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(1) Comprehensive Perspective on Sediment Disaster Prevention and Mitigation
Functions of Forests

(1) -1 Relation between forest age and shallow land-sl|ide in manmade
forests
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mEL (ZIHR) :1967FED o RAMLEBMROEXABE Y. AFAER I N,
1973FED L FREEHARLE LD, 192FE0 M c2LfEOREE 2 L 7=,
Mt. Ichifusa (Miyazaki Pref.): Clear-cutting of natural secondary forest began around 1967,
and Sugi (Cryptomeria japonica) was planted. Around 1973, some landslides
started to occur, and heavy rainfall in 1982 caused many landslides.

HATIE, HUETL Y MR CERMMN TELRHEET 2HIEN RS LHEICLE > T,
1950~19804F D I |3#9750/7 halZ K S MEm20F £ LU T D FEIHAIMDOFE L 7,
(B A0 ZMEE2,500/7haD30%)
In Japan, large numbers of landslides occurring after clear cutting and in young forests have
long been a major problem. Approximately 7.5 million hectares of young forests, less than 20
years old, existed from 1950 to 1980. (30% of the total forest areas 25 million ha in Japan)
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Relation between forest age and landslide area using ~ 4
sediment disaster data occurred in 14 locations nationwide, & E

1934 to 1967 (Akiya, 1979) Forest age
Relation of forest age and landslide area

based on Northern Kyusyu sediment
disaster data 2017 (Murakami, 2018)
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Young forests under 20 years old: The preventing landslide functlon is lower, and the landslide area is larger.

Mature forests over 20 years old: The preventing landslide function is higher, and the landslide area is smaller.
But it does not become zero.




(1) Comprehensive Perspective on Sediment Disaster Prevention and Mitigation
Functions of Forests

(1) -2 The landslide affected by forest function
to prevent landsl|ide

(1) SRMICHE=FMROFOEIHKFISHT HHK - BKEREIZ DT
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Many shallow landslides occurred after clear-cutting,
1968 (lida, Nagano Prefecture)

1983 F SEREBRMLE. FREHD DERIRIH T
SHORBRENEFIICHEE LT,

Numerous shallow landslides occurred intensively at
clear cutting site, (Shimane Prefecture)

SN THRET 2REFERILTEENFENIBO TEVRREAEAOND,

Shallow landslide that occurs in young forests seems to be extremely thin. It is assumed that only the top-soil collapses.



20174 (H294) At B =K E
Northern Kyusyu disaster, 2017
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Many landslides that appeared to be shallow landslide occurred in mature forest, over 50 years old.
For this reason, even in mature forests, the preventing shallow landslide function is not expected.



~ —J—I— [ -
BRE
Main scarp

FIB0FEE DR F AL
Matured forest, 50 years old

BIAREINVEET T H2TEETICKERBLIENFEL. OB OBRENREEL TS,
REDPEBTHTEEIIFELEI TImIZE

An unconsolidated soil layer exists below top-soil layer in which a lot of tree roots grow.

The top-soil is about 1.0 meter thick, and the unconsolidated soil layer was collapsed. 10



fEaHiE O X ik THR4E L 7 RE
Landslide in matured SUGI forest, granite hillslope

HINOKI: Chamaecyparis obtusa

fLREHT O / F itk TF4 L 72 fRiEH
Landslide in matured HINOKI forest, granite hillslope

TEEIIES, EERULENECHEEL TWD

Top-soil layer is thin and weathered bedrock layer is thick

Top-soil layer

E/ FRENVZCEBTT DX IL50cmIZE
Most of HINOKI roots grow within 50 cm deep



€—> EHEH Young forest

RRQEENABT |
FRHROD BRI L R V3B T
HERBENRELOTHD .

TIEE AR
Top-soil layer

: landslid
Growth of tree roots is not enough. anasiae

So, the function to prevent landslide is weak.
Top-soil layer landslide is more likely to occur.

s
€—> M Matured forest

TEEBTIIIRROEFNIERET.

FHO BT R AR BB LIRS
TERERREESND, layer landslide

Growth of tree roots is enough.
So, the function to prevent landslide is strong.
Top-soil layer landslide may not occur.

HFMD AR LEREREIC K Y LIERBRRIRITHNE SN TH, REE BN D FRIREZIIL T S &IFEL L
Top-soil layer landslide is suppressed by the forest function to prevent landslide, but the weathered bedrock
landslide or unconsolidated soil layer landslide may not prevent, even if forest is matured.




