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ABSTRACT

Recently, since the advanced nano technology develops unique physical and chemical properties different from
those of the conventional materials. Normal concretes mixed with nano - Si0, have been studied to improve the

fire-resistance with high strength and lower heat conductivity.

In this pilot study, the nano-particle contents in the specimens (® 100x200 mm) were 0, 2, 4, and 6 % by weight
of cement, and fire-temperatures 200 C, 500 C, and 800 C were considered.

The results show that as the nano-particle contents increases, the weight loss of concrete gradually decreases,
and the compressive strength after fire-attack increases effectively.
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Table 1 Type of fire-resistance test

Type Content

Test method is applicable to the measure-
Steady | ment of thermal transmission through a wide
state test | range of specimen properties and environ-
mental condition.

A means of assessing reservoir performance
Transient | by measuring flow rates and pressures under

test a range of flowing conditions and applying
the data to a mathematical model

Table 2 The relation of temperature & load

Type content
Unsttgsts sed The specimens were heated without restraint
Stressed Specimens were retrained by a preload equal
test to 40 percent of their room-temperature

compressive strength

Residual | Design to provide property data of concrete
property |data at room temperature after exposure to
test elevated temperatures

Table 3 Physical property of cement

Compressive
strength (MPa)

Initial | Final | 3day | 7day |28day
OPC| 315 3341 | 352|627 | 220 | 295 | 382

. Setting time
Fineness (hr)

Type|Gravity (em?/g)

Table 4 Chemical property of cement

Component |CaO| SiOz |Al:O3| MgO | Fe:03 |SOs3 }ggziiogn Iégeg
Content
(%) 613|211 | 52 | 40 | 28 {24 20 | 06
Table 5 Physical property of aggregate
Type Gravity Absorption(%) Erection
Sand 2.60 0.94 2.90
Coarsel 2.69 1.02 6.20
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Table 6 Physical property of nano particles F403(Z22| B ZATAEE FAAD wet $10x20 mm

Purity | Size Specific Los.s' on 9’] /\a]@iﬂg: Z'"Z} _}%\—9-]34, }b}EHZ'} EAEES Z;i;gs]'ﬂ
Vo | (o) | (nm) |Surfocy area ignition | Pl Ag WFe=54E dYAE Fazes} 2o g
Nano silica| 99.8 | 100 20 3 7 7] Aol Kety xS Fig. 29 2o] AT ¢

A3t FUAIT T FEste] 20£3 TN 28U 371

Table 7 Mixing table

No. | WC| S8 - 24ixin(g}<kg/;n3> — Temp. 24 HE uH
NO-HO 20
No 12| - wod o |20 24.1 714=4
NO-H5 ’ 500 Fig 3& £ Ao AHE 7hd & (furnace)®] 71927
NO-H8 800 < e Aolth £ Al ARE 7MEEe) 7HEzAe
o o dA ZARFOZ 4HT Qi RILEM Commitice
N2-H5 3028 2472 500 129-MHT(Test Methods for Mechanical Properties of
% 50 | 42 | 180 1101|771 82%0 Concrete at High Temperatures)? ASTM E119 REV,
SR 500 1SO &34, JIS A 13Meld A3 Qe FFtdess
N4 H: i P 500 A 270 we pasigon], B ATE AP FF
Eg:gg %%O T AN (Steady-state test)S T3 AYIH AE
N6-12 s384 soda1 o290 (Residual property test)& {é*lﬁ}ﬁq. ZAYE YR2%
N6-H5 500 7 0~80T7HA] 7tEE A8AE dpes sasiin,
N6-HS 800

NO Nano silica 0% HO Concrete inside temp. 20 C

N2 Nano silica 2% H2 Concrete inside temp. 200 C Termmocouple duplex wire for measurement
N4 Nano silica 4 % H5 Concrete inside temp. 500 C internal temperature of concrete

N6 Nano silica 6 % H8 Concrete inside temp. 800 C
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Fig. 3 Fire simulated temperature curve
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Fig. 4 The furnace for fire-resistant test

