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Studies on the Mechanical Properties of Weathered Granitic Soil'

— On the Elements of Shear Strength and Hardness -
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ABSTRACT

It is very important in forestry to study the shear strength of weathered granitic soil, because the soil covers
66% of our country, and because the majority of land slides have been occured in the soil. In general, the causes
of land slide can be classified both the external and internal factors. The external factors are known as vegeta-
tions, geography and climate, but internal factors are known as engineering properties originated from parent
rocks and weathering. Soil engineering properties are controlled by the skeleton structure, texture, consistency,
cohesion, permeability, water content, mineral components, porosity and density etc. of soils, And the effects
of these internal factors on sliding down summarize as resistance, shear strength, against silding of soil mass.
Shear strength basically depends upon effective stress, kinds of soils, density (void ratio), water content, the

structure and arrangement of soil particles, among the properties. But these elements of shear strength work
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not all alone, but together. The purpose of this thesis is to clarify the characteristics of shear strength and the
related elements, such as water content (wg), void ratioleg), dry density (v4) and specific gravity (Gg), and
the interrelationship among related elements in order to decide the dominant element chiefly influencing on
shear strength in natural/undisturbed state of weathered granitic soil, in addition to the characteristics of soil
hardness of weathered granitic soil and root distribution of Pinus rigida Mill. and Pinus rigida X taeda planted in
erosion-controlled lands. For the characteristics of shear strength of weathered granitic soil and the related
elements of shear strength, three sites were selected from Kwangju district. The outlines of sampling sites in
the district were: average specific gravity, 2.63 ~ 2.79; average natural water content, 24.3 ~ 28.3% average
dry density, 1.31 ~ 1.43 g/cm3, average void ratio, 0.93 ~ 1.001; cohesion, 0.2 ~ 0.75kg/cm? ; angle of inter-
nal friction, 29° ~ 45°; soil texture, SL. The shear strength of the soil in different sites was measured by a direct
shear apparatus (type B:shear box size, 62.5 x 20mm; 0, 1.434 kg/cm® ;speed, 1/100mm/min.). For the related
element analyses, water content was moderated through a series of drainage experiments with 4 levels of dra-
inage period, specific gravity was measured by KS F 2308, analysis of particle size distribution, by KS F 2302
and soil samples were dried at 110 + 5°C for more than 12 hours in dry oven. Soil hardness represents physical
properties, such as particle size distribution, porosity, bulk density and water content of soil, and test of the
hardness by soil hardness tester is the simplest approach and totally indicative method to grasp the mechanical
properties of soil. It is important to understand the mechanical properties of soil as well as the chemical in order
to realize the fundamental phenomena in the growth and the distribution of tree roots. The writer intended to
study the correlation between the soil hardness and the distribution of tree roots of Pinus rigide Mill. planted
in 1966 and Pinus rigida X taeda in 1959 to 1960 in the denuded forest lands with and after several erosion con-
trol works. The soil texture of the sites investigated was Sk originated from weathered granitic soil. The former
is situated at Pyongchangri, Kyom-mydn, Kogséng-gun, Chollanam-do (3.63 ha; slope, 17° ~ 41°; s0il depth,
thin or medium: humidity, dry or optimum; height, 5.66/3.73 ~ 7.63 m; D.B.H., 9.75/8.00 ~ 12.00 ¢m)
and the latter at changun-dong Kwangju-shi (3.50 ha; slope, 12° ~ 23°;soil depth, thin; humidity, dry; height,
10.47/7.25 ~ 1279 m; D.B.H., 16.94/14 3~ 19.4 ¢m). The sampling areas were 24quadrats (10mx10m) in the
former area and 12 in the latter expanding from summit to foot. Each sampling trees for hardness test and
investigation of root distribution were selected by purposive selection and soil profiles of these trees were made
at the downward distance of 50 ¢m from the trees at each quadrat. Soil layers of the profile were separated
by the distance of 10 ¢m from the surface (layer I, 1I, .... ...). Soil hardness was measured with Yamanaka soil
hardness tester and indicated as indicated soil hardness at the different soil layers. The distribution of tree root
number per unit area in different soil depth was investigated, and the relationship between the soil hardness
and the number of tree roots was discussed.

