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Characteristic of Vertical Stressin Sandy Soil according to Loading Types
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ABSTRACT

This study was carried out to evaluae the vertica stress properties in sandy soil according to changes of loading type in soil
bin compacted three layers. The following conclusions and comparisons have been made based on careful andysis from theoretical
and experimental methods. : When sandy soil subjected to cycle-loading, compression of foundation and diffusion of vertical stress
increment(Ac,) were influenced by magnitude of loading plate. When sandy soil subjected to reloading after removing of

pre-loading, the digtribution of Ao, depth & one time of loading plate width was different from its distribution a more deep point
cause of load hysteress, so in case of design of dructure, the effect of Ao, as depth must be considered. The increment of

verticd stress will be different as loading condition and foundation depth, the loading condition must be considered in case of
structure design.

Keywords: Vertica stress properties; stress increment; load hysteresis; loading condition
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Table 1 Physical properties of sand
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Fig. 1 Particle size distribution curve of sand
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Table 2 Specifications of pressure cell

Item Value
Measurement range 0 ~ 200 tf/m?
Resolution 0.025 %
Accuracy +0.5 %
Nonlinearity +1.0%
Over range capacity 150 %
Thermal zero shift Less than 0.03 tf/m’/C
Operating temperature -30~70C
Weight 2 kef
3 m
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—_— = e 7=2B plane
03 m : :
——————— - r————f~—2=3B plane

r=0Br=1Br=2Br=3Br=4B

(a) Longitudinal section

L]
o |0.3mx4 0.3mx4
.

L)

2z=2B plane

(]
e |0.3mx4
.

z=3B plane

2z=1B plane

(b) Plan

Fig. 4 Location of pressure cells

A EQAE ARSI AEdd] EQAle Uil A~EH)Q
702 Uiet e 2|7o] 114 mme]al X S
7b 200 ti/m’ o2 EQAS] AYS Table 29+ Zth Ajshd
ol 30 cm (z=1B¥), 60 cm (z= 213?15_), 90 cm (z=3B9) 7
ool Al Asls; FAHOERE HAY 0 cm (r=0B), 30 cm
(r=1B), 60 cm (r=2B), 90 cm (r=3B), 120 cm (r=4B) 59
5 1530llA Zlold, A A wsks 45ty eH
EQMAS AA9)Rt 7+ ZH 9] WA Fig. 49} At

3. SISAsldH

A FHo| SEIEZsE A5} A, xR WE ARE AHE
9] 2% oﬂﬁ*éé 957 93 Ex Yo mae Aoy
T 05 % & TS o] 371K AekelES 2k st akelch

7} ME5IE Risile
HZ51%E Aot KSF 2444 ol ols) 0 tf/m* 58 80
tH/m* 74 10 t/m* & Z7kste] Afst stglon 7+ slEtA o

Journal of the Korean Society of Agricultura Engineers, 51(6), 2009. 11

(b)1B plane

THCC®N e 8 ;

(c) 2B plane

(d) 3B plane

Photo 1 Location of pressure cells and loading plane to
measure vertical stress with sand foundation
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Fig. 5 Ratio of stress increments by theoretical and experimental methods for sand under 30 tf/m?
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Fig. 6 Ratio of stress increments by theoretical and experimental methods for sand under 60 tf/m®
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Fig. 7 Ratio of stress increments by theoretical and experimental methods for sand under 80 tf/m®
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Fig. 8 Ratio of stress increments by theoretical and experimental methods for sand under 30 tf/m? of cycle—loading
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Fig. 9 Ratio of stress increments by theoretical and experimental methods for sand under 60 tf/m” of cycle—loading
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Fig. 10 Ratio of stress increments by theoretical and experimental methods for sand under 80 tf/m® of cycle-loading
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Fig. 11 Ratio of stress increments by theoretical and experimental methods for sand under 30 tf/m® of repeated loading
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Fig. 12 Ratio of stress increments by theoretical and experimental methods for sand under 60 tf/m® of repeated loading
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Fig. 13 Ratio of stress increments by theoretical and experimental methods for sand under 110 tf/m? of repeated loading
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Table 3 Vertical stress increments caused by load increase

Load (tf/m’)
Location

10 | 20 | 30 | 40 | 50 | 60 | 70 | 80

r=0B | 3.09 | 6.39 |11.11|17.52 | 25.82 | 45.07 | 64.90 | 74.11

Table 5 Vertical stress increments caused by repeated
loading

Load(tf/m?)

