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ABSTRACT

Keywords : New High Strength Concrete, High Temperature, Spalling

Reinforced concrete construction can have various purposes, the use of concrete
materials have been constantly developed. Nowadays, the new reinforced concrete
structure is a combination of high strength concrete and high strength steel. Due to the
small urban land area in Taiwan, it is preferred to use more high-strength materials
which can save material and land. However, the spalling behavior of the ultra-high
strength concrete under high-temperature must be well understood and controlled.

In this study, the cylinder and slab tests under high temperature were performed
to evaluate the major effects of different polypropylene fiber content and water
content on the spalling behavior, and also to provide follow-up assessment
improvement of the practicable mechanism of fire-resistance test on large
components.

The result of this study shows that the influence of relative humidity inside the
test pieces on spalling was not obvious, but the addition of fiber had a significant
improvement on preventing spalling.

The main suggestions :

The ultra-high strength concrete used in the New RC structure system has the
weakness of brittleness and poor fire-resistance. When subjected to high temperature,
severe spalling phenomenon will occur, resulting in the reduction of load carrying
area and the losses of reinforcement protective cover, and led to the bearing capacity
of the structure decreased rapidly, or even cause the structural collapse. The results of
this study show that the addition of polypropylene fiber has a significant improvement
on spalling performance and it is worthwhile to continue the research of

fire-resistance of column members subject to high temperature.
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BALRAL bRV RBREERT S BN - AR ¥ HdT 4
BAIE oot R H AR S AR R R IR % o (2 A ATIOR 2 YRR TR
o R RS A RA AR R 2250~ 400 T2 BF(4piR s pIRE R
ALABEAE) A FRARALFLRY PP FRF LR AL - BRT SR
A Rmarg > § PERA DL & FF ZREI MMFIEAPRE P IVEAS
LFEBORCFLROFS ERE A FER AP L BRRA T AR
TR AN AT EEE AT S RGP B ¢ RR G
RS BB E S FEEAB AR BHR T LA A EE TR R
LRSI

=N

-

o

R AR

AR FRF A KBS FFRAL DL R AR R RS FEL K
Fenfi4em ¥ B o Chan (1999) & enf sk % A7 > 4 Rt ;%@?éﬁri,{%:ﬁéﬁ%
B FosRRED PRAPF BT EF A2 F o Anderberg(1997)# 7 4p ) -
Bkt 20320 BRI APFEIRR )3T T5~80 %R 0 TR IKF Jimﬁz* R
Bnh g g o5 ST SR S B L BRPRANTIAR S S
AR M Glho s A RGRL A BRI HET R R (B
FREERA ) ARERRDREF 2 %3 0T RKES ORBE HBRY DR
RSP AR HRAP S R - AR R R R

A
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B & RN TR G € RE e

AT i SR F P T (R AL AR
00CHt ) BaARAIFARAPPFEHRT > 2
SRR B AEEL PG RBPERP AR BN R RS BOBEE ST -
RoAd AL FRS KA ALRE - T oh o MR £ ROPE S F R A LY
B R RRN &> e A pNINE 2 4 > § A0 BRED P
£ A PR R g AR AN R T R R R
RAPPEFGERERRUIRFIAL DN S o X A RAF LS A D o T
pLRIRF] R T A S AU R e 0 2 ot /R A A g 6

i

PIRAEFRE RE IR E F RGBT A PRI FE F RN A 2
A desi i P OVAR R A o
é&%%¢%$%ﬁﬁ’ﬁ%ﬁﬁi$ﬁTﬁﬁéﬁ’vf§@3ML‘“
7 M BEANRR O 5 (polypropylene fiber, P.P. fiber) & 3
ﬁﬁﬁ%%ﬁi—»ﬂi#ﬁﬁ?ﬁﬁﬂﬁjﬁﬁ%ﬁﬁiw#@%ﬁﬁ’ﬂﬁ%
B 160~170 C2 B i > S 3V Fhiaan j i3 e s
BOR G D P ORIV A G e R e SRR STV R R BT T
FREFRA DI A EF o e MR EArHE R G gy A TR RF
B I EFREGE R D s G ket MR RS CRE R G
Gt Ve e D VIR D AR R U e s
53 f- AP LR O HSHE L X AR E R RE VLR B R SIS
e SIRIE S A LTS SR g S A I R Ve I Sy
3 U E R

(7
54
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ATAIF AR FERA L]
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G v AR R on- oy H SR a - Fad s daRr iz g
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v oF TR e b (Crack Arrester) » BN F R IR 4 R P oy
4R %A R A2 Bl H @i, (Propagation) Pl ok @ 4 o
RaAafoR gt B2 g @i’,@ﬁﬁﬁ%ﬁ%é&é’a‘.ﬂ\iiiﬁﬁ'ﬁ?’?.ﬁé&“«.ﬁi:}ilf&

45 2 0 4o B 2-9a T o R BT > BRI TR 2P
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.
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}Es

% d Bgaskf By RAIBRHAL PR EY 4 W d AR
(Matrix) &8 2 4 e h3 4 %3, (Shear Deformation)® @& 1 3 #8i7
gt o FRAEMTMI PR AR AERZFT R KR TR
% (Pullout) » 4cB] 2-9b e pt#b » ¥ R I A » B PF L
PB4t T RE R M FRERS RS TE RPN
B (W] 2-9a) - SRR 2 ¥ b - BRI LSRR A
wgag g ke (Critical Fiber Volume) & = & ‘&
RPUTEE o 4o B 2-9Ce B AEERIR R F A P B adT R B4 s M
Rk A FET 4 ORAE S RAFRERAEZ P RE  BRBEREI e
€ FP 4 Er oA Bk o oW 2-9d 0 p Flg 2 £ R (Aspect Ratio)
o BT e H) o HeeFRmES T A ZF s o

ML BB HIRR R ~ filen &2
PR ZEHMApH BB R

=
W
I
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ot
5
s

ﬁ:f
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fon
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!
b
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&
[

i
BRSEE TR o BRAFRERAERALT B2 H e W H %R N
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H = = =
(a) g =— 1

PRI AE EEAE FH 1 2 A R T Wi

< Qi}j OQQ
(b) 5 0 = o O
zOD Q9 UD

OD Q

PR AR
_ o O J IS
o e @)
(c) o] 0 f = o O ol
| GOO © ) @ o
TR 13
o AN -
o O L=
oifN o
O
(a) 0 " e’ 0
eoo . .
. O

B SR L] O
B 2-9 ¥ 1ok AR B s 4 W
(FH kR 2 % & > 2003)

yr & wwpiép

Meyer-Ottens (1972) » ﬁﬁ‘?p\J B FERRANFE 0 AoB] 2-10 Ao o
Zhukov, V. V. (1994) > ff i34 ¢ -k & 2 35 4c o4 Bim R4 3 2 BA Pl 5
4Bl 2-11 #77 o
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Explosive Failure Temperature (°C)

140 ~—

0 25 50 75 100
Heating Rate (°C/minute)

B 2-10 = B e RARRES R MG E

(F 4 %k © Meyer-Ottens » 1972)

7
6
Spalling
5-

4

34

No Spalling

Moisture Content (% by weight)

0 5 10 15 20 25
Applied Stress (N/mm?)

