CPABHEHWE HA PA3JTIMY4HU METOAWN 3A
ONPEAENAHE HA TEMNEPATYPHO
Bb3AEMCTBUE BbPXY CTOMAHEHW

_ir KOHCTPYKLUNW

[leTV HauMOoHaNEH CUMMO3UYM MO CTOMAHEHM,
ObPBEHU N KOMOUHUPAHW KOHCTPYKLNK

NHXX. CTaHucnas /IBaHOB



YHUBEPCUTET

MO APXUTEKTYPA
' . CTPOUTENCTBO

WU rEOAE3UA

| OOLWn nonoxeHunsd

CamMo HOCMMOCMOCOOHOCTTA R Ha CTOMAaHEHM
KOHCTPYKLUMKN Ce npoBepsBa Nnpu Bb34eNnCcTene oT
noxap cernacHo bAC EN 1993-1-2

[Tlpnema ce, 4e KpuTepuaTt R e yooBneTBOpeH, KoraTto
HOCMMOCMNOCOBHOCTTAa ce 3ana3sBa B NMPOAbIMKEHUE Ha
N3NCKBAHOTO BpeMe Ha nsnaraHe Ha noXkapHo
Bb3gencreue t

Eidi < Riidt

et HauMoHaneH CMMNO3nyM NO CTOMAHEHU, AbPBEHN U KOM6VIHVIpaHVI KOHCTPYKUNK



WU rEOAE3UA

YHUBEPCUTET
MO APXUTEKTYPA
'. CTPOUTENCTBO

| OOLWn nonoxeHunsd

> CbIlacHO eBPONENCKUTE ANPEKTUBK HEODBXOaAMMATA
orHeycronumsocT B MMHYTK (R30, R60, R90, R120) Ha
OTAENIHUTE eIeMEeHTU Ha AaJdeHa CTOMaHEeHa
KOHCTpYKUMATa TpsibBa Aa ce aaae oT HauMOHATHU
pPerynaTopu.

> [poeKTaHTa-KOHCTPYKTOP oCUrypsiBa HeobxoamMaTa

OrHEYCTOMYMBOCT HA OTAESTHUTE E/IEMEHTU Ype3
METOAMTE AaZIeHUN B KOHCTPYKTUBHUTE EBpokoaoBe

MeTn HauMoHaneH CMMMO3MyM MO CTOMAHEHW, AbPBEHN U KOMOMHMPAHM KOHCTPYKLUNK



MO APXUTEKTYPA

Gl 755 MeToam 3a onpenensiHe Ha NoXapHO PAK
B Bb3eNcTBUe cbrnacHo 54C EN 1991-1-2
|

» CTAaHOAPTHU KPUBK TeMnepaTypa-BpeMe,

» MeTo[ 4Ype3 eKBMBaleHTHa NMPOoAb/IKUTENHOCT Ha
NOXXapHOTO Bb3AEUCTBUE;

» NapaMeTpu4yHnN KpUBKU TeMnepaTypa-Bpeme;

» YCbBbPLUEHCTBAHU MOAENN Ha NnoXap - 30HOBU MOAENMU;

» NOKaJIHM NOXapW.

et HauMoHaneH CMMNO3nyM NO CTOMAHEHU, AbPBEHN U KOM6VIHVIpaHVI KOHCTPYKLUWHA



YHUBEPCUTET
MO APXUTEKTYPA
'. CTPOUTENCTBO

WU rEOAE3uA

N CTaH4apTHU KpUBM TeMMepaTypa-BpemMe
|

1200 -
1100 -
1000 - /’
900

800 -
700 -
600 -
500
400
300
200

100

O I ! I ! I I ! I ! I I I 1
O 10 20 30 40 50 60 70 80 90 100 110 120

~—150834 6, =20+345log,, (87+1)

—BrHwer noxap @ =20+660(1-0.687¢ ¥ —0.313¢7")

~XWAPOBLINEPOLHA g = 2041080 (1-0.325¢ ' ~0.675¢7)
KpuBa J

MeTn HauMoHaneH CMMMO3MyM MO CTOMAHEHW, AbPBEHN U KOMOMHMPAHM KOHCTPYKLUNK 5



W FEOAE3NA

| CTaHAapTHU KpUBW TemnepaTypa-BpemMe
|

YHUBEPCUTET
NO APXUTEKTYPA
'. CTPOUTEJICTBO

» YnobHu 3a oueHka Ha paboTaTa Ha OTAeNHUTE
CTPOUTENTHU MaTepuann U KOHCTPYKTUBHU CbeaNHEHNS
B NOXXapPHW CUTYaLUK;

» TeMnepaTypHOTO HapacTBaHe 3aBUCU eANHCTBEHO U
CaMO OT BPEMETO t;

» TeMmnepaTypaTa NocTossHHO HAapacTBa, T.e. HAMa (Pa3a
Ha 3aTUXBaHe;

» He oTunTa reoMeTpuyHmUTE pasMepu Ha NoXKapHus
CEKTOp;

» He oTuMTa NOXXapHO HAaTOBapBaHe Ha NOXXapHUA
CEKTOp;

» He oTynTa BEeHTUNALUMOHHUTE YCNOBUA Ha MOXapHUS
CEeKTop.

et HauMoHaneH CMMNO3nyM NO CTOMAHEHU, AbPBEHN U KOM6VIHVIpaHVI KOHCTPYKLUWHA



YHUBEPCUTET

MO APXUTEKTYPA
' . CTPOUTENCTBO

WU rEOAE3uA

B [apamMeTpuyHM KpMBM TEMMepaTypa-Bpeme
|
Temperature Y Annex A of EN 1991-1-2
1000;

— 0=0.04m"%
—— 0=006m":

