FIRE DESIGN OF COLUMNS
AS 3600 & EC2
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OVERVIEW

* AS 3600 —-2009 &2018 Incl. AMDT No.1 & 2

* Deemed to comply fire tables
* Table5.6.3,5.6.4, 5.7.2

* FRP equation introduced in 2018
* Egn. 5.6.3(2)
* Practical considerations and limitations.
* Fully implemented in RCB and RCC software

* Eurocode 2
* 500°C Isotherm Method
* Theory and example
* Coming early 2023 to RCB and RCC
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FIRE DESIGN OF COLUMN TO AS 3600

* 5.3 Design Performance Criteria

* 5.3.1 General Performance Criteria

* A)determined using tabulated data and figures

* B) predicted by methods of calculation
* Eurocode 2 Parti.2
* 500°C Isotherm Method — coming to INDUCTA RCC and RCB in early 2023!
* Zone Method

* 5.6 Fire Resistance Periods (FRPs) For Columns

* Table5.6.3
* Egn.5.6.3(2) as an alternative (2018)

* Table5.6.4
* Table 5.7.2 —if aspect ratio > 4:1 — wall
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AS 3600 — TABULATED FIRE DATA

* AS 3600 - 2009 and AS 3600 2018: Tables 5.6.3, 5.6.4, 5.7.2
* Deemed to comply approach

* Derived from empirical tests

 Limiting Criteria to use these clauses represents the scope of the tests.
* Key Limiting Criteria:

* Braced Column

» Effective length underfire: | <3 m—-Table 5.6.3

o fi Difficult to get fix-fix columns

* Eccentricity under fire conditions (e) working using the tables due to
* e<o0.15b—-Tables5.6.3 eccentricity limits
* e/b<o.25 ande <100 mm—Table 5.6.4
* Slenderness under fire condition As <30 -Table 5.6.4

* Aspect Ratio = 4 —Table 5.7.2
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TABLE 5.6.3 - EXAMPLE

Q

i

Required Min. Dimensions:
b 257 mm a, _.:39mm or

s,min*
b..:357mm a, ..:32mm

s,min*

;

400

b =400 mm, a, =54 mm ...

(wlNDucTA

* FRP =90 min
* a,=54MmMm

3,000
2,800 Y L — m
E-E'mi\ U 3
2,400 ® .=
2,200 - IO.]cl 15 m < 3 m
—~ 2 000 *
'E.i_ﬂ:':'_ \\ o N £ = 800 kN
E 1,800 /EDMU DMy
. (64, 1916)
1,600+ ¢ CI) —
% 1,400 Nu.f 21158 kN
= 1,200 / ® . =0
800 + (25, 1000) (112, 1000) * e=20MM < 015b
600 -
400 4
200 / @
0 . T 1 | | | 1
0 20 40 60 30 100 TABLE 5.6.3
Moment - ®Mxy [ kNm )
FIRE RESISTANCE PERIODS (FRPs)
FOR STRUCTURAL ADEQUACY OF COLUMNS
Minimum dimensions, mm
FRP for
structural Combinations for column exposed on more than one side
adequacy
= 0.2 pii = 0.5 pii = 0.7
min s b s b ils b
90 31 200 45 300 53 350
25 300 38 400 40 450




‘ ‘ E moE E - - RCCw1.2.7 - Z\Shared drives\inducta' Software Verification'd RCC _RC ColumnMM Curve Check Mowv 20214 Check3.reox