B 2-11 242 -k 2 R4 iR5RS 54 RA M (2 H
(F# %k © Zhukov, V. V. » 1994)

Phan (1996) % % &-¥+7 s R R 2 (R 2 #64p 400 = > sk PrHUR 5
B 5 47~100MPa) 82 E ~ 2R3 FE R T B R TIREL K
R (CFRGEEE ) HRABF ERF  RAGRAT 2L L5kg/m 2
o T O AR W ARAEL T g RA T TS TR e
MG BOPRS R BRAB T -

Chan (1999) % + #-#7 33 AR 2 (f 7 47~128MPa) % % &7 -
s R FokE S 88% mRAWE AR HARML FLES 63%

WG o R R 2
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Fgm " (2000) &-$H#R 5 & %) 60 MPashil 4 Se {7 i 4 7 I it R
FadEt o BEAP R RBRP A (013kg/m®) mEd TRBHE S
BAGARPFHEAREI O A F AN HER LR A I RS
UG i BNV S S g A R 0 Bl - o

3 %% (2003) 27 iRt (HPC) 4ienaf Vi 777 » 733 kB F
M (& Fiorp Rt i) Safay (RF FRafomfn) fatl iy o
¥4 HPCHLig1SO 834 R 2 B o &4e #115 chig % A 7 i 4o P 4t 2 (0.9
kg/m®) 7 P Egsc LRA 5 0 ks sk (42kgim®) Lok 2 pBE o

TAE (2006) f7aagtasis (fcd ¥ 5 55~65MPa) B m v
PHEERABAFT AT BRI PR ek R T 3 RIrHR RS Sl R
RA > m D RE R A e o R G Aoy AR S A & S ] R a R R
U RABIRE G AR N R FP R IR E F R -

A% % (2006) % 4 #4100 ~ 120 ~ 150 MPa = # 55 /& & {7 % 5% 3 ‘R4
P B EHAFEFNE LA um TR R 1Omm s 2 R 5 0.2%
P RRFFRE S R SR

Bostrom (2007) % A #4HR% R & 73~107MPa % 5% R R 3 (7 3
B SR RA GRAT PR ERAE L

8% (2012) 448 % 0 F 8 PR G2 i 2] - & SCCR G 2 if
SR FHESCCRGRELITARAILBR » BRUEE T RF LV R% ]
FERETRY - K SCCRAL BRI LG » FARALFRATEHR S > BE
frenmt L iy cm @ R F AR SCCRES Bl B R E LT EP M
BAHEL

Peng (2015) & % 4 ¥t4R % & 85.5~ 1258 MParidz % % R R & 2 7% 4o b
G (0~120kg/m®) > %87 3 * Bebdwihia (= 95kg/m®) it § rcdri R
Blo ¥ob g Ak s kE = 63% i oordrd | RA ehE 4 o

Busra (2016) # * it 7 35 & 100 ~ 120 MPa 4g § 5 & R 324 7 4 B

B (02% WA ) BEE A RTEIM LT F B A RER
|

1R R R A
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AR ARAY BRERHGFLAT

Y kAR L § B 2 P 39

B IR G2 R T e e HIR GRS R 2

3
.
%ﬁ"%QEH?ﬁ%%@ﬁf%jﬂ@ﬂyﬁoﬁ%%ﬁﬁﬁgﬁﬁ%

DR e P R A & iy b AL

g2 /I?Mi!’_iiﬂ, Eurocode 2 (2010) “Design of concrete structure - Part 1-2:

general rules - structural fire design” 4% 4%

FRA A7

HAHEK -

O $ %8k 5 40-50mm> 7 @& % kA ~ b H H & m r mk e -

g kB FEH3%

O
O HFRBE 413 67~95MPa> # & 3 £33k > 6% kiEEE
O

HE s £ 6%5kLEE
o B W 4R ke
o Jf SRR E

"R A2 2k R O A
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2% RAIZERAGFLIEY

Fova a2 v AR S B FEFR 2 e 3 A g R AT
G SSRGET B A RATF EF R RRAL A R ERAFREE T
A CER RS IER Y Sy SRS EREER SRR §E E 2N
fRHBERHZ 752 PrflEecd v 77350 o

AT RLIR R TR MR AURSEAET L 70 MPa Sas #
BAH (0~0.1~0.15%2 0.2% ) chg imdHiREL > B 4 bifr (3
K2 ) 0 ONS 12514-1 58 2 iF i 38 7 3 i RA % > Bk PF L Sf g 30
BERREE:BERZFMT A RAPF LA NER -V F R A SRR T HHE
{3217 ONS12514-1 #5221 iB 3¢ F 2 (7 4o SR 5% > B o ) VB 15 A
PR AGRFIER S ZTR CPPHIBAE DR 752 B EARSRES
170 R RT L AR R EEE R SR A RER TR LY A o

$o B RHANRPANE
T FHRYIK
A iTFURE R TS 5 70 MPa > 100 * 200 mm [F] 42348 - 2 CNS 12514-1
2 2R s BEBRARBKR AR ONFEHN IR ZERP ’TJF%IE\«E‘} z ke
HBERA2Z B - %R staé«agé ©0~0.1~0.15% 0.2 % (%2
FEve ) ARERAR 1075 100% o & i (TR FEHR P EM € ek £
TOWPIEARAAM P pEELPIRA S A PR {oR S FEHRAIER S A2

Y

o

l

EXN

TR BRI R R PV R kAR FF RS B0
RRPER AR L Y RERERN A E 3 AR RAW TR EY
Flaestae S R BRI A S RED FUREA S T0 WPa - R GRE G EA
SE 02 0.1 % (R ) P IR SRR Rl A E - FRY B RIS
B2 BT Rl A e B R PR ONS 12514-1 R 2 B W S 1L B 2%
FRERIVERR kA EBE EF RS EELRER PR ERARHY
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AT B R ERRI BERANFIFAT
FAER RGP ER LG RNER PR AT LS TR LERAFS
i e

SFEAMARIED > 4ok -1 3R] £ 3-2 SFAERP

AT
20K E B4R 3-1 %2 3-2 1w e

% 3-1 FARd

o S AL o R " .
L ? FARZE | APERR | R ERIEZE
R PR
faug cm % AR % i K 7B
MPa MPa
0 iz CNS
10 B R
Fl4e 0.1 12514-1
10 x 20 70 - 75 RAAR
L 0.15 [kl e
100 | BRAT
0.2 Fod AR
¥R
% CNS AR A
T AR 4
¥ | 140 x 155 785 0 12514-1
70 PR R R
wa | FEID E 3 0.1 ‘ I 4
7kE | RAER
I
BT
GRS RENCEE £
% 3-2 FHAE
P Rz E | Bz E | ApHEIBR | APEIRR iR
AT | % R gt % gt
0 00 00D: &z € 0% 7z k& 10%
10 10H: &2z £ 0.1% 7z k&
FHe | 0.1 10
75 75%
e 0.15 15
100 20W: ez £0.2% 7 k&
0.2 20
100%
3 0 S00
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2% RAFRRAFLIAT
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A

o [0} o
TC3 TC2 TC1

20

10

¥~ :cm
W3-1 Ptz psgdn (IC1 ~ 3) KT &M

(F# %R hA7 § RTL)
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#4 SfilfH
i 4
P1 P2
9 TC12 BRAL [1C3.45H
k]
3 RH2 P3b 4 RH3
-
Pgdy TC6,7.8 WM Drcotoxb s
o
o
N
|
100|200
- 1400 -
10 )]
P1 20 RH1 327 H s
E
P2 32,7 2
32,7
50
P3 50 RH2 I
—L S
RH3 ‘ 5
RS 4R 19
e S A By P
P4 32’7 100 TC8,7,10,6,9 ﬁ =
_— 20
P5 20 RH4 32,7
20 I, 20 Il 20 Il
150 150 150

B 3-2 @42 L RIfcE v & W

(FR KR 2T EER)
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i BRAG Y

1
o
Et
W
F

Fopule
AR AR S

Flirzdgg e 4 2 2 /2 10cm 3 & 5 20cmo 3 * R &3 R v g » M40

LR R R PA VR R AR, R R AR E AT RBIER T L L ¢
FEPEFREE RS LEFERE - WITH LR &2 % £ 7 B Mg
MArzkEE FRDS BT FRERETBRIER OMLAR > ¥ - A
EEIRTBRBI A A B LMY EEI AU SR BIRREERT RS
B2 F o FLARJIHAT BR UL E PR -
F R ITRE T