The results obtained from the experiments are summarized as follows. 1. Analyses of simple relationship
between shear strength and elements of shear strength, water content {wy), void ratio (ep). dry density (vq)
and specific gravity (Gg). 1) Negative correlation coefficients were recognized between shear strength and water
content. and shear strength and void ratio. 2) Positive correlation coefficients were recognized between shear
strength and dry density. 3) The correlation coefficients between shear strength and specific gravity were not
significant. 2. Analyses of partial and multiple correlation coefficients between shear strength and the related
elements: 1) From the analyses of the partial correlation coefficients among water content (Xy), void ratio (X3 ),
and dry density (x;), the direct effect of the water content on shear strength was the highest, and effect on
shear strength was in order of void ratio and dry density. Similar trend was recognized from the results of
multiple correlation coefficient analyses. 2) Multiple linear regression equations derived from two independent
variables, water content (x; ) and dry density (x, } were found to be ineffective in estimating shear strength (?).

However, the simple linear regression equations with an independent variable, water content (x) were highly
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efficient to estimate shear strength (/‘}') with relatively high fitness. 3. A relationship between soil hardness
and the distribution of root number: 1) The soil hardness increased proportionally to the soil depth. Negative
correlation coefficients were recognized between indicated soil hardness and the number of tree roots in
both plantations. 2) The majority of tree roots of Pinus rigida Mill. and Pinus rigida x taedu planted in erosion-
controlled lands distributed at 20 cm deep from the surface. 3) Simple linear regression equations were derived
from indicated hardness (x) and the number of tree roots (Y) to estimate root numbers in both plantations.

Key words: Weathered grantic soil; shear strength; water content; void ratio; dry density; specific gravity;

soil hardness; tree rools.
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Table 1. Characteristics of the mechanical properties of the soil in the experimental sites for
shear strength.
Number of . Soil Spec'iﬁc+ Natural w?ter Cohesion* Angleg of
Soil laver Soil layer texture gravity content ©) shearing
ye (Gs) Cwn) : ‘resistance” (¢)
Ay Upper Layer SL 2.66 2515 % 0.75 kg/cnm® 35° 15
Az Lower Layer SL 2.63 24 54 0.25 45° 00*
B: Upper Layer SL 2.69 28.30 0.20 36° 00°
B: Lower Layer SL 2.65 24.30 0.67 29° 00/
Ci Upper Layer SL 2.79 27.41 0.20 29° 007
C. Lower Layer SL 2.69 27.69 0.40 42° 00’
+, Averages of 12 samples.
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EEEAR
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Table 2. Topographical and vegetational characteristics of the two sites for the soil hardness
test.

Quadrat No. Position g oF Se“;lth S(l‘ipf Exposure  Humidity E;‘{:ht D.B.H.
A~ foot concave medium 20 S 30° W dry 527m 11.1 cm
A— 2 hillside ’” thin 20 S 30° W ” 5.28 114
A- 3 summit ” ” 26 S 30°W ” 5.20 10.1
A 4 foot ” deep 17 S 42° W ” 5.64 11.3
A—- 5 hillside ” medium 17 S 42°W ” 516 11.2
A— 6 summit ” thin 28 S 42° W ” 373 8.5
A— T foot ” deep 17 S 49° W optimum 497 85
A— 8 hillside “ ” 17 S 49° W ” 4.85 8.0
A—- 9 summit ” medium 29 S 49° W ” 479 8.6
A-10 foot ” " deep 17 S 51°W ” 5.64 10.0
A-11 hillside ” medium 23 S 51°W ” 6.15 9.5
A—12 summit ” thin 29 S 51°W % 4.04 6.5
A—-13 foot compound medium 22 N21°W ’” 7.14 93
A-14 hillside ” deep 26 N21°W dry 5.81 85
A-—15 summit ” medium 32 N2I°W ’” 3.24 8.2
A~ 16 foot ” ” 23 N23*W  optimum 6.60 80
A— 17 hillside ” thin 17 N23° W ” 6.80 12.0
A—18 summit ” ” 26 N23* W dry 4.04 7.5
A-19 foot ” medium 41 N 5 W optimum 8.60 12.5
A— 20 hillside ” deep 12 N 5 W ” 5.85 12.0
A—21 summit " medium 26 N W dry 7.63 10.5
A 22 foot ’” ” 23 N 26° W  optimun 632 10.5
A—23 hillside " % 20 N 26°W dry 6.26 10.0
A-24 summit ’ ” 34 N 26°W ” 6.92 10.3
B-1 foot concave medium 18 E dry 9.06 14.3
B—- 2 hillside ’” thin 20 E ”" 7.25 19.2
B - 3 summit ” ” 18 E ” 11.90 194
B~ 4 foot convex ” 23 " ” 11.50 178
B—-5 hillside 4 ” 20 W ” 10.29 177
B-6 summit ’” ” 23 w ” 10.70 156
B-7 foot ” medium 13 S ” 10.15 14.0
B—- 8 hillside ” thin 12 S 4 1409 185
B—-9 summit ” ” 13 S ” 7.90 16.2
B — 10 foot concave medium 19 N 21°W “ 12.79 159
B - 11 hillside ” " 21 N 21°W ” 11.02 17.5
BR—12 summit ” thin 19 N 21°W ” 8.93 17.2