(2) Preventing shallow landsl|ide mechanism by tree roots

(2) FMBRICEDERZEBFIEA DXL



(2) HMIBRICEDIBEFERLEA D=L (EDKSITHEESNLZDOMN?)

Preventing shallow landsl|ide mechanism by tree roots ( What is this mechanism ? )

IMER - RHHRIC L 2R

Pile effect by tap roots and sinker roots

T 1EE Top-soil layer

9 XY@ Shear plain

£ & Bed rock, or
X Bt £ 52 Weathered bed rock, or
\‘0((\0(\6\\ O KREFEHEFEY Unconsolidated soil
EBEDIZVIIZEBIEA
Roots invade into crack of bed rock

TRE Root

Top soil layer
P y / Movement of top—sail

9§ RUE Shear plain

KFRICEDFy MR

Net effect by lateral roots
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lateral roots
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FMIRRICK ZBBIIEA DXL E AL ?

What is the mechanism to prevent shallow landslide by tree roots ?



(2) Preventing shallow landsl|ide mechanism by tree roots

(2)-1 Inferring the tree roots function of preventing shallow landslide by root
distribution survey data

(2) FMIRRICE DEREALEA D =X L
(2)-1 REORBRIRFILEEZRRADMHELER, S HS



(2)-1 REROREBRIRILKEZRRSMATERD S HE

Inferring the tree roots function of preventing shallow landslide by root distribution survey data

EERERN 2
REXH 64
Bk 5K

Number of survey trees
In un-thinned forest 6
In thinned forest 5

IR AR

151 ip 58F 4
e 22.4m
HEER 23.6cm

YAREE  80074/ha

Thinned forest

Tree age 58
Height 22.4m
Diameter B.H. 23.6cm
Tree number/ha 800/ha



(2)-1 RRDOKBEAED LA Z R R DA RERD HHEER

Inferring the tree roots function of preventing shallow landslide by root distribution survey data

IR AR

RN 58F 4+
= 22.4m
= 23.6cm

[EXES
IAREE 8004 /ha
Thinned forest

Tree age 58
Ground surface Height 22.4m

- Diameter B.H. 23.6cm
Tree number/ha  800/ha

1.0 meter deep surface

RILOmE TOREILZ L, KFERIZD L,
There are many roots up to a depth of about 1.0m.
There are a few lateral roots.
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Inferring the tree roots function of preventing shallow landslide by root distribution survey data

Root volume ratio %

Tree number
1D Tree age

S Height m
cm

DBH

16~18 years old, in Wakayama prf.

32 years old, in Kanagawa prf.

Tree number No.1 No.2
TBiks Tree age 32 32

BS  Height m 15.1 14.8
DBH cm 17.2 21.0

Y HERMmMD 5EI50ecmDE IR 2 MTED93.7~98.1% N EB L TW 5,

Depth
from ground surface cm

No.1
16

11.6
13.4

Root volume ratio

45 and 58 years old, in Kanagawa prf.

Tree number
BIET Tree age
BIS  Height
DBH

Y 1.0m& VIR HRRT 2IRIEBH THA L HL,
93.7 to 98.1% of the root volume exists in top-soil from the ground surface to 50 cm in depth.
a few roots grow deeper than 1.0m and they are thin.

m
cm

No.1
45

19.4
19.1

%

No.4
18

12.8
13.0

No.2
58

22.4
23.6



(2)-1 RBROXKE

Depth
from ground surface cm

BRERPI LR RE = IR R DR E G R D o HER

Inferring the tree roots function of preventing shallow landslide by root distribution survey data

MR DKREE : IBRDIEB T 2 RFEERICH T 5 LIEREE I 50cmA DR 2R & Bk D BER
Verification of the pile effect: Relation between tree age and roots volume in a 50 cm thick layer of the top-soil
at the deepest part of the root distribution
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T1EE Tpo-soil

R AL =
Weathered bed
rock
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Roots volume measurement range

Root volume ratio %
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B ARBP50cm D IR R E & i D R
Relation between tree age and roots volume
in the deepest b0 cm thick layer of the root distribution

* RRERICEB T AMMRICEST 2R ISB
DEIE EHITERT. MHRIEBBFTELL,
% The roots that grow in the deepest part do not

increase with the age of the tree, so it seems that no
pile effect can be expected.
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Inferring the tree roots function of preventing shallow landslide by root distribution survey data

Ty MR OWREE | MIARFEMRICE T BRFRE & B OBER
Verification of the net effect : Relation between tree age and total root cross-section areas at the midpoint of
the tree trunks
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BREHI DX Plane figure of a landslide B
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The periphery of the landslide (blue line) is thought to occur in Relation between tree age and total root cross-section areas
the center between trees, where lateral roots are thought to at the midpoint of the tree trunks
be least present.

