55 52 455 2 W) WO R R (H AR ) Vol. 52 No.2
2024 4E3 A Journal of Hohai University ( Natural Sciences) Mar. 2024

DOI:10. 3876/j. issn. 1000 - 1980. 2024. 02. 009

&R PR At X B A R 1R A R0 ARG B 1 =4 i

EN RS S e oL R A SR K

(1. KRR BRI EBIA AR L B2 330029, 2. 1 st K FIRM AR IR b A - TREOFST I, 1098 Mot 210029,
3. KK R R %2 4 T 5 SE6 2, V95 BE AL 210029)

WE, AT XA Z4XGHE R T RbEcfetaxt 2 E D, ATERFE 30 X R B R B AR 40 25 #F 6 At 5%
BEAE AR e, GREN . MEDT S5Smm BERBERE 04038 e B ar o4 R £ EAEE
;AR T Smm ERBERES>H P A D, 0938 K FREISITF B AR T 5 KRB S
K AHREE RN M PAe D, 693K 3B EIAF c.o.0, Ao BRI K, B P Ae D, 338 E 454709
YRR LT RGAEABEHoh [ PoAn D, 938 K, 3R E-B AR A% K K, 38K, B P, MZ D, 3T
KK, #9% M 2% D AKX P 3t KK, 69 %R, AEMEY L m BT X ERRY
D, R E R e 00 5% E A5 AT Ae T AR I F A K o XA A TR AR a3 e X 4R BE R R AR 48
EVER G R A A N AR,

KSR ARG A BB R B IR IR T N AR AR AR IR R R

RE S ES . TV41 M ERFR SRS A X EHE 1000 - 1980(2024)02 - 0069 - 08

Mechanical properties of poorly-graded sandy gravel with high content of
fine particles in Poyang Lake area
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Abstract: A series of large-scale triaxial tests are conducted on the influence of particle grading and relative density on the strength and
deformation characteristics of sandy gravel with high content of particles smaller than 5 mm. It shows that the compaction performance
of sandy gravel decreases with the increasing mass fraction of particle less than 5 mm. Strength parameters and deformation parameters
increase with the increase of the mass fraction of particles larger than 5 mm Py and relative density D,. The strength parameters, ¢, ¢,
¢, and Ag,increase linearly with the growth of P5 and D, and there is almost no interaction between influences of P and D, on
strength parameters. The test results also show that the Duncan E-B model parameters K and K| increase with the growth of Py and D,
the effects of D, on K and K, are greater for sandy gravel with higher content of particles larger than 5 mm, and the effects of P; on K
and K, are more significant for sandy gravel with higher relative density. The empirical formulas, considering the effects of particle
grading and D, are proposed to predict mechanical properties and Duncan E-B model parameters, and the formulas have high precision in
prediction of mechanical indexes of poorly-graded sandy gravel with high content of fine particles for overburden in Poyang Lake area.
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C, <3 ,#H5 GB/T 50145—2007( L-H) TR/ IARHE) , 2 LR N RBCA R 0K, B FHIBIEL 5 2 O 0RA0R B A
e RRLAR /N A URE 5 i 8 AN R 55 A

x®1 FMEEEL5XETEE
Table 1 Grading envelope and dry density of test samples

il INTF SRR IR B9 T R AV % Foh o ROk R T
faie T T ey O LA
LRy 60mm 4 0mm 20mm 10mm Smm 2mm Imm 0.5mm 0.25 mmO0.075 mm (/em®) (g/cm®) (g/cm”)