+ [] Show Tension -
’ ) M-M Curve Ultimate [ Special Confinement Zone | Direction My w2 ....!__
Title AS 3600 - 2018 AMI - _ | [ Lock ] Plot CI10.6.3 Grid (T L
Sohve \ [ Loading Fire [ Critical Section Points Fire Table | Table 5.6.4 - 0
@M at N* o
Title Design Code Run View Viewing Options M - N Interaction
FIRE L]
3-'[][][]: Design Code: AS 368@ - 2818 AMDTS No. 1 & No. 2
2,800 -
- AXIS DISTANCE
2,600+ g5 = G4.88 mm
2,400+ \ MINIMUM MOMENT - FIRE:
- Mxy_top = 16.8 khm
2_.2[][]: h"“"--. Mxy_btm = -16.8 khm
% 2 DDD: R"::,..__ APPLIED MOMENT - FIRE:
— 1,800 / OMu, ©MNu Mxy_top = 8.8 knm
= - btm = 8.8 kNm
64,1916 MY _
€ 1,600 (64, 1916)
o n DESIGN MOMENT - FIRE:
= 1,400+ Mxy_top = 16.8 kNm
= 1 EDD: / Miy btm = -16.8 knm
< 1.[][][]: \
‘ 4 M OMu, N* MOMENT MAGNIFICATION FACTORS - FIRE:
8005 (25, 1000) (112, 1000) Table Table 5.6.3
b Gxy_top = 1.8
a00 - Gxy_bitm = 1.888
] Table Table 5.56.4
4DD: / Sy _top
- Gxy_ttm 8 Effective Length Under Fire Conditions: lo.fi
&, 2007 & || table Tabl J
- 0 T r 1 r 1 r1rrrr 1 rr 1 117 11 = H:ﬁé‘;ﬂ |
400 Lg 0 10 20 20 40 50 60 YOO 80 90 100 110 120 130 g E-"Q-’ brtm o This switch reduces lo.fi = 0.5Lu for Table 5.6.4 only,
M t - OMxy [ kN ifi
Q-E. emen ol m) qfo Hagnified AS 3600 does not expressly state this, however, ”
.= equivalent table in EC2 allows lo.fi = 0.5Lu,
Geometry Longitudinal Steel M2 of laterally restrained longitudinal bars Design Load: Ultimate lo.fi is always reduced to 0.5Lu for Table 5.6.3.
Section Type Circle - Bars Diameter, mm O 24 - Total: 4 Top Btrm
Braced, X -  Braced Y - Yield Stress, MPa LI 500 v SELE LT il | 1000 | i |
N2 of bars - total 4 < M7, kNm |"-I | |"-I | (about y)
Column Height: Lu, m M#y, kNm |[| | |1] | (about %)

Eff. Lem K|3 | v | ] | Tie Diarneter: 328 mm Ve, kN |'D | |'D |

Material Area Ve kM 2| |0 0
Diameter, mm Centreline Spc: 229 mm . ¥e | | | |
Gross: 125,664 mm - )
Steel Ties = | M kM ignored

B=G/(G+Q Q/6G=

Required FRP 90 rin =

Concrete: 123,864 mm* Exposed  on maore than one side
R T long.Bars  1800mm? 143% pa=6/ie=4a Qres=
Concrete eng. bars: L mme bl lo.fi = 0.5.Lu for Thl. 5.6.4
f'C, MPa D 32 - Yield Stress, MPa I:l 500 i 5|r1gle Set Ties: 220 mrrlz L | Use Mmin w/ 5ir|g|e curvature
Rest. of long steel to 10.7.4.1 i W:310 kg/m (Total: 9 kN) el Apply Min Moment, Nx (0.05 D) Mmin,xy, kNm:  16.0  -16.0
Cover, mm EI IMRE [0 Rest. all bare [ [wl Force Bending in Single Curvature
[ Reversal of Loads: Vuc = O kN M*ey, kMNm: 16.0 -16.0

Strength reduction
1.00 =

factor due to spallin Mrninxy, kMm: 20,0 -20.0

Core concrete strength . M*ey, kM 20,0 -2000
multiplier due to 1.00 N ezl l= (W g

confinement Min. Tie Spacing, mm

Go To | Strength || Fire || Core Conf || Shear || Summary |




AS 3600 — EQN. 5.6.3(2)

* Introduced to 2018 version of AS 3600
e Has been amended twice since release.

* Provided as an alternative to the tabulated data
* No limits on eccentricity
* Limits on effective length (lo.fi) and dimensions.

