Hans Journal of Civil Engineering /R T#, 2020, 9(2), 91-99 Hans Xl
Published Online February 2020 in Hans. http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2020.92011

Experiments on High Temperature
Mechanical Properties and Micropore
Structure of Polypropylene Concrete

Ze Yu*, Ruizhen Yan#

College of Civil Engineering, Taiyuan University of Technology, Taiyuan Shanxi
Email: 857007557 @qq.com, “yanruizhen2266@163.com

Received: Dec. 27", 2019; accepted: Jan. 30", 2020; published: Feb. 6", 2020

Abstract

Because of its good stability and mechanical properties, the polypropylyne can effectively prevent
concrete from bursting at high temperatures and can improve the mechanical properties of the
concrete in a certain temperature range. In this paper, a number of mechanical properties (cubic
comparison of compressive strength, cubic split tensile strength, axial compressive strength, and
modulus of elasticity) were obtained, and the conclusion that the mechanical properties of con-
crete were improved by mixing polypropylene fibers in a certain temperature range (<400°C) was
obtained. However, with the increase of temperature (>400°C), the fiber has almost no effect on
the mechanical properties. The mercury pressure test was performed on the concrete without fi-
ber in the temperature range of 400°C~500°C. The porosity of polypropylene fiber reinforced con-
crete increased in the temperature range of 400°C~500°C and the number of pores at 50 nm in-
creased rapidly, and the porosity increased a lot compared with normal temperature.

Keywords

Concrete, Polypropylene Fiber, Pore Structure, Mechanical Properties, Mercury Pressure Test

BRAKERLSRNFEERMULIRGH
Ny

T #, may’

RIRE TR EAR TR, g KR
Email: 857007557 @qq.com, “yanruizhen2266@163.com

(e
il R .

NES|IH: T, EED. SRR R KL S R0 1A TR, 2020, 9(2): 91-99.
DOI: 10.12677/hjce.2020.92011


http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2020.92011
https://doi.org/10.12677/hjce.2020.92011
http://www.hanspub.org

Woks H . 20194F12H27H; FHEM: 202001 H30H; &4 Hi: 2020fF2H6H

m =

RMRET 4 i T RIF AR e AU Be 8 N IR B L 7T A 2B bR B iR AR, R DAIE— e |
FEVE R AR E R R 2R RE, A SO AN R T @R G5 RN G 20U £ s G177 bk
SRR GR. MOPUE. BEEE)HEITNW, BEABARNSTRE —EEETEE (<400C)XHE
Bt 7R A RIS 1S . (BREEIRE T H (>400°C), BEEEXT 1 FE LY M; HE3F400C
~500 CABL YR 1T BR ALK, B2 —RE X PR AR R AME, 7£400C~500C
REXEAREEMNAS0 nmPl_ EAREE L, HABRFALERNEMRE.

KA
BEL, RFRSE, LW, Htie, ERAR

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5]

VR IREE L (HPO) R L ER A VEREIL R, 72 TR ST 28O Z R, 2R, HPC &in B4
Gy, BORIEHEST B — O3, AR A HPC ik R IPTERERe, EWNAMAE T TR 25, K
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ERTE A B T 2R gL WA S . AP RB6], KRR 600 (KFE 15 mm, A% 25 pm).
BN 1.8 kg/m’ (R PGS LT 45 N GHR I T8 5 % i B a2k Bl ekt RO et o b AR RIS VL HE[ 7] 8]
2 NHRHEH 50 nm LA AL 2K Bk, BT 50 nm FLFRONTOR LK T 50 nm (8 v 2 AL AR A A
FAL)o AT — BRI R R e L ) S VR AR, — e X6 ey iR 5 VR L 1) P AL 5 A R A R
BEAT T W, WEFEERIA[O] [10] [11], 400°CZ A, VR&E - FLAE R A4S b 32 B il T VR G P /K 2 BBk s
IR FEAE 400°C~500°C Z BIE, BT IREE L AL S, R K IR AR AL = K A R IR 5 (CSH) B /K AU
ES(CH) A = A R LR, A D) 2 e e L 25 AR

K ZH T R AT FLB R B AR A AT T IR, T AN TR L ) R S AL IR S M g5 Ak T HL
X YRR #5E  AROU 225 48] 3 A R A PR 9 A FH T SRR i NIRRT N 15 mm, B4R 25 pm B3R
LT 4E, UL 1.8 kg/m® BE B N IREE T, B 70 AR FE(20°C~600°C)VE FH J5 1 125 Mk g A A AL A A
FEXF 400°C~500°C 1EH Ji )k Bk A8 A R R 1360 L P BB L 285 A0 AR ARk AT IR N, il — B AL
GRS X VR e Sy 2P RE IR
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AKYE: 1l PRI A T AE SR PO 42.5;

FE R 5~20 mm ELEZ I HITEAT 5

iRl R, FIECIX NI IX, SHEERLECH 2.9;
WBER: LMK S95 JIEAN H K

MG 25 R ERUROKFIHS-AF), JR7KZA 15%~20%:

RWIHLAYE: K 15mm, B 25 pm. KB EN 1.8 kgm’. HAL T ERARSH I 1;
FERHIK: BRK.