4k 100.0 99.6 86.7 69.6 59.4 48.2 42.5 28.5 8.2 1.2 1.81 2.10 0.55,0.68,0.80 1.96,2.00,2.03
4k 100.0 98.9 79.3 60.5 50.8 39.6 34.4 22.1 5.8 0.7 1.85 2.16  0.55,0.68,0.80 2.01,2.05,2.09
TAIZE 100.0 98.2 71.9 51.4 42.2 31.0 26.2 15.6 3.3 0.3 1.91 2.22  0.55,0.68,0.80 2.07,2.11,2.15
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Fig.1 Contrast curves of triaxial test for different gravel materials (D, =0.68)
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Fig.2 Contrast curves of triaxial test for average grading samples with different relative density
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0. 01 (W F3Cialss, D, 3K 0. 12, THEH K 0.03 ~0. 04 g/cm’ ) ¢ B K 1. 41 kPa,
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Table 2 Comparison of test and calculated strength parameters of sandy gravel

¢/kPa ©/(°) @/ (%) Ap/(°)
Po/% D.
I TEH E THEAH E THEAE RIE THEAE

40.6 0.55 2.1 2.1 37.1 37.1 40.3 40.3 2.9 2.9
40.6 0.68 4.4 4.8 37.6 37.7 4.9 4.6 4.7 4.4
40.6 0.80 57.8 60. 1 38. 1 38.2 45.0 44.8 6.1 5.8
49.2 0.55 38.8 39.5 37.4 37.5 4.4 4.2 45 4.2
49.2 0.68 56.0 58.2 38.0 38. 1 44.7 44.6 5.9 5.7
49.2 0.80 74.4 75.5 38.5 38.6 46.9 46.7 7.4 7.1
57.8 0.55 54.1 54.8 37.9 38.0 44.4 44.1 5.7 5.4
57.8 0.68 72.0 73.5 38.4 38.5 46.6 46.5 7.2 7.0
57.8 0.80 90. 4 90.8 39. 1 39. 1 48.7 48.6 8.4 8.4

1207, p-oss 1201 pi-40.6%

100 |+ Di=0.68 k=1.89 100 * £5=492%
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80 k=1.72
Y
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Fig.3 Change of ¢ with P, and D,
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FEAEAHEAE . BURIRSEIME 24 PN 40. 6% ~59.8% D, 9 0.55 ~0. 80 i WbEREL o IR N
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FRIJEE $2 £ 1B BT 0. 05°F11 0. 044°,
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S 3 kA=o.o44 %100
38t k=0.048 x100
37 . . . ) 37 . L )
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Fig.4 Change of ¢ with P, and D,
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@, =@, + (P —40.6)a, + (D, -0.55)b,, (3)
Ag = Ap, + (P; —40.6)a,, + (D, = 0.55)b,, (4)
X0 Agy 51910 Ps=40.6% D, =0.55 B @, 5 Ag, ] 40. 3°H12.9°5a, ay, 53910 PR 1% 512
@, Ag iﬁ;a%/wo\am/mo S5 DT 0. 01 S ¢, F1 Ag iﬁ;a% (@ \a, /100y, /100 i)
0.223°.0. 147°.0. 180°F10. 117°,
REAER (1) ~ (4) FUERRPERG BRIV 3547 T AN [RIGBC AN [R)RE X6 4 BE 3R 10 45 3 e o 3L 5 ik
BB LG, W3R 2 TR E S Sk a4 R 2 BN, BA B IS B
K(1) ~ (4) K, P D, A T—EJERIN B Py D, B K e .o @, Ap AT ARG R, B P I
D, WIVEFRON ST  AFE M, 20(1) ~ (4) 4878 T SR EEFE RBE S RC R RV X 25 B 1 A8 e R, O A 4
PR AR BE, AT RN Py AN D, AT 3 Bl A A 368 A Al DX R A R D kA 7 5 2 LA SR B FE b, ke B TR
R ) AR e ) 22 TAT , ELAAN FH S AT R S R Y IRl , 4 P24 35. 6% ~62.8% D, 4 0.50 ~0. 85,

