fwye = FwxnTfw  Fwyc = 0-10kN

Wy =W kg, W,= 0.18—2

m

OnbBaTtenHa cuna Ha NPOBOAHUK:
Static conductor tension

BATbp BbpXY NpoBoAHUK/
Windload on conductor:

MoHTaxeH ToBap/ Errection load:

OCOBEHWU/EXCEPTIONAL
Kbco cveanHeHune/ Short-circuit forces:
Cwvnu ot npeskntoyBaHe/

Switching forces:

Ceunsmumynu cunum/
Earthquake load:

Foxp = 0.00-kN Foxc = 1.3Fgxn
Fgyp = 0.50-kN Fove = 1.3Fgyp

Foxc = 0.00kN
Fgyc = 0.65kN

Fexn = 0.00-kN  Foyp = 0.00-kN Frzpavy = 0.00-kN - Frzpin o= 0.00-kN

Feoxn = aFazn
FeQyn = avFazn
FeQzn = av-Fazn

FeQkxn = Fkzn'ah
Feokyn = Fkzn'ah
FeqQkzn = Fkznav

OnopHa koHcTpykuus/ Supporting structures Konona/ Column

Cob6ceTtBeHo Terno / Dead load:

Guczn = 0-25— Fyczn = Gyczn"

m

Fucze=12Fyczn  Fucze = 0-71kN

BaTbp BbpXy onopHa koHcTpykumsa/Windload: bey = 80-mm oy = 140-mm
kN kN
dowxn = Pex (0.6 +0.8)- W, dowxn = 0-09— Yewyn = bcy'(o'6 +0.8)-Wp, Yewyn = 0.15—
m m
Fucwxn = ewxn ™" Fucwxn = 0-20kN Fucwyn = Gewyn " Fucwyn = 0-35kN

Fucwxe = Yfw Fucwxn Fucwxc = 0-28kN

Ceunsmumynu cunum/ FUCEQXn
Earthquake load: FUCEQYn
FuceQzn

= ahFUCZn FUCEQXn = 0.20kN
= ahFUCZn FUCEQYn = 0.20kN

= aV'FUCZn FUCEQZn = 0.20kN

Fucwye = YiwFucwyn  Fucwyc = 0-49kN

OpasmepsiBaHe Ha ONopHa KOHCTPYKLMS
n cbyHaameHT F4
Calculations of F4 support and foundation

TpudaseH KunnMHeeH paseamHuTen
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EN-TECT n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
pepna/ Beam KN
Co6cTeeHo Terno/Dead load:  Gugzn = 0'4'7 Fuezn = qugzn'2'2'e3 Fueze =11 Fuczn Fucze = 2:99kN
BaTbp BbpXy onopHa koHcTpykumnsa / Windload:
kN kN
bg = 180-mm Ggwxn = bg~(0.6 +0.8)- W, dgwxn = 0.19? Ggwyn = bg~(0.6 +0.8)- W, dgwyn = 0.19?
Fuewxn =0 Fucwxn = 0-00kN Fuewyn = 9gwyn'263  Fugwyn = 0-66kN
Fuewxc = TwFuewxn  Fuewxc = 0-00kN Fuewyc = Tiw Fuewyn Fuwyc = 0-92kN
CeunsmMuynm cunu/ F :=ah-F F = 0.91kN
UGEQXn UGZn UGEQXn
Earthquake load: Q Q
FuceQyn = Fuczn  Fuceqyn = 091kN
FuceQzn =a"Fuezn  Fuceqzn = 0-91kN
OlPELQEJISAHE HA YCUJIUATA HA TOPEH Pbb ®YHOAMEHT.
CALCULATION OF THE STRESS ON THE UPPER EDGE FOUNDATION.
A: Cob6cTBeHo Terno / Dead load:
HopMaTMBHM HaToBapBaHus/normative loads
‘ FAZn~(2f2 - 0.5f; - O.5p1) + FKZnA(fz —ey- o.75f1) FUGZn-(f2 - e3)
FZminAn = : +Fuczn* : FZminan = 3:44kN
2 2
' FAZn~(2p1 +pp - f2) + FKZn-(o.sf2 +0.25f; + ez) FuGZn 3
FZmaxAn = f +Fuczn* : FZmaxan = 4-90kN
2 2
nsyncnuTenHu HatosapsaHus/calculating loads
‘ FAZCA(sz ~ 0.5 - 0.5p1) + FKZC-(f2 —ey- O.75f1) FUGZCA(fz - e3)
FZminAc = : +Fuczet : FZminac = 4.06kN
2 2
‘ FAZC~(2p1 +Pp - f2) + FKZC~(O.5f2 +0.25f; + e2) FuGZc®3
FZmaxAc = T, +Fucze* f FZmaxac = 5-67kN

F :=0.000kN M =0
XAc YAc MYAc = 0.00KN-m

Fyac = 0.00-kN Myaq = 1.5Fy 78 Myac = 041KN-m

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

FzmaxC1n = : M FZmaxcin = 0-30kN
2 2
Fzmincin = ~Fzmaxcin FZmincin = ~0-30kN
3 3 Fuewxn  15Fwkxn
Fxctn =< Fwxn * Fucwsxn + S Fxn t ——— = Fxcin = 0-65kN
3 Fucwxn" 3 Fuewxn™  1-5Fwkxn'P3
Mycin = =Fwxn (N+b) + —————+ —F y(n+d) + + Mycin = 1.39kN-m
2 2 2 2 2
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH kunnmMHeeH paseanHuTenN ctp5ot1 30
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"
110kV Switchyard

nsyncnuTenHu HatosapsaHus/calculating loads

FZmaxcic = : + :
2 2
FZmincic = ~Fzmaxcic
3 3 Fuewxe  19Fwkxc
Fxcic = 7 Fwxe * Fucwxe ¥ 5 FLxe * +
2 2 2 2
3 Fucwxc 3 Fuewxe "  15FwkxcP3
Mycie =S Fwxe (M +0) + ————+"F xc(n+d) + + >
C.2: Batbp no oc Y/ Windload on direction Y
) HopMaTMBHM HaToBapBaHus/normative loads
FZmaxcan =0
FZmincan =0
3 3 Fuewyn  15Fwkyn
Fycan =ZFwyn*tFucwyn 5 FLynt +
2 2 2 2
SFywyn M+ Fycwxnn  3FLyn(n+d) Fygwxnn  1-5FwkynP3
Mycon = + + + +
2 2 2 2 2
) nsyncnuTenHu HatosapsaHus/calculating loads
FZmaxcac =0
FZminc2c =0
3 3 Fuewye  15Fwke
Fycae = SFwye T Fucwye T 5 FLye t———+——
SFwyc(+0)  Fycwxen 3FLyc(M+d) Fygwxen  15FwkyceP3
M = + + + +
XC2c 2 2 2 2 2