1. k3 mgd-

2. BRI A -

6. % EN BRI (€7 1A% IFLRMEE -

TAETHET PR

B MG BRITE AL LEMB  PBEIH > b AR
WA LA

9. it ML HiE -

AT E LR 2 R 2 R R 2 8 X FURGE B 393 70 MPa £ & o g &2

WG PRSI HE R o B AR L et 4ok 3-3 977 o ATEEIR RS 2
31 Fpded 34 BB B FER4cE 35 977 o /, e B Trvaé« AT R

R RS SRR RS 25acm e ‘)fE?‘}-’fj}\ﬂﬁ"r%ﬁiﬁ’»“iﬁiﬁ‘_é 10 mm » 70 MPa
F kA 50330 B FEELZANE ST LA M E Ao d 3-6 rom e

A el g B 6 BTN AR 020 B 9 550 2 T 0 i kv F
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A3 %

wRIRAY FERY afﬂ;t

2R BAR aRT 4R F

Ao f H e tREE 10mm 2T kR > SR

FHERpOR T E PR AL DR R (RR): BERRFE G- BT

% 3-370 MPaX &R s 4 2 fiei
g r £ (kg/md)
KR W E -k il S S 1%
290 240 173 745 920 2.8
=i 1.k At W/B=0.33
2. kIHEAE 25cm
3. 4 28 % % LFUR B A L 700 kgf/cm?
A RpaEazE 000120152 0.2 % (HfH)
00.9-1.35~1.8 ke/m’ (£ &)
(FR &R Ay F2)
% 3-470 MPaX &3 R % 4 f'z‘_é"'
Ho7_E 2 BE
300 12+
fadlE%k L E B A (mm) 320
(R2 FBrwt)
o o e #iorE (mm) 600~700 620 x 645
LT R (sec) 7~20 12
Bk 3 500 mm
ZbAE 1L -
e 3-15 5
o2 PR (sec)
(F# kiR AT g EFIR)
% 3570MPa R gl 2 R REE
7=  (kgf/cm®) 30 = (kgf/cm®)
505 2 717 2
551 721
596 724
(F-f Rk 2 A a7 g F2)
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F2F RAIBERAFIFY

4 36 B B RHPF

BT £ B EEve | pEk | RNRuEEF | P RA %R
30pum | 12~19mm | 5166 | 167 C | 20~30% 70ksi | 0.9 g/lcm®

(FH K : A= )

FEMPA RS B RER L 2em A e R S 20 cm o A SR
5 R SD785 B v 2 p ATIK 2P v 2 45 85 > R Y &2 RK 742 CNS
2111 " & Bt 25z | &2 ONS 2112 T & Al v 38k i & ) 2 (74p &
PRk o 4 S BRI TR ok 3-T AT 0 RS M SR I g E &
B i@ 1000 i sk 18 (735 MU B 4 2 S SRk SRR A o
Pl S 4ok 3-8 4 5P W B% e B 3-30 M4 B® Y M4cF 34 -

3 3-7SD785 4u 8% 8244 T IE

o b
ks B i B £ W E 3 ST
N/mm? N/mm? %

785 1+ 930 4 2 5 A 4f 81 H 2+ 44 180°

14A 5, JE AR LS 1}

(FH &R

R g )

4 3-8SD785 4 5 p ¥ 335D P B

Wi e p
' ks B (MPa)
i A e
1 876.17
2 885.22
SD 785 D13
3 -
T 3a 880.70

(F#Hm A5 F2)
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AAFRARAL FERAGF Y

B 3-3 SD 785 4m st 4 #@ 3¢5k

(FH KR AFT g ER)

1000 —

@

=3

o
|

[=2]

(=]

o
|

=
o
o

Axial Stress, o (MPa)

200 —

¢ — T T
0 0.04 0.08 0.12 0.16
Axial Strain, € (mm/mm)

% 3-4 SD 785 (D13) 4w s34 W F%

(FH KR AFT g ER)
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I R RRRHEIEY

i PR AL A T L BRI R B e ¥

o o

W 3-5 @i fiF

(FH KR 0 2 AT AL)

B 3-6 i B R FR(BATHE RS F)

(FR KR A7 L)
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ArAld R RRAL FREBRHG LAY

W 3-7 Flzdafis #12%

(F# kiR xR

Bl 3-8 340E B H K

(FH kR AR AT
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Fzd AR FERAGIF]

B 3-9 ATERGEL NEBRRERE (BARREVEL)

(FR KR A7 L)

B 3-10 ARt B R

(FR KR AFT g BE12)
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MR AR BERA P

B 3-11 Wirisa gl (eHa;

(FH KR AT g FR)

W 3-12 FiAHEE 3

(FH KR 2 AT AL)
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FIF RRIBEBAFLIAY

W 3-13 #R s &Nﬁ#ﬁﬁﬂkliﬂ

(FH LR AP Y EE)

Bl 3-14 {=# MR T

(FAR kiR 0 ApT g IR

e S o e
AFEFHFRENE AR ERER A F e BRIA 2 LT 8RR S

ﬁ%éka’ﬁﬁﬁ&SM°ﬁ%*%$ﬁ’%ﬁiﬂﬂ&ﬁﬁ”’ﬂiﬂ%

«m’

AR R KAy BRA G SR A RAT e AR 200
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FAIG R ARRRI FEBRHAF aF;L

G EEE M R3.6mm e P A Tmm e HF R A M o B R4 B
Fsl ARG BRI RERER > BSRS ERIFRE0 ~ 40 bar

”““‘_ﬁ-—q‘_ B 550 0 <

W 3-15 /4 g ipf~ i
(FH kR 0 A5 F BT

WAk A R R SRR IR R ARG N SRR R 2R
HRFE LRI LRY BT AR I SRR P AT RS
*&*#%ﬁﬁ%iﬂiﬁwﬁﬁ+*%ﬁﬂ’ﬂﬁiﬁﬁﬁ’#%+ﬁﬁﬁ%
CEIEIP R MR VY SR

5~
W RRREL 2 BA T R A A G B P E 2 R~

—

Vi XHRE T R G S

BT o BRI TR G RE v EREAE R R 1 FERPERT
B OBRBEREE B
EBEEFI RFIREEE
© BR#H :0~100 %RH
© #k~*in:DC4V~58V -~ 200uA
© # B : 3.5 %RH
© FEPFRE 155

© #5 11 TR EYWRH vt BT A

_\

© \Woltage output (1st order curve fit) :

VOUT=(VSUPPLY)(0.0062(sensor RH) + 0.16) - typical at 25 °C
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52 mEd BERAFIF]

© 1 iTg R :-40~85°C

FIRRAEIIEERFRERS S I 85 C

”-'";'E_ -

BRSO FER G o F AR R PR

feF BRITIN FVRA G BB AR o

) 3-16 HIH-4000 ;8% A & i = ¢

(FH &R ~em g

W 3-17 BRRf-EA R 4%
(FH &R ~em g
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ATAlB B RRRL FRBAGT LAY

¥=28& %

-3:%

AEL R FANEE R - 0 5 S HTRA ¥ 5 SRR
Mg kR R Y SR FR e SIFLE KR L 27 B R R% 0
2L REE 1T Rl R 2 ] A G i el R 7 R
4o 3-18 #7om » g R E Z RS 120 cm x 120 cm x 115 em(% ) 5 4e iR K A ki
Fodl 3 N o W CNS 12514-1 282 8 o Rz DB F 28R » "%ﬁd de i
Rl VIt e R N RPN R RS Ao R R LIt F ik F R
PR P RGBS R RRT ERs M R R T 4 2%
PR T S AR VG o TR RA TSR o

B 3-18 - 41 5 # it &t L F% K

(FHR &R : A f )
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¥R RRIFRERAFEFAY

% FEBAFL 2 TEIEER ARG NFE
BET O AELR AL S HRRLE B - 5 EH LR L EE
PR FERAGFRAZ REHARERALPE ¥ SRR e
R T GEFEECEEY SRS F AN R R L 1

<

i PRI ERE ARG RN E AR o i SR FAoT !

