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Table 1 Physical properties of cement and fly ash

Water Specific surface Density/ Loss on Setting time/h Compressive strength/MPa  Flexural strength/MPa
PP conents  arealnike’)  (zem) igniton% Initial  Final 3d 28d 3d 28d
Cement 334 3.05 2.78 2.5 35 28.9 48.7 6.3 8.5
Fly ash 0.2 340 235 2.84
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Fig. 1 Verification of dynamic stress balance
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Table 2 Testing results of samples with different fracture angles

Angle/(°) Velocity/(m*s ™) Strainrate/s ' Failure mode

0 535 100.01 The crack initiation and propagation along the axial direction around the flaw is
527 105.42 manifested as tensile failure
5.29 104.36

30 5.29 135.21 The anti-wing crack formed and expanded at the flaw tips, which was mainly
5.38 136.22 manifested as shear failure
525 132.48

45 5.23 121.34 The anti-wing crack is formed at the flaw tips, and the axial stretching is manifested
5.15 120.99 as tensile shear failure
5.21 126.35

60 5.34 106.41 The anti-wing crack is formed at the flaw tips, and the axial stretching is manifested
5.46 114.84 as tensile shear failure
5.32 108.50

90 5.46 128.79 The crack occurs in the middle of the flaw, and then develops at the tips, which is
5.29 119.87 manifested as collapse failure
538 121.84

K 2 AN IR BB Az gy, mTLLUA B 0°%¢
BRUREAE BT R BOR MBI B AR B v, ndid e
AR SRR R S IR T BRR B e LA, I AR B AR
HEREL 300 BB A N 380 A% Hh 8 2R B i 7 2
PAZEE A, BE IR RRLL, Wi REURER AN
43°FFIBBRAY I, RBUNBIVIRIR; 45°H0 60°%¢

B R 2 N B RE F R AR 2 B R B R B e B A 4
HIFF A R BRAREL, I REGEZ S 7340 65°H1
79°, FEPE AR AT IR, RIUNT-BI R G
R 90 R BEIAEAE AN A, AR PR P i A
PR AR B R I T AR AL it J A SRR AR i th
PSRRI YR, R R RIREIR.

35H 35t —— Stress 33
30 H 30+ 30
825 s 250 s 25
g s g
215 = 15} 2 15t
10 10+ 10+
5 S5t 5t
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
Strain/% Strain/% Strain/%
(a) 0° (b) 30° (c) 45°
35+ 35+ —— Stress
R
30+ 30 I |
& 25+ g 25+ -
S 20} S 20} I .
& 2 i
S 15} S 15¢ /
) 2 =y
10 _ 10 _ ﬁ
St 51

Strain/%

(d) 60°

0 . n n . P .
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

0 1 L L L 1 L L
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
Strain/%

(e) 90°

K2 AFEINEE B8 AR
Fig. 2 Strain fields at different loading stages



« 3276 CRERR $h 2540 J Chin Ceram Soc, 2025, 53(11): 3273-3281 2025 4E
22 NEHRE g =W @
Bl 3 AN [FIRERE A FE T B UEAE B g A%, AT A W

B B R A BE RGO, UEAE R ) B AR 35 S ks
JEHER, KRBV IME) VIR, AR iERpm g
9 30°BT I B 5/ o IR S KA 30°2L [ A AT 1SS
R JA SR AE T8 ), BEASKEEE R TR
AR BTN . T SRR AR BB  45°A0
60°, AAEH IR R L0 A AT B AR T R L
i, IR AR I ARG A RIR, WEAE R ) B
AR, T 90 BEE, IR L”
AN BRSPS, FEURMBIA N E, g
TENAR K, WA R IR/ T 0L BRFE (1A .
NGE SN Ry =P e SN b N
BRRE R S A B S RN S S OK, TE 30° K /N
2.3 GPa, i HJILIRRE LB 5 R AEAR T, AT He
WA S 3t R /N o

5.0
Q@ Peak stress L0
@ Peak strain 4
30k Elastic modulus @ 109 3
° £
40 &
£ 1 X )
= ° 08 2
7 ° ° £ 353
14 ")
g
220 ° 07 % 1302
s a9 172}
& =
° 0.6 25 =
] 2.0
10 1 Il 1 1 05
0 30 60 90

Angle/(°)

3 WEfER )RR

Fig. 3 Peak stress and peak strain

23 BEFESR

W feE S EEEC, RGP aEntE s
A: BWANGEw, OBEw , ESREw, LFERLREW, -
FB Rk

At

W, =——| o (t)dt
%%L(ﬁ
At

W, = o, (t)dt 1
o e (1 M
At

W, =——| o; (t)dt
poCoL’ (1

Wd:VVi_Wr_W!

b W, ow ow Flw P BUANSTRE. RARE. B
SHRELARRERLAS: o, o Flo MBI NSRLS.

