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1.1 HEXE

WF 5% M 5 A7 T 28 Jp VT4 75 6 30 i e 1 4k 3%
(125°8' ~ 125°37'E, 48°12' ~48°23'N) , +HEk
RIDAEEALIR I ¥ o &, BB+ X . 2014
O, F26i% BAIF B354 A A7 I E KB ) R 4

40 ~ 45 em T B FORAAR FUIR 24, L= NI
SRR HAHUR S BRI AR, T AT
AHUBTE N TR . o, JRUIR AR AR B
100 em (3R I 3KAF, 3REE, HTHAEMNWE.
0 kg JFUR AR 9000 2, BREA ., fE
PIMR R SEA T, KT a2 mmiis& M, BAEEA
b A Do T e % L e

x1 ITREARBUETHFMER

Table 1 Soil physical-chemical properties of the experimental field

3 Soil AE bk bigaA Bk ALK R #A R
Bulk density Sand Silt Clay Organic matter  Liquid limit Plastic limit
(gem™) (%) (%) (%) (gkg") (%) (%)
B 4 Black soil 1.24 22.44 35.46 42.10 2545017 53.50 " 31.15 %)

1.2 H&Hl&

SR PN 2R 0 T L 1 4 A9 2R 1) 5 1 e AN [
ARG RN ES . DTRERIF B354 1K
H140 ~ 45 em ¥R BE 1) SEBRA AL i o Sk (1)
W3 RN S B (40~110 g kg™ )
REAZ AR R R I B A7 PSR = B XA B & 2 1)
PR S BR T . MRAE R TR B AR HLBR
SRR, AR IR R ST A R R R AR R E
KT B HLE & h25.45 ¢ kg ' B9 LRES, 148
Bese et . IR AT JE PRl N TR mEG 1 =
W B FC ) 4 AN [R) A AL % et A A STt 5 7K A 0 )
FEEM (20%) . & (30% ) 24 KF, Hi,
AR 7K St R AR R LA A . WSRO 1 B LAY 1
B KRB R EERL b R — R
KB, DX+ 22 5. K E
FicE FEE (25 C) fHR (65%) HFEMTA
THEFR30 d, AR S R A A, A
AR AT R L B E bR A LR
MR KR 44,93, 69.13, 93.13 g keg™'o #
B i BN 5 25 I A BCE R T (R
2 em, HA6.18 em) H, TR, AL
PIEE IR, RS ES - SE . AHUE &R
FHE E Elementar /A &) A2 7™ (9 6 A HLER 73 BT A B 3%
I

MR HE ) 25 5 T AR DR Y 1 SR TR 1Y) A T
AN (R 6t ob o e (R F 0 4, R R IT0 A 170 3ol PR
RLAR AR/ AN [R] R ARS R LI o o e 5 r

PN, FLUTHEHE P 0 . BRI K3 ke
ET 2 mmii By A, AR L bl R
FAaHUE, B AER4S em, 550 cmf ¥Rk
Wi, INZEEK EM M40 emIBE 0B, HE
W RAUITE . HE4 ~5 A HIrmk8 B2k
W, BT )ZE BB /400 135, FEXTECH N b
ERASE, AT R, B, 120.5 mmifi
FHo D MUK B, HERE R & 4t 3 51 58.81% .
43.04% . 34.24% . 16.29% . 6.73% . VIFrRER
TFE354E E K M40 ~ 45 em B 1Y 52 bR BB &
REEAE (K1), BE3ANHARERL S BB, 45
R A BE AR BERL & K . S & B K
B E KR Y RN R HARERL SRR, 1%
JIT T RS T AT 9 5 R B 9 R 55 [R] BT
M E 32 mmf R EFE CERL S B 42.10% )
AT SR A, B S SC bR Bk B DG B K
WHMN18.57% . 29.37% . 56.33% ., 4N L il B
(20%) . & (30%) 240 & /KEKE)E, BE
24 h, HHAME¥A . e, ARk, W EHETE
P25, AR E R 3R, T A R - [ g
SR, HUBRLEL R I S R e A vk