3 THRSHEEFRR

FIBFVET E-B BELAE KA TR iz %3 WHEERDE E-B BUTHSY
BNz ,%TXB%: E-B HRIRT FTRD B A0 B 552 1Y Table 3 Deformation parameters of
/}53%72‘@(0 F A 5 45 , B PRAS B (1) £ 45 2N Duncan E-B model for sandy gravel
[F)AH XS 55 B RDBR AR S E-B ARV IE 28O s b, K 0 R, K, m
F3, HAUMITRESR RN, UL A S L %5 45 0@ 066 3005 054
K DR 24 K, WIURTTREF S IE W Y p, 40,600 068 010-1 0.5 0.65  441.7  0.51
s TR R 58, bn T ba b )

HE 5(a) AT, 24 D, hsE (ERT, 0] FH 2R 5% Piﬁ%% 0.68 713.4 0.54 065 572.1 0.4
AHAR PR EIRM K ARk HARTE D, B RPR & 0.80 9046 0.50 0.61 835.2  0.40

MIEBOK, LB D, HOCRPREOR, WL S bE Fame 20 000 00 R

0.68 826.2 0.49 0. 64 694.7 0. 40

AW ,D, BT P K SV, D, AR 7% (50 10653 046 060 98.7 0.3

I K e n AYIASIMERIE REG R IR LL ;m HOTRRBR R R AL
o
1200« D,=0.55 L2000 o P=40.6% =183 .800e220x
4 Di=0.68 k=16.275 A P=492% R2=1.000
" D;=0.80 -57.89
o0 | r s00l " P=57.8% .+ ¥=158.400e2200x
k=12552 R*=0.995
b s < y=135.650e2200x
" ;//k/ﬁgﬁ%%/‘ 600 R*=0.999
300 : : : ‘ 300 : : ‘
40 45 50 55 60 0.4 0.6 0.8 1.0
P51% D
(a) B P7E1L (b) BED: Rk

5 KHKEPFD, KT
Fig.5 Change of K with P, and D,

P S (b) TR, K B D, 19728 A 4 45 SR ST, (LR SCR S PR TTRK, ST T PAS (G D,
b K WP , PoiEs D, % K SRR P00

L5 1 PRI D, X K FOAE RN A ST AP FEA A, R AE RIS (1) ~ (4) BT BRZ M A S Ao
P D, % K IERATREI

LS (b) AT, 2445 5RO R — B 2. 20D, W, K Bl D, 78 P ELAT Ak s O 0L B L BV A I
i, HIXT A D, BB B B8 K N K, M3 D, B9 K R K, , L HfE K /K, = 2P /6> 202 3
IR D, =0. 55 1y K B I A AT LAy Sl i, 75 SR ) G S [ M 2 D BB K, S
45 (a) , AT1%,

K=[K, + (P, —40.6)a,]e""/e" 7" (5)
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K, H Py=40. 6% .D,=0. 55 BHEPERAORHY) K, B 453. 5(F£3) 50, b, MILESEL, 43510 9. 328 (K 5
(a)).2.20(E5(b)), X (5) T PAI D, SFXSH E-B RIS E K AYAHEAE RN fZE &340,

K, B P, AT D, B2 AN 6 iR, S50 K 250, Py Al D, X K, BOAE R 880N A7 A6 AH B 2w, HL AT FH Al
it h

K, = [Kh,o + (Py - 40. 6)(1kh ] ePth, /el 3, (6)
A K, .a; \bk,jﬂﬂ%%%&,,ﬁ\xp K, ,=300. 5(%3) a;, =9. 572(E 6(a)) b, =3. 03(E 6(b)).
1200 0 4 pi—055 12000 4 p_s0.60 88,0000
4 D:=0.68 k=18.784 o P=492% 2321000

) 900 + = Dy=0.80 900 [ = P5=57.8% » y=73.150e30%0¢
= k=14.695 >3 2 R*=0.996
600 =t 600 — 3.030x
k=9.572 ¥=57.460 30
oL R*=0.996
300 : : y s 300 : : g
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(a) Fifi P25AE (b) MED: 24k

