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Soil Stress Transmission Coefficient Based on Compaction Analytical Model
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(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
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Abstract; Predicting soil stress with analytical models requires proper selection of the models’
concentration factor. But due to the insufficient knowledge about the effects of soil conditions on stress
transmission, little is known about how the concentration factor varies with soil states and loading
conditions. The function of the concentration factor was transformed and a dimensionless factor o /0o,
standing for soil-induced attenuation on the stress transmission was defined as the soil stress transmission
coefficient and is denoted as STC. Since soil stress transmission property is affected by soil states and
loading conditions, a modified oedometer testing setup with a soil stress sensor was used to evaluate
controlled soil properties on STCs. Totally 30 soil states were tested by controlling soil water contents and
bulk densities based on different soil styles. Correlation analysis was performed between measured STCs
and soil state parameters, i. e. water content, bulk density and soil strength. The highly linear
correlation between soil stress and applied surface stress indicated a stable STC for each particular soil
state. STC was also found both linearly decreased with dry bulk density and precompression stress. The
back-calculation of concentration factor from measured STCs illustrated that the proposed solution for soil stress
transmission provided a means to define concentration factor for each soil state with measured result.
Concentration factor varied from 1.20 to 12. 39, being in agreement with the past reports. And the detail of
how the concentration factor was affected by the changed states of soils was provided.

Key words: soil compaction; analytical model; concentration factor; soil condition; stress transmission

coefficient

ek B, 2016 —10-23 &I HH. 2016 —12 - 11

ELTE: FK A RFE IS (41371238)

PEE R A s B (1992—) 5 Wbk S MK S99 % DT, E-mail ;. hetingfeng_543364@ 126. com

BAEAEE TR (1968—) 55 SR -1 S0, - 32 M0 LB £ 7 2 U 52 7 % DA E-mail: qsding@ njau. edu. en



60 & o Bl B ¥ iR

2017 4

5l

HH [RIATLAR AR M o R, 358 i 22 B/ = A
S 7 B RS e AR P SR S
50 R Py 1 IR A T R -
WIS 37 500 4= 58 1% 3 7 AR} 2% KR ) ML AR A fef
F, G — ) U1 R LV BT S R, A
R 0 Ty ik A O Bk (A BR TR B oG ) Ay
P2 n

507 By S ) R A i T A |
8 S S 43 BT A TR A T I R T o S B D i e
s TR SR LA B 43 T A R R 3 TR
5 1) Boussinesq J7 i , o AE B 4 SR 2 R L E L&
R PE A B SEBR b A A R A A
ORGSR R BRI ST T AR P R B0 R e
YRV T TE g i 40 A Y L SR 7E S2 R N o 4R
Hh 2R 5501 BBUAEL A i Y i) S

SOHNE " % B4 h 2 %k v Bl 3 7K 5 1 3% K 1
BAR AR A REE T CRAER 3 Fh AT
T BIBUE g 4.5.6, RAM ™ Fi| I 5 98 4 5256 4%
il 398 5 K RN A HOR BRI B R R &K,
RIAETEM 124 g/cm’ B LF] 1. 63 g/ cm’ L B, 4T
IS A E R R B 5.4 U B 1.5, HORN %5 7R 52t
HA I T 4 HP 2R B50H0 MR B vk T S 0 T 45 U D, 2
TP R BV B 6 ~ 90 7 At 7] 2 7 Y
B 4 R BRI TE R 2 2.0 ~ 14,3127
i X 4 v 2R 58 Al e G — ) B, G 9 75 B
— M3, HORN 2% J1 RUCKNAGEL 25 ™'\ W
SEHA[E A5 R g R RECHE K, AR
TRAUTNER ™ 7ES2 8 tp #1745 3] T M R B0 4538 . T
X 4R R BORE A —Fpk , To il 2 PSR 525, #P
BA 4 A PR AR R . B IE 2 R i — R, |
(19 - S8 157 3 AW 5 2 O BB T a0
S T AR A TN 32 1 1 ) L 4R 3

B vh 2280 % I R B BE R b HE B B i 0L
w27 KELLER 452 Ak -« b EFRBE X 4 vh R
SR W 40 SR R0 4 BT A TR T - 98 R i T
g AR SGE X E R R A AW — LT
PRE 1 3R Al 5 10 32 1 PR o B oh 2 O I 1 G
ISR R Sy AL 3 R R (STC) s = R M
TS B N ) AR RO 7 R AT 5 e
5 e S50 1) 06 R R B R I T A% 3 R B
H I 3 % i R B S AR B 4 B v RS2
| - PR BE Y B

1 g

AP 23 A R TR T - S 107 3 B9 W T TR kB

il

VA I R UK (= N M Tl I = el 51 I S 20 < 2 N
B2 T A LA A ARSI T 4
HORRCY S G, R TN R R R T 2 Ak
B3 . (kba) ' 2

vP 7

= - 1
0-1 2qTRV+2 ( )

Ap P—— ek s b 284, kN

R z—— 30 i 12 il TG 25 3 ~F AR N 2
55 1E R J7 1% 73 B A5 A A B R, m
v—5 P R AEW) B B Boussinesq J5 i i

B 3
4R Al i 2 AR (R) B € I, X 7
i (1) B3 AT A A4 o AT o] {7 8 Ak 3 07 1) 119
SN Ty o ARBE I ARy ¥ 50 o A fE 2 B E AR N R
F8 T2 T2 4 fk T, 0b B2 ik T E R 5 2 A R L ) Y
I3 1 AT g

