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Photo 1 High-Density Aggregate( u =4.5g/cm?)
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2.2 HEEHE

Fig. 1 IZHERRIRIZIR R O HE A R 3, BEaRIRIE, FEEE
A BR{1ISO 5660-1:2002 [Reaction to fire tests-Heat release,
smoke production and mass loss-Part 1:Heat release rate(cone
calorimeter method) ) 129> C, THIB 1AL LIFH 28235
L, 1% 99X 99mm(==1mm), J&E X 50mm LI FIZ72 5 L9
(ZERL (J100x100mm, £ & 400mm D=7 U — K
FE% [J100x100mm, £ & 50mm 2725 L 5890 L7z,

70k, BVRERAIERER G [FARIZSTE 99 X 99mm(E= 1mm),

JEE 50mm & L7z, ffifiko#A & LT, AL 2d
822 [20°C, 90% (RH)] #&4:, 5d /kH (20°C) #AL,

21d &7 [20°C, 90% (RH)] #{T\ &5k 28d 12725 L 9
WZ U7, 72, H3RIRO miEREICRB T 21842 EE L,

60°C D HZ IR TR DO E &N —E (EEZED 0.2%
JALULTR) 235X 2FE L=, 7k, FHEWWERER & OB
{8 SRR O EARE SIS K HE 2 (R L Lz,

Table 1 Mix Proportions of Normal Concrete

Gmax WIC Air  sia i Unit Amount(kg/m®)

(mm) %) ) ) @em®d W C S G AE

20 579 45 488 2.3 184 318 855 963 3.180

Table 2 Mix Proportions of High-Density Concrete (HC)

Gmax WI/C  Air  sla n Unit Amount(kg/m®)

(mm) %) (%) ) (glem®>) W C S G AEH

200 531 1.0 404 39 186 350 1356 2003 1.320

Table 3 Mix Proportions of Light-Weight
Aerated Mortar (LM)

WiC  Air ie Unit Amount(kg/m®)

cis
(O] (gem® W C S FA

58.2 20= 1:2 0.9 291 500 1000 10.0

Note*; Measured Value

Table 4 Mix Proportions of Ordinary Cement Mortar

WI/C  Air 0 Unit Amount(kg/m®)

% (%) (glem® W C S AE

58.2 7.0 1:3 2.1 285 490 1470

Table 5 Mixing of Polymer-Modified Mortar

PIC WIC .o u*(glem®) Amount of Unit(kg/m®)

%) (%) SBR EVA PAE W C S P FA
5 2.0 2.1 2.1 150 500 1500 50 2.5
10 350 13 2.1 2.1 2.1 125 500 1500 100 2.5
15 2.1 2.1 2.1 100 500 1500 150 2.5
20 2.2 2.0 2.1 75 500 1500 200 25

Note*; Measured Value

Table 6 Properties of Polymer Dispersions

Type of Polymer ~ Density pH Viscosity ;o(ﬁzls
Dispersion  (20°C, g/cm®) (20°C) (20°C, mPals) %)
SBR Latex 1.02 8.9 118 46.9

EVA Emulsion 1.06 49 748 45.4
PAE Emulsion 1.03 8.1 1205 44.5
R 99+1 _
(Unit:mm) [ s
p—
50= Material / /
_ i
——
9941 Surface
—

Fig.1 Shape and Dimension of Test Specimen
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release, smoke production and mass loss-Part 1:Heat release
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Y, RBRiEE D — R RICKEICEREL, T0 RS
DB RUKERIT 20 R 2GR S0kW/m? TR AR R T 4 %)
—ITIMEAL, BBROWEENOHRBARERLNE Lz, F
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Too & ORI BN K ORFEEA R OWIE 21T - 72,
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108 D 2) DWT NN TH D0 &KW Lz, HIERKEL
LT, TREAEL IZINEABRAA 20min, THEARRAIEL
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TRTEWETHE L Lz, OMEBRLE, ZREFH O
RIEBEN BMIM2 LI T Th 5 Z &, ONNEABRETE, =
REFNICBHE OENERE TELRNI L, @M
BABRIaTR, ZORBER OB RREGEEE DY, 10s LA AR L
T 200kW/Im2 2Bz a2 &, F72, LLEOSMEETT
SHRWEGEEIE T4 & Lz,

