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Abstract

Straw fiber wall structure is a new structural system with properties of lightweight and energy-
saving, heat preservation and sound isolation. Firstly, the impact of chemical component, structure on
basic thermal performance such as activation energy, heat productivity, heat release rate was studied in
details. Secondly, the chemicophysics reaction in high temperature were studied through TG - FTIR
experiment. Finally, the linear stepwise regression model about fire temperature and loss on ignition
was established based on loss on ignition experiment and DRS2. 6 software analysis system.
Furthermore, a 200 mm thickness straw fiber external thermal insulation plate was chosen and burned
in independent designed 1SO9705 standard fire test room in order to verify the accuracy of the
regression model. The results show that the model is correct and can be applied to the real engineering

computation and assessment.
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Model
a|= SEA SRR SUATRE, BEAT s U T A i BE 37 e P AT
[ = |

S BTSRRI REAE SUAT AR R 1T 24
REVR S IRAPIRBE I BEAE I Z — o DIRSAT SR I%
FEPIE A HT B A 5 RERR AR, DR R AR
W B AR R SR, © R O — R ERAR A R S
FE BT R AT B RS AR AR

Wk B : 2009-05-26 &I HH: 2009-09 - 14

G, X TR IRIE I 1] A K I R e L K
SER Kot RA R

TR AT LT e PR S A R T RE I 2= 51k
ZRPE RN ZRENE | 384 FL ISR T LS 70 B 25
AT o LGSR K IR FIE T2 P
Pl A — PR KIOR R BL 5% B W), 35 TR S

* LR R THRI B E (3171916) F1)7 4 BHEZ 111 9 B35 H (2009A030302002 ,2009A030302004)
ey EWEE, YR, 11, 38 AR K ISR 5% , E-mail: wanghairong11@126. com
BIES : 0, 207, A S0, FENF 1L 2SS, E-mail: liangdong@163. com



104 &l Wl

L

20009 4

ARG | [ 9995 | Al IR LA B R 2 B o0 T 2 7
U5 ARAFHAF 2 100 R DA B 45 G 8 g ) e v TR
XS LR P HE I A5 48 19 32 JOREE . 75—l
IRAR AR I AT R M A Gl KGR AESE 8
A B AN 75 95 0 5 2 A T EE 7 R AR v B2
Yyo RXRITIES SZAE R KB, WA SE 2
Ber W RO i 2> s AE IR e 4R T, 5%
PSS R R e IR 2 R — T L T2 5 TR B
TG IKAG T IR B AL 2 A 7 A
BB, 8 2 2 9 AR AR B 13 A E R R Y
B X BE P AR (TR B L N AR A B AR, S S
ST 4 RARME S S BRAR A B K
RBFA R E, TAFAR NI 40 M T2 P AL 5
PORF B TR BE £ 1032 KR . U0 AL AR 31
RBAR RG-S AN AR R AR 25 F B 2SR
TEARAG R, TR BE A mE L, (HH P AR i
STt 8 o PR A% S AN BB T 3 T3 U X AT
I S B 14 25 T ik e R Y AR A AL A
TIOULAS AL AW 2 KR EE , (EL R AE AN S it
FERY S sRE, FLARR AN S50 9% B 570, BT A
LRI FE] PR 35 A e T 00 S R 5 - P8 K IR B Y
ARV o ASSC AL REFFEF ERS RS H 1 2 AN =
T PERE AT, 4 A e S, BRI K R I A
SR BIRLEE R, LAY i B A B 1) K R IR
SE RN i 56 BE DAL AR LB AN

1 FEFFAYEREEMAMR K SRR

1.1 FEFAFLEBEEHRAR
T AT 41 Yl sk (A 25 408 5 LARSFF K K ek
FEEARL, IEIC LA R AR i s, ook
SRR FR A RT3 338 AR SURL ML AR TR 75 11 1, L3R THT
R, He R 2 26 1 prsts
F1 BERUFAR

Tab.1 Chemical composition of fly-ash
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Tab.2 Chemical composition of straw fiber
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Tab.3 Pyrolysis kinetic parameters calculated by Coats-Redfern method
R Y5 B/K+min ! A XFRA E/kJ+mol ! A/s ! L /C
1 5 y=—23.67544x+0.00149 22.63372 16 205.94 340~480
2 10 y=—43.735752 +0.001 52 41.680 17 59 887.27 340480
3 15 y=—77.434 742 +0.001 54 73.563 00 158 280.70 340~480
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Fig.7 Loss on ignition curve at different temperatures

PRl g FERS AT ) N W ) Dot 22 45, G i o0
ITAERER S A MEXT B R A WE . — ok
B, B E R O TR R EE ] 5 R IR Y
MRFREER . I, JFURL ST % 1 S50 A i 4
T BE IR I 8] 7K A 3 5 36k ol Py 455 A 235 44 1 e 2
AR AR Be sk B RSN A T T E— RIS
3.2 [EESH
3.2.1 [