F > FlA 3 2R

AFFEH G RZERPGREE TREHAFRRAZET AR E
e ?“pé%ﬁ%“@lfﬁz oo A oK E 2320100 %6 FgAe frid R R KA AR

rokW g ek e BT s T ] B sk 10 Ygic kA R BE R ~ 105

T B 335 g5 @ 75 O9Fs M PN irE AR F
B RRER AP EFER S PINPHBRRE T BEDTE A

BRP R TR R IR o (TR R RS > 2 CNS12514-1 & E
1§ "Y 4“ él(‘ ’ 4‘: él(‘jﬁipcb‘vé /E.a Fé‘%ﬁ F\ AKZ H‘:’/{J_.'—a" lf' m/ﬂ.&% it o T ﬁ/? &’—
BB A EFER > NBEE TR R R REFT IV

AR B A

AFILFEHAAFET FREFREZ L0425 2 RIRAL RN L2 2
e BEARR R P ICPET RS 2 RS BB 2R F LA BREMARR AR
EAUG 0% 0.1 %8 > 3 FHALZE R kB TR > B E £ R
BB A e FRAR R R R o B B IR Bk 4o £ Tk R Jp CNS 12514-1 R 2> 4o £ 32
By FAeT AT
1. 3R B 4o

WK AT S AP R T B2 A TR A - R R
BAEF IS0 CE P FEA 625415 TRz -
2. FHREAE

PR E PN A e TR Rt e B B R P E A NERAR

£ 5 C%%}F\ s T R RS FE R - REFREE o H e Biai i :
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T3 %

wARRAL BERAGFTIFY

T:345|0g10 (8t+l) +20
;¢ T=TEppr R (C)
= FHRSERET (&)
RS T AR R R PER Y R (T AERE Y &) 4o R 3-12 47
T oo RHERBEY AFT AL (de) doT BB ATRE o RN FAET
Ve B B2 SRR FREIRT A A R ARE U S R T s )R R 4
BHH2 A28 10 ~ 450 (B2 £ P2
(1) 5<t<10 de=15%
(2) 10<t=30 de=15-0.5 (t-10) %
(3) 30<t=60 de=5-0.083 (t-30) %

(4) 60<t de=2.5 %
e osge= ATAS 4100
AS
A=F %3 %TOFR-BFFIRLT G4 (CoA)

AssH S BB R-FFRY R T e ff (Co 4)

BAE R A (D) 2RFRARELAE 2 (2)-(3)(4) 27
FAZIB 5 A GBI MR AR e B3

LA SRAY 10 A4S ERER o E- N R ARART R ATRER
B QERERFEANEI00C {3 77 BFRET B2 ER
FARNBAT FEEARECS A P REERDL DT BRI A
ERMER CARNFTAFEF 2 FHFF4LE 10mine A TAEPERF S
1] pF e
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1100

1090

— 00 7
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]
0 30 &0 90 120 150 TED 210 240 ZT0 300 M 360
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(

A kR - ONS 12514-1)
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3. EREREE

A BRRY LERFF RS fos KB A el o BBl
bR P RE R ARE LA ET R R — = R EARRE TS ER LG
BAF2 32 BFE FRERE FRBL THFUR L e 2 BHFF 2 2
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Frix FRBFEHGE

AR ARG 0 5 AN R A PRTRTL - 0 A e ¢ R
B R AR A BESR RS MR RRE M A
FARAHIRTT B R R AR T R AR R R R 8
EE P AR LTS EEE LY BRI AR e s E

BUAGFTEFHRESFETH > & BT o

‘-\\1-

R UL TR R TR

MR 2 % = R B e a0 LB £ 2821 > £ &
REEHRAR R AR AR 100 AN FHIRYE 0 P TRk A
B BIEESAYD o AR A 0 WAL S MURE RO R ~ 105 % 0 B2
MR- XA R LT KRR TR o o APEHRA T5 YA S MR
WP R o~ 105 % 0 RIEF - BREFERLERR > FH LT 75 %R

BedUs g R AGS Ar s s BT RRE  Br% e 1 B BIEE%KY

FlHiiddd 3 8 %%mww%~%¥w$?$ﬁ%@ﬁ’$£$$%’ucm
12514-1 {58 2138 3F F 4o > S BB R E 2 BHA NG RS 28 PR R
it TP SREMRAT L R na TR RS EREF B
FEADXEF > FFECTRYEBRRTAAFBEATEES 10% > ¥ 3 23

AYRAEP L 75% % 100% o

B RER AR ) SIRREN SRR B W ALZ R (AR
B A& w4 4-1712 2 4 4-1 #75F o

41



W 4-2 ‘.émm B 1y s:a o RAFE RS

( ‘f'j\/};?l A RE &’IIE)

42



i

R

fri 4

Bl 4-3 EHrz#al e #ig2dra)

(FA LR dFmg R

L4

B 4-4:2% (4f8az 8  PEBR 10K RELKE

(FR KR : APF D)

43



#AF w AR FERAF LY

. b
T G

—'I.-";

§ gV AW

iR zigazg 20% 01% 015% 02%
——

7FE¥®§F“ 100 %

é S8 0% 01% 015% 0.2 o gr_ »
W 453 (dfsaz ¥ pEBAR 100~ 75 /) ﬁse—a;pc

(FH &R : 2 EE)

N S EO0%  01% 015% 02%

7@%% 75 %
Zié%éﬁ EO% 01%  015%  02% el

W 4-6 4 (41§ Wi E o AREBAR 10075 %) RS

( Fkih o APy KR )

44



W 4-T:H00W (S22 £ 0% P8R 100 %) &L HKE

(F# kR A L)

3 4-1 FI3iEagse$id 4 23

e #ei¥
BB

10 %

75%

100 %

(FHKR: AF]ER)

45




AABRAERRI FERNGT Y

1,000

800 -

600

E(C)

s 400 - —— R 1

Ny
i

200

0

20 40 60

IRFfe] (53)

© =g

W 4-8 2% (Ap¥BR 10 %) R4 Ed A

(FR KR : APFRED)

1,000

800

600

[y

400 - )

5 (C)
X

85 Bx
N

N
/

200

0 T T T 1
0 20 40 60

IRFE (57)

B 4-9 24 (Ap¥BAR 10075 %) BRI Fd R

(FRKm: APFRED)

46



=¢=—00D-1
=i—00D-2
===00D-3
10D-1

30

IR (57)

40

50

60

=@®-10D-2
=3e=10D-3

W 4-10 4 (pHBAR 10 %) PR Ed M

(FH kR A ER)

e 00H1
e 00H2
=i=00H3
=¢—10H1
10H2

30

RFFE] (57)

40

50

60

==e=10H3

B 4-11 3240 (AP$BR 75 %) PIRH B &

(FH kR A D)

47




AAB R ARMT BERNGT LAY

900 2&*‘(
800
700
— 600
2 25 ——00W1
‘E 500 ——00W2
400 ——00WS3
KH
300 —==10W1
200 ~ —0—10W2
100 - e 10W3
O T T T T T 1

0 10 20 30 40 50 60

HFFE (43)

W 4-12 3#% (AR A 100 %) P8 igd &

(FAL KR T AATF D)

