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Effect of particle morphology on subsurface erosion of sand under cyclic water head
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Abstract: To explore the subsurface erosion characteristics of sand with varying particle morphologies under unsteady flow conditions,
three types of coarse-grained sand with distinet particle morphologies, namely quartz sand from Fujian Province, river sand from the
Yangtze River Delta, and weathered sand from Anhui Province, were selected for investigation. Three key particle morphology parameters
were utilized, including aspect ratio, roundness, and roughness. An independently designed apparatus capable of applying diverse
hydraulic loading methods for subsurface erosion tests was employed to assess the anti-subsurface erosion performance of sand with
different particle morphologies. The results demonstrate that under various water head conditions, the anti-erosion coefficient of the
samples is negatively correlated with both the void ratio and the particle morphology parameters. Specifically, as the void ratio increases,
the sample’ s density decreases, thereby reducing its anti-subsurface erosion performance. Moreover, as the morphology of the coarse-
grained sand is closer to a standard sphere, the anti-subsurface erosion performance of the samples gets lower. Under identical void ratio,
coarse-grained sand morphology, and gradation, the anti-erosion coefficient under the constant water head condition is greater than that
under the cyclic water head condition. In other words, the anti-erosion coefficient of the samples will be reduced under the cyclic water
head condition, and subsurface erosion is more likely to occur under the cyclic water head condition.

Key words: subsurface erosion; particle morphology; cyclic water head; energy method; anti-erosion performance

FIATSE TRD 3k AT ST 2R I T RS SRR L PP A9, 2ot i i s Pl A0 55
Ik BT RS IERREE I SR I BEESE JFHUS T I8 2 UR MR A5 XA R 40002 5 A Rl FL B L i
FERYIBIE 2 ABURLI R S HEA T T 4007 AR A S AN T ZE Y =B 100 2 B, 4 TR R
S REAHIR (R | BT 17K P- X 125 2R MU 5 MR PR AR — 50 BROMOBRAE 3 o W S0 AN IR~ 0 HE 7)o

BEWA . FEEHAPAFEEIH (U2243244) ; VU H IR X H AARE£ 340 H (XZ202301ZR0033G)
TEEEN . Mse(1976—) B, 802, i+, FENFE LB AL SMLF5E ;. E-mail : Chenliang@ hhu. edu. cn
BEEE . UHEE(1999—) , &, Lo, FENF A LB, E-mail:xjm9911@ 163. com
SRR Biss, B BORDE S IR K S A AR D L pg S2ma [ 7] . T2 4l ( F AR ,2025,53(3) £ 59-66.
CHEN Liang, XIE Jiamin . Effect of particle morphology on subsurface erosion of sand under cyclic water head[ J]. Journal of Hohai

University ( Natural Sciences) ,2025,53(3) :59-66.



60 R S e AR (A R R SR %553 %

W0 B VIR AR | & B 25 0 - J0REHE S Ff BE A3 K, 10 0 B 50 B T 0 R A 1 G IR I T
3 FIANTR) R/ INE 2R RURE X A TR A R 52 ), SRR B, WA [R] 0 T 3D = ZEAE PR K Sk R A3 Tl R A SR i 55
B AER B IR I EIEAIKSAE R S T AR AZ 138 T ARRRUE 19, AR P AAS0RE A 12 A5 AR L AR
SEW FEME RS MR RIS+ AEE K Sk BTk , X6 T AUV T S T e IR R
NIt A BAR B L

SR R B KGR A AL BUAR 2 R 48 F PR sV it 51 0, DR K T 25 M 38 S WA 4 o 320K . ik
KA T REMEVEAR'T eSS XS E 2 N e 7 B TR AR I R A R S Y TR LS S B
FA B AT WO R TR sl R A EL LRI Tl v ol T BB A T LAAT 5, RV I e ik L
BARSY A BT SAR P & AR AE SR, 3265 vk D B AT I e e i A T

Ry 1T A T VAN £ ORI S B 0 b e A IME ) R BE AN SCIE FHAR = AT ab 2 BOX A AD A A e
3 FRIURLIE S5 DX BH S A RLBORC D 1 | 51 A BB ST A - PR ik ZR 5, R 5 0K R 30 S0 5 1R 4 S0 B
FLBR L U5 25 KSR S5 DD L H TR R 295 A2, DASIA AN [R) SR S0 - K A T ol %) X ) e 4
5%,
1 REHE
1.1 REARERFR

R FEIGEIR A A T FIURE I SR R R R A 52 0], 2R FH Tmage] FEIAZ AL R AT A X RL) ik R 55 S0k L
PR G AT A A3 BV TR LT S50 R AIBE LG (r) JRIBE (R) (MM BE (o) 3 FHTORIIE
S I I WEURL AP B P TR B P R M Sk

r= B/L R= 4A/7wl’ a = wD/P (1)