. 20 40 60 80 100 110
Location

r=1B | 0.34 | 0.74 | 1.02 | 1.39 | 1.83 | 2.34 | 1.73 | 1.18
z=1B r=2B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
r=3B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
r=4B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
r=0B | 1.34 | 3.07 | 454 | 6.27 | 8.79 |11.76 | 13.70 | 15.00
r=1B | 0.90 | 2.08 | 3.00 | 423 | 5.14 | 6.74 | 7.12 | 9.21
7=2B r=2B | 0.12 | 0.26 | 0.35 | 0.40 | 0.40 | 0.35 | 0.12 | 0.00
r=3B | 0.09 | 0.14 | 0.14 | 0.14 | 0.09 | 0.05 | 0.00 | 0.00
r=4B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
r=0B | 0.73 | 156 | 2.19 | 2.97 | 428 | 6.00 | 7.72 | 9.19
r=1B | 0.30 | 0.87 | 1.52 | 2.30 | 3.00 | 3.78 | 4.56 | 5.25
z=3B r=2B | 0.13 | 026 | 0.33 | 0.49 | 0.69 | 0.89 | 1.02 | 1.15
r=3B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
r=4B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Table 4 Vertical stress increments caused by cycle—loading

Load(tf/m?)

. 10 20 30
Location

40 | 50 | 60 | 70 | 80

r=0B | 140 | 1.04 | 1.65 | 3.01 | 550 | 8.72 | 13.01|19.00

r=1B | 062 | 022 | 1.20 | 2.26 | 2.87 | 348 | 410 | 455

z=1B | r=2B | 0.14 | 001 | 0.01 | 0.01 | 0.00 | 0.02 | 0.02 | 0.03

r=3B | 0.05 | 001 | 0.01 | 0.01 | 0.00 | 0.01 | 0.00 | 0.00

r=4B | 0.00 | 0.01 | 0.01 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00

r=0B | 091 | 3.25 | 5.30 | 7.42 | 9.74 | 12.13 | 1459 | 17.19

r=1B | 0.16 | 148 | 245 | 344 | 453 | 5.63 | 6.87 | 8.21

z=2B | r=2B | 001|029 | 043 | 0.55 | 0.63 | 0.63 | 0.58 | 0.46

r=3B | 0.00 | 0.05 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

r=4B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

r=0B | 044 | 213 | 352 | 491 | 643 | 7.99 | 9.76 | 11.66

r=1B | 0.10 | 0.36 | 0.63 | 0.89 | 1.19 | 1.48 | 1.75 | 2.08

z=3B | r=2B | 0.00 | 003 | 007 | 0.13 | 0.16 | 0.16 | 0.16 | 0.13

r=3B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

r=4B | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

z=1BHONA &35 o] A7 = S8Fe] A7IA] (oke
o FE3E 90 tf/m’ olFol= SRF &) r=0BAHL]
Ao /q®] A717} S7V8HH Frohlich®] A3k}l v|s=siA| yepd
=2

z=2BH A= Frohlich®] ATk} H|S=3t 7
Frohlich®] A¥Erk= Ao /q] 377} 341
£ 11 Zo|7} thh FTIek= Aol Sl

S kA
’6‘]7: | 27k
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r=0B 125 | 491 | 11.32 | 19.90 | 36.20 | 59.56
r=1B 077 | 226 | 335 | 441 5.14 | 545
z=1B r=2B 000 | 000 | 000 | 0.00 | 000 | 0.00
=3B 000 | 000 | 000 | 0.00 | 000 | 0.00
r=4B 000 | 000 | 000 | 0.00 | 000 | 0.00
r=0B 364 | 763 | 1170 | 15.86 | 2069 | 23.32
r=1B 173 | 375 | 583 | 797 | 1067 | 13.02
z=2B r=2B 029 | 043 | 052 | 052 | 034 | 0.14
=3B 009 | 006 | 000 | 0.00 | 000 | 0.00
r=4B 006 | 005 | 000 | 0.00 | 000 | 0.00
r=0B 2.35 | 5.03 802 | 11.09 | 1494 | 17.09
r=1B 053 1.02 155 | 2.04 | 264 | 3.00
2=3B r=2B 000 | 000 | 000 | 0.00 | 000 | 0.00
=3B 000 | 000 | 000 | 0.00 | 000 | 0.00
r=4B 000 | 000 | 000 | 0.00 | 000 | 0.00

