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Self-weight collapsible characteristics of loess in Xi'an urban area
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Abstract: Based on the results of 12 large test pit immersion tests of loess and indoor collapsibility tests conducted during the
construction process of Xi'an Rail Transit project, the self-weight collapsible deformation characteristics of loess in Xi'an urban
area are systematically studied. The results show that: (1) Within the urban area of Xi'an, the collapse of each landform unit,
from strong to weak, is in the following order: Weibei Loess Plateau>Chanhe Tertiary Terrace>pluvial tableland>loess ridge
and depressiona>Shaoling Plateau (Duling Plateau, Shenhe Plateau), and Weihe Tertiary Terrace. The self-weight collapsible
loess site accounts for 50% of the total number of test sites, and the maximum depth of the self-weight collapsible bottom limit
is 20 m. The loess plateau in the southern part of the city is a non self-weight collapsible site. (2) The deformation of the
self-weight collapse occurs mainly in the Q3 loess layer. Based on the immersion tests, the bottom boundary of self-weight
collapse is mostly located in the Qs ancient soil layer. Only Q2 losses in two sets of tests exhibit weak collapse. The uniform
correction coefficient provided in the current regulations for the Guanzhong region overestimates the collapsibility of Q2 losses.
(3) Distinguishing between geomorphic units and sedimentary ages of strata, the recommended values for the self-weight
collapsible deformation correction coefficients of loess in Xi'an urban area are provided. (4) The measured area of settlement

diffusion due to loess immersion and collapse is typically related to the depth and amount of self-weight collapse. It usually
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does not exceed 1.0 times the radius of the test pit and 1 times —
the measured collapsible limit depth. This can serve as a

boundary for water accumulation around the project. (5) The
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includes five stages: rapid deformation, slow deformation, stable deformation, rapid deformation after water interruption, and

stable deformation after water interruption. The larger the measured self-weight collapses, the greater the daily settlement rate

during the sinking phase. The maximum consolidation settlement after water interruption is 95.1 mm.

Key words: loess; self-weight collapse deformation characteristic; immersion test; deformation correction coefficient; landform

type; depositional age

0 51 7

VR R B R ARG, IERA VRIS 3 1
[PV IF P A TR ) e A B it s R P A SR Hh S
TE K 12 8 2 A (1 A

[T, e IR A AWM EN
JE4E R MR ARG, 2 Z L5012 BRI
Bl RIS FF AL R K GEARI R 4 R VA K]
IR, PRI AR AR ATEER, A
I 22 A KT, Sk, MVE A H T IXIIEIE &
H, DARRE = PRI IR B S T i v i . = Te g
A, I ARGUIR AR SR A e SR B 0 7 i, [l
T = PRI IR A, T R g SRS e, 53T
JUREEF R TR N R bR, IE N AR M)
TE, ENAMFEEITR T REMISR ARG,
HERVEN 7 38 TR FERHE, TR T 5= N E
S, R T HEONEEL BN, SEIEN TAERAT
BURIPEAR 70215, SR TR e S B AT 20 7 =2
.

PO AR PR IX, R PR LA I
WXz —, HIBHEEE S TIAHSE, B E R
AR 5 ER A YE R R A, TR E RN
T 35m, HHTHEF ISR L N T 9~
RSy X ATIA IV 2o VG 223 T HUIE 2 i TR A2 7 %2
WsCRR TSR E, EERRkEERH = KE
TS —, 5T5 RS, WMilipEs
HTREZ NS T2, MM, RE (—#
KT 15m) #E 1 HERERES TREDIMHES. 3
2012 FFLLK, @A fEPUEA B MG E T T 12
KRR IR UR AR, 3 S 7 22 7 X 32 ZE I 3
FICRE AL AT 456 000 H 4 O R R KR,
RGN a2 T X 3% 1 EH IR PERHE, ARHIX T
ERE A E A &/ N

1 kit

P82 X A B AR A LB 2
AR QM) EFHgUHE - (QD. i L%
(Qs*) KGN (Q) Zam LAk higE, 4
FamE R L (QmD, HMHE M E S, —REE
AR, FESPARLE X N 25 ST — 2 L i 2 2 J 2

HE A REE U QD) FEAARTEN
WMy =i, R IR LS IRX T
HIE: PEHGERR Q) ZH+ EENAM{E =%
Bt 2 YR A T S YR .
1.1 REEKER

SNSRI L 1) B B A TEARRE, T
FIE IR IGRA . [ EIR R R IR, A [E
B T IR R IR, 7 e bk TR v
PR e X LIRS R R B R X R
T 12 ARFIIRG R AL, AR 8 4. H
FRAIE 2 . @ LA AR 2 4H, SRR T EEAARE
i, SR, ERYRSE, w1, 2 Bor.

TR 56 37 b P 38 R AE % S5 LR 0125 Bh 2 1 B
S, AYIEIEY B E IR A R ROR HERE N BRI
VR AR A AR I, I R IR KRS . ik
56 14— AT T2 W 100~500 m 4 i [F]— b 35
HIG. WIGHTXT L Z 450 TR AT = IR X
tL, it B AR RGP i A LA 1.

