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Dynamic Mechanics Experiment Practice and Analysis Methods
of Rock Materials in Blasting Engineering Teaching
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Abstract; Blasting Engineering is an essential core course for civil engineering and mining majors. To improve
the students’ understanding on dynamic mechanical response and damage mechanism of rock materials, the experi-
mental teaching contents of explosion and impact dynamics of rock materials were set up in a training plan to achieve

the teaching goal of the course of Blasting Engineering. In view of students’ lack of theoretical knowledge and experi-
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mental basis of impact dynamics in blasting engineering, the split Hopkinson pressure bar( SHPB) experiment tech-
nology and two-dimensional plate blasting( TDPB) experiment technology were applied to the practical teaching of
Blasting Engineering. Firstly, the experimental system compositions and calculation principles of SHPB and TDPB
were introduced. Secondly, the course contents of SHPB impact compression experiment and TDPB central blasting
experiment of rock materials were designed. Thirdly,the dynamic mechanical behavior and energy evolution charac-
teristics of sandstone material under the SHPB experiment and the strain wave evolution and dynamic damage and
fracture behavior mechanism of sandstone-like material under the TDPB experiment were analyzed. Finally, the
students’ in-depth discussion on the critical problems of rock impact dynamics was guided. The innovative combina-
tion of SEM testing technology and impact dynamics experimental technology revealed the damage mechanism of rock
materials under SHPB and TDPB experiments to students from the micro-level , which gave the students a clear un-
derstanding of meso-damage and macro-failure. The effect of teaching practice shows that the student’s theoretical
and practical ability is exercised by combining the experimental course of SHPB and TDPB with the theoretical

course of Blasting Engineering, which leads to the improvement of students’ scientific research ability and the sense

of teamwork ,and the fulfillment of the teaching goals.
Key words;
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(a) Schematic diagram of SHPB experimental system
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(b) Physical pictures of the SHPB experimental system
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Fig. 2 TDPB experimental system

1.2.2 TDPB %% /722

TDPB S5 56 Ji By - 3 1o [l i 28 % G846 ~F- Al
A AN ] B AU 7E AN [RIHER T A g
AR, SR K 480 28 8 X~ MR AR it o8 0 i 2
VEHICABIFFE A £ [ s A K ey 8L RV T T
453 £ B S0 A 1S 3 A 7 5 e DML A, SR A
AR AR LRI A R ) 7 SRR AR K 5 o

(1) JI2# 8

TR B2 77 9 A AR /N PR A | AL
B AEH SE R S I DAY 25 S R S 8
PR R I N S R e ke , mT DI A
PR SIS SRPERC R (E, ) FBh AT (ny) 5
YRS

po= (G 220G -] (@)
25, (1 + 1 -2
E, = P ) € i) =2cp, (1 + )
1 -,

(5)
e, Hl e, 0900 A0 BB A8 D\ D I 3 T
P 5p, ARESZ AR vh ik 5 1
(2) R F1 e LA LA

XTI AL A T 7 (435 A 2 25 AR A

RACHHE R B 46507 09 R 2R AR, 1
ST A RSO - R , R 4
{9893 o () ATLLE Rtk ™
(1) = e (1) e, (D] (©)
e
S, e, MBI ISR 255
M. 4R (6) HAE AR Sy i 1R R A
B3 SRR 18507 T S
IV AR R S
2wt
21 RRABEHSRETERS
TR R T U 0 I 3 0, FL S5
o DA 0 5 DR I, 547 2
BESAT PRI (95 V. 5N 7
VO A S A T T Vot 3 0y 5
SRR S0 SR L, T 1 50 %
SHPB Al TDPB 546 PRAR BETF 0 YAl + B +
o T, L B DA 5 R A 2 95
Y S R E e o
SERHCHR (T AL S 5




