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Fig. 10 Relation between form of root construction and slope gradient :
(1) case of thick soil on steep slope, (2) case of thin soil on steep slope,
(3) schematic form of root block on different slope.
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pattern on the compare to broad leaved
species.
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Fig. 16  Relations between depth of root (¢ =210mm) and
depth of soil, on different kinds of tree species.
(1) japanese cedar, (2) jap. cypress, (3} jap. red pine,
(4) jap. larch, (5) broad leaved tree.
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Fig. 17 Relation between depth op root (¢ =30mm) and

depth of soil (all kinds of species), on different topog-
raphy.

(1) ridge type (convex) slope ; relatively dry environ-
ment, (2) valley type (concave) slope ; humid~wet
environment.
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Fig. 18 Relation between depth of root (¢=
10mm) and (1) diameter of stem (D. B. H),
and (2) radius of canopy on japanese

cedar.
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Fig. 19  Relation between depth of root and diam-
eter of stem (D. B. H.) :
(1) japanese cypress, (2) japanese larch.
19 BAOES LIgEHE L OMF
(1 es®, 2) AT<Y



FuRWER 66, 1992 107

Aros) ‘
O diameter of root 10mm
o @ diameter of root 30mm
3 o o o
00 o8 o ° .0
R R N S "2 .
: P e
= 1 . YN qg‘g LY .
& o %
L
m 0 1 L 3 1 i . J, 1 ]
§ 0 10 20 30 40 50 60 70 80 80
o
T 3
= (4 O diameter of root 10mm
2 @ diameter of root 30mm
a 2 ©*% o o b
©
%! 6":3}%:“?? v
1 o o0 %“i&g“ ‘W &9- . . *
oL ot

L ) L !

IO 20 30 0 50 60 70 80 90

Diameter of Stem (em)

Fig. 20 Relation between depth of root and diameter of
stem (D, B. H.):
(3) japanese red pine, (4) broad leaved species.
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Fig. 21 Interlock between forest root sys-
tem and relief of base rock surface
on step slope covered with thin soil.
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Fig. 22  Difference of forest root system on differ-
ent topography and landslide occurence.
(A — B) tree roots do not reach to base
rock and do not entangle to side root each
others on the valley type slope.
{(B— C) tree roots are entangled each
others and penetrate to base rock.
22 HASESEAEIRRIENIC B U B HER O
(1) BEHE (A — B) KB L RRENK R
Flxdgnc B ¥, BERHEOKAEV L
LR
(2) BARIRIE (C— D) Wis i) 230
HURAIER TR &, BMEAHE bR



110 Bull. Kyushu Univ. For. 66. 1992

BIDHTHIE WL - TC, RELEXBECES0T, UHESBEIFLTI SN, H
SR B ER SIS D AT a R o h, FOFMRABBEELICLS R>TWwaZ L
DHEE SN S URE, 1987), D &5 i, LHBATOEEMRL L2605,

FEARSE SIMHEL T, BELTELC R WAL L, BFHEHO/NS » EE
Sr, BOTELIES EOBOHTRRA SN TEBLEOBREMILEINTHEZ Y
#Erzonbd, TENTORRZROWSELYEZSND,

IDEIIRROEE EEZ 2 £, ST EIFEEROARTMECENS 2 L HVEE
EhBH, REOFHER» SHW T2 &, HREEOMEIXHERE, RMtEOE SO
Sl L > THR TN TED, BEELOEIOREHESH 255, WRADEFIMHR
WERMIZL T, BEINTVS X R SN, BEEE I3 5 BB R i/ER I
WHoNEN-/eZ il d, ZOMOHEEE, HEBOMERNE b L2, JIFEMR
MTHLS.