%%@ﬁﬁﬁﬁfqﬁlkga%ﬁﬁ%aﬁaLﬁﬁﬁﬁz%% 75
BB o Y Bl & AToT KPR L AT iR é,%}pi;‘,?» PR k= SN

ko dod 4-1977 > w4 e 7 B3 AP IR A hiE 275 Ak ONS 12514-1
g SR A RT 0 B RS AR IR 100 B R 2 R - T
hen 11 fEiE e s 2 LR ¢ &5 4 BA PG - HR G T2z 2%
BEROMAFTEET O FUPA TR AHRA DR EIP R Lo g Ay
RAIF P dgenicd > WA EHKTG Téca;\z:s’g_ﬁvéﬂﬁ IR ECRAE A > T A
BAREIRAEIEET o

Pl s B AR PN 3028 b 4o 4-10~12 #7on > 3 f84p $HR R cnd f P
FERE o F RN RER Flhe RS EEAE o W AR S 10 X 20
SO RPN IR BB 23 SRR Bt 2 R BHAT LG 1 oA
P B3 150 C2+ (Ui 5 945 C ) 2% £ 5200 C > » #48
¢ B R PE B 600~650 C2 B o0 2R £ % 300~350 C -

48



R ARSHR R L B BB B d SRR R NER T
g AR 10 %eE g R - Rt e - B A ApEIRA TH
2 100 %Al - &R 1100 TR v fv et F Lk iR B FIREAP 0R
ek wBdr s R R F R GEFT > A LR R TIEFT IR L > ApEIRE 100
YR AR v AREHR AR TS YeriERE k ehp BE T PR RE o

STF AR G A AR AR R 100 %enl s 2 R %R
BRAE L G 14-16 ~ P F 4 > R ERM L R S RAF 4 pranig

B¥) i@ Mp ks BT RS 0 F e B 100 C Lt 54 g pEp

-ﬂ\y

5 @jﬂ%t y & gcg;e%g&%gﬂ o

Fo8 FRUBERAFS

AMARFAAFEARRAGRELZ 202 0.1 %A A2 F 50 R REL
PR A M2 H e BB ARA E S P *rsmzlﬂfgz 2 oRAEBHBZBILEL o

WS 2R 6 S AR TR S LG BB %
MR FRoN A F Y REE IR S FWMAEE BB TR o FIE
MG ERETNEFFPE LT L Ae P pd $24 > BEHPAINMGF R
BOMPEIRAR > RFHRT BRSPS HBRR B ERAF I RYZ XS
E AR RAIEF > FEFERE > L CNS12014-1 R =8 & F e d > S AR
BB ERREFFHMATIER VG ARFACE EAS FF RS foip
BRI R EMER N G IR G R

% ~ ##4H S00
W FEA S00 £RIH P IA AP EHRR 0 R 86~9T %o A AEALE H %
WEZEFFWUPAITFERLV G ARBACENERR FF R folp BRI 2

FH AR A 40 B 4-13725 2 £ 4-2 T o

49



S EEV TSR F L UV

1,000

900

800

700

600

/’M

7

/|

/
gg 500 / -
’ 400 — 2
300 /
200 l
100 /
0
0 10 20 30 40 50 60
W (53)
B 4-13 FWS00 P e B o R
(FA KR AF g )
1,000 — N
900
800 ~&=T12
700 —*=T3
O 600 -4
~ 500 =15
g 400 —=—T6
o 300 * —=T7
200 e T8
100 - == TO
0 T T T 1 —Tlo
0 10 20 30 40 50 60 —m-T11
B (43) T2

B 4-14 3#%ES00 p 382 8 & &

(FHR &R a5 )

50




e i FHREFEHH
140.0 J T
120.0
X 1000
I
o
| 800 e
% == RH2
X600 -
i —4—RH3
2 400 o
20.0
0.0 ' ' u‘ ' ﬁ T I
0 10 20 30 40 >0 .
R (43)
Bl 4-15 3#4S00 f 35t %R A R 1 ¥ 8
(FRKR: 2 F FL)
35
——P1
)
e P3
P4
—¥=P5
R (43)

W 4-16 3580500 p 0B 4 R ¥ 4

(F# kR A ER)

51




#AF w AR FERAF LY

“.': ‘ 2 N G 4
L] 4—17 PRS00 325 0 2 Eﬂ» Ya % ﬁ:ﬁlﬁ‘

(FH &R hFEg L)

B 4-18 32HS00 2o

(FH &R hFEg L)

52



W 4-19 248500 325 ¢ 2R L & {35

(FH &R hFEgERL)

Bl 4-20 RS0 3#5%7 BV G RAKLE a4 @ e BPFEF 35
ok Xiad

(FA LR dFmg FR)

53



o 0p 2 5 % g
B ARAI BERAGTITY
FTA| B G RIRGES Al

)| = 2 ;&.w’i ﬂﬁ.
S00 32t pp B BRAHE R
B 4-21 ##S00 3

(FA LR dFmg R

; '
PETTWIE 11—

W 4-22 #4000 ;2% ts 2R X &

(FH &R AFg Em)

54



W 4-23 F¥S00 2ot R L &

(FRKm: AT HED)

900
800
700
600
500
400
300
200

100

0
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

firE (mm)

1200

1100

1000

m120-140
= 100-120
m 80-100
m60-80

m 40-60

| 20-40
m0-20

W 4-24 FHS00 F%t R Ve RAFF2 FR (TARE)

(FAL LR dFmg R

55



AAB R ARMT BERNGT LAY

—m120-140
m 100-120
~ m80-100
_ m60-80
= 40-60
m 20-40
m0-20

1200
1000
800
600

400

200

fir & (mm)

B 4-25 2S00 2% B v d RAFFZ2 FR (S WH)

(FH %A

AFF Y EEIE)
% 4-2 FERES00 4r #EE AL R % 5 &

R () So B A2 IR %
0 BEL o A B RSk B oA
5 P FEME S By RAMEE L
10 P EHR LR ORI PRANEF A
15 SRR L H o R EPEE B ) B AF kA B
18 AL S AT kit
20 B EHR LG T AmSFE
25 RAER LG o kA E R R B E A %
30 Y R LR R E S
45 @w%W£’a%%%%:
52 Y HERER LG BRALTRE > WARA R A kT d B
Lom fiEd)
60 W e mBERER
(FH &R AT ER)

56




A SO0 eidsh B % 2 R BL R0 P B & 4T o YpiR i 5 CNS 12514-1
P 2R > RN VR R QRSB B LD A B e FIRAR LG
P B BAAEHE A B h RN VR 3 SR IR R e
RIFRAHBEFL v BET ERB - FREAF > FHEEET SR
TG 900 T BEFMEES T2 2E > Lo EREREE 2 55
AT rne BHERL o TEMPAIFER LG 10 >4 B R THGL 104 Co oA
AR UG A G OR R PR A 100 C -

d Bl 4-15 27T g p 3R 2 @ B A 0 B4 d R R 0 9 A&
86~97 %> FIAMR X6 KA BB b D A A1 BT RA N FE 2 o @ R
2w 3.27T =4 (RHL) 2 5 =24 (RH2) jahip B R BRI~ s b rdi
Bdet 23 2 Ap3HRAE 100 % RHL %) 2 8 A 418 B 4™ " » % 4 ) At i
K e B N RIRE S BE 0 @ RH2 PIS 10 #4518 B 45T "% > FERRR
%% 7.5 24 HRH3> QAT AmipsBARE 2 23 SRR 2 RH2 ¥
B Helb A E R B BT BEREMAG 1024 R4 9 A 14
AR AE R 2 > P 2@ F R R R 2 RH2 B W > 9 & 24 A48 Tk
A ET BT oD MR R VG AR ER RS R DA BB
PP R RH3 E Pld % EpF e FR A GAGER A B RN TR kG kA

s > m FHP IR B e EEME R L TEFF AN
N BAS ot BPERF 25 A 4Bz (SenB Bl FIEMPA IR R 5o 42885 C o

