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Fire-proof steel — only with concrete?
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Why should we minimize fire protection?

12,7

flue gas toxication

*Optimal use of the available financial resources!
*Avoiding fire saves lifes!
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— first investigation in membrane action
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Bailey's Idea

The slab is divided in rectangular fields with

I\ e protected beams at the edges and
[\‘ ‘ unprotected beams in the inner parts of the
fields.

The edge beams are used as vertical but
not as horizontal support of the slab.

= No horizontal anchorage of the slab itself is
l\ necessary to enable the membrane action
[\ : 4 of the slab.
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~allure procedure of a composite slab

1. Slab in elastic
mode

|

2. Appearance of
yield lines

|

3. Appearance of
membrane action

|

4. Collapse / Constriction

of the compression ring at

the longitudinal egdes and

appearance of cracking in

cross direction (FRACOF Fire Test)
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FRACOF Fire Test

Cofraplus 60,
concrete: C30737 d = 155 mm
reinforcement: 7/150x150

additional load: 3.75 kN/m2

Lehrstuhl fir Metallbau - M. Mensinger

8.735m

IPE 400 S 355

6.66 m

IPE 300 S 355
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FRACOF Fire Test - Results
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Failure procedure of a composite slab

1. slab in elastic (
mode Ellipsis with internal
pressure
l M , N . . .
2. Appearance of N circle with diameter
yield lines 1 )\ (L,+l.)/2 gives the
| \ J distribution of the

momentum X (-1)

3. Appearance of
membrane action

|

Deformed und
undeformed ellipsis

4. Collapse / Constriction
of the compression ring at
the longitudinal egdes and z

Additional stresses
in longitudinal

L reinforcment
/= appearance of cracking in

cross direction
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Simplified Model- Stresses

Ellipsis with internal Stresses due to bending of the compressi
pressure ring
N — pi >Ie
R
N circle with diameter = Pt
( \) (L.+1.)/2 gives the T
distribution of the
\ , |\/|L:NL>(Le+Ie-|))(l
momentum x (-1) 2 e/ o
Mo=N xfefle L
Deformed und _ 2 2
undeformed ellipsis Size of the compression ring
g N +4M, /]
D-2xN, /I
Additional stresses Additional stress in the longitudinal
in longitudinal reinforcement
Zrin reinforcement - _M_+N,>d/2
o D=0.85xfy xh W (112-d)A 14
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Simplified Model — Deflection
Assumption: ,Pure membrane action®

- the deflection is mainly caused by the strain of the reinforcement caused by the
catenary curve and the temperature.

- Deflection caused by bending of the slab is neglected
- The width-to-height-ratio of the slab lies between 1:1 and 1:3

f
v W » L +2x X §>< > +6’(DT)
3 8 E

Ersatz
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Tension Stiffening: Adjustment of the Youngs-Moduls of the reinforcement

Esm = Es,y - bT >(Esr1 - Esrz)

sm

e, = 02- 0250.071- 0.0011) = 0.183%

with

o = fom , 085X25N/mnf _ o
E.. 3000N/mn?

o - fom , 085X25N /mnf _ 0.00108%
E.  200000N / mn?

Leads to:

f
£ —tsy (BOON/mNT “o o mnd

Brsatz o 0.00183

sm
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Simplified Model — Equation of the rope (catenary curve)

L % :|_‘|'2>‘1>< 3 f +6’DT)
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Bailey‘ s Approach

| ( e) 2
a \DT x| 5 05xf
s,
. L _ W w=—C\ Deckel ., |2 Y <1/30
. 19.2 xh 38 E,s

20°

Assumption: ,Yield line theory with large deflections*

- The deflection ist mainly caused by the load stresses in the reinforcement and
the temperature gradient in the slab.

- Deflection due to bending of the slab and due to heating of the reinforcement is
neglected.

Test 1 2 3 4 ) 6
L (cm) 900 |1400(1022|900]|2100|1460
I (cm) 600 | 900 [ 787 |600]| 900 [ 1000
w Test (cm) 23 29 | 43 | 27| 56 | 64
Bailey (2) (cm) 30 30 | 40 [ 30] 53 | 60
Mensinger (5) |(cm) 32 28 | 40 | 32| 60 | 53
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Bailey‘s Approach

Given:

2.

|:max: 1:u X As

Evaluation of the stresses with yield line theory

Lehrstuhl fir Metallbau - M. Mensinger



Technische Universitat Minchen

Bailey‘ s Approach

3. pa— M

=F
Membran
F W

Membran X W

Membran

Membrane action is taken into account by adding the moments of the
iInternal forces.

The deflection is given.

4.

Declaration of enlargement factors which are alluded to the bending capacity of
the slab
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Bailey* s Approach

2
L
’ 24 L L

<

mR,k - (eMembran + eNormalkrétfte)>¢nO

In the tables of SCI-P288 additionally the remaining bending capacity
of the secondary beams is considered.
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Geometrical boundary conditions for using the tables of SCI P288

- All fields of the slab are rectangular .

