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1.2 SHPBLKHEE
HAESBLREAEIS0 mm
i) SHPB LR %k & FE B K.
AHHMBHAOKRES D
2 000 mm, F ¥ & % 500 mm,
HRITMFHRGHETF. ITRHR
PHESFHRE, EESFSR
HEMHSEREREER 5

B 1 AR O B2 WREEN SRy 0m S mm MEER. EAM

Fig. 1 The microwave oven Fig. 2 The unit method to test the tem- HFESFHEMKmE EERTA

for rapid heating up concrete perature uniformity of concrete specimens 22. 00 mm X 22. 00 mm X 0. 75
mm B4R EN LB .

2 REHEXR

2.1 HHHHEE

SHPB XK ¥ BMEHZR 50 mm, § TRIERGFHH . EHEREL RGN, BELHOER
ANERARBREBE, BARTES~8 mm, ATHE-BRIEAFHIIE. HRAR :BF: H
F:K=1:0.95122.326:0.41 ®WABHEEM 1. 4 mX1.0 mX0.3 m 32 &,

AREERM IO GHAESHP . ZEES 60 mm ENAD,. SR 12h BK 1K EL54,8
24 hpeK1K,EE5d,ER48hBEK IR, EES L ZEHTERARY. R . RAGHCRENT
B @50 mm X 300 mm ) B AL, B0 &L 25 BRI o5 0 TR F50mm X 35mm B4, BE Ja #9 3
@ 3 s
2.2 REBBRSHHE

RERELRBHARGE BN TRER R ETR SR P HREMOBK, 5ET RS OER
REWEFR. EXRIENERFLE 1 BEREMRERNRGEZRFE & 1 ERAaMAE
HKAELOXHERRT 1 MHANRRRE.

2.3 XRRZMHBER

HT LR FERGAF BEAANTHARER 1 MFEL, 63 FRBOKRBEEZERRN
14HEK. WREBERS EAHFAEFTFRIERGREEE AN AFRGESH T LEL EMAT
ERGHBIEFERF. BER. ATFTERLEZFREKE W, ATRIDELRE., WRRHHEEEE/D
FASEEENS 105, FERFHROTERDLE O, TURTERLR.

Trangmission wave

E Incident wave
180F  pylvvwbmes

(a) Installing specimen (b) Installed specimen
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B3 RELAGREERBRE 4 SHPB 2% B K
Fig. 3 Concrete specimen and simple attemperator Fig. 4 The debugging waves of

SHPB system
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2.4 R mAMNRE

FARAEEBEER EHESHFSRAGEMARERETEES mm ERRFR MR 5K S FHE
Fg#E , HUREPE ST, LREF R 10.200,350,450 1 600 C, FHBHEE R 5.7 M 12 m/s,

BEREREY LERAEMBBTEEE REREERFRATRMAOREE R, AR RESE
BEAZNESGREREFEERG. XMSEFTELELT FEE. (1M i 5E w2 21 23 58 &R
E—-dRHRFREZEL QORRRHREZRUBRAMBEITRENZA. XHETURERBRE
75800 1 o R 1 0 0L 3 T B AT OB AR AL ATE R AL B R b R AL B

BRBREIALR ARG CERRENIERDTAERE ALK EZRETHTER. MK
T 52 BB & % 52 L B L e 5 AR B ) — AR AR TE 50 s L MBI R B N RAREZHBIER T
B R REREESHUN., Hh BIRUEHEE ARG MARSEEE 600 CHTZRA, R
HRETBIE 40~50 s, R LRIEA 5 mm BERFORTEE RN 60 C,EHFHIKEL 20 cm
RHYBRERREIRENFRERE. ZURERED THRETAEMRIELE 5. Bk, 7 5E L Het
ARZBEFTHBREREL,

B 5 ZAA Ansys RIF#TEMBES AN HTERANEKS 10
FRES O, B ER 50 s, AFWERREK FHBBMEE oo
BRFSRGEMAMNER. TRRAZEZMMEE, RAMMHFE s
RHFTHE . AR 2 RABNE SHFZRE, L FREFAHR Lo
EXF . EHENTRR—RESTFNREN—LETHE. AT 3
H—FBOHER TENESHFKER 200 mm, RAKER 17.5 2
mm, ERH K 50 mm, FESITFMMHBER 10 C, XEHMHEE O ————To——Th——25%
BB 600 C, WRIFHMEHNLYIZ B, HXBHRT.FE 2.8 d/mm
t/m’, (MR 121 W/(m® « K), l#k 900 J/(kg » K), iBEE L #F 5 50 s Bk SHEEA R
KHESHE R .FE 2. 064 t/m® SEMRE0.75 W/ (m? - KD, H Fig. 5 The temperature profile of
#1L2K/ (kg K, HHBEFEEFERESSIHEARENE WA, the wave guider bar at 50 s

3 XRERRAH

3.1 AEMTLIERHZSTRAR

Mo RBRBELRGAZTENARNFHEEBLE TERRAFRSENLRICRMHEEX. H6(R
FHREET.6 m/s HARKFBRETHFFEETHTCROTREE.