* Provides more flexibility than tables
* Can cap values to back limits (conservative)

-.f can be taken as 2 m when < 2m

* b'takenas 450 mm when b’ > 450 mm
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Tl.le ERP f0_1' s.tructm_‘al adequacy ft.]l‘ columns outside the limits de_fiued for _Table 5.6.3 and ° |N DL CTA WOUld treat these as
within the limits defined in the variables below may be assessed using Equation 5.6.3(2): “h pr | . . t d t
ard” limits and stop

FRP =120 ((Rnsi + Ra+ Ri + Ry + R,)/120)"* ...5.6.3(2) _ _
Chere calculations if they were
Ros= 83(1.0 — us (1 + 0)/(.945 + o)) violated.
Ra = 100 (@ =30) * |« limit was clarified with
Ri = 9.60 (5-1og) X\I\'/I DT N
R, = 0.09b’ 0.2
R, = 0 for 4 (corner bars only) ¢ bl geometry ||m|t Capp6d in d
= 12 for greater than 4 bars recent update to RCC and RCB
as = the axis distance to the longitudinal steel bars (mm); 25 mm < as < 80 mm

= the effective length of the column under fire conditions; 2 metres </,
< 0 metres

When /s < 2 m. 1t 1s conservative to take /o = 2 m 1n Equation 5.6.3(2)

b’ 24, /(y+x) for rectangular cross-sections

the diameter of circular cross-sections within the limits

200 mm < A" <450 mm and v <1.5x

o = 134f /A f denotes the mechanical reinforcement ratio at normal

temperature conditions
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o N*f =800 kN
fiif\ M*fx unmagnified = -24 kNm
- 4 g?aa{ . Effective length under fire (lo.fi_x): 2000 mm
s o - ;ﬁmé S~ Reinf. ratio: 0.01
A 2 1500 NG Min. Dimension (b): 200 mm
- V|| o] \ Axis distance (as): 45 mm
:335 ) ®ON,.= 2,559 kN
. 600 d e - . Hi=N"/ON, =031
4 0 20 40 60 80 I1.E|:|I 1£3I_1;:|I 1.:33'1;;:'I 200 220 240 260 |Ld AgI’OSS: 120,000 mm2
S Morment - ©Ms-top ( kNm ) & W = 1_3 AS fsy /Ag flc = 0_162
* Tests have shown blade columns have larger FRP b’ =240 mm

X=200MmMmM

than columns of same thickness but less width. )
Yy =300 mm - capped toy =1.5X

* Ify>1.5xthenyshould be limited to:

* y=1.5X...then En_ﬁ=55.76
o _ . =24.00
| t.)—zx.1.5x./(x+1.5x)—1.2x R, =28.80

* Similar for a circular columns R, =21.60
* 500 mm column would fail b’ but 450 mm passes? R, =12

* Makes sense to cap back to lower value (conservative)

waNDUETA

FRP =163 min ...Eqn 5.6.3(2)
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RCCwv1.2.7

