IR TR D B3R5 IR BY -3~ 5 B 58
— AR BAR T i o i o wnwT

RE BRik-JHH Bk

I #

BT, Wit oAb T, ERMICKIEAMETL, hiaisiiEh s & okirixel
L, LEE>SHBITH LU CEECRD, 23T oXSE HERTE B85 T ¥k
L, BRI T, COBRE, LEKE, K0S, BERFCX - TRELKRE
h, WECERTS, ChooBGE, BEWCIARENCIR—-0IDTHS2, FiE
WY, MEEENCIERE REREZR LTV 5, FESHILO ATl L2 RE T o X%
BrcF WS —HORFITEDLH, TODITHETRERE, HEEELZ, BLED
BRD EFONTHRT 5. 7, E, o s, RhcX2HEFEIHEAATH-
T, B, BRI X - TRSAKEL LA o oLMMICR I 5 RELMETH %,

%ﬁu,%ﬁﬁﬁ®%¢uowf%&mgyﬁb,i%@*ﬁ%#%%i%mﬁb,ﬁg
&t FHEFHFC OV OIERMCHA L, LEEC oW T, BRRE» D, T
PRz BT B AL ARSI S B, WRSIERE, SRE N oHEE R X O, EKEEE 2 57
FTLLENERABEHTH D, FESEEIL Stefan, Neumann 5D KOMEREAZICAL
r%ﬁ%§@$ﬁmmkﬂ?éé®ag§,ﬁ,@ﬁ%%mxortﬁﬁwﬁmxwéﬁﬁ
FEEZEETIEARNBREIN TS, Thbb, HEEZZuwETE, gEREH
13, H=ay/u (a: KEFRED THD, OBA, BHEIFEIIHEEEREE»Y Th<, AH
W, B, BEREORGREN, Wk, Wik Eoft Xk > TRERFERZZT LD
T, KEBET SRS ORTF DR AR IR 2 R T IR BT %, £2 T,
FEME BT 5 EARNE RD D7D DERE T - 7o WIS TE OB KEZ>WTY, B
TR A B L, EEOHERBIC oW TERTREHEETH B9, FORIcENERS
15 - TR EZABIC T 5 Lt Lc, SO EITE » T, SFAY S L BEEE A2 4
T 5 EOEHZEL ENTEDLEF RS, $HEHBEOERGE Y HIEC T IZH L
NORAZMET 2 LICAKELEHZRTZEBNTESL LHXT, FEFREROWT, 2~
3 DEREITL -7,

il

I ¥ &8 % &

1 FRRZEEOHE
WAnd1, 424D ZHARM, EHMRFEEN (REFROETIAIIALAE35°5143", JHiE137°56"
197, #EE772.69m) WHBEHZED, EMINCIEE < U THREEZIE Lic, H5IEEE



80 B AL BICHRAE 65 (1969

IEHLEROFERA M, FERFC X o T LFLI—ELAV DT, [FA—%tE x5
o EIE 3 Ft&illE UCEFSEAZIRAL 720 BEITIRL T, Yy cifaZansdi
<, TOFERIIFF ISV LHx, BEBOREZIREL TTR - 7o, BFSICEEM
B3 DIREER T, BEHUBETH 525, vk b & 2 y4EMIChic » CUE L 7= BB EE
&, BB (SMAEBEEMNINELYE) OWIEIEE & OMIZE VIR 4 Z2 R+ 2 L 25
RBL DT, FHTREROMEIREZERL /2o $AMEIEER 1 A OFH[IE EEs
it & FARSURDF-35) OFEELUT OFREIZ X - 7

2 FEKREE
¢ 5cm, FE10em) F T ARG I L O 96.6cmeg X 11 5emDEFE AR 2 AL 72,
AEDET~F — ¥ & HRMEHEZEE, EMe -4, b2 ROES £ T2
T—5°CoEENTHES®, MEDEKD R/ 0°CokeEAL T104HRDKAFE
TRIMEL 7co B S BROEEKRS N, 3E 2w BlEE KR AN TT A2 6HuK
S, TODEFERAIEL THERH &R E Ui, @EKBEIRMOI05MHIZET S
oK OWTEE L 72,

3 Hiame .

¢ 6cmx12cm O 7Y FRMFEEERL 7o HEETBIGUAOIRY BT LEESH T 57
DIEMH & AIMOBMZ Bz L, U2 T 5 & &, ekl =— 15— 7 ¢
SEL7. RERBLITENMNr — a2 AL, RAE, {EEE F=REEE0R bt
oW THBE L 7z, AR % 3 B THEIC AN, ZEETERERS, &K
ERPEL THRIL oo KOTIERET & R L, Bl EKEHED 72D DR 2 MRk B
B Fno GIKEDEIT X HIBEDOENKEVEE R, KASREIZEEL L C, PF=0LPF=3
DOFETET B HEOMH, BE, SN L O BT W THRET L.