252

O 2024 4£9 H

ISR E A IR, O T ORIE R A 2R ROR , o
WEAETIN A LE AT 5 BT 4H , OF B Bl 4 DG
iy SHPB ke, fESLPR SR Hrd feh, 51 %
FLEAEHOMF AL IR S5 EOR 5 232 585k
IR S S RS, WMk E S
SCH DGR BB S AR Y B T RE T LR S AR Y
BAPM R B B SR A B S He HR o 7 2]
(R, R T PRIES A Y S0 22 4, TDPB SER A h 0
PEATIGEAE A R AR R 1) 22 A B DR N L
2.1.1 SHPB # & &% % ¥

(1) SLHEARBET

SHPB SZHPRFE LIS 41 44 1) ol s 45 52 56
FEELENA . DR AR SR 4, R 4 A4
AR b SRR S BURD S BB EAS RV AE R Y
phity 4R SE, 43 B SHPB 5256 N b5 M kL1 3 2
1547 o S RE AR

(2) S TAE

b AR 5

RAE GB/T 23561—2009 1 GB/T 50266—2013
HOR R E , S TR 4 52 5 B A R B RS
¢ 50 mm x h 100 mm, oy [ 46 52 56 B A R A9 R
14 ¢ 50 mm x h 25 mm, fRAIESFE P I AP AT
JERZEA KT 0.05 mm, FOMRHERD A R I

/)
Bk

100

0.5 mm/min

h=

I [ EEEENE]
JE Iy i
i Bt i

¥

B O T BRAIESE S0 0 5 5K, 23 32 AR A ke
e SE o

3 priferdn il
Fig. 3 Standard sandstone samples

TEJT I SHPB ik FR 4 S 86 2 1], 7 2T J i A
FR4RSEH ARAF IS AR A FEAS ) 22 B BRI B R A
Ko RIVHEMBL I RGNS A XA ( 50 mm x
h 100 mm) FFRENNZIE A 0. 5 mm/min (HHS TR 45
SEHG TS TR A L 50 AT A D A b R Y W (R
(39.1 MPa) IE{EMNAE(0.009) \FPER & (7. 113 GPa)
SEIART ) SA, 4 AT B A IR R R SR
AqSE N EE R AR XY BR- B ROR

ﬂé N 3‘9.:1 Pa
IE{E)V A8 : 39.1 MPa
PPEAEE . 7.113 GPa

P4 A P 2 S 30 R R A e AR 2

Fig. 4 Schematic diagram of static uniaxial ¢

2.1.2 TDPB # 345 sk 3 5 %

(1) ELEAAFBIT

TDPB SR URAR LI A0 B4 At A AL PO A e
PSRN EE LN RIS bR O S5
%, KA1 0.3 g %25 (DDNP) fY4Efil /N (EAE N
6.8 mm) RIS AP RAE AL O AR T TR
AORRAE s 58 05 0 S0, 43 B TDPB 5230 T 26
AR AR I A B T i AT BB

(2) Femifess TAR

@ Kb AR

HR ¥ GB/T 23561—2009 Fl GB/T 50266—2013

ompression experiment and failure state of sandstone

) R, B S R 4 S8 0 B A R R
¢ 50 mm x h 100 mm , $33iF 5 A% W 3 10 A 747 B2 152
ZEAKTF 0.05 mm, A s SC50 I FEARCA R Y
]38 1300 mm x w 300 mm x A 30 mm, FAR A kR
HL AR YRR M FL AR 8 mm (25 ARH G BB
1. 18) , AR F 3 V- A5 e A B 6T £ 6 07 DR i, 4 >
L7 R o3 IR 4 A Eidfs R AR 1E (CH, (CH, \CH, |
CH,) o ZEWD a1 st RS ke 24 25 4 7 2 IR
S5 R o I e PR AR DG i 32 300 s Y
T3 2 B 1k P AR AR e far A R K A= HedA 43
RS



a1 H3H (ZESENCS

A

R TR IR AR o MR B S 22 S S S i T

253

FRAS AR A FE R ARCA FE R R IR e S
Al A B A cmy tm g, tmygy, = 11213,
JER Y : FEFIK RS2 502 R K EEEM AL A 42,5 97
el RERRER K Je AN BB RIAE 2 0.075 ~ 0.3 mm