[] Show Tension -
’, i+ ] M-M Curve | [] Ultimate ] Special Confinernent Zone | Direction -TOP Ll
Title AS 3600 - 2018 AMI ~ _ OLock _ _ ot CI10.6.3 € L ) - e
Solve [¢] Loading [«] Fire [ Critical Section Points Fire Table | Table 5.6.3 A
Title Design Code Run View Viewing Options ntera 1
Lex/rx = 3.88/8.887 = 34.6 » 25.8 Ley/ry = 3.88/8.858 = 52.2 » 25.8 ™
A Slender Column in x Slender Column in ¥
MOMENT MAGNIFICATION FACTORS:
/,— \ &x_top = 1.714 &y_top = 1.686
.' . Mo Magnification
Gx_bim = 1.714 &y _bim = 1.888
Y =8.00 km Mo Magnification
c:) BEMDING MOMENT ACTING SEFARATELY:
7 y Acting separately: ves
= D M*x_top = 28.6 kim
N M*y_top = 2.8 khm
Acting separately: ves
M=x_btm = 28.6 khm
M*y _btm = 2.8 kNm
.' . BUCKLING LOAD:
\_ / Ncx_top = 1,928 kN Ncy_top = 668 kM
HC = (m/Le}~2-182(D-cover)(e-Mub)/(1+pd)
v = (m/38ee)~2 . 182(288-45) - (B.65.59,817,824.8)/(1+8.8)
= BEE,238 [N,mm] = GEEkN
Axial Load: N*: 28@ KN = Buckling Load: Mc: &&E kN
Mcx_btm = 1,928 kN Ncy_btm = 668 kM
NC = (m/Le}~2-182(D-cover)(&-Mub)/(1+pd)
= (m/3@e@)~2 - 122(289-45) - (@8.55.59,817,824.8)/(1+0.8)
a’ = BBE,238 [N,mm] = GEEkN
Axial Load: N*: 28€@ kN = Buckling Load: WC: 668 kN
— Axial Load: W*: 888 kN = Buckling Lead: MHc: &68 kN
300
._E. Axial Load: N*: 8 > Buckling Load: NC:
fy =-8.00 kMm
Geometry Lengitudinal Steel N2 of laterally restrained longitudinal bars Design Load: Ultimate Design Load: Fire
Section Type Rectangle - Bars Diareter, mm O 16 - Total: 4 Top Btm Top Btrm
. - Top / Bt 2 M, kN 7 | 800 200 M, kM 200 200
Braced, X = Braced, Y - Yield Stress, MPa LI so0 P | | | | | |
NE of bars - top/btm 3 . Sidle: 2 M*x, kNm | | | | (about y) M*x, kNm | | | |
iaght: 3
crTmeeT T NS of bars - side 2 . My, km [ 2 ] | | | (aboutx) vety, ki [ [
Rest Spc_: 210mm  Rest Spc_¥: 110 mm
Eff. Lem K|3 | 1"'r|3 | N2 of bars - total 4 Pe Pe b e | || | Ed:G”G'FQ] QIG:

Dirmension a, mm

Dimension b, mm

Concrete
f'c, MPa
Cover, mm

Strength reduction
factor due to spalling

Core concrete strength
multiplier due to
confinement

1 40

1.00

1.00

-

Spc_X: 210 mm Spc ¥ 110 mm

Steel Ties

Bar Diameter, mm 12 h

Yield Stress, MPa Ll 400 -

Rest. of long steel to 10.7.4.1 ]
IMRF [0 Rest.all bars [

Waive transv. spacing to C1. 83.2.2 [

NZ of Legs x (in y- 2

NZ of Legs y (in x-x 2

Min. Tie Spacing, mm 30

Material Area
Gross:
Concrete:
Long. Bars:
Single Set Ties:

W:150 kg/m (Total: 4 kM)

vy kN [2]]

B mm: V< kM ignored

59,200

mmmmszH% pa=G/G-a 08 | ase=[ps ]
440 mm*

¥l Apply Min Moment, M x (0.05 DY
[¥] Force Bending in Single Curvature
[ Reversal of Loads: Vuc = 0 kN

Mmminx, kNm: 120 -12.0
Mrnin y, kMNm: 8.0 -2.0
MA* 3, kNm: 12.0 -12.0
My, kMm: 8.0 -2.0

Regquired FRP 90 min -

Exposed on maorethan oneside -

1 lofi = 0.5-Lu for Thl. 5.6.4

O Use Mmin wy single curvature

Mrminx, kNm: 12,0 -12.0
Mrnin y, kMm: 8.0 -3.0
M* 3, kN 12.0 -12.0
My, kM 8.0 -8.0




FIRE DESIGN OF COLUMNS TO AS 3600

* 5.3.1 b) predicted by methods of calculation

e Eurocode 2 Part1-2
* 500°C Isotherm Method — Annex Ba
e Zone Method — Annex B2

e Zone Method

* More accurate but difficult to implement and check.

* Concreteis divided into zones (at least 3) and considers reduced concrete strength.
* There is also a zone of concrete that is ineffective.