Table 1. Main technical parameters of polypropylene fiber

F 1. RABTETERASY

& L sm i PR A= PR HIE Pk g LY ER
(MPa) (GPa) &) (C) (%) ('C) REs (um)
091 >400 >3.5 2 160 %5 580 <0.1 -78 Wi 25

ARG B I IR AN R A dE iR e i R R RE, TR RSB E N 1.8 kg/m®, LA
FENLEE 2,

Table 2. Mixing ratio of M and P15/25 for test (kg/m’)
5= 2. IS M # P15/25 BL & tb (kg/m®)

ST LS FHR w7 AT 7K K ALY
M 400 80 20 770 1000 10 185 0
P15/25 400 80 20 770 1000 10 185 1.8
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Figure 1. Test specimen preparation sequence
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A VARG IR 72 e E BN ST AP SREE . 3L 5 AR EE ST R R T L A T SR DA R R A
B o Horb s o B R B 0 B2 A PR RS A 150 mm < 150 mm x 150 mm 37544, il s 55 5 A i kA B
PE RSN 150 mm x 150 mm x 300 mm IR AR ARl 2 I FR A ] 1 B, R e 1 28 d.
WAL N RS, BIERB A4 KRR (M) 55 BN E LT 4R Bt 1 (P15/25).
222 REHFR

RIGWEIEN 20°C (FiR)~ 300°C. 400°C. 450°C. 500°C. 600°CH: 6 MNREEFSEL, Wb %%
R 3,
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Table 3. Number of test specimens prepared

=3 i fHIERE

B RT (mm) HH B #H Bt
150 x 150 x 150 24 3 7 79
300 x 300 x 300 24 3 6 78

TR LR FL AR 70 B R B R RS, B 7 i O EINLYI 1 em A A5 SR BV Ja B HCEL & k)
ARy, H U R T TR L L R E TSR0 s B AL, DA AT iR AR
223, ERIRE

W AR A 8 R B B AL AT A 7~15 R BRI, A (1 B 7K 20 5 SR 4 4 v R 1 K e 4
VT, BEJERERBBON BB, DATHEE 2 24°C/min THRZE BAREE . B Talph e W A A, AT
WAL R IR B IR, A ANEE S, EDFORIRE L e RGE . T, BUh .
A RCF B AR T B RS R B = IR AT IR, HOR BT AR R SN TR RO R =, B
JE AT R 4T o

B JE XA O T R PR . SO AREE SBTRL . RO PUE . B DL R R SRR . R 1 A
A AR B8 F B AR Y (SRIX), B AREAHL(STYE-3000), HvH{E, KRGS,
HPERL RIS LSS .

AR T 1ES% T CGE@iREE T )2 M GERI8 JVEAR ) (GB/T50081-2002).
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Figure 2. Relative cubic compressive strength as a function of temperature
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Figure 3. Relative tensile strength as a function of temperature

& 3. MExhe R TN

] 3 5 M Al P15/25 AHXHES 4404y 5 P Bl i B2 AR A0 ], MR P1S/25 1S SR 5 P e Ak 31 Bl 4 R
(SRR . H P15/25 HLhrsk BEAE 300 CHIARIZE =T M £ 20%. £ 300°CHF M 5 P15/25 Hiifis iy
IR EC T AIBEAS T 46%. 40%. 400°C P IR BS Zhthr o Bl B 31 1 i 43%, BT LA 400°C 21l
FHILE, 400°C G iRE B R R R LA M E R . B 600°CHE, M Al P15/25 [r15S 24 o B #5 H
IR ) 20%

3.2. R OEREMEGRE

T TR 32 A A SR B9k, MRE 2 b Ak, FrEAFIA 150 mm x 150 mm x 300 mm 50075 1)
B U SR B A SEBR TR . [RIRE S Bt R TR L % —, SR ] DR B A (SR s
ATERE T B v R B A B T AR CRAG) (e CE 5 1 B N AR T S I B RE 7, RIS AE K k3 55t N AE A B
T 22 KGO i E TR s A R G 2 B 2 B B R 52 K R TR AR T . i LA
Yok - VR, B U S R 8 P R PO I AN SN S Bk AR AT B B R SRRt AT LA M B K SRR R HE

4 5 M AT P15/25 AN [RJRE T ARl O e s FE IR AR A . R P15/25 Bl bR SR T M
) 10%/ 47, 16 300 CHY P& B A KRN I 1) 94% A 45 BB EH R R 6%/ 4. 300°C 5 M#
BAEAHZEA K H NS . 72 400°C I 5 BN E TN 70% 7545, 500°C XA 40% /e 5 B AR AR
BRI K S, TAE 600°CHmEAUNF IR 30%. AT LLE HTE 400 45 K% J5 TR 4O i IR 5 5 R %
B, AXAE 400°C~500°C [X AR 5O bR SR E B R % T 30%.