FZER L IER AR RN g em™, JERS
HESEPRAE (1.24 g em™ ) 5 —8, FEEK
PEHEX H AR P AT m s Er 2, B
YEIX + 5E0E Z HUMBEE T i 2 2, W
it A LR AR A SRR 2 T
BF, A HEARRN BT 5 K i 53.17 %
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1.3 ERNESTHE

K GZQ-1# 4 A sh S R BS540 (@)
PR 45K T, SRR TS 12,5, 25,
50, 100, 200, 100, 50, 25, 12.5, 25, 50,
100, 200, 400, 800, 1 600 kPa, HH112.5,
25. 50, 100, 200, 400, 800. 1 600 kPafizk
WP Xt AT R4 ik, 55— K200 kPah #
A, L EE . #HmE e 4200, 100,
50, 25, 12.5, 25, 50, 100, 200, 400, 800,
1 600 kPa ) faf % v X 4 SE A7 [a] 3 15 7 e 446 0
Ko BR1 600 kPadl, 4 9% far 25 [ 45 i 5] 321
1 h, 1 600 kPafnj %k [& 45k a] L) [F 4558 & ik, B
HJE1 WA #E0.01 mm. MEGREKLE T
TEMESENEITEEE (X Ah) , fEIa
T B TR R DA B A5 G T T T S5 R UE I AL
Bt (e;) . 0~200 kPafS AL S0 By (MRIEIZIX
BUABAE b 3 B v die R i ) Y 38 R 4 R A
(a) . &FMAETHESHIEE (C,) Ml %
( Cs) 24 ] N
RISWR LRI . ep=p, x (1+0.01 x w,) / py-1
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LI RE: 5= AR/ hyx 1 000 (2)
B AT T AR E S LR L
e=e,— (1+e,) xs,/1000 (3)
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A Ay 83 PR 1) s 40 i B8 8 Il SR 4
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K, e AWM ALBR LG s p ol 1 58 UKL %5
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(gem™) 5 s, HEMH FHUIEFERE (mmm™)
THHER0.01; X AR RNE SR TR EZE
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— AT R R S LB s a N R4 R A
(kPa™') 5 poHEE—17a(l (kPa) ; C NIE4515
B CoMEAEE
1.4 HUEE

BRSO [R) B R R A LA SR FH LS DL i AT
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(0~12.5 kPa) i 50 Bl A A WL 2 1
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Table 2 Compression coefficient of black soil relative to organic matter contents
T KR EERiING JE4 Z 8 Compression coefficient (kPa™)
Water content Organic matter
(%) (gke) 0~12.5kPa 12.5 ~ 25 kPa 25 ~ 50 kPa 50 ~ 100 kPa 100 ~ 200 kPa
20 44.93 0.0011 +0.0003Cb 0.0016 +0.0001Ba 0.0007 £ 0.0001Da  0.0019 +0.0001Aa  0.0021 + 0.0001Aa
69.13 0.0013 + 0.0002Ab 0.0015 + 0.0002Aa 0.0005 + 0.0001Ba 0.0010 + 0.0003ABb 0.0015 + 0.0004Ab
93.13 0.0020 + 0.0003Aa  0.0015 +0.0003Ba  0.0005 = 0.0001Ca  0.0010 + 0.0003Dh  0.0014 + 0.0002Bb
30 44.93 0.0013 £ 0.0002Bb  0.0025 + 0.0009Aa 0.0015 +0.0008Ba  0.0032 +0.0003Aa  0.0014 + 0.0004Ba
69.13 0.0012 +0.0003Cb 0.0018 = 0.0004Ba 0.0011 +0.0003Ca  0.0027 = 0.0003Aa  0.0011 +0.0001Ca
93.13 0.0019 +0.0003Aa 0.0019 +0.0003Aa 0.0009 + 0.0004Ba  0.0022 + 0.0009Aa 0.0014 + 0.0003ABa

