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Collapsibility characteristics and microscopic mechanism of
Qs sandy loess in Jingbian
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Abstract: The sandy loess in the desert-loess Plateau transition zone exhibits obvious collapse deformation when it encounters water.
The collapsibility of the sandy loess in Changqing Oilfield, widely distributed in Jingbian, northern Shaanxi province, is seriously
influenced by the collapsibility of sandy loess. It is urgent to reveal the collapsibility characteristics and mechanism of the sandy loess
in Changqing Oilfield construction. Therefore, taking the sandy loess of Jingbian Qs in the transition area of Jingbian Desert-Loess
Plateau in northern Shaanxi as the research object, the basic physical properties and material composition of the sandy loess were
analyzed using laboratory basic physical properties, X-ray diffraction and collapsibility tests. The collapsibility characteristics,
influencing factors and rules were clarified. On this basis, the microstructure, pore size distribution, directional frequency and
abundance changes before and after the collapse of sandy loess were explored using scanning electron microscopy test and pore and
fissure image recognition analysis. The collapse mechanism of the sandy loess was revealed from a microscopic perspective. The
results show that the Jingbian Qs sandy loess has collapsibility. The collapsibility coefficient first increases and then decreases with
the increase of axial pressure, and it gradually decreases with the increase of dry density and moisture content. The collapsibility
coefficient peaks at the axial pressure of 150 kPa. Jingbian Q3 sandy loess is mainly composed of quartz, albitite, muscovite and
calcite. The grain morphology is mostly angular or subangular, with overhead arrangement structure and overhead pores, and

point-to-point contact. Clay cements are mostly distributed in the contact areas of skeleton particles. The collapse of the overhead
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pore structure in Jingbian Qs sandy loess is the essence of its collapsible deformation, providing the main space for collapse.

Subsidence deformation, caused by the coagulated structure formed by a small amount of debris particles wrapped in the clay cement,

contributes to the increment of collapsible deformation. The research results provide a data basis for evaluating the collapsibility of

sandy loess in the construction area of Changqing oil and gas field engineering.

Keywords: Jingbian; Q3 sandy loess; collapsibility characteristics; micro-mechanism; scanning electron microscopy

1 51 =

VOB e SR DO FR B 221 BAZR, B L BA
M, BZCE, BTl CAREE R 2 Wm R
XA mE AL R X, EX KEHEE D
VERIT, BARRIE TR, RS
fagais. o, ATt mRILEmD R E X,
AREKRMN. AHTEEEMESESX, Hird
BRI 2 800 AR, KK IE L 8 H
A km, HUEREBIRAL . 202 [ B K 12
F&RO. X TR R X E (D S
IR GRFD BREZEREm, HLiRETY
A3 373 M L RS IR, 18 BBV S R,
R, MEEW TR (M) R hes
Fae LHEKIRA e, Wik, rRE-%+
e SR X D o B - RV PR T SR A AL, X
PR T2 (KD S 2 A fa e S LK AR
PERE A HEE M E ISR o

BT 4 DX SORL AR R A0 AR A0 A BT 4y D o B
+. W FE R MBR L 3 AN AL S AR, Hod,
Wb R R (0.05 mm<d<<2 mm) SEKRT
30% H.ZHE (d<<0.005 mm) & &/ T 15%H—Fh 5
PUZe RSy, HAFLBUR. @K, Ktk
ZE LTI Ee J155 B AK A5 M Al R SR AR
25 0 HAR DLVD - SR U X R R B N
WEFE Xk, HEAT TRV R B L I AR R A
W FL 100, A DAY S B ORI R 0.05~
0.25 mm bk & EKE (5%~25%) , A EH
PR, 8K S R 2 PRI

