4655 11 1] = + 71 & Vol.46 No.ll1
20254 11 H Rock and Soil Mechanics Nov. 2025

DOI: 10.16285/j.rsm.2024.1585 CSTR:32223.14.j.rsm.2024.1585

IHREIES RBURR : KEBESER
K B ARTH N 75 7%

e A L.
gﬁga %/‘%‘*#a 7}?%7 ff\z\\/gl\#i, \'—g-‘]];-;?—g
iR 155 TREREERE, 1175 Ma 2111000

OB N TR TG R AR 2 AR R e A ) B A, R E I S ARHT (split Hopkinson bar,
fE % SHPB) X560 - i S I 5 5 W14 NSRRI B A LU B (BB S REOD BT RAE. SR80, RIES KBS L SEEH VIR,
H T DU LB R E R RAE 7R, LR FL. AR B BRI S B0 AT FuRt R, @ i R A S A LA 45
M7, TR TG FEBIE. ETHER. FRIEER . NG LR L X FR G 45 BRI i RS, R ELE
U5F BB A N 7 1 K T R O B R 1 T 7 6 B R AN b T e T R i AR AV P K T MR I A 1 F DA B
T B R AN TR A A A S R, TR . R TRIRS R B R SV (R AN o X I S MO
DASEAfRAS, $RH TR TR IRTEAME I KRBT ik, WAHMEMEZHEMEG . HQNGREARIES o1 ANE, Bl
FEREIEH] 96% LA I, AT DMRIFH BT I S5 5E M R BT < R, AP TRESGMHEBTH RIS LK.

X B . FSF; B9 RE; LS-DYNA GFRJC; SHPB ikl Rl a

FESHKS: TU411 CERFRIREG: A XEHS: 1000—7598 (2025) 11—3661—12

Investigation into transmission coefficient of calcareous sand: waveform
coupling effects and gradient boosting prediction method

SHAO Guo-jian, MAO Ze-hui, SU Yu-chen, JIAO Hong-cheng, LYU Ya-ru
(College of Mechanics and Engineering Science, Hohai University, Nanjing, Jiangsu 211100, China)

Abstract: The variation in characteristic values of stress waves before and after passing through a material serves as a critical basis
for evaluating its wave attenuation capacity. This can be characterized by the ratio of transmitted wave amplitude to the initial
incident wave amplitude (i.e., transmission coefficient) in SHPB tests. However, due to the close correlation between the
transmission coefficient and waveform parameters, it remains challenging to establish a quantitative characterization method for the
transmission coefficient. Therefore, this study focuses on porous, irregular, and fragile calcareous sand as the research object. By
combining physical experiments with numerical simulations, we investigate the influence of pulse width, platform duration, rising
edge rate, falling edge rate, peak stress, and the central axis of symmetry on the transmission coefficient of calcareous sand. It is
found that the transmission coefficient responds significantly to the coupling effects of the pulse width and the central axis of
symmetry of the stress wave, the coupling effects of the platform section duration and the rising and falling edge rates, the coupling
effects of the pulse width and the peak stress, as well as the coupling effects of the falling edge rate and the pulse width. Conversely,
the response to the coupled effects of peak stress, rising edge rate, and falling edge rate is not pronounced. Owing to the difficulty in
completely decoupling these waveform parameters, a prediction method is proposed for the transmission coefficient based on the
gradient boosting algorithm, which effectively addresses multi-factor coupling issues. When the number of training samples reaches
91, the prediction accuracy exceeds 96%, which can effectively establish the mapping relationship between waveform parameters
and transmission coefficients, providing a reference basis for the load design and calculation of protective engineering structures.
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Fig.1 Particle size distribution of calcareous sand
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Table 1 Basic parameters of calcareous sand specimens
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Fig.2 Split Hopkinson pressure bar (SHPB) test device
and sample loading device
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Fig.3 Initial waveform curve of the experiment
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Fig.4 Effects of calibration from steel sleeve and platens
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Table 2 Summary of SHPB tests

