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Experimental study on disintegration characteristics of compacted loess
induced by acid pollution of pore water

LIU Hua'?, GU Hongquan', HU Peng fei', HU Wenle', NIU Zelin'*
(1. School of Civil Engineering, Xi'an Univ. of Arch. & Tech. ,Xi'an 710055, China;
2. Shaanxi Key Laboratory of Geotechnical and Underground Space Engineering, Xi'an 710055, China)

Abstract: A laboratory test on the remolded loess from Tongchuan adopts self-assembled loess disintegration tester
to study the disintegration characteristics of nitro-polluted loess, and makes samples from the loess with different
dry density, moisture content and nitric acid concentration for laboratory tests to explore the disintegration
evolution law of loess under different conditions. The corresponding disintegration curve was drawn according to the
data of laboratory disintegration test. The results showed that when the dry density was fixed, the disintegration
velocity first increased and then decreased along with the moisture content. When the moisture content of sample
was 16 %, the disintegration velocity reached its maximum value, and when the moisture content reached 20% , the
disintegration ability basically disappeared. When the moisture content is constant, the disintegration velocity
decreases with the increase of dry density. The effects of dry density and moisture content on disintegration velocity
are consistent with that of uncontaminated samples. The disintegration velocity increases as the acid concentration
increases. At the same time, the functional relationship between dry density, water content and disintegration
velocity and concentration of nitric acid and disintegration velocity were established respectively, and the correlation
among various factors was further discussed, which provided the basis for the design of geotechnical problems and
geological disaster prevention in acid-polluted loess area.
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Tab. 1 Physical properties of soil samples
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Fig. 1 Curve of particle size analysis
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Fig. 2 Apparatus of disintegration test
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Tab. 2 Experimental variable factors
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Fig. 3 Typical loess disintegration process curve
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Tab.3 Average disintegration velocity of uncontaminated soil
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Fig. 5 Moisture content-average disintegration velocity

curve of uncontaminated samples

LA . 0=8% =B
e 0=10% @=10%) 55 1 2%
1.2 | »=12% o=12%{15 2k
T v 0=14% o=14% 52
. - 0=16% w=16%) 5 Hh 2%
e 0T ™ < 0=18% @=18%I £l 4
B < N ©=20% 0=20%3L5 Hh 2
M 08} .
= TS
g6 T
= I Y
T ooaft Ss==
0.2} v
0.0 L . L L
1.4 1.5 1.6 1.7

T /g - cm™
Eo6 RTFEHTEE-THRMEHL
Fig. 6 Dry density-average disintegration velocity curve of

uncontaminated samples



182 [T = S N N

¥ RABFERD 555 %

B 5. 6 AR T3S KRR T Y
i AR AR At 26 1. IR B R, AH ] T 8
FAFT, O3 i R B A S K R B N Bk B
BLSSHE NG /N B, 2 T 8 A B — R {E A
T 459 Ji A T R UK SR I BN s R ] K R
FRAETT 1 320 i gt R Bt 2 T 5 B T )

BEHE A 465 K R B3N, BORE [] 7K B J5E B2
WIS BO% F s, B T AR, KPR
BENGRE N IR, R e ABURE 18] 0] 355 44 e 45 W 1 e P
AR EE A W Ty, B T/, FER BN iR )
[ IF 3R 23 FL R P9 28 OB AR AT e, W b
TRAM, TRFFLE M. 2010 E K R4k 2
IS, A frp — 053 FLBR w3 P, S0 AL RS i i
P BEMREAL, 35 1 WU DL SR A EE B 55 P
AFAE, DT A A R R IR A i R i 55 K R
WMEBLEH NG TR, S oK Rk L0 N
F) 20000, IREEREASAS K AR i