Notes: site A, Pinus rigida Mill.; site B, Pinus rigida Xtaeda.: Soil texture,SL.
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1. ERISES) HETENH
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= HEE o disie Yol HLTEE MR 5]
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d zlelth K Wl A ol & PERESS Wl
ik, wlRREER A, IREE, o2 A sk Ta-
ble 3) el&ol gifshimel = 2e #8S HHY i

ol (Kated SR, BRafsb ol b HIUT A, )
W e Gk, hher sbeh),

FES @Estao=i(Table 2) #B#el 2HMA i bl ik gdie (B GTUREL fel s
of el REES MEIch fifeor i A kiidsrdiel o geolA K bl A
tg el REEMNEI SEEY SA#ETE RAE bt o]zl wha] srmiatm oo kR gl ERel
g igol sl B8lmch iRl Flle]l o ghel g3 it SEk A Y Aoz Bor(Fig. 1) 9 b
o mEANNA 50em "Hoixl tEF FHE AR Hol ah R - = e = R /S ¥ Tl MERE T -3
Table 3. Shear strength( z;), water content{w.), void ratio{e,) and dry density (74) in
different soil layers of three sites. B
Soil layer N
A A B B C C
Elements ! : ! 2 ! ¢
Ka/af 044007 1112003 163005 1305010 L18 =005 126+ 0.06
Shear strength
, % 2918+ 1.73 2958+ 174 258 =157 27.08x237 29322199 3419 =231
Water content
Void ratio 1.01 2003 0.94 + 0.09 0.93 = 0.02 0.93 +£0.50 0.95 % 0.06 0.92 = 0.07
¢/ o o . . ) PPN . o
1.32::0.02 1.39+ 002 12004 1.42 2003 1.43 = 0.04 1.41 £ 0.42

Dry density

Notes :

Specific gravity can be referred to Table 1. Data are averages of 12 san;;—)i‘es.
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Table 4. Samples rejected by Matsuyama method
Sample No. Tt Wo € ra T - test ?;c]:g:sd
kg/cit % ) ¢/ cn?

Ay o 1.063 31.00 1.0569 1.3392 t:=3.535 D ti0,005 =2.228 T
B, 1.454 29.00 0.8660 1.4578 t=2.449 ) too0s =22262 74
B, 1.648 28.30 0.8991 1.4609 t=2.615 >tooos =2 262 7d
Cia 1.374 32.83 1.0222 1.3913 t=2.6404>tvo0s =2 262 T
Cis 1.425 21.20 0.9474 1.4481 t=3.330 >tooos =:2262 T¢

Notes: ry, shear strength: w,, water content;e,, void ratio; rq, dry density .

Percent by weight

Fig, 1.
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Particle size distribution curves in the different soil layers of three sites.
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ol K g A RE N Co gl B Sk seel Ghkhte] ol iyl Sl & MpHEdmE st
EA U A 0.2kg. em?~0.75kg.em?e 2 uhEbt At BN A Gk #HES se e 43
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kb E A
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7} 0 ch(Table 1). sgtH® ol iksha kil (R L i gk Zlol obdvba A zsbrh K AERHITEE IR
FoRol sl lelM H&RG KL W= BEJpRE, 8 Aol d aiEfisgaE ol MBS B iRl

ﬁﬁ'f;, 4o,
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Table 5. Water content adiusted by several drainage time with different soil layers in three sites. (%)

Soil layer
e TS T A A By B, c -

30 32.70 3273 29.00 3010 33.89 37.07
70 30.30 29.34 28.00 29.60 28.54 36.10
120 27.30 28.91 24.30 26.50 2810 32.67
180 26.39 26.30 24.07 22.07 27.88 30.94
Range 6.31 6.43 493 8.03 601 6.13

Table 6. Correlation coefficients between water content, void ratio, dry density and specific
gravity and shear strength in different layers of three sites.

