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Effect of [rost heave on the trough of
reinforced concerete

Osamu Tsudgi, Yutaka MaTsunat Fujio TSUCHIy Al

1 3

it e, TSy A T, SO BRI & B A5 E LIRS K AT
ErAR LT AL F O SRR AN X NS IS B A Y T R F 7 Y o
T b5 TR T T LA b A LD s B B OB E T 7o
ELF :;%cf)%.‘iillféui’“

b T 72 HA DB S5 I FHEEEL L O b L Ao LRk I R T
W ZEhb o fl.

Wicn s 470z 7oKTE, MELREFS 7, UREFS2, VL2 7 s B
Blif L Teio o Edshi - o, DAL, TR I s O TR O bl o ot UL b S
THU BEALIT S Y. T TS A%, BRI E B R hE st

USRS 2R TS Y, feiical ol s ilitid o VIE b7 7 b AT H
L_L%f LizthEFEL NG,
it Tiko '; LAUMF 7RI AL, B L EWEBMAE T 7 ML L A Tk
R e L. TRERHED [HETh B 2 Ehibh- .

Foo—k o K RHESES sL

(COWTOHE " PEBICH L TOR Fhd b

B e Rk S AU
ALibiiiion & - LS ki d LT, EER I 28k Ho L i dbiEarp T LGS le»;E'*iaL\f
w0 — b b5 7AW 80, gl & i, BHROM oA T HEE L LMy
(LMY, RIS SR oo, s SHE T E O R BTG L,
oA il o B A R AR B FoEAmE, BRI W 2 T B Bk
T s A AT S Z*Li i e o | 22 0—bUIERZ 7OM0Z, B 70—V
BRI B WT R E 2 SRS ST ETE O NIAKE BEhz72, Bow 20— rmlEUHE 7 728 L

VLR ACE LR T e
| Labaratory of Land Resource Engineering, Department of Agro-environmental Seience, Oblhiro

University of Agriculture and Veterinary Medicine, Obihiro, Hokkaido, 080, Japan,

G5



256 i e B
HROBVCELHENEREHRAIETLLDTH
Lo Fh, WTIETHDEHE TR L THE 1L

o AR, FETFORmitaET- 1.
£ B 5 &

TR {15 )
COFEERTIH WA 2 ) — b b3 7, B
A= b UIE R 730013 (JIS A5305 No, 167023,
a2 —bVIEFT 2, #8370 — MRIEUFE
;770 3 RRETCE ORERE 112053

(2V8kih 3 2 7 ) — bl EURS
ks

(1gkihz i — PUIEE b7 2

ABCDET r|
A00 260 300 50 60 300 50

(21 |a00.260 300 70 80 300 50
(31 48000 300 50 GO 38R 50

(mn)

-B

B2 27 U — VI N F 2

B1 &S ToRRETE

b 2ol Es BRI FE L id, P ool

b ANELEERMA L LNTELYOT, b
T 7 OGFRIAAE LSRRI SN B bk
Maws—+ b7 7R Tt

HEEBERER 1T I, B O 7 ) — i ERERR A H U,
bZ ZOMEHIGENAFOME S FZ 7 Figog
CERAMELSL, [ roiiEE, FLEAENO

W oE

{

BN O R ETTEA I,
®1 BEIIU—b S TOWEERESR
FTER AR ) | SRR AW E (k)
U2 1.2 (&
Vi 1.2 700
S5# 2.0 1,400

ti6

8- I BEtk
= Uz > =2
e & _'_'__mfl‘I’Lh I I’ i T L
i
fid
i
i 5 10 15 20 25
b 7oA ()
B2 5 7omiEEg
2. FEEiH

a7} Lz@ﬁe;cwe's':ﬂ’xlia‘)l LH POz Ibmatich) | Al aE s my
R ] l-if-‘nééso")ﬁ):r;':j, Eo XD A 3 Tz

ftad b7 7 & EE LE ST 70 T O EINRAER
3nd
T
1.5m E
Ak
6.0m

BHis

LI
Cal

3 F37HREOEKR



EEE O F

Flicamd & o iciamidl bm (AR, 6m (B

ML 12m (CHId) @ 3 RERscEki &3 AlliAdl
M&, BHLL CHLLSHINETHE-T, FF 711

B A B FALEFUNGE20en & U 0 A SRR Crli s L

I -NNT 257
LT 6 F A L,

FOREAR 41z d . GBI LD 20 DAL
A TEE LU FZ 2, VIEFZ 7. WHILUE R
v7b&%h-’cﬂUﬁ,. VIE, S, £ UmEk=s2