EREEREE 6P FEAFWEEA BN KT B 5 B0 5B REE 5L 18 BE #9389 /> » T
REEHREDREL. S.7M12.5 m/s BHEEET . BARAR. IFEHBEELIBEIFITR
BHAMAEREARBRE FAAMREXFNE, REEAEH RO RENYRFEEL. HdpRE
RRE .

ERBRDISEFLZBRARY  REOBEFTUI N 3 HERL: (DRAAEFARRABERRAR 1B
HRABRNRIBE  (ORAFRILKR; QO RMBHE, RE 7R, EXBIBRPRAN.EFHE
BER 5.7 m/s B, XA BOR AE 1 FIBOL A THEER 7.6 m/s if, MBS 200 #1350 Caf, JLE
—H B EWIRAE L FFOL T 55— LR A WIFRE 2 MESL, LB R 450 71 600 CHf . K4
B RS 2 MIEOETFHERN 12.5 m/s B XA MBI HE 3 FER., IEBAHELE ¥ RN 5%
2R, ATE5%E | HERERMAL. B 2.3 FEAEREER LM A, BREU TR HE
2.3 S EREFABBEER HE | HERFFRRANGER.

3.2 HAREHLE

HE AR EANEEA—HEAGT EEREHEM BHEWBEERA B/, XHRERE

WK S . FEBIRAL T, IR AR B SN AT R, BB B AR ER IR A REE.
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Fig. 6 The representative experimental waves of the concrete specimens

(c) The third

(a) The first (b) The second
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Fig. 7 The three destructive cases of concrete specimens
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Fig. 8 The stress-strain curves of the concrete specimens
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3.3 RRARSH

B 8B A, WA T, FRBEE 7 0 12 m/s B 5L Ay 0728 iy 4K 76 0T 1 _E A FO 90 8 SR AL B 2
AREAN RHER 2 MEEREEN, REERRABEN ., 55 m/s BEEHRZML,7 fl 12 m/s
R ARNEHEZAFAEHRF EXRTHNERFR R REIRAFETARETORSAERRE
ER-BEBTH-FHIH. BHES m/s RAGFRE Table 1 Static strengths of concrete specimens

BA R, R BT L B0 4% B/ B, H AT LA at different temperatures
HOVBRARBUD BB AETE 2 WAL R b R R T/C o./MPa a
H1E 8(b) & 1, TE SR E 5L+ 18 BE B AL R + 4 90 10 45.40 1.00
B0 IR T IR 0 0 O B R A 1 R L R R R 300 43.50 0.9
1 B 4 17 7 352 R B A A ML X AR K, B RE A B jzg :zgg ig:
F1RRELRARFAEE FTHBARERE 0 5 450 % 60 o 85
EHHERE o NVEEFBAK. 5E 8 LWRTUBH. 500 31,20 0,69
ERETERISEREEMGT . AEEHMEEHEEL N 600 23.26 0.51
EHENEERE NEENERERERE.
4 & it

(LT 45 B0 3 T 8 0 3 B T AR AR M I 4 2 IR 1+ 1R 44, 3 SRS (R IE IR H B 0 3 5
e B—FMER T YR AR R £
OEBRISESEGT BEKCEEREE L LGN TERE, Rk GEL 2K
BEE; '

OEBBASEREET . B IEE LAH OB IF T NSRS MBRRE 2 R, THE
BEH 7.6 m/s BB 10~350 CH, IR R4 X 2 MR IR,

FANEAS R BN KT, 75 5T 1 55 W 2 IR A 15 B 1 80 T /N R B B R R TR
AW,

BHEARBAELA KON K5 NASRAE YR IEHERTREMIENENELE . TEFRALE
EB PRSI,

SE W

[1] Zhao H. A study on testing techniques for concrete-like materials under compressive impact loading[J]. Cement and
Concrete Composites, 1998,20:293-299. .