PEAPHBR S SR B FRAPR AT A S 4R Sl A

d Bl 4-16 LB fosd i p FUR A g1 5 0 R VRS B 5 4 s
Fo- RAS RUEEE TR HRFEHRB VG KBRS A B4 RA AT
ARG A RARIRS ST VA FGEHP IR R AT T o g
BB AAZIE 100 C o RS e RRAEPIINA T A 5N FURA & M FRIE P B

Bibd o B0 10 A M - i BT ARG TE SRR G



AAFRARAL FERAGF Y

FORARH AL FIEMRB L L 5 FF 2 ER A E R A EWERS R
P E o FREARARES B EN S 3 psice

REHESBZAFANR LG BN Z T 408 4-20~25 97 - ERR L R EID
FARRE A e R AT Rk AT 2305 A A2E 3/4 o R D RER

.,

g2 o HEFFRAREI LY > 3 10 %o FHA I RHAFRALE L0 4

Bt 13 24 HERMER 1524 S5 f 5 TN A REY

PR AR R F A 2GR AR Y e B o

§ ~ R4 S10
PER T A S10 2R H P 0o AR ERR 0 ) A 86~90 % o e B EARF R
BREFFUMPATIER VG I FRFRCEAERE - FF R fop BRI 2

PR A AT ST 40 8] 4-26735 2 & 4-3 1o o

1,000

900

800
700

600 /
500 /

400

300 /
200 l

100

HEE(C)

| |

=
B BE
N =

g

0 10 20 30 40 50 60

RFR (53)

Bl 4-26 3FAHS10 B P 4 # 28 o &

(FA R AT AR)

58



~ > B . N
yr{ FHREFEHG
1000
900
800
—T11
700 -T2
—=T3

600

BEE(C)

500
/ —-T6

W 4-27 FAES10 p 382 R & R

(FRKm: AT HED)

140 -

120 ad

100 2
£ il
i 80 ——RH1
: | NN/ o
2 o A 1 —+—RH3

VT AAL I
40

m -y ]
0 16 2‘0 3‘0 4‘0 5‘0 60
KR (53)

Bl 4-28 FHSI0 M F84pEHIRR 1 & &

(FAL LR dFmg R

59



S EEV TSR F L UV

B J7 (psi)

B (57)

——P1
-=-P2
—4—=P3
—<P4
==P5

B 4-29 FHUSI0 p R4 R4 ¥ &

(FH kR A D)

W 4-30 ##4S10 2%t R LG 2 §F plgel

(FH kR A D)

60




S
=]
e
ot

i

R

i N P ———————— ] S — -

W 4-

31 F#FMWSI0FHDR Y G

(FRKm: AT HED)

B 4-32 #0510 3257 2R L & )

(FRKm: AT HED)

61



R T SR E VIR T,

Bl 4-33 3248510 325 ¢ RV G R BAFTA, (e F 50 285 )

(FH &R hFEgERL)

B 4-34 FHS10 2% LR L 6

(FAL LR hFmg R

62



Fri 7

W 4-35 :AHESI0 KR Y G

(F# kR A L)

% 4-3 F3FAS10 4 FEE AR % 5k &

R ()

be BGEFLIR %

BN e B GRSR R

22

AR LG R4 E B G PRk

30

AR LG AR AR B 4G Rk

~ ZRLE AR LG KT A RERAE S FHI R
60 CRGHE LT ST OE-1 L ST E L L Eh e 3]

(FR KR 2 FR)

A S10 chidsk B % & RSB Ao 4 17 o B i  ONS 12514-1
Poig 2R o AR IR

BAH T F A > FHP IR RS ARG RE A A B TR L PN

63

i

R

NESBRB I A BER L BT RHER VG &



AAG R ARRFL FERBAFT Y

Lo zFazeRANEFL FHAIEER VS 1024 i B T33G5 108

a
a4

FHAR LG L BRI FHFTALGL Co

d Bl 4-28 LRV N 3%k A B A A B A A AR R R 0 9 R
86~90Y% > 4c A B 4nis > FEFM A G 3.27T 24 (RHL) %2 5 24 (RH2) Reshidp ¥
BEZTPRIACRERS Hedbr&EieFa 22 2 pERAEE 100 % RHL 5 & 10
AABTS B AT o N g it ok A e B PN RIeRED Bd 0 @ RI2
PR 13 A48 R4e™ " > iERH 4 5 7.0 22 RIS AT o & HRR
Bae b= P A Fd RHL 2 RH2 %8B > 92194483 F < EX F4T "% >
EFMEA e 10 2 RH4 > 19~ RARA-ME A > F AR X R
#RHL 2 RH2 M » 9 A 20 44 Fld X B8 B4 "% o A KGR 2R L e 4
BOBLR 0 KA KA A 22 A4 BANE D 0 kA R BESEE A 2R
WRHPA RN E ks R e ZRW 23R T EFFALR LG EH o L
BPFR 20 4B (BRI o PRTFIEHEPMIER 52 ARQEE Co B E
HERAAEORFLIFERFR ~ 27 0 2 o B Falic@®et 23 24 o

d Bl 4-29 BLET i VR4 chg it A 0 FIEHR LA G E%R AR
BAXE S FEHP RS @R E P A FF SR BREATEE Y e
FIRA RS EH L6 psic

WERCBRZFAHRE L

4

A4 @2 REER L

=N
>
E-)
Y
prad
s«@/
|
&~
i)
=
..J:.
o
<o
o
3]
T,
N
o

64



o I T
¥IF Bwmudik

AR LR A R s e A R TR R R
Pasas 2 3 kE2ZHE 50 ONS B2 R Fande > BT
PR FCE R AT ECRANT T FRE PN R EF RS ZR A AR R LR
AR RLER I H G e B UEPREHEPM N EF R CHBRR CERE R
Fedoo BRANT > HFHLFH 2 Fpflangmes 4™ o
% > FAe

PEHTRERE R R RRF AR TR ERE B RRALEE
HERRFELR 24P 27 8 3/ HBRARDERT - & CNS 12514-1
Poig g e o WG RGeS AP SRR 100 Ben AR 2 ORA o ¥t en
1 e sz Pl Fas 2 BA Mm% - HRFFMLBHEE
AL REET O FAP SRR FRA R E T PR R e B R 4
B AR g 0 ARG R B 23R RAE 2 0 TR AR AR
BiEET
AN 2L

AR RAGARET R (0%2 0.1%RAH ) erdg B 58 B R G2 puR
B2 AR PR A RS BB T LRk A B
A ERARF TR o RE T Ao IAR SRR B APIT 0 &7 R g CNS
12514-1 % B idsk b ts > B B 500 JGRP 4o o

A S00 FIR L 6 BRI E A R R R e S i R
A G 2 e 288 S10 keppe RS AP 220 0 4 6 99 & S00 % & 100
CTi2+ > #FHSI0XY55 Co PP RAS A A28 FE A 8 S00 > 24w 5535
B AR HL U ERENS £ REBP -

65



AAG R ARRFL FERBAFT Y

GRREP UK A A A SRS 2 R S00 R T L SRR
B R AR LB BT i crrk A B A B 2 S10 K S B 2R L £ 5 on
BRI T T B MR ATRA B R o 4 B iaal S00 % i 5 o
T S SRR - EER RS P RS el S R

MR e i 0 G psi B R ]S bt T iE WPa thE i FIR
T F D T ¥ T

N

A RIS EFRPRE KR CERBR RS BERIT - H WS o
358 SO0 AR RAEAR P EZRIEETF S IR ARG > ¥ Flhefiad 4o
Ban BASE S TR R o F R < R EF MO ER
2 4 e iR S10 -
ERAGLLY A BFEMIERIRSF o NERDT RS kg 0 A
B AR BRARAAT T A B HRFFRAPLET O g eRR
A SO0 b R 4 RA > b A RA A AR B o A F R 0.1 %
SUREEAR S10 fr 2 RAE A o e SRR OFURA R P A

DT EEE - R TATAIR ARG SRR fip e R
R P RO AT Y AT
PSR

ATAIB s R S5 REE (NewRC) S Su» #7% Rk 3 % 4 553 R g < 3%

Rl

BT PR TR SRR SR 0 RATE BRI F AR foat LR
AehsBo F LV U FEFEF A PRE PRAR G S KPR A
S ALRER I REREFET  LERBEORES S Aa g
&%ﬁﬂ%oﬁpf@ﬁiﬁ%%?%%%@ﬁ@ﬁ%ﬁ%ﬁﬁ%%ﬁﬁWﬁﬁ
gk EEFFARHSEL L RE SRR REA VN UL (720

FBA N

66



\\){r
<l
bl
™

>4 3 F

ACI Committee 363, (2010) “ 363R-10Report on High-Strength Concrete,” American

Concrete Institute.