0=010m"?:
s=e= 0=014m %
===-0=020m"'

900;
800y
700
600

For a given b, g;4, A, & A

AN

time [min]

5001
4007
3001,
2001
100

0 10 20 30 40 50 60 70 80 90 100 110 120

et HauMoHaneH CMMNO3nyM NO CTOMAHEHU, AbPBEHN U KOM6VIHVIpaHVI KOHCTPYKLUWHA



W FEOAE3NA

B [MapaMeTpuyHU Kp1BK TeMnepaTypa-BpemMe
I

YHUBEPCUTET
NO APXUTEKTYPA
'. CTPOUTEJICTBO

» PeanuctnyeH moaen Ha noxap;

» OTUnTa OCHOBHUTE PU3NYHM NAPAMETPU KOUTO BIUAAT
Ha pa3BUTUETO Ha TemnepaTypaTa Ha rasa, a UMeHHO:
v’ [eoMeTpudaTa Ha NOXKapHUS CEKTOP;
v' TONNUHHUTE XapaKTepPUCTUKU Ha orpakaawure

CTEHU;

v' BEeHTUNaUMOHHUTE YCTOBUS Ha NOXKapHUS CEKTOP;
v VIHTEH3MBHOCTTa Ha MOXXapHOTO HaTOBapBaHe;

» bbp3, neceH n AOCTaTb4YHO TOYEH METOo[;

> YNobHu 3a paboTta ¢ nsumcnutenHu Tabaunua tmun MS
Excel nnu nanon3saHe Ha rotToB copTyep;

> [MoxapHwu cekTopu ¢ niow, Ao 500m?;

» BucouynHa Ha cekTopa 4o 4wm;

» be3 0TBOpK B NOKpPUBA.

et HauMoHaneH CMMNO3nyM NO CTOMAHEHU, AbPBEHN U KOM6VIHVIpaHVI KOHCTPYKUNK



YHUBEPCUTET
MO APXUTEKTYPA
'. CTPOUTENCTBO

WU rEOAE3UA

B [apaMeTpuyHu KpUBW TeMnepaTypa-BpemMe
|

g

0, =20+1325(1-0324¢"* ~0.204¢™7 ~0.472¢™"" )

O, — TemnepaTypa Ha rasa B NoXapHusi CEKTOP B [CCT;

t — BpemeTo B [h]; t =11

MakcumarnHa TemnepaTtypa B NOXapHUSA CEKTOP B pa3aTa Ha
HarpsBaHe ce noctura npu Bpeme t*=max(t,..,t;,.). I

fmax = 0.0002¢, , /O

Q; o — NMPOEKTHA MHTEH3MBHOCT Ha NMOXapHOTO HAaTOBapBaHe,
OTHEeCeHa KbM BbTpeLlHaTa NnoBbPXHOCT Ha NOMELLEHUETO A,
[MJ/mZ], c orpaHuyenne 50 < q,, < 1000,

l;,,, — CKOPOCT Ha HapacTBaHe Ha noxap - t;,,=15,20,25min
(bbp30;cpenHo;6aBHO) HApacTBaHe Ha NoXap — 3aBUCK OT
eKCna0aTauMoOHHOTO NpeaHa3Ha4vYeHne Ha NOXXapHUSI CEKTOP.

MeTn HauMoHaneH CMMMO3MyM MO CTOMAHEHW, AbPBEHN U KOMOMHMPAHM KOHCTPYKLUNK 9



WU rEOAE3UA

B [apaMeTpuyHu KpUBW TeMnepaTypa-BpemMe

I
r_[0/0.04
b/1160

O=4,\h, /4,

O — KoeULUMEHT Ha oTBOpUTE

A,— obla nnowy Ha BepTUKaNHUTE OTBOPU B NOXXapHUSA CeKTop B [M?];
N,y — CPEQHOTEXECTHA BUCOYMHA HA OTBOPUTE MO BCUYKM CTEHU B [M];
A,— obua nnowy Ha NoMeLLeHNETO — CTeHU, TaBaH U nog B [m?];

b=.\lcpA

¢ — NBTHOCT Ha MaTepuana Ha orpaxaaliata KOHCTpykuus B [J/kgK];
p — 06eMHa Maca Ha MaTepuana Ha orpaxzaauwaTta KOHCTPyKUus B
[kg/m?];

A — KoedUUNEHT Ha TOMIOMPOBOAHOCT Ha Orpa)kaalwaTta KOHCTPYKLUUS
B [W/mK];

YHUBEPCUTET
MO APXUTEKTYPA
'. CTPOUTENCTBO

MeTn HauMoHaneH CMMMO3MyM MO CTOMAHEHW, AbPBEHN U KOMOMHMPAHM KOHCTPYKLUNK 10



YHUBEPCUTET

NO APXUTEKTYPA
' . CTPOUTEJICTBO

W FEOAE3NA

ﬁ 30HOBM MOZiENN Ha Noxap

A\ RN

LOCALISED FIRE

The Fire stays Iocalisedl The Fire switch to a

j fully engulfed fire

'

LOCALISED FIRE FULLY ENGULFED
COMPARTMENT

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK
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W FEOAE3NA

ﬁ 30HOBM MOZiENN Ha Noxap

YHUBEPCUTET
NO APXUTEKTYPA
'. CTPOUTEJICTBO

Localised Fire Ozone Software Model
My7. TU. -\‘TU- Upper layer I
< Eu. pu — TOUTU
5y | 1
WL mr . T1. Vi
— | E.. PL Lower layer
Generalised Fire Ozone Software Model
Qc p=1Z) I
--------- Q= m. T. V. Qc:zo
o E. p(Z) e
7 - \ Mg