AR die /N ek i I B, ) P 2% 4R 8080 [l 091
HraxfF DRS2. 6 #E — T LR ) fE T=T(1.)
A AR A, A RE R R [l e

Jl 338.823282-2410.827 551, (1;.<<0.228)
T=+549.3959-592.127 551}, (0.228<1;<0.077)

983.520 197 -8 443.591 81, (I, 2=0.077)

(1)
3.2.2 MHXRBUDEERLR :
R RBOTE AN
PIRTEEE ¥ 95
Py =
NISEETSERISEE NN
(2)
K o, MHRERE o FKE
n HHE y A, C

A EKTF «=0.01, AHE n —2=9, WEAR
MR FRE 0, =0.847, LA 0, =0.9245857, i1 T
Oy > 0 » BT RETE 99 % B AT {5 BE R AR B 5. H.
[l 05 75 B 00 7 38 0% 25 4 15°C , AH A 5 22 8 ol 2
3.27%LAN AN 8 i . BRI, B e Kk i [e] )]
Ty AT bR TR T
3.3 MHAHBEEHNIREERFYE

L 200 mm JE& 14 55 FTF 2T 4 S 55 A5 15 A 1, S



11 TR & TEFTLT RS IR S A w A BB AN K TR E oY 107
301 750
sl L. ° il
ol - . . R - o el
4 a \ / 650 | s
K OF © L
s L ]
g_? o \ \ 2 600 )
B -20 T ss0f .
=30 500l ® .
_40 - o
-50 . : y 430 0 0 00 0 200
03 04 05 5 ! 15

6 O.II 0.2
At g
B8 YRR ekt [ )y i 22 h 2k
Fig.8 Error curve of temperature regression model
BRI AR 0 & P 326.8 k] kg, B S5 A4 b i 7
B9 Fr s 1 1SO9705 s i k9 52 56 ) 5 T i K
KGR E TG, A SR 42 4SRN £ 24 R r A I 3
A AT AN T 1) 52 IR BE o 5 A 5230 1Y) 52 K I (]
3514 10.20.30.40.50 min, FH2H 2S5 )G, 18
PRI AR AT B FLIR 5 AN /INRERE T he 2k 1 52 56, U
A H Bk IR R AR (D) AR R

T . L8 SRR 10~ 15 PR,

o il
o TR AR 2 §

K9 1S09705 biif K 5 S5 la]
Fig.9 1SO9705 fire test room

s0or o P
750k R o S
°]
© 700 * .
s o
2 650 ]
)
o
600 8
L]
550
0 50 100 150 200
JZ B /mm

K10 10 min B PR3t A A THT 3 B2 4 73 Af
Fig. 10  Sectional temperature distribution of

straw fiber composition when 10 min

B, kI A JE 1 10 min 4, KGR
Rk 2] 800 ~900°C , It if A — 4K Y 2 I A8 K
By Bto EX—id R, B AR ] (IS, 32 KAl
FETRIA K I 25 (8] 22 (6] 1) 3 22 B i 0/, & 10C 42
o D3O, WA 200 I BE (A B3 I, P o =2 T )t 22
RUR il R (=SB =R Y ) I RS SIS
XoF 32 K AR 2 T BE 2 A/ e AL 10 ~ 15 AT L
B, KGR I S A 35 e 1) 48K T 5 0 R (R T
H AR B T3 o 3k B Ry ] T A R

JELJE /mm
BT 20 min B ORIEAR TR 5 50 A
Fig. 11  Sectional temperature distribution of

straw fiber composition when 20 min

6507 e

. @ P
. S
600l 2. o S
O 5501 L
o ° .
IE 500 - .
T
450 .
400 L L L L ,
0 50 ) !00 150 200
JE S /mm

K12 30 min B G iEAR HH  E 200A1
Fig. 12 Sectional temperature distribution of

straw fiber composition when 30 min

600 [
. NPy
S50F o e o PR
0 e o SEIME
O 500
= o
= 450 - o .
Juc] t .
400} o .
350 F a °
0 50 100 150 200
J5 S /mm

Bl 13 40 min B GRIEAR AT BE 3700 A1
Fig.13 Sectional temperature distribution of

straw fiber composition when 40 min

6501 o .
o e o PR
600k R o S
0 e
£ 5501 ° .
41;—12( o 3
ZE 500 o e
o L ]
450 ° .
400 | °
0 50 100 150 200
JEJE/mm

Bl 14 50 min B G AR IR E 5 20 A

Fig. 14  Sectional temperature distribution of straw
fiber composition when 50 min
TSR RS R B S i BE il 2 b T S PR A KO
SLEGINE IR 1R K BT AT 52 2 e
S5 PO A R R RZ I SR A R A U Bl
& RN B 3 I IR ZH SR R A A e 45 g Y
PRAL A AN , AT S BCEAR RN BE SN 2R AF T
2 AL R SN T B I 1



