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Analysis of soil layer characteristics and application suggestions for pile
foundation engineering in loess plateau and loess depressions in Xi’an area

XIONG Wei, TANG Hao, LIU Min, WEI Chang-gang

(China JIKAN Research Institute of Engineering Investigations and Design, Co., Ltd., Xi’an 710021, Shaanxi, China)

Abstract: Within the Xi’an region, a diversity of geomorphic units exists. The primary focus of this work is to compare
the soil engineering properties of two specific geomorphic units in the Xi’an area: the loess plateau and Dizhang
depression, utilizing engineering survey data as the basis. The analysis delves into the influence of groundwater on the
engineering properties of loess. An engineering analysis reveals that prolonged exposure to groundwater induces
substantial alterations in the physical and mechanical properties of collapsible loess. This includes an increase in water
content, a reduction in void ratio, an increase in liquidity index, the disappearance of collapsibility, increased
compressibility, a sharp reduction in compression modulus, and a significant decrease in soil strength. Based on the
findings of cone penetration tests, static loading tests conducted in Dizhang depression, and insights gained from pile
foundation engineering experience, this work presents recommendations for the construction of low-rise and high-rise
buildings in the study area and similar geological conditions. These recommendations encompass suitable pile types,
optimal pile length configurations, and suggested values for the ultimate skin friction and tip resistance standards of piles
in various soil layers, providing valuable guidance for engineering construction in analogous settings.
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Fig. 1 Geomorphologic diagram of Xi’an area
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Table 1

Statistical table for average values of main indicators of soil physical and mechanical properties

BE AGEE fkEwv AMIe WHERNA EkEgs en RAERE S AEIGRG
ai2/MPa’! Eqo/MPa SR B85
LG 17.1 1.084 <0 0.052 0.55 5.3 8
ORE JEG K b 17.2 0.996 <0 0.056 0.54 5.6 7
S+ WA FRART R R - B IE@ M+ R
JE ke 29.6 0.870 1.03 — 0.46 4.1 2
@ L G 18.5 0.897 0.08 0.031 0.30 7.4 12
JEG K b 26.1 0.784 0.68 — 0.29 6.2 8
e 17.3 0.917 0.11 0.037 0.30 6.7 10
OHE JE ke 273 0.788 0.90 — 0.28 5.4 4
L G 19.7 0.857 0.21 0.027 0.28 7.8 15
L SE= 25.6 0.724 0.54 — 0.23 7.1 9
iR 20.0 0.798 0.28 0.012 0.28 7.4 13
R JE K 26.4 0.735 0.65 — 0.27 6.5 11
@, #HEHIR 22.1 0.755 0.36 0.007 0.26 8.1 16
JEG K b 26.2 0.728 0.58 — 0.25 7.2 14
iR 223 0.766 0.42 0.009 0.28 7.2 14
O JE K 26.6 0.731 0.64 — 0.27 6.8 12
@, %1 #HEHIR 23.4 0.723 0.53 — 0.26 75 17
JEG K b 26.5 0.721 0.60 — 0.26 7.4 16
EEREE 24.2 0.728 0.55 — 0.30 7.1 14
R JE K 26.2 0.724 0.55 — 0.25 7.0 14
O &+ LA 24.6 0.703 0.54 — 0.25 7.7 17
JE K b 25.9 0.708 0.51 — 0.24 7.5 17
- e 24.8 0.693 0.48 — 0.25 7.4 —
JE ke 25.6 0.705 0.49 — 0.24 7.2 —
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Fig. 3 Comparison chart of average void ratio of each soil
layer
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Fig. 4 Comparison chart of average compression modulus of
each soil layer
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Fig.5 Comparison chart of average blow counts in standard
penetration test of each soil layer

MR SR TRt )b 2 A s R KA B A
TR R, KKEMBERENOREZE Q) N
B R Q) BLEMEE L, WA
$=92%, Simax=100%, W PEFEELIL=1.03, ILmax=1.46,
%/ﬁﬂ’ﬁiﬁ’ Eéﬁ%ﬁ 5172 =0.46 MPa1, 5172 max—
0.72 MPal, Ay EAR TE B s R Ai e, AridE
TINRI T HCPIEN=21, /O, 1)
I TR0 H W AR bR iE(E fc<<130 kPa. #R4# LA

LRy
LB Qe

SRR DU E IR KB B R AR B
PSS — 2l Q) LA pa e 82K
KRG, R

M LA HrAIE Y, R R, 2K
RIEHTIIEAR. G058, BRkart, s PRI
JEA A, B mRalE, SRS, &
BRI T HAIIROK G, R 2 R A T
WA, BIKFRAER, FLBRELAD, R EE
Ry MRV, AT A, A B PR

4 EAIMERIA I S XS EL AR

R4 75 - TR R TR & A 1 TR 5
J5) (GB 50021—2001) 7, A+ 2 4 s
B BIsIE, ik RS, BT TR
Fl PRI o W TR AN [R] M3 B e (1 b 2 5 77 ek
IS HHE BHL A0 BE EERH 7~ 354 51 T 3% 20341, x4l
R EE EE B AP AE ST LR, vl L 6.

PR 2B S B 6XE L3 HT s BANAS IR M3 o
ToHh R KA, E@# 2 . AR K AP
T@OF A JE LI LUR 2 W HEDBE A0 B 22 BH
ZERIARHE; &+ EFEAARRENOHE - Z—OH
HI 2 SR R T R 2 R . R E
BN 2O IR K INR KM &
PR, HAHEIPE RO B EERE Bk, X TR
HOIEAL SR T e TR . [RIUL, 7E TREEE I
AEBER FMEEEATIT , B B A IR 12 AR
Frss A B 5 (Bl 1 H 0 e 2 R M 17 EE B
1+ YRR 2 I EE EE AT A ) LA
AT S EEEERH 77; R CFGHESE A IS, R
BRI LR ARG AT e, FRKhE
Ui B AT )2

MEE BERH 75 f/kPa
0 100 150 200 250

@k
®E
@i+
ot m LB
O
@k
Dt
®L
®rii-£

E6 &=MEEEERE S FHEXTEE
Fig. 6 Comparison chart of average side wall friction
resistance of each soil layer
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Table 2  Statistical table for average values of cone penetration test parameters

BEEE4  SMmKIEL HERE T go/MPa IEEEERH 7 fi/kPa| 2524 SAXEL  HERFA T go/MPa  (IIEEEEFH 77 fi/kPa
W EIR 2.33 78.4 wWEEIR 2.72 90.20
g 51
@R JEFKEEHD 2.28 77.2 @R B SEH: 2.65 82.40
HTHIH Ehn A @ 2 G 2.54 98.80
\j: Eiiﬁa
% JE K EEHD 0.63 7.9 @ = B SEH: 2.90 103.20
W EIR 478 204.4 wWEEIR 2.36 82.14
+-1% ) -=s
WL JERaK 1.68 34.4 o JE K 2.66 80.00
W EIR 2.67 88.1 wWEEIR 2.48 82.60
. O
% JE K EEHD 1.25 17.6 Rl B SEH: 3.05 104.20
EEs: o 25 2 T W AR R IR R WA LLEE R @) T
® R et 155 10 T ARG TR E N 40 m, AR LR A ®)q %2,
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fE48~55m), HiF1~2/2, FEAHEA IR
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Table 3 List of test results for prefabricated pile testing

AR T R RIPAERR W ARERARET) MR R P e AR E ) B R AR PR AR Ao
EERE) Wm/m  Ars/m BEK/m AEK/m BUEAN BT E/mm RERMEAN  #OFEAN R
AE 1 436.85  444.85 46.7 4160 15.43 3720
W2 43685 44585 473 4160 17.58 3 665
AE 3 436.85  444.85 40 48.0 4680 21.75 4240 3002 O+
WAE 4 44005 449.05 49.0 4500 18.35 4005 ELLF
WAES 44005 445.05 45.0 4000 14.59 3725
WAE 6 44065  448.65 48.0 4500 15.88 4060
RIE7 44085  448.84 43.0 4000 27.24 3560
WIS 44085  445.85 35 40.0 4000 16.43 3725 3615 ()=
RIE9 44085 44885 43.0 4000 19.09 3560
WA 10 43740 444.40 27.6 2160 14.75 1775
WAE 11 43740 44540 22 29.0 2 400 13.52 1960 1891 ®@#+
WA 12 43740 449.40 34.0 2 600 25.73 1 940




524 o o4 = 2023 F 11 B

Q/kN t/min
0 1000 2000 3000 4000 5000 1 10 100 1000

\\ 2 600 kN

10 ‘\\\ 10
30 \ 30

=)
£ £ \
40 \\ 40 \
4 680 kN
50 50
6o Lo Lo Lo 60
O-s HZ s-lgr 22
7 AAEEREOIN I R RE (40 m #EEC)
Fig. 7 Results of static loading test on test piles (40 m pile length)
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Fig. 8 Results of static loading test on test piles (35 m pile length)
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Fig. 9 Results of static loading test on test piles (22 m pile length)
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AR [ 7 R I BRAE 290 3 600 kN i1 RIhE K
22 m INF BT B ) R 2 U AR BRAE 2974 1 890 kN« X1
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Table 4 Standard value of ultimate skin friction and tip
resistance

EE 4, T
gsi/kPa qpr/kPa
@#+ 20 —
®@# L 12 —
@ty 1- 15 35 —
®# 1 20 —
®t 1- 15 30 —
@+ 70 2200
@i L5 80 2300
®# 1 80 2200
@ L 94 2 400
@# L 86 2 400
@ i - 98 2 600
OH+ 90 2 600
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B E— @ IR R EE R B R AR . R
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m) B SR AR T AN BRI 4 000 kN, A5 BRI K
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PL 500 mm A1 600 mm N H .
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