Anderberg, Y., (1997) "Spalling phenomenal of HPC and OC .” Proceedings of
International Workshop on Fire Performance of High-Strength Concrete ( NIST

Special Publication 919 ) , Gaithersburg, NIST, 69 — 73.

Bostrom, L., Jansson, R., ( 2007 ) ,” Experimental study of the influence of
polypropylene fibres on material properties and fire spalling of concrete.”

Busra A., Nabi, Y. and Nihat, K. (2016) ,” Usability of Raw Rice Husk Instead of
Polypropylene Fibers in High-Strength Concrete under High Temperature.”

Journal of Materials in Civil Engineering, Vol. 28, Issue 1.

Chan, Y. N., Peng, G. F, Anson, M., (1999) .”Fire behavior of high-performance

concrete made with silica fume at various moisture contents.” ACIl Materials
Journal, Vol. 96, No. 3, 405 - 411.

Ellingwood, B., and Shaver, J. R., (1980) “ Effects of fire reinforced concrete
members,” Journal of the Structural Division, ASCE, Vol. 106, No. ST11,
November , pp. 2151-2166.

Eurocode 2. (2010) ” Design of concrete structure — Part 1-2: general rules —

structural fire design”

European Committee, (1995) “ Eurocode 2 : Design of concrete structures - Part 1-2 :
General rules - Structural fire design,” ENV 1992-1-2.

Harmarthy, T. Z., (1965) .”Effect of moisture on the fire endurance of building
elements .” Philadelphia, ASTM publication STP, 74 — 95.

Khoury , G. A.  (1992) ,”Compressive strength of concrete at high temperatures: a
reassessment ,” Magazine of Concrete Research, Vol. 44, No. 161, pp.291-309.

Meyer-Ottens, C., (1972) , "The question of spalling of concrete structural elements

of standard concrete under fire loading”, PhD Thesis, Technical University of

Braunschweig, Germany.

67


http://ascelibrary.org/author/Akturk%2C+Busra
http://ascelibrary.org/author/Yuzer%2C+Nabi
http://ascelibrary.org/author/Kabay%2C+Nihat

AR A RAL BERAF LAY

Peng, G.F., Zhao, J., (2015) .” Modeling of Moisture Distribution Evolution in

High-Performance Concrete under Fire Exposure.” Key Engineering
Materials, Vols. 629-630, 279-283.

Phan, L. T., (1996 ) ,” Fire Performance of High-Strength Concrete: A Report of the
State-of-the-Art”, NISTIR 5934.

Rixom M.R. & Mailvaganan- N.P., (1986 ), ”"Chemical admixtures for concrete”, E -
& F.N. Spon > London » 2™ edition » p.306.

Zhukov, V. V., (1994) , "Forecast of a brittle failure of concrete by fire”, Scientific
Research Institute for concrete and reinforced concrete, Moscow.

23 F (2003) TRt At b 27T 0 2~ 1 AE L

PoFCIRg i (2012) 0 T B ATEE AP TR 0 AR F A oo

¢ oE R B K 73R % CNS12514-1(2014) "+ ;‘sﬁ,;}%ﬁﬁ b AR e -% 130
- R REIE o SRR R

3HE (2012) TR G p R R

FIIRER AT TR (TR T IRE o

\%
m.‘.
e
&
aa
&

34
&
.
—
=
{ﬂ
it
o)
L

=

B s B kA B (1991) 0 T rIXSTAR SRR HBIR S X T R R

2_F% ;> NSC80-0410-E011-08 » R & & 35+ 7 3-413F

U

A S e S SRARE (1993) 0NN T wEpREIR D HALE T2 B8, NSC

82-0410-E011-079 » B ¢ & 37 5 3141482 » 54 o

4\]«

Tohu FE(2006) BEAEMEAET VEEBTY 7Y — Mioal
RSB 0 0 BRI A B 325

R

Fge (2000) THERES BRBRAFIEHT 0 BHAREL 2P LR
g AABLE2ET Y A

FTAE (2006) THRaBHiRAIBE P LS FEEAMNFET 0 A BE

1 gL

68



el R

(=) Wi g h g RE B b

i S g R B b

gREEAT R

FaELA

BT vk

,j_:r

EREPN by BRI CRA w&éﬁiémﬁﬁﬂﬁﬁéé:
v%’ﬁb*ﬁpié%’gﬁm B A% B R A e
ALRHRFIR g B2 it | FHEER O EHFLFI R
MRz AER LY .

ANEFTAPD 2P R ’Fﬁnﬁ PR REBE o
TarAl g e RR RS B RRYF
SR
EBE AR SR T E¥-T Ly
FhLH Fhin I=ER
IHEERE | AFLOTEY 2 FRREFEMMR | A g ik ONS 12514-1
FIRE2Z R FHRAA S RFE o | FEL R
LEPW | Y 10 F > Eurocode 202010031 | E#E A & 2 3%~ &
P2ov gk B9 TR AgiE Qkg/mR | L ap s e 2 4w
BFEE ) F R IR TR R E R T
FagaHt s ‘]“n‘?fr
R I
ﬁéﬁmwﬁdxﬁﬁiﬁﬁﬁﬂ FIAAT G ALE 8 AR A
EARER A P o R A S - BN R R SUNESY 1
PR T AT o o FIREEFED L FRE
FEE e /g 2
zi%/ii’l?fq\r‘s#*’”“‘%%
DR F IR A @li’nz:
[SO 9001 & *:&f7 >
7 - Ribagg o
BREERL | A FRERIURRRE > UEEVIR | AP FLRRAGS
& R FHMT 24 it f E AT
ISR PR A #ﬁ?ﬁ—,’f—?%‘«fﬁ
%R o

69




gy

FH e kb o I
Wefh o o TR AR E
B AR pIERE §

7 ’E‘ o
FERAES ke frR B BEE L | 55T =

A7

G fod 2 B o

PlLs i R 237 U3 9

B LA AEH
e * CNS 12514-1 {53 4o

FrALfe L2 EE KT RE ?%%ﬁ & 2 ple
2 R4 9 LRI IR R5) 1S
MILPERERE S A
BRAFRY e EE RGBS FRIIDE LI R
- %9 Fe fle— 3R o
A R R R TR . AP FEARAFE
Frto 4 s gn ey

Ay o

o

}]%rwégp\

B < %FWKﬁwﬁm
= ;L‘ SRR Y o

AR TR 2 28 X FUR R B
70 MPa £ % » “Ri5E8 28 % FUR 3 B

Flpe £ R FE 0 A&
#r 2 70 MPa # g7 o

PIE T0 40 100 MPa @ 8% s o #7145 | H et FALMP 20§ =
k(g H S AEESE | §
MO8 - BRI 2 R 2 e P e
WA BRI ETARY T R | EHEAER 2R 2
RUp A RR BRI AR FF | R AEP o
BRA BRI AL RBEANAR PR
P ’?—ﬁ REP o