* IUAEAFPEKUICE T HKFREESBHEOEIMNE & HITERRVDT, v FPHIRIFEHFTERL,

% Since the lateral roots at the midpoint between trees does not increase with increasing tree age, no net effect
can be expected.




(2) Preventing shallow landslide mechanism by tree roots

(2)-2 How does top-soil landslide occur? “Landslide experiment”

(2) HMIBRICKDHERFIEAD=X L
2)-2 REBRREIEDLSICEHENDGN? FRHIEREER



(2)-2 TIEBRRZEEFEDELSICEHENSL? HIEREER
How does top-soil landslide occur? “Landslide experiment”
EEBROED  TEEOFENAZBHOMNIT S, IXYEAITERI NS D ?

Purpose of the experiment: To clarify how soil layers collapse. Is a shear surface formed?

Water tank

=& Height @ 690mm
#8 Width : 200mm

#1E & Slope length : 1380mm
{EF1A Slope angle = 30°



RERFERE 149

1 minute after starting the experiment



RERFAEKER 6%

6 minutes after starting the experiment



EERBHBE 790408

7 minutes 40 seconds after starting the experiment



EERFEKRE  7953.58

7 minutes 53.5 seconds after starting the experiment

& AWTE, Shear zone

1



(2)-2 TIEEBBRRIIEDLSICENDN? HEIEREER

How does top-soil landslide occur? “Landslide experiment”

TEFICKEL-BEOMITEDOEFHZ Movement of white sand pillars installed in the soil layer

HERFALAL 193 6% 75407 7753.5%)
After the start 1 min. 6 min. 7 min. 40 sec. 7 min. 53.5 sec.
TEOEREIFEL, TETEANKEN BIFKE DR S NBRIEN IR E 5
I C DEPETIRRICEL 2EHNIEA AT BE Z DEPETIRRAIC & % BRtEINIE 13 R
The strain rate of the soil layer is slow, and the strain A saturated interflow forms and landslide
is larger at the bottom. begins. At this stage, it is difficult to control
At this stage, strain can be suppressed by the roots. landslide by roots.

sposs 7 DEOTBIELEANEATRE L,

“ T Y RIEToEAMEENES S THERREEAINLELTWSEDTIE?
% A thick shear zone was formed at the bottom of the landslide.
% Do roots prevent top-soil landslide by suppressing soil shear strain?

Points of
the experiment



(2)-2 THEEBRZEIXEDLSICENSMN? BFIEREER

How does top-soil landslide occur? “Landslide experiment”

