J Rec Const Resources 7(4)395-404(2019) Print ISSN : 2288-3320
https://doi.org/10.14190/JRCR.2019.7.4.395 Online ISSN : 2288-369X

=}

ol
o

&

SoiS S ASE olNY HIEIRNM Nat W HA SMmY|

Mechanical and Fire Resistance Properties of Surface Preparation
Mortar in Buildings Using Expanded Graphite
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In the case of fire, surface treatment agents used in external insulation finishing methods are substances that are
vulnerable to fire due to thin finishes and the combustion of polymers. In this study, it was expected that the performance
of surface preparation mortars could be improved by using expandable graphite with excellent thermal performance.
Experimental results showed that the mechanical properties of surface preparation mortar were improved by using the fly
ash and silica fume. Surface treatment materials using expanded graphite have a characteristic of expanding when a fire
occurs. It has been shown that heat-swellable surface treatment materials can reduce the penetration of heat sources into
the surface of synthetic insulation.
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Table 1. Chemical composition of ordinary portland cement(unit: wt%)

Si0, | ALO; | CaO | MgO | SO; | K;O | NayO | FeyOs
21.1 4.84 63.9 332 | 3.09 | 1.13 | 0.29 2.39

Table 2. Physical properties of ordinary portland cement

Density(20°C)
3.15g/em’® 3,400

Blaine fineness specific surface(cm?g)

Table 3. Size of dolomite aggregate

Size(mm) 0.6~0.85 | 025~0.6 | 0.1~025 | 0.075~0.1
Rate(%) 19.74 40.78 13.16 26.32
Table 4. Specification of acrylic resin
Color Solid content(%) | Viscosity(mPa - S) pH(20C)
White 43 102 9.0
Table 5. Composition of binder(unit: wt%)
. . Butyl Antifoaming Ethylen Methyl
Acrylic resin carbitol agent glycol cellulose
93.86 3.25 0.36 1.44 1.09




Table 6. Specification of expandable graphite

Carbon
content(%o)

Expansion
rate(%)

Starting
temperature(C)

Particle
size(um)

100~250 200~250
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Table 7. Physical properties of glass fiber mesh
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Table 81} ZTt.

Moisture Density Loss of ;{::;;E Mesh size
regain(%) (g/em’) ignition(%o) (MPa) (mm)
<0.06 2.54 0.7+0.15 900 4
Table 8. Specification of fly ash and silica fume
Type Fly ash Silica fume
SiO, 41.20% 95.90%
ALO; 14.70% 0.00%
CaO 16.00% 1.01%
MgO 1.36% 0.09%
KO 2.38% 0.44%
Na,O 0.61% 0.00%
Fe,Os5 18.10% 0.18%
SO; 1.03% 0.11%
Loss of ignition 1.60% 0.70%
Density(g/cm’) 22 2.1
Blain(g/cm?) 2,800 150,000 ~250,000
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Table 9. Specification of insulation
Type Phenol foam EPS
Color Pink White
Thermal conductivity
(Wim - k) 0.019 0.036
Density(kg/cm’) 36 30
Flexural strength(MPa) 23.3 35
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Table 10. Experiment process

Experiment step Evaluation index

Compressive and flexural strength
Adhesion in tension

Freeze thawing

Water absorption coefficient

@ Characteristics of graphite
incorporation

Compressive and flexural strength
Adhesion in tension

Freeze thawing

Water absorption coefficient

@ Fly ash and silica Fume
incorporation to improve
performance

Adhesion in tension
Freeze thawing
Water absorption coefficient

@ Characteristics of graphite
incorporation

@

@) Characteristics of heat

transfer delay

Temperature changing
Expanded depth
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Table 11. Experimental factors and levels in this study(unit: g)

Items | Sand |Flyash Siﬁllli;: E’;:;EZ :le Emulsion ct/llle:rh(z,sle water|OPC
Plain |1140] 0 | 0 0 2000
EGO5 | 1083 57 12000
EGI10 | 1026 114 12000
EGI5 | 969 171 12000
EG20 | 912 228 12000
Fo5 | 1083| 57 | 0 0 12000
FI0 | 1026 114 | 0 0 12000
FI5 | 969 | 171 | 0 0 12000
F20 | 912 | 228 | 0 0 180 &1 2 000
F10S1 [1014.6 114 |114] 0 12000
F1083 |991.8| 114 [342] o 12000
F1085 | 969 | 114 | 57 0 12000
FSEG0S|9348| 114 [342] 57 12000
FSEG10[877.8| 114 [342] 114 12000
FSEGIS|8208| 114 [342] 171 12000
FSEG20[763.8| 114 [342] 228 12000
*Abbreviation
F-Fly ash, S: Silicafume, EG: Expandable Graphite
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Fig. 1. Speciment of adhesive in tension strength test