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 12



WU rEOAE3UA

| 30HOBM MOAENM HA MoXKap
|

YHUBEPCUTET
MO APXUTEKTYPA
'. CTPOUTENCTBO

= /3uncnsBa Ha pa3BUTUETO Ha TeMMNepaTypaTa B
NoXKapeH CEKTOp Bb3 OCHOBA Ha ANdepeHuManHuTe
YPaBHEHMS, U3pa3siBallM MAacoBust U eHeprneH 6anaHc;

= CUMynupa ecTecTBeH Mo)ap, KOUTO MbpBOHAYasHO €
NIOKANIEH N EBEHTYAIHO Ce pa3BMBa A0 06rbpHaN LEeNus
NOXapeH CeKTop;

= [ToXKapHWUS CEKTOpP € pa3feneH Ha eaHa UK HAKOJIKO
30HW, B KOUTO Ce NpUEMA, Ye CUTYaLUATa € KOHCTAHTHA;

= JlonHaTa 30Ha BKJIOYBA CTYAEH U YACT Bb3AyX;

= [OpHaTa 30Ha CbAbpXKa MOpPEL ra3 oT NPOAYKTUTE Ha
FOPEHETO;

= B noBeYETO CUTYaLMM MOXapbT 3anoyBa KaTo ABY30HOB
1 NPEMMHABa B €4HO30HOB, 06XBaHan LEeNns NoXkapeH
CEeKTop.

MeTn HauMoHaneH CMMMO3MyM MO CTOMAHEHW, AbPBEHN U KOMOMHMPAHM KOHCTPYKLUNK 13



YHUBEPCUTET
NO APXUTEKTYPA
'. CTPOUTEJICTBO

W FEOAE3NA

| 30HOBW MOJENN Ha noXap
|

> Han-peanucmnyen moaen Ha noxap;
» OT4MTa NO-TOYHO PU3NYHUTE NMapaMeTPn KOUTO
BNINAAT Ha pa3BUTMETO Ha TeMnepaTtypaTa Ha rasa:

v/ BCEKM OTBOpP € NpeAcTaBeH C HEroBUTE TOYHU pa3Mepu
N MECTOMONOXEHNE, 3a pa3/inka OT NapaMeTPUYHUTE
no)xapu, KbETO Te Ca NPeACTaBeHU OT eAuH o6
napameTsp O;

v' Moxe CblLUo Aa ce npueme, Yye 4yact OT OTBOpUTE Ca
3aTBOPEHM B HA4YasoTO Ha NoXapa M ce OTBapsAT npu
onpeaeneHa TemMnepaTypa;

v/ BCSIKa CTEHa Ce OTYUTA CbC COOBCTBEHUTE CU
XapaKTEPUCTUKU, @ HE BCUYKKN Aa Ce NpuBeaaT KbM
obL, napameTsp b.

» M3non3BaHe caMo CbC cneunannsnpaH cogpTyep.

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 14



‘II

MMMMMMMMMMM

cbrnacHo B/JC EN 1993-1-2

KputnyHa temnepartypa (°C)

800
700
600
500
400
300
200
100

0, =39.19|nr 1 —1—|+482
\\ Lo 9674138% J
S
~— Knac 1, 2, 3
T~ CeveHus
\

Knac 4 ceyeHus

0.2 0.4 0.6 0.8 1

CTeneH Ha Mn3rnosi3aBaemMocT L,

MeTn HauMoHaneH CMMMO3MyM MO CTOMAHEHW, AbPBEHN U KOMOMHMPAHM KOHCTPYKLUNK
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Gl %555 OnpepensiHe Ha KpUTMYHa TeMnepaTypa PAK

WU rEOAE3UA

B cbrnacHo 5/C EN 1993-1-2

|
“CTteneH Ha nsnonissaemocTt”

... € OTHOLUEHWE Ha U3YUCTIUTENHUA ToBap . — E
BbPXY €fleMEeHT Mo Bpeme Ha noxap KbM — —fid
U3YMcnuTenHaTa HOCUMOCHOCOBHOCT Mpu Ho
HopMarnHa temnepartypa (t = 0), HO C YacTHUTE
KoedULMEeHTH 3a NoxapHa CUTYaLms.

= Iqfi.d.O

OnpocTeHO n3uncneHume
CTeneHTa Ha N3NON3BaeMOCT ) Moxe Aa Ce M3NON3Ba KOraTo HAMa
PUCK OT OrbBHO-yCYKBaTesNHa
3aryb6a Ha yCTOM4YNBOCT

7/|\/|,fi ¢ B nonsa Ha cUrypHocTTa 7j;; ce
,Uo — 77 fit M34YUCnABa 4acT OT U3YUCTIUTENTHUSA
’ 7/M1 TOBap Npu HopMariHa TemMnepartypa

MeTn HauMoHaneH CMMMO3MyM MO CTOMAHEHW, AbPBEHN U KOMOMHMPAHM KOHCTPYKLUNK 16



G + PaboTeH npuMep — ApXUTEKTYpPEH nJiaH
I

5 45 45 405
383 128 125 5 127
1 11 111 1 1 1
4 T4’ T4 ™ e
BT gs I = H b | b |
5 = b
ﬁ L L 120 235 _'A ‘_I\ [ [
= othrc no[osopu 1.
El80

1 00
TLPTOBCKA OTAGN
MHKACATOPKHM W 3AacenaTe))

[oOUTRMN 13,88 m2 g

JIMYOH CLCTaB [

Eg
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YHUBEPCUTET

MO APXUTEKTYPA
' . CTPOUTENCTBO

WU rEOAE3UA

€y

@

@

PaboTteH npmumep — KOHCTPYKTMBEH MNaH

@
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NO APXUTEKTYPA

@l %% PaboTen npumep - OnpeaensHe Ha
KPUTWYHa TeMnepaTypa Ha rpea

MWHMManHa OrHeyCcToM4mBOCT
Ha rpean 60 MUHYTU

File Teools Help

Prafile: :.|PE v | Cross-section: :IIPE1BEI- w | Steel: | 5235

Bending about the: ® Majoraxis () Weak ads
Lateral torsional buckling verfication:

