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Abstract: In the construction of underground engineering with complex surrounding environment, reasonable
prediction and evaluation of the influence of precipitation on the surrounding environment is a key problem to
control the feasibility of the project. At present, the calculation of dewatering-induced settlement using the layered

summation method heavily relies on empirical coefficients, leading to significant variability in predictions and
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deviations from actual observations. To predict the precipitation settlement of loess reasonably and accurately,
based on the analysis of the physical properties of saturated loess, the void ratio and liquid index were introduced
as key indicators to characterize both deformation potential and the deformation’s difficulty in the dewatering
process. The practical calculation method of dewatering settlement of saturated loess stratum was established, and
settlement verification was carried out at multiple sites. The results show that depending on the overlying pressure
and groundwater action mode, saturated loess can form uncompacted saturated loess and compact saturated loess.
The physical properties and dewatering settlement deformation of the two types of loess are different. The main
physical property indexes affecting dewatering deposition deformation are the porosity ratio and liquid property
index in the initial state, reflecting the deformation potential and the difficulty of deformation of saturated loess,
respectively. The comparison between the calculation and measurement of six sites shows that the dewatering
subsidence in the loess area mainly occurs in compact saturated loess where the macroporous structure still exists.
The proposed e-I; method, incorporating void ratio and liquid index, effectively captures the settlement behavior

of saturated loess. This study provides effective technical method for designing and constructing dewatering

engineering in the loess area.
Keywords: saturated loess;
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in Xi’an area

TR Qp, 5 A HE, WM R XU A7 AE 0.30 72 A 1Y 4
AR ARIB AT IR . LA RE, RPN R 1
TR N8 A7 AR AR 8 73 WA 23 ), A W 7K g 1
AT, 22 WP BRE, LARIRBUAN 12T 1)
[PARTE 3 2 RO RAEE: DR 1 S S UL BB
RPN AT RE ) — M. WOPER RO AR 2 B Xk
A A Qps B > R L AN Qp, B A >R A
Qp,(Qp,) B /ity L HERYFEARFAE o WM FE BOH 22 S
P T T RERE K R, AR R AE T KRR
AJARIERE SR

g5 b, WA DOBURAUT M9 KR 1 A B 1, AL
B L R 48 KR AR -5 e A AN B AR L, S A —
2SR, AR R A Qps T H BN o H
B TURR R T A, TSR B R — b B 4 5 119
S AL R R, K AR RO 1 R o A HES
AR R, ANTRTURUIRZS AN [R) AR A TR 2 78 ik
Jot 22 S BOR ML AN B o R0 B AR R K AR A A
T, TESNERER SR VE I, HA B 58 2 B, RALBE

(b) B
E3 ARMXELHEREES (1) Btk

Fig.3 Evolution curve of liquidity index of loess stratum in
Xi’an area

SEA R ST 5 e B IR, AL B LE /0N, T A X A2 Y
Mo AE £, BRI 5 O — 3R +, FER KR
FE B A A — 2 W R 46 A8 I, KALBRES 8 R4k 7
a3 RS, M B s, VR R B AR B -

SRy — 2048 s IR % R B 0 TR0 45 R RRAE
TE MR T4 6 (18] 4) BORE IT 58 B4 i L 7 1230955 (scan-
ning electron microscope, SEM) i, Ay Jak /N HURE 2 7
XoF R 5 L AN B A R B, SR = A8 U R IORE 15
B 7 X7 e o = S S VN U | e = e N
125 5.0 cm*2.0 em*2.0 em YOI, 762 ) A 2RR
AT frl e R T8 5 OS24 1.5 em*0.5 emx
0.5 cm [ B AR AR TT SEM I o BORE TR B2 43 5l
7, 12, 16, 21 m, H %] 4 £L B2 L o 0.92, 0.75, 0.88,
0.72 S3Hr K EH WA Qps 35 + . 1A Qp, iy HHE. [
A Qp, B R M Qp, B B SOV S5 A R
FEWE 5 PR .

1 LS AT, S TERRAR AR B9 O % 1 8 -
PR AT 7 S L IR T i g ol 1) 48 28 -4 ik B 285 0



- 178 - 7K SC L T

43

atls =L
Y4 - N

A

=] s |5

=

2 6

[ J

D N | j

E 4 WiEHHTEES R E
Fig. 4 Verification of site layout

(¢) JESEAQp, &
5 HELEREHELE SEM El&EXItE

Fig. 5 Comparison of SEM images of soil layers with internal
characteristics in loess strata

2, T2 B Y 3 K LB A A4 A, 45 A LR X 2 4 AL
B 45 1 Y FE A AR

E— 25 LE P S A0 B A OB ES A, ] 5 ()
() s, Al LU B, 7 e 3 40 A B 3, Rk 2R 2
SER R R O AN A T REOR, B AL A IR S s
FLBE B0 23 JE AR 24, SR AL B 45 A ] 8 0 2, AR b
TIRBREAR o 7R KRB AT - AR, R ALE
ERIEALRIF S . X —ZEMRAE, —Jr s T

PR A A 23 ], SR & KRR BT Oy — 7 i,
T 550z 7K 4 [B) 4 AH AR, AT 51 H it
FUIRA TN T 2R Re Y B B A8 1k

TR RN B A R BRSO OR R], A7 7R AR T A
PEREZ 5, M40 T HREARER, R E I BRE, 7
SR TR RO RE . M AT RIEEARAR, B
JRIARARTE R AR 5 1 B 3 RS2 Bk R
B —J& R K R R ARG R, LA TR 2 56 At
ST Fe B, KA IR TE 5 ~ 20 m 28 Ak I, Hb T TG R 2%
THF, TAEREK AT 5] =4 50 ~ 300 mm B JE
AR T B B R TR K RS T, R R SR A A
AT AL F 3008 s YR A, R T b sl R Ak,
PRSI ML TR A, B TR e S A & A,
HAR G5V T BT ELAG 0 R 2 R A DDA O, /P 444
FLB b A, AR TR S T R A AF 3, Rk
H R4 AR T K

25 L riR, FLBR b dg 0K P9 AL B AR AL+ kL
R Z L, 2 S Wb ek o S 32 ) o ) 3 1k o 4
b, J& A AR AZ SR G FLAR 50 A 1 — 4> 22 4R
br, AR F T L2 85 T RIS M RN, 75—
FEFEE LT M TTRUR A RN D s . KT
Ferf, FLBR LB R, R4 A8 mE s SR B K . T
FeBCRAE L R B EEARAS, S A A Ay sk ok HL
Lo 151 A Y s R i e, AR Bk 28R kA
AR T W ME 5y FR I, TIIX — BE 7 IO 25 44 43 A7 Hh £
AT 1) 2E G L B B R [ A B 45 D, Al R] 2 R AE
T AW E AR . WP RE BOBR K, TR K R
GyAR I o LA b 2 AWy R A O R e 6 R K DT
BB R IR S S i

2 BMELEAKTESSATETE

2.1 FEKUIRETT B 3R
2.1.1 A R K SR

ARSI R B, R A 1) B K TR 5 LR LG D
WEFE ORI A5 o FLBR L AT B e 1R i R 2R,
FLIBE LR, 2R K o A8 v ] 7 AR R 45 78 T 1 2 ()l
K, BT e K AR T 23 8] 0 /IS, o H e A i g
A SR K AT AR P 5 PR i RRORT S i A A A A0 AR B
WS B, KK B RS 5 7 A R AR AR T, I
BT 4R RN B SRR AR A ME S AR, R O A
R JOK A RS M . A AT AR R R AR M AR A SR
TR A RE AR DK B v g e o R 2%, P AR BRI
N o AR A AT AR PR R, (HRE AR PR 55, HE



2025 4F

XS A, 4 AR A TR K RS B - 179 -

FARVURW 2549 o] ReATH o, W B A R 58 4
TRLAN 9 B A, RIS R A AR Y e 47 25 ), {RLAE 2K i
PP A —E o KA . AR A BE AR P A
s, (R AT AR PR S, B R B ER, BARARTE RS
K B 82 HOAT AR A AR 2R 5, 7 AR 1 R 46 AR B
BRI, TR AN 3 £ o B3R 2 N HRARATE T4
A + K AR T R SR, B 3 g R, e K AR
WA BB o> K KB, RIKAE B N BE 3 43
KA PG, R FLBR b 5 v e BT B SR i
B R K BURAEFE AR . [RIINE, DA FL B L R0 e 45 £ B
SR L ORKER R A A ) AR e AR
PEAR R BRT A A DURR R | JIUREHE S R 25 R A DL K
FIEF R, T X SR, I TR R K DR T
2 T G R B
2.1.2 MR+ TR KGR s

BE X0 A0 B A S K BRI AR, 25 BN R
A, A SCEE R LR B K ULRRE TR

- Ao, Ah;

5= ) X ‘fg i (D
1 si
oy =e X1, 2)

A s——FEZK 51 S A b T TR f/m;
Ao,— KGR LT 565 7 2 o s ab vy
A RN J1 34 & /kPa, B IK 45 AT £ 1
AR ¥, HA R B 5 A TR Y
PR —3;
Ah—F i J2 1 1R S /m;
E S bRAT RN 1 Bt A5 i )2 00 R 4
1R 1 /MPa;
e B = W NN S E A
e— R ZMYE B AR 0 2 B FLBR LL, B AN
PRET AR A A
L—FE K [ 56 0 2 PR TS 2R, B
PO ALIRS T AR A8
K (DA T 2 5 R B K TR 19 53 )2
ST A T, 3] 38R 1 2 BV YRR A R
R ARSI T R K BUBAE TR bR, B 52 i 1 R0 BT
K TR B G B Y LB L A PR s RS I A T I
o3, Il TR IR A RN R R A o, BUA L T
GEGE ORI R 25 45 ), HLRE % S AR RN B Y 2R OK
B . e TT TR R S AT, W R, — R
+ TR E G S TR B S8 T TR
(DT RLE W, [ &0, £ )2 L5 B

K, FEKUURETH AR MR 4 BOBOR, Bk LRI
REBOR, RRZINMR . AR SOR 7k A 44 O 8 =
R DURETHIE I e-1 75
2.2 SRR
GE 143 T BT 3 b R K S L A A5 R AE

JZ R FLBT EE g P AR B AL B an 3k 1 Bk . AT LA
KB, A T AR AN A, FLB L AR 45 R A e 2 B
S T UURARAL . B RS TR 4 55 2 R
FLBR LA Ak L 7 0.68 ~ 1.10 =2 [, Y P48 2 22 1k
WHITE 0.15~ 1.20 Z (8], el $5 b A2 AL Ll 9 0.16 ~
1.32 Z 0], 24 o s | BRAg e, OB /)N, Bk T R
(EC RN, 25 B e BT, LR, K DR
(EAUR BOR o %A Uk IS BUE A UR, 5 LR BE
1 DXCE 250 R A o, BUE N 0.1 ~ 1.5 S 84T (3
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Table 1 Statistical table of index of characteristic soil layers
within the scope of water level drop in Xi’an

FHIE 12 e I Pwi

KB ANQp, i + 0.85~1.10 0.77 ~1.20 0.67 ~1.32
JEZ M AIQps £ 0.74 ~0.76 0.22 ~ 0.64 0.16 ~ 0.49
M FIQpy ity 3% 0.73 ~0.91 0.29 ~0.51 0.23 ~0.46
REHAAIQp,#E 1 0.75 ~ 0.84 0.66 ~ 0.89 0.50 ~ 0.74
JE 2 AIQp, 75 + 0.70 ~0.75 0.21 ~0.58 0.27 ~0.44
HIAIQp, i T 0.68 ~ 0.74 0.15~0.58 0.27~0.43
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Fig. 6 Correlation between E and e of each characteristic soil
layer within the dewatering range
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Fig. 7 Correlation between E; and I, of each characteristic soil

layer within the dewatering range

X KJEHWHQp# + o [EHIWAIQp, i+
1.8 - O TRIQp, iy L + KRR HIQp, # L
1.6
14t
12f

e

08
0.6
041
02+

B8 FACEENFELEERER- o1, HKIEMLE
Fig. 8 Correlation between E, and e], index of each
characteristic soil layer within the dewatering range
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Table 2 Range values of each characteristic soil layer at the site

...... IR S FIQp, B

location
FHELZ e I el
K IEFARAQp, # + 0.85 ~ 1.01 0.92 ~1.04 0.84 ~1.05
HuFIQp, i 135 0.74 ~ 0.80 0.24 ~0.65 0.18 ~0.50
KR AQp,# + 0.77 ~0.79 0.66 ~0.77 0.51 ~0.60
JEZ1RIQp, % + 0.69 ~ 0.76 0.54 ~0.75 0.41 ~0.51
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Fig.9 Schematic diagram of stratum and dewatering depth of six sites
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Fig. 10 Summary of surface settlement and deformation history
curves at each site
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Table 3 Summary of empirical coefficients for backcalculation
of current norms and recommended methods

SRR DU R REARH
/mm (RLZEIE) /mm 0y
75 A | 38.4 92.1 0.42
Gilth2 86.9 163.1 0.53
Y3 118.8 154.9 0.77
Yistha 513 1443 0.36
s 53.6 86.7 0.62
Yo 253.0 375.7 0.67

o, FE 0.36 ~ 0.77 Z 8] . VI EAH T 1L, o, FEFE
W25, i 3. 4 0, REEIE DT &
A 140 ~ 160 mm, 17 38 37 52 B I 45 21 1) 48 JE 1 5 KA
229 67.5 mm, #t— LT, TESHE 4 T, KA R
TN, BIVA R 7 34 /0N, JK A B B oy 1 1 )2
JEREE N 3.2 m, 5 A RIRI 33%; S 2. 5 b K7 F [
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ANBETERE | R S K A B L 2R AR AR S R X
TR KD ARTE 520, ARRIT 540 2 UTRE .

33 #WT
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Table 4 Stratum information and verification of typical site
i FE 2 E..,/MPa E,,/MPa E../MPa e I el TR B /mm SEMYTRE B /mm

KR AIQp, #E 1 4.1 35 — 0.910 0.92 0.84

- bf@ngpzﬁLiﬂ 6.1 8.2 — 0.764 0.24 0.18 s 184
KR FIQp, 3+ 52 72 9.2 0.778 0.66 0.51
T FIQp, it -1 — — — 0.684 0.24 0.16
R ZAAQp,#E 4.1 35 — 0.910 0.92 0.84

42 HIAIQps ity 35 6.1 8.2 — 0.764 0.24 0.18 94.1 86.9
KA Qp, #E + 52 7.2 9.2 0.778 0.66 0.51
KRB AIQp, # + 3.5 6.1 — 0.955 1.04 0.99

i3 HIFIQps ity 43¢ 6.3 8.3 — 0.744 0.44 0.33 103.8 118.8
RS AQp, 8 5.7 8.1 113 0.776 0.77 0.60
R HIQp, 8 + 4.1 3.5 — 0.985 0.99 0.98

Yita HIAIQp, T T4 6.1 8.2 — 0.809 0.51 0.41 66.4 51.3
KR AIQp, 1 52 72 9.2 0.785 0.73 0.57
R FIQp, ¥ + 6.5 6.1 — 1.008 1.04 1.05
HURIQp, iy 43 3.6 52 — 0.748 0.45 0.34

Y5 e 46.3 53.6
FE# M AIQp, #E + 55 7.9 — 0.696 0.75 0.52
WA+ 6.8 9.5 13 0.698 0.40 0.28
KR AIQp, #E 1 4.1 35 — 0.845 1.01 0.87

Y386 h’t@ﬁlop}ﬁiﬁé 6.1 8.2 — 0.771 0.65 0.50 2093 2530
R FEH R HIQp, 2 + 52 7.2 9.2 0.768 0.66 0.51
JE# M AIQp, 1 6.9 10.1 13.5 0.759 0.54 0.41
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Fig. 11 Comparison between predicted water loss settlement
values and field measured values of six sites
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Fig. 12 Normalization curve of precipitation settlement at each
site location
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