HTESE A A B A AR | MDA e AN
ﬂ’i“wiﬁ PEAT A o PR

70




el T R RSB T

BRel s | § MR elaflivs g a8 | Ritel ek w1l g
AARER o MR e AT R AT | s e
EE

(Z)BRrFLEREBEY

TN 2H3A R

TEMW e R FEEAAFARP > AR RHL A R
AL -

BHEERYT | RFERRAYEEDTE o L SRR 3 A RS SR

£ g Rtz RAEREET o

NOR LR GBER BT 0 RS Pk

Eﬁ%kﬁéﬂj’%%
T4t sEELR

EREE N I ] Bﬁéﬁ%ﬁaﬂﬂiiﬁﬁ‘¢g B #E ﬁ%{ﬁi%

N FARH EARTF] REHRFIRPEL L
PR Bz AR RT g E
£ o
AKRT L oo kR E F RC SRC 2 | R A @ b 518
B2 BB AT 23 %% Mg | FRLET -
RBRUTEAZAEN2 LR
Kﬁ °

MERRT | PR RRET FHF 303 > - d | ® jOR-R- AR
e cBRPRZE RS %ﬁ%ﬁ??#on
(EA I SRR I S e =
R o
FEFRTORABE RS G E | B#E R ER RERS
4»,;—”;,@;%%%?;;?%;3}; EooAke VRERI|N I
B oo A LRI ER

¥ 3 L PR 2EiR-

AP KAk R 2 gOp R A N B I A
sensor i ¥ g T 33iE o F A LIP o

SERCPE A Mg | MR LY 2137 kg/em” Him | RMLAEHoMB L H
5" kef/em’” > B PEET MPa 7 e A e
27 P REAREFER

full™
=N

WL 2 L E R BRI

Wkt R R L e

71



BT RANGFELE > BEA R
oA NBRY TERFLY L

7 e NewRC # » i * B faaz
BrEEREER” TR A kTR

[

=

'

= N &

Y
m.‘_
&
w
jpaa)
=3

o

s =
. -
:'4

»
&

i

[
o
25

REEE R

M o

i

R SO0 223288 S10 2 p 3R 4 1
ABEG A FAITE R

#3754 S00 MG
- BAedlgdwo - 2
FRAF A R HRA
;@%‘L] e o

MR PN E S R ZERE T
2 EJ‘FX’}" - iR o

(R A S

#5 NewRC R 82 ML B B 15 ch4 &

éﬁ%aﬂupi’uﬁwwmgﬁ °
VTG R ERY o
**vabwﬂ* R SRS R R

EREERSE 7 MERZRA N
ﬁ@ﬁm%iﬁﬁﬁmﬁu?ﬂr%iW
el ik e N o S

RN RS R SR
(ERA WA L

NewRC iR 4% 2 #1345 iR 16 4 B2
'FT gﬁ N %ﬁx%*m*f?mﬁ
BoERV B LAY -

B4 BUFLER
TS E Rl

o

o s N

72




‘ﬁﬁ?ﬁ?‘ 2 ERl R ,ﬁ—‘? L

e 2 BRI PR R

HIH-4000 Series

Honeywell

Humidity Sensors

DESCRIPTION

The HIH-4000 Series Humidity Sensors are designed
specifically for high volume OEM (Criginal Equipment
Manufacturer) users.

Direct input to a controller or other device is made possible by
this sensor's near linear voltage output. With a typical current
draw of only 200 pA, the HIH-4000 Series is often ideally
suited for low drain, battery operated systems.

Tight sensor interchangeability reduces or eliminates OEM
production calibration costs. Individual sensor calibration data

is available.

FEATURES

The HIH-4000 Series delivers instrumentation-guality RH
(Relative Humidity) sensing performance in a competitively
priced, solderable SIP (Single In-line Package).

Available in fwo lead spacing configurations, the RH sensor is
a laser timmed, thermoset polymer capacitive sensing
element with on-chip integrated signal conditioning.

The sensing element's multilayer construction provides

excellent resistance to most application hazards such as
wetting, dust, dirt, oils and common environmental chemicals.

POTENTIAL APPLICATIONS

+ Molded thermoset plastic housing
« Near linear voltage output vs % RH
+ Laser trimmed interchangeability

+ Low power design

+ Enhanced accuracy

+ Fast response time

+ Stable, low drift performance

« Chemically resistant

73

+ Refrigeration equipment

= HVAC (Heating, Ventilation and Air Conditioning)
equipment

s Medical equipment

+ Drying

* Metrology

+ Battery-powered systems

+ OEM assemblies



HIH-4000 Series

RIBERAFZFY

Table 1. Performance Specifications (At 5 Vdc supply and 25 °C [77 °F] unless otherwise noted.)

Parameter Minimum Typical Maximum Unit Specific Note

Interchangeability (first order curve) - - - - -
0% RH to 59% RH -5 - i) % RH —
60% RH to 100% RH -8 — 8 % RH —

Accuracy (best fit straight line) 35 - +3.5 % RH 1

Hysterisis — 3 % RH —

Repeatability — 0.5 — % RH —

Settling time: — - 70 ms —

Response time (1/e in slow moving air) - 5 - s

Stability (at 50% RH) - 12 - % RH -

Voltage supply 4 - 5.8 Vdc 2

Current supply - 200 500 HA -

Voltage output (1* order curve fit) Vour=(Vsueeuy )(0.0062(sensor RH) + 0.16), typical at 25 °C

Temperature compensation True RH = (Sensor RH)/(1.0546 — 0.00216T), T in °C

Cutput voltage temperature, coefficient at - -4 - mv/C

50% RH, &V

Operating temperature -40[-40] See Figure 1. 85[185] °C["F] -

Operating humidity 0 See Figure 1. 100 % RH 3

Storage temperature -50[-58] - 125[257] °C[°F] -

Storage humidity See Figure 2. 9% RH 3

Specific Notes:
1. Can only be achieved with the

supplied slope and offset.

For HIH-4000-003 and HIH-4000-004 catalog listings only.
2. Device is calibrated at 5 Vdc and 25 °C.

3. Non-condensing environment.

FACTORY CALIBRATION DATA

HIH-4000 Sensors may be ordered with a calibration and data

General Notes:
+ Sensor is ratiometric to supply voltage.

of 3% RH.

sensor from bright light.

Extended exposure to >90% RH causes a reversible shift

Sensor is light sensitive. For best performance, shield

i

printout. See Table 2 and the order guide on the back page. E'—E‘éﬁgﬁszEAﬂC
DEVICES
Table 2. Example Data Printout DO MOT OPEN OR HANDLE
Model HIH-4000-003 FREE WORKSTATION
Channel 92
Wafer 030996M ESD SENSITIVITY'
MRP 337313 CLASS 3A
Calculated values at 5V -
Vour at 0% RH 0.826 v
Vour at 75.3% RH 3.198 vV
Linear output for 3.5% RH
accuracy at 25 °C
Zero offset 0826V
Slope 31.483 mV/%RH
RH (Vaur - Zero offset)/slope

(Vour - 0.826)/0.0315

Ratiometric response for
0% RH to 100% RH

Vour

VsurrLy (0.1652 to 0.7952)
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Figure 1. Operating Environment (Non-condensing environment.)
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+0.5% F.S.(Option:0.25%F.S.)
<0.5% F.S.

<0.5% F.S.

<0.25% F.S/Year

4mA ,0V,05V

20mA ,10V,5V

3xF.S

5xF.S

DIN43650 IP65

Cable OutletIP68

<1 msec

10~2050Hz,20 sinusoidal,3axes
-40~100°C ,0,5hr soaks at Temp
100ppm/C(0~60°C)

-40~100°C

-40~100°C

<95%RH (non-condensign)
DC10~30VDC

80 MHz~1GHz

304 L stainless steel T &

1/4" PT Sh5F
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