D: OnbBartenHa cuna ot npoBogHuk / Static conductor tension
HopMaTMBHM HaToBapBaHus/normative loads

) 3' stn' d
FZmaxDn = P
2

FZminbdn = ~FZmaxDbn

3Fsxn

2
3Fgxp (n+d)

2

Fxpn =

Mypn =

FZmincic = ~0-42kN

Fzmaxczn = 000 kN
FZmincan = 0-00kN

FZmaXCZC = 000 kN
FZminc2c = 0-00kN

FZminpn = 0-00kN

OpasmepsiBaHe Ha ONoOpHa KOHCTPYKLMS
n cbyHaameHT F4
Calculations of F4 support and foundation

TpudaseH KunnMHeeH paseamHuTen
S2DAT 123kV BIL550

p

ctp6 ot 30
age 6 of 30




EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
3
FYDn = EFSYn FYDn = 075 kN

3Fgyp (n+d)
Mxpn = f

n3yncnuTenHu HatoBapeaHus/calculating loads
3-Fay-d
) SXc
FzmaxDc = f
2

FZminDc = ~FzmaxDc

3Fsxc

2
3Fgxc (n+d)

2

Fxpc =

Mypc =
3

Fype = EFSYC

. SFSYC-(n +d)

Mxpc = —

E: Kbco chbeauHeHnue / Short-circuit forces
HOpMaTMBHM HaToBapBaHusi/normative loads

FZmaxen = 0

FZmingn =0
Fxen = Fboxn~ Fpxn
Myen = (Foxn ~ Foxn) (1 + )

..o
YEn - 2
Fpyp (n+4d)
MxEn==———

2

H: MoHTaxeH ToBap / Erection load
HOpMaTMBHM HaToBapBaHusi/normative loads

FZmaxHn = FMzn
FZmian = OOOkN

FxHn = FMxn

MyHn = Fmxn

FyHn=Fmyn

MxHn = Fmynn

n3yncnuTenHu HatoBapBaHus/calculating loads
FzmaxHc = Fmzc

FZminHc := 0.00-kN

FxHc = FMxc

MyHc = Fmxc"

FZminDC = 000 kN

FZminEn = 000 kN

F2maxin = 1-00kN
FZminHn = 0.00kN
Fxpn = L-00kN
My = 2.35kN-m
Fypp = L.00KN
My = 2.35kN-m

FmaxHc = 1-30KN
F2mintc = 0-00kN
Fyhc = 1.30kN

My = 3.06kN-m

Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH kunnmMHeeH paseanHuTenN
n cbyHaameHT F4 S2DAT 123kV BIL550
Calculations of F4 support and foundation
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n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard

FyHe = Fmve Fypc = 1.30kN

MxHc = FmyeD

F: MpeBkniouBaTtenHu cunu / Switching forces

F2maxEn = FCZmaxn HOpMaTUBHU HaToBapBaHus/normative loads

FZminFn = Fczminn

Fxrn = Fexn

Myen=Fcxn?

Fyrn=Fcyn

Mxgen=FcynD

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

3FEQxnd

FZmaxGin = P
2

FZminG1n = ~FZmaxG1n

3 FuceQxn  1SFEQKXn
FxGin=5FeQxn T FuceQxn * ————+ 5

3 n  Fuceoxn™ 15FeqQkxnP3
MyGin = FEQxn M+ + FyceQxn™ * 5 + 5

G2: 3emeTpbe no oc Y / Earthquake load direction Y

FZmInGZn = 0.00-kN

3 FuceQyn  1SFEqQKyn
Fyean=-FEQyn*FuceQvnt ———+ 5

n Fuceoyn™ 1S5FeqkynP3
+

3
Mxc2n =5 FEQyn (N*+ @ + FyceQyn * 5 5

G3: 3emeTpbe no oc Z/ Earthquake load direction Z
HOpMaTMBHM HaToBapBaHusi/normative loads

Feqzn(2f2 ~05f; — 0.5p) + Fequzn(f2 — €2 — 0.75f, )

My = 3-06 kN-m

FZmaxfn = 0-00kN
F2minFn = 0-00kN
FyFn = 0.00kN
My p = 0.00kN-m
Fypn = 0.00kN

Myg, = 0.00kN-m

FZmaxg1n = 0-70kN

FZminG1n = ~0-70kN

FzmaxGan = 0-00kN

Fuceozn'(f2—¢3)

FZminG3an = ; +FuceqQznt ;
2 2
Foi na = 1.1I5KN
ZminG3n
' Feqzn'(2P1 + P2~ ) + FEQKzn'(0.5f, + 0.25F; + &) FUGEQzn €3
FZzmaxGan = 0 +FuceQzn* =, FZmaxGan = 1.64kN

FXGSn = 0.00-kN MYGSn =0

FYGSn = 0.00-kN MXGSn = 15FEQKZnel

Opa3smepsiBaHe Ha OnopHa KOHCTPYKLUMS TpudbaseH kunnmMHeeH paseanHuTenN

n coyHaameHT F4 S2DAT 123kV BIL550
Calculations of F4 support and foundation
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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 = 4-90kN

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 = 3-44kN
Fy1p = 0.00kN
My 1 = 0.00kN-m
Fy1p = 0.00kN
My 1 = 0.34kN-m

FZmaxlc = 5.67kN
FZmin1c = 4.06kN
FXlC = 0.00kN
Mch = 0.00kN-m
FYlC = 0.00kN

FZmaxZn = 5.90kN
FZminan = 3:44kN
FXZn = 1.00kN
MYZn = 2.35kN-m
FYZn = 1.75kN

Myopn = 5.69kN-m

FZmax2c = 6-97kN
FZminz2c = 4-06kN
Fyoc = 1.30kN
My o = 3.06 kN-m
Fyoc = 2.28kN

Myoe = 7.36 kN-m

Opa3smepsiBaHe Ha OnopHa KOHCTPYKLUS TpudbaseH kunnmMHeeH paseanHuTenN
n cbyHaameHT F4 S2DAT 123kV BIL550
Calculations of F4 support and foundation
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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 = 5-17kN