’ R NVEE //}‘;J H2) JEZ
| g o SN J
i EE R N/ AT B
: %CHI) G2 oY)
17 g
| 27 L O PN —
N WA
A : o e I
o H3 '
- Iﬁ : T
T A M1
/{"_/B» o EERR \\ A ) T

K5 Kiba-PHidee

AU VDo IR 4P A PF (AR IEFRIP) - R PR R T
90% FEPHEE A (20 £2)°C FHPIEN 28 do KT
PRUESC IR A TR, BOM R AR AR 52

FIRRBCHE 25 4540 7R K

Fg. 5 Sandstone-like material plate specimen and schematic diagram of blasting charge structure

TEFF i TDPB i 451 10 i 54 552 56 2 iy, 7 2T
JREFRAS Fe 4 S50 AR A A B B A 17 28K
A . SR TS N S 56 R GE R 2 ib il
(¢ 50 mm xh 100 mm) FfEHNzEHF K 0. 5 mm/min
PR FEAR SC 0 . FRAS R 4 S 56 T A5 H 2D 5 1 k)
(B N ) (52. 6 MPa) (IE{H i 7% (0. 0093 ) | i
Kt (6.58 GPa) A )2 28, Kb il FEAE
RS FEAR L T F 8 A A T B - R
2.2 IBHEZERNFRT
2.2.1 3% SHPB #= TDPB %3 4 %

7€ SHPB il TDPB 52 56 {5 F2 FF 4 i, 00 nl 3
i SEY AR R ) 2% A4 % SHPB F1 TDPB 5 48 1Y 4
B PR, IR AR DU e« SR 2 AR A
T LR IR S A R A S AL B LR A
ST SE SR S RS BOR . Horh o H A
ATl A MER Mo AT T2 6 245 SR, X R S IR AR
%) R ASORITHE i, XS 73 PN Y 2 2T R g Ry 2 2R ik —
A2t 2] ks s F12F LS AT RV TAEFT T IR SE1)
oA
2.2.2 SHPB B FTaE MMM EIFHF AL

HE 2 IR AR AR 5T

(1) BLAY SHPB =3 [#] Sy 3 V-1 53 Bt

SHPB = I [&] (1) ;. 77 V-1 73 #7 & FF Ji¢ SHPB 51
Y5 Fe N CEE I BN, Rt A 5 W AR R Y
MR NZS . AR 2 M e BT S 79 3 1, ) 2 75

UTRIFHAE B T7 1 R VAl SHPB 52 56 19 B 7 - 4 4R
o AENL AT Z AT, B 5, B R B AL
(RSB A5 SR, PR T 7 904 4 2 R AT N
W — 20 S SR AN b (S Bk 5 B,
FrERERT 5 W I 7 7 S IR A Bl 18] 6 )
M1, SHPB SR AR SN S (o) + o = o), i
TR B PERGE , i A T SHPB SCER 45 5 n]
SR

(2) J12245 kI e

TEZIMRE T N, S A REUE AR I SHPB 752 23 5
HHIFI3 0t SHPB whili [R4 9246~ W0 & 1Y J1 72474
FHECE 7)o 7 (a) ALAL AR AR RN AR
I 3 R 2R AE 100 ws AHASF— Ad, FFAE 100 s i
JEFRB T AR R AL RFE . 120 ~ 100 us BB,
ERER I ) BB (] PR 38 1 28 W, B s O Ak
TR s [A]— I 20T, e (14 10 7 Bl 7 74 3% 14y
R , 2 H W) A UG i IV A8 R AW o 100 ~
200 ws BrBE, AR A g B A TR BRE D /)N 5[] — i
ZIE SR AL A 3R B S R ek ), FR B B
RIS 5 AL o AL U B AT IS ) A Y
AR SRAGN B W) 2 3 BV I IO T 4475 95 Ak

