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Fig. 1  Schematic diagram of the Qiugou basin(from Google Maps)
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Fig.2 Loess gradation curve in the Qiugou basin
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Tab.1 Basic physical properties of loess in the Qiugou basin

WK BESRRAR e
wy  akx  LEER R
(grem™)  w/%

1.13~1.35 7.47~13.51 2.60+0.01 16.21

FLBER
wp/ %  w, /Y% n

28.35 0.34~0.65

1.2 KEHR

AR 1 v - FL B o AT e L, #3518
LB AR 5 00 R R B U0, B U R R
1.2 mm/min, BEI 7} 5 min, &40 124050 75 09 38
i SRR - FLBR R Se b Bl e 7 ik &
W2,

R2 BITEORBEAR

Tab.2 Loess direct shear test plan

TH S5 R/ kPa
WEg's  FLBIR P P, ks b, P,
1 0.35 100 200 300 400
2 0.38 100 200 300 400
3 0.42 100 200 300 400
4 0.46 100 200 300 400
5 0.50 100 150 200 250
6 0.54 50 100 150 200
7 0.58 25 50 75 100
8 0.62 12.5 25.0 37.5 50

1.3 LIHER

WKIE SR 2 JF B S5, BEA FLB R IR IR 2 /DT
3 PATEESS . RIS R B DA 3 ~ 6, 320 IR R
il , &3 A 4 ABRFLEREE n =0. 54 (45 . K3
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Fig.3 Relationship between porosity and shear
displacement of porosity at n =0. 54

(a. Group 1; b. Group 2; c. Group 3; d. Overall diagram)
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Fig.4  Porosity-vertical stress relationship of porosity at n =0. 54
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Fig.5 Relationship between cohesion and porosity

2
30 E
n<04, ¢=29.5:2°
E 28 {
'y
= 26 n>0.4, g=25+2.5°
24 I 1 I
2
030 035 040 045 050 055 060 065 0.70
LK %R

6 MEER-FLRETNXR

Fig. 6 Internal friction angle-porosity relationship curve
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Tab.3 The fitting model of the relationship between cohesion and porosity of loess in Yan’an area

e A e Sny:y KR Fl E B SS MS F P R R*(adj)
mfE 1 10435.66  5217.83  453.48 0.00 97.20%  96.73%
g g ¢ = 597. 14e704n BRFERE 6 69.04 11.51
it 7 10504. 69
mYE 1 10427.56  5213.78  405.56 0.00 96.87%  96.35%
FERR RO ¢ =3.35n7%% BRI IR I 6 77.14 12.86
A 7 10504.7
EPE| 1 10369.54 5184.77  230.18 0.00 94.51%  93.60%
X E AR ¢ =-89.76lnn - 35.55  FREiRE 6 135.15 22.53
&t 7 10504. 69
mfE 1 2250.31  2250.31 63.28 0.00 91.34%  89.90%
MR c =-186.8n +121.6 BRERE 6 213.36 35.56
At 7 2463. 67
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Tab.4  Verification of models for the relationship between cohesion and porosity of loess in Yan’an area

B UL R
A e R FLEHE n e . E 50/ %
A/ kPa S B/ kPa
KUER TR L&
Y, 0.37 55.32 62.31 £1.27 12.64
Y, 0.40 45.61 48.86 £1.79 7.12
TR 7.80 11.24
Y; 0.48 27.26 27.65 +0.74 1.40
Y, 0.56 16.30 17.94 +0.91 10.04
Y, 0.37 55.30 62.31 £1.27 12.68
R Y, 0.40 44.38 48.86 +1.79 10.08
7.83 8.51
Fei 7 Y, 0.48 26.54 27.65 +0.74 4.17
Y, 0.56 17.19 17.94 +0.91 4.39
Y, 0.37 53.69 62.31 +1.27 16.05
Y, 0.40 46.70 48.86 £1.79 4.63
bop g i) 9.57 11.42
Y, 0.48 30.33 27.65 £0.74 -8.84
Y, 0.56 16.49 17.94 £0.91 8.76
Y, 0.37 52.48 62.31+1.27 18.72
Y, 0.40 46. 88 48.86 £1.79 4.22
2 AR 10. 49 14.5
Y, 0.48 31.94 27.65 £0.74 —13.42
Y, 0.56 16.99 17.94 £0.91 5.58