K. B R/ Feret HAR, FoR BRI i/ NMIPEATLIRIFE ;L MK Feret HLAR, Kon kiih & Kb
YIPFATERAIRE ;A SR S0 B N T AR 3R 2 R B L ) RS AL s D R S5 B AR, 3 5 0k LA AR [R) T
TR IR B2 s P R ORI b 25 3R A BE B8 2 e B L A5 RS BB

r BRI 1 ORI SR I, R BRI 1 BOROE S 1 TR IR RS
ﬂzﬁ;ﬁﬁg{ﬁ[ﬁ]% o ﬂzﬁ;ﬁ 1 %ﬁ *jjﬂ%’{ @?}ﬁﬁ; y/ﬁ[ﬁ[%o Table 1 Particle morphology parameters for
3 PSR A B URE S S ELER 1, coarse-grained sand

EFRR LA T KD dE A BOK Sk iR R e/ . e
i BTHAMAREI T, AKSBTP I kSt (R 20RO 0T 00m 0
5 AOHEL MIETTRIGK G, S5 W= s dowo oewo oses oy
BRI Sk B, H 71 2 = Bk Sk 88 E (— ANk Sk
PRI RS 1) | P23t DU B LB K S ARG,
MR FRADK S RIE, — KSR, BT — e
WEFEARIR K S i )25 FE XS B E RO RO 00 T 30, —— o e (e
60 min PHAPZK LA TR B, S T BF5EE DL ARG IE 5% 2K Sk SY-475-c 0.475 SY-55-60j 0.55
LSRRI A TR svsse o5 | syssa 0.5
PRI B T BT RS IRORSt oe E
TR AR DR KU MR AL, R hesse oss | msssen 0.5
BRI IFE 20 LIFLBRECN 0.40 FTSERD M, 50 misse 055 | Pmss30 05

F2 BHABARE

Table 2 Group setup in subsurface erosion test

S Br N, s 1% FH-60-c . FH-55-60j .

KK T FERI AL TR (P 1) SR R
e N FH-65-¢ 0.65 FH-55-60z 0.55

1.2 KR SY-40-30j 0.40 SY-55-30j 0.55

S AL S — A v A R e K Sk ds ke SY-40-60j 0.40 SY-55-60j 0.55
MR SIS (F ). RPN S ot L S _ps
BRN Potan _ 1Bk d 2y gy 425 i A7, RS A, v, 1\
wﬁ@iﬁ;f&mgzkf\gL 01A & HBE%J%%i}“E%J%/Lﬁ T B BT 100 45, o AR 305 605 ZP RIS
HLALA SIRA, SCIBSRR Ao ARURIMCER ARGEH 11 30,60 min MBI ST 602 1LEL1 60 min NG

BXER P S AGIERES ANEORSCE R RUK AR AT, EE I kst




534 MR 55,5 RIESIIEER K LA T - 0 il 1 52 61
40 45 | N
Py J S | ISR SR | || 'SP W | (-
S = 30 = 35 | P @ l® |
: : £SO IO
i 22 2 ol 1 lss 1
o o) 2 ool T
10 g1 5 %3 0 %4 0 &5 0 6 10F ; | |” | ” | || |
JE J‘:ﬂ%ﬁi JEI JEI J‘:ﬂ%ﬁi JEH ERvGE] 2L H33JE8 15 1 p— P
0 3I0 6I0 9IO 12IO 15IO 1é0 0 26 4I0 6I0 8I0 IOIO IZIO 1210 1I60 1I80 100 2I0 4IO 60 8I0 ICI'O 120 1210 1I60 1I80
Fs} 8] /min 15} (8] /min 15} (8] /min

1.3

(a) SY-40-30j

(b) SY-40-60j

(¢) SY-40-60z

O——WrBt; @Q— BB O— = ; @— BB ©— 1B B,

1 KB ERER BT ITEE

Fig.1 Line graph illustrating variation of water head height with time
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Fig.3 Variation of hydraulic gradient of coarse-grained sand with time under cyclic water head condition
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Fig.5 Variation of mass of spilled fine particles with time under constant water head condition
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Fig. 6 Variation of mass of spilled fine particles with particle morphology parameters under cyclic water head condition
HARWEIR K S AAET |t H AORE i F SRR BNHRS ) A seith TTRD AR, A el T e i i 1 240
UKL AT, 8 R T IXARD . FEER K S A FR T T e DA i HE 1% 40 R Jo 5 R L [ 2 22 2 1R 21
M B R AR LA A, BEE RS SR R O, RVBRE SOBHE AR v BRI | ¥ T O i i 1 ) 200 9
TR | AR TR TR P X B ABAR

3 MEERESH

TR NG, T R U ISR K ) S5 N DY L AR AR AL SRR . Scholtes 5512 411 T3k
TUPRIIARSER TR FRX — PR & B TR TRESR AR OC R . Gelet B2V ST T —Fh Bt
TRERIEIAR B WA R HTT 1% 1207 ERKs A R Hh B0 57K i shif ey RERE R R