HIEL 7(b) ~ (d) AT, ASJR) RS RN 54 14
AR A i 2 3R] o3 S ST AR Sk g 4 K (0 ~
70 ps) RIIRAEPUEIT (70 ~ 190 ws) J5 IR E
(190 ~200 ws) 3 MEALH B AR AR T A4



254 O 2024 4£9 A

R o AR IR B BOT B0 A A IR AL (Y
R, XU AR A A T P A BIR, L2 5E h
TR IR R N ) S ) R
W IO 28 3R B 8 R T M A, S i) By 88 i il ), 1oz
AL 30 ps (LML BB 2 A A B e R

(89 L 3 -0 78 1l 2 24 ml 73 D R S AR I | IR T |
Wi RT3 AT B e AN RIS SRR A A
L BRAEARIE [ BEAY 3l 245 SRR A A 22 AN K, i A R
A JEE JIR I B ) JeE IR IS 77 i 7 28 5 4 g R T A, L
ERETE W R A B 4 A2 RS AR 3 A% 3R B 1 T

180 S o 180
120 120
s 60 s 60
= =
= 0 = 0
R R ‘
2 2| = Asmn
—o— XG0
-120 -120 F —— FHN S o,
—%— 0,1t 0~ 07
~180 1 1 1 ) -180 1 1 | | 1 1 i
0 200 400 600 800 0 30 60 90 120 150 180 210
B 1] / s N ETPATIN
(a) Yt B SHPB = I &l (b) B3 F-H5 3-#
(a) Typical SHPB three—wave graph (b) Stress balance analysis
6 S SHPB =i [l K Ji J1-F- o3 A
Fig. 6 Typical SHPB three-wave graph and stress balance analysis
70 —a—¢,,=81.165" 0.035r —a— £, =81.165"
60 L 100 s~ £,.=110.45s" 0.030L —*—£,=110.45s"
——£,,=136.535" ——£,,=136.535™
%‘:’ 50 | —v—&,.=160.90s" o 0.025rF 4 & -160.90s"
R 40 + E 0.020
B30l 0.015
& H
Hoo0 | 0.010
10 + 0.005
0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
(Al s f ]/ s
(a) L7 B 72 i 2k (b) o7 A st 7 1 2%
(a) Stress time history curves (b) Strain time history curves
70 —a—¢,=81.16s" S000 4626 GPa-s' —m—&,,=81.16s"'
60 ——5,,=110.45¢" 4000 | 3723 GPa-s" —e— &,,=110.45s"'
s 50 ——£,,=136.53s" 3000 - 2893 GPa+s" —— £,,=136.535"
2 " &, =160.90s" < 2000 f o —v— & =160.905"
5 2 1000
=~ 30
20 = -1000 |
10 -2000 |
L ! ! ) -3000 L L L L L L y
0 0.007 0.014 0.021 0.028 0.035 0 30 60 90 120 150 180 210
45 VA ]/ s
(c) L 7 — 2% 4% (d) N7 J3 3R 42
(c) Stress—strain curves (d) Stress rate time history curves
€17 SHPB i 4R S 80 TWb A A )24 T R E

Fig. 7 Mechanical behavior characteristics of sandstone specimens

under SHPB impact compression experiment

HEIF 30 SHPB it FE4R 5256 T 10 1) AE 1 I 7
ML (1 8) o M 8 nl 1, fEBR VAL R, S St RE

(3) RE AL RAE 22 BT
TEZONTE ST, F A REAE AR Il SHPB fig i 2>

.