(3) BM=BEREAER

JIS A1412-2 (Blifuight O BRHT M OBMRE R D E 7
) eV, EEEBHEIC LY, HEEREROBMSE R
Z1T o 72, Fig3 ([ZEFHBWHEOEEEX 273§, BnER
TELERE D7 L— b NERIC il K OMER o> B & E
DEE P — R ONREERIE H OB A D IA E T
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1 Exhaust Flow Meter

Burning Gas

F

Exhaust Fan Oxygen Meter

Gas Sampling
Device

Gas Analyzing

Cone Heater

Apparatus

02
co Specimen

Spark Lighter

CO. Load Cell

Fig.2 Schematic View of Cone Calorie Meter

Table 7 Quality Grading Based on Building Standard Law

Grading for
Fire-Preventive | Total Heat Release(MJ/m?) Heat Release Rate(kW/m?)
Material
Total heat release exceeds Maximum heat release rate
Failed 8MJ/m? or more within within 5minutes from the start

of heating exceed 200kW/m?
for longer than 10s.

5minutes from the start of
heating.

Maximum heat release rate for

Total heat rel hall b X .
otal heat release shafl be 5min from the start of heating

Flame-Retardant
8MJ/m? or less for 5min from

Material . shall not exceed 200kW/m? for
the start of heating.
longer than 10s.
Quasi- Total heat release shall be Maximum heat release rate for

10min from the start of heating
shall not exceed 200kW/m? for
longer than 10s.

Noncombustible|  8MJ/m? or less for 10min
Material from the start of heating.

Maximum heat release rate for

Total heat release shall be 20min from the start of heating

Noncombustible .
8MJ/m? or less for 20min

Material . shall not exceed 200kW/m? for
from the start of heating.
longer than 10s.
Common Cracks and holes penetrating through the specimen are absent

from the start of heating.

Heat Flow Sensor
A N~ Qc

‘ Tc (Surface

L) Temperature)

Th (Surface
Temperature)

Oh

-
<

Fig.3 Conceptual Diagram of Thermal Conductance
by Stationary Hot Wire Method
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Heat Release Rate(KW/m?)

Heat Release Rate(kW/m?) Heat Release Rate(kKW/m?)

Heat Release Rate(KW/m?)

10 ~
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Heating Time(sec)

Concrete
HC
— LM
Mortar

16 [~ I I
< 14 L 1 1 Concrete
E I I
S 12 L | | HC
2 l | LM
g W0 " ! Mortar
< g [ (QualityRequirement) | = "
o | |
R
I 4L | ‘
S | |
g 2| | :
0 ‘
1200 0 300 600 900 1200

Heating Time(sec)

Fig.4 Heating Time vs. Heat Release Rate and Total Heat Release of Normal Concrete, High-Density Concrete,
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Light-Weight Aerated Mortar and Ordinary Cement Mortar