W —14.5°CETERT TE HASEZ AL, Hdic— 7°CoRET—REKESE T
FRE L TolEs S, OB THEE X 5 LBV VWO THRESICER L, Lok
SHBEIT S 2 L7 <, HERTORIEY —HRCHER L2 sifs LG Dvie, £ ofh, %A
N, BINBERZE X TER L, Rl REEORBEZIERT 06, MECEEDOLO
FHRT T L B TH 72D T, DDFEELTAEEOLOR AL,

FEHEE ST IEE ¢ 7-Ocm O 7 A A 7 —BUGRERBRIBE{ER L, MEREI30F) CRitE T
5X 51T, “NTTHEL . FOEEE 1{ESOZEHE» OO L THEIEL, ffFo
fed it ikic b e Ul X 5 8o ic, BHEINC R SR 5 ZERMNmE, &KEN S
138k E o TREHEIZEIR D, DR DF E/NS SHERHF TH » 7o DI
W, AR P REAEL T, BIEONIRIHERE Shic & & DI EFT O RE 4 & BT
EEL, A—foiti4~5 eV TEfL.

SRR RS X8 5 F IR ENFRANICIE N, O OEIBEROBMIIME TH B D
ESFIE Tl &, EIESOUEE EH» DT HIZH S fEGUT B U TRE REERD D
Lizdho TEKE, [EHEAEEIZDWT, s ARICH 3 2B a7



RE « 8P @ IWRITIEWH O oER hicBd 3 5 Br%E 81

I RROBERELTEER

1 HEEZREOERE

HRIEIECEEL 52 5 RF T OV TIRENOER/2 2 80 T, HRIRETIRESE2 iz
HET 5 LREETH S, ThT, ERCIIHEEOBVEKEIEELRD 5 2 LIZWRET
HHEEFEZLNDD, EFNTEIBWEEZIINT L L3EHTHS S5, LrLHEEIIR
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BRIE & i ®E Rt INATAY 30
41. 12.° 3 1.3 5.5 3.5 2.5 0 0
15 1.3 1.0 110 6.0 - 2.5 4.0
26 16.5 15.0 14.5 3.5 3.0 3.5
42. 1. 9 62. 4 24.5 215 14.5 5.5 8.5
21 103.6 35.5 34.5 20.0  18.5 15.0
2. 1 114.1 41.5 40.0 16.0  18.5 20.0
KIEFE () 3.67 3.27 .62 104 1.25
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®l1—2 B #% B E WA £ £ (FEF25E D)
2] =3 B ¥ b 7o
mWow H TR

BEE B % B® BEA HEB Hosn

42. 12. 5 0 2.7 1.0 0 0 0 0

11 2.1 13.0 6.5 6.5 8.0 4.5 2.5

19 15.6 16.5 17.0  14.0 11.5 7.5 —

27 23.0 18.0 4.0  17.0 4.5 1L5 3.0

43. 1. 4 44.4 26.0 17.0  24.5 19.5 13.0 8.5

10 49.9 25.5 20.0  25.3 19.5 12.5 8.5

21 63.5 31.0 26.0 31.5 16.8  13.0 14.0

30 81.5 35.5 28.0 34.5 19.0 13.8 18.5

2. 11 121.9 40.5 42.0  40.5 2.0  19.5 23.5

21 159.9 46.5 46.5  44.5 21.0  15.5 24.5

3. 1 191.2 46.5 48.5  49.5 20.5  19.0 27.5

11 195.5 (37.0)  (29.5) (44.0) (2.5) (2.5)  (21.5)

KEFHK (@ 4.11 3.39  3.73 2.46  1.80 1.54
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207 40’ 60!
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%o LILRBHBEENETHL,
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CARYT 2. ZOHKBEERT B0t SERKDESIL6. 7em (7.3em+1.09) T, #HL
ORI NSBHEEROTISIEANONA LD TH S,



88 BN ARFEEHRBRERE 6% (1969

*3—1 %X o FE M W g

g 2R &% No.1 No.2 No. 3 No. 4 No.5 SE3g

g8 B 35.4 22.0 25.7 26.8 41.1 30.2
@EeE -—-7°C (F$fE)  24h

TBHOMEINT, FE130.5kg/cm?>*TH B2 R L TW5H, EHEDOEIHITIX0. 16kg/cm?
(39.11.23) MEBhz, ZOPEFRTE, HEAOBEEGIIC—RICBELLVOT, EE
CRECRERABTTOSRTTH5, BEETORFEFHEM e dboTd, HELLK
OHEROLDTH B, Lichio TRIFOMEREINL, KOWNHENZEL VIR T THE. #£3
—11%, ¢ 5cm, FEX1W0cmOHFIROKOEFEEZREL 2D OT, F#30. 2kg/cm?*T
éotoo§m,%E@@ﬁﬁ%ébggtﬁmomrw%ﬁéﬁb50ﬁhﬁ@wﬁux
TR bE28DX S ITHEIh T3,