T T AR A, i g R A L
ZORAALBR 254, BEE R T3 NN, Ok
HEZ) BB ALBR B T, Y S B gk ) 9500 /2
Ay, LB AR O, iR A5 T X4
AR AR, FLBUA, BEVEREAR, T
BEAC . Rl T % e 0, FLES S A BURI R T et
AN, WRKEECN, FLBR N SR TR SR B 4
BLAy A, BT EEEE L7 g/em’ (K% E
95.5% )b, FEER MG E KRN, LB E %
305 S K AR M EN PR, ot i R B T 2
BR324 9 /. i 6 B, LUTEE o0 A
BEARDR, BRI o HPVAERR, XA SR AE T B4 i
R PTG

v = ap} (6)
K, a DAREZSH, AHEEGKRFETH o,
b {HFN T3 4.
R4 FESKER o bHE
Tab. 4 Values of parameters a and b at different

moisture content

40
35+ waff afE {2145t £
30 F b HEEDEEAIES
250
20
o
% 15
= 10r
s 5t g
LSS
Y [ 2 (]
= L L
- ® o
-10 F -
—-15 b 1 L L L L ®
8 10 112 14 16 18 20

EIKEI%

7 S¥a bUEHZE

Fig. 7 Fitting curves of parameters a and b
Pla. b 8RR, SKEREEADR, 535
FIRA(T) . (8)BEATILA

- 2 9
a a, + D[m, 7 4(w—E)° +q2+ (7
(1—m)e " (0—E)*]
b= Aw’+ Bo+C (8)

K. AL B, C. D, E| a,
ZHEIT TS, 6.

x5 «EHUMEEH

Tab. 5 Fitting parameters of a value

q. m, ARG,

a, q m, D E R’

—1.548 3.068 1.562  266.838 17.939 0.997

x6 LEMESH

Tab. 6 Fitting parameters of b value

A B (& R’

—0.075 1.022 —5.4 0.977

EAKRE/ N a b R
8 1. 355 —2. 220 0.915
10 1. 301 —1.885 0.963
12 3.297 —4.220 0. 989
14 10.138 —6.822 0. 948
16 15. 695 —7.060 0. 896
18 39. 319 —11. 166 0.911
20 15. 797 —15.023 0. 991

LA A A HORECEAR, e T AR A A
WA ERRFM AR () I HE o b, R)E
¥ a. b EARNAI(6)H P34 i i i 2.

121 :
— = 8%HE . 1.5 ¢g/cm /™
i ——-0-- AR{GH, 1.5g/cm ’,’ ,—<) \
< 08F o
2 e -
%‘3 0.6 o sl o
EE
E=Y -
7 O04F -
o \
0.2 L]
S R
3 10 12 14 16 18 20
EKEI%

B8 SRAFESKE-THAMBEME
Fig. 8 Moisture content-average disintegration velocity

curve of contaminated samples



RUNE S

S FLBUKRIRTS B K il 52 28 0 i e i B o0 183

0.85
080 *.
075 o

a 0=12%. 8%
e w=12%., ARIGY
0.70 [
S L
5 0.65
s i
2 0.60 | .

E0.55 |
i 0.50 |
0.45 | -

0.35 |

0.30

. . .
1.4 1.5 1.6 1.7
T&E/g - cm™

9 SRABTZE-FHREMBEHL

Fig. 9 Dry density-average disintegration velocity

curve of contaminated samples

0.66 1

064 |
g 0.62
A
e
Eaé 0.60
:Ei - w=12%, 1.5g/cm’
2 o058t
B
0.56 |
L 1 \ L 1 !
0 2 4 6 8 10 12
TR e 2/ %
B 10 SRNEHBIRE-FTHREBERML

Fig. 10 Concentration of nitric acid-average disintegration

velocity curve of contaminated samples
2.3 HEBSHEINAMBEZRTNH
AT R, iRZEE YR, BT RA
T WAEST YRR 8 e TR R R E,
BT A% 8 H 50 R B, 3255 58 4 Uk 6]
HIRE s . w] i v A & A A S T S5 R 1)
SR
WP LK BRI g e, EE TR
KA A AR RO AN
CaCO, +2HNO, =Ca(NO,), +H,O0+CO, 4
(9)
Al,O; +6HNO, =2AI(NO;);+3H,O0 (10)
8 MTFHEN 1.5 g/em’® | [HFRE WL &K
JER SIEBL T EKE — iR R &, MES
IKEAIE I, AR A 25 IS BE 0 E uek  E E
TOKEIRE) 1600}, MR R R B K. RIS
Pt 5ok 15 Ju i ME 09 S K 2 5 i gl 28 1) A8 4k
FESAAPRAR L, #E 2B N5 N, AR A e
BN, HITE S KE R 1620 ik 3] W {5 A Al 2.
K E M BE RS, A JSURE [) 7K B JEL B HE i
BRI, AR BE R AE NN T T  E 4  E