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

FZminan = 3-17kN
FX3n = 0.59kN
MYSn = 1.25kN-m
FY3n = 0.71kN
MXSn = 3.19kN-m

FZmax3c = 6.05kN
FZminac = 3:68kN
FX3C = 0.82kN
MYSC = 1.75kN-m
FY3C = 0.93kN

My3. = 4.11kN-m

FZmax4n = 4.90kN
FZminan = 3:44kN
FX4n = 0.00kN
MY4n = 0.00kN-m
FY4n = 1.60kN

FZmax4c = 5.67kN
FZminac = 4.06kN
FX4C = 0.00kN
MY4C = 0.00kN-m
FY4C = 2.16 kN

Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH kunnmHeeH paseanHuTen
n cbyHaameHT F4 S2DAT 123kV BIL550
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EN-TECT n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
OCOBEHUN KOMBUHALNN/ 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 = 4-90kN
FZzminsn = FzminAn * Fzminen FZminsn = 3:44kN
Fxsn = Fxan* Fxen Fysp = 0.00kN
Mysn = Myan+ Mygn Mygp, = 0.00kN-m
Fysn = Fyan* Fven Fysp = 0.00kN
Mxsn = Mxan* Mxen Mxsn = 0-34kN-m
KombuHauus 6: CT(A)+OnbBaTtenHa cuna ot nposoaHuk(D)+MpeBkntoysaHe(F)
Loadcase 6: CT(A)+Static conductor tension(D)+Switching (F)
FZzmaxen = Fzmaxan + 9-95F zmaxpn + Fzmaxrn FZmaxen = 4-90kN
FZzminén = Fzminan + 999F zminDn * FzminFn FZminen = 3-44kN
Fx6n = Fxan + 0:95Fxpn + Fxrn Fxen = 0-00kN
MY6n = MYAn + 0.95|\/|YDn + MYFn MY6n = 0.00kN-m
Fyen = Fyan* 9-95Fypn+ Fyry Fyen = 0-71kN
Mxen = Mxan* 0-95Mxpn + Mypn Mxen = 3-19kN-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 + FzmaxG3an FZmax7n = 7-23kN
FZmin7n = Fzminan * 0-95F zminbn + FzminG1n + FzminGan FZmin7n = 3-89kN
Fx7n = Fxan* 0-95Fxpn+ Fxgin+ Fxasan Fx7n = 177kN
My7n =Myan+0-95Mypp + Mygin+ Mygsn My7n = 449kN-m
Fy7n = Fyan* 095Fypn* Fygin+ Fyaan Fy7n = 0.71kN
Mx7n = Mxan+ 0-95Mxpn + Mxgin+ Mxasn Mx7n = 3:3LkN-m

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 FZmaxgn = 6-53kN

Fzmingn = Fzminan * %-95FzminDn + FzminG2n * FzminGan FZmingn = 459kN

Fxan = Fxan+ 0-95Fxpn+ Fxgan* Fxaan Fxgn = 0-00kN

Mygn = Myan + 0-95Mypp + Mygon + Mygan Mygp = 0.00kN-m

Fysn =Fyan+0-95Fypn+ Fygan* Fyaan Fygn = 2:48kN

Mxgn = Mxan + 0-9Mypp + My gon + Mxgan Mxgn = 7-80kN-m
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EN-TECT