7=3BHoA= z=2BHET Asl554l0] S0 gL
0| T7HE olE2gETe] A7t v S8k Rkl 9L
=3

Fig. 11914 Fig. 139 A9 80 t/m*9) AAElES Asist
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AHsI 7 27 Uehd AsiEe] 36 ol4e] Ao
A= 719] YeRiA) eokon], sigo] Z71aeE Az ofg
Ao 9} OIEAER T3 A0.9) Aol Zrlalglon] Aol
ngolx 5 Aute] Holr} ¥ 2A] ekt

AFIE Aol W EIFe] ARFS: A%, AsaAe] 2l
Aol YEt Ag 2] TSI JFS v S5 1
89



Ashel e AE 2] o

238 B4

Sh1 Zolh Qola4E AT JFE AL A0 vt
ek

Agtel] Akl shgo] AAT Fol e szl A
She Aol AsEe] 18 ZololAle] A, HEgeh o)
Fol2o® Qs golrt Ze o] Hmaeeh oA vt
B2 725 47 A sEolRlel Ot Ac o] W Teisiel
o 2t

5 Aozl ot o
1 w}a} ofse] 1ol izt

iggaze 5ol F71E

A% vt ol 7}

STl Ashalzio] of 308 RER ulad e AzoR
Wkl AelEel seldo] g it 3%
o WA glow Been A4 @y

Zhol| o5t AJAE ko] X2eE EA9
Aoz gt
o12] oA A|HEe] Zlo|7} kS IFLoA= HEEE
o olat A geizIRo] 27 =
HoHE AptE ok ﬂﬁ%ﬁﬂ%ﬂ%o 27 vepdt o
l

_l

E
g,
[
X of
<
a
fn?
—LI
U
w
é
), >
=
D
o2t o
u)
)
N
P
B
T

o 54 e Laa HOF o Hox moa

REFERENCES

1. Chon, Y. B. and Lee, T. H., 2000, An experimental
study of vertical load. In
Proceeding of the 2000 Annual conference the Korean

stress by incremental

Society of Civil Engineers, 533-536 (in Korean).
2. Lim, J. S., 2004. An experimental investigation of
Boussinesq's theoretical value of vertical stress
incremental in sandy soil mass caused by surface
strip loading. Journal of the Korean Geotechnical

Society 20(9): 5-15 (in Korean).

90

10.

Lim, J. S. and Lee, I. H., 2005, A study on the
distribution stresses beneath loaded ground surface
area of double strata ground on soft clay layers.
Journal of the Korean Society of Agricultural Engineers
47(6): 47-57 (in Korean).

Park, H. G. and Kim, D. Y., 2005, The interpretation
on underground stress of soil layer subjected to moving
repeated loads. Journal of the Korean Geotechnical
Society 21(3): 55-63 (in Korean).

Ahlvin, R. G., Ulery, H. H., 1962. Tabulated values
for determining the complete pattern of stresses,
strains, and deflections beneath a uniform circular
load on a homogeneous half space, Highway Research
Bulletin 342, Transportation Research Board: 1-13.
Boussinesq, J., 1883. Application des potentials a
L'Ftude de L'Equilibre et du mouvement des Solides
Elastiques, Gauthier-Villars, Paris.

Das, B. M., 2002. Principles of Geotechnical Engineering,
5th ed, Brooks/Cole: 224-258.

Frohlich, O. K, 1934. Druckverteilung in baugrunde,
Springer-Verlag OHG.

Kogler, F. and Scheidig, A., 1927. Druckver Teiling
1m Baugrunde, Bautechnik.

Westergaard, H. M., 1938. A problem of elasticity
suggested by a problem in soil mechanics; soft
material reinforced by numerous strong horizontal
sheets, contribution to the mechanics of soils, Stephen
Timoshenko 60th Anniversary Volume, MacMillian

Company.

s3Iy ALlE A6z, 2009