TIERBRIZEICEAT 52ER

RIZERE(0~50ecm)ICEFHICES
Consideration regarding top-soil landsli

Roots grow intensively in the surface layer
(0-50cm)
RIFFRE LY Dm0

Roots are fewer than the surface layer

= Bed rock

TEE.,

BRNZWRE

} Many roots

~~~~~~~~~~ rHAKE-B8H

i Shear strain-cracks
%m?«Uﬁ#ELT%ET%i%E%ﬁ BV ARTIENE L THRET 5 LIERERFRIE
Top-soil landslide on the thin shear plane Top-soil landslide caused by thick shear zone

RIZEVEAMBTEOEAMNE - BREMWA. LEEFEZMELTVWSIDTIE?

Roots suppress shear strain and cracks in the shear zone, and prevent top-soil landslide



(2) Preventing shallow lands|ide mechanism by tree roots

(2)-3 Is tree root effective in preventing shallow landslide ?
“ In-situ direct shear tests”

(2) FMIBRICE DEREMIE A H =X LOFMH
(2)-3 TIEBREOEAALICRRIIANN? [REUEEAMKERIC L HIREL



EEROBRM : HiC. BOHAKBEEEWCAMNE T RICL BRERBIEEDENERESAIZT B,

To clarify the difference in the landslide prevention function of roots between thin shear plane and thick shear zone.

R ESAMREREXE (L+BHtE1E) Schematicillustration of in-situ direct shear test (soil with growing roots)

BWEAMEZ A LS8 2855

Test that produces a thin shear plane
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Iron plates====ggp=—=ee.
Yy ¥ 1
Oil jack

o Ay A

BB AR

S

Ground layer

BEWwgAlE 4 8555 Thin shear plane
Test that produces a thick shear zone ‘ M=
A Displacement
Sy ERAR
g *7 7 Jron plate
Oll JaCk ........

[E 8 A KBTS

ick shear zone

Ground layer
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TAMIBRORZREERE kg/0.5m3
Roots weight density in the shear zone kg/0.5m3

TARIBDORREETE & ¥ AWMRRRE DR
Relation between roots weight density in shear zone
and reinforcement of shear resistance

- HAMEBSFWIZERICE 2 EANEREEIIRE LD,
The thinner the shear zone, the greater the reinforcing strength by roots.
« AL, BAKEBAELL THRICK 2H@EBEIIRIEINS,

But, even if the shear zone is thick, the reinforcing strength by the roots can be demonstrated.




Q) EEELGRATE
(3) Keys of the presentation

* FHMOERIEALEMEEICKY LERBRRIIIILEINS,

* REFKELEOEBRIEBHODPORNRIREIIET HEITEELLY,

% Top-soil layer landslide is suppressed by the forest function to prevent landslide,

% but the weathered bedrock landslide or unconsolidated soil layer landslide may not
prevent, even if forest is matured.

* WEIR- v FEIRICK B BRIEFIEEEE DRI AES TIE W LA ?

% Isn'tit inappropriate to evaluate based on pile effect/net effect?

* TEERICEAZF LA’ EL. CARBRAICEADIELEHDIHE
Z L ThIRICEI B,

% A thick shear zone is created in the soil layer, strain increases within the shear zone,
and cracks develop, leading to landslide.

* HTAMERICETT SRV LIOBANMEEEZEML. RICK 2EEELE
RaeL 4%,

% Roots growing in the shear zone increase soil shear reinforcement. This is the roots
functions to prevent landslide.




watiE, LINESIINSFUEE.
Thank you very much for your attention,



Q) F&OH

Some points of the presentation
<€—> FEHH Young forest
RROEENEHET &

AR B R LR ST .
HER RN REL LTS .k 3

TIEE AR
Top-soil layer

: landslid
Growth of tree roots is not enough. anesiae

So, the function to prevent landslide is weak.
Top-soil layer landslide is more likely to occur.

Top-soil layer

Lol
w
€—> HEM Matured forest

TEEBTIIIRROEFNIERET.

FHO BT R AR BB LIRS
iiﬁ%ﬁﬁiﬁ‘i*mjtéhé° layer landslide

Growth of tree roots is enough.
So, the function to prevent landslide is strong.
Top-soil layer landslide may not occur.

HFMD AR LEREREIC K Y LIERBRRIRITHNE SN TH, REE BN D FRIREZIIL T S &IFEL L
Top-soil layer landslide is suppressed by the forest function to prevent landslide, but the weathered bedrock
landslide or unconsolidated soil layer landslide may not prevent, even if forest is matured.




(3)
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Some points of the presentation

-

FRIREE

REAR  FHERIC & SR

Pile effect by tap roots and sinker roots

BRI A1
| O

l 5
KERICE 2 F v PR
Net effect by lateral roots

FRNER - 2 v bRIC K B IZARESE TIEA WD,
\Isn't it inappropriate to evaluate based on pile effect/net effect? /

Top-soil depth cm \

-

Roots volume ratio

& AT,
Shear zone

TEREA, WL EE A RIS
BT LR
Roots growing in the soil layer or in
the shear zone

-

T D A RTHER R E D IENN
RIC K 5 AREER IE#RE & 720 %
Increased soil shear reinforcement

strength = Roots functions to

prevent landslide. /

-

TEERICEARZH > 7o AR
HMNELC. BABBIRICEADIE L,
BHIFEL THEICHS,

A thick shear zone is created in the soil
layer, strain increases within the shear
zone, and cracks develop, leading to
landslide.
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