- All the inner beams of a field span into the same
direction.

- There are no columns in the inner part of a field.
- Additional requirements for R 60.
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Boundary Conditions for the structural system

- No frameworks.

- Composite slab, no prefabricated concrete parts.

- Minimum spacing between reinforcement and profiled sheeting Is
required.

- Design of the composite beams according to EC 4.

- Unprotected secondary beams only as single span beam possible.

- No large web-openings in the unprotected secondary beams.
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Design according to SCI-P288: - '

12 m

9
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Additional load at the edge beams

- Protected secondary beams at the edges obtain additional loads in
the case of fire.

- The load given in the table, is the load from only one field.
- Conversion:

Dped,Brand - Load/Span
- Additional load for the design at 20C.:

DPeqar = 1,5 X Load /Span

- The primary beams do not obtain additional loads!
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FRACOF Fire Test:
Comparison between Bailey‘s Method and Simplified Model

Deflection:

Test Result: 45 cm

Bailey: 33 cm L W

Mensinger: 47 cm

Load:

Test: 6.87 KN/m2

Bailey, bearing capacity: 8.04 kN/m2

Mensinger, bearing capacity: 13.0 KN/m2 (9.4 kN/m2 short span, 3.7 kN/m2 long span)

- Bailey‘s method leads to a to small value of the deflection in this test.

- Therefore, a smaller load bearing capacity as with the simplified model is

found.

- Even the ultimate load was not reached in the test, the bearing capacity
according to the method of Mensinger seems to be to high.

- Strain limitation in the crack in cross direction is missing in both methods yet.

(The results of the Bailey method were calculated with the Execl-file ,TSLAB 2_4.xIs" from SCI)
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FRACOF Fire Test:
Condition of the reinforcement in the cross direction after the test

Crack was caused by failure of professional welding of the reinforcement!
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Intermediate Floor: Globopharm, Stafa: F 60
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Investor: Credit Suisse

Year: 2002

Tonnage: 80 to

Fire Safety: Bailey‘s method,
partially R 60
Intumescent coat

Structure: composite slab,

composite beam,
composite column

Architect:; F. Graf, Zurich
Engineer: H. Wetter AG, Stetten
Contractor: H. Wetter AG, Stetten

Cost reduction: approx. 32.000,- SFr.
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Intermediate Floor: Globopharm, Stafa: F 60
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Parkdeck 105.0 m x 67,5 m: F30

Investor:

Year:
Tonnage:
Fire Safety:

Structure:
Architect:

G. Contractor:
Engineers:

Eng. Parkdeck:
Contractor:

Liegenschafts-

Betrieb AG, Zlrich
2002

330t

Bailey‘s method,
partially R 30
Intumescent coating
composite construction
Meyer Moser Lanz, Zurich
Allreal

Gahler und Partner,
Ennetbaden

H. Wetter AG, Stetten
H. Wetter AG, Stetten

Cost Reduction: approx. 140.000,- SFr.
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Diener Building Novartis, Basel

Investor: Novartis Pharma AG,Basel
Year: 2004
Tonnage: 1.500 to
Fire Safety: Bailey‘'s method,
partially R 60
intumescent coating
Structure: composite construction,
Architect: Diener & Diener, Basel
Engineer: Ernst Basler + Partner,
Zurich
Eng. Fire Safety: Prof. Fontana, ETH Zurich
Contrector: Josef Meyer AG, Emmen
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Diener Building Novartis, Basel
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Typical Applications:

Small and medium sized objects, where level 3 methods like the natural fire
concept are too complicated.

Bailey‘'s method is not a substitute but a complementation of the natural fire
concept!

Remaining Questions:

- Prediction of the deflection

- stress in the reinforcement

- strain limitation in the crack in cross direction

- anchorage of the reinforcement

- Behaviour of the composite edge beams with cracked reinforcement
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Goals of a Future National Project

- Development of a better model for the
prediction of the slab deflection

- Analysing the influence of cracks at the
edge beams

- Development of a Level 2 design method based on
german codes and standards

Participants:

Prof. Peter Schaumann, Leibnitz Universitat Hannover
Prof. Martin Mensinger. Technische Universitat Minchen
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Goals of a Future National Project:
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Experimentell Program:

- 2 full scale tests on precracked
composite beams

- 2 full scale firetests on 2-span slabs

Theoretical Program:

- Developing of a numerical model
- Further development of a level 2
engineering model
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Full Scale ISO-Fire Tests at the Fire Laboratory of the
Technische Universitat Minchen at Dachau:
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Full Scale ISO-Fire Tests at the Fire Laboratory of the
Technische Universitat Minchen at Dachau:
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