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λc,upper =	2	–0.2451	·	(θ/100)	+	0.0107	·	(θ/100) 2
λc,lower =	1.36	–0.136	·(θ/100)	+	0.0057	·(θ/100) 2
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steel fibre reinforced
 concrete:

•
Hum

ix
50 cold

 form
ed

 steel fibres w
ith 

d
ifferent am

ount (20 kg/m
3–

27.5 kg/m
3 –

35 kg/m
3)

rebar reinforced
 concrete:

•
1:2 scale m

iniature elem
ent of slabs w

ith 
d

ifferent d
iam

eters of bars(4-5-6 m
m

)

Each concrete m
ixture w

as d
istributed

 to six 
stand

ard
 15x15x15 cm

 cubes and
 three 

20x20x10 cm
 cuboid

s.

The
specim

ens
m

ad
e

for
therm

alcond
uctivity

m
easurem

ents
w

ere
stored

in
w

ater
for

7
d

ays,
then

stored
in

a
tem

perature
and

hum
id

ity
cond

itioning
cham

berat23
°C

and
50

%
RH.
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steel fibre reinforced
 concrete:

•
tested

 once after the cond
itioning w

ith 
still m

oist sam
ples and

 once after one 
year of storing them

 in laboratory 
cond

itions 
rebar reinforced

 concrete:
•

sam
ples w

ere d
ried

 out artificially 
before the m

easurem
ents

Therm
al cond

uctivity w
as m

easured
 using a Taurus TLP 300 D

TX guard
ed

 hot plate 
instrum

ent accord
ing to M

SZ EN
 12664:2001 
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The specim
ens w

ere fram
ed

 using 10 cm
 

thick EPS foam
 stocks, ensuring that the 

tem
perature or hum

id
ity in the lab d

o not 
affect the results of the m

easurem
ents and

 
in the specim

ens m
easured

 interm
ed

iate 
10x10 cm

 area, one-d
im

ensional stead
y 

state heat flow
 can d

evelop d
uring all three 

m
easured

 tem
perature stages
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1. w
arm

 side
2. cold side
3. tem

perature in the specim
en

4. tem
perature in the cham

ber

W
e

m
easured

the
therm

alcond
uctivitiesatthree

stages around
10

°C
, 20

°C
 and

 30
°C

 and
 the tests end

ed
 w

hen relative error in 
therm

al cond
uctivity w

as und
er 0.2 %

. 
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Typ
e

N
a

m
e

M
e

a
sure

d
 TC

 
a

fte
r 28 d

a
ys

m
o

ist sa
m

p
le

s 
@

 23 °C
λ [W

/m
K]

M
e

a
sure

d
 TC

 
o

f d
rie

d
sa

m
p

le
s 

@
 23 °C

λ [W
/m

K]

ste
e

l fib
re

 
re

info
rc

e
d

 
c

o
nc

re
te

REF
1,79

1,68
S35

1,87
1,75

S27,5
2,11

1,99
S20

2,16
2,03

re
info

rc
e

d
 

c
o

nc
re

te

REF
-

1,46
P1 -6m

m
-

1,47
P2 -5m

m
-

1,48
P4 -4m

m
-

1,48

•
steel

fibre
reinforced

concretes
had

higher
therm

al
conductivity

com
pared

to
reinforced

concretes
•

reinforcem
ent

bars
in

concrete
only

slightly
changed

the
therm

al
conductivity

•
random

ly
oriented

steel
fibres

could
increase

the
therm

alconductivity
of

a
sam

ple
by

up
to

20%
•

increasing
the

am
ount

of
steel

fibre
(e.g.

from
20

kg/m
3

to
35

kg/m
3)

decreasesthe
therm

alconductivity

The
m

easured
values

rem
ained

below
the

M
SZ

EN
ISO

10456:2008
stand

ard
values,but

w
e

should
highlightthatthe

d
ensity

ofconcrete,the
concrete

m
ixture

orthe
porosity

can
greatly

influence
the

therm
alcond

uctivity.
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a	=	λ	/	(ρ	·	C
p )	[m

2/s]
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λ
–

therm
alcond

ictivity
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K]

ρ
–

bulk
d

ensity
[kg/m

3]
C

p
–

specific
heatcapacity

[J/kgK]

Therm
ald

iffusivity
m

easures
the

rate
of

heat
transfer

in
a

m
aterial,

and
is

m
and

atory
to

know
for

transient
heat

transfer
calculations,

such
as

calculating
the

reinforced
concrete

structure’s
m

om
entary

tem
peratures

in
fire

resistance
d

esign.
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Type
Sam

ple
Density
ρ [kg/m

3]

Specific 
heat 

capacity 
C

p
[J/kgK]

Therm
al 

conductivity
λ [W

/m
K]