BRI RIS 75 3 F R b S AR
RERRELER(D), 2 SCH A A (A 5 A A O LA

K 4 AR AL T BERLLR, BEEMRIL
RIS IG RGN, TR RE i S i R B 2
B A L RGN G N . X2 R D 3 2 R A PE PR 4
I, R ARG TRl E R B AR AR, AT
RN P AR, 38 5 ZGBOR

0.7 Vv Absorption
0.6 @ Reflectance
A A Transmittance
0.5
§
£ 04r v
g A 4o 4 ¢
803 3 ¢ v
2 °
0 02F
0.1+
0.0
0 20 40 60 80 100
Angle/(°)

K4 RAEBRREE R

Fig. 4 Energy ratio per unit volume

2.4 EEESDFAFE

SRS TR R 1) 4 TS AR, 3 3 43
BRI SR A, SRAFERE IR E I 73 T 4
Rl 5 s, HatkH o

M, i 3-D,

y:M_T_[Rm] (3)
Xt b UPIL O %

()=t | =200 @

s ROV Ry R B KT (mm);
Mg NREHRRSE/NF R R & (g); Mr o NEELE
H(g): Dy NI TRYERL.

H1 & 5a o, ARG BE IR RE DRI S 2
A 35 BA B B E AR . JE I Hh R ZR AR AR 3
I3 TE AERU G 2L R0 AR 2 ) AR A A, B A 2R 1 A B 1)
. S TERSE IR SRR, BRI AGAE 1.5~2.2
Z B IFAE 30°If U B RAA, AT B R AR 1R
5 1 - K] 5b 1T DLB B H AR HURE 2 AN 4y T 4L
B IEAHRME . IR e — D BE X ],
XFEEIIA AR 5t o] LAZS th 2 a ], AT AT BA
PRAIE e AP AE



53 EE 11 M FARS GF BIEUER T &R A FE R RR Bt L 45 4 B8 . 3277
ool O 22+ °
: e 3(° [ ) A ° °
A 45° 21F °
{e] ~
05+ 60 L] 20 A A °
_ 90° . R
= 19+ A
= -10f N < .0
S . 1.8} o 30°
) n
- A A 450
15k 1.7 60°
. (o]
n 1.6F n 90
"
20F [slne

02 04 06 08 10 12 14 16 18
1gR

(a) Ig(Mp/Mp)-1gR

030 032 034 036 038 040 042 044 046
Absorption ratio

(b) Dy, with respect to absorption ratio

K5 BERAERLS R4

Fig. 5 Relationship between absorbed energy and fractal fracture

3 iﬁ%
3.1 RE A TER AT

KH’” B ABUA R s R AR A 6a TR, AL
IR e R (R 2 A7 73 B0 B 6b s

w
o, v
a,
o,

(@ (b)

PN

RN
PTTT

6 iRz Jirs A

Fig. 6 Schematic of the inclined flaw subjected to impact
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Damage effects of concrete with cracks at different angles under dynamic loading
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Extended Abstract

Introduction As the depth of resource exploitation in our country increases, power shock disasters occur frequently in underground
engineering, which will severely restrict the rapid development of the economy. In the process of strengthening the foundation with
fly ash concrete, the strengthened body not only bears static loads but also dynamic loads, forming initial defects such as joints and
cracks inside. The development, extension, and penetration of cracks under dynamic loads will further reduce the stability of the
strengthened structure. Therefore, it is urgent to deeply study the mechanical properties of fly ash concrete with cracks under dynamic
loads.

Methods Dynamic impact tests were carried out with the split Hopkinson pressure bar (SHPB) test system on the samples with
different fracture angles. Digital image correlation system (DIC) was used to monitor the deformation of surface strain.
Characteristics of the samples with different fracture angles after dynamic impact were compared and analyzed including the dynamic
strength, energy dissipation and fractal fracture.

Results and discussion The results show that with the increase of the crack angle, the peak stress-strain presents a typical V-shaped
pattern, reaching the minimum value at 30°. With the increase of fracture angle, the initial damage zone also moved from the fracture
tip to the middle of the fracture, and then the damage range gradually expanded until the formation of macro failure. The failure
modes are tensile failure (0°), shear failure (30°), tension-shear mixed failure (45° and 60°) and collapse failure (90°), respectively.
The dissipated energy of the sample firstly increase and then decrease with the increase of the fracture angle, reaching the maximum
value at 30°. The process of energy accumulation and transformation in fractured rock mass is characterized by the strain energy
density. With the increase of the crack angle of the sample, the fractal value of the sample first increases and then decreases, and
reaches a maximum value at 30°, indicating that a higher degree of sample breakage associated with dissipates relatively large energy.
Based on fracture mechanics, the analytical solution of stress around the crack is given, and the variation of crack initiation angle,
stress distribution and energy dissipation under different crack angles is theoretically explained, which is in good agreement with the
experimental measurements.

Conclusions This paper uses the SHPB and DIC systems to conduct dynamic impact tests on specimens with cracks at different
angles, and compares and analyzes the dynamic strength, energy dissipation, and fracture fractal characteristics of specimens with
different crack angles after dynamic impact, and gives the theoretical results of the stress around the crack. To provide some
theoretical support for the deformation control of cracked concrete mixed with fly ash under dynamic action.

Keyword dynamic loading; different fracture angle; concrete; damage characterization; energy dissipation