= lateral torsional buckling allowed? () Ye= (@ Mo

Adaptation factors:
Mon-uniform temperature across the cross-section

Mon-uniform temperature along the beam

File

View Help

IPE 180 (Class 1)

Critical temperature: 680.5 *C

Design moment: 10.800 kNm

Degree of utilization: 0277

Crntical time

Calculation:
(® Critical temperature function of design moment M 2= 'H.'FE _ kNm
C’J Fire resistance time function of design moment
r:; Design moment resistance function of steel temperature

i:,ll Design moment resistance function of time

| Main Menu | Next

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK
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@l 5= PaboTeHn npumep - OnpefensHe Ha DAK
KPUTUYHa TeMnepaTypa Ha KOJoHa

y
MMUHMMaNHa OrHeYCTOMYMBOCT | Fic H

Select load:
L ——
= My 5e4=0)
File  Tools Help
_ R _ M1
Profile: \HE v | Cross-section: | HE 300A v| Steel | 5235 1 (®) End moments o ) M2
Buckling: System length: Buckling coefficients: 3
() about y -y =ds Lol oo e e sl silo7 | () Moments due to in-plane lateral loads
() about 7 -z axis ¥ e i )
. L.=(3200 | bout z -z axis: lz5/L.=|07
® about y -y or z - z axis & e e ' Moments due to in-plane lateral loads
Hodal force = and end moments
Design axial compression load: Npfigd= 1390 | kN
Bending diagrams —
About major axis | Change About minor axis '_ Change '
Lateral torsional buckling verification: Back il [ Nesd
Is lateral torsional buckling allowed? ) Yes (@ No I - "
Calculation:

(®) Critical temperature function of the loads

I:':} Fire resistance time function of the lpads
Il_F_',II Buckling resistance function of steel temperature

'f::l Buckling resistance function of time

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 20



@l 5= PaboTeHn npumep - OnpefensHe Ha DAK
KPUTUYHa TemnepaTypa Ha KOMoHa

File  View Help

HE 300 A (Class 2)
Buckling resistance of the element
Critical temperature: 685.8 °C (Reduction factor, ky g 0.264)

Resistance of the cross-section
Critical temperature: 714.5 °C (Reduction factor, kyg: 0.213)

File  Help Critical temperature used in the next calculations: 685.8 °C

M1
2

[ Coetine

M, (Gor<0)= |20 | kNm
L

M, (>or<0) = khm

o= ] N ]

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 21



YHUBEPCUTET

NO APXUTEKTYPA
' . CTPOUTEJICTBO

W FEOAE3NA

PaboTeH npuMep - OrHeycTon4mBOCT Ha HE3aALLMTEHA

PDAK

rpena ypes CTaHaapTHa KpyBa TeMnepaTypa-Bpeme

File  View Help

Profile:

IPE 180 (unprotected)

Section factor: [A,,V]= 2929 m’
Modified section factor: ko [Am V] = 2041 m jused in calculation)

File  View Help
A critical temperature of 6805 °C is reached after 14 78 minutes
Fire exposure: Design moment; 10.200 kNm
(® Fire on all sides Hegp ot iston Wt
Fireonthreesides
 S— W e C—
e
Fire protection:
@ No protection
E:} Contour encasement
Cfl Hollow encasement
| Back L Next
MeTn HaumoHaneH CMMNO3nyM NO CTOMaHEHN, AbPBEHU U KOM6MHMpaHM KOHCTPYKUNK 22




YHUBEPCUTET
NO APXUTEKTYPA
'. CTPOUTEJICTBO

Treasa PaboTeH npuMep - OrHeyCTOMUYMBOCT Ha HEe3aLUTEHA
rpena ypes CTaHaapTHa KpyBa TeMnepaTypa-Bpeme

File View Help

1200

1000+

800

BO0 = Compartment
— Steel
— Critical temperature

Temperature [°C]

400

200

a 20 40 G0 al 1an 120
Tirne [min]

[Maximum temperature] Compartment; 1045.0 *C at 120 min / Steel; 1043 2C at 120 min
A critical temperature of 580.5 °C iz reached after 14.78 minutes

Back . ME-IJ'I menu d E F-'.epm‘t

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 23



El PaboTteH npumep - OrHeyCTonunmBOCT Ha 3alLMTEHA DAK
rpeaa ypes3 CTaHgapTHa KpuBa TeMnepaTtypa-Bpeme

File  View Help

Protection material:

MName: ivermiml'rte cement ¥ |

i) Choose a thickness

@ Evaluate thickness Type of calculation |
File  View Help Characteristics:
Thermal conductivity: Ly =.12WimK
Fire exposure: LInit mass: Pp = 360 kgim?
Modify
@ Fire on all sides S'FE”'—H: heat: CF' =1200 J.ﬂ{gK
Firsonthres sides Maisture content: p =15%
| Bk | | Net |

Fire protection:

D Mo protection

=
¥ ot et . Twpeofclaiaton  EH

() Hollow encasement () Bmax < Bor (during the complete duration of the fire)

®) 85 < B (required time of fire exposure: mir}

| N [ ok || cancel |

Back | Mext |

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 24



NO APXUTEKTYPA

El PaboTteH npumep - OrHeyCTonunmBOCT Ha 3alLMTEHA DAK
rpeaa ypes3 CTaHgapTHa KpuBa TeMnepaTtypa-Bpeme