- ZRAURL Y Tk ke P B R ARIURL AT AL I 28, M R R R AR BT AR EE 2 SR SN K T a2k, B AR



534 73

56,5 BORE SO IR ACSKAE TR L5 i A

63

PR IR RE | OB [ AR N AR R 7K 3784k BIZK g it
IR 125K

Py,, = v,08h (2)
Py, KT AL S BRI K Sk 225y, SHOK I
R,

F(2) A RE RSP A 2 UHE SR AR -
OREAERIOT A [ AL R 4 Rl 5 170 5 it (AR
HE ; QRGN DR NIB 20, 7Em L ik Bk
AITEOLT K FIHAR) R Rl [a] 2 AR IE L E,,, A
¢ B2 AR IS AERE I, B /K T D6 Py, FERTE] LAY
Uy B 2R REUR BT R m,,, 0SS T4 0l
2RI, N

I _=—-1In(m

cum

S ES V8

F3 EIRKLIERATREH AN RE
Table 3 Mass of spilled fine particles under cyclic

water head condition
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Fig.7 Variation of real-time anti-erosion coefficient with time under constant water head condition
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Table 4 Anti-erosion coefficients of coarse-grained sand under constant water head condition
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Fig.8 Variation of anti-erosion coefficient with void ratio and particle morphology parameters
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Table 5 Fitting parameters of anti-erosion coefficient varying

with void ratio under constant water head condition

SRS k b e 2R
AYERS -1.772 3.173 0.999
baEy -2.180 3.439 0.998
KAkis —6.445 7.394 0.997

F6 EXRLTHEMRMERANSH
Table 6 Empirical formula parameters for anti-erosion

coefficient under constant water head condition

TURLIE

%ﬁ%ﬁ/{ kl bl R% kZ b2 R;
r 67.155 -50.698 0.999 -61.365 47.829 0.999
R 52.302 -36.930 0.993 -47.812 35.261  0.998
a 70.106 —66.668 0.643 -62.933 61.405 0.622

TE R R AMBIHIMA AR b=k S+b, b=k,S+b, HHLE ZEL,

THAFL A AR B o L RO R A AL, T 5 BOK g DA G B JE A2 A, Bfilt Semf SR ih 2 B i X
Tho XFRl—Fs AR K KSR TH A X ST R i 2R B W R AR

151 1.71 " 33r
144 Ve L #
t’*"‘ 1.1F Lo 29 4

= 1.0 = ().8- ® 25| x‘“‘,_ewﬂ"‘
E oo05f & 0 & 21r #
® W 02r , ® 17k . .
2 ol 1 —+— SY-55-30j 2 -0.1f 4 —+— HS-55-30j 2 : —+— FH-55-30j
£ "R SY-55-60) = -04pi 7 HS-55-60] = 13q0 FH-55-60j
s ¢ SY55602 K 07 HS-55-60z 2 ool FH-55-60z

05+ _1oL

-13 _j 0.5
-1.0 1 1 1 1 | -1.6 1 1 1 1 1 1 1 1 0.1 1 1 1 1 1 1 1 |
0 50 100 150 200 250 0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
Fsf 1] /min At 1] /min F5f ] /min
(a) f19ety (b) H» (¢) Wkts

B9 fEIKLAERA TS REBER BT
Fig.9 Variation of real-time anti-erosion coefficient with time under cyclic water head condition
HE0(2) ~ (4) TR AIEFR AL A FALBRELY A 0. 55 IR TR MR B 7, FIE 10 n]%0, 7E0EIR
AR IR R PTR I R BBEURE S BB AR 5 W ACK 260 T RBUMIR, MARFRK Sk A PiiR
b ZR AR A AL, B ER KK 2R BT AR i R B2 B/ . R L B OROE S B R
RIVBURLIE ST AR HERRIE | BT i R B0 N 5 K A kil



553 3] M 5,5 BRDE S EFR K AR b 1 v ik iy 5 ) 65
F7 BEIRKLAERTHBNHREMAY
Table 7 Anti-erosion coefficients of coarse-grained sand under cyclic water head condition
1554 R AL 15 4 R AL jECE TR EREALEY
SY-55-305 0. 889 HS-55-30j 1. 585 FH-55-30j 2.745
SY-55-60j 1.109 HS-55-60j 1.017 FH-55-60j 2. 802
SY-55-60z 1.212 HS-55-60z 1.436 FH-55-60z 2.652
—— 55-30j 3541 55-605 ik 304 55-60z1X 4 2H
2.82 R 2.82 R 2.82 R
248 248 248+
ﬁ 2.08 ﬁ 2.08 ﬁ 2.08F
¢ 1.68 ¢ 1.68 m 1.68}
1.28 \ 1.28 + | 1.28 - \
0.88 1 1 L 0.88 1 1 L .88 L L L \n
0.658  0.678 0.708  0.728 0.582 0.612 0.642 0.670 0.875 0.890 0.905 0.920 0.935
r R “
(a)r (b)R (¢)a

10 Hieih REFEMAH RS HE TN

Fig. 10 Variation of anti-erosion coefficient with particle morphology parameters
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