Soil layer Water content Void ratio Dry density Specific gravity
A, -0.8803** -0.6092 0.7226** 0.4168
A, -0.7965** -0.6800* 0.6615* -0.5059
B, -0.6437* ~07943%* 0.5448 -0.5197
B: -0.9110** -0.5957* 0.5347 -0.4946
Ci -0.9127** -0.8947 ** 0.8758** -0.9032**
C. -0.9092** -0.9087** 0.8700** -0.0704

24wl BAKEMAR &, A3 LS TR SR B Table 6 7 ol fHlgithot BB @
KAZ T & & Brfigol M 120 HAsE 3{EH o| FHAARAMERO Ax Ayt A stas 81 E
3041z, 7041z, 120412k, 180 A1zE &b #Esksh = e fEI S Mot SRR = AT

d #Hle ZALR ME I (Table 5). Bkl AoH(Table 6, 11). wetd —#isge =
2) Gakthet HEcaE ol BHEAD R Bkt Zad SYMreREE b K Fsta, wtole MR
Gkl BES ZHE -HEEGE-E sk b Hod AR5 WHEGEE mntaa Ecof

Sk (EER KU o WHEmE Bl MEs S ARAEEL by ARS] el mibrt  kfrslm

shed HAEFRE SN A 2 w(Table 6) 25 H2] HiBY PR B B gl ool ol ek la/ ki

Rl o RpEol M M & A HOEH 7 e AL EEEel & Aol ¥, BUkEA £

) ok Aot fjmdyel @& 2L Fhig Yoo FH
JEE BAH T 493~803%2 4% FEolA o) Aok ohel A SUBIBE v SRl iR A

=(Table 5) A/kthel SUBToHE > EHHEE  #EE of M7 dod HE4& HHEE L Ad

= s ;o MR dew FAKHA EFeow 1 gkef, #6260

BEmEE BTl RE2 Sk doixd 5 4) HIRTE b SUB A obo) et EE

Bos it A Ae B Bkl doh(Table 11). R E et SUM G obol BisiiHMA 4T (Table 6)
PR BT EE N B HE meniscusol  KEH ol M HH HBEEE Sklbel MR gEl M

wWE N, LR FHe HEN o FEhelztn 4 e |RE 7 2% R MIERGRA Ao B, Baiol

=H Kfe flefy wmEhE Ee o AdellMe M= &Nl obvalich oAl #3tH Ay, B, Cy,
Ffypet A7l olel whet gEgBMN IET ab 9T Colnoll A+ BB 188 B o9 friame]
Aol A A floh BAE 2 sl meniscus o WA oF SURR G = iR

o]l el Ao
= MEEDT b FHS K& ol ﬁkrdﬂi | (Table 6, 11) #@&E 7 249 5% WE-EE S
ATl e pel uhel B T L RFEy] ool a4 E=d By, Bakael 3kl wi= Al Mol ot
Kit 7 Eobxlad ®iEmr oL K FEA Rl 29 o e #AE Urk

wE kel RS SIEERDLE oo BB N Col JER G TR Fol PR = kgl ohet gk
Ve EeRsA s o gobalch B1O b A slo] e M
3) A el RUEGEEE 9 8RN FIEE T ol zolald ubel RiRtel Fholzlom kgt

RIRAE ot WyBT A ebel BT KRR M Zp- zlol GEERE L Zoh” o 2R EIRC] M
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Table 7. Partial correlation coefficients between
four variables, shear strength(x;), wa-
ter content(x,), void ratio(x;} and dry