kUKErZ 7, VIELZ 7, fiEUERZ 7, £4U B AR L2 bR UG, USHE, HEEoLl
5 k5 7 C36m, S0mdOMEMAEMHEH LD, Zh b5 752N EMSL
I)G')IT"”.J. LTUK b5 7 AT b
LA
T (36m7 ] (50mn )
T . s Cm
reme © T D ] 0 5o 100
R
vV vV E S U 361 U 50k N E
H4 FZ7OZBKR
L, BT 7 OREE RO 2 e A, (X5 ’
- ) b S L UEE
WRd b 7O SR S R OR R 1 (0, BRELUSE
1983912 F 1 HA S 19845 M 5 B1TH & TlziT =72, 1. ikmd b5 7B A A5
i, ;’g{\‘f FOMIEI T vy 7 2, BESTELO D TR ORI b S T O SO R A
HlE i, AR T A R O e B SR I B8~ 75T
?h(d%ﬂkﬂhﬁum%K?@ SEREEA I L Ihih SEARLT, CHLl, BHL, AMED
Tn _ iz | = 7D &ENRAANEN T, Bi‘ﬂ';id'iﬁi‘\\‘fii
VIEOQEMBETH GmE 2N hsiiosli-
/ e
= . _ Iz EE ST T O UM H l'_i-ﬁo):s;q%mz D E
YR AR O~ TR, i, LR
Wk H5H SR OHER A 12 L 1310573
i I
f— 60"
| !
— R 5T
B5 FEFESTOEER

(i



258 ik

# - 12

10 —- -
9 F = .‘\J‘m,'f-'\
13 Bl sly
C A CH
e
i
=
ol
N
2 Wk
i~
ty A
4
o e e

EEEEEEREREN R

6 U hS70EMEROKES

10 -
gL ——— AHI
= - Bl
-
=
B
,jg b
[ LEmn
™ = =T Smeae
= Ar == =
s . :/'/'/ h\_\_‘“‘_
P
i e
] et

20 [ [ el [N [0 [ 50

B7 VELSZOEMROHRE

o e
=
T

Y

<

kS 7@ (on)
P I R O T N ey
T

12l [ | 2!

B8 ST 7OEMBOHE

0 L
10N . \ -:g\
oy BY X
IO VA
W) VS
B A
10 \\ Ty "l Y
Rt i "}7:{ "
L S < T
ot e 3
s Lo L __Ll]![rm
8or =

[ 3l [ &0 ] 5

2] [ vl [ 2 | osi ] 4l [ s
By AMSCETS LI 7HHOTEIREER

B
Ly

PE{em)

%
i

{em)

o
fm

EHSE ()

[

B

Ul\_"ﬁ\‘i

10 [} .
20t i
u‘ hes i | %

30+ \\
0y '

50 | g
B0 |
- S

80 e tr 7y )

=== Gilen
a0 -

EREEEREEEY

B0 BHMmIZE TS b3 7HIFOLIBESEE

T
by s
0 \ A
A
20r A
40~ L
\| ‘\ .“
A0+ 4 . ST
it i \t
b %' 1334
- E SN, WE g
i By N rdg | — i
80 Xy st .
TR B L
Wr——= e P =
2] [ v [ 20 [ 3K [4n [ 8N

11 CHimcE?d bS7HAOTEFEE

20

[TO7 [ w2l [ [ e [ 30 [ 1)
B2 BEHKEORS (1953 11~1981 1)

il

6l % k

i} ‘ \M\ﬁ
10 ‘&-

30 - P\J\_\J\‘_ ﬂhh_N

) 1 i
H’\: ¢

r

, |
Ll [ el T ol Ten T 8Ji [ afl
E13 EEREOHE (1983 11~1984. 1)

i}




JERFE O [ EIZHYLT

Ihd b SR RGNS TA FREE ST
CHI] Pk oo Eir L, MSs-12H |
WARBREAEFOE IO, MY 20mEHAL
A1 H Tz 3 70T L, HEEK
WMAT T R &5 4 0 AL D RIS & AT
T L, 4 Hbfhlde s 5 Hioh Tmdhve T Lk,

ZOMEEOHERE LS 70RO A LT
A&, bR HEsEZ 2 A E TR b
Z7OIENTHAMEL D0, FER-TED, b
5 TOENICHEA G HMTES AT TIZHATY
AT ERbM ot T, B FEHEE O &
Wi LT H D EFOHERBERIEEICIC O L - TEY b
S 7O b T THREO LRSS L AER
O MM s L bh D,

