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The Influence of Microwave Radiation Parameters on the Mechanical
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Abstract: Microwave radiation, as an emerging rock-breaking technology, shows promising applications in
assisting mechanical rock fragmentation. To explore the damage mechanisms of microwave radiation on quartz
sandstone, this study investigates the variations in uniaxial compressive strength, wave velocity, and macro-
microscopic damage characteristics of quartz sandstone under different microwave powers and exposure times. The
results indicate that with increasing microwave power and exposure time, the uniaxial compressive strength and
elastic modulus exhibit a decreasing trend, while peak strain gradually increases. Both P-wave and S-wave velocities
show an overall decline. The damage factor shows an upward trend, and the longer the radiation time, the greater the
increase in the damage factor. As microwave power and exposure time increase, the degree of quartz sandstone
fragmentation significantly intensifies, resulting in smaller and more numerous fragments. The failure mode shifts from

a single shear failure to shear and cleavage along fragile planes. SEM images and fractal dimension ( D-value) results
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indicate that as microwave exposure time increases, the number, length, width, and depth of internal cracks in

specimens show an increasing trend, evolving from initial single cracks to superimposed fractures.

Keywords: quartz sandstone; microwave radiation; uniaxial compressive strength; wave velocity

0 7

BWEEFL Y A, 577 Al BRI R KA
Ik R L LA i T 5 18] A ) RS g B2 AN
R, UL TRRSEPRARES A TP T, HRTE St
T 0 R AIL AR S vk 0 TH I 17 P e 1 1 B o
PES N R (W AE SR DONE SR /e NI
R AR AE — ZR G B HUARBE 2 11 I L 452
T R T ) 22 (R R Sy T X R T T e
AR B TRD R, FE T 508 T s T Ry [R] Ik, o
BT — UM S B K S B AU s, 4
SR TECE B RCs FHOCHCA AR 2R
BEE A PR B B A B AR BOA I B A
2 0 RS LA B R A B LR
PR AR AERE , RERS 3 PR e i R Sl B AL
DA, D R T RS

Il A &b 385 A M) PRI i S AR e o 4 T
T RIT T RERITE, Lu %5 HIH A4 R
JEX A AT T I, BN R i )
TERP AL BT BIREAL R 22 AR K, R 2B B
AT 553 B MR, [ — ™ 49y ey TR AN [
s 2R RN B[R], A SR P A ]
Zheng F510UNF 3 KOS BEAT GBI 180 44
R BRI 2R G0 AT LA iE i 7 A A E R
FilLAL o e R R K B 55 46 e 40 R BRE T 2L
SR Lu SEUR T E D RGOS T I AL
Jo 2R A BB s 24 A R =T R 4 K
(M 15478, Zhang 45 i ISR T 1 AN ]
=R ZE R BE A RO O N R SRR BB
PN A5 SCAES R B IR AT 5 AR
FF (SHPB) FH&S & 386 75 12 , T AN [ bl 2 44
WESRFRIT 5 R A7 20 0 2 P e SRR A BF 5
Zhao F5URIGE AR A5 A6 TR D AN A
WA BRI BT T KRN P 7 v 9 52
M) , 5368 3k s o FLBE B2k — 2D A B T /K AR Bl
IR PR SE A, Feng 550 LU % 20T X
TRl i AR BRE y  ZRE —Jil s R G M FTE X AR,
G T AN [ e T el 2 S 8 e HC R ) A1 3 =l
I3 250 T B SR AR, Fa 7 1 e e B A
R 24U, Ma S50 R FH O A1 DLCWA
XoF AN [ - 1 RS RIS B B IR AR 2R AT T ol
RN R AR o B DN BN Y4 D 1 ¢/ 4

e

X REURRAE RSN, Ma SFU R A TSR
IR AR, e BRI T ) 40 26
TIRMIR AR, e 05 25 AT v Ak
P LA 1T R 55, A — L e F i i
BUERAU R TTIEDTIE T R 5T T 8 4 68 T+ L
PED A TR AR E R R A R -
ZW B G E

PRI R X A 6 R R T £ 252 B3 2227
B2 RTERMEABTE . SR, 5T AR R R
S TR ARSI IR A0 T AR PR R R, R 2K
WFFEARR A Fp e 2 A IR B e, T AN [R1 2R A X
T AR S R AT A 5 2 5, HL Bl A A 5
e AR DL A AR, R BIFSE Bl e
X A7 YLD 50 JEE A S MR R AR A B, AR SCUA
A BERB A B SENS G, O R Gl e S AT, JHG
45 J7 2 PR A AL | 32 T R BB 47
ABIFSE , X 23 B 2 25 LRI 2 U5 47 AL ) 2 5
15 NIRRT SR a i O R IPLA , Do B
AT AR S B PR I B S

1 XA &R &

L1 AtEsl&

IR L FHEC A AR A EOE Ggemb e R o
TR IR ISRM ([ PR A o S TR
4%, International Society for Rock Mechanics and
Rock Engineering) #5ifE , ill 8 5 A i S bn fE 1 BL#R
4 50 mm, @51k 100 mm (g RAEAGREE, BTN
RN B TR AR A R O R
HA I (T4 9%), =W A1 (16, 8%), P A

£1(8.3%) .
FHE
B A g
16;% Bl
N
Q@ﬁ

74.9%
(b)TYER

(a) it

B1 AEEE
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Fig.5 Stress-strain curves of quartz sandstone before and after microwave radiation
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Fig.9 Variation regularities of dynamic elastic modulus and Poisson’s ratio
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Fig. 14 SEM fractal dimension values of quartz sandstone

after different times of 3.0 kW microwave radiation
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