* Reduced reinforcement capacity is considered.

* Section is checked using this cross section with varying concrete grades and
reduced reinforcement.

 Will not be done with the INDUCTA Software.
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500°C IsoOoTHERM METHOD

* Assume concrete with temperature > 5oo°C is ineffective.

* Assume all other concrete has same properties normal temperature.

* Reinforcement has reduced strength even if outside the reduced section.

* |sotherm is rationalised to a rectangle with same area and aspect ratio or original section.

500°C Isotherm Original Section

i
PN Chiiiinieiniis e — - I
o ® ® )
I N )
Reduced & | L. g g
Rationalised ' g
Section
e ® ® ® o,
~~~~~ e e - Y
_ _ _ B — B ] '
» 655.352 "

500
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500°C IsOoOTHERM

Temp: 495 °C

fsy reduced:

288.3 MPa (C)

395.5 MPa (T)

Es reduced: 121,000 MPa

Temp: 495 °C

fsy reduced:

288.3 MPa (C)

395.5 MPa (T)

Es reduced: 121,000 MPa

Temp: 319 °C
fsy reduced:
390.5 MPa (C)
500.0 MPa (T)
Es reduced: 156,200 MPa

METHOD

Temp: 319 °C

fey reduced:

390.5 MPa (C)

500.0 MPa (T)

Es reduced: 156,200 MPa

Temp: 319 °C

fsy reduced.

390.5 MPa (C)

500.0 MPa (T)

Es reduced: 156,200 MPa

Temp: 495 °C

fsy reduced:

288.3 MPa (C)

395.5 MPa (T}

Es reduced: 121,000 MPa

<

i

250

L

A
\remp: 319 °C

\remp: 319 °C

500.0 MPa {T)
Es reduced: 156,200 MPa

fwlNDucTA

Temp: 319 °C
fsy reduced: 00 fey reduced: fsy reduced:
~ 350.5 MPa (C) 350.5 MPa {C) 390.5 MPa (C)

500.0 MPa (T}
Es reduced: 156,200 MPa

Figure A.13: Temperature profiles (°C) for a column - R90

500.0 MPa (T)
Es reduced: 156,200 MPa

emp: 495 °C
fsy reduced:
288.3 MPa (C)
395.5 MPa (T}
Es reduced: 121,000 MPa



CALCULATION PROCEDURE

* Determine the 500°C isotherm for the chosen Fire Resistance Class (R or FRP)

* Figure A.15 (rectangular) & Figure A.20 (circular and complex)

e Determine the reduced concrete section

* Create an equivalent rectangle that has same area is reduced 5oooC Isotherm but maintains aspect ratio of original
section. (rect. only)

* Determine the temperature of the reinforcing bars for the relevant temperature profile

* Figure A11 - A14 (rectangular) & Figure A16 — A 19 (circular and complex)

* Determine reduced strength of the reinforcement to 4.2.4.3

* Reinforcement yield stress (f, ) will vary for compression and for tension
* Elastic Modulus (E,) is reduced

* Checkthe section using conventional calculation methods

* Reduced concrete section has normal, unreduced properties
* Reinforcement has reduced properties.

mINDUE‘.TA
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Temp: 169 °C

fsy reduced:

465.5 MPa (C)

500.0 MPa (T)
educed: 186,200 MPa

Temp: 169 °C

fsy reduced:

465.5 MPa (C)

500.0 MPa (T)

Es reduced: 186,200 MPa

QINDUBTA

Temp: 104 °C

fsy reduced:

498.0 MPa (C)

500.0 MPa (T)

Es reduced: 199,200 MPa

Temp: 104 °C

fsy reduced:

- 498.0 MPa (C)
500.0 MPa (T)
Es reduced: 199,200 MPa