— AR
Bty CF Jie)

W ER

a2 mm B

SO o SR ~ =
] i iy 0 s oy O B oy 5k ) B
- S —m [~ AR

1 RS TR HEE R R KRG E S
Fig. 1 Layout of large test pit immersion test site completed during
construction of Xi'an metro project

NPRAERTTR T DA A b v 2 32 KRR iA
A, 780 kit B EIRMEAHE, WYTERSR
TR RS20 A EREIPRA, —BE



916 a= T

2025 4E

(a) FiHEk6 54k OD-1): 4

(b) PZMPKSTL (ID-2):
RABER; P =%5H

(c) PiZe#bik8 54k (JD-3):
HH; P =55

R H 2B s 3T =B b

B A s
i DEDN i

(d) PicH
IR

(&) PEHEODE (HI-
2): M FiN:. g

W DBRE

20~30 m LL, P21 25 me BT A2 EE A 80 cm,
EGUEAIE — RN 10 cm KIEBR, K2 A 1~3
CimMo

N B 37 b KR B BT 51 RS 1) 4 J2 AR TR AAE R
RIBPA T TEE, Rt AMIAGE T — R5I0
W ORATERR S (B3 (a)). Hor, bR S AT 2
RGO RYTIA 3 AT R R BGTIRATE T
JEFEZ) 1.0~2.0 fFRYLES . WA SR © 25 mm
AR, WITAMNERS SFAT K 2.5 m, XTI TR
PR EARAFR 3.0 m, ARAF LR E — NG R, 1R
TR AR R, JEJHE A 300 mm X 300 mm ) 1E 712
BB, JE 5 mm, BTN bR SN YTR LT 0.8 m,
YT FR AT A HB T LA R 0.8 mo

DR A E A BRI, SRR BEIRE K
F =N 1 E EIRME N IR APRIEHE 5
JEA MRS VB T 58, MR BE Y A 1 2 AR A5
HEBEHHNIMSER (B3 (e)). Hd, AEHTI
BEELINREEE, RAESENE, BEiEA T
PR BT ;s N VA R RS FLIR & B A
2.5m, EJP9AE LI 2.5 m. AR SAME R PVC
B, Mt EE 100 cm, FEFLEREE RN 50 em, F TR

(e) PIZHEK14 5L (TY-
4): EN; HILIELR

(h) FEHMPASLE (TY-2):
YREHE PR : DB EAE BN PEECRELER

(k) PEZHP2TL (TY-1):
MR=EIL; DBIR

& 2 =KX
Fig. 2 Photos of soaking test site

i
(f) Pk SLR (HI-1):
MYt ss: WA

(i) PHLHBKAELR (TY-3): &

i

(1) PIEHK 1452 OD-4):
IR T =S

PNE, MELEEEERER, NETTLIBEE H
B UL AS 32 FLEE - 2 IR

NARGIMIRZEE L RIK O NEBRES, RN
HRHEREAATE T — RIIK T, SRR
AN TR s RIR S o K THIE KA R AR R}
HAMRAFT LK YT-DY-0100 BUfLRE: . £4HIRK
WRIGTFEE R, RIS IZ R0 R LR 3R T K v
S, 1935 E 7K EAAAR & 7K 28 2 18] R B 1 0 B 9%
Fo KA RAN TR 53, 78T R B A
Koyt L, BE KT TAEIER 5, FIHTE
0 2 L AT BHE IR B S5 52, ARIER A R,
A HTEFLNBE R IER, IRk 51 281k
AR,

BN, CRFEKIERRE, M)E 5 d &S
KAERENT 1 mo/d B, (F1EEK. GRa0n 2t
T BUT KGRI AT 30 d, Z&ERE
1.2 AR

AT RIS PRI B AR HUERAT L VKR
SRR IT. HEBHRE (ENEM). HERKE TR
R CEN D7) MR R RS R s,
1R,



%5 B, T X IR A 917
R (RAR
J5) WEB
(1.0D~2.0D)
4
o AR
A BATH
o Kait
________ Bt
R
D=20~30 m
(a) WA AR (o) B mERASE
M BRR
B
| AME PVCHE)
;T WA G
(=]
BHARTE
l:rxﬁiwr ] i :
| [on \kit
I L1 i
X 5cm
(d) B BATBAR S BoK A6 B 1 (e) BAFE LA
B3 iRFmHE. WNERFEFNEREE
Fig. 3 Arrangement of water pool, monitoring instruments and inspection wells
F 1 RS TREELHEE TR ARRITRKARR LR R
Table 1 Summary of large test pit immersion test site completed during construction of Xi'an metro project
[N r E /7 =L N=Nzavags=s
FF i TR R 7 o g;ﬁ/ }ggf/ H =W RH E/mm H B FE RS /m s
5 s - B - ml d £ SEJ e I o R i
. HEINEIE T S R BRI 334~
- 7 15 PRI 2 42 285.4 18. 11.
LID1 PEERO S e =g 2 ey 28 8.5 3 HE
X o Y B R B
g 27 g % ~
2 ID-2 TFHEHhERLS 5 HEE AT = W H 26 51  461—~617 208.7 27.5 20 HH
X S —FE =
D- %z g4 L S 43 360~447 928 295 12
3 D3 Piihk8 54k A B = 30 3 SEH
4 LW-1  PH22ihik 5 548 kA R X 23 43 170~190 741 18.0~21.5 9.5 SEH
5 TY-4 VHRMEk 14 54 RN TE WA 3R 25 48 209~410 3805 20.5 106 HE
X FH IR J7eT DL AR A R0R
- 7 15 hout 168. 107. 1 1
6 HI-1 P4 9 T4k L% SR S 20 51 68.3 07.6 9 9 HE
7 HI2  PEMER 9 SE TEFH T {%’E%fffﬂigfﬂ? 20 42 148~302 523 215 0 dFHE
NN TN
8 TY-2 iihik4 5Lk BH A yan izt 25 34 143~182 8(1ETH) 23 0 IEFAE
9 TY-3 Weibik4 5Lk mEMER TR IR 25 43 74~112  4(BTH 23 0 JEHE
10 TY-5 VHZHER 15528 #i % /DR 25 35 103~132 0 17 0 IEFAE
11 TY-1 pizehhik2 52k MR=% FHRYR 30 35 413 32 32.9 0 JEHE
12 JD-4  FHZHEL 14 528 BUREEN W =i 20 33 301~425 1~2 18 0 JEH=E

e A RESE A IR KB 1 E o



918 s + T

B R 2025 4F

SR ECIEIE

(D 7E 12 Mg, MR = iR E
HEIRMAER L. KIEBIIR AGREG 45 R 6 4
o B EE TS, 6 AN AR B ER G
T NHRVE LRI R (RERRIR. DR
L ORI HZESiRRE, ISR IR AR K
APtk HUEINREERX .