RS EREITHNEZEASABEZUXRRBRIEER
Tab.5 Verification results of relationship between internal

friction angle and porosity of loess in Yan’an area

EEHE S o/ (°)
N T W 3 — — A
5 5 A X s SRS
EERCE A5 o SEME o
&) 1E X [B] 5
Y, 0.37 29.50+2.00 29.30 +0.32
Y, 0.40 24.65 +0.54
.
rE
Y, 0.48  25.0£2.50  24.21 +0.55
Y, 0.56 25.33 £0.97

DRI, B0 S 22 AN [i] LB 23 B 1 7 P JBE 458 4 TR

(1) LB n=0. 4 i, N EEATE 25 +
2. 5° B B N EREL, — e o0 I 25°

(2) HALEE n <0. 4 I, FONEESEMTE 29.5 +
2° B L UL, — MR A 100 R 3R 29. 5
2.3 ETFABENELZELIHFEERE

o RYUT SR SA A

7, =c+ (o —u)tang (3)

A7, NPUBTIRIE  kPasor TN A TE IV ) B f)
N J1, kPase Ay K5 1, kPas u Sy AL B K &7,
kPa; o Sy NEEHE S (°) o

B ESCIRHS 2 A9 IE 22 55 ORGSR ) LN EE A
LB AR A AR OC Fl A (2) AT A 2 5k
TAL B AR R 22 B A0 R AR AL

7, =3.3507% +0.47(0 - w)

{Tf =3.3507% +0.57(0 - u)

n=04
n <0.4
(4)
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Tab.6 Predicted value, measured value and difference analysis of loess shear strength in Yan’an area

ImW 3 Jite I 9 1E R S W xR WSy Jiti i F 1E N g SENAE WOME AR R
2H 5 o/kPa /kPa /kPa /% 205 o/kPa /kPa /kPa /%
100 115.73 £0.88 112.30 3.05 100 92.44 £0.59 91.38 1.16
Y Y
! 200 177.75 +£1.09 169.30 4.99 2 200 147.98 £0.62 138.38 6.94
IR IR
300 232.42 £2.10 226.30 2.70 300 182.08 +4.44 185.38 -1.78
(n=0.37) (n=0.40)
400 284.58 +3.78 282.30 0.45 400 235.13 +2.33 232.38 1.18
100 70.12 £1.74 73.54 -4.65 25 30.21 £0.71 28.94 4.39
Y Y
3 150 99.00 £2.51 97.04 2.02 ¢ 50 40.99 +0.37 40.69 0.74
BriiF it LTREY
200 117.33 +4.12 120.54 -2.66 75 53.35+1.46 52.44 1.74
(n=0.48) (n=0.56)
250 138.96 +3.39 144.04 -3.53 100 65.53 £2.46 64.19 2.09
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Shear Strength of Yan’an Loess Interpreted by Porosity
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Abstract: Porosity has a very important effect on the shear strength of loess. However, the specific effect of
porosity on the shear strength of loess is not fully understood. In this paper, the Yan’an loess in Shaanxi Province
was taken as research object, and a series of direct shear tests of loess with different porosity were carried out. The
quantitative relationship between porosity with internal friction angle as well as cohesive force were carefully
discussed. Based on this, a shear strength model of Yan’an loess based on porosity was constructed and verified by
comparison with observations. By this research, it found that: (1) there was a power function relationship between
cohesion and porosity of Yan’an loess; The values of internal friction angles of Yan’an could be defined by two
sections in terms of certain porosity. As porosity n=0.4, its internal friction angle varied within the range of 252. 5
whereas as porosity n <0.4, its internal friction angle changed within the range of 29.52; (3) Through analysis,
the Yan’an loess shear strength model based on porosity was obtained, and the errors between theoretical values and
measured values of loess shear strength obtained by the model was small, with a relative error lower than 7% ,
suggesting the high accuracy of the model. The research results can not only provide technical support for the shear
strength research of Yan’an loess, but also provide theoretical reference for the engineering construction in this

area.
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