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Effect of clay content on physical and mechanical properties of loess soils

WANG Li',LI Xi’an"? ,ZHAO Ning' , HONG Bo'
(1. School of Geological Engineering and Geomatics, Chang’ an University, Xi’ an,Shaanxi 710054, China;

Abstract; Clay particle is the main cementation material in the loess. Its content, the occurrence position and
the occurrence state are different, which directly affect the microstructure of the loess skeleton and the pore
structure and so on, which leads to the different physical and mechanical properties. The clay content of loess
samples was determined based on the self-made wet sieve device under negative pressure,and then a series of
physical and mechanical experiments were carried out. Laser particle analyzer was carried out to track
measurement clay content of the soil. The results show that the clay content in the loss is proportional to the
plastic limit and plasticity index. With the increase of clay content and the cohesive force increases with the
increase of the cohesion, and the internal friction angle decreases first and then increases. The clay content
has no monotonous relation to the compressive deformation of the loess specimen, and there is a definite
critical content. When the clay content is greater than the critical content of the shear modulus increases with
the increase in the clay content, and then decreases with the increase of the clay content. And the
permeability of loess reduced gradually with the clay content increasing. In addition, dates demonstrate the
exponential function negative correlation between the permeability coefficient and the content of clay.

Keywords: clay particle content; liquid-plastic limit; cohesion; internal friction angle; compression

deformation; permeability coefficient; dynamic shear modulus

710054, China)

WrFs B 2017-09-10; f&iTHHA: 2017-11-07
EETA: FHRA KRB AR ST H BB (41572264)

E—1EH:
BIREE

T J3(1988-) 5 iR TR Lk I AFT AR, EEWFSE 7 [a) 35 4 TR M TR A B K E iR o Email : cadxwangli@ 163. com
AR (1968-) 5 Hh B AR L, BfZ , 2k 50, 32 BN 4t BT R E 7 WA B S RHT TAE . Email: delixa@

chd. edu. cn



-134- E7, A RO X B B A R S R

2018 4

0 5]

BWERBMNLL TR ETERMBEN TR
W R REAHDORR Y, B R €82 I EESZE
WO R T B3R BCA ER], A TR AR 22, B IR
S5 RHE B A AR O 28 BBy kAR /N T 0. 005 mm
W, b dE# R A S A
(LRSI I ST T Ao o VA QR R L (| T
P KA B R AR AL X L AR ) B 4R
ROA B S RR M REA ER IR B — W
SRIE . W T RE R BT 0 AR RSO A R A R A
[F, NTTJE B 1 A () P o i 3% 4= o OR A AT 3X U7 1
I 5T, AN AN X K 52 B B OB R 0 A A
WE A & 22 X, i O %8 01 8+ i XA Rl 1 A
JE R fige e v A 0 AR b BT A K SC b S5 ) 4 R [
P BENAEEEMLREL

B A WORLE 3 PR AR /N T 0,005 mm Y UKL,
S B TR Y B R 3, R R e v R M Y i
WERES Y . B RIS S, B K R,
FiE 5% A FI B 78 A K BURE 26 T b, A Bl T 4 R R
BCTE R i ORL R T b JP B — 8 JEE B 1 A6 b R (o
TR 615 e 235 ol A r B 485 7 1 i R 1 R 1L ) L A S —
AFEAR AR . TR B ZE - Uk 2 8 Y 2 R A
BERE, FL AR A WA AR SN R]  Be 25 18 B2 AN ), %
ERE7BE DI e A NN