(2) 6 HEHEBHIER LI, H IS0
HERERHEES/DNTENREITEE, HrEREKR.

(3) 6 HHHEIBEMER L, H 4 4 JD-1.
JD-3. LW-1 F1 TY-4) HEIRFE T RIEE KR ST
X HBZ S5, T CAURIL, B EIBREEREA T Qi st
JEF, A 2 Ak Q¥+t (JD-2. HI-1D) KAETH

EERUES O
0 0.010.02 0.03 0.04 0.05 0.06 0.07

f_10-’
R12p |
14/l

16}

18
2044
2&

241
730 30

90 150 210 270
A5 it s/mm
(a) FHb1 JD-1)
HE R REG,5
0 0.020.04 0.06 0.08 0.10 0.12 0.14

.
.
4,

280 0 10°20 30 40 50 60 70 80 90 100
At s/mm
(c¢) HH#h3 JD-3)
HE R REO,
0 0.02 0.04 006 0.08
2
4 -
6 B
8F mi .-
106
. .
o 12
;%% 14
16
18
20
2p¢ |0
ue
26

0 50 100 150 200 250 300 350 400
Z5J &t s/mm
(e) HHS (TY-4)

HIER

(4) MIRIKAETERRE I A1, %% 2H 00— M 75 22
35~50d BpmTAaE, HEAHEBHEERKNEXR, H
HIPREEOS, BT e B AR

(5) NHWSH L ICE, 25 Hh 30 B e (1 MR R 1 5k )
S R AT A B RS Y] = B > R AT R G YR
R > D BRYR CREBZIR  F0RIED I = kb .
1.3 SN BT RAFIE

ARG AT LWL, ) S 4y AR T 2k DA
TEEE, HEARZE ISR B =R
RE 3BT E MRS AR R B E IR R ORI AR T
IR AL 26 4 Frs. (HI-2 436 Bk
R EHEREAVIEE, HWERET AR, Aty

EERUES O
0 0.010.02 0.03 0.04 0.05 0.06 0.07

A5 it s/mm
(b) 2 (JD-2)
EER Y G
0 001 002 0.03 0.04 0.05 0.06
2 s A
4 A
6
ol 4
10 &
E12
i 14F
%16
18%
20F
2F
24't»
26F !
28 I L L L L L L L
10 0 10 20 30 40 50 60 70 80
At s/mm
(d) Hiha (LW-1)
H R RS,

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

(f) 6 (HI-1)



551

T R B A Sk 919

EERUEES O
0.01 0.02 0.03 0.04 0.05 0.06

0 5 10152025303540455055
ZRJE ik s/mm
(g) b7 (HI-2)

i % P91
T mERBON K
FEHGERRO 4

LGRS
O i -3

SRR O
00 x S FIFE MMM
-------- 875 ZE AN
- Sy PN

—m— BT i

(h) HTEH

4 ENEEEMRAKMIIASN S BLERERE T

Fig. 4 Variation curves of indoor self-weight collapse coefficient and on-site measured deformation settlement of layered along depth

JRARRGE I AT D
PL Qs B LRI ZIR AT IH— AT, #5805

e Gt 1~5, 1) 3R Z&aniE 5 fs.

SRV R/mm

160 240 320 400

B—{eRE

-@-]JD-1 —x-JD-2 —a-JD-3
-3-LW-1 <-TY-4 —=-HJ-2

2.6

5 HEGRINIAMA SN SRR BV — ik
Fig. 5 Normalization curves of measured deformation of layered

settlement in typical test sites

a4, 5 Ak

(1) 7EJD-1, JD-3, LW-1, TY-4 ki, iRt
BOKFT 5 R ZE A Y 2R AEAE Qs B, Yk T
Qs RS, RIF AL ELT £2 mm AN . K
IKAPTESMEE R, Qs H LIANKIE Qo Wi 1
TR, HERKAEW R, AR
€. UAE JD-2, HI-1, HI-2 &b, & Qi Lk
T 27.5, 2235, 23.35 mm AR S .

()73 M1 &3 b =5 A IR A B 7 Sl 45 1)1 1)
HERMERE, TREE: OQs # LIk H
R R HCH 0.003~0.058, TEI =Z¢Hri (JD-1)
D B AL 6~8 m RENILEIR K, 73 REUFRY
BN 1169 mm. =2k (JD-1, JD-2 f1JD-3)
B AL IR (TY-4) M3 o0 H 8 70 VR AL 1)
Bl 12 B IR R ECKT 0.015, 5 KN 0.058,

SRR . @Q) 1 LI IS 4 H HIRRE R
g/ 0.015, B Qi L RELUIEEBAE.
1.4 R ELBT A BUEHE

FI A B AEARTT N AMU 1) 3 A% b a0 28 ik
B, 45 BRI 1 U BT A i b R AR A H
i 6 fros o