0:=00{1—[W] } (2)
Hrp o, = W/(2mwR?)
A oy IO E Y T, kPa
14 ARV PN S A kN
R T REE 2 RS A A T HE S AR
AR F ka0

gy

2lg
0y~ 0,

p=—— (3)
e () +1)
ARSI F (R fEE), ol #E S & p
A v

v(ﬁ,R,z) =
0-1

2lg
gy

[
Oy 0, _ [ (4)

((5) 1) w((5) 1)

e (4) B R R BUL R T IMEEEL (R M 2)
M—ANTENS B EE. 1/(1 -o./0,) K
2 N,y TE A A LA S BIGA AL B 2 G A rp B
H1 3 B N ) R, B o /oy S BT TE
R AR B R, E SO N T A% 3 FR B S (Stress
transmission coefficient,STC) , K, A7 (4) 254K

1

2lg
p(S,Ryz) =125 (5)

(7))
HI 22 (S) Al 7N 2 A A —E IR DL T, %
AR BB T ) A i A R BV T R H B

2lg




% 6 1) B

G AF o BT RSO0 M A R Bl R 3R T f5 5

REEIE 61

WG BRCR . w1 T R T AR s A, LB A K
P14 S 24 2 M ¢ 9 DAy H I R 0 o

2 MHEREE

it 3 Xk B B A KA b R AT R A e A S 5 [
iz P T ) A SRS Mg I - 3 7 g, %k A 3R g 4%

HRBEATIEMN o FE R MR g T s
- T A% SR AR B T Ak 5 N N A T R )
B 6 5

2.1 THMES

S5 e FH KRR B R AR KA B A3,
JKAE AR 5 I HH TR]H B A 2 3 (0 ~ 15 em) R [A]
S, HOAR AR A I R S Ll M X B 27
3 A Al SO0 M, 2 Bl R AR AR AR AN % 1 fT
Ro KW £ KT, B, i 4 mm G AR R
U 220 [ )7 AR IR 5% GRS F K RN 15% |
20% 25% 30% 35% W7k 5 1 - 48, % I 3% 2 2%
PR 5 K %K 13% 16% 19% 22% 25% ) ¥ k5
St IR B E T MR B, e 24 BT
SRJG R H TAGAR 27 (1 7 4 F 50 mm x 50 mm
A BRI 4638 2 O 1.1.1.3 1.5 g/em’ ) - 34
di (- IEJERE 50 mm) o FE 2 FIT I T AR R ) N BE R
)2 PUA AR LA 5 P RE RO A
SR A 3 IR,

Fx1 TEEXREBHER
Tab.1 Physicochemical properties of soil %

2 TR K FE L
YRL( >0.02 mm) 57 & 4 4L 48 22
HERL (0. 002 ~0. 02 mm) Jfi 5 435 32 39
ML (0 ~0. 002 mm ) 5T 43 %X 19 38
A HLT 53 2 0.63 0.32
IR 38.30 47.33
WR 21. 60 26. 67

2.2 BEMEENS

o7 Y 8 [ 45 A3 ) 5 e %) - SRR it 20 47 B
P4 52 56, [ i ply o sy e i 0 PR 328 ki K
(o) M= E B R S) (o) (AR La) , 2 1 418

600r o1 gem’
o 1.3 g/em?

A 1.5 g/em?

400

0./kPa

200

600

460
0,/kPa
(a) FIAIKAF 1

0 200

Kl 2

0./kPa

Z i B v S A8 3k R BB AL . B S A+
EHEMRETEKAP SR, ME b iR, LEES
RS N T B KA DAL . 3R )L R S
DZ-1,R~F ¢p17 mm x7 mm, f§FE 1 MPa'* | il
Yo 5% He aed T v A SR 1 HE 50N i O A5 R A S K
£ BT R —F i, 54 AR 48 mm il
HARE T RS LR, TR SR R
I A5 ff 24 7 v i) £ AR 7K 32 50,100,200 ,300
400,500 kPa {2 Jy , 4 2 YCHnZ% 18] B 30 min {511
E= A R o191 7)1 e = ST T S T ) 1 = T N
Bk &(em) ™ FEEA MR IHEHUEEE R E R

Geox AN W A0 55 T e TR ) A SRS W 0 3 4 398 7
T o i TR R R 0% 2 B — YR B ) I 4, JF G
A8 ER o0 A8 10 O A

TESCYHI 1% I DAVE 2577 (977 3 F )+ T
PebrE Ik LR A% . M4l Cassagrande J7 315 4%
SR SRR S S8 0 45 R R ﬂ%%%
Statistics 20. 0 FE3T 3O & (K F JB% ) I
245387, 2K i Duncan J7 35384 %Etlﬁiﬁc(a 0. 05)

(b) A%
PIE S
Loading device and monitoring system

3.k ERERL 4. LR T MR IR

A1

Fig. 1

LR HEmEAA 2. Wik R 5
5. fRIEAS Al 6. KA

3 HRESW

3.1 MABBRBENITHE

2 Jv7n g E B KRS - (K 3R 20% ) A E AR
B (B KR 22% ) fE 2 it B b L 3EN ) o BRI
M) o AR BB AT, o 5 o, B A7 76 25 FE X R
ERILRMEXR (K 2a %R 1.1.1.3.1.5 g/em’

A48l A 2 R* 24 0.9587 .0.9705 .0.933 1) , 34 - 1
400

o 1.3 glem?
o 1.5 glem?
300
A 1.7 g/em?
200
100
0 200 400 600
a,/kPa
(b) TSR

— UM R LN T o, SRWN ) o, 8 1955 5

Fig.2 Relationships between soil stress o, and surface stress o, in a loading process
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Fig.3 Effects of soil water content and bulk density on STC
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