E6 K, B P.FD BT
Fig.6 Change of K, with P; and D,

H12% 3 AL ASHY E-B BB HL n m B PN D, BREIITTEAT, B m — B n 18290.07 ~0. 1, 7T
BUEITHEE T, 280K K, XTSRS TG AR SCHEAE T, P82 n om (SE MR AR B2/ W] R SR 3 FR(E AT AR 5] 1 om,
R, AT RALIAb 3 N PEEA

MRAER(5) (6) 31T Py 35.6% ~62.8% D, J90.50 ~0. 85 3 [l P BORDRR A7 X 15 LR S50 K AT K,
W4,

®4 TRSYHBESHEEX

Table 4 Comparison of test and calculated deformation paramenters

K K,
Ps/% D,
HEE RRE AHXTR 22/ % HEAE IR (E AHXTER 22/ %
0.50 364.5 217. 1
0.55 406.9 252.6
35.6 0. 68 541.6 374.6
0. 80 705.2 538.9
0. 85 787.2 627.0
0.50 406. 3 258.3
0.55 453.5 453.5 0.0 300. 5 300. 5 0.0
40.6 0. 68 603.7 610. 1 -1.1 445.6 441.7 0.9
0. 80 786.0 785. 1 0.1 640.9 666. 3 -3.8
0. 85 877.4 745.8
0.50 478. 1 329.0
0.55 534.0 539.1 -1.0 383. 1 382.8 0.1
49.2 0. 68 710. 8 713.4 -0.4 568.0 572.1 -0.7
0. 80 925.5 904. 6 2.3 817.0 835.2 -2.2
0.85 1032.7 950. 1
0.50 550.0 399.7
0.55 614.3 614. 1 0.0 465.5 465.3 0.0
57.8 0. 68 817.7 826.2 -1.0 690. 2 694.7 -0.7
0. 80 1064.7 1065.3 -0.1 992.8 989.7 0.3
0.85 1188.5 1155.2
0.50 591.8 440.9
0.55 660. 6 513.0
62.8 0. 68 879.4 760. 6
0. 80 1145.0 1094.2
0.85 1278.2 1273.2
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M 4 Al SHK HHEE S IRBAEARHR2ZE -1, 1% ~2.3% ; K, WAIXHR2ZE R -3.8% ~0.9% ,iT
RTINS B AL . AMEASRIR PR 35. 6% F162. 8% D, 4 0.50 F10. 85 (IBE K K, WS HMERAK )
SRR IE A, SR AR TR U B B R Y

R T B UEA SRR A B SRR AT T P3=49.2% D, =0. 8 XA =Rl il 8 s it , Ot 5
TR0 M 27X IR, A&l 7 frs o T - AR 4R, AE R PRI A R0 i 2 Fn B i it 2 LT H A
X FARFRN S 4k, AL A B ar (A BT K J5 AR FRASIE I A 22 30K, iX 2 i TR E-B BT ZR B ANRE
e AR AR BN . R (3) (4) BB AR 0, 5 Ap, 30(5) I (6) BIAE K K, , H1 K 4 JHIEEE] n
m R, TN T P,=49.2% D, =0. 85 ilFEM P, =57.8% D, =0. 85 ilFER) =5l se th 2k (& 7) , & 7 ml %,
M Py=49.2% W}, D, H 0. 8 ¥R % 0. 85, BY YN PRI 42 5 , B it 1Y i, 5 D) ik B b AR AR AR TR /I s X 07
¥ D, =0.85 NAE P H1 49. 2% ¥4 K 2 57. 8% J& , B UIME SR VAR i — 20 B v, B 3G I, AR FRUAR JE gk — 20 ik
/NG B TR T 8 B 9 3 X R EAS Al A0 TR ARk, D, 38O HLORE 75 4 RS, Lot BE R ARG DR A
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Fig.7 Inversion curve and prediction curve of triaxial tests
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