Therm
al 

diffusivity 
[·10

-7

m
2/s]

steel fibre 
reinforced 
concrete

REF
2401

880
1.68

7.95
S35

2429
873.8

1.75
8.25

S27,5
2419

875.1
1.99

9.40
S20

2414
876.4

2.03
9.59

reinforced 
concrete

REF
2280

880
1.46

7.28
P1 -6m

m
2311

874.2
1.47

7.28
P2 -5m

m
2315

886.8
1.48

7.21
P4 -4m

m
2306

885.2
1.48

7.25

M
SZ EN

 ISO
 

10456

Reinforced 
2 %

 steel
2400

1000
2.5

10.40

Reinforced 
1 %

 steel
2300

1000
2.3

10.00
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O
urfirsttargetw

as
to

m
od

eland
pred

ictthe
therm

alcond
uctivity

ofconcretes
w

ith
d

ifferentam
ountofrand

om
ly

oriented
steelfibresin

it.

•
therm

al cond
uctivity of steel fibres w

as set to 55 W
/m

K
•

the equivalent therm
al cond

uctivity of concrete w
as 

iterated
 and

 chosen to get the m
easured

 therm
al 

cond
uctivities of each sam

ple

Sa
m

p
le

s
Ste

e
l 

fib
re

s 
(kg

/m
3)

M
e

a
sure

d
 

TC
[W

/m
K]

Ste
e

l TC
[W

/m
K]

Eq
v. 

c
o
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te
 TC

 
[W

/m
K]

Sim
ula

te
d

 
a

vg
. TC

 
[W

/m
K]

S1
35

2.86
55

2.78
2.86

S2
27.5

2.85
55

2.80
2.85

S3
25

2.97
55

2.93
2.97



N
um

e
ric

a
l sim

ula
tio

ns

The
rm

o
p

hysic
a

l b
e

ha
vio

ur 
o

f re
info

rc
e

d
 c

o
nc

re
te

s
EM

.BM
E.hu

20 A
pril 2018, Subotica

12
D

Ó
RA

 SZA
G

RI BM
E D

ept. O
f C

onstruction
M

aterialsand Technologies

6
th

Inte
rna

tio
na

l C
o

nfe
re

nc
e

 
C

o
nte

m
p

o
ra

ry A
c

hie
ve

m
e

nts 
in C

ivil Eng
ine

e
ring

•
sim

plification of rebars 
w

as necessary
•

m
od

els w
ith octagonal-

based
 prism

 show
ed

 
less than 1%

 d
ifference, 

how
ever both FE m

esh 
and

 running tim
e is 

red
uced

 d
ram

atically

•
six

d
ifferent

6
m

x
6

m
x

0.2
m

roof
slab

parts
using

d
ifferent

d
iam

eters
(8

m
m

,10
m

m
and

12
m

m
)forthe

reinforcem
entbars

•
in

the
case

ofslabs,the
d

istribution
ofthe

rebars
are

notalternate
significantly

the
therm

alcond
uctivity

ofthe
concrete

slab
•

in
any

case,the
d

ifference
betw

een
the

heatfluxesw
asbelow

2%
•

there
is

connection
betw

een
the

placed
am

ount
of

reinforcem
ent

bars
and

the
heatfluxes,even

ifthe
d

ifference
isinsignificant

•
solid

reinforced
concrete

slabs
can

be
m

od
elled

using
concrete’s

therm
al

propertiesonly



Sum
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a
ry

•
in

case
ofsteelfibre

reinforced
concretes

increasing
the

am
ount

ofsteelfibre
d

oesnotnecessarily
increase

the
therm

alcond
uctivity
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•
w

e
review

ed
European

Stand
ard

s
on

therm
al

cond
uctivities

of
concrete,

reinforced
concrete

and
steel,

and
this

paper
show

s
that

there
is

substantive
d

ifference
betw

een
the

m
easured

therm
alcond

uctivities
and

the
stand

ard
’s

values

•
reinforced

concrete
slabs

can
be

m
od

elled
using

only
the

concrete’s
therm

ophysical
properties

if
the

m
and

atory
m

inim
um

concrete
covering

is
applied

•
after

w
e

m
easured

and
sim

ulated
specim

ens
of

bar
reinforced

concretes,w
e

show
ed

that
the

m
easured

values
are

d
ifferent

than
the

operative
stand

ard
’s,

butsim
ilarto

the
C

zech
orold

Hungarian
stand

ard
’svalues

•
opposed

to
this,

fibre
reinforced

concretes
have

significantly
d

ifferent
therm

ophysicalpropertiescom
pared

to
reference

concretes

•
w

ith
the

m
easurem

ents
and

sim
ulations,

in
the

field
of

build
ing

physics
and

energy
d

esign
w

e
are

able
to

calculate
m

ore
accurately

the
reinforced

concrete’stherm
albehaviour
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