FIThT 7O R ER 20, WHRO
AMUNIZ B 2 SO SR A1 A,

i
T

{uay Y

80

B4 Att=IZ&1T B BEATROETNE

CHED P ED AT TOMGTO FIRERS
12H FRIETICRTI~NTHA M 7IEMEAE, £hl
Hld, COSSHEIIO FHEEEETTIC R HE N E
(DETHER | vOROAEELL, KB b7 7I2E
(R4S A 20, Juio EEEkokiTics b
HLEHTED ZEDbh- e,

FEmE i CHL, DS, ANEOIgTESLOT
b2 7OENEL OIS EELONLY, kil
oy kS A b L TA 4 & CHl, AMDY, B
HploliE sy P 7OEMEOIHE B LT AL
Hihioto, ZTHUE, HEETES A BHSEAS L
DLEVOTES LR ENAMGRIENETHD
SHIPHEE G Boncet L, B LR R N i #
fo ML R, TR PHEEES DY A LS B S
bl fefEfch s L EZ N 5.

69

259

2. BSHID 7 7 DR

HITHSRIO U, VI, S L5 7 04&fROk
i F TR A 5 ~BI TR g

Zhdh AspliicEid s T 7R UR
< 3HI13H® 9o, VIETI HIZND6m, SET
2HINOD8mTH-Ffoe BHLCHEOLTE, URBT
2NA®2m, VET2HUA®4m, SETIZAH
SHD 3ImTHY, CHigichsw Ty, UHT2 HIS
Hotlm, VIETS3 A28H®41m, SHET2 A11NTO

2mTH-1.
10)] ]

n

-1 oo W
—
wr

¥ ({cn)

fil: ]

=
T

kT 7O
dw o en

LT

§ o - = 77-:7:\__ cer Y
g [ [ e [ 8] an] s

15 AMSICEITS T 7ORMBOHER

S

107
gr ———UE l
= Vi
g EBF ceome S I
W T
=g+
%% |8
Q bF
[
i
o 3=
27
I_
| E————— i R
2 [ o [en [ 3l [ a0 ]sh
H16 BHSEIZSE b5 7OEMEOHRE
10
gl ——=Uk:
. Vi
g B oo Sk
2 .l
£l
ST
=
b‘ wl
W g
= gl
- P,
| R TS

Hi17 CHISICHKITS b3 7OEMSOMHS



260 ik

Zhih, FoMinsn s 7IcE0WTHLEOE
A A R A R A A TIE WA, Folitic
BOTHV b 7ARAMEERL, FHoCHuiicEsL
TiEEEgE LT3 dabl L bo®EnL, K
¥zl b5 7 LA O VIR EE R Btk L1z,

It URE SEAILd 4 & AN, BHISClIRE
NMEOERIEEED A WLOO, CHESIZEH VLTI
FOEMBICANZEEDBH R E S =,

PLlEoisE Lo, YOS 7HIEmIZY Z 9 703
HR3H s LEONANSHEII LT, FOENRD
LEZDE T 7OHEKIEE L TOMERESR-B
HZhortEILNL,

O AR b2 T AL L TAS BB
Ak SEAR bz @ <, I RS 1 )
T 500, [k Lok A AEZ2d+ S0u U
EThb. VIEMES HEcH L TREBV 7T
BT Dt MEICE KT RO A E 1S
VIEDSBMEICH L Tidsiu & Ehndi b T 2034 n|
OfERIc L D Z0E(IRICIZAERENE D, SEO
FZ 2O/ TIZB L T ZOEICHDWT LA skt
PLETHELEELNE,

3, W TEILESD b7 708EHE

AEHLS S U, USROS, UGN, NIEOERNE
DAL LA 8~ 2012

LD AR IZET S b7 7O AKEmIUTRE
T3INWAD9m, USOKT 2 H25HO 9, U6
T3H1BH® 3, NIET3 HI3LD4E2mTH - 1o,

Bz BT UET2 0 1H® 2w, USIFET
THIOH® 2, U3BIET 2 HISH® b, NET2

AUN®OAmTH-7-. CHSIcEWTIE, UET?