A TR Ry AL B I L e o S B NG A
Sy EFLBR X, MWz SN F R e, AR TE 4G
file. SOKERARSEIE N, Uk g EORCIR B A
BERLRIGE P S LE 1, BB ERRAR, DT 3
REEAL. SRR E] — & BB (20%0) B,
FEARAT e i . R A [R) S 1 T B R T LRk
T R V% 5 1 N A FL B /K P4 B0 85 7038, 4 i
BLETH Y HL A RGN, PR b B S B T R
N E 2, WEAVE TR ) W T8 . W
) 8 IR TE — 50 53 J5C 45 0 ok e ke 3 ol ) W ) AR
P S 2 32 TR 1) TINON. AR 3t o KR i A6 3 2R 1) K
BERE .

B9 & KRN 125 TEIRHIE N 8 YT
W) PR — i R i 2, i R T %
BRS8N O AN, T R A A R S B k. il
EHTHEREI, Tk Py Y 4223 £L B 25 44 3 i
FEIE O, R RO 25 40 B A8 Sk i ik 45 4, FLIER
Wb, BEEREAR, KAEE B B BEN 2k,
DR I i i R 5 i o 2 B 1) 384 0T R A . X
PR ) S5 1 F B R T3 el be , R 78 A IR 75 YL Wi
Joi R R AR A ], HL AR A

B 10 HFHE R 1.5 g/em’ | FKEHR 12%
B0 (R B 192 T - S i 2, A R B
B TR VA JEE P 398 g 184 I, 984 e 0% i AR 2% HLAS
g /N MR EELRNB EETY
Ca(NO; ), #l AL(NO; ); ¥ 5 FK, RIJEFEY
oy EAE R ARFLBR N, DR AN IR TS e T ik P R 4
M EHT oA, WAN B AR T S T LR S, b
IKHEN AR R B Ak AR R S Sl T
RN J A UKL 1) 3G 45 58 B s 59 . Bl TR VK 1) 1
m, HE R R, S s, SRt BE
ZEEAG, FLBRKH H R NO, wEWM I, +1ik
HERLI B Ty S R, HA AL A R, il
53R 4 8l - UL 3 1T I B Aur, SR 43 YR 3 T AHE
oA, 7R 00 fuf 1) - UK R TH B B2 &
A% H g1, 17 1F HUfF 89 = J0RE 26 1 10 37 8%
EHREARZN NO, &F, My 82T 8 ik
N EZ, P 8UZ2 KA Wk, b5 5%
WCRERA N, ORI R LG R E L BB AR, B
- 3R THT ) IF 67 LA 2 TR] 7R AR Y 51 7 R A R
[B) W 7 38 . 4 TR ik B AR S AN, R & W B
Sl o B R Uk N R BE A 2, Wk IR BEAE R, A
JIBER /N, DA IR T 0 A Ak ) o



184 o @ OB Bk % % WMHBEARER) %53 %
BE R 00 B W N, S KRR TR N i (4] LYLES L,DISRUD L A, WOODRUFF N P. Effects
BRI R, T T8 TG B K i i o 5 W A 6} 5 /18 of soil physical properties, rainfall characteristics and
lE5 7J<$ w 7:7 12% . JF{{.JE pu 7:3 1.5 g/cm3 Hﬂ‘, wind velocity on clod disintegration by simulated rain-
RIERTK I 5 5 HE R 2 o T 4025 ok 9 3 R fall[J]. Soil Science Society of America, 1969, 33
25 302-306.