108 & Ak MO ¥

20009 4

8501 . Lk b 2 T RE
o GER R ML
800 o KIS
o 7501 .
2 700 °
uc] .
650 o
600 F .
o 2
550
10 20 30 40 50
[ 17/ min

F15 PRI 5 R s 6] B4 3L E A
Fig. 15 Sectional distribution of straw fiber

composition and fire room

4 Z5it

(1)K TG-FTIR J5#k, % @ iR 20 SRS AR 47
AR TR B ARIEAT T R R A SRR b . SR
SRR SRR R T B RS AT £ 455 (0 R 4 2R

o2 B B0l 6 AN B B, AR A
TE 340 ~480°C Z [\ A A o YR B 735k 5.
10,15 K/min B, AR 36 LR 53 31 422,633 72
41.680 17, 73.563 00 kJ/mol, #i & I T 43 5 K
16 205.94 .59 887.27.158280.70 s ',

(2)RFBE Sk & 5256 Al DRS2. 6 %04 01 5 43 #r
FASS G 715, BRARAG G FF 27 4 S5 (R 25 4 1) B2 2k ot
B B2 P AR TE LA o PR I, AR A0 45 3 007 A 458 2k 2
UE P A 38 T2 0 A K T ) R 22308 A7 3k 1) K 9 L A
TR ] A AE ARG L o

(3) 1K R 5/ T 850C B, R A
SCHE MR (A pe 2k i [ 1y 8 T LABRSEE | o e A o 28
P A AR TETRLIEE , D A5 A 1) 453 P AL P 5 X L K
H A B2 15°C £2 4T, AHRHR 25 #5078
5% AN, AT TR 5118

2 £ X &t

Bowyer Jim L, Stockman Volker E. Agricultural residues[J]. Forest Products Journal, 2001, 51(1): 10~21.

2 Holmer Savastano Jr, Vahan Agopyan, Adriana M Nolasco, et al. Plant fibre reinforced cement components for roofing[J].
Construction and Building Materials, 1999,13(8): 433~438.

3 ALy DIBRR A S IR EE 152 KR BE R 0T F S8 [ D). BRI, 2005.

Zhou Quanhui. Analysis and research on evaluation of the fire temperature imposed on concrete by the ignition loss[ D].

Chongging: Chongging University, 2005. (in Chinese)

4 BRIRL D0, k. A B AR 2RI R L i KR TRRIEL) ] A SRR IERE ,2007,17(8) : 1156~ 1 160.
Han Yang, Xie Yihan, Wang Wei. Application of inclusion decrepitating method to determine the fire temperature of
reinforced concrete[ J]. Progress in Natural Science, 2007, 17(8): 1156~1 160. (in Chinese)

5 FRELFS sk B BE LA JORBG R LLAN AR - A S S S R I EOR S T ) ] R TR 4R, 2004, 37(7) :

41~46.

Du Hongxiu, Zhang Xiong. Synthetical evaluation and application of infrared imaging and electro chemistry technique on fire

damage of reinforced concrete structures| J]. China Civil Engineering Journal, 2004, 37(7): 41 ~46. (in Chinese)
6 FEOG, E, PR KREREE W EM RN ] BT B R ,2003,22(6) : 636~636.
Tao Jingguang, Peng Xiying, Luo Huigian. A study on the fire cause investigation by SEM[]J]. Journal of Chinese Electron

Microscopy Society, 2003, 22(6): 636~—636. (in Chinese)

7 Georgali B, Tsakiridis P E. Microstructure of fire-damaged concrete, a case study[J]. Cement & Concrete Composites,

2005, 27(2): 255~259.

8 Mot X, Wi SR RS AT B B A G RS AR AT AT R ZE L ] MR S AR 2 B 25 4R ,2004,21(2) 1 1~ 5.
Xiao Liguang, Zhao Lu, Chen Jingyi. Feasibility study of using straw to make of new compound energy saving wall material
[J]. Journal of Jilin Architectural and Civil Engineering Institute, 2004, 21(2): 1~5. (in Chinese)

9 Bassilakis R, Carangelo R M, Awojtowicz M. TG-FTIR analysis of biomass pyrolysis[J]. Fuel, 2001, 80(12): 1765~

1786.

PO N N N N N N N N N N N N N N NN

(F#ZEFE 114 1)

P N N N N N N NN )

18 MR RIS, XUARAR . AP TR AR A FLIE AR ] ]. Al HUEAE A, 2009,40(8) : 115~118.
Yuan Yuejin, Xu Yingying, Liu Xiangdong. Pore network model for drying of corn material in bin[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2009,40(8):115~118. (in Chinese)

19 MG, A, XIRIAR . 2L RS TR A FLIE 20 AR SR AR . 2007,38(7) :62~66,70.
Yuan Yuejin, Yang Binbin, Liu Xiangdong. Pore network simulation of slow isothermal drying of porous media[ ] ].

Transactions of the Chinese Society for Agricultural Machinery, 2007,38(7):62~66,70. (in Chinese)