FALE 3 Mol Ar B R TR A A O R S T S SR S S A T vk 255

RE > BHTRE” PIFPBLR . LA L Ui W, A% A A 3 K
—EFEE o P EUA S REAE IS B B 22 3 1] S

I AR 2 FIFE BIRE I R th £t B 1 32 i, Hoag 4k
PR TR B 7 T2 22 3 B 38 DA A T 2 A 5 3K — 45 R 3 3L

[F)—BF 20T, e b A i 2 2 B0 h < AR AR > AEHK
AE > S BE > BHTRE” R AGFRE > S BE > FE1K

70 ¢

REFEAL , BRI A RERORRIAE LR, ELIEE S A AR
Wi R, X — IR AT RE 2t — 2 R AR AR R B B

100

+Wl +Wl
60 ——J, %0 ——W,
5oL AW ——,
+WD +WD
=40} . . = 60 | .
i £,.=81.16s i £,.=110.45s 180 s
09 09
= 30+ @ 40t
20 F
2 .
10} 0
0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210
Bl s B IE]/ s
(a) §,,=81.16s" (b) &,,=110.45s"
140 _app, 180 _u—p,
120 —* W, 150 | ——W,
100 7 :
W, 120+ —+—w,
= 80F . _ " = a .
i 8,.=136.53s B ool fw=160.90s
2 60 =2
40 + 607
20+ 30r
0 30 60 90 120 150 180 210 0 30 60 90 120 150 180 210

BFIE]/ s
() 5,.=136.53 5™

B IE]/ s
(d) £,.=160.90 s

8 SHPB ifrily [R5 5050 T b a iUk A e i P th 26

Fig. 8 Energy time history curves of sandstone specimens under SHPB impact compression experiment

(4) BT 734 CRITE— R R TR — B ARy B B9 2 40 T IR T P

e — Uk SHPB nhili [RAG B0 A e fEbe, DL fiE. BRICZAE, 0t ol LASE &2 Ad ol = i 23 + 31
e e SHPB ahle KA VERT T ROB00aE 57 807 ik DASE— 28 0 M e o ) B e R 32 0 JE 44
WA (B 9) o 9 R, BEE AL R R, e K, T S At S e R G e A A 5 O RHAE
FERIR OB E T, SRR B v R RT R + 34

,.=160.90s"

é,.=81.165"

9 SHPB i [RARSEH T b il A A4 T MR AR ZS

Fig. 9 Damage states of sandstone specimens under SHPB impact compression experiment

5,.=110.455" é,.=136.535s"

2.2.3 TDPB &8 F XA 24 p Tk Eits
) WA B AT AU o
(1) J KE AR I 8 AL R AE 43 AT

VA CH, #1 CH, Wi-™38 38 A 1], 368 35 5 40 ek 2o T

PAFHE] TDPB ALy b S0 00 T A0 e A sl g 12
K A e i A il 26 (181 10) o CH, F CH, FR R K T
AR R R Z X HAT 4 A W AR IO AR U W A B I
1) 28 0 S U ) A2 408 R, LA 08 14 7 A28 3 ) A% 4



256

1/

2024 4E9 H

FF [e] ] B A B 2 0/ o L 10 mT T,y 0 A
Jele L E BN R, CH B A% S Bk I 1] s A
CH, 3 W78 I 1) 1§73 2 8¢ WA I i Ak 52 30) 1 g A vy
B AERRLEAE R o nT LU B, X R AR B - 3 A

0.015
JEAE -3 —=—CH,
——
0.010 | e
; 0.005 |
)
&
0|
-0.005 |
_0010 L L 1 1 J
315 318 321 324 327 330
st ] / Ws

(a) R AB Y -3

(a) Strain wave-3

REAE Y —4, CH, WY REAZ WEMRAE R T CH, , 5 1 R
AR AL R AR I R IR o DL AR IE 2 BT REAS S
Bl DR R 22 A X A R M 1o A I (R TR A

0.006 [
NEAE -4 —=—CH,
0.004 —e— CH,
0.002 |
=
5 0
-0.002
-0.004
_0.006 1 1 1 1 J
384 387 390 393 396 399
Al s

(b) NEAE % -4

(b) Strain wave-4

110 TDPB HpCoER g SC g T b P AR s 0 kg e IO AL D5 o et £

Fig. 10 Time history curves of explosion strain waves of sandstone-like material

plate specimen under TDPB central blasting experiment
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