T AFKRG FRFRFEAFT CHARRA YL S A/ AR S R R RN ) 2R 83, AREVNG FRFERFE S (BARTRE T
JWRNAFRAIR S /AR SR ) 27523, p<0.05, £4[F Note: Different capital letters represent significant difference within
the same line (i.e. the same in organic matter content or clay content, but different in pressure range ) ; different lowercase letters
represent significant difference within the same column (i.e., the same in pressure range but different in content of organic matter or clay

content ) , p<0.05.The same as in Table 4

R3 TRANRSEBETRLESR-ERERHOENL

Table 3 Compression and rebound indices of black soil relative to organic matter content

HHLE JE4545%C Compression index C, [l 38 45 % Rebound index C,
Organic matter k" Bk Ak " Ak
(gkg™) Low water content High water content Low water content High water content
44.93 0.206 1 £0.016 3Ab 0.2129+0.001 1Ab 0.029 5+ 0.006 0Aa 0.030 4 + 0.003 6Aa
69.13 0.3032 +£0.067 1Aa 0.237 6 £ 0.007 4Aa 0.022 5+ 0.000 7Ba 0.032 8 £ 0.002 7Aa
93.13 0.294 7 +0.032 3Aa 0.246 3 £ 0.002 6Aa 0.026 7 +0.001 8Aa 0.028 6 +0.001 4Aa

e 1) HAKER20%; 2) FKEH30%. AR KE F AR FE A VU & B/ R &

A Gk 2z B 22 5 B2 NG Tk

REMFE SRS, NRIEIESE/ARSEZEZEFBE, p<0.05, %5 Note: 1) Water content 20%; 2) Water content 30%.

Different capital letters mean significant difference between treatments different in water content but the same in organic matter or clay

content; different lowercase letters mean significant difference between treatments different in organic matter or clay contents but the

same in water content, p <0.05. The same as in Table 5

KA SRR, & LA R4 T70.022 5~ 0.029 5
ZI FER KRR, FSIS RS, AT
0.028 6 ~0.032 82 [a], AHIEAHLEE & &5 T,
o K Y I SRR R A L R A R 22 5
oA
22 HHUSEMBIERRAY. EHELH. @
it oA
AR B S BB E T, W4 R KR 45
S3BE (0 ~200 kPa) FE48 R B0 22 52 MK 560 45 5
T4, TWEKEREM, &I R R 5
Wil 5 0 1 o B n  T RR R IR S K = BR
0 ~12.5 kPa, HAthJ& Jj %) 25 5 535 3] I KT,

VLA TE TR SCR I BE 5 Bk & B n s i, H3EPUR S
AESi¥hnm; b, EERLE R (29.37%, 56.33%) I,
BEE T RIRG R, &0 B i s RECE T8N
BEOKEZMT, B mEREE (29.37%,
56.33% ) WFITEE J1 0 ~ 12.5 kPalf JE 45 2 50k
e RAA, FLBEE BRS040 2 805 37 5
o MREER AR (18.57% ) TR 45 250 KM B
fE12.5 ~ 25 kPa; (& . ARERL S &= 0 48 R AR
T BEE RT3 0 2 TR, BDBEE 138K
FE 4 728 T8 B Wi s /)y 5 R R i BHUAE25 ~ 50
kPaZy Bt i, 4R R B0 E LT AN 0B . BikL
v i 1P o A= & = AR T G i e £
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Table 4 Compression coefficient of black soil relative to clay content
FHEE K A JE45 Z L Compression coefficient (kPa™)
Water content  Clay