F [ B A iR BEAE XSO A A — 0 122 AR A, DA
VG ) 2K R B A UKL 20 ol b L ZAZ A1, B R 5 i 8
D ER S REWNZY . BERR RN S,
DB A0k 2 R LR A 1R T B 3 g 2 M AR
AEVE R 2T 5 B 5386 2RL2H 43 1 B 58 DA A (8]
Wi, Constantinescu %" WF5E T vk I TR 9y vh B ks & &
SJWRIB IR WP T8 K R 3R ) N B A ) OC R
Jong E D 25U BIESE T g 0% M 100 95 4 S rh Ak A i
ARG 5 2R 5 A B B RS T S R b
R S I R A 06 2R 5 U RS AR TR R - Ok
GUC R A B RO R T R B R AR AR S
I S 5 DI R 24 6F 7S [ 8o o i 14y JROIR i ik - 3
ey 58, A 57 T Bk e 6 T BY 5 R Y 5
Dafalla M. A. "5 i3t % 36 + 550 -+ IR & W47 B 0756
K IR G W (1% B 5 0 Wit o 8% 5 T 1 g AN T 1
Jiaozhen"" BFSY T % 1 L b B R & B 5 BB A
AR AR A0 B SR I 06 R AT i xR
[F) 4R 2 1 B0 = 64T 8 =R, 20 B 40k 75 2 X 5

il

B BHJE R, 75 D - 2 ) R S R
Wi, 3 MBSOWRZE5 48 s & e T N FEHLEE

SRMT, BT B AR KA AR 45 22 0 T Y 22
KRB G Y 22 5 PR R, 3 5 B 37 JBORE e L) 4R 75
By AR A AE Ao 2H 5 A 8] 258 T AN TRl Rk &5
A, R OG T 7E ok AT A AR A A AR
RORL S B X0 S A ) BT 2 M ST e FR A S AIF 9 A
A SRR B B W g 2R A 5 R e A
NEALEE i XfE DA AR o 3 T 0, A S ik [ 0 W
& B BT A LA, A B AN AR SRR R [ Rk
B0l SR E = S TS (L 25 7 NG AR | YT/ N T YA
Xof ¥ - ) B T 2 vk Y S e LA, A OGN S
R H Y EL 7 S T A DG F I 5 TR S AR T
P4 B it A Al o
1 s &

AU S BT B A O e S I Q4 BT A AR A
R 22 XT3 TR 5 Ll B0 42 T TR S £ )
AHRLIT 4 m W N T A, BRI S A5
AEH BRI IR SR 5L o Ry T A A R R
09 B R T KT S 19 B b REEA T A IR
Y T A A AE S R X B L ) B 2 PR R S e, A
YR 5 i F R S AR s s Tl g M R ) S1.237-
1999 3 2 mm 1) B L A5 i i , 30 28 B ] 670 I 0 ke
O U R 606 5 00 B 4 AR, DL S B B 4 R
HRRL B N R TR I R RO RL BE AU A A Y
RORLE AT IR BRI AE o TR M X R A
BB B R AE 20% ~25% AR UGR I L 24 % Zh ki
Ty AT YA B R R 0 A S ] AR
MEREE R 12% 16% 20% 24% W & + + ¥, &
RO RLEE AN 5 |, BORL 2> A 4 (B 1)
121 o FRIHR(12%)
—— BRI R (16%)

10 | —— RRL A (20%)
—— FRLER(24%)

JREEE%

0.1 1 10 100 1000
4%/ um

Bl 1 BAfisfoih &k

Fig.1 Grain size distribution curve of test loess



434

op M TR E S B IR R -135-

e 5 1 Sy ) JHE b L 2 A 7 T R A 2 B [ 9 8
TR T R A 2 S I A AN [R] 5 K R R O 4%
ML TG ML AR ) (SL237-1999 ) # £ 4 il 0 % X 5
Jir it A

2 ZWHERELN

2.1 ki 4 R R )

A {0 B 2H B R 43 A B R 65 2 L IR 3
NAEARFCFREE o sE T A 9 4 BB g 2 Je K B
TEB L WFE oh, B b ROk B RN R N X
R 2 B AN SR A O AR 202 L 44 O A, o R A
33k 26 5T AU 1 A T R3S A 5T L TR A8 B AR AL
FFARYE L AE TR M T T T, B - 0B 2 A
(19 75 Ak , 1 45 ¥ & A AR 7 4 e (PR 2) , BT B2
TR By 2 R (AL LG T S RS
) FIOK B 5T (B BA TR 3B B e Ak i) T A
I A A 2R IE AR G TR b R M R R K
SCHB PR I — A AR