BEER B T DEOERFELEN IR wEmomEELE
37.3.1 29kg/cm? 5cm cm
38.1.22 23 45 5.3

39. 2.27 47 80 . 10.5

% 7= Steuerman, KT X 3T, 150kg/ecm? OE N &2 ZiF L EOTICKBRATE 0%
HLTWE, ZhiXZZTWIEENOBEWRTIIRVWEEZELLN D, —RANCHZ D L,
W EINSHARSREE L, BRLT 2R oRBIEEICE LW Ttd 5, L, Smithson
ZEIE, REBLENB»D - TWBIGEE, KORREAIZTEC Thd e nbh, Bl
-ﬂma A AW KICx L1000kg/em? DA EDENZEEL DD L Ltk b E Vb THE D
T,;@;&zﬁxét FRIR oW ENORAZ KD D L 3HEELETH L EH
xahéo L7edis T, 5 VHEEEERIZE 5T, XD EENLFERIOIST DTtk
BV, EHEHORETHENZHET B L0 Lite Tiobb, HEHMOKSHEEL
TEBRL, KSR ENZEU T, TOEETHLHEELIE, 5V TOToOREREL
BEOWEISHB TN T AL, HERFIEIOR VDI TH D00, BiiETEONE
JSHEBET IR ENORREZMD Z LR TE LT TH S,

1) GKREBORL D LESHELIGA

HEMOFE LT, THREROTEGO KBO BES2miic EBESELVWITTH
b, ZOKBEEKTZCHVLNGKIE, TOMEEIWTHREOEAT VIR WD D
HEK, BLOXELOHCTHRSINIIKTD D, 2D X, KERZEAFLHELEDS
KEZMETSE, TOLOBEKERIISLRBITVWA I, KEBOERITKTHNIC D
FEENZ D —IRTRL, VyRRCKEFOICIE R LT ERIN TV L08R BHETH BT
&, BidKEEKBOMCd 20ELE, R EBETOLEDOEKEL, PF=3Td
L ENLMETE D, Lictis THETEIT, KFEH, BEMARVICEWTEFDOE
mﬁmﬁﬁft<,%@W%Eﬁ%%ﬁmxar%%ﬁ?:amﬁﬁfﬁéa%zéo%3
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AR TRy P L2 0SM3— 1T, MHBCEMREHREZR L, No.1, No.2 OE
MoRAEOEEE, +H (oA —1LETEESRELRSD) K50 :ELbNS, &
FERTIE, fAfKE EoREBIC kT Bl CKBOFE) WOV THEEL TWw Ay
B OHECREELELKED 2 2L T THELBHRE T, BRWKBOERSE
E??éﬁff%éﬁ,g#miﬂﬁ,&%i%@&ﬁﬁ&ﬂi%%féé&wb%rtw
%o

K3—2 FHIEOEMBRE (FREORKDLEHIIELISER)

& K B 41 54 60
1 17.6 26.1 36.9
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On the Erosion Control Caused by Frost Heaving
for Hillside works,

—— About the properties of frozen soil influence of damaging
frost actions ——

By Yoshiaki TATSUNO and Teruo HORIUCHI

Summary

This paper is the observation on the relation between depth of frozen soil
freezing and accumulative temperature, permeability, compressive strength of
frozen soil.

The results are summarized as follows;

1. Depth of frozen soil in southern shinshu.
(1) Without influence of snow, depth of frozen soil (H) was proportion to

-a square root of accumulative temperature (U), and obtained following practical
expression.

Practical expression Condition
H=3.65vu Bare land in the shade
H=1.85vu Bare land in the sunshine
H=1.43v1u In pine woods

Here, U was the total of the mean temperature by the near weather station.

(2) Generlly speaking, depth of frozen soil in the sunshine was a half of
that in the shade.

2. Permeability of frozen soil.

(1) Permeability of frozen soil was influenced by soil moisture content
before freezing and its type was peculiar. ‘

Soil moisture content before Type of frozen soil Coefficient of
freezing (PF) permeability
0~20 Platy frozen frost 0
2.0 ~ 3.0 Blockly frozen frost Kx10-2
3.0 ~ Partly frozen frost Kx10!

K: Coefficient of permeablity of unfrozen soil

Bull. Shinshu Univ. For, No.6 Aug., 1969
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3. Compressive strength of frozen soil.

(1) Compressive strength of frozen soil was affected by nature of soils,
and showed the highest strength when it was the largest density. In the case of

soil variables, generally, increased with the effective soil texture, how-

ever, influence of strength of soil itself before freezing was very little.

(2) Compressive strength of frozen soil was largely than one of ice itself
on same degree and the ratio of the compressive strength was shown by function
of the soil moisture content.

(3) Compressive strength of frozen soil was not affect of accumulative
temperature but increased with in proportion the lowest degree of temperature.