(%) (%) 0~12.5 kPa 12.5~25kPa 25 ~50 kPa 50 ~ 100 kPa 100 ~ 200 kPa
20 18.57  0.0016 +0.0003Ca  0.0035 +0.0013Aa  0.0021 £ 0.0003BCa 0.0028 + 0.0001ABa  0.0012 + 0.0000Ca
29.37  0.0014 £0.0004Aa 0.0011 £0.0001ABb  0.0003 + 0.0000Ch  0.0006 +0.0001Ch  0.0010 + 0.0001Bb
56.33  0.0013 £0.0004Aa  0.0010 = 0.0001Bb  0.0003 + 0.0000Ch  0.0004 + 0.0000Cc  0.0002 + 0.0000Cc
30 18.57  0.0066 +0.0013Ba  0.0135 +0.0027Aa  0.0031 +0.0002Ca  0.0022 + 0.0002CDa  0.0006 + 0.0001Db
29.37  0.0016 +£0.0001Ab  0.0015 +0.0001Ab  0.0006 + 0.0001Bb  0.0015 + 0.0004Ab  0.0017 + 0.0002Aa
56.33  0.0010 £ 0.0001Ab  0.0008 + 0.0001Ab  0.0003 £ 0.0001Bc  0.0004 = 0.0001Bc  0.0002 + 0.0000Bc

RS TRFHNESEHETBLERE-EEEFRAOTHL
Table 5 Compression and rebound indices of black soil relative to clay content
. JE4E5%0 Compression index C, [E] #1454 Rebound index C,
Cljﬁ(*; ) (IS0 o ERES o %Ak i Ak

Low water content High water content Low water content High water content
18.57 0.212 5+ 0.005 2Ac 0.143 5+ 0.005 7Bc 0.020 5+ 0.001 6Aa 0.017 3 £ 0.002 2Aab

29.37 0.375 8 +0.010 7Ab 0.229 3 +0.001 3Bb 0.017 1 +£0.001 3Ab 0.019 0+ 0.000 2Aa

56.33 0.508 9 £ 0.020 9Ba 0.6022+0.017 9Aa 0.012 7+0.002 1Ac 0.014 6 £ 0.002 3Ab

PR SRR HEA (p<0.00 1) . Bk AR THL

TCit &K Ik, Bl R B 8GN R 46
FEB R LTS, RIER & s, R 46 15 B0k
K, HEEBRAESGES (£5) o K&K KM
JE45 4550 T0.212 5~0.508 9], &K
PEI R AR HEH0N 0,143 5~ 0.602 222 0], 3B
Z I 2 SRR 8 B K (p<0.05) , #A
il

RS KR AR, BEAE FOR S = A, (Al 5
TEECR TS, Mg e TR, 8%
LIGAGWE , ARk a2 F A 8 B 3K
T (p<0.05) 5 mEKESKMNT, Mk &R
B 0 1] b B A, 0 R T R AR s A
RV S J P A2 BB 1 3855 o
23 BHR. FREES5ETEH-EHRMEXME

AHLE & AR R SRS REAEA R
FLMEM O R, N F R 5 5 R
-0 BAT R . A MU S R R R E A
KKFR, MBEEAIE & BRI, B4E 5%
4, (AHZEOKEZWE R S KER, =
HAHK I AR B B E K, s S KRR, &

FEARTER) ERARZ BN S KR, YIS RiR S
WM, RAREERK, BN IEA
(p<0.00 1), HEFSKEHLER, —FHHX
KRFERHY (R=0.9827) . AR BB+
[l 3R S S8 R A OG, (BTGIE & /K & e I 22 S
PIRIA B E KT, R MU & 0 5 4 5 aE )
SRS/ R a5 A A ISR EE ) 2 U G
2, [8) SR RO Bt 25 RS B B IR AR, E
ZENEOKE R, KRR 3 R A R
X (p<0.01) , T /KR I 22 54 R ik 5
2K,

A HLIE 5 B 0S  HE TR 46 - (0] #1475 R
R 5 T ARORL Y I ZE AR S B, — A
A BILBS R A T A Jml g A
i 10 1 2 ORI A S B A R A 5 A L
FREEEIEMEKER (K6) , nREEFAHINA
BLBE &t WA 1 R BT s >, ORI
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Table 6 Correlation of compression and/or resilience indices with organic matter or clay content of black soil
At eI A KR A PR LIPS 7

