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Table 1 Mixture ratio of concrete specimen with different strengths

IREE+ AF/(kgm?)  Bikgm™) Kikgm™)  KIR/(kgm™) KIK MGl /(kg-m™) 28 d HiJE#RE/MPa
€20 1100 725 205 350 0.586 7.5 23.05
c4s5 950 900 173 500 0.346 12,5 46.20
C70 1150 600 150 600 0.250 16.0 70.06

*2 TRENAHSERRLAGEEL

Table 2 Mixture ratio of steel fiber reinforced concrete specimen

WEEtE AR E% WY (kgm) A Fikgm?)  W(kgm?®) Kikgm?®) IKIAkgm) K AMINF/ (kg m)

0 0 1090 698 158 391 0.38 8.1

0.75 58.5 1056 676 182 450 0.38 8.1
C40

1.50 117.0 1004 645 204 505 0.38 8.1

4.50 351.0 726 470 280 693 0.38 8.1
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Fig. 1 Experimental device
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Fig. 2 Typical waveforms for concrete-like materials with different strengths and different fiber contents
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Fig. 4 Comparison of stress-strain curves under similar constant strain rate loading

4 JFIENMERMBTRBHFESERLHRL

H1 T SHPB 5250 v 7 52 B3R 166 - 25 ek 0 407 28 S 28, Al R 28 3 Ak T 10 S0 B iR e %
S T A B AT A AR T 1S T B A 520 SR I 2 3 R Y 2 BT 390 1 R S A T 2
35 20y [R5 27 SR IR 2 S 1 28 4 S 2 07 06 (1 2 T f B K0 4 18K 22 GIE A 37 28 % Wang 2509
N, 07728 3 R I T DB 80%% 26 WA 0 28 5 2 i S LI A8 SR AN A BE . W 7 B 28 5y i O AN TR, o
S [7] — 211 52 0 KRS T 7 10 O 705 25 ) W 2 LA R 11 S WL, AT R IR 5 TR 5 - K A 78 SR
WSR2, DRI AT 2 B M B i YOG L 3 bR SHIPB S50 R A8 5 g T

T, 403 2o P S (R 725 % 7k e b SR A R AR B0 52 3 B0 3 3 R TR e B
05 5 B 1 A B, B T TR o A
R7 2 R B AR — A . P S 120 _ ‘ — 200
LR AR A 10 52 56 B HR T Ny
(19 LA U K P 2(by. PR 5 R R, HLSR I oo pHiismme s T
B Xt 7 & B AE N AR R 77.3 57 2k B ’ 2 M0
S 449 97 2 536 3 B S D S R 7 (3 A i
1] B P4 % 745 S 5 0O H 41, 3 e 4 ) :
B RS R 42.2 57, B BB AP 1 A A
138 B0 1 J5% T 2 30 S 8 O RS 3 A Bkl £ oA o el avergge , ,
BT 208, 38 3o T 75 3 4 BT 3 R 78 Ry 05 06 07 08 09 10
56.2 s PRIk, AT A5 H R AR /2 B 1Y N AR 5 R AR R A AR (R 7 i
oy, =77.3/42.2=1.832, Ifij {5 b AF & /4> B - ¥4 hij Fig. 5 Ways for determining strain rate
R R n,=77.3/56.2=1.375,

b 30 LT R 25 AN A 9 137 28 5l 2% 28
7 VR B A 3, 5 391 3 2 gy 24 % A 7 25 %

FBOF N AR | @ B RS AR, R AHE R 21 7
AR AR 24 B~ 24 I A 3R LR A AR AR 4 B P 2 G
e \ L

60 -

é/s™!

o/MPa

S —— (Y

30+
: 440

AN
|

REAS, W3 3. [ 6 XM R A8 o BT 4 T A

A M T A 3 4 B 2 A BT T I A, N

WAL T L AR 1725 5 A BT 4 5 0 Y

R E 24 1,38, T HEL I 25 2 2 B T g A S

VB K, B R R oS0 s 0 s
FhJHE T A8 45 8 % T A6 25 3 I R O ——

{1 ST 950 B | X 7 g 7 242 236 T AR FH B I Fig. 6 Constant strain rate versus average strain rate

‘TV‘ LET EXL@({EE:J%?% @J , ﬂlﬁ%ﬂ%%ﬁﬁéﬁﬁéﬂ?ﬂjﬂj of half and whole-stage

063102-4



539 % 15258, 4. IR L ISRk SHPB 5GBS A 71k 55 6 311
®3 ENERMHBTHKBHE
Table 3 Experimental data at constant strain rate loading
e i (EUA R HBOTIRIAERS ARCTENAR RS n M