density (x,) in different layers of three

sites. .
Soil layer Coefficients df Significance
Ay riz.a=-07356 0.008
riz.zs= - 0.2360 8 0.256
Tr.z3=-0.1778 0.312
A, riz.ae= - 08052 0.004
ri.ze= ~-05939 7 0.046
ri.z3=-04813 0.095
B, riza=-0.1724 0.342
riz.2=-06865 6 0.030
riez3= -0.4217 0.149
B, riz.ae—= -0.8762 0.001
ri.u=-01733 8 0.316
ri.23=-0.0191 0.479
C, riz.u=-05163 0.095
ri3.24==-03746 6 0.180
rie 3= - 02899 0.243
C. riz.u= -(18216 0.002
ri3.2e=-07139 8 0.010
ri.zz= -0.4216 0.112
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Table 8. Multiple correlation coefficients be
tween four variables, shear strengh(x)),
water content(x,), void ratio(xs) and 3
dry density (x4) in different layers of % S =
three sites. E
=
Soil layer Coefficients Soil layer Cofficients 4 ‘
o Lol
Ay Rixn =08834** B,  Ruxm =09243** - =
Ri.2¢ =0.8803% Rz =0.9218** o3
R]_u =0.7300* R1,34 =0.6094* :;, 3
Ri.24=0 8869 Ry.23=0.9337** E =
Az R|‘23 =0.8674** C] R],za ={.9269** % 6
Rl,u ==(),8423** R],u =(),9218** b
R1.34 :06800* R],u :09011”‘ =
Ru, 234=0.8931** Ri:¢=0.9324** ’% 5
B] R1, 23 :08165** Cz Rl.ZS :09647"‘ —
Ri.2¢ =0.7208* Riz2e =0.9394%* t‘;
Ri.s¢ =0.8344* Rise =0.9087** pe 3
Ry 2=0.8536%* Ri23=09707** 3 Ll
=) m
<
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1
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due to X,

Regression due to X,
Additional regression
Regression due to X
Additional regression

X, Considered first
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Fig, 2. Relationship between water content(w,)

and shear strength(z¢) of all samples

from different three sites.
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Fig, 3. Relationship between void ratio(e,) and

shear strength(r¢) of all samples from
different three sites.

Table 10. ANOVA table for simple linear regression equations derived from water content,void
ratio and dry density to estimate shear strength of all samples from three sites.

Elements %/(:aurxi‘;iigfl df MS F, Frw

Regression 1 0.8324 0.8324 36.51 Fes (0.01)=17.04
Water content Residual 65 1.4847 0.0228

Total 66 2.3171

Regression 1 0.3792 0.3792 12.72 F&s(0.01)=7.04
Void ratio Residual 65 1.9379 0.0298

Total 66 23171

Regression 1 0.2789 0.2789 888 Fes(0.01)=17.04
Dry density Residual 65 2.0382 0.0314

Total 66 2.3171
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Table 11. Regression equations, confidence limits of coefficients and fitness of the equations
with ad hoc dry density in different soil layers of three sites.

Soil layer

A,
A,
B,
B,
Cy
C.

Regression equation

Y = 2.30840 —0.03671x
Y =1.48118-0.01255x
Y =230785—0.02632x
Y =2 36657 —0.03928x
Y =186618—002352x
Y =2 02989—0.02247x

95 % confidence limit Fitness Dry density
of coefficient % (99 %) %o’
0.03671 £ 0.01396 0.59 1.31698 £ 0.02173
0.01255+ 1000718 2.32 1.38946 + 0.02147
0.02632 = 0.02155 13.72 1.41186 + 001287
0.03328 = 0.01252 532 1.42035 £ 0.03278
0.02352 + 0.00860 2.68 1.43462 x 0.03565
0.02247 = 0.00725 311 1.41185+ 042250
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Table 12. Correlation coefficients between soil
hardness and number of tree roots
unit area at the different depth in

two sites.

Sites Soil depth Correlation coefficient
I, 0-10 co ~0.3675
I,10-20 -0.5299**

Site A i, 20-30 —0.5573*
Iv.30-40 ~0.6922**
V.,40—-50 —0.7326*
I, 0—-10 —0.7758**

Site B 0,10-20 -0.7014*
I, 20—-30 -0.9169*

Table 13. Regression equations, confidence limits of coefficients, and fitness of the equations
derived from soil hardness (x) to estimate the number of tree roots (Y ) at the

different soil depths in two sites.

95 % confidence limit

Sites Soil depth Regression equation of coefficient Fitness
I, 10~20 cm Y=177669—0.4957x 0.4957 %+ 0.3600 2628 %

Site A I, 20~30 Y =128043—-03423x 0.3423%0.2525 23.58
IV, 30~40 Y=122813-04209x 0.4209+ 0.2326 3311
V., 40~50 Y=144781-0.4904x 0.4904 + 0.4551 36.10
I, 0~10 Y=195618—-07075x 0.7075% 0.4504 2377

Sits B i, 10~20 Y =11.3799-0.3298x 03298+ 0.3236 24.80
., 20~30 Y=116751-0.3327x 03327+ 0.2658 10.68
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