J1E0f met ARHIE MG = XIS 150mm, =7
40mmz = HSA[H0l| thoto EHO| BIEZEME 3mmE2Est
Of HMABIICE MAE AEHE 254714 AES Aol KS F
2609(71= M=Z2

29| oiH0| =1

i}

o
Iph
=
>
r\l
2

m=uw e \/7?
71N, m: HEE S542Hkg/m)
w2 4 Ale(kg/m’h®)
t: AlZHh)
3.3.4 2UHISAI™
OFZAHS 2HEEEAIRE Bototy| f16t0d KS F 471601 et
Aglg £l ARAQ HEE 70mmX70mmXx20mme| 2
SEI2TE MESE § AR0l| HEEAYME 3mmELotict H
M. ABHZE 201£2C2 2201 18A|ZF RIIE §| A 20£3C
Of 32 £33 20l A 3AIZH HZEA|Z|D, 0|0{A 50£3TCo| L2
Sz e85 £0|lM 3AIZE 71258k AOI2E 24A12H2 10|22
Sle ZAIZ 108 VIEE 5 HAUES SR

oix, HiE gl ot =22 Qloh HEM TR E4S
E7tol7| flot 2

THET FE2 =
H 7t2 15cm, =0] 50cme| F 7|2 AHTse] MAGIRICE 0%

H=Z2| R0l FeldRU+1E i BIEEEME 3mmELLst



é

0f BURE DRJGICL AIBRIQl 5L sipo2E o 7om -
o= 5t 5 of 57 T HR0| =SSIACE B2 THA
EXE ME8ol¥en, oo 822:E 700CY 25 Ze= g
A= MESIRACH %“JEHE KY GHUE A %8H"'i954. HIEEZH H
o = §
£

A N B B

Plain EGOS5 EG10 EG15 EG20

(a) Expandable graphite

Compressive Strength(MPa)

Plain FO5 F10 F15 F20

| Distance of Flame is 7cm |

(b) Fly ash

Fig. 2. Insulation system & flame exposed test

=0 x = -

H

= :

41 Y=ZE 2
g

Fig. 32 =4 E A|§_+ 41}— I_f HiD 9lch WASH0| 50 H

=
QAR 1
A3} E

Plain F10S1 F10S3 F10S5

S2/0[04A7t 2UE FaHHo| USYEE ZFet 2} 3 1 (©) Fly ash + silica fame
o| ©

= .J% = OPCe RASH H== LEHTE, 282 THZH0MM
A/

20% YAl
HgolAel ”
20
15
CHotod Y 0
gelgs
Hx ‘ ‘

= D CHOl
I_ —
o =0
h%g =Y Aldnel 32, 3 MHE
Plain FSEGOS FSEG10 ‘ FSEG15 ‘ FSEG20

7
7t 9 o2 LIEHGOLt 1% EQIA

=9 B717t 7K 37 UEH2H, 3%

10

o o
o &S
d
HOII =
=
ﬂ
=
U
ol

59 M
]

‘Compressive Strength(MPa)

tO[OHA| 15%2} Al2|71E 3% &5t i
19 2Q180| Z7I8M0] wet 3
o2 UetgeLt 79 0l52)
2 LIERRTE 0]% 289 THZO0fA

1
ru

1o
2

O

r}oll
1S
F&"

N}

e}
=

0
b
0y
H1 1o
i
D_L

—

o 0

i
_O'E
rr

AN

S
fr go

i
N
o

P o i
HK
mn
>
et
>
10

12 ot I Jot
oy S

(d) Fly ash + silica fume + expanded graphite

s}
oY)
)
H
in]
b >
o
N
[0
Hu
I
m
s
n

Lo

Fig. 3 Compressive strength

ro
Hl
el
x
>
rfol
e
o

2% 2019 128 399

&fs



9.00

8.00

7.00 -

6.00 -

5.00 -

4.00 -

N .
H B
H B

3.00 -

Flexural Strength(MPa)

v H B BN
1.00 | . m 3days m7days m 28days

0.00 | [ ] [ ]

Plain EGO5 EG10 EG15 EG20

(a) Expandable graphite

9.00

8.00

7.00

6.00

5.00
. I
3.00

2.00

Flexural Strength(MPa)

1.00

0.00
Plain FO5 F10 F15 F20

(b) Fly ash

9.00

8.00
7.00
6.00
5.00
4.00 -
3.00 -

Flexural Strength(MPa)