R WA PR ANBTRORE  ERBRE B

'S / mm /(m-s™") / MPa / MPa ES
#01 18 12.34 99.75 20.39 0.204
#02 18 12.38 98.72 16.59 0.168
#03 18 12.61 100.20 14.86 0.148
#04 18 12.23 96.39 17.21 0.179
#05 37 12.24 106.75 11.42 0.107
#06 37 12.37 104.09 8.46 0.082
#07 37 12.26 102.22 9.66 0.095
#08 37 12.09 98.16 10.61 0.108
#09 37 12.61 103.32 11.53 0.112
#10 55 12.38 105.88 7.74 0.073
#11 55 12.53 109.27 7.49 0.069
#12 55 12.28 99.01 8.13 0.082
#13 55 12.58 94.29 8.12 0.086
#14 74 12.35 108.69 7.40 0.068
#15 74 12.22 105.31 7.09 0.067
#16 74 12.30 102.13 7.11 0.069
#17 74 12.67 94.65 6.54 0.069
#18 111 12.29 109.29 5.11 0.047
#19 111 12.14 104.21 4.47 0.043
#20 111 12.07 105.32 5.14 0.049
#21 111 12.69 99.53 4.73 0.048
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Table 3 Numerical simulation operating conditions
A NS ETHE BT B R R
DR FREAL BT o
G B /s TEBM s LRI ps  FREMIKI us R0 MPa T ‘;j*gf; jfg/‘if” B/ mm
#A-01 100 0 50 50 18 50 18. 23. 28. 33,
#A-02 100 0 50 50 48 50 38, 54. 72, 93.
#A-03 100 0 50 50 78 50 111, 130, 144
B 4l: P& BHES LA T BRI ER R
. . e o . . N DX REIALERT
T Jhk %6 /us FEBMNNs  ETHKGE us RERNTAKSE us  REJJUEME/ MPa RIIR R s AR/ mm
#B-01 200 0 100 100 78 100
#B-02 200 100 50 50 78 100 381‘1 15 4 ‘1 3702‘ 19434‘
#B-03 200 150 25 25 78 100 ) )
C 4: RKFE B X R i 52
. N - - R L DRI BN
T Jik B8 /us PEBN /s LIRS ps FBRIAKTE/ ps N 7EE/ MPa R s R/ mm
#C-01 100 0 50 50 78 50
#C-02 150 0 75 75 78 75 3 81‘1 154‘1 3702 N &34‘
#C-03 200 0 100 100 78 100 ) )
D 4. AU Rk 5 (5
gt 3 N =] LR s SILH USRI B
i Jok % /us FEB /s ETFHEKTE us FRREIKTE/ us N AIEAE/ MPa SRR s WAFE K E/ mm
#D-01 46 0 23 23 18 23
#D-02 124 0 62 62 48 62 381‘1 15 4‘1 3702 > 19434‘
#D-03 200 0 100 100 78 100 ) )
E 4. NS PR v e Bk o 1 52 )
o N - - - L DRI BN
T Jik B8 /us PEB /s LAWK ps FBRIAKTE ps N7/ MPa R s R/ mm
#E-01 100 0 50 50 78
#E-02 150 0 50 100 78 381‘1 154\1 3702‘ 19434\
#E-03 200 0 50 150 78 ) )
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U PR 2= 1 —
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Fig.7 Three-dimensional finite element numerical model
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Table 4 Detailed settings of numerical model

RS 5 JR~H(D L)/ mm L STE 3 e R S
NSFFF 37x2 000 Soild164 38500
EHHAT 37x2 000 Soild164 38500

A 37x18 Soild164 5868
MBRAN 2 15 37x94(5=10) Soild164 780

A LR 6=10 ZORMIFRINEREEES 10 mm.