[2] Grote DL, Park S W, Zhou M. Dynamic behavior of concrete at high strain rates and preésures; 1. Experimental
characterization[J]. International Journal of Impact Engineering, 2001,25:869-886.

[3] LiQM, Meng H. About the dynamic strength enhancement of concrete-like materials in a split Hopkinson pressure
bar test[J]. International Journal of Solids and Structures, 2003,40:343-360.

[4] Forquina P, Garyb G, Gatuingt F. A testing technique for concrete under confinement at high rates of strain[J]].
International Journal of Impact Engineering, 2008,35:425-446,

(5] ALE. #NS5EHRKNIEEEEwmMEIMI A 8.5 ER¥ARKE R, 2005,

[6] MAB,EXE,EHx. B C30 BE L% 8RB YRR KH Johnson-Cook BELHM[J]. EAHEST
B ,2006,25(8 7] 1).3250-3257. .
SHI Shao-giu, WANG Yong-zhong, WANG Li-li. Improved Johnson-Cook strength rhodel taking account of rate-
dependent micro-damage evolution for domestic C30 concrete[J]. Chinese Journal of Rock Mechanics and Engineer-
ing, 2006,25(sup 1):3250-3257.

[7] Tanyildizi H, Coskun A. Performance of lightweight concrete with silica fume after high temperature[J]. Con-
struction and Building Materials, 2008,22(10):2124-2129.

(8] Sancak E, Sari Y D, Simsek O. Effects of elevated temperature on compressive strength and weight loss of the



106

® ¥ 5 n & %3%

{o]
(10]

(1]

(12]

(13]
[14]
[15]

(16]
[17]

light-weight concrete with silica fume and superplasticizer[J]. Cement and Concrete Composites, 2008,30(8) :715-

721.

Arioz O. Effects of elevated temperatures on properties of concrete[J]. Fire Safety Journal, 2007,42(8) :516-522.
Youssef M A, Moftah M, General stress-strain relationship for concrete at elevated temperatures[J]. Engineering
Structures, 2007,29:2618-2634,

XF S, B, G % HETRRETREL N TR BABE,2005,21(3) :16-20.

LIU Li-xian, LU Long, LIU Zheng, et al. Investigation on the mechanical behavior of concrete at and after high
temperature[ J]. Building Science, 2005,21(3):16-20.

N  REH, TEAX % BEMBEL ¥ EEEARRETEL] BEL,2004,5:9-11.

QIN Li-kun, SONG Yu-pu, WANG Yu-jie, et al. Testing research of mechanics characteristics of concrete affect-
ed by high temperature[J]. Concrete, 2004,5:9-11, .

Wang Y C, Wong P M H, Kodur V. An experimental study of the mechanical properties of fibre reinforced poly-
mer (FRP) and steel reinforcing bars at elevated temperatures[J]. Composite Structures, 2007,80:131-140,

da Silva J C C, Martelli C, Kalinowski H J, et al. Dynamic analysis and temperature measurements of concrete
cantilever beam using fibre Bragg gratings[J]. Optics and Lasers in Engineering, 2007,45(1) ;88-92,
FTWETRELNRBREMEREBHERIZID]. I3 . WEKE, 1994

IBHHEAFNREBZAS. TRHABEAFRIM]. 2 M. J05 . P EFEH KL ,2002:41.

LN, B IR, 4R R B 1 780 IR 1 R R 1 A B LTI MO, JE AR W4 K 2 AL, 2003 :73-76.

Experimental investigation on dynamic compression mechanical
performance of concrete at high temperature*

TAO Jun-lin', QIN Li-bo*, LI Kui', LIU Dan?,
JIA Bin', CHEN Xiao-wei'?, CHEN Gang?
(1. Department of Divil Engneering and Architecture , Southwest University of
Science and Technology, Mianyang 621010, Sichuan, China;
2. Institute of Structual Mechanics, China Academy of Engineering Physics,
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Abstract: An experimental setup was developed for rapid heating up concrete based on the principle of

microwave heating and concrete specimens were manufactured. Dynamic compression experiments

were conducted for the manufactured concrete specimens by using a split Hopkinson pressure bar sys-

tem at different temperatures. The experimental results show that temperature is the primary factor

for influencing the dynamic compression mechanical performance of concrete at high temperature and

strain rate is the minor factor. Under dynamic compression, the concrete damage at high temperature

can be divided into crack and fracture modes. .
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words: solid mechanics; mechanical behavior; rapid heating up; concrete; high temperature;

SHPB
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