HEAE Q, B2 L R A B AR S

N, BRI LLS ~50 wm B WOk R L AL
AR b T MU ) S1.237-1999 % B - A 2H )l A R %
Nt <5 pm, B+ 5 ~50 wm, B+ >50 wm, K,
TR AR A U A R R TR S0P D,
Dy Dsy Dy Doy 1 - RAZ T <5 um, <50 pm, > 50
o KL AR 1 0 SRR RS (R 1) o

13

= BHRE
— WAk

S}
T

T

BMEFEHU%

y=0.191x+7.65
R=0.90

2 14 16 18 20 22 24
FRLETO/%

B2 EMHEHSHHNIEXR
Fig.2 Relationship between the loess’ s plastic index

and the clay content

®1 TRAFHSENEINETAIILL
Table 1 Comparisons of the grain sizes of the loess with different clay content
S HEPRAE/ um i/ %
Lo R/ %
Dy Dy, Ds, Dy Dy, <5 pm <50 um >50 wm
12 4.24 12.43 20.78 33.42 62.25 11. 65 87.49 12.51
16 3.20 10. 54 19.56 32.09 64.42 15. 60 89. 83 10. 17
20 2.61 8.21 16.24 29.28 55.74 19. 86 90. 13 9.87
24 2.28 6.37 12.12 20.70 39.39 24.07 96. 19 3.81
e WIS NI R A - (U e o A o f ) REAEBE TR T PR 55— %E 2 A K 73, W T 52 R o+

Foo IR 1o al DUAE Y, BEAE 26Ok & B AR,
KA Do 3 # i/, > 50 wm B J0RL & 48 52 0/
e, <50 wm BYARRURL B 5 00 4 B, K P Sk
AR AL AR X /0, 6B Bl R R ORL R B 38, i URE
Y,
2.2 BhRLEHRCIBEBRAE AR A0 AR

BRL & RS OB IR N EEN R W
SHRR SRR & B R IE M SRR SC R, IR 5 BkE
THMAHCEEW R S TR (E3), X5 EKR
%[]: EE E%‘?[ls] JJong E D %:16] . Constantinescu J
SRS SR — B, HEEE R T AR N ¥+
TURE P 5 200 B 5 2, 50 H: Bk AR BORL B AT By R
T ARUFI 2 THT F A7, H AT 05 8 W RS /K 73 7 O RE ), BT
A TR ) R A A B, L 66 ) 1 L B 200 A, 68 WA o )
JK BRI T RE T FE 3 26 A1 Gl A FL B T 1R R 2K I mT

IR

36 -
32F  y=0365x+23.75 o
R*=0.92 ______.——-—"o
T  WR
250 ° o Wl
B — HARBW)
ol e BLAROHRD)
=
y=0.174x+16.11
16 -
12 16 20 24
R %
H3 RERSHESEXR

Fig.3 Relationship between the loess’ s liquid

plastic limit and the clay content

SAVERE BT T L ] SRR B R AR W R 5 2R PR



- 136- E7, A RO X B B A R S R

2018 4

4 22 B 5 KB, AR T b A DA S 1 285 3 3 (AR 25T LA
W WK 43 (3 T R AR S M R & i A &
KMEMPR L MRS R A B
LML AR
2.3 BhRLE 0B BT R R R

RS ¢ SNEEEM @ 1F o HL0Y 5 B P> 2
TR, R AT T B ORL 0 B b B 9T 9 R A OC SR AR s o
B 1 — M52 RORLI] B S5V F B oy 1A s i 2 U R B
Wi, 55 RE S B T R A OK R T R A DDA
5K 5 PAEE % A 5 o TR ) R 45 R AR R A, S )
P PR 3R i 492 ok o UG 2R 1 DR I R
N B R R A 5, BRI 5T T B ik
SRR A B B B R S

TEA R KRG OL T, BEFE R & A, 36 R
TR BT e AR N T 20%
I, B AR Al S A 2, X R T TR I Y BERH L 5 i
PRI/ IR AR 0 WA T 1 20 OR8] LB K% B0 18] 4
fith i, 3R 0 00 A B BRSO S [ A
MIZE R, YRR A B KT 20% B, B fk R Al s #
BE , 12 3 W e I o B Bl R 25 1 A I, B R R
SRR 2 e 0 UV IR i R R AR /N B RO
B RORL A 1) i 45 4 5 R R 22 i 45 A R
KRR R (K 4) .