File  View Help
1200
10004
File View Help s
[ k00 - = Compattment
a — Sieel
E = Critical temperature
= 400+
Profile: IPE 180 (protected)
200+
0 T T T . .
_ 1 0 an 40 60 a0 100 120
Section factor: [F'.P AN= 2929 m iR
[Maximum temperature] Compartment: 1045.0 *C at 120 min / Steel: 300 *C at 120 min
A critical temperature of 680.5 °C is reached after 61.47 minutes
A critical temperature of 68005 °C is reached after 61.47 mi| - e
Back | | Main menu | | Report _|
Fire resistance time: 60.0 minutes ' ; —

Minimum reguired thickness: 14 mm

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 25



YHUBEPCUTET
NO APXUTEKTYPA
'. CTPOUTEJICTBO

i PAabOTEH npuMep - OrHeyCTOMYMBOCT Ha He3alMTeHa
KOJIOHa Ype3 CTaHAapTHa KpMBa TeMnepaTypa-BpemMe

File View Help

Profile:  HE 300 A {unprotected)

Section factor: [A, V= 152.9 m!
Modified section factor: ko [Ap V= 344 m! {used in calculation)

File  View Help

A critical temperature of 685.8 °C is reached after 21.17 minutes

Fire exposure;

@ Fire on all sides

Fireonthreesides

e | i

Fire protection:

@ Mo protection

D Contour encasement

D Hollow encasement

| Back | Next
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YHUBEPCUTET
NO APXUTEKTYPA
'. CTPOUTEJICTBO

se PaBoTeH npuMep - OrHeyCTOMUYMBOCT Ha HesalmTeHa
# KOJIOHa Ype3 CTaHAapTHa KpMBa TeMMepaTypa-BpeMe

x

File  View Help

1200

10004

800

RO — Compartmert
— Steel
= Critical temperature

Temperature [2C]

400

200

0 20 40 50 Al 100 120
Time [rin]

[Maximum temperature] Compartment: 1045.0 *C at 120 min / Steel: 1045 °C at 120 min
A critical temperature of 685.8 °C is reached after 21.17 minutes

Back I_mf':l'lain MU | '_He;c:»rt
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NO APXUTEKTYPA

El PaboTteH npumep - OrHeyCTonunmBOCT Ha 3alLMTEHA DAK
KO/IOHA 4Ype3 CTaHAapTHa KpuBa TeMnepaTtypa-Bpeme

File  View Help

Protection material:

MName: Egypmm boards W |

() Choose & thickness

® Evaluate thickness i_ Type of calculation

File View Help

Characteristics:
Thermal conductivity: Ly =.2WimK
Fire exposure: Fritma== Py = 800 kg/m? o .
(®) Fire on all sides Specific heat: cp =1700 JhkgK - Mﬂd'ﬁ"
() Fire onthree sides Moishiee conleat p=20%
| Back | | Net |

Fire protection:

I:::l Mo protection

x
O Contousncasemer . Tyeofcalcuaton K&

@ Hollow encasement

() Bmax ¢ 8o (during the complete duration of the fire)

(W 84 < By (required time of fire exposure: mir)

B | Next | [ ok || canca |
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NO APXUTEKTYPA

El PaboTteH npumep - OrHeyCTonunmBOCT Ha 3alLMTEHA DAK
KO/IOHA 4Ype3 CTaHAapTHa KpuBa TeMnepaTtypa-Bpeme

File  View Help
1200
1000+
=) a00
0
=
. - =1 — Steel
File  View HEIP E = Critical temperature
= 4004
Profile: HE 300 A (protected) 200 -
Section factor: [A, /V]= 1049 m!
1] T T T . .
0 20 40 G0 al 100 120
Rre compartment T fried
Maximum temperature; 1043.0 *C
[Maximum temperature] Compartment: 10450 =C at 120 min / Steel: 684 °C at 120 min
Time to reach mamimum temperature 120.00 min
Back | | Main menu i i_H_.B;DI_'t_‘
Steel £ : !

Maxamum temperature: 684.1 °C  /  Critical temperature:  685.8 °C
Time to reach maximum temperature: 11485 min

Fire resistance time: 120 minutes  /  Minimum reguired thickness: 19 mm

(e ]

et HaumMoHaneH CMMMNO3NyM No CTOMaHEHW, AbpPBEHN U KOM6MHMpaHM KOHCTPYKUNK 29




MO APXUTEKTYPA

El PaboTteH npumep - OrHeyCcToM4mBOCT Ypes
* NapaMeTpnyHa KpuBa TeMnepaTtypa-BpemMe
|

En Compartment o = O

File  View Help

Compartment geometry:

Ceiling
Height: |3.2 m
Opeting Height Depth: 105 m
Width: 135 m

Layers and openings:

Select:
Wall 1 L Defined: | Type | Openings
T Floor 1 -
Ceiling 2 -
wall 2 [Depth Select to copy: Wall 1 3 ]
Floor
Ceiling Wall 2 3
Wall 2 Copy
l .Illllila" 3 .Illllila" 3 3 -I
Wall 4 Wall 4 3 1
Hidth | [ ] Copy openings
Back Mext
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YHUBEPCUTET
NO APXUTEKTYPA
CTPOUTEJICTBO

W FEOAE3NA

PaboTeH npumep - OrHeycTomM4mMBOCT Ype3

NapaMeTpuyHa KpBa TEMMepaTypa-BpeMe

File

View

Help

File  View Help

Define existing openings:

Ceiling

Opening 1
Opening 2
Opening 3

Material

Maxamum 3 openings

Gypsum board

Glass wool

If the wanted material isn't on the list you can select "other material™
and define its charactenistics.

To erase a line right-click on the layer you wish to remove.

Maote: Layer 1 is the layer directly exposed to fire.