SBR-5%
‘ ‘ 16 SBR-10% Max 16.80
SBR-5% | ! < 14l SBR-15%
SBR-10% | £ 1 SBR-20%
SBR-15% | ! 2 F | — Mortar
SBR-20% | & 10 !
} L g | (Quality Requirement)
I D: """ 7\ 7777777777777777777777777
| % 6| !
I @ I
| E 4 |
| 55 |
| e 2 |
0 |
300 600 900 1200 0 300 600 900 1200
Heating Time(sec) Heating Time(sec)
Fig.5 Heating Time vs. Heat Release Rate and Total Heat Release of SBR-5%,
SBR-10%, SBR-15% and SBR-20% Polymer-Modified Mortars
‘ ‘ 16 ‘ ‘ EVA-5%
| | EVA-5% < 14l | | EVA-10%
1 1 EVA-10% £ L 1 1 EVA-15%
! ! EVA-15% 2 i ! ! EVA-20%
! w EVA-20% @ 10 - | ‘ Mortar
: . | —— Mortar 2 g | (Quality Requirement) | *—————————
I I m I
| | % 6| !
I I 3} I
| | E 4 L |
| | 9 |
| 1 e 2t !
0 ] 1
300 600 900 1200 0 300 600 900 1200
Heating Time(sec) Heating Time(sec)
Fig.6 Heating Time vs. Heat Release Rate and Total Heat Release of EVA-5%,
EVA-10%, EVA-15% and EVA-20% Polymer-Modified Mortars
: : 16 - | ; PAE-5%
— PAE-5% [ NE 14 | | PAE-10%
PAE-10% | S 1L | | PAE-15%
— PAE-15% | ! 2 10 ! ! PAE-20%
AE-200 I ] — ! ! Mortar
IT/IQEtaZrOA) ! ;f g | (Quality Requirement) |
| | [a' !
| | ] 6 l
I <L I
I 4 :
S |
S 2 |
" i 0 ‘ ] ]
300 600 900 1200 0 300 600 900 1200

Heating Time(sec)

Heating Time(sec)

Fig.7 Heating Time vs. Heat Release Rate and Total Heat Release of PAE-5%,
PAE-10%, PAE-15% and PAE-20% Polymer-Modified Mortars
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3. HEB#HER
3.1 HEMEHER

Fig.4 Iz# /=7 Y — I, Fig.51Z SBR (PCM), Fig.6
\Z EVA (PCM), Fig.7 {2 PAE (PCM) DIEENHKEE K R
BB AT, 77, Table8 ([CFEMEFER DB
P OMIER R ATRT, Figd LY, £Ear 7V —FRT
T, R J O FE BAE A L D & FE B Y 200kw/m?
PIF & 72 03B EDS BMIM2 LLRTH D Z & B AR
MEICH D EHESh, £, BRLERI N -
7o

Fig.5 X ¥ SBR AR U ~—{RAD PCM TiZ, RV ~—
AL B (BUF, PIC) OEEAMIAEWIEEGEEE I Ua %%
ENEHINT AEFA R STz, £z, PIC20%REOHERK
SIZER © RFEEEAS 20min LANIC 8MIIm2 &8 %, (RIS
R OB GURBMAT: 820s FLilFE) bR S NI=7
DYEREXK 4y & U CITEARBRM B L B s hvie, 2,
SBR 2R Y v —IZIZL < DRFERVKFEEZERL T
L1z, ARMEA A (RALKE) OHEDOS SICER
LTWa7btExohbd,

Fig.6 &V EVA %A U ~—JEAD PCM TIL, SBR %
AU ~—RA PCM & [EHEIZ, PIC OEEMIZ RS EGE
KON B E RN 2 TH o7, F72, P/IC20%HF
OHEEARIZIR 0 FRFEEERAY 20min LAINIC 8MI/m2 &8 %
Te o OYEREX 4y & L CITHERBM B L M s hvie, L
L, EVAIEA PCM Tid SBRIEA PCM & 720 PIC20%
TIBRFUIMERE SN2 D o7, EVAIRA PCM THRH R
Uit L lp o2 il E LT, KESICK S IS A 1321

(B O PR B O\ T O SR BR 1) 12365
EMBRBROMBERY O bHERTE DY, AU ~—0
Rk & LT, B =25 HT 572, it =
NRRY = —OBRTIE, TEATWT 5 L0 0
BT, MgHE BBOKENBBESOS 2 2 L, BEEE, K
RENEBITART DD O LHEREND,

Fig.7 X v PAE %KY ~—iEA®D PCM Ti, SBR &
NEVA ZR Y ~—RA PCM L RIAEIZ, PIC OBINCLE
VNG K OSRRS BV SN D T o 72, F 72,
P/C20% ¥ D i 3R I IR 0 R F& BAE 23 20min LI IZ
8MIm2 & %, Kim DX GRBRBALATR 630s Rl RF)
HAER SHAVERERX 4y & U CIIMERRATEL & HE STz,