2.00

m 3days m7days m 28days

F10S3 F10S5

1.00 -

0.00

(c) Fly ash + silica fume

9.00

8.00

7.00 -

6.00 -

5.00 -

4.00

exural Strength(MPa)

u
g

FI

2.00 -

1.00 - m 3days m 7days m 23days

000 | [ ] [ ]

Plain FSEGOS FSEG10 FSEG15 FSEG20

(d) Fly ash + silica fume + expanded graphite

Fig. 4. Flexural strength

400 vol. 7, No. 4 (2019)

4.2 23k E4

Fig. 4 B2 ABZNS UEID Urt BAS0I2 20t
Zepo U= WISl BYR0| FIIHAE UG I
2 LEHRIT BRsE oIyy=s 9Ss S Jixlo) 3o
2 TAElo] Ol 22 nfE 1) USLTIH BIIEH 5 10%
o TS EYS0IMO| AT B7P} YOI ZAE HO
2 2 1 AMIE ZaRlo) AES AT Ho2 BEHE

S2/0[0jA] ZUA| EYT S4S ATHEE 3 TN B
Y= BololofAl 20 et 2Asts HOR Lkt 22t
OJOHA] 10%0f CH5101 A2I7HES St 29 32 Kl BY=

L MHFoM 3% L Lt :
OHA 15%2F &2|7hg 3%S et g0l tiot Wy=ds =
0

Fig. 5= SAIZE A[FZS LIEHHLT UCE KS F 471601 A
= 1IN/mm’2 Plain] 2AZE= 1Y xHZo]|
FO,AN/mi?, 142 THZOI A 1.8N/mmP2 LIEFSCE Plaino
ote B2, BAYEE 1Y M 5%
mm’2 LEHHOH, 142 MO 717 2=l
2ole Aoz UERT J2iL S

42 12 PO Aoz

4 x
10

o g
2
0&!
oz

ol
re
o
ol
e

10
o
N
=
~

rlor
e
=

=
~
3
3"\)
mjo
1
N (U

|
mo o
S
R

0x
Tl
o
o
o
oy
H'|
I

o o
olr
ol

:Q TIr

|0

=

=

=

o

2

>

rr

I

bl

i

©

i

M ro

oy

|.|-|

k=]

=]
o A o oA

4 M7 e
U
|0
Hu
i
m
s
iml
0E
oz
Jlob
re
1S
Ral
rr
4>
o

on [HI
AN
:
g'y
m
P

il
o
i)
oA
0%
2
Pl
THO
i)
ik}
ot
Ral
fu
Pl
2
iz
>~

r2
m
2 X

ol

o
il
P
o
=
N
|
2
T
1o
2
X
o
o
>
Q'E
=
~
H
1
fol
A

o »
0=
0x
2
<
20
i
H>
o
HU
N
=
el
|
Hu O
oy
H-|
N
>
Q'E
rr
SN
|0
Hu
=]

o
rn
il

][
u

tO[ORAIE 2t Z<2 1Y XH | BRIz = Z2t0[0fA|
20%01| A Z|CH 0 6N/mm?’
=2 22H 1, 3, 5%Aleret 42 1Y MFHN B E=

N/mm’2 LIEtLE Z210|0§AIRFS EUSH Rt o7t
N

o
o
Hu
T
m
s
in]
e
it}
(@]
=)
>
)
R
o

[
e
(@]
~

Or B> Th

ol
ol

(=]
2
>
EN

Yot AHC| 2| ==

|
3



Adhesion in tension (N/mm?) Adhesion in tension (N/mm?)
h
»
o
9
h =
o
- :
]
o
<)
g

Adhesion in tension (N/mm?)

Adhesion in tension (N/mm?)

245

1-5: 5

0.5

3.5

25

15

0.5 1

Plain EGO5 EG10 EG15

(a) Expandable graphite

5 21
1.8
0.5 0.6
0.4
T
FOS F10

23

m ldays m 14days

m 1days ml4days

2.4

Plain F15 F20
(b) Fly ash
20 3
2.7
1.8
0.7
0.4
Plain F1051 F1053 F1055
(c) Fly ash + silica fume
21
1.4

FSEGO5 FSEG10 FSEG15

Plain

(d) Fly ash + silica fume + Expanded graphite

Fig. 5. Adhesion in tension
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Fig. 6. Adhesion in tension according to freeze thawing
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depth of surface preparation mortars after 15 minutes of

Table 12. Temperature change of insulation system and expanded
flame exposure
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Fig. 7. Water absorption coefficient
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