Define openings on Wall 1 |
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El PaboTteH npumep - OrHeyCcTonumBoCT Ypes
NnapaMeTpuyHa KpmuBa TeMnepaTypa-Bpeme

File  View Help

Fire growth rate Fire load density (gf k)
Ocoupancy
[min] B0% fractile [MJ/m3
(Oiffice (standard) - |20 - 311

Automatic exinction o
Fire risk area: 14175 m*
[ ] Automatic water extinguising system 5 =

Danger of fire activation:
[ ] Independent water supplies: 8 =
& .= -1 00
Automatic detection e
[ ] Automatic fire detection by heat 5 .= Active measures:
b = & =1.000
[ ] Automatic fire detection by smoke B4 = n =I18n
] Automatic alarm transmission to - - Combustion factor:
fire brigade 5 . m =
Manual extinction Fire load dEﬂSIh"
[ Work fire brigade '5'nB= Q; 4=q; . M- Bgy - By - 8n =572.3 MJinm?
[ Off site fire brigade 5,,° 10 | 0=, A1, =186 M
[f] Safe access routes 8 5= ' '
I:l Staircases under OWETPressure in Do you want to use a different fire load dEI'lSIt!"'?
fire alarm
] ] i - 10 () Yes (® Mo
Fire fighting devices g .
Smoke exhaust system 8 G5q= 9723 M.J/m?
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NO APXUTEKTYPA

El PaboTteH npumep - OrHeyCToMunMBOCT Ha HE3ALLMTEHA DAK
rpeaa 4ypes3 napamMeTpmyHa KpuBa TeMNepartypa-Bpeme

File  View Help
q900
wl /2N
700+
o GO0
2 500
= — Compartmert
g 400+ = Steel
. . —  apn4
File  View Help
200
Profile: IPE 180 [unprotected) 100
Section factor: [A., V]= 2929 m" 0 | . = - :
Modified section factor: ko, [Ay, V] = 2268 m  (use 0 20 | R0 an 100 120
Time [rmin]
Fire compartment
Maximum temperature: §16.8 °C [Maximum temperature] Compartment: 816.6 *C at 20 min / Steel: 790 °C at 20.35 min
. . . The critical temperature of 680.5 °C is reached after 11.5 minutes.
Time to reach maximum temperature: 2000 min
Fusl controlled fire. |—|Bac:k | FyEea— = F{eport |
Steel

Maximum temperature; 789.7 C /  Critical temperature: §80.5 °C

Time to reach maximum temperature: 20,35 min
The critical temperature of 680.5 °C is reached after 11.5 minutes.

De=sign moment resistance: 10.300 kNm
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NO APXUTEKTYPA

El PaboTteH npumep - OrHeyCTonunmBOCT Ha 3alLMTEHA DAK
rpeaa 4ypes3 napamMeTpuyHa KpuBa TeMnepaTtypa-BpeMe

File  View Help
g00
an0 + /\
700 5
o 600
S 5004
@ —— Compartment
g 4004 — Steel
. . — 3004
File  View Help
200 -
Profile: IPE 180 (protected) 100
Section factor: [A, /V]= 2929 m” 0 | . = . .
0 20 40 60 a0 100 120
Fre compartment Time [min]
Maximum temperature:816.6 °C [Maximum temperature] Compartment: 816.6 °C at 20 min / Steel: 55 °C at 22.4 min
Time to reach maximum temperature: 20000 min Minimum required thickness: 4 mm
Fuel controlled fire. — . —
Back | Main menu : : Report
Steel

Maximum temperature: 6547 2C /  Critical temperature: 830.5°C

Time to reach maximum temperature: 22 40 min

Fire resistance time: 60 minutes / Minimum reguired thickness: 4 mm

| Bk et
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NO APXUTEKTYPA

El PaboTteH npuMep - OrHeyCTon4mMBOCT Ha HE3alUMTEHA DAK
KOJ/IOHA 4Ype3 napaMeTpuyHa KpuBa TeMnepaTypa-BpeMe

File  View Help
q00
"
7004
) GO0
; 500+
' = Compattment
a 4004 — Steel
- - = 300+
File View Help
200 5
Profile: HE 300 & (unprotected) 100
Section factor: [A,,AV]= 1529 m 0 | ; ; e —.
Modified section factor: ko [A, V] = 1049 m™ (us] 0 20 40 B0 a0 0o 120
Tirne [mir)
Fire compartment
: [Maximum temperature] Compartment: 816.6 °C at 20 min / Steel: 732 ®C at 21.2 min
Maximum temperature: 816.6 °C
The critical temperature of 685.8 °C is reached after 16.9 minutes.
Time to reach maximum temperature: 20.00 min
Fuel controlled fire. m sl ot

Steel
Maximum temperature: 732.0°C /  Critical temperature: 885.8°C

Time to reach maximum temperature;  21.20 min

The critical temperature of 685.8 °C is reached after 16.9 minutes.
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NO APXUTEKTYPA

El PaboTteH npumep - OrHeyCTonunmBOCT Ha 3alLMTEHA DAK
KOJIOHA 4ype3 napaMeTpuyHa KpuBa TeMnepaTtypa-BpemMe

File  View Help
900
800
700 5
o 600
2 E00-
m = Compartment
E = Critical temperature
File View Help = 300
200+
Profile: HE 300 A {protected) 100
Section factor: [A, V= 1045 m
0 : . — . .
0 2l 40 60 al 100 120
Fire compartment Tirne [miri]
Maximum temperature: 818.6 *C
Time to reach maximum temperature: 20.00 min [Maximum temperature] Compartment: 816.6 °C at 20 min / Steel: 677 °C at 22.1 min
Minimum reguired thickness: 3 mm
Fuel controlled fire.
Back I_mf':I'Iain menu | I_HEEH_
Steel