n/ct "Nayta"110/20kV

Calculations of F4 support and foundation

EL-TEST 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 * 9-8Fzmaxc1in * Fzmaxen FZmax91n = 5-14kN
FZmingin = Fzminan * 9-8Fzminc1in * Fzminen FZmino1n = 3-20kN
Fx91n = Fxan* 0-8Fxcin + Fxen Fxg1n = 0-52kN
Fyoin = Fyan*08Fycin+ Fyen Fygin = 0.00kN
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 FZmaxgzon = 4-90kN
FZming2n = Fzminan * 0-8Fzmincan * Fzminen FZming2n = 3-44kN
Fx92n = Fxan* 0-8Fxcon + Fxen Fxgon = 0.00kN
MY92I’1 = MYAn + OSMYCZn + MYEn MYgzn = 000 kNm
Fygon = Fyan*08Fycon + Fygn Fygon = 0.79kN
ngzn = MXAn + OSMXCZn + MXEn ngzn = 097 kNm
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 * FzmaxGin + FzmaxG3n FZmax101n = 7-23kN
FZmin101n = Fzminan * FzminG1n + FzminGan FZmin101n = 3-89kN
Fx101n = Fxan* FxGin* Fxaan Fx101n = L.77kN
My101n = Myan* MyGin+ Myaan My101n = 4-49kN-m
Fy101n = Fyan* FyGint Fyaan Fy101n = 0.00kN
Mx101n = Mxan* MxG1n+ Mxaan Mx101n = 0-46kN-m
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 + FzmaxG3an FZmax102n = 6-53kN
FZmin102n = Fzminan * FzminG2n + FzminGan FZmin102n = 4-59kN
Fx102n = Fxan* FxGan* Fxaan Fx102n = 0-00kN
My102n = Myan* Mygon+ Myaan My102n = 0-00kN-m
Fy102n = Fyan* FyGant Fyaan Fy1oon = L77kN
Mx102n = Mxan* MxGon + MxaGan Mx102n = 4-95kN-m
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
OpasmepsaBaHe Ha ctonkaTta/Dimensioning of the stand
npaBobrbnHa Tpb6a/ rectangular tube 140.80.5 S$235
Y ag = 80mm bc = 140mm
o~ 3a cbcTaBeHoTO ceveHue/for this section:
7 ) 4 3
Jx = 506cm Wx = T72.4-cm Iy = 5.01cm AU - 20.1-cm2
Iy= 212cm* W, = 53.1.cm° iy = 3.250m
X KoeuMUMEHT Ha n3KbN4BaHe p:=2.00
——
BucovHaTa Ha cTolikaTta 1 CbOpPbXEHNETO lp:=n lp=235m
MN3kbnuBatenHarta gbmkuHa Ii = ],J.-|0 Ii =470 m
MpoBepka Ha ) = L
e J) CTPOWCHOCTTa iy A =144.62 A<hrp=150
KOe(UUMNEHTLT Ha U3KbNYBaHe ¢ := 0.3345
Kom6uHauus 2 / Loadcase 2:
o Mvae Mxac Fzmacc e foLs
LT w, W, eAy oLz =R 078 <1
Sta24
Kom6uHauus 3 / Loadcase 3:
Mysc Mxsc  Fzmaxac f
ch3 = + + N cL3
Wy W, oAy foz= 98.74—2 : =045 1<1
mm Staz24
Kom6uHauus 4 / Loadcase 4:
Myac Mxac  Fzmaxac f
ch4 = + + N cL4
Wy W, oAy fora= 78.96—2 : =0.36 1<1
mm Staz24
Kom6uHauus 5 / Loadcase 5:
. Mysn N Mxsn N Fzmaxsn . oo N feLs 005 .
cL5 = cLs = N —— =v <
Wy Wy oAy mm2 fstaza
Komb6uHauus 6 / Loadcase 6:
Myen Mxen  Fzmaxen f
chG = + + N cL6
Wy W, oAy foe = 51.36—2 : =0.24 1<1
mm Staz24
Kom6uHauusa 7 / Loadcase 7:
My7n  Mx7n Fzmax7n f
ch7 = + + N cL7
Wy W, oAy foL7= 141.02—2 : = 0.65 1<1
mm Staz24
Komb6uHauus 8 / Loadcase 8:
. Myagn N Mxgn N Fzmaxan . 74z foLs - .
cL8 = cLg = LrfAe—— =u 1<
Wy Wy oAy mm2 fstaza
Kom6uHauus 9.1 / Loadcase 9.1:
. Myo1n . Mx91n . FZmax91n . 2305 N feLo1 o5 )
cL91 = cL9l = P =0. 1<
Wy Wy oAy mm2 fstaza
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Kom6unauumsn 9.2 / Loadcase 9.2:
- Myg2n . Mxg2n  Fzmaxozn L gy = 2060 N foroz 008 e <1
Wy Wy oAy mm 2 Sta24
Kom6unaums 10.1 / Loadcase 10.1:
101 My101n . Mx101n  Fzmaxioin L 101 = 10166 N feL101 04 ve1
Wy Wy oAy mm2 Sta24
Kom6uHaums 10.2 / Loadcase 10.2:
10 My102n . Mx102n  Fzmax102n L 109 = 7807 N feL102 036 v <1
Wy Wy oAy mm2 Sta24
3aknroqeHue: BCUUKN HanpexeHus1 ca No-Masnkm ot o,,,,,=218.18 MPa
Conclusion: All stresses are lower than o, ,=218.18 MPa

Lo

JLS

Lu

L7

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:

max

n3bpaHu:

A4 AHkepHu 6onTtoBe M20

S355

chosen:

A4 anchorbolts M20

S355

I7 = 300mm |8 = 250mm

fia5 g = 245.45 >
mm™

KombuHauus 2/ Loadcase 2:

N ) MXZC . MYZc . FZmach
max2 -~
2-I7 2I7 2-2
2 2
| Fxec) [Fyae
Qmax2 = 2 + 2

Mmax2 = Qmax2'lg'0-5

N M

max2 max2

+

f .., — 138.55 MPa
ch2
Ap2o Wh2o

fon2 =

KombuHauusa 3/ Loadcase 3:

MX3C MYSc FZmax3c
+ +

2l; 21y 2:2

2 2
| Fxae) [Fyae
Qmaxa = 2 ) T\ T2

N

max3 ‘=

Ig :=100.00mm

2

IlO = 16mm

3

Nax2 = 19.11kN

Qraxp = 0-66kN

Mmaxz = 0.03kN-m
fcb2

= 0.56 1<1
ta5.6

Nmax3 = 11.28kN

Qrax3 = 0-3LkN

orbBauw MomeHT/ Mpmax3 = Qmaxzlo-0-5 Max3 = 0-02kN-m
bending moment:
HanpexeHue Ha HaTUck/ o Nrmax3 . Mmax3 ; 7470 MPa feb3 0.30 1
compression stress: ch3 = cb3 = - 1<
B Ap20  Wh20 fta5.6
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EN-TECT

n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Komb6uHauusa 4/ Loadcase 4:
MX4c MY4c FZmax4c
HopmanHa cunal/ N = + +
normal force: maxa 2l 217 22 N = 9.93kN
normal Toree. max4 = ¥
2 2
cpasBaula cuna/
chnsa_a af cvm.a/ - Fxac Fyac
shearing force: Qmaxd = 7 + 7 Qmaxa = 0-54kN
orbBally MOMeHT/ _
bending moment: Mmax4 = Qmaxa lg'0-5 Mmaxg = 0-03kN-m
HanpexeHue Ha HaTUCK/ i Nmax4 . Mmaxa ; 90.55 MPa fena 0.37 1
compression stress: ch4 = ch4 = 7+ - 1<
B Ab20 Whoo fa5.6
Komb6uHauusa 5/ Loadcase 5:
HopmanHa cunal/ N _ Mxsn . Mysn . FZmaxsn
normal force: max5 = T, 20 2.9
7 7 Nmax5 = 1.79kN
2 2
cpaAsBaula cuna/
chnsa_a af cvm.a/ - Fxsn Fysn
shearing force: Qmaxs = 7 + 2 Qmaxs = 0-00kN
orbBally MOMeHT/ _
bending moment: Mmaxs = Qmaxslg'0-5 Mmaxs = 0-00kN-m
HanpexeHue Ha HaTUCK/ fo Nmaxs  Mmaxs ; 789 MPa fens 0.03 1
compression stress: ch5 -~ chs = - - 1<
B Ab20  Whoo fa5.6
Komb6uHauusa 6/ Loadcase 6:
HopmanHa cunal/ N _ Mxen . Myen . FZmaxen
normal force: max6 = ", 20 2.9
7 7 Nmax6 = 6.54kN
2 2
cpAsBaula cuna/
chnsa_a ?cvm.a/ - Fxén Fyen
shearing force: Qmax6 = 7 + 7 Qmaxg = 0-18kN
orbBauw MomeHT/ Mmax6 = Qmaxslo-0-5 Maxg = 0-00kN-m
bending moment:
N M f
max6 max6 ch6
HanpeXeHue Ha HaTUck/ fope = + fopg = 26.71MPa =0.11 1 <1
compression stress: Ap2o Wh2o ta5.6
Komb6uHauusa 7/ Loadcase 7:
HopmanHa cunal/ N _ Mx7n . My7n . FZmax7n
normal force: max7 "~ "o, o 2.9
7 7 Nmax7 = 14.81kN
2 2
cpAsBaula cuna/
chnsa_a af cvm.a/ - Fx7n Fy7n
shearing force: Qmax7 = 7 + 7 Qmax7 = 0-48kN
orbBally MOMeHT/ _
bending moment: Mmax7 = Qmax7-l9'0-5 Mmax7 = 0-02kN-m
HanpexeHue Ha HaTUCK/ o Nmax7 . Mmax7 ; 104.43 MPa fen7 0.43 1
compression stress: ch7 = ch7 = =% - 1<
B Ab20  Wh2o fa5.6
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"