100 -
- 0=10%
—— w=14%

—— 0=18%
T :;‘J:zl././‘

1
12 16 20 24
FRERO/%

B4 TEASKEZUHTREENESFHNIENTALXE

Fig. 4 Relationship between changes of cohesion and

Fi% J1c/kPa

clay content under different water content

b RL S X B BURE 3 R 7 9 R R n] DL B L
i AR 25 B9 72 Al A B B, B A R 5 R A Y
T WA A 1 AR BORE J B A 266 R K AT 2 o i SR 4
FLEIY B ZEWORL I M A, e b AR AR v, RO
e 5 A DR AIURE (1] L B 52 2 150023 A 1) Bl 20 0K 7E 3 1
6] 5] 3 By RN 22 2 8 T IR IF 4 1 K U (1)
P foh s SR Bt b ORE A B A 1 — 2D 0, SR RDIE A
F14 LB ™ s R UL 20 O, b 3R 7 A i 45 T Y 2 i

T R A 2R L) e R T R e R R
SR, TR) Ak S 8 4R RBURE f 5, WA KR Y

TEATR & KRG, Bk | A /N T 20% I,
W R ) R P B R A B e B D ) A AL
oo X I T AE LE B BeEE AT 35 R SRR )
FHEAE SR , B2 AL 15 S 3 0, 358 0 ks I 46 1)
B ZRTURE 8] 42 fih o 2R 4, S5CRE R WKL 22 1] AH X 32 %E 1Y
ARG A T ORI A 2 D P A
TIBEZ T W Bl Bh0RL S B A 7 22 38, Bk % i ke
B ARIIURL 58 4 B T, B $4E TT B by R 18] AH B AR
S SRR & R AE KT 20% B, P9 B 45 A BE G B R
CR GRS SR GEEE PN SRS I IRD IS

32
- 0=10%
—o— w=14%
—a—- 0=18%
- 0=22%

)
[=
T

W EEEE A /(%)
BOR R R

o
(=}
T

|8 1 1 1 J
12 16 20 24

FRLERO/%

BS5 ARAEKEEHTHEZASHEHNIBETAXR

Fig.5 Relationship between changes of friction angle and

clay content under different water content

BhoRL Sy X B A URE DY BE 5 A 60 5 i mT LD
L5 1 ZRUARE T A7 IR 25 1) BI04 ) AR R i R o R
DRRURE 55 i 45 W) 25 /NS — BRORL AL T i 22 o 4 T
ARG, HA R X 4 oy X 3807 A
G2 W T 2 I 25 o A8 BoRL & BB I S 2 i
B FORLAETE T B AL0RL T 2 B LB N, A LA
KL AR 20 B T B 0k 3% T, B R LU B
fi A9 ALK S R 2R B, UK W) B 8 AR AE B0
R Hp T2 B R AR B R B ML BORE S RS, UKL [R] F RE 4
VERE o Bl A OB & & B9 3G I, 260R0 T 46 3R 4 OF
I6) i S UKL J) [ S 3T, b I bR 4 A7 TE TR R
RLALBR A, 3 A7 AR T B SR ABURE (8] 12 filk A5, O 12 i B
TR, 2 58 408 B, Bt i 4 R 3R 9 N R
SE , BORL X G BORL 4 8 3 VR I S, OR8] B A
P — 25 R B s B B ORL & & 0k — 20 B, BRI 2
56 4 P T B 2 BURL, B SR (8] B8 5 4 8 = A iR
A5 BURE (8] AH B A T 46 by 40 90K 32 = Bl T AR