Maximum temperature: 676.8°C / Critical temperature: 685.8 °C

Time to reach maximum temperature: 22,10 min

Fire rezistance time: 120 minutes / Minimum required thickness: 3 mm
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El PaboTteH npumep — OrHeyCcTon4YmBOCT Ype3 30HOBU DAK
MOJENN Ha noXap

=
File Toeols View Help
(=] u - ﬂ Name:

Program Flow Chart

Dzone v2.2 - JP2 ® - O

Performanice based code Prescriptive rules

(NFSC approach) (Standard Fire Curve) ~ 2# Compartement - JP2 i = B
| File Tools WView Help
Compartment ... Form of Compartment
T {* Rectangular Floor Height: |32 m
.. &
4 Q * Hat Foof Depth: [135 m
Heating. . " Single Pitch Roof
" Length: |10.5 m
Ceiling £ Double Pitch Roof
Steel Profile...
" Ary Compartment
| Height
Define Layers and Openings
Floor
Select Wall: Defined Walls:
Floor - Define Wall Type Openings |Length
_ Floor 1
Wall 3 Select Walls to Copy to: Ceiling 2
Strateay Wall 1 3 yes 135
Wall 2 3 105
Parameters wall & wal 2] Length wals |3 yes 135
[~ CopyQOpenings |Wal 4 3 yes 105
\_/
Wall 1 Forced Ventilation
JP2.ozn Compartmert Fire - Smoke BExdractors: |0 %
I Depth — | —
Height Diameter Valume In/Out
m m m7/zec
Extractor 1
Extractor 2
Estractor 3

Ok Cancel |
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E wronsns . PaboTEeH npuMep — OrHeyCToMYnMBOCT YpE3 30HOBU DAK
MOJENN Ha noXap

bt Parameters - JP2 © = =
File Tools View Help
Openings Air Ertrained Model:  |Heskestad j
Radiation Through Closed Openings: 08 (0-1) Temperature Dependert Openings
Bemoulli Coefficient: 0.7 Temperature Dependent: 400 °C
tepwise Yariation | Temperature % of Total Openings
Physical Characteristics of Compartment T
- =
= Layers and Openings Wall 3 - JP2 iritial Temperature: 293 K 20 10
File Tools View Help 400 50
Initial Pressure: 100000 Pa 500 100
Wall Length: 135 m
Parameters of Wall Material
MWaterial Thickness | Unit mass Conductivity | Sy 5
[cm] ka/m7] [W./mK] 1. Corvection Cosfficient at the Hot Surface: 25 i K Linear Wariation | Temperature % of Total Openings
nsum board [E 4 c
% ! 500 025 Convection Coefficient at the Cold Surface: 9 WwinZK 20 0
Layer 2 (Glass wool & Rock woaol 13 &0 0.037
Layer 3 Steel [EN1994-1-2] 0.8 7850 45 400 50
Layer 4 Calculation Parameters 500 100
Enter each layer on a single row in the table above {up to four | End of Calculation: 7200 sec
:r,olllorﬁ;:;gd;g;'?:ghﬁoﬂ T;:ﬁlﬁ-%gé:? DRI Tirme Step far Printing Results: I—ED IBC
Define your openings f any (up to three openings in a single we taximum Time Step for Calculation: 10 zec Time Dependent Cpenings
values. Start from Opening 1.
To delete orinsert a row, right click on a row header and selec [ Extended Results Time % of Total Openings
Inzide menu. sec
Layer 1 Fire Design Partial Safety Factor ] 5
1200 100
Layer 2 L -
: A 1
Layer 3
Layer 4
Dulside Default | Restore | QK.
Sill Height Hi Soffit Height Hs  |Width Variation Adiabatic
[m] [m] [m]
Opening 1 1 32 12 |Linear no
Opening 2
COpening 3

oK | Cancel |
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YHUBEPCUTET
MO APXUTEKTYPA

PDAK

A4
. CTPOUTEJICTBO
(el PaboTeH npuMep — OrHeyCTOMUMBOCT Ype3 30HOBM
) Heating - JP2 & - b
File Toels View Help
Profile Heated By
* Hot Zone Temperaturs " 150 853 Fire Curve
& " ASTM E119 Fire Curve
a " Hydrocarbon Fire Curve
— . — i
b | Fire - IP2 r Convection coefficient: 33 Wim*< K
File Teols View Help Emissivity 8- & - ,_7 0-1
. Sy Bm” SF - {0
Fire Curve ! I
] " User Defined Fire |
[a] Fire Growth R RHRf Fire Load Y l T
ccupancy ire Growth Rate ie Loa
KW/m?] 80% Frac \ ! / Horiortal Distance Between Fire Axis and Profile (): |0 m
Office (standard) Mediom 750 | £' (
Active Fire Fighting Measures Fire Info
[~ Automatic Water Exinguishing System e 1 Max Fire Area: 141.75
- o1 5,5 1 Fire Elevation: 0
[~ Automatic Fire Detection by Heat _ -1 Design Fire Load
“n3”
[ Automatic Fire Detection by Smoke Fire Risk Area: |141.75 !
[~ Automatic Alam Transmission to Fire Brigade 857 1 Brrger i TelEiEm
Active Measures:
[~ Work Fire Brigade
- H — 9 I © Ok Cancel
né % g =8 7%, 2B ™
[ Off Site Fire Brigade
Combustion
[V Safe Access Routes B
o 1 Combustion Heat of Fuel: 17.5 Mg
Stai Under O in Fire Al I—
[~ Staircases Under Overpressure in Fire Alam Combustion Effciency Factor. 08
. . 5 =1
vER=biin Eences n.g Combustion Model: Extended fire duratio
v Smoke Exhaust System D n.1|}_ L Stoichiometric Coefficient: 127
QK | Cancel |
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YHUBEPCUTET

