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Problem definition - 1

• In recent years, a transformative shift
in mentality has occurred due to a
series of large fires which have had
far-reaching consequences.

• These devastating incidents have
resulted in:

• Tragic loss of human lives
• Severe damage to vital structures
• Grave economic implications for

regional economies.

Seventy-two people died after a huge fire engulfed Grenfell Tower, a west 
London residential tower block, in the early hours of Wednesday, 14 June 

2017.



Problem definition - 2 

• Concrete structures face an additional
threat: explosive spalling when exposed to
high temperatures during fire events.

• Numerous blast incidents in buildings and
critical infrastructure worldwide serve as
reminders of the urgent need for enhanced
safety measures.

In 2011, an explosion wreaked havoc on Cyprus' electricity 
generating plant, leaving behind a scene of destruction.

In 2020, Beirut was struck by a catastrophic explosion that inflicted 
widespread devastation on the city's infrastructure.



• The BAM project tackles these challenges by focusing on the design, development, and 
validation of two novel building materials at a laboratory scale.

• Objective: To create materials that provide appropriate resistance against blast, impact, and 
fire, meeting relevant standards.

• Currently, no existing material possesses both fire and blast resisting properties 
simultaneously.

Research objective

Hybrid laminated material Smart Composite Geopolymer 
Concrete (SCGC)



• The BAM project tackles these challenges by focusing on the design, development, and 
validation of two novel building materials at a laboratory scale.

Research objective

Hybrid laminated material Smart Composite Geopolymer 
Concrete (SCGC)

Hybrid laminated Material (HLM)



Reference mixture:

Content (kg/m3)Constituent 

880Cement

220Microsilica

475Sand 125-250μm

358Sand 250-500μm

172Water

67Superplasticizer

401Steel fibers 6mm

80Steel fibers 13mm

0.16Water/Binder 

Nicolaides D, Kanellopoulos A, Savva P, Mina A, Petrou 
M (2013) Mix design and mechanical properties of ultra 
high performance fibre reinforced cementitious 
composites (UHPFRCCs), Proceedings of the 1st 
International RILEM Conference on Rheology and 
Processing of Construction Materials, Paris, France.

a. Microsilica contents

b. Water-binder ratios

c. Curing conditions

d. Fiber type (monofiber steel and 

hybrid steel & PVA)

e. Volume of fibers

f. Proportions of fibers with different 

lengths

Experimental Program:Requirements:

• Zhang et al: 

Zhang M, Shim V, Lu G, Chew C (2005) Resistance of high-
strength concrete to projectile impact. International 
Journal of Impact Engineering  31:825-841.

 150 MPa compressive strength
 20 MPa flexural strength
 A workable mixture
 Optimised mixture

Experimental Program 
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• 20% microsilica was deemed an optimal 
input parameter.

• 90 °C either 7 days or 11 days of water 
curing at elevated temperatures had higher 
compressive strength than those cured at 
lower temperatures.

• It is reasonable to propose a heat treatment 
duration of 7 days.

• W/B between 0.16 – 0.18 exhibit enhanced 
performance. 

Microsilica contents – Heat curing – W/B

Experimental Program 



• We investigated specific fracture energy, 
workability, compressive, flexural, and tensile 
strength and modulus of elasticity

• Investigated the effect of steel fiber content 
(2% to 10% per volume) 

• Low steel fiber contents (2-4%) showed 
insignificant improvement in mechanical 
properties, attributed to sparse fiber
distribution.

• Higher steel fiber contents (up to 6%) led to 
further increases in all investigated 
mechanical properties.

Steel-fiber content optimisation (5:1 short to long) 

Experimental Program 
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• Workability of mixtures retained up to 6% 
steel fiber content, while higher contents 
resulted in rapid loss of workability.

• Mixing and casting challenges observed with 
8% and 10% fiber contents, recommending 6% 
as the optimal volume fraction for efficient 
mixing, casting, and achieving desired 
mechanical properties.

2 4 6 8 10
Sp

ec
if

ic
 f

ra
ct

ur
e 

en
er

gy
 (

N
/m

)

A
ve

ra
ge

 d
ia

m
et

er
 o

n 
fl

ow
 ta

bl
e 

(c
m

)

2 4 6 8 10

C
om

pr
es

si
ve

 s
tr

en
gt

h 
(M

P
a)

Fl
ex

ur
al

 s
tr

en
gt

h 
(M

Pa
)

2 4 6 8 10

Te
ns

il
e 

sp
li

tti
ng

 s
tr

en
gt

h 
(M

P
a)

M
od

ul
us

 o
f 

el
as

tic
ity

 (
G

P
a)

Steel-fiber content optimisation (5:1 short to long) 

Experimental Program 



• Investigation of UHPFRC mixture with 6% 
steel fibers at different short to long 
denominations.

• Mixtures with 1:1 short to long fibers
exhibited the best mechanical properties, 
except for a decline in modulus of 
elasticity.

Steel-fiber distribution optimisation - 1 

Experimental Program 



• Revisited lower contents of fibers at 1:1 
short to long.

• Improved compressive strength observed 
for specimens with (1:1 ratio) compared 
to (3:1 ratio).

• Addition of PVA fibers:
• Reinforce under reinforced areas 
• Ensuring good distribtution of fibers
• Act as stress relief during fire preventing 

spalling
• Internal curing agents

• Remarkable superiority of specimens 
containing both steel and PVA fibers.

Steel-fiber distribution optimisation - 2
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2% Steel fiber (1:1)
2% Steel fiber (3:1)
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(b)
2% Steel fiber (1:1)
+ 1% PVA

Experimental Program 



• Can we lower the fiber volume while also 
satisfying flexural strength requirements > 
20 MPa ?

• We performed optimisation of steel fiber
content at low fiber volumes (<3%) at (1:1 
short/long)

• Observed a significant increase in strength 
with the addition of 2% steel fiber and 1% 
PVA in the mixture

Steel-fiber content optimisation 

Experimental Program 



Impact tests

Experimental Program

0.5m 1m 1.5m 2m



Impact test analysis
Impact tests and numerical simulations

Experimental Program



Impact test analysisConclusions

1
Microsilica 
contents

Heat Curing
W/B

Volume and 
distribution of 

fibers

2
Hybrid Steel & 

PVA
Important in 
achieving the 
requirements 

for impact 
resistance

3
Numerical 

models to help 
to iteratively 
improve mix 

design for the 
specific 

application

4
Investigation of 
internal curing 

in UHPFRC 
mixtures 

containing 
PVA
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