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Objective of the presentation

* Demystifying spalling

* Explain the role of Polypropylene as a
mitigating factor (out of many
recommended ones)

 Demonstrate the potential misconceptions
about the use of PP fibre!
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What is spalling?

* The earliest paper on spalling is by Kaplan

and Linan [Spalling of concrete due to fire]
in 1954,

* No standardised test available (yet)

* No unanimous agreement on the causes of
it!
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Spalling, and its mechanism

Pressure induced

Thermal gradient & restraint conditions

Deterioration of matrix

Shear stress induced by moving vapour!

A combination of all, or some, of the above
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PP fibres as a solution

« The mechanism is still not fully
known
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Increase in rlative permeability

PP fibres ... what do they do?

« Permeability increase « PP fibres
with heat increase the rate
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Why?

PP is well defined with melting temp = 172 °C

But Also...
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14 D. Zhang, A. Dasari, and K. H. Tan, “On the mechanism of prevention of explosive spalling in ultra-high performance concrete with polymer fibers,” Cem. Concr. Res., vol. 113, no. August, pp. 169-177, 2018, doi:
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Results?

Cracks at early age And debonding
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[14] D. Zhang, A. Dasari, and K. H. Tan, “On the mechanism of prevention of explosive spalling in ultra-high performance concrete with polymer fibers,” Cem. Concr. Res., vol. 113, no. August, pp. 169-177, 2018,
doi: 10.1016/j.cemconres.2018.08.012.
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So ... what is the issue?

6.2 Spalling
BSEN 1992-1-2:2004+A1:2019

Incorporating corrigendum July 2008

(1) For concrete grades C 55/67 to C 80/95 the rules given in 4.5 apply, provided that the
maximum content of silica fume is less than 6% by weight of cement. For higher contents of silica
fume the rules given in (2) apply.

(2) [ For concrete grades 80/95 < C < 90/105 at least one of the following methods should be
provided:

Method A: A reinforcement mesh with a nominal cover of 15 mm. This mesh should have wires
with a diameter = 2 mm with a pitch < 50 x 50 mm. The nominal cover to the main reinforcement
should be = 40 mm.

58

2

BSI Standards Publication

|
4.5 Spalling

4.5.1 Explosive spalling BS EN 1992-1-2:2004+A1:2019
(1)P Explosive spalling shall be avoided, or its influence on performance requirements (R EN 1992-1-2:2004/A1:2019 (E)
and/or El) shall be taken into account.

(2) Explosive spalling is unlikely to occur when the moisture content of the concrete is less than
k % by weight. Above k % a more accurate assessment of moisture content, type of aggregate,
permeability of concrete and heating rate should be considered.

Method B: A type of concrete for which it has been demonstrated (by local experience or by
testing) that no spalling of concrete occurs under fire exposure.

Note: The value of k for use in a Country may be found in its National Annex. The recommended value is 3. Method C: Protective layers for which it is demonstrated that no spalling of concrete occurs

(3) It may be assumed that where members are designed to exposure class X0 and XC1 (see under fire exposure.

N 1992-1-1)), the moisture content of that member is less than k% by weight, where 2,5 < k <

30 Method D: Include in the concrete mix more than 2 kg/m® of monofilament propylene fibres.
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The geometry effect!

Relative increase in permeability
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[14] D. Zhang, A. Dasari, and K. H. Tan, “On the mechanism of prevention of explosive spalling in ultra-high performance concrete with polymer fibers,” Cem. Concr. Res., vol. 113, no. August, pp. 169-177, 2018,

doi: 10.1016/j.cemconres.2018.08.012.
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Dosage ...

For 12 mm long, 33 um diameter fibres ...
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What to do then?

Aspect ratio (I/d)
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[9] Y. Li, Y. Zhang, E. H. Yang, and K. H. Tan, “Effects of geometry and fraction of polypropylene fibers on permeability of ultra-high performance concrete after heat exposure,” Cem. Concr. Res., vol. 116, no. November 2018, pp. 168-178,

2019, doi: 10.1016/j.cemconres.2018.11.009.
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Concluding remarks

Appreciating how the end user utilises guidance documents (i.e., Structural
engineers)

Importance of the geometry of fibres
Fundamental understanding of the mechanism of PP work
Prescribing is not (or should not be) the end of the line
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Thank you for

listening!
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