434

T [ s S5 9 E 5 B i AR

- 137-

£ SN TV A (D N NSl A i S
RS BE o BE & RO B A0 4k S8 0, B0k A] i
SE4E s, OB B BE IR T 45 H 1 RS R IR B R
T A s e, UM ELAE il R 45 A A5 A B R
e B 2R W B, UKL ) BE 5 R AR B 0 R v
F R A2 /N 8 iR 5 RS kg I R BORE 9 5 42 B T, B
LR e RS, LA JO A UKL ) B 84 iR
WL 3~k el i ORE R Bl R R RL & 8 o T 3H 7T
FEFLBRE, 0K [] B2 48 A0 B 52 B T 3, 5 iy T 2Ok
KL [ B 554 A LB b WKL B2 /0N i b T 35 2%
2.4 BB N B A SRR R

B e Y [P 2 e e S b UL 4 A B B 5 R
HEZ S A, ok & 42k 00 30 o0 2 fek 55 P9 RELORT 1] ) JEE
BELPE T -5 290 R ) 19 J5C 205 0 P kA o 7, EL RS TR
18] 45 1 446 19 Bre ZOIR S DRI A o 00 o 2 ) 8 hE 5 B
XF AN [ o R A7 % A [ 25 00, F 9T R0 X i

180
160 |
140 |
E
£ 120 F
S 100}
h\é 80 L
#
£ 60 o
| —=— FRLE R (12%)
40 —o— BRI AR (16%)
20 —a— FRL A R (20%)
—v— FkL 8 (24%)
0 1 1 1 1 1 1 1 1 J
0 200 400 600 800 1000120014001 6001 800
AR F3/kPa
(a) w=10%
350 -
300
£ 250 |
£
S 200 |
S
S\
Ef( 150 |-
& T
= 100 | —=— FRL A E(12%)
—o— R (16%)
50 | —a— FRIA R (20%)
—v— BRI A = (24%)
0 1 1 1 1 1 1 1 1 J

0 200 400 600 800 100012001 40016001 800

NGl S
(c) w=18%

& 6

18] 245 e 27 2o R 114 52 W AL o, HCBIE S 45 SR 0 AR [ 45
i B I SE R PR AR A R A B T

R P Pl 00 R s 4 1 6 00 A [ 35 KRR TR A
[Fi) o 75 e B R Bl TR ) B R SRR AR (181 6) o AL
6 Al LUA M, 7R R — & K R Bk 4 i 46 A8 E 4 4T
Wit s 3 R 38 SR T 08 A, A AN T R 1 7 e il 4R
ANTR] o SR H T KL 32 B3 B B R RBORE TR A9
FLBRIA] e 2 B 25 A SR T, 35 WORAE R IR
B3 A ARG B Bl X TR RS R AR R S S
14 1 UKL 55 BORE 22 18] 66 L A8 /b, KA AT 2R AL sl 4R R
7 16 I3 3 VR TR A AT RE 22 A AR i R T 4P i /D 1Y
FOURL 5 T XS T FORL B B B2 19 0K, B B i Ok 2
(1) A 5 AR Sl BN AR RRL G PR A S e,
TSR RRE T s B R R A . R, A
T 5 1 5 HLAORE B9 2 45 98 25 DL R HE 91 O XA 2 DTG
R

250
200 |
£
£
S 150 |
(=]
D
100 |
ﬁ —=— FiR S E(12%)
50 —o— B E(16%)
r —a— FRi A E(20%)
—v— BRI R (24%)
0 1 1 1 1 1 1 Il 1 J
0 200 400 600 800 1000120014001 6001 800
AN[F F F7/kPa
(b) w=14%
400
350 |
= 300
£
S 250 -
S
IH 200 -
B
g 150
B 100 —=— RS (12%)
—o—FRL 1 (16%)
50 —a—FRL S (20%)
—v—FR A B (24%)
0 1 1 1 1 1 1 1 1 J
0 200 400 600 800 1000120014001 6001 800
AIF K F1/kPa
(d) w=22%

ARAEGKEEZFUHTARAFNESEERTH ML

Fig. 6 Compression deformation curve of different clay content under the different moisture content
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under different moisture content and pressure conditions
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