IR I BT, B EEE, AR oMREREEL a5 L, BEMCE, T
BBITT2IEEBE LR TwaY, Fllics s Lghie, 2~3ROBEEXNEL,
WUTAL—AREERE TRy, RED» S OEERPH BT, HIFIZAD,
FNDPMBRER L CTELBEE, H50EHEMOBBIEET, i oTHtEo%
WHEREBI 2B L7 C L I L A BBBENRWISENG, 20, 2 MOBELEEE Y
BIEEE R REL TR R EDTAHL S,

ERVE ¢ OBIER (BIHE) Lok BYLE (Wi By 2 BER) %
EZB, o tEE, BEBOROMEN RS2 L IEEBOROME12% 2
T, Tk c kL, FRNEEEEAY ¢ T2 &, WHHEN » 3R k- TERE N2,
(2 ZTIRMBKRESE 2 20s)

r=c+ W « cosb + tand=c+3Sw; + t, ~ cosf + tand O
XU TR A ECIBEL LS T A F i,
F=W +sin=3w;+ t,+ sinb (2)

(s ifgTo, BAERMYOERY w, TOERELOEI 2 4TI, W=
Sw; e t)

ZDBEENTIE, ¢ wiy by ¢ B—EME TR, B> TELELONEHTH
5, LEBREBIZESIBTHY, TBIEEETHLDT, ¢, wikdtic, FEIZEKRLY
D, BEECEABCAS LAMT I, BREFNE25<0TC, LE-EENIBI2 N
5OELIRIRE, B23 0L FEBITRY, ¢ ML o THIPICELT 528, 2T
—SEEHER D L, PSS Swid - cos + tang B LBOERICHT LI Lick 3,
INHDIEERAREICBWT, HERENSNIRETOf L c LB -, BELHF
(Bwiti»sind) EOHHEH &, M3 TROX S WRaENS, B « ZEEPREL
B e OB TAEGANC R T 2 O TH B, BERERRI I HE T A AR
LT, #IF (BB AKE w & ERT 2 (R, BREICHKLT ¢, ¢ METT20T,
DEHIETL, BIKICE > T F iR ERET 5, ZOMBEREICE, e FERZEL,
BORREELEDETA, 2FD, ZOFELRT, FERr¥ LA ko CLER
BT 5, ZOBBBRIICHEFOMSET 20, #ROE» SR T w, c DREET,
Lad, (HBDAREUCZERS L %5, BEFCEEOE LI, JhicEMT 5, BE



AR 66, 1992

1
Q 1 . 2m
o
=8 .
0 A \ ] s
o-ALAzAB B BC C S
z Lo CLM
- |
£ %l
100 ‘ ‘ |
) !
E |
g [
g ) i
il
R s T
=5 o= | R nIT e

Strength
Registance

1 2m
Depth of profile

Fig. 23  Schematic distribution of shearing
strength and resistance in the soil profile.
Usually, couple of hard layers existe in
the soil. when root system penetrate
upper hard layer, sliding surface removes
to lower hard layer.
F : sliding forse by soile weight, F' :
sliding forse on saturated state.
{ : friction, ¢ : cohesion, r : resistance of
root system,
7 : totalresistance, u : inner water pres-

sure.
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Fig. 24  Relative difficulty of bending of soil
layer :
(1) natural forest soil is porus, so resis-
tance to compression is small.
(2) therefore, natural soil is easily bend-
ing.
(3) existence of root blocks increases
resistance, so bending transformation
decreases.
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Fig. 25  Distribution of resistance of root
block and arch structure constructed
root block.
arch form : CD « AB — EF, size of
black circle indicats strengh of resis-
tance.
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Fig. 26 Transmission of downward weight
strength among the root blocks each
others.
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Fig. 27  Schematic distribution of shearing

strength and resistance along the arch
structure (AB — CD : Fig. 26). AB ; top of
arch : center of valley type slope, BC ; side
part of arch : ridge type slope, F : shearing
force by soile weight,
F’ . shearing force on saturated state,
f : friction, ¢ : cohesion, r : resistance of
root system, 7 : total resistance, ¢ : total
resistance on saturated state.
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Fig. 28 Increase of shearing resistance ac-
companied with growth of root blocks on
the side wall of landsliding.
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Fig. 29 Latent existence of parabolic arch struc-
ture which is constructed in the soil body
at occurrence of landslide.