110kV Switchyard

KombuHauus 8/ Loadcase 8:

HopmanHa cunal/ N _ Mxgn . Myagn . FZmaxsn
normal force: max8 -~
e 2l 217 22 Niaxg = 14-63kN
cpassawa cuna/ > >
shearing force: _ Fxan Fysgn
Qmaxg = 2 + 2 Qmaxg = 0-62kN
orbBally MOMeHT/
bending moment: Mhax8 = Qmaxg’lg:0-5 M axg = 0-03kN-m
Hanpexetue Ha HaTuck/ Nmaxs  Mmaxs febs
compression stress: fhgi= + f o = 116.99 MPa =0.48 1<1
ch8 A W ch8 f
b20 b20 ta5.6
KombuHaums 9.1/ Loadcase 9.1:
HopMmanHa cunal N _ Mxomn  Mvoin  Fzmaxotn
normal force: max91 =
e 2l 217 22 Niaxo1 = 3-70kN
2 2
cpaAsBaula cuna/
ch"?'B.a ?c""?/ ~|[ Fxatn Fyoin
shearing force: Qmax91 = 7 + . Qmaxo1 = 0-13kN
OorbBaLl MOMeHT/ _ _3
bending moment: Mmax91 = Qmaxa1 905 Mmaxgy = 6:54x 10 "kN-m
HanpexeHue Ha HaTUCK/ ; . Nmax91  Mmaxo1 ; 27 20 MPa fepo1 011 1
compression stress: ch91 -~ ch91 = <" - '<
B Ab20 W20 fa5.6
KombuHaums 9.2/ Loadcase 9.2:
Mxo2n  Mygon  Fzmaxgzn
HopmanHa cunal N = + +
normal force: max92 2l 217 22 N = 2.84kN
_— max92 ~— <
2 2
cpAsBaula cuna/
ch"?'B.a ?c""?/ ~|[ Fxazn Fyoan
shearing force: Qmax92 = 7 + 2 Qmaxg2 = 0-20kN
OorbBaLl MOMeHT/ _ _3
bending moment: Mmax92 = Qmaxg2'l9:0-5 Mmaxgz = 9-83x 10 "kN-m
HanpexeHue Ha HaTUCK/ ; . Nmax92 . Mmax92 ; 29.78 MPa fepo2 0.12 1
compression stress: ch92 -~ ch92 = < - '<
B Ab20 W20 fa5.6
Kom6buHaumsa 10.1/ Loadcase 10.1:
Mx10tn  My10in  Fzmaxi01n
HopmanHa cunal/ N = + +
force: max101 === 21 2.2
normal force: 7 7 Niax101 = 10.06kN
2 2
cpAsBaula cuna/
ch"?'B.a ?c""?/ | Fx101n Fy101n
shearing force: Qmax101 = 7 + 7 Qmax101 = 0-44kN
orbBauw MomeHT/ Mpmax101 = Qmax101-l9:0-5 Max101 = 0-02kN-m
bending moment:
Nmax101  Mmax101 feb101
HanpeXeHue Ha HaTUck/ f = + f = 81.85MPa =0.33 1 <1
- ch101 A W ch101 f
compression stress: b20 b20 tab.6
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV
OPY 110kV

110/20 kV Substation "Lauta"

110kV Switchyard

KombuHaumsa 10.2/ Loadcase 10.2:

Mx102n

HopmanHa cunal/

My102n
+

FZmaxlOZn
+

Nmax102 = ol
normal force: 7

2:l;

2:2

cpsasBawa cunal

Fx102n

Fy1o02n

shearing force:

Qmax102 = (
orbBally MOMeHT/

4

J+(

4

T

Nmax102 = 9:88kN

Qmax102 = 0-44kN

bending moment: Mmax102 = Qmax102'19'0-5 Mmax102 = 0-02kN-m
HanpexeHue Ha HaTuck/ ‘ Nmax102 . Mmax102 ; 81 14 MPa feb102 0.33 1
compression stress: cb102 -~ cb102 = O e '
B Ab20 Wh20 ftas.6
AHkepHu nnaHku/ Anchor plates pl. 10/100x100 jate = 100.00mm ly3 0 = 0.60 m
HanpexeHve Ha HaTuck/ cpsassalla cuna 6etoH B20 ) ) N
compression stress/ shearing stress concrete B20 fconpa =123 foonsa = 1.80 5
mm mm
‘ 3 Kom6uHauus 2/ Loadcase 2:
: ) - Nmax2 fconpz
[ . fconpz = . fconpz = 1.96 MPa . =0.16 1<1
_
_______ S Ilate ~ Ab20 conpa
R I R ‘ Nmax2 feons2
'''''''''''''''''''''''''''' £ fconsz = ﬁ fconsz = 0.08 MPa f = 0.04 1<1
DODRERC I RN I plate'11min consa
SRR I SRRSO Kom6unauus 3/ Loadcase 3:
- ‘ Nmax3 fconp3
fconp3 — fconp3 = 1.16 MPa . = 0.09 1<1
Iolate ~Ab20 conpa
) Nmax3 fcons3
fcons3 = ﬁ fcons3 = 0.05MPa f =0.03 1<1
“'plate’"11min consa
KombuHauums 4/ Loadcase 4:
) Nmax4 fconp4
fconp4 = . fconp4 = 1.02 MPa . = 0.08 1<1
Iolate ~Ab20 conpa
) Nmax4 fcons4
fcons4 = ﬁ fcons4 = 0.04 MPa f =0.02 1<1
“'plate’"11min consa
KombuHaums 5/ Loadcase 5:
) Nmaxs fconp5
fconp5 = . fconp5 = 0.18 MPa . =0.01 1<1
Iolate ~Ab20 conpa
) Nmax5 _3 fc0n55 _3
foonss = T foonss = 747 10 “MPa . =4.15x%x 10 1<1
“'plate’"11min consa
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLMS TpudbaseH kunnmMHeeH paseanHuTenN ctp 17 ot 30