Variable Index Water content ( % ) Correlationship Correlation coefficient P
LB C, 20 »=0.001 9x + 0.137 9 0.638 0.065
Organic matter 30 y = 0.000 7x + 0.185 2 0.931 <0.001
(gke™) C. 20 y=-6x107 +0.030 1 ~0.279 0.468
30 y=-3x10"x+0.0329 -0.243 0.528
Fhokr C. 20 ¥ =0.007 3x + 0.112 4 0.994 <0.001
Clay (%) 30 y=0.012 4x - 0.106 3 0.940 <0.001
C, 20 y = -0.000 2x + 0.023 5 -0.916 0.001
30 y=-9%x10"x + 0.020 0 -0.457 0.216

He oy, EHEHELERIEE; x, AYLASESFR &, Note: y represents C, or C,; and x represents organic matter content

or clay content

YL o BERRAR 78 - 398 [T 45 b A v 0 B A00R 8] 1Y
JE IR T Husy o B2k B & AL AL RS, B0 4R B
A L2950 (H M i A2 B S OK R . A
URAIE ST [B] 5 BE ) oA 32 B AR BILT & A8 1k 1Y) 1 355
m, I N TR, %X 5Zhang%s A
Arthurs 2 BOBEFE S5 B — 50, I A WL R 5
TIEAIR G T TC H A e, R e 2 R A A [A)
FEAE 2 K A ok A% . L mT BB IR S A B9 b R 1)
BNTIRIMA YR T, SEFRatrscs, A L%
5 R gBOR R A S G B, RiSREIRA, Il
RE 1 I R B A AL 5 R A HG I 3R IR 3 s e

B L R B OISR ERI T A o, SA LR
AR, HEEES T, X I I ) 2R B R R
W Y DUERRIS I R R 4R g (L)
SER S EZASEEMEXR S, BHEEEN
T B B AR T, (A R K
T8 00 T HEHUIE F1 AR I E f I s Y ASBIRST
R BTG &K S AL, R 46 BRI RE 4 R
BN b DI NT(TE: .ty NN E =R = A B e 5 € 5 S
P AE 70 5 EL [ 5 D) it 280 5 ek 8 15 o o o
fiK, &KEBAL, [BISRRET B2 R B e T
[ A SR 22 ik 5 A B E L I SRAAR ] A 7K 9342 i o
P SR 2 fh v AR ple 20 L MUK T S U
L[] B 235 G KRB JEE 3 i AR - A R B A
HFERE 22 18] 1) 32 HAE F X+ 124 2807 4 KR T
-2 I

AHFFE AR B K AL B2 O M R K 2
40% , LT A RARII KRR, AT SRR ) 1 B 454

FH 3 EARA T HUTR R, T X b 58 B AR AR IR
5 B T SRR LR RIS A i AL
15 00 % A AN SE P RS A 5 v K Ak Ak B 24 g A A
BKEEII60% , - 398 AT B (A 18] W 3 3o 40 5 A A s 3
B, S ALBREEVEXKIOK | G LT AR G 2 TR
YER, A RGN BT, (A HLIT R R 75K
A IR VPR AR IRD X 4 [ BT A 114 5 )
AN g 3% . AEBFSE s f AR BF S R 04 1
WA ANUR SR SRR SR R,
HAEMELR ", HAHURSE—E R T4k
W R T B ROR T, — B AKSY
FT, RREREL? . AL FE KA
SRR R B R R, T A KR AL
B Bk = D 225 A X B A 4 - ] AT S 1Y
S R — IR

4 %5 B

A LTI 5 B AR A [R] 75 7K B 2R R T X 1 4
Fe i 5 [l s AR b e 44 A . TR A0 R RS R 2
AR R M AN ], 2 T O b R 4 - [ AT
NIZES: TSR, TR R R A
BT B A 1 oz b o, o 5 KR I SR AR R 3 AR
RS, AU S B R, W) ih R S KU s [l i
PR R AL & AN R B R R, E
PIARIK R F Ko BEEFRL S B, REp)k
A BRI R, 5 O [ I [ 55 R T S S
HARAR AR R B R ROCE R W &
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Effect of Organic Matter and Clay Content on Compression-Rebound
Characteristics of Black Soil