T A ZNAS I B o ARAE — LS A R PR R,
TE TR (BEERECY 00, HEREERL
JSE 0} 375 56 BB TR
3.3 AR KRS

N R 3 AT DL RN B B 2 R 3 R H
*MAT_001 (ELASTIC) AHRJBEIRL, FH o NSFAFFI

2700 kg/m3. PAMEMIE E =72 GPa. JAfAEL©=0.32
MEEE. MRERRNEE p=7 900 kg/m’,
PR E =205 GPa. VAL 0=0.29 44 .
FKH*MAT 005 (SOIL & FOAM) 7 A33]
RALES TR (b 715478, AR m] LUARYE
TG R 1 SO AR a7 bl
AT B AN AL . B TE S R B N
EHE A JE 1S5, HEUESZ AR K S 4 hr e 5
e 522, AHASHIF ST SR £ Tk TS o0 5 5 REU 52
B, ORI R 2 ARG L /4T . B 8(a) SOIL
& FOAM AR /K & - AR A i 2 i ],
FEARUR BN R E B 28— B, ppi i R R 1
TR A, BARFR AR 2 (volume crushing ratio,
fEIFR VCR) N 1. JERkE @ HEKE I P B
AR T, U ETIAN R (a0 an a,) FiAB:

2
Jy =lSi/'Si/' = (O-] _—0-3) (4)
2 70 3
¢=J2—[a0+a1P+a2P2] (5
P=(o,+20,)/3=0,(1+2£)/3 (6)

X oy oy HINKRS DERTT; S, RN
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Table S Material parameters of the numerical model for
calcareous sand

P G K, 4 4 a
/(kg-m?3) /MPa / MPa / kPa /kPa 2
1178 107.7 647.3 84.77 16.23 0.777
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Fig.8 MAT_005 material constitutive model and

calibration
100 p
— #A-01
) — — #A-02
£ 80f . - -~ #A-03
= Y
/7 AY
Jm / \
% P AN
= r / N \
-"]i // / AN \\
R 20tk / \
< o/ N
I/ \
0 l 1 \\ 1 J
0 50 100 150 200
N )/ s
(a) L
Lor Bl R
s 90
- o -
0.8 a HA-03
N A 45
. 0.6 -- El ;A—Ol
&~ —— #A-02
04} — #A-03
02f N
O 0 1 T‘ = == -I == 1 -u- -u-
o 30 60 90 120 150
K/ mm
(b) B4 R BBE R AR A i 25
E9o WEMNAE EFERTREEEENZH

Fig.9

Influences of peak stress and rising edge
and falling edge rates



11 W

AR A% G BE ST REURTT: BIRAR G LB RS T 75 7 3667

BB NSFAT PITAS N SR I 398 R 325 SR AT T 4328 53 1 7
WHIRIE—3. FHEE 11 MK, it 33
THL, W3k 3.

Bl 9(b) 1% L0055 2 B AR B AL
SR WAL, BEE T ES B 5N
18+ 38 54, 72, 111 mm (45 RDIE ST S50 5K
0.220. 0.144. 0.099. 0.081. 0.054, HiRky&shH H
BRI —20, FHE 7 BERR KRS &
P, HTAFERESHEZETEMES, HANT
BAMET A (3) BREEHTZESRLNR
NES REG AR RIS RRAE, WAL,
FRATIE, IR TRRE S ARG RE R TE 0.979 LA
Fo BREHE TR AKX EEME. e TOUR
A ZHNE 6.

Fo MEHMBMRSH

Table 6 Relevant parameters of fitted curves

A T A t ¥ R?
#A-01 0.295 36.359 0.040 0.999
A4l #A-02 0.293 24.440 0.044 0.979
#A-03 0.645 16.734 0.043 0.995
#B-01 1.179 28.541 0.076 0.999
B4 #B-02 0.851 54.543 0.048 0.997
#B-03 0.894 120.534 —0.112 0.983
#C-01 0.352 27.269 0.041 0.993
c4 #C-02 0.889 25.730 0.066 0.999
#C-03 1.179 28.541 0.076 0.999
#D-01 0.158 40.408 0.019 0.998
D41 #D-02 0.310 47.099 0.066 0.996
#D-03 1.179 28.541 0.076 0.999
#E-01 0.894 120.534 -0.112 0.983
E 4 #E-02 0.872 25.168 0.069 0.997
#E-03 0.352 27.269 0.041 0.992
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