n cbyHaameHT F4

S2DAT 123kV BIL550

Calculations of F4 support and foundation

page 17 of 30




EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Komb6uHauus 7/ Loadcase 7:
feonn7 = max? f o =152MP feonp7
oy 2 conp7 = =>4 Ploo12 a<1
plate ~ Ap20 fconpa
. Nmax7 feons7
foons7 = o L feons7 = 0.06 MPa . =003 <1
“'plate’"11min consa
Komb6uHauus 8/ Loadcase 8:
) Nmaxs fconp8
feonpg == Tconpg = 1-50MPa ——=012 <1
Iplate ~Ap20 conpa
. Nmaxs feonss
foonss = o L fconsg = 0-06 MPa . =003 u<1
“'plate’"11min consa
Kom6uHauus 9.1/ Loadcase 9.1:
) Nrmaxo1 fconp91
feonpor == Tconpo1 = 0-38 MPa f -003 1<l
Iplate ~Ap20 conpa
) Nmax91 fconsgl
feonso1 = Al feonso1 = 0.02MPa : =857xl1<1
“'plate’ "11min consa
Komb6uHauus 9.2/ Loadcase 9.2:
) Nrax92 fconp92
feonpo2 = > foonpoz = 0:29 MPa f -002 1<l
Iplate ~Ap20 conpa
) Nmax92 fc0n592
foons92 = Al feonsg2 = 0-01MPa ; =658x1 <1
“'plate’ "11min consa
Kom6uHauums 10.1/ Loadcase 10.1:
) Nmax101 fconplOl
fconplOl T, fconplOl = 1.03MPa N =008 1<1
Iplate ~Ap20 conpa
) NmaxlOl fconlel
feons101 = T feons101 = 0.04MPa N =002 1<1
“'plate’ "11min consa
Kom6uHaums 10.2/ Loadcase 10.2:
) Nmax102 fconp102
fconp102 T, fconp102 = 1.01MPa N =008 1<1
Iplate ~Ap20 conpa
) Nmalx102 fconleZ
feons102 = 77— Teons102 = 0:04MPa ——— =002 u<1
“'plate’ "11min consa
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH kunnmHeeH paseanHuTen ctp 18 ot 30
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EN-TECT
EL-TEST

n/ct "Nayta"110/20kV

OPY 110kV

110/20 kV Substation "Lauta"

110kV Switchyard

Mnaxku/ Plates pl. 6/200x120  S235 b _=14000mm Ig=250.00mm t:= 6:mm
— _ o 2
lsupportingY = ('7 - bc)~0.5 lsupportingy = 80-00mm lpolt := 20-mm Ig™t, 4 3
Wr: 5 Wr =6.25x 10 mm
KombuHauums 2/ Loadcase 2:
Nmax2 IsupportingY N firo
fioi= fin = 24.46 —— =011 1<1
tr2 W tr2 D) f
r mm Sta24
KombuHauumsa 3/ Loadcase 3:
Nmax3' IsupportingY N fir
fin = fin=14.44—— =0.07 1<1
tr3 W tr3 D) f
r mm Sta24
KombuHauus 4/ Loadcase 4:
Nmax4 IsupportingY N fira
fipi= fo=1271—— = 0.06 1<1
trd W trd > f
r mm Sta24
KombuHauums 5/ Loadcase 5:
Nmaxs IsupportingY N firs
foci= fie = 2.30—— =0.01 1<1
tr5 W tr5 > f
r mm Sta24
KombuHauums 6/ Loadcase 6:
Nrmax6 IsupportingY N fir6
fipi= fin = 8.38—— = 0.04 1<1
tré W tré 5 f
r mm Sta24
KombuHauums 7/ Loadcase 7:
Nmax7 IsupportingY N fir7
fi7:= f,-=18.95—— = 0.09 1<1
tr7 W tr7 > f
r mm Sta24
KombuHauwms 8/ Loadcase 8:
Nrmaxg’ IsupportingY N firg
fiqi= fiq=1873—— = 0.09 1<1
tr8 W tr8 D) f
r mm Sta24
KombuHauwms 9.1/ Loadcase 9.1:
Nmax91'|supportingY N firo1
f = f =474—— =0.02 1<1
tr91 W tr91 D) f
r mm Sta24
KombuHauums 9.2/ Loadcase 9.2:
Nmax92- IsupportingY N fira2
f = f =3.64—— =0.02 1<1
r92 W r92 D) f
r mm Sta24
KombuHaumsa 10.1/ Loadcase 10.1:
) NmaxlOl"supportingY N firi01
ftrlOl = W ftrlOl = 12.87—2 ; = 0.06 1<1
r mm Sta24
KombuHaumsa 10.2/ Loadcase 10.2:
) NmaxlOZ"supportingY N fir102
r mm Sta24
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH kunnmMHeeH paseanHuTen ctp 19 ot 30
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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. 16/420x420  S335 l10 = 16.00mm
. _ _ 2
Iwar«H—a&05+20mm lgyppy = 130.00mm Iy, = 20.00mm o . s
W, = —(2-|SUIOIOY + 'bolt) Wy = 1.19> 10" mm

KombuHaums 2/ Loadcase 2:

) Nimax2’ IsuppY
fepe=——

pl

KombuHaumsa 3/ Loadcase 3:

ftGpS _ Nmax3'|suppY

Wpl
KombuHauuns 4/ Loadcase 4:
fipa = Nmax4'|suppY

Wpl
KombuHauuns 5/ Loadcase 5:
ftGpS _ Nmax5'|suppY

Wpl

KombuHaumsa 6/ Loadcase 6:

ftGp6 _ Nmax6'|suppY

Wy
KombuHauuns 7/ Loadcase 7:
ftGp7 _ Nmax?'lsuppY

Wpl

KombuHaumsa 8/ Loadcase 8:

) Nrmaxs' IsuppY
feps =

pl

pl

N
mm

N
mm

N
mm

N
mm

N
mm

N
mm

N
mm

KombuHaums 9.1/ Loadcase 9.1:

) Nmax9o1’ IsuppY
fepor =——

pl

N
mm

KombuHaums 9.2/ Loadcase 9.2:

) Nmax92- IsuppY
fepo2 = ——

pl

N
mm

KombuHaumsa 10.1/ Loadcase 10.1:

Nmax101° IsuppY

figpro1 = W

pl

N
mm

KombuHaumsa 10.2/ Loadcase 10.2:

Nmax102 IsuppY

figp102 = W

pl

N
mm

6

fiGp2

-064 <l
fstaze
fiGp3

-038 <l
fstaze
fiGpa

-033 a<l1
fstaze
fiGps

-006 <l
fstaze
fiGpe

-022 <l
fstaze
fip7

-049 <1
fstaze
fiGps

-049 <1
fstaze
ficpo1

~012 w<1
fstase
ficpo2

-009 w<l1
fstase
f
tGp101

-033 a<1
fstase
f
tGp102

-033 a<1
fstase

OpasmepsiBaHe Ha ONoOpHa KOHCTPYKLMS
n coyHaameHT F4
Calculations of F4 support and foundation
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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 Noa ®YHOAMEHT
CALCULATION OF SOIL BASE UNDER FOUNDATION
>,y
By
TuﬁmWMﬁl =TT =TT J
‘ Gprjor | % «
\ |
ol e M_Fun| X, E
J adhd J
1 T
I
Mx
Fx
I Fy My =
u ——
Y
<t
| o J
1 T
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 Fy1o01n FZmax101n Fzmin101n
Fx102n Fy102n Fzmax102n FZmin102n
Mx1n My1n
M MXZn M MYZn
X 15* Y 15°%
- Mx3n - My3n
Mxn Myan
ctp 21 ot 30
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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 := hey + hgy hg=155m BucounHa Ha cpyHaameHnTa / Foundation height

OnpepensiHe Ha BepTUKanHarta cuna Ha poneH p'l:6 beHAaMEHT.

NE nor
Vertical stress on lower edge foundation -

) kN O6emHo Terno Ha 6eToHa. Concrete unit weight.
Y= 24-5
v, = 16,5.k_’\3l 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/

Foundation dead weight

TernoTo Ha noyBeHaTa 3acurnka Bbpxy pyHaamenTa/
Soil embankment weight

Gfnor := G1 + 62 Gfnor = 30.58 kN

Gpnor := (a-b - c~d)~(hf2 - th)'Vz Gpnor = 25.47kN

NE nor max_1.5= Fzmax_1.5 + Gfnor + Gpnor NE nor max_1.2 = Fzmax_1.2 + Gfnor + Gpnor

NE nor_min_1.5 = Fzmin_1.5 *+ Gfnor + Gpnor NE nor_min_1.2 = Fzmin_1.2 + Gfnor + Gpnor

60.942 59.483

61.942 59.483
NF_nor_max_l.S = 61.212 kN NF_nor_min_l.5 = 59213 kN

60.942 50.483

OpasmepsiBaHe Ha ONOpHa KOHCTPYKLMS
n cbyHaameHT F4
Calculations of F4 support and foundation

TpudaseH KunnMHeeH paseamHuTen
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EN-TECT n/ct "Nayta"110/20kV

EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard

60.942 59.483

60.942 59.483

63.277 59.934

62.579 60.633

NF_nor_max_l.z = 61.182 kN NF_nor_min_l.2 = 59.243 kN

60.942 59.483

63.277 59.934

62.579 60.633

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 1.5 =Mx 15+Fy 150 Mgn x 12=Mx 120+Fy 100

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

Mfun v 15 =My 15+Fx 15N Mgn v 12=My 10 +Fx 100

0.341 0

8.404 3.9
Miun_X_15 = | ; ygg | <N Miun_v_15= |, ;5 |KN'™

6.375 0

0.341 0

4.296 0

4.41 7.23

11.64 0
Miun_X_12 = [ 5 34, [N Miun_v_12= | o, |KN'™

2.19 0

0.455 7.23

7.685 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

2
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
c = - c = -
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
o H = - o : = —
2_min_15 Ffund Wx Wy 2_min_1.2 Ffund Wx Wy
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLNS TpudbaseH KunnmMHeeH paseanHuTen ctp 23 ot 30
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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_15 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_1.5 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
30.347 30.347 31.839 31.839
47 | kN 21.755 | kN 58.506 | kN 41.451 | kN
©1 max_ 15~ 5, %2 max 157 5, %3 max_ 157 5, %4 max_ 157 —
— = 17.114 | 2 — = 26.562 | 2 — 0= 45.347 | 2 == 359 | 2
17.153 17.153 45.032 45.032
30.347 30.347 31.839 31.839
21.7 21.7 40.486 40.486
6.833 38.451 57.735 26.117
6.477 | kN 6.477 | kN 57.379 | kN 57.379 | kN
1 max_1.2 = 26.27 F 02 max_ 1.2 = 34668 F 03 max_1.2 = 36.16 F S4 max_1.2 = 27763 F
26.305 26.305 35.881 35.881
15.48 47.098 49.089 17.47
15.123 15.123 48.732 48.732
29.602 29.602 31.095 31.095
3.445 | kN 20.501 | kN 57.252 | kN 40.197 | kN
%1 min 15~ 16094 | 2 02 min 15~ 25542 |2 %3 min_ 15~ 44307 | 2 %4 min 15~ 3488 | 2
m m m m
16.409 16.409 44.288 44.288
29.602 29.602 31.095 31.095
20.956 20.956 39.741 39.741
5.128 36.746 56.03 24.412
5.484 | kN 5.484 | kN 56.386 | kN 56.386 | kKN
%1 min_ 12 < - %2 min_ 12 = - %3 min_1.2 = %4 min_1.2 = -
= 25281 | 2 - = 33.679 | - = 35.171 | = 26.773 | )2
25.561 25.561 35.136 35.136
13.774 45.392 47.383 15.765
14.13 14.13 47.74 47.74

3aknroveHue: YOOBNeTBOPEHU ca YCIOBUATA Ha 4n

. 57(4) ot Hapen6a Ne1 3a npoekTupaHe Ha Nnocko cphyHAupaHe..