o Pt Qet (11) [5] GRABER E R,FING P,LEVY G J. Soil stabilization
] o in semiarid and arid land agriculture[J]. Journal of Ma-
Aot P QAR WG ZH g WML R terials in Civil Engineering,2006,18(2); 190-205.
WA Z BB G P =0.655, Q= —0.084, [6] GOEBEL M,BACHMANN J,WOCHE S K,et al. Soil
R=4.492, HRAE R =0.998, ML, wettability aggregate stability and the decomposition of
3 B soil organic matter[J]. Geoderma,2005,128; 80-93.
(7] Z&RE HETV. TEEXS:HEREWHRT]. &
ARSCE S = N R, B T AR T E R A B 2B 2, 2005, 24(5) ;. T4-77.
K Y TR e 1) B 1 ke A fi i 2R 1Y) Ik AR AR LI Jiachun, TTAN Weiping. Experiment of compacted
M HRIZE R B8] T L R4 loess disintegration[ ] ]. Journal of Chongqing Jiaotong
(1) JEUHR B 00 i fop 2R 2 B2 B K AT % University,2005,24(5) - 74-77.
REWGAS R 22420, F XY AR ok R B T8 R [8] o, A K, WM. 7 [m]dth X 8 + i R 45 ok 1 S 30
AT A 5 7K 3 i 3801 52305 0 0 s TELT ) RVEHA G LA, 2017, 17200, 957100
B A 16 % B B i YUAN Liang, GU Tianfeng, HU wei. Experimental
e T et N i o study on disintegration of loess in different regions[J].
‘ o o 93-100.
ISR BR R RBR,; (9] 48K, B30, BIR. HJ7 60 B L AR BT[] ],
(@Eﬁﬁ"*(’i;”éﬁiiﬂ’] KE . FHESFY M K SCH T TR LB 2017 ,44(4) : 62-70.
filp o R ) AR A R 3 5 RT3 b M ML SR — 3L GU Tianfeng, YUAN Liang, HU Wei. Experimental
El]¥i’JHHﬁfr R E T % B nm s, WES research on disintegration of the Heifangtai loess[J].
IKER BB N B NG N B IR Hydrogeology & Engineering Geology, 2017, 44 (4)
YeLUIG, i PRS0 45 ok i e, i TR R R ) 4 62-70.
TSP 359 i fode i 28 A B 184 . [10] ZEgde WK, IR, W LM R B[], &
H 1% 5 TRE2EAR 2009, 28(S1) : 3207-3213.
£ %Ak References LI Xi'an, HUANG Rungiu, PENG Jianbing. Experi-
(1] XAk kasah. P 4[], MR 2e i, 1962, 42 mental research on disintegration of loess[]]. Chinese
(1): 114, 16-19, Journal of Rock Mechanics and Engineering, 2009, 28
LIU Dongsheng, ZHANG Zonghu. Chinese loess[]]. (S1): 3207-3213.
Acta Geologica Sinica,1962,42(1): 1-14, 16-19. CIL] SRR, XS B, SIANME 7. 216 o j e o i 36 A 5
(2] . oo ] B T 04 K03 T % 53 A 4 53 1 ARSOU TR, 2018, 45(3) :93-97.
(DT, db 3¢« o A SR 2L S B L 2008, ZENG Qingjian, LIU Baochen, ZHANG Binghui, et
BA Jin. Study on the long-term trend and spatio-tem- al. An experimental study of the disintegration charac-
poral distribution of acid rain over China[ D]. Beijing: teristics of red clay[J]. Hydrogeology & Engineering
Chinese Academy of Meteorological Sciences,2008. Geology,2018,45(3):93-97.
(3] ¥k, 224 U 2emh. 35 4 o I 4 J8 o fo i 2R AR fb [12] F353E, mifh, S a8, 2600 77 35 1 R 6 30 3% + 13

AR R ST [T ], K L O R @A, 1995,15(3)
20-27.

JIANG Dingsheng, LI Xinhua, FAN Xingke. Research
on the law of soil disintegration rate change and it's

effect factors on the loess plateau[ J]. Bulletin of Soil
and Water Conservation,1995,15(3): 20-27.

e I 5T [J ], & £ 5%, 2011, 32 (11):
3258-3262.

WANG Jinge, XIANG Wei, BI Renneng. Experimen-
tal study of influence of matric suction on disintegra-
tion of unsaturated remolded loess[]J]. Rock and Soil

Mechanics,2011,32(11): 3258-3262.