DEoiEREELDD L, a7 VU — FRTIE,
FEEGHEED 200kW/Im? LL T CTh 0 iRFEEVE Y 8MI/m? LA
TTHD I EDLRBME L HESH, BRLIERIN
o7, SBR, EVA RUNPAE %R YU ~—iEA PCM T
i%, PIC DA AEWIEEGEREE K ORI BN 2
i TH -7z, LOL, SBR KLU PAE ZR Y < —iBAD
P/C20% CTIER D RS S 7z, AR THER S NIRRT
DNTDO—ELEERENTR D,

3.2 BMB R

3EILFHT/RLIZLDIZ, SBRENPAE BRY =—
IRAD PIC20% CIER DR S LI, JREHERE O
VIRPZRIBHADERIDNZNDONRBIRTH D, TDTD,
1 BICHIRA@Y, —ARA 7B EHARE ORI 1T B
DK O ZHRHE DB BB NE R T8, 1REHEE O fif
D7D OGO —E & LT, ARBRTHW I HE A (=
IZ PCM) OEMRESREJE LTz, Fig.8 [ZEVRERE
FERAETRT, RBERLY, av s V- FEAREHEE L
75 E, BEOR HCIZRMRE R 33% M SR &
720, WS E OV CM T T2%IEV Ml & 7o 727
B, KRBROBRITEFICHEINTNDL EFZ D,
PCM OfF AR5 L, SBR KUPAE ZAR Y ~—IBAD
PIC15 & TN 20% DA &1L PICS TN 10%IZ tb~ &\ Ml
L7720, PIC OHINZLE S BB RO F R R S
iz, EVA ZAR Y ~—RBATIE, PIC OEEIMIBED ST
BEEROEBN DN End, EREmEIHRSh
ino Tz,

HEENERRER CIRAD R S 417= PIC20% (SBR & UNPAE)
OB EMRERENEVER E o2 &G, PIC ©
HINZEEY, BofEh ) d S o EMERO—K & 72
D5%, LirL, ZHbDOBMRMEEZE—ICFT 2 7=
DITIE, FERORERIC T 2RBREERE A ML, et
TEUEHD,

Table 8 Experimental Results and Grading of Materials

Total Heat  Max . Heat

Identification Release  Release Rate Grading
(MJ/m?) (kW/m?)

Concrete Normal Concrete 1.95 3.45 Noncombustible

High-Density Concrete 0.60 1.43 Noncombustible

Mortar Light-Weight Aerated Mortar 0.75 2.06 Noncombustible

Ordinary Cement Mortar 0.48 3.23 Noncombustible

P/C 5% 113 2.94 Noncombustible

SBR 10% 3.57 3.34 Noncombustible

15% 3.34 8.73 Noncombustible
20% 16.80 50.27 Quasi-Noncombustible

P/C 5% 1.81 3.56 Noncombustible

Poymer- 10% 365 5.49 Noncombustible

Modified EVA =

Mortar 15% 5.55 8.59 Noncombustible
20% 8.95 12.97 Quasi-Noncombustible

P/C 5% 2.38 4.28 Noncombustible

PAE 10% 4.83 771 Noncombustible

15% 5.38 9.88 Noncombustible
20% 8.47 17.39 Quasi-Noncombustible

1.6

Thermal Conductivity(W/mK)

Fig.8 Thermal Conductivity of Various Concretes

and Mortars
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4. FEBH
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BA44 20min LLPNIZ IR iR S 7= 72 O HER IR B
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1RFREDIRIAD - OIFED—Br & LT, Bz
HARZAEL, BADPHER I SBR LU PAE
AR =—IBAD PIC20% & PIC5%K (X 10%% Lt
B L7 5, PIC NS AW BRI RN 0 VE &
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4)

5)

6)
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