Fig. 5 The measurement of compressive strength

250

3.1.1 FEH&ELAE

Yio] ¢8-S 233 328 AYa e FAYEE
gL A HH TR R PAsle] ZAYE YR
SEE FA AeANAY FLEH, FUEHA ge
FES YR FHoRRE ogHE § 98 @AM
5B TAATA "ok g JiddE 232E
W] 8 o5 524 ©E FYPEHELS 12 J1E
¥ ZagEe A&HEE aEsia A ¥ d9E4
ZFdale gy 12dde E23E WEA TS| d
& vXE F83 oot mrtdA] RE EIEY
YeAgs) Bg EY8 23 E] UR2Ld Tk

A7} P Table 8 % Fig. 69 2th

Fig 6914 6% _ﬂElEﬂ WV AL FEEAE
Uehz glom olx EF2% 200 (:oﬂ*ih HEZAg
E9 o 1%HEY x}ol y_o] N, EI ERLE
80 CAlM e 2 ulalste o 6%AES THEQAE
£ Holx glo] BE FAYERT o 1%L A2 FF
EAES Ho|1 Qith o) dF o] BE FAYE E U
A2 g TS ZIYEE A2A 200 T7A
T e THEHES Holn oy 200 Col¥FHE
FTHEAEC] gutetA F7kskaL girk

ol EITEE 20 THA Wie o] FdEo] o
T2 FHEAE Bk A vhedegt 23S £

Table 8 The ratio of weight loss (Unit : %)

No. 200 C 500 C 800 C
NO 431 5.83 6.72
N2 3.82 5.35 6.51
N4 3.65 4.78 6.22
N6 3.28 4.00 6.05

w

Weight loss(%)
-

—— 0% —0-2%

—A— 4% 6%

0 200 400 600 800
Temperature(T)

Fig. 6 The ratio of mass loss of concrete
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Fig. 7 The inner temperature of concrete by heating
to 200C
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Fig. 8 The inner temperature of concrete by heating
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Fig. 9 The inner temperature of concrete by heating
to 800C
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Table 9 Compressive strength and rate of salvage by inner temperature

Age 20T 200T 500C 800TC

(days) No. Compressive Salvage Compressive Salvage| -Compressive Salvage Compressive Salvage

strength (MPa) (%) strength (MPa) (%) strength (MPa) (96) strength (MPa) (%)

NO 176 100 13.0 73.8 9.4 53.4 2.1 11.8

7 N2 19.8 100 14.8 74.6 11.0 55.3 2.7 13.6

N4 21.1 100 159 75.5 115 54.6 2.9 13.9

N6 22.5 100 17.7 78.3 12.6 56.1 3.3 145

NO 21.3 100 178 83.8 12.1 56.7 2.6 12.4

14 N2 24.7 100 20.9 84.9 13.9 56.4 3.6 145

N4 274 100 23.3 35.2 16.0 58.4 3.9 144

N6 28.7 100 24.3 34.8 16.9 58.9 4.5 15.6

NO 23.1 100 19.8 85.7 12.8 55.4 3.2 14.8

o8 N2 28.8 100 24.8 36.2 165 57.2 4.8 16.6

N4 29.3 100 25.2 86.1 17.0 57.9 5.1 174

N6 30.6 100 26.6 87.1 17.9 58.6 5.4 17.8

Table 10 The relationship between Age &
Compressive strength at 20C

Table 11 The relationship of Compressive strength by
inner temperature of aged 28 days concrete

Mixing Age and compessive strength | Rregression Mixing Rregression analysis Relation
amount (Rregression analysis) factor (R®) amount (T=temperature, C) factor (R%)
0% fo = 12154x™% 09638 0% f, = -10°T% - 0.0147T + 23356 | 0.9999
2% f. = 11.834x*™ 0,989 2% f. = -20°T? - 00172T + 20.07 | 0.9998
4% f, = 13747"2® 0.8055 4% f. = -20°T% - 0017T + 29528 | 0.9997
6% f. = 15086x"2"® 0.8082 6% f. = -20°T? - 0.0168T + 30.868 | 0.9999
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Fig. 10 Compressive strength along inclusion of
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Fig 11 Compressive strength(fc) by inner
temperature(T) of aged 28 days concrete
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