s : side pressure, mx : downward force.
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Fig. 30 Experiment of miniature landslide on
wet sand layer which has week cohesion.
(1) initial form : fall out over hang part.
(2) after landsliding of lower part whose
arch structure was not supported.
(3) after landsliding of main part whose
arch structure was supported by side wall,
and remains uper part whose weight is
relatively small compared on bottom fric-

tion.
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(1) Grass slope voleanie soil

(2} Grass slope  ~— . M\»\

. voleanic sml\;A\_ﬁ

Fig. 31 Example of shape of landslide.
(1) {2) landslide on the volcanic soil slope covered
with grass, wide arch form whose radius shows
about 40m~50m is recognized.
(3) landslide on the steep slope covered with forest,
arch shape on upper slope and many cracks on side
slope are recognized, these phnomena indicate exist-
ing of arch structure and resistance of side wall.
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(1 (2)
miniature
root block shearing surface

Fig. 32 Experiment of miniature landslide on wet sand
contained miniature root block.
(1) experiment instrument : main factor : angle of
slope.
(2) example of arrangement of miniature block.
variegate size, density and situation of miniature
root block.
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Fig. 33 Relation between density of miniature
root block and shearing resistance of side
wall. density : volume of miniature block/
volume of slided sand layer.
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Fig. 34 (1) Schematic distribution of arch struc-
ture on the mountain slope.
(2} On the first stage of landsliiding, para-
bolic shaped crack will be occured.
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Summary

It has been thought that the control function of forest in relation to the occurrence of landslide
is carried out by trees through pile and net-work action. Pile action is carried out by vertical tree
roots which penetrate to the layer under the slip surface. Net-work action is carried out by horizontal
roots which connect with neighboring tree roots. But theoretical problems arise concerning these
structures when results obtained from numerous field observations are examined. In this paper, the
following results were obtained from observation of the actual condition of tree roots in the soil
layers.

The area occupied by a tree root block for all tree species was found to be nearly equal to area
occupied by the canopy. On the other hand, the crown closure of a forest (area of canopy to total
stand area) is 60-80 % under nprmal conditions. Therefore, it is assumed that intersection of a root
system with those of neighboring trees does not usually occur. The depth of roots increases according
to the growth of the tree in its immature stage. However, in the mature stage, depth does not increase
and reaches a constant value regulated by both tree species and soil conditions.

1. Tree species : pine, fir>pioneer broad leaved tree>tree in climax and sub-climax forest>
Japanese cedar> Japanese larch> Japanese cypress.

2. Soil humidity : arid condition> wet condition.

3. Thickness of soil layer : thick > thin.

4. Depth of penetration into the layer under the slip surface : arid and thin soil >moderately wet
soil. It is known that roots do not penetrate to the layer under the slip surface in thick soil and/or
wet soil.

The root structure above shows that vertical roots do not penetrate to the slip surface and that
horizontal roots do not make contact with each other at many sites.

In these cases, both the pile and the net-work actions of the forest root system do not function.
However, the resistance of the forest root system has been widely acknowledged and has been
supported by the statistical analysis of numerous sites. Usually, the stability of slope is judged by the
balance of forces generated on the slip surface in a longitudinal section of the slope, and both actions
of the forest root system are evaluated by this two dimensional mechanism,

The above contradictory results indicate the existence of another mechanism. Therefore the
existence of a three dimensional structure in the soil mass may be assumed. This structure is a latent
arch structure and has a parabolic shape.

According to field research outlined in this paper, the existence of an arch structure was
confirmed at large and small scale landslide sites. The dynamic action of this structure was tested
in experiments with laboratory models.

The total strength of this arch structure is determined by the compressive strength of the
structure. Though strong root blocks composed of tree roots and soil are arranged with a gap in
between and no contact with the slip surface in the soil layer, the strength of the arch structure

increases.