‘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

Kps:=15 Safety coefficient for normal loadcases

OpasmepsiBaHe Ha ONoOpHa KOHCTPYKLMS
n coyHaameHT F4
Calculations of F4 support and foundation
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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_l.S Mzad_X_min_l.S Mzad_Y_max_l.S Mzad_Y_min_l.S
2Ky g 2Kjg — 2Kk g ———— 2K 5
Mfun X 1.5 Mfun X 1.5 Mfun v 15 Mfun v 15
Mzad_X_max_1.2 Mzad_X_min_l.Z Mzad_Y_max_1.2 Mzad_Y_min_l.Z
Mfun X 1.2 Mfun X 1.2 Mfun v 1.2 Mfun v 1.2
0.512 42.659 41.638
M 12.606 N M 43.359 N M 41.638 N
= -m = -m . = -m
check_X 1.5 6.443 zad_X_max_1.5 42.849 zad_X_min_15 41.449
9.563 42.659 41.638
0.41 42.659 41.638
5.155 42.659 41.638
5.292 44.294 41.954
M 13.968 N M 43.805 N M 42.443 N
= -m = -m . = .m
check_X 1.2 0.41 zad_X_max_1.2 42.827 zad_X_min_1.2 41.47
2.628 42.659 41.638
0.546 44.294 41.954
9.222 43.805 42.443
0 42.659 41.638
M 5.85 N M 43.359 N M 41.638 N
= -m = -m . = -m
check_Y_1.5 3.4 zad_Y_max_1.5 42.849 zad_Y_min_15 41.449
0 42.659 41.638
Opa3smepsiBaHe Ha OnopHa KOHCTPYKLUUS TpudbaseH kunnmHeeH paseanHuTen ctp 25 ot 30
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
0 42.659 41.638
0 42.659 41.638
8.676 44,294 41.954
M 0 N M 43.805 N M 42.443 N
= -m = -m . = -m
check_Y_1.2 2304 zad_Y_max_1.2 42.827 zad_Y_min_1.2 41.47
0 42.659 41.638
8.676 44,294 j:=0..3 41.954
0 43.805 1:=0.7 42.443
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.
Z4 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() =
125.009 122.017 1-10307 1-10307
5.16 4.955 11.118 10.677
9.975 9.649 19.835 19.187
6.692 6.531 1.10307 1.10307
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EN-TECT n/ct "Nayta"110/20kV
EL-TEST OPY 110kV
110/20 kV Substation "Lauta"
110kV Switchyard
Kx_max_1.201) = Kx_min_1.201) = Ky max_1.201) = Ky min_1.201) =
125.009 122.017 1.10807 1.10807
9.931 9.693 1.10807 1.10807
10.045 9.514 6.126 5.803
3.763 3.646 1.10307 1.10307
125.502 121.524 22.303 21.596
19.482 19.016 1.10807 1.10807
97.291 92.152 6.126 5.803
5.7 5.523 1.10307 1.10307
3aknroyerHue: MMHUManNHUAT koeduneH Ha NpeobpbLaHe NPU OCHOBHU KOMGMHaUuK e no-ronsm ot 1.5.
MuHUManHuAT KoedMUMEHT Ha Npeo6pbLyaHe NPy oco6eHn KomGuHaumm e no-ronsam 1.2.
CnepoBartenHo hyHAamMeHTa € YCTOM4YMB B €KCNoaTaLMOHHO OTHOLUEHHE.
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.
N3uucnasaHe Ha 3eMHaTa ocHoBa o |-BO rpaHU4YHO CBHLCTOSIHUE - NO HOCELla CMOCOBHOCT.
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)
5509 107 ° 0
e = 0.136 m € = 0.063 max(e ) <2 max(e ) < b
a_l5 0.069 b_15 0.035 a_l2) = 3 b_12) = 3
0.103 0
5.393x 10 ° 0
0.068 0
0.07 0.114 max(ey 1) =018M 2 _ o0
0.184 0 3
e = e = m
al2 _3| b 12 b
5.393x 10 0.03 max(e, 1) =011 m  —=047m
b_1.2 3
0.035 0
7.195x 10 ° 0114
0.121 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=2135kN

Yho = 1.0 /9&\:: c 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
Ng
Xq = — Xq = 0.18cm
1 1
b2 RpPe
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 =50.47cm
f
do/= 2N
c I0 c IO
ey = ifl—>—— — —— ey = 2.33cm
30 600 30 600
As_p_min := 0.05%:c-d
n B 2.00
As min*=As_p_min As p_min = 245¢m
2 2
Il.=A ‘s A ‘s 3. = 4410.00cm*%
s~ s min'| 5~ €M+ As p min’ re -cm 5= LJuem
Es
o =— o =727 3a 6eToH knac B20 n ctomana A IlI/
Ey concrete class B20 an steel A lll
8, = i 8,=0.72
e, e” -
My=Mx 15 *Fy_15 N2
3a/ a._ 1.00 n3bupame/ B :=0.70 KoeMUUNEHT 3a N34MCrsIBAHE HA CNAraHeTo 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
12
N P4 | N on +a-J N 64183.11kN
= — - = .
cr 12| ol 0.1+ 5, S cr
0
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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 = 0-93m
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 = 0.18cm XR = 34.90cm
Reinforcement := if(x1 < XR’As’Asl)

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

Reinforcement = 0.26 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 = 2.48kN
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
Ng = 21.35 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- 5 k=¥

q~|k2~1-m
My ::T My, = 1.06kN-m
. Mku .
o= . a, = 0.00069 Ny = 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

_ kN
Smax = max(max(cl_max_l_z) : max(“z_max_l.z)’max("?;_max_l.z)’max(54_max_1.2)) Omax = 2774 200
2
el tm
. Mkb .
(Xb = 2 (Xb = 0.002 T]kb = 0.9925
Ry 100~cm-(hf1 - 5-cm)
Mkp 2.00
Ash = R her — 5.cm Asp = 0:32¢m 3a 1 nuHeeH meTbp/ per linear meter
sc'“kb'( f1— > C )
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