LIN Lin HAN Shaojie WANG Enheng’
( College of Forestry, Northeast Forestry University, Harbin 150040, China )

Abstract [ Objective] The problem of vulnerability of soils to compaction damage is getting more and
more serious, thus arousing more and more concerns. But for long, researches on mechanical compaction in
the black soil region focused mainly on changes in physical structure of the soil. Motivated by the phenomenon
that organic matter content in the soil is gradually declining while clay content rising with cultivation going
on, this study began to tackle the problem of how the soil responds to the phenomenon in soil mechanics.

[Method] In order to explore mechanism of the black soil getting compacted under cultivation and factors
affecting the compaction and rebound behavior, soil samples were collected from a long-been cultivated
black soil field and prepared into test samples different in organic matter content and clay content by spiking
humic acid and water. The remolded samples had 3 levels of organic matter content, i.e. 44.93 g kg™', 69.13
g kg™ and 93.13 g kg™', and 2 levels of water content, i.e. 20% and 30%. The samples were incubated for
30 days under 25°C in temperature and 65% in humidity. Then the samples were analyzed for organic matter
content with the total organic carbon analyzer of the German Elementar Corporation. In line with the Stokes
principles for precipitation, clay particles were separated from the natural soil, fractionated and blended
with the remolded soil samples with known clay content at a required ratio and some water to ensure that the
remolded soil samples had 3 levels of clay content, i.e. 18.57%, 29.37% and 56.33%. From the perspective
of soil mechanics, an indoor consolidation experiment was conducted with the samples for determination and
analysis of compression coefficient, compression index and rebound index and effects of organic matter and
clay content on black soil compression-rebound behavior relative to soil moisture content. [Result] Results
show as follows: (1) Compression index increased with increasing organic matter content. In the treatments
high in water content, an extremely significant and positive correlation was found between compression index
and organic matter (p <0.001) , with the maximum compression index being 0.2463 in the treatments the
highest in organic matter. In the initial phase of consolidation (0~ 12.5kPa) , compression coefficient also
rose with rising organic matter content. Soils higher in organic matter content were higher in potential risk
of compaction. The soil compression susceptibility increased significantly with increasing organic matter
content, because organic matter was one of the most important cementing substances in soil aggregates,
very high in hydrophilicity, and capable of thickening the water film between soil particles, and hence
enhanced compressibility of the soil. But no significant correlation between soil organic matter content and
rebound index was found in both situations. (2 ) Clay in the soil was considered as the most active one of
the mineral components, and higher than organic matter in cohesive force, so it may affect soil physical
and mechanical properties more significantly. Clay content was found significantly and positively related to
compression index ( p <0.001) in this study, regardless of water content, which means that with increasing
clay content, soil compression susceptibility increased, but soil resiliency decreased. In soils low in water
content, rebound index was found significantly and negatively related to clay content. The joint effect of

clay and water on rebound behavior of black soil was quite obvious. (3) Thickness of the water film between
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soil particles was not a constant and varied with soil water content, thus affecting plasticity of the soil,
and hence causing the effects of organic matter and clay to differ, and the two to interact in affection soil
mechanics parameters. Compared to organic matter, clay affected compression and rebound behaviors of the
black soil more significantly. Whatever, further work should be done on effect of the interaction of organic
matter content, clay content and water content in the initial phase on compaction and rebound behaviors of
the soil. [Conclusion] The compression sensitivity increased with the increase of organic matter content and
presented an extremely significant positive correlation under high water content condition, suggesting the
higher of organic matter content, the greater risk of compaction. Rebound index showed a decreasing trend
with increasing organic matter content. Soil compression sensitivity significantly enhanced with increasing clay
content, and there was an extremely significant negative correlation between them under low water content
condition, while the resilience gradually weakened. Compared with organic matter, clay content played a
more significant role on soil compression-rebound behavior.

Key words Soil compression; Consolidation; Soil mechanics; Compression coefficient; Compression

index; Rebound index
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