1 C20 32.6 24.6 24.5 1.325 1.331
2 C20 44.2 34.4 31.9 1.285 1.386
3 C20 50.4 31.0 37.9 1.613 1.319
4 C20 51.2 28.6 45.1 2.182 1.384
5 C20 65.3 41.0 46.8 1.593 1.395
6 C20 77.2 55.1 54.9 1.401 1.406
7 C20 81.2 57.1 57.0 1.422 1.424
8 C45 37.3 239 25.8 1.561 1.446

C45 62.5 39.5 452 1.582 1.383
10 C45 70.3 51.4 51.5 1.368 1.365
11 C45 77.3 422 56.2 1.832 1.375
12 C45 80.7 60.1 62.5 1.343 1.291
13 C70 45.4 32.8 333 1.384 1.363
14 C70 53.6 38.7 41.8 1.385 1.282
15 C70 57.7 42.7 42.4 1.328 1.337
16 C70 69.4 56.1 50.2 1.237 1.382
17 C70 77.4 55.4 51.7 1.397 1.503
18 C70 87.1 60.1 65.6 1.449 1.328
19 C40 59.2 43.0 40.8 1.377 1.451
20 C40 66.8 33.0 49.5 2.024 1.349
21 C40 82.1 54.3 55.6 1.512 1.477
22 C40 (0.75%) 62.0 31.3 45.0 1.981 1.378
23 C40 (0.75%) 80.7 64.8 59.2 1.245 1.363
24 C40 (0.75%) 81.2 51.3 59.4 1.583 1.367
25 C40 (1.50%) 59.1 434 44.6 1.362 1.325
26 C40 (1.50%) 65.4 51.8 482 1.262 1.357
27 C40 (1.50%) 81.2 46.0 58.6 1.765 1.386
28 C40 (4.50%) 34.5 26.2 24.6 1.317 1.402
29 C40 (4.50%) 82.3 62.1 60.1 1.325 1.369
30 C40 (4.50%) 105.3 62.6 78.9 1.682 1.334

AR AR L) R 138 KW E , I 4 Be-F- I AR AR LU R K 1.38 7 O RN AL R oy T AR A0 AR
SR Ay S 5 o £ T T I ) IO 78 R 4 7 S b R AR AN T B4 2 S0 R A B B9, e % T AR E N AR
RN B S50 RS R 7 I R AT A R AIE . T R AR R AR A0 AT B S 5 K SR %
TE VAR AR T 3k FEAT AR B, A5 B 12 5 56 A X IO 04 25 RN AR AR 955 A I (R TE AR AR AR Y 52
B RO HEAT X e o 17 S i 0L 78 AR R A R AR SR 4 1 g A 2k A X EE R, PR R A A R S
56 58 2 1) 6 I IO 78 4R T 2k B A 2 15 O o

HIET 7 T RLF H G SR R 8 5 A0 48T 9 A5 R0 A2 SRR I AR AT ) 48 0 A2 AR 22 A T, U7
X IO BRI g AR AR A R U o PRI, SR A B 44 AR R A AR KR 1.38 SR A S g K dle i X
V7 B A5 80N AR RS2 56 4 A AT B, IF HAZ 5 ¥R N T Ak B [R] 55 5 R0 A ] A 2T Ak 5 A R BE AR
SHPB 558 F (4 400 A1 o
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A novel method for determining strain rate of concrete-like materials
in SHPB experiment

HU Liangliang', HUANG Ruiyuan"?, GAO Guangfa', JJANG Dong™’, LI Yongchi’
(1. National Key Laboratory of Transient Physics, Nanjing University of Science and Technology,
Nanjing 210094, Jiangsu, China;
2. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, Anhui, China;
3. Beijing Institute of Space Long March Vehicle, Beijing 100076, China)

Abstract: In this paper, we performed SHPB experiments on concrete-like materials with different strengths
(C20, C45, C70) and different steel fiber contents (0%, 0.75%, 1.50%, 4.50%) and analyzed the data drawn.
The results showed that the constant strain rate corresponding to the experimental data was co-related with
the whole-stage average strain rate to a certain degree and therefore the former could be determined by the
1.38 times of the latter. This method was verified as rational by the comparative analysis of the experimental
data of non-constant strain rate with the experimental data of constant strain rate. It was also found that, at
the constant strain rate in a relatively short loading time, it is unreasonable to characterize the strain rate
corresponding to the experimental data using the constant strain rate corresponding to the short platform
stage. In this case, the method proposed in this paper offers a good choice.
Keywords: concrete; SHPB; strain rate effect; dynamic mechanical behavior
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