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ABSTRACT

"~ This work involves quantitatively investigating the correlation between reductions in strength and variations in
pore structure under high temperature that can be utilized as estimation for predicting the inner temperature of

member damaged by fire.

The experimental results were remarkedly affected by micro-filling effect of silica fume and the different
water-binder ratios. The increase of the exposure temperature caused the increase of porosity, which resulted from
the reason that evaporable water in gel pore or capillary pores as well as chemically bound water was eliminated
from hardened cement paste due to the dehydration of C-S-H and Ca(OH)2. Thermal shrinkage of hardened cement
paste gives rise to micro—crack, which cause the increase of porosity. Based on the experimental result that the
increase of porosity is in charge of exposure temperature, how porosity is distributed can predict temperature-time
history and assess the performance of concrete damaged by fire.
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Table 1 Physical properties of portland cement

Cement Denmty Fineness Setting Soundness
type (g/cm®) | (cm¥g) time(min) s
Ordinary Initial | Final
portland 3.16 3,350 good
cement 145 220

Table 3 Properties of materials

Ordinary portland cement,
Density @ 3.16

River sand, Density : 2.60

Crushed stone,
Density @ 2.65

Silica fume, Density @ 2.2

Cement C

Fine aggregate F.A.

Coarse aggregate|| C.A.

Admixture SF
Super plasticizer || S.P.

Polycarbonic acid

Table 2 Properties of silica fume

rl
ot

2] A eEolN 203 g8} FhE
SEECEE PR DET L

2o o

22 NEBNE

B A% A8 AWEE BE IEYCS AJHE|Y
g3l9or 214 44 2 g8ty 242 Table 29 2
o A4 2 FoIAE AR AFAREY A4E
ST B Aol AME AR+ Table 33 2t
23T ES] wIghe Table 49 2t} wigte] w9loake
170kg/nlol™ B-AFAME 22 35, 45, H % Wkt
Aok AgFREE AME FE] gis] WER 10%E Al
g3k 13 HHs AFAS FA3) 3 2712
B 1A% ARRSAE AHEEIa £ E] ERA
£ 18+3cmE 6‘}%14
ZAZEY EFL AAA BAME o]gsif o AHE
o} Ael7hEe Z&axﬂa Foste] A E3e &+ 294 &
A, FLEAY A2 FUste 42 027 T8I
o % T g e82E S8 52 A9
AF 2 A4 HYE Y& bmmAE oLt FH2F
AE AASI AA = FLIFAE AAS AHE &
ZHE o]g3to] A=A 0+2 T FAAA BY
b A5t FAsIaTH

i

o]

1m

23 Alo-lx.nol 7|.0:l al AIO'I‘:II‘ HA
e 2 nestel 4EYRY 9 Beh APAS
g3k B4R, APl Iz AedE o
13 Umin®.2 744 F thl B0 Wasel S48k
YR ASage AL FHELEE 20, 40, 600,
800 CoTe} Z2}e] SR LmAN 2471 LT

Densm?/ Specific surface Particle Chemical composition (%) .
(g/cm (cm”/g) ize (um) - pH (20C)
g/cm area \cm/g size (Im Si02 Fe:O3 | AlO3 Ca0O MgO K20 L.OI
22 200,000 0.15 94.8 1.06 0.66 0.19 0.61 0.73 1.00 5.9
Table 4 Mix proportions of concrete
Unit weight (kg/m")
Type of W/B Slump Air Water content | s/a S.P. B de;u weight (kg/m
specimens (%) (cm) | content (%) (kg/m®) (%) (Bx%) c SF FA. C.A.
35 45 0.7 485.7 - 744.5 927.4
PM 45 . 0.7 3778 - 8193 9416
55 0.6 309.1 - 845.9 972.2
18+3 4+1 170
35 15 0.9 437.1 486 736.6 917.7
SFM 45 a7 09 340.4 38.7 819.3 934.3
55 0.8 278.2 30.9 8459 966.2
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Fig. 1 Compressive strength vs. heating temperature
of cement mortars(PM, SFM series)
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Fig. 2 Porosity vs. pore radius of cement mortars(PM series)
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Fig. 3 Porosity vs. pore radius of cement mortars(SFM series)
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Table 5 Porosity and compressive strength of cement mortars

. Porosity (Vol.%) Compressive strength (MPa)
Specimens . : - : : : . : :
20T 200C 400C 600TC 800C 20T 2007C 4007C 600°C 300C
35 13.8 17.3 21.0 248 30.2 726 67.5 47.1 21.8 13.8
PM 45 169 19.3 21.3 233 32.0 54.6 47.6 33.2 175 10.9
55 18.4 20.0 23.4 22.1 279 42.2 35.0 24.4 13.4 59
35 13.8 16.2 19.7 267 212 76.3 720 50.0 271 115
SFM 45 15.6 17.4 216 26.3 30.2 68.8 63.7 37.3 216 9.2
55 18.9 19.1 21.2 26.1 32.2 539 510 30.0 16.0 6.4
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Fig. 4 Cumulative porosity vs. pore radius of cement mortars(PM, SFM Series)
IHEE MR mE F5EY IR E-AAN Qo] 71& AAlE el g ZAYE H J|E As
U A EY FH FHflol fAR MRS 1Y g ¢ FAY 78R FAYH 2 ZAAAE o8
t IS8 ks B9 e € SEE g 2 W TEEEe] FAPEA tEo] ZIEY TERE 9
= = 4
gend dEse A9E o/ . oy $IE9 o] 7¥sd Ao Almdry,

712 3 ARE AsA)e o] Ao
AEY 2= FFE vIA ¢ A3t 59
213 Ao g A

HJ{U [‘HJ

332 3383 WY
2387 U34w9e) WS Fig. 6 5 Table 59 1}
iRl #389) 3} 3 wARGel BHow Q)
YaUme rsisn Y APl debiEe
F5ol Aglel A9 5AT A% 2k oleid 4
Fe gL 9EAE THY JUBAE voln

602

?4‘1”—‘]21 FEHL Sl ol o3 FA3} B
A
2

_—,_ ]\_ T }'9:]'%'\3'-’] Oﬂoﬂ 9’]‘:‘_]_' %
22 &4 LH-“QP‘J

I

o
e

rob fH oo

9. ki do
I
2,
o %
o IE
. o
Ui
4y
ik
m
o g
5:
. &
o]
o 2
= o
of i
ol
m ol
R
3 o |6
2o

i

9,

X

52

rlo

Iz

M

i)

do
E
]EJ

)

o

o

— N\
& Jr

siaEam|Ests] =2 H16A 55(2004)



40
32 E
3 o
®
B 24 F A E
z
A B
>
£ 16 ré g
8 5
S 35 45 55
g } PM® A MW
SFMO A O
O 1
0 200 400 600 800 1000

Heating Temperature (<)

Fig. 5 Relation between porosity and heating
temperature of cement mortars
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