Temp: 349 °C

fsy reduced:

375.5 MPa (C)

500.0 MPa (T)
educed: 150,200 MPa

Temp: 349 °C

fsy reduced:

375.5 MPa (C)

500.0 MPa (T)

Es reduced: 150,200 MPa

R120, °C Temp: 597 °C
2l fsy reduced:
00 171.0 MPa (C}
400 239.7 MPa (T)
2 d: 63,740 MPa
o0 -
1000 -
1100 -

Temp: 208 °C

fsy reduced:

446.0 MPa (C)

500.0 MPa (T)

Es reduced: 178,400 MPa

Temp: 208 °C
fsy reduced:

~ 446.0 MPa (C)
500.0 MPa (T)
Es reduced: 178,400 MPa

Temp: 406 °C

fsy reduced:

346.1 MPa (C)

493.4 MPa (T)

Es reduced: 138,800 MPa

=

= (e (@ | (& o (s |w || 2
=2 « 0 « [ 5 [5 5 x [5
2|2 8|8 |2 /|28 |23 |8 /8|8

Temp: 495 °C

fsy reduced:

288.3 MPa (C)

395.5 MPa (T)
educed: 121,000 MPa

Temp: 495 °C
fsy reduced:
288.3 MPa (C)
395.5 MPa (T)
Es reduced: 121,000 MPa

Temp: 319 °C

fsy reduced:

390.5 MPa (C)

500.0 MPa (T)

Es reduced: 156,200 MPa

Temp: 319 °C
fsy reduced:

—~ 390.5 MPa (C)
500.0 MPa (T)
Es reduced: 156,200 MPa



SECTION CAPACITY — R90

7,500 7,500
0 Full Section —— 7000-
- \
6,500 — ’ \
- hh"""-. |
H \
6,000 \ 6,000
5,500 5 500 \
5000- Reduced Section ]
= ] — s
= 4,500- Z 4,500+
E J \ E ]
€ 4000 . & 40004
=) i - .
: 2
5 3:500- = 3,500
é 7 -é i
2,000 -
25004 2,500
2,000 -
1,500 1,500
1,000~ / -
500 _—
0 T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T T T 0 . : . . ’ ! . ! . | . |
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 o e 1 abo 2t oo

Moment - ©Mzx-top-fire-500°C [ kNm )

QINDUGTA

Moment - @My-top-fire-500°C [ kMm )



CIRCULAR SECTIONS

RED, °C Temp: 278 °C Temp: 278 °C
N fsy reduced: foy reduced:
- 411.0 MPa (C) 411.0 MPa {C)
- 500.0 MPa (T) 500.0 MPa {T)
- Es reduced: 164,388 MPa Es reduced; 164,388 MPa
500
400

- ‘~

Temp: 278 °C \ / emp: 278 °C
fsy reduced: fsy reduced:

411.0 MPa (C) 411.0 MPa (C)
£00.0 MPa (T) 500.0 MPa (T}

Es reduced: 164,388 MPa Es reduced:; 164,388 MPa 547 16
Temp: 278 °C Temp: 278 °C
fsy reduced: fsy reduced:
411.0 MPa () 300 411/0 MPa {C)
500.0 MPa (T) 500.0 MPa (T) - 300 -
Es reduced: 164,388 MPa Fs reduced: 164,388 MPa

Figure A.17: Temperature profiles {°C) far a circular column - R60

wlNDur::TA

Figure A.20: 500 °C isotherms for a circular column




COMPLEX SECTIONS

L o

Figure A.18: Temperature profiles (°C) for a circular column - RS0

r’ INDUGTA

Tl\.—"'{—————

Figure A.20; 500 °C isotherms for a circular column



CLOSING REMARKS

* EC2 500°C Isotherm Method
* Coming as a free update to INDUCTA RCB and RCC software early 2023.

* Fully automated as per existing column calculations.

» Will provide complete solution for column fire design using the
INDUCTA Software.
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REFERENCES

* Concrete structures AS 3600 — 2018 Incl. AMDTs No 1 & No 2

* Concrete structure — commentary (supplement 1to AS
3600:2018)

* Concrete Design Guide, No. 6: Fire design of concrete columns
and walls to Eurocode 2

* Eurocode 2: Design on concrete structure — Part 1-2: General rules
— Structural fire design
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