MO APXUTEKTYPA
CTPOUTENCTBO

WU rEOAE3uA

¢l
|

PaboTteH npumep — OrHeyCToM4MBOCT Ha rpeaa ypes

30HOBW MOAEIN Ha MNMOXap

=
File View Help
Cross Section

Tools

{* Unprotected Cross Section
" Protected Cross Section

=
File Tools View Help

Steel Profile - JP2

Steel Profile |
Profile Type: |IPE ~|
co- [E = I IMI I
A A
Exposure

{* Exposed on Four Sides

o
-
. Thickness: ﬁ
. Material Name: |—f
Temperature Unit Mass Specific Hez
['C] [kg/m7?] [Jgk] [W/mK]
35 12 12

Cancel |

Element - JP2 ° -
Analysis: | Bending j
Nominal Steel Grade: |5 235 | fyop: 235 Nimm 2
Section: IPE 180 Class: Class 1
Design effect of actions in fire situation
[v User Defined Value of Design Moment
Select Loading |J gle Mid-Span Load - Simple Bean J
Prg: ,7 kM Span: li m
Mig:[108  km @
Adaptation Factors
Non-uniform Temperature Across the Cross-Section 1(1: |17 (1]
MNon-uniform Temperature Along the Beam "2: |17

oK

PDAK
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El PaboTteH npumep — OrHeyCToM4MBOCT Ha rpeaa ypes DAK
* 30HOBM MOAENMN Ha NoXap
|

= Steel Temperature - JP2 o = =
File Tools View Help
Gas Temperature

o0

00

500

a AR
J ln
@ Fire Resistance at least: 7200 sec = 120.0 min. \
= Steel
The critical temperature: 680.8 iz higher than the steel maximum temperature: 536.44. f l:\\ - Hot Zone

Results
Analysis: Bending \ '.\
Critical Temperature: 63078 T
Fire Resistance: 120.00 min ﬂ;
Class of the Cross Section: Class 1 o
Inpt \""h..
Profile: IPE 180
Area of the Cross Section: 239 cm2 T
Section Factor: 23203 m-1 2 40 80 & 1oo 120
Comection Factor forthe Shadow Effect: 0693 Time [min]
Second Moment of Area About Major fuds fiy - v) Wely: 146.3 em4
Second Moment of Area About Minor Axis (z - z) Welz: 2216 em? At 4R min
Plastic Section Modulus About Major Aeds fy - y) Wly: 166.4 em 3
Plastic Section Modulus About Minor Awis [z - z) Wplz: 346 em 3 Print Close
Radius of Gyration About Major feds fy - y) iv: 742 cm
Radius of Gyration About Minor feds (z - 2)iz: 205 cm
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YHUBEPCUTET

MO APXUTEKTYPA
' . CTPOUTENCTBO

WU rEOAE3uA

PaboTeH npuMep — OrHeyCToM4mMBOCT Ha KOJIOHa Ype3

30HOBW MOAENIN Ha MNMOXap

]
File Teols
Cross Section

View Help

{* Unprotected Cross Section

" Protected Cross Section

PDAK

£ Element - JP2 © =
File Toeols View Help
Analysis: |Bending and Auial Compressiuj
Nominal Steel Grade: |5 235 | Foop: 235 Nimnm?
Section: IPE 180 Class: Class 3
Design effect of actions in fire situation
Nfig: 350 kN Mi.fi.d: 20 My fid: 15 kNm
Steel Profile - JP2
Fire Design Buckling Length
Buckling Length About Major Axis @y - v) 224 cm
Steel Profile
Profile Type: |HE- HL ﬂ Buckling Length About Minor Axis (z - z) : 224 cm
- = - - O X
poe; [T~ L o
File Tools View Help
Define
Exposure ) ;
Bending Moment Diagram: -
‘End Moments J Define
¢ Exposed on Four Sides e [Distributed Load =]
End Moment 1 [canbe > Dor< 0]: |20 kMm
End Moment 2 (canbe > Oor< 0): |-20 kNm
i Maoment Mq[must be = 0] 1} kMm
= M1
lﬁ Thick -
C Mate: oK Cancel
Temperaturs Unit Mass
[C] ka/m?]
350
B —
oK | Cancel |
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El PaboTteH npumep — OrHeyCcToM4YMBOCT Ha KOJIOHa 4Ype3 DAK
* 30HOBM MOAENN Ha noXap
|

= Steel Temperature - JP2 “ - &
File Tools View Help

Gas Temperature
700

00 ==

' Y
5 __.-"' \._..
Fire Resistance at least: 7200 sec = 120.0 min. /

The critical temperature: §85.9 is higher than the steel maximum temperature: 574,22,

& \

Results {q = Hot Zone
Analysis: Bending and Aedal Compression

Critical Temperature: 68588 T

Fire: Resistance: 120,00 min

Class of the Cross Section: Class 2

Input

Profile: HE 300 A

Area of the Cross Section: 1125 cm2 ‘..-_-_ \

Section Factor: 152.59 m !

Comection Factor for the Shadow Effect: 0613

Second Moment of Area About Major feds fy - y) Wely: 1260 om® ] 40 ) &0 ) 50 100 120

Second Moment of Area About Minor fxis (z - ) Welz: 4206 em Time [min]

Plagtic Section Modulus About Major Auds fy - ) Wply: 1383 om3

Plastic Section Modulus About Minor Auds (z - 2) Wplz: 6412 om3 At 46 min

Radius of Gyration About Major Axis fy - v) iy: 1274 cm

Radius of Gyration About Minar fuds (z - 2) iz: 743 cm Print Close
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|
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