] P A1 25 2 0 AN ()25 A A 2 R B TR T R
(W7 20 el 30 ALK, KEFKE TIBHKR
Ui EHEARBGERIBE . BEEE R, TR
277 TH AP 0 B AE TR 1. HUTR R VTR A
B R 728 R EERNI, fla, ST
BB A DT T BE R WU K
PRASEUE . ZKBERENUE R R 25 B S AN [ 2 T B
s TEIRRE RES R R 7, Bror IR
B, Qs 7 H7F 200~300 kPa N L4004 3|45 4 J Ik T
71, X F QLI H AN T (EMRFEIRIE K AR
TEAT BT 7 THT, A2 575 A S0 O AN [F) 1R FBE 7 7 b X JE0IR

s E IR YEREAT TS, A2 AR X L
FCF AT A [RIH 48 55 B 055 7K 36 (1 J5UIR 0 e 52 3
o, B T G R A AR AT B 1 R 25
FERERETEVPAN T, A RZEUS), HRAE AR NS5 i i i
ST I R ES B A BB BRI R R RPN B
MR TE. rLbeEsk, B3Rk TERIRT T2 i
RURFE BT 20201, 3 Bk R4 e B — FRIROK
ki e g S Ml EINE R | H ORI Sl
BEE BT TR E—BIRAN, FEA TSR T A BT
TEIBRES . B R, HF07. IREHIR
SULALBERSS T2 A5 H 5 S5 R LR 3
AL, 2R R R R O B R R AL
RISk P (AR, IR AL s
FE 2 AN LT A (0 AR 5 A A BT UG ] 55 FZ P IR 3
BUBRLIE A2 5D AR S E MR R AL, b DRk
e ik 2 X R i 45 7 Xt s FLR B LA o

N, CABRAbSE L b5 -5 e R X Qs b
JRE AW TS G, WBRLAZ G52 e 75 3K
PO A L A, I S SRR BRI X ERAT
SRR RS, WF TR o B A B S AN i
AR, s HAIRERFE, R AT TR
5B - RR B RO EE K b ZHOR A, R
LR AL o BT FT SRR PR B T RE i [X
W AR A TE PR B R SR

2 IR

2.1 FRFLX S HE
SRR X (LE 1D B3R R
WX, D3N E, SR LR EEINLN,
FE Ay KW A2 9 Fe R, ARV A b e AN
BIEZ . W LFRRAARRE, %8 T i
MR X HPE TN Qi RIE+. Q4

B SFARERRS it

Fig.1 Site overview of a natural gas plant in Jingbian
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Table 1 Basic physical indexes of sandy loess in Jingbian
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Fig.4 Mineral compositions of sandy loess in Jingbian

23 RBWAHREI

DR 3 2 IR RE ARG R FH R YE BT A
N WG RUBAT AT [E 254 (L 5), BT TIRS N
$61.8 mmx20 mm, BRIEHT, DLECR 1 KR
7.83%F1 T2 1.69 g/em® FNAKHE, BEE & KK
N 1.83%- 4.83%- 7.83%A1 11.83%, TZE5HIN
1.59. 1.64. 1.69. 1.74 g/cm®, JNEJE /143 BN 254
50~ 100 150. 200 kPa, J&F| i FFe e bnvE AL
2 WA EA KT 0.01 mm. RIEHFE 4 Fi
POKE, A MTEE S MmEIET), HitHREEN
MEREIRES 80 Wk, I8 T UK 2 BN,

[EFi g
SCAREA #) SOkl

e I

!
=
=

B 5 WG B BT AT 451X

Fig.5 WG single lever consolidation instrument

®2 DRELERERRTR
Table 2 Collapsibility test scheme of sandy loess

TIKEI% T2 /(g » em?) £ 71/kPa
1.83,4.83,7.83,10.83  1.59,1.64,1.69,1.74 25,50, 100, 150, 200

3 R

3.1 EZERMEA G
IR IR, SRS E T AR



10 #A

TR VI Qs Wb R L B R AIE B LA T 5 3027

2 Qs WhJii s L1 e-P HhZR Ul 6 iR .

FLERLL e

FLEEEL e

FLBL e

FLEELL e

126

1.24 = RN 1.59 g/em?
122 TN 1.64 g/em?
120 TR 1.69 g/em’

18 & THEEN 174 glem’

1.16
1.14 ..
1.12
1.10
1.08
1.06
1.04
1.02 1 1 1 !
0 50 100 150 200
Hhia 5 ) P/kPa

(a) BKFEN 1.83%

1.22
1.20
1.18
1.16
1.14
1.12
1.10
1.08
1.06
1.04
1.02

1.00 L 1 1 1
0 50 100 150 200

i & 7y P/kPa
(b) FIKEN 4.83%

= FEEEN 1.59 g/em?
FHEN 1.64 glem®
T 1.69 g/om’
& FEEN 174 gem?