Bl 5 2 M ORI P15/25 AN [A)IELEE T REO S v 4SS e B il P AR A ], El T S A X0 5 O S 5
5 FIRI#EA 150 x 150 x 300 mm B, P R0 RS AAE [F] o A b VR U e o P A o o 4 i 32 110
FhE bR IR P15/25 B M 5 10%25 47 . 300°C~500°C 52 ifii M EE P15/25 1 10%75 47 - 500°C H & #F
R 40% 7545 o 600°C IR H IR 20% .. 7] LA H B 25 15 B2 T 15145 58 A £ E 0 VR L B MR ASE B 2 i AN
K, M FE 400°C~500°C [X [A] 5 AR B 401 2k B 50%
3.3. RIELEER O

K 6y M Al P15/25 i J5 U BEIR AR ALK . M AT P15/25 (R0 LR BE 2 16 B2 (1 T e 1 ARG, 1 W 7
AR ER R, VRGBS GRS R R R R, R T VR L 1 B By 5 ) R EL S T R
SR (KR SN 2 . B IR TR I (P15/25) R EEAE IR /N T 400°C I 45 b 3 v v 1 RE VR E £ (M)
PR B K, VE A T SR TR T 4 O I N Aot v P B VR - A B B K, B T VR KBS LR R T R R
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Figure 4. Relative axial compressive strength as a function of temperature
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Figure 5. Relative change rate of elastic modulus
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Figure 6. Variation of tension and compression ratio with temperature
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34. [ERIAEER

B 3.1~3.3 WA AB L 4EIOMIREE L 400°CHI /I PEREA FTHR T, 1M1 400°C~500°C VR #&E L /) 2 1 RE
St N B R O YU AN SRR R o B DOREFLAS 4 40 AT T 5T B SUE 400°C~500°C X ], [E]If M 5
P15/25 1 400°C J5 775 1% B S A AR R 3k 1 A58 £ X M 7E 20°C, 400°C, 450°C, 500°CifkfHdE47 &Rk
5, Rk 7~10.

i T YR P LR LR 2 BEE P E 16~26 nm, FLh BT JLFLARN 23.5 nm. £ 400°C F A] LA F
LRI ZHEF T 50 nm LLF, {HEH 5 50 nm L EFLHIL S 16.56%, Hinl JLFL4E N 33.28 nm.
LR ETE A 450°CHF, 50 nm PLEFLIIEIEZ Tk 23.76%, Al JLFLAE N 77.86 nm. JEELE S00°CHF, 50
nm LA EFLELZ b B FLAAFR 50.98%. 1T LLA H7E 400°C T FLAE 2 A 3 4E FRAE 50 nm — R L i 7E 450°C.500°C
PIANERAE T 50 nm P EFL2RIIE 2 . I 4 FLBREZR ARt m] DUE IR FLIRZE R 5.864%, 400°C,
450°C, 500°CHf 7 HIAE] T 12.498%. 13.845%F1 18.148%. iXJ& T HiRETHEF] 400°CHf, JREETIE
RS, Ko BERGEEIE AR R IR, (FRFLBRR ARSI, S00°CH, v LLE BIFLBRRA — B IR 1)
B, X ATREAE T KL A Ca(OH), M BRERER £ 52 P40 il o

ARSI 56 25 Sn] LAt Bl o IR P ) T v YR P IR R B LR O, B T B R T
TRE L NI EAAL D, mEHELEZRES KRR, RN WEIE 7 4 PR R AR E S . 4
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Figure 7. Pore structure distribution at 20°C
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Figure 8. Pore structure distribution at 400°C
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Figure 9. Pore structure distribution at 450°C
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Figure 10. Pore structure distribution at 500°C
[ 10. 500 CTLEREE 1

Table 4. Porosity of concrete at different temperatures

F 4. RBREARIRE TR

R 25°C 400°C 450°C 500°C
LB (%) 5.864 12.498 13.845 18.148
4. i

AT TIREE LR YU . FOPUE . LT R R SRR AR R DL R RIS, T R
AR A N 418

1) BN R T 21 4 0] LUAE — 58 15 FE 70 ) PN (<300 °C ) I Bl v VR ik = 7 075 A o s 5 B R 0 0 S
55— R 5 BEE Bl A (<400°C) R TR BE FO4RE i TR 4 - 37 7 PR B TR g o 7F 400°C )5 45 T T4 I £ 4 Xt
TREE 1B R LT o

2) MG EFYE RN A = 1 BE VR e LB LU K, S TR EE LB R B R s MR RE, 1R TR
BRI, BRAS T M.

3) 1E 400°C~500°C i [X 18] FLER R B N AT 50 nm LA_E A SEFL AL P £ & S SuR it - & 00 24
REAA IR TR EERERE 2 —.
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