%2 W XA, S FLBUKIRTS YeiFs & i 508 4 i A AR I i T 185
[13] k4%, FEAERH. ARIRTIAE i A 52 A 1 e fd AL 1 38 38 F mental study of static disintegration on unsaturated soil

[14]

[16]

50[J). %A+ 7% ,2013,34(6) : 1668-1674.

ZHANG Shu, TANG Huiming. Experimental study
of disintegration mechanism for unsaturated granite re-
sidual soil[]]. Rock and Soil Mechanics,2013,34(6):
1668-1674.

B0, REAEAE B E AR, TRTT Y S M T AE K 8 AR AR 4
VR IR IR A ST [T ], KR 5 i 50 A 2% i)k, 2017, 15
(6): 194-198.

JIN Xu, XIONG Chuanxiang, ZHONG Fulin. Experi-
mental study on disintegration characteristics of granite
residual soil under acid pollution[]J]. Journal of Water
Resources and Architectural Engineering,2017,15(6) :
194-198.

BRAR, B, BRI HE. — bl E 1 398 i it 3 25 00 07 1
[J]. +:3§8,2013,45(6); 1137-1141.

CHEN Dong, WANG Daojie, CHEN Xiaoyan. Meth-
od to show dynamic process of soil disintegration[]].
Soils,2013,45(6): 1137-1141.

WANG N Q, WANG Q T, XUE Q, et al. Experi-

[18]

[J]. Applied Mechanics and Materials, 2014, 580-583
68-72.

KB, XD sk e B, BT 4 R AR E N
W W T [T & + T & % 4k, 2008, 30 (10):
1477-1483.

ZHU Chunpeng, LIU Hanlong, ZHANG Xiaolu. La-
boratory tests on compression characteristics of soil
polluted by acid and alkali [ J ]. Chinese Journal of
Geotechnical Engineering,2008,30(10): 1477-1483.
XBLHE , BN, SRR, TR S Gt 1 Bk oy B I 1)
ENWARBF LT ] A+ TR 2R, 2008, 30 (8):
1213-1217.

LIU Hanlong, ZHU Chunpeng, ZHANG Xiaolu. La-
boratory test research on the basic physical properties
of acid-base contaminated soil[]]. Chinese Journal of

Geotechnical Engineering,2008,30(8):1213-1217.

(% AAFRD

(k3% 177 30

[13]

WANG Qiyao, LU Ganggang, ZHANG Yaguo, et al.
Study on the deformation and force characteristics of
utility tunnel crossing ground fissure with the large an-
gle[]].]. of Xi'an Univ. of Arch. & Tech., (Natural
Science Edition),2019,51(6):825-832.

ZHANG Z,HUANG M, WANG W. Evaluation of deform-
ation response for adjacent tunnels due to soil unloading in
excavation engineering [ J ]. Tunnelling and Underground
Space Technology , 2013, 38(9):244-253.

TEORHE  MRAE R, BB AR, 55, 25 BRI BT VI i Bk 4
FEEXF SRR N5 AT A4 (). S 1 5 TR
1% ,2017,36(1):223-233.

LIANG Rongzhu, LIN Cungang, XIA Tangdai, et al.
Analysis on the longitudinal deformation of tunnels due
to pit excavation considering the tunnel shearing effect

[J]. Chinese Journal of Rock Mechanics and Engineer-

[14]

[1

]

ing,2017,36(1):223-233.

ZHANG Junfeng, CHEN Jinjian, WANG Jianhua, et
al. Prediction of tunnel displacement induced by adja-
cent excavation in soft soil[J]. Tunnelling and Under-
ground Space Technology, 2013, 36.:24-33.

) RSO A = R SR AN TR Ry VA N TS e o
I3 0t e V) IR 2R T ) R s ST [ ). b R gk B
#,2016,37(3) :53-60.

ZHOU Shunhua, HE Chao, XIAO Junhua. Energy cal-
culation method for deformation of shield tunnels near
metro due to foundation pit excavation under staggered
platform effect [ J ]. China Railway Science, 2016, 37
(3):53-60.

(% AARFRD