1.20
1.18
1.16
1.14
1.12

= THEAH 1.59 g/em?
TN 1.64 g/em®
T 1.69 glom?
- TEERN 174 g/em?

U e

1.10 F
1.08 ¢
1.06
1.04
1.02
1.00
098 1 1 1
0 50 100 150 200
Hhm 77 P/kPa
(c) &IKFH 7.83%
1.18 .
116 - ?Efgj\j 1.59 g/em?
14 FHEN 1.64 gem®

T#EN 1.69 glem®
- TEEEN 1.74 glem?

0 50 100 150 200
19 /7 P/kPa
(d) #7K%H 10.83%

Bl 6 NFT % BT FLER bbb i K 232 h 2%

Fig.6 Variation of pore ratio with axial pressure under

different dry densities

HE 6 W%, FRAInER, FLEARRAD IR,
MRS R, R B R A R e kL
Beahr= AR . B R B A — b 4, fL
BRI S AR, LR BUZE TN . LB
HOK ISR B, H RS Z ST L, e-P
MG tE e TP, F—HmEN T, THE®
K, e-P WHZRHFLE, RPATEEBA, LhEH
MRS, H e-P HhZE T LAG BIAN R T2 F ikl
Qs Wbt 8 L M R A VEAR bR a1 3R 3 B . FHER AT A,
NI Qs bR B L& T b R i b o TR LU A 1Y
J&, R 3P EKEN7.83%, THEN 1.69 g/em?
SEFRE CFRD AR 20 R 48tk fabr, HR
O EE R AR REAS B ) R4 PR A

R3 BRATEHEERER

Table 3 Compressibility indices of sandy loess

EIKH % ,3 JE4F A5 R/ MPa™!
(g * em™) a1
1.59 0.14 14.72
1.64 0.14 14.03
1.83
1.69 0.15 13.86
1.74 0.15 13.57
1.59 0.16 12.58
1.64 0.16 12.62
4.83
1.69 0.17 11.72
1.74 0.17 11.45
1.59 0.17 11.07
1.64 0.18 10.80
7.83
1.69 0.18 10.69
1.74 0.18 10.27
1.59 0.18 10.38
1.64 0.19 10.28
10.83
1.69 0.20 10.05
1.74 0.20 9.88

3.2 BRI
3.2.1 WM RES s A R AR A A

TE R AR RFPE A AT (A L, 33— 250 HT i Qs
WO B8 VR AR, T DAAS B A [R]85 B 2% A
NoeP HiZk, WK 7R, HEWR, AFETHE
RN Qs Wb EE L MR R R EUBEE i R
(30 BN 5 v N s, WEREAR T 2 2
DL PR 2L Bl ) ) R AR RS 3G N ZE 100 kPa
I, R R AR f A R ) E R, 5P R
BbE, RIS TEIREIEIN . Bl ) R B8
WERZE 150 kPa, VI FRE b Fl ) & ) v 1 d A
2%, 6P MR T L, Mk /I7E 150 kPa
IR REOSFIEME, RIDBIERIVIER R,
FHhhA RS bR, B REORETERN, R
TEFEAS TR BRI/ . IX A H TR /K 5 4 1) K



3028 P + Val 2 2024 4F

0.08 - % . )
HALBRZHTHE L2, MRFA IR o
0.07 | Gt [F)— T FE R AR & 7K R IR A F 400 il )
0.06 L JEAAhE:, WA 8 B, HERTHL, ANFEE K
5
Né 0.05 | ~
g - 0.08
= 004 - o T 7'7 1.64 glem?
JF%?Et 1.69 g/em® 0.07 |
8 0.06 |
0.02 1 1 1 1 ﬁ N
0 50 100 150 200 \24;1( : ﬁﬂji?g j‘ggzﬁ)
Hii 71 PlkPa = 0T SRR T83%
(a) HKEN 1.83% * 5K 10.83%
0.08 ¢ 0.04 -
0.07 | 0.03 : ' ' !
0 50 100 150 200
0.06 | 4l £ /7 P/kPa
8 (a) THEN 1.59 g/lem’
ﬁ 0.05 - 0.08
-g
B 004 F 0.07 |
0.03 | w006 F
0.02 L L L | ‘f&; 0.05 | A
0 50 100 150 200 = - ﬁﬂﬁ;g 1.83%
: 004 | > 5KE N 4.83%
4l I /7 P/kPa IKEEN 7.83%
(b) AKHH 4.83% 003 | & EKEN1083%
0.08
002 1 1 1 1
0.07 0 50 100 150 200
0.06 | i) £ 77 PlkPa
» (b) T#EEN 1.64 glem®
= 0.05 007 1
o 0.04
paig . o
B = TEE 1.59 glom? 0.06 |-
0.03 F O TN 1.64 glem?
FHEH 1.69 g/cm3
002 F & FEEEN 1.74 glom? g 0.05
0.01 : L L ! ‘ﬁ; 0.04 KN 1.83%
X = . ~ - /KR .83%
0 50 100 150 200 B o KA 483
A £ ) P/kPa 0.03 +E7k§f783%
03 10.839
(c) BKERT183% AN %
0.08 - 0.02 | | | |
007 0 50 100 150 200
' HhiE 47 P/kPa
0.06 | (c) T# A 1.69 g/em?
g o005 |- 0071
& 0.04 | 0.06 |
H = TR 1.59 g/em?
0.03 |- O TEEN 1.64 glem? 005 k
FEEN 1.69 g/em? ;g :
0.02 | - TEERN 174 g/em? %
& 004 |
0.01 ! ! ! ! =] = EKE Y 1.83%
0 50 100 150 200 o GIKEN 4.83%
0.03 | TKEF 7.83%
1% 77 PIKP,
HAIRIETS PicPa & 5IKEN 10.83%
(d) H7KEHA 10.83% 0.0 . . . .
B 7 AT T R RSO B e B AR 2 0 0 1o 150 200
Fig.7 Variation of collapsibility coefficient with axial Wil )y PlkPa
pressure under different dry densities (d) FHEH 1.74 glom’
" B8 RIS 7KE TR R B B 73Rk 22
JIA N, RiRFLBR SR, R EIRHE R, b Fig.8 Variation of collapsibility coefficient with axial

FLER IR A N fLIR, % jji KIEHEHT, pressure under different water contents



10 #A

TR AR S Qs b T VR B AE A HL MO LA AT T 3029

HAEM L Qs P T IR RE A B b o i 17 T
TGN B G InR NRES, TRRE AT fh2k
S .
3.2.2 R A BBE S AR AR

LB KFE AR, BEABOINAZR, 53]

009 = KT 25 kPa iR 7759 50 kPa

I E S8 100 kPa - il [E 7724 150 kPa
A & 7724 200 kPa
0.08 | .\‘\’\‘
0.07
=
we 006 -
}E/'E
005 |
0.04 |
1 2 3 4 5 6 7 8 9 10 11
FIKFE W%
(a) TN 1.59 g/em’
0.08 - HiAl & 7379 25 kPa 1o 7379 50 kPa
I 7709 100 kPa - ffif] i 772 150 kPa
1) /174 200 kPa
0.07 |
0.06 | ’\*\0———0
5
ng 005 -
{mm
B 004}
0.03 | .\-\.\-
002 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11
EIKE W%

(c) THEN1.69 g/em?

U Qs WP B A1) 8, - w AN 9 P ]
KN, I A IR R R B S KR hnE
s, - w R 2P HAM TGS, fhk
PRI IR, BB KR Qs WP 5T 7 £ AR R AR
MR/ o 8 7K 00T 38 0 e P PR S e 3 S %

= Jifia [k 7779 25 kPa JliIR1 1 7779 50 kPa

0.08 -+ HAE S 100 kPa - Hlif £ /1249 150 kPa
i & 7724 200 kPa

L — ——

0.06 |

«
?ﬁ 0.05 |
&E
B 004 |
0.03 - .\'\-\_.
002 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11
BRI wi%
(b) THEN 1.64 g/em?

0.07 = M) &SI 25 kPa A1) FE 7729 50 kPa
1A K /39 100 kPa - #li ) K /74 150 kPa
1A & 7724 200 kPa

0.06 |

;;; 0.05 |

ful

= 0.04 F
0.03 | __\.\.\-
002 1 1 1 1 1 1 1 1 1 ]

1 2 3 4 5 6 7 8 9
ErIKE wi%
(d) FHEEN1.74 gem?

10 11

B9 Bk RERE S KEAR L

Fig.9 Variation of collapsibility coefficient with moisture content
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