BB AL O B /m
0 2 4 6 8 10 1214 1618 20 22 24 26 28 30

£ wf
@ 110} g

0
l’Q

%
)
8

[m79)

o W& O Wik
x WS~ FHIE

L%
N
w
<]
0%

2009870

(a) JD-1

BB AL A0 B m
0 2 4 6 8 10 1214 16 18 20 22 24 26 28 30

N/ S e
I ° &
£ sof o
£ .
% sof o g
% 110} 4 %
"—'! 140 - o 9
& 170 S O WiZk1 o W2
T T
ZOOT.Q.-@...S«—‘E O x L3 FHME
230
(b) JD-2
BRSO B B /m

2 4 6 8 101214 1618 20 22 24 26 28 30

0
N I

O S R
sof $-o

g
£ 8ot &0

140 /o

& 20| 3_.,@ o WLkl o W2
. x WR3 P

(c¢) JD-3



920

Ly

E=)

+ T B % ik 2025 4F

M2 BAMIE AR, BEARST o,
B KRBONAR A R, B 1 3 Lo e

BB IAYL A BS fm
2 4 6 8 101214 1618 20 22 24 26 28 30

“10%, —
WA R
E lof &
0w 20 g
& 3ot o/
2wl e
T 40
%2: m& o WRI o W2
" 70 ..@.v-f"Q'""* x W3 CFHME
...... ")
8oL
(d) Lw-1
BE BRSO B im
10 2 4 6 8101214 1618 20 22 24 26 28 30
72222227/ B e
£ o0l 067 "
MIT:I 140 o 9 *
& 190 o /
5240 3 o ° 9
20l ep ™ owmm o wm
" 340%" 8 °
wol  © 0o x W3 P
440!
(e) TY-4
BB Ry O R B /m
100 2 4 6 810 1214 1618 20 22 24 26 28 30
Wz Ia"'l ..... e
10f ;
E Lol /
@ 30 g
s0f /
g 70t
2 oot B o W& o W2
® 1o} -gad x WS o P
130
(f) HIJ-1
BEBSIAYTH LB B /m

10 2 4 6 8 10 1214 1618 20 22 24 26 28 30

BB ®
m% 10 /g
1
8 20 .
= ]
;_-I{' 30 /
g o X g % o Wizl o Wk2
P LBl
sof 5 8 g PR J— T
60
(g) HJ-2

6 BLRRKAIEPIRFTAIMUEAR R T RAT BUHE
Fig. 6 Diffusion characteristics of shallow punctuation

deformation morphology at inner and outer sides of

test pit in various immersion tests

Hi& 6 TN, A EAERTTIL I & 2 e br TR
WL
, SR AT

Hillh

ARG AR AR i 5 b i B HEAT )

— T, 15 B2 RIS I R AR T th 2R an P 7 o
Al AL B A R AR TR BOES . fER7KEIT
AW, R EILBHRAME. /£ 0~0.5D (D Nk
Sk XKW, Ry &R RE, HhimRsE R
JE ) B X3, F 0.5D 7 B AL, Szillith R AT &5/
TAAGTH O AT 30%; 1E 0.5D~1.0D [XIkP, Hb
KA SN 78 1.0D XKLL, R IIEL T
FEARFRE

DA 2 50 0 Sl 5 B R R T BR VR X s s
RIS EE B AT H— A AT, 1530 2% 216 P th
KA MWK 8 . YT KIERAE I 52
me ¥ [l 2 AR R AE 1.0H DL, 5B E KN
FHOC. SN H EWRRE T PRERFEEOR, WRFEEko,
ST S YE FEROK, RZIRIR . 5 FERIR /K 5 M [
Ak TREM R, B B ER A L X, 1
TEAZ ISR AN 1 £ B IR PR DR EE Y, LA 2 i
RKIKTFE

(L-DYID
-10-08-06-04-02 0 0204 Q6 0810 12 14 16 18
0.1 A ; |
_ 021 BOKBYEED | T 1.0D
o3} i |
@‘ 0.4 : §<—0.5D
K05t
506t L BRI B L
2 (08 o= % - e ——
e 0.7 ! :
~ 08 . i
D]I 09} ‘[ —+ID1 D2 -*ID3
< 1ot i/ -0-LW-1 —=TY-4 —O-HJ-1
L1f O-Hl2
12t REEn WYL S

7 BT R L RT3 — Lk
Fig. 7 Normalized curves of deformation around test pit (Based on
radius of test pit)

(L-DY/H
0 02 04 06 08 10 12 14 16 18

0.1
= 021

R o3l

@ 04
§ 05}
iz 0.6}
f 0.7}
o8

09k —+ID1  AID2 xIJD3 -o-LW-1
—=TY-4 —<-HJ-1 -O3-HJ2

FEREE: H

Lot
8 ETLMBETIRRER IR E A RERIT— Lk
Fig. 8 Normalized curve of deformation around the test pit (Based

on the measured self weight collapsible limit depth)

1.5 EFRTHIRE
mekﬁﬁ%ﬁﬁﬁw [ R P A R o s R AR T
JEECR I FE 2R an i 9 FToR



551

Rk, &

. T X I AR T 7T 921

MW FF L TR /d
0 5 10 15 20 25 30 35 40 45 50

(a) JD-1

WL )/d
05 10 15 20 25 30 35 40 45 50 55 60 65

_1_

bLhdb

VIREHR/ (mm-d 1)
[
e

-15+
_g: | 8m --- 10m ——12m
- ¥ —16m - 18m ----20m
=2lr —22m —24m
234
(b) JD-2
Wl Rp 2t H)/d

0 5 10 15 20 25 30 35 40 45 50
T T VR

VUREHHR (mm-d~7)
I
W

(c) D3

W RESE I [R]/d
0 3 6 9 1215182124273033363942454851

)
g
£
¥
B
&
=
(d) Lw-1
W Wi Ryt [R/d

0 5101520253035404550 55606570
2.’ ~,< X (T

ViR (mm-d )

W RESE I [R]/d
0 510 15 20 25 30 35 40 45

VUREHHR (mm-d~7)

(f) HJ-1

W RESE I [R]/d
0 510 1520253035404550556()65

(&) HJ-2
W QL Bfa: QFL; afa: QEt

B9 RIS TR AR RIR RIRRR R & R AR

Fig. 9 Time-history curves of development of deep mark

settlement rate within strata in different landform units

BRI ISR, S IREALRIIRbR S48 7 TR
HWRUL. 12 NIl FUURGE . 5 KE PRE R TR
KJE FUTRE 5 N B . O Tk B EER
TRKWAS R, M EEEERT, kg
PR BIN, R K R, sRKUIREEERN 33.2
mm/d, KAELET = 3R ID-1 ik ID-2 3
Mk, N 203 mv/d; ID-4 A 19.2 mmv/d. Rk
Ty AL 1 S AR T & 53 50N 285.4, 208.7, 380.5 mm,
MRS BB OR, PR T BT s A prs .
Q@ T B FERIKD NIBRNE, EHTHIEA
R, DETRBHEE RE, BER EIREEH .
TEAZBY BN, DRI 2 il 28 2 I BB R E, TR
HRAAE DT PR IUEN B, @25 5 d 1)
EFEEDNT 1 movd B, ENTUREHE, RbuE
1ER K . @5 K JE POE Ui BE: BT T ARHE K [ 45,
DIFEER G IR, X —URNIEREHH JD-1,
TY-4, HJ-2) WL, SAUIFFEZREN 23.3 mm/d, K
AAE TY-4 s ID-1 Mk, SRUTREE S 10.63
mmv/d. KA HLIFA A% R AR KN %), BLID-1,
ID-2 M, 457K JE R R A AR AT K S 10 do 3X—
AT R R - B2 BRI ) YRR 2 R S
KR M. ©Xx/FHESE 5 d WP TIENT



922 =

+ T B % ik

2025 4F

1 mnv/d I, BEAASKIE R UTRERT B =K1 1E
RIS

DX TTE KB BRI KB B, 2 Akt e s
BAC AR TR A B 10 Fs.

360

330 myKHBE COEKEB

£300}
\E 270  |20.5 95.1

H 3ot 5.1 746 ‘
25.1

0
JD-1 JD-2  JD-3 LW-1

TY-4 HF  HJ2
10 FEINKE PEHEM BRI DI BRI R TR

Fig. 10 Summary of shallow punctuation deformation at center of

test pit during characteristic stage of various groups of tests

15K G, FEEARIR RSN TD-4 37 Hh Py [ 45 00 b4 2 A

K, FE 95.1 mm, &HEEIRHEARILER 28.7%;

MG YIS TT HI-2 3 [ 45008 23 mm, 5 38

MR B 47.8%; FAR A 50 1 [ 45 Ui e 4 7E
20.5 mm LA, /NTERRERTEER 7%

2 ERSNEFRERFFIET L
2.1 EPSNARIESEE R AL

LLBRETHO AR AR TR« 1 T R
S LTS “SEIE ™) SRIBRTTE S I i
FRHURE, RIBBATHL B, 36T % AR A
GREIEE R EES S o R SR
A7 (LR RIRR T ). LB R g
TETI SR S RE3E R 11 .

0001 ]

B0 o V=G

a0 o H R

400¢ A A AL
E ggg I < R S
I~ [ * HIAARE

r <

‘["'K 160 | + ﬁblﬁiﬁ

120 ¢ *o . o MAYE

80 x x ”

i . CIN PN

o—— .. PR RIEX R

770 100 200 300 400 500 600 700 800
HEAH/mm

" TR R TP B E R SNESHEERXR
Fig. 11 Relationship between measured and calculated values of
self-weight collapse deformation in different geomorphic units

H P 11 AT, 37 i S R R AR AL T F 7 1L
PER AR LT, RIRTE p 42 IR R BORE T AR A 2
TAREZAVEREOR, (HS AT i N, RIIAT A
Wl T VIR AR A P AR A R RE . LSk
DA AR A AR BB, IR R R R 2

TR AT, ¥ 150~200 mm i, SEZill{E A 32~107.6
mmo. 4SMMEAINT, N 200~285 mm K, THEAEN
300~740 mm, %%,
2.2 WXTREERK
1) FH SR RA SR A5 380 25 3 i ) S0 AR T A% 1
R, BARTESN
A

B =5—= o (D
zgzsihi
i=1

X B RNEBIAEIEREG A, NRGTH O B AL
PR SEAS TS (mm); S, A= RIS TN 2 )
50 E LI EERREREG b O8N E LR E (mm) .

X A RIS T, ATt 1~7 AR TAS IE R
5, W 12 Fios.

1.6 - 480

1.5 COBBBERK 1450

1.4 —= BHIWAEE 1420

13} 380.50 s 390§

12+ BBHBBIE] 3¢, &

1if B4 RYBy: 09 {33018
B 1o, 04 X | 13008
K e i Y ety i | BECEEER R 270 &
;‘g 08 o1 {240 E
2 o6l T80 2
o5l 6 150 &

0.4 325 112

0.3 230 190

0.2 0161 60

01k -+ F-FH-4-1-FH1-1- ET 130

0 I 1 1 + I I I + 0
51| 152 | 113 ‘ 1|2 13 ‘ TN ‘ TN ‘ TN ‘ TN ‘ i1 52
JD-1 D2 |ID-3lLw-iTY4lHR1|  HI-2

12 FERETHASERZMTNERELS
Fig. 12 Summary of deformation correction coefficients and
measured deformation amounts for various tests

Hi P 12 AT

(1D ARSI, BRI R B, B E
LT B3> = R >33 5 AN 6 35> 3 5>
T 3582 B g A ARG ) = R M R A .
s, SRR P =20 (JD-1D G R (HI-1)
AR TASIE REE 0.58~0.94; BLRHE, P =%
Pri (JD-2, JD-3). WG (HI-2) HFHITiae
B IEZH0N 0.16~0.41.

(2) [Al— B BT rh, &R A ) 2 47 Hh i) AR
TS TE AL B, TE1E W 25 5 . LU =24 (JD-1,
ID-2, JD-3) Jyfl, HoPmifs BAHILL, SEN{E Y 92.8~
285.4 mm, RFEEZIKIAN 11.3~20m, BHIBIER
# B, N 0.16~0.94.

H AT h i gs AT AE 1E R4, 7E4RIE
DR SRR 2, Toidont HARY 1 ) B B IR R
FHEREAT & FEPFOT -

2.3 EZERAFNRKNERIIBERETHEILL

M3 B UTFEAR st AT B S R R AL 3 2



551

T R B A Sk 923

i, SiaENWREITFRER, X703 MLz
(Qs ¥t Qs dr LM Q3 4). USRI (B
Moo BEEE. ARG D, Ml E A oA
IS IVES SN B RE

o[ e =
wol B3
420 s ?EilEﬂE 2 y=1.4x
g a0l * BRI ER
| a0k 2R (I =49 H) y=1.1x
X 240} S MAEM R R R "
’ 180 + g e =10k
120} e
e
0F N i i
0 2I0 4I0 6IO 8I0 l(l)() 1I20 llll() 160 lill() 260 2I20 2;10 2I60 21'30
HEAH/mm
(a) Q¥+
ﬁg [ o PH=HEH )
100f © HLRE - y=0.9x
90 2 JHILIE
g gg * PERTEBAYE
2 sof
w40}
30
20}
10F .-~
0§>::'0""<*‘“'A! ----------------- P S— P S——— [P —
_100 10 20 30 40 50 60 70 80 90 100110120130140150
HEAH/mm
(b) Qsify 13
‘;‘6’8: o PEEHH e
bol © amu /// y=0.9x
E 2401 * WERTHBIEE
@ 200[ BB RER R
= 1601
# 120
80
40 T
04»1‘-!—--0-3-‘ ----------------------- -: ———————— t ------------ ‘— --
_400 5I0 l(l)() 1;0 2(I)0 250 360 3;0 4(I)0 4I50 S(I)O 5;0
B /mm
(¢) Q¥+

13 TEMI AT 3 FFETENBERRELINES
HEENXR
Fig. 13 Relationship between measured and calculated values of
self-weight collapse deformation of various characteristic
soil layers in different geomorphic units
HP 13 AT
(1) Qs HAEMIIHLIMAL L EAMIIRA . =
WA AE — B IR R R AT =R i,
SCME AT AT L BB S &R, BITHEREOR,
S o R TR RO, KRBURTPAE (0.9~1.4) it
SAEVAN . EYRETHAR QIS b, SCE AT TS
TR BIR R, HI-1, HI-2 it EE R 87,
125~182 mm, SEPIEY 63.15, 26.7 mm. HI-1 it

WS RN, T SEIME R MR K, X — B R ARy
R S N B AR . XS5 R A —
BTG N, Qs 3 T INR A TR K R g 14752 31 534
DUREREE RO 75 52 I

(2) Qs 7 I S E 5 = W THRE TE
BRI R. HE 4075, =HNRKAE Qs H1E
1 H BB R BT RER T 0.015, JREEEE 0.04,
H2% H BB, = IR AT B A RN 128.6
mm. IR FEF, LA EN-3~0.45 mm.
WYUK T, Qi LIEEREATE, RRAELHE
I

(3) Qo W HANAEUA G IR F T = i
(JD-2) AT R R . HARHRE A5 2
() Qa ¥ 14y E VB N-0.4~0.3 mm, FEAFE. 45
A 13e) A 4\, 7R =M SR (JD-2)
i, T Qi RIEELURIE— 2 Qi t, HAE
TERE R 0. i KT 0.015, KN 0.072, B&5RH
HIRFERHE, BN U EAE N 329~526.5 mm;
FLBRLL e e Ky 1.2, FRIHH 7Y R R BHREE, fFTEAH
XF 753 A AR TR A A o SR, Qo 3 LS AR T &AL N
19.5 mm. EMFGYE (HI-1, HI-2) ttih, F—2
Qo ¥ T 1H H EVR I R AL 0o B KN 0.041, = NIRFEAR
A EAE S 59 85, 39~113 mm, S5 5] K
23.95, 16.15 mm, = PN AR 21 H B IET
R ZESR,

Zil, Q. Qi HIEMELE Qs LIIRIK
MERARFIEAE R 22 5, 25 1 o R FE 720 1 2 T A
Wy A e PR R
2.4 FEARANKHOTREERBRESE

VP AN [ 35 R T & SRR AIE 2 VR R AR T
BEJ1, $EH R Z VIR AR B IE 28, Bk
HEW (2. W 3 BEFE L Z RS I R %L
5N TS AR T B R0 B 37 S AR B 1R R . 9% &R 1
14 fis.

' AZSj
Biy== o )
Zgzsihi
i=1

Refi: fl, N BTN RS ERE: A,
KRB SIREINE | R R R, A
LS P 2 G R TR . BB
SRk

TS TEN, R R T
E M b 5B Qs 1> Qa B b>Qu i LI A
(. BAHSATARTRIAC, R4 FASE L2 0
TS TE MO TR, B T

(1) Qs F-EMATHALIE RBRIb SR L



924 HoE L OB ¥ M

2025 4F

[ AEE— e X R R, Bk EELIE T AL - 35>
2B b S > R R SR> VR A SR SR KRR AE . HE
Hh ] = B R R T AR IR Qs 3 LA
BIERECN 0.79~1.43, REMSN 0.72, WG
A TEAE IE R EN 0.15~0.73,

L6r S BHBERR ’
AT —— ENETHRE W]
& 140, - WETWERRE |1
M 1 l1os 12 1.18
Hl_l_i——k—i |20
L iof 13 0.84 07 '/\‘
B ool T2 1f 1
g 08} o5 o8 |
S01} .
E 0.6 r 152
2 0.5 H-A-{-F - B L
® 04+ 2.4
=03}
B osf
*® o1}
0,,,, P B N - N R - I | . . P . -
~0.1 L R L o 225
1 |52 [ 133 ‘ 11 [ T32 1193 ‘ I ‘ 71| TN ‘ TJ1 ‘ 11| TI2
JD-1 D2 ID-3lLw-UITY-4/HF1| HI-2
(a) Q&L
167 - 160
157 S EEEREK 130
& 121286 = SRR |90
ﬁll. -a— HTWELE | 120
& LIf 110
S 10 100 §
‘F{b( 09 190 ==
Sosr g0 I
0.71 70 B
%u& 60 ™
O e e 50
& oaf 40
B 03t 30
B oa} 20
¥ 010 o001 002 ) . 110
O = ~F—— 3% A, 10
—0.1 e i MR ) e P -10
T |52 1133 |31 [132 | 133 LTJI LTJ] L‘ijl ‘TJI ‘TJI [T12
JD-1 JD-2 D-3LW-1TY-4|H)-1| HJ-2
(b) Qsify 152
167 640
15f 1600
& 147 526.5 A BRBERE {560
W 131 —=— ENTHETER 1520
o 127 —A— BZSC AT A | 480
@ Ly 1440
D 10 1400 §
B 09or 1360 £
5 081 1320 g
0.7} 1280
€ o6t {240 &
£ ost 1200
& o4l 1160
E 03} 1120
2o oze 426035 fan
o - 10
~0.1 p b L L L L L L L —40
111]112|113‘111|112|113‘131‘131 TI1 111‘111]112
JD-1 D2 |ID-3lLw-iTY4|HF1| HI2
(¢) Q%+

e MEARBIHEE N0, FEBIBUERKNBBIERK
HRESHR, AF5t.

14 &35 B T hEELRINRNKENEREREERYK
Fig. 14 Correction coefficients for collapsible deformation
considering depositional age of soil layers in various
geomorphic units
(2) AFRMFAITTA, Qs i LRI IER
H9-0.02~0.06.
(30 FERE. T =B A LB S A

Q2 ¥ LA AL IE RECE /N T 0.065 7EUEAR G IHL
i (HI-1, HI-2) o, HARTRABIE RECA M, &
KN 0.41.

gx b, 8 XA DU IR SR BT A R R
Wl R 2, R DAG B PPN 4 22 T X 3 VR P AR T
fE. FEMZUIRB RIS IE RS, HAEZER
AN, HETT R IEL . SEARSCHERIAE R, BT
X 3% - [{ HIR AR TS IE R B Bo HIRfE R W R : @
FRIR ., ADRRIRFAL R JEA EiRFEMH; @Qs
B X F S YR AT 0.9; I =K i 1.1;
HALE: 1.5; ©Qs i HiE: &—0.1; @F—ZQ,
b PEEX, PR = KB AR ARYRE 0.1, G
PEATHL 0.5; ©OF—F QLU T LEAEEAE
MBI o

3 & g

FF i PuEAS B R R s R 12 40K
RPI7IR ARG = LS, RGN T
X B A (PR B U

(D) Paze T X SR N, 5 5 0 R e 1 H o
BN FGARIK N TE AL TE L IF>YT) —= G s> AT AR &
YR>3 R > ADBRYR CRERRYR. #RIED . I8 =2
st [ EEVRREE B 13 o a3 B B 50%,
E IR R PRIRE Ak 20 m; 117 X A B o 3R A 3R
HEREH, 5U4F =N RE A RANE .

() WHHERHREEFEERAESE QE W,
ST Qs ¥ KA. Mk Q¥ HRAET HEWR
Fe, WRFEARTE 8N 22~28 mm.

(3) X EyiBER. BRI S e,
g T T T XV Y IR A IS I R B
WAE

(4) B IR /KR BEAR T snm o [ — A I 1.0
FERARYTEAR R 1.0 A5 Se B E IR . @ITE
H ERIEPE X, PUBESSESS M 1 £ E EIR
FETREE, ROZRE TR K R iB.

(5) B HIBREARI K AR 3 B R PR R,
BT UL FURE . fKEPUE FUUREKE Tt
g S AM B, sl g SR MA RS, R B H
DR TR R K o 157 7K Ji5 [ 45 DU B 2 F K AT I 95.1 mm.

SE R

(1] {ERATER L X @ ShRHE: GB 50025—2018[S]. Jbxut:
B o2 5 Tl AR 4L, 2019, (Standard for Building
Construction in Collapsible Loess Regions: GB 50025—
2018[S]. Beijing: China Architecture & Building Press, 2019.



551

T R B A Sk 925

(in Chinese))

(2] KSEEFE, X4, 0GR, S SRR kA A ESLHE

b3 A8 T 10 B2 B FE (0], S b TRE SRR, 2015, 37(1):
165-170. (ZHENG Jianguo, DENG Guohua, LIU Zhenghong,
et al. Influence of discontinuous distribution of collapsible
loess on its deformation[J]. Chinese Journal of Geotechnical

Engineering, 2015, 37(1): 165-170. (in Chinese))

(3] ZE[FI, BOCHE, XIS, 4. Qi ik A ¥tk /I

EHITHEI]. ACCHB AR, 2023, 50(6): 59-68. (LI
Tonglu, FENG Wengqing, LIU Zhiwei, et al. A discussion of
the test pressure of collapsible coefficient for Q: loess[J].
Hydrogeology & Engineering Geology, 2023, 50(6): 59-68.
(in Chinese))

(4] TR, 8 X, 2K 2L, ARV 3 3 f o R vh A RO

TN B A S TR, 2004, 23(7):
1100-1103. (XING Yichuan, XIE Dingyi, LI Yonghong.
Effective stress and collapse process of unsaturated loess[J].
Chinese Journal of Rock Mechanics and Engineering, 2004,
23(7): 1100-1103. (in Chinese))

(5] Trkefr, MEEL, HFEYE, 55 BRPGI Q: BB

RIGHT T[], J5 8 TR P4k, 2012, 28(1): 1-6. (FANG
Xiangwei, CHENG Peijiang, SHEN Chunni, et al. The matter
composition tests of Q: loess in Pucheng, Shaanxi
Province[J]. Journal of Logistical Engineering University,

2012, 28(1): 1-6. (in Chinese))

(6] ZEXJE, e, P, Q 3¢ LML ARKIEHT FL[I].

A TRESAR, 1993, 15(2): 1-11. (LI Dazhan, HE Yihua,
SUI Guoxiu. Study and Test on immersion of Q2 Loess in
Large Area[J]. Chinese Journal of Geotechnical Engineering,

1993, 15(2): 1-11. (in Chinese))

(7] F PRI, PEIEIX R ORI Qo 3§ I R lE 5 0 7t

[D]. 7% V5% g ALK %%, 2008. (SHI Huaiging.
Immersion Test and Study on the Middle Pleistocene Q2
Loess Site in Xi'an Plateau[D]. Xi'an: Xi'an University of

Architecture and Technology, 2008. (in Chinese))

(8] s, BRIEI, M XU, & KJEEE =RV i

T AR TEARHIE KB I K BRI AU 0], o LR 2R,
2006, 28(3): 382-389. (HUANG Xuefeng, CHEN Zhenghan,
HA Shuang, et al. Large area field immersion tests on
characteristics of deformation of self weight collapse loess
under overburden pressure[J]. Chinese Journal of
Geotechnical Engineering, 2006, 28(3): 382-389. (in
Chinese))

9] FiR%E, HBRX, 5 H, & HEFEKNEE RN

LR ARSI FE[I]. K SCHLE TREHLET, 2016, 43(2):
75-82. (WANG Zhijun, PAN Junyi, MA Yan, et al. Inmersion
test on the self-weight collapsible loess in the Dongzhiyuan
Areal[J]. Hydrogeology & Engineering Geology, 2016, 43(2):
75-82. (in Chinese))

(101 & =, 50, ZilE, 5. KERE T EERMEES

MR ARG A E R 7U[0). & L TRE2ER, 2014, 36(3):
537-546. (MA Yan, WANG Jiading, PENG Shujun, et al.
Immersion tests on characteristics of deformation of
self-weight collapsible loess under overburden pressure[J].
Chinese Journal of Geotechnical Engineering, 2014, 36(3):
537-546. (in Chinese))

(1] BN, REVASC, F/NE, S ORVE R SR AT BOE

M3z K B HIRFEFRERT 7], 5 1015, 2012, 33(6):
1769-1773. (WU Xiaopeng, XIONG Zhiwen, WANG
Xiaojun, et al. Study of immersion collapsible characteristics
under overburden pressure of Western Henan loess along
Zhengzhou-Xi'an high-speed railway[J]. Rock and Soil
Mechanics, 2012, 33(6): 1769-1773. (in Chinese))

AR, & 18R, ZFER, 55 KB EERME K RE
BN IT LB D). 4 TRE 2R, 2015, 37(6):
965-978. (SHAO Shengjun, LI Jun, LI Guoliang, et al.
Evaluation method for self-weight collapsible deformation of
large thickness loess foundation[J]. Chinese Journal of
Geotechnical Engineering, 2015, 37(6): 965-978. (in
Chinese))

[13] #hE4e, BEUE, BRIEW, 5. RT3 BB v vrAn ARl

ARIEFEEIGIIARD]. & 1005, 2014, 35(4): 998-1006.
(YAO Zhihua, HUANG Xuefeng, CHEN Zhenghan, et al.
New recognition of collapsibility evaluation and remnant
collapse of loess[J]. Rock and Soil Mechanics, 2014, 35(4):
998-1006. (in Chinese))

(14] RSO, SHamE, & P4, 5 TR i 5+

R T R & LR, 2017, 39(3):
389-398. (XING Yichuan, JIN Songli, ZHAO Weiquan, et al.
New experimental method for loess collapsibility using
centrifugal model tests[J]. Chinese Journal of Geotechnical

Engineering, 2017, 39(3): 389-398. (in Chinese))

(15] E8AT, & &, 2 4, 5. BEEHEENRRE

PEVEAR T IERT L), A 705, 2019, 40(4): 1281-1290.
(WANG Tiexing, JIN Xin, LUO Yang, et al. A method for
evaluation of loess collapse potential of unloading[J]. Rock

and Soil Mechanics, 2019, 40(4): 1281-1290. (in Chinese))