F1I8H @ lon, UBET 3 FH13HD48m. U3BIET 3
H29A @49mn, NHET 3 H13AD83mTdh - f-.
10y —;
- Ui
_ ¢ U 361
G — L0k
w ] .
= b
*%é 5
= B o
IJI: 3 /'K
5 ¢
{: _-‘-?_-\t‘

AT Y fgh[ AT 5

18 AthSICEITERIENOEMEOHERE

10
o —— LB
o v o3BT
5 8F L 500
= 1L ;.
o 6f
gx =
g o
™ 1k
m
L BT
I -
0 el S
[t [z 130 [ 40 s
E19 BHiECHITAHEIEMNOEMROHR
107
0+ U
5l oobme
% = [— N‘JJ 7 ;,r
5 f h
ES e /
o - /
(-"-\ S o ‘_ﬁ sy
~ oAk / / S i
E 3 /‘/_) o
Gl "
2 p
1+ B et
N e ==
HETRERETREY

B20 CHiSICHIFBEITENOEMBOMER

ftgiTiken $its A H%ﬁﬁ())]\v?o)ﬁlf.f AR LT
AL, BHISUIZEBEOLTIZ AR LA, A, C
fdiicdH0 T, NIEOSA R e EE LT AZh
.
gt A

B O T &I T > o LO Ll MATO b7 7 £ 1
w4 &AM, BELATREREZ AN R oGS
EASCHIAIZ BT, A RO R RS 35T
L1, HiEh o ﬁW ST Ly h L R
o AN S & el b 11 1 U R e 3 o 8 o | 7
Hizouvoid, LH0ELUISIEE il aEics W
ThAERE SN,

VL@ L0, ol B4R Ao 1ED
o7 bk AR AN ke b2 2 ETRE
ORI F O THIMES AN L S AL, EE Tk, WiE
Cibic £ D DANCRd A0 Rt ch s 2 &
DY o fohs, T 2 OEERERICEE ¢ E W D IS
DWECRELEER R TH S LS

F o pluley Rz BTz, UsDIEE LssiEamded
o bd £ O S L o, e LikE LT
L g s - 7288, ZhEi TR B




SRS s | FHIZ LT

WTELARPFI AW LA Ao b O A ERBIINCLE
Wik ZZ ALY 6 & 9 i JER B T Mk o
BOTIE WBTEOAT 5 70EEEH CI2iE A
b Th s Ebh s,
LAl P70 ED )
TdH AT SR oA T

EIRAAS LT A e - HEmiks
Al B R AT D A

ND ok ERALEO LRSS OIEIC o0 5
B b TOMENES LTE, BRI L0 L
EZ oMb,

it 33

oA M AR, il R
Mww%ﬁmuu%m%L:wLmutmu%whﬁ
XF L, FroAFEoBllichiz-TE, 2BEE |-
AT D G ThH - AR WE T U2
AP F ) D HITES ETANANEN, 22
Wiia LT 5,

51 A X M

FROPRL, RNk, s skl BRI
T & RS INEDEE), R LA o

Vol 46No, 9, 1619 (1977,

Eat AT B AR s, e R

A G#EE N, 4, 3747 (10983),

) EAREZ, LIF]Le ;AR L A 7 ) —
U R 5 7ed9E, R o o 8 2 L aliillan
N, 2, 4TI 476 (1986),

BT T T E R R DN G Sl o a0 4 e 12 ]

OIS 2 0 T, W KT

Vol 14, 279285 (1985),

b Eo i

(g

50 HRTEME B D 2 ) — b LIS ool
DRSS, B PACF GRS, 396 39T (1980,

Summary

In the Takachi distriet in winter, there s some

cracking damage of reinforced conerete 1 Type

troughs nsed lor road gutters, hecause of frost

heave due In order 1o find

Takach:

Lo soll [reezing,

suitable road pgullers lor the distriet,
different Lypes of troughs and current Lypes were
tested using the adiabatic imstallation method on
a road in the Tobetsu area ol Makubetsu town,

The resulls follow -

261

It was found that frost heaving effects on
iroughs were allecled by the freezing of slope
surface soil rather than by the [reczing of the soil
around the troughs,

A comparison of different types of troughs
showed that pressure-resistant U tvpe troughs,
U type troughs, and V  lype troughs demonst
raled, in descending order, strenglh against frost
heaving effecls, The pressure-resistant U type
trough appeared lo be the strongest because il
showed the highest strength in factory tests, The
U 1wype trough was the second strongest because
its structure could escape the direction of Irost
had the same
The V

frough was the least strong becanse its sides lay

heaving. although 1t Pressure

resistance with the Vo Lype trough, type
in the direction of the peneration of the [rost
heaving,

With

melhod,

inslallation
which

insulation material on the sides of troughs,

respect to comparison by
the adiabatic installation method,
places
proved to